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Starship should be able to deliver around 300 GW
per year of solar-powered Al satellites to orbit,
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Towards a future space-based, highly scalable
Al infrastructure system design

Blaise Agiiera y Arcas ', Travis Beals™', Maria Biggs"', Jessica V. Bloom "', Thomas Fischbacher ™!,
Konstantin Gromov !, Urs Késter™!, Rishiraj Pravahan™' and James Manyika'
“Equal contributions, ' Google

If Al is a foundational general-purpose technology, we should anticipate that demand for Al compute —
and energy — will continue to grow. The Sun is by far the largest energy source in our solar system, and
thus it warrants consideration how future Al infrastructure could most efficiently tap into that power.
This work explores a scalable compute system for machine learning in space, using fleets of satellites
equipped with solar arrays, inter-satellite links using free-space optics, and Google tensor processing
unit (TPU) accelerator chips. To facilitate high-bandwidth, low-latency inter-satellite communication,
the satellites would be flown in close proximity. We illustrate the basic approach to formation flight
via a 81-satellite cluster of 1 km radius, and describe an approach for using high-precision ML-based
models to control large-scale constellations. Trillium TPUs are radiation tested. They survive a total
ionizing dose equivalent to a 5 year mission life without permanent failures, and are characterized for
bit-flip errors. Launch costs are a critical part of overall system cost; a learning curve analysis suggests
launch to low-Earth orbit (LEQ) may reach <$200/kg by the mid-2030s.
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BC 25% 340 26% 15 % 3.5 ik &
P = _ AT A, 2
W“ﬁfa“ = 30% 400 15% 20 4 12 LI - ﬁMW A
é\ ‘.‘?— 9 /‘j\ e ")
FiAAs CdTe 14% 500 60% <5 1.8 &l ”Z’ﬁ}_ fie &
. 31-33% (A 2 . AkFE, HAY

Y o 5 - —159 - EL:0 0 -5
45 4K B . M) 600—800 10-15% 20-254 (FEi) e

#3E & B Starlink, Infolink, JPL Radiation Handbook, 7 %4EAHt 5 T 17
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ZUME S EEBREMTRARAEZREI., Z4GaAshid = B REFH IR LT $ 3 m R, AR
KE|RIE KA, RAFRERAE, M ENEETIRAN: FFEGalnP (wyﬁ%‘?ﬁr) ?%F’%‘GaAs ( Bk
TIA) . KT FRGe (Bkizersh) o BB FEFEAR, RIS LSBZWMRE. ZEMIT AL E A
B R G BRE M, R REIRIANE

BRAZ. Rk, Rel= i%t%%i&k%ﬁﬁﬁ]o Z LR E IR A EMOCVDR &5 A Ry, B
AR R E . AZETPEM L 0SS, FERARS L. 20255 L R AY60-T0E T, ZAERL
WL 344 BB AR AL R A £ 100-150MW, ABXEVA ZAEAKIE B S HF0IEF R,

B: GalnP/GaAs/Ge=%: KA @ s MR B AN . FTRIAFIREEE T L RE

A B FACER I R T RAR

Wit it GaInP ke 4 % K ETAE R

F,>1.85 eV

:12:2 gzj: gzz o st | dkcwpR ] KT ] EREFS ] EKbbmi ] %KDBRIZHE
kit GaAs 2R KR ek T LR

[ b e b g5 ]_, ﬂjiiﬁﬁh"#ﬂi R cxc,t\-{{ilmmwm o i R ﬂuwjfwa [P
BésLh A% J

il Ge
1.43 eV>E,>0.67 eV

Bl
|
|
|
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2.3 XA F S ARBARRA ZLBRARS LB A

o FEIHIT. 4AMREMBEIE. B4AFT MK EAMRBERGMAAENG B ERK, AEHITEH = LEHRK.

Table 3. Overview of conventional and emerging solar cell architectures for space applications

Technology, processing

Architectures

Qualities

Disadvantages

-V MJ,”* ¥ MOVPE, sometimes lattice matched (LM) ® mature, well-understood technology @ the Ge substrate adds weight, compro-
referred as MOCVD (metal-organic CVD) —InGaP/(In)GaAs/Ge (3J): CESI, Rocket Lab, e proven spaceflight heritage mising high specific power values
AZUR Space, SPECTROLAB ® high reliability o limited flexibility
e efficiency constrained by lattice-matching
inverted metamorphic (IMM) e potential higher efficiencies above 33% ® complex fabrication process; long pro-
—InGaP/GaAs/InGaAs (3J): Rocket Lab- BOL duction time
SolAero, MicroLink, SHARP @ high specific power ® substrate removal required
—InGaP/GaAs/GalnAs/InGaAs (4J): Rocket @ lightweight due to substrate removal by @ limited handing for very thin devices
Lab ELO process (<50 pm)
e potential integration in flexible array de-
signs
e better current matching than LM
® reduced cost if the substrates can be used
several times using ELO
upright metamorphic (UMM) e potential higher efficiencies above 32% ® requires high-quality buffer layers
—AllnGaP/AlinGaAs/InGaAs/Ge (4J): AZUR BOL ® strain management challenges
Space e compatible with existing LM fabrication @ expensive and slow processing
processes
Emerging technologies
Silicon,”*** PECVD heterojunction (HTJ) ® enhanced radiation hardness than bulk ® lower efficiencies compared with II-V
(plasma-enhanced CVD) —a-Si:H(n)/a-Si:H(i)/c-Si(p)/ silicon solar cells technologies
Si:H(i)/Si:H(p)«: Solestial ® suitable for thin, lightweight substrates ® low reliability for deep-space applications
e self-healing solar cell
e cost-effective devices
e high flexible solar assembly
CIGS,***° thermal evaporation, monolithic-single p-n junction e high compatibility with flexible substratesf] e lower efficiencies compared with Ill-V and
electrochemical and ion-beam deposition, —Zn0/CdS/CIGS/Mo: Ascent Solar ® low processing temperatures silicon technologies
nanoparticle printing e high flexibility, better suited to microme- § @ less proven reliability compared with Si or
teoroid damage or vibration -V devices
e potential high specific power ® needs robust encapsulation for space
Hybrid perovskite, '*'%*" roll-to-roll and monolithic-single p-i-n junction e low production cost @ less mature technology for space applica-
blade coating, inkjet printing, thermal —PEDOT:PSS/ ® low processing temperatures tions
evaporation, pulsed laser deposition Csg.05FAg.81MAG 14Pb5 55Brg 4s/PCBM/PEIE @ different options of processing o very sensitive material under different
—PEDOT:PSS/BA:MAzPb,l3/PCBM/PEIE: ® high compatibility with flexible substrate ambient stressors
CSIRO e potential large production scale e robust encapsulation is needed to ensure
® high specific power and potential hard ra its reliability in space
diation architecture
® high integration in tandem devices with
other technologies

