Welcome!
Texas Instruments New Product Update

* This webinar will be recorded and available at www.ti.com/npu
* Phone lines will be muted

* Please post questions in the chat or contact your sales person or field
applications engineer
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Agenda

* First bullet here

e Second hullet here
— Sub-bullet here

* Third bullet here
— Sub-bullet here
— Sub-bullet here

» Sub-bullet here

* Fourth bullet here
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Gate Drivers are Everywhere ...

Power Wireless Factory Grid Motor Drives  Automotive
Supplies Infrastructure  Automation Infrastructure & Transport

... and many more !!
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What is a Gate Driver?

Control Circuit ———= Gate Driver ————=| Power Converter |——= Load

« Gate drivers live in between the controller and the switch of the

power converter
« The gate driver amplifies the control signal to turn the switch on

and off
« The type of gate driver used will vary depending on the switch,

power topology, and application
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Gate Drivers Power Switches

MOSFETs GaNFETs IGBTs SICFETs

_|

4V, 5V, 8V Typical UVLOs

» High frequency

» Long duty cycles

* Low voltage applications
* Most common

* Most cost-efficient

Back to
Outline

60V, 100V, 200V, 600V, etc.

-1,

Nom-ON Nom-OFF

100V, 300V, 600V

Requires Precise 5V drive

Lower gate capacitance for
higher switching
frequencies when
compared to traditional
MOSFETs

Smaller footprint, higher
efficiency

Lower Rpson)

LE

1200V - 1700V

8V, 12V Typical UVLOs

Low frequency

Short duty cycle
Narrow/small line or load
variations

High voltage applications

1200V — 1700V

12V or higher Typical UVLOs

* Lower weight

+ Better performance over
temperature

* Lower gate charge

+ Improvedreverse recovery

* High voltage applications
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Gate Drivers Application Topologies

AC/DC DC/DC DC/AC (Inverter)

Primary Side Secondary Side
High VDC+

PFCSTAGE

SR STAGE

PFC (Power Factor Correction) DC-to-DC Power Conversion Inverter

Power Conditioning Synchronous Rectification Motor Drive
Applications: Applications: Applications:
= Merchant Network & Server PSU = 5G/Telecom Power Supply = HEV/EV: 48V Traction/Aux Motor Inverter
= 5G/Telecom Power Supply = EV On-board Charger & DC-DC = Stepper Drives
= EV On-board Charger = Solar MPPT Boost Stage = Battery Powered Appliances
= HVAC = Merchant Network & Server PSU = Personal Transport (e-scooters, e-bikes)
= EV Charging Station = Automotive Body Electronics = Solar Micro inverters
= Aircraft Electrical Power \I = Aircraft Electrical Power = Aircraft Electrical Power and Motor Control
=  Wall Charger & Adaptor ’ = UPS
= UPS = EV Charging Station
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Gate Drivers Configurations

Vsw

Input VCC
Gate
driver

e

Power switch is referenced to

ground

» Single or dual channel options for
driving 1 or more switches

* High drive strength and fast switching
characteristics increases efficiency and
reduces switching losses

* Negative voltage handling protects
inputs and outputs from transients

Back to
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Half-Bridge

VBus
St

L] ‘[ 1
Input VCC Qg
Half-bridge
driver
[

Two switches, one referenced to

ground, other referenced to the
switch node

* Bootstrap diode used to generate the
bias for the high-side switch

» Integrated bootstrap diode reduces
customer BOM count

» Interlock functionality protects from
shoot-through

» High drive strength and fast switching
characteristics increases efficiency and
reduces switching losses
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AEC-Q100 . Sampling
' Production Development

Low-Side Gate Driver Roadmap & Portfolio

1 Channel 2 Channel

« 15V, 9A * 5V, 7A/5A * 5V, 6A * 5V, 7A/5A « 30V, 10A/10A » 30V, 5A/5A + 18V, 5A/5A
« tp 25ns * tp 2.5ns « tp 14ns . t,2.9ns « 4V UVLO . 4V UVLO * tp 13ns
+ Enable Pin + 1ns min input pulse + 5-V Regulated Output + 1.25ns min input pulse + -10V on inputs + -10V on inputs + Negative voltage tolerance
<t *« WSON | 8, SOIC | 8  Over temperature Protection * 1-Q Pullup, 0.35-Q Pulldown « SON | 2x2 * 2x2mm package « P2P w/ 324, 424,524 « Enable Pins
~ * WCSP |0.8x 1.2 * SON | 2x2mm « SON |8, SOIC |8 » SOIC | 8, MSOP| 8 « 1-ns channel-channel matching
N + SOIC |8,SON |8
U) ~
)
NS JUST APL’d!
(] P ———
2| €
— (&)
of &
() ju
S| O
0 5 - - v, .
2| £ . . . 6/7P “Ucczro. gl Uccara
=]
-
O » 35V, 2.5A/2.5-5A « 18V, 4A/4-8A » 18V, 4A/4A « 16V, 4A « 16V, 4A
* tp 15ns e tp 12ns - tp 12ns * tp 35ns * tp 25ns
« Negative voltage tolerance « CMOS/TTL « CMOS/TTL + SOIC|8,SON |8 + Enable Pins
+ Multiple input and output structures + Asymmetric Drive & Splitoutput  + Negative Voltage Tolerance * Negative Voltage Handling
» SOT23|5,SOIC | 8 + Negative Voltage Tolerance « SOT23|5, SON | 6 + SOIC |8, SON |8
* SOT23 |6, SON | 6
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Gate Driver Key Characteristics

Negative Input / Output
Voltage Capability

Wide VDD Range

Peak Drive Current

Propagation Delay

Back to
Outline

( )
Negative voltages result from parasitic inductances caused by switching transitions, leakage or even poor
layout. A gate driver’s ability to survive negative voltages is critical for a robust, reliable solution. High
immunity to ground noise

W,

( )
Flexibility to use the same driver with different operating voltages and different types of power switches.
Robustness in noisy environments or when using low-quality power supplies
Supports split-rail systems, such as driving IGBTs/SiC-FETs with both positive and negative supplies. )

4 )
Higher gate charge power FETSs require stronger driver meaning higher peak drive current out of the driver to
fully turn-on the FET.

\ J

( )
Supports higher frequency, reduces reverse recovery losses
Fast turn-on propagation delays enables quicker switching on of a FET, minimizing the conduction time of the
body diode and thus minimizing losses (improves efficiency) )
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UCC27614/-Q1

+10-A/-10-A, 30-V, single channel LS driver with improved transient protection

=  Vpprecommended operating range 4.5 to 26-V, 30-V (abs max) = Small package enable high-density

=  Switching Parameters
— 27-ns Max Propagation Delay
— 7-ns Typ Rise and 5-ns Typ Fall Time With 1.8-nF Load
—15-ns input pulse width can produce output pulse
. Robustness Parameters
— Abs. Max Negative Voltage Handling -10 V on inputs
— Abs. Max Negative Transient Handling -2 V on output
— Abs. Max 10-A Reverse Current Protection on the output
— Abs. Max Vp, Voltage 30-V
=  +10-A peak source & -10-A peak sink output drive currents
=  4-V Under Voltage Lockout (UVLO)
=  Enable function (pin can be floated)
2mm x 2mm SON package
= Industry standard SOIC package, p2p to UCC27322
=  Operating range from -40 to 150°C

High peak current enables fast switching and thus lower switching
losses

26V bias improves system robustness in applications where there
is high bias supply noise

Negative input voltage allows direct use with gate drive
transformers

UVLO allows low bias voltage operation to optimize design at
different operating modes in high efficiency applications

Low propagation delay reduces dead-time requirements and thus
improves efficiency in high power applications

Enable functionality allows added control flexibility.

DSG D
SONS SoIC-8

UCC27614

Back to
Outline

N r T — 1]~ voo[T] Y 8] voD o o suich
eno [21] | 5rm (vee  wiz Tour
" eno[3] % | vDD Smm
out [4 !— — _I 5 | out en[3] 6 Jour
GNo[4] 4mm 5
2mm GND J7
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UCC27624/-Q1

+5-A/-5-A, 30-V, dual channel LS driver with improved transient protection

Vpp recommended operating range 4.5 to 26-V, 30-V (abs max)
Switching Parameters
— 27-ns Max Propagation Delay
—9-ns Typ Rise and 5-ns Typ Fall Time With 1.8-nF Load
— 2-ns Max Delay Matching
—15-ns input pulse width can produce output pulse
Robustness Parameters
— Abs. Max Negative Voltage Handling -10 V on inputs
— Abs. Max Negative Transient Handling -6 V on output
— Abs. Max 5-A Reverse Current Protection on the output
— Abs. Max Vp, Voltage 30-V
+5-A peak source & -5-A peak sink output drive currents
4-V Under Voltage Lockout (UVLO)
Enable function (pins can be floated)
Industry standard SOIC and SSOP packages

