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Agenda

« Synchronous boost introduction
— Deciding how many phases to use

 Synchronous multiphase boost waveforms

« Design example single phase/two phase

- Component selection
— Loss calculations
- Compensation

« Results

« Summary
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Changing to Synchronous Rectification

Non Synchronous Buck to Synchronous Buck
Q L Q L

200 o P 7\ Py Y P

iy ifa
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Vin <+> Dx ¥F C Cou 3 Vou Vi <+> @) Qsync Cout: 83 Yout
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Losses=(1-D) X IOut X VF LOSSGSZIRMSZ % RDS.On
Non Synchronous to Synchronous Boost
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Losses = IOut X VF Losses = IRMS X RDSOn
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Boost Converter Basic Operation
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Boost During D, Period
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Determine Input Current per Phase

Drawing Comparisons Between Buck and Boost

Buck = -

- —» Boost

— Y Y YN

_ Pout_BOOST \

P. —
in_BOOST
n

out_BOOST Vout_BOOST X Iout_BOOST

out_ BUCK Vin_BOOST

Iout_BUCK = lin_Boost

Canonical Schematic
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Interleaved Boost Basic Operation

)

Inductor Currents

IinA§ Vow1 Ip1
72 117 t } > é lout
|cinRms lswa lcoutrms | F
Vin + Vout
- p— —— Rout
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Interleaved Boost Basic Operation

lin_avg ILs Vswi b1
lout
Icinrms f lcoutrms
” +
Vin C) Rout Vout
- —[ —[cout -
Vswza —
2 o Boost Switch Currents
A Vswi N Vsw2
L — —_ —_ _Vout —_ _ —_— -Vout
- s e — e —— ——V.n ———-—-———'—-vln
>T >T
A lswi A lsw2
in o D - _ 4 i linAve \,in « D-1-- -7 linAve
L. - A4 n L st 41" I - n
>T >T
Phase 1 Switch Current Phase 2 Switch Current
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Interleaved Boost Basic Operation
lin_avg ILq Vswi @

|CinRMS

lcoutrms
R

]rco‘n out
ne

Rectifier Switch Currents

- —_—— —vout - - - —Vout
- - - - |- = - Vi - -4 -+ —-F4--Vin
ST >T
A |
V. D -H- 21 linAve V. D i\_ _Dz_ —. linAve
in _ _ _ - in g _ _ _ -
L " F, 4-- L " F,-
-+ -}F-}F-} out - —r-—}+—-F+—-}F -} out
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Phase 1 Rectifier Current Phase 2 Rectifier Current
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Interleaved Boost Basic Operation

Iin_Avg I 4 Vswi1 Ip4
N ° |
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Rout é v°ut
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Vsw2 -
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DC content removed
Ripple currents cancel at 50%

Texas Instruments — 2014/15 Power Supply Design Seminar

Input Capacitor Currents
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Interleaved Boost Basic Operation

Output Capacitor Currents

Iin_Avg ||_1 Vswi1 le
fou V. D :\—IDL. linAve
;out ﬁn * FSW ——__— - T T "
S N SO ) B 1S
n
>T
/\IDZ
o D o Sl linAve
it it it et it "4
n
>T
A lcout
I
Ripple currents cancel at 50% 0 Al— ——>
A
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The Basic Boost Calculations

Design Example

*  Automotive trunk amplifier
- 14V,

« 24V, @8A

«  Switching Frequency (Fg,)
- 250 kHz (single phase)
- 125 kHz (two phase) system switching frequency held constant

250 kHz 125 kHz Per Phase Fg,
1
Zout _ :
oD Transfer Function
out B \]ll'l
D D=042 D=042 Rearranging for D
out
P _ _
P = ‘;]“t B = 200 Py, =206 W Efficiency Est. 93%
P
I =—i 147206 W/14VRH~206 W /14VX2 n = No. Phase

in_Avg B V X n
in
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Selecting the Right Inductor
and Inductance Calculations

