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Introduction

The Tl 32-mm glass transponder is a key product in low-frequency RFID systems that can be used for a
variety of applications and is especially useful for those applications that require a robust and waterproof
transponder.

This document describes the RI-TRP-DR2B 32-mm glass-encapsulated multipage transponder with 17
R/W pages (MPT 0/17). For more information, visit www.ti.com/rfid.

Chapter 1 describes the physical and electrical characteristics of the transponders and their shipping
packaging. Chapter 2 describes the use and operation of the transponders.

Abbreviations

BCC Block Check Character

CRC Cyclic Redundancy Check

DBCC Data BCC

EEPROM Electrical Erasable Programmable Read Only Memory
FBCC Frame BCC

LSB Least Significant Bit

MPT Multipage Transponder

MSB Most Significant Bit

RO Read-Only

R/W Read/Write

Conversion Formulas
Conversion formula between magnetic flux, magnetic field strength, and electric field strength.

szo ><H
E=2Z xH
H-__E g 59BUA
dBuV +m m
dBuA
H = A
m
dBuVv
[E]= =t
m

B = Magnetic flux [tesla = Wh/m? = Vs/m?]; 1 mWb/m? = 0.795 A/m
H = Magnetic field strength (A/m or in logarithmic term dBA/m)

E = Electrical field strength (V/m or in logarithmic term dBV/m)

U, = Magnetic field constant = 1.257 x 10° Vs/Am

Z:- = Free space impedance = 120 Q = 377 Q
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Transponder Characteristics

1.1 Transponder Packaging

Figure 1-1 shows the dimensions of the transponder. The transponder is hermetically sealed. For
applications in which read range is not the most critical consideration, the transponder can be mounted or
used in such a way that the orientation is not controlled.

@ 3.85 mm £ 0.05 mm

A
A 4

32.2 mm £ 0.6 mm

Figure 1-1. Dimensions of the Tl 32-mm Transponder

1.2 Product Specification Data

Table 1-1. Absolute Maximum Ratings

PARAMETER SYMBOL NOTE MIN MAX| UNIT
Operating Temperature Ta -25 85 °C
Write (program) temperature 0 70 °C
Storage temperature Tste —40 125@ °C
Field strength Hexc 134.2 kHz 220 | dBuV/im

@ for total 1000 hours

Table 1-2. Recommended Operating Conditions®

PARAMETER SYMBOL MIN NOM MAX | UNIT
Operating free-air temperature Tr 0 70 °C
Transmitter frequency ftx 134.16  134.20 134.24 kHz
Charge time ttx 50 ms
Write bit duration tbit 2 ms
Write pulse pause/low bit toffL 0.3 ms
Write pulse pause/high bit toffH 1 ms
Programming time tprog 15 ms

@ At a free-air temperature of 25°C (unless otherwise noted) and at a transmitter field strength of 160 dBuV/m at 3 m free air
(unless otherwise noted)
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Table 1-3. General Characteristics®
PARAMETER SYMBOL NOTE MIN TYP MAX | UNIT
Typical reading range Dread @ 70 100 cm
Typical programming range Dprg @ 35 cm

@ At a free-air temperature of 25°C and at a transmitter field strength of 160 dBuV/m at 3 m free air (unless otherwise noted)
@ Depending on RF regulation in country of use, and the Reader Antenna configuration used in a low RF noise environment.

Table 1-4. Frequency of Packaged Product®

PARAMETER SYMBOL NOTE MIN TYP MAX | UNIT
Operating quality factor Qop @ 62
o ® 135.2
Resonant circuit frequency FRES kHz
@ 134.2
Low bit transmit frequency RCLKL 132.2 134.3 136.2 kHz
High bit transmit frequency RCLKH 121 122.9 125 kHz
Low bit transmit frequency RCLKL —40°C to 85°C 131.5 139 kHz
High bit transmit frequency RCLKH —40°C to 85°C 120 128 kHz

@ At a free-air temperature of 25°C (unless otherwise noted)

@ gpecified Qop must be met in the application over the required temperature range.

