Utilizing ChatGPT to Assist CAD Design for Microfluidic Devices
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ChatGPT is a generative Al model that has garnered
tremendous public interest due to its ability to solve diverse
problems through high-level reasoning and analysis. Among
its features is an ability to create and debug code. While this
capability has been explored with conventional programming
languages such as Python, it has yet to be applied to computer-
aided design (CAD). In this work, we utilized GPT-4 to create
functional microfluidic components using OpenSCAD, an
open-source CAD software package. Through an iterative
dialogue, GPT-4 created functional designs for a helix/spiral, a
valve, a t-junction, and a serpentine channel. This concept
could facilitate CAD in the future for both technical and non-
technical users and can be reasonably extended to other
fields.

Introduction

A functional prototype of ChatGPT, an artificial intelligence
(Al) chatbot, was released in November 2022 by OpenAl, and it
received immediate public attention. Given its widespread
capabilities, ChatGPT and other generative Al systems have
been the subject of fervent public discussion, both for their
beneficial but also potentially harmful implications!. Amongthe
many interesting characteristics of ChatGPT is the ability to
write and debug code?3. While these capabilities have begun
to be explored for several programming languages, there has
yet to be an application of ChatGPT to computer-aided design
(CAD).

In recent years, the use of 3D printing technology for the
fabrication of microfluidic devices has burgeoned5. Among its
benefits are (1) rapid prototyping, (2) automatic, one-step
fabrication of devices, and (3) true three-dimensionality that
allows for high degrees of complexity. In order to fabricate
devices with 3D printing, it is first necessary to build a model
using CAD software. Many CAD users rely on GUI-based
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programs such as Solidworks, Fusion 360, or OnShape to
construct models, but there are scripting solutions to CAD such
as OpenSCAD, an open-source programming language. In
OpenSCAD, users generate models by performing Boolean
operations and other manipulations on geometric primitives
(such as cubes, spheres, and cylinders).

Given the open-source nature of the language, we were
interested in the potential of ChatGPT to assist in the fabrication
of CAD models. Here, we demonstrate that with relatively few
prompts, ChatGPT is capable of generating functional CAD
designs for microfluidic components. In addition, we applied
the same methodology to 2D designs towards users for which
traditional soft lithography techniques are preferable. While
this work is rudimentary, the evolutionary nature of Al models
suggests that as the model is trained, more complex structures
and combinations thereof could be quickly designed and
implemented, potentially leading to a future where users, even
inexperienced ones, could simply describe objects they desire
and generate an output file capable of being rapidly fabricated
with a 3D-printer.

Methods

Code generation: GPT-4 was instructed to generate OpenSCAD
code for a target microfluidic component, and then code was
compiled in OpenSCAD (v2021.01). For the 2D SVG, GPT-4 was
asked to generate code that outputs an SVG image. The code
output and an image of the compiled result were subsequently
recorded and evaluated for accuracy. Issues found in the
code/structure were brought to the attention of GPT-4 to guide
the subsequent attempt. No code was modified by the authors.
The code can be readily accessed using the following link:
https://github.com/bgoenner/ChatGPT Microfluidics/.

Device fabrication for 3D designs: Upon receiving a satisfactory
model, an .stl file was outputted using OpenSCAD and imported
into Chitubox, a slicing program for use with mSLA 3D printers.
Devices were printed using a commercially available mSLA 3D
printer (Sonic Mini 8K, Phrozen) at 405 nm using a transparent
resin (Ortho Flex, NextDent). A rectangular slab of glass was
permanently affixed to the building plate of the printer with a
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clear, double-sided adhesive to improve surface smoothness
and optical clarity of devices. After printing, devices were
immersed in two ethanol baths for 3 minutes each, and residual
resin was pulled out of the channels using a vacuum source.
Devices were allowed to dry for 10 minutes before being placed
in a Form Cure (Formlabs) chamber and exposed to 405 nm UV
light at 60 °C for 30 minutes.

