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Summary and Features

BridgeSwitch — high-voltage half-bridge motor driver

Integrated 600 V FREDFETSs with ultra-soft, fast recovery diodes
No heat sink

Fully self-biased operation — simplifies auxiliary power supply
High-side and low-side cycle-by-cycle current limit

Two level device over-temperature protection

High-voltage bus monitor with four undervoltage threshold and one overvoltage threshold
System level temperature monitor

Single wire status update communication bus

Sensorless field oriented control (FOC)
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1 Introduction

This document describes a 300 W, 97% efficient, 3-phase inverter for high-voltage
brushless DC (BLDC) motor application using BridgeSwitch BRD1165C device. The design
shows the device performance, internal level monitoring, system level monitoring, and
fault protection facilitated by the high level of integration of the BridgeSwitch half-bridge
motor driver IC. A high-voltage, low component count buck converter employing a
LinkSwitch-TN2 LNK3204D device supplies the motor control microcontroller, current
sense amplifier, ground sense comparator, UART (Universal Asynchronous Receiver-
Transmitter), as well as all logic and interface circuitry.

The Toshiba TMP375FSDMG microcontroller (MCU) is used in this demonstration board
design. It is a high-performance microcontroller and incorporates routine processing
hardware called “Vector Engine" for motor vector control.

In addition, this document also contains the inverter specification, schematic, bill of
materials, printed circuit board (PCB) layout, performance data, and test setup. The
provided waveforms along with the design performance are based on a sensorless field
oriented control (FOC) motor control method using Toshiba’s 32-bit RISC microcontroller
TMPM375FSDMG.

Figure 1 — Populated Circuit Board Top View.

Power Integrations, Inc. -—
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Figure 2 — Populated Circuit Board Bottom View.

Page 6 of 71

Power Integrations, Inc.
Tel: +1 (408) 414-9200

WWWw.power.com

D



05-Aug-19

DER-653 BridgeSwitch BRD1165C 3-Phase Inverter

2 Inverter Specification

The table below provides the electrical specification of the 3-phase inverter design. The
result section provides actual performance data.

Description Symbol | Min | Typ | Max | Unit Comment
Input
Voltage Vin 270 340 365 V 2-wire DC input
Current Iy 0.9 Arms RMS
Power Py 309 W At efficiency=97%
Output
Power Pout 300 W Inverter output power
Motor Phase Current ImoTor 0.9 Arms RMS per phase
PWM Carrier Frequency® fowm 12 20 kHz Self-supplied operation
Efficiency n 97 % RPM= 5000
i T T | o 0 | | s
System Level Monitoring
DC Bus Sensing

OV Threshold Vov 422 V

1% UV Threshold Viuioo 247 V| status Communication sus

2" UV Threshold Vives 212 Vv (fault pin)

3 UV Threshold Viveo 177 Vv

4™ UV Threshold Vivss 142 Vv
Over Current Protection? Tocp 3 Apk At XL/XH = 44.2 kQ
System Warning Temperature® Tsys 90 °C

Notes:

protection level is 3A at XL/XH=44.2 kQ.

3. Sensed through an external thermistor, temperature threshold depends on chosen NTC and its

location, requires verification in final application.

1. 20 kHz is the maximum recommended PWM frequency with self-supply or with external supply.
2. Can be manually configured depending on the value of XL/XH. For BRD1165C the maximum current

Table 1 — Inverter Specification.
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3 Schematic
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Figure 3 — BridgeSwitch 3-Phase Inverter Circuit Schematic.
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Figure 4 — Toshiba Micro Controller Schematic.
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Figure 5 — ITAG / SWD Connector Schematic.
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Figure 8 — Current Sense Amplifier Circuit Schematic.
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Figure 9 — Ground Sense Comparator Circuit Schematic.
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4 Circuit Description

The overall schematic shows a 3-phase inverter utilizing three BridgeSwitch BRD1165C
device. The circuit design drives a high-voltage, 3-phase, brushless DC (BLDC) motor
utilizing field oriented control (FOC) for controlling the motor. BridgeSwitch combines two
600 V, N-channel power FREDFETs with its corresponding gate drivers into a low profile
surface mount package. The BridgeSwitch power FREDFET features ultra-soft, fast
recovery diode ideally suited for inverter drives. Both drivers are fully self-supplied
eliminating the need for the system power supply to provide gate drive power.

A LinkSwitch-TN2 LNK3204D device in a high-voltage buck converter provides the supply
voltage for the motor control microcontroller TMPM375 from Toshiba and associated
circuitry.

In addition, BridgeSwitch incorporates internal fault protection and system level
monitoring. Internal fault protection includes cycle-by-cycle current limit for both
FREDFETs and a two level thermal overload protection. On the other hand, system level
monitoring includes high-voltage DC bus sensing with multi-level under-voltage
thresholds and one over-voltage threshold. BridgeSwitch can also be configured using
external sensors such as a thermistor for system temperature monitoring. A single wire
open Drain bus communicates all detected fault or change of status to the system micro-
controller.

4.1 Three phase BridgeSwitch Inverter

The three BridgeSwitch devices U2, U4, and U6 form the 3-phase inverter. The output of
the inverter connects to the 3-phase BLDC motor through connectors J1, ]2, and J3
(Phase U,V,W respectiviely).

4.2 Input Stage

The input stage consist of fuse F1, rectifier diode D4, inrush thermistor RT1, and input
capacitor C24. Fuse F1 provides protection when there is an excessive input current.
Diode D4 is use for input rectification and circuit protection in case the polarity of the
input bus voltage is reverse. Thermistor RT1 is a negative temperature coefficient (NTC)
device that initially presents high resistance, which prevents large currents from flowing
at turn-on therefore limiting inrush-current. A bulk capacitor C24 is used for high input
bus voltage.

4.3 High-Voltage DC Bus Decoupling Capacitor

Capacitors C2, C21, and C32 are high voltage capacitors that provide local high frequency
decoupling of the DC bus voltage for each BridgeSwitch. The capacitors are physically
placed between the BridgeSwitch high DC input voltage pin and the power ground taking
into account the required creepage and clearance for the PCB layout.

— Power Integrations, Inc.
Tel: +1 (408) 414-9200
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4.4 Bias Supply

Capacitors C16, C26, and C36 provide self-supply decoupling for the integrated low-side
controller and gate driver. Internal high-voltage current source recharges such capacitors
as soon as the voltage level starts to dip. On the other hand, capacitors C3, C22, and C34
provide self-supply decoupling for the integrated high-side controller and gate driver.
Internal high-voltage current sources recharge these capacitors whenever the half-bridge
point of the respective device drops to the low-side source voltage level (i.e. the low-side
FREDFET turns on).

45 PWM Input
Input PWM signals UO, X0, VO, YO, WO, and Z0 control the switching state of the

integrated high side and low side power FREDFETs. The system microcontroller provides
the required PWM signal and desired switching frequency.

4.6 Cycle-by-Cycle Current Limit

Resistors R15, R21, R31, R39, R46, and R53 set the cycle-by-cycle current limit level for
the integrated low side and high-side power FREDFETS. A selected value of 44.2 kQ set
the current limit to 100% of the default level or 3 A.

4.7 System Underoltage (UV) and Overvoltage (OV) Protection

BridgeSwitch U2 monitors the DC bus voltage through resistors R5 (3 MQ), R8 (2 MQ),
and R13 (2 MQ) value. The combined resistance of 7 MQ sets the under-voltage
thresholds to 247 V, 212 V, 177 V, and 142 V. The bus over-voltage threshold is at 422
V. The FAULT-pin reports any detected bus voltage fault condition to the system
microcontroller (MCU).

4.8 System Level Temperature and Monitoring

BridgeSwitch U4 monitors the system temperature through thermistor RT2 connected to
the SM pin. Resistor R36 tunes the threshold for a system level fault of 90 °C. The device
reports a detected status change of the externally set system level temperature to the
MCU through its FAULT bus.

4.9 Fault Communication

The BridgeSwitch device (U2, U4, and U6) reports any detected internal and system
status change through the communication bus connected to pin 20 of the
microcontroller. The microcontroller takes action in accordance to the status update
reported by the device. Such action could be for instance inverter shutdown, latch,
restart, warning, etc.

4.10 DeviceID

Each BRD1165C assigns itself a unique device ID through the connection of pin 11 (ID
pin). The pin connection can either be floating, connected to the SG pin or BPL pin.

Power Integrations, Inc. -—
Tel: +1 (408) 414-9200 p
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Device ID enables communicating the actual device flagging a fault to the system
microcontroller.

4.11 Microcontroller

Device U3, Toshiba TMP375FSDMG is the microcontroller (MCU) responsible for the
overall motor control particularly catering the algorithm for field-oriented control (FOC).
In order to facilitate precisely the motor rotation and positioning, current information on
each phase coming from sense resistors R22, R40, and R54 passes through current sense
amplifier U1B, U1C, and U1D. The information is then directly being fed to pins 3, 4, and
5 (AINB10, AINB11, and AINB12 respectively) of the microcontroller device U3. For more
information about Toshiba TMP375FSDMG please refer to the datasheet through the
following link:

https://toshiba.semicon-storage.com/us/product/microcomputer/tx03-

series/detail. TMPM375FSDMG.html

4.12 Current Sense Amplifier

Components U1B, U1C, and U1D are current sense amplifiers, which gathers data from
sense resistors R22, R40, and R54. The current information from these sense resistors
are being offset to 2.5 VDC level in the op-amp output pins. U1A circuit provides the 2.5
VDC offset reference voltage. The current information from the output of U1B, U1C, and
U1C passes to the microcontroller that modulates the PWM input to the BridgeSwitch
inverter maintaining desired power and RPM.

Note: U1A, U1B, U1C, and U1D are op-amps in one IC package (Quad op-amp, U1)

4.13 Ground Sense Comparator Circuit

Device U7A, U7C, and U7D is a ground comparator circuit that turns off the PWM
whenever an excessive current is detected through the current sense amplifier Ul. The
output voltage of the current sense amplifier circuit AINB10, AINB11, and AINB12 is
constantly compared to a voltage divider voltage value on R48 and R57. The output of
the comparator circuit is tied directly to the microcontroller such that if it goes low, the
PWM be inhibited.

