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ABSTRACT: Silicon heterojunction technology (HJT) solar cells have received considerable attention due to advantages that include
high efficiency over 26%, good performance in the real world environment, and easy application to bifacial power generation using
symmetric device structure. Furthermore, ultra-highly efficient perovskite/c-Si tandem devices using the HJT bottom cells have been
reported. In this paper, we discuss the unique feature of the HJT solar cells, the fabrication processes and the current status of technology
development. We also investigate practical challenges and key technologies of the HJT solar cell manufacturers for reducing fabrication

cost and increasing productivity.
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Subscript

HJT : Heterojunction technology

a-Si : Amorphous silicon

PECVD : Plasma-enhanced chemical vapor deposition
BSF : Back surface field

PERC : Passivated emitter rear contact

TOPCon : Tunnel oxide passivated contact

¢-Si : Crystalline silicon
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Fig. 1. Progress in power conversion efficiencies of HJT solar
cells
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Fig. 4. Schematic diagram of HJT solar cell with bifacial archi-
tecture™”.
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Table 1. Comparison of wafer cleaning methods for HJT cell

Method RCA Ozone
Chemical consumption Bad Good
Process stability and repreatability Good Bad
CapEx* Good Bad
OpEx* Bad Good

*CapEX: Capital Expenditure
*OpEX: Operating Expenditure

7o) ThakBR Ao} SR AR AME ST 0 Gole 3t
Zgoll o] =4 gL, SF 1AM e 48 =)= RCA A1 54
3 u]3s}e] 30202 F AZto] S0, BHA1e}seo]
v]8 Abghgo] ol AP E 45t Ao R defA i
Table 10f| 8 oF3} e} 7ho], A7}4] © & RCAE 27| T4 &
& HA e Eo] =il 0.F AR 32 ] H]Bo] 4]
gt egulgol o o n g o= theo] An| S AA7t
S= 78k AR AL Qs ol).
el A28 24 A PERC EHOJFQ A= 2F6 pm, HIT EHOOWSZ]

ur ol HIT el 34
o) 2ol 4 2190 S 10 m o]t} 8147
| 22}5]7] ujj o) v A A Alg]= vbalko] Z 2 v} g
Ao e flol o B A ol A 29k 5, vAl 5
% A Q1 ©.910) B9 1 FAol A AE| Y (Gettering) &
53l utE|2o] A7 == BSF BjYA] oA 2 2A17F
HA] QAN HIT Aol A= B8 Ashe fridshe +8
g_o]gi x]—_Q_fﬂ- 2= oh:].. i%i CSEMOﬂA‘] 7Hl:ﬂ—6‘]— @7}% ul
A7 58S o2 Al 34 2 2skE Sl Aol =
o ko g A A & TS | sl

541 318t A Al HIT e fd Aol At S A1 &
& Sa5t7] 919 Thakel A9 44 1S AlE 9o
H, 3249 HAZ =< Rena®} SingulusA7} 1t (Table 2).

Table 2. Overview of wet-chemical cleaning tools for HJT solar

cell
Compan Model Process Cleaning Throughput
pany chemistry ghp
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Fig. 8. Comparison of standard textured pyramids for BSF solar
cell and textured pyramids for HJT solar cell®
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company | pebosten | ot | wous
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Table 4. Overview of PECVD tools for HJT solar cells

Plasma

M M
Company odel technology CLT | Throughput
Archers ALC-200 Parallel line - 2,400 pcs/hr
INDEOtec | Octopusil | 1OP&BOtOM | se | 2,520 pesihr
deposition
Meyer . Parallel Cz:2ms
Burger HELA reactor FZ:10ms 4,000 pes/hr

Archers W 5=t [deal Energy Al5-0] @A HIT e FAR] AR
Az} 4] iAol o] 2101 GS-Solar7} vt ez
A % 12174600 MW Spakekel 19 A8 & ko= ]
A1 Apketel K12k 3,00089) 4 A el st o)
£P. Meyer Burger A= 4-417F &l 71 thaf Qe A1
= AL, o]n] Qpk A w17 g0 2] Al ol A 3t
231 kel o} §afol Ae 1L A AeE Bk olck
Meyer BurgerAF2] HELiA PECVD+=Fig. 99} Z+o] RF-plasma
ARESHE 3 Y HES-7] S-cube 2 FHF5-E T} S-cube=
F2- Meyer Burgerh2] =214 HH-5-7] 2 box-in-box B B 7 ]
0.2 5jo] o0 u$- M1 FUTH F2o] FHsalths B
SJck. a2 ARG elo] FZ 9lo]] 712 10 ms 0|4k CZ
9015 7122 ms o]4ke] MCLTS 2%} 210 2 WHEs} 1,
A7 10171 2,40089] A2} &2 71 Sal9ick. olm] patalel
of B =] A 715 F-o|™ EcoSolifer, ENEL Y RECS 32
T W AR A S o] Q= ACE LA
sl