Results and discussion

We conducted a dialogue with GPT-4 towards the goal of
creating four common microfluidic components: a helix/spiral
(Figure 1), a valve (Figure 2), a t-junction (Figure 3), and a
serpentine channel (Figure 4). Our approach was to request the
structure and then enter into a back-and-forth dialogue in
which the code and resulting structure were evaluated for
errors and fed back into GPT-4. No code was altered at any
point, as the intention was to confirm that even small errors
could be identified and fixed. Through this process, GPT-4
demonstrated an exceptional ability to present unique solutions
to the construction of these components as well as debug
erroneous code. In addition, GPT-4 annotated the code in
helpful ways and explained its function in the dialogue.

All structures were created successfully by GPT-4 in less than
14 prompts and capable of fluid flow. GPT-4 answers were
immediate, and as a result, the only time expenditure involved
was compiling the code in OpenSCAD, which ranged from 1
second to a few minutes depending on the mesh size and
number of shapes. Overall, the total time to generate each
structure from start to finish was under 1 hour. For each
structure (excluding the T-junction), and depending on skill
level, this may actually be comparable in time to a normal CAD
process, but for sufficiently advanced structures, a normal CAD
process is likely more preferable at this stage. However, as
artificial intelligence models rapidly advance, we envision a
future in which the use of artificial intelligence may be superior
even for advanced CAD users creating sophisticated designs.
Just as GPT-4 is used to create drafts of written documents, an
advanced user could deploy GPT-4 to create an initial
approximation and make adjustments as needed. We expect
that with additional training, only a few prompts would be
required to generate these same structures, which could allow
users to focus more on assemblies and combinations of
components. Furthermore, designs could also be paired with
robust technical discussion of proper design principles and field-
specific knowledge.

While the primary focus of this work was the design of
structures that can be 3D-printed, it should be noted that 2D
designs that would be more appropriate for conventional soft
lithography are also possible. As an example, we utilized GPT-4
to create an SVG file of a serpentine channel as well as an
OpenSCAD file of a spiral pattern, which can be exported to DXF,
SVG, and PNG file extensions (Figure 5). This may be desirable
for users that either already have an established workflow or do
not have the technical knowledge necessary to 3D print
microfluidic devices. For some users, this methodology could
also be utilized to create 3D printed molds for soft lithography,
especially considering the rapid advances in 3D printing
resolution, where pixel sizes for common SLA printers are
currently in the range of tens of microns.
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This methodology may also be extended to other languages.
For example, many common CAD software packages such as
Solidworks or Fusion 360 have Visual Basic or Python APIs. As
such, GPT-4 could be used to either augment or completely
create structures for users that would prefer their standard
workflow.

The primary limitation of this approach is that a user
currently needs to have basic knowledge of the programming
language they are utilizing to recognize errors and guide
ChatGPT appropriately, which may be inaccessible to a non-
technical user. Moreover, it is unclear what the extent of
ChatGPT’s debugging capabilities will be as structures become
more complex. Nevertheless, ChatGPT was able to successfully
interpret our commands and create/modify the code
appropriately, and like many new methodologies, it is likely that
this process will become considerably more powerful and user-
friendly with further development. It is conceivable that with
rapid advances in artificial intelligence and user-friendly
interfaces, very little technical knowledge would be required for
operation.

Conclusions

In this work, we demonstrated the design of functional
microfluidic devices using ChatGPT. While this concept is in its
infancy, one can imagine a future in which CAD is greatly
facilitated through the use of generative Al. Researchers in non-
engineering fields could design useful structures without the
need of advanced training, and technical users could expedite
their workflows and rapidly create sophisticated structures.
While we applied this concept towards microfluidic
components, it could be reasonably extended to other fields as
well.  As Al models improve through both algorithmic
development and user training, there is great potential for an
evolution in how CAD is implemented.
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Please do not adj

Helix/Spiral

Journal Name

1 In OpenSCAD, could you make me a

pipe that forms the shape of a continuous

spiral channel? Diameter = 1.5 units.

“Error: Bad range parameter:
too many elements.”

2 I'm getting an error that says "bad
range parameter: too many elements.

3 Now can you increase the spac-
ing between turns and make the cyl-
inder height 1.5 units?

4 In your code, the cylinders are orient-
ed along the z axis. Can you rotate them
such that they are along the y axis?

5 Now can you encapsulate it within a
cube with the following constraints:

1. Use the difference function to subtract
this structure from the cube.

2. Make it so the ends of your spiral exit
the cube.

3. Apart from these ends (exits), please
make sure there is a spacing of 5 units

6 Can you add holes on the top
and bottom of this (diameter=2) that
go vertically down to where your
spiral starts and ends? Each only
needs to intersect with an end, so
there should be 2 holes and they
should be very small in height in rela-
tion to the total structure. Also, could
you decrease the number of turns to
57

7 The cube height would need to
be updated as a function of the
turns. Also, the holes you made are
in the center, but they would need
to be where the spiral starts and
ends, which should actually be posi-
tion x=10.

