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Abstract

The wafer handling robotic arm is a key component of semiconductor production equipment. To
address the shortcomings of the wafer transport robotic arm in high-precision trajectory tracking
and fast response, this paper focuses on its drive system and control issues. First, after comprehen-
sively comparing various drive schemes in terms of startup load, compactness, and cleanliness
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performance, the belt drive is selected as the preferred drive system for the robotic arm. This choice
effectively reduces the inertia of the front joints and meets the wafer handling requirements in
clean environments. Next, a three-dimensional model of the robotic arm is established using Solid-
Works, and the dynamic model of the arm is derived using the Lagrange method to formulate the
inverse dynamics equations. Based on this, the corresponding inverse dynamics control law is de-
signed. Finally, a simulation system for the wafer handling robotic arm is built on the Simulink plat-
form, and typical trajectory tracking conditions are simulated for verification. The simulation re-
sults show that the proposed drive system and control method provide good trajectory tracking
accuracy and dynamic response performance, offering a reference for the engineering design and
optimization of wafer handling robotic arms.
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Figure 1. Transmission scheme of the robotic arm’s forearm
B 1 B NENERTA R

DOI: 10.12677/m0s.2026.151018 196 e RSE TR


https://doi.org/10.12677/mos.2026.151018

s, ZEN

Figure 2. Transmission scheme of the robotic arm’s primary arm
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Figure 3. 3D model of the wafer handling robotic arm
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Table 1. D-H parameters of the wafer handling robot arm
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B i q/ d;/mm I, /mm o, I°
I, —-120~120 0 240 0
l, —60~60 0 240 0
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Figure 4. Robot workspace
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Figure 5. Projection of the workspace onto the XY plane
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Figure 6. Simulation system flowchart for the robotic arm
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Figure 8. Theoretical and simulated joint torque of the forearm
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