PHANTOM swiss solar

48-TCA
BIFACIAL DOUBLEGLASS

4/70W | ..26.09%

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

» DuraGlassX™
Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar
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PHANTOM 48-TCA BIFACIAL DUAL G ASS 500-520

26%6%3% 0~3 <1% 0.35% N-TYPE CELL

) ; power first year year 2-30 lower operating
maximum efficiency tolerance power degradation power degradation teperature

MECHANICAL CHARACTERISTICS -
Solar Cells N-type Mono 140041
No. of Cells 86 (12x8) 141[?[?;1
Dimensions 1762x 1134 x 30mm E =
Weight 24.7kg

Front / Back Glass 2.0mm coated semi-tempered glass

Frame Anodized aluminium alloy

Junction Box Ip68 rated (3 by pass diodes)

Connectors Mc4 compatible

Mechanical load test Front 6200Pa / Rear 4200Pa

4-8*3  8-9*14 4-7*10
DRAINAGE ~ MOUNTING MOUNTING

ELECTRICAL PARAMETERS

POWER CLASS PH48-TCA-450 PH48-TCA-455 PH48-TCA-460 PH48-TCA-465 PH48-TCA-470
STC BNPI STC BNPI STC BNPI STC BNPI STC BNPI
Maximum Power (Pmax) 450W 499W 455W 504W 460W 510W 465W 515W 470W 521W
Open Circuit Voltage (Voc) 34.57+3% | 34.67+3%|34.62+3% | 34.72+3% | 34.67+3% | 34.77+3% | 34.72+3% | 34.82+3% | 34.77+3% | 34.87+3%
Short Circuit Current (Isc) 16.27+3% | 17.98+3% | 16.43+3% | 18.16+3% | 16.58+3% | 18.32+3% | 16.74+3% | 18.50+3% | 16.90+3% | 18.67+3%

Voltage at Maximum Power (Vmpp) | 29.38V | 29.47V | 29.43V | 29.52V | 29.47V | 29.56V | 29.51V | 29.60V | 29.55V | 29.64V
Current Maximum Power (Impp) 15.31A | 16.92A | 15.46A | 17.08A | 15.60A | 17.24A 15.76A 17.41A 15.91A 17.58A
MODULE EFFICIENCY (%) 22.52% | 24.97% | 2277% | 2525% | 23.01% | 25.53% | 23.27% | 25.81% | 23.53% | 26.09%

STC: Irradiance 1000W/m?, cell temperature 25°C, AM1.5G | NOCT: Irradiance 800W/m?, ambient temperature 20°C, wind speed 1m/s, AM1.5G6 m?

PACKING CONFIGURATION

18 - 18
Container 40'HQ 16 [N Temp 25°C 16
1000W/m?

Pieces per pallet 36 14 " 14

12 2 _ 12
Pallets per container 26 % 1wk 80owW/m % 10

. . 2 gL 2 g[ 1looow/m?

Pieces per container 936 3 3 — Cell Temp 10°C

6}k 6 — cell Temp 25°C

at 4F Z Coll Tomp 550

2+ 2 L — cCell Temp 70°C

0 . . . . 0 . . . .

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Voltage(V) Voltage(V)

OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 28A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

SWiSS so I a r swissenergy-solar.ch



PHANTOM swiss solar

54-TCA
BIFACIAL DOUBLEGLASS

020V | ..25.90%

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

&

Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar
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PHANTOM 54-TCA BIFACIAL DUAL GLASS 500-520

25?56% 0~3 <1% 0.35% N-TYPE CELL

- . power first year year 2-30 lower operating
maximum efficiency tolerance power degradation power degradation teperature

