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LRI512 Description
1 Description
The LRI512 is a contactless memory, powered by an externally transmitted radio wave. It is
fully compliant with the 1SO15693 recommendation for radio-frequency power and signal
interface.
The LRI512 contains 512 bit of electrically erasable programmable memory (EEPROM).
The memory is organized as 16 blocks of 32 bits.
Figure 1. Logic diagram
LRI512
Power AC1
Supply
Regulator
512 bit ASK
EEPROM | Demodulator $
Manchester
Load g 4 __>
Moduleto | aco
Al04008B
The LRI512 is accessed by modulating the 13.56 MHz carrier frequency. Incoming data are
demodulated from the receivea signal amplitude modulation (ASK, Amplitude Shift Keying).
The received ASK wave is 10¥» or 100% modulated (amplitude modulation). The Data
transfer rate is 1.6 Kbius «1sing the 1/256 pulse coding mode and 26 Kbit/s using the 1/4
pulse coding modles.
Outgoing da’a au ¢ generated by antenna load variation, using the Manchester coding, using
one or (w> suwpcarrier frequencies at 423 kHz and 484 kHz. The Data transfer rate is
6.6 Kbi\'s, in the low data rate mode, and 26 Kbit/s, in the fast data rate mode.
Tanle 1. Signal names
Signal name Function
AC1 Antenna coll
ACO Antenna coll
1.1 Memory mapping

The LRI512 is divided in 16 blocks of 32 bits. Each block can be individually Write Protected
using a specific Lock command.

9/73




Description LRI512
Table 2. LRI512 memory map
Address |0 7 |8 15 |16 23 |24 31
0 User area
1 User area
2 User area
3 User area
4 User area
5 User area
6 User area
7 User area
8 User area N
9 User area N
10 User area \
11 User area VAY
12 User are¢ B
13 USF‘r_’-L:.F'.—
14 'Js: ;rea
15 \J User area
UiD 0 uiD1 uiD 2 UID 3
UID 4 N uiD 5 UiD 6 uiD 7
.'\F_. N

The user erea Lonsists of blocks that are always accessible in Read. Write commands are
possib.= if thie addressed block is not locked. During a Write, the 32 bits of the block are

renl~.cea by the new 32-bit value.

The LRI512 also has a 64-bit block that is used to store the 64-bit unique identifier (UID).
This UID is compliant to the ISO 15963 description, and its value is used during the
anticollision sequence (Inventory). This block is not accessible by the user, and the value is

written by ST on the production line.

The LRI512 also has an AFI register in which the application family identifier (AFI) is stored,

for use in the anticollision algorithm.

10/73
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Description

1.2

1.3

1.4

1.5

Commands

The LRI512 supports the following commands:
® Inventory: used to perform the anticollision sequence.

® Stay Quiet: to put the LRI512 in quiet mode. The LRI512 is then deselected and does
not respond to any command.

® Select: used to select the LRI512. After this command, the LRI512 processes all
READ/WRITE commands with the Select_Flag set.

® Reset to Ready: to put the LRI512 in the ready state.

® Read Block: to output the 32 bits of the selected block and its locking status.

® Write Block: to write the 32-bit value in the selected block, provided that it is not
locked.

® Lock Block: to lock the selected block. After this command, the block cannot ue
modified.

® Write AFI: to write the 8-bit value in the AFI register, provided that it 's ~ot locked.
® Lock AFI: to lock the AFI register.

® Activate EAS: to set the non volatile EAS bit. When the E£S bit is set, the LRI512
answers to the Pool EAS command.

® Deactivate EAS: to reset the non volatile EAS bit. s¢ that the LRI512 no longer
answers to the Pool EAS command.

® Pool EAS: used to request all LRI512s in t2 Reader field to generate the EAS signal,
provided that their EAS bit is set.

Initial dialogue for vicinity cards

The dialogue betweer ihe vicinity coupling device (VCD) and the vicinity integrated circuit
card (LRI512) is ~cncucted through the following consecutive operations:

® activaticn oftiie LRI512 by the RF operating field of the VCD.

® trancn.ission of a command by the VCD.

® trai.smission of a response by the LRI512.

Trase operations use the RF power transfer and communication signal interface specified in
the following paragraphs. This technique is called reader talk first (RTF).

Power transfer

Power transfer to the LRI1512 is accomplished by radio frequency at 13.56 MHz via coupling
antennas in the LRI512 and in the VCD. The RF operating field of the VCD is transformed
on the LRI512 antenna as an AC voltage which is re-dressed, filtered and internally
regulated. The amplitude modulation (ASK) on this received signal is demodulated by the
ASK demodulator.

Frequency

The ISO 15693 standard defines the carrier frequency (f;) of the operating field to be
13.56 MHz + 7 kHz.

11/73
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LRI512

1.6

12/73

Operating field
The LRI512 operates continuously between Hpi, and Hyax.

® The minimum operating field is H,j, and has a value of 150 mA/m rms.
® The maximum operating field is Hy,,, and has a value of 5 A/m rms.

A VCD must generate a field of at least Hy,;, and not exceeding H,,,54 in the operating
volume.

J
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Communication signal from VCD to LRI512

2

Communication signal from VCD to LRI512

Since the LRI512 is fully compliant with the ISO 15693 recommendation, the descriptions
and illustrations that follow are very heavily based on those of the ISO/IEC documents:
ISO/IEC 15693-2:2000(E) and ISO/IEC 15693-3:2001(E). This has been done with the kind
permission of the ISO Copyright Office.

Communications between the VCD and the LRI512 takes place using the modulation
principle of ASK (amplitude modulation). Two modulation indices are used, 10% and 100%.
The LRI512 decodes both. The VCD determines which index is used.

The modulation index is defined as [a — b]/[a + b] where a and b are the peak and minimum
signal amplitude, respectively, of the carrier frequency.

Depending of the choice made by the VCD, a “pause” will be created as described in
Figure 2 and Figure 3.

The LRI512 is operational for any degree of modulation index from betwoen 10% and 30%.

Figure 2. 100% modulation waveform

aﬂ
105% y
100% +——— g
95% Vit
| ] I
60% )
\ I
5%
>
— —> t
tRFF tRFR
tRFSBL
Al06683
Table 3. +3% modulation parameters
‘ Perameter Value
K IE
| hr 0.1x(a—b) max
‘ h 0.1x (a—b) max
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Communication signal from VCD to LRI512 LRI512

Figure 3.  10% modulation waveform

/ hr
—> < > —
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Al06655
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3

3.1

Data rate and data coding

The data coding implemented in the LRI512 uses pulse position modulation. Both data
coding modes that are described in the ISO15693 are supported by the LRI512. The
selection is made by the VCD and indicated to the LRI512 within the Start of Frame (SOF).

Data coding mode: 1 out of 256

The value of one single byte is represented by the position of one pause. The position of the
pause on 1 of 256 successive time periods of 18.88 ps (256/fc), determines the value of the
byte. In this case the transmission of one byte takes 4.833 ms and the resulting data rate is
1.65 Kbit/s (f-/8192).

Figure 4 illustrates this pulse position modulation technique. In this figure, deia =11 (225d)
is sent by the VCD to the LRI512.

The pause shall occur during the second half of the position of the “in.c period that
determines the value, as shown in Figure 5.

A pause during the first period transmit the data value 00Qii. A pause during the last period
transmits the data value FFh (255d).

Figure 4. 1outof 256 coding mode

< 9.44 ps
Pulse \\ | 18.88 pis

Modulated
Carrier

N
N o
w N
N

4]

Y

A

4.833 ms

Al06656
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Figure 5.

Detail of one time period

< 9.44 ps
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2 2 2
2 2 2
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LRI512 Data rate and data coding

3.2 Data coding mode: 1 out of 4

The value of 2 bits is represented by the position of one pause. The position of the pause on
1 of 4 successive time periods of 18.88 ps (256/fc), determines the value of the 2 bits. Four
successive pairs of bits form a byte, where the least significant pair of bits is transmitted first.

In this case the transmission of one byte takes 302.08 us and the resulting data rate is
26.48 Kbit/s (fc/512). Figure 6 illustrates the 1 out of 4 pulse position technique and coding.

