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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

ELSP Electron. Signal Process.

Technique Report | Received 21 October 2024; Accepted 11 January 2025; Published 12 May 2025
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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



https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf
https://www.elspub.com/papers/j/1847005436829155328

JPA1975-127646, Oct 23, 1975

Pinned Photodiode with Global Shutter : s Pinned
' -
CTG ' . -,' Back Light
13 3 ) ¢ af !
Hind 13 ex. Wyt 4
Front Light .y, Charge {11 IL o SIS Pinned
Transfer |} | R o
' ' = ]
$I02 rocro A Clock . 4 ; ol
N JL . €+ B+ — CTD (16 RO»—:U: ) i c- —»
P e+t ot fhotag PRI 2 Pinned
N 7N o - / R E b antieg "~ b
Nad .- \. '.- i : : ! .
N+ CTG is used as o T l:;-;:du-:n ; ¢ jed 2%
SI02 Global Shutter e - - i'e |
- MOS Capacitor | T'&€ X6 M L.c' Global | .' oL Empty P&E‘omiaITWell‘e
! i Back Light | b < Memor Shutter | | omplete Charge Transfoer
Pinned y Clock 11/ for No iImage Lag Mode
e —rY
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NH1DEBEDEERBEARERSN., 2&XY LERRFEFREARDMAOEEEI
LA REICE T OMDEBR DO EEEZFEEICEIT 1 DEER DO HEEE
FYURDZAFREMNF RSN, LEEEERAEBICFIEZEDEEZHMI D &ITEK
Y, EEEZABEICER/L-EfAZE LEEimX BRI EmXL . LR EBREmE AEE
[ ERRAAZEDEEEIFIESIVOVIBEZMMLTLEREREAD LEE—FADEEIC
B TCEBRDEREZTITORDICLI=CLEHEHET HERIREREE,

Visit https://www.j-platpat.inpit.go.jp/ And put the patent number 1975-127647
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Pinned Photodiode with Global Shutter Pinned
A L_E"'m
CTG ' '. Back Light
4 B i I -l :
et : ? [
Front Light Veors Charge !} ! bl > _/ Plnned
2 & Transfer | ! i '*‘ = 'ux A
SI02 p— ¥ Clock 0 g ;
N < . 8+ ¥ - CTD autpat™. R&—t4 ) E o —
P e+e+ ot fhatag o L7 4 R A7 Pinned
— o AP AP IR B o — g
. & ’ : : : ‘y.| .
N+ CTG is used as o Y ' ,I;_z:;.;“ ' £ | epTe
e Global Shutter — y's 2
MOS Capacitor || F'&€ £ G M o’ Global ] mpty | Potormal well
< — Back Light B M Shutter [ Com Charge Transfer
Pinned uffer Memory Clock 11/ for No Image Lag Mode
LT3 —
1

FEFEAFRO—FOETEMAIZ. EIREN L TCEREERA BB EEIIS
NEZ1DBBERDEREREAAEIN ., 2K LEFEAXREAEDMMA O EEmAIC
L REFEFRBICE I DD ETR O BB EAABICEIT 21 DEEBERIOEEE
FYURRSZITREMAFZ RS . LR EAERBICATEDEBEZHMI H&ISEK
V. LEEZAMEEICERL-EWNZE LR X fAEICEiREL . LR EBRrnE AEE
ICEEFTZEDEEEIFIEDSIOVIEBEZENML T LEREAED LEE—FDEMEIZ
A TEMDEEZTITORDICLI=CEEHFHET DERIRREE.

Visit https://www.j-platpat.inpit.go.jp/ And put the patent number 1975-127647
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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
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Dr. Yoshiaki Damon
Hagiwara

1§

Winner of the Global High-
Tech Award 2024
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2025 IEEE The 14th International Conference on
Communications, Circuits and Svstems

Wuhan, China | May 23-25, 2025
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Figure 16. Two types of Double Junction Solar Cells in comparison.
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(A) ConventionalN+NPP+ Single Junction Solar Cell

(B) Bipolar Transistor P+PNPP+ Double Junction Solar Cell
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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=
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
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THE INSTITUTE OF ELECTRICAL AND-ELECTRON ICS ENGINEERS, INC.

Certifics thatr

Yoshiaki Daimon Hagiwara

has been elected to the grade at’

for pioneering work on, and development of,
solid-state imagers.

