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Agenda

* Introduction, Specification

* Topology Introductions:
o PFC
o LLC resonant Half Bridge

» Overall System
0 Loss mechanisms
o Gate driver Options
o Synchronous rectifiers, SR’s
o Auxiliary Flyback

» Test data on 350 W module
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Specifications

« Nominal input AC voltage: 230 VAC

* Working AC voltage: 90 VAC...265 VAC

« Output voltage 1.: 25V @ 135A

» Output Voltage 2: 12V @1 A

e Harmonic limits: EN61000-3-2 Class A

« Output power: 350 W @ 230 VAC

 Efficiency: 93% peak efficiency, design also meet 80PLUS Gold
requirement for 115 VAC Internal power supplies

* No Load Power: 152 mW@230 VAC, (PFC + LLC Off)
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Block diagram
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Boost PFC Topology

* Popular Because
o0 Sinusoidal AC line current

o Power Factor is high

» Output Voltage is higher than input

o Typically 380 V to 400 V
o Can provide hold-up time in the event of loss of AC line cycle
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Boost PFC Topologies

 TM: Transition Mode

o Variable Frequency Ve
o High Peak Currents C)
o Low Cost Diode (D,)

e CCM: Continuous Conduction Mode
o Fixed Switching Frequency Eases EMI
o Ultra Fast or SiC Diode (D,)
0 Lower Peak Currents

e« TM75Wto 250 W
« CCM 250 W to 1 kW

TM = Boundary Conduction Mode
= Critical Conduction Mode
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LLC Topology

* Full AC/DC system uses a second stage to
convert Boost PFC output to an ISOLATED
output voltage.

 The LLC Topology is popular because
o High efficiency, ZVS
o Low EMI
o Lower Component Stresses
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Design: Overall CCM PFC /LLC System

CCM PFC front end

Wac

o Power Factor Correction
0 Vg k output to second stage

LLC output stage
o High Efficiency
0 Isolation

UCC29950 Controller
UCC27714 MOSFET Gate Driver
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Efficiency: Main power loss components - PFC

Lrrc

. BR1 Dprc %,i
0 Vf=1.4Vto 2V ”@ : ' G
0 Averag(_e Input Curre_nt = iﬁj Qero| =
- Low line, full load is worst case Res pre
° QPFC UCS_PFCJ% i {7
o Switching loss
duction | Dpec
o Conduction loss SiC diode has Zero Reverse
e Other Losses Recovery loss
o PEC Inductor Does have Conduction loss
o EMC Filter

o Inrush Current Limiting (NTC)
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Efficiency: Main power loss components - LLC

 D1/D2
0 Schottky Diodes

o0 Synchronous Rectifiers

with UCC24610 SR
controller

Diodes Or
Synchronous
Rectifiers

 Transformer
o Core losses
o0 Copper Losses
e Q1/Q2
o Conduction Loss
0 Switching Loss
Negligible if ZVS
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LLC Stage: Gate Driver Options

« UCC29950 on board driver — ok for PFC MOSFET - ol L
« External drivers | / . ]
o UCC27714 — Tls first 600V MOSFET driver /

o Require a VCC supply

e Gate Driver Transformer Yel: GD1

o Simple, Low-Cost, Bulky
o0 No need for bootstrap cap or diode
o Transformer must be chosen carefully | i

o0 UCC29950 has half width initial and final puls
for transformer flux balancing

e Red: GD2 ||

~ Blu: PFC_GD
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UCC27714: High Voltage Driver

* Cypp > 10*Cpoor

D, charging current into CBOOT

R, limits currentin D typ. 2 Qto 4 Q
Voltage spacing at HB, HS, HO
Vs 1ic between COM and VSS

0 VSS can be -6 V wrt COM
0 HS can be -8 V wrt COM

Csoot has to charge first so
o HO starts 20 ys to 40 s after LO
o Normal for a High Side Driver
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Schottky Diode vs. Synchronous Rectifier

100

<
N/ E 10 —
e —Ta=1 ‘ &
A g I
V30100S-E3 % Ii; CSD19533KCS
100V, 30A TO-220 |2 // 100V, TO-220
0.1 // RDS(on) =17.5mQ @ 125°C

0 0.2 0.4 0.6 0.8 1.0 1.2
Instantaneous Forward Voltage (V)

* By replacing diode with synchronous rectifier, the conduction loss can be
significantly reduced by low on-resistance

» Higher efficiency can be expected, especially for low voltage applications
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Vds Sensing Theory of Operation

 The SR controller determines the
conduction time of the SR MOSFET

0 Vps compared to internal turn-on and turn-
off thresholds
- GATE output driven high when
Vps falling =V oy
- GATE output driven low when
Vps 1isiNg = Vi oe

A
A),V)

o0 Reduced Body diode conduction time... N .
only: Vm(om'i:"" g i ':' ®
- During GATE turn on propagation delay (tpon)
and rise time (t,gate)
- After Vpg rising crosses Vo

» Multiple modes of operation provide

highest efficiency over entire operating toon
range
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Special Current Waveform- LLC Resonant

Converter

o

! L ! !
s T
— — —

LLC Resonant Converter

SR voltage and current

* Due to sinusoidal shape current, when SR turns on the initial voltage drops are very
low and IC could interpret this as current approaching zero threshold and turn off the

SR too soon

» To avoid early turn-off, a minimum on-time is required until current rises above turn-off

threshold (Vth2)
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Auxiliary Flyback — UCC28730 + UCC24650

VBULK VOUT
m _ ‘ HO

tL tL Np Ns UCC24650 lour

Ce1 Cez o SOT-23-5 il c
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D,
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L]
N
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Rs2 ﬁf Reac GND

» UCC28730/UCC24650 chip-set is compatible with Diode and Synchronous Rectifier
applications

« UCC24650 ENSR can disable UCC24610 to reduce standby power and enable it when a
load-step “wakes up” the system

» Test Data from 5 V/10 W Design with Diode Rectification = 2.9 mW @ 230 VAC
» Test data for 10 W with UCC24610 Synchronous Rectifier = 3.5 mW @ 230 VAC

DRV
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Typical Application
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UCC28730: 30 Hz to 83 kHz
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Wakeup signal detected by primary
controller, switching initiated

When Wake-Up signal is detected by UCC28730,
switching resumes at fyax, lpk Min
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Transient Response Comparison

Eil= Edit Mertical Horizfacq TIrig  Display Cursors Measure pl\"lasks Math  MyScope  Ukilitie: Help
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Response to 0-2 A load step without Wake
function. Vout droops -4.36 V from 5V
before control-loop can respond to restore
regulation.

Cout = 540 uF
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Response to 0-2 A load step with Wake-Up
function. Vout droops only -0.40 V from 5 V
before control-loop responds to restore
regulation within 2 ms.

Cout = 540 uF
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PMP11303 PFC

Bridge BOOST LLC FETs Main transformer Sync.
! i ! ! ’ FETs

\ 1 / /
o= Emm o o=y, \ i 1 / 7

EMI Filter &
inrush limit

Output
caps

o e o E—
————I——:J\h‘
1

LLC Resonant Inductor

PFC FETs and diode on heatsink *
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Module Test Data Power Factor 115V & 230Vac

iane

0.90

0.85

Power Factor

0.80

0.75
0.00 100.00 200.00 300.00

Output power (W)

400.00

== \in: 115VAC/60Hz
==fe=\in: 230VAC/50Hz
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Module Test Data Active mode Efficiency: Total (PFC+LLC+Flyback)

95%
. / e
W
c
2
(%] .
E w=fll==\/in: 115VAC/60Hz
. 85% —==\/in: 230VAC/50Hz
80%
0.00 100.00 200.00 300.00 400.00
Output power (W
putp (W) ey
20% 50% 100%
80 Plus Gold 87% 90% 87%
PMP11303 87.24% 91.08% 90.42%
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Module Test Data

Standby mode Efficiency: Flyback Converter

85%

80%

75%

70%

Efficiency

65%

55%

60% -

__. —u—_—:.
&
2 4 6 8 10 12
Output power (W)

14

== Flyback Efficiency

No load power consumption at 230VAC/50Hz: 152mW
PSON signal was low to disable PFC and LLC operation
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Summary

o Complete design of 350W AC/DC module: PMP11303

A single centralized controller for PFC and LLC stages: UCC29950
High voltage half-bridge driver for LLC MOSFETs: UCC27714

Primary side regulated Flyback controller for bias supply with 5% voltage
accuracy and low standby losses: UCC28730

SR MOSFETSs with V¢ voltage sensing SR controller to enable low output
rectifier losses: UCC24610

Texas Instruments - 2016/17 Power Supply Design Seminar
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
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TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
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to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
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third party, or a license from Tl under the patents or other intellectual property of TI.
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harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.
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help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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