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1 System Description

The main purpose of the reference design is to support the design of isolated transmitters. The need for
isolation is based on the fact, that the transmitter in a 4-to 20-mA system can be located hundreds or even
thousands of meters far from the receiver and from the power source of the system (for example, 4-to 20-
mA analog input module of a PLC). The transmitters sensor element (for example, thermocouple) is often
directly connected to grounded metallic objects, while the receiver and the transmitters loop input is
referred to the ground of the receiver. Unwanted ground loops can be unintentionally established as a
consequence of the possible large distance between transmitter and receiver. Keeping the transmitters
sensor front end electrically isolated breaks these ground loops and their undesired influence on the
accuracy of the measured and transmitted signal. The isolated DC/DC block of the reference design
isolates the sensor front end of the transmitter by providing an isolated supply voltage and isolated

ground. The isolated data block provides an isolated communication path for the sensor front end of the
transmitter in a similar way.

K 1. TIDA-010018 in Isolated Two-Wire Loop Powered 4- to 20-mA System
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1 shows an exemplary use of this reference design in an isolated two-wire loop powered 4- to 20-mA
transmitter. The reference design uses an intermediate 5-V rail, generated from the 8 V to 36 V, 4- to 20-
mA loop, as its input power source. The 5-V input of the reference design is usually provided by a pre-
regulator (LDO, low power buck or shunt regulator). The reference design generates the aforementioned
isolated power rail (Iso VOUT: 3 V or 3.3 V) for powering the isolated side of the transmitters (sensor
element, AFE, ADC, optional MCU and the isolated side of the digital isolator). Likewise, the power rail
(Non-iso VOUT: 3 V or 3.3 V) for powering the non-isolated side transmitter-electronics (MCU, DAC,
optional HART modem, 4- to 20-mA interface and the non-isolated side of the digital isolators) is
generated by the design too. Under normal operating conditions, the total current consumption of the
electronic transmitter must be less than the actual loop current. A loop current from 3.8 mA to 20.5 mA is
defined by the NAMUR recommendation: NE 043 as the available current range for the measurement
signal. Loop currents less than 3.6 mA and larger than 21 mA can be assigned to indicate failures. The
majority of loop-powered 4-20 mA transmitters have their internal electronics designed to consume less
current than 3.6 mA — even at loop currents within the 3.8-mA to 20.5-mA measurement range. This
limited supply current budget requires either a highly efficient power solution, or ultra-low power
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System Description

components in the previously-mentioned circuit blocks, or a combination of both. The reference design
demonstrates the use of ultra-low |, buck converters for achieving such a high-power efficiency. The
analog electronics of the transmitter often require a low-noise, low-ripple supply voltage. The buck
converters of the reference design can be supplemented by ultra-low I, LDOs, acting as low-noise post
regulators and attenuating the output ripple of the buck converters.

1.1 Key System Specifications

CAUTION

This reference design is made available for parameter performance evaluation
only and is not intended for isolation voltage testing.

To prevent damage to the reference design, any voltage applied as a supply or
digital I/O must be maintained within the recommended operating range as
given in the data sheet of the devices used.

WARNING

To minimize the risk of fire, the user's power source

shall not exceed the maximum ratings of 5.25 VDC, 30 mA. Refer to
the user guide.

Use only the top-side header J2 OR the bottom-side Power- and
Data-Interface Connector (receptacle J9) as the power input for the
reference design.

Use the Power Input Selection header (J18) and related jumper SH-

J18 to select either J2 or J9 as the sole power input of the
reference design.

# 1. Key System Specifications

PARAMETER | SPECIFICATIONS DETAILS
Power Input (Header J2 or Receptacle J9)
Operating supply voltage 5V (4.4V1t05.25V)
. . Use header J18 and related jumper SH-J18 to select either J2 or 251
Power input selection 19 as sole power input
ISO DC/DC (Vin ISO DCDC =5 V)
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% 1. Key System Specifications (continued)
PARAMETER SPECIFICATIONS DETAILS
Maximum total lout (Sum of all currents 10 mA
drawn from Vout Iso DCDC)
at 100 pA : 42%, 5.9 V at 100 pA
3.2.21
Typical efficiency, Vout Iso DCDC at at1 mA 81%, 5.7 V
specific lout of ISO DC/DC at4to 5 mA : 86.5 % peak, 5.6 V
at 10 mA : 85%, 5.4V
NON-ISO BUCK (Vin non-iso BUCK =5 V, Vout non-iso BUCK = 3.3 V)
Maximum total lout (Sum of all currents 10 mA
drawn from Vout non-iso Buck)
at 100 pA: 71% 3.2.23
Typical efficiency at specific lout non-iso 3
BUCK at 1 mA: 90%
at 10 mA: 93%
ISO BUCK (Vin Iso BUCK =5V, Iso BUCK Vout = 3.3 V)
Maximum lout (Sum of all currents drawn 10 mA
from Iso BUCK Vout)
_ o B at 100 pA: 92% at 3.3 Vout 3.2.2.2
Hﬁlcal efficiency at specific Iso BUCK at 1 mA: 93% at 3.3 Vout
at 10 mA: 93% at 3.3 Vout
LDOs (LDO Vin = 3.3 V, LDO Vout = 3.0 V, ISO and NON-ISO LDO)
Maximum lout (Sum of all currents drawn | 10 mA 3.224
from any of the outputs of the LDO)
Typical efficiency, quiescent current, Vout | at 100 puA: 82%, 10.6 A, 3.0024 V
at specific LDO lout at 1 mA: 89.6%, 15.5 pA, 3.0023 V
at 10 mA: 90.4%, 52.8 YA, 2.9995 V
ISOLATION
Isolation Functional isolation, depends on transformer, digital isolator and | See the data sheet
board construction of transformer T1
and of digital isolator
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2 System Overview

2.1 Block Diagram
K 2 shows the functional block diagram of the design.
K 2. TIDA-010018: Functional Block Diagram
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2.2 Design Considerations

The design is divided into an isolated side and into a non-isolated side.

Power Input
5VDC Vin*
J2

Non-iso Vout
max 10 mA
Ji3

Non-iso
Data

Jis

CAUTION

This reference design is made available for parameter performance
evaluation only and is not intended for isolation voltage testing.

To prevent damage to the reference design, any voltage applied as a supply
or digital /0O must be maintained within the recommended operating range
as given in the data sheet of the devices used.
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All circuit blocks of the design are branded by the prefix “ISO” or “Non-1ISO”, depending to which side of
the design they belong. Therefore, the ISO LDO is not a very special isolated LDO, but is simply the LDO
which is located on the isolated side of the reference design.

The design can be evaluated in a standalone test setup, using the headers on the top side of the PCB.
Header J2 acts in this configuration as the power input of the reference design to which the user's power
source must be connected.

WARNING

To minimize the risk of fire, the user's power source shall not
exceed the maximum ratings of 5.25 VDC, 30 mA. Refer to the user
guide.

Power Input Selection header (J18) must be configured by jumper
SH-J18 in a way, that header J2 is selected as the sole power input
of the reference design when the reference design is configured for
a standalone test setup.

Refer to user guide 3.

The header J7 and J13 serve as the power outputs of the reference design and are rated for a maximum
10-mA of output current on the isolated and non-isolated output voltage rails. On each of the circuit sides,
the reference design allows the user to select either the 3-V output of the LDO or the 3.3-V output of the
Buck used. The direct usage of the output of the buck ensures a design with highest power efficiency, but
is characterized by a larger output voltage ripple. Using the LDO as a post regulator provides a low-noise
output rail, but generates additional losses in the circuitry.

Headers J14 and J15 represent the connection to the data pins of the digital isolator used in the ISO Data
block. Three channels (A to C) are available for data transmission from the non-isolated side to the
isolated side, one channel (D) is available for data transmission from the isolated side to the non-isolated
side. This channel setup enables the usage of communication protocols as SPI, 12C, and UART.

The 1ISO DC/DC block is a highly efficient isolated DC/DC converter designed to use the 5VDC Vin to
generate the Vout Iso DCDC-rail (available on J1) with the highest possible 86.5% efficiency at an output
current of 4 to 5 mA. The voltage on the Vout Iso DCDC-rail shows some dependencies on its output
current, board temperature, and the accuracy of the 5VDC Vin input voltage. Final voltage regulation of
the Iso Vout (on J7) is provided by the ISO BUCK which can optionally be extended by the ISO LDO as a
post regulator.

Alternatively, this reference design can also be evaluated as a plug-on board in conjunction with a
specifically-designed hardware which represents the typical circuitry (for example, as & 1 shows: sensor
front end, MCU, pre-regulator, output interface, ... ) of the targeted end application. When evaluating the
board in such a manner, the Power- and Data-Interface Connector J9 serves as the alternative power
input of the TIDA-010018 reference design. The aforementioned specifically designed hardware acts
under this alternative test setup as power source.
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WARNING

To minimize the risk of fire, the user's power source shall not
exceed the maximum ratings of 5.25 VDC, 30 mA. Refer to the user
guide.

