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(A4 74X ME, 6 H15H~6H30H)
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3. ARBOWME .

FHlao ;o2 T, Virtual Conference & 7o 7=, KEEBEXREFF2 (IEEE) FfEoD
KIGHFEESFH T, 1960 FOF 1 EILIK, L FEICHMBE S, 2008 F0 b, EFERMMES
nNasdZ b bgoiz, ARIOSFHEDOMMZE B EIX Seth Hubbard (Rochester Inst. Tech.) T,
7nu 75 AFEEEIT Arno Smets (Delft Tech. Univ.) T&H - 7~

AENE, 60 HELHH 1,2004 (ZOHOEHRTIX, 1,216 4) OBZMBENH oL
DETHDH, 6% BFETHD, M1IZ, ZMEEFTOENARZRT, EiTlE, O%
EH5234., QFRAY 754, QHARG62H4, @F—A 7V 7604, @EEIAL, OV F
BB524 DA RE514 @TESIL. Q7T 2204 . OFT X 24 LDIETH - 1=,
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X 1. EBI&IMEE (Prof. Seth Hubbard i)

2%, ERERGXER R~ 5 ENLIBMFEDOT T AT 7 FERFERH - T,
ERI T, OXE2784F, @FE65H, @ FA Y56k, @A > N34, @ H A3, ©A —



A2 NZ VT30, @HF 24, @7 T R221F, @QEE20M:, @A T o HX 1T, @A
A 16, DIETH - 7=,

B3 1%, ERmXMEOSEMNAREZ RT, 28N TIX, OAREA 4 : 5 4aSi K EMST
. @AREA 2 : I v a4 NEEWER R (CIGS, CdTeds L NTI-VIfE) 7244, GAREA 3 :
IIT-Vik3 L OVEE611E, @AREA 6 : a7 2 h A . AN EMmIN ., ®AREA 9:{ZHH
PES8HE, ®AREA 8 : £V a2 — b, #liE, BIL OV 27 A550F, DAREA 1 : Kl X OV
2471, ®Joint Sessiond5{f, @AREALL : H &M E, FAE & T l441F . WAREA 5 :
Xy 772 VE— 338, MAREA 12 : BUR, M. ¥ &35, @AREA 10: U —=x
L7 ha=r A, ZHMEZ304. @AREA 7 : FH A KB EMIGE, OIETH - 77,
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4. Cherry AwardZ2 EE L R ERSEE
Cherry Award Chair T & % Prof. Eli Yablonovitch (UC Berkley) X ¥ . William R. Cherry
AwardDfEfE (£ 1) . ThETOZEE (£2) OoRWANRR I,

# 1. William R. Cherry Award ? #% #&

This award is named in honor of William R. Cherry, a founder of the photovoltaic community.
In the 1950's, he was instrumental in establishing solar cells as the ideal power source for space
satellites and for recognizing, advocating, and nurturing the use of photovoltaic systems for
terrestrial applications. The William R. Cherry award was instituted in 1980, shortly after his
death. The purpose of the award is to recognize engineers and scientists who devote a part of
their professional life to the advancement of the technology of photovoltaic energy conversion.
The nominee must have made significant contributions to the science and/or technology of PV
energy conversion, with dissemination by substantial publications and presentations. Professional
society activities, promotional and/or organizational efforts and achievements are not
considerations in the election for the award.

F 2. ZiHFE TOWilliam Cherry Award® 5% E

Dr. Paul Rappaport 1980 Dr. Allen M. Barnett 1996 Dr. Jerry Olson 2011

Dr. Joseph L. Loferski 1981 Dr. Adolf Goetzberger 1997 Dr. Sarah Kurtz 2012

Prof. Martin Wolf 1982 Dr. Richard J. Schwartz 1998 Dr. Keith Emery 2013

Dr. Henry W. Brandhorst 1984 Dr. Christopher R. Wronski 2000 Dr. Ron Sinton 2014

Mr. Eugene L. Ralph 1985 Dr. Richard M. Swanson 2002 Dr. Christiana Honsberg 2015
Dr. Charles E. Backus 1987 Dr. Ajeet Rohatgi 2003 Dr. Pierre Verlinden 2016

Dr. David E. Carlson 1988 Dr. Timothy J. Coutts 2005 Prof. Eli Yablonovitch 2017
Dr. Martin A. Green 1990 Dr. Antonio Luque 2006 Prof. Vasilis Fthenakis 2018
Mr. Peter A. lles 1991 Dr. Masafumi Yamaguchi 2008 Prof. Harry Atwater 2019

Dr. Lawrence L. Kazmerski 1993 Dr. Stuart Wenham 2009
Prof. Yoshihiro Hamakawa 1994 Dr. Richard King 2010

Al sz B &1L, Prof. James Sites (Colorado State Univ.) T, 27 &b i KB &E M O 7
NA ZWYE | RFIZ, CIGS X° CdTe #HE KB OBRA D =X LOFITICEMDN H o 72 &
W&z,

=B AEEE L. “Comments Focus on Thin-FilmPV” LB L T, 171 7=, CIGS = CdTe
KBEEMZFIZLT, N Xy v TORRIMEOZEO~To#ATHDL Z & HiH
RAEMB A OBENEE TH D, CICS OHAEOL R OBEN RO iz, #HEKEE
DEDFELDOFTHEIZONTHEER SN, Oa-Si TE,. CRSn A&k 2¥ v 7k, @
CIGSe TIX, Cu% Ag T, Se &2 S TEIMZIZL DX T 2fk, @CdTe Ti, CdSeTe (2 &
HALF v » 7 fb, CdZnTe X° CdMgTe IZ LD E ¥ v v 7 fb, @WCITS 2 TlE, W< 2D Y
T—vary, @ T AL FRTIE, 2HONV—va B, bdHEbz, 5%OD
FPEIZoWTh, axXr Mk ani, 4%, OFK= 2 MEE, MBS IE & E O F
M ORLA R, B G SCIEB RO . @F W N1 L 7 XTIV HEMR roll-to-roll
B, SIiZ U TAEGLA T MR, BETHDLEE LD,



5. AEEDFEYI R

T —F IV BIOHFF#EERETLIZ, KEEO N v 7 AE2HEINT 5,
5.0.1 ERAREE:

Christian Breyer (LUT Univ.) (%. “Dawn of Solar Age: On the History of PV in 100%
Renewable Energy Scenarios and Future Prospects” L E L C. Rifi#H 21T > 7=, 183940
Becquerel D B BRI F VD . 194042 H 23 H O X)L HF DO Russel Ohl O KB EMD T A 5
7 . 19544 @ BellF D BLAE O K5 #th O I B 2 KEGEMICE D 2 LAl <57,
EFEKGEMOFBNFLLOEBLEY 2 — LRV AT LI AXA NOEBNIBL L, BLE,
VAT A3 A T, 110~2102— 1 /kWp («— 2164 — 11 /kWp) DO EIRTH 5, 20504
OPVO R FEE A& THl H 10TW, 20TW, 60TW7: &, @13 H 5., 4% I1L. bifacial PVSSi
2T EANREETHD, 2050121, 2hE30% D KGEME Y 2 — L HHEBLL L 9,

