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lﬁl DAC725

Dual 16-Bit
DIGITAL-TO-ANALOG CONVERTER

FEATURES DESCRIPTION

e COMPLETE DUAL V DAC The DAC725 is a dual 16-bit DAC, complete with

ouT

e DOUBLE-BUFFERED INPUT REGISTER internal reference and output op amps. The DAC725 is
e HIGH-SPEED DATA INPUT: designed to interface to an 8-bit microprocessor bus,

. but can also be interfaced to wider buses. The hybrid
Serial or Parallel . L . .
construction minimizes the digital feedthrough typi-

¢ HIGH ACCURACY: 20.003% Linearity Error cally associated with products that combine the digital

e 14-BIT MONOTONICITY OVER bus interface circuitry with high-accuracy analog cir-
TEMPERATURE cuitry.

e PLASTIC PACKAGE The 16-bit data word is loaded into either of the DACs

e CLEAR INPUT TO SET ZERO OUTPUT in two 8-bit bytes per 16-bit word. The versatility of

the control lines allows the data word to be directed to
either DAC, in any order. The voltage-out DACs are
dedicated to a bipolar output voltage %#0V. The

output is immediately set to OV when the Clear com-
mand is given. This feature, combined with the bus
interfacing and complete DAC circuitry, makes the
DAC725 ideal for automatic test equipment, power
control, servo systems, and robotics applications.
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SPECIFICATIONS

ELECTRICAL

At Ty = +25°C, V¢ = £15V, and after a 10-minute warm-up unless otherwise noted.

DAC725JP DAC725KP
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
INPUT
DIGITAL INPUT
Resolution 16 * Bits
Bipolar Input Code Binary Twos Complement *
Logic Levels®: Vy +2 +5.5 * * \Y,
Vi -1 +0.8 * * %
Iy (V) = +2.7V) 1 * HA
I (V, = +0.4V) 1 * HA
TRANSFER CHARACTERISTICS
ACCURACY
Linearity Error +0.003 +0.006 +0.0015 +0.003 % of FSR®
Differential Linearity Error®) +0.0045 +0.012 0.003 +0.006 % of FSR
At Bipolar Zero: KPG. 4 +0.003 +0.006 % of FSR
Gain Error®) +0.07 +0.2 * +0.15 %
Bipolar Zero Error(®) +0.05 +0.1 * * % of FSR
Montonicity Over Specified Temp. Range 13 14 Bits
Power Supply Sensitivity: +Vec, —Vee +0.0015 +0.006 * * % of FSR/%Vcc
Voo +0.0001 +0.001 * * % of FSRI%Vpp
DRIFT (Over Specified Temperature Range)
Gain Drift +10 * +25 ppm/°C
Bipolar Zero Drift +5 * +12 ppm of FSR/°C
Differential Linearity Over Temperature®) +0.0045 +0.012 +0.003 +0.006 % of FSR
Linearity Error Over Temperature®® +0.012 +0.006 % of FSR
SETTLING TIME (to +0.003% of FSR)®)
20V Step (2kQ load) 4 * 8 us
1LSB Step at Worst-Case Code(”) 2.5 * 4 us
Slew Rate 10 * V/us
OUTPUT
Output Voltage Range(® +10 * \Y,
Output Current +5 * mA
Output Impedance 0.15 * Q
Short Circuit to Common Duration Indefinite *
POWER SUPPLY REQUIREMENTS
Voltage: +V¢c +11.4 +15 +16.5 * * * \
—Vee -11.4 -15 -16.5 * * * \
Voo +4.5 +5 +5.5 * * * %
Current (No load, +15V supplies): +V¢c +29 +35 * * mA
~Vee -35 —40 * * mA
Vpp +6 +10 * * mA
Power Dissipation (+15V supplies) 920 1175 * * mwW
TEMPERATURE RANGE
Specification 0 +70 * * °C
Storage —60 +150 * * °C

*Specification same as model to the left.

NOTES: (1) Digital inputs are TTL, LSTTL, 54/74HC and 54/74HTC compatible over the specification temperature range. (2) FSR means Full-Scale Range. For
example, for +10V output, FSR = 20V. (3) +0.0015% of FSR is equal to 1LSB in 16-bit resolution. +0.003% of FSR is equal to 1LSB in 15-bit resolution. +0.006%
of FSR is equal to 1LSB in 14-bit resolution. (4) Error at input code 0000, (BTC). (5) Adjustable to zero with external trim potentiometer. Adjusting the gain
potentiometer rotates the transfer function around the bipolar zero point. (6) Maximum represents the 3o limit. Not tested for this parameter. (7) The bipolar worst-
case code change is FFFFy to 0000y (BTC). (8) Minimum supply voltage for 10V output swing is approximately +13V. Output swing for £12V supplies is at least
+9V.

