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UNIVERSITY using in-situ Raman Analysis
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The control of physical, chemical and electronic properties of LGQ " ’. Campaigh 1 Campaign 2 Campaign 3 .
laser-induced graphene (LIG) is crucial in the fabrication of * ST —t - I sl 25-
flexible electronic devices for applications e.g. micro- ,. *+Predicted , T, +**:+*"+*+”f++: 20-
supercapacitors [1] and fuel cell technology [2]. However, ool M| ; 15-
manual exploration of the parameter space is tedious and 2 - —— P i T ‘ |
costly. Here, we demonstrate Bayesian model-based o .. — 1 i [ ‘
optimization (MBO) to advance strategies for property e .
engineering of LIG. As a result, high-quality LIG patterns . LIGP , ' | N
exhibiting high Raman G/D ratios, a factor of at least two Moo 10w 17 R ﬁ | ‘ -
compared to the literature [1, 3], was developed on average 15 “H ,,L,:”P‘f*# -
predicted iterations. Human-interpretable conclusions may , AR Al RN AN ‘ ‘ ‘ ‘ g & & & Tzi:neisl I
be drawn to distinguish substrate-dependent LIG. Our e { o .
Bayesian optimization search method allows for an efficient 0- — . ' : - ' 1 -
experimental design that is independent of the experience - - 40 endom MBD random MEG - random HED )
and skKills of individual researchers, while reducing 1'5_
experimental time and cost and accelerate materials Progress of G/D ratio optimization for LIG on quartz (LIGQ) and on polyimide e e e e e e e . e e e e e e s
research. (LIGP). Box plots corresponds to the statistic of randomly sampled (iteration Pressure [psi]

<1) and MBO-assisted data (iteration >=1). The optimization is statistically N

significant (t-tests p < 0.05). Campaigns repeated three times to account for : '

random seed data. ol |
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Comparison of partial plot dependence G/D ratio to different
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L1

........ 1 e | parameters for LIG on quartz (LIGQ) and on polyimides (LIGP), as
(- T\
———————— R — derived from the surrogate model predictions. The grey area
\O denotes how the values vary with all possible values for other
: mirMBO package parameters. For both samples, optimized G/D is found at lower
L \\ —p exposure times; >1W for LIGP; and lower and higher pressures for
| | | | | _ LIGQ and LIGP, respectively. The results may give insight into the
(Blp();tll:)cal profllorgetgr rznolcrographs of MBO-assisted (left) LIGQ and (right) underlying process of LIG formation.
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space possible parameter lter = 1, Gap = 6.7051e-02
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l optimization improved quality of LIG patterns based on Raman G/D
—— ratios by at least a factor of two in the literature on average in 15
andom Foresy ‘\ predictions.
pop— o B . In spite of high G/D ratios, thermal damage may still occur. Future
(Ememis'?;%?&em@ o studies include multi-objective and multi-level optimizations.
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l o the best configuration, providing efficient experimental design that ‘ ?&UNI\/ERSITVOF\Y/\/OMING
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