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Design Summary
The design requirements are as follows:
e  Supply Voltage: £15V
e  Analog Output Channels: 2
¢  Resolution: 16-Bit
o  Digital Input: 3-Wire SPI, = 4 kV Isolation
e  Voltage Outputs: £10 V
. Current Outputs: 24 mA
e  Circuit Protection: Immunity to IEC61000-4 Transient Testing

The design goals and performance for £10 V and +24 mA outputs are summarized in Table 1. Figure 1
depicts the total unadjusted error (TUE) of the design measured in both voltage and current output modes.
Figure 2 displays the current and voltage output error after a two-point calibration is applied.

Table 1: Comparison of Design Goals, Simulated, and Measured Performance

Current (24 mA) Voltage (+10 V)
Specification Goals Calculated Measured Goals Calculated Measured
Total Unadjusted 0.15 %FSR, 0.111 %FSR, 0.016 %FSR, 0.15 %FSR, 0.149 %FSR, 0.025 %FSR,
Error (TUE) (0.072 mA) (0.0533 mA) (0.0077 mA) (0.03V) (0.029 V) (0.005 V)
Calibrated Output 0.01 %FSR, | 0.0117 %FSR, | 0.0052 %FSR, 0.01 %FSR, 0.0117 %FSR, 0.0075 %FSR,
Error (0.0048 mA) (0.0056 mA) (0.0025 mA) (0.002 V) (0.0023 V) (0.0015 V)
IEC61000-4 Immunity Pass n/a Pass Pass n/a Pass
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Figure 1: Measured Unadjusted Output Current and Output Voltage Error
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Figure 2: Calibrated Output Current and Output Voltage Error
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2 Theory of Operation

The analog output circuitry for this two-channel combined voltage and current output driver is realized with
a dual output digital-to-analog converter (DAC) and two industrial voltage/current output driver integrated
circuits. The integrated output driver allows for digital selection between voltage, Voyr, and current, loyr,
modes on a combined output pin, reducing connector and wiring costs. Digital isolation for the SPI and
GPIO control signals is accomplished using two 4-channel digital isolators. A detailed schematic for the
design is shown in Figure 3.
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Figure 3: Detailed Schematic
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2.1 lout Mode
When configured for current mode, the output of the current copy circuitry internal to the XTR300 is routed
to the SET pin. This provides feedback for the internal OPA driver based on 1/10" of the output current,
resulting in a voltage to current transfer function. To achieve the bipolar current outputs from the single-
ended DAC output voltage, Vpac, an offset must be applied to the XTR300 SET pin. This is accomplished
by connecting the resistor, Rset, from the SET pin to Vgee resulting in the transfer function shown in
Equation 1. Figure 4 displays the output driver configured for current mode.
|OUT=10*[VDAC*VREF] N
Rser
Ccomp
1]
+15V  -15V
0.1uF 0.1uF
XTR300 Ve V-
Rivon | Ivon
VIN V/ OUTA
Voac / T—E/S\E/(r—
Rioan
o
DGND
Figure 4: XTR300 Configured for loyr Mode
While it was not utilized in design, the output of the INA can be monitored at the IAqyt pin which can be
used to calculate the load voltage, resistance, and power dissipation.
4 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested TIDU434-August 2014
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2.2 Vout Mode

When configured for voltage mode, the output of the INA internal to the XTR300 is routed to the SET pin
creating feedback for the internal amplifier based on INA input voltage. The feedback from the INA
provides high impedance remote sensing of the voltage at the output load which can be used to overcome
errors from PCB traces and protection component impedances. While it was not utilized in design, a 1/10"
copy of the output current of the OPA can be monitored at the lyon pin which can be used to calculate the
load resistance or load power.

In Vour mode the transfer function includes the gain of the INA which is determined by the value of the
external gain setting resistor, Rg. Figure 5 displays the output driver configured for voltage mode and
Equation 2 displays the transfer function.

Rg . [ Vbac — Vrer
Vout =—=* (7 2
2 Rser
Ccomp
If
+15V  -15V
0.1uF 0.1uF
Rivon | Ivon Current
Copy
1|DRV
5\‘7 VIN > VI OUTA
+VREF ) SET QPA oRY D
Vore [ Y v A A
a RG, Ruoro
Ria L1Aqyr INA Re
> RG,
1An] ‘ GuND
Mzog /,azD Digital Error EF:?D" 10k *2:3V
! ? Control Flags EFor
DGND Flag_A
Figure 5: XTR300 Configured for Voltage Mode
TIDU434-August 2014 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested 5
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3

3.1

Component Selection

DAC - DAC8563

To meet the requirements of this design, a 16-bit dual channel, rail-to-rail voltage-output DAC with an
integrated 2.5 V reference is required. Errors from gain, offset, and Vrer inaccuracy should be lower than
the total unadjusted goals of 0.15 %FSR and the linearity errors should be less than 0.01% to meet the
calibrated error goals.

The DAC8563 meets the requirements of the design and offers strong dc performance with typical offset
errors of 1 mV, gain errors of 0.01%FSR, and integral non-linearity (INL) errors of 4 LSB. The max
differential non-linearity (DNL) specification of £1 least significant bit (LSB) provides fully monotonic
operation. The internal reference has an initial accuracy of £5 mV with 4-ppm/°C temperature drift and can
source or sink up to 20 mA at the Vrgrin/V rerout PIN.

The DAC8563 device incorporates a power-on-reset circuit that configures the DAC output to mid-scale
voltage at power-up which will set the output of the XTR300 to OV / OmA at power-up. The versatile 3-wire
serial interface is compatible with SPI, QSPI, Microwire interface standards, as well as the serial peripheral
in most embedded processors.

3.2 Output Driver — XTR300

The XTR300 is a complete single-channel output driver for industrial and process control applications. It is
capable of sourcing and sinking voltage and current over the standard industrial output ranges which are
configured through external gain setting resistors. The output can be configured for Ioyt Or Vout mode
based on a digital control signal. The XTR300 features strong dc performance with typical offset voltage of
400 pV and drift of 1.6 uV/°C. Typical gain errors of 0.04% FSR and linearity errors of 0.01% FSR make
this a good choice given the accuracy goals in this design.

The three open collector error signals are provided to indicate output related error. These include over-
current or open-load errors (EF,p ), exceeding the common-mode input range at the IA inputs (EF¢y ), and
over-temperature warnings (EFor ). Isolated monitoring of the error flags for both XTR300 devices is
accomplished in this design by OR’ing the three open-collector error flags for each XTR300 and then
sending them individually through the digital isolator.

Load monitoring is possible in both Voyr and loyt modes using the lyon and 1Agyr pins..

3.3 Digital Isolator — ISO7641FC

In order to maintain isolation from the host controller, the digital signals used to control the DAC and
XTR300 must be isolated through a digital isolator. The ISO764XFC family of digital isolators supports
data rates up to 25 MBPS with greater than 4 kV of galvanic isolation.

There were a total of six digital outputs and two digital inputs required to communicate with the DAC and
control and monitor the XTR300 outputs. Therefore two 1ISO7641 devices were used which each feature
three output channels and one input channel.

3.4 Passive Component Selection

The Rser and Rg resistor values are determined based on the desired output ranges and the Vpac and
Vrer Voltages. Equation 1 can be rearranged to calculate Rget for the desired +24 mA output range as
shown in Equation 3. The system will be designed with a Vpc voltage range of 0.04 V to 4.96 V to operate
the DAC8563 in the specified linear output range from codes 512 to 65024.

Regr =10- Vbac — VRer :10_(4.%V—2.5vj=10250 @)
louT 0.024A
6 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested TIDU434-August 2014
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Rser was selected to be 1.02 kQ based on availability of 0.1% tolerance components. Lower unadjusted
error can be achieved by selecting a lower tolerance Rger resistor to match the 0.01% typical gain error
specification of the XTR300.

Equation 2 can be rearranged to calculate the Rg value based on the same Vp,c voltage range and the
desired £10 V Voyr voltage range as shown in Equation 4.

_ 2-VouT_max'Rser  2-10V-1020Q

R -
G Viac — VRer 4.96V-2.5V

=8292Q (4)

The closest standard 0.1% tolerance resistor values are 8.25 kQ and 8.45 kQ. While the 8.25 kQ resistor
results in output voltages slightly outside of the specified Vpac linear output range it was selected due to
closer proximity to the calculated value. Again, lower unadjusted error can be achieved by selecting a
lower tolerance Rser resistor to match the 0.01% typical gain error specification of the XTR300.

The Vpac Voltages corresponding to the specified maximum and minimum outputs for both Ioyt and Voyur
are shown in Table 2.

Table 2: Vpac Outputs for Desired Ioyr and Voyur Ranges

Output Level Vpac (V) Voac SPAN (V)
-24 mA 0.0520
4.896
+24 mA 4.9480
-10V 0.0273
4.9454
+10V 4.9727

The inputs to the INA have been filtered to reduce extrinsic noise sources at frequencies above 4 kHz. The
filter resistors have been selected to be 5.1 kQ to protect the XTR inputs from low-level transient voltages
that are above the XTR300 supply voltage but below the clamp voltage of the external protection circuitry.
The capacitor was sized to be 0.01 pF resulting in the differential filter cutoff frequency shown in Equation
5.

1
f e =
2.1-(5100+5100)-0.01pF

=3.98kHz ®)

Rimon and Rjx have been selected to be 750 Q to properly load the monitor outputs.

The Ccomp Capacitor compensates the control loop for the XTR300 providing a stable output with output
capacitance. The datasheet recommended value of 47 nF has been selected based on the 100 nF output
capacitor and INA input filter.

TIDU434-August 2014 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested 7
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3.5 Protection Component Selection
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Figure 6: Simplified Schematic Showing Output Protection Components

The protection scheme in this design, shown in Figure 6, is intended to provide immunity to transient
voltage disturbances as described in the IEC61000-4 tests. The IEC61000-4 transients have two
components: a high frequency component and a high energy component. Therefore the protection strategy
focuses on attenuating the high frequency transients and diverting the energy from the high energy

components away from the sensitive circuitry.

Attenuation is achieved through resistors and capacitors that attenuate high-frequency transients and also
limit series current. Ferrite beads are used to maintain dc accuracy while still limiting current from high
frequency transients. Capacitors placed directly at the output terminals help attenuate transient energy
from high frequency tests such as electrostatic discharge (ESD) and electrically fast transients (EFT).

Diverting the large energy transients to GND or the supply rails is accomplished using transient voltage
suppressor (TVS) diodes and clamp-to-rail diodes. The protection scheme must limit the level of the
voltage transients to a level less than the absolute maximum rating for the output of the XTR300. More
information on the IEC61000-4 tests and the protection circuitry requirements can be obtained in TIPD153.

3.5.1 Passive Components

The capacitors placed on the output terminals of the voltage and current outputs are used in combination
with the transient generator’s source impedance to attenuate the transient energy before it is diverted by
the TVS diodes or Schottky diodes. The 0.1 pF size of the capacitor plays a key role in delivering class A
performance in the IEC61000-4 ESD and EFT tests, at the cost of system bandwidth.

A 15 Q resistor and a ferrite bead are placed between the XTR300 output and the output terminal. The
resistor will limit the dc current and the ferrite bead has an impedance of 500 Q at 100 MHz providing a
large series impedance for high frequency transients. The ferrite bead also acts as a pass element to limit
the current between the TVS diode and the Schottky diode.

8  Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested
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3.5.2

3.5.3

4

4.1

TVS Diode

A bidirectional TVS diode can be used to divert high voltage transients to ground for systems that utilize
symmetrical supply voltages, such as 15 V. For non-symmetrical supply voltages two unidirectional TVS
diodes must be used. In both cases, diode selection is based on working voltage, breakdown voltage, and
power rating.

To match the £15 V power-supply voltages, a bidirectional TVS diode with a working voltage of 15V, a
breakdown voltage of +16.7 V and power rating of 400 W was chosen.

Schottky Diode

All Schottky diodes feature low forward voltage drop for lower currents, but the forward voltage drop will
increase when exposed to excessive current. The Schottky diode used in this design must maintain low
enough forward voltage drop to keep the voltage at the input terminals within the absolute maximum
ratings for all components connected to the output terminals. The diode used in this design features
forward voltage drop of 1.5 V when 1 A is flowing through the diode.

Circuit Performance Calculations

lout Accuracy

The oyt circuit performance is based on the specifications of the DAC8563, XTR300, and the Rger
transfer function setting resistor. The typical dc performance specifications of the DAC8563 are displayed
in Table 3.

Table 3: Typical DAC8563 Performance Specifications

DAC8563 Specification Typical Value
Offset (mV) +1
DNL (LSB) +0.2
INL (LSB) +4
Gain error (%FSR) +0.01
Vrer Accuracy (mV) +0.1

To achieve the current output of +24 mA, the output range of the DAC8563 is from 0.052V to 4.948V
resulting in an input voltage span of 4.896V. Using the input span and the specifications of the DAC8563,
the total unadjusted error, TUE, of the DAC8563 can be calculated as shown in Equation 6.