Renewable Energy Potential —

‘ Non-renewables
. waves

» Wind

Annual renewables

SOLAR

23,000 TW per year*

Natural

Gas‘
Petroleum‘

Source: IEA SHC, Solar Update, Volume 50, pp. 2-3, April 2009

*: Solar energy received by emerged continents only, assuming 65% losses by atmosphere and clouds

4. KX L X =MD XX —IZxT 2HR7T ¥ v L
(Prof. Christian Breyeri# /# & k)

1.5C World> 7+ UV ADOEBOIZHIT1E, HARET X/LF—100% (RE 100) @ EHLHR
METHD, KA ALF—1E, MO VX2 T, K4IlZRTE1E, 3HiZn
RTvvxNVvEAT 5, Solar PVIZ, 7). B\, ik oH o, HERKBICEMK TE 5,
2016411 H (2. Marrakech TR & 7= COP-22ClE. 482°E 23, RE100D ¥ — 47 v k& 7E
LCTWb, /JNVUxz— ARAXVG TLITT A, TAAT L RTIE, BEIC, REL0023 5
BLLTW%, 20504EDPVY = 7IZB T 2 Tl . 5~104ER[IL. 5~50%72 > 7223, BLTE,
30~80%<‘:ﬁﬁéﬂ‘(b\éo AREEIZ. PVBX Oy T U ®a & b, power-to-X?D K 41T ®H

o KFEL AZ L WREBRE, BEIMA, BREHMET. B B8, KosaIcinz, = xF
~‘/?<7‘A2:0)1’** . XX —F % U T electricity, green hydrogen’s &N E Kk S iz,
M 51%, BAMEZ X LY —EADIR (20154) & 20504 D& A Tl Z/~x9, 20154 D



FAEARE = R L X — 3 A%, 22% T. Solar PVIZ1% 218 £ 72\, 20504E O REL100>F U #
2B WT, SolarPVIZ. 69% & 5, /&7 b72A 9, 2019 DPVD BFEE A& 627GW
72 2050 D AR RE 2L X —100% O FEBLIZMIT . S LR HHINEEN  LETH D,

Electricity Generation in 2015 and 2050

Solar PV
° = Wind

m Hydro

N Geothermal
Biomass/Waste
100% !
o Fossil Coal
B Fossil Qil
o Fossil Gas

o Nuclear

= Others

o In 2050, solar PV accounts for 69%, wind energy 18%,
] hydropower 8% and bioenergy 2% of the total electricity
. mix globally.
Gas generation is only from renewable energy based gas
I (bio-methane and power-to-gas)
Nuclear power still accounts for negligible 0.3% of the
I total electricity generation, due to the end of its assumed

technical life, but could be phased out earlier.
. - . . . . . . . ' source: Breyer et al.. 2017. Solar PV Demand for the Global Energy Transition in the

2020 000 204 s Power Sector, Progress in Photovoltaics;  Ram etal., 2017, Global Energy
years ChristianOnRE System based on 100% Renewable Energy - Power Sector, report

=

primary sleciricity generation [TWh]
. \, w

X 5. FAERRET L —EAOE (20154) & 2050 4 D& AT H|
(Prof. C. Breyer #2fit)

5.0.2 Special Session-1:
“Towards 100% Renewable Energy” & @ L T, Special Session23 {77z,

(1) Nancy Haegel (NREL) %, “Toward 100% Renewable Energy: Trajectories and Challenges
to Terawatt Scale Electricity Generation with PV “L B L T, TWA 7 — L ~D LB IZ DT,
Shklil, £31Z, k=X AF— EHEBLOPVOBRZ RT, PVIE, Eﬁj{@,@\ﬁ@m)
XHEFTEN, S TWwiwn, TWR 7 — L OHkik A3 L \E’C“Z?)é o A b MERE. (B HEME
5@@ LTW5, 5%I%. Schockley-Queisser Limti## =, % 3 A KB, KA h& 7

VIR A MEERAN—A T et R BT 5, TWRA S — v Tid, = & b fEEM

rfovLE’J Ko MEFIHOA R, PVOIEEREA . MEZh RO ELyield, A b —Y D
HE, A7 TORGERM, PEETHDL, M4IZ, TWF Y LYoy F U A EHEAYA
AT, TWATZ —/WZ % & PVEEYOH KLend of life v~ — U A v FEGEHTH
7~ %circular economy, Agff HEIHSCE S 20U A 7 v &0 MEOBEFIH, HES
% &2 B 4> B sustainabley . FEE I/ > TL b,



£33, ~wExF— BB LTPVOELR (Dr. Nancy Haegel i i % 1)

2017 2018
Primary Energy
Energy delivered 157,000 TWh 161,000 TWh
(all fues)
Average Power 17.9TW 18.4TW
25,700 TWh 26,600 TWh
Electricity Energy delivered
16.3% of total 16.5% of total
Average Power 2.9TW 3.0TW
A54TWh 585TWh
PV PV energy delivered 2.0-2.4% of 2.2-2.5% of
electricity electricity
PV average power 0.052TwW 0.06TW

4., TWFrLorvorFUAEHEAYA X (MRS Bulletin 45, 159 (2020).)

Table Il. Definition of scenarios and associated size of the TW Challenge.

2050 ESTIMATES

10 billion people
3.2 = 0.5 kW/person for baseline

DEALISTIC

SCENARIO

|- ASSUMPTIONS

LABEL Energy W Challenge PV needed*
demand to provide
relativeto ~ (AVerage 5o of the
baseline BNEL energy
—le S Eiehs s 100%  32+5TW  100=20TW
(business as usual)
Total » Electrify everything.
electrification * Supply all electricity from
(lower bound renewable electricity. 37% 12TW 37TW
(o) ) « Deliver 100% of electricity
requirements) directly to end use.
 Retain ICE transportation.
Current  Retain natural-gas
infrastructure infrastructure for industrial
(upper bound processes, heating, etc.
 Retain most of today’s
power plants. 180% 58 TW 180 TW

on energy
b requirements,
example of many

scenarios using
long-term
energy storage)

= Use renewable electricity to
make hydrocarbons from
CO, in air to replace all fossil
fuels used today (assume
50% efficiency).

Grido 7 v 77 L — R{TIL, stability with inverter-based resources (/XU —=x L 7 k1=
7 A D EFEF) mtransmission, storage (/X 7 U | pumped hydro, solar fuels) | 723 %
Thd 7=, HEIZ, TWF v L > P T, demand management, new infrastructure
AR, policy, WFZEBRN, HEETHDH EF LD,



(2) Marta Victoria (Aarhus Univ.) (&, “Synergies between Solar and Wind: the key to
decarbonizing the European energy system& @ L T, BN D = x /L ¥ — 3 27 AT 5 Mt
i ka7, BRERERO B2 6IZRT, AL =V S F—axyvarsRry
FU—2 % G0R S, PVOL AT AICE LT, aX b EELE, BENEELOET L
RFEN R EN TV D,

Results: sensitivity to wind and PV cost

— %

2850 TWh 1.0 2850 TWh

v

1

o

o
(e
o
e

Wind energy (av.h.l)
o
(o]
Wind energy (av.h.l) |
o
(o]

0.4 ! — 0.4 / :
1
0.2 : 0.2 1
1 1
1 I | 1 L l 1 1
0.0 0.5 1.0 15 2.0 0.0 05 10 15 20
wind cost (relative to reference) solar cost (relative to reference)

Even for very cheap PV, no 100% solar system is optimum as it would requires large (expensive) battery capacity.

