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Introduction to IGBT Gate Drivers

Insulated gate bipolar transistors (IGBTs) are considerably used in 3-phase inverters that have numerous
applications like variable-frequency drives that control the speed of AC motors, uninterruptible power
supply, solar inverters, and other similar inverter applications.

IGBTs have the advantages of high input impedance as the gate is insulated, has a rapid response ability,
good thermal stability, simple driving circuit, good ability to withstand high voltage, snubber-less operation,
and controllability of switching behavior providing reliable short-circuit protection. The IGBT is a voltage-
controlled device, which gives it the ability to turn ON/OFF very quickly.

A typical application of a three-phase inverter using six isolated gate drivers is shown in [X] 1. Note that
each phase uses a high-side and a low-side IGBT switch to apply positive and negative high-voltage DC
pulses to the motor coils in an alternating mode.

The output voltage to the motor is controlled by pulse-width modulation (PWM). PWM is accomplished by
turning the transistor on and off several times. The output voltage is an average of the peak or maximum
voltage and the amount of time the transistor is turned on or off.
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The 1SO5852S is a reinforced isolated IGBT gate driver from Tl intended for use in applications such as
motor control, industrial inverters, switched-mode power supplies, and so on. In these applications,
sophisticated PWM control signals are required to turn the power-devices on and off, which at the system
level eventually may determine, for example, the speed, position, and torque of the motor or the output
voltage, frequency, and phase of the inverter. These control signals are usually the outputs of a
microcontroller (MCU), and are at low-voltage levels such as 3.3 or 5.0 V. The gate controls required by
the IGBTSs, on the other hand, are in the range of 15 to 20 V, and need high current capability to be able
to drive the large capacitive loads offered by those power transistors. Also, the gate drive needs to be
applied with reference to the emitter of the IGBT and by inverter construction, the emitter node of top
IGBT swings between 0 to the DC bus voltage, which is several hundreds of volts in magnitude. As the
IGBT can float with respect to ground at the power stage, both the power supply and the gate circuitry
should be isolated from the inverter ground. This gives room to a limited number of gate-driver
configurations:

» Gate drivers with potential separation

» Gate drivers without potential separation

The 1SO5852S bhelongs to a family of gate drivers with potential separation and can level shift the
incoming 3.3-V and 5.0-V control signals from the microcontroller to the 15-V to 20-V drive required by
IGBT while ensuring high-voltage isolation between the driver side and the MCU side.

This reference design consists of a 22-kW power stage with TI's reinforced isolated gate drivers
ISO5852S intended to drive AC induction motor used in various industrial applications. This reference
design demonstrates the following functionality and performance of 1ISO5852S IGBT gate driver in the real
system:

» Unipolar and bipolar IGBT gate driver supply operation
e Undervoltage shutdown

» Interface with external BJT based current buffers

* DESAT detection

e Miller clamp

* Soft turn OFF

* Propagation delay

e ESD and EFT immunity performance of IGBT gate driver at system level

IGBT power module has been chosen such that its footprint fits multiple devices so as to perform gate
driver validation on IGBTSs from different manufacturers. The footprint supports:

» Fuiji Electric: 6MBL150VX-120-50, 6MBL100VX-120-50
* Mitsubishi: CM150TX-24S1
* Infineon: FS50R12KT4, FS200R12KT4R, FS100R17N3E4

The C2000 Piccolo LaunchPad evaluation kit, based on the F28027 MCU is been used to control the
inverter.

The power stage includes protection against IGBT overcurrent, over temperature of power module, and
DC bus sensing for protection against overvoltage.
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2 Key System Specifications
%= 1. Key System Specifications of Power Stage
PARAMETER SPECIFICATION
DC link input voltage 400 to 1100 V
Control voltage 24-V DC
IGBT power module 1200 V/50 to 150 A
Maximum input DC current 50 A with 200 CFM Airflow
Rated power capacity 22 kW
Inverter switching frequency 16 kHz (Default); adjustable through software
Isolation Reinforced (IEC61800-5)
Operating ambient temperature —25°C to 65°C
Inverter efficiency = 97% (Theoretical) at rated load
Controller TMS320F28027
Motor 3-phase 400-V Induction motor
Provision for resistive braking Yes
Power supply specification for MCU 3.3V 5%

Feedbacks DC bus voltage, IGBT temperature

Protections Short circuit, over temperature, DC bus under- or overvoltage
ESD (IEC61000-4-2) +8-kV Contact discharge
EFT (IEC61000-4-4) +4-kV on motor cables (shielded and unshielded)

PCB 370 x 240 mm / 4 Layer, 20z copper
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3 System Description

The system consists of

IGBT power module: hex bridge IGBTSs to provide three phases output for variable-frequency drives to
control the speed of AC motors (up to 22 kW). The PCB footprint supports mounting of different current
rated modules from different manufactures

ISO5852S reinforced isolated gate driver capable of sourcing a 2.5-A and 5-A sink current is used to
drive the IGBTSs. Half-bridge converter powered from 24-V with isolated 16-V/-8-V rails are used to
power gate drivers. The half-bridge transformer has been designed to meet safety requirements as
described in IEC61800-5

Isolated amplifiers for measuring DC link voltage

C2000 LaunchPad for controlling the inverter. This design uses F28027 InstaSPIN™ FOC-enabled
MCU. The sinusoidal voltage waveform applied to the motor is created by using the Space Vector
modulation technique implemented in the F28027 MCU

Buck converters for powering control electronics, operated from a 24-V supply and generates multiple
voltage rails like 15 V and 5 V. An LDO is used to generate 3.3 V from a 5-V supply for powering the
C2000 LaunchPad

Local DC link capacitor of ~220 pF. Relay is used to bypass NTC after power up
Discrete brake IGBT for braking during regeneration
Provision to measure the power module temperature using NTC

Provision for operating the FAN

PCB is designed to fulfill the requirements of IEC61800-5. [X| 2 depicts the block diagram of the power
stage.
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4 Block Diagram
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5.1

5.2

5.3

5.4

5.5

Highlighted Products

Key features of the highlighted devices can be taken from product datasheets. The following are the
highlighted products used in the reference design.

ISO5852S

The 1SO5852S is a 5.7 kVgys, reinforced isolated, IGBT gate driver with split outputs, OUTH and OUTL,
providing 2.5-A source and 5-A sink currents. The primary side operates from a single 3-V or 5-V supply.
The output side allows for a supply range from minimum 15 V to maximum 30 V. An internal DESAT
detection recognizes when the IGBT is in an overload condition. Upon a DESAT detect, a Mute logic
immediately blocks the output of the isolator and initiates a soft-turn-off procedure, which disables OUTH
and reduces the voltage at OUTL over a minimum time span of 2 us. When OUTL reaches 2 V with
respect to the most negative supply potential, Vge,, the output is hard-clamped to Vee,.

During normal operation with bipolar output supply the output is hard clamp to Vg, when the IGBT is
turned OFF. If the output supply is unipolar, an active miller clamp connects the output to Vgg,.

CSD88537

The CSD88537 is a 60-V, dual N Channel, SO-8 NexFET™ power MOSFET with very low Drain-to-
Source ON resistance of 12.5 mQ. FET is capable of handling continuous current of 8 A. CSD88537 is
designed to serve in half-bridge power supplies and motor control applications to generate gate driver
supplies.

UCC27211

The UCC27211 is a MOSFET driver delivering peak source and sink current of up to 4 A. The inputs are
independent of the supply voltage and have a maximum rating of 20 V. The floating high-side driver can
operate with supply voltages of up to 120 V. The high-side driver is referred to the switch node (HS),
which is typically the source pin of the high-side MOSFET and drain pin of the low-side MOSFET. The
low-side driver is referenced to VSS, which is typically ground. Features of the UCC27211 include input
stages UVLO protection, level shift, and built-in boot diode.

Piccolo LaunchPad

The C2000 LaunchPad is based around the C2000 Piccolo TMS320F28027 MCU, which features a 60-
MIPS processing core, 64-KB integrated flash, 8 PWM channels with high resolution capability, 12-bit 4.6-
MSPS ADC, capture interface, serial connectivity, and more. It is used to generate the PWM signals for
the 3-phase inverter.

TPS54286

The TPS54286 is a dual output non-synchronous buck converter capable of supporting 2-A output
applications that operate from a 4.5-V to 28-V input supply voltage, and provides output voltages between
0.8 V and 90% of the input voltage. The outputs can be enabled independently, or it can be configured to
allow either ratio metric or sequential startup.

With an internally-determined operating frequency, soft start time, and control loop compensation, this
converter provides many features with a minimum of external components. Other features include pulse-
by-pulse overcurrent protection and thermal shutdown protection at 148°C.
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5.6

5.7

AMC1200

The AMC1200 is a precision isolation amplifier with an output separated from the input circuitry by a
silicon dioxide (SiO,) barrier that is highly resistant to magnetic interference. This barrier has been certified
to provide galvanic isolation of up to 4000 Vs« according to UL1577 and IEC60747-5-2. The input of the
AMC1200 is optimized for direct connection to shunt resistors with a voltage range of £250 mV. The
device has low offset error of 1.5 mV max, BW of 60 KHz and CMMR of 108 dB. The AMC1200 has a
working voltage rating of 1200 Vpga.

The MC1200 is fully specified over the extended industrial temperature range of —40°C to 105°C and are
available in a wide-body SOIC-8 package (DWV) and a gullwing 8 package (DUB).

SN6501

The SN6501 is a monolithic oscillator/power-driver, specifically designed for small form factor, isolated
power supplies in isolated interface applications. The device drives a low-profile, center-tapped
transformer primary from a 3.3-V or 5-V DC power supply. The secondary can be wound to provide any
isolated voltage based on transformer turns ratio. The SN6501 consists of an oscillator followed by a gate
drive circuit that provides the complementary output signals to drive the ground referenced N channel
power switches. The internal logic ensures break-before-make action between the two switches. The
SN6501 is available in a small SOT-23 (5) package, and is specified for operation at temperatures from
—40°C to 125°C.

8
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6 System Design Theory

6.1 Main Power Input

The main power input section is shown in [%| 3. D1 is the reverse polarity protection diode and has reverse
breakdown voltage of 1600 V. The input bulk aluminum electrolytic capacitors C3, C6, and C7 serve as
local reservoirs for the IGBT module. These capacitors are rated to carry ripple current of 7.7 A. The rest
of ripple current is expected to be sourced from external capacitors. In addition to the bulk aluminum
capacitor, a polyester capacitor is used across the DC bus to suppress high frequency noises.

The startup current through the bulk capacitor is limited using thermistor, and the thermistor is bypassed
after one second using a relay.

CN1 D1
1 AN c
; o1
Terminal bush RHRG75120 R208
Ca+ 200K
680;;»‘
R209
200K
R212
C7+ 200K
680pF == ——=C154
FILM CAP
R213 0.22pF
200K
R210
200K
Cé+
B680uF=—
S Book
PGND INRUSH BYPASS
T R
RT1
7 of 100R_PTC
HE1aN-P-DC24VY5 % ¢'B59109J0130A020
‘%V R103 “1°| en2
)
10R ’:}
% 9
**%jé jigﬁgwo/x-np
DNP <
O P;iD
R104
BYPASS_RELAY >—4‘7’3Vﬁg;TzzzzA
DGND
3. Main Power Input
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6.2 Inverter Stage

The IGBT-based 3-phase hex bridge inverter is shown in [X| 4. The decoupling capacitor (C154) should be
placed near to DC bus entry of inverter for better filtering. An improper layout or position of the decoupling
capacitors can cause undesired switching voltage spikes. IGBT (Q1) and free-wheeling diode (D2) is
added externally to the hex bridge IGBT module for braking.

The brake IGBT (APT70GR120L) is rated for 70 A (at T, = 110°C) current rating and 1200 V.

When DC bus voltage increases above the pre-defined value (this reference design uses a 1-kV
threshold) brake operation is enabled through controller and the excessive energy will be dissipated
through the resistive bank. The resistor bank is connected across the terminal blocks CN11 and CN12.
The rating of external brake resistor is selected on the basis of the VFD rating, braking duty cycle, and
magnitude of the energy to be dissipated.

IGBT Module
u1
FS200R12KT4R
30 pe_voLT_post MOT_R_PHASET —2L
ot 31 bc_voLT_pos2 MOT_R_PHASE2 —22 MOTOR R PHASE
1. DC POSe 32 pc_voLT_Pos3 MOT_R_PHASES —22
JLC154 Terminal bush ~ ©| o, 16| b voLT posa
T FLmcar RHRG751204 17
0.22 yF CN12 < DC_VOLT_POS5
D%— 18 | bc_voLT_Poss 2%
ol MOT_Y_PHASE3
25 MOTOR_Y_PHASE
GATE BRAKE G at 3 | e vour NeGt MOTAYZRHASE2
—— _VOLT_| 24
MOT_Y_PHASE1
APT7OGR120L M o e Y
35 1 pc_vOLT_NEG3
15 | bc_voLT_NEGs
14| pC_VOLT_NEGS MOT_B_PHASE1 [—21
13 DC_VOLT_NEG4 MOT_B_PHASE2 22 MOTOR B PHASE
MOT_B_PHASE3 [ —2
GATE R TOP 1 -
GATE R TOPRTN 2 | e g 7op RN e s e s
GATE Y_TOP 5| GaTE_v_TOP NTC 2|20 NTC 2
__GATE Y TOPRTN 6 |GaTE v TOP RTN -
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__GATE B TOPRTN 10 | (e o rop in peNe
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GATE R BOT RTN 4 | ore g ot RTN
—_GATE Y BOTTOM _ 7 | st v BOTTOM
GATE Y BOT RTN 8 | \oey gor RTN
GATE B BOTTOM 11 | cure o morrom
GATE B BOT RTN 12 | v s 5ot R
IC_FS200R12KT4R
v
4. 3-Phase Inverter of Power Stage
RS A Y < — e p— .
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6.2.1

IGBT module

This reference design is intended to support various makes of IGBT modules like Infineon, Fuji &
Mitsubishi, and so on. The power stage is designed to deliver up to 22-kW power. The power stage was
supplied with 800-V DC replicating high DC bus voltage during regeneration. Considering the safety factor
and switching spikes, IGBTs were selected with the voltage rating greater than or equal to 1200 V. The
current rating of the IGBT depends on the peak winding current.

