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Why N+NPP+ single junction solar cell has a limited conversion efficiency ?
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Most of the rain drops

Most of the rain drops . are wasted on the sea.
are wasted on the sea. ' Hill Top Barrier
ol . (KT) In(P+/P)

I\/ works very well
for photo electron

and hole separations

‘L 7 VOUt K Under water Barrier (kT) In (N+/N)
does not works very well for photo
s electron and hole separations
- L because of the flat-floating surface
< e o ' with no electric field for separations. " >
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Why N+NPP+ single junction solar cell has a limited conversion efficiency ?
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SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell, JPA2020-131313, Aug 1, 2020.
Forming the pinned-surface P+PNPP+ HAD region by High energy lon Implantation is the key.
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SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell, JPA2020-131313, Aug 1, 2020.
Forming the pinned-surface P+PNPP+ HAD region by High energy lon Implantation is the key.
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Depletion Width (WD) of the N+NPP+ Single Junction type Solar Cell

2025 08 13 SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell.pdf SAE Soan By

N+W

DP =100 gm

Vout= 0.0 |Vout= 0.1 |Vout=0.2
WD=3. 549050| WD=3. 162872|WD=2. 722455
W0=3. 129827|WD=2. 802109|WD=2. 430600
WD=2. 981419| WD=2. 675978]D=2. 33084
WD=2. 907578| WD=2. 614194|WD=2. 283421
WD=2. 864565 WD=2. 578863|WD=2. 257284
WD=2. 837110{WD=2. 556794[WD=2. 241694
W0=2. 818521(WD=2. 542227|WD=2. 231989 W=1. 421087 |00 767812
D=2, 805416 W0-=2. 532263(WD=2. 225630[D-1. 869855 =1 427711 10=D- 181812
WD=2. 79591 1|WD=2. 525296|WD=2. 221963WD=1. 870059 | =1 434267 |"D=0-

WD=2. 788880| WD=2. 520367(WD=2. 219606 |WD=1. 871110 | ¥p=1. 440643 "D=0. 806134
WD=2. 783608| WD=2. 516874|WD=2. 218296 {WD=1. 872703 yp=1. =0 824246
WD=2. 779623|WD=2. 514419|WD=2. 217725|W0=1. 874648 | wp-

Solar Cell

Vout= 0.3 [ Vout= 0.4 A Yout= 0.5

W0-=2. 195395 [iD=1_ 492568 W0=0. 275348
B 1 S
WD=1. 895788 | WD=1 404995 &8 222233
WD=1. 408876 wp=0_ 699424
WD=1. 414635 WD=0_ 733720

—

J—

WD=1. 881524
WD=1. 874352
WD=1. 870997
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FETTTIEEEEEYY
228883888883

Best Answer for
Single Junction
Solar Cell

3

WD(um) DP =100 um

T

ut =0V

ut = 0.4 V

t

ut = 0.3 V
t
t

ut = 05 V

4 6 8 10 12 DN/DP
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Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf

Best Answer for
Double Junction

JPA2020-131313 filed on August 1, 2020 by Yoshiaki Hagiwara

DP . 100 ”m-3 Solar Cell
Vout= 0.0 |Vout= 0.1 |[Vout= 0.2 |[Vout= 0.3 |Vout= 0.4 AVout= 0.5

DN= 100|WD=3. 549050 WD=3. 162872|WD=2. 722455 |WD=2. 195395 §WD=1. 4925680WD=0. 275348
DN=" 200|WD=3. 129827]|WD=2. 802109|WD=2. 430600 |WD=1. 990934 [WO=T. 421207 [WD=0 498858
DN= 300{WD=2. 981419|WD=2. 675978|WD=2. 330849 |WD=1. 924801 | WD=1. 406008 |WD=0 594988
DN=" 400{WD=2. 907578|WD=2. 614194|WD=2. 283421 [WD=1. 895788 | WD=1. 404995 |WD=0 655539
DN=" 500|WD=2. 864565|WD=2. 578863{WD=2. 257284|WD=1. 881524 | WD=1. 408876 [wp=0 699424
DN="600|WD=2. 837110{ WD=2. 556794{WD=2. 241694 |WD=1. 874352  WD=1. 414635 |yn_0 733790
DN=" 700{ WD=2. 818521 WD=2. 542227WD=2. 231989 WD=1. 870997 [ WD=1. 421087 |yn" 71812
DN= 800 #D=2. 805416 D=2. 532263 WD=. 225839 |WD=1. 869855 [ WD=1. 427711 fr=r" 70rc7
DN= 900{WD=2. 795911{WD=2. 525296{WD=2. 221963 |WD=1. 870059 | wp=1_ 434267 |"D=0. 0
DN= 1000|WD=2. 788880]WD=2. 520367|WD=2. 219606 |WD=1. 871110 | wp=1 440643 |WD=0. 806134
DN= 1100|WD=2. 783608|WD=2. 516874|WD=2. 218296 |WD=1. 872703 | wp=1 44679040z
DN= 1200|WD=2. 779623|WD=2. 514419|WD=2. 217725|WD=1. 874648 | WD=1" 452689
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Best Answer for