6. JA&JJEPVD =X k& (M. Victoria et al., Progress in PV, 27, 483 (2019).)

( 3) Keiichi Komoto (& 9 1% # #4fF) 1X. “Decarbonizing Transport: IEA/PVPS Task17 PV
and Transport “& B L T, Wik 0B ORRFBIIZOWVWTE KL L, IEAIPVPSO X 2 717D
HENRILONEDOD TRIGHHE L A7 LB HBB EMRFTERS] OHFIRI 218~

Weekday use:
Long-distance
60 commuting
@
E‘ 50 Cé C3
= .
£
=, Weekday/weekend
3 40 "Weekend use: use: Active use
& Long-distance cs
2 weekend leisure C4 *
T 30 s
_g’ Weekend use:
= 20 C5 Short-distance
o * weekend leisure ~ Weekday/week
& . - end use: o
§ 10 c7 Suburban use * Weekday|use:
P co Short-distance
c2 . commuting
0
0 1 2 3 4 5 6 7 8

Driving frequency [day/week]

Fig. 2-6 Representative driving patterns

BK7. REHETNZ—2 (NEDO TKIGEAXEE AT 2HBHABHERTEES ] TIH

&5 E, www.nedo.go.jp/english/index.html)



#5.

HEE 2 — Y —DOREMMEN N2 —> (NEDO TKEGEHE S AT L H A B 5

BaEES ] PE#®EE, www.nedo.go.jp/english/index.html)

Table 2-1 Representative car usage patterns and user images for evaluating introduction of

onboard PV

Pattern

Type

Driving distance per

journey (km)

User image

A. Weekend use

A-1: Long-distance

weekend leisure

150 km for 2 days
(Sat. and Sun.)

Use only on weekends
(Sat./Sun.) for visiting distant
locations for leisure, etc.

A-2: Short-distance

weekend leisure

50 km for 2 days
(Sat. and Sun.)

Use only on weekends
(Sat./Sun.) for visiting nearby
locations for leisure, etc.

B. Weekday

B-1: Active use

50 km for 4 days
(Mon., Wed., Fri., and
Sun.)

Use actively on weekdays and
weekends

/weekend use

B-2: Suburban use

5 km for 4 days
(Mon., Wed., Fri., and
Sun.)

Use for visiting shops and local
destinations, on weekdays and
weekends

C-1: Long-distance

50 km for 5 days

Use only on weekdays for
commuting to distant

C. Weekday use

commuting (weekdays) workplace, etc.

C-2: Short-distance | 15 km for 5 days Use only on weekdays for
. kd commuting to nearby

commuting (weekdays) workplace, etc.

NEDO K HEEL AT LKA EMRFNEZE S OMATEH O LD -6 L L T,
7, REMETAF—0, £51C, HBIE2—F—DOREHEHNF — ZR"T, PV
FeEE AT — ¥ a »Rpv-powered vehicleD B % . Hi ik 5 B~ OPVE AT LV . COHITHR
PVITish O RBERIL KA HIFRFS D, KBEHEIZ, EHHMICE T, E@wHBATE, 4
LENTHRET D, C. BreyerZ /b — 7 OEIZ KL, 20504F ODPVEREOTWD 5 5 |
BAEM22TW, ERFM19.1TWE | FFEOEARHFHFIND, L —e 2L LT,
V2G (vehicle to grid) . V2H (vehicle to home) 12H (Infrastructure to home) , 77 A PV-powered
vehicles to X728, & % L ik X7,

(4 ) Matt Stocks (ANU) /X, “Renewable Electricity as an Enabler of Urban Decarbonisation”
L LT, space cooling=CheatinglZ %t 2 B AEARET X /L X —OHBIZE T 2 B R &
a7, HERIERE AL O 28T cooling® RN 2 TH Y | solar PV A9 5, — 7. space
heatingix. solar PVE <~ v F L7ewy, &5, wind speediZii< . AN~ v F T 5,

(5) Christian Breyer (LUT Univ.) iX, “Decarbonizing Industrial Processes — the how stuff”
LT, LERDCOSMHDBUR & FFRkZ ik ~7z, TERDOCOHMHIL, 27% %2 5D D,
b TR TIE. 2050412, 25,000TWheiZ72 A 5, A X/ — 7 =7 (green
hydrogen) 23, ik 9, B AV FER TIL, RERXR—AD KR T ARLKFEN, BREHE & 2
2R D725 95, 8k, AF— VER TIX, 2050412, 5,000TWhe (272 5 5, CO it H X,
BT BN D TEA D, green hydrogen?s, I 5, AIZER TIX. 20504E(Z, 2,000TWhelZ 72 A
9o RENXN—Z DRI AXgreen hydrogen?s, i 95, 7 MER TIE, COHH X,



BT ONDTEAD REX—ZADKFEN, i 5, WEIZR LK T, PVIE, 2050412 1%,
—RERZNLFX—D69% % HDDHTEA D, LEREIK T, 20504 (2 1%, 25,000TWhelZ 72 5 23,
70% 1%, Solar PV23HH 5 Z & 272 A 9,

5.0.3 Special Session-2:
2T AR EMIEL, S %ONRHEO —HA2M 5 LS TR Y., “Battle Royale on
Hybrid Tandem Solar Cells” L L T, Fhlt v a ™M Tbhiz,
(1) Marko Jost (Univ. Ljubljana) 1%, “Perovskite/CIGS Tandem Solar Cells — Can they
catch up with Perovskite/Si tandems? “L B L T, "R T AHA R RX—ZXADHX T LhENITD
WT, BETE L7

Bea
. u - ¥
Best Research-Cell Efficiencies e NREL
52
n Cells (2-terminal, monolithic)  Thin-Film Technologies Soite
ched © CIGS (concentrator) ('MWM 4. 28 NREL
48 ® CiGs (6,143%)
IMM = inveried, metamorphic O CdTe Solatun o
'V Three-junction (concentrator) O Amorphous SiH (stabilized) ), 9424
|- ¥ Threequnction (non-concentrator) o
4“ A Twojunclion (concentrator) Eg'efg T
a Two-unction (non-concentrator)
Fourunction or more (concentrator)
40 O Fourunction or mare (non-concentrator) NREL (6)
Single-Junction GaAs
A Single crysta
B[ A concentrator i
V' Thin-fim crystal el NREL T
o Crystalline Si Cells peciola WAE - - - ANREL
X2 @ Single crystal (concentrator) Varign Lo NRE :“; y "f NREL (255 A
g ® Singl crystal {non-concenirator) 2160 NREL s e : = AN A
B- O Mulicrystaline = Radboud Un a HZB
C gl @ Siicon heterostnctures (HIT) == >
I} WV Thin-fim crystal NREL T
S
=4 =
w BN, s s
= J, Watson A= ===
[0] Research Center)
O 0F
16
12
8+
4
UL v N NREL
c U. Linz (ZnOPLS QL
0L 1 | R A Y | S O N N [ S [ A (N | N N (N [ AN N Y N SN L S SN S N SN L O
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