©®  Low activation field strength test setup (spectrum analyzer) that keeps the internal power supply voltage (VCL) less than 1.5 V.
@ Activation field strength test setup that keeps the internal power supply voltage greater than 1.5 V.

Table 1-5. Mechanical Specifications

) ) Length 32.2+0.6 mm
Dimensions -
Diameter 3.85+£0.05 mm
Package Material Glass
Weight 0.85 gram

1.3 ESD

Tl transponders are not sensitive to ESD as defined in IEC 801.

1.4 Packaging Material

The transponders are delivered in tape on reel.

1.4.1 Labeling of Reel

The label on the reel contains:
e Originator

» Country of origin

e Tl part number

» Date of origin

e Quantity

1.4.2 Packing Size
Minimum packing size is 2000 units.
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Transponder Operation

2.1 Overview

The Tl transponder is a key product in low-frequency RFID systems that can be used for a variety of
applications.

Electromagnetic signals are used to power the passive (batteryless) device and to transmit the
identification number to a reader unit or to program the device with new data. Figure 2-1 show this basic
principle.

The transponder comprises an antenna, a charge capacitor, a resonance capacitor, and the integrated
circuit (see Figure 2-2). The antenna inductance and a capacitor form a high-quality resonant circuit.

Transmit and Receive Antenna

Field Lines
Antenna Axis -c-c-omemimimmm s i S @ -
RE Module Transponder
Control D0 D

Unit CF45538 D (0]

TIRIS Read/Write Unit

Figure 2-1. System Configuration Showing the Reader, Antenna, and Transponder

Antenna Charge
Capacitor

v
L ‘ Transponder IC L
T | T

Copyright © 2016, Texas Instruments Incorporated

Figure 2-2. Block Diagram of a Tl Transponder
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2.2 Operation

2.2.1 Memory Organization

Figure 2-3 shows the memory organization of the EEPROM cells for the MPT 0/17. The memory
organization described and shown here is that used by Tl RFID readers. If you use readers other than Tl
RFID readers (customer designed) the allocation of the 64 data bits depends on the reader software.

1 Page
Lock Bit
¢ 80 bits pl
LSB MSB| LSB MSB
17 Identification Data Data BCC
Identification Data Data BCC
Identification Data Data BCC
Identification Data Data BCC
T LSB MSB| LSB MSB
Page 1 Identification Data Data BCC
N 64 bits————————»i4— 16 bits—Pi1i¢—

Figure 2-3. Memory Organization of the MPT 0/17

The memory is organized into 17 pages each containing 80 data bits and one lock bit each. 64 bits are
used for identification data, and 16 bits are used for protection data (Data BCC). The page lock bit can be
set by sending the corresponding command to the transponder. Once a page is locked it cannot be reset
(unlocked). The pages are organized so that each page is readable, user programmable, and lockable.

SCBUO053A-August 2014 —-Revised June 2016
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2.2.2 Read and Write Data Formats

2.2.2.1 Read Data Format

The following read data format is sent out by all multipage transponders after receiving a read, program or
lock command.

Read
| Pre Bits | Start| Read Data | Addrj FBCC |, Discharge
: ) :l " ) ) Idel,ntificaltion Dalta ) ) DBICC | | ) Il
I 16 1 8 | 64 I 16 181 16 |
|« 128 bit dl
LSB MSB
Figure 2-4. MPT Read Data Format
I ) Value (Hex)
Description Bits MSE B Comment
Pre Bits 16 0000
Start Byte 8 7E x: identification data
Read Data 80 YYYYXXXXXXXXXXXXXXXX y: data BCC
Read Address 8 pss ps: page + status
Read Frame BCC 16 7777
TOTAL 128

All parts of the multipage transponder read data format are transmitted with LSB first. The data format
starts with 16 pre bits (0000h) and ends with the Read Frame Block Check Character (Read FBCC). To
be ready for a new activation, the transponder discharges the charge capacitor during bit 129.

