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AGENDA

1. UCC25710 Multi-strings LLC LED driver
1. Features and Application
2. Block Diagram
3. Operating descriptions and evaluation results:
2. UCC25600 LLC controller
1. LLC operating descriptions
2. Block diagram and features:

3. UCC24610 Synchronous driver:
1. Features and Application
2. EVM and test results:
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Typical High Watt (>100W) LED Lighting
Driver Topology

1. AC/DC Power Stage 2. Constant Current Driver Stage

! LLC Converter
% PFC »

UCC28061( Inter TM PFC) UCC25600
UCC28810/1(TM PFC) (LLC)

~54\/dc Bus
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BUCK [l | eeceeceed BUCK + ~15pcs LEDs

Control A Control #ﬂ > in Series
TPS4021 ‘ TPS4021 ’
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High Watt (>100W) LED Lighting Efficiency
Budget

Outdoor and Industrial >100W

PP
i EE_NVV\ N_i i400VCiE‘ " :!, : |’ :
: i H Vo A TR [ -: !
| )| —5rc 1o L “ |IL1ﬂ_ 2 |L| '
| EM % e R IR 2 2
T R e 7R 4
| ) | | ontro; | Control |
S U S s T | Y Z8
______________________ -7 | |
[ ~oalo ~ g
N ) U 2B e
M N i B :
97% 96% I : : !
SRR -~ ___
- 4
Y
95%
N— -
—
<88% (Traditional solution)
Conventional Topology Issues:
® High cost: PFC+LLC+CC BUCK (multi-chips!!)
® Low efficiency (<~88%)
@ Low reliability (many components’ counts)
® EMI issues
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TI UCC28810EVM-003 - SIMPLEDrive ™

Series Input, Multiple Parallel Equivalent LED Drive (SIMPLEDrive )

1st stage: 2nd stage: 3rd stage: AR
TM Boost for PFC TM Buck for LED current Resonant Current Half Bridge 5
' L e i
. . JFC Qutput | 0 Buak Output il l i
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ENABLE | e Mode Low Side Buck | . 2 :ﬂ”m
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Innovative two stages multi-string LLC

topology
for LED lighting

Outdoor and Infrastructure >100W:'

_______________

uCC28810 T . v

UCC25600
LAY
Y
L
Outdoor and Infrastructure >100W
OO (SIS T T Ty 400vde pmm e T Ty
| 1) Ll ] ]
L ] J |
[} EMI 1| PFC \ 1 1
IInput Bridge 1 | Con 1 1 1
et ' ' :
i ]

NN

U

ANV

NN

UCC28810 3 [
Benefits for the proposed topology: SiS—— <3 i —
o High efficiency ~92% ( 1 N -
© Low cost (no need CC DC/DC driver) QHC °°°°°
© High reliability UCC25710
© Easy EMI
© PWM or analog dimming compatible
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Why Transformer Can Balance Current

1 11 4
— —  Transformer currentis in
IS 1 reverse proportion to turn
Ip Np Ns = ratio
* |p/Np = Is/Ns; Is=Ns*Ip/Np
2 3 * When transformer primary is
connected together, their
primary current must be the
Ip same
« When T1 is the same as T2
1 T2 4 because of transformer
—_— operation principle their
152 secondary current is the
Np NS same

* Is1=Ns*Ip/Np=ls2
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Multi-Transformer Architecture
(Tl Patented)

: ]
. N N
AC input e
— T JE AT~ — v v
. N k NS
— \VA \XZ \
. NN
\VA \XZ \
NN
~PWN
W) T I+ dimming

<

One transformer control two LED strings!

