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SUMMARY:  24 
Impact print-type hot embossing technology uses an impact header to engrave dot patterns on 25 
flexible materials in real time. This technology has a control system for controlling the on-off 26 
motion and position of the impact header to create dot patterns with various widths and depths 27 
on different polymer films.  28 
 29 
ABSTRACT:  30 
Here we present our study on an impact print-type hot embossing process which can create dot 31 
patterns with various designs, widths, and depths in real time on polymer film. In addition, we 32 
implemented a control system for the on-off motion and position of the impact header to 33 
engrave different dot patterns. We performed dot patterning on various polymer films, such as 34 
polyester (PET) film, polymethyl methacrylate (PMMA) film, and polyvinyl chloride (PVC) film. 35 
The dot patterns were measured using a confocal microscope, and we confirmed that the impact 36 
print-type hot embossing process produces fewer errors during the dot patterning process. As a 37 
result, the impact print-type hot embossing process is found to be suitable for engraving dot 38 
patterns on different types of polymer films. In addition, unlike the conventional hot embossing 39 
process, this process does not use an embossing stamp. Therefore, the process is simple and can 40 
create dot patterns in real time, presenting unique advantages for mass production and small-41 
quantity batch production. 42 
 43 
INTRODUCTION:   44 
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Researchers are actively attempting to miniaturize existing devices and displays and increase the 45 
flexibility of these devices1,2. To reduce the width and depth of electrical channels to the micro 46 
or nano scale, high-precision technology is necessary. In addition, to increase the flexibility of 47 
these devices, the patterns of the electrical channels must be located on a flexible material, such 48 
as a polymer film3,4. To meet these conditions, the study of ultrafine microprocessing technology 49 
is actively underway. 50 
 51 
Ultrafine microfabrication technology has an advantage in that possible patterning materials 52 
include not only highly rigid materials such as iron or plastic but also soft materials such as 53 
polymer films. Due to these advantages, this technology is widely used as a core process in 54 
various fields, such as communications, chemistry, optics, aerospace, semiconductor, and 55 
sensors5-7. In the ultrafine microprocessing field, LIGA (lithography, electroplating, and molding) 56 
or micromachining methods are used8. However, these conventional methods are associated 57 
with several problems. LIGA methods require a considerable amount of time and several process 58 
steps to create ultrafine patterns and incur a high cost as well because they need many different 59 
types of equipment during the processes. In addition, LIGA methods use chemicals that can 60 
pollute the environment. 61 
 62 
To address this issue, hot embossing process technology has been spotlighted among ultrafine 63 
microprocess technologies. Hot embossing is a technology that creates a pattern on a heated 64 
polymer film using a micro- or nanoscale embossing mold. Conventional hot embossing 65 
technology is divided into the plate type and roll-to-roll type depending on the shape of the mold. 66 
The two types of hot embossing technology are different in terms of the shape of the mold, but 67 
these two processes are similar in that the embossing mold presses the polymer film onto a 68 
heated plate to engrave a pattern onto the polymer film. To engrave the pattern using the hot 69 
embossing process, it is necessary to heat the polymer film above the glass transition 70 
temperature and to apply an adequate amount of pressure (~30–50 MPa)9. In addition, the width 71 
and depth of the pattern change depending on the temperature of the heated plate, the material, 72 
and the shape of the embossing mold. Moreover, the cooling method after the patterning 73 
process affects the shape of the pattern on the polymer film. 74 
 75 
In the conventional hot embossing process, embossing stamps or rollers can be embossed with 76 
the desired pattern, and the embossing mold can be used to print the same pattern onto polymer 77 
film surfaces continuously. This feature makes this process suitable not only for mass production 78 
but also for fabricating devices with soft materials, such as polymer films10-14. However, the 79 
conventional hot embossing method can only create the single pattern engraved in the 80 
embossing mold. Therefore, when the user wants to make a new pattern or modify the pattern, 81 
they must make a new mold to modify the imprinting pattern. For this reason, conventional hot 82 
embossing is costly and time-consuming when creating new patterns or replacing existing 83 
designs. 84 
 85 
Earlier work introduced the impact-type hot embossing process for producing dot patterns with 86 
various widths and depths in real time15. Unlike the conventional hot embossing process, the 87 
impact print-type hot embossing method uses an impact header to create patterns on the 88 
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polymer film. This technology moves the impact header to the desired position with a precision 89 
positioning system. A control signal is applied to print patterns at a desired width and depth and 90 
at an arbitrary position. The structure of the impact header consists of a mover, a spring, a coil 91 
winding, and a core (see Figure 1A)15. Earlier work confirmed through an analysis and experiment 92 
that such an impact header can produce the proper force for hot embossing16. The protocol of 93 
this paper covers the design of the hardware for the impact-type hot embossing process and the 94 
control environment for process control. In addition, we analyze the dot patterns on PET film, 95 
PMMA film, and PVC film, all of which are processed with the proposed protocol to verify that 96 