80 read data bits are located between the start byte (7Eh) and the read address. The read data bits are
user programmable and lockable. The read data is split into 64 identification data bits which are
transmitted first, followed by 16 protection data bits (DBCC). Because it allows optimum data security,
CRC-CCITT is used as protection algorithm for both DBCC and FBCC.

The read address consists of a 2-bit status field and a 6-bit page field. The status field transmitted first,
provides information about the function the multipage transponder has executed, and the page field shows
which page was affected.

Read Address
MSB LSB MSB LSB
PPPPPP SS
N ~N
Page Status
Page 1 000001 00 Read unlocked page
Page 2 000010 01 Programming done
: : 10 Read locked page
Page 16 010000 11 Reserved"”
Page 17 010001
000000 00 Read unlocked page, locking not correctly executed
000000 01 Programming done, but possibly not reliable
000000 10 Read locked page, but locking possibly not reliable

(1) If the status indicates Reserved, the read data cannot be interpreted as identification data.

Figure 2-5. Read Data
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2.2.2.2 Write Data Format

The write function is used to transfer commands, addresses, and data to the transponder to activate
certain functions. Writing is started after the charge phase. It is achieved by switching the RF module's
transmitter off and on according to the data bits. The duration of the transmitter deactivation defines
whether it is a low bit or a high bit (see Section 2.4.2 for detailed information).

Because the memory of the multipage transponder is structured in multiple pages, the reader must send
the write address to the transponder to read, program, or lock a specified page.

Write Address

MSB LsB MSB LSB
PPPPPP CcC
N ~N
Page Command
Page 1 000001 00 General read page
Page 2 000010 01 Program page
: : 10 Lock page

Page 16 010000
Page 17 010001

Figure 2-6. Write Data

The write address byte consists of a 2-bit command field and a 6-bit page address. The command field
which is transmitted first (LSB first), determines the function to be executed in the transponder. The page
field defines the affected page.

2.2.3 Functions
The following functions can be performed by the multipage transponders:

Charge Only Read: The contents of page 1 can be read without a specific page address by just
powering-up the transponder.

General Read Page: A page is addressed by sending a page address to the transponder. The content of
the addressed page is returned during the subsequent read Phase.

Program Page: A 64-bit identification and a 16-bit BCC are sent to the transponder and programmed into
the specified page. The transponder responds with the new contents of the page.

Lock Page (Disable Reprogramming): A specified page can be locked to create a read-only page. The
transponder responds with the contents of the addressed page and conformation that the page has been
locked.

2.2.3.1 General Read Page

The general read page function is provided to allow a selected page to be read. Figure 2-7 shows the data
format to be sent to the transponder to read a specified page.

l¢— 8 bit —Pl€— 128 bit—»

Off e ]
Write

Address

RF Module

Transmitter Charge

|
Read |
On |

|LSB | |
l—50 ms————————P@—16 ms—P»@&—20 ms—Pp,

|

[
4 86 ms >
I

Figure 2-7. Data Format of the General Read Page Function

For additional information about the write address, see Section 2.2.2.2.
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NOTE:

If page 1 of an MPT 0/17 is to be read, the page address does not need to be sent. The read

phase can start immediately after the charge phase.

If the general read page command is corrupted, the transponder could detect the wrong command. If the
number of bits in the write data format are not correct, the transponder discharges its charge capacitor (no

response).

After having received the data format of the general read page function the multipage transponder
responds with the read data format (see Section 2.2.2.1). Table 2-1 shows the possible responses. The
reader must check the response and repeat the command if necessary.

