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DACx1408 8-Channel, 16-,14-,12-Bit, High-Voltage Output DACs with Internal Reference

1 Features

Performance

— Specified Monotonic at 16-bit Resolution

— INL: +1 LSB Maximum at 16-bit Resolution

— TUE: £0.1% of FSR Maximum

Integrated 2.5 V Precision Internal Reference

— Initial Accuracy: +2.5 mV Maximum

— Low Drift: 5 ppm/°C Typical

Flexible Output Configuration

— Output Range: £2.5V, 5V, 10V, 20 V
Oto5V,0to10V,0t0 20V, 0t0 40V

— Differential Output Mode with Offset
Adjustment

High Drive Capability: £25 mA with 2.5 V from
Supply Rails

Three Dedicated A-B Toggle Pins for Dither Signal
Generation

Analog Temperature Output

50 MHz SPI Compatible Serial Interface

— 4-Wire Mode, 1.7 V to 5.5 V Operation

— Daisy Chain Operation

— CRC Error Check

Temperature Range: —40°C to +125°C

Small Packages

— 6 mm x 6 mm, 40-Pin VQFN

— 7 mm x 7 mm, 48-Pin TQFP

Applications

Optical Networking: Mach-Zehnder Modulator Bias
Control

Industrial Automation

Test and Measurement

3 Description

The DACx1408 is a pin-compatible family of 8-
channel, buffered, high-voltage output digital-to-
analog converters (DACs) in 16-, 14- and 12-bit
resolution. The DACx1408 includes a 2.5-V, 5
ppm/°C internal reference, eliminating the need for an
external precision reference in most applications. The
device is specified monotonic and provides high
linearity of +1 LSB INL.

A user selectable output configuration enables full-
scale bipolar output voltages: +20 V, +10 V, +5 V or
+2.5 V and full-scale unipolar output voltages: 40 V,
20 V, 10 V or 5 V. The full-scale output range for
each DAC channel is independently programmable.
The integrated DAC output buffers can sink or source
up to 25 mA thus limiting the need of additional
operational amplifiers. Each pair of channels can be
configured to provide a differential output with offset
calibration. The three dedicated A-B toggle pins
enable dither signal generation with up to three
possible frequencies.

The DACx1408 incorporates a power-on-reset circuit
that ensures the DAC outputs are connected to
ground on power up. The outputs remain at this state
until the device registers are properly configured for
operation.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
DAC81408 VQFN (40) 6.00 mm x 6.00 mm
DAC71408®
DAC61408@ TQFP (48) 7.00 mm x 7.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

(2) Product Preview
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5 Description (continued)

Communication to the DACx1408 is performed through a 4-wire serial interface that operates at clock rates up to
50 MHz. The VIO pin enables serial interface operation from 1.7 V to 5.5 V. The DACx1408 flexible interface
enable operation with a wide range of industry-standard microprocessors and microcontrollers.

The DACx1408 is characterized for operation over the temperature range of —40°C to 125°C and is available in
small packages.
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6 Device Comparison Table

DEVICE RESOLUTION
DAC81408 16-Bit
DAC71408 14-Bit
DAC61408 12-Bit

7 Pin Configuration and Functions
PHP Package RHA Package
48-Pin HTQFP 40-Pin VQFN
Top View Top View
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Pin Functions
PIN
TYPE DESCRIPTION
NAME VQFN NO. HTQFP NO.
OUT[0:7] 5-8,23-26 | 6-9,28-31 (0] Analog DAC output voltages.
1,2,3,4,5,
12, 13, 24,
NC 123 %20 | 2532 33 o No connection.
T 34, 35, 36,
37,48
VIO 9 10 PWR 10 supply voltage. (1.7 V to 5.5 V). This pin sets the 1/O operating voltage for the device.
GND 10, 36 11, 43 GND Ground reference point for all circuitry on the device.
Serial interface data output. The SDO pin is in high impedance when CS pin is high. Data are
SDO 11 14 (0] clocked out of the input shift register on either rising or falling edges of the SCLK pin as
specified by the FSDO bit (rising edge by default).
SCLK 12 15 | Serial interface clock.
Serial interface data input. Data are clocked into the input shift register on each falling edge of
SDI 13 16 | :
the SCLK pin.
== Active low serial data enable. This input is the frame synchronization signal for the serial data.
CsS 14 17 | . R L ; . .
When the signal goes low, it enables the serial interface input shift register
TOGGLED 15 18 ! Toggle pins. Enables those DAC outputs configured for toggle operation to switch between the
TOGGLE1 16 19 | two DAC data registers associated with each DAC. Connect the TOGGLE pins to GND if not
TOGGLE2 17 20 | using the toggle operation.
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Pin Functions (continued)

PIN
TYPE DESCRIPTION
NAME VQFN NO. HTQFP NO.
Active low synchronization signal. When the LDAC pin is low, the DAC outputs of those
LDAC 18 21 | channels configured in synchronous mode are updated simultaneously. The pin can be tied
permanently to GND.
RESET 19 22 | Active low reset input. Logic low on this pin causes the device to issue a power-on-reset event.
CLR 20 23 | Active low clear input. Logic low on this pin clears all DAC outputs to their reset code.
ALMOUT 21 26 o ALMOUT is an open draln_ thermal alarm output. An external 10 kQ pull-up resistor to a voltage
no higher than Vg is required.
TEMPOUT 22 27 (0] Analog temperature monitor output.
VvCC 31, 40 38, 47 PWR Output positive analog power supply (4.5 V to 41.5 V).
VSS 32,39 39, 46 PWR Output negative analog power supply (-21.5 V to 0 V).
Reference input to the device when operating with external reference. When using internal
REF 33 40 lfe} L .
reference, this is the reference output voltage pin.
REFCMP 34 41 110 Reference compensation capacitor connection.
REFGND 35 42 GND Ground reference point for the internal reference.
VAA 37 44 PWR Analog supply voltage (4.5 V to 5.5 V). This pin must be at the same potential as the VDD pin.
VDD 38 45 PWR Digital supply voltage (4.5 V to 5.5 V). This pin must be at the same potential as the VAA pin.
THERMAL _ _ _ The thermal pad is located on the package underside. The thermal pad should be connected
PAD to any internal PCB ground plane through multiple vias for good thermal performance.
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8 Specifications

8.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Vpp to GND -0.3 6 \Y
Vo to GND -0.3 6 \Y
Ve to GND -0.3 44 \%
Supply voltage
Vgs to GND 22 0.3 v
Vpp to Vaa -0.3 0.3 \%
Ve to Vsg -0.3 44 \%
DAC outputs to GND Vsg - 0.3 Vee + 0.3 \%
MUXOUT to GND Vsg - 0.3 Vee + 0.3 \%
. REF and REFCMP to GND -0.3 Vpp + 0.3 \%
Pin voltage —
Digital inputs to GND -0.3 Vio + 0.3 \Y,
SDO to GND -0.3 Vio + 0.3 \Y,
ALARMOUT to GND -0.3 6 \%
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg -60 150 °C
8.2 ESD Ratings
VALUE UNIT
Human body model (HBM), per
o ANSI/ESDA/JEDEC J5-001) +1000
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per +500
JEDEC specification JESD22-C101®? =

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions

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

| MIN NOM MAX UNIT
Vs @ 45 55 \Y
Vee 9 415 v
Vpp & 45 55 \Y
Vio 1.7 55 \Y
Vgg @ 215 0 v
Vee - Vss 9 43 v
Digital input voltage 0 Vio Y
VREEIN Reference input voltage 2.49 2.5 2.51 \%
Ta Operating ambient temperature -40 125 °C

(1) Vaa and Vpp must be at the same potential.

