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Al10-A, Tiny, DC/DC Module Design Using the TPS40304

This document describes a customized reference design using a tiny non-isolated dc/dc module
(TPS40304) to achieve the operation of a high-efficiency buck converter with synchronous rectification
(SR). This dc/dc module provides 10 A of current to the main board of a telecommunication system. The
module has the capability of operating with an input voltage between 3.0 V and 7.0 V. A thorough analysis
of SR converter operation and performance including design guidelines are presented. The experimental
results obtained from a 10-A application are provided. This design can be easily modified for similar

applications.
Contents
1 0o [ ox 1 o o PP 1
2 TPS40304 Electrical Performance SpeCifiCations ......iieieeesiiiieesiiiiiresssinnreessasnrsessannneessaannnessnnnns 1
3 ST 0] 1= 0= U 2
4 Printed Circuit BOArd LAYOUL .. ...cuieeeiiiiiteiiiitte s sasse s ssaaae s ssaase s ss s e s ssaana st saannaessaannnsssnnnns 3
5 (3o B L 0T o ] 1o 4
6 TPS40304 Reference Design List of MaterialS ...vveeiieeiiieiiiiiiii s anne 7
7 [ oY ox i o= T I =Ty {04 g = U o] N 8
1 Introduction

This wide range and extremely low input dc/dc converter design uses the TPS40304 synchronous
rectification controller to step down a 3-V to 7-V input to 0.6 V to 3.63 V output. The TPS40304 is ideal for
this application because it offers a variety of user-programmable functions such as soft start, voltage feed
forward, and pre-bias output. The complete device operation is specified in the TPS40304 product
datasheet.

2 TPS40304 Electrical Performance Specifications

PARAMETER CONDITIONS MIN MAX | UNITS

Vin Input voltage 3 \%
Vour Output voltage 0.60 3.63 \%
lout Output current 0 10 A
n Efficiency Vn=6V, Vo =36V 94%

Load regulation V=6V mV

Line regulation lour =10 A mV
VrippLE Ripple and noise lour =10 A 60 mV
tstarT Start-up time lour =10 A 15 ms

Dynamic what? 25%-50%-25%, 50%-75%-50% 1 Alus 120 mvV
locp Overcurrent protection value V=6V 16 A
toLy Hiccup delay time Vn=6V, 40 ms
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3 Schematic
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NOTE: For reference only; see Table 1: List of Materials for specific values.
Figure 1. TPS40304 Reference Design Application Schematic
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4 Printed Circuit Board Layout
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Figure 3. Bottom Side (15 mm x 10 mm)
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Figure 4. Photo

Circuit Description

Novel Controller : TPS40304

The TPS40304 is a cost-effective synchronous buck controller that operates with an extremely low-input
voltage (from 3 V to 20 V) and high-end features such as a frequency spread spectrum (FSS) mode of
operation. The TPS40304 also implements a voltage-mode control with input-voltage feed-forward
compensation that responds instantly to input voltage change. The operating frequency of the TPS40304
is 600 kHz. This controller offers design flexibility with a variety of user-programmable functions, including
soft-start, overcurrent protection (OCP) levels, and pre-bias output.

Power Stage

Circuit Operation

The power stage is a synchronous rectification buck converter designed to improve the efficiency of a
traditional buck converter. The rectification MOSFET (Q1), freewheeling MOSFET (Q2), and primary
inductor (L1) combine to create the buck converter. The dead time between Q1 and Q2 is controlled
internally by the TPS40304 device. The output voltage can be adjusted by the external trim terminal.

Circuit control and protection can be fully implemented by the TPS40304. The input voltage is fed to the
VDD pin of the TPS40304. A 1-uF capacitor is connected to this pin to maintain the high voltage with
filtering. The EN/SS pin, which controls the soft-start and converter modes of operation is connected to BP
pin with a resistor of 270 kQ to enable FSS mode. A 0.1-pF capacitor connects the BP pin to the ground
for filtering. The external enable terminal connected to the EN/SS pin through a diode can shut down the
device when disabling the operation. An additional bootstrap diode (D2) provides an external charging
path to bootstrap capacitor C5.

