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This IC is a 2-wire serial E?PROM with temperature sensor built in Address Resolution Protocol (ARP) function which
operates in 1.7 V to 3.6 V voltage ranges. This IC has the capacity of 4 K-bit and the organization of 2 pages x 256-word x
8-bit. Page write and sequential read are available.

This IC operates with the SMBus and 12C-Bus at 1.0 MHz maximum.

A substantial reduction in current consumption may be achieved by using shutdown mode which can be set by the I2C-Bus.
In addition, the SMBus ARP function is supported; therefore, this IC is optimal for SSDs that communicate over the SMBus.

Caution This product is intended to use in general electronic devices such as consumer electronics, office
equipment, and communications devices. Before using the product in medical equipment or automobile
equipment including car audio, keyless entry and engine control unit, it is imperative to contact our sales
representatives.

B Features B Package
E2PROM block e DFN-8(2030)B
o Page write: 16 bytes / page
. 5
e Sequential read SQ
o Write protect function during low power supply voltage 4

o Write protect: 1

Individual software data protection for each of four 128-byte blocks

e Endurance: 106 cycle / word™ (Ta = +25°C) (3.0 x2.0 x 0.8 mm max.)
¢ Data retention: 100 years (Ta = +25°C)

e Memory capacity: 4 K-bit

o |[nitial delivery state: FFh

Temperature sensor block

e Temperature accuracy: +0.25°C typ. / £1.0°C max. (Ta = 0°C to +85°C)
+0.25°C typ. / £1.5°C max. (Ta = -40°C to +125°C)
e Temperature sample rate: 8 samples / s min.

o Selectable hysteresis width: No hysteresis, 1.5°C, 3.0°C, 6.0°C

Overall

e Support for SMBus ARP function

e Support for Alert Response Address function (ARA)

o Support for Default Slave Address (DSA)

e Current consumption:
E2PROM in standby mode and temperature sensor in shutdown mode: 3.0 uA max.
E2PROM in standby mode and temperature sensor in active mode: 0.1 mA max.
E2PROM in read operation mode and temperature sensor in active mode: 0.4 mA max.
E2PROM in write operation mode and temperature sensor in active mode: 2.0 mA max.

e Operation voltage range: 1.7Vto 36V
e Operation frequency: 1.0 MHz max. (Vob = 2.2 V to 3.6 V)
400 kHz max. (Voo = 1.7 V to 3.6 V)
¢ Noise suppression: Schmitt trigger and noise filter on input pins (SCL, SDA)

e Operation temperature range: Ta =-40°C to +125°C
¢ Lead-free (Sn 100%), halogen-free

*1. For each address (Word: 8-bit)

ABLIC Inc. 1



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR

S-585AA Rev.1.0 oo
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B Product Name Structure

1. Product name
S-585AA B C C C - ASTS 4

Environment code
u: Lead-free (Sn 100%), halogen-free

Package abbreviation and IC packing specifications™
A8T5: DFN-8(2030)B, Tape

Operation temperature
C: Ta =-40°C to +125°C

Specified range of temperature accuracy
C: Ta=0°C to +85°C

Temperature accuracy (max.)
C: +1°C

Operation voltage (min.)
B: Vop =1.7V

Product name

*1. Refer to the tape drawing.

2. Package
Package Name Dimension Tape Reel Land
DFN-8(2030)B PQ008-B-P-SD PQ008-B-C-SD PQO008-B-R-SD PQO008-B-L-SD

3. Product name list

Product Name Capacity Package Name
S-585AABCCC-A8T5U4 4 K-bit DFN-8(2030)B

B Pin Configuration

1. DFN-8(2030)B

Top view Pin No. Symbol Description

1 SAOQ Select address input

1 8 .

O 2 SA1 Select address input

- 7 3 SA2 Select address input

3 6 4 VSS Ground

4 5 5 SDA™ Serial data I/O
6 SCL™ Serial clock input
7 EVENT Temperature event output
8 VDD Power supply

*1. Do not use it in "High-Z".

Remark For DFN-8(2030)B package, connect the heatsink of back side to the board, and set electric potential open or Vss.
However, do not use it as the function of electrode.
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B Absolute Maximum Ratings

Table 1

ltem Symbol Absolute Maximum Rating Unit
Power supply voltage Vbp —0.3t0+4.3 V
Input voltage (SCL, SA1, SA2) Vin -0.3t0+4.3 \%
SAQ pin high level input voltage | Vhv —0.3t0 +10.0 \%
I/O voltage (SDA) Vio -0.3t0+4.3 \%
Output voltage (EVENT) Vour -0.3t0+4.3 \
Operation ambient temperature | Topr —40 to +125 °C
Storage temperature Tstg —65 to +150 °C

Caution The absolute maximum ratings are rated values exceeding which the product could suffer physical
damage. These values must therefore not be exceeded under any conditions.