(2) Vssis only connected to GND when all DAC outputs are unipolar.
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8.4 Thermal Information

DACx1408 DACx1408
THERMAL METRIC® (QFN) (TQFP) UNIT
40 PINS 48 PINS
Reia Junction-to-ambient thermal resistance 26.8 TBD °C/W
ReJc(top) Junction-to-case (top) thermal resistance 141 TBD °C/W
Reis Junction-to-board thermal resistance 3.4 TBD °C/W
Wit Junction-to-top characterization parameter 0.2 TBD °C/W
Yig Junction-to-board characterization parameter 3.4 TBD °C/W
Reic(bot) Junction-to-case (bottom) thermal resistance 0.7 TBD °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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8.5 Electrical Characteristics

Vee =9V 10415V, Ve =-21.5V 100V, Vpp = Var =4.5V 10 5.5V, Vrery = 2.5V, Vo = 1.7 V t0 5.5 V, DAC outputs
unloaded, Digital inputs at V,g or GND, T, = -40°C to +125°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
STATIC PERFORMANCE, SINGLE-ENDED MODE®™
Resolution 16 Bits
DACS1408 Relative accuracy, INL All ranges, except 0 to 40 V -1 +0.5 1 LSB
0 to 40 V range -2 +1 2 LSB
Differential nonlinearity, DNL Specified 16-bit monotonic. All ranges -1 +0.5 1 LSB
Resolution 14 Bits
DAC71408 Relative accuracy, INL All ranges -1 +0.5 1 LSB
Differential nonlinearity, DNL Specified 14-bit monotonic. All ranges -1 +0.5 1 LSB
Resolution 12 Bits
DAC61408 Relative accuracy, INL All ranges -1 +0.5 1 LSB
Differential nonlinearity, DNL Specified 12-bit monotonic. All ranges -1 +0.5 1 LSB
Total unadjusted error All ranges -0.1 +0.01 0.1 %FSR
Unipolar offset error All unipolar ranges -0.03 $0.015 0.03 %FSR
Unipolar offset error drift All unipolar ranges +1 Eggloé
Unipolar zero-code error All unipolar ranges 0 0.04 0.1 %FSR
Bipolar zero-code error All bipolar ranges -0.1 +0.01 0.1 %FSR
Bipolar zero-code error drift All bipolar ranges +2 Egg/?cf:
Full-scale error All ranges -0.1 +0.075 0.1 %FSR
Gain error All ranges -0.1 +0.02 0.1 %FSR
Gain error drift All ranges +2 Egg/?é
Output voltage drift over time ISO?)‘:\%)&;DAC code = full-scale, 5 ppm FSR
STATIC PERFORMANCE, DIFFERENTIAL MODE®
Resolution 16 Bits
. All ranges, except 0 to 40 V -1 +0.5 1 LSB
DAC81408 Relative accuracy, INL
0 to 40 V range -2 +1 2 LSB
Differential nonlinearity, DNL Specified 16-bit monotonic. All ranges -1 +0.5 1 LSB
Resolution 14 Bits
DAC71408 Relative accuracy, INL All ranges -1 +0.5 1 LSB
Differential nonlinearity, DNL Specified 14-bit monotonic. All ranges -1 +0.5 1 LSB
Resolution 12 Bits
DAC61408 Relative accuracy, INL All ranges -1 +0.5 1 LSB
Differential nonlinearity, DNL Specified 12-bit monotonic. All ranges -1 +0.5 1 LSB
Total unadjusted error All ranges -0.1 +0.01 0.1 %FSR
Offset error All ranges -0.03 +0.01 0.03 %FSR
Offset error drift All ranges +2 Eggloé
Unipolar zero-code error All unipolar ranges -0.1 +0.01 0.1 %FSR
Unipolar zero-code error drift All unipolar ranges +2 Egg/?cf:
Bipolar zero-code error All bipolar ranges -0.1 +0.01 0.1 %FSR
Bipolar zero-code error drift All bipolar ranges +2 Eggloé
Full-scale error All bipolar ranges -0.1  +0.075 0.1 %FSR

(1) End point fit between codes. 16-bit: Code 256 to 65280, 14-bit: Code 128 to 16256, 12-bit: Code 32 to 4064.
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Electrical Characteristics (continued)

Vee =9V 10415V, Vgs=-21.5V100V, Vpp =Vaa =45V 1055V, Vgegeny = 2.5V, Vo = 1.7 V to 5.5 V, DAC outputs
unloaded, Digital inputs at V,g or GND, T, = -40°C to +125°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Gain error All ranges -0.1 +0.02 0.1 %FSR
. . ppm of
Gain error drift All ranges +2 ESR/°C
OUTPUT CHARACTERISTICS
to Vss and Vee (-10 mA £ oyT £ 10 1 v
mA)
Output voltage headroom
to VSS and VCC (-15 mA < IOUT <15 15 Vv
mA) '
o 2 Full-scale output shorted to Vgg 40 mA
Short circuit current®
Zero-scale output shorted to V¢ 40 mA
Load regulation rl?];:c at midscale, -15 mA < oyT £ 15 80 W/mA
Maximum capacitive load ® RLoap = open 0 1 nF
. DAC code = midscale 0.1 Q
DC output impedance
DAC code = full scale 25 Q
DYNAMIC PERFORMANCE
Y410 % scale and % to ¥4 scale settling
Output voltage settling time time to +1 LSB, +10V output range, R, 20 us
= 5kQ, C_ = 200pF
0 to 5V output range 1 V/us
Slew rate
All other output ranges V/us
Power down to active DAC output.
Power on glitch magnitude +20V output range, DAC code = 1 \%
midscale, R = 5kQ, C, = 200pF
. 0.1 Hz to 10 Hz, DAC code =
Output noise midscale, 0 V to 5 V range 1 HVpp
Output noise density 1 kHz, DAC code = midscale, 0 Vto 5 78 nV/Hz
V range
DAC code = midscale, frequency = 60
AC PSRR Hz, amplitude 200 mVpp 1 LSB/V
superimposed on Vpp, Ve or Vss
DAC code = midscale, Vpp =5V %
5%, Voe = 20 V, Vg = -20 V 1 LSBIV
DAC code = midscale, Vpp =5V, V¢
DC PSRR =20V + 5%, Vg = -20 V 1 LSB/V
DAC code = midscale, Vpp =5V, Vcc
=20V, Vgs=-20V + 5% L LSBIV
oo 1 LSB change around major carrier, 0
Code change glitch impulse V105 V range 4 nV-s
0 to 5 V range. Measured channel at
Channel to Channel AC crosstalk midscale. Full scale swing on all other 4 nVv-s
channels
0 to 5 V range. Measured channel at
Channel to Channel DC crosstalk midscale. All other channels at full 1 LSB
scale
- 0to 5V range. DAC code = midscale,
Digital feedthrough fsoik = 1 MHz 1 nVv-s
EXTERNAL REFERENCE INPUT
Reference input voltage range, Vregin 2.49 2.5 2.51 \%

(2) Temporary overload condition protection. Junction temperature can be exceeded during current limit. Operation above the specified
maximum junction temperature may impair device reliability.
(3) Specified by design and characterization, not production tested.
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Electrical Characteristics (continued)

Vee =9V 10415V, Vgs=-21.5V100V, Vpp =Vaa =45V 1055V, Vgegeny = 2.5V, Vo = 1.7 V to 5.5 V, DAC outputs
unloaded, Digital inputs at V,g or GND, T, = -40°C to +125°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Reference input current 50 HA
Reference input impedance 50 kQ
Reference input capacitance 5 pF
INTERNAL REFERENCE
Reference output voltage range, Vrerout Tp=25°C 2.4975 2.5025 \%
Reference output drift -10 +5 10 ppm/°C
Reference output impedance 0.15 Q
Reference output noise 0.1 Hz to 10 Hz 12 uvpp
Reference output noise density 10 kHz, REF oap = 10 nF 240 nV/Hz
Reference load current 5 mA
Reference load regulation Source 120 UV/mA
Reference line regulation 100 uviv
Reference output drift over time Ta = 25°C, 1900 hours +12 puv
. First cycle +125 puv
Reference thermal hysteresis —
Additional cycle 25 puv
DIGITAL INPUTS AND OUTPUTS
High-level input voltage, V|4 0'\7/ x Y
10
Low-level input voltage, V,_ 0.3 x \%
Vio
Input current +2 HA
Input pin capacitance 2 pF
High-level output voltage, Vo lon = 0.2 mA V'é’z_ Y
Low-level output voltage, Vo, loL = 0.2 mA 0.4 \Y
Output pin capacitance 5 pF
ALARM OUTPUT
Qutput pin capacitance 5 pF
VoL Low-level output voltage lLoap =-0.2 mA 0.4 \Y
TEMPERATURE OUTPUT
Temperature Output Accuracy 5 °C
VTeEmPOUT TEMPOUT pin voltage range TBD TBD \%
POWER REQUIREMENTS
Normal mode. Internal reference
enabled. DAC at full scale. +20V 0.05 0.5 mA
output range. SPI static.
Vpp supply current, Ipp Normal mode. Internal reference
disabled. DAC at full scale. +20V 0.05 0.5 mA
output range. SPI static.
Power down mode 0.05 0.5 mA
Normal mode. Internal reference
enabled. DAC at full scale. +20V 20 30 mA
output range. SPI static.
Vaa supply current, Iaa Normal mode. Internal reference
disabled. DAC at full scale. +20V 18 28 mA
output range. SPI static.
Power down mode 2 75 pA
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Electrical Characteristics (continued)

