
1мфплспΣ ͎ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ͯ͡Φ ˽͙͔ͦͭ͡ͻ͙ͤ;͔ͫ͊͟ΎΣ ͒ͦͣ нуʊʝʣ.: +7812 2404468Email: rdcenter@hevelsolar.com

˭͔͙͔͊ͣͫͭͭ͡Έ ͎͔͔ͤͪ͊͡Έ͎ͤͦͦ ͙͔͒ͪͭͦͪ͊͟ 
ͨͦ ͤ͊ͯ;͚ͤͦ ͔ͪ͊͋ͦͭ ˻˻˻ ζ˹́̇ ́˽́ηΣ
͒ΦͭΦͤΦ ͔͍́ͪͯͦ͟ ˩͍͎͔͙͚ͤ ˮ͍͍͙͊ͤͦ;

ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʘ ʢʨʝʤʥʠʠ: ʦʩʥʦʚʥʳʝ ʪʨʝʥʜʳ

(ʐʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ , çʈʦʣʴ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 
ʵʥʝʨʛʝʪʠʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʫʛʣʝʨʦʜ-ʥʝʡʪʨʘʣʴʥʦʡ 
ʵʢʦʥʦʤʠʢʝ), 20-19 ʥʦʷʙʨʷ 2024, ʄɻʋ, ʄʦʩʢʚʘ)
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ɽʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʤʦʱʥʦʩʪʝʡ 
ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʚ 2008-2022 ʛ.ʛ.
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ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʠʨʝ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ

(source: Solar Power Europe 2022)
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ʄʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ, ʜʦʙʘʚʣʝʥʥʳʝ ʚ ʤʠʨʝʚ 2019 ʛ.
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ʊʨʝʥʜʳ ʚ ʢʨʝʤʥʠʝʚʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʝ

1. ʇʝʨʝʭʦʜ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʠ ʧʣʘʩʪʠʥʳ n-ʪʠʧʘ

2. ʈʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ         
( IBC,TopCon, HJT) 

3. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥ ( ʄ12  ʜʦ 210 ʤʤ).

4. ʄʝʪʘʣʣʠʟʘʮʠʷ ʷʯʝʝʢ

5. ʊʦʥʢʘʷ ʧʣʘʩʪʠʥʘ

6. ʇʦʠʩʢ ʚʘʨʠʘʥʪʦʚ ʪʘʥʜʝʤʘ ʥʘ ʢʨʝʤʥʠʠ.

7. ɹʣʠʞʥʠʡ ʢʦʩʤʦʩ
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ʊʨʝʥʜ 1. ʇʝʨʝʭʦʜ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʨʝʤʥʠʡ ʠ ʧʣʘʩʪʠʥʳ n-ʪʠʧʘ
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ʈɽʂʆʈɼʓ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʊɽʍʅʆʃʆɻʀʁ
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ʏʪʦ ʜʘʣʴʰʝ?
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ʊʨʝʥʜ 2.  ʈʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ  
(IBC,TopCon, HJT) ,ʧʝʨʝʭʦʜ ʥʘ ʢʨʝʤʥʠʡ n-ʪʠʧʘ

11
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- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ 20.8 ʜʦ 27.6 % (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ);

- ʉʦʣʥʝʯʥʳʝ ʷʯʝʡʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦ ʠ ʤʫʣʴʪʠ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ;

- ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʝʶʪ HIT

ʷʯʝʡʢʠ (25.6 %);

- ʗʯʝʡʢʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʰʘʛʦʚ (IBC) ʠʣʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ (PERC);

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ HIT:

- ʅʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ HIT ʷʯʝʝʢ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 60 0C ʜʘʝʪ ʧʨʠʨʦʩʪ +6 ʦʪʥ.% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ;

- ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ - ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʪʦʥʢʠʭ 

ʧʣʘʩʪʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ (BSF).