Note: U7A, U7C, and U7D are comparators in one IC package (Quad comparator, U7)

4.14 Auxiliary Power Supply Circuit

Device U5 (LNK3204D) is a high side buck switcher IC responsible for providing 5 V
supply to the microcontroller, interface circuits, and current sense amplifier circuitry. It
directly steps down the high input DC voltage to the desired low output voltage. For
more information about LNK3204D, please refer to the datasheet through the following
link:
https://ac-dc.power.com/design-support/product-documents/data-sheets/linkswitch-tn2-

data-sheet/
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4.15 Motor Connector

Connectors 11, ]2, and 13 (Phase U, V, and W respectively) are mechanical connectors
that directly connect the BridgeSwitch 3-phase inverter to the BLDC motor.

4.16 JTAG/SWD Connector

Device J4 is the JTAG connector interface for the programming device and the
microcontroller. For more information about programming device, please refer to the
following link:

https://store.iar.com/product/I-jet

4.17 UART Circuit

Device U8 is a UART (Universal Asynchronous Receiver-Transmitter) device responsible
for facilitating the fault communication between the microcontroller and a computing
device (computer, laptop, PC) through data communications interface / connector P1.

Power Integrations, Inc. -—
Tel: +1 (408) 414-9200
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5 Printed Circuit Board Layout

el ower |
RItE II'I'CI ﬁ‘t.gmmm

_JTAG/SHD DER-653 RevB
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4 .53
C115]
Ze| |=
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Figure 11 — Printed Circuit Board Layout Top View.
-— Power Integrations, Inc.
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O

Figure 12 — Printed Circuit Board Layout Bottom View.
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6 Bill of Materials
Item | Qty Ref Des Description Mfg Part Number Mfg
5V, AINB10,AINB11,AINB12,
BPL_U,BPL_V,BPL W,
FAULT,GND, )
1| 20 INH_U,INH_V,INH_W, (c(?yghq F;f) gfaN géPLCD' 0.030 6821-0-00-15-00-00-08-0 Mill-Max Mfg
INL_U.INL_V,INL_W, : '
IPH_U,IPH_V,IPH_W,
PGND,VBUS_IN
2 3 C1,C8,C20 éggspF' 100V, Ceramic, COG, C0805C10111GACTU Kemet
3 3 €2,C21,C32 %ggan, 200V, Ceramic, X7R, C1812C224KCRACTU Kemet
4.7 uF, £10%, 25 V, Ceramic,
4 3 C3,C22,C34 R 1206 GCM31CR71E475KASS5L Murata
5 3 C4,C15,C23 éggg PF, 100V, Ceramic, NPO, C1608C0G2A102) TDK
470 pF 50 V, Ceramic, X7R, C1608C0G1H471J080AA TDK
6 3 C5,C18,C25 0603 VI0603A471IXAAC Vishay
1nF, 25 V, Ceramic, X7R, GRM188R71E102KAOID
/ 3 C6,C10,C13 0603 GCM188R71E102KA37D Murata
C7,C11,C14, 100 nF, 25V, Ceramic, X7R, _
8 7 27 (31.C35.038 Epoxy Mountable, Non- VJ0603Y104KNXAO Vishay
[ Magnetic, 0603
9 1 9 3.670§F, 10V, Ceramic, X5R, C1608X5R1A475M/0.50 TDK
4.7 uF, £10%, 25 V, Ceramic, g .
10 | 4 C12,C17,C37,C39 SR et 19500, 0808 TMK212AB7475KG-T Taiyo Yuden
1 puF, £10%,35 V, Ceramic,
1 | 3 C16,C26,C36 X7R, AEC-Q200, Automotive, | CGA3E1X7R1 V105KOB0AC TDK
0603
12 1 c19 (1)(6)0”; >0V, Ceramic, X7R, C0603C103K5RACTU Kemet
47 uF, 400 V, Electrolytic, Low . .
13 1 24 Eon o0 e, (16 % 20) EKMX401ELL470MM20S | Nippon Chemi-Con
) C1608X7R1C105M TDK
14 | 3 C28,C40,C41 1 4F 16 V, Ceramic, X7R, 0603 S o Samaung
s ) o 100 nF 50 V, Ceramic, X7R, C1608X7R1H104K TDK
0603 GCM188R71H104KA57] Murata
10 iF, £10%, 16V, X7R,
Ceramic Capacitor, Surface
16 1 30 Moant MG 0805 Q0L CL21B106KOQNNNE Samsung
Metric)
100 pF, 10 V, Electrolytic, Low . .
17 1 33 ESR. 500 iy, (5 1o ELXZ100ELL101MEBS5D Nippon Chemi-Con
LED, GREEN, 525 nm, 3.2V,
18 1 D1 20 mA, 260.5mcd, RECT, LTST-C194TGKT Lite-On
CLEAR, 0603
19 | 3 D2,D3,D5 30V, 1 A, Schottky, SMD, DO- SS13-E3/61T Vishay
214AC
400 V, 3 A, Reditifier, DO- - )
20 1 D4 oy 1N5404-E3/54 Vishay
600 V, 1 A, Rectifier, Glass ! i
21 1 D6 ashated, POWERGLLS DFLR1600-7 Diodes, Inc.
600 V, 1 A, Ultrafast g . .
22 1 D7 Recovery, 75 ns, SOD-123 UFM15PL-TP Micro Commercial
HOLDER, FUSE, BLOCK, )
23 1 F1 FARTRIDGE. 135V 10 A, SMD 01550900M Little Fuse
2% | 3 11,0203 CONN QC TAB 0.250 SOLDER 1287-5T KeyStone
20 Pos (2 x 10), . ) )
25 1 14 o chrouiid, header, HIF3FC-20PA-2.54DSA(71) Hirose Electric

Power Integrations, Inc.
Tel: +1 (408) 414-9200
Www.power.com
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0.100" ( 2.54 mm)
pitch,Straight, low profile,
Gold, Through Hole
FERRITE BEAD, 220 Q, 2A,
26 1 L1 0805, 1LN, 45 mQ BLM21PG221SN1D Murata
27 1 L2 680 uH, 0.36 A SBC3-681-361 SUNX
USB, mini B Recpt, Conn, 5
28 1 P1 Pos, TH, Right Angle, 1734510-1 TE/AMP Connectors
Horizontal
RES, 330 Q, 5%, 1/10 W, . ]
29 2 R1,R14 Thick Film, 0603 ERJ-3GEYJ331 V Panasonic
RES, 4.99 kQ, 1%, 1/8 W, ] )
30 1 R2 Thick Film, 0805 ERJ-6ENF4991 V Panasonic
R3,R7,R11,R12,
R16,R17,R20,R23, RES, 1 kQ, 1%, 1/16 W, Thick ) )
31 17 R24,R25,R26,R28, Film, 0603 ERJ-3EKF1001 V Panasonic
R30,R32,R37,R43,R47
RES, 22 kQ, 5%, 1/10 W, i )
32 1 R4 Thick Film, 0603 ERJ-3GEYJ223V Panasonic
33 1 RS RES, 3 MO, 1%, 1/4 W, Thick KTR18EZPF3004 Rohm Semi
Film, 1206
34 | 1 R6 POT, 10 ke, 20%, 1/8 W, 296UD103B1N CTs.
Vertical
RES, 2.00 MQ, 1%, 1/4 W, . )
35 2 R8,R13 Thick Film, 1206 ERJ-8ENF2004 V Panasonic
R9,R10,R19, RES, 100 Q, 1%, 1/16 W, i )
36 6 R27,R41,R58 Thick Film, 0603 ERJ-3EKF1000V Panasonic
R15,R21,R31, RES, 44.2 kQ, 1%, 1/16 W, ] ]
37 6 R30 R46,R53 Thick Film, 0603 ERJ-3EKF4422 V Panasonic
R18,R29,R33,R34, RES, 10 kQ, 1%, 1/16 W, ) .
8 | 8 R35,R45,R49,R56 Thick Film, 0603 ERJ-3EKF1002 V Panasonic
RES, 0.22 Q, 5%, 1/2 W, )
39 3 R22,R40,R54 Thick Film, 2010 ERJ14RQJIR22 V Panasonic
RES, 4.75 kQ, 1%, 1/8 W, ] .
40 1 R36 Thick Film, 0805 ERJ-6ENF4751 V Panasonic
RES, 100 kQ, 5%, 1/8 W, ) .
41 1 R38 Thick Film, 0805 ERJ-6GEY]104 V Panasonic
RES, 3.48 kQ, 1%, 1/10 W, i )
42 1 R42 Thick Film, 0402 ERJ-2RKF3481X Panasonic
RES, 2.49 kQ, 1%, 1/10 W, . .
43 1 R44 Thick Film, 0402 ERJ-2RKF2491X Panasonic
= -
4 | 1 R48 RES, 24 kO, 5%, 1/8 W, Thick ERJ-6GEY1243V Panasonic
Film, 0805
= -
4 | 1 R50 RES, 10 ©, 1%, 1/16 W, Thick ERJ-3EKFLOROV Panasonic
Film, 0603
RES, 22.1 Q, 1%, 1/8 W, i .
46 2 R51,R55 Thick Film, 0805 ERJ-6ENF22R1 V Panasonic
47 1 R52 RES, 1 MO, 1%, 1/8 W, Thick ERJ-6ENF1004 V Panasonic
Film, 0805
RES, 56.2 kQ, 1%, 1/8 W, . )
48 1 R57 Thick Film, 0805 ERJ-6ENF5622 V Panasonic
49 1 RT1 NTC Thermistor, 10 Q, 1.7 A CL-120 Thermometrics
50 1 RT2 B‘gg;herm'smr' 100 ke, 3%, NCP18WF104E03RB Murata
SWITCH, TACTILE, SPST-NO,
51 2 SW1,Sw2 0.02 A, 15V, 4.2x3.2x2.5 mm, SKRPABEO10 ALPS
160gf, BLACK button
52 1 Sw3 f"(')‘fee Switch, DPDT, Through EG2209 E-Switch
IC, GP OPAmp, Quad, R2R, - )
53 1 Ul 14-TSSOP AD8648ARUZ-REEL Analog Devices
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54

U2,U4,U6

BridgeSwitch, Full Featured,
Max. BLDC Motor Current 1.0
A (RMS)

BRD1165C

Power Integrations

55

U3

IC, MCU, ARM, 32 bit, RISC,
TX03 Series, Microcontrollers

TMPM375FSDMG

Toshiba

56

Us

LinkSwitch-TN2, SO-8C

LNK3204D

Power Integrations

57

u7

IC, COMPARATOR, QUAD, 18
V, SSOP-B14

BA10339FV-E2

Rohm

58

us

IC, USB Bridge, USB to UART
USB 2.0 UART Interface, 28-
QFN (5x5)

CP2102-GMR

Silicon Labs

59

uo

IC, BUS TRANSCVR, TRI-ST,
Voltage Level Translator,
Bidirectional, 1 Circuit, 1
Channel, 420 Mbps, SC-70-6,
SC70-6

SN74LVC1T45DCKR

Texas Instruments

60

Y1

10 MHz Ceramic Resonator,
Built in Capacitor, 22pF
+0.4%, 30 Q, -25°C ~ 85°C,
SMD

AWSCR-16.00CV-T

Abracon

D

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

Page 22 of 71




05-Aug-19 DER-653 BridgeSwitch BRD1165C 3-Phase Inverter

7 Performance Data

This section presents waveform plots and performance data of the BridgeSwitch inverter.
The high voltage (VBUS) level is 340 VDC unless stated otherwise. Light load
measurements describe the inverter operating with no mechanical brake load applied to
the motor. Full load operation describes the inverter operating 300 W output power (refer
to Appendix 8.6 for the details on the method applied to measure output power in a 3-
phase inverter).. All measurements were performed at room ambient temperature.