Figure 6. 1 out of 4 coding mode

Pulse position for "00"
9.44 ps 9.44 ps
- 75.52 s St g
Pulse position for "01" (1=LSB) Ta
< >le >
28.32 s 9.44 ps
D ’1?.52 us "
Pulse position for "10" (0=LSB)
- — — > >
47.20ps 9.44 ps
Pulse posit_if‘ic' "t 75.52 ps
| A= > >
66.08 us 9.44 ps
- 75.52 ps -
AI06658

For example Figure 7 shows the transmission of E1h (225d, 1110 0001b) by the VCD.

Figure 7. 1 out of 4 coding example

10 00 01 11
75.52 us 75.52 s 75.52 s 75.52 ps

Al06659
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3.3

3.4
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VCD to LRI512 frames

Frames are delimited by a Start of Frame (SOF) and an End of Frame (EOF) and are
implemented using code violation. Unused options are reserved for future use.

The LRI512 is ready to receive a new command frame from the VCD after a delay of t, after
having sent a response frame to the VCD (as specified in Table 54).

The LRI512 generates a Power-on delay of ty,ncp after being activated by the powering
field (as specified in Table 54). After this delay, the LRI512 is ready to receive command
frames from the VCD.

Start of frame (SOF)

The SOF defines the data coding mode the VCD is to use for the following command *rame.
The SOF sequence described in Figure 8 selects the 1 out of 256 data codirg n.ouc. The
SOF sequence described in Figure 9 selects the 1 out of 4 data coding 1.962. The EOF
sequence for either coding mode is described in Figure 10.

Figure 8. SOF to select 1 out of 256 data coding mode

[ - -

> -
9.44 ps 9.44 ps
< £ » < »
37.75 ks 37.76 pus

Al06661

Figure 9. SCF ‘o select 1 out of 4 data coding mode

L

-— >
9.44 ps 9.44pus  9.44 us

[ =3

37.76 ps 37.76 ps
Al0B660

Figure 10. EOF for either data coding mode

-—p——>
9.44pus  9.44 pus

Y

37.76 ps
AI06662
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4.1

4.2

4.3

Communications signal from LRI512 to VCD

For some parameters several modes have been defined in order to allow for use in different
noise environments and application requirements.

Load modulation

The LRI512 is capable of communication to the VCD via an inductive coupling area in which
the carrier is loaded to generate a subcarrier with frequency fg. The subcarrier is generated
by switching in a load in the LRI512.

Subcarrier

The LRI512 supports the one subcarrier and two subcarriers response i muts. These
formats are selected by the VCD using the first bit in the protocol hr:aacr.

When one subcarrier is used, the frequency fg1 of the subcairicr lvad modulation is
423.75kHz (fc/32).

When two subcarriers are used, the frequency fgl is 425.75 kHz (fc/32), and the frequency
fs2 is 484.28 kHz (f-/28). When using the two subcerriers mode, the LRI512 generates a
continuous phase relationship between -1 ard tg2.

Data rates

The LRI512 can respon:’ usiny the low or the high data rate format. The selection of the
data rate is made by t1e \'CU using the second bit in the protocol header.

Table 4 shows tne aiiferent data rates the LRI512 can achieve using each combination.

Table 1. Response data rate
! Data rate One subcarrier Two subcarriers
! 6.62 Kbit/s 6.67 Kbit/s
Low
(fc/2048) (fc/2032)
High 26.48 Kbit/s 26.69 Kbit/s
g (fe/512) (fo/508)
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5.1

5.1.1

5.1.2
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Bit representation and coding

Data bits are encoded using Manchester coding, according to the following schemes.

For the low data rate the same subcarrier frequency or frequencies are used, in this case
the number of pulses shall be multiplied by 4 and all times will increase by this factor.

Bit coding using one subcarrier

High data rate

A logic 0 starts with 8 pulses of 423.75 kHz (f-/32) followed by an unmodulated fime o1
18.88 ps as shown in Figure 11.

Figure 11. Logic 0, high data rate

\

Al06663

A logic 1 starts with an unmodulated tue of 18.88 us followed by 8 pulses of 423.75 kHz
(fc/32) as shown in Figure 12.

i

|

A logic 0 starts with 32 pulses of 423.75 kHz (f-/32) followed by an unmodulated time of
75.52 ps as shown in Figure 13.

Figure 12. Logic 1, high data rate

- »
>

37.76 ps

Al06664

Low data rate

Figure 13. Logic 0, low data rate

- »
>

149.86 ps (ISO=151.04 ps)

Al06666
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LRI512 Bit representation and coding

A logic 1 starts with an unmodulated time of 75.52 ps followed by 32 pulses of 423.75 kHz

(fc/32) as shown in Figure 14.

149.86 ps (1SO=151.04 ps)

Figure 14. Logic 1, low data rate

Al06665

5.2 Bit coding using two subcarriers

5.2.1 High data rate

A logic 0O starts with 8 pulses of 423.75 kHz (f-/32) followed ky ¢ pulses of 484.28 kHz
(fc/28) as shown in Figure 15.

Figure 15. Logic 0, high data rate

T

37.46 ps

>
>

Al06670

A logic 1 starts with 9 pulses of 484.28 kHz (f-/28) followed by 8 pulses of 423.75 kHz
(fc/32) 25 shawn in Figure 16.

Fiyt.re 16.  Logic 1, high data rate
|
|

>
>

37.46 ps

Al06669
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LRI512

5.2.2 Low data rate

A logic 0 starts with 32 pulses of 423.75 kHz (f-/32) followed by 36 pulses of 484.28 kHz

(fc/28) as shown in Figure 17.

Figure 17. Logic 0, low data rate

- »
>

149.86 ps = 0.3 ps

Al06668

A logic 1 starts with 36 pulses of 484.28 kHz (f-/28) followed by 32 pulses of 123.75 kHz

(fc/32) as shown in Figure 18.

Figure 18. Logic 1, low data rate
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13265 pe £ 0.3 s
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6 LRI512 to VCD frames

Frames are delimited by an SOF and EOF and are implemented using code violation.
Unused options are reserved for future use.

For the low data rate, the same subcarrier frequency or frequencies are used. In this case
the number of pulses shall be multiplied by 4.

The VCD is ready to receive a response frame from the LRI512 within less than t; after
having sent a command frame (as specified in Table 54).

6.1 SOF when using one subcarrier

6.1.1 High data rate

SOF comprises 3 parts: (see Figure 19)
® an unmodulated time of 56.64 us,
® 24 pulses of 423.75 kHz (f./32),

® alogic 1 which starts with an unmodulated time o: 1:.88 s followed by 8 pulses of
423.75 kHz.

6.1.2 Low data rate

SOF comprises 3 parts: (see Figure =M
® an unmodulated time of 226.56 ps,
® 96 pulses of 423.75 b H. (7¢/32),

® alogic 1 which s’arts with an unmodulated time of 75.52 ps followed by 32 pulses of
423.75 kHz

Figure 19. Start o? frome, high data rate, one subcarrier

113.28 ps 37.76 ps

Al06671

Figure 20. Start of frame, low data rate, one subcarrier

4 |

453.12 ps " 149.86 ps (ISO=151.04 ps)

Al06672
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6.2 SOF when using two subcarriers

6.2.1 High data rate

SOF comprises 3 parts: (see Figure 21)

® 27 pulses of 484.28 kHz (f./28),

® 24 pulses of 423.75 kHz (f./32),

® alogic 1 which starts with 9 pulses of 484.28 kHz followed by 8 pulses of 423.75 kHz.

6.2.2 Low data rate

SOF comprises 3 parts: (see Figure 22)
® 108 pulses of 484.28 kHz (f./28),
® 96 pulses of 423.75 kHz (f./32),

® alogic 1 which starts with 36 pulses of 484.28 kHz followed by 32 ntlsas of
423.75 kHz.

Figure 21. Start of frame, high data rate, two subcarriers

il

4 » 4

112.39 ps " 37.76 us (ISO=37.46 ps)

Al06673

Figure 22. Start of ‘ran:2, low data rate, two subcarriers
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4 — - >4
449.56 us 149.86 ps + 0.3 ps

Al06674

6.3 EOF when using one subcarrier

6.3.1 High data rate

EOF comprises 3 parts: (see Figure 23)

® alogic 0 which starts with 8 pulses of 423.75 kHz followed by an unmodulated time of
18.88 ps.

