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SONY- Fairchild Patent War (1991-2000) on Pinned Photo Dio
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From Japanese News Paper, July 16, 1996.
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(2000 % | A XEREH TRERE Y = —BF)
In January 2000, the US supreme court made the
final judgement favoring Sony claims. And the
long SONY-Fairchild Patent War on the PDD with
the built-in vertical ovei:ﬂow drain (VOD) ended.
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Finally the Sony-Fairchild Patent Wat(1991-2000) ended over the Sony HAD Sensor
which is identical to the P+NPNsub junction type Pinned Photodiode

with Vertical Overflow Drain, originally invented by Hagiwara at Sony in 1975.

And finally Hagiwara received for his
1975-134985 Japanese Patent officially ,
the First Patent Award from Mr. Ando,
Sony president in April, 2001 after more

26 years of struggles since his invention.
Dynamic Photo Transistor Operation
Proposed by Hagiwara at Sony in 1975
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The Pinned Photodiode (Sony Original HAD sensor) Structure
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Electric Shutter Basic Patent Award

from Sony President Idei to Yoshiaki Hagiwara
for Japanese Patent 1977-128885 by Hagiwara
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Double Junction type Pinned Photodiode Solar Cell
PNP Double Junction Type Solar Cell See JPA 2020-131313 by Yoshiaki Hagiwara

See JPA 1975-134985 and JPA2020-131313 | — =
invented by Yoshiaki Hagiwara (1) .. (4)}i " :
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Double Junction ' - -
Type Solar Cell (B) Photo Electron and Hole Pairs m - .

Effective Separation Region (Waddd )
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Classical N+PsubP+ Junction Photodiode
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junction depletion region (Wd).
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P+PNPP+ junction type Solar Cell N+P junction type Solar Cell

o P+PNPP+ junction type e‘
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N + Floating Storage Region

See Japanese Patent Applications JPA 1975-134985 and JPA 2020-131313

and http://www.aiplab.com by Yoshiaki Hagiwara (AIPS)

Conventional N+P Single junction Type Solar Cell  PNP Double Junction Type Solar Cell
proposed by Hagiwara in 2020
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Conventional N+P Smgle junction Type Solar Cell
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Single Junction N+P type Solar Cell
also has a very poor short wave
blue light sensitivity.

PNP Double Junction Type Solar Cell
proposed by Hagiwara in 2020
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In the PNP Double Junction Type Solar Cell
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Relative Photon Power W/ p.ms)

Sun Light Spectrum

\LPD (m )
100 p= Light Penetration Depth

Incident Light Wave Length Alum)
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Photon Wave Length ( pm )

For Silicon, Ec =1.10eV and A= 1.12 uym

The light energy of the wave length more than A = 1.12 pm

E (eV) =1.24/A (pm) | can not be converted to electrical energy in the silicon crystal.

Difference of the static and dynamic photo transistors are illustrated in these figures.
Sony Hole Accumulation Diode (HAD) is the P+NPNsub junction dynamic photo transistor
with the surface P+ hole collecting and accumulation region is pinned and grounded, which

is now widely called as Pinned Photodiode with the vertical overflow drain (VOD) function.

Only Pinned Photodiode with the VOD function can realize the electrical shutter function.
SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology

Conventional Static Phototransistor
( by John Northrup Shive, 1950)

Dynamic Phototransistor Operation
by Yoshiaki Hagiwara at Sony in 1975

| Dynamic Memory function is involved. |

| No memory function is involved. |

®
Collector

| / R llect ¢ :
v |/ Cnector current is ’,nc;’:: °"fn‘;":';"°“ i \ cTD CTD main surface can
Nt constantly running - - — be either front or back.
Base \ in the static mode 4

The charge transfer
device (CTD) can be
C‘G CCD or CMOS type.