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.
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CONNECTION DIAGRAM PIN DESCRIPTIONS

PIN | DESIGNATOR DESCRIPTION
1 CLR Clear line. Sets the D/A
? ? register to 0000y,
R which gives bipolar zero
CLR II E GA (A) on the D/A output.
2 Voo Logic supply (+5V).
Voo IZ ZI SJ (A) 3 A, Latch enable for D/A latch
>—| . (active low).
A, E E‘ ACOM 4 Ao Latch enable for “low byte”
High (A) input (active low).
— Byte | 8 5 A, Latch enable for “high byte”
Ao IZ Latch 16- ’ EI Vour (A) input (active low).
- — DA 116N Bit L 6 D; (Dy5) Input for data bit 7 if en-
1 E Latch DIA —E WR (A) (MSB) abling low byte (LB) latch,
Low or data bit 15 if enabling
D, (Do) E_ L?;fh flﬁ‘> _E cs () , ; the high byte (HB) latch.
— s (D14) Input for data bit 6 if en-
) abling LB latch, or data bit
Ds (Dy4) E_' EI ~Vee 14 if enabling HB latch.
8 Ds (D13) Data bit 5 (LB) or data bit
Ds (Dy3) E—« T T E‘ +Vee 13 (HB).
9 D, (Dy) Data bit 4 (LB) or data bit
D, 1) [ M ] e 12 (HB). _
iy 10 D; (Dy3) Data bit 3 (LB) or data bit
— 11 (HB).
D5 (Byy) E" I — E WR (B) 11 D, (Do) Data bit 2 (LB) or data bit
- 10 (HB).
D, (Dyp) IE—' High E GA (B) 12 D; (Dg) Data bit 1 (LB) or data bit 9
Byte | 8 (HB).
D, (09 E_' Latch oA 16 _EI S1(B) 13 D, (Dg) Data bit 0 (LB) or data bit
—] 16 )| Bit 8 (HB).
Latch DIA ACOM 14 DCOM Digital common.
Do (Dg) E_ Low E (B) 15 Vout (B) Voltage output for DAC B.
Byte | 8 16 ACOM (B) Analog common for DAC B.
DCOM E Latch - EI Vour (B) 17 SJ (B) Summing junction of the in-
ternal op amp for DAC B.
18 GA (B) Gain adjust pin for DAC B.
19 WR (B) Write control line for DAC B.
20 cs (B) Chip select control line for
ABSOLUTE MAXIMUM RATINGS DAC B.
Vi 10 COMMON eeeeeoreeeeeeeeeeeeeeeese s seeeeeeereeeeeeeeseeessssee 0V, +15V 21 +Vee Positive supply voltage
+Vgc to COMMON . 0V, +18V (+15V).
~Vce to COMMON .. OV, —18V 22 —Vee Negative supply voltage
Digital Data Inputs to COMMON .... ..—0.5V, Vpp + 0.5 — (-15V). _
DC Current any INPUL .........oociiiiiiiii s +10mA 23 cs (A Chip select control line for
Reference Out to COMMON .. Indefinite Short to COMMON —_— D_AC A. )
VOUT eoerreeeeeeeseessoeeessessssseees . Indefinite Short to COMMON 24 WR (A) Write control line for DAC A.
External Voltage Applied t0 Rp .....c.ccoiiiciiicicceece e +18V 25 Vour (A) Valtage output for DAC A.
External Voltage Applied to D/A OUEPUL ........ccceveeeineereseereseee e +5V 26 ACOM (A) Analog common for DAC_A'
Power Dissipation 2000mW 27 SJ (A) Summing junction of the in-
Storage Temperature .—60°C to +150°C t(_ernal _op amp for DAC A,
Lead Temperature (soldering, 10s) 28 GA (A Gain adjust pin for DAC A.
NOTE: These devices are sensitive to electrostatic discharge. Appropriate
1.C. handling procedures should be followed.
Stresses above those listed under “Absolute Maximum Ratings” may cause PACKAGE INFORMATION
permanent damage to the device. Exposure to absolute maximum condi- PACKAGE DRAWING
tions for extended periods may affect device reliability. MODEL PACKAGE NUMBER @)
DAC725JP 28-Pin Plastic DIP 215
ORDERING INFORMATION DAC725KP 28-Pin Plastic DIP 215

NOTE: (1) For detailed drawing and dimension table, please see end of data

LINEARITY ERROR TEMPERATURE sheet, or Appendix D of Burr-Brown IC Data Book.
MODEL max (% of FSR) RANGE
DAC725JP +0.012 0°C to +70°C
DACT725KP +0.006 0°C to +70°C
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DISCUSSION OF iero ([j)r:‘ftt f ch in th tput with QOO0
ero drift is a measure of change in the output wi

SPECIFICATIONS applied to the D/A converter inputs over the specified

temperature range. This code corresponds to OV analog

DIGITAL INPUT CODES output.

The DAC725 accepts positive-true binary twos complement
input code, as shown in Table |. The data is loaded into
either DAC, 8 bits at a time. The data may also be clocked
into the device in a serial format.

The maximum change in offset gi\ or tyax is referenced
to the zero error at +26 and is divided by the temperature
change. This drift is expressed in F3R/

SETTLING TIME
ANALOG OUTPUT

(Binary Two's Complement, Settling time of the D/A is the total time required for the
DIGITAL INPUT CODES Bipolar Operation, All Models) analog output to settle within an error band around its final
TFFFy, + Full Scale value after a change in digital input. Refer to Figure 1 for
ggg(;: _ZleLrgB typical values for this family of products.
8000y — Full Scale
TABLE |I. Digital Input Codes. 1
ACCURACY 5
: . s
Linearity 25 o, \
This specification describes one of the most important mea{ & % 1
sures of performance of a D/A converter. Linearity erroris | £ & \
the deviation of the analog output from a straight line drawn lé:f é \
through the end points (minus full-scale point and plus full- | € ¢ o.01 5
scale point). R '\
Differential Linearity Error o \
Differential Linearity Error (DLE) of a D/A converter is the 0.001
deviation from an ideal 1LSB change in the output when the 0.1 1 10 100
input changes from one adjacent code to the next. A differ- Settling Time (us)
ential linearity error specification afl/2LSB means that the

output step size can be between 1/2LSB and 3/2LSB wherFIGURE 1. Final-Value Error Band Versus Full-Scale Range

the input changes between adjacent codes. A negative DLE Settling Time.

specification of —1LSB maximum (-0.006% for 14-bit reso-

lution) insures monotonicity. Settling times are specified #0.003% of FSR#1/2LSB
Monotonicity for 14 bits) for two input conditions: a full-scale range

Monotonicity assures that the analog output will increase orchange of 20V £10V), and a 1LSB change at the “major
remain the same for increasing input digital codes. Thecarry,” the point at which the worst-case settling time
DAC725 is specified to be monotonic to 14 bits over the occurs. This is the worst-case point since all of the input bits
entire specification range. change when going from one code to the next.

DRIET POWER SUPPLY SENSITIVITY

. . Power supply sensitivity is a measure of the effect of a

Gain Drift .

Gain drift is a measure of the change in full-scale rangeChange in a power supply voltage on the D/A converter
output. It is defined as a percent of FSR change in the output

output over temperature expressed in parts per million per L o
. ) o - . per percent of change in either the positive supply-gvV
degree centigrade (ppf). Gain drift is established by: negative supply (Vo) or logic supply (Vg) about the

(1) testing the end point differencesygft +25°C and fax, nominal power supply voltages (see Figure 2). It is specified
(2) calculating the gain error with respect to the *@5  for DC or low frequency changes. The typical performance
value, and curve in Figure 2 shows the effect of high frequency changes

(3) dividing by the temperature change. in power supply voltages.

The DAC725 is specified for Maximum Gain and Offset
values at temperature. This tells the system designer the
maximum that can be expected over temperature, regardless
of room temperature values.

BURR - BROWN®
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Gain Adjustment

g 003 To adjust the gain of the DAC725, set the DAC to 7-fefF
3 both DACs. Adjust the gain of each DAC to obtain the full
< 0025 scale voltage of +9.99969V as shown in Table II.
j=2
g 002
(]
u“= DIGITAL
S oo1s TV INPUT BIPOLAR OUTPUT, 10V
g_} +15V Sugglz CODE 16 Bits 15 Bits 14 Bits UNITS
5 001 +5V Supply One LSB 305 610 1224 Y,
] M TFFFy +9.99969 +9.99939 +9.99878 \
ﬁ 0.005 //,, >\/,, 8000, -10 -10 -10 v
S TABLE II. Digital Input Codes.
° 1 10 100 1k 10k 100k

Power Supply Ripple Frequency (Hz) INTERFACE LOGIC AND TIMING

The control logic functions are chip select (C& CS),
FIGURE 2. Power Supply Rejection Versus Power Supply yrite (WR, or WRy), latch enable (§ A,, A,), and clear
Ripple Frequency. (CLR). These pins provide the control functions for the micro-
processointerface. There is a write and a chip select for both
DAC, and for DAG channels. This allows the 8-bit data
OPERATING INSTRUCTIONS WOI‘dAtO be Iatche(%from the data bus to the input latch or
from the input latch to the DAC latch, of DACDAC, or
POWER SUPPLY CONNECTIONS both.