B Recommended Operation Conditions

Table 2
ltem Symbol Condition Min. Max. Unit
Power supply voltage Vbp - 1.7 3.6 V
Operation ambient temperature Topr - —40 +125 °C
High level input voltage Vi - 0.7 x Vop Voo + 0.5 \Y
Low level input voltage Vi - -0.3 0.3 x Vop \Y
SAO pin high level input voltage | Vhv Vv — Vop >4.8V 7.0 10.0 \%
B Pin Capacitance
Table 3
(Ta=+25°C,f=1.0 MHz, Vop = 2.5 V)
ltem Symbol Condition Min. Max. Unit
Input capacitance Cin Vin =0V (SCL, SA0, SA1, SA2) — 6 pF
I/O capacitance Cio Vio =0V (SDA) - 8 pF
Output capacitance | Cour Vour = 0V (EVENT) - 8 pF
B Endurance
Table 4
ltem Symbol Condition Min. Max. Unit
Endurance Nw Ta = +25°C 106 — cycle / word™
*1. For each address (Word: 8-bit)
B Data Retention
Table 5
ltem Symbol Condition Min. Max. Unit
Data retention — Ta =+25°C 100 — year

4 ABLIC Inc.



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR
Rev.1.0 oo S-585AA

B DC Electrical Characteristics

Table 6
Ta =-40°C to +125°C
Item Symbol Condition Vop=1.7Vto3.6V Unit
Min. Max.
2 .
Shutdown current consumption Isb E*PROM: standby mode - 3.0 HA
Temperature sensor: shutdown mode
2 .
Standby current consumption lop1 E*PROM: standby mode. - 0.1 mA
Temperature sensor: active mode
E2PROM: read mode
Current consumption (READ) Ioor Temperature sensor: active mode - 0.4 mA
fscL = 1000 kHz
E2PROM: write mode
Current consumption (WRITE) loow Temperature sensor: active mode - 2.0 mA
fscL = 1000 kHz
SCL, SDA
Input leakage current I Vi = Vss to Voo - 1.0 LA
SDA, EVENT
Output leakage current lLo Vour = Vss to Vop - 1.0 LA
SAO0, SA1, SA2
Input current 1 he Vin < 0.3 x Vop - 50.0 A
SAO0, SA1, SA2
Input current 2 I Vin > 0.7 x Vop - 2.0 A
. SAO, SA1, SA2
Input impedance 1 Zi Vin = 0.3 X Voo 30 - kQ
. SAO, SA1, SA2
Input impedance 2 ZH Vin = 0.7 X Voo 800 - kQ
SDA, EVENT
Low level output voltage Vol loL = 3.0 mMA - 0.4 \%
SDA, EVENT
Low level output current 1 loL1 VoL=04V, 22V <Vop <36V 20 - mA
SDA, EVENT
Low level output current 2 loL2 VoL =0.6'V, fscL <400 kHz, 6 - mA
1.7V<Vpp<22V
Power-on reset threshold voltage VPpoN - 1.6 — V
Power-off threshold voltage VpoFF — — 0.9 V

ABLIC Inc.
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B AC Electrical Characteristics