The 3-phase inverter bridge is switched such that the sinusoidal current is injected into the motor
windings.

* Motor rating = 22 kW
e Line-to-line voltage = 415-V AC
» Power factor considered = 0.8

* Motor efficiency = 85%
I:)out

Nmotor X ViL X/ 3 xCOS D @

I =
Current through the winding = 47 A

Therefore, the peak value of the winding current = V2 x I, = 66 A. 2)
Considering an overloading of 200%, the peak winding current would be 132 A.

The IGBT module used in this reference design (CM150TX-24S1) has continuous collector current
carrying capacity of 150 A at T = 100°C and peak current capacity of 300 A.

The selection of IGBT module with inbuilt NTC Thermistor is preferred to avoid thermal breakdown of the
IGBT. This IGBT temperature rise information is routed to the MCU to take necessary action.

IGBTs can be driven into saturation to provide a very low voltage drop between the emitter and collector.
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6.3 DC Link Voltage Sense Circuit

The DC bus input voltage to the inverter module is scaled down and fed to the MCU using the AMC1200
isolation amplifier, which has a gain of 8. The differential output of the AMC1200 can directly drive an
analog-to-digital converter (ADC) input or can be further filtered before being processed by the ADC.

The resistor divider network is chosen considering the maximum voltage for the MCU ADC input as 3.3 V
and the maximum DC link voltage to be measured as 1200 V.

To achieve better linearity and the noise performance of the device, the allowable input voltage between
the amplifier pin Ve and V is £250 mV. The voltage divider resistor is selected such that input voltage
to the amplifier is less than 250 mV at maximum DC bus condition.

Resistors R76 to R81 (see [X] 5) are selected as 1-M high-voltage resistors and R85 = 1K and R88 = 10K.

The differential output of the AMC1200 is directly routed to ADC of MCU.

AMC Output = AMC Gain x Vy

Rgs
Vin = |5 | * Voc

1K
Vi = | —% v
N (6M+11KJX bc
V”“ = 0.00017 X \/DC

For 400-V DC input

Vy = 0.00017 x 400 = 0.0665 V and Vq,; = 8 x 0.0665 V = 0.532 V.

For 1200-V DC
V,y = 0.00017 x 1200 = 0.2 V
Vour=8%x02V=16V

©)

A decoupling capacitor of 4.7 uF and 0.1 uF is used for filtering the power-supply path of the AMC1200. A
capacitor (C166 and C84 in [X| 5) should be placed as close as possible to the VDD1 pin for best

3V3

C83

—

0.1uF

DGND

R84 ,,, OR DC BUS SENSE POS

R86 .00 OR  DC BUS SENSE NEG

performance.
+5V_ISO
bc pos R76 R77 R78 R79 C166 |,4.7uF |
IM M IM M Lrso ¢
3IM ’_”—0
o1 1Icea
= uUl4
SR81 -
M GND_ISO 1
RS3 ° VDDI VDD2
10 Ohm
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5. DC Voltage Sensing Module
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6.4

ISO5852S: Isolated IGBT Gate Driver

The 1SO5852S is a 5.7-kVRys, reinforced, isolated IGBT gate driver with split outputs OUTH and OUTL
capable of providing a 2.5-A source and 5-A sink currents. The primary side operates from a single 3.3-V
or 5-V supply. The output side allows for a supply range from minimum of 15 V to maximum 35 V. The
ISO5852S has both inverting and non-inverting gate control inputs, an active low reset input, and an open
drain fault output suitable for wired-OR applications.

[X| 6 shows the one section of the gate driver schematic. This IC can be powered with either a unipolar or
bipolar supply. If the IC is powered by unipolar supply, the V., PIN should be connected to GND2. The
supply bypass capacitors provide the large transient currents necessary during a switching transition.

The 1SO5852S has the following features:

5.7-kVrys reinforced isolation voltage

OR

1.5-kVgys Working voltage

12-kV surge rating

Split outputs providing 2.5-A peak source and 5-A peak sink currents

Short propagation delay: 76 ns typical

Active miller and short-circuit clamp

Soft turn-off during short circuit
FAULT alarm and RESET

Input and output supply UVLO with ready (RDY) output

CMOS compatible inputs

R 15
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474F
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IN- DESAT
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6. 1SO5852S Application Schematic

GATE R TOP_GND

INOTE
To disable DESAT
DNP DESAT Capcitor
Populate Jumper
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6.4.1 Power Supply

VCC1 and GNDL1 are the supply pins for the input side of the ISO5852S. The supply voltage at VCC1 can
range from 3 to 5.5 V with respect to GND1, thus supporting the direct interface to 3.3 V low-power
controllers as well as legacy 5 V controllers.

VCC2 and GND2 are the supply pins for the output side of the ISO5852S. VEEZ2 is the supply return for
the output driver and GND?2 is the reference for the logic circuitry. The supply voltage at VCC2 can range
from 15 V up to 30 V with respect to VEE2.

A positive VGE of typically 15 V is required to switch the IGBT well into saturation. In this design, VCC2 is
fed with 16 V to ensure that IGBT is in full saturation.

For low power IGBTSs, miller clamp functionality of the gate driver enables it to be operated with unipolar
voltage (VEE2 connected to GND2). For larger IGBTSs, negative values of VGE, ranging from a required
minimum of =5 V up to the recommended —15 V, are necessary to keep the IGBT turned off and to
prevent it from unintentional conducting due to noise transients, particularly during short circuit faults. The
board has provision for connecting VEE2 to either O V or —8 V through jumpers.

+15VB_BOT
+ cos
avs u26 —=C187 == {ouF =—=C155
1WF 0.1pF
10R, \R2, 15 5
+ 156 C157 veer veez ° GATE B BOT GND
== §70F ==01F 5 -
Pt GND2 ——Cci188 + c101 437
o 1uF ==C189 == 10uF =—=C159 QPCO2XGN-RC
1 1F 0.14F
IN+ B BOT 10 Veez[——¢ J38
— N+ BBOT__10 4y, VEE2 of  QPcO2XGN-RC
oo VEE B BOT 2 55— eve sor
_IN-BBOT 11 | DESAT 2
—ROY6 12 | RDY CLAMP Z
FLT6 13 T OUTH 4
__RST6 14 |zss ouTL &

1505852

7.1505852S Supply Voltages

6.4.2 Control Signal Inputs

The two digital control inputs, IN+ and IN—, allow for inverting and non-inverting control of the gate driver
output. In the non-inverting configuration, IN+ receives the control input signal and VIN— is connected to
GNDL. In the inverting configuration, VIN— is the control input while VIN+ is connected to VCCL1.

u26

—1&Hveer veez 2
w3
DNP
2 172 GND1 onp2 2
R167 —&— enp1
0R
1
Ri68! IN+ B BOT 10 |\ Ve ®
PWM_DRV_B_BOT), R
- R169 2 IN- B BOT 2 oEsaT 2
OR 7
R170
0R —12 {roy cLavp L
N 13 FF outH 4
DGND
—14_{Rew outL &

1805852

8. 1SO5852 Non-Inverting and Inverting Input Configurations
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6.4.3

Gate Resistance

The gate current and the appropriate power of the voltage supply depend on the operating frequency, bias
control voltages, and total gate charge. The total gate charge is published in IGBT datasheets, depending
on gate-control voltage. The gate charge necessary for switching is very important to establish the
switching performance of a MOSFET or IGBT. The lower the charge, the lower is the gate-drive current
needed for a given switching time. The gate current can be controlled using external gate resistor between
driver output and gate of IGBT. The value of the gate resistor determines the peak charge and discharge
currents.

The 1SO5852S device features a split-output configuration where the gate drive current is sourced through
the OUTH pin and sunk through the OUTL pin. This pin arrangement provides flexibility to apply
independent turn-on and turn-off resistors to the OUTH and OUTL pins respectively and easily control the
switching slew rates. The value of the gate resistor influences different aspects of the switching process
like:

* IGBT switching losses

» Control di/dt

* Cross conduction

» Reverse recovery losses of the diode

The value of gate resistor is system dependent and usually chosen a value to provide optimum

performance. Strong sink capability (5 A) in an asymmetrical drive also boosts immunity against parasitic
Miller turn-on effect.

u7

—B vecer veez 2
= GNDI GND2 —2
GNDI
1
VEE2
—10 e VEE2 3
LU DESAT —2
—12_Rpy CLAMP —
3 |=— 4 Reoy 220R
-y OUTH
. ©_GATE
P ouTL 6 Reom  220R

ISO5852

& 9. Gate Drive Split Outputs
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6.4.4

+15VR_BOT

outH 2R 1K

outL 2R 1{

VEE R BOT

6.4.5

6.4.6

Optional External Current Buffer

When driving larger IGBTSs requiring gate currents more than 5 A, an external current boost circuit can be
built with discrete NPN/PNP complimentary pair. One possible implementation is shown in Figure 10. The
selected BJT should be of fast switching and to have sufficient current gain to deliver the desired peak

output current. The circuit, in [X] 10, with a MJD3055T4/MJD2955 pair can drive gate currents up to 10 A.

+15VR BOT

+15VR _BOT

o
MID3055T4

outH 2R
MID3055T4 K

|

~
MID3055T4

|

32.2R SK310A-LTP

AlOR  C K A GATE

an-2R

C A

10R
SK310A-LTH CATE
OR

5 R 222R
B
MJD2955T4 MID2955T4

o
MID2955T4

OUTL 2R K

]

o

VEE R BOT

VEE R BOT

10. Options in Using External Current Buffer

Undervoltage Lockout

The undervoltage lockout feature prevents the application of insufficient gate voltage (Vge.on) to the power
device by forcing OUTH/OTL low during power-up and whenever supply voltage drops below 11 V. IGBTs
typically require gate voltages of Vg = 15 V to achieve their rated, low saturation voltage, V5. At gate
voltages below 13 V typically, their V¢ o increases drastically, especially at higher collector currents. At
even lower voltages, that is Vg < 10 V, an IGBT starts operating in the linear region and quickly
overheats. The UVLO feature of ISO5852S avoids operating the IGBT in linear region by shutting it off
during insufficient gate supply voltage.

The UVLO feature has a hysteresis of 1 V typical and the typical values for the positive and negative
going input threshold voltages are V;,, =12V and V.. = 11 V.

Desaturation Protection (DESAT)

The DESAT fault detection prevents IGBT destruction due to excessive collector currents during a short
circuit fault. Short circuits caused by bad wiring, or overload conditions induced by the load can cause a
rapid increase in IGBT current, leading to excessive power dissipation and heating. IGBTs become
damaged when the current approaches the saturation current of the device and the collector-emitter
voltage, Vg, rises above the saturation voltage level, V.t The drastically increased power dissipation
overheats and destroys the IGBT.

To prevent damage to IGBT, 1SO5852S slowly turns OFF the IGBT in the event of fault detection. Slow
turn OFF ensures the overcurrent is reduced in a controlled manner during the fault condition. The DESAT
fault detection involves a comparator that monitors the IGBT’s Ve and compares it to an internal 9-V
reference. If voltage across the IGBT reaches the threshold, DESAT detects immediately and blocks the
gate driver output and initiates a soft-turn-off procedure that disables the OUTH, and reduces the voltage
at OUTL over a minimum time span of 2 us. The output is hard clamped to VEE2 when OUTL reaches 2 V
with respect to VEE2.

16
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6.4.6.1

DESAT Pin Protection

The diodes (GL41Y in [¥] 11) at the DESAT signal block the high voltage during the IGBT OFF state and
conduct forward current, which allows the sensing of the IGBT'’s saturated collector-to-emitter voltage
(Vcesat) When the IGBT is "ON". To avoid false DESAT triggering, fast switching diodes with low
capacitance are recommended. Because the sum of the DESAT diode forward-voltage and the IGBT
collector-emitter voltage make up the voltage at the DESAT-pin, Vi + Ve = Vpesat, the VCE level, which
triggers a fault condition, can be modified by adding multiple DESAT diodes in series: Ve paur () =9V —
n x Ve (where n is the number of DESAT diodes). When using two diodes instead of one, diodes with half
the required maximum reverse-voltage rating may be chosen. See [X| 11 where provision is provided to
mount two DESAT diodes.

Switching inductive loads causes large instantaneous forward voltage transients across the freewheeling
diodes of IGBTs. These transients result in large negative voltage spikes on the DESAT pin which draw
substantial current out of the device. To limit this current below damaging levels, a 100-Q to 1-kQ resistor
can be connected in series with the DESAT diode. Further protection is possible through an optional
Schottky diode (MM3Z12VB), whose low forward voltage assures clamping of the DESAT input to GND
potential at low voltage levels.

u24

veet veez

GND1 GND2
GND1

VEE2
— ] IN+ VEE2

T R150 D53 D54
v 15 IN] I\
1 2 . PN c A c__DCFRos
IN- DES o4t 1K | 4] Vi
GL4IVE3/96  GLA1Y-E3/96
C150

J33
200pF 100pF IQPC02SXGN-RC
DNP
o
GATE_B_TOP GND

11. DESAT Detection

—=— RDY CLAMP

——FT OUTH

RB160M-60TR
TMm3azZ12vE

—— RST ouTL

1805852

DESAT Blanking Time

The DESAT fault detection must remain disabled for a short time period following the turn-on of the IGBT
to allow its collector voltage to drop below the 9-V DESAT threshold. This time period, called the DESAT
blanking time, tg «, is controlled by an internal charge current of I, = 500 pA, the 9-V DESAT threshold,
Vs, @nd an external blanking capacitor, Cg, .

CDESAT = 100 pF (refer to C150 in [%] 11).

