Application Note
Design Guidelines for UCC23711 Isolated IGBT/SiC-FET

Gate Driver with Opto-Compatible Input and DESAT

i3 TEXAS INSTRUMENTS

Martin Staebler, Yufeng Zhang
Abstract

In industrial drive design for industrial robots and servo drives robustness is non-negotiable. This application
note delivers circuit design guidelines for the UCC23711 isolated single-channel gate driver, specifically
tailored for engineers developing high-reliability 3-phase IGBT inverters. Beyond a foundational overview of
the UCC23711 key parameters, this guide dives into optimizing input resistor configurations under component
tolerance constraints, shows an implementation of desaturation (DESAT) protection and examines how to
configure the DESAT protection time. Furthermore, the guide addresses gate drive optimization through active
Miller clamping and configurable gate drive peak source and sink current settings, alongside considerations for
supply decoupling and power consumption in both unipolar and bipolar gate drive supply configurations. The
key design parameters are validated via empirical measurement data from a 3-phase IGBT inverter prototype
at 550V DC bus voltage, providing detailed performance data on input current thresholds and hysteresis,
propagation delays, IGBT switching slew rates, fault response timing with soft shut-down and gate drive supply
currents.
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1 Introduction

Insulated gate bipolar transistors (IGBT) gate drivers are a key component in 110VAC to 690VAC input 3-phase
IGBT inverters for applications such as variable speed drives, servo drives and industrial robots. For hot-side
controlled 3-phase power stages, the gate driver is typically non-isolated or functional isolated versus the control
MCU. With cold-side controlled 3-phase power stages, the gate driver is typically reinforced isolated versus the
control MCU, as shown in the following figure. One advantage of a reinforced isolated power stage is that a
single MCU can implement motor control, application and industrial communication.
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Figure 1-1. Simplified Block Diagram of a Reinforced Isolated 3-phase IGBT Power Stage

The selection of the reinforced isolated IGBT gate driver depends on many system parameters such as

CMOS input or opto-compatible input (current input), bootstrap supply, unipolar or bipolar gate driver supply,
undervoltage shutdown, IGBT turn-on and turn-off times, short-circuit detection and IGBT soft turn off in case of
an overcurrent event, PWM dead-time, isolation specification and common mode transient immunity, functional
safety (safe torque off) and many more.
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2 Opto-Input Isolated Protection Gate Driver for SiC and IGBT

The UCC23711 and UCC23710 are galvanic isolated single channel gate drivers designed for SiC MOSFETs
and IGBTs up to 1500VDC operating voltage. The input side is isolated from the output side with SiO2 isolation
technology, supporting up to 1.5kVPK working voltage, 10kVPK surge immunity and >300V/ns common-mode
transient immunity. The UCC23711 and UCC23710 have up to +5A peak source and sink current. Both devices
include overcurrent protection and soft shut down, active Miller clamp, fault diagnostics and output side power
supply UVLO to optimize SiC and IGBT switching behavior and robustness.

Figure 2-1. Block Diagram of UCC23711

The UCC23711 and UCC23710 devices feature state-of-the-art desaturation (DESAT) detection, with a fast
detection time, and a fault reporting function to the low-voltage side MCU. In the event of a DESAT fault, the
device triggers a soft turn-off, minimizing short-circuit energy and reducing overshoot voltage on the power
switches. The UCC23711 offers a DESAT threshold of 6.5V, the UCC23710 offers a threshold of 9V to support a
wide range of power switches. The DESAT function helps protect 3-phase inverters for applications like robotics
and servo drives from short-circuits such as half-bridge shoot through, motor phase to phase short or a phase to
Earth GND short.

The UCC23711 and UCC23710 low propagation delay (100ns maximum) and the 30ns (maximum) pulse/part
skew help reduce dead time with 3-phase inverters to optimize power efficiency.
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3 Three Phase IGBT Inverter Design Guidelines for UCC23711

3.1 Overview

The following figures show the schematic of the UCC23711 (U1) gate driver and the 1200V IGBT power module

(Q1) used for testing and validation of the UCC23711.