C_Code (C2025 08 13.c)....Doping Profile (G002.html) ....Potential Profile (V001.html)
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Single Junction

Solar Cell
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Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf

JPA2020-131313 filed on August 1, 2020 by Yoshiaki Hagiwara

Summary for the case of DP=1000, { DP=DN : } is the best condition !!

sekickickicioik DP=1000. 000000 VBP=0. 265215 Vout = 0.000000 sk

000, 000000 BVYN=0Q BN=0 =0. 626246 WDP=0

000. OU0UUU BVN=U. 2210 VBN=U. © A WDN=U. 300880 WDP=U.
= 3000. 000000 BVN=0.211110 VB EG- Vout VBP VBN=0. 633675 WDN=0. 261605 WDP=0. 784814
= 4000. 000000 BVN=0. 203659 VB=EG-Vout-VBP-VBN=0. 641126 WDN=0. 203826 WDP=0. 815304
= 5000. 000000 BVN=0. 197879 VB=EG-Vout-VBP-VBN=0. 646906 WDN=0. 167172 WDP=0. 835858
= 6000. 000000 BVN=0. 193157 VB=EG-Vout-VBP-VBN=0. 651628 WDN=0. 141800 WDP=0. 850803
= 7000. 000000 BVN=0. 189165 VB=EG-Vout-VBP-VBN=0. 655620 WDN=0. 123178 WDP=0. 862249
= 8000. 000000 BVN=0. 185706 VB=EG-Vout-VBP-VBN=0. 659079 WDN=0. 108919 WDP=0. 871355
= 9000. 000000 BVN=0. 182656 VB=EG-Vout-VBP-VBN=0. 662130 WDN=0. 097646 WDP=0. 878810
= 10000. 000000 BVN=0. 179927 VB=EG-Vout-VBP-VBN=0. 664858 WDN=0. 088506 WDP=0. 88505

seioioicioiieeiciek. DP=1000. 000000 VBP=0. 265215 Vout = 0.500000 sekisiciekiciiicioiiokk

OO 00LINO\O 0O\

N=_1000. 000000 _BVN=0. 239564 VB=EG—V0ut—VBP—VBN=0 105221 WDN 0 261120 WDP 0 261120 VvD—O 522239 <-—-BEST

VB=EG—Vou E—VBP—VBN—OZ
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Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
JPA2020-131313 filed on August 1, 2020 by Yoshiaki Hagiwara
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/ S y of Output

With DP=100, VBP=0.324852, DN=100 and VBN=0.299201, Egv Vs vipetonsyy ;
for Vout=0.4, we have VB=EG-Vout-VBP-VBN=0.085948. 3 ;

And we now have by the simple Depletion Approximation,
WDN=0.746284, WDP=0.746284 and WD=WDP+WDN=1.492568.

For X1=1, we have XJ1=X1+WDP=1.746284, XN=X1+WD=2.492568,
XJ2=XN+WDP=3.238852, and QN=(DP+DN)*2*WDN=298.513602.

With DP=1000, VBP=0.265215, DN=1000 and VBN=0.239564,
for Vout=0.5, we have VB=EG-Vout-VBP-VBN=0.105221.

And we now have by the simple Depletion Approximation,
WDN=0.261120, WDP=0.261120 and WD=WDP+WDN=0.522239.

gY.

For X1=1.0, we have XJ1=X1+WDP=1.261120, XN=X1+WD=1.522239,
XJ2=XN+WDP=1.783359 and QN=(DP+DN)*2*WDN=1044.480.

