ANALOG
DEVICES

AD3531/AD3531R

4-Channel, 16-Bit Voltage Output DAC, On-Chip Reference, SPI

FEATURES

» 16-bit resolution, £3 LSB4g INL, 1 LSB5 DNL

» TUE: £0.22% of FSR maximum

» Offset error: +1.5mV maximum

» Gain error: £0.26% of FSR maximum

» Guaranteed sourcing current of 100 mA

» Ultra-low headroom: 12mV at 20mA load

» 2.5V internal voltage reference, 5ppm/°C, typical

» 55nVAHz noise spectral density (external reference)
» 96nVAHz noise spectral density (internal reference)
» Output voltage, current, and die temperature monitors
» 50MHz SPI write and read

» 2.7V 10 5.5V power supply range

» 1.2V or 1.8V compatible digital interface

» Operating temperature range: -40°C to +125°C

» Small package: 2.1 mm x 2.2 mm, 25-ball WLCSP

APPLICATIONS

» Optical transceivers

» Test and measurement
» Industrial automation

» Data acquisition systems

FUNCTIONAL BLOCK DIAGRAM

VDD

GENERAL DESCRIPTION

The AD3531/AD3531R are low power, 4-channel, 16-bit, buffered
voltage output, digital-to-analog converters (DACs) that include
software-programmable gain controls that result in full-scale output
spans of 2.5V or 5V for reference voltages of 2.5V. The devices op-
erate from single, 2.7V to 5.5V supply ranges and are guaranteed
monotonic by design. The AD3531R also offers a 2.5V, 5ppm/°C
internal reference that is disabled by default.

The devices include integrated multiplexers that allow monitoring
of output voltages, currents, and internal die temperature. The
AD3531/AD3531R are available in 2.1 mm x 2.2 mm, 25-ball
WLCSP packages. The devices incorporate power-on reset (POR)
circuits that ensure that the DACs output power up to and present
at 16kQ to ground until a valid write is executed. The DACs also
contain power-down modes that reduce the current consumption
down to 620pA, typical.

The serial peripheral interface (SPI) and MICROWIRE®-compatible,
4-wire serial interface operates on logic levels as low as 1.08V up
to 1.98V and clock rates up to 50MHz.

Table 1. Device Family List

Channel Count Interface Reference 16-Bit

8 SPI Internal/External | AD3530R
8 SPI External AD3530
4 SPI Internal/External | AD3531R
4 SPI External AD3531
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Figure 1. Functional Block Diagram
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

VDD =2.7V to 5.5V, IOVDD = 1.08V to 1.98V, VREF = 2.5V (internal or external), load resistance (R) = 2kQ, load capacitance (C,) = 200pF.

All specifications are T = -40°C to +125°C and typical at Ty = 25°C, unless otherwise noted.

Table 2. Electrical Characteristics

Parameter Min Typ Max Unit Test Conditions/Comments
STATIC PERFORMANCE'
Resolution 16 Bits
Integral Nonlinearity Error (INL) 3 +10 LSB Range = 0 to VREF
+3 +10 LSB Range =0to 2 x VREF
Differential Nonlinearity Error (DNL) 1 LSB Range = 0 to VREF and guaranteed monotonic
1 LSB Range =0 to 2 x VREF and guaranteed monotonic
Zero-Code Error 022 11 mV Range = 0 to VREF or range = 0 to 2 x VREF
Offset Error -0.16 15 mV Range = 0 to VREF
-023 116 mV Range = 0to 2 x VREF
Full-Scale Error -0.05  0.26 % of FSR Range = 0 to VREF
-0.06  0.18 % of FSR Range =0to 2 x VREF
Gain Error -005 1026 % of FSR Range = 0 to VREF
-006  0.18 % of FSR Range =0to 2 x VREF
Total Unadjusted Error (TUE) -004 022 % of FSR Range = 0 to VREF
-0.04  10.16 % of FSR Range =0to 2 x VREF
Zero-Code Error Drift 1.3 pviec Range = 0 to VREF or range = 0 to 2 x VREF
Offset Error Drift 1.3 pviec Range =0 to VREF orrange = 0 to 2 x VREF
Full-Scale Error Drift +200 ppm/°C Range =0 to VREF or range = 0 to 2 x VREF
Gain Error Drift +40 ppm/°C Range = 0 to VREF or range = 0 to 2 x VREF
DC Power Supply Rejection Ratio (PSRR) 0.03 mV/V DAC code = midscale and supply voltage (Vpp) =5V  10%
DC Crosstalk 6 +14 pv Due to single channel, full-scale output change, internal
reference, and range = 0 to VREF
10.6 uV/imA Due to load current change, external reference, and range =
0to2 x VREF
11 126 pv Due to powering down (per channel), internal reference, and
range = 0 to VREF
OUTPUT CHARACTERISTICS
Output Power-Up State 16 kQ Pull-down resistance
Output Voltage Range 0 25 V Range = 0 to VREF, internal reference, and VDD > VREF
0 5 vV Range = 0 to 2 x VREF, internal reference, and VDD > 2 x
VREF
Maximum Capacitive Load 2 nF Ri=w
5 nF R =1kQ
Load Regulation 40 50 pVimA Vpp =5V 1 10%, DAC code = midscale, and -30mA <
output current (lgyt) € +30mA
40 50 pVimA Vpp =3V £ 10%, DAC code = midscale, and -20mA < lgyr €
+20mA
Short-Circuit Current 2 100 mA Sourcing
80 mA Sinking
Headroom 20 12 mV Source current = 20mA
Footroom 45 24 mV Sink current = 20mA
Load Impedance at Rails 0.625 Q VDD, sourcing
1.25 Q GND, sinking
Power-Up Time 5 s Exiting power-down mode and Vpp = 5V

analog.com

Rev. 0 | 3 of 44


http://www.analog.com/AD3531.html
http://www.analog.com/AD3531R.html
http://www.analog.com/en/index.html

AD3531/AD3531R

SPECIFICATIONS
Table 2. Electrical Characteristics (Continued)
Parameter Min Typ Max Unit Test Conditions/Comments
REFERENCE INPUT
Reference Input Current 375 PA Vrer = Vpp= 5.5V and range = 0 to VREF
750 pA VRer = Vpp = 5.5V and range = 0 to 2 x VREF
Reference Input Range 1 Voo Vv Range = 0 to VREF
1 Vpp/2 v Range = 0to 2 x VREF
Reference Input Impedance 15.0 kQ Range = 0 to VREF
75 kQ Range =0to 2 x VREF
REFERENCE OUTPUT
Output voltage (Vour) 2.4975 2.5025 v T;=25°C
Voltage Reference Temperature Coefficient (TC)? 5 15 ppm/°C WLCSP
5 10 ppm/°C WLCSP; T;=25°C to +125°C
Output Impedance 0.06 Q
Output Voltage Noise 25 pv p-p 0.1Hz to 10Hz
Output Voltage Noise Density 96 nViHz At Ty, f=10kHz, C_ = 10nF, and range = 0 to VREF or 0 to
2x VREF
Maximum Capacitive Load 0.5 nF
Load Regulation Sourcing 60 pVimA At ambient temperature
Output Current Load Capability 5 mA Sourcing
100 pA Sinking
Line Regulation 10 pvv At ambient temperature
Long-Term Stability Drift 55 ppm Atter 1000 hours at 25°C
Thermal Hysteresis 125 ppm First cycle
25 ppm Additional cycles
INTEGRATED MULTIPLEXER
Buffer Output Current +10 mA
Buffer Output Impedance 0.9 Q
Buffer Offset 10 mV
Maximum Capacitive Load 470 pF
Multiplexer (Mux) Switching Glitch* 0.5 mV
LOGIC INPUTS
Input Current 1 pA Per pin
Input Low Voltage (Vy.) 0.3xI0VDD |V
Input High Voltage (V) 0.7 x \%
|OVDD
Input Capacitance 2 pF
LOGIC OUTPUT (SDO)
Output Low Voltage (Vo) 04 Y Sink current (Igik) = 200pA
Output High Voltage (Von) |OVDD - Vv Source current (Isource) = 200pA
0.4
Floating State Output Capacitance 2 pF
POWER REQUIREMENTS
|OVDD 1.08 1.98 v
|OVDD Pin Current (liovop) 16 PA
VDD 2.7 55 v Range =0 to VREF
VREF + 5.5 v Range =0to 2 x VREF
15
VDD Current (|VDD) VIH = VDDv V||_ =GND, and VDD =2.7V10 5.5V
Normal Operation® 2.8 34 mA External reference
3.85 43 mA Internal reference
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SPECIFICATIONS

Table 2. Electrical Characteristics (Continued)

Parameter Min Typ Max Unit Test Conditions/Comments
500Q to GND, 3.85k() to GND, and 16kQ) to 0.67 0.85 mA External reference
GNDS
1.45 1.7 mA Internal reference

! Static performance tested with the outputs unloaded, unless otherwise noted. Linearity calculated using a reduced code range of 256 to 65279.

2 The device includes current limiting that is intended to protect the device during temporary overload conditions. Junction temperature can be exceeded during current limit.
Operation above the specified maximum operation junction temperature may impair device reliability.

3 Voltage reference temperature coefficient is calculated as per the box method. See the Terminology section for further information.
4 The peak voltage glitch seen on the VOUTn channels when a different channel is monitored through MUX_OUT_SELECT(SEL).

5 Interface inactive. All channels in Operating Mode 0 with outputs unloaded.

6 Interface inactive. All channels in either Operating Mode 1, Operating Mode 2, or Operating Mode 3.

AC SPECIFICATIONS

VDD =2.7V to 5.5V, 1.08V < I0VDD < 1.98V, VREF = 2.5V (external), R, = 2kQ to GND, C; = 200pF, and all specifications are T, = -40°C to

+125°C, typical at To = 25°C, unless otherwise noted.

Table 3. AC Specifications

Parameter Min Typ Max Unit Test Condition/Comments
OUTPUT VOLTAGE SETTLING TIME 5 79 s Yato % scale settling to £2 LSB
SLEW RATE 1 Vius
DIGITAL-TO-ANALOG GLITCH IMPULSE 1 nV-sec 1 LSB change around major carry, internal reference, and
range = 0 to VREF
DIGITAL FEEDTHROUGH 0.09 nV-sec Internal reference
CROSSTALK'
Digital 0.09 nV-sec Internal reference
Analog -0.2 nV-sec Internal reference and range = 0 to VREF
-0.3 nV-sec Internal reference and range = 0 to 2 x VREF
DAC-to-DAC -0.3 nV-sec Internal reference and range = 0 to 2 x VREF
TOTAL HARMONIC DISTORTION (THD)? -93 dB At Ty, bandwidth = 20kHz, Vpp = 5V, output frequency (fout)
= 1kHz, internal reference, and range = 0 to 2 x VREF
OUTPUT NOISE SPECTRAL DENSITY 55 nV/Hz DAC code = midscale, 10kHz, range = 0 to 2 x VREF, and
external reference
96 nVAHz DAC code = midscale, 10kHz, range = 0 to 2 x VREF, and
internal reference
OUTPUT NOISE 6.6 pv p-p 0.1Hz to 10Hz and range = 0 to VREF
SIGNAL-TO-NOISE RATIO (SNR) 92 dB At Tp = 25°C, bandwidth = 20kHz, Vpp = 5V, four = 1kHz,
and internal reference
SPURIOUS-FREE DYNAMIC RANGE (SFDR) 84 dB At Ty = 25°C, bandwidth = 20kHz, Vpp = 5V, foyt = 1kHz,
and internal reference
SIGNAL-TO-NOISE-AND-DISTORTION RATIO 90 dB At T = 25°C, bandwidth = 20kHz, Vppp = 5V, four = 1kHz,

(SINAD)

internal reference, and range = 0 to 2 x VREF

! See the Terminology section. Measured using internal reference and range = 0 to VREF, unless otherwise noted.

