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ADS705R/ADS706R

4-Channel, 12-/16-Bit, Current Output DAC with On-Chip Reference and SPI

FEATURES

» 4-channel, 12-/16-bit, current output DAC

» Programmable output current ranges per channel
» 50mA, 150mA, 200mA, and 300mA

» Flexible 1.65V to AVDD (<3.6V) output supply voltages

» Separate voltage supply per output channel

» 0.3V maximum dropout voltage per channel

» Internal switches to ground on IOUT pins

» 2.5V on-chip voltage reference

» 50MHz SP! interface

» Load DAC, A/B toggle, and dither functions

» Integrated analog diagnostic monitoring

» Integrated thermal warning alert

» 36-ball 2.55mm x 2.55mm WLCSP

» 28-pin 4mm x 4mm LFCSP

» Operating temperature: —40°C to +125°C

APPLICATIONS

» Photonics control

» Optical communications

» LED driver programmable current source
» Current-mode biasing

FUNCTIONAL BLOCK DIAGRAM

IovDD AVDD

GENERAL DESCRIPTION

The AD5705R/AD5706R are 4-channel, 12-/16-bit resolution, low
noise programmable current output, digital-to-analog converters
(DACs). The devices are ideal for applications such as photonics
control and current-mode biasing.

The devices feature an integrated 2.5V voltage reference, along
with load DAC, A/B toggle, and dither functions. An onboard multi-
plexer allows for monitoring of supply and output voltages, output
currents, and the internal die temperature.

The AD5705R/AD5706R support several programmable output cur-
rent ranges, with a maximum of 300mA. With addressable pins, up
to four devices can share a single SPI bus for communication.

Each DAC channel operates independently with its own positive
power supply rail (PVDDx) that can range from 1.65V to 3.6V,
optimizing both power efficiency and thermal performance. The
devices require a 2.9V to 3.6V AVDD supply and are rated for
operation across a wide temperature range from -40°C to +125°C.

Table 1. Family Models

Model Description
AD5705R 12-bit, 4-channel current output DAC
AD5706R 16-bit, 4-channel current output DAC
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Figure 1. Functional Block Diagram
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SPECIFICATIONS

AVDD = 2.9V to 3.6V, PVDDx = 1.65V to AVDD, IOVDD = 1.14V to 1.89V, VREF = 2.5V (internal or external), operating temperature
range = -40°C (T,) to +125°C (T;), and external passive components Cger = 1uF, Cyr = 0.1uF, unless otherwise noted. Typical values

specified at T, = 25°C with nominal supply conditions AVDD = 3.3V, PVDDx = 3.3V, and IOVDD = 1.8V.

DC SPECIFICATIONS
Table 2. DC Specifications

Parameter’ Min Typ Max Unit Test Conditions/Comments
OPERATING TEMPERATURE RANGE
-40 °C Minimum operating ambient temperature
(Ta )
125 °C Maximum operating junction temperature
(Ty max)
DAC STATIC PERFORMANCE
Resolution
AD5706R 16 Bits All output current ranges
AD5705R 12 Bits All output current ranges
Integral Nonlinearity (INL)?
AD5706R -32 +32 LSBy¢°
AD5705R -8 +8 LSB;,°
Differential Nonlinearity (DNL)? Per channel, guaranteed monotonic
AD5706R -1 $0.25 +1 LSBy¢°
AD5705R -05 +0.5 LSB,,°
Total Unadjusted Error (TUE) -1 +1 %FSR
Offset Error -04 +0.4 %FSR
Offset Error Drift 5 ppm/°C
Gain Error? -0.9 +0.9 %FSR
Gain Error Drift 10 ppm/°C
DC Crosstalk* 110 PA Result of a 638mW change in dissipated power,
with internal reference
DC Power Supply Rejection Ratio (PSRR) 50mA range, DAC code = 3/4 full scale
AVDD 5 PAN AVDD =3.3V £ 10%
PVDDx 3 PAN PVDD = 3.3V £ 10%
DAC OUTPUT CHARACTERISTICS
Output Current (lgyt) Ranges®
0 +50 mA
0 +150 mA
0 +200 mA
0 +300 mA
Output Compliance Voltage® 0 PVDDx - 0.3 % All current ranges
Ground Switch Resistance 10 Q Sinking 100mA from IOUTx to GND
INTERNAL REFERENCE OUTPUT Internal reference enabled, decoupling 1uF
Voltage (Vrer) 2.49 25 2.51 v Tp=25°C
Temperature Coefficient 15 ppm/°C Across operating temperature range
Output Current Load Capability +5 mA Across operating temperature range
Line Regulation 2 PV Due to change in AVDD
Load Regulation, Sourcing 2 ppm/mA AVoyrlAloap
EXTERNAL REFERENCE INPUT Internal reference disabled (default)
Input Voltage 2.495 25 2.505 v Ta=25C
Input Impedance 16 kQ
TEMPERATURE SENSING DIODE
Accuracy 5 °C Tp=25°C

analog.com
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SPECIFICATIONS
Table 2. DC Specifications (Continued)
Parameter’ Min Typ Max Unit Test Conditions/Comments
Reading 1.395 v MUX_OUT reading at Ty = 25°C
Temperature Coefficient -3.8 mV/°C
Range -40 °C Ta
125 °C T
THERMAL ALARMS
Overheat Warning Temperature 125 °C T
Overheat Warning Hysteresis 5 °C T
MUX OUTPUT (MUX_OUT)
DC Output Impedance 1 Q Buffered, output drive = £1mA
7 kQ Nonbuffered, output drive = +1uA
Leakage Current 1 nA Nonbuffered, T, = 125°C
Output Voltage Offset -10 +10 mV Buffered
Output Drive Current 5 mA Buffered
MUX INPUT (MUX_IN)
Input Voltage Range 0 VREF v
Input Leakage Current 10 nA
Input Impedance 2 kQ Nonbuffered MUX signal path
LOGIC INPUTS’
Input Current -1 +1 A Per pin
Input Low Voltage (V) 0 0.3 x |OVDD v
Input High Voltage (V) 0.7 x |OVDD |OVDD v
Pin Capacitance 5 pF Per pin
LOGIC OUTPUTS
Output Low Voltage (Vo) 0.4 % Isink = 100pA
Output High Voltage (Von) |OVDD - 0.4 % Isource = 100pA
Floating State Output Capacitance 5 pF
POWER SUPPLIES
AVDD 29 3.3 3.6 v
PVDDx® 1.65 3.3 AVDD v
|OVDD 1.14 1.8 1.89 V
POWER PERFORMANCE
AVDD Supply Current 29.7 37 mA Internal reference, all IOUTx outputs enabled,
and at zero scale or in high-Z state
294 mA External reference, all IOUTx outputs enabled,
and at zero scale or in high-Z state
PVDDx Supply Current 0.27 1.7 mA Per PVDD pin, all IOUTx outputs enabled, and
at zero scale or high-Z state
|OVDD Supply Current 0.05 30 pA Digital inputs = 0V or IOVDD
Quiescent Power Dissipation 100 mW AVDD = 3.3V, internal reference, all IOUTx
outputs enabled, and at zero scale or in high-Z
state

! See the Terminology section.

2 Linearity is defined from Code 24 to Code 4095 for AD5705R and Code 384 to Code 65535 for AD5706R. Offset Error is computed at Code 24 for AD5705R and Code 384
for AD5706R.

3 LSB size varies with DAC resolution and current output range.

4 Crosstalk is measured with a step change from OmA to 300mA on all aggressor channels, with PVDD = 3.3V and Ry oap = 3.99. Total power dissipation change is 638mW.
The monitored channel is held at midscale on 300mA range, with AVDD = 3.5V, PVDD = 3.3V, and R gap = 8.33Q.

5 See Table 16.
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SPECIFICATIONS

6 When sourcing current, the output compliance voltage is the maximum voltage at the IOUTx pin, for which the output current is within 0.1% of the measured full-scale
range.

T See the Timing Specifications section for more details.
8 PVDD must either be tied to AVDD or sourced to a lower level than AVDD.

AC SPECIFICATIONS

Table 3. AC Specifications

Parameter ' Min Typ Max Unit Test Conditions/Comments
DAC DYNAMIC PERFORMANCE
Output Current Settling Time DAC code changed from zero scale to full scale and vice-versa, with settling to +
4L.SByg?
9 s OmA to +200mA range
1 s OmA to +50mA range
Slew Rate lout = 10% to 90% of FSR and vice-versa
285 mA/us OmA to +200mA range
67 mA/us OmA to +50mA range
Digital-to-Analog Glitch Energy 6 pA-sec
Digital Feedthrough (Current Area) 0.03 nA-sec
Digital Crosstalk 0.03 nA-sec
DAC to DAC Crosstalk (Current Area) For 200mA range on adjacent DAC channel, AD5706R
40 pA-sec DAC code changed from 1/4 scale to 3/4 scale in a step change and vice-versa
70 pA-sec DAC code changed from zero scale to full scale in a step change and vice-versa
MUX to DAC Crosstalk (Current Area) DAC code = midscale
0.03 nA-sec OmA to +300mA range
AC PSRR PVDD = 3V, refer Figure 39 and Figure 40.
PVDDx -72 dB f=100kHz, OmA to +300mA range
-80 dB f=100kHz, OmA to +50mA range
AVDD -82 dB f=10kHz
Output Noise Spectral Density (NSD) DAC code = 3/4 full scale, no external filter
7.7 nANHz 1kHz, OmA to +300mA range
6 nANHz 10kHz, OmA to +300mA range
53 nAWHz 1kHz, OmA to +200mA range
41 nAHz 10kHz, OmA to +200mA range
42 nAhHz 1kHz, OmA to +150mA range
3.2 nAhHz 10kHz, OmA to +150mA range
22 nANHz 1kHz, OmA to +50mA range
1.2 nAhHz 10kHz, OmA to +50mA range
Output Noise (0.1Hz to 10Hz) DAC code = 3/4 full scale, no external filter
620 nA rms OmA to +300mA range
425 nA rms OmA to +200mA range
332 nA rms OmA to +150mA range
148 nA rms OmA to +50mA range
REFERENCE OUTPUT Internal reference enabled, decoupling 1uF
Output Voltage Noise (0.1Hz to 10Hz) 4 pVv rms
Output Voltage Noise Density 112 nVAHz f=1kHz
Turn On Settling Time 500 s Decoupling 1F, settling to +0.1%
MUX OUTPUT CHARACTERISTICS
-3dB Input Bandwidth 22 MHz Buffered, Cpoap = 3pF
14 MHz Nonbuffered, standalone, Cpoap = 3pF

analog.com Rev. A | 6 of 77


https://www.analog.com/ad5705r
https://www.analog.com/ad5706r
http://www.analog.com/en/index.html

ADS705R/ADS706R

SPECIFICATIONS

Table 3. AC Specifications (Continued)

Parameter !

Min Typ Max

Unit

Test Conditions/Comments

Maximum Output Capacitive Load | 100

pF

Buffered

! See the Terminology section.

2 | SB size varies with current output range.

TIMING SPECIFICATIONS

AVDD = 2.9V to 3.6V, PVDDx = 1.65V to AVDD, I0VDD = 1.14V to 1.89V, and operating temperature range = -40°C (T,) to +125°C (T)),
unless otherwise noted. All timing values are specified for a standalone device.

All digital input signals are specified with rise time (tg) = fall time (tg) = 1ns/V (10% to 90% of IOVDD) and timed from a voltage level of (V_ +

Vig)i2.

Serial Interface Timing

See Figure 2 to Figure 5 for related timing diagrams.

Table 4. Digital Interface Timing Specifications

Parameter Description Min Typ Max Unit

tsck SCK cycle time, write operation.' 20 ns
SCK cycle time, write and read operations.? 40 ns

fsck SCK frequency, write operation.! 50 MHz
SCK frequency, write and read operations.? 25 MHz

tsckH_pw SCK high time. 8 ns

tSCKL_PW SCK low time. 8 ns

tesL_sckH CS falling edge to SCK rising edge setup time 6 ns

tesH_sckH CS rising edge to SCK rising edge setup time. 10 ns

tsckH_csH Rising edge of SCK® to rising edge of CS. 10 ns

tsckH_cst Rising edge of SCK to falling edge of CS. 10 ns

tspi_seT SDI data setup time. ns

tspi_HoL SDI data hold time. 5 ns

tesH pw CS pulse width high. 10 ns

tsckL_spo SCK falling edge to SDO data available delay. 15 ns

tsDo_vaLID SCK falling Edge to SDO data remains valid. 12 ns

tesH spoz CS rising edge to SDO disabled. 14 ns

tsckL_spoEN SCK falling edge to SDO enabled. 14 ns

tReseTL pw RESET pulse width low. 20 ns

tRESET_ACT4 RESET assertion (low level triggered) to channel output getting reset, or <100 ns
rising edge of SCK® to channel output getting reset.

tRESET DELAY RESET pulse delay upon power-on reset. 200 s

! With send status and CRC disabled.

2 With send status and CRC enabled.

3 The 8th or 16th SCK, whichever shifts in the final bit of register data in the data phase.

4 Channel output settling time is not included in RESET timing specifications and must be considered separately.

5 Guaranteed by design; not production tested.
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DAC Output Update Timing

See Figure 6 to Figure 15 for related timing diagrams.

Table 5. DAC Output Update Timing Specifications

Parameter Description Min  Typ Max  Unit

tOUTEN_ACT2 Delay from OUT_EN low level trigger to DAC channel in high-Z state (measured on 200mA range) 350 ns

tOUTENLﬁSCKHs Delay from the OUT_EN low level trigger to the rising edge of SCK* for transition of IOUTx from high-Z state | 0 ns
to normal operation

tSCKH_OUTENL3 Delay from the rising edge of SCK* to OUT__EN low for transition of IOUTx to high-Z state 5 ns

tOUTEN_PW3 OUT_EN pulse width low 6 'S

tDACﬁACTZ DAC update activation time (measured on 200mA range)® 60 ns

tLoac pw LDAC/TGP/DCK pulse width (low or high) 20 ns

tpacT sckH Delay from the active edge of LDAC/TGP/DCK to the rising edge of SCK* in a SPI write transaction during 5 ns
hardware trigger modes

tsckH_LoacT Delay from the rising edge of SCK* to the following active edge of LDAC/TGP/DCK in a SPI write transaction | 5 ns
during hardware trigger modes

thw Lbac TRIG Time between the two consecutive active trigger edges of LDAC/TGP/DCK during hardware trigger modes 80 ns

tsw Loac_TRIG Delay from one rising edge of SCK* to another rising edge of SCK” (in the consecutive data phase)ina SPI | 16 x
write fransaction during software trigger modes tsck

tL.DACT SCKH RD Delay from active edge of LDACITGP/DCK to the rising edge of SCK* in a SPI read transaction during 5 ns
hardware trigger modes

tSckH_LDACT RD Delay from the rising edge of SCK” to the next active edge of LDAC/TGP/DCK in a SPI read transaction 5 ns
during hardware trigger modes

trUNC_MODE_EN1 Delay from the active trigger edge of LDAC/TGP/DCK to the rising edge of SCK* for change in DAC function | 5 ns
modes

trUNC_MODE_EN2 Delay from the rising edge of SCK* to the active trigger edge of LDAC/TGP/DCK for change in DAC function | 5 ns

modes

! See the DAC Operations section for a list of DAC update modes.

2 The timing does not include the analog IOUT settling time.

3 Guaranteed by design; not production tested.

4 The 8th or 16th SCK, whichever shifts in the final bit of register data in the data phase.

5 This specified activation time applies with the code region from the DAC Code 384 to Code 65535 for AD5706R and from the DAC Code 24 to Code 4095 for AD5705R,
transitioning in either direction. The activation time is typical 230ns when updating from a code near zero scale to any code within the specified code ranges. Activation
time refers to the delay between applying a new digital input code and the moment when the DAC output current first begins to change from its previous level. It does not
represent the time required for the output to reach or settle to the final value.

analog.com
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W aWaWaWa s
sbi [\ RiW=0/ DAC_SW_LDACADDR' ) DAC_SW_LDAC DATAZ_}_DAC_SW_LDAC DATAZ
10UTx
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toac_act
P

1ALL SW FUNCTIONS SHARE THE DAC_SW_LDAC REGISTER FOR SW TRIGGER.
2INSTEAD OF CREATING TRANSITIONS THROUGH SPI WRITES, SW TOGGLE NEED THE USER TO WRITE 1'b1 TO

THE DAC_INPUT_A_SW_LDAC_CHn TO INITIATE A DAC UPDATE.
3DAC_| INPUT A IS ALWAYS THE SOURCE TO BE USED FOR THE DAC UPDATE OF THE FIRST SW/HW TOGGLE EVENT

AFTER ENTERING TOGGLE MODE.

toac_act

on

Figure 11. Software DAC Update Timing Diagram in Streaming Mode
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SPECIFICATIONS

&\ /A
scK mmw |

sDI _\R,W =0/ DAC_INPUT_ABADDR2 Y DAC_INPUT_ABDATA X
tibacT_sckH
-

TGP! R | 4

tsckH_LpacT

tHWﬁLDACfTRIG —

10UTx /\/
G—J toac_act toac_act

1TGP TRIGGER EDGE IS SELECTED THROUGH THE BITFIELD LDAC_EDGE_SEL_CHn OF THE LDAC_EDGE_SEL REGISTER.
THIS IS AN EXAMPLE OF BOTH EDGES AS TRIGGER EVENTS.

2DAC_INPUT_A IS ALWAYS THE FIRST SOURCE TO BE USED FOR DAC UPDATE FOR THE FIRST SW/HW TOGGLE EVENT
AFTER ENTERING TOGGLE MODE. g

Figure 12. Hardware Toggle Timing Diagram

&\ /
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_ DAC_INPUT_A | DAC_INPUT A | __ FUNC_DAC_INPUT_B FUNC_DAC_INPUT_B

sol _\R’W = °/ ADDR? X DATA \R/W = °/ ADDR X DATA X

‘d—b‘ tsckH_LpAcT

TGP/DCK! R 1

tipac_pw

tHWﬁLDACﬁTRIG

G—J toac_act toac_act

1TGP/DCK TRIGGER EDGE IS SELECTED THROUGH THE BITFIELD LDAC_EDGE_SEL_CHn OF THE LDAC_EDGE_SEL REGISTER.
THIS IS AN EXAMPLE OF FALLING EDGE AS TRIGGER EVENT.

2DAC_INPUT_A IS ALWAYS THE FIRST SOURCE TO BE USED FOR DAC UPDATE FOR THE FIRST SW/HW TOGGLE OR DITHER EVENT
AFTER ENTERING TOGGLE OR DITHER MODE RESPECTIVELY.

10UTx

013

Figure 13. Hardware Toggle and Dither Timing Diagram in Single Instruction Mode

& "\ /A
s A S\ S\ |

soi [\rw=0/ FUNC_EN ADDR! X FUNC_EN DATA X

d—b' trunc_moDE_EN2

t truNC_MODE_EN1

LDAC?

1TOGGLE AND DITHER MODES ARE ENABLED AND DISABLED THROUGH THE FUNC_EN REGISTER
AFTER SELECTING A MODE IN THE FUNC_MODE_SEL REGISTER.

2L DAC/TGP/DCK TRIGGER EDGE IS SELECTED THROUGH THE BITFIELD LDAC_EDGE_SEL_CHn OF
THE LDAC_EDGE_SEL REGISTER. THIS IS AN EXAMPLE OF RISING EDGE AS TRIGGER.

014

Figure 14. DAC Mode Function Enable Timing Diagram

—

A
scK mmw |

—_—
SDI DAC_DATA_READBACK ADDR _} | {

sSDO

{__DAC_DATA_READBACK DATA X
|
LDAC! Y / b
‘1—.‘ tipac_sckH_RD tsckH_LDAC_RD

1LDAC/TGP/DCK TRIGGER EDGE IS SELECTED THROUGH THE BITFIELD LDAC_EDGE_SEL_CHn OF THE LDAC_EDGE_SEL REGISTER.
THIS IS AN EXAMPLE OF LDAC FALLING EDGE AS TRIGGER EVENT.

o15

Figure 15. DAC Data Read Back Timing Diagram
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted

Table 6. Absolute Maximum Ratings

Parameter Rating
AVDD to AGND -0.3V1to+3.96 V
PVDDx' to GND =0.3 V to minimum (AVDD + 0.3V, +3.96 V

IOUTx to GND

VREFZ, NF to REFGND
MUX_IN, MUX_OUT to GND
IOVDD to IOGND?

Digital Inputs* to IOGND
Digital Outputs to IOGND

( )
=0.3 V to minimum (AVDD + 0.3 V, +4.26 V)
=0.3 V to minimum (AVDD + 0.3V, +4.26 V)
-0.3 V to minimum (AVDD + 0.3 V, +4.26 V)
-0.3Vto+2.1V

=0.3 V to minimum (IOVDD + 0.3 V, +2.4 V)
-0.3 V to minimum (IOVDD + 0.3V, +2.4 V)

Temperature
Operating Range -40°C (Tp) to +125°C (T)
Storage Range -60°C to +150°C
Junction 150°C

Lead, Soldering Reflow 260°C, as per JEDEC J-STD-020

! PVDDx refers to the PVDDO, PYDD1, PVDD2, and PVDD3 pins. IOUTx refers
to the IOUTO, IOUT1, I0UT2, and IOUT3 pins.

2 when in External Reference mode
3 |n LFCSP package, IOGND is same as GND.

See the Pin Configuration and Function Descriptions section for a list of the
digital input and digital output pins.

Stresses at or above those listed under absolute maximum ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any other
conditions above those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Absolute maximum ratings apply individually only, not in combina-
tion.

THERMAL PERFORMANCE

The AD5705R/AD5706R can be damaged when the junction tem-
perature (T) limits are exceeded. See Table 2 for the maximum
operating junction temperature specification (T, yax). Monitoring
ambient temperature does not guarantee that T is within the speci-
fied maximum temperature limits. In applications with high power
dissipation and poor thermal resistance, T, must be monitored
using the internal temperature sensor.

analog.com

THERMAL RESISTANCE

Thermal performance is directly linked to printed circuit board
(PCB) design and operating environment. Careful attention to PCB
thermal design is required, in particular for applications where high
maximum power dissipation exists.

Thermal resistance values specified in Table 7 are calculated based
on JEDEC specifications and must be used in compliance with
JESD51-12. The worst-case junction temperature is reported.

Table 7. Thermal Resistance

Package Type‘ OJA BJB lIJJB "pJT wJC-TOP Unit
WLCSP 4226 |79 8.1 006 |016  °CW
LFCSP 39.02 |7.88 1028 |0.56 2332 °CW

! The values in Table 7 are calculated based on the standard JEDEC 2S2P
thermal test board with 4 thermal vias. See JEDEC JESD51 series

0,4 and 6,5 are mainly used to compare thermal performance of
the package of the device with other semiconductor packages when
all test conditions listed are similar. 85 and 8,5 can be used for
first-order approximation of the junction temperature in the system
environment.

For WLCSP devices, using W g or ¥, is a more appropriate way
to estimate the worst case junction temperature of the device in
the system environment if an accurate thermal measurement of the
board temperature near the device under test (DUT) or directly on
the package top surface operating in the system environment is
available.

Using the parameters listed in Table 7 in accordance with JEDEC
standards in the JESD51 series is recommended.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Charged
devices and circuit boards can discharge without detection.

‘ Although this product features patented or proprietary protec-

‘ % \ tion circuitry, damage may occur on devices subjected to high
energy ESD. Therefore, proper ESD precautions should be

taken to avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

AD5705R/AD5706R
TOP VIEW
(Not to Scale)
1 2 3 4 5 6
Al sbDi cs PVDDO | IOUTO | IOUT1 | PVDD1
B| sbo SCK | PVDDO | 10UTO | IOUT1 | PVDD1
c| lovbD A0 I0GND GND | MUX_IN| DNC
D | RESET A1 |REFGND| GND [MUX_OUT| AVDD
LDAC/

E | rgppek| OUT-EN | PVDD3 | IOUT3 | IOUT2 | PVDD2
F| VREF NF PVDD3 | IOUT3 | I0UT2 | PVDD2

NOTE
1. DNC = DO NOT CONNECT.