The Power Input Selection header (J18) must be configured by
jumper SH-J18 in a way, that the Power- and Data-Interface
Connector J9 is selected as the sole power input of the reference
design when the reference design is evaluated as a plug-on board
in conjunction with a specifically designed hardware. The
specifically designed hardware represents the typical circuitry of
the targeted end application and shall not exceed the maximum
power source ratings of 5.25 VDC, 30 mA.

Refer to user guide 3.

J9 is a receptacle and is mounted on the bottom side of the PCB, enabling that the TIDA-010018
reference design can be used as plug-on board on such a specifically designed hardware as mentioned
afore. J9 contains in addition all the Iso and Non-Iso Data and Vout rails which are also available on the
top side of the board as headers J7 and J13 to J15, to finally support its usage as plug-on board.

2.3 Design Considerations

2.4 Highlighted Products
This reference design features the following devices:
ISO7041: Ultra-low power, four-channel digital isolator
TPS60402: 60-mA charge pump voltage inverter with fixed 50-kHz operation
TPS62125: 3 V-17 V, 300-mA Buck converter with adjustable enable threshold and hysteresis
TPS62745: Dual-cell ultra-low |, step down converter for low-power wireless applications

TPS727: 250-mA, ultra-low I, fast transient response, RF low-dropout linear regulator

241 1ISO7041

The ISO7041 device is an ultra-low power, multichannel digital isolator that can be used to isolate CMOS
or LVCMOS digital I/0s. Each isolation channel has a logic input and output buffer separated by a double
capacitive silicon dioxide (SiO,) insulation barrier. Innovative edge based architecture combined with an
ON-OFF keying modulation scheme allows these isolators to consume very-low power while meeting
3000-Vgy,s isolation rating per UL1577. The per channel dynamic current consumption of the device is
under 120 uA/Mbps and the per channel static current consumption is 4.2 pA at 3.3 V, allowing for use of
the ISO7041 in both power and thermal constrained system designs.
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The device can operate as low as 2.25 V, as high as 3.6 V, and is fully functional with different supply
voltages on each side of isolation barrier. The four channel isolator comes in a 16-QSOP package with
three forward-direction channels and one reverse-direction channel in a 16-QSOP package. The device
has default output high and low options. If the input power or signal is lost, default output is high for the
ISO7041 device without the suffix F and low for the ISO7041F device with the F suffix.

K 3. Simplified Application Schematic B 4. Power Consumption vs Data Rate at 3.3 V
200
| _ 100
V, Veez g
—Hm Veer : Veea ‘I é
<
Vb g | $ o
> 1ISO7041 <
MCU » ' g
> | 3 10
DGND < |
GND1 | GND2 4 ==
1 10 100 1000 2000
| . Data Rate (Kbps)
Digital Galvanic - 1SO
Ground Isolation Barrier Ground
B 5. Conceptual Block Diagram of a Digital Capacitive Isolator
Transmitter ] Receiver
OOK
Modulation | |
_I SiO2 based |
TX IN | Edge TX Signal Capacitive RX Signal Envelope RX OUT
| Encoding Conditioning | Isolation Conditioning Detection |
Barrier |
EN1 | |
Rf;gzh Oscillator | W%F?nrleDrog EN2
Features

e Ultra-low power consumption
— 4.2 pA per Channel quiescent current (3.3 V)
— 15 pA per Channel at 100 kbps (3.3 V)
— 116 pA per Channel at 1 Mbps (3.3 V)

* Robust isolation barrier
— >100-Year projected lifetime
— 3000 Vgys Isolation rating
— 100 kV/us Typical CMTI
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24.2

* Widelnge: 2.25V to 3.6 V
* Wide temperature range: —-55°C to +125°C
e Small 16-QSOP package (16-DBQ)
» Signaling rate: Up to 2 Mbps
» Default output high (ISO7041) and low (ISO7041F) options
* Robust electromagnetic compatibility (EMC)
— System-level ESD, EFT, and surge immunity
— Very low emissions
» Safety-related certifications (planned):
— UL 1577 Component recognition program
— DIN V VDE V 0884-11
— CQC, TUV and CSA certifications
— IECEXx (IEC 60079-0 & IEC 60079-11) and ATEX (EN 60079-11)

TPS60402

The TPS6040x family of devices generates an unregulated negative output voltage from an input voltage
ranging from 1.6 V to 5.25 V. The devices are typically supplied by a pre-regulated supply rail of 5V or 3.3
V. Due to its wide input voltage range, two or three NiCd, NiMH, or alkaline battery cells, as well as one
Li-lon cell can also power them.

Only three external 1-uF capacitors are required to build a complete DC-DC charge pump inverter.
Assembled in a 5-pin SOT-23 package, the complete converter can be built on a 50-mm? board area.
Additional board area and component count reduction is achieved by replacing the Schottky diode that is
typically needed for start-up into load by integrated circuitry.

The TPS6040x can deliver a maximum output current of 60 mA with a typical conversion efficiency of
greater than 90% over a wide output current range. Three device options with 20-kHz, 50-kHz, and 250-
kHz fixed-frequency operation are available.
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K 6. Functional Block Diagram
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Features

» Inverts input supply voltage

¢ Up to 60-mA output current

* Only three small 1-puF ceramic capacitors needed

* Input voltage range from 1.6 Vto 5.5V

» PowerSave-mode for improved efficiency at low-output currents (TPS60400)
» Device quiescent current typical 65 pA

» Integrated active Schottky-diode for start-up into load

e Small 5-pin SOT-23 package

» Evaluation module available TPS60400EVM-178

TPS62125

The TPS62125 device is a high-efficiency synchronous step-down converter optimized for low and ultra-
low power applications providing up to 300-mA output current. The wide input voltage range of 3V to 17 V
supports 4-cell alkaline and 1- to 4-cell Li-lon batteries in series configuration as well as 9-V to 15-V
powered applications. The device includes a precise low-power enable comparator which can be used as
an input supply voltage supervisor (SVS) to address system specific power-up and power-down
requirements. The enable comparator consumes only 6-gA quiescent current and features an accurate
threshold of 1.2 V typical as well as an adjustable hysteresis. With this feature, the converter can generate
a power supply rail by extracting energy from a storage capacitor fed from high impedance sources such
as solar panels or current loops. With its DCS-Control scheme the converter provides power-save mode

10
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operation to maintain highest efficiency over the entire load current range. At light loads the converter
operates in pulse frequency modulation (PFM) mode and transitions seamlessly and automatically in pulse
width modulation (PWM) mode at higher load currents. The DCS-Control™ scheme is optimized for low-
output ripple voltage in PFM mode in order to reduce output noise to a minimum and features excellent
AC load regulation. An open-drain power good output indicates once the output voltage is in regulation.

7. Typical Application Schematic 8. Efficiency vs. Output current, VOUT = 3.3 V
TPS62125 Vour=3.3V 100
V, =4V to 17V L 15pH up_to 300mA
VIN SW —"Y" $—O 95
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PWR GOOD 5 70 = VIN =9V
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50
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9. Functional Block Diagram
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24.4

Features

Wide input voltage range 3 Vto 17 V

Input supply voltage supervisor (SVS) with adjustable threshold and hysteresis consuming typical 6-pA

quiescent current

Wide output voltage range 1.2 V to 10 V
Typical 13-pA quiescent current

350-nA Typical shutdown current

Seamless power save mode transition
DCS-Control™ scheme

Low output ripple voltage

Up to 1-MHz switching frequency

Highest efficiency over wide V,y and Vg range
Pin-to-pin compatible with TPS62160 and TPS62170
100% Duty cycle mode

Power Good open drain output

Output discharge function

Small 2-mm x 2-mm 8-pin WSON package

TPS62745

The TPS62745 device is a high-efficiency ultra-low power synchronous step down converter optimized for
low power wireless applications. It provides a regulated output voltage consuming only 400-nA quiescent
current. The device operates from two rechargeable Li-lon batteries, Li-primary battery chemistries such
as Li-SOCI2, Li-SO2, Li-MnO2 or four to six cell alkaline batteries. The input voltage range up to 10 V
allows also operation from a USB port and thin-film solar modules. The output voltage is set with four
VSEL pins between 1.8 V and 3.3 V for the TPS62745 or 1.3 V and 2.8 V for the TPS627451. TPS62745
features low output ripple voltage and low noise with a small output capacitor. An internal input voltage
switch controlled by pin EN_VIN_SW connects the supply voltage to pin VIN_SW. The switch is intended
to be used for an external voltage divider, scaling down the input voltage for an external ADC. The switch
is automatically opened when the supply voltage is below the undervoltage lockout threshold. The

TPS62745 device is available in a small, 12-pin, 3 mm x 2 mm WSON package.

