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FEATURES 
12-bit resolution and monotonicity 
Dynamic power control for thermal management 
Current and voltage output pins connectable to a single 

terminal 
Current output ranges: 0 mA to 20 mA, 4 mA to 20 mA,  

and 0 mA to 24 mA 
±0.1% total unadjusted error (TUE) maximum 

Voltage output ranges (with 20% overrange): 0 V to 5 V,  
0 V to 10 V, ±5 V, and ±10 V 
±0.09% total unadjusted error (TUE) maximum 

User-programmable offset and gain 
On-chip diagnostics 
On-chip reference: ±10 ppm/°C maximum 
−40°C to +105°C temperature range 

APPLICATIONS 
Process control 
Actuator control 
PLCs 

GENERAL DESCRIPTION 
The AD5735 is a quad-channel voltage and current output DAC 
that operates with a power supply range from −26.4 V to +33 V.  

On-chip dynamic power control minimizes package power 
dissipation in current mode. This reduced power dissipation  
is achieved by regulating the voltage on the output driver from 
7.4 V to 29.5 V using a dc-to-dc boost converter optimized for 
minimum on-chip power dissipation. 

The AD5735 uses a versatile 3-wire serial interface that operates 
at clock rates of up to 30 MHz and is compatible with standard 
SPI, QSPI™, MICROWIRE®, DSP, and microcontroller interface 
standards. The serial interface also features optional CRC-8 packet 
error checking, as well as a watchdog timer that monitors activity 
on the interface. 

PRODUCT HIGHLIGHTS 
1. Dynamic power control for thermal management. 
2. 12-bit performance. 
3. Quad channel. 

COMPANION PRODUCTS 
Product Family: AD5755, AD5755-1, AD5757, AD5737 
External References: ADR445, ADR02 
Digital Isolators: ADuM1410, ADuM1411 
Power: ADP2302, ADP2303 
Additional companion products on the AD5735 product page 
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Figure 1. 
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Timing Diagrams 
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Figure 3. Serial Interface Timing Diagram 
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Figure 4. Readback Timing Diagram (Packet Error Checking Disabled) 
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Figure 5. Readback Timing Diagram (Packet Error Checking Enabled) 
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Figure 6. Status Readback During Write, Timing Diagram 
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Figure 7. Load Circuit for SDO Timing Diagrams 
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TERMINOLOGY 
Relative Accuracy or Integral Nonlinearity (INL) 
Relative accuracy, or integral nonlinearity (INL), is a measure  
of the maximum deviation from the best fit line through the 
DAC transfer function. INL is expressed in percent of full-scale 
range (% FSR). Typical INL vs. code plots are shown in Figure 9 
and Figure 32. 

Differential Nonlinearity (DNL) 
Differential nonlinearity (DNL) is the difference between the 
measured change and the ideal 1 LSB change between any two 
adjacent codes. A specified DNL of ±1 LSB maximum ensures 
monotonicity. The AD5735 is guaranteed monotonic by design. 
Typical DNL vs. code plots are shown in Figure 10 and 
Figure 33. 

Monotonicity 
A DAC is monotonic if the output either increases or remains 
constant for increasing digital input code. The AD5735 is 
monotonic over its full operating temperature range. 

Negative Full-Scale Error or Zero-Scale Error 
Negative full-scale error is the error in the DAC output voltage 
when 0x0000 (straight binary coding) is loaded to the DAC 
register. 

Zero-Scale Temperature Coefficient (TC) 
Zero-scale TC is a measure of the change in zero-scale error 
with a change in temperature. Zero-scale TC is expressed in 
ppm FSR/°C. 

Bipolar Zero Error 
Bipolar zero error is the deviation of the analog output from the 
ideal half-scale output of 0 V when the DAC register is loaded 
with 0x8000 (straight binary coding). 

Bipolar Zero Temperature Coefficient (TC) 
Bipolar zero TC is a measure of the change in the bipolar zero 
error with a change in temperature. It is expressed in ppm 
FSR/°C. 

Offset Error 
In voltage output mode, offset error is the deviation of the 
analog output from the ideal quarter-scale output when the 
DAC is configured for a bipolar output range and the DAC 
register is loaded with 0x4000 (straight binary coding). 

In current output mode, offset error is the deviation of the 
analog output from the ideal zero-scale output when all DAC 
registers are loaded with 0x0000. 

Offset Error Drift or Offset TC 
Offset error drift, or offset TC, is a measure of the change in 
offset error with changes in temperature and is expressed in 
ppm FSR/°C. 

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

Gain Temperature Coefficient (TC) 
Gain TC is a measure of the change in gain error with changes 
in temperature and is expressed in ppm FSR/°C. 

Full-Scale Error 
Full-scale error is a measure of the output error when full-scale 
code is loaded to the DAC register. Ideally, the output should be 
full-scale − 1 LSB. Full-scale error is expressed in % FSR. 

Full-Scale Temperature Coefficient (TC) 
Full-scale TC is a measure of the change in full-scale error with 
changes in temperature and is expressed in ppm FSR/°C. 

Total Unadjusted Error (TUE) 
Total unadjusted error (TUE) is a measure of the output error 
that includes all the error measurements: INL error, offset error, 
gain error, temperature, and time. TUE is expressed in % FSR. 

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 while monitoring 
another DAC, which is at midscale. 

Current Loop Compliance Voltage 
The current loop compliance voltage is the maximum voltage  
at the IOUT_x pin for which the output current is equal to the 
programmed value. 

Voltage Reference Thermal Hysteresis 
Voltage reference thermal hysteresis is the difference in output 
voltage measured at +25°C compared to the output voltage 
measured at +25°C after cycling the temperature from +25°C to 
−40°C to +105°C and back to +25°C. The hysteresis is specified 
in ppm. 

Output Voltage Settling Time 
Output voltage settling time is the amount of time it takes  
for the output to settle to a specified level for a full-scale input 
change. Plots of settling time are shown in Figure 24, Figure 49, 
and Figure 50. 

Slew Rate 
The slew rate of a device is a limitation in the rate of change of 
the output voltage. The output slewing speed of a voltage output 
DAC is usually limited by the slew rate of the amplifier used at 
its output. Slew rate is measured from 10% to 90% of the output 
signal and is given in V/μs. 

Power-On Glitch Energy 
Power-on glitch energy is the impulse injected into the analog 
output when the AD5735 is powered on. It is specified as the 
area of the glitch in nV-sec (see Figure 29 and Figure 46). 
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Digital-to-Analog Glitch Energy 
Digital-to-analog glitch energy is the impulse injected into  
the analog output when the input code in the DAC register 
changes state but the output voltage remains constant. It is 
normally specified as the area of the glitch in nV-sec and is 
measured when the digital input code is changed by 1 LSB at 
the major carry transition (~0x7FFF to 0x8000). See Figure 26. 

Glitch Impulse Peak Amplitude 
Glitch impulse peak amplitude is the peak amplitude of the 
impulse injected into the analog output when the input code in 
the DAC register changes state. It is specified as the amplitude 
of the glitch in mV and is measured when the digital input code 
is changed by 1 LSB at the major carry transition (~0x7FFF to 
0x8000). See Figure 26. 

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 is measured when the DAC output is not updated. It is 
specified in nV-sec and measured with a full-scale code change 
on the data bus. 

DAC-to-DAC Crosstalk 
DAC-to-DAC crosstalk is the glitch impulse transferred to the 
output of one DAC due to a digital code change and a subsequent 
output change of another DAC. DAC-to-DAC crosstalk includes 
both digital and analog crosstalk. It is measured by loading one 
DAC with a full-scale code change (all 0s to all 1s and vice versa) 
with LDAC low while monitoring the output of another DAC. 
The energy of the glitch is expressed in nV-sec. 

Power Supply Rejection Ratio (PSRR) 
PSRR indicates how the output of the DAC is affected by changes 
in the power supply voltage. 

Reference Temperature Coefficient (TC) 
Reference TC is a measure of the change in the reference output 
voltage with changes in temperature. It is expressed in ppm/°C. 

Line Regulation 
Line regulation is the change in the reference output voltage due 
to a specified change in supply voltage. It is expressed in ppm/V. 

Load Regulation 
Load regulation is the change in the reference output voltage due 
to a specified change in load current. It is expressed in ppm/mA. 

DC-to-DC Converter Headroom 
DC-to-DC converter headroom is the difference between the 
voltage required at the current output and the voltage supplied 
by the dc-to-dc converter (see Figure 52). 

Output Efficiency 
Output efficiency is defined as the ratio of the power delivered 
to a channel’s load and the power delivered to the channel’s  
dc-to-dc input. The VBOOST_x quiescent current is considered 
part of the dc-to-dc converter’s losses. 

CCCC

LOADOUT

AIAV

RI



2

 

Efficiency at VBOOST_x 
The efficiency at VBOOST_x is defined as the ratio of the power 
delivered to a channel’s VBOOST_x supply and the power delivered 
to the channel’s dc-to-dc input. The VBOOST_x quiescent current is 
considered part of the dc-to-dc converter’s losses. 
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ENABLING THE OUTPUT 
To correctly write to and set up the part from a power-on 
condition, use the following sequence: 

1. Perform a hardware or software reset after initial power-on. 
2. Configure the dc-to-dc converter supply block. Set the  

dc-to-dc switching frequency, the maximum output voltage 
allowed, and the dc-to-dc converter phase between channels. 

3. Configure the DAC control register on a per-channel basis. 
Select the output range, and enable the dc-to-dc converter 
block (DC_DC bit). Other control bits can also be config-
ured. Set the INT_ENABLE bit, but do not set the OUTEN 
(output enable) bit. 

4. Write the required code to the DAC data register. This step 
implements a full internal DAC calibration. For reduced 
output glitch, allow at least 200 μs before performing Step 5. 

5. Write to the DAC control register again to enable the 
output (set the OUTEN bit). 

Figure 74 provides a flowchart of this sequence. 

POWER ON.

STEP 1: PERFORM A SOFTWARE/HARDWARE RESET.

STEP 4:

STEP 2: WRITE TO DC-TO-DC CONTROL REGISTER TO
SET DC-TO-DC CLOCK FREQUENCY, PHASE,
AND MAXIMUM VOLTAGE.

STEP 3: WRITE TO DAC CONTROL REGISTER. SELECT
              THE DAC CHANNEL AND OUTPUT RANGE.
              SET THE DC_DC BIT AND OTHER CONTROL
              BITS AS REQUIRED. SET THE INT_ENABLE BIT
              BUT DO NOT SET THE OUTEN BIT.

STEP 5:

0
99

61
-0

73

WRITE TO ONE OR MORE DAC DATA REGISTERS.

WRITE TO DAC CONTROL REGISTER. RELOAD

               ALLOW AT LEAST 200µs BETWEEN STEP 3
               AND STEP 5 FOR REDUCED OUTPUT GLITCH.

SEQUENCE AS IN STEP 3. SET THE OUTEN
BIT TO ENABLE THE OUTPUT.

 
Figure 74. Programming Sequence to Correctly Enable the Output 

REPROGRAMMING THE OUTPUT RANGE 
When changing the range of an output, the same sequence 
described in the Enabling the Output section should be used.  
It is recommended that the range be set to 0 V (zero scale or 
midscale) before the output is disabled. Because the dc-to-dc 
switching frequency, maximum output voltage, and phase have 
already been selected, there is no need to reprogram these values. 
Figure 75 provides a flowchart of this sequence. 

STEP 3: WRITE VALUE TO THE DAC DATA REGISTER.

STEP 1: WRITE TO CHANNEL’S DAC DATA
REGISTER. SET THE OUTPUT
TO 0V (ZERO OR MIDSCALE).

STEP 2: WRITE TO DAC CONTROL REGISTER.

SET THE NEW OUTPUT RANGE. KEEP THE
DC_DC BIT AND THE INT_ENABLE BIT SET.

STEP 4: WRITE TO DAC CONTROL REGISTER.
RELOAD SEQUENCE AS IN STEP 2.
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CHANNEL OUTPUT IS ENABLED.

DISABLE THE OUTPUT (OUTEN = 0) AND

SET THE OUTEN BIT TO ENABLE THE
OUTPUT.  

Figure 75. Programming Sequence to Change the Output Range 
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OUTLINE DIMENSIONS 
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Figure 87. 64-Lead Lead Frame Chip Scale Package [LFCSP_VQ] 

9 mm × 9 mm Body, Very Thin Quad 
(CP-64-3) 

Dimensions shown in millimeters 

 

ORDERING GUIDE 
Model1 Resolution (Bits) Temperature Range Package Description Package Option 
AD5735ACPZ 12 −40°C to +105°C 64-Lead LFCSP_VQ CP-64-3 
AD5735ACPZ-REEL7 12 −40°C to +105°C 64-Lead LFCSP_VQ CP-64-3 
 
1 Z = RoHS Compliant Part. 
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