MECHANICAL CHARACTERISTICS 196241
Solar Cells N-type Mono 250+1 | 25041 25041 | 250+1
No. of Cells 108 (12x9)
Dimensions 1962x 1134 x 30mm
Weight 27.4kg
Front / Back Glass 2.0mm coated semi-tempered glass
Frame Anodized aluminium alloy o
Junction Box Ip68 rated (3 by pass diodes) §
Connectors Mc4 compatible
Mechanical load test Front 6200Pa / Rear 4200Pa
V
?Jt?ljmms %_Rﬂomﬂﬂws
ELECTRICAL PARAMETERS
POWER CLASS PH54-TCA-500 PH54-TCA-505 PH54-TCA-510 PH54-TCA-515 PH54-TCA-520
STC BNPI STC BNPI STC BNPI STC BNPI STC BNPI
Maximum Power (Pmax) 500W 554W 505W 560W 510W 566W 515W 571W 520W 577W
Open Circuit Voltage (Voc) 39.48+3%|39.60+3%| 39.54+3% | 39.66+3%|39.60+3%| 39.72+3% | 39.66+3% | 39.78+3%| 39.72+3% | 39.84+3%
Short Circuit Current (Isc) 15.83+3% | 17.49+3% | 15.96+3% | 17.64+3% |16.09+3% | 17.78+3% | 16.22+3% | 17.92+3% | 16.35+3% | 18.07+3%

Voltage at Maximum Power (Vmpp) | 33.56V | 33.66V | 33.61vV | 3371V | 33.66V | 33.76V | 33.71Vv | 33.81V | 3376V | 33.86V
Current Maximum Power (Impp) 1490A | 16.46A | 15.02A | 16.60A | 1514A 16.74A | 15.26A | 16.88A | 15.38A | 17.02A
MODULE EFFICIENCY (%) 22.47% | 24.92% | 22.69% | 2516% | 22.91% | 25.41% | 23.13% | 25.65% | 23.35% | 25.90%

STC: Irradiance 1000W/m?, cell temperature 25°C, AM1.5G | NOCT: Irradiance 800W/m?, ambient temperature 20°C, wind speed 1m/s, AM1.5G6 m?

PACKING CONFIGURATION

18 - 18
Container 40'HQ 16 [ O TemP 2% 16
1000W/m?
Pieces per pallet 36 4r "
12 F 2 _
Pallets per container 24 Sl 80owW/m =
X X g qf g g[ 1000W/m?
Pieces per container 864 3 3 — Cell Temp 10°C
6}k 6 — cell Temp 25°C
at 4F Z Coll Tomp 550
2+ 2 L — cCell Temp 70°C
0 . . . . 0 . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Voltage(V) Voltage(V)
OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 30A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

SWiSS so I a r swissenergy-solar.ch



PHANTOM swiss solar

132-TCA
BIFACIAL SINGLE GLASS

o40W | ..22.747

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

&

Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar
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PHANTOM  132-TCABIFACIAL SINGLE GLASS 530-540

22u.p7m4% 0~3 <1% 0.35% N-TYPE CELL

- ) power first year year 2-30 lower operating
maximum efficiency tolerance power degradation power degradation teperature

MECHANICAL CHARACTERISTICS s0is2
Solar Cells N-type Mono 130041
No. of Cells 132 (6x22) iggj
Dimensions 2094x 1134 x 30mm E s
Weight 25.3kg
Front / Back Glass 2.0mm coated semi-tempered glass
Frame Anodized aluminium alloy -

&
Junction Box Ip68 rated (3 by pass diodes) a
Output Cables Lengh can b sustomized
Connectors Mc4 compatible
Mechanical load test Front 6200Pa / Rear 4200Pa ‘ : \1 ‘

él-g; I3N AGE MO UBI\]'EI']I:\Ilé ‘I\lll-ézlll\?ﬂ NG GR D4lj ﬁ ‘E]T?\‘I’B
ELECTRICAL PARAMETERS
POWER CLASS PH54-THHEEBICA{EAPHS54-TCA-H0S HE2-TCA-SHD PHY 4-TCA-515HHdE—TMA-520
STCSTG BNPI ENET BNPI  [STCSTC BNMGEJ STG BYBI STC I#N[BINPI

