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Introduction to AIPS

s Yoshiaki Hagiwara was born
SON

on July 4, 1948 in Kyoto Japan.

Graduated from Murasaki-no

2 Elementary School in 1958. Lady

Murasaki Shikibu is very famous

=% as the writer of the story of Geniji.

S  Graduated from Rakusei Middle

D / High School in 1961. Moved to

Riverside-city in California USA in

1965 and graduated from Riverside

City Polytechnique High School in

. 1967. Lived in Pasadena California
since 1967 and received BS1971,

- MS1972 and PhD1975 in Electrical

Engineering and Physics from

California Institute of Technology

(Caltech) . Joined Sony on February

1975 till July 2008. Taught at Sojo

« University as a professor till 2017.

Sony Family Journal 2003 January Issue, No.142/Vol.27 He is now SeWing for the ssis.or.jp.




Semiconductor Company President Award 1999 Newspaper describing
Sony Victory

on Sony-Fairchild Patent War

SONY- Folrehiid Potent Wor (1591 2@) o Minmed Phota Diode with Vertical OV0

1999 iégggﬁ | if‘giigi 5

SC President Award } 8
TOERTAY AL bR e o I
A e 2

CCDEYRAAFFMF~OH X — |

i i3 S
e T .

HUlLBCCDIEMLTOEFDO—-2 0D
WM PIcBECTREENH T
Va—WRoNRZERETREINLL

227 5HvARAMN A - ¥ Defensel:

BEOTLEELERW LRI TAIL A

ZOREESCECFZ2~OTRIZB VT
HiW@wIhiy

LT I ZDHML B2 BHLLET

2000471098

/—-#Kﬁﬁff
QL& Ry bT =D s m—
/f”ﬂ/ﬂ5—7b/f/b

e R




Y Z—27I)L—7HR—%)L | Sony History 2525 FEEFICESATINI-WE-F

—, - o A
1980%7H1H

HRTETAL—FP—5RETIEME)



https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html
https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html
https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html
https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html
https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html
https://www.sony.com/ja/SonyInfo/CorporateInfo/History/SonyHistory/2-02.html

"Prospect of Developing AIPS Robots for Home Total Supporting Systems"
IEICE technical report, December 12, 2008,ICD2008 Conference, Tokyo, Japan, Vol 108-247, pp.85-90
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Prospect of Developing AIPS Robots for Home Total Supporting Systems
~ V7 RART LR OBMEEN I E ~
-- The key is the combined technology of Software, Mechanical and Electronics -

Kazuo Ilwama in ISSCC1954
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Carver Mead Where It Belongs

Gordon and Betty Moore Professor of Engineering and Applied Science, Emeritus, ( w c.m M

Carver Mead
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Prof. C.A. Mead with his student, X oshiakis@aimon Hagiwara in September 1971.
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https://ieeexplore.ieee.org/document/1050799

128-bit multicomparator

C.A. Mead ; R.D. Pashley; L.D. Britton; Y.T. Daimon ; S.F. Sando

128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.
Ref: IEEE Journal of Solid State Circuits, VOL.SC11, No.4, October 1976

Abstract:
A 128-bit multicomparator was designed to perform the search-sort
function on arbitrary length data strings. Devices can be cascaded

pata
for longer block lengths or paralleled for bit-parallel, word-serial ke

applications. The circuit utilizes a 3-phase static-dynamic shift

Co
register cell for data handling and a unique gated EXCLUSIVE-NOR COMPARATON Ej':]
circuit to accomplish the compare function. The compare operation [ =

is performed bit parallel between a " data' register and a " key' X

register with a third ~ mask' register containing DON'T CARE bits oY P
z 2 : REGISTER __¢

that disable the comparator. The multicomparator was fabricated

=

using p-channel silicon-gate metal-oxide-semiconductor (MOS)

technology on a 107/spl times/150 mil chip containing 3350 Voo
devices. With transistor-transistor logic (TTL) input, data rates in REDSTER b
excess of 2 MHz have been attained. The average power dissipation bt

was 250 mW in the dynamic mode and 300 mW in the static mode.

'ig- 5. Full schematic of one bit slice of the multicomparator.
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https://ieeexplore.ieee.org/document/1050799

128-bit multicomparator

C.A. Mead ; R.D. Pashley ; L.D. Britton; Y.T. Daimon ; S.F. Sando

128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.
Ref: IEEE Journal of Solid State Circuits, VOL.SC11, No.4, October 1976

Designed by Caltech Student (Hagiwara) with Intel E-D MOS Technology, 1972.
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https://www.elspub.com/pdf/doi/10.55092/20250003

Past, Presence and Future Applications of Buried-channel Double-
junction Sony Hole Accumulation Diode (HAD) type Image Sensors
and Solar Cells with Pinned Surface and Empty Potential Well.

May 23-25, 2025 Yoshiaki Daimon Hagiwara

2. Multi-chip 3DIC back-light illuminated CMOS image sensor for real-time Al robot vision
128-bit Comparator Block one -bit Comparator Element Block

D[t] = 128bit Data Shift Register [~ D[t-1284T]

. E dV
—pCOmpare
Output a-v :

K[t] ~f 128bit Key Data Register  [= K[t-128AT] — £ Compare

[ Brsacesincssel. | U: Output
MI[t] -] 128bit Mask Data Register |=>M|t-1284T] :
Vdd

co= 1 only if M[i)=0 and D[i)=K[i] for all i's ;
When ¢, is ON the block is in latch-state.
¢ = OR (EXNOR(d,k),m)

If m=0 and d=k, no passage to the ground,

inactive with ¢ pulled up to Vdd

If m=0and if d is not k, ¢ is pulled down,
active with a passage to the ground.

RV1s
el K[i+1]

vdd

O O = o
O O ™

S || ] 3]

If m=1, no passage to the ground,
always inactive with ¢ pulled up to Vdd

= oo~

._ M([i+1]

Figure 3. Full schematics of one bit slice of a new 128-bit multi-comparator for AI robot vision.
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Introduction to Semiconductor Device

Caltech 1975 PhD Thesis by Yoshiaki Daimon Hagihara.pdf

P.96 P.106 ™ 4 P.108 =
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n=-Si
=
— (b)
(b) = y
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- Q.
p-Si =
€ (c)
nsi 2 47 Pagr
©-35 H
1 1
g e 0 Sp 10 12u
= —— Gradual Channel Approximation
=== Numerical Computation Fig. 4.3a The boundary of the chanael at the transition period
Fig. 4.1a The structure of a surface field effect transistor Fig. 4.2a The 1deal condition at the onset of saturation is when the drafn voltage changes suddenly from ¢ to .d"l_
with a metalurgical channel. The channel is p-type, 1llustrated.sg"eg,,,"-32.8 volt and ¢ =-20volt.

Fig. 4.3b The channel potentfal at transit times. The profiles

o 1s computed by ti radual
epitaxially grown, Fig. 4.2b The channel potentials ¢ ed by the g at't's 0 md 5= ire calcadabed waely:

1 ¢00.
Fig. 4.1b One unit cell of overlagping gate burled Channe channel approximation and the numerical computation Flg. 4.3 The corvatare of the chamael potential.

are coupared. The gate length L s 12y, ¢ pe-10 volt.

Surface-channel type Charge Coupled Device(SCCD) has only 99.9 % charge transfer
Efficiency while Buried-channel type Charge Coupled Device(BCCD) has 99.999 %
charge transfer efficiency and was as useful for 800H x 500V TV format. But CCD is
not applicable because 99.999% efficiency is good enough for 6000H x 4000V HDTV.

12
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Introduction to Semiconductor Device

Caltech 1975 PhD Thesis by Yoshiaki Daimon Hagihara.pdf

Gaussian Impurity doping profile by the newly
developed ion implantation technology used
actually in the ( t, x, y ) numerical device analysis.

Charge Transfer in Charge Coupled Devices
lllll by Yoshiaki Daimon-Hagihara

The ( t, x, y ) numerical device analysis of
Buried Channel CCD Dynamic Charge Packet
and two-dimensional Potential Profile.

Californts Institute of Technology
February 16, 1975

(o] (o] -8 -i8 (o]

. YV oo R S =t

IBM360 Main Frame Computer — L =0 7

. [%)

programmed by FORTRAN Coding 8

H @

using PUNCH-CARD, B =

in 1970-1974 in Caltech. - e §

e o = Exocr solubon for Gowsson dopmng profile :é

i \\\\ Depletion oppromimation for unlorm doping -IO T | T T LO %

! o o
=
L
) £
j / Deoth #om Si-SiOz latert -
}I =] - XgMa J’ 5
; -3 o 400 for uniform doping é
Bara -;;'f...:u‘.m_.n o D, 5438 ke Somalon dopiey o
& J—‘N‘-;’G.ODOM.’ $-28.5 voits 8
g E
-
£
Fig. 1.17 The potential profiles ¢ by the depletion .E
approximation and the exact m-eri:! :o::::’mn:: t'm: E

the p-layer doping Ny of 20,000e/u° .

Fig. 4.14 The physical location of the charge packet in the p-layer

is shown in the upper figure. The lower figure is the

Chapter One minimum potential with signal charge present.

Reported at ISSCC1974, February 1974 in Philadelphia, USA as a PhD student paper.
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Introduction to Semiconductor Device

Caltech 1975 PhD Thesis by Yoshiaki Daimon Hagihara.pdf

The ( t, x, y ) numerical device analysis of Buried Channel CCD Dynamic Charge Packet
and two-dimensional Potential Profile for the overlapping Polysilicon Gate 2-phase CCD.
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Current Dansity

w0

o)
-8

"‘-—*::-.9.,'

(1= -
Cm—

.l
N

S

[
i
!

o
-0

cl

oY -lp (e (s -0 “?

i -Tuai
RW,

0 —
\_/ "R‘J
“
Ji e B —ar~. 1\ I3
;' ///\\
P \ , \ e

Fig. 5.1 The three stages (a), (b), and (c) of the charge transfer in buried

channel CCDs are illustrated by the minimum potential, charge and

current density plots. Charge and current density are normalized.
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Introduction to Semiconductor Device

farious Image Lag Problem in Floating-Surface N+P single junction photodiode

Vcre
Depletion type NMOS Transistor with Vth < 0 Vs ==
: Vd
£/O MOS iwverter u é las
\-_LV‘ -0 ..‘.—!: e = Veh Off State
Va0 Y/ i —
W <0 poo pmmm__, oo, Vo
0-M0% l (I: Ve W 1 (h;.v Vi Wt th .............. > \Vd
Vou “Ww=0 \IS‘l = cu&?l::‘,;’aturation State
VCh - ..Q..;;;.... vd

’v-_{ Mos

Va0

Small and Slow Current Flow
Vs .1 ——.las HighR State

s e e VC"fm Vd
Enhancement type NMOS Transistor with Vth > 0 Vs th

Vv Vd
CMOS lovwerter o Ver0 e VeV = 'Q‘i'l .
e 22 o e 2
& bt fi-o e RN - 0 lds(t) =lo ( Vs — Veh)
ns = m YW 5 .o‘;‘ W Qsigt) = Qo exp (-t /)

Image Lag

Vo <0 VoV

timu

Water Gate Models of E/D MOS Transistors and CMOS Inverter

15



(a) Sony SSDM1&78 (b) Japan Semiconductor History Museum,

heavily doped
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an invited ESSCIRC2001 Plenary Talk, Villach, Austria, September, 2001.

Yoshiaki Hagiwara

Sony Corpoartion, Tokyo Japan
Abstract yoshiaki.hagiwara@jp.sony.com

A brief historical overview of a first home
entertainment consumer electronic gadget, called a
portable transistor radio is given, and then some

introductory comments on the basic semiconductor

device concepts are explained. They are strongly related Renuis Compuies

Far develapment

to the microelectronics of the present home
entertainment LSI chips with regard to the product
specifications and performance aspects of the home
entertainment LSI chip sets, such as for digital cameras,
home robotics and games.