8 . Best Research-Cell Efficiency Chart (NREL) : https://www.nrel.gov/pv/cell-efficiency.html

8127”4 XL 91T, perovskite/Si. perovskite/CIGSH > F A KIEEMD HFEIERIT.
HZB?D29. 1%, 24.2% ToH 5, R F Lk L LT, Si, CIGSIZ, N> F¥ ¥ v 71, leV,
ETNENIIRHEDLD D, Z< OFEMSIKEBEMIT, Rl 7T 7 AF v #1E T, CIGSIX. rough
REHEmMBDOT, 07204 by 7 VOHILEAHBE T 2008 ETH 5,
perovskite/CIGS%Z 7 A KBGEMIZIH W T, B FEHERNIOx K (§10nm) ZH W5 Z &
T, #hHE21.6%BE LN TUWAD, Self assembly monolayer (SAM) L FETEH TW 5B,
Dip-coating MeO-ZPACzDSAMZ W5 Z & T, R FAEBAZEIT% DCIGSE N KX ¥ v
71.68eVDR_Ra T AN A FDHFF AT, HIBIZ LV . #%24.2% (Jse~19. 5mA/cm?, Voc
~1.76V) B, BFo5NnTnb, K¥ vy MEFLOZ®, #RKEFFFR KW, RETH D,
vIal—y3 b ENTUW T, perovskite/double texture Si, perovskite/back texture
Si, perovskite/CIGSe# 7 LA KBGEM T, %=, K%, 32.5% (Jsc~20.6mA/cm*, Voc
~1.97V, FF~0.80) . 31.4% (Jsc~20.01mA/cm2, Voc~1.96V, FF~0.80) . 31.0% (Jsc
~19. 7TmA/cm?, Voc~1.97V, FF~0.80) Z##E L T\ 5,



(2) Frank Dimroth® (FhG-ISE) . “34.1% GalnP/AlGaAs//Si Tandem Cell “& 8 L T,
B GaInP/AIGaAs/Si¥ v 7 LT DWW T, G L7, 2017412, 203 31.4% ., 20184,
333% &R L TWe i, Al 2h$:34.1% (i fE3. 987cm?, Jsc=12. 4mA/cm?, Voc=3. 177V,
FF=86.4%) %2R L7=Z &2 WM& Lz, N-VE{LAKBERIZ, FHAN A A T,
MHBER/NEL, A%, MWW rRT EolZ, B#IFABICEI2aA MNEF Y L HBHFED
FH@EBHIZ LD, FEBUET 22— LT, $UWpLFTEZX¥—4F v b L TWb, KEEM
5 1% 1%, front contact/cap layer/n+-AlInP window layer/n-GalnP p-AlGalnP hetero-structure top
cell/p+-AlGaP n+-GalnP tunnel diode/n/p AlGaAs middle cell/p+-AlGaAs n+-GalnP tunnel
diode/n+- GaAs bond layer//wafer bond//SiOx tunnel oxide/poly-Si coated layer/p-Si base and
substrate/SiOx tunnel oxide/poly-Si contact layer/nanostructure/back contact, 7> 572 %5, IlI-V
fLEWmEIEIL. 48umTH L, SbedmzhRlbze Bfs LT AIGaAsI /LB /LIZRA T,
GalnAsPI RAZMEH TH L, ZNIT LY, I FAEADJsck39. 4mA/cm®)> 5 40. 2mA/ cm?
2ok L. 200 mESiAR b AE/L T, Jsc&42. 9mA/en’IZET 5 TE CTh b, 20214F 121,
BHRI6~3T% NI ONDTEA D LDETH D, HEMRE TIX L. 9% B HFELNL TN D,
HHAKRGEEME L TOAT v FHEREINTWS, Electric Mileage 15km/kWh Tl #f
fSit Lz V7oA 2800kn/4E (BAR O Z 2 #54) | 10200km/4F (1Z1F 42) I2xF L T,
IIL/V/Si% T Az Rvicga, 42000kn/4F (BIAR O AIZHHE) . 14300km/4F (1FI1F
em) &, ARThLEE LD,

Space

100 OB £
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9. The 2020 Photovoltaic Technology Roadmap (J. Phys. D: Appl. Phys. 53 (2020).)

(3) Zhengshan J. Yu® (ASU) 1%, “Blade-coated Perovskite on Textures Si for 26%
Perovskite/Si Tandem Solar Cells“ & & L <C . Perovskite/Si% > 7 LB /L2 DWW T, i#H Lo,
8IZ/RT K DT, perovskite/Si% 7 L KMGEM DR EZHRIT, HIBD29. 1% TH %,
Alal, h#26.2% (Jsc=19.2mA/cm?, Voc=1.82V, FF=75.3%) ZERK L= L & WE L1,
INFET, hy 7 EBIIKRBMLELD]Jsc=18. 2mA/cm?/18. 1mA/cm®* T, ZWE24. 0% 77 - 72703,
REHEI D 726 . S #ELIE . blade coating (7' 27 v 0T 3 v R#EE) N BRA S,

10



19. 3mA/cm?/19. 4mA/em® T FE I N TW D, FEEIL, e 7 2 A b Cse. 1MAo. 4Pb (Ig.9Bro. 1) 3/
e Sios T o BEAE oS ¥ v T A KB OE M T . PDMS/Ag/IT0/SnO.
Ceo/PTAA/ITO/a-Si:H(n*) /a-Si:H(i)/n-Si/a-Si:H(i)/a-Si:H(p*) /IT0/silica/Ag. 5 72
%o

(4) Daniel Lepkowski & (OSU) 1%, “Loss Analysis and Design Strategies Enabling >23%

GaAsP/Si Tandem Solar Cells “& B L T, E#KKEGaASP/SI¥ 7 LB MIZHOWT, GElH L
oo BEEREI-VISIZ VT LB VOFRBEO —21X, BALEE TH D, 20194F 121, BBALEK
BE2x107 cm2C, E22% 72 o T2 A, ARl BA(LE B 1x107 cm2 T, %h#23.35% (ifif1.026
em?, Jsc=17.792mA/cm?, Voc=1.732V, FF=77.7%) ZEMR L7 L& MWE Lz, HET,
GaAsP (1.72eV) /AL1-BSFfEESiDSi ¥ > 7 A KBPE M T, n'~AlInP window/n'-GaAsP
emitter/p-GaAsP base/p'-GalnP BSF/p'/n* (Al)GalnP tunnel junction/GaAs,Pi-, graded
buffer/n*—GaP nucleation window/n"-Si emitter/p—-Si base substrate/p’—Si BSEF/Al. 7>
b7 %, NRBE L, WAL BRI, FFdcE, BB G XL 5, miE4 cm?2T, #%22.99%
NEFELNTWD, GaAsB L U'Si Lo GainPY 7B v o FtEb RN s Twnwbd, Siko
GaAsP (A7 % % 2x107 cm2) & /LiX, Voc=1.16V, Jsc=11.9mA/cm®’, FF=79.2% T. GaAs
F > GaAsP (HEN7 % & 2x10% cm2) & /L dDVoc=1.284V, Jsc=14.0mA/cm?, FF=86.0% T kX
T, Voc 124mV. Jsc 2.1mA/cm*, FF 6.8% . %5 %, fxiT. B&(Z% E3x106 cm223, #5641 T
W5, WiEHSOET /L (M. Yamaguchi et al. J. Appl. Phys. 59, 1751 (1986).) 238|H &4,
AN FE3x108 ecm2Cix, ERAAMICIE, 2hE31% ., ki, E2T~29% BB/ LD TH A D
ELE LD,