12
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10. Typical Application Schematic 11. Efficiency vs. Output current, Vo = 3.3V
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B 12. Functional Block Diagram
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Features

* Input voltage range VIN from 3.3 V to 10 V

» Typical 400-nA quiescent current

» Up to 90% efficiency with load currents > 15 pA
* Up to 300-mA output current

» Low output ripple voltage

e RF-friendly DCS-Control™

» 16 selectable output voltages from:

JAJU683—-January 2019
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— 1.8V 10 3.3V (TPS62745)
- 1.3V t028V (TPS627451)
» Integrated input voltage switch
» Integrated Discharge Function at VOUT
» Open Drain Power Good output
» Operates with a tiny 3.3-puH or 4.7-pH inductor
e Small 3 mm x 2 mm WSON package

245 TPS727

The TPS727 family of low-dropout (LDO) linear regulators are ultra-low quiescent current LDOs with
excellent line and ultra-fast load transient performance and are designed for power-sensitive applications.
The LDO output voltage level is preset by the use of innovative factory EEPROM programming. A
precision band-gap and error amplifier provides overall 2% accuracy over load, line, and temperature
extremes. The TPS727 family is available in 1.5-mm x 1.5-mm SON and wafer chip-scale (WCSP)
packages that make the devices ideal for handheld applications. This family of devices is fully specified
over a temperature range of T, = —40°C to +125°C.

13. Typical Application Circuit 14. PSRR vs Frequency (VIN — VOUT = 0.3V, TPS72718)
v v 100 ‘
INOT IN ouT T_HFO out & 9
T Sour T Coramic S
- TPS727xx = b= MW\ ’\"W
x 70 (s s
On = N N /‘
offf ©—|EN £ 60 7
GND 3 50 N N loyr =10mA
[5) 4
€ S SN T
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S 30 N~ /
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o 20 =
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o lour = 200 MA
10 100 1k 10k 100k 1™ 10M
Frequency (Hz)
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15. Functional Block Diagram
IN ouT
11
Current
Limit
Thermal
Shutdown
//_ +\
UVLO 4%
EEPROM 4,—%
EN Bandgap =
LOGIC
Features

» Very low dropout:
— 65 mV Typical at 100 mA
— 130 mV Typical at 200 mA
— 163 mV Typical at 250 mA
e 2% Accuracy over load, line, temperature
+ Ultra-low ly: 7.9 pA
» Excellent load transient performance:+50 mV for 200 mA loading and unloading transient
» Available in fixed-output voltages from 0.9 V to 5 V using innovative factory EEPROM programming
* High PSRR: 70 dB at 1 kHz
» Stable with a 1.0-uF ceramic capacitor
e Thermal shutdown and overcurrent protection

* Available in 4-Ball, 0.4-mm pitch wafer-level chip scale and 1.5-mm x 1.5-mm SON packages

2.5 System Design Theory

The following subsections provide details about the specific circuit block used in this reference design.

25.1 Power- and Data-Inputs and —Outputs

16 shows the specific implementation of the Power- and Data-Inputs and —Outputs in the TIDA-010018
design. The reference design is either powered by using header J2 or receptacle J9 as power input. The
selection of the desired power input is done by the Power Input Selection header J18 and the respective
jumper SH-J18.
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16. TIDA-010018: Implementation of Power- and Data-Inputs and -Outputs
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Shorting pins 1 and 2 of J18 by SH-J18 selects the 5VDC Vin J2 applied on the power input header J2
when the reference design is evaluated in a standalone test setup. Shorting pins 2 and 3 of J18 by the
jumper SH-J18 selects the 5VDC Vin J9 applied on the Power- and Data- Interface Connector receptacle
J9 when the reference design is evaluated as a plug-on board in conjunction with a specifically-designed
hardware. The selected power input is decoupled by resistor R9 from the input bypass capacitors of the
connected ISO DC/DC, LDO, or BUCK converter. R9 helps to reduce a possible ringing and input voltage
overshoot during power-up. Ringing and input voltage overshoot can be caused by the high-quality, multi-
layer ceramic input bypass capacitors of the ISO DC/DC, LDO, or BUCK converter in conjunction with the
inductance of the wires used to make the connection to a power source. J4 is the central Non-ISO
Selection Header which distributes the Selected Pwr In to the ISO DC/DC input and the NON-ISO BUCK.
The jumper SH-J4-1 shorts the pins 5 and 6 of J4, the jumper SH-J4-2 shorts pins 2 and 4 of J4 for the
purpose of this distribution. The NON-ISO LDO serves as post regulator for the NON-ISO BUCK. The
jumper SH-J4-3 shorts pins 7 and 8 of J4 and connects the input Non-iso LDO Vin of the NON-ISO LDO
with the output of the NON-ISO BUCK, Vout non-iso BUCK.

J13 is the header for the Non-iso Vout, the regulated 3.3-V output provided by the NON-ISO BUCK or 3-V
output provided by the NON-ISO LDO. The specific selection for the 3.3 V from the NON-ISO BUCK is
done by using a jumper wire to connect pin 2 of J12 with pin 2 of J8. Alternatively, pin 2 of J12 must be
shorted to pin 1 of J12 to select the 3.0 V from the NON-ISO LDO. See 2.5.3, NON-ISO BUCK and
2.5.4, NON-ISO LDO for details. The Non-iso Vout is used to power the non-isolated side of the ISO
DATA circuit block (see 2.5.7, 1ISO DATA).

The isolated side of the reference design is powered by the output of the ISO DC/DC (Vout Iso DCDC
available on header J1). The total current consumption from the output of the ISO DC/DC must be limited
to 10 mA. The 1SO DC/DC feeds the input Vin Iso BUCK of the ISO BUCK via jumper SH-J6 when
populated on header J6 (see 2.5.5, ISO BUCK). The ISO BUCK provides the 3.3-V Iso BUCK Vout which
powers the input Iso LDO Vin of the ISO LDO when the jumper SH-J19 is populated on the respective

16
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25.2

Vout Iso DCDC
++

“[eeen

header, J19. It is either the 3.3 V from the ISO BUCK or the 3 V from the ISO LDO which is available as
Iso Vout on the header J7. The Iso Vout is used to power the isolated side of the ISO DATA circuit block
(see 2.5.7, 1SO DATA). The selection of where the Iso Vout is coming from is done by the jumper setting
on header J5. SH-J5 shorting pins 1 and 2 of J5 selects the 3.3 V of the ISO BUCK. Shorting pins 2 and 3
selects the 3.0 V from the ISO LDO instead. The headers J14 and J15 are the digital inputs for the Iso
Data and for the Non-Iso Data.

The majority of the aforementioned headers are targeted for the evaluation of the reference design in a
standalone test setup. However, the Power — and Data-Interface Connector J9 is targeted to evaluate the
reference design as a plug-on board in conjunction with a specifically-designed hardware. J 9 provides for
that purpose, not only the 5VDC Vin J9 for powering the reference design, but feeds the specifically-
designed hardware with the Non-iso Vout and Iso Vout generated by the reference design. Together with
the ISO DATA circuit, J9 provides the 4-wire data isolation for the specifically-designed hardware in this
test case.

ISO DC/DC

The 1ISO DC/DC is the main power circuit block of this reference design. Its purpose and performance
requirements are directly related to the basic power-related performance requirements of this reference
design: providing power-isolation for low- and ultra-low-power applications. The generation of an isolated
power rail for medium and high power levels is a general design task for which a wide variety of
components, supporting tools, and literature is available.

Design challenges rise-up in case that isolated power rail needs to be generated for low- and ultra-low-
power levels below a ten- to twenty-mW power level. This holds especially true when the targeted
application requires high-power conversion efficiency or when the input current budget for this power
conversion is limited to (ultra-)low levels as has been outlined in 1.

The basic solution for this design challenge is provided in the TIDA-00349 tool folder. The complete
design theory and the details of their implementation is found in the Uniquely efficient isolated DC/DC
converter for ultra-low power and low-power applications reference design manual.

K 17 shows the implementation of the ISO DC/DC in the TIDA-010018 design. The input of the ISO
DC/DC and Vin ISO DCDC, is connected to pins 3 and 5 of the Non-ISO Selection Header J4. The ISO
DC/DC is equipped with two dedicated testpoints and one dedicated header, enabling probing of
dedicated signals.

B 17. TIDA-010018: Implementation of the ISO DC/DC
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J1: Vout Iso DCDC - accurate measurement of the output voltage of the ISO DC/DC and connecting a
load (SMU or resistor decade). Influence of measurement cable voltage drop is eliminated by a four-wire
connection, supported by the four-pin header J1.

J3: Iprim T1 — measurement of the primary winding current of the transformer T1
TP1: Vout Iso DCDC — measurement of the output voltage ripple of the ISO DC/DC
TP2: HB_SW - probing of the switch node of the ISO DC/DC half bridge power stage

The 2 pins of header J3 are shorted by jumper SH-J3 in the default configuration. Replacing jumper SH-J3
with a self-made jumper wire adapter and positioning a current probe on this jumper wire adapter enables
measurement of the primary winding current of the transformer — see ¥ 18 and 3.2.2.6, Waveforms of
ISO DC/DC.