LIANUARY 2901

1999
SC President Award
Yy !.. /‘ » ?\ ¢y 4 ° A _o‘,

- - > )

WAW

CDECAZNDINP Y

NS E N R

ARRCCDEMLITOERY D0 -

NARTIEEEVTRAANM T
BHOMNRIEFRKCEIRE XN LY
. EV LA MK« 3 Dofors
LLERLZBRUERLEINTSNLLY
RKRLSCEV R Z~OTMRIZ BT
RIS sn1
p Rl L R R F T 11




-

IR RIBIEKE BEREK (1964~1975)I1C, B CALTECHD D Fairchildtt LINTELH ZRIEE L., YAV AL —HRET 2R E R THEAT,

Z L TINTELH OF L LW EERUERNEFU. 197 5F 1 AICRES, SONYICAtt, SONYDBipolar TransistorE ERMiZ L~ FICL T

BABEOXBGZINXRFE1975F385HICERELI0823HICEARESHEE.R L. ZOEH CSONYDOXBELE S XX EF o1,
Y B L e ]

e

)

04



| ‘»\\:

3,
3

B

| )
)

WL 31 'm Wi
R
[———

s
T -







Global High Technology Award 2024DZHRXMTOD TIAZTHREBKE L O IJKRE

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

07


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024D R HMTD TIAZ_THREBXEOER

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

08


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024 DZE XM THD TIAA_THREBAKELEEXELDER

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

09


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024 DS EXMBMZ TOT A TEHRFE. BEBAKE (F5) LXA&KE H4)

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

10


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024 DZERMTD TAA-TREXEISLOALNSEEE

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technolo Award 2024 Winner



https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024D R HAMTD TIATHREAELDOZHILSER

T
4

B 2

:‘3_ o b ¥

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technolo Award 2024 Winner



https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024 DB RMTHD THEREIAE—F

2025 05 15 Yoshiaki Hagiwara Armenia

Global High Technology Award 2024 Winner

13


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024 DB A RS L7V ATOEEKE () ¢BBXKE (B) LDiE2EEQ

[ ATAY

o

\

i o
Bt . s e AR
e A
-
5 - 4
f s % o »
}. —-1-..’ ,A v & '-

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

14


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 20240 % 8 % it &

K
u ARMENPRESS &

GEVORGC PERKU "KRKV AN §

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

15


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024DREE L L TTFNVMAZTORSVFOLRY E L O

NRUDS / FROM

Llouninahuuure A
NLNPSNKY e s Mty

FOR GLOBAL CONTRIBUTION 18

oy . HIGH-TECH SPHERE

knl‘U / TO

Shantanu Norayon Narayana Murth Yrah D, o7
) Narayos y Yoshlaki Daimon Hagiwara H j. Lpoun BP0, 2025 mwpupwlislp 1000
ayl OS t Maypost ©OSC 2025, print-run 1000 ‘N:’, 01 58

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner 16


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

Global High Technology Award 2024DZEEHE L TT7 AT ORSHEOLEY X L-CO

PUPMTSERILALATRULEM-NLARSHI IUUUTRUNIUINL LEPIPULL
g1V HUSUUSUhh ‘iUhI‘U‘TthﬂlmSUh QAL UPSUhUh

o
o~
o
o
EX
L ]
.
<
»
-
-
»
3
»
f
w,
-
L J
-
-
v
.7

-~
L J
-
-
.
-
o
v
.
-~
B3
-
-
.
»
R
» v
o
-
-
-
-
.
-
-
-
\
»
-~
A

i3
§

U3UUSUL ARMEMA

L NBUSUTTRNEN

L

-

-

-

.

.

.

B

©

»

.

.

.

.

.

-

Kl

o

el

.
-

ol Ve
X -
0
.
.
.

4004 ', 400~

OOOOC.lIQDOQOOOOQ..‘0'0.0...‘0‘. (AR AL R R LN 0"00..‘.

SIHTE RN 07 THE Q7UBLL OF ARMENIA FOR GLOBAL
N {TRIZUTON 1N HiZl-TECH SPHERE

*4‘

3.05. .402* '<5)’“:
{\

- -

Ty ~v u‘!‘,‘.
J/,

HayPost

3n2hwyh Yint Iwqhywpw Yoshiaki Daimon Hagiwara

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

17


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

202558148 (7K) ZIVA =T « TL /8T + TUMO Center 551

18



ﬂ IR B https://www.jica.go.jp/information/seminar/2025/1569394 66420.html

J, 6H - &%

TILAZTZDTUMOt > &2 —, FEENT ABEZEE TR oND M. SHEROERN -1 —XI(C
BHoTEL. BEEBERICFHRHIEBAAABESTEEFH>TETDIIBVRELEX L. SEBRS
ICHTEREOTY. CORT—RODAIC—HEICEBRD THRONZDLAEDLH > TLLETERA