the impact print-type hot embossing process can create dot patterns with various widths and 97 
depths in real time. The results of these experiments are presented below in the results section, 98 
confirming that the embossing process can suitably produce ultrafine patterns. 99 
 100 
PROTOCOL:  101 
 102 
1. Fabrication of the impact print-type hot embossing process 103 
 104 
1.1. Make model 1 and combine it with an X-stage (see Figure 1).  105 
 106 
NOTE: It is recommended that Model 1 be made of aluminum to avoid heat being conducted 107 
onto the X-stage. Moreover, it is recommended that the length of Model 1 be the distance 108 
between the surface of the heat plate and the lowest height of the bearing plate of the Z-stage 109 
as the design of Model 1 varies with the size of the heat plate. 110 
 111 
1.2. Combine the X-stage and Z-stage and assemble the Z-stage and Model 2.  112 
 113 
NOTE: Ensure that Model 2 is made of a metal that can endure the heat from the heat plate (e.g., 114 
aluminum). Fixing Model 2 to the Z-stage tightly will ensure the capability of the Z-stage to hold 115 
the weight of Model 2 and the impact header. 116 
 117 
1.3. Combine Model 2 and the impact header and place the heat plate below Model 1. 118 
 119 
NOTE: Joining the impact header with the lowest position on Model 2 will ensure that the mover 120 
reaches the surface of the heat plate. It is recommended to install the heat plate after raising the 121 
Z-stage maximally to avoid any contact of the impact head with the surface of the heat plate. Use 122 
suitable software to control the stage. 123 
 124 
1.4. Convert the STL files of the film holder (Supplementary File 1 and Supplementary File 2) to 125 
GCODE files using suitable software to print the film holder with a three-dimensional (3D) printer. 126 
 127 
NOTE: The software may vary with the 3D printer used, and some environments may support 3D 128 
printer environments without GCODE conversion. 129 
 130 
1.5. Use the 3D printer to print the film holder with the GCODE file. 131 
 132 
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NOTE: Using a filament (e.g., Z-HIPS) is recommended because less contraction will occur when 133 
printing large parts, such as the film holder. 134 
 135 
1.6. Install two film holders onto the end of the heat plate and fix the polymer film onto the film 136 
holder, as shown in Figure 1. To ensure that the polymer film is flat on the heat plate, pull the 137 
polymer film as much as possible using motion 1 of the film holder (see Figure 1B). To move the 138 
polymer film to the side, move the film holder via motion 2 (see Figure 1B). 139 
 140 
NOTE: To fix the polymer film onto the film holder, it is recommended to use a screw. Glue is 141 
insufficient to affix the polymer film onto the film holder, and it is best for the detachment of the 142 
polymer film after the patterning experiment.  143 
 144 
2. Fabrication of the control circuit 145 
 146 
NOTE: This process describes the process of constructing the control circuit of the impact header 147 
and the X–Z stage. 148 
 149 
2.1. Connect the control device that sends the signals (see Table of Materials) to the impact 150 
header to control it. 151 
 152 
2.2. After connecting the control device to the impact header, input -3 V and +10 V as control 153 
signals into the impact header. 154 
 155 
NOTE: If a +10 V control signal is sent to the impact header (see Figure 1), the mover (impact 156 
head) goes down and enters the turn-on state. In this state, the mover hits the polymeric film 157 
and engraves the pattern on the polymer film. 158 
 159 
2.2.1. Raise the mover to engrave the next pattern after engraving a pattern using the mover of 160 
the impact header. To raise the mover (impact head), apply the -3 V control signal.  161 
 162 
NOTE: A negative voltage is input to the impact header to prevent the mover from becoming 163 
magnetized by the inner remnant flux of the impact header. 164 
 165 
2.3. If the control device cannot supply a sufficient control signal, use a high-power operation 166 
amplifier (e.g., OP-AMP) which amplifies the ~0 V–5 V control signal to ~-3 V–+10 V, as shown in 167 
Figure 2, to control the impact header. 168 
 169 
2.3.1. First, prepare a dual-channel DC power supply (see Table of Materials). After this step, 170 
connect four nodes to provide common ground (GND) nodes to all channels: a positive voltage 171 
terminal (V1+) and a ground (GND) terminal for channel 1 and a negative voltage terminal (V2-) 172 
and ground (GND) for channel 2. An overall connection diagram is shown in Figure 2. 173 
  174 
NOTE: According to the step described in 2.3.1, positive and negative voltage with different 175 
absolute values can be supplied to the operational amplifier (OP-AMP). 176 
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 177 
2.3.2. Connect the negative voltage terminal of channel 1 (V1-) of the power supply to the 178 
negative power supply voltage terminal (Vs-) of the OP-AMP, as indicated by the blue line in 179 
Figure 2. Subsequently, input 3 V Vcc voltage to channel 1. 180 
 181 
NOTE: According to step 2.3.1, the 3 V Vcc voltage is supplied as -3 V negative voltage to the 182 
negative power supply voltage terminal (Vs-) of the OP-AMP. 183 
 184 
2.3.3. Connect the positive voltage terminal of channel 2 (V2+) of the power supply to the positive 185 
power supply voltage terminal (Vs+) of the OP-AMP, as indicated by the red line in Figure 2. 186 
Subsequently, input 10 V Vcc voltage to channel 2. 187 
 188 
NOTE: According to step 2.3.1, the 10 V Vcc voltage is supplied as +10 V positive voltage to the 189 
positive power supply voltage terminal (Vs+) of the OP-AMP. 190 
 191 
2.3.4. Connect the +output channel of a control device (Vcon+) to the positive input channel (Vin+) 192 
of the OP-AMP, as shown by the green line in Figure 2. 193 
 194 
2.3.5. Connect the -output channel of a control device (Vcon-) to the ground (GND) of channel 2 195 
of the power supply, as shown by the black line in Figure 2. 196 
 197 
NOTE: When connecting the (Vcon-) to the ground (GND), it is possible to connect it to one of the 198 