18. Current Probe with Self-made Adapter Wire for Primary K 19. Probe With Long Ground Lead and Alligator Clip vs

Winding Current Measurement Probe With Ground Spring

253

The reference design contains test points (TP) for all the different circuit blocks to simplify the evaluation
of the board. To modify the probe, remove the probe tip cover. In addition, the ground lead and alligator
clip must be replaced by a ground spring as & 19 shows. The modified probes fit directly into the test
points (TP). The small ground spring significantly reduces the noise, which can couple otherwise into the
long ground lead of a standard probe configuration.

NON-ISO BUCK

K] 20 shows the implementation of the NON-ISO BUCK in the TIDA-010018 design. The input of the
NON-ISO BUCK, Vin non-iso BUCK, is connected to pin 2 of the Non-ISO Selection Header J4. The
output, Vout non-iso BUCK, is connected to pin 7 of J4.

The TPS62125 was selected as buck converter for the following:

» Synchronous rectification for increased efficiency and reduced number of external components
» Power Save Mode for high-power conversion efficiency for the desired ultra-low output currents
» DCS-Control for a small and predictable output voltage ripple in power-save mode

» Precision enable and programmable hysteresis for user-programmable UVLO

18
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K& 20. TIDA-010018: Implementation of the NON-ISO BUCK
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C14 and C15 act as input bypass capacitors. Resistors R12, R14, and R16 are selected to provide the
user-programmable UVLO and hysteresis. Following the “Enable Threshold and Hysteresis Setting”
section of the TPS62125 3-V to 17-V, 300-mA Step-Down Converter With Adjustable Enable Threshold
and Hysteresis data sheet, the voltage for the start-up of the TPS62125 device is 3.985 V and 3.14 V for
the stop level, respectively. The additional capacitor Cxx which is connected in parallel to the series
connection of R14 and R16 provides an additional delay during which the input voltage of the TPS6125
device can rise to an even higher voltage level. The higher voltage increases the stored energy in C14
and C15 which provides a smooth start-up of the NON-ISO BUCK. This is especially important if there is a
decreased input current limit.

Resistors R11 and R15 form the output voltage divider and set Vout non-iso BUCK at 3.3 V. The inductor
L1 form together with the output capacitors C12 and C13 the LC output filter of the NON-ISO BUCK. Their
selections follow the recommendations given in the “Output Filter Design” section of the TPS62125 data
sheet. The use of C12 and C13 with a total 20-uF capacitance helps for a smooth startup of the NON-ISO
LDO.

The NON-ISO BUCK is equipped with two dedicated testpoints and one dedicated header, enabling
probing of dedicated signals:

» J8: Vout non-iso BUCK — accurate measurement of the output voltage of the NON-ISO BUCK and
connecting a load (SMU or resistor decade). Influence of measurement cable voltage drop is
eliminated by a four-wire connection, supported by the four-pin header J8.

* TP4: Non-iso BUCK SW - probing of the switch node of the NON-ISO BUCK power stage.
e TP5: Vout non-iso BUCK — measurement of the output voltage ripple of the NON-ISO BUCK.
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NON-ISO LDO

21 shows the specific implementation of the NON-ISO LDO in the TIDA-010018 design. The input of
the NON-ISO LDO, Non-iso LDO Vin, is connected to pin 8 of the Non-ISO Selection Header J4. The
output of the NON-ISO LDO, Non-iso LDO Vout, is connected to pin 1 of the header J12.

21. TIDA-010018: Implementation of the NON-ISO LDO
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The main purpose of NON-ISO LDO circuit block is to remove the remaining output ripple voltage of the
NON-ISO BUCK. The LDO is a 3.0-V version of the TPS727 LDO-family. The TPS727 devices consume
extremely low quiescent current while simultaneously delivering excellent PSRR with very little headroom
(VIN — VOUT differential voltage), and very good transient response. These features are combined with
low noise without a noise-reduction pin.

The output voltages of the NON-ISO BUCK and the NON-ISO LDO have been selected in a way, that the
input voltage of the LDO is 300 mV higher than its regulated output voltage. This 300-mV headroom is
desired to compensate for the output voltage tolerances of the NON-ISO BUCKs and NON-ISO LDOs,
and to enable the desired high PSRR and low I, of the LDO. The TPS727 does not require an output
voltage divider and provides improved output voltage accuracy.

C19 is the input bypass capacitor, C18 acts as output capacitor of the LDO. The TPS727 device has an
internal soft start, ramping up the output voltage of the device with a typical slope of 0.07 V/us which is
independent of the output capacitor. Remember that such a fixed output voltage ramp-up slope requires a
dedicated current to be delivered by the LDO and by the upstream buck converter. The TPS727 250-mA,
ultra-low |, fast transient response, RF low-dropout linear regulator data sheet gives a current demand of
70 mA as an example for a 1-uF output capacitor during its soft start. The current demand scales linearly
with the total output capacitance of the LDO (the output capacitor of the LDO plus bypass capacitors of
the connected downstream load). The current consumption of the connected downstream load must be
added to this current demand. More details are found in the Soft Start section of the TPS727 data sheet.

As previously mentioned, the increased current during start-up is mainly provided by the input capacitor of
the LDO and the output- and input- capacitors of the upstream buck converter. This leads to dropping
voltages of those capacitors, because this reference design requires being powered by a power source
which shall not exceed the maximum ratings of 5.25 VDC, 30 mA. The dropping input voltages of the
NON-ISO BUCK and of the NON-ISO LDO might cause the UVLO-OFF level of those devices to be
reached and that those devices need multiple attempts to start.

The NON-ISO LDO is equipped with a dedicated testpoint and two dedicated headers, enabling probing of
dedicated signals:

e J12 — pinl: Non-iso LDO Vout — accurate measurement of the output voltage of the NON-ISO LDO
and connecting a load (SMU or resistor decade) when jumper SH-J12 is not populated.

e SH-J12 - shorts pins 1 and 2 of J12 when jumper is populated — powers the non-isolated side of the

20
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ISO DATA block of the reference design

* J13: Non-iso Vout — Supply voltage of non-isolated side of the ISO DATA block of the reference
design.

» TP9: Non-iso LDO Vout - probing of the output voltage of the NON-ISO LDO.

JAJU683—January 2019 HBEHT 7 r—2 3 AOBRERS LV T—R /2 X—T7I41 21
ADPUZF7LR Y12

TIDUENO BERIR — BFTOEEEBMRE R http://www-s.ti.com/sc/techlit/ TIDUENO
Copyright © 2019, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUEN0.pdf

13 TEXAS

INSTRUMENTS
System Overview www.tij.co.jp
255 ISO BUCK
22 shows the implementation of the ISO BUCK in the TIDA-010018 design. The input of the ISO
BUCK, Vin Iso BUCK, is connected to pin 1 of header J6.
The TPS62745 was selected as buck converter due to the following:
» 3.3-to 10-V input voltage range for tolerating rising output voltage of ISO DC/DC under no-load and
light load conditions, see K 27
» Synchronous rectification for increased efficiency and reduced number of external components
» Ultra-low 400-nA quiescent current and power save mode for high-power conversion efficiency for the
desired ultra-low output currents. This helps to compensate the losses of the ISO DC/DC - especially
at ultra-low output currents.
» DCS-Control for a small and predictable output voltage ripple in power-save mode
» Selectable fixed output voltages for increased output voltage accuracy and reduced number of external
components
K 22. TIDA-010018: Implementation of the ISO BUCK
Iso LDO Vout max 10mA
:Ji Iso Vout
1
sHis | 3 Vout Iso DCDC
JSIsoVout g :le :D
1 2 TP6 Iso BUCK SW 1 n
> e < Iso BUCK Vout
88 . ._%7 £ isoGND
s U4
7 isoGND E 1 Vin Iso BUCK VSELL 3
swW VIN TS 9 P
Iso BUCK Vout 4.7uH 3 1 l o )
| apus ] e TR
o——— 3 vour EN_VIN_SW |2 R 10uF o 110
SO ou’ 0 50
tso BUCKVout ' DNP Z {pe V3ELL Iso BUCK Vout
TP8 __52\7/ %10—6 VIN_SW \‘/’SSEELL; 1(1) VSEL2 isoGND VSEL2 —I__iz
10uF 3 {enD VSEL3 <2 1 ilm
131 pap VSEL4 ﬁ__t;?_ ;111 SH-11
TPS62745DSSR DNP oRA isoGND
S L L
isoGND isoGND
Iso BUEEVout
iSOGND isOGND R22
0
R23
0
C16 acts as input bypass capacitor. Resistors R22, R23 and the headers J10 and J11 together with the
default setting of the jumpers SH-J10 and SH-J11 set the output voltage of the ISO BUCK, Iso BUCK Vout
to a fixed voltage of 3.3 V. More details about the output voltage setting over the full 1.8-V to 3.3-V range
are in the “Output Voltage Setting for TPS62745” table in the TPS62745 dual-cell ultra-low |, step-down
converter for low-power wireless applications data sheet. The inductor L2 and the output capacitor C17
form the LC output filter of the ISO BUCK. Their selections follow the recommendations given in the
“Output Filter Design” section of the TPS62745 data sheet.
Because the VIN-switch TPS62745 is not used in this reference design, R17 is utilized to tie the
EN_VIN_SW-pin of the TPS62745 to isoGND.
The 1ISO BUCK is equipped with two dedicated testpoints and one dedicated header, enabling probing of
dedicated signals:
22
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» J5-pin 1: Iso BUCK Vout — accurate measurement of the output voltage of the ISO BUCK and
connecting a load (SMU or resistor decade) when jumper SH-J5 is not populated.

e TP6: Iso BUCK SW - probing of the switch node of the ISO BUCK power stage.
» TP8: Iso BUCK Vout — measurement of the output voltage ripple of the NON-ISO BUCK.
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256

2.5.7

ISO LDO
23 shows the specific implementation of the ISO LDO in the TIDA-010018 design. The input of the ISO
LDO, Iso LDO Vin, is connected to pin 2 of header J19.