[PDTELL ST
https://www.pref.eunma.jp/page/643539.html

N =

zostsH 14H(7K) 7 )bx « TL /3T - TUMO Center 55 19


https://www.pref.gunma.jp/page/643539.html
https://www.jica.go.jp/information/seminar/2025/1569394_66420.html

https://www.panarmenian.net/eng/news/322479/

'e]
N
o
o~
=
=
o
o
w
i
O
w
-

Hagiwara

Wirnner of the Globel
High-Tech Award 2024

*UE;CI

REPORT

Silicon Mountains

2025F5A15H(AK) 7L AZT « TL /31 - Silicon Mountain Lori 2025 Key Note Speech 5


https://www.panarmenian.net/eng/news/322479/

a - Sy r-“ﬁ#‘&&%‘“"‘" «

i SR
2 i el

B e L )
2025 05 15 Yoshiaki Hagiwara

Armenia Global

st Py

-t e
&

High Technology Award 2024 \/thler

21


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024 Winner

22


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

TIWA_THEDEREBAKE L DREEE

2025 05 15 Yoshiaki Hagiwara Armenia Global High Technology Award 2024

Winner

23


https://www.1lurer.am/en/2025/05/15/Japanese-scientist-Yoshiaki-Damon-Hagiwara-awarded-Armenian-State-Prize-for-his-global-contribution/1313811

ﬁﬁ%

Lﬁ 20BFR] - &

RMOEEBEDYou tubetf 1 R DI Tce FI VTRV ISAFTREZ2—RADHZPTAY K=
=Rl CELIE®?)

FFERE
VILAZT7ICE>TIE

1293 ZARA®A! EFRTS

FEBR
FILAZT7IE. BEOEEXZREZ RELICHIENICEEHATZIBEYEZE->TETT
B BADZVETYT, AAOBAERNZES EERHICHAT-ETYT, HEOAX
ETINAZTIIEBERNAZVWT TN, BREEHED. BEOHTHT7ILAZTIZIBADEH
FEO0HHFVSHERLICT TICERE LTHEELTWELE. KNEEINFHEL=DLD
OWERHBETHD., HRRHOMIIERDFDOHHD X7, ﬁibﬁiuiﬁﬁfuﬁ
BCEANTINESRLELE. XKEXPADEBRHI R ?RXELAZSONYEZBE T, >V
OAVNL—0OHREZHEEZFERBRICETED. SONYICAREL. SONYOFEEEF
T WMD)V TAS U RERRERADEDELTze CNHBIETILXZTICTY
AVRIVTVEREILERSEIEVWEEEZDHH>TVET, HI3TCT THRTIEDIED
BEICADIBR CIDNEREDCELNFLBEVWET, FORBRLWEEEBICHALTHLSLEWL
T9, 7ILXZT7HEERN

24



https://www.facebook.com/irohacenter/

| " 4 3 P 5 g & - ' 3 L
1% + Y [ | ak - Ny

B Lo WY &
- - (:":) 2

»f—'..d""y' ﬁ ‘ \ { \‘
— Sy o e
; N : sy g LY
/ Py - ¢ e »ﬂw-ru IR ~ LB )
NN e — - v ,‘.:,”:;m” - .:z‘

WABIkEZ2—DER. HYDBESITITVWELECO

25


https://www.facebook.com/irohacenter/

https://www.facebook.com/irohacenter/

!l\ — S5
L2y WS

WABIkEZ2—DER. HYDBESITITVWELECO

26


https://www.facebook.com/irohacenter/

https://www.facebook.com/irohacenter/

5 ; -~
A ’ c
: | 4 N\ »
-
!\ ‘ A i TS
. A £s

WABIkEZ2—DER. HYDBESITITVWELECO

27


https://www.facebook.com/irohacenter/

https://www.facebook.com/irohacenter/

@) owrndolcmuticdance
B o bk masotance an

N O <14 0 20007, +374 13 XOT5

WYY EA, HYHESTTVWELEO

28


https://www.facebook.com/irohacenter/

https://www.facebook.com/irohacenter/

~

WYY EA, HYHESTTVWELEO

29


https://www.facebook.com/irohacenter/

WYY EA, HYHESTTVWELEO

30



z
z.
Z

:

#IFERR

WOIERA. HDHES  HHTE
ABHBIBHRSIEDRPADEMNMT T
DLWIRATE XL IRNIER
#HERALOXBEDEEFIE DT IN
RTILO—ALTINTIOAEO®
ELWTZIXAZTOILNYER
N1 DIRITOFMFHL K DIZAED R
#HDOHFICERSFLD CZFEERICIE
HESEHIHRENTEFEXT, o<
D#FEETRE—FEE—BEL
—ARKEXRERE. - OEFHLF
T, KEKRRICIIYA BT
DREBDELDICLETR. SEIZE
PD19 7T 5FEOAREDOHEERE
DORFERBICEBOMNFTESNEL
I=hl. ThhsiEEsIic. COH
AT ) EEREBENAREDFEE
ERmicIZ@BELL T TERLS. FEE
FEERFICHOT VAR (Thbh
5EXRKOARGEM) ICHHEFIN
HCEZPRLTWLWELWTT,
FOMDEZENDSBELT
<IETVWR_PSERADHRET
FOLWEWEHATEFXL &
TABKREUTT UL o