«Surveying the potential of flexible and high-speciffc-power photovoltaic assemblies and arrays for space applications) Algora etal., Z FiEAHFF5PT
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1IRRARETR, THLEDREN LR ) =it

o AHBRAKLEHERARZARENLENRRARAI, REZKXIA® LGS, RIFEDQ KEF S 3]
Starcloud® B, HUARILS 6940MW R J) RBF 69 KA A AAES007 £, ZRE R/ RAARE 9 R KHTG LR F A .
A3 Spacex R #T#_A, Falcon9#=Falcon Heavy#)#rkgifi i (LEO) K HM45%] 43000, 1500£7T, AT
B &AL R AL E A R,

o WRAAKLILE, REEREVRMPYXET Y. ELEFEZA24F, Wh A4 (RE2AKME) T2
i&w%%,ﬁ$£m%M%,iﬁi RO TAAZ—. FERI LGNNI E i+ T XIBEREFT, K

BARIRE AKX A DR RAES 5 ZHEHE, LR2REMR BT ARG E S5 6.
H: RRAARPEFTETHERALRZUESEAZ —

T2 4R, e sk

FIBAZEE, R K A% N T KR e fGdfE
BB 30%—-50% /| BniEAE S, BES RSN IETHATEIR. KK

Fodb % F A0
mmbe| | o R R R, zfa«%ﬂiﬁi%ﬂﬁ%
H % e ° EATITAL O 04 LA 7
VB2 - . - . . .
o | R K A A A T L R B R B S, A
}/%gf}m 20%=30% |=22%)| " 5 g &z gian spke (dib b ik 50% )
E adzin Btk A 2 AR, Ji TR R,
s S-10% | ~T% AR A E TR R S A T
=4

BRES | |0 5000 |oage,| R LEM LSRG, REERK. KAk
%% oene Yl AR AR R AT G, FRHETA S EAT

AEER| o 000 | g, A TREAEERATES, &l &4r, JHET

u R % oEe °l BRI AR R AR BRI el

BRI By, FRZIESAFR PR 20
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o LWEIRKRTARMEF BRI RERESHZX: IHIHEX (Folded) . K&K (Rolled) Fof#s/UltraFlexHE
©, RMEZ e R B TUR A LA &, vAEE A SR B T A & B 1 ax w547 .

o AEAXERFTRLLER, HFERMEEARLEEZEBEARARA LR, BRERAZRTZANLE R GES) 7L, K
7, BT 2N Ok R AR, BT SEISST 2000412 i@ i3STS-91E 432 T v f K. Pk
MEE I EED ., 5%, MAEZHAEROEERRER, ARXEINERBARY L RLEE. BY

UltraFlexF200748 %, £&A T AZH (MEO. 6E0) KA/ K ZHERMTE, al

_.( Body Top
mounted mounted

=" Integration _ Rigid
mirigid i ~ into substrate
Solar cells ‘Emirigid — : 0]
Flexible |« Solar cell
assembly :
T /
Solar cell
- (_Deployable [ soirce
wing
Flexible
| and
hydrid
substrate

3 &R :  (Surveying the potential of flexible and high-speciffc-power photovoltaic assemblies and arrays for space applications) Algora etal., Z FiEAHFF5PT 21
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2.3 BRANKES| R ERLIME, REEEFHLEL

o IEEZXAMBRALEEMAFRELR, LEARMEFZTSAEDEREL (Vkg) . EEE. BEORPVMAEL
M A B RAFH. LFk, B4 KEHEAF XA E R G 7 @I, tHliE m AR &2 TR,

o YA EANIAIEX (Folded) . £B&KX (Rolled) #HH /UltraFlexH &A% ; KB XKERMN A T —RAKI
PEMBERFE. OB EXN: AL EZATTERT ZASFAEFRZN L, RESEBIMEI LR, FHRENEE
B EN M, RTEREHE ~40 Wke, ISS LegacyEAX#20 Wkg, OXKBER: KA AL, HETIHITEY
KELRSE, PIREM N TIHRAEIK, TEHES, BFFRMEMIZ. 1SS iROSAEMHELL >100 Wks, ZFIR
RSk, OFH/UltraFlex: HE WA ZHHET T RS, HEHBiEF SMegaFlexsh R bk 250w/ kg, 12 m T RF
7 NRA @R, RES AR EZ], Phoenix K RN BFE @6, 9 m?, BRIy A F Az SR ZIRM 25 .

B: =M ZALKEFNHEREFHY, ERXRAXGREME Y RALB

. 3 b
A E2 Bl @R (m?) B (kg | HEHE W) | BEE kgm?) | BHE (Wm?) f](fvfjf Sb
Z-I & ISS SAW Boeing/SPECTROLAB ~420 ~1 100 ~31 2.93 ~45.2-61.2 ~15.5-20.9
. CMSA (¥ B HAMKR
Z-3r & RE TAEANT) 138 N/A ~18 N/A ~130.43 >40
AR iROSA DSS (#A4 Redwire ) 119 ~200 >20 ~1.68 >169.5 >100
AEC-Able Engineering (
wigw| Uimaflex € J& 5 A Northrop 6.9 62 0.25 ~8.99 ~36.2 <119
*hoenix A& % )
Grumman )
. .
BIEH| MegaFlex | ATK (LA Northrop ) ~100 25 ~3.13 7813 250
Grumman )
3 &R :  (Surveying the potential of flexible and high-speciffc-power photovoltaic assemblies and arrays for space applications) Algora etal., Z FiEAHFF5PT 22
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QAHITE KL EERELS ZHILT, ERT—RERZEAH

o HITTAF AL, FUBRELEERAERIXARES G FMHET. HITE T4 ERALEZR (2260 pm, 80-
110 umilAs ) , A ABGELABEEEN I LyZ—, MULKEEKIZERTES, E7 LI LML, Efiwy
@EE CAFIRLEM) . f)dofe B NexWafeFF L 4970 umARiE HITw b, ARIEMEEHRNEZRAAHEET I, Ok

FFL50MVEG B E B K TA A AR, B THbiE T E24 S, B, £E KT KRN SE Solestiald &I
60 umHITe, ik 0 A =, H 548 T AR 454K & B W, ik 2 30%+44 3 3 % |

A: *EERKFEEATITCHLEOunFERERT B: f&ENexwafe® A% *50-150pm HIT® &zt 5 ,
FAHIT® T L RF MK, HRBHRLE LM F AR EHITE b LEF250MW K = Al i&iT %
|nes Research & Innovation v Capacity building v Let's shine
Thin & Ultra-Thin Wafers: Available in
thicknesses from 150 um down to 50 um
= Exceptional uniformity for ultra- thin wafers
for space and aerospace applications

