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Octal, 16-Bit, Low-Power, £15-V Qutput, Serial Input
DIGITAL-TO-ANALOG CONVERTER

FEATURES

Bipolar Output: £15V, Up to +16.5V
Unipolar Output: 0 V to +18 V

16-Bit Resolution

Low Power: 20.6 mW/Ch

Relative Accuracy: 4 LSB Max

Low Zero-Code/Gain Error

— Before User Calibration: 10 LSB Max
— After User Calibration: £1 LSB Max
Flexible System Calibration

Low Glitch

Settling Time: 10 ps

Channel Monitor Output

Programmable Offset

SPI™: Up to 50-MHz, 1.8-V/3-V/5-V Logic
Schmitt Trigger Inputs

Daisy-Chain Mode

Packages: QFN-48 (7x7mm), TQFP-64
(20x10mm)

APPLICATIONS

A

Automatic Test Equipment
PLC and Industrial Process Control
Communications

I0Vpp DGND DVppA AVppA AVggA

DESCRIPTION

The DAC8718 is a low-power, octal, 16-bit
digital-to-analog converter (DAC). The output can be
a bipolar £15-V voltage when operating from a dual
+16.5V power supply, or a unipolar 0-V to +18-V
voltage when operating from a +20-V power supply.
This DAC provides low-power operation, good
linearity, and low glitch over the specified temperature
range of —40°C to +105°C. This device is trimmed in
manufacturing and has very low zero-code and gain
error. In addition, system level calibration can be
performed to achieve 1 LSB zero-code and gain
error over entire signal chain. The output range can
be offset by properly setting the DAC offset register.

The DAC8718 features a standard, high-speed serial
peripheral interface (SPI) at up to 50 MHz and 1.8-V,
3-V, and 5-V logic compatible, to communicate with a
DSP or microprocessor. The input data of the device
are double-buffered. An asynchronous load input
(LDAC) transfers data from the DAC data register to
the DAC latch. The asynchronous CLR input sets the
output of all eight DACs to AGND. The Vyon pin is a
monitor output that connects to the individual analog
outputs and two external inputs through a multiplexer
(mux).

The DAC8718 is pin-to-pin compatible with the
DACB8Z1] (14-bit) and the DAC7718 (12-bit).
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DSP is a trademark of Texas Instruments.

SPI, QSPI are trademarks of Motorola Inc.

Microwire is a trademark of National Semiconductor.

All other trademarks are the property of their respective owners.

REF-B

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.

PRODUCT PREVIEW information concerns products in the
formative or design phase of development. Characteristic data and
other specifications are design goals. Texas Instruments reserves
the right to change or discontinue these products without notice.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION®

MINIMUM
RELATIVE DIFFERENTIAL SPECIFIED
ACCURACY LINEARITY PACKAGE- PACKAGE TEMPERATURE PACKAGE
PRODUCT (LSB) (LSB) LEAD DESIGNATOR RANGE MARKING
+1 +1 QFN-48 RGZ —40°C to +105°C DAC8718
DAC8718
+1 +1 TGFP-64 PAG —40°C to +105°C DAC8718

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this data sheet, or see the Tl
website at [yww.Ti.con.

ABSOLUTE MAXIMUM RATINGS®
Over operating free-air temperature range (unless otherwise noted).

PARAMETER DAC8718 UNIT

AVpp to AGND TBD \Y
DVpp to DGND TBD \Y
IOVpp to DGND TBD \Y
Digital input voltage to DGND TBD \%
Vour to AGND TBD \Y
Operating temperature range TBD °C
Storage temperature range TBD °C
Maximum junction temperature (T; max) TBD °C
. Human body model (HBM) TBD \%

ESD ratings -
Charged device model (CDM) TBD \%

(1) Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure to absolute
maximum conditions for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS: Dual-Supply

All specifications at Ty = Tyn t0 Tyax, AVpp = +16.5 V, AVgg = —16.5 V, DVpp = +5 V, reference on REF-A and REF-B = +5 V,
gain = 6, and AGND-x = DGND = 0V; Offset DAC A and Offset DAC B are at default values, unless otherwise noted.®

DAC8718
PARAMETER CONDITIONS MIN TYP MAX UNIT
STATIC PERFORMANCE
Bipolar Output
Resolution 16 Bits
Linearity error +4 LSB
Differential linearity error +1 LSB
Bipolar zero error Ta = +25°C, before user calibration +10 LSB
Bipolar zero error TC +5| ppm FSR/°C
Ta = +25°C, before user calibration +10 LSB
Zero-code error —
Ta = +25°C, after user calibration +1 LSB
Zero-code error TC +5| ppm FSR/°C
. Ta = +25°C, before user calibration +0.015 % FS
Gain error
Ta = +25°C, after user calibration +0.0015 % FS
Gain error TC +5| ppm FSR/°C
Ta = +25°C, before user calibration +10 LSB
Full-scale error ——
Ta = +25°C, after user calibration +1 LSB
Full-scale error TC +5| ppm FSR/°C
DC crosstalk® 0.1 LSB

(1) Offset DAC A and Offset DAC B are trimmed in manufacturing to minimize the error for symmetrical output. The default value may vary
no more than +10 LSB from the nominal number listed in [able 3.

(2) The DAC outputs are buffered by op amps that share common AVpp and AVsg power supplies. DC crosstalk indicates how much dc
change in one or more channel outputs may occur when the dc load current changes in one channel (because of an update). With
high-impedance loads, the effect is virtually immeasurable. Multiple Vpp and Vgg terminals are provided to minimize dc crosstalk.
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ELECTRICAL CHARACTERISTICS: Dual-Supply (continued)

All specifications at Ty = Tyn t0 Tyax, AVpp = +16.5 V, AVgg = —16.5 V, DVpp = +5 V, reference on REF-A and REF-B = +5 V,
gain = 6, and AGND-x = DGND = 0V; Offset DAC A and Offset DAC B are at default values, unless otherwise noted.

DAC8718
PARAMETER CONDITIONS MIN TYP MAX UNIT
ANALOG OUTPUT (Vour-0 to Vour-7)
Vger = +5 V, Offset DAC output = 3 V -15 +15 \%
Voltage output®
Vger = +1.5 V, Offset DAC output = 0.9V -4.5 +4.5 \%
Output impedance 0.5 Q
Short-circuit current® 10 mA
Load current +1 mA
Capacitor load 500 pF
To 0.03% of FS, C, = 200 pF, R = 10 kQ, code from 0000h 10 s
o to FFFFh and FFFFh to 0000h in USB format H
Settling time
To 1LSB, C_ =200 pF, R_ =10 kQ, code from 0000h to 20 s
FFFFh and FFFFh to 0000h in USB format H
Slew rate® 5 Vius
Digital-to-analog glitch® Code from 7FFFh to 8000h and 8000h to 7FFFh 1 TBD nv-s
Glitch impulse peak amplitude 10 (TBD) mV
Glitch impulse in power-on® AVpp and AVgg ramp up, O to final TBD (300 ?) mV
Channel-to-channel isolation® 100 dB
. DACs in the same group 40 nV-s
DAC-to-DAC crosstalk® -
DACs among different groups 10 nVv-s
Digital crosstalk 0.1 nv-s
Digital feedthrough®? 0.6 nv-s
T = +25°C at 10 kHz, gain = 6 220 nVAHz
) T = +25°C at 10 kHz, gain = 4 160 nVAHz
Output noise -
0.1 Hz to 10 Hz, gain = 6 20 UVpp
0.1 Hz to 100 kHz TBD UVRms
Power-supply rejection? Vpp =5 V to #16.5 V 0.1 TBD LSB
OFFSET DAC OUTPUT®®
Zero-code error +10 LSB
Voltage output drift 5| ppm FSR/°C
ANALOG MONITOR PIN (Vyon)
Output impedance Ta = +25°C 100044 Q
Three-state leakage current 100 nA
Continuous current limit 5 mA

(3) The analog output range of Vout-0 to Vout-7 is equal to (6 X Vggg — 5 x OUTPUT_OFFSET_DAC) for gain = 6. The maximum value of
the analog output must not be greater than (AVpp — 0.5 V), and the minimum value must not be less than (AVgg + 0.5 V). All
specifications are for a +16.5-V power supply and a £15-V output, unless otherwise noted.

(4) When the output current is greater than the specification, the current is clamped at the specified maximum value.

(5) Slew rate is measured from 10% to 90% of the transition when the output changes from 0 to full-scale.