Ideal Energy A= 7182 0 2 &= 7| o] & A =50 ARE-
5H= OAK-DU-52H= 4 ms4&wﬁﬂzag¢%ﬂ@ﬂ
o ARk B 0 AT BEo 2 e G S FUS
AR 4 dth= 20|tk OAK-DU-5-plus HEg-7]= ARHS:
3,000%2] 34 A e e she Aoz HuEglon, sl 4]
=TongweiAl2] 9FAL 9] of 91517 2 A4 = 311, Hanergy
RSl el S A3 iz 202 kel 2lck CSEM (61
PV-Lab)ol| 4| AJZFE] INDEOtec A= A9]A 0] PECVD 23
AA = w4 Al 528 Octopus 11 A& 7RdslSch
i gl o] 814) 7122 o] F %) okt At 3o
77k )47 A1) uhekg Z2at 42 S miror 7] 2
t]x}elo]tiFig. 10). &A1& 9] Za}%u} 7]<(Integrated Radio
Frequency Electrode; IRTF)& o]-83}o] glo| & W vl o2

l

ﬁrﬂinﬁm

Patented box-in-box concept: S-cube

HELIA,_. . Cluster 2 HELIA_. ., Cluster 1

Fig. 9. The HELIA PECVD equipment with box-in-box arrangement
(Meyer Burger Corp.)*”



116 AR.Lee et al./ Current Photovoltaic Research 9(4) 111-122 (2021)

F| |

o

Top side deposition Mirror Bottom side deposition Mirror

Fig. 10. Octopus |1l with mirror chamber system of INDEOtec®

A gk A/t S to] 7R Aol itk o] ol 2
$8 EHEA A E £95 53 A0 09 BAIS Hs
7] 2J3l,, INDEOtecAl= E<=7|"H(Anti Cross Contamination
Treatment; ACCT)2 7]|&t6}1,, ACCTL} mirror reactor 7|\
& gkt 5 ¥HgIol A HIT eebix) Aystciol 5 45e)
Hjug 1 2k 4 ol NS Aol sl Al )

Octopus®] PECVD % PVD 2
24.1%9] 8-S A El__l‘ﬁ.?ﬂ v} qlch

ArchersAR= =3& 129 PECVD AH|E B33l 91,
13.56 MHz 2120} ol gaio] Edjo] st 633l 9ol
A2k 7Rs stk g gu|e] 27 el g-S A7k 1,260%0]
™, (50 MW A4kl sie) 100 MW A4k 2] 7)< =3¢
3LESE Ao 72 HE| a1 QIth ArchersAk= g AH|E S
Jinergy 9! THRENSP 5&] A2 4A|of] a3l out A= At

| A AR defA ek

AE ULVACAFS] Cat-CVD ESHHIT kA 2] A= A2
AREE] A @Ik HIT B2 =] o] A2} 2 €] Y panasonic A
7} e AH| S AR5} 11, 22 CIE Power X TongweA: T
w211 9t 71424 0 & Cat-CVD+ hot-wire CVDEFILE 5}
] v g2 Alg]& $2} A silane (SiHs) 2 hydrogen (Hy) 7}~
7 MRl S s el o)
8172 glo] 3 2 s % 7ol Aelo) 2 7 vio] S35}

l

%#X—!f‘éﬁ%‘— J¥]v, Fig. 112] A m=0} o] ghwlof =4
o] glo|HE A2 4= glo T g A|7HE2,600%49] 24 H2l&
£ 313} 4= QJA|YF Cat-CVD= PECVDET} =2 AH] 2
2 7k A0 2 Q13| FAH|go o] 2 Z 02 v Hrh

9ol = FEE Y USHA AlofT = k= o s

PEALDE A}8-3}= LeadmicroAF2] ZR4000X3 AHH]= 150 ~
300°C H9]o] 2ol A F7g o] 4= =], ‘#‘11‘3 o] i 3%,
Y v ] ol 7t 4% A L= E TSk, AIXHE

Cassette-type

Sample tray |
Samples

Catalyzing wires

Fig. 11. Schematic diagram of Cat-CVD equipment®®

4,00079] B Hehe-S AT 20 .
ol A = A U of ol A] HIT Bz 422 §1ak
o7 QP PECVD 347412 A5t ik

2.4 £Y M3 5%
B2 pot e S22 Sol Ak A] 9 A 42 9]

A}-Q—OI-_.ETCO 2_4 HAEA o ;_}0] =
o 37 A] Bejzo} e Q) 7] 23 H vl v
22 %9] S4o] AahEx) g 20 B4 S of
ofo} 510, alie Fgol A EA T HEAo] Aot
SH= 7ol 84 7]40]ch Qb0 2 TCO %] £ Indium
Tin Oxide (ITO)E 7P o] A}&3}a1 QI A9t Indium Zinc
Oxide (IZO), Gallium Zinc Oxide (GZO), Boron Zinc Oxide
(BZO) 5t Al =of gt A7k A=l ar 1L, ITO 374 &
5} i3 o 5] 13 oItk ITO EpAle) sak4 240 uje
FahE, 5, A4 58 AAsHe A7 Fa) 247
AR 10:05:5n0,=97%:3% EFZl Ko} e =g o] &
8= In205:Sn0,=90%:10% 274 2] B} 25 A4t efelof| 21-8-5
QAL HAFR o] 5 WHof7h= FAlof et =3 Ar/H, E37F
A0 B2 Esﬂ AFHE AZ WA A Bas
QtP”. TCO 222 213+ PVD AH]:= Von Ardenne, Meyer
Burger, Singulus 2 GS-Solar 5-0] A =3} 91 91, Archers2}
S.C. New Energy A[= Reactive Plasma Deposition (RPD) 57
2 AMg 3L Sl 7198 TCO 23 44 0] 7. B4 of)
Table 59} Zt}