. 9V x Cpesar

b 500 pA 4)
(. _ 9V x 100 pF

b 500 pA

The capacitor value can be scaled slightly to adjust the blanking time. However, because the blanking
capacitor and the DESAT diode capacitance build a voltage divider that attenuates large voltage transients
at DESAT, Cg « values smaller than 100 pF are not recommended.
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If Ve exceeds this reference voltage (9 V) after the blanking time, the comparator inside 1SO5852S
causes the gate drive and fault logic to initiate a fault shutdown sequence. This sequence starts with the
immediate generation of a fault signal, which is transmitted across the isolation barrier towards the fault
indicator circuit at the input side of the ISO5852S.

This board also provides feature of disabling the DESAT during testing by connecting the jumper at the
DESAT pin.
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6.4.7

6.4.8

6.4.9

Active Miller Clamp

During turn-on or turn-off of IGBTS, displacement current flows through the miller capacitor (gate to
collector capacitor) of the IGBT, raising its gate voltage. It could lead to unintentional turn-on of the IGBT.
When the high-side IGBT turns on within an inverter leg, the voltage across the low-side IGBT increases
with a high dv/dt. The ratio of reverse transfer capacitance to the input capacitance is larger for IGBTs
(Cres/Cies)- This produces an increased Miller effect and a larger noise is coupled from the collector to the
gate.

This induces a current in the gate of the lower IGBT that may produce turn-on of the low-side device
shorting the DC bus.

However, certain low-power IGBTs have a lesser Creg (reverse transfer capacitance) and do not need
negative gate voltage for turn-off. Instead, the clamp functionality of the ISO5852S can be used to ensure
that gate is pulled to emitter thorough a low-impedance path, preventing a false turn-on.

The CLAMP transistor is turned on when OUTL reaches 2 V with regard to VEE2 during turn-off of the
IGBT. The CLAMP transistor hard clamps the OUTL pin to VEE2. The clamp transistor remains on once it
is ON even if OUTL goes above 2 V. The CLAMP transistor is again turned off during IGBT turn-on
process.

If the supply is unipolar, an active Miller clamp connects the output to Vg, (Ground), and this condition is
latched. During a bipolar supply operation, the output is hard clamped to VEE?2 (-8 V) when the IGBT is
turned off.

For larger IGBTS, a still negative gate voltage is required. Another reason for the negative gate voltage at
IGBTSs is of the operation at higher voltages with increased (dv/dt) coupling of noise.

Fault and Protection Handling

The FAULT pin indicates an error event (with soft shutdown) has occurred such as IGBT short circuit.
Fault will be latched until the reset is applied. FAULT will go high, when the logic low pulse is applied to
RESET pin. This can be accomplished with an MCU, or an additional logic gate that synchronizes the
RESET signal with the appropriate input signal.

The ready pin is high during the primary and secondary side supplies are good. It is pulled LOW when the
supply voltage is less than the UVLO limits.
External Gate Emitter Capacitor to Shunt Miller Current

An option to mount external capacitor between IGBT gate and emitter has been provided to evaluate the
effectiveness of clamp functionality.

This capacitor can sink the additional charge originating from the Miller capacitance during the turn-on of
top IGBT. Due to the additional capacitance, the effective input capacitance of the IGBT is Cg||Cge, the
gate charge required to reach the threshold voltage will be increased.
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6.4.10 Power Dissipation
In the process of turning the IGBT ON and OFF, power is dissipated by the driver IC, IGBT gate, and by
any RC circuits in the gate drive path.
VDC+

-16 vV
PWM

N R |
ANN—2
17, Al |
Cge (Ext)

i

12. Driver Power Loss

The total gate power dissipation is calculated with = 5:
2
I:>gate = I:)dc + (Q gate x st x AVgate )+ (C ge X st x AV gate)

where
* Qg = total gate charge
* F,, = Switching frequency
* AV, = Gate driver output voltage swing )

For CM150TX-24S1, Qg is approximated as 450 nC for bipolar switching and 300 nC for unipolar
switching with V. = 15 V.

* Fgw =16 KHz

* AVge=15Vand 23V

» Cg,=10nF

The static power dissipation of ISO5852S is PDC = |, X V, where |, is the quiescent current for the
driver. The quiescent current is the current consumed by the device to bias all internal circuits such as
input stage, reference voltage, logic circuits, protections, and so on, and also any current associated with

switching of internal devices when the driver output changes state. The 1SO5852S features very low
guiescent currents — 6 mA when supplied with 15 V and -8 V.

Power dissipation for bipolar switching: Py, = 0.138 + 0.1656 + 0.085 = 0.4 W

Power dissipation for unipolar switching: Pg,. = 0.2 W

20 AL N =5 R T AHDMFFTNGBT 7 — bk« KZASDFH 7T > 74— JAJU231A—-June 2015—Revised August 2015

TIDUALS FHERIK — FeBr OIFERCE ) http://www-s.ti.com/sc/techlit/ TIDUALS
Copyright © 2015, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUA15.pdf

I3 TEXAS
INSTRUMENTS
www.tij.co.jp System Design Theory
6.5 Half-Bridge SMPS for Gate Driver
A half-bridge SMPS is used to generate isolated positive (16 V) and negative (-8 V) voltage rails required
by IGBT gate drivers from a single 24-V DC input supply. The half-bridge driver is operated in open loop
mode with 500 kHz / 50% duty cycle generated by the Piccolo controller.
This half-bridge topology allows for more efficient use of the transformer core than the flyback or forward
converters. The transformer has two secondaries, each generating 8.7 V (required output = 8 V with a
diode drop of 0.7 V). A voltage doubler has been used to generate 16 V from the secondary generated 8
V. Each transformer is used to power TOP and BOTTOM IGBTs of each phase.
RB IbOM—’ié::‘R ZE
R232 RB Iﬁ()\‘[—hf:;z ;i ‘ ]\
'S k Half Bridge converter : SMPS o B
LI g b TR Tom T
T;%)mu:;%? K:‘::’r ] SK;LA-ITP by . RBI;OM-bOTAR -8V R_BOT
- ::Z :: :t " =" ZKSIOA-:‘FP = 7 T “:l} i ol -
pLm Y Ho |2 . HSG RS89 OR L R90,, 17.8 ohm 1] {% ° RBIG()\’E;ETRZE
::z 2 r‘i = L RO @Rl 17.8 ohimg 14 JJ’?} = * %% ::(“:J? ::gxff; :if;dg
UCC27211DPRT :;’ . D44 ‘:‘_ o + 97 Tfﬂ"ﬁg{'}g’ﬁ'ﬁgfﬂ’s Rl?l«‘\()\1-i;a);:l)'kZE
Yo T Tom T
cld A T T T {-8V R
¢ |
13. Isolated Power Supply
During the turn-on and turn-off of IGBT, gate driver requires instant peak current from its power supply for
a short period of time, so it is important to use proper by-pass capacitors for the power supply. To achieve
the minimum output ripple with high-current load transients, a 47-uF capacitor at each of the output on the
secondary side is used.
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6.5.1 Transformer Specification
» Two isolated outputs with Vo7, = 8.7 V at 250 mA and Vg1, = 8.7 V at 250 mA
e Switching frequency = 500 kHz
* Primary to secondary isolation = 7.4 kV for 1.2/50-us impulse voltage
» Type test voltage:
— Primary to Secondary = 3.6 kVgys
— Secondaryl to Secondary2 = 1.8 kVgys
* Spacing:
— Primary to Secondary clearance = 8 mm
— Secondaryl to Secondary? clearance = 5.5 mm
— Creepage distance = 9.2 mm
e Functional Isolation Primary and secondary : 1.5-kV DC
» DC isolation between secondaries: 1.5-kV DC
T ®
8.7VD%E/c2150mA
22-28 - =
e 3|0
a.7voscE/czzsomA
9
14. Half-Bridge Transformer Symbol
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6.6 Design of 24-V to 15-V and 5-V Step-Down DC-DC Converter

The 15-V regulated power supply for the half-bridge driver and 5 V are derived using the TPS54286
switching converter. The TPS54286 device is a dual step-down (buck) regulator with an integrated high-
side and low-side n-channel MOSFET. This operates in constant switching frequency, current mode
control which reduces output capacitance, and also reduces the complexity of compensation design. The
design specifications of the step-down converter are given 3 2. The schematic of the step-down converter
is shown in [X] 15.

% 2. Design Specifications of Step-Down Converter

PARAMETER SPECIFICATION
Output voltage 15Vand5V
Maximum output current 150 mA and 500 mA

Input voltage 24 V pre-regulated
Output voltage ripple 0.5% of Vour

cr ci1s
ToF u17 TPS54286PWP TouF
= " =
115V c119 GND PVDD1 PVDD2 GND

R93
L1 ’»—WV— BOOT1 BOOT2
100tH 0.5A - 33R

& sw1 sw2
N ENT B8P
] R97 = __
< 511K GND BN =
% T a1 ILIM2
DNP 4 o
R101|_|_ Gy < 2 R99 | 4.7uF :
—==C30 20K
287K g o1ur! S 0R
— W DNF| ==
T e DNP T =
R102 =
GND - C32 == 3, E%K GND GND
= 0.01yF
GND

15. 24-V to 15-V and 5-V Step-Down Converter
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6.6.1 Circuit Design

6.6.1.1  Output Inductor Selection (LO)
To calculate the minimum value of the output inductor,

For 5-V output

D Vout + Vrp
" Ve + Vio
IN(max) FD (6)
D, ~ 2VF 0TV o3
24V + 0.7V
v - Vour
L.~ IN(Imax) <D x : 1
LRIP(max) sw O
24 -5 1
Lyjn® —— x 023 x ———— = 48.71uH ~ 47 pH
™ 015 600 x 10° : "
For 15-V output
D < IBVHOTV oo
24V + 0.7V
24V -15V 1
Ly~ —————— x 0.635 x ————— =95.25 uH ~ 100 pH
mn 0.1 600 x 10°
Ripple current for 15 V
VIN(max) - VOUT 1
IRIPPLE = X Pmin X
L fsw ©)
24V - 15V 1
I ~ ———— x 0635 x ———— =0.095A ~0.1A
RIPPLE 100 uH 600 x 10°
1
IL(rms) = \/QL(avg)i + E(IRIPPLE)Z ©
2 1 2
I,_(rms) = \/(0.2) + 6(0'1) = 0.202 A
Ripple current for 5 V
24V -5V 1
I ~ ———— x 0230 x ———— = 0.154A ~ 0.15 A
RIPPLE ™ 47 H 600 x 10°
ey = «|(0.5) + - (0.15 = 0.501 A
L(rms) : 12\ .
24 AL N =5 R T AHDMFFTNGBT 7 — bk« KZASDFH 7T > 74— JAJU231A—-June 2015—Revised August 2015

TIDUALS FHERIK — FeBr OIFERCE ) http://www-s.ti.com/sc/techlit/ TIDUALS
Copyright © 2015, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUA15.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp System Design Theory

6.6.1.2  Output Capacitor

The internal compensation of the TPS54286 limits the selection of the output capacitors. Internal
compensation has a double zero resonance at about 6 kHz, so the output capacitor is selected by = 10.

For 15V
1
Cour =
2

4 x 1° x (fRES)Zx L (10)

4x 12 x (6>< 103)2><100uH
For5V
COUT = 1 = 1497 HF

4 x Tc2><(6><‘|03)2><47uH

6.6.1.3  Output Voltage Regulation

For this design feedback divider resistors (R97, R100) are 20K and 51.1K. The lower resistor R102 and
R103 are found using the following equations.

Veg x RO7
R102 = ——M—
Vourt — Ves (11)
3
R102 = 0.8 x51.1x10" _ 2.873 kQ
15V -0.8
Ver x R97
R103 - B2 ™"
Vourt = Vrs (12)
3
R103 = 08 x20x10° _ 4400910
5-0.8

6.6.1.4  Bootstrap circuit

A 3.3-nF ceramic capacitor must be connected between the BOOT and SW pins for proper operation. Use
a ceramic capacitor with X5R or better grade dielectric. The capacitor should be rated 50 V or higher.

A small resistor with value between 1 and 3 Q to be placed in series with the bootstrap capacitor; this
reduces the rising edge ringing at the SW node.

6.6.1.5 Snubber

Fast switching and parasitic inductance and capacitance results in a voltage ringing at the SW node. If the
ringing results in excessive voltage on the SW node or erratic operation of the converter, an R-C snubber
(C = between 330 pF and 1 nF, R = 10 Q) may be used to dampen the ringing at the SW node to ensure

proper operation over the full load range.
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6.7 Design of 5-V isolated DC-DC Converter
The AMC1200 requires isolated power supply for powering its input section. The SN6501 is used as a
switching device to generate a 5-V isolated output.
% 3. Specifications for Selection of 5-V DC-DC Converter
PARAMETER SPECIFICATION
Output voltage 5V
Output current required 10 mA
Input voltage 5V
Output voltage ripple 0.5% of Vour
The SN6501 is a monolithic oscillator and power-driver, specifically designed for isolated power supplies
in isolated interface applications with small form factor. It drives a low-profile, center-tapped transformer
primary from a 3.3-V or 5-V DC power supply. The SN6501 consists of an oscillator followed by a gate
drive circuit that provides the complementary output signals to drive the ground referenced N-channel
power switches. The internal logic ensures break-before-make action between the two switches.
Features:
e Push-pull driver for small transformers
* Single 3.3-V or 5-V supply
g:ge}jh car
e 5 oene —yw ™ 6 A K}loc R200,,, 47 Ohm *5\/1150
'3 § %Roszu.ne cal 1 ©f
) 2'; : D41 ‘ T E*EE,Z; **%?F :Zjazsvws
16. Isolated 5-V Converter
Transformer Selection
To prevent a transformer from saturation its V-t product must be greater than the maximum V-t product
applied by the SN6501. The maximum voltage delivered by the SN6501 is the nominal converter input
plus 10%. The maximum time voltage is applied to the primary is half the period of the lowest frequency at
the specified input voltage. Therefore, the transformer’'s minimum V-t product is determined using = 13.
T VN
Vit min = VIN—max x M = T-max
2 2 x fin (13)
55V
Vit i, 2 ————— = 9.1Vus
min = 5 300 kHz H
Common V-t values for low-power center-tapped transformers range from 22 Vus to 150 Vus with typical
footprints of 10 x 12 mm. Other important factors to be considered in transformer selection are isolation
voltage, transformer wattage, and turns ratio.
Transformer Turns Ratio Estimation
Ve_ + Vpo_ + Vo
N = 1.031 x F-max DO-max O-max
IN-min — RDs-max X Ip-max (14)
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% 4. Transformer Specifications

PARAMETERS TEST CONDITIONS VALUE
DC resistance 1-3 @ 20°C 0.419 Q max
DC resistance 6-4 @ 20°C 0.335 Q max
Inductance 1-3 100 kHz,10-mV AC, Lg 340 pH min.
Dielectric 1-6 6250 Vgys, 1 second 5000 Vgps, 1 minute
Turns ratio (6-4): (1-3) 1.1:1, +-2%

17. Isolated Transformer Construction

6.8 5-V To 3.3-V Regulator

1:1.1

%% 5. Specification of 3.3-V Output LDO

PARAMETER SPECIFICATIONS
Input voltage 5V

Output 3.3 mA
Output current 350 mA

The LP38691 is selected is based on specifications outlined in % 5. The LP3869x is a low-dropout CMOS
linear regulator providing tight output tolerance (2% typical), extremely low-dropout voltage (250 mV at
500-mA load current Vo = 5 V), and excellent AC performance using ultra-low equivalent series
resistance (ESR) ceramic output capacitors.