31



e """*-OM .
001 184 days, bom Sunday

¥ 13 te Menday, October 12
i —,’%










FR
'ggw;i? - X

FRRICT 7 ILAZ T OXALATTRD 1 R S ICBN. GHEESHR b, HIBRrrT
HELOEL FILOWEZH, B AERST TR, Rd2 v oo KE
b AEDARYTAREBESHEICE ST Y TAORXREDHZFIARL -
12ZE5TTEY I U

—
(el



https://armenpress.am/en/article/1219532

2023 07 22 V==EOR2WBEERFEELFALTOEL

-

4.’ -

1999
SC President Award
TOXRAZRAIIA MY

WAY
CCDEZAZNNINPOW H— )

RS E xR

hSlL3CCDIEMLTORNRODO 24 Y v
MARPLLEVCTRAAMNM T
FE=BHOMRIEPREZEEREINL L 2
LT H .-nl%‘\”"."'nli‘frnvu
BV TLERZRHEREINTSNLLY
CORRUSCEZRAZNOTRIZE T
mEiRaisny
doT SClEfOUMNEB IR LLY

s ODO0O0O%4AR8100
2 NS T 3§ )

B R NE R &0 s b
L2579 PPH i

g

.




I R AR D 3 S A EREEEE

g

A A= OEXREE
Image SensorDEEXIFE (X2 DD EELER S ITH IR &1k,

(1) ARIO B OMBAEIISIEN TS, REBRIEDIERT SLWEBART, |

(A) N+PIEE R (ERENEBLL FRREFREL. BRENVE,ST=,)
(B) P+NP BiE&S CLRBRERIF. RELTL. LALBR B AN SDERFEBHEELTL, )
(C) P+NPNsubiE&E! (BIFFHAD., XEERIF. REBLGL. S DOBF B LREEESHY.)

() ESBHERMETEET SARMIRORITIA LS S, BEEEXEE (CTD) |

(A) MOS &' BRI EEE (ERBTEM T LClockETMAKXEMNOT=,)
(B) CCOEER I EEE (AT EM T ELClockMFTLZL. LALBEBREHMNKEZL,)
(C) CMOSE BRI X EE (EBRETEBM T LClockMETLL. SHEEHL/NIELY,)

. 3‘\ o Retina Coll (Photodiode ) (3) SAk
- \ et : . Human Brain

Immoryl | CPU I

AO01



IR RIR O F S EREE

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=zhw=hf=hc/A
E (eV) =1.24/ A (um) meV 2
.g KDL - (E) (3 2
SRR o (CHEH L
e c=fA 1V,
KooFEE o
g BEIE99 5,
hw

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

O BMOVIEEFIL EEDOPICASTZKETIL)

xF

'ﬁ (sea of electrons)

J’)ln-ﬁlﬂlﬂ%ﬂﬁv'lb 33

sgwy SRETRO3E

BB IL¥—

ﬁﬁ(;%iﬂﬁmftat
ST RILF—%

L BRLTRTHAROGE T

- A02



I R AR D 3 S A EREEEE

A A= ORERE

PLET T OYIREF )L
HhERO K R 738 OMARER (T 5.

Periodic Table of the Atomic Elements He
TRAME 2 ——
N VAV EF(PHE)u =
s Bl €Jlz N Jle©)lo " Jlao
2 YARF(PE)s =

PRYLXBEDYHEETIL
FISRF i GHE ® ® ® @h@ ©)
uoPnF @ @-q.é @ @
OEHHEFIHREMEEHRITREL ©) ® ®
BT L. LHL. BREDPTE,

BEREORFEDOSI HEDNTIX
BHICEFREFETIENTES.

R—=RDELYHFEOI-T

Q) UEBRETIE, BFE12%-1=
syaAA(Siv) (ZEET 0D
AV RFHILSBFE1DEH . PHEIC
2ED TORFERZRFEN-, )aAF
(Si+) X, F=RORED)AVRF

MNoBFEERE . F—LIZISLTB®HT 5. Hole A%

77 ADERERHONF

OFRFHRE(RFELEF) LABR (KBLERE) DEL
TFUSRF(FIE) e = TASAAY (A4 + BEEF(e)
A4y Si+ + BHEF (e)
YAAA P+)s + EEHEF (e-)
ROV ORF(PE)s + BEBF (o) = KOUAAY(B)e

NEEBEOHEETIL

022020
FOE 00
2 Y@

FolXDE

e-
HH®T

BFHAE®
A FROERTEFOHF

A03



I R AR D 3 S A EREEEE

-

(B TRILF—) =F WK DEnergy Gap

For Silicon,Ec=1.10eV and A= 1.12 ym
O R EBMOVEEFIL GEDPICASICKETIL)

SBT3 |
xFo U g

liﬁ (sea of electrons) | _I__\!V
I b o e- - -
%L,%

J»ﬂ%ﬁ%—nu o:
e W g ;[ ﬁauc»&wmftat ]

---O--.