AIBO 2* Generation, ERS-210 Sony Dream Robot, SDR-3

Arssrer

Potmio  Actssior Poterrtey
e ety

Fig. 10 New AIBO Models,
ERS-210 and SDR-3

Fig. 11 Logical Hardware Block Diagram

(3) M. Fujita and H. Kitano: {{D}evelopment of and (4) Kohtaro Sabe,  Architecture of Entertainment

{A}utonomous {Q}uadruped {R}obot for {R}obot Robot - Development of AIBO -", IEEE

{E }ntertainment}", Autonomous Robots vol.5, Computer Element MESA Workshop 2001, Mesa
pp.7-8, Kluwer Academic Publishers, 1998. Arizona, Jan 14-17, 2001
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Fig. 12 Topology of ERS-110 Fig. 13 Topology of SDR-3x
(3) M. Fujita and H. Kitano: {{D}evelopment of and (4) Kohtaro Sabe,  Architecture of Entertainment
{A}utonomous {Q}uadruped {R}obot for {R}obot Robot - Development of AIBO -", IEEE
{E }ntertainment}", Autonomous Robots vol.5, Computer Element MESA Workshop 2001, Mesa
pp.7-8, Kluwer Academic Publishers, 1998. Arizona, Jan 14-17, 2001
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SOI Design in Cell Processor and Beyond

Yoshiaki Daimon Hagihara
Chairman and CEO , AIPS/AINS Consortium
( Ex-Sony Fellow, Semiconductor Strategic Planning )
Hagihara-Yoshiaki@aiplab.com

Figure 8 45nm Cell/B.E. Die Photo
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As an undergraduate student at Caltech
from Sept 1967 till June 1969, at age 19 to 20,
I learned Feynman Physics from Prof. Feynman
and Prof. Leighton at Pasadena, California USA.
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constant so long as AV is not too large. When they approach the barrier, these
carriers will still find a downhill potential and will all fall down 10 the p-side.
(1f AV is larger than the natural potential difference V, the situation would change,
but we will not consider what happens at such high voltages.) The net curreat f of
positive carriers which flows scross the junction is then the difference between the
currents from the (wo sides:

1w I(e* 7T . (14.14)

The net current 7 of holes flows into the m-type region. There the holes diffuse
into the body of the #-region, where they are eventually annihilated by the majority
n-type carriers—the clectrons. The clectrons which are lost in this annihilation
will be made up by 2 current of electrons from the external terminal of the a-type &
material.

When AV is zero, the net current in Eq. (14.14) is zero. For positive AV the
current increases rapidly with the applied voltage. For acgative AV the current
reverses in sign, but the exponential term soon becomes negligible and the negative
current never exceeds Jo—which under our assumptions s rather small, This
back current /o is limited by the small density of the minorily carriers on the n-sxdc
of the junction.

If you go through exactly the same analysis for the current of negative carriers
which flows across the junction, first with no potential difference and then with a
small externally applied potential difference AV, you get again an equation just
like (14.14) for the net electron current. Since the total current i the sum of the
currents contributed by the two carriers, Eq. (14.14) still applies for the total
current provided we identify /y as the maximum current which can flow for a
reversed voltage.

The voltage-current characteritic of Eq. (14.14) is shown in Fig. 14-10. It
shows the typical behavior of solid siate diodes—such as those used in modern
computers. We should remark thut Eq. (14.14) is true only for small voltages
For voltages comparable to or larger than the natural internal voltage difference
V. other effects come into play and'the currént nolonger obeys the simple equation.

You may remember, incidentally, that we got exactly the same equation we
have found here in Eq. (14.14) when we discussed the “mechanical rectifier*'—the
ratchet and pawl—in Chapter 46 of Volume I. We get the same equations in the

two situations because the basic physical processcs are quite similar

14-6 The transistor

Perhaps the most important application of semiconductors is in the transistor,
The transistor consists of two semiconductor junctions very close together. Iis
operation is based in part on the same principks that we just described for the
semiconductor diode—the rectifying junction, Suppose we make a little bar of
germanium with three distinet regions, a p-type region, an a-type region, and
another p-type region, as shown in Fig. 14-11(a). This combination is called a
p-n+p transistor. Each of the two junctions in the transistor will behave much in
the way we hiave described in the last section. In particular, there will be 2 potential
gradient at each junction having a certain potential drop from the x-type region to
each ptype region, If the two p-type regions have the same internal propertics,
the variation in potential as we go across the crystal will be as shown in the graph
of Fig, 14-11(b).

Now let’s imagine that we connect each of the three regions to external voltage
sources as shown in part (8) of Fig, 14-12, We will refer all voltages to the terminal
connected to the left-hand p-region so it will be, by definition, at zero potentidl
We will call this terminal the emitter. The netype region is called the base and it is
connected to @ slightly negative potential. The right-hand p-type region is called
the collecror, and is connected 10 a somewhat larger negative potentisl, Under
these circumstances the variation of potential across the crystal will be as shown in
the graph of Fig. 14-12(b),

Let's first see what happens to the positive carriers, since it is primarily their
behavior which controls the operation of the p-n-p transistor. Since the emitter is

14-11

>

1,

™

P . 3 AVKT

-2+

Fig. 14-10. The current through «
junction as o function of the voltag
ocross it

(e}

Fig. 14-11. The potential distriby
fion in a ftrensistor with no appliec
voltages.

1
I
|
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Fig. 14<12. The potential distribu-
tion in an operoting transistor.
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Vagnescale __.-

Magnescale Products \?

Achieves high resolution with the
interpolation processing technology
developed by Magnescale

5nm Resolution in Positioning

Interpolation processing technology is a technology
that accurately divides the signal waveform detected
from a magnetic scale to the required pitch (fineness).
For example, in the case of a SmartSCALE, two sine
waves with a phase shift of 90 degrees are detected

from a magnetic scale engraved with a pitch of 400pum.

If the signal contains distortion, accurate position
information (true value) cannot be obtained. The DC
component is removed from the signal detected from

the scale, and level and phase adjustments are made in

real time, and the position information with a

resolution of 5nm is obtained by dividing the signal

into 80,000 segments through advanced signal
processing.

P -

In the pursuit of environmental resistance
and high precision, magnetism was the
answer.

The two heads have a 90° phase shift.

0,1,23...] 01.23....

Actual recording is "waves." R J'I
SIN and COS

y

Wavelength=400pm

Determine the actual position
from the vector angle that
circles once in one wavelength. 2
h
Internal processing
400pm x 1 =5nm
80,000

https://www.magnescale.com/en/magnescale/

When looking for environmental resistance and high precision, we ended up with magnetism. The history of
Magnescale, which even became this company name, begins with the invention of the magnetic flux responsive

magnetic head by Sony’s Mitsuyoshi Uemura and others in 1965. Over 50 years have passed since then, and now we
use magnetic resistance change (MR) heads, and even the magnetic materials have changed, but the essence remains
the same—a position detection system that is resistant to harsh environments because it uses magnetic detection.

Linear Moter Car

[ NSNSNSNSNSNsS |
Rails coated with Magnetic films

or magnetized and powered
by fast IGBT electrical switches.

5nm Resolution
in Positioning
and Angle-Rotation
Control of
Rotary Engine for
Robot Arms
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Linear Moter Car

https://www.magnescale.com/en/magnescale/

[Vagnescale _.— _
Magnescale Products ?
&

In the pursuit of environmental resistance
and high precision, magnetism was theCalculation of Magnitude of Torque

answer.
Robot Arm Control System
[0 LE B
BEmE
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H(a) »3 (e 72 ST —LD —>
Oy k7= LOBEE 50080 = TN e " irtE— Ay
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prmm *©;00 MO8 s 77 o PM2EE EAWE e Lip s 7 | NSNSNSNSNSNS |
&) “o— ce 2 B g, |9 Ei- oe), s (—&7;*-;0&[5”& Rails coated with Magnetic films
Js® + Ds : or magnetized and powered
II’I Ant gy by fast IGBT electrical switches.
agnescale Inside .
One-Axis Manipulator Control Feedback System Block 5nm Resolution

It's hardly affected by condensation or oil, common in machine tools, and continues to have high vibration and shock In POSltlonl ng
resistance. It also tracks the thermal expansion and contraction of machine tool tables. The evolved form of H
Magnescale is the Smart Scale, released in 2015. By adopting tunnel magnetoresistance (TMR) elements as magnetic a nd Angle ROtatlon
sensors and developing new magnetic materials, signal processing circuits, and interpolation algorithms, it has Co I‘ItrOl of
created a system where the scale and head are completely separated. This complete separation allows both the head R E . f
and scale to be fully protected, and even worn parts like bearings are eliminated. For NC machine tools, it was the Ota ry ngl neror
industry’s first to combine IP67 environmental resistance with 5nm high resolution. RO bot Arms
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in a 242-elenent'analos delay line. The application is now extended

to a 800 H/spl times/492 V frame transfer-type buried channel CCD imager
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Most of the rain drops ~ ?

Most of the rain drops are wasted on the sea.
are wasted on the sea. Hill Top Barrier
2o (KT) In(P+/P)

works very well
for photo electron

and hole separations

Under water Barrier (kT) In (N+/N)
does not works very well for photo
‘ electron and hole separations
: L/ because of the flat-floating surface
A e with no electric field for separations. .

37



Most of the rain drops
are wasted on the sea.

-Vout <O
0

-
...........‘
-
-
-

o @

lnut
¢y - o—

»
2 1

AN TN
k e_lz/i.——_-: L L

R

'?'oC

Y

-

Al v+ AL

N .
51+ Si+ Si
ht . -

»
114

TLLRTET v

Most of the rain drops
are wasted on the sea.

P

-

Il Top Barrier
(kT) In(P+/P)
works very well

for photo electron
and hole separations

» \_'_- -
: ,)_’} K Under water Barrier (kT) In (N+/N)

does not works very well for photo

electron and hole separations

because of the flat-floating surface
with no electric field for separations. ~.
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(1) Conventional N+NPsubP+ Single Junction Solar Cell

Isc
— —Vout<0

(2) Pinned-Surface P+PNPsubP+ Double Junction Solar Cell
with Buried-Channel Completely-Depleted Empty Potential Well
JPA2020-131313, Aug 1, 2020




Cross Sectional View of P+PNPP+ Double junction Solar Cell

Band Diagram of P+PNPP+ Doub

n
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Tandem type Double Junction Face-to-Face type Double Junction
Nine Layers Process Solar Cell Five Layers Process Solar Cell
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P+PNPP+ junction type Solar Cell N+P junction type Solar Cell
TR gemm e N

with a hill and a valley, creating - p— =

- \ the Empty Potential Well / / ' \
Surface \ \ \ Very High Solar Cell Efficiency / / /

Conduction with Complete Photo Pair Separation

Bending o - T...pa.....a\sw-« / / / /

Band e- without Recombination o-
an by Empty Potential Well £
_— g =
enhanGing - o pined suce P+P Barrier Potential
¥ A » + r
SBhIOt't lwah \11:9 P+P Barrier Potential s Wove \ S Rt
- ¢ 3 Photo Pai ti
S we . tl.g it ERGO Lo Sepaeen 7 i e by Photo Pairs Recombination
ensitvity
House Line
e-

o= 9

& AR

Completely Depleted Pinned

Valence Band Bending / Empty Potential Well Floating Surface
gt —P 4| P- N- p- [P+ ught ——e(N4{ P- [P+
T N Floating l
s T vt = N+ Surface Yeu -

Fig. 11 The PNP double-junction PPD with the completely depleted N region and the floating N+ storage region has an excellent quantum efficiency
(QE) for the bluelight. The floating-surface N+P single-junction-type photodiode has no surface electric field, where the photogenerated electron and
hole pairs do not move and eventually they recombine with each other, resulting in a poor QE for the short-wave blue-light. 44



AIPS digital circuits
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Affiliation: SC Logic MCU Business Department, Sony Corporation. Atsugi.Japan Sonv 1974 . = ';'_ i =
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in a 242-elenent'analos delay line. The application is now extended

to a 800 H/spl times/492 V frame transfer-type buried channel CCD imager

with 14.31818 MHz frame shift, which results in a very low smear level of
D.01%. which is good enough for low-cost multimedia video camera applications.
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(1) Conventional N+NPsubP+ Single Junction Solar Cell

Isc
— —Vout<0

(2) Pinned-Surface P+PNPsubP+ Double Junction Solar Cell
with Buried-Channel Completely-Depleted Empty Potential Well
JPA2020-131313, Aug 1, 2020




Image Sensor and Solar Cell in One Unit

(1) P+PNPN+ Triple Junction Phototransistor (3) Memory and Processor

retina
cornea

Light \

Iris

lens

(1) P+PNPP+ Double Junction Phototransistor K. i
with Zero-resistance Pinned-Surface
and Buried-Channel Empty Potential Well

GND
T s oo ot 9

Cache SRAM Digtal Data Output Cip ()

Cache SRAM Dighal Data Outpet Chip (2
Switching Gate Selector Cache SRAM DigtalData Output Chip 1]

(3) Output Loads (a) Solar Cell Unit
and (b) Memory , Processor and
Display Units

A cross-sectional view of our new Al Robot Vision chip in 3DIC multichip architecture
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Introduction to AIPS

Fusion of Analog and Digital
Semiconductor Device and Circuit Technology
for Future Al Robot Applications

- Retina Cell (Photodiode )

Brain
: CPU

Memory

Introduction
Sensor and Analog Circuit Technology
Flash ADC and DFT Technology
Digital Circuit Technology
Conclusion

Left Brain
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Introduction to AIPS

Concept of Artificial Intelligent Partner System (AIPS) proposed by Yoshiaki Hagiwara, May 2008

AIPS digital circuits

. . 2 | ! =
with two brains S A E s
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L- Actuators - e 2| = g ‘ (2) \ ® 3
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(2) Charge Transfer Device B AN = g
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SUSTAINABLE £ "
DEVELOPMENT \J %u® ALS

CLEAN WATER
AND SANITATION
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Introduction to AIPS

Right Brain

Right Eye Ball

ﬁlllllllllllllllf

Left Eye Ball

Three important keys to make Al robots a reality.

