ASSP
EPCglobal Classl1 Generation2 Compliant

FRAM Embedded UHF Band RFID LSI

MB97R8120/8130

1. OVERVIEW

This specification provides LSI specifications for the passive RFID Tag LSI "MB97R8110" (user bank
60kbits) based on "EPCglobal Class 1 Generation 2."

In this specification, the term ‘“interrogator” used in the EPCglobal standard is changed to R/W
(reader/writer) in accordance with customary practice. The term “Tag” is used as is.

1.1 FEATURES

Compliant with EPCglobal Class 1 Generation 2 (C1G2)
— Carrier frequency: 860 to 960 MHz
—Data rate
R/W — Tag: 26.7 kbps to 128 kbps (when the counts of data O and data 1 are equal)
Tag — R/W: 40 kbps to 640 kbps

- Serial Interface (SPI) :MB97R8130
—Slave mode operation : User memory area can be read/written through SPI.
— Arbitration feature between RF and SPI access controlled by SPIREQ and SPIACK.

High speed read/write Non-volatile memory (FRAM)
—USER bank size: 61,440 bits
—EPC length: up to 480bits
—Block Permalock: User memory area can be locked from writing in units of 512 words (=8,192bits).
—Read/Write Endurance: 10 times

—Memory data retention: 10 years (+85 °C)
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1.3 PAD CONFIGURE (MB97R8130)

1.3.1 Pad Configure

The following is PAD configure for this LSI.
Table1.3.1 TSSOP16 package pad location

No. Pin In/Out Function
1 VSS In Ground
2 VDD In Voltage apply for SPI communication
3 SPIREQ | In SPI Slave Request
4 SPIACK | Out SPI Slave Acknowledgement
5 SCK In Serial Clock
6 DI In Serial Data Input
7 DO Out Serial Data Output
8 XCS In Chip Select
12 PWRP | In/Out | Antenna
14 PWRM | In/Out | Antenna
9,10, NC — No connection
11,13 Recommended to be open
15,16

VSS [ 1@ 16 [__1NC
VD [_]2 15[ ] NC
SPIREQ [ 3 14 [ 1 PWRM

SPIACK [ 4 13L_INC
SCKL__15 12 1 PWRP
DILC_16 11 [_1NC
poL—]7 10 [_1NC
XcS 18 9[_TNC

Fig. 1.3.1 TSSOP16 Package
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2 RFINTERFACE

RF signal interface is compliant with EPCglobal Class 1 Generation 2 Ver.1.2.0.

2.1 Modulation type, communications timing

Compliant with EPCglobal Class 1 Generation 2 Ver.1.2.0.

2.2 Inventory, Tag selection

Compliant with EPCglobal Class 1 Generation 2 Ver.1.2.0.

2.3 Tag state-transition

Compliant with EPCglobal Class 1 Generation 2 Ver.1.2.0.

2.4 RF communication error code

This LSI responds the error code as shown in Table2.4 if it encounters an error when executing a
handle-based command under Open state or Secured state. The reply format and the error code is compliant
with EPCglobal Class 1 Generation 2 Ver.1.2.0 (as described in Annexl)

Table 2.4 Error code

Error code Error code name Error description

00h Other errors Other errors not covered by the following errors

03h Out of memory The specified memory location does not exist.

04h Memory lock The specified memory location is locked or permalocked
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3 SPlinterface
3.1 Overview

This LSI has SPI (Serial Peripheral Interface) interface that can be operated as follows.
+ This LSl is able to access FRAM User memory through the SPI interface (External power supply required).

+ The external SPI slave device can be controlled by this LSI (Power supplied by this LSI).

3.2 SPI Mode

This LSl is only corresponding to the SPI mode 0 (CPOL=0, CPHA=0).

xcs |\ '
DI CatabatatalaOaOsa0202020202020,

MSB SPI mode 0 LSB

Figure 3.2.1 — SPI mode
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3.3 SPI Slave Interface

3.3.1 Connection to SPI Interface

This LSI can work as a slave mode of SPI. It can be
connected to the microcontroller equipped with SPI port
as shown in the figure 3.3.1.

SPIREQ should be set to “H” before starting the slave
communication. Then SPIl slave communication is
enabled, and SPIACK shall output “H”. SPI slave
communication shall be executed as XCS="L" and
SPIREQ is required to hold “H" until SPI slave
communication is completed. The SPI slave command is
executed continuously without any interruption by RF
communication during the period of SPIACK "H".

SPlI communication will not be started if SPIACK
signal is “L".

3.3.2 Power down mode

This LSI implements Power down mode if SPIREQ is

VDD

SPIREQ

SPI Controller

0 X 0 On
OO T T
A0z
om
]
97R813
T U
z =
EgE
B B

.

Figure 3.3.1 - SPI Slave interface connection

switched to “L”, which enables to reduce current consumption of the battery connected between VDD-VSS.
(refer to 8.4.1) When the voltage is applied on VDD, and SPIREQ="L" without RF carrier, the output of both
SPIACK and DO becomes undefined, it is recommended for controller to deactivate the signal to SPIACK
and DO. All the control pin (including XCS) excepting VDD must be “L” in power down mode.

3.3.3 Usage

Please refer to Chapter 5.2 and 5.3.regarding the usage of SPI slave interface.