Ko RILF—%&
SO RIRLTETFHAIGRULE S

ERLIEBFE L FEFDEVIIEMICFEFRSOOOREIRANLF—DEWNTH S !

(ZERDOHHEIRILE—) <o0.3eV

(JeFEoBHE T RIL¥—) > 10eV
SiEFORETRILE—) ~1.1eV

(GaNDBHE T R ILF—) ~3.1 eV
(Ga203D BT R I F—) ~4.3 eV
(GaN Diode ) DEBRENXEXAF—F
tLTHEDKWIZERLI-2 D
J—=RIVEDZEICODED -7,

FE (IR TRYIZGa203DDIODE%R KF 4 F4 D5 IZ FBBICALTECH

D BEfD Prof.C.A. MeadDIFED $, &, SAMPLEERIE LS % R 7=55,
BELLDH, Prof.CA. Meadb & HIZ, / —RIVEHRHEHSF LT, LHL.

ZDERDOEBEEDINETRIPEZMeadld 2 02 2FICTRE LT,
FKELHLSEEHHERH 5. Global High TechB 2 ZE L 1=,

A04



IR RIR O F S EREE

-

ER LIEFRAE L FEFEDEWVIIEMICEFEZDOOOBREIA N —DEWVTHS |

e_
L
e;
Si+ Si+ Si+
2R Si [FF FEFIE

For Silicon,Ec=1.10eV and A= 1.12 ym
O BOMIEEF IL (BOP(CASI-AETIL)

SIET O3 |
xFe ST "o

I tﬂ (sea of electroqs) / | I__\!V

,I’J

m#

J;ummﬁiv-w o;
> Wk il il SR ERITBE
....o... ,,...o... . iy ; g

/7 ADSTHRIF—%&
L L B TRTARUE S

(ZEEOBHEIRIL¥—) <03eV

(JeFEoBRHETRIL¥—) > 10eV
SiEFORETIRLE—) ~1.1eV

(GaNDFFHE T R F—) ~3.1 eV
(Ga203D BT R I F—) ~4.3 eV
(GaN Diode ) DEBRENXEXAF—F
ELTHEDKWIZERLI=-C LD
J—=RIVEDREICODBED -1,

R ITH R TRAIIZGa203DDIODE%R KF 4 4 DS I AR CALTECH

D BEFD Prof.C.A. Mead DIEED H &, SAMPLERRIE LS Z KR 7=5,
HELLH, Prof.CA.Mead& & HIC, / —RIWVEZHRHP LT, LHL.

ZDERDOEBEEDINETRIPEZMeadld 2 02 2FICTRE LT,
#FELHSEBHHRD 5N, Global High TechBEZFE L 7=,

A05



I R AR D 3 S A EREEEE

P BY3E (K TId Hole (Si+) D' E 1%,
NBIFE(R TIEEF(e-) D E%,

PEYXBMEDODHMEETIL

59 5L e

@, T @
olCAcR o
@

HoleA'E &
77 RADERZFOHAF

NEBELBEOHEETIL

® T ® ©)
FolXEDR
e-
HHET
TBFAAE®
VA FRADEREFORF

A06



IR R D F SRS EE

LWFHZEREOHZHP N, aerQ

LWFHEORTICE[ALHZ7-55 D7

EWVWFEHOILETIC
HDEDIATFTADE=

DRIED HR

AO07



IR R AR D 3 S{FEREEEE

PNizg (ZF4F—F) &I13?

P 8138 (KTl Hole (Si+) B’ E1%,
NEFEEFTIIEF(e) B EMR,
PEYXBEOYMEETIL NEXBEOHEETIL
2 HP e “oleofe

i T S LWFHEORTICRALRHEAH5H7?
g@%’@g@ g@@g@
@(9@ ® ® ® @(D@ ® P ®
; e A BELWFHOM LTI
HEvAFADEHE
- ORMED 7
BHH%ET

Hole At E & BFHAE®
77 RADEREFONF A FRADEREFOHF

A08



IR R AR D 3 S{FEREEEE

PN#ES (£4F—F) BRFHOMWNTHS !
PNESIHEEMEEFENEEOEMAZ DRABRCHFET 3.
/

b

P B3 E (KTl Hole (Si+) DPE,

Nggﬁiﬁ%{dsf“i%?(e')h{E?ﬁo mL‘?Egt\@%:ﬁ{n\ D?V@
PEYXBEDODYMEEETIL Nﬂ¥%§®%%§?»
@ R @ - » » -~
O25 0 O Ot O EVFHORTIKBANSHBE550?
OPCARCES Lo ® e
® 6 ® ® . ® ®
@®@ ® ® ® @@ ® et ® =
4 ~C A BEOWFHONI LTI
¥ H374FA0HE
:: e- DEYEO H7
o HH®T
00
HoleAtE & BFHAE®
77 RDER R ORF 74 FRADEREFOHRF

