[bookmark: _GoBack]Dear Editor: 

We would like to thank you and the reviewers for the valuable feedback.  We have revised the text to match the formatting and grammatical standards as requested. In particular, we have added two SI figures in response to reviewer #1 and two tables to compare fabrication times for PETLs to PDMS devices. Furthermore, the results and discussion has been expanded to respond to reviewer #2’s comments. Additions are marked in blue text so that they may easily be identified. Specific responses are included below. We hope that you will find the updated manuscript ready acceptable for publication in JOVE.

Sincerely,
Jeremiah Zartman


Editorial Comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
We thank the editor for this comment and have thoroughly proofread the manuscript before this submission. 

2. Protocol Language: Please ensure that ALL text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.
1) Examples NOT in the imperative voice: 6.1,6.2, 6.3, 6.4
We thank the editor for this comment and have changed the tense of the writing in the protocol section as requested.  

3. Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol. 
We thank the editor for this comment and have expanded the discussion section, lines 483 to 539. 

4. Figures: Please reference Supplementary Figs 1 and 2 in text.
Supplementary Figure 1 is referenced in section 5.1 and 5.2 on lines 264 and 268. 
Supplementary Figure 2 is referenced in section 6.2 on line 287.
Supplementary Figure 3 has been added and is referenced in section 3.2 on line 232.
Supplementary Figure 4 has been added and is referenced in the discussion on line 503. 

5. Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Tygon.
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
Commercial language of words like Tygon have been replaced throughout the entire document.

6. If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
We thank the editor for this comment. All the figures are original to this manuscript.


Comments from Peer-Reviewers:
Reviewers' comments:
Reviewer #1:

Manuscript Summary:
The authors proposed and demonstrated a method of constructing multi-layer microfluidics device by heat-bonding layers of plastic films. PET films coated with EVA are cut to the designed shape and are bonded to form multiple chambers and channels. Other materials, such as PVC film, can also be used to construct devices, allowing actuation and (potentially) sealing. The proposed method is quicker and cheaper than the conventional way of soft lithography using an etched wafer and PDMS. Detailed instructions are given with plenty of demonstrations and examples.

Overall comment:
The method is promising and has potential in education and research. The versatility and scalability distinguish the method from conventional PDMS fabrication. The methods and protocols are detailed and easy to follow. I have a few comments that I hope would be helpful to the authors.
We thank the reviewer for this thoughtful commentary and appreciation for the potential of this methodological article.

Major Concerns:

1. My major concern is the resolution of the device as the author pointed out in the discussion section. Although it is suggested that anything less than 100um should not be attempted, I see no detailed discussion supporting that number. I believe a figure comparing the design geometry (the CAD file), and the final product at different shapes (straight, curved, intersecting channels) and different scale (100um, 1mm, 1cm, etc) would be very informative.
We thank the reviewer for this comment and have included a new Fig. SI 4 that highlights the resolution of cutting at different size scales. 

2. The proposed method based its merits on exceeding soft lithography in cost and time. A table illustrating the time and cost required to make a device using either method side-by-side would serve as an excellent aid to motivate the proposed method.
We thank the reviewer for this comment and have included additional tables in the revised manuscript. They are included below. The table compares fabrication times for PDMS and PETL microfluidic devices. 

Supplementary information table

	PDMS/Glass-based
Procedure
	TIME
	COST

	Mask printing (outsourced)
	2-5 days 
	$50-$100

	Photoresist/lithography (outsourced)
	2-14 days
	$300 - $500

	PDMS pouring/curing
	1-2 days
	$100 (material)

	Bonding
	30 minutes - 1 hour
	$900-$15,000 (equipment)

	Total
	0.5* - 22 days
	$1500 - $16,000


*Manufacture time when wafer/mold is readily available and PDMS can be cured using an oven.

	PETL-based Procedure
	TIME
	COST

	Design sizing
	5 minutes
	$0

	Cutting
	1 minute
	$250 (equipment)

	Aligning
	5 minutes
	$2 (tape roll)

	Laminating
	10 seconds
	$35 (equipment)

	Total
	12 minutes
	<$300



3. Based on the previous point, further comparing details would be nice to have. For example, what's the bond strength/max pressure? What's the stiffness of the material? Optical transparency? Reusability?

We thank the reviewer for this comment and have expanded the results and discussion sections to include some of these parameters:

Lines 516-519: PETLs can withstand infusion flow rates similar to those used in other microfluidic devices. Although 0.01 to 100 µL/min is the range used by our group, flow rates of up to 500 µL/min (and perhaps higher when using hand-actuated micropipettes) can be used. We have found that PETLs can withstand pressures in the range of 30 to 57 PSI8.  NOTE: we have measured the burst pressure empirically using nitrogen gas. 

Lines 303-306: There are at least two reasons for the use of glass in this device. The first one is optics. PET and EVA are thermoplastics used for their optical transparency and flexibility, and can be used as an interface for imaging (particularly at low magnifications). Light transmittance of PET in the visible spectrum ranges from 87 to 90% (REF Oya et al.). Glass, however, has better optical properties and is the standard used in biological imaging.

Lines 356-358:  PETL devices are reusable. However, because of the low cost of fabrication, reduced footprint, and the potential for delamination after continuous manipulation or washing, we recommend the use of new devices at the start of every procedure.

4. Although the proposed method is intended to replace PDMS as a low-cost low-turnaround solution, there might be opportunities in integrating PETL with PDMS, since PDMS is still the go-to material in microfluidics. Please comment on whether it is possible to bond PDMS to the PET/PVA films.