3.3V

[

Population options

R11: Option to increase DESAT charge current.
D1: Transient overvoltage protection

D2: Clamp negative voltage at DESAT to COM

v
C9_GUH | C1_GUH CoM D1_GUH
e 100nF  U1-GUH
3.3V 25V sov ——C2_GUH D2_GUH
= ] 16 100V
R1_GUH GND col 100pF Ik D4_GUH
51k SGND 2 [fve. NC |15 Ve o
3 i_l Ro_GUH US1M-13-F
nFAULT . FLT DESAT . 13-
C3_GUH VDD
23‘\’/1)1"‘ 4 GND voo 22— T
SGND SGND 5o caTHODE vee H2—|vER l B240A-13-F
. R12_GUH R13_GUH
U2A_GUH I_GD ANODE out it = — VGATE »
R4 GUH 5.10 5.10 I !
PWM 2of [T >o2 Y Lol ANODE cLmpr 12 DNP DRE
SN74LVCIG17DBVR ¢——=Bof caTHODE VEE 2—|VEE —§J
SGND UCC2371IDWR oM
VDD
U2B GUH - a
1 1 {F15v ] R15: Place close to IGBT. Not
+3.3V 2 l 6. GUH populated since UCC23711
T 5] vec oo |2 C5_GUH ==/o5uF implements an active pull-down
— , __c1oﬁGu;|7i 02\5‘[: 50V feature when VDD is open.
SN7ALVCIGITDBVR T L00nF - CoM C4: Place close to IGBT. Not
C11_GUH 50V v 4
c8_GuH COM used.
C7_GUH 100nF
100nF SGND Tz 2F sov
50 50 E
v = +—{ v ]
VEE
A N
IGBT gate drive isolated supply header:
Bipolar supply
J1-1 +15V
+15V J1-3 GND
J1-5 -8V

Place jumper between J1-6 and J1-4
Unipolar supply

J1-1 +15V

J1-3 GND

Place jumper between J1-2 and J1-4
Bootstrap supply

If populated on the PCB, jumper J1-2 and J-1-4.

Figure 3-1. UCC23711 Schematic Phase U Top Gate Driver Example

Figure 3-2. IGBT Module and DC Bus Schematic
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A 1200V 6-pack IGBT power module Q1 in a 3-phase half bridge topology without a brake IGBT and with

NTC was used. The IGBT module supports 25A continuous current and 50A peak current was used for the
tests. The typical collector-emitter saturation voltage at 25°C is 1.6V at 15V across VGE and 25A current. The
typical gate threshold voltage is 5.8V, the gate charge is 0.395uC at 600V and VGE=%+15V, the internal gate
resistor is typically 0Q. When using a bipolar supply with 15V and -8V supply the corresponding gate charge is
around 0.3uC, for a unipolar 15V supply is around 0.2uC. The gate charge impacts the bias supply power rating
and decoupling caps. The turn-on delay time at 25°C is 35ns, the turn-off delay time is 190ns. This must be
considered for the complementary PWM dead time setting.

In this design, the UCC23711 is selected due to the 6.5V DESAT threshold.
3.2 UCC23711 Input Current Resistor Configuration

The UCC23711 input resistor limits the current that flows into the e-diode when it is forward biased. The
recommended operating range for the forward current is 5mA to 20mA (e-diode ON). The threshold current Ig 4
is 1mA typ.

The UCC23711 operates with a single input resistor R4 at the anode, reducing BOM while still achieving high
common mode transient immunity (CMTI) of minimum 300V/ns. The cathode is directly connected to the logic
ground for best noise immunity. The input resistor R4 is chosen to 130Q and meets UCC23711 minimum,
typical and maximum forward current specifications at 3.3V nominal supply using the SN74LVC1G17 single
Schmitt-Trigger buffer (U2). See the following table.