3.4 Power sequence and interface arbitration

3.4.1 Arbitration between RF and SPI slave communication

The arbitration feature to control the access through RF and SPI slave interface is managed by SPIREQ
and SPIACK signals. The state of SPIACK, which is normally “L”, shall be set to “H” before starting SPI
slave communication. After SPIACK is “H”, power can be applied to VDD. The controller inputs “H” to
SPIREQ pin and requests MB97R8110 to get start SPI communication. SPI slave communication starts
after MB97R8110 outputs “H” to SPIACK and then makes XCS “L”". During the period when SPIACK is “H”,
SPI communication is prioritized and any request through RF interface is ignored. Therefore SPIACK
needs to be back to “L” after completing SPI communication in order to receive new request through RF

interface.

The arbitration sequence between RF communication and SPI slave communication is shown as Figure

3.4.1.
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Figure 3.4.1 —The arbitration sequence between RF communication and SPI slave communication

4 Memory
4.1 Memory address

4.1.1 Address description

Data is stored in units of word (16bits). The logical address each memory bank is described as WordAdr
in this document. WordPtr is the address used in the RF command format, which is described with EBV
format as specified in EPCglobal Gen2 specification.

Address range WordAdr WordPtr Correlation between WordPtr and
(Serial access) | (RF access) WordAdr
0000h~007Fh 0000h~007Fh | 00h~7Fh WordPtr={0, WordAdr[6:0]}

0080h~3FFFh 0080h~3FFFh | 8100h~FF7Fh WordPtr={1,WordAdr[13:7],
0,WordAdr[6:0]}
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4.2 Memory Map

4.2.1 Memory bank
The Non-volatile memory (FRAM) of this LSI is divided into the following four banks.

Table 4.2.1 Four memory banks

Bank Memm WordAdr BANK specifiable or not
Bank
RF communication SPI communication
W
w | ® |8
n|ls|8 8|3 |Q =3 g
1= |Z|&H |2 3 x =
gl |3 |3 3 @ =
QD =3
= |8 | 2 - a 5]
@ @ o
O
Q
USER 11 12'h000h~12'hEFFh| O | O [ O | O | O | O ©) ©)
TID 10 7'h00h~7'h0Ch O|l—|—-|—-]1—-1]0 ©) —
EPC 01 7'h00h~7'h1Fh O|lO[|O| O | — ©) @) —
Reserved 00 7'h00h~ 7'h3Fh O|lO|—-—| =] =] — — —

The User, TID, EPC, and Reserved memory banks contain the data that is defined by the EPCglobal C1G2

specification (6.3.2.1 item). In each memory bank, the logical address (WordAdr) starts from zero (00H).
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4.2.2 TID bank

TID bank of this LSl is specified in Table 4.2.2. TID bank memory can only be read and cannot be written.
Refer to EPC global [Tag Data Standard] specification in 16.1~16.3 item for details

Table 4.2.2 TID bank set value

MSB LSB

WordAdr 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O0|SetValue
00h Allocation Class Designer E281h
01h Designer Product ID Version 0081h
02h XTID header 3C00h
03h Serial Number unique
04h Serial Number unique
05h Serial Number unique
06h optional command support 1DDEh
07h BlockErase parameter 0002h
08h BlockErase parameter 0310h
0%h BlockWrite parameter 0002h
OAh BlockWrite parameter 0310h
0Bh Permalock Block size 0200h
0Ch User memory size OFO0Oh
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4.2.3 EPC bank
The EPC bank value of this LSl is initialized as shown in Table 4.2.3 when shipped.
Table 4.2.3 EPC bank initial value

MSB LSB

Intial
WordAdr 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value
00h Stored CRC
01h Stored PC 3400h
02h EPC data 0000h
03h Serial Number unique
04h Serial Number unique
05h Serial Number unique
06h EPC data 0000h
07h EPC data 0000h
08h (EPC data) 0000h
09h (EPC data) 0000h
0Ah (EPC data) 0000h
0Bh (EPC data) 0000h
0Ch (EPG data) 0000h
0Dh (EPC data) 0000h
OEh (EPGC data) 0000h
OFh (EPC data) 0000h
10h (EPC data) 0000h
e (EPGC data) 0000h
1Fh (EPC data) 0000h

The length of Stored PC is set to 6 (word) when shipped. The same Serial Number data of WordAdr 03h
~05h is also written into WordAdr 03h~05h in TID bank. It is possible to use the address of WordAdr 08h
~1Fh (max 30word) if the setting value is larger than 6, however, the sensibility of the LSI will decrease
possibly if the length is not 6.

This LSI does not support XPC_W1 and XPC_W?2.

Stored CRC is not fixed value, because it is calculated value on the response ACK command.
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4.2.4 USER bank
The User memory bank of this LSI consists of 8 Area Group as shown in Table 4.2.4.

Table 4.2.4.1 USER bank configure

MSB LSB

Initial
WordAdr 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Value
000h~1FFh User data (Area0) 0000h
200h~3FFh User data (Areal) 0000h
400h~5FFh User data (Area2) 0000h
600h~7FFh User data (Area3) 0000h
800h~9FFh User data (Area4) 0000h
AOOh~BFFh User data (Areab) 0000h
CO00h~DFFh User data (Areab) 0000h
EOOh~EFFh User data (Area7) 0000h

The access control such as PermalLock and Password can be applied by Area units. The Permalock
block and the Area is exactly the same in this LSI. Please refer to “BlockPermalock”(Chapter 5.1.3) and
“Data protection for USER bank”(Chapter 6.2).

Multiple words access across the Areas can be specified by RF command(BlockWrite, BlockErase, and
Read command). SPI slave communication command cannot access to the WordAdr "7FFh” through “800h”
with one continuous command and the address is rolled over to “000h”.
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4.2.6 Reserved bank

Reserved bank is used for Password data management.

