
Open Access This file is licensed under a Creative Commons Attribution 4.0 

International License, which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the Creative Commons license, and indicate if 

changes were made. In the cases where the authors are anonymous, such as is the case for the reports of 

anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 

attribution to the source work.  The images or other third party material in this file are included in the 

article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is 

not included in the article’s Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

Peer Review File

Generalised optical printing of photocurable metal

chalcogenides



Reviewer #1 (Remarks to the Author): 

The authors introduce a technique for optical 3D printing of metal chalcogenide-based 

on a photoacid generator. The advantage of this technology compared with other optical 

patterning techniques is that it does not involve the use of a photo-sensitive polymeric 

matrix to achieve crosslinking during printing. This prevents the presence of organic 

residues that degrade the performance of the final material. This is a general method of 

interest for a broad range of fields related to microfabrication and electrical engineering. 

The work supports the claims with an adequate amount of results meeting the expected 

high standard of this journal in terms of presentation and explanation. However, I 

propose some modifications which, in my opinion, will improve the clarity and 

completeness of the report: 

Line #26: Although the cross-section of the printed shapes can be altered throughout 

the thickness direction (Fig. 2f), the authors should be more conservative when claiming 

3D printing. I think the process is potentially compatible with 3D printing but the 

thickness demonstrated corresponds still to the thin-film domain (0.5 um). Also, the TEG 

demo is in-plane. Therefore, no real 3D architecture has been shown. The claim of 3D 

printing should be replaced with "compatibility with 3D printing" or "potential for 3D 

printing", etc. 

Line #43: Since the authors have similar papers based on DIW, it would be relevant to 

introduce here a brief comparison between these two 3D printing methods. 

Lines #54-56: Can you provide numbers for the efficiency? what about porosity? 

Line #86: Why these materials? Why not Sb2Te3 

Line #121: what alcoholic solvent is this one? 

Line #173: see the comment from line #26. 

Line #195: What is the thickness of the samples for XRD? 

Line #196: The patterns are quite noisy and it is difficult to compare with the pdf card. I 

see clear texturing for 3c but not really for 3d, or at least not much compared to other 

panels such as 3f. Can the authors clarify more this point by improving the quality of the 

patterns or adding extra labels? A comparison in the SI between the expected peaks for 

textured vs non-textured materials and some details about the crystalline structure 

would be highly appreciated for clarity. 

Line #197: Those peaks are labeled only for Fig. 3c but not for 3d. 

Line #214: Do you mean respectively (meaning Cu2s was annealed at 732 K and SnSe2 

at 573K)? 

Line #216: Can you add evidence of this sentence?: "The annealing temperatures were 

selected after considering the thermal stability of the materials to conserve their 

stoichiometric composition 216 and microstructural integrity". 

Line #222: Could the authors clarify how the evaporation of S leads to fewer Cu 

vacancies? 

Line #226: Reducing pinholes and cracks is no evidence of reducing Cu vacancy point 

defects. They belong to different size scales. When talking about Cu vacancies, I can 

imagine atomic scale, whereas when referring to cracks and pinholes, we are talking 

about hundreds of nanometers or a few microns scale. 

Line #253-254: This is a bold statement as fluctuations appear also in the SnSe2 



material and are likely due to typical experimental errors when measuring conductivity 

and Seebeck. The authors should remove this claim or include further studies such as 

DSC measurements to support it. 

Line #260-261: can the author clarify why materials with high carrier concentration 

show an increase of S with temp? A reference would be useful too. 

Line #274: Can the authors elaborate on this statement. According to the Pisarenko 

relation, S should go up for lower n for highly doped semiconductors, which are usually 

employed for thermoelectrics (DOI: 10.1039/C1EE02612G). Is this what the authors 

mean? In the reference provided, the opposite is claimed because the authors of the 

referred paper compared an intrinsic semiconductor with a doped one. 

Line #298: 3D devices are only potentially possible, not demonstrated. 

Line #311: I suggest changing for 3-steps (or 2-steps if sintering is considered as a 

post-processing step) as exposure, and removal of green material are needed. 

Line #315: a "to" is needed between "limited" and "photocurable". 

Figure 2: Some of these panels do not provide any extra relevant info (a,b, and c show 

similar results, d and e also). Therefore they are redundant and they could be removed 

or transferred to the SI to make the main text more focused. 

Figure 4: Can the authors provide details on how they fit the experimental points to the 

dashed curves? Did they use a mathematical function? if so, which one? Or did they use 

any software option? 

Reviewer #2 (Remarks to the Author): 

The manuscript reported a very interesting concept of optical printing of photocurable 

metal chalcogenides. Optical printing has been mostly used for printing polymers or 

their composites. The concept reported in this work opens new opportunities of using 

optical printing to print inorganic semiconductors. I would like to recommend the 

publication of this article after the authors address the following comments: 

1. The reported charge carrier mobility and conductivity seems still considerably lower 

than the best reported values of the same materials made by other techniques. The 

authors should provide some explanations why the property is still relatively inferior 

using the optical printing method. 

2. There are many printing methods available to print the inorganic inks. I suggest the 

authors provide a performance comparison of the optical printing vs. other printing 

methods in terms of printing speed, spatial resolution, properties of printed materials, 

etc. 

3. The authors demonstrated an in plane TE device. The optical printing method seems a 

very good method to fabricate cross-plane TE devices. The cross-plane TE devices are 

much more applicable for energy harvesting devices than in plane TE devices. If 

possible, the authors may attempt to demonstrate some cross-plane TE devices, which 

can make this work even more appealing.
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EP^[ZY^P _Z _SP ]PaTPbP]^j NZXXPY_^

The followings are the responses to the reviewers’ comments for the manuscript J*8?8B4=<C87 @AD<64=

AB<?D<?: @9 A;@D@6EB45=8 >8D4= 6;4=6@:8?<78C$K

p EPaTPbP] $-

=PYP]LW NZXXPY_6 Qa^ Znmahkl bgmkh]n\^ Z m^\agbjn^ _hk himb\Ze 1A ikbgmbg` h_ f^mZe \aZe\h`^gb]^+

[Zl^] hg Z iahmhZ\b] `^g^kZmhk, Qa^ Z]oZgmZ`^ h_ mabl m^\agheh`r \hfiZk^] pbma hma^k himb\Ze

iZmm^kgbg` m^\agbjn^l bl maZm bm ]h^l ghm bgoheo^ ma^ nl^ h_ Z iahmh+l^glbmbo^ iherf^kb\ fZmkbq mh Z\ab^o^

\khllebgdbg` ]nkbg` ikbgmbg`, Qabl ik^o^gml ma^ ik^l^g\^ h_ hk`Zgb\ k^lb]n^l maZm ]^`kZ]^ ma^

i^k_hkfZg\^ h_ ma^ _bgZe fZm^kbZe, Qabl bl Z `^g^kZe f^mah] h_ bgm^k^lm _hk Z [khZ] kZg`^ h_ _b^e]l k^eZm^]

mh fb\kh_Z[kb\Zmbhg Zg] ^e^\mkb\Ze ^g`bg^^kbg`,

Qa^ phkd lniihkml ma^ \eZbfl pbma Zg Z]^jnZm^ Zfhngm h_ k^lneml f^^mbg` ma^ ^qi^\m^] ab`a lmZg]Zk]

h_ mabl chnkgZe bg m^kfl h_ ik^l^gmZmbhg Zg] ^qieZgZmbhg, Ehp^o^k* F ikhihl^ lhf^ fh]b_b\Zmbhgl pab\a*

bg fr hibgbhg* pbee bfikho^ ma^ \eZkbmr Zg] \hfie^m^g^ll h_ ma^ k^ihkm,

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl oZenZ[e^ mbf^ Zg] ^__hkm in evaluating our manuscript. We 

mkner Z`k^^ pbma ma^ k^ob^p^kzl \hff^gms about the need for the additional characterisation and 

clarifications of the process and materials. T^ lbg\^k^er Z]]k^ll^] Zee ma^ \hff^gml Zg] [^eb^o^ maZm

ma^l^ k^oblbhgl fZ]^ Z lb`gb_b\Zgm bfikho^f^gm bg ma^ jnZebmr h_ ma^ fZgnl\kbim, We thank the reviewer 

again for the positive comment. 