Table 2-1. Responses to General Read Page

Write Address

Read Address

Description
Command Page Status Page

General Read Page X Read unlocked page X General read page of unlocked page x executed

General Read Page X Read locked page X General read page of locked page x executed
General read page of unlocked page y executed,

General Read Page X Read unlocked page y y>X: write address was not correctly received
General read page of locked page y executed,

General Read Page X Read locked page y y>X: write address was not correctly received
General read page of unlocked page z executed,

General Read Page X Read unlocked page z Z<x: maximum page or write address was not correctly received
General read page of locked page z executed,

General Read Page X Read locked page z z<x: z = maximum page or write address was not correctly
received

General Read Page X Reserved X No identification data in page x
No identification data in page vy,

General Read Page X Reserved y y>X: write address was not correctly received
No identification data in page z,

General Read Page X Reserved z z<x: z = maximum page or write address was not correctly
received

General Read Page 0 No response Page 0 is not valid

2.2.3.2 Program Page

The program page function is used to program the write data into a specified page of a multipage
transponder. For that purpose the following data format must be sent to the transponder with LSB first.

e 104 bit » le— 128 bit—»/

' 880 I 16 ' ! :

RF Module Write . Write Frame BCC Reador !
Transmitter Charge Address Write Data rite Frame Program | = pischarge :
I | | I I I

:47 50 ms —P4—16 ms—P4¢——— 160 ms —P¢—— 32 ms — P15 ms—P»4¢—20 ms—»

I

I LSB MSB |

¢ 293 ms >

Figure 2-8. Data Format of the Program Page Function

Description Bits Value (Hex) Dl Comment
MSB LSB (ms)
Write Address 8 pc 16 pc: page + command
Write Data 80 YYYYXXXXXXXXXXXXXXXXK 160 x: identification data and protection data
Write Frame BCC 16 72727 32 Z: protection data
TOTAL 104 208
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For additional information on the write address, see Section 2.2.2.2.

The 80-bit write data split into 64 identification data bits and 16 protection data bits (DBCC) must be
transmitted consecutively.

Because it provides optimum data security, CRC-CCITT is used as protection algorithm for the calculation
of the DBCC and the 16-bit write frame block check character (write FBCC), which protects the write
address and the write data.

The multipage transponder checks the received data using a hardware CRC generator. The program page
function is executed if:

» the program page command is detected

» the write data format has the correct number of bits

» the write FBCC check is OK

» the RF field strength is high enough to generate a reliable programming voltage

After receiving the data format of the program page function, the multipage transponder responds in the

read data format (see Section 2.2.2.1). Table 2-2 shows the possible responses. The reader must check
the response and repeat the command if necessary.

Table 2-2. Responses to Program Page

Write Address Read Address e
Description
Command Page Status Page
Program Page X Programming done X Programming of page x correctly executed
Program Page X Programming done 0 Programming of page x executed, but probably not reliable
Program Page X Read locked page X Programming of locked page x not executed
Programming of unlocked page x not executed,
Program Page X Read unlocked page X RF field strength too low
Program Page X No response zrrrtz)%rammmg not executed because of CRC error or framing
Programming not executed,
Program Page X Read unlocked page z z<X: page x not available,
page z = maximum page and is unlocked
Programming not executed,
Program Page X Read locked page z X z<X: page x not available,
page z = maximum page and is locked
Program Page X Reserved z No identification data in page x
No identification data in page z,
Program Page X Reserved z 2<X: 7 = maximum page
Program Page 0 No response Page 0 is not valid

2.2.3.3 Lock Page

The lock page function is used to lock the content of a specified page of a multipage transponder. For that
purpose the following data format must be sent to the transponder with LSB first.

e———— 24pt ————p! le— 128 bit —»!
| | | |
8 16
RF Module Write : Program Read or
Transmitter Charge Address Write Frame BCC 9 Dicharge

| | | | |
¢— 50ms —P4— 16 ms—P¢—— 32ms —P 15ms 4¢— 20ms

LSB MSB

vy

A

133 ms

Figure 2-9. Data Format of the Lock Page Function
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Value (Hex i
Description Bits (Hex) 2UIREIE Comment
MSB LSB (ms)
Write Address 8 pc 16 pc: page + command
Write Frame BCC 16 77727 32 z: protection data
TOTAL 128 24 48

For additional information on the write address see Section 2.2.2.2.