A09



IR R AR D 3 S{FEREEEE

sPNPIES (PR E—) IZHZEZELRHD |
PNIESICHEZELETIINAEZDZERAZDESIERICTEET 3,

1948 Bellff DRI FHED b T ¥ R 2 — D FHH

Pinned Pinned
7, 7/

1975 DSONY (Fk[H) D FHA Pinned

77 3A0A—7OKRICHIFEIFEAESINTWH LEARFLEETES Z LITERLT,

A10



(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

All



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+)
Al2



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

Al3



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

=Y “’?" ow
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Figure 16. Two types of Double Junction Solar Cells in comparison.
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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



Semiconductor Device Physics of the conventional Single Junction type Solar Cell
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Figure 24. Percentage (%) of photons penetrating in the depth X(pm) in silicon crystal.
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Figure 26. Sun-light power percentage&(X) penetrating through silicon crystal at the depth X.
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EG=1.11eV;
kT=0.0259 eV;
Esi=648 ¢/(V + pm);
NC=10400000 e/( x m)**3;
NV=28000000e/{ g m)**3;
oo R Kk R R R ok ok kR R R R R Rk kR ok ok R R R R R R R R
vV 2 v EROESTE Rp (Qem) & A#E T Np (cm-3) & ©BEfR
H ok ko koK kR R R ok k ok R R R R R Rk kR ok ok R ok R R R R R E
Jp = (Dp)(dNp/dx) + (Up)(Np)(E) = 0;
Np = (Npp) exp (- (g}{(V/ kT ));
(Dp)(Np)( - (g)/ kT ) (dV/dx) - (Up)(Np)(E) =0;
(dV/dx)=-E
(Dp)(g)/ kT = Up;
(Dp)ig)= (Up)(kT);

R EE R R E R E E E E E E E E E E E E E E ST EE TR

R E E E R R E R E R E E R E E E E E E E EE S T EE R

For P-type silicon wafer, 1 = (g)(Rp)(Up)(Np);

with g = 1.6 e-19; Up=450 (cm/Volt) (cm/sec):

For Rp = 10 (Qcm}, Np = (e+19/1.6)/(10)/(450) = 1.4 x 10e+15 cm-3;

EE E E E L L E R E E E E E E R E E R E R E E E E E S EEEE Y

I g SN

%k k K %k %k K %k %k %k ok ok %k %k ok %k %k %k %k %k %k %k K %k *k % %k *k Xk

DN=NC*¥exp(-VBN/kT)-NV*exp((VBN-EG)/kT);

DP=NV*exp(-VBP/kT)-NC*exp((VBP-EG)/kT);

EG = Vout + VBP + VBN + VB

DPN = (DP*DN)/( DP + DN );

WD = sqrt{ 2*Esi*VB/DPN );

o e o e s ol o ol o ol ol o o ol ol ol o ol ol ol o ol ol o o ok ol e o ol ol e o o ol e s ol ol ol ol ol ol ol o ol ol ol ol ol ol ol ol o ol ol o o ol o

if { DP=0; }, { VBPP=(EG+kT*In(NV/NC))/2=0.567826 ;|
if { DN=0; }, {f VBNN=(EG+kT*In(NC/NV))/2=0.542174 ;}
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Vout = 0.000000
-
DP=937.799984 VBP=0.266878 VB=0.843122 WD=1.079474 VB/WD=0.781049
DP=753.175939 VBP=0.272556 VB=0.837444 WD=1.200460 VB/WD=0.697602
DP=604.898705 VBP=0.278235 VB=0.831765 WD=1.334978 VB/WD=0.623055
DP=485.812708 VBP=0.283913 VB=0.826087 WD=1.484537 VB/WD=0.556461
DP=390.171091 VBP=0.289591 VB=0.820409 WD=1.650814 VB/WD=0.496972
DP=313.358374 VBP=0.295270 VB=0.814730 WD=1.835673 VB/WD=0.443832
DP=251.667724 VBP=0.300948 VB=0.809052 WD=2.041185 VB/WD=0.396364
DP=202.122070 VBP=0.306626 VB=0.803374 WD=2.269649 VB/WD=0.353964
DP=162.330436 VBP=0.312304 VB=0.797696 WD=2.523623 VB/WD=0.316091
DP=130.372553 VBP=0.317983 VB=0.792017 WD=2.805947 VB/WD=0.282264