(6) Digital-to-analog glitch is defined as the amount of energy injected into the analog output at the major code transition. It is specified as
the area of the glitch in nV-s. It is measured by toggling the DAC register data between 7FFFh and 8000h in straight binary format.

(7) Power-on glitch is defined as the glitch on Voyt when AVpp and AVgg ramp up from 0 to the final value; ramp time 100 ps.

(8) Channel-to-channel isolation refers to the proportion of input signal from one DAC reference input that appears at the output of another
DAC operating from another reference. It is expressed in dB and measured at midscale.

(9) DAC-to-DAC crosstalk is the glitch impulse that appears at the output of one converter as a result of both the digital change and
subsequent analog output change at another converter.

(10) Digital crosstalk is the glitch impulse transferred to the output of one converter as a result of a change in the DAC code of another
converter.

(11) When the device is not selected, high-frequency logic activity on the device digital inputs can be capacitively coupled both across and
through the device to show up as noise on the Vot pins (it can also be coupled along the supply and ground lines). This noise is digital
feedthrough.

(12) The output must not be greater than (AVpp — 0.5 V) and not less than (AVgg + 0.5 V).

(13) Offset DAC A and Offset DAC B are trimmed in manufacturing to minimize the error for symmetrical output. The default value may vary
no more than +10 LSB from the nominal number listed in [able 3.

(14) 5000 Q when Vyon is connected to Reference Buffer A or B.
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ELECTRICAL CHARACTERISTICS: Dual-Supply (continued)

All specifications at Ty = Tyn t0 Tyax, AVpp = +16.5 V, AVgg = —16.5 V, DVpp = +5 V, reference on REF-A and REF-B = +5 V,
gain = 6, and AGND-x = DGND = 0V; Offset DAC A and Offset DAC B are at default values, unless otherwise noted.

DAC8718
PARAMETER CONDITIONS MIN TYP MAX UNIT

AUXILIARY ANALOG INPUT (AIN-0, AIN-1) (TBD)
Input range TBD TBD TBD v
Input impedance TBD TBD TBD kQ
Input capacitance 25 pF
Input leakage current TBD TBD TBD nA
REFERENCE INPUT
gifgeé?g):e input voltage 15 55 v
Reference input dc impedance 100 MQ
Reference input capacitance 10 pF
DIGITAL INPUT

IOVpp = +5 V 2.4 0.3 + I0Vpp v
High-level input voltage, V|4 I0Vpp = +3.3V 2.0 0.3 + 10Vpp \%

IOVpp = +1.8 V 0.95 x I0Vpp 0.3 + I0Vpp v

IOVpp = +5 V DGND 0.8 Y
Low-level input voltage, V). I0Vpp = +3.3V DGND 0.6 \%

IOVpp = +1.8 V DGND 0.35 x 10Vpp v
Input current +1 HA
Input capacitance 5 pF
Power-on delay From AVpp = +4 V and DVpp = +1.6 V to CS low 20019 us
Power-down recovery time From RST and PDN low-to-high transition to CS low 50 us
DIGITAL OUTPUT
High-level output voltage, Vou Sourcing 200 pA I0Vpp — 0.5 10Vpp \%
Low-level output voltage, Vo Sinking 200 pA 0.4 Y
High-impedance leakage 5 pA
T u -
POWER SUPPLY
AVpp +5 +18 v
AVgs -18 -5 Y%
Alpp Normal operation 8 mA
Alss Normal operation 8 mA
DVpp®? +2.7 +5.5 Y
10Vpp +1.8 +5.5 \Y
Power dissipation Normal operation, AVpp = +12 V, AVgg = =12 V 192 mwW
TEMPERATURE RANGE
Specified performance ‘ | -40 +105 °C

(15) All specifications are for (Vggg + 3 V) to +5 V.
(16) The power-on delay is 200 pS max for 100 pS of the power supply ramp time (from O V to final value).
(17) When Vggr is less than +2.5 V, DVpp must be not less than +2.5 V.
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ELECTRICAL CHARACTERISTICS: Single-Supply
All specifications at Ty = Tyn t0 Tyax, AVpp = +20 V, AVgs = 0V, DVpp = +5 V, reference on REF-A and REF-B = +3 V, gain

=6, and AGND-x = DGND = 0V, unless otherwise noted.
DAC8718
PARAMETER CONDITIONS MIN TYP MAX UNIT
STATIC PERFORMANCE
Resolution 16 Bits
Linearity error +4 LSB
Differential linearity error +1 LSB
Ta = +25°C, before user calibration +10 LSB
Zero-code error
Ta = +25°C, after user calibration, code not less than 1024 +1 LSB
Zero-code error TC +5| ppm FSR/°C
. Ta = +25°C, before user calibration +0.015 % FS
Gain error
Ta = +25°C, after user calibration +0.0015 % FS
Gain error TC +5| ppm FSR/°C
Ta = +25°C, before user calibration +10 LSB
Full-scale error
Ta = +25°C, after user calibration +1 LSB
Full-scale error TC +5| ppm FSR/°C
DC crosstalk® 0.1 LSB

ANALOG OUTPUT (Vour-0 to Vour-7)

Vgrer = +3 V 0 +18 \%

Voltage output® REF

Vger = +1.5V 0 +9 Y
Output impedance 0.5 Q
Short-circuit current® 10 mA
Load current +1 mA
Capacitor load 500 pF

To 0.03% of FS, C, = 200 pF, R = 10 kQ, code from 0000h 10 s

to FFFFh and FFFFh to 0000h in USB format H
Settling time

To 1 LSB, C_ =200 pF, R = 10 kQ, code from 0000h to 20 s

FFFFh and FFFFh to 0000h in USB format H
Slew rate® 5 Vius
Digital-to-analog glitch® Code from 7FFFh to 8000h and 8000h to 7FFFh 1 TBD nv-s
Glitch impulse peak amplitude | Code from 7FFFh to 8000h and 8000h to 7FFFh 10 mvV
Glitch impulse in power-on® AVpp ramps up, O to final TBD (300 ?) mv
Channel-to-channel isolation® 100 dB

DACs in the same group 40 nVv-s
DAC-to-DAC crosstalk® -

DACs among different groups 10 nVv-s
Digital crosstalk® 0.1 nv-s
Digital feedthrough®? 0.6 nv-s

(1) The DAC outputs are buffered by op amps that share common AVpp and AVsg power supplies. DC crosstalk indicates how much dc
change in one or more channel outputs may occur when the dc load current changes in one channel (because of an update). With
high-impedance loads, the effect is virtually immeasurable. Multiple Vpp and Vgg terminals are provided to minimize dc crosstalk.

(2) The analog output range of Vout-0 to Vout-7 is equal to (6 x Vrgg) for gain = 6. The maximum value of the analog output must not be
greater than (AVpp — 0.5 V). All specifications are for a +20-V power supply and a 0-V to +18-V output, unless otherwise noted.

(3) When the output current is greater than the specification, the current is clamped at the specified maximum value.

(4) Slew rate is measured from 10% to 90% of the transition when the output changes from 0 to full-scale.

(5) Digital-to-analog glitch is defined as the amount of energy injected into the analog output at the major code transition. It is specified as
the area of the glitch in nV-s. It is measured by toggling the DAC register data between 7FFFh and 8000h in straight binary format.

(6) Power-on glitch is defined as the glitch on Voyt when AVpp ramps up from 0O to the final value; ramp time is 100 ps.

(7) Channel-to-channel isolation refers to the proportion of input signal from one DAC reference input that appears at the output of another
DAC operating from another reference. It is expressed in dB and measured at midscale.

(8) DAC-to-DAC crosstalk is the glitch impulse that appears at the output of one converter as a result of both the digital change and
subsequent analog output change at another converter.

(9) Digital crosstalk is the glitch impulse transferred to the output of one converter as a result of a change in the DAC code of another
converter.

(10) When the device is not selected, high-frequency logic activity on the device digital inputs can be capacitively coupled both across and
through the device to show up as noise on the Vgyr pins (it can also be coupled along the supply and ground lines). This noise is digital
feedthrough.
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ELECTRICAL CHARACTERISTICS: Single-Supply (continued)

All specifications at Ty = Tyn t0 Tyax, AVpp = +20 V, AVgs = 0V, DVpp = +5 V, reference on REF-A and REF-B = +3 V, gain
=6, and AGND-x = DGND = 0V, unless otherwise noted.

