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ABSTRACT

NFC/RFID enables communication with transponders. The transponders include memory that can store
various information including URLS, Bluetooth® connection handover, contact information, diagnostics, and
now sensor measurement data. Battery-less sensor measurements that utilize energy harvesting from the
RF field can be implemented in applications ranging from medical, health and fitness, and industrial where
instantaneous measurements are required and a battery is not feasible or desired. This application report
discusses the implementation of a single chip NFC/RFID field powered temperature sensor system with
the RF430FRL152H.

Project collateral discussed in this application report can be downloaded from www.ti.com/lit/zip/sloc322.
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Bluetooth is a registered trademark of Bluetooth SIG, Inc.
All other trademarks are the property of their respective owners.
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1 Reference Design Hardware
The schematic and layout are shown in Figure 1 and Figure 2. The design keeps a low component count
by using integrated features of the RF430FRL152H such as the internal A/D converter and ROM functions
for acquiring sensor measurements from a thermistor (RT1). This design also offers the flexibility to
include a 1.5 V battery at TP1/TP2 if data logging is required and the RF field will not always be available
to provide power. The hatched ground pour is used for improved RF performance.
2 Battery-Less NFC/RFID Temperature Sensing Patch SLOA212A—-December 2014—Revised February 2016
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Figure 1. RF430FRL152H NFC Temperature Sensor Schematic
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Figure 2. RF430FRL152H NFC Temperature Sensor Board Layout

2 Firmware Implementation

One benefit of this design is that firmware does not need to be programmed into the device. This design
utilizes the ROM functions inside of the RF430FRL152H. The device is initialized “over the air” by a
NFC/RFID Reader/Writer device that writes the configuration registers. Subsequently, the thermistor
measurements are read out by this same Reader/Writer device. When utilizing the graphical user interface
(GUI) software as discussed in Section 3, the RF430FRL152H will be configured as shown below. It is
important to note that with this specific configuration, each sample requires 128 ms for acquisition. The
reference resistor and thermistor must be sampled for each measurement, which brings the total
conversion time to 256 ms. This is just one implementation of the ADC configuration register that can be
modified to meet the needs of a given application.

Sensor Control Register
The Sensor Control Register is used to select the thermistor to be sampled. The reference resistor
(R3) is also sampled and used for Calibration.

— Reference/ADC1 Sensor enabled
— Thermistor/ADC2 Sensor enabled
— Thermistor enabled, number of passes = 1

Reference/ADC1 Sensor Configuration Register

This register is used to configure the ADC1 for the reference resistor. The configuration below sets the
ADC for 10-bit resolution and requires 128 ms for each sample. In this application example, 10-bit
resolution was used for this for faster conversions.

- Gain=2
— Filter Type = CIC Filter
— Oversampling = 128

Thermistor/ADC2 Sensor Configuration Register

This register is used to configure the ADCL1 for the Thermistor. The configuration below sets the ADC
for 10-bit accuracy and requires 128 ms for each sample. In this application example, 10-bit resolution
was used for this for faster conversions.

- Gain=2
— Filter Type = CIC Filter
— Oversampling = 128
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NOTE: The configuration of the device can also be read out using the RF430FRL152H GUI “Read
All Tabs” button and viewing the tabs that contain the affected registers.

3 Demonstration With TRF7970AEVM

The demonstration board can be exercised with the use of the TRF7970AEVM and the RF430FRL152H
GUI. The software and complete details are available in the RF430FRL152HEVM User's Guide

(SLAU607).
Step-by-step instructions for use with this specific reference design are listed below:

1. Install the RF430FRL152H GUI and drivers as shown in the Installation of the Software and Drivers
section of the RF430FRL152HEVM User's Guide (SLAU607).

2. Plug in the TRF7970AEVM, open the RF430FRL152H GUI, and click “Connect to TRF7970AEVM” (as
shown in Figure 3).

X GUI using TRF7970EVM to interface to RFA30FRL1SxH > » . =& 52

Setup | Demo Mode | Gen. Device Config | Sensor Config. | Alam Control | Sensor Threshold Config. | View Sensor Data

Position all switches
as shown above
Device Interface Selection:
© RF430FRL152H EVM
© RF430FRL152H Patch

) Custom Device

Select Configuration: @ Without Sensor Hub BoosterPack ) With Sensor Hub BoosterPack

Demo Mode: Open serial port and on Demo tab, click button labeled "Start Demo” .
Version 1.1.2.0

( Connect to TRF7970AEVM ]<_I [ ReadAlTabs || WiteAlTabs |

Figure 3. Connect to TRF7970AEVM
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3. Select the “RF430FRL152H Patch” and then click the “Demo Mode” tab (as shown in Figure 4).

