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Units (Ku)

DTV Market Trend

Worldwide DTV Market Forecast Worldwide Forecast for LCD TV Units with LED Backlight
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Source: iSuppli “Worldwide TV Market Tracker Q3 2009”

DTV market forecasted to grow at 15% CAGR with LCD-TV expected to account for ~90% of total TV market by 2013
LED backlighting application is hot; 5 year CAGR of 141%

Edge lit LED TV dominates (90%) market — simpler, enable slim designs & cost effective

CIP team strategy to support WLED TV backlighting applications; RGB will be supported by C2000 & DCP groups
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Multi-Transformer Current Balancing
m Why transformer can Balancing Current
m Multi-Transformer Architecture

m Why Current is not serious Influenced by

Inductance
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Why Transformer Can Balance Current

1 T1 4 * Transformer current is in
— — reverse proportion to turn
| |S1 ratio
P Np Ns  Ip/Np = Is/Ns; Is=Ns*Ip/Np
 When transformer primary is
2 3 connected together, their
primary current must be the
same
Ip l « When T1 is the same as T2
1 T2 4 because of transformer
—_— operation principle their
12 secondary current is the
Np Ns same
5 3 Is1=Ns*Ip/Np=Is2
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Multi-Transformer Architecture
(TI Patented)
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I0A ‘ e GO0 047uF,f D361 C361 =
< DOVHA 27UF/100V | !
0362 |
4.09w_19--_--_--_--__* -
D362
400V/1A
| T301§ EL21.2
302 4 3 .
805 T || (8G 0.047uFBOV D365 " 1
E— 6 2 . 1A >> Vod4- !
| Ca67 364 C366
400V/1 27UF/100V
- Q301 |, 400VAA |
600V/5A — D366 I
400V/1A
1 c301 :
> i

6 Tl Confidential - NDA Restrictions - }-%%S{UMENTS




Why Current is not serious Influenced by
Inductance

| Transformer
| Primary Current

Current of bigger |
inductance

Current of smaller
inductance

Because Zone1 is almost same as ZoneZ2, inductance not series
influence output current

7 Tl Confidential - NDA Restrictions - }%ﬁUMENTS




Advantage Compare to Traditional Driver

m Solutions for Back Light Driver

m LED Back Light Comparison
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Solutions for Back Light Driver

Power Supply Unit/ LIPS
Architecture for LCD-TV

+24V for DC-AC
CCFL-BL Inverter
Inverter

+12V for Audio-AMP

|

+400V for
CCFL BL-Inverter
AC
Input DC-AC J_ J_ J_

for MCU
+12-15V for Audio-AMP

Inverter Cb Ch2
L1 L2

Power Supply Architecture for
LED Backlighting TV Today

Controller ﬁ LED Current
IC Regulator

DC-DC Boost
Controller

\ 4
+12V Audio

i3 Texas
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LED Back Lingt Comparison

Power Supply Architecture for LED Backlighting TV Today

| Ac-DC STAGE
: PFC

AC Line

STEP DOWN I
I
' |
I

N
96%

I | 1* DC Boost + 8-16 LED Current Regulators
DC-DC STAGE I oloyg---—-—————————————— .- |
ISOLATION & I | I I

1
: VIN= 24V VOUFE100V
Cin[_ |pc-bcBoost| _LCo

N L 30LEDs
R

(Efficiency
T % 1 %L

Typ100V

I_ AC-DC STAGE
I PFC

Y < 85% (Traditional Solution)

ine !
E1 T Ucc2sos1 T | 2
| ‘ X
— - - i_ S Lol
- J \ J ‘b
Y > AUXILIARY OUTNTs | . b

MULTI TRANSFORMER ‘
DC-DC ISOLATION |

: *\

ucc2s600 | | X

i b
| % | :\ .

2% J ﬁ}‘jj\
: |

Driver |*’|

Multi-transformer outputs designed on AC/DC LIPS
power module (higher efficiency & low cost) inside DTV.

Today- UCC25600

\c 90% (Multi-Transformer Solution)
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Advantage Compare to Traditional Driver

m Transformer Design
m Key Component selection
m Feedback and Dimming

m Protection
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Transformer Design

For LLC transformer design, firstly we should transfer all parameter into the
same unit. In this case we transfer all parameter into primary resistance.
Considering 88V, 120mA load and two outputs for each transformer means
each transformer output power is P,=2*V  *I, =22.2316W

Because there are four transformers in series and half-bridge topology,

we got following equation.
R, =P, /(V,,)® V, =400V /4(inseries)/ 2(halforidge) =50v R, =112.453Q

oL, L

To analyze LLC behavior easily we set =7~ K=1*
Lk means |eakage inductance, Lm means magnetizing inductance.

*|

In normal design we set frequency to 110K Hz to avoid 150K EMI conduction

issue and also minimize transformer size.
Also set Q to 0.2 and K to 5 for better efficiency and enough hold up time.

From the equation of Q we got
_QxR_ _ 0.2x112.453

— = 32.645uH
0] 2x 7 x110000

L =KxL, =163225:H L
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Transformer Design

: Y :
DC gain of LLC converter M =V—° and O = sbooe

fs is the resonant frequency and it is equal to 110K Hz . :fg
’ '-‘.w_!:m‘ * Full Load

@, means normalized frequency N M il Lot

08 L . T iy 20% Load

According the graph, maximum DC gain happens when, =044 |

Minimum switching frequency is set as o, =0.51 o

to keep enough margin. C s s
So the Minimum switching frequency is f, =110K x0.51=56.1KHz

1

Vv,, =50v Same as calculated above, maximum switching cycle can be calculated ast = 5
X

=8.913.5

min

Flux density B set as 0.5T because the flux can be both negative and positive. Cross-section
area A is 30.1mm? according to the transformer we choose
According to transformer basic operation rule Vin xt<NxBxA

V., xt

Bx A

N >

=30turns 5 avoid saturated.
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Transformer Design