016

Figure 16. WLCSP Pin Configuration

=4 o
a | é § é 55
alo g T aeQ
W N~ © O T ™M N
N N N N N N N
“““““““““
<! L [ [ /\ [ | I ii
SCK 1| ___|21 pvDD1
spo2[ > |20 DNC
lovbD 3| ’/AD5705RI |19 GND
GND 4| | AD5706R 118 GND
BESET £ | TOP VIEW o
RESET 5[ | (Not o Seale) “117 MUXUIN
LDACITGPDCK 6] > 7|16 Mux_ouT
OUT_EN 7[ _"|15 pvDD2
IR AR RN
®e2cgdey
L OO w o ™ N
w =z =zzZ9kEkE
2 2
£po 2338
w w o
X o
NOTE

1. EXPOSED PAD. THE EXPOSED PAD MUST BE TIED TO GND.

2. DNC = DO NOT CONNECT.

35

Figure 17. LFCSP Pin Configuration

Table 8. AD5705R/AD5706R Pin Function Descriptions

Pin No.

WLCSP LFCSP Mnemonic Type! Description

D5 16 MUX_OUT AO Analog Output with Internal Buffer. An external analog-to-digital converter (ADC) reads voltages
on this pin for diagnostic purposes.

C5 17 MUX_IN Al Analog Input. An external input within 0 to VREF range can be fed from another AD5705R/
AD5706R MUX_OUT or any other analog output for daisy chaining purposes.

A4, B4 23 |OUTO AO Current Output of IDACO Channel.

A5, B5 22 IOUT1 AO Current Output of IDAC1 Channel.

E5, F5 14 I0UT2 AO Current Output of IDAC2 Channel.

E4, F4 13 |[OUT3 AO Current Output of IDAC3 Channel.

A3, B3 24 PVDDO S Power Supply for IDACO Channel.

AG, B6 21 PVDD1 S Power Supply for IDAC1 Channel.

E6, F6 15 PVDD2 S Power Supply for IDAC2 Channel.

E3, F3 12 PVDD3 S Power Supply for IDAC3 Channel.

D6 25,26 AVDD S Analog Power Supply.

C1 3 |IOVDD S Logic Power Supply. IOVDD must be between 1.14V and 1.89V. This pin supplies power to the
serial interface circuit blocks on the device.

C4, D4 4,18,19 GND S Analog Supply Ground Pin.

analog.com
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Table 8. AD5705R/AD5706R Pin Function Descriptions (Continued)

Pin No.

WLCSP LFCSP Mnemonic Type' Description

Cc3 . IOGND? S Digital Supply Ground Pin.

D3 9,10 REFGND S Analog Ground for DAC Core(s) and Internal Reference. REFGND and GND must be tied
together at 0V using a low impedance connection.

F1 8 VREF Al/O 2.5V Voltage Reference Input/Output. Connect a 1uF capacitor between this pin and REFGND.

F2 11 NF Al/O Filter Capacitor for internal regulator. A 0.1uF capacitor connected from the NF pin to REFGND
is recommended to achieve the specified performance from the AD5705R/AD5706R.

D1 5 RESET DI Active Low Device Reset. Tie this pin high for normal operation. Asserting this pin low will reset
the device to its default configuration.

A2 27 CS DI Active Low Chip Select Input. This input is used to frame data during an SP!I transaction.

B2 1 SCK DI Serial Clock Input. Data can be transferred at rates of up to 50MHz when writing to the device.

Al 28 SDI DI Serial Data Input. Data to be written to the device is provided on this input and is clocked into
the register on the rising edge of SCK.

B1 2 SDO DO Serial Data Output. A read back operation provides data on this output pin as a serial data
stream. Data is clocked out on the falling edge of SCK and is valid on the rising edge of SCK.

E1 6 LDAC/ DI LDAC: Load DAC pin.

TGP/DCK TGP: Toggle DAC pin.

DCK: Dither Clock Pin.
Pulsing this pin low or high based on trigger edge settings allows all selected DAC registers
to be updated if the corresponding input registers have new data, allowing all selected DAC
outputs to update synchronously. Alternatively, this pin can be tied to either IOVDD or IOGND.

E2 7 OUT_EN DI Output Enable/Disable. OUT_EN pin is low level triggered for setting the current outputs to
high-Z state or to GND. This pin can be tied high to IOVDD if not used.

D2 Al DI Logic Input: Programmable Address Bit 1. This pin must be tied to either IOVDD or IOGND.

C2 - A0 DI Logic Input: Programmable Address Bit 0. This pin must be tied to either IOVDD or IOGND.

C6 20 DNC DNC Do Not Connect.

' AQ s analog output, S is supply, Al is analog input, AlfO is analog input or output, DI is digital input, DO is digital output, DI/O is digital input or output, and DNC is do not

connect.

2 |OGND and GND are tied internally in LFCSP package.

analog.com
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TYPICAL PERFORMANCE CHARACTERISTICS

AVDD = 3.3V, PVDDx = 3.0V, IOVDD = 1.8V, internal reference, and temperature = 25 °C (T,), unless otherwise noted.
DC PERFORMANCE

65536

1.00 T
— RANGE =50mA
0.75 - —— RANGE = 150mA
= RANGE =200mA
0.50 |- ~— RANGE =300mA
2 0.25
[11]
(7]
=) 0
-
=z
8 025
—-0.50
-0.75
-1.00
0 16384 32768 49152
CODE
Figure 18. DAC DNL Error vs. DAC Code for AD5706R
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= RANGE =50mA
24 ~— RANGE =150mA —
= RANGE =200mA
16 ~ RANGE =300mA _|

INL (LSB1g)
o

e |
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Iy

Lo

4096

-24
-32
0 16384 32768 49152 65536
CODE
Figure 19. DAC INL Error vs. DAC Code for AD5706R
0.25 T T T
0.20 = RANGE =50mA _|
= RANGE = 150mA
0.15 —— RANGE = 200mA _|]
=~ RANGE = 300mA
0.10
= 005
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a2 o
-
Z -0.05
-0.10
-0.15
-0.20
-0.25
0 512 1024 1536 2048 2560 3072 3584
CODE

Figure 20. DAC DNL Error vs. DAC Code for AD5705R
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Figure 21. DAC INL Error vs. DAC Code for AD5705R
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Figure 22. DAC INL Error vs. Temperature
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Figure 23. DAC Gain Error vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS

0.20 T T
= RANGE =50mA
0.15 - =™ RANGE = 150mA
= RANGE =200mA
0.0 - — RANGE =300mA
4
[
'S
X 0.05
< ——
g —
0.00
& 7/
-
w _0.05
'S
3
-0.10
-0.15
-0.20
-50 -20 10 40 70 100 130
TEMPERATURE (°C) 8
Figure 24. DAC Offset Error vs. Temperature
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Figure 25. PVDD Dropout Voltage vs. Temperature at PVDD = 3.6V
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Figure 26. PVDD Dropout Voltage vs. Temperature at PVDD = 1.65V
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 29. DAC Output Settling Time, 200mA Range
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 33. DAC Glitch on Negative Output Transition, AD5706R

250

220

190

160

130

100

70

40

-2 0 1 2 3 4 5 6 7

250

220

190

160

130

100

70

40

200

160

120

~— IOUT1 AS AGGRESSOR CHANNEL __ |
= IOUTO0 AS VICTIM CHANNEL

r80

40

0

’f —40

-80

Ryoap = 16.6670 — [ 120
RANGE=200mA __| .o
10UT0 = 0.5 x FS

| | |

-200
8

TIME (ps)

Figure 34. Analog Crosstalk, Positive Output Transition
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Figure 35. Analog Crosstalk, Negative Output Transition
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Figure 36. DAC Response Time on Device Reset
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Figure 37. DAC Response Time on Output Disable
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Figure 38. DAC Response on Output Disable over Time
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 39. DAC AC PSRR vs. Frequency at DAC Output = 0.50 x FS Figure 42. DAC AC PSRR vs. Frequency Across AVDD Supply
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Figure 40. DAC AC PSRR vs. Frequency at DAC Output = 0.90 x FS
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Figure 41. DAC AC PSRR vs. Frequency at DAC Output = 0.90 x FS of 300mA
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Figure 44. Temperature Sensor Voltage vs. Forced Ambient Temperature
Figure 47. VREF Noise Spectral Density vs. Frequency
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Figure 45. VREF Accuracy Error vs. Load Current Figure 48. PVDD and IOUT Response in High-Z vs. PVDD Supply Voltage

analog.com Rev. A | 20 of 77


https://www.analog.com/ad5705r
https://www.analog.com/ad5706r
http://www.analog.com/en/index.html

ADS705R/ADS706R

TYPICAL PERFORMANCE CHARACTERISTICS

40

w w w
S IS N

AVDD SUPPLY CURRENT (mA)

N
©

25

T
AVDD = 2.9V
AVDD = 3.3V
AVDD =3.6V _|

=

/

-50 -20 10 40 70 100 130
TEMPERATURE (°C)
Figure 49. AVDD Supply Current vs. Temperature
35 T 1.0
RANGE = 50mA
DAC CODE=0

VREF = 2.5V, EXTERNAL

w
@

w
S

AVDD SUPPLY CURRENT (mA)
N
©

PVDD SUPPLY CURRENT (mA)

N
]

25

1.60 2.00 2.40

500

440

380

320

PVDD SUPPLY CURRENT (pA)

260

200

2.80 3.20 3.60
SUPPLY VOLTAGE (V)
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DAC

Full-Scale Range (FSR)

FSR is the maximum output of the DAC when the full-scale code
(OXFFFF for a 16-bit DAC) is loaded to the DAC register.

Total Unadjusted Error (TUE)

TUE is a measure of the output error taking all the various errors
into account, namely INL error, offset error, gain error, and output
drift over supplies, temperature, and time. TUE is expressed as a
percentage of full-scale range (% FSR).

Relative Accuracy or Integral Nonlinearity (INL)

INL is a measurement of the maximum deviation, in LSBs, from
a straight line passing through the endpoints of the DAC transfer
function.

Differential Nonlinearity (DNL)

DNL is the difference between the measured change and the
ideal 1 LSB change between any two adjacent codes. A specified
differential nonlinearity of +1 LSB maximum ensures monotonicity.
This DAC is guaranteed monotonic by design.

Gain Error

Gain error is a measure of the span error of the DAC. It is the
deviation in slope of the DAC transfer characteristic from the ideal
expressed as %FSR.

Gain Error Drift

Gain error drift is a measurement of the change in gain error with
changes in temperature. It is expressed in ppm of FSR/°C.

Offset Error

Offset error is a measurement of the difference between the actual
and ideal current output of IOUTx, IOUTX (actual) and IOUTx
(ideal), expressed in pA, in the linear region of the transfer function.
Offset error can be negative or positive and for a current output
DAC, it's expressed in PA.

Offset Error Drift

Offset error drift is a measurement of the change in offset error with
a change in temperature. For a current output DAC, the offset error
drift is expressed in YA/°C.

DC Power Supply Rejection Ratio (PSRR)

PSRR indicates how the output of the DAC is affected by DC
changes in the supply voltage. For a current output DAC, PSRR
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is the ratio of the change in IOUTx to a change in AVDDx for a
full-scale output of the DAC and it's measured in pA/V.

AC Power Supply Rejection Ratio (PSRR)

AC PSRR is a measure of the rejection of the DAC output to AC
changes in the power supplies applied to the DAC. AC PSRR is
measured for a given amplitude and frequency change in power
supply voltage, using the minimum recommended decoupling, and
for a current output DAC is expressed in decibels or pA/V.

Output Settling Time

Output settling time is the amount of time it takes for the output of
a DAC channel to settle to a specified level for a specified input
change and is measured from the falling or rising edge of LDAC.

Digital-to-Analog Glitch Energy

Digital-to-analog glitch energy is the energy of the impulse injected
into the analog output when the input code in the DAC register
changes state. For a current output DAC, the energy is normally
specified as the area of the current output glitch in nA-sec and is
measured when the digital input code is changed by 1 LSB at the
major carry transition (such as 0x7FFF to 0x8000 for a 16-bit DAC).

Digital Feedthrough

Digital feedthrough is a measure of the energy of the impulse
injected into the analog output of the DAC from the digital inputs
of the DAC but is measured when the DAC output is not updated.
For a current output DAC, digital feedthrough is specified as the
area of the current output glitch in nA-sec and measured with a
full-scale code change on the data bus, that is, from all 0s to all 1s
and vice-versa.

DC Crosstalk

DC crosstalk is the DC change in the output level of one DAC in
response to a change in the output of another DAC. For a current
output DAC, DC crosstalk is specified as the current output change
in YA and is measured with a full-scale output change on one DAC
while monitoring another DAC maintained at midscale.

Digital Crosstalk

Digital crosstalk is the energy of the glitch impulse transferred to
the output of one DAC at midscale in response to a full-scale
code change (all Os to all 1s and vice-versa) in the input register
of another DAC. For a current output DAC, digital crosstalk is
specified as the area of the current output glitch in nA-sec and
measured on one DAC channel at a time.

DAC to DAC Crosstalk

DAC to DAC crosstalk is the energy of the glitch impulse transfer-
red to the output of one DAC due to a digital code change and
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subsequent analog output change of another DAC. For a current
output DAC, DAC to DAC crosstalk is specified as the area of
the current output glitch in nA-sec and measured with a full-scale
change on one DAC output, writing directly to the DAC register
while monitoring the other DAC output kept at midscale.

Analog Crosstalk

Analog crosstalk is the glitch impulse transferred to the output of
one DAC due to a change in the output of another DAC. It is
measured by loading one of the input registers with a full-scale
code change (all Os to all 1s and vice-versa), then executing a
software LDAC command and monitoring the output of the DAC
whose digital code was not changed. The energy of the glitch is
expressed in nA-sec for a current output DAC.

Output Noise Spectral Density (NSD)

Output NSD is a measurement of the internally generated random

noise. Random noise is characterized as a spectral density. NSD is
measured by loading the DAC to midscale and measuring noise at
the output. For a current output DAC, NSD is expressed in nA/VHz.

Multiplexer to DAC Crosstalk

The multiplexer to DAC crosstalk is a measure of the impulse inject-

ed into the analog output of the DAC channel when the monitor
MUX is changed to the DAC channel from a different channel and
vice-versa. This parameter is specified as the area of the current
output glitch on the DAC channel and is expressed in nA-sec.

analog.com
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Line Regulation

Line regulation refers to the change in output voltage in response to
a given change in supply voltage and is expressed in pV/V.

Load Regulation

Load regulation refers to the change in output voltage in response
to a given change in load current and is expressed in ppm/mA.

Voltage Reference (Vggr) Temperature
Coefficient (TC)

Vger TC is @ measure of the change in the reference output voltage
with a change in the ambient temperature of the device, normalized
by the output voltage at 25°C. Vger TC is specified using the box
method that defines TC as the maximum change in the reference
output over a given temperature range expressed in ppm/°C, as
follows:
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VREF, MAX — VREF, MIN 6
VrprT C = (VREF, NOMXTEMP_RANGE) X 10"ppm/ (1)
°C
where:

Vrer max is the maximum reference voltage output measured over
the full temperature range.

Vree wiv is the minimum reference voltage output measured over
the full temperature range.

Vrer nvowm is the nominal reference voltage output at ambient tem-
perature (25°C).

TEMP_RANGE is the difference between the maximum and mini-
mum operating temperature of the reference.

Voltage Reference (Vgrgr) Noise Spectral
Density (NSD)

Vrer NSD is a measurement of the internally generated random
noise characterized as a spectral density nV/vHz.

Rev. A | 24 of 77


https://www.analog.com/ad5705r
https://www.analog.com/ad5706r
http://www.analog.com/en/index.html

AD5705R/ADS5706R

THEORY OF OPERATION

DEVICE INFORMATION

The AD5705R/AD5706R are 4-channel, 12-/16-bit current output
digital-to-analog converters (DACs) with an SP! interface. The de-
vices are optimized for sourcing programmable, low-noise output
currents with high power efficiency. Integrated features include a
2.5V on-chip voltage reference, load DAC, A/B toggle functionality,
and sinusoidal dither. An internal analog multiplexer enables moni-
toring of key internal nodes, including supply and output voltages,
output currents, and die temperature.

PRECISION REFERENCE

The AD5705R/AD5706R integrate a low-noise, on-chip 2.5V volt-
age reference with a typical temperature coefficient of 15ppm/°C.
By default, this internal reference is powered down and can be ena-
bled by setting the BGAP_HIZ B bit in the BANDGAP_CONTROL
register. When enabled, the buffered 2.5V reference is available at
the VREF pin for external system use.

Alternatively, the device supports the use of an external 2.5V refer-
ence applied to the VREF pin, which is the default configuration at
power-up. For proper operation, it is recommended that the external
reference shares the same supply as the AD5705R/AD5706R to
ensure that VREF < AVDD during power-up.

To achieve optimal noise performance, consider the following:

» A 0.1uF capacitor should be connected between the NF pin and
REFGND, regardless of the reference source.

» When using the internal reference, an additional 1uF capacitor is
recommended between VREF and REFGND.

ANALOG MULTIPLEXER AND DIAGNOSTIC
MONITORING

The device includes an integrated diagnostic feature that enables
real-time monitoring of key internal and external parameters via
the MUX_OUT pin. The following signals can be routed to the
MUX_OUT output:

» 10UTx load voltages

» 10UTx output currents

» Supply rail voltages

» VREF (reference voltage)
» Internal die temperature

All monitored signals are represented as unipolar voltages ranging
from OV to VREF. This allows for straightforward interfacing with
external ADCs or monitoring systems.
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Figure 52. Analog Multiplexer

At power-up, the diagnostic monitoring function is disabled, and
the MUX_OUT pin is placed in a high-impedance (high-Z) state to
prevent unintended signal output.

Complete the following to enable diagnostic monitoring:

» Setthe MUX_OUT _EN field in the MUX_OUT_SEL register.

» Use the MUX_PARAM_SEL register to select which internal
signal or channel is routed to the MUX_OUT pin.

By default, the GND channel is selected in the MUX block. The
available channel selections and their corresponding register field
values are listed in Table 9.

Table 9. Multiplexer Channels

MUX_PARAM_SEL Field MUX_OUT Channel

0 GND (default)

1 AVDD supply voltage monitor

2 VREF voltage monitor

3 GND

4 IOUTO load voltage monitor

5 IOUT1 load voltage monitor

6 IOUT2 load voltage monitor

7 IOUT3 load voltage monitor

8 IOUTO output current monitor

9 IOUT1 output current monitor

10 IOUT2 output current monitor

11 IOUT3 output current monitor

12 PVDDO supply voltage monitor

13 PVDD1 supply voltage monitor

14 PVDD2 supply voltage monitor

15 PVDD3 supply voltage monitor

16 IOUTO temperature sensor monitor
17 IOUT1 temperature sensor monitor
18 IOUT2 temperature sensor monitor
19 IOUT3 temperature sensor monitor
201023 MUX_IN

24 10 31 Reserved

The MUX_OUT pin is internally buffered to support direct interfacing
with external ADCs. This buffer can be bypassed by clearing the
BUFFER_EN bit (that is, setting it to 0). The internal buffer can

be bypassed by setting the BUFFER_EN bit to 0. Note that when
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the internal buffer is disabled, the MUX switch impedance can vary
between 1kQ and 20kQ. In this configuration, the MUX_OUT pin
should only be connected to high-impedance inputs to ensure sig-
nal integrity. The available MUX_OUT configurations are summar-
ized in Table 10, and the corresponding full-scale output voltages
for each monitored channel are provided in Table 11.

Table 10. MUX_OUT Configuration

MUX_OUT_ENBit = BUFFER_EN Bit MUX_OUT Status

160 X High-Z

1'b1 10 Buffer disabled and bypassed
1'b1 1'b1 Buffer enabled

Table 11. Full Scale Output Voltages

Nominal Full Scale

MUX_OUT Channel Output (V)
Current Monitor Channels 1.2
Temperature Sensor Channels 1.6
Other Channels 25

IOUT Output Current Monitoring

When the appropriate MUX channel is selected via the MUX_PAR-
AM_SEL register, the current at the IOUTx pin is represented as

a voltage on the MUX_OUT pin. The output voltage range for this
representation is 0V to 1.25V.

The output current can be calculated using the following formula:

_ 300mA x VMUX_OUT 2
loyr = T.257 (2)

where:

lout is the output current at the IOUTX pin.
Viux_our is the voltage at the MUX_OUT pin.

The voltage output at MUX_OUT maintains the same optimal line-
arity as the current outputs. However, due to potential slope error
(up to £20% of full-scale range), calibration is recommended for
accurate current measurement.

Two-Point Calibration

For improved accuracy (up to +1% FSR), a two-point calibration
method can be applied, assuming the current output is reasonably
linear over the measurement range. The calibrated output current is
calculated as:

i _ lout, 4o —louT, B
OUT,X = DAC_CODE4 — DAC_CODEg

(DAC_CODEX - DAC_CODEB) + lour 5

X

where;

louta louts = Measured output currents at respective DAC codes
DAC_CODE, and DAC_CODEg.

loutx = Expected output currents at DAC code DAC_CODEy

analog.com

IOUT Output Voltage Monitoring

By selecting the appropriate MUX channel in the MUX_PAR-
AM_SEL register, a scaled-down representation of the IOUTx pin
voltage can be routed to the MUX_OUT pin. The output voltage
range for this representation is 0V to VREF, with a typical accuracy
of +10mV.

The conversion from MUX_OUT voltage to the actual IOUTx pin
voltage follows the equation:

Vour = %3 X Viux_our (4)
where:

Vour is the actual voltage at the IOUTX pin.
Viux_our is the voltage measured at the MUX_OUT pin.

Internal Die Temperature Monitoring

The device features four integrated temperature sensors, each
located near a DAC channel. These sensors operate by sourcing
a precision current through diode-connected bipolar junction tran-
sistors (BJTs), generating a voltage that correlates with the local
junction temperature.

By selecting the appropriate MUX channel in the MUX_PAR-
AM_SEL register, the output of a temperature sensor can be routed
to the MUX_OUT pin for external measurement.

The junction temperature T is proportional to the voltage Vour
measured at the MUX_OUT pin and can be estimated using the
following equation:

_ o Voyr —1.395V
T] =25°C + mc— (5)
where:

Ty is the junction temperature in units of °C.
Vour is the voltage at the MUX_OUT pin.

Power Supplies Monitoring

By selecting the appropriate MUX channels AVDD, PVDDx, VREF,
and GND in the MUX register, a scaled down representation of the
selected rail voltage is multiplexed to the MUX_OUT pin.

Vavpp = 1.5 X Vyyx our
Vpypp = 1.5 X Vyyx_ our (6)

Vrer = Vmux our

It is recommended to bypass the internal buffer for GND channel
measurement at the MUX_OUT.

Note that all monitoring equations are valid only when the IOUTx
pin is properly loaded and operating within its specified compliance
range.
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MULTIPLEXER INPUT AND DAISY CHAINING

The device includes an external input to the analog multiplexer, ac-
cessible via the MUX_IN pin (see Figure 52). This feature enables
daisy-chaining of the MUX_OUT paths when multiple devices are
connected to the same SPI bus.

By connecting the MUX_OUT of one device to the MUX_IN of
the next, a single ADC channel can be shared across multiple
AD5705R/AD5706R devices. This configuration simplifies system
design and reduces the number of required ADC inputs.

An example of a two-device daisy-chain configuration is shown in
Figure 53 for two devices, and the concept can be extended to
support more than two devices.

ADS5706R
I0UTX_VMON

10UTx_IMON
VREF

TEMPERATURE SENSORS x MUX_ouT
PvDDx | -

AVDD
GND

MUX_IN

ADS5706R
I0UTx_VMON
10UTX_IMON
VREF

TEMPERATURE SENSORS |
PVDDx

AVDD
GND

MUX

— -

MUX_IN

Figure 53. Input Daisy Chaining for Multiple AD5706R Devices
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POWER SUPPLIES
The AD5705R/AD5706R devices require the following supply rails:

» AVDD: Positive analog supply for the core analog circuitry.
» 10VDD: Digital interface supply for SPI and control logic.

» PVDDXx: Independent positive supply for each DAC output stage
(I0UTx).

Each IOUTx channel is powered by its corresponding PVDDx
supply, allowing for flexible output stage configuration. To ensure
proper operation and maintain output compliance, all PVDDx vol-
tages must be selected such that the IOUTx outputs remain within
their specified compliance voltage range.

These PVDDXx supplies can be individually set within the range of
1.65V to AVDD.

» If PVDDx is intended to operate at the same voltage as AVDD, it
must be directly tied to AVDD.

» If PVDDx is sourced from an independent supply, it must be
maintained at the same or lower voltage than AVDD to ensure
proper operation and avoid back-biasing internal circuitry.
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The AD5705R/AD5706R utilize a 4-wire digital interface (C_S, SCK,
SDI, and SDO) that is compatible with SPI, QSPI, and MICRO-
WIRE standards as well as most digital signal processors (DSPs).

Figure 2 demonstrates the timing for register read and write trans-
actions. These transactions are framed by the CS signal. While
CS is high, SCK edges are ignored, and SDO is in a high impe-
dance state. A falling edge on CS activates the digital interface
and initiates an SPI frame. Data is shifted MSB first for all SPI
transactions.

The SPl interface of the AD5705R/AD5706R supports the transmis-
sion mode with CPOL = 0 and CPHA = 0. In this mode, the data on
SDlis latched on the rising edges of SCK, while the data is shifted
out on SDO on the falling edges of SCK. The data on SDO is valid
after the time tsck. spo from the falling edge of SCK and remains
valid for the duration tspg yaup after the next falling edge of SCK
(refer to Table 4 and Figure 2).

Communication with the device is divided into two distinct phases.

1. Instruction phase: This phase initiates an action of the device
with a 15-bit wide register address.

2. Data phase: In this phase, data is either sent to the device or
received from it in response to the instruction phase.

The maximum SCK frequency is 50MHz for writing transactions and
25MHz for reading transactions.

Figure 54 illustrates an SPI transaction phase with a 15-bit address
instruction phase. An SPI frame can contain one or more register
read and write transactions.

cs | —
soi [Rm]___AobRess | Dpatamse | pataiss K|
| \
sDo ‘ z { patamse [  DATA_LSB |Z—

INSTRUCTION PHASE: 16 BITS DATA PHASE: 16 BITS

052

Figure 54. SPI Transaction Phases

INSTRUCTION PHASE

The instruction phase begins immediately after the falling edge

of CS, which initiates the SPI transaction. This phase includes a
read/write bit (R/W) followed by an address word. Setting R/W high
selects a read instruction (see Figure 56), while setting R/W low
selects a write instruction (see Figure 55). By default, the address
word is 15 bits long (15-bit addressing). The register address sent
during the instruction phase serves as the starting address for
subsequent read or write operations.

DATA PHASE

The data phase follows directly after the instruction phase, as
illustrated in Figure 55 and Figure 56. During a write instruction,
data is clocked into the device via the SDI pin on the rising edges
of SCK and is written to the selected register location. Conversely,
during a read instruction, data from the selected register location is
shifted out via the SDO pin on the falling edges of SCK.
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Figure 55. Basic SPI Write Frame
o ] [
SDI R | REGISTER ADDRESS DON'T CARE -
SDO z REGISTER DATA z
INSTRUCTION PHASE DATA PHASE

Figure 56. Basic SPI Read Frame

The data phase can include the data for a single-byte register, a
multibyte register, or multiple registers depending on the selected
registers and access modes. For details on how these modes
configure the read and write data in the data phase, refer to the
sections on Single Instruction Mode, Streaming Mode, and Register
Map Address Direction.

The user configuration register contents are updated immediately
after the last SCK rising edge, which shifts in the final bit of the
register data. For a single-byte register, this occurs on the eighth
SCK rising edge of the data phase. For a two-byte register, it
happens on the 16th SCK rising edge of the data phase. Refer
to the Multibyte Registers section for more information on when
multibyte register data is updated.

Data must be written to the configuration registers in full bytes

to ensure they are updated. If the data phase of an SPI write
transaction does not include the entire byte of data for the register
being updated, the register contents are not updated, and the
CLOCK_COUNT_ERR bit in the INTERFACE_STATUS_A register
is set.

SPI FRAME SYNCHRONIZATION

The CS pin frames data during SP! transactions in both streaming
mode and single instruction mode. A falling edge on CS initiates an
SP! transaction. If CS is deasserted (returned high) during an SPI
transaction, it terminates part or all of the data transfer.

» If CS is deasserted before the instruction phase is complete, the
transaction aborts, and the device returns to the ready state.

» |fCS is deasserted before the first data word is written, the
transaction aborts, and the device returns to the ready state.

» If CS is deasserted after one or more data words have been
written or read, those completed data words are written or read,
but any partially written data words are aborted.

Figure 2 illustrates the detailed timing diagram for executing regis-
ter read and write via the SPI interface. For the specific timing
specifications, refer to Table 4.
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MULTIBYTE REGISTERS

Some configuration registers in the AD5705R/AD5706R consist of
multiple bytes of data stored in adjacent addresses, known as
multibyte registers. These registers are all two bytes wide and
include the following:

» DAC_INPUT A _CHn
» FUNC_DAC_INPUT B_CHn

» MULTI_DAC_INPUT_A_CHn
» DAC_DATA_READBACK_CHn

For the 12-bit parts, the 4 most significant bits (MSBs) are ignored
and are set to 0 internally (refer to Table 12).

Table 12. Multibyte Registers

When writing to a multibyte register, all bytes must be accessed in a
single SPI transaction. Consequently, the STRICT_REGISTER_AC-
CESS bit in the INTERFACE_CONFIG_C register is read only

and set to 1. If an SPI write transaction to a multibyte register

is attempted on a per byte basis, the register contents are not
updated, and the REGISTER_PARTIAL_ACCESS_ERR bitin the
INTERFACE_STATUS_A register is set. A write transaction to a
multibyte register is completed after the 16th SCK rising edge of the
data phase, which shifts in the final bit of the register data.

MSB LSB
Bit 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
16 DATA [15:14] DATA [13:8] DATA [7:0]
12 0 0 0 0 | DATA[11:10]" |  DATA[9:8] DATA[7:0]

! These bits are don’t care in the dither mode when assigned for FUNC_DAC_INPUT B_CHn registers. Refer to the Dither Function section.
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REGISTER MAP ADDRESS DIRECTION

The address direction options control whether the address automat-
ically decrements (address descending) or increments (address
ascending) when accessing multiple bytes of data in a single data
phase, such as when accessing multibyte registers (see Figure 57
and Figure 58) or multiple registers with streaming mode.

Address direction is selected using the ADDR_ASCENSION bit

in the INTERFACE_CONFIG_A register. If ADDR_ASCENSION is
setto 0, the address decrements after each byte is accessed. If
ADDR_ASCENSION is set to 1, the address increments after each
byte is accessed.

The order of the bytes in the SPI frames depends on the
ADDR_ASCENSION bit as follows:

» Address descending: The address used must be the address
of the most significant byte. The first byte accessed in the data
phase is the most significant byte of the multibyte register, with
each subsequent byte corresponding to the next lower address.

» Address ascending: The address used must be the address of
the least significant byte. The first byte accessed in the data
phase is the least significant byte of the multibyte register, with
each subsequent byte corresponding to the next higher address.

For example, the DAC_INPUT_A_CHO register is two bytes long,
with the least significant byte at Address 0x60 and the most signif-
icant byte at Address 0x61. If the ADDR_ASCENSION bit is set
to decrement, the address must be 0x61, and the first byte must
be the most significant one. Refer to the Registers section for a
complete list of registers.

s [
sol R[_ADDRN | DONTCARE | DONTCARE [N
| |
SDO z | DATAAT ADDR N | DATA AT ADDR (N-1)}i

INSTRUCTION PHASE DATA PHASE

055

Figure 57. Multibyte Register Address Descending Read Access

[ —
SDI I w [ ADDR(N-1) [DATA AT ADDR (N-1)| DATA AT ADDRN -
SDO ‘ z ‘ o | z

1
INSTRUCTION PHASE DATA PHASE 2

Figure 58. Multibyte Register Address Ascending Write Access

When accessing multibyte registers, use descending addresses to
shift in most significant byte first. The address direction is set to
descending by default.

STREAMING MODE

When the SINGLE_INST bit in the INTERFACE_CONFIG_B regis-
teris set to 0, single instruction mode is disabled, and streaming
mode is enabled. In streaming mode, multiple registers with adja-
cent addresses can be accessed with a single instruction and

data phase, allowing efficient access to contiguous memory regions

analog.com

(for example, during initial device configuration). The device is
configured in streaming mode by default.

When in streaming mode, each SPI frame consists of a single
instruction phase followed by a data phase containing data for
multiple registers with adjacent addresses. The digital host speci-
fies a starting register address in the instruction phase, and this
address is automatically decremented or incremented (based on
the ADDR_ASCENSION bit) after each byte of data is accessed.
Consequently, the data phase can be multiple bytes long, with each
consecutive byte of read or write data corresponding to the next
lower or higher register address (for descending and ascending
address direction, respectively).

When writing to a multibyte register in streaming mode with the
address descending, the user must start by addressing the most
significant byte of the register in the instruction phase and provide
data starting from the most significant byte in the data phase.
Conversely, when writing to a multibyte register in streaming mode
with the address ascending, the user must start by addressing the
least significant byte of the register in the instruction phase and
provide data starting from the least significant byte in the data
phase.

Figure 59 shows the instruction and data phase when using stream-
ing mode with address descending to write to all the DAC input
registers. In this example, the starting address is the most signifi-
cant byte of the DAC_INPUT_A_CH3 register at Address 0x67.

To determine the number of data bytes to transfer to consecutive
addresses, CS must be brought high at the end of the write
transaction (in Figure 59, the end of the write transaction occurs
after Address 0x60).

When reading from a multibyte register in streaming mode with ad-
dress descending, read back data starting from the most significant
byte. When reading from a multibyte register in streaming mode
with address ascending, read back data starting from the least
significant byte.

Looping in Streaming Mode

The LOOP_COUNT bits in the STREAM_MODE register determine
the length of registers addresses to increment or decrement when
streaming multiple bytes of data before looping back to the first
register address. When streaming mode is active and this register
is cleared, register addresses increment or decrement until the end
of the address space, then loop to the last or first address in the
memory map and continue incrementing or decrementing. Looping
allows the digital host to efficiently read from or write to a set of
registers repeatedly.

If LOOP_COUNT is set to 0, looping is disabled, and the following
oceurs:

» Address descending: The address decrements until it reaches
Address 0x00. On the subsequent byte access, the address is
set to the highest valued byte address available (0x77).
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» Address ascending: The address increments until it reaches the
highest valued byte address available (0x77). On the subsequent
byte access, the address is reset to 0x00.

If LOOP_COUNT is set to a nonzero value, looping is enabled,

and the value in LOOP_COUNT sets the number of bytes to be
accessed in a single data phase before the byte address resets

to the one specified in the instruction phase. The loop count value
must correspond to the number of actual bytes involved in the loop,
which may differ from the number of registers addressed if some
are multibyte registers.

Figure 60 shows an example where data is written to the two DAC
input registers in streaming mode with the address descending.

= 7

The address in the instruction phase is 0x67 and LOOP_COUNT
is set to four, but CS is held low for six bytes, which means that
the DAC_INPUT_A_CH3 register is written at the start and end of
the transaction. The user must carefully determine when to end the
transaction by deasserting CS.

Avoid using streaming mode with looping when writing to a range of
registers that includes unused and reserved registers.

By default, LOOP_COUNT automatically clears itself after the
instruction where it is applied. If the user wants the pro-
grammed value to hold indefinitely, the user should first set
KEEP_STREAM_LENGTH_VAL bit to 1 before programming the
LOOP_COUNT bits.

—

Y

DAC_INPUT_A_CH3 [15:8]

SDI w | ADDR = 0x67 (ADDR = 0x67)

DAC_INPUT_A_CH3 [7:0]
(ADDR = 0x66)

)
“TpAc_INPUT_A_cHo [15:8]
(ADDR = 0x61)

DAC_INPUT_A_CHO [7:0]
(ADDR = 0x60)

z

SDO

0
b)Y

L INSTRUCTION PHASE

T
DATA PHASE

-

Figure 59. Streaming Mode Write Register Access with Address Descending (CRC Error Detection Disabled)

&

r

DAC_INPUT_A_CH3

SDI W | ADDR = 0x67 (D15 TO DO)

DAC_INPUT_A_CH2

| DAC_INPUT_A_CH3

(D15 TO D0) (D15 TO DO)

z
sbo

0

INSTRUCTION
PHASE

DATA PHASE

Figure 60. Streaming Mode Write Register Access with Looping and Address Descending (LOOP_COUNT = 4)
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SINGLE INSTRUCTION MODE

When the SINGLE_INST bit in the INTERFACE_CONFIG_B regis-
teris set to 1, streaming mode is disabled, and single instruction
mode is enabled. In single instruction mode, the data phase con-
sists of data for a single register, and each data phase must be
followed by a new instruction phase even if CS remains low.

Single instruction mode allows the digital host to quickly read from
and write to registers with non-adjacent addresses in a single SPI
frame. In contrast, streaming mode only allows reading or writing
to contiguous registers without pulsing CS high to initiate a new
instruction phase. When multiple registers are accessed in a single
synchronization frame in single instruction mode, then the frame
width of the data phase matches the byte size of the registers.
Thus, the SPI transaction is 24-bit wide for a single byte register,
and 32-bit wide for a two-byte register, assuming 15-bit addressing
mode.

Figure 61 illustrates an example of an SPI transaction in single
instruction mode with the following register accesses:

1. Enables internal reference (BANDGAP_CONTROL register).
2. Enables IOUTO output (OUT_OPERATING_MODE register).
3. Sets the output range of IOUTO (OUT_RANGE_CHO register).
4. Reads the TEMP_WARN_STAT register.

In the Figure 61, BANDGAP_CONTROL is a single byte reg-

ister, while OUT_OPERATING_MODE, OUT_RANGE_CHO, and
TEMP_WARN_STAT are two-byte registers. Therefore, the data
phases containing OUT_OPERATING_MODE, OUT_RANGE_CHO,
and TEMP_WARN_STAT have two bytes, making the SPI transac-
tions for these data phases 32 bits wide. In contrast, the SPI
transaction for the one-byte register BANDGAP_CONTROL is 24
bits wide.

W | ADDR =0x73 ADDR = 0x23

BANDGAP_CONTROL | W OULOPEE‘S‘E]NQMODE

OUT_OPERATING_MODE
[7:0]

w

ADDR = 0x29

OUT_RANGE_CHO OUT_RANGE_CHO _
[15:8] [7:0] R | ADDR=0x70

DON'T CARE | DON'T CARE

z z
0 o

z

z

0

TEMP_WARN_STAT TEMP_WARN_STAT
[15:8] [7:0]

INSTRUCTION DATA PHASE INSTRUCTION DATA PHASE
PHASE PHASE

INSTRUCTION
PHASE

DATA PHASE INSTRUCTION DATA PHASE
PHASE

Figure 61. Single Instruction Mode Register Access Example with Address Descending (CRC Error Detection Disabled)
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DEVICE ADDRESSING

The AD5705R/AD5706R have two address pins, A (1:0), in the
WLCSP package. With four unique addresses, it is possible to keep
a maximum of four devices on the same SPI bus as shown in
Figure 62. Care should be taken to ensure that every device on the
same SPI bus has a unique device address on the address pins.

To communicate with any AD5705R/AD5706R, the instruction
phase in the SPI frame has three MSB bits, A (14:12), which
correspond to the device addresses as indicated in Figure 2 and
Table 4. This allows for selecting and writing to a specific device
using the corresponding address bits in the instruction phase. An
SPI read transaction must address a specific device to read out
data on the SDO line.

Registers with Address 0x00 through Address 0x11 can be ac-
cessed independent of the device address pins. All other registers
require matching address bits in the instruction phase.

vcc

lovce

By default, the SHORT_INSTRUCTION bit is set to 1'b0 for 15-bit
addressing. In case of 7-bit addressing, the device address pins
A[1:0] must be set to 00 and in the instruction phase, only the
address bits A[7:0] are valid for use in Figure 2.

Table 13. Device Addressing Truth Table

Address Pins, A[1:0]

Device Identity

Address Bits, A[14:12]),
in Instruction Phase

00
01
10
11

0

1
2
3

000
001
010
011

Ccs

SCK

MOSI

MISO

MICROCONTROLLER

SCK

SDI
sbho

A0

AD5706R
M IC4

060

Figure 62. Communication with Multiple AD5705R/AD5706R Devices on a Single SPI Bus
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When multiple AD5705R/AD5706R are connected to the same SPI
bus, especially on the SDO line, the capacitive load increases due
to the input capacitance of each device connected on the bus and
the PCB trace capacitance. This increased capacitance slows down
the signal transitions (rise and fall times), which can cause the data
on the SDO line to not settle in time before the host samples it

on the next clock edge. It is therefore recommended to reduce the
SCK frequency to allow more time for the SDO to settle after a
transition.

ERROR DETECTION

Interface_Status_A Register

The INTERFACE_STATUS_A register contains all the status bits
related to the digital interface. These status bits are set based on
the actions related to the SPI transactions and remain set until
explicitly cleared by writing a 1 to the bit location. Each status bit in
the INTERFACE_STATUS_A register is enabled by default.

Register Does Not Exist Error

When the host attempts to access an invalid register address, the
ADDRESS_INVALID_ERR bit is set in the INTERFACE_STATUS_A
register. To clear this error, write 1 to this bit.

Partial Register Access Error

The REGISTER_ PARTIAL_ACCESS_ERR bit in the INTER-
FACE_STATUS A register is set when a multibyte register is
partially accessed for read or write, meaning that the transac-
tion ends before all bytes of a multibyte register have been
accessed. To clear this error, write 1 to the REGISTER _ PARTI-
AL_ACCESS_ERR bit.

Write to Read only Register Error

If the host tries to write to a read only register, the
WR_TO_RD_ONLY_REG_ERR bit field is asserted in the INTER-
FACE_STATUS _A register. To clear this error, write 1 to the
WR_TO_RD_ONLY_REG_ERR bit.

Invalid/No CRC Received Error

The CRC_ERR bitin the INTERFACE_STATUS_A register is set
when the CRC is enabled and the CRC byte in the SPI transaction
is missing or does not match the calculated value. To clear this
error, write 1 to this bit. Note that because the CRC is enabled, the
SP! transaction must have a valid CRC code to succeed.

Clock Counting Error

The error reported in the CLOCK_COUNT _ERR bit is produced
when the number of SCK cycles does not match the amount
required to shift a multiple of eight bits. To clear this error, write 1 to
this bit.

analog.com

Interface Not Ready Status

The NOT_READY_ERR bit in the INTERFACE_STATUS_A register
is a status bit, not an error. This bit can be polled to determine when
the device is ready to receive data from the host. This bit is a read
or write one to clear (R/W1C) type of bit and can be cleared by
writing 1 to it.

Device Status During Instruction Phase

The device has an internal status register that contains all its major
status bits, and it can be appended to SPI frames during transac-
tions. The status bits in the internal status register are mapped to
the INTERFACE_STATUS_A and TEMP_WARN_STATUS register
bits. When the SEND_STATUS bit in INTERFACE_CONFIG_C
register is enabled, the contents of the status register are read

out on the SDO pin as shown in Figure 63. It is recommended to
use this feature on a single device to avoid issuing separate SPI
commands to read the mapped registers. This feature should not
be used for multiple devices sharing the same SP!I bus.

The TEMP_WARN_INT_EN register can be used to block individual
status bits from affecting the status register. All bits in the status
register are read only and represent the AND-ed value of the actual
status bit and its corresponding mask field, if any. Note that the bits
in the INTERFACE_STATUS_A register do not have corresponding
mask bits. Actual status bits are R'W1C type bits and can only be
cleared if the event that triggered their assertion is no longer true.

The internal status register is 16-bit wide and is described in

Table 14. The readout contents of the status register depend on
the SHORT_INSTRUCTION bit of the INTERFACE_CONFIG_B
register. If the SHORT_INSTRUCTION is set to 1, the Bits[7:0] of
the status register are read out on the SPI SDO. If the SHORT_IN-
STRUCTION is set to 0 (15-bit addressing), the Bits[15:0] of the
status register are read out on the SPI SDO.

s | —
sDI [Rw]  AbbrReEss | pAatamse |  DATA_LSB -
| \ \
Sbo i| STATUS | patamss | DATA_LSB |Z—

INSTRUCTION PHASE: 16 BITS DATA PHASE: 16 BITS s

Figure 63. SPI Transaction Phases with SEND_STATUS Bit Enabled and
15-Bit Addressing Mode

Table 14. Internal Status Register Bit Details
Bit Posi-

tion Status Bit

0 TEMP_WARN_FLAG_CHO

1 TEMP_WARN_FLAG_CH1 TEMP_WARN_STAT
2 TEMP_WARN_FLAG_CH2 TEMP_WARN_STAT
3

4

Register Name
TEMP_WARN_STAT

TEMP_WARN_FLAG_CH3 TEMP_WARN_STAT
ORed logic of interface error bits | INTERFACE_STATUS_A
5t015 0 Not applicable
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CYCLIC REDUNDANCY CHECK (CRC) ERROR
DETECTION

The device features an optional CRC to provide error detection
for SPI transactions between the digital host and the AD5705R/
AD5706R.

CRC error detection allows the SPI host and its subordinates to de-
tect bit transfer errors with significant reliability. The CRC algorithm
involves using a seed value and polynomial division to generate a
CRC checksum. Both the host and subordinates calculate the CRC
checksum independently to determine the validity of the transferred
data.

The device uses the CRC-8 standard with the following polynomial
as the divisor:

WBrxi+x+1 (7

CRC error detection is enabled with the CRC_ENABLE and
CRC_ENABLEB bits in the INTERFACE_CONFIG_C register. The
value of CRC_ENABLE is only updated if CRC_ENABLEB is set

to the CRC_ENABLE inverted value in the same register write
instruction. To enable the CRC, CRC_ENABLE must therefore be
set to 2'b01 while CRC_ENABLEB is set to 2010 in the same write
transaction. Note that the CRC error detection must not be enabled
when there is more than one device sharing the same SPI bus.

To disable the CRC, CRC_ENABLE must be set to 2'b00 while
CRC_ENABLEB is set to 2'b11 in the same write transaction.
Writing inverted values to two separate fields reduces the chances
of CRC being enabled in error. CS must be brought high at the end
of the enable/disable write. The first CRC code must be included
after the register write/read data, immediately following the register
write transaction enabling the CRC. A register write transaction that
disables CRC must still include the CRC code on SDI, but the
following transaction does not require the CRC code.

Figure 64 and Figure 65 show how a CRC code is appended to

the write or read, respectively, for the digital host or the device to
validate the data. For register writes, the host must generate the
CRC using the calculation described in Equation 7. For register
reads, the host must also send the correct CRC byte that is
checked by the device. The first byte of data sent contributes to the
CRC calculation; therefore, a value of 0x00 is recommended. In the
same read transaction, the device provides the CRC code for the
digital host to verify.

When accessing multibyte registers with CRC error detection ena-
bled, the CRC code is placed after all bytes of register data.

& ] [
SDI Wl REGISTER ADDRESS REGISTER DATA | CRC BYTE -
Y4 z
Eole] 0 CRC BYTE
INSTRUCTION PHASE DATA PHASE o

Figure 64. Basic SPI Write Frame (CRC Error Detection Enabled)
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& 7] [
SDI R | REGISTER ADDRESS DON'T CARE I CRC BYTE .
z z
SDO REGISTER DATA | CRC BYTE
INSTRUCTION PHASE DATA PHASE

Figure 65. Basic SPI Read Frame (CRC Error Detection Enabled)

When CRC error detection is enabled, the device does not update
the register contents in response to a register write transaction
unless it receives a valid CRC code at the end of the register data
on SDI. If the CRC code is invalid or the digital host fails to transmit
the CRC code, the device does not update its register contents, and
the CRC_ERR flag in the INTERFACE_ STATUS_A register is set.
The CRC_ERR flag is R/W1C type of bit, and the correct CRC is
required for the write to clear to take effect.

Table 15 shows the seed value used in the CRC code calculation
and how it is transmitted for both single instruction mode and
streaming mode. When using single instruction mode, every CRC
code in a SPI frame uses 0xA5 as the seed value to prevent
stuck-at fault conditions for Address 0x0000.

When using streaming mode, the first CRC code in an SPI frame
also uses 0xA5 as the seed value, but subsequent CRC codes in
the same frame are calculated using the least significant byte of the
register address being accessed in the SPI transaction as the seed
value depending on the address ascending or descending modes.

Figure 66 shows an example where CRC is enabled in the first SPI
transaction, which demonstrates how the CRC codes are provided
by the device during a read transaction and by the host during a
write transaction. In this example, the device is configured in single
instruction mode with the address descending. This example shows
the following sequence:

1. Register write of 0x62 to the INTERFACE_CONFIG_C register

to enable the CRC.

» Instruction phase: Address 0x10 (write)

» Data phase: Value 0x62

» CRC code: Calculated using the seed value 0xA5 and the
data 0x62

2. CSis pulsed high.

3. Inthe address descending mode, the register write of the
OUT_RANGE_CHO register (a multibyte register with the most
significant byte at Address 0x29).

» Instruction phase: Address 0x29 (write)

» Data phase: Value for OUT_RANGE_CHO (most significant
byte first)

» CRC code: Calculated using the seed value 0xA5 and the
data for OUT_RANGE_CH0

4. Register write of 0x23 to the INTERFACE_CONFIG_C register
to disable the CRC while still providing the CRC code.

» Instruction phase: Address 0x10 (write)
» Data phase: Value 0x23
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» CRC code: Calculated using the seed value 0xA5 and the
data 0x23

5. CS'is brought high.

When CRC error detection is enabled, do not use streaming mode,
including looping, if the range of registers to be addressed includes

Table 15. CRC Seed Values

unused and reserved registers. See Figure 67 and Figure 68 for
examples of write and read SPI transactions in streaming mode,
particularly for multibyte registers.

Streaming Mode
SPI Transaction Type Pin Single Instruction Mode First Data Phase Subsequent Data Phases
Read SDI CRC seed = 0xA5, instruction CRC seed = 0xA5, instruction Write data = 0x00 to the least signifi-
phase, write data = 0x00 phase, write data = 0x00 cant byte of address, CRC byte sent
after each multibyte register
SDO CRC seed = 0xA5, instruction CRC seed = 0xA5, instruction Read data from the least significant
phase, read data phase, read data byte of address, CRC byte received
after each multibyte register
Write SDI CRC seed = 0xA5, instruction CRC seed = 0xAS5, instruction Write data to the least significant byte
phase, write data phase, write data of address, CRC byte sent after each
multibyte register
SDO CRC seed = 0xA5, instruction CRC seed = 0xA5, instruction Read data = 0x00, CRC byte re-
phase, read data = 0x00 phase, read data = 0x00 ceived after each multibyte register
& 1 [
sDI W [ ADDR=0x10 DATA = 0x62 X | R | ADDR=0x29 | 0 [ CREBYIEN | W [ ADDR=0x10 | DATA=0x23 | NGRCBVIEN
ol ol !
INSTRUCTION DATA PHASE INSTRUCTION i DATA PHASE i INSTRUCTION DATA PHASE -
PHASE PHASE PHASE g

Figure 66. CRC Code SPI Transactions Example (Address Descending, Single Instruction Mode)

—

cs @
()()
SDI w | ADDR = 0x2F | DATA (ADDR = 0x2F) | DATA (ADDR = 0x2E) _ | DATA (ADDR = 0x29) | DATA (ADDR = 0x28) ‘
"
2
z
sbo 0 . 0
INSTRUCTION T
PHASE DATA PHASE

_JZ

>t

Figure 67. SPI Write Transaction Example in Streaming Mode for Multibyte Registers with CRC Enabled (Address Descending)

cs 2
SDI R | ADDR = 0x2F 0 __::‘) o
5 \
sbo DATA (ADDR = 0x2F) | DATA (ADDR = 0x2E) CRC BYTE DATA (ADDR = 0x29) | DATA (ADDR = 0x28) CRC BYTE

INSTRUCTION
PHASE

DATA PHASE

-

-

Figure 68. SPI Read Transaction Example in Streaming Mode for Multibyte Registers with CRC Enabled (Address Descending)
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OVERTEMPERATURE WARNING ALERT

To protect the device from damage due to overtemperature occur-
rences during operation, the device features an overtemperature
warning alert for each IDAC channel. When the internal die temper-
ature reaches approximately 125°C, the TEMP_WARN_FLAG_CHx
bit in the TEMP_WARN_STAT register is set to 1. The
TEMP_WARN_FLAG_CHx bits in the TEMP_WARN_STAT register

are RIW1C type bits and can be cleared by writing 1 to them. To en-

sure proper data downloads from the internal memory, a reset func-
tion must not be performed when the TEMP_WARN_FLAG_CHx bit
in the status register is set to 1.

Mask bits in the TEMP_WARN_INT_EN register can be

used to mask the corresponding TEMP_WARN_FLAG_CH_x
bits in the TEMP_WARN_STAT register. By default, the
TEMP_WARN_FLAG_CHx bits are disabled.

These status bits can also be routed out during the instruction
phase of any SPI transaction through the SEND_STATUS bit of
the INTERFACE_CONFIG_C register. For more details, refer to the
Device Status During Instruction Phase section.

There is no automatic shutdown functionality based on the over-
temperature warning alert. The system controller must monitor
the temperature warning flags through the TEMP_WARN_STAT
register and reduce load or disable outputs if required.

DEVICE RESET
The device offers the following three options for performing a reset:

1. Hardware reset: Resets all user configuration registers to their
default values as listed in the Registers section.

2. Software reset via an SPI write: Resets all user configuration
registers except for the INTERFACE_CONFIG_A register.

3. Power-on reset (POR): A POR signal is generated when the
AVDD supply voltage first exceeds the nominal threshold of
2.4V. The POR resets the user programmable registers if the
AVDD supply drops below this threshold.

A hardware reset is initiated by a falling edge on the RESET pin
and the device remains in a reset state for as long as the RESET
pin is held low. Figure 4 shows the hardware reset timing diagram,
with the minimum RESET pulse width, represented by treset pw in
Figure 4 and Table 4. -

A software reset is initiated by setting both the SW_RESET and
RESET_SW bits in the INTERFACE_CONFIG_A register to 1 in
the same data phase. Figure 5 shows the software reset timing

diagram.

Whenever any reset event, including a POR event, occurs, the
RESET_OCCURRED bit in the DIGITAL_STATUS register is set to
1. This bit is a RIW1C type and can be cleared by writing 1 to it.

The device requires a minimum of 200ps between any reset event
and a register read/write transaction as shown in Figure 4 and
Figure 5 and represented by treset pecay in Table 4. If an SPI
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transaction is attempted before the device is ready, it may not
succeed and the NOT_READY_ERR bit in the INTERFACE_STA-
TUS_A register is set. This is also R/W1C type .

To verify complete initialization, check the NOT_READY_ERR bit
in the INTERFACE_STATUS_A register and the POWERUP_COM-
PLETED bit in the DIGITAL_STATUS register. If any error bit is
flagged, perform a device reset.

SCRATCHPAD AND USER SPARE REGISTERS

The device provides a dedicated SCRATCH_PAD register (Address
0x0A) and four USER_SPARE registers (Address 0x74 to Address
0x77), each 8-bit (one byte) wide. These registers are intended for
temporary data storage, allowing flexible handling of intermediate
values and reducing reliance on external memory. Users can write
to and read from these locations without any device side effects.

DEVICE IDENTIFICATION

The following registers contain identification information about the
AD5705R/AD5706R:

» VENDOR register to identify Analog Devices as the vendor of the
device

» CHIP_TYPE register to identify the category of Analog Devices
products the device belongs to

» PRODUCT _ID register to be used in conjunction with
CHIP_TYPE to identify a device

» CHIP_GRADE register to record the device revision and per-
formance grade

» SPI_REVISION register for the information on the SP! interface
revision

The device identifies as follows:

» VENDOR _ID = 0x0456

» CHIP_TYPE = 0x08

» PRODUCT_ID = 0x4130 (AD5706R), 0x4131 (AD5705R)
» CHIP_GRADE = 0x0

» SPI_REVISION = 0x85
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The DAC core of each channel of the AD5705R/AD5706R has
double buffered registers for the DAC code. Data for each channel
can be written directly to the DAC register for an asynchronous
DAC update, or to the input registers (DAC_INPUT_A_CHn or
FUNC_DAC_INPUT_B_CHn) without changing the DAC outputs. A
load DAC command issued to the device via the LDAC pin or the
DAC_SW_LDAC bit transfers input register content into the DAC
register, updating the DAC output.

Each DAC channel has a user programmable enable bit
OUT_OP_MODE_CHn. When the enable bit for any channel is set
to 0, the corresponding channel output is shutdown to high-Z state.
These enable bits are found in the OUT_OPERATING_MODE
register. All DAC channel cores are enabled on power-up.

DAC REGISTERS (DATA AND INPUT)

Each DAC channel has an associated 12-/16-bit DAC_DA-
TA_READBACK_CHn, DAC_INPUT_A_CHn, and FUNC_DAC_IN-
PUT_B_CHn registers.

» The DAC_DATA_READBACK_CHn is a read-only register that
contains the undecoded DAC code that is loaded to the DAC
core.

» The DAC_INPUT A CHn register is used for storing DAC data
that can be loaded to the DAC_DATA_READBACK_CHn register
at a later time through the load DAC functions. It is also utilized
for the toggle and dither tone generation functionalities.

» Lastly, the FUNC_DAC_INPUT_B_CHn register is used for stor-
ing DAC data that is used for the toggle DAC and dither tone
generation functionalities.

IOUT OUTPUT STAGES

The device is a quad-channel current output DAC with selectable
output ranges. The full set of current output ranges is only available
through SPI programming. Each DAC channel has a programmable
current output stage that supports four current ranges: 50mA,
150mA, 200mA, and 300mA. On power-up, the output stages of
|OUTO to IOUT3 are in shutdown mode.

The full-scale current range is selected via the bits
OUT_RANGE_CH, on a per channel basis. At power-up, the device
initializes with all channel outputs (IOUTO to IOUT3) in off mode
(high-Z mode). The range and code of each channel are then fully
programmable through SPI write to registers OUT_RANGE_CHn
(Address 0x28 to Address 0x2F) as shown in Table 16 and Figure
69.
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Table 16. Output Ranges

OUT_RANGE_CH Bits Output Current Range
2'000 50mA
2'h01 150mA
210 200mA
211 300mA
300
= 300mA RANGE
— 200mA RANGE
250 | = 150mA RANGE
——— 50mA RANGE
I /
E 200
=
Z /
£ 150
(8]
5 / /
E 100
2
(<] //
50
0
0 16384 32768 49152 65535
CODE g
Figure 69. 16-bit IDAC Transfer Function
300
= 300mA RANGE
= 200mA RANGE
250 | T 150mA RANGE
= 50mA RANGE
< /
E 200
£
o
Z 150
(8]
2 / /
E 100
2
o ///
50
0

0 1024 2048 3072 4095
CODE

078

Figure 70. 12-bit IDAC Transfer Function

IOUT in High-Z Mode

On power-up or on device reset, the outputs of each channel

are in high-Z (off) mode (by default) and the DAC core is active.
Additionally, each channel includes an internal ground switch with
an on-resistance of typical 10Q. The output always transitions

to a high-Z state before the ground switch is enabled, ensuring
break-before-make operation and preventing transient short-circuit
currents. However, the bias circuitry for each IDAC channel remains
powered up, and only the output is either in off state or is connected
to GND.

The user can control the DAC output stage through the SPI Write
or through OUT_EN pin. When changing between output modes
on a DAC channel, the output stage of the channel is set to
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high-Z to prevent glitches on the output. The output enable func- of OUT_EN pin or through SPI write. Alternatively, the user can tie
tionality for each channel is controlled by specific register bits: the OUT_EN pin to a resistor divider junction between the AVDD
OUT_OP_MODE_CHn, OUT_SWITCH_EN_CHn, and HW_SHUT- and GND, and any fault on the AVDD can disable the DAC output.
DOWN_EN_CHn. These bits configure the output stage to either There are certain bit field names for the output states per channel,
high-Z state or connect to ground. In specific use cases, the as mentioned in the Table 17.

host controller may read the alarm and other fault status of the Fiqure 6 and Fiaure 7 show the fimi iated with the shut
AD5705R/AD5706R or other devices on the system and according- 'gure b and Figure /show the imings associated with te shut-

ly decides upon status of the DAC output stages through the control down functionality for a given IOUTx channel.

Table 17. Output in High-Z Mode and Ground Switch Control

DAC_DATA_Read- DAC Channel GND
Mode Register Configuration OUT_EN Pin back_CHn Register ~ Switch DAC Channel Output

Normal (SW) OUT_OP_MODE_CHn=1 X Retained Open Normal
OUT_SWITCH_EN CHn =x
HW_SHUTDOWN_EN_CHn = 0 (default)
SW Shutdown OUT_OP_MODE_CHn = 0 (default) X Retained Open High-Z
OUT_SWITCH_EN_CHn =0 (default)
HW_SHUTDOWN_EN_CHn =x

SW Shutdown with GND | OUT_OP_MODE_CHn = 0 (default) X Retained Closed High-Z
Switch OUT_SWITCH_EN_CHn =1

HW_SHUTDOWN_EN_CHn =x
Normal (HW) OUT_OP_MODE_CHn=1 1 Retained Open Normal

OUT_SWITCH_EN_CHn = x
HW_SHUTDOWN_EN_CHn = 1

HW Shutdown OUT_OP_MODE _CHn=1 0 (default) Retained Open High-Z
OUT_SWITCH_EN_CHn =0 (default)
HW_SHUTDOWN_EN_CHn =1

HW Shutdown with GND | OUT_OP_MODE_CHn =1 0 (default) Retained Closed High-Z
Switch OUT_SWITCH_EN_CHn =1
HW_SHUTDOWN_EN_CHn =1
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IOUT Voltage Compliance

When sourcing current, each IOUTx pin must comply with the volt-
age headroom required by its respective positive supply PVDDXx.
The minimum headroom voltage when sourcing at full scale is listed
in Table 2 as output compliance voltage.

DAC UPDATE MODES

The AD5705R/AD5706R allows the user to update the DAC chan-
nels with different methods. Most DAC update operations require an
SPI write to the device. Additionally, it is possible to use LDAC pin
functionality to update the DACs, after having loaded the respective
DAC data registers in register mode. DAC updates via LDAC pin
include the hardware LDAC, the hardware toggle (TGP) and the
sinusoidal dither mode (DCK) functions.

Table 24 summarizes the DAC update modes described in this sec-
tion and succeeding subsections. All DAC update modes described
assume the respective output stages are enabled.

DAC Functionality Control

The Bitfield FUNC_EN_CHn and Bitfield FUNC_MODE_CHn of the
FUNC_EN and FUNC_MODE_SEL registers, respectively, are used
to control which DAC update features are active at a time for each
DAC channel.

When FUNC_EN_CH is 1'b0, only the load DAC function is
enabled. The user can select a DAC function through the
FUNC_MODE_CH bitfield. However, only by writing 1°b1 to the
bitfield FUNC_EN_CH enables the selected DAC function.

Also, when FUNC_EN_CH is 1°b1, writing to the corre-

sponding FUNC_MODE_CH does not update the value of
FUNC_MODE_CH, effectively locking the current mode to the func-
tion selected. For example, if the channel is configured for toggle
mode and needs to be switched to dither tone generation mode,
then the user has to first write 1'b0 to FUNC_EN_CH bit, 1'b1 to
FUNC_MODE_CH bit, and 1'b1 to FUNC_EN_CH bit sequentially
to switch from toggle DAC function to dither tone generation func-
tion. Omitting the last write to FUNC_EN_CH bit in the previous
sequence retains the toggle DAC function.

The functions, namely, load DAC, toggle DAC, and dither tone
generation, are logically exclusive with each other. This means that
when one function is active for a particular channel, the other two
are not. These functions can be executed either using LDAC pin

or with an SPI write command. All DAC functions assume that the
output stages of respective DAC channels are enabled. See the
definition of FUNC_EN_CH and FUNC_MODE_CH bits in Table 18
below.

Table 18. DAC Functionality Control bits

FUNC_EN_CH bit FUNC_MODE_CHbit  Function

1'b0 (default) X Load DAC
1'b1 1'b0 (default) Toggle DAC

analog.com

Table 18. DAC Functionality Control bits (Continued)
FUNC_EN_CH bit FUNC_MODE_CHbit  Function
11 1t

‘ Dither tone generation

Global Software and Hardware Triggers

All channels share the same triggers for each of their respective
software and hardware modes. For instance, SW LDAC, SW tog-
gle, and SW dither share the trigger of SPI write of 1'b1 to the
DAC_SW_LDAC_CHn bitfield of the DAC_SW_LDAC register. This
means that the channels are independent of each other and trigger
their corresponding SW modes functionalities with just one SPI
write. This is the same for the HW triggers: LDAC, TGP, and

DCK. This is true in AD5705R/AD5706R since the three mentioned
signals share the same pin.

Consequently, a SW trigger cannot trigger a channel on HW mode,
and vice-versa.

LOAD DAC FUNCTION

DAC channels can be updated with the load DAC function. The
load DAC functionality can be divided into three modes: asynchro-
nous load, hardware LDAC (through LDAC pin), and software
LDAC (through SP!I write to the DAC_SW_LDAC register) as illus-
trated in Figure 71. For the AD5705R/AD5706R, the LDAC pin is
shared with the TGP (toggle) and DCK (dither clock) pins.

|
I '
| 1
— | [ __NpuT \
cs(:) REGISTER A DAC_DATA D ’ O IouTx
v
|
|
'

SCKQ— INTERFACE | REGISTER DATA

1 ASYNC AND
SW LDAC

Figure 71. Load DAC Function

Table 19. Load DAC Function Configuration

LDAC_SYNC

FUNC_EN_CH FUNC_MODE _ASYNC_CH LDAC_HW_S

n bit _CHn bit n bit W_CHnbit  DAC Function

1'b1 X X X None are ac-
tive

1'b0 (default) | x 0 (default) X Only asynchro-
nous load is
active

1'b0 (default) | x 1 0 (default) Only HW
LDAC is active

1'b0 (default) | x 1 1 Only SW

LDAC is active

The load DAC function is enabled by default or by writing

160 to the Bitfield FUNC_EN_CH assigned to each channel on
their corresponding FUNC_EN register. During load DAC mode,
the user can choose which mode is active through the Bitfield
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LDAC_SYNC_ASYNC_CHn and Bitfield LDAC_HW_SW_CHn on
the LDAC_SYNC_ASYNC and LDAC_HW_SW registers, respec-
tively. See Table 19 for reference.

The following subsections explain the different modes of the load
DAC function.

Asynchronous Load DAC

During asynchronous load DAC update, writing to a DAC_IN-
PUT_A_CHn register immediately sends the written data to the
corresponding DAC_DATA_READBACK_CHn register of that chan-
nel and triggers a DAC update. The DAC output is updated

after the last SCK rising edge (16th rising edge of SCK in the

data phase) as shown in Figure 8. It is to noted that writing

to the FUNC_DAC_INPUT_B_CHn register has no effect on the
DAC_DATA_READBACK_CHn register or the DAC output of any
respective channel in the asynchronous load DAC mode.

Software LDAC (SPI Write)

The software LDAC (SW LDAC) mode utilizes a SPI write of 1'b1 to
the Bitfield DAC_SW_LDAC_CHn on the DAC_SW_LDAC register
as trigger to the load DAC operations. This can be enabled per
channel by writing 1'b1 to the LDAC_SYNC_ASYNC_CHn and

1'b1 to the LDAC_HW_SW_CHn bitfields of the corresponding
LDAC_SYNC_ASYNC and LDAC_HW_SW registers of each chan-
nel, respectively.

Writing 1°'b1 to the DAC_SW_LDAC_CHn bitfield of a channel in the
DAC_SW_LDAC register transfers the data that is currently written
to its respective DAC_INPUT_A_CHn register, given that it is in SW
LDAC mode, to their corresponding DAC_DATA_READBACK_CHn
register. This triggers a DAC update. See Figure 9.

Writing 1'b1 to DAC_SW_LDAC_CHn of multiple channels also
triggers their respective SW LDAC function, individually. It is to

be noted that the channels that are on other SW modes (SW
toggle and SW dither) also trigger their corresponding SW func-
tions when writing 1'b1 to the Bitfield DAC_SW _LDAC_CHn of the
DAC_SW_LDAC register.

The Bitfield DAC_SW_LDAC_CHn auto clears upon write of 1'b1 to
the register. Thus, reading back from the DAC_SW_LDAC register
only returns 0s.

Hardware LDAC (LDAC Pin)

The hardware LDAC (HW LDAC) mode utilizes the LDAC pin as
trigger for the load DAC operations. This can be enabled per
channel by writing 1°'b1 to the LDAC_SYNC_ASYNC_CHn and
1’60 to the LDAC_HW_SW_CHn bitfields of the corresponding
LDAC_SYNC_ASYNC and LDAC_HW_SW registers of each chan-
nel, respectively. The functionality of the modes follows:
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» Idle high/low: While the LDAC pin is held high or low, the
data can be written to the DAC_INPUT_A_CHn registers without
triggering a DAC update.

» Active edge: The active edge for HW LDAC is selected
through the LDAC_HW_EDGE_SEL_CHn bitfields on the
LDAC_EDGE_SEL register. This is also true for other HW trig-
gers (toggle, dither). See Table 20 for reference.

Table 20. HW Active Edge Configuration

LDAC_HW_EDGE_SEL_CHn bit Active Edge
2'b00 (default) Rising edge
2'b01 Falling edge
2b10 Both edges
2b11 No edges

When the LDAC transitions to an active edge, the data that are
currently written in the DAC_INPUT_A_CHn registers for all chan-
nels in HW LDAC mode are transferred to their corresponding
DAC_DATA READBACK_CHn registers and trigger a DAC update.
See Figure 10. Itis to be noted that the channels that are on

other HW modes (HW toggle and HW dither) also trigger their
corresponding HW functions when triggering on their set active
edges.

TOGGLE DAC FUNCTION

The toggle DAC function is used to generate a square wave at the
DAC output. In this mode, each channel has an additional input
register, FUNC_DAC_INPUT _B, and the user can switch between
these two input registers on where the data is transferred from to
the corresponding DAC_DATA READBACK_CHn register.

________________________________________________________

I '
H '
H |
INPUT
s O—— REGISTER A DAC_DATA_ ’ A
v O 1ouTx
READBACK , -
SCK QO— INTERFACE INPUT |
L
IO REGISTER B RANGE 1
'
I
'
I

SDO O—— SW TGP

Figure 72. Toggle DAC Function

Table 21. Toggle DAC Function Configuration
FUNC_EN_CH_x FUNC_MODE_C LDAC_HW_SW_

Bit H_x Bit CH_x Bit Function

1'b0 (Default) X X None are active

1'b1 160 (default) 1'b0 (default) Only HW toggle is
active

1'b1 1'b0 (default) 1'b1 Only SW toggle is
active

The toggle DAC function is enabled by writing 1'b0 to the Bitfield
FUNC_MODE_CHn on the FUNC_MODE_SEL register, and then,
writing 1'b1 to the FUNC_EN_CHn bitfield in the FUNC_EN regis-
ter. During toggle DAC mode, the user can choose which trigger
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is active (HW/SW) by writing to the corresponding LDAC_HW_SW
register. See Table 21 for reference.

The multi-DAC update functions are active during toggle DAC
Mode.

The following sections detail the functionality for both the HW toggle
and SW toggle modes.

Software Toggle (SPI Write)

The software toggle (SW toggle) function utilizes a SPI write to the
DAC_SW_LDAC as trigger to the toggle DAC operations. This can
be enabled per channel by writing 1°b1 to the LDAC_HW_SW_CHn
bitfield of each channel's corresponding LDAC_HW_SW register.
The functionality is detailed in the following sections.

First Write

After enabling SW toggle mode, writing 1°b1 to a Bitfield
DAC_SW_LDAC_CHn of the DAC_SW_LDAC register transfers
the data that is currently written to its corresponding DAC_IN-
PUT_A_CHn register, given that it is in SW toggle mode, to its cor-
responding DAC_DATA READBACK_CHn registers. This triggers a
DAC update. See Figure 11.

Writing 1°'b1 to multiple DAC_SW_LDAC_CHn bitfields at the same
time is also possible. It is to be noted that the channels that

are on other SW modes (SW LDAC and SW dither), also trigger
their corresponding SW functions when writing 1°b1 to the Bitfield
DAC_SW_LDAC_CHn of the DAC_SW_LDAC register.

The Bitfield DAC_SW_LDAC_CHn auto clears upon write of 1'b1 to
the register. Thus, reading back from the DAC_SW_LDAC register
only returns 0s.

Entering SW toggle mode from another DAC function (other than
HW toggle) resets the sourced data to transfer from DAC_IN-
PUT_A_CHn register for the first SPI write after switching to SW
toggle mode. However, switching to SW toggle from HW toggle and
vice-versa, does not reset the sourced data to DAC_INPUT_A CHn
register.

Succeeding Writes

Succeeding writes of 1'b1 to the Bitfield DAC_SW _LDAC_CHn
transfer alternately between the DAC_INPUT_A_CHn

and FUNC_DAC_INPUT_B_CHn registers (starting with
FUNC_DAC_INPUT_B_CHn for the second write). For instance,
the second write transfers data from FUNC_DAC_INPUT B _CHn
to the corresponding DAC_DATA_READBACK_CHn register,
from DAC_INPUT_A_CHn to the third write, and then from
FUNC_DAC_INPUT_B_CHn again to the next.

Hardware Toggle (TGP Pin)

The hardware toggle (HW toggle) function uses the TGP pin as
trigger for the toggle DAC operations. This can be enabled per
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channel by writing 1°'b0 to the LDAC_HW_SW_CHn bitfield of
corresponding LDAC_HW_SW register of each channel.

Same as the HW LDAC, the active edge for HW toggle is se-
lected through the LDAC_HW_EDGE_SEL_CHn bitfields on the
LDAC_EDGE_SEL_CHn register. See Table 20 again as reference.

The HW toggle functionality is detailed in the following sections.

Idle High/Low

While the TGP pin is held high or low, the data can be written to the
DAC_INPUT_A_CHn registers without triggering a DAC update.

First Edge

After enabling HW toggle mode, the first active edge of TGP

pin transfers the data that is currently written to all DAC_IN-
PUT_A_CHn registers of channels currently in HW toggle mode to
their corresponding DAC_DATA_READBACK_CHn registers. This
triggers a DAC update. See Figure 12. It is to be noted that the
channels that are on other HW modes (HW LDAC and HW dither)
also trigger their corresponding HW functions when triggering on
their set active edges.

Entering HW toggle from another DAC function (other than SW tog-
gle) resets the sourced data to transfer from DAC_INPUT_A CHn
register for the first TGP trigger after switching to HW toggle.
Switching to HW toggle from SW toggle, and vice-versa, does not
reset the sourced data to DAC_INPUT_A_CHn register.

Succeeding Edges

Succeeding active edges transfers alternately between the
DAC_INPUT_A_CHn and FUNC_DAC_INPUT_B_CHn registers
(starting with FUNC_DAC_INPUT_B_CHn for the second write).
For example, the second write transfers data from FUNC_DAC_IN-
PUT_B_CHn to the corresponding DAC_DATA_READBACK_CHn
register, from DAC_INPUT_A_CHn to the third write, and then from
FUNC_DAC_INPUT_B_CHn again to the next. See Figure 73.

DAC_DATA:X A X B X A X B X:A

Vour

Figure 73. Toggle Timing with Both Edges Selected as Active Trigger

Recommended Flow for Toggle DAC Function
The recommended flow for the toggle DAC function is as follows:

1. Select the toggle DAC function for the desired channels by
writing 1'b0 (default) to their respective FUNC_MODE_CHn
bitfields on the FUNC_MODE_SEL register. If FUNC_EN_CHn
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bit for the corresponding channel is 1’01, then it must be reset
to 1'b0 before enabling the FUNC_MODE_CHn for the toggle
DAC function.

2. Enable the toggle DAC function for the desired channels by
writing 1'b1 to the corresponding FUNC_EN_CHn bitfields on
the FUNC_EN register.

3. Select whether the trigger to be used by the toggle DAC
function is via the TGP pin (HW toggle) or via SPI write (SW
toggle) by writing to the LDAC_HW_SW_CHn bitfields in the
LDAC_HW_SW register. Write 1'b0 for HW toggle or 1'b1 for
SW toggle.

4. For HW toggle mode, select which edges are going to be
used as active edges for the TGP pin by writing to the
corresponding LDAC_HW EDGE_SEL CHn bitfields on the
LDAC_EDGE_SEL register.

5. Write to the target DAC_INPUT_A_CHn and FUNC_DAC_IN-
PUT_B_CHn registers.

6. For HW toggle mode, apply an edge transition to the TGP
pin for the set active edges. For SW toggle mode, write
to the corresponding DAC_SW_LDAC_CHn bitfield on the
DAC_SW_LDAC register.

7. Repeat Step 6 to functionally output a square wave.

8. Disable the toggle DAC function for the desired channels by
writing 1'b0 to the corresponding FUNC_EN_CHn bitfields on
the FUNC_EN register.

DITHER FUNCTION

Dithering is a digital signal processing technique that involves
injection of AC noise to the signal path to reduce system nonlinear-
ities. In AD5705R/AD5706R, this adds a small sinusoidal wave
approximation to the DAC output.

H .
.IOUTx SSSSSS
INPUT
T C Y 2
D(n) : .

sck O—— INTERFACE — N RANGE |
N H
501 O—— REGISTERB [ | i : H
s ' H

N, 9o

H 0
H SW DCK
H MUXx
H DCK

ek O HW DCK

Figure 74. Dither Tone Function

A sinusoidal dither signal, D(n), is generated by Equation 8, where
N is the signal period, ¢ is the initial phase offset, andn =0, 1, 2,
... (N-1).

where;

n={0,1,2, ..., (N-1).

N = dither period = {4, 8, 16, 32, 64} samples. Refer to register
FUNC_DITHER_PERIOD_CHn in Table 22.

g = initial phase offset = {0°, 90°, 180°, 270°}. Refer to register
FUNC_DITHER_PHASE_CHn in Table 22.

B = peak dither amplitude = [0, 2M2)- 1], Itis configured through
the FUNC_DAC_INPUT_B_CHn register. Refer to Table 12. The
2 MSB bits of data are disregarded on the register FUNC_DAC_IN-
PUT_B_CHn while configuring the dither amplitude.

M = DAC resolution = 12 (for AD5705R) or 16 (for AD5706R).
D(n) = output range =[-B, B].

The signal parameters, N and ¢, can also be selected for each
individual channel through the FUNC_DITHER_PERIOD_CHn and
FUNC_DITHER_PHASE_CHn registers, respectively. This allows
the precise control of signal frequencies and phase relationships
between dithered DAC channels.

The frequency of the sine wave generated corresponds to Equation
9, where foyris the dither signal frequency, and fpc is the dither
clock frequency.

f
four = % ©)
Each channel also utilizes the DAC_INPUT_A_CHn and
FUNC_DAC_INPUT_B_CHn registers, where the DAC_IN-
PUT_A CHn register is used for the offset of the sine wave, while
the FUNC_DAC_INPUT_B_CHn register is used for scaling the
amplitude of the sine wave.

DAC_OUTPUT_CODE = A+ D(n) (10)
where;

Ais an M-bit unsigned data obtained from register DAC_IN-
PUT_A_CHn with range [0, 21 -1].

D(n) is represented as a (M-2)-bit signed binary in 2's complement
notation with range of only [-2M2), 2(M-2)-1],

M is DAC resolution = 12 (for AD5705R) or 16 (for AD5706R).

At phases 90° and 270°, the DAC_OUTPUT_CODE is same as
DAC_INPUT_A_CHn for the first (N/4) samples. It is to be noted
that the DAC_OUTPUT_CODE range is bounded to [0, 2Y' - 1],
where M is the DAC resolution.

D(n) =B X sin(ZT‘T” + (po) (8)

Table 22. Dither Tone Generation Module Registers

Register Bitfield Reset Value Description

FUNC_DITHER_PHASE_CHn DITHER_PHASE_CHn 2'b00 Configures the initial phase offset () in terms of degrees of the sine

wave:

» 2'b00: 0° (default)
» 2b01:90°

analog.com
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Table 22. Dither Tone Generation Module Registers (Continued)

Register Bitfield Reset Value Description
» 2b10:180°
> 2b11:270°
FUNC_DITHER_PERIOD_CHn DITHER_PERIOD_CHn 3'b000 Configures the period (N) in terms of samples of the sine wave:

» 3000 : 4 samples (default)
» 3b001: 8 samples

» 30010 : 16 samples

» 3b011: 32 samples

» 3100 to 3b111 : 64 samples
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Example of Dither Operation

As an example, set up channel IDACO in dither mode with the fol-
lowing specifications: DC value of 100mA in a 300mA output range,
a sinusoidal amplitude of 10mA, sinusoidal frequency of 10kHz, a
signal period of N = 64 samples, and use the LDAC/TGP/DCK pin
as the dither clock input.

For the AD5706R, the DC value to be written to DAC_IN-
PUT_A_CHO is d21845 = 0x5555.

The allowable range for dither amplitude is limited to one-fourth

of the output current range. FUNC_DAC_INPUT_B_CHO is loaded

with

10mA (Amplitude)
300mA (Range)/4

x 2 = d2184 = 0x0888 (1)

For N = 64, set the DCK frequency to 64 x 10kHz = 640kHz. Set
the initial phase value to 0 in the register DITHER_PHASE_CHO.
See Table 22.

Dither Tone Generation

The dither mode can be enabled per channel by writing 1'b1 to the
respective FUNC_MODE_CHn bitfield in the FUNC_MODE_SEL
register, and then, writing 1'b1 to the FUNC_EN_CHn bitfield in the
FUNC_EN register.

The dither clock (DCK), that is responsible for sending the dith-

er code output DAC_OUTPUT _CODE to the DAC_DATA_READ-
BACK_CHn register, is controlled/generated via the DCK pin (HW
dither) or via SPI writes (SW dither). This option is selected through
the LDAC_HW_SW_CHn bitfield on the LDAC_HW_SW register.
See the Table 23 for reference. The multi-DAC function is also
active during dither mode.

Table 23. Dither Tone Generation Function Configuration

FUNC_EN_CHn  FUNC_MODE_C LDAC_HW_SW_

Bit Hn Bit CHn Bit DAC Function

1'b0 (default) X X None are active

1b1 1b1 1'b0 (default) Only HW dither is
active

1'b1 1'b1 1'b1 Only SW dither is
active

The following sections detail the functionality for both the HW dither
and SW dither modes.

First Trigger

The DAC_OUTPUT_CODE value of the DAC update of the first
SW/HW trigger event after entering dither mode is always DAC_IN-
PUT A _CHn register. This is because A + sin (0) is A (in reference
to Equation 10).
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Entering either SW dither or HW dither from another DAC function
resets the sine wave generated. However, switching to HW dither
from SW dither, and vice-versa, does not.

Software Dither (SPI Write)

Consistent with the other SW triggers, the software dither (SW dith-
er) mode utilizes a SPI Write of 1'b1 to the DAC_SW_LDAC_CHn
bitfields in the DAC_SW_LDAC register as triggers to the load DAC
operations. This can be enabled per channel by writing 1'b1 to the
LDAC_HW_SW_CHn bitfields of the corresponding LDAC_HW_SW
register of each selected channel.

Writing 1'b1 to the bitfield DAC_SW_LDAC_CHn of the
DAC_SW_LDAC register transfers the data that is currently written
to a DAC_INPUT_A_CHn register to their corresponding DAC_DA-
TA_READBACK_CHn register. This triggers a DAC update. See
Figure 11. Itis to be noted that the channels that are on

other SW modes (SW LDAC and SW toggle) also trigger their
corresponding SW functions when writing 1°b1 to the bitfield
DAC_SW_LDAC_CHn of the DAC_SW_LDAC register.

The bitfield DAC_SW_LDAC_CHn auto clears upon write of 1'b1 to
the register. Thus, reading back from the DAC_SW_LDAC register
only returns 0s.

Hardware Dither (DCK Pin)

The hardware dither (HW dither) mode utilizes the DCK pin as
trigger for the load DAC operations. This can be enabled per
channel by writing 1°'b0 to the LDAC_HW_SW_CHn bitfields of
each channel’s corresponding LDAC_HW_SW register. The mode’s
functionality is detailed as in the following sections.

Idle High/Low

While the DCK pin is held high or low, no change in the value of the
DAC_OUTPUT_CODE output happens.

Active Edge

Same as the HW LDAC and HW toggle, the active edge for

HW dither is selected through the LDAC_HW_EDGE_SEL_CHn
bitfields on the LDAC_EDGE_SEL register. See Table 20 again as
reference.

An active edge on the DCK pin updates the DAC_DATA READ-
BACK_CHn register (with their respective DCK active edge)

with the calculated data based on the DAC_INPUT_A CHn and
FUNC_DAC_INPUT_B_CHn registers. Itis to be noted that the
channels that are on other HW modes (HW LDAC and HW toggle)
also trigger their corresponding HW functions when triggering on
their set active edges.

Disabling the Dither Operation

Dither operation can be disabled by resetting the FUNC_EN_CHn
bit to 0. After this bit is reset, the dither operation is effectively
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disabled and regular DAC codes can then be written to the DAC
channel.

Recommended Flow for Dither Tone
Generation Function

The following is the recommended flow for the dither generation:

1. Select the dither tone generation function for the desired chan-
nels by writing 1'b1 to their respective FUNC_MODE_CHn
bitfields on the FUNC_MODE_SEL register. If FUNC_EN_CHn
bit for the corresponding channel is 1'b1, then it must be reset
to 1'b0 before enabling the FUNC_MODE_CHn for the dither
tone generation function.

2. Enable the dither tone generation function for the desired
channels by writing 1’01 to the corresponding FUNC_EN_CHn
bitfields on the FUNC_EN register.

3. Select whether the trigger to be used by the dither tone genera-
tion function is via the DCK pin (HW dither) or via SPI writes
(SW dither) by writing to the LDAC_HW_SW_CHn bitfields in
the LDAC_HW_SW register. Write 1'b0 for HW dither or 1'b1 for
SW dither.

4. For HW DCK, select which edges are going to be used
as active edges for the DCK pin by writing to the
corresponding LDAC_HW EDGE_SEL CHn bitfields on the
LDAC_EDGE_SEL register.

5. Set the initial phase offset and period in the DITHER_PERI-
OD and DITHER_PHASE bits on the FUNC_DITHER_PERI-
OD_CHn and FUNC_DITHER_PHASE_CHn registers, respec-
tively.

6. Write to the target DAC_INPUT_A_CHn registers to set the
vertical offset of the sine wave.

7. Write to the target FUNC_DAC_INPUT_B_CHn registers to set
the amplitude of the sine wave.

8. For HW dither, apply an edge transition to the DCK pin for the
set active edge; or, for SW dither, write 1'b1 to the correspond-
ing DAC_SW_LDAC_CHn bitfield on the DAC_SW_LDAC reg-
ister.

9. Repeat Step 8 to functionally output a sine wave.

10. Disable the dither generation for the desired channels by writing
1'b0 through their corresponding FUNC_EN_CHn bitfields on
the FUNC_EN register.

analog.com
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Normalized Waveforms
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Figure 76. Normalized Sinusoidal Waveforms for Various Values of Dither Phase Offset
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MULTI-DAC FUNCTION

The multi-DAC function allows simultaneous writing/updating of all
specified DAC channels. A MULTI_DAC_INPUT _A register and

a MULTI_DAC_CH_SEL register are available for the multi-DAC
function for the DAC INPUT_A_CHn registers. A bit is assigned per
DAC channel in the MULTI_DAC_CH_SEL register. Setting a bit to
1’b1 enables the multi-DAC function for that channel. All channels
are disabled (1'b0) by default in the MULTI_DAC_CH_SEL register.

Data written to the MULTI_DAC_INPUT _A register is also written to
the DAC_INPUT_A_CHn registers whose MULTI_DAC_CH_SEL
bits are asserted. For example, when bits 0 and 1 in the
MULTI_DAC_CH_SEL register are set to 1°'b1 (channel 0 and
channel 1 are selected), and then the data is written to MUL-
TI_DAC_INPUT _A register, the same data is written to the DAC_IN-
PUT_A_CHO and DAC_INPUT_A_CH1 registers concurrently.

The function of transferring written data from the MULTI_DAC_IN-
PUT A register to the selected DAC_INPUT_A_CHn registers is
active for all modes.

Asynchronous Load DAC Mode

Writing to the MULTI_DAC_INPUT _A register transfers the written
data to the corresponding DAC_INPUT_A_CHn registers of chan-
nels selected in the MULTI_DAC_CH_SEL register. Additionally, the
selected channels that are in asynchronous load DAC mode also
transfers the written data to their respective DAC_DATA_READ-
BACK_CHn registers, and this triggers a DAC update.

The functionality and timing is same as referenced in the Asynchro-
nous Load DAC section.

Software LDAC Mode

Writing 1'b1 to the Bitfield MULTI_DAC_SW_LDAC of the MUL-
TI_DAC_SW_LDAC register triggers a SW LDAC for all chan-
nels that are in SW LDAC mode and are selected in the MUL-
TI_DAC_CH_SEL register. This transfers the contents of the MUL-
TI_DAC_INPUT _A register to the respective DAC_INPUT_A_CHn
registers and their corresponding DAC_DATA_READBACK_CHn
registers and triggers a DAC update for each selected channel.

The sequence is as follows:

1. For all desired DAC channels to be triggered with a SW LDAC
update, set the corresponding DAC function mode to any SW
modes (SW LDAC, SW toggle, and SW dither).

2. Write 1'b1 to all the bits assigned to the desired channels in the
MULTI_DAC_CH_SEL register.

3. Setthe value of the DAC_INPUT_A_CHn registers of selected
channels by writing to the MULTI DAC INPUT _A register. Note
that if there are channels that are in asynchronous load DAC
mode and are also selected in the MULTI_DAC_CH_SEL regis-
ter, this triggers a DAC update.
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4. Write 1'01 to the bitfield MULTI_DAC_SW_LDAC of the MUL-
TI_DAC_SW_LDAC to trigger a corresponding SW LDAC to the
selected channels depending on their SW modes as follows:

a. SWLDAC: transfer the content of the DAC_IN-
PUT_A_CHn registers to their corresponding DAC_DA-
TA_READBACK_CHn registers and triggers a DAC update.

b. SW toggle: toggle between transferring data from DAC_IN-
PUT_A CHnand FUNC_DAC_INPUT_B_CHn registers to
the corresponding DAC_DATA_READBACK_CHn register
and triggers a DAC update.

¢. SW dither: output a step of a sine wave and trigger a DAC
update.

d. Other modes: no updates to the DAC_DATA_READ-
BACK_CHn registers and the DAC outputs.

The Bitfield MULTI_DAC_SW_LDAC_CHn auto clears upon write
of 1'b1 to the register. Thus, reading back from the MUL-
TI_DAC_SW_LDAC register only returns 0s.

The functionality and timing is same as referenced in the Software
LDAC (SPI Write) section.

Hardware LDAC Mode

When the HW LDAC pin transitions to an active edge (selected

in the LDAC_EDGE_SEL_CHn register), a HW LDAC is triggered
for all the channels that are in HW LDAC mode and are selected

in the MULTI_DAC_CH_SEL register. This transfers the contents
of the MULTI_DAC_INPUT A register to the respective DAC_IN-
PUT_A_CHn registers and their corresponding DAC_DATA READ-
BACK_CHn registers and triggers a DAC update for each selected
channel.

The sequence is as follows:

1. Ensure that there is no active HW DAC function modes. Set the
LDAC pin in an inactive position to the intended active edge.
Set the active edge accordingly in the LDAC_EDGE_SEL_CHn
registers of the desired channels.

2. Forall desired DAC channels to be triggered with a HW LDAC
update, set the corresponding DAC function mode to any HW
modes (HW LDAC, HW toggle, HW dither).

3. Write 1'b1 to all the bits assigned to the desired channels in the
MULTI_DAC_CH_SEL register.

4. Set the value of the DAC_INPUT_A_CHn registers of the
selected channels by wntmg to the MULTI DAC_INPUT_A
register. Note that if there are channels that are in asynchro-
nous load DAC mode and are also selected in the MUL-
TI_DAC_CH_SEL register, this triggers a DAC update.

5. Transition the LDAC pin to an active edge in order to trigger a
corresponding HW LDAC to the selected channels depending
on their HW modes as follows:
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a. HW LDAC: transfer the content of the DAC_IN-

PUT_A_CHn register to their corresponding DAC_DA-
TA_READBACK_CHn register and trigger a DAC update.

b. HW toggle: toggle between transferring data from DAC_IN-

PUT_A_CHn and FUNC_DAC_INPUT_B_CHn registers to
the corresponding DAC_DATA_READBACK_CHn register

and trigger a DAC update.
SUMMARY OF DAC MODES

Table 24. DAC Modes in Terms of DAC Configuration Bits

update.

. HW DCK: output a step of a sine wave and trigger a DAC

. Other modes: no updates to the DAC_DATA_READ-

BACK_CHn registers and the DAC outputs.

The functionality and timing is same as referenced in the Hardware
LDAC (LDAC Pin) section.

Mode FUNC_EN_CHx Bit FUNC_MODE_CHx Bit LDAC_SYNC_ASYNC_CHx Bit LDAC_HW_SW_CHx Bit
Asynchronous Load 0 (default) X 0 (default) X

SWLDAC 0 (default) X 1 1

HW LDAC 0 (default) X 1 0 (default)

SW Toggle 1 0 (default) X 1

HW Toggle 1 0 (default) X 0 (default)

SW Dither 1 1 X 1

HW Dither 1 1 X 0 (default)

analog.com
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RECOMMENDED EXTERNAL COMPONENTS

The target application module solution is highly space constrained,
requiring the minimization of external component count and size
while adhering to functional and specification requirements.

Typically, capacitor values are considered with a 5% tolerance
unless otherwise specified.

Table 25. External Passive Components

Pin Name Passive Components Required
RESET 10kQ to IOVDD

NF 0.1uF capacitor to AGND

VREF 1uF capacitor to AGND

AVDD 1uF capacitor per pin to AGND
PVDDx 1uF capacitor per pin to AGND
IOVDD 1uF capacitor to AGND

POWER SUPPLY INITIALIZATION

For a more robust, user-controlled power-on, it is recommended

to hold the active-low RESET signal low until all relevant power
supplies and signals are powered up and settled. Additionally, keep
the digital lines CS, SCK, SDI, and SDO in high impedance or low
during the power-on sequence.

