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server power designs
with integrated GaN
technology

Aditya Madhavan — Product Marketing Engineer, Powe
Controllers and Converters \



Agenda

Server power system evolution

Tl presence in server power

Server power supply unit deep dive
— PFC stage
— ISO DC/DC stage

Server power controllers
— Server main power stage controller
— Server aux supply controller

. Q&A

Please feel free to share your questions on “chat.” We will also have 10 minutes of live Q&A
towards the end of the presentation
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Server PSU market trends and challenges

Generation 1: 12V Data Center Power Architecture
480V AC

Medium voltage utility
|

Cable uPs PDU PSU VRs
98% X 96% X 98% X 94% X 83% =80%

Redundant power conversion stages

Efficiency
Transformer
99% X

Generation 2/2.5: 48V Data Center Power

Architecture

3-Phase / Single Phase

@ Efficiency

ﬁPower consumption

jﬂ:

4

60Hz ~50-250kW e

Q Size

~6-12kW / PSU

Cable Rectifier Iso DC/DC
98% 99%  98%

Transformer

Efficiency: 99%

48V BBU

@ Power density

IBC & VR
90% = 85%

1990s — Now: Traditional rack servers (CRPS)

2016 — 2027: Cloud/Al computing (Open rack)

Generation 3: DC dlstr_lbutlon Data Center Power

S|deca T rack

Architecture !

Generation 3 leading investigating by Google

13.8kVv

480/277V

3_ ph_ase rectifier ers

Server motherboard

50V DC VR
5

|
1
I DC/DC
1
1

Efficiency: L 4ooveey _ DC ° _ _ _ _ 400V CBU _J
Transformer Cable Rectifier Isolated DC-DC IBC &
99% x 99% x98.5% X 98.5% X 0% ~ 85.6%

Generation 4: MV SST + DC distribu
Center Power Arcitecture

~3.6kW % brick
modules

800V or
Centralized Hy */-400V

e DC
rectifier modules

2027 onwards

Data center power demand
1200 TWh

GS
Estimate
1000 TWh
Rest of world
{ex-A
800 TWh
800 TWh
400 TWh us Al
US ex-Al
200 TWh
O TWh
2014 2016 2018 2020 2022 2024 2026 2028 2030
Source: Masanet et al. (2020), Cisco, |[EA, Geldman Sachs Research GOIdman
Sachs
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Tl solutions from grid to gate — Gen 2 & 3 architectures

Server motherboard

-~

l@/3® AC

48V or +/- 400V
or 800V

E-fuse
HSC

~

—

n = 98%

n> >97 5%

48V/400V BBU

PSU(AC/DC + DC/DC) +

BBU: (DC/DC) + Aux power
» 650V GaN integrated power blocks
« 100/170V GaN integrated SRs/ HBs
« Digital controllers: UCD3138 and C2K
» Aux integrated power stage: UCG2882x
» Packages with thermal enhancements
» Advanced protection / monitoring
features; OCP, OTP, ZVD, current sense

N\

TI-GaN

b DC/DC
A00V/ module

800V n > 98%

IBC: 48V to 4-12V

DC/DC Module: 400/800V to 48V
» 650V GaN integrated power blocks

» 100/170V GaN integrated SRs/ HBs

* 40V monolithic SRs

* Digital controllers: UCD and C2K

n = 90%

Multiphase VR

» Monolithic high current,
» High frequency power stage
* Integrated power module

4
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Server power delivery
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GaN in server power (Gen 2 architecture)

PSU
110-230 Vac 400Vﬁ
t
Tz [f
Sl G
1 ii
T i o
o| 1] |
i isu; M1
Functional |
P Iso
Functional | P teeeen] Reinforced
= Controller o] IS0

» Totem pole bridgeless
PFC as rectifier
* 650V GaN without Qrr

 LLC resonant converter
for isolated DC-DC stage
* Integrated GaN for

deadtime optimization
* MV GaN as SR

» 100V GaN power blocks
* 40V monolithic SRs

IBC VR
54-48Y 12-4V | Power Stage 1.8-0.6V
?eFuse ° lvl Y‘L BN ? \
i 93, el T Lo | & |
P T o L kT sy (| JEES s
SN b el o R
3 “E ¥ . |
ZZ1 cController =+ k... “:2] Driver |-1 Controller F------ : Driver |-{| Controller