2 2 X 2 2
0 V,
|TUE_DAC(%FSR)_[\/[VVOS ] +[IELLSBJ +(GamlaggORA)] +[ RE\';—ERROR] }xlOO
IN_SPAN BITS REF

2 2 2 2
ITUE_DAC(%FSR)z{\/[ 4152)\e{>vj +(%J +[2'T001j +(021;nvvj ]x100=0.0239%FSR

(6)

TIDU434-August 2014 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested 9
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Applying a two-point calibration to the design will remove the effects of gain and offset errors leaving only
the linearity errors of the DAC8563 as shown in Equation 7.

2
INL
ICAL_DAC(%FSR)_[ [NiLSB] ]xlOO
BITS

2
lcaL_pac(%FSR) = [ [%) ]xlOO =0.0061%FSR
- 2

The XTR300 performance specifications in Ioyr mode, including the effects of Rger, are displayed in Table
4. Errors from Vger form an offset error in the XTR300 circuit performance because Vger is used to offset
the DAC output voltage and is part of the XTR300 circuit transfer function.

Table 4: Typical XTR300 Circuit loyt Performance Specifications

Output Range XTR300 Specification Typical Value
Offset (mV) +0.4
Nonlinearity (%FSR) +0.01
Current (24 mA) Gain Error (%FSR) +0.04
Vger Accuracy (mV) +0.1
Rser Tolerance (%) +0.1

Using these specifications and the DAC8563 output range, the TUE of the XTR300 can be calculated as
shown in Equation 8. The calculations show that the Rsgr resistor tolerance is the largest error source.
Lower tolerance resistors can be used to decrease the total unadjusted error at the expense of increased
system cost.

2 . 2 . A 2 2 2
0 () V, R
ltue xTrR(#FSR) = Vos +[Gam5RROR(/°)] +(Non|lneany(A))J +| —REF_ERROR +( SET—TOLJ x100
N_SPAN 100 100 Vin_sPan 100

2 2 2 2 2
lrye_xTR(#FSR) = 0.4mv )~ (0.041" (0.01)" (0.ImV 1" (0.1} 150-_0.1085%
-~ 4.896V 100 100 4.896V 100

Applying a two-point calibration to the design will remove the effects of gain and offset errors leaving only
the linearity errors of the XTR300 as shown in Equation 9.

Nonlineariy(%))2 ]xloo

lcaL_xTr(%FSR) —[ [ 100

0.01)°
IcaL xTr(%FSR) = [m] x100=0.01%FSR

Since the DAC error and the XTR error are uncorrelated, a probable full system TUE for £24mA outputs
can be calculated by taking the root of the sum of squares (RSS) of the individual errors from the
DAC8563 and XTR300 as shown in Equation 10.

lrue ToTAL%FSR) = JITUE_DAC(%FSR) 2 +lrye xTrAFSR)? = J(0.024% +(0.108% =0.111% (10)

The final calibrated results are shown in Equation 11.

lcaL ToTaL(%FSR) = \/ICA,__DAC(%FSR)Z +lcaL xTr(WFSR)? = \/(0.0061])2 +(0.01% =0.0117%FSR (1)

For worst case analysis using the maximum datasheet values, see Appendix A.3.1.

10 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested TIDU434-August 2014
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4.2 Vour Accuracy

The Voyt accuracy is based on the errors from the DAC8563, XTR300, Rser, and Rg, The same
performance specifications apply for the DAC8563 in Voyr mode as they did in loyr mode. However, the
DAC output voltage has a span of 4.945 V for a 10 V output resulting in a slightly lower error as shown in

Equation 12.
Vos | [(INLggY (Gai %P (Vi ?
VTUE pAC= 0S +[ LSB] +( I"ERROR Oj +( REF-ERRORJ x100
- VIN_sPAN NeiTs 100 VREF

2 2 2 2
imv 4 0017 (0.1mV
V. SV A 22 100=0.0237%FSR
TUE_DAC {\/{4.945v} +(216] +(100J +( 2.5v] JX ’

The XTR300 performance specifications in Vour mode, including the effects of Rsgr and Rg, are displayed

(12)

in Table 5.
Table 5: Typical XTR300 Circuit VOUT Performance Specifications

Output Range XTR300 Specification Typical Value

Offset (mV) +0.4

Nonlinearity (%FSR) +0.01

Gain error (%FSR) +0.04

Voltage (£10 V)

Vger Accuracy (mV) +0.1

Rser Tolerance (%) +0.1

Rg Tolerance (%) +0.1

The TUE of XTR300 in Voyt mode is calculated in Equation 13. The calculations show that the Rsgr and

R resistor tolerances are the largest error sources. Lower tolerance resistors can be used to reduce the
total unadjusted error.

VIN_SPAN 100 100 VIN_SPAN
2 2
N Rser ToL N Re ToL 13
100 100 (13)
2 2 2 2 2 2
Vrye xTR(FSR) = 0.4mV " (0.04)" (0.01)" f0.1mV " [O.1)" (0111 1 00_0.1494%FSR
— 4.945V 100 100 4,945V 100 100

A two-point calibration will reduce the Voyr errors to the linearity error of the XTR300 as shown in Equation
14.

2 2
[ Vos ] J{Gai rERROR(%)jZ +[Non|ineariy(%))2 +[VREF_ERROR]
Vrye_xtr(%FSR) = 100

) o2
VeaL xTr(%FSR) = [\/(Nonll;ggﬁy(m)) ]x 100

(14)
0.01)
VeaL xTr(%FSR) = (1Toj x100=0.01%FSR

The Vour circuit TUE is calculated in Equation 15 using the DAC8563 and XTR300 TUE results.

VTUE_TOTAL(%FSR) = \/VTUE_DAC(%FSR)Z + VTUE_XTR(%FSR)Z = \/(00230/0)2 + (0147540/0)2 = 014940/( (15)

The final calibrated Vour results are calculated in Equation 16.

Vel ToTaL(%FSR) = \/vc AL DAC(FSR)? +Vea xTr(%FSR)? (\/ (0.006107 +(0.017 jxlOO =0.0117%FSR (16)

For worst case analysis using the maximum datasheet values, see Appendix A.3.2.

TIDU434-August 2014 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested 11
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5 PCB Design

The PCB schematic and bill of materials can be found in Appendix A.1.

5.1 PCB Layout

For optimal performance of this design follow standard precision PCB layout guidelines, including proper
decoupling close to all mixed signal integrated circuits and providing adequate power and GND
connections with large copper pours. The INA input signals should be routed directly from the output
terminal to reduce errors from PCB wiring resistance that would be present if it was connected to Vour
before the output terminal.