terminals connected during step 2.3.1 in addition to the GND of channel 2. 199 
 200 
2.3.6. Prepare electric resistance of 1 kΩ and 10 kΩ values in each case and connect them 201 
between the red line and black line, as shown in Figure 2. 202 
 203 
2.3.7. Connect the terminal between 1 kΩ and 10 kΩ to the negative input channel of the OP-204 
AMP (Vin-), as shown by the purple line in Figure 2. 205 
 206 
2.3.8. Pull out the lines from the output channel of the OP-AMP (Vout) and one of the electrical 207 
terminals described in step 2.3.1. Connect the lines to the impact header, as shown by the orange 208 
line in Figure 2. 209 
 210 
2.3.9. Regarding the power supply, set the voltages of channel 1–3 Vcc and channel 2–10 Vcc. 211 
Subsequently, generate control signals of ~0 V–5 V from the control device. 212 
  213 
NOTE: The generated ~0 V–5 V control signals will be amplified by the OP-AMP to ~-3 V–+10 V, 214 
which is necessary to control the impact header as described in steps 2.2.1 and 2.2.2. 215 
 216 
3. Experiment design 217 
 218 
NOTE: This section describes the processes of controlling the impact-type hot embossing device 219 
and engraving dot patterns onto the polymer film. 220 
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 221 
3.1. Install a stage-control program (e.g., Micromove) to control the X-stage and Z-stage using a 222 
control computer (PC). 223 
 224 
3.2. Install DAQ driver software to detect the control device on the control PC that controls the 225 
impact header and install an operating program (e.g., MATLAB) to control the control device. 226 
 227 
3.3. After installing the software, construct the hardware environment as shown in Figure 3A to 228 
conduct the patterning experiment. 229 
 230 
3.3.1. Install the X stage, Z stage, impact header, film holder, and heat plate as shown in Figure 231 
3A to construct the hardware environment. 232 
 233 
3.3.2. Fix the polymer film onto the film holder and adjust the position of the polymer film using 234 
motions 1 and 2 (see Figure 1B) to fix the film flatly. 235 
 236 
NOTE: To keep the film flat while adjusting direction 2, the locations of the two film holders 237 
should be parallel. To make the film flat on the heat plate, it is recommended to adjust the film 238 
holder by lowering the position according to direction 1, as shown in Figure 1B. 239 
 240 
3.3.3. After fixing the polymer film, adjust the temperature of the heat plate to heat the film 241 
above the glass transition temperature. 242 
 243 
NOTE: Each type of film has its own glass transition temperature. Therefore, it is recommended 244 
to adjust the temperature of the heat plate to its own glass transition temperature after checking 245 
the material properties of the film in the corresponding datasheet. 246 
 247 
3.4. After setting the hardware, put the control circuit together as shown in Figure 3B to control 248 
the stage and the impact header. 249 
 250 
3.4.1. Prepare the PC, control board, power supply, and OP-AMP to construct the control 251 
environment as shown in Figure 3B. Connect the devices as shown in Figure 2 and then connect 252 
the computer to the control board. 253 
 254 
3.4.2. Enter the 3 Vcc and 10 Vcc values into an OP-AMP through channels 1 and 2 of the power 255 
supply respectively, as described in step 2.3.9. 256 
 257 
3.5. Control the stage and impact header using the control computer. 258 
 259 
3.5.1. Adjust the initial position of impact header by controlling X and Z stages using the stage 260 
control program. 261 
 262 
NOTE: While adjusting the initial position of the impact header, ensure that there is no collision 263 
between the impact header and the heat plate. If the position of the Z-stage is too low, the mover 264 
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will collide with the heat plate, damaging both the mover and the heat plate. If there is damage 265 
to both devices, it will hinder the creation of fine patterns on a polymeric material. 266 
 267 
3.5.2. Using the operating program, generate a 5 V control signal from the control device. 268 
According to steps 2.3.1–2.3.9, the OP-AMP will amplify the 5 V control signal to +10 V, turn the 269 
impact header on, and engrave the patterns on the polymer film. 270 
 271 
3.5.3. Now generate a 0 V control signal from the control device using the operating program. 272 
According to steps 2.3.1–2.3.9, the OP-AMP will amplify the 0 V control signal to -3 V and turn 273 
the impact header off. 274 
 275 
NOTE: The mover of the impact header will be raised, waiting to engrave the new pattern. 276 
 277 
3.5.4. Move the X-stage into position to engrave the next pattern. 278 
 279 
3.5.5. Engrave patterns 3x on the polymer film by repeating steps 3.5.1–3.5.4 sequentially. 280 
 281 
3.5.6. Lower the Z-stage 10 μm from the initial position and execute step 3.5.5, counting the 282 
number of Z-stage moves. When the number of Z-stage movements exceeds three, move the X-283 
stage to the initial position and raise the impact header maximally by moving the Z-stage. 284 
 285 
NOTE: Changing the height of the Z-stage will ensure adjustments in the depth and width of the 286 
dot pattern. 287 
 288 
3.6. Detach the polymer film from the film holder and measure the width and depth of each 289 
pattern using a confocal microscope (see Table of Materials), as shown in Figure 4A. 290 
 291 
3.6.1. Before starting the measurement process, select the magnification value of the microscope 292 
and use the direct observation mode initially to adjust the scanning position of the polymer film. 293 
After adjusting the position by means of direct observation, fix the polymer film and change the 294 
scanning mode to the laser scanning mode. 295 
 296 
NOTE: When using the confocal microscope, using an acrylic panel is recommended to fix the 297 
sample, as shown in Figure 4B. 298 
 299 
3.6.2. Using the laser scanning mode, measure the depth and width of the dot pattern. 300 
 301 
3.7. Repeat steps 3.3.2–3.6.2 after changing the type of film. 302 