Table 7 Measurement Conditions

Input pulse voltage

Output reference voltage

Input pulse voltage 0.2 x Vop to 0.8 x Vop 0.8 x Vpp
Input pulse rising / falling time 20 ns or less [ \
""""" -f-----0.7x VDD
Output reference voltage 0.3 x Vpp t0 0.7 x Vbb
Output load 100 pF
\' """"" 1' """ 0.3 x VDD
0.2x VDD
Figure 1 Input/ Output Waveform during AC Measurement
Table 8
Ta =-40°C to +125°C
It Svmbol Vop=1.7Vt03.6V Vop=22Vt03.6V Unit
em YMBOL T fscl = 100 kHz fscL = 400 kHz fscL = 1000 kHz n
Min. Max. Min. Max. Min. Max.
SCL clock frequency fscL 10 100 10 400 10 1000 kHz
SCL clock time "L" tLow 4.7 - 1.3 — 0.5 — us
SCL clock time "H" tHiGH 4.0 - 0.6 — 0.26 — us
SCL clock "L" timeout trimEoUT 25 35 25 35 25 35 ms
SCL, SDA rising time tr 0.02 1.0 0.02 0.3 — 0.12 us
SCL, SDA falling time te 0.02 0.3 0.02 0.3 - 0.12 us
Data input setup time tsu.pat 250 — 100 — 50 — ns
Data input hold time tHD.DI 0 — 0 — 0 — ns
Data output hold time tHD.DAT 0 — 0 — 0 — ns
Start condition setup time tsu.sTA 4.7 - 0.6 - 0.26 — us
Start condition hold time tHD.sTA 4.0 - 0.6 - 0.26 — us
Stop condition setup time tsu.sTo 4.0 — 0.6 — 0.26 — us
Bus release time tur 4.7 — 1.3 — 0.5 — us
Noise suppression time ti — 50 — 50 — 50 ns
Power-off time troFF 1 - 1 - 1 — ms
Initialize time tiniT 10 — 10 — 10 — ms
te thicH tLow
< > —— tr
“‘ /
SCL / 5
tho.ol tsu.pat
<> tsusto
SDA
(Input) —_
tup.pat taur
SDA
(Output)
Figure 2 Bus Timing
6 ABLIC Inc.
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Table 9
Ta =-40°C to +125°C
Item Symbol Vobp=1.7Vto3.6V Unit
Min. Max.
Write time twr — 5.0 ms
Start condition Write data Acknowledge Stop condition twr Start condition
_______ AN ~ > - >
] ]
] ]
SCL .
- —
] ]
] ]
— - ' ! ))
\ E /_\ | i \
SDA DO . /
) ]
S L z —

Figure 3 Write Cycle Timing

B Temperature Characteristics

Table 10
. Vop=1.7V1t03.6V .
Item Symbol Condition Min. Typ. Vo, Unit
Temperature sensor accuracy Tacct Ta=0°C to+85°C - +0.25 +1.0 °C
Tacc2 Ta =-40°C to +125°C - +0.25 +1.5 °C
Resolution TrES Default value — 0.25 - °C
Temperature conversion time tcony All TRES [1:0] settings — — 125 ms

ABLIC Inc. 7
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B SMBus / I2C-Bus

1. Overview

This IC operates as a slave device only on the I1°C-Bus and the SMBus. Connections to the bus are made through the
open drain /O lines, SDA and SCL. Normal communication is based on the 1°C-Bus protocol, and Addressing is based
on the SMBus protocol.

2. SMBus addressing

This IC addrress is assigned using SMBus ARP Protocol. The temperature sensor and E2PROM default slave address
is set by connecting each of the SAO pin, SA1 pin and SA2 pin to the VSS pin or the VDD pin. When you assign
address to this IC, you shoud assign an address to Temperature Sensor function and E2PROM function respectively.
The SWPn, CWP, RPSn write protect commands and SPAn, RPA E2PROM page address commands don't support
SMBus ARP Protocol. These address are fixed default slave address and must not be assigned to any SMBus slave
device.

3. Start and stop condition

Start is identified by a "H" to "L" transition of the SDA line while the SCL line is stable at "H".
Every operation begins from a start condition.
Stop is identified by a "L" to "H" transition of the SDA line while the SCL line is stable at "H".

tinir
VDD

VPON

tsu.sTa |, tHD.sTA tsu.sto

SCL

.

AT

Start condition Stop condition

Figure 4 Start / Stop Conditions after Power-on
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4. Data transmission

Changing the SDA line while the SCL line is "L", data is transmitted.
Changing the SDA line while the SCL line is "H", a start or stop condition is recognized.

tsu.oat tho.oi

SDA / \
(Input) \ /

Figure 5 Data Transmission Timing

5. Acknowledge

The unit of data transmission is 8 bits. During the 9th clock cycle period the receiver on the bus pulls down the SDA
line to acknowledge the receipt of the 8-bit data.

SCL
)

- N

«

))

SDA « Acknowledge
(Output) output
Start condition

—>

tho.DAT

Figure 6 Acknowledge Output Timing
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6. Timeout

This IC has the timeout function. If the SCL stays "L" for the SCL clock "L" timeout (trimveout) or more, this IC resets the
serial interface and becomes to standby mode. If the SCL stays "L" for less than the trimeour, this IC does not reset the
serial interface. The trimeour is 30 ms typ.

When this IC is not in the range of the clock frequency specified by AC characteristics, it may not perform
communication normally.

tTIMEOUT,MIN tTIMEOUT.MAX
CASE1 SCL \ //
\ g
CASE 2 SCL \
Y/ R
\ g
CASE3 scL

CASE 1: SCL clock time "L" (tLow) > trimeouT.max, this IC will reset the bus communication and return to standby mode.
CASE 2: tLow < trimeout.min, this IC will not reset the bus communication.
CASE 3: trimeout.miN < tLow < triMeouT.max, this IC may or may not reset the bus communication.