DAC8718
PARAMETER CONDITIONS MIN TYP MAX UNIT
Ta = +25°C at 10 kHz, gain = 6 220 nV/VHz
) Ta = +25°C at 10 kHz, gain = 4 160 nVAHHz
Output noise -
0.1 Hz to 10 Hz, gain = 6 20 UVpp
0.1 Hz to 100 kHz TBD UVRrms
Power-supply rejection®? Vpp = TBD 0.1 TBD LSB
ANALOG MONITOR PIN (Vyon)
Output impedance Ta = +25°C 100012 Q
Three-state leakage current 100 nA
Continuous current limit 5 mA
AUXILIARY ANALOG INPUT (AIN-0, AIN-1) (TBD)
Input range TBD TBD TBD \%
Input impedance TBD TBD TBD kQ
Input capacitance 25 pF
Input leakage current TBD TBD TBD nA
REFERENCE INPUT
fa?]fge;?g():e input voltage 15 55 v
Reference input dc impedance 100 MQ
Reference input capacitance 10 pF
DIGITAL INPUT
IOVpp = +5 V 2.4 0.3 + I0Vpp Y%
High-level input voltage, V|, I0Vpp = +3.3V 2.0 0.3 + 10Vpp \%
IOVpp = +1.8 V 0.95 x I0Vpp 0.3 + IOVpp v
IOVpp = +5 V DGND 0.8 v
Low-level input voltage, V. I0OVpp = +3.3V DGND 0.6 \%
IOVpp = +1.8 V DGND 0.35 x I0Vpp v
Input current +1 HA
Input capacitance 5 pF
Power-on delay From AVpp 2 +4 V and DVpp = +1.6 V to CS low 20044 us
Power-down recovery time From RST and PDN low-to-high transition to CS low 50 us
DIGITAL OUTPUT
High-level output voltage, Vou Sourcing 200 pA I10Vpp — 0.5 10Vpp \%
Low-level output voltage, Vo, Sinking 200 pA 0.4 \%
High-impedance leakage 5 HA
o e oo 10 o
POWER SUPPLY
AVpp +5 +20 v
Alpp Normal operation 8 mA
DVpp D VRer +5.5 \Y;
10Vpp +1.8 +5.5 v
Power dissipation Normal operation, AVpp = +20 V 160 mw
TEMPERATURE RANGE
Specified performance ‘ | -40 +105 °C

(11) The analog output must not be greater than (AVpp — 0.5 V).

(12) 5000 Q when Vyon is connected to Reference Buffer A or B.

(13) All specifications are for (Vggg + 3 V) to +5 V.

(14) The power-on delay is 200 uS max for 100 uS of the power supply ramp time (from 0 V to final value).
(15) When Vgge is less than +2.5 V, DVpp must be not less than +2.5 V.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1. Functional Block Diagram
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PAG PACKAGE

PIN CONFIGURATIONS

RGZ PACKAGEM

TQFP-64 QFN-48
(TOP VIEW) (TOP VIEW)
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(1) The thermal pad is internally connected to
the substrate. This pad can be connected
to the analog ground or left floating. Keep
the thermal pad separate from the digital
ground, if possible.
PIN DESCRIPTIONS
PIN PIN NO.
NAME QFN-48 TQFP-64 110 DESCRIPTION
AVpp-A 1 1 | Group A® positive +15-V analog power supply
AIN-0 2 3 | Auxiliary analog input 0, directly routed to the analog mux
Vout-3 3 4 (o] DAC-3 output
REF-A 4 5 | Group A reference input
Vout-2 5 6 (o] DAC-2 output
Vour-1 6 7 (@] DAC-1 output
AGND-A 7 8 | Group A analog ground
AGND-A 8 9 | Group A analog ground
OFFSET-A 9 10 o OFFSET DAC-A_anang output. Must be connected to AGND-A during single power-supply
operation (AVss = 0 V).
Vout-0 10 11 O DAC-0 output
AVgg-A 11 12 | Group A negative —15-V analog power supply
Analog monitor output. This pin is either in Hi-Z status, connected to one of the eight DAC outputs,
Vmon 12 14 (0] or one of the auxiliary analog inputs, depending on the content of the Monitor Register. See the
Monitor Register, [[@ble g, for details.
GPIO-2 13 19 /o General-purpose digital input/output 2. This pin is a bidirectional digital input/output, open-drain.
See the section for details.
Level Trigger. When the CLR pin is logic '0', all Vout-X pins connect to AGND-x through switches
CLR 14 20 | and internal low-impedance. When the CLR pin is logic '1', all Vour-X pins connect to the amplifier
outputs.
RST 15 21 | Reset input (active low). Logic low on this pin resets the input registers and DACs to the values
defined by the RSTSEL pin.

(1) Group A consists of DAC-0, DAC-1, DAC-2, and DAC-3. Group B consists of DAC-4, DAC-5, DAC-6, and DAC-7.

Copyright © 2009, Texas Instruments Incorporated

Bubmit Documentafion Feedback 9

Product Folder Link(s): DAC8713

PRODUCT PREVIEW


http://focus.ti.com/docs/prod/folders/print/dac8718.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS467&partnum=DAC8718
http://focus.ti.com/docs/prod/folders/print/dac8718.html

M3IATdHd 109NAd0¥™d

SBAS467—-MAY 2009

13 TEXAS
INSTRUMENTS

www.ti.com

PIN DESCRIPTIONS (continued)

PIN PIN NO.
NAME QFN-48 TQFP-64 110 DESCRIPTION
DVpp-B 17 24 | Goup B® digital power
DGND-B 20 25 | Group B digital ground
PDN 2 28 | Power-down control input (active low). Logic low on this pin forces the device into a power-down
state. During power-down, Vout connects to AGND through a low impedance.
GPIO-1 23 29 /o General-purpose digital input/output 1. This pin is a bidirectional digital input/output, open-drain.
See the EPTO Ping section for details.
GPIO-0 2 30 o) General-purpose digital input/output 0. This pin is a bidirectional digital input/output, open-drain.
See the section for details.
AVss-B 26 37 | Group B negative —15-V analog power supply
Vout-7 27 38 O DAC-7 output
OFFSET-B 28 39 o OFFSE_T DAC-B analog output. Must be connected to AGND-B during single-supply operation
(AVss =0 V).
AGND-B 29 40 | Group B analog ground
AGND-B 30 41 | Group B analog ground
Vour-6 31 42 0 DAC-6 output
Vout-5 32 43 O DAC-5 output
REF-B 33 44 | Group B reference input
Vour-4 34 45 (e} DAC-4 output
AIN-1 35 46 | Auxiliary analog input 1, directly routed to the analog mux
AVpp-B 36 48 | Group B positive +15-V analog power supply
Data format selection of Input DAC data and Offset DAC data. Data are in straight binary format
BTC/USB 37 50 | when connected to DGND or in twos complement format when connected to IOVpp. The command
data are always in straight binary format. Refer to section for details.
Output reset selection. Selects the output voltage on the Vot pin after power-on or hardware reset.
RSTSEL 38 51 | i X
Refer to the section for details.
DGND-A 40 54 | Group A digital ground
10Vpp 41 55 | Interface power
DVpp-A 42 56 | Goup B digital power
SCLK 43 57 SPI bus serial clock input
zs a4 58 SPI bus chip select input (active low). Data are not clocked into SDI unless CS is low. When CS is
high, SDO is in a high-impedance state and the SCLK and SDI signals are blocked form the device.
SDI 45 59 SPI bus serial data input
SPI bus serial data output.
SDO 16 61 When the DSDO bit ='0", the SDO pin works as an output in normal operation.
When the DSDO bit ='1', SDO is always in a Hi-Z state, regardless of the CS pin status. Refer to
the section for details.
Load DAC latch control input (active low). When LDAC is low, the DAC latch is transparent and the
DAC 47 62 contents of the DAC Data Register are transferred to it. The DAC output changes to the
corresponding level simultaneously when the DAC latch is updated. See the Yutput Updatd
section for details.
WAKEUP 48 63 Wake-up input (active low). Restores the SPI from sleep to normal operation. See the
section for details.
2,13,
15-18, 22,
16, 18, 19, | 23, 26, 27,
NC 21, 25. 39 31-36, 47, Not connected
49, 52, 53,
60, 64
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TIMING DIAGRAMS

Case 1: Standalone mode, LDAC tied low.