8 The hole on the top isn't visible. This
is likely because you are having it start at
the top of the cube, but really it has to go
downward into the cube, meaning it needs
to be translated in the z direction.

9 For some reason, it seems that the
cube is taller than the spiral.

10 It seems that you are miscal-
culating the spiral height because
the cube is much taller, but it is
strange to me because you got it cor-
rect before back when we had the
number of turns equal to 10. Did you
change the way you calculated
height?

13 Can you extend the length of the
holes by 5 mm? This will involve increas-
ing the cube height to accommodate for
the new hole length.

11 Just remove the 5 unit spacing
constraint just for the top, because we
want the hole to connect to the helix.

Figure 1. GPT-4 dialogue towards the design of a microfluidic helix/spiral channel.
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12 It looks like the cube height is a little
too short now.
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Valve

1 Can you generate OpenSCAD code
that creates a microvalve, which will re-
quire two cylinders: one for the pneumat-
ic chamber and one for the fluid flow
chamber. They are concentric with a 100
micron spacing between the chambers
which is the membrane. Two cylinders
should be coming out of the bottom of
the fluid chamber, offset from the centers,
which will be the ports for the valves. The
base unit for the OpenSCAD code should
be millimeters.

2 The pneumatic chamber and
fluid chamber should be the same di-
ameter. The offset of the pneumatic
chamber will be the fluid chamber
height added with the membrane
height.

3 Define a new variable "port
height”and use this variable as the
port offset. Define the port height as 2
mm. Also, define the chamber height
as 1 mm and the chamber diameter as
2mm.

4 The port offset should be a z-offset
so they are connected to the bottom of
the fluid body. Also change the chamber
diameter to 5 mm and port diameter to
0.7 mm.

5 Change the port height to port offset
of the valve. The x-offset and z-offset of
the ports should be the port height.

6 Change the port offset to 1 mm
and add two ports to the top of the
pneumatic chamber. The new ports
should use the same offset but in the
y-direction instead.

7 The pneumatic port z-offset
should be 2 chambers and the mem-
brane. Also, add routing channels to
the ends of the ports for all of the
ports that lead directly away from
the origin.

8 Can you rotate the routing channels
so that that they are perpendicular to the
port channels?

9 The offset of the routing channels
should be half of the channel length
and the port offset only. Additionally,
the pneumatic routing channels should
also include the port height in the z
offset.

10 Move the routing channels
toward the origin by the port diame-
ter so that the routing channel edge
and port edge meet.

11 Instead of moving the routing
channels by the port diameter, move
them by port radius.

12 Add a 10 x 10 cube that subtracts all
the geometry created thus far. | suggest
using a union function for the current cre-
ated geometry. The cube should be cen-
tered at the origin.

13 Can you make the fluid chamber
height 500 microns and the pneumatic
chamber 1 mm?

Figure 2. GPT-4 dialogue towards the design of a microfluidic valve.
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T-Junction

1 Can you write OpenSCAD code for a 2 Can you use this same code, 3 You shifted it in the wrong axis. 4 Now, can you contain these pipes
simple T-junction? except shift one of the pipes such that | What | meant was to shift it length- within a cube by subtracting them from
it ends half-way through the diameter| wise. the cube with the difference function?
of the other pipe? Please make the cube just large enough
to fit your pipes, centered with 2 units of
spacing.

5 The cube is only long enough in the 6 The 2-unit spacing has not been 7 Please revert the pipes back to 8 I think | see the problem in your code.

x-axis. |t would also need to be the length | applied in the x-axis. This means that | how you had it before, and try to Keep it exactly the same, except:

of the pipe in the z-axis. you may have to both change the di- | just make a rectangular cube that
mensions of the cube so it is more fits the pipes you created. 1. Swap the x and z dimensions of your
rectangular, and it also means that cube.
you may have to shift it accordingly. 2. Shift the cube along the x so that it en-

capsulates your x-axis pipe.

