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Important Note:

During operation, the reference design board is subject to hazards including high voltages,
rotating parts, bare wires, and hot surfaces. Energized DC bus capacitors require time to
discharge after DC input disconnection.

All testing should use an isolation transformer to provide the DC input to the board.
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1 Introduction

This document presents a 750 W, three-phase inverter designed for high-voltage brushless
DC (BLDC) motor applications, utilizing three BridgeSwitch™-2 BRD2469WB devices,
achieving 97.6% efficiency with a peak of 98.5%. It details both the device and system-
level performance, as well as the fault protection capabilities provided by the highly
integrated BridgeSwitch-2 half-bridge motor driver IC. A high-voltage buck converter,
implemented with minimal component count using the LinkSwitch™-TN2 LNK3205D
device, supplies the required external bias for the BRD2469WB components. An optional
current sense amplifier is also included to support applications requiring shunt resistor-
based current feedback.

This document also provides the inverter specifications, schematic diagram, bill of materials
(BOM), printed circuit board (PCB) layout, performance metrics, and an overview of the
test setup and procedure. The waveforms and performance data are obtained using a
sensorless field-oriented control (FOC) method based on the Space Vector Modulation
(SVM) technique, commonly referred to as three-phase modulation. This control is
implemented via the MotorXpert™ Suite, using the BRD2469WB's .instantaneous phase
current (IPH) data for current feedback.
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Figure 1 — Populated Circuit Board Top View.
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Figure 2 — Populated Circuit Board Bottom View.
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2 Inverter Specification
The following table presents the electrical specifications and performance results of the
three-phase inverter design.

Description Symbol Min | Typ | Max | Unit Comment
Input
Input Voltage Vi 270 | 340 | 365 Vv Two-wire DC Input
Rated Input Current® TN, raTED 1.74 A Rated Input DC Current
Max. Input Current® Tin, max 2.28 A Max. Input DC Current
Rated Input Power(® PN, RATED 591 W Rated Iggfvréfr Input
Max. Input Power? P1n, max 774 W | Max. Inverter Input Power
Output
Rated Output Power(®) Pourt, RATED 580 W \iag In;:;:rr Output
Max. Output Power(? Pour, mMax 756 W Max. Ingg\r,tvz: Output
Rated Inverter Efficiency® NRATED 98:2 % At thigﬁgﬁggzadmg
Max. Inverter Efficiency NMax 97.6 o | Atthe ngz’:é?t‘;g; loading
Rated Inverter Output Current (RMS)® | Imot(rus), RATED 2.26 A Rated R'\gﬁai‘;"e”t per
Max. Inverter Output Current (RMS)) IMoT(RMS), MAX 2.91 A Max. RMPShg:érent per
PWM Carrier Frequency® fowm 10.0 kHz | Three-Phase FOC
Motor Speed ® 3000 RPM
Environmental
Rated Ambient Temperature® TAMg, RATED 23.5 °C
Max. Ambient Temperature® Tavs, MaX 27.5 °C Closed case. No airflow.
Rated Device Case Temperature(® TPACKAGE, RATED 89.3 °C Free Convection.
Max. Device Case Temperature®) TPACKAGE, MAX 132 °C
System Level Monitoring
DC Bus Sensing Reported through the
OV Threshold Vov 362 Y% Error Flag (EF) Pin
Over Current/(OCP) Threshold® Tocp 7.00 Apk XL/XH = 42.2 kQ
Notes: 1. At'2.26 Arwms operating at 3000 RPM, resulting in an inverter output power of 580 W.
2. At 2.91 Arws to achieve the 750 W inverter output power at 3000 RPM.
3. 20 kHz is the maximum recommended PWM frequency.
4. This can be manually configured by adjusting the XL/XH resistor value. For BRD2469WB, the
maximum current protection level is 7.00 A using an XL/XH resistance of 42.2 kQ.

Table 1 — Inverter Specification.
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Figure 3 — Inverter Section.
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4 Circuit Description

This reference design features a three-phase inverter that utilizes three BridgeSwitch-2
BRD2469WB components to drive a high-voltage, three-phase, brushless DC motor. Each
BridgeSwitch-2 component integrates two 600 V, N-channel power FREDFETs along with
their respective gate drivers into a compact surface-mount package. The power FREDFET
incorporates an ultra-soft, fast-recovery diode that is ideally suited for use in inverter
drives. A LinkSwitch-TN2 LNK3205D device configured as a high-voltage buck converter
supplies the necessary 15 V bias power for the BRD2469WB component. The 3.3V linear
regulator steps down the 15 V external supply voltage to supply power to both the external
MCU and the current sensing amplifier circuit.

Each BridgeSwitch-2 device incorporates various fault protection features, such-as cycle-
by-cycle overcurrent protection (OCP) for both low-side and high-side FREDFETs,
overtemperature protection (OTP), and overvoltage protection (OVP). The BridgeSwitch-2
also features the new error flag (EF) pin, which inhibits the device from-switching when
pulled down by an external microcontroller, and upon encountering any of the following
destructive fault conditions: overvoltage (OV), overtemperature  (OT), and sixteen
consecutive low-side overcurrent (OC) events, when configured.in‘latching mode.

4.1 Inverter Section

The BRD2469WB devices U1, U2, and U3 form the three-phase inverter. The output of the
inverter connects to the three-phase BLDC motor through connectors P1, P2, and P3. In
the PCB layout, the motor connectors are directly connected to the HB pad (Pin 39) of each
BRD2469WB device, but not to the HB.pins (Pins 28 and 31). The HB pad and pin are
internally connected in the device,allowing more creepage and clearance headroom in the
PCB layout.

4.2 Power Section

The power section consists of four main blocks: the input stage, the 15 V auxiliary supply,
the 3.3 V low-dropout (LDO) regulator, and the external bias circuitry for each BRD2469WB
device.

4.2.1 Input Section

The input section comprises the DC input connector (36), input diode (D1), input fuse (F1),
bypass jumper..(J12), and bulk capacitor (C10). Diode D1 provides reverse-polarity
protection for.the DC input, while fuse F1 safeguards against overcurrent conditions.
Capacitor C10 serves as the main bulk capacitance for the entire inverter. Jumper J12
remains open during normal operation and is shorted during efficiency measurements to
bypass the fuse and diode. For stable high-voltage DC input applications, a 330 uF capacitor
at C10 is sufficient, whereas AC input applications require a minimum of 750 uF. In this
reference design, a high-voltage DC supply is used.

4.2.2 15V Auxiliary Supply

The LNK3205D device (U4), configured as a buck converter, generates the 15 V external
bias from the high-voltage DC bus input. Jumper J8 connects the buck converter output to
the 15 V DC rail. Alternatively, jumper ]9 allows the bias voltage to be supplied externally,

-— Power Integrations, Inc.
Tel: +1 (408) 414-9200
i WWW.power.com Page 12 of 55



RDR-975 BridgeSwitch-2 BRD2469WB Three-Phase Inverter 3-Sep-25

with J7 and J8 left open to disable the buck converter and disconnect its output from the
external source. For inverter efficiency measurements, using an external 15 V supply is
recommended to isolate inverter performance from overall system efficiency.