For N+NPP+ single junction solar cell with DP=100, m)
we have WD=sqrt (2+E5i=VB/DNP) and DNP=DN=DP/ (DN+DP)
Vout=0. 0 Vout=0. 4

DN= 100 WD=3.543050  WD=1.492568 ”"- (=op . >
Eas B - e

ON= 800 WD=2. 805416 WD=1_ 427711 2 en / 0,

ERETE BER el (000l ] g meetis)
o= S0 WD=2 795368  WD-1. 506585 —(0p5) = ﬁ) 20i% 7 /T .

12800 WD-=2. 826386 WD=1. 662515

C2025_08_13.c  G002.html
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For N+NPP+ Single Junction Solar Cell with DN=DP= 100 pm*
For DP=DN=100 um'3 ( ~100 Q cm P-type Silicon Wafer )

R I S S S T o S T o T S S o S S S S S S S S o b S o S S S S S S S S S S S S S o S S S S S S S S S S S T o S S o o o o

WD | £ (WD) | £ (0)-& (WD)

B i S S e S S S S S S s

3.549050 um 32.5 % | 47.8 %

B o o o o T B S S S o o o o o o o o

1.492568 um 36.3 %

B e e e o o o o o S o o o o o o o

Vout=0.0 volt

Vout=0.4 volt 4.0 %

B e e e o o o T o o o o o o o o
XS= 0.3 um | (WD+XS) | & (WD+XS) | & (0)-& (WD+XS)

B e e o o o o o o o o o o S o S S o o S S S S S S S A S S S S S S S S Sk S o S O S S S B o T o S S o o o o

3.849050 um 31.3 % 49.0 %

B e o o o S S o S S o o o o o

1.792568 um 41.5 % 38.8 %

B e e e e o o o o o B o o o o S o o o o o o

For P+PNPP+ Double Junction Solar Cell with DN=DP= 100 um "

@Vout=0.4 volt, WD = 2 % 1.492568 = 2.985136 um ;
o £ (WD) = 34.8%; ¢€(0)- €(WD)=45.5%;

Vout=0.0 volt

Vout=0.4 volt




Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
JPA2020-131313 filed on August 1, 2020 by Yoshiaki Hagiwara
C_Code (C2025 08 13.c)....Doping Profile ( G002.html) ....Potential Profile ( VOO1.html)

<<<<< G002.html: September 8, 2025 : { DP=100.000000; QN=274.934138; DNS=310.230085 ; RN=0.500000; XN=2.500000 (DNS-DP)=210.230085 ; } >>>>>
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Surface Conduction Band Bending (WS) for VBS=kTIn( DS/DP) ;

= WS -4— wsd; Deple.tion Wi‘dth —P’
Dope(X) ! ( DNSf— DP )=210. zs'_ooss ;
X2
op ! o &
LR B ' llllll : ------------------------ ‘
oot X’
Dope(X) = DNS exp ( = =——=) = DPS exp (= =—— ) =DP;
RN? RP?

nc— ( DPS+DP )=-410.230085; RP=0.3;
For DP=DN=100 um> === {QN=274.934138; RN=0.5;XN=2.5; }

2025 08 13 SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell.pdf

11 2025 09 11 SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell Yoshiaki Hagiwara.MP3

Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
JPA2020-131313 filed on August 1, 2020 by Yoshiaki Hagiwara
C_Code (C2025 08 13.c)....Doping Profile ( G002.html) ....Potential Profile ( VOO1.html )

<<<<<V002.html: September 10, 2025 : { DP=100.000000; QN=274.934138; DNS=310.230085 ; RN=0.500000; XN=2.500000 (DNS-DP)=210.230085 ; } >>
<\;<s<< XJ1=1.967989 ; XJ2=3.032011 ; XN=2.500000;QP=164.960483; DPS=310.230085; RP=0.300000; (DPS+DP)=410.230085 >>>>>

L 1 1 1 L VS
. QN=274.934138 pm 2 |
i RN= 05|.1m XN 025p.m
WPl Sl RN S, N 1 4 VP
V(X) For_ DP=DN_=100 upf3 §
VE/oRd s (T T — | — . g T — ¢ VS/2
X1=1.122500 um ! ; ; ; 53
X2-3.877400 um | : E i/ DP=100 um 3
: : DS= DSP +DP =410.230085 u m
VS= 0.122567 volt E ; (VS-VP)= (kT) In ( DS/DP)
VP= 0.085948 volt : 0. 036619 volt
1 1 2
E E Dope(X)=DNSexp(-0; f) DPS exp (-T) -DP;
0 & o ' @ ¢ J
X1 XJ1 XN XJ2 X2 2 XN
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@Vout=0.4 volt, WD = 2 % 1.492568 = 2.985136 um ;
e(WD)=348%; ¢€(0)- €(WD)=45.5%;