7.1  Start-Up Operation

7.1.1 BPL and BPH Start-Up Waveforms

The waveforms show the low-side and high-side bypass pin voltages of device U6 (Phase
W) after VBUS = 340 VDC bus turns on. The start-up power up sequence follows the
recommended start-up sequence described in section 8.1. The VBUS turn-on slew rate is
setat5V/ ms.

PWM LOWSIDE (INL)

Figure 13 — BPL/BPH Start-up at Light Load, INL = 0 V. Figure 14 — BPL/BPH Start-up at Light Load, INL = 5 V.

CH2: Vgys, 100 V / div. CH2: Vgys, 100 V / div.
CH4: VINL/ 5 V/ div. CH4: VINL/ 5 V/ div.

CH1: VBPH/ 10 V/ div. CH1: VBpH, 10V / div.

CH3: VBPL/ 10 V/ div. CH3: VBPL/ 10V / div.

Time Scale: 20 ms / div. Time Scale: 20 ms / div.
BPL Rise Time = 14 ms. BPH Rise Time = 13.21 ms.

Power Integrations, Inc. -—
Tel: +1 (408) 414-9200
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7.1.2 Motor Start-Up Waveforms

The waveforms below demonstrate the motor start-up of the BridgeSwitch FOC inverter
at light load up to 200 W loading condition. VBUS is set at 340 VDC and motor maximum

speed

is set at 5000 RPM.

PHASE CURRENT

Figure 15 — Motor Start-up at Light Load.
CH2: VHB/ 100 V/ div.

CH4: VINL/ 5 V/ div.

CH1: Ipnase current, 1 A/ div.

Time Scale: 1 s/ div.

Maximum Phase Peak Current = 727.51 mAg.
Maximum VHB Peak Voltage = 370.34 Vp.

PHASE CURRENT

Figure 16 — Motor Start-up at 50 W Load.

CH2: VHB/ 100V / div.

CH4: VINL/ 5V / div.

CH1: Ipnase current, 1 A/ div.

Time Scale: 1 s/ div.

Maximum Phase Peak Current = 1.28 Ap.
Maximum VHB Peak Voltage = 374.29 V.

INL

NN

PHASE CURRENT

il

Figure 17 — Motor Start-up at 100 W Load.

CH2: Vg, 100 V / div.

CH4: VINL/ 5 V/ div.

CH1: Ippase current, 2 A / div.

Time Scale: 1 s/ div.

Maximum Phase Peak Current = 2.52 Ap.
Maximum VHB Peak Voltage = 342.67 V.

Figure 18 — Motor Start-up at 200 W Load.

CH2: Vug, 100 V / div.

CH4: VINL/ 5V / div.

CH1: Ipnase current, 2 A / div.

Time Scale: 1 s/ div.

Maximum Phase Peak Current = 2.36 Ap.
Maximum VHB Peak Voltage = 346.62 Vp.

D

Power Integrations, Inc.
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7.2  Steady-State Operation

7.2.1 Phase Voltages (Drain to Source) During Steady-State

The waveforms below show the phase voltages of the BridgeSwitch (low side drain to
source voltage) 3-phase inverter using field oriented control. Maximum peak voltage was
measured from light to full load (inverter load) during steady state operation. VBUS =
340 VDC and the motor speed is 5000 RPM.

hzche kd

VHB (PHASE U) VHB (PHASE U)

VHE (PHASE V)

Figure 19 — Drain to Source Voltage at Light Load.
CH2: VHB?PHASEU/ 200 V/ div.

VHB (PHASE V)

VHB (PHASE W)

Figure 20 — Drain to Source Voltage at 100 W Load.
CH2: VHB?PHASEU/ 200 V/ div.

CH4: VHBiPHASEV/ 200V / div.

CH1: VHB_PHASEWI 200 V/ div.

Time Scale: 4 ms / div.

Maximum Peak Voltage (U) = 356.97 Vp.
Maximum Peak Voltage (V) = 363.91 V.
Maximum Peak Voltage (W) = 356.79 V.

VHB (PHASE U)

VHB (PHASE V)

CH4: VHBfPHASEVI 200V / div.

CH1: VHB_PHASEWI 200V / div.

Time Scale: 4 ms / div.

Maximum Peak Voltage (U) = 356.97 Vp.
Maximum Peak Voltage (V) = 363.91 Vp.
Maximum Peak Voltage (W) = 356.79 Vp.

VHB (PHASE U)

VHE (PHASE V)

Figure 21 — Drain to Source Voltage at 200 W Load. Figure 22 — Drain to Source Voltage at 300 W Load.

CH2: VHB_PHASEU/ 200V / div.
CH4: VHB_PHASEV/ 200V / div.
CH1: VHBﬁPHASEWI 200V / div.
Time Scale: 4 ms / div.

CH2: VHB_PHASEU/ 200 V/ div.
CH4: VHB_PHASEV/ 200V / div.
CH1: VHBﬁPHASEWI 200 V/ div.
Time Scale: 4 ms / div.

Maximum Peak Voltage (U) = 364.87 Vp.
Maximum Peak Voltage (V) = 363.91 Vp.
Maximum Peak Voltage (W) = 356.79 Vp.

Maximum Peak Voltage (U) = 364.87 Vp.
Maximum Peak Voltage (V) = 363.91 V.
Maximum Peak Voltage (W) = 356.79 Vp.

Page 25 of 71
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7.2.2

Phase Currents During Steady-State

The waveforms below show the phase currents of the BridgeSwitch 3-phase inverter
using field oriented method of control (FOC) . Maximum peak current were measured

Harizontal

PHASE CUlRRFNT ()

|
PHASE CURRENT (V)

PHASE CURRENT (W)

Figure 23 — Phase Current at Light Load.
CH2: IPHASEU/ 1A / div.
CH4: IPHASEV/ 1 A/ div.
CH1: IPHASEW/ 1 A/ div.
Time Scale: 4 ms / div.
RMS Current (U) = 71.44 mAgrys.
RMS Current (V) = 63.52 mAgus.
RMS Current (W) = 66.17 mAgys.

)

PHASE CURRENT (U

|
PHASE CURRENT (V)

PHASE CURRENT (W)

Figure 24 — Phase Current at 100 W Load.
CH2: IPHASEU/ 1A / div.
CH4: IPHASEV/ 1 A/ div.
CH1: IPHASEW/ 1 A/ div.
Time Scale: 4 ms / div.
RMS Current (U) = 312.90 mAgys.
RMS Current (V) = 313.75 mAgws.
RMS Current (W) = 308.86 mAgus.

PHASE CURR
1
i

;
RRENT (V)

NT (U)

PHASE®:

i

|
PHWRGE CURREN

Figure 25 — Phase Current at 200 W Load.
CH2: IPHASEU/ 1 A/ div.
CH4: IPHASEV/ 1 A/ div.
CH1: IPHASEW/ 1 A/ div.
Time Scale: 4 ms / div.
RMS Current (U) = 625.67 mAgys.
RMS Current (V) = 612.91 mAgys.
RMS Current (W) = 626.98 mAgus.

Figure 26 — Phase Current at 300 W Load.
CH2: IPHASEU/ 1A / div.
CH4: IPHASEV/ 1 A/ div.
CH1: IPHASEW/ 1 A/ div.
Time Scale: 4 ms / div.
RMS Current (U) = 933.65 mAgs.
RMS Current (V) = 932.63 mMARums.
RMS Current (W) = 938.92 mAgus.

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

D

Page 26 of 71



05-Aug-19 DER-653 BridgeSwitch BRD1165C 3-Phase Inverter

7.2.3 INL and /INH Signals

The waveforms below show the low-side (INL) and high-side (/INH) input PWM signals
during light load and full load condition at steady state operation. PWM frequency is set
at 12 kHz with a motor speed of 5000 RPM.

VHE (PRASE W

Figure 27 — INL and /INH Signal at Light Load. Figure 28 — INL and /INH Signal at 100 W Load.
CH2: VHB?PHASEW/ 200 V/ div. CH2: VHB?PHASEWI 200 V/ div.
CH4: VINL/ 5V / div. CH4: VINL/ 5V / div.
CH1: VINH/ 5V / div. CH1: VINH/ 5 V/ div.
Time Scale: 4 ms / div. Time Scale: 4 ms / div.
Time Scale (Zoomed Area): 20 ps / div. Time Scale (Zoomed Area): 20 pus / div.

VHB (PBASE W)

Figure 29 — INL and /INH Signal at 200 W Load. Figure 30 — INL and /INH Signal at 300 W Load.
CH2: VHBfPHASEW/ 200 V/ div. CH2: VHBfPHASEWI 200 V/ div.
CH4: VINL/ 5 V/ div. CH4: VINL/ 5 V/ div.
CH1: VINH/ 5V / div. CH1: VINHI 5V / div.
Time Scale: 4 ms / div. Time Scale: 4 ms / div.
Time Scale (Zoomed Area): 20 ps / div. Time Scale (Zoomed Area): 20 ps / div.