The main purpose of the ISO LDO circuit block is to remove the remaining output ripple voltage of the 1ISO
BUCK. The explanations as given in the NON-ISO LDO-section 2.5.4regarding the features and operation
of the LDO in conjunction with its upstream buck converter and with the load of the LDO are valid for the

ISO LDO too.
K 23. TIDA-010018: Implementation of the ISO LDO

max 10mA 1 6 IsoLDOVin
® @ out IN T L ::)
o= TP3
3 2 4 RIO Iso BUCK Vout ™
S —— NC EN <———AM—@
° Cc10 5 NC 0 J19 SH-J19
=) Iso LDO 10V
o Vout 1pF GND ——cu ISO DATA
= 1ov |
o3 TPS72730DSET 1
;_ 2 Iso Vout ” 1pF =2
1 ]
[, e
SH-J5 <
5 isoGND isoGND isoGND U6 2
Iso Vout Iso Vout 1S07041DBQ
Iso BUCK Vout

max 10mA vee2

max 10mA
v+ 4+

“Looen

Iso Vout

GND2

OUTA

isoGND

C11 is the input bypass capacitor, C10 acts as output capacitor of the ISO LDO. The ISO LDO is
equipped with a dedicated testpoint and one dedicated header, enabling probing of dedicated signals:

» J5-pin 3: Iso LDO Vout — accurate measurement of the output voltage of the ISO LDO and
connecting a load (SMU or resistor decade) when jumper SH-J5 is not populated.

» TP3:Iso LDO Vout - probing of the output voltage of the ISO LDO

ISO DATA
K| 24 shows the implementation of the Isolated Data Interface in the TIDA-010018 design.

The ultra-low power, multi-channel digital isolator ISO7041 is selected to isolate the digital 1/0s on the
isolated side (Iso Data on J14) from the ones on the non-isolated side (Non-iso Data on J15). The per
channel dynamic current consumption of the device is under 120 uA/Mbps and the per channel static
current consumption is 4.2 pA at 3.3 V, allowing for use of the ISO7041 in power constrained system

designs such as in this reference design.

The 1SO7041 device uses edge encoding of data with an ON-OFF keying (OOK) modulation scheme to
transmit the digital data across a silicon dioxide isolation barrier. The transmitter uses a high-frequency
carrier signal to pass data across the barrier representing a signal edge transition. Using this method
achieves very low power consumption and high immunity. The receiver demodulates the carrier signal
after advanced signal conditioning and produces the output through a buffer stage. For low data rates, a
refresh logic option is available to make sure the output state matches the input state. The ENx pins of
side A and side B must be tied low to enable refresh or high to disable refresh. Advanced circuit
techniques are used to maximize the CMTI performance and minimize the radiated emissions due the

high frequency carrier and 10 buffer switching.

24
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Iso Vout

K 24. TIDA-010018: Implementation of the ISO DATA
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This reference design features one transmit channel and three receive channels on the isolated side and
three transmit- and one receive-channel on the non-isolated side.

The VCC1 supply voltage pin 1 on the non-isolated side of the ISO7041 device is powered from Non-iso
Vout and is connected to pin 2 of J12 and to pins 1 and 2 of J13.

Similarly, the VCC2 supply voltage pin 16 on the isolated side is powered from Iso Vout and is connected
to pin 2 of J5 and to pins 1 and 2 of J7.

Headers J16 and J17 together with their respective jumpers SH-J16 and SH-J17 serve the purpose of
enabling (jumpers shorting pins 2 and 3) or disabling (jumpers shorting pins 1 and 2) the refresh feature of
the ISO7041.

The 1ISO DATA block is equipped with two headers, and eight testpoints for connecting and probing of the
4 1/Os on the isolated and on the non-isolated side of this reference design. All the 1/Os as well as the Iso
Vout and the Non-iso Vout are additionally available on the Interface Connector J9 on the bottom side of
the PCB:

» J14 and J9: OUTA, OUTB, OUTC, IND - connecting the four 1/0Os on the isolated side
e J15 and J9: INA, INB, INC, OUTD - connecting the four 1/Os on the non-isolated side

e TP11 to TP14: OUTA, OUTB, OUTC, IND - probing of the four I/Os on the isolated side
* TP15to TP18: INA, INB, INC, OUTD - probing of the four I/Os on the non-isolated side
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3 Hardware, Software, Testing Requirements, and Test Results
CAUTION
This reference design is made available for parameter
performance evaluation only and is not intended for isolation voltage testing.
To prevent damage to the reference design, any voltage applied as a supply or
digital I/O must be maintained within the recommended operating range as
given in the data sheet of the devices used.
WARNING
To minimize the risk of fire, the power source used
must not exceed the maximum ratings of 5.25 VDC, 30 mA. Refer to
the user guide.
Use only the top-side header J2 or the bottom-side Power- and
Data-Interface Connector (receptacle J9) as the power input for the
reference design.
Use the Power Input Selection header (J18) and related jumper SH-
J18 to select either J2 or J9 as the sole power input of the
reference design.
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3.1 Required Hardware and Software

3.1.1 Hardware

K] 25 is the top view of the reference design board. All of the integrated circuits (TPS60402, TPS62125,
TPS62745, TPS727, and 1SO7041) are located on the top side of PCB. The left side of the board is the
isolated side and the right side is the non-isolated side of this reference design.

25. TIDA-010018: Top View
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3.1.1.1 Used Headers and Receptacles

#z 2 shows the functions of the different headers and receptacles.

# 2. Header and Receptacle Functions

HEADERS ON TOP SIDE | DESCRIPTION
Ji Vout Iso DCDC: Output of ISO DC/DC
J2 5VDC Vin: sole power input for board evaluation in a standalone test setup, see 3 and 2.2
J3 Measurement of the T1 primary winding current of the transformer
J4 Non-ISO Selection Header: selects connections of Vin ISO DCDC, Vin non-iso BUCK, Vout non-iso BUCK,
Non-iso LDO Vin and Selected Pwr In
J5 Iso Vout selection: selects either Iso LDO Vout or Iso BUCK Vout as the Iso Vout on J7 on the board
J6 Connects Vin Iso BUCK to Vout Iso DCDC
J7 Iso Vout: Iso Vout output selected by J5, powers isolated side of ISO DATA
J8 Vout non-iso BUCK: Output of NON-ISO BUCK
J10, J11 Iso BUCK Vout voltage setting: see 2.5.5
J12 J12 sets NON-ISO LDO to provide Non-iso Vout on J13
J13 Non-iso Vout: Non-iso Vout output, connected by J12 to NON-ISO LDO, powers non-isolated side of ISO
DATA
Ji4 Iso Data: Data interface connector on isolated side of the ISO7041 device
Ji5 Non-iso Data: Data interface connector on non-isolated side of the ISO7041 device
Ji6, J17 Refresh enable for ISO7041: Enabled when related jumpers SH-J16 and SH-J17 short pins 2 and 3, disabled
when shorting pins 1 and 2. Identical jumper settings on J16 and J17 needed, see datasheet of ISO7041
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#k 2. Header and Receptacle Functions (continued)

HEADERS ON TOP SIDE | DESCRIPTION

Ji8 5VDC Vin power source selection: selects either J2 or J9 as the boards sole power input for IsoDCDC and
Non-isoBuck, see 3, 2.2
Jumper SH-J18 shorts pins 1 and 2 of J18: J2 is sole power input
Jumper SH-J18 shorts pins 2 and 3 of J18: J9 is sole power input

J19 Connects Iso LDO Vin to Iso BUCK Vout

RECEPTACLE ON DESCRIPTION
BOTTOM SIDE
J9 Power- and Data-Interface Connector : data interface and sole power input for board evaluation as a plug-on

board in conjunction with a specifically designed hardware, see 3 and 2.2

3.1.1.2 Jumper Setting

26 shows the default jumper settings of the TIDA-010018 board for a standalone test setup. Details are
provided in & 3.

