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MPS Powers
Humanoid Robots

Because without Motion, a Robot is just a Sculpture

September 2025

T



Agenda and Topics mes

Introduction to Humanoid Robotics
Humanoid Robotics Blocks
Humanoid Robotic Motor Power Stages

Humanoid Robotic Motion Sensors



Humanoid Robotics Across the Decades mes




Humanoid Robots (2020s)

mes

Humanoid Humanoid Humanoid Humanoid Humanoid
Robot #1 Robot #2 Robot #3 Robot #4 Robot #5

Height (cm) 173
Weight (kg) 56 to 73
PagoRdloam oo
Top Speed 3
(km/hr)
Degrees of

Freedom 501055

172 170
60 65 72 7/0to 75
20kg 16kg to 18kg 25Kkg 25Kkg
2.7 3.3 3.4 2.7
40 20 30 55



Major Challenges

Actuation and power density while obtaining
human-like motion

Large number of motor coordination in real time
Balancing and locomotion

mes

Power Consumption and Battery
Life — Efficiency Is Key

Human-to-Robot Interaction
Safety

Absolute
position

Proximity
() (& Sensor

Sensor Integration and Feedback
Quality



Humanoid Robots

Humanoid Robot | Humanoid Robot | Humanoid Robot | Humanoid Robot | Humanoid Robot
#1 #2 #3 #4 #5

Battery Voltage

Battery Type

Run Time (hrs)
Power Budget
Cooling

Number of Motors
Motor Type

Transmission

Encoders

Sensors

2 3kHw Li-lon 2kHw to 2.5kHw

Li-lon
8 5
2kW (Peak) 2kW (Peak)
Air-Cooled (Fans)  Air-Cooled (Fans)

50 40

PMSM PMSM/BLDC

Harmonic AClUUSIZE
Custom

Abs. Magnetic
Position Encoders

Abs. Magnetic
Position Encoders

IMU, Joint Angle,
Torque, Vision,
Tactile

Torque, IMU, Joint
Angle, Vision

2kHw to 3kHw Li-
lon

4106
2kW (Peak)
Air-Cooled (Fans)
20to 24
BLDC

Custom Belt +
Geared

Abs. Magnetic
Position Encoders

IMU, Foot Contact,
Force, Stereo
Vision

Li-lon (Swapable)

4
2kW (Peak)
Air-Cooled (Fans)
30
PMSM/BLDC

Harmonic/Cycloidal

Abs. Magnetic
Position Encoders

IMU, Vision, Force,
End Effector
Sensors

Li-lon

4105
2.5kW (Peak)
Air-Cooled (Fans)
30
PMSM/BLDC

Harmonic/Cycloidal

Abs. Magnetic
Position Encoders

IMU, Vision, Force,
End Effector
Sensors



Nominal Voltage — 48V mes

HUMANOID ROBOT VOLTAGE DOMAINS

Smaller Motors,
* 48V remains below the 60V safety margin.

« Step-down DC/DC converters can be used
to reach lower voltage rails.

* Most motors will operate at a nominal 48V.

* Hand motors may operate at 12V.

» Cooling fans operate at 12V.

LIDAR;
LED Lighting, etc

MCU'’s, Logic, Sensors, IMU’s, etc.




Power Distribution mes

Motor Topology Average Power (W) | Peak Power (W)
Shoulder (3 DoF) PMSM + Harmonic Drive 500-600 800-1200
Elbow (1 DoF) PMSM + Harmonic Drive 200-300 400-600
Wrist (2 DoF) PMSM + Compact Gearbox 100-200 200-400
Hand (10+ DoF per Mini PMSM or DC Coreless 50-100 120-200
Hand) Motors
Hip (3 DoF) PMSM + Harmonic Drive 600-800 1500-2000
Knee (1 DoF) PMSM + Harmonic Drive 300-400 800-1000
Ankle (2 DoF) PSS Gl 200-300 500-800

Harmonic/Cycloidal
Neck (2 to 3 DoF) Miniature PMSM 50-100 150-250
UL Dt Efeie PMSM + Cycloidal or Direct Drive 100-200 300-500