= Tunable surface morphology for superior
flatness/topology

Low Oxygen Content: Up to 40x lower than CZ
wafers
= Enhances thermal stability during processing

= Reduces efficiency loss in emitter formation

= Eliminates the root cause of light-induced
degradation (LID)

Precision Process Control:
Ultra-thin heterOjunCtion / = Enables engineered dopant profiles for
photovoltaic cells for space s imized junct

Home Latest news Ultra-thin heterojunction photovoltaic cells for space

optimized junctions

# B & B INES, Space X, Nexwafe, Z ZiEAHF5FT 23
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o HITHRZINIRIZRE AREE, ERKIEHIES. FEERKIAEHTAT (INES) 5CEARLA L A A EHIT
b ) BHEARRE, EIMeVEFEiE8BE, FR0° C/HArAH BEAM TEIKEIT% A Eandshgs, ZEd b LER A
K. S BGIRE G AR, BAE (60-110 um) FHH, EA TRMIER . AREFRARR. HEFLF )
A (<10kW) 1£%-, A ZRA KL R T H1EL.,

o HITH 54545 & E R MM TTOPCon. OKEZERM: § THITARRAMKBRARIE, & 7% 8 nidfe
AR W B, QHIT454 8 B E T2 £48: HITA®E 2609558 Ath (TCONTO) =T HEAF A4
KT R BRI AFBE, RPN FILRIBL LY. MTOPCon M AT & @ A 44 B E (4SiOx/ALOs)
SCIRGILHT ILF BB ENLE, FEFINE LS5 H QMR FYHE 55488 H2ABE,

B: *EERXKMEEALHCHALBEOunRERXREANIT B: £EBKEHMKAE Solestialéy K = F HIT W 7 An i 454k 5™
W EIEME G, BRAFHR I E LN 2E

Performances au fil du temps,
avant-apreés irradiation et en auto-guérison

sous 80°C et dans des conditions normales d'utilisation

solestial Comperny P e ea ™ Neinsod

“ Silicon heterojunction technology

Solestial is leveraging three decades of progress in terrestrial silicon heterojunction

Oe Avant irradiatior auto-guérison technology to mass produce ultrathin solar cells. Silicon heterojunction technology
80°C - 1 soleil .,0 allows us make cells at very low temperatures, and without introducing stress, enabling
SOo! .,. cells that are 60 microns. Silicon heterojunction technology achieves the best possible
-50 .,.’ surface passivation, enabling high efficiency on very thin wafers.
= 1 MeV e irradiation 4
\E, fluence = 1x10" e"Jcm? - = . . . ..
g -100 L2 ) 20%* beginning-of-life efficiency
e
-150 / Potential for over 30% efficiency
/.
Ay————F9® The next step for silicon solar technology is two-junction tandem integration. Recently,
-20(%0 6 i iéo 500 perovskite has been developed as a perfect top cell partner for silicon. We expect that
1) ©.0) 1 I

perovskite technology will mature over the next 5-10 years to give our silicon technology a
t(h) 10% absolute efficiency boost.

# B & B INES, Space X, Nexwafe, Z ZiEAHF5FT
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TEAARHERKXRARBAZEAR, AEAAREFBRALHETEAERE LR, TEAHIRZRALRE
CAPEX, £BEN #A02 FOPEXHRmA. ££4: (1) ZEEBEGWI) (greenfield, FPAEKRF L L EHF
#) T 5HE8000%7 £, LFEIL) 9821045, HAXRARERK, @FFE1E22F0 1 F 48 T AREKR
c(2) £BFRLAERAZT; (3) LEAIRAKS, BIEEANE, LELZI/ @% AT IHBE, Xit—
W ¥ T 5y o J) A FBIGAR

HITERA R EVHREEANER, RARESLBARLY FHRKRBEAK, MLETOPcon, HIT 41K20%49
B (2ABRMKERLIZL) . PHT0%NALE (LFEVEKELL) . THO0%MALIE (4B L/F) .
T 2920% - 60%69 Al K2, EsbZRESEERARALY F o RRBAKLK,

o B: HITEAN. J EKERAZE EHHERGRAMLE

REE
_) MW HIT K 4€29220%%, &5 F TOPCon®

#6004, F2BC %, #.64 10007k, /K 4£.,

HITA = 264 A sh1u 42 5 7T 15 5] 80%vh L, ABELAE %
FART Y 450%9 ALE R

S P VAIGW = ZH#ATRIF, TOPCONW A9 FAEW 29 4
= 64.9GWH, MHIT® e td 48 2424 17.0GWH

BAERE: RKFEI, KREIEAFRITER 25
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o [AEMINFRHEEABHFBE, 20235 REINF B RXERKR T AT, 2P ATOPCon5BCH#); HIT
I A EA R

e (1) TOPCon#f%f & £E .3 First Solar. Maxeonf2h4Q CellsF XA, First Solart) TOPCon#t %
A £ &k A 2013550 69 TetraSun/A 5] , Maxeonfegh4e Q CellstoilA K £TOPCont #), —F7 @ =4 £ £
#TOPCon+ #1544, 4eMaxeon20244F4 A £ TOPCon+ #| 7] AL i #54£Q Cells, % — 7 @ First Solard.i) ¥
A FTHERT. S, B, dh AR RS- A ALTOPCon¥ F|1f .

o (2) BCAHAIFEZHTCLY IK6)-F .58 MaxeoniZAL, MaxeonZBCHE AR F 44, 234 E T 2L HABC
A% £ 4], F)ifMaxeontL3MA HATE 28] SunPowerd) 2% TOPCon¥ #.

o A3 FTOPCon#=XBC, HITH REA FTAXNKE., HIT EARAZFE A AZ#EN3) 19875 K BRAF+ 4 )5 F T
1997 FF 467 ALA =, AT =% 5 gk 224 i K 7 & S/ THITHIBC (Interdigitated Back Contact) &
L EWHER . 20155 M EAN T GHIT #HARF AR IIL R, F %69 RS WA IZ R RAIRGFFLF ).
HH FTHITE L+ A X, A48 -FTOPCON &, b % — K AR 4,

& &: 20235 &k AR E KX EBCATOPCon® #A)fa

EE] AEFHEAK AT i ZHEER F B EF|

2023/11 xBC Maxeon = AR EERT ER. T 2ET R ER EP2297788B1

2024/03 TOPCon Maxeon | 2nadian iflc%r )( FIA5 17 £ ERLFENN AR RBEIER US8222516. US8878053. USI11251315

2024/04 TOPCon Maxeon #H4E Q Cells ZEFLFEMMNERFEIER TOPCon 3% K48 % £ A

2024/05 TOPCon KA KA ) FEL 37 A% TR % B30 kIR US9722104. US10230009

2024/09 TOPCon T AR ERFEE BREER EP2787541B1

2024/09 TOPCon KA AL ) FE 3T 48 R He i o X d g ik IR US9722104. US10230009
AP R . EP i .