® 24 pulses of 423.75 kHz (f./32),
® an unmodulated time of 56.64 ps.

J
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6.3.2 Low data rate

EOF comprises 3 parts: (see Figure 24)

® alogic 0 which starts with 32 pulses of 423.75 kHz followed by an unmodulated time of

75.52 ps.

® 96 pulses of 423.75 kHz (f./32),

® an unmodulated time of 226.56 ps.
Figure 23. End of frame, high data rate, one subcarrier

37.76 ps 113.28 ps
Al06675

Figure 24. End of frame, low data rate, one subcarrier

<III lI.|
N II.

1llm

151.04 pis 453.12 ys

AlO6676

6.4

6.4.1

6.4.2

EOF when usiiig two subcarriers

High data rate
C+ comprises 3 parts: (see Figure 25)
s alogic 0 which starts with 8 pulses of 423.75 kHz followed by 9 pulses of 484.28 kHz,

® 24 pulses of 423.75 kHz (f./32),
® 27 pulses of 484.28 kHz (f./28).

Low data rate

EOF comprises 3 parts: (see Figure 26)

® alogic 0 which starts with 32 pulses of 423.75 kHz followed by 36 pulses of
484.28 kHz,

® 96 pulses of 423.75 kHz (f./32),
® 108 pulses of 484.28 kHz (f./28).
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Figure 25. End of frame, high data rate, two subcarriers

37.46 ps 112.39 ps

Al06677

Figure 26. End of frame, low data rate, two subcarriers
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Z

Unique identifier (UID)

The LRI512s are uniquely identified by a 64-bit Unique Identifier (UID). This UID complies
with ISO/IEC 15963 and ISO/IEC 7816-6. The UID is a read only code, and comprises:

® The 8 MSB is EOh
® The IC Manufacturer code of ST 02h, on 8 bits (ISO/IEC 7816-6/AM1)
® A Unique Serial Number on 48 bits.

The UID is used for addressing each LRI512 uniquely and individually, during the
anticollision loop and for one-to-one exchange between a VCD and a LRI512.

The UID format is shown below:

MSB LSB
63 56 |55 48 [ 47 )\t 0
EOh 02h Unique seriz! number
27173
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8 Application family identifier (AFI)

The AFI (application family identifier) describes the type of application targeted by the VCD,
and is used to extract from all the LRI512s present only the LRI512s meeting the required
application criteria.

It is programmed by the LRI512 issuer in the AFI register. Once programmed and Locked, it
cannot be modified.

The most significant nibble of AFI is used to code one specific or all application families.

The least significant nibble of AFI is used to code one specific or all application sub-families.
Sub-family codes, other than 0, are proprietary.

(See 1SO 15693-3 documentation)

Figure 27. LRI512 decision tree for AFI

Inventory Request
Received

AF| value
= Internal
value ?

A y A 4

Answer given by the LRI512 | No Answer |

| to the Inventory Request

I Al06679
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CRC

The CRC used in the LRI512 is calculated as per the definition in ISO/IEC 13239.
The initial register content is all ones: FFFFh.

The 2-byte CRC is appended to each Request and each Response, within each frame,
before the EOF. The CRC is calculated on all the bytes after the SOF up to the CRC field.

Upon reception of a Request from the VCD, the LRI512 verifies that the CRC value is valid.
If it is invalid, it discards the frame, and does not answer the VCD.

Upon reception of a Response from the LRI512, it is recommended that the VCD verify that
the CRC value is valid. If it is invalid, actions to be performed are left to the responsiility of
the VCD designer.

The CRC is transmitted Least Significant Byte first. Each byte is transmitted Leaxt
Significant Bit first.

The CRC transmission rules are shown below:

LSByte MSByte
LSBit MSBit LSBt MSBit

CRC 16 (8 bits) I CRC 16 (8 bits)

- A_ .
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LRI512 protocol description

The transmission protocol defines the mechanism to exchange instructions and data
between the VCD and the LRI512, in both directions.

It is based on the concept of “VCD talks first”.

This means that any LRI512 does not start transmitting unless it has received and properly
decoded an instruction sent by the VCD.
The protocol is based on an exchange of
— arequest from the VCD to the LRI512
— aresponse from the LRI512 to the VCD
Each request and each response is contained in a frame. The frame delimiters /GO E DF)
are described in the previous paragraphs.
Each request consists of
— Request SOF (see Figure 8 and Figure 9)
— Flags
— A command code
—  Parameters, depending on the commanc
—  Application data
— 2-byte CRC
— Request EOF (see Figure 17)
Each Response consists of
—  Answer SOF (see rifue 19 to Figure 22)
— Flags
—  Paramers, depending on the command
—  Applicauon data
—  2-uyte CRC
— Answer EOF (see Figure 23 to Figure 26)

The protocol is bit-oriented. The number of bits transmitted in a frame is a multiple of eight
(8) —that is, an integer number of bytes.

A single-byte field is transmitted Least Significant Bit (LSBit) first.

A multiple-byte field is transmitted Least Significant Byte (LSByte) first, each byte is
transmitted Least Significant Bit (LSBit) first.

The setting of the flags indicates the presence of the optional fields. When the flag is set (to
one), the field is present. When the flag is reset (to zero), the field is absent.

Table 5. VCD request frame format
Request Request Command 2 byte Request
SOF Flags Code Parameters Data CRC EOF
Table 6. LRI512 response frame format
Response Response Response
SOF Flags Parameters Data 2 byte CRC EOF
1S7i
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LRI512 protocol description

Figure 28. LRI512 protocol timing

Request Frame

Request Frame

veb (Table 7) (Table 7)
Response Frame Response Frame
LRI512 (Table 8) (Table 8)
> - - >
Timing t1 t2 t1 t2
AI06830
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LRI512 states

A LRI512 can be in one of four states:
® Power-off

® Ready

® Quiet

® Selected

Transitions between these states are specified in Figure 29 and Table 7.

Power-off state

The LRI512 is in the Power-off state when it does not receive enough energy ircm the VCD.

Ready state

The LRI512 is in the Ready state when it receives enoug* 2neigy from the VCD. It shall
answer any Request where the Select_Flag is not set.

Quiet state

When in the Quiet State, the LRI512 ai.swers any Request other than an Inventory Request
with the Address_Flag set.

Selected state

In the Selezi=a Swate, the LRI512 answers to any Request in all modes:
® Ronuestin Select mode with the Select flag set

* Request in Addressed mode if the UID match.

® Request in Non-Addressed mode as it is general Request.

Table 7. LRI512 response, depending on the states of the request flags
Address_Flag Select_Flag
Flags 1 0 1 0
Addressed | Non addressed | Selected | Non selected

LRI512 in Ready or Selected state

(Devices in Quiet state do not X X
answer)

LRI512 in Selected state X X

LRI512 in Ready, Quiet or Selected

state (the device which match the X X
UID)

Error (03h) X X

J
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Figure 29. LRI512 state transition diagram

Power Off
In field
Out of field

Any other Command
where Select_Flag
is not set

Out of field

out of field

/
Select (UID) X\
Stay quietUID)\_ Selected
Any other command where the
Address_Flag is set AND Any other command
where Inventory_Flag is not set
Al06681

1. The intention of the state transitior, method is that only one LRI512 should be in the selected state at a
time.
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12 Modes
The set of LRI512s that can answer a given Request are those whose current “Mode” is the
appropriate one for that request.
12.1 Addressed mode
When the Address_flag is set to 1 (addressed mode), the Request shall contain the Unique
ID (UID) of the addressed LRI512.
Any LRI512 receiving a Request with the Address_flag set to 1 shall compare the received
Unique ID to its own UID.
If it matches, it shall execute it (if possible) and return a Response to the VCD c¢'s specified
by the command description.
If it does not match, it shall remain silent.
12.2 Non-addressed mode (general requesi;
When the Address_flag is set to 0 (non-addressed n.2%e), the Request shall not contain a
Unique ID. Any LRI512 receiving a Request wiit. the Address_flag set to 0 executes it and
returns a Response to the VCD as speciti«a by the command description.
12.3 Select mode

34/73

When the Select_flag ic ve.to 1 (select mode), the Request shall not contain a LRI512
Unique ID. The LRI5 2 i1 the Selected State receiving a Request with the Select_flag set to
1 executes it ard vewrns a Response to the VCD as specified by the command description.