32bits Password can be set by 2steps of 16bits writing, 15t for [31:16] and 2" for [15:0] by Req_RN and
Write command as a set of sequence respectively without any other command between the steps.

Table 4.2.6 Reserved bank constructure

MSB LSB
Initial
WordAdr 15 14 13 12 11 10 9 8 7 6 5 4 3210 Value
00h Kill password [31:16] 0000h
01h Kill password [15:0] 0000h
02h Access password [31:16] 0000h
03h Access password [15:0] 0000h
04h RFU 0000h
s ek 0000h
1Fh RFU 0000h
20h Area password (Setting) (Area0) [31:16] 0000h
21h Area password (Setting) (Area0) [15:0] 0000h
22h Area password (Setting) (Areal) [31:16] 0000h
23h Area password (Setting) (Areal) [15:0] 0000h
24h Area password (Setting) (Area2) [31:16] 0000h
25h Area password (Setting) (Area2) [15:0] 0000h
26h Area password (Setting) (Areal) [31:16] 0000h
27h Area password (Setting) (Areal) [15:0] 0000h
28h Area password (Setting) (Area4d) [31:16] 0000h
29h Area password (Setting) (Area4) [15:0] 0000h
2Ah Area password (Setting) (Areab) [31:16] 0000h
2Bh Area password (Setting) (Areab) [15:0] 0000h
2Ch Area password (Setting) (Area6) [31:16] 0000h
2Dh Area password (Setting) (Area6) [15:0] 0000h
2Eh Area password (Setting) (Areal) [31:16] 0000h
2Fh Area password (Setting) (Areal) [15:0] 0000h
30h Area password (Authentification) (Area0) [31:16] 0000h
31h Area password (Authentification) (Area0) [15:0] 0000h
32h Area password (Authentification) (Areal) [31:16] 0000h
33h Area password (Authentification) (Areal) [15:0] 0000h
34h Area password (Authentification) (Area2) [31:16] 0000h
35h Area password (Authentification) (Area2) [15:0] 0000h
36h Area password (Authentification) (Area3) [31:16] 0000h
37h Area password (Authentification) (Areal) [15:0] 0000h
38h Area password (Authentification) (Area4) [31:16] 0000h
39h Area password (Authentification) (Area4) [15:0] 0000h
3Ah Area password (Authentification) (Areab) [31:16] 0000h
3Bh Area password (Authentification) (Areab) [15:0] 0000h
3Ch Area password (Authentification) (Area6) [31:16] 0000h
3Dh Area password (Authentification) (Area6) [15:0] 0000h
3Eh Area password (Authentification) (Areal) [31:16] 0000h
3Fh Area password (Authentification) (Areal) [15:0] 0000h
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5 Command (Tag operation)
5.1 RF communication command

All mandatory commands and optional commands specified in EPCglobal C1G2 Ver.1.2.0. (Chapter
6.3.2.11) are supported as described in Table 5.1.0.

However, Parts of the specification of BlockWrite, BlockErase, BlockPermalock command (Optional
command), and Read command (Mandatory command) are different form EPC C1G2 standard as
described in Chapter 5.1.1, 5.1.2,5.1.3, and 5.1.4.

Table 5.1.0 — RF mode command

Type Command name Command code
Mandatory | QueryRep 00
ACK 01
Query 1000
QueryAdjust 1001
Select 1010
NAK 1100 0000
Req_RN 1100 0001
Read 1100 0010
Write 1100 0011
Kill 1100 0100
Lock 1100 0101
Optional Access 1100 0110
BlockWrite 1100 0111
BlockErase 1100 1000
BlockPermalock 1100 1001

K Differences from EPCglobal C1G2 Ver. 1.2.0
(1) About CRC-16

If Stored PC and/or EPC data stored in EPC bank are renewed, StoredCRC-16 won't be updated when
the power is turned on, but it is updated on the response to ACK command without truncation.

(2)About UMI

UMI stored in bit[10] of StoredPC in EPC bank is calculated by OR of bit[12:8 ] of WordAdr=00h in User
bank according to EPCglobal C1G2 Ver. 1.2.0. UMl is fixed to "1” on this LSI.

(3) About Memory access by Read command

According to EPCglobal C1G2 Ver. 1.2.0, if WordCount=00h on Read command, the tag shall respond
the whole data starting at specified WordPtr and ending at the end of the bank. The User bank is divided
into 8 areas which enable to be protected by Area password. If part of specified area is protected, any data
cannot be read and an error code (Memory locked “04h”) is replied.

(4)The password data for data protection is stored in the WordAdr=20h-3Fh of Reserved bank.
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5.1.1 BlockWrite (Optional command; partly supported)

BlockWrite command format is shown in Table5.1.1. Parts of the function are different from what is
specified in the EPCglobal C1G2 Ver.1.2.0 as following.

» MemBank specifies only EPC and USER bank. If BlockWrite command is executed on Reserved and
TID bank, an error code (Memory overrun “03h”) is replied. In this case, the data will not be written into the
specified address.

» WordCount specifies the number of data to be written. If 00h is specified, the command will be ignored.
The data can be specified up to 255(FFh) if WordPtr specifies WordAdr between 800h and EFFh in USER
bank. If WordPtr specifies WordAdr between 000h and 7FFh, the data can only be specified below 16(10h),
and if it is specified above 17(11h), an error code (Memory overrun “03h”) is replied. If part or all the words
to be written is locked by the BlockPermalLock command or they are protected by AreaPassword, the
unlocked words will not be changed and an error code (Memory locked “04h”) is replied.