The 16-bit Write Frame Block Check Character (Write FBCC) which protects the write address must be
generated by the CRC-CCITT algorithm.

The data format of the lock page function is checked by the transponder using the hardware CRC
Generator. The lock page function is executed by the transponder if:

» the lock page command is detected
» the write data format has the correct number of bits
» the write FBCC check is positive
» the RF field strength is high enough to generate reliable programming voltage

After having received the data format of the lock page function the multipage transponder responds in the
read data format (see Section 2.2.2.1). Table 2-3 shows the possible responses. The reader has to check

the response and repeat the command if necessary.

Table 2-3. Responses to Lock Page

Write Address Read Address o
Description
Command Page Status Page
Lock Page X Read locked page X Locking of page x correctly executed
Lock Page X Read locked page 0 Locking of page x executed, but probably not reliable
Lock Page X No response Locking not executed, because of CRC error or framing error
Locking of page x not executed, RF field strength too low. Page
Lock Page X Read unlocked page X is not locked
Locking of page x not executed because field strength dropped.
Lock Page X Read unlocked page 0 Page is not locked.
Read unlocked page z,
Lock Page X Read unlocked page z z<X: page x not available, z = maximum page.
Lock page was not executed.
Read locked page z,
Lock Page X Read locked page z z<Xx: page x not available, z = maximum page.
Lock page was not executed
Lock Page X Reserved X No identification data in page x
No identification data in page z,
Lock Page X Reserved z 2<x: 7 = maximum page
Lock Page 0 No response Page 0 is not valid

14
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EMI and EMC Performance

2.3 EMI and EMC Performance

2.3.1 General

For any given RFID system, the EMI and EMC performance is determined by three factors:

1. The reader design and the resulting noise immunity performance.

2. The signal strength of the transponder and signal-to-noise ratio at the receiver input.

3. The transponder immunity to EM fields:
e The most critical EMI factor or component in a system is the reader immunity.

« A high transponder data signal facilitates reader design through the higher signal-to-noise ratio.

* The least critical component is the transponder. Immunity levels are generally very high.

All EMI sources can be classified into three different categories:

» Broadband "industrial" noise of sporadic or continuous nature.

» Discrete radio-frequency signals that are unmodulated or FM or FSK modulated.
» Discrete radio-frequency signals that are AM or ASK modulated.

2.3.2 CE Declaration

The products described in this document comply fully with the European EMC directive 89/336/EEC as

tested according to pr ETS 300 683.

2.3.3 System Performance
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Figure 2-10. System Immunity over a Spectrum of Six Decades

The graph shows the EMI immunity level in V/m as function of the frequency range from 1 kHz to
1000 MHz. Measurement condition: minimum 90% read probability at maximum read range using a

standard Tl RFID reader.
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2.4 Read and Write Principle

This section describes the modulation principle used in the transponder for sending out its telegram (read)
and the principle for sending data to the transponder (write or program).

2.4.1 Read

After reading, programming, or locking of a specified page, the transponder sends out its protocol using
FSK modulation.

The typical data low-bit frequency is 134.2 kHz, the typical data high-bit frequency is 123.2 kHz. The low
and high bits have different durations, because each bit takes 16 RF cycles to transmit. The high bit has a
typical duration of 129.2 ps, and the low bit has a typical duration of 119.9 ps. Figure 2-11 shows the FM
principle used.