» Monolithic power
stages

* Integrated capacitors

* Inductor integrated
power stages

6
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PFC

7
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Which is the most efficient PFC architecture?
| ACswmnPrc__ | ToempolePFC___ | Activebridge PFC___

Block diagram

%
s
£ %

E.
L
.

]|
1

Y

B3
P

1

v

v ’F‘

|
45 ¥ -Eil]
— 4?} —

Details 2 silicon diodes 2 GaN FETs or SiC MOSFETs 5 MOSFETs
2 MOSFETs 2 MOSFETs 1 SiC diode
2 silicon diodes or SiC diodes 1 choke caoil 1 choke coil
1 choke coll
Cost Medium Low High
Efficiency On-time: 2 MOSFETs On-time: 1 MOSFET + 1 FET On-time: 3 MOSFETs

Off-time: 1 SiC diode + 1
silicon diode

Off-time: 1 MOSFET + 1 FET

Off-time: 2 MOSFETs + 1
diode

~98.7%

~99.0%

~98.5%

8

Why GaN Enables High Efficiency in Totem-Pole PEC-Based Power Designs

(powersystemsdesign.com)
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https://www.powersystemsdesign.com/articles/why-gan-enables-high-efficiency-in-totem-pole-pfc-based-power-designs/135/18716

L MG3650R0XX vs 25mQ SiC (100kHz)

. LMG3650R025
Efficiency at 100kHz :
100.00% [ ' Loss per
99.50%
10 0.016 2300 0.029 0.013 2.329 0.086 2.443 97.87%
99.00%

' 25 0.103 2300 0.072 0.032 2.372 0.086 2.592  99.09%
98.50% 50 0.422 2.300 0.143 0.065 2.443 0.086 3.016 99.47%
98.00% 75 1.092 2300 0215 0.100 2.515 0.086 3.793 99.55%

: 0 100 2.072 2300 0.286 0.136 2.586 0.086 4.880 99.57%
97.50%

97 00% LMG3650R035

96.50%
96.00%

10 25 50 75 100 10 0.022 1500 0.029 0.013 1.529 0.086 1.650 98.55%

_ 25 0.142 1500 0.072 0.032 1572 0.086 1.832 99.35%

=—| MG3650R025 LMG3650R035 =25 mQ SiC 50 0.591 1500 0.143 0.066 1.643 0.086 2.386 99.58%

75 1.412 1500 0215 0.103 1.715 0.086 3.315 99.61%

100 2.736 1500 0286 0.141 1.786 0.086 4.749 99.58%

Conclusion: LMG3650R035 has a better loss performance at mid

load and full load due to lower switching loss combined with 25mQ SiC
better performance on Qrr loss.

Test conditions:

* th TOtempOIe CCM PFC _ sl b tRoZ I EIE o 0ix0: AI2 mils e 10 0.013 1.800 0.057 0.022 1.857 0.172 0.121 2.185 98.09%

* 4.5kW, 240Vac, 400Vdc  Rdson, typ at 24 25 0.082 1.800 0.143 0.055 1.943 0.172 0.302  2.554 99.10%
+ 100kHz, 2ph. design 25C [mohm] 50 0335  1.800 0286 0.111 2.086 0.172 0.605  3.308 99.42%
 Tamb = 55degC Coss(tr) [pF] 458 299 399 75 0771  1.800 0.430 0.168 2.230 0.172 0.907  4.247 99.50%
100 1409  1.800 0573 0227 2.373 0172 1.210 5390 99.52%

9
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*Due to slow switching compared to GaN, SiC overlap loss is 2x GaN loss
** Due to higher driving strength for SiC FET, SiC driver loss is 2x GaN loss



PFC mode of operation: CCM vs. TCM

CCM operation TCM operation
Pros e Low inductor current | e Zero voltage switching (ZVS)
ripple
e Simple control
Cons e Hard switching — e High inductor current ripple

high switching loss |e Require multi-phase interleaved
to reduce current ripple for high
power applications:
¢ low power density
“* high cost

e Complex control

10
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Why multi-mode PFC: CCM/TCM multi-mode operation

A

'« CCM ——

» Load A Sead
0 100% TCM with ZVS

TCM with ZVS CCM

Multi-mode at different load Multi-mode in AC half cycle

Combine the advantages of CCM and TCM:

« Higher efficiency than CCM
o ZVS whenin TCM

« Higher power density and lower cost than interleaved TCM
o Single phase

« Easier control than TCM
o Same controller works for both CCM and TCM

11
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PMP23537 CCM/TCM multi-mode controlled

TTPL bridgeless PFC design

Features

« CCM/TCM-ZVS multi-mode
control in each AC half cycle.
Light load efficiency is
improved up to 2%

« Tl GaN with integrated zero
current sensing

» Single current sensor for both
PFC control and e-metering
with >99.5% accuracy

-

TIDE%WQns

In Development

Input voltage 85-265VAC
Output voltage 385VDC
Output power 3.6KW

Topology Totem-pole PFC

IC LMG3427R30, AMC1306,
TMS320F28003x,
TMCS1133, UCC27712,
TPSM863252, UCC21220

Efficiency @ 115V/60Hz

Efficiency y @ 230V/50Hz

* Includes baby boost to extend
holdup time and reduce bulk
Cap A

TCM with ZVS

TCM with ZVS

 Re-rush current control when

cam

—-CCM/TCM ——CCM

AC comes back from dropout

> load .,

12
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http://www.ti.com/tool/tida-00704

Efficiency comparison summary

CCM: Continuous conduction mode

> Tt T

Multi-mode: CCM + TcM

»

LI LI

TcM: Triangular current mode

1-phase L = 150uH, 1-phase L = 25uH, 1-phase
10% 20% 50% 10% 20% 50% 10% 20% 50%
100 T T T E T T 100 T _!\ T T T T T T 100 T T T T E T T T T T
9.8 ! 9.8 —_— 9.8 ///-——“‘_‘_r—~‘\\\%”WW\\\‘

A99.6 F | A A99.6 F = A A99.6 F | A

2994 : 1 2994 1 2994 ' 1

(] (]

E 99.2 - A E 99.2 - A E 99.2 - A

L L L

< 99 . < 99 . < 99 .

S sl —— SiC device wo snubber (33mQ) S oesl — TIGaN (33mQ) S e — Tl GaN (33mQ) _ |

3 — TIGaN (roadmap device, 42mQ) 2 Tl GaN (roadmap device, 42mQ) g™ Tl GaN (roadmap device, 42mQ)

2986 p : 1 & 986 —— SiC device (33mQ) ] | —— SiC device (33mQ) ]
98.4 - Tl GaN (33mQ) . 98.4 - . 98.4 - .
98.2 - —— SiC device with snubber (33mQ) - 98.2 - ] 98.2 - ]

980 2(;0 4(;0 6(;0 8(;0 1060 1260 14‘00 1660 18‘00 2000 980 2(;0 4(;0 6(;0 8(;0 1060 1260 14‘00 1660 18‘00 2000 980 2(;0 4(;0 6(;0 8(;0 1060 1260 14‘00 1660 18‘00 2000
Power (W) Power (W) Power (W)
Parameter Comp. SiC Tl GaN Tl GaN Parameter Comp. SiC Tl GaN Tl GaN Parameter Comp. SiC Tl GaN Tl GaN
Ron at 33mQ 33mQ 42mQ Ron at 33mQ 33mQ 42mQ Ron at 33mQ 33mQ 42mQ
25C 25C 25C
0f - - 0, 0 0 - 0 0 0,
Half-load n 999924& 99.2% 99.3% Half-load n 99.73% 99.76% 99.75% Half-load n 99.76% 99.82% 99.78%
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ISO DC/DC
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Which is the most efficient ISO DC/DC architecture?

FB-LLC with FB-secondary

Block diagram \/
Dt \f 4
==
T ==
Cost Medium Low
Efficiency up to 98% ~98.5%
High frequency Not suited beyond 200Khz Can go 500Khz+
operation
Control & sync. Simpler Slightly complicated as it works in
a tight load and frequency range
EMI Slightly complicated EMI Better performance
management
15
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LLC stage 2.3KW(FB- primary, FB- secondary) — Design &

device parameters

Inputs:
Primary Topology: [ Ful-Bridge v |
Secondary Topology: [Ful-Bridgge v |
Mumber of output Rectifiers: I:la
Number of Parallel SRs / Rectifier: [2 | =]
Input Votlage, Win: 400 v
Output Votlage, Vo: v
OQutput Power, Fo: | 2200w » 1ph.
Switching Frequency, fs: m kHz
Magnetizing Inductance, Lm: 500 |uh
Deadtime, td: 100 ns
4[s1 4fs3
. *
iSEC