For optimum performance and noise rejection, power supply

decoupling capacitors should be added as shown in thg TR
Connection Diagram JF to 1QuF tantalum capacitors should S A I @ @
be located close to the D/A converter. Lprpogp o 0| DAClatch enabled, Channel A

1 0 1 0 0 Input latch high byte enabled, Channel A

1 0 0 0 0 High byte flows through to DAC, Channel A
EXTERNAL ZERO AND GAIN ADJUSTMENT 0|1 1 0 0 Low byte latched from data bus, Channel A

. . . . 0 1 0 0 0 Low byte flows through to DAC, Channel A

Zero and gain may be trimmed by installing external zero| ¢ | o | 1 1 1| serialinputmode for byte latches
and gain potentiometers. Connect these potentiometers asx | x | X 1 0 No datais latched
shown in the Connection Diagram and adjust as described * | X | X 0 ! | Nodatais latched
below. TCR of the potentiometers should be 100p@nat “1” or "0” indicates TTL Logic Level Channel A shown.

less. The 3.9 and 270K resistors £20% carbon or
better) should be located close to the D/A converter to
prevent noise pickup. If it is not convenient to use these

TABLE Ill. Truth Table of Data Transfers.

high-value resistors, an equivalent “T” network, as shown in
Figure 3, may be substituted in place of the IVidsistor. { .
A 0.001uF to 0.01F low-leakage film capacitor should be LS8 i
connected from Gain Adjust to Analog Common to prevent t o + Full Scale ,//’
noise pickup. Refer to Figure 4 for relationship of Offset and g o, L .# Range of
Gain adjustments. P /%%,:/Gam Gain Adjust
[
& //,//, ’ Adjust | Offset Adjust
5 = //,’,’ Rotates | Translates
3.9MQ 180kQ 180kQ g Input = 8000, + }35’ the Line | the Line
= & 7
o—MW——o = o—W W0 2 : — —— |
10kQ s 5
g il Input = 7FFF,, | Range and
— R Offset Adjust
= %,:, Input = 0000,
L8
FIGURE 3. Equivalent Resistances. R
,/ /, //
Y s 7
H gt — Full Scale

Zero Adjustment S
By loading the code 00QQthe DAC will force 0V. Offset ’ Digital Input

is adjusted by using the circuit of Figure 5. An alternate
method would be to use the CLR control to set the DAC to F|GURE 4. Relationship of Zero and Gain Adjustments
0V. Zero calibration should be made before gain calibration. for the DAC725.
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The latch enable lines control which latch is being loaded.
Line A; in combination with WR and CS enables the high
byte of the DAC channel to be latched through the byth.la

The A, line, in conjunction with the WR and CS, latches the
data for the low byte. When,ACS, and WR are low at the
same time, the data is latched through the D/A latch and the
DAC changes output voltage. Each latch may be made

transparent by maintaining its enable signal at logic “0".

The serial data mode is activated when bogtaAd A are

at logic low simultaneously. The data (MSB first) is clocked

in to pin 13 with clock pulses on the WR pin. The data is
then latched through to the DAC as a complete 16-bit word
selected by A

The CLR line resets both input latches to all zeros and sets
the DAC latch to 00QQ This is the binary code that gives
a null, or zero, at the output of the DAC.

The maximum clock rate of the latches is 10MHz. The

minimum time between the write (WR) pulses for succes-
sive enables is 20ns. In the serial input mode, the maximun
rate at which data can be clocked into the input shift register

OVER TEMP.
INTERVAL DESCRIPTION ns, min ns, max
tow Data valid to end of WR 80
tew CS valid to end of WR 80
taw Ay, Ay, A, valid to end of WR 80
twe Write pulse width 80
toH Data hold after end of WR 0
tew
ﬁ
Cs N
taw
—— — N\
Ao Ay A N
|— tDW —
D0-D15, SI
toy —»| |-
WR AN
‘<— typ—m|

is 10MHz. The timing of the control signals is given in
Figure 6.

FIGURE 6. Logic Timing Diagram.