Graph showing size factor as a function of Al

50 T T
\ |“““
40 \\ “.o""" -{8x107°
~ Slope reduces after Al = | .+
N ot
(7)) 30 — Ny ““\ut‘ | 6x1o—3 NU)
g_ \ ~ - / “‘u‘u\“ g_
< S~ =" Set Al = 50% of | <
20 — .".N‘,::‘ e L= 0O in_Avg —1 4X10
" L h —
- R pall -3
10 e i —— 2X10
0 ..t““““ | | 0
0 1 2
Al
Iin
— |y rren IL == = Size (pH/pJ)
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Boost Inductor Losses

=05 x Iln Ave
Al
IL peak 7 1n _Avg
AIL X st
I = 1 [ 2L
L_RMS = A[lin_Avg \/E

Selected Inductor

Inductor size

DCR
_ 2
DCR, = IL _RMS x DCR

loss

Coreloss= K, X % x
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y
B ><VE

=75A

=185A

=3.16 uH

=149 A

Coilcraft
XAL1580-302

132,14.1,7.5
3 mQ

=0.6 W
=26W

=35A

=84A

=134 uH

=T7A

Coilcraft
SER1390-153

13.5,13.5,9
14 mQ

=14W

=18 mW

Set Al to 50% of |,

l..; to be set higher than

sat

IL_peak

Boost inductor calculation

RMS current for
DCR Loss

2 cores for the two phase

Volume of inductor
(in mm)

Total DCR losses

Total from online calculator
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AC Inductor Losses

Coreloss = K1 X X x BY X \A

« K,: Constant of the core material

f: Switching frequency in kHz
- Higher frequencies results in higher losses

B: Flux density in kGuass
- Lower flux density results in lower losses

x: Frequency exponent for a specific core material

y: is the flux exponent for a specific core material

Vg: Core volume
- Larger volume results in more losses
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Boost Convertor MOSFET Considerations

« VDS rating must be greater than output voltage
- 25% margin is generally acceptable

« Calculate losses to determine suitability

* Losses ideally should be distributed evenly between
conduction losses and switching losses

- Higher RMS currents result in larger conduction losses

- Higher gate charge results in higher switching losses

Texas Instruments — 2014/15 Power Supply Design Seminar
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Control MOSFET Losses

Single Phase

FET Selected CSD18531Q5A CSD18531Q5A R?\i?”& ?ngﬂ
FET RMS
IFET_RMS =\/D_ 2 Iin_Avg =9 A =447 A current
, Total
FET  na=lrer rms X RDS ~03W ~0.16 W conduction
losses
_ Total
SWTRANSLpss — ~08W ~04W transitional
Vout X IInAVE X TSLEW X FSW losses
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Control MOSFET Transitional Losses

Transitional Losses at Turn On

Volts/Current la
VDS
— ——— —— Vgs
\
\\ Plateau
\ Voltage
Vgs(th) \
| <;\ FET on, transitional loss region
|
\
\

Charge

Miller Charge (Q)

SWTRANSLoss =VoutX I X TSLEW X st

in_Avg
« Use triangular approximation

- 1/2 X base X height
- For worst case, the “1/2” drops out
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Synchronous MOSFET Losses

FET Selected

1-D x I

IFET_RMS = in_Avg

— 2
FETCond = Ly ryvs)” X RDSg,

— QOSS

QOSSLoss - %) X Vout X K

SW

QRR_Loss = QRR X Vout XX FSW

IC_Loss -

\]in XX {(QGtot X FSW)+IQ}

CSD18531Q5A CSD18531Q5A

=11.2A

=044 W

~02W

~06W

=~0.18 W
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=53A

=022 W

~02W

~06W

=033 W

RDS,,, 3 mQ,
hot 4 mQ

FET RMS current
Conduction

losses

Qpgs losses
for both FETs

100 nC of Qgg
losses in
boost FET

Loss total in IC
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Boost Converter FET Switching

i
i

Control FET: Turn On

7 v
’ s GATE
2 i'_MiIIer Plateau
« 3
? 2 Body diode conducting
1 ~ during dead time region
0 yd | |
Y2 Y1 Vps / Power losses due
g 50 20 \ to Miller Plateau
§ v /] Qrr and Qss
£ 21 T
S5 NN R T
§ 10 ° 0 M AN \ /AN /AN [/
A ARV VAVVAV/AV/AV AV
210 -0 A\ s
1.70798 1.708 1.70802 1.70804 1.70806 1.70808
Time/mSecs 20nSecs/div
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Boost Converter FET Switching