Maximum power (Pmax) 5003%80W 554W 398w S560W 3B5WOW 566803\ 515 B530W 5R0W BlOBYWW
Open Circuit Voltage (Voc) 374mm319%37.10v AB2.B69%| 3f.10V4PEHBIDV 3748PHYR7.10V |48A0B8%| 3/.10ME53BERWV
Short Circuit Current (Isc) 3711335@&#3%7.10v 20E188% | 3f.101843FAWV 3721]]598'@%7.10 187293%% | 3/.102016638WV
Voltage at Maximum power (Vmpp) | 37.18BGQV 37.10V 381V 3f.10V 3p.B3X10V 3718829V 3710V | 40.B3V 37.10V 36.3BW10V
Current Maximum Power (Impp) 37.11B/36% 37.10V BJ.A0% 3f.10V 1B8.63K10V 37.11B/Ag% 37.10V B2.26X 37.10V 19.68¥M10V
MODULE EFFICIENCY (%) 22.47318% 22873R% 22.8%% | 2P.47%28. RPATE2.53%2. XBBN%22.4 e | 22.80% |22PHE%26.BEA7%

STC: Irradiance 1000W/m2, cell temperature 250C, AM1.5G | NOCT: Irradiance 800W/ , ambient temperature 200C, wind speed 1m/s, AML.5G6 m2

PACKING CONFIGURATION

18 Cell Temp 25°C 18 !
Container 40'H
Q u“r 1000W/m? “E
Pieces per pallet 36 12 12+
. -1k 800W/m? - 10k
Pallets per container 22 = =
- - g 8r g 8[ 1000W/m?
Pieces per container 792 3 sk 3 gF — celitempioc
— Cell Temp 25°C
4F 4 F — Cell Temp 40°C
— Cell Temp 55°C
2r 2} — cell Temp 70°C
0 . . . . . o . . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Voltage(V) Voltage(V)
OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 30A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

SWiSS so I a r swissenergy-solar.ch



PHANTOM swiss solar

144-TCA
BIFACIAL DOUBLEGLASS

0S5V | ..29.98%

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

&

Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar
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PHANTOM

up to

25.98%

maximum efficiency

0~3

power
tolerance

<1%

first year

power degradation

0.35%

year 2-30
power degradation

144-TCA BIFACIAL DOUBLEGLASS 600-605

N-TYPE CELL

lower operating

MECHANICAL CHARACTERISTICS

teperature

227811
Solar Cells N-type Mono
25041 | 250+1 250+1 | 250+1
No. of Cells 144 (12x12)
Dimensions 2278x 1134 x 30mm
Weight 31.5kg
Front / Back Glass 2.0mm coated semi-tempered glass
Frame Anodized aluminium alloy 3
Junction Box Ip68 rated (3 by pass diodes) =
4.0mm?, 250mm (+) / 350mm (-)
Output Cables Length can be customized
Connectors Mc4 compatible \/
Mechanical load test Front 6200Pa / Rear 4200Pa 9*14 2-@4mm
MOUNTING GROUNDING

ELECTRICAL PARAMETERS
POWER CLASS PH144-TCA-600 PH144-TCA-605

STC BNPI STC BNPI
Maximum power (Pmax) 600W 665W 605W 671W
Open Circuit Voltage (Voc) 52.93+3% 53.09+3% 53.00+3% 53.16+3%
Short Circuit Current (Isc) 14.17+3% 15.66+3% 14.27+3% 15.7743%
Voltage at Maximum power (Vmpp) 44.99V 4513V 45.05V 4518V
Current Maximum Power (Impp) 13.33A 14.74A 13.43A 14.84A
MODULE EFFICIENCY (%) 23.23% 25.75% 23.42% 25.98%

STC: Irradiance 1000W/m?, cell temperature 25°C, AM1.5G | NOCT: Irradiance 800W/m?, ambient temperature 20°C, wind speed 1m/s, AM1.5G6 m?