9ZXXPY_ -8 Line #26: Although the cross-section of the printed shapes can be altered throughout the 

thickness direction (Fig. 2f), the authors should be more conservative when claiming 3D printing. I 

think the process is potentially compatible with 3D printing but the thickness demonstrated corresponds 

still to the thin-film domain (0.5 um). Also, the TEG demo is in-plane. Therefore, no real 3D 

architecture has been shown. The claim of 3D printing should be replaced with "compatibility with 3D 

printing" or "potential for 3D printing", etc. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl valuable comment. T^ Z`k^^ pbma ma^ k^ob^p^kzl \hff^gm

that the claim of x1A ikbgmbg`y lhf^paZm exaggerated our printing process in this study. To overcome 
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9ZXXPY_ .8 Line #43: Since the authors have similar papers based on DIW, it would be relevant to 

introduce here a brief comparison between these two 3D printing methods. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl _knbm_ne \hff^gm, As the reviewer commented, our group have 

studied the DIW 3D printing process for fabricating various types of inorganic electronic materials. The 

DIW is an extrusion-based 3D printing method to create meso- and micro-scales architectures. In the 

DIW, the liquid-iaZl^ xbgdy bl ]bli^gl^] hnm h_ lfZee ghsse^l ng]er controlled flow rates and deposited 

along digitally defined paths to fabricate 3D structures layer-by-layer A1. Recently, by developing the 

viscoelastic inks containing functional inorganics, this method has been extensively utilized for 

fabricating various types of functional inorganic materials. This is the stark contrast to the optical 

3D printing techniques such as digital light processing (DLP) and stereolithography, which suffer 

from the critical issue of limited printable materials, thus their applications in the electronic and 

energy fields are restricted.  

 Accordingly, we included the following sentences on the revised manuscript (page 3). 

xQabl bl ma^ lmZkd \hgmkZlm mh ma^ ]bk^\m bgd pkbmbg` (AFT) m^\agbjn^l* pab\a bl Zg ^qmknlbhg+[Zl^] 1A ikbgmbg`

f^mah] mh \k^Zm^ f^lh+ Zg] fb\kh+l\Ze^l Zk\abm^\mnk^l, ?r ]^o^ehibg` ma^ obl\h^eZlmb\ bgdl \hgmZbgbg` bghk`Zgb\

iZkmb\e^l* ma^ AFT aZl [^^g ^qm^glbo^er nmbebs^] _hk _Z[kb\Zmbg` oZkbhnl mri^l h_ _ng\mbhgZe bghk`Zgb\ fZm^kbZel/6+

0., Chk ^qZfie^* ma^ AIM+ikbgm^] ma^kfh^e^\mkb\ ?bP[Q^ fZm^kbZel pZl k^ihkm^] mh ^qab[bm ma^ 32 oZen^ h_ .,/0*

pab\a bl hg^ hk]^k h_ fZ`gbmn]^ ehp^k maZg maZm h_ bghk`Zgb\ [ned k^_^k^g\^ fZm^kbZel hk maZm h_ ^o^g AFT+ikbgm^]

?bP[Q^ [^\Znl^ ma^ ikbgm^] h[c^\ml \hgmZbg hk`Zgb\ k^lb]n^l0/,y

9ZXXPY_ /8 Lines #54-56: Can you provide numbers for the efficiency? what about porosity? 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl \Zk^_ne \hff^gm, Fg ma^ O^_, /6 in the revised manuscript, the 

maximum ZT value of the printed composite was 0.12 at 43 oC, which was obtained in the BiSbTe-

based composites with a porosity of 62%. 

Accordingly, we replaced the previous sentence with the following one in the revised manuscript

(page 3,4). 

xChk ^qZfie^* ma^ AIM+ikbgm^] ma^kfh^e^\mkb\ ?bP[Q^ fZm^kbZel pZl k^ihkm^] mh ^qab[bm ma^ 32 oZen^ h_ .,/0*

pab\a bl hg^ hk]^k h_ fZ`gbmn]^ ehp^k maZg maZm h_ bghk`Zgb\ [ned k^_^k^g\^ fZm^kbZel hk maZm h_ ^o^g AFT+ikbgm^]

?bP[Q^ [^\Znl^ h_ ma^ ikbgm^] h[c^\ml \hgmZbg hk`Zgb\ k^lb]n^l0/,y
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9ZXXPY_ 08 Line #86: Why these materials? Why not Sb2Te3. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl mahn`am_ne \hff^gm, Our group reported soluble telluride-

based molecular Sb2Te3 precursors. which can be used as the inks for the current DLP printing 

A2. The Sb2Te3 precursor was synthesized by the multi-step processes of the synthesis of polymeric 

Sb2Te3 precursor and the subsequent superhydride and tri-n-octylphosphine (TOP) treatments (Fig. A2). 

Although this final precursor could generate the high-quality thin films by the spin coating process, the 

complicated synthetic route for the Sb2Te3 precursor requires tight engineering in every step for 

ensuring the composition and purity of precursors. We have tried to use this precursor for the 

optical printing process but we concluded that this precursor was not suitable for the current 

optical printing process because the mixing step with the photoacid generator (PAG) to provide 

the photoreactivity was found to easily degrade the composition of the Sb2Te3 precursor. 

Moreover, the limited solubility of the Sb2Te3 precursor in the DMSO and acetonitrile made it 

difficult to use this precursor in the current optical printing process that requires the relatively 

high concentration of precursor. Accordingly, we chose the Cu2S and SnSe2 as thermoelectric 

materials for fabricating power generating devices. 

Fig. A2 Scheme of the procedures for the molecular Sb2Te3 precursors and thin film fabrication (adapted 

from Ref. A2).

9ZXXPY_ 18 Line #121: what alcoholic solvent is this one? 