Table 5.1.1 — BlockWrite command

Command MemBank WordPtr WordCount Data RN CRC-16
*
Num_ber of 8 2 EBV 8 WordCount *16 16 16
bits
Description 1100 0111 01:EPC Starting Number Data Handle
) Address of word to be written
1L:USER Pointer to write

Multiple words write to the WordAdr "7FFh” through “800h” can be specified by this command. On the other
hands, SPI slave communication command cannot count up to “800h” but roll over to “000h”.

5.1.2 BlockErase (Optional command; partly supported)

BlockErase command format is shown in Table5.1.2. Parts function of BlockErase command are different
from the EPCglobal C1G2 Ver.1.2.0 as described as follows.

*MemBank specifies only EPC and USER bank. If BlockErase command is executed on Reserved and
TID bank, an error code (Memory overrun"03h”) is replied. In this case, the data will not be erased in the
specified address.

*WordCount specifies the number of data to be erased. If 00h is specified, the command will be ignored.
If part or all the words to be erased is locked by the BlockPermalLock command or they are protected by
AreaPassword, the unlocked words will not be changed and an error code (Memory locked”04h”).

Table 5.1.2 - BlockErase Command

Command MemBank WordPtr WordCount RN CRC-16
Number of 2 EBV 8
bits 8 16 16
Description 1100 1000 01:EPC Starting Number Handle
Address of word
I1USER Pointer to erase
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5.1.3 BlockPermaLock (Optional command; partly supported)

The unit of Block to be locked is defined as 512 words for this LSI. The Permalock command can be
executed to the 8 blocks of User bank which is 7 areas of 8k bits and 1 area of 4k bits.

5.1.3.1 BlockPermalLock (Setting)

The format of the BlockPermalLock command for Permalock setting is shown in Table 5.1.3.1. The
Read/Lock value is set to “1”, and the specified bock will be locked permanently. Lock data field is
described in Chapter 5.1.3.3.

Table 5.1.3.1 — BlockPermalLock command (Permalock)

Read Mem Block CRC-
Command RFU ILock Bank BlockPtr Range Lock data RN 16
Num_ber of 8 8 1 2 8 8 16 16 16
bits
Description | 1100 1001 00h 1:Perma 11:User 00h 01lh 0:Retain Handle
Lock current
oc permalock
setting
1:Assert
permalock

There is a limitation as follows. If any other value is set, error code (Memory overrun “03h”) will be
responded and permalock operation is terminated.

*« MemBank: Only executed for User bank.
« BlockPtr: Only 00h is supported.
* BlockRange: Only 01h is supported.

5.1.3.2 BlockPermaLock (Read)

The format of the BlockPermalLock command for reading permalock status is shown in Table 5.1.3.2.1.
The Read/Lock value is set to “0”, and the permalock status of 8blocks of user bank can be read. The
response is shown in Table 5.1.3.2.2.

Table 5.1.3.2.1 — BlockPermalLock command (Read)

Command | RFU Read Mem | plockptr | BlOcK RN CRC-16
/Lock Bank Range
Number of bits 8 8 0 2 8 8 16 16
Description 1100 1001 00h 0:Read 11:User 00h 01lh Handle

Table 5.1.3.2.2 — Response to BlockPermalLock command (Read)

Header Lock data RN CRC-16
Number of bits 1 16 16 16
Description 1100 1001 00h Handle

There is a limitation as follows. If any other value is set, error code (Memory overrunl6 “03h") will be
responded and reading operation is terminated.
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« MemBank: Only executed for User bank.
« BlockPtr: Only 00h is supported.
* BlockRange: Only 01h is supported.

5.1.3.3 BlockPermalLock and Permalocked Block
16bits of Lock data and corresponded block is shown in Table 5.1.3.3.

Table 5.1.3.3 — BlockPermalLock data

bit Area WordAdr
bitl5 MSB 0 000h-1FFh
bit14 1 200h-3FFh
bit13 2 400h-5FFh
bit12 3 600h-7FFh
bit11 4 800h-9FFh
bit10 5 AO0Oh- BFFh
bit9 6 CO00h- DFFh
bit8 7 EOOh- EFFh
bit7 - —

bité - —

bit5 - =

bit4 = b

bit3 — —

bit2 — —

bitl — —

bit0 LSB - —

When Lock data is set by BlockPermalLock command(see Chapter 5.1.3.1), Bit[7:0] shall be set to “0”
because of no target block.
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5.1.4 Read (Mandatory; partly supported)
The command format is shown in Table 5.1.4.1

Table 5.1.4.1- Read command

Command Mem Bank WordPtr WordCount RN CRC-16
Numper of 8 2 EBV 8 16 16
bits
Description 1100 00:Reserved | Starting Number of Handle
0010 01L-EPC Address words to read
Pointer
10:TID
11:User

WordCount specifies the number of data to be read. Multiple words read to the WordAdr "7FFh” through
“800h” can be specified by this command. On the other hand, SPI slave communication command cannot
count up to “800h” but roll over to “000h”.

When WordCount is set to “00h”, the response will be as shown in Table 5.1.4.2.

Table 5.1.4.2— Response to Read command with WordCount “00h”

MemBank AreaPassword Response
11:User Zero password The data starting at specified WordPtr (Table 5.1.4.1) and ending
at WordAdr “EFFh” are responded as normal response.
(All Area)
Non zero Password No data is read. Error code (Memory locked “04h”) is responded.
(Some Area) (see Chapter 2.4)
10:TID — The data starting at specified WordPtr (Table 5.1.4.1) and ending
at WordAdr “OFh” are responded as normal response.
01.EPC - The data starting at specified WordPtr (Table 5.1.4.1) and ending

at WordAdr corresponding to the length of EPC are responded
as normal response.

00:Reserved | — The data starting at specified WordPtr (Table 5.1.4.1) and ending
at WordAdr “3Fh” are responded as normal response.

5.1.5 Lock (Mandatory; partly extended)

The command format is shown in Table 5.1.5. When the Access password (WordAdr=02h-03h of
Reserved bank) is locked by setting Payload bit [17,16] and [7,6], Area passwords (WordAdr=20h-3Fh of
Reserved bank) are also locked at the same time. Even if the password is locked, area access control with
password authentication by Write command is effective as described in Chapter 6.2.

Table 5.1.5- Lock command

Command Payload RN CRC-16

Number of
bits

Description | 1100 0101 | Mask and Action Fields Handle

8 20 16 16
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5.2 SPI slave communication command
This LSI will support 3 types of operate-code for SPI slave interface. The operate-code is 8bits code

described in Table 5.2.0. If other codes are input, this command is ignored. If XCS is raised during the input
sequence of operate-code, the command cannot be executed.

Table 5.2.0 - Operate-code for SPI slave interface

Code name Function Operate-code
SpiRead Read data in units of 16bits from user memory area. 0000 0011
SpiWrite Write data in units of 16bits into user memory area. 0000 0010
SpiRDSR Read 16bits of Error information register(SPI slave) 0000 0101

5.2.1 SpiRead

SpiRead command will be executed to read memory data in units of 16bits (1word). The address shall be
specified as 2bits of MemBank followed by 14bits WordAdr (Total 16bits). The command sequence is
described in Figure 5.2.1.

Through DI pin, the following data is received synchronously to the rising edge of SCK after falling XCS.
READ operate code (8bit:03h)

MemBankAddress (2bit)

WordAddress (14bit)

User bank, TID bank and EPC bank are readable banks. The upper 2 bit of Word address should be
fixed to “00”.

DO will be output synchronously to the falling edge of SCK after the above data input. Value of DI will be
ignored when DO is being output. SpiRead command will end after XCS is raised.

The reading address is automatically incremented by each 16-cycle clock input until XCS is rising. The
read data will not be continued after XCS is rising and the output will be “Z” if XCS is rising in the different
timing of 16 clock cycle. If the Word address is specified within 000h~7FFh of User bank, the counter rolls
over to “O000H” after WordAdr reaches the most significant address 7FFh. If the Word address is specified
within 800h~EFFh of User bank, the counter will not roll over to “O00H” or “800h” even if SCK is toggled
when WordAdr reaches the most significant address 7FFh. If the specified bank is other than User bank
and Word address reaches to the most significant address, read operation ends even if XCS="L" and DO
output will be “0”.

The specified memory data will not be read out and output of DO pin will be “0” for the following cases.
1) This LSl is in Kill state

2) The specified address is in the protect area by Password

3) MemBank is specified with RSV bank
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Figure5.2.1 — SpiRead command sequence

If part or all the words to be read are protected by AccessPassword or AreaPassword, the protected data

cannot be read but the unprotected data can be read.

5.2.2 SpiWrite

SpiWrite command is executed to write data into memory in units of 16 bits (1 word). The specified
address shall be 14bits WordAdr after 2bits of MemBank (Total 16bits) for RF communication. The
sequence for SpiWrite command will be described in Figure 5.2.2.

The following data is input through DI pin synchronously to the rising edge of SCK after falling of XCS.
WRITEoperate-code (8bit:02h)
MemBankaddress (2bit)
Word address (14bit)
Written data (N*16bit)

USER bank is the only writable bank. The upper 2 bit of Word address should be fixed to “00”. SpiWrite
command will end if XCS is raised.

The writing address is automatically incremented by the 16bits continuous data sending before XCS
rising. If WordAdr reaches the most significant address “7FFh”, the counter will roll over to “0000H” and
write cycle will continue to be operated. The Write operation will end and error information will be stored in
error information register if XCS becomes “L” and the WordAdr in the specified bank reaches the most
significant address which is described in Chapter 4.2 Memory map. If the Word address is specified in
USER bank and within “800h"~"EFFh”, the counter will not roll over to “O00H” or “800h” but write operation
will be executed until “EFFh” even if SCK is toggled when WordAdr reaches the most significant address
“EFFh".

The data will not be written into memory and error information will be written into SPI error information
register for the following cases (Refer to Chapter 5.3.1).

1) This LSl is in Kill state

2) The specified address is in the protect area by Password
3) The specified MemBank is not User bank

4) WordAdr is over EFFh

5) The specified address is in the locked area
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MemBank (2bit) WordAdr (14bit) msB Data (N*16bit) LsB

Figure 5.2.2 — SpiWrite command sequence
If part or all the words to be written are locked by BlockPermalock or Lock command, or they are protected
by AccessPassword or AreaPassword, any data cannot be written in those words but command is executed in

the word that is not locked nor protected.

5.2.3 SpiRDSR

The SpiRDSR command is executed to read 16 bits data of error information register for SPI slave
communication (refer to Chapter 5.3.1). The sequence for SpiRDSR command will be described in Figure
5.2.3.