For detailed information on the LNK3205D, refer to the datasheet: https://ac-
dc.power.com/design-support/product-documents/data-sheets/linkswitch-tn2-data-sheet/

4.2.3 3.3VLDO

The 3.3 V low-dropout regulator (U5) powers both the external microcontroller (MCU) and
the optional current amplifier circuit for shunt-based current feedback applications. Jumper
J10, shorted by default, connects the LDO output to the 3.3 V rail. Alternatively, Pin 2 of
connector J23 allows the 3.3 V rail to be supplied externally via the MCU interface. If done
so, J10 should remain open. LED DS2 provides a visual indication of the 3.3V rail status.

4.2.4 BridgeSwitch-2 External Supply Biasing

A 15 V external supply is required for the BRD2469WB low-side and high-side drivers.
Resistors R27, R28, R29, R30, R31, and R32 limit the current to-approximately 2.5 mA into
the gate driver supply pins (BPL and BPH). Diodes D5,-D7, and D9 serve as high-voltage
bootstrap diodes for the high-side gate drivers, while diodes D6, D8, and D10, which are
used to isolate the BPL pins, are optional and may be shorted if not required. Capacitors
C4, C5, C6, C7, C8, and C9 provide local decoupling for both the low-side and high-side
gate driver supplies.

4.3 PWM Input

The input PWM signals INL_U, INH_U, INL_V, INH_V, INL_W, and INH_W control the
switching states of the integrated high-side and low-side power FREDFETs. These signals
are generated by the system microcontroller at the desired switching frequency. Resistors
R4, R5, R6, R7, R8, and R9 act as PWM input filters before routing the signals to the INL
and /INH pins of each BRD2469WB device.

4.4 Cycle-by-Cycle Current Limit

Resistors R10, R11, R12, R13, R14, and R15 define the cycle-by-cycle current limit for the
integrated low-siderand high-side power FREDFETs. With a resistance value of 42.2 kQ,
the current/ limit'is set to 100% of the default overcurrent threshold (7.0 A for the
BRD2469WB). For the low-side FREDFET, the cycle-by-cycle overcurrent protection
response is selected by configuring the SLP resistor: either 9.53 kQ by shorting J15, or 21
MQ by keeping both J15 and J16 open. The high-side FREDFET OCP response is fixed to
cycle-by-cycle operation by default and is not influenced by the SLP resistor value.

4.5 Latching Current Limit

Setting the SLP programming resistor to 133 kQ by shorting J16 enables latching current
limit protection for the low-side power FREDFET. In this mode, the low-side FREDFET
latches off after sixteen consecutive overcurrent events. The Error Flag pin is then driven
low to inhibit switching and is only released after either a power cycle or an EF reset
command from the MCU. The high-side FREDFET OCP response remains fixed to cycle-by-
cycle operation by default and is unaffected by the SLP resistor setting.

Power Integrations, Inc.
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4.6 Overvoltage (OV) Protection

The SM pin of BridgeSwitch-2 device U1 is configured to monitor the DC bus voltage via
resistors R1, R2, and R3. A total resistance of 6 MQ sets the overvoltage protection
threshold to 362 VDC. When this threshold is exceeded, the EF bus inhibits FREDFET
switching on all BridgeSwitch-2 devices after an 80 us delay. Switching is automatically re-
enabled once the bus voltage falls below the hysteresis threshold of approximately 338
VDC, at which point the EF bus is released.

4.7 Error Flag

The Error Flag (EF) pin is an open-drain pin that facilitates fault communication with the
microcontroller. It requires a minimum pull-up resistance of 43 kQ for compatibility. with
both 3.3 Vand 5 V MCUs and is typically connected to other EF pins to form the EF bus.

Under latching fault conditions, such as latching overcurrent or overtemperature faults, the
EF pin is driven low to inhibit FREDFET switching. It remains latched until cleared by either
a power cycle or an EF reset command via D12 and R52. For hysteretic protection events,
such as overvoltage or hysteretic overtemperature, the EF pin is automatically released
once safe operating conditions are re-established.

4.8 FAULT Bus

Using the alternate BridgeSwitch-2 product variant (BRD2269) enables the FAULT bus
functionality. Shorting jumper J22 pulls the FAULT bus up to the LDO supply, activating it.
In this case, jumpers J17, J18, and J19 must be opened to isolate the EF pins from the EF
bus.

The FAULT bus reports internal and system status changes via pin 17 of the MCU interface
(J23). For detailed information on FAULT status communication, refer to the BridgeSwitch-
2 datasheet.

4.9 DevicelID

The ID pin allows a‘specific BridgeSwitch-2 device to inform the system microcontroller of
its physical location ‘when the FAULT bus functionality is used. This identification is
configured by the ID-pin connection.

In this reference design, U1, connected to the SG pin, has a device ID of 80 us, U2, left
floating, has a device ID of 60 us, and U3, shorted to the BPL pin, has a device ID of 40
us: In this configuration, U1, with the longest device ID (80 us), is prioritized during
simultaneous fault reporting.

Power Integrations, Inc.
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4.10 System Undervoltage Status Updates

Resistors R1, R2, and R3 allow monitoring of the high-voltage DC bus through current
detection to the SM pin. During undervoltage events, the FAULT bus sends out messages
to the microcontroller at four distinct voltage levels. At a total SM resistance of 6 MQ, the
following levels are set:

Undervoltage (UV) FAULT e S
UV100 212V
UV85 182 V
V70 152V
UV55 122V

Table 2 — UV Thresholds.

4.11 External Temperature Monitoring

When using the FAULT bus functionality, the SM pin can ‘also-be configured for external
temperature monitoring. This is achieved by shorting 35, which connects thermistor RT1
and resistor R22 to the SM pin of device U2. RT1 should be an NTC-type thermistor, while
R22 is selected such that the product of the equivalent resistance of RT1 at the desired
temperature threshold and R22, multiplied by 100 pA, yields approximately 1.17 V. During
operation, U2 reports a system thermal fault via the FAULT bus when this threshold is
reached.

4.12 IPH Feedback

This reference design utilizes the IPH signals as current feedback for Field-Oriented Control
implementation via MotorXpert. The IPH pin functions as a current source that outputs the
instantaneous low-side FREDFET current, scaled according to the device’s gain. Resistors
R16, R17, and R18 convert the IPH current signal into a corresponding voltage signal,
which is fed directly to'the microcontroller for current feedback.

For the BRD2469WB, the IPH gain is 30 uA/A, resulting in a 30 pA IPH output fora 1 A
low-side FREDFET current. Using a 10 kQ IPH resistor converts this current into a 300 mV
voltage signal, suitable as input to the microcontroller’s ADC pin.

4.13 Current Sense Amplifier

This reference design includes on-board op-amp amplifier circuits for a traditional shunt
resistor current feedback method. Op-amps U6A, U6B, and U6D act as current sense
amplifiers, converting voltage drops across shunt resistors R19, R20, and R21 into voltage
signals suitable for the microcontroller ADC inputs. Op-amp U6C generates a 1.65 VDC
offset from the 3.3 VDC supply, shifting the current signals into the positive range for ADC
compatibility.

The shunt resistors are sized to produce a maximum of £0.33 V across the LS-to-SG pins
at the device’s overcurrent protection threshold of 7.0 A. With a differential gain of 4.53,
the amplifier circuits output a 1.5 V peak signal centered at 1.65 VDC.

-— Power Integrations, Inc.
p Tel: +1 (408) 414-9200
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4.14 Microcontroller (MCU) Interface
Connector J23 provides the interface between the BridgeSwitch-2 three-phase inverter

board and an external microcontroller.