Table 3-1. UCC23711 Input Current Tolerances

Parameter Unit MIN TYP MAX Notes
Ig mA |54 10.8 15.8 Meets UCC23711 recommended forward current specs
Rext Q 128.7 130 131.3 1% tolerance
VCC \Y 3.15 3.30 3.45 +5% tolerance
VOH,yc1G17 at VCC \ 2.7 3.1 3.45 VOH(MIN) at VCC(MIN) estimated at 4mA
VE at I[F=10mA \ 1.4 1.7 2 UCC23711 datasheet SLVSKN4 — DECEMBER 2025

3.3 UCC23711 Gate Drive Turn-on and Turn-off Peak Current

The gate drive output resistors R12, R13 and the Schottky diode D6, placed in parallel to R13, as shown in

the following figure. This allows a configurable turn-on and turn-off peak current. With the default configuration
R12=R13=5.1kQ and D6 populated the UCC23711 source and sink peak currents can be estimated for a bipolar
supply bipolar +15V and -8V supply with VDD-VEE=23V:

= mi VDD — VEE _
lour, souRrcE = mm[SA' RoyTH + RIZ+RI3+ RGint]_ A (1

where Rgin=0 is the selected IGBT's internal gate resistance and Royty =0.7Q the UCC23711 output pull-up
resistance for sorcing current.

[ vDD—VEE-vg(D6)|_
lour, sinK = mm[SA' RourL +R12+ RGint]_s'gA ()

where VE(D6) =0.3V, RginTie87=0 and Royr =0.7Q the UCC23711 output pull-down resistance for sinking
current.
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Figure 3-3. UCC23711 Gate Drive Circuit

The estimated peak current is also influenced by PCB layout and load capacitance. Parasitic inductance in the
gate-driver loop can slow down the peak gate-drive current and introduce overshoot and undershoot. Therefore,
the gate-driver current loop to the IGBT should be minimized.

The UCC23711 gate driver output stage implements an active pulldown feature to ensure the gate driver output
pin is clamped to VEE when VDD is open. An optional 10k pull-down resistor R15 is placed close to the IGBT
gate and emitter to discharge stray charges, for example when the connection between the gate driver and the
IGBT fails, or when the gate drive supply powers up. Since the UCC23711 offers an active pull-down feature
when VDD is off, R15 was not populated for the tests.

An option to place a capacitor C4 close to the IGBT gate and emitter has been provided to 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 C4||CGE, the gate charge required to reach the threshold voltage
will be increased and the turn-on and off-times are slower. Since the UCC23711 offers an active Miller clamp, C4
is not populated.

3.4 UCC23711 Active Miller Clamp

The UCC23711 has an active Miller clamp function to add an additional low impedance path to prevent
unintentional turn-on while the driver is in the OFF state. The IGBT gate potential is directly connected to
the CLMPI pin.

3.5 UCC23711 Supply Decoupling and Requirements
3.5.1 Input Side

The supply voltage at VCC can range from 3V to 5.5V with respect to GND, thus supporting a direct interface for
the UCC23711 fault feedback (FLT) to 3.3 V microcontrollers as well as a 5V legacy microcontrollers. A 100nF
and a 1uF decoupling cap (C1 and C9) are placed close to the UCC23711 VCC and GND.

3.5.2 Output Side

A positive Vg of typically 15 V is used to switch the IGBT well into saturation. For low power IGBTs, the Miller
clamp functionality of the gate driver enables it to be operated with unipolar voltage (VEE connected to COM).
For higher power IGBTs, negative values of Vgg such as -8V as used in the design are used to keep the IGBT
turned off and to prevent it from unintentional conducting due to noise transients, particularly during short circuit
faults.

100nF caps C10, C6 and C8 are placed close to VDD-VEE, VDD-COM and VEE-COM to filter out high
frequency noise.

The capacitors C5 and C7 are chosen to 2.2uF 50V, intentionally lower than the recommended 10uF 50V MLCC
capacitors per UCC23711 datasheet. The reason is that the gate charge of the selected IGBT (U1) is rather

low 0.3uC along with a maximum desired PWM switching frequency of 16kHz. The minimum capacitance of C5
(X7R, 0805) assuming a negative 10% tolerance and 15V DC bias is around 1.2pF, for C7 (X7R, 0805) at -8V
DC bias the minimum capacitance is around 1.7uF. The maximum voltage drop across C5 is 0.25V (15V bias)

6 Design Guidelines for UCC23711 Isolated IGBT/SIC-FET Gate Driver with SDAA444 — OCTOBER 2026
Opto-Compatible Input and DESAT Submit Document Feedback
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA444
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA444&partnum=

I3 TEXAS
INSTRUMENTS
www.ti.com Three Phase IGBT Inverter Design Guidelines for UCC23711

and 0.17V (-8V bias) for C7, which is around 2% and within the tolerances of the 15V and -8V supply. For IGBTs
with higher gate charges and tighter tolerances increase the decoupling capacitors respectively.

