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P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation

Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation
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Intel 1971 NMOS Transistor
with Self-Aligned S/D formation
by ion implantation method
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Conventional N+P Single Junction Photodiode
with the serious image lag problem
in 1971 Interline Transfer CCD Image Sensors
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Sony P+PNPP+ N+P Double Junction Photodiode
with no serious image lag problem
applied in 1971 Interline Transfer CCD Image Sensor

Sony JPA1976-134065 (JP1977-58414 )
by Yoshiaki Hagiwara, filed on Nov 10, 1975

cTL CCD Storage Gate

P+ N P+

Japanese Patent Application JPA 1975-134985
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(1) Application Patent No. 1975-134985
(2) Applied on Nov 10, 1975.

@m(2) D8 ®50(1975) 118108 (3) Public Patent No. 1977-58414

@ﬁis B BA52—58414
4

(4) Public on May 13, 1977.

> @ms201977) 5 138 (5) Inventor Yoshiaki Hagiwara.

@% 9 % #H RE<(5)

JPA 1975-124985 Claims

Japanese
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EAMMDELD LW 2 EM R SR
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Lo PRI EREBL, I rPAFDA—
A LD LEM 2 FREHRICETRICDU Y
HEEHL, cCREMEN:MAHE LEEXE
ERiTE4T, toREEHILIELCEE
HEET 5NN,

English Translation

In a semiconductor substrate
(Nsub) the first region (P1) is
formed. Then the second region
(N) is formed upon it forming
the collector junction (Jc). Then
on the second region (N), the
emitter Junction (Je) is formed.
The photo charge is stored in
the base region (N) and then
transferred to the adjacent
charge transfer device (CTD).

This is the invention of a PNP double junction dynamic photo transistor.
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CHrRONOLOGY OF SiLicON-BASED IMAGE

Sensor DEVELOPMENT
Yoshiaki Daimon Hagiwara, IEEE Life Fellow
Sojo University, Kumamoto-city, Japan

JPA1975-127646 JPA1975-127647 JPA1975-134985
- ]
AL R IP1977-58414
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Figure 2: Reproductions from the Japanese FPatent Applications of (a) the N+N-P+NP-P triple junction PFD, (b} the N+N-P+N double junction FFD,
and (c) the PNP double junction PPD.

MFDHEEL I, PhotodiodeDHIFEA L o H ) L EBIFEF CEREREL VY BHINTULWBREZHARLTVLET,
22 |EEE Electron Devices Society Newsletter O January 2023
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Japanese Patent 1975-127646

N+NP+NP junction type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function
and the surface N+N doping slope Barrier Electric Field Photo Pair Generation
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Japanese Patent 1975-127647

N+NP+N junction Dynamic Photo Transistor type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function
and the surface N+N doping slope Rarrier Electric Filed Photo Pair Generation
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JPA1975-134985, Nov 11, 1975

Pinned Photodiode with Vertical OFD (VOD) VOFD —+5-finned
Fig.6 A ?‘*Pﬁv » "'1“:5
oeRE —

Back Light e-=electron ____, e+ = hole

Vss
Pinned
Complete V&D ‘_
Voso CCD or CMOS Charge Transfer

type charge Empty Potential Well with completely majority-carrier
g — transfer device depleted base signal charge storage area.
c—e '
cCTD Example of VOD ’
Vss P+NPsub Junction ) S §
1 . — ——_
. . afer Front Side tYPePhotoDiode \wlp {7 —— £~ , |/ |5
Pinned Front Light Wafer Front Side an IT OCD Senens g
4 =4 == . Application =t J
Metal Contact is optional e384 7

HEAREAKIC. F1EEROE1FEREEHE. 2O LICEERESN-FE2EFR
DE2FEARBEEHENTER SN THRIMEEZIYDERTEERIX T SERIEED
ENERFEREADODETEITASMKEBEINTHRAIBERKRBREGEBIZHRLNT., £
AR ED LEEF2F EREEIC BREEENEREIN.,. ZEEZIIVAE
SéL. FRRFEI1RUVE2F EHFREEHEIOESZOLIFER LTINS REE
FeRkL. BRb SR ADAR—R E1GDH LR E2FEARMBIHIC BRI CTI=Ef
 EEBRBL. CCICEBEIN BN E LR E SIS ITIE T, TDEEEITOIELD
[CLI=C &M ET SERIRBES.