Figure 7 Examples of the Timeout Timing

7. Packet Error Code (PEC) support

PEC is defined in the SMBus specification. It is an extra byte at the end of the SMBus transaction, which is a CRC-8
calculated on all of the preceding bytes (not including ACKs, NACKs, STARTSs, or STOPs) in the SMBus transaction.
The polynomial for this CRC-8 is:

x8+Xx2+Xx+1

10 ABLIC Inc.
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8. Collision and arbitration

SCL =
line

Device #1 _

transaction \

Device #2
transaction \

1 ]¢

[\
[\ S

SDA
line \
! |
Sta_rft Device #1 lose and
condition stop data transaction

Figure 8 Bus Collision Detection

This IC monitors bus collision at each rising edge of the clock during data transaction. In the event of a bus collision,
when SCL is "H", a device that sends "H" while other device is sending "L" will stop its data transaction until the stop
condition is received. This IC does not support the Notify ARP Master command.

The arbitration period is the first byte from the start condition of all command and the UDID transaction period during

Get UDID (general) command. If a bus collision occurs during the arbitration period, the devices that detect it simply
stop data transaction.

ABLIC Inc. 11
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9. SMBus ARP function

This IC supports the SMBus ARP protocol as defined in the SMBus specification.

This IC is a DSA device, meaning its slave address is valid after power up (by set SA pin). This IC supports all SMBus
ARP commands defined in the SMBus specification except Notify ARP Master command, both general and directed.
This function can be switched enable / disable. The method is same as the UDID Write / Read mode.

9.1 SMBus ARP flow
SMBus ARP flow is based on the status of one flag:

* AR (Address Resolved): This flag is set when the slave address is resolved (slave address was assigned by the
SMBus ARP process).

Remark This flag is internal this IC flag and is not shown to external devices. This flag is provided for Temperature
Sensor function and E2PROM function respectively.

The AR flag is cleared after power on until the SMBus ARP process completes. This IC always has a valid slave
address.

When the HOST wants to start a SMBus ARP process, it resets (in terms of ARP functionality) all the devices on the
Bus by issuing either Prepare to ARP or Reset Device commands. When this IC accepts Prepare to ARP commands,
it clears its AR flag (if set from previous SMBus ARP process). When this IC accepts Reset Device (general) or Reset
device ARP (directed), it clears its AR flag and assume their default slave addresses.

With the AR flag cleared, this IC answers the following SMBus ARP transactions that are issued by the HOST. The
HOST then issues a Get UDID command (general or directed) to identify the devices on the Bus. This IC responds to
the Directed command every time and to the General command only if its AR flag is not set. After a Get UDID
command, the HOST assigns this IC new slave addresses by issuing an Assign Address command. This IC checks
whether the UDID matches its own UDID and if matched, switches its slave address to the address assigned by the
command (byte 17). After accepting the Assign Address command, the AR flag is set, and from this point on (as long
as the AR flag is set) this IC does not respond to the Get UDID (general) command, while all other commands should
be processed even if the AR flag is set. Figure 9 shows the SMBus ARP flow.

For detecting the hot-plugged, the HOST can use Get UDID command. The HOST issues the Get UDID (general)
command at least once every 10 seconds to discover newly added devices that require address resolution but that
don’t support the Notify ARP Master command. Newly added device will enter the system with a power-on reset, which
will reset its AR flag. It will respond the Get UDID (general) command with its UDID. The HOST may choose to assign
such a newly added device a non-conflicting address or to do re-ARP the entire bus. For more the command detail,
referto "9. 3.4 Get UDID (general)".

12 ABLIC Inc.
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i
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NO
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Figure 9 SMBus ARP Flow
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9.2 SMBus ARP UDID content

The Unique Device Identifier (UDID) provides a mechanism to isolate each device for the purpose of address
assignment. Each device has a unique identifier. The 128-bit number is comprised of the following fields:

Table 11 UDID Value
Bit No. Field Name Function Value
[127:120] |Device Capabilities Indicates whether address assignment and PEC are possible | 1000 0000
. o The version of UDID format being adopted "
[119:112] [Version / Revision The device revision 0000_1XXX
[111:96] |Vendor ID An ABLIC ID decided by PCI SIG (1C85h) 0001_1100
1000 0101
[95:80] Device ID Indicates the type of device XXX XXX
XXXX XXXM1Y"2
. Identifies the protocol layer interfaces supported over the | 0000_0000
[79:64] Interface SMBus connection by the device. For example, ASF and IPMI | 44900 0101
. . 1111_1111
[63:48] Subsystem Vendor ID | A customer ID who makes a product using this IC 1111‘1 1113
) o . ) 1111_1111
[47:32] Subsystem Device ID |ID indicating the type of product using this IC 1111 1111%
XXXX_XXXX
» . o XXXX_XXXX
[31:0] Vendor-specific ID Chip specific value =
XXXX_XXXX
XXXX XXXX™

*1  Any value

*2  This value is "0" for temperature sensor and "1" for E2PROM.
*3 Rewritable

9.3 SMBus ARP transaction

All SMBus ARP transactions include a PEC byte. For the layout of these transactions refer to the SMBus specification.