Control FET: Turn Off

7 \
6 \
\ . LT
> i \ Body diode conducting |
o » . .
G 3 N\ during dead time region |
»n 2 \\
] \‘~
0 \'}
Y2 Y1 v GATE
25 p= —, = -
< 16 I | | \ /
Z 1 20 ~Z\'S during turn off can be
03 s achieved if turn off is fast N
£ 6 O enough \
I NEAHA
5 2 N\
(3] 0 5 /
o
s Vps /S vV VvV Vv
1.71370 1.71372 1.71374 1.71376 1.71378
Time/mSecs 20nSecs/div
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Boost Converter FET Switchin

EEEEEE
! L — —t
Synchronous FET: Turn On . 3 e
i 1ol }_ t :k
P23 Jl Z
£ » . 1 ! !
S o —
2 s
<
(2]
® 4 , ,
5 3 Body diode conducting I/
£ during dead time region |
m 4— :
© ol VGATE_ J\ \ /
< Y2 Y1 \ V
o2 = Vi A — 8 ™~ DS
Q1 /N / L N
g 16 > 2 /77 N/ N IN [/ N/ O I
y o142 / ] \/ N/ N./ N
12 Z 15 ]/ 7 N
§ 3 10 /I
% s /AN
2 3 ° 2 ZVS during turn on
S 0 e 1 1
2.01374 2.01375 2.01376 2.01377 2.01378 2.01379 2.01380
Time/mSecs 10nSecs/div
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Boost Converter FET Switching

j ] |
Synchronous FET: Turn Off ' i L
js
|
> 7T\ | | | P
g 6 \\ Body diode conducting
3 i \ during dead time region
® \
z 2 AN
2 1 N\
(>$) ;(: — V.- > VGATE -
Y2
S 20 | 25-VDS IA\ A
10 20_.,' b T e ——— A A N
§ o >1 P il \ A ANAN,
S| 3O R B VALYAVALY,
50 3 ° ZVS during turn off Y/ AN AN AA
3 -30 w_g SAYAVAYAVAVY
§4o 10 \VI /J V V[V VA
2.01596 2.01598 2.01600 2.01602 2.01604 2.01606 2.01608 2.0161
Time/mSecs 10nSecs/div
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Input/Output RMS Ripple Current

Single Phase Two Phase Comment
Al Al 1-2D T h
IC_in_RMS=TIi=2'1 A Ic_in_RMs= \/% X 1-D =09 A Vl\SO <poa5se
I JD x(1-2D)
D I ~ -out Two phase
IC_out_RMS = Iout X (1-D) =6.7A C-OULRMS \/5 : (=D} D <p05
=25A
AL, =T, =1475A Al =L . =68A Pk-Pk ripple
- e - - current in Cq it
390 uF
2 x PCV1E391MCL2GS 1 x PCV1E391MCL2GS electrolytic
selected
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Output Ripple Voltage Calculations

Al %D Al %D Ripple voltage

_ _ou _ _ _ou _

VC_out_Ripple T F x C 29 mV VC_out_Ripple T F x C 29 mV due to Charge
SW out SW out

Cout
I I
Al ~—0out - 137 A Al ~—0t - 689 A
Cout “px(1-D) '

Cout nx(1-D)

VC_out_Ripple_ESR :AIC_out X C;)ut_ESR VC_out_Ripple_ESR = AIC_out X Cout_ESR Rlpple VOItage
— 144 mV =144 mV due to Cg esr
V. - = \Y . —
t_Rippl t_Rippl :
S TR Total ripple
\/V 24V 2 \/V(c  Riool )2
C Rippl C Ripple_ESR —out_Ripple
_out_Ripple _out_Ripple_ - v OI tage
=147 mV Vv =155 mV

(C_out_Ripple_ESR)
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C., RMS Ripple Current Rating
Multiphase Boost

» Comparison of ripple current cancelation

« Boost convertor 1, 2, 3 and 4 phase approach

« Using a Al of 1 A peak to peak
Input Cin RMS Current

0.3

N

N/

Single Phase
— Two Phase
Three Phase

— Four Phase

g
€ 0.2 .
=
o 0.15
° .
2
m \
(7]
2 0.1 \\
(V4

0.05

0

0 01 02 03 04 05 06 07 08 09 1

Duty Cycle
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C

out

* Approximation

RMS Ripple Current Rating

Multiphase Boost

« Output ripple current cancelation for a boost convertor

|, Of 1 A using

0.9
0.8

0.6
0.5
0.4

0.3

RMS Ripple Current (A)

0.2 |

0.1
0

0.7

a1, 2, 3 and 4 phase approach

Ouput C,,t RMS Current

/]
7 /71
7 /11
Y'Y
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== Single Phase
== WO Phase
«= Three Phase

== Four Phase
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C., RMS Ripple Current

O0<D<1 Al
J12
Condition Two Phase
Al 1-2D
L
O0<Dc«< 05 \/E X 1-D
Al 2D-1
L
05<D«<1 _\/ﬁ X 5
Condition Three Phase
Al 1-3D
D . L n
0<D<033 NE X D
Al (1-3D) x (3D-2)
L
033<D<0.66 \/E X 3D x (I—D)
066<D<1 Al 3D-2
0o<P< iz © D
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C., RMS Ripple Current

Al 1-4D
2L
0<D<0.25 L « —
025<D <05 Al (1-4D) x 4D-2)
DS J1i2 4D x (1-D)
Al (3-4D) x (4D-2)
L
05<D<0.75 L % D)
Al 4D-3
L
0.75<D<1 L -
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C..,. RMS Ripple Current®

I X L
O0<D«<1 OUT 1-D)
0<D<05 loyr , J/D x(1-2D)
V2 (1-D)
I _
05<D<1 our , ¥y2x@D-1)
2 JI-D
I JD x(1-3D)
OUT
0<D<033 NG X 1-D)
I (3D—2) x (1-3D)
OuT
033 <D <0.66 UL x (1-D)
I _
066<D< 1 four , ¥3D-2
3 1-D

*Approximations
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C... RMS Ripple Current*

out

I JD x (1-4D)
ouT
0<D<0.25 5 X 1-D)
I J(@D-2) x (1-4D)
025<D<0.5 OUT 5
2 2 x (1-D)
05<D<0.75 lour ,, J(4D-2) x (3-4D)
2 2 x (1-D)
075<D<1 Tour ,, V4D-3
2 J1-D

*Approximations
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Loop Stability of a Current Mode Boost

» Current mode control modifies the complex conjugate double pole to two
separate poles

- The inductor pole pushes to a higher frequency

» Typically use current mode control (LM5122)

* Right Half Plane Zero (RHPZ)

- RHPZ causes sudden decrease in the 1-D period due to control loop
increasing D for sudden load step

- Adds additional phase drop of negative 90° phase shift
» Cross over frequency below RHPZ frequency to avoid additional phase shift

» For current mode control, duty cycles approaching 0.5 and beyond require
modification to the current sense to avoid subharmonic oscillation
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Loop Stability of a
Dual Phase Current Mode Boost

Adjustments to accommodate an interleaved configuration

Divide down the output capacitor by number of phases
- C,, becomes 195 yF from 390 pyF

Multiply the output capacitor ESR by number of phases ESR
- ESR becomes 40 mQ, from 20 mQ

Multiply R, by number of phases

- R, becomes 6 Q from 3 Q

— All other elements stay the same

Texas Instruments — 2014/15 Power Supply Design Seminar 4-32



Current Mode Boost Power Stage

Vin J ’1| ® 0Vout
—
Cin = Cout % Rout
Rs
Logi
40 - | |
:A | Op I | ‘
20 ——< 2" - o
man | 1 2¢.
& 04— | i |
<) | | I |
5 2 O 22
| o | 2w
40! il fi .
60 — ‘. L — .
10 100 1,000 10,000 100,000 1,000,000
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Frequency (Hz)

Vaiaie | Eqaion

A
VOUT
A
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Type Il Error Amplifier

RCOMP
—| W

Ve i

—O VREF
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60
Vour’
40 ‘
n | - Oyp
53 Aym 27
Resr = 20 '
©
O ®WzEA
2T
Rees 01 i I
- -20 ‘ Ly ‘
10 100 1,000 10,000 100,000 1,000,000
Frequency (Hz)
(DZEA — (DC
2r 2w X 10
(DHF _ O‘)R
2T 2W
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Type Il Error Amplifier

)
VOUT

Ves
A - ¢
+ O VREF RFBB

Choose value between
Regr 10 kQ2 10 kQ2 2 KO 100 kO
-V. .
Dy sy — 0.625 — 0.625 - tM Vin_win =9V
RI = 40 mQ = 80 mQ ACS X RS
1_ Dmax
Gy Mod =9.375 = 4.688 = R,
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Boost Compensation Approach

1-D
RHPZ ~ 52 kHz ~21 kHz =— in )
X 2T
RHPZ
Fc ~ 12.5 kHz ~ 5 kHz =74
Q)
0 ~125kHz x 21 =5 KkHz x 271 =
W, X
Ayy =44 =1 =——"
M _Mod
Reomp =44 kQ =10 kQ2 = Aym X Rpgr
1
~ = C -
Ceomp ~2.8 nF ~ 27 nF M Reomp X Oy
1
~ ~ C -
CHF = 68 pF =720 pF i Reomp X Oy
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Power Stage Current
Mode Boost

Type Il Error
Amplifier

Control Loop

Asymptotic

40 ,

20l Ave L
Op O, -
0 & —R 1Z 2x
2T 2T 2m
-20 ]
-40 | | . . |
10 100 1,000 10,000 100,000 1,000,000
60 -
40 |
20 | OzEa Oyp
; NTC AVM 27:
-20 | | | \ |
10 100 1,000 10,000 100,000 1,000,000
40 ,
20 ®c
0. 2n
=20 |
-40 ! ! ! ! g
10 100 1,000 10,000 100,000 1,000,000
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70
60
50
40
30
20
10

Gain/dB

-10
-20

Compensation Results Single Phase

Simulation results
« A crossover frequency of ~13 k
and a PM of ~50 degrees

Phase/degrees

200
150
100

50

0

g

-100
-150

T

| e—

~

\

10 100 1x10°

Freq/Hertz

1x104  1x10°

MathCAD results

70
61
52
43
34
Mag (i) 25
16
7
2
-1
-20

Fc of ~13 kand a PM
of ~75 degrees

200

100

Phase (i)

10 100 1x10° 1x104 1x10°%
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Gain/dB

70
60
50
40
30
20
10

-10
-20

Dual Phase Compensation Results

Simulation results (Simplis)

« Shows an F; of ~5 kHz and a
PM of ~56 degrees

fgg \ Mathcad results

g 100 - « Mathcad result correlate well to

%’, 50 \ N simulation showing an Fc of ~5 kHz
3 \ and a PM of ~60 degrees

;:v -50 60 200

-100 51
i3 | IR NG = e 4100
10 100 1x103 1x10%  1x10° 24 \
Freg/Hertz Mag (i) 15

6 1 0
3
-12 4-100
21

-30
10 100 1x103 1x10* 1x10°

(i)

Phase (i)
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Summary of Results