 303 
NOTE: Considering the glass transition temperature of each type of film, set the temperature of 304 
the heat plate before placing each film on the heat plate. In this study, the glass transition 305 
temperature of PVC film is 100 ˚C; for PMMA film it is 95 ˚C, and for PET film it is 75 ˚C. 306 
 307 
REPRESENTATIVE RESULTS:  308 
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The impact print-type hot embossing process is a process that can be used to engrave dot 309 
patterns onto a polymer film in real time, as shown in Figure 1. This process can resolve the issues 310 
of the high cost and long times for pattern replacement associated with the existing hot 311 
embossing process. A control circuit was constructed, as shown in Figure 2 (see steps 2.3–2.3.9), 312 
using the DAQ, OP-AMP, and power supply to carve patterns on various types of polymer films 313 
by the implementation of the impact header during the on-off operation. The implemented 314 
impact print-type hot embossing process is shown in Figure 3. 315 
 316 
In previous studies of impact print-type hot embossing, only experiments on PMMA films were 317 
validated, while no other polymer films were tested. In order to verify that impact print-type hot 318 
embossing can engrave patterns on other polymer films in real time, experiments were carried 319 
out using PMMA film, PVC film, and PET film. The height of the impact header was reduced by 10 320 
μm for every three points using a Z-stage, and we tested whether nine dots could form a dot 321 
pattern with various heights on the three types of films. Using the equipment shown in Figure 3, 322 
a dot pattern was created on the three polymer films, and a confocal microscope was used to 323 
observe the pattern (see step 3.6).  324 
 325 
The dot pattern is shown in Figure 4B. As shown in Figure 4B, nine points were utilized, and the 326 
size of the pattern increased from Sample 1 (S1) to Sample 3 (S3) because the height of the Z-327 
stage moved down by 10 μm. In this case, two-dimensional (2D) images by the confocal 328 
microscope of the three polymer films are shown in Figure 5. The 2D image in Figure 5 shows the 329 
S1 portion of each pattern. Figure 5A shows a PET film sample 50 μm thick, Figure 5B shows a 330 
PMMA film sample 175 μm thick, and Figure 5C shows a PVC film sample 300 μm thick. Figure 6 331 
shows 2D micrographs of one dot pattern and 3D micrographs of S1 using the laser scanning 332 
mode (LSM) of the confocal microscope. As shown in Figure 6, we could measure the pattern 333 
width and depth of each dot pattern, and the pattern was clearly observable through the 2D 334 
image of one dot. 335 
 336 
The width and depth results of the nine dot patterns on the three polymer films using the 3D 337 
function of the confocal microscope are shown in Table 1. The PET film is thinner than the other 338 
polymer films. Therefore, we created the sample carefully so that the impact header did not 339 
touch the heat plate when the Z-stage was adjusted. For PET, in S1 the average values of the 340 
pattern width and depth were 110.6 μm and 10.3 μm respectively, with corresponding errors of 341 
~-5.6–6.2% and ~-3.3–1.7%. For S2, after the height of the Z-stage was decreased by 10 μm, the 342 
average values for the pattern width and depth changed to 155.2 μm and 17.0 μm respectively, 343 
with corresponding errors of ~-5.2–2.8% and ~-3.0–2.0%. For S3, after the height of the Z-stage 344 
was decreased by another 10 μm, the average values for the pattern width and depth changed 345 
to 170.8 μm and 25.7 μm respectively, with corresponding errors of ~-2.8–4.2% and ~-2.7–2.3%. 346 
 347 
For PMMA, in S1 the average values of the pattern width and depth were 240.2 μm and 112.2 348 
μm respectively, with corresponding errors of ~-1.2–1.3% and ~-4.1–2.8%. For S2, after the height 349 
of the Z-stage was decreased by 10 μm, the average values for the pattern width and depth 350 
changed to 250.0 μm and 129.8 μm respectively, with corresponding errors of ~-2.0–2.0% and ~-351 
1.8–1.1%. For S3, after the height of the Z-stage was decreased by another 10 μm, the average 352 
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values for the pattern width and depth changed to 281.2 μm and 141.3 μm, with corresponding 353 
errors of ~-3.1–3.8% and ~-3.3–2.6%. 354 
 355 
For PVC, in S1 the average values of the pattern width and depth were 236.4 μm and 136.1 μm 356 
respectively, with corresponding errors of ~-6.3–4.0% and -~5.6–3.9%. For S2, after the height of 357 
the Z-stage was decreased by 10 μm, the average values of the pattern width and depth changed 358 
to 250.8 μm and 150.7 μm respectively, with corresponding errors of ~-2.5–2.4% and ~-2.1–2.8%. 359 
For S3, after the height of the Z-stage was decreased by another 10 μm, the average values of 360 
the pattern width and depth changed to 263.5 μm and 159.2 μm, with corresponding errors of 361 
~-6.7–11.7% and ~-5.0–7.5%. 362 
 363 
Graphs of the pattern depth and width for the three polymer films are shown in Figure 7. The 364 
height of the Z-stage was decreased by 10 μm for every three dot patterns from S1 to S3, so that 365 
the width and depth of the film increased from S1 to S3. The maximum error was in the range of 366 
-6.7–11.7% for PVC and the minimum error ranged from -1.2–1.3% for PMMA. In conclusion, the 367 
errors in the dot patterns for the three types of films are minor. This shows that the impact print-368 
type hot embossing process is suitable for engraving micropatterns onto polymer films in real 369 
time. 370 
 371 
FIGURE AND TABLE LEGENDS:  372 
Figure 1: Design of the impact print-type hot embossing technology. (A) A 3D design of the 373 
impact print-type hot embossing process, (B) design of the film holder. The film holder can move 374 
in the Motion 1 and Motion 2 directions and can be used to fix the film or to move it to the side. 375 
 376 
Figure 2: Schematic design of the electricity amplifier circuit. In this picture, six devices are used 377 
to create the circuit: a power supply with two channels, a high-power operational amplifier (OP-378 
AMP), a control device, an impact header, and two resistance components with different values. 379 
Each device is connected in the image, and the connection lines are shown in various colors. 380 
 381 
Figure 3: Implementation of the impact print-type hot embossing process and control circuit. 382 
(A) Implementation of the impact print-type hot embossing process, and (B) experimental 383 
settings of the control system 384 

