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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Depletion Width (WD) of the N+NPP+ Single Junction type Solar Cell
N 7/ //« P |P+ Vout= 0.0 [Vout= 0.1 |Vout=10.2 [Vout= 0.3 [Vout= 0.4 [Vout=0.5
fe—WON—sfe—WOP—s! = 100|WD=3, 549050{ WD=3. 162872|WD=2. 722455 {WD=2. 195395 | D=1, 492560 |  semmmmmmmn
: E = 200]WD=3. 129827{ WD=2. 802109{WD=2. 430600 WD=1. 990934 | WD=1. 421202 | WD=0. 275348
y = 300|WD=2. 981419{WD=2. 675976 WD=2. 330849 {WD=1. 924801 | WD=1. 406008 | WD=0. 498858
: = 400 WD=2. 907578| WD=2. 614194|WD=2. 283421(WD=1. 895788 | WD=1. 404995 | WD=0. 504988
N % = 500{WD=2. 864565{ND=2. 578863{WD=2. 257284 |WD=1. 881524 | WD=1. 408876] WD=0. 655539
= 600{WD=2. 837110{ D=2 556794{WD=2. 241694 |WD=1. 874352 | WD=1. 414635] WD=0. 699424
y = 700]WD=2. 818521{WD=2. 542227{WD=2. 231989 D=1. 870997 | WD=1. 421087| WD=0. 733720
= 800 WD=2. 805416{WD=2. 532263|WD=2. 225839 (WD=1. 369855 | WD=1. 427711 WD=0. 761812
= 900 WD=2. 795911{WD=2. 525296{D=2. 221963 (WD=1. 870059 | WD=1. 434267 | WD=0. 785570
= 1000{WD=2. 788880{ WD=2. 520367{WD=2. 219606 |WD=1. 871110 | WD=1. 440643| WD=0. 806134
DN=1100|ND=2. 783608 WD=2. 516874{WD=2. 218296|WD=1. 872703 { W=1. 446790 | WD=0. 824246
DN= 12001WD=2. 7796231 WD=2. S14418{ND=2. 217725 WD=1. 874648 | ¥D-1. 452689 | WD=0. 840419
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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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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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For a case study of N+NPP+ Single Junction type Solar Cell

with the target value of Voutz0.4 volt and DP=DN=100 um” (-3),

we have VBP=0.324852 volt and VBN=0.299201 volt. Then, we obtain

the PN junction barrier potent{al of VB=EG-Vout-VBP-VBN=0. 485948 volt
and the NP jucntion depletion width of HD=sqrt(Esi*V8/DNP)=1.492568 um.
with DNP=DN+DP/ (DN+DP)= 50 um” (-3).

For a case study of P+PNPP+ Double Junction type Solar Cell

with the target value of Vout=0.4 volt, for DP=DN=100 um"(-3),

with DNP=DN+DP/ (DN+DP), the PNP double junction is expected to have
the total depletion region of 2xWD==2%1.492568=2. 9685136 um.

the N Buried Region is formed with a high energy ion implantation technology
with QD = (2+WD+X1)* (DP+DN) =(2. 9685136+1)*200=793. 70272 and X1= 1 um-

for the surface pinned and grounded P+P hole accumulation region [0, X1]

and the center of the buried N region would be at X=XN=X1+WD=2. 492568 um.
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