Design Guide: TIDA-010936

48V, 850W Small Form Factor Three-Phase GaN Inverter
Reference Design for Motor Integrated Drives

Description

This reference design demonstrates a high-power
density 12V to 60V 3-phase power stage using

three LMG2100R044 100V, 35A GaN half-bridges
with integrated GaN FETs, driver and bootstrap
diode specifically for motor-integrated servo drives
and robotics applications. Accurate phase-current
sensing is achieved through the IN241A current
sense amplifier, DC-link and phase voltages are also
measured allowing validation of advanced sensorless
designs, such as the InstaSPIN-FOC™. The design
offers a Tl BoosterPack™ compatible 3.3V 1/O
interface to connect to a C2000™ MCU LaunchPad™
development kit or C2000™ microcontrollers for
quick and easy performance evaluation of Tl's GaN
technology.
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Features

» Small form factor LMG2100R044 GaN half-bridge
power stage enables high power density and easy
PCB layout

+ High efficiency (99.3% peak) at 40kHz PWM
enables operation at 25°C ambient up to 16ARrus
continuous current without heat sink

* LMG2100R044 enable operation at higher PWM
frequencies to help reduce DC-bus capacitor size
and height by replacing electrolytic with ceramic
capacitors

» Zero reverse recovery losses reduce switch node
oscillations

* Low dead time of 16.6ns minimizes phase voltage
distortions

* Precision phase current sense with £33A range
using 1mQ shunt and INA241A amplifier with high
PWM rejection

Applications

* Robot servo drive

» Servo drive power stage module
* Linear motor power stage

* Mobile robot motor control

* Drone accessories

TIDUF68 — FEBRUARY 2024
Submit Document Feedback

48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design 1

for Motor Integrated Drives

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/tool/TIDA-010936
https://www.ti.com/product/LMG2100R044
https://www.ti.com/product/INA241A
https://www.ti.com/product/ina310a
https://www.ti.com/product/ref3333
https://www.ti.com/product/LMR38010
https://www.ti.com/product/TPSM82821
https://www.ti.com/product/TXU0304
https://www.ti.com/product/tmp61
https://www.ti.com/tool/LAUNCHXL-F28P65X
https://e2e.ti.com/support/applications/ti_designs/
https://www.ti.com/solution/robot-servo-drive
https://www.ti.com/solution/servo-drive-power-stage-module
https://www.ti.com/solution/linear-motor-power-stage
https://www.ti.com/solution/mobile-robot-motor-control
https://www.ti.com/solution/drone-accessories
https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

I3 TEXAS
INSTRUMENTS
System Description www.ti.com

1 System Description

Low-voltage 12V to 60V DC-fed three-phase inverters in the power range of 1.5kW are used in many
applications such as collaborative robots, automated mobile robots, automated guide vehicles (AGV), servo
and non-military drones.

In many of these applications the power electronics is motor integrated and hence has a small form factor. High
power efficiency and power density are critical parameters to build smaller and lesser weight collaborative robots
with a reduced size and no heat sink.

Higher pulse-width modulation (PWM) switching frequencies up to 100kHz help reduce the DC-bus capacitor;
therefore reducing size and height by replacing electrolytic with ceramic capacitors. In addition, higher PWM
switching frequencies are desired to reduce the current and hence torque ripple of the motor, especially with low
inductance brushless AC motors for more precise control.

Conversely, the inverter losses increase with the switching frequency. With a traditional low-voltage 48V silicon
field-effect transistor (Si-FET) inverter, the switching losses at 40kHz PWM can already be significantly higher
than the conduction losses and hence dominate the overall power losses. To dissipate the excess heat, a larger
heat sink is required. However, the heat sink increases system cost, weight, and space.

The solution to the problem is to use GaN FETs, which have several advantages over Si-FETs. Gallium nitride
(GaN) transistors can switch much faster than silicon MOSFETSs, thus having the potential to achieve lower
switching losses. At high slew rates; however, certain package types can limit GaN FET switching performance.
Integrating the GaN FET and driver in the same package reduces parasitic inductances and optimizes switching
performance.

The TIDA-010936 reference design has a small form factor, three-phase inverter with three 100V, 35A half-
bridge GaN power modules LMG2100R044. The LMG2100R044 integrates the driver and two 80V GaN FETs in
a small 5.5mm x 4.5mm QFN package, optimized for extremely low gate loop and power loop impedance. The
PCB offers mounting holes for an optional heat sink with the top-side cooled LMG2100R040 GaN-FET power
modules. An integrated bootstrap diode helps further reduce space for the high-side GaN-FET bias supply.

For precision and small form factor phase current measurements with high linearity, the reference design
employs a low impedance 1mQ phase current shunt and a differential precision current sense amplifier INA241
with high common mode and high AC common mode transient immunity due to the INA241 integrated PWM
rejection. The measurement range is £33A and is converted into a unipolar output voltage from 0V to 3.3V with a
bias voltage of 1.65V for zero current.

The three-phase GaN inverter offers a hardware-based short-circuit projection using high-side DC-link shunt with
a high common mode window comparator with a configurable overcurrent threshold, which turns off the PWM
buffer. Additional feedback includes the DC-bus voltage as well as the PWM filtered three phase voltages to
allow validation of advanced sensorless designs like InstaSPIN-FOC.

The three-phase inverter operates from a wide input voltage range 12V to 60V and offers onboard power
management that provides a 5V rail to supply the LMG2100 gate driver and 3.3V band-gap reference well a 3.3V
rail for the INA241 current sense amplifiers and temperature switch.

The TIDA-010936 offers a Tl BoosterPack compatible 3.3V I/O interface to connect to a C2000 MCU LaunchPad
development kit for quick and easy performance evaluation.
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System Description

1.1 Key System Specifications

The key specifications of the TIDA-010936 small form factor three-phase GaN inverter reference design are
provided in Table 1-1. The design can be directly connected to a C2000 MCU LaunchPad development 40-pin
instance (J1-J3 and J4-J2). A zero Ohm resistor option is provided on the TIDA-010936 to the power the
LaunchPad with 3.3V. Table 1-2 and Table 1-3 introduce the TIDA-010936 pin assignment.

