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




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+)



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



SDGs

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

Yoshiaki Daimon Hagiwara, AIPS




https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf
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Pinned-surface and double-junction photodiode type super
high-performance image sensor with built-in solar cell structure

Yoshiaki Daimon Hagiwara
President Office, Sojo University, Kumamoto, Japan; E-mail: hagiwara@ofc.sojo-u.ac.jp.
Highlights:

¢ Semiconductor band theory of silicon-based double and triple Junction type photodiodes.

e Electron/hole pair separation enhanced by surface conduction band bending in surface P+P hole

accumulation region.
e Energy spectrum density and penetration depth of Sun light into silicon crystal.

e Maximum Power Tracking Technology (MPTT) on pinned-surface double-junction photodiode
type solar cell.

e Floating-surface hole/electron recombination loss of the conventional single junction type solar cell.

https://www.elspub.com/papers/j/1847005436829155328
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