Table 12 Supported SMBus ARP Transactions

14

Transaction

Command Code

Function

Prepare to ARP 01h Notify all devices on the SMBus to start the SMBus ARP flow.
Reset device (general) | 02h Initialize all devices on the SMBus.
Reset device ARP Slave Address e e .
(directed) and LSB "0" Initialize only the specified device on the SMBus
Get UDID (general) 03h Let all devices on the SMBus send its UDID
. I A - . .
Get UDID (directed) Sn?jviSBd?:?SS Let only the specified device on the SMBus send its UDID
Assign address 04h Assign new slave address to the specified UDID device on the SMBus

ABLIC Inc.
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9.3.1 Prepare to ARP

The HOST uses this command to notify all devices on the SMBus to start the SMBus ARP flow.

When this IC receives a 7-bit long SMBus ARP Address and a 1-bit read / write instruction code set to "0", following a
start condition, this IC generates an acknowledge.

Then, it receives an 8-bit command and generates an acknowledge. Furthermore, after receiving an 8-bit PEC byte,
generating an acknowledge, and then receiving a stop condition, the notification of the start of the ARP process is

completed.
S w
T R 3
A I T
R SMBus ARP T 0
T ADDRESS E P
[ N [ N
SDA LINE 1{1]1010]0f0O [1]0 C?M MAND (01h) PEC BYTE
| [ ] [ | [ | | |
M L RA
s S/ C a a
B Bw K K
[[] Host transaction | | Slave transaction

Figure 10 Prepare to ARP

9. 3.2 Reset device (general)

The HOST uses this command to initialize all devices on the SMBus. All devices that receive this command reset their
assigned slave address to the default slave address.

This command has the same format as the "Prepare to ARP" command, only the command code is different.

S W
T R 3
A | T
R SMBus ARP T 0
T ADDRESS E P
SDA LINE 111]0]o0folo |T|o| Ic:I MI AI DI(O Ih)I 1 PECIBYITEI ! |_|
‘H | Il D Lreer
M LR A
S s/ c a A
B BwW K K g
D Host transaction D Slave transaction

Figure 11 Reset Device (general)

ABLIC Inc. 15



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR
S-585AA Rev.1.0 oo

9.3.3 Reset device ARP (directed)

The HOST uses this command to initialize only the specified device on the SMBus. The device that receives this
command reset their assigned slave address to the default slave address.

This command has the same format as the "Reset Device (general)" command, only the command code is different.
The command code is 1 byte including the 7-bit long slave address of the targeted device and a LSB "0".

S w
T R 3
A I T
R SMBus ARP E g
T ADDRESS COMMAND
T T 1
Slave Adldress [ 111
SDA LINE ‘ ’ 1 ‘ 1 Ol 0| OIO |T| 0 | : |(Ta|rget|ed)| | 0 ] PECIBYITEI |
M LR A
s S/ C a a
B Bw K K K
D Host transaction D Slave transaction

Figure 12 Reset Device ARP (directed)

9.3.4 Get UDID (general)

The HOST uses this command to let all devices on the SMBus send its UDID.

When this IC receives a 7-bit long SMBus ARP Address and a 1-bit read / write instruction code set to "0", following a
start condition, this IC generates an acknowledge.

Then, it receives an 8-bit command and generates an acknowledge. After that, the HOST sends a new start condition.
When this IC receives a 7-bit long SMBus ARP Address and a 1-bit read / write instruction code set to "1", following a
new start condition, this IC generates an acknowledge. After that, the devices send the data in the order of byte count,
UDID Byte 15 to 0, the slave address and PEC byte.

Atter receiving all the data, the HOST sends a stop condition without an acknowledge, ending the Get UDID (general)
command.