Table 1-1. 3-Phase Inverter Key Specifications

PARAMETER

TYPICAL VALUE

COMMENT

DC input voltage

48V (12V-60V)

80V absolute maximum

Maximum 3-phase continues output current

16ARrMS

Test condition: No heat sink at 25°C ambient
temperature

Maximum output power

825W at 48VDC

At power factor 0.9

Power FET type

GaN technology

Half-bridge power module with integrated
high and low side gate drivers (LMG2100)

PWM switching frequency (tested)

20kHz to 80kHz

Higher than 80kHz PWM frequencies
supported

PWM dead band

16.66ns

Phase currents sense | amplifier

1mQ shunt | INA241A

Differential, non-isolated current sense
amplifier with 50V / V and enhanced PWM
rejection (INA241A)

Phase current maximum range

+33A

Scaled to 0V-3.3V, 1.65V bias

PCB layer stack

4-layer, 20z copper

GaN-FET PCB area size

16mm x 51mm

3-phase GaN plus shunt

PCB size

68.63mm x 70mm

Dimensions in mil: 2702mil x 2756mil

Temperature range

—40°C to 85°C

Interface to host processor

TI BoosterPack compatible

See Table 1-2 and Table 1-3 for pin
assignment

3.3V or 5V supply option for LaunchPad

Total 600mA (max)

Enable with 0Q resistor

Table 1-2. Interface Specification Header J2

PIN SIGNAL /0 (3.3V) PIN SIGNAL /0 (3.3V)
J2-1 3.3V supply (optional) |  © °L2‘F/J ﬁléz‘g not 92-2 5 supply (optional) o 0;2’) ag:g not
423 NC 12-4 GND GND
325 NC 126 VDC_Bus 0 (0-3.3v)
927 NC 128 VA 0 (0-3.3v)
J2-9 NC 12-10 VB 0 (0-3.3v)
92-1 NC 12-12 Ve 0 (0-3.3v)
1213 NC 12-14 A 0 (0-3.3V)
12-15 NC 12-16 B 0 (0-3.3V)
1217 NC 12-18 Temp 0 (0-3.3V)
12-19 NC 12-20 NC

(1) Overvoltage protection with Schottky diodes provides output voltage remains below 3.6V

TIDUF68 — FEBRUARY 2024
Submit Document Feedback

48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design

for Motor Integrated Drives

Copyright © 2024 Texas Instruments Incorporated



https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

13 TEXAS

INSTRUMENTS
System Description www.ti.com
Table 1-3. Interface Specification Header J3
PIN SIGNAL /0 (3.3V) PIN SIGNAL /0 (3.3V)
J3-1 PWM A (high-side) | (10k PD in buffer) J3-2 GND GND
J3-3 PWM A (low-side) | (10k PD in buffer) J3-4 NC
J3-5 PWM B (high-side) | (10k PD in buffer) J3-6 NC
J3-7 PWM B (low-side) | (10k PD in buffer) J3-8 NC
PWM C (high-side) | (10k PD in buffer) J3-10 oc 0
J3-11 PWM C (low-side) | (10k PD in buffer) J3-12 NC
J3-13 NC J3-14 NC
J3-15 NC J3-16 NC
J3-17 NC J3-18 NC
J3-19 NC J3-20 NC
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2 System Overview

2.1 Block Diagram

Figure 2-1 shows the system block diagram of the three-phase GaN inverter with the TIDA-010936 indicated in
the red dotted box.
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Figure 2-1. TIDA-010936 Block Diagram

2.2 Design Considerations

The design goal was to implement a 3-phase GaN-inverter reference design, which operates from a single

DC input voltage from 12V to 60V DC, nominal 48V. A wide input voltage range DC/DC converter LMR38010
generates the 5V rail to supply the GaN-FET power modules and the 3.3V band-gap reference, a 3.3V power
modules supplies the current sense amplifiers, input buffer and optional a C2000 MCU LaunchPad development
kit.

Each of the three inverter half-bridges employ an integrated 80V, 10A GaN half-bridge module (LMG2100R044)
to demonstrate small form factor and high efficiency.

A 1mQ phase current shunt and a differential current sense amplifier (INA241A) with a gain of 50V /V and a
midpoint voltage of 1.65V, set by the 3.3V reference (VREF3333) allows a full-scale current range of +33A. A
thermistor (TP61) monitors the PCB temperature close to the GaN power module.

A high-side DC-link current sense comparator allows hardware-based short-circuit protection, DC-link and phase
voltages are also measured and allows validation of advanced sensorless designs like InstaSPIN-FOC™.

The design offers a Tl BoosterPack compatible 3.3V I/O interface with to connect to a C2000™ MCU
LaunchPad™ development kit or Sitara™ microcontrollers for quick and easy performance evaluation of our
GaN technology.
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2.3 Highlighted Products

2.3.1 LMG2100

The LMG2100 100V GaN half-bridge power stage provides an integrated power stage design using
enhancement-mode Gallium Nitride (GaN) FETs. The device consists of two GaN FETs driven by one high-
frequency GaN FET driver in a half-bridge configuration, as shown in Figure 2-2. Key features for this design are

summarized in Table 2-1.

LMG2100
UVLO and HB
Clamp |
_\— VIN
O
T Level Shifter —,_ =
VCC :’
' |
HI | q
HS
UVLO J SW
L ”
L | —/ PGND
R |
AGND

Figure 2-2. LMG2100 Functional Block Diagram

Table 2-1. LMG2100 Features and Benefits

FEATURE

BENEFIT

Integrated high-side and low-side GaN driver and 80V GaN FETs,
4.4mQ devices for 35A DC operation.

Enables up to 60Vpc, three-phase inverter with 16Agus phase
current at 80kHz high-switching frequency for low inductance and
high-speed drives.

Integrated 80V, 4.4mQ, GaN FETs and GaN driver with completely
bond-wire-free package.

Minimized package parasitic elements enable ultra-fast switching for
reduced switching losses to reduce or eliminate heat sink.

GaN FETs have zero reverse recovery (3 quadrant operation) and
very small input capacitance C,gs.

Reduces or eliminates ringing in hard switching, like in inverters
reduce EMI. Very low overshoot and undershoot allows higher
nominal DC-link voltage than Si-FET for same maximum rated
voltage.

Excellent propagation delay matching (2ns FETSs).

Enables ultra-low dead band per half-bridge for major reduction of
switching losses in three-phase inverter applications and elimination
of dead-time distortions in the phase voltage.

Independent high-side and low-side transistor-transistor logic (TTL)
inputs.