2
@
1S

LP3869DTX

3 _vee vout |-

——C129
100F

Gl
|

==c130
10uF

Il

2l
g

18. 3.3-V Circuit
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6.9 Status Indications

The 1SO5852S fault and ready indications are shorted and connected to two LED indications as shown in

X 19.

Ready Indication

3
w3
R
¥ .07
R64 o W'GREEN
10K LTST-C17GKT
RDY1 R47
ROY2 1200hm
RDY3
RDY4 RDY RS0 Q3A
2o 4 BC847BPN, 115
RDY5
RDY6
RDY?

FLT1

Fault Indication

©
15

R65
10K

FLT2

ELT3

FLT4

FLT5

FLT6

FLT7

X] 19. Status Indication Through LED

FLT _RS3 w

20K

©
)

Q3B
BCB47BPN, 115
<
Y08

of WLTST-C17EKT

R53ED
1200hm

28 BHHALN—F L RT LA DOMEFTNGBT & — [« FZASDFEM 77 o N7 34— A
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6.10 LaunchPad Connections

The C2000 InstaSPIN™ Piccolo LaunchPad is used for controlling the inverter.

The LaunchPad has following connections to the power stage:

* Thermistor feedback from the IGBT module

» DC bus voltage feedback

* FAULT ready
e« PWM enable and RESET signals from the 1SO5852S

* Relay_Enable signal

* Fan drive signals
 PWAM signals for half-bridge SMPS

* PWAM signals for gate driver

PWM_EN is used to control the buffer providing PWM signals to 1ISO5852S.

FAN_DRV
Hi PWhg, HI_PWM l

PWM R TOI PWM R _TOP - R68 10R
lc‘re
0.01F
DGND
P R BoT(G—PWMRBOT o  R69, 10R
l(;77 CN6
0.01F
20 4 DGND
DGND 19 2 P, _RELAY
R74
PWM Y TO PWM_Y_TOP o R70 10R 18 3 ° ER ON
10R
c82
C78 17 4= 0.01uF
0.01pF
. 16 5 —x
15 6 DGND
DGND 14 , R9 10R
PWM_Y_BOT o R71 10R
PWM_Y_BOT R10 10R
X113 8
c79 R11 ,,, 10R gLl PWM
H—i12 9 LI_PWM
0.01F 4 26
X1 10— 1.5nF
ca7
pcko PPRCTOZLFBN-RC 1.6nF
P B TOr PWMB TOP o R72,, 10R oo
lCSD DGND
0.01F

PWM_B_BOT:

PWM_B_BOT

10R

Launch Pad Connector J6 & J2

c24
0.01yF

DGND

c169)| + 10uF

DGND

PWM_EN <4

R13

OR

C168|[_10uF
+ DGND

L

3
DC BUS $NSE NEG

[ 20. LaunchPad Connections for C2000 Piccolo LaunchPad

PPRC102LF|

0.01pF
N-RC
Launch Pad Connector J1 & J5 l
DGl

DC _BUS_ENSE_FOS

NTC 1

<
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7 System Test Results
7.1 Power Supply
7.1.1 3.3-V LDO Output (U18)
T ¥ CH1 ¥ CH1
B e Mean - Mean
: 3.35v 2.46mY
LI S SR SR SONE SR PR SO SR CH1 CH1
B Min Min
....................... O S PP I 4 -28.0mY
: CH1 CH1
P oo g May May
: 344 28.0mY
......................... T S e T CH
: Pk-Pk Ph-Pk
......................... St ooy S6.0mV
S S SR SO SR CH1 CH1
- 1 CycRMS : Cyc RMS
s L : : - : : 1 335v? : : - : : 7.91my?
CH1 1,00V M 100, CH1 \ -3.00mV CH1 100mV M 100 CH1 . -5.00mV

4-Mar-15 10:05 <10Hz

4-Mar-15 10:08 <10Hz

21. Output Voltage of 3.3-V LDO With Load of 100 mA 22. Ripples in 3.3-V LDO Output With Load of 100 mA

7.1.2 Buck Converter Outputs TPS54286PWP (U17)

7121 15-V Output

TEREERT

-"E .........

11—
4-Ma-150341  <10Hz

CH1
Mean
155Y

CH1
Min
15.0v
CH1
Max
16.0¢
CH1
Pk-Pk
1.00%
CH1
Cyc RMS
1562

T R IT

23. 15-V Supply With Load of 15 mA

Pk—Pk
................................................. sﬂumv
................................................. CH1
- Cyc RMS
....;....;....LAAAALAAAAIAAAALAAA.L...‘i““;.‘.. 125““"
CHi 200mV M 50015 CH1 . 80.0mv
4-Mar=1503:45  91.7170kHz

24. Ripples in 15-V Supply With Load of 15 mA

30 AL N =5 S ZT A HDMFGTNCBT 7 — b« KT ASDF 7T 74— 2
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7.1.2.2  5-V Output
N + ,,,,, o o
L Mean .1 Mean
S o L ] 42y
CH1 CH1
: 1 Min 1 Min
.2 4 480V 1 ~128mV
- . . . . ] CH1 CH1
TH e Maz Maz
: : : = : : : : ] 5.44v 1 22my
................. TIIT- IR JU TR v T - : . . ol CH
D e ' N
N L Tz ny 400mY
: : : - : : : 1 CHl - : : - : : : 1  CHl
R SO SIE LTI RN STIUH LTI TEUIIE: [ g P9 AT SR STE LTI RN ATIUH LI TEU TIE: [ P9
. . . : =S : : : b ? s . . . = ; - : : 1 65.4mv
CH1 2.00% M 100us CH1 . 80.0mY CH1 200mV M 100us CH1 . -B8.00mV
4-Mar-15 09:57 <10Hz 4-Mar-15 10:00 250.521kHz

25. 5-V Supply With Load of 150 mA

7.1.3 Isolated 5-V Output SN6501DBVR (U19)

¥ CH1
B e st e e e e T e e e e Mean
e
SR SN NN UG . SN SIS AP SN . S CH1
Eo o o Tt ] Min
L : : . : = : : : , ] CH1
1’;"";_""':""':""i""E'"'i""i"":'““.;“.{ Max
ST T T T T .
T TR TR PPN PETT FRTTS PP SR o
T T
e B 400mV
i - {1 CycRMS
r S . I : . : 5.08v?
CH1 200V M 100us CH1 \ -8.00mY

4-Mar=15 1014 <10Hz
27.5-V Isolated Supply Output With Load of 7 mA

26. Ripples on 5V With Load of 150 mA

CH1
Mean
437mV
CH1
Min
-32.0mY
CH1
Max
32.0my
CH1
Pk-Pk
64.0mV
CH1
Cyc RMS
s : : : : : : 430my?
CH1 100mV M 100us CH1 * -8.00mY
4-Mar-1510:17 <10Hz

28. Ripple on 5-V Isolated Supply Output With Load
of 7 mA
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7.1.4

7.14.1

Half-Bridge Gate Driver supply

16-V Output From Half-Bridge SMPS

s

1aftorTT Ty

R R RN

i at12.70ms
2 78.74Hz
1 av 148y

Cursor 1

CH1 5.00v

13-Feb-1517:43

CH1 /71
<10Hz

29. 16 V during power ON

Type

:

Source
CH1

2.8V

Type

:

Source
CH1

a¥ 616mY

Cursor 2
=320mY

13-Mar-15 12:08

CHZ 7 -1.70A

14.3404kHz

31. Ripples on 16 V at 2.5-A Source Current

1 Type
3

Source
CH1

aV 664mY

NN EEREEEEREEREE IENEE

2t

Cursor 1

CH1 200mY  CH2+250ABy M 25.0us

13-Mar-15 12112

15.0141kHz

30. Ripples on 16 V at 2.5-A Source Current and 4.5-A

Sink current

- : : : Type

Source
CH1

aV 312my

Cursor 1

CH1 200mY  CH2+2504By

CH1 7 S76my
<10Hz

l;ﬂ 1.Dﬁps
13-Mar=15 12:15

32. Ripples on 16 V at 4.5-A Sink Current

32
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7.1.4.2 —8-V Output From Half-Bridge SMPS

""""""" HAAR AR SRS AR AR AL RS

Type : oo 1 Type

e ::

..................... E SOUICG 2.5..“..:..;.5.;..'.;. .:,,,J"‘Ll‘i Source

- : CH1 s : : i : : : : : ] CH1

Phadivi o] & 4950H: &Y 600mY
: o 2y 7,90V k:

.................. §"""""""E""g""_C“'W” —

T T S O N S 368mY

o 7 e ¥ T I T CHT 200my  CHow250AB) M 2508 CH1 7 334mV
13-Feb-15 18:19  <10Hz 13-Mar-15 1156 <10Hz

33. -8 V During Power

ON 34. Ripple on -8 V

19§

Type Type
3
Source Source
CH1 CH1
. 0] oV 636mY al 344mYy

CH1 200mY  CH2+2504By M 1.00us

CH2 /7 -1.704

Cursor 2

-536mY

: —448mY
CH1 ./ 352mV

CH1 200mY  CH2+2504By M 1.00us

13-Mar-15 12:04 14.9766kHz 13-Mar-15 12:02 <10Hz

35. Ripple on -8 V at 2.5-A Sou

rce Current 36. Ripple on -8 V at 4.5-A Sink Current
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7.2

39. Gate Driver Output During Power ON With Bipolar

CH1 200V  CH2 500V

Power ON Test Without External BJT/MOSFET Buffer

The undervoltage lockout feature monitors the secondary voltage rail and prevents the IGBT operating
with insufficient gate voltage (Vge.on) by forcing OUTH/OUTL to low (during power-up else V., drops
below 12 V). In [X] 37 and [X| 38, the gate driver output is held low (CH2) until VCC (CH3) exceeds 12 V.
CH1 represents the PWM input of 1ISO5852S.

Type

Source

.

Z*W

M 2.50ms
3-Feb-1517:25

S.00¥Y  M500 CH2 ./ 2.40¥
3-Feb-1517:38 <10Hz

38. Gate Driver Output (Zoomed)

CHT 300V

CH2 / 240V
15.0205kHz

37. Gate Driver Output During Power ON With
Unipolar Supply

bz CH1: PWM from controller, CH2: Gate driver output, CH3: 16-V supply

14

CH2 / 440V
<10Hz

M 5000
3-Feb-15 17:50
40. Gate Driver Output (Zoomed)

CHE 20y CHT 500V 872 500V

<10Hz

M 2.50mns
3-Feb-15 17:47

CHi 500V T So0v

Supply

7 CH1: 8-V supply, CH2: Gate driver output, CH3: 16-V supply

34
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7.3 Power ON Test With External BJT Buffer

B

CH1 2.00v CHz 500V M 2.50ms CH2 / 160V
S-Feb-15 21:02 <10Hz

41. External BJT Buffer Output During Power ON With
Unipolar Supply

ot
3

z
I

0

S5-Feb-15 21:07 <10Hz
[X] 42. Gate Driver Output (Zoomed)

7 CH1: PWM from controller, CH2: Gate driver output, CH3: 16-V supply

3 T
Source
Slope
1
: - . | ] Mode
—_— . - Normal
CH 800V B M 2 Y 5 A 1 TR v
- 27-Jan-15 20:33 27-Jan-1520:38  <10Hz
43. Gate Driver Output During Power ON With Bipolar 44. Gate Driver Output (Zoomed)
Supply
7 CH1: 8-V supply, CH2: Gate driver output, CH3: 16-V supply
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7.4 2.5-A/5-A Sink and Source Current With Bipolar Supply Without BJT Buffer (Infineon

Module)

45 through [%| 47 show the sink and source currents delivered directly by 1ISO5852S.
Test conditions:

* Rson 7:5Q

* Rg o 0.0Q

* IGBT module: Infineon FS200R12KT4R_B11

» Gate charge (Qg): 1.65 uC

* Internal resistance: 3.5 Q

* Input capacitance Cies: 14 nF

i S i n -l
I eambl : . Type Type
:-.u
f.... .............. é Source Source
R ——
: i e P -
2 e Ao 1.0 TP oI 2504 oI 4504
: : : : Cursor 1
100méA
3 . . - : = : - - : 100mA q : : : : : A . ;
"""""" CHZ 2508y M100ws  CH2 7 150A CHZ 250AB) M 1.000s CH2 7 -500mA
3-Mar-15 1313 15.0257kHz H3 1 3-Mar-15 1315 15.0258kHz
45. Gate Driver Output — 2.5-A Source Current 46. Gate Driver Output — 4.5-A Sink Current
i il il 3t bl o ¥
; : T : = | 1 Type
_....:....:.1..:....: = ..:
pomsioserter : vosoren
e k i s tmmimamd T £ 304
: E : 1 Cursor 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2504
R P T VAT
9-Mar-15 1310 15.0223kHz
47. Source and Sink Current
i CH2: Gate current, CH3: Gate driver output
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7.5 PWM Signal Delay

7.5.1 and 7.5.2 show the propagation delay between the Piccolo controller and the gate driver.