For DP=DN=100 pum 4 For N+NPP+ Single Junction Solar Cell with DN=DP= 100 um” B
-3
For DP=DN=100 pm ~ ( ~100 0 cm P-type Silicon Wafer )
we have P.E.=45.5% & TR e R e
......................................................................
Sun Light Power Density in Silicon Crystal TR I 5 S40080" i1 s I — I B
8 (x) 31'3% ......................................................................
Vout«0. 4 volt I 1. 492568 um I 44.0 % I 36.3 5
80%@ + - rrrreanrgranraanannan BOBYE So5TM A AT S PSS SO B S
Flosting-cirfece N+ region I [DORAS000000000000000000004 bt risrieeas
70% 275 Reoambination Loss 17%) . 503un ), o008 | e | £@csmus
........................ 3135 | 49.0 5
5 GO, IS Sanr 0 Rl e e e e s s A e
% 50% 4155 | 38.8 \
o o TOQ cosgensomancasssnnsnenastigll = "7 7T ol et ettt et ettt ettt et eteetes 4
£<
- 34.7% .
= a 32.7%
7 0% o, o, o, _.5 -
@ (63.3% -37.1 % =26.2% )—: 2.4% ie—
20% : : s
s -
m 17%: 30.6% < o bt
= -
: : w— Photon Penetration Depth in Silicon Crystal X ( gm) s : X
B :
S—> < e > S % % o=
0§0.1 0.305 1.0 - 1.5 2.0 25 3. 3.
s

je——— WD = 2.2um :
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For N+NPP+ Single Junction Solar Cell with DN=DP= 1000 pm *
For DP=DN=1000 urrf3 { ~10 Q cm P-tvoe Silicon Wafer )

B T S S S S S B S S S S S S S S S S S S S S S S S i S S S S S S S S SO S S S S S S S S S S S S S S S S S S S S S S S S S S S S S o o
| WD | £ (WD) | g (0)-& (WD)
S S S S S S S S S S S S S S S S S S S S S S S S SO S S S S S S S S S S S O S S S S S S S SO S O S S S S S S S S S S S S S S S S L S S S S S o

Vout=0.0 volt 1.252491 um 46.3 % 34.0 %

B o o T S S L o o L o o o L S B S o B R g

Vout=0.5 volt 0. 522239 um 57.0 % 23.3 %

B T T T e e o T T S S A o S o o e o S e S S S B e e g
B L T S S T o S o O S S B e o o e o S e e e e R e

XS= 0.3 um | (WD+XS) | g (WD+XS) | & (0)-& (WD+XS)

B B S S S S B S B S S S S S S S S S S S S S S S S S S S o S o S S S S o S S S S o S 2 S S S S S o S i S S i o o o

Vout=0.0 volt 1.552491 um 43.4 % 36.9 %
B T T S S e S S S S S S S S S S S S S S S S S B N S S N A S S S S S S S S S S S S S S S S S S S S S N S e S R S S I S S S S S S o s
Vout=0.5 volt 0.822239 um 51.6 % 28.7 %

B o o T o T S B T T T o o o o o S o o L B o e o s

For P+PNPP+ Double Junction Solar Cell with DN=DP= 1000 um"

@Vout=0.4 volt, WD = 2 % 0.522239 = 1.044478 um ;
e(WD)=485%; ¢€(0)- e(WD)=31.8%;
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u @Vout=0.4 volt, WD = 2 * 0.522239 = 1.044478 um ; |
e(WD)= 485%; ¢€(0)- €e(WD)=31.8%;