Response: We apologize for the confusing information in the previous manuscript. MahmhZ\b] `^g^kZmhk

(M>D) bl Z \hfihng] maZm _hkf^] ma^ iahmhikh]n\ml bg\en]^] Z\b]b\ li^\b^l makhn`a k^Z\mbhg hk

]bllh\bZmbhg nihg beenfbgZmbhg, Qa^r \Zg [^ ]bllh\bZm^] obZ kZ]b\Ze iZmapZrl hk \e^ZoZ`^ h_ @+L* P+L

Zg] K+L [hg]l* k^jnbkbg` ar]kh`^g ^qmkZ\mbhgl _khf lnkkhng]bg` \hfihng]l hk lheo^gml ebd^ Ze\hahel,

Fg Z]]bmbhg mh Ze\hahel* ]bo^kl^ kZg`^l h_ lheo^gml \Zg [^ nl^] Zl ma^ ikhmhg lhnk\^ _hk Z\mboZmbg` ma^

M>D, ?Y _ST^ ^_`Od( bP SLaP _P^_PO OTaP]^P ]LYRP^ ZQ ^ZWaPY_^ ^`NS L^ LWNZSZWTN ^ZWaPY_ &P_SLYZW(
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x>elh* ma^ PgP^0 ^qab[bm^] ma^ Z+Zqbl i^Zdl h_ ma^ (../)* (..1)* Zg] (..2) ieZg^l bg ma^ UOA iZmm^kg* lahpbg` Z

lmkhg` hkb^gmZmbhg pa^g bm \hfiZk^] pbma maZm h_ ma^ ghg+m^qmnk^] PgP^0 iaZl^ (Pniie^f^gmZkr Cb`, /1),y

9ZXXPY_ 58 Line #197: Those peaks are labeled only for Fig. 3c but not for 3d. 

Response: DWPL^P ]PQP] _Z _SP EP^[ZY^P QZ] _SP 9ZXXPY_ 4*

9ZXXPY_ -,8 Line #214: Do you mean respectively (meaning Cu2s was annealed at 732 K and SnSe2 

at 573K)? 

Response: We apologize for the confusing sentence in the previous manuscript. The printed 2D Cu2S 

samples was annealed at 723 K and 2D SnSe2 samples was annealed at 573 K. To make it clear, we 

corrected the previous sentence on the revised manuscript, as follows (page 11). 

xE^k^* p^ _Z[kb\Zm^] 0A @n0P Zg] PgP^0 lZfie^l nlbg` ma^ AIM f^mah] Zg] ma^g Zgg^Ze^] @n0P Zm 501 _hk 3* /.*

Zg] /3 fbg* Zg] PgP^0 Zm 351 H _hk 5* /.* Zg] /3 fbg* k^li^\mbo^er,y

9ZXXPY_ --8 Line #216: Can you add evidence of this sentence?: "The annealing temperatures were 

selected after considering the thermal stability of the materials to conserve their stoichiometric 

composition and microstructural integrity". 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl mahn`am_ne \hff^gm. To address this issue, we systematically 

annealed the SnSe2 and Cu2S samples at different temperatures and characterised them by the XRD and 

SEM analysis. The SEM images of SnSe2 samples (Fig. A5) shows that the microstructures were not 

changed significantly. However, the SnSe phase (p-type) was started to detected in the XRD 

patterns at 623 K and the SnSe2 phase was fully transformed to the SnSe phase at 673 K. This 

composition transition was well-known to be attributable to the evaporation of Se A3. Since SnSe crystal 
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Fig. A7 ZT values of Cu2-xS pellets (Cu1.96S and Cu1.8S) annealed under different atmospheres Ar/H2

and Ar, respectively (adapted from Ref. A4). 

7NNZ]OTYRWd( bP TYNW`OPO _SP F;B LYO IE: OL_L LYO _SP ]PWL_PO OT^N`^^TZY TY _SP ]PaT^PO

F`[[WPXPY_L]d ?YQZ]XL_TZY (Pniie^f^gmZkr Abl\nllbhg Zg] Pniie^f^gmZkr Cb`, /2 Zg] /3),

xTo optimise the annealing conditions, we systematically annealed the SnSe2 and Cu2S samples at different 
temperatures and characterised them by the XRD and SEM analysis. The SEM images of SnSe2 samples 
(Supplementary Fig. 14) shows that the microstructures were not changed significantly. However, the SnSe phase 
(p-type) was started to detected in the XRD patterns at 623 K and the SnSe2 phase was fully transformed to the 
SnSe phase at 673 K. This composition transition was well-known to be attributable to the evaporation of Se20. 
Since SnSe crystal generally exhibit the p-type properties, we chose the annealing temperature of 573 K to 
conserve the n-type character of the SnSe2 sample. On the other hand, regardless of the annealing temperatures, 
all Cu2S samples shows the smooth film with good coverage, as shown in the SEM images (Supplementary Fig. 
15). However, the XRD patterns of the samples annealed at 623 K and 673 K corresponded to the Cu1.8S bulk 
reference, while the samples annealed at higher temperatures showed the Cu1.96S phase (Supplementary Fig. 15b). 
In general, Cu1.96S crystal is known to exhibit significantly higher thermoelectric properties than those of Cu1.8S21. 
Accordingly, we chose the annealing temperature of 723 K to obtain the Cu1.96P iaZl^,y

9ZXXPY_ -.8 Line #222: Could the authors clarify how the evaporation of S leads to fewer Cu 

vacancies? 

Response: We Ziik^\bZm^ ma^ k^ob^p^kzl \hglmkn\mbo^ \hff^gm hg hnk fZgnl\kbim, @hii^k

chalcogenides Cu2-xX (X = S, Se or Te) have been studied as promising thermoelectric materials. The 

electrical and functional properties of copper chalcogenides depend on not only the crystal structures 

but stoichiometry of composition due to the carrier concentration. Because the Cu vacancy in copper 

chalcogenides act as the hole donor, the hole carrier concentration is generally increased with 
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increasing the copper deficiency from Cu2X to Cu2-xX. Lin et al. reported the decreased carrier 

concentrations of Cu2Se thin films with increasing the heat treatment temperaturesA5. The author 

claimed that the higher annealing temperature leads to the lower Se contents, as a result, which reduces 

the self-doping effect of the copper deficiency and decrease the hole concentration (Fig. A8). Likewise, 

in our printed Cu2S samples, the annealing time dependences of carrier concentrations could 

result from the leaving chalcogen (in our case, the S evaporation) that reduces the self-doping effect 

caused by the Cu deficiency and decreases carrier concentrations. 

Fig. A8 The room temperature carrier concentration of Cu2Se thin film annealed at different temperature 

(adapted from Ref. A5). 

7NNZ]OTYRWd( bP TYNW`OPO _SP QZWWZbTYR ]PQP]PYNP &EPQ*71' LYO [S]L^P TY _SP ]PaT^PO XLY`^N]T[_

(O^_, 31* iZ`^ //),

31, Ibg* W, 8D 4=$ >Phenmbhg Mkh\^llZ[e^ Eb`a+M^k_hkfZg\^ Qa^kfh^e^\mkb\ @hii^k P^e^gb]^ Qabg Cbef, &7F$ -4D8B$
.5* /4.4440 (0./5),

xbg\k^Zlbg` ma^ \hii^k ]^_b\b^g\r _khf @n2X to Cu2-xX53.y

9ZXXPY_ -/8 Line #226: Reducing pinholes and cracks is no evidence of reducing Cu vacancy point 

defects. They belong to different size scales. When talking about Cu vacancies, I can imagine atomic 

scale, whereas when referring to cracks and pinholes, we are talking about hundreds of nanometers or 

a few microns scale. 
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`YOP]^_ZZO Md _SP ]PO`NPO MT[ZWL] PQQPN_ MPTYR L__]TM`_PO _Z _SP STRSP] NL]]TP] NZYNPY_]L_TZY^*