2 Digitally generated sine wave (fOUT) at 1kHz.

analog.com
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SPECIFICATIONS

TIMING CHARACTERISTICS

All input signals are specified with rise time (tg) = fall time (t¢) = 1ns/V (10% to 90% of Vppp) and timed from a voltage level of (Vi + Vinu)/2.
VDD =2.7V to 5.5V, 1.08V < 10VDD < 1.98V, and VREF = 2.5V. All specifications are T, = -40°C to +125°C, unless otherwise noted.

Table 4. SPI Interface Timing Specifications

Parameter Description Min Typ Max Unit
t4 SCLK cycle time 20 ns
80’
ty SCLK high time t4/2 ns
t3 SCLK low time t4/2 ns
t SCLK rising edge to CSB falling edge 10 ns
ts CSB falling edge to SCLK rising edge setup time 7 ns
ts SCLK rising edge to CSB rising edge 4 ns
t7 CSB rising edge to SCLK rising edge 6 ns
tg Data hold time 2 ns
tg Data setup time 5 ns
to CSB high time (single, combined, or all channel update) 10 ns
ty1 SCLK falling edge to SDO data available 9 ns
t1o SCLK falling edge to SDO data remains valid 10 ns
t3 CSB rising edge to SDO disabled 9 ns
t14 SCLK falling edge to SDO enabled 10 ns
ts Last SCLK rising edge to VOUT transition start 3 s
te RESETB pulse width 25 ys
t17 RESETB falling edge to VOUT transition 3 s
tg RESETB rising edge to SPI transaction begin 150 ns

! Only applicable for stream mode functionality.

ts t; te—
t4 t3 —> t7
t10
———
csB )] )] 7
0 0
t -
—t t5
)]
sDI ) X ( rw XapDR.¥ADDR::Y_ ) — XADDR: XADDR X D. X Dnt X :::X D X Do ) X
0
—Pl‘—tm —Plﬂ—tn —>|<—t13
t
z il z
SDo % Do X Dui ::)( Dr X Do

t5 “_.l/—
VOUTn N N s
o

o 1

Figure 2. Serial Read and Write Operation

analog.com Rev. 0 | 6 of 44


http://www.analog.com/AD3531.html
http://www.analog.com/AD3531R.html
http://www.analog.com/en/index.html

AD3531/AD3531R

SPECIFICATIONS
- tg —
RESETB Y 1
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Figure 3. Reset Timing

Table 5. LDAC Timing Specifications

Parameter Description Min Typ Max Unit
tq LDACB pulse width (For both CSB==1 and CSB==0) 120 ns
tLo LDACB falling edge to SPI DAC update. 640 ns
tis SPI DAC update to LDACB negative edge. 640 ns
tg LDACB falling edge to VOUT transition 1.3 s
csB \ /
DI /  WRDAC X byte1 X byte0 X bytel X byted \

analog.com
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Figure 4. LDAC Timing
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ABSOLUTE MAXIMUM RATINGS

Table 6. Absolute Maximum Ratings

THERMAL RESISTANCE

Parameter Ratin C . . L
g Thermal performance is directly linked to printed circuit board
VDD to GND ~0.3V10 6.5V (PCB) design and operation environment. Careful attention to PCB
IOVDD to GND ~0.3Vito +2.4V thermal design is required.
VOUTn to GND ~0.3Vto VDD + 0.3V _ S . .
VREF' to GND 0.3V to VDD + 0.3V 84 is the natural convection junction to ambient thermal resistance
Digital Input Voltage to GND ~0.3V 10 10VDD + 0.3V measured in a one gublc foot, segled elnclosgre. 6 Jg is the junction
Temperature to board thermal resistance. 8, is the is the junction to case
. . , , thermal resistance. w y is the is the junction to top thermal charac-
Operating Junction Temperature Range -40°C to +125°C . . . L
Storage T e R 65 to +150°C. terization parameter. w g is the is the junction to board thermal
orage femperature Range 0 characterization.
Absolute Maximum Junction Temperature 150°C
Reflow Soldering Peak Temperature, Pb-Free (J- | 260°C Table 7. Thermal Resistance
STD-020) Package Type 0)a 08 0yc Y1 Y8 Unit
! Configured as the reference input pin. CB-25-11" ‘ 43.71 ‘ 9.64 ‘ 475 ‘ 442 ‘ 964 | “CW

Stresses at or above those listed under Absolute Maximum Ratings
may cause permanent damage to the product. This is a stress
rating only; functional operation of the product at these or any other
conditions above those indicated in the operational section of this
specification is not implied. Operation beyond the maximum operat-
ing conditions for extended periods may affect product reliability.

analog.com

1 Simulation values on JEDEC 2S2P board with 4 thermal vias, still air (Om/sec
airflow).

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Charged devi-
. ces and circuit boards can discharge without detection. Although

this product features patented or proprietary protection 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

Table 8. Pin Function Descriptions

AD3531/AD3531R
1 2 3 4 5

A | MUX_OUT VOUT1 VOUT1 VOUTD LDACB

B vbD VDD GND/  VOUTO0 SCLK

[of GND GND: IOVDD RESETB (SDO

pD| VREF vbD) GND/ VouT2 (CSB

E GND/ VOUT3 VOUT3 VouT2 SDI

TOP VIEW
(BALL SIDE DOWN) -
Not to Scale g

Figure 5. WLCSP Pin Configuration

WLCSP Mnemonic Type Description

A1 MUX_OUT AO Analog Multiplexer. The MUX_OUT pin is used to monitor the internal die temperature, output voltages and output current of a
selected channel.

B1,B2,D2 | VDD S Power Supply Input. The AD3531/AD3531R operates from 2.7V to 5.5V. Decouple the VDD supply with a 10uF capacitor in parallel
with a 0.1uF capacitor to GND.

C3 IOVDD DI Digital Power Supply. The voltage on the IOVDD pin is specified in Table 2.

B3,C1,C2, | GND S Ground Reference Point for All Circuitry on the Device.

D3, E1

D1 VREF Al/O Reference Output Voltage. When using the internal reference, this is the reference output pin. The VREF is the reference input by
default.

E5 SDI DI Serial Data Input. Logic Input. Provides data to be written to the device and is clocked into the register on the rising edge of SCLK.

D5 CSB DI Active Low Control Input. This is the frame synchronization signal for the input data.

C4 RESETB DI Asynchronous Reset pin. Active-low logic input and falling edge sensitive. See the Hardware Reset section for additional
information.

C5 SDO DO Serial Data Output. Logic output. A readback operation provides data on this output pin as a serial data stream. Data is clocked out
on the falling edge of SCLK and is valid on the rising edge of SCLK.

B5 SCLK DI Serial Clock Input. Data transfers at rates of up to 50MHz for write operation and 25MHz for read operation.

A5 LDACB DI Asynchronous Load DAC pin. Active low logic input, falling edge sensitive. See the Hardware LDAC section for additional
information.

A4, B4 VOUTO AO Analog Output Voltage from DAC 0. The output amplifier has rail-to-rail operation. Short pins A4 and B4.

A2, A3 VOUT1 AO Analog Output Voltage from DAC 1. The output amplifier has rail-to-rail operation. Short pins A2 and B3.

D4, E4 VOUT2 AO Analog Output Voltage from DAC 2. The output amplifier has rail-to-rail operation. Short pins D4 and E4.

E2,E3 VOUT3 AO Analog Output Voltage from DAC 3. The output amplifier has rail-to-rail operation. Short pins E2 and E3.

analog.com
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 8. TUE vs. Code

analog.com

106

107

108

INL ERROR (LSB)

DNL ERROR (LSB)

TOTAL UNADJUSTED ERROR (% OF FSR)

3.0

25

2.0

0.5

0.8

0.6

0.4

0.2

0.10

0.08

0.06

0.04

0.02

Vpp = 5V, RANGE = 0
INTERNAL REFERENCE

-40 -20 0 20 40 60 80 100 120 140
TEMPERATURE (°C)
Figure 9. INL Error vs. Temperature
T
Vpp = 5V, RANGE = 0
INTERNAL REFERENCE
———’— B
—
-40 -20 0 20 40 60 80 100 120 140
TEMPERATURE (°C)
Figure 10. DNL Error vs. Temperature
T T T
Vpp = 5V, RANGE =0
INTERNAL REFERENCE
\
\
\\
—~
—-40 -20 0 20 40 60 80 100 120 140

TEMPERATURE (°C)

Figure 11. TUE vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 18. Offset Error and Zero-Code Error vs. Supply Voltage
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10 T T
Vop = 5V —— DEVICE1
s —— DEVICE2
—— DEVICE3
——— DEVICE4
6 —— DEVICE5
—— DEVICE6
\ L ——— DEVICE7
4
2 s\\ \ ] /
NN —
/
o NN — .
\ T — /
NG ] T 7
-2 \ 4/
-4
—40 -20 0 20 40 60 80 100 120 140
TEMPERATURE (°C) ¥

Figure 47. MUX_OUT Error vs. Internal Die Temperature
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Figure 58. Reference Thermal Hysteresis
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TERMINOLOGY

Relative Accuracy or Integral Nonlinearity (INL)

For the DAC, relative accuracy or integral nonlinearity is a meas-
urement of the maximum deviation, in LSBs, from a straight line
passing through the endpoints of the DAC transfer function.

Differential Nonlinearity (DNL)

Differential nonlinearity is the difference between the measured
change and the ideal 1 LSB change between any two adjacent
codes.

Offset Error

Offset error is a measure of the difference between Vqyr (actual)
and Voyr (ideal) expressed in mV in the linear region of the transfer
function. Offset error is measured with Code 256 loaded in the DAC
register. It can be negative or positive.

Offset Error Drift

The offset error drift is a measurement of the relative variation of
the offset with temperature. It is expressed in ppm/°C. Total offset at
a given temperature is calculated as

Deviation at T = Deviation at 25C
n TC x (T— 25) X VRANGE

10°

Full-Scale and Zero-Scale Error

These errors measure the deviation from the ideal value at full
scale and zero scale, at 25°C. The error is expressed as % of
full-scale range (FSR).

Full-Scale and Zero-Scale Error Drift

These parameters measure the variation of the zero-scale and
full-scale voltage as a function of the temperature, relative to the
ideal zero-scale and full-scale voltages. They are expressed in
ppm/°C. The total deviation over temperature is calculated using
the same equation as offset error drift.

DC PSRR and AC PSRR

PSRR indicates how the output of the DAC is affected by changes
in the supply voltage. PSRR is the ratio of the change in Vgt to
a change in the supplies for midscale output of the DAC. For DC
PSRR, it is measured in mV/V and VDD is varied by +10%. While
for AC PSRR, it is measured in dB and a £200mV p-p AC sweep
signal is injected on VDD.

Output Voltage Settling Time

Output voltage settling time is the amount of time it takes for the
output of a DAC to settle to a specified level for a given step
change.

analog.com

Digital-to-Analog Glitch Impulse

Digital-to-analog glitch impulse is the impulse injected into the
analog output when the input code in the DAC register changes
state. It is normally specified as the area of the glitch in nV x sec
and is measured when the digital input code is changed by 1 LSB.

Digital Feedthrough

Digital feedthrough is a measure of the impulse injected into the
analog output of the DAC from the digital inputs of the DAC, but it is
measured when the DAC output is not updated. Digital feedthrough
is specified in nV x sec and measured with a full-scale code change
on the data bus, which means from all Os to all 1s and vice versa.