7.5.1

PWM PWM buffer

Controller

1ISO5852S

IGBT gate driver

%

[¥ 48. Piccolo Controller and Gate Driver Diagram

e

“UCHZ 200V

||||-||||
4
|
1
i
|
! .
¥
]

1 Type
]

Source
CH1

™ 2t5.000ns
] 2 200.0MHz

: 1 =7.00ns
" 1 80.0mv

12-Mar-15 18:30

CH2 7 840mV

15.0463kHz

49. Propagation Delay of PWM Buffer (R-Top) (Rising

Edge)

EEEERERERRREN I

Type
Source
CH1

at 3.000ns
= 333.3MH:z
aV¥ 112y

Cursor 1

12-Mar-15 18:51

15.0426kHz

51. Propagation Delay of PWM Buffer (R-Bot) (Rising

=

Edge)

Delay Between PWM Buffer Input and PWM Buffer Output

Ik | 1
R TEERREERRREENY | R R PP PP PP PR ]
MW: -—
PSR UGN - AU, <. IS S E ..................... Source
CH1
| | e Pl e ] —
' : ' . 1 &t 5.000ns
v oo [Fooocincocinnocineeciennd 25 200,0MHz
) TP 4 6
2. ................. d
....... ~8.00ns
3.36Y
CH1 2.00° CH2 2.00%¥ M 25.0ns CH2 "\ 840mY
1 3 12-Mar-15 18:40 15.0441kHz

Edge)

50. Propagation Delay of PWM Buffer (R-Top) (Falling

CH2 200

12-Mar=15 18:55

Edge)

Type

Source
CH1

1 at 4000ns
12 250.0MHz
aV 1.04v
Cursor 1
-8.00ns
3.36Y

CH2 "\ 840mV
15.0413kHz

52. Propagation Delay of PWM Buffer (R-Bot) (Falling

CH1: PWM from controller, CH2: PWM buffer output, CH3: Current buffer output
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% 6. Delay Between PWM Signals

PWM BUFFER INPUT AND PWM BUFFER OUTPUT TIME (ns)
R_Top (Rising) 5.0
R_Top (Falling) 5.0
R_Bottom (Rising) 3.0
R_Bottom (Falling) 4.0
7.5.2 Delay Between PWM Buffer Input and Gate Driver Output
AR AR AR AR &
] Type e - Co 1 Tyee
1 SELECEETERTEAERETRERES EEL I EEREEEEERL
] CH1 : : : : : . ] CH1
pobeies i e e e L P\ A
: : : . 4 T7T79771 ot 84.00ns 3 4 : : :' s 5 . . : ] at 80.00ns
ceiioiecd b oo oooofolioob o §] 2 11,90MHz v s oo [T oo d 2 1250MHz
Y - O . g o SN I :
’_...._;._..‘.é..,__,+,_...._..:...._..€ .,,_:.,, _.,..\_.,.,.: ~7.00ns ................. g
e gt s e et e e e ] LMY N st e S 3
CH1 200V CH2 2.00v M 25.0ns CH2 ./ 640mY CH1 2.00 CH2 2,00 M 25.0ns CH2 . 840mY

12-Mar-15 18:33 15.0428kHz

53. Gate Driver Propagation Delay R_Top (Rising)

Do Type
: ==~ Source
: . CH1
aatea e o  ————
H : 1 at §2.00ns
poeeeond 2 12.20MHe
aV 3.36Y
1 Cursor 1
-6.00ns
160mY
""" CHZ 7 s@0my

12-Mar-15 18:53 15.0443kHz

55. Gate Driver Propagation Delay R_Bottom (Rising)

12-Mar-15 18:42 15.0467kHz

54. Gate Driver Propagation Delay R_Top (Falling)

1 Type
--:

Source
CH1

1 2t 81.00ns
]2 12.35MHz
aV 3.20V
Cursor 1
-8.00ns

CHT S 00V e 5 00V

M 25.0ns
12-Mar-15 18:56 15.0423kHz

56. Gate Driver Propagation Delay R_Bottom (Falling)

3 CH1: PWM from controller, CH2: PWM buffer output, CH3: Current buffer output

% 7. Delay Between PWM Signals

PWM BUFFER INPUT AND GATE DRIVER OUTPUT TIME (ns)
R_Top (Rising) 84.0
R_Top (Falling) 80.0
R_Bottom (Rising) 82.0
R_Bottom (Falling) 81.0
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7.6 Induced Voltage at Gate for dV/dt of 2.5 kV/us With 10-m Motor Cable

7.6.1 Active Miller Clamp Disabled

........................ R
. : : " D s imrsringes] _1YDE
L LR LR EEEER RN St :
- Source
CH1
{ avsay
Cursor 1
0.00v
0 : e
I AT R T e o V11T
6-Mar-15 22114 - 6-Mar-15 22110
57. 2.5-kV/us Inverter dV/dt 58. Induced Voltage at 2.5-kV/ps dV/dt
E: 2.5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller

clamp disabled and C,, = 0 nF

CH1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

Type Type

. . . . et ey ]
P P P X [T RNl . piitude

Source
CH1

- e
2'”._.-——.-'1

CHT S.00VBy CH2 500V

|lo|l||l'.|ll:||||||||+

{ oV 200v

Cursor 1
0.00%

Cursor 2

CHI 5.00VBy CHZ 500V M 500ns

B-Mar-15 22:26 6-Mar-15 22:25
59. 2.5-kV/ps Inverter dV/dt 60. Induced Voltage at 2.5-kV/ps dV/dt
& 2.5-kV/us inverter output and induced voltage at gate of bottom IGBT with active miller clamp

disabled and C,, = 10 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

% 8. Summary of Induced Voltage for 2.5-kV/uS dV/dt (Active Miller Clamp Disabled)

INDUCED VOLTAGE AT THE BOTTOM IGBT

USSRl (POSITIVE PEAK IN VOLTS)

Active Miller clamp disabled

Cge(Ext)=0nF 34
Active Miller clamp disabled 5
Cge(Ext)=10nF
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7.6.2 Active Miller Clamp Enabled
" - - AR AR AR AR SR A A -
: A Type R N W N Type
Source S U EL P OCE ARTEIPTES PR PRIS PR o
N N - - T CH1

V¥ 400mY

Cursor 2

2H
E - 1 i 8 1 8 400mY
CHE S e e W s 7, CHI 200Y  CH2 500V M 500ns
: G-Mar-15 22:41 10Hz 6-Mar-15 22:35
61. 2.5-kV/ps Inverter dV/dt 62. Induced Voltage at 2.5-kV/ps dV/dt
E: 2.5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller
clamp enabled and C.¢,, = 0 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT
T T T T - T T T T - - Tddl™ - - e
E T i LYPE E T i 1 YPE
,,,,, :I .:IJ:
L . . . . E] : . . N _ E . . . . E] . . . . ] —
......................... bbb e SSURE I (ISR SRS NP
I @ o - S B 1
. . . . 1 320,005 L . . . . 4 . . B . ]
7 3.125MH ] aV 400mVy
a¥ 770y 1
Cursor 1
0.00%

sy

ST N T 100V ST TN RO T —
CHI 200%  CH2 GO0V MSoons Gl H3 7 100 CHT 200V CH2 500V Msoons LI H3 7 100V
CH3 250 B-Mar-15 22:32 210 CH3 250V 6-Mar-15 22:31 210
63. 2.5-kV/ps Inverter dV/dt 64. Induced Voltage at 2.5-kV/ps dV/dt
i 2.5-kV/us inverter output and induced voltage at gate of bottom IGBT with active miller clamp

enabled and Cyg, = 10 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

% 9. Summary of Induced Voltage for 2.5-kV/us dV/dt (Active Miller Clamp Enabled)

INDUCED VOLTAGE AT THE BOTTOM IGBT
EESCRIRIICES (POSITIVE PEAK IN VOLTS)
Active Miller clamp enabled. 0.4
Coeexy = 0 NF
Active Miller clamp enabled 0.4
Cgeexy = 10 nF
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7.7 Induced Voltage at Gate for dV/dt of 5 kV/us With 10-m Motor Cable

7.7.1 Active Miller Clamp Disabled

Type

D gy
e S

Source
CH1

M 500ns

T 2 A VR T CHT B0V T 500
G-Mar=15 23:40 B-Mar-15 23:34
65. 5-kV/ps Inverter dV/dt 66. Induced Voltage at 5-kV/ps dVv/dt
i 5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller

clamp disabled and C,, = 0 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

3 e Leerereerereerreereree T
R AR S S S N Dl eeeeeemao 1 YDE
B ottt ayey :"‘ﬁ""_"-
o : -
- 1 Source
1 CH1
Y oot Soninelt Y oy a8
ot M e
T A 1 /F N ~800mYy
X R T T 11— EFTSC ~200mv

G-Mar-15 23:30 B-Mar-15 23:13 <10Hz

67. 5-kV/ps Inverter dV/dt 68. Induced Voltage at 5-kV/ps dV/dt

3 5-kv/ps inverter output and induced voltage at the gate of bottom IGBT with active miller
clamp disabled and C,, = 10 nF

CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

% 10. Summary of Induced Voltage for 5-kV/us dV/dT (Active Miller Clamp Disabled)

INDUCED VOLTAGE AT THE BOTTOM IGBT
EESIRCCUIRIICIS (POSITIVE PEAK IN VOLTS)
Active Miller clamp disabled 4
Cge(Ext)=0nF
Active Miller clamp disabled 58
Cge(Ext)=10nF ’

JAJU231A-June 2015—Revised August 2015 AL =L e X T A OHGFHNGBT & — | RTASDOFHH 7T 2 7 A4 — 24

TIDUAL5 BRI — Feii oo S4Bl hitp://iwww-s.ti.com/scitechlit/ TIDUALS
Copyright © 2015, Texas Instruments Incorporated

41


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUA15.pdf

System Test Results

13 TEXAS

INSTRUMENTS

www.tij.co.jp

7.7.2 Active Miller Clamp Enabled
: . : i S d g |
S T ae et vpe
: : i . Source
Jodniii ]
oY 1,00V
1 1
2 ; 2 Cursor 2
. . = . . . . i = i : - : . i 440m
CHT T.00¥ " CHZ 500V M 250ns CH1 7 -360mY CHI 100V CHZ 500V M 250ns CH1 7 -360mv
6-Mar-15 22:53 <10Hz 6-Mar-15 23:01 <10Hz
69. 5-kV/pus Inverter dV/dt 70. Induced Voltage at 5-kV/ps dVv/dt
i 5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller
clamp enabled and C,.,, = 0 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT
"’{”7 H Hiddd - T
- . . . 3
S G N . i
= . h i CHI
: : : = - : - g : : : 440mv
CHI 100V CHZ 500V M 100ns : CHI 100¥  CH2 500V M 100ns
6-Mat-15 23:11 6-Mar-15 2310
71. 5-kV/ps Inverter dVv/dt 72. Induced Voltage at 5-kV/us dVv/dt
7 5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller
clamp enabled and C,.,, = 10 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT
% 11. Summary of Induced Voltage for 5-kV/ps dV/dt (Active Miller Clamp Enabled)
INDUCED VOLTAGE AT THE BOTTOM IGBT
IS GEikipiEn S (POSITIVE PEAK IN VOLTS)
Active Miller clamp enabled
0.44
Cyeexy = 0 NF
Active Miller clamp enabled
Coeery = 10 NF 0.44
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7.8 Induced Voltage at Gate for dV/dt of 7.5 kV/us With 10-m Motor Cable

7.8.1 Active Miller Clamp Disabled

Type
:
Source
........... EHW
L S——— 1. S St PRSI RURTIT Y
1 . M‘\-f-—-l- vl (1.00Y
P SR SR SURE NUNE SURE SR SO SE i
1 " F : p = : ; 4,00¢
CHI 500V CHZ 500V M 100ns CH 500V CHZ 500 M 500ns CH . 600mv
7-Mar-15 00:15 7-Mar-15 00:22 <10Hz
73. 7.5-kV/ps Inverter dV/dt 74. Induced Voltage at 7.5-kV/ps dV/dt
i 7.5-kV/us inverter output and induced voltage at the bottom IGBT - active miller clamp
disabled and C,, = 0 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT
- o —— N |, i D e dnene] TYPE
:_""" O EEEE PR _ ........
Source Source
: : : R ) ; CH1
a¥ 3.20v
: - : ; Cursor 1
‘ : 0.00v
e e
CHT B0V S TE M T0ns T A A ¥ -1 7 e 11
7-Mar-15 01:26 7-Mar-1501:30  <10H:
75. 7.5-kV/ps Inverter dV/dt 76. Induced Voltage at 7.5-kV/ps dV/dt
i 7.5-kV/us inverter output and induced voltage at the bottom IGBT with active miller clamp

disabled and C,, = 10 nF
CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

% 12. Summary of Induced Voltage for 7.5-kV/ps dV/dt (Active Miller Clamp Disabled)

INDUCED VOLTAGE AT THE BOTTOM IGBT
VST GRS (POSITIVE PEAK IN VOLTS)
Active Miller clamp disabled 4
Coeexy = 0 NF
Active Miller clamp disabled 3.2
Cqeexy = 10 nF ’
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7.8.2 Active Miller Clamp Enabled