DoF)

PMSM: Permanent Magnet Synchronous Machine
DoF: Degrees of Freedom



Leg Subsystem mes

Degrees of Freedom (DoF)
 Hip: 3 DoF
 Knee: 1 DoF
* Ankle: 2 DoF
Typical Motor Topology
« PMSM with Magnetic Absolute Position
Encoder
Power Requirement (per Leg):
« 48V Input Voltage
» Peak Current: 40A to 60A
e Continuous Current: 10A to 30A
* Average Power: 400W to 800W
Special Conditions:
« 3kW to 4kW per Leg during burst (e.g.
Jumping)




Arm Subsystem mes

Degrees of Freedom (DoF)
* Shoulder: 3 DoF
 Elbow: 1 DoF
* Wrist: 2 DoF
Typical Motor Topology
- PMSM with Magnetic Absolute Position AT |
Encoder /| e ——
Power Requirement:
« 48V Input Voltage
* Peak Current: 20A to 40A during bursts
« Continuous Current: 5A to 15A
* Average Power: 500W to 750W
Special Conditions:
« 1kW to 2kW per arm during lifts and
dynamic motions.

3 DOF




Hand Subsystem

* Degrees Of Freedom (DoF)
* Fingers (Flexion/Extension): 3 DoF
* Finger (Abduction): 1 DoF
 Thumb: 4 to 5 DoF
« Wrist*: 2 DoF
» Typical Motor Topology
* Coreless BLDC with Magnetic Absolute
Position Encoder
 Power Requirement:
* 12V to 48V Input Voltage
« Peak Current: 5A to 8A during Bursts

« Continuous Current: 1A to 5A
* Average Power: 50W to 100W

* If not on the arm subsystem

mes




Motor Topology Distribution mes

Joint / DoF AG UG B Sisce) e Bipolar Stepper Bru(thllgsg)DC Coreless BLDC M

Shoulder (3 DoF)

Sometimes

Elbow (1 DoF) Sometimes

Wrist (2 DoF)

Hand/Fingers (10+
DoF)

Hip (3 DoF)

Rare (grippers)

Less

Rare (fingers, eyes) common

Sometimes

Knee (1 DoF) Sometimes

Ankle (2 DoF)

Neck (2 to 3 DoF)

Rare (eyelids) (neck in research Sometimes Sometimes (neck or eyelids)
bots)

Torso (2 DoF) Sometimes

I

FOC-Driven



mes

Power Stages




Typical Three-Phase Inverter mes

PWR
\{Dﬁ]}?
* Power Stage: 6 N-Channel MOSFETs
« High-Current Gate Drivers - - -
* Current-Sensing PWM —| K} -------- *{ K} -------- *{ K}
« Microcontroller / DSP (FOC) H H H
 Power Management Contro

« Absolute Position Encoder MCU Gate 'MTR
« Protection Blocks Drive 4 j
|_ |_ |_ Sensor
K} -------- K} -------- K}
- - -

lsns | lsns | Isns

Il 1 Il




Three-Phase Inverter Power Stage Topologies
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Integrated Three-Phase Inverter Gate Drivers

e
MP6570

mmmmm

mes

|
FOC Controller

nSLEEP
ENAILSAHA
ENB/LSB/HB
ENC/LSC/HC

Timing and
Control

PWMAHSA/DIR Logic

PWMB/HSB/PWM
PWMC/HSC/BRAKE
nOTW/FG

——{ HsGate |
veP Driver |
™| LSGate |
VG Driver

L]

IDischarge

INM

Charge

cr 0CP Comparator
Circuit =
Fault VIN External
i sense resistor
Handling UVLO_REF
arat

Fully Integrated Three-Phase Inverter



Three-Phase Inverter with Half-Bridge Gate Drivers

Features
* 5V to 15V Input Voltage (V ), Supports 100V Supply
Operation

« 3A Source, 4A Sink Gate Drive Current
* Internal Charge Pump and Auto-Refresh for HS Gate Drive
« Configurable, Controlled Slew Rate
* Low-Power Sleep Mode (0.1pA)
* Integrated Current-Sense Amplifier
* Inherent Protection Features:
* Desaturation Protection of External MOSFETs
* Over-Temperature Protection (OTP), Under-Voltage
Lockout (UVLO)
» Fault Indication Output
* Available in a QFN-22 (4mmx5mm) Package
« Available in AEC-Q100 Grade 1