Visit https://www.j-platpat.inpit.go.jp/ And put the patent number 1975-134985 AO9
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{EG Vout+VB+VBN+VBP ; Vout=0;VB=0;} ™ T ------ y

DN= Ncexp( VBN/KT ) - Nv exp((VBN-EG)/kT))  VBP

Intrinsic Silicon Substrate

P+

X=0 X=XJ

No Electric Field
for Photo Electron and Hole Pair Separations

I

VBN = (1/2)(EG + (kT )In(Nc/ Nv))

FEHIRDOFEAD
P-I-N Photodiodeld
ZD X ¥ TII,
ANizEtE LT
E{ELEWL?
OEIRDPE,

No Electric Field
for Photo Electron and Hole Pair Separations

VBP =(1/2)(EG—(kT)In(Nc/Nv))
DP= Nv exp(— VBP/kT ) — Nc exp( ( VBP —EG )/kT ) )
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VBN = (1/2)( EG + (kT ) In (Nc/Nv))
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No Electric Field ‘ - J
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DP= Nv exp(— VBP/KT ) — Nc exp( ( VBP — EG )/kT))
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(A) (B)
P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation

n Sio2
o rT

Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation

Psub

Psub

P+

f# .

(Mask01) P+ Channel Stop

(Mask01) P+ Channel Stop (Mask02) N+ Charge Outlet
(Mask02) N+ Charge Outlet (Mask03) Buried N Channel
(Mask03) Metal Contact (Mask04) Pinned-surface P+ region

(Mask05) Metal Contact

(Mask04) Metal Wire (Mask06) Metal Wire



Band Diagram of Photo Electron Fog (e-) and Hole Fog (Si+)

with
Band Bending Effects of { VBP=(kT) In(P+/P) ; VBN=(kT) In(N+/N) ;}
X=
Light . T 8|

Hole Fog (Si+)



(A) ConventionalN+NPP+ Single Junction Solar Cell

(B) Bipolar Transistor P+PNPP+ Double Junction Solar Cell

X=0 X1 )’_2 X3 XxXm X) xXp
e " ~ ~N I »” e
= P x I" u:o B

oY




Five Equations with Five Unknowns ( lout, Ild, le, Vout, Vs ) ;

(1) Isc=lout+ld+le; (3) Vs=loutRs ;
(2) Vout = lout Rout ; (4) Vout + Vs = le Re ;

(5) ld = ( lo ) { exp((Vout + Vs)/kT) — 1 } »

Isc —Vout< O

— Loy Rs ee—
A 4P+
—AWWW
wD : Light Id]
x=:xz i | —— Re ]le
T lout ] lout
|ou Re RS lSC VS > 0
|d Rs l |out Rout
i 4 " = MPTT
SCG _@_: Isc I Control

Light < Isc —

One More Condition { d(Power)/d(Rout) = 0 ; } gives the maximum output power.
(6) Power = (lout)(Vout) ; (7) d(Power)/d(Rout) =0 ;

Find the optimum value of Rout to obtain the maximum power.
MPTT = Maximum Power Tracking Technology



A circuit model of (a) the floating-surfacer N+NPP+ single-junction-type solar cell and
(b) the proposed pinned-surface P+PNPP+ double-Junction solar cell in comparison.

Isc —Vout< 0

Re == |l

l lout
. Vs>0

Isc %
Rs l lout = Rout

(a) 1 1

Isc —Vout< 0

Idd]

[ tout N

Rout




(A) (B)
P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation

n Sio2
o rT

Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation

Psub

Psub

P+

f# .

(Mask01) P+ Channel Stop

(Mask01) P+ Channel Stop (Mask02) N+ Charge Outlet
(Mask02) N+ Charge Outlet (Mask03) Buried N Channel
(Mask03) Metal Contact (Mask04) Pinned-surface P+ region

(Mask05) Metal Contact

(Mask04) Metal Wire (Mask06) Metal Wire
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® Science: Accelerated aging_of all-inorganic, interface-stabilized perovskite solar cells

L3

® Princeton University: Once seen as fleeting, a new solar tech proves its lasting power
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SDGs

“Water and Solar Energy for all people on the earth.”

Yoshiaki Daimon Hagiwara, AIPS
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“Water and Solar Energy for all people on the earth.”
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