3.5.3 Output Supply Current

The power specification for a 15V unipolar and a bipolar +15V and -8V supply can be estimated from the
UCC23711 VDD quiescent current and the IGBT’s gate charge.

The UCC23711 VDD quiescent current is 2.3mA (TYP) and 4mA (MAX) for OUT=high and 2mA (TYP) and 3mA
(MAX) for OUT=low. The VEE quiescent current is -1.8mA (TYP) at OUT=High and -1.5mA at OUT=Low.

The IGBT (Q1) gate charge Qg at 600V DC-link and a bipolar 15V and -8V supply is around 0.3uC. The
estimated average charge current is 4.8mA at 16kHz PWM and 2.4mA at 8kHz PWM. The total typical VDD
supply current estimate is 6.95mA at 16kHz PWM and 50% duty cycle.

For a unipolar 15V supply the gate charge is around 0.2uC and the total supply current estimated at 16kHz
PWM and 50% duty cycle is 5.35mA.

The maximum average supply current depends on maximum PWM, the maximum gate charge and the gate
driver power supply and must be designed with enough margin.

3.6 DESAT Circuit Configuration

The DESAT pin threshold, VpesarTh, is with respect to the UCC23711 COM pin, connected to emitter of the
IGBT. The UCC23711 DESAT threshold is 6.5V typical. When the drive is in off state, the DESAT pin is pulled
down by an internal MOSFET to prevent DESAT from triggering falsely, hence a pull-down resistor from the
DESAT pin to the COM pin is typically not required.

When the driver is in the on state, an internal current source is activated to charge an external capacitor. The
UCC23711 features an internal leading edge blanking time after the gate driver output (OUT pin) switches to the
on state to avoid false triggers from transient noise during the switching. When the driver turns off, the internal
pulldown MOSFET discharges the voltage of the DESAT pin.

Figure 3-4. UCC23711 DESAT Circuit

The key passive components are the high voltage blocking diode D4, the current-limiting resistor R9 (1kQ) and
the blanking capacitor C2. The 1000V, 1A blocking diode D4 has an ultra-fast reverse recovery time of 75ns
and minimal junction capacitance of 10pF to reduce transient charge currents during fast transients of the IGBT
collector to emitter voltage, hence avoid false DESAT detection. The current-limiting resistor R9 also helps to
adjust the DESAT detection threshold and acts as a low-pass filter together with the blanking capacitor C4
(100pF) and the D1 Zener diode parasitic capacitance (65pF) to improve noise immunity. The cut-off frequency
is around 1MHz.

The 10V Zener diode D1 protects the DESAT from voltages greater than VDD and is optional, depending on
the system conditions. The Schottky diode D2 is important and protects the DESAT pin from negative voltages
versus the COM pin, which could occur due to high dv/dt switching, coupling through D4 junction capacitance.

SDAA444 — OCTOBER 2026 Design Guidelines for UCC23711 Isolated IGBT/SiC-FET Gate Driver with 7
Submit Document Feedback Opto-Compatible Input and DESAT
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA444
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA444&partnum=

I3 TEXAS
INSTRUMENTS
Three Phase IGBT Inverter Design Guidelines for UCC23711 www.ti.com

The UCC23711 blanking capacitor charge current is typically 250uA. The charge current can be increased by
adding a resistor R11 from the VOUT pin to the DESAT pin, when a higher charge current or a faster response
time is desired. It is critical to place a fast Schottky diode D2 in series with the resistor R11 to block reverse
current to the DESAT pin and avoid a negative voltage versus the COM pin . This is the case when a bipolar
supply +15V/-8V is used. For more details, see How can we increase the DESAT charging current?.

The effective blanking time and the response to an over-current depends on the IGBT’s collector to emitter
voltage at the time the over-current occurs, as shown in the following figure for two different timings depending
on when the overcurrent occurred.