Leakage Inductance is high
Use additional cap to isolate
Can not assemble automatically
Litz wire to avoid eddy current

Fit for higher output power

1 A 1 Eram
==
— - - = e |
— =
-y - & - e |
[ — I_l"lll

Leakage Inductance is low
Use isolated wire to isolate
Assemble automatically

Thin line to avoid eddy current

Fit for smaller output power
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Transformer Design

Vg_Q1 — |

:

Vg_Q2

|
Vg_Q2 Vg_Q1 1
|
|

\{

t0 1213 . {0 t

t3

While CCM Zone1 and Zone2 is still almost the same but while DCM Zone1 and
Zone?2 with obvious different that is why current is more unbalance when DCM.
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Transformer Design

2. C1 How many

- B1 PFC Vout maximum transformer in series

A IS B AN D | E F | ¢ | H | I [ 0 1T K T LT ™ T N T o

1 | Vin_max S 400l {4 ransformers Farh 100 e
r
2 Vol o1 02 lo2 4. B3 output current per transformer for dual
3 0.24
A |VF1 VE3 output design it should be doubled
5| CD ' | |
6 |Pout 771 3. A3 output voltage
7 |Pin 22 2316 5 PN
8 |RL 112453 0 w
a |F 110 KHz 3 L (M, Wn)
10 |Q 2145 (wl/RL) Lk 3501128 uH K=
11 |K 5 LmiLk Lm 175.0564 uH ) G P —
12 : nF Y
131w 5. A5 output diode Vf for there are 2 L e (O 44, 1. 95)
14 [M_rm diodes in series it should be doubled v ‘i,_
15 |B= VAN 1.2 e
16 |Ae= 3017 mmtmm - ‘-.‘_1_,,“‘ + Full Load
17 |v= 50 v M 1 B — ® Half Load
18 |t= 891266 uS frriin= 561 Kk 4 IR A I | 0% Load
W

19 | N> 29 6102 0.5 + :
20 [Primary turns 30 turns L
21 [Winding turns Winding EMS current .6 :
22 | Output 54 turns Output 02664 A ¢
23 | Output2 0 turns Output? oA .4 i
24 | Output3 0 turns Output3 A A
25 |Outputd 0 turns QutpLd 0 A .2 g
26
27 |Bulk Cap 78 UF g
28 |Bulk Cap minima voltage 385 i} .5 ] 1.5 2
29 |other output B0 WY
30 [Hold up time 24 8548 mS Wn
31
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Transformer Design

Frimary turns
Wiinding turns Wind\g B
Output 54 turns Output

transformer is selected change B10 to let Lk
fit to transformer selected is necessary

A | B c | D | E F | ¢ | H | 1+ | J | K | L | v | N | 0
T |Vin_max 00 4 Transformers Each 100 Y =
5 Vol o1 Voo 02 Vo3 03 Vod o4 1) TEXAS
3 88 0.24 0 0 INSTRUMENTS
4 | vf1 VF2 V3
5 2 0 7\ 6. E6 is predicted efficiency
6 |Pout 2112 Eff 095) — >
7 |Pin 27 7316 | n 7~
8 |RL : :
o 7. B9 operation frequency, higher /] Wn)
1014 means higher core loss and if more
:]1; K than 150K there might be EMI issue ) 44 1 9
13 [Win_min 051 lower means bigger transformer . y . 5)
14 [M_max | 173237 kingvottage  100K~120K would be suggested
15 |B= 05T 12
16 Ao | pr— | | E T « Tull Load
17 V= 50 v 8. B10 choose 0.2 is better. E— ® Half Load
18 t: 891266 US A ""‘T'l“"'.r'~1-'|"~~--'-.~~.---r-r-|| 2{}% Lﬂﬂd
;g Mz 296102 Because F10 Lk would be fixed once "
27
27
23
24
25
26
27
28
29
30
3

Output? 0 turns Output? AN | v | g |
Dutput3 0 turns Output3 o . . B
Output 0 turns Outputs 9. B11 K is ratio between Lk and Lm

bigger means better current balance
Eulk Cap T8 uF t M It . . ti
Bulk Cap minima voltage ags -yt lower : (voltage rising rating) 1 15 7
other output B0 W choose 5 is suggested
Hold up time 24 8548 m3 | Wn

i3 TExAs
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Transformer Design

o] o lralrafrafra ko ko ra ra ko ra | = | | o o | | | |
L 5|b oo | B e ra| 2| S| o oo = @ | | I | e ra| | o | €] 00 | @ 1| B eefraf —

A | B c | D | E F | ¢ | H | 1+ | J | K | L | v | N | 0
Win_max 00 4 Transformers Each 100 Y =
Vol o1 Vo? o2 Vo3 I3 Vod o4 I3 TEXAS
88 0.24 0 0 INSTRUMENTS
WY1 W2 W3 W4
2 0
PoLt 2112 Eff

Sin L 10. B13 M_max happen when

RL 112453 0 Whn is 0.44 and add 10%~20% C? ( Wn)
- )

F 110 KHz for de-rating, so choose 0.51 -

Q 02145 (wlL/RL) _. A K=
g i o WBE| s it a4 g 5)

WWTL_min 11. B15 and B16 key in selected transformer ’ -

g_—max ¥ data, notice B15 is core B_max *2 because it

Ae= can operate from B+ max to B- max + Full Load
W= | M 1 | | R — ¥ Half Laad
t= 891266 uS frriin= . RS P

M= 29 £107 12. C20 Choose bigger than B19 TrT——— 20% Load
Primary turns @f—ﬂs” to avoid saturated

Wiinding turns Winding EMS cunei . &

Cutput1 54 turns Output 02664 A ¢

Output? 0 turns Output? oA .4 i

Qutput3 0 tumns Output? oA "

Outputd 0 turns Qutputd 0 A .2 ;,_T

o 13. Key in D28(PFC Vo -2% tolerance -2% ripple) 2
other outp and C29 (system power consumption), choose
Hold up time BRI ™ B27 to key hold up time C30 longer than required

i3 Texas
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Resonant Capacitor Selection

Capacitance calculated by transformer design
tool

Voltage rating should be 1.2* maxima voltage on
resonant capacitor.

