Welcome!
Texas Instruments New Product Update

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

 Please post questions in the chat or contact your Tl sales contact or field
applications engineer
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TI GaN’s LMG2610

650-V 170/250-mQ HB for ACF with
integrated gate driver and current sense

New Product
Update

Alex Zahabizadeh
Product Marketing Manager
Gallium Nitride
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Agenda

1. Quick GaN basics
2. LMG2610 — TI's latest HB GaN device

3. LMG2610 EVMs and reference designs
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GaN FET basics

Low Cg,Qg gate capacitance/charge (1 nC-Q vs Si 4 nC-Q) |
v Faster turn-on and turn-off, higher switching speed
v' Reduced gate drive losses

Drain O

—————————————————————— N ~'Low Coss:Qoss output capacitance/charge (5 nC-Q vs Si 25 nC-Q)
v Faster switching, high switching frequencies
v' Reduced switching losses

Gate

~ Low Rpegy (5 mQ-cm2vs Si >10 mQ-cm?)
v Lower conduction losses

........
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/ 'Zero Qg No ‘body diode’
e . v" No reverse recovery losses
v" Reduces ringing on switch node and EMI

Source O
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Power adapters addressing consumer needs

« Reduce power adapter size and weight.
* Improve thermal performance and eliminate external components.

* Increase power efficiency and speed up charging times compared to silicon-based
solutions.

Tl GaN benefits
« The highly integration solution:
Ease of use: Gate driver integrated

Reduce power loss: Overcurrent detection without
using additional shunt resistor

EMI performance optimization: Adjustable gate-driving
strength control
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L MG2610 — Integrated GaN Half-Bridge for ACF

* 650V, 170mQ / 250mQ GaN half-bridge with integrated » |Improved standby, light load and full load efficiency
gate driver » Higher integration, less external components
* Up to 1IMHz switching frequency > Higher frequency capability, faster propagation delay
>

* Integrated level-shifter and bootstrap diode (0 Qrr) Robust, reliable solution with current & temperature protection
* Integrated LS current shunt emulation: 1mA/A output -

D ! o

» Adjustable drive strength control |3 L 2
_ LMG2610 T

« Low propagation delays Vs;[l Vs,ﬁ % +wv o

» Overcurrent protection and thermal protection I (Gmver I_'.: -
 Fast hlgh'Slde power up (< 8 U,S) . <E $ éi Controller
* Low quiescent standby mode (35pA LS / 60pA HS) [ :fc 58258 °
2 i 4| uccasrsz e
« 7x9mm= QFN package with dual thermal pads ST ACE el I
i_R " Controller ser—
M <I-%-1-W—REF

Applications

» Consumer AC/DC chargers, adaptors < 75W without
PFC, 140W with active PFC

e Other industrial AC/DC

7x9mm?2 QFN Package
Dual DAP 0.5mm pitch
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LMG2610: Features

% { 650V, 170mQ / 250mQ GaN half-bridge
BST HS Integrated 1MHz gate drivers for ease-of-use
— GaN
‘ N Sh;tveﬁlx Driver —-{ /
RORVH[_ | Integrated level-shifter and bootstrap diode (0 Qrr)
AUX[: i
-1 | Level | | Q
ML s L Integrated current shunt emulation: 1ImA/A output
EN Control
m%lj“ ontro
| Fast high-side power up (< 8 ps)
] »
i y Low quiescent standby mode (35uA LS / 60pA HS)
RDRVL >
cs courent
T Overcurrent protection and thermal protection
L] L —
AGND SL
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Feature: Current Sense Emulation

« Scaled-down replica of GaN drain-source current is sourced out of device pin into external
resistor to create current sense signal.

« Achieves both power loss and space savings by eliminating traditional high-power / large-size
current sense resistor in series with power FET source.

» Allows device thermal pad to be connected to system ground for improved system thermal
performance.

Example Comparison — 65 W Flyback Converter at Low Line

Current Sense Method

Traditional 0.12Q,0.5W, 1206 173 mW
Emulation 120 Q, 0.063 W, 0402 9.6 mMW
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Detail Competitive Analysis

Discrete solution

Item | Device Designator | Description Qty.

1 GalN FET Q1,02 NV6115 or NV6117 2
2 Isolator driver U3 1SO7710FD 1
3 Diode D6,D7 RUN+PWMH to Isolator, 30V 2
4 Capacitor C16,C11,C18 | Isglater VCC caps, 22nF/0402 3
5 Zener 05,09 GaN FET internal regulator Ref. 2
6 Zener D4 Isolater VCC2 zener, 1
7 Resistor R12,R16 VDD in series resistor,0402 2
8 Capacitor 31,049 GaN FET VDD caps, 0402 2
9 Boost diode D2 Boost diode, 600V 1
10 Boost resistor R7 boost resistor, 0805 1
11 Current sense R21 Current sense resistor , 1206 1
12

13 Total 18

[

S

b K9
R191 N Sezy

R4
L

~200mm?2

(BOM & Layout

LMG2610

Designator Description Oty
U3 LMG2610 1
/
/
C10 Bootstrap cap, 22nf, 0402 1
Vi
/
R11,R12 slew rate setting resistor 2
[ C11 low side VCC bypass cap, 1uf, 0603 1
/
/
RA7 0402 Size 1
Rxx Resistor for FLT pin pullup 1
Total 7

~75mm?