(5) Shizhao Fan® (Univ. llinois) 1%, “25%-Efficient Epitaxial GaAsP/Si Tandem Solar
Cells “LREL T, HEREGAASPISIZ ' F LA NMICHOWT, #HE LT, BEHERKEN-V/S
BT AENLVOREDO —DX, BAEE THDH, 2019412 1%, B, F2x107 cm2 T, 2=
22% 72 o T2 3 A [ EA 7 #5 BE 1x107 cm2 T, 2 #23.35% (i f&1.026  cm?, Jsc=17.792mA/cm?,
Voc=1.732V, FF=77.7%) ZEM L7-Z & Z#H®E L7z, MiEX, GaAsP (1.72eV) /AI-BSF
FEEESioSi ¥ v 5 A KB EMT. n'-AllnP window/n*-GaAsP emitter/p—GaAsP
base/p'-GalnP BSF/p'/n" (Al)GalnP tunnel junction/GaAs,P,-, graded buffer/n'-GaP
nucleation window/n"-Si emitter/p—Si base substrate/p'™-Si BSF/Al. b7 b, Zh=K
B, BRA7 % BRI, FRCkE ., BB SIC L D, WmfE4 am? T, h#E22.99% 1 H 65 T
W5, GaAsk K USi LD GalnPt 72 L DRI A e STV S, Si kD GaAsP (HiAfr %
FE2x107 cm2) v, Voc=1.16V, Jsc=11.9mA/cm?®, FF=79.2% T. GaAs t ®GaAsP (#zfr
BAEE2x10% cm2) BV dDVoc=1.284V, Jsc=14.0mA/cm?, FF=86. 0% |2tk ~=T., Voc 124mV. Jsc
2. 1mA/em®, FF 6.8%., %5, &L, L E3x108 cm22, 5N TV b, HEH L OE
7L (M. Yamaguchi et al. J. Appl. Phys. 59, 1751 (1986).) 35| & 4u. #5477 FE 3x108 cm2
TiE, B, E31%., ki, HER27T~29% R"HENLTHAI L EE O,
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51 EBE-  HEESE
(1) Shanhui Fan (Stanford Univ.) .

“Thermodynamics of light and the implication for

harvesting solar energy and the coldness of the universe” L L T, 7 L —F U FEH 21T > 7=,

X102, fix D —ADITH)LF—
— R 27 7 DSQ (Schokley-Quisser)
limitz /"9, RGBS D Ox R LF—
IN=RRAT 4 T ORRBR . SQ limit
X1 0all/md K512, £72, M. Green
o THEIERKREGER] TH, dXbh
T2, 407% ThH D, FERIZ,
Blackbody (thermo-photovoltaic) N
Multi-color (Multi-junction), Landsberg®
thermodyanamic limiti%., % % . 85.4%.
86.8% . 93.3% ThH 5, LL T, 10b.
c. d. e, f®Or—ADthermodyanamic
limit2s, XN TWD, FEREEED
T, 6T,

FRW T e —F I TWnd,
Bl1 1R d Koz, « A K
ISICIMgF2ITiIO/Ag» B D 7 o b = v
JEEEH WD Z T, BERE T, E
R100W/Mm2Z it 2 2 i HBE N 2 1% T\ 5,

12

s

b

A/
QL
6000 K=@=

7N

Positive

Negative
illumination illumination

W=54.8 Wm?

Negative

illumination

Paositive Radiative
illumination cooling

Heat insulation Heat insulation

n=86.99 %
| P Zr—
Positive Negative Positive Negative
illumination illumination illumination illumination

Heat insulation

n=4416% n=86.99 %

Fig. 1 Shockley-Queisser limit for simultaneous energy
harvesting. a Schematic of a solar cell working under positive
illumination conditions. The cell is maintained at a temperature of
300 K b Schematic of a solar cell working under negative illumination
conditions. The cell is maintained at a temperature of 300 K.

¢ Schematic of a solar cell working under positive illumination
conditions combined with radiative cooling. The cell is thermally
insulated from the ambient environment, and the temperature is
purely determined by the radiative heat exchange, with an
equilibrium termperature of 319K. d Schematic of a solar cell working
under negative illumination conditions combined with solar heating.
The cell is thermally insulated from the ambient environment, and the
temperature is purely determined by the radiative heat exchange,
with an equilibrium temperature of 2601 K. e Schematic of a
combined system that utilizes both positive illumination and negative
illumination. The system is maintained at a temperature of 300K.

f Schematic of a combined system that utilizes both positive
illumination and negative illumination. The system is thermally
insulated from the ambient environment, and the temperature is
purely determined by the radiative heat exchange, with an
equilibrium temperature of 2601 K

M10. fixDFr—ADTRLF—/N"—
NRAT 47 OSQENFRIA (W. Li et al.,
Light Science and Application, 9, 68

(2020).



#6.

(W. Li et al., Light Science and Application, 9, 68 (2020).) ., .

FEx D7 —ADTZRXILF —N—XAT 4 7 A7 A@thermodyanamic limit

Table 1 Summary of simultaneous energy harvesting systems and a comparison with systems that only utilize one
resource

Shockley-Queisser Multicolor Blackbody Landsberg
Positive illumination @ 300K 40.74% 86.8% 854% 93.3%
Negative illumination @ 300K 548 Wm™? 550 Wm 2 484 Wm ™ 1531 Wm™?
Pasitive illumination + radiative cooling 40.53% 89.67% 88.36% 95.9%
Negative illumination 4 solar heating 86.99% 88.71% 88.36% 24.99%
Pasitive illumination + negative illumination 86.99% 50.01% 88.36% 97.21%
Positive illumination + negative illumination @ 300 K 4416% 90.08% 88.37% 102.89%

a-Quartz
SiC
MgFz
TiOg
Ag

0.5

Emissivity /Absorptivity

1 4 8 13 20 2530
A [pm]

Figure 1. (a) Optimized daytime radiative cooler design that consists
of two thermally emitting photonic crystal layers comprised of SiC and
quartz, below which lies a broadband solar reflector. The reflector
consists of three sets of five bilayers made of MgF, and TiO, with
varying periods on a silver substrate. (b) Emissivity ¢(4,0) of the
optimized daytime radiative cooler shown in (a) at normal incidence
(black) with the scaled AMIL.S solar spectrum (yellow) and
atmospheric transmittance #(4) (blue) plotted for reference. The
structure has minimal absorption throughout the solar spectrum and
has very strongly selective emission in the atmospheric transparency
window, as is desirable and necessary for a high-performance daytime
radiative cooler.