2024/09 |  TOPCon Raskgy | TIAARE - PR Adani £EITC US9722104. US10230009

<

2024/10 TOPCon KA KA o 4% A7 £ B 434 0 W kTR US9722104. US10230009
FTAFAT. SaRAHR. R

2024/10 TOPCon First Solar |[4kf%. awAHEER. RE&HR RAEH REE TOPCon s R EE KR I AR E A

e,
2025/1 TOPCon #hde Q Cells| “IURAHARFIER” R FFILEBE D F TOPCon LECO#& K % #]

KRB BAEER, hRIEAFRATER 26
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BREERK. LREAETHREY KR FHiE (SS0) BHREFFL AL EHFEIE. ZE/5T600-800kn
2. 96-99° MAA XN, MA@ MR EFTENRAPIR S X4, BEXIUVFAEMR G R —i 2 §HaFE, &
SRS RRBA BT R DAL, ©F 8 B TARE8300. 0, HAFHE R THIE L., FAEN
FHEALSHF, CAAEREHERME. ROBMGERATA TS, SHEANZRZ AN FE, oos
Suncatcher. Starcloud, ¥JitX] KILAELERE /£ b3hiE X 3K,

#:50km/30km 1) FE3RF, L ATSSOMEARA £93662/961TREE X, HARAKMABAIE ) EHAG K REAMS, BATY
T80 L B A SLIEE4T, MBI AR EW LN, BHEM T EStarcloudHZ ERBRSWERE H SR, BAEZN
TSN x 3662 = 18.3NTWHRZH A, A& XFRRAINAZAEE, KB L =0 g A AL WL 4
e9Ee . Fut— Y Z R EIJE £ 30km, N ZRE T REZINTRIE, LB A Fi8UL48. 08TV, ZAITE £

FRAARN IS F AR & & BEMAHREHE-K PR id £ S0KMIE FEF=30KM 8] 2E F 454 3662/9617

o A: SSOMERBEWKAYE, HLETN

A5 HREHKRS

&R F#R JF&C BE F 2R A %C
(KM, *HE i 96— (KM, R=3b3k-P3 (KM, (KM, s (KM, R=3uik-F3¥2+ (KM,

99° ) EA+HEZE) C=27R) f4 96-99° ) B HE) C=27R)

600 6971 43800 630 7001 44000

650 7021 44110 660 7031 44190

700 7071 44420 690 7061 44380

750 7121 44730 720 7091 44570

800 7171 45040 750 7121 44730

780 7151 44920

EHEKE (KM, =R 9% B K EA) 222100 810 7181 45110

©) . o
BHEKE (KM, =RHHHEFKERR) © 311900
st B2 4% (A, FIESIKM) @=0 4442 st T E&E (A, BIE3KM) @=0 10396.7
/50km /30km

NENTEHE (H) O 780 RNENTEHET (H) O 780
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o REFHNEEEH¥OREN., FE&AFEFRR., LB kStarCloudit X MEREREAKRERZLNZ
HEFMT G, FEMIBEENEREFHRE TR —MRE, ASRIIA S HAEQ DT ERT R EF £,

e OStarcloud: 7 SSO #LiE3E 4 kmx4 km HARMED A, HAHAESE AR EE D EREMN, ZE2LRBT
RS5OV RAHEE. BRMEEEHAY. OB FRMA: F—E@ATHFEHIN LA, REH
ENMEGN T ERG ARG, RETAARGKIOR FHEFR. QBRRABAK: FM%E—d, H%—i
%, REBMVBLERA. OFBREF: F AR E G ISR IR IER, TEER S ARERE I, RIE4
L BRBEAKRERIK, KA GBIRERAS 2R HR R,

o Q@#AFSuncatcher: AR —#iE/2EH A EF) A6 81 MITEARMBALRIN, R &—FhEFLPTRE S
KK 81 42 BARMETY RZE 324 B, %22 100 kW (LGP KA R T 4AHE) (FH, EHEHE 32,4
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. s o A T 2k o B SRAREERARPHHEZN, AHFE
& B: Starcloud 165 m AR FMTER S ANE A4S RIS 15R A B 2 A
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£E AL HE bk fEIKRZR. ZFHEWANEB R VIR, EEARTIHREKZEARH, HTEE
HRAZGHIRZ) T, B EEITC (BEFTAMRL ) FER ZF. RIESEIAZIE, 20245 & E 738 LR
FAIASOGW, [ H3EK20.5%, Hibddsh b 80%A £, FlHIEK30%. £ EKKT 5L —A 2B M9k
J i, H R E ST E 8 A A KR SN

BAIR K PG AL (ITC) KBk, mALFEANESARS:, £8P A ARKR30%ITC F202544%
FRBOE, EE5 B ks ZAMNER AT, R E 158 7 3373 A . A ARt A PR AR a9 R AT,

£ E BUR BSR4 5 T R AP FE6, AR T AL A TR,

B: 2020-2030EF £ B AL AKREMNER (GW) £K: £EAREREALSFHIEER

TR AR T s AL b s ,
60 K e BR/FERE (1pgtallation) TOEM /L
i 0 50 e P T - :
50 M N L GIE s e e ]
AL VE /A% %58 R 2o
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XEEEE AN 3R F- B0
2025 7 A EMKERFEE|EREE LK KT IE
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, s o e | 3EIX 2028 BT [ % g
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& 100GWHR AR RAAIEA Y RAERIATIEG L H Bk, EABBT CAAHERATTT, AL
AN B HATEALR] 220284571 A £ 29 100G W 0 K AR AL,
. IR EE S A RIR. AR KA R T SS00MW-1GW R E, S LE L TREAN T 56
By, ARILASE) L AL TR AN 60 AT U e SR A By
o PR BEMELRT AT, HSETRBEIAFRARATIRE, SHLEMRN . B Zmt

AENZ950%89 Section 301 kAL, Fo54 b FImAD/CVDALE, BHEIHBIA T A, KA EA B TR AL
BARIE . GEAEL L4 P I R AL, EAIRRRRZE5HE A THTNH R TRICKITEA.

o5 XMBEREHE, AENALHBUBRRTIESHEE #24

B AR F 4 Ak K IAEAIDCIZ AL

PRk

Wi B (solar cell,
AR T HERLE)

XHELA B HLE | K14 &ix
K (solar wafer) Section 301 50% B 2025-01-01 A24tat 7 B kR ax F AEAC
% # A (polysilicon ) Section 301 50% 55k | ) % A8 R FIRAEAL
3 2k A5 HOA 25% -5 E 50%, K
Section 301 50-60% REAAMENI%REE 0%, AR