I
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UCC25710: LED driver Controller IC

Features Auplications

e Industry first single chip LLC controller for e General LED Lighting

g:;;:ﬂ? multiple LED strings directly from PFC e LED TV Backlighting

e Adjustable Fmin (3% accuracy), and Fmax 6%
(accuracy)

:

ﬂ

Programmable Dimming LLC ON/OFF Ramp for J 1

Elimination of Audible Noise

e Closed Loop Current Control at Low Dimming
Duty-Cycles

® Programmable Soft Start v TN

¢ Accurate VREF for Tight Output Regulation

?ﬂ
[ |

Closed Loop LED String Current Control
PWM Dimming Input i
LLC and Series LED Switch Control for Dimming er31

\\}7

current Protection with Auto-restart Response i A TR
e Second Over-current threshold with Latch-off *

— —\WA—t il

Response S

e Over-voltage and Under-voltage and Input Over- L

5°888¢

UCC25710
g

e +400-mA/-800mA Gate Drive Current T

Low Start-Up and Operating Currents IRiants £
® 20 pin SO Lead (Pb)-Free Package o P o
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UCC25710
Block
Diagram

vee [t ——F
VveconvecoFe | I
9.3V/8.9V

VREF S
A |
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BLON | 10

UVLO

FAULT
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Dead Time

GD Enable
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SS-END
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S Q- RESET ?Z'SUA
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< ‘ [ 8 ] DADJ

LLC-OFF D i

Verrercio, 0.5V

VeirercH, 2.8V — LE
CREF r curen dolay
Pampifer 2.4us

S —

GM comp

ICOMP |17

510uS

Dimming Slew
Control

Current'Re

|—| |—| OFF
ON
Edge Sync Dimming PWM
D Q
Q
CLR
RESET
O :'Q
Zero Frequency Command
LATCH-OFF
Low ICC
D-ON FAULT

WVVREF

DSR V A
SS _' Soft Start

VvRer
IpsreH
44uA
FF
L
oS
q
Ipsroc
44uA

RESET—I

Vert
1V/0.5V

2.6V/2.4V

VuvTH
2.4V/2.6V

UCC25710
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UCC25710: DIMMING — LLC ON/OFF
TRANSITION & CURRENT CONTROL

The DIM input controls the ILED-ON
an ILED-ON'" signals.

LED
DSR capacitor C2 and internal 44uA RETURN

currents control the slew rate of V., J
during dimming off and on transitions. J
— Turn-off: DSR is discharged to GND

VeirercLo, 0.5V
VcirercH, 2.8V

by 44uA =3
— Turn-on: DSR is charged to ICOMP

by 44uA. Charge level is clamped to —
1Vbe above ICOMP

Control Clamp output, V, .., tracks

L
the lower of ICOMP and DSR ICZ
VCC —

(U Veo
GND

Control

Clamp

T3T

ILED-OEID
.

VVRer

IpsrcH
44uA

Ipsroc
44uA

ICOMP is only driven by GM amp ILED-ON
during LED-ON times.
During LED-OFF times the ICOMP
voltage is held by C1
i3 Texas
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UCC25710: START-UP & DIM WAVEFORMS

* 10ms RESET initiates Soft-

Start-up and UVLO Shutdown

Start (SS) A
VCC 9.3V Controller 9.0V
VREF Enabled !
* LLC Soft-Start, VCO UVLO / I N
control is clamped to SS |
until SS > ICOMP |
RESET A 10ms -3 K— | Dimming 1
I
« Dimming is disabled during | Enabled i
SS Soft-Start } ;
A Over \\ '
Soft-S
 DSR cap is used to limit ICOI\S/IISD ofi-Start : \
LLC control slew rate DSR | \
during dimming |

« ICOMP voltage is } E Operation
maintained during dimming "2 | ieabied

I

LEDSW A H_H H H

ow UL
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UCC25710: DIMMING — WAVEFORMS

* DIM input controls LEDSW

« DIM input triggers soft turn-on
and turn-off of LLC converter

DIM

Dimming

[ ] I

DTY = 01V+25V*1D

ov T | al /7

« LLC on-time is extended DADJ | P
* On-time extension is Added _,

proportional to 1-D, D is : %' ﬁLC On-Time %l |6

dimming duty-cycle

85 (Voo | |\ ~

* Extended on-time allows ICOMP / :; \ / \

ICOMP to maintain current \ V

regulation at low D Lsngwolggct)j |

LEDSW
50% Dimming 10% Dimming
i3 TEXAS
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UCC25710: LOW DUTY-CYLE ILLUSTRATION

1. LLC reaches power level equal to || ¢ power o alefclo

pedestal LED current in region B. RAMP (1)

. . . . DIMM
Power is under delivered in region oy Slg,lj'\,icf

A, but is compensated for in |
region C

B=0
LLC POWER D/AICID
2. Region B is zero, but sum of A+C e (2)
still deliveries correct energy. PWM SIGNAL
|
: : : AC
3. Energy delivered in region A+ C \/ﬁ
is too low, loop is open and LLC POWER D _'D
. . RAMP
realized peak LED current will DIMMING 3)
drop PWM SIGNAL
|
4. On-time is extended. A + C A
. o LLC POWER plalcD
energy/pulse is correct to maintain RAMP
same peak LED current DIMMING u,\ (4)
PWM SIGNAL
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UCC25710: FAULT MANAGEMENT

 Faults

OV - highest LED string voltage

UV — lowest LED string voltage

CL(1V) — input current signal over-current
CL(2V) — input current signal latch-off
TSD — Chip thermal shutdown

« Response

OV, CL(1V) & TSD: The LLC converter and LEDSW are turned off. When
the fault clears a RESET and SS are initiated.

UV: The LLC converter and LEDSW are turned off. A RESET and SS are
immediately initiated, repeatedly, until fault clears.

CL(2V): The LLC and LEDSW are latched off until UVLO recycles.
During RESET the LLC converter and LEDSW are OFF
During SS the LLC converter and LEDSW are ON, i.e. no DIMMING

i3 TEXAS
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PMP4302: Multi-string LLC AC/DC Driver
for general LED lighting

Reference Design ; Topology : Dimming
PMP4302: UCC28810 90V~2 | 54V@500mA TM PFC+Multi- 92% PWM
AC input Multi-string LLC | (TM PFC) 64V with 4 string string LLC dimming
converter for general UCC25710
LED lighting (Multi-string LLC) converter

UCC28610
(Aux Flyback)
Features

Lowest cost than AC/DC + DC/DC
Highest efficiency to 92%
. PWM dimming compatible

Outdoor and Infrastructure >100W

General LED lighting and LED backlight TV

UCC28810

e i .
! X J ! ! J ! Integrate LED open/short protection and over current
! i | i ~{ i protection
i ii :1 = I
| | |
oL S ! Applications
i i
i |
i i
1 ]

Ga| Gb|

>
— «— 3 L | PWM
[a]
° Control
= |
«—

UCC25710
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PMP4302 demo board

Aux Power

- opom |
uuuuuu
| mEmam

ED light ba
4x15LEDs
<
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PMP4302: Schematics for UCC25710
after PFC stage

Multi-string transformer T E‘
LLC topology i\ 4
- : » N .
= ey . L | . @
g - 0 E R
Lo g = U‘!rﬂ! |; e
T ]lfi .T.f".‘.la'l’l'.'l - [t : ’E %":E
1 LA = —o
T
T
EEE I L@
- g ; 4
” T e 3 3 .
I L
o |3 - =
T g2 e e [ [y -
[ J——
o 'l':': -.: ,.-"'[: .-:-".'9;5- ;-:E?: .
) I"'J'.H?du iy |T
e MEsy HE | WS of o
myt [H=—FF
[ T N B
] - ,
% [ i
A4 1+
- =
HE N n A ‘ 4
T T : iy . PWM dimming
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1 L T
- bl bl | Total current
e E e T B[ sensing
aa B 3] i T
e P I : 3 ] L feedback
IMD ?
i
W E L=
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) n o 1 = = = 1m 1 nz Rt 54 s a2
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PMP4302: LED current output tolerance

230V ac input LED output current Vs Input
voltage

PWM w/ 100% dimming
Dimming lo1 lo2 o3 lo4 % 0.515 [

1% 4.9 4.8 5 5.1 3.030

0513 177
2% 10 9.8 104  10.3 2.962
5% 252 241 252 251 2208 R

10% 504 497 515 513 1.774 0.509
20% 100.9 100.1 1027 1025  1.280 I

30% 1514 1504 154.1 153.6 1.214

Output Current (A)

0.505 —

40% 201.9 2009 2051 204.9 1.033 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

50% 2524 2511 2564  255.8 1.043 Input Voltage(V)

60% 3029 3014 307.7 307 1.033 Current tolerance can
70% 3535 3518 358.6 357.8 0.956 . . . .
achieve <+-3% with dimming

80% 4039 4022 4097 4088  0.923
90% 4543 4522 4611 4601 0973 range from 1% to 100%
99% 4993 4967 5072 5062  1.045
100% 5039 5014 5124 5117  1.084
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Efficiency

PMP4302: Efficiency

(TM PFC + Multi-string LLC + Aux power)

Efficiency

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 26C

Input Voltage(V)

Dimming version

0.92 1
= : o [
SOOI 8 RSSO SR B :::::::::::::::::gg 0
0.80 [I[A

/ ----------------------------------- o st i e : 0.8 [

0.87 —1—
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

Input Voltage(V)

Non-Dimming version

I
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PMP4302: waveforms

Chl 500V & M1.00ms A Chl L 7.30V

2654 2011
019.60 % 14:14:27

265H 2011
14:15:32

50% dimming

Chl_5.00v & M1.00ms A Chl L 7.30V
2655 2011

TRERTES 14:14:43

5% dimming

%mmr— CH3: DSR

2V/Div

chi 100V & M1.00ms A Chl & 6.60V
2658 2011

il 20.40 % 15:37:00

90% dimming
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PMP4302: waveforms

100V & M4.00us A Chl 5 168V

265H 2011
i+ 60.4000ms 16:12:58

CM o ge
better
current

100V & M4.00us A Ch1 £ 168V

265H 2011
+¥ 60.4000ms 16:13:06

230Vac input

1.8
1.6

14 r

M 1 r

0.8

0.6

0.4

02

5 e * Full Load
” . ® Half Load
P N T— 20% Load
‘}‘ Ra —
§ \
a 0" q
4
ug
=
4
Rt
05 1 15 2

Lm/Lk=6
Fs=100KHz

Q=0.7

Lm1+Lm2=640uH
Lr=100uH
Cr=30nF
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Phase [B-A] (deg)

Thermal and Bode Plot

PMP4302
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PMP6251: LED Backlighting for Edge-
Lite/ Group Dimming Digital TV

Application
Reference design Features
= Support to universal 90~264Vac range

= LED 4 outputs @120mA, 63V, 5Vsb@1A, 5V@3A,
13V@3A

= Eff 83.7%@110Vac, 85.2%@240Vac
= Secondary side 120Hz blanking control for dimming

= 8mm height and 6mmheight for LED magnetic
component

= Board dimension 300mm(L) * 200mm(W) * 8mm(H)
= LED output common + and LED OVP and UVP

= Integrated the protection ckt to reduce the solution
part count.

= Dedicated controller for edge-lit/ group dimming basg,

on the LLC topology — UCC25710

= Providing design package — Schematic, Gerbo file,
PCB file, Magnetic components...

Multi-Transformer

UCC25710

== 4 Channels/ 63V/120mA

A 4

LLC PWM
UCC25600

) Audio 12.7V/3A
—p AD Board 5V/3A

v

GM PWM
UCC28610

System- MCU

(+5VSB/2A)

I
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PMP6251: PFC+ Multi-string LLC
Efficiency

Efficiency Data of PFC+LLC Power Stage from 126 - 1002 Dimming

92.00%

=t Ef{0 (PFC+LLC)

2
>

) 8
) S
b
I

90.00% S

88.00% T/A/ﬂr

ing

86.00%

84.00%

Rate of Dimm

82.00%

80.00%
0% 20% 40% 60% 80% 100%

Eff% of (PFC+LLC)

Efficiency exclude standby Power Converter at full load condition ~ 90%
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Summary

« UCC25710 with multi-transformer LLC topology can achieve:

© High efficiency

© Low total BOM cost with high reliability
© PWM or analog dimming compatible

© Output LED strings open/short protection
© Input over current protection

© Support 1%~100% dimming range

© Easy EMI

*.? TexAs
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Summary

« LED backlight becomes a trend for flat screen TVs

« Tl proposed multi-transformer backlight solution
— Simple current matching method
— Single stage power processing
— Fault tolerant capabillity

« UCC25710 provides the IC solution for multi-
transformer architecture

Multi-Transformer LLC + LED switch control
Precision LED current control

Soft ramping of LLC for audible noise reduction
Extended PWM dimming dynamic range
Complete protection features

i3 TEXAS
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T1 UCC25600
8 Pin Resonant Half Bridge Controller

Features
= Adjustable Soft start (1ms to 500ms)
= Adjustable dead time Td 10 g [ 1] GATE?
" AdJUStable stmax & stmin (3% accuracy) RT 5 7 VCC
" lo=+1A/-1.5A
= Enable (ON/OFF control) °c LL{° o LI GND
Protection functions ss | | |4 5| | | GATE2
= Two levels over current protection
= auto recovery
= |[atch ~
. . ea
= Bias voltage UV and OV protection o Orclar

= Over temperature protection
= Soft start after all fault conditions
SOT 8 pin package= Easy design and layout

i3 TEXAS
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Application Circuit

| 360~400V>

DC OUT

Programmable dead time
Frequency control with minimum/maximum frequency limiting

Programmable soft start with on/off control
Two level over current protection, auto-recovery and latch up

Matching output with 50ns tolerance

i3 TEXAS
INSTRUMENTS




LLC Resonant Converter with Wide
Operation Range

T\
|4\

{i o I /‘\\

— Q=0.1
— Q=0.2}
— Q=05

Q=0.8|

Q=1 |
— Q=2
— Q=5 |
— Q=8
— Q=10 |

) zcs Reglon >
1

—

Ay
A
Y
—
o
U'I

\

I Lm
{ -
] 0o.4

Resonant = 1 Transformer Vi /2
frequency 2n L. C, turns-ratio V

»At 400V input, switching frequency is resonant frequency

»During holdup time, switching frequency is reduced

1

1.2
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inciples

At Resonant Frequency

Operation Pr

SRL

D1
-3
D2

Lr

maximum efficiency is expected

» At resonant frequency,

-

Vg_Q1
Vg_Q2

{{J Texas
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Operation Principle
Below Resonant Frequency

Vg_Q1 | [ peeeeeeeeeens .
Vg_Q2 5 T
g_ i 1 !“q
Vp l | Cr Lr n:1:1 D1

e
>
SRL

13T
J

W 2
4| &

s

»When switching frequency is below
resonant frequency, magnetizing inductor
begins to participate in resonant and
increase voltage gain

»Secondary diode becomes discontinuous

[T N

t0

—
—
w
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Operation Principle
Above Resonant Frequency

(| |
Vg_Q1 {1 |
) T 71 92  ececcscsscsssss
Vg_Q2 - g ] o ::...}
| | ..'u .
Vp | ‘!':‘ o1
| ' n:1:1
|
|
|

\{
[

—

. Cr Lr 1 . Vo
Y ) y moccoes -q ®
*%eq Vin I il " '
?. H
Q2 Lm 3 A X
[] S
H_ . SRL
! { ~ E
D2

»When switching frequency is above
resonant frequency, circuit behaves as SRC
»Secondary current becomes CCM, reverse
recovery loss increases

B i ey — S R

___+ -———————

t0 t1 t2 t3
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YV V.V V V

Benefits of LLC Resonant Converter

—
-
Cr Lr 1:n:n

— Lm
#Mﬁ
—

Z\V'S can be achieved by utilizing transformer magnetizing inductor
Capacitor filter, less voltage stress on rectifiers

Smaller switching loss due to small turn off current

Variable switching frequency control, not sensitive to load change
Wide operation range without reducing normal operation efficiency

Ay
A

13 TEXAS
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UCC24610

Green Rectifier Controller

Features Benelits

» Secondary Side Synchronous Rectifier » Enables 90%+ efficiency at full load and Optimized
Controller for Flyback and LLC Converters Efficiency Over Entire Load Range

« Operates in Continuous and Discontinuous * Zero Glitch Transition between CCM and DCM
Mode Flybacks and LLC Resonant Operation for varying Line or Load Changes

* Turns MOSFETS Off to Maximize Light
Load Efficiency

Automatic Light Load Management

- Highly Integrated Control * Reduces External Components with up to
5% Reduction in Power Supply Costs
» Micro Power Sleep Current at light/No load » Dissipates less than 1TmW in Sleep Mode

Making Energy Star Goals easily Achievable

Avwlications

k. T [
» AC/DC Adaptors | | T
Mobile Chargers — Cell Phone, IPod -
Set Top Box
Appliance Power Supplies
Bias Supplies O T Gontrol Logic

ISYNC_RESET
SYNC
isync o
J — ucCcC24610
EVM ﬁi

AV
/1

VD GATE VS TON EN/TOFF GND

W Available

i3 TEXAS
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Adding Green Solutions to the Portfolio

Green Rectifier

E% | W o
1
- - 1
L G MOSFET Hjng
Drivers
(o]4
Flyback
/ %
J7 / Isolated
Feedback

Green PWM Controllers
UCC28610 Green Mode PWM

UCC28600 Green Mode QR PWM
UCC25600 Green Mode Resonant LLC

,
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Expand the Operation Range of
UCC24610

I I

K e
M

L

« With 50V maximum rating, UCC24610 has trouble to use in 19V output LLC
» LLC converter with voltage doubler can be used to extend the operation range of
UCC24610
* No center tap, simpler transformer structure
* Less voltage drop on the SR, better devices can be used
« UCC24610 can be powered up using on aux power source with boots trap diode

i3 TEXAS
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UCC24610 Competitive Analysis

TI IR NXP NXP ST ON ON Gren Zerex
Parameter/Device:] UCC24610 IR1166S® TEA1761T TEA1791T STSR30 NCP4302 NCP4303B" GR8387 ZXGD3101T8
Vdrain (V) 50 200 120 120 (ext. clamp) 95 200 200 180
Conduction Modes| DCM, QR, CCM[DCM, QR, CCM DCM, QR DCM, QR |DCM, QR, CCM|DCM, QR, CCM[DCM, QR, CCM|DCM, QR, CCM|DCM, QR, CCM
GATE lon (Apk) -1 -0.25 -0.25 -1.5 25 25 1 25
GATE loff (Apk) 4 2.7 2.7 1.5 -2.5 -5 -4 -2.5
Max Freq (kHz) 600 500 ? ? 500 250 500 500 n/a
Packages[PwrQFN-8, SO-8 SO-8 SO-8 SO-8 SO-8 SO-8 SO-8 SO-8 SO-8
Rthja (C/W) 67, 147 128 150 150 160 178 180 128 250
TjRange (C)| -40to+125 -25t0+125 | -20t0o+128 | -20to +128 -40 to +125 -40 to +125 -40 to +125 Unknown © Unknown ®
Special Features:
Enable function Yes No No Yes No Yes Yes No
Auto Light-Load Mode No Yes Yes No No No No No
Inductance Compensation No No No No No Yes No No
Open/Short Protections None Indicated | None Indicated | None Indicated| None Indicated | None Indicated | None Indicated | None Indicated | None Indicated
Regulated Opto-drive No No Yes No No Yes No No No
Gate Voltage Reduction No No Yes Yes No No Yes No Yes
Over-temp Protection No No Yes No No No No No No
Key Differentiators
» High Gate Drive current
 Auto Light Load Mode
» Open/Short Protection
i3 TExas
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5.6V/3A AC Adapter:




12V/40A Server Application:

et (AT e

|
\ flw il \‘J‘hl.u.mifuh

~

Texas instruments
PMP5967 REV A PCB

95%

94%

93% /

92%

yta ui

X -
HIHlUil‘ H‘IHI|HIIHIHII‘ If
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UCC24610in 195V LLC
AC Adapter Application




Synchronous rectifier in LLC converter
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System implementation
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Tek  Stopped

658 ACs

Test Results

22 Sep 10 03:43:39
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« Waveforms
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Tek  Stopped

Test Results
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Tek  Stopped

B56 Acs
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Test Results
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Tek  Stopped

44 Ao

Test Results
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Test Results

Waveforms

— YEL (Primary current)
Tek  Stoppe 1915 Aot 21 Sap 10 220014 A/Div
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Tek  Stopped

1076 At

Test Results
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Tek  Stopped

530 Acis

Test Results

21 Sep 10 22:13:52
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22 Sep 10 03:40:03

Test Results

 Waveforms
— YEL (Primary current)
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Test Results

 Waveforms
— YEL (Primary current)
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Operating Efficiency with UCC24610
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More than 6% efficiency improvement is achieved by using UCC24610

with Synchronous rectifier
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