Per phase switching frequency
Inductance value

Isat

Energy 1/2 x L x I2

Inductor DCR losses
Inductor core losses
R
Reense 10SSES

Boost FET conduction losses

Boost FET transitional losses

FET Qggg losses

Qgg losses

Synchronous FET conduction losses
| losses

Total losses
Calculated efficiency
C., RMS ripple current rating

C,+ RMS ripple current rating
C
Cout
Fc

Texas Instruments — 2014/15 Power Supply Design Seminar

sense

out

in

250 kHz 125 kHz

3 uH 15 uH

15A 9A

337.5 uJ 1.215 mJ
0.6 W 1.4 W Total
26 W 0.018 W Total
4 mQ 8 mQ
09w 0.8 W Total
0.3W 0.16 W Total
0.8W 0.4 W Total
0.2W 0.2 W Total
0.6 W 0.6 W

0.44 W 0.22 W
0.182 W 0.336 W
~6.097 ~3.734W
W ~97% ~98%
2.1A 0.9A

6.7 A 25A

22 uF 22 uF

780 pF 390 pF
12.5 kHz 5 kHz

4-40



Summary of Results

Component Count Comparison

Single Dual

MOSFETs CSD18531Q5A CSD18531Q5A

Ci, 25V Ceramic 1 25V Ceramic 1

Cout PCV1E391MCL2GS 2 PCV1E391MCL2GS 1

Inductor XAL1580-302 1 SER1390-153 2

IC LM5122 1 LM5122 2

Reense 2 W Current Sense 1 2 W Current Sense 2
Total 8 12
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Bench Test Results:
Single Phase (PMP9385)

Efficiency and Thermals Comparison

PMP9385 (Single Phase LM5122) Efficiency

100
99 0
98 96.75% at 8 A out
97 — - +
5 % e O
§. 95 > -t
§ 2
o 93
E 92 /
91 .
90 —+—Efficiency @ 14 V;,
89
88
08 16 24 3.2 4 48 56 6.4 7.2 8
Mag [B/A] (48) [ 1175122 Singie Phase 13vin, 26Vout @ BA Phase [8-A) (deg)
70.000 200,000 -
61000 L‘* 162.000
52000 | 124.000
43.000 ‘ 86,000
34000 | ‘1‘%«&-‘ b0 1= _“'G_ 48.000
25000 * ' c'i\.“\ L\‘ - 10000
16.000 \\ l K“Jw -f‘B."J:C‘
7.000 L -55.000
-2000 @\ ~104.000
-11.000 ! -142.000
<20 000 I -180.000 T
100 1k 10k 100
03/19/2014 [ ]
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Bench Test Results:
Dual Phase (PMP9386)

Efficiency and Thermals Comparison

0372172014

Texas Instruments — 2014/15 Power Supply Design Seminar

PMP9386 (Dual Phase LM5122) Efficiency

~97.5% at 8 A out

o~
R
<
>
§
]
E
w
~+— Efficiency @ 14 Vin
88
0.8 24 32 4 4.8 56 64 172 8
Lead Current (A)

Mag [BIA] (38) | PMP3386 LM5122 Dual Phase 14Vin, 24Vout @ BA Phase [8-A] (deg)
70.000 100,000
60000 |- e 80.000
50,000 G 80.000
40000 N 40.000
30.000 i 3 20.000
20,000 B N N 0.000

=== \
10,000 s 20.000
e—
0.000 ‘@,__‘ \ 40.000
- \\\ N\ < =
10.000 S -60.000
-20000 SNLE 80,000
-30.000 ¥ 100,000
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Fc ~7.5 kHz, PM ~60°
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Conclusion

« Using equations and step-by-step approach provided herein enables
designer to adjust design for optimizing efficiency or size

« Both size, cost and performance can be modified by using
multiphase boost approach

« Thermal performance improved using two phase approach

- Thermal stress on FETs significantly reduced with multiphase
approach

* For single phase boost
- Increasing switching frequency in an attempt to reduce size will
result in exceeding FET thermal limits

« For two phase boost

- Increasing switching frequency is feasible without thermal stress
on FETs

- Significant reduction in size can be further gained
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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
supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
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.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
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.

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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity



