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Meter-Bus Transceiver

APPLICATIONS

E-metering

Advanced Metering Infrastructure (AMI)
Water Meters

Gas Meters

Heat Meters

FEATURES

Meter-Bus Transceiver (for Slave) Meets
Standard EN1434-3

Receiver Logic With Dynamic Level
Recognition

Constant-Current Sink Adjustable By Resistor
Polarity Independent

Power-Fail Function

Module Supply Voltage Switch

3.3-V Constant Voltage Source

Up to 9600 Baud in Half Duplex for UART
Protocol

Slave Power Support

Supply From Meter-Bus by Output VDD
Supply From Meter-Bus by Output VDD or
From Backup Battery

Supply From Battery — Meter-Bus Active for
Data Transmission Only

DESCRIPTION

The TSS521 device is a single-chip transceiver
developed for Meter-Bus standard (EN1434-3)
applications.

The TSS521 interface circuit adjusts the different
potentials between a slave system and the Meter-Bus
master. The connection to the bus is polarity
independent and supports full galvanic slave isolation
with optocouplers.

The circuit is supplied by the master through the bus.
Therefore, this circuit offers no additional load for the
slave battery. A power-fail function is integrated.

The receiver has dynamic level recognition, and the
transmitter has a programmable current sink.

A 3.3-V voltage regulator with power reserve for a
delayed switch off at bus fault is integrated.

Functional Schematic
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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D PACKAGE

(TOP VIEW)
BUSL2 T 1 16 13
VB ] 2 15 13
STC {3 14 13
RIDD T 4 13 13
PF 5 12 [
SC s 11
X 7 101
TX 8 9 [

BUSLA1
GND
RIS
RXI
RX
VDD
VS
BAT

Table 1. Terminal Functions

TERMINAL
NAME NO. DESCRIPTION
BUSL2 1 Meter-Bus
VB 2 Differential bus voltage after rectifier
STC 3 Support capacitor
RIDD 4 Current adjustment input
PF 5 Power fail output
SC 6 Sampling capacitor
TXI 7 Data output inverted
TX 8 Data output
BAT 9 Logic level adjust
VS 10 | Switch for bus or battery supply output
VDD 11 | Voltage regulator output
RX 12 | Data input
RXI 13 | Data input inverted
RIS 14 | Adjust input for modulation current
GND 15 | Ground
BUSL1 16 Meter-Bus
2 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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Functional Description

Data Transmission, Master to Slave

The mark level on the bus lines Vgys = MARK is defined by the difference of BUSL1 and BUSL?2 at the slave. It
depends on the distance from Master to Slave, which affects the voltage drop on the wire. To make the receiver
independent, a dynamic reference level on the SC pin is used for the voltage comparator TC3 (see Figure 1).
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VB ——p—8= to IC Vi = 20.8V to 42V
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B _ Vesice = Vi = 10V
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CBUSU-BUSLZ =30 pF typ
Ve = fress = 1 MHz

9 'meas

v

Figure 1. Data Transmission, Master to Slave

A capacitor (Cgc) at the SC pin is charged by a current (Isccharge) @and is discharged with a current (Iscgischarge)
where:

lSCoharge

lscai =
SCdisharge 40 (typ) (1)

This ratio is necessary to run any kind of UART protocol independent of the data contents (for example, if an 11-
bit UART protocol is transmitted with all data bits at 0 and only the stop bit at 1). There must be sufficient time to
recharge the capacitor Cgc. The input level detector TC3 detects voltage modulations from the master
(Veus = SPACE or MARK conditions) and switches the inverted output TXI and the noninverted output TX.

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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Data Transmission, Slave to Master

The device uses current modulation to transmit information from the slave to the master while the bus voltage
remains constant. The current source CS3 modulates the bus current and the master detects the modulation.
The constant current source CS3 is controlled by the inverted input RXI or the noninverted input RX. The current
source CS3 can be programmed by an external resistor Rg;s. The modulation supply current Iy,s flows in addition
to the current source CS3 during the modulation time.

| Ve 4
VB O S & to IC
"|CS3 "IMS :
Veu A
X K cs3
BUSL1 [0— RX
BR I
BUSL2 O 1 RXI >
X = RIS y__a
I
S Vass = Constant
RRIS
GND

IMC = IMS + ICSS

Figure 2. Data Transmission, Slave to Master

Because the TSS521 is configured for half-duplex only, the current modulation from RX or RXI is repeated
concurrently as ECHO on the outputs TX and TXI. If the slave, as well as the master, is trying to send
information on the lines, the added signals appear on the outputs TX and TXI, which indicates the data collision
to the slave (see ).

The bus topology requires a constant current consumption by each connected slave.
To calculate the value of the programming resistor Rg,s, use the formula shown in Figure 3.

hue

(mA) 4 VRIS VRIS
204 less lue — lus

Vqs = Voltage on pin RIS
Rqs = Programming resistor
les; = Programmable current
10+ . l,c = Modulation current
Typical l,,s = Modulation supply current (220 pA typ)

15+

54

! ! ! ! »

0 01 02 05 1 Ras (k)

Figure 3. Calculate Programming Resistor Rgs
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Slave Supply, 3.3V

The TSS521 has an internal 3.3-V voltage regulator. The output power of this voltage regulator is supplied by the
storage capacitor Cgrc at the STC pin. The storage capacitor Cgrc at the STC pin is charged with constant
current Igtc yse from the current source CS1. The maximum capacitor voltage is limited to REF1. The charge
current lgrc has to be defined by an external resistor at pin RIDD.

The adjustment resistor Rgpp can be calculated using Equation 2.
VRIDD VRIDD
ISTC + ||c1 (2)

Rap =25 =25

ISTCfuse

Where,
Istc = current from current source CS1
Istc_use = Charge current for support capacitor
Ic, = internal current
Vripp = Voltage on pin RIDD
Rripp = value of adjustment resistor

The voltage level of the storage capacitor Cgrc is monitored with comparator TC1. Once the voltage Vgrc
reaches Vypp on, the switch Sypp connects the stabilized voltage Vypp to pin VDD. VDD is turned off if the
voltage Vgrc drops below the Vypp o level.

Voltage variations on the capacitor Cstc create bus current changes (see Figure 4).

IBUS
(mA) 4
916 T
914 T

912

910

Figure 4. Single Mode Bus Load

At a bus fault the shut down time of VDD (t.¢) in which data storage can be performed depends on the system
current lypp and the value of capacitor Cgrc. See Figure 5, which shows a correlation between the shutdown of
the bus voltage Vgys and Vpp o and tyi for dimensioning the capacitor.

The output VS is meant for slave systems that are driven by the bus energy, as well as from a battery should the
bus line voltage fail. The switching of VS is synchronized with VDD and is controlled by the comparator TC1. An
external transistor at the output VS allows switching from the Meter-Bus remote supply to battery.

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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Power On and Off
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for power fail PF
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Vstc — VDDoff

toff =C
off STC VoD *+ loi

Figure 5. Power On/Off Timing

Power Fail Function

Because of the rectifier bridge BR at the input, BUSL1, and BUSL2, the TSS521 is polarity independent. The pin
VB to ground (GND) delivers the bus voltage Vg less the voltage drop over the rectifier BR. The voltage
comparator TC2 monitors the bus voltage. If the voltage Vyg > Vgrc + 0.6 V, then the output PF = 1. The output
level PF = 0 (power fail) provides a warning of a critical voltage drop to the microcontroller to save the data
immediately.

6 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS980&partnum=TSS521

13 TEXAS
INSTRUMENTS

www.ti.com

TSS521

SLAS980 —SEPTEMBER 2013

Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)

Vve Voltage, BUSL1 to BUSL2 +50 V

RX and RXI -0.3Vto55V
\ Input voltage range

BAT -0.3Vto55V
T, Operating junction temperature range —25°C to 150°C
Ta Operating free-air temperature range —25°C to 85°C

Tste  Storage temperature range

—65°C to 150°C

Power derating factor, junction to ambient 8 mW/°C
Recommended Operating Conditions
See note @, Typical values are specified at Vc = 3.3 V and T, = 25°C (unless otherwise noted)
MIN  MAX| UNIT
Receiver 10.8 42
Vvs Bus voltage, |BUSL2 — BUSL1]| - \%
Transmitter 12 42
VB (receive mode) 9.3
V| Input voltage > \%
BAT® 25 3.8
Rripp RIDD resistor 13 80| kQ
Rris RIS resistor 100 Q
Ta Operating free-air temperature -25 85| °C

(1) All voltage values are measured with respect to the GND terminal unless otherwise noted.
(2) Vpar(max) =Vgrc—1V

Electrical Characteristics
See note ™. Over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
AVgr Voltage drop at rectifier BR | lgys =3 mA 15 \%
AVes; ;/é)tljtracgeecdsrcip at current Rriop = 13 kQ 18 v
Isus BUS current YSTEB 65V, | Reiop=13K0 3 mA
mc =0 mA Rriop = 30 kQ 15
Algys BUS current accuracy AVgys =10V, Iyc = 0 mA, Rgipp = 13 kQ to 30 kQ 2 %
lce Supply current Vsre = 6.5V, Iye = 0 mA, Vgar = 3.8V, Rripp = 13 kQ® 650 | pA
loi CI1 current x:; Z g:g \\2 IF“;")%/E)% Tﬁ'ﬁvaﬁ =38V, Rpipp = 13 kQ, 350| pA
Vvob VDD voltage —lvpp =1 MA, Vgrc = 6.5V 3.1 3.4 \%
Rvpp VDD resistance —lypp =210 8 MA, Vgrc =45V 5 Q
Vpp =o0n, VS =on 5.6 6.4
Vstc STC voltage Vpp = off, VS = off 3.8 4.3 \%
IVDD < ISTCﬁuse 6.5 7.5
Rripp = 30 kQ 0.65 11
IsTC use STC current Vsrc =5V mA
- Rripp = 13 kQ 1.85 2.4
VRIDD RIDD voltage Rripp = 30 kQ 1.23 1.33 \%
Vys VS voltage Vpp = on, lys =5 pA Vsrc— 0.4 Vstc \%
Rys VS resistance Vpp = off 0.3 1| MQ
Vyg = Vsre + 0.8V, Ipg = =100 pA VgaT — 0.6 VeaT
Vpg PF voltage Vsrc =6.5V Vyg =Vsrc + 0.3V, Ipp =1 pA 0 0.6 \%
Vyg = Vste + 0.3V, Ipg = 5 PA 0 0.9
(1) All voltage values are measured with respect to the GND terminal unless otherwise noted.
(2) Inputs RX/RXI and outputs TX/TXI are open, Icc = I + lci2
Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)
See note Y. Over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
ton Turn-on time Cstc = 50 pF, Bus voltage slew rate: 1 V/us 3 s
Receiver Section Electrical Characteristics
See note M. Over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. MARK MARK —
Vr See Figure 1 82 5.7 \%
Vsc SC voltage Vve \%
Isccharge SC charge current Vsc =24V, Vyg =36V -15 40| pA
Iscdischarge  SC discharge current Vgc =V\g =24V 0.3 _|0'033 x pA
SCcharge
High-level output voltage } VgaT —
Vou (Tg(’ ™) P 9 Ity i = —100 pA (see Figure 1) BAT Vear| V
v Low-level output voltage Irx: Irxi = 100 pA 0 05 v
oL (TX, TXI) lrx = 1.1 mA 0 15
:TX TX, TXI current Vix = 7.5, Vyg =12V, Vgrc = 6 V, Vgar = 3.8 V 16| pA
TXI
(1) All voltage values are measured with respect to the GND terminal unless otherwise noted.
Transmitter Section Electrical Characteristics
See note M. Over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Imc MC voltage Rris =100 Q 115 195 mA
Rris = 100 Q 1.4 1.7
VRis RIS voltage \%
Rgris = 1000 Q 15 1.8
Viy High-level input voltage (RX, RXI) See Figure 2, see @ VBAag 55| V
VL Low-level input voltage (RX, RXI) See Figure 2 0 0.8 \%
Irx RX current VrRx =0V, Vgar =3V, Vstc = 6.5V -10 -40 HA
Irx| RXI current Vrxi = Vear =3V, Vsrc = 6.5V 10 40 HA

(1) All voltage values are measured with respect to the GND terminal unless otherwise noted.
(2) Vj(max) = 5.5 Vis valid only when Vgrc 2 6.5 V.
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Remote Supply

APPLICATION INFORMATION

. RL1 J]
4 voD BUSL2) r
BAT
%2 vs , 220
2| BY TSS521 VB[
13
S| RXi 1 RL2
—TX BUSL1 {]
TXI 220
Cor se?ﬁ%}%ﬁ‘f"‘ RIS _SC_GND RIDD _STC
14 6 15 4 :|3
| T
Res Reoo
Csc *| Corc vV v
1 Meter-Bus
Reoo = 30 kQ Cqre =< 220 uF single load 1UL
Reo = 13 KQ Cyre =< 470 pF double load 2UL

NOTE: Transistor T1 should be a BSS84.

Figure 6. Basic Application Circuit With Support Capacitor Cgtc > 50 pF

+| BAT _| Csc Sensor System
- T (MSP430)

1 1 RL1 J]

VDD BUSL2 [
BAT 220

9vs 2

12 R TSS521 vB
RXI RL2

—817x BusL1 18 ]
TXI 220

@16 (15 14 |3
Rias Res Reoo

Cgsc = system stabilizing capacitor
Cc = support capacitor

C,. = sampling capacitor

C,p = stabilizing capacitor (100 nF)
CerciCuop 2 4:1

Meter-Bus
R:op = slave=current adjustment resistor
Rgs = modulation-current resistor
RL1,RL2 = protection resistors
R... = discharge resistor (100 kQ2 recommended)

Figure 7. Basic Application Circuit for Supply From Battery

Copyright © 2013, Texas Instruments Incorporated
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Remote Supply RU
1vbp BusL2 $
10| BAT 220
[ s 134 TSS521 ve[Z—
RXI RL2
—8171x BUSL1HE {1
C. Sensor System ™ 20
e 55C (MSPA30) RIS SC_GND RIDD STC
Remote Supply With Battery Support RU
1vbp BusL2 {1
1] o] 24T 220
[ i 134 TSS521 ve[Z—
RXI RL2
—8171x BUSL1HE {1
ar o s Svet o' 220
+ ensor System
ZLBAT _Lussc (MSPA30) RIS SC_GND RIDD STC
Battery Suppl RL1
Ty SUPPl 1vbp BusL2 {1
10| BAT 220
l [ i 134 TSS521 ve[Z—
RXI RL2
—8171x BUSL1HE {1
+| BAT C. Sensor System ™ 20
IBAT _Lossc Mspato) RIS GND RIDD STC
Road
Cyvop +[Csrc

Meter-Bus

NOTE: Rpson Of the transistor T1 (BSS84) at low battery voltage must be considered during application design.
Figure 8. Basic Applications for Different Supply Modes

L R3
RXI " ] RL1 J]
VDD BUSL2)
— 220 T
R1 oc2 Vs
+|BAT !Cssc| Sensor System N "—SZ 1% E; TSS521 e[z
-_— = (MSP430) - re | BfRxi RL2
=< =AM TX BUSL1HSE AAN—]
Lxi 220
RIS SC GND RIDD STC
TXI— oct 14 6 15 4 3
R2
l Rlomi RRIS &IDD
Cvop Csc +[Csrc
T T T

Meter-Bus

Figure 9. Basic Optocoupler Application

10 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAS980&partnum=TSS521

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 11-Apr-2014

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ ) (3) (4/5)
TSS521D ACTIVE solc D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -25 to 85 TSS521
& no Sh/Br)
TSS521DR ACTIVE solc D 16 2500 Gg[een s(l;/%H)s CU NIPDAU Level-1-260C-UNLIM -25 to 85 TSS521
no r



http://www.ti.com/product/TSS521?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TSS521?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 11-Apr-2014

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TSS521DR SOIC D

16

2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0

Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TSS521DR SoIC D 16 2500 367.0 367.0 38.0
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

—

et s Sz
—— ~—16x0,55
——I |<—14x1,27 ‘ ——I |<—14x1,27
AEEEENNENEENENE 16x1.50 L[]
HEERERERRRN * Uuuuogt
5,40 5.40
N
/I_II_I‘\I_II_II_II_II_II_I l L H A &
\|_||_|/"|_||_||_||_||_||_| ooty
N
[_/
|
|
,’ Example
i Non Soldermask Defined Pad Example
! Pad Geometry
i /// (See Note C)
y—
|
1,55 \ Example
UL T g
——ll~—0,07 /
All Around /
\ /
N e
S 7
4211283-4/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads

Customers should
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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.
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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
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interface.ti.com
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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
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www.ti.com/energy
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