Direct PWM interface to 3.3V MCU.

Single 5V gate driver supply with bootstrap voltage clamping and
undervoltage lockout.

Ease power management. UVLO provides simultaneous shutdown of
high-side and low-side GaN FET in case of gate driver undervoltage

LMG2100 optimized pinout.

Easy PCB layout with minimum inductance for reduced switching
losses.

Two exposed GaN dies on top (SW and PGND).
Big PGND pad on bottom.

Realize lower top thermal resistance.
Accepts both sides cooling.
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2.3.2 INA241A

The INA241A is an ultra-precise, bidirectional current sense amplifier than can measure voltage drops across
shunt resistors over a wide common-mode range from -5V to 110V, independent of the supply voltage.

VS
AN
N1 Ppwm VW

Reiecti out

N+ |—| Rejection .
REF2
REF1

GND

Figure 2-3. INA241A Functional Block Diagram

Table 2-2. INA241A Features and Benefits

FEATURE

BENEFIT

Fast-transient common-mode voltage input filtering (Enhanced PWM
Rejection) and high AC common-mode rejection ratio (CMRR):
104dB at 100kHz and 166dB DC CMRR

Enables non-isolated shunt-based precision phase current
measurement with three-phase inverters at high switching frequency
of 40kHz and above.

Wide common-mode input voltage range: -5V to 110V

Provides sufficient headroom for transient overvoltage and
undervoltage in three-phase inverters with 48V to 80V DC link
voltage.

Low offset voltage (Vos = £10pV) and low gain error (0.01%)

Low offset and gain error enables accurate current sensing without
calibration.

Low offset voltage drift (0.25uV / °C) and gain error drift (1ppm / °C)

Ultra-low offset and gain error drift allows high accurate
current sensing over entire temperature range without temperature-
dependent calibration.

1.1MHz signal bandwidth

High signal bandwidth supports low latency phase current
measurement of high-speed motors as well as low latency detection
of high-current transients such as during a short-circuit event.

Integrated output mid-point voltage reference voltage divider

Allows using an external ADC reference to set the INA241 mid-point
voltage to half of the ADC reference voltage. This eliminates any
offset generated by the ADC reference voltage drift.

2.3.3 LMR38010

The LMR38010 synchronous buck converter is designed to regulate over a wide input voltage range, minimizing

the need for external surge suppression components.

Table 2-3. LMR38010 Features and Benefits

FEATURE

BENEFIT

4.2V to 80V input

Wide input voltage range, fit 12V, 24V, 48V or 60V DC fed drives

Cycle-by-cycle current limit, hiccup mode short-circuit protection, and
thermal shutdown

Built-in protections

Spread Spectrum Option Available

Eases EMI mitigation

—40°C to 150°C T; maximum

Wide temperature operation

HSOIC-8 ease of use package

Compliant to pin spacing request
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3 System Design Theory

3.1 Three-Phase GaN Inverter Power Stage

The nominal 48V DC input voltage is buffered with six 10F ceramic capacitors to get a total of 60uF DC-bus
capacitance. A 1mQ, 3W shunt resistor is added in series to provide an option to monitor the DC-bus current

for overcurrent protection using a high-common mode input voltage comparator INA310A. The PCB employs two
separated ground planes: the power ground (PGND) and the logic or analog ground (GND). Both ground planes
are connected in a star configuration through a net tie and two optional 0Q resistors to minimize the crosstalk of
high switching frequency currents in the power ground plane into the logic plane.

R79

VDC ! V_BUS 0
T ? R2 Net ties and Oohm to connect PGND and GND
TP1 0
c1 Im 3W A1
100V c2 c3 c4 cs c6 c7 I
10uF TT100V 100V =100V =100V =100V =100V —
10uF 10uF 10uF 10uF 10uF 10uF CMP-0078142-6
NT2
T
CMP-0078142-6 _|
PGND GND
PGND PGND

60uF total DC-bus capacitance after current sense shunt

Figure 3-1. DC-Bus Decoupling and GND Scheme

3.1.1 LMG2100 GaN Half-Bridge Power Stage

The LMG2100 100V GaN half-bridge power stage provides an integrated and easy-to-use power stage design
using enhancement-mode Gallium Nitride (GaN) FETs. The device consists of two GaN FETs driven by one
high-frequency GaN FET driver in a half-bridge configuration. The PCB space is further reduced due to high
integration and the fact that only a few additional passive components are required. Figure 3-2 shows the
schematic of one half-bridge.

Test pin

J1: Test option, not used in this design

X V_BUS
v 5VGAN
LR T

0 Lo |
14
5 b =520 Lew L —LC —L1gg\§ —L10CO1\?—L1§01\Z
: 0.1uF 2200
2200 | sa0nF 1uF WF | ApF
L 100V 100V
GND R
PGND
U1
R7 14 1 vee VIN
10
02639 o HB
01uF
TLoawk O | o & Sena

R9
R 200

PWM_AL ) o
—=C29
47pF
C31
NC AGND

47pH
LMG2100R044

GND G

PWM_AH ),

7

s
u PGND 6—<&
NC

PGND

s e
(=) (=] (= EN| (%] [N SRy (R [N}
=z
[g]

W

=z
o

Figure 3-2. Half-Bridge Power Stage Schematic for Phase A

The 48V DC-link voltage is connected to the LMG2100 VIN pin and referenced to the power ground (PGND) pin.
Local ceramic bypass capacitors C21, C22, C23 (100nF) and C15, C16, C17 (1uF) are placed in parallel close
between the VIN and PGND pins to minimize loop inductance.
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The LMG2100 integrated gate driver is supplied with 5V. A 2.2uF and 0.1uF ceramic bypass capacitor (C14,
C20) are placed close to the VCC pin and AGND pin, as suggested in the data sheet.

Sequencing is not required for the 5V at VCC and the 48V at VIN, neither during the power up or power down of
the input DC voltage.

A 100nF ceramic bootstrap capacitors C26 and C27 is placed close to the HB (high-side gate-driver bootstrap
rail) and HS (high-side GaN-FET source connection) pins. R5 and R7 are placed to configure the slew rate of
the switch node rising edge and related turn-on time. R5 in VCC path can limit the turn-on slew rate of low side
GaN-FET and R7 in bootstrap path is for high side GaN-FET. 3Q was used for the tests in this design for R5 and
R7.