Photo Transistor Collector
Symbol

No Constant

Jouble_Gaussian_Doping_Profile_Dope(x)

1 Barrier Width Whbar is about 3 pm for Raaa = 1 um. 0
0 y

T T T
r Na = 50; Naa = 30000 : Naaa = 50000 :
Raa = 0.1 : Raaa = 1.0 :

Light
Dope(x) Na ¢ Naaa = oxp ( - xsx / Raaa / Rasa ) <=
I ¢ (Naa - Na - Naaa ) s oxp ( - xsx / Raa /Raa ):

VO | Vpar = kT In (Neo "l'““ )

E Dope(x)

P+
| T —=
< " &=
5 pm 4 pum 3 pm 2 pm 1pm 0

Vix) e Depth from Silicon Surface (x)
X

Numerical Computation of Double Gaussian Doping Profile

Esi =648; kT = 0.0259 ; Substrate Doping Denisty Na = 50 ;
For P+PNsub Single Junction type Soalr Cell

¥ddd = sart ( EsisEg/Na)= 3.779712

For P+PNPP+ jucntion iype,
2:x0ddd = 7.5014324
Ldebye = sart ( EsizkT/Na ) - 0.579365

First Gausian Dopinz  Naa = 50000; Raa = 0.1 ;

Seond Gausian Dopinz MNaaa = 30000; Raaa =1 ;

Xsub = 5
HP = 1000 ; dx = Xsub/NP = 0.005000
E6 = 100000 ;

Compute YY¥(x) with VYI0] = kT In { Naa/Na ) and ¥[NP] = 0 ;
For (i =0toi=HP =1000 ) {
x = itXsubb/NP;
D[i] = Na + ( Naa - Na - Naaa) sexp ( - ( Xsub - X[i] )*( Xsub - X[i] )/Raa/Raa)
+ Naaatexp ( - ( Xsub - X[i] )*( Xsub - X[i] )/Raaa/Raaa) ;

YYLi+1147Y¥[i-11-22¥v[i] = Esizdxedx+( D[i] - Haatexp( -¥Y[il/kT ) ; }

At x = 4.995000, Dope(x) = 49949.437301 ;

R S g S g ey S g s e ey s ey e g e e Y

\
| According to the light intensity, Emitter

The photo electrons stored in
‘Light the base is extracted completely

Emitter @ the collector current is modified to the adjacent CTD
in the conventional phototransistor " -
V. Back Light
Emitter Light g I Sub r— Complete Charge
Nsub or Psub Extraction from

1000 7

the N base region
for low image lag

\ Base RegionP | U o L ) and high speed
N~ ik . T high quality
or . .
Collector Region N i~ + Type Charge action pictures
P Transfer Devise

~ Front Light

Standard PPD with the front CTD main surface

zrrzz Approximation by ¥(x) = kT In ( Naa/Dope(x) ) =zrzzzrrzsz
Na = 50.000000 Naa = 50000.000000 Naaa = 30000.000000 Raa = 0-100000 Raaa = 1-000000
dx = 0.005000 XXX = 4.995000 Dope - 49949.437301

XX[999]=4.995000 E6xY[998] = 104.580834 E6xY[999] = 26.204730 E6:Y[1000] = 0.000000 Error¥Y({ ):E6*Error = 52.181374

s3xxx REAL VALUES otained by Numerical Computation sxxxxrzzzzz
Ha = 50.000000 Haa = 50000.000000 Naaa = 30000.000000 Raa - 0.100000 Raaa = 1.000000
dx = 0.005000 XXX = 4.985000 Dope = 49949.437301

¥X[9991=4.985000 E6:YY[998] = 104.592487 E6:YY[999] = 26.206400 E6xYY[10001 = 0.000000 ErrorYY{ ):E6zError = 0.000252

Esi = 648.000000 ; kT = 0.025300 ; EG = 1.100000 ;

¥ddd = sart ( EsizEG/Na) = 3.775712 ;  Z3:%dd = 7.551424 ; Ldebye = sart ( EsizkT/Na ) = 0.579365 ;




Calculation of Barrier Potential of P+P Doping Profile

Yoshiaki Hagiwara (AIPS)  April 27, 2021
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Conclusion

Barrier Potential is well know and give as

Naa )

Vbar = kT In ( Na

But the actual Barrier Width was found to be about three time of the
value estimate by the simple calculation of the Debye Length .
Naa
Wbal’ = 3 Ldobye { 1 + N }
a

swkkkk Na+/Na Potential Barrier Computation sk

Na = 50 pm®

Naa = 5000 g m?