7NNZ]OTYRWd( bP TYNW`OPO _SP YPb QZWWZbTYR ]PQP]PYNP^ (>5 Zg] >6) LYO _SP QZWWZbTYR ^PY_PYNP^

TY _SP ]PaT^PO XLY`^N]T[_ (O^_, 4/ Zg] 40* iZ`^ /2),

4/, VZg`* P, B, 8D 4=$ @hfihlbmbhg+l^`f^gm^] ?bP[Q^ ma^kfh^e^\mkb\ `^g^kZmhk _Z[kb\Zm^] [r fnembfZm^kbZe 1A

ikbgmbg`, .4?@ (?8B:H 4-* /.3416 (0.0/),

40, Dhg`* G, G, 8D 4=$ Fgo^lmb`Zmbhg h_ ma^ [biheZk ^__^\m bg ma^ ma^kfh^e^\mkb\ fZm^kbZe @ZJ`0?b0 nlbg` Z _bklm+

ikbg\bie^l lmn]r, /;HC$ ';8>$ ';8>$ /;HC$ -4* /4344+/4352 (0./4),

xD^g^kZeer* ma^ \hgmkb[nmbhg h_ fbghkbmr \Zkkb^kl mh ma^ P^^[^\d \h^__b\b^gm bl g^`Zmbo^ Zg] [^\hf^ fhk^

lb`gb_b\Zgm Zm ab`a^k m^fi^kZmnk^l [r ma^ ma^kfZe ^q\bmZmbhg* ^o^gmnZeer \Znlbg` ma^ g^`Zmbo^ m^fi^kZmnk^

]^i^g]^g\^ h_ ma^ P^^[^\d \h^__b\b^gml, Ehp^o^k* bg ma^ fZm^kbZe pbma Z ab`a \hg\^gmkZmbhg h_ ma^ fZchkbmr \Zkkb^kl*

ma^ fbghkbmr \Zkkb^kl Z__^\m e^ll ma^ ^e^\mkb\Ze mkZglihkm [r lniik^llbg` ma^ [biheZk ^__^\m, >\\hk]bg`er* ma^l^

fZm^kbZel nlnZeer lahp ma^ ihlbmbo^ m^fi^kZmnk^ ]^i^g]^g\^l bg Z pb]^ m^fi^kZmnk^ kZg`^, Qabl [^aZobhnk bl

`^g^kZeer k^_e^\m^] bg ma^ m^fi^kZmnk^+]^i^g]^gm P^^[^\d \h^__b\b^gml h_ fZm^kbZel* pab\a lahpl ma^ lab_m h_ ma^

i^Zd m^fi^kZmnk^l pbma ma^ bg\k^Zl^ h_ \Zkkb^k \hg\^gmkZmbhgl h_ fZm^kbZel4/*40,y

9ZXXPY_ -28 Line #274: Can the authors elaborate on this statement. According to the Pisarenko 

relation, S should go up for lower n for highly doped semiconductors, which are usually employed for 

thermoelectrics (DOI: 10.1039/C1EE02612G). Is this what the authors mean? In the reference provided, 

the opposite is claimed because the authors of the referred paper compared an intrinsic semiconductor 

with a doped one. 

Response: W^ Ziik^\bZm^ ma^ k^ob^p^kzl oZenZ[e^ \hff^gm, >l ma^ k^ob^p^k \hff^gm^]* p^ bgm^g]^]

to mention that the Seebeck coefficient rise up for lower carrier concentration for highly doped 

semiconductor since our samples have higher carrier concentration than that of the reported SnSe2 single 

crystal. As the reviewer requested, we replaced the previous sentences with the following sentences 

and cited the reference of A9 (DOI: 10.1039/C1EE02612G) that the reviewer suggested in the 

revised manuscript (page 14, Ref. 64).

xQa^ P^^[^\d \h^__b\b^gml h_ ma^ lZfie^l kZg`^] _khf �07. mh �/72 �S H+/ (Cb`, 2_)* pab\a Zk^ leb`amer ehp^k

maZg mahl^ h[l^ko^] bg PgP^0 lbg`e^ \krlmZel9 ln\a oZen^l fZr [^ Zmmkb[nm^] mh ma^ ab`a^k \Zkkb^k \hg\^gmkZmbhg h_

ma^ lZfie^l maZg 0,04 T /.+/6 \f+1 h_ PgP^0 lbg`e^ \krlmZe lbg\^ ma^ P^^[^\d \h^__b\b^gm bl bgo^kl^er ikhihkmbhgZe

mh ma^ \Zkkb^k \hg\^gmkZmbhg 41*42,y
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9ZXXPY_ -38 Line #298: 3D devices are only potentially possible, not demonstrated. 

Response: Please refer to the Response for the Comment 1.

9ZXXPY_ -48 Line #311: I suggest changing for 3-steps (or 2-steps if sintering is considered as a post-

processing step) as exposure, and removal of green material are needed. 

Response: As the reviewer suggested, bP NSLYRPO _SP Pc[]P^^TZY ZQ i^TYRWP ^_P[j bT_S i_bZ-^_P[j TY

the revised manuscript.

9ZXXPY_ -58 Line #315: a "to" is needed between "limited" and "photocurable". 

Response: Thank you for the kind comment. We edited all grammatical errors and typos in the 

revised manuscript. 

9ZXXPY_ .,8 Figure 2: Some of these panels do not provide any extra relevant info (a,b, and c show 

similar results, d and e also). Therefore they are redundant and they could be removed or transferred to 

the SI to make the main text more focused. 

Response: W^ `^g^kZeer Z`k^^ pbma ma^ k^ob^p^kzl \hff^gm maZm Cb`, \hgmZbgl k^]ng]Zgm iZg^el, We 

moved the Fig. 2e to the Supplementary Information. However, Fig. 2a, b, and c provide the 

different information; e.g. Cb`, 0Z lahpl ma^ liZmbZe k^lhenmbhg h_ hnk AIM+[Zl^] ikbgmbg` f^mah]* Cb`,

0[ lahpl ma^ oZkbhnl laZi^l h_ ikbgm^] iZmm^kgl \bk\e^l* ljnZk^l* Zg] mkbZg`e^l* pab\a ]^fhglmkZm^l ma^

_b]^ebmr h_ ma^ ikbgm^] fZm^kbZe Zm ^]`^l Zg] \hkg^kl, Jhk^ho^k* Cb`, 0\ ]^fhglmkZm^l ab`a+makhn`ainm

_Z[kb\Zmbhg Zm hg\^ bg Z eZk`^ Zk^Z [r hnk ikbgmbg` f^mah], GS`^( bP bZ`WO WTVP _Z VPP[ <TR* .L).N TY

_SP XLTY <TR`]P*
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>1, E^h* P, E$ 8D 4=$ @hfihlbmbhg \aZg`^+]kbo^g m^qmnkbg` Zg] ]hibg` bg lhenmbhg+ikh\^ll^] PgP^

ma^kfh^e^\mkb\ mabg _befl, .4D$ '@>>E?$ -,* 642 (0./7),
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Cbef, &7F$ -4D8B$ .5* /4.4440 (0./5),