 385 
Figure 4: Confocal microscope equipment and PET film with dot patterns. (A) Confocal 386 
microscope equipment to measure the pattern widths and depths of the dot patterns on the 387 
polymer film. (B) Dot patterns on the PET film. The nine patterns are divided into three sections 388 
from the lowest depth of the dot patterns (S1, S2, S3), and each section has three points. 389 
Micrographs are taken using the 2D function of the confocal microscope.  390 
 391 
Figure 5: Two-dimensional photomicrographs using confocal microscope. (A) A 2D 392 
photomicrograph of the 50 μm PET film, (B) 2D photomicrograph of the 175 μm PMMA film, and 393 
(C) 2D photomicrograph of the 300 μm PVC film 394 

 395 
Figure 6: Two-dimensional micrographs of one dot pattern and 3D micrographs of S1 using the 396 
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LSM mode of the confocal microscope: (A) A 3D micrograph of three dot patterns and a 2D 397 
micrograph of one dot pattern on the 50-μm-thick PET film. (B) A 3D micrograph of three dot 398 
patterns and a 2D micrograph of one dot pattern on the 175-μm-thick PMMA film. (C) A 3D 399 
micrograph of three dot patterns and a 2D micrograph of one dot pattern on the 300-μm-thick 400 
PVC film 401 
 402 
Figure 7: Graphs of the pattern widths and depths for S1, S2, and S3 on three polymer films. 403 
The position of the Z-stage was increased by 10 µm for every three dot patterns from S1 to S3, 404 
and each graph is based on the data shown in Table 1. (A) The result of the pattern width and 405 
pattern depth for the PET film. (B) The result of the pattern width and pattern depth for the 406 
PMMA film. (C) The results of the pattern width and pattern depth for the PVC film. 407 
 408 
Table 1: Measurement results of nine dot patterns on three polymer films. The values in the 409 
table were measured using the 3D measurement function of the confocal microscope and 410 
represent the average values of the pattern widths and depths and the pattern errors for S1, S2, 411 
and S3. 412 
 413 
DISCUSSION:  414 
In this study, we implemented the impact print-type hot embossing process and engraved dot 415 
patterns with various widths and depths onto a range of polymer films in real time. Among the 416 
protocol steps, two steps should be critically considered among all steps. The first is the setting 417 
of the temperature of the heat plate (step 3.3.3), and the second is the setting of the initial 418 
position of the impact header (step 3.5.1). In step 3.3.3, if the temperature of the heat plate is 419 
too high, it becomes difficult to form a pattern because the viscosity of the film hinders the 420 
creation of a fine pattern. On the other hand, if the temperature of the heat plate is too low, the 421 
pattern is not engraved smoothly. The factor of the initial position of the impact header is 422 
important because the position of the impact header is related to the depth and width of the 423 
pattern. Moreover, if the height of the impact header is too low, the mover of the impact header 424 
will collide with the heat plate, causing damage to both the mover and the heat plate. This 425 
damage not only wears down the tip of the mover but also has an adverse effect on the height 426 
and width of the pattern engraved in the next step. For these reasons, during steps 3.3.3 and 427 
3.5.1, the heating temperature and ignition condition should be carefully considered. 428 
 429 
In earlier work on impact-type hot embossing, a dot patterning process was utilized with PMMA 430 
film, with deviation errors occurring due to a fixation problem associated with the polymer 431 
film15,16. To solve this problem, fixing the polymer film using film holders on both sides of the 432 
heat plate was considered, and this strategy reduced the error compared to the earlier values. It 433 
was also shown that dot patterns with various widths and depths can be engraved onto various 434 
polymer films, such as PET film and PVC films, in real time. Comparing the error rate of PMMA 435 
with those of previous hot embossing processes, the results of each film sample showed that the 436 
errors in the pattern widths and depths were significantly reduced. 437 
 438 
However, there remained some error in the dot patterns. We considered two causes for these 439 
errors. The first is related to the change of the surface due to the glass transition temperature of 440 
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the polymer film. When each film is heated above its glass transition temperature, the surface of 441 
the polymer film becomes soft, and the film surface rises slightly even if it remains fixed while 442 
using the film holder, causing an error. To prevent this, if the temperature of the heat plate is 443 
lower than the glass transfer temperature, the combination of the molecular structure of the 444 
polymer film is stronger, but the pattern on the polymer film is not engraved as well. Therefore, 445 
it is cumbersome to find the optimum value for each corresponding polymer film through 446 
repeated experiments. The second cause is the imbalance problem of the heat plate. The surface 447 
of the heat plate that heats the film during the hot embossing process should be entirely 448 
horizontal to engrave the height of the dot patterns uniformly. However, if the heat plate is 449 
slightly inclined, errors in the pattern width or pattern height will occur when the pattern uses a 450 
different position. To solve this problem, we consider that a device that can scan the height of a 451 
surface in real time should be attached to the impact header. More research should be done on 452 
scanning devices to measure the surface height properly. 453 
 454 
The precision of the patterns produced by the suggested process also has limitations. The width 455 
and depth of each pattern depend on the diameter of the tip of the mover (impact head) and the 456 
depth at which the mover engraves on the polymer film. The diameter of the tip of the mover 457 
used in this process is 9 µm, and the precision of the engraved pattern has a minimum pattern 458 
width of 9 µm. However, the existing plate-to-plate type and roll-to-roll type hot embossing 459 
processes offer pattern precision levels in the nm range. This lack of precision of a pattern can be 460 
solved by reducing the diameter of the tip of the mover in the impact header. There is insufficient 461 
research thus far on mechanical or chemical processes for processing mover tips into nm units. 462 
If studies of mechanical or chemical processes are conducted so that the mover tip can be 463 
processed in nm units, it is expected that these limitations will be overcome. Still, unlike the 464 
conventional methods, the proposed process allows changes to the engraving pattern in real time 465 
using the impact header, and this offers the advantage of changing the new pattern or replacing 466 
the pattern if an erroneous process is found. 467 
 468 
Next, we compared the processing speed of the proposed process with that of the existing roll-469 
to-roll type hot embossing process. For the conventional roll-to-roll type, the process speed is 10 470 
mm/s12. The proposed impact print-type hot embossing process offers a performance frequency 471 
of 6 Hz–10 Hz. If ten points are assumed on a 10 mm polymer film, the processing speed is 6 472 
mm/sec and the maximum is 10 mm/s. As a result, the processing speed will vary depending on 473 
the pattern required by the user. Therefore, the process can be applied to mass production and 474 
to various product and small-volume production processes as well. 475 
 476 
If we continue to develop our current technology, it will be able to engrave continuous patterns 477 
in addition to point patterns. Engraving continuous patterns can be useful in a variety of ways. 478 
For example, by placing electrical elements or by applying conductive ink onto the engraved 479 
pattern, a microelectrical circuit can be manufactured. Notably, because this process is linked to 480 
work on engraving micro- or nanopatterns on polymer films, it can be applied to manufacture 481 
flexible devices. Moreover, as our method is like existing hot embossing processes, this work can 482 
be used to manufacture flexible copper clad laminates (FCCLs) or flexible printed circuit boards 483 
(FPCBs). In addition, in order to apply the impact print-type hot embossing process to a wider 484 

