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ABSTRACT: Light and elevated temperature induced degradlation (LeTID) negatively impacts the lifetime and 
electronic characteristics of silicon (Si) solar cells. Even though the exact underlying mechanism of LeTID and 
subsequent regeneration are still unknown, LeTID fonnation seems to depend on the hydrogen content in the Si bulk 
In this srudy, we compare the LeTIO and subsequent regeneration behaviour ofp-type Cz-Si and mc-Si samples with 
different AIOx!SiNy:H passivation laycr systems undcr illumination (1 sun) and clcvated temperarure (130°C). Provided 
that atomic layer deposited AIOx can serve as diffusion barrier for hydrogen diffusing in the Si bulk from the SiNy:H 
layer during firing, we are able to change the hydrogen content by adjusting the AIOx layer thickness between 0 and 
25 nm. Tbus, we are able to show a reduction of LeTID by an adapted processing sequence witbout any losses in 
material quality. 
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INTRODUCTION 

Light and elevated temperarure induced degradation 
(LeTID) negatively impacts the lifetime and electron.ie 
characteristics of silicon (Si) solar cells ( 1-3]. Especially 
devices using the high efficiency passivated emitter and 
rear cell (PERC) technology are affected, and underlying 
mechanisms of LeTID are still largely unknown. Latesl 
studies assume hydrogen to be a possible root cause for 
LeTID [ 4-9), although the tnie nan1re of the involvement 
of hydrogen remains unknown. In (3], it could be shown 
that LeTID was only observed on samples passivated with 
hydrogen cootaioing dielectric layers, such as the 
hydrogen-rieb PECVD SiNy:H layer used in this work. As 
AIOx can serve as diffusion barrier for hydrogen (10] 
during firing ofthe SiNy:H layer, we should be able to vary 
the hydrogen content diffusing into the Si bulk by applying 
an adapted AIOx layer between SiNy:H and the Si wafer. 

2 EXPERIMENT AL 

Boron-doped high performance multicrystalline (hp 
mc) and Czochralski (Cz) grown Si sister walers (SxS cm1) 

were processed to investigate the influence of different 
passivation layer systems on LeTID and following 
regeneration. A simplilied scheme of the applied process 
sequence is given in Fig. 1. All wafers were etched in a 
solution of HNOJ (65%), acetic acid (99.8%) and HF 
(50%) in a ratio of 15:2.5: 1 to remove saw damage. 
Thereafter, an oxide was grown wet-chemically in a 
solution ofH202 (30%) and H1S04 (96%) in a ratio of 1 :3 
at about 80°C, which was afterwards stripped in diluted 
HF (3%) to remove surface contamination (Piranha clean). 
Aflerwards, the samples were deposited using double
sided atomic layer deposition (ALD) AIOx at 300°C. The 
layer thickness was varied between 5 and 25 mn and 
therefore the deposition time dillered between several 
minutes and one hour. As dcposition time at 300°C might 
play a role for the later observed LeTID kinetics, another 
set of samples was processed where the temperan1re load 
at 300°C was identical (31.5 min per s ide), and only the 
AIOx layer thickness was varied (samples labelled "with 
time adjustment"). Furthennore, some samples were 
exposed 24 h to 400°C under low pressure in N1 
atmosphere directly after AJO, deposition, to potentially 
outgas hydrogen present in the AIOx layer. 
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All samples then received a 75 nm thick SiNy:H Jayer 
by plasma-eohanced cbemical vapor deposition (PECVD) 
and were fired in a belt fumace at a set peak temperarure 
of 800°C. To compare the initial effective excess minority 
charge carrier lifetime (torr), the samples were measured 
by the photoconductance decay (PCD) method at room 
temperature with a Sinton Lifetime Tester WCT-120 and 
by the spatially resolved, fast and sell~calibrated ti.me
resolved photoluminescence imaging (TR-PLI) method 
[II). 

1 

p-type hp mc-Si (1 .2 Ocm) 
and p-type Cz-Si (2 Ocm) 

1 

ALD Al20 3 (both sides @ 300°C): 
thickness variation 5 - 25 nm 

(optional: time adjustment) 

• 
optional: outgassing (24h@ 400°C) 1 

1 

1 SiN,:H (75 nm, direct PECVD) 1 
1 

1 tiring (T ••• = aoo·c) 
• 

1 initial lifetime measurement (TR-PLI, PCD) 
• 

1 lifetime measurement (ET-PCD@ 130°C) 
• 

1 degradation (130°C, 1 sun) 

F igur e 1: Simplified process sequence of the investigated 
lifetime samples. 