The sequence described in the Device Reset section requires

a specific duration identified as treset peray in Table 4. During
trReseT DELAY, Avoid using the digital interface to communicate with
the device, including toggling any digital asynchronous pins.

If the digital host attempts an SP!I transaction before the

device is ready, the transaction is invalid and the NOT_
READY_ERR bit in the INTERFACE_STATUS_A register is set.
The NOT_READY_ERR bit is a R'W1C type of bit. Check the
NOT_READY_ ERR bit in the INTERFACE_STATUS_A register
and the POWERUP_COMPLETED bit in the DIGITAL_STATUS
register to verify initialization. If any error bit is flagged, perform a
device reset.

After the device initializes, the digital interface can be accessed

to configure the device, including selecting the reference scheme
according to the application. Regardless of the voltage reference
scheme used, it is recommended to let the DAC voltage reference

settle after configuring the device to ensure it achieves its specifica-

tions.

COMBINING CHANNELS TO INCREASE
CURRENT RANGE

The maximum current that can be sourced from IDACx is 300mA.
Itis possible to increase the current source capability by directly
connecting the two or more channels together. For example com-
bining IOUTO with IOUT1 can create a full scale output current of
400mA as shown in Figure 77. When combining channels, ensure
the following:
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» The output compliance voltage stays within the range specified
in Table 2.

» The output voltage stays within the absolute maximum ratings
specified in Table 6.
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Figure 77. Increasing the Current Range by Summing Channels
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COMBINING CHANNELS TO REDUCE OUTPUT
NOISE

Another benefit associated with combining channels is noise re-
duction, especially at higher frequencies. High frequency noise
is uncorrelated between channels, so it can be estimated in a
root-sum-square fashion when tying the channels together.

For example, the specified noise spectral density (NSD) for one
channel at 200mA is 4.49nA/NHz at 10kHz. If two channels are

tied together generating 100mA each (200mA total) with an NSD of
2.25nAIHz at 10kHz per channel at 100mA, the estimated NSD at
10kHz of both channels combined (200mA) can be calculated using
the root-sum-square approach as shown in the following equation.

NSDjoyr = \/NSDIZOUTO +  NSDjoyre

(12)
=y2.252 + 2.257 ~ 3.18nA/,Hz

Thus, the NSD is improved from 4.49nA/NHz to an estimation of
3.18nANHz by combining both channels.

MICROPROCESSOR INTERFACING

Microprocessor interfacing to the AD5705R/AD5706R is via a serial
bus that uses a standard protocol compatible with DSPs and micro-
controllers. The communication channel requires a 4-wire serial
interface consisting of a clock signal (SCLK), a data input signal
(SDI/MOSI), a data output signal (SDO/MISO), and a synchroniza-
tion signal (SS).

The SPl interface of the AD5705R/AD5706R is designed for easy
connection to industry-standard DSPs and microcontrollers. Fig-
ure 78 shows the AD5706R connected to the ADuCM320. The
ADuCM320 has an integrated SPI port that can be connected
directly to the SPI pins of the AD5705R/AD5706R.
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ADuCM320 AD5706R

P0.3/IRQ0/CS0/PLACLKO/PLAI[3] cs

P0.0/SCLKO/PLAI[0] SCK
P0.2/MOSIO0/PLAI[2] sDI
P0.1/MISOO/PLAI[1] SDO
P1.4/PWM2/SCLK1/PLAO[10] RESET

P1.5/PWM3/MISO1/PLAO[11] LDAC/TGP

075

Figure 78. ADuCM320 SPI Interface

LAYOUT AND ASSEMBLY GUIDELINES

Take careful consideration of the power supply and ground return
layout to ensure the rated performance. Ensure that currents
flowing from the ground end of each decoupling capacitor to its
associated ground pin share as little track as possible with other
ground currents on the PCB. Design the PCB so that the device lies
on the analog plane.

Place the decoupling capacitors as close to the package as possi-
ble (ideally directly against the device).

Ensure that the power supply line has as large a trace as possible
to provide a low impedance path and reduce glitch effects on the
supply line. Shield clocks and other fast switching digital signals
from other parts of the PCB by using a separate ground. Avoid
crossover of digital and analog signals if possible. When traces
cross on opposite sides of the board, ensure that they run at right
angles to each other to reduce feedthrough effects through the
PCB.

Because the AD5705R/AD5706R can dissipate a large amount of
power, it is recommended to provide some heat sinking capability
to allow power to dissipate easily. For the WLCSP package, heat is
transferred through the solder balls to the PCB. Thermal impedance
is dependent on PCB construction. More copper layers and ground
vias enable heat to be removed more effectively.

Table 26. Thermal Considerations for AD5705R/AD5706R WLCSP Package

The PCB level reliability of the device is directly linked to the PCB
type and design used. Using a PCB material that matches the
coefficient of thermal expansion (CTE) of the silicon (for example,
ceramic) provides the optimal mechanical performance. For organic
material PCBs (for example, FR4) where the CTE is different from
that of the silicon, the use of underfill can increase the mechanical
performance. For organic PCB thickness >0.8mm, consider using
underfill. Particular attention must be given to the underfill material
selection to match the material properties with the application use
conditions.

Consider using low alpha material in the system assembly to
reduce the soft error rate (SER).

The AN-617 Application Note provides information on PCB layout
and assembly for the WLCSP.

THERMAL CONSIDERATIONS

The device has an absolute maximum junction temperature of
150°C (see Table 6) and a maximum operating junction temper-
ature (T yax) of 125°C (see Table 2). To meet the specified
performance, the AD5705R/AD5706R must be operated at a junc-
tion temperature no greater than 125°C. The junction temperature
is directly affected by the power dissipated across the AD5705R/
AD5706R and the ambient temperature.

Most of the power dissipation of the AD5705R/AD5706R comes
from the IOUT channels. Table 2 specifies the output current ranges
for each IOUT channel and the maximum power supply voltages. It
is important to understand the effects of power dissipation on the
package and the effects the package has on the junction tempera-
ture. The part is packaged in a 36-ball 2.55mm x 2.55mm WLCSP.
The thermal resistance values are specified in Table 7. Table 26
provides examples of the maximum allowed power dissipation, the
maximum allowed ambient temperature, and the maximum board
temperature under certain specified conditions.

Parameter Description

Maximum Power Dissipation

When the operating ambient temperature is known (Ta), 8,4 can be used to estimate the maximum allowed power dissipation
(Ppiss_max) starting from the maximum operating junction temperature (T wax). For example, if Tp = 85°C,

Tj MAx—TA _ 125°C —85°C

Ppiss_max = 94

T 42.26°C/W

=0.95W (13)

When the board temperature near the DUT is known (Tg measured using a temperature sensor near the DUT on the same board),
W g can be used to better estimate the maximum allowed power dissipation (Ppiss max). For example, if Tg = 95°C,

Ppiss_max = V5

Poiss_max:

Rioap = 8.5Q per channel,
AVDD =PVDD =10VDD = 3.3V

Ty MAx—TB _ 125°C —95°C
= T8 1C/W

Power dissipation calculation example:

=3.7W (14)

Using the preceding equation, calculate the AD5705R/AD5706R Ppss as follows, and confirm Ppjss is lower than the allowed
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Table 26. Thermal Considerations for AD5705R/AD5706R WLCSP Package (Continued)

Parameter

Description

Maximum Ambient Temperature

AD5705R/AD5706R quiescent power dissipation = 100mW
IOUTO current: 300mA, power dissipation = 225mW
IOUT1 current: 250mA, power dissipation = 294mW
IOUT2, IOUT3 current; 275mA, power dissipation = 264mW each
Ppiss = 100mW (quiescent) + 1.047W (active)= 1.147W (Total)
Maximum allowed ambient temperature, when dissipating 1.147W across the AD5705R/AD5706R is

Ta max =T max - (Ppiss X 04) = 125°C - (1.147 W x 42.26°C/W) = 76°C (15)
Maximum Board Temperature Maximum allowed board temperature, when dissipating 1.147W across the AD5705R/AD5706R is
Ta max =T max - (Ppiss X ¥jp) =125 °C-(1.147 Wx8.1 °C/W) =116 °C (16)

analog.com
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The AD5705R/AD5706R has programmable user configuration reg-

isters that are used to configure the device. The Register Summary VALID_ERR flag in the INTERFACE_STATUS_A register. The error

section contains the complete list of the user configuration regis- flags in the INTERFACE_STATUS_A register are also read or

ters. write 1 to clear (R/W1C) and are only reset when an SPI write
transaction writes a 1 to their location.

tempting to access an invalid register address sets the ADDR_IN-

The access column specifies whether the register comprises only
of read only bits (R) or a mix of read only and read/write bits
(R/W). Read only bits cannot be overwritten by an SPI write
transaction, whereas read/write bits can. Attempting to write to a
register that contains only read only bits sets the WR_TO_RD_ON-
LY_REG_ERR flag in the INTERFACE_STATUS_A register. At-

The Register Summary section and the Register Bitwise Summary
section show the size of the register and its bitfields. See the Multi-
byte Registers section for a detailed description of how multibyte
registers can be accessed.

REGISTER SUMMARY
Table 27. Register Summary
Address Name Description Reset Access
0x00 INTERFACE_CONFIG_A Interface Configuration A. 0x10 RIW
0x01 INTERFACE_CONFIG B Interface Configuration B. 0x00 RIW
0x02 DEVICE_CONFIG Device Configuration. 0x00 R
0x03 CHIP_TYPE Chip Type. 0x08 R
0x04 PRODUCT_ID L Product ID Low. 0x30 or R
0x31
0x05 PRODUCT_ID H Product ID High. 0x41 R
0x06 CHIP_GRADE Chip Grade. 0x00 R
0x0A SCRATCH_PAD Scratch Pad. 0x00 RIW
0x0B SPI_REVISION SPI Revision. 0x85 R
0x0C VENDOR_L Vendor ID Low. 0x56 R
0x0D VENDOR_H Vendor ID High. 0x04 R
0x0E STREAM_MODE Stream Mode. 0x00 RIW
OxOF TRANSFER_CONFIG Transfer Configuration. 0x00 RIW
0x10 INTERFACE_CONFIG_C Interface Configuration C. 0x2F RIW
0x11 INTERFACE_STATUS_A Interface Status A. 0x00 RIW
0x14 MULTI_DAC_CH_SEL Multi-DAC Channel Select. 0x0000 RIW
0x16 LDAC_SYNC_ASYNC Sync-Async Load. 0x0000 RW
0x18 LDAC_HW_SW Hardware-Software Trigger. 0x0000 RW
0x1Ato 0x20 by | LDAC_EDGE_SEL_CHn LDAC Edge Select. 0x0000 RIW
2
0x22 OUT_OPERATING_MODE Output Operating Mode. 0x0000 RIW
0x24 OUT_SWITCH_EN Output Switch Enable. 0x0000 RIW
0x26 OUT_EN OUT_EN Pin Enable. 0x0000 RIW
0x28 to 0x2E by | OUT_RANGE_CHn Output Range. 0x0000 RIW
2
0x30 FUNC_EN Function Enable. 0x0000 RIW
0x32t0 0x38 by | FUNC_MODE_SEL_CHn Function Mode Selector. 0x0000 RIW
2
0x3A to 0x40 by | FUNC_DAC_INPUT_B_CHn DAC Input B. 0x0000 RW
2
0x42 to 0x48 by | FUNC_DITHER _PERIOD CHn Dither Settings. 0x0000 RIW
2
0x4Ato 0x50 by | FUNC_DITHER_PHASE_CHn Dither Settings. 0x0000 |RW
2
0x54 MUX_OUT_SEL MUX Out Select. 0x0000 RW
0x56 MUX_OUT_CONTROL MUX Out Control. 0x0001 RIW
0x58 TEMP_WARN_INT_EN Temperature Warning Interrupt Enabled. 0x0000 RW
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Table 27. Register Summary (Continued)
Address Name Description Reset Access
0x5A MULTI_DAC_SW_LDAC Software LDAC for Multiple DAC Input. 0x0000 RIW
0x5C MULTI_DAC_INPUT_A Multiple DAC Input. 0x0000 RW
Ox5E DAC_SW_LDAC Software LDAC for DAC Input. 0x0000 RIW
0x60 to 0x66 by | DAC_INPUT_A_CHn DAC Input. 0x0000 RIW
2
0x68 to 0X6E by | DAC_DATA_READBACK_CHn DAC Data Readback. 0x0000 R
2
0x70 TEMP_WARN_STAT Temperature Warning Flags Status. 0x0000 RIW
0x72 DIGITAL_STATUS Digital Status. 0x01 RIW
0x73 BANDGAP_CONTROL Bandgap Control. 0x00 RW
0x74 USER_SPARE 0 User Spare 0. 0x00 RIW
0x75 USER_SPARE_1 User Spare 1. 0x00 RW
0x76 USER_SPARE 2 User Spare 2. 0x00 RW
0x77 USER_SPARE 3 User Spare 3. 0x00 RIW
REGISTER BITWISE SUMMARY
Table 28. Register Bitwise Summary
Reg  Name Bits Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset RW
0x00 | INTERFACE_CO |[7:0) |SW_RESET | RESERVED | ADDR_ASC | SDO_ENAB RESERVED RESET_SW | 0x10 RW
NFIG_A ENSION LE
0x01 | INTERFACE_CO | [7:0] | SINGLE_IN RESERVED SHORT_INS RESERVED 0x00 RIW
NFIG_B ST TRUCTION
0x02 | DEVICE_CONFI | [7:0] RESERVED OPERATING_MODE | 0x00 R
G
0x03 | CHIP_TYPE [7:0] RESERVED \ CHIP_TYPE 0x08 R
0x04 | PRODUCT ID_L | [7:0] PRODUCT _ID[7:0] 0x30or R
0x31
0x05 | PRODUCT_ID H | [7:0] PRODUCT _ID[15:8] 0x41 R
0x06 | CHIP_GRADE | [7:0] GRADE \ DEVICE_REVISION 0x00 R
0x0OA | SCRATCH_PAD | [7:0] SCRATCH_VALUE 0x00 RIW
0x0B | SPI_REVISION | [7:0] SPI_TYPE VERSION 0x85 R
0x0C | VENDOR_L [7:0] VID[7:0] 0x56 R
0x0D | VENDOR_H [7:0] VID[15:8] 0x04 R
0x0E | STREAM_MODE | [7:0] LOOP_COUNT 0x00 RIW
0xOF | TRANSFER _CO | [7:0] RESERVED KEEP_STR RESERVED 0x00 RIW
NFIG EAM_LENG
TH_VAL
0x10 | INTERFACE_CO | [7:0] CRC_ENABLE STRICT_RE | SEND_STAT | ACTIVE_INTERFACE_MO CRC_ENABLEB 0x2F RIW
NFIG_C GISTER AC | US DE
CESS
0x11 | INTERFACE_ST |[7:0) |NOT_READ RESERVED CLOCK_CO | CRC_ERR |WR_TO RD | REGISTER_ | ADDRESS I | 0x00 RIW
ATUS_A Y_ERR UNT_ERR _ONLY_RE | PARTIAL_A | NVALID_ER
G_ERR CCESS ER |R
R
0x14 | MULTI_DAC_CH | [7:0] RESERVED MULTI_DAC | MULTI_DAC | MULTI_DAC | MULTI_DAC | 0x00 RIW
_SEL _SEL CH_ 3| SEL CH 2 | SEL_CH 1| _SEL CH.0
0x15 [15:8] RESERVED 0x00
0x16 | LDAC_SYNC_AS | [7:0] RESERVED LDAC_SYN |LDAC_SYN | LDAC_SYN |LDAC_SYN |0x00 RIW
YNC C_ASYNC_ | C_ASYNC_ | C_ASYNC_ | C_ASYNC_
CH_3 CH_2 CH_1 CH.0

analog.com Rev. A | 54 of 77


https://www.analog.com/ad5705r
https://www.analog.com/ad5706r
http://www.analog.com/en/index.html

ADS705R/ADS706R

REGISTERS

Table 28. Register Bitwise Summary (Continued)

Reg Name Bits  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset RW

0x17 [15:8] RESERVED 0x00

0x18 | LDAC_HW_SW | [7:0] RESERVED LDAC_HW_ | LDAC_HW_ | LDAC_HW_ | LDAC_HW_ | 0x00 RIW
SWCH3 |SWCH2 |SWCH1 |SW.CHLO

0x19 [15:8] RESERVED 0x00

0x1A | LDAC_EDGE_SE | [7:0] RESERVED LDAC_HW_EDGE_SEL_C | 0x00 RW

to L CHn H

0x20

by 2

0x1B [15:8] RESERVED 0x00

to

0x21

by 2

0x22 | OUT_OPERATIN | [7:0] RESERVED OUT_OP_M | OUT_OP_M | OUT_OP_M | OUT_OP_M | 0x00 RIW

G_MODE ODE_CH 3 |ODE_CH 2 |ODE_CH 1 |ODE_CH0
0x23 [15:8] RESERVED 0x00
0x24 | OUT _SWITCH_E | [7:0] RESERVED OUT_SWIT | OUT_SWIT |OUT_SWIT | OUT_SWIT |0x00 RIW
N CH_EN CH |CH_EN CH |CH_EN CH |CH_EN_CH

3 2 1 0

0x25 [15:8] RESERVED 0x00

0x26 | OUT_EN [7:0] RESERVED HW_SHUTD | HW_SHUTD | HW_SHUTD | HW_SHUTD | 0x00 RIW
OWN_EN_C | OWN_EN_C | OWN_EN_C | OWN_EN_C
H3 H 2 H 1 HO

0x27 [15:8] RESERVED 0x00

0x28 | OUT_RANGE_C | [7:0] RESERVED OUT_RANGE_CH 0x00 RIW

to Hn

0x2E

by 2

0x29 [15:8] RESERVED 0x00

to

Ox2F

by 2

0x30 | FUNC_EN [7:0] RESERVED FUNC_EN_ | FUNC_EN_ | FUNC_EN_ | FUNC_EN_ | 0x00 RW
CH_3 CH_2 CH_1 CH_0

0x31 [15:8] RESERVED 0x00

0x32 | FUNC_MODE_S |[7:0] RESERVED FUNC_MOD | 0x00 RIW

to EL CHn E CH

0x38

by 2

0x33 [15:8] RESERVED 0x00

to

0x39

by 2

0x3A | FUNC_DAC_INP | [7:0] DAC_INPUT_B_CH[7:0] 0x00 RIW

to UT_B CHn

0x40

by 2

0x3B [15:8] DAC_INPUT_B_CH[15:8] 0x00

to

0x41

by 2

0x42 | FUNC_DITHER_ | [7:0] RESERVED DITHER_PERIOD_CH 0x00 RIW

to PERIOD_CHn
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Table 28. Register Bitwise Summary (Continued)
Reg Name Bits  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset RW
0x48
by 2
0x43 [15:8] RESERVED 0x00
to
0x49
by 2
0x4A | FUNC_DITHER_ | [7:0] RESERVED DITHER_PHASE_CH | 0x00 RIW
to PHASE_CHn
0x50
by 2
0x4B [15:8] RESERVED 0x00
to
0x51
by 2
0x54 | MUX_OUT_SEL |[7:0] |MUX_OUT_ RESERVED MUX_PARAM_SEL 0x00 RIW
EN
0x55 [15:8] RESERVED 0x00
0x56 | MUX_OUT_CON | [7:0] RESERVED BUFFER_E | 0x01 RIW
TROL N
0x57 [15:8] RESERVED 0x00
0x58 | TEMP_WARN_IN | [7:0] RESERVED TEMP_WAR | TEMP_WAR | TEMP_WAR | TEMP_WAR | 0x00 RW
T EN N_INT_EN_ | N_INT_EN_ | N_INT_EN_ | N_INT_EN_
CH_3 CH_2 CH_1 CH_0
0x59 [15:8] RESERVED 0x00
0x5A | MULTI_DAC_SW | [7:0] RESERVED MULTI_DAC | 0x00 RIW
_LDAC _SW_LDAC
0x5B [15:8] RESERVED 0x00
0x5C | MULTI_DAC_INP | [7:0] MULTI_DAC_INPUT_A[7:0] 0x00 RIW
UT A
0x5D [15:8] MULTI_DAC_INPUT_A[15:8] 0x00
0x5E | DAC_SW_LDAC | [7:0] RESERVED DAC_SW L |DAC_SW_L |DAC_SW_ L |DAC_SW_L |0x00 RIW
DAC_CH_3 |DAC_CH 2 |DAC_CH 1 |DAC_CH.0
0Ox5F [15:8] RESERVED 0x00
0x60 | DAC_INPUT_A_ | [7:0] DAC_INPUT_A_CH[7:0] 0x00 RIW
to CHn
0x66
by 2
0x61 [15:8] DAC_INPUT_A _CH[15:8] 0x00
to
0x67
by 2
0x68 | DAC_DATA REA | [7:0] DAC_DATA_READBACK_CH[7:0] 0x00 R
to DBACK_CHn
0x6E
by 2
0x69 [15:8] DAC_DATA READBACK_CH[15:8] 0x00
to
0x6F
by 2
0x70 | TEMP_WARN_S | [7:0] RESERVED TEMP_WAR | TEMP_WAR | TEMP_WAR | TEMP_WAR | 0x00 RIW
TAT N_FLAG C |N_FLAG_C |N_FLAG C |N_FLAGC
H3 H 2 H 1 HO
0x71 [15:8] RESERVED 0x00
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Table 28. Register Bitwise Summary (Continued)
Reg Name Bits Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset RW
0x72 | DIGITAL_STATU | [7:0] RESERVED FUSE_ERR | INTERFACE | POWERUP_ | RESET_OC | 0x01 RIW
S OR _ERROR | COMPLETE | CURRED
D
0x73 | BANDGAP_CON | [7:0] RESERVED BGAP_HIZ_ | 0x00 RIW
TROL B
0x74 | USER_SPARE_0 | [7:0] USER_SPARE[7:0] 0x00 RIW
0x75 | USER SPARE 1 | [7:0] USER_SPARE[15:8] 0x00 | RW
0x76 | USER_SPARE 2 | [7:0] USER_SPARE[23:16] 0x00 RIW
0x77 | USER_SPARE_3 | [7:0] USER_SPARE[31:24] 0x00 RIW

REGISTER DETAILS

Interface Configuration A Register

7 6 5 4.3 2 1 0

[ofojojrjojojojo]

FYTTT T

[7]1 SW_RESET (RIW) [0] RESET_SW (RIW)

First of Two of SW_RESET Bits. Second of Two of SW_RESET Bits,
[6] RESERVED [3:1] RESERVED

[5] ADDR_ASCENSION (R/W) [4] SDO_ENABLE (R)

Determines Sequential Addressing Behavior SD0 Pin Enable

0; Address is Decremented by One Whan Streaming.
1: Address is Incremented by One When Streaming.

Figure 79. Address: 0x00, Reset: 0x10, Name: INTERFACE_CONFIG_A

Table 29. Bit Descriptions for INTERFACE_CONFIG_A
Bits Bit Name Description Reset Access

First of Two of SW_RESET Bits. This bit appears in two locations in this register. Both locations must
be written at the same time to trigger a software reset of the part. All registers except for this register

7 SW_RESET are reset to their default values. 0x0 RW
6 RESERVED Reserved. 0x0 R
5 ADDR_ASCENSION Determines sequential addressing behavior. 0x0 RIW

0: Address is decremented by one when streaming.
1: Address is incremented by one when Streaming.
4 SDO_ENABLE SDO Pin Enable. 0x1 R
[3:1] RESERVED Reserved. 0x0 R

Second of Two of SW_RESET Bits. This bit appears in two locations in this register. Both locations
must be written at the same time to trigger a software reset of the part. Al registers except for this
0 RESET_SW register are reset to their default values. 0x0 RW

Interface Configuration B Register

76 5 4.3 2 1.0
|0|0|0|U|0|0|D|U|
[S—
[_?]S|NGLE_|NST{RM]4‘ | l_ili:l]] RESERVED

Select Streaming or Single Instruction Made
0: Streaming Mode is Enabled. [3] SHORT_INSTRUCTION {R/W)
1: Single Instruction Mode is Enabled. ?;t;.?e Instruction Phase Address to 7 or
-bits
[6:4] RESERVED 0: 15-bit Addressing.
1; 7-bit Addressing.