Vee =9V 10415V, Vgs=-21.5V100V, Vpp =Vaa =45V 1055V, Vgegeny = 2.5V, Vo = 1.7 V to 5.5 V, DAC outputs
unloaded, Digital inputs at V,g or GND, T, = -40°C to +125°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Normal mode. Internal reference
enabled. DAC at full scale. +20V 5 10 mA
output range. SPI static.
Ve supply current, Icc Normal mode. Internal reference
disabled. DAC at full scale. 20V 5 10 mA
output range. SPI static.
Power down mode 0.5 35 HA
Normal mode. Internal reference
enabled. DAC at full scale. +20V -10 -5 mA
output range. SPI static.
Vss supply current, lss Normal mode. Internal reference
disabled. DAC at full scale. 20V -10 -5 mA
output range. SPI static.
Power down mode -35 -0.5 HA
V|0 supply current, ;o SCLK and SDI toggling at 50 MHz 260 400 HA
8.6 Timing Requirements
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
SERIAL INTERFACE - WRITE OPERATION
. Vio=17Vto2.7V 25 MHz
fiscLiy Serial clock frequency
Vio=27Vto55V 50 MHz
¢ SCLK hiah i Vio=1.7Vto27V 20 ns
igh time
SCLKHIGH 9 Vio=27V1055V 10 ns
¢ SCLK low i Vio=1.7Vto27V 20 ns
ow time
scikLow Vio=27V1055V 10 ns
] Vio=17Vto2.7V 10 ns
tspis SDI setup time
Vio=27Vto55V 5 ns
) Vio=17Vto2.7V 10 ns
tsoin SDI hold time
Vio=27Vto55V 5 ns
— ) ) Vio=17Vto2.7V 30 ns
tcss CS to SCLK falling edge setup time
Vio=27Vto55V 15 ns
) — Vio=17Vto27V 10 ns
tesh SCLK falling edge to CS rising edge
Vio=27Vto55V 5 ns
. 5 hight t Vio=17Vto2.7V 50 ns
i ime
CSHIGH 9 Vio=27V1055V 25 ns
. SCLK falling edde to T5 i Vio=17Vto2.7V 10 ns
alling edge to ignore
CSIGNORE 9.edd g Vio=27V1055V 5 ns
) o Vio=17Vto2.7V 2.4 ps
tDACWAIT Sequential DAC update wait time
Vio=27Vto55V 2.4 ps
. Broadcast DAC ubdate wait f Vio=17Vto2.7V 4 ps
roadcas update wait time
BCASTWAIT P Vio=27V1055V 4 us
SERIAL INTERFACE - READ AND DAISY CHAIN OPERATION, FSDO =0
. Vio=17Vto2.7V 15 MHz
fiscLi Serial clock frequency
Vio=27Vto55V 20 MHz
. SCLK high i Vio=17Vto2.7V 33 ns
igh time
SCLKHIGH 9 Vio=27V1055V 25 ns
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Timing Requirements (continued)

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

MIN NOM MAX UNIT
¢ SCLK low ti Vio=1.7Vto27V 33 ns
ow time
scktow Vio=27V1055V 25 ns
, Vio=17Vt027V 10 ns
tspis SDI setup time
Vio=27Vt055V 5 ns
_ Vio=17Vt027V 10 ns
tspiH SDI hold time
Vio=27Vt055V 5 ns
_ ) ) Vio=17Vt027V 30 ns
tcss CS to SCLK falling edge setup time
Vio=27Vto55V 20 ns
. — . Vio=1.7Vto27V ns
tcsH SCLK falling edge to CS rising edge
Vip=27Vto55V ns
. 5 hidh Vio=17Vt027V 50 ns
igh time
CSHIGH 9 Vio=27V1055V 25 ns
. SCLK falling edae to TS i Vio=17Vt027V 10 ns
alling edge to ignore
CSIGNORE 9.edd g Vio=27V1055V 5 ns
) ) Vio=17Vt027V 0 20 ns
tspozp SDO tri-state to driven
Vio=27Vto55V 0 20 ns
. SDO outout del Vio=17Vt027V 0 20 ns
output dela
SpopLY P Y Vio=27V1055V 0 20 ns
SERIAL INTERFACE - READ AND DAISY CHAIN OPERATION, FSDO =1
_ Vio=17Vt027V 25 MHz
f(scLk) Serial clock frequency
Vio=27Vto55V 35 MHz
. SCLK high Vio=17Vt027V 20 ns
igh time
SCLKHIGH 9 Vio=27V1055V 14 ns
. SCLK low Vio=17Vt027V 20 ns
ow time
sckLow Vio=27V1055V 14 ns
, Vio=17Vt027V 10 ns
tspis SDI setup time
Vio=27Vto55V 5 ns
_ Vio=17Vt027V 10 ns
tspiH SDI hold time
Vio=27Vto55V 5 ns
_ ) ) Vio=17Vt027V 30 ns
tcss CS to SCLK falling edge setup time
Vio=27Vto55V 20 ns
. — . Vio=1.7Vto27V ns
tcsH SCLK falling edge to CS rising edge
Vip=27Vto55V ns
. 5 hidh Vio=17Vt027V 50 ns
igh time
CSHIGH 9 Vio=27V1055V 25 ns
. SCLK falling edae to TS i Vio=17Vt027V 10 ns
alling edge to ignore
CSIGNORE 9.edd g Vio=27V1055V 5 ns
) ) Vio=17Vt027V 0 20 ns
tspozp SDO tri-state to driven
Vio=27Vto55V 0 20 ns
. SDO outout del Vio=17Vt027V 0 20 ns
output dela
SpopLY P Y Vio=27V1055V 0 20 ns
DIGITAL LOGIC
_ Vio=17Vt027V 20 ns
tLpac LDAC low time
Vio=27Vto55V 10 ns
_ Vio=17Vt027V 20 ns
tclr CLR low time
Vio=27Vto55V 10 ns
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Timing Requirements (continued)

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

MIN NOM MAX UNIT
Vio=17V1t027V 1 ms
tRESET POR reset delay
Vio=27V1055V 1 ms
. TOGOLE 1 Vio=17V1t027V 100 kHz
requenc
TOGGLE auency Vio=27V1055V 100 kHz
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9 Parameter Measurement Information
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Figure 1. Serial Interface Write Timing Diagram
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Figure 2. Serial Interface Read Timing Diagram, FSDO =0
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Figure 3. Serial Interface Daisy-Chain Timing Diagram: Two Devices. FSDO =0

14 Submit Documentation Feedback Copyright © 2018, Texas Instruments Incorporated
Product Folder Links: DAC81408 DAC71408 DAC61408


http://www.ti.com/product/dac81408?qgpn=dac81408
http://www.ti.com/product/dac71408?qgpn=dac71408
http://www.ti.com/product/dac61408?qgpn=dac61408
http://www.ti.com
http://www.ti.com/product/dac81408?qgpn=dac81408
http://www.ti.com/product/dac71408?qgpn=dac71408
http://www.ti.com/product/dac61408?qgpn=dac61408
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASER3&partnum=DAC81408

13 TEXAS
INSTRUMENTS
DAC81408, DAC71408, DAC61408

www.ti.com SLASER3 —JULY 2018

10 Detailed Description

10.1 Overview

The DACx1408 is a pin-compatible family of 8-channel, buffered, high-voltage output digital-to-analog converters
(DACs) with 16-, 14- and 12-bit resolution. The DACx1408 includes a 2.5 V internal reference. A user selectable
output configuration enables full-scale bipolar output voltages: +20 V, 10 V, #5 V or +2.5 V and fullscale
unipolar output voltages: 40 V, 20 V, 10 V or 5 V. The full-scale output range for each DAC channel is
independently programmable. In addition, each pair of DAC channels can be configured to provide a differential
output. Three dedicated A-B toggle pins enable dither signal generation with up to three possible frequencies.

Communication to the DACx1408 is performed through a 4-wire serial interface that supports stand-alone and
daisy-chain operation. The optional frame-error checking provides added robustness to the DACx1408 serial
interface.

The DACx1408 incorporates a power-on-reset circuit that ensures the DAC outputs are connected to ground on
power up. The outputs remain at this state until the device registers are properly configured for operation.