Power Integrations, Inc. —
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7.2.4

BPH and BPL during Steady-State

The waveforms below show the BPL and BPH (low-side and high-side self-supply bias
ull load co

level respectively) from light load to f
Disgrema: Chi,Chz.Che 3 Y T T

VHB (PHASE W)

a1

ndition during steady-state operation.
gram2: Chi,Chz,Che b & T

=)

VHB (PiﬁASE w)

Figure 31 — INL and /INH Signal at Light Load.

CH2: VHB?PHASEW/ 200 V/ div.
CH4: VBPL/ 10 V/ div.

CH1: Vgpy, 10 V / div.

Time Scale: 2 ms / div.

BPL Average Voltage = 14.40 V.
BPH Average Voltage = 14.72 V.

VHB (PHASE W)

Figure 32 — INL and /INH Signal at 100 W Load.

CH2: VHB?PHASEW/ 200 V/ div.
CH4: VBPLI 10V / div.

CH1: Vgpy, 10V / div.

Time Scale: 2 ms / div.

BPL Average Voltage = 14.40 V.
BPH Average Voltage = 14.72 V.

VHB (PHASE W)

Figure 33 — INL and /INH Signal at 200 W Load.
CH2: VHB_PHASEW/ 200V / div.
CH4: VBpL, 10 V/ div.

CH1: VBPHI 10V / div.

Time Scale: 2 ms / div.

BPL Average Voltage = 14.39 V.
BPH Average Voltage = 14.70 V.

Figure 34 — INL and /INH Signal at 300 W Load.

CH2: VHB_PHASEWI 200V / div.
CH4: VBpL, 10 V/ div.

CH1: VBpH, 10V / div.

Time Scale: 2 ms / div.

BPL Average Voltage = 14.40 V.
BPH Average Voltage = 14.71 V.

D
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7.3 Thermal Performance

The thermal scans below depict on-board device thermal performance after 30 minutes
of operation with 300 W inverter output power running at a constant speed of 5000 RPM,
12 kHz PWM switching frequency, and at room ambient temperature.

7.3.1 100 W Loading Cond/tlon (300 mA Average Motor W/nd/ng RMS Current)

U14 (Phase U) U15 (Phase V) U16 (Phase W)
Tcase(Ul) =60.1°C Tcase(UZ) 59.9 °C Tcase(U3) 57.9 °C

7.3.2 200 W Loading Cond/z‘/on (635 mA Average Motor W/nd/ng RMS Current)

} Max 75 5 9

U14 (Phase U) U15 (Phase V) U16 (Phase W)
Teaseuny = 75.5 °C Teaseruz) = 76.2 °C Teaseuzy = 73.9 °C

7.3.3 300 W Loading Cona’/tlon (920 mA Average Motor W/na’/ng RMS Current)

U14 (Phase U) U15 (Phase V) U16 (Phase W)
Teaseuny = 99.4 °C Teaseruzy = 101 °C Teasequzy = 95.9 °C

Figure 35 — BridgeSwitch Device Case Temperatures at 100 W, 200 W, and 300 W Output Power.

Power Integrations, Inc. —
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7.4 No-Load Input Power Consumption

The graph below shows the BridgeSwitch 3-phase inverter no-load input power taken at
different input voltage. Voltage was measured directly at the positive input of C24 (bulk
capacitance) bypassing F1 and RT1. The aux circuit, current sense amplifier, and
microcontroller no-load input power were not included. This can be achieved by
deactivating the aux circuit for accurate measurement of the BridgeSwitch no-load input
power. In order to deactivate the aux circuit component U5, D6, and L2 were

depopulated.

600

500 +

400 +o

300 A

200 +

No-Load Input Power (mW)

100 +

320 330 340 350

0 L L L L L
260 270 280 290 300 310

Input Voltage (V)

Figure 36 — No-Load Input Power.
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7.5 Efficiency

The graph and table below shows the BridgeSwitch inverter efficiency at 340 VDC input,
12 kHz PWM switching frequency, and a constant motor speed of 5000 RPM. The aux
circuit, current sense amplifier, microcontroller, input fuse F1, and thermistor RT1 power
consumption are not included for efficiency data accuracy. This is accomplished by
measuring the input voltage directly at the positive input of C24 (bulk capacitance)
bypassing F1 and RT1. Aux circuit was also bypassed by depopulating component U5,
D6, and L2. External 5 VDC supply was provided between pins +5V and GND for
microcontroller and current sense amplifier.

100

99 +

98 =

97

96 +

95 s

94 -

Efficiency (%)

93 s

92 +

91 +

90 LJ LJ LJ LJ LJ LJ L L L
0 30 60 90 120 150 180 210 240 270 300 330

Output Power (W)
Figure 37 — Inverter Efficiency Graph.
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DC Input | Input DC Input M Inverter
VoltaZe CErrent PF PO\Il)ver i'::;")j i':::;‘; I('::SAV;’ ggw:: Efficiency
(Vin) (mA) (W) W) (%)
339 99.11 0.97 32.57 96 100 102 30.43 93.5
341 190.19 0.99 63.93 190 194 196 61.63 96.4
341 278.50 0.99 93.95 281 285 286 91.38 97.3
341 375.86 0.99 127.08 381 384 386 124.13 97.7
341 465.67 0.99 157.65 481 484 486 154.16 97.8
341 551.04 0.99 186.76 557 559 562 182.84 97.9
341 629.39 1.00 213.44 635 638 641 208.99 97.9
341 740.92 1.00 251.42 746 748 750 246.06 97.9
341 816.72 1.00 277.18 825 827 829 271.13 97.8
341 920.48 1.00 312.49 923 927 925 305.35 97.7

Table 2 — Efficiency Table.

D

Power Integrations, Inc.
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7.6  Device and System Level Protection / Monitoring

7.6.1

Overcurrent Protection (OCP)

The waveforms below show the current limit triggering of the BridgeSwitch device. For
this test current set resistors Ry, and Rxy were adjusted to 115 kQ and 5 5 kQ value
resulting to a current limit of approximately 1.1 A and 2.4 A respectively.

Figure 38 — OCP at RXL/RXH=115kQI ILIM=1'1 A.

CH2: Vgus, 100V / div.
CH2: IPHASEI 1 A/ div.
CH1: VFAULTI 2 V/ div.
Time Scale: 500 ms / div.

Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag Reading = 0000010.
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VBUS

VYVVAVVVWES
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FAULT
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Figure 40 — OCP at RXL/RXH=55kQI ILIM=2-4A-

CH2: Vpgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2 V/ div.
Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag Reading = 0000010.

Figure 39 — OCP Fault Clear at Ry /Ryy=115kQ.

g

_. A

PHF\SE V CURRENT

51-§}

FAULT

PHASE V CURRENT

been

CH2: Vgus, 100 V/ div.

CH2: IPHASE/ 1 A/ div.

CH1: VFAULT/ 2 V/ div.

Time Scale: 500 ms / div.

Time Scale (Zoomed Area): 100 us / div.
FAULT Clear = 0000000.

VBUS

AN \/\Vrv\\ \/qVAVnVnVnV P e

-2.2985 A

VBUS

FAULT

R —
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Figure 41 — OCP Fault Clear at Ry /Ryxy=55kQ.

CH2: Vgys, 100 V / div.

CH2: IPHASE/ 1 A/ div.

CH1: VFAULTI 2V / div.

Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 pus / div.
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7.6.2 Thermal Warning and Shutdown

The waveforms below depict the low-side FREDFET over-temperature warning and
shutdown function. A localized external heat source was applied to the device to force

temperature rise.

hd
PHASE CURRENT

PHASE CURRENT

b oo g
e P .
e v _ SRR SS— -

FAULT

=iy

S S |

199 yoe

FAULT
[ e g e e

ooy

Figure 42 — Thermal Warning at 100 W.
CH2: IPHASE/ 500 mA/ div.
CH1: VFAULTI 4 V/ div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 ns / div.
FAULT Flag/Reading = 0000100.

T

(= - s s e P A S E-W-CURRENT -

Figure 44 — Thermal Shutdown at 100 W.
CH1: VFAULTI 4 V/ div.
CH3: VFAULTI 500 mA/ div.
CH4: VFAULTI 200 V/ div.
Time Scale: 2 s/ div.
Time Scale (Zoomed Area): 150 ps / div.
FAULT Flag/Reading = 0001000.

Figure 43 — Thermal Warning at 200 W.

CH2: IPHASE/ 500 mA/ div.

CH1: VFAULTI 4V / div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ns / div.
FAULT Flag/Reading = 0000100.

FAULT

ASE-W-CURRENT-

Figure 45 — Thermal Shutdown at 200 W.
CH1: VFAULT/ 4 V/ div.
CH3: VFAULTI 500 mA/ div.
CH4: VFAULTI 200 V/ div.
Time Scale: 2 s/ div.
Time Scale (Zoomed Area): 150 ps / div.
FAULT Flag/Reading = 0001000.

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

The test results below demonstrate the integrated bus UV monitoring function and status
reporting through the communication bus (FAULT pin). Device U2 senses the bus voltage

through resistors R5, R8, and R13.

PHASE U CURRENT

. _Jﬂ*ﬂfmﬂ

%gﬂ%_

Figure 46 — UVP, 3000 RPM, No-Load, 340 V to 220 V.

CH2: Vsus, 100V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULT/ 2V / div.
Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 ps / div.

UV Level = 100%.

FAULT Flag Reading = 0100000.

VBUS

7 Yo T 1T T JE—S————————
v

. _H‘EMHWH

%gﬂ%_

Figure 48 — UVP, 3000 RPM, No-Load, 190 V to 160 V.

CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULT/ 2V / div.
Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 ps / div.

UV Level = 70%.

FAULT Flag Reading = 1000000.

VBUS

VBUS|

PHASE U CURRENT

" JﬂTTHMHW

%ﬂ%ﬂg

CH2: Vgus, 100 V/ div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULT/ 2 V/ div.
Time Scale: 50 ms / div.

Figure 47 — UVP, 3000 RPM, No-Load, 220 V to 190 V.

Time Scale (Zoomed Area): 100 ps / div.

UV Level = 85%.

FAULT Flag Reading = 0110000.

VBUS

VBUS|

uuuuu
Pa

A PHASE U CURRENT

S At it S SN \ /AU S S S -1

-
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CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2V / div.
Time Scale: 50 ms / div.

Figure 49 — UVP, 3000 RPM, No-Load, 160 V to 120 V.

