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ABSTRACT

MCU-RF Systems

The Texas Instruments low frequency half-duplex (HDX) transponder technology allows the possibility to
improve the communication distance between the transponder and reader. This application report provides

information for the calculation of the basic system parameters.

The TMS37157 TI transponder IC is based on the TI HDX RFID concept. Using the given formulas, the
performance and component parameters can be simulated and adjusted according to the application
requirements.
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1 TMS37157 Dual Interface RFID IC

The TMS37157 Tl RFID transponder IC passive low-frequency interface (PaLFl) is designed to work in the
low-frequency band (134.2 kHz) and uses the HDX RFID communication protocol.

The IC provides a dual communication interface: one interface is used for the communication over the RF
interface and one for the communication over the SPI interface.

The IC fully operates as a passive RFID transponder without any need for external power supply. For
additional functionality, the IC can be directly connected to a MSP430 microcontroller via the SPI
interface.

Depending on the system parameters and antennas used on both reader and tag side, the PaLFI can
supply current derived from the magnetic field from the reader to the connected microcontroller over
various distances.

This application report shows how to design the parameters to meet the system performance
requirements (see Figure 1).
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Figure 1. TMS37157 PaLFI Block Diagram

All trademarks are the property of their respective owners.
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TMS37157 Dual Interface RFID IC

Figure 2. TMS37157 PaLFI EVM

Table 1. Abbreviations

Abbreviation

Description

Atrp Transponder antenna area
CL Charge capacitor
d Distance from the reader antenna
dw Transponder antenna wire diameter
fres Transponder resonance frequency
ftx Operating frequency (134.2 kHz)
H(d) Reader field strength over distance
H Reader field strength
ICL Medium DC standby current of the IC during charge
Itx Reader antenna current
k Coupling factor between reader and transponder antenna
Ltrp Transponder antenna Inductance
Ltx Reader antenna inductance
Ntrp Transponder antenna number of turns
Ntx Reader antenna number of turns
Qant Reader antenna quality factor
Qant' Reader antenna total Q (including Rdms)
QRX Antenna circuit quality factor during receive
Qtrp Transponder antenna quality factor
QTX Antenna circuit quality factor during transmit

SCBA029-July 2010
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Table 1. Abbreviations (continued)

Abbreviation Description
Rant Reader antenna resistance
Rant’ Reader antenna total resistance (including Rdms)
Rdmp Parallel resistor to the antenna (damping)
Rdms Serial resistor to the antenna (damping)
Ron Driver on resistance
rtx Medium radius of reader antenna ((A+B)/2)/2
rtrp Medium radius of transponder antenna
Usup Driver supply voltage
Utx Reader antenna peak to peak voltage
VCL Charge voltage
VCL_50 Charge voltage after 50 ms charge time
2 TMS37157 System Description
A typical RFID system consists basically of two main components:
* Reader
e Transponder
The right definition and design of the transponder and reader system parameters will provide the best
possible system performance.
The TMS37157 operates as a typical RFID system, but offers additional functionality that can be executed
using the MSP430 microcontroller connected directly to the PaLFI via the SPI interface.
A typical application can be seen in Figure 3.
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Figure 3. TMS37157 PaLFI Application Example
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2.1 RFID Reader

2.1.1 Reader Field Strength

The typically reader (demo reader) using the ASIC TMS3705A [2] uses a circular air coil antenna with the
following typical parameter (see Table 2 and Figure 4):

Table 2. Parameter of Demo Reader Antenna

Parameter Symbol Value (typ) Unit
Inner diameter of transmit antenna A 36 mm
Outer diameter of transmit antenna B 39 mm
Medium radius of transmit antenna ((A+B)/2)/2 rtx 0.01875 m
Inductance Ltx 442 uH
Turns Ntx 72

Antenna quality factor Qant 25

26.1

—Number of turns: 72
—Cupper wire: AWG 36
—Inductance (average): 442uH
—Typical Q—factor: 25

_I/ /
S &
G-
(]
Figure 4. Demo Reader Antenna

2.1.2 Antenna Current and Voltage Calculation

The antenna current (Itx) needed for field strength calculation can be measured with either a current probe
or be calculated after a measurement of antenna peak-to-peak voltage (Utx) and antenna quality factor
(Qant):

1 Utx 1 Utx

Itx =

2-n~ftx~Ll‘X'(Q1 {+1] 2.2 (Rant+2.m-fix-Ltx) 2.2
an

@
Rant = 2.1 - ftx - Lant
Qant
&)
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2.1.3

The maximum peak-to-peak antenna voltage Utx is:
Utx[Vpp] = Itx - 2-~2 - (Rant + (2 - = - ftx - Lant))
(3)

Reader Field Strength Calculation

The field strength H generated by the reader in the distance d in case of a certain antenna current Itx, is
calculated with the following formula:

2
Hld] = Nitx - rtx -Itfl(-5
2. @2 + n‘x2
4
H[dBpV/m]=2o.|og@[A/m].106)+ 515
®)
Figure 5 shows a typical calculated and measured field strength over distance.
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Figure 5. Calculated Reader Field Strength Over Distance
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2.2 Transponder Parameter

2.2.1 Typical LF Transponder Antenna
A typical LF transponder antenna has the following typical parameter (see Table 3):

Table 3. Typical Parameter of a LF Transponder Antenna

Parameter Symbol Value (typ) Unit
Magnetic field constant uo 1.25664*10° Vs/Am
Height of transponder antenna htrp 0.04 m
Width of transponder antenna wirp 0.07 m
Equivalent radius rtrp 0.03 m
Area of loop Atrp 2.827e-3 m?
Inductance Ltrp 2.66 mH
Typical transponder quality factor Qtrp 35

Turns Ntrp 146

Diameter of wire dw 0.2 mm

—» |<— dw = 0.02 cm

|

1=0.24 cm

L

|<—b=0.24cm—>

|

12 layer

l

«— 12 windings —»
Figure 6. Transponder Antenna Dimension

Calculation of the resulting inductance of the antenna:
0.8 (rtrp - Nt‘rp)2

HPlEH = (& 9110 - b)- 2.56
(6)
Calculation of the number of windings if the antenna inductance is known:
Nirp = \/Ltrp (6-rtrp+9-1 +21o -b)-2.56
0.8 - rtrp
)

2.3 Coupling Between Reader and Transponder

The coupling factor (k) over distance (d) between the reader and the transponder antenna is calculated by
the following formula:

1O - Nix - Ntrp - r'tx2 - Atrp

1.5
2. (:12 + rtx2) - JLtx - Ltrp

k=

®
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Coupling Factor Over Distance
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Figure 7. Coupling Factor Over Distance

2.4 Calculation and Simulation of Charge Voltage for HDX Systems
Figure 8 shows the simulation model for determination of charge voltage VCL.
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Figure 8. Simulation Model for Charge Voltage
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The final charge voltage VCL can be calculated with the following formula:
ICL Ltrp 05

VOL = (itx - k - \Lix - Ltrp — ICL -~J2 - Ltrp)- 2 - - fres - Qtrp -2 + .
( P 2 p) " P2 Itx k-2 \ Lix

(Assuming...fres = ftx = 134.2 kHz)

9)
ICL is the medium DC standby current of the IC during charge and Qtrp is the total transponder quality
factor, represented by RL in the simulation model:
2.7 -fRES - Ltrp
Qtrp="—"———F
P RL
(10)
The charge voltage without limitation after 50 ms can be calculated by:
-0.05
VCL_50 —VCL-|1- 64 -m -fres - Qtrp . Ltrp -CL
(11)
For the chart shown in Figure 9, the parameters shown in Table 4 are assumed.
Table 4. Parameter for VCL Calculations
Parameter Symbol Value (typ) Unit
Transponder Quality Factor Qtrp 35
Standby Current During Charge ICL 5 HA
Charge Capacitor CL+CBAT 100 uF
Figure 9 shows the typical charge voltage (limited) over distance for a 50 ms charge burst.
Charge Voltage Over Distance @ 50 ms Charge Time
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Figure 9. Typical Charge Voltage Over Distance
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3 Reference
1. TMS37157 Passive Low Frequency Interface Device With EEPROM and 134.2 kHz Transponder
Interface Data Sheet (SWRS083)
2. TMS3705 Transponder Base Station IC Data Sheet (SCBS881)

3. UCC27423, UCC27424, UCC27425 Dual 4-A High Speed Low-Side MOSFET Drivers With Enable
Data Sheet (SLUS545)
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and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated


http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
http://www.dlp.com
http://www.ti.com/communications
http://dsp.ti.com
http://www.ti.com/computers
http://www.ti.com/clocks
http://www.ti.com/consumer-apps
http://interface.ti.com
http://www.ti.com/energy
http://logic.ti.com
http://www.ti.com/industrial
http://power.ti.com
http://www.ti.com/medical
http://microcontroller.ti.com
http://www.ti.com/security
http://www.ti-rfid.com
http://www.ti.com/space-avionics-defense
http://www.ti.com/lprf
http://www.ti.com/video
http://www.ti.com/wireless-apps

	LF HDX System Parameter Calculation for TMS37157 (PaLFI)
	1 TMS37157 Dual Interface RFID IC
	2 TMS37157 System Description
	2.1 RFID Reader
	2.1.1 Reader Field Strength
	2.1.2 Antenna Current and Voltage Calculation
	2.1.3 Reader Field Strength Calculation

	2.2 Transponder Parameter
	2.2.1 Typical LF Transponder Antenna

	2.3 Coupling Between Reader and Transponder
	2.4 Calculation and Simulation of Charge Voltage for HDX Systems

	3 Reference