AHAA TR 60% (FERFTRZLT )

AD/CVD ( BARA4H/ R AN )

25 9% —30%+ (FaapLE i) ;

5 AD 238.95% + CVD 117.41% (
China-wide entity )

B FE TR B Sl WA
F AT

301 & A FUad ey sa it ARIEE A

Section 301 50% 25% 329 £ 50%
204F (module)
Py . . 5 Section 301 &4r, & v 3| £ EH FHIR
AD/CVD ( R A4 /R AN ) 5 d b h AR X 18] ki B

ARG (RRFIEEE)

Section 301

035 5,138 - AEHL

2024 %735 %5 2t 14 Kk &% FHoan
ARG R R & S Ry v &)

¥ 3B B Infolink, USTR, £ EIEFHHEAFMsL, Z FZE AT T
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30 £H: AIDCHE L HBKZE Tk, MME—IRILE RSB ‘
A AR, e REIE

SOOCHOW SECURITIES

[

o EZFARLAREY, A—HRULERERMELF LHRAKRYS. A GEREA Hraxtisg, L&k
RGN, ERrAGHEHT R LGN ETATH., HIE, 455745 A AKLEN 5 Megapack it f8ATIRT AR
SR A, LR AR LSRN, AT RERREAS TR ERE L EHRE, RAVAIBTHA 2 &
A AIDCY 7] A By 6 & &7 1)

o R SAHBLARBIAT, KE—AOERERELSY RRNS S 6 LESORS

BRI R, . _ . i}
pokms| & (ki TOEAE R gumy | #e [FERE ) appg sampg | RETEE | paonn | zama | ADchcERgE
kW) 1E) 2 (S TRAZE)
800-1200 |0.06-0.08 (4| 3-64 F /6-12 PR 10305 99.8%-99.9% :
b 7 b o g #4: 5-500MW %/ 5 5 P (EFLA |, . . e
e ($B3R) 7)) N - b it AT o ($4FR) | IKAAM 7 EAATRE SR, &
MASA 1200-1800 |0.04-0.05 (Bx&~|&-FE3R) A% 0% | AR WKAPHIR: 12/ )f’%ikm’ffgj P A 99.9%+ (F&4 |4 <25ppm ﬂg}s\ﬁi} ; ) AR ie Kk EAAEE AT
(BAOE3R)|  483F) & F B 1] B i 7 A 53R ) e
s 24 0.1-20MW o oy | AAXNTHEWR, &
AP 600-900 0.07-0.09 2-473) 10-20 AR | 5-10540 R AT | AR S 99.7%-99.8% RAR (iR (E;’E'E“$’ SR ERY £5 R XA
i S <100MW 4 < 50ppm| &1+ £ KI ) e
0.08-0.10 (464 FiRB: <305 B4 0.12MW b E (3 | &k I (Aa/a
) N MBACH | R e o g PERITRIR, | HFTMRE AN
SOFC | 2500-4000 | s 007 (g | 134 A 105F WAL | BiE ke 1208 #ﬁ%;gﬁl\;. 99.9%+ R HEAK LEALUAR | AIDC) , A KA
B4 ) %R ~ W & A Pk ) PRAEANA
Kk #3El-
1200-1800 |0.03-0.05 ( #3R 6-124~F (& P O SRR 1000MW TR JE 1 ik ey F LR S
| Caiitere|  mE) | emrie)  |2030] |2V ERREL gy Tesng. |10%85% )[R CERNE s am, wan
Rtk Sy o mA | B fER: A RRBLE BRI | Kok |E4HE, i ey o
£, f48510.06-0.08 (FR| 122408 | F Yoty 7 500MW S 00vI0ay, e = o) | PO R RE B
He40% ) —ME) | R+ ihhe: AikALER, | © A #
£ MR
5 ek, z ¥
Mkt Mt A jf]j:%;f;t‘%f; Mt $351000- D9.9%+ (4ZHE,
A Fe/H | 6000-8000 |4Z4E: 0.04-0.06 [#hk: 8-124F | 40-50 # ;;;)T. 1:@ ol 3000MW AATHR) Tk ek & KRR ARE AT WIR,
# WA WA 0.05-0.07| M 355 | F | B ;Z,J\HQL;%&%% o $£3510- p9.8%+ (i, | W F EHRRAER
3000-5000 AL A% (£ B AA ) 100MW R HAT)
AR A: <
0.01 (A n | G 055MW | 99.999%+ (& | FHRA | 1K (B AL
wr | soso0 | 7). e Tasla0] o [RRET O okwtu | S aaAonE |, % | SHMERS | ETES SRELA,
A S eI B T ek |SI00MW (REE|100%, #ER| H#H | £BE, 4D | AT ERRKELE
0.12-0.15 (& % T ) KE) 500g/kWh |  AF£EHR)
HiEAT)
KRB McCov, IMARC, Z ZiEABFF prsid 32



30 XE: HMEREF T REARET, SRFL) T HFRY

) 250

o BMBEALEBHORST R, BT LS AED S MIEL R AT,

(1) BHH®RT L) Big:

eI AR RIS T A M Ak T 49 RA L) (JRSolarCity /= 46 23 ) AT KAAZKE, B #720265F 1 /= 4L i4 5|
300MW, x4 ™48 B 474 10GW,

KFageap A = Kb —,
T AVZARM . RIEFTN

T10GW .

Wi fe & B o SR A 7 A

LR AT A B AR A
(2) 3 MAFET) AR

o H: HMEBHEARKR AR EEBETL ) tik

VA K
ek B R A
N | 2026 2 300MW,
manAEy | F, Aedrag| eI
K FEEEM -
@y (Frak) ZR %y FE
I A1) ZAR M % P i
2 KN AR ey 3

¥ 3E KB Tesla, BloombereNEF, #Z &iE A5 BT 232

W ERIA, BARARAZEARLR KR

AW EAEEE S ANERIFZEL) ik, £5 %%
fEEFERTN S, HHRIEERSANARB R, BERTEIAS S
X T W44 LA 89 B RBR

TRAEH, L2

RBFBFATE (e OIRAF R GANESH) , Bt—F 3y K4F

o B: 20255 AAHET L] TR AIOEE4L F,
Fi12026Q1.K8 A #f dix

Standard Solar Panel Tesla Solar Panel

6 Power Zones 18 Power Zones
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JIXRE: HITHSAFRAZK, RRESRFLFHLBER DEERE:S