11. @R—FEAKR 7+ b=y Z7HEEICKDHBHHAH
(E. rephaeli et al.. Nano Lett. 13, 1457 (2013). )
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5.2 CIGS, CdTe, I —VItEYERELIL S :

(1) “Thin Film Chalcogenide Photovoltaics Roadmap 2020” & @ L T, /SR /AFGmALR S
Tz, 3% U 2 ME, W.K. Metzger (NREL) . L.M. Mansfield (NREL) . G. Xiang (First Solar) .
B.J. Stanbery (Heloovolt) . X. Wu (Advanced Solar Power) ToH -7z, /~Fx U A FDEED
ERlX, R7~10ICEFLHHTND,

FT7T. RIAFBOEES (1)

Current and Future Challenges

CdTe CIGS
- Efficiency - Efficiency gap cells/modules
- Carrier concentration - Large-area uniformity
- Group-V dopants - Diffusion-limited process rates
- Front (p-n junction) interface - High throughput and vield process tools.
- Enhanced energy vield - Direct input materials utilization efficiency
- Carrier lifetime - Alkali sequesiration for meta-stability mitigation & long-term
- Back contact passivation/reflected field durability

- Transparent back contact for bifacial and tandem cells
- Critical mass

£8. RIAHBOEES (2)

Advances Needed: Synthesis & Materials
Cross-Cutting
- Chemical passivation & field manipulation of buried
interfaces
- Innovative materials for passivated carrier selective contact

heterostructures
CdTe CIGS
- Improved dopant activation - High rate & uniformity
- Enhanced bandgap engineering + Absorber synthesis
- Nucleation methods for large grain growth w/o CdCl * Buffer deposition
- New structure (n-type IBC) - Agalloying
- Transparent back contacts for tandem or bifacial module * SAS precursor inclusion

- Salloying
+ Co-deposition incorporation

F9. RRXAFHBOEES (3)

Advances Needed: Characterizations

Cross-Cutting CdTe
- Metrologies for buried junction interfaces - Correlation between defect chemistry and electronic states
+ Band alignment and carrier density - Characterizing growth and end states of unactivated dopants
- Recombination velocity CIGS
- Sensitive high-throughput and non-destructive metrologies to - Rapid inter-grain homogeneity assessment
accelerate discovery - More in-situ process control metrologies for absorber
+ Recombination codeposition

+ Intra-grain potential fluctuations

14



K1O. AFEEROETERR (4)

Advances Needed: Theory

Cross-Cutting CIGS
- Interfacial defect chenustry/ electronic states correlations - (Ag.Cu)(In.Ga)(Se.S) alkali-doped alloy density states
- Phase segregation at grain boundaries and extended defects + Ag/alkali interactions

CdTe * S crystallographic structure influence
- Dopant/impurities (eg. Cl) interactions - Secondary phase segregation threshold

- Dopant (de) activation mechanisms

(2) Andrea Cattoni (CNRS) i “Ultra thin Cu(In,Ga)Se2 solar cells with Ag-based
reflective back contact ” 723, XD A T4 M THI SNz, M BEEZ, £1 115
E

£11. #EHOKmEBE (KIFEONATA4 FED)
Conclusions and Perspectives
1) Novel reflective back contact (RBC) for direct deposition of
COGS (full passivation is still missing)
2) 500nm-thick CIGS on a RBC
n = 13.5%, Jsc = 28.5mA/cm?, Voc = 644mV, FF = 72.7% B — S

(10 ARC) =— CIGSe (510 nm)
AlJse=+2.7mA/em? vs as compared to Mo o ' W
3) 540nm-thick ACIGS ((Ag.Cu)(in.Ga)Se») on Mo : +—| ZnO:AI(30 nm)
n = 14.9%, Jsc = 24.5mA/cnr?, Voc = 741mV. FF = 81.8% SRS | 710:A1 (50 )
4) Light trapping designs compatible with RBC E— 500 NM
+ Jsc®™=37.2 mA/em® with 300nm thick CIGS Figure 1 — SEM cross section of a 500 nm-thick CIGSe solar cell

grown on RBC.

53 III—ViREEMELBELUEXEKREGEMSF

(1) Ignacio Anton (UPM) I%. “Static Concentrator Modules with Integrated Tracking”
LT, L —F VAT, III-VIEAWD 6 #EG /L TIE, 1435 4E T, it
R @B RAT 1% BN ER STV DA, BHEMIE, 100MVERA TH . $2/Wo k= 2 MME2s
RN, BEVBETHD, T a—BEIR \integrated micro—tracking GERE W
B NAELETHDH, BHILK (D. Sato et al., IEEE J-PV, 9, 147 (2019).) /% Y
= 7 ORI L EMN SN, Statick ITI-VESIiDERYESE (Hybrid) O EHHE RSN
Ehiz, HybridTix, #h%35.8% DIII—V3 A LK% DOFERESINAHNLRLTWVD,

Silicone lens array 3-junction cell
(32 mm x 40 mm) (4.05 mm x 4.47 mm)

L 74 / A\, |

Gl bstrat 4 / N
AP IREIENE Si cell Ag electrode
Aluminum substrate (32 mm x 40 mm)  pattern

1 2. BHT KDstaticH 55 ¢t DA Ak 7
(D. Sato et al., Progress in PV, 27, 501 (2019).)
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Bl1 212, BHILKDstaticHi B OEEGIZxRT, v RV v R, NAVLAXTY TR
(VT xN=T) .  B—HF X (AL R) OD3IMMHETOHEET —F LRI TWD,
FEESIIZHART, =X X —EE (kWh/m?) T, ~ RV v R, NLVARTY T R
o—H X T, staticld, & & . 24%. 39%. 10%¥4. hybridlZ. & % . 45%. 55%. 35%
WOF—2 NG5 TS, £7-. EUDHiperion7 2y =2 My E N7, 97 A #TICH
MBEN, 2025 FETHOT Y 27 BT, W THEI3M=>— 1 UPM, FhG-ISE, Insolight/g &
16BN ZH L T D, XAy hTAVOBE, VT VE A LOEFESLCHMBRE N2 X
NTW5, 180EHENX T, BAFM T, 21K3M4. 6% DEFHTH D, 5%IT. BB, EVOKE

AT —=varRE~DREREZEZEZTVWLH L, LT,

(2) W. Metaferia®> (NREL) (. “Growth of Al Containing Ill1-V Materials in Dynamic
Hydride Vapor Phase Epitaxy” &L T, ~"Af FT7 4 RKMH= ¥ ¥ 1 (H-VPE) 12X %
KR, GaAsk X ('GalnPHiEE S| GalnP/GaAs2 B4 % v 7 A KB ORI % Wi L
7=, WE4E 9 H @ 36th EU-PVSEC®A.J. Ptak® (NREL) @ i#{# “Status and recent results from
the development of dynamic hydride vapor phase epitaxy toward low-cost, high-efficiency IlI-V
solarcells” WE L EF->TNLHDTRNT D, K1 312, HVPELRiR A7~ T, lKax b7
VA=Y —fERHE TV A=Y —0omFHR, §ALV—Ty b L@mERENIEFTE D,
GaAsz izt b &, 300 m/hrll EXE[RETH 5,