Figure 80. Address: 0x01, Reset: 0x00, Name: INTERFACE_CONFIG_B
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Table 30. Bit Descriptions for INTERFACE_CONFIG_B
Bits Bit Name Description Reset Access

7 SINGLE_INST Select Streaming or Single Instruction Mode. 0x0 RW

0: Streaming mode is enabled. The address increments/decrements as successive data bytes
are received.

1: Single instruction mode is enabled.
[6:4] RESERVED Reserved. 0x0 R
3 SHORT_INSTRUCTION Set the Instruction Phase Address to 7 or 15 bits. 0x0 RIW
0: 15-bit addressing.
1: 7-bit addressing.

[2:0] RESERVED Reserved. 0x0 R

Device Configuration Register

76 5 4,3 2 1.0
[oJofofofofofofo]

[7:2] RESERVED ———T " [1:0] OPERATING_MODE (R)
Operating Mode, Read Only

Figure 81. Address: 0x02, Reset: 0x00, Name: DEVICE_CONFIG

Table 31. Bit Descriptions for DEVICE_CONFIG

Bits Bit Name Description Reset Access
[7:2] RESERVED Reserved. 0x0 R
[1:0] OPERATING_MODE Operating Mode; read only. 0x0 R

Chip Type Register
The chip type is used to identify the family of ADI devices a given device belongs to. It should be used in conjunction with the Product ID to
uniquely identify a given product.

76 5 4.3 2 10

[oToTofo [ To]o]0]
[7:4] RESERVED —T T (3:0] CHIP_TYPE (R)

Precision DAC

Figure 82. Address: 0x03, Reset: 0x08, Name: CHIP_TYPE

Table 32. Bit Descriptions for CHIP_TYPE

Bits Bit Name Description Reset Access
[7:4] RESERVED Reserved. 0x0 R
[3:0] CHIP_TYPE Precision DAC. 0x8 R

Product ID Low Register
Low byte of the Product ID

76 5 4 3 2 1 0

[oToT T [ofoTo]o]
{7:0] PRODUCT _ID[7:0] (R) e— —
This is Device Chip Type/Family

Figure 83. Address: 0x04, Reset: 0x30, Name: PRODUCT_ID_L
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Table 33. Bit Descriptions for PRODUCT ID_L

Bits Bit Name Description Reset Access
[7:0] PRODUCT_ID[7:0] This is Device Chip Type/Family. The product ID should be used in conjunction with chip type to 0x30 R
identify a product. (AD5706R
. )
» 0x30: AD5706R 031
» 0x31: AD5705R (AD5705R
)

Product ID High Register
High byte of the Product ID

76 5 4.3 2 10

[o]1foJofofo]o]
[7:0] PRODUCT_ID[45:8] (R)=_l

This is Device Chip Type/Family

Figure 84. Address: 0x05, Reset: 0x41, Name: PRODUCT_ID_H

Table 34. Bit Descriptions for PRODUCT_ID_H
Bits Bit Name Description Reset Access

This is Device Chip Type/Family. The product ID should be used in conjunction with chip type to
[7:0] PRODUCT _ID[15:8] identify a product. 0x41 R

Chip Grade Register

|dentifies product variations and device revisions

7T 6 5 4.3 2 10

[oJoJofofofofofo]
[7:4] GRADE (R) i p sl [3:0] DEVICE_REVISION (R)

This is the Device Performance Grade This is the Device Hardware Revision

Figure 85. Address: 0x06, Reset: 0x00, Name: CHIP_GRADE

Table 35. Bit Descriptions for CHIP_GRADE

Bits Bit Name Description Reset Access
[7:4] GRADE This is the Device Performance Grade. 0x0 R
[3:0] DEVICE_REVISION This is the Device Hardware Revision. 0x0 R

Scratch Pad Register
This may be used to test writes and reads

T 6 5 4 3 2 1 0
[ofojofofofofofo]
[7:0] SCRATCH_VALUE ww;':|_'

Software Scratchpad

Figure 86. Address: 0x0A, Reset: 0x00, Name: SCRATCH_PAD

Table 36. Bit Descriptions for SCRATCH_PAD
Bits Bit Name Description Reset Access
[7:0] \ SCRATCH_VALUE Software scratchpad. Software can write to and read from this location without any device side effects. | 0x0 RW
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SPI Revision Register

Indicates the SPI interface revision

T 6 5 4.3 2 10

[ToToo o o]
[7:6] SPLTYPE (R) i e [5:0] VERSION (R)

"Always Reads as 0x2" SPI Version
10: 100: Revision 1.2
101: Revision 1.3.

Figure 87. Address: 0x0B, Reset: 0x85, Name: SPI_REVISION

Table 37. Bit Descriptions for SPI_REVISION

Bits Bit Name Description Reset Access
[7:6] SPI_TYPE "Always Reads as 0x2". 0x2 R

10:
[5:0] VERSION SPI Version. 0x5 R

100: Revision 1.2.
101: Revision 1.3.

Vendor ID Low Register
Low byte of the Vendor ID

T 6 5 4.3 2 10

[of1Jofrfoffi]o]
R Pe—

Analog Devices Vendor D

Figure 88. Address: 0x0C, Reset: 0x56, Name: VENDOR_L

Table 38. Bit Descriptions for VENDOR_L
Bits Bit Name Description Reset Access
[70] | VID[7:0] | Analog Devices Vendor ID. 0X56 R

Vendor ID High Register
High byte of the Vendor ID

76 5 4.3 2 10

[oJoJofoJoftjofo]
[7:0] VID[15:8] |R}:_l
Analog Devices Vendor ID

Figure 89. Address: 0x0D, Reset: 0x04, Name: VENDOR_H

Table 39. Bit Descriptions for VENDOR_H
Bits Bit Name Description Reset Access
[70] | VID[158] | Analog Devices Vendor ID. Ox4 R

Stream Mode Register

Defines the length of the loop when streaming data
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7T B 5 4 3 2 10

[oJoJoJofo]ofo]o]
[7:0] LOOP_COUNT (RIW) B

Sels the Data Byte Count Before Looping
to Start Address

Figure 90. Address: 0x0E, Reset: 0x00, Name: STREAM_MODE

Table 40. Bit Descriptions for STREAM_MODE

Bits Bit Name Description Reset Access
Sets the Data Byte Count Before Looping to the Start Address. When streaming data, a non-zero value sets
the number of data bytes written before the address loops back to the start address. A maximum of 255
bytes may be written using this approach. A value of 0x00, disables the loop back, so that addressing wraps
[7:0] LOOP_COUNT around at the upper/lower limits of memory. 0x0 RIW
Transfer Configuration Register
Controls how data moves between controller and target registers
T B 5 4 3% 2 1 0
[o]oJofofofofofo]
[7:3] RESERVED —'_|_|—T T [1:0] RESERVED
[2] KEEP_STREAM_LENGTH_VAL {R/W)
When Set, the Loop Counter Does Not Reseat
on TS Rising Edge
Figure 91. Address: 0x0F, Reset: 0x00, Name: TRANSFER_CONFIG
Table 41. Bit Descriptions for TRANSFER_CONFIG
Bits Bit Name Description Reset Access
[7:3] RESERVED Reserved. 0x0 R
2 KEEP_STREAM_LENGTH_VAL When set, the loop counter does not reset on CS rising edge. 0x0 RIW
[1:0] RESERVED Reserved. 0x0 R
Interface Configuration C Register
Additional Interface Configuration Settings
7B 5 4. 3 2 1 0
oJofrjofiyrft]t]
[7:6] CRC_ENABLE {Rmr}—l_r' | T [1:0] CRC_ENABLEB (R/W)
CRC Enable Inverted CRC Enable
0: CRC Disabled.
: 3:2] ACTIVE_INTERFACE_MODE (R!
1 CRC Enabled. 1:I'his] is the Active Mode the SPI Inter;:age
[5] STRICT_REGISTER_ACCESS (R) is Operating in
Multi-byte Registers Must Be Read/Written 0: Bus Mode.
in Full 11; Multi Drop Mode.
0: Normal Mode, No Access Restrictions.
1 Strict Mode, Multi-Byte Registers Require
All Bytes Accessed.
[4] SEND_STATUS (RIW)
Enables Sending of Status in 4-wire Mode
Figure 92. Address: 0x10, Reset: 0x2F, Name: INTERFACE_CONFIG_C
Table 42. Bit Descriptions for INTERFACE_CONFIG_C
Bits Bit Name Description Reset Access
CRC Enable. This is written to enable/disable the use of CRC on the interface. The
CRC_ENABLEB bit field must also be written with the inverted value of this bit field for the
[7:6] CRC_ENABLE CRC to be enabled. 0x0 RIW

0: CRC disabled.
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Table 42. Bit Descriptions for INTERFACE_CONFIG_C (Continued)
Bits Bit Name Description Reset Access
1: CRC enabled.

Multibyte Registers Must Be Read/Written in Full. When this mode is enabled, all bytes of
5 STRICT_REGISTER_ACCESS a multi-byte register must be read/written in full. 0x1 R

0: Normal mode, No Access Restrictions.
1. Strict mode, multibyte registers require all bytes accessed.

Enables Sending of Status in 4-Wire Mode. When set, status information is sent by the
device on SDO during the instruction phase. When clear, no status is sent during the

4 SEND_STATUS instruction phase. 0x0 RIW
[3:2] ACTIVE_INTERFACE_MODE This is the Active Mode the SPI Interface is Operating in. 0x3 R
00: Bus mode.
11: Multi drop mode.
[1:0] CRC_ENABLEB Inverted CRC Enable. This must be written with the inverted value of the CRC_ENABLE. | 0x3 RIW

Interface Status A Register

Status bits are set to 1" to indicate an active condition. They may be cleared by writing a '1' to the corresponding bit location.

76 5 4 3 2 1 0

[7INOT_READY_ERR (RIW1C) iy T [0] ADDRESS_INVALID_ERR (RIW1C)

Device Not Ready for Transaction Attempt to Read/Write Non-existent Register
Add

[6:5] RESERVED ress

[4] CLOCK_COUNT_ERR (R) [1] REGISTER_PARTIAL_ACCESS_ERR (R)

) Fewer Than Expected Number of Bytes
Incorrect Number of Clocks Detected in a Read/Written P 4

Transaction
[3) CRC_ERR (R)
InvalidiNo CRC Received

[2] WR_TO_RD_ONLY_REG_ERR (RIW1C)
Attempt to Write Read-Only Register

Figure 93. Address: 0x11, Reset: 0x00, Name: INTERFACE_STATUS_A

Table 43. Bit Descriptions for INTERFACE_STATUS_A

Bits Bit Name Description Reset Access
Device Not Ready for Transaction. This bit is set if the user attempts to execute a

7 NOT_READY_ERR SPI transaction before the completion of digital initialization. 0x0 RW1C

[6:5] RESERVED Reserved. 0x0 R

Incorrect Number of Clocks Detected in a Transaction. This bit is set if the
number of clocks received in a given SPI frame, defined as from CS going low to
4 CLOCK_COUNT_ERR CS going high, is not a multiple of 8 bits. 0x0 R

Invalid/No CRC Received. This bit is set when the controller fails to send a CRC
or when the device calculates and checks the CRC and finds the CRC value is

3 CRC_ERR incorrect. 0x0 R
Attempt to Write Read-Only Register. This bit is set when a write to a register that

2 WR_TO _RD_ONLY_REG ERR is read-only is attempted by the SPI controller. 0x0 R/W1C
Fewer Than Expected Number of Bytes Read/Written. This bit is only valid when

1 REGISTER_PARTIAL_ACCESS_ERR strict register access is enabled. 0x0 R
Attempt to Read/Write Non-Existent Register Address. This bit is set when the

0 ADDRESS_INVALID_ERR user tries to access register addresses outside allowed memory map space. 0x0 R/W1C

Multi-DAC Channel Select Register

This register is used to select which channels are included in the multi-DAC updates
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54131)11100
0000000

21
0fo
L
[15:4] RESERVED—' [

[

0

ll’— [0] MULTI_DAC_SEL_CH_0 (R/W)

Channel 0 Included in Multi-DAC Update

Bit
0: Channel Mot Included in Multi-DAC Updates.
1: Channel Included in Multi-DAC Updates.

[1] MULTI_DAC_SEL_CH_1 (R/W)
Channel 1 Included in Multi-DAC Update

[3] MULTI_DAC_SEL_CH_3 (R/W)

Channel 3 Tncluded in Mulli-DAC Update

Bit
0: Channel Not Included in Multi-DAC Updates.
1: Channel Included in Multi-DAC Updates.

[2] MULTI_DAC_SEL_CH_2 (R/W) Bt
gift‘a”“e' 2 Included in Multi-DAC Update 0: Channel Not Included in Multi-DAC Updates.

0: Channel Not Included in Mult-DAC Updates. - Ghamnelingluded in Mull-DAG Updates.

1: Channel Included in Multi-DAC Updates.

Figure 94. Address: 0x14, Reset: 0x0000, Name: MULTI_DAC_CH_SEL

Table 44. Bit Descriptions for MULTI_DAC_CH_SEL

Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 MULTI_DAC_SEL_CH_3 Channel 3 Included in Multi-DAC Update Bit. 0x0 RIW
0: Channel not included in multi-DAC updates.
1: Channel included in multi-DAC updates.
2 MULTI_DAC_SEL CH_2 Channel 2 Included in Multi-DAC Update Bit. 0x0 RIW
0: Channel not included in multi-DAC updates.
1: Channel included in multi-DAC updates.
1 MULTI_DAC_SEL CH_1 Channel 1 Included in Multi-DAC Update Bit. 0x0 RIW
0: Channel not included in multi-DAC updates.
1: Channel included in multi-DAC updates.
0 MULTI_DAC_SEL CH 0 Channel 0 Included in Multi-DAC Update Bit. 0x0 RIW
0: Channel not included in multi-DAC updates.
1: Channel included in multi-DAC updates.
Sync-Async Load Register
This register is used to determine how the DAC output is updated
15 14 13 12,1110 9 & 7 & & 4. 3 2 1 0
[eTeToTofoTo e o o o o]0} o [o[o o]
[15:4] RESERVED — ' T [0] LDAC_SYNC_ASYNC_CH_0 (RW)
[3] LDAC_SYNC_ASYNC_CH_3 (RW) - %{n&:ﬁﬂ;{:ﬁ;or Asynchrenous Update Bit
Pynehronous or Asynchronous Update Bil [1] g:g gutput is Updated by a Writa to DAG_INPUT_A.
0: DAC Output is Updated by a Write to DAC_INPUT_A. ' utput s Updated by an LDAC Event
1: DAC Output is Updated by an LDAC Event. [1] LDAC_SYNC_ASYNC_CH_1 (RIW)
[2] LDAC_SYNC_ASYNC_CH_2 RIW) fi;:nccrt:;mc:ﬁ or Asynchranous Update Bit
fos:rgmmsz or Asynchronous Update Bit z11 g,:g 8utput is Updated by a Write to DAC_INPUT_A.
0: DAC Output is Updated by a Write to DAC_INPUT_A. ' Utput is Updated by an LDAC Event.
1. DAC Outputis Updated by an LDAC Event.
Figure 95. Address: 0x16, Reset: 0x0000, Name: LDAC_SYNC_ASYNC
Table 45. Bit Descriptions for LDAC=SYNC=ASYNC
Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 LDAC_SYNC_ASYNC _CH_3 Synchronous or Asynchronous Update Bit for Channel 3. 0x0 RIW
0: DAC output is updated by a write to DAC_INPUT_A.
1: DAC output is updated by an LDAC event.
2 LDAC_SYNC_ASYNC_CH_2 Synchronous or Asynchronous Update Bit for Channel 2. 0x0 RW
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Table 45. Bit Descriptions for LDAC_SYNC_ASYNC (Continued)

Bits Bit Name Description

Reset Access

0: DAC output is updated by a write to DAC_INPUT_A.
1. DAC output is updated by an LDAC event.

1 LDAC_SYNC_ASYNC _CH_1
0: DAC output is updated by a write to DAC_INPUT_A.
1: DAC output is updated by an LDAC event.

Synchronous or Asynchronous Update Bit for Channel 1.

0x0 RIW

0 LDAC_SYNC_ASYNC_CH_0
0: DAC output is updated by a write to DAC_INPUT_A.
1: DAC output is updated by an LDAC event.

Synchronous or Asynchronous Update Bit for Channel 0.

0x0 RIW

Hardware-Software Trigger Register
This register is used to determine how the load DAC function is triggered

15 14 13 12,41 10 9 & T 4.3 2 1.0

[°I°I°IUIUI0I0I0]0I°I°IUI JojoJol
[15:4] RESERVED —
[3] LDAC_HW_SW_CH_3 (RIW)
Hardware or Software LDAC Bit for Channel 3

0: Hardware LDAC Selected.
1. Software LDAC Selected.

T [0] LDAC_HW_SW_CH_0 (RIW)
Hardware or Software LDAC Bit for Channel 0
0: Hardware LDAC Selected.
1: Software LDAC Selected.

[1] LDAC_HW_SW_CH_1 (R/W)

Hardware or Software LDAG Bit for Channel 1

[2] LDAC_HW_SW_CH_2 (RIW)
Hardware or Software LDAC Bit far Channel 2
0: Hardware LDAC Selected.
1. Software LOAC Selected.

0: Hardware LDAC Selected.
1: Software LDAC Selected.

Figure 96. Address: 0x18, Reset: 0x0000, Name: LDAC_HW_SW

Table 46. Bit Descriptions for LDAC_HW_SW

Bits Bit Name Description

Reset Access

[15:4] RESERVED Reserved.

0x0 R

3 LDAC_HW_SW CH_3 Hardware or Software LDAC Bit for Channel 3.
0: Hardware LDAC selected.

1: Software LDAC selected.

0x0 RIW

2 LDAC_HW_SW _CH_2 Hardware or Software LDAC Bit for Channel 2.
0: Hardware LDAC selected.

1: Software LDAC selected.

0x0 RIW

1 LDAC HW_SW CH 1 Hardware or Software LDAC Bit for Channel 1.
0: Hardware LDAC selected.

1: Software LDAC selected.

0x0 RIW

Hardware or Software LDAC Bit for Channel 0.
0: Hardware LDAC selected.
1: Software LDAC selected.

0 LDAC_HW_SW_CH_0

0x0 RIW

LDAC Edge Select Register
This register is used to determine the active edge of the LDAC/TGP/DCK pin
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15 14 13 12,1110 8 & 7 6 5 4.3 2 1 0
|0|0|U|0|0|U|0|0|U|0|0|U|0|0|U|0|
L J
[15:2] RESERVED =] i [1:0] LDAC_HW_EDGE_SEL_CH (R/W)
Hardware LDAC Edge Selector
0: Trigger Rising Edge.
1: Trigger Falling Edge.

10: Trigger at Any Edge.
11: Reserved.

Figure 97. Address: 0x1A to 0x20 (Increments of 2), Reset: 0x0000, Name: LDAC_EDGE_SEL_CHn

Table 47. Bit Descriptions for LDAC_EDGE_SEL_CHn

Bits Bit Name Description Reset Access
[15:2] RESERVED Reserved. 0x0 R
[1:0] LDAC_HW_EDGE_SEL CH Hardware LDAC Edge Selector. 0x0 RIW
00: Trigger rising edge.
01: Trigger falling edge.
10: Trigger at any edge.
11: Reserved.
Output Operating Mode Register
This register is used to control the operating mode of the output stage
15 14 15 12 11 10 9 &8 7 & 5 4 %8 2 1 0
[ofofofojojojofofofojofojajojofo]
[15:4] RESER\-‘EDI—l ' ITl—g)]toutTO_ op‘lmo?fﬁmnlﬂu fc(’kg; o
utput Operating Mode Bit for Channe
Output Gporating M 51 or Chamel 0:" Shutdown,
0: Shutdown.
1: Nomal. [1] OUT_OP_MODE_CH_1 (R/W)
[21 OUT_OP_MOD E_CH_IZ (RIW) ngpusth(a meor:l:g Made Bit for Channel 1
Qutput Operating Mode Bit for Channel 2 1- Normal.
0: Shutdown.
1: Normal.
Figure 98. Address: 0x22, Reset: 0x0000, Name: OUT_OPERATING_MODE
Table 48. Bit Descriptions for OUT=OPERATING=MODE
Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 OUT_OP_MODE_CH_3 Output Operating Mode Bit for Channel 3. 0x0 RIW
0: Shutdown.
1: Normal.
2 OUT_OP_MODE_CH 2 Output Operating Mode Bit for Channel 2. 0x0 RIW
0: Shutdown.
1: Normal.
1 OUT_OP_MODE_CH_1 Output Operating Mode Bit for Channel 1. 0x0 RIW
0: Shutdown.
1: Normal.
0 OUT_OP_MODE_CH 0 Output Operating Mode Bit for Channel 0. 0x0 RIW
0: Shutdown.
1: Normal.

Output Switch Enable Register

This register is used to control the ground switch of the output stage
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15 14 13 12 11 10

9 8,7 6 5 4,3 2 1.0
IOIOID|UIUIUIO'OIOIO'DIUIUIUIOIOI

Qutput Switch Enable Bit for Channal 0

[15:4] RESERVED —————————J | T [0] OUT_SWITCH_EN_CH_0 (R/W)
[3] OUT_SWITCH_EN_CH_3 (RIW)

Qufput Switch Enable Bit for Channel 3
0: GND switch is disabled.
1: GND switch is enabled.

[2] OUT_SWITCH_EN_CH_2 (RIW)
Qutput Switch Enable Bit for Channel 2
0: GND switch is disabled.
1: GND switch is enabled.

0: GND switch is disabled.
1: GMD switch is enabled.

[1] OUT_SWITCH_EN_CH_1 (RIW)
Output Switch Enable Bit for Channel 1
0: GND switch is disabled.
1: GMD switch is enabled.