The complementary PWM signals for the high-side and low-side switch from the PWM buffer are low-pass
filtered with R9, C29 and R11,C31 to reject high-frequency impulse noise and avoid false switching with a cutoff
frequency of around 160MHz and a propagation of around 1ns. The SW (switch node) pin is connected to the
motor phase-A terminal through a series inline shunt for phase current sensing, and respectively for the other
LMG2100R044 half-bridges to the phase B and the phase C terminal.

3.2 Inline Shunt Precision-Phase Current Sensing With INA241A

BN+ BIN-
T T » VB-MOTOR

1m 3W

3Vv3

R27
100k

00 ohm

c49 1 VB
BIN- BIN+ R29 80V (abs max)
4.22k C52

scaled to 3.3V
0.1uF = 0.033uF
U6 GND

.|||_|

R31 R30
0

0]
z
o
0]
z
o

Vs

VREF ), R REF1 ne
0 —Lcs4 REF2 GND |2
0.1uF NA241A3IDDF

N

(%) (NI P I <Y
E
o
A\
@

[0)
o
o]
z
o

Figure 3-3. Inline Phase-Current Sense Schematic for Phase B

The phase current in phase A and phase B are measured inline through a 1mQ shunt, for example R26 for
phase B, as Figure 3-3 shows. R26 is directly connected to the switch node output (SW pin) of the LMG2100
device. The shunt is connected through a Kelvin connection and optional, differential RC low-pass filter (R30,
R31, and C53) to the differential inputs IN+ and IN— of the INA241A3 device. In this design, the low-pass filter
is not required and the two series resistors were selected as 0Q and the capacitor C53 was not populated on all
three phases. The INA241A3 device has a fixed gain of 50V / V. To convert the bipolar input voltage across the
shunt into a unipolar output voltage that is suitable for an ADC with a 3.3V input voltage range, the mid-voltage
of the INA241A3 (U6) is set to 1.65V. To achieve this conversion, a precision, low-drift 3.3V reference REF3333
is connected through an optional RC low-pass filter (R32 and C54) to the REF1 pin. The REF2 pin is connected
to GND. In the default setting of this design, the low-pass filter is not used and R32 is set to 0Q), which is the
same on phase A. An internal, precision divide-by-2 function in the INA241 device creates a precision, ultra-low
drift, 1.65V bias voltage at the INA241 OUT pin. The transfer function can be calculated as per Equation 1.

1AIV] = (1a[A] x 1m @) x 50¢;] + 1.65V (1)

The maximum phase current range is from £33A. The corresponding output voltage ranges from 0V to 3.3V with
1.65V representing a OA phase current.

TIDUF68 — FEBRUARY 2024 48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design 9
Submit Document Feedback for Motor Integrated Drives
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

I3 TEXAS
INSTRUMENTS
System Design Theory www.ti.com

3.3 Phase Voltage and DC Input Voltage Sensing

Figure 3-4. Phase A Voltage Sense Circuit

The phase voltage for each phase and the DC link voltage, which is equal to the input voltage, are sensed
through a resistor divider. Figure 3-4 shows an example of this for the DC-Link voltage (R19, R21) with a
low-pass filter (C44) to attenuate the PWM carrier frequency. The phase voltage is scaled to 3.3V, assuming an
absolute maximum voltage of 80V according to Equation 2.

R21

= VA_MOTOR X 7= )
The cutoff frequency (f — 3dB) of the low-pass filter was set to 1kHz, which provides around 32dB of attenuation
to reject a 40kHz PWM carrier frequency and 40dB for a 100kHz PWM carrier frequency. The DC-link voltage is
sensed through the same resistor divider (see Figure 3-4) and low-pass filtered to make sure all voltages have
the same transient response and delay.

3.4 Power-Stage PCB Temperature Monitor

To sense the temperature of the PCB power stage, the TMP61 family of thermistors is selected because these
devices offer £1% from 0°C to +70°C with 0402 and 0603 package options. The TMP6131 device is placed close
to the LMG2100 half-bridge module. Based on the design tool, select a 10kQ resistor as the pullup resistor.

The analog output signal of the TMP6131 is low-pass filtered with R57 (20Q) and C68 (2.2nF) and routed to
connector J1-18 to connect to the C2000 MCU integrated ADC. The signal can be used for real-time PCB
temperature sensing and overtemperature protection through the C2000 MCU.

SVGAN

R12 Sense PCB temperature
10k

'%>Temp
o RT1

TMP6131DYAT

0]
z
o

Figure 3-5. PCB Temperature Sense Through Thermistor

3.5 Power Management

Figure 3-6 shows the power supply tree. A wide input voltage DC/DC buck converter to generate the 5V rail. A
power module then generates 3.3V from 5V, which supplies 3.3V signal chain such as INA241A and so forth.
Optionally the 3.3V supply rail can also power the MCU LaunchPad.

) LMG2100R044: 15mA
REF: 1mA

48V input (12V to 80V)
Default

5V, 1A 3.3V, 600mA

C2000 LaunchPad™: 600mA (max)
O—— —
LMR38010 TPSM82821 INA241A 2 x, PWM buffer: ~10mA

Figure 3-6. Power Supply Tree
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3.5.1 48V to 5V DC/DC Converter

The DC/DC buck converter was designed for an input voltage range from 12V to 60V with at least 80V input
voltage capability. The output voltage was set to 5V. The DC/DC buck converter feedback circuit was designed
for minimum output voltage ripple and at least 1A output current.

The power supply was entirely designed using WEBENCH® circuit design and selection simulation services,

using the following parameter specifications:

Table 3-1. Parameter Specifications

PARAMETER TYPICAL VALUE MIN, MAX VALUE
DC-link voltage 48V 10V, 80V
Output voltage 5V +5%
Output voltage ripple < 50mVpp As low as possible
Output current 500mA 1A

Temperature range

—40°C to 85°C (125°C)

With these parameters the LMR38010 was the device chosen to fit the design specification. Figure 3-7 shows

the WEBENCH recommendation.

+
—=_Vin

——Cin ——Cinx
334F 100.0 nF
4,682 mOhm| 49.59 mOhm
Qty= 2

Vout = 5.0V
lout = 1.0A

L cout ()lou(

220 uF
3.0 mOhm

.||_

Figure 3-7. LMR38010 WEBENCH Simulation Circuit

To reduce the size as much as possible, the switching frequency is set to 617kHz (R; = 42.2kHz), which only
requires a 22uH inductor. The voltage ripple is shown in Figure 3-8, for 43.5V input. The output ripple is less

than 15mV when the current is >0.1A.

