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Introduction
• A Humanoid Robot is 

• a general-purpose, 

• biped robot with human form factor 

• designed to work with humans to 
augment productivity

• With these benefits:
• Human-Robot Interaction 

• Versatility and Adaptability 

• Productivity

• Enhanced Safety

• And use cases: 
• Warehouse and Logistics

• Healthcare

• Home Assistance

• Customer Service
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Biped Robots Design Challenges
• Mass distribution in the body

• Undesirable mechanical resonances

• Humans Safety-related constraints

• Actuators placed at each joint

• High-performance joint servo drives to 
reject torque disturbances

• High bandwidth and high-efficiency servo 
motors

• High power density and miniaturization

• Low operating temperatures

• Medium voltage operation
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GaN Benefits in Joint Servo Drives

GaN devices switch fast with QRR = 0 

Higher switching frequency

Electrolytic capacitor  

elimination and reduced 

motor losses 

Higher torque per 

Ampere

High joint efficiency and smooth and accurate operation

Highest miniaturization

Lower dead time
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GaN Power Stage for Micromotors

Wrist

Ankle

Fingers

Toe

Elbow

Shoulder
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Hip

Knee

GaN Devices for High Speed Walk/Run
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Joint Motor Example

9.1 gear reduction

Speed divided by 9.1

Torque multiplied by 9.1

FRONT BACK

24 V DC connector

RS 485
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Joint Servo Drive Example

GaN Power stage includes

- GaN Gate driver

- Sync Bootstrap function

- 6.6 mohm Power GaN FETs

- 3 x 5 mm QFN package

- Very low top cooling Rth
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Comparison – Preliminary Exp. Results

Original MOS inverter

Sinusoidal modulation

40 kHz PWM frequency

High current ripple

High torque ripple

GaN inverter

Sinusoidal modulation

80 kHz PWM frequency

No current ripple

No torque ripple

Phase current

Phase current

Torque measured 

with torque 

transducer

Dynamometer

Brake input

signal

Zoom of Torque 

ripple measured with 

torque transducer

Dynamometer

Brake input signal

500 ms/div

50 ms/div

5 ms/div

5 ms/div
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