Type Type
...................... & TUSITPATPAPPITRS: RPN Souce
S - CH1
Hermitmainanmieer?) av 152v
............................................... —
-800mY
H CHT 00V 271 536V M Toons S - a@mv
7-Mar-15 01:46 7-Mar-15 01:50 <10Hz
77.7.5-kV/ps Inverter dV/dt 78. Induced Voltage at 7.5-kV/ps dV/dt
3 7.5-kV/us inverter output and induced voltage at the gate of bottom IGBT with active miller

clamp enabled and C.,, = 0 nF

CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

; ' ; b -t M At S I - T : : st
: J : S R-FPRP eSS SUPUR S TDE 2 ; ; i Type
": ::
: : . . - : : : . k| : : : 2 ;I
’ Source : 1 Source
CH1

e i L L Y

1 oV 148y

Cursor 1
=920mV

19

, r

560mY

AAAAAAAAAAAAAAAAAAAAAAAA H:Ihhh;“‘;““;....;..... CH" 100\’] i CHQSDDV Mguun i i cH‘l '\‘_Baumv
7-Mar-15 01:40 7-Mar-15 01:35 <10Hz
79. 7.5-kV/ps Inverter dV/dt 80. Induced Voltage at 7.5-kV/ps dV/dt
i 7.5-kV/us inverter output and induced voltage at the gate of bottom IGBT - active miller

clamp enabled and C,, = 10 nF

CHZ1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

% 13. Summary of Induced Voltage for 7.5-kV/us dV/dt (Active Miller Clamp Enabled)

INDUCED VOLTAGE AT THE BOTTOM IGBT
(POSITIVE PEAK IN VOLTS)

Active Miller clamp enabled 0.72
Cgeexy = 0 NF ’

Active Miller clamp enabled

TEST CONDITIONS

0.56
Cgeeny = 10 NF
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7.9 Maximum Achievable dV/dt Without External BJT Buffer
ooy o gd o sy Type
. . B . - z . . . ] Souce

CH1 5.00v CH2 5.0-]\35\,.,. M 100ns
13-Mar-15 20:44

X 81. Max dV/dt and Induced Voltage Without External Buffer With 10-m Motor Cable (Bipolar)

i CH1: Bottom gate driver output, CH2: Top gate driver output, CH3: Vce of bottom IGBT

Maximum dV/dt achieved without external BJT buffer: 8.47 kV/us

Test conditions:

* Rgon: 220

* Rg o 22Q

* IGBT module: CM150TX-24S1_MITSUBISHI
* Gate charge (Qg): 315 nC

* Internal resistance: 13 Q

e Input capacitance Cygs: 15 nF
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7.10 Current Through Clamp Pin

Measure
value
status

T
i 4If q~‘TELED‘FNE[EEHGY
. Everywhereyoulook” |,
1/ |
|
¥
— b4
el
|
L
i
T
|
1 I
A
Hl
|
|
|
P1:ampl(C1) P2-freq(C1) P3:hper(C2) F-:'max(CZ) P5--- Pb--- PT--- P8---
840.5V - - 39BmA
v a & v

' B oo
200 mAJdiy
-50.00 mA|
| 3772mA
1 248.06mA
Ay 21033 mA

Test conditions:

B 82. Current Through Clamp Pin

« External buffer: without BJT

e Supply: Unipolar

* Rgon: 22Q
* Rg o 22Q

e IGBT module:

CM150TX-24S1_MITSUBISHI

* Gate charge (Qg): 315 nC

* Internal resistance: 13 Q

e Input capacitance Cygs: 15 nF

Timebase 40 ns|(Trigger C1DC

X1= -68Bns AX= 106.0ns
X2= 380ns 1AX= 94MHz

46
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7.11 Validation of Gate Signals With External Cable (Without BJT Buffer)

I Coupling
BN YRR o SN Off
........ % 200MHz
E ..... W

F 3 TS - S 108
L T
= : : . : Oft

cHi ooy MSOons CH 7 128V

14-Mar=15 13:21 <10Hz

X 83. Gate signal at Gate of IGBT With 100-cm External Cable

i CH1: Gate driver output, CH3: Vce of bottom IGBT
Probe point
OutH R1 44— Discharge
ut l\/\/\l 100 cm
cable
Gate driver R3 D1
1SO58252 R4 1 GBT
w1 gate
» Charge Inverter
module

[¥] 84. Block Diagram for Measurement of Gate Signal With External Cable

7.12 DESAT Signal During Normal Operation

e - T T Type iy L dssrmthiy Type
R SRR [
i — R W
Eoo L VU S
=0 a0y F . . . . . . . .
Cursar 1
&0,0rmY Sk ¥ Pulliat i i
o 2+E ....... : Cursar 2
i . 12y
e - CHT Baoy— CHE Tooy  MAbdus CHE 273w
T T - P P 253-Jan-15 1711 360.5580Hz
CHI B00%  CHZ 100%Y M 250ns CH2 7272y
23-Jan-15 1708 300,131Hz
85. DESAT During Normal Operation (Zoomed) 86. DESAT During Normal Operation
& CH1: Bottom gate driver output, CH2: DESAT signal, CH3: Vce of bottom IGBT
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7.13 Short Circuit Test — Hard Switched
E: All the tests in 7.13 and 7.14 were performed using engineering samples of ISO5852S. The
final silicon has a higher pulldown drive during soft shutdown when compared to the
engineering samples, resulting in lower soft shutdown time for given Qg of the IGBT die.
Refer to the latest datasheet of ISO5852S on Tl Website at
http://www.ti.com/product/ISO5852S
87 shows the block diagram of hard-switched fault setup.
4 )\
+24-V DC
'h., +800-v DC IGBT power
M module
SMPS ] posoos
PWMs HALF +16 V, H 1 :
BRIDGE »| Reinforced ﬁ— _____ 1
§ SMPS 8V isolated ﬂ 1:J J J
h= 16 Vo | IGBT gate !
[ Ll . 1 1
= p| driver— 1 :
5 8V 7| 15058528 g :
1
% Inverter PWM signals Sr?\i _:I EJ J J
= signals : 1
© 1 1
| \ 1
[ N 2 e o O O O O e e ——— 4
o ¢
o
N
: —l
Short between
DC bus sensing | inverter output
- | to DC (-ve)
NTC output
-
- 4

87. Block Diagram of Short Circuit Setup (Hard Fault Switch)

A hard fault switch short circuit test was performed using the power module CM150TX-
24S1_MITSUBISHI. This test is performed such that one arm of the inverter bottom IGBT already has a
short (from [X] 87, Y phase output is connected to DC negative), during the same turning ON the top IGBT
(Y_Top) to know the performance of DESAT detection.

Test conditions:

» Short circuit connection: Y-phase inverter output to DC negative

* Motor connected: NO

* Inverter dV/dT: 2.5 kV/us, 5 kV/us, 7.5 kV/us

* IGBT module: CM150TX-24S1_MITSUBISHI

» Gate charge (Qg): 315 nC

* Internal resistance: 13 Q

* Input capacitance Cygg: 15 nF
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7.13.1 Hard Switched Fault With Inverter dV/dt of 2.5kV/ps

1 Type P Type
.
......... : SOUI'CQ
’ . . =
2
= ) - at 1.160us
: : :l!lﬂﬂ. |l|!||||;||||!;I ‘EDIII!I ll"'l."ll:— L
ot 4 VAR wsor 1
CHA 2.60\;&; g 2.00\?&4 i 1.0ﬁus e 6 B0my CHA 2.0'0\!&' g 2.00\53,; W00 sd0my
CH3 5.00vBy CH4 S.00vBy 2-Mar-15 19:58 <10Hz CH3 5.00vBy CH4 S.00vBy 2-Mar-15 139:57 <10Hz
88. DESAT Activation to Gate Driver Turn OFF 89. DESAT Activation to Fault Indication
: 3 Type
coC
R e . . Source
N R B
SR O . M ot 10208
Frovonnnnifinind ooz oo 25 98.04kHz
E . . i - ; q. &V 13.8Y
T - Cursor 1
CHI Z00V8y  CH2 200V8y M 2500 CH2 7 s0mv
CH3 5008y CH4 SO00VBy 2-Mar-15 13:55 <10Hz
90. Gate Driver Output During Soft Shutdown
& CH1: Fault signal, CH2: PWM from Controller, CH3: DESAT signal, CH4: Gate driver output

] F T ]
] Type : : 1 Type
: . = 3
Source 1 Source
= L CH4 - + CH1
EIIII;II' :n’_jn:;... ---g----;---u:uutflll|;|III§ a¥ 220V :uu-fuu iu;luuéuuu |;.g----S-nn;nn;uuufuué &l 1.04kA
of y ] of... . F 28 R TUUUETUURE T SR OO SO
i f]: : Cursor 1 E o ff ) ]
N e VPR 2 a30v 2o TREONL). © . Vet .
CHT 250ABy  CHZ 200VAy M 25008 CH2 7 800mY CHT 250ABy CH2 200VBy M 250s CH2 7 800mY
CH3 5.00¥8y CH4 2508y  2-Mar-15 20:00 <10Hz CH3 500¥By CHA 250vBy  2-Mar-15 20:01 <10Hz
91. Voltage Across (Vce) Top IGBT 92. I. — During Short circuit
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7 CH1.: Short circuit current, CH2: PWM from Controller, CH3: DESAT signal, CH4: Vce of top

IGBT

% 14. Summary of Short Circuit Test of Hard Switched Fault with 2.5 kV/us

PARAMETER VALUE
DESAT activation to gate driver turn OFF 360.0 ns
DESAT activation to Fault indication 1.16 ps
Soft shutdown time 10.2 ps
Short circuit current 1.04 kA
Dip in Vce 220V

7.13.2 Hard Switched Fault With Inverter dV/dt of 5 kV/us
¥ H X H H H ]
S S -1 Tvee
........... lll-_-iz
JRTELE (3 m“-;.g.u‘_\ Source
SISO I 0 MR
’ ST T S

93. DESAT Activation to Gate Driver Turn OFF

CHI S00vay —CHE 2 00vay

Arvviitinisiin

e e T L SR |

Ev‘l LUUIJ.IS
2-Mar-15 19:52

CH4 5.00VEy <10Hz

CH2 7 800mY

] Type
.
1 Source
:

qfreeeteeee i :
CHI S 00vay THE 2 00vay M 100, CHE Feiomy
H E CH4 5.00VBy 2-Mar-15 1351 <10Hz

Type

1

1 Source
4 CHY

© 1 1at1050us
conond 2 95.24kH:
) - 1 aV142v
h - : d “Cursor 1

1.90us

16.2¥

CH4 5.00VBy

CH2 7 800mY

2-Mar-15 13:43 <10Hz

95. Gate Driver Output During Soft Shutdown

94. DESAT Activation to Fault Indication

i CH1: Fault signal, CH2: PWM from Controller, CH3: DESAT signal, CH4: Gate driver output

50
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Type

- (IR

Source
CH4

&l 240y

4

Cursor 1

14

CH1 250ABy CH2 VEy M 250us CH2 7 800mY
CH4 2508y 2-Mar-15 13:44 <10Hz

[ 96. Voltage Across (Vce) Top IGBT and I._ During Short Circuit

be CHZ1: Short circuit current, CH2: PWM from Controller, CH3: DESAT signal, CH4: Vce of top
IGBT

% 15. Summary of Short Circuit Test of Hard Switched Fault with 5 kV/us

PARAMETER VALUE

DESAT activation time to gate driver turn OFF 360 ns

DESAT activation to fault output 800 ns

Soft shutdown time 10.5 us

Short circuit current 1.05 kA

Dip in Vce 240V
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7.13.3 Hard Switched Fault With Inverter dV/dt of 7.5 kV/us

Type Type
:
Source Source

vennnnnnnfennnn @ ionafinn

44

v e rianrs St . 1] e ST
T T T T T B 110" VTV TRUTEL VU VIO TP ST Y -
CHT 200VBy CH2 200VBy M 1.00us CH2 7 800mY CH1 200VBy CH2 200VBy M 1.00us CH2 ./ 800m
H CH4 5008y  2-Mar-1513:17 <10Hz W CH4 5.00vBy  2-Mar-1513:16 <10Hz
97. DESAT Activation to Gate Driver Turn OFF 98. DESAT Activation to Fault Indication
i CH1: Fault signal, CH2: PWM from Controller, CH3: DESAT signal, CH4: Gate driver output

IR ] Tyee Type
\,/"f._ Source Source
E : - - = # LH4 CH1
2k TP -
B oninnniofliivomgiuaiseninninning av2mov oT 1.08kA
EE E ...................
- Cursor 1 Cursor 1
e T e R 820y 1.08kA
B SRR SUUR JUUUS JUUU-TOUNE JOUNR SOOI N
: . : : - - i " : b 550 - : b : - : " - - J
CH1 256@ CHZ 200V8y M 25008 CH2 7 800mY CH1 250ABy CH2 2.00VBy M 250us CH2 ./~ 800mY
CHA 250vBy  2-Mar-15 19:41 <10Hz By CH4 5.00vBy 2-Mar-15 19:27 <10Hz
99. Voltage Across (Vce) Top IGBT [X] 100. I._ During Short Circuit
E: CH1: Short circuit current, CH2: PWM from Controller, CH3: DESAT signal, CH4: Vce of top
IGBT

% 16. Summary of Short Circuit Test of Hard Switched Fault with 7.5 kV/us

PARAMETER VALUE
DESAT activation to gate driver turn OFF 760 ns
DESAT activation to fault 1.12 pys
Soft shutdown time 10 ps
Short circuit current 1.08 kA
Dip in Vce 270V
52 AL N—H AT A HDHFFINGBT & — I« RZASDZ 77 N 74— A JAJU231A-June 2015—Revised August 2015

TIDUAL5 BRI — Feii oo S4Bl hitp://iwww-s.ti.com/scitechlit/ TIDUALS
Copyright © 2015, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUA15.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp System Test Results
7.14 Short Circuit Test — Fault Under Load

A fault under load short circuit test was performed using the power module CM150TX-4S1_MITSUBISHI.
This test is conducted using a add on module for the short circuit consisting of high power IGBT
connected between one of the phase output to DC negative. Refer [X| 101 for the test setup.