. B\ __~ Retina Cell (Photodiode )
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Introduction to AIPS
The 6 Levels of Vehicle Autonomy Explained | Synopsys Automotive

SYNOPSYS

LEVELS OF DRIVING AUTOMATION

Manual control. The
human performs all
driving tasks (steering,
acceleration, braking,
etc.)

The vehicle features a
single automated
system (e.g. it monitors
speed through cruise
control)

ADAS. The vehicle can
perform steering and
acceleration. The
human still monitors all
tasks and can take
control at any time.

Environmental detection
capabilities. The vehicle
can perform most
driving tasks, but
human override is still
required

The vehicle performs all
driving tasks under
specific circumstances
Geofencing is required
Human override is still
an option.

B \—t
NO DRIVER PARTIAL CONDITIONAL HIGH FULL
AUTOMATION ASSISTANCE AUTOMATION AUTOMATION AUTOMATION AUTOMATION

The vehicle performs all
driving tasks under all
conditions. Zero human
attention or interaction
is required

THE HUMAN MONITORS THE DRIVING ENVIRONMENT

THE AUTOMATED SYSTEM MONITORS THE DRIVING ENVIRONMENT



https://www.synopsys.com/blogs/chip-design/autonomous-driving-levels.html
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Nintendo First Generation Game Machine

PlayStation 5 (CFI-
2000A01)
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Introduction to Semiconductor Device

Fusion of Analog and Digital
Semiconductor Device and Circuit Technology
for Future Al Robot Applications

it Retina Cell (Photodiode )

Brain
: CPU

Memory

Introduction

Sensor and Analog Circuit Technology

Flash ADC and DFT Technology
Digital Circuit Technology
Conclusion
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Introduction to Semiconductor Device

Physical Model of Metal

Bl v _so2_

.Q Concept of Electron Fog
HgTELECTRON

Electron Conduction (Ec) Level " < e-
Ec “ e- ) e-
L 4
: Electron Fog

Electron Conduction (Ec) Level

Ec

e "S- &5 o e
Illll*'llllllllllllllll
Al Al A, AI Al AlSy Al
L e +Al Al e Al g e+e-
Al Ak A| S|ea of_]glectronAI Al
+ e+Al , e- e-Al | e Ai €
A £l e eal S P
e- AI _l_e'e Al - AI

mummmmnmr Fermilevel

(Al)+ (light) = (Al+) + (e-)

Al + hf 2 e- + Al+
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Introduction to Semiconductor Device

Concept of Four Vector in Eistein’s Relativity was used to obtain the mass Of electron (me)

A )( 1 -cos(0) ) Beginning of Quantum Theory
and Physics of Semiconductor

Compton Effect, 1923 | 4 =4 lr(m -

"

Metal/SiO2

© =electronin Si atom or SiO2 molecule

Einstein 1905 Compton 1922 e- Compton Wave Length
E=hw=hi=hc/A Ac = 2.426 pm
f E(eV) =1.24/ A fpm) m.vz hwx ............... - — h 12
g g e;" Ac = | = 1pm=10 m
"'. m,f
5 hw = 2.99792458 x 10" cm,m bw' Az Compton and Einstein received
| Photon Enelgy h = 6. 62606957 x 10 J°u|, sec Noble Prize by finding the

=9.10938291 x 10"kg value of the Compton Wave length
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Introduction to Semiconductor Device

Concept of Four Vector in Eistein’s Relativity is used to obtain the mass of electron (me)

A =k~ (h )ll cos(0) ) Beginning of Quantum Theory

Compton Effect, 1923 e and Physics of Semiconductor

Compton Wave Length

h

/\C — (

/\C = 2.426 pm
1pm=10"M

All light-sensitive detectors, including the eye and the one used in this video camera, are based on the
absorption of energy from photons of light by electrons in the atoms the light falls on. (Courtesy Sony)

Ref: Authur Beiser, Concepts of Modern Physics, McGraw-Hill, ISBN 0-07-004814-2, pp.62
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Concept of Four Vector in Eistein’s Relativity is used to obtain the mass of electron (me)

Concept of Four

Vector
in Eistein’s Relativity

Tl
XI
YI
Zl

Lorentz
4x4
Matrix

N < X -

E = hw; Px=hKXx;
Py=hKy;Pz=hKz
V\é=2nf=2nc/A=cK

EI

Px’
Py
Pz’

Lorentz
4x4
Matrix

E
Px
Py
Pz

Loss in photon energy = gain in electron energy Compton Wave Length
hv — hv = KE (2.14 h
From Chap. 1 we recall that the momentum of a massless particle is related to its /\C = -
energy by the formula m'c
E = pc .25
Since the energy of a photon is hy, its momentum is AC = 2426 pm
E hv a2
Photon momentum p=—= .15 1pm=10 m
C <

o
NS w\\\‘\o/—/
e . ,
= --.\\\"‘ ,)_~/ E = hv

E'=mgc® <C et hy’ hv’ _.
Incident photon p=0 /\‘O/ p = hv/c T =z sino
NSNS NSNS NGNS = ® ! n e
T~ COs @
E = hv Target /e
- hV/. electron hv/c
ER p cos ©
E= \hn\‘,( + p-c”
D = p
(a) Scattered P=t psin ©

electron )

Figure 2.22 (a) The scattering of a photon by an electron is called the Compton effect. Energy ar
momentum are conserved in such an event, and as a result the scattered photon has less energy (long

wavelength) than the incident photon. (b) Vector diagram of the momenta and their components of t
incident and scattered photons and the scattered electron

Ref: Authur Beiser, Concepts of Modern Physics, McGraw-Hill, ISBN 0-07-004814-2, pp.62
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Arthur Holly Compton (1892-
1962), a native of Ohio, was edu-
cated at College of Wooster and
Princeton. While at Washington
University in St. Louis he found
that x-rays increase in wavelength
when scattered, which he explained
in 1923 on the basis of the quan-
tum theory of light. This work con-
h 4 vinced remaining doubters of the
Argonne National Laboratory, AIP  reality of photons; in fact, Compton
Nicls:Bohr Sibeaty) himself coined the word “photon.”
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Introduction to Semiconductor Device

E hv
Photon momentum p=—=—
C (c

\\o\‘\

AN
<<

0 e E = hv’
E'=mgc” SU

: » = hv'/c
Incident photon ~ p=0 _ / \0 F
N U N W e

E=hv Target / ]
p = hv/c electron
E =Vmdc + p°c?

p=p

(a) Scattered
electron

length Ac. Because Ac = 2.426 pm for an electron, and even less for other particles Compton Wave Length

owing to their larger rest masses, the maximum wavelength change in the Compton h

effect is 4.852 pm. Changes of this magnitude or less are readily observable only in A=

x-rays: the shift in wavelength for visible light is less than 0.01 percent of the initial ¢ m.c

wavelength, whereas for x-rays of A = 0.1 nm it is several percent. The Compton effect o

is the chief means by which x-rays lose energy when they pass through matter. Ac = 2.426 pm
1pm=10"m
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Introduction to Semiconductor Device
Physical Model of Capacitor

C C= Esm% Eso2 =216 e/volt pm
—||—eV €. =648 e/volt um

V>0 Metal Metal Si02

Fermi Level

S 1

....... -
,,,,,,
rrrrrrr

444444444

V>0
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Introduction to Semiconductor Device

Physical Model of Capacitor

€0 =216 e/volt um

_L—"—.V €. =648 e/volt um

Physical Model of Semiconductor

n-type silicon p-type silicon
EG=1.1ev
for Silicon

oooooooooooooooooooooooo

<
i 1S o 1
‘ ‘\\:%::: .-l

“’ P AP PP PP PP

Sty rrmry
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Physical Model of Capacitvor

n-type silicon p_type silicon
M m EG=1.1ev
; i . for Silicon
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Introduction to Semiconductor Device

Physical Model of Capacitor

n-type silicon p_type silicon
EG=1.1lev
for Silicon

Physical Model of Silicon PN Single Junction

* e—>  Inp

C L

(1) No Bias (2) Back Bias
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Introduction to Semiconductor Device

Physical Model of Capacitorv

n-type silicon p-type silicon
EG=1.1ev
for Silicon 0 e-

Physical Model of Silicon PN Single Junction
i Large Tidal Current

PR PPPPIPP )

FY S Y9 divreyy

(3) Forward Bias

(2) Back Bias
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Introduction to Semiconductor Device
Physical Model of Silicon PN Single Junction

A Band Diagram of a conventional
N+NPP+ single junction type solar cell.

—Vour < O
~N P P
Load
<%- = —
e i A
=~ e.\h IF
.___-_\.
AT TR RO I S NSk 2L ot
EG ,e'-/__.e'..}-\ .....
Iout : //
e- e- e-:S- _,,/ _______________________ EG
=09 NWE - | e e e-
—WN e WP —a
== 2 &
e 1< ""-)'GP x-i'dbij’; ------ i('i"" ----------- ; - See-
1l Ec S — - XL ..
A 1~ es
............ e D eccencas :_Sie
Als Als Als Si+ Sis 5;;—,:?;.
S She e
- . ;i _____________ IE, i e
ng':. ¥ "Sis Sie Sie Sie ZAls Als

(3) Forward Bias
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Introduction to Semiconductor Device

Physical Model of Silicon PN Single Junction
’ , ~ e

Inp

ﬂ Inp = (Vdd - Vout) / R ]

(3) Forward Bis = Current(lnp) vs Voltage (Vout) Curve
of PN Junction Photodiode with Resistive Load Line
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Introduction to Semiconductor Device

(a) N+NP-P+ Single Junction (b) PP-NP-P+ Double Junction
W/ —— e aww—
o Lig t‘:> § RN+ Rsub R L|ght:> § RN Rsub

|out= I‘< IF w_-L |out> I<: IW_—J?

e I i &% _ P sie
Ale Ale Al ISie sie \_&.-Y
H T TN
- —
e

Lisht

Isc = Ic+ Iout“‘\
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NPN Bipolar Transistor 5""1 T Vb e-
lc l v Ve @— nN-si P-si N-si p—@ \Vc
C ==
e- - . Vo
Vb Free Electrons M‘Y' e . .
e- e W TR0 Ib /
Ib — ¥ :
Si+
Ie l Ve

NMOS Transistor

\V/ Ve \V/
Vo>Vs>0 . I_;_I 3

Sio2
N-Si N-Si
P-Si
VS >0 e —
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Introduction to Semiconductor Device

CHRONOLOGY OF SiLicon-BASED Imacge

SeEnsor DeEvELOPMENT

Yoshiaki Daimon Hagiwara, IEEE Life Fellow
Sojo University, Kurmamoto-city, Japan