Only L Ri512s in the Selected State answer to a Request having the Select Flag set to 1.

Thz sysiem design ensures in theory that only one LRI512 can be in the Select state.
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13.1

Request format

The request consists of

® SOF

® Flags

® A Command Code

® Parameters and Data

e CRC

® EOF

Table 8. General request format

‘SOF‘ Request Flags ‘ Command Code Parameters Data ’ ?rTC— _EOF

Request flags

In a request, the flags field specifies the actions to be performad by the LRI512, and
whether corresponding fields are present or not.

It consists of eight bits.

The bit 3 (Inventory_flag) of the request flac uci'nes the content of the 4 MSBs (bits 5 to 8).

When bit 3 is reset (0), bits 5 to 8 def ne the LRI512 selection criteria.

When bit 3 is set (1), bits 5 tc R define the LRI512 Inventory parameters.

Table 9. Request flcga 1 (0 4 definition

flag

Bit Request i'ag Level Definition
_ 0 A single subcarrier frequency shall be used by the LRI512
Bit 1 Succarrier flag®
| 1 Two subcarriers shall be used by the LRI512
i 0 Low data rate is used
I B2 Data_rate flag®
1 High data rate is used
0 Flags 5 to 8 meaning are according to Table 10
Bit 3 Inventory flag
1 Flags 5 to 8 meaning are according to Table 11
Bit 4 Protocol extension 0 No Protocol format extension

1. Subcarrier_flag refers to the LRI512-to-VCD communication.

2. Data_rate_flag refers to the LRI512-to-VCD communication
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Table 10. Request flags 5to 8 when bit3=0
Bit | Request flag | Level Definition
0 Request shall be executed by any LRI512 according to the setting of
Bit5 | Select flag®V) Address_flag
1 | Request shall be executed only by LRI512 in Selected State
0 Request is not addressed. UID field is not present. It shall be
executed by all LRI512.
Bit6 | Address flag
1 Request is addressed. UID field is present. It shall be executed only
by the LRI512 whose UID matches the UID specified in the Request.
Bit 7 Option flag 0
Bit 8 RFU 0
1. ifthe Select_flag is set to 1, the Address_flag shall be set to 0 and the UID field shall not be zreset in the
Request.
Table 11. Request flags 5to 8 when Bit3=1
Bit Request flag Level e flaition
0 | AFlfield is not pre~ent
Bit 5 AFI flag — =
1 AFI field s rresent
0 16 <ions
Bit 6 Nb_slots flag - —
1 llsort
Bit 7 Option flag 0
Bit 8 RFU 0

36/73
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Response format

The Response consists of
- SOF
— Flags
—  Parameters and Data
- CRC
- EOF

Table 12.  General response format
‘SOF‘ Response Flags | Parameters Data ‘ CRC LC‘OF

Response flags

In a Response, the flags field indicates how actions have beer p2ifoimed by the LRI512 and
whether corresponding fields are present or not. It consists ot =1ght bits.

Table 13. Response Flags 1 to 8 definition

Bit Request flag Level Definition
0 I'o error
Bit 1 Error flag —t
1 Error detected. Error code is in the “Error” field.
Bit 2 RFU 0
Bit 3 RFU 0
Bit 4 Ex:ensicn fiag 0 No extension
Bit 5 RFU 0
Bit 6 ! RFU 0
3t 7 RFU 0
[ _N
| git8 RFU 0

Response error code

If the Error Flag is set by the LRI512 in the Response, the Error Code field is present and
provides information about the error that occurred.

The following error codes are specified. Other codes are reserved for future use.

37173




Response format LRI512

Table 14. Response error code definition

Error code Meaning
03h The option is not supported
10h The specified block is not available
11h The specified block is already locked and thus cannot be locked again
12h The specified block is locked and its content cannot be changed.

J
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15 Anticollision
The purpose of the anticollision sequence is to inventory the LRI512s present in the VCD
field by their unique ID (UID).
The VCD is the master of the communication with one or multiple LRI512s. It initiates
LRI512 communication by issuing the Inventory Request.
The LRI512 sends its Response in the slot determined, or might not respond.
15.1 Request parameters

When issuing the Inventory Command, the VCD shall:

® setthe Nb_slots_flag to the desired setting,

® add after the Command Field the Mask Length and the Mask Value,
® The Mask Length is the number of significant bits of the Mask /clue.
°

The Mask Value is contained in an integer number of byt~s. The Mask Length indicates
the number of significant bits. LSB shall be transmitted firat.

® If the Mask Length is not a multiple of 8 bits, the Mcs.” \Jalue MSB shall be padded with
the required number of null bits (set to 0) so ti:a* th.e Mask Value is contained in an
integer number of bytes.

® The next field starts on the next byte 1o 1nuary.

The inventory request formats are shcwr, below.

MSB LSB
A2 L
soF | Reauest | o mang | OPtonal | Mask Mask 1 CRC | EOF
Flags AFI length
8bits | 8bits 8 bits 8 bits 0 to 8 bytes 16 bits

In the 2xumple of the Table 15 and Figure 30, the Mask Length is 11 bits. The Mask Value
MSR is padded with five bits set to 0. The 11 bits Mask plus the current slot number is
comzared to the UID.

Table 15. =~ Example of the padding of an 11 bit mask value
(b45) MSB LSB (bg)

0000 0 100 1100 1111
Pad 11 bits Mask Value
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Figure 30. Principle of comparison between the mask, slot number and UID

MSB LSB
Mask value received in the Inventory command |OOOO 0100 1100 1111|b 16 bits

MSB ¢ LSB

The Mask value less the padding Os is loaded 100 1100 1111y, 11 bits
into the Tag comparator

The Slot counter is calculated MSBLSB
Nb_slots_flags = 0 (16 slots), Slot Counter is 4 bits 4 bits
The Slot counter is concatened to the Mask value MSB LSB
Nb_slots_flags = 0 | xxxx[100 1100 111]4tJ 15 bits
b63 uib . bo ’
The concatenated result is compared with | XXXX XXXX ... XXXX XXXX X Ixxx Yan! XXX XXXX b| 64 bits
the least significant bits of the Tag UID. N\
|le— = —>le— —>|
Bits ignored ' Compare

Al06682

LRI512

The AFI field shall be present if the AFI_flag is sct

The pulse shall be generated according in uw e cefinition of the EOF in ISO/IEC 15693-2.
The first slot starts immediately after he reception of the Request EOF.

To switch to the next slot, the v'CD sends an EOF.

The following rules and ~aastrictions apply:

® ifno LRI512 ansvrer 1s detected, the VCD may switch to the next slot by sending an
EOF

o ifone o moie LRI512 answers are detected, the VCD shall wait until the complete
fiama nas been received before sending an EOF for switching to the next slot.

J
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16 Request processing by the LRI512

Upon reception of a valid Request, the LRI512 performs the following algorithm, where:
NbS is the total number of slots (1 or 16)

SN is the current slot number (0 to 15)

LSB (value, n) function returns the n least significant bits of the value

MSB (value, n) function returns the n most significant bits of the value

“&” is the concatenation operator

Slot_Frame is either a SOF or an EOF

SN = 0
if (Nb_slots_flag)
then NbS =1
SN_length
endif
else NbS = 16
SN_length = 4
endif

1l
o

labell:
if LSB(UID, SN_length + Mask_length) =
LSB (SN, SN_length) &LSB (Mask,Mask_length)
then answer to inventory request
endif

wait (Slot_Frame)

if Slot_Frame = SOF
then Stop Anticollisic..
decode/procecs r>2quest
exit
endif

if Slot_Fian= = EOF
if 3N < NbS-1
tien SN = SN + 1
goto labell
exit
endif
endif
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Explanation of the possible cases

Figure 31 summarizes the main possible cases that can occur during an anticollision
sequence when the slot number is 16.