Output Noise Spectral Density

Noise spectral density is a measurement of the internally generated
random noise. Noise is measured at the DAC output when it is
loaded with the midscale code and center frequency set to 10kHz. It
is measured in nV/\/Hz.

Total Harmonic Distortion (THD)

THD is the difference between an ideal sine wave and the attenuat-
ed version using the DAC. The sine wave is used as the reference
for the DAC, and the THD is a measurement of the harmonics
present on the DAC output. It is measured in dB.

Voltage Reference Temperature Coefficient
(TC)

Voltage reference TC is a measure of the change in the reference
output voltage with a change in temperature. The reference TC

is calculated using the box method, which defines the TC as the
maximum change in the reference output over a given temperature
range expressed in ppm/°C, as shown in the following equation:

_( VREF_MAX —VREF_MIN 6
TC= (VREF_NOM xTEMP_RANcE ) X 10 (M

where:

VRrer max is the maximum reference output measured over the total
temperature range.

VRrer min is the minimum reference output measured over the total
temperature range.

VRrer nowm is the nominal reference output voltage, 2.5V.
TEMP_RANGE is the specified temperature range, -40°C to
+125°C.

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. It is measured
with a full-scale output change on one DAC (or soft power-down
and power-up) while monitoring another DAC kept at midscale. It
is expressed in pV. DC crosstalk due to load current change is a
measure of the impact that a change in load current on one DAC
has to another DAC kept at midscale. It is expressed in puV/mA.
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THEORY OF OPERATION

DIGITAL-TO-ANALOG CONVERTER

The AD3531/AD3531R are low power, 4-channel, 16-bit, voltage
output DACs that operate on analog supply voltages of 2.7V to
5.5V and digital supply voltages of 1.08V to 1.98V. The AD3531/
AD3531R have 5ppm/°C 2.5V on-chip references.

The AD3531/AD3531R offer versatile 4-wire serial interfaces com-
patible with classic SPI. See the Serial Interface section for more
details.

DAC Channels

The AD3531/AD3531R contain 4 buffered voltage output DAC
channels capable of sourcing 100mA and sinking 80mA of current.
A simplified block diagram of a DAC channel is shown in Figure 62.

The output amplifier generates rail-to-rail voltages on its output,
giving an ideal output range of 0 to VREF at OUTPUT_CON-
TROL_O(RANGE) =0 (VDD > VREF), or 0 to 2 x VREF at
OUTPUT_CONTROL_O(RANGE) = 1 (VDD > 2 x VREF). The
headroom and footroom voltages, which are defined by the output
current, should also be taken into consideration when selecting the
appropriate output range and Vpp. The output slew rate is 1.1V/us
with a typical ¥4 to % settling time of 5us while driving a load of 2kQ
in parallel with 200pF to GND.

VREF
o

2.5V REF > o—¢

REFERENCE_CONTROL_O[SEL]
OUTPUT_CONTROL_O[RANGE]

weur Y bac B oac ~ o VouTn
REGISTER REGISTER CORE 1 —°
™V V1 ;
[OPERATING MODE|
RESISTOR
CIRCUITRY NETWORK

Vv

056

Figure 62. DAC Channel Block Diagram

Transfer Function

The conversion of the digital input code to the ideal output voltage
is given by the following equation:

_ D
Vourn = Vrer X o X G

where:

Vou is the output voltage seen at the selected DAC channel n.
VRrer is the voltage present on the VREF pin, which is an input by
default. When the internal reference is turned on, this is equal to
2.5V.

D is the decimal equivalent of the straight binary code that is loaded
into the DAC register (0 to 65535 for the AD3531/AD3531R).

N is the DAC resolution in bits.

G is the gain of the output amplifier. G = 1 if OUTPUT_CON-
TROL_O(RANGE) = 0 (default), and G = 2 if OUTPUT_CON-
TROL_O(RANGE) =1.

analog.com

Modes of Operation

There are four operating modes for each channel of the AD3531/
AD3531R as listed in Table 9. These operating modes are software
programmable via the MODE_CH_n[1:0] in the Output Operating
Mode 0 Register and the Output Operating Mode 1 Register. Upon
power-up or after a power-on reset, Operating Mode 3 is set

by default, where the output amplifier is powered down and an
effective resistance of 16kQ can be seen from the VOUTn pin to
GND.

Table 9. AD3531/AD3531R Operating Modes
MODE_CH_n[1] MODE_CH_n [0]

Operating Modes  Output State

0 Normal operation | 0 0
1 500Q to GND 0 1
2 3.85kQtoGND | 1 0
3 16kQ (default) 1 1

Entering into Mode 1, Mode 2, or Mode 3 will not affect other
register settings or the read and write capability of those registers.
The input or DAC registers can still be updated but will not reflect
on the DAC output pins.

VOLTAGE REFERENCE

The AD3531R has an on-chip, buffered, 2.5V, 5ppm/°C reference
available at the VREF pin that is capable of sourcing external loads
up to +5mA.

By default, upon power-up or after a power-on reset, the VREF

pin is configured as an input pin, and external reference voltage
must be provided. The internal reference can be enabled by setting
REFERENCE_CONTROL_O(SEL) to 1. See the the Reference
Control 0 Register section for more details.

INTEGRATED MULTIPLEXER

The AD3531/AD3531R contain a 15:1 multiplexer that can output
a voltage on the MUX_OUT pin representative of either the output
voltage or output current of a chosen channel or the internal

die temperature of the device. The monitor point can be set by
configuring the SEL bits on the Multiplexer Input Select 0 Register.
An invalid write MUX_OUT_SELECT(SEL) will be ignored and the
MUX_OUT_SELECT(SEL) value should not change.

The transfer function of the integrated multiplexer when voltage
output monitor is selected is given by the equation below. A
voltage output of VREF represents the full scale range of the
DAC channel being monitored regardless of the OUTPUT_CON-
TROL_O(RANGE) value.

For OUTPUT CONTROL_O(RANGE) = 0

VMEAS = MUX_OUT (2)
For OUTPUT_CONTROL_O(RANGE) = 1
Viygas = MUX_OUT x 2 (3)
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where:
Vieas is the measured voltage output of the selected channel.
MUX_OUT is the voltage output on the MUX_OUT pin in volts.

The transfer function when using current output monitor:

where:
Iveas is the measured current at the output of the selected channel.
MUX_OUT is the voltage output on the MUX_OUT pin in volts.

The internal die temperature can also be monitored through the
MUX_OUT pin by setting the MUX_OUT_SELECT(SEL) to 0x19.
The transfer function used to derive the measured temperature with
internal reference enabled is given by the following equation:

_ MUX_OUT —0.44
Tmeas = 0.0016V/°C ()

where:
Tueas is the measured internal die temperature in °C.
MUX_OUT is the voltage at the MUX_OUT pin in volts.

The integrated multiplexer has a buffered output capable of provid-
ing of +5mA current. The errors of monitoring the VOUTn and
|OUTn, where n is the channel number, are typically £5mV and
+2mA, respectively.

DAC CORE FUNCTIONS

Each DAC channel has its own Input Register and DAC Register,
as shown in Figure 62. Both registers are accessible through the
serial interface. The DAC register stores digital code equivalent to
the DAC output voltage while the input register acts as a temporary
staging register before being passed on the DAC Register. With
the LDAC function, one or more DAC registers could be updated in
parallel with the data held in the input register.

The DAC registers can be written to directly, in which case the
corresponding output updates immediately without the need for a
hardware or software LDAC. Directly writing to the DAC register
does not affect the data stored in the input register.

Writing to the MULTI_INPUT _CH register allows one or more input
registers to be updated in a single write operation. The MULTI_IN-
PUT_SEL_0 register determines which input register will be updat-
ed with the data written to the multiple input register. See the
Multiple Input Select 0 Register section for additional information.

Similarly, writing to the MULTI_DAC_CH register allows one or
more DAC registers to be updated in a single write operation.
MULTI_DAC_INPUT_SEL 0 determines which DAC register will be
updated with the data written to the multiple DAC register. See the
Multiple DAC Select 0 Register section for more information.

To ensure that the DAC update is successful, DAC register updates
should only occur once every 640ns. Refer to t,, and t, 3 from Table
5. An error flag will also be asserted when a DAC update write is
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unsuccessful which can be check by reading the UPDATE_ERR bit
on the Status Control Register.

LDAC Function

The LDAC function is used to initiate the transfer of the contents of
select input registers to the corresponding DAC registers, thereby
updating one or more VOUT pins at the same time. The LDAC
function can be executed by hardware through the LDACB pin or by
software through SW_LDAC_TRIG_0 registers. Both hardware and
software LDAC perform the same function.

Hardware LDAC

The AD3531/AD3531R has an active low LDACB pin that is falling
edge sensitive. If the LDACB signal is brought low, the selected in-
put register contents are transferred to corresponding DAC register.
If LDACB is held low when writing to the device, the input registers
appear transparent, and when an input register is written to, the
DAC register is updated with the contents of the input register at the
same time. When LDACB is held high, DAC codes can be written to
any input registers without affecting the DAC output. Refer to Figure
4,

The Hardware LDAC Enable 0 Register is used to determine the
DAC channels to be updated from the corresponding input registers
when LDACB is active or asserted. By default, all DAC channels
are selected and the HLD_EN_CH_n bitfields contain a 1. A 0 set
onaHLD_EN_CH_n bitfield disables the hardware LDAC feature
for the target DAC channel.

Software LDAC

The software LDAC function is synonymous to an LDACB falling
edge. It provides a way to initiate a transfer of content between
selected input registers to DAC registers through the serial interface
via writing 1 to the SW_LDAC_TRIG_0 bit on either of the Software
LDAC Trigger 0 Register (Register Address = 0xDD)or Software
LDAC Trigger 0 Register (Register Address = OxE1).

The Software LDAC Enable 0 Register is used to determine the
DAC channels to be updated from the corresponding input registers
when a software LDAC is performed. By default, all DAC channels
are selected and the SW_LDAC_EN_0 bitfields containa 1. A 0 set
ina SW_LDAC_EN_0 bitfield disables the software LDAC feature
for the target DAC channel.

POWER-ON RESET

On power-up the input and DAC data registers of every DAC
channel are loaded with a zero code. Meanwhile, the POR circuit
ensures that the DAC output amplifiers are powered down (see
Mode 3 in the Modes of Operation section) until the output operat-
ing mode for the channel is changed. All registers are reset to their
default values.
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Hardware Reset

RESETB is an active low signal that is falling edge sensitive. As-
serting RESETB sets the device into the POR state. While RESETB
is asserted, all SPI transactions and LDACB pulses are ignored,
and the SDO output is in a high-Z state.

When RESETB is deasserted, the digital core initialization is per-
formed and all DAC registers are reset to their default values. The
digital core must finish the initialization procedure for around 150ns
before any SPI transactions are performed.

Software Reset

The devices can also be reset using the serial interface by setting
the SW_RESET bit and RESET_SW bit in the INTERFACE_CON-
FIG_A register. Both bit fields must be written at the same data
phase to trigger a successful software reset. After the software
reset transaction, the POR sequence and digital core initialization
are performed, and all DAC registers are reset to the default val-
ues except for the INTERFACE_CONFIG_A register. Succeeding
SP! transactions cannot be started until after around 150ns have
passed after the last SCLK on the soft reset transaction. See the
Timing Characteristics section for additional information.

SERIAL INTERFACE

The AD3531/AD3531R uses a 4-wire serial interface (CSB, SCLK,
SDI, and SDO) that is compatible with classic SPI, QSPI, and
MICROWIRE interface standards, as well as most digital signal
processors (DSPs). See Figure 2 for a timing diagram of a typical
write sequence. Data is sampled by the AD3531/AD3531R on the
positive edge of the clock. This corresponds to either SPI Mode 0 or
Mode 3.