J/\ Input Data Register and

| tg | p—
s P ” \
t1
_s & I \ 3
SCLK 2 1 y
—

J‘Lfk\—/—\ﬂﬂ

DAC Latch Updated
When Correction Completes"

L~

X BT10 X

( ts—ets (
12 7

SDI . BIT 23 (MSB) BIT 22 [ X BIT 1
Y )

Low

IG

LDAC —§

))

NOTE: (1) If the correction engine is off, the DAC latch is reloaded immediately after the Input Data Register is updated.

Case 2: Standalone mode, LDAC active high.

/\Input Data Register Updated,

( i
SCLK :2’ £\ 4 \L‘ts’y

(( 7
) :
o
] % ) / N
N
<—tF :

but DAC Latch is Not Updated

X Bmo| X

« ks (
1) 7

SDI BIT 23 (MSB) BIT 22 >< X BIT 1
5 5

High

lt— gl t10 ]

LDAC —f

DAC Latch Updated®

NOTE: (2) The DAC latch is updated when LDAC goes low, as long as the timing requirement of tg is satisfied.

. Bit 23 = MSB
I:l = Don’t Care Bit0 = LSB

Figure 2. SPI Timing for Standalone Mode
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TIMING DIAGRAMS (continued)
Case 3: Daisy-Chain mode, LDAC tied low.

cs P \t ,/\ Input Data Register and

(
" DAC Latch Updated

tig-m }4—11 tR ot
—— W P H_‘ $_+\ ¥
SCLK __ & \L JZ \_/ \_/ /N
< -»PK<-tF !

« 15"“_'(6 (
2 )
SDI , BIT 23 ( BIT 22 ( IBITO (NX BIT28 (N+1)><:2 BIT 0 (N+1)X
’ ’ t14
) | ety ety t—p|

Hi-Z ‘, ) Hi-Z
sbo —f { X X N5 BIT 23 (N) ><z BIT O (N) —
) )

. Low
LDAC — 55 55

NOTE: (1) If the correction engine is off, the DAC latch is reloaded immediately after the Input Data Register is updated.

Case 4: Daisy-Chain mode, LDAC active.

CS F \ (s 7/\nput Data Register Updated,

t7
s v N }L Hﬂ”\ ' WaaUVas
|t

It t5""_t6 ( (
" BIT 23 BIT 22 ( 'BIT 0 (N) X BIT 23 (N+1) X  BIT 0 (N+1) X
sp! — [) 5

tiy et
Hi-z , ? - \‘<- 12 =11 ( -
spo — ( X BIT 23 (N) BIT O/(N)
’} [}
High Tty ty0 o

LDAC _()[) [)[) f—
DAC Latch Updated®

NOTE: (2) The DAC latch is updated when LDAC goes low. The proper data are loaded if the t9 timing requirement is satisfied.
Otherwise, invalid data are loaded.

Case 5: Daisy-Chain mode, sleeping.

CS \ I {( I /
)] ) )

sci _LMWWW

First Word Last Word

v
\
v

'Z

) Bit 23 = MSB
I:l = Don't Care Bit 0 = LSB

Figure 3. SPI Timing for Daisy-Chain Mode

SDO

When Correction Completes"

but DAC Latch is Not Updated
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TIMING DIAGRAMS (continued)

Case 6: Readback for Standalone mode.

g wla—ty t;

\ ((

((
)) | )

Internal Register Updated

— t C -2
SCLK —S‘: S\ Je NTY }L H_‘ S_\( fﬁ?_\‘ /_\_;/_\j U_\_C
N w )
— t5ta-tg ¢ ¢
SDI L %IT 23 (= 1& BIT 22 )CZ BITO X ‘, XBIT23(=1)X BIT22 )Cz() BT1 X BITO X:
Input Word Specifies Register to( be Read <tioa tyoal NCI Command (V\(/rite ‘1" to NOP bit)
SDO —S‘;M'Z—( X Xj(’ )-ssL BIT 23 BIT 22 )Q(’ BT1 X BITO HiZ
N Data from the S(;Iected Register
m _S() Low ()() ()(J
I:l = Don't Care g:: §3=_L'\SA§ B
Figure 4. SPI Timing for Readback Operation in Standalone Mode
TIMING CHARACTERISTICS: STANDALONE MODE®®
At —40°C to +105°C, DVpp = +5 V, and 10V, = +5 V, unless otherwise noted.
PARAMETER MIN MAX UNIT

fscLk Clock frequency 50 MHz
t1 SCLK cycle time 20 ns
to SCLK high time 7 ns
t3 SCLK low time 7 ns
ty CS falling edge to SCLK falling edge setup time 8 ns
ts Delay from rising edge of SCLK to SDI valid 2 ns
ts SDI hold time after falling edge of SCLK 2 ns
t; SCLK falling edge to CS rising edge 5 ns
tg CS high time 10 ns
tg CS rising edge to LDAC falling edge 5 ns
ti0 LDAC pulse duration 7 ns
t1o Delay from SCLK rising edge to SDO valid 3 8 ns
t14 Delay from CS rising edge to SDO Hi-Z 5 ns
t1s Delay from CS faliing edge to SDO valid 6 ns
tig SDO rising/falling time 2 ns

(1) Specified by design. Not production tested.

(2) Sample tested during the initial release and after any redesign or process changes that may affect these parameters.
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TIMING CHARACTERISTICS: DAISY-CHAIN MODE®W®
At —40°C to +105°C, DVpp = +5 V, and 10V, = +5 V, unless otherwise noted.

PARAMETER MIN MAX UNIT
fscLk Clock frequency 50 MHz
ty SCLK cycle time 20 ns
to SCLK high time 7 ns
t3 SCLK low time 7 ns
ts CS falling edge to SCLK falling edge setup time 8 ns
ts Delay from rising edge of SCLK to SDI valid 2 ns
tg SDI hold time after falling edge of SCLK 2 ns
t7 SCLK falling edge to CS rising edge 5 ns
tg CS high time 10 ns
t CS rising edge to LDAC falling edge 5 ns
tio LDAC pulse duration 7 ns
t1o Delay from SCLK rising edge to SDO valid 3 8 ns
t13 Delay from CS falling edge to SCLK rising edge TBD ns
t1a Delay from CS rising edge to SDO Hi-Z 5 ns
t1g Delay from SDI to SDO in sleep mode 5 ns
t19 SDO rising/falling time 2 ns

(1) Specified by design. Not production tested.
(2) Sample tested during the initial release and after any redesign or process changes that may affect these parameters.
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TYPICAL CHARACTERISTICS: TBD
At T, = TBD, unless otherwise noted.

Copyright © 2009, Texas Instruments Incorporated

Product Folder Link(s): DAC8713

Bubmit Documentafion FeedbacH

15

PRODUCT PREVIEW


http://focus.ti.com/docs/prod/folders/print/dac8718.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS467&partnum=DAC8718
http://focus.ti.com/docs/prod/folders/print/dac8718.html

M3IATdd 109NA0¥™d

D) 3 !
13 TEXAS
INSTRUMENTS

SBAS467—-MAY 2009 www.ti.com

THEORY OF OPERATION

GENERAL DESCRIPTION

The DAC8718 contains eight DAC channels and eight output amplifiers in a single package. Each single channel
consists of a resistor-string DAC followed by an output buffer amplifier. The resistor-string section is simply a
string of resistors, each with a value of R, from REF to AGND. This type of architecture provides DAC
monotonicity. The 16-bit binary digital code loaded to the DAC register determines at which node on the string
the voltage is tapped off before being fed into the output amplifier. The output amplifier multiplies the DAC output
voltage by a gain of six or four. The output span is 9 V with a 1.5-V reference and 18 V with a 3-V reference and
a gain of 6.

REFIN

% R ) To Output
Amplifier

Figure 5. Resistor String

CHANNEL GROUPS

The eight DAC channels are arranged into two groups (A and B) with four channels per group. Group A consists
of DAC-0, DAC-1, DAC-2, and DAC-3. Group B consists of DAC-4, DAC-5, DAC-6, and DAC-7. The four DAC
channels of Group A derive their reference voltage from REF-A, and those of Group B from REF-B.
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USER-CALIBRATION FOR ZERO-CODE ERROR AND GAIN ERROR

The DAC8718 implements a user-calibration function that allows for trimming on the entire signal chain. Each
DAC channel has a GAIN Register (or G register) and Zero Register (or Z register). Using the correction engine,
the data from the Input Data Register is operated on by a digital multiplier and adder controlled by the contents
of Gain and Zero registers. The calibrated DAC data are then stored in the DAC Data Register where they are
finally transferred into the DAC latch and set the DAC output. Each time the data are written to the Input Data
Register, or to the Gain or Zero register, the data in the Input Data Register is corrected, and the result is
automatically transferred to DAC Data Register.