>4, Pna* A, 8D 4=$ BgaZg\^] ma^kfh^e^\mkb\ i^k_hkfZg\^ h_ ?b.,3P[/,3Q^1+^qiZg]^] `kZia^g^

\hfihlbm^l [r lbfnemZg^hnl fh]neZmbhg h_ ^e^\mkhgb\ Zg] ma^kfZe \Zkkb^k mkZglihkm, .4?@
(?8B:H -/* 45+54 (0./3),

>5, VZg`* P, B, 8D 4=$ @hfihlbmbhg+l^`f^gm^] ?bP[Q^ ma^kfh^e^\mkb\ `^g^kZmhk _Z[kb\Zm^] [r

fnembfZm^kbZe 1A ikbgmbg`, .4?@ (?8B:H 4-* /.3416 (0.0/),

>6, Dhg`* G, G, 8D 4=$ Fgo^lmb`Zmbhg h_ ma^ [biheZk ^__^\m bg ma^ ma^kfh^e^\mkb\ fZm^kbZe @ZJ`0?b0
nlbg` Z _bklm+ikbg\bie^l lmn]r, /;HC$ ';8>$ ';8>$ /;HC$ -4* /4344+/4352 (0./4),

>7, E^k^fZgl* G, M,* Tb^g]eh\aZ* ?, & @aZfhbk^* >, J, O^lhgZgm e^o^el bg [ned ma^kfh^e^\mkb\

l^fb\hg]n\mhkl, (?8B:H (?F<B@?$ 16<$ 1* 33/.+331. (0./0),
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p EPaTPbP] $.

=PYP]LW NZXXPY_6 Qa^ fZgnl\kbim k^ihkm^] Z o^kr bgm^k^lmbg` \hg\^im h_ himb\Ze ikbgmbg` h_

iahmh\nkZ[e^ f^mZe \aZe\h`^gb]^l, Limb\Ze ikbgmbg` aZl [^^g fhlmer nl^] _hk ikbgmbg` iherf^kl hk ma^bk

\hfihlbm^l, Qa^ \hg\^im k^ihkm^] bg mabl phkd hi^gl g^p hiihkmngbmb^l h_ nlbg` himb\Ze ikbgmbg` mh ikbgm

bghk`Zgb\ l^fb\hg]n\mhkl, F phne] ebd^ mh k^\hff^g] ma^ in[eb\Zmbhg h_ mabl Zkmb\e^ Z_m^k ma^ Znmahkl

Z]]k^ll ma^ _heehpbg` \hff^gml8

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl oZenZ[e^ mbf^ Zg] ^__hkm in evaluating our manuscript. We 

mkner Z`k^^ pbma ma^ k^ob^p^kzl \hff^gms about the need for the comparative discussion on the process 

and materials, and the realisation of the cross-plane thermoelectric device. T^ lbg\^k^er Z]]k^ll^] Zee

ma^ \hff^gml Zg] [^eb^o^ maZm ma^l^ k^oblbhgl fZ]^ Z lb`gb_b\Zgm bfikho^f^gm bg ma^ jnZebmr h_ ma^

fZgnl\kbim, We thank the reviewer again for the positive comment. 

9ZXXPY_ -8 The reported charge carrier mobility and conductivity seems still considerably lower than 

the best reported values of the same materials made by other techniques. The authors should provide 

some explanations why the property is still relatively inferior using the optical printing method. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl mahn`am_ne \hff^gm, We compared the carrier mobility and 

electrical conductivity of our printed Cu2S and SnSe2 samples with the reported properties of 

corresponding materials of bulk crystals, solution-processed films, and printed samples. As shown 

in the Table B1, we would like to emphasize that the properties of the reported solution-processes 

thin films or the 3D-printed samples are comparable to those of our samples, even though the 

electrical conductivities and mobilities of our samples were roughly an order of magnitude lower than 

the bulk values.  

 Generally, the ink-processed materials such as thin or thick films fabricated by various coating or 

printing processes exhibit inferior properties to the bulk values. This can be understood with 

consideration that these materials are usually more defective and less dense and include smaller 

grains compared with bulk materials synthesized by energy-intensive methods under harsh 

condition. For example, the grain sizes of our Cu2S and SnSe2 samples range in the several tens to 

several hundreds of nanometres, which are several orders of magnitudes lower than those 

observed in the reported bulksB2,B8,B9. These smaller grains should cause the higher density of 
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interfaces that can hinder the charge carrier transport. Moreover, various types of defects can be 

formed in these materials since the inks are the mixtures of organic solvents, precursors, and 

sometimes some binders. In our samples, the precursors are organometallic complexes of 

chalcogenidometallates with counter cation of ethylenediammonium, which are synthesized with 

ethylenediamine and ethanedithiol solvent mixtures. Thus, there can be many undesired impurities 

residues in the fabricated thin films, which can reduce the charge carrier mobility and electrical 

conductivity by the impurity scattering. Finally, the ink-processed thin films generally have porous 

features in the microstructures; e.g. the SEM images of our samples shows multiple pinholes in the 

nanometre scale. The formation of these pores is usually inevitable since they are created during the 

solvent drying or precursor decomposition that releases gases. All these reasons can attribute the 

reduced charge carrier mobility and resulting electrical conductivity.  

Table B1. Comparison of the printed materials in this study with the corresponding reported materials 

fabricated by the different methods.  

Ref Materials 

Properties  
(n: carrier concentration 

µ: carrier mobility  
: electrical conductivity) 

Sample type and fabrication 
method 

[B1] Cu2-xS
n: 7.27 × 1020 cm-3 at RT (Cu1.97S) 
µ: 0.69 cm2 V-1 S-1 at RT (Cu1.97S) 

: 80 S cm-1 at RT 

Bulk Cu1.97S pellets obtained by spark 
plasma sintering 

[B2] Cu2-xS
n: 7.92 × 1019 cm-3 at RT (Cu2S0.9Se0.1) 
µ: 6.02 cm2 V-1 S-1 at 300 K (Cu2S0.9Se0.1) 

: 56.78 S cm-1 at RT 

Bulk Cu2S0.9Se0.1 pellets obtained by 
spark plasma sintering 

[B3] Cu2-xS

n: ~ 1019 cm-3 at RT 
µ: 4.28 cm2 V-1 S-1 (spin-coating)

75 S cm-1 at RT (EPD) 
5.7 S cm-1 at RT (spin-coating)

Cu1.94-1.96S nanoparticles thin films 
obtained by electrophoretic deposition 
(EPD) and spin-coating 

[B4] Cu2-xS
n: N/A 
µ: N/A

: 20.25 S cm-1 at RT 
Pseudo-3D printed Cu1.97S bulk 

This work Cu2-xS 
n: 6.29 × 1019 cm-3 at RT
µ: 3.89 cm2 V-1 s-1

: 10 S cm-1 at RT 
DLP-printed Cu2-xS film 

[B5] SnSe2

n: 2.26 × 1018 cm-3 at RT 
µ
31.6 cm2 V-1 S-1 (ab plane) at RT 
13.2 cm2 V-1 S-1 (c axis) at RT 

11.4 S cm-1 (ab plane) at RT
4.8 S cm-1 (c axis) at RT

SnSe2 single crystals synthesised by a 
temperature gradient method. 