The 15-bit addressing is enabled by default and, by configuring
the SHORT_INSTRUCTION bit on the Interface Configuration B
Register, has an option for 7-bit addressing for memory locations
below 0x80.

csB T\ [\

Figure 64. Classic SPI Read

SPI Frame Synchronization

The CSB pin frames data during a SPI transaction. A falling edge
on the CSB enables the digital interface and initiates an SPI trans-
action. Each SP!I transaction consists of at least one instruction
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phase and one data phase. For all SPI transactions, data is aligned
MSB first. Deasserting the CSB during a SPI transaction terminates
part or all of the data transfer and disables the digital interface. If
the CSB is deasserted (returned high) after one or more registers
are written, completed registers are written or read, but any partially
written register is aborted. Figure 63 and Figure 64 show detailed
timing diagrams for performing register reads and writes via the SPI
interface.

Instruction Phase

Every SPI frame starts with the instruction phase. The instruction
phase immediately follows the falling edge of the CSB that initiates
the SPI transaction. The instruction phase consists of a read/write
bit (RIW) followed by a register address word. Setting R/W low
initiates a write instruction, whereas setting R/W high initiates a
read instruction. The register address word specifies the address
of the register to be accessed. The register address word is 15-bit
in length by default. If required, enable 7-bit addressing with the
SHORT_INSTRUCTION bit on INTERFACE_CONFIG_B register.
See the Interface Configuration B Register section for additional
information.

Data Phase

The data phase immediately follows the instruction phase (as
shown in Figure 65 and Figure 66. The data phase can include
the data for a single-byte register, a multibyte register, or multiple
registers.

If the data phase of a SPI write transaction does not include

the entire byte of data for the register being updated, the
contents of the register are not updated, and INTERFACE_STA-
TUS_A(CLOCK_COUNT_ERR) s set.

Multibyte Registers

Besides the 1-byte registers, the AD3531/AD3531R also contain
registers with two bytes of data stored in adjacent addresses

that are referred to as multibyte registers. When writing to a multi-
byte register, all bytes must be accessed in a single SPI transac-
tion. For this reason, the INTERFACE_CONFIG_C(STRICT_REG-
ISTER_ACCESS) is read only and set to 1. A write transaction to a
multibyte register takes effect after the 16th SCLK edge of the data
phase.

The address of a multibyte register always depends on IN-
TERFACE_CONFIG_A(ADDR_ASCENSION). With addresses de-
scending, the first byte accessed in the data phase must be the
most significant byte of the multibyte register, and each subsequent
byte corresponds to the data in the next lowest address. With
addresses ascending, the first byte accessed in the data phase
must be the least significant byte of the multibyte register, and

each subsequent byte corresponds to the data in the next highest
address.
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For example, the DAC_CHO register is two bytes long, and the
addresses of its least significant byte and most significant byte are
0xD2 and 0xD3, respectively. Figure 65 and Figure 66 show read
transactions of this register for address ascending and descending
mode, respectively.

Address direction is selected with INTERFACE_CON-
FIG_A(ADDR_ASCENSION). If this bit is set to 0, the address
decrements after each byte is accessed. If this bit is set to 1,

the address increments after each byte is accessed. If a SPI

write transaction to a multibyte register is attempted on a per byte
basis, the register contents are not updated on the device, and
INTERFACE_STATUS_A(REGISTER_PARTIAL_ACCESS ERR)is
set.

This device contains the following multibyte registers: DAC_CHn,
Input_CHn, MULTI_DAC_CH, and MULTI_INPUT_CH.

CcsB \ /
sol X R | ADDR(0xD2) X DON'TCARE Y DON'TCARE } X
! N
s00 z ( Data@oxpz Y Data@oxds }—>—

L_ INSTRUCTION _ppleq
iy DATA PHASE —— | 2

Figure 65. Multibyte Read in Ascending Mode

CcsB \ '
soi | X R\ ADDR(0xD3) ¥ DON'TCARE Y DON'TCARE } X
\ {
sbo z { Data@oxD3 X Data@oxD2 )L

L_ INSTRUCTION Pl
PHASE DATA PHASE —P‘ 3

Figure 66. Multibyte Read in Descending Mode

Single Instruction Mode

When INTERFACE_CONFIG_B(SINGLE_INST) is set to 1, stream-
ing mode is disabled, and single instruction mode is enabled. In
single instruction mode, the data phase consists of data for a
single register, and each data phase must be followed by a new
instruction phase (even if CSB remains low). Single instruction
mode allows the digital host to quickly read from and write to
registers with nonadjacent addresses in a single SPI frame (see
Figure 67), whereas streaming mode only allows either reading or
writing to contiguous registers without pulsing CSB high to initiate a
new instruction phase.

CcsB

uuuuuuuuuuu
th
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Figure 67. Single Instruction Mode

When accessing multibyte registers in single instruction mode,
data phase should include all 2 bytes or 16 SCLK cycles, and
the register address order is dependent on INTERFACE_CON-
FIG_A(ADDR_ASCENSION).
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Streaming Mode

When the INTERFACE_CONFIG_B(SINGLE_INST) bit is set to 0,
single instruction mode is disabled, and streaming mode is enabled.
In streaming mode, multiple registers with adjacent addresses can
be accessed with a single instruction phase and data phase, allow-
ing efficient access of contiguous regions of memory (for example,
during initial device configuration). The streaming mode is selected
by default.

When in streaming mode, each SPI frame consists of a single in-
struction phase and the following data phase contains data for mul-
tiple registers with adjacent addresses. A starting register address
is specified by the digital host in the instruction phase, and this
address is automatically incremented or decremented (based on
the address direction setting) after each byte of data is accessed.
Therefore, the data phase can be multiple bytes long, and each
consecutive byte of read or write data corresponds to the next
highest or lowest register address (for ascending and descending
address direction, respectively).

When writing to a multibyte register in streaming mode with address
ascending, the LSB of the register must be addressed in the
instruction phase and data must be provided starting from the LSB
in the data phase. When writing to a multibyte register in streaming
mode with the address descending, the user must start 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.

When reading from a multibyte register in streaming mode with
address descending, read back the data starting from the MSB.
When reading from a multibyte register in streaming mode with
address ascending, read back data starting from the LSB.

csB _\ /_

sDI \ W / ADDR(0xE7) ¥ DATA@OxE7 ) DATA@UxE6 ) DATA@OxE5 ¥

o
INSTRUCTION PHASE DATA PHASE 8

Figure 68. Streaming Mode SPI transfer

The STREAM_MODE register can be used to specify a set of
consecutive registers to loop through in the data phase. Looping
allows the digital host to repeatedly read from or write to a set of
registers as efficiently as possible.

If the address direction is set to descending, the address decre-
ments until it reaches Address 0x00. On the subsequent byte
access, the address is set to the highest valued byte address
available (0xF9).

If address direction is set to ascending, the address increments
until it reaches the highest valued byte address available (0xF9).
On the subsequent byte access, the address is reset to 0x00.

If STREAM_MODE is set to a value other than 0, looping is ena-
bled, and the value in STREAM_MODE sets the number of bytes to
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be accessed in a single data phase before the byte address resets
to the one specified in the instruction phase.

The value of the STREAM_MODE(LOOP_COUNT) register can
be kept or returned to the default value of 0 when the frame
transaction is completed, that is, the CSB is brought high.

The STREAM_MODE register behavior is controlled by TRANS-
FER_CONFIG(KEEP_STREAM_LENTH_VAL).

csB T\ —
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Figure 69. Looping Enabled with LOOP_COUNT =2

When using STREAM_MODE, be aware of the DAC update timings
mentioned in DAC Core Functions.

CRC ERROR DETECTION

The AD3531/AD3531R DACs feature optical cyclic redundancy
checks (CRCs) to provide error detection for SPI transactions
between the digital host and the DAC (target). The CRC error
detection is disabled by default. The CRC error detection allows
the SPI host and targets to detect bit transfer errors with significant
reliability. The CRC algorithm involves using a seed value and
polynomial division to generate a CRC code. The controller and
target both calculate the CRC code independently to determine the
validity of transferred data.

This DAC uses the CRC-8 standard with the following polynomial:
¥ 4+ X + x + 1 (6)

CRC error detection is enabled with the CRC_EN and CRC_EN_B
bits in the INTERFACE_CONFIG_C register. The value of CRC_EN
is only updated if CRC_EN_B is set to the CRC_EN inverted value
in the same register write instruction. Therefore, to enable the CRC,
the CRC_EN must therefore be set to 0001 while CRC_EN Biis set
to 0b10 in the same write transaction.

To disable the CRC, the CRC_EN must be set to 0b00 and the
CRC_EN Biis set to 0b11 in the same write transaction.

Writing inverted values to two separate fields reduces the chances
of CRC being enabled in error. The CSB 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 the CRC must still include the CRC code
on SDI, but the following transaction does not require the CRC
code.

Figure 70 and Figure 71 show how a CRC code is appended to the
write or read, respectively, for the digital host or DAC to validate

the data. For register writes, the digital host must generate the CRC
using the calculation described in Equation 6. For register reads,
the host must also send the correct CRC byte that is checked

by the DAC. The first byte of data sent contributes to the CRC
calculation. Therefore, a value of 0x00 is recommended. In the
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same read transaction, the DAC provides the CRC code for the
digital host to verify.

When accessing multibyte registers with the CRC error detection
enabled, the CRC code is placed after all bytes of register data.
When the CRC error detection is enabled, the DAC does not up-
date its register contents in response to a register write transaction
unless it receives a valid CRC code at the end of the register data
on the SDI. If the CRC code is invalid, or the digital host fails

to transmit the CRC code, the AD3531/AD3531R do not update
the register contents, and the CRC_ERR flag in the INTERFACE_
STATUS A register is set. The CRC_ERR flag is write-1-to-clear
(W1C) and the correct CRC is required for the write to clear to take
effect.

Table 14 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 the streaming mode, the first CRC code in a SPI frame
also uses 0xA5 as the seed value, but subsequent CRC codes

in the same frame are calculated using the LSB of the register
address being accessed in the SPI transaction as the seed value.

csB \ /
SDI _X_\W/ REGISTERADDRESS )} REGISTER DATA X CRC BYTE ) X
z \ Z
SDO CRC BYTE —
INSTRUCTION PHASE DATA PHASE J 3
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Figure 70. SPI Write with CRC Enabled
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Figure 71. SPI Read with CRC Enabled
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POWER SUPPLY RECOMMENDATIONS

The AD3531/AD3531R does not have any restrictions for power
supply sequencing. The outputs are maintained at POR state with a
known pull-down resistance until proper register configurations are
set.

The AD3531/AD3531R must have an ample supply bypassing of
10uF in parallel with 0.1uF on each supply, located as close to

the package as possible (ideally directly against the device). The
VREF pin, on the other hand, has a maximum capacitive load of
0.5nF as stated in Table 2. The 10uF capacitors are the tantalum
bead type. The 0.1pF and 0.5nF capacitors must have low effective
series resistance (ESR) and low effective series inductance (ESL).
Common ceramic capacitors provide a low impedance path to
ground at high frequencies to handle transient currents due to
internal logic switching.

LAYOUT GUIDELINES

The pin configuration of the AD3531/AD3531R is arranged in a
way that facilitates optimal layout, an example of which is shown
in Figure 72. Most digital high speed lines are located on one side
of the chip, with the analog functions of each DAC symmetrically
distributed along the other three sides. This arrangement allows
routing of the digital lines straight away from the analog functions.