Ve
Gain
» ’ Adjust (A) 270kQ
*
E E_, %0.00ZZHF
2 27 l ] - 3.9MQ
*
E ’_l E‘ Offset
High Adjust (A)
Byte | 8 +V,
4 Latch 16- 25 ce
— D/A 16 Bit
5 Latch DIA L 124
Low
Byte | 8
5 M Latch fl> L 23
r -
7 |- 22
8 |- * 21
9 [ 20
+Vee
I:_:"‘ :I Gain (@)
10 — 19 Adjust (B) 2}\‘}‘\72 é
E_' E—I %o.oozzwz
=} i = s
16 )| Bit *
E_ L Latch D/IA ] :‘ Offset
B;"; flf> 16 Adjust (B)
14 Latch L 15 +Vec

* 10kQ to 100kQ

+_@ —Vee

FIGURE 5. Connections for Gain and Offset Adjust.
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INSTALLATION APPLICATIONS
Because of the extremely high accuracy of the D/A \yAVEFORM GENERATION

converter, system design problems such as grounding an . .
y gn p g g dl'he DAC725 has attributes that make it ideal for very low

contact resistance become very important. For a 16-bitd. . ¢ hesis. D ial desi h
converter with a +10V full-scale range, 1LSB is 193 !stortlon waveform synthesis. ue to special design tech-
niques, the feedthrough energy is much lower than that

With a load current of 5mA, series wiring and connector found in other D/A ; ilable today. In addition t
resistance of only 30@ will cause the output to be in error ound in other converters avarable today. In adciition 1o
the low feedthrough glitch energy, the input logic will

by 1LSB. To understand what this means in terms of a ith d f 10MHz. Thi kes the DACT725
system layout, the resistance of typical loz Copper-cladOperalte with data rates o z. This makes the

printed circuit board material is approximately 1Qmer ideal for waveform synthesis.

square mil. In the example above, a 10mil-wide CondUCtorPROGRAMMABLE POWER SUPPLIES
60mil long would cause a 1LSB error ip &d R of Figure
7. The DAC725 is an excellent choice for programmable

In Figure 7, lead and contact resistances are represented Fower supply applications. The DAC outputs may be pro-

R, through R. As long as the load resistancq YRemains grammed o track or oppose eagh other. If the. load is
. . : floating, and can be driven differentially, the dynamic range
constant, the resistances of &d R will appear as gain

. will be 17 bits, because the full-scale range doubles for the
errors when the output is sensed across the load. If the output - T
. . same sized LSB. The clear line (CLR) sets both DAC
is sensed at the DAC725 output terminal and the system .
. . . outputs to zero, and would be used at power-up to bring the

analog common, fand R, appear in series with; RR, has . — :

. - . system up in a safe state. The CLR line could also be used
a current through it that varies by only 1% of the nominal ; .

o . if an over-power state is sensed.

2mA current for all code combinations. This IR drop causes

an offset error, and is calibrated out as an offset error. ISOLATION

The DAC725 can accept serial input data, which means that
only six optoisolators are needed for two DACs. The data is
clocked into the input latch using the WR pin. The 16-bit
"ata word is latched into the DAC selected by When A,
andT& are simultaneously low, the serial mode is enabled.

The current through the digital common varies directly with
the digital code that is loaded into the DAC. The current is
not the same for each code. If this IR drop is allowed to
modulate the analog common, there may be code-depende
errors in the analog output.

The IR drop acrossgfnay cause accuracy problems if the

analog commons of several circuits are “daisy chained”
along the power supply analog common. All analog sense
lines should be referenced to the system analog common.

| — N— —— |
| .
[ ';32 $ 16- | R,
| D/IA 16 Bit - ! OutA \/\/\/\
| L Latch DIA . T
| oo |8 ® !
: e | R System Analo Ry
! 0to 2mA L ~ 2mA L | N " Yo rateg
Typ Constant Analog Common A |
8-Bit : \/\/\/L /
Data Bus — Digital Common !
0 0to2mA T 0 to 4mA Typ ! Rg R3
! Typ ,
|
|
[ High [g !
[ :: > 16- | outB %
! Byte oA [\ Bit | Ou
| L Latch D/IA !
! ow [Tg ®) | N
| Byte : +Vpo | Digital Rg
' EPETTI AL
| V, Supp|y ommon
| _ DD
: C~ 2mA l | pusrrs B\# Y Analog
! onstant nalog Common ! Ve Supply Vcc Common
_____________________________________ ~Vee

FIGURE 7. System Wiring Example.
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i3 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 3-Jul-2009

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
DAC725JP NRND PDIP NTD 28 13 TBD CU SNPB N/ A for Pkg Type
DAC725KP NRND PDIP NTD 28 13 TBD CU SNPB N/ A for Pkg Type

@ 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 Sbh/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 RoOHS 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.

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 TI 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 TI
to Customer on an annual basis.
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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 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 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 Tl 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

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy
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