ʊʝʭʥʦʣʦʛʠʠʥʘʦʩʥʦʚʝʢʨʝʤʥʠʷʷʚʣʷʶʪʩʷʦʩʥʦʚʥʳʤʠʚ ʵʣʝʢʪʨʦʥʠʢʝʠ

ʬʦʪʦʚʦʣʴʪʘʠʢʝʥʘʧʨʦʪʷʞʝʥʠʠʤʥʦʛʠʭʜʝʩʷʪʠʣʝʪʠʡ,ʯʪʦʦʙʝʩʧʝʯʠʚʘʝʪ

ʦʪʨʘʙʦʪʘʥʥʦʩʪʴʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʨʝʰʝʥʠʡ.

ʆʩʥʦʚʥʳʝʦʩʦʙʝʥʥʦʩʪʠ:

ɺʳʚʦʜ: HIT ʪʝʭʥʦʣʦʛʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʟʝʤʥʳʭ ʉʕʉ

ʗʏɽʁʂʀ ʉʈɽɼʅɽɻʆ ɼʀɸʇɸɿʆʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ïʉ-SI
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ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʚ ʨʘʟʨʝʟʝ 
ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ

13

ɸʨʪʝʤ ʂʦʯʝʨʛʠʥ <tem47@mail.ru>ɸʨʪʝʤ ʂʦʯʝʨʛʠʥ <tem47@mail.ru>
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ʉʪʝʢʣʦ

ʊʉʆ(ZnO:B)

p-a-SiC:H

i-a-Si:H

n-a-Si:H
p-Õc-Si:H

i--Õc-Si:H

n-Õc-Si:H

ʊʉʆ(ZnO:B)

Ag ʪʳʣʴʥʳʡ ʢʦʥʪʘʢʪ

n-a-Si:H
i-a--Si:H

(n) c-Si

i-a--Si:H
p-a-Si:H

ʊʉʆ(ITO)

Al ʪʳʣʴʥʳʡ ʢʦʥʪʘʢʪ

ARC

ʂʦʥʪʘʢʪʥʘʷʩʝʪʢʘ (Ag)

ʂʦʥʪʘʢʪʥʘʷʩʝʪʢʘ (Ag)

ʅʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ

a-Si:H/c-Si (HIT)

ʂʇɼ 18-20 %

ʊʦʥʢʦʧʣʝʥʦʯʥʳʝ

ʥʘ ʦʩʥʦʚʝ a-Si:H/Õc-Si:H

ʂʇɼ 9-11 %

HIT: c-Si ʧʦʜʣʦʞʢʠ+ ʪʦʥʢʦʧʣʝʥʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷŸ 

ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ + ʥʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ

(p+) s-Si BSF 

(p) c-Si

(n) c-Si

ʂʣʘʩʩʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ

ʥʘ ʦʩʥʦʚʝ c-Si

ʂʇɼ 17-19 %

ʊɽʍʅʆʃʆɻʀʗ HIT: ʆɹʑɸʗ ʂʆʅʎɽʇʎʀʗ
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ʈʳʥʦʢ HJT: ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʠʛʨʦʢʦʚ

15ɸʚʛʫʩʪ 2019

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʌʕʇ ʠ ʌʕʄ HJT ʚ ʤʠʨʝ (2019-21)
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ʊʝʢʫʱʠʝ ʤʦʱʥʦʩʪʠ é
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ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2019 ʛ. ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ HJT ʥʘʩʯʠʪʳʚʘʶʪ 3460

ʄɺʪ/ʛʦʜ. ʂ 2021 ʛ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʫʚʝʣʠʯʘʪʩʷ ʤʠʥʠʤʫʤ ʥʘ 1960

ʄɺʪ/ʛʦʜ

ʉʝʛʦʜʥʷ ʥʘ HJT ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 2,5% ʦʪ ʦʙʱʝʛʦ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʌʕʇ/ʌʕʄ.ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʜʦʣʷ HJT ʙʫʜʝʪ ʙʳʩʪʨʦ ʨʘʩʪʠ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ ʢʦʤʧʘʥʠʡ-ʣʠʜʝʨʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ PV-ʪʝʭʥʦʣʦʛʠʡ (REC, Hanergy, Jinergy, TW Solar ʠ ʜʨ.)
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ʊʨʝʥʜ 3. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥ ( ʄ12  ʜʦ 210 ʤʤ).