Figure 72. Evaluation Board Layout

analog.com

The following are some PCB design recommendation to obtain the
best performance for the AD3531/AD3531R:

» 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.

» A low impedance analog ground plane and star grounding tech-
niques are recommended. It is advised to keep the ground layer
continuous to minimize ground resistance.

» Shield clocks and other fast switching digital signals from other
parts of the board by using a digital ground.

» Avoid crossover of digital and analog signals if possible. When
traces cross on opposite sides of the board, ensure that they run
at 45° or 90° angles to each other to reduce feedthrough effects
through the board.

» For clock rates around the device maximum of 50MHz, it is
advised to add series resistors near the source 1/0 pins. Values
from 22Q to 100Q are commonly used and would help improve
signal integrity by reducing ringing and reflections caused by the
fast signal transitions.

DAC UPDATE

There are multiple ways of updating the DAC_CHn registers,
hence VOUTN, Figure 73 shows a flow chart of options to update
DAC_CHn registers considering several factors such as single vs.
multiple channel updates, similar vs. unique data, and the mode of
LDAC.
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NEW SET OF
DAC REGISTERS?,
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Figure 73. DAC Update Flowchart

Option 1 (Immediate Update, Unique Data, No A single instruction is sent with the descending mode selected. The
LDAC, and Single and Multiple Channels) higher address of the multibyte register is called on the instruction

, _ . _ phase (0xD4, DAC_CHO register, followed by two 8-bit data) that
Option 1 allows the immediate update of the DAC_CHn registers updates the output immediately after the last SCLK.
after writing the whole 16-bit data. An LDAC is not required.
Option 1 is applicable to both single channel and multiple channel Option 2 (Controlled U|:_>date, Unique I_Data,
updates in single instruction or stream modes. Hardware LDAC, and Single and Multiple

css —\ — Channels

_ - — — Option 2 allows controlled update timing of the DAC_CHn registers
> _XL.‘:’ST R/U :r::‘:ﬁ = @ODZ:A):H;; o I = . from the INPUT_CHn registers through a hardware LDAC.

Applicable to both single channel and multiple channel updates in

Figure 74. Option 1 Example: Write to DAC_CHO Register; Single Instruction | X X
single instruction or stream modes.

Mode and Address Descending

analog.com Rev. 0| 27 of 44


http://www.analog.com/AD3531.html
http://www.analog.com/AD3531R.html
http://www.analog.com/en/index.html

AD3531/AD3531R

APPLICATIONS INFORMATION

csB \ /
SDI TX % W /HW_LDAC_En_0,ADDR(0xD0)¥_DATA@OxDO X
LDACB
#@— WRITE TO HW_LDAC_En HW_LDAC_En_0(SW_En_Ch7:SW_En_Cho)
csB \ ,
SDl Tx % w [ 'ADDR(0xF9) DATA@0xFS || DATA@OxF8 DATA@OxF7_)(_DATA@0xF6_}-!
LDACB \_/ '
/@—— WRITE TO Input_Ch7 ——Jwes— Input_Ch7(Input_Val) —re— Input_Ch6(Input_Val) —
CsB /
sDI DATAGOXED ) DATA@UXEC ¥ DATA@OxEB ) DATA@OxEA X
!
LDACB
T\ \_/ \_/ o
Input_Ch1 (Input_Val) —Jte— Input_Cho (Input_Val) — P} 8

Figure 75. Option 2 Example: Write to Input_Ch7 to Input_Ch0 Registers;
Hardware LDAC Enabled; Stream Mode and Address Descending

A single instruction is sent to write to the HW_LDAC_EN_0 regis-
ter, enabling hardware LDAC for the selected channels. Then, a
stream mode is initiated, in default descending mode, writing to the
INPUT_CHT first up to INPUT_CHO. The LDACB is asserted at the
end of the stream updating the DAC registers and the DAC output
(if the correct LDACB timing is observed).

Option 3 (Controlled Update, Unique Data,
Software LDAC, and Single and Multiple
Channels)

Option 3 allows controlled update timing of the DAC_CHn registers
from the INPUT_CHn registers through the software LDAC.

This option is applicable to both single channel and multiple chan-
nel updates in single instruction and stream modes.
CcSB T\ .

SDI X} w [ ADDR(0xD1) DATA@0xD1 X

LDACB

#&— WRITE TO SW_LDAC_En-¢ SW_LDAC_En_0(SW_En_Ch7:SW_En_Cho)

csB \. /
SDI X} w [ ADDR(0xF9)

DATA@0xF9_ ) DATA@0xF8 Y DATA@OxF7_{ DATA@xF6 X

LDACB

f€——— WRITE TO Input_Ch#——ie— Input_Ch7(Input_Val) —Bete— Input_Ch6(Input_Val) —»}

csB \. /
SDI X} w / ADDR(OXE9) DATA@OXEY X
LDACB

°
F&— WRITE TO SW_LDAC_Trig A SW_LDAC_Trig_B(SLD_Trig_B) 5

Figure 76. Option 3 Example: Write to INPUT_CHT and INPUT_CH6 Registers,
with a software LDAC, Stream Mode and Address Descending

Similar to Option 2, except, a software LDAC function is used
instead of a hardware LDAC. The SW_LDAC_EN_0 register deter-
mines which channel gets affected by a software LDAC command.
The DAC registers and DAC outputs are updated with the input
data written after the last SCLK of the SW LDAC command.

Option 4 (Immediate Update, Same Data, No
LDAC, and Multiple Channels)

Option 4 allows the immediate and simultaneous up-

date of multiple DAC_CHn registers identified by MUL-

TI_ DAC_SEL O(MD_SEL_CH_n) bitfields with the same data. Data
is contained in MULTI_DAC_CH register and update is initiated
after writing the whole 16-bit data. An LDAC is not required.

analog.com

Option 4 is ideal for multiple channel updates in both single instruc-
tion and stream mode.

csB \ 2
sol Xy w / s ) el
WRITE TO Multi_DAC_Sel ¢ Multi_DAC_Sel_0(MD_Sel_Ch_7:MD_Sel_Ch_0)
Multi_DAC_Ch(Multi_DAC_Val)
Loop 1 -
csB /o
DI | X X T X
‘: LOOP ::‘ g

Figure 77. Option 4 Example: Write to MULTI_DAC_CHn Register, Stream
Mode (Loop) and Address Descending

A write instruction is sent to Multi_DAC_Sel_0 register, enabling
multi DAC function for the selected channels. With stream mode
descending enabled, the next commands are the data for the
adjacent multi-byte register OxE3 (and 0xE2) MULTI_DAC_CH.
Assuming that STREAM_MODE(LOOP_COUNT) is set to 0x3, the
succeeding data stream loops back to the start address, 0xE4, and
repeats the process, until CSB is deasserted.

Option 5 (Controlled Update, Same Data,
Hardware LDAC, and Multiple Channels)

Option 5 allows controlled update timing of multiple DAC_CHn
registers identified by MULTI_INPUT_SEL_O(MI_SEL_CH_n) and
HW_LDAC_EN_0(HLD_EN_CH_n) bitfields with the same data.
Data is contained in MULTI_INPUT _CH register and update is
initiated by providing a valid LDACB pulse.

Option 5 is ideal for multiple channel updates in both single instruc-
tion and stream modes.

csB \ /
bl Tx ) w [ ADDR(0xD0) DATA@0xD0 X
LDACB
f@— WRITE TO HW_LDAC_En_ HW_LDAC_En_0(HW_En_Ch7:HW_En_Ch0)
csB \
sDl Tx X w [/ D X ad
LDACB
f@— WRITE TO Multi_Input_Sel_( Multi_Input_Sel_0(MI_Sel_Ch_7:MI_Sel_Ch_0)
Multi_Input_Ch(Multi_Input_Val

csB /.
sDI - X X X
[
LDACB AW/ /S
‘,: LOOP 2 g

Figure 78. Option 5 Example: Write to MULTI_INPUT_CH Register with a
Hardware LDAC, Stream Mode (Loop) and Address Ascending

Option 5 is similar to Option 2 except this option makes use

of the MULTI_INPUT_SEL_0 and MULTI_INPUT _CH registers to
select and update the input registers of multiple DAC channels.
The LDACB is asserted after each loop ends, updating the DAC
registers and the DAC outputs (when correct LDAC is observed).
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Option 6 (Controlled Update, Same Data,
Software LDAC, and Multiple Channel)

Option 6 allows immediate and simultaneous

update of multiple DAC_CHn registers identi-

fied by MULTI_INPUT_SEL_0(MI_SEL_CH_n) and
SW_LDAC_EN_0(SLD_EN_CH_n) bitfields with the same data.
Data is contained in MULTI_INPUT _CH register and is initiated
through the software LDAC.

Option 6 is ideal for multiple channel updates in both single instruc-
tion and stream modes.

CcsB \ /
sl [x\ w [ ADDR(0xD1) DATA@OxD1 X
LDACB
#@— WRITE TO SW_LDAC_En_0 SW_LDAC_En_0(SW_En_Ch7:SW_En_Cho)
CcsB \
SDI [X\ w /_ Aoorows) Y OATA@os ) DATA@oE7 X DATAGwEe Y DATAGOES W0
LDACB
*§— WRITETO Sel
L A)

SDI —{ DATA@0xE8 ) DATA@OxE7 ) DATA@OxE6 Y DATA@OXES

LDACB

073

Figure 79. Option 6 Example: Write to Multi_Input_Ch Register with a Soft-
ware LDAC, Stream Mode (Loop) and Address Ascending

Option 6 is the same as Option 5, except a software LDAC
function is used instead of a hardware LDAC function. The
SW_LDAC_EN_0 register determines which channel is affected
by a software LDAC command.

HEADROOM AND FOOTROOM

Headroom and footroom refers to the voltage difference between
the supply voltage and the intended output voltage of the DAC for
a specified output load current. If the supply voltage headroom or
footroom is insufficient, the pass element of the integrated output
amplifier of the DAC acts like a resistor instead of an ideal switch.
This causes the output voltage to drop as the load current increas-
es.

The AD3531/AD3531R has a very low typical headroom require-
ment of 25mV/20mA and 50mV/20mA for footroom. The typical
performance is shown in Figure 20. The voltage drop is generally
linear in nature, hence, can be calculated by multiplying the load
current by the headroom/footroom specification. For example, we
have a 5V supply and a 5V setting at the output of the DAC. If

the DAC starts sourcing current of 30mA to a load, the DAC output
voltage would be around 4.963V.