5.2.2 Power Loss Analysis

Power losses exist from three primary source. The first source is the conduction power dissipation that
comes from the on-time resistance (Rpsn) 0f MOSFETs Q1 and Q2, the dc resistance of inductor L1, and
the equivalent series resistance (ESR) of C,, and Cg . At this time the conduction dissipation of the PCB
trace is is so small as to be negligible. The second source of power loss is the power dissipation that
occurs during the switching process of both switches, which includes the switch power consumption of Q1,
and the reverse recover power consumption and conduction consumption of the Q2 diode. The third
source of power loss is the gate drive power consumption which is not only in proportion to the frequency
of the switch input voltage, but also Qg (the electronic quantity stored in the gate of Q1 and Q2).
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Additionally, the power consumption when the output capacitors C,s5 of both MOSFET charge and

discharge and the power loss on the input and output capacitor ESR also contribute to the power loss. To
improve the efficiency of the converter, choose a MOSFET with small on-time resistance and low Qg, and

choose low input and output junction capacitance with low ESR in the main inductor which reduces the
ripple current to a low level.

To summarize, the sources of power loss are.

* Input voltage: V,,=5V

» Output voltage: Vo= 2.6 V

* Output current: lgy;= 10 A

+ fsw= 600 kQ

The duty cycle, D, is calculated by Equation 1 .

p-28_052
5

@

Refer to the TPS40304 and CDS16406q3 data sheets to find the related coefficients, including tgse, teal

oLyion) storviery QYs Qrr and V.
The high-side MOSFET power dissipation is described in these calculations.

Poon = (lout )’ *Rog(on) = 052107 x0.0065 = 0.338 W

(@)
(Vin xlout *fow ) 0.84n 600kQ
PSW ::(tR|SE +tFALL)>< ={15nx| —— | |x5x10x =0.06 W
2 5n 2
3
Pep = Qg1 x Vgs1 xfgy =5.8nx5.7x600kQ =0.02W
4)
f
where
e lour is the output current
* V., is the voltage between gate and source of Q1
* Qg is the gate charge
* fgy is the switch frequency
* trse IS the rise time of the high side drive
etz IS the fall time of high side drive
e Coss: is the output capacity of Q1 (5)
The total power loss of Q1 is shown in Equation 6.
ProtaL =Pconp +Psw +Pep +Poss =0.423W
(6)
The low-side MOSFET power dissipation is calculated in the following equations.
Pconp = (1 - D)>< (|OUT )2 X RDS(on)2 =0.48x10% x0.0065 = 0.312W
)
PoionE = GDLY(on) + tDLY(Oﬁ)} Vi xlout *fsw = (7.3n+8.5n)x 0.85x10x 600k = 0.081W
(8)
Prr = Qrg x V|N xfgyy =18nsx5x600kHz = 0.054 W
9
Psp = ng X Vgsz xfgyw =95.8nx6.5x600kHz = 0.023 W
(10)
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Poss = Cossa * (Vin X[ s j ~ 680pF x 52 x% ~0.005W
where
*  toyen IS the conduct time of the diode in Q2 when turn on
*  toyen IS the conduct time of the diode in Q2 when turn on
*  Coss, is the output capacity of Q2
e Qgg is reverse recover charge (12)
The total power loss of Q2 is calculated in Equation 12.
ProtaL = Pconp +Psw +Psp +Poss =0.475W
(12)
The power loss of the input capacitor is calculated in Equation 13.
2 2
PC(IN) =Dx (1 - D)>< (IOUT) X RC(lN) =0.52x0.48%x10°x10m=0.25W
(13)

Equation 14 shows the additional power loss that can be attributed to other sources; these losses are
negligible compared to the power loss of the MOSFET.

1 2 2 2 )
PotHer =Peout +PLr(gc) +Frs = TR (AlLoap ) *Reout + (lout ) x Ri (de) +D" x (lout ) *Rs

where
* Rgis the series resistor of the input trace (14)

Thus, from the calculations, the total power loss can be estimated as 4.5%. Efficiency test results under a
variety of conditions are shown in Section 7.4.

5.3 Output Feedback
This design uses Type Il compensation for the power stage. The output voltage can be regulated with
resistors R8 and R9, considering that the voltage of FB pin is equal to the internal reference voltage of the
TPS40304, which is 0.6 V. The output voltage can also be changed when R8 and R9 have been selected
and by a resistor from external trim terminal to the ground.
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TPS40304 Reference Design List of Materials

6

6.1

TPS40304 Reference Design List of Materials

List of Materials

Table 1 lists the reference design components as configured according to the schematic shown in

Figure 1.
Table 1. TPS40304 List of Materials

RELERENCE | Qv VALUE DESCRIPTION PART NUMBER MFR

C4 1 220 pF Capacitor, ceramic, 16 V, X7R, 15%, 0402 | Std muRata

C5, C9, C15 3 0.1 uF Capacitor, ceramic, 16 V, X7R, 15%, 0402 | Std muRata

C7 1 1uF Capacitor, ceramic, 16 V, X7R, 15%, 0402 | Std muRata

Cc8 1 3300 pF Capacitor, ceramic, 16 V, X7R, 15%, 0402 | Std muRata

C13 1 1000 pF Capacitor, ceramic, 16V, X7R, 15%, 0402 | Std muRata

C16, C20, C21 3 10 pF/10.0 V Capacitor, ceramic, 6.3V, X5R, 15%, 0805 | GRM21BE70G226ME51 | muRata

C17, C18, C19 3 22 uF/i4.0 vV Capacitor, ceramic, 6.3V, X5R, 15%, 0805 | GRM21BE70G226ME51 | muRata

D2, D3 2 BAS16 Diode, wwitching, 150 mA, 75 V, 350 mW | BAS16 Vishay-Liteon
E1l 1 Enable Pad, TH, 0.038 inch Emulation Tech
E2 1 Vin Pad, TH, 0.038 inch Emulation Tech
E3 1 Return Pad, TH, 0.038 inch Emulation Tech
E4 1 Return Pad, TH, 0.038 inch Emulation Tech
E5 1 Vour Pad, TH, 0.038 inch Emulation Tech
E6 1 Trim Pad, TH, 0.038 inch

L1 1 1.0 pH Industor, power, 8.6 mQ, 12A, IHLP2525EZ-1R5 Vishay

Q1, Q2 2 CSD16406Q3 | MOSFET, N-channel, 25V, 60 A, 5.9 mQ | CSD16406Q3 Tl

R1 1 270 kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R2 1 2.2kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R3 1 3.3kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R5 1 4.7 kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R6 1 2.2kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R8 1 18.0 kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

R9 1 120 kQ Resistor, chip, 1/16W, 1%, 0402 Std Std

Ul 1 | QFN-10P 'C‘ngtr‘(’)ﬁgfge de/de synchronous buck TPS40304DBC TI
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7 Electrical Performance
7.1 Module Startup, Vo ,; =2.6 V
Startup waveforms for Vo = 2.6 V are shown in Figure 5 through Figure 8.
ik | . =N I — ]
o - S

B Toov T M T e0s A Chi o 2.70v | [@El T.00V : M400ms| A Chi F 2.68V

Figure 5. V=3V, lo,;=0A Figure 6. V=3V, g,y =4 A
=1k f = ] =ik f = ]
ARSI i
”_: ; T ”m ; i 4
ooV T M a0 s TATChT £ 270V .00V : Mi.00s A Chi F 270V
Figure 7.V =7V, I, =0 A Figure 8. V=7V, I,y =10 A
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7.2 Module Startup, Vo ,; =0.6 V
Startup waveforms for Vo, = 0.6 V are shown in Figure 9 through Figure 10.

<ok

O 200mv_ | Mi.00s A Chi s 6izmv [ 200mv " Mi.00s A Chi s ei2mv
Figure 9. V,y=3V, Io,s=0A Figure 10. Vy =7V, lo,s =0 A
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7.3 Module Startup, Vo ,; =3.6V
Startup waveforms for Vo ,; = 3.6 V are shown in Figure 11 through Figure 14.

<ok

200V ; : M20.0ms A Chi1 7 116V @ zo0v T ooms A ChT A T Te Y
Figure 11. V=6 V, I, =10 A Figure 12. V=7V, lo,s=0A

T
l—_r
4
g
l—_r
4

o ]
Figure 13. V=7V, I,y =0 A Figure 14. V=7V, oy = 10 A
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7.4 Operating Waveforms
Figure 15 shows the circuit efficiency, and Figure 16 illustrates the line regulation performance.

1.0 : : 3.9 ‘ ‘
Vin=3V,Voyr=26V ‘ ‘ ViN=6V, Vo ,r=36V
ViN=6V, Vo =36V 37
R s -..-.y/ T —
" \*. - > \
T— 1 3.5
o \Q "
3 5 Vin=7V,Vour =36V
1092 i
2 g | S 3.3
3 i V=7V, Vy =36V E
& i IN »Your g
= i 5 3.1
W 0.88 | 3
= ,' l'_
! = - 229
]. VN=7V, Vo r=26V| D
. V,=3V,V =26V
0844]' " 3/ oyr =28 Viy=7V,Vq =26V
] 2.7 IN »Vour =26V
I
|
0.80 25
05 15 25 35 45 55 65 7.5 86 9.5 10.5 0.5 2 4 6 8 10 12
I oap — Load Current — A I_oap — Load Current — A
Figure 15. Efficiency vs. Load Current Figure 16. Load Regulation
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7.5 Output Ripple, Vo,; = 2.6

The output ripple waveforms with a 2.6-V output voltage are show in Figure 17 through Figure 20.

o - L A ] Bl

i Hq =M

10.0mvas : M2.00ps A Chi 4 800pv 10.0mvas M1.00ps A Chi F —800uV

Figure 17. V=3V, lg,s =0 A Figure 18. Vy =3V, Io,y = 3.5 A
2 [ == 1 (BEmE 20 | E=Ts 1 - iR
) ; : i

O i0.0omvan M i.00us A Ch1 7 i.40mv @ 10.omvas o MT.00us A Chi 4 1.40mv
Figure 19. V=7V, lg,y =0 A Figure 20. Vy =7V, o,y =10 A
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7.6 Output Ripple, Vo,; = 0.6
The output ripple waveforms with a 0.6-V output voltage is show in Figure 21 and Figure 22.

10.0mv vk

M1.00ps A Chi J—1.80mv

Figure 21. V=3V, g,y =0 A

10, 0mv s

M1.00ps A Chi J—5.20mv

Figure 22. V=7V, g,y =0 A
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7.7 Output Ripple, Vo ; = 3.6
The output ripple voltage with a 3.6-V output voltage is show in Figure 23 and Figure 26.
4 3 A A =1/ = R 3 . S R 1 .17

y f : f f : f : f ey

”/\/\f\/\f\/\f\/\/\[\/\/\ »AAHAAAM\M\M\
/VVVVV\/VVV\/VV \/\/\/\/\/\;\/V\/\/\/

Ch 1] 36 omve i 00}.15 ACThT 0 omy 36, omv i 2.004s ATCRT R 0 om
Figure 23. V=6V, lo,t =0 A Figure 24. V=6V, Io,;=10 A

B [ i ! =Y 47 S = E A =a e O =47

ﬁ ﬁ i E )

“AAAAAAAAAAAAﬁﬂAAﬁAAAAAAAA
A LT

20.0mvis : M2.004s A Chi F-10.0mV 20.0mvas : M2.001s A Chi F-10.0mv
Figure 25. V=7V, lo,t =0A Figure 26. V=7V, lo,;=10 A
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7.8

Load Transients, Vo,; =2.6 V

Figure 27 and Figure 28 show the load transient with output voltage of 2.6 V. Channel 1: Vq; (200
mV/div). Channel 3: Ig,r (2 A/div) In Figure 27, the output response is 0.5~2.5 (96mA/us). In Figure 28 the
output response is 2.5A~7.5A load step (96 mA/ps) .

@: —-282mv

N ——— e SO =~ .../ S E I 1,73
: TR : AL 114mV : TH Z Z : .

W 100mV &

; M 20'0“5 A
i -'V;448.0:00].ls :

5180 A

Figure 27.

V=3V

T00mv &

M 200ps A ChT A 420 A

i 448.000us

Figure 28. V=7V
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7.9 Load Transients, Vo ,;=3.6 V

Figure 29 and Figure 30 show load transients with output voltage of 3.6 V and the output response a
2.5A~7.5A load step (96 mA/us) . Channel 1: Vo, (200 mV/div). Channel 3: I5,; (10 A/div)

L e Wi BB e g e DA

M 200mva T M 200us A Chi o 6.60A W] 200mV AS M 200ps A 7 600 A

i+~ 368.000us
Figure 29. V=6V Figure 30. V=7V
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7.10 Switch Node Waveforms, Vy,;=2.6 V

Figure 31 through Figure 34 show the switch node waveforms with the output voltage is set 2.6.
BB e . = ek B s e WS,

G 00V | WM T.00ps/ A Chi s s4omv | L0 BEB 0.0V <M 400ns]IA Ch2 & 3.60V,
Figure 31. V=3V, g,y =10 A Figure 32. V=3V, g,y =4 A

i
i

i
&
2
&
i

i =]{=)1
- gt

s T T e TR T e T
Figure 33. V,y =7V, lo,s =0A Figure 34. V=7V, lo;; =10 A
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7.11 Switch Node Waveforms, Vg, =3.6 V
Figure 35 through Figure 38 show the switch node waveforms with the output voltage set to 3.6 V.
25—t BEwr w0

| — v
(1]
0 ' ' L L |
........................ R e e el e

'p i U I !':;::: J r-Chz
’. | E | | :
' | - . (e

500V ; ; M1.00ps A Chi 4 370V : ' 500V &M 400ns A Ch2 F  2.20V

Figure 35. V=6V, lg,y =0 A Figure 36. Vy =6V, o,y =10 A

by | - ] CEHAEE L | = =
= ;
I E ' ! ! b ! b I' N— Me— :‘I‘ — I“-. I"_- :‘_

dl s00v T M T 00ps A Chi o 3.70 V 5.00V &M 1.00Ms A Ch2 f  6.00V
Figure 37. V=7V, g,y =0 A Figure 38. V=7V, o,y =10 A
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EVALUATION BOARD/KIT IMPORTANT NOTICE

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the product(s) must have
electronics training and observe good engineering practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including product safety and environmental
measures typically found in end products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does
not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User’'s Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER
AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to take any and all
appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

Tl currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or
services described herein.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or
safety programs, please contact the TI application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. It generates, uses, and can radiate radio
frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15 of FCC rules, which are
designed to provide reasonable protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense will be required to take whatever measures may
be required to correct this interference.

EVM WARNINGS AND RESTRICTIONS

It is important to operate this EVM within the input voltage range of 8 V to 14 V and the output voltage range of 0.6 V to 3.3 V.

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are questions
concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the EVM.
Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the load specification,
please contact a Tl field representative.

During normal operation, some circuit components may have case temperatures greater than 50°C. The EVM is designed to operate
properly with certain components above 50°C as long as the input and output ranges are maintained. These components include but are
not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of devices can be identified
using the EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during operation,
please be aware that these devices may be very warm to the touch.
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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 TI 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 TI 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 TI 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 Tl for that product or service voids all
express and any implied warranties for the associated TI 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 TI 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

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps
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