[B6] SnSe2
n: 8.4 × 1017 cm-3 at RT 
µ: N/A

: ~2 S cm-1 at 350 K (cross plane) 

Textured SnSe2 nanostructured bulk 
materials obtained by hot-pressing of 
SnSe2 nanoplates 

[B7] SnSe2

n: N/A 
µ: N/A

: ~ 10 S cm-1 at RT 

SnSe2 thin film fabricated by spin-
coating of SnSe2 nanocrystals 

This work SnSe2

n: ~ 1019 cm-3 at RT
µ: 2.25 cm2 V-1 s-1

: 2.79 S cm-1 at RT 

DLP-printed SnSe2 film 

 Accordingly, we included the Table B1 and the following discussion in the revised manuscript 
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(page 12) and Supplementary Information (Supplementary Table 2).

xZg] Zk^ \hfiZkZ[e^ pbma hk ^o^g ab`a^k maZg mahl^ h_ ma^ k^ihkm^] lhenmbhg+ikh\^ll^l mabg _befl hk ma^ 1A+

ikbgm^] lZfie^l pbma ma^ lZf^ fZm^kbZel (Pniie^f^gmZkr QZ[e^ 0), >emahn`a ma^ ^e^\mkb\Ze ikhi^kmb^l ln\a Zl

fh[bebmr Zg] \hg]n\mbobmr h_ hnk lZfie^l p^k^ khn`aer Zg hk]^k h_ fZ`gbmn]^ ehp^k maZg ma^ [ned oZen^l* mabl \Zg

[^ ng]^klmhh] pbma \hglb]^kZmbhg maZm ma^ bgd+ikh\^ll^] fZm^kbZel Zk^ nlnZeer fhk^ ]^_^\mbo^ Zg] e^ll ]^gl^ Zg]

bg\en]^ lfZee^k `kZbgl \hfiZk^] pbma [ned fZm^kbZel lrgma^lbs^] [r ^g^k`r+bgm^glbo^ f^mah]l ng]^k aZkla

\hg]bmbhg, Chk ^qZfie^* ma^ `kZbg lbs^l h_ hnk @n0P Zg] PgP^0 lZfie^l kZg`^ _khf l^o^kZe m^gl mh l^o^kZe ang]k^]l

h_ gZghf^mk^l* pab\a Zk^ l^o^kZe hk]^kl h_ fZ`gbmn]^l ehp^k maZg mahl^ h[l^ko^] bg ma^ k^ihkm^] [nedl30*32*33,

Qa^l^ lfZee^k `kZbgl lahne] \Znl^ ma^ ab`a^k ]^glbmr h_ bgm^k_Z\^l maZm \Zg abg]^k ma^ \aZk`^ \Zkkb^k mkZglihkm,

Jhk^ho^k* oZkbhnl mri^l h_ ]^_^\ml \Zg [^ _hkf^] bg ma^l^ fZm^kbZel lbg\^ ma^ bgdl Zk^ ma^ fbqmnk^l h_ hk`Zgb\

lheo^gml Zg] ik^\nklhkl, Fg hnk lZfie^l* ma^ ik^\nklhkl Zk^ hk`Zghf^mZeeb\ \hfie^q^l h_ @aZJl pbma \hngm^k

\Zmbhg h_ ^mare^g^]bZffhgbnf, Qanl* ma^k^ \Zg [^ ng]^lbk^] bfinkbmb^l k^lb]n^l bg ma^ _Z[kb\Zm^] lZfie^l* pab\a

\Zg k^]n\^ ma^ \aZk`^ \Zkkb^k fh[bebmr Zg] ^e^\mkb\Ze \hg]n\mbobmr [r ma^ bfinkbmr l\Zmm^kbg`, CbgZeer* ma^ bgd+

ikh\^ll^] fZm^kbZel `^g^kZeer aZo^ ihkhnl _^Zmnk^l bg ma^ fb\khlmkn\mnk^l9 ^,`, ma^ PBJ bfZ`^l h_ hnk lZfie^l

lahpl fnembie^ ibgahe^l bg ma^ gZghf^mk^ l\Ze^, Qa^ _hkfZmbhg h_ ma^l^ ihk^l bl nlnZeer bg^obmZ[e^ lbg\^ ma^r Zk^

\k^Zm^] ]nkbg` ma^ lheo^gm ]krbg` hk ik^\nklhk ]^\hfihlbmbhg maZm k^e^Zl^l `Zl^l, >ee ma^l^ k^Zlhgl \Zg [^

k^lihglb[e^ mh ma^ k^]n\^] \aZk`^ \Zkkb^k fh[bebmr Zg] k^lnembg` ^e^\mkb\Ze \hg]n\mbobmr,y

9ZXXPY_ .8 There are many printing methods available to print the inorganic inks. I suggest the authors 

provide a performance comparison of the optical printing vs. other printing methods in terms of printing 

speed, spatial resolution, properties of printed materials, etc. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl oZenZ[e^ \hff^gm, >l the reviewer suggested, we 

summarized the recently reported printing methods for inorganic materials in terms of printable 

materials, printing speed, spatial resolution, processing steps, and the properties of materials 

(Table B2). Our printing process are advantageous for the printing speed and simplicity in the 

printing process compared with other methods including inkjet printing, transfer printing, 

extrusion-based 3D printing, and other optical printing processes. In addition, the properties of 

the printed materials, especially electrical properties, are comparable to or even higher than the 

films printed by other process except the direct optical lithography, which adapts the typical 

photolithographic techniques on the thin films for patterning. In addition, our digital light processing 

(DLP)-based optical printing, which creates solid architectures directly from liquid resin inks using 

automatically patterned digital masks and light exposure, OZP^Yj_ YPPO XL^V []ZO`N_TZY( XL_P]TLW

deposition, and subsequent lift-off process, thus which can additionally be beneficial for reducing 

the processing cost and difficulty.   
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Table B2. Comparison of the current optical printing method with the recent state-of-the-art printing 

methods for inorganics.

Printing 
method 

[ref] 

Printable 
materials 

Printing 
speed and 
resolution 

Printing steps 

Properties  
(P: resistivity 
R: resistance

µ: carrier mobility  
: electrical conductivity 
S: Seebeck coefficient)

Remark 

Direct 
patterning 

 [B10] 

Metal 
chalcogenides 

Printing speed 
~ 2 h (exposure) 

Resolution 
~ 50 nm 

Three steps 
(Coating, exposure 

and developing) 

Sb2S3 P: 2.7 × 105 w f

PbS µ: 1.8 cm2 V-1 S-1

Several lithographic technologies 
are applicable 

(Electron beam lithography, two-
photon absorption lithography, 

thermal scanning probe 
lithography, UV light 

lithography) 

Direct optical 
lithography  

[B11] 

Metal, 
semiconductor, 

oxide nanocrystals 

Printing speed 
Tens of second 

(exposure) 

Resolution 
~ / �f

Three steps 
(Coating, exposure 

and developing) 

Au P: 5.2 × 10-8 w f

CdSe µ: 20 ~ 100 cm2 V-1 S-1 

IGZO µ: 4 ~ 10 cm2 V-1 S-1

Direct photolithography of spin-
coated nanocrystal film  

Light-
induced 
material 

deposition 
(laser 

writing) 
[B12] 

Metals and 
insulator  

(Iron oxide) 

Printing speed 
Exposure time per 
pixel 30 ms ~ 1 s, 

Pixel size  
224 gf t /,/5�f

Resolution 
5.. gf t / �f

Two steps 
(Exposure and 

cleaning) 

Pt R: /0,6 w

(18.8% of bulk) 

Ni R :/.. w

Zn R >10 kw

Fe R >200 Mw

Au R >200 Mw

Laser writing on the drop-casted 
metallate solution 

Ink 
lithography 

(Ink-jet 
printing) 

[B13] 

Metal, 
semiconductor, 

oxide, perovskite 
nanocrystals 

Printing speed 
300 mm s-1

Resolution 
~ 33�f

Three steps  
(Coating, printing, 
and developing) 

Ag resistivity: 3.2±1.1 ×10-5 w f

PbSe µ:1.0±0.3 × 10-1 cm2 V-1 S-1 

CdSe µ:1.5±0.5 cm2 V-1 S-1

Inkjet printing, pen writing or 
brush painting are applicable 
Ligand inks printed on spin-

coated nanocrystal film. 