Hydride Vapor Phase Epitaxy (HVPE)

|
— o AsH; @ i S L °
& - H,,HCl - d

Gas .y . Hel S ! ~ #“

& . |
. o —umﬁ = —_ m Exhaust
X u
[ ]
— wa ¢ o
® H [ Liquid Gallium |
2

GacCl .
Single Crystal Substrate
Overall Deposition Process:
Source reaction: Ga(l) + 2HCl & GaCl + HCL + % H,
Deposition reaction: %Hz + %As,, + GaCl < Gads + HCl High throughput, inexpensive

source materials, and high
utilization potentially lead to
lower costs

« Atmospheric pressure, hot wall process
Low cost precursors; high precursor utilization
GaAs deposition > 300 um/h [Gruter et al., JCG 94, 607 (1989)]

X13. " K74 FKMHZEZX> 1 (H-VPE) L 4E (Dr. AJ. PtakiZfit)

H-VPE T X % & E K & 5 %0 3 K5 B LB O 7o o 2k 7e Jm s 2 ) 17 . Dynamic
H-VPE (D-HVPE) 28, BE S TV 5%, 1 4%, Dynamic H-VPE ([C L % WitiE~T 1
AR 7o —%a733, K15, X1 6, K1 7%, D-HVPE k& GaAs A /L, GalnP
HEASEALEB XY GalnP/GaAs 2G5 ¥ > 7T A KBEMORKEEZ R, hFEEF, £~
25.31% ., 15.02%., 23. 7% DKW TH o7, Al BhRIL, F %, 25.5% (Voc=1.08V,
Jsc=27.8mA/cm?, FF=85.1%) . 15.2% (Voc=1.35V, Jsc=13.0mA/cm?, FF=86.7%) . 27%
(AR O =85O E) ICkBESN TWD, BHE D MOCVD f & Gads HiEA /L, GalnP
HEESE /L GalnP/GaAs 2BE X T LB NLD by 7T — 21X R K% .29.1%.21.4% .
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32.8% ToH W H-VPE R IZ & 2 KEGEMFFMEIXS D 5 IS H-VPE flR GalnP K5 I3
MOCY B D b DIZ A~ T FEEHEK D, 0. 14V K & < é%@é&%ﬁmgf%éoﬁm\
GalnP B3, BEZRLTHY, &BE AlInP FOEKICHIT T, Al Y —A L LT, AlCly
N, MEtEh s, £72, W1 8ICART X HIC, HWPEIC LD TTT-V2 #4 KiGE MO
A MEOVF VAN RENTZ, $0.78/WOK a2 MEABIFEE D,

Dynamic HVPE

Heating/holding zone GaAs zone GalnP zone

oLt e

T

Inverted rear heterojunction GaAs contact layer
1. Heat substrate/remove oxide GalnP emitter
2. Nucleate p-GaAs buffer

3. n-GalnP Window GaAs base

4. n-GaAs base layer

5. p-GalnP emitter layer GalnP window
6. p+-GaAs contact layer GaAs buffer

7. Remove from system GaAs substrate

% 1 4. Dynamic H-VPEIZ X 2 Wil ~7 n# A5k D 7 v — (Dr. AJ. Ptakfgfit)

D-HVPE-grown GaAs solar cells exceeding 25% efficiency

m N RE L e Team Comparison of HVPE- and MOVPE-grown
S s e B B B solar cells with the same structure show
r nearly identical performance
[ -
40 I T T
4V, =1.0802£0.0017V - HVPE (HC235)
Z [ JemmesEo mA/em’ 1 Voc =108V
< 2 [ Fill Factor = 83.81 £0.30 % 1 T pg| [MOVPE (MP039) i
E | Efficiency ~25.31%0.18% | | 2 Voo =110V
S o | J E
2
2 - _ £ o
8
T
JPR A S RPN TS N U B 2
04 02 00 0.2 04 0.6 08 1.0 12 5
Voltage (V) -20 -
>25% efficient, single-junction GaAs solar T
cell grown using low-cost D-HVPE olu 0‘4 ula 1‘2
Voltage (V)

15. D-HVPEIC X VK E X117 GaAs K Eth o H 1 (Dr. A.J. Ptak $21it)

Tandem Component Development

GalnP Cell
° 2 T T T T T T 1
ARC-coated
GalnP 0
top cell “FE
+ £ 2t -
v 4 $
£ 4 — HC579An17_CL |
il >
£ Voc = 1.353
+ 2 6 Jsc = 12,83 1
8 FF = 86.5%
P Eff = 15.02% -
Gans § -
bottom cell 5
o -0 —
12k -
1 1 1 1 1 1 1

iy 00 0.2 0.4 0.6 0.8 1.0 1.2 14

Voltage (V)

1 6. D-HVPE Ic X Y ik X217 GalnP K&t o K (Dr. A.J. Ptak #2t)
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World’s first HVPE-grown multijunction devices!

R
We developed the world’s first HVPE- LINREL onitismee, s
3 H 10— T T T T T O S LA LS LA n
grown tunnel jul'.lCthf“IS, GaInIP top cells, o
and two-junction devices L - B
5
£ N Jse=112 ? N
s 06 sc = 11.2 mA/cm
5 z Voc=2.41V
§ T Eor FF=88.4%
S o4 H
g o3t S n=23.7%
w2
0.1 [
OO 50 60 700 B0 o0 1 I L I 1
Wavalength (nm) 05 00 05 vu::gc (v,l 5 20 25

Efficiency is mostly limited due to the lack of
heterobarrier passivation.

5 hetero-interfaces GaAs Base: 1.0 um/min
17. D-HVPE IZ X Y i & L7z GalnP/GaAs 2 & % v 7 2 KI5 E ith o i 1

(Dr. A.J. Ptak #21fit)

Putting it all together: Roadmap for a 2J Cell with HVPE

MsP https://'www.nrel.gov/docs/fy190sti/72103.pdf

$40 ~$60/W MSP’s will depend on actual overhead costs and how
they scale, as well as cost of capital and how much

g s3s - . " . -

] existing equipment and facility space is utilized. =Other labor, material, maintenance,
g and electricity for cell processing
o $30
-]

2 Other equipment and facilities for cell
- $25 processing

3
% $20 mHVPE deposition
‘T
2
& s1s MSP mCell metallization
2 ~$16/W
s s
% MSP W Substrate (wafer, CMP, and ELO)
© 35 "$5M MSP

Y
30 ——
Stage 1: 22%, AMO Stage 2: 24%, AMO Stage 3: 26%, AMO Stage 4: 30% AM1.5
250 kW/year 2 MW/year 14 MW/year 100 MW/year
10 reuses, $20/CMP, 20 reuses, $10/CMP, 50 reuses, $10/CMP  All in substrate costs of $1/cell, 239cm?2
$130/substrate $90/substrate with CMP every 10X cell. Yield and uptime improvements.