Header J2 is configured by jumper SH-J18 on header J18 to act as the sole power input of the reference
design. The respective Buck is followed by the respective LDO as a post regulator for both sides (isolated

and non-isolated) of the design.

The isolated and non-isolated side of the ISO DATA block is powered by the 3-V outputs of the respective
LDOs. The refresh logic is enabled on both sides of the digital isolator U6.

% 3. TIDA-010018: Default Jumper Settings - Standalone Test Setup

HEADER CONNECTED BY HEADER COMMENT
PIN # PIN #
J3 1 SH-J3 J3 2 Replace SH-J3 with self-made adapter wire to measure the primary
winding current of transformer T1 - Iprim T1 - with a current probe
J4 2 SH-J4-2 J4 4 Connects Vin non-iso BUCK to Selected Pwr In
5 SH-J4-1 6 Connects Vin ISO DCDC to Selected Pwr In
7 SH-J4-3 8 Connects Non-iso LDO Vin to Vout non-iso BUCK
J5 2 SH-J5 J5 3 Connects Iso Vout to Iso LDO Vout
J6 1 SH-J6 J6 2 Connects Vin Iso BUCK to Vout Iso DCDC
J1o, 2 SH-J10, SH-J11 J10, 3 Connects VSEL1 and VSEL2 to Iso BUCK Vout -resulting in 3.3 V for Iso
J11 J11 BUCK Vout
J12 1 SH-J12 J12 Connects Non-iso Vout to Non-iso LDO Vout
J16, SH-J16, SH-J17 Ji6, 3 Enables Refresh for the Digital Isolator U6
Ji7 Ji7
Ji8 SH-J18 Ji8 2 Power Input Selection - selects header J2 as sole Power Input (5VDC Vin)
J19 SH-J19 J19 Connects Iso LDO Vin to Iso BUCK Vout
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26. TIDA-010018: Default Jumper Settings - Standalone Test Setup
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3.1.2 Software

There is no software related to this reference design.
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3.2

3.2.1

Testing and Results

Test Setup

To test the efficiency of every single circuit block and their combination, the first channel of a dual-channel
SMU (Keysight B2912A) was used to power the board. A input voltage up to 5.25 V, limited to 30 mA, was
applied on pin 1 of the Power Input header J2, referenced to pin 3(GND) of J2. Pin 2 and 4 of J2 have
been used as sense terminals for the input of the voltmeter of the SMU which features a high-input
impedance.

%z 4 shows the Basic connection of Power Input Header J2 and Basic Jumper Setting of Power Input
Selection Header J18.

The output current and output voltage of the circuit blocks under test were controlled and measured by
SMU.

Pin 1 and 2 of header J18 are shorted to select J2 as sole power input.

For every test setting in 3 4, the 1-Q resistor, R9, is included in the circuit. Test results have been
retroactively adjusted by removing the losses caused by R9.

Fk 4. Basic Connection of Power Input Header J2 and Basic Jumper Setting of Power Input Selection

Header J18
POWER SOURCE, HEADER HEADER
LOAD, MULTIMETER CONNECTED BY B CONNECTED BY ‘ =TV COMMENT
SMU-Ch1-Force-High Test leads banana plug to 0.64-mm J2 1
(red) square pin socket
SMU-Ch1-Sense-High 2
(red)
SMU-Ch1-Force-Low 3
(black)
SMU-Ch1-Sense-Low 4
(black)
J18 1 Jumper Ji8 2
3.2.2 Test Results
3.221 ISO DC/DC
The output of ISO DC/DC is loaded on header J1 with a current ranging from 10 pA to 10 mA.
7z 5 shows the connection and jumper setting for the efficiency test of the 1ISO DC/DC.
F% 5. Connection and Jumper Setting for the Efficiency Test of the ISO DC/DC
POWER SOURCE, HEADER CONNECTED HEADER
LOAD, MULTIMETER CONNECTED BY BN # BY I 7 COMMENT
SMU-Ch2-Force-High | Test leads banana plug to Connect Reverse
(red) 0.64-mm square pin 1 Jl 1 Protection Diode -
socket Cathode
SMU-Ch2-Sense-High 2
(red)) 1
SMU-Ch2-Force-Low Connect Reverse
(black) 3 Jl 3 Protection Diode —
Anode
SMU-Ch2-Sense-Low 4
(black)
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#k 5. Connection and Jumper Setting for the Efficiency Test of the ISO DC/DC (continued)

POWER SOURCE, HEADER P —. HEADER
LOAD, MULTIMETER CONNECTED BY oIN 7 BY SN g COMMENT
J4 5 Jumper J4 6
J3 1 Jumper J3 2

27 through K 29 show the resulting graphs of those measurements.

27.1SO DC/DC Efficiency and VOUT vs IOUT, VIN as 28. ISO DC/DC Efficiency and IIN vs IOUT, VIN as Parameter
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29. ISO DC/DC Efficiency and VOUT vs VIN, IOUT as Parameter
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3.2.2.2 ISO BUCK

With pin 2 and 3 of header J10 shorted and pin 2 and 3 of header J11 shorted, the output voltage of ISO
BUCK is 3.3 V.

The output of IsoBuck is loaded by channel 2 of the SMU with a current ranging from 10 pA to 10 mA.

%z 6 shows the connection and jumper setting for the efficiency test of the ISO BUCK .
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F 6. Connection and Jumper Setting for the Efficiency Test of the ISO Buck
POWER SOURCE, HEADER HEADER
LOAD, CONNECTED BY CONNECTED BY COMMENT
MULTIMETER PIN # PIN #
SMU-Ch2-Force- Connect Reverse
High (red) J5 1 Protection Diode -
J5 1 Cathode
SMU-Ch2-Sense-
High (red)) Test leads banana plug to
0.64-mm square pin
SMU-Ch2-Force- | gocket Connect Reverse
Low (black) 3 J7 3 Protection
7 Diode — Anode
SMU-Ch2-Sense- 4
Low (black)
J4 6 Jumper Wire J6 1
J13 4 Jumper Wire J7 4
J10 2 Jumper J10 3
J11 2 Jumper J11 3
K 30 and K 31 show the resulting graphs of those measurements.
30. ISO BUCK: Efficiency and VOUT vs IOUT, 3.3 V Output, 31. 1ISO BUCK: Efficiency and VOUT vs VIN, 3.3-V Output,
VIN as Parameter IOUT as Parameter
100 T 3.313 100 3.4
95 T 3312 Ll 3.38
o 90 S e - 331 g 80 336 |,
S & s/ 331 £ 5 70 334 £
2 3 2 3
S 80 [~ s pu RN \ 3309 2 s 60 — | 332 2
g 7 AT . N 3308 & g 50 I‘ = 33 8§
> 70 ~ M 3307 S > 40 328 S
S 7‘ T | —— = N = 5 =
3 65 SRR D N 3.306 3 S 30 326 3
k=3 ™ — J = R R
B wfT—s—se TRy e 2 T otma —otma |26 7
I 4V —av T 1mA — 1mA
55 iy v <10 3.304 10 e e |32
50 T 3.303 0 a2
0.001 001002 00501 02 05 1 2 345710 35 4 45 5
lout (MA) VIN (V)

3.2.2.3 NON-ISO BUCK

The output voltage of the NON-ISO BUCK is set to 3.3 V by the feedback resistors R11 (1.8 MQ) and R15
(576 kQ).

The output of NON-ISO BUCK is loaded by channel 2 of the SMU with a current ranging from 10 pA to 10
mA.

F= 7 shows the connection and Jumper Setting for the NON-ISO BUCK efficiency test.

32
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Fz 7. Connection and Jumper Setting for NON-ISO BUCK Efficiency Test

POWER SOURCE, HEADER HEADER
LOAD, CONNECTED BY CONNECTED BY COMMENT
MULTIMETER PIN # PIN #
SMU-Ch2-Force- Connect Reverse
High (red) 1 J8 1 Protection Diode -
Cathode
SMU-Ch2-Sense-
High (red) Test leads banana plug to 2
0.64-mm square pin J8
SMU-Ch2-Force- | gocket Connect Reverse
Low (black) 3 J8 3 Protection Diode —
Anode
SMU-Ch2-Sense- 4
Low (black)
Ja 2 Jumper J4 4
K 32 and K 33 show the resulting graphs of those measurements.
32. NON-ISO BUCK: Efficiency and VOUT vs IOUT, 3.3-V 33. NON-ISO BUCK: Efficiency and VOUT vs VIN, 3.3-V
Output, VIN as Parameter Output, IOUT as Parameter
100 3.30375 100 3.305
90 =1 Tl T L 3.3035 ) 3.3045
T~ 4] ¢/
g 80 q /( a4y |330325 g 80 3304,
3 O = — sy |3 5 7 — — 3.3035 £
525V — .
2 6 — 4y |330275 2 6 —_— e — 3303 8
i i — 5V 2 T — a
g % 2 osy|33025 g % 33025 &
> 40 3.30225 2 40 — 3302 S
2 30 3.302 2 30 s — = == =—323015 'é
= = S
w20 3.30175 w20 3.301
A N
10 < 3.3015 10| =/ 0.01 mA 1mA —— 0.01mA — 1mA 3.3005
L i —— 01mA —— 10mA — 0.1mA —— 10mA
0 3.30125 0 33
0.001 0.010.02 0.050.1 02 05 1 2 345710 4.4 4.57 4.74 4.91 5.08 5.25
IOUT (mA) VIN (V)

3.2.24 LDOs

The NON-ISO LDO is tested representatively for both - the ISO LDO and the NON-ISO LDO. The output
of LDO is loaded by channel 2 of the SMU with a current ranging from 10 pA to 10 mA.