The first PNP Double Junction Photodiode The first Pinned-surface PNP Double Junction type and the
invented by Philips on March 9, 1975, with first Pinned-surface Triple Junction type Photodiodes, both
an image lag problem, caused by a RC delay invented by Sony (Hagiwara) on Oct 23, 1975, with Vertical
time between the floating surface and the Overflow Drain (VOD) function, Electric Shutter function
high-resistivity pinned back substrate. and Global Shutter function with MOS-Capacitor Buffer
Memory that created our new digital imaging and TV era.
5 JPA1976-65707 NP7596795
\
l/ S A f’ \1 ) 1/ \1 | JPA1975-127646 JPA1975-127647 JPA1975-134985
2 15 112 13 7 14 7 8 10 3 3 201 ™ g~ JP1215101
‘l—, o [ g0 1a " et
& ¥ _: A * e .fk..» n?f-—t"’ ¥ O ¢ 5
o e P o~ P efr A -w =
0 roa l ¥ >3 & L) T P
| Al R o= R RS
16 22 23 18 21 20 N | . [
= ~ 5 LA PP &
Figure 6. The double junction type buried photodiode image sensor c : —=e
reproduced from Netherland Patent Application NPA [6] - g H-ED I
[6] Japanese Patent Application JPA1976-65707 (Patent No. <
7596795, filed on June 9, 1975, Netherland) L i
[7] Y. Hagiwara, Japanese Patent Application JPA 1975-
127646 on N+NP+NP-P+ Triple Junction Type Pinned Photodiode (b) (C)
with Back Light lllumination with the CCD type MOS capacitor

Buffer Memory for Global Shutter Function. Figure 2. Reproductions from the Japanese Patent Applications of {a) the N+N-P+ N.P'P triple junction PPD, (b) the N+N-P+N double junction PPD,
and {c) the PNP double junction PPD

Philips, March 9, 1975 Sony, Oct 23, 1975

https://eds.ieee.org/images/files/newsletters/Newsletter Jan23.pdf Seepp.22-31
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Introduction to Semiconductor Device

N+P+ Tunnel Diode CHRONOLOGY OF SiLicon-BAsSED Imace
invented in Aug 1957 Sensor DeEvELOPMENT
by Tetsuro Tsukamoto Yoshiaki Daimon Hagiwara, IEEE Life Fellow
’

Sojo University, Kumamoto-city, Japan
Yuriko Kurose and

analized theoretically ® Ve

by Reona Esal&i,E
L_l N+

P+P Base by Kromer in 1953
N+N-P+P-N-N+ by Tetsuro Tsukamoto(Sony) in 1957
N+N- Emitter reported by Yagi(Sony) in 1974

Figure 1: The drift-field transistor for high frequency operations, invented by Herbert
Kroemer in 1953.

See also: Yagi H, Tsuyuki T, Koma K, Miyazawa Y. A novel bipolar device with low emitter impurity
concentration structure. In 1974 International Electron Devices Meeting (IEDM), Washington,
USA, December 9-11, 1974, pp. 262—-265.

https://eds.ieee.org/images/files/newsletters/Newsletter Jan23.pdf Seepp.22-31
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Introduction to Semiconductor Device

The First PNP CHRONOLOGY OF SiLiconNn-BASED Imacge

. : SeEnsor DeEvELOPMENT
double junction T , ) In IEDM1982 NEC reported

5 Yoshiaki Daimon Hagiwara, IEEE Life Fellow i i
photodiode, Sojo University, Kumarmoto-city, Japan the same PNP double junction

pinned to with SCCD/Enhancement type

1
the substrate / \1 1 t/ \1 1 ‘/ \1 Charge Transfer Gate(CTG).
with Serious r
RC delay and 7z 15 12 13 8 10 g9 3

Image lag
Problem.

Charge
Transfer
Gate(CTG)
is
BCCD/
Depletion
type Figure 6: The double junction type buried photodiode image sensor
with reproduced from Netherland Patent Application NPA [6].

e 24 1 i i 1 2023
Threshold IEEE Electron Devices Society Newsletter O January 20

[6] Japanese Patent Application JPA1976-65707 (Patent No.
Voltage (Vth). 7596795, filed on June 9, 1975, Netherland)
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Introduction to Semiconductor Device

The First NPNP triple CHRONOLOGY OF SiLicON-BASED IMmAGE
Junction photodiode, Sensor DeEvELOPMENT
pl nn ed to the su bStrate. Yoshiaki Daimon Hagiwara, IEEE Life Fellow

Sojo University, Kumamoto-city. Japan

JPA1975-127646, Oct 23, 1975 JPA1975-127647, Oct 23, 1975 JPA1975-134985, Nov 10, 1975

T —F | —0n
A :r—‘j ) P N:M_,d- -—- T?‘{:: = : ﬂ & X
o T et @5 Je  [Ne £
B = | ASTIPIN | P
| &) H
v P : :
c TN 5 ; ——e*
-n.---j\ ' 4: £ =
) % Vescos P The First PNP double
i c i g ¢ Junction photodiode,
D — fee—1{ HE R N
N With Pinned-surface
(a) (b)  and vertical oFD.  (©)

Figure 2: Reproductions from the Japanese Patent Applications of (a) the N+N-P+NP-F triple junction PPD, (b} the N+N-P+N double junction PFD,
and (c) the PNP double junction PPD.

22 |EEE Electron Devices Society Newsletter O January 2023

" . : . 8] Y. Hagiwara, Japanese Patent A lication JPA 1975- [9]1Y. Hagiwara, Japanese Patent No. 1215101 (Japanese Pat-

[7] Y. Hagiwara, Japanese Patent Application JPA 1975 18] g P . PRI N ent Application JPA 1975-134986) on the Pinned surface P+NP

127646 on N+NP+NP-P+Triple Junction Type Pinned Photodiode 127647 on N+NP+N Double Junction Type Pinned Photodiode double junction type Pinned Photodiode on N-type substrate

with Back Light lllumination with the CCD type MOS capacitor with Back Light lllumination with the CCD type MOS capacitor wafer, forming a P+NPN triple junction dynamic photo thyristor
Buffer Memory for Global Shutter Function. Buffer Memory for Global Shutter Function. type PPD with the VOD function.
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Introduction to Semiconductor Device

(a) Normal Global Shutter Mode (c) Analogy of Potential-Profile and Rubber-Belt

a
P' P- N- P P
! i VOD %—2“0

Integration _E_
a3 —E— ..E.......{...........E.-....-.—: ............... IS
time —— : - :

[ Time ™)
e 16.7 msec-—-u: Integration

i
i
Pinned Mode !
. End '
(b) Electronic Shutter Mode s
VoD >0 :
2 :
Integration : H E
Time Punch-Thru H i
Punch-Th ‘ {3
.ﬁn Morcro e ] msec or less Action Mode Pulled c ; s
Down e K e
= (Stretched Rubber Belt Mode) End :
PO ti'me Photo thyristor switch-on action VOD >> 0 JPA1975-127647, Oct 23, 1975

Fig. 8: (a), (b) Global shutter clocking schemes for CMOS image sensors: normal global shutter mode, clectronic shutter
mode; (c) the electrical potential profile of the P+PN-PN+ triple junction type PPD in the photo thyristor switch-on mode and

in the integration mode.
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SSDM1978 Conference in Tokyo Japan

(c)

400 500 600 700

wave length (mm)

Fig. 3. Photomicrograph of the 380 H x 488 V CCD
imager. The chip size is 14.6 mm by 10.1 mm.

SSDM1978 Conference in Tokyo Japan
[13] Y. Daimon-Hagiwara, M. Abe and C. Okada, “A 380H x

488V CCD Imager with Narrow Channel Transfer Gates’ Proc. January 2023 O IEEE Electron Devices Society Newsletter 23
10th Conf. on Solid State Devices, 1978; Japanese J. Applied

Physics, Vol. 18 Sup. 18-1, 1979, 335-340.

Figure 4 (a) Pinned-surface and buried-storage PNP photodiode, (b) spectral response of
the blue-light sensitive imager; output signal (c) without (d) with illumination.
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SSDM1978 Conference in Tokyo Japan

Proceedings of the 10th Conference on Solid State Devices, Tokyo, 1978;
Japanese Journal of Applied Physics, Volume 18 (1979) Supplement 18-1, pp. 335-340

A 380H x 488V CCD Imager
with Narrow Channel Transfer Gates
Yoshiaki Daimon-HAGIWARA, Motoaki ABe' and Chikao OKADA'

Longer Wave Length Light (0.5~0.7 um) has almost 100% QM (77=1) in Silicon.
QM100% (n=1) Line

! | #e fiol p z
‘ I 5 1 t v oy S ..
' ! 1 | Siox i ; H
~ T f 3 L “; """"" R E - 4 !
v = 7 L 7 e .
T A g e g B e T s e P
| - A - -L

£ o QM moreithan 50% !1?)
oz __.o e et :
| P — aub 5> ; _i ' _‘:
‘ ! ! i N wave length (nm) s

Fig. 2. cross sectional views of the electrode Fig. 13. R

This is the first original PNP Pinned Photodiode developed

in 1978 with the excellent short-wave blue light sensitivity.
Hagiwara at Sony invented and formed the adjacent P+ channel
stops to pin the P+ surface, using high-energy ion-implantation.

This PNP double junction Pinned Photodiode structure can
be used for a solar cell with a very high quantum efficiency.

of the ph

[13] Y. Daimon-Hagiwara, M. Abe and C. Okada, “A 380H x
488V CCD Imager with Narrow Channel Transfer Gates’ Proc.
10th Conf. on Solid State Devices, 1978; Japanese J. Applied
Physics, Vol. 18 Sup. 18-1, 1979, 335-340.

The
plantation mask, boron ions with the dose
level of 2x 10'3 cm™? are implanted into the
silicon substrate throughout the exposed por-
tions of the thermally grown oxide. This step
provides self-aligned channel stops which sur-
round the narrow-channel transfer part of each
electrode. The gate oxide thickness is 130 nm
throughout the device.

The
transfer efficiency of the vertical and horizontal
shift registers are more than 99.9959% per
transfer. And high image resolution of 280 TV
lines/p.h. (Horizontal) and 350 TV lines/p.h.
(Vertical) have been obtained.

The typical dark current level is less than 39

of the maximum signal level at the room tem-
perature of 20°C. The spectral response of the
imager shows that this inherently SiO, exposed
structure has high enough quantum efficiency at
450 nm wavelength and functions as a color
imager with high sensitivity.
The typical dark current level is less than 5 nA/
cm?. For the particular device reported in this
paper, the ion implantation dose of the buried
channel is taken to be 1.7 x 10** cm™2.

PNP double junction pinned-surface photodiode
with No Image Lag and Electrical Shutter Capability

free from any mechanical parts.
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World-first one-chip FT CCD image sensor used in Sony Video Movie Camera on April 1, 1980.

N N ARy <FCX016> 570H x 498V One-Chip
=) FT CCD Color Imager, 1978

PNP double junction pinned-surface photodiode
with No Image Lag and Electrical Shutter Capability
free from any mechanical parts.

Origin of Digital Camera, 1980

Kazuo Ilwama @ Tokyo Press Conf, 1978

SSDM1978 Conference in Tokyo Japan

A 380H x 488V CCD Imager
with Narrow Channel Transfer Gates

Yoshiaki Daimon-HAGIWARA, Motoaki ABe' and Chikao OkADA'

Longer Wave Length Light (0.5~0.7 #m) has almost 100% QM (7 =1) in Silicon.

QM100% (n=1) Line

....... -

w00 700

wave length (mm)

Fig. 2. cross sectional views of the electrode

Fig. 13,  Spectral Response of the photosensors.
This is the first original PNP Pinned Photodiode developed
in 1978 with the excellent short-wave blue light sensitivity.

Hagiwara at Sony invented and formed the adjacent P+ channel
stops to pin the P+ surface, using high-energy ion-implantation.