Additional considerations must be made for providing robust EMC/EMI immunity. All protection elements
should be placed as close to the output connectors as possible to provide a controlled return path for
transient currents that does not cross sensitive components. Optimal dissipation of the transient energy
occurs with wide, low-impedance, low-inductance traces along the output signal path and protection
elements. When possible, copper pours are used in place of traces. Stitching the GND pours provides an
effective return path around the PCB and helps reduce the impact of radiated emissions.

The layout for the design is shown in Figure 7.

GNOD  +15U
Mg, ©

kol
(=2
J4

Texas

INSTRUMENTS
TIPD155 Rev A - 2014
Two-Channel Isolated Sourcing s
and Sinking Combined Voltage
and-Carremt fAnatog Output

8806800800

[+

M

O il dLdLJ
R14R20R22R2¢€

Figure 7: Altium PCB Layout
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6 Verification and Measured Performance

6.1 +24 mA loyt Results

DC transfer function data for both Ioyt channels in £24 mA mode was collected using 8.5 digit multi-meters

to measure the output current of the circuit while driving 500 Q loads. The measurement results are shown
in Figure 8.

24 7

18
12

o] i

-12

Output Current (mA)
o

-18

24 ! L
0 10000 20000 30000 40000 50000 60000
Input Code

Figure 8: Output Current vs. Input Code for CH1 (red) and CH2 (blue)

The measured output current error for both channels is shown in Figure 9. The unadjusted current output
of CH2 showed higher error at around 8 pA. This correlates to 0.016%FSR for the £24 mA output span,
which is much less than the calculated value of 0.111%FSR. The discrepancy between the measured and
calculated results was a result of the tested Rsgr resistances being more precise than the maximum
tolerance of 0.1% used in the calculations.
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Figure 9: Output Current Error vs. Input Code for CH1 (red) and CH2 (blue)
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Applying a two-point gain and offset calibration to the results produces the final results shown in Figure 10.
The final calibrated error is about 2.5 pA or 0.0052% FSR which is within the range of the calculated value
of 0.0117% FSR.
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Figure 10: Calibrated Output Current Error vs. Input Code for CH1 (red) and CH2 (blue)

Measurements showing the errors of the DAC8563 and XTR300 separately can be seen in Appendix A.4
and Appendix A.5 respectively.

6.2 10V Vour Results

DC transfer function data for both Voyr channels in £10 V mode was collected using 8.5 digit multi-meters
to measure the output voltage of the circuit while driving 1 kQ loads. The measurement results are shown
in Figure 11.
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Figure 11: Output Voltage vs. Input Code for CH1 (red) and CH2 (blue)
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The output voltage error for both channels is shown in Figure 12. The unadjusted voltage output of CH2
displays higher error at around +5 mV. This correlates to 0.025%FSR for the +10 V output span.
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Figure 12: Output Voltage Error vs. Input Code for CH1 (red) and CH2 (blue)

Applying a two-point gain and offset calibration to the results produces the final results shown in Figure 13.
The final calibrated error is about 1.5 mV or 0.0075% FSR.
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Figure 13: Calibrated Output Voltage Error vs. Input Code for CH1 (red) and CH2 (blue)

Measurements showing the errors of the DAC8563 and XTR300 separately can be seen in Appendix A.4
and Appendix A.6 respectively.
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6.3 Measured Result Summary

The measured performance is summarized in Table 6.

Table 6: Comparison of Design Goals, Simulated, and Measured Performance

Current (24 mA) Voltage (10 V)
Specification Goals Calculated Measured Goals Calculated Measured
Total Unadjusted 0.15 %FSR, 0.111 %FSR, 0.016 %FSR, 0.15 %FSR, 0.149 %FSR, 0.025 %FSR,
Error (TUE) (0.072 mA) (0.0533 mA) (0.0077 mA) (0.03V) (0.029 V) (0.005 V)
Calibrated Output 0.01 %FSR, | 0.0117 %FSR, | 0.0052 %FSR, 0.01 %FSR, 0.0117 %FSR, 0.0075 %FSR,
Error (0.0048 mA) (0.0056 mA) (0.0025 mA) (0.002 V) (0.0023 V) (0.0015 V)

The calculated results are much higher than the measured results because the resistor tolerance
specification used in the calculations is a maximum specification producing a worst-case calculation.
Typical specification values were used for the DAC8563 and XTR300 to represent a typically produced
system. Using a lower tolerance resistor will increase the design cost but will lower the calculated
performance values.

7 Certification Testing Results

Class A performance for this EUT will be assigned for outputs that stay within 0.1% FSR of their intended
value, during exposure to each IEC61000-4 disturbance. The DAC outputs were programmed to static dc
levels before the tests and were not communicated with while the tests were active. The immunity testing
was performed on both the voltage and current outputs with the outputs programmed to both ¥4 and %
scale to test the immunity while sourcing and sinking. The IEC61000-4 certifications do not specify what
supporting equipment is used to monitor the output of the EUT. For this design, an Agilent 34401A 6.5 digit
digital multi-meter with resolution set to fast 5.5 digit mode was selected to monitor the outputs in either
current or voltage mode.

7.1 IEC61000-4-2: ESD (Electrostatic Discharge)

ESD tests were conducted at +8 kV vertical and horizontal coupling plane and +15 kV air discharge. ESD
had minimal effect on the current and voltage outputs of the system. During and after the tests the output
stayed within 0.1% FSR of the output value. Table 7 summarizes the results of the ESD tests. Figure 14
through Figure 19 show the outputs during each test.

Table 7. IEC61000-4-2 Results

Output Test Level Result Class

Horizontal Coupling Plane 8 kv Pass A

Current (24 mA) Vertical Coupling Plane 8 kv Pass A
Air Discharge 15 kv Pass A

Horizontal Coupling Plane 8 kv Pass A

Voltage (¥10 V) Vertical Coupling Plane 8 kv Pass A
Air Discharge 15 kV Pass A

16 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested TIDU434-August 2014

Copyright © 2014, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS
www.ti.com
7.1.1 lour ESD Results
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Figure 14: oyt £8 - KV ESD Horizontal Coupling Plane (HCP) chl and ch2
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Figure 15: loyr 8 - kV ESD Vertical Coupling Plane (VCP) chl and ch2
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Figure 16: loyt - £15 kV ESD Air Discharge chl and ch2
7.1.2 Vour ESD Results
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Figure 17: Vour - £8 kV ESD Horizontal Coupling Plane (HCP) ch1 and ch2
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Figure 18: Vour - #8 kV ESD Vertical Coupling Plane (VCP) chl and ch2
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Figure 19: loyt - £15 kV ESD Air Discharge chl and ch2

7.2 IEC61000-4-3: Rl (Radiated Immunity)

Exposure to radiated emissions with field strength of 20 VV/m caused the current output to deviate slightly
but caused almost no deviations on the voltage output. After the test was completed both the voltage and
current outputs returned to normal operation without deviation. Table 8 summarizes the results of each test
and Figure 20 and Figure 23 show the outputs during each test. A list of the test frequencies versus the
test time can be seen in Table 19.