101. Setup for Short Circuit Test — Fault Under Load

7.14.1 Fault Under Load Short Between Phase to DC —ve for 2.5-kV/us Inverter Output

Test conditions:

« Short circuit connection: R phase inverter output to DC negative
* Motor connected: Yes

* Inverter dV/dT: 2.5 kV/us

* IGBT module: CM150TX-24S1_MITSUBISHI

» Gate charge (Qg): 315 nC

* Internal resistance: 13 Q

e Input capacitance Cys: 15 nF
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( N\
+24-V DC
'h. +800-v DC IGBT power
. module
SMPS I Eo—ooo
Pwus | HALF |[]+10Y P :
BRIDGE p Reinforced (||| | = [Z— 1
§ SMPS 8Yv isolated 1-| 1:J J J
% +16 v' IGBT gate : i
= driver — 1 1 1
c Ll
a 8V | 15058525 g ! | 3P ACIM
g . L
5 Inverter PWM signals dr?\t/z _i] EJ J J
g signals 1 1
s | i
o [T |
o
o
N
0 %
DC bus sensing |
- |
Add on module for
NTC output short circuit test
-t
L P [SOlated gate J
driver
800V -ve 4
. J

102. Block Diagram of Fault Under Load Test Short Between Phase to DC —ve

Type

Source

CHZ / 4504 1 CH2 ./ 4504
CH4 5.00vBy 3-Mar-15 17:43 <10Hz CH4 S5.00VBy <10Hz

103. DESAT Activation to Fault Output 104. Gate Driver Output During Soft Shutdown

% 17. Summary of Short Circuit Test — Fault Under Load for 2.5 kV/us (Phase
Output to DC Negative)

PARAMETER VALUE
DESAT activation to gate driver turn OFF 1.30 ps
Soft shutdown 14.80 ps
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7.14.2 Fault Under Load — Short Circuit Between Phase to Phase

A fault under load short circuit test was performed using Mitsubishi power module CM150TX-24S1. This
test is conducted using a add-on module for the short circuit consisting of high-power IGBT connected
between R_phase and Y_phase of inverter output (see [X| 105).

Gate
drive
signals

_____ .

DC bus sensing |

( 2\
+24-V DC
'H_ +800-v DC IGBT power
M- ‘ module
SMPS M [
PWMs HALF +16 V H H i
BRIDGE p»| Reinforced |ﬂ— 1
SMPS BV isolated H 1:J | |
+16 V)| IGBT gate |
driver — i {

8V 7| 15058525 — : ol 3® ACIM
i
1

Inverter PWM signals

Lol

C2000 LaunchPAD interface

- |
Add on module for
NTC output short circuit test
¢
L | P solated gate J
driver
N J

105. Block Diagram of Fault Under Load Test — Phase-to-Phase Short (dV/dt: 2.5 kV/us)

Test conditions:

e Short circuit connection: Between R_phase and Y_phase
* Motor connected: Yes

* Inverter dV/dT: 2.5 kV/us

e Cable length: 10 meters

* IGBT module: CM150TX-24S1_MITSUBISHI

» Gate charge (Qg): 315 nC

* Internal resistance: 13 Q

* Input capacitance Cygg: 15 nF
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""""" i SARATRAAAH AL A ]

- : 1 Type 1 Type

- : ] i

.......... E Source 1 SDI.IIC&

= CH4

at 11.20us

£ . " . 1 1 aV 102V F : : 1 : = : - . - ]
qob S s : _ d Cursor 1 4_5
b - . : : : f : : ] -800ns v S -
RSREHUNIE I B e 1.‘.n\r
CHi 200VBy CH2 200vBy M2S0us CHI 136V CHT S 00VEY T 2 00VES M S00ns 136y
CH4 5.00vBy 3-Mar-15 20:05 <10Hz W CH4 5.00vBy  3-Mar-15 20:09 <10Hz
106. Gate Driver Output During Soft Shutdown 107. DESAT Activation to Gate Driver Turn Off
& CHZ1: Fault signal, CH2:PWM from Controller, CH3: DESAT signal, CH4: Gate driver output
St ] Type
.......................... Source
CH1
\[ oI 360
. Cursor 1
................................................. 3804
d-----
1 - B Cursor 2
Eoo O O (.00
CHi 250ABy  CH2 200vBy MG00Ns CHi . 170A
CH4 5.00vBy 3-Mar-15 20:13 <10Hz
[ 108. I._ During Short Circuit Fault Under Load
& CH1.: Short circuit current, CH2: PWM from Controller, CH3: DESAT signal, CH4: Gate driver
output
% 18. Summary of Short Circuit Test for Fault Under Load for 2.5 kV/us (Phase-to-Phase Short)
PARAMETER VALUE
DESAT activation to gate driver turn OFF 420.0 ns
Soft shutdown of gate driver output 11.20 ps
Peak current 980 A
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7.15 EMC Test

7.15.1

EFT pulses were applied to motor cable using capacitive coupling clamp as per IEC 61000-4-4. This test
was conducted for multiple levels of fast transient voltages (1 kV, +2 kV, £3 kV, 4 kV) at 5 kHz for

Electrical Fast Transient (EFT) Test

duration of 60 seconds.

Different configurations used during testing are listed in # 19:

% 19. EFT Test Configurations

TEST CONFIGURATION MOTOR CABLE UUT/AL%Xcigr%ZMENT REFERENCE
1 Shielded Ground plane 109
2 Shielded 10-cm isolated from plane 110
3 Unshielded Ground plane 111
4 Unshielded 10-cm isolated from plane 112
Test setup:

DC bus voltage: 400 V

Auxiliary unit power rating: 2.2 kW
Load condition: No load

Motor rpm: 750 rpm

Cable length: 10 meters

EFT test equipment: emtest UCS 500N

Capacitor coupling network
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109. Test Configuration 1 110. Test Configuration 2

111. Test Configuration 3 112. Test Configuration 4

& 20. EFT Test Results

EFT PULSES DURATION - - TESTRESULTS - -
Config:1 Config:2 Config:3 Config:4
1kV 60 seconds PASS PASS PASS PASS
-1kV 60 seconds PASS PASS PASS PASS
2 kv 60 seconds PASS PASS PASS PASS
-2 kv 60 seconds PASS PASS PASS PASS
3 kv 60 seconds PASS PASS PASS PASS
-3 kV 60 seconds PASS PASS PASS PASS
4 kv 60 seconds PASS PASS PASS PASS
-4 kV 60 seconds PASS PASS PASS PASS

Test pass refers to motor running continuously (without unusual sound) with no malfunctioning observed in
the power stage (includes IGBT gate drivers), thereby meeting performance class B requirements as per
IEC61800-3.
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7.15.2 Electrostatic Discharge (ESD) Test

ESD pulses were applied (contact discharge) to the heat sink while the power stage was running the
motor to check for malfunctions. CD was applied on the heat sink close to the IGBT gate drivers. ESD
pulses were applied at multiple levels (£2 kV, +4 kV, 6 kV, +8 kV) with 10 pulses on each polarity and
level. IEC 61000-4-2 has been used as reference for the test method.

Different configurations used during testing are listed in 3% 21.:

% 21. ESD Test Configurations

TEST CONFIGURATION UUT/AUX EQUIPMENT LOCATION REFERENCE
1 Insulated sheet 113 and [¥ 114
2 Ground reference plane 116
3 10 cm isolated from reference 115
Test setup:

» DC bus voltage: 400 V

e Auxiliary unit power rating: 2.2 kW

* Load condition: No load

* Motor rpm: 750 rpm

» Cable length: 10 meters (Unshielded)

» ESD test equipment: emtest UCS 500N

& 22. ESD Test Results

ESD PULSES DURATION - TEST RE.SULTS =
Config:1 Config:2 Config:3
2 kv 10 pulses PASS PASS PASS
-2 kv 10 pulses PASS PASS PASS
4 kV 10 pulses PASS PASS PASS
—4 kV 10 pulses PASS PASS PASS
6 kV 10 pulses PASS PASS PASS
-6 kV 10 pulses PASS PASS PASS
8 kv 10 pulses PASS PASS PASS
-8 kV 10 pulses PASS PASS PASS

A test pass refers to the motor running continuously (without unusual sound) with no malfunctioning
observed in the power stage (includes IGBT gate drivers), thereby meeting performance class B
requirements as per IEC61800-3.
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114. Test Configuration 1 115. EUT/AUX Equipment Isolated From Reference
Plane by 10 cm

g 116. Test Configuration 2: EUT/AUX Equipment on Reference Plane
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Design Files

8 Design Files

8.1 Schematics

To download the schematics, see the design files at TIDA-00195.
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117. IGBT Module
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=2 R EY D71 j§ D47 Coa—— C66 21
200pH 100pF IQPCO2XGN-RC
FLT3 13 | outH <5 <o DNP
——* 2 &
RSTS 14 “J Mupsosara 3 & o
e 2
Corfiguration = outL ))Q” [ feXN4 o 5
2. Invating Corfiguration N ‘ I suD50P0825L-E3 (3 GATE_Y_TOP GND
1S05852 =
A I ® O g
22R -] RIB7 o 14 A R237 3
10R oR
SK310A-LTP J \ﬂl
R13§,,0R 1 2 GATE_Y_TOP
R173  LR183 DNP FOO+
0R 2.2R QPCO02XGN-RC —L—c71
J J22 10nF
o NOTE
3. DNP Wiile testingwith twistedpar
1 pats
PN MJD20554_}— Q15 R238
] SUD4ONO8-16-E3 0R
= DNP
924
QPCO2XGN-RC
+SVY BOT VEE Y GATE Y TOPGND o 2 rymy 1 GATE_Y TOPRTN
R239 3
OR DNP|
avs u22 c60
= 10uF ==C133
0.ApF
10R,,\R2, 15 {yeer veez 2 GATE Y BOT GND i
. R Gate Driver Bottom IGBT Y
4.7yF| GND1 GND2 L
&6 cnp **fJFSZ + Cce9 J25
DNP. , ==C183 == 10uF ==C137 [JQPCO2XGN-RC
iN+ Y BOT 10 |, == WF O:wF 426
of  QPCO2XGN-RC
DGND VEE_Y_BOT, 2 1 | D49 Dbso
IN- Y BOT 11 =OI6Z, 1-8v'Y_BOT ! R144 e AN c GATE_Y_TOPRTN
— B0 T DESAT s o
wova » Ri47 [ ) o o GL41Y-E3/96 GL41Y-E3/96
RDY CLAMP
5 O0R F15V.Y_BOT D72 zs D51 lc13a—= |==C139 27
200pF] 100pF QPCO2XGN-RC
FLT4 18 | ] 4= 4
T OUTH o~ 3 o DNP
< X
o = S -
RST4 14| mes 6 MJD305574 @ B
i CU R148,, 2201 h ;Jows |1Q21 o =
AP ‘ 1™ suDg0P0B25L-E3 4 = GATE_Y_BOT GND
1505852 R240 3
R18H [ orR" o
0R R185 g e 1 2 GATE_Y_BOTTOM
2.2R
e D52 QPCO2GN-RC
by /149 10Rc 14 A J28  —=Cl142
10nF
DNP SK3TOALTP
R187 R150
R186. 2.2R
IN+_ Y BOT OR OR R241
4 0R
5 [NOTE
PWM_DRV_Y_BOT, DNI 3. DNP Wiie testingwith twistedpar
151,220 W Q20
MJD295874_[— Q19 PCO2KGN-RC
DNP r{t SUD4NOB1BES GATE Y BOT GNg & FEOT GATE_Y BOT RIN
of
DGND VEE_Y BOT

119. Gate Driver Y
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@
1S
c
I
B

l co i
C144
. 1WF 0.ApF
el e GATE B TOPGND
3v3 GND1 GND2 g
==c185 431 .
GND1 1pF c188 +] %34': QPCO2XGN-RC Gate Driver Top IGBT B
= 1ou
)
VEE2 1uF J32
N+ BTOP 10, veez 8 QPCO2XGN-RC =
oclio — 2 1 -8V B D53 D54
IN-B TOP_11 |, DESAT |2 by R1S9 o AN c AN c bcros
PWM_DRV_B_TOP ), TPat 1K
. . GLATV-E3/96  GLAIV-E3/96
RDYS 12 7 R160,,, OR
———— RDY CLAMP
P28 +15VB D155 c14g—— C150 J33
FLTS 13 4 RB160 R |200pF 100pF [QPCO2XGN-RC
—FT OUTH o —* < <R
MJD30554 § oo o
— s
pcko —RBSTS _14 Ipep oum -2 1 )/'022 1 53025 = GATE_B TOPGND
——— UD50P0825L-E3 ‘ ° .
INOTE
1. Noninverting Corfiguration = N TR DNP
2. Inveting Corfiguration 1505852 L D56
R164
R183 $R189 c g~
2.2R 10R
OR| SK310A-LTP OR_DNP|
R16! FOOH-2 GATE B TOP
QPCO2XGN-RC
R190  LR191 DNP B Lo
20r | 322R T 1onF
g NOTE
N 3. DNP Wiile testingwith twistedpair
1] Q2 R244
MJD2956T4_=2,Q23 0R
FPSUD40NOB-16-E3
< DNP.
of
J36
VEE B GATE B TOP GNQ 9PN—$C GATE B TOPRTN
£FOCH p =
+15V.8_BOT
cos
u26
10R,\R2Q 15 5
- PSre A pcc2 GATE B BOT GND
ES 0.14F N
16| SN GND2 ==Ciss +]  cion 37 :
e * GND1 1WF QPCO2XGN-RC Gate Driver Bottom IGBT B
)
VEE2 J38
IN+ B BOT 10 |, Vee2 |-& o QPCO2XGN-RC ®
e VEE B BOT —2 FOO+1—-sve_soT . D57 D58
IN- B BOT 11 |- o 2 — . > N R AN c GATE B _TOPRTN
GLAIV-E3/96  GL41Y-E3/96
_ROYe 12 |00 cLaup 7 R174 J
3 QR +15VB_BOT D74 N D59 lc160=—= U39
FLT6 13 |== 4 4 x | 2000F 100pF IQPCO2XGN-RC
—ATe 1 ) £
FLT OUTH o [—‘ < 3 « z DNP
] R
RSTE M s ‘r MJD305574 g B -
———RST OUTL ——4 R175,,, 220R 1 Vo Q29 = =
ILI ‘ = SuDfoP0825L-E3 © o GATE_B_BOT_GND
N — ol .
1505852 p! 'T’“
3v3 R192 R193
R 22R
5 GATE B BOTTOM
RI7T 0 OR QPCO2XGN-RC
Ja0 = =C164
IN+ B BOT R195 DNP 10nF
2.2R
PWM_DRV_B_BOT ), R194 .
0R o R247 NOTE :
PJ O0R 3. DNP Wiile testingwith twistedpar
R178.,,, 220R Igers) 2
DNP M2 e T donos 1663 QPCO2XGN-RC N2
o = GNg 2 1 GATE_B_BOT RTN