Table 3 lists the MCU interface pin assignments.

Pin Name Pin Type Pin Description
Error Flag reset signal. Momentarily pulling this pin high
EF_RST Input re-enables device switching after a latching fault.
o Error Flag state monitoring. Pulling this low inhibits FREDFET
EF_BUS Open-drain, /O switching for BridgeSwitch-2 devices with EF functionality.
SLEEP Inbut Pulling this pin high enables SLEEP mode on'BridgeSwitch-2
P devices with the self-supply feature (not used in this design).
FAULT bus monitoring for BridgeSwitch=2.devices. The MCU
FAULT_BUS Open-drain, I/O can pull this low for 160 ps to request status updates, or for
320 ps to re-enable switching after a latching fault.
GND MCU Ground Microcontroller ground reference.
INL_U Input Phase U (U1) low-side FREDFET PWM control signal.
INH_U Input Phase U (U1) high-side FREDFET PWM control signal.
INL_V Input Phase V (U2) low-side FREDFET PWM control signal.
INH_V Input Phase V (U2) high-side FREDFET PWM control signal.
INL_ W Input Phase W (U3):low-side FREDFET PWM control signal.
INH_W Input Phase W (U3) high-side FREDFET PWM control signal.
IPH_U Output Phase U (U1) IPH output.
IPH_V Output Phase V (U2) IPH output.
IPH_W Output Phase W (U3) IPH output.
SENSE_CURRENT_U |-Output Phase U (U1) Rsuunt voltage amplifier output.
SENSE_CURRENT2V | Output Phase V (U2) Rsuunt voltage amplifier output.
SENSE_CURRENT_W. | Output Phase W (U3) Rsuunt voltage amplifier output.
SM_W Input Optional SM pin input for Phase W (U3).
3V3 Power Input 3.3 V microcontroller supply input.
Voltage divider output for high-voltage DC bus sensing
VEOREENSE Output (scale-down factor: 0.0055).

Table 3 — MCU Interface Pinout Description.

P

Power Integrations, Inc.
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5 Printed Circuit Board Layout

/

]

m
Ri2

4

1. The overall PCB dimension-is 100 mm x 75 mm (L x W).

. is 87 mm x 46.5 mm (L x W) — outlined by the black rectangle.
3. PCB Specifica

Board thi :
Board material: FR4
opper weight: 2 oz

No. of layers: 2

-— Power Integrations, Inc.
p Tel: +1 (408) 414-9200
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Figure 10 — Printed Circuit Board Layout Bottom View.

— Power Integrations, Inc.
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6 Bill of Materials
Item | Qty. Ref Des Description Mfr. Part Number Manufacturer
1 4 C1, C2, C3, C11 0.1 uF, 630 V, Ceramic, X7R, 1812 | GRM43DR72J104kW01K |  Murata Electronics
2 4 C4, C5, C6, C15 4.7 uF, 25 V, Ceramic, X7R, 0805 CL21B475KAFNNNE Samsung
3 8 cfg gfé,cgéoc,lgb 1 4F, 25 V, Ceramic, X7R, 0603 | GCM188R71E105KA64D |  Murata Electronics
4 1 C10 330 uF, 20%, 450 V, Aluminum, TH 861221485017 Wiirth Elektronik
5 1 Cc12 0.1 uF, 50 V, Ceramic, X7R, 0603 CL10B104KBSNNND Samsung
6 2 C13, C17 10 F, 16 V, Ceramic, X7R, 0805 CL21B106KOQNNNE Samsuing
7 1 cl4 22 uF, 20%, 50 gl'\,lg'“mi”“m Hybrid, EEH-ZC1H220P Panasonic
8 6 | CCZZZS CCZZ% €24 | 220 pF, 50 V, Ceramic, COG, 0603 | C1608C0G1H2211080AA TDK Corporation
9 1 D1 600V, 6 A, Standard, DO-214AB SMLJ60S6-TP Micro Commercial
10 5 D2, D3, D5, D7, D9 600 V, 1 A, Standard, SOD-123FL UFM15PL-TP Micro Commercial
11 1 D4 18V, 1.5 W, Zener, SMA SZ1SMA5931BT3G onsemi
12 | 5 | P D8'D%°' DIL | 75V, 150 mA, Standard, SOD-323 INA148WS-7-F Diodes Incorporated
13 1 D13 30V, 200 mA, Schottky, SOT-23 BAT54S-7-F Diodes Incorporated
14 2 DS1, DS2 Red, LED, Chip SMD LTST-C190KRKT Lite-On Inc.
15 1 F1 4 A, 125 VAC/VDC, 2-SMD 0154004.DR Littelfuse Inc.
31, 12, 13, 34, J5, J8,
16 | 16 ;12 ﬁ; ﬁg ﬁg PCB Jumper JUMPER
321, 322
17 | 1 36 2P, 6.35 msni“d'eTE:t‘?i"a' Black, 1714955 Phoenix Contact
18 2 17,112 Tin Jumper, SMD S1911-46R Harwin Inc.
19 1 J9 2/pos, 2 mm pitch, Header, SMD R/A 620102131822 Wiirth Elektronik
20 1 J20 2 pos; 2.54 mm, Header, Vertical M20-9990245 Harwin Inc.
21 1 J23 20 pos, 2.54 mm, Header, Vertical PH1-20-UA Adam Tech
2 1 L1 680 uH, 360 mA, 2.25 Q, SMD 744776268 Wirth Elektronik
23 3 P1, P2, P3 0.250", Quick Connect Tab 1287-ST Keystone Electronics
24 1 01 40V, 0.2 A, PNP Transistor, SC70-3 MMBT3906WT1G onsemi
x| 6 R1, 262(’),?6559’ RES, 2 MO, 1%, 1/4 W, 1206 ERJ-8ENF2004V Panasonic
% | 9 i‘;’, 'fé$%6§?'£% RES, 10 Q, 1%, 1/10 W, 0603 ERJ-3EKF10ROV Panasonic
27 3 R10, R11, R12 RES, 42.2 kQ, 1%, 1/8 W, 0805 ERJ-6ENF4222V Panasonic
28| 3 R13, R14, R15 RES, 42.2 kQ, 1%, 1/10 W, 0603 ERJ-3EKF4222V Panasonic
29 |8 %63', Ff{?1321', RR1385', i2558' RES, 10 k0, 1%, 1/10 W, 0603 CRGCQO603F10K TE Connectivity
30 3 R19, R20, R21 RES, 47 mQ, 1%, 3/4 W, 2010 UR73D2HTTE47LOF KOA Speer Electronics
31 1 R22 RES, 6.49 kQ, 1%, 1/10 W, 0603 CRCWO6036K49FKEA Vishay Dale
32 1 R23 RES, 2.49 kQ, 1%, 1/4 W, 0805 RK73H2ATTD2491F KOA Speer Electronics
33 1 R24 RES, 43 kQ, 5%, 1/8 W, 0805 RC0805JR-0743KL YAGEO
34 1 R26 RES, 620 Q, 5%, 1/10 W, 0603 ERJ-3GEYJ621V Panasonic
35 3 R27, R29, R31 RES, 220 Q, 5%, 1/10 W, 0603 ERJ-3GEYJ221V Panasonic
36 3 R28, R30, R32 RES, 390 Q, 1%, 1/10 W, 0603 ERJ-3EKF3900V Panasonic