SOOCHOW SECURITIES

e HITEAEWHRAMELIZF/ATHASZILA & %: TOPCon4k = L%

st %, RAZRRTOPConE E 448, HITA R E

BAK KGR, AR RA LA AR TLHP  MARE saialdia)
X HF B E IR S AP IR S, AT PR IEZ) A RIR A #AEAL, Bk, R
PERC/TOPCon®. i) T 44k, #tA= 2] b3 4 3R P puy  EEEM %%:&ﬁg] Kok, deF
7] 4k Z) AR AL FAEARA). dbor )
o THETRAENHILAE, HITAHKTOPConL &
BAKAAT) . T BEE. KeH£ZTFEP AL, LPCVD BEEN, akfE. Rk
% A M AARS Si0,/Poly-Si
FRAXAXBOANETRAL, BARSL LpPEPYD  PECVD el ARMAG. LAM. BA
Hiahyit, \
PVD IHAK
o &k HITEAFLHFEWY PEALD T AU
] R FARBR. aKfa, Fa, BN,
ILHRY  ERE EX I8} " T A7 464
Bk
. Wk RESA. BARE (ZHBRKH SR B T IEAM Pt . Intevac. H AAZ
R e 30%) « FohEM. YAC ‘ o L
BB PECVDR  EAMA. AREN . #iEhe), 2 &X &R RAEARE], LIHF
L & LR UN T ik Rikikg  REGL kieel. FAES
o PVDiZ & BAHRBAY . BB RR. ARG EL@ALO, ALD . A
RPDI&  fefbhel. B AL, HAHL ER®@SINJS  PECVD B e, FAEE
Ep
WARIK & &gzzm BAHRAY . BREA . FAESA) PR 1 25 &4 P Ep R BB FERER

BRI KNG AL, K RIEAFIHT 34



JIXE: HITRESAFRARK, RREGLAFALFHLEER DY Es

SOOCHOW SECURITIES

o FTEARFERKXREANZRARAEZZRE, T ERRFEILT pkt) 2 R84 E &RAIE $)| &IALZL KB K
AmEERAFRAFALIRARTENISEESL (FINEEIAT A FHE), AERBEA] ARE
LY RARA T & )N ]~ B &ARIE Z AR A

& AAETOPcon, HITT F 460%MALIE (4B LF) « F430-40%KA0E (LAY KIKBELEL&ES
T HEERY23) . FH420%HAKRE. BR0%GHEHR (LABRKELL) , BREZRESELBARALY F
B HRARBE AL, BN, &4 BRSO SHALE HHHITEL X EA LG £ B TAARKIKA EE, st
TOPConfE £ B @ s & 4] 22, 11 H0E E K848 & A8 4)32% & First Solarg T A & A TOPCon gy WA R £ F),
FELPEE FETF AT, L E e A SR I 4 2203045, AR, AT RZRBAEA Z
PR GG AT Hy R T GEA BARAX.

B: A% FTOPCon, HITT $K20% 4 KHK. F430-40% H:. £8 S ARESRKLE. HITELK

WRRE. FHO%RGATEE. FH20%HANE RABIK, REMREAE, RMTOPConE inE
&) 000 A B, HITEET 430007 £ L/GWEEE It A
ol AT (ou+inL) / 6w g,
REE/ew/E k= aw/E

\ 60%

20%
\ I \30—40% I \ZO%
T

TOPCon HIT TOPCon H TOPCon HIT TOPCon HIT

BB R B REAy, FT4EAR . Solarzoom, ZR =IESEFR BT 35



31EE: HITSAAERAEI, RRESLEAFHRBELR [7) st 25

o HITAEZEHOPEXKFEH0.054T/w, ILTOPConA 0.02E L/ WHKH. HITH A = djopex E2H AN . &
S B Akl F v AN d, ARENE, HITEZEEB®AE FOPEXKF 40054 T/w, AAHTOPCont90.07%4 4
WA %-0.02 £ 7T/w OPEXAL e,

¢ B: HIT5TOPContk £ E OPEXK-F R E

HJT TOPCon
£EAF IARF(ELARE) (D 70.0 70.0
AT ABER AR (A (2) 6.0 6.0
HRIFH YLK (3) 4.0 4.0
IR AT IAME () (D) 20.0 40.0
BEAFIAFHEE (7 ET/GW) (5)=(1)*(2)*(3)*(4)/10000*365 1226.4 2452.8
FFEERARFIIE (FET/GW) (6) 1226.4 1226.4
BEARFMELE (FE£T/GW) (1)=(5)H6) 2452.8 3679.2
E& b (5 ET/GW) (8) 6600.0 3500.0
T B Amikae Xl (7 £T/GW) (9) 6000.0 10000.0
E&+ et il (7 EZA/GW) (10)=(8)+(9) 12600.0 13500.0
IR () (11) 5.0 5.0
HBF RS HH BB (FET/IGW) (12)=(10)/(11) 2520.0 2700.0
£EKFE (EA/ZHK) (13) 3.3 3.3
HEMWAKAE () (14) 220.0 600.0
FHEKFELE (FET/IGW) (15)=(13)*(14) 71.9 196.2
£Ew % (£T/KWH) (16) 0.05 0.05
HGWHH (GWH) (17) 80.2 123.3
HERF L (7 E£TL/IGW) (18)=16)*(17) 400.8 616.3
% OPEX (F £7L/GW) (19) 5445.5 7191.7
% OPEX ( £ 7T/W)(20) 0.05 0.07

HIBRR: Wind%, A ZIEAFFRT AL 36



SOOCHOW SECURITIES

FEFI T LV TINEL ELISTET )P SNy ) 52l

o PAAREBAHEE, TARENMHRRARL., PARRBR B BT K, KfafeHREs, LVEaRK.
J Mo AFSH KB, 24T P R R FAREA R, )4 ih 45 69 F 39 R R 3% B 512 2200-2400kWh/m?, %9
ARE KSR RRBIRE 1.5, PRIA P RRGHRREIERKERFFERZ., £04F. FIRE. I
Z 5 E RIR B0 £2030-20504F RE e LR AE A ALK T, MESIATAMIMENA ( F A AL IEHIX ) 49 R HT
¥ EAE 20244 09 5GWR 42 HH 52030469 35GW.,

& EAFTRHRAREIBR T RIS LEMEREHT R, RIEGTREREBOLF), BRIMEHRLNL®
$eIR. A AR, TCLY R AKRE, 2oL EEKIAMR T RKRER . SEftE 2 UL T 48 E, 48
X B TF2026F8 B & F R ZRLBERET, BREEZS|E. FERREZEOH B, REMKAE
A X R AR,

A: 2021-2030E MENA# 3 AR EMERK (GW) B: BEAYFIESLmigd & EgAE

EMENAF 3 EHF (GW) oy )w'ﬂ‘
1 sk 2 AR A B LE ) 1 M | T2 026F #ndK
Sl >z ~ B )2} <7
TCL % 3% WA v %Mz‘o&gﬁ;’; ﬁi::’i T smi2026 48

