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Concept of integrated servo motor L/

Integrated servo motor drive
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Application example: g—{

2020-09-27 Copyright © Infineon Technologies AG 2020. All rights reserved. Infineon Proprietary



Structure and Diagram of an integrated servo motor
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Motor: PMSM, 130mm*130mm
Encoder: Magnetic coding

Power Interface
Board

Back
Cover

Control Board: Motor control and communication

Driver Board: Driver circuit and power supply
Power Board: SiC-MOSFET for inverter
MCPCB: Aluminum base copper clad laminate

Back cover: incl. dissipation fins

Copyright © Infineon Technologies AG 2020

(infineon

PCIM.Asia-2020

rd
” SiIC-MOSFET
30mQ
> Al O
§ o— o— o—
: = M
5 =7
g -] ]
Q
[a] o— Ot o—1I
) | | |
24V DC Driver XMC4800
\ 15V ! 4 4

\

/

EtherCAT.A l J,EtherCAT. B

CoolSiC™ MOSFEET technology:

. All rights reserved.

MOSFET channel

Infineon Proprietary




(infineon

PCIM.Asia-2020

SIC-MOSFET characteristics Vs IGBT

> Switching behavior » dv/dt controllability
3 70
~ \ — | U/t on
J Eon/Eoff Loss@800V,40A,Vge=+15/-5V 25 - -t |duidtioff [ B0
(mJ] 175°C H\\\. Eoff
AN - 50 —
. 2 S Eon =
[ | 1200V/45mQ SiC-MOSFET . N =
B 1200V/40A Si-IGBT = “ =
E15 ~ =
m - =
.-n"""’. =
1 ,'___.- =
0-5 ;____/-"' - 10
175°C 1] 0
Turn-on Turn-off . 0 10 20 30
Rs [Q]
SiC MOSFET’s switching losses dv/dt controllability by Rg

2020-09-27 Copyright © Infineon Technologies AG 2020. All rights reserved. Infineon Proprietary




SIC-MOSFET characteristics Vs IGBT
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» On-state voltage

/) Conduction of | [A]“

IGBT+d|ode
IGBT+

Conduction of ; :
SIC-MOSFET Diode pair

SiC-MOSFET

VIV]

RN R

J 3
Body diode of / i
SiC- MOSFETJ Load current [A]

l
1
I

7

*for AC motor drive application
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Simulation on servo system g—{

» Typical servo control set up > Power losses and Tvj
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Simulation c&—ﬁ

Thermal simulation

N

> Natural convection cooling

P,
S=hXAT

S is the required surface area

Pavg is the average value of power loss

h is the connective heat transfer coefficient
AT is the temperature gradient
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Demonstrator design &_/

Interface:
1. 400~800Vdc*1
2. 24Vdc*1
3. EtherCAT*2

integrated servo motor

Motor: PMSM
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Demonstrator design
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~50mm

integrated servo motor

~15kW

power per device

~1kW
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IMBG120R030M1H
IMBG120R045M1H
IMBG120R060M1H
IMBG120R090M1H
IMBG120R140M1H
IMBG120R220M1H

IMBG120R350M1H

Natural
convection
cooling

3kW/9kW
2.67kW/8BkW

2kwW/6kwW
1.5kW/4.5kW

1kW/3kW
750W/2.2kW

400W/1.2kW
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Forced
air
cooling
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Set-up for double pulse test L/

» SIC-MOSFET
Inductor \ | \ ol il - IMBG120R030M1H
load - ,”j . — — — Phase W, low side
> Driver IC
- 1EDI20112MH

» Power supply
- +15.8V/0V

Buffer

capacitor » Gate resistor

- 10Q and 20Q

» Junction Temperature
- RT, ~25°C
DUT

» Commutation loop
- ~17nH

. A 4 » Current probe delay
/IR

correction
2020-07-18 restricted Copyright © Infineon Technologies AG 2020. All rights reserved. -

- -8ns




(infineon

Switching Waveforms
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Overview
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Note:

* The dv/dt is measured
from Drain-Source pin of
the SIC-MOSFET in
double pulse test.

* Inthe real application with
motor load, the dv/dt
would be reduced by the
parasitic capacitance of
windings.
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Normal response in 150ms

Acceleration and Deceleration (from +1500
rpm to -1500 rpm).

Computer software platform Beckhoff controller Oscillator

1 100m:

Inertia simulator Servo Motor DC power supply  Auxiliary 24V CH3: AC line current, CH4: Vg of SIC-MOSFET

2020-09-27 Copyright © Infineon Technologies AG 2020. All rights reserved. Infineon Proprietary



(infineon

Outlook and Conclusion
> The benefits of SIC-MOSFET for » The challenge of SIC-MOSFET for
servo motor servo motor
— Fewer losses both in Pcon and Psw — SIC device has to slow down the
— Higher power density speed to meet the dv/dt limitation of
. : the motor.
- Sinseecee seluiben s eellEle — Servo motor can adopt the following
— Cooling design without fan(no measures to enhance the ability to
maintenance issue) resist dv/dt
— Less voltage spike stress for A. Change the frame material to
motor(no traveling wave reflection strengthen the insulation

B. Select professional class F
laminated insulation paper

C. Use a vacuum-dipping process with
two-component epoxy resin

due to short cable length)
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