The different steps are:

The VCD sends an Inventory Request, in a frame, terminated by an EOF. The number
of slots is 16.

LRI512 #1 transmits its Response in Slot 0. It is the only one to do so, therefore no
collision occurs and its UID is received and registered by the VCD;

The VCD sends an EOF, meaning to switch to the next slot.

In slot 1, two LRI512s, #2 and #3, transmit their Responses. This generates a callizion.
The VCD records it, and remembers that a collision was detected in Slot

The VCD sends an EOF, meaning to switch to the next slot.

In Slot 2, no LRI512 transmits a Response. Therefore the VCD dces ot detect a
LRI512 SOF and decides to switch to the next slot by sending an EOF.

In slot 3, there is another collision caused by Responses from LRI512 #4 and #5

The VCD then decides to send a Request (for instar.c a Read Block) to LRI512 #1,
whose UID was already correctly received.

All LRI512s detect a SOF and exit the anticonision sequence. They process this
Request and since the Request is addre<s=uto LRI512 #1, only LRI512 #1 transmits
its Response.

All LRI512s are ready to receive cnother Request. If it is an Inventory command, the
slot numbering sequence restarts from 0.

Note: the decision to int=r;upt *he: anticollision sequence is up to the VCD. It could have
continued to send EO~s vnu! Slot 15 and then send the Request to LRI512 #1.

J
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Figure 31. Description of a possible anticollision sequence
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Timing definition

t1: LRI512 response delay

t, is as defined in Table 16.
Upon detection of the rising edge of the EOF received from the VCD, the LRI512 wait for a
time equal to

t1(typ) = 4352/f- (see Table 54)

before starting to transmit its response to a VCD request or switch to the next slot when in
an inventory process.

The EOF is defined in Figure 10: EOF for either data coding mode.

t,: VCD new request delay

t, is the time after which the VCD may send an EOF to switch to ihe next slot when one or
more LRI512 responses have been received during an inventeiy command. It starts from
the reception of the EOF received from the LRI512s.

The EOF sent by the VCD may be either 10% or 12(*70 modulated independent of the
modulation index used for transmitting the VCD recuest to the LRI512.

t, is also the time after which the VCD ma/ s=n1d a new request to the LRI512 as described
in Figure 28: LRI512 protocol timing.
to(min) = 4192/f- (see Tehle 54)

t3: VCD new reauest delay when no LRI512 response

tz is the time ator which the VCD may send an EOF to switch to the next slot when no
LRI512 10snonse has been received.

Thz EO:= sent by the VCD may be either 10% or 100% modulated independent of the
1acdulation index used for transmitting the VCD request to the LRI512.

From the time the VCD has generated the rising edge of an EOF:

e Ifthis EOF is 100% modulated, the VCD shall wait a time at least equal to t3minimum
before sending a subsequent EOF.

@ If this EOF is 10% modulated, the VCD shall wait a time at least equal to the sum of
t3minimum + the nominal response time of a LRI512, which depend on the LRI512 data
rate and subcarrier modulation mode before sending a subsequent EOF.
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Timing definition

Table 16.  Timing values (see Table 54)®)

Min. Nominal Max.
ty ty(min) t1(typ) t;(max)
ty tz(mln) — —
f3 ty(max) + tgor @ @ — —

1. The tolerance of specific timings is + 32/fc.

2. tgoris the duration for the LRI512 to transmit an SOF to the VCD. tgor is dependant on the current data

rate: High data rate or Low data rate.

3. t(max) does not apply for write alike requests. Timing conditions for write alike requests are defined in the

command description.
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19 Command codes

The LRI512 supports the following command codes:

Table 17. Command codes

Command code Function
0x01 Inventory
0x02 Stay Quiet
0x20 Read Single Block
0x21 Write Single Block
0x22 Lock Block \ 2 ) |
0x25 Select )
0x26 Reset to Ready W
0x27 Write AFI \
0x28 Lock AFI
0xAO0 Activate EAS \~
O0xA1 Deactivzate E;_\;
O0xA2 J:)T_?L—E;S

J
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20 Inventory

Command Code = 0x01

When receiving the Inventory request, the LRI512 performs the anticollision sequence. The
Inventory_flag shall be set to 1. The Meaning of Flags 5 to 8 is according to Figure 11:
Request flags 5 to 8 when Bit 3 = 1. The Request (Table 18) contains:

— Flags,

— Inventory Command code
—  AFl if the AFI flag is set

— Mask Length

—  Mask Value

- CRC

The Response (Table 19) contains:
—  Flags
— DSFID (always 00h)
— Unique ID

20.0.1 Note on inventory operation

In the current LRI512 device, it is not posciluia 10 use the full range of Mask Length capability
to covert the complete INVENTORY <eqtLe.ice. Values above the ones mentioned are not
allowed:

— 16 slots mode (Renuest flag bg=0): Mask Length must be in the range 0 to 27.

— 1 slot mode (Rauvues: fiag bg=1): Mask Length must be in the range 0 to 20.

STMicroelectrorics Lrecsams the UID in such a way that it guarantees that the anticollision
sequence is ab’e (2 detect all LRI512 in the reader field.

Table 18  Inventory request format
| .
! Feyuest | Request Optional Mask Mask Request
i SOF Flags | nventory AFI Length Value CRC16 EOF
‘ 8 bits 0x01 8 bits 8bits | 0-64bits | 16 bits
Table 19. Inventory response format
Response | Response Response
SOE Flags DSFID uiD CRC16 EOF
8 bits 0x00 64 bits 16 bits
17 4773
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Stay Quiet

Command Code = 0x02

When receiving the Stay Quiet command, the LRI512 enters the Quiet State, and does not

send back a Response. There is no response to the Stay Quiet Command.

When in the Quiet State:
— the LRI512 does not process any Request if Inventory_flag is set,
— the LRI512 processes any addressed Request

The LRI512 exits the Quiet State when:
—  reset (power off)
— receiving a Select request. It then goes to the Selected state
— receiving a Reset to Ready request. It then goes to the Ready stato.

The Stay Quiet Command (Table 20) shall always be executed in Addieszed Mode

(Select_Flag is set to 0 and Address_Flag is set to 1).

Table 20.  Stay Quiet request format

Request | Request . WG Request
SOF Flags Stay Quiet Ll CRC16 EOF
8 bits 0x02 64 bits 16 bits
Figure 32. Stay Quiet frame exchange between VCD and LRI512
JCD SOF Stay Quiet EOF
Request
Al06842
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Read Single Block

Command Code = 0x20

When receiving the Read Single Block Command, the LRI512 read the requested block and
send back its 32 bits value in the Response.The Option_Flag is supported.

Request parameter (Table 21):
—  Option_Flag
—  UID (Optional)
—  Block Number

Response parameter (Table 22):
— Block Locking Status if Option_Flag is set
— 4 bytes of Block Data

Response parameter (Table 24):
—  Error Code as Error_Flag is set

Table 21. Read Single Block request format
Read

Request | Request ; Block Request

SOF Flags Single UID number CRC16 EOF

Block
8bits | 0x20 64 bits 8bits | 16 bits

Table 22. Read Single Block response format when Error_Flag is NOT set
Response | Response £ oc Response

SOF Flags | l.ecking Data CRC16 EOF

Status
| tuis 8 bits 32 bits 16 bits

Tabhle z3. Block locking status
! b (bit by for ISO) be bg by bs b, by bg
0: Current loQky™ locked Reserved for future use. All at 0
1: Current block locked '
Table 24. Read Single Block response format when Error_Flag is set
Response Response

SOF Response_Flags Error Code CRC16 EOF

8 bits 8 bits 16 bits
49/73
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Figure 33. READ Single Block frame exchange between VCD and LRI512

VCD

LRI512

SOF

Read Single
Block Request

EOF

t1

SOF

Read Single
Block Response

EOF

Al06832
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Write Single Block

Command Code = 0x21

When receiving the Write Single Block Command, the LRI512 writes the requested block
with the data contained in the Request, and reports the success of the operation in the
Response. The Option_Flag is not supported.