PACKING CONFIGURATION

16 16
Container 40'H Gell Temp 25°C e

! Q 4r 1000W/m? 14
Pieces per pallet 37 12k 12
- 10k 800W/m? - 10k
Pallets per container 20 = =
- X g 8F 600W/m? g 8 1000W/m?

Pieces per container 740 3 sk 3 sk — celitempasc

A 400W/m? P bl

2 200W/m? 2

R N

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Voltage(V) Voltage(V)

OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 25A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

swiss solar

swissenergy-solar.ch



PHANTOM swiss solar

156-TCA
BIFACIAL DOUBLEGLASS

60V |..26.37%

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

» DuraGlassX™

Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar

E E COMPLETE SYSTEM AND PRODUCT CERTIFICATIONS

&

SWISS E
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PHANTOM

up to

26.37%

156-TCA BIFACIAL DOUBLEGLASS 630-650

0~3

power
tolerance

<1%

first year
power degradation

0.35%

year 2-30
power degradation

N-TYPE CELL

lower operating

maximum efficiency teperature

MECHANICAL CHARACTERISTICS

2382+1
Solar Cells N-type Mono 1400
No. of Cells 132 (12x11) ZEE
Dimensions 2382x 1134 x 30mm

Weight 33.5kg

Front / Back Glass 2.0mm coated semi-tempered glass

Frame Anodized aluminium alloy

1134+1

Junction Box Ip68 rated (3 by pass diodes)

4.0mmz, 250mm (+) / 350mm (-]

Output Cables Length can be customized

Connectors Mc4 compatible

Front 6200Pa / Rear 4200Pa

8-8*3
DRAINAGE

4-9*14 8-7*10 P4mm

. 2_
Mechanical load test MOUNTING MOUNTING GROUNDING

ELECTRICAL PARAMETERS

POWER CLASS PH156-TCA-630 PH156-TCA-635 PH156-TCA-640 PH156-TCA-645 PH132-TCA-650
STC BNPI STC BNPI STC BNPI STC BNPI STC BNPI
Maximum Power (Pmax) 630W B6I0W 635W B695W 640W 701W 645W 708W B650W 712W
Open Circuit Voltage (Voc) 49.68+3% 49.86+3% 50.04+3% 50.22+3% 50.40+3%
Short Circuit Current (Isc) 16.04+3% | 17.70+3% | 16.10+3% | 17.77+3% | 16.16+3% | 17.84+3% [16.22+3% | 17.90+3% | 16.28+3% | 17.97+3%
Voltage at Maximum Power (Vmpp) 41.64V 41.78V 41.91V 42.05V 4218V
Current Maximum Power (Impp) 1513A | 16.57A | 15.20A | 16.63A | 15.27A | 16.73A | 15.34A | 16.79A | 15.41A | 16.88A
MODULE EFFICIENCY (%) 23.32% | 25.54% | 23.51% | 25.73% | 23.69% | 25.95% | 23.88% | 26.14% | 24.07% | 26.37%

STC: Irradiance 1000W/m?, cell temperature 25°C, AM1.5G | NOCT: Irradiance 800W/m?, ambient temperature 20°C, wind speed 1m/s, AM1.5G6 m?

PACKING CONFIGURATION

18 20
Container 40'HQ 6E 18 [ 1000W/m?
Pieces per pallet 37 4r ﬁ [ goow/me
12
Pallets per container 20 Sl = 121 soow/m?
- : € o[ 1000W/me gor
Pieces per container 740 3 — Cell Temp 25°C 3 8 400w/m?
6 F — cell Temp 50°C 6L
s — Cell Temp 75°C WL 200W/m?
2+ 2k \
0 . . . . . o . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50
Voltage(V) Voltage(V)
OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 28A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

swiss solar

swissenergy-solar.ch



PHANTOM swiss solar

66-TCA
BIFACIAL DOUBLEGLASS

/30W | ..26.09%

» TOPCon ADVANCE

TECHNOLOGY

Next-generation cell architecture with enhanced
passivation for higher output, reduced LID & PID,
and stable performance under high temperatures
and low light.