= : AEC-Q100

High peak current for fast switching and thus lower switching losses
Low minimum pulse width and low pulse width distortion enables
precise MOSFET driving in very high switching frequency
applications

Low propagation delay reduces dead-time requirements and thus
improves efficiency in high power applications

Low delay matching allows paralleling the outputs as well as use in
multi-phase applications

Negative voltage capability offers compatibility with gate drive
transformers, reduces external clamp circuitry, increases overall
robustness

UVLO allows low bias voltage operation to optimize design at
different operating modes in high efficiency applications

Pin to pin compatibility to legacy device eliminates board redesigns

. ENA 8 ] ENB
— P2P with UCC27524, UCC27424, UCC27324 mace o e ene .NA; gom
Operating range from -40 to 150°C o] oo, Smm

INB F ours GNp [3] [6] voo

e [2 4mm 5 | outs
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Why is drive strength important?

High current low-side drivers:
: o L « UCC27614: 10 A/10 A
Drive strength (Iogak) Minimizes switching losses . UCC27624: 5 A/5 A

Higher drive current =

5-A vs 8-A edges at Vg [Sharper edges = less losses]
Fast Vs rise and fall times (tonore) =
lower MOSFET switching losses

v

u

By = Vps X Ip X Fsyy X
Igate
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High frequency noise on the output
UCC276x4’s 30V VDD and reverse current handling allow the part to withstand high-frequency

noise and transients at the output pins regardless of input state.

UCC27624 (LS)

VDD =12V, INA =0V, 1000 ns noise on OUT

Comp 1

Peak—Peak

Prevy Prevy I Tek Prevu [ I
: Logic error _0gQ
l a
T N = » 23 - r =
A : U / P
T .
’ Trmm% % \_/
: V0D : V0D :
2.00ps 2.5065/s 2.00ps 2.5068/s S

o€ 100V @ wov 10M points @ wov 10M points 210

5.00 Y Trigaer Frequency: < 10 Hz 10,0V Trigaer Frequency: < 10 Hz 10.0 Y Trigger Frequency: < 10 Hz

Min Max Value Mean Min Max Std Dev

Burst W Burst W 950.4n 950.4n Burst W 950.6ns 950.6n 950.6n 950.6n 0.000

& tin & tin 6.60 6.60 & tin .80V 6.0 6.50 6.50 0.00 30 Apr 2021

@D Paak—Peak @D Paak—Peak 34.0 34.0 & Pesk-Peak 4.4y 34.4 34.4 34.4 0.00 03:32:21

Peak—Peak Peak—Peak 62.4 62.4

64.0Y 64.0 64.0 64.0 0.00

Comp 2
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Robust features to achieve cost savings

« The -10V negative voltage handling on the

UCC27614 and UCC27624 (LS) provides inherent .
protection against noise and transients allowing for coo ()

the elimination of clamp diodes on the input ) J; o Switeh
channel. Node

+ UCC27614/24 30-V VDD max supply voltage and 5-
A reverse current handling allow for the elimination
of 2 clamp diodes per output channel in applications
where transients on the output are common.

To Switch
Node

» Saving up to 6 external diodes allows for savings of
up to $0.12 in a system!
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UCC276x4 Target Application Topologies

Conventional PFC

Hero Device:

* UCC27614 - Single Channel
Driver

Key Features:

« 30V VDD to handle noise and
transients

* 10A drive strength to reduce
switching losses

* Low propagation delay to
enable higher frequencies

* Small 2mm x 2mm package to
save space

Interleaved PFC

NN

» Hero Device:

» UCC27624 — Dual Channel
Driver

Key Features:

» 1ns typical delay matching to
ensure correct timing

« 30V VDD to handle noise and
transients

* 5A drive strength to reduce
switching losses

* Low propagation delay to
enable higher frequency
operation

mj Synchronous Rectifier

Hero Device:

+ UCC27614 — Single Channel
Driver

Key Features:

» 10A drive strength to reduce
switching losses

* Small 2mm x 2mm package to
save space

* Negative voltage handling for
inductive spikes

» Reverse current handling on
outputs to protect against
transients

IpaAa!

3 T 1=

Hero Device:

* UCC27624 — Dual Channel
Driver

Key Features:

» -10V voltage handling for
noise and transients

+ 5A drive strength to reduce
switching losses

* Low propagation delay to
enable higher frequencies

» 1ns typical delay matching to
ensure correct timing
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Visit www.tl.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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