i

—H[s2 [ s4

Primary side device: HV Si-MOSFET
Vds (V) = 650
Rdson (mOhm) = 27 @ 250C

Rdson (mOhm) = 526! @ 1250C

Qg (nQ) = 108

Vgs (V) = 10

Eoff* (uJ) = 1.8 *Turn-off Energy - Eoss @ 10A turn-off
Coss (pF)= 1604 @ Vin

Secondary side device: MV SI-MOSFET
Vds (V)= 80
Rdson (mOhm)= 1.9 @ 25 oC

Rdson (mOhm)= 3.04 @ 1250C

Qg (nQ)= 3
Vgs (V)= 10
Coss (pF)= 1200 @ Vin

Body Diode Forward Voltage (V)= | 0.8

Primary side device: LMG3650R025
Vds (V) = 650

Rdson (mOhm) = @ 25 oC
Rdson (mOhm) = 432 | @ 125 0C

Qg (nQ) =
Vgs (V) =

Eoff* (uJ) = *Turn-off Energy - Eoss @ 10A turn-off
Coss (pF)= @ Vin

Secondary side device: LM G3100R017
Vds (V)= 100
Rdson (mOhm)= 1.7 @ 250C

Rdson (mOhm)= | 2.41 @ 1250C

Qg (nQ)= 20

Vags (V)= 5

Coss (pF)= 1547 | @ Vin

Body Diode Forward Voltage (V)= 1.5

16

wi» TEXAS INSTRUMENTS



650V SI-MOSFET + 80V SI-MOSFET vs.

LMG3650R025 + LMG3100R017

Device Loss @ Td 100ns

s Primary (sw+driv+cond)
m— Secondary (driv+cond)
14 | === Total (Primary + Secondary)

10.93

1500

0 500 1000

Po (W)

2000

J
2500

64.95% lower

Device Loss @ Td 100ns T3.89 49.2% lower 8r
14 Primary Switching+Driving o
Primary Switching+Driving - - = = Primary Conduction » 706W
— — — Primary Conduction 7 b | === Primary (sw+driv+cond)
12 | | — Primary (sw+driv+cond) Seconda_ry (driv+cond)
m— Secondary (driv+cond) = Total (Primary + Secondary)
mmmmm Total (Primary + Secondary)
10 -
67.7% lower
=K e
2 il
=] o
1 6 T -
_________ mem=mm T 4.39W
i 100KHz
2 -
o ' ; y y ‘ 0 1 Il Il Il I}
0 500 1000 Po (W) 1500 2000 2500 o 500 1000 1500 2000 2500
Po (W)
Device L @ Td100 9 Device Loss @ Td 100ns
evice Loss ns 0, r
. Primary Switching+Driving .
18 16.60W 50.4% lower 8.23W
Primary Switching+Driving === Primary Conauctiomn >
16~ — - Primary Conduction 8 |~ | == Primary (sw+driv+cond)

Secondary (driv+cond)
mmm Total (Primary + Secondary)

200KHz

Loss (

I
2000

2500 17
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Server PSU, BBU and IBC reference designs

PMP23421
8kW Server BBEU

BBU

reference design

with C2000

Status

<2024 release

2025 designs

PMP23377
BkW Server BBU

reference design
with LM5177

EMP23340
1KW 48V to 12V

LLC based IBC
reference design

IBC

TIDA050089
1.1kW 48V to 12V

Interleaved Buck
IBC reference

design

PMP40988
5kW iTCM
interleaved TTPL

PMP23069
3.6kWCCM TTPL

PMP23338

- 3.6kW CCM TTPL
bridgeless PFC with
integrated E-meter

PMP23475

5kW TCM interleaved
TTPL bridgeless PFC
using ZCD GaN

bridgeless PFC with

s bridgeless PFC using
Customized GaN DC

ZVD GaN

— PFC

PMP41017
3kW 12V
interleaved half
bridge LLC

PMP23126
3kW 12V phase
shifted full bridge
with active clamp

PMP22951
3kW 54V phase
shifted full bridge
with active clamp

PSU

PMP40586
1kW current mode
LLC with
ucD3138

PMP41081
1kW current mode
LLC with C2000

ISO
— DC/DC

PMP41114
3.6kW 54V 73mm
MCRPS Server PSU
(CCM PFC + LLC)
reference design

EBMP23547
73.5 mm 8kW Open
Rack Server PSU

reference design

»/
18

2025 releagse
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Controllers in the server PSU
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Typical server power supply control uses individual
controllers at each stage