The effective blanking time and the response to an over-current depends on the IGBT's collector to emitter
voltage at the time the over-current occurs, as shown in the following figure for two different timings depending
on when the overcurrent occurred.
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Figure 3-5. UCC23711 DESAT Protection Timing

The timing on the left shows an example, where the overcurrent occurs after the IGBT was turned on. After
the IGBT turns on at normal operating and the UCC23711 leading edge blanking delay is expired, the blanking
capacitor C2 is charged until it reaches the blanking voltage:

Verank = Vr(D4) + R9 X Icyg + Veg(sat) = 2.15V, (3)

where VCE(Sat) is the Q1 IGBT's typical saturation voltage of 1.6V.

Then the effective blanking time after an over-current occurs can be estimated per:

t _ __ CBLANK % IcHG @
BLANK(1) = VpESAT TH — VBLANK

where Vpesar TH is the UCC23711 typical DESAT threshold of 6.5V, Icyg the charging current 250uA typical and
CgLank the blanking capacitor C2 in parallel to the parasitic capacitance of the 10V Zener diode D1 and Vg ank
as shown above.

The timing on the right shows an example where the IGBT is turned on creating a short-circuit and the collector
to emitter voltage is larger than the UCC23711 DESAT threshold minus the voltage drop Vg across D4 and R9.

V¢ = Vpgsat, TH — Vr(D4) —R9 X Icyg - (5)

With a typical UCC23711 charging current Icyg of 0.250mA, and V¢ = 5.45V, the effective blanking time after the
UCC23711 gate driver output is turned-on and the leading-edge blanking time expired can be estimated per:

C x1
tBLANK(2) = —BVL[?EISKZT, i (6)
The following table lists an estimate of the protection time until the gate drive output declines to 90% for both
cases, based on effective blanking capacitance is C2 = 100pF and C(D1) = 60pF.
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Table 3-2. Estimated DESAT Protection Timing
Parameter toesatLes (TYP) terank (TYP) toesatorr (TYP) troraL (TYP)
Example 1 N/A 2.5us 0.2us 2.7us
Example 2 0.47us 4.1us 0.2us 4.8us

3.7 UCC23711 Fault (FLT) Feedback

The FLT pin is an open drain, active low. The FLT pin is pulled down to GND after a DESAT fault is detected. It
is held low until the device is reset. To reset the device, the device must see a low to high PWM input transition
after tr rmuTe Mmute time of 22us (TYP). Low to high PWM transitions before the mute time expires do not reset.

The FLT pull-up resistor R1 is 5.1kQ. To improve noise immunity and avoid false FLT signals a 330pF capacitor
C3 is added which provides a low-pass filter with a 100kHz cut-off frequency. The high to low transition with the
active FLT pull-down is faster. The maximum input current of 20mA discharges the 330pF capacitor in less than
55ns.

4 System Test Results

4.1 Three-Phase IGBT Inverter under Test

The following figure shows the PCB of 3-phase IGBT inverter under test. An TMS320F28379 MCU Launchpad
was used to provide the 3-phase complementary PWM to the control board interface. An external bipolar

supply with six isolated bipolar 15V and -8V supplies was connected to the six reinforced isolated gate drivers
UCC23711. The DC-link voltage was 550VDC, equivalent to a rectified 3-phase 400VAC input voltage.

The tests of the UCC23711 gate driver in this chapter were done with the phase U half-bridge of the IGBT
six pack module with a nominal 550V DC bus voltage. The complementary PWM signals were generated by a

TMS320F28379D Launchpad.
conector

AMC3306M05
x3

Control interface:
Modulator clock and data

UCC23711 1200V IGBT module
Top side mounted on bottom side
Phase U (see arrow)
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DC bus connector
550VDC (nominal)

Control interface:

PWM x6, nFLT, NTC =
e

Schmitt trigger buffer

X6

[

uCC23711

Bottom side : [ wosvs2e
Phase W - 4 ce X
Phase V *

Connector for +15V/-8V bias
supply (per gate driver)
X6

Phase U (see arrow)

Figure 4-1. Three-Phase IGBT Inverter with UCC23711
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4.2 UCC23711 Input Current Thresholds and Hysteresis

To validate the input threshold and hysteresis the slew rate of the octal buffer output was slowed down to around
150mV/us by adding a 1uF capacitor to the Schmitt trigger inverter output as shown in Figure 4-2.

i

1

CATHODE |

1

U2A GUH -1 ANoDE |

1

R4_GUH | !