http://m-w.com/cgi-bin/dictionary?book=Dictionary&va=micro-electrical
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range of materials, such as wearable devices or sensors, it is necessary to change the dot pattern 485 
by using various widths and depths depending on the device. The impact print-type hot 486 
embossing process investigated here has the advantage of being able to engrave various patterns 487 
while adjusting the widths and depths of the patterns in real time. Moreover, the technology 488 
mentioned in the protocol uses a simpler process than the conventional patterning process. 489 
Therefore, we are convinced that impact print-type hot embossing technology can be extended 490 
not only to mass production but also to the small-quantity batch production industry in the 491 
future. 492 
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Polymer Film Sample Number Average of Pattern Width (㎛)

PVC Film S1 236.4

S2 250.8

S3 263.5

PMMA Film S1 240.2

S2 250

S3 281.2

PET Film S1 110.6

S2 155.2

S3 170.8
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Average of Pattern Depth (㎛) Error rate Width(%) Error rate Depth(%)

136.1 -6.3~4.0% -5.6~3.9%

150.7 -2.5%~2.4% -2.1~2.8%

159.2 -6.7%~11.7% -5.0~7.5%

112.2 -1.2~1.3% -4.1~2.8%

129.8 -2.0~2.0% -1.8~1.1%

141.3 -3.1~3.8% -3.3~2.6%

10.3 -5.6~6.2% -3.3~1.7%

17 -5.2~2.8% -3.0~2.0%

25.7 -2.8~4.2% -2.7~2.3%



Name of Material/ Equipment Company Catalog Number

0.3mm High Quality Clear Rigid 

Packaging PVC Film Roll For 

Vacuum Forming Sunyo SY1023

Acryl(PMMA) film SEJIN TS C200

Confocal Laser Scanning 

Microscope: 3D-Topography for 

Materials Analysis and Testing  Carl Zeiss LSM 700

DAQ board

NATIONAL 

INSTRUMENTS USB-6211

DC Power Supply SMART RDP-305AU

L511 stage PI L511.20SD00

Large Digital Hotplate

DAIHAN 

Scientific HPLP-C-P

M531 stage PI M531.2S1

Mylar Polyester PET films CSHyde 48-2F-36

OPA2541 BURR-BROWN OPA2541BM
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Comments/Description

PVC film / Thickness : 300µm

PMMA film / Thickness : 175µm

3D confocal microscope / Supporting Mode : 2D, 2.5D, 3D topography

Control board for two stage and impact header / 16 inputs, 16-bit, 250kS/s, Multifunction I/O

3 channel power supply / output voltage : 0~30V, Output current : 0~5A

Z-stage / Travel range : 52mm

Heatplate / Max Temp : 350ºC

X-stage / Travel range : 306mm

PET film / Thickness : 50µm

OP-AMP / Output currents : 5A, output voltage : ±40V



Editorial comments: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 

submitted revision may be present in the published version. 

