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ABSTRACT

The main objective of this system is to avoid ground loops in signal conditioning and bidirectional data
transmission applications by providing isolation for the power and data transmission path. The DA-00459 provides
the turnkey solution for sensor transmitters .This design is based on launch pad form factor and gives a power saving
method for transmitting the data. Highly efficient on board isolated DC to DC converter will be used in low power
applications and the application which is having input power range like 4 to 20mA. Factory automation and power
control, building automation, loop powered 4 to 20mA transmitters, other sensors and field transmitters and portable
instrumentation are the featured applications of this project.

KEY WORDS: DA-00459, Data transmission, Isolation, low power applications.

1. INTRODUCTION

In industrial environments ground potential differences higher than 100 V. Ground should be galvanically
isolated for thermocouple sensors and signal conditioning circuitry (Gayathri & Kavitha, 2015). Data transmission
and the power supply should be isolated in isolated sensor transmitters. Direction for the transmission of data can be
either bidirection or unidirection.

This design is focusing mainly on bidirectional communication between two (MSP430FR5969)
microcontrollers with isolation. A bidirectional communication is needed in systems in which not only the host
provides but also isolated sensor side sends the data.

The solution is first of all the limited size within sensor transmitters (industry standard) and, in case of a
loop-powered system, the overall current consumption (Renuka & Kavitha, 2013). A single-wire interface is crucial
to insure space and consumption of power constrains. In the real application, the signal conditioning will be taken
by one MCU which is in isolated side. Communication will be taken by second MCU which is in non-isolated side.

A single-wire interface is crucial to insure space and power consumption constrains. In the real application,
one MCU (placed on the isolated side) takes care of the signal conditioning (linearization, calibration, data
acquisition routine) while the second MCU (on the non-isolated side) takes care for the communication (in case of
HART or more complex communications than just 4 to 20 mA) but as well of sending different configurations to the
sensor side.

To show case the functionality, the hardware of the TIDA-00245 includes Booster Pack connectors on each
isolated side. Booster Pack plug-in modules allow the user to extend the functionality of the hardware and wireless
connectivity, capacitive touch, temperature sensing, displays, and much more (Kavitha & Palanisamy, 2013).

The design files include block diagrams, MSP430 firmware, (BOM), layer plots, Altium files, schematics,
Gerber files, bill of materials and design considerations.

System description:

Transformer Coupled Interface: The TIDA-00245 uses galvanic isolation, which has an inherent life span
advantage over an up to coupler isolator. Devices used in industry are typically pressed for service.

MSP430 ULP FRAM Platform: The MSP430 ULP ferroelectric RAM (FRAM) platform is used in the TIDA-
00245 reference design. The MSP430 combines uniquely embedded FRAM and a holistic ULP system architecture,
allowing innovators to increase performance at lowered energy budgets.

MSP430 converts the impulse train to a square pulses. The best symmetrical device is a transformer. It is
simple to reverse the data flow through it and have bidirectional communication (Vivek & Palanivel Rajan, 2016).
In general, the transformers developed for T1/E1 telecom applications are well suited as the interface element in a
galvanically isolated industrial transmitter. The MSP430 ULP ferroelectric RAM (FRAM) platform is used in the
TIDA-00245 reference design. (Palanivel Rajan, 2015). The MSP430 combines uniquely embedded FRAM and a
holistic ULP architecture of systems, allowing innovators to increase performance at lowered energy budgets.
Highlighted products: For the low-power isolated bidirectional data transmission, the COMP_E module and the
eUSCI module of the MSP430FR5969 have been used in this design. (Palanivel Rajan & Sheik Davood, 2015). For
few more details regarding the functionality of these modules, we have to see MSP430FR58xx, MSP430FR59xXx,
MSP430FR68xx, and MSP430FR69xx Family.

MSP430FR5969: For the isolated low-power with bidirectional data transmission, the COMP_E module and the
eUSCI module for the MSP430FR5969 have been used in this design (Palanivel Rajan, 2016).

Features: The Embedded microcontroller has 16-bit RISC architecture up to 16-MHz clock. The Wide supply
voltage range is 1.8 to 3.6 V (Palanivel Rajan & Dinesh, 2015). The Optimized ULP modes of MSP430FR5969 are
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Active mode, Standby mode, Real-time clock mode. The Intelligent digital peripherals has 32-bit hardware multiplier
(MPY), Three-channel internal DMA, RTC with calendar and alarm functions and then five 16-bit timers with up to
seven capture/compare registers each. In the multifunction 1/O ports all pins support capacitive touch capability with
no need for external components.

The MSP430 ULP FRAM portfolio consists of a diverse set of devices featuring FRAM, the ULP 16-bit
MSP430 CPU, and intelligent peripherals targeted for various applications (Palanivel Rajan, 2014). The COMP_E
and the eUSCI_A modules are used in this application. The COMP_E module supports precision slope analog-to-
digital conversions, supply voltage supervision, and monitoring of external analog signals. The few features of
COMP_E are it has Inverting and non-inverting terminal input multiplexer, Software-selectable RC filter for the
comparator output and then output provided to Timer_A capture input.