Figure 3-8. 5V Output Voltage Ripple
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Based on this simulation, some small changes were made to finish the final schematic of this design. Add an
optional resistor R68 parallel to R71 to keep the flexibility for the 5.5V output for LDO to generate a lower ripple
5V. The 5.5V can also be input externally through J7.

1260V input it S5V sV
vDC c8
T Rox 34 vin poor [Z—BOOT I I
0 oy l 4
2.0 En sw -8 SwW 0.1uF o~ R65 _ 1oy
22uH T J7 0 '
. RE7 2 R66
==C80 =—C81 RUESNG X 402k 1 1.2k
100V 100V | 617kHz PG - l 0185= ==1C69\2
47uF O-TuF 8 5FB v 15uF 15uF N
R69
42.2k 2 R71 ‘xGD7
GND L 0.0k 5.5VLDO reen
DNP: only used for 5.5Ybutput -
[MR38010FDDAR 1 -
= L GND =
GND GND GND
Figure 3-9. 48V to 5V DC/DC Buck Converter
3.5.2 5V to 3.3V Rail

For the 3.3V rail, a power module TPSM82821 with 2mm x 2.5mm super small package meets the 600mA
output current requirement. The power modules integrate a synchronous step-down converter and an inductor to
simplify design, reduce external components, and save PCB area.

The jumper J8 also keeps the flexibility for an external 3.3V power supply in the board. When R48 is populated,
the resistor provides the 3.3V rail from the GaN board to the C2000 MCU LaunchPad development kit.

J8: Set closed to enable 3.3¥se to measure current consumption
to 3.
% u13 w3
R73 1 5 T
VIN vouT
0 2 VIN vout &
l l 5 vouT ﬁ R74 M R75
86 =086 = EN s cer—= 1'% ——css==css ——=co0 om 820
63V | 4700F Fe 50V 50V | 10uF | 10pF
. P 9 120p 470pF 10V 10V
— rG GND =5 | CMP-0002337-]
GND
TPSVB2821ASILR R78 !\ -
= 25.5k -
GND
GND
Figure 3-10. 5V-3.3V Power Module
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3.6 Interface to Host MCU

R48 is used to enable

for disable to supply
3.3V to the y
lLaunchPad (default: SV(’AN% % %
Disabled) D2 D3 D4
w3 J1-J3-LaunchPad A A
3V3Lauchpad 2 J4-J2-LaunchPad
—— 1 2 A GND
S0 ofs 13 =
=10 ote B&R DCBUS —l—_ A1l o2
] 8 Og—BRY = AL 3 4
O © VA O O1——
_9 | 209 B3 GND BH 5
rO © VB O O
i P: 20g—BRR BL 7
B2 9T RS% ve GO O %
—_ 20,
512 9 1A o O O Koc
S o 20¢—BRR B L1 ly of12
A7 20 RL 1 4
1919 970 K Temp 19 973
—10 O 20 —=T10 O1—
715 ol8
CMP-0075442-1 19 5 o] 20
——=C68 b —
2200pF CMP-0075442-1

——C69
2200pF
=C70

2200pF
=73

=—cH
2200pF
—c75

ZZIOpF

GiD
Figure 3-11. Schematic of Host Interface Connectors J1 and J2

The interface-to-host processor, such as the C2000 MCU, is compliant to a 3.3V I/O and provides all the
required signals like the complementary PWM signals for phase A, B, and C; a PWM trip and disable signal;

as well as accurate phase current, phase voltage, and DC-link voltage feedback to control the three-phase GaN
inverter. The analog PCB temperature feedback (temp) further helps to protect the three-phase GaN power
stage and adjust the safe operating area (SOA).

Each analog feedback signal is low-pass filtered with an RC filter, for example R57 (20Q) and C58 (2.2nF)
before connecting to the MCU integrated ADC. The 2.2nF capacitor is placed to drive the switched input
capacitors of the ADC, which are typically in the range of 5pF to 15pF. The Schottky diodes D2 through D6
clamp the maximum phase voltages to around 3.6V in case the DC bus voltage exceeds the 80V (absolute
maximum) value.

The TIDA-010936 fits only upper headers of an 80-pin C2000 MCU LaunchPad, like the LAUNCHXL-F28P65X.
Additionally, the TIDA-010936 host interface offers the option to provide the 3.3V rail to power the C2000
LaunchPad. This option provides proper power-up sequencing of the entire system. The details of the pin
assignment are outlined in Section 1.1 in Table 1-2 and Table 1-3, respectively.
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4 Hardware, Software, Testing Requirements, and Test Results
4.1 Hardware Requirements
4.1.1 TIDA-010936 PCB Overview
Figure 4-1 and Figure 4-2 show labeled photos of the top and bottom of the PCB.
Input voltage terminal
48V/IGND
o her' PCR o L R 10060400 0000000
. ¢ ) g < D
X Half-bridge
o 0,050 X' Module with
0 0 50 ¢ Current sense
LaunchPad interface: J3 "0 0 © Rig e
80V DC/DC buck to 5V: [0 Gmenrezsen fls | LMG2100
TPS38010 o & | oo | X 5
5.5V — 5V DC/DC -0 =07 [ 2k o o e GBS r
5V-3.3V power module . 23 . R s [z
i o 80 |
N 2] o - Motor terminal
J8:External3.3V i o E ' “ [
J7:External5.5V E > | ABIC
J1/J4 : Test and validation 8 R74 | os i§ & R26
o3 R : PWM buffer

LaunchPad interface: J2

Figure 4-1. TIDA-010936 PCB Top View

Thermal resistor

Screw holes
for heat sink
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INA241
=i .00 o -
= OB Al » ° t 3.3V reference
| #cE oy o i

Figure 4-2. TIDA-010936 PCB Bottom View

4.1.2 TIDA-010936 Jumper Settings
The TIDA-010936 employs the four jumpers detailed in Table 4-1.
Table 4-1. TIDA-010936 Jumper Settings

JUMPER FUNCTION POPULATED NOT POPULATED
J1, J4 Test and validation N/A Default
J7 5V supply 5.5V to LDO for 5V(1) Onboard power (default), @
J8 3.3V supply Onboard (default) External 3.3V
R48, R47 3.3V or 5V for LaunchPad Supply Launchpad Not populated (default)LaunchPad uses own USB power

(1) If J7 is populated, 5.5V is supplied to LDO (U12), R68 needs to be populated and R65 needs to be removed.
(2) When J7 (default) is not populated, the board has 5V. If using an external 5.5V to LDO (U12), remove R65 and populated the
components related to U12.