Thank you for your comment. We modified the grammar error and spelling error of our paper through 

the native speaker of English. 

 

2. Please remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

For example: Mylar, etc.  

Thanks for your thoughtful comment. We have modified commercial languages such as Mylar film and 

added the full name of PMMA, PVC, and PET film to avoid the commercial words. Moreover, we 

modified the all commercial languages in our paper, as you mentioned. 

 

3. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described 

in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as 

“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the 

imperative tense may be added as a “Note.”  

Thank for pointing out. All steps of the Protocol have been modified to imperative tense, and any text 

that cannot be written in the imperative tense has been added to the Note section. Besides, the "could 

be," "would be," and "should be" throughout the Protocol have been modified. 

 

4. Please include a single line space between each step, sub step, and note in the protocol section.  

Thank you for your kind comment. We added a single line space between each step, sub step, and 

note in the Protocol section. 

 

5. The Protocol should contain only action items that direct the reader to do something. 

Thank you for your thoughtful comment. We have modified each step of the Protocol only to mention 

the actions that the reader to do something. In addition, we added the consideration of the experiment 

to the "Note" section to provide caution for the reader. 

 

 

6. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., 
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how is the step performed?  

Thank you for your comment. We supplemented how the reader should do something for the experiment 

at each step of the Protocol. Also, we added the consideration of each step to "Note" for the reader 

could proceed with the experiment correctly. 

 

7. 1: Please include how is this done for each individual sub step.  

Thank for pointing out. We supplemented the description to mention the method for doing each sub 

step on the Protocol, and described the consideration for sub step on the "Note." 

 

8. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please 

highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential 

steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story 

of the Protocol. 

Thank you for your kind comment. We highlight the essential steps of the protocol for the video, and we 

confirmed that the highlighted pages are within 2.75 pages, as you mentioned. 

 

9. Please describe the result with respect to your experiment, you performed an experiment, how did it 

help you to conclude what you wanted to and how is it in line with the title.  

Thank you for your thoughtful comment. We showed that our results can explain that it is suitable for 

engraving micro-patterns on polymer film in real time in line 379-380 on page 8. Also, in discussion, we 

described the contents on adding film holder in line 442-449 on page 10, and this help reducing the 

error of a dot pattern during patterning experiment in line 445 on page 10. 

 

10. Please discuss all the figures in the Representative Results. However, for figures showing the 

experimental set-up, please reference them in the Protocol.  

Thank you for your thoughtful comment. We covered all the figures in Representative Results on the 

paper and referred Protocol steps to describe the significant actions for the experimental setup (see 

line 322 on page 7, line 334 on page 7). 

 

11. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded 

separately to your Editorial Manager account. Each figure must be accompanied by a title and a 

description after the Representative Results of the manuscript text.  

Thank you for your thoughtful comment. We removed the embedded figures on our manuscript and 

uploaded the modified figures. Also, the title and description of the figures are located after the 

Representative Results of the manuscript. 



12. Please remove the embedded Table from the manuscript. All tables should be uploaded separately 

to your Editorial Manager account in the form of a .xlsx file. Each table must be accompanied by a title 

and a description after the Representative Results of the manuscript text. 

Thank you for your kind comment. We deleted the embedded Table on our manuscript and uploaded 

the modified Table. Also, we arranged the title and description of the Table after the Representative 

Results of the paper. 

 

13. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail 

in 3-6 paragraphs with citations: 

a) Critical steps within the protocol  

b) Any modifications and troubleshooting of the technique  

c) Any limitations of the technique  

d) The significance with respect to existing methods  

e) Any future applications of the technique  

Thank you for your thoughtful comment. We added contents on a) -e) in discussion section from 428 to 

498 in page 9-10. In the content a) in line 428-440 on page 9, we discuss critical steps on the 

temperature setting of the heat plate and the initial position setting of the impact header among whole 

protocol steps. In the content b) in line 442-449 on page 10, we show that by installing a film holder, 

our technique reduced an error in a dot pattern compared to research on existing processes. In the 

content c) in line 451-478 on page 10, we explained that due to the material properties of the film, and 

the slope of the heat plate, our process still shows an error in a dot patterning process. Also, due to the 

limitations in processing the tip of the mover, we explained that the precision of the dot pattern was 

limited. Contents d) in line 480-489 on page 10 explained that there is an advantage in processing new 

patterns compared to existing processes and that the processing speed may vary depending on the 

shape and goal of the pattern being processed so that it can be used for the production of many kinds 

of small quantities. The last content e) in line 491-498 on page 11 described how continuing to develop 

the processes presented can be used to create boards such as flexible devices, FCCL, an FPCB. 

 

14. Please ensure that the table of the essential supplies, reagents, and equipment includes the name, 

company, and catalog number of all relevant materials in separate columns in a .xlsx file.  