Isolated Data Transmission: Isolated Data Transmission for the MCUs, the MSP430FR5969 has been chosen
because of its ULP system architecture, integrated comparator, and integrated UART module, which is used for the
isolated data transmission (Palanivel Rajan & Sukanesh, 2013). The UART square waveform for the data
transmission is generated with the eUSCI_A module. The transmitter’s DC component is blocked by a capacitor and
the transformer passes only the AC components of the UART square waveform resulting in an impulse train across
the secondary winding

Receiving Data: The pin connected to the transmission circuit is configured as comparator input C1. The comparator
output COUT is mapped to a different pin P3.5, which is externally connected to the UART RX pin. Transmitting
Data In this circuit, the default VCC level on the connected MCU pin is VCC/2 when no data is transmitted
(Vijayprasath & Palanivel Rajan, 2015).
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Figure.2. Block Diagram of Receiver
Transmitting Data: In this circuit, the default VCC level on the connected MCU pin is VCC/2 when no data is
transmitted. This is necessary to have the negative pulses not be going below 0 V as the I/O pins of the MSP430 do
not accept negative voltage. But when voltage levels around VCC/2 are applied to digital CMOS gates, parasitic
current can flow from VCC to GND inside the pin. This parasitic current occurs if the input voltage is near the
transition level of the gate.
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Figure.3. Block diagram of Transmitter

Bidirectional Data Communication: Bidirectional Data Communication because the used transformer is a
symmetrical device that is 1:1 winding ratio and the circuit is symmetrical as well, data transmission can be done in
both directions (Palanivel Rajan, 2012). The only thing that needs to be considered is to change the configuration of
the MSP430FR5969 pins from transmitting to receiving and vice versa.
Automated Baud-Rate Detection and Break/Synch Sequence Feature: Automatic baud-rate (ABR) detection
feature of the eUSCI module allows matching of baud rates between the different isolations sides. For ABR detection,
a data frame is preceded by a synchronization sequence that consists of a break and a synch field (Palanivel Rajan &
Sukanesh, 2012).

When changing from transmitting to receiving the capacitor C1 or respectively C2 has to be first discharged
and the voltage needs to settle at VCC/2 for receiving. Automated Baud-Rate Detection and Break/Synch Sequence
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Feature Automatic baud-rate (ABR) detection feature of the eUSCI module allows matching of baud rates between
the different isolations sides.
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Figure.4. ABR Detection and Break/Sync Sequence
Hardware Setup: Hardware Setup jumper J18 can be used for external power supply. The current consumption can
be measured for the primary side on jumper J16 and for the secondary side on jumper J23 (Palanivel Rajan, 2010).
Power during debugging if an external power supply is used during debug, make sure pin 2 and pin 3 are connected
on jumper J16 and respectively on jumper J22.
Power During Debugging: If there is no external power connected and power from the MSP-FET Debugger
Interface should be used, make sure pin 1 and pin 2 are connected on jumper J16 and respectively on jumper J22
(Palanivel Rajan, 2012). Isolation Jumper J4 and jumper J1 can be used to disconnect the two MSP430FR5969 from
the isolation circuitry and the transformer on the board. Instead the jumpers can be used to connect different isolation
circuits and transformers
Isolation: Jumper J4 and jumper J1 can be used to disconnect the two MSP430FR5969 from the isolation circuitry
and the transformer on the board (Vivek & Palanivel Rajan, 2016). Instead the jumpers can be used to connect
different isolation circuits and transformers.
Software Setup: Install composer studio before connecting MSP-FET to PC. During CCS installation, USB drivers
are installed automatically (Vivek, 2016). Make sure to use the latest CCS version, otherwise the USB drivers might
not be able to recognize the MSP-FET. 2. Connect the MSP-FET to a USB port with the given USB.

3. TEST RESULTS

The current can be measured on jumper J16 and on the other side of the isolation on jumper J23 (Sridevi &
Prasanna Venkatesan, 2016). The typical dynamic current consumption of the complete system in unidirectional
mode. Both MSP430FR5969s are active and the CPU is running with 8 MHz. The communication is continuously
running in one direction.
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Figure.5. Graph for Total Supply Current in Unidirectional Mode
The following diagram is the typical dynamic current consumption of the complete system in bidirectional
mode (Sundaravadivu and Bharathi, 2013). Both MSP430FR5969s are active and the CPU is running with 8 MHz.
The communication is continuously running in both directions. One byte is sent and then echoed back.
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Figure.6. Graph for Total Supply Current in Bidirectional Mode

4. CONCLUSION

Advancement in the isolation technology reduces the power consumption of digital isolators by magnitude
making convenience and safety of standard components available for low power application (Mohanapriya &
Vadivel, 2013). It is mainly used in factories to control the automation and process. In this TIDA-00459 provides
exceptionally high efficient power conversion and transmission of data solutions for low powered applications.
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