This PNP double junction Pinned Photodiode structure can

The first film-free and no-image lag video-camera
without the slow mechanical shutter

but with the very fast electrical-shutter

with 8 mm metal tape recording media,

which was replaced by Mini Floppy

Disk, NVRAM and USB Memory and

Hard Disk for Large Memory Capacity.
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World-first commercialized two-chip CCD image sensor
video camera by Sony on April 1, 1980.
XC-1 1e80

Sony ICX-008 CCD chip Two-Chip Color Video

all solid state = robustness

First Commercialize CCD chip designed and Developed
by Sony (Yoshiaki Hagiwara), in April 1, 1980

PP/ i) i Tt 2na Poly-Si
BRI z o 15t Poty -Se
Si0z —
u 24
7 ) | &1 mmmzu

BCCD CTG SCCD
P-Si <ICX008>

Photo Senor is thin-polysilicon MOS gate capacitor type with the surface-channel CCD
charge transfer (SCCD) mode thru the enhancement MOS charge transfer gate (CTG) to
the buried-channel CCD charge transfer (BCCD) mode vertical analog-data shift-register.
All CCD-mode operations and completely image-lag free achieving the electrical shutter.
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Fusion of Analog and Digital
Semiconductor Device and Circuit Technology
for Future Al Robot Applications

- Retina Cell (Photodiode )

Brain
m—
Introduction Memory| | cPu
Sensor and Analog Circuit Technology
Elash ADC and DFT Technology

Digital Circuit Technology
Conclusion

Left Brain
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Right Eye Ball

Right Brain

|}
'E A BB
"

\‘IlllllllllllllIf

Left Eye Ball

Analog-to-Digital Interface

. R o Retina Cell (Photodiode )

Analog\Device

Digital Circuits
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The active in-pixel source-follower type (APS)
PMOS imager invented by Peter Nobel in 1966.

Column Pulse 1 Column Pulse 2 Vout

I ]
lagde Trd Tr5 2L RPR

e Va " To Column butput .
Vph
Tr2
Tr3

>

In Column
l Line Pulse Source Follower
3 Current Amplifier
Trl Load PMOS
- § & *

Analog-to-Digital Interface
£ W)\ _~ Retina Cell (Photodiode )

Brain
>

Digital Circuits

Analog‘Device
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The active in-pixel source-follower type (APS)
PMOS imager invented by Peter Nobel in 1966.

Column Pulse 2

Column Pulse 1 Vout
]

Tra S o143 I P
3 Y To Column Output i

In Column

Line Pulse Source Follower
Current Amplifier
Trl Load PMOS
:

The standard CMOS APS pixel consists of a photodetector (pinned photodiode),a floating
diffusion, and the so-called 4T cell consisting of four CMOS transistors, including a charge
transfer gate (CTG) , reset gate, selection gate and source-follower readout transistor.

The pinned photodiode was originally used in Frame Transfer (FT) and interline transfer
(ILT) CCDs due to its low dark current and good blue response, and when coupled with the
transfer gate, allows complete charge transfer from the pinned photodiode to the floating
diffusion (which is further connected to the gate of the read-out transistor) eliminating lag.
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(a) Image Sensor Mode

On/Off OonjfOff

on/Off On/Off

+VDD nc/p]_ '|1_/P +V.DD |_.p C_I,Z Vout +VDD
L

F 1

vai | | 1
P B e B e — _
m.qz.q3£ ias |
v2 V3

v5 Vout GND GND

P-

<
Il
o

AnEnnENEEEEEEND
snnnnhmnnnnnns
| ]
[]

SENENENEEEEENNEEND

n

[]

[]

[ ]

[ ]

[ ]

n
IIIIIII‘IIIIIIII

n

[]

[]

[ ]

[ ]

[ ]
EEEEEEEEEEEENERENDE
[ARRRRRRRT RRRRRARRD)

==

Reset Switches In-pixel Source-follower Current-Amplifier

<« -Vout<o (b) Solar Cell Mode

GND GND
P-

84



20265FF9H15H (X)) FE DAFSZZ=/N—2 74 ANTHIEERFHAIOR v P ICKRAIR G EEFERDOEN

ISSCC1984, Sony

ISSCC 84 /WEDNESDAY, FEBRUARY 22, 1984 / IMPERIAL BALLROOM / 9:30 A M.

SESSION [V: DATA ACQUISITION CIRCUITS
WAM 4.2:  An 8b 100MS/s Flash ADC

Yoji Yoshii, Katsuaki Asano, Minoru Nakamura, Chikara Yamada

Sony Corp.

Kanagawa, Japan ipolar Transistor
Abstract: Ic 1 Ve
An 8-bit flash ADC capable of operation
at a sampling rate higher than 100 MHz Vb
with only 1.2 W of power dissipation is Ib —— ]e'
described. Si+

le l Ve
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ISSCC1984, Sony

\, , e ISSCC 84 /WEDNESDAY, FEBRUARY 22, 1984 / IMPERIAL BALLROOM / 9:30 A M.
SESSION IV: DATA ACQUISITION CIRCUITS
WAM 4.2:  An 8b 100MS/s Flash ADC

Yoji Yoshii, Katsuaki Asano, Minoru Nakamura, Chikara Yamada

Sony Corp.
Kanagawa, Japan ipolar Transistor
Abstract: I 1 Ve
An 8-bit flash ADC capable of operation
at a sampling rate higher than 100 MHz Vb ]
with iny 1.2 W of power dissipation is Ih — e-
described. Si+
This good performance is realized using: |el Ve 2 im Y
(1) asmall transistor utilizing oxide isolation ncum;_o
and a thick field oxide process with small
parasitic capacitances; A:Z B x 5y
Xjb =.25u
Wb =.1
fT max.
=6 GHz
P sub (at1.2 mA)

FIGURE 2—Cross sectional view of device.
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ISSCC1984, Sony

ISSCC 84 /WEDNESDAY FEBRUARY 22, 1984 / IMPEREAI. BALLROOM / 9:30 A M.

SESSION [V: DATA ACQUISITION CIRCUITS
WAM 4.2:  An 8b 100MS/s Flash ADC 8bit Flash ADC

Yoji Yoshii, Katsuaki Asano, Minoru Nakamura, Chikara Yamada

Sony Corp.
Kanagawa, Japan ﬁ J '[ 1* Bo
Abstract: Y | —< || : s | Ba
. . {1y —
An 8-bit flash ADC capable of operation v || >ﬁ arid
at a sampling rate higher than 100 MHz | | L._ '_j_‘ -
igital =
with only 1.2 W of power dissipation is ’ - Encoding B,
described. éLKT/ [ | | r-
. . . . S8 o | B7
This good performance is realized using: % PeR O ? %} o
(1) asmall transistor utilizing oxide isolation FIGURE 3—Simplified schematic of a (Gomparieen)

and a thick field oxide process with small

.. . . AEe

parasitic c?p.autance.s, =2 5ux5u

(2) an optimized design for speed, accuracy, Xjb =.26u

and power; and Wb = .1

(3) a simple comparator design with small - M

fT max.

component count. = 6 Giiz

P sub (at1.2 mA)

FIGURE 2—Cross sectional view of device.
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SESSION IV: DATA ACQUISITION CIRCUITS

WAM 4.2:  An 8b 100MS/s Flash ADC
Yoji Yoshii, Katsuaki Asano, Minoru Nakamura, Chikara Yamada
Sony Corp.
Kanagawa, Japan
Abstract:

An 8-bit flash ADC capable of operation
at a sampling rate higher than 100 MHz
with only 1.2 W of power dissipation is
described.

This good performance is realized using:

(1) asmall transistor utilizing oxide isolation
and a thick field oxide process with small
parasitic capacitances;

(2) an optimized design for speed, accuracy,
and power; and

(3) a simple comparator design with small
component count.

ISSCC1984, Sony

ISSCC 84 /WEDNESDAY FEBRUARY 22, 1984 / IMPER[AL BALLROOM / 9:30 A M.

n
?%LK c&ﬁz
1

FIGURE 3—Simplified sch icof a

parator cell.

8bit Flash ADC

Bubble Error
Correction

and

Digital
Encoding

Quantization
(Comparison)

Resolution

Max. conversion rate

Full scale input BW (—3dB)
Differential gain
Differential phase

Analog input capacitance
Power dissipation

Power supply

Chip size

8b +1/2LSB
100MHz
30MHz

—5.2V
5.45 x 4.15mm?2

TABLE 1 — Chip performance.
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https://ieeexplore.ieee.org/document/9058907

3DIC2019.4017 2019 International 3D Systems Integration Conference (3DIC)

Multichip CMOS Image Sensor Structure for Flash Image Acquisition
Yoshiaki Hagiwara
AIPS

Analog Data Comparator applied for IR Sensor
VT must be equal to Vref.
Rs(t) Vad

Rs(t) +RL

Analog Data Comparator Circuit

IRsensor =1

le'o= il + L;

Fig. 12: Conventional Analog Data Comparator Circuit

The comparator circuit is a conventional one
that can also be used for a simple IR sensor
detector as shown in Fig. 12.
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https://ieeexplore.ieee.org/document/9058907

3DIC2019.4017 2019 International 3D Systems Integration Conference (3DIC

Multichip CMOS Image Sensor Structure for Flash Image Acquisition
Yoshiaki Hagiwara
AIPS

Analog Data Comparator
VDDH (2.9V) comadton DAC and Counter

""""""""""" Control Circuits

VDDL (1.1V)
Cache SRAM Latch

S-Latches 15bkt
WORD(Be| T
- 5
=L L&]
"b.-.

Bottom 3 TG OFG B | Operats VCO WORD,

T L
- Chip I | write
ey Ve S N b P P
Bottom Image Sensor Chip A FoEMI HAD A" T
Vb.-l ‘lcm Suried Pinned Photodiod NoP o o o 1
Hole Accumulation Diode (HAD) | Prehsit ' ' =
with the courtesy of Sony corporation whis the s Homily soped Fhmad Pt Grownd

Fig. 14: Cross Sectional View of two chip stacked back-
illuminated CMOS Image Sensor'® with the in-pixel analog
comparator control circuits to generate the match signal M
from the reference voltage A and the image sensor signal S.
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Sojo University, lzumo-city, June 2014

Design and Performance Estimation of DFT Processing Circuits
Weikun Liang, Yuji Yoshida, Kishi Fukakusa ,
Yoshiaki Hagiwara ( Sojo University )
DFT is essential for voice and picture recognition. Normally DFT is processed by software,
and the processing time is not negligible. This paper reports a challenge to design a DFT hardware
engine circuit and estimate its performance by use of a recursive design procedure.

Izumo-city, Shimane-ken, Japan, July 4, 2014
4bit DFT Circuit Block

[SEl——— AN == 7o A
B X\ F = %%@%EE%I{ DFT4()@% DFTAA)
20147848 (£) 09:30~12:05 ﬂo] by e e o
. 2,2 2lee 2. goaln el 5. gk 6l 6 i A0
@=—a—7 T 1 HET/4) iz b 4 e f‘:"“'h.. 12 1) sl Q"L o8 7 7 1AW
BEREHEREAEER2-15-1 w7 —
A 2 s f2) o A2)
2bit DFT Circuit Block Lol e fazn il ) 2o —
A
MB1i5 66 slay | 7 Lo w14 14]f s 9 i1 AB
1) |1 /(_% s ,‘}2\ 3| a0 15[ emema ™ T 1igh [
. AP
define DFT4A() { input(11,13,12,14);0utput(6,7,8,9);
il \fJ 2 _alam 16=rom(+); 15=12; 1= x(1)(14,16);
DFT2[EIEE (6,8)=DFT2(3)(11,13); (7,9)=DFT2(4)(15,1);}
define DFT2 () { input(1,2); output(3,4); define DFT4() {input(2,3,4,5);output(6,7,8,9);
5=add(1)(1,2); 6=sub(1)(1,2); (11,12)=DFT2(1)(2,4)1(13,14)=DFT2(2)(3,5);
3=half(1)(5) ; 4=half(2)(6) ;} (6,7,8,9)=DFT4A(1)(11,13,12,14);}
2 28N DFT [FEEIE DFT2( ) DER 6 44 DFT HEEIE DFT4 () O #%

https://jglobal.jst.go.ip/en/detail?2JGLOBAL 1D=201402211529054168
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Sojo University, lzumo-city, June 2014
Design and Performance Estimation of DFT Processing Circuits
Weikun Liang, Yuji Yoshida, Kishi Fukakusa ,

Yoshiaki Hagiwara ( Sojo University )

8bit DFT Circuit Block

DFT8()[E & Following this method, an 8-point DFT
oiol | [omwmn | [ |4 PFTSAMEIRE J%,, DFT8() can be designed also by a
NN N~ an o e combination of four DFt4( ). Applying
;z ;3—{ this Recursive Circuit Design Procedure,
sy : j;@:n DFT16(), DFT32(), DFT64(), and DFT128()
s T e e IR circuits can be implemented.
E_?) fol ?—’z Afou:;:;. ﬁ
7 57 | s 2, 7] 1 Even though the circuit size gets bigger,

: by using this recursive design procedure to
define DFT8A(){ input(20-27);output(40-47);

50=ROM(WS); (51-54)=X4(1)(50,24-27); create a hierarchy like this, simulations and
(30-33)=DFT4A(3)(20-23); (34-37)=DFT4A(4)(51-54); ; : : . .
(30-47)=WEC(30-37):} implementation design with NET coding
define DFT8 () { input{0-7);output(40-47); can be carried out relatively easily.
(10-13)=DFT4(1)(0,2,4,6);(14-17)=DFT4(2)(1,3,5,7);
(20-27)=W8B(10-17);(40-47)=DFT8A(20-27);}
7 845 DFT GELEIE DFTS( ) DEE This is very attractive with scaled CMOS

process technology.

https://jglobal.jst.go.ip/en/detail?2JGLOBAL 1D=201402211529054168

92


https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=201402211529054168

2026F9 A 15H(N) BfE DAFSZ=/N—2 74 ATHIGEREHAIOR v MR R G EEFEBHDIEN

Sojo University, Kumamoto, June 2015
Japanese Patent Application JPA2014_ 135497

Digital Frequency Transformation Circuit for Time-wise Unequally Sampled Data | Article Information | J-GLOBAL

Masaru TANAKA, Weikun LIANG, and Yoshiaki HAGIWARA
Sojo University, Kumamoto City, Japan

DFT is essential for voice and picture recognition. Normally DFT is processed for Time-wise
Equally Sampled Data. This paper reports a challenge to design a DFT circuit
for Time-wise Unequally Sampled Data.

t{1]=0.1257 aft)=cos( 4nt/T N=8

t[2]=0.2507 ® ) :g}:gﬁ::  a(t) = cos ( 4nt/T) N=8
t[3]=0.375T 1[3];0’1671'

t[4]=0.500T ala) (8] +[4]=0.200T

AS]20,625T  +orvrrmrssssnin R Recterse B al7] a[s)

3 I\ /N . / t[5)=0.250T - o — - ’. - S ‘ — e
t{6]=0.7507 \ [\ / t(6]=0.333T 1\ 7
t[7)=0.875T \ /o / t[7]20.500T \ / \
t[8]=1.000T \ / \ / B \ / \ f \ /

\ fal3 \ / t(8)=1.000T / \ / \ / \ /
af1]= 0 o “a[ ) 3 \ / ! .[u]]_ o / \a[1] / \ / \ / t
et » h { 1 > = Tol - - >
a2)= 1 \ [ds \ a[2)= -0.223 L "' /] X\ [ j
al3)= 0 \ 2 a[3)= -0.500 pI2] % /] 2 \ / l‘-\
afd)= 1 \ / / \ ala)= -0.809 a[3] ® ale) J \ /
als}= 0 Nl N N als}= -1.000 ala)®_/ \ 7/ \_/
olél -1 - .s e e s ; Nl &
al7)= 0 al7)= 1 als]
als= 1 a[s)= 1

AllJ=invH[ ][ Jal )= {1.032, 1.500, 0.0, 0.0,—0.809, —0.500, —0.223, 0.0}

(b) T/k Sampling (this work)

All=w[][lal] ={03,0,0,0,,0,0}
(a) Conventional DFT Sampling

"Digital Frequency Transformation Circuit for Time-wise Unequally Sampled Data"
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Sojo University, Kumamoto, June 2015
Japanese Patent Application JPA2014_ 135497

Digital Frequency Transformation Circuit for Time-wise Unequally Sampled Data | Article Information | J-GLOBAL

Masaru TANAKA, Weikun LIANG, and Yoshiaki HAGIWARA
Sojo University, Kumamoto City, Japan
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Fusion of Analog and Digital
Semiconductor Device and Circuit Technology
for Future Al Robot Applications
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To make Al robots a reality, it's important to reliably combine three key technologies:

(1) analog circuit technology, essential for controlling mechanisms like sensors and robot arms,

(2) digital circuit technology that enables high-speed information processing using large-capacity DRAM, cache
SRAM, and NVRAM, and

(3) high-speed real-time flash AD converter technology.
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"A 25-ns 4-Mbit CMOS SRAM with Dynamic Bit-Line Loads"

A 25-ns 4-Mbit CMOS SRAM with
Dynamic Bit-Line Loads

FUMIO MIYAJT, YASUSHI MATSUYAMA, YOSHIKAZU KANAISHI,
KATSUNORI SENOH, TAKASHI EMORI, AND

YOSHIAKI HAGIWARA, MEMBER, IEEE
() 5NseC m——
o

Dynamic Bit line Loads ATR O0FQ R
‘-- e SRR e LI N e i - i il ve = pe= ATR
X i Sns |
i (SONY) — e

101 ng :ELGTIDN
o | K | 3 BL, BL ———— — Veeo
Q‘ :;02 rQS | — GND
ZE et Bl B ks s Me Coen Rasinan) sal] _

-J_ QI Section s (Reduction time) .
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! ETRELS . 5o Timing diagram for the read operation.

BL E i BL ROW DECODER CELL ARRAY 1024x128 DBL CIRCUIT
c’ S s Section 117
dQ3—— Jh Select
cIo | I Common
- Data Bus
D ‘D

To section S/A
Fig. 4. DBL circuit.

Fig. 3. Photomicrograph of the chip.

IEEE ISSCC1989, paper on SONY 4MBit Cache SRAM
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May 23-25, 2025

https://www.elspub.com/pdf/doi/10.55092/20250003

Past, Presence and Future Applications of Buried-channel Double-
Jjunction Sony Hole Accumulation Diode (HAD) type Image Sensors
and Solar Cells with Pinned Surface and Empty Potential Well.

Yoshiaki Daimon Hagiwara

2. Multi-chip 3DIC back-light illuminated CMOS image sensor for real-time Al robot vision
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Figure 4. A cross-sectional view of a new Al Robot Vision chip in 3DIC multichip architecture.
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Yoshiaki Hagiwara

"Micro-Electronics for Home Entertainment" Sony Corpoartion, Tokyo Japan
yoshiaki.hagiwara@jp_sony.com
an invited ESSCIRC2001 Plenary Talk, 3.1 Digital Still Camera.

The picture in the Fig. 7 shows a 2/3 inch 190K

Technical Digest of IEEE ESSCIRC2001 International pixel IT CCD Imager, ICX016/XC-37 which I designed

when I was still a young CCD design engineer in early
Conference (ESSCIRCZOO].), 1981. This model became the model of the world first

consumer CCD video camera for mass production in
1983.

Villach, Austria, September, 2001.
Abstract

ccD.Gs 1983 | VGA 640 x 480

QVGA 320 x240

SVGA 800 x 600
XGA 1024 x 768

SXCGA 1280 x 1024

A brief historical overview of a first home HD 1280 x 720

entertainment consumer electronic gadget, called a

DSC-P1
portable transistor radio is given, and then some 2048 x 1536
introductory comments on the basic semiconductor ey
device concepts are explained. They are strongly related 2 “i:;:'r‘ O el JT CCD TR
to the microelectronics of  the present home 640 x 480
entertainment LSI chips with regard to the product Fig. 7 The World First Consumer CCD
specifications and performance aspects of the home Video Camera for Mass Production 1983

entertainment LSI chip sets, such as for digital cameras,
home robotics and games.

All CCD Image sensor with Electrical Shutter Capability for Robot Vision
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"Micro-Electronics for Home Entertainment"

an invited ESSCIRC2001 Plenary Talk, Villach, Austria, September, 2001.
Yoshiaki Hagiwara

Sony Corpoartion, Tokyo Japan
Abstract yoshiaki.hagiwara@jp.sony.com

A brief historical overview of a first home
entertainment consumer electronic gadget, called a
portable transistor radio is given, and then some
introductory comments on the basic semiconductor
device concepts are explained. They are strongly related
to the microelectronics of the present home
entertainment LSI chips with regard to the product
specifications and performance aspects of the home
entertainment LSI chip sets, such as for digital cameras,
home robotics and games.

Remoter Computer
Far

AIBO 2* Generation, ERS-210 Sony Dream Robet, SDR-3

Peamizo
P

Fotmn.  Actsatcr
p—

Fig. 10 New AIBO Models,
ERS-210 and SDR-3

Fig. 11 Logical Hardware Block Diagram

(3) M. Fuyjita and H. Kitano:"{{D}evelopment of and (4) "Kohtaro Sabe, " Architecture of Entertainment
{A}utonomous {Q}uadruped {R}obot for {R}obot Robot - Development of AIBO -, IEEE
{E}ntertainment}", Autonomous Robots vol.5, Computer Element MESA Workshop 2001, Mesa

pp.-7-8, Kluwer Academic Publishers, 1998. Arizona, Jan 14-17, 2001
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"Micro-Electronics for Home Entertainment"

an invited ESSCIRC2001 Plenary Talk, Villach, Austria, September, 2001.

Yoshiaki Hagiwara

Sony Corpoartion, Tokyo Japan
yoshiaki.hagiwara@jp.sony.com

Fig. 12 Topology of ERS-110 Fig. 13 Topology of SDR-3x

(3) M. Fujita and H. Kitano: {{D}evelopment of and (4) Kohtaro Sabe,  Architecture of Entertainment
{A}utonomous {Q}uadruped {R}obot for {R}obot Robot - Development of AIBO -", IEEE
{E}ntertainment}", Autonomous Robots vol.5, Computer Element MESA Workshop 2001, Mesa

pp-7-8, Kluwer Academic Publishers, 1998. Arizona, Jan 14-17, 2001

101


https://202011282002569657330.onamaeweb.jp/AIPS_Library/11_P2001_ESSCIRC2001_Micro-Electronics_for_Home_Entertainment_11_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/11_P2001_ESSCIRC2001_Micro-Electronics_for_Home_Entertainment_11_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/11_P2001_ESSCIRC2001_Micro-Electronics_for_Home_Entertainment_11_pages.pdf

2026598 15H (X)) BIE DAFSA=/N—2 574 ATHEERERZHEAIOER Y b o RAIXE

"SOI Design in Cell Processor and Beyond"

an invited ESSCIRC2008 Plenary Talk, Technical Digest of IEEE

ESSCIRC2008 Conference,

Edinburgh, Scotland UK, September 2008.
SOI Design in Cell Processor and Beyond

Figure 1b  Circuits Diagram of Regency TR-1 Radic

Yoshiaki Daimon Hagihara

Chairman and CEO , AIPS/AINS Consortium
( Ex-Sony Fellow, Semiconductor Strategic Planning )

Hagihara-Yoshiaki@aiplab.com

Figure 8 45nm Cell/B.E. Die Photo
R e p—— e 3

By 1994, the games were just starting to move to 0.5-micron
processes, while the leading process was 0.35 micron.
Eventually over time, the game chips migrated to smaller
processes to increase integration and reduce costs. Now games
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Mitsuo Saito at ICD-ARC Panel May 13, 2008

Figure 10 Cell/B.E. and Toshiba SpursEngine
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"Prospect of Developing AIPS Robots for Home Total Supporting Systems"
IEICE technical report, December 12, 2008,ICD2008 Conference, Tokyo, Japan, Vol 108-247, pp.85-90

HEERAZEAT PSRy MEORE
Prospect of Developing AIPS Robots for Home Total Supporting Systems
~ V7 b A BT LR ORAHITE ~
-- The key is the combined technology of Software, Mechanical and Electronics —

HRIGEL I
Yoshiaki Hagihara

(NPOIEA) AIPS =2 Y — T A
(NPO) Artificial Intelligent Partner Systems Consortium

Kazuo Iwama in ISSCC1954 2006 59

Cell Processor

PETGR SN N ey et L
Iy st P

T — T —— Ty O B N - -

K4) CELL 7wat&y¥—

X 1) 19 5 44 FEFMFNFIKH 18] ISSCC H
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"Prospect of Developing AIPS Robots for Home Total Supporting Systems"
IEICE technical report, December 12, 2008,ICD2008 Conference, Tokyo, Japan, Vol 108-247, pp.85-90
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Prospect of Developing AIPS Robots for Home Total Supporting Systems
~ VTR AT L ORI ~
-- The key is the combined technology of Software, Mechanical and Electronics —

HRIGEL I
Yoshiaki Hagihara

(NPOIEA) AIPS =2 Y — T A
(NPO) Artificial Intelligent Partner Systems Consortium
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"Prospect of Developing AIPS Robots for Home Total Supporting Systems"
IEICE technical report, December 12, 2008,ICD2008 Conference, Tokyo, Japan, Vol 108-247, pp.85-90
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Prospect of Developing AIPS Robots for Home Total Supporting Systems
~ V7 KA AT X OFAEINE ~

-- The key is the combined technology of Software, Mechanical and Electronics —

HRIGEL I
Yoshiaki Hagihara

(NPOIEA) AIPS =2 Y — T A
(NPO) Artificial Intelligent Partner Systems Consortium

1975-1982 Engineer in CCD Imagers and Camera System
1983-1989 Engineering Manager in SRAM/DRAM/ADC TeOwadc L ¢ D= w Syt rugss

1990-1998 General manager in Sony /NVM/MCU/PS1
1998-2008 Executive staff Sony Semiconductor Strategic Planning PS2/PS3 ‘v 1 o~
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https://www.fifa.com/en/tournaments/mens/worldcup/qatar202
2

Evidently, the ball bottom point is touching at the ground po_int outside of the field line .
However, the ball is still on the line when looked from the top.

Qatar World Cup 2022:
VAR semi-automatic
offside technology

VAR at the 2022 World Cup in Qatar has 12 dedicated cameras.
These camera have the triple junction type Pinned Photodiode,
with the very high light sensitivity and the no image lag problem,
realizing very fast action pictures with Global Shutter Function
and completely mechanical-parts-free Electronic Shutter Function.
Hagiwara at Sony invented Pinned Photodiode in 1975 and
developed originally in 1978. See JPA1975-127646 applied on

Oct 23 in 1975 and the SSDM1978 Conference Paper reported

by Yoshiaki Hagiwara at Sony in Tokyo Japan in Sept 1978.

FIFA's use of VAR at the 2022 World Cup in Qatar will be different from the Premier League’s use with the
addition of a semi-automatic offside system. The new element uses 12 dedicated cameras that will track
the ball and all players to calculate their exact position on the pitch.
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CHRrRONOLOGY OF SiLicon-BASED ImacgeE
SeEnsor DeEvELOPMENT

. H H H Yoshiaki Daimon Hagiwara, IEEE Life Fellow
https://eds.ieee.org/images/files/newsletters/Newsletter Jan23.pdf T I
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Figure 11. The PNP double-junction PPD with the completely depleted N region and the floating N+ storage region has an excellent quantum efficien-

cy (QE) for the bluelight. The floating-surface N+P single-junction-type photodiode has no surface electric field, where the photogenerated electron
and hole pairs do not move and eventually they recombine with each other, resulting in a poor QE for the short-wave blue-light
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CHRrRONOLOGY OF SiLicon-BASED ImacgeE
SeEnsor DeEvELOPMENT

Yoshiaki Daimon Hagiwara, IEEE Life Fellow
https://eds.ieee.org/images/files/newsletters/Newsletter Jan23. pdf T e i

Concept of Artificial Intelligent Partner System (AIPS) proposed by Yoshiaki Hagiwara, May 2008
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Fusion of Analog and Digital
Semiconductor Device and Circuit Technology
for Future Al Robot Applications

Thank you very much !

Y oshiaki Daimon Hagiwara

AIPS Research Laboratory, 2026 07 07 ICCCAS2026 Key Note Slides.pdf
LOCOMTECH 2026 07 07 ICCCAS2026 IDCS26-8837 6pages.pdf
2026 _07 07 ICCCAS2026_ IDCS26-8837_ Slides.pdf
AtSugf-City, Kanagawa-ken +++++++
243-0201 Japan Yoshiaki Daimon Hagiwara Ph.D.,

IEEE Life Fellow, AAIA Fellow,

Caltech Distinguished Alumni,

Armenia Global High Technology Award 2024 Laureate
https://www.primeminister.am/en/press-release/item/2025/05/14/Nikol-
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AIPS digital circuits

. . - c
with two brains S ES
g 7. - 0
Y BN - (1) n
L- Actuators c 2 5 @ (2) ¢ o)
= 3
R- Actuators < g ,z. | o & .{} (1) . ‘%
(1) Pinned Photo Diode [ & B AN .‘;"’o c
(2) Charge Transfer Device § = g
< AIPS BOX
Camera 01 Camera 04
A ' (Camera 05 ,
Camera 02 ’ Camera 03
7 e ;
‘.' ‘ PS BOX
EE
o’ »i igh Petormanes APS Home Serve

Artificied Irtellggent Partner Systum (AIPS)
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MOS HASID CCORATA, TL T, CCONATMECMOSHAT

Artificial Intelligence in Robot Vision I ‘ 1

-
ey

’WV‘Y::' 20 T — WALL E ¢ 2008 The Wall Disney Studies
‘t‘;;ttt‘;:“';‘#“t
" Toe7T0 44 . 1. 0.2 .
'S R 2 2 F " 'S 2 2 8 8 ‘,. s haglwara'YOSh'akl@a'p'ab.com

http://www.aiplab.com/
Q2R FEIXMMNT?

OB RR (CTD) 227
O |Senixsitvity) =122

OCCD Image Sensor >3

@CMOS Image Sensor =127

EXEEEEEEREEEEEEEEER

A A=Y — (BWETFDH) #FE R 112
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HXR o A— S H— DB AL

1. A A= LI n@ ﬁ @
2. A A=t HOERETIBEIR - — —

3. A A= YDOEEFEE
4. A A=t ORERE

5 BWW A=t EE?

P P
" = 8 o Ve Front-illuminated CIS ~ Back-illuminated CIS

A A= — (BWEFDH) FERE 113
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1. A A=Y L

Image Sensor Size

1/3.2” = 1/2.3" 10"

APS-C Full-size
14.5mm2 29.1mm2 116.2mm2 - -
864mm2

372.9mm2
/ideo ’
il ) =3 /
Digital Still Camera

A A=Y — (BWEFDH) X E RAIE L4

Camera .
Phone
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1. A A=Y L

Image SensorMEXREE (2 DONDEELE (T &1k,

(1) ARID B OMBARISHENT 5. REBRESCERT SLBEBERT . |

(A) N+PEESE! (ABEMNELA FEEEFRZEL. BENVEINDT=.)
(B) P+NP BV{ES CGERERITF. BELL. LALAFBH NSO ERFEBMEELL., )
(C) P+NPNsubiESE! (BIFFHAD, XBEBRIF. BREBLL. OB R XREHEESY. |

() ESBEERECEET SASEAORICIENT S, BEEEER (CTD) |

(A) MOS P BTEHIEXEKE (EMRTEMEFLClockMEFMNAKXKENST=,)
(B) CCOREHIEEEE (KRBT EMEFLClockMTFLL. LALHEBREHMNKEL,)
(C) CMOSEEHEXEE (KM TEMFLClockEFLL. HREAHL/IELY,)

(3) SAlcs
Human Brain

A A=V — (BLWEFDAH) #XIR R AE - o
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1. A A=Y L

OLUANODAERAESICTER T SFBEREBRTF) : H AMOEOMER
O TDMEREBELRBE)NTOIIAASOEREES

LXITEYRIEZ EEXNLET)NMERQ) SLERHICERLET.

BB HASOME
A OIREROSS SHT % .
Wi aa T —
X \(,\
Amik L1 ,./ ‘714 l/./X m/%‘
/-. -’ »
=i } ;/
v 1B —— Iﬂﬂﬂﬂ!/l?h

HERMROMIETOESERR(BE) XHBYET.

DA ERIEND/NESLERFESH. FERRO2XTITIHICRE
- HDBERHAL. ThEZERESICTR
- ZERL-EBRESOMYKBLGEHI2FEE : CCDECMOSA A—
CCD : Charge Coupled Device (B#Hi#&S%EF)
MOS: Metal Oxide Semiconductor (<& i - B8 {b & - 3= J|kK)

BOMANIEHS—Tr I E—EFIIDLEICEZE,
ETRThOEOXAEZEBRESICERLET.

RERGBIAINE—D2RTEINDIRE

A A= — (BWEFDH) FERE 116
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2. A A= HOERETIEEMN 20184F CIS* 2JkFATIBARA =7
History & Prospects of Camera Products —-m
10,000 E/81MI)LmT 66.4%
- arvEa—a@EiT 8.2% -7%
§ 1,000 2 e ara—vET 7.8% 3%
2 il el ¥ F <@+ 6.4%  20%
g = EwE T 6.3% 27%
g 0 EXRET 4.4% 17%
2 Digital Still Cameras EdE T 0.6% 20%
l 1990 1995 2000 2005 2010 2015 Em*a“}_”_onlt ‘& : QH
" {Source: TSR et
SCiaasop y=— 10,400 8,793
ot R DCMOSA A—TH S il XAOT 9,700 12,639
20174 1 33K WTEH +19%  (H B Insights) f_"*": - :.oso
20194 SONY D WEFE EWMHAEA TOP &755, REE ,990
A A=Y DOF/LEBAKRELTAR. a—4 3,900 3,989
3,430 3,549
@®SONY DCMOSA A—T Y Hig 7 :: o 4560 261k
R T 50%LLE HRDRATITH+DH 60 %, = ; v
HRODToHADT 80 %D = FZESONYHFFD, ;!‘l_ﬂ 1,850 1,700 :

HAR . 4 E=a—X
eEAREPWEISTHD2019FEEFR L WIINFEHI%MDS5.1 JKFA DM,

A A=V — (BLWEFDAH) #XIR R AE - 1
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2. AA—T Y OEREHIHRF

19694 :CCOIINIILBAKFATRE REBOGULCCOERIZAREF
EEIEFIZ, clock B DLV CCDEIBHRIXEEFEL=EE
19725 . EIR CCCOME D BA T F DIRFZITAD)
8% 8=0C4BIR TISIDFERT
t Vi

OPNPNsub I A THADE K I F (AP 1975-134085) | P*[N Tf Pou | New g
FZH(1975) BAF(Nsub)l=PNPRABFHR TS,

19784 : P+NP3$E& D Dynamic Photo Transistor (PPD) B! 2R F
ORI, FTAICCD ITEHEALTSSDM1978THE.
B DLEL, BERE CCD D ASHB SIEDBYEAKIBIL, ’
19804E4 8 : Sony X CCDMOS BB B ZNFFEIFEMALT= 2chip
ILTAXCCD hAS DB MmIL. EBZE vy ARBEIZHES
19804E7 A : t# R ¥ D One Chip CCD video camera 3% = -
HARBEDER (LI EEEOPNPERROD) 14
Dynamic Photo Transistor ! 2% 3%+ (PPD) DixHA -

19824 7R{R D HHPNPIESBPD #ILT A3k CCDZEF (NEC)
19844F 72{R 7L \P+NPIESPPDZILT 5t CCD % Bl 5 (KODAK
19874 P+NPN £ 8 O R Fshutter #8RE{TEZHAD%E
ILT 53X CCD HAS% 5 (SONY)
20205 : /E-EBH 1 FuTE&3RT
EWERORE: G #hEiEIcG R -

A A= — (BWEFDH) FERE 118
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-~ @P+NPNsub £ 8 VHADS N E T (JAP 1975-134985)
2. A A - o HOERETIEEIMAE
1 = & BM(1975) BAENsub)ZPINPRAEBRT S,
V1 V2 V3 Vi V2

_ omm wmlm weln welm wbw & LR,

Light L
e s .
P : .