Time Scale (Zoomed Area): 100 ps / div.

UV Level = 55%.

FAULT Flag Reading = 1010000.
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7.6.4 Overvoltage (OV)

The waveforms below illustrate the bus OV monitoring feature. The bus sensing
resistance is set at 7 MQ (total value of R5, R8, and R13) giving an over voltage (OV)
level threshold to 422 VDC. The BridgeSwitch device stops switching and reports the OV
fault condition as soon as the bus voltage exceeds the OV threshold. Switching resumes
after the bus voltage level drops below the OV detection threshold.

VBUS

PHASE U CURRENT

FAULT

PHASE U CURRENT

VBUS

PHASE U CURRENT

JBUS

FAULT

PHASE U CURRENT

BUS

FAULT

J‘MM il

FAULT

mmm

%ﬂ%_%_

Figure 50 — OVP, 0 RPM, 340 V to 425 V.

CH2: Vgys, 100 V / div.

CH2: IPHASE/ 1 A/ div.

CH1: VFAULTI 2 V/ div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.
Measured OVP Level =
FAULT Flag/Reading = 0010000.

426.90 V.

Figure 51 — OVP, 0 RPM, 425 V to 340 V.

CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1A / div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 us / div.

OV Fault Clear.

FAULT Flag/Reading = 0000000.

-— Power Integrations, Inc.
Tel: +1 (408) 414-9200
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VBUS ™ VBUS™
PHASE U CURRENT PHASE U CURRENT
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Figure 52 — OVP, 5000 RPM, 100 W, 340 V to 425 V.
CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 ps / div.
Measured OVP Level = 426.90 V.
FAULT Flag/Reading = 0010000.

Figure 53 — OVP, 5000 RPM, 100 W, 425 V to 340 V.
CH2: Vs, 100 V / div.
CH2: IPHASE/ 1A / div.
CH1: VFAULTI 2 V/ div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 ps / div.
OV Fault Clear.
FAULT Flag/Reading = 0000000.
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Figure 54 — OVP, 5000 RPM, 200 W, 340 V to 425 V.

wesy PHASE U CURRENT
fmeey

wosv PHASE U CURRENT

FAULT

Figure 55 — OVP, 5000 RPM, 200 W, 425 V to 340 V.

CH2: VBus, 100V / div.

CH2: IPHASE/ 1 A/ div.

CH1: VFAULTI 2V / div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.

Measured OVP Level =

426.90 V.

FAULT Flag/Reading = 0010000.

CH2: Vgus, 100V / div.

CH2: IPHASE/ 1A / div.

CH1: VFAULT/ 2 V/ div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.
OV Fault Clear.

FAULT Flag/Reading = 0000000.
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7.6.5

System Thermal Fault

The waveforms below show the system thermal warning flag of the BridgeSwitch device
through an external thermistor RT2. The device checks the resistance connected to the
SM pin every 1 second for a period of 10 ms. The system temperature fault was
simulated by applying a localized external heat to sense thermistor RT2 with the motor

running at different loading condition.

VBUS

PHASE U CURRENT

FAULT

VBUS

PHASE U CURRENT

==

b FAULT

e e

Figure 56 — System Thermal Fault, 0 RPM, No-Load.

CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2 V/ div.
Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag/Reading = 1100000.

PHASE V CURRENT

FAULT

PHASE V CURRENT

R U

Figure 57 — System Thermal Fault, 5000 RPM ,Light Load.
CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1A / div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag/Reading = 1100000.
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ooz ) veus |
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Figure 58 — System Thermal Fault, 5000 RPM, 100 W.
CH2: Vpgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag/Reading = 1100000.
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Figure 59 — System Thermal Fault, 5000 RPM, 200 W.
CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 us / div.
FAULT Flag/Reading = 1100000.
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Figure 60 — System Thermal Fault, 5000 RPM, 300 W.

CH2: Vgys, 100 V / div.

CH2: IPHASE/ 1 A/ div.

CH1: VFAULT/ 2V / div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag/Reading = 1100000.
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Figure 61 — System Fault Clear, 5000 RPM, 300 W.
CH2: Vgys, 100 V / div.
CH2: IPHASE/ 1 A/ div.
CH1: VFAULTI 2V / div.
Time Scale: 1 s/ div.
Time Scale (Zoomed Area): 100 pus / div.
FAULT Flag/Reading = 0000000.
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7.7  Fault Monitoring Through UART

F = FAULT

FW = FAULT WARNING
FS = FAULT SHUTDOWN
FN = FAULT NONE

F: 1,4
1 = BrSw Device ID
4 = FAULT

FAULT CLEAR

OVER VOLTAGE

UV 100%

UV 85%

uv 70%

UV 55%

SYSTEM THERMAL FAULT

LS DRIVER FAULT

DEVICE THERMAL WARNING

DEVICE THERMAL SHUTDOWN

HS DRIVER FAULT

LS OVER CURRENT

NIglo|BN|w]u|=]a|n|s]o

HS OVER CURRENT

LN
o
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7.7.1

Setup  Caontrol

Overcurrent Protection (OCP)

Eile Edit Window Help

Figure 62-1S OCP, RXL/RXH =115 kQ, Iim=1.1A.
Tera Term Reading:
F: 1, 20 = BrSw Device 1, LS OCP Fault.
FS: 1, 20 = Shutdown.

M Eile  Edit Zetup Control  Window Help

Figure 64 — HS OCP, RXL/RXH =115 kQ, ILim=1.1A.
Tera Term Reading:
F: 1, 40 = BrSw Device 1, LS OCP Fault.
FS: 1, 40 = Shutdown.

Y

VBUS

SANAR

AL

PHASE U CURRENT

FAULT ‘
=

Figure 63 — LS OCP IRXL/RXH =115 kQ, ILIM =1.1A
CH2: VBUS/ 100V / div.
CH2: IPHASE, 1A / div.
CH1: VFAULTI 2V / div.
Time Scale: 100 ms / div.
Time Scale (Zoomed Area): 100 us / div.
FAULT Flag Reading = 0000010.

PHASE U CURRENT

T T Ty it
FAULT | 1‘ |;‘H‘ [ ‘ |
1 | T 1 i
e s LT
Max 57321V Max. 342,62 V Max 1.4978 A
Min -196.70 mv Min 33076V Min -1.6643 8
Mean 49202V Mean 337.56 V RMS. 559.60 mA

Figure 65— HS OCP, RXL/RXH =115 kQ, ILIM =1.1A
CH2: Vs, 100 V / div.
CH2: Ippase, 1 A/ div.
CH1: VFAULT/ 2 V/ div.
Time Scale: 100 ms / div.
Time Scale (Zoomed Area): 100 ps / div.
FAULT Flag Reading = 0000001.
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7.7.2 Undervoltage (UV)

File Edit Setup Control Window Help

= PHASE U CURRENT
[ . — N

FAULT

Figure 66 — UVP, 3000 RPM, No-Load, 340 V to 220 V. Figure 67 — UVP, 3000 RPM, No-Load, 340 V to 220 V.

Tera Term Reading: CH2: Vgys, 100 V / div.
F: 1, 4 = BrSw Device 1, Undervoltage CH2: Ippase, 1 A/ div.
(1000/0) Fault. CH1: VFAULT/ 2 V/ div.
FN: 1, 4 = No Action. Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 Qs / div.
UV Level = 100%.
FAULT Flag Reading = 0100000.

File Edit Zetup Control Mindow Help

F:1.6
FW:1.6

'.: ——— Y ) ) : i T i -
F PHASE U CURRENT
e — e N ]

S I g

Max 5.3368 V. Max 22532V Max 27668 mA
Min 11941 myY. Min 1858V Hin -276.68 mA
Mean 51431V Mean 20247V RMS 67.875 mA

Figure 68 — UVP, 3000 RPM, No-Load, 220 V to 190 V. Figure 69 — UVP, 3000 RPM, No-Load, 220 V to 190 V.

Tera Term Reading: CH2: Vgys, 100 V / div.
F: 1, 6 = BrSw Device 1, Undervoltage CH2: Tpyasg, 1 A/ div.
(850/0) Fault. CH1: VFAULT/ 2V / div.
FW: 1, 6 = Warning. Time Scale: 50 ms / div.

Time Scale (Zoomed Area): 100 ps / div.
UV Level = 85%.
FAULT Flag Reading = 0110000.

— Power Integrations, Inc.
Tel: +1 (408) 414-9200
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File Edit Setup Control Window Help

Figure 70 — UVP, 3000 RPM, No-Load, 190 V to 160 V.
Tera Term Reading:
F: 1, 1 = BrSw Device 1, Undervoltage
(70%) Fault.
FW: 1, 1 = Warning

Eile Edit Zetup Control  Mindow Help

Figure 72 — UVP, 3000 RPM, No-Load, 160 V to 120 V.
Tera Term Reading:
F: 1, 5 = BrSw Device 1, Undervoltage
(55%) Fault.
FW: 1, 5 = Warning

h

Fas - PHASE U CURRENT :
= R S SN S

Hh
- FAULT i’ | 111 J— 1 | al
= —- J i
- .t Of 'N_m_ L e
Min [ A10.41 m¥ Min 154.18 ¥ Min [ -237.15 mA
Mean 51415V [Mean 178y s 60396 mA

Figure 71 — UVP, 3000 RPM, No-Load, 190 V to 160 V.
CH2: Vgys, 100 V / div.
CH2: IPHASE, 1A / div.
CH1: VFAULTI 2V / div.
Time Scale: 50 ms / div.
Time Scale (Zoomed Area): 100 us / div.
UV Level = 70%.
FAULT Flag Reading = 1000000.

7 PHASE UTCURRENT

| S S S S—

= o FJT W‘L—H J J'T J i

Min 110.7V Hin -355.73 mA
Mean 134.56 ¥ RMS L7190 mA

Figure 73 — UVP, 3000 RPM, No-Load, 160 V to 120 V.
CH2: Vpys, 100 V / div.
CH2: Tpyasg, 1 A/ div.
CH1: VFAULT/ 2V / div.
Time Scale: 50 ms / div.
Time Scale (Zoomed Area): 100 pus / div.
UV Level = 55%.
FAULT Flag Reading = 1010000.
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7.7.3 Overvoltage (OV)

File Edit Zetup Contral Mdindow Help

PHASE U CURRENT

FAULT

h A ; ‘
= TR :
e L JUULwopuut -
[ [ s sz
Figure 74 — OVP, 0 RPM, 340 V to 425 V. Figure 75 — OVP, 0 RPM, 340 V to 425 V.