CAUTION
Do not populate R48 and R47 at the same time. When R48 or R47 are populated, make sure the
C2000 LaunchPad is not powered through USB. To accomplish this setup, remove the jumpers JP1
and J16 on the F28P65X LaunchPad.

4.1.3 Interface to C2000™ MCU LaunchPad™ Development Kit

The TIDA-010936 interface specification is compliant to the Tl BoosterPack plug-in module standard. The pin
assignments are found in Table 1-2 and Table 1-3 in Section 1.1. The TIDA-010936 board can only be connected
to the C2000 LaunchPad headers J1-J4.

Figure 4-3 shows the TIDA-010936 connected to the F28P65X LaunchPad headers J1-J4. The TIDA-010936
does not power the LaunchPad; therefore, TIDA-010936 J8 is populated and the jumpers JP1 and JP2 on the
LaunchPad are populated.

TIDUF68 — FEBRUARY 2024 48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design 15
Submit Document Feedback for Motor Integrated Drives
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

I3 TEXAS
INSTRUMENTS
Hardware, Software, Testing Requirements, and Test Results

www.ti.com

Input voltage terminal
48V/GND

-

i ”rlg@[g_]ﬂ HFRETR O

Motor terminal

JP1 populated | | J8 populated
A/B/C

Figure 4-3. TIDA-010936 Connected to C2000™ MCU LaunchPad™ Development Kit

Connect the DC power supply (12V to 60V, 48V nominal) to the DC input voltage connector (J6) and the
three-phase motor to the three-phase output voltage connector (J5). Validate the three-phase motor can handle
the high slew rates of the phase voltages during PWM switching.

4.2 Software Requirements

To validate the TIDA-010936, a Tl internal test software was developed for the TMS320F28P65X and the
corresponding LaunchPad development kit was used. This software is not available for public use. For C2000
software support, see the MotorControl software development kit (SDK) for C2000™ and the TI E2E™ design
support forum for C2000™ microcontrollers.

4.3 Test Setup

Table 4-2 lists the key test equipment. Description and pictures of the test setup for specific tests are provided in
the section of the corresponding test results.

Table 4-2. Key Test Equipment

DESCRIPTION PART NUMBER
High-speed oscilloscope Tektronix MSO4104B
Single-ended probes Tektronix P6139B
Power analyzer HIOKI PW6001

Isolated current probe CYBERTEK CP8030H, HIOKI CT6872

Dynamometer MAGTROL DSP6000
Multimeter Fluke 17B+
Thermal camera TESTO 865

Adjustable power supply (10A) ITECH IT6724H

Adjustable power supply (20A) ITECH M3902C

C2000 MCU LaunchPad Development Kit Texas Instruments LAUNCHXL-F28P65X

Low voltage servo motor (48V, 7A) Teknic M-2310P-LN-04K

Low voltage servo motor (72V, 21A) 7H2207124422
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4.4 Test Results

4.4.1 Power Management and System Power Up and Power Down

The focus of this test was to validate the onboard 5V and 3.3V power supplies and measure the typical current
consumption of the 3.3V and 5V rail. For these tests, the C2000 MCU LaunchPad development kit was not
powered from the TIDA-010936. Due to the high step-down ratio 48:5 (48V input to 5V output), the voltage ripple
at the 5V rail was validated too.

Figure 4-4. TIDA-010936 System Power Up (48V|y, Figure 4-5. TIDA-010936 System Power Down
5V Rail, and 3.3V Rail) (48V\N, 5V Rail, and 3.3V Rail)

For the power-down stage, when the bus voltage drops to about 5V, the output of the LMR38010 drops along
with the bus voltage. When the bus is lower than 3.3V, the 3.3V rail also starts to drop.

The AC ripple of the 5V rail remains well below 20mVpp in light load. The frequency of ripple is 617kHz, which
matches the buck converter switching frequency. The offset of the 5V rail is about 5.07V.

Figure 4-6. 5V Output Ripple at Nominal Load (20mA)
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4.5 GaN Inverter Half-Bridge Module Switch Node Voltage

The focus on this test was to validate the transient response of the switch node voltage of the GaN inverter at
48V with low and maximum phase current. The other aim of the test was to validate the capacity or amount of
local bypass capacitors at each of the LMG2100 GaN power modules.

The C2000 MCU was configured to generate a three-phase space vector with complementary PWM with
40kHz switching frequency and 16.6ns dead band. The PWM duty cycle per phase was configured to drive the
corresponding phase current Ip with Ig = I = -0.5 Ia.

The LMG2100 switch node voltage was measured at the LMG2100 SW pin (pin 8), referenced to the PGND via
close to the LMG2100 PGND pin (pin 9) as shown in Figure 4-7.

Figure 4-7. Test Setup for LMG2100 Switch-Node Measurement (Pin SW to PGND) With Single-Ended
Probe

18 48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design TIDUF68 — FEBRUARY 2024

for Motor Integrated Drives Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

I3 TEXAS
INSTRUMENTS
www.ti.com Hardware, Software, Testing Requirements, and Test Results

The pictures below show that the PWM input has a dead time of 16.6ns between the upper and lower bridge
arms.

Figure 4-8. Rising Edge PWM A (H and L) at J2

Figure 4-9. TIDA-010936-4-11-Falling Edge PWM A (H/L) at J2
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4.5.1 Switch Node Voltage Transient Response at 48V DC Bus

The following figures outline the SW transient voltage at hard-switching and soft-switching. PWM frequency
(40kHz), LMG2100 propagation delay, as well as the 16.6ns PWM dead band can be well identified. Due to
the low phase current there is hard-switching and a combination of soft- and hard-switching as shown in below
figures. The turn-on and turn-off slew rate (20% to 80%) of the GaN-FETs was configured to around 10V/ns to
15V/ns.