P
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Item | Qty. Ref Des Description Mfr. Part Number Manufacturer
R36, R37, R38, R39,
37 9 R40, R41, R51, R52, RES, 1 kQ, 1%, 1/10 W, 0603 ERJ-3EKF1001V Panasonic
R56
38 | 6 | RAZRIRURAS, | peg 453k, 1%, 1710 W, 0603 ERJ-3EKF4531V Panasonic
R46, R47

39 1 R48 RES, 15.8 kQ, 1%, 1/4 W, 0805 RK73H2ATTD1582F KOA Speer Electronics
40 1 R49 RES, 9.53 kQ, 1%, 1/10 W, 0603 RK73H1JTTD9531F KOA Speer Electronics
41 1 R50 RES, 133 kQ, 1%, 1/10 W, 0603 CRCW0603133KFKEA Vishay Dale
42 1 R53 RES, 43 kQ, 1%, 1/10 W, 0603 RK73H1JTTD4302F KOA Speer Electronics
43 2 R55, R57 RES, 8.2 k), 1%, 1/10 W, 0603 ERJ-3EKF8201V Panasonic
44 1 R62 RES, 33 kQ2, 1%, 1/10 W, 0603 CRCWO060333K0FKEA Vishay Dale
45 1 RT1 100 ke, 4330 gécl)\‘; C Thermistor, ERT-J1VS104JA Panasonic
46 1 TP1 Test Point, Red, Thru-hole Mount 5010 Keystone Electronics
47 1 TP2 Test Point, Black, Thru-hole Mount 5011 Keystone Electronics

BridgeSwitch-2, Max. BLDC Motor .
48 3 U1, U2, U3 Current 7 A (DC), InSOP-L38C BRD2469WB Power Integrations
49 1 U4 LinkSwitch-TN2, SO-8C LNK3205D Power Integrations
50 | 1 us G REG, LDO, 3.3 Vi 250 mA, 14931CD334TR STMicroelectronics

IC, GP Op-Amp, Quad Circuit, .

51 1 ué 14-TSSOP AD8648ARUZ Analog Devices Inc.

Table 4 — Bill of Materials.

P
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7 Performance Data

This section presents the waveforms and performance data of the RDK-975 BRD2469WB
inverter. Unless otherwise noted in a specific subsection, all measurements were taken
under the default test conditions listed in Table 5.

Parameter Value Remarks
Input Voltage (DC) 340 VDC Supplied by a stable high-voltage
DC source.
Motor Control Algorithm Sensorless FOC with IPH Current | Configured via MotorXpertSuite 3.0
Reconstruction
PWM Switching Frequency 10.0 kHz -
Startup Control Scheme I/F Control -
FOC Control Loop Frequency | 10.0 kHz -
Motor Speed 3000 RPM Steady-state operation
Phase Current (Light Load) 550 mArms -
Phase Current (Full Load) 2.20 Arms Rated phase current of the
BRD2469WB
Current Feedback IPH Shunt resistors R19, R20, and R21
shorted
Ambient Temperature 23.0 °C -
SLP Pull-down Resistor 133 kQ Configuration:
e J15 Open (9.53 kQ)
e J16 Shorted (133 kQ))
Fault Response - e Latching LS OCP
e Latching OTP

Table 5 — Default Test Conditions.

-— Power Integrations, Inc.
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7.1 Start-Up Operation

7.1.1 Start-Up Waveforms

A 340 VDC bus voltage is applied with a 50 V/ms slew rate, producing the start-up
waveforms shown below. The plots display the 15 V rail voltage, low-side bypass pin
voltage, and high-side bypass pin voltage, following the recommended start-up sequence
outlined in Section 8.2 of the Appendix.

Tektronix

Stopped

07 May 2025]
2.26:26 PV

Figure 11 — 15 V Rail and BPL-to- SG VoItages at Start-up
CH1: Vsus, 40 V/div CHS5 ™ NprL_w, 2 V/div
CH2: Visv rar, 2:V/divi. CH6: Vine u, 0.5 V/div
CH3: VerL u, 2 V/div CH7: VinLy, 0.5 V/div
CH4: Verrd, 2" VidiVi CH8: Vinew, 0.5 V/div
Time Scale: 4 ms/div

Tektronix
Add

Figure 12 — BPH-to-HB VoItages at Start-up
CH1: Vsus, 40 V/div CH5: Vepr_w, 2 V/div
CH2: Visv rar, 2 V/div. CH6: VinLu, 0.5 V/div
CH3: Veph_u, 2 V/div CH7: Viny, 0.5 V/div
CH4: Vepr_y, 2 V/div CH8: Vin_w, 0.5 V/div

Time Scale: 4 ms/div
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7.1.2 Motor Start-Up Waveforms

The following waveforms illustrate the motor start-up behavior under light-load (550

mArwms) and full-load (2.2 Arms) conditions.

,,,,,,,,

Figure 13 — Motor Start-up at Light Load.
CH1: Ipnase u, 1.5 A/div «CH4: Vs u, 50°V/div
CH2: Ipnase v, 1.5 A/div.  CH5: Vs y, 50 V/div
CH3: Ipnase w, 1.5 A/div. .CH6: Vus w, 50 V/div

Time Scale: 1.25 s/div

AR R
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-} \/\vA\f‘v’\vAv“vn i
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ARy

250 375 ss 6255 7508

Time Scale: 1.25 s/div

Figure 14 — Motor Start-up at Full Load.
CH1: Ipuase_u, 1.5 A/div CH4: Vis_u, 50 V/div
CH2: Ipnase v, 1.5 A/div CH5: Vug_ v, 50 V/div
CH3: Ipnase_w, 1.5 A/div CH6: Vus_w, 50 V/div

nnnnnnn
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7.2 Steady-State Operation

7.2.1 Phase Voltages and Motor Phase Currents at Steady-State

The following waveforms present the phase voltage (low-side Vps) and motor phase
currents during operation at light load (550 mAgrwms) and full load (2.2 Arms).
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— Steady State Phase Voltages and Phase Currents at Light Load.
CH1: IpHase u, 0.5 A/div. CH4: Ve u, 50 V/div
CH2: Ipnase v, 0.5 A/div . LHS%VHe v, 50 V/div
CH3: IpHase w,.0.5 A/div * CH6: Vus w, 50 V/div
Time Scale: 1 ms/div
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Flgure 16 Steady State Phase Voltages and Phase Currents at Full Load.
CH1: IpHase u, 1.5 A/div CH4: Vg u, 50 V/div
CH2: Ipnase v, 1.5 A/div  CH5: Vhe v, 50 V/div
CH3: Ipnasew, 1.5 A/div. CH6: Vus_w, 50 V/div
Time Scale: 1 ms/div
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7.2.2 Low-Side Drain-to-Source Voltage Slew Rate at Steady State

The following waveforms show the voltage slew rate at the turn-on and turn-off transitions
of the low-side FREDFET. Measurements were taken at light load and full load conditions,
captured at both the positive and negative peaks of the phase current.
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/A 3.50 MHz
v:272256V
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New  DVM

Figure 17 — Low-side Vbs Turn-On Slew Rate.of Phase U at Light Load (Positive Peak).
CH1: Ipnase_u, 0.5 A/div
CH4: Vusw;¥40 V/div
Time Scale: 10 ps/div
Slew Rate: 0.95 V/us

File  Edit  Utility

AvIAt: 3.06 GVIs.