Table 8. IEC61000-4-3 Results

Output Antennae Orientation Level Result Class
Vertical 20 V/m Pass A
Current (24 mA) -
Horizontal 20 V/m Pass A
Vertical 20 V/m Pass A
Voltage (10 V) -
Horizontal 20 V/Im Pass A

18 Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested
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7.2.1 lout RI Results
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Figure 20: loyt - Horizontal Polarity 20 V/m
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Figure 21: Igyt - Vertical Polarity 20 V/m
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Figure 22: Vour - Horizontal Polarity 20 V/im
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Figure 23: Vgour - Vertical Polarity 20 V/im
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7.3 IEC61000-4-4: EFT (Electrically Fast Transient)

The electrical fast transient bursts had almost no effect on the voltage output. The current output had
noticeable deviations for both positive and negative EFT bursts, with more sensitivity towards negative
bursts. After testing was complete normal functionality was restored. Table 9 summarizes the results of
each test. Figure 24 and Figure 25 show the current and voltage outputs during each test.

Table 9. IEC61000-4-4 Results

Output Level Result Class
+2 kV Pass A
Current (24 mA)
-2 kv Pass A
+2 kV Pass A
Voltage (10 V)
-2 kv Pass A
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Figure 24: loyt - £2 kV EFT Applied to CH2
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Figure 25: Vour - £2 kV EFT Applied to CH2
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7.4 IEC61000-4-5: Surge

The electrical lightning surge bursts had little effect on the voltage and current outputs. After testing was
complete normal functionality was restored. The Line-to-Line configuration connects the surge generator
directly between the Voyt/lour terminal and the board GND. Line-to-GND configurations connect the

generator between either the Voyt/loyt terminal or board GND and the generator chassis GND.

Table 10 summarizes the results of each test Figure 26 through Figure 31 show the voltage and current
outputs during each test.

Table 10. IEC61000-4-5 Results

Output Configuration Source Level Result Class
Impedance
Line-to-Line 47 Q +2 kV Pass A
Current (24 mA) Line-to-GND - Output 47 Q +2 kV Pass A
Line-to-GND - GND 47 Q +2 kV Pass A
Line-to-Line 47 Q +2 kV Pass A
Voltage (10 V) Line-to-GND - Output 47 Q +2 kV Pass A
Line-to-GND - GND 47 Q +2 kV Pass A
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Figure 26: loyt +12 mA - £2 kV Surge - Line-to-Line Applied between CH2 Output and GND
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Figure 27: loyr +12 mA - £2 kV Surge - Line-to-Ground Applied to CH2 Output
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Figure 28: Ioyt +12 mA - +2 kV Surge - Line-to-Ground Applied to CH2 GND
7.4.2 Vour Surge Results
+2kV_CH2_L2L-ch1 +2kV_CH2_L2L-ch2
__5.03 __5.03
2 5.02 2 5.02
%5‘01 g,,s.m
= 5 = 5
2 499 ——ch1 S 499 ——ch2
5 4.98 - S5 498 L
§ 4.97 } Limit+ ag' 4.97 } e LM+
© 49 Limit- © 496 Limit-
CH AN RINNANIoNITR CE RN AR IR ILTR
SONGOMOAMNTNSYTONGQ SN SOMAMN—INS S RNG
o o - NANANOON NN N OO o o - NANANOOOS T N Wmmo o
Time (min) Time (min)
Figure 29: Vout +5 V - £2 kV Surge - Line-to-Line Applied between CH2 Output and GND
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Figure 30: Vout +5 V - £2 kV Surge - Line-to-Ground Applied to CH2 Output
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Figure 31: Vout +5V - £2 kV Surge - Line-to-Ground Applied to CH2 GND
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7.5 |EC61000-4-6: Cl (Conducted Immunity)

The conducted immunity tests caused deviation in both the voltage and current outputs. The loyt

deviations were outside of the 0.1% FSR range resulting in a class B rating whereas the Vot results

remained within the 0.1% output tolerance. The results are summarized in Table 11. Figure 32 and Figure
33 show the behavior of the outputs during exposure to the Cl test. A list of the test frequencies versus the
test time can be seen in Table 20.

Table 11. IEC61000-4-6 Results

Result Class
Current (0-24mA) Pass B
Voltage (+10 V) Pass A
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Figure 32: loyt 12 mA — 10 Vrms CI Applied to CH2
7.5.2 Vour Cl Results
10Vrms_CH2-chl 10Vrms_CH2-ch2
5.03 5.03
5.02 5.02
5.01 5.01
5 » chl 5 ™™ ' e ch 2
4.99 4.99
498 | ——Limit+ | ,gg | ——Limit+
4.97 Limit- | 4.97 Limit-
NN Mo DWW M-~ <N N WIS NN S Mo M-« 0 m AN WIS S
QWM M+—"NDWOWONOOWWWMTEHOAOMN ON O QWM+ DNDWOWONONWUMTAAOMN ONO
QMR HINONGOQIRANANGGIR QMR AINONGOINANANG GI®
O OO = = = N nonon g s nn ©w O OO = = = N Mnmonon < < T nn w
Time (min) Time (min)

Figure 33: Vour 5V —-10 Vrms CI Applied to CH2
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8 Modifications

While simply changing the Vpac output range can change the output span to different common industrial
output ranges, the resulting loss of resolution is commonly not acceptable. Therefore, hardware
modifications should be made to achieve other Voyr and Ioyr ranges. Single-ended Voyr and loyr ranges
can be achieved by connecting the Rser resistor to GND instead of +2.5 V. Table 12 displays values for
Vrer, Rg, and Rser for common industrial output ranges.

Table 12. Vger, Rser, and Rg Values for Common Industrial Output Ranges

IOUT VREF RSET VOUT RG
+10V 8.06 kQ
25 mA 25V 976 Q
5V 4.02 kQ
10V 8.25 kQ
24 mA 25V 1.2 kQ
5V 4.22 kQ
10V 9.76 kQ
+20 mA 25V 1.02 kQ
5V 4.87 kQ
0-10V 8.20 kQ
0-25 mA ov 1.98 kQ
0-5V 4.02 kQ
0-10V 8.25 kQ
0-24 mA ov 2.05kQ
0-5V 4.12 kQ
0-10V 9.76 kQ
0-20 mA ov 2.43kQ
0-5V 4.87 kQ

The DAC8563 has 12 and 14-bit equivalents, the DAC8163 and DAC7563, which can be directly
substituted for the DAC8563 in lower accuracy systems. The output channel count could be increased to
four channels using the four-channel DAC8565 or reduced to one channel using the single-channel
DACB8560. The DAC8552 could also be used as a 16-bit option but would require an external reference
voltage.