4.5.1.1 Output Current at 1A

Transient phase current o‘écilla(ions ,.»""‘“- 7] Transwer; phase current oscillations during PWM
h during PWM switching due to cableto by Phase  switghing due to cable to motor
Phase motor — ! w,_current 7 e A N
current 4 4 Ny Y \
,,,,,,,, T—" p— oot \ y
/ Y | LMG21000R044 PWM input to top
) > GaN-FET propagation delay
}‘LL | tHPHL ~18ns 4
i
; 1
1A ! B|AH Y ’Wﬂ_,-vvy__m,-,,,W,—WWJV'r.,..,.-.<.v.-q,m\.v..u.-»v.-.-«- wrairrnrn ]
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@ v @ zov T © = e et @ 7w Figure 4-11. Phase A Falling SW, Phase Current
. . and LMG2100 PWM (HI) at 48V, 1A
’
Figure 4-10. Phase A Rising SW, Phase Current
and LMG2100 PWM (HI) at 48V, 1A
S v — -
o LN Phase ¢
A/ " afl_A current
~ current % = , o ok
" T \ PP o o o |
| e WA A A PP AN, | I LMG21000R044 PWM input fo
1/ | " PWM AH Le—p! Top GaN-FET propagation delay
[ LMG21000R044 PWM input to - |
e » =
f —®|  top GaN-FET propagation delay 4 ‘(\ ! tHPHL > 18hs 4
PWM_AH }/’} } tHPLH ~ 30ns 1\ | j
2 [ P A S . 1 . Blan Ly ol A.»,,,ﬂ,,wﬂw.,,,.r'\‘]\ f\ N i spisgomsinanboiymivned
| v
Top GaN-FET in 3 1 T L S O PO AN NI Wit -0
I
quadrant mode (soft- | PH_A ! — = - Hard-switchingof bottom GaN-FET:
switching) during . ! Top GaN-FET | Switch node slew rate (20% to 80%)
effective dead-time \ turned off 30V gv/dt ~ 15V/ns
PH A \ Top GaN-FET turned on in
D PH= AV~ b Aenan hard switching from 20V to [DiPH-A Bottom GaN-FET- A AN o
/v 48V turned on
Bottom GaN-FET furned on =~

@ 200V @ 200V 20.0ns 2.50GS/s e s @ 200V @ 200V 20.0ns 2.50GS/s [2 7Y
. 2.0C W+v34.1333ns  5M points 1.84V € 2.00A 1+¥34.9333ns _ 5M points 1.84V

Figure 4-12. Phase A Rising SW, Phase Current Figure 4-13. Phase A Falling SW, Phase Current

and LMG2100 PWM (HI) at 48V, -1A and LMG2100 PWM (HI) at 48V, —1A
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4.5.1.2 Output Current at *10A
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Figure 4-16. Phase A Rising SW, Phase Current Figure 4-17. Phase A Falling SW, Phase Current
and LMG2100 PWM (HI) at 48V, —10A and LMG2100 PWM (HI) at 48V, —10A

4.5.2 Impact of PWM Frequency to DC-Bus Voltage Ripple

A key function of the bus capacitor is to smooth the bus voltage and provide transient current at the switching
moment to keep the ripple of the bus voltage small enough.

When the PWM switching frequency is increased, the requirements for bus capacitance are reduced. Because
the switching time of the FET becomes shorter, the amount of charge required by the capacitor becomes
smaller, so using a higher PWM switching frequency can reduce the required bus capacitance value.

Usually, electrolytic capacitors are used as bus capacitors. Electrolytic capacitors can provide sufficient
capacitance, but also have disadvantages, such as huge size, short life, poor high-frequency characteristics, and
so forth. In comparison, ceramic capacitors are more stable and smaller, but the capacitance ceramic capacitors
can provide is limited. The following test attempts to replace electrolytic capacitors with ceramic capacitors by
increasing the PWM frequency.

Determine whether smaller ceramic capacitors can be used by testing the bus ripple of electrolytic capacitors
and ceramic capacitors at different frequencies. This test used 60uF and 100uF ceramic capacitors (PN:
C3225X7R2A106K250AC x 6 or 10) and 100uF electrolytic capacitor (PN: ECA2AM101).
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Figure 4-18. DC-Link Voltage AC Ripple at 48VDC, 8kHz—80kHz PWM, PH_I = 5Agys

As Figure 4-18 shows, as the frequency increases, the ripple on the bus gradually decreases, so capacitors
with smaller capacitance can be used. But ceramic capacitors have significantly larger voltage ripple at low
frequencies (< 80kHz). Because the actual capacitance of this 10uF ceramic capacitor is only 2.2uF at a voltage
of 50V, the actual effective capacitances corresponding to the 60uF and 100uF ceramic capacitors in Figure
4-18 are 13.2uF and 22pF. Therefore, the ripple is larger than that of the 100uF electrolytic capacitor.

When the PWM frequency increases to 80kHz, the voltage ripple of a 100uF ceramic capacitor and an
electrolytic capacitor is similar. Therefore, the ultra-low switching loss of GaN can be used to increase the
PWM frequency to 80kHz. At the same time, the electrolytic capacitor can be replaced with a ceramic capacitor
of the same capacity to achieve a smaller size.
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Figure 4-19. Ceramic Capacitor Capacitance vs Voltage Curve

22 48V, 850W Small Form Factor Three-Phase GaN Inverter Reference Design TIDUF68 — FEBRUARY 2024
for Motor Integrated Drives Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF68
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF68&partnum=TIDA-010936

13 TEXAS

INSTRUMENTS

www.ti.com

Hardware, Software, Testing Requirements, and Test Results

4.5.3 Efficiency Measurements

The efficiency testing was done at 27°C lab temperature using a HIOKI PW6001 Power Analyzer and HIOKI
CT6872 current transformer. The TIDA-010936 was powered with 48V DC and a high-power servo motor was
used as load (72V, 21A). A dynamometer supplies high load in the motor. The PWM carrier frequency was set

from 40Hz to 80kHz. The motor speed is 600RPM. Figure 4-20 shows a picture of the test setup and block

diagram for wiring.

For all of these tests neither a heat sink nor a fan were used, hence only natural convection of the TIDA-010936

PCB applied.