9 Your pipes go in the x-axis and the 10 Shift the cube negatively by 11 Since the intersection of the 12 Now, can you shrink this down, such
z-axis--therefore, your x-axis and z-axis 0.5 * the pipe length. pipes is along the x-axis, you have to that the pipe radius is 1 unit and the pipe
lengths should actually both be the shift the cube positively an additional | length is 257

pipe length, except since the x has the 0.5 * the pipe radius.

intersection, it should have an addition-
al 0.5*pipe radius.

13 It looks like there is still 1 unit on 14 Just knock 1 more unit off the
either side of the z pipe and 1 unit just negative x side.
on the negative side of the x pipe.

Figure 3. GPT-4 dialogue towards the design of a microfluidic t-junction.
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Serpentine

1 Can you generate code for a 2 The idea for the serpentine channel is that the short 3 Remove the 90 degree 4 Add a 90 degree rotation for
serpentine channel that has along | channel will be a length of channel at the end of the long | z-rotation for all the channels, the long channels, and the x-offset
length of 10 mm and short length channel, perpendicular to the long channel. From therea | and the short channelsneeda | for the short channels needs to al-
of 3 mm with a channel diameter new long channel will be connected to the end of that 90 degree rotation in the x di- ternate from positive and negative
of 0.7 mm? The serpentine channel | channel parallel to the first long channel. A new short rection. every other short channel length.
should have 4 bends. channel will then be at the end of the previous long

length with another long channel after that new short
channel. This is 2 bends. Generate the code without using

for loops.
5 I meant that the long channel 6 Can we reference [Prompt 3]? Add the alternating 7 Can you offset the short 8 Can you change those added
length should have a 90 degree ro- | offset to the short channels and rotate the long channels | channel lengths by the diame- | offsets from the previous prompt to
tation in the y-axis. by 90 degrees on the y-axis. ter of the channels toward the | the x-axis instead?

long sections?

9 Add 2 additional bends to 10 Can you add 4 mm of length to the first and last 11 The offset of the exten- 12 The final long section should

this set of channels. Do not use for | long section? The channel ends still need to connect to sion length should be in the have a positive x-offset since the

loops. the short channels. x-axis since the channel is ro- number of bends (short sections) is
tated. odd.

I

13 Now | want to subtract the 14 Add 2.5 mm to the y-offset.
geometry from a 16 x 20 x 5 cube - e
that encapsulates all the geometry. |
will require the cube to be centered
on the y-axis.

Figure 4. GPT-4 dialogue towards the design of a microfluidic serpentine channel.
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2D Serpentine (SVG)

2D Spiral (SCAD)

1 Are you familiar with svg file
format, and could you generate
some code for a simple red thin
rectangle with a black background
100 pixels by 5000 pixels? The
canvas size should be 2" x 2" con-
verted to microns as the pixel size.
The rectangle should be centered
in the canvas.

2 Using the previous prompt
canvas size, can you generate an
image with a black background
and a red path 100 microns in
width. The path should go back
and forth in a serpentine shape
with a 5000 micron long length
and 500 micron short length.
Center the serpentine channel on
the canvas.

3 Edit the previous image with
the long length shortened by 1000
microns and center the path in the
vertical direction. Additionally, add
at the end of the paths 1 mm sized
circles. Also, leave the canvas size
50800 width and height.

4 Edit the previous prompt by

increasing the black rectangle size
to the canvas size and having only
2 circles at the path start and end.

5 Edit the previous code by
shortening the long lengths to
5000 microns length and moving
the entire serpentine channel path
up to center it vertically.

6 Could you edit the previous
prompt by increasing the canvas
size 500 microns on all sides and
then create an outline of a 2" circle
that inscribes the serpentine ge-
ometry and is the same color as the
serpentine geometry?

1 Can you make a 2D spiral pattern in OpenSCAD with circles?

2 Can you increase the resolution on the circle so there aren't so many
edges? And can you increase the amount of spirals?

3 Can you let the circles overlap more?

Figure 5. 2D patterns generated by GPT-4. GPT-4 was used to create an SVG of a common serpentine channel (left) and an
OpenSCAD file (SCAD) of a spiral, which can be exported to DXF, SVG, and PNG files extensions.
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