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Off mode E1fE T MOS transistor D¥RF
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Saturation mode EMfET®H MOS transistor D¥EF
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O V¢
Vs ®Q=cv Va
Vs ®Vsurf = (Vd+Vs)/2

NMOS transistor ®ULZA WA 154
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Psub Psub

Vgate = Psub

Vs = Psub ; Vd = Psub
) . - y - r ‘_ .-__ e .

MOS Transistor @ B

Psub Psub

Vgate >> Vth > Vsub

Vd >> Psub
\/'s = Psub I_L_l
e X - .-

MOS Transistor@ON State
Vgate = Psub

Vd = Psub
Vs =Psub L

MOS Transistor@OFF State

NMOS transistor DO ¥TiE
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4-4-9 A IDS(VG,VD,VS) VS=0

VD
VG=5
vG=4
VG
i Id VG=3
VG=2
IDS VG=1
VS 0 VG=0 >
VD
(1) Off Mode (2) Saturation Mode (3) Linear Mode
When Vch = VG —Vthn < VS, When Vch = VG-Vthn < VD, When Vch = VG- Vthn > VD,
B=-2( VG-Vthn <V§:); B= 2( VG-Vthn - VS ) ;
1d=0; ld= B/ 2; Id = (Vd —Vs){ B - (Vd-Vs)}/2 ;
VG
vG vs vD
vs : i P L b
T | \ T T | =t
n P n P
Vs \kh-VGVI’In VS Line.
vs Mod

Vch

vD

( define NMOS( ) { input VG,VD,VS; output IDS ; Vthn=0.1;

/* Off Mode */ B= 2 ( VG-Vthn-VS) ; if B<O, return 0 ;
/* Saturation Mode */ Vch=VG-Vthn; if Vch < VD, return B*B/2 ;

/*Linear Mode*/ return (VD-VS)(B-(VD-VS))/2; }

NMOS transistor ® EWREE (IvsV) FEDFE LD
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VG=0 VS=5
VS VG=1
VG=2
VG l VG=3
ISd VG=4 V)D
VD
(1) Off Mode (2) Saturation Mode (3) Linear Mode
When Vch = VG +Vthp > VS, When Vch = VG + Vthp > VD, When Vch = VG +Vthp < VD,
B= 21v5-2v{;-\rthp]>u; B= 2( VS - VG-Vthp })>0 ;
Isd =0 ; Isa= B/ 2; Isd = (Vs —Vd){ B - (Vs-vd)}/2 ;

define PMOS( ) { input VG,VS,VD; output ISD ; Vthp=0.2;

/* Off Mode */ B=2( VS-VG-Vthp); if B<O, return 0 ;
[* Saturation Mode */ Vch=VG+Vthp; if Vch > VD, return B*B/2 ;
/*Linear Mode*/ return (VS-VD)(B-(VS-VD))/2; }

PMOS transistor ® EREE (IvsV) KEDOFE LD
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\ Ve=Va C -_I__- NMOs-sWITcH Ve = Vdc -.I.- J

PMOS switch [B]E SwitchP( )

(Al—gs AT e
Ve=VaC T Vezves L
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Vin

switch on state

Switch=0n
Vin=Vss VG = Vdd
Vout=Vss I
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vdd

Switch=0n
Vin=vdd = Vdd
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Vout [ vdd IZIEZES4ELy !
vdd - Vthn
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SwitchN ( )

VG
VG

--L--~ switchN( )
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switch off state
Switch=0ff
Vin=Vss
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\V/ss

vdd
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Vin
Switch=0n
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Vout=Vvdd VEG

vdd
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Switch=0n
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Vout=Vss+Vthp

vdd | Vout IE Vss [CIZAESAELN !
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SwitchP ( )

Vss + Vthp

VG
;——L——-; switchp( ) 3™
! —]—e Vout Vi." ' .Vout
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. Switch=0Off |
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VG = vdd
VG
SwitchCN( )
Vin Vout
when Vin=Vss
NMVIOS
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( PMOS alone cannot make Vout equal to Vss without NMOS)

SwitchCN( ) BB D AR S5 Vin=VssD G5
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VG = vdd
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( NMOS alone cannot make Vout equal to Vdd without PMOS )

SwitchCN( ) [EIE& D A J1454: Vin=Vdd D 5B &
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VG = Vss
VG
SwitchCP( )
Vin Vout
when Vin=Vss
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( PMOS alone cannot make Vout equal to Vss without NMOS)

SwitchCP ( ) & D A J145#: Vin=Vss DG &
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VG = Vss
VG
SwitchCP( )
Vin Vout
when Vin=Vss
NMOS

Switch=0n — .
Vin=Vss VG = Vdd Switch=0n

Vin=Vss -
Vout=Vss = \/ss
I Vout=Vss+Vthp ! VG

Vss 1 - Vss

Vidd@ -

Vss + Vthp

( PMOS alone cannot make Vout equalto Vss without NMOS)
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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
- TR TRRAL F BB TE SRR, VIR B4 0, O K OFTOME 7Y Prof. C. A. Mead and Yoshiaki Daimon Hagiwara
128-8it Multicomparator working on the silicon chip design at Caltech in 1972
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in 1972-1973 and fabricated by Intel PMOS process.




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

CATA REGISTER

Fig. 1. Block diagram of multicomparator.