The following data is input through DI pin synchronously to the rising edge of SCK after falling of XCS.
SpiRDSR operate-code (8bit: 05h)

DO will output 16 bit error information register (Regarding to SPI slave communication) synchronously to
the falling edge of SCK after the above data input. The read data will not be continued after XCS is rising
and the output will be “Z” if XCS is rising with clock other than 16-cycle. Value of DI will be ignored when
DO is being output. SpiRDSR command will end after XCS is raised.

DO will output “L” When XCS continue to output “L" after the 16bit error information register data is
output from DO.

The data of 16bit error information register will be cleared after SpiRDSR command is executed.

SpiRDSR

SPIREQ

SPIACK

b

XCs

-

SCK

DI

DO

bat[13)
bie[12)

Figure 5.2.3 — SpiRDSR command sequence
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5.3 Error handling to SPI slave communication

On SPI slave communication, an error occurs under the following condition. If an error occurs in
SPIRead command operation, DO output will be “0” and error information will be stored in error information
register.

* Specified memory are is locked.
-Killed status

The data stored in error information register can be read by SpiRDSR command.

5.3.1 Error information register (SPI slave communication)

Error information during SPI slave communication will be stored in the error information as shown in
Table 5.3.1. These information can be read by SpiRDSR command.

The information will be cleared after the following operation.
*SpIRDSR command execution
*Power is off

Writing operation to error information register is ignored.

Table 5.3.1 Error information register format

Bit Description
15 0 (Fixed)
14 0 (Fixed)
13 0 (Fixed)
12 0 (Fixed)
11 0 (Fixed)
10 0 (Fixed)

9 0 (Fixed)

8 0 (Fixed)

7 0 (Fixed)

6 0 (Fixed)

5 0 (Fixed)

4 0 (Fixed)

3 0 (Fixed)

2 0 (Fixed)

1 0: Normal

1: Specified address partly locked

0 0: Normal
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6 Data protection
6.1 LOCK Command and BlockPermalock Command and Data protection area

This chapter describes the access control (hereinafter referred to as “Data protection”) for writing and
reading memory. LOCK command can protect data in units of Bank except Reserved Bank. And Kill
Password and Access Password stored in Reserved bank is protected. Area Password (refer to Chapter
6.2) stored in word address 20h-2Fh of Reserved bank are also protected by the same payload [7:6] of
Lock command as Access Password protection.

Table 6.1.1 Memory bank and Lock/Block Permalock

MemBank LOCK WordAdr BlockPermalock | Remarks
00:Reserved payload[9:8] 00h-01h — Kill Password
payload[7:6] 02h-03h — Access Password

20h-2Fh — Area Password

01:EPC payload[5:4] all —

10:TID payload[3:2] all —

11:USER payload[1:0] 000h-1FFh | Mask[15] Area0
200h-3FFh | Mask[14] Areal
400h-5FFh | Mask[13] Area2
600h-7FFh | Mask[12] Area3
800h-9FFh | Mask[11] Aread
AO0Oh-BFFh | Mask[10] Areab5
COOh-DFFh | Mask[9] Areab
EOOh-EFFh | Mask[8] Area7

Please refer to EPCglobal C1G2 Ver.1.2.0 6.3.2.11.3.9) for the action with combination of Lock command
and BlockPermalock command.
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6.2 Data Protection for USER bank
User bank is divided by 8 areas and each area can be access-controlled by Password Authentication.

6.2.1 AreaPassword setting

AreaPassword can be set into the WordPtr=20h-2Fh of Reserved bank (refer to Table 4.2.5) by Write
command as described in Table 6.2.1. This command is executed only in Secured state.

Table 6.2.1 Write command (AreaPassword setting)

Command MemBank WordPtr Data RN CRC-16
Nun_1ber 8 2 EBV 16 16 16
of bits
Content | 1100 0011 | 00:RSV Starting Address RN16 Handle
Pointer Password
(20h-2Fh) to be set

6.2.2 AreaPassword Authentication

AreaPassword authentication can be set into the WordPtr=30h-3Fh of Reserved bank (refer to Table
4.2.5) by Write command as described in Table 6.2.2. 16bit Password data will be sent twice for
authentication as well as Access command. This command is executed only in Secured state.

Table 6.2.2 Write command(AreaPassword authentication)

Command MemBank WordPtr Data RN CRC-16
Num_ber 8 2 EBV 16 16 16
of bits
Content | 1100 0011 | 00:RSV Starting RN16 & (1/2 Password) | Handle
Address
Pointer
(30h-3Fh)

When the authentication is failed, LSI will not respond as same as the failure case in authentication by
Access command. When the authentication is succeeded, LSI transfers into AreaSecured state, and then
the authenticated area will be readable and writeable.

If the Password is set to 0, this LS| will return to Secured state even if the LSl is in AreaSecured state.

The area authentication is only applied to one area each time. If reading from or writing into the other
protected area, it is necessary to execute AreaPassword authentication command again once the LSI
returns to Secured state.
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7 ELECTRICAL CHARACTERISTICS
7.1 Absolute Maximum Rating

Table 7.1 - Absolute Maximum Rating

Value : o
Parameter |Symbol Unit Conditions/Remarks
MIN TYP MAX
Maamum -y - - 3.0 vV |PWRP1-PWRM1,PWRP3-PWRM3
input voltage
Power supply | o, 0.5 - +4.0 v
voltage
Input voltage VIN -0.5 - VbD+0.5 \Y
Output voltage | VOUT -0.5 - VDD+0.5 Y,
ESD voltage | -qp, - - +1200 V  |Human Body Model
immunity
Storage Tstg -40 - +85 °c
temperature