The XTR300 is the only integrated solution available from Texas Instruments that can create a sourcing
and sinking current output. A discrete solution could be designed to create the same bipolar current output
but it would be more complex and likely less accurate than using the XTR300.

For applications that do not require both sourcing and sinking current, the DAC8760 devices can be
substituted for the DAC8563 and XTR300 to create the desired voltage and current outputs. Also,
solutions could be created using a DAC and the XTR111 current driver.

The output protection circuit was specifically designed to protect the outputs of the XTR300 powered from
bipolar 15 V supplies. Modifying the power supply voltages used in this design may require the selection of
different components, such as higher or lower breakdown voltage TVS diodes. Discrete solutions that use
multiple integrated circuits may also need to choose different protection components for appropriate
protection.
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Appendix A.

A.1 Electrical Schematic

The Altium electrical schematic for this design can be seen in Figure 34.
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Figure 34: Altium Schematic
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A.2 Bill of Materials

The bill of materials for this circuit can be seen in Figure 35.

Item # |Quantity Desig Value Description Manuf: er Part Numk
1,02, C3, C4, C5, 10, C11,
1 12|17, 022, 023, 024, C25 0.1uF AP CERM,0.1uF, 50%, +-10%, %7R, 0603 MuRata GRIM1BBR7 1H104k.2930
2 1]Ch 10uF CAP, CERM, 10uF, 50%, +-10%, »7R, 1210 MuRata GRMIZER7TH106KAI2L
3 2|C7, C8 10uF CAP, TANT, 10uF, 50%, +-10%, 0.8 ohm, 7343-43 SMD “ishay-Sprague 2930106X9050E2TES
4 1]c9 0.022uF CAP, CERM, 0.0220F, 16Y, +-10%, ¥7R, 0603 Kernet COB03C223KARACTY
5 2|¢12, ¢13 100pF CAP, CERM, 100pF, 50V, ++5%, COG/MPO, 0603 A 06035A101JATZA
5} 3|C14, C18, C18 0.01uF CAP, CERM, D.01uF, 50%, +-5%, 7R, 0603 Kernet COB03C103J5RACTU
7 1|C15 10uF CAP, CERM, 10uF, 16%, +-10%, »7R, 1206 MuRata GRMINTCR71CI06IKACTL
] 1|C16 4.7uF CAP, CERM, 4.7uF, 16, +-10%, 7R, 1206 TDOK CINBHTRICATSK
9 2|¢20, ¢21 0.047uF CAP, CERM, 0.0470F, 500, +-10%, ¥7R, 0603 TDK C1B0EX7RTH47 3K
10 2|C26, C27 0.1uF CAP, CERM, 0.1uF, 50V, ++-10%, ¥7R, 0603 Kernet COB03C104KERACTY
11 2|01 o2 Diode, T+S, Uni, 15%, B00W, SWEB Diades Inc SMBJ15&-13-F
12 2|03, 09 LED, Red, SMD Lite-On LTST-C17OKRKT
13 104 TS ESD PROT ULT LOWY CAP S0D-923 OM Serniconductor ESDSL5.05TSG
14 2|Ds, DB DIODE TVS ARRAY 15 500323 Bourns CDS0D323-TISEC
15 2|07, 08 Diode, TvS, Uni, 70%, W, 50T-323 Diodes Inc. DESD1PORFYQ-7
16 1[FB1 FERRITE CHIFP 600 OHM 200MA. 0603 WuRata BLWM1BHGEDTSNID
17 2|FB2, FB3 BEAD FERRITE 500 OHM 3.04 3216 Bourns Inc MH3261-501Y
18 2101, 2 COMMHEADER SPOS 100" TiH GLD Samtec, Inc. TSW-105-07-G-5
19 1[J3 CONM SOCKET 50PN .050 RyA SNGL Will-Wax Manufacturing Corp. |851-43-050-20-001000
20 14 COMM HEADER 2P0S 050 T/H GOLD" Sartec TMS-102-02-G-5
21 145 TERMINAL BLOCK 3.5MM 3POS PCB 0On Shore Technology Inc ED555/305
22 2|6, J7 TERMINAL BLOCK 3.5MM 2P0S PCB On Shore Technology Inc ED555/205
23 211, Q2 MOSFET, P-CH, -80%, -1.2A S0T-23 “ishay-Siliconix SI2337DS-T1-E3
R1, B2, R3, R4, RE, R7, R19,
24 10|R20, R24, R26 100k RES, 100k ohrr, 1%, 0.1/, 0603 ishay-Dale CRCWOB03100KFKEA
25 4|R5, R8, R11, R33 10.0k RES, 10.0k ghrn, 1%, 0.1%/, 0603 “ishay-Dale CRCWOB03 OKOFKEA
2B 1R 3.00k RES, 3.00k ghrn, 1%, 0.1%, 0603 Yageo Arerica RCOB03FR-073KL
27 1|R10 11.0k RES, 11.0k ghrn, 1%, 0.1%/, 0603 “ishay-Dale CRCWOB031 1 KOFKEA
28 2|R12, R34 3.30k RES, 3.30k ghm, 1%, 0.1%/, 0603 Yageo America RCOB03FR-073K3L
23 4|R13, R14, R17, R18 1.02k RES, 1.02k ohrn, 0.1%, 0.1%Y, 0503 Yageo Arnerica RTOR03BROO7 1 KO2L
30 4|R15, R16, R21, R22 780 RES, 750 ohrn, 1%, 0.1%V, 0603 “ishay-Dale CRCWOB03750RFKEA
3 4|R23, R25, R27, R28 5.10k RES, 5.10k ghrn, 1%, 0.1%, 0603 Yageo Arerica RCOB03FR-075K1L
32 2|R29, R30 8.25k RES, 8.25k ohrn, 0.1%, 0.1%Y, 0503 Susurnu Co Ltd RG1605P-8251-B-T8
33 2|R31, R32 15 RES, 15.0 ohm, 1%, 0.125¥, 0805 “ishay-Dale CRCWOB0515ROFKEA
34 2{U1, L2 IC DGTL IS0 4CH LOGIC 16301C Texas Instruments 1507641 FDWY
35 1|U3 IC, 25-% Input Voltage, 50-mA Voltage Regulator Texas Instruments TPS7A42010GN
36 1)L IC DAC 16BIT SRL DUAL 10MSOP Texas Instruments DACBEE3E0DGS
37 2|Us UG 1€, Industrial Analog CurrentAvoltage Output Driver Texas Instruments HTRI0DAIRGYWR

Figure 35: Bill of Materials
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A.3 Circuit Performance Calculations with Maximum Values

A.3.1 Maximum loyt Accuracy Calculations
Table 13: Maximum DAC8563 Performance Specifications

Output Range DAC8563 Specification Maximum Value
Offset (mV) +4
DNL (LSB) +1
Current (24 mA) INL (LSB) +12
Gain error (%FSR) +0.15
Vger Accuracy (mV) +5

The maximum total unadjusted error, TUE, of DAC8563 can be calculated as shown in Equation 17.

2 2 2 2
4mv 12V (0157 (5mv
| %FSR) = A 22) [ O15) (oMY 100-0.2637%FSR
TuE_pac#FSR) [\/(4.896Vj (216j [100] (2.5v] ]X ° (7

Applying a two-point calibration to the design will remove the effects of gain and offset errors leaving only
the linearity errors of the DAC8563 as shown in Equation 18:

2
lcaL pac(%FSR) =[ [;T%sj }x100=0.01837%FSR (18)

The XTR300 performance specifications in loyr mode, including the effects of Rser, are displayed in Table

14.
Table 14: Typical XTR300 Circuit loyt Performance Specifications
Output Range XTR300 Specification Maximum Value

Offset (mV) +1.8
Nonlinearity (%FSR) +0.1
Current (x24 mA) Gain Error (%FSR) +0.12

Vger Accuracy (mV) +5
Rser Tolerance (%) +0.1

Using these specifications and the DAC8563 input voltage range, the TUE of XTR300 can be calculated
as shown in Equation 19.

2 2 2 2 2
18mv ¥ (0.1 (0.12 5mV 0.1
I %FSR) = 23 (222, 211 1100-0.2149%
Tue xTR(%FSR) [\/[4.896Vj [100) (100) (4.896Vj (100) ]X ‘ (19)

Applying a two-point calibration to the design will remove the effects of gain and offset errors leaving only
the linearity errors of the XTR300 as shown in Equation 20:

2
|CAL_XTR(%FSR)=[ (%j ]xlOO:O.l%FSR (20)

Since the DAC error and the XTR error are uncorrelated, a probable maximum full system TUE for £24mA
outputs can be calculated by taking the root of the sum of squares (RSS) of the individual maximum errors
from the DAC8563 and XTR300, as shown in Equation 21.

lTue ToTAL(%FSR) = \/ITUEiDAC(%FSR)z +lrue xTr(FSR)? = \/(0.2637%)2 +(0.2149%) =0.3401% (21)
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The final maximum calibrated results are shown in Equation 22.

lcaL_ toTaL(%FSR) = \/ICA,LDAC(%FSR)Z +leaL xTr(WFSR)? :(J(o.01837)2 +(0.2? ): 0.1017%FSR (22)

A.3.2 Maximum Vgyr Accuracy Calculations

The same performance specifications apply for the DAC8563 in Voyr mode as they did in oyt mode.
However, the DAC output voltage has a span of 4.945 V for a £10 V output resulting in a slightly lower
error as shown in Equation 23:

1mv V2 (4 0.1mV\?
Vrue pacl%FSR) = (4 945\/) +[2?j +(0.00017 +( S oy ] x100=0.02634%FR 23)

The maximum XTR300 performance specifications in Voyr mode, including the effects of Rsgr and Rg, are
displayed in Table 15.

Table 15: Maximum XTR300 Circuit Vour Performance Specifications

Output Range XTR300 Specification Typical Value
Offset (mV) +1.8
Nonlinearity (%FSR) +0.1
Gain error (%FSR) +0.1
Voltage (£10 V)
Vger Accuracy (mV) +5
Rser Tolerance (%) +0.1
R Tolerance (%) +0.1

The TUE of XTR300 in Voyr mode is calculated in Equation 24.

2 2 2 2 2 2
1.8mV 0.1 0.1 5mvV 0.1 0.1
0, — — 0,

VruexrR(4FSR) \/(4.945vj +[100) +[100j +[4.945vj +(1ooj +(1ooj ]xlOO 0.227%FSR @4

A two-point calibration will reduce the Vgyr errors to the linearity error of the XTR300 as shown in Equation
25.

0.1\
Vear xTr(%FSR) = (176) x100=0.1%FSR (25)

The Voyr circuit maximum TUE is calculated in Equation 26 using the DAC8563 and XTR300 maximum
TUE results.

Vrue ToTal(%FSR) = JVTUE_D Ac(%FSR)? + Vrye xTr(%FSR)? = \/(0.2634%)2 +(0.227%)? =0.3477%FSR (26)

The final calibrated results for Voyr are shown in Equation 27.

Vel Toral(%FSR) = JVCAL_D Ac(NFSR)? +Vea xTr(%FSR)? = [\/(0.01831)2 +(0.2? j =0.1017%FSR 27)
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A.4 DACB8563 Performance Results

The performance results for both DAC8563 outputs were also captured using 8.5 digit multi-meters. The
DAC8563 output voltages can be seen in Figure 36.

\

>

DAC Voltage (V)
N w

0 10000 20000 30000 40000 50000 60000
Input Code

Figure 36: DAC8563 Output Voltage vs Input Code for CH1 (red) and CH2 (blue)

The DAC8563 output voltage error has been plotted in Figure 37. The highest measured output error is
1.25 mV or 0.025% FSR for the 5 V output span.

0.0015

0.001

0.0005

-0.0005

DAC Voltage Error (V)
o

-0.001

-0.0015

0 10000 20000 30000 40000 50000 60000
Input code

Figure 37: DAC8563 Output Voltage Error vs. Input Code for CH1 (red) and CH2 (blue)

Applying a two-point calibration removes the gain and offset errors leaving only the linearity of the
DACB8563 as shown in Figure 38. The calibrated error is less than 150 pyV or 0.003% FSR.
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Figure 38: Calibrated DAC8563 Output Voltage Error vs. Input Code for CH1 (red) and CH2 (blue)

The differential non-linearity (DNL) results can be seen in Figure 39. The results are < 1LSB as stated in

the datasheet specification.
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Figure 39: DAC8563 DNL Results for CH1 (red) and CH2 (blue)

The integral non-linearity (INL) results for the DAC8563 are shown in Figure 40. The INL is less than the
typical value of 4 LSB.
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Figure 40: DAC8563 INL Results for CH1 (red) and CH2 (blue)

The measured DAC8563 results have been compared to the calculated results from Section 4.1 in Table
16. Note that the gain error has combined the gain error of the DAC8563 and the gain error from the Vger
voltage inaccuracy.

Table 16: Comparison of Measured and Calculated DAC8563 Performance

Output Range DACB8563 Specification Typical Value Measured Results

Offset (mV) +1 +0.003

DNL (LSB) +0.2 +0.4

INL (LSB) +4 +3
Current (24 mA) -

Gain error (%FSR) +0.0102 +0.03
Calculated TUE (%FSR) 0.0239 0.0253

Calibrated Error (%FSR) 0.0061 0.003

The gain error was likely a little higher than the calculated value because the Vggr voltage error was a little
higher than the typical 0.1 mV value used in the calculations.
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A.5 XTR300 +24 mA Output Results

Once calculated, the errors from the DAC8563 can be removed from the final output errors leaving only
the errors of the XTR300. The measurement results of the XTR300 outputs versus the DAC8563 input
voltages are shown in Figure 41.

24
18

12

XTR Current(maA)
o

0 1 2 3 4 S
DAC Voltage(V)

Figure 41: XTR300 Output Current vs. Input Voltage for CH1 (red) and CH2 (blue)

The output current error of the XTR300 outputs has been plotted in Figure 42. The worst error is around
12.5 pA or 0.026% FSR for the 24 mA output span.
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Figure 42: XTR300 Output Current Error vs. Input Voltage for CH1 (red) and CH2 (blue)

Applying a two-point gain and offset calibration to the results produces the final results reduces the error to
the linearity errors of the XTR300 as shown in Figure 43. After calibration the worst error is 3 yA or
0.00625% FSR.
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Figure 43: Calibrated XTR300 Output Current Error vs. Input Voltage for CH1 (red) and CH2 (blue)

The measured XTR300 results in Ioyr mode have been compared to the calculated results from Section
4.1 in Table 17. Note that the offset value includes the offset of the XTR300 and the Vggr inaccuracy and
has been converted to output current. Also note that the gain error includes the gain error of the XTR300
and the gain error from the Rger resistor.

Table 17: Comparison of Measured and Calculated XTR300 Circuit Ioyr Performance

XTR300 Specification Typical Value Measured Results
Offset (UA) +4 10
Gain Error (%FSR) +0.108 0.018
TUE (%FSR) +0.1085 0.026
Calibrated Error (%FSR) +0.01 0.00625

The measured offset current was likely higher than the calculation because the Vggr voltage error was
higher than the typical value of 0.1 mV, correlating to the higher DAC8563 gain error reported in Appendix
A.4. The measured gain error was less than calculated because the Rser error was less than the specified
maximum tolerance of 0.1%.
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A.6 XTR300 +10 V Output Results

The measurement results for the XTR300 in voltage mode can be seen in Figure 44.
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Figure 44: XTR300 Output Voltage vs. Input Voltage for CH1 (red) and CH2 (blue)

The output voltage error of the XTR300 outputs has been plotted in Figure 45. The worst error is around
3.5mV or 0.0175% FSR for the £10 V output span.
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Figure 45: XTR300 Output Voltage Error vs. Input Voltage for CH1 (red) and CH2 (blue)

The results after a two-point gain and offset calibration can be seen in Figure 46. The worst calibrated
error is about 1.4 mV or 0.007% FSR.
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Figure 46: Calibrated XTR300 Output Voltage Error vs. Input Voltage for CH1 (red) and CH2 (blue)

The measured XTR300 results in Voyr mode have been compared to the calculated results from Section
4.2 in Table 17. Note that the offset voltage value includes the offset of the XTR300 and the Vrgr
inaccuracy and has been converted to output voltage. Also note that the gain error includes the gain error
of the XTR300 and the gain errors from the Rsgr and Rg resistors.

Table 18: Comparison of Measured and Calculated XTR300 Circuit Voyr Performance

XTR300 Specification Typical Value Measured Results
Offset (mV) +1.65 +3
Gain Error (%FSR) +0.1469 0.03
TUE (%FSR) +0.1494 +0.0175
Calibrated Error (%FSR) +0.01 +0.007

The measured offset current was likely higher than the calculation because the Vger voltage error was
higher than the typical value of 0.1 mV, correlating to the higher DAC8563 gain error reported in Appendix
A.4. The measured gain errors were less than calculated because the Rser and Rg errors were less than
the specified maximum tolerances of 0.1%.
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A.7 1EC61000-4-3: Radiated Immunity - Test Frequency versus Test Time
Table 19 lists the frequencies associated with the test times displayed in Figure 20 through Figure 23.
Table 19: IEC61000-4-3: Radiated Immunity - Test Time vs. Frequency
Time Frequency Time Frequency Time Frequency
(min : sec) (MHz) (min : sec) (MH2z) (min : sec) (MHz)
0 80 4:30 175.58 9:16 443
30 81.6 4:50 190 9:32 461
1:00 91 5:00 197.9 9:50 489
1:24 96.6 5:29 210 10:06 514
1:34 100.5 5:50 222.9 10:20 540.5
1:52 104.65 6:06 239 10:36 579.5
2:06 109.99 6:20 248 11:02 621.2
2:22 115.6 6:37 264 11:17 646.5
2:32 120.3 6:58 280 11:37 700
2:49 126.4 7:01 294 12:00 758
3:00 131.57 7:32 319 12:23 756.9
3:14 136.9 7:49 340 12:40 862
3:40 1445.33 8:11 355 14:30 906.7
3:50 155.82 8:34 389 14:42 962
4:10 163.7 8:57 413 15.00 1000
A.8 |EC61000-4-6: Conducted Immunity - Test Frequency versus Test Time

Table 20 lists the frequencies associated with the test times displayed in Figure 32 and Figure 33.

Table 20: IEC61000-4-6: Conducted Immunity - Test Time vs. Frequency

Time Frequency Time Frequency Time Frequency
(min : sec) (MHz) (min : sec) (MHz) (min : sec) (MH2z)

0 0.150 2:31 1.287 4:49 11.035
0:14 0.175 2:36 1.5 4:53 12.865
0:28 0.204 2:49 1.749 5:02 15
0:42 0.238 2:56 2.039 5:08 17.489
0:54 0.277 3:38 2.377 5:13 20.39
1:05 0.323 3:47 2.772 5:21 23.773
1:16 0.377 3:57 3.232 5:32 27.718
1:27 0.439 4:03 3.768 5:51 32.317
1:38 0.512 4:07 4.393 6:18 37.678
1:47 0.597 4:13 5.122 6:32 43.93
2:00 0.696 4:22 5.972 6:35 51.218
2:05 0.812 4:28 6.962 6:52 59.716
2:17 0.946 4:34 8.118 7:08 69.624
2:21 1.104 4:41 9.464 7:26 80

TIDU434-August 2014

Two-Channel Source/Sink Combined Voltage & Current Output, Isolated, EMC/EMI Tested 37
Copyright © 2014, Texas Instruments Incorporated




IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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