Ldebye_Na = sqrt (EsixkT/Na) = 0.579365 um
Ldebye_Naa = sqrt (Esi*kT/Naa) = 0.057937 um
Ldebye_Na + Ldebye_Naa = 0.637302 um

Wbar = 3 ( Ldebye_Na + Ldebye Naa ) = 1.911905 um

sokokkkokokkokokkokokskokokskokokskkskskkokskokokskkoksk otk sokokskkokskkkoskkkok sk ok ok

Barrier_Width_Whbar_of _Double_Gaussian_Doping_Profile
for P+PN junction type Pinned Photodiode Solar Cell
See JPA 1975-127647 and JPA 2020-131313 by Hagiwara(AIPS)

(A) Single_Gaussian_Doping_Profile_Dope(x)

1 Barrier Width Whbar is about 0.3 um for Raa = 0.1 pm. 0
0 A N . . . J_
Wa = 50 : Haa = SOOO0 ; Maa = 0.1 : ' | I.ig_ht
. M 4 ' Dope(x) <::|
+ | Haa Ma ) » gap | zvx F Bam f Ram ) :
' : : Vi) o |
VO | Voar = kT In (Ne2) | : \7{ T
o Na ' : :
: : : : < il Dopelx]
v -/ |
Y L e
x<—I v v ®
5 pm 4 pm 3 pm 2 pm 1pm 0
e Depth from Silicon Surface (x)
V(x)
(B) Double_Gaussian_Doping_Profile_Dope(x)

for Raaa = 1 pm. 0

l Barrier Width Whar is about 3 pm

F Y N
Ha = 60 Ngs = 30000 ; Kssa = 50000 ;

'

'

I Raa = 0.1 : Rama = 1.0 ;
d

Bapale) Wi+ Weaa o onp - xen / Raa J kasa ) / .

wn  Hoa

/;\

® | Wow - Mo - Haaa | w onp -

VO | Vpar = kT In {Fﬁ:—ﬂ

X »
5 pm 4 pmi 3 um 2 pm 1 pm
s Depth from Silicon Surface (x)




Process Option (1) One Wafer Simple Process (Step 01) Yoshiaki Hagiwara  2021.05.21



Process Option (1) One Wafer Simple Process (Step 02) Yoshiaki Hagiwara  2021.05.21



Process Option (1) One Wafer Simple Process (Step 03) Yoshiaki Hagiwara  2021.05.21



Process Option (1) One Wafer Simple Process (Step 04) Yoshiaki Hagiwara  2021.05.21



Process Option (1) One Wafer Simple Process (Step 05) Yoshiaki Hagiwara  2021.05.21



Process Option (1) One Wafer Simple Process (Step 06) Yoshiaki Hagiwara  2021.05.21




Process Option (1) One Wafer Simple Process (Step 07) Yoshiaki Hagiwara  2021.05.21




Process Option (1) One Wafer Simple Process (Step 08) Yoshiaki Hagiwara  2021.05.21




Process Option (1) One Wafer Simple Process (Step 09) Yoshiaki Hagiwara  2021.05.21




Process Option (1) One Wafer Simple Process (Step 10)
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Process Option (2) Polysilicon SOl Wafer Process (1) Yoshiaki Hagiwara  2021.05.21
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Process Option (2) Polysilicon SOl Wafer Process (Step 01) Yoshiaki Hagiwara  2021.05.21
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Process Option (2) Polysilicon SOl Wafer Process (Step 02) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 03) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 04) Yoshiaki Hagiwara  2021.05.21
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Process Option (2) Polysilicon SOl Wafer Process (Step 05) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 06) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 07) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 08) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process (Step 09) Yoshiaki Hagiwara  2021.05.21




Process Option (2) Polysilicon SOl Wafer Process

(Step 10) Yoshiaki Hagiwara
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s Option (1) One Wafer Simple Process Yoshiaki Hagiwara  2021.05.21
See JPA 2020-131313
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Process Option (2) Polysilicon SOl Wafer Process Yoshiaki Hagiwara  2021.05.21
See JPA 2020-131313
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