Thank you for your thoughtful comment. The submitted Excel file included the name, company, catalog 

number, and characteristic for essential supplies, reagents, and equipment. Moreover, we converted 

the format of the previous Excel file from .xls to .xlsx file. 

 

Reviewers' comments: 

Reviewer #1: 

 



Manuscript Summary: 

This paper describes the procedure and results for the implementation and experiment of impact type 

hot embossing process. 

Well-explained with appropriate pictures and explanations, it will be helpful to researchers who are 

interested in this field. 

 

Major Concerns: 

Additional explanation on speed of patterning and precise of patterns (i.e. distance between patterns) 

comparing to conventional works make this study better. 

Thank you for your comment. We added a content on the processing speed of our technique and 

compared it with conventional Roll-to-Roll and Plate-to-Plate type hot embossing in line 480 on page 

10. In addition, we explained the limitation of processing technique of impact had, and added the 

contents on precision of pattern by comparing it with conventional studies in line 468 on page 10. 

 

Minor Concerns: 

 

Since there are some parts that should be modified like following, it would be a better paper if they are 

corrected. 

 

-There are several parts where English grammar is wrong or awkward. Please correct. Ex) "we must 

re-made the mold for the new pattern-" On page 1. 

Thank you for your comment. We modified the grammar error and spelling error of our paper through 

the native speaker of English. 

 

-When citing Reference 15 on page 1, "this paper" is used as a subject. But, that seems awkward. 

Please correct the sentence more clearly.  

Thank you for pointing out. Reference 15 on page 1 mentioned in our paper is a study of the previous 

impact print-type hot embossing process, so we modified the subject of the sentence "this paper" to 

"the previous study," and we supplemented the description of reference 15 in line 88 on page 1. 

 

 

 

-The letters in Fig. 3 are hard to see. Make your fonts bigger and thicker.  

Thank you for your thoughtful comment. We have increased the size and thickness of the characters in 

Fig. 3 and rearranged the positions of the characters to make the reader can understand easier. 

 



-Please specify the model name and manufacturer of the microscope used on page 5.  

Thank you for pointing out. We added the model name and company name of the confocal microscope 

to Protocol and Representative Results in line299 on page 6 and line333 on page 7. 

 

-Line break at line 335 on page 10 is incorrect. Please correct this. The other part also has awkward 

line breaks, so check it out. 

Thank you for your comment. We modified the line break in our paper so that we can clearly deliver the 

contents of our paper. 

 

 

Reviewer #2: 

 

Manuscript Summary: 

In this study, authors provide an impact print-type hot embossing process that can create a dot pattern 

having various pattern width and depth in real-time on the polymer film. They implemented a control 

system for On-Off motion and position of impact header to engrave different dot patterns. Dot patterning 

on various polymer films such as Mylar film, PMMA film and PVC film were performed and measured 

using a confocal microscope. As a result, authors show that the impact print-type hot embossing 

process is suitable for engraving the dot pattern on different types of polymer films with small error. 

 

 

Major Concerns: 

 

1. The paper describes the protocol and representative results well. However, there is a lack of 

explanation on the field of applications of the results of this paper. Please provide it for the revised 

version of the paper. 

Thank you for your thoughtful comment. We added the contents on field application of the results in line 

491-498 on page 11. From our study, we can manufacture micro-electric device by applying conductive 

ink, Also, by developing our study, application field can be expanded to manufacturing flexible device, 

FCCLs, and FPCBs. 

 

 

2. Line 276, the explanation and picture in Figure 7 need to be complemented. The content of the figure 

is not well understood.  

Thank you for pointing out. We have revised the title to reflect better what the results of the experiment 

are for Figure 7 and supplement the description in Figure 7. In addition, the titles of (A), (B), (C) were 



also revised to make it clear that the graphs of the measurement results are related to result of the dot 

patterns for each polymer film (line 415 on page 9). 

 

Minor Concerns: 

 

1. When describing experimental procedure and experiment, the past tense should be used.  

For example, (line 38) 

Moreover, the dot patterns are measured using a confocal 39 microscope, and we confirmed that the 

impact print-type hot embossing process has less error 40 during the dot patterning. 

Thank you for your thoughtful comment. We considered the tense of the contents in our paper, and 

modified the tense of whole sentences as present tense through the native speaker of English. 

 

2. (line 100) In the protocol 1, please provide additional description of method to fix the film.  

Thank you for your comment. We added the detailed contents on fixing the film in line 137-140 on page 

3 and in line 241-243 on page 5. In line 137-140 on page 3, we explained that how to fix the film on film 

holder and to which direction the film should be pulled. In line 241-243 on page 5, we explained 

additional methods to fix the film and contents on adjustment of position of the film by describing in note. 

 

Reviewer #3: 

 

Manuscript Summary: 

The protocol is well explained and seems to be no problem with journal publishing 

Thanks for your positive comments on our study. 
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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Study of a Dot-patterning Process on Flexible Materials using Impact Print-Type 
Hot Embossing Technology

Document Ref: JADPP-E34TR-CQYBU-4ZMTI Page 1 of 3

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);JoVE60694_ALA.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1116111&guid=dd1f55b5-c49d-4622-8ef5-ede1b539daa5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1116111&guid=dd1f55b5-c49d-4622-8ef5-ede1b539daa5&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

Dongwon Yun

Department of Robotics Engineering

Assistant Professor

Daegu Gyeongbuk Institute of Science and Technology (DGIST)

08/21/2019
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