Tera Term Reading: CH2: Vgys, 100 V / div.

F: 1, 4 = BrSw Device 1, Overvoltage Fault. CH2: Ippase, 1 A/ div.

FS: 1, 4 = Shutdown. CH1: VFAULT/ 2 V/ div.

Time Scale: 1 s/ div.

Time Scale (Zoomed Area): 100 ps / div.
Measured OVP Level = 426.90 V.

BrSw FAULT Flag/Reading = 0011100.

— Power Integrations, Inc.
Tel: +1 (408) 414-9200
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7.8  Abnormal Testing

This paragraph provides results during abnormal operation tests for appliances with
motors as described in IEC 60335-1 (Safety of household and similar electrical
appliances). The tests include:

e Operation under stalled motor conditions

e Operation with one motor winding disconnected

e Running overload test

The test results demonstrate the integrated protection features of the BridgeSwitch under
such abnormal operations.

7.8.1 Operation Under Stalled (Motor) Conditions

The figures below demonstrate the motor phase currents and fault flag during start-up
with motor at stalled condition. For start-up motor stalled condition, the motor break was
set at maximum load condition to prevent the motor from rotating. The tests was done at
different input voltages starting from 340 VDC down to 200 VDC to demonstrate fault
condition occurrence.

For the running motor stalled condition, the inverter is initially running at 340 VDC, 300
W output load, and a motor speed of 5000 RPM. The load was then ramped up drastically
to simulate sudden break or sudden stoppage of motor rotation.

Start-up with motor stalled Start-up with motor stalled

v I —
PHASE CURRENT (U) PHASE CURRENT (U)

PHASE CUR‘RENT (V) PHASE CURRENT (V)

PHASE CURRENT (W) PHASE CURI_?ENT (w)

Figure 76 — At Start-Up Condition, 340 VDC Input. Figure 77 — At Start-Up Condition, 300 VDC Input.

CH2: IPHASE(U)/ 2A / div. CH2: IPHASE(U)/ 2A / div.

CH4: IPHASE(V)/ 2 A/ div. CH4: IPHASE(V)/ 2 A/ div.

CH1: IPHASE(W)I 2A / div. CH1: IPHASE(W)I 2 A/ div.

CH3: VFAULT/ 1V / div. CH3: VFAULT/ 1 V/ div.

Time Scale: 5 s / div. Time Scale: 5 s / div.

FAULT Flag = NO DETECTED FAULT. FAULT Flag = NO DETECTED FAULT.

Power Integrations, Inc. -—
Tel: +1 (408) 414-9200 p
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Start-up with motor stalled
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Figure 78 — At Start-up Condition, 250 VDC Input.

CH2: IPHASE(U)/ 2 A/ div.
CH4: IPHASE(V)/ 2 A/ div.
CH1: IPHASE(W)/ 2A / div.
CH3: VFAULTI 1V / div.
Time Scale: 5 s / div.

Start-up with motor stalled

PHASE CURRENT (U}’

- Diagram2: Ch1,ChZ,Chd d T
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FAULT
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Figure 80 — At Start-up Condition, 200 VDC Input.
CH2: IPHASE(U)/ 2 A/ div.
CH4: IPHASE(V)/ 2 A/ div.
CH1: IPHASE(W)I 2A / div.
CH3: VFAULT/ 1V / div.
Time Scale: 5 s / div.
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Figure 79 — At Start-up Condition, 250 VDC Input,

Zoomed Version.

CH2: IPHASE(U)/ 2A / div.
CH4: IPHASE(V)I 2A / div.
CH1: IPHASE(W)/ 2A / div.

CH3: VFAULTI 1V / div.

Time Scale: 100 ms / div.

Time Scale (Zoomed FAULT): 100 us / div.
1%t FAULT Flag = 0000010.

Zoomed Version
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Figure 81 — At Start-up Condition, 200 VDC Input, Zoomed

Version.

CH2: IPHASE(U)/ 2A / div.
CH4: IPHASE(V)/ 2A / div.
CH1: IPHASE(W)I 2A / div.
CH3: VFAULTI 1V / div.

Time Scale: 100 ms / div.

Time Scale (Zoomed FAULT): 100 us / div.
1%t FAULT Flag = 0000010, LS FET Over-Current.

Power Integrations, Inc.
Tel: +1 (408) 414-9200
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Running condition then motor stalled Zoomed Version
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Figure 82 — At Running Condition, 340 VDC Input, Figure 83 — At Running Condition, 340 VDC Input, 300 W

300 W Loading Condition. Loading Condition, Zoomed Version.
CH2: IPHASE(U)/ 2 A/ div. CH2: IPHASE(U)/ 2 A/ div.

CH4: IPHASE(V)I 2 A/ div. CH4: IPHASE(V)/ 2 A/ div.

CH1: IPHASE(W)/ 2 A/ div. CH1: IPHASE(W)I 2 A/ div.

CH3: VFAULTI 1 V/ div. CH3: VFAULTI 1V / div.

Time Scale: 5 s/ div. Time Scale: 100 ms / div.

Time Scale (Zoomed FAULT): 100 ps / div.
1% FAULT Flag = 0000010, LS FET Over-Current

Power Integrations, Inc. —
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7.8.2

Operation with One Motor Phase/Winding Disconnected

The figures below depict the motor phase currents and fault flag during operation with one motor
winding disconnected. One phase is disconnected during running condition at 100 W, 200 W, and
300 W load (at 340 VDC input, and a motor speed of 5000 RPM). Reconnection of phase was also
tested per loading condition to determine the robustness of the BridgeSwitch inverter. No
damage was incurred in the motor as well as in the BridgeSwitch inverter during and after the

test.

One Phase Disconnected at 100 W

PHASE CURRENT (U)!

One Phase Reconnected at 100 W

PHASE CU%ENT )
nn MR

iﬁ'ﬁ'".‘|'<'.'.'fx‘<'.'.'f.‘:’;'.'l‘|'."\‘4‘|‘f‘;‘I‘a‘|‘r‘;W‘|\-‘Mﬁ*\-‘m*w-\'ﬂ‘i\‘w"tu'h\‘\‘*.’\ \'\’\'M\'\’U\'n"'r'hﬂ'.'.'l’ﬁ'.i
P PHASE CURRENT (V)

W u.---.- i

PHASE CURRENT (W)

mmwmwmwmwmmw&wwwwmww A

100 '\nw

PHASE CURRENT V)

WMHW&M%WFM%%WWHW?%WWWWWWW

PHASE CURRENT (W)

WMIWMM’M”WHM’ ' '.\‘MM'#W#:"MMMWWMWMWHHWWMWWMWMWMM'M\'tk

amy

=

Figure 84 — At Running Condition, 340 VDC Input.
CH2: IPHASE(U)/ 2 A/ div.
CH4: IPHASE(V)/ 2 A/ div.
CH1: IPHASE(W)I 2 A/ div.
CH3: VFAULTI 1 V/ div.
Time Scale: 100 ms / div.
Time Scale (Zoomed FAULT): 100 ps / div.
FAULT Flag = NONE.

Figure 85 — At Running Condition, 340 VDC Input.

CH2: IPHASE(U)/ 2A / div.

CH4: IPHASE(V)/ 2 A/ div.

CH1: IPHASE(W)I 2A / div.

CH3: VFAULT/ 1 V/ div.

Time Scale: 100 ms / div.

Time Scale (Zoomed FAULT): 100 us / div.
FAULT Flag = NONE.

Power Integrations, Inc.
Tel: +1 (408) 414-9200
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One Phase Disconnected at 200 W One Phase Reconnected at 200 W

PHASE CURRENT (U}’

Disgramz: chi.Chz,tht PHASE cu%gmf ) B o:oconz i chzone
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Figure 86 — At Running Condition, 340 VDC Input. Figure 87 — At Running Condition, 340 VDC Input.
CH2: IPHASE(U)/ 2 A/ div. CH2: IPHASE(U)/ 2A / div.
CH4: IPHASE(V)/ 2 A/ div. CH4: IPHASE(V)/ 2 A/ div.
CH1: IPHASE(W)I 2 A/ div. CH1: IPHASE(W)/ 2 A/ div.
CH3: VFAULTI 1V / div. CH3: VFAULTI 1 V/ div.
Time Scale: 100 ms / div. Time Scale: 100 ms / div.
Time Scale (Zoomed FAULT): 100 ps / div. Time Scale (Zoomed FAULT): 100 us / div.
1%t FAULT Flag = 0001100, HS Driver Not Ready. 1%t FAULT Flag = 0001100, HS Driver Not Ready.

One Phase Disconnected at 300 W
R
m PHASE CUIREIIT (U)

ﬁ‘é'ﬂ; I SO I
PHASE CURRENT v)
|

PHASE CURRENT
mmmwmmwwmwmmmwmw&wmwwwmmr st

Figure 88 — At unning Condition, 340 VDC Input.
CH2: IPHASE(U)/ 2 A/ div.
CH4: IPHASE(V)/ 2 A/ div.
CH1: IPHASE(W)/ 2 A/ div.
CH3: VFAULTI 2V / div.
Time Scale: 100 ms / div.
Time Scale (Zoomed FAULT): 100 ps / div.
1% FAULT Flag = 0000010, LS FET Over-Current.
Note: During 300 W loss of phase condition the motor stops rotating or at stalled condition even when the

phase is reconnected.
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7.8.3

Running Overload Test

The figures below depict the motor phase currents and status update flag during a
running overload fault condition. During this test, the motor load is increased such that
the current through the motor windings increases by 10% and until steady conditions are
established. The load is then increased again and the test repeats until the BridgeSwitch
protection engages or the motor stalls. During the overload condition, the motor is non-

operational with no device or motor damage.

Overload Test >300 W

AL AR AR L L mumuu ITHR ATET I
iR T rm&”ﬂvﬂ'w H}IﬁrMPW‘rMﬂlﬂ("r ‘I"F ‘1 ||’L|'l'
PHASE CURRENT (V)

Hllll]llll I’IWFi’i’”i"“\‘l‘lWN\‘l‘r. inJn 'JWlu VAM‘!I:#'W" N"‘JWl“ WMMTFWTWFMWW =k
g«m«ﬁ

PHASE CURRENT (W)

HMWI LT |

Figure 89 — At Running Condition, 340 VDC Input.