For a footroom example, a DAC output that is sinking 30mA of
current would result to an output voltage that is 75mV above ground
potential.

analog.com
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REGISTER SUMMARY

Table 10. AD3531/AD3531R Register Summary

Reg Name Bits  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset RW
INTERFACE_CO ADDR_ASC | SDO_ENAB
0x00 | NFIG_A [7:0] |SW RESET |RESERVED |ENSION  |LE RESERVED RESET SW | 0x10 | RW
INTERFACE_CO SINGLE_IN SHORT INS
0x01 | NFIG B 0] | ST RESERVED TRUCTION RESERVED 000 | RW
DEVICE_CONFI
w02 |G 0] RESERVED OPERATING MODES | 0x00 | RIW
003 |CHP TYPE | [7.0] RESERVED | CHIP_TYPE m08 R
0X04 | PRODUCT ID_L | [7:0] PRODUCT ID[7:0] o1 R
0x05 | PRODUCT ID_H | [7.0] PRODUCT ID[15:8] x00 |R
0X06 | CHIP_GRADE | [7:0] GRADE | Device_REVISION o1 R
0X0A | SCRATCH_PAD | [7.0] SCRATCH_VALUE 000 | RW
0X0B | SPI_REVISION | [7:0] SPITYPE Version o6 |R
00C |VENDOR L | [7:0] VID[70] o6 | R
00D |VENDORH | [7.0] VID[15:8] 004 |R
OXOE | STREAM_MODE | [7:0] LOOP_COUNT 000 | RW
KEEP_STR
TRANSFER CO EAM LENG
OXOF | NFIG 0] RESERVED TH VAL RESERVED 000 | RW
STRICT RE
INTERFACE_CO GISTER_AC ACTIVE_INTERFACE_MO
ox10 | NFIG_C 7] CRC_ENABLE | CESS RESERVED DE CRC_ENABLEB  |0x23  |RW
REGISTER_
PARTIAL A
INTERFACE_ST NOT READ CLOCK_CO CCESS_ER
oxi1 | ATUS A 70 | YERR RESERVED UNT ERR |CRCERR | RESERVED |R RESERVED | 0x00 | RW
OUTPUT OPER
0x20 | ATING_MODE 0 | [7:0] MODE _CH_3 MODE _CH 2 MODE CH_1 MODE _CH_0 OFF | RW
OUTPUT_CONT
0x2A | ROL.O 7] RESERVED RANGE RESERVED 000 | RW
ReferENce_CON
0x3C | TROL 0 0] RESERVED SEL | 0x00 | RW
Mux_OUT SELE
093 | CT 0 7] RESERVED SEL 000 | RW
STATUS_CONTR UPDATE_E | RESET WA | INTERFACE | DEVICE N
xC2 | oL 0] RESERVED RR RNNG | ERR | OT READY | 004 | RW
HLD_EN_C | HLD_EN_C | HLD_EN C | HLD_EN_C
0XDO | HW_LDAC_EN 0 | [7:0] RESERVED H.3 H.2 H.1 Ho |OFF | RW
SLD.EN.C | SLD.EN.C | SLD.EN.C | SLD EN C
0XD1 | SW_LDAC_EN 0 | [7:0] RESERVED H.3 H.2 H.1 HO | OXFF | RW
0XD3 [15:] DAC_VAL[15:8]
T0
DAC_CH 0X0000 | RMW
oxpg | DU 7:0] DAC_VAL[T:0] *
by 2!
0XDB [158] MULTI_DAC_VAL[158]
MULTI_DAC_CH 0X0000 | RMW
1 = ) MULT!_DAC_VAL[T0] X
MULTI DAC_SE | ., MD_SEL C | MD_SEL C | MD_SEL C | MD_SEL C
0xDC | L0 [7:0] RESERVED H.3 H_2 H.1 HO | OXFF | RW
SW LDAC_TRIG | . | SLD_TRIG_
00D | 0 [7:0] 0 RESERVED 000 | RW
158 MULTI_INPUT VAL[15:8
OOF | MULTLINPUT_C | (158 _INPUT_VAL[15:8] 0x0000 | R
H 0] MULTI_INPUT VAL[7:0]
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REGISTER SUMMARY

Table 10. AD3531/AD3531R Register Summary (Continued)

Reg Name Bits  Bit7 Bit6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit 0 Resst RW
- |\E/|LU_L0T|_|NPUT_S - CESERVED MI_S_E:;__CH Ml_s_EzL_CH MI_SEL_CH Ml_s_EOL_CH o e
. i\)N_LDAC_TRIG 7 SLD_gRIG_ RESERVED e
0XE3 [158] INPUT_VAL[15:8]

E%Ez? NPUTEE g INPUT_VALIT:0] 0x0000 | RIW

! See for Multibyte Registers more details
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REGISTER DETAILS

INTERFACE CONFIGURATION A REGISTER
Address: 0x00, Reset: 0x10, Name: INTERFACE_CONFIG_A
INTERFACE Configuration Settings

7 6 5 4.3 2 1 0
[ofoJof+fofo]o]o]

[7] SW_RESET (RIW)—'Tl I T [0] RESET_SW (R/W)
[6] RESERVE [3:1] RESERVED

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

Table 11. Bit Descriptions for INTERFACE_CONFIG_A

Bits Bit Name Description Reset Access
7 SW_RESET First of Two of SW_RESET Bits. This bit appears in two locations in this register. Both locations must be 0x0 RIW
written at the same time to trigger a software reset of the part. All registers except for this register are reset
to their default values.
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. 0: SDO pin disabled 1: SDO pin enabled 0x1 RIW
[3:1] RESERVED Reserved. 0x0 R
0 RESET_SW Second of Two of SW_RESET Bits. This bit appears in two locations in this register. Both locations must be | 0x0 RW
written at the same time to trigger a software reset of the part. All registers except for this register are reset
to their default values.
INTERFACE CONFIGURATION B REGISTER
Address; 0x01, Reset: 0x00, Name: INTERFACE_CONFIG_B
Additional INTERFACE Configuration Settings
7 6 5 4 N 3 2 1 0
[ofofofofofofo]o]
[7] SINGLE_INST (RIW)—'Tl . T I_li [2:0] RESERVED
[6:4] RESERVED- [3] SHORT_INSTRUCTION (R)
Table 12. Bit Descriptions for INTERFACE_CONFIG_B
Bits Bit Name Des-cription ) 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
Address: 0x02, Reset: 0x00, Name: DEVICE_CONFIG

analog.com
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7 6 5 4 3 2 1 0
[ofoJoJoJofofo]o]

[7:2] RESERVED:_, t [1:0] OPERATING_MODES (R)

Table 13. Bit Descriptions for DEVICE_CONFIG

Bits Bit Name Description Reset Access
[7:2] RESERVED Reserved. 0x0 R
[1:0] OPERATING_MODES Operating mode. Read only. 0x0 R

00: Normal Operating Mode.
11: Low Power Mode.

CHIP TYPE REGISTER
Address: 0x03, Reset: 0x08, Name: CHIP_TYPE

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.

7 6 5 4 N 3 2 1 0
[ofofofof1]ofo]o]
[7:4] RESERVED——— I [3:0] CHIP_TYPE (R)
Table 14. 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
Address: 0x04, Reset: 0x01, Name: PRODUCT_ID_L
Low byte of the product ID
7 6 5 4. 3 2 1 0
[ofofoJoJoJofof1]
[7:0] PRODUCT_ID[7:0] (R)—I
Table 15. 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 identify a | Ox1 R
product.

PRODUCT ID HIGH REGISTER
Address: 0x05, Reset: 0x00, Name: PRODUCT_ID_H
High byte of the product ID

7 6 5 4 N 3 2 1 0
[ofofo]ofo]o]o]o]
L J
[7:0] PRODUCT_ID[15:8] (R) ——————
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Table 16. Bit Descriptions for PRODUCT ID_H

Bits Bit Name Description Reset Access
[7:0] PRODUCT_ID[15:8] Device Chip Type/Family. The product ID should be used in conjunction with the chip type to identify a 0x0 R
product.

CHIP GRADE REGISTER
Address: 0x06, Reset: 0x01, Name: CHIP_GRADE
Identifies product variations and device revisions

7 6 5 4,3 2 1 0
[ofo]ofoJoJofo]1]
L J L J

[7:4] GRADE (R)—l I [3:0] DEVICE_REVISION (R)
Table 17. Bit Descriptions for CHIP_GRADE
Bits Bit Name Description Reset Access
[7:4] GRADE Device Performance Grade. 0x0 R
[3:0] DEVICE_REVISION Device Hardware Revision. 0x1 R
SCRATCH PAD REGISTER
Address: 0x0A, Reset: 0x00, Name: SCRATCH_PAD
This may be used to test writes and reads
7 6 5 4. 3 2 1 0
[ofoJoJoJoJofofo]
[7:0] SCRATCH_VALUE (RIW)—'
Table 18. 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
SPI REVISION REGISTER
Address: 0x0B, Reset: 0x84, Name: SPI_REVISION
Indicates the SP! interface revision
7 6 5 4 N 3 2 1 0
[1fofofofof1]ofo]
[7:6] SPI_TYPE (R):_, l_‘:' [5:0] VERSION (R)
Table 19. Bit Descriptions for SPI_REVISION
Bits Bit Name Description Reset Access
[7:6] SPI_TYPE Always Reads as 0x2. 0x2 R
[5:0] VERSION SPI Version. 0x4 R

VENDOR ID LOW REGISTER
Address: 0x0C, Reset: 0x56, Name: VENDOR_L
Low byte of the vendor ID
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7 6 5 4. 3 2 1 0

[oft]ofrfof1]1]o]

L J
[7:0] VID[7:0] (R}———————

Table 20. Bit Descriptions for VENDOR _L

Bits Bit Name Description Reset

Access

[7:0] | VID[7] | Analog Devices Vendor ID. 0x56

R

VENDOR ID HIGH REGISTER
Address: 0x0D, Reset: 0x04, Name: VENDOR _H
High byte of the vendor ID

7 6 5 4.3 2 1 0

[ofofofofo]1]o]o]

L J
[7:0] VID[15:8] (R)———————

Table 21. Bit Descriptions for VENDOR_H

Bits Bit Name Description Reset

Access

[7:0] | VID[t53] | Analog Devices Vendor ID. Ox4

R

STREAM MODE REGISTER
Address: 0xOE, Reset: 0x00, Name: STREAM_MODE
Defines the length of the loop when streaming data

7 6 5 4.3 2 1 0
[oofofo]ofo]o]o]
L J

[7:0] LOOP_COUNT (RIWj————J

Table 22. Bit Descriptions for STREAM_MODE

Bits Bit Name Description Reset

Access

[7:0] LOOP_COUNT Sets the Data Byte Count Before Looping to Start Address. When streaming data, a non-zero value sets the 0x0
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 around at the
upper/lower limits of memory.

RIW

TRANSFER CONFIGURATION REGISTER
Address: 0x0F, Reset: 0x00, Name: TRANSFER_CONFIG
Controls how data moves between controller and target registers

7 6 5 4,3 2 1 0
[ofofofofo]o]o]o]

[7:3] RESERVED—‘_’_' l_‘_—' [1:0] RESERVED

[2] KEEP_STREAM_LENGTH_VAL (R

Table 23. Bit Descriptions for TRANSFER_CONFIG

Bits Bit Name Description Reset

Access

[7:3] RESERVED Reserved. 0x0
2 KEEP_STREAM_LENGTH_VAL Whet Set the Loop Counter Does Not Reset on CSB Rising Edge. 0x0

R
RIW
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Table 23. Bit Descriptions for TRANSFER_CONFIG (Continued)

