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A A= OREIRE
Q@ NILETEDHY ., F-HF (EF) TEHD (Albert Emstem1900)

O ERELEALHEAYMEBETIILTRATES,
ORHNDAELEEOBEFERIMMEFOHEEMNRES!

h
AL = - A= (— )( 1-cos(0) ) HDE LA —
mec - FLt5o/-FF

.hw‘ .............. Pkl S
xR (EF) OHPD ., B A I

#£& A PLRF "o, X 8 (HF)

L 2 A (BT RILE—) = MIKDEnergy Gap

KABFESRDHDLEL L *

0=0 THILH LR ED I XA, For Silicon,Ec=1.10eV and A= 1.12 ym

ks C =299792458 x 10 cm/sec
Plank E# h =6.62606957 x 10_31Joule-sec
®FoME m,=9.10938291 x 10 kg

E=fhw=hf=hc/A
E (eV) =1.24/A (ym) meV 2
.g KDLHILA— (€) ([ 2
JEBER o (CHEH L
= c=fA 1y,
HoER W
g EIt99 5,
hw

=
0 W' Photon Energy
Work Function (WD {li A S RO M AHBRI S,

O BMOVIEEFIL EEDOPICASTZKETIL)

xF
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For Silicon,Ec=1.10eV and A= 1.12 ym
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(Ga203D BT R I F—) ~4.3 eV
(GaN Diode ) DEBRENXEXAF—F
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2R Si [FF FEFIE

For Silicon,Ec=1.10eV and A= 1.12 ym
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(A) ConventionalN+NPP+ Single Junction Solar Cell

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

Xm0 X1 X2 X3 Xm XJ XpP
L " N b | v
= T I;l e
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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=XJ

EG=Vout+VB+VBP+VBN ;
AI+EAI+";;: - : 'h“SH- Si+ ESi+ Si+ Si+ Si+ Si+ sj 5 SH;
| Light = " :  Hole Fog (Si+)
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Five Equations with Five Unknowns ( lout, Id, le, Vout, Vs ) ;

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

(5)1d = (o) { exp((Vout + Vs)/kT) — 1 };

— : Isc -~ Vout< O
o P VS:>O Rs P+ P
wD $ W Lieh
: : e |d]
x=:xz V= e Re lle

—We Vout = ] lout
lout <eeee. > Re RS 'SC s> 0
WS - Rs [ Yout Rout
- . Id |a out —

| " MPTT

% = : Isc I Control___

Light A lsc ——

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

013



R BRI D BB FEEKEIT?

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.

|sc —Vout< O

|d

[te

l lout

EN

Tlsc Vs>0
Rs l lout % Rout
-~ Vout< 0
%
Re == [ic ldd ]
l lout
Vs>0
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(a) o B
N

Pa—-

Load
e- e- e-

FEEkEF?

¥ —

— X(/lm)_"

WP~ WD~2.2 um;
WN~0.0 um ;

X1~Xj~ 3 um;
X2~Xj+WD~ 5.2 um;
X3~Xj~ 3 um;
Xa~Xj-WD ~ 0.8 pm;

— WN iWN =WP—

P P+ =

— X(pm)—>

7 1 >N
Xpp

Si Xw

Si+ Si+

pr’_&‘ l

WP~ WD~2.2 um ;
WN~0.0 um ;

X1~Xj~ 3 pum;
X2~Xj+WD~ 5.2 um;
X3~Xj~ 3 um;
X4~Xj—WD~6.8 pm;

Xepil. M Xw
Si+ sijz:ﬁ T

PNP#ES (FFUPRE—) ICHLEZEDH S !

PNESICHEZEBLRIINIEZOEMI ZTOERERICEET S,

[rZZn I v 77 e[k

Light

1948 Bel fFOFEED b 7 ¥ P X X —DF

7,7

pinned ..D P %// é%’ P L'-o pinned

77 7aon—-7oRCAEFIEAEENhTVWH LHAPLEAETESI I EKEB L.

AN
")
3

1975 MSONY (Fk/E) DI

20205F #xR) o

JPA2020-131313

—_— X (pam)—s

Si+

WP~ WD~2.2 um ;
WN—~0.0 pm ;
N1~Xj~ 3 pm ;
X2~Xj+ WD~ 5.2 um;
X3~Xj~ 3 pm;
X4~Xj—- WD ~ 0.8 um;
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) tight -_

—_

Pu—
Load

—

e- e- e-

-~ e- g_e-/
e- y .
A @~ =] H

f*‘

—— = I

— X (g m)—>

WP~ WD~2.2 um;
WN~0.0 um ;

X1~Xj~ 3 um;

X2~Xj+ WD~ 5.2 um;

X3~Xj~ 3 um;

Xa~Xj-WD ~ 0.8 um;

f—\\/ P —d

Xpp| X
& >~ l

X3

(b) |

Light —

+

— X (gt m) —

% x,,pZ-T; Tx
i Si+ Si+’

WP~ WD~2.2 um;

WN~0.0 um ;

X1~Xj~ 3 um;
X2~Xj+ WD~ 5.2 um;

X3~Xj~ 3 um;

Xa~Xj-WD ~ 0.8 pm;

v < rv
T

5 Si+ Aw

Si+ Si+’
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SDGs

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

Yoshiaki Daimon Hagiwara, AIPS
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