Figure 99. Address: 0x24, Reset: 0x0000, Name: OUT_SWITCH_EN

Table 49. Bit Descriptions for OUT_SWITCH_EN

Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 OUT_SWITCH_EN_CH_3 Output Switch Enable Bit for Channel 3. 0x0 RIW
0: GND switch is disabled.
1: GND switch is enabled.
2 OUT_SWITCH_EN_CH_2 Output Switch Enable Bit for Channel 2. 0x0 RIW
0: GND switch is disabled.
1: GND switch is enabled.
1 OUT_SWITCH_EN CH_1 Output Switch Enable Bit for Channel 1. 0x0 RIW
0: GND switch is disabled.
1: GND switch is enabled.
0 OUT_SWITCH_EN_CH_0 Output Switch Enable Bit for Channel 0. 0x0 RIW
0: GND switch is disabled.
1: GND switch is enabled.
OUT_EN Pin Enable Register
This register is used to enable the shutdown of the output stage with the OUT_EN pin
[eloToTofoTo oTo o o o o o o o 0]
[15:4] RESERVEDI—I I T— [0] HW_SHUTDOWN_EN_CH_0 (R/W)
[3] HW_SH.UTDOWN_.EN_CH_S (RIW, O(L)J:T_,\IEO'\:r: ;T Oilargiij_it for Channel 0
OUT_EN Pin Enable Bit for Channel 3
0: Normal operation.
1: Shutdown. [1] HW_SHUTDOWN_EN_CH_1 (R/W)
[2] HW_SHUTDOWN_EN_CH_2 (RIW) ogT—ﬁ oh:r::l‘ Oi'ﬁgis" for Channel 1
OUT_EN Pin Enable Bit for Channel 2
0: Normal operation.
1: Shutdown.
Figure 100. Address: 0x26, Reset: 0x0000, Name: OUT_EN
Table 50. Bit Descriptions for OUT=EN
Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 HW_SHUTDOWN_EN_CH_3 OUT_EN Pin Enable Bit for Channel 3. 0x0 RIW
0: Normal operation.
1: 10UT3 output disable.
2 HW_SHUTDOWN_EN_CH_2 OUT_EN Pin Enable Bit for Channel 2. 0x0 RW
0: Normal operation.
1: 10UT2 output disable.
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Table 50. Bit Descriptions for OUT_EN (Continued)
Bits Bit Name Description Reset Access
1 HW_SHUTDOWN_EN_CH_1 OUT_EN Pin Enable Bit for Channel 1. 0x0 RIW
0: Normal operation.
1. 10UT1 output disable.
0 HW_SHUTDOWN_EN_CH_0 OUT_EN Pin Enable Bit for Channel 0. 0x0 RIW
0: Normal operation.
1: 10UTO output disable.
Output Range Register
This register is used to control the current range of the output stage
15 14 13 12 11 10 & &8 7 & 5 4 3 2 1 0
I_0I0I°I0IDIOI0I0I0I0 JoJojo IOIIOIOI
[15:2] RESERVED ———— = [1:0] OUT_RANGE_CH (R/W)
Qutput Range Selector
00: 50mA.
01: 150maA,.
10: 200mA.
11: 300mA.
Figure 101. Address: 0x28 to 0x2E (Increments of 2), Reset: 0x0000, Name: OUT_RANGE_CHn
Table 51. Bit Descriptions for OUT_RANGE_CHn
Bits Bit Name Description Reset Access
[15:2] RESERVED Reserved. 0x0 R
[1:0] OUT_RANGE_CH Output Range Selector. 0x0 RIW
00: 50mA.
01: 150mA.
10: 200mA.
11: 300mA.
Function Enable Register
This register is used to enable the other DAC functions
15 14 13 12 1110 & 8 ¥ 6 5 4 3 F 1.0
HEEEEEEEEEEEEEA
[15:4] RESERVED ————— T T [0] FUNC_EN_CH_0 (R/W)
Function Generator Enable Bit for Channel 0
Lo e rm— 0" Lons DAC trcion s naios
0: Load DAC funclion is enabled. 1: Teggle and dither mode functions are enabled.
1: Toggle and dither mode functions are enabled. [1] FUNC_EN_CH_1 (RiW)
Function Generator Enable Bit for Channel 1
[2] FUNC_EN_CH_2 (R/W) = 0: Load DAC function is enabled.
Functon Genrstor Enabl Bitfor Channel 2 1: Toggle and dither mode functons ars snabied.
1: Toggle and dither mode functions are enabled.
Figure 102. Address: 0x30, Reset: 0x0000, Name: FUNC_EN
Table 52. Bit Descriptions for FUNC_EN
Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R
3 FUNC_EN _CH_3 Function Generator Enable Bit for Channel 3. 0x0 RIW

0: Load DAC function is enabled.
1: Toggle and dither mode functions are enabled.
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Table 52. Bit Descriptions for FUNC_EN (Continued)

Bits Bit Name Description Reset Access
2 FUNC_EN_CH_2 Function Generator Enable Bit for Channel 2. 0x0 RIW

0: Load DAC function is enabled.
1: Toggle and dither mode functions are enabled.
1 FUNC_EN_CH_1 Function Generator Enable Bit for Channel 1. 0x0 RIW
0: Load DAC function is enabled.
1: Toggle and dither mode functions are enabled.
0 FUNC_EN_CH_0 Function Generator Enable Bit for Channel 0. 0x0 RIW
0: Load DAC function is enabled.
1: Toggle and dither mode functions are enabled.

Function Mode Selector Register
This register is used to select the active DAC function

A5 14 13 12,11 10 8 8.7 B 5 4.3 2 1 b
|D|D|0|0|0|0|0|0|0|0|0|0|0|0|0|0|
L Ilt
[15:1] RESERVED —————— ] [0] FUNC_MODE_CH (R/W)
Function Generator Mode Selector

0: Selects the Toggle Function.
1: Selects the Dither Function.

Figure 103. Address: 0x32 to 0x38 (Increments of 2), Reset: 0x0000, Name: FUNC_MODE_SEL_CHn

Table 53. Bit Descriptions for FUNC_MODE_SEL_CHn

Bits Bit Name Description Reset Access
[15:1] RESERVED Reserved. 0x0 R
0 FUNC_MODE_CH Function Generator Mode Selector. 0x0 RW

0: Selects the toggle function.
1: Selects the dither function.

DAC Input B Register
This register is used to store the DAC data for the DAC functions

15 14 13 1211 10 8 & 7

L7 6 5 4,3 2 1.0
Lelofofofoofefojofoojofeofofo]
[15:0] DAC_INPUT_B_CH (RIW) —————————

Secondary DAC Input Code for Function
Generator

Figure 104. Address: 0x3A to 0x40 (Increments of 2), Reset: 0x0000, Name: FUNC_DAC_INPUT_B_CHn

Table 54. Bit Descriptions for FUNC_DAC_INPUT_B_CHn
Bits Bit Name Description Reset Access
[15:0] \ DAC_INPUT_B_CH \ Secondary DAC Input Code for Function Generator. 0x0 RIW

Dither Settings Register

This register is used to configure the period for the dither function
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15 14 13 12,1110 8 8,7 6 5 4.3 2 1 0
|0|U|D|D|D|Ulﬂlﬂlﬂlﬂlﬂlﬂlﬂlnlolnl

L J L
[15:3] RESERVED —————————J

J
L [2:0] DITHER_PERIOD_CH (R/W)
Dither Function Period Setting
000: 4 Samples.
001: 8 Samples.
010: 16 Samples.
011: 32 Samples.
100: &4 Samples.
101: 64 Samples.
110: 64 Samples.
111: 64 Samples.

Figure 105. Address: 0x42 to 0x48 (Increments of 2), Reset: 0x0000, Name: FUNC_DITHER_PERIOD_CHn

Table 55. Bit Descriptions for FUNC_DITHER_PERIOD_CHn

Bits Bit Name Description Reset Access
[15:3] RESERVED Reserved. 0x0 R
[2:0] DITHER_PERIOD_CH Dither Function Period Setting. 0x0 RW

000: 4 samples.

001: 8 samples.

010: 16 samples.
011: 32 samples.
100: 64 samples.
101: 64 samples.
110: 64 samples.
111: 64 samples.

Dither Settings Register

This register is used to configure the phase for the dither function

15 14 13 42,11 10 9 & .7 6 5 4.3 2 1 0
|U|0|0|0|U|0|0|0|0|0|0|D|0|0|0|D|
L J
[15:2] RESERVED —————————J |i [1:0] DITHER_PHASE_CH [RIW)
Dither Function Phase Setting
00: 0 Degrees.
01: 90 Degrees.

10: 180 Degrees.
11: 270 Degrees.

Figure 106. Address: 0x4A to 0x50 (Increments of 2), Reset: 0x0000, Name: FUNC_DITHER_PHASE_CHn

Table 56. Bit Descriptions for FUNC_DITHER_PHASE_CHn

Bits Bit Name Description Reset Access
[15:2] RESERVED Reserved. 0x0 R
[1:0] DITHER _PHASE CH Dither Function Phase Setting. 0x0 RIW

00: 0 degrees.
01: 90 degrees.
10: 180 degrees.
11: 270 degrees.

MUX Out Select Register
This register is used to control the MUX_OUT pin
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15 14 13 11 10

12 9 & 7 6 5 4.3 2 10
|U|OIDlﬂlOlUlOlDIDIUlOlOIDlUIUlUl
—

L J [ ]

[15:8] RESERVED —————J I L [4:0] MUX_PARAM_SEL (R/W)
Mux Parameter Selector

[7] MUX_OUT_EN (R/W) 00000 AGND.

Mux Qutput Enable Bit 00001 AVDD.

0: Disabled. :
1: Enabled. 00010: VREF.

11101 ii‘-eser\red_
11110: Reserved.
11111: Reserved.

[6:5] RESERVED

Figure 107. Address: 0x54, Reset: 0x0000, Name: MUX_OUT_SEL

Table 57. Bit Descriptions for MUX_OUT_SEL

Bits Bit Name Description Reset Access
[15:8] RESERVED Reserved. 0x0 R
7 MUX_OUT_EN Mux Output Enable Bit. 0x0 RIW
0: Disabled.
1: Enabled.
[6:5] RESERVED Reserved. 0x0 R
[4:0] MUX_PARAM_SEL Mux Parameter Selector. 0x0 RW
00000: GND.
00001: AVDD.
00010: VREF.
00011: GND.

00100: DAC VOUT CHo.
00101: DAC VOUT CH1.
00110: DAC VOUT CH2.
00111: DAC VOUT CH3.
01000: DAC IOUT CHO.
01001: DAC IOUT CH1.
01010: DAC IOUT CH2.
01011: DAC IOUT CH3.
01100: DAC PVDD CHo.
01101: DAC PVDD CHf1.
01110: DAC PVDD CH2.
01111: DAC PVDD CH3.
10000: DAC TDIODE CHo.
10001: DAC TDIODE CH1.
10010: DAC TDIODE CH2.
10011: DAC TDIODE CH3.
10100: MUX_IN.

10101: MUX_IN.

10110: MUX_IN.

10111: MUX_IN.

11000: Reserved.

11001: Reserved.

11010: Reserved.

11011: Reserved.

11100: Reserved.

11101: Reserved.

11110: Reserved.
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Table 57. Bit Descriptions for MUX_OUT_SEL (Continued)
Bits Bit Name Description Reset Access
\ | 11111: Reserved.

MUX Out Control Register
This register is used to control the buffer on the MUX_OUT pin

15 14 13 12,11 10 9 8,7 6 & 4.3 2 1 0
[ofojojojojofojojojofofojofofoft]
[15:1] RESERVED S III— [0] BUFFER_EN (R/W)
Mux Qutput Buffer Enable Bit
0: Disabled.
1: Enabled.

Figure 108. Address: 0x56, Reset: 0x0001, Name: MUX_OUT_CONTROL

Table 58. Bit Descriptions for MUX_OUT_CONTROL

Bits Bit Name Description Reset Access
[15:1] RESERVED Reserved. 0x0 R
0 BUFFER_EN Mux Output Buffer Enable Bit. 0x1 RIW

0: Disabled.

1: Enabled.

Temperature Warning Interrupt Enabled Register
This register is used to enable the status bits in the TEMP_WARN_STAT register

15141391110 2 1
UOODOU 0jo

L

[15:4] RESERVED ——] Lr— [0] TEMP_WARN_INT_EN_CH_0 (R/W)
(3] TEMP_WARN_INT_EN_CH_3 (RIW) Internal Die Temperature Warning Enable
Internal Die Temperature Warning Enable 0: Disabled
Bit for Channel 3 1f Enabled.

0: Disabled. ' '

1: Enabled. [1] TEMP_WARN_INT_EN_CH_1 (R/W)
[2] TEMP_WARN_INT_EN_CH_2 (R/W) Internal Die Temperature Warning Enable

Bit for Channel 1

Internal Die Temperature Warnlng Enable 0: Disabled

Bit for Channel 2 1 Enabled'
0: Disabled. ' '
1: Enabled.

Figure 109. Address: 0x58, Reset: 0x0000, Name: TEMP_WARN_INT_EN

Table 59. Bit Descriptions for TEMP_WARN_INT_EN

Bits Bit Name Description Reset Access

[15:4] RESERVED Reserved. 0x0 R

3 TEMP_WARN_INT_EN CH_3 Internal Die Temperature Warning Enable Bit for Channel 3. 0x0 RIW
0: Disabled.
1 Enabled.

2 TEMP_WARN_INT EN CH 2 Internal Die Temperature Warning Enable Bit for Channel 2. 0x0 RIW
0: Disabled.
1: Enabled.

1 TEMP_WARN_INT EN CH 1 Internal Die Temperature Warning Enable Bit for Channel 1. 0x0 RIW
0: Disabled.
1: Enabled.

0 TEMP_WARN_INT EN CH 0 Internal Die Temperature Warning Enable Bit for Channel 0. 0x0 RIW
0: Disabled.
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Table 59. Bit Descriptions for TEMP_WARN_INT_EN (Continued)

Bits Bit Name Description Reset Access
\ | 1: Enabled.

Software LDAC for Multiple DAC Input Register
This register is used to trigger the software LDAC mode for multiple channels

15 14 13 12 1110 & & 7 & 5 4 3 2 1 0

[ofojofofojojojojofofojojojojafo]

L ]
[15:1] RESERVED ——— IT'— [0] MULTI_DAC_SW_LDAC (RIW)
Mult-DAC Software LDAC Trigger Bit

Figure 110. Address: 0x5A, Reset: 0x0000, Name: MULTI_DAC_SW_LDAC

Table 60. Bit Descriptions for MULTI_DAC_SW_LDAC

Bits Bit Name Description Reset Access
[15:1] RESERVED Reserved. 0x0 R
0 MULTI_DAC_SW_LDAC Multi-DAC Software LDAC Trigger Bit. 0x0 RIW

Multiple DAC Input Register

This register contains the data to be used for the multi-DAC function

15 14 43 12,1110 9 8.7 6 5 4.3 2 1 0
Lofolojofofojofofofojojojofojojo]
L J

[15:0] MULTI_DAC_INPUT_A (RW) —0—¥— ¥ — 1
Multi-DAC Update Code

Figure 111. Address: 0x5C, Reset: 0x0000, Name: MULT|_DAC_INPUT A

Table 61. Bit Descriptions for MULTI_DAC_INPUT_A

Bits Bit Name Description Reset Access
[15:0] \ MULTI_DAC_INPUT_A \ Multi-DAC Update Code. 0x0 RIW

Software LDAC for DAC Input Register

This register is used to trigger the software LDAC mode

51413 12 11 10 9 &4 7T B 5 4 3 2 1 0
|0|0|{J|0|0|0|0|U|0|0|0|0ID|U|0|0|

L J t

[15:4] RESERVED =————" T [0] DAC_SW_LDAC_CH_0 (R/W)

[3] DAC_SW_LDAC_CH_3 (RIW) Software LDAC Trigger Bit for Channel 0
Software LDAC Trigger Bit for Channel 3 [1] DAC_SW_LDAC_CH_1 (R/W)

[2]DAC_SW_LDAC_CH_2 (RMW) Software LDAC Trigger Bit for Ghannel 1
Software LDAC Trigger Bit for Channel 2

Figure 112. Address: 0x5E, Reset: 0x0000, Name: DAC_SW_LDAC

Table 62. Bit Descriptions for DAC_SW_LDAC

Bits Bit Name Description Reset Access
[15:4] RESERVED Reserved. 0x0 R

3 DAC_SW_LDAC_CH_3 Software LDAC Trigger Bit for Channel 3. 0x0 RW

2 DAC_SW_LDAC CH_2 Software LDAC Trigger Bit for Channel 2. 0x0 RIW

1 DAC_SW_LDAC CH 1 Software LDAC Trigger Bit for Channel 1. 0x0 RIW

0 DAC_SW_LDAC CH_0 Software LDAC Trigger Bit for Channel 0. 0x0 RIW
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DAC Input Register
This register is used for storing the DAC data that can be loaded to the DAC_DATA register during load DAC functions

15 14 13 12,44 10 8 8.7 6 5 4.3 2 1 0
(eJojojojojojojojojojofojojojojo]
L J

[15:0] DAC_INPUT_A_CH (R/W) ]
Main DAC Input Code

Figure 113. Address: 0x60 to 0x66 (Increments of 2), Reset: 0x0000, Name: DAC_INPUT_A_CHn

Table 63. Bit Descriptions for DAC_INPUT_A_CHn
Bits Bit Name Description Reset Access
[150]  |DAC_INPUT_A_CH ' Main DAC Input Code. 0x0 RIW

DAC Data Readback Register

This register contains the current DAC code in the DAC core

=

=l
[=] b3
=l
=)
=)
=
=] £
f=] &
=1 -1
=] E.
of =
o
=] L%]
=1 I
f=] E=]

[15:0] DAC_DATA_READBACK_CH (R) J
Current DAC Code Applied

Figure 114. Address: 0x68 to 0x6E (Increments of 2), Reset: 0x0000, Name: DAC_DATA_READBACK_CHn

Table 64. Bit Descriptions for DAC_DATA_READBACK_CHn
Bits Bit Name Description Reset Access
[15:0] ‘ DAC_DATA READBACK_CH ‘ Current DAC Code Applied. 0x0 R

Temperature Warning Flags Status Register
This register contains the status of the internal die temperature

15 14 13 12,1110 & 6.7 6 5 4.3 2 1 0
ofojojojojofojojojojojojojojojo
J

L
[15:4] RESERVED =————] | 'T'— [0] TEMP_WARN_FLAG_CH_0 (RIW1C)
(3] TEMP_WARN_FLAG_CH_3 (RWAC) Temperature Warning Flag for Channel 0

Temperature Warning Flag for Channel 3 [1] TEMP_WARN_FLAG_CH_1 (R/W1C)

[2] TEMP_WARN_FLAG_CH_2 (RWA1C) Temperature Warning Flag for Channel 1
Temperature Warning Flag for Channel 2

Figure 115. Address: 0x70, Reset: 0x0000, Name: TEMP_WARN_STAT

Table 65. Bit Descriptions for TEMP_WARN_STAT
Bits Bit Name Description Reset Access

[15:4] RESERVED Reserved. 0x0 R

Temperature Warning Flag for Channel 3. This bit is set to 1'01 when the internal die
temperature of channel 3 reaches approximately 125°C. This bit can be cleared by writing
3 TEMP_WARN_FLAG_CH_3 a 1'b1, as long as the temperature is below 125°C. 0x0 RW1C

Temperature Warning Flag for Channel 2. This bit is set to 1'b1 when the internal die

temperature of channel 2 reaches approximately 125°C. This bit can be cleared by writing
2 TEMP_WARN_FLAG CH 2 a 1'b1, as long as the temperature is below 125°C. 0x0 R/W1C
Temperature Warning Flag for Channel 1. This bit is set to 1'01 when the internal die

temperature of channel 1 reaches approximately 125°C. This bit can be cleared by writing
1 TEMP_WARN_FLAG_CH_1 a 1'b1, as long as the temperature is below 125°C. 0x0 RW1C
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Table 65. Bit Descriptions for TEMP_WARN_STAT (Continued)
Bits Bit Name Description Reset Access

Temperature Warning Flag for Channel 0. This bit is set to 1'01 when the internal die
temperature of channel 0 reaches approximately 125°C. This bit can be cleared by writing
0 TEMP_WARN_FLAG_CH_0 a 1'b1, as long as the temperature is below 125°C. 0x0 R/W1C

Digital Status Register
This register contains the status signals of the digital core

T 6 5 4.3 2 10

[o]ofoToTo o]o]
[7:4] RESERVED —————T I T [0] RESET_OCCURRED (RIW1C)
[3] FUSE_ERROR (R} This bit indicates that a reset has occurred

iTit's setto 1b1. Writing a 1b1 clears th
This bit indicates that an ECG or CRG error Ifits setto 1b1. Wring a 1'b1 clears this
occurred in the fuses

[2] INTERFACE_ERROR (R} [1] POWERUP_COMPLETED (R)

Aokl ; This bit indicates that the chip has completed
This bit indicates an error on the SPI| interface all of its power up operationspif it's set fg

ifits setto 1'b1 1'b1, and is ready to accept commands

Figure 116. Address: 0x72, Reset: 0x01, Name: DIGITAL_STATUS

Table 66. Bit Descriptions for DIGITAL_STATUS

Bits Bit Name Description Reset Access
[7:4] RESERVED Reserved. 0x0 R
3 FUSE_ERROR This bit indicates that an ECC or CRC error occurred in the fuses. 0x0 R
2 INTERFACE_ERROR This bit indicates an error on the SP! interface if it's set to 1'b1. 0x0 R
This bit indicates that the chip has completed all of its power up operations if it's set to 1'b1
1 POWERUP_COMPLETED and is ready to accept commands. 0x0 R
0 RESET_OCCURRED This bit indicates that a reset has occurred if it's set to 1'b1. Writing a 1'b1 clears this bit. 0x1 RW1C

Bandgap Control Register
This register contains the control for the internal bandgap

T 6 5 4 3 & 10
BTeTeo oo o T0]
[7:1] RESERVED B p— [0] BGAP_HIZ_B (R/W)
This bit enables/disables the internal bandgap
output stage

0. Disabled.
1: Enabled.

Figure 117. Address: 0x73, Reset: 0x00, Name: BANDGAP_CONTROL

Table 67. Bit Descriptions for BANDGAP_CONTROL

Bits Bit Name Description Reset Access
[7:1] RESERVED Reserved. 0x0 R
0 BGAP_HIZ B This bit enables/disables the internal bandgap output stage. 0x0 RIW

0: Disabled.

1: Enabled.

User Spare 0 Register

Spare register
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T 6 5 4.3 2

1 0
[oJojofofojofojol
[7:0] USER_SPARE[T:0] IPJW):_l

Spare bits

Figure 118. Address: 0x74, Reset: 0x00, Name: USER_SPARE_0

Table 68. Bit Descriptions for USER_SPARE_0
Bits Bit Name Description Reset Access
[7:0] | USER_SPARE[T:(] | Spare Bits. 0x0 RIW

User Spare 1 Register

Spare register

[ 0]
7:0] USER_SPARE[15:8] (RIW) S— —

[
Spare bits

Figure 119. Address: 0x75, Reset: 0x00, Name: USER_SPARE_1

Table 69. Bit Descriptions for USER_SPARE_1
Bits Bit Name Description Reset Access
[70] | USER_SPARE[15:8] | Spare Bits. 0x0 RW

User Spare 2 Register

Spare register

T 6 5 4 3 2 10
[oJojofofofofo]o]
[7:0] USER_SPARE[23:16] RW—T

Spare bits

Figure 120. Address: 0x76, Reset: 0x00, Name: USER_SPARE_2

Table 70. Bit Descriptions for USER_SPARE_2
Bits Bit Name Description Reset Access
[7:0] | USER_SPARE[23:16] | Spare Bits. 0x0 RIW

User Spare 3 Register

Spare register
7T 6 5 4. 3 2 10
[oJojofofofofo]
[7:0] USER_SPARE[31:24] "W —T

Spare bits

Figure 121. Address: 0x77, Reset: 0x00, Name: USER_SPARE_3

Table 71. Bit Descriptions for USER_SPARE_3
Bits Bit Name Description Reset Access
[7:0] | USER_SPARE[31:24] | Spare Bits. 0x0 RIW
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Figure 122. 36-Ball Wafer Level Chip Scale Package (WLCSP)
(CB-36-12)
Dimensions shown in millimeters
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Figure 123. 28-Lead Lead Frame Chip Scale Package [LFCSP]
4mm x 4mm Body and 0.75 mm Package Height
(CP-28-17)

Dimensions shown in millimeters
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ORDERING GUIDE

Model' Temperature Range Package Description Package Option

AD5706RBCBZ-RL7 -40°C to +125°C 36-Ball Wafer Level Chip Scale Package | CB-36-12
[WLCSP]

AD5706RBCPZ-RL7 -40°C to +125°C 28-Lead Lead Frame Chip Scale CP-28-17
Package [LFCSP]

AD5705RBCBZ-RL7 -40°C to +125°C 36-Ball Wafer Level Chip Scale Package | CB-36-12
[WLCSP]

AD5705RBCPZ-RL7 -40°C to +125°C 28-Lead Lead Frame Chip Scale CP-28-17

Package [LFCSP]

! Z =RoHS Compliant Part.

Legal Terms and Conditions

Information furnished by Analog Devices is believed to be accurate and reliable "as is". However, no responsibility is assumed by Analog Devices for its use, nor for any infringements of
patents or other rights of third parties that may result from its use. Specifications subject to change without notice. No license is granted by implication or otherwise under any patent or
patent rights of Analog Devices. Trademarks and registered trademarks are the property of their respective owners. All Analog Devices products contained herein are subject to release and

availability.
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