%% 8 sho

ws the connection and jumper setting for LDO efficiency test.

F% 8. Connection and Jumper Setting for LDO Efficiency Test

POWER SOURCE, HEADER HEADER
LOAD, MULTIMETER CONNECTED BY ST CONNECTED BY ST COMMENT
SMU-Ch2-Force-High Connect Reverse
(red) 1 J12 1 Protection Diode -
J12 Cathode
SMU-Ch2-Sense-High
Test leads banana 1
(red)
plug to 0.64-mm
SMU-Ch2-Force-Low | square pin socket Connect Reverse
(black) 3 J8 3 Protection
38 Diode — Anode
SMU-Ch2-Sense-Low 4
(black)
J4 6 Jumper J4 8
JAJU683—January 2019 HBEHT 7 r—2 3 AOBRERS LV T—R /2 X—T7I41 33
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KX 34 and K 35 show the resulting graphs of those measurements.

34. LDOs: Efficiency and VOUT vs IOUT, 3 V Output, VIN as

Efficiency (%), Solid Lines

parameter
3.005
ot et
1 3.004
P et —
= 3.003
b | e - ==
s 3.002
Pl
L 3.001
——'/
= 3
\
/ 1 =
y i 2.999
/ — 31V — 4V — 36V |2998
— 32V —5V — 37V
20 A 33V — 31V — 4V [2997
10 — 36V — 32V 5V |2996
[ — 37V 33V
0 2.995
0.01 0.1 1 10
I0UT (mA)

VOUT (V)

35. LDOs: Efficiency and VOUT vs VIN, 3V Output, IOUT as

100

90

80

70
60

50
40

30
20

Efficiency (%), Solid Lines

10
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3.05

3.04
[~ 303
| 8
302 £
I \\ e
301 8
| — — 7
— e = 3 8
299 S
| — =
/ 298 3
2907 °

— 001mMA — 10mA — 1mA [?
— 01mA —— 0.01mA — 10mA |5 g6
1mA — 0.1mA
2.95
3 35 4 45 5
VIN (V)

3.2.2.5

Combination (ISO DC/DC, ISO BUCK and NON-ISO BUCK)

The efficiency of combination ISO DC/DC, ISO BUCK, and NON-ISO BUCK have been tested in depth.

K 36 shows the combined efficiency and total input current versus output current graphs of test 1. The
output current of ISO BUCK is controlled by channel 2 of the SMU, varying from 100 pA to 10 mA. The
NON-ISO BUCK is resistively loaded to provide 5 different constant output current levels. The output

voltage of both, ISO BUCK and NON-ISO BUCK, is 3.3V

37 shows the combined efficiency and total input current versus output current graphs of test 2 in which
the output current of the NON-ISO BUCK is controlled by channel 2 of the SMU and the 1ISO BUCK is
loaded resistively. The output voltage of both, ISO BUCK and NON-ISO BUCK, is 3.3 V.

%z 9 shows the connection and jumper setting for combination efficiency test.

Fz 9. Connection and Jumper Setting for Combination Efficiency Test

POWER HEADER HEADER
SOURCE, CONNECTED
LOAD, CONNECTED BY PIN # BY PIN # COMMENT
MULTIMETER
SMU-ChZ- Test leads banana J5 for test 1, Conne(_:t Reyerse
Force-High plug to 0.64-mm 1 ‘ 1 Protection Diode -
(red) square pin socket J5 for test 1, J8 for test 2 Cathode
SMU-Ch2- J8 for test 2 1 for test 1
Sense-High ; '
(red) 2 for test 2
SMU-Ch2- Connect Reverse
J7 for test 1, ) .
Force-Low 3 38 for test 2 3 Protection Diode —
(black) J7 for test 1, ortes Anode
SMU-Ch2- J8 for test 2
Sense-Low 4
(black)
Resistance ; :
Ammeter in series
Decade - red - J8 fortest 1, 1 to the resistance
in series with J5 for test 2 decade, set
ammeter resistance decade
Resistance J8 for test 1, to needed load
D 3 current
ecade - black J7 for test 2
J4 Jumper J4 4
J4 Jumper J4 6
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F 9. Connection and Jumper Setting for Combination Efficiency Test (continued)

POWER HEADER HEADER
SOURCE, CONNECTED
LOAD, CONNECTED BY PIN # BY PIN # COMMENT
MULTIMETER
J3 Jumper J3
J6 Jumper J6

KX 36 and K 37 show the resulting graphs of those measurements.

36. Combined Efficiency and Total IIN vs. IOUT of ISO BUCK
- Test 1 - IOUT of NON-ISO BUCK as Parameter
100 14
— 01mA—5mA — 05mA — 10 mA

% — 05mA — 10mA — 1mA 1
— 1mA =— 0.1mA 5mA / "
g / g
£ 80 10 2
z = 2
8 70 — ] 8 2
s == 5
€ of—— pd 6 <
> 7 S
g v % =
g 50 / é 4 =
= 7 A s
i 7 5
40 Z 2 ©

| ——|z== =
30 =1 -— 0
0.1 1 10
I0UT of ISO BUCK (mA)

X]

Efficiency (%), Solid Lines

37. Combined Efficiency and Total IIN vs. IOUT of NON-ISO
BUCK - Test 2 - IOUT of ISO BUCK as Parameter
100 > 14
— 01mA — 10mA — 5mA
— 0.5mA — 0.1 mA — 10 mA
0| —1mA — 05mA 12 ¢
—5mA — 1mA B 2
-
I 11 e
80 1 10 3
= —— | <
70 == 8 &
60 —1 He6 £
/ , >
/ 7 £
50 i / 4 2
L 7 s
—= o
40 — 2 F
[ | L |= =
30 = - 0
0.1 1 10
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3.2.2.6

Waveforms of ISO DC/DC

The waveforms have been measured at an input voltage of 5 V and 100 pA, 1 mA and 10 mA lout.

KX 38 to ¥ 40 show the switch node voltage, primary current and output voltage ripple at load currents of
100 pA, 1 mA and 10 mA.

Oscilloscope—channel assignment:

* CHZ1: Output Voltage Ripple on TP1 - Vout Iso DCDC

* CH2: Switch-node voltage measured on TP2 - HB_SW

e CHa3: Primary current measured with current probe on J3 - Iprim T1, see KX 18

38. 1SO DC/DC Waveforms at Vin =5V
and lout = 100 pA

[0  -126.00ns €@ 560.0pV
""""""""" O 16.434ps (@  s0.00pv  [H
A16.560ps A480.0pV
D L free—— o o

1.00my By

[1]
2.00m4 &

=

2.5068/s / ][

3Dec 2018
10M points 3.70V

18:33:13

(@D Peak—Peak

2.88mY

39. ISO DC/DC Waveforms at Vin =5V and lout =1 mA

: : 8.3600pys @ 640.00V
LA . 24.920ps @ 160.0pv [9
: : £.16.560ps £480.0p¥
- ; .
o M —
p
& 1.00mYV A Y4005 2.5065/s e/ 3Dec 2018
5.00mA B 10M points -700p4 17:21:08

(@D Peak-Peak

2.80mY

40. ISO DC/DC Waveforms at Vin =5V and lout = 10 mA

- : : a 1.032ps @  960.0pV
“““““ o : o O so3zps O -1.240mv [
s : ' A8.000ps  A2.200mY
B o HE. ST
™\ \ ‘ N 3 \
n, sl eI~ i b
o0 o NN
@ 2.00mv A 4.00ps 2.5085/5 s 3Dec 2018
€ 200mp & 10M points 16.0mA 14:31:04

(@D Peak—Peak 4.40mV
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3.2.2.7 Waveforms of ISO BUCK

The waveforms have been measured at input voltages of 3.6 V and 5 V and at output currents of 100 A
and 10 mA.

41 to K 44 show the switch node voltage and output voltage ripple.