I L -.......e

OGN B
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UCC28782EVM-030 65W EVM with LMG2610

- 65W ACF EVM
= Universal AC input (90-264 Vac), 65W USB Type-C™ PD 3.0 TIGAN vs. discrete GaN FET ~
AC/DC adaptor (5V/3A, 9V/3A, 15V /3A, 20V/325A) (] System BoM Count Reduction
= Compliant with CoC Tier 2 and DoE Level VI requirements /' Intearated HB Driver
= Efficiency 93% @ 90Vac/65W g
= 145kHz (90Vac/65W) to 225kHz (265Vac/65W) frequency v Level shifter
= Designed with RM8 transformer v' Boot strap diode
= Density without case: 30-W/in3or 2-W/cc v Integrate current sense
= Size without case: 41mm x 47mm x 17mm (33cc) o _
= Frequency dithering, x-capacitor discharge simplifies " Ease of Use/ simplified design

compliance with EMI requirements EN 55022

96%

Vout 90VAC  115VAC 230VAC 265VAC o
5 91.5% 92% 90.3% 89.4% a
9 92.9% | 935% | 93.3% 93% j
15 93.4% 94.3% 94% 93.7% )
20 92.5% 94.3% 94.2% 94% o : . .

Output Voltage (V)

5V/9V/15V at 3A; 20V at 3.25A

— O0VAC 115VAC —— 230VAC —— 265V AC
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Conducted EMI

v'20V/3.25A; output tied to LISN ground
v'Dithering enabled

Receiver | e Receiver | e
RBW (QPK) 9 kHz MT 100 ms RBW (QPK) 9 kHz MT 100 ms
Input AC Att 10 dB  Preamp QFF Step TD Scan Input AC Att 10 dB  Preamp QFF Step TD Scan
Scan O1QP Clrw@2CA Clrw AC CPL Scan O1QP Clrw@2CA Clrw AC CPL
Limit Check | P | 1MHPASS : ! : o0 10 MHz : Limit Check | P | 1MHPASS 10 MHz
Line EN 5.5!]32 \roltage Mams AV el pass ! | : [ | Line EN 5.5!]32 \roltage Mams AV el pass ! | :
a0 dBl.l"‘ En 55032 u.—.n-:gn Mains mn o pacs : : ; L — - a0 dBl.l"‘ EN 55022 unli-:gn rMains mn clk pASS : : : L — T
a0 de.u» S S S S : R S 120VAC 80 de.u» S S S S : SR S 230VAC | |
70 dBu\.- 70 dBu\.-
EMN 55032 ‘-mlragn Maw OP EMN 55032 ‘-mlragn Maw 2
60 dBy e ——— 1 — 1 60 dByy——t e ——— 1 —
EM SSDBE}"nItagB Mains &V Class B @ 1 : : : [ ; EM SSDBE}"nItagB Mains &V Class B @ 1 : : : :
=0 dapy——=——— — ] I : J i : 50 dBpy-——==—————— — ] I : J
Atk : P T : : A : f 3 L
L ' ' ' ' ' ' ' ' ' ' ' i ' ' ) ' "
4|b dBpy - — — ‘ ‘ - —— - 41 FIB!J‘I. | - -
\ [0 | [
: ! i“ | ! Lo ! ! ! ! ! ! o \ |: | ‘ |II Pl | \‘
30 A3 : Ry yro— o b ‘ v i *
|| | Ha I 1 YT AN | AT ﬂ |.|‘| n | UV Vi ~ ”
' k : : o 1 . : Lo o ] [ k e AL Y g T T VI U S S — /
50 d&"'\" L . 2 \-‘l! i ) 20 depy \: - { \".ll i " |ﬁ Ll '”"'”“,‘. 'L"""I“ Af J:. e L —
o ! | \ i If 1l | It b h H TN TR T it
ARt J ERATeNL y Il W L
" \ : L s : I
10 dBUY I‘.) Fadase ! 10 depy iy
! M S P R ! :
: : Rl I : : : R : TF] : : : L L : : : R : TF]
Start 150.0 kHz Stop 30.0 MHz Start 150.0 kHz Stop 30.0 MHz
L Measuring... 'I. 03:49:40 PM % L Measuring... 03:52:48 PM %

Date; Z27.APR.2021 15:49:40 Date; Z27.APR.2021 15:52:48
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Thermal Data
v" Ambient temp: 25C
v' Soak time: 30min
v' Hot spot : Transformer

Bxl1 Max 78.7°C o(C 76.61 Bxt  max 78.8°C,oC 854l Bx1 Max 89.3°C oC 87.2] Bxt  max 77.7°Ciochn

Bt 71.0 Bxl Max 704°C,oC 89 1 BxI Max 83.1°C oC

1

115VAC Top [EESIEP TS 115VAC Bottom [REYS
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Comparison

Tl device offers more feature integration and less system-level BOMSs.