Data encoding is done in non return to zero (NRZ) mode. The clock is derived from the RF carrier by a
divide-by-16 function.

| 0 | 1 | 0 | 1 |

| | | | |
1'134.2 kHz | 123.2 kHz ! 134.2 kHz | 123.2 kHz !

|

|
I
|

| | | |
1292ps . 119.9 us
—ple—

Figure 2-11. FM Principle Used for the Read Function of Tl Transponders

2.4.2 Write and Program

The write function is used to transfer commands, addresses, and data to the transponder to activate
certain functions. Writing is started after the charge phase (RF transmitter on for 15 to 50 ms using a
frequency of 134.2 kHz). Writing is done by switching the RF module's transmitter off and on according to
the data bits. The modulation index of this amplitude modulation is 100%.

A write bit has a typical duration of tbit = 2 ms. The duration of the transmitter deactivation (pulse duration)
defines whether it is a low bit or a high bit. During a high bit, the transmitter is deactivated for toffH and
then activated for tonH. During a low bit, the transmitter is deactivated for toffL and then activated for tonL.
Figure 2-12 shows the RF module's transmitter during write and program function.

A

Write Program  j4¢—

|
High Bit Low Bit

|
RF Module
Transmitter
on ——m  —

1 1
l¢—toffH 4>:47 tonH —NtoffL:di tonL ——p! I
[ [ [ [
——— thit —————Pe———— thit ————pt— tprog —py
Figure 2-12. Write and Program Function

4_____XY

Figure 2-13 shows the write and programming function by showing the transmitter output signal and the
transponder RF input signal.
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Charge: Continuous RF module transmitter output signal

Write: Pulse width modulation of the RF module transmitter output signal
Program: Continuous RF module transmitter output signal

Read: Frequency shift keying of the transponder resonant circuit oscillation

Figure 2-13. Charge, Write, and Program Principle, Showing the Voltage at the Exciter (Reader) and
Transponder Antenna Coil
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2.5

251

Measurement Setups

This section describes typical measurement setups that can be used to determine transponder relevant
data such as the resonant frequency, bandwidth, quality factor, powering field strength, and transponder
signal field strength as listed in Section 1.2.

The examples and figures here use a 32-mm glass transponder as a representative device, but the
principles are the same for all package types.

Measurement Setup: Resonance Frequency, Bandwidth, Quality Factor of Transponder

This test setup is suitable for resonant frequency (fres) measurements as well as the determination of the
3-dB bandwidth (Af) of the transponder. The quality factor Q of the transponder resonance circuit can be
calculated with Equation 1.

Q = fes / Af @)

U Pick-up Coil T

es

Af

Figure 2-14. Determination of the Resonance Frequency and -3dB Bandwidth by Monitoring the Pick-up

Coil Voltage

The wires of the pick-up coil should be very thin to avoid influence on the measurement results (for
example: by damping). The choice of a 1 M. input resistor at the spectrum analyzer is recommended.
Figure 2-15 shows the test setup. The relation between pick-up coil voltage and frequency is shown in

Figure 2-14.
ﬂ Transponder

Pick-up Coil

Coil

Spectrum
Analyzer

Tracking Generator

Figure 2-15. Measurement Set-up for the Determination of Transponder Resonance Frequency,
Bandwidth, and Quality Factor
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2.5.2 Measurement Setup: Powering Field Strength
Figure 2-16 show the setup that is used to determine the minimum required powering field strength.

Coils I

Transponder w

Antenna Axis — — — — — — — — — —

j Pick-up
I Coil

Signal
Generator

Oscilloscope

Trigger

Figure 2-16. Test Set-up for Powering Field Strength Determination

The field between both serial connected coils is homogeneous, due to the fact that the aperture is built
according to the Helmholtz setup. The circular coils are positioned in parallel on one axis. The distance
between the coils is half of the coil diameter. The transponder is positioned in the middle of the coil axis.

Determination of the minimum powering field strength is possible by changing the field strength through
increasing the coil current. The relation between the generated magnetic flux or field strength and caoil
current can either be measured with a calibrated field probe or calculated as shown in Equation 2.