CHZ' IPHASE(U)I 2 A/ d|V

CH4: IPH/—\SE(V)/ 2 A/ div.

CH1: IPHASE(W)/ 2 A/ div.

CH3: VFAULTI 2V / div.

Time Scale: 100 ms / div.

Time Scale (Zoomed FAULT): 100 ps / div.

1% FAULT Flag = 0000010, LS FET Over-Current

Note: During overload condition the motor stops rotating or at stalled condition.

D
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8 Appendix

8.1 Board Quick Reference / Guide

Programming/debugging

UART circuit
s header

Microcontroller (MCU)

Motor direction switch

External OCP circuit BridgeSwitch 3-Phase Invert

Current sense circuit

Speed control

LinkSwitch-TN2
buck converter

High Voltage
DC bus input

Figure 90 — DER-653 Board Quick Reference / Guide.

Power Integrations, Inc. —
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Page 51 of 71 WWW.power.com i



DER-653 BridgeSwitch BRD1165C 3-Phase Inverter 05-Aug-19

8.2 Recommended Start-up Sequence

BridgeSwitch devices have internal self-supply supporting commutation PWM frequencies
up to 20 kHz. To ensure sufficient supply voltage levels across the BPL pin capacitor and
the BPH pin capacitor at inverter start-up, the system micro-controller (MCU) should
follow the recommended power-up sequence as depicted below.

VBPL

Vine

VepH

VEauLT

Figure 91 — Recommended Power-up Sequence with Self-Supplied Operation.

The table below lists activities occurring during the recommended power-up sequence.

Time Point Activity
to ¢ High-voltage DC bus is applied
¢ Internal current source starts charging BPL pin capacitor once HD pin voltage reaches
t VHp(sTaRT)
e System MCU may start setting low-side power-FREDFET control signal INL to high
e BPL pin voltage reaches Vgp (typ. 14.5V)
¢ Device determines external device settings
t e Internal Gate drive logic turns on low-side power FREDFET after device setup
completes and once INL becomes high or if it is high already
e Internal current source charges BPH pin capacitor
BPH pin voltage reaches Vgpy with respect to HB pin (typically 14.5 V)
t Device starts communicating successful power-up through fault pin
3 Note: The device does not send a status update if the internal power-up sequence did
not complete successfully
e BridgeSwitch is ready for state operation (indicated by communicated status update at
ty time point t3)
o System MCU turns off low-side FREDFET
Table 3 — Power-up Sequence with Self-Supplied Operation.
_p Power Integrations, Inc.
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8.3 Status Word Encoding

Status Parameter Bit0 Bit1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6
High-voltage bus OV L, 0 0 1 X X X X
High-voltage bus UV 100% Lyon 0 1 0 X X X X
High-voltage bus UV 85% | . 0 1 1 X X X X
High-voltage bus UV 70% Lym 1 0 0 X X X X
High-voltage bus UV 53% | . 1 0 1 X X X X
System thermal fault Ve 1 1 0 X X X X
LS Driver not ready? nfa 1 1 1 X X X X
LS FET thermal warning To X X X 0 1 X X
LS FET thermal shutdown T X X X 1 0 X X
HS Driver not ready? | H—- X X X 1 1 X X
LS FET over-current Vi X X X X X 1 X
HS FET over-current L X X X X X X 1
Device Ready (no faults) n'a 0 0 0 0 0 0 0
Table 4 — BridgeSwitch Fault Encoding.
System
Clock
- [«
tss | to | ItLOItE"ﬁq | teer | Lax fio
[ | I e |
FAULT 0 1 ol |o| [o] |of |ao| |o
Bus
A s A it
Steady ID  Arbitration Fault Parity End Steady
State | trrRansMIT | State
= 1
PI-8307-032317
Figure 92 — Fault Status Communication Bit Stream.
Power Integrations, Inc. -—
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8.4 Programming the TMPM375 Microcontroller (MCU)
Below are the step-by-step procedures in programming the microcontroller:

8.4.1 Installing IAR Embedded Workbench for ARM

a. Go to https://www.iar.com/

b. Download the IAR Embedded Workbench for ARM through the following
link:
https://www.iar.com/iar-embedded-workbench/#!?currentTab=free-trials

c. After downloading, install the software and follow the instructions.

d. When you start IAR Embedded Workbench for the first time, the License
Wizard will open. Choose Register with IAR Systems to get an evaluation
license (the internet access is needed).

=
License Wizard &1

Welcome

This wizard will help you to activate your IAR Embedded Workbench for
ARM license.

T If you have a license number, enter it here:

' Use a network license

AR Systems to get an evaluation licensg >

™ Don't run the Wizard for this product at startup.

Next > | Cancel I

e. Click Register, choose a time or code size limited evaluation license, and
then register to get your license number, which will be delivered to you via
e-mail within a few minutes.

f. Activate the license in the License Wizard window.

g. You may register both the time or code size limited evaluation licenses,
active and switch in between from the License Manager.

h. For the latest updates on software and documentation, please visit
www.iar.com/kit updates.

Power Integrations, Inc.

~ Tel: +1 (408) 414-9200
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8.4.2 Debugger / Programmer

a. In order to program the microcontroller, a debugger is needed.
b. The debugger is available for purchase in the following link:

https://store.iar.com/product/I-jet

Power Integrations, Inc. —
Tel: +1 (408) 414-9200
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8.4.3 Setting up the DER-653 Board for Programming

a. Connect your computer and the programmer using the USB-micro cable. Do
not connect the programmer to the evaluation board yet.

b. The “USB” LED on the front side of the programmer will lit with green once
Windows completes searching for a USB driver.

‘e

c. Connect the programmer to the JTAG connector J4.
d. Supply the board with 20 VDC on VBUS and PGND pin.

-— Power Integrations, Inc.
Tel: +1 (408) 414-9200
i WWW.power.com Page 56 of 71
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8.4.4 Programming and Running the BLDC Motor Code

d.

€.

Download the program. (This step is required only if you need to re-
program the Toshiba MCU. By default, the DER-653 comes pre-
programmed with the BLDC motor code and is ready to use.)

Save the workspace file in a desired folder.

Start/run the IAR Embedded Workbench.

Click File -> Open -> Workspace

Edit Wiew Project Tools Window Help

N = Ay wuAeerdh BURSE (S L
Open » File... Ctl+0
Clase Warkspace..

Save Workspace Header/Source File  Ctrl+Shift+H 8. (P e 2 8e (F o P le, [f

Save Warkspace fs...

RN AR RRRRRARRARY
Close Warkspace

Save Chrl+5
Save As..,
Save Al

Page Setup...
Print.. Ctrl+p

Recent Files 3
Recent Workspaces »

USER GUIDES EXAMPLE PROJECTS INTEGRATED

e Complete product Example spplications SOLUTIONS
thst demonstrate

SUPPORT RELEASENOTES MY PAGES
For questions sbout how All sbout the latest Hers you can download
to usa your IAR product, fasturas, new device ol
reparting s problem, or support, and program
finding support ocomections. d
resources. check your SUA datus.

Locate the workspace file (downloaded code) — see example below:

| § 1AR Embedded Workbench
f9r Ed View Project ool Windew Help
DL & B o YR r e dh % 8|2
i "‘ TAR Information Cantsr for ARM
&)
Files 2
= - « demotor » am » 1403 » Toshiba » TMPMATS b TMPMTS-SC » DC Motor » UNITS »
S STy v @
s 050) ~ Nome
& OVO RW Drive (E)
o ithare0 18 (Wpishare) ) i settings Voo 21
3 i ¢ <) MI75_STK UNIT 8.comw V01T 2ATPM ARIDE Workspace
-3 2t Application Design (W10.5.53.42) )
e B
G Networ
I Control Py
) Recycle Bi
ol
b
-4
Messages
ik name ~ | Wrkspace Files (*eww) ]
— — =)
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f. After opening the workspace file, go to Project -> Compile:

M375_STK UNIT 8 - IAR Embedded Workbench IDE - ARM 7.
Eile Edit View [Eroject] Ljet/ITAGjet Tools MWindow Help
DS @ sddfiles. - wWmEP @ B9 | 2 b
Workspace Add Group.. JartDrv.c | system_int.c | interrupt.c | port_def.h | TMPMa75.h | ipdefine.h | D_Para.h | system_TMPMa7S.c
Debug Import File List... g
Files Add Project Connection, -
. h
SEM3I75_ST  Edit Canfigurations...
# Cdevice
[1D_Drive Remove fpe Definition
I— 1D Drive Create New Project... /
—EID_Fars linit _sub[VARSZ now,VAR3Z target,VARSZ linm up,VARSZ lin down):
FIDacDr  Add Bxsting Project..
I— [ DacDr
Lo Bimtiale Options... AT L7 prograny
F— Blinitialh Version Control System » 7
@ [£] interrup
F— R interrupt Make F1
— Blipdefine  corypie ctrl+F? L,
e Rebuild Al
— Elmainh e
: 4 BI
— Blport_de Clean #* WDT Disable */
Fa Bsystem)  Batch build.. F8
— [l systern_| /% Setting of all PORT +/
[0 UarDry C-STAT Static Analysis 3 s Setting of INTENC =/
[ UartDrv /% Setting of UART for DAC #/
Cluserc Stop Build Ctrl+Break /% Setting of ADC & Wait TRG *+/
%UOSuZCt Download and Debug CtlD
Debug without Downloading :
Attach to Running Target
ake & Restart Debugger Ctri+R 4% Setting of VE s start 4/
Restart Debugger Cirl+Shift+R
Download , Lmno_sve = R_Ico_ave
= (0x8000 << 16):
SFR Setup
/7 EX
Open Device Description File »
[ M3 st =
Save List of Registers..
E<|

g. Go to Project -> Make:

| mazs_sTic

Debug without Downloading
Attach to Running Target

Make & Restart Debugger cl+R
Restart Debugger Ctrl+Shift+R
Download »
SFR Setup

Open Device Description File v

Save List of Registers

[ s it Vot 7 |

File Edit View [Project] Ljet/TAGiet Tools Window Help
DL Addiles. - Rt 3P P
TR Add Group.. Iavtva ¢ | system_int.c |interrupt.c | port_def.h | TMPM375.h | ipdefine.h | D_Para.h | system TMPM375.c
Debug Import File List -
Eiles) Add Project Connection... ‘-Ih;"
OE@M3?5 8T Edit Configurations.. .
[ device
[ D_Drive Remove fpe Definition
— D Dive Create ew Project... -
— K D_Para liwit_sub (VAR3Z now,VAR3Z target,VARIZ lim_up,VAR3Z lin_down);
B DacDr  Add Edsting Project..
) DacDry
Bl it Options.. L A S —
% initial.h Version Contral Systern v /
] interrupt
— [ intermupf Make F7
— Blipdefine  copmpile corlaF
D . /
Blmain
L Rebuild All
%mar\‘n.ldw Clean : 77 B
[ klporoe /* WDT Disable */
Blsystern)  Batch build.. F8
F— bl system, /4 Setting of a1l DOET */
C-STAT Static Analysis v /% Setting of INTENC 2/
/% Setting of UART for DAC =/
Siepp Ll il /% Setting of ADC & Wait TRE #/
Download and Debug Ctrl+D

Tho_ave

4% Setting of VE & start */

= R_Ico_ave
= (08000 << 167

/7 ET

Power Integrations, Inc.