” 10psidiv 100 ps
Rl sr: 12.5 Gs's 80 psipt (IT)
RL: 125 Mpts % 67%

Figure 18 — Low-side Vbs Turn-Off Slew Rate of Phase U at Light Load (Positive Peak).
CH1: IpHase_u, 0.5 A/div
CH4: Vug_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 3.06 V/us
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Figure 19 — Low-side Vps Turn-On Slew Rate of Phase U at Light Load (Negative Peak).
CH1: Ipnase_u, 0.5 A/div
CH4: Vhg_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 4.05 V/us
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Figure 20 — Low-side Vbs Turn-Off Slew Rate of Phase U at Light Load (Negative Peak).
CH1: IpHase u, 0.5 A/div
CH4: Vhg_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 0.95 V/us
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Flgure 21 — Low-side Vbs Turn-On Slew Rate of Phase U at Full Load (P05|t|ve Peak)
CH1: Ipnase_u, 1.5 A/div
CH4: Vhg_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 3.03 V/us
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Figure 22 = Low-side Vps Turn-Off Slew Rate of Phase U at Full Load (P05|t|ve Peak).
CH1: IpHase u, 1.5 A/div

CH4: Vhg_u, 40 V/div

Time Scale: 10 ps/div

Slew Rate: 3.29 V/us

10 us/dw s
SR:125GSls 80 ns/m ()| 08 May 2025)
RL: 1.25 Mpts ¥ 8¢ [10:08:54 AV
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Figure 23 — Low-side Vps Turn-On Slew Rate of Phase U at Full Load (Negative Peak)
CH1: Ipnase u, 1.5 A/div
CH4: Vhg_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 4.33 V/us

File  Edit  Utility

Waveform View

Tektronix
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Figure 24 — Low-side Vps Turn-Off Slew Rate of Phase U at Full Load (Negative Peak).
CH1: Ipuase u, 1.5 A/div
CH4: Vus_u, 40 V/div
Time Scale: 10 ps/div
Slew Rate: 3.18 V/us
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The table below summarizes the measured Vps slew rates at different loading conditions
and opposite current peaks:

Positive Peak Negative Peak
Turn-On Turn-Off Turn-On Turn-Off
Light Load 0.95 V/us 3.06 V/us 4.05 V/us 0.95 V/us
Full Load 3.03 V/us 3.29 V/ps 4.33 V/us 3.18 V/us

Table 6 — Low-side Vps Slew Rate.
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7.2.3 BPL and BPH Ripple at Steady-State

The following waveforms show the bypass supply voltage DC levels and voltage ripple
during steady-state operation at light load and full load conditions.
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Figure 25 — Average BPL Voltage Levels at Light Load.
CH1: IpHase_u, 0.5 A/div. CH4: VepLu, 2 V/div  VepL_u, Averace = 13.4 V
CH2: Ipase v, 0.5 A/div - CH5: VepL v, 2V/div VepLv, Averace = 13.4 V
CH3: Ipnasew, 0.5 A/div CH6: VesLw;. 2 V/div < VepL_w, averace = 13.4 V
Time_ Scale: 4 ms/div
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Figure 26 — BPL Ripple Voltage at Light Load.

CH1: IpHase_u, 0.5 A/div. CH4: Vepru, 50 mV/div VepL_u, riprLe = 215 mVpp

CH2: Ipuase v, 0.5 A/div - CH5: VepL v, 50 mV/div VepLy, riprLe = 251 mVpp

CH3: Ipmase w, 0.5 A/div CH6: Ver_w, 50 mV/div  VepL_w, riprLe = 239 mVpp
Time Scale: 4 ms/div
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Figure 27 — BPL Ripple Voltage at Light Load (Zoomed).
CH1: IpHase_u, 0.5 A/div. CH4: VepLu, 50 mV/div VepL_u, riprLe= 215 mVpp
CH2: Ipnase v, 0.5 A/div CH5: VepL v, 50 mV/div Ve, RiprLe = 251 mVpp
CH3: Ipmase w, 0.5 A/div. CH6: VepL_w, 50 mV/div.< VapL_w, riprLe = 239 mVpp
Time Scale (Zoomed Area): 200 pus/div
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Figure 28 — Average BPH-to-HB VoItage Levels at Light Load.
CH1: Ipnase u, 0.5 A/div CH4: Vepy u, 2 V/div  VepH_u, Averace = 13.3 V
CH2: Ipnase v, 0.5 A/div CH5: Vepr v, 2 V/div VBpH_v, Averace = 13.6 V
CH3: Ipnase w, 0.5 A/div CH6: VerH_w, 2 V/div  VBpH_w, averace = 13.4 V
Time Scale: 4 ms/div
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Flgure 29 BPH-to-HB Ripple Voltage at nght Load.
CH1: Ipnase_u, 0.5 A/div CH4: VepH_u, 0.5 V/dIV
CH2: Ipnase v, 0.5 A/div CH5: Vepr_v, QeS4V/div
CH3: Ipnase_w, 0.5 A/div CH6: Vepr_w; 0.5 V/div

Time Scale: 4 ms/div

Flgure 30 - BPH to-HB Ripple VoItage at nght Load (Zoomed).
CH1: Ipnase u, 0.5 A/div CH4: Vepr_u, 0.2 V/div VepH_u, riprLE < 900 MmVpp
CH2: Ipnase v, 0.5 A/div CH5: Vepr_y, 0.2 V/div VepH_v, riprLE < 900 MVpp
CH3: Ipnase w, 0.5 A/div. CH6: VepH_w, 0.2 V/div  VepH_w, riprLE < 900 MmVpp
Time Scale (Zoomed Area): 200 us/div

Note: Measurements exclude high-frequency, switching-induced voltage spikes.
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Figure 31 — Average BPL Voltage Levels at Full Load.

CH1: IpHase u, 1.5 A/div
CH2: Ipnase v, 1.5 A/div
CH3: Ipnase_w, 1.5 A/div

CH4: Veph_u, 2 V/div
CH5: Veph_v, 2 V/div
CH6: Vepr_w, 2 V/div.
Time Scale: 4 ms/div
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Figure 32 — BPL Ripple Voltage
CH1: Ipnase u, 1.5 A/div
CH2: Ipnase v, 1.5 A/div
CH3: Ipnase w, 1.5 A/div
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™

F

SR:125Msls 8 nsipt
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VepL_u, rippLE = 358 mVpp
VepL_v, riprLE = 451 mVpp
VepL_w, riprLE = 422 MVpp
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Figure 33 — BPL Ripple Voltage at Full Load (Zoomed).
CH1: IpHaseu, 1.5 A/div. CH4: Vepr_u, 50 mV/div  VepL_u, riprLe = 358 mVpp
CH2: Ipnase v, 1.5 A/div CH5: Vepy v, 50 mV/div Ve, RiprLe = 451 mVpp
CH3: Ipmasew, 1.5 A/div. CH6: VepH_w, 50 mV/div<" VepL_w, riprLe = 422 mVpp
Time Scale (Zoomed Area): 400 pus/div
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Figure 34 — Average BPH-to-HB Voltage Levels at Full Load.