S w S
T ll? T R
A A E
R SMBusARP T R SMBusARP A BYTE "é
T ADDRESS E T ADDRESS D COUNT (17d) K
SDA 1 1‘0 0|0|0|1_|0| ICOIMI I l(0l3hl 171 0 0|0|o 1]1 |0|o|o H0|0|0 1
L'NE||| | CMAM |||
M LR A A M LR A
S S/ C C S S/ C
B Bw K K B Bw K
| J
NO ACK from
DUMMY WRITE Host Device S
A A A A T
BYTE C c c c o)
COUNT (17d) K K K P
1 1 rA
1T i 1T LI I B I B i
SDA 0:0:0 :1: A —— DO Igrg\ ........................... DO Slave Address 1 PEC BYTE I_I
LNE_ __a_o ol L L1111 ) 1 | [ |
UDID Byte 15 UDID Bvte 14 to 0
] Host transaction [ ] Slave transaction
Figure 13 Get UDID (general)
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9.3.5 Get UDID (directed)

The HOST uses this command to let only the specified device on the SMBus send its UDID.

This command has the same format as the "Get UDID (general)" command, only the command code is different.
The command code is 1 byte including the 7-bit long slave address of the targeted device and a LSB "1".

S W S
A ¥ i R
A A
R SMBus ARP T R SMBus ARP A
T ADDRESS E COMMAND T ADDRESS ,D BYTE COUNT (17d) &
SDA 111 lolololol1]o ' SiaveI Adldrelss ' 1
LINE (Targelec) 111 ] olojofo|t]1]| [o]o]o|1]0]o]o[1
M LR A A M LR A
S S/ C C S S/ C
B Bw K K B Bw K
| | J
NO ACK from
DUMMY WRITE Host Device s
é A A A T
C C C
BYTE COUNT (17d) K K K K S
L
[ A T T T T 71
SDA Ialn 1,1 P \I LR Slave Address | UL
0 IO I() 1 D7 seeeeeememsensacnesnsnana DA T r— DO PEC Byte
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Figure 14 Get UDID (directed)
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9.3.6 Assign address

SDA
LINE

The HOST uses this command to assign new slave address to the specified UDID device on the SMBus.
When this IC receives a 7-bit long SMBus ARP Address and a 1-bit read / write instruction code set to "0", following a
start condition, this IC generates an acknowledge.
Then, it receives an 8-bit command and generates an acknowledge. Furthermore, the device receives the data in the

order of byte count, targetd UDID Byte 15 to 0, new slave address and PEC byte.
Atter receiving the stop condition, The slave address rewriting operation of the specified UDID device begins.

S w
T R
A I
R SMBus ARP T
T ADDRESS E BYTE COUNT (17d)
T T T T 711
1[4 | l I_Iol COM (04h
| | | CTY f | | l
M LR A A S
s s/c A s
B B K K K 0
BYTE COUNT (17d) , P
1 1 | i |
(T T T TT] [T TTT] | T
01010 "1 [D7 ereeeeereeeereemsnmcsnanene DO M ........................... DO NEW Slave Address X P%CB T
g e 1 A T PYT
A A A A
UDID Byte 15 c UDID Byte 14 to 0 c c c
K K K K

18
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{§%& X:Don'tcare

[ ] Slave transaction

Figure 15 Assign Address
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B Pin Functions

1.

VDD (Power supply) pin

The VDD pin is used to apply positive supply voltage. Regarding the applied voltage value, refer to "
Recommended Operation Conditions". Set a bypass capacitor of about 0.1 puF between the VDD pin and the VSS
pin for stabilization as close to IC as possible.

SA0, SA1 and SA2 (Select address input) pins

In this IC, to set the temperature sensor and E2PROM default slave address, connect each of the SAQ pin, SA1 pin
and SA2 pin to the VSS pin or the VDD pin. Therefore the users can set 8 types of slave address by a combination of
the SAO pin, SA1 pin, SA2 pin. If you assign new address in the ARP flow, the default slave address are ignored.

The SWPn, CWP, RPSn write protect commands and SPAn, RPA E2PROM page address commands don't support
SMBus ARP Protocol. These address are fixed default slave address and must not be assigned to any SMBus slave
device.

Comparing the slave address transmitted from the master device and one that you set, makes possible to select one
slave address from other devices connected onto the bus.

Each of the SAOQ pin, SA1 pin and SA2 pin has a built-in pull-down resistor. In open, the pin is set to the same status as
it connected to the VSS pin.

The SAQ pin is used to detect the Vnv voltage, when decoding an SWPn or CWP instruction. Refer to "Table 13
Default Slave Address" for pin setting and slave address.

SDA (Serial data 1/0) pin

The SDA pin is used for the bi-directional transmission of serial data. This pin is a signal input pin, and an Nch
open-drain output pin.

In use, generally, connect the SDA line to any other device which has the open-drain or open-collector output with
Wired-OR connection by pulling up to Vop by a resistor.

SCL (Serial clock input) pin

The SCL pin is used for the serial clock input. Since the signals are processed at a rising or falling edge of the SCL
clock, pay attention to the rising and falling time and comply with the specification.