Ripple current rating should over
(output watts/200) * 1.5

Arco R75, R76 or Panasonic ECWH or other
capacitor with high ripple current rating is
suggested.
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DC Blocking Capacitors

» Capacitance value ~ 1 to 3% of C 1 of each
channel

— Large enough for 10% maximum ripple
voltage

- Small enough to settle quickly

« Voltage stress: Equal to VOUT to keep margin
during single output short.

« Ripple current stress: 2.5* output current
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Output Capacitor selection

 \oltage rating should be 1.25 * output voltage to
keep margin

« Ripple current on capacitor is 1.2* output current

« Use ripple current rating as 1.5* output current
for margin
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Output Rectifier Selection

Reference design D200~D215

Super-fast recovery
2.5" output voltage

1A rating above

Trr 35ns

Why?

— Higher efficiency

o200 -
WA
20M
SO0

}} h B

.T-* CZ10
FUFHDOV

::.::.l.'l:_"

l
I G20 [l r
uFsms Wil
203
SO0

c211
+ FAUFA DO

— Better current matching at low duty cycle

dimming

22
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UCC25710

Block
Diagram

Vvrer

VCC | 1

RST Gen

Vycconvecorr _ﬂ = == S
9.3V/8.9V
H,
ENBL EALLT déﬁ*‘a y R O

(I;I. !
VREF [5 S LI ontrol

VVREF 1me ~4v DTY

: GPZDL.DADJ
ED Swytch-.and

weorr DIMMINTG | CHALrok
- o F—<_—]

GD Enable

: -WM o s
U LD

Dead Time

Dimming PWM 80K

80K
i

=

GD1/ 2| 4

{1 GND n

LED-ON

) >4+ >{e]LEDSW

v Zero Frequency Command

LATCH-OFF
Veirerclo, 0.5V LowICC
VGLREFGHI 2.8V
- dﬁ' ay LED-ON EALIEE
CREF Amplifier
2.4us
S Vwasr:
H
CSs . GMicovp
510uS

VVREF

1\vio.sv
| DSRCH
44uA
an chs ,
. sl/ ovTH
m 2.6V/2.4V
Ipsroc
44uA v
UVTH
2.4vi2.6V

UCC25710

ICOMP |17

Dimming Slew
Control

Currﬂ#ﬂdﬁeg

z'szAG)
ss [18}—1
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AUDIBLE NOISE REDUCTION

It is desirable to turn the LLC controller ON and OFF
during dimming to improve efficiency and allow a fast
LED current loop

This can cause audible noise during the ON and OFF
transitions

Controlled and programmable rise and fall times on the
VCO control input are used to reduce any mechanical
stimulation

It is anticipated that typical slew times of 100us to 300us
would be used
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LOW DUTY-CYLE DIMMING

» Low duty-cycle dimming presents a problem
— Dimming ON pulses are very short
— Can’t deliver short full-power pulses
— Dimming linearity falls off at the low end if power
stages are ramped versus stepped
« Example:

— 1% PWM dimming at a 240Hz rate forces an LED
current pulse width of 42us (1/24KHz)

— This would require a very fast full power ON and OFF
— Controlling audible noise may be difficult
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LOW DUTY-CYLE ILLUSTRATION

LLC reaches power level equal to  LLCPOWER W
. . RAMP
pedestal LED current in region B. DIMMING (1)
Power is under delivered in region PWMSIGNAL ‘ >
A, but is compensated for in
region C B=0
LLC POWER D'A'C'D
_ _ RAMP (2)
Region B is zero, but sum of A+C DIMMING
still deliveries correct energy. PIVM SIGNAL | >
AF
: : . N
Energy dellvere_d inregion A+ C LLC POWER ollfp
is too low, loop is open and RAMP (3)
i i DIMMING
realized peak LED current will VUM SIGNAL
drop | >
On-time is extended. A + C LLC POWER m%
energy/pulse is correct to maintain RAMP (4)
DIMMING
same peak LED current PWM SIGNAL

| >

2% Tl Confidential - NDA Restrictions - -{lﬁg’iA“IS{UMENTS




ICOMP is the compensation node of the
current loop

ICOMP is connected to the loop amplifier
during the LED on-time and floated during the
LED off-time

ICOMP responds to the error in the pedestal
LED current and controls the energy delivered
during a dimming pulse as long as the ramp
reaches ICOMP

By extending the LLC on-time ICOMP can still
control the LLC energy per dimming cycle

There are implications on loop bandwidth.

Experiments/Data shows that increasing
bandwidth increases the primary current peak
at the beginning of the DIM cycle

LU:A

POWER RAMP

LOW DUTY-CYLE DIMMING SOLUTION

DIMMING
PWM SIGNAL

ICOMP

LLC

POWER RAMP
DIMMING
PWM SIGNAL

ICOMP

1
AN
-
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START-UP, UVLO & POR

Input Bias __ VCC UVLO
1 +
Vvcconnvecorr __U_ * S Q-» RESET
9.3Vv/8.9V
VREF ENBL FAULT di&ly —R Q
wer g 1
; Ref — TrsTOLY
— 10ms
C3 VVRer
= On
Backlight | —»{ 10 L |
200K |
RESET BLON

UVLO is high until VCC rises to 9.3V or when VCC falls to 8.9V
Crossing the UVLO threshold L-H initiates a 10mS RESET pulse
The BLON, backlight on, input can be used to shutdown the controller and LEDSW

BLON low and UVLO turn OFF the 5V ref
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START-UP, SOFT-START

RESET discharges SS

SS over-rides the gm
amplifier and pulls Vo
low

A 2.5uA current source
charges SS after RESET

— Resistor from VREF
can shorten SS

When SS > ICOMP,
ICOMP gains control of
the loop

When SS = 4.5V, end
soft-start, SS clamp is
disabled

VCLREFCHI, 28\/ VVCO
% B )
mplifier
R2 CS—|—

VREF

7

Vv 0.5V
R1 CREF CLREFCLO,

+

| ++

LED—»{ 16 GMcomp
— CURRENT 510uS
FEEDBACK ICOMP

| 17 *
— ¥ VRer

ISS
pp— 2.5uA +

1 8 p Soft Start
—1 C2 s Q
VSSTH

— R Q

I3T

SS-END
A
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DIMMING — LLC ON/OFF TRANSITION &

CURRENT CONTROL

The DIM input controls the ILED-
ON an ILED-ON’ signals.