CH1: IpHase_u, 1.5 A/div. CH4: Vepr_u, 2 V/div VepH_u, Averace = 13.2 V

CH2: Ipnase v, 1.5 A/div CH5: Vepr v, 2 V/div VBpH_v, Averace = 13.6 V

CH3: Ipnase w, 1.5 A/div. CH6: VerH_w, 2 V/div  VepH_w, averace = 13.3 V
Time Scale: 4 ms/div
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Flgure 35 BPH-to-HB Rlpple Voltage at FuII Load.
CH1: Ipnase_u, 1.5 A/div CH4: VepH_u, 065" V/div
CH2: IpHase v, 1.5 A/div CH5: Vepr_y, 035 /div
CH3: Ipuasew, 1.5 A/div CH6: Vepit_w, 0.5 V/div

Time Scale: 4 ms/div

Lt L R

Flgure 36 BPH-to-HB Ripple VoItage at Full Load (Zoomed)
CH1: Ipnase u, 1.5 A/div CH4: Veph u, 150 mV/div VBpH_u, rippLE < 900 MVpp
CH2: Ipnase v, 1.5 A/div. CH5: VapH v, 150 mV/div VepH_v, riprLe < 900 mVpp
CH3: Ipnase w, 1.5 A/div. CH6: Vepr_w, 150 mV/div ~ VspH_w, riprLe < 900 mVpp
Time Scale: 4 ms/div

Note: Measurements exclude high-frequency, switching-induced voltage spikes.
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VepL VBpH
Phase U Phase V Phase W Phase U Phase V Phase W
DC Level
(Light Load) 13.4V 13.4V 13.4V 13.3V 13.6 V 13.4V
AC Ripple 21 251 2
(Light Load) 5 mVpp 5 mVpp 39 mVpp <900 mVpp <900 mVpp <900 mVpp
DC Level
(Full Load) 13.3V 134V 134V 13.2V 13.6V 13.3V
(ﬁﬁl:‘;_';';f) 358 MVpp | 451 MVep | 422 mVpp | < 900 mVpp | < 900 mVpp | <900 mVip
Table 7 — BPL and BPH DC Voltage Levels.
-— Power Integrations, Inc.
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7.3 Thermal Performance

The thermal performance of the BRD2469WB devices under various load conditions was
measured after a 30-minute soak period to ensure steady-state operation of the inverter
and motor setup. An acrylic enclosure around the board minimized the influence of external
airflow, maintaining an ambient temperature of about 23.0 °C.

Motor speed was maintained at the rated 3000 RPM. At this speed and the full load phase
current of 2.2 Arwms, the inverter output power reaches 580 W. For 750 W (1 HP).inverter
operation, the phase current was overdriven to nearly 3.0 Arys.

To isolate the inverter’s thermal performance from other on-board circuits, external
components were disabled as follows: J12 was shorted to bypass the.input diode:D1 and
fuse F1, J7 and J8 were opened to disable the on-board 15 V regulator U4, and shunt
resistors R19, R20, and R21 were shorted since the IPH feedback-is used. An external 15
V supply was applied to ]9 to power the on-board 3.3 V regulator US.

By default, the BRD2469WB'’s IPH pin provides current feedback. The MotorXpert Suite
reconstructs IPH signals as described in Section 8.4 of the Appendix.
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Figure 37 — Average Package Temperature Rise vs. Motor Phase Current.
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Figure 38 — Average Package Temperature Rise vs. Total Inverter Power Loss.
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Figure 39 — Average Package Temperature Rise vs. Inverter Output Power.
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7.3.1 Thermal Scans Across Loading Conditions

Bx1
Bx2 Max 534 °C

Bx3 Max 51.5°C

Figure 40 — Thermal Scan at 0.554 Arms
Ambient = 21.5 °C,

Max
Max

1 Max

Figure 42 — Thermal Scan at 2.26 Arms
Ambient = 23.5 °C.

90.5 “CloC
92.0 °C i
85.4 °C

Figure 41 — Thermal Scan at 1.11 Arms
Ambient = 22.9 °C.

Max  134.9 °Cor :—-"|lP
Max 138.0 °Clmme
(Max  123.6 "C a2

Figure 43 — Thermal Scan at 2.91 Arms
Ambient = 27.5 °C.
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7.3.2 Thermal Performance Summary

A‘(’:eurl:::ts e IpHASE-U IpHASE-v IpHASE-w Tcask, AvG TAMBIENT TRISE, AvG
0.320 Arms 0.321 Arms 0.321 Arms 0.317 Arms 32.5°C 20.8°C 11.7 °C
0.554 Arms 0.573 Arms 0.545 Arms 0.545 Arms 39.3 °C 21.5°C 17.8 °C
0.823 Arms 0.857 Arms 0.801 Arms 0.810 Arms 44.9 °C 21.8°C 23.1°C
1.11 Arms 1.15 Arms 1.08 Arms 1.09 Arms 52.7 °C 22.9 °C 29.8 °C
1.39 Arms 1.45 Arwms 1.36 Arms 1.36 Arms 60.0 °C 23.3°C 36.7 °C
1.64 Arms 1.71 Arms 1.61 Arms 1.61 Arwms 67.5 °C 23.7 °C 43.8 °C
1.95 Arms 2.03 Arms 1.91 Arms 1.92 Arms 76.2 °C 22,9 °C 53.3°C
2.26 Arms 2.36 Arms 2.21 Arms 2.22 Arms 89.3 °C 23.5°C 65.8 °C
2.64 Arwms 2.74 Arwms 2.60 Arwms 2.57 Arwms 111 °C 24.2 °C 86.9 °C
2.91 Agrms 3.03 Arms 2.89 Arms 2.83 Arms 132 °C 27.5°C 105 °C
Table 8 — Thermal Performance.Summary.
7.4 Inverter Efficiency

The inverter efficiency of the BRD2469WB devices under various load conditions was
recorded after a 30-minute soak period to ensure steady-state operation of the inverter
and motor. An acrylic enclosure around the board minimized the effects of external airflow,
maintaining an ambient temperature of @about 23.0 °C.

Motor speed was maintained at the rated 3000 RPM. At this speed and the full load phase
current of 2.2 Arwms, the inverter output power reaches 580 W. For 750 W (1 HP) inverter
operation, the phase current was overdriven to nearly 3.0 Arys.

Efficiency measurements were .isolated to reflect inverter power losses only by disabling
external circuits that add to the input power without contributing to the output power. This
was accomplished by shorting J12 to bypass the input diode D1 and fuse F1, opening J7
and J8 to disable the on-board 15 V regulator U4, and shorting shunt resistors R19, R20,
and R21. An external 15 V supply was applied to J9 to power up the built-in 3.3 V regulator
US.

The three-phase power meter setup used for the efficiency and power measurements is
detailed in Section 8.3 of the Appendix.