DP=104.706197 VBP=0.323661 VB=0.786339 WD=3.119776 VB/WD=0.252050
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Vout = 0.100000
PRS-
DP=937.799984 VBP=0.266878 VB=0.743122 WD=1.013437 VB/WD=0.733268
DP=753.175939 VBP=0.272556 VB=0.737444 WD=1.126508 VB/WD=0.654628
DP=604.898705 VBP=0.278235 VB=0.731765 WD=1.252160 VB/WD=0.584403
DP=485.812708 VBP=0.283913 VB=0.726087 WD=1.391786 VB/WD=0.521694
DP=390.171091 VBP=0.289591 VB=0.720409 WD=1.546937 VB/WD=0.465700
DP=313.358374 VBP=0.295270 VB=0.714730 WD=1.719331 VB/WD=0.415703
DP=251.667724 VBP=0.300948 VB=0.709052 WD=1.910879 VB/WD=0.371061
DP=202.122070 VBP=0.306626 VB=0.703374 WD=2.123699 VB/WD=0.331202
DP=162.330436 VBP=0.312304 VB=0.697696 WD=2.360146 VB/WD=0.295615
DP=130.372553 VBP=0.317983 VB=0.692017 WD=2.622833 VB/WD=0.263843
DP=104.706197 VBP=0.323661 VB=0.686339 WD=2.914660 VB/WD=0.235478
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Vout = 0.200000
R —
DP=753.175939 VBP=0.272556 VB=0.637444 WD=1.047348 VB/WD=0.608626
DP=604.898705 VBP=0.278235 VB=0.631765 WD=1.163461 VB/WD=0.543005
DP=485.812708 VBP=0.283913 VB=0.626087 WD=1.292396 VB/WD=0.484439
DP=390.171091 VBP=0.289591 VB=0.620409 WD=1.435562 VB/WD=0.432171
DP=313.358374 VBP=0.295270 VB=0.614730 WD=1.594523 VB/WD=0.385526
DP=251.667724 VBP=0.300948 VB=0.609052 WD=1.771011 VB/WD=0.343901
DP=202.122070 VBP=0.306626 VB=0.603374 WD=1.966949 VB/WD=0.306756
DP=162.330436 VBP=0.312304 VB=0.597696 WD=2.184469 VB/WD=0.273611
DP=130.372553 VBP=0.317983 VB=0.592017 WD=2.425936 VB/WD=0.244037

DP=104.706197 VBP=0.323661 VB=0.586339 WD=2.693971 VB/WD=0.217649
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Vout = 0.300000
T T S T S S
DP=604.898705 VEP=0.278235 VB=0.531765 WD=1.067416 VB/WD=0.498180
DP=485.812708 VBEP=0.283913 VB=0.526087 WD=1.184696 VB/WD=0.444069
DP=390.171091 VEP=0.289591 VB=0.520409 WD=1.314787 VB/WD=0.395812
DP=313.358374 VBP=0.295270 VB=0.514730 WD=1.459077 VB/WD=0.352778
DP=251.667724 VBP=0.300948 VB=0.509052 WD=1.619106 VB/WD=0.314403
DP=202.122070 VEP=0.306626 VBE=0.503374 WD=1.796574 VB/WD=0.280185
DP=162.330436 VBP=0.312304 VB=0.497696 WD=1.993370 VB/WD=0.249676
DP=130.372553 VBEP=0.317983 VB=0.492017 WD=2.211579 VB/WD=0.222473

DP=104.706197 VEP=0.323661 VB=0.486339 WD=2.453512 VB/WD=0.198222
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Vout = 0.400000

bR L EE LB E R R E LR LA EEL L EEE L ELEEE AL EE L EE L EELBEEEEEEEEEEEEEEEEE L E L EEE L LT

DP=485.812708 VBP=0.283913 VB=0.426087 WD=1.066172 VB/WD=0.399642
DP=390.171091 VBP=0.289591 VB=0.420409 WD=1.181732 VB/WD=0.355756
DP=313.358374 VBP=0.295270 VB=0.414730 WD=1.309699 VB/WD=0.316661
DP=251.667724 VBP=0.300948 VB=0.409052 WD=1.451387 VB/WD=0.281835
DP=202.122070 VBP=0.306626 VB=0.403374 WD=1.608251 VBE/WD=0.250815
DP=162.330436 VBP=0.312304 VB=0.397696 WD=1.781892 VBE/WD=0.223187
DP=130.372553 VBP=0.317983 VB=0.392017 WD=1.974080 VBE/WD=0.198582