10.2 Functional Block Diagram

Vio Vaa VpD Vee REF REFCMP REFGND

INTERNAL / I>
REFERENCE ’

SCLK - - | Range Config |
SDI
SDO DAC » — ouTOo
cs —t> J
1

LDAC
RESET Channel 0
CLR Channel 1 1 —o OUT1
L]
TOGGLEO . I .
. 1 .
TOGGLE1 Channel 7 : : |_< ouT?
TOGGLE2 o
Power Down Logic
ALMOUT Resistive Network
Power On Reset | | Thermal Detector |—< TEMPOUT
DACx1408
A% A%
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10.3 Feature Description

10.3.1 Digital-to-Analog Converters (DACs) Architecture

Each output channel in the DACx1408 consists of an R-2R ladder architecture followed by an output buffer
amplifier. Figure 4 shows a block diagram of the DAC architecture.

REF Vce

2.5V > >
Reference

DAC Range
Select
- Register
Serial Asynchronous -
Interface Déggi‘#gfr -- Mode - Dégg%cég\rle
WRITE —{(Toggle Reg B) |- S{L”SR@%OTUSQ“S'QSG | (Toggle Reg A)

DAC
—® DAC Vob_l Output

MThe DAC trigger is generated by either by writing '1' to the LDAC bit or by the /
LDAC pin in synchronous mode. In asynchronous mode, the DAC latch is transparent.

TOGGLE  GND Vss
Figure 4. DACx1408 DAC Block Diagram

10.3.2 DAC Register Structure

The input data are written to the individual DAC Data registers in straight binary format for all output ranges. Data
written to the DAC data registers is initially stored in the DAC buffer registers. Transfer of data from the DAC
buffer registers to the active DAC registers can be configured to happen immediately (asynchronous mode) or
initiated by a DAC trigger signal (synchronous mode). Once the DAC active registers are updated, the DAC
outputs change to the new values. When the host reads from a DAC data register, the value held in the DAC
buffer register is returned (not the value held in the active register).

10.3.2.1 DAC Register Synchronous and Asynchronous Updates

The update mode for each DAC channel is determined by the status of its corresponding SYNC-EN bit. In
asynchronous mode, a write to the DAC data register results in an immediate update of the DAC active register
and DAC output on a CS rising edge. In synchronous mode, writing to the DAC data register doe not
automatically update the DAC output. Instead the update occurs only after a trigger event. A DAC trigger signal
is generated either through the LDAC bit or by the LDAC pin. The synchronous update mode enables
simultaneous update of multiple DAC outputs. In both update modes a minimum wait time of 1 ys is required
between DAC output updates.

10.3.2.2 Broadcast DAC Register

The DAC broadcast register enables a simultaneous update of multiple DAC outputs with the same value with a
single register write. Broadcast operation is only possible when all DAC channels are in single-ended mode
operations. If one or more outputs are configured in differential mode the broadcast command is ignored.

Each DAC channel can be configured to update or remain unaffected by a broadcast command by setting the
corresponding DAC-BRDCAST-EN bit. A register write to the BRDCAST-DATA register forces those DAC
channels that have been configured for broadcast operation to update their outputs. The DAC outputs update to
the broadcast value on CS rising edge independently of their synchronous mode configuration.

10.3.2.3 Clear DAC Operation

The DAC outputs are set in clear mode through the CLEAR pin. In clear mode each DAC data channel is set to
either zero scale, if configured for unipolar output range operation or mid-scale, if configured in a bipolar output
range.
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Feature Description (continued)
10.3.3 Internal Reference

The DAx1408 include a 2.5-V precision bandgap reference enabled by default. Operation from an external
reference is supported by disabling the internal reference. The internal reference is externally available at the
REF pin.

A minimum 150 nF capacitor is recommended between the reference output and GND for noise filtering. A
compensation capacitor (4.7-uF, typical) should be connected between the REFCMP pin and REFGND.
10.3.4 Device Reset Options

10.3.4.1 Power-on-Reset (POR)

The DACx1408 includes a power-on reset function. After the supplies have been established, a POR event is
issued. The POR causes all registers to initialize to their default values and communication with the device is
valid only after a 1 ms power-on-reset delay. After a POR event, the device is set in power-down mode where
the DAC output pins are connected to ground.

10.3.4.2 Hardware Reset

A device hardware reset event is initiated by a minimum 500 ns logic low on the RESET pin. A hardware reset
initiates a POR event.

10.3.4.3 Software Reset

A device software reset event is initiated by writing the reserved code 0x1010 to SOFT-RESET in the TRIGGER
register. The software reset command is triggered on the CS rising edge of the instruction. A software reset
initiates a POR event.
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10.4 Device Functional Modes

10.4.1 Toggle Mode

Each DAC in the device can be independently configured to operate in toggle mode. A DAC channel in toggle
mode incorporates two DAC registers: Register A and Register B. To update both registers the following
sequence should be followed:

1. Set DAC channel in synchronous mode and disable toggle mode for that channel
2. Write the desired Register A value to the DAC data register

3. Issue a DAC trigger signal to load Register A

4. Write the desired Register B value to the DAC data register

5. Enable toggle mode to load Register B

Once both registers are loaded with data, the TOGGLE pin or TOGGLE bit are used to switch those DACs
configured for toggle operation back and forth between the contents of their two DAC specific registers.

10.4.2 Differential Mode

Each DAC pair in the device can be independently configured to operate as a differential output pair. A DAC pair
in differential mode uses only one DAC data register to update the differential output. For proper operation the
two DAC pairs must be configured to the same output range prior to enabling differential mode.

Additionally an offset register is provided to adjust the offset of the DACy output of the DACxy differential pair.
The differential DAC data register must be rewritten after an update to the offset register.
10.4.3 Power Down Mode

The DACx1408 DAC output amplifiers and internal reference can be independently powered down though the
device registers. After a reset event all output channels and the device internal reference are powered down by
default. A DAC output channel in power-down mode is connected internally to ground through a 10 kQ resistor.
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10.5 Programming

The DACx1408 is controlled through a flexible four-wire serial interface that is compatible with SPI type
interfaces used on many microcontrollers and DSP controllers. The interface provides read and write access to
all DACx1416 registers and can be configured to daisy-chain multiple devices for write operations. The
DACx1416 incorporates an optional error checking mode to validate SPI data communication integrity in noisy
environments.

10.5.1 Stand-Alone Operation

A serial interface access cycle is initiated by asserting the CS pin low. The serial clock SCLK can be a
continuous or gated clock. SDI data are clocked on SCLK falling edges. A regular serial interface access cycle is
24 bits long with error checking disabled and 32 bits long with error checking enabled, thus the CS pin must stay
low for at least 24 or 32 SCLK falling edges. The access cycle ends when the CS pin is de-asserted high. If the
access cycle contains less than then minimum clock edges, the communication is ignored. If the access cycle
contains more than the minimum clock edges, only the last 24 or 32 bits are used by the device. When CS is
high, the SCLK and SDI signals are blocked and the SDO is in a Hi-Z state.

In an error checking disabled access cycle (24-bits long) the first byte input to SDI is the instruction cycle which
identifies the request as a read or write command and the 6-bit address to be accessed. The first bit in the
instruction cycle is the R/W bit (Write: R/W = 0; Read: R/W = 1). The second bit is a don't care bit. The next 6
bits are the register address (64 addressable registers). The remaining 16 bits in the cycle form the data cycle.

res ] [ [
1 2 3 4 5 6 7 8 9 . 23 24 1 2 3 4 5 6 7 8 9 10 . 23 24
SICIE SR I I I I
je———  wriTE coMmAND »| |« ANY COMMAND —
SDI _le><|A5|A4|A3|A2|A1|A0|D15E---iDl|DO| ] rRw ['s=o] as T aa [ A3 ] a2 At ao Jois[pwa}f - [ o1 ] o]
k— WRITE COMMAND ECHO —}'
SDO — [ zstate T w ] x [as[amJ]as]a2]aJa Jos[ouaf = To1] oo f—

Figure 5. Serial Interface Write Bus Cycle

A read operation is initiated by issuing a read command access cycle. After the read command, a second access
cycle must be issued to get the requested data. Data are clocked out on SDO pin either on the falling edge or
rising edge of SCLK according to the FSDO bit.

lcs ] 1 [
1 2 3 4 5 6 7 8 9 23 24 1 5 6 7 0 23 24
ol S I e e I A I I 0
[¢—————————— READ COMMAND » |« ANY COMMAND —_—
SDI —\R|S:0|A5|A4|A3|A2|A1|A0|D15'---ID1|DO| | rw [s=0] as [ aa [ as [ a2 [ a [ a0 [D1s[ouaf =« [ D1 [ o]
[¢—— READCOMMANDECHO ——pl¢— READDATA —»]
SDO — [ zsae [ R [ x [as [ a¢a]as]a2]ar[m [oi5]p1af = [p1]oo}—o

Figure 6. Serial Interface Read Bus Cycle, FSDO =0

10.5.1.1 Streaming Mode Operation

Since updating the eight channels data registers requires a large amount of data to be passed to the device, the
device supports streaming mode. In streaming mode the DAC data registers can be written to the device without
providing an instruction command for each data register and is implemented by continually holding the CS active
and continuing to shift new data in or old data out of the device.