During the write cycle, ty, no modulation (neither 100% nor 10%) shall occur, otherwise the
LRI512 may program the data incorrectly in the memory. The ty, delay is a multiple of
t1nominal-
Request parameter (Table 25):

—  UID (Optional)

—  Block Number

— Data

Response parameter (Table 26):
— No parameter. The response is sent back after the ‘wri e <ycle

Response parameter (Table 27):
—  Error Code as Error_Flag is set

Table 25.  Write Single Block request formau

Write
Request | Request | .. < Block Request
SOF Flags Single Ul number Data CRC16 EOF
Block
8 bits ox21 64 bits 8 bits 32 bits 16 bits

Table 26.  Write Sinyie Block response format when error flag is NOT set

Response SOFT Response_Flags CRC16 Response EOF

8 bits 16 bits

Tanie 27. Write Single Block response format when error flag is set

-
Response Response
SOE Response_Flags Error code CRC16 EOF

8 bits 8 bits 16 bits
51/73
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Figure 34. Write Single Block frame exchange between VCD and LRI512
LRI512 ? SOF le\érlit;e?sigglr?se EOF | Write sequence when error
LRI512

t1

SOF

Write Single
Block Response

EOF

Al06833
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Command Code = 0x22

When receiving the Lock Block Command, the LRI512 lock permanently the requested
block. The Option_Flag is not supported.

During the write cycle ty,, no modulation (never 100% nor 10%) shall occur. If so, the LRI512
may not lock correctly the memory block. The tyy, delay is a multiple of t;ominal-
Request parameter (Table 28):
—  (Optional) UID
—  Block Number
Response parameter (Table 29):
— No parameter.

Response parameter (Table 30):
—  Error Code as Error_Flag is set

Table 28. Lock Single Block request format
Request | Request Lock Block Request
SOF Flags Block uib number PRC16 EOF
8 bits 0x22 34 it 8 bits 16 bits
Table 29. Lock Block response forinat when Error Flag is NOT set
Response SOF | Response_rlajs CRC16 Response EOF
& bic 16 bits
Table 30. Lock biock response format when Error Flag is set
Resruis» Response Response
SO Flags Error code CRC16 EOF
8 bits 8 bits 16 bits
Figure 35. Lock Block frame exchange between VCD and LRI512
Lock Block
VCD SOF Request EOF
LRI512 <«—»] SOF Lock Block | o | Lock sequence when error
t1 Response
LRI512 SOF Lock Block | goF
tw 1 Response
Al06834
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25 Select
Command Code = 0x25
When receiving the Select Command:
e ifthe UID is equal to its own UID, the LRI512 enter or stay in the Selected state and
send a Response.
o ifitis different, the selected LRI512 return to the Ready state and do not send a
Response.
Request parameter (Table 31):
- uUIb
Response parameter (Table 32):
— No parameter.
Response parameter (Table 33):
—  Error Code as Error_Flag is set
Table 31.  Select request format
Request | Request Request
SOF Flags Select uib CRC16 EOF
8 bits 0x25 A/ bits 16 bits
Table 32. Select Block response i2rinat when Error Flag is NOT set
Response SOF | Response_Flags CRC16 Response EOF
t bits 16 bits
Table 33. Seleni response format when Error Flag is set
Resprne2 ‘ response_ Response
SOF Flags Error Code CRC16 EOF
kK 8 bits 8 bits 16 bits
Figure 36. Select frame exchange between VCD and LRI512
VCD SOF [ Select Request| EOF
LRI512 -«—>»| SOF | Select Response| EOF
1l
Al06835
54/73 1S7]




LRI512

Reset to Ready

26

Reset to Ready

Command Code = 0x26
When receiving a Reset to Ready Command, the LRI512 return to the Ready state.

Request parameter (Table 34):
—  UID (Optional)

Response parameter (Table 35):
— No parameter.

Response parameter (Table 36):
—  Error Code as Error_Flag is set

Table 34. Reset to Ready request format

Request | Request | Reset to uID ~F.C16 Request
SOF Flags Ready e EOF
8 bits 0x26 64 bits | 16 bits
Table 35. Reset to Ready response format when eror flag is NOT set
Response SOF | Response_Flags CRC16 Response EOF
8 bits 16 bits
Table 36. Reset to Ready respeonse format when error flag is set
|
Response 1.Ca ) Response
SOE Response_Flagys I IZrror code CRC16 EOF
C bi's 8 bits 16 bits
Figure 37 Reset to Ready frame exchange between VCD and LRI512
; veD SOF Ressteaou'sstady EOF
Reset to Read
LRI512 ~ SOF e;isgonse: Y| EOF
t
AlO6836
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Write AFI

Command Code = 0x27

When receiving the Write AFI Request, the LRI512 write the AFI byte value into its memory.
The Option_Flag is not supported.

During the write cycle ty,, no modulation (never 100% nor 10%) shall occur. If so, the LRI512
may not Write correctly the AFI value into the memory. The ty, delay is a multiple of tominal-
Request parameter (Table 37):

—  UID (Optional)

— AFI
Response parameter (Table 38):

— No parameter.

Response parameter (Table 39):
—  Error Code as Error_Flag is set

Table 37. Write AFl request format
Request | Request . Request
SOF Flags Write AFI uiD AFI CRC16 EOF
8 bits 0x27 4 0i% 8 bits 16 bits
Table 38.  Write AFl response format when Error Flag is NOT set
Response SOF | Response rFlags CRC16 Response EOF
8 e 16 bits
Table 39. Wiite Arl response format when Error Flag is set
D\ \s
Respeiice | Response
Sor Response_Flags Error code CRC16 EOF
8 bits 8 bits 16 bits
Figure 38. Write AFI frame exchange between VCD and LRI512
Write AFI
VCD SOF Request EOF
Write AFI :
LRI512 ? SOF Response EOF | Write sequence when error
LRI512 sor | writt APl | goF
tw 1 Response
AlO6837
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Lock AFI

Command code = 0x28

When receiving the Lock AFI Request, the LRI512 lock the AFI value permanently. The
Option_Flag is not supported.

During the write cycle ty,, no modulation (never 100% nor 10%) shall occur. If so, the LRI512
may not Lock correctly the AFI value into the memory. The ty, delay is a multiple of t;ominal-

Request parameter (Table 40):
—  UID (Optional)

Response parameter (Table 41):
— No parameter.

Response parameter (Table 42):
—  Error Code as Error_Flag is set

Table 40. Lock AFl request format
Request | Request Request
SOF Flags Lock AFI uiD CRC16 EOF
8 bits 0x28 51bts 16 bits
Table 41. Lock AFIresponse forrnat when Error Flag is NOT set
Response SOF | Response_Flags CRC16 Response EOF
8 it= 16 bits
Table 42. Lock A= response format when Error Flag is set
Response | e:ponse_ Response
SOEF Flags Error code CRC16 EOF
8 bits 8 bits 16 bits
rigure 39. LOCK AFI frame exchange between VCD and LRI512
Lock AFI
VCD SOF Request EOF
Lock AFI
LRI512 ? SOF Response EOF Lock sequence when error
LRI512 SOF Lock AFI EOF
tw t1 Response

Al06838
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Command Code = 0xAO0

When receiving the Activate EAS Request, the LRI512 set the non-volatile EAS bit. The
Option_Flag is not supported.

During the write cycle ty,, no modulation (never 100% nor 10%) shall occur. If so, the LRI512
may not set correctly the EAS bit. The t,y delay is a multiple of t;,ominal-

Request parameter (Table 43):
—  UID (Optional)

Response parameter (Table 44):
— No parameter.

Response parameter (Table 45):
—  Error Code as Error_Flag is set

Table 43.  Activate EAS request format

8bits | OxAO | 0x02 " o4nbits 16 bits
Table 44.  Activate EAS response Em’:t when Error Flag is NOT set
Response SOF | Response_Flags CRC16 Response EOF
8 Hit= 16 bits
Table 45. Ac'ri\iat_ﬁ. /.S response format when Error Flag is set
Resspg)l?se | RRecronse_Flags Error code CRC16 Rez;ga;se
—T 8 bits 8 bits 16 bits

Figure 40. Activate EAS frame exchange between VCD and LRI512

Activate EAS
SOF EOF
veo Request
LRI512 <«—»] SOF | Activate EAS | -qr | write sequence when error
1 Response
LRIS12 SOF Activate EAS EOF
-~ <>
tw t1 Response

Al06839
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30 Deactivate EAS

Command Code = OxAl

When receiving the Deactivate EAS Request, the LRI512 reset the non-volatile EAS bit. The
Option_Flag is not supported.