16
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ʉʦʛʣʘʩʥʦ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ ʜʣʷ 
ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ITRPV), ʜʣʷ ʨʦʩʪʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʧʣʘʩʪʠʥ  M6 ( 166ʭ166 ʤʤ) ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʦʢʨʘʱʝʥʠʝ  ʜʦʣʠ ʨʳʥʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, 
ʙʫʜʝʪ ʧʨʝʢʨʘʱʝʥʘ ʧʦʩʣʝ 2027 ʛʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʥʦʚʳʝ 
ʧʣʘʩʪʠʥʳ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ M10 (182ʭ182 ʤʤ) ʠ ʄ12 
( 210ʭ210 ʤʤ) ʙʳʩʪʨʦ ʟʘʭʚʘʪʳʚʘʶʪ ʜʦʣʠ ʨʳʥʢʘ.

ʅʦʚʳʡ ʩʪʘʥʜʘʨʪ?
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ʂʫʜʘ ʜʚʠʞʝʤʩʷ!
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ʇʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʨʳʥʢʘ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥ

https://renen.ru/wp-content/uploads/2020/01/Wafer-Size-1.jpg
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ʊʨʝʥʜ 4. ʊʦʥʢʘʷ ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ

20
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ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʝʡ HIT ʩ
ʪʨʘʜʠʮʠʦʥʥʦʡʪʝʭʥʦʣʦʛʠʝʡ(c-Si)   

21

HIT ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ c-Si

ɺʳʩʦʢʠʡʂʇɼ ʜʦ26%ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʂʇɼ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʙʦʣʝʝ25%

ɽʩʪʴ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʜʦ 27% 

(ʧʦʣʫʯʝʥʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭʦʙʨʘʟʮʘʭ)
ʇʦʪʝʥʮʠʘʣʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʥ

ʅʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ (-

0,30%/ʉ) -ʚʳʩʦʢʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ

ɺʳʩʦʢʠʡʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ (-

0,45%/ʉ) ʩʥʠʞʘʝʪ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʥʪʦʣʱʠʥʦʡ140 ʤʢʤ 

ʠ ʤʝʥʝʝ ïʤʘʣʳʡ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʘ

ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ 180 ʤʢʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠʦʛʨʘʥʠʯʝʥʠʷʤʠ

ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (~200 C̄) 

ʫʤʝʥʴʰʘʝʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ

ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (~700 C̄) 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʮʝʥʪ ʙʨʘʢʘ 

ʄʘʣʦʝ ʯʠʩʣʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʰʘʛʦʚ (6) ʅʘ 50% ʙʦʣʴʰʝ ʰʘʛʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ(ʙʦʣʝʝ 9)

ʊʝʭʥʦʣʦʛʠʷ HIT ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, 

ʧʦʪʝʥʮʠʘʣʦʤ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʠ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ
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˟̏̌̉̎́̚ ̐̌́̒̓̉̎ Si

d, Õm Ὅ, ɸὟ , ɺὖ, ɺʪὟ , ɺὍ, ɸὊὊ, % Eff, %

170 Õm 9,60 0,734 5,46 0,612 8,92 77,47 22,34

160 Õm9,57 0,735 5,56 0,622 8,95 79,04 22,77

106 Õm 9,23 0,740 5,45 0,635 8,59 79,80 22,31

87 Õm9,19 0,743 5,38 0,636 8,46 78,79 22,03
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1 - 170 Õm   J = 39.65 mA/cm2

2 - 160 Õm   J = 39.65 mA/cm2

3 - 106 Õm   J = 38.87 mA/cm2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ʇʘʨʘʤʝʪʨʳ ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ

EQE ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ

ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ

ʇʘʨʘʤʝʪʨʳ ʧʣʘʩʪʠʥ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢ ʧʣʘʩʪʠʥʝ 160 ʤʢʤ
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ʊʨʝʥʜ 5. ʄʝʪʘʣʣʠʟʘʮʠʷ ʷʯʝʝʢ ( ʢʦʥʪʘʢʪʥʘʷ ʩʝʪʢʘ).

23
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ʊʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴ
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ʉʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʪʘʣʣʠʟʘʮʠʠ
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ʇʨʝʠʤʫʱʝʩʪʚʘ

Åʀʩʧʦʣʴʟʫʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʝʨʝʙʨʘ

Åʋ ʩʝʪʢʠ ʣʫʯʰʝ ʧʨʦʚʦʜʠʤʦʩʪʴ

Åɺʳʩʦʢʘʷ ʘʜʛʝʟʠʷ

Åʇʦʜʭʦʜʠʪ ʜʣʷ ʧʘʡʢʠ

Åʊʨʝʙʫʝʪ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʬʠʥʛʝʨʦʚ

ÅBBCT ʠʣʠSWCT

ʅʝʜʦʩʪʘʪʢʠ

Åɹʦʣʝʝ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ

Åʆʯʠʩʪʢʘ PVD ʦʪ ʤʝʜʠ

Åʊʨʝʙʫʝʪʩʷ ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ

Åʅʝʪʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʇʨʝʠʤʫʱʝʩʪʚʘʠ ʥʝʜʦʩʪʘʪʢʠʛʘʣʴʚʘʥʠʢʠ
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ʂʦʥʪʘʢʪʥʘʷ ʩʝʪʢʘ
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ʉʪʨʫʡʥʘʷ ʧʝʯʘʪʴ

1200 ʧʣ/ʯ

ʇʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ

ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʣʠʥʠʷ

2000 ʧʣ/ʯ (ʜʦ 4000 ʧʣ/ʯ)
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ʉʭʝʤʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʣʠʥʠʠ
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ʊʨʝʥʜ 6. ʊʘʥʜʝʤ ʢʨʝʤʥʠʡ-ʧʝʨʦʚʩʢʠʪ

30
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31

ʇʝʨʦʚʩʢʠʪ ʠ ʢʨʝʤʥʠʡ: ʙʦʨʴʙʘ ʠʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ?
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32

ʊʘʥʜʝʤʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʦʚʩʢʠʪ@Si

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʨʳʚ ʜʣʷ ʢʨʝʤʥʠʝʚʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ

Sahli, F. et al. // Nature Materials, 17, 820ï826 (2018).
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ʇʨʦʙʣʝʤʳ ʧʝʨʦʚʩʢʠʪʥʦʡʬʦʪʦʚʦʣʴʪʘʠʢʠ

1. ʉʪʘʙʠʣʴʥʦʩʪʴ( 25 ʣʝʪ)

2. ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ( ʨʘʟʤʝʨ ʠ ʧʨʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ

3. ʊʦʢʩʠʯʥʦʩʪʴ ( Pb?)

4. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʢʨʝʤʥʠʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ( ʊʉʆ, ʧʨʦʚʦʜʷʱʘʷ 
ʧʘʩʪʘ, ʣʘʤʠʥʘʮʠʷ)

5.    ʎʝʥʘ ( ʩʝʛʦʜʥʷ ʩʪʦʠʤʦʩʪʴ ʤʦʜʫʣʷ ʥʘ ʢʨʝʤʥʠʠ ʤʝʥʝʝ 30 
ʉent/Wt)
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ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ
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ʊʨʝʥʜ 7. ɹʣʠʞʥʠʡ ʢʦʩʤʦʩ

35
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ʂʦʤʧʦʥʦʚʢʘ ʂɸ Starlink ʚʝʨʩʠʠ 1.5
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ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʂɸ Starlink

Åʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʩʣʦʞʝʥʘ ʛʘʨʤʦʰʢʦʡ ʠ ʠʤʝʝʪ 12 
ʩʝʛʤʝʥʪʦʚ, ʩ ʨʘʟʤʝʨʦʤ ʩʝʛʤʝʥʪʘ 3ʭ0.8 ʤ. ʇʣʦʱʘʜʴ ʚʩʝʡ 
ʙʘʪʘʨʝʠ 12ʭ3ʭ0.8=28.8 ʤ2.

Åʇʨʠ ʜʦʧʫʱʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ 0.9, ʠ 
ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 1300 ɺʪ/ʤ2, ʂʇɼ 
ʧʘʥʝʣʝʡ 18 %.

Åʇʨʠ ʪʘʢʠʭ ʜʦʧʫʱʝʥʠʷʭ ʧʦʣʫʯʠʤ ʧʨʠʤʝʨʥʦ 6 ʢɺʪ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ

Åʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ʩʪʦʠʤʦʩʪʴ ʚʩʝʛʦ ʂɸ ʩʦʩʪʘʚʣʷʝʪ 
200-500 ʪʳʩ. ʜʦʣʣʘʨʦʚ ʉʐɸ.ʂɸ Starlink ʩʪʘʣ ʧʝʨʚʳʤ ʚ 
ʠʩʪʦʨʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʩʝʨʠʡʥʳʤ ʩʧʫʪʥʠʢʦʤ, 
ʢʦʪʦʨʳʡ ʚʳʧʫʩʢʘʝʪʩʷ ʥʘ ʟʘʚʦʜʘʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʤʘʩʰʪʘʙʘʭ
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ʌʕʇ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 
ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ 

ʕʢʦʥʦʤʠʢʘ

ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ

ʉʪʦʠʤʦʩʪʴ 1 ɺʪ ʚ ʉɹ ïʧʦʨʷʜʢʘ 600 ʜʦʣʣʘʨʦʚ 

ɹʘʪʘʨʝʷ 1500 ɺʪ -1500ʭ600=900 000 ʜʦʣʣʘʨʦʚ 

ʂʨʝʤʥʠʡ

ʉʪʦʠʤʦʩʪʴ 1ɺʪ ʚ ʉɹ-ʧʦʨʷʜʢʘ 25 ʜʦʣʣʘʨʦʚ

ɹʘʪʘʨʝʷ  1500 ɺʪ-1500ʭ25=  37 500ʜʦʣʣʘʨʦʚ

ʂʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʚ ʛʨʫʧʧʠʨʦʚʢʝ  -1000 ʠ ʙʦʣʝʝ
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ʈʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʌ

39
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ɻʂ ʍʝʚʝʣʠ ʖʥʠʛʨʠʥ: ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʥʠʠ

40

Å ʋʧʨʘʚʣʝʥʠʝ ɻʂ

Å ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʉʕʉ ʠ 
ʫʧʨʘʚʣʝʥʠʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʉʕʉ 

Å ʆʧʝʨʘʮʠʦʥʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ ʉʕʉ

Å ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ

Å ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 
ʌʕʇ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʌʕʄ

Å ʅʀʆʂʈ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ 

ʉʦʙʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʨʝʤʥʠʝʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭʌʕʇ ʠ ʌʕʄ

Å 1,3 ɻɺʪʧʣʘʩʪʠʥ
ʤʦʥʦʢʨʝʤʥʠʷ

Å 1 ɻɺʪʌʕʇ HJT 

ʇʈʆʀɿɺʆɼʉʊɺʆïʟʘʚʦʜ ʍɽɺɽʃ (ʅʦʚʦʯʝʙʦʢʩʘʨʩʢ)

Å >500 ʄɺʪ/ʛʦʜ

Å HJT ʌʕʇ ʠ ʌʕʄ ʩ 
2016

Å ɼʚʝ ʬʘʟʳ 
ʨʘʩʰʠʨʝʥʠʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʌʕʇ

Å ʊʨʠ ʬʘʟʳ 
ʦʤʦʣʦʞʝʥʠʡ 
ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʌʕʄ

ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʎʝʥʪʨ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ)ʇʈʆʀɿɺʆɼʉʊɺʆïʟʘʚʦʜ ʕʅʂʆʈ (ʂʘʣʠʥʠʥʛʨʘʜ)

ɻʂ ʍʝʚʝʣʠ ʖʥʠʛʨʠʥ(ʄʦʩʢʚʘ)
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ʆʪʝʯʝʩʪʚʝʥʥʦʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦʢʨʝʤʥʠʝʚʳʭ

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭʤʦʜʫʣʝʡ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʬʠʨʤʳ ʆʨʣʠʢʦʥ

ʉʦʣʘʨ
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʨʝʤʥʠʝʚʳʭ ʩʣʠʪʢʦʚ ʠ ʧʣʘʩʪʠʥ ʆʆʆ 
çʕʥʢʦʨè ( ʛ.ʏʝʨʥʷʭʦʚʩʢ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ).
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ɻʂ ʍʝʚʝʣ: ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʝʢʪʳ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ

ʂʨʫʧʥʳʝ ʉʕʉ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʡʪʝʭʥʦʣʦʛʠʠ ʌʕʄ ʚ ʈʌ

HJT

Bifacial

ʅʫʨʘ 

(ʂʘʟʘʭʩʪʘʥ)

¶ɸʣʪʘʡ ï120 ʄɺʪ¶ɹʫʨʷʪʠʷ ï70 ʄɺʪ ¶ʂʘʣʤʳʢʠʷ ï120 ʄɺʪ ¶ɸʩʪʨʘʭʘʥʩʢʘʷï165 ʄɺʪ ¶ʆʨʝʥʙʫʨʛʩʢʘʷ ï140 ʄɺʪ ¶ʉʘʨʘʪʦʚʩʢʘʷ ï150 ʄɺʪ

ʂʘʣʤʳʢʠ

ʷ

ɸʩʪʨʘʭʘʥ

ʴ

ɻʂ ʍʝʚʝʣʨʝʘʣʠʟʦʚʘʥʦ ʙʦʣʝʝ 100 ʧʨʦʝʢʪʦʚ ʩ ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ >1.5 ɻɺʪ

Solar+Storage Solar+Diesel

Off-Grid

BIPV

ʈʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ɺʀʕ
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There we are currently? 

IBC

HJT

PERC

mono-Si

Being raised up from 21 to 21,7 % within 4 months, mass production average cell efficiency get close to the 

general trend of Si cells     

4 months 

efficinc

progress in 

HEVEL
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ɺɸʈʀɸʅʊʓ ʀʉʇʆʃʅɽʅʀʗ ʄʆɼʋʃʗ HJT -
ʆɼʅʆʉʊʆʈʆʅʅʀʁ ʀ ɼɺʋʍʉʊʆʈʆʅʅʀʁ

ʇʘʨʘʤʝʪʨʳ
ʆʜʥʦʩʪʦʨʦʥʥʠʡ 

ʉʄ

ɼʚʫʩʪʦʨʦʥʥʠʡ 

ʉʄ

ʌʨʦʥʪʘʣʴʥʘʷ

ʢʦʥʪʘʢʪʥʘʷ ʩʝʪʢʘ
ʜʘ ʜʘ

ʉʣʦʠ ʪʦʣʱʠʥʘ, ʥʤ

ʌʨʦʥʪʘʣʴʥʦʝITO 120 120

ʊʳʣʴʥʦʝITO 40 120

Ag 120 --

NiV 50 --

ʊʳʣʴʥʘʷ ʢʦʥʪʘʢʪʥʘʷ 

ʩʝʪʢʘ
-- ʜʘ

a-Si

ITO

ITO

a-Si

Ag
NiV

N-type c-Si

HJT monofacial

(ʦʜʥʦʩʪʦʨʦʥʥʠʝ)

a-Si
ITO

a-Si

N-type c-Si

HJT bifacial

(ʜʚʫʭʩʪʦʨʦʥʥʠʝ)

ITO

1) ɼʚʫʭʩʪʦʨʦʥʥʠʝ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʨʝʛʠʦʥʦʚ ʩʦ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ

2) ʅʘʣʠʯʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ 

ʧʨʦʜʫʢʮʠʠ ʟʘʚʦʜʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ ʠ ʨʝʛʠʦʥʘ ʫʩʪʘʥʦʚʢʠ

ʋʚʝʣʠʯʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʜʦ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ ʤʦʜʫʣʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠ 

ʫʨʦʚʥʷ ʘʣʴʙʝʜʦ
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72 cell bifacial HJT PV module

PEAK 
POWER

**also available in frameless configuration

380 Wp +

70 Wp bifacial gain*

MODULE 
EFFICIENCY
19 ï22,5* %

CELLS 
INTERCONNECTION
5 BB

TEMPERATURE 
RATIO
ï0,31 %/oC

DIMENSIONS

1996 x 1002 x 30 mm 

with anodized 

aluminum frame*

OPERATING 
TEMPERATURES
from -40Üʉ to +85Üʉ

*additional BiFi output

6

additional output from back side depending 

on the season and weather conditions

by the end of 30-year life cycle:
2% in first year, 0,4% per year thereafter

GUARANTEED POWER EXTENDED WARRANTY

86,4
%

up to 25%

30 years
+ 5 years to the life cycle of  glass-

backsheet PV modules due to highly reliable 

double glass encapsulation

Energy gain of up to 25% is observed with water or ground covered by 

snow or sand

YIELD OF BIFACIAL HJT MODULES IS ESPECIALLY HIGH IN SUCH 

ENVIRONMENT CONDITIONS AS:

SNO

W
WATE

R

SAND

Bifacial HJT modules 

show energy gain over 

monofacial modules at 

all weather and 

seasonal conditions
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ʃʝʪʥʳʝ ʦʙʨʘʟʮʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʉɹ ʥʘ 
ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ 
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ɺʤʝʩʪʦ ʟʘʢʣʶʯʝʥʠʷ
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ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ.

Åʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʛʦʌʕʇ ʬʦʨʤʘʪʘ ʄ10 ʩʦʩʪʘʚʣʷʝʪ 25%.

Åʄʦʱʥʦʩʪʴ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʤʦʜʫʣʷ ʩʪʝʢʣʦ-ʩʪʝʢʣʦʩʦʩʪʘʚʣʷʝʪ  540 ɺʪ .

Åɿʘʧʫʱʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ n-ʪʠʧʘ  ʥʘ 1.3 ɻɺʪ 

ʆʆʆèʕʥʢʦʨè.

Åɿʘʧʫʱʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʳʭʌʕʇ  ʬʦʨʤʘʪʘ ʄ10   

ʤʦʱʥʦʩʪʴʶ 1 ɻɺʪ ʚ ʛʦʜʥʘ ʆʆʆ çʕʥʢʦʨè

Åʄʦʱʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ ʥʘ ʆʆʆ çʍʝʚʝʣè ʜʦʩʪʠʛʣʦ 800 ʄɺʪ ʚ 

ʛʦʜ;

Åʈʘʟʨʘʙʦʪʘʥʘ  ʪʝʭʥʦʣʦʛʠʷ ʛʠʙʢʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʥʳʭʢʨʝʤʥʠʝʚʳʭ ʤʦʜʫʣʝʡ 

ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

Åɻʨʫʧʧʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ çʍʝʚʝʣè ʧʦʩʪʨʦʝʥʦ ʪʦʣʴʢʦ ʚ ʈʌ ʙʦʣʝʝ 1.5  ɻɺʪ 

ʉʕʉ;
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ʂʠʪʘʡʩʢʘʷ ʵʢʩʧʘʥʩʠʷ ʥʘ ʨʳʥʢʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ


