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FEATURES

e FULL FOUR-QUADRANT
MULTIPLICATION

e 12-BIT END-POINT LINEARITY

e DIFFERENTIAL LINEARITY #*1/2LSB MAX
OVER TEMPERATURE

e MONOTONICITY GUARANTEED OVER
TEMPERATURE

e TTL-/CMOS-COMPATIBLE

e SINGLE +5V TO +15V SUPPLY

e LATCH-UP RESISTANT
7521/7541/7541A REPLACEMENT
PACKAGES: Plastic DIP, Plastic SOIC
LOW COST

DAC7541A

Low Cost 12-Bit CMOS
Four-Quadrant Multiplying
DIGITAL-TO-ANALOG CONVERTER

DESCRIPTION

The Burr-Brown DAC7541A is a low cost 12-bit,
four-quadrant multiplying digital-to-analog converter.
Laser-trimmed thin-film resistors on a monolithic
CMOS circuit provide true 12-bit integral and differ-
ential linearity over the full specified temperature
range.

DAC7541A is a direct, improved pin-for-pin replace-

ment for 7521, 7541, and 7541A industry standard
parts. In addition to a standard 18-pin plastic package
the DAC7541A is also available in a surface-mount

plastic 18-pin SOIC.

Digital Inputs (DTL-/TTL-/CMOS-compatible)
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Tel: (520) 746-1111 » Twx: 910-952-1111 « Cable: BBRCORP

Logic: A switch is closed to Iy, for its digital input in a “HIGH” state.
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SPECIFICATIONS

ELECTRICAL

At +25°C, +Vpp = +12V or +15V, Vgee = +10V, Vp iy 1 = Vpiy 2 = 0V, unless otherwise specified.

DAC7541A
PARAMETER GRADE TA=425°C  [Ta = Tyaxs Tun® UNITS TEST CONDITIONS/COMMENTS
ACCURACY
Resolution All 12 12 Bits
Relative Accuracy J +1 +1 LSB max +1L.SB = +0.024% of FSR.
K +1/2 +1/2 LSB max +1/2LSB = +0.012% of FSR.
Differential Non-linearity J +1 +1 LSB max All grades guaranteed monotonic to 12 bits,
K +1/2 +1/2 LSB max Tuin 10 Tyax-
Gain Error J +6 +8 LSB max Measured using internal Reg and includes effect
K +1 +3 LSB max of leakage current and gain T.C.
Gain error can be trimmed to zero.
Gain Temperature Coefficient
(AGain/ATemperature) ALL 5 ppm/°C max Typical value is 2ppm/°C.
Output Leakage Current: Out, (Pin 1) J, K +5 +10 nA max All digital inputs = 0V.
Out, (Pin 2) J, K +5 +10 nA max All digital inputs = Vpp.
REFERENCE INPUT
Voltage (Pin 17 to GND) All —10/+10 —10/+10 V min/max
Input Resistance (Pin 17 to GND) All 7-18 7-18 kQ min/max
Typical input resistance = 11kQ.
Typical input resistance temperature coefficient is
—50ppm/°C.
DIGITAL INPUTS
V\n (Input HIGH Voltage) All 2.4 2.4 V min
V. (Input LOW Voltage) All 0.8 0.8 V max
Iy (Input Current) All +1 +1 HA max Logic inputs are MOS gates.
Iin typ (25°C) = 1nA
Cy (Input Capacitance)@ All 8 8 pF max Viy =0V
POWER SUPPLY REJECTION
AGain/AVpp All +0.01 +0.02 % per % max Vpp = +11.4V to +16V
POWER SUPPLY
Vpp Range All +5to +16 +5to +16 V min to Accuracy is not guaranteed over this range.
V max
Ibo All 2 2 mA max All digital inputs V,_or V.
All 100 500 HA max All digital inputs OV or Vpp.

NOTES: (1) Temperature ranges are: = 0°C to + 70°C for JP, KP, JU and KU versions. (2) Guaranteed by design but not production tested.

AC PERFORMANCE CHARACTERISTICS

These characteristics are included for design guidance only and are not production tested.
Vpp = +15V, Vgee = +10V except where stated, Vpy 1 = Vpiy 2 = 0V, output amp is OPA606 except where stated.

DAC7541A
PARAMETER GRADE TA=425°C  [Ta = Tyaxs Tun® UNITS TEST CONDITIONS/COMMENTS
PROPAGATION DELAY
(from Digital Input change to 90% of Out, Load = 100Q, Cgyy = 13pF.
final Analog Output) All 100 — ns typ Digital Inputs = 0V to Vpp or Vpp to 0V.
DIGITAL-TO-ANALOG GLITCH Vgrer = 0V, all digital inputs OV to Vpp or Vpp to
IMPULSE All 1000 — nV-s typ 0V. Measured using OPAG06 as output amplifier.
MULTIPLYING FEEDTHROUGH
ERROR
(Vrer to Outy) All 1.0 — mVp-p max Vger = #10V, 10kHz sine wave.
OUTPUT CURRENT SETTLING TIME
All 0.6 — us typ To 0.01% of Full Scale Range.
Out; Load = 100Q, Cgyt = 13pF.
All 1.0 — Hs max Digital Inputs: 0V to Vpp or Vpp to 0V.
OUTPUT CAPACITANCE
Cour1 (Pin1) All 100 100 pF max Digital Inputs =V,
Cout2 (Pin 2) All 60 60 pF max Digital Inputs = V|,
Cour1 (Pin1) All 70 70 pF max Digital Inputs =V,
Cout2 (Pin2) All 100 100 pF max Digital Inputs =V,

NOTE: (1) Temperature ranges are: = 0°C to + 70°C for JP, KP, JU and KU versions.

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS @

PIN CONNECTIONS

Vpp (Pin 16) to Ground
Vger (Pin 17) to Ground
Vgpg (Pin 18) to Ground. ...
Digital Input Voltage (pins 4-15) to Ground .
Ve 1, Ve 2 to Ground
Power Dissipation (any Package):

To +75°C

Derates above +75°C ...
Lead Temperature (soldering, 10s)
Storage Temperature: Plastic Package ...

... —BMW/°C
... +300°C
... +125°C

NOTE: (1) Stresses above those listed above may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at
these or any other condition above those indicated in the operational sections of
this specification is notimplied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTROSTATIC
DISCHARGE SENSITIVITY

The DAC7541A is an ESD (electrostatic discharge) sensi-
tive device. The digital control inputs have a special FET
structure, which turns on when the input exceeds the supply DAC7541JP

Top View DIP/SOIC

lout1 E i ~ 18 | Reg

lout 2 IZ 17| Veer

GND | 3 1__6| +Vpp

Bit 1 (MSB) | 4 15 | Bit 12 (LSB)
DAC7541A

Bit2 | 5 14 | Bit 11

Bit3 | 6 13 | Bit 10

Bit4 | 7 12| Bit9

Bit5| 8 11 | Bit8

Bit6 | 9 10 | Bit7

PACKAGE INFORMATION

by 18V, to minimize ESD damage. However, permanent
damage may occur on unconnected devices subject to hig
energy electrostatic fields. When not in use, devices must bd
stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket befor

PACKAGE DRAWING

MODEL PACKAGE NUMBER )
Plastic DIP 218
DAC7541KP Plastic DIP 218
1DAC7541;IU Plastic SOIC 219
DAC7541KU Plastic SOIC 219
DAC7541JP-BI Plastic DIP 218
DACT7541KP-BI Plastic DIP 218

devices are removed.

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

BURN-IN SCREENI

NG

Burn-in screening is an option available for the models in the
Ordering Information table. Burn-in duration is 160 hours at
the indicated temperature (or equivalent combination of time

and temperature).

All units are tested after burn-in to ensure that grade speci-
fications are met. To order burn-in, add “-Bl” to the base

model number.

ORDERING INFORMATION

TEMPERATURE RELATIVE
MODEL PACKAGE RANGE ACCURACY (LSB) [GAIN ERROR (LSB)
DACT7541AJP Plastic DIP 0°C to +70°C +1 +6
DACT7541AKP Plastic DIP 0°C to +70°C +1/2 +1
DAC7541AJU Plastic SOIC 0°C to +70°C +1 +6
DAC7541AKU Plastic SOIC 0°C to +70°C +1/2 +1
BURN-IN SCREENING OPTION
See text for details.

TEMPERATURE RELATIVE BURN-IN TEMP.
MODEL PACKAGE RANGE ACCURACY (LSB) (160 Hours) @
DACT7541AJP-BI Plastic DIP 0°C to +70°C +1 +85°C
DACT7541AKP-BI Plastic DIP 0°C to +70°C +1/2 +85°C

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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PAD FUNCTION PAD FUNCTION
1 loutt 10 Bit 7
2 lout2 11 Bit 8
3 GND 12 Bit 9
4 Bit 1 (MSB) 13 Bit 10
5 Bit 2 14 Bit 11
6 Bit 3 15 Bit 12 (LSB)
7 Bit 4 16 +Vpp
8 Bit 5 17 VRer
9 Bit 6 18 Rreepsack
Substrate Bias: Isolated.

NC: No Connection.

MECHANICAL INFORMATION

MILS (0.001") MILLIMETERS
Die Size 104 x 105 £5 2.64 x 2.67 £0.13
Die Thickness 20 +3 0.51 +0.08
Min. Pad Size 4x4 0.10 x0.10
Metalization Aluminum
DIE TOPOLOGY DAC7541A
T, =+25°C, V= +15V, unless otherwise noted.
GAIN ERROR vs SUPPLY VOLTAGE FEEDTHROUGH ERROR vs FREQUENCY
3 10
5/2
2 1
= 0
a2 L
=3 S
2 3 5 0.10
o 3
£ <
g 1 =
natl
&L 0.010
172 T e
!
0 0.001
0 5 10 15 100 1k 10k 100k 1M
Supply Voltage (V) Frequency (Hz)
LINEARITY vs SUPPLY VOLTAGE SUPPLY CURRENT vs SUPPLY VOLTAGE
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DISCUSSION CIRCUIT DESCRIPTION
OF SPECIFICATIONS The DAC7541A is a 12-bit multiplying D/A converter

RELATIVE ACCURACY consisting of a highly stable thin-film R-2R ladder network

This t Iso k i iv) d ibes the t ‘ and 12 pairs of current steering switches on a monolithic
is term (also known as linearity) describes the trans erchip. Most applications require the addition of a voltage or

function of analog output to digital input code. The linearity current reference and an output operational amplifier.

error describes the deviation from a straight line between o . o

zero and full scale. A S|mpI|f|eq circuit of the DAC7§41A is shown. in Figure 1.
The R-2R inverted ladder binarily divides the input currents

that are switched betweeg } ; and byt » bus lines. This

B!EFERF\']TIAIF NO'XLI.NE:RJTY tion f ideal 1LSB switching allows a constant current to be maintained in each
ifferential nonlinearity is the deviation from an idea ladder leg independent of the input code.

change in the output, from one adjacent output state to the ] ) . ]
next. A differential nonlinearity specification afl.OLSB  |he input resistance atr (Figure 1) is always equal to
guarantees monotonicity. Rior (R pr is the R/2R ladder characteristic resistance and

is equal to value “R”). Since Rat the \kge pin is constant,

the reference terminal can be driven by a reference voltage
or a reference current, AC or DC, of positive or negative
polarity.

GAIN ERROR

Gain error is the difference in measure of full-scale output
versus the ideal DAC output. The ideal output for the
DACT7541A is —(4095/4096X (Vgep. Gain error may be
adjusted to zero using external trims.

Vege  10kQ 10kQ 10kQ

o VWA AW
OUTPUT LEAKAGE CURRENT
The measure of current which appears at @ith the DAC 20kQ 20kQ 20kQ 20kQ = 20kQ
loaded with all zeros, or at Quwith the DAC loaded with
SZ S3 SlZ =
o o ?

all ones. S,
?((

Y

i o

O IOUTZ

MULTIPLYING FEEDTHROUGH ERROR T Y O lour s

This is the AC error output due to capacitive feedthrough & : & L\/\/\/‘—O R
. . . FB

from Vgeeto Out with the DAC loaded with all zeros. This Bit 1 Bi Bit 3 Bit 12

test is performed at 10kHz. (MSB) (LSB)

=0 -—--f--
N

Digital Inputs (DTL-/TTL-/CMOS-compatible)
OUTPUT CURRENT SETTLING TIME Switches shown for digital inputs “HIGH”.
This is the time required for the output to settle to a tolerance
of £0.5LSB of final value from a change in code of all zeros FIGURE 1. Simplified DAC Circuit.
to all ones, or all ones to all zeros.

EQUIVALENT CIRCUIT ANALYSIS
PROPAGATION DELAY Figures 2 and 3 show the equivalent circuits for all digital

This is the measure of the delay of the internal circuitry andinputs low and high, respectively. The reference current is
is measured as the time from a digital code change to theéswitched to 4,1, when all inputs are low angr ; when

point at which the output reaches 90% of final value. inputs are high. The Icurrent source is the combination of
surface and junction leakages to the substrate; the

1/4096 current source represents the constant one-bit current

DIGITAL-TO-ANALOG GLITCH IMPULSE ) .
gram through the ladder terminal.

This is the measure of the area of the glitch energy measure
in nV-seconds. Key contributions to glitch energy are digital
word-bit timing differences, internal circuitry timing differ- DYNAMIC PERFORMANCE

ences, and charge injected from digital logic. Output Impedance
The output resistance, as in the case of the output capaci-

tance, is also modulated by the digital input code. The
resistance looking back into thg k ; terminal may be
anywhere between 10k (the feedback resistor alone when
all digital inputs are low) and 7.8k(the feedback resistor

in parallel with approximately 3@k of the R-2R ladder
network resistance when any single bit logic is high). The
POWER SUPPLY REJECTION static accuracy and dynamic performance will be affected by

Power supply rejection is the measure of the sensitivity of this modulation. The gain and phase stability of the output
the output (full scale) to a change in the power supply

voltage.

MONOTONICITY

Monotonicity assures that the analog output will increase or
stay the same for increasing digital input codes. The
DAC7541A is guaranteed monotonic to 12 bits.

BURR - BROWN®
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Reg Reg
R = 10kQ lnee R = 10kQ
—= R=10kQ
O IOUT 1 O \/\/\/\ O IOUT 1
VREF
T 5 - 6opF i 1/4096 T I —— 90pF
Irer = = = = =
—= R=10kQ
o \/\/\/\ O IOUT 2 O IOUT 2
VREF
x 1/4096 T I —— 90pF T I —— 55pF

FIGURE 2. DAC7541A Equivalent Circuit (All inputs FIGURE 3. DAC7541A Equivalent Circuit (All inputs

LOW). HIGH).
amplifier, board layout, and power supply decoupling will BINARY INPUT ANALOG OUTPUT
all affect the dynamic performance of the DAC7541A. The [~ <& LsB
use of a compensation capacitor may be required when high 1111 1111 1111 ~Vger (4095/4096)
speed operational amplifiers are used. It may be connectedl 1000 0000 0000 ~Vrer (2048/4096)
e . . 0000 0000 0001 —Vrer (1/4096)
across the amplifier's feedback resistor to provide the nec- 0000 0000 6000 ov

essary phase compensation to critically dampen the output, )
See Figures 4 and 6. TABLE I. Unipolar Codes.

C, phase compensation (10 to 25pF) in Figure 4 may be

APPLICATIONS required for stability when using high speed amplifiers. C
is used to cancel the pole formed by the DAC internal
OP AMP CONSIDERATIONS feedback resistance and output capacitance gt Out

The input bias current of the op amp flows through the
feedback resistor, creating an error voltage at the output o
the op amp. This will show up as an offset through all codes
of the transfer characteristics. A low bias current op amp
such as the OPA606 is recommended.

1R1 in Figure 5 provides full scale trim capability—load the
DAC register to 1111 1111 1111, adjustf@r Vout = —

V ger (4095/4096). Alternatively, full scale can be adjusted
by omitting R and R and trimming the reference voltage

magnitude.

Low offset voltage and ¥s drift are also important. The

output impedance of the DAC is modulated with the digital BIPOLAR FOUR-QUADRANT OPERATION

code. This impedance change (approximatelOL@k30K2) Figure 6 shows the connections for bipolar four-quadrant

is a change in closed-loop gain to the op amp. The result is . . : -
operation. Offset can be adjusted with thea@A, summin
that Vpg will be multiplied by a factor of one to two P ! hy d

: . . . resistor, with the input code set to 1000 0000 0000. Gain
depending on the code. This shows up as a linearity error

. . . . may be adjusted by varying the feedback resistor,of Ae
Offset can be adjusted out using Figure 4. Gain may beinput/output relationship is shown in Table II.

adjusted using Figure 5.

UNIPOLAR BINARY OPERATION BINARY INPUT ANALOG OUTPUT
(TWO-QUadrant MU|t|pllcatlon) Msilll 1111 lll]l._SB +V, (2047/2048)
Figure 4 shows the analog circuit connections required for 1000 0000 0000 o

unipolar binary (two-quadrant multiplication) operation. With 011111111111 ~Vrer (1/2048)

a DC reference voltage or current (positive or negative 0000 0000 0000 —Veer (2048/2048)

polarity) applied at pin 17, the circuit is a unipolar D/A TABLE Il. Bipolar Codes.
converter. With an AC reference voltage or current, the

circuit provides two-quadrant multiplication (digitally con-

trolled attenuation). The input/output relationship is shown

in Table I.

BURR - BROWN®
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MSB

B, * ¢ ¢ e« o ¢ o o « B, B, B, B, By,
VOUT:_VREF(Z VI +'"+4096)
16 4 |5 |6 |7 (8 |9 (101112 (13|14 (15 I
1
O—{ +15v Re ~10V < Vggp < +10V
17 DAC7541A Out, - Vour o<V - 4095 v
O—{ Vger Out, OPA604 —O =VouT=" 409g 'REF
3 +
Where: By = 1 if the B digital input is HIGH.

By = 0 if the By, digital input is LOW.

Single-Point Ground —= é

+Vee

FIGURE 4. Basic Connection With Op Amp,¥Adjust: Unipolar (two-quadrant) Multiplying Configuration.

MSB R,
By » + + + + s+ + + + .p, 200Q
A
% TA Ts Te T? TB Tg T10T11T12T13T14T15
O— +15V
DAC7541A
17
O— Vrer

:

*Vee

FIGURE 5. Basic Connection With Gain Adjust (allows adjustment up or down).

47Q
+
Voo W _L OPA604 20kQ
G L or 20kQ
16 18 33pF 1/2 OPA2604
\1
VREF 17
0 DAC7541A Vour
4..15 /2
3
5kQ  1/2 OPA2604
Bits 1-12
Bl BZ BB BlZ
Vour +VREF(1 o T4 T p0as T

FIGURE 6. Bipolar Four-Quadrant Multiplier.

BURR - BROWN®
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DIGITALLY CONTROLLED GAIN BLOCK

The DAC7541A may be used in a digitally controlled gain

block as shown in Figure 7. This circuit gives a range of gain
from one (all bits = one) to 4096 (LSB = one). The transfer
function is:

All bits off is an illegal state, as division by zero is impos-
sible (no op amp feedback). Also, errors increase as gair
increases, and errors are minimized at major carries (only
one bit on at a time).

Bits 1 to 12

ViyOo—118 16——OVpp
DAC7541A

1 17

2 3
+ =

BURR - BROWN®
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FIGURE 7. Digitally Programmable Gain Block.




13 TEXAS

INSTRUMENTS

PACKAGE OPTION ADDENDUM

www.ti.com 20-Aug-2011
PACKAGING INFORMATION
Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
DAC7541AJP NRND PDIP N 18 20 Green (RoHS CU NIPDAU N/ A for Pkg Type
& no Sh/Br)
DAC7541AJPG4 NRND PDIP N 18 20 Green (RoHS CU NIPDAU N/ A for Pkg Type
& no Sh/Br)
DAC7541AJU NRND SOP DTC 18 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR
& no Sh/Br)
DAC7541AJUG4 NRND SOP DTC 18 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR
& no Sh/Br)
DACT7541AKP NRND PDIP N 18 20 Green (RoHS CU NIPDAU N/ A for Pkg Type
& no Sh/Br)
DAC7541AKPG4 NRND PDIP N 18 20 Green (RoHS CU NIPDAU N/ A for Pkg Type
& no Sh/Br)
DAC7541AKU NRND SOP DTC 18 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR
& no Sh/Br)
DAC7541AKUG4 NRND SOP DTC 18 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR
& no Sh/Br)

® 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 Sh/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): TlI'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 Sbh/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.

Addendum-Page 1
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PACKAGE OPTION ADDENDUM

Important Information and Disclaimer: The information provided on this page represents TI'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.

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.

Addendum-Page 2



IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

Products Applications
Audio www.ti.com/audio 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 Www.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 Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connctivity www.ti.com/wirelessconnectivity
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