During the write cycle ty,, no modulation (never 100% nor 10%) shall occur. If so, the LRI512
may not reset correctly the EAS bit. The t,y delay is a multiple of t1ominal-

Request parameter (Table 46):
—  UID (Optional)

Response parameter (Table 47):
— No parameter.

Response parameter (Table 48):
—  Error Code as Error_Flag is set

Table 46. Deactivate EAS request format

Request | Request | Deactivat | IC Mfg e (s Request
SOF Flags e EAS code G LYye EOF
8 bits OXAL 0x02 64 nbits 16 bits
Table 47. Deactivate EAS resporse ‘o rmat when Error Flag is NOT set
Response SOF | Response_Flags CRC16 Response EOF
8 Hit= 16 bits
Table 48. Deactiva‘te EAS response format when Error Flag is set
Response |. - Response
SOF rResgonse_Flags Error code CRC16 EOF
T 8 bits 8 bits 16 bits
Figure 41. Deactivate EAS frame exchange between VCD and LRI512
De-activate
veD SOF | Eas Request | EF
De-activate :
LRI512 ? SOF EAS Response EOF Write sequence when error
LRIS12 SOF De-activate EOF
tw 1 EAS Response
Al06840
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31 Pool EAS
Command Code = 0xA2
When receiving the POOL EAS Request, all LRI512 with the non-volatile EAS bit set
generate the EAS signal.
Request parameter (Table 49 or Table 50):
— No parameter
Table 49. Pool EAS request format for one subcarrier modulation answer
Request | Request_ IC Mfg Renuest
SOF Flags | PP°' EAS | Code CRC16 J o
0x00 OxA2 0x02 16 bits i ]
Table 50. Pool EAS request format for two subcarrier modulaticn answer
Request | Request_ IC Mfg . Request
SOF Flags | PP%' BAS | code LA EOF
0x01 OxA2 0x02 ¢ 16 bits
31.1 Pool EAS response format e the request frame is

60/73

correctly received

The LRI512 generates a contincous stream of 256 hits at ‘0’ using the One or Two
subcarrier modulation at Low r.ala rate ended by 2 CRC bytes.

Figure 42. Poc! =ZAS irame exchange between VCD and LRI512

vCL

LRI512

SOF

POOL EAS
Request

EOF

1

256 "O' using Single sub-carrier
modulation at Low data rate

Al06841
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Maximum rating

Stressing the device above the rating listed in the Absolute Maximum Ratings table may
cause permanent damage to the device. These are stress ratings only and operation of the
device at these or any other conditions above those indicated in the Operating sections of
this specification is not implied. Exposure to Absolute Maximum Rating conditions for
extended periods may affect device reliability. Refer also to the STMicroelectronics SURE

Program and other relevant quality documents.

Table 51. Absolute maximum ratings
Symbol Parameter Condition Min. | Max. ‘ Unit
ST antistatic bag, max 23 15 o °C
months 4,»
Tste | Storage temperature Mounted wafer in a wafer- R
- " 1% 25 C
sawing box (8"), max 25 wafer s |
40-60% RH, max 2 vec's 15 25 °C
Maximum input voltage on ACO /
VMAX AC1 -7 7 \Y
Vesp | ESCtostatic discharge 130 10373-7 ~7000 | 7000 | V
voltage
1. ESD test: 1ISO10373-7 specification
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DC and AC parameters

This section summarizes the operating and measurement conditions, and the DC and AC
characteristics of the device. The parameters in the DC and AC characteristic tables that
follow are derived from tests performed under the measurement conditions summarized in
the relevant tables. Designers should check that the operating conditions in their circuit
match the measurement conditions when relying on the quoted parameters.

Table 52. Operating conditions

Symbol Parameter Min. Max. Unit

Ta Ambient operating temperature Al =20 85 °C

Figure 43. LRI512 synchronous timing, transmit and receive

\ /JL T ROF

RFF

IRFR

fcc

tRFSBL

Al06680B

Figure 43 shows an A<k n.adulated signal, from the VCD to the LRI512. The test condition
for the AC/DC paran.c:e.s are:

® Close copling condition with tester antenna (1mm)
® Gies LRIL12 performance on tag antenna

J
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DC and AC parameters

Table 53.  DC characteristics
Test condition (in addition . .
Symbol Parameter to those in Table 52) Min. Typ. | Max. | Unit
Vce | Regulated voltage 15 3.0 \Y,
Back-scattering
VRET induced voltage Al 1SO10373-7 10 mvV
Supply current (active in _
lcc | Rea d) Vee=3.0V 150 | pA
Supply current (active in _
lce Write) Vee =3.0V 400 | pA
Crun |Internal tuning capacitor f=13.56 MHz for W4/22 18.5 | pF
Crun |Internal tuning capacitor f = 13.56 MHz for W4/30 26 ) oF
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Table 54.  AC characteristics
Test condition (in addition . .
Symbol Parameter to those in Table 52) Min. Typ. Max. | Unit
foe |EXternal RF signal 13,553 | 13.56 | 13.567 | MHz
frequency
0 - .
Ml ARRIER iln(zjgnxcarrler modulation MI=(A-B)/(A+B) 10 30 %
trRer: tRee | 10% rise and fall times 0 3.0 Hs
10% minimum pulse
'RFSBL | widith for bit 71 944 | ks
o - .
Ml ARRIER Ilﬂ%(;;o carrier modulation Mi=(A-B)/(A+B) 95 100 | %
trers tree | 100% rise and fall times 0 4 25 us
100% minimum pulse
'RFSBL | width for bit 71 9.44 | bs
tyr Bit pulse jitter -z +2 ps
Minimum time from
tvinep | carrier generation to first From H-ficld imin 0.1 1 ms
data
fon a:nghcarrler frequency Feol32 423.75 KHz
fo Egvl\)/carrler frequency Feo/28 484,28 KHz
: "%
4 Time for LRIS 4224/F 313 | 3209 | 322 | ps
response
t T(')rrl]aﬂ‘;&n:;‘see” 4224/F 309 | ps
A0 hilo
B H-field energy on
Pa LRI512 Antenna Al 0.15 5 |Am
ll ty Programming time 5 ms

1. P, Minis the minimum H-field required to communicate with the LRI512

Pa Max is the maximum H-field that the device can support before clamping the incoming signal

64/73
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Package mechanical

In order to meet environmental requirements, ST offers the LRI512 in ECOPACK®
packages. These packages have a Lead-free second-level interconnect. The category of
Second-level interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97.

The maximum ratings related to soldering conditions are also marked on the inner box label.
ECOPACK is an ST trademark. ECOPACK specifications are available at: www.st.com.