DSR capacitor C2 and internal >

44uA currents control the slew J
rate of Voo during dimming off

Vvco

VeirercLo, 0.5V
VcirercH, 2.8V

Current
Amplifier
I p!

'y VVRer
and on transitions. t‘ (6] g Sp
— Turn-off: DSR is discharged to i 510uS
7]
GND by 44UA . — J_ |1—7| Dlmming Slew
— Turn-on: DSR is charged to I‘” ICOMP _ control
ICOMP by 44uA. Charge level is =~  DSR /4KU U eno
clamped to 1Vbe above ICOMP T E A
Control Clamp output, V¢, T
tracks the lower of ICOMP and = LEDSW
DSR 6 |

ICOMP is only driven by GM
amp during LED-ON times. =

During LED-OFF times the
ICOMP voltage is held by C1
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DIMMING — LLC ON-TIME EXTENSION

DIM input controls the
LEDSW output

LEDSW output is a rail to rail
signal but not is high current

DTY is a scaled and
averaged voltage proportional
to 1- D, D = dimming duty-
cycle

LLC on-time is extended until
ramp at DADJ exceeds DTY

The on-time extension is
proportional to 1-D, and is
programmable with C2

D = duty-cycle at DIM

—

LLC-OFF +

I
7 i ontim
|

—

80K

g/\/\,_l
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DIMMING — LLC ON-TIME EXTENSION

Basis of equation for DADJ Dimming Duty Cycle
capacitor value shown in imfnsa:on_ o
draWIng . Iprimary pk Target: IT product =D x Low Dimming duty cycles: Primary current does not

. . lpri
At IOW d|mm|ng, assume that I-?igherlpk: I*T product squared

steady state lpri current is not
aChleved lprimary pk with no

compensation

Rise and fall time of lpri -
current is the same |

have time to achieve steady state.
Assume rise and fall time are linear & match: lavg=Ipk x D

The equation for DTY
capacitor value is shown. 20UA x \/DlMDM'N xTrise  DIMowmin
Target low ripple voltage Foim Foim

Cpapy =

since a DC voltage is [(1_ DIMDM|N)>< 2.5V]+ 0.1V
expected. Suggest ~100mV

target. There is a tradeoff of

low ripple on DTY and 31.3UA x 0.5
response time to large Cory = Foim
changes in DIM duty cycle. Vb1vp - p
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START-UP & DIM WAVEFORMS

10ms RESET initiates
Soft-Start (SS)

LLC Soft-Start, VCO
control is clamped to
SS until SS > ICOMP

Dimming is disabled
during SS

DSR cap is used to
limit LLC control slew
rate during dimming

ICOMP voltage is
maintained during
dimming

VCC A 9.3V7L
VREF

UVLO

Start-up and UVLO Shutdown

Controller 9.0V
Enabled ‘

/|

10ms

Dimming
Enabled

Soft-Start

Operation
Disabled

HWHHHHHHHFHHHH
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DIMMING — WAVEFORMS

Dimming
DIM input trols LEDSW
Input controls SIM A |— |—| |-|
DIM input triggers soft i | DTY = 0.1V + 2.5V*(1-D)
turn-on and turn-off of LLC oty & — | -
converter DADJ i / | /
v 71/
LLC on-time is extended | S« Added } -
A | | } LLC On-Time | } |
On-tirrrltg extletns;og isD | SS (Vuco) | | ~ |
proportional to 1-D, D is | | |
dimming duty-cycle \COMP | \ / 4//\ / \
| \ LLC On/Off _— ! |
Extended on-time allows A Slew Rate
ICOMP to maintain current
regulation at low D LEDSW
50% Dimming 10% Dimming
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LLC DRIVE

* Programmable VCO

GD-Enable

« 14Q)/4Q) Gate Drives — . T
(2] — ° (=

« Gate drives are shifted GND H camsm
D Q

by 180 degrees with I 4] -
500ns fixed dead-time R1FMIN | oo [5

Dead Time

]
-

LGD Toggle

» RESET

vco CLRQ
t ] %) °< : ﬁ

Zero Frequency Comman d

« Gate drives both go low
on a RESET command

« GD2 will always come on
first after a RESET pulse
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LLC FREQUENCY CONTROL

 Linear frequency control for
Vyeo 1V to 4V

* Programmable minimum and
maximum Frequencies

— Fswmax ~250-450KHz @ 7.5%

* Frequency = F, for V, oo >4V

* Frequency = F,,5x for Voo <1V
and >0.9V

» Frequency goes to Zero for
Vyeo < 0.9V

VCO Frequency

AN

> Fsw

F MAX

I:MIN

GD1&2
both low

Vvco

\
1V 4V
0.9V VCO Control Voltage
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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

— QV, 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
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FAULT RESPONSE - OV, CL(1V)
or TSD

* Fault stops LLC
operation and
turns off LEDSW OV, CL(1V) or TSD Fault Response

YA
___J

Fault

» SS capacitor is
discharged

RESET A ;
SS

« Falling edge of
Fault initiates

A
RESET oo12 l

%
b
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UV FAULT RESPONSE

UV Fault initiates a
POR-SS cycle

* A new POR-SS cycle
is initiated if the UV
Fault is still present at
the end of SS

* If the UV Fault clears
during a POR-SS
cycle the supply will
start normally

UV Fault T

UV Fault Response

POR

SS

LEDSW

GD1,2

39

TI Confidential — NDA Restrictions

i3 Texas

INSTRUMENTS




UV and OV Design Considerations

OV and UV dividers with oring LED 1

Ibias —»

diodes shown. Positive LED
votlage outputs.