DP=104.706197 VBP=0.323661 VB=0.386339 WD=2.186769 VB/WD=0.176671
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Vout = 0.500000

bbb EE R EEE R EEEEEEEEEEEE L E R E L E R LA R R E LR EE R EE R EEE LR E R R Rk e e L

DP=390.171091 VBP=0.289591 VB=0.320409 WD=1.031657 VB/WD=0.310577
DP=313.358374 VBP=0.295270 VB=0.314730 WD=1.140927 VB,/WD=0.275855
DP=251.667724 VBP=0.300948 VB=0.309052 WD=1.261566 VB,/WD=0.244975
DP=202.122070 VBP=0.306626 VB=0.303374 WD=1.394726 VB/WD=0.217515
DP=162.330436 VBP=0.312304 VB=0.297696 WD=1.541673 VB/WD=0.193099
DP=130.372553 VBP=0.317983 VB=0.292017 WD=1.703792 VB,/WD=0.171393
DP=104.706197 VBP=0.323661 VB=0.286339 WD=1.882604 VB,/WD=0.152097
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Vout = 0.600000

LE L EE R R LR E R R R E R R R R A R E R L R LR P L E R PR L LR E R E R E EE L R L R E L L B L

DP=251.667724 VBP=0.300948 VB=0.209052 WD=1.037580 VB/WD=0.201481
DP=202.122070 VBP=0.306626 VB=0.203374 WD=1.141951 VB/WD=0.178093
DP=162.330436 VBP=0.312304 VB=0.197696 WD=1.256332 VB/WD=0.157359
DP=130.372553 VBP=0.317983 VB=0.192017 WD=1.381600 VB/WD=0.138982
DP=104.706197 VBP=0.323661 VB=0.186339 WD=1.518695 VB/WD=0.122697
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Vout = 0.500000

LR E LR b EEE R LR LR EE L EEE R EEEE R L EEE R EEELEEE L ELE R EEEE Rk ek

DP=390.171091 VBP=0.289591 VB=0.320409 WD=1.031657 VB/WD=0.310577
DP=313.358374 VBP=0.295270 VB=0.314730 WD=1.140927 VB/WD=(.275855
DP=251.667724 VBP=0.300948 VB=0.309052 WD=1.261566 VB/WD=0.244975
DP=202.122070 VBP=0.306626 VB=0.303374 WD=1.394726 VB/WD=0(.217515
DP=162.330436 VBP=0.312304 VB=0.297696 WD=1.541673 VB/WD=0.193099
DP=130.372553 VBP=0.317983 VB=0.292017 WD=1.703792 VB/WD=0(.171393

DP=104.706197 VBP=0.323661 VB=0.286339 WD=1.882604 VB/WD=0.152097
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VBP=(EG+kT*In(NV/NC))}/2=0.567826 DP=NV*exp(-VBP/kT)-NC*exp((VBP-EG)/kT) = -0.000000
VBN=(EG+kT*In(NC/NV))/2=0.542174 DN=NC¥exp(-VBN/kT)-NV*exp((VBN-EG)/kT) = 0.000000
VBP=0.000000 DP=NV*exp(-VBP/kT)-NC*exp((VBP-EG)/kT) = 28000000.000000

VBN=0.000000 DN=NC*exp(-VBN/kT)-NV*exp((VBN-EG)/kT) = 10400000.000000
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Impurity Atom Density Resistivity Resistivity Substrate Resistance (Rs)
N type Wafer P type Wafer 1 cm? P type Wafer

16 -3

10 cm ~0.5 Qcm ~10cm ~ 0.02 Qcm
15 -3

10 cm ~5 Qcm ~ 10 Qcm ~ 0.2 Qcm
“ 3

10 cm ~50 Qcm ~ 200 Qcm ~ 4 Qcm

Rs = (L)(p)/(A)

For P-type 1 ¢cm x 1 e¢m silicon chip with a thickness of 200 u m,

Rs ~ (200 2 m)(200Qcm) /(108 m?) ~ 4Q ;

VBP=(EG+kT*In(NV/NC)}/2=0.567826 DP=NV*exp(-VBP/kT)-NC*exp((VBP-EG)/kT) = -0.000000
VBN=(EG+kT*In(NC/NV))/2=0.542174 DN=NC*exp(-VBN/kT)-NV*exp((VBN-EG)/kT) = 0.000000

VBP=0.000000 DP=NV*exp(-VBP/kT)-NC*exp((VBP-EG)/kT) = 28000000.000000

VBN=0.000000 DN=NC*exp(-VBN/kT)-NV*exp((VBN-EG)/kT) = 10400000.000000
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SDGs

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

Yoshiaki Daimon Hagiwara, AIPS
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