Bits Bit Name Description Reset Access
[10]  |RESERVED | Reserved. 0x0 R
INTERFACE CONFIGURATION C REGISTER
Address; 0x10, Reset: 0x23, Name: INTERFACE_CONFIG_C
Additional Interface Configuration Settings
7 6 5 4 N 3 2 1 0
[ofof1fofofof1]1]
[7:6] CRC_ENABLE (R/wy—l_l_l | l_l_—l [1:0] CRC_ENABLEB (R/W)
[5] STRICT_REGISTER_ACCESS ( [3:2] ACTIVE_INTERFACE_MODE (R
[4] RESERVED
Table 24. Bit Descriptions for INTERFACE_CONFIG_C
Bits Bit Name Description Reset Access
[7:6] CRC_ENABLE CRC Enable. Written to enable/disable the use of CRC on the interface. The CRC_ENABLEB bit | 0x0 RIW
field must also be written with the inverted value of this bit field for the CRC to be enabled.
00: CRC Disabled.
01: CRC Enabled.
5 STRICT_REGISTER_ACCESS Multibyte Registers Must Be Read/Written in Full. When this mode is enabled, all bytes of a 0x1 R
multibyte register must be read/written in full.
0: Normal mode, no access restrictions.
1: Strict mode, multibyte registers require all bytes accessed.
4 RESERVED Reserved. 0x0 R
[3:2] ACTIVE_INTERFACE_MODE Active Mode the SPI Interface is Operating in. 0x0 R
[1:0] CRC_ENABLEB Inverted CRC Enable. This must be written with the inverted value of the CRC_ENABLE. d 0x3 RIW
10: CRC Enabled
11: CRC Disable
INTERFACE STATUS A REGISTER
Address: 0x11, Reset: 0x00, Name: INTERFACE_STATUS A
Status bits are set to 1 to indicate an active condition and may be cleared by writing a 1 to the corresponding bit location
7 6 5 4,3 2 10
[o]ofofoJo]ofo]o]
[7] NOT_READY_ERR (R/w1c->—'.rI | | 'Tl— [0] RESERVED
[6:5] RESERVE [1] REGISTER_PARTIAL_ACCESS_ERR (R/W1C)
[4] CLOCK_COUNT_ERR (R/W: [2] RESERVED
[3] CRC_ERR (RIW1C
Table 25. Bit Descriptions for INTERFACE_STATUS_A
Bits Bit Name Description Reset Access
7 NOT_READY_ERR Device Not Ready for Transaction. This error bit is set if the user attempts to execute a SPI | 0x0 RW1C
transaction before the completion of digital initialization.
[6:5] RESERVED Reserved. 0x0 R
4 CLOCK_COUNT_ERR Incorrect Number of Clocks Detected in a Transaction. 0x0 RIW
3 CRC_ERR Invalid/No CRC Received. This is set when the master fails to send a CRC or when the 0x0 RW1C
device calculates and checks the CRC and finds the CRC value is incorrect.
2 RESERVED Reserved. 0x0 R
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Table 25. Bit Descriptions for INTERFACE_STATUS_A (Continued)

Bits Bit Name Description Reset Access
1 REGISTER_PARTIAL_ACCESS_ERR | Set When Fewer Than Expected Number of Bytes Read/Written. This bit is only valid when | 0x0 RIW1C
strict register access is enabled.
0 RESERVED Reserved. 0x0 R
OUTPUT OPERATING MODE 0 REGISTER
Address: 0x20, Reset: 0xFF, Name: OUTPUT_OPERATING_MODE _0
Configures the operating modes for Channel 0 to Channel 3
7 6 5 4.3 2 1 0
Lfafafafafafafa]
[7:6] MODE_CH_3 (R/W) | l_l_—l [1:0] MODE_CH_0 (R/W)
[5:4] MODE_CH_2 (RN\I)J [3:2] MODE_CH_1 (R/W)

Table 26. Bit Descriptions for OUTPUT_OPERATING_MODE_0
Bits Bit Name Descrip?ion B B Reset Access
[7:6] MODE_CH_3 Mode Channel 3. Output operating mode for Channel 3. 0x3 RIW

00: Normal operation.

01: Powered down: 500Q output impedance.

10: Powered down: 3.85kQ output impedance.

11: Powered down: 16kQ output impedance.
[5:4] MODE_CH_2 Mode Channel 2. Output operating mode for Channel 2. 0x3 RW

00: Normal operation.

01: Powered down: 500Q output impedance.

10: Powered down: 3.85kQ output impedance.

11: Powered down: 16kQ output impedance.
[3:2] MODE_CH_1 Mode Channel 1. Output operating mode for Channel 1. 0x3 RIW

00: Normal operation.

01: Powered down: 500Q output impedance.

10: Powered down: 3.85kQ output impedance.

11: Powered down: 16kQ output impedance.
[1:0] MODE_CH_0 Mode Channel 0. Output operating mode for Channel 0. 0x3 RIW

00: Normal operation.

01: Powered down: 500Q output impedance.
10: Powered down: 3.85kQ output impedance.
11: Powered down: 16kQ output impedance.

OUTPUT CONTROL 0 REGISTER
Address: 0x2A, Reset: 0x00, Name: OUTPUT _CONTROL 0
Configures output range for all channels

7 6 5 4.3 2 1 0
[ofofoJoJofofofo]

[7:3] RESERVED:_l — [1:0] RESERVED
[2] RANGE (R/W
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Table 27. Bit Descriptions for OUTPUT_CONTROL_0

Bits Bit Name Description Reset Access
[7:3] RESERVED Reserved. 0x0 R
2 RANGE Output Range. Bitfield used to configure output range for all channels. 0x0 RIW

0: Range 0. Output will range from 0V to VREF

1: Range 1. Output will range from 0V to 2xVREF
[1:0] RESERVED Reserved. 0x0 R
REFERENCE CONTROL 0 REGISTER
Address: 0x3C, Reset: 0x00, Name: REFERENCE_CONTROL 0
Configures reference source for all channels

7 6 5 4 N 3 2 1 0
[ofofofofofofo]o]
[7:1] RESERVE 'Tl— [0] SEL (R/W)

Table 28. Bit Descriptions for REFERENCE_CONTROL_0
Bits Bit Name Description Reset Access
[7:1] RESERVED Reserved. 0x0 R
0 SEL Reference Select. Selects the voltage reference source for all channels. 0x0 RIW

0: Select 0. VREF pin is an input pin, an external reference should be provided through this pin.

1: Select 1. VREF pin is an output pin, internal reference is used by the part and is also available on VREF pin.
MULTIPLEXER INPUT SELECT 0 REGISTER
Address: 0x93, Reset: 0x00, Name: MUX_OUT_SELECT 0
Selects which of the multiplexer's input signals will be monitored on the MUX_OUT pin

7 6 5 4 3 2 1 0
[ofoJoJoJofofofo]
[7:5] RESERVED—— I [4:0] SEL (R/W)

Table 29. Bit Descriptions for MUX_OUT_SELECT 0
Bits Bit Name Description Reset Access
[7:5] RESERVED Reserved. 0x0 R
[4:0] SEL Multiplexer Input Select. Selects which of the multiplexer's input signals will be monitored on the MUX_OUT pin. 0x0 RIW

0x0: Powered down. MUX_OUT pin is powered down. An 80 kQ impedance can be seen at the MUX_OUT pin.
0x1: VOUTO. A voltage representation of VOUTO can monitored on MUX_OUT pin.

0x2: I0UTO (source mode). A voltage representation of IOUTO (source mode) can monitored on MUX_OUT pin.
0x3: I0UTO (sink mode). A voltage representation of IOUTO (sink mode) can monitored on MUX_OUT pin.

0x7: VOUT1. A voltage representation of VOUT1 can monitored on MUX_OUT pin.

0x8: I0UT1 (source mode). A voltage representation of IOUT1 (source mode) can monitored on MUX_OUT pin.
0x9: I0UT1 (sink mode). A voltage representation of IOUT1 (sink mode) can monitored on MUX_OUT pin.

0xD: VOUT2. A voltage representation of VOUT2 can monitored on MUX_OUT pin.

OxE: I0UT2 (source mode). A voltage representation of IOUT2 (source mode) can monitored on MUX_OUT pin.
0xF: 10UT2 (sink mode). A voltage representation of IOUT2 (sink mode) can monitored on MUX_OUT pin.
0x13: VOUTS3. A voltage representation of VOUT3 can monitored on MUX_OUT pin.

0x14: IOUT3 (source mode). A voltage representation of IOUT3 (source mode) can monitored on MUX_OUT pin.
0x15: IOUT3 (sink mode). A voltage representation of IOUT3 (sink mode) can monitored on MUX_OUT pin.
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Table 29. Bit Descriptions for MUX_OUT_SELECT_0 (Continued)
Bits Bit Name Description Reset Access

0x19: Die temperature. A voltage representation of internal die temperature can monitored on MUX_OUT pin.
0x1A: AGND. MUX_OUT pin internally tied to AGND.

STATUS CONTROL REGISTER

Address: 0xC2, Reset: 0x04, Name: STATUS_CONTROL

Event flags due to start up sequence, interface, reset, and update can be read. Write 1 to clear.
[eTeToTofo] To]0]

[7:4] RESERVED:_l | 'Tl— [0] RESERVED

[3] UPDATE_ERR (R/W1C [1] INTERFACE_ERR (R/W1C)
[2] RESET_WARNING (RIW1C

(= 2

Table 30. Bit Descriptions for STATUS_CONTROL

Bits Bit Name Description Reset Access

[7:4] RESERVED Reserved. 0x0 R

3 UPDATE_ERR Update Error. Status to indicate that there was an attempt to update a DAC_Chn within 640ns since the | 0x0 RW1C
last update.

0: Error 0. All updates successful.

1: Error 1. Overlapping updates attempted.
2 RESET_WARNING Reset Warning. Status to indicate if the device went through a reset event. 0x1 RIW1C
0: Warning 0. Reset warning flag cleared.
1: Warning 1. Reset event occurred.

1 INTERFACE_ERR Interface Error. Status to indicate an error flag is asserted in INTERFACE_STATUS_A. 0x0 RW1C
0: Error 0. No interface error.
1: Error 1. Interface error.

0 RESERVED Reserved. 0x0 R

HARDWARE LDAC ENABLE 0 REGISTER
Address: 0xD0, Reset: 0x0F, Name: HW_LDAC_EN 0
Enable hardware LDAC functionality for channel 0 to channel 3

7 6 5 4 3 2 1 0

fofoJofof1f1]1]1]

[7:4] RESERVED:_l | | 'Tl— [0] HLD_EN_CH_0 (R/W)
[3] HLD_EN_CH_3 (R/W, [1] HLD_EN_CH_1 (R/W)

[2] HLD_EN_CH_2 (R/W,

Table 31. Bit Descriptions for HW_LDAC_EN_0

Bits Bit Name Description Reset Access
[7:4] RESERVED Reserved. 0x0 R
3 HLD_EN_CH_3 Hardware LDAC Enable Channel 3. Enable/disable hardware LDAC functionality on Channel 3. 0x1 RW

0: HLD En 0. Disable hardware LDAC on Channel 3.
1. HLD En 1. Enable hardware LDAC on Channel 3.
2 HLD_EN_CH_2 Hardware LDAC Enable Channel 2. Enable/disable hardware LDAC functionality on Channel 2. 0x1 RW
0: HLD En 0. Disable hardware LDAC on Channel 2.
1. HLD En 1. Enable hardware LDAC on Channel 2.
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Table 31. Bit Descriptions for HW_LDAC_EN_0 (Continued)

Bits Bit Name Description Reset Access
1 HLD_EN_CH_1 Hardware LDAC Enable Channel 1. Enable/disable hardware LDAC functionality on Channel 1. 0x1 RW
0: HLD En 0. Disable hardware LDAC on Channel 1.
1: HLD En 1. Enable hardware LDAC on Channel 1.
0 HLD_EN_CH_0 Hardware LDAC Enable Channel 0. Enable/disable hardware LDAC functionality on Channel 0. 0x1 RW
0: HLD En 0. Disable hardware LDAC on Channel 0.
1: HLD En 1. Enable hardware LDAC on Channel 0.
SOFTWARE LDAC ENABLE 0 REGISTER
Address: 0xD1, Reset: 0xOF, Name: SW_LDAC _EN 0
Enable software LDAC functionality for Channel 0 to Channel 3
7 6 5 4 2 1
I0I0I0I0I I1I1I1I
[7:4] RESERVE | T_ [0] SLD_EN_CH_0 (R/W)
[3] SLD_EN_CH_3 (R/W) [1] SLD_EN_CH_1 (R/W)
[2] SLD_EN_CH_2 (R/W)
Table 32. Bit Descriptions for SW_LDAC_EN_0
Bits Bit Name D-escripm Reset Access
[7:4] RESERVED Reserved. 0x0 R
3 SLD_EN CH_3 Software LDAC Enable Channel 3. Enable/disable software LDAC functionality on Channel 3. 0x1 RIW
0: SLD En 0. Disable software LDAC on Channel 3.
1: SLD En 1. Enable software LDAC on Channel 3.
2 SLD_EN_CH_2 Software LDAC Enable Channel 2. Enable/disable software LDAC functionality on Channel 2. 0x1 RW
0: SLD En 0. Disable software LDAC on Channel 2.
1: SLD En 1. Enable software LDAC on Channel 2.
1 SLD_EN_CH_1 Software LDAC Enable Channel 1. Enable/disable software LDAC functionality on Channel 1. 0x1 RW
0: SLD En 0. Disable software LDAC on Channel 1.
1: SLD En 1. Enable software LDAC on Channel 1.
0 SLD EN CH 0 Software LDAC Enable Channel 0. Enable/disable software LDAC functionality on channel 0 0x1 RIW

0: SLD En 0. Disable software LDAC on Channel 0.
1: SLD En 1. Enable software LDAC on Channel 0.

DAC REGISTER
Address; 0xD3 to 0xD9 (Increments of 2), Reset: 0x0000, Name: DAC_Chn

16-bit data defines the voltage of VOUTn pin, where n is the channel number

DAC_Ch0: 0xD2-0xD3
DAC_Ch1: 0xD4-0xD5
DAC_Ch2: 0xD6-0xD7
DAC_Ch3: 0xD8-0xD9

15 14 13 12,11 10 9 8.7 6 5 4.3 2 1 0
[ofoJoJoJofofofofofoJofofofofofo]
L J

[15:0] DAC_VAL (R/W)
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Table 33. Bit Descriptions for DAC_Chn
Bits Bit Name Description Reset Access
[15:0] ‘ DAC_VAL ‘ DAC Value. 16-bit data defines the voltage of VOUTn pin, where n is the channel number 0x0 RW

MULTIPLE DAC REGISTER
Address: 0xDB, Reset: 0x0000, Name: MULTI_DAC_CH
Data written to this register also writes all DAC_CHn selected in MULTI_DAC_SEL 0

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

[o]ofofoJofooJofooJofo]ofofo]o]

L J
]

[15:0] MULTI_DAC_VAL (R/W}

Table 34. Bit Descriptions for MULTI_DAC_CH

Bits Bit Name Description Reset Access
Multiple DAC Value. Data written to all DAC_Chn selected in Multi_DAC_SEL_0. Read data will always
[15:0] MULTI_DAC_VAL return the latest data written. 0x0 RIW

MULTIPLE DAC SELECT 0 REGISTER
Address: 0xDC, Reset; 0xOF, Name: MULTI_DAC_SEL 0
Select which DAC_Chn will be written when a write operation is executed on Multi DAC_Ch; only applies DAC_Ch0 to DAC_Ch3

7 6 5 4.3 2 1
[ofofofo]+f1]s]+]

[7:4] RESERVED:_I | | 'Tl— [0] MD_SEL_CH_0 (R/W)
[3] MD_SEL_CH_3 (R/W) [1] MD_SEL_CH_1 (R/W)

[2] MD_SEL_CH_2 (RIW)

0
1

Table 35. Bit Descriptions for MULTI_DAC_SEL_0

Bits Bit Name Description Reset Access

[7:4] RESERVED Reserved. 0x0 R
Multiple DAC Select Channel 3. If selected, write operation on Multi DAC_Ch also writes DAC_Ch3 with the

3 MD_SEL_CH_3 same data. If deselected, write operation on Multi_DAC_Ch will have no effect on DAC_Ch3. 0x1 RW

0: MD Sel 0. Deselect DAC_Ch3 for Multi_DAC_Ch operation.
1: MD Sel 1. Select DAC_Ch3 for Multi_DAC_Ch operation.

Multiple DAC Select Channel 2. If selected, write operation on Multi DAC_Ch also writes DAC_Ch2 with the
2 MD_SEL CH 2 same data. If deselected, write operation on Multi DAC_Ch will have no effect on DAC_Ch2. 0x1 RIW

0: MD Sel 0. Deselect DAC_Ch2 for Multi_DAC_Ch operation.
1: MD Sel 1. Select DAC_Ch2 for Multi_ DAC_Ch operation.

Multiple DAC Select Channel 1. If selected, write operation on Multi DAC_Ch also writes DAC_Ch1 with the
1 MD_SEL CH 1 same data. If deselected, write operation on Multi DAC_Ch will have no effect on DAC_Ch1. 0Ox1 RIW

0: MD Sel 0. Deselect DAC_Ch1 for Multi_DAC_Ch operation.
1: MD Sel 1. Select DAC_Ch1 for Multi_DAC_Ch operation.

Multiple DAC Select Channel 0. If selected, write operation on Multi_DAC_Ch also writes DAC_ChO with the
0 MD_SEL_CH_0 same data. If deselected, write operation on Multi_DAC_Ch will have no effect on DAC_Cho0. 0x1 RIW

0: MD Sel 0. Deselect DAC_ChO for Multi_DAC_Ch operation.
1: MD Sel 1. Select DAC_Ch0 for Multi DAC_Ch operation.

SOFTWARE LDAC TRIGGER 0 REGISTER
Address: 0xDD, Reset: 0x00, Name: SW_LDAC_TRIG_0
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Initiates transfer of Input_Chn to DAC_Chn; Only takes effect on enabled channels identified by SW_LDAC _En 0

7 6 5 4. 3 2 1 0
[ofo]oJofofofo]o]

[7] SLD_TRIG_0 (W)j-I l_: [6:0] RESERVED

Table 36. Bit Descriptions for SW_LDAC_TRIG_0

Bits Bit Name Description Reset Access
7 SLD_TRIG_0 Software LDAC Trigger 0. When set, initiates transfer of Input_Chn to DAC_Chn, where n is the channel number | 0x0 W

as enabled by SW_LDAC_En_0. Writing 0 will have no effect.
[6:0] RESERVED Reserved. 0x0 R

MULTIPLE INPUT REGISTER
Address: 0xDF, Reset: 0x0000, Name: MULTI_INPUT_CH
Data written to this register also writes all Input_Chn selected in Multi_Input_Sel_0; read data will always return the latest data written

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o]ofofoJofo]oJofo]ofofo]ofo]o]o]
L J

[15:0] MULTI_INPUT_VAL (R/W) J

Table 37. Bit Descriptions for MULTI_INPUT_CH
Bits Bit Name Description Reset Access

Multiple Input Value. Data to be written to all Input_Chn selected in Multi_Input_Sel 0. Read data will
[15:0] MULTI_INPUT VAL always return the latest data written. 0x0 RIW

MULTIPLE INPUT SELECT 0 REGISTER
Address: 0xEO, Reset: 0xOF, Name: MULTI_INPUT SEL 0
Select which Input_Chn will be written when a write operation is executed on Multi_Input_Ch; only applies Input_Ch0 to Input_Ch3

7 6 5 4,3 2 1 0

Lofofofofr]1f«]1]
[7:4] RESERVED:_I | | T [0] MI_SEL_CH_0 (R/W)
[3] MI_SEL_CH_3 (R/W) [1] MI_SEL_CH_1 (R/W)

[2] MI_SEL_CH_2 (R/W)

Table 38. Bit Descriptions for MULTI_INPUT_SEL_0

Bits Bit Name Description Reset Access
[7:4] RESERVED Reserved. 0x0 R
3 MI_SEL_CH_3 Multiple Input Select Channel 3. If selected, write operation on Multi_Input_Ch also writes Input_Ch3 with the 0x1 RIW

same data. If deselected, write operation on Multi_DAC_Ch will have no effect on Input_Ch3.
0: MI Sel 0. Deselect Input_Ch3 for Multi_Input_Ch operation.
1. MI Sel 1. Select Input_Ch3 for Multi_Input_Ch operation.

2 MI_SEL_CH_2 Multiple Input Select Channel 2. If selected, write operation on Multi_Input_Ch also writes Input_Ch2 with the 0x1 RIW
same data. If deselected, write operation on Multi_DAC_Ch will have no effect on Input_Ch2.

0: MI Sel 0. Deselect Input_Ch2 for Multi_Input_Ch operation.
1. MI Sel 1. Select Input_Ch2 for Multi_Input_Ch operation.

1 MI_SEL_CH_1 Multiple Input Select Channel 1. If selected, write operation on Multi_Input_Ch also writes Input_Ch1 with the 0x1 RIW
same data. If deselected, write operation on Multi_DAC_Ch will have no effect on Input_Chf1.

0: MI Sel 0. Deselect Input_Ch1 for Multi_Input_Ch operation.
1. MI Sel 1. Select Input_Ch1 for Multi_Input_Ch operation.
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Table 38. Bit Descriptions for MULTI=INPUT & 0 (Continued)
Bits Bit Name Description Reset Access
0 MI_SEL_CH_0 Multiple Input Select Channel 0. If selected, write operation on Multi_Input_Ch also writes Input_Ch0 with the 0x1 RIW
same data. If deselected, write operation on Multi_DAC_Ch will have no effect on Input_ChO.
0: MI Sel 0. Deselect Input_ChO for Multi_Input_Ch operation.

1: MI Sel 1. Select Input_ChO for Multi_Input_Ch operation.

SOFTWARE LDAC TRIGGER 0 REGISTER
Address: 0xE1, Reset: 0x00, Name: SW_LDAC TRIG 0
Initiates transfer of Input_Chn to DAC_Chn; only takes effect on enabled channels identified by SW_LDAC En 0

7 6 5 4,3 2 1 0
[o]ofofoJofofo]of

[7] SLD_TRIG_0 (W)—'Tl [6:0] RESERVED
Table 39. Bit Descriptions for SW_LDAC_TRIG_0
Bits Bit Name Des::ription_ Reset Access
7 SLD_TRIG 0 Software LDAC Trigger 0. When set, initiates transfer of Input_Chn to DAC_Chn, where n is the channel number | 0x0 W
as enabled by SW_LDAC_En_0. Writing 0 will have no effect.
[6:0] RESERVED Reserved. 0x0 R

INPUT REGISTER
Address: 0xE3 to 0xE9 (Increments of 2), Reset: 0x0000, Name: INPUT_CHn

A write to this register does not update the output voltage of the device; hardware LDAC or software LDAC is required to push data from
INPUT_CHn to DAC_Chn, which will also update the output

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

[ofofofoJofofoJofofofofo]ofofo]o]
L J
]

[15:0] INPUT_VAL (R/W)

Table 40. Bit Descriptions for INPUT_CHn
Bits Bit Name Description Reset Access
[15:0] ‘ INPUT_VAL Input Value. 16-bit INPUT_CHn data where n is the channel number. 0x0 RIW
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Figure 80. 25-Ball Wafer Level Chip Scale Package [WLCSP]
(CB-25-11)
Dimensions shown in millimeters

ORDERING GUIDE

Model' Temperature Range Package Description Packing Quantity Package Option

AD3531RBCBZ-RL7 -40°C to +125°C 25-Ball WLCSP (2.143mm x Reel, 1500 CB-25-11
2.193mm x 0.500mm)

AD3531RBCBZ-RL7 -40°C to +125°C 25-Ball WLCSP (2.143mm x Reel, 1500 CB-25-11
2.193mm x 0.500mm)

! Z =RoHS Compliant Part.

EVALUATION BOARD

Model' Description
EVAL-AD3531RARDZ Evaluation Board

! Z =RoHS Compliant Part.
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