The highest voltage LED string

LED 2

RPU

provides the bias current for
both OV and UV dividers. LED 3

The bias current needs to be
LOW so LED current matching

does not degrade at low LED 4

dimming.
Example: 100mA ILED, 1%

dimming, 2% LED matching
spec: only 20uA delta allowed

Another consideration: Voltage
across RPU should be higher
than LED string maximum delta
V. A current path from VLED
max to VLED min should be
avoided

§ RUW1

uv

Cuv RUW2

iiRiay
f

§ ROV

ov

ROV2

‘L cov
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Other Fault Characteristics

CL has a 1V threshold with 0.5V of hysteresis

CL has an additional 1.9V threshold

— When crossed the GD and LEDSW outputs are
latched off

— This is the only latching fault
— Fault is only cleared by UVLO

The UV and OV thresholds have ~8% of
hysteresis

Threshold tolerances of ~+/-5%
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Test Data From LED Driver with UCC25710

* DIM input is disabled during Soft Start as shown below.

* DIM active during BLON enable.
« Soft

Start

i!i-:ﬂ\ph;lliilulil\jlli!n”i!riilihiuiui||i|[i|IHH|H!HIIIII!!\Illii"i::

. B 1.0V/div 1MO By:500M (e T (1. l |nm 148V | 50.0ms 200.0kS/s 5.0ps/pt |
T 5.0Vidiv 1MQ By:500M (2. - Single Seq

T 50.0mAdiv 500 By:500M _ acqs RL:100k
T 1.0AMiv 1MQ Byi2oMm @) ’
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Test Data From LED Driver with UCC25710

« Almost perfect square wave LED current achievable with LED switch
feature. No lpri peaking achieved by limiting ICOMP bandwidth.

* 50%
Dimming

« ILED

50mA/Div

1MO B,:20.0M | [-ﬂ‘_‘ S 192mA | 500ps  20.0MS/s 50.0nslpt |
7 10.0Vidiv imQa By:500M . . Single Seq
T 50.0mA/div 500 By:500M 1 acqs RL:100k
&TH 600mA[div 1MQ Bjy:120M Auto
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Test Data From LED Driver with UCC25710

» Notice Step on DSR rising & falling edge: Adding 15k to 20K ohm resistor in
series with DSR cap reduces delay time to start LLC power stage. Step on
falling edge is not an issue since DSR is clamped ~0.7V above ICOMP

 10%
Dimming
« ILED
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Test Data From LED Driver with UCC25710

« Notice the falling edge of DSR time delay is increasing as DIM duty

cycle reduces.

&IB 1.0V/div
T 10.0V/div

. " 50.0mA/div

@7 600mA/div

1MO §y:20.0M
1MO By:500M
500 By:500M
1MQ By:120M

e | Utiities | Help 'n

|ﬂ‘_“ J192mA

| 50.0us  200.0MS/s Sonsipt |
. Run Sample

939 acgs RL:100k

Auto

5%
Dimming

ILED
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Test Data From LED Driver with UCC25710

« At 2% dimming @300Hz, the DSR voltage indicates that the steady
state operating point is still achieved. DSR rise & fall time is ~100us in
this configuration.

| Heriz

¢« 2%
Dimming
 |ILED

MO By:20.0M | @™ /192ma | 20.0us 500.0MS/s 20nsipt |
T 10.0Vidiv 1M0 By:500M | o Sample
AT 50.0mA/div 500 By:500M 828 acqs RL:100k
TS 600mAldiv 1M By:120M Auto
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Test Data From LED Driver with UCC25710

* At 1% dimming @300Hz, the DSR voltage does not reach the steady
state plateau.

- 1%
Dimming
ILED

1MQ By:20.0Mm

#TH 10.0Vidiv 1M0 By:500M
£ 50.0mA/div 500 By:500M
@D 600mA/div MO By:120M
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Test Data From LED Driver with UCC25710

« DTY and DADJ shown to indicate method of DIM duty cycle
compensation. When DADJ reaches DTY voltage, DSR fall time starts.

* 1%
Dimming

R I .

e

i

* ILED

( & 2.0Vidiv 1MQ By:20.0M | \ﬂ‘—‘ J/192mA | 20.0us 500.0MS/s 2.0ns/pt |
@D 2.0Vidiv 1MQ By:500M ' | Run Sample
T 50.0mA/div 500 By:500M 2413 acqgs RL:100k
@7 600mA/div 1MQ By:120m Auto
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Test Data From LED Driver with UCC25710

* |pri peak current during dimming is minimized shown in the previous
plots by selecting ICOMP compensation that has fairly low bandwidth.

« [COMP values in this example: Cp:22nF, Cz:6.8nF, Rz: 30k Ohm

49 Tl Confidential - NDA Restrictions INSTRUMENTS

ICOMP
Mag [BIA] (dB) | Phase [B-A] (deg) ‘
f0.000 200.000 — Rz é
48.000 160.000 C
g 120,000 — P
H\-H""‘—\___‘ —_
24000 L 80.000 Cz ——
T i
12.000 L 40.000
H T
0.000 = 0.000
\ = 1
-12.000 -40.000 —
\—_\
-24.000 -30.000
MHH
-36.000 C 120,000
-48.000 - — ~160.000
-£0.000 -200.000 =
10 100 1k 10K 100 k
M I
Data | M1 | Mz | Mz -m1 |
Frequency 951,40 Hz 2777 kHz 26,82 kHz
Magnitude -0.241 dB -45,400 dB 45,155 d&
Fhase 43,227 deq 0,89 deg 49,123 deg
i3 Texas




Test Data From LED Driver with UCC25710

* Low bandwidth in the LLC may create a line frequency rejection concern.