For dcgradation and subsequent regeneration, the 
lifetime samples are held at a temperature of approx. 
130°C under illumination with halogen lamps (1.0±0. J 
suns) and r.rr is measured repetitively via tbe PCD method 
at the elevated temperarure of 130°C using a Sinton 
Lifetime Tester WCT-120TS. The lifetimes are extracted at 
a fixed excess charge carrier concentration of t.n = 
0.1 x p0 , where p0 is the doping concentration of the 
investigated sample. 
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3 RESULTS AND DISCUSSION 

As shown in Fig. 2, directly after the firing step the 

measured 1eff values do not show an influence of the 
iovestigated AIOJ SiNy:H layer systems. 
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Figure 2: Initial -r.ir measured by PCD at room 
temperarure and extracted at trn = 0.1 x p0 of all mc-Si 
and Cz-Si samples with different AIOx layers (0-25 nm) 
and subsequent SiNy:H passivation. 

Furthermore, spatially reso lved TR-PLI lifetime maps 
confinn a homogcneous passivation. An example of a 
25 nm AIOx and subsequent 75 nm SiNy:H passivated 
sample is shown in Fig. 3. This shows that no maller which 
passivation layer system is best regarding LeTID, it does 
not negatively affect the Si material quality. 

Cz-Si: 25 nm AIOx + 75 nm SiNy:H 
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Figurc 3: IR-PLI lifotime map al room temperalure of a 
Cz-Si sample deposited with 25 nm AIOx and 75 nm 
SiNy:H shows a homogeneous passivation quality. 

In order to allow better comparison of LeIID kinetics 
of various samples with varying tcir starting values, the 
lifetime equivalent defect density ßN1eq is a suitable tool 
( 12]. lt is calculated using 

1 1 
l:J.N1eq = --- --

1eff,t 1eff,O 

where tcff,1 and torr,o is the extracted lifetime measured by 
PCD at elcvated tempcrature at any givcn time and in the 
initial state, respectively. 
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lFigur e 4: Time-dependent lifetime equivalent defect 
density of mc-Si samples, passivated with AIOx of 
different thickness and subsequent 75 nm SiNy:H after 
firing. Data calculated with extracted PCD lifetimes at 
e levaced cemperarure at t:J.n = 0.1 x p0 • As the 0 run AIOx 
sample (processed as standard) broke during 
characterization, the 0 om AIO, sample wich additional 
time adjustment is shown here. 

Fig. 4 exemplary shows time-dependent ßN1eq va lues 
of the mc-Si samples passivated with 0-25 mn AIO, and 
subsequent 75 nm SiNy:H without time adjustment. As the 
as Standard processed sample with 0 run AIOx broke 
during characterization, D.N1eq values of the sample with 
additional time adjustment are shown instead. All samples 
show the typical LeTID and subsequent rcgeneration 
behaviour for mc-Si wafers at 130°C and one sun 
i llumination. D.Nteq increases in the first few hours unti l it 
reaches its maximum value after about eight to ten honrs, 
followed by a decrease of D.Nteq. lt can be seen that an 
intcrmcdiatc AIOx laycr with only 5 nm thickncss lcads to 
a decrease of the maximum value of lifetime equivalent 
defect density D.N1eq. ma.x from 20 ms·1 to 10 ms·1. 
Increasing the layer thickness up to 15 mn further lowers 
l\N1cq,max to less than 5 ms·1. lnterestingly, the value cannot 
be decreased further with even thicker layers, which 
possibly indicates a threshold value of AlOx. regarding the 
hydrogen diffusion originating from the SiNy:H layer, 
assuming that hydrogen is the trigger for the extent of 
observable LeTID. 

For a better overview, D.Nteq. max of all investigated 
samples are shown in Fig. 5. Even though D.Nteq. ma.x va lues 
in Cz-Si are roughly one order of magnirudc bclow thc 
values detected in mc-Si, the described observations above 
hold true for both Si materials. Moreover, samples without 
a final SiNy:H layer (blue stars in Fig. 5), show 
comparable l\Nkq. ma.x values to the comparable samples 
with an AIOJ SiNy:H layer system. Ibis further confüms 
the assumption of a threshold value of AIOx thickness, 
regarding the hydrogen diffusion. 