The instruction cycle includes the starting address. The device starts reading from or writing to this address and
automatically increments the address as long as CS is asserted. If the last DAC data register address has been
reached and CS is still asserted, the data for this address is overwritten with the new data.
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Programming (continued)
/ICS ]
1 2 3 4 5 6 7 8 9 23 24 25 39 40 41 55 56 57 71 72

|[«—  STREAMWRITECOMMAND ~ —ple— ADDRESSN —ple— ADDRESSN+1 —pla— ADDRESSN+2 —pl¢— ADDRESSN+3 —b|

SDI | w | X | A5 | A4 | A3 | A2 | Al | A0 | D15 - DO | D15 - DO | D15 - DO | D15 - DO |

sbo  — I
Figure 7. Serial Interface Streaming Write Cycle

10.5.2 Daisy-Chain Operation

For systems that contain more than one DACx1408 devices, the SDO pin can be used to daisy-chain them
together. Daisy-chain operation is useful in reducing the number of serial interface lines.

The first falling edge on the CS pin starts the operation cycle. If more than 24 SCLK pulses are applied while the
continuously applied while the CS pin is kept low, the data ripples out of the shift register and is clocked out on
the SDO pin either on the falling edge or rising edge of SCLK according to the FSDO bit. By connecting the SDO
output 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. As a result the total number of clock cycles
must be equal to 24 x N, where N is the total number of DACx1408 devices in the daisy chain. When the serial
transfer to all devices is complete the CS signal is taken high. This action transfers the data from the SPI shift
registers to the internal registers of each device in the daisy chain and prevents any further data from being
clocked into the input shift register. Daisy-chain operation is not supported while in streaming mode.

ICS
1 2 3 4 5 6 7 8 9 23 24 2% 39 48 49 71 72 ICE 95 96
LTRSS I U 1 e S e S e A O 0 I S
k——— DEVICE A COMMAND —4
SDI | w | X | A5 | A4 | A3 | A2 | Al | A0 | D15 - DO | DEVICE B COMMAND | DEVICE C COMMAND | DEVICE D COMMAND |
SDO —] | peEviceacommano | DEvicEBcoMMAND | DEVICECCOMMAND |——

Figure 8. Serial Interface Daisy-Chain Write Cycle
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Programming (continued)
10.5.3 Frame Error Checking

If the DACx1408 is used in a noisy environment, error checking can be used to check the integrity of SPI data
communication between the device and the host processor. This feature can be enabled by setting the CRC-EN
bit. The error checking scheme is based on the CRC-8-ATM (HEC) polynomial x® + x> + x + 1 (that is,
100000111). When error checking is enabled, the serial interface access cycle width is 32 bits. The normal 24-bit
SPI data is appended with an 8-bit CRC polynomial by the host processor before feeding it to the device. In all
serial interface readback operations the CRC polynomial is output on the SDO pin as part of the 32-bit cycle.

Table 1. Error Checking Serial Interface Access Cycle

BIT FIELD DESCRIPTION
31 RW Identifies the communication as a read or write command to the address
register. R/W = 0 sets a write operation. R/W = 1 sets a read operation.
30 CRC-ERROR Reserved bit. Set to zero.
29.24 A[5:0] Re_glster adqress. Specifies the register to be accessed during the read or
write operation.
Data cycle bits. If a write command, the data cycle bits are the values to
23-8 DI[15:0] be written to the register with address A[5:0]. If a read command, the data
cycle bits are don't care values.
7-0 CRC 8-bit CRC polynomial.

The DACx1408 decodes the 32-bit access cycle to compute the CRC remainder on CS rising edges. If no error
exists, the CRC remainder is zero and data are accepted by the device.

A write operation failing the CRC check causes the data to be ignored by the device. After the write command, a
second access cycle can be issued to determine the error checking results (CRC-ERROR bit) on the SDO pin.
Additionally if there is a CRC error, the ALMOUT pin asserts low and the CRC-ALM bit of the status register is
also set to 1.

Table 2. Write Operation Error Checking Cycle

BIT FIELD DESCRIPTION

31 RW Echo RW from previous access cycle (RW = 0).

30 CRC-ERROR Returns a 1 when a CRC error is detected, 0 otherwise.
29-24 A[5:0] Echo address from previous access cycle.

23-8 DOJ[15:0] Echo data from previous access cycle.

7-0 CRC Calculated CRC value of bits 31:8.

A read operation must be followed by a second access cycle to get the requested data on the SDO pin. The
error check result (CRC-ERROR bit) from the read command is output on the SDO pin. As in the case of a write
operation failing the CRC check, the ALMOUT pin asserts low and the CRC-ALM bit of the status register is set
to 1.

Table 3. Read Operation Error Checking Cycle

BIT FIELD DESCRIPTION

31 RW Echo RW from previous access cycle (RW = 1).

30 CRC-ERROR Returns a 1 when a CRC error is detected, 0 otherwise.
29-24 A[5:0] Echo address from previous access cycle.

23-8 DOJ[15:0] Echo data from previous access cycle.

7-0 CRC Calculated CRC value of bits 31:8.
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10.6 Register Maps

Table 4 lists the memory-mapped registers for the device. All register offset addresses not listed in Table 4
should be considered as reserved locations and the register contents should not be modified.

Table 4. DACx1408 Registers

Offset Acronym Register Name Section
00h NOP DACx1408 Register Go
01h DEVICEID DACx1408 Register Go
02h STATUS DACx1408 Register Go
03h SPICONFIG DACx1408 Register Go
04h GENCONFIG DACx1408 Register Go
05h BRDCONFIG DACx1408 Register Go
06h SYNCCONFIG DACx1408 Register Go
07h TOGGCONFIGO DACx1408 Register Go
08h TOGGCONFIG1 DACx1408 Register Go
09h DACPWDWN DACx1408 Register Go
0Bh DACRANGEN DACx1408 Register Go
OEh TRIGGER DACx1408 Register Go
OFh BRDCAST DACx1408 Register Go
14h DACn DACx1408 Register Go
21h OFFSETNn DACx1408 Register Go

Complex bit access types are encoded to fit into small table cells. Table 5 shows the codes that are used for

access types in this section.

Table 5. Access Type Codes

Access Type ‘ Code ‘ Description
Read Type

R R | Read

Write Type

W W | write

Reset or Default Value

-n

‘ ‘ Value after reset or the default value

Register Array Variables

i,j,k,,m,n

When these variables are used in a register name,
an offset, or an address, they refer to the value of a
register array where the register is part of a group
of repeating registers. The register groups form a
hierarchical structure and the array is represented
with a formula.

When this variable is used in a register name, an
offset, or an address it refers to the value of a
register array.
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10.6.1 NOP Register (Offset = 00h) [reset = 0000h]
NOP is shown in Figure 9 and described in Table 6.
Return to Summary Table.

Figure 9. NOP Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NOP
W-0h

Table 6. NOP Register Field Descriptions

Bit Field Type Reset Description
15-0 NOP w Oh

No operation. Write 0000h for proper no-operation command.

10.6.2 DEVICEID Register (Offset = 01h) [reset = 0A70h]
DEVICEID is shown in Figure 10 and described in Table 7.
Return to Summary Table.

Figure 10. DEVICEID Register

15 14 13 12 11 10 9 8
DEVICEID
R-29Ch

DEVICEID VERSIONID
R-29Ch R-0Oh

Table 7. DEVICEID Register Field Descriptions

Bit Field Type Reset Description
Device ID
152 | DEVICEID R 29Ch DAC81408: 29Ch
DAC71408: 28Ch
DAC61408: 24Ch
1-0 VERSIONID R Oh Version ID. Subject to change.
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10.6.3 STATUS Register (Offset = 02h) [reset = 0000h]
STATUS is shown in Figure 11 and described in Table 8.

Return to Summary Table.