The range of the gain adjustment is 0.5 to 1.5. The range of the zero adjustment is —32768 LSB to +32767 LSB,
or £50% of full scale. There is only one correction engine in the device, which is shared between all channels. It
takes about 500 ns per channel for the correction engine to process the data.

If the user-calibration function is not needed, the correction engine can be turned off to speed up the device.
Setting the SCE bit in the Configuration Register to '0' turns off the correction engine. Setting SCE to '1' enables
the correction engine. When SCE = '0', the data are directly transferred to the DAC Data Register after writing
the DAC data into the device. In this case, writing to the Gain Register or Zero Register has no effect; reading
these registers returns the existing value.

The data format of the Gain Register is straight binary. The data format of the Zero Register is twos complement.
See the [nput Data Formai section for details.
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ANALOG OUTPUTS (Vgur-0 to Vgour-7, with Reference to the AGND-x)
When the correction engine is off (SCE ='0"):

INPUT_CODE) Vo Gain- 1) x (

65536

65536

Vour = Vege x Gain x ( OFFSETDAC_CODE)

When the correction engine is on (SCE = '1"):

DAC_DATA CODE) \/  (cain_ 1)
65536

Vs = Ve x Galin x ( OFFSETDAC_CODE)

65536

Where:
INPUT_CODE x (USER_GAIN + 2'%)
216

DAC_DATA_CODE = ( ) + USER_ZERO

Gain is the DAC gain defined by the GAIN bit in the Configuration Register.
INPUT_CODE is the data written into the Input Data Register.
OFFSETDAC_CODE is the data written into the Offset DAC.

USER_GAIN is the code of the Gain Register

UZER_ZERO is the code of the Zero Register

For single-supply operation, the Offset DAC output is 0 V, and the Offset DAC code is '0'.

@

@

For dual-supply operation, the power-on default value of the Gain Register is 32768, and the default value of the

Zero Register is '0'. The default value of the Offset DAC is 39321.

Note that the maximum output voltage must not be greater than (AVpp — 0.5 V) and the minimum output voltage

must not be less than (AVgs + 0.5 V); otherwise, the output may be saturated.
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INPUT DATA FORMAT

The USB/BTC pin defines the input data format and the Offset DAC format. When this pin connects to DGND,
the Input DAC data and Offset DAC data are straight binary, as shown in [Table 1. When this pin is connected to
IOVpp, the Input DAC data and Offset DAC data are twos complement, as shown in [Table 2.

Table 1. Output vs Straight Binary Code for Default Offset DAC (999Ah) and Gain = x6

USB CODE OUTPUT DESCRIPTION
FFFFh +3 x VReg * (32767/32768) +Full-Scale — 1 LSB
8001h +1.5 x VReg x (1/32768) +1 LSB
8000h 0 Zero
7FFFh —1.5 x Vggg % (1/32768) -1LSB
0000h -3 x VReg % (32768/32768) —Full-Scale

Table 2. Output vs Twos Complement Code for Default Offset DAC (199Ah) and Gain = x6

BTC CODE OUTPUT DESCRIPTION
7FFFh +3 x Vper X (32767/32768) +Full-Scale — 1 LSB
0001h +1.5 x Ve % (1/32768) +1 LSB
0000h 0 Zero
FFFFh —1.5 x Vger % (1/32768) -1LSB
8000h -3 x VRer x (32768/32768) —Full-Scale

The data written to the Gain Register are always in straight binary, data to the Zero Register are in twos
complement, and data to all other control registers are as specified in the definitions, regardless of the USB/BTC

pin status.

In reading operation, the read-back data are in the same format as written.
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OFFSET DACS

There are two 16-bit Offset DACs: one for Group A, and one for Group B. The Offset DACs allow the output
range of all DACs connected to them to be offset within a defined range. Thus, subject to the limitations of
headroom, it is possible to set the output range of Group A and/or Group B to be unipolar positive, unipolar
negative, or bipolar, and either symmetrical or asymmetrical at about zero volts. The DACs in the DAC8718 are
factory trimmed with the Offset DACs set at their default values, providing the best offset and gain performance
for the default output range and span. When the output range is adjusted by changing the value of the Offset
DAC, an extra offset is introduced as a result of the gain error of the Offset DAC. The amount of this extra offset
is dependent on the magnitude of the reference and how much the Offset DAC changes from its default value.
The worst-case offset occurs when the Offset DAC is at positive or negative full-scale. The allowed maximum
offset depends on the reference and the power supply. In any case, the analog output must not go beyond the
specified range shown in the Bnalog Outputd section. After power-on or reset, the Offset DAC is set to the value
defined by the selected data format and the selected analog output voltage. Refer to the Power-On Resel and
Hardware Resel sections for details.

For single-supply operation (AVgg = 0 V), the Offset DAC is turned off, and the output amplifier is in a Hi-Z state.
The OFFSET-x pin must be connected to the AGND-x pin. For dual-supply operation, this pin provides the output
of the Offset DAC.

Vour = GAIN XV, = (GAIN = 1) X Ve

T Vour

% AGND-x —

DAC Vs

Channel

Offset \OFF
DAC

OFFSET

Figure 6. Output Amplifier and Offset DAC

OUTPUT AMPLIFIERS

The output amplifiers can swing to 0.5 V below the positive supply and 0.5 V above the negative supply. This
condition limits how much the output can be offset for a given reference voltage. The maximum range of the
output for £17-V power and a +5.5-V reference is —=16.5 V to +16.5 V for gain = 6.

Each output amplifier is implemented with individual over-current protection. The amplifier is clamped at 5 mA,
even if the output current goes over 5 mA.
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GENERAL-PURPOSE INPUT/OUTPUT PINS (GPIO-0 to GPIO-2)

The GPIO-0, GPIO-1, and GPIO-2 pins are general-purpose, bidirectional, digital input/output (I/O) signals.
These pins can receive an input or produce an output. When the GPIO-n pin acts as an output, the status is
determined by the corresponding GPIO-n bit of the GPIO Register. The output status is high impedance when
the GPIO-n bit is set to '1', and is logic low when the GPIO-n bit is cleared to '0'. Note that an external pullup
resistor is required when using the GPIO-n pin as an output.

When the GPIO-n pin acts as input, the digital value on the pin is acquired by reading the GPIO-n bit in the GPIO
Register.

After power-on reset or any forced hardware or software reset, all GPIO-n bits are set to '1', thus placing them in
a high impedance state.

+V

—

Bit GPIO-x (when writing)

Bit GP1O-x (when reading)

Figure 7. GPIO Pins

ANALOG OUTPUT PIN (CLR)

The CLR pin is an active low input that should be high for normal operation. When this pin is in logic '0', all Vour
outputs connect to AGND-x through internal 20-kQ resistors and are cleared to 0 V, and the output buﬁer isin a
Hi-Z state. While CLR is low, all LDAC pulses are ignored. When CLR is_taken high again while the LDAC is
high, the DAC outputs remain cleared until LDAC is taken low. However, if LDAC is tied low, taking CLR back to
high sets the DAC output to the level defined by the value of the DAC latch. The contents of the Zero Registers,
Gain Registers, Input Data Registers, DAC Data Registers, and DAC latches are not affected by taking CLR low.

POWER-ON RESET

The DAC8718 contains a power-on reset circuit that controls the output during power-up and power down. This
feature is useful in applications where the known state of the DAC output during power-up is important. During
power-up all Vgt outputs are connected to ground through an internal 20-kQ resistors; the Input Data Registers,
Offset DAC Registers, DAC Data Registers, and DAC latches are loaded with the value defined by the RSTSEL
pin, as shown in [Table 3. The Gain Registers and Zero Registers are loaded with default values. When the
power is stable, the Vgt outputs change to the new value. However, the SPI Shift Register is not cleared on
power-up, so the register contents are undefined.