Driver
Current emulation

Quiescent current
Low standby Mode

VDD regulation
Turn on strength adjustable
FLT signal
OTP

OCP

VCC voltage

Transient ring peak voltage

Integrated
Yes: 1,000x
240uA

Pull low EN pin
(20pA)

Internal
Yes
Yes
Yes (save ext NTC)

Pulse by pulse
limited

10-26V
800V

Integrated
No
850uA

Ext circuit to cut VVcc

Ext Zener
Yes
No
No

No

10-24V
800V

Integrated

Yes: 3,520x

Auto standby mode
(275pA)

Ext 2 caps
Yes
No
Yes

Pulse by pulse
limited

9-24V
800V

Discrete
No
NA

No

No
driver design
No
No

No

No
750V

wi» TEXAS INSTRUMENTS



PMP22244 60W USB-C PD wall outlet ACF design

Features

» Supports 20-V/3-A, 15-V/4-A, 9-V/6-A, or 5-V/6-A outputs

» North America 108-132VAC operation

* 94.8% maximum efficiency, maximum power loss of 3.5W

« Compact dimensions of 1.5"x3.35"x1”(37.5mmx85mmx25mm)

« Active clamp flyback (ACF) LMG2610 + UCC28782 ACF controller
* Input voltage range: 108 — 132 VAC

High Power Density Design with Half-bridge Integrated GaN pairing

with TI ACF controller
Low power loss enables reliable performance in small wall outlet

enclosure

Reduced BOM count through integration of half-bridge, bootstrap

diode, and level shifter

Current sense emulation: eliminate conduction losses in external
current sensing

Target Applications

 USB wall power outlet

Tools & Resources

* Design Files: Schematics, BOM, Gerber

* Device Datasheets:
— LMG2610 — ACF GaN HB 170/250mOhm
— UCC28782 — High-frequency ACF controller
— UCC24612 — High-frequency SR controller

5V/6A, 9V /6A, 15V/3A,
20V/3AVDC

108-132 VAC
—P> EMI

ACF

P External PD

On ti.com now!

VORI

gk A

Y19



https://www.ti.com/solution/usb-wall-power-outlet
https://www.ti.com/lit/ds/symlink/ucc28782.pdf?ts=1637109949113&ref_url=https%253A%252F%252Fwww.ti.com%252Fsitesearch%252Fdocs%252Funiversalsearch.tsp%253FlangPref%253Den-US%2526searchTerm%253DUCC28782%2526nr%253D90
http://www.ti.com/tool/tida-00704

Other Resources: www.ti.com/gan

Training videos App notes Design tools

GaN: FROM WATTS TI GaN Ideal (T)'pcéf‘a'\'tigﬁ Quadrent GaN Reference Designs

Diode Mode  [Link] -
it e ) . 99% efficient 3-phase inverter

Maximizing the Performance of GaN with ideal
Diode Mode

b g e g

TO KILOWATTS

TI'S INTEGRATED
GaN SOLUTIONS

AN - .
TAKING GAN ON THE GRID

: Tl & SIEMENS
V. .

ILlnkl |L|nk| s Hmimm'm' it
o A, e s of oy Gk i O showes Do reverse cavery s g | vt 1
v & SWDSFET,

oy e g sy Pghe S e e b0 5 T 8 vewhonte s Taetrg

1MHz 1.6kW CrM Totem Pole PFC

Bidirectional 3.3kwW CCM Totem
Pole PFC

G e T 6 i 0 O W, 0 Y kS 90
oo

Tl GaN ENABLING 900-V e —
MULTI-kW GRID CONVERTERS

DESIGNING WITH GAN

GaN Plug-in Daughter Cards

LMG3411R150 Daughter Card

T1 GaN Direct Drive [Link i [
[Link] [Link] Lli;mal Design [Link]
ey et LMG3411R070 Daughter Card
Mandarin Training Motor Drive Training
B Ttovenrs TSI P eee e, Eometir Direct.drive configuration LMG3411R050 Daughter Card

A Simplfied Dual-Layar Modal

GaN Buck-Boost Motherboard a

AL B LD BT TI-GaN /E900V T b £ 1L

[Link]
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http://www.ti.com/gan
https://training.ti.com/gan-watts-kilowatts
https://training.ti.com/900v-gan-solution-grid-and-beyond
https://training.ti.com/designing-reliable-and-high-density-power-solutions-gan-p1?context=1134585-1139234-1136911
https://training.ti.com/gate-driver-training-series-title-introduction-and-outline
https://training.ti.com/ti-siemens-taking-gan-grid
http://edu.21dianyuan.com/index/course_video/vcid/2991
http://www.ti.com/tool/tida-00961
http://www.ti.com/tool/TIDM-02008
http://www.ti.com/tool/lmg3411evm-031
http://www.ti.com/tool/LMG34XX-BB-EVM
http://ti.com/lit/SNOAA36
https://www.ti.com/lit/snoa932
http://www.ti.com/lit/SNOAA61
https://www.ti.com/lit/slpy008a
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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, regulatory 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 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
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.
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