EVENT (Temperature event output) pin

The EVENT pin is an open-drain output that requires a pull-up resistor to Voo on the system motherboard or
integrated into the master controller. EVENT pin has three operating modes, depending on the configuration register
settings, and the output status is defined by the measured temperature and the temperature limit register setting.
These modes are interrupt, comparator, or TCRIT only.

"Figure 16 EVENT pin (Active "L")" shows an example of the measured temperature versus time, with the
corresponding behavior of the EVENT pin in each of these three modes.

5.1 Interrupt mode

In interrupt mode, the EVENT pin will be asserted when the measured temperature crosses any temperature
limit setting. Once the pin has been asserted, the pin will remain asserted until it is released by writing "1" to the
CLEAR bit in the configuration register. After the pin is de-asserted, the pin will be re-asserted when the
measured temperature crosses any temperature limit setting.

5.2 Comparator mode

In comparator mode, the EVENT pin will be asserted when the measured temperature is above the high limit or
below "the low limit — hysteresis width". The pin will clear itself when the measured temperature is below "the
high limit — hysteresis width" and above the low limit.

5.3 TCRIT only mode

In TCRIT only mode, the EVENT pin will only be asserted if the measured temperature exceeds the critical
temperature. Once the pin has been asserted, it will remain asserted until the temperature drops below "the
critical temperature — hysteresis width".
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EVENT pin

Comparator mode

A

EVENT pin

TCRIT only mode

EVENT pin

Interrupt mode

Interrupt clear

Interrupt clear

Interrupt clear Interrupt clear

Figure 16 EVENT Pin (Active "L")
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5.4 Alert Response Address function

This IC supports the Alert Response Address (ARA) function. You can use this function when using this IC in
Interrupt mode (EVENT_MODE = 1).

When the HOST senses that the EVENT pin is asserting, the HOST sends an SMBus alert command to the SDA
line. If the EVENT pin is active, this IC acknowledges the SMBus alert command and responds by returning the
slave address on the SDA line. The eighth bit (LSB) of the slave address byte indicates whether the current
measured temperature is safe or danger. The LSB is "1" if the current measured temperature is the danger value
above the high limit or below the low limit.

If multiple devices on the bus respond to the SMBus alert command, arbitration during the slave address portion of
the SMBus alert command determines which device de-assert the EVENT pin. If this IC wins the arbitration, its
EVENT pin de-assert at the completion of this command. If this IC loses the arbitration, its EVENT pin remains
asserting. Also when the measured temperature exceeds the critical temperature, even if this IC win the arbitration,
its EVENT pin remains asserting.

This function can be switched enable / disable. The method is same as the UDID Write / Read mode.

NO ACK from

% E Master Device ?
A A (0]
R D Safe =0 P
T Danger = 1
SMBus Alert Command |
B
SDA LINE ofofjoj1[1]0]|o0]1 Asserting Slave Address | X
L1 | [ T N N B
M LR A M L
S S / C S S
B BWw K B B
[ Host transaction [ ] Slave transaction

Figure 17 Alert Response Address
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M Initial Delivery State

Initial delivery state of all address E2PROM is "FFh". All write protects are cleared.

B Operation

This IC behaves as a slave device in the I1°C-bus and SMBus protocol.

This IC has unrelated two functions as 4 K-bit EZPROM with software write protection and temperature sensor measuring
ambient temperature.

All operations are synchronized by the serial clock. Read and write operations are initiated by a start condition, generated
by the master device. The start condition is followed by a slave address and read / write bit, and this IC generates an
acknowledge bit.

When writing data to this IC, this IC generates an acknowledge bit during the 9th bit time, following the master device's
8-bit transmission. When data is read by the master device, the master device acknowledges the receipt of the data byte
in the same way. Data transfers are terminated by a master device which generates stop condition after an acknowledge
for write, and after no acknowledge for read.

This IC has the timeout function. This IC shall not initiate clock stretching, which is an optional 12C-bus feature.

1. Selecting function

Operation function is identified by slave address. The E2PROM memory and the temperature sensor may be accessed
using a default slave address or assigned slave address, and to perform the software write protection or the E2PROM
page address operations a default slave address is required.

2. E?PROM function

This IC has a 4 K-bit E2PROM array. The E2PROM array is devided into two pages consisting of a lower 256-byte
page and an upper 256-byte page, which change over by the set E2PROM page address order. Each page has two
128-byte blocks. Each block can be set to write-protected by software write protect function. Page write operation up
to 16 bytes and sequential read operation are available.

All operations of the E2PROM section are inhibited to be performed during E2PROM write time.

For more detail, refer to "B E2PROM Operation".