Oscilloscope—channel assignment:
* CHZ1: Output Voltage Ripple on TP8 - Iso BUCK Vout
» CH2: Switch-node voltage measured on TP6 - Iso BUCK SW

41.1SO BUCK Waveforms at Vin = 3.6 V 42.1SO BUCK Waveforms at Vin =5 V and lout = 100 pA
and lout = 100 pA

(@ oomv_~w ){wom 2.5065/5 [ % J[ 4 Dec 2018]
10M points 800pY 15:40:32
& 10.0mV 100ps 2.5065/5 @/ 4Dec 2018 —
@ v )[ oM polnts 800,V ][ 15:325:33 ] (@D Pesk—Peak 17.6mv
(@D Pesk—Pesk  6.80mV
43. 1SO BUCK Waveforms at Vin = 3.6 V 44.1SO BUCK Waveforms at Vin =5 V and lout = 10 mA

and lout = 10 mA

(@ 0omv )[4‘00;4; 2.5068/5 @ / ][ 4Dec 2018]
10M points 800pV 15:48:18
@ — )[1‘00“ fﬁsl*:ljf)so/i;ts gﬂyf\/ ][ 1;;2555:22018] (@D Peak—Peak 14.4m¥ E .
(@D Peask-Peak _ 4.80mV
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3.2.2.8 Waveforms of NON-ISO BUCK

The waveforms have been measured at an input voltage of 5 V and at output currents of 100 pA and
10 mA.

45 and K 46 show the switch node voltage and output voltage ripple.

Oscilloscope—channel assignment:
* CHZ1: Output Voltage Ripple on TP5 - Vout non-iso BUCK
» CH2: Switch-node voltage measured on TP4 - Non-iso BUCK SW

45. NON-ISO BUCK Waveforms at Vin =5V 46. NON-ISO BUCK Waveforms at Vin =5V
and lout = 100 pA and lout =10 mA

e T NN IO

(COR 4005 2506575 @/ 60ec 2018) | (@D _10.0mv_~vey 10,055 2.5065/5 @/ 6 Dec 2018
10M points 200pY 10:40:48 10M points 200pY 10:48:43

(@D Peak—Peak 10.8mV ) (@D Peak—Peak 13.6mV

3.2.2.9 System Waveforms of Start-up

The start-up waveforms have been measured with a 5-VDC input voltage. The SMU as Power source was
current-limited to 30 mA and was connected as described in the table of the section 3.2.1. Both system
sides had been configured to generate 3.3 V by their BUCK converters and for using their LDOs as post-
regulator to generate 3-V rails on the non-isolated side as well as on the isolated-side. Both 3-V rails had
been resistively loaded with 10 mA at their nominal 3-V output voltage. The default jumper setting as
shown in section 3.1.1.2 for standalone test setup had been applied. Resistive loading was done using
two resistance decades, see % 10.

% 10. Connections for Resistive Loading of Iso Vout and Non-iso Vout

POWER SOURCE, HEADER HEADER

LOAD, MULTIMETER CONNECTED BY o | CONNECTED BY S COMMENT

Resistance Decade 1 - red
- in series with ammeter

- J7 Set
Resistance Decade 1 - 4 resistance
black Test leads banana plug to 0.64-mm decades to
Resistance Decade 2 - red square pin socket 1 needed 10
- in series with ammeter mA of load
Ji3 current

Resistance Decade 2 -
black

K 47 shows the output voltage of ISO LDO and NON-ISO LDO, system input current and system input
voltage during starting up.

Oscilloscope—channel assignment:
* CHz1: Output Voltage of IsoLDO on TP3 - Iso LDO Vout

38 HBEHT 75— 3 FAOBBRERS LI T—R 12X—T7I4 JAJUB83—January 2019
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e CH2: Output Voltage of Non-IsoLDO on TP9 - Non-iso LDO Vout

» CHa3: Input current of system - Measured with current probe on FORCE output of SMU channel 1
which is connected to pin 1 of Power Input header J2 according to 3.2.1

» CH4: System input voltage on pin 2 of J2 referenced to pin 4 of J2

Rl 47. System Start-up at Vin =5V and lout = 10 mA

4 H H H H H
& 10V & 4.00ms 250MS/s 7 7 Dec 2018
& 100mA & 2008 & 10M points 162V 14:56:42

3.2.2.10 1SO DATA - Waveforms and Current Consumption

The ISO7041 is powered with 3 V from LDO at both the isolated side and the non-isolated side. The four
channels of ISO7041 are driven with the same channel of a function generator.

K 48 shows the propagation delay of INA and OUTA. The waveforms are measured with probe of
Tektronix: TPP0250. The input capacitance and resistance of this probe are 3.9 pF and 10 MQ.

Oscilloscope—channel assignment:
* CHL1: Input signal of INA on TP15
e CH2: Output signal of OUTA on TP11

JAJU683—January 2019 1EEHEEAT 7 r—2 3 AOMBHRERS LI T—R 12X —7I11 39
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48. 1SO DATA - Propagation delay of INA and OUTA

@ LoV ' ] ' ][40‘Ons

100k points 1.32v

2.5065/5 7 ] 29 Nov 2018
15:08:12

(@S 136.4ns
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%z 11 and % 12 show the supply current performance of the ISO DATA circuit blocks at different
conditions.

#z 11. Supply Current of ISO DATA circuit block - isolated side and non-isolated side

PARAMETER TEST CONDITIONS TEST VALUE UNIT

lccl Non-isolated side Supply Current, Refresh 1 kbps, No Load 5.12 pA
Disabled 10 Kbps, No Load 7.52 VA
100 kbps, No Load 32.71 pA

1 Mbps, No Load 301.8 pA

2 Mbps, No Load 598 pA

Non-isolated side Supply Current, Refresh 1 kbps, No Load 7.39 pA
Enabled 10 Kbps, No Load 8.76 VA
100 kbps, No Load 32.89 pA

1 Mbps, No Load 302.1 pA

2 Mbps, No Load 598.2 pA

Icc2 Isolated side Supply Current, Refresh Disabled 1 kbps, No Load 10.01 pA
10 kbps, No Load 10.2 pA

100 kbps, No Load 22 pA

1 Mbps, No Load 146.5 pA

2 Mbps, No Load 284.4 pA

Isolated side Supply Current, Refresh Enabled 1 kbps, No Load 104 pA
10 kbps, No Load 11 pA

100 kbps, No Load 221 pA

1 Mbps, No Load 146.5 pA

2 Mbps, No Load 284.5 pA

Fz 12. Supply Current per Transmitter Channel (T) and per Receiver Channel (R)

PARAMETER TEST CONDITIONS :_EST VALUER UNIT
Refresh Disabled 1 kbps, No Load 0.68 2.99 pA
10 kbps, No Load 1.49 2.81 pA
100 kbps, No Load 9.51 4.15 pA
1 Mbps, No Load 94.9 17.19 pA
2 Mbps, No Load 188.71 31.89 pA
Refresh Enabled 1 kbps, No Load 151 3.07 pA
10 kbps, No Load 1.96 3.09 pA
100 kbps, No Load 9.57 4.19 pA
1 Mbps, No Load 94.98 17.18 pA
2 Mbps, No Load 188.75 31.92 pA

The measured supply current values for the ISO DATA match very well with the values given in the
ISO7041 data sheet. The sum of the transmitter channel (T) supply current and receiver channel (R)
current (as shown in 3 12) represent what is shown in the graphs of the ISO7041 data sheet as supply
current vs data rate graphs, see K| 49 and K| 50.
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K 49. 1ISO7041 Supply Current vs Data Rate at 3.3 V (With No B 50. ISO7041 Supply Current vs Data Rate at 3.3 V (With 15-
Load) pF Load)

200 300
—— Refresh Enabled —— Refresh Enabled /
—— Refresh Disabled —— Refresh Disabled /

100
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o
o

/
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o

[
o
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Current per Channel (nA)
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1 10 100 1000 2000 1 10 100 1000 2000
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4.1

4.2

4.3

43.1

4.4

4.5

4.6

5.1

5.2

Design Files

Schematics

To download the schematics, see the design files at TIDA-010018.

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-010018.

PCB Layout Recommendations

Layout Prints

To download the layer plots, see the design files at TIDA-010018.

Altium Project

To download the Altium Designer® project files, see the design files at TIDA-010018.

Gerber Files

To download the Gerber files, see the design files at TIDA-010018.

Assembly Drawings

To download the assembly drawings, see the design files at TIDA-010018.

Related Documentation

1. Current NAMUR Recommendations (NE) and Worksheets (NA): NE 043: Standardization of the Signal
Level for the Failure Information of Digital Transmitters 2003-02-03

2. Uniquely efficient isolated DC/DC converter for ultra-low power and low power apps reference design:
TIDA-00349

3. WUERTH ELEKTRONIK, 750314839 - Transformer Data

AR

E2E, DCS-Control are trademarks of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
TR TCOEEBLIVVERHEETNThOREEICEELET,

Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

Terminology
SMU— source-measure unit
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