4y g s e A R

Setup [Demo Mode l Gen. Device Config I Sensor Config. l Alam Control l Sensor Threshold Config. I View Sensor Datal

Device Interface Selection:
) RF430FRL152H EVM

=> © RF430FRL152H Patch

() Custom Device

Demo Mode: Open serial port and on Demo tab, click button labeled "Start Demo" .
Version 1.1.2.0

{ Close connection to TRF7970AEVM ] Connected to TRF7970AEVM on COM5 [ Read Al Tabs l [ Wiite Al Tabs

Figure 4. Select RF430FRL152H Patch
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4. Align the Patch Board in parallel with the TRF7970AEVM antenna and then click “Start Demo” (as
shown in Figure 5. First, this writes the configuration for the ADC and frequency of measurements to

the RF430FRL152H. Then, it begins reading the subsequent sensor measurements as they are
updated.

&3 GUI using TRF7970EVM to interface to RFA30FRL15x g‘éﬂ
— — b .

Setup | Demo Mode | Gen. Device Config | Sensor Config. | Alam Control | Sensor Threshold Config. | View Sensor Data |

Temperature Light Intensity (EVM Only)

G T

Start Demo
Light Sensor not supported on the Medical Patch device selection (set in Gen. Device Corfigt;
[ Close connection to TRF7970AEVM ] Read All Tabs ] [ Wiite Al Tabs
Figure 5. Start Demo
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5. As long as the patch board stays within range of the TRF7970AEVM antenna, the measurements will
continue to be taken and plotted on the graph (as shown in Figure 6). The latest measurement is
shown as a numeric value, 78.8°F, in Figure 6. The GUI also provides the option to display in
Fahrenheit or Celsius.

&3 GUI using TRF7S70EVM to interface to RFA30F (= l

Setup | Demo Mode | Gen. Device Config | Sensor Config. | Alam Control | Sensor Threshold Config. | View Sensor Data |
Temperature Light Intensity (EVM Only)
90
84
72
66
60
0 16 32 48 64 80
78.8 °F @F OT
Start Demo
Light Sensor not supported on the Medical Patch device selection (set in Gen. Device Corfigt;
[ Close connection to TRF7970AEVM ] [ Read All Tabs ] [ Wiite Al Tabs
Figure 6. Temperature Measurements
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4 Antenna Design

The antenna coil inductance is measured at 1.84 uH as shown in Figure 7. To calculate the parallel tuning
capacitors required, the resonant frequency formula in Equation 1 should be used. For further details on

antenna tuning, see the RF430CL330H Practical Antenna Design Guide (SLOA197).
1

2n*\L*C

fres =
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1 Active Chf{Trace 2 Response 3 Stimulus 4 Mkrjanalysis 5 Instr State
PUE 511 Smath (R43x) Scale 1.0000 [F1]
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Figure 7. Coil Inductance
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Figure 8 shows the measured resonant frequency at 13.66 MHz with 274.3 kHz. This results in a Q factor
of less than 50 using the calculation shown in Equation 2. The read range of this reference board is 8cm
using the TRF7970AEVM reader.

fres

w @

Atten 5 dB

Figure 8. Resonant Frequency

5 References
* RF430FRL152HEVM User's Guide (SLAU607)
e RF430CL330H Practical Antenna Design Guide (SLOA197)
* RF430FRL15xH NFC ISO 15693 Sensor Transponder Data Sheet (SLAS834)
* RF430FRL15xH Family Technical Reference Manual (SLAU506)
* RF430FRL152HEVM product folder (www.ti.com/tool/rf430frl152hevm)
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Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
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issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
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TI 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 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
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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.

TI does not warrant or represent that any license, either express or implied, is granted under 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.

Reproduction of significant portions of Tl information in Tl data books or data sheets 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.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

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 which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in 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 Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which 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
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI 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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