230V-t0-400V AC/DC 400V-t0-48/12V DC/DC
| 1
PEC 400VDC Isolated
(Power factor DC/DC
correction) 48/12VDC
o/p busbar

)

Universal
ac Input

100-230VAC

DCDC controller

AN

Main power stage controller

Flyback
controller/converter
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Increasing power density driving digital control in main

power stage

Power supply

Basic power supply control

*  Output regulation vs. line/load
variations
» Fault protection

Housekeeping and system
communication

* Thermal management

* Fan speed control

* Comms. With host MCU

+ Enabling special operating modes
(ex: light load, stand-by)

* Telemetry (P;,, Vin, lin, temp)

A typical power supply includes
basic power control and system
housekeeping

DC/DC | | Load Share
Controller controlier
MCU +
"] housekeeping

|

A —|— Filter Bridge 4| PFC }— DCiDC i
+ L}
¥ [ ¥
Inrush / hot- Transformer
plug control PFC Controller -
ik
A
¥ ¥ ]
#| Interface circuit .
Monitor MCU =
'y Opto-
| coupler
:I-.\
]
Aux PI5

Analog controlled PSU

#* To Host

la% —r Filter Bridge PFC

Inrush / hot-
plug control

¥

h h 4

Digital controlled PSU

Digital PFC Controller

F'y

Transformer

h

Fy

t

5

{

-
[ ]

Opto-
> coupler

Digital DC/DC
Controller +

Housekeeping

[y

[%7K]

Aux P/S

L———» ToHost

Traditionally, analog controllers
took care of the basic power
supply control and another
MCU would take care of the
housekeeping: More
components and manufacturing
cost

Power supplies with digital
controllers house both functions
into the same IC and enables
multi-threaded applications: One
design/device, multiple PSUs
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Key controller architectures in server main power stage

ANALOG

DIGITAL

A

DEDICATED HARDWARE FEEDBACK

A

v

v

A

DEDICATED HARDWARE & OPTIONAL
PROCESSOR FEEDBACK

PROCESSOR DRIVEN FEEDBACK

v

Analog controllers

A

Hardware implemented digital power controllers

v

A

Fully software executed

v

UCC28951
Fixed function

w TexAs
INSTRUMENTS

Fixed function

Simple implementation, fast time-to-market
High PSU bandwidth

Could use MCU for housekeeping

Supports 1-2 topologies per controller

UCD3138A
Programmable, featuring an
integrated MCU

¢ Texas
INSTRUMENTS

Flexible

Minimal FW development, medium time-to-market
No processor computation for PSU bandwidth
Limited complex controls and housekeeping support

Supports multiple topologies per controller

C2000

WSSl DSp/MCU based

¢ Texas
INSTRUMENTS

Very flexible

Involved FW development, more time-to-market
Processor computation determines PSU bandwidth
Supports complex controls and housekeeping support

Supports multiple topologies per controller

wi» TEXAS INSTRUMENTS




UCD3138A — Digital controller for server power

3 Independent hardware control loops

High speed Fully programmable
Error-ADC 3x 2p/2z PID controller 3x

Integrated analog modules

PWM generator
4x

Loop mux

GP

ADC DTC

Fault mux

Digital comparators
x10

Analog comparators

/

4 N
Dedicated hardware
peripherals for power

/

4 )

ARMY7 for housekeeping
and comms.
L j\

Advanced power control X7
Open ARM, memory and comms
31.25MHz ARMY core Comms:
(90% procehsos:;gI?eog/;/)tie;ga;vallable for PM BUS, UART .
Configurable
GPIOx
2kB 4x 32kB 8kB :
D-Flash P-Flash RAM OSsC Timers

J\

S

Programmable H/W-based
architecture

Executes time-critical high
frequency SMPS function like V/I
feedback loop with no dependence
on processor

Features H/W peripherals that
support most common power
supply topologies/functions

9 Programmable MCU

GP-MCU used to configure and
initialize state machine and run
housekeeping, comms., and
telemetry

Can also be used for low-speed
power supply control (such as PFC
voltage loop, current sharing)

*Example block diagram shows UCD3138128A
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UCD3138A features specific to server power