Ink-jet 
printing 
[B14] 

Perovskite  

Printing speed 
Thousands of 

seconds 

Resolution 
~ /.. �f

Three steps 
(Coating, printing, 

and drying) 

Photoluminescence quantum yield ~ 
80% 

Variation of pattern size by 
nozzle and drying temperature 

Printed on the polymer film 

Transfer 
printing 
[B15] 

Quantum dot 
nanocrystals 

Printing speed 
Pick-up 10 cm s-1

Detach < 1 mm s-1

Resolution 
~ / �f

Five steps 
(Coating, pick-up, 

contact, detach, and 
transfer) 

Electroluminescence performance 
14,000 cd m-2 at 7 V 

Quantum yield > 80% 

Intaglio transfer printing.  
Need to fabricate a PDMS stamp 

and intaglio trench 

Pseudo-3D 
printing 

[B6] 

Cu2-xS 

Printing speed 
- 

Resolution 
Size of mould 

Two steps  
(Moulding and 

pouring) 

: 20.25 S cm-1 at RT 
S: ~100 �V K-1 at 600 K 

Need moulding apparatus 
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Extrusion-
based 3D 
printing 
[B16] 

Cu2Se 

Printing speed 
3 mm s-1

Resolution 
~ 11. �f

One step : 183.42 S cm-1

S: 185.4 �V K-1

Topologically designed 3D 
printing for thermoelectric 

Direct ink 
writing 
[B17] 

p: Bi0.55Sb1.45Te3

n: Bi2Sb2.7Se0.3

Printing speed 
2 mm s-1

Resolution 
~ 16. �f

One step 
: 650 (p), 793.2 (n) S cm-1

S: 196.6 (p), -110.1(n) �V K-1

Direct-written filaments-based 
micro-TE devices 

This work 
(DLP-based 

optical 
printing) 

Metal 
chalcogenides 
(ChaM-based 

inks) 

Printing speed 
Few ~ tens second 

(exposure) 

Resolution 
~ 25 �m 

Two steps  
(Printing and 

rinsing) 

P-type Cu2S 
µ: 3.89 cm2 V-1 s-1

: 10 S cm-1 at RT 
S: 87 �V K-1 at RT 

N-type SnSe2

µ: 2.25 cm2 V-1 s-1

: 2.79 S cm-1 at RT
S: -203 �S H-1 at RT 

Directly printing from inks 
Need no photomask or mould 

High-throughput printing at once 
Compatibility with 3D printing 

 Accordingly, we included the Table B2 (Supplementary Table 3) and the following related 

discussion in the revised manuscript (page 17).  

gT^ _nkma^k lnffZkbl^] ma^ k^\^gmer k^ihkm^] ikbgmbg` f^mah]l _hk bghk`Zgb\ fZm^kbZel bg m^kfl h_ ikbgmZ[e^

fZm^kbZel* ikbgmbg` li^^]* liZmbZe k^lhenmbhg* ikh\^llbg` lm^il* Zg] ma^ ikhi^kmb^l h_ fZm^kbZel (Pniie^f^gmZkr

QZ[e^ 1), Lnk ikbgmbg` ikh\^ll Zk^ Z]oZgmZ`^hnl _hk ma^ ikbgmbg` li^^] Zg] lbfieb\bmr bg ma^ ikbgmbg` ikh\^ll

\hfiZk^] pbma hma^k f^mah]l bg\en]bg` bgdc^m ikbgmbg`* mkZgl_^k ikbgmbg`* ^qmknlbhg+[Zl^] 1A ikbgmbg`* Zg] hma^k

himb\Ze ikbgmbg` ikh\^ll^l,y

9ZXXPY_ /8 The authors demonstrated an in plane TE device. The optical printing method seems a 

very good method to fabricate cross-plane TE devices. The cross-plane TE devices are much more 

applicable for energy harvesting devices than in plane TE devices. If possible, the authors may attempt 

to demonstrate some cross-plane TE devices, which can make this work even more appealing. 

Response: T^ Ziik^\bZm^ ma^ k^ob^p^kzl oZenZ[e^ ln``^lmbhg, We have tried our best to fabricate the 

cross-plane thermoelectric device by the current DLP printing process. Fig. B1a shows the schematic 

illustration of the entire fabrication process, in which we used one pair of the DLP-printed Cu2S and 

SnSe2 films as p-type and n-type thermoelectric semiconductors. Since the current printing process 

is not applicable to electrode materials, we used the deposited Au and Ag paste layers as the bottom 

and top electrodes, respectively. Qa^ ]^ob\^ k^lblmZg\^ h_ t/3. � pZl h[l^ko^] Zm khhf m^fi^kZmnk^,

We measured the power-generating performance of the fabricated generator by heating the bottom with 
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B9. IbZg`* U,* Gbg* A, & AZb* C, MaZl^ QkZglbmbhg Bg`bg^^kbg` h_ @n0P mh Tb]^g ma^ Q^fi^kZmnk^

Tbg]hp h_ Ffikho^] Qa^kfh^e^\mkb\ M^k_hkfZg\^, &7F$ (=86DB@?$ -4D8B$ 1* /7..264 (0./7),

B10. TZg`* T,* M_^b__^k* M, & P\afb]mÚJ^g]^* I, Abk^\m MZmm^kgbg` h_ J^mZe @aZe\h`^gb]^

P^fb\hg]n\mhk JZm^kbZel, &7F$ )E?6D$ -4D8B$ /,* 0..0463 (0.0.),

B11. TZg`* V,* C^]bg* F,* WaZg`* E, & QZeZibg* A, S, Abk^\m himb\Ze ebmah`kZiar h_ _ng\mbhgZe
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bghk`Zgb\ gZghfZm^kbZel, 16<8?68 /13* 163+166 (0./5),

B12. @a^g* V, 8D 4=$ > ngbo^klZe f^mah] _hk ]^ihlbmbg` iZmm^kg^] fZm^kbZel bg lbmn, .4D$ '@>>E?$ --*

3112 (0.0.),

B13. >ag* G, 8D 4=$ Fgd+Ibmah`kZiar _hk Mkhi^kmr Bg`bg^^kbg` Zg] MZmm^kgbg` h_ KZgh\krlmZe Qabg