7.2 Recommended Operation Conditions

Table 7.2 - Recommended Operation Conditions

Value . .
Parameter [Symbol Unit Conditions/Remarks
MIN TYP MAX

Operating
ambient Ta -40 — +85 °C
temperature
Retention

guarantee Trtnl -40 - +85 °C |Retention guarantee period: 10years

temperature

RF communication

Antenna input
frequency

Reception

modulation (A-B)IA 80 90 100 %
depth

Receiving bit
rate

Fclk 860 - 960 MHz |According to the Radio Law

F_fwd 26.7 — 128 kbps |PIE code: mark rate =1/2

Receiving

waveform Tr 1 — 500 us
rise time

Receiving

waveform Ts - - 1500 us
settling time
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Receiving

waveform Tf 1 - 500 us

fall time

SPI slave communication

Power supply

VDD 1.8 - 3.6 \
voltage
level input VIH \VDD—0.2 - VoD +0.3 \
voltage
L” level input VIL —03 — +0.4 \4
voltage

7.3 RF Communication Characteristics

Table 7.3 — RF Communication Characteristics

Value . .
Parameter Symbol Unit Conditions/Remarks
MIN | TYP [MAX
IMinimum Operating power _ _ Measured for bare die
when readin PR_MIN -1 dBM | Tari=25USERTcal=3Tari, TRcal=2.6RTcal,
9 DR=8,FM0,BLF=41Kbps,
. . N . ——0no
[Minimum operating power PW_MIN _ 11 — | dBm DSB-ASK, Modulation d<epth 90./0
when writing memory access length=6Word (3%1)
Maximum operating power PMAX +20 dBm
_ 0.8 < = Input power= -11dBm, parallel model (At
: PF 1920MHz2)
Equivalent input capacitance CP
_ 32 ) . E Input power= +6dBm, parallel model (At
: P™ 920MHz)
_ _ Input power= -11dBm, parallel model (At
Equivalent input resistance RP a KQ 920MH2)
uivi inpu i
q P — lo19| = KO Input power= +6dBm, parallel model (At
) 920MHz)
Returning bit rate F_rtrn 40 640 | kbps

*1These characteristics are the values for the standalone LSI, and do not specify the values when the
LSl is connected to other circuits such as a microcomputer.
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7.4 SPIl Slave Communication

7.4.1 DC Characteristics

Table 7.4.1 — DC Characteristics

Value i -
Parameter Symbol Unit Conditions
MIN TYP MAX
Input leakage current ILI — — +5 A VIN =VDD (SPIREQ pin)
— — +1 HA VIN =0V  (SPIREQ pin)
VIN =0V ~ VDD (the other
pins?%1)
Output leakage current ILO — — +1 MA VOUT =0V ~ VDD, when
output is Z(output pin $%2)
ICC ICC — 70 200 MA SCK = 2MHz, Vdd=3.0V
— 1 10 MA SPIREQ = 0V or open
Powﬁ"r IPD1 IPD1
supply No RF reception
ISB ISB — 10 30 MA SPIREQ = VDD XCS=VDD
lutput voltage at “H” level VIH VDD X 0.7 — VDD +0.5 \' %3
lutput voltage at “L” level VIL —0.5 — VDD X 0.3 \4 %3
Output voltage at “H” level VOH vDD—0.5 - VDD \Y IOH=—2mA X2
Output voltage at “L” level VOL 0 — 0.4 \ IOL= 2mA X2
SPI pin pull-down resistance RIN 0.8 1 1.2 MQ VIN= VDD
SPIREQ Pin

%1:XCS, SCK. DI Pin 2:DO, SPIACK Pin  %3:SPIREQ. XCS. SCK. DI Pin

7.4.2 AC Characteristics

Table 7.4.2 — AC Characteristics

Value _ Pin
Parameter Symbol [~ P A Unit
SCK clock frequency fex — — 2 MHz SCK
Clock high time tcw 200 — — ns SCK
Clock low time ter 200 — — ns SCK
Chip select set time tesu 60 — — ns XCS,SCK
Chip select hold time tcsh 20 — — ns XCS,SCK
Output enable time tobLz 20 ns DO,SCK
Output disable time topz — — 60 ns DO,SCK
Output data valid time toov — — 80 ns DO,XCS
Output hold time tow 0 — — ns DO,SCK
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Deselect time o 230 — — ns XCSs
Data rise time tr — — 5 ns DI, XCS,SPIREQ
Data fall time tr — — 5 ns DI, XCS,SPIREQ
Data set up time tois 20 — — ns DI,SCK
Data hold time Tom 20 — — ns DI,SCK
i: tD , !
XS / \ /
| tCSH %tCSUi | tCSH ItCSU!
—>—> >
! toL :
SCK | o, }

015401y

DI

Hi-Z

T

DO

Figure7.4.2 — SPI slave timing

7.4.3 Power Sequence for SPI Slave Communication Mode

The power sequence in SPI slave communication mode is shown in Figure7.4.3.1 (with VDD off control),
and Figure 7.4.3.2 (without VDD off control).

Assert SPIREQ after asserting VDD for communication start. “H” will be output to SPIACK pin for tOAV
duration time after asserting SPIREQ. Set XCS to “H” within the period of tCUS from rising edge of SPIACK
after asserting SPIREQ. Wait tPU after confirming “H” of SPIACK and release XCS and then SPI slave
communication can be started.