Ultra-fast transient response

Power converter fault handling

Current sharing and
synchronization

Fusion GUI for easy development

T 00

N Gosn T @7 | s

Hardware-etched peripherals - low
output capacitance, smaller magnetics

ZTE_ aBz
{ EDGEGEN |

za-arz
| EDGEGEM j

14

1B
QsYN 1.3

oa
am — gsva e L

DPWIE S AF

Analog/digital faults - flexibility to
handle CBC or latched faults

Phags-SIM Full Bridga
—— [Master) B S
Yo
Vi oFwMEA |
UCDHIE PWMO ———

GPIO |+ =

Phasse-Shift Full Bridge
B [Stave) . >
Vour

Vn ap0——
uCoIIE TCAR(
syHe

Synchronization & load sharing >
modularity & superior EMI perf.

Blackbox development with GUI - faster
time-to-market and superior debug capability

On-the-fly firmware upgrade

Advanced high Res. PWMs

Multi-topology support

Advanced housekeeping functions

UCD3138064UCD3138128

[ Configuranle
State Machine Hw
Peripherals

sy Flash . |
ARM Block 1
Processor
| Flash
— I} Block2 F

Commungasons

Sy;lém
Controller

Dual memory bank architecture >
zero downtime firmware update

250ps resolution PWM outputs - lower
output ripple

(™
&

Flexible digital power controller > easy
wide EE & economies of scale

Single chip solution for PFC + meterin,

GP-ADC + Arm-MCU + Comms. >
superior system integration

PID: Proportional Integrator Differentiator — a type of control method

wi» TEXAS INSTRUMENTS




Typical server power supply control uses individual
controllers at each stage

)

Universal
ac Input

100-230VAC

230V-to0-400V AC/DC

PFC

(Power factor
correction)

PFC controller

»
L

400V-t0-48/12V DC/DC

400vDC

Flyback

Isolated
DC/DC

]

DCDC controller

48/12vVvDC
o/p busbar

I |
I -
I \
—_— Aux supply controller/converter
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Key aux supply concerns in server power

Form factor

Increasing power density is driving smaller
size & ease of design, providing space to
Improve thermals

Light load efficiency

Increasing
power
density

Increasing efficiency requirements are the
norm and aux supplies are expected to
have good efficiency when in standby

Integration

The form factor and efficiency needs are
pushing the envelope for more integration
— the control, the transistor and more

Support 3ph AC input 180V-
305Vac — power transistor
needs to be rated above 800V
~1.2-1.7kV

wi» TEXAS INSTRUMENTS



UCG28826 | TI's first GaN integrated flyback

UCG28826: Industry’s first self-biasing flyback converter Innovative self-bias & auxless-sensing scheme
Integrated 650-V GaN with built-in Completely eliminate auxiliary winding and VCC pre-requlator
—] : current sense .
acl Fier | | oveioe Yot Naturally harvest bias energy from power stage
1 . T Enables lowest system cost with Direct switch-node sensing
IyI]L cutting-edge feature integration
1 __sw
SR Controller Improved efficiency, EMI, and design Neutral vout, : Voo
flexibility Brownout, | o eIk i
Opto-coupler HV Q5
—_——— gt .,_| Sense Start up bypass |—
| >
%{ FNeeetc\’l\lI);’(l:(k Start up enable I
_ = Line — GND

Industry-leading features for flyback converters Higher integration
Self-bias and sensing for auxless converter design Higher efficiency ’ @
. §
Dynamic CCM/QR/DCM control law for optimized variable-load efficiency Smaller size o 2

{4 i £
O #- QG Inside
Reduced cost i »

Switching slew rate control for EMI mitigation

AN N N N

Comprehensive protections including OTP, OVP, OCP, OPP, Brownout, etc.

Simplified design

Leading design flexibility including frequency clamping, fault response, etc.
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UCG28826EVM-093: 65-W integrated GaN flyback
converter

* Input voltage: 90 to 264VAC » Auxless design enables lower component count, higher density
» Max output power: 65W » Supports USB-PD charging protocol

« Output voltage range: 5-20Vvdc * Quasi-resonant operation with adjustable valley switching

« PD output: S5V/3A, 9V/3A, 15V/3A, 20V/3.25A function to maximize efficiency at any line and load condition

« EMC compliance CISPR32B / EN55032B « SSR topology implementation with an opto-coupler for accurate
+ Average efficiency and standby power to meet DoE level VI and step voltage control

CoC Tier 2 limits
» Peak efficiency > 94%

« Power density: 2.84W/cm3 without case Wire wound XFMR Power
* Profile: Cubicle - || 1soDCiDC 1| 1so DC/DC »  PDstage
* Form factor w/o case: 3.93cm x 3.45cm x 1.7cm= 23cm3 AC , primary stage | ;| secondary

input Diode ' stage

+ Form factor w/case: 4.33cm x 3.95cm x 2.1cm = 36¢cm? bridge N PD
& ' Si FET controller
EMI i | , & others
filter L Signal
() SR
. * " UCG28826 | || |L_controller
Applications .