-3 7 -
For DP=DN=1000 um For N+NPP+ Single Junction Solar Cell with DN=DP= 1000 um ~*
-3
S 0, For DP=DN#=1000 um = [ ~10 0 cm P-tvoe Silicon Wafer )
MERIE BE BB N B ciiiiiendiirii ittt ee Ci it ais
| WD | £ (WD) | £ (0)-& (WD)
. o T [ECSCItOUItOPIevss JOVIROUL SUPPOIRE SUOREE 0. LITREE TOPE DL PRS0 SRS
Sun Light Power Density in Silicon Crystal Viitaele e | NS | AN I i
8 (X) E 3 B SN [ [PCCCotUSTRGSUIIN SIUSUTEOUEOURET STPOUOTEUOTOUE JUSUC S UUUL SULU SO N
Vout=0. 5 volt | 0.522239 um | 57.0 % I 23.3 8
SO === drumanasansyuenynsnaanon B 8 o T R e e Ty
Flostthe sifece M region & s e oy seesresrririse
70% 17% Recombination Loss 17A ....?..N..."‘Tu.l....m...l.....!....z..('.'?:.au.!“f.f?...‘..!?..?.u.
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a 32.7%
E 30% : i e ° : o/ =
= 8
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o/ = 0, 2 2
—] 17% i 30.6% - ; >
: == Photon Penetration Depth in Silicon Crystal X ( um) — : X
3
SH— < © > S S S>>
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=
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- -— ———
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Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
2025 08 13 SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell.pdf

(1a) N+PP+ Single Junction Type (2a) P+PNPP+ Double Junction Type
with Forward Bias V < 0 with Forward Bias V < 0

(1b) N+PP+ Single Junction Type (2b) P+PNPP+ Double Junction Type
with Back Bias Vd>V >0 with Back Bias Vd>V > 0

Q@ ———e @ —

vd >0

tl!- \Light *l* \Lisht
S0z = \,\ S0z :
S Si+ = \ O-S’H \I_N Si:- —_ | \ e- s,i+
l Psub \ l Psub \
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In 1977 at Sony Hagiwara fabricated the P+PNPP+ double junction photodiode shown in Fig.2 below and use it

for a FT CCD image sensor with 380H x 499V picture cellelements (pixels) and reported at the SSDM1978
conference in Tokyo. with a testing element device which is similar to Fig.2b which gives a very wide
depletion width of a completely-depleted buried n region. Hagiwara was invited to talk about the
pinned-surface double-junction type photodiode image sensor at the CCD1979 conference in Edinburgh,
Scotland in UK and also and at the I|EEE ECS1980 conference in St. Luis, USA. In 1984, KODAK in the
IEEE SSDM1984 conference also reported the Sony Bipolar Transistor type pinned-surface photodiode

Hagiwara SSDM1978 Paper on Pinned Buried Photodiode.pdf

Proceedinf of the 10th Conference on Solid State Devices, Tokyo, 1978;
Japanese Journal of Applied Physics, Volume 18 (1979) Supplement 181, pp. 335-340

A 380H x 488V CCD Imager

T
plantation mask, boron lons with the dose

with Narrow T er Gates Jevel of 2x10'* cm™? are implanted into the
" - silicon substrate throughout the exposed por-
Yoshiaki Daimon-HAGIWARA, Motoaki Ase' and Chikao Oxapa' tions of the thermally grown oxide. This step

provides self-aligned channel stops which sur-
round the narrow-channel transfer part of each
QM100% (n ~1) Line clectrode. The gate oxide thickness is 130 nm
o throughout the device.

Longer Wave Length Light (0.5<0.7 g m) has almost 100% QM ( n «1 ) In Silicon

“ The
T tranafer efficiency of the vertical and horizontal
4 { : shift registers are more than 99.995% per
> transfer. And high image resolution of 280 TV
s : lines/p.h. (Horizontal) and 350 TV lines/p.h.
ic = QM moreithan SO% 17) (Vertical) have been obtained
e 3 The typical dark current level is less than 3%
i wn.bqud !f o of the maximum signal level at the room tem-
Fig 2. crom sectional views of the electrode Pig 10 Specvnl Rasponss of i photomenns. perature of 20°C. The spectral response of the
o ta sk . imager shows that this inherently SiO; exposed
T hL; is the first original ,PN? Pinned Photodiode deve Io_p(_. d atrictis has MGk sacigh Geaatuss éickinay at
in 1978 with the excellent short-wave blue light sensitivity 450 nm wavelength and functions as a color
Hagiwara at Sony invented and formed the adjacent P+ channel imager with high sensitivity
stops to pin the P+ surface, using high-energy ion-implantation. The typical dark current level is loss than S nA/
. - g . ] em’. For the particular device reported in this
This PNP double junction Pinned Photodiode structure can paper, the ion implantation dose of the buried
be used for a solar cell with a very high quantum efficiency. channel is taken to be 1.7 % 10'* em ™2,
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[A} Yoshiaki Daimon Hagiwara, “Chronology of silicon-based
image sensor development" IEEE EDS Newsletter pp.18-21, Jan 2023.
https://eds.iece.org/images/files/newsletters/Newsletter Jan23.pdf
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@®FEIT. PEEOEIEHTS-Y O WAFERETHE T 5.
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L IFTHRAFHS, 1 BIDHAHFNBIBASESAIL EZ 2K T Do