Set SPIREQ to “L” in more than tPD period after asserting XCS. The output of SPIACK will be “L” in
tOHA after SPIREQ input becomes “L”". It is recommended to set XCS input “L” within the period of tCHS
from the falling edge of SPIACK. In order to turn off VDD, it is recommended to wait more than tPH period
after outputting “L” to SPIACK.
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VDD

SPIREQ

SPIACK

Bat
w7 |

[T

Figure 7.4.3.1 Power sequence (with VDD off control)

Table 7.4.3 Timing specifications during SPI slave communication

Parameter Symbol Value Unit
MIN TYP MAX

SPIREQ rising start time tSU 500 — — us
SPIREQ low time tRQL 1000 - — us
Power hold time tPH 0 — — us
XCS level hold time at power ON tPU 10 — — us
XCS level hold time at power OFF tPD 1 — — us
Power off time tOFF 1000 — — us
Output SPIACK definite time tOAV 1 — 20000 us
Output SPIACK hold time tOHA 5 — 10000 us
XCS setup time(start) tCUS — — 1 us
XCS hold time(start) tCHS — — 1 us

If the device does not operate within the specified conditions of cycle or power on/off sequence, memory
data cannot be guaranteed.

VDD

SPIREQ \ tOHA : ? t0AV :

SPIACK — D \

tPU

I ——

Figure 7.4.3.2 Power sequence (without VDD off control)
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8 Ordering Information

Part Number Interface Shipping form | Wafer thickness | Remarks
MB97R8120-DIAB15 RF Sawn wafer 150um+22.54um
MB97R8130PFT-G-JNERE1 RF+SPI TSSOP16 - EF type*
MB97R8130PFT-G-JNEFE1 RF+SPI (Tape & Reel) - ER type*

* - IC orientation

* EF type Index mark
hdex mark
/o o o o o o o
| |‘
: . . .
/ \\h ) v
l A |TT -
. &2 .' ,I X ‘ (Reel side) (User Direction of Feed)
// - ER type gdex mark*
(User Direction of Feed) i
‘./ o ©o o 'r © o o ,./
".\ ) . © "\\
) )
/ S
(Reel side) (User Direction of Feed)
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Package Dimension

16-pin plastic TSSOP Lead pitch 0.65 mm
Zﬁgeﬁmn;"’“ 4.40 mm x 4.96 mm
Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm Max
Weight 0.06 g
(FPT-16P-M08)
16-pin plastic TSSOP Note 1) Pins width and pins thickness include plating thickness.
(FPT-16P-M08) Note 2) Pins width do not include tie bar cutting remainder.

Note 3) * : These dimensions do not include resin protrusion.

‘4 0620.10(.1952.004) 0.145:0.045
” (.0057£.0018)
:I H H H H H H =
'4.40:0.10 §40:0.20
INDEX (.1732.004) (.252+.008)

A P — - — === 1
A I Details of "A" part I
s | : I
H H |
L p : I 1.10 5% : I

) J Mounting height
WHH LLL: & NLRN - esnall
4 | [0:85(028)] ® : I
o0 0242008 5 — |
- 0002 003) ©]0.13(.005) 3 | 0~8° f |
e
| L [
[ [ 0.102005 |
| _0.60:0.15 (.0042.002) |
| (.024:.008) (Stand off) |
_________________ .

© 2007-210 FUITSU SEMICONDUCTOR LIMITED F160215<-1-5 Chimaribbones i e fncives).

Note: The values in parentheses are reference values.
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9 Others
9.1 Note items

Specifications are subject to change without notice. For further information please contact each office.
All Rights Reserved.

The contents of this document are subject to change without notice.

Customers are advised to consult with sales representatives before ordering.

The information, such as descriptions of function and application circuit examples, in this document are
presented solely for the purpose of reference to show examples of operations and uses of FUJITSU
SEMICONDUCTOR device; FUJITSU SEMICONDUCTOR does not warrant proper operation of the device
with respect to use based on such information. When you develop equipment incorporating the device
based on such information, you must assume any responsibility arising out of such use of the information.
FUJITSU SEMICONDUCTOR assumes no liability for any damages whatsoever arising out of the use of
the information. Any information in this document, including descriptions of function and schematic
diagrams, shall not be construed as license of the use or exercise of any intellectual property right, such as
patent right or copyright, or any other right of FUJITSU SEMICONDUCTOR or any third party or does
FUJITSU SEMICONDUCTOR warrant non-infringement of any third-party's intellectual property right or
other right by using such information. FUJITSU SEMICONDUCTOR assumes no liability for any
infringement of the intellectual property rights or other rights of third parties which would result from the use
of information contained herein. The products described in this document are designed, developed and
manufactured as contemplated for general use, including without limitation, ordinary industrial use, general
office use, personal use, and household use, but are not designed, developed and manufactured as
contemplated (1) for use accompanying fatal risks or dangers that, unless extremely high safety is secured,
could have a serious effect to the public, and could lead directly to death, personal injury, severe physical
damage or other loss (i.e., nuclear reaction control in nuclear facility, aircraft flight control, air traffic control,
mass transport control, medical life support system, missile launch control in weapon system), or (2) for
use requiring extremely high reliability (i.e., submersible repeater and artificial satellite).

Please note that FUJITSU SEMICONDUCTOR will not be liable against you and/or any third party for
any claims or damages arising in connection with above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage
or loss from such failures by incorporating safety design measures into your facility and equipment such as
redundancy, fire protection, and prevention of overcurrent levels and other abnormal operating conditions.

Exportation/release of any products described in this document may require necessary procedures in
accordance with the regulations of the Foreign Exchange and Foreign Trade Control Law of Japan and/or
US export control laws.

The company names and brand names herein are the trademarks or registered trademarks of their
respective owners.
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