&

Ultra-strong tempered glass with advanced
anti-reflective coating ensures maximum
transparency, impact resistance, and long-term
durability in extreme climates.

» Phantom Design

Deep black cells with an elegant black
frame deliver a modern, premium look
that blends seamlessly into architectural
projects.

» AluForce™ Black Frames

Equivalent to up to +32% higher frame
strength under front and side load tests.

PRODUCT AND
PERFORMANCE
WARRANTY

swiss solar
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PHANTOM

up to

26.05%

66-TCA BIFACIAL DOUBLEGLASS 720-730

0~3

power
tolerance

<1%

first year
power degradation

0.35%

year 2-30
power degradation

N-TYPE CELL

lower operating

maximum efficiency teperature

MECHANICAL CHARACTERISTICS

2384+3%

Solar Cells N-type Mono 1400
No. of Cells 132 (12x11) zEE
Dimensions 2384x 1303 x 35mm

Weight 38.5kg

Front / Back Glass 2.0mm coated semi-tempered glass

Frame Anodized aluminium alloy

Junction Box Ip68 rated (3 by pass diodes)

1303+3%

4.0mmz, 250mm (+) / 350mm (-]

Output Cables Length can be customized

Connectors Mc4 compatible

Mechanical load test

Front 6200Pa / Rear 4200Pa ‘

4-9*14
MOUNTING

8-7*10 2-@4mm
MOUNTING GROUNDING

ELECTRICAL PARAMETERS
POWER CLASS

PHB6-TCA-720 PHB6-TCA-725 PHB6-TCA-730

STC BNPI STC BNPI STC BNPI
Maximum Power (Pmax) 720W 798W 725W 804W 730W 809W
Open Circuit Voltage (Voc) 49.10+3%V 49.25+3%V 49.26+3%V 49.41+3%V 49.40+3%V 49.55+3%V

Short Circuit Current (Isc) 18.56+3%A 20.51+3%A 18.63+3%A 20.59+3%A 18.71+3%A 20.67+3%A
Voltage at Maximum Power (Vmpp) 41.00V 4112V 4113V 41.26V 41.25V 41.37V
Current Maximum Power (Impp) 17.56A 19.40A 17.63A 19.48A 17.70A 19.56A
MODULE EFFICIENCY (%) 23.18% 25.69% 23.34% 25.87% 23.50% 26.05%

STC: Irradiance 1000W/m?, cell temperature 25°C, AM1.5G | NOCT: Irradiance 800W/m?, ambient temperature 20°C, wind speed 1m/s, AM1.5G6 m?

PACKING CONFIGURATION

. 20 Cell Temp 25°C 20
Container 40'HQ 12 1000w/ 12
Pieces per pallet 31
_u 800W/m? _u
Pallets per container 18 g2 g2
- - g 10 g 10 1000w/m?
Pieces per container 558 3 8 3 8F — cellTempioec
6 6 — Cell Temp 25°C
— Cell Temp 40°C
4 4 — cell Temp 55°C
2 2 — Cell Temp 70°C
0 . . . . . o . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Voltage(V) Voltage(V)
OPERATING CHARACTERISTICS TEMPERATURE CHARACTERISTICS
Operating Module Temperature -40°C to +85°C Nominal Operating Cell Temperature 45+2°C
Maximum System Voltage 1500 DC (IEC) Temperature Coefficient of Pmax -0.29%°C
Maximum Series Fuse Rating 30A Temperature Coefficient of Voc -0.25%°C
Power Tolerance 0/+5W Temperature Coefficient of Isc +0.045%°C

swiss solar

swissenergy-solar.ch