Table 3. Reset Values for Dual Power-Supply Operation

VALUE OF INPUT | VALUE OF OFFSET
DATA REGISTER DAC REGISTER
RSTSEL PIN BTC/USB PIN INPUT FORMAT AND DAC LATCH FOR GAIN = 60 Vout
DGND DGND Straight Binary 0000h 999Ah —Full-Scale
10Vpp DGND Straight Binary 8000h 999Ah ov
DGND 10Vpp Twos Complement 8000h 199Ah —Full-Scale
10Vpp 10Vpp Twos Complement 0000h 199Ah oV

(1) Offset DAC A and Offset DAC B are trimmed in manufacturing to minimize the error for symmetrical output. The default value may vary
no more than +10 LSB from the nominal number listed in this table.
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In single-supply operation, the Offset DAC is turned off and the output is unipolar. The power-on reset is defined
as shown in [Table 4.

Table 4. Unipolar Output Reset Values for Single Power-Supply Operation

VALUE OF INPUT DATA
REGISTER AND DAC
RSTSEL PIN BTC/USB PIN INPUT FORMAT LATCH Vout
DGND DGND Straight Binary 0000h ov
I0Vpp DGND Straight Binary 8000h Midscale
DGND I0Vpp Twos Complement 8000h ov
I0Vpp I0Vpp Twos Complement 0000h Midscale

HARDWARE RESET

When the RST pin is low, the device is in hardware reset. All the analog outputs (Vout-0 to Vour-7) are
connected to the corresponding GNDs through the internal resistor. The Input Data Registers, Offset DACs, and
DAC latches are loaded with the value defined by the RSTSEL pin (see [[able J). SPI communication is disabled.
The signals on SDI, SCLK and CS are ignored, and SDO is in a high-impedance state. On the rising edge of
RST, the analog outputs (Vout-0 to Vour-7) are connected to the output amplifier and set to the potential
specified by the the RSTSEL pin, if the CLR pin is high. After RST goes high, the device returns to normal
operation.

DAC OUTPUT UPDATE

Depending on the status of both CS and LDAC, and after data have been transferred into the DAC Data
registers, the DAC outputs can be updated either in asynchronous mode or synchronous mode. The update
mode is established at power-up. If asynchronous mode is desired, the LDAC pin must be permanently tied low
before power is applied to the device. If synchronous mode is desired, LDAC must be logic high before and
during power on.

Asynchronous Mode

The LDAC pin is permanently tied low, the LD bit is ignored. When the correction engine is off (SCE bit = '0"),
DAC Data Registers and DAC latches are updated immediately when CS goes high. When the correction engine
is on (SCE bit="1"), each DAC latch is updated when the correction engine updates the corresponding DAC Data
Register.

Synchronous Mode

When LDAC stays high, the DAC latch is not updated; therefore, the DAC output does not change. The DAC
latch is updated by taking LDAC low (or setting the LD bit in the Configuration Register to '1") any time after the
delay of ty from the completion of the write operation. If the timing requirement of ty is not satisfied, invalid data
are loaded. Refer to the [Timing Diagramg and the Configuration Register (Table_7) for details.

The DAC8718 updates the DAC latch only if it has been accessed since the last time that LDAC was brought low
or if the LD bit is set to '1', thereby eliminating unnecessary glitch. Any DAC channels that have not been
accessed are not reloaded. When the DAC latch is updated, the corresponding output changes to the new level
immediately.
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MONITOR OUTPUT PIN (Vyon)

The Vyon pin is the channel monitor output. It monitors one of the DAC outputs, the reference buffer outputs, the
Offset DAC outputs, or two auxiliary external analog inputs on pins AIN-O and AIN-1. The channel monitor
function consists of an analog multiplexer addressed via the serial interface, allowing any one of the monitored
signals to be routed to this pin for monitoring using an external analog-to-digital converter (ADC). The monitor
function is controlled by the Monitor Register, which allows the monitor output to be enabled or disabled. When
disabled, the monitor output is high impedance, so several monitor outputs can be connected in parallel with only
one enabled at a time.

Note that the multiplexer is implemented as a series of analog switches. Because this configuration could
conceivably cause a large amount of current to flow from the input of the multiplexer (that is, from Vgoyr-X to the
output of the multiplexer, Vyon), care should be taken to ensure that it is correctly connected. The Vyon pin is of
high impedance in order to prevent the continuous current limit specification from being exceeded. Refer to the
Monitor Register for more details.

ANALOG INPUT PINS (AIN-0 and AIN-1)

Pins AIN-0 and AIN-1 are two analog inputs that directly connect to the analog mux of the analog monitor output.
When AIN-0 or AIN-1 is accessed, it is routed via the mux to the Vyon pin. Thus, one external ADC channel can
monitor eight DACs plus two extra external analog signals, AIN-0 and AIN-1.

POWER-DOWN MODE

the DAC8718 is implemented with power-down function to reduce power consumption. Either the entire device or
each individual group can be put into power-down mode. If the PDN pin is connected to DGND, the entire device
is put into power-down mode. If the proper power-down bit (PD-x) in the power-down register is set to '1', the
individual group is put into power down mode. During power-down mode, the analog outputs (Voyut-0 to Vout-7)
connect to AGND-x through an internal resistor, and the output buffer is in Hi-Z status. When the entire device is
in power-down, the bus interface is still active in order to continue communication and receive commands from
the host controller, but all other circuits are powered down. The host controller can wake the device from
power-down mode and return to normal operation by through either software or hardware; it takes 200 us or less
for recovery to complete.
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SERIAL INTERFACE

The DAC8718 is controlled over a versatile, three-wire serial interface that operates at clock rates of up to 50
MHz and is compatible with SPI, QSPI™, Microwire™, and DSP™ standards.

SPI Shift Register

The SPI Shift Register is 24 bits wide. Data are loaded into the device MSB first as a 24-bit word under the
control of the serial clock input, SCLK. The SPI Shift Register consists of a read/write bit, five register address
bits, 16 data bits, and two reserve bits for future devices, as shown in [Fable 3. The falling edge of CS starts the
communication cycle. The data are latched into the SPI Shift Register on the falling edge of SCLK while CS is
low. When CS is high, the SCLK and SDI signals are blocked and the SDO pin is in a high-impedance state. The
contents of the SPI shifter register are decoded and transferred to the proper internal registers on the rising edge
of CS. The timing for this operation is shown in the [Timing Diagramg section.

The serial interface works with both a continuous and non-continuous serial clock. A continuous SCLK source
can only be used if CS is held low for the correct number of clock cycles. In gated clock mode, a burst clock
containing the exact number of clock cycles must be used and CS must be taken high after the final clock in
order to latch the data.

Stand-Alone Operation

The serial clock can be a continuous or a gated clock. The first falling edge of CS starts the operation cycle.
Exactly 24 falling clock edges must be applied before CS is brought back high again. If CS is brought high before
the 24th falling SCLK edge, then the data written are not transferred into the internal registers. If more than 24
falling SCLK edges are applied before CS is brought high, then the last 24-bits are used. The device internal
registers are updated from the Shift Register on the rising edge of CS. In order for another serial transfer to take
place, CS must be brought low again.

When the data have been transferred into the chosen register of the addressed DAC, all DAC registers and
analog outputs can be updated by taking LDAC low.

Daisy-Chain Operation

For systems that contain more than one device, the SDO pin can be used to daisy-chain multiple devices
together. Daisy-chain operation can be useful in system diagnostics and in reducing the number of serial
interface lines. Note that before daisy-chain operation can begin, the SDO pin must be enabled by setting the
SDO disable bit (DSDO) in the Configuration Register to '0’; this bit is cleared by default.

The DAC8718 provides two modes for daisy-chain operation: normal and sleep. The SLEEP bit in the SPI Mode
register determines which mode is used.

In Normal mode (SLEEP bit = '0"), the data clocked into the SDI pin are transferred into the Shift Register. The
first falling edge of CS starts the operating cycle. SCLK is continuously applied to the SPI Shift Register when CS
is low. If more than 24 clock pulses are applied, the data ripple out of the Shift Register and appear on the SDO
line. These data are clocked out on the rising edge of SCLK and are valid on the falling edge. By connecting the
SDO pin of the first device to the SDI input of the next device in the chain, a multiple-device interface is
constructed. Each device in the system requires 24 clock pulses. Therefore, the total number of clock cycles
must equal 24 x N, where N is the total number of DAC8718s in the chain. When the serial transfer to all devices
is complete, CS is taken high. This action latches the data from the SPI Shift Registers to the device internal
registers for each device in the daisy-chain, and prevents any further data from being clocked in. The serial clock
can be a continuous or a gated clock. Note that a continuous SCLK source can only be used if CS is held low for
the correct number of clock cycles. For gated clock mode, a burst clock containing the exact number of clock
cycles must be used and CS must be taken high after the final clock in order to latch the data.