EYof| HALS & Von Ardenne A= TCO S22 3l & 5

5.9] 29|12 A2 k. 2538 SCALAL HIT gfofai| 2]
TCO F2k2 18l 7lie] o] 71Rke] flo]# o)F 7|55 HAeh &

(
—




A.R. Lee et al./ Current Photovoltaic Research 9(4) 111-122 (2021) 117

Table 5. Overview of TCO deposition tools for HJT solar cells®®

Application
M
Company odel scale Throughput
Meyer . R&D, Pilot,
Burger HELA Production 3,000 pes/hr
SCALA LabX R&D -
\Von SCALA PilotX Pilot 1,200 pcs/hr
Ardenne XEAlnova Production 5,500 pcs/hr
XEAlnova L Production 8,000 pcs/hr
GENERIS LAB R&D -
GENERIS PVD .
Singulus 3000 Production 3,000 pcs/hr
GENERIS PVD .
6000 Production 6,000 pcs/hr
GS-Solar - Production 3,300 pcs/hr
Archers RPD 35 : 2,520 pcs/hr
SO N R&D, Pilot, ————
L. New (RPD) Prpduction | 3,000 pes/hr
Energy
B4 13 293 Al2go| T, Al F72] 3 % o]
grate, 379 97 ol s A eiek 4 glek. o, 3 )
%Mﬂ 2t 1,200%-0] go]w] BA A 282 7l elefel uf
U A2 Y80l =7} 7P, B Ei 54 vl

HEE 2582 2} 577bA B8] 2Ejo] 4 o] 15 5to]
WET, Hjl/o)d 50| A1 WIS 2 S Gl ke
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7Nsto] A7t 8,000%2] A 2l e& EAdst ATl
£5}elep.
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PVD AHH] 2 AT E 2L £ TCO Y metal 58 Z2131t}. 3

Fig. 12. HELIA PVD system with rotary magnetron sputters
(Meyer Burger Corp.)
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Fig. 13. Production system of Singulus GENERIS PVD system
(Singulus Corp.)
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Table 6. Screen-printed silver paste deposited mass at front
and backside as busbar number®®

Ag Soldering ECA—gluing Wire
mass | 4BB | 5BB | 6BB | 4BB | 5BB | 6BB | cert* | opt*
F;‘;"t 165 | 155 | 145 | 75 | 70 | 65 | 40 | 20
B:;k 255 | 220 | 190 | 170 | 135 | 110 | 60 | 40
Total
mg] | 420 | 375 | 335 | 245 | 205 | 175 | 100 | 60

*cert.. certified (pass five times IEC reliability test)
*opt.: optimized (for lower silver usage)
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Fig. 14. Process sequence of copper plating for HJT solar cell
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Fig. 15. Step process costs for bifacial HJT solar cell
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Table 7. Top conversion efficiencies of HJT solar cells produced
by different manufacturers

Company Efficiency Structure Area
Kaneka 26.70% HJT-IBC 179 cm?®
Longi 26.30% (bi'f":;al) 274.3 cn?
Panasonic 25.60% HJT-IBC 144 e
Kaneka 25.10% HJT-IBC 151.9 cm’
Panasonic 24.70% HJT 101.8 cm?
Hanergy 24.30% HJT M2 size
Meyer Burger 24.25% HJT 244 e’

CSEM/EPFL 24.16% HJT 4cm?
CEA-INES 23.90% HJT 244 e

3.2 2E &%

HIT Bjg HE2 A A 72 A ol A 2L &= 413 WO
=tar60 Al -4 Oﬂf\i 348 Woj| &5} 7] & BSF B9 &
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Meyer BurgerAl= &} ﬁ—? CEA-INES2} &2 35}o]
2018 5L 410 W &8 R E2 U459t U H ZE2SWCT
AR A2 AL Sl 2 A 0 RIS
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Table 8. Top power characteristics of HIT modules produced
by different manufacturers

Company Power Cell array
Meyer Burger/CEA 480 W 72 cell (bi*)
Jinergy 452 W 72 cell (bi*)
Meyer Burger/CEA 413 W 72 cell
CIE 400 W 72 cell
Sunpreme 390 W 72 cell (bi*)
Jinergy 390 W 72 cell
Jinergy 360 W 60 cell (bi*)
Meyer Burger/CEA 348 W 60 cell
CIE 335 W 60 cell
Panasonic 330 W 96 cell
Jinergy 325W 60 cell
GS-Solar 325W 60 cell
*bi: bifacial
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Fig. 17. Status of HJT solar cell production capacity
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