We thank the reviewer for this comment and have acknowledged that it is possible to integrate PDMS into the PETL platform with surface modifications. Lines 520-526 have been reproduced below. 
“We have attempted to produce hybrid PET/EVA-PDMS, yet EVA will not directly adhere to PDMS; it is possible that surface modification of the latter (e.g. plasma treatment or surfactant treatments) may solve this issue.16, 17

Minor Concerns:

1. (Section 1.3) I believe a vector graphics software (instead of any software) should be used and therefore should be mentioned. 

We thank the reviewer for this comment and have modified the text. Any graphics software is compatible with the silhouette software used for cutting, vector graphics are useful although not necessary. Although there are advantages (e.g. management of dimensions) in the use of vector graphics, a) features are imported properly by the craft cutter software without the use of vector graphics and b) not every researcher has access to vector graphics software.

Lines 383-385: Channel and chamber architectures can be composed digitally using any software program that includes drawing tools (vector graphics may be preferred by some users, but are not required).

2. (Section 3.3-3.4) Another way of (more accurate) alignment is to cut out >2 small holes in all the layers and then insert metal pins to align the films.
We  have included an SI figure (Fig. S4) that shows how one could use a wire jig to aid in aligning layers of the device. 

3. (Section 4) It is unclear what's the drawback of laminating layer-by-layer vs laminating all layers at the same time. Laminating layer-by-layer might address the concern at line 335 on the limitation on device thickness. Please comment.
We thank the reviewer for this comment and have included that devices may be laminated layer by layer, unless an EVA layer faces outward, which will damage the laminator. Lines 332-334 are reproduced below: 
	“In many instances, it is possible to laminate every time a new layer is added. This is not possible when a new layer requires the thermoadhesive (EVA) to face the outside of the device.” 

4. (Section 5.3) Can be avoided by using a puncher instead of a drill. In fact, the authors pointed the option of using a puncher in other places such as the supplementary figures. Please comment.

We thank the reviewer for this comment and have included clarification in the text that debris can occur due to either drill or punching. Also, biopsy punches used for small perforations lose sharpness quickly and are not cheap to replace. They are certainly an alternative, although we prefer the rotary tool. 

 Lines 261-272 are reproduced below: 

“5.1 Use a rotary tool and a 1/32” drill bit to cut a small hole through the center of furniture bumpers. A drill press is recommended. Although sizes vary, 2 mm x 6 mm-diameter bumpers are recommended. Alternatively, use a 1 mm biopsy punch to perforate the bumpers. Avoid simply “stabbing” the bumper. Unless material is removed, the bumper will seal again (Fig. S1). 

5.2 The perforations as indicated above are meant to interface with polyetheretherketone (Peek) tubing, a pipette and tip, or a blunt needle (16-18G). Larger perforations can be achieved using revolving punch pliers (Fig. S1). These are useful when the bumper is used as a “reservoir” for liquids or other biologicals. 

5.3 Make sure that the orifice is completely clear by removing any debris (caused by drilling or punching) with a pair of small tweezers.”


Reviewer #2:

This article presented the overall workflow for the fabrication of model PETLs chips with different levels of complexity. The first device is used to facilitate imaging of cells and micro organs in a small chamber. The second, more complex device consists of several layers and materials, and is used for research in mechanobiology. Lastly, they built a device that displays several fluid dynamics concepts for educational purposes.

It can be accepted after some minor revisions:

1. There are quite few spelling mistakes and sometimes sentences do not make sense. Please improve English.
We thank the reviewer for the observation. We have copy edited the manuscript and have improved the writing. 

2. Avoid using "simple".
We have altered the description to reduce usage of the word “simple.” However, the method is much more simple than standard photolithography methods, so we have not completely eliminated this apt description of the method.

3. Please give the performance parameters of PET, as well as the manufacturer.
We have listed the manufacturer as requested, and although they have declined to provide us with more information, we have now added some of the known PET and EVA parameters to the text. Please see lines: 304-307 and 516-519.

4. It is a suggestion to increase author's analyzed and compared information to provide reader deeper content and direction in the research field.
We thank the reviewer for the suggestion. We have expanded the discussion and added additional tables that compare the fabrication methods of PETL and PDMS based devices. See supplementary tables, reproduced in Major comment #2 for Reviewer 1. 

5. Critical commentary is needed from the author who eventually recommends directions for further research.
We thank the reviewer and have expanded the discussion section of the paper to include critical commentary (Lines 503-506, 521-529) as well as future research directions (Lines 538-543). 

6. This work has cited lots of valuable publications, however, some recent related references should be cited as:

Rapid prototyping of whole-thermoplastic microfluidics with built-in microvalves using laser ablation and thermal fusion bonding. Sensors and Actuators B: Chemical, 2018, 255: 100-109.

CO2 laser ablation of microchannel on PMMA substrate for effective fabrication of microfluidic chips. International Polymer Processing, 2016, 31(2): 233-238.

Rapid fabrication of a four-layer PMMA-based microfluidic chip using CO2-laser micromachining and thermal bonding. Journal of Micromechanics and Microengineering, 2016, 26(10): 107001.

Hydrophilic surface modification of PDMS for droplet microfluidics using a simple, quick, and robust method via PVA deposition. Microsystems & nanoengineering, 2017, 3: 16091.

Using orthogonal experimental method optimizing surface quality of co2 laser cutting process for PMMA microchannels. International Journal of Advanced Manufacturing Technology, 2017, DOI: 10.1007/s00170-016-8887-7.

We thank the reviewer for pointing out these additional references, which we have included in the manuscript:

Lines 530-533: “Another approach that can be compared to PETLs is the micro machining of channels using CO2 laser ablation16, 17 of PMMA. We have found that laser cutting is incompatible with PET/EVA film, since the heat produced tends to cure EVA and to produce uneven channel edges. The use of adequate laser equipment might also significantly increase fabrication costs”.