-— Power Integrations, Inc.
Tel: +1 (408) 414-9200
WWW.power.com

Page 40 of 55



RDR-975 BridgeSwitch-2 BRD2469WB Three-Phase Inverter 3-Sep-25

99.0

O
oo
n

Inverter Efficiency (%)
g 2
(6, ] o

97.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Average Phase Current (Agys)
Figure 44 — Inverter Efficiency vs. Phase Current.
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Figure 45 — Inverter Efficiency vs. Inverter Output Power.
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7.4.1 Efficiency Table

DC

Average

Inverter

i | Clrent | power | tonse, | Ty | Ty | T | OUBM | Lous” | ficncy
(Vin) () (W) (Arms) w) (w) (%)
340 0.183 62.1 0.320 0.321 0.321 0.317 60.7 1.38 97.8
340 0.398 135 0.554 0.573 0.545 0.545 133 2.25 98.3
340 0.621 211 0.823 0.857 0.801 0.810 208 3.22 98.5
340 0.834 283 1.11 1.15 1.08 1.09 279 4.23 98.5
340 1.05 357 1.39 1.45 1.36 1.36 352 5.73 98.4
340 1.25 426 1.64 1.71 1.61 1.61 419 6.73 98.4
340 1.48 502 1.95 2.03 1.91 1.92 493 8.50 98.3
340 1.74 591 2.26 2.36 2.21 2.22 580 10.8 98.2
340 2.04 694 2.64 2.74 2.60 2.57 679 14.8 97.9
340 2.28 774 291 3.03 2.89 2.83 756 18.7 97.6

Table 9 — Efficiency Table.
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7.5 Device and System Level Protection

The BridgeSwitch-2 introduces an Error Flag pin to simplify fault handling in motor
applications. Under normal operation, the EF pin remains HIGH. It is automatically pulled
LOW in response to destructive faults, including overtemperature, overvoltage, and
sustained overcurrent events. Pulling the EF pin LOW inhibits FREDFET switching on all
devices. Switching remains disabled until the MCU issues a latch reset signal or the system
undergoes a power reset.

FAULT Protection Remarks

e Applies only to the low-side FREDFET.
e EF pin goes LOW after 16 consecutive low-side OC events.
e SLP pull-down resistor should be set to 133 kQ.

Overvoltage Protection e EF pin goes LOW when bus voltage exceeds the OV threshold.
(OVP) e EF pin returns HIGH once bus voltage drops-below OVrresHoLp -
OVHvsteresis.

Latching Overcurrent
Protection (OCP)

e EF pin goes LOW when junction temperature reaches the thermal
shutdown threshold (Tsp).
e Hysteretic OTP (Rs.r = 9.53 kQ):
Overtemperature — EF pin returns HIGH once junction. temperature drops below the
Protection (OTP) restart threshold (Tres).
e Latching OTP (Rsip =133 kQ or OPEN):
— EF pin latches OFF until either an EF latch reset from the MCU
or a power recycle occurs, re-enabling FREDFET switching.

Table 10— Error Flag Fault Response.
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8 Appendix

8.1 Board Quick Reference

Motor Phase
Connectors
(U/V/W)

BridgeSwitch-2
Inverter

-
-
e
-
.
-
-
-
-
-
-
-

O e
J xa
w 3833 88

=~ —=tslob o0
T ra

Pin 1 _“"Microcontroller (MCU) Interface Pins
High-Voltage
Figure 46 — RDK-975 Board Quick Reference. DC Input
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8.1.1 Microcontroller (MCU) Interface Pins Designation

Pin Order Pin Name Pin Type Pin Description
Error Flag reset signal. Momentarily pulling this pin
1 EF_RST Input high re-enables device switching after a latching
fault.
Open-drain Error Flag state monitoring. Pulling this low inhibits
2 EF_BUS b ! FREDFET switching for BridgeSwitch-2 devices with
I/0 LT
EF functionality.
Pulling this pin high enables SLEEP mode on
3 SLEEP Input BridgeSwitch-2 devices with the self-supply. feature
(not used in this design).
FAULT bus monitoring for BridgeSwitch-2 devices.
Open-drain, The MCU can pull this low for 160 us to request
4 FAULT_BUS I/0 status updates, or for 320 us to re-enable switching
after a latching fault.
5 GND MCU Ground Microcontroller ground reference.
6 INL_U Input Phase U (U1) low-side FREDFET PWM control signal.
7 INH_U Input P_hase U(U1) high-side FREDFET PWM control
signal.
8 INL_V Input Phase V (U2) low-side FREDFET PWM control signal.
9 INH_V Input sPig?]s; V (U2) high-side FREDFET PWM control
10 INL W Input ;ge;]s;el W (U3) low-side FREDFET PWM control
1 INH_W Input P_hase W (U3) high-side FREDFET PWM control
signal.
12 IPH_U Output Phase U (U1) IPH output.
13 IPH_V Output Phase V (U2) IPH output.
14 IPH_W QOutput Phase W (U3) IPH output.
15 SENSE_CURRENT_U" | Output Phase U (U1) Rsuunt voltage amplifier output.
16 SENSE_CURRENT_V | Output Phase V (U2) Rsuunt voltage amplifier output.
17 SENSE_CURRENT_W | Output Phase W (U3) Rsuunt voltage amplifier output.
18 SM_W Input Optional SM pin input for Phase W (U3).
19 3V3 Power Input 3.3 V microcontroller supply input.
Voltage divider output for high-voltage DC bus
X VBUS_SENSE Output sensing (scale-down factor: 0.0055).

Table 11 — 323 Connector Pin Designation.

Note: Pin labels are located on the bottom-layer silkscreen of the board.
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8.2 Recommended Start-up Sequence

In BridgeSwitch-2 devices, the low-side and high-side gate drivers are supplied via the BPL
and BPH pins. Proper inverter operation at start-up requires adequate voltage levels across
these pins. The system microcontroller (MCU) should follow the recommended power-up
sequence illustrated below:

VBPL

Vine

\

Vis

VepH

H

VeauLT

5"______
.

fin

I

[y S —

-

Figure 47 — Recommended. Power-up Sequence.

The table below summarizes each stage.of the recommended power-up sequence:

Time Point

Activity

to

A high-voltage DC bus is applied.

t1

The internal current source begins charging the BPL pin capacitor once the HD pin
voltage reaches Vup(starT):
The system MCU may start setting the low-side FREDFET control signal (INL) high.

t

The BPL pin voltage reaches the recommended level (VepL, typ. 12.8 V).

External device settings are configured.

The internal Gate drive logic turns the low-side FREDFET on after device setup completes
and INL is high.

The internal current source begins charging the BPH pin capacitor.

t3

The'BPH pin voltage reaches the recommended level relative to the HB pin (typ. 12.8 V).
The device communicates a successful power-up via the FAULT pin (for FAULT variants
only).

Note: No status update is sent if the internal power-up sequence does not complete
successfully.

ta

The BridgeSwitch-2 device is ready for operation.
The system MCU may turn off the low-side FREDFET.

Table 12 — Power-up Sequence Stages.
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8.3 Inverter Output Power Measurement

A six-channel power analyzer (WT1806E) was used to measure inverter power and
efficiency. Figure 48 shows the output power meter connections in a three-wattmeter
configuration, enabling phase current measurements for all motor phases. The third motor
phase was used as the voltmeter reference for the other two phases, eliminating the need
for a false neutral node and providing a total output power calculation equivalent to the
two-wattmeter method.

BridgeSwitch
Inverter Drive

Pout = Pch1 + Pcr2

PHA HI A Lo

PHA

CH1

LO

HI

PHI

@

CH2

LO

o]

PHC

CH3

ONO

3-Phase BLDC
Motor

VAN

Figure 48 — Inverter Output Power Measurement (Three-wattmeter Setup).

Alternatively, the two-wattmeter-setup shown in Figure 49 simplifies connections and
reduces the number of required power meter channels, while providing readings
comparable to the three-wattmeter method.

BridgeSwitch
Inverter Drive

PHA HI A To)

PHA

PHB

PHB HI m 10

PHC

3-Phase BLDC
Motor

A A

Figure 49 — Inverter Output Power Measurement (Two-wattmeter Setup).
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8.4 IPH Reconstruction by the MotorXpert Suite 3.0

The instantaneous phase current (IPH) output, shown in Figure 50, provides a low-voltage
signal proportional to the positive half-cycle of the current through the low-side power
FREDFET. For field-oriented control applications, a reconstruction algorithm is required to
derive the negative half-cycle of the phase current for use as current feedback.

Motion Scope

Channel 1 @ || Channel 2 @ || Channel 3 @ | Channel 4 [ )
Offs -300 VallDiv 100 Offs ValDiv 100

Display Range 4900 - 5000 Sampling Rate 1000

Figure 50 —IPH Signals before Current Reconstruction.

Motion Scope

Channel 1 @ || Channel 2 @ || Channel 3 [ ] Channel 4

Sampling Rate

Figure 51 — Phase Current Output after Current Reconstruction.
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Figure 51 illustrates the phase current output reconstructed from the trigonometric
relationships of the phase current signals. Since the IPH signals provide only the positive
half-cycle, the reconstruction restores the negative half-cycle, effectively doubling the data
resolution and improving current control. This reconstruction can be readily performed

using MotorXpert Suite 3.0.

Xpert

fn) Dashboard
[&] Configuration

@ Phasing

Current
m Reconstruction

© Control

7 Vector
Estimation

| Protections

53 Settings

Dashboard View

Motor Speed

0

rpm

0 5000

Target Speed (RPM)
5000

Motor State:

SLEEP

OFF

Figure 52 — MotorXpert Suite Dashboard.

Phase Current

0

mA

0 2000

Target Current (mA)
300

DISCONNECT —

System Details
Controller: 3-Phase
Firmware Version.  v02.00.000-RCc
BridgeSwitch Device: BRD2469
Operation: SENSORLESS
Hardware Interface: DISABLED
Switching Frequency: 10000
Modulation: 3-Phase

Feedback: IPH

START STOP

Current Speed: 0 RPM

For more information on the MotorXpert Suite, visit: https://www.power.com/design-

support/motorxpert-suite-bridgeswitch
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8.5 FAULT and Error Flag Configurations

This reference design supports both FAULT and Error Flag variants of the BridgeSwitch-2
devices. Both signals are normally HIGH and require an external pull-up to the
microcontroller supply voltage (3.3 V or 5 V). The recommended bus configuration enables
collective fault reporting, allowing multiple BridgeSwitch-2 devices to communicate fault
conditions using a single microcontroller pin.

8.5.1 FAULT Signal

The FAULT bus communicates all state changes and destructive faults via a.7-bit word,
enabling the simultaneous reporting of multiple fault conditions to the MCU. Figure 53
shows the available status codes for the FAULT signal.

Status Parameter Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6
High-voltage bus OV o 0 0 1 X X X X
High-voltage bus UV 100% | 0 1 0 X X X X
High-voltage bus UV 85% Tves 0 1 1 X X X X
High-voltage bus UV 70% Lo 1 0 0 X X X X
High-voltage bus UV 55% Touss 1 0 1 X X X X
System thermal fault | 1 1 0 X X X X
LS Driver not ready! n/a 1 1 i X X X X
LS FET thermal warning T X X X 0 1 X X
LS Device shutdown?® T Gamy) X X X 1 0 X X
HS Driver not ready? T X X X 1 1 X X
LS FET over-current Ve X X X X X 1 X
HS FET over-current Ve X X X X X X 1
Device Ready (no faults) n/a 0 0 0 0 0 0 0

Figure 53 — FAULT Signal Status Word Encoding.
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8.5.2 Error Flag Signal

Compared to the FAULT signal, the Error Flag signal simplifies fault reporting. It remains
HIGH during normal operation and is automatically pulled LOW during destructive faults.
While LOW, the EF signal inhibits FREDFET switching for all BridgeSwitch-2 devices
connected to the EF bus. Additionally, the microcontroller can intentionally pull the EF bus
LOW to disable inverter operation.

Table 13 summarizes the status changes flagged by each EF pin.

Error Flag
(Default)

HV Bus OV v
HV Bus UV (100%, 85%, 70%, 55%)
System Thermal Fault
LS Driver Not Ready
LS FET Thermal Warning
LS Device Shutdown (OTP, Latching OCP) v
HS Driver Not Ready

FAULT Conditions FAULT

LS FET Cycle-by-cycle Overcurrent

HS FET Cycle-by-cycle Overcurrent
LS FET Latching Overcurrent v

SESESN NN NPXPRES

Device Ready (No Faults)

Table 13 — Error Flag and FAULT Bus Triggers.

8.5.3 Fault Handling Feature Selection

To isolate each functionality,-PCB jumpers are incorporated into the design. Table 14
summarizes thejumper settings for enabling the respective fault reporting features.

Configuration Error Flag FAULT

Shorted Jumpers J17, 118, 119 J22

Table 14 — Error Flag and FAULT Feature Jumper Configuration.
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8.6 Test Bench Set-up

Figure 54 illustrates the RDK-975 board connections to the high-voltage DC supply and
microcontroller unit. An interface board was designed to enable direct signal connections
between the MCU and the inverter board.

RDK-975 Board |

power

= 2502
integrations™ N ——

Interface board XMC-1400 Boot Kit
Figure 54 — RDK-975 Board with Microcontroller.
The setup shown in‘Figure 55 ensures accurate temperature and efficiency measurements

for the board under test. An acrylic case was used to minimize the influence of ambient
airflow on the performance data.
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Tektronix Nice-Power Keysight 6813B Magtrol Model 5211
MSO58 Low-Voltage High-Voltage Current Regulated

Oscilloscope DC Supply DC Supply Power Supply

'__“ _1 -

A |

PR o

v (10 8

" FLIRE53

RDK-975 DMKE 80ST-
Board under Test Thermal Cam M02M43tO|.Bx I\;.';IgBtrgl
otor -

: Brake Load
Fluke 87V Acrylic Case

Digital Multimeter
Figure 55 — Thermals and Efficiency Measurements Bench Setup.

8.6.1 Equipment Used

Tektronix MS0O58 (Oscilloscope) — 350 MHz, 6.25 GS/s resolution
Nice-Power (Low-Voltage DC Supply) — 30 VDC, 10 A maximum output
Keysight 6813B (High-Voltage DC Supply) — 300 Vrwms, 1750 VA rated
Magtrol Model 5211 (Current Regulated Power Supply) — 24 VDC, 0 to 1000 mA
output

Fluke 87V (Digital Multimeter) — -200 °C to 1090 °C temperature range

FLIR E53 (Thermal Camera) — 40 mK thermal sensitivity, -20 °C to 650 °C
temperature range

DMKE 80ST-M02430LBX (Motor) — 750 W, 220 V, 3 A, 3000 RPM rated
BHB-6 (Brake Load) — 24 VDC, 1.5 A, 20,000 RPM rated

WT1806E (Precision Power Analyzer) — 6-channel, 2 MS/s (16 bits), 0.1 Hzto 1
MHz measurement bandwidth

By N =

oW

0 0 N
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For the latest updates, visit our website: www.power.com

For patent information, Life support policy, trademark information and to access a list of Power Integrations worldwide
Sales and engineering support locations and services, please use the links below.
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