In Sleep mode (SLEEP bit = '1"), the data clocked into SDI are routed to the SDO pin directly; the Shift Register
is bypassed. The first falling edge of CS starts the operating cycle. When SCLK is continuously applied with CS
low, the data clocked into the SDI pin appear on the SDO pin almost immediately (with approximately a 5 ns
delay; see the [Timing Diagramg section); there is no 24 clock delay, similar to normal operting mode. While in
Sleep mode, no data bits are clocked into the Shift Register, and the device does not receive any new data or
commands. Putting the device into Sleep mode eliminates the 24 clock delay from SDI to SDO caused by the
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Shift Register, thus greatly speeding up the data transfer. For example, consider three DAC8718s (A, B, and C)
in a daisy-chain configuration. The data from the SPT controller are transferred first to A, then to B, and finally to
C. In normal daisy-chain operation, a total of 72 clocks are needed to transfer one word to C. However, if A and
B are placed into Sleep mode, the first 24 data bits are directly transferred to C (through A and B); therefore, only
24 clocks are needed.

To wake the device up from sleep mode and return to normal operation, either one of following methods can be
used:

1. Pull the WAKEUP pin low, which forces the SLEEP bit to '0' and returns the device to normal operating
mode.

2. Use the W2 bit and the CS pin.

When the W2 bit = '1', if CS is applied with no more than one falling edge of SCLK, then the rising edge of CS
wakes the device from sleep mode back to normal operation. However, the device will not wake-up if more than
one falling edge of SCLK exists while CS is low.

Read-Back Operation

The READ command is used to start read-back operation. However, before read-back operation can be initiated,
the SDO pin must be enabled by setting the DSDO bit in the Configuration Register to '0'; this bit is cleared by
default. Read-back operation is then started by executing a READ command (R/W bit = '1', see [Table 5). Bits A4
to AO in the READ command select the register to be read. The remaining data in the command are don't care
bits. During the next SPI operation, the data appearing on the SDO output are from the previously addressed
register. For a read of a single register, a NOP command can be used to clock out the data from the selected
register on SDO. Multiple registers can be read if multiple READ commands are issued. The readback diagram
in shows the read-back sequence.

Single Reading

RW="1" RW="0
X oma XX X om X o X XX X Com X
READ Command Specifies NOP Command
Register to be Read (write ‘1" to NOP bit)
[ A [
X o XX X om XX o X X X X w X
Undefined Data from

Selected Register

Multiple Readings

s N ™ M i r
SCLK _\IU\WUW\WW\WUMWM[W

RW =1

(( (( (C
) )] )]

Command to Read Command to Read Command to Read NOP Command Command
Register A Register B Register C (write ‘1" to NOP bit)

oo )3 DER O OEXDE DO

Undefined Data from Data from Data from Undefined

Register A Register B Register C
_ » Bit 23 = MSB
I:] = Don’t Care Bit 0 = LSB
Figure 8. Read-Back Operation
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SPI SHIFT REGISTER

The SPI Shift Register is 24 bits wide, as shown in [[able 3. The register mapping is shown in [[able g; x = don't
care—writing to it has no effect, reading it returns '0'.

Table 5. Shift Register Format

MSB
DB23 DB22 DB21 DB20 DB19 DB18 DB17 DB16 DB15:DB0O
R/W X X A4 A3 A2 Al A0 DATA

R/W—Indicates a read from or a write to the addressed register.
R/W ='0' sets a write operation and the data are written to the specified register.

R/W = '1' sets a read-back operation. Bits A4 to A0 select the register to be read. The remaining are don't
care bits. During the next SPI operation, the data appearing on SDO pin are from the previously addressed
register.

[A4:A0]—Address bits that specify which register is accessed.
DATA—16 data bits
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Table 6. Register Map

DATA BUS DATA BITS

A4|A3|A2|AL|A0| D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 D7 D6 D5 | D4 | D3:D0 REGISTER
o|lo|o|o|o0o| aB LD RST | PD-A | PD-B | SCE | X |GAIN-A|GAIN-B| DSDO | NOP | w2 | x® Cogfeigfsrtaetri"”
0 1 Analog Monitor Select X® | Monitor Register
0 0 | GPI0-2| GPIO-1 | GPIO-0 | x® GPIO Register
ololol1]1 DB15:DBO® Offset DAC-A

ata
ojlol1lo]o DB15:DBO® Oﬁs‘g DAC-B

ata

Reserved® Reserved

SLEEP Reserved® SPI MODE

Reserved® Reserved

DB15:DBO DAC-0

DB15:DBO DAC-1

DB15:DBO DAC-2

DB15:DBO DAC-3

DB15:DBO DAC-4

DB15:DBO DAC-5

DB15:DBO DAC-6

DB15:DBO DAC-7

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-0

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-0

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-1

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-1

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-2

DB15:DBO, default = 32768 (8000h), straight binary

Gain Register-2

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-3

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-3

DB15:DB0, default = 0 (0000h), twos complement

Zero Register-4

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-4

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-5

DB15:DBO, default = 32768 (8000h), straight binary

Gain Register-5

DB15:DBO, default = 0 (0000h), twos complement

Zero Register-6

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-6

DB15:DBO0, default = 0 (0000h), twos complement

Zero Register-7

Rrlr|r|PrIRrIRPIRP|PIP|IPR|IP|P|R|R|r|r|o|o|o|o|o|o|o|o|lo|lo|o
r|lo|r|o|r|lo|lrRr|o|lrRr|lo|lr|lo|lr|lo|r|o|r|rRr|rR|rR|R|R|R|kR|lo|jlo|o
Rr|lr|r|kr|RPr|RPr|Pr|r|lo|lo|lo|lo|lo|lo|o|o|r|r|r|r|o|jo|jo|o|r|kr|kr
Rr|lr|r|r|lojlo|lo|lo|r|kr|lkr|lkr|lo|lo|o|o|r|r|o|lo|r|r|o|jo|lr|r|o
Rr|lr|lo|lo|r|r|lo|o|lrRr|r|lo|lOo|r|r|o|o|r|o|r|o|r|o|r|o|r|o|r

DB15:DBO0, default = 32768 (8000h), straight binary

Gain Register-7

—~
[N
~

X = don't care—writing to this bit has no effect; reading the bit returns '0'.

2) lists the default values for a dual power supply. Offset DAC A and Offset DAC B are trimmed in manufacturing to minimize the
error for symmetrical output. The default value may vary no more than +10 LSB from the nominal number listed in [@ble 3. For a single
power supply, the Offset DACs are turned off.

(3) Writing to a reserved bit has no effect; reading the bit returns '0'.
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INTERNAL REGISTERS

The DACB8718 internal registers consist of the Coinfiguration Register, the Monitor Register, the DAC Input Data
Registers, the Zero Registers, the DAC Data Registers, and the Gain Registers, and are described in the

following section.

The Configuration Register specifies which actions are performed by the device. shows the details.

Table 7. Configuration Register (Default = 0000h)

DEFAULT

BIT NAME VALUE DESCRIPTION
A/B bit.

When A/B ='0', reading DAC-x returns the value in the Input Data Register.

D15 AB 0 When A/B ='1', reading DAC-x returns the value in the DAC Data Register.

When the correction engine is turned off, the data returned from the Input Data and DAC Data registers is the same.
However, when the correction enngine is enabled, the data returned from the Input Data Register is the original data read
from the bus, and the value in the DAC Data Register is the corrected data.

Synchronously update DACs bit.

When LDAC is tied high, setting LD = '1' at any time after the write operation and the correction process complete
synchronously updates all DAC latches with the content of the corresponding DAC Data Register, and sets Vot to a new

D14 LD 0 level. The DAC8718 updates the DAC latch only if it has been accessed since the last time LDAC was brought low or the
LD bit was set to '1', thereby eliminating unnecessary glitch. Any DACs that were not accessed are not reloaded. After
updating, the bit returns to '0'. When the correction engine is turned off, bit LD can be set to '1' any time after the writing
operation is complete; the DAC latch is immediately updated when bit LD is set. When the LDAC pin is tied low, this bit is
ignored.

Software reset bit.