RERM | DHFA RIZLRAEI 36V/F 7 6820254001 3%~

#EAR T % TOPCon, 2k 3k, 10GW/F /= 48 (2025404 4%~

FAR B R AR 46N/

£ Fit+202653% =

2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E 2030E

F¥3E R B MESIA, &N N A F I ARG BT 23R 37



SOOCHOW SECURITIES

3.3 P ERRELE A DT LA D G2l

45 r

40

35 -

30 -

25

20

15

10

OH: 20235 EFENBENERSE LA

FPEY KRAR BZFE, 202320255 EMERLE LA, RERFOUTENEHEE K, 2025520, ¥
AR BT EENEZEXNRAKIO0 GW, HFHIEEANIA3T9 GW, FHEK54.7%. FPE 120265
I FAFHILE|41.5GW, FIIEKIS%, FFitR|£20304F 5% IR EFAEF280-320 GWE) H A7,
2025-20274- 811, it B AR AR G BIIGAM FE11.5GWp, Lk ZE155GWp, AR #E*
6. 5GWp. [EA%eL. SATEIR. SlAH. KAk, EAYE. AF A4, BELREPELL
MO ARH T RIE =455,

OH: FEARSLARSEWR S@IEL ™ EAAE

AT A EE P 2024 F8 2027 Fie

x (GWp) (GWp)
H I A E —_—
TR (0D o wAsi | DA®T stk 2.840.6 8.8+0.6
1 250% (Longi ) e Py i 6.5
H 3
A (JA ; s
1 200% Solar ) A ) W, 3.5 8.5
Do | EFESA |
(New East | PR & L a1t 2.5 8
1000  |Solar/ZNShine
) PP R R T b 2.5 8
Do | BEEEK
( Solarspace e W, - 5
14.3%
170% )
2025-202748 44 #73 = 4% (GWp ) 11.5
L 35 -56.5% 1 0% i .
2025-2027 1, #3738 7~ 4% (GWp) 15.5
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ -100%
2020 2021 2022 2023 2024 2025 2026E 2027E 2028E 2029E 2030E 2025-2027# i #73& = 48 (GWp) 6.5

¥ 4B RB: pv-magazine, SINO VOLTAICS, Z 2 AAF7 FTEIE
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SOOCHOW SECURITIES

34 ST R EAE RAAK, B2 R4 T AR DY e

o MEBIENE RBAOABKE AR T LG A FoeAe, B FREHEEEIE,

W, 5 E PR IR B 48 AR TR 3) 59T 09 1.5GWHAK B sEEPCH B . — 7 @ idsM bRk sh A £ 7= 48

&, IMELT, BSEERTLEZS T HIPBRES LEERFRMY, LTHEZ ST FEEPCALS

BINE P NERREEL QO THE Fattt o,

& F—7\mE NSRS AT R 5B R IR T REEIR, )R P IMRAE R IRAN S 09 G124 R
AR S . BITT T Sl h#5 T k4 07 MHE 4 A 2K B Al BN R KAAR daikah b T, saftagiy
LT AT E RS F B AT LB R K A4l R, B AREEARAETET “HBAhE .

o FAMVAA, FWZBEI MRSV ARTZ], B2 E ARSI B IBFZIR T4, RFF ERER AR LR,
AT ETE RSN ZFREAR — FAKP S BAKP., B E . UTEE AR, B Bk ik E k.

*

B: ¥ EARREHLE TEIART Y K LA

o g1 A ) ) ‘ ‘ o
EARREE — mEREETE > BFREAARLE
P AR A
WA LY
2 L s BN AR ‘ B . , AR e
IR JerrastEpc 0 T HEPCEAFAR > RMESAR > o e

WE REEAK

E A R4 L PERRSL

S phRiwng 0 BSRERTRE > BFREHAHARE

B AREEHRB A X AGREZTHE: BHAKEGHEANRE. HMILE. ATRARZR. oA ER. &0 XHBL

MR B TCLANE, 2R BEHEIE 8 %, PEEEMN, A EIEAFR T 390



3.4 MU RARZAE LB, BFERETALEEIE

IRmIEFF

SOOCHOW SECURITIES

[

o LAFTEAROVHEE +EIDLAZTRTZTT, PERRERERERT ALK, 2019F0 %, KA
% RARS Wik £ R HLF R FE LT 48, RIS EREPFEISE RIMEH TG E 746, FIF

BT #H Y FE, RERRKEERES L

FAFREHINTE, FEBREESEREE A RRE P B EF

B, AR ENRF AR TRGEGREFAIELRE, BE2B+2ET.

kP EAREEHEIIBALREATHNIKRS. ATEDRKAKREESTGEINN B RE, BT R454%

Faih A A4 & i B ARAR T A, 2025H1 898N & Fb4- 5 A 23%F220%, b Be AL W, Fa 5 3] BRAY M S IR
B2 A 11%F28%., BATIADME T A EF R G R T4y K, A RE FXET BN B AT
BT

B: 2016-20234F B w9 K KKK & 68T M T

B 18] HERH ZF KHEER BT A0 (7 L) KA 5 e A 3 K
20165 | ahBAALE / 382 17,600 /
20165F | &b BALE / 35 17,280 /
20174 R Ay AR & JEAL 1,549.61 £B
20185 R S AHAE R & JZHL 3974.23 LkHT
20194 R Ay AR / 9,266.41 /
20195 R4FL suAHEE R / 2,645.10 LiA®T
20194 R SAHAE R / 1,330.40 £B
20194 L RA KA / 1,421.52 B

‘ 2k A ) £ -
2020% | fEid | Kalyonk B 500MW 3¢tk Z; 1k 4£EPCH B / rE
20214 | BHMBh | SAELR 15 9,100 A
20214124 | ARy | RECER 400MW HIT# 3% & / /
20224 &i@g Adani SC-1600 # 3= X 3 &b 47 / A
2022568 | B Ay [FPEAZEI L 4.8GW HITH %% & / 104
20224 = I Ay Adani JE YA A | AL 6,000 P
! . 2GWE S Bm L% &, 518 ;
8% 2
202248 F | shZALE | Adani Solar ok R A AN T / PE
BB R B Wind, ZNa] oz & ZLE KRR BT

B: 2017-2025H1F B W X KR L7 &9
BN & P

45%

40%
35% r
30% r
25% r
20%
15%
10%
5% r

0%

i B AL,

BV RN e 35 ) PRy o L 213 4

23%

20%
11%

8%

2019 2020 2022 2023 2024 2025H1

2017

2018 2021
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—. 2025F AREZEHERTG K, 20265 F4F
U OREEARRABENF&ENEE REK

U S RXZEIERABERF, AMREELARERKE
. ENRE T RELEK, ENLE THNE

 XEEHARRKE LI EARAFEZN
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41 ¥ EARBAE R SHAOKEE S, AATIKNYEIBE ) Azt

ZHHRRITLFE— I, BB HHMBEAZR., RGBT EFNES, BARIEF, EHhiTlk
HNKIARY IR, AT ET R, BREBTHENF AT EFNR, ThBI =40, RIFEFED
T, AT aed FME, BE@HBE ARG R, FTIERIGR, ITHH—47 4.