Tel: +1 (408) 414-9200
WWW.power.com
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h. To program the microcontroller go to Project -> Download and Debug:

[ D_Drive
) D_Para
) DacDrv
[v) DacDrv
EY initial.c
[k} initial.h
[ interrup
[ interrup
B ipdefine
B rain.c |
[} main.h
) port_de
[ systern |
[2) systern_|
[ UartDrv
[ UartDry
[} userc
[ userh
(1 0utput

[aTETETTETTETETATTE

| s s

Liet/TAGjet Tools
Add Filks...

Add Group...

Import File List..

Add Project Connection...
Edit Configurations..
Femawe

Creste New Project.

Add Edsting Project..
Options.

Wersion Control System
Make

Compile

Rebuild Al

Clean

Batch build,

C-STAT Static Analysis
Stap Build

Download and Debug
Debug without Downloading
Attach to Running Target
Make & Restart Debugger
Restart Debugger

Download

SFR Setup

Open Device Description File

Save List of Registers...

Alt+FT

F?
Ctrl+F7

Ctrl+Break

Ctrl+D

Ctrl+R.
Ctrl+Shift+R.

3

3

>

[ M275_STK UNIT 8 - IAR Embedded Workbench IDE - ARM 7.{

Window Help

- EEELE T Iy

IartDrv‘[ | system_ink.c | interrupt.c | port_def.h | TMPM375.h |ipdefine.h | O_Para.h | system_TMPM375.c
o

b

jpe Definition

s
linit_sub (VARSZ now,VAR3Z target,VARSZ lim up,VAR3Z lim_dowm);

rt of Prograw)

A4 BT
/* WDT Disable #/

#* Setting of all PORT */
#* Setting of INIENC */

/* Setting of GART for DAC *#/
/% Setting of ADC & Wait TRG #/

/% Setting of VE & start #/

Iho_ave = RB_Ico_ave
= [DxB000 << 16);

/4 EI

m

|

i. Click the Start button to start the application.

DOWN L(?AD BUTTON

nE=a=N- =]

—
=7

2 L2243 X

File Edit View @ Debug Disassembly I-jet/JTAGjet Tools Window Help

- LA

T

START BUTTON

j. Turn OFF the VBUS DC supply (0V).

MAKE BUTTON
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8.5 Reading the FAULT Bus Using UART

1. Download the TERA TERM software. https://osdn.net/projects/ttssh2/releases/
NOTE: Be careful there may be many unwanted links showing download, start
now, or others so be sure to select and click 4.92 file)

[ About Tera Term

Tera Term
VYersion 4.92 [SYN# 6484]

Includes:

Onigquruma 5.9.6

Tera Term Pro version 2.3 + IPvb 0.81
Mar 10, 1998 T. Teranishi

Copyright [C] 1994-1998 T. Teranishi
[C] 2004-2016 TeraTerm Project

All Rights Reserved.

Built using Microsoft Yisual C++ 8.0 build 50727
Build time: Aug 31 2016 21:17:50
Author: hitps:ffitssh?.osdn.jp!

Forum: htp:}flogmett.com{support-forums

2. Configure the connection settings (When connecting Tera Term interface please
make sure VCC power is ON (VCC = 5 V) and USB is connected to PC

3. Prompt menu for New Connection will appear
4. Select Serial pull down menu to Silicon Labs from , click "OK"
File Edit Setup Control Window Help
2 TCPAIP myhost.example.com
History
Telnet 22
%) 55H S5H2
Other
UNSPEC
@ Serial Port: |COM9: Silicon Labs CP210x USB to U ~
‘ 0K | | Cancel ‘ | Help |
-— Power Integrations, Inc.
p Tel: +1 (408) 414-9200
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5. Select; Set-Up menu
-Choose Port

- Select Baud Rate: 57600 (TMPM365)
- Press “OK"

Setup Control

Port:

Baud rate:

Data:
Parity:
Stop:

Flow control:

Transmit delay

msec/char

msec/line

6. Open IAR Embedded Work bench, select and run program
7. When successful connection is established, you will see: “Hello! TMPM365-SK” in

Tera Term screen.

File Edit View Project Debug Disassembly Ijet/JTAGjet Tools Window Help
[ comg-TeraT DS S | | - wWmER &R | B R CE M| ok o
y=hdll 1 | X
F dit Setup Control Window Help =
S
Workspace DacDrv.c | DacDrv.h | UartDrv.c | UartDrv.h | port_def.h | ChedkVdg.c | D_Driver.h |initial.h |interrupth  main.c | pi_fault.c
Debug hd FldWk_InitTypeDef F1dWk;
P

fales) = extern char parm state;

B (M375_STK - Debug v

[ device 7

C_flchwk_fpu.c T Internal Proto Type Definition

F— 1 C_flchwk_fouh /
Checkvdg.c static VAR32 C_command_limit_sub (VAR32 now,VAR32 target,VAR32 lim up,VAR3Z 1lim_down|
— &) Checkvdgh

D_Driverc IS

— &) D_Driverh Main Routine (Start of Program)

— k] D_Parah S
DacDre o void  main(void)

F— K DacDreh {

e_sqrtc N .

— B e_sqrth /#==== Initial Setting /
initial.c

Page 63 of 71
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8. Sample readings:

VT COMS - Tera Term

— Power Integrations, Inc.
Tel: +1 (408) 414-9200
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8.6 Microcontroller Action/Decision To BridgeSwitch Fault Conditions

001xxxx

HV bus Over Voltage

HV 100% 010xxxx Warning
HV bus 85% 011xxxx Warning
HV bus 70% 100xxxx Warning
HV bus 55% 101xxxx Warning
System Thermal 110xxxx

LS Driver Not Ready 11 1xxxx

LS FET Thermal Warning xxx010x
LS FET Thermal Shutdown XXX10xx

LS FET Over Current XXXXX1X

HS Driver Not Ready XXX11xx

HS FET Over Current XXXXXX1

Device Ready 0000000 None

Power Integrations, Inc. —
Tel: +1 (408) 414-9200
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8.7

Inverter Output Power Measurement

The 3-phase inverter output power (Poyr) measurement uses the “two wattmeter”
method as illustrated below.

Pout = Pcr1 + Pcnz

BridgeSwitch
Inverter Drive

PHA i o PHA
®
CH1
PHB W A Lo PHB
CH2

PHC

Figure 93 — Inverter Output Power Measurement.

3-Phase BLDC
Motor

A

D

Power Integrations, Inc.
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8.8 Current Capability vs. Ambient Temperature

Figure 94 depicts the continuous RMS current capability of the DER-653 example
design under different operation conditions: Either 6 kHz or 12 kHz PWM frequency and
the three BRD1165C devices operating self-supplied or with external supply at their
respective BPL- and BPH-pins. Each curve details the available continuous RMS current
at different board ambient temperatures with a package temperature of 100 °C (average
of all three devices).
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8.9 FOC Motor Tuning Considerations for Toshiba TMP375FSDMG

Microcontroller (VEMCU)

FOC represents one of the most advanced motor control methods in controlling
Brushless Sensorless motors to achieve optimal efficiency, noise, torque ripple,
and dynamic responses at an affordable cost, which are usually not possible by
other means.

Unlike operation with sensor-based motors, users need to have knowledge of the
sensorless motor’'s parameters such as motor resistance and inductance. More
importantly, users must also know about the close-loop control parameters
defined as Proportional and Integral Gains (PI loop control gains) at a given range
of operating conditions. As a result, this reference design will work specifically with
motor 57BL115S30-3150TF9 as the motor parameters are programmed into the
TMPM375FDSMG VEMCU.

If users plan to use the DER-653 board for different motors, the motors need to
be tuned (i.e. motor parameters and PI control gains needed). Toshiba has the
Parameter Tuning System (PTS) tool that can assist users to extract the
information but it requires the PTS tuning to be done at user’s facilities. Since
technical support is needed, users should contact their local Toshiba office for
further information.  Alternatively, users can send inquiries to
Toshiba_Vector_Engine_MCU_Inquiry and the inquiries will be directed to the
right contacts for assistance.
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8.10

Test Bench Set-up

f
)

Figure 95 — Actual Bench Set-up.

EQUIPMENT USED:

1. Motor — 300 W, 5000 RPM, Model: 57BL110S30-3150TFO0

2. Motor break load — 24 VDC, 300 W motor brake load, Model: HB-503B by China-
Tension

3. Break load control — 24 VDC, 500 mA break load control, Model: ICS-500 by
China-Tension

4. Coupler — 8 mm X 17 mm motor coupler

5. High voltage DC source — Agilent 6812B, used for supplying 340 VDC to the 3-
phase inverter

6. Low voltage DC souce — Technique QT3005D-3 power supply, used supplying

24 VDC for break load control.

Power Integrations, Inc. -—
Tel: +1 (408) 414-9200
Page 69 of 71 WWW.power.com i



DER-653 BridgeSwitch BRD1165C 3-Phase Inverter

05-Aug-19

9 Revision History

Date Author | Rev. Description & Changes Approval
13-Nov-18 JMQC 1.0 Initial Release. Apps & Mktg
01-Feb-19 KM 1.1 Updated Section 8.4.4
05-Aug-19 KM 1.2 Added Section 8.6, 8.8 and 8.9.
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