VG

GH

AR
nSLEEP BST
ENBL

i MP(Q)1922°""

CSEN CU
NFAULT
cso csp

mes

VG
VIN
€L T
= VG
Internal T Charge Al | BST,
Supplies )y Pump i 1
v .
Sl
AR k—-{[ -
‘ »{ HS Gate GH
1 ; 1 ! {E
= —]
nSLEEP [ ?—» » Drive
3 Logic || our L e
INH E |
INL [} T b
$3 »1SGae | | | M]ec e X3
ENBL [—»[>—» —— Drive 1
R A
_|:\/§;\/ SRy
[ T Vg UVLO Vst UVLO
- A J Comparator Comparator
TSD [
4_<I:VUVL0 V,
Fault - EEudY
Handling
nFAULT ]<—J|;1 Vos
il - Monitor
i CSP
CSR [1
il
+ Rsense
Ccso ] |csN
Ty 1
Isense Amp =
CSG




Three Phase Inverter Gate Drivers

For Medium-Power Loads:

N-Channel MOSFET Drivers
Charge Pump Support
Over-Current Protection (OCP)
Integrated Bootstrap Diode
Multiple Control Interfaces:

* Lx/Hx PWM

« EN/PWM

 DIR/PWM/BRK

» Serial Peripheral Interface (SPI)
Protection and Fault Reporting

mes

CPA 'J_|_| |_.-|-|CPB VIN
T T ,J.,VIN
nSLEEP Charge _T_ ”
ENA Pump VREG T
ENB Timing and = Phase A,
ENC Control R Hlh el =, repeat for
:mg Logic Trickle | ' 4BSTA B&C
Charge | T !
PWMC ' THs Late L cHa J: : = .
oT Tl Drive T ! E
o AA | |
= Ror ; l []SHA X
- VREG ;
<—VIN : f I
TSD | [uvLO | [ LS Gate GLA |
«—VREG i
| | Drive T [ E} _|E 15
SC — L o—o—so _
y y Comparator Y
Y, LSS
Fault T DS | [}
nFAULT [1— Handling Monitor
- T Rsense
A —‘ C GND
OC_REF [T VIN
+
o0 _l:,_sv
Comparator

MP6534

. Gate Drive
s Strength

1.0A/0.8A

MP6530/31 60V
MP6534/35 55V
MP6537/38/39 100V

1.0A/0.8A

1.0A/0.8A



MP(Q)6539 family: 100V/80V, 3-phase Gate Driver

Features

- 8V-100V V (MP6537/8/MP6539), 8V - 80V(MP6539C) V,\

« 8.5V -14V Input Voltage(MP6539B/MP(Q)6539C)

« 0.8A/1A Source/Sink Gate Drive Current

« Supports 100V Operation, 120V Vggr Max. Voltage

* Supports 80V Operation, 100V Vg Max. (MP6539C)

« Internal LDO Supports External NPN for High-Current
Drive(only MP6537/8, MP(Q)6539)

* Low-Power Sleep Mode(lg ggp< 1UA)

» Integrated Current-Sense Amplifier

* Input Logic Interface:

« MP6537: PWMx&ENX Inputs

« MP6538: PWM/DIR Inputs, 3x Hall sensor inputs

«  MP(Q)6539/MP6539B/MP(Q)6539C: HSx&LSx Inputs

* Inherent Protection Features:

* Adjustable Dead Time Control

*  Programmable OCP(Only for MP6537/8/MP(Q)6539)
- OTP, UVLO

* Fault Indication output

«  QFN-28 (4mmx5mm)
« TSSOP-28 EP(Only for MP6539B)