HARBARZRY AT R L —RBEAKE LI MIRGDER T —REGHEREMRAGER. AELLHRKE 5
HRARZERAB), LETYHETROBRRKBRERL S M, BREABRFAELRAERL, (1) LHBERE
B RATHRAKR: —FRAGZETABIHEARKERKF, LHEHETY, SR ES, 24524
FRAR G, BAREKR, ZamBARAEMS . AR, BEARK. A (2) BREHLREGE K.
20155F RARARSO A R T F Tl e O REE S, FURA TR LDBL,

o B: AERAALIFHEHA. BALSH. ZE=% & B: 2015-20205FF B £ AT 3 & L RREF L (%)

EATH

100% | 00%
90%
80%
0% t 65%
60%
50% 43%

40% - 31%

30% 20%

20% 5% .

10% | .

0% | 1 | 1

2015 2016 2017 2018 2019 2020

BA ARSI RZH*
ey K

BRI CPIA, HZIEAHFRAT 42



41 ¥ EARRE R SHAKEE S, BRI ELBE ) Azt

® 20155, ERBBRABTAR “4isE” TRKFITR, SLFRAHFBEARMRE B TRELN. HERAELA T
UIARFF X EH. RIE2015F1A8H LM EFNIITEA M (ReAMMEFE EHFE) , PTIE “Raaksns
#7 RAREETHRLE A AR AARER G0~ o0 Dk R P, KEERRA XTI, Eke
BOARBET et ARIEL . BERIE).

o ikEF| “Aized” ABBAF BB AR TG EHAARCEAFHBBELI1T%A L, B {AERRK
WAL A A S MR X B16.5% A L, XHBRE RS GG RGHNEE L 2]20%F18.5% L4, 5t
F X % 3k do 5 AA R RKIREK.

o B: 201554 “4asad” SL#HERF B8R

% & AR LA e 3P g AE W 20 AR 6 S L AR 2R A i ) 16.5% A7 1 7% VA £

_’ (X RER % Gh A fe oy A2 0, 0 09 $EAL R Z 55 31X 2 18.5%A4220% £ 4 )
2015‘#‘7‘54}:\ —> %fﬁfﬁtﬁiéﬂ/f%}ﬁ EEA éf%;}%)‘ii Lé’] 30%¥A .J:—
“’éﬁﬁ@%” ]
KA~
S8 AT R BRARBRAR. FRLAR R ST I LR 6 b B AR A R 5 51 A 2]12%. 13%.
13%A=12%VA L
% St FAAEREE AN R AR FETZ AL, —FARREIINAST

2.5%. 3%F25%, ZEHFZBRERSTF0.7%, TELDEMREHAZRERST20%

BRI BILKRR, K RIELAMLH 43



41 ¥ EARRE R SHAKEE S, BRI ELBE ) Azt

o EA¥AKLYGEBIRESNNEZNIFEARAREPERCH AR AR LEAS. (1) 2RNEWIEARARK: 2457
KB bR R AR K, SR KIE R ERE R E 64-51%, B R E35H15%~20%,
M TmREMER, EREWMERERTES, REATS @, EXARXK—FHKBI R “FRT7 , BAK
OB T AKX,
1, FRAT BT RAEFGPERCHARILL, 5 EAH KL, A ah ek ET42350.8%-1.0%, L% dh
R B4R #00.6%-0.8%. 4R & AnPERCHEA 89 A Y & hofg 13 5 Gl BL LR P

o B: 2RENERATE TR (LA )

1.6 r

1.4

08
06
04
02

4B KR CSPV, A ZIEAHFFT

1.5
1.2 -

—#a

—%a

0.1
Il

0.2

0.11

0.088

2012

2013

2014

2015

2016

2017

2018

2019

*H

24%
23%
22%
21%
20%
19%

18% -
17%

16%

(2) PERCY I AL : 20145F 15 2 et ik, A b ase B, AR s

- B REvs B RsE

— bR

—_— F h bR

10.19% 19.2% 19.3% 19-4%
18.7% —

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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A2ITURE LR ET, REH—BRARERRIFHEE ) Azt

® TOPCon¥ /= S FATUEE X8, REWAT RFBRARMTERNTE S, #HEREE. BT L4
TOPConZa 1 #9344 E.A20234F7 A #91.437T/W T i 22026551 A ¢90.747T/W, TOPConZi 1 #2448 /) B &K,
I A AT Ak E e A, AEFNIT R AR F LB A G 1T )5S

o KM B MBERKRESE e, FIFA# T LEERT. B E20265F18, CPIARFNA R T,
4 AT AR RAKIN A RAE 0.68-0.70T/W X 18] (AFL. FAHE) , KT ZARAKFEZAT AR A E4E
PR, EATLRERET T T, BAMEMRATIFSED, I T ittt %F%%&ﬁﬁ?%
PiAid gl R, AT L GEFF X ik hF, MAEMRSTRRTRE, —F & LB AH 2455, IEHK

RFLHEN, FH—7 @it it = S A ERF G TMNAZ LRI, FFLEHAREL éﬁ%ﬁ%i)lvz%uéﬁ

MARET T E, AR HEARESAEARESL S5 1L, w8 K 354 TOPCong Z#ALh £, HIT. BCA
SEARA -ah AL & RS SR R ik A, LA SEFT R T @ BT £ 0BB. EMA S U EIETE.

& B: 20235 FHHEUARTOPConA bt T (#45: /W)

o+ B ILENCFH40): TOPCon£E A4 (182*182-210mm,2 10mm, & F X)) W B I (FH0): TOPCon B A4 (182*182-210mm,2 10mm, 577 X,)

LG (T 349 40): 3 dh TOPCon£. 74 (182%182-210mm)

15 r
14 ¢
1.3
12
1.1
1.0 r

09
0.76
08
07 t P F— 0.74
06 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\0.69
[ SN 5 T SO TN 5N TN S J S TR 0 T wS T S TR S TR SN TR 3 TR o TR 3 TR A N N TN S N SN T 0 T w® TR o TN\ O 5 JON 3 TR w0 T w N N T S SN S T 3 U T 0 U S T 5 T S U S T 0 T s T 5 T 3 T
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