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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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LA ETRARKEARES| LR MERESHZX: IHHFEX (Folded) . A&EX (Rolled) FogyH/UltraFlexE
©, R Z KR EILARAIBIT &, ABLARRBTHITE IR IR,

BRERXRTFRALMIER, HFEREEEARBELEFBRRA ER. ARRXZRFEINAAAE B ED 7%, &
w, T FHEN iR E e E Rk, BRE R SEISSTF20004-12 A @ iESTS-971E 455 E T T 2 K. Mums
MEELWITAEED ., EFk, MEZHERELRLEEERK, EEAXEINRZRKBARY ZALE. BH
UltraFlexF20075F8 %, &/ F A4 (MEO. GEO) X A XK/ K Z M T E

r Cylinder 1
mounted
o Body Top
mounted mounted
(B'g'ﬁ = ’ Integration , Rigid
[ 0 into substrate
Solar cells »{Semirigid] — - spacecraft
fiFrlexibléil - Solar cell
S assembly 7
A ///
Solar cell
- (_Deployable 4 array or
wing
Flexible
| and
hydrid
substrate
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2.2 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 )
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22HITE KL EERES ZHILT, ERT—RERAZLEFSH

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
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k;)ﬂﬂﬁ&HTkﬁiﬁa?ﬁ%ﬂ—’?]\ BAMBRABI A RF T X4 &, AXFLECEHR#. O Clix

+ 454 4pF): X R B AHE ARAM ZRGAERFET X, WH LKA LZNERS T2023F KA
60umﬁL/ R, @ CLiidh + W3 SAWERMTA TARSAR In T, RAETHELS RS TH
. @ CVDShatAK: f2ENexWafend) KA CVDIMER A B G L ah it , T AFERAES0-150 um/F L a9 R .
Fit, ZILEL B RAKS, HNexWafe X B&41 GWag& &~ =4

B: HITHIRE L ZEREF AL BE, B HA B: FHRRAT 20235 K A 60pm4S £ 2R K4 60pmA
HIT4 472 i BB - £110-100pm Y=Y

180 r
170 -
160 r
150 -
140 r
130 r
120 r
110 r
100 r

90

PERC# A B/ (pum) TOPCon#t A /& (pm)
e HTA# A /2 E (pm) e=——BC# K 2 E (um)
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130
120

2022 2023 2024 2025
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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.
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& 3 = N F#H# | Falcon 9 A 33 7
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Orbital Altitude

=m Very Low Earth Orbit (VLEO)
Low Earth Orbit (LEO)

Medium Earth Orbit

. High Earth Orbit

Geostationary (GEO)

=» Beyond GEO
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