 Available in AEC-Q100 Grade 1

LDO

VDD

nFAULT

HSA
HSB
HSC

LSA
LSB

LsC

\MP(Q)6539‘ 3
‘ I

VDD

MP6539B

MP(Q)6539C

PAD

,,,,,

VIN

=

&

(repeat for B and C)

To Phase B
To Phase C

VIN

**********

(Repeat for B and C)

To Phase B
To Phase C

I

HiH

mes

ENA
ENB
ENC

For MP6537

FWMA
FWMB
PWMC

FWM

DIR

"R For MP6538
HB

HC



MP(Q)6539 family: Block Diagram

Only difference for MP6537/8, MP(Q)6539

Phase A,

e ———————— N I/V repeat for
Charge Voo _D'] BSTA | B&c =i
Pump | I i 1 |
: [ ng(iflzte GHA i EEA '|E]:+ 'E}
Timing and | o :
Control i -
Logic i :
: : 15 i
SN
nFAULT [}— H;:;::]g MP6537/8
MP(Q)6539
VIN
VIN
T Regulator

mes

Phase A,
———— === ]/V Repeat for VIN
Charge |VDD_|>'_1 I BSTA i B&C T
Pump [ | | El}
| HS Gate GHA T |
| Drive T | : . .
Timing and I | T’ |
Control i {1 |
q ! VDD
e : LSg I( GLA !
ate .
: Drive T E} _|E} "E}
.1 . L. |
LSS
VDD RSENSE
VDD
! v uwo MP6539B
T Comparator
= = MP(Q)6539C
REF Fault
Handling
TSD > T nFAULT

Compared with MP6537/8/MP(Q)6539, MP6539B/MP(Q)6539C
does not implement auto bootstrap charging, does not include
over-current protection, and is powered only from the VDD pin
(VIN and LDO have been removed).



Current-Sense Techniques

Pros:

Cost-Effective
MHz Bandwidth

Cons:

Higher Power
Dissipation
Low-Side Sensing
Preferred

Limited Current
Range

No Isolation
Amplifier Required

Isense Amp
< Rsense

mes

VMTR
—_— Pros:
| . Isolation

__________ 4{ & * High, Phase, Low-
I Side Placing

~ o~ ~ . Lower Power
""""" ' Dissipation
V/ * Noise Immunity

| Cons:

---------- l« &
, * 100kHz Bandwidth

e U1

Resistive Shunt Current-Sensing Magnetic Hall Sensor

Based Current-Sensing



Current Sensor Placement mes

VMTR
+ Keeps GND Clean
» Detects/Protects Shorts to GND
« Detects/Protect Shoot-Through S
* Requires High-Voltage Analog .
(Resistive Only) < *

 Current measurable at all times

. .......... «  Best for FOC algorithms

V/ « Cannot reliably protect from shorts

» Detects/Protects Shorts to [S]
VMTR
* Detects/Protect Shoot Through —
« May Affect GND due to Voltage
Drops




MCS(Q)1810/12 +100A,s with 6kV Isolation mes

Key Specifications Applications
- Package and Current Range Options: * On-Board Chargers (OBC)
+ MCS/Q1810 in SOICW-10 Package: 5A to * Charging Stations
100Agys (0.3mQ) * Motor Control |
- MCS/Q1812 in SOICW-16 Package: 5A to * Inverter Load Detection Mgt for UPS and PVC

80Agus (1TMQ)
« Same Package Footprint: 10.3mmx10.3mm
« 400kHz Bandwidth (BW)

» Supports Reinforced Isolation e an
« Bidirectional and Unidirectional, Absolute Out Key Specifications G

* P2P to ACS37002, ACS724/5

MCS1810 MCS1812 Acedracy 1%
Viso (RMS) 6000V

o 10 | we P+ 1] O E NC
98 Jocw P+ | 2 E GND V|OWM (RMS) 1 1 OOV
s Jvec P+ [3] [14] NC
e ps [4] 73] vReF OCD Response 500ns
T v P- [5] 12] vouT
5 ] we P- [6] [11] OCDREF
“ajow P- [7] [10] vce

