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ABSTRACT

The TPS54160 family of switching buck converters can be used in many applications where less than 50
MA of power is drained from the battery during power off. The advantages of these devices are due to
Texas Instruments advanced process and design technologies.

The power consumption and minimal power-up overshoot advantages are exceptional in 12-V, 24-V, and
48-V commercial and industrial applications. These applications include: global positioning systems
(GPS), video, entertainment, and other aftermarket automotive accessories.

This application report illustrates in-depth information and detailed calculations of the first switching cycle
differential equations. It also provides solution to minimize overshoot and input inrush current during the
power-up cycle.

Many of today's high-performance DSPs and ASICs require special care of their voltage rails during the
power-up sequence. An overshoot at power up may violate the sequence required by the integrated circuit
(IC), causing a latch-up condition and degrade the long-term reliability of the IC.

1 Introduction

In order to maintain low quiescent current during power off, TPS54160 and other devices have been built
with no undervoltage lockout (UVLO) hysteresis. Desired UVLO hysteresis is accomplished by an external
resistive voltage divider from battery to ground. The resistor divider can consume up to 50 YA from the
battery during power off.

The TPS54160 device families are step-down regulators with an integrated high-side MOSFET.
Current-mode control provides simple external compensation and flexible component selection. A
low-ripple, pulse-skip mode reduces the no-load, regulated-output supply current to 116 yA. Using the
enable pin (pin 3), the shutdown supply current is reduced to 1.3 pA. The UVLO is internally set to 2.5 V
but can be changed to a higher level using the enable pin.

The output voltage start-up ramp is controlled by the slow start pin (pin 4) that can also be configured for
sequencing/tracking. The SS/TR (slow start/tracking) pin is used to minimize inrush currents and provides
power supply sequencing during power up. A small value capacitor must be coupled to the SS/TR pin to
adjust the slow-start time. A resistor divider can be tied to this pin for critical power supply sequencing
requirements. The SS/TR pin is discharged before the output powers up. This discharging ensures a
repeatable restart after an overtemperature fault, UVLO fault, or a disabled condition.

Furthermore, the slow-start capacitor discharges during overload conditions with an overload recovery
circuit. The overload recovery circuit slow-starts the output from the fault voltage to the nominal regulation
voltage once a fault condition is removed.

A frequency foldback internal circuit reduces the switching frequency during start-up and overcurrent fault
conditions and helps control the inductor current. The TPS54160 is disabled when the VIN pin (pin 2)
voltage falls below 2.5 V.

For applications requiring higher UVLO, the EN pin must be used as shown in Figure 1to adjust the UVLO
using the two external resistors.
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Although, it is unnecessary to use the UVLO adjust resistors, for operation it is highly recommended to
provide consistent power-up behavior. The EN pin has an internal pullup current source of 0.9 pA. This
provides the default condition of the TPS54160 operating when the EN pin is floating. When the EN pin
voltage exceeds 1.25 V, an additional 2.9 pA of hysteresis, is added to the pullup current source. This
additional current facilitates input voltage hysteresis.

The following two equations (Figure 1) are used to set the external hysteresis for the input voltage
(UVLO). For more detail information, see the device data sheet ( SLVS922).

TPS54160
_ Vst1ART — VsTOP
R1=
lhys
RD = VENA
VsTART — VENA +
R1

Figure 1. Adjustable Undervoltage Lockout

Chi 200V Ch2 200V M™M20.0ms Chi # 1.00V
Ch3 1.00v [@E 2.00V

Figure 2. Operation of SS/TR Pin When Starting

The TPS54610 dc/dc converter consumes less than 1 PA at power off. It is desirable to maintain the input

voltage at 2.5 V during power recycling. This additional feature is obtained by floating the EN pin and
adding the following external components as in Figure 3:

1. High-input capacitor value approximately 1000 pyF
2. Blocking diode varies depending on power requirements

Blocking
vin diode TPS54610
Battery Battery vin

voltage Voltage

1000uF

Power On Power off

Figure 3. Battery Voltage Recycling
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As can be seen, the device UVLO is 2.5 V and has no hysteresis. The device turn ON and turn OFF
voltages are equal to 2.5 V. When the device is off and Vin = 2.5 V, the capacitor discharge equation is:
I=C dVin
dt
1)

For example, at a constant discharge current of 1 pA, the Vin drops 50 mV below 2.5 V within 50 seconds.

2 Signals Status Before Power On

When the power is off and the device is enabled (due to 2.5 V present at Vin), the pins signals are as
shown in (Figure 5).

* VSENSE = 0 mV error amplifier negative input

* SS/TR =50 mV error amplifier positive input

e« EN=2V

» COMP = 1.5V because the error amplifier gain is high at 10,000 V/V

- Vsense

1 7 4.00mv
I"_ : : : : : : ; : : S
T Ch2low
58.0mv
33
- Ch3 Low
E)i. 2,12V
B : : ; : : : ;o sV
Ex i : : ; i A
Chil| 5.00v w®EF 2.00V M 1.00s| A Chl &£ 5.10V Chi| 100mY ®Ch2[ 100mY M4.00ms A Ch3 & 3.52V
ch3[ 1.00V ®&Ch4][ 1.00 A Q8 Ch3[ 2.00V &@E 500mv &
Figure 4. Scope Picture 1 Figure 5. Scope Picture 2

3 Status at Power On

The 1000-uF capacitor is exponentially charging with usual RC time constant. R includes the wires, traces,
and connector resistance from the battery to input voltage Vin. This resistance value depends on the
circuit location.

t
Vin = Vbatt [1 -e RCJ ,

2
Where:
Vin = device input voltage
Vbatt = battery voltage.
COMP = 1.5V Error Amplifier output
VSENSE = 0 V and the device frequency is reduced to around 15% of the set frequency.

The 1000-uF charging time is big compared to the device switching cycle period. At power ON, the circuit
is in open loop because the COMP pin is high and the only controlled parameter is the inductor peak
current which is typically around 2.5 A. The output voltage rises with no control and its peak value
depends on the following parameters: L, C, ESR, and the load current lo.
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TPS54610
Blocking
diode .
Battery Vin Q PH IL f“rl"_'r"‘v"\ lo
voltage > I_I - :
1 L VL ° ! Load
— l_ AN VEH Ve j_c R
1000uF D - = ESR
L er ] r

Figure 6. Power Stage Equivalent Circuit Used for In-Depth Calculations

When Q is ON and D is OFF, the resulting equations are:
VPH(t) = VL(t) + VO(t)
1(t) = lc(t) + lo(t)

rCdVc

dt
VPH(t) = VL(t) + Vc(t) + Vr(Y)

VO(t) = Ve(t) +

d;\tlzc . \R dO\l/c . ! Vo = !
LC (1 +rj t LC(1 + r]
R R

1

LC[1 + rj
R

LC£1 +

d®Vc + 2LwodVc
dt? dt

+ 0o?Vc(t) = x VPH(t)

el i)

x VPH(t)

VO(t) = VPH{L {cos 00.J(1-¢2) t +% xSin 00o/(1- &)t }e (—Q@ot)}

Ity = VE;HP_{COS ooyfi=2 t+ 5 s oo <1—c2>t} ew}vﬁ

J(1-C7)

Where:
®0 = is the natural pulsation
LC(1 + r)
R
{ [;+er
€= ST = is the dumping factor

LC[1+r
R

VPH is the PH node switching voltage

V0 is the regulator output voltage

Vc is the voltage across the ideal output capacitor
Vr is the voltage across the ESR resistance r

Il is the inductor current

Ic is the current into the output capacitor

Cwo

N

sin 0o /1— (2t e 5!

©)

4
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lo is the load current

Example of detailed calculations using the circuit parameters as shown in Figure 7.
VPH average is around 2.2 V

L=33 pH, C =44 yF, Load R =8 Q, r = 0.05 Q (estimated), Ton = 38 ps

Gld
———<— =0.083

C:
LC[l+rj
R

1
2

0o= —— 1 =0.0262 rd/ps

LC[1 + rj
R
Calculated output voltage from the equations at 38 us, VO = 1.055 sV
Measured output voltage at 38 us is approximately 1.1 V (Figure 8 and Figure 9)

Calculated inductor current from the equations at 38 us Il = 2.08 A
Measured inductor current at 38 us is approximately 2 A, shown in Figure 8 and Figure 9 .

€2 22
— \ i 22057
L-!l 2.2uf Hc'r_f " Cd: 80hms
T o 1 Load
r'r_-“a_\l_: . by
1

(£l
. 4 L1 i __...___l.

U
’ TPSS41600RC
ENA BooT | PHPL

[ " N onopE . ™
[T 8
2 Hen comrj2 AN 7 L
4 rd 2
]

The high slew rate peak detector is added in red color. It Im
uses prebias from comp pin 2M and 1M. In normal condition

the Vbe is at 0. 4V g0 NPN is idle. NPN is ON when high |
slew rate peak appears on Vout. & pull the EN pin low and :7

a new SSITR cycle starts.

Figure 7. Example of Detailed Calculations

When Q is OFF and D is ON, the resulting equations are:
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-Vf= LC(1 +%) dVe +[£+ rCJ%+ Vc(t), Vfis diode forward voltage

iz (R
L
—+ rC)
we . |
dd:T + R d(\i/c+ 1 V() = — 1 Vi
LC(1+rj t LC(1+I) LC(1+r)
R R R

Ve(t) = —Vf+ [G cos ©o+/(1-2) (t —Ton) + K sin o (1—@2)(t—Ton)J g ~beolt=Ton)

lo(t) = Cwo[(K [(1=2) - ¢ Joos wo [1=C)(t ~ Ton) - (KE+Gy(1=C7) sin wo {1 —QZ)(t—Ton)} gceo(t=Ton)
_ = ¢ . > —CwoTon
G = Vf —~ - —_— -
Vi + VPH{1 [cos ®04/(1-C?) Ton + (1_Q2)sm ®0,/(1-¢ Tonje }
_ ¢ . > ¢ 2 —CwoTon
K= ——=——x(Vf+ VPH) + VPH | sinwo/(1-£?)Ton — —=——c0s ®0,/(1-{?)Ton |e
-0 ( ; NS R J

VO(t) = Ve(t) + rlc(t)
Vo(t)

l(t) = lc(t) +
(4)
For more detailed calculations, see the appendixes.
Example of Detailed Calculations Using the Circuit Parameters as shown in Figure 7.
L=33 uH, C=44 uF, Load R =8 Q, r = 0.05 Q (estimated), Ton = 38 us, T = 50 s

! (;HCJ
{= ————==— =0.083
2 r
LC|1+—
%)
o = I S 0.0262 rd/uS

LC£1 + rj
R

Vf=07V,G=166V,K=1836V
Calculated voltage across capacitor from the equations att =T = 50 ps Vc(T) = 1.388 V
Calculated capacitor current from the equations att =T = 50 ps Ic(T) = 1.179 A
Calculated output voltage VO(T) = Vc(T) + r Ic(T) at 50 pus VO = 1.388 + 0.05x1.179

Vo(T) =1.447 V
Measured output voltage at 50 us is approximately 1.6 V, shown in Figure 8 and Figure 9.

Calculated inductor current I (t) = lc(t) + V%(t) at 50uS

1.447

| =1.179A +

I(T)=1.36 A
Measured inductor current at 50 ps is approximately 1.2 A, shown in Figure 8 and Figure 9.

The output voltage overshoot depends on the values of these circuit parameters. The overshoot level can
be minimized by choosing these parameters: L, C, ESR, and the load current 1.
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[ 1 2 S i ..... ‘ .............. & 4
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) | ‘
| 3 U DU N ST PPN
B 0oV chol 100y Mzooms A Chi T T.00A

£y .. i ; ; : : i
D[gﬁn 2.00V ®Ch2] 1.00V &M 10.0ps| A Chd & 1.004
Ch3[ 1.00V &jch4] 1.00 A @4 geope picture 3 Cha[ 10.0v [Chd[ 1.00 A<A gcope picture 4

Figure 8. Scope Picture 3 Figure 9. Scope Picture 4

3.1 Output Voltage Overshoot Remover

The circuit shown in Figure 10 is formed by two resistors, one capacitor, and one NPN small signal
transistor and is acting as fast transient detector (Figure 11). The output voltage rises at a low slew rate
because of soft start. If the EN pin is left floating, the output voltage slew rate is fast and depends on the
battery voltage slew rate. The circuit detects the output voltage slew rate. If the slew rate is fast, the NPN
transistor turns ON and pulls the EN pin LO; a new soft start starts the output voltage.

Qutput Voltage Vo
Device EN pin3

VCT ¢
N oy 1Y E 1 1 1
Vo 1 2M VeE = T re S+ T ?
Vr 1l|‘u| ) RC
[ Comp wvre=5 11
S+ RC S
rs
RC

—

VRit)=RC E(1-e
Vo = VR +Ve, VR = RedVe T
vozRCIVE +ve

dt
Vo(f) = Ext voisthe converter output voltage,
T E is the steady state 5V,_§ris the slew rate

VR(t) is < R_'r_C E at any time, @rC E must be < Vbe

Figure 10. Overshoot Remover Circuit

This graph is showing the VR response to slow and fast slew rate. The VR
v signal will never respond to normal slow start but it respond very quick to
a fast no suitable transient. The output voltage will only rise to 0.7V
because it turns on the NPN and anctivate EN pin. New soft start is starting

E =5V

T
T
1 Output voltage Vo
: utput
| voltage

1/spike

1
1! VRresponse to fast
¢ slew rate

VR response to slow slew rate

Figure 11. Overshoot Remover Mechanism
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Scope picture 4 (Figure 12) shows output voltage overshoot of 2 V without overshoot remover circuit.
Scope picture 5 (Figure 13) shows output voltage overshoot of only 0.7 V with overshoot remover circuit.

3 it ; :
D{im‘ 5.00V Ch2 1.00V

M2.00ms A Chd - 1.004

Ch3[ 10.0V  ch4[ 1.00 A% gcope picture 4

Figure 12. Scope Picture 4

&)

Chi1[ 5.00v &@E§FE 1.00V M2.00ms A Chl 5 9.00V
Ch3[ 10.0V &Ch4[ 1.00 A 25 Scope picture 5

Figure 13. Scope Picture 5

4 Conclusion
In conclusion, the TPS54160 family of switching buck converters as used in this application report saves
more than 50 YA of power drained from the battery during power off. This application report illustrates
in-depth information and detailed calculations of the first switching cycle differential equations. It also
provides solutions to minimize overshoot and input inrush current during the power-up cycle. It is evident
that this device family is optimized for many applications where battery power saving is crucial.
Although, the output voltage overshoot at power up cannot be completely eliminated, it can be minimized
to less than 1 V using the appropriate components or by adding the overshoot remover circuit.
Using the example circuit in Figure 7, the following results are achieved:
* Vin stayed above 2.4 V for more than 15 minutes when the battery is disconnected.
»  With output capacitor of 220 pF, the output voltage overshoot at power up was less than 1 V.
* With the overshoot remover circuit formed by two resistors, one capacitor, and one NPN transistor, the

output voltage overshoot was less than 0.7 V.
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Appendix A

A.1  Backup Calculation for Q on and D off

VPH(t) = VL(t) + VO(t)
lI(t) = lc(t) + lo(t)

5)
VO(t) = Ve(t) + rC%
dt
(6)
VPH (t) = VL(t) + Vc(t) + Vr(t)
VPH(t) = Lﬂ + Vc(t) + rCM
dt dt
vPH(t) = LYC + 190 4 vty + e VO
t dt dt
2
vPH(t =LcLYe + L VO e + o O
dt? R dt
2
VPH(t) = LC(1 + LJd Ve , (L + rCJ% + Ve(t)
R/ df R dt
(7
L
— + rCJ
v, |
dd\t/f + 2R d;/tc + L ve| = L |veHp
r r r
LC|1+ — LC|1+ — LC|1+ —
ofre)  leler) ) Lol R)
(8
i)
d;\t/zc + R . d;/tc + ! - Vc(t) = 0 homogeneous equation
LC|1+ — LC(1 + —
( Rj (1+5)
9)
d*Vc dVc 2 _
pre + ngod—t + o, Ve(t)=0
(10)
®o = S S natural pulsation
r
LC|1+ —
el w)
Lo
C =" R dumping factor
{LC(1 + rj
R
(11)
In this application the dumping factor is 0 < { < 1 so two distinct complex root for Equation 9
X1,2 = - Lwo * jwoN(C -1)
The solution for Equation 8 is obtained by adding a particular solution of it and the general solution of
Equation 9.
The homogeneous Equation 9 general solution ( A and B are constant) is:
( A cos woN(T = )t + B sin woV(I = )t ) e
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VPH is particular solution of Equation 8
Ve(t) = VPH + [A cos woV({T = )t + B sin woV(I — )t Je
lc(t) = Cave ,VPH is considered constant during transistor ON
(12)
A.2  Value of the Constants A and B
At t =0, output voltage V,=0V, Inductor current |, =0A, that means Vc(0)=0 and Ic(o) = 0
Vc(0) = VPH + A,
CdVc(0)
=0
dt
—gmo[A cos 0,/(1-¢ 2)0 + B sin 0o,/(1-C 2)0]e*¢°’°° +
[Bwo‘/(1—§2) cos 00,J(1-52)0 — wo. [1-C2) Asin 0o (1—@2)0}e‘<‘”°° =0
¢ g
—CwoA + Bwo4/(1-%) =0, B=A , |B=-VPH
(1-¢2) J(1-¢2)
Ve(t) = VPH[1—[COS o (1-¢ )t + —(f_g 5 sin o (1—@2)t]e§‘”°‘}
lo(t) = VPHrsm wo,[(1-¢ At e =t
VO(t) = Vc(t) + cdve
dt
(13)

Vo(t)=VPH{1—{COS(00 (1- \/—xsm @0[1-C2 t+ '_—C sin ©04/1-( t]} ‘C‘”"t]

= _ —oy, & FrCeo —7 5 | o —Coot
VO(t) VPH{1 {cos ®0,/(1-C2)t+ W’f sin m04/1 Qt}e }
li(t) = lc(t) + lo(t)

= lc(t) + Vo(t)/R

VPH{ ¢ +rCwo

e

Cwo

J1-¢2

ll(t) = ’I—{oos 0o J(1-C2)t + sin o (1—g=)t}e“’€°‘+VPH sin wo,/(1-¢ 2)t e*”‘;"t}

(14)
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A.3  Backup Calculation for D on and Q off

-Vf=LC 1+L d*Ve + £+ rC dV—C + Vc(t), Vf is diode forward voltage
R) dt R dt
)
— 4+ rC
v, |
dd\t/zc + R dc\j/tc+ 1 Ve(t) = — 1 Vf
r r r
— LC| 1+ — LC|1+—
(LC(“RD ( Rj ( Rj
L
Ve (R+ rC] dve I
e + " + - Vc(t) = 0 homogeneous equation
r
— LC(1 + —
LC(1 + Rj ( R)
®wo = 1 natural pulsation
r
LC|1+—
R
Lire
=% R dumping factor

e

(15)
In this application the dumping factor is 0 < { < 1 so two distinct complex root for
X1,2 = — {wo * jwoV(I — B
The solution for Equation 3 is obtained by adding a particular solution of Equation 7 and the general
solution of Equation 9
The homogeneous Equation 9 general solution ( G and K are constant) is:
(G cos woJ(1 — 2t + Ksinwo(1-¢ z)t)e’q‘”Ot
—-Vfis particular solution of equation 7
Ve(t) = - Vf + [G cos w0y/(1 — £?) (t—Ton)+ K sin wo(1 — QZ)J(t — Ton) e=wet=Ton)
Ic(t) = CdVC, Vfis constant during diode D is ON
lot) = —¢ c@o[e cos ©0./(1-¢ 2) (t-Ton)+ Ksin ©0./(1-C 2) (t-Ton)} g ool Ton)
+[KCcoo«/(1—(;2) cos ©0,(1-C?) (-Ton)— GCwo,/(1- C2) sin wo[(1-C 2)(t-Ton)]e-€“’°<"T°">
le(t) = Cmo[(K\/(1 ~£?) -G ¢o0s woq[(1-C2)(t-Ton)— (KE + Gy(1-C2) )sin woy(1-C?) (t-Ton)J
g~ Cwolt-Ton) (K (1-42)-G¢ )
(16)

A.4  Value of the Constants G and K
The inductor current lI(t) and the capacitor voltage Vc(t) are continuous functions

At t = Ton switching transition time, the capacitor voltage is continuous function:
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Vc(t)=VPH{1—[cos ®wo /(1 — ¢ t+

ﬁsin ®04/(1-C3) t]e(—gwotl
Vc(Ton) = VPH[1—[cos ®0,/(1-§?)Ton + ﬁsin ®o,/(1 =C 2)Ton)e(—gmoTonH

= - Vi+ [G cos 00./(1-¢ 2)(Ton—Ton) + K sin wo/(1 — (;2)(Ton—Ton)Je’C"’0 (Ton =Ton) = _ v +G

G=Vf+ VPHI}]—(COS 0oy(1-C 3)Ton + \/(ET sin coo‘/(1—§2)Ton]e(—QcooTon)

17)
At t = Ton switching transition time, the capacitor current is continuous function:
olt) = [VPHxCo)o :

= Cwo[(K«/U—Q ?) _ GC ):OSmo (1-C ?)(Ton-Ton) — (Gﬂ [(1-C3) + K¢ )sin 00,/(1-C 2)(Ton-Ton)]

e —Lwo(Ton-Ton)

= (<J0-23 - 6t o
(K\/“—QZ) - G¢ )30)0 =[ %sinwo (1-¢ 2)Ton]e¢“’OTon

= VPH H 2 —LwoTon G—Q
= [—(1_C2)smmo‘/(1—(; )Ton]e + _(1_(;2)

smmm/ Tonj etooton &y
{Vf + VPH - cos ®04/(1-£2)Ton + \/73|n ®04/(1 Ton]e‘c“"’TO”}}

(1-¢ )TonJe‘C‘”OTon

(1-¢%)

K=

(1_€ )(Vf +VPH) + VPH (smcoo (1 -¢3)Ton- ﬁcos w0 J(1-C Z)XTonje—CmoTon
VO(t) = Ve(t) + r lc(t)
ll{t) = lc(t) + Vo(t)/R

(18)
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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 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:
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Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps
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