DGND

VEE B BOT

120. Gate Driver B
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Gate Driver Brake IGBT

+15VB_BOT
+ C104
avs ut1 —=C190 == 1ou=C62
1WF 0.1pF
10R, \\R21, 15 5
+ VEEl pcc2 GATE B BOT GND
ce3 ce5 -
Tene TR onos anp2|—2 —L e cio2 +|  ciror| cer o
’ GND1 T e == 10eE—= |
; 1uF WF T'“‘F [QPCO2XGN-RC
VEE2
IN+_BRAKE 10 8 3
~ E— REE2 VEE_BRAKE . b G Jmu 1 | evB_BoT Tf o10 062
QPCO2XGN-RC N - R59
IN- BRAKE 11| o o 2 — = AN c AN c BRAKE
GL41Y-E3/96  GL41Y-E3/96
_ROYZ 12 ooy e L R ol o N
& OR D75 D3 Ccrae—— c73 14
FLT7 18 | 4 ’ R85 ji,ﬂg 325 200pH 100pF @QPCOZ&GN—RC
— T OUTH o < 8 <R
47R o & | DN
3 N of
_RST7 14 |z ouTL & i §
© . GATE_B BOT_GND
1505852
GATE_BRAKE
R INOTE
47R 3. DNP Wiile testingwith twistedpar
3v3
IN+ BRAKE
PWM_DRV_BRAKER ),
DGND
B 121. Brake Drive
i N N ~ — 4 N —— o = 0
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Ready Indication

w3
3
<
¥ \07
R64 o| \'GREEN
10K LTST-C170GKT
RDY1 RA47
ROY2 1200hm
RDY3
RDY4 RDY RS0 Q3A
200 T, BCB4TBPN, 115
RDY5
RDY6
RDY7
DGND
Fault Indication
3
w3
R65
10K
FLT1
S y FLT__RS3 QB
LT P BC847BPN, 115
FLT4 9
FLTS ¥ .08
of LTS T-C17EKT
FLT6 R RED
L7 1200hm
DGND

RST1
rs2_o  Reset Control
RSTS ¢
RST4 R&1 RST CRsT
0R
RSTS o
RST6 ¢
RST7
SMPS Power Rails LED indications
LTST-C1703KT
V7
| 13K R108 D2 3¢ GATE R TOPGND
+15V
f PIGREEN
vl 6200hm,,, R109 _ D2& .4 A ___GATE R TOPGND
BVRE /K GREEN
¥ 7
L 13K R110___ D2 7 GATE Y TOPGND
+15V Y| 4”iGREEN
vl 6200hm,, R111__ DI g A___GATE Y TOPGND
) GREEN
A,
L 13K R112___ D3 /”c _ GATE B TOPGND
HSVBE P GREEN
ovel 6200hm,, R113 _ DIT ¢ A ___GATE B TOPGND
 GREEN
1.3K R1 D38 ///‘ GATE_R_BOT_GND
+15v R_BOT} <
620 Oh R2 D33 A GATE_R_BOT_GND
-8v R_BOT} s /g AREEN
R
svy_sott 13K R3 Do’y 76 GATE ¥ BOT GND
avv_sor} 6200hm,, R4 D82/ (e CATE Y BOT GND
Ay
. 13K RS D8y 7 GATE B BOT GND
+15V B_BOT} SREEN
av,_sor} 6200hm,, R6 DI ¢ A GATE B BOT GND

oy 237k, R152 D% (%
! GREEN
o 3000hm,, R153 D% /"
i M= creen ocko

1200hm,,, R154 AN
svgp———200MM RIS DIy o A e Py

I

1.3K

R116

oz %

+15V}

122. LED Indications

VI GREEN
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GATE_DRIVER_BUFFER

3v3
R12 V3
10K u3 R15 T
PWM_EN ) 1_onoe vee 14 L 4 PRt
PWM_R_TOP )} 2 14 13
A 40 0.01uF
PWM_DRV_R_TOP< 31y 412 ce8
~
& DGND
x
=l
DGND
3v3
us
14 R22

PWM_EN )

T 10R

BRAKER_ON )

PWM_DRV_BRAKE

13
pchD KPwM_EN 0.019F
R19 3 12 c70
10K — 1Y 4A < FAN_DRV
OE 4y 1 FAN_DRV_BUFFER DGND
5 2n 3050—2
S oy 3a 2 KPwMm_B_BOT
8 7 8 T
4 GND 3y ol DRV_B_BOT
i; SN74ALVC125PW &
DpaND R26
X 10K
- 4
g
DGND v
DGND DGND

123. Gate Driver Buffer

PWM_DRV_B_TOI

PWM_Y_TOP )

PWM_DRV_Y_TOP<4

PWM_EN )

PWM_B_TOP ),

R23

3v3
R14

T 10R

0.01yF
K PWM_R_BOT ca4

PWM_DRV_R_BOT (1)

3v3
R21

{PwM_Y_BOT

iWOR

0.010F
c195

PWM_DRV_Y_BOT M
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P R ToP(C—PWM R TOP o RES ,, 10R
chs
0.01F
DGND
WM R BoT((—PWM R BOT o  R69,, 10R
Lc77 CcNe
0.01F
20 1 DGND
DGND 19 2 _RELAY
R74
PWM_Y_TOP< PWM Y TOP RI0 10R 18 3 _ON
10R
c82
——=c78 W 4= 0.01yF
0.01F © s
15 6 DGND
DGND
R9 10R .
PWM_Y_BOT R71,,, _10R X e g > FAN_DRY
PWM_Y_BOT< R10_,,, 10R HI_PWM
X—i13 8 HI_PWM 24
==c79 R11_,,, 10R gL PWM 0.01F
H—i12 9 LILPWM
0.01F 4 26
e—1 10l—x 1.5nF
ca7
DGND PPRCTO2LFBN-RC 1.6nF DGND
PWMiBiTOP< PWM B TOP R72 10R DGND
—=—=C80 DGND
0.01F
Launch Pad Connector J6 & J2
DGND
PWM B BOT< PWM_B_BOT - R73 10R
L c81
i 0.0F
DGND
3v3 +5V
Re CNg A
. 0R
c169| |+ 10uF C168|[_10uF
I 20 1
DGND
X—19 2
DGND
PWM_EN<{ 18
FLT .
RDY .
X$—1 15
RST "
R75
x| 10K
$— 12
x| c196
PPRCI02LFBN-RC

0.01uF
Launch Pad Connector J1 & J5
DGND

124. Board-to-Board Connections

From Launch Pad
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DC BUS VOLTAGE SENSING

oL IS0 3v3
C166) | 4.7yF
’>i— c83
ORI | (o7 4 01uF
= ut4
GND_ISO oo
DC_FOS R76 R77 R78 R79 R80 R81 R83 o 1| vop1 vbp2 -8
™M 1M ™M ™M ™M ™M 100hm
s 2T T —L R84,,, OR _DC BUS ENSE RS
—— c85 c197
1K war 00 3 - ey | R86,,, OR__DC BUS ENSE NEG T 01yF
4 5
100mm GND1 GND2
R88. £ L
C86 =— == C87 S CT30000BR
10K’ T0pF T00F AMC1200DUBR
DGND
oo 150 oNDLISO
+5V
cash ca7
10ul 0.1uF
5V
u19 DGND T D40 +5V_ISO
T A
3 1
¢ MBRO520.T3G
2 2 5 D63
. 3' D41 DNP < Mm3zsviB
4 A e
Wurth Elekronik =
SN650DBVR 750313734 MBR0520.T3G GND_ISO
A4
DGND
PGND GND_ISO

125. DC Bus Voltage Sensing
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{+15v R_BOT
of
D68
Re160M0TR A
R
C105 |[10uF ¢ 1 _l+cios
sy **f;?f ==C109 4T
g o 0.1yF
D76
R232 RB160MH60TR A
0R <
GATE_R BOT GND
WV Half Bridge converter : SMPS o
D42 _+
—==C112 ==C113 ATuF
AN c D77 ul
47 4 100F 1uF
(1:0;4: OC_;;HF | +24v RB160ME0TR e o T
vie - SK310A-LTP c ’% A -8 R_BOT
DGND DGND
o 2 + [e:1) |
8 HB ———4 D43 . ‘ {+15VR
HLpwM>—RI244 OR 7 1, S c A == 33uF
+ | c110 u1s
== Ll HS 3 2 g
=S -2
LI_PWM R125 R 8 u 0.1pF SK31vLTP . g D78
Ho 2 HSG _ R89 ORg R90,,,17.8 ohm I RB160ME0TR 2
9
4
5 4 HS 13 <
5 Inc Hs Py Ci14 ||[10uF 1 +C115
6 10 LsG [sT Lst 5 ] *ﬂc&jf ——cC126 S 4TuF
x L m W R92 _Rg1 . 1780hg |4 | ol 0.1uF
= O0R = Transformer_SMP! D79 g
UCC2721DPRT o) D44 o 750313734 RB160M-60TR
c A [cSDs8s53ND ™. c97
== 33uF 9
SKIIALTP GATE R TOPGND
DGND _l+c13e
N\ N\ —==C143 —=C147 A70F
DGND DGND 10uF 0.1uF T
c Wﬁ A |-8vR

0393570002
Molex D11 +24v
SEB-E3/57T
C89 —— C90
. 68uF 0.1uF
DGND
DGND

D80
RB160M-60TR

126. Gate Driver Power Supply (R Phase)
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+ C165
== 33uF

+ c170
== 3.3uF

Transformer_SMP:
750313734

Transformer_SMP:
750313734

D67
RB160M-60TR

{+15vy_soT
o
D12
RE160MO0TR A
c1 100
H T —Lcs ==
- u
o 10uF 0.ApF
LR
RB160MGOTR |
p! GATE_Y_BOT_GND
_l+cs
—=—=C9  =—=C10 47
10uF 0.4WF
D14
< ’% A {-svy_soT
RB160M6OTR
4 {+15v Y
o1s
RB160ME0TR 2
<
C11 || 10 ——c13 _Lrciz
I 100F ::00114 =yt
o WF
D16
RE160MoOTR A
<
p GATE_Y_TOP GND
_l+cis
D17 %uGF OCXJF TaruF
RB160M6O0TR
cld A ,
-8VY
N |
) |+15v B_BOT
o1s |
RB160ME0TR 2
<
C18 || 1uF —Lc20 _*+c19
l [T e N
o WF
D19
RB160MHo0TR A
<
GATE B BOT GND
_+ca2
—=—=C23 =——C%2 4TF
pes 10uF 0.ApF T
P C A |
RE160MGOTR {-8v B_BOT
4 {+15v B
D65
RB160M60TR
<
€93 || 10uF =—c9% _rces
1 100F ::00219 ~470F
o uF
D66
RB160MG0TR 2
<
GATE_B_TOP GND
_l+c100
==C102 ==C103 4T0F
10uF 0.1pF T
cld A fave

127. Gate Driver Power Supply (Y and B Phase)
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Buck Converter 24V to 15V & 5V
+24V +24V
c117 Cc118
10uF u17 TPS54286PWP 10uF
o org GO ! pvop1 pvoD2 |14 T
L1 ’»—R'a?v—zsoon BooT2 12 o H L2 By
w‘ 0.033uF 33R 3 sw1 sw2 12 33R 0.033uF AT 1A S
+15V
c121 5 ent 8P 1 G122
| _[cer EO 1nF I - RS, nF, c12 1
ST Tane iAo % el oty | Ko T TR
o< R9B T rt Mz =T cizs| 310R
® 108 NP 4 enp g FB2 -2 R100
R101 | | " 3 R99 | 4.7yF
L 237KE#§EQHF H 20K [DRN 1 i
) 2 pNe- 1 R102 S =
= Sowr] | FRe oo
GND
i =
GND
3.3V LDO
Y v3
u18 LP3869DTX
3 vce vout 1
==C129 %
- ) =—=C130
10uF **WuF L
= X
oo
128. Buck Converter 24 Vto 15V and 5V
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Inrush Bypass Relay : Drive Circuit Fan Driver Circuit

128v
J CN10
L 2061 1
N SK310A-LTP 2
PGND INRUSH_BYPASS < F:
an
<
1 RL1 L
. R182
HE1eN-P-DC24/Y5 s
+24V ol
T Ri03
10R ol
‘) Q4
—1\MFG_PN
—==C131| D22 RI79 ( |
100F SK310A-LTP FAN DRV BUFFERS)—FAN DRV BUFFER G ICSD18531Q5A
one | 2000hm
R180 |
10K
of
R104
B | Q5
BYPASS_RELAY sy PZT2222A
w| DGND
DGND

129. Inrush Relay
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8.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00195.
8.3 Layer Plots

To download the layer plots, see the design files at TIDA-00195.
8.4 Altium Project

To download the Altium project files, see the design files at TIDA-00195.
8.5 Gerber Files

To download the Gerber files, see the design files at TIDA-00195.
8.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-00195.
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