[ pwM_ —2 dy o Z-| ANODE |

_Llup 130 . !

Blue wire 1uF capacitor to reduce ¢$—— CATHODE i
the PWM inverter output slew rate / I SGND UCC23711DWE

Figure 4-2. UCC23711 Input Current Threshold Test Circuit

Figure 4-3 shows the input turn on voltages and current. The current threshold is measured indirectly through the
voltage drop with the current limit resistor R4. Figure 4-4 shows the input turn off. To increase the resolution to
measure the turn off current, the current limit resistor R4 was replaced with 680Q only for this test.

The turn off threshold is around 0.4mA. The hysteresis between the turn on and turn off threshold is 0.4mA.

The steady state input current around 10.6mA, matching the calculated value from Table 3-1.

e i p— X BE W A w0 RiE
i 1.38V (10.6mA) £ = HAE 9 .
: PRESENITY Y Ay
‘ e | immmEEs s aaa o
H e 12v B Es. 1
' L 2
CH1: PWM voltage to GND/;,,-* - m 208 1008 : el et
i e @

Fa
# CH4:UCC237110UT ~ eomv

CH4: UCC23711 OUT

CH2: UCC23711 V¢ i Voltage drop at R8 vl
oy CH1: PWM voltage to GND™\ (6800hm) = 408mV (0.6mA) K

1.7V o g —

Voltage drop at R4 (1300) 200mv B CH2: UCC23711 Ve

(e o
L

Time scaling: 4us/div

Time scaling: 4us/div

s s
3
1200 Vidv.
100X
200 Mtz

Figure 4-3. UCC23711 Input Turn Off Figure 4-4. UCC23711 Input Turn Off

4.3 UCC23711 Propagation Delay

Figure 4-5 and Figure 4-6 show the propagation delay tpp 4 and tppy between the UCC23711 input forward
current Iz and the gate output voltage. The UCC23711 input current was measured indirectly through the voltage
drop across the input resistor R4 = 130Q. The measured rising edge delay is tpp_H is around 68ns, the falling
edge delay is around 64ns.

x# mE WA mE TR Xt GE wEE ME W0 R
» @ = F1Z 3 =
S O 5 » i _— as Tem 2 e
e - . Time.sealing: Jnslv; MR B L‘“ﬁﬂ"","ﬂ’if” ND Time scaling: 20ns/div nR | ER
/ CH1: PWM voltage to GND s
/ B EB. \ B Es..
CH2: UCC23711 V¢ i

CH2:UCC23711V; |
CH4: UCC23711/0UT

Math: UCC23711 \

Math: UCC23711 input
input current:

) current: V(R4=130Q) CH4: UCC23711 OUT sv V(R4=1300) \\ sv
— :68ns propagation delay > i “ i 1L S =l R
from 50% input to 90% sv “6dns propagation delay 4
output from 50% input to 90%
v output
o 20m o 20m = wn sans - e ==
0 MHz % El 10:23:49 AM c Hz Hz
Figure 4-5. UCC23711 Rising Edge Delay Figure 4-6. UCC23711 Falling Edge Delay
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4.4 Phase U Turn-On and Turn-Off Slew Rates

The following figures show the phase U switch node rising and falling edges at positive 3.5A, figures 4-9 and
4-10 for egative -3.5A phase current. The PWM dead-time was set to 2.5us, the DC-link voltage to 550VDC.

The phase U switch node voltage slew rate is around 5.5V/us when the IGBT is hard switched on. When
the IGBT is soft turned off (zero voltage switching) the slew rate depends on the phase current magnitude.
At a magnitude of 3.5A, the slew rate was between 1.2V/ns to 1.3Vns. The effective switch node parasitic
capacitance can be estimated from Cgy=Iy/(dV/dt), which is around 2.6nF to 2.9nF.