48V
DC

Dyno-
control

TIDA-010936

o8

u U
@9 QD Motor
+

+

Figure 4-21. TIDA-010936 Wiring Block Diagram for Inverter Efficiency Analysis
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Figure 4-22 shows the TIDA-010936 power losses versus the three-phase motor load current in Agys. These
numbers do not include the power losses of the C2000 MCU LaunchPad development kit.
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Figure 4-22. TIDA-010936 Board Losses at 48V Input Versus 3-Phase Output Current

The TIDA-010936 board power losses at maximum load current of 14.8Arys were 9.66W at 40kHz PWM and
10.5W 80kHz PWM. The TIDA-010936 power losses are dominated by the losses in the GaN FETs (LMG2100)
and the losses in the 1mQ shunt resistors.

The theoretical maximum peak efficiency at 48VDC with a maximum phase-to-phase voltage of 19.5Virus
(Space Vector PWM with 3rd harmonics) and a power factor of 0.9 is 99.3% at 40kHz PWM and 99.2% at 80kHz
PWM, as shown in Figure 4-23.

Observe that while the PWM switching frequency increases, the power losses of the board do not increase
significantly. This also reflects the very low switching losses of the LMG2100R044 GaN-FETs to help to achieve
very high efficiency even at higher PWM switching frequencies.
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Figure 4-23. Calculated Maximum Peak Efficiency at 48VDC and 40, 60, and 80kHz PWM
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4.5.4 Thermal Analysis
The thermal analysis of the design was done at 27°C lab temperature with 48V DC input with 40kHz with the

high-power motor driven. For this test neither a heat sink or a fan were used.

Figure 4-24. Thermal Picture of TIDA-010936 at 15.6Arys at 40kHz PWM

Since LMG2100 has exposed dies on top, the case temperature of LMG2100 can be very close to the
temperature of the die. The recommended junction temperature is up to 125°C. In this test the GaN device

achieved 117°C with 15.6ARrns phase current.

PWM A B C /°C
40k: 56 57 58
60k: 58 60 60
80k: 59 60 60

26/10/23

Figure 4-25. Thermal Picture of TIDA-010936 at 10Agys at 60kHz PWM and 40kHz and 80kHz

With 60kHz PWM and 10Arms output current, all three-phase GaN has 60°C case temperature. At 40kHz and
80kHz there is almost no difference of case temperature with 10A output.
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4.5.5 No Load Loss Test (Coss Losses)

To see the effective parasitic capacitive losses, the TIDA-010936 PCB power losses were measured at zero load
current with 50% PWM duty cycle and PWM switching frequencies from 8kHz to 80kHz, as shown in Equation 3.

2
Pcoss)pes = Cossppr X Ve™ X fpwm X 2 (3)

The simulation was done using Coss(tr) = 501pF from the LMG2100R044 data sheet, while adding an additional
80pF equivalent board related capacitance due to PCB and cabling parasitic capacitances.

To subtract the supply current offset on the TIDA-010936 at zero PWM switching, a first measurement was
done without PWM switching, which yielded power losses of 0.765W at 48V supply without PWM switching.
Then incremental increase of the power consumption starting from 8kHz to 80kHz PWM was printed against the
simulated Cpgg power losses. In addition, the phase voltage resistor divider losses for sensing the three phase
voltages (when switching) were subtracted from the measurement too, in order not to add these to the Cogs
power losses. The simulation is a good match with the measured Cogg power losses.

0.7

0.6 //
0.5 /

e

0.4 //
0.3 /
0.2 ///

e —— Simulated at 48VDC

0.1 (COSStotal = 501pF + 80 pF)
—— Measured at 48VDC

at no load (COSSlosses) (W)

TIDA-010936 power losesses

8 16 24 32 40 48 56 64 72 80
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Figure 4-26. No Load (Coss) Power Losses at 48Vpc vs PWM Frequency
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5 Design and Documentation Support
5.1 Design Files {Required Topic}

5.1.1 Schematics

To download the schematics, see the design files at TIDA-010936.

5.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-010936.
5.1.3 PCB Layout Recommendations

The layout for the LMG2100 in the TIDA-010936 PCB followed the layout examples in the LMG2100R044 100-V,
35-A GaN Half-Bridge Power Stage data sheet.

5.1.3.1 Layout Prints

To download the Layout Prints, see the design files at TIDA-010936.

5.1.4 Altium Project

To download the Altium project files, see the design files at TIDA-010936.
5.1.5 Gerber Files

To download the Gerber files, see the design files at TIDA-010936.

5.1.6 Assembly Drawings

To download the Assembly Drawings, see the design files at TIDA-010936.

5.2 Tools and Software

Tools
LAUNCHXL-F28P65X LAUNCHXL-F28P65X is a low-cost development board for TI C2000™ real-time
C2000™ Real- microcontrollers series of F28P65x devices. An excellent choice for initial evaluation
Time MCU and prototyping, the board provides a standardized and easy-to-use platform to
F28P65x LaunchPad™ develop applications. This extended version LaunchPad™ development kit offers
Development Kit extra pins for development and supports the connection of two BoosterPack™ plug-in
modules. As part of the vast TI| MCU LaunchPad ecosystem, the board is also cross-
compatible with a broad range of plug-in modules.
Software
MotorControl MotorControl SDK for C2000™ microcontrollers (MCU) is a cohesive set of software
Software infrastructure, tools, and documentation designed to minimize C2000 real-time
Development Kit controller-based motor control system development time targeted for various three-
(SDK) for C2000™ phase motor control applications. The software includes firmware that runs on C2000
MCU motor control evaluation modules (EVMs) and Tl reference designs which are targeted
for industrial drives, robotics, appliances, and automotive applications. MotorControl
SDK provides all the needed resources at every stage of development and evaluation for
high performance motor control applications.
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5.3 Documentation Support

Texas Instruments, Optimizing GaN Performance With an Integrated Driver White Paper
Texas Instruments, GaN FET Module Performance Advantage Over Silicon White Paper
Texas Instruments, LMG2100R044 100-V, 35-A GaN Half-Bridge Power Stage Data Sheet
Texas Instruments, Gallium Nitride (GaN) Solutions

Texas Instruments, WEBENCH® Design Center

Texas Instruments, MotorWare™ Software

Texas Instruments , Low Voltage Servo Motor

Noakrwbh=

5.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

5.5 Trademarks

BoosterPack™, C2000™, LaunchPad™, TI E2E™, and InstaSPIN-FOC™, and are trademarks of Texas
Instruments.

WEBENCH® is a registered trademark of Texas Instruments.

All trademarks are the property of their respective owners.
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