{f3F0D Bucket Bridge-gate Device (BBD) MM TRFIECX I ( before 1970)

V1 V2 V3 V1 V2
N+ e-e- N+
[
Surface Channel Charge Coupled Device (SCCD) @)%¢:8H 1970 Hagiwara Lab Note at Sony February 1975
A V2 V3 Vi V2 on the N+PNP type Pinned Photodiode
| — — — — —— e e o e
the N+ channel stops beneath the oxide.
N+ e-e- N N+ Light
. L
Buried Channel Charge Coupled Device (BCCD) @ #2688 1972 o —_— —=
v1 V2 V3 v1 V2 | SIO2 N+ Sio2|
' 4 P t.‘u; /
———TT— T N (s
N+ Ll N N+ ‘/
P » P &

Pinned Photodiode (PPD) 0 SE8H in 1975 by Hagiwara @ Sony

A A=Y — (BLWEFDH) FKIERIE 119
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2. A A=Y OEREHIHRFE

XC-1 1980

O A—T L —DBIRE R (REL ) :
L AT RS2 F T MEAASEL TY=— BRI Two-Chip Color Video
xR MOBEB DL LESEMARSY— LT

Camera

all solid state = robustness
DR 1))
Ay MR

: - @ CCD/MOS% & &Y Dynamic Photo Capacitor %
SNt RALTRLBHELERIL TERBOD
e U BE IR AR RERIBE RBIL L

SO

Yoy

i

BCCD#EiX sScCDigx MOSEFRSXE
P-Si <|ICX008>

MOS B#RTRAELT CCD EET REBOTVIRBERBLT:, RBPBSOAXWEBIZLIEBR

A A=Y — (BWEFDH) #XIR R AE - 120
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MOS AASHIND CCORATA, LT, CCORNATMECMOSHAT

Interline 53X CCD A AT x—
DOHAR S WE D 1-FEY(charge packet) &

EEXROESERICEMTS.
@FEBCCD register~D L@ (IT&H) D

FERRX—ERAHL.
@172 &ISIKFCCD register| =

B ECCDEEEmode TEER S 5.
@7KFCCD register DB S WEFEERIC
BEBOHHERTHIAZRS.

(A7) H H RO FERCHNELKTTE.
FWCKTHF LIS, ERETDH
MENDLEIBENEL.

(ERT) EENEICRFHNHSH. CREKE
ICEDEARBWALKEL,

!zt“ﬂ WCCO shift register
o — <
I~

NN
BOBDBOD-
—~NDIVCTR R
a[-a[-[a]-la)
= NINC
ol Tel
—NDNIC TR
]aTal-lalola

L

i
"

—

4+
o D

=L A G~

»

A A=Y — (BWEFDH)

Active Pixel Amp 53L CMOSA AT v—
DHAB B RE D H /=FY(charge packet)%
EZHROBEETRIZERT S,
24 #2 ¥ D Global Shutter Memory~®
LSERGTEI D FEHRE—IERAHL.
QFLEDEEREMPSETIARICERRD
B 1B B 28 ( Active Pixel E1EE) TESHELT
MR (bitline)~NHNT S, EBSHKEL,
@& 561 (CoS=correlated double sampling) EIZ&T
CLOCKMELMREZh . KBAHSKTESRICHD,

(FACKTH FIZXREZLHAEFALLEICESACKEL,
ERMCPEELGL KELESEREVSEHTTRE
AKPBKLEE MR ERRBICTBETHS.

CMOS Scaling HE#T DB IZLY ., REEIELEBL .
CREMRBICEDIBERE AL NEL, (EFHEL).

e sma 'ﬁ&‘l'..
L

24 e &

blne(d) brine

b Wne ()

- - -3 a8
.ab-a - -a
z -3 -3 -8
= -3 -3 -3
G - N B
” -8 -3 -8
cosEss oy W & bl -
q I wui s
+ KT LB Dorontal cutputlioe)
s
IR RHEE 121
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MOS HASID CCORATA, TL T, CCONATMECMOSHAT
FT . EEXMEBEOFHELGD e ; x
SMEMRIEO, EHIRE SEEETRERNNY S 1 &
32 BEOEREZEMRT S, - . N -
SCCD ##i & BCCD#E ¢ Al Ha by .
Zn G 31 G 37 As 33 S 34
EREN DA< BEOMIE o ) . o =
(I35 I L—BRR) B o T=. Hg“ - - Pb: a3 ;‘ Po’;

TOBREWRIIES o=, 7
#)5 BBDIREMNEEZR-I-!

OUL\SNEERARTFRE

FEFIRERE (A)
PIN photo diode (Si)

pinned photo diode(Si)
Avalanche Photo Diode (Si)
7 &R FET (GaAs)
Gbps Yt #{E (InGaAs)
St{=¥WCell (CdS)

I A=Y — (BWEFDEH)

O\ SLDLEMIEFEEMTF ( CTD = Charge Transfer Device ) D

BBD (Bucket Brigate Device)

PCD (Plasma Coupled Device)
CSD(Charge Sweep Device)

CID (Charge Injection Device)

CPD (Charge Priming Device)

CCD (Charge Coupled Device)
CMD(Charge Modulation Device)
BASIS(Base-Stored Image Sensor)
MOS image Sensor (Passive, Original)
CMOS image Sensor (Active Pixel Sensor)
AMI (Amplified MOS Intelligent Imager)

#X IR R A 122
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3. [ A—Tt Y DREMIE ER—
- WBWBLRAERFRE

(1) N+P junction Photodiode
in 1960s

E5NEDDR 5
SRENENTES BIBALEL

BEFEZBEBORTERN
KEZY SIDEM DB D7EL
5ﬂﬁ%lﬁl:&‘)&ﬂb‘béo

.............

Single 28 N+P X XBEWIL
EFDELSE~20%EF | °

> time

A A= — (BWEFDH) FERE 123
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3. 4;‘—9-&:/*)-@%2:#!5&

LDULNDE AR FHE
(e junt;::l;:::todiode (2) Transparent Electrode CCD/MOS Photo Capacitor (1980)
= T Light - ; Sony ICX-008 CCD chips (1980)
> e- e- I e e TCTD ‘“ %Q
. o
Bad Image Lag_] Psub No Image Lag Psub A
(3) P#+NPNsub $## & & Photodiode (4) P+PNP ## & & Photodiode (5) P+PNPN#E & & Photodiode

Hole Accumulation Diode (HAD) Global Shutter Buffer MOS Memory Global Shutter Buffer MOS Memory

o
i CTD S0z

T P+ e-»e-e- —> P ®e=v_ N e.e- —» CTD
- N | N e- fe- - : —1=
P P <> Psub /%
Nsub P+ P+
- N+ = Back Light - = Back Light ||
VOD  JAP 1975-134985 JAP 1975-127647 JAP 1975-127646

A A=Y — (BEWEFDEH) #FERIE 124
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4. A A=Y OBERE _J_' P+ &ﬁltt’z'béhft\éo
= [P N T Pea] Now | Y
@P+NPNsub HE & EIHADR K RTF (JAP 1975-134985) I MI sub
KIR(1975) ZAR(Nsub)I=P+NPIERETLRT 5. = =
4
@NPNsub iE & EVODR KK F (JAP 1978-1971) o [N TP [N Vaub
WIE(1978) ZAR(Nsub)INPEREMRTS. T T=
cTo
@PNPsub &4 Z 854 # 59 525 % -F (JAP 1980-138026) 5 Th i 5] PemE
st o | Ev@HEh
F 78 (1980) R (Psub)ICPNIERERK T D, um 1 TUVELY,

: Comparison of Various Light Detecting Photo Sensor Structures

cD
Blue Light Sensitivity  /\ x x o o o
Low Image Lag x O o X O O
Surface Dark Current o X X X (@) o
Surface Trap Noise O xX O X O (@)
Vertical OFD (VOD) X X X O X O
Electrical Shutter X b X X X O

A A=Y — (BEWEFDEH) FERAE- 125
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3. /AT DOERERRE

FEEBHE () e S ACHEL N
FEEHE(2) H S DA (A A FHE)
EmEss S 805 D Bl AL (FUE B SR EIBE 0D e 5Y)

mENEER

SREGEDEBIBREA T IEEREMEEB/LET,

Wire Layer

Wiring layer »
: : :

" Photo Diode Surface Photo Diode Surface

EEmEHEO) ZEBHE(2)

A A=Y — (BEWEFDEH) FERE- 126
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2. A A=Y DOERETIHRFA
CMOSA A—4z24 (CIS: CMOS Image Sensor) EE % (. REICELL TS,

MERERTBLEDETIBICTASIESN T, CISTHIBIZ20145FEH S 20205 DM I
FFEH R EFE (CAGR)10.6% TREEL . 20204E(=(Z 200{EF L (2R RMBA LR E.
REGQEDCARRAFYUAMHBLECHAS B, EHELEMBE. TLTERAATELSZESS
THd. RENEBOIRARIEFT T A A= T5TEBRMEITIRARIZEDODNS-0HT,

=1 Te) 23kM 20185FEDCIS2IKHTHIBHEAN 7
Sl e —m

8

T

2068 220 ENAILFEIF 66.4%
o avEa—A2mE T 8.2% -7%
07 B 1oollns avia—<@Eit 7.8% 3%
Fa)F AT 6.4% 20%
15 I I I I I |25° N ERET 6.3% 27%
0 EEE T 4.4% 17%

2009 2010 20 2012 2013 2004 2015 2006 2019
EBRFRIE 2772y MFUINLAADS BER Efkm T 0.6% 20%

FIVGA~MHAS BMEFALAS

20175E DCMOSA A= iR BT E L 19% 8 D 1258 F )L RIS FEL 1=, (InsightsTAE R )
20194EEDSONYD A A—T oY OFY EIFIZ1AERBA . H#HR 7 50% LLEIZ,

See https://news.mynavi.jp/article/20190717-860632

A A= — (BWEFDH) FERE 127
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2. AA—THEYOERETIBERIFA

CMOSAA—THHORERE
B - ERFOHEIEHN CMOSAA—HoHDMERER EEZHELESD .
FhIZEKY CISDERAEHIZE ZTEMNELTILND, AT—FT742 A
INRAASITER>TRDY . FLT 7oashAiAsHt EFAHASIC
HR>T{H-o-TLE-T=.

20155 20155 201945 20194
S50 ox7 S50 xT7

(1) Sony (1) Sony 50%
(2) OmniVision (2)samsung 24%
(3) Samsung 19% (3)Omnivision 14%
(4) Sharp 12% (4)STMicoro 6%
(S) SK Hynix 8% (5)Panasonic 1%
Others 7% Others 5%
FTLmaEt 100% XLESEH  100%
625{8 S 20018 S
See https://news.mynavi.jp/article/20190717-860632 R A—YTSA

2017FEDCMOSA A—T iR IEATSEH19%IB8 D125 F LRI EL /=, (InsightsEAZ )
20194E EEDSONYD A A—THHOFRY LIFIZ1IKAZEBA . KR 27 50% LLEIZ,

A A= — (BWEFDH) FERE 128
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4. A A=Y OBERE
Q@KL TEHY. F-HFEF)TEHD (Albert Einstein 1900)

OERELFLEAMEBET L TRATED.
ORFADARLERDOMENSRTFORNELRESD !

h
A =k~ A4= ( )( 1-cos(0) ) ST RNA—
m.c O~ FL62LFF
..rl‘-*.’.1 .............. - e- ----- 6- -------------------
xW (xF) oW PLD ., RENT NS .
=& A PLEF ", X (XF)
T — 11.001 ®& A (BT RILE—) =3HMEDEnergy Gap
HBFERDH DL xa b =
0=0 THITHALEEDE LA, For Silicon, Ec=1.10eV and A= 1.12 ym
2oz C =299792458 x 10:9“1’806 OEROMTET L EDOP( A’)!.‘fkf-i‘)l«.)
Pank B h = 6.62606957 x 10 Joule*sec KT ager SMETHOSIHE
mzomE m,=9.10938291 x 10" kg é- BT S
"E=hw=hf=hc/A ‘z('ea o'?!?“[o"‘) —— Lot -.v.v
s E (eV) =1.24/ A (um) meV 2 pmaar - W :
g | gt 2 g Ma:?
e 5. J}»ﬂma-ﬁ,—m =
<o R S RTEE
s e et ADSTERAY—E

) > 00 L BRUTRT ARG )

e

Photon Energy
Work Function (W) DOl SR MOMMAMET S,

_ 129
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4. AA—SH Y OBIERE
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