- s e IP- [8 (9] /0cD




Fully Integrated Three-Phase Inverters

Charge Pump

Control Signal Interface

« Power Stage

» Gate Driver

« Current-Sensing

« Fault Handling

* Over-Current
Protection

— L
CP1 CP2 VCP r_|VIN - 1VG
L L

o

nSLEEP

ENA/LSA
ENB/LSB
ENC/LSC

PWMA/HSA
PWMB/HSB
PWMC/HSC

nFAULT [F——

GND

J——[]

Timing and

Control
Logic

N- Channel MOSFET

mes

Y

Charge
Pump
A
1 MP6540
Mz dEs
. P } } 1 sa MP6540H 50V
P HS Gate T'sB
vcP—»  Driver ,'I: sc
> 1S Goto MP6541 40V
vGe —»|{ Driver
i L'E} =t MP6543 22V
— Y L
—OC_REF — . MP6545 45V
’ Fa(;lll't OCP Qomparator T
andling =
VIN 3 sc, MP6549 18V
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A UVLO Cornparator G W

VREF(MCU

L SOA

-
% % %RTERM
)

Sensing

5A

8A

2A

2.5A

10A

Integrated Current-




Intelligent Three-Phase Inverters mes

GUI Debug

0.47uF

<— =

« 32-Bit Cortex M4F
Microcontroller Unit (MCU)
» Integrated Gate Driver

VIN

T
- Current-Sense Amplifiers e T
« Supports FOC Algorithm o 32 Bit ARM oSl
« Hall Sensor Based Absolute CANRX Cortex MCU

I
e F THE s S
Position Encoder Support L } }

} e} =
+5V

VIN =AM

RSA % RSB ? RSC MagAlpha

Sensor
+5V

OIN

L

VREG +5V A,B,Z(Option)




Absolute Position Encoders mes

G

Magnetic Angle Sensors

Optical Absolute Position Shaft Encoders Resolvers



Position Sensor Overview

MagAlpha™

Part Numbers

MA732, MA735/6, MA702, MA302, MA782,
MAG0OA, MAQG00A, MAQ430, MAQ470/3

Magnetic
Configuration

End-of-Shaft

— Side-Shaft
Qty Measured By, B,
B,
Sensor Output angle = atanB—
X

Magnetic field lines
—> Sensitivity direction

Direction of motion

mes



The MA732 and MAQ473-AEC1 (Released)

Overview

The MA732 detects the absolute angular position of a permanent magnet,
typically a diametrically magnetized cylinder on a rotating shaft. Fast data
acquisition and processing provide accurate angle measurements at speeds
from Orpm to 60,000rpm. The digital filtering can be adjusted to optimize control
loop performance when used in servo applications. The MAQ473-AEC1 is the
automotive-grade sensor based on the MA732.

g

Packaging

Noise Free Resolution | 9-bit to 14.5-bit (30 deviation of the noise distribution)

Supply Voltage 3V to 3.6V

Interfaces ABZ, PWM, SPI, and SSI

Field Range 30mT to >100mT

Technology Hall-Based
Highlights

+ O-Bit to 14-Bit Resolution Absolute Angle *  QFN-16 (3mmx3mm)

Encoder

* ABZ Incremental and PWM Outputs

» Serial Peripheral Interface (SPI) for Digital
Angle Readout and Chip Configuration

+ Configurable Magnetic Field Strength
Detection for Diagnostic Checks

ITIF@
Applications

General-Purpose/Automotive Angle
Measurements

High-Resolution Angle Encoders
Automotive Angle or Speed Sensors
Robotics

Absolute Position Sensin

And Programming 9 1 uF Incremental Position Sensing
A M ;I; N

4 ~N ~ N

L
Con_troller Voo Quadrature Encoder
Device MISO A
SPI MOSI MagAlpha B
Interface
Initiator SCLK c
3.3V cs
/// GND
- 1