Figure 44. A1T — copper antenna, package outline

A2

Al

Al06843

1. Drawing is not to scale.

Table 55. A1T —coprer areana, package mechanical data

millimeters inches
Syl
Typ Min Max Typ Min Max
Al
(Coil width) 45 44.5 455 1.772 1.752 1.791
IN" A2
(Coil Length) 76 75.5 76.5 2.992 2.972 3.012
C
(Web width) 48 47.5 48.5 1.890 1.870 1.909
D
(Pitch) 96 95.5 96.5 3.780 3.760 3.800
E
(Coil distance from web edge) 15 ! 2 0.059 0.039 0.079
(Overall thickness of copper | 119 | o090 | 0130 | 0004 | 0003 | 0.005
antenna coil)
ilicon thickness . . . . . .
(Sili hick ) 0.180 0.165 0.195 0.007 0.006 0.008
Q
(Unloaded Q value) 35 %
Frnowm
(Unloaded free-air resonance) 14.6 MHz 14.6 MHz
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Figure 45. A1S - copper antenna, package outline

A2

IOt 847

1. Drawing is not to scale.

Table 56. A1S - copper antenna, package mechanical data

T
millimeters inches
Symbol | N
Typ Min Max Typ Min Max
Al 45 44.5 :— 715 5 1.772 1.752 1.791
(Coil width) ‘ ' ’ ’ ’
A2
(Coil length) 76 75.5 76.5 2.992 2.972 3.012
C |
(Web width) : 48 47.5 48.5 1.890 1.870 1.909
D
(Pitch) 96 95.5 96.5 3.780 3.760 3.800
b
(Coil ns1ar.ce rom web edge) 1.5 ! 2 0.059 0.039 0.079
{Cverail thickness of copper

) . 0.110 0.090 0.130 0.004 0.003 0.005
l antenna coil)

(Silicon thickness) 0.180 0.165 0.195 0.007 0.006 0.008

Q
(Unloaded Q value) 35 35

Fnowm

. 14.6 MHz 14.6 MHz
(Unloaded free-air resonance)

J
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Part numbering

Table 57. Ordering information scheme

Example: LRI512 - W4/22

Delivery form

180 pm % 15 pm unsawn wafer, 18.5 pF tuning

W4/22 .
capacitor

W4/30 180 Hm + 15 ym unsawn wafer, 26 pF tuning
capacitor

SBN18/22 180 ym % 15 pym sawn wafer with bumps, 18.5 pF tuning capacitor, 8-inch frame

Al1T ISO copper antenna on tape

AlS ISO copper adhesive antenna on tape

The notation used for the device number is as shewri i1 Taole 57. For a list of available
options (speed, package, etc.) or for further informzatici on any aspect of this device, please
contact your nearest ST sales office.

67/73




Inventory algorithm example

LRI512

Appendix A Inventory algorithm example

Al

68/73

The following pseudocode describes how the anticollision could be implemented on the

VCD, using recursive functions.

Algorithm for pulsed slots

function push (mask, address); pushes on private stack
function pop (mask, address); pops from private stack
function pulse_next_pause; generates a power pulse
function store(LRI512_UID); stores LRI512_UID

function poll_loop (sub_address_size as integer)
pop (mask, address)
mask = address & mask; generates new mask
; send the Request
mode = anticollision
send_Request (Request_cmd, mode, mask length, mask value)
for sub_address = 0 to (2”"sub_address_size - 1)
pulse_next_pause
if no_collision_is_detected ; LRI512 is inventHried
then
store (LRI512_UID)
else ; remember a collision was <e-ected
push (mask, address)
endif
next sub_address

if stack_not_empty ; 1f scne collisions have been detected and
then ; not yet rroucessed, the function calls itself
poll_loop (sur eddress_size); recursively to process the last stored
collision
endif
end poll_looz

main_cvc'e:
mask = null
address = null
push (mask, address)
poll_loop (sub_address_size)
end_main_cycle

J
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Appendix B

CRC detection

B.1 CRC error detection method

The cyclic redundancy check (CRC) is calculated on all data contained in a message, from
the start of the Flags through to the end of Data. This CRC is used from the VCD to the
LRI512, and from the LRI512 to the VCD.

Table 58. CRC definition
CRC definition
CRC type Length Polynomial Direction | Preset | Recidue
ISO/IEC 13239 16 bits | X6+ X2+ X5+ 1 = Ox8408 | Backward | OXFFFi™ | 0038

To add extra protection against shift errors, a further transformation on tha caiculated CRC

is made. The One’s Complement of the calculated CRC is the value aitached to the

message for transmission.

For checking of received messages the two CRC bytes are oficn also included in the re-
calculation, for ease of use. In this case, given the expecizd value for the generated CRC is
the residue of FOB8h

B.2 CRC calculation example

This example in C language il'ustraes one method of calculating the CRC on a given set of
bytes comprising a messegr:.

B.3 C-Example tc calculate or check the CRC16 according to
ISO/IFC 15239

‘d-rine
#C~fine
#define

#define
#define
#define

POLYNOMIALOx8408// x716 + x*12 + x5 + 1
PRESET_VALUEOXFFFF
CHECK_VALUEOxF0B8

NUMBER_OF_BYTES4// Example: 4 data bytes
CALC_CRC1
CHECK_CRCO

void main()

{

unsigned int current_crc_value;

unsigned char array_of_databytes [NUMBER_OF_BYTES + 2] = {1, 2, 3, 4, 0x91,
int number_of_databytes = NUMBER_OF_BYTES;

int calculate_or_check_crc;

int i, 3;

calculate_or_check crc = CALC_CRC;
// calculate_or_check _crc = CHECK_CRC;// This could be an other example
if (calculate_or_check_crc == CALC_CRC)

{

number_of_databytes = NUMBER_OF_BYTES;

}
else

// check CRC

0x39};
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number_of_databytes = NUMBER_OF_BYTES + 2;

current_crc_value = PRESET_VALUE;
for (1 = 0; 1 < number_of_databytes; i++)
{

current_crc_value = current_crc_value " ((unsigned int)array_of_databytes[i]);

for (3 = 0; J < 8; Jj++)

{
if (current_crc_value & 0x0001)
{
current_crc_value = (current_crc_value >> 1) ~ POLYNOMIAL;
}
else
{
current_crc_value = (current_crc_value >> 1);
}
}
}
if (calculate_or_check_crc == CALC_CRC)
{
current_crc_value = ~current_crc_value;

printf ("Generated CRC is 0x%04X\n", cirient_crc_value);

// current_crc_value is now realdy t) be appended to the data stream
// (first LSByte, then MSByt.)

}

else // check CRC

{
if (current_crc \a.ue == CHECK_VALUE)
{
print. ‘"Checked CRC is ok (0x%04X)\n", current_crc_value) ;
}
else
{

printf ("Checked CRC is NOT ok (0x%04X)\n", current_crc_value);

J
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Appendix C  Application family identifier (AFI)

The AFI (Application Family Identifier) represents the type of application targeted by the
VCD and is used to extract from all the LRI512 present only the LRI512 meeting the

required application criteria.

It is programmed by the LRI512 issuer (the purchaser of the LRI512). Once locked, it cannot

be modified.

The most significant nibble of AFI is used to code one specific or all application families, as
defined in Table 59.

The least significant nibble of AFI is used to code one specific or all application sub-families.
Sub-family codes other than 0 are proprietary.

Table 59. AFI coding
AFI most AFI least
significant | significant Meaning VICCs respond from E.wriples / Note
nibble nibble

0 0 All families and sub-families No applicative preselection
X 0 All sub-families of fami'v /(_ - Wide applicative preselection
% vy Only the Yth sub-fami.v cf 1amily X
0 Y’ Proprietziy :Jt;fa—mily Y only
1 0,'Y’ "':a_nsport Mass transit, Bus, Airline,...
2 0,'Y’ Financial IEP, Banking, Retall,...
3 0,'Y’ B Identification Access Control,...
4 n, v Telecommunication Public Telephony, GSM,...
5 L \ :,—Y Medical
5 0,1’ Multimedia Internet services....

! 7 0,'Y’ Gaming

A% 8 0,Y’ Data Storage Portable Files, ...
9 0, Iltem Management
A 0, Express Parcels
B o, Postal Services
C 0,Y’ Airline Bags
D 0,'Y’ RFU
E 0,'Y’ RFU
F 0,'Y’ RFU

1. X=1htoFh,Y =1htoFh
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Table 60. Document revision history

Date Revision Changes
16-Jul-2002 1.0 Document written
Document reformatted. Small text changes.
Document status changed from Datasheet to Not For New Design.
A2, A1T/ISOR and C40 packages removed.
08-Nov-2007 2

tmax removed from Figure 43: LRI512 synchronous timing, transmit and

receive and Table 54: AC characteristics. r, removed and T, timing
changed in Table 54: AC characteristics.

All antennas are ECOPACK® compliant.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its suhsidia.iec {'ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and ser iccs Jzscribed herein at any
time, without notice.

All ST products are sold pursuant to ST's terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and sz ices Jdescribed herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services e :crioed herein.

No license, express or implied, by estoppel or otherwise, to any intellectual propertv 1’9 s .s granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed 2 | cer se grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered a< a . a ranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property container: t><1 2in.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AN[C/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMEM 1 G= AMY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.
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