The time to charge the IGBT gate Vg from -8V to 15V with the gate current limit resistor R12+R13=10.2Q is
around 520ns, the discharge time from 15V to -8V is around 360ns with the gate current limit resistor R12=5.1Q.
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\i CH2: U Phase current

Time scaling: 400ns/div

400 00ms
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440V

CH3: Phase U switch node
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i ~-1.3V/ns
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e e R R (o o wp oo [ [Es.
50,82 ] x = = s0v 5 | ES.
@ x

Time scaling: 400ns/div

CH4: Phase U Bottom IGBT VGE

CH2: U Phase current

Time scaling: 400ns/div

CH4: Phase U Bottom IGBT VGE
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3085 31245
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Figure 4-9. Phase U Rising Edge at -3.5A
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Figure 4-10. Phase U Falling Edge at -3.5A
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4.5 UCC23711 Miller Clamp and Unipolar 15V Supply

The Miller clamp activation always turns on when the IGBT gate voltage Vg falls below the Miller clamp
threshold voltage V¢ vwptH Of 2.1V (TYP) referenced to the VEE pin. The Miller clamp turn on response time is
typically 38ns and has a pull-down resistance of 0.8Q typically.

Figure 4-11 shows the effect of the Miller clamp when the gate driver turns off using a bipolar supply with
VEE=-8V. As soon as the VGE is less than VEE+ VCLMPTH, the Miller clamp gets activated. Considering the
delay of 38ns, the drop is visible at around VGE = -6V.

RRALE Y45 Callout
v
j | 402. .
| I r 9 ME 4
- . b | 200§
o - ] -
20 ps 30ps -20 ps “10ps. s Tops 20ps 30 ps 40ps LY iR 5.
X

: CH3: Phase U switch node
CH2: U Phase current

T CH4: Phase U Bottom IGBT VGE

AT

VGE drops quickly here due to Miller clamp
K gets activated here

Time scaling: 400ns/div

400 ns

400 ns- 800 ns 12 1.6ps 2ps

Figure 4-11. Effect of Miller Clamp at Bottom-side IGBT VGE with Bipolar Supply During Turn-Off

To validate the Miller clamp, the 3-phase inverter was operated with a unipolar supply at a nominal DC link
voltage of 550V. To obtain the highest slew rate of the phase voltage the output current zero. Figure 4-12 shows

the bottom side IGBT gate to emitter voltage Vg in off state, when the top side IGBT is hard turned on at a slew
rate of around 10V/ns.

While the Miller clamp is active, the bottom side Vg only increased to around 2.4V for less than 25ns due to the
high slew rate of the Vcg and remained well below the IGBT’s gate threshold voltage of 5.8V.

SRAE
=  aore
15
500 mv nE - £3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
20 ps. s 20ps. 40 ps. 60'14 80ps. 100 s 120 ps. 140 ps. 160 s B 5.
100.00 ns/div. 49.46% % i

dV/dt (10%-90%)
~10V/ns 440V | e 43ns
1

S R N DY N1\ N

CH3: Bottom-side IGBT VGE

62.3 s 62.4ps 62.5ps 62.6 s 62.7ps 62.8 s
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100 V/div
100 X
200 MHz

11 Aug 2026|
5:04:27 PM

Figure 4-12. Bottom-Side IGBT Vgg with Unipolar 15V Supply
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4.6 UCC23711 DESAT Response and Soft Shut Down

For the DESAT test, the low-side IGBT was turned on at the full DC-bus voltage of 550V, hence immediately
after turning on creating a short-circuit. Since Vg >> Vpesarn tH the blanking time is defined by:

CBLANK X IcHG

tBLANK(2) = ~VigsaT T (7)

The following figure shows the measured blanking time is around 4.1us with a total protection time until the gate
drive output declines to 90% of 4.8us.

SERAE E 16) 3 Y45 Callout
P
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e /’“n‘ T s
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LML ,‘,A..L T L 1 §mﬂ!\&‘ml‘:ﬂ‘?‘!b:ﬁw\.ﬁw—;u‘m vvvvvvvvv 4
B 1 > ? \
?4.," teank=4.1us > < \\
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10X
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Figure 4-13. DESAT Timing with C4-100pF and D1 in Parallel, R11 DNP

The effective blanking capacitance can be calculated to 160pF, with the blanking capacitor C4=100pF and the
remaining parasitic capacitance of 60pF dominated by the Zener diode D1. After DESAT has triggered, the gate

driver is soft turned off with a sink current of 0.25A. Figure 4-14 zooms into the soft shutdown.
REAE
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| g TL, m‘;m 2v
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Figure 4-14. Soft Turn Off after DESAT with C4-100pF and D1 in Parallel, R11 DNP