Figure 11. STATUS Register

15 14 13 12 11 10 9 8
RESERVED
R-0Oh
7 6 5 4 3 2 1 0
RESERVED | CRC-ALM DAC-BUSY TEMP-ALM
R-0Oh R-0Oh R-0Oh R-0Oh
Table 8. STATUS Register Field Descriptions
Bit Field Type Reset Description
15-3 RESERVED R Oh This bit is reserved.
2 CRC-ALM R Oh CRC-ALM = 1 indicates a CRC error.
1 DAC-BUSY R Oh DAC-BUSY = 1 indicates DAC registers are not ready for updates.
0 TEMP-ALM R Oh TEMP-ALM = 1 indicates die temperature_is over +140°C. A thermal
alarm event forces the DAC outputs to go into power-down mode.
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10.6.4 SPICONFIG Register (Offset = 03h) [reset = 0A24h]
SPICONFIG is shown in Figure 12 and described in Table 9.
Return to Summary Table.

Figure 12. SPICONFIG Register

15 14 13 12 11 10 9 8
RESERVED ‘ TEMPALM-EN | DACBUSY-EN | CRCALM-EN RESERVED
R-0Oh R/W-1h R/W-0h R/W-1h R-0Oh
7 6 5 4 8 2 1 0
RESERVED | SOFTTOGGLE | DEV-PWDWN CRC-EN STR-EN SDO-EN FSDO RESERVED
-EN
R-0Oh R/W-0h R/W-1h R/W-0h R/W-0h R/W-1h R/W-0h R-0Oh

Table 9. SPICONFIG Register Field Descriptions

Bit Field Type Reset Description
15-12 RESERVED R Oh This bit is reserved.
11 TEMPALM-EN R/W 1h When set to 1 a thermal alarm triggers the ALMOUT pin.
10 DACBUSY-EN RIW oh When set to 1 the ALMOUT pin is set between DAC output updates.
Contrary to other alarm events, this alarm resets automatically.
9 CRCALM-EN R/W 1h When set to 1 a CRC error triggers the ALMOUT pin.
8 RESERVED R Oh This bit is reserved.
7 RESERVED R Oh This bit is reserved.
6 SOFTTOGGLE-EN RIW Oh When set to 1 enables soft toggle operation.
5 DEV-PWDWN RIW 1h DEV-PWDWN = 1 sets the device in power-down mode
DEV-PWDWN = 0 sets the device in active mode
4 CRC-EN RIW Oh When set to 1 frame error checking is enabled.
3 STR-EN R/W Oh When set to 1 streaming mode operation is enabled.
2 SDO-EN R/W 1h When set to 1 the SDO pin is operational.
Fast SDO bit (half-cycle speedup). When 0, SDO updates during
1 FSDO RIW Oh SCLK rising edges. When 1, SDO updates during SCLK falling
edges.
0 RESERVED R Oh This bit is reserved.
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10.6.5 GENCONFIG Register (Offset = 04h) [reset = 7F00h]
GENCONFIG is shown in Figure 13 and described in Table 10.
Return to Summary Table.

Figure 13. GENCONFIG Register

15 14 13 12 11 10 9 8
RESERVED REF-PWDWN RESERVED
R-0Oh R/W-0h R-0Oh
7 6 5 4 8 2 1 0
RESERVED RESERVED | DAC-6-7-DIFF- | DAC-4-5-DIFF- | DAC-2-3-DIFF- | DAC-0-1-DIFF- | RESERVED RESERVED
EN EN EN EN
R-0Oh R-0Oh R/W-0h R/W-0h R/W-0h R/W-0h R-0Oh R-0Oh

Table 10. GENCONFIG Register Field Descriptions

Bit Field Type Reset Description

15 RESERVED R Oh This bit is reserved.

14 REF-PWDWN RIW oh REF-PWDWN = 1 powers down the internal reference

REF-PWDWN = 0 activates the internal reference
13-8 RESERVED R Oh This bit is reserved.
7 RESERVED R Oh This bit is reserved.
6 RESERVED R Oh This bit is reserved.
5 DAC-6-7-DIFF-EN R/W Oh
4 DAC-4-5-DIFF-EN R/W Oh When set to 1 the corresponding DAC pair is set to operate in
s loacasoreen mw on | S nods e o e g mut e reuten afer
2 DAC-0-1-DIFF-EN R/W Oh
1 RESERVED R Oh This bit is reserved.
0 RESERVED R Oh This bit is reserved.
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10.6.6 BRDCONFIG Register (Offset = 05h) [reset = FFFFh]
BRDCONFIG is shown in Figure 14 and described in Table 11.

Return to Summary Table.

Figure 14. BRDCONFIG Register

15 14 13 12 11 10 9 8
RESERVED RESERVED RESERVED RESERVED DAC7- DAC6- DACS5- DAC4-
BRDCAST-EN | BRDCAST-EN | BRDCAST-EN | BRDCAST-EN
R-0h R-0Oh R-0h R-0Oh R/W-1h R/W-1h R/W-1h R/W-1h
7 6 5 4 3 2 1 0
DAC3- DAC2- DAC1- DACO- RESERVED RESERVED RESERVED RESERVED
BRDCAST-EN | BRDCAST-EN | BRDCAST-EN | BRDCAST-EN
R/W-1h R/W-0h R/W-0h R/W-0h R-0h R-0Oh R-0h R-0Oh
Table 11. BRDCONFIG Register Field Descriptions
Bit Field Type Reset Description
15 RESERVED R Oh This bit is reserved.
14 RESERVED R Oh This bit is reserved.
13 RESERVED R Oh This bit is reserved.
12 RESERVED R Oh This bit is reserved.
11 DAC7-BRDCAST-EN R/W 1h
10 DACG6-BRDCAST-EN R/W 1h . ) .
When set to 1 the corresponding DAC is set to update its output
9 DAC5-BRDCAST-EN RIW 1h after a serial interface write to the BRDCAST register. All DAC
8 DAC4-BRDCAST-EN RIW 1h channels must be configured in single-ended mode for broadcast
operation. If one or more outputs are configured in differential mode
7 DAC3-BRDCAST-EN RIW 1h the broadcast mode is ignored.
6 DAC2-BRDCAST-EN R/W 1h When cleared to 0 the corresponding DAC output remains
5 DAC1-BRDCAST-EN R/W 1h unaffected after a serial interface write to the BRDCAST register.
4 DACO-BRDCAST-EN R/W 1h
3 RESERVED R Oh This bit is reserved.
2 RESERVED R Oh This bit is reserved.
1 RESERVED R Oh This bit is reserved.
0 RESERVED R Oh This bit is reserved.
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10.6.7 SYNCCONFIG Register (Offset = 06h) [reset = 0000h]
SYNCCONFIG is shown in Figure 15 and described in Table 12.
Return to Summary Table.

Figure 15. SYNCCONFIG Register

15 14 13 12 11 10 9 8
RESERVED RESERVED RESERVED RESERVED DAC7-SYNC- DAC6-SYNC- DAC5-SYNC- DAC4-SYNC-
EN EN EN EN
R-0Oh R-0h R-0Oh R-0h R/W-0h R/W-0h R/W-0h R/W-0h
7 6 5 4 3 2 1 0
DAC3-SYNC- DAC2-SYNC- DAC1-SYNC- DACO-SYNC- RESERVED RESERVED RESERVED RESERVED
EN EN EN EN
R/W-0h R/W-0h R/W-0h R/W-0h R-0Oh R-0h R-0Oh R-0h
Table 12. SYNCCONFIG Register Field Descriptions
Bit Field Type Reset Description
15 RESERVED R Oh This bit is reserved.
14 RESERVED R Oh This bit is reserved.
13 RESERVED R Oh This bit is reserved.
12 RESERVED R Oh This bit is reserved.
11 DAC7-SYNC-EN R/W Oh
10 DAC6-SYNC-EN R/W Oh
9 DAC5-SYNC-EN R/W Oh . . .
When set to 1 the corresponding DAC output is set to update in
8 DAC4-SYNC-EN R/W Oh response to an LDAC trigger (synchronous mode).
7 DAC3-SYNC-EN R/W Oh When cleared to 0 the corresponding DAC output is set to update
6 DAC2-SYNC-EN RIW oh immediately (asynchronous mode).
5 DAC1-SYNC-EN R/W Oh
4 DACO-SYNC-EN R/W Oh
3 RESERVED R Oh This bit is reserved.
2 RESERVED R Oh This bit is reserved.
1 RESERVED R Oh This bit is reserved.
0 RESERVED R Oh This bit is reserved.
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10.6.8 TOGGCONFIGO Register (Offset = 07h) [reset = 0000h]
TOGGCONFIGO is shown in Figure 16 and described in Table 13.
Return to Summary Table.