B=ix\/zx—uoxurXNX|=p0xprxH
5 \5 d/2

where
* B: magnetic flux (tesla = Wbh/m?)
* H: magnetic field strength (A/m)
e N: Number of Helmholtz coil windings
» d: Coil diameter (m)
e I: Coil current (A)
* HO: magnetic field constant (Vs/m) = 411 x 107 Vs/Am
e r: relative magnetic field constant (in air: 1) (2)

The Helmholtz coil can be used for the specification of transponders in the temperature range from -40°C
to 85°C. However, Tests show that deviations of the field strength caused by temperature are negligible.

The data telegram of the transponder can be captured by a pick-up coil (for example: 10 windings, thin
wire to minimize influence) wrapped around the transponder. The pulse-modulated signal can be adjusted
at the signal generator. The measurement of the power pulse and transponder diagram can be done with
the help of an oscilloscope triggered by the generator signal (see Figure 2-17). As soon as a data
telegram is completely detected, the minimum necessary field strength (calculated with Equation 2) can be
monitored.
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A 4

Power Response phase t
phase 20 ms maximum

Figure 2-17. Received Signal at the Pick-up Coil, If Power Field Strength is Sufficient

2.5.3 Measurement Setup: Transponder Signal Strength

The transponder must be located in a homogeneous field (Helmholtz coil). The pulsed power signal is
generated by a signal generator. A calibrated field strength probe picks up the transponder signal. The
field strength can be calculated by using the calibration factor of the field strength probe.

Coils

& T

Transponder Pick-up Coil

E:

Antenna Axis — — — — — — — — —

Signal
Generator

Spectrum
Analyzer

Figure 2-18. Determination of the Transponder Signal Strength (Data Transmission Signal Strength) With
Helmholtz Aperture
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Power Signal Transponder Signal

Power Read
phase phase

Figure 2-19. Monitored Signal Voltage at the Spectrum Analyzer (Time Domain Mode)

2.6 General Product Data

2.6.1 Memory

PARAMETER DATA
Memory size 1360 bits
Memory organization 17 pages, 80 bits each
Identification data 1088 bits
Error detection (Data BCC) CRC-CCITT, 16 bit
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2.6.2 Data Retention

For the evaluation of programming endurance and data retention time of user programmable multipage
transponders, the test sequence shown in Figure 2-20 has been passed.

—_> 5000, 10000, 20000, 50000, 100000, 200000
Programming Cycles at Room Temperature

‘ Cwo > Evaluate Uri
YES

Transponder Characterization

First characterization after 5000 cycles
Second characterization after 10000 cycles
Transponder Characterization Third characterization after 20000 cycles
Fourth characterization after 50000 cycles
Fifth characterization after 100000 cycles
@ Sixth characterization after 200000 cycles

Cummulative Programming Cycles

Simulation of Long-Term Storage
After Programming Cycles

L < ‘ - Evaluate Unit (for example, bit failures)

20000 Programming
Cycles Done

Temperature Storage: 150°C, 48 hrs

Test Completed

Figure 2-20. Test Sequence

Figure 2-21 shows the equivalent extended data retention time at different ambient temperatures after
completion of 100000 programming cycles. Temperature data are derived from measured results at 150°C
and 48-hr storage with an acceleration factor of 0.8 eV.
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Figure 2-21. Data Retention Time
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Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from August 2, 2014 to June 10, 2016 Page
« Added "Operating temperature" and "Write (program) temperature" parameters to Table 1-1, Absolute Maximum

S L T 6
¢ Changed MIN and MAX of "Operating free-air temperature" parameter in Table 1-2, Recommended Operating

(0] o 11T} L= 6
* Removed "Mechanical shock" and "Vibration" parameters from Table 1-3, General CharacteristiCS.........covevviiininannns 7
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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
performed.

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

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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