Cbefl, &'1 .4?@ -1* /3445+/3453 (0.0/),

B14. Pab* I,*8D 4=$ Fg Pbmn Fgdc^m Mkbgmbg` PmkZm^`r _hk CZ[kb\Zmbg` M^kholdbm^ NnZgmnf Ahm MZmm^kgl,

&7F$ )E?6D$ -4D8B$ .5* /7.1426 (0./7),

B15. @ahb* J, H, 8D 4=$ T^ZkZ[e^ k^]+`k^^g+[en^ jnZgmnf ]hm eb`am+^fbmmbg` ]bh]^ ZkkZr nlbg` ab`a+

k^lhenmbhg bgmZ`ebh mkZgl_^k ikbgmbg`, .4D$ '@>>E?$ 2* 5/27 (0./3),

B16. @ahh* P, 8D 4=$ @n0P^+[Zl^] ma^kfh^e^\mkb\ \^eeneZk Zk\abm^\mnk^l _hk ^__b\b^gm Zg] ]nkZ[e^ ihp^k

`^g^kZmbhg, .4D$ '@>>E?$ -.* 133. (0.0/),

B17. Hbf* C, 8D 4=$ Abk^\m bgd pkbmbg` h_ mak^^+]bf^glbhgZe ma^kfh^e^\mkb\ fb\khZk\abm^\mnk^l, .4D$
(=86DB@?$ 0* 357+365 (0.0/),



Reviewer #1 (Remarks to the Author): 

The authors have replied in a satisfactory manner to most of my comments and I can appreciate that 

a great effort has been done to improve the quality of the manuscript. There are only a few small 

details that still need clarification, after this the paper is, in my opinion, ready for publication. 

Comment#2: The authors add a good comparison but it fails to show the advantages of DLP vs DIW. 

If DIW is better in every aspect, why use DLP? Could the authors mention explicitly some advantages 

of DLP vs DIW? Maybe resolution or throughput? 

"This is the stark contrast" should be -> "This is in stark contrast" 

Comment #12: In their response, the authors claimed that "the hole carrier concentration is 

generally increased with increasing the copper deficiency from Cu2_X to Cu_{2-x}X." I agree with this 

statement but this contradicts what is written in the text: "decreasing the number of Cu vacancy 

defects because of increasing the copper deficiency from Cu_2X to Cu_{2-x}X". More Cu deficiency 

should lead to more vacancies, right? In this work, if S is evaporated, then the Cu content should be 

actually increasing (compared to S, i.e. Cu_2X becomes Cu_{2+x}X) and this will lead to reducing the 

vacancies and the carrier concentration. This will agree with the results but the explanation provided 

by the authors seems wrong then... Did not I understand it well? 

Comment #15: The explanation is convincing, but the sentence "which shows the shift of the peak 

temperatures" is not clear. Please rephrase. Do you mean the shift of the peak value of the Seebeck 

coefficient to a different temperature? 

In new table B2. Why inkjet printing consists of 3 steps? It should be printing and drying/annealing, 

as coating and patterning are done simultaneously. 

Francisco Molina-Lopez 

Reviewer #2 (Remarks to the Author): 

The authors have satisfactorily addressed all the reviewer comments. I would like to recommend 

publication of this paper. 



1 

38CA@?C8 D@ D;8 B8F<8G8BCI 6@>>8?DC

The followings are the responses to the reviewers’ comments for the manuscript “Generalised optical

printing of photocurable metal chalcogenides.”

N 38F<8G8B $'

18?8B4= 6@>>8?D- The authors have replied in a satisfactory manner to most of my comments and I

can appreciate that a great effort has been done to improve the quality of the manuscript. There are only

a few small details that still need clarification, after this the paper is, in my opinion, ready for publication.

Response: We appreciate the reviewer’s valuable time and effort in evaluating our manuscript. We 

truly agree with the reviewer’s comments about the need for the additional characterisation and 

clarifications of the process and materials. We sincerely addressed all the comments and believe that

these revisions made a significant improvement in the quality of the manuscript. We thank the reviewer 

again for the positive comment. 

/@>>8?D ': Comment#2: The authors add a good comparison but it fails to show the advantages of 

DLP vs DIW. If DIW is better in every aspect, why use DLP? Could the authors mention explicitly 

some advantages of DLP vs DIW? Maybe resolution or throughput? 

"This is the stark contrast" should be -> "This is in stark contrast" 

Response: We appreciate the reviewer’s valuable comment. Optical printing methods such as DLP and 

SLA can be advantageous for high-resolution, high-throughput, and large-scale printing, compared with 

other printing methods, especially the DIW.  

Accordingly, we included the following sentences in the revised manuscript (page 3). Also, we 

have tried to edit all grammatical errors in the entire manuscript. 

“Nevertheless, the optical printing methods of DLP and SLA can be advantageous for high-resolution, high-

throughput, and large-scale printing, which can offer great potential for patterning high-performance inorganic

materials.”
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/@>>8?D (: Comment #12: In their response, the authors claimed that "the hole carrier concentration 

is generally increased with increasing the copper deficiency from Cu2_X to Cu_{2-x}X." I agree with 

this statement but this contradicts what is written in the text: "decreasing the number of Cu vacancy 

defects because of increasing the copper deficiency from Cu_2X to Cu_{2-x}X". More Cu deficiency 

should lead to more vacancies, right? In this work, if S is evaporated, then the Cu content should be 

actually increasing (compared to S, i.e. Cu_2X becomes Cu_{2+x}X) and this will lead to reducing the 

vacancies and the carrier concentration. This will agree with the results but the explanation provided by 

the authors seems wrong then... Did not I understand it well? 

Response: We apologize for the confusing description in the previous manuscript. As the reviewer 

commented, the S evaporation lead to the increase of the Cu content, reducing the Cu vacancies and 

hole concentrations.  

 Accordingly, we replaced the previous sentences with the following sentences in the revised 

manuscript (page 11). 

“Because the intrinsic defects of Cu vacancies in Cu2S act as hole donors, longer annealing times could promote 

the evaporation of S, eventually decreasing the hole concentrations by increasing the relative Cu contents and 

reducing the Cu vacancy defects53.”

/@>>8?D ): Comment #15: The explanation is convincing, but the sentence "which shows the shift of 

the peak temperatures" is not clear. Please rephrase. Do you mean the shift of the peak value of the 

Seebeck coefficient to a different temperature? 

Response: We apologize for the unclear sentences in the revised manuscript. As the reviewer noted, 

we intended to describe that the peak value of the Seebeck coefficient could shift to higher temperature 

ranges with increasing the carrier concentration.  

 Accordingly, we replaced the previous sentences with the following sentences in the revised 

manuscript (page 14). 

“Accordingly, these materials usually show the positive temperature dependences in a wide temperature range.

This behaviour is generally reflected in the temperature-dependent Seebeck coefficients of materials, which shows
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N 38F<8G8B $(

18?8B4= 6@>>8?D- The authors have satisfactorily addressed all the reviewer comments. I would like

to recommend publication of this paper.

Response: We appreciate the reviewer’s valuable time and effort in evaluating our manuscript. We 

thank the reviewer again for the positive comment. 



Reviewer #1 (Remarks to the Author): 

The authors have addressed all the comments from the second round of the review in a satisfactory 

manner. I recommend the publication of this paper. 

Francisco Molina-Lopez 