18. HVPEIC X 3 III-V2 EAKEGEMOK 2 2 v{bo > F U+ (Dr. AJ. Ptak #£)

54 #RSIKBEMLDE :

(1) Gabriela Bunea (GAF Energy) . Tt
LT, 7—F VA1 T 72, GAF EnergyD N7 347z, 2019F O AIZE T, KH
StandardDfE FEED > Th D, 1800 E E sy (BKkM 126, k30, 77, 77V
7128) L3ODMERFEE X =D D, KETIE, 3,2006D0WEENBY ., KEOAETE
HORBRBD1/41X, GAFIC KD 0HETH D, PV KA RMBICBE L Tk, PVIZ, &L —
DEIHRESND, BIROXRBHO~OREICIT, EEZET D, BERADOY =278 PV
HEORBEERD, 7NV —TREBMIO FA Y OBT 5 REMB— KBS ST SR VR EG S 7

« >

s time to Integrate Roof and Solar” &

i
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M EN7, GAFIX. ODirect to deck, @Utilize roofing best practices, ®Integrated
and interlocking panels, @Water shedding., ®Class A Fire ., ®Aesthetics, @Simple
design, ®Warrantyil, HE L CTCW5b, B —AKARPVIX. PV/Shingles/Protective
underlayments/Roof deck, 22572 %, HEOREM L EL Xy & LT, Hfirk X OEH
EEZHIZL TS, KEIC, TNETOHDITHT, GAF  Energy (& . ®
Convenience, @Beauty, @ Protection, @Reliability and warranty. & Support. ®
Expertise, IZBENL TV D & F LT,

(2)RKEFHE D NA T4 FE L TLS. Singh (IME) C® “Development of 2-sided polysilicon
passivating contacts for co—plated bifacial n—PERT solar cells” 28, #Ih&Eh =,
Ni/Ag® i A » % % A 7= [ [l passivating contactsiZ X 5 n-PERT T. {K181E laser
ablation, platingZ & AT, k=¥ 7 MEH (<ImQcm?) ZFEFEL TV 5D,

(3) R. Woods—Robinson (UC Berkley) ¢ “Evaluating materials design parameters of
hole-selective contacts in Si HJ solar cells and nickel oxide base case study” % .
AREHFEONATA FELTHRMN SN, SinT oA KBEMDp-type top contactd %
AR DR ICE T -y I ab—arBnRE&n, NIOxDF—ZAAZF 41k b plE#
B, FFM Lo A/ TV D,

(4) S.Jafari (UNSW) @ “Boron-oxygen related light—induced degradation in Si solar
cells: Transformation between minority carrier trapping and recombination active
centers” b, KREHEDONA T A ME LTI STz, B-0PRE R, #dhSiAEMmD
HHICEHGLTWD 2 EiE, B<HMbNTWD, A, BR—=7CZ—SiDNHb&ICkRE
SNLHT7=—VREDO T v TR HY BORMOFTERMA L L TH & BOXMAFEET D L,
Oy FFE, ACLV—FTHRESND, F—EUr7EKFEHEORENS, T v 7L,
= ED VRV ERS REOHKELLMANRFELNTWVWD,

5.5 F¥ S92 )E—Tar:

(1) Teresa Barnes (NREL) (%, “DuraMAT: Leveraging field data, advanced characterization,
multi-scale modeling, accelerated testing and material development to improve module
reliability” /L T, L —7F VU i %247 > 7=, DuraMAT (Durable Module & Materials
Consortium) %, KkED 4 DO ESLH%EFT (NREL, ¥ 7 ¢ TH#F, /S—2 L —H#F, SLAC)
DOKGEMEY 2 — VOEEMEICEDL a2 Y= T A ThDH,20164F9H15H 5 @ 5 4
Mlo7rmy=7 T, DOETHIZ, $30MTH D, K%, ®¥b, HfLEEL T, =
LTS, EYa—LOHEE, 05~07%/FICx LT, vAT ADHLFEIX, 0.6~
0.8%/4E T, 4., 1.0~13%/MHEL, TV a—LDOFBEOLILRLL>TWVD, X1 9%, PV
DRBEEANGE, RE2FEUFOLE, RIEOFELZRT, FieldDd KE 53 DE Y = — VI3
LS, — 0, "EBRREY A 7 i3, #Hy, KBEMEY 2 — i, PERCOHrO~T B
bifacial & . mzh ., Ka X FOHFRAMET, HLVWHLAT =L HT D, B LA
oLk LT, /v 7 7 v 7 PID (potential-Induced Degradation) . LeTID (Light and
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7L b
AP e

elevated Temperature Induced Degradation) . grid finger corrosion & delamination,
Lo BV 2= LRXADOLHLELT, Ny v — 7Ty I7REBIARA
— FRI-BoxZfb, % ERBH D, VAT ALR_ALDOEILE LT, /£ 0 RXR—F =T v —
DHAk, thoBOSE b, shading, soiling, e EndH b, TR BT —DOEHELEETH
5. X2 012, DuraMATD EEH ) 2 -4, il # DER Y A OR BRI S iz, Ikl

Ov vy r7TF—4a8, @ERHERE, REmOoX Yy 772V -2 a o OMERREZ M
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Figure 1. Cumilative installed PV capacity from 1976 to 2019 (blue, left axis). Percentage of installations installed for 2 years or less
(red, right axis) and longest warranty (green, rightmost axis).

B19. PVOREEA®E, RE2FELL FOER, IRIEDF
(J. Phys. D: Appl. Phys. 53 (2020).)

wlalalole

DuraMAT® =2 H 1 (DuraMAT FY2019 Annual Report, June 2020,
NREL/BR-SK00-77076)

56 ROATANWA FEIUVEHRKEEMDE
(1) Michael D. McGehee® (Stanford Univ. ., CU, NREL, ASU) IZ%.

solar cells: Band gap tuning of Perovskite semiconductors and insights from a device

“Perovskite-Si tandem
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Fig. 2 | Losses in wide-bandgap perovskite solar cells. a, Spectral

21. X7 AL FPRBEMD AN X v v 7 & VoctH 2k
(T. Lejtens et al., Nature Energy, 3, 828 (2018).)
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(J. Xu et al., Science 367, 1097 (2020).)

ME T, SR b AL EDS T ARBGEMOT T r—F RIS, Yy TRV
KBEM b v 7 A O & LT, CH:NHsPbls (Eg=1.6eV) . CHsNHsPbBrs (Eg=1.6eV) .
CH(NH2):P b I3 (Eg=1.48eV) . CH(NH2):P b Brs (Eg=1.48eV) . D{ta#nidb 7=, by 7
BAMELT, AU RF v v 7168eVREEN, MEEA, M2 LIZRT LI, ~uT X
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(2) Zoft, a7 2Ab A N/SiZ¥ T AKBEMIZOWTIL, Special Session 5.0.3
D (1) BEW® (3) 2Raniuv,
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(1) Ttai Suez » (Silfab Solar ) %X . “ The Emergence of Back—Contact,
Electro—Conductive Backsheet (ECBS) PV manufacturing Technology” ¢*EL T, 71—
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Different cell interconnection materials Different cell technology
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