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
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Fig. 2. Possible connections of multicomparator. (a) Cascaded. (b)
Bit-parallel, word-serial,



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
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Fig. 3. Basic shift register cell. (a) Schematic. (b) Clock timing.
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Fig. 4. Gated excrusive-NOR gate. (a) Schematic. (b) Truth table.
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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
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Fig. 5. Full schematic of one bit slice of the multicomparator.



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

serial-in/serial-out fast 128 bit parallel data comparator chip
fabricated by Intel corporation p-channel E/D MOS fabrication line
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Fig. 6. Photomicrograph of multicomparator chip,



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

TABLE 1]

Parameter Performance®
Clock rate 0.0001-2 MHz
Dynamic supply current 25 mA
Static supply current 30 mA
Clock leakage current (@) 120 nA
Clock leakage current (¢3) 300 nA
Clock capacitance (¢,) 40 pF
Clock capacitance (¢3) 60 pF
Clock capacitance (¢3) 40 pF
Interclock capacitance 7 pF
Input capacitance 10 pF
Output capacitance 10 pF

e e e

AT est Conditions:
T=23C, V=5V, Ypp=-5YV,
VoL =+5V, Vopr =<5V, Vinput =05 V.
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128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.
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Dr. Yoshiaki Hagiwara at Sony Caltech Graduate, 1975

Yoshiaki Hagiwara was born in Kyoto, Japan,
on July 4, 1948. He received the BS., MS,,
and Ph.D. degrees from the California Institute
of Technology, Pasadena, in 1971, 1972, and
1975, respectively.

Since 1967, he has served several research

A T groups in the Institute. He worked as a Data

Ny Processor in hydraulics from 1967 10 1963, en-

L

--
- e

gaging in the analysis of the pressure distribu-

tion of solitary waves, the influence of the

geological features of a harbor upon the in-
duced standing-wave amplitude in the harbor, and the diffusion mecha-
nism of polluted objects in moving fluids. From 1969 10 1971, he
worked as an Experimentalist in the Material Science Department and
studied the switching and other electronic properties of newly developed
amorphous alloys from the low temperature of 4 K 10 room tempera-
ture. From 1971 to 1975 he was a Rescarch and Teaching Assistant
both in the Electrical Engineering and Physics Departments at the Cal-
ifornia Institute of Technology. In the summer of 1971 and 1973, he
visited Sony Cerporation, Tokyo, Japan, as a Product-Appraisal Engi-
neer at the Atsui plant and engaged in developments and applications
of bipolar technologies in video and power integrated circuits. He is
presently with the Sony Corporation, Tokyo, Japan. His interests lie
in the areas of digital and linear integrated circuit designs, the physics
of microelectronics, and artificial intelligence.
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Yoshiaki Hagiwara was born
on July 4, 1948 in Kyoto Japan.
Graduated from Murasaki-no
Elementary School in 1958. Lady

| _;;j Murasaki Shikibu is very famous

as the writer of the story of Geniji.

.‘ Graduated from Rakusei Middle
4 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

Sony Family Journal 2003 January Issue, No.142/Vol.27

Engineering and Physics from
California Institute of Technology
(Caltech) . Joined Sony on February

. 1975 till July 2008. Taught at Sojo
w University as a professor till 2017.

He is now serving for the ssis.or.jp.



Artificial Intelligent Partner System(AIPS) Home Page Top

hagiwara-yoshiaki@aiplab.com

Hello, my name is Yoshiaki Hagiwara. | am also called simply as Yoshi, and as Yoshiaki Daimon and also as Yoshiaki Daimon-Hagihara.
| believe that | am the true inventor of the digital camera with the mechanical shutter function capability, which is completely filmless
and free from mechanical parts. | worked at Sony from 1975 till 2008. My friends in Sony developed the digital camera in 1987. Sony is
now enjoying image sensor business. Image sensors are very important to realize Artificial Intelligent Al robots and self-driving cars.

‘

Evidence that Yoshiaki Hagiwara is the inventor

of Pinned Buried Photodiode with in-pixel overflow
Drain (VOD) function is given by the three basic
Japanese Patent Applications, JPA1975-127646,
JPA1975-127647 and JPA1975-134985.

i
ihi

Hagiwara also invented the in in-pixel Overflow
Drain (OFD) Punch-thru Clocking Scheme to
realize the completely-mechanical-part-free
Electrical Shutter for digital cameras, opening
a way to realize our modern digital TV world.

Evidence that Yoshiaki Hagiwara is the inventor of
Electrical Shutter is given by the basic Japanese
Patent Applications, JPA1977-126885.

The first Double Junction Pinned Buried Photodiode

was developed by Hagiwara team at Sony in 1978.

The first Triple Junction Pinned Buried Photodiode

" with Electrical Shutter function was developed by
Hamazakiteam at Sony in 1987.

Yoshiaki Hagiwara joined Sony in Feb 1975 to build Artificial Intelligent Partner System(AIPS), which
includes Artificial Intelligent Robot System, Artificial Intelligent Self-Driving Car, and Artificial Intelligent
Vision Sensor System. His first work was developing the CCD image sensors. Hagiwara Team at Sony in
1989 developed 4M Cache SRAM for SNAPSHOT picture acquisition which opened a way to build the
digital camera system. Hagiwara is also the inventor of the electrical shutter of the digital camera system.
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