Tools and Resources

« Evaluation System: EVKT-MagAlpha-MagDiff
* Test Board:
«  TBMA732-Q-LT-01A
«  TBMAQ473-Q-LT-01A
» MagAlpha Evaluation App
* Magnetic Sensor Simulation Tool
» MPS Technical Forum



https://www.monolithicpower.com/en/products/evkt-magalpha-magdiff.html
https://www.monolithicpower.com/en/products/evkt-magalpha-magdiff.html
https://www.monolithicpower.com/en/products/evkt-magalpha-magdiff.html
https://www.monolithicpower.com/en/products/evkt-magalpha-magdiff.html
https://www.monolithicpower.com/en/products/evkt-magalpha-magdiff.html
https://www.monolithicpower.com/en/magalpha-evaluation-app.html
https://www.monolithicpower.com/en/magalpha-evaluation-app.html
https://www.monolithicpower.com/en/magalpha-evaluation-app.html
https://www.monolithicpower.com/en/magalpha-evaluation-app.html
https://sensors.monolithicpower.com/?_gl=1*18fa8ur*_ga*MTYyNzk3MzE5MS4xNjczODg5NjEz*_ga_XNRPF6L9DD*MTY5Njg0NDY4My4xNzEuMS4xNjk2ODQ0NjkzLjUwLjAuMA..&_ga=2.223946011.1845381511.1696844684-1627973191.1673889613
https://sensors.monolithicpower.com/?_gl=1*18fa8ur*_ga*MTYyNzk3MzE5MS4xNjczODg5NjEz*_ga_XNRPF6L9DD*MTY5Njg0NDY4My4xNzEuMS4xNjk2ODQ0NjkzLjUwLjAuMA..&_ga=2.223946011.1845381511.1696844684-1627973191.1673889613
https://sensors.monolithicpower.com/?_gl=1*18fa8ur*_ga*MTYyNzk3MzE5MS4xNjczODg5NjEz*_ga_XNRPF6L9DD*MTY5Njg0NDY4My4xNzEuMS4xNjk2ODQ0NjkzLjUwLjAuMA..&_ga=2.223946011.1845381511.1696844684-1627973191.1673889613
https://sensors.monolithicpower.com/?_gl=1*18fa8ur*_ga*MTYyNzk3MzE5MS4xNjczODg5NjEz*_ga_XNRPF6L9DD*MTY5Njg0NDY4My4xNzEuMS4xNjk2ODQ0NjkzLjUwLjAuMA..&_ga=2.223946011.1845381511.1696844684-1627973191.1673889613
https://sensors.monolithicpower.com/?_gl=1*18fa8ur*_ga*MTYyNzk3MzE5MS4xNjczODg5NjEz*_ga_XNRPF6L9DD*MTY5Njg0NDY4My4xNzEuMS4xNjk2ODQ0NjkzLjUwLjAuMA..&_ga=2.223946011.1845381511.1696844684-1627973191.1673889613
https://forum.monolithicpower.com/
https://forum.monolithicpower.com/
https://forum.monolithicpower.com/
https://forum.monolithicpower.com/

FOC Controller

3.3V

Microcontroller

|Pc/sPIUART,
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MP6570 — FOC Motor Controller

'+ PWM/BRAKE/DIR Input

. |2C/SPI/UARTInput

Field-Oriented Control (FOC)

Posmon/Speed/Torque Mode

w ABIC |

All Specifications/Pérameters
Support Non-Volatile Memory (NVM)
Configurations |

'GND T

XTAL1 XTAL2
i

1.8V 3.3V 0.9V

~« MP6540 Family

‘ Compatible

+  Separate MOS Gate
~ Signal Interface

‘ Sensing
~+« DC Bus Protection

External Sensor Interface

HODE J-. nSleep
N o PWM/CLKw | | [Position . 12-Bit
Speed FOC Engine SVPWM
o EN BIC
e | 160MHz | VDCCON
EN 1.6V
4 T Gain Control IDC T
— DIR/SDI Input 0 9V i
BRAKE/CS1 Port JOHE: a7
3 ADC @ P
ISB
Vi Repeat for ISB/ISC/IDC IsC
SCL/SCLK1/RX ADDR VDC
— SDA/SDO1/TX j; I’C/SPI Register |
Memory Data Ext. cS2/B
1.8V Processing Data SCLK2/A
ADDR [  |Address f Read spi2/iz
Control | |Non-Volatile Angular| | Sensor | |
|/ Memory Sensor BG/Bias 3.3y
FG/nHOME - A A
" L] 160MHz 1 |128MHz '
Output| | OTP/ . |
nFT | Port [ UVLO OSC/PLL BG/Bias e

Internal Sensor A/B/Z Output

External Oscﬂlator Input

Internal, On-Chip Oscillator

1/2/3 Phase Current

10-Bit ADC, 1% Ref.

mes



MP6570 FOC Motor Controller

FOC Controller (MP6570)
Field-Oriented Control (FOC)
Torque Mode
Embedded Sensor
QFN (4mmx4mm)

Power Stage (MP654x)
MP6540: 60V/5A, 30mQ/FET
MP6540H: 60V/5A, 30mQ/FET
MPQ6541: 45V/8A, 13mQ/FET
On-Chip Current Sense

mes



mes

Dexterous Hand Solution




Robot Dexterous Hand Solution

Field-Oriented Control (FOC)
Embedded Angle Sensor
Very Small Size: Diameter 9mm, Thickness about 6.5mm
5V to 18V Input Voltage (V)
Maximum 2A Phase Current
Support Maximum 60000rpm Motor Speed
RS485 Interface with Modbus Protocol
Configurable Protections:
o Under-Voltage Lockout (UVLO)
o Over-Current Protection (OCP)
Up to 80kHz Configurable Switching Frequency (fgy)
Angular Sensor Resolution up to 14 Bits
Rigid-Flex-Rigid PCB Structure

Connector Definitions

CN# Pin Name Function

1 RS485 B RS485 B port

2 RS485 A RS485 A port
3 UVW  Connect to motor’s UVW winding
4 GND  DC power input ground

5 VIN DC power supply input, 5V to 18V

MP6570,
MP6543H,

MP6710,
MP2015A

D =9mm

mes

mes

Power Solutiens Exparts

EMRT &
MAGOO - TRGHREE TWR f8 B £ 1528

2T M RARARAEAE) . REE O

% 5 1 125 {0

- 128U E1SBRARIWE LA o s <
+ 33vaE * R AEC-Q100 1 SREA (MAQS00)

. 75mARERE *+ QFN-16 (3mm x 3mm) $§3 MP8543H 22V, 2A, =#2BLDCH L)

g T;.MOSFET- 110mQ per FET
+ /8% QFN-24 (3mmxdmm)
MA900 - ESrRifafLER

inputs, MP6543H-B: Hall Signal
e

© AR BRI i SPI A 12C TR EONER b A

. ;g;-!uunm « ABZ, UVW, PWM, SS| i) . %7 “% - luniﬂ;;)ml

a RBINL ® R + AE3.3V, 100mALDO BES
+ WEIVRSVRE = #R{% AEC-Q100 1 SR 4 (MAQ900) * FEBRP

. 2mARERE * QFN-16 (3mm x 3mm) 3 ) ® i




Coreless Motor Structure mes

Housing

‘ Wire

Winding
Magnet

End cover




9mm Coreless Intelligent Motor mes

* Field-Oriented Control (FOC)
- Embedded Angle Sensor

* Very Small Size: Diameter 9mm, Thickness about
6.5mm

« 5V to 18V Input Voltage (V,\)
« Maximum 2A Phase Current
*  Support Maximum 60000rpm Motor Speed
« RS485/CAN Communication Interface
« Configurable Protections:
o Under-Voltage Lockout (UVLO)
o Over-Current Protection (OCP)
« Up to 80kHz Configurable Switching Frequency (fsy)
« Angular Sensor Resolution up to 14 Bits
* Rigid-Flex-Rigid PCB Structure




9mm Coreless Intelligent Motor (RS485/CAN) mes

Connector Definitions

CN# Pin Name Function
1 RS485_B RS485 B port
2 RS485_A RS485 A port
3 Output  Connect to motor’'s UVW winding
4 GND  DC power input ground

5 VIN DC power supply input, 5V to 18V

Connector Definitions

CN# Pin Name Function

1 CAN_H CAN_H port

CAN_L CAN_L port

Output  Connect to motor’'s UVW winding

Top View Bottom View

2
3
4 VIN DC power supply input, 5V to 18V
5 GND  DC power input ground

6

5V 5V power supply




Coreless Motor with SPI

High-Integration Actuator
* Very Small Size (8mm/10mm/12mm/13mm
Diameter)
* Motor Specifications:
* 10mm: 1.7mNm Rated torque, 35000rpm Max
Speed, 25000rpm Rated Speed at 12V
* 13mm: 6.1mNm, 18000rpm Max Speed,
14000rpm Rated Speed at 12V
4V to 18V Wide Input Voltage (V,y) Range, 12V
Nominal Input
Torque Control with Field-Oriented Control (FOC)
Technology
Embedded 14-Bit Angle Sensor for Accurate
Position Control
Function Extendable with MCU C Code Library
Rigid-Flex PCB Structure for Power and Serial
Peripheral Interface (SPI)
SPI with over 8MHz Clock Frequency

6.

Pinl
B 1111118

oAl

w i

mes

aH

Connector Definitions

Pin # Pin Name
1,2,3 VIN
4 EN
5 CS
6 MOSI
7 SCLK
8 MISO
9 3V3
10, 11, 12 GND

—— / Actuator 1
Vi
//
r .
—_— /" Actuator 2
/
r P
/'
i / / Actuator 3
MCU [— -
] S
/’ Actuator 4
/
r P
//”;'
— / Actuator 5
/
r 2
— Vi Actuator 6




EasyFOC Library meS

O B O

Real Time Feedback Close Loop Control Minimize MCU Resource Flexible Control
Read Position, Current, and Position and Closed-Loop Speed FOC Current Loop Control is Can Achieve Flexible Control Logic
Voltage Feedback via SPI Control Done by Hardware in MCU Code Using APIs

System Block Diagram

E
( ) e N

Controller MP6570 + Drive
Improve Efficiency Protection o | en —
User App ™ Peripheral > ,, e m

Up to 80KHz Switching Frequency, EasyFOC Library Provide Status Command . 1
Re.duce the Motor Power Loss \éériablei for System FEEEG o @I R . Hoowsz I
which Means Less Power lagnostics < 32, o
Consumption, Less Heat, and EasyFOC Position Peripheral [\ SP! .

B ~F Library Feedback Po = AccuFilter
More Efficiency L > L = y




Power Converters

DC/DC Power Conversion

» Step-Up (Boost)

» Step-Down (Buck)
» Buck-Boost

* PMICs

Al & Computing Power

« CPU & GPU Core Power

* High-Current DrMOS
o 90A DrMOS 4mmx6mm Package

* 60A POL Module 6mmx6mm
Package

* 60V Intermediate Bus Converter
Modules

» Z-Axis Power Delivery Multiphase
Modules

Voltage Conversion

Smaller Motors,
Fans,

LIDAR;
LED Lighting, etc

MCU’s, Logic, Sensors, IMU’s, etc.

mes

Power Modules

6V, 600mA to 100A
16V, 600mA to 1000A+
36V, 600mA to 24A
55V, 1A to 3A

80V, 600mA

Battery Management

 Battery Monitors &
Protectors

* Fuel Gauges

» Active Balancers

» Switching Chargers: Buck,
Boost, Buck-Boost

» Linear Chargers



Summary mes

« MPS Motor Drive solutions provide comprehensive motor control solutions for humanoid
robotics, supporting all three-phase BLDC and PMSM motors under advanced Field-Oriented

Control (FOC) algorithms.

» Our portfolio delivers robust current measurement and protection, with multiple current-sensing
topologies that ensure precision, reliability, and safety in every joint.

« Designers gain high-resolution closed-loop feedback through magnetic Hall-based absolute
position encoders, delivering the accuracy and responsiveness humanoid robots demand

* You can count on flexible power stage options — from discrete three-phase inverter designs to
fully integrated intelligent drivers and turnkey motor modules — empowering faster time-to-
market.



mes

Questions?




mes

Thanks!
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