The sink current of the UCC23711 during a soft turn off is 0.25A. The IGBT’s gate charge of 0.3uC is discharged
from 15V to -8V in around 880ns. This is around 2.5 times slower than in normal mode (360ns), as seen in the
previous figure. The drop of Vg from around -6V to -8V after 880ns is due to the Miller clamp gets activated.
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4.7 Increasing the DESAT Charge Current

Figure 4-15 shows the DESAT timing with the blanking resistor R11 = 25.5kQ populated to drive a higher
DESAT charging current. The blanking capacitor C4 was replaced with 220pF to further increase transient noise
immunity. The effective blanking time is now 2.9us. With an effective blanking capacitance of 220pF (C4) + 60pF
(D1) the effective blanking current Icyg*lr44 is around 0.6mA.

Adding R11 hence allows to reduce the DESAT protection time with UCC23711 when driving SiC-FETs. Refer to
How can we increase the DESAT charging current?.

Xt R SRENTNRE ) HRE: 0/1 2%
SERARE Fr S5 Callout
P
Time scaling: 500ns/div sy ME L OBR
: . WChZ: IGBT Ice i 5.
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-

Ji—ﬂl teLank=2.9us > Sy |
T t =0.2s

| Vpesares=0.5us DESATOFF v

Ch 4: IGBT Ve

Figure 4-15. DESAT Timing with C4=220pF and D1 in Parallel, R11=25.5k

4.8 UCC23711 VDD UVLO Thresholds and Gate Drive Output

Figure 4-16 and Figure 4-17 show the UCC23711 gate drive output during the ramp up and ramp down of the
bipolar supply voltage VDD-COM=15V and VEE-COM=-8V.

The UCU23711 VDD UVLO threshold is measured vs. the IGBT emitter, which is references to the UCC23711
COM pin.

The VDD falling edge threshold is 11V, the VDD rising edge threshold is 12V and matches the specified typical
specification in the UCC23711 datasheet.
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4.9 UCC23711 Gate Drive Power Consumption

Table 4-1 shows the measured supply current of the UCC23711 for a unipolar supply VDD=15V, Table 4-2 for
a bipolar supply VDD=15V and VEE=-8V. A multimeter was connected to the gate driver power supply circuit
VDD and VEE to measure the current consumption at PWM frequencies of 0Hz, 8kHz and 16kHz driving the
IGBT module Q1 with a gate charge of 0.2uC at a 15V unipolar supply and 0.3uC with a bipolar +15 and -8V
supply. The optional pull-down resistor R15 at the IGBT'’s gate to emitter was not populated. The measured
supply currents are within 5% of the calculated numbers.

Table 4-1. UCC23711 Current Consumption with Unipolar Supply

PWM

OHz 8kHz

16kHz

lvpp at VDD-COM=15V*

2mA (2mA) 3.56mA (3.75mA)

5.02mA (3.53mA)

Table 4-2. UCC23711 Current Consumption with Bipolar Supply

PWM

OHz 8kHz

16kHz

lvop at VDD-COM=15V*

2mA (2mA) 4.39mA (4.55mA)

6.65mA (6.95mA)

lvee at VEE-COM=-8V*

-1.57mA (-1.5mA) -3.83mA (-4.05mA)

-6.1mA (-6.45mA)

* The numbers in parenthesis are the calculated numbers.
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5 Summary

This document provides circuit design guidelines for enhancing 3-phase IGBT inverter robustness using
UCC23711 and UCC23710 isolated gate drivers featuring configurable DESAT (6.5V/9V). It details the
optimization of input resistor configurations, peak output currents, DESAT protection, active Miller clamping, and
supply decoupling for both unipolar and bipolar setups. All design parameters are validated via empirical testing
on a 3-phase IGBT inverter prototype at a 550V DC bus. Leveraging SiO: isolation and opto-compatible inputs,
the UCC23711 and UCC23710 gate drivers enable seamless integration into legacy optocoupler applications,
while offering lower propagation delay and higher CMTI.
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