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ABSTRACT: Aluminum oxide (Al,O;) film deposited by atomic layer deposition (ALD) is known to supply excellent surface passivation
properties on crystalline Si surface. The quality of passivation layer is important for high-efficiency silicon solar cell. double-layer
structures have many advantages over single-layer materials. AlOs/SiNx passivation stacks have been widely adopted for high- efficiency
silicon solar cells. The first layer, Al,Os, passivates the surface, while SiNx acts as a hydrogen source that saturates silicon dangling bonds
during annealing treatment. We explored the properties on passivation film of Al,O3/SiNx stack layer with changing the conditions. For
the post annealing temperature, it was found that 500 °C is the most suitable temperature to improvement surface passivation.
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Nomenclature

V.. : open-circuit voltage, V

subscript

ALD : atomic layer deposition

PECVD : plasma enhanced chemical vapor deposition
ARC : anti-reflectance coating

QSSPC : quasi steady state photoconductance

TMA : trimethylaluminum

DHF : dilute hydrofluoric acid
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Fig. 1. (a) Al,O3 structure (b) Al,O3/SiNy stack layer structure
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Fig. 2. Fabrication procedure for crystalline silicon solar cells
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Fig. 3. Effects of Al,O3 thickness on Vo



J.Y.Hyun et al./ Current Photovoltaic Research 5(2) 63-67 (2017)

o} T 9l Ao & oAt ALO; W52 negative fixed
charge=SiT} AlL,O; || FAIElttar Wo| B & 179Ich Si
3£ ALO, 7} 5-28] FAA| F2F E] A g2 8- ol A
3}= charge density 7} Yol field effect passivation &3}7} ELZ]
& E}J—’— 2P webA 2 cycle =2 GFA S2ko] 2 7
2 Vo ah2 2t A2 A |2 3o negative charge den31ty
7]' L;i‘ﬂ] %|o] minority carrier7} A A A A G == &7 A
o2 FolA v sAMlo]4 Eao] e Ao Azt
o}, o5 ALD 271 Wi} AES 2 10 nmo) 4 e}k
Fig. 412 %2 ££820C 12102 o127 3191 o] L0
-2 implied Vo 0] 43S HolEh 257t S7HEpE Vo e
25191 220°C 2 7] 0.2 sheksh Ak Baksigit. o]
0] HarE 80 2= AL0; U 2= o dollA= A4

Z2} 5
02‘1]__!‘

65

2 ALDY] FA cycle & %S 1 TMAL}H,09]
2 eo w2 v 54 . Elipsometry 5 ©|-8-5}

o A 2UE FAESH LP%JJEFig Sof e A

Bt FA= 2ol & HolA] ¢hgtou H,O Rk TMA o] HAEt
o] glo]H We] T FU ] F3FE Hol= 2 0 & Fls}
et

Fig. 62 24 £2220C, ALO; 10 nm& 2} A] TMAE A
E}ol2 0.5 22 3192 1 H,O B A eFJof whZ implied Vi,
ATHE HojZT} 0.1 2 o] FRE Voo A% Z7HE Mo}
04 B2 19 ST} Voeolli= o] 122 2112 4 9]
o}, 7] o] MHEE g0l ALDE 950 2 Z2o] 5)7]
2ol 2 Ep¢jo] F7stol e 1 eycletd g4 oh= 2] 4
b BoIg mutolujel B4 Tt 2o} gl 0.2 Bl

:"‘é

T &ieol gt 2to) 7k A 2] glglo? AR e 5 o) F 7% Aok Thik 0.1 20014 45 Hol= Hdle] tisiA= H
2o whet sjAjHo]d £/ Atol7} BHls] = Ao = 0lo] ZE3}R]| kS A9 ALO; A A Abh Ao O R
gk}, 2] Atz ojoi= the ATk AAe) 34 M 220C @Ak ato] {4 Hl%) okak] o] Sado] he A g He
of| A implied Voo g0l 7H A U2 A& 24 shoith th22 2 Heltk
700 T T T T T 700
680 - E - Avg.
M 680 J
660 |- " u ° 4
s s
E 640 - [ ] [ ] ° . E_ 660 ‘ i i
8 " g 4 a PR
> 620 _ K T
3 3
E- 600 |- L E. 640 - i
580 |- - )
620 &, J
560 - -
540 1 1 1 1 1 eoo I} I} 1 1 1
180 200 220 240 260 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Substrate temperature (C) H,O pulse time (sec)
Fig. 4. Substrate temperature of atomic layer deposition (ALD) Fig. 6. Effects of pulse time on V¢
TMA 0.5s / H,0 1.1s TMA 0.5s / H,0 0.5s TMA 0.3s / H,0 0.5s

ALO, thickness(nm)

11.30 11.19 11.09

10.98

10.88

10.77 10.66 10.56 10.45

Fig. 5. Effects of pulse time on thickness. Films were deposited at 220°C (Elipsometry)



66 J.Y.Hyun et al./ Current Photovoltaic Research 5(2) 63-67 (2017)

[Jaizos []rreAnneal [_]sitx

Implied Voc (mV)

[Jazoz []siNx [[]Post Anneal

500 550 600

Annealing temp (T)

500 550 600

Annealing temp (T)
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