Figure 16. TOGGCONFIGO Register

15 14 13 12 11 10 9 8
RESERVED \ RESERVED \ RESERVED \ RESERVED
R-0h R-0h R-0h R-0h
7 6 5 4 e 2 1 0
DAC7-AB-TOGG-EN \ DAC6-AB-TOGG-EN \ DAC5-AB-TOGG-EN \ DAC4-AB-TOGG-EN
R/W-Oh R/W-Oh R/W-Oh R/W-Oh

Table 13. TOGGCONFIGO Register Field Descriptions

Bit Field Type Reset Description
15-14 RESERVED R Oh This bit is reserved.
13-12 RESERVED R Oh This bit is reserved.
11-10 RESERVED R Oh This bit is reserved.
9-8 RESERVED R Oh This bit is reserved.
76 DAC7-AB-TOGG-EN RIW oh Enables toggle mode operation and configures the toggle pin or soft
5-4 DAC6-AB-TOGG-EN R/W Oh toggle bit:
32 DACS5-AB-TOGG-EN RIW Oh Oh = Toggle mode disabled
1h = Toggle mode enabled: TOGGLEO
1-0 DAC4-AB-TOGG-EN R/W oh 2h = Toggle mode enabled: TOGGLE1
3h = Toggle mode enabled: TOGGLE2
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10.6.9 TOGGCONFIGL1 Register (Offset = 08h) [reset = 0000h]
TOGGCONFIG1 is shown in Figure 17 and described in Table 14.
Return to Summary Table.
Figure 17. TOGGCONFIG1 Register
15 14 13 12 11 10 9 8
DAC3-AB-TOGG-EN \ DAC2-AB-TOGG-EN \ DAC1-AB-TOGG-EN \ DACO0-AB-TOGG-EN
R/W-0h R/W-0h R/W-0h R/W-0h
7 6 5 4 3 2 1 0
RESERVED \ RESERVED \ RESERVED \ RESERVED
R-Oh R-Oh R-Oh R-Oh

Table 14. TOGGCONFIG1 Register Field Descriptions

Bit Field Type Reset Description
15-14 DAC3-AB-TOGG-EN RW oh Enables toggle mode operation and configures the toggle pin or soft
13-12 DAC2-AB-TOGG-EN R/W Oh toggle bit:
11-10 | DAC1-AB-TOGG-EN RIW oOh Oh = Toggle mode disabled
1h = Toggle mode enabled: TOGGLEQ
9-8 DACO-AB-TOGG-EN R/W Oh 2h = Toggle mode enabled: TOGGLE1
3h = Toggle mode enabled: TOGGLE2
7-6 RESERVED R Oh This bit is reserved.
5-4 RESERVED R Oh This bit is reserved.
3-2 RESERVED R Oh This bit is reserved.
1-0 RESERVED R Oh This bit is reserved.
30 Submit Documentation Feedback Copyright © 2018, Texas Instruments Incorporated

Product Folder Links: DAC81408 DAC71408 DAC61408


http://www.ti.com/product/dac81408?qgpn=dac81408
http://www.ti.com/product/dac71408?qgpn=dac71408
http://www.ti.com/product/dac61408?qgpn=dac61408
http://www.ti.com
http://www.ti.com/product/dac81408?qgpn=dac81408
http://www.ti.com/product/dac71408?qgpn=dac71408
http://www.ti.com/product/dac61408?qgpn=dac61408
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASER3&partnum=DAC81408

13 TEXAS
INSTRUMENTS
DAC81408, DAC71408, DAC61408

www.ti.com SLASER3 —JULY 2018

10.6.10 DACPWDWN Register (Offset = 09h) [reset = FFFFh]
DACPWDWN is shown in Figure 18 and described in Table 15.
Return to Summary Table.

Figure 18. DACPWDWN Register

15 14 13 12 11 10 9 8
RESERVED | RESERVED | RESERVED | RESERVED | DAC7-PWDWN | DAC6-PWDWN | DAC5-PWDWN | DAC4-PWDWN
R-0h R-0h R-0h R-0h R/W-1h R/W-1h R/W-1h R/W-1h

7 6 5 4 3 2 1 0
DAC3-PWDWN | DAC2-PWDWN | DAC1-PWDWN | DACO-PWDWN | RESERVED | RESERVED | RESERVED | RESERVED
R/W-1h R/W-1h R/W-1h R/W-1h R-0Oh R-0h R-0Oh R-0h
Table 15. DACPWDWN Register Field Descriptions
Bit Field Type Reset Description
15 RESERVED R Oh This bit is reserved.
14 RESERVED R Oh This bit is reserved.
13 RESERVED R Oh This bit is reserved.
12 RESERVED R Oh This bit is reserved.
11 DAC7-PWDWN R/W 1h
10 DAC6-PWDWN RIW 1h
9 DAC5-PWDWN R/W 1h
8 DACA-PWDWN RIW ih When set to 1 the corresponding DAC is in power-down mode and
7 DAC3-PWDWN R/W 1h its output is connected to GND through a 10 kQ internal resistor.
6 DAC2-PWDWN R/W 1h
5 DAC1-PWDWN RIW 1h
4 DACO-PWDWN R/W 1h
3 RESERVED R Oh This bit is reserved.
2 RESERVED R Oh This bit is reserved.
1 RESERVED R Oh This bit is reserved.
0 RESERVED R Oh This bit is reserved.
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10.6.11 DACRANGEN Register (Offset = 0Bh - OCh) [reset = 0000h]
DACRANGER is shown in Figure 19 and described in Table 16.

Return to Summary Table.

Figure 19. DACRANGEN Register

15 14 13 12 11 10 9 8
DACa-RANGE[3:0] DACb-RANGE[3:0]
W-0Oh W-0Oh
7 6 5 4 3 2 1 0
DACc-RANGE[3:0] DACd-RANGEJ3:0]
W-0h W-0h

Table 16. DACRANGERN Register Field Descriptions

Bit Field Type Reset Description
15-12 DACa-RANGE([3:0] w oh Sets the output range for the corresponding DAC.
11-8 DACb-RANGE[3:0] w Oh 0000: 0to 5V
7-4 DACc-RANGE[3:0] w Oh 0001: 0to 10 V
0010: 0to 20 V
0100: 0to 40 V
1001:-5Vto+5V
1010: -10 V to +10 V
3-0 DACd-RANGE[3:0] w Oh 1100: -20 V to +20 V
1110: -25Vto +25V
All others: invalid
The two outputs of a differential DAC pair must be configured to the
same output range prior to setting them up as a differential pair.
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10.6.12 TRIGGER Register (Offset = OEh) [reset = 0000h]
TRIGGER is shown in Figure 20 and described in Table 17.
Return to Summary Table.

Figure 20. TRIGGER Register

15 14 13 12 11 10 9 8
RESERVED | ALM-RESET
W-0h W-0h
7 6 5 4 3 2 1 0
AB-TOG2 ABTOGL | ABTOGO | LDAC | SOFT-RESET[3:0]
W-0h W-0h W-0h W-0h W-0h
Table 17. TRIGGER Register Field Descriptions

Bit Field Type Reset Description

15-9 RESERVED w Oh This bit is reserved

8 ALM-RESET W oh Set this bit to 1 to clear an alarm event. Not applicable for a DAC-
BUSY alarm event.
If soft toggle is enabled set this bit to 1 to toggle between values for

7 AB-TOG2 w Oh those DACs that have been set in toggle mode 2 in the
TOGGCONFIG register.
If soft toggle is enabled set this bit to 1 to toggle between values for

6 AB-TOG1 w Oh those DACs that have been set in toggle mode 1 in the
TOGGCONFIG register.
If soft toggle is enabled set this bit to 1 to toggle between values for

5 AB-TOGO w Oh those DACs that have been set in toggle mode 0 in the
TOGGCONFIG register.

4 LDAC W oh Set this bit to 1 to synchronously load those DACs who have been
set in synchronous mode in the SYNCCONFIG register.

3.0 SOFT-RESET[3:0] W oh \S/¥:t2n set to the reserved code 1010 resets the device to its default

10.6.13 BRDCAST Register (Offset = OFh) [reset = 0000h]
BRDCAST is shown in Figure 21 and described in Table 18.
Return to Summary Table.