D13 RST 0 Set the RST bit to '1' to reset the device; functions the same as a hardware reset. After reset completes, the RST bit

returns to '0".
Power-down bit for Group A.
Setting the PD-A bit to '1' places Group A (DAC-0, DAC-1, DAC-2, and DAC-3) into power-down operation. All output

D12 PD-A 0 buffers are in H-Z and all analog outputs (Voyt-X) connect to SGND through an internal 15-kQ resistor. The interface is still
active.

Setting the PD-A bit to '0' returns group A to normal operation.
Power-down bit for Group B.
Setting the PD-B bit to '1' places Group B (DAC-4, DAC-5, DAC-6, and DAC-7) into power-down operation. All output

D11 PD-B 0 buffers are in H-Z and all analog outputs (Voyt-X) connect to SGND through an internal 15-kQ resistor. The interface is still
active.

Setting the PD-B bit to '0' returns group B to normal operation.

System-calibration enable bit.

Set the SCE bit to '1' to enable the correction engine. When the engine is enabled, the input data are adjusted by the
correction engine according to the contents of the corresponding Gain Register and Zero Register. The results are

D10 SCE 0 transferred to the corresponding DAC Data Register, and finally loaded into the DAC latch, which sets the Vgyt-X pin
output level.

Set the SCE bit to '0' to turn off the correction engine. When the engine is turned off, the input data are transferred to the
corresponding DAC Data Register immediately after writing to the Input Data Register, and then loaded into the DAC latch,
which sets the output voltage. Refer to the [Jser_Calibration for Zero-Code Error and Gain Errol section for details.

D9 — 0 Reserved. Writing to this bit has no effect; reading this bit returns '0".

Gain bit for Group A (DAC-0, DAC-1, DAC-2, and DAC-3).

D8 GAIN-A 1 Set the GAIN-A bit to '0' for an output span = 6 x REF-A.
Set the GAIN-A bit to '1' for an output span = 4 x REF-A.
Gain bit for Group B (DAC-4, DAC-5, DAC-6, and DAC-7).

D7 GAIN-B 0 Set the GAIN-B bit to '0' for an output span = 6 x REF-A.
Set the GAIN-B bit to '1' for an output span = 4 x REF-A.
Disable SDO bit.

D6 DSDO 0 Set the DSDO bit to ‘0" to enable the SDO pin (default). The SDO pin works as a normal SPI output. .
Set the DSDO bit to '1' to disable the SDO pin. The SDO pin is always in a Hi-Z state no matter what the status of the CS
pin is.

No operation bit.

D5 NOP 1 During a write operation, setting the NOP bit to '1' has no effect (the bit returns to '0' when the write operation completes).

Setting the NOP bit to ‘0", returns the device to normal operation.

During a read operation, the bit always returns “0”

Second wake-up operation bit. o

If the WAKEUP pin is high, an alternative method to wake-up the device from sleep in SPI is by using the CS pin. When

D4 W2 1 W2 ="1", the rising edge of CS restores the device from sleep mode to normal operation, if no more than one falling edge
of SCLK exists while CS is low. However, the device will not wake up if more than one falling edge of SCLK exists. Setting
the W2 bit to '0' disables this function, and the rising edge of CS does not wake up the device.

If the WAKEUP is low, this bit is ignored and the device is always in normal mode.
D3:D0 — 0 Reserved. Writing to these bits has no effect; reading these bits returns '0".
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Monitor Register (default = 0000h).

The Monitor Register selects which DAC-n, reference buffer outputs, Offset DACs, or external signals (AIN-0 and
AIN-1) are to be monitored by the Vyon pin. Only one bit at a time can be set to '1'. When all bits = '0', the
monitor is disabled and Vo is in a Hi-Z state.

Table 8. Monitor Register (Default = 0000h)

D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 | D3:DO Vmon CONNECTS TO
0 0 0 0 0 0 0 0 0 0 0 1 x® Reference buffer B output
0 0 0 0 0 0 0 0 0 0 1 0 X Reference buffer A output
0 0 0 0 0 0 0 0 0 1 0 1 X Offset DAC B output
0 0 0 0 0 0 0 0 0 1 1 0 X Offset DAC A output
0 0 0 0 0 0 0 0 0 1 0 0 X AIN-0
0 0 0 0 0 0 0 0 1 0 0 0 X AIN-1
0 0 0 0 0 0 0 1 0 0 0 0 X DAC-0
0 0 0 0 0 0 1 0 0 0 0 0 X DAC-1
0 0 0 0 0 1 0 0 0 0 0 0 X DAC-2
0 0 0 0 1 0 0 0 0 0 0 0 X DAC-4
0 0 0 1 0 0 0 0 0 0 0 0 X DAC-4
0 0 1 0 0 0 0 0 0 0 0 0 X DAC-5
0 1 0 0 0 0 0 0 0 0 0 0 X DAC-6
1 0 0 0 0 0 0 0 0 0 0 0 X DAC-7
0 0 0 0 0 0 0 0 0 0 0 0 X Monitor function disabled, Hi-Z (default)

(1) X =don't care.
GPIO Register. Default = E00Oh.
The GPIO Register determines the status of each GPIO pin.

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

GPIO-2 | GPIO-1 | GPIO-0 X X X X X X X X X X X X X

GPIO-2:0

For write operations, the GPIO-n pin operates as an output. Writing a '1' to the GPIO-n bit sets the GPIO-n pin
to high impedance, and writing a '0' sets the GPIO-n pin to logic low. An external pull-up resistor is required
when using the GPIO-n pin as an output.

For read operations, the GPIO-n pin operates as an input. Read the GPIO-n bit to receive the status of the
corresponding GPIO-n pin. Reading a '0' indicates that the GPIO-n pin is low, and reading a '1' indicates that
the GPIO-n pin is high.

After power-on reset, or any forced hardware or software reset, all GPIO-n bits are set to '1', and are in a high
impedance state.
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SPI MODE Register. Default = 0000h.
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
SLEEP X X X X X X X X X X X X X X X

SLEEP

Set the SLEEP bit to '1' to put the device into SPI sleep mode.

When the SLEEP bit ='0', the SPI is in normal mode. The bit is cleared ('0") after a hardware reset (through the
RST pin) or if the WAKEUP pin is low.

For normal SPI operation, the data entering the SDI pin is transferred into the Shift Register. However, for SPI
sleep mode, the Shift Register is bypassed. The data entering into the SDI pin are directly transferred to the
SDO pin instead of the Shift Register.
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APPLICATION INFORMATION

POWER-SUPPLY DECOUPLING

The DAC8718 should have supply decoupling of 10 pF in parallel with 0.1 pF on each supply, located as close to
the package as possible; ideally right up against the device. The 10-uF capacitors are tantalum-bead type. The
0.1-uF capacitor should have low effective series resistance (ESR) and low effective series inductance (ESI),
such as ceramic types that provide a low impedance path to ground at high frequencies in order to handle
transient currents due to internal logic switching.

LAYOUT

In any circuit where accuracy is important, careful consideration of the power supply and ground return layout
can help to improve performance. The printed circuit boards on which the DAC8718 are mounted should be
designed so that the analog and digital sections are separated and confined to certain areas of the board. If the
DAC8718 are in a system where multiple devices require an AGND-to-DGND connection, the connection should
be made at one point only. The star ground point should be established as close as possible to the device. For
supplies with multiple pins, it is recommended that these pins be tied together and that each supply be
decoupled only once.

Digital lines running under the device should be avoided because they can couple noise onto the device. The
analog ground plane should be allowed to run under the DAC8718 to avoid noise coupling. The power supply
lines should use as large a trace as possible to provide low impedance paths and reduce the effects of glitches
on the power supply line. Fast switching digital signals should be shielded with digital ground to avoid radiating
noise to other parts of the board, and they should never be run near the reference inputs. It is essential to
minimize noise on the REF-A and REF-B lines.

Avoid crossover of digital and analog signals. Traces on oppo-site sides of the board should run at right angles to
each other. This reduces the effects of feedthrough across the board.
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
DAC8718SPAG PREVIEW TQFP PAG 64 160 TBD Call TI Call Tl
DAC8718SPAGR PREVIEW TQFP PAG 64 1500 TBD Call Tl Call Tl
DAC8718SRGZR PREVIEW QFN RGz 48 2500 TBD Call Tl Call Tl
DAC8718SRGZT PREVIEW QFN RGz 48 250 TBD Call Tl Call Tl

O 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.

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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MECHANICAL DATA
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NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
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MECHANICAL DATA
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C. Quad Flatpack, No—leads (QFN) package configuration.
A\ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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