How_ Sony won_the_ Farichild_Patent WA1990 to 2020)

Fairchild, NEC and KODAK attacked SONY Hole Accumulation DIODE
( SONY TRADE MARAKiIch is theP+NPN triple junction type Pinned
and Buried Photodiodes invented by Hagiwara at Sony in 1975.
The evidences are given in the Japanese Patent Applications
JPA197827646, JPA197527647, and JPA1971534985.

= g A o o= - File 1975-134985 Filed 1975/11/10
Patent Claim in Original Japanese  Patent Claim in English Translation Public 1977-058414 on 1977/05/13

1) $BHEEN), 1) In the semiconductor basic body (N), Buried Pinned Photodiode Patent
FLESVOF 1 LBEEE P L, the first region (P)'of the first impurity is the PNP Double Junction type
ZOLLERENLE2§RED formed, and on which the second region Dynamic Photo Transistor
B2ERHRE (N EABRENT WUNSSHR SCRNE R e g with the Vertical Overflow Drain

2) KBASBINP) L2 &Y ORFEER 2) On the photo sensor (NP) so defined as (VOD) Function
TIREEES (CTD) LA LRSS a solid state image sensor with Charge v
SREDTMHINCERINT Transfer Device (CTD) placed alongthe @ VOD :
ROASERRERCRLT surface of the semiconductor basic body, O—{ Neoeseg.

3) LEASOBINPI O LRE 2 £56 3) a rectifying emitter junction (Je) is ;
i 'Nvlzﬁilﬁﬁfﬁ‘mié f., formed on the photo sensor (NP). pa :
BRAEII,ZRAUILL, All9 The junction between the first region Je

4) L% 1 &Uf 2 .'#iﬁﬁa[l]?)? a (P) and the second region (N) being as
EALIZRAUNETEPFVY the collector junction (Jc) of the :
AZ(PNP)EFRL, transistor (PNP), N2 e- e-: CTD

S5)B 5T 22PNP)OA~R %3 | | 5) the second region (N)becomes the base | o p—
FRE2LBHEE N AL RIT region of the transistor (PNP) which P : CTD
L-RW4E#L stores the photo charge according . o= 31

to the photo image. _E_ : +

6)<<(N) KERENAVBELIEE | | 6) And the charge stored in this region (N) Si02 :
BBTEET, 20EEETILD is transferred to the Charge Transfer : : :
KLACEESRETIARERER Device (CTD). ngtl:' :

Patent Claim of JPA1975-134985 on the PNPN Dynamic Photo Thyristor with Pinned P+ surface (HAD)

(A) Pinned-Surface and Buried-Storage (C) Signal Output with No Light
PNP Photodiode with Adjacent Channel Stops showing Very Low Dark Current Feature

(B) Spectral Response with Very High : : ,
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The Spectral Response and Signal Outputs reported in Hagiwara SSOMI978 Paper [6-7] showing the No Image Lag Featwre

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, "A  380H X 488V CCD Imager with Marrow Channel Transfer
Gates™, Procesding of the 9th Conference on Solid State  Devices, Tokyo 1977, Jupanese Journal of Applied Physics
Volume 18 Sup 18-1, pp. 335-340 November 19749



Sony Bipolar Transistor Hinted the invention of Pinned Photodiod
LabNote at Sony Yokohama Central Research Center
Yoshiaki Daimon Hagiwara
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History of dynamic Solid State image sensing structure JPA1975|-34985
from BCCD type MOS capacitor to the P+NPN junction Pinned Photodiode capacitor u’m@ vy IH'

- N &= nD
Ic
(1) CCDtype  (2) N+Ptype  (3) P+NP type (4) P+NPN type S
invented by The classicol photodiode  (3) and (4) are the P+NP junction type Pinned
Bell Labin 1968  with serious imoge log  Photodiode invented by Yoshiaki Hogiwara, 1975 VOD® Nsub
In Japanese patent 1975-134985, Hagiwara at Sony invented the Pinned photodiode with 102
very low dark current, which is also the completely depleted Buried Photodiode with image "‘“"::“ -
__lag free picture quality, and also with the built-in vertical overflow drain ( VOD ) function. Japanese Patent Number 1975-134985
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Hagiwara’s Lab Note at Sony in February 1975 t

(Comparlson of Various Light Detecting Photo Sensor Structures J

Classical Surface | Buried | Yamada | Yeranishi = Magiwara

N+Psub Channel | Channel 1978 1980 1975
Photodiode | CCD cCco NPNsub | PNPsub  PNPNsub

Blue Light Sensitnvity A\ X X o] (@) (@]
Low Image Lag X (@) (@) X O @)
Surface DarkCurrent () X X X (@) (@)
Surface Trap Noise O X O X O O
Vertical OFD (VOD) X X X O X O
Electrical Shutter X X X X X O



Drift Field Transistor

JPA1975-127647 Figure 7
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The N+NP+N npe Pinned Phowdiode defined tin Figure 7 of JPA1973-127647 patent by Hagiwara.
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Early Patent United State Patent 3,896,485 July 22,1975

James M. Early (Fairchild Camera and Instrument Corporation):
Charge—Coupled Device with Overflow Protection
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Fairchild claimed that the vertical overflow drain (VOD) structure
with the punch thru operation mode of N+ overflow drain (OFD)
region as the Fairchild original idea. The excess charge is drain
to the silicon surface instead of the silicon substrate in this case
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However, the idea of the ipixel overflow drain (OFD) function
was already well known in the case of the Frame Transfer
Type CCD image sensors with CCD/MOS dynamic capacitors.

Sio2 ‘Z’_ P-Si —_L

VG <0 Pinned Surface
Hole Accumulation

Vs =0

‘»

VG

Substrate ( Wafer Base )
acting as the overflow drain (VOD

VG >0

Hagiwara proposed in JPA 19¥34985 the P+NP double junction
type Pinned Photodiode with the N type substrate in 1975 , which
is not of the CCD/MOS dynamic capacitor type proposed by Fairc

SONY HAD sensor is a triple junction type Dynamic photo senso
the bult-in overflow drain (OFD) function. The OFD is no a region,
OFD is the substrate itself in case of Sony HAD Sensor.

The excess charges are drained to the substrate which was widel
well known and very similar to the conventional OFD action whick
being applied in case of the Frame Transfer Type CCD image se
Besides, in case of Sony HAD sensors, there is another transfer |
P type region irbetween the buried N charge storage region and t
substrate ( wafer base ) acting as the vertical overflow drain (VOL



Amelio Patent united sates patent 3,931.674 Jan.13,1976

Gilbert F. Amelio (Fairchild Camera and Instrument Corporation) : Self Aligned CCD Element
including Two Levels of Electrodes and Method of Manufacture therefor
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Fairchild claimed the Vth adjustment method of the overlapped
Buried Channel CCD electrodes was the Fairchild original. But
the truth is that the Hughes Aircraft reported in 1973 already
the Vth adjustment method of the overlapped Buried Channel
CCD in the IEEE IEDM1973 conference.

The SONY Process was found identical to the one reported by
Hughes Aircraft at the IEEE IEDM1973 conference.



IEDM1973 Paper by Hughes Aircraft Company,
D.M.Erkhb W.KotyczkaS.CSy C. Wang and G. Clough,
G!'y 20SNI I LILISR 9f SOGNRRS
reporting the ion implantation of the Vth
adjustment of electrodes of Charge Coupled Devices
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Difference of Fairchilddfmelio) 1976 Process and Sony 1987 Proce

lon Implantation Vth Adjustment lon Implantation Vth Adjustment
after oxidation of before oxidation of
the first polysilicon electrodes the first polysilicon electrodes

Amelio 674 Pat. Sony Process

Besides Fairchildhmelio) 1976 Process and Sony 1987 Process
had a big difference for manufacturability and yield consideration



Sony Bipolar Transistor Hinted the invention of Pinned Photodiod
LabNote at Sony Atsugi Tech Center , Summer 1971

Yoshiaki Daimon Hagiwara
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Sony Bipolar Transistor Hinted the invention of Pinned Photodiod
LabNote at Sony Atsugi Tech Center , Summer 1971

Yoshiaki Daimon Hagiwara

Sony CX083F/CX087B Bipolar IC Basic Circuit Memo
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Page 31, July 27,1971



Sony Bipolar Transistor Hinted the invention of Pinned Photodiod
LabNote at Sony Atsugi Tech Center , Summer 1971

Yoshiaki Daimon Hagiwara
Sony CX083F/CX087B Bipolar Process Memo
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Sony Bipolar Transistor Hinted the invention of Pinned Photodiod
LabNote at Sony Yokohama Central Research Center
Yoshiaki Daimon Hagiwara

January 22, 1975