* High density PSU
» Cell phone chargers
» Notebook adapters

For User’s Guide and more: http://www.ti.com/tool/UCG28826EVM-093



http://www.ti.com/tool/tida-00704
http://www.ti.com/tool/UCG28826EVM-093

High Voltage Device Portfolio

Medium Voltage Device Portfolio

PFC/ISO device selection guide

PFC/ISO
primary
device
selection

ISO
secondary
device
selection

<1.5KW

LMG341xR070
70mQ / 600V

LMG352xR050
50mQ / 650V

LMG3422R050
50mQ / 600V

ll 6x9.8 mm

Integrated Half -
Bridge

LMG2100R026
HB 2.6mQ / 100V
LMG2100R044
HB 4.4mQ / 100V

OX4 5 mm

5x4 5 mm

1.5-2.5KW

.\

2x12 mm

I >2.5KW

LMG352xR030
30mQ / 650V

LMG3422R030 LMG365x%, TOLL
@ﬁm gl 30mQ/ 600V 25mQ/650V
LMG365x%, TOLL LMG341xR050
70mQ/650V 50mQ / 600V @8)(8 mm

LMG365x%, TOLL
35mQ/650V

11 6x9.8 mm

Integrated
Single-FET

LMG3100R017
1.7mQ / 100V

LMG3100R044 6.5x4.0 mm

4.4mQ / 100V

Controller selection

Main power stage

UCD3138A (40/64/80p)

3HS loops, 8 DPWMs, 450ns latency,
ARM7TDMi, 31.25MHz, upto 128k dual bank
flash,
2k D-flash, 8k RAM, upto 43 GPIOs, 15
ADCs

TMS320F28003x

32bit DSP core @ 120MHz
384KB (192KW) of flash (ECC-protected)
69KB (34.5KW) of RAM (ECC-protected)
16 ePWM channels w/ 8 channels
having high-res capability (150-ps
resolution)

Aux supply

UCG28826x
65W (45/120W),
SSR, HVSU, GaN-
integrated

UCC28742
SSR, high eff., 1% o/p regulation

UCC28730
PSR, CVCC, wake
up monitor

UCC28740

SSR, CVCC, HVSU,
100kHz max.
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All samples and associated reference designs / EVMs available on
ti.com; click on a device name to be redirected.
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http://www.ti.com/product/lmg3410r070
http://www.ti.com/product/LMG3410R050
https://www.ti.com/product/LMG3422R050?keyMatch=LMG3422R050&tisearch=search-everything&usecase=GPN
https://www.ti.com/product/LMG3422R030?keyMatch=LMG3422R030&tisearch=search-everything&usecase=GPN
https://www.ti.com/product/LMG3522R030?keyMatch=LMG3522R030&tisearch=search-everything&usecase=GPN
https://www.ti.com/product/LMG3522R030?keyMatch=LMG3522R030&tisearch=search-everything&usecase=GPN
https://www.ti.com/product/LMG3100R017?jktype=homepageproduct
https://www.ti.com/product/LMG3100R044
https://www.ti.com/product/LMG2100R044?keyMatch=LMG2100R044&tisearch=search-everything&usecase=GPN
https://www.ti.com/product/LMG2100R026?login-check=true#order-quality
https://www.ti.com/product/UCC28740
https://www.ti.com/product/UCC28730
https://www.ti.com/product/UCG28826?keyMatch=UCG28826&tisearch=universal_search&usecase=GPN
https://www.ti.com/product/UCC28742?keyMatch=UCC28742&tisearch=universal_search&usecase=GPN-ALT
https://www.ti.com/product/UCD3138A?keyMatch=UCD3138A&tisearch=universal_search&usecase=GPN
https://www.ti.com/lit/ds/symlink/tms320f280038c-q1.pdf
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