Figure 21. BRDCAST Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BRDCAST-DATA[15:0]
R/W-0h
Table 18. BRDCAST Register Field Descriptions
Bit Field Type Reset Description
Writing to the BRDCAST register forces those DAC channels that
have been set to broadcast in the BRDCONFIG register to update its
active register data to the BRDCAST-DATA one.
Data is MSB aligned in straight binary format and follows the format
15-0 | BRDCAST-DATA[15:0] |RMW oh below:

DAC81408: { DATA[15:0] }
DAC71408: { DATA[13:0], X, X }
DAC61408: { DATA[11:0], X, X, X, X}
x — Don 't care bits
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10.6.14 DACn Register (Offset = 14h - 1Bh) [reset = 0000h]
DACn is shown in Figure 22 and described in Table 19.

Return to Summary Table.

Figure 22. DACn Register

15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACN-DATA[15:0]
R/W-0h
Table 19. DACn Register Field Descriptions

Bit Field Type Reset Description
Stores the 16-, 14- or 12-bit data to be loaded to DACn in MSB
aligned straight binary format. In differential DAC mode data is
loaded into the lowest-valued DAC in the DAC pair (in pair DAC 01,
data is loaded into DACO and writes to DAC1 are ignored).

15-0 DACn-DATA[15:0] RIW oh Data follows the format below:

DAC81408: { DATA[15:0] }
DAC71408: { DATA[13:0], X, x }
DAC61408: { DATA[11:0], X, X, X, X}
x — Don 't care bits

10.6.15 OFFSETnN Register (Offset = 21h - 22h) [reset = 0000h]
OFFSETn is shown in Figure 23 and described in Table 20.

Return to Summary Table.

Figure 23. OFFSETn Register

15 14 13 12 11 10 9 8
OFFSETab[7:0]
R/W-0h
7 6 5 4 3 2 1 0
OFFSETcd[7:0]
R/W-0h
Table 20. OFFSETn Register Field Descriptions
Bit Field Type Reset Description
15-8 OFFSETab(7:0] RIW oh Provides offset adjustment to the corresponding differential DAC pair
. in two 's complement format. The differential DAC data register must
70 OFFSETcd[7:0] R/W Oh be rewritten after updating the offset register
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11 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

11.1 Application Information

The DACx1408 family provides 8-channel high-voltage and high-current output in both single-ended and
differential configurations. The outputs can be configured to multiple ranges and square waves can be generated
using the toggle modes. This makes the DAC family suitable for Automatic Test Equipment (ATE) and servo
control applications. In addition to these features, the low power-on glitch of this DAC makes it suitable for Motor
Control applications like CNC machines as well.

11.2 Typical Application

I} A AW
| [ € +3.3V 45,5V 45,5V 4215V
REF3025 I
2.5V VREF 1kQ Re VREFH VIO VDD VAA VCC
IN ouT A U1A — AN REF
GND o< +
0.47)5F TuF A ouTo l o
2.0V 0.1pF REFCMP : :
- - DACx1408 :
= 300 mV Offset A‘%\’ 330pF o
J— y + R(
U1B —MVW\ REFGND
g v VREFL
"= g 1% |- GND Vss
| |< L l
11 1 215V

1kQ 1kQ

DUTGND

Figure 24. Schematic for Remote Ground Tracking

11.2.1 Design Requirements

In ATE and Motor Control applications, typically the systems are designed modular wherein the control module is
located spatially away from the Device Under Test (DUT) module. Such a scheme allows ground potentials
across modules to vary due to the impedance of the interconnects. This ground potential variation, in turn
introduces inaccuracies to the DAC output when measured with respect to the remote or DUT ground. Figure 24
provides a method to compensate the variations in the remote ground. The ground variation in such applications
is typically within £300mV that includes DC and 50Hz/60Hz mains frequency components. While the best way to
handle this variation is to put opamps in level shifter configuration at each output, a low cost and low footprint
solution is always preferable. The following sections focus on the latter approach.

11.2.2 Detailed Design Procedure for Remote Ground Tracking

In order to make the DAC outputs follow the remote ground, the best approach is to level shift the reference
input. Figure 24 depicts a method wherein both the REF and REFGND inputs are level shifted with respect to
DUTGND. However, as the DAC doesn’t allow the REFGND to become negative compared to GND, an offset
voltage of 300mV needs to be applied as shown. This method requires an external 2.5V reference and a way to
generate a stable 300mV reference. A dual opamp U1l is used to shift both REFGND and REF by (DUTGND +
300mV offset). Table 21 provides the nodal analysis of the circuit. As evident, the DAC outputs track the
DUTGND with an offset of 300mV. This offset can be easily compensated in software.
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Typical Application (continued)
Table 21. Nodal Analysis of the Circuit

DUTGND VOUT-GND @OV | VOUT-GND @5V | VOUT-DUTGND | VOUT-DUTGND
(GND0.3v) | REFGNDPIN RIES P CODE CODE @OV CODE @5V CODE
ov 0.3V 2.8V 0.3V 5.3V 0.3V 5.3V
0.3V 0.6V 3.1V 0.6V 5.6V 0.3V 5.3V
0.3V ov 25V oV 5V 0.3V 5.3V

11.2.2.1 Generating 300mV Offset

There is no off-the-shelf solution for generating a 300mV offset, unfortunately. Figure 24 depicts a method to
generate it using discrete components. It uses LM4041 adjustable shunt regulator on high-side from the 2.5V
reference. It has a reference input pin that sets the voltage across this device. Given that Vg is 1.233V,
choosing R1 = 16kQ and R2 = 12kQ the voltage V, can be calculated by superposition as 2.16V. This will
provide an offset of (2.5V — 2.16V) = 340mV that will provide a safe margin from DAC ground.

11.2.2.2 Amplifier Selection

The amplifier needs to be bipolar in order to operate linearly near ground. A dual package is preferable for
optimizing area. Considering these factors, TLV2442A seems to be the best option from cost and accuracy
points of view. Other parts like OPA2277 can be used when higher accuracy is required.

11.2.2.3 Passive Component Selection

In order to minimize additional offset and gain error the gain resistors around the opamps need to be matched.
An 8-channel resistor network can be used for better matching. R; and C, values can be chosen as 22Q and
1000pF, respectively in order to compensate the pole caused by the large bypass capacitor at the opamp
outputs.
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12 Power Supply Recommendations

The DACx1408 requires 5 power supply inputs: VIO, VDD, VAA, VCC and VSS. VDD and VAA should be at
same level. Assuming VIO and VDD/VAA to be different, there are 4 separate power supply sources required. It
is recommended to provide a 0.1pF ceramic capacitor close to each power supply pin. Please note that VCC and
VSS have 2 pins each. In addition, a 4.7uF or 10puF bulk capacitor is recommended for each power supply.
Tantalum or aluminium types can be chosen for the bulk capacitors. There is no sequencing requirement for the
power supplies. As the DAC output range is configurable, the power supply headroom should be taken care of
for achieving linearity at codes close to power supply rails. When sourcing or sinking current from or to the DAC
output, the heat dissipation needs to be considered. For example, a typical application of MZM bias with 25mA
load current from or to 12 channels with 2.5V power supply headroom can create a power dissipation across the
DAC of (12*2.5*25mA) = 0.75W. The thermal design to dissipate this much of power may involve inclusion of
heat sinks in order to avoid thermal shutdown of the device.
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13 Layout

13.1 Layout Guidelines

The pin out of DACx1408 has been designed in such a way that the analog, digital and power pins are spatially
separated from each other, which makes the PCB layout simple. An example layout is shown in Figure 25. As
evident, every power supply pin has a 0.1uF capacitor close to it. The layout of the analog and digital signals
should be laid out away from each other or on different PCB layers. It is recommended to provide an unbroken
reference plane (either ground or VIO) for the digital signals. The higher frequency signals such as SCLK and
SDI should have appropriate impedance termination in order to address signal integrity.

13.2 Layout Example

Power
Supplies
PP ! External
i i Reference
[ [
[ [
[ [
[ [
Analog D [ )
Outputs Analog
D [ ) Outputs
D [ )
[ )
Digital 10
Figure 25. Example Layout
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14 Device and Documentation Support

14.1 Documentation Support

14.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 22. Related Links

parts | probucrroroer | oromrnow | JectNCAL | 1ootse [ streomre
DAC81408 Click here Click here Click here Click here Click here
DAC71408 Click here Click here Click here Click here Click here
DAC61408 Click here Click here Click here Click here Click here

14.3 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

14.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

14.5 Trademarks
E2E is a trademark of Texas Instruments.

14.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ 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.
14.7 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

15 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
PDACBSEOSRHAT PREVIEW VQFN RHA 40 250 TBD Call Tl Call TI -40to 125

@ 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

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

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

Important Information and Disclaimer:The information provided on this page represents Tl'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 Tl to Customer on an annual basis.
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MECHANICAL DATA
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NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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