Samples with time adjustment during deposition (cf. 
red triangles in Fig. 5) as weil as samples with outgassing 
of hydrogen (cf. green triangles in Fig. 5) are also 
invcstigated regarding thcir LcTID bchaviour. As both 
process varialions show comparable results to the Standard 
process (cf. black squares in Fig. 5), an in.fluence of the 
deposition time or the hydrogen content in the AIOx layer 
i tself can be excluded (presumed that the "outgassing" step 
led to a lower H concentration in ehe AlOx layer). 
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Figure 5: Maximum values of the lifetime equivalent 
defect density of mc (top) nnd Cz-Si samples (bonom) 
depending on the AIOx layer thickness. Tue effective 
lifetime was cxtractcd from PCD measurcmcnts at 
clcvatcd tcmperaturc at an injcction of t.n = 0.1 x p0 . In 
addition to the standard proccss (black squares), a time 
adjustment of the AlOx deposition (red triangles) and an 
outgassing of hydrogen aftcr thc AlOx depositioo (greco 
triangles) was applied. Thc bluc stars represcnt samplcs 
without a final SiNy laycr. 

In various studics [ 13-15 J it is shown, that LeTID is 
dependenc on the liring tcmperature. Therefore, 
tempemture profilcs were mcasurcd via a thennocouple 
that is pressed on top of a wafcr. lt could be seen, that the 
tcmperature profilcs do not change with varying AlOx 
thickness within the AJOJ SiNv:l l layer system. Regarding 
the sample peak tcmperaturcs of the Cz-Si wafers shown 
in fig. 6, it can be seen, that all temperatures of samples 
with an AJOJ SiNy: H layer systcm are within the range of 
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F igure 6: Measured samplc pcak tcmperatures during fast 
firing ploned against thc AlOx thickness within the 
AlOJ SiNv:H laycr systcm. Set peak tcmperature of thc 
bell fumace was 800°C . 
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780 to 790°C and thc pcak tcmpcraturc of thc samplc 
w ithout a final SiNy:H layer is s lightly lower at about 
770°C. Comparing these tempera turc diffcrcnces with 
1 itcranire [ 13-15], thc cbange of t.N1eq observed in this 
study caru1ot be exp lained by thc slightly different detected 
sample peak temperature during firing . 

4 CO CLUSION 

The influence of different AlOxtSiNy:H layer systems 
o n LcTID strength and kinetics was invcstigated on mc-Si 
as weil as Cz-Si wafers using TtfT data from TR-PLI and 
PCD. Spatially resolved TtfT mensurcmcnts confinned a 
homogeneous passivation qunlity for all samples, while 
i njcction dependent measurements showcd no in11uence of 
thc AlO, laycr thickness on t.1r. 

A comparison of calcula tcd .l\N1eq, """' valucs of both, 
mc and Cz-Si wafers sbowed a decreasc ofLeTID strength 
with an increase of AIO. layer thickness up to 15 nm 
within the AIOJSiNy:H layer systcm. Above 15 nm AIOx 
t hickness, 6 1tq. ma.• remains constant. This finding could 
be explained by assuming a threshold value of AIOx layer 
thickness regarding hydrogen diffus ion from thc SiNy:H 
lnycr through the AlOx layer into thc crystallinc silicon 
wafer. lt could be shown, that thc different surface 
passivation layers used here do not impact the firing 
profi le (peak firing wafcr tcmpcraturc) and thus the sample 
lcmperanires during firing are not rcsponsible for the 
obscrved change in 6N1"'. Furthcnnorc, infü1ences of tbe 
hydrogen content in the AJO, layer itsclf as weil as the 
ALD AIO. deposition duration on L\Ni.q could be excluded 
(undcr the assurnption that tbe "outgassing" step at 400°C 
for 24 h leads to a reduction ofll concentration in the AIO. 
laycr). 

These rcsults help cxplain why thc surface passivation 
step can atrect LeTID, and ultimately why LeTID varies 
so strongly in PERC solar ceUs as di fTcrent manufacturers 
use different AIOJ SiNy:H laycr systcms. Finally, ir is 
possible to significantly reduce the LeTID defect density 
by an adapted proccssing scqucncc in PERC solar cells. 
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