(A2) RICT, BELVLWTFILF—AF U FTHELAZI|BE T, O FE2=mIic
ML FTHAH, ZHERMESFSEZPRIBABLICHZAR T .

(A3) TDFHIFZ., > ITNIESBIEE—T. BN T RRERDODAMTRIZEILD.

1) > onEaes (2) &7 niEas (3) ZEZESE

o = %

- O [— L =
[]_-E-L_,PMP_ = =

P P P P 2
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18 #BHMEFBYEL T, TEA3)ICAS,
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[A} Yoshiaki Daimon Hagiwara, “Chronology of silicon-based image sensor
development" IEEE EDS Newsletter pp.18-21, Jan 2023. See Fig. a thru Fig.d below,
https://eds.ieee.org/images/files/newsletters/Newsletter Jan23.pdf

[B] Yoshiaki Daimon Hagiwara, "Pinned-surface and double-junction photodiode type
super high-performance image sensor with built-in solar cell structure", ELSPublishing
(Electron Single Processing), International Open Science Platform. See Fig. e below.
https://www.elspub.com/
https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003. pdf

(a) (b) ”
| | e

4A A

~

Tt~ "
——1l—l—1— ¢ — T Pinned Lmpty Potential
[ 2w & 0 (] e [ B ()| * 3 in the N Region
= : " i : VP <0
o T N -.r ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
™ | - I Y s l ...........
-%‘ O Image L
* oo Sagrel
|
)
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[B] Yoshiaki Daimon Hagiwara, "Pinned-surface and double-junction photodiode type
super high-performance image sensor with built-in solar cell structure”, ELSPublishing
(Electron Single Processing), International Open Science Platform.
https://www.elspub.com/
https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf

ZM7 FAREFSERISITREZANSATUVWET,
ZHR7 FLORVWVEFOBRABOXEBINL T
I FNX—2BRIFINF—ICETBRLET,
BR7 FLOBWEBFOEHRAKEBETLHYET,
BOEBFOBREBGETESNET,

2025 09 10 SONY Bipolar Transistor P+PNPP+ Double Junction type Solar Cell.pdf




s o b o o o e S e e o e o
<A Best Answer for Single Junction Solar Cell>

For DP =100 u m, VBP=0.324852 volt, DN=1200 x m=, VBN=0.234842 volt,

Vout=0.5 volt, VB = EG - Vout- BVP- VBN=0.050307 volt,

and we have WD=sqrt(2*Esi*VB*DP*DN/(DP+DN))=0.840419 u m.

s o b o o o e S e e o e o
<A Best Answer for Double Junction Solar Cell>

For DP=DN=100 gm3 ,VBP=0.324852 and VNP=0.299201,

with Vout=0.4 volt, VB = EG — Vout—- BVP- VBN=0.085947 volt

and we have WD=sqrt(2*Esi*VB*DP*DN/(DP+DN))=1.492568 u m.

s o b o o o e S e e o e o

Best Answer for
Double Junction
Solar Cell

Vout= 0.0

Yout= 0.1

Yout= 0.2

Yout= 0.3

Vout= 0.4

Vout= 0.5

200
300
400
500
600
100
800
900
1000
1100
1200

TETTRTYTEYRY

WD=3. 549050
WD=3. 129827
WD-=2. 981419
WD=2. 907578
WD=2. 864565
WD=2. 837110

WD=3. 162872
WD=2. 802109
WD-=2. 675978
WD=2. 614194
WO=2. 578863
WD=2. 556794

WD=2. 818521|WD=2. 542227
WD=2. 805416{WD=2. 532263
WD=2. 795911|WD=2. 525296
WD=2. 788880| WD=2. 520367
WD=2. 783608|WD=2. 516874
WD=2. 779623|WD=2. 514419