» Below Line frequency component is shown with 10Vp-p 240Hz ripple on 400V
input. LED rlpple is low even with 10uf output caps and 240mA ILED.
cal | Horizi Cursors | Mes Math | MyScope | e | Utities | Help 'n Tek B @

&% 1.0vidiv 1MQ By:20.0Mm | Line || 5.0ms  2.0MS/s 500ns/pt
T 10.0V/div Ny By:500M Run Sample

£ 50.0mA/div 500 §,:500M acgs RL:100k
@7 600mA/div M0 By:120M
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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 base

— Utility :
on the.L.LC topollogy UCC25710. . | (o0-2esuacyy|  THPEC p| MUt TrensTormer k4 Channels/ 63v/120mA
. Proyldlng deS|g_n package — Schematic, Gerbo file, oo Audio 12.7VI3A
PCB file, Magnetic components... ®|  ucceseo0  f——» ADBoard 5vI3A
R GM PWM System- MCU
o UCC28610 (+5VSB/2A)
i3 TExas
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Schematic PFC

CHZ Patent Pending
YW3DB-D3AY  F2 VADOZ2
SPG-351L BO100
i ) o D4SBAJL
Ll
RO01
e L2 g AN Loz SHE RO .
o Frvm OTC [T 330K0s0s 3 |
N g S 330k0805
w2 Bld RO04 I5]
: 1 230KI0E05 I
THOOZ = VADD2
SCK15075 =] 3 SPGE-I5IL
g8 L
k=1 -
5 2
bl i
- BT
L100
4 1 D00 S .
A AA_A_A_T soovias ™ SPFC_OU
L rmo —————  PO3END
T asoinans 2 v, 2, 1
L RO — 1 it
T 4p0K0805 “ESC103 =
L Rin2
- —— 4TOpFIY-cap E aim = c12 L o I+ o2 I+ oz
i N BO0V/Z0A  C102 [ 30UFMSIV T 39UFMS0V T 38UFMSIV
E- S > 1 1000pF 1KV "
R108 PA0pFIKY
L RIO7
470805 T 10K0405 L R108
= 020805
!
£ R113 “ESC125 =
& Ri0D = 4
G100 UCC28051 = 1000805 L Ri14 470pFIY-cap !
L RiOS =
L R4 = BaK/DBOS + RI15
C1d 3§ ioKmDB0s 5. N 3 400K/DBOS
NC/DB05 ZCo cs & RI16
= 4
cioe + RIT7
5 | Gnp muLTin 2 T 1000pFAIS05 3 L
R118
7 2 aiig 100/0805
DRV COMP SOOVITAA E‘
VCC_PFC
LAl & lvee VO _SNS 1
R110 % R118 "
4710805 | o Rit1 15810805 "{) TEXAS INSTRUMENTS
GLZ15A a S
Ccii2 = c118 Hodal Mama LolW LED TV DOCESTLY Bavision
T c110 NCOE05 ]' ci111 1000pF/OB0S Sheet Size Data
1uF/BO5 T 22uFineos T Enginser Bavisws
* _ ¥ [Eubiect Sheat I of &
B,
5 [ 4 [ 2 [ 2 [ 1

13 TEXAS
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Schematic Standby

PFC_OUT
e
AEV204A
_ D555
I 150K1W < | :
29M C501 R500 ¥ TS0
s - RS0 10pFHKY | PQI0
R501 RE02 R503 Denesld ET-EYEVI2A
= 500 29M  23M 2IM T D500 IOVIEA R4‘151 [I..IH =IErE
1000pFHKY 1KWT1A - _ >
IC500 D501 * -
UCC28510 10DED5 | NC
1D0K/DE05 R506
R514,_'1;' - MOT VGG 3 vy '!1'\"!" RE505 - F anaviza + G553
1D0K/DE05 = C505  10/DBOS N 1000UFMOV
RE13,, 3 |_ i 0.033uF cs51 L+
CL DRV . 1000UFIOV css4
3ﬂ1mau5 D502 W RETS ATOUFHOV
R51Z,,. r 1ME148 ¥ 100805 D503
W ZcD  GND T B0OVIZA 5 -
C503 D504
TEKITA0S T 1uF/DE05 1M4142 WrTETE
RE11,,, L voo b - 100805 =
o1
1 D00pFAEDS
12410805
apg RS0 L+ cs02
'[ 100uF/5S0V
* it R562
, 1000pFr400Y 4 BTHA%0E05 L
VCC_STEY & L msa0 =
“ES ] = 5100805 Outout
- - y Y
PC500 RE61 & C560 - B
PCO1TA K805 3 0.04TuF/DB05 2TVIBA «5ls
L i i ] 4
3.32K/0805 o N
R563 i35, 3
b4 GﬂJ“ W "::': 3
cse4 |7 0.47TuF/0B05 2],
1uFIDB0S 2o 1 N
ICRED I ST-BYGVIZA 1
.| TL43UTORZ S
2 &P
R564
] 4 DO 1%/0B05
. . - TEXAS
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chematic 5V/12V

p
PFC_OUT Q00 Patent Pending
BOR1DD
ENI3A
%
T210 EEB3 100805
D204 LL4148 ] i, F201
o 2 YTRIZ ATOURIZEV
- ® 0 10K/E05 lrczen  cos 1+
4TOUFI25Y
2 B0R100 _
LL4148 1 s . Q201 CZn
205 4 1D00UF1OV
2 - | 5, ., D270 T i
g 1 1 204 r ™ sovsa ca7 =
C204 0.47uFABO0S D271 1000UFTOV 12.7V/3A
5 VCC_LLC ™ EvER * <
= N CH
=| Rew2 R20§ 1000805
2 3 8 0272
| | 47805 b .'I 45204
LL4148 C201 + R254
" w—2 | 2oz aT L2 0.015uFAKY — T 26.5/0805
= R200 10A0E05 - + R2M4
H - I I {vee o | Te T NGBS
3 ca05 g - 1M2W R238
T twFimeos, & | . 4 LL4148  R213
= GND 1 D202
8 o e A— —
g R208 ca02 1Kina0s
£g 110K0305 1000FFHEY
C206 0.0Z2uFITE0S - g % D22 R250 L
o C:203 2K/0805 3
T ! §§ NC/805 LLat4d 4 Rom
= T 10K/0BDS
R211_7.5K/0805
. gy 1000805
WRIs |
RM2 L 230 1000pF/DE0S
2T4K0B0E T &TTHDROS co8
FC200
C230 PCE17A
<& T 1uFiaos
R253
4 00K/0805
é
_ - i3 Texas
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T .. b T
Patarn P Voo~
FEC OUT etent fe Vol- VoZ- Vo3 Vod- «—2E1lg
' £ A AY A Vod- 7
~ o~ oy N A
P L R380 R383 RS 7
C380 330KIB05 230K/DB05 Volue 81,
T 27uUF00v .
. Ra81 Ra82 Vel 5,
2 Vol- 330KI0E0S 330K/DB05 2
D = 4 L
| D303 ¥ i —— “
L4148 = 3],
=l ” i
1 DMy =21,
VT T v 1 1
§ Ef 2 o0una [T Vot | b caes !
Cag Dag4 Caga T  27uF100V
400V, ZTUFMOOV n
367 Vo3-
g ADDVM A 2
o i BLON
4DOVHA
'Q
@33
- T3 401 c
EFD13
1K/0805 1010205 @330
- B331 —w-EJ T tsovioa
IC310 o k
30.1K/0805 ) _Kuanna.rscm:;
1 . 20 .., Ra313
Voo FMIN ¥ ¥ ¥ v
¥ Daz R314 B1DKIEDS | Da4E D340 D350 D351
LL4148 2 . 18 W LL4148 LL4148 LL4144 LL4144
GD FMAX =315
—
0 [ e | 18 K D371 LL414B R330 &
X pax == 1, C370 2N =
LL4148 L rEo vy urmans £ Dass | D354 | 0353 | Das2 |
4lenp comp |17 TOKOe05 c38 L | F R L4t K | Ldras B paras K Latds K
& D30 TH0pF 0805 1K/0805
3 LL41 | E
T 5 | vrer s 3
1 3.3K0B05  3300pFRE0S
| 1uF/DB0S 11.BK/0805 R316 Caaz Y raEsz
-0 [ — T _150pFma0s £ R3S 47OKIDB0S
Dase | | = R3TE ST _ 1 100pFMO805 =  51M/DBOS = R353
LL414aMC | K 48.7KN805% = Ca51 = 7 EMIOBS
= R n T 14 A . A
= 4710805 e b D3R frpyol ¢ WD ] W—=
0.1uF0805 470pFIS05  15KI0BOS LL4148 RI2 | L | R251 - Rass
it £ baps L 2 ! 10KI0805| 5 | 1mmans ¥ NCisos
1 w15 1] E 1] casz
DIM = 1000pF/0805 1uF/ma0s o R260 0.1uF#eDs | C354
; TO00RFE0S = om ov -2 TRORIOETS L
. Cas6 BLON | R361 h
s Rax FSTHIME0TS w10 ooy oy 1 W 1
a Ra3ST GRS Q385 2
2OKMB0S  22K/DBDS UCCZ710 4+ R350 .
T 2acme0s Wi# TEXAS INSTRUMENTS
R385 Q358 Hodel Hame 150W LED TV DCCZSTLO0 Bavision
yaa_22KIOB05 RAEE 4401 Sheat Size i Date
b 1 s 22KI0805 " e Enginaar 1 Eavigwer
b [Gubject Shaat 4 of 5
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chematic Protection

Fatent Pending

QoS ST-BYEWIZA Hi4
) KST4400S0TE 1
]
10KI0EDS T
. - R212 = <= RBO03
S VCC_STBY coz F D01WFDE0s | 3 472w
vl 0.1uF/805 conl =
N A I
A
Q912
+ RE06 KST4403/50T23
Qes0 T 1KK805
KST4403/50 £ RO13
= 33 2K/0805 QBon
] 4401
MMM,
L ST RBETS ¥ D3@
332KM0805 LL4148
4. TK/0804 = RAE
= ROOT ¥ 22160805
= 3370805
J Wi ) o
3 - - REg N
Do10 24 OKIDBOS
- LL4148 ¥ i I
PCEITA " e 3 4 ICa20 & RE20 -
Co53 - . +| B 2 & = TLID3WA = 4.00KU0805 A
0. 1uF /0805 RO1E = = =] = >
510MB05 . =
RA55 8 ol '
4 TK/0A05 - - S C THa10
RE11 F - - =5 = 3 100K
22 1KIDE05 ,_| N| o
H1 H2 H3 H4 B -+
D 1 D 1 D 1 D 1
CO15 . =
1000pF805 = p: co10
HOLE HOLE HOLE HOLE Qo14 1 = Roi0 1000pF 805
440 1252 6.8KNB05
He He H7 RE14 o TL43UTORZ
D 1 D 1 D 1 10KIDB05 I cot4
HOLE HOLE HOLE = 1000pF/0805
13 TEXAS
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Cross Regulation

Cross Regulation

Load Condition Output Voltage

5V 13V S5V 13V
4mA 0A 5.13V 13.08V
4mA 3A 5.18V 12.55V
3A 0A 5.04V 13.82V
3A 3A 5.09V 13.4V
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LED Current

LED1 LED2 LED3 LED4 AVG
100.00% 120.2 120.4 122.95 123.11 121.665
90.00% 108.2 108.32 110.77 110.8 109.5225
80.00% 96.18 96.26 98.49 98.52 97.3625
70.00% 84.16 84.24 86.19 86.19 85.195
60.00% 72.13 72.22 73.9 73.9 73.0375
50.00% 60.13 62.2 60.13 61.6 61.015
40.00% 48.12 48.16 49.26 49.28 48.705
30.00% 36.1 36.13 36.95 36.98 36.54
20.00% 24.07 24.09 24.63 24.66 24.3625
10.00% 12.04 12.05 12.32 12.34 12.1875
5.00% 6.02 6.02 6.15 6.18 6.0925
2.00% 2.4 2.41 2.46 2.47 2.435
1.00% 1.2 1.2 1.23 1.24 1.2175
_ " i3 Texas
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LED Current Tolerance

Tolerance1 Tolerance2 Tolerance3 Tolerance4
100.00% -1.204126084 -1.03974027 1.05617885 1.1876875
90.00% -1.207514438 -1.09794791 1.13903536 1.16642699
80.00% -1.214533316 -1.13236616 1.15804339 1.18885608
70.00% -1.214860027 -1.1209578 1.16790891 1.16790891
60.00% -1.242512408 -1.11928804 1.18090022 1.18090022
50.00% -1.450463001 1.942145374 -1.450463 0.95878063
40.00% -1.201108716 -1.11898162 1.1395134 1.18057694
30.00% -1.204159825 -1.12205802 1.12205802 1.20415982
20.00% -1.2006157 -1.11852232 1.09799897 1.22113905
10.00% -1.21025641 -1.12820513 1.08717949 1.25128205
5.00% -1.18998769 -1.18998769 0.94378334 1.43619204
2.00% -1.437371663 -1.02669405 1.02669405 1.43737166
1.00% -1.437371663 -1.43737166 1.02669405 1.84804928
Inductance tolerance 3% might cause current tolerance 1%
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92.00%

90.00%

88.00%

86.00%

Rate of Dimming

84.00%

82.00%

80.00%

LLC Efficiency

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

2
>

=t Ef{0 (PFC+LLC)

D 2

[ 3

0%

20%

40% 60%
Eff% of (PFC+LLC)

80% 100%

Efficiency exclude Stby Power Converter at full load condition ~ 90%
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Efficiency

Efficiency Curve of 150Watt LED TV Back Light Reference Design

0.855
0.85
\© 0.845
' 0.84
0.835 |
0.83
80 100 120 140 160 180 200 220 240 260
Vac (v)
Vin 90 100 110 120 135 150 180 200 220 240 264
Pin 115.6 114.9 114.6 114.1 113.9 113.6 113.2 112.7 112.7 112.6 112.6
Eff 0.83023 | 0.83529 | 0.83748 | 0.84115 | 0.84262 | 0.84485 | 0.84783 | 0.85159 | 0.85159 | 0.85235 | 0.85235
_ " i3 Texas
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Standby Mode Power Consumption
Performance — @5V/ 30mW

Standby Power Losses at 30mW with universal AC input

300
280 //
260 -
240 _~
g 220 —
g 200
= 180 —
c
a 160 /
140 e
120 / _
100 — Standby Power Losses -
80 1 1 1 1 1 1
80 100 120 140 160 180 200 220 240 260 280 300
Vac (V)
Vin 90 100 110 120 135 150 180 200 220 240 264
Pin 98.3 103 109 114 124 136 173 199 226 256 298
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Dimming Waveforms
100% Dimming 90% Dimming

= =
1} 1}

Current
DIM

T e .. T T )

M20.0ms A Chl £ 3.16V Chl 200V & M4.00ms A Chl £ 3.16V
30 Dec 2010 30 Dec 2010
W11.00 % 14:40:08 W11.00 % 14:42:26
10% Dimmi 1% Dimmin
o DI INQ (o g

1 Stop i
h 4

.wmwmww

Chl 2.00V & M2.00ms A Chl & 3.16V

Chl 2.00V & M 10.0u8 A Chl £ 3.12V

30 Dec 2010
W 16.80 % 14:51:04

30 Dec 2010
0 16.80 % 14:47:06
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m UCC28051
m UCC28610
m UCC25600
m UCC24610

Introducing

64
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UCC28051 Transition Mode PFC Controller

Features Applications

Slew Rate Comparator for Improved Transient Response ¢ LCD-TV Power Board

Zero Power Detect to Prevent Over Voltage Conditions under Light + AC-DC Open Frame Power
Load + Mid to High Power AC
Over Voltage Protection Adapters

Open Feedback Protection and Enable Circuits
Low Startup & Operating Current
750mA Source/ Sink Peak Gate Drive to Reduce Switching Losses

Line Voltage Follow Over Voltage Protection
| DT !
il T -
—l— . — _—
[ _ d
Slew Rate Comparator S |3 F

"T
i

750mA Source/Sink

=M

Open Feedback Loop Protection i
ZCS Detection
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UCC28610 QR-GM Cascoded Flyback PWM

Features

Quasi-Resonant Green Mode PWM Operation

Multiple Modes: Pulse Position Modulation (PPM);
Discontinuous Conduction Mode (DCM); Burst Operation
Surge Protection is Externally Set

Valley Switching is always Engaged — Limits Primary and
Secondary RMS Currents

Fast Latched Fault Recovery for Output OVP, Timed
OCP, Over Temperature Protection

External Shutdown & Latched Shutdown at MOT Pin
Current Sensing for Current Limit uses Rds(on) of
Internal FET

Apuiications

PRIMARY SECONDARY

IH|
RVl
N
W l
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UCC25600 Resonant (LLC) Application Circuit

° [oc oum>
o
+ 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 Gate output with 50ns tolerance
_ " i3 Texas
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Question?

Thanks for Your Time !/
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Back up

69 Tl Confidential - NDA Restrictions - }-ﬁ)s(ﬁUMENTs




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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