WD=2. 722455
WD=2. 430600
WD=2. 330849
WD=2. 283421
WD=2. 257284
WD=2. 241694
WD=2. 231989
WD=2. 225839
WD=2. 221963
WD=2. 219606
WD=2. 218296
WD=2. 217725

WD=2. 195395
WD=1. 990934
WD=1. 924801
WD=1. 895788
WD=1.881524
WD=1. 874352
WO=1. 870997
WD=1. 869855
WD=1. 870059
WD=1.871110
WD=1.872703
WD=1.874648

WD=1. 406008
WD=1. 404995
WO=1. 408876
WD=1.414635
WD=1. 421087
WD=1.427711
WD=1. 434267
WD=1. 440643
WD=1. 4467

WD=1.452689

WD=0. 275348
WD=0. 498858
WD=0. 594988
WD=0. 655539
WD=0. 699424
WD=0. 733720
WD=0. 761812
WD=0. 785570
WD=0. 806134

Best Answer for

Single Junction

Solar Cell
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100,

WD=sart (2*Esi*VB/DNP) and DNP=DN+DP/(DN+DP).
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Sony Bipolar Transistor type P+PNPP+ Double Junction Type Solar Cell
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(1a) N+PP+ Single Junction Type
with Forward Bias V < 0

Lighn

(2a) P+PNPP+ Double Junction Type
with Forward Bias V < 0

(1b) N+PP+ Single Junction Type
with Back Bias Vd>V >0

/ Puub

(2b) P+PNPP+ Double Junction Type
with Back Bias Vd>V > 0
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In 1977 at Sony Hagiwara fabricated the P+PNPP+ double junction photodiode shown in Fig.2 below and use it

for a FT CCD image sensor with 380H x 499V picture cellelements (pixels) and reported at the SSDM1978

conference in Tokyo, with a testing element device which is similar to Fig.2b which gives a very wide

depletion width of a completely-depleted buried n region. Hagiwara was invited to talk about the

pinned-surface double-junction type photodiode image sensor at the CCD1979 conference in Edinburgh,

Scotland in UK and also and at the IEEE ECS1980 conference in St. Luis., USA.

In 1984, KODAK in the

IEEE SSDM1984 conference also reported the Sony Bipolar Transistor type pinned-surface photodiode.

Hagiwara_SSDM1978_Paper_on_Pinned_Buried_Photodiode.pdf

of the 10th Conference on Solid State Devices, Tok
Japanese Journal of Applied Physics, Volume 18 (IDN)SWIS-I pp. 335-340

A 380H x 488V CCD Imager

with Narrow Channel Transfer Gates
Yoshiaki Daimon-Haciwana, Motoaki Ass' and Chikso Oxapa’
Longer Wave Length Light (0.5-0.7 wm) has almost 100% QM

n=1) m Slicon

QMINON (7 ~1) Line

-— Qum-mmm

. - -

e T

P 2 oww smenal vews of S deconde

P 1) Spme Regees of e p—

This is the first original PNP Pinned Photodiode developed
in 1978 with the excellent short-wave blue light sensitivity

Hagiwara at Sony invented and formed the adjacent P+ channel
stops to pin the P+ surface, using high-energy ion-implantation,

This PNP double junction Pinned Photodiode structure can
be used for a solar cell with a very high quantum efficiency

The
mmmmmmm
fevel of 2x10"" ¢ ™ ¥ are implanted into the

prowvsdos seif-aligned channel stops which sus-
round the narrow-channel transler part of each
clectrode. The gate onide thickness i 130 am
throushowt the device
The

transfer efficency of the vertical and honroatal
shift regpisters ary more than $9.995% per
tranafor. And high image resolution of 280 TV
lisew/'p b (Horizontal) and 350 TV lsswph
(Verucal) have boen obtaimed

The typical dark current level i low than 3%
of the marimsum signal level at the room tem-
perature of 20°C. The spectral respoase of the
imager shows that thes inhereatly Si0; exposed
structure has high enough quantum cffiaency at
4% nm clength snd functi - s color
imager with high senumivity.
The typical dark current level is less than 5 nA/
cm’. For the partioular device reporied in this
paper, the ion implantation dose of the buned
channed is taken 10 be 1.7 x 10" e~
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