3. Temperature sensor function

This IC has a digital temperature sensor. With the nine types of temperature sensor registers, this IC can be
performed to read measured ambient temperature from register and to write configration data to register. This IC can
output comparison result of ambient temperature and specified limit value from EVENT pin.

Temperature sensor regularly refresh temperature register value after power-on, and can go into shutdown condition
when SHDN bit is set. During shutdown condition, temperature sensor circuit is stopped and holds temperature sensor
register value, reducing current consumption.

All operations of the temperature sensor section are performed anytime.

For more detail, refer to "B Temperature Sensor Operation".

22 ABLIC Inc.



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR

Rev.1.0 oo S-585AA
4. |Initialization operation after power-on
By a power-on reset circuit, this IC initializes the internal circuit at the time of power-on. Perform the beginning (start
condition) of the instruction transmission to this IC after the initialization by the power-on reset circuit. Regarding the
datails of power-on reset, refer to "B Reset and Initialization".
5. Device addressing

To start communication, the HOST device on the system generates a start condition to the slave device. Following this,
the HOST device sends the slave address.

Slave devices that are assigned addresses in the ARP flow will use the assigned slave address regardless of the SA
pin connection.

The SWPn, CWP, RPSn write protect commands and SPAn, RPA E2PROM page address commands don’t support
SMBus ARP Protocol.

Table 13 Default Slave Address

Default Slave Address i )
. . . ) R/W SA Pin
Instruction Device Type Ildentifier Select Address Signal

B7 B6 B5 B4 B3 B2 B1 BO [ SA2]| SA1 | SA0
Read / write EZPROM'! 1 0 1 0 | sA2 | sa1 | sa0 |R/W [sA2]sa1 | sao
Set write protection, block 0 (SWP0) 0 1 1 0 0 0 1 0 -2 | 2 | Vuy
Set write protection, block 1 (SWP1) 0 1 1 0 1 0 0 0 =2 | 2 | Vuy
Set write protection, block 2 (SWP2) 0 1 1 0 1 0 1 0 =2 | 2 | Vuy
Set write protection, block 3 (SWP3) 0 1 1 0 0 0 0 0 =2 | -2 | Vv
Clear write protection for all blocks (CWP) 0 1 1 0 0 1 1 0 | -2 | -2 | Vw
Read SWPO status (RPS0) 0 1 1 0 0 0 1 1 -2 | 2| 2
Read SWP1 status (RPS1) 0 1 1 0 1 0 0 1 -2 | 2| 2
Read SWP2 status (RPS2) 0 1 1 0 1 0 1 1 2 [ 2 | "2
Read SWP3 status (RPS3) 0 1 1 0 0 0 0 1 2 [ 2 | "2
Set page address to 0 (SPAQ) 0 1 1 0 1 1 0 0 2 [ 2 | "2
Set page address to 1 (SPA1) 0 1 1 0 1 1 1 0 2 [ 2 | "2
Read page address (RPA) 0 1 1 0 1 1 0 1 2| 2| =2
Read / write temperature register” 0 0 1 1 SA2 | SA1 | SA0O | R/W | SA2 | SA1 [ SA0

*1. Slave addresses (SA2, SA1, SA0) are compared by the select address input pins (SA0, SA1, SA2) of a memory device

*2.

with the address value which is set beforehand.
Connected to the VSS pin or VDD pin.

When using this IC with the default slave address, up to eight devices can be connected on a single Bus. Address
select signals (SA2 pin, SA1 pin, SAO pin) should be set on each device, respectively.

The SWPn, CWP, RPSn write protect commands and SPAn, RPA E2PROM page address commands affect all
devices on the Bus simultaneously.

The 8th bit is the read / write bit (R/W). This bit is set to "1" for read and "0" for write operations. If a match occurs on
the slave address, the corresponding device gives an acknowledge on serial data (SDA) during the 9th bit time. If the
device does not match the slave address, this IC goes into standby mode automatically.
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B E2PROM Operation

1. Write
1.1 Byte write

When this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "0", following a start
condition, this IC generates an acknowledge.

This IC then receives an 8-bit word address and responds with an acknowledge. After this IC receives 8-bit write
data and responds with an acknowledge, it receives a stop condition and that initiates the write cycle at the
designated memory address.

When the certain word address is protected by the write instruction, this IC does not generate an acknowledge
after data byte coding, and write operation is not performed.

During the write operation to this IC, access to the temperature sensor section of this IC is permitted, but all
operations of the E2PROM section are inhibited to be performed and the E2PROM section does not send back an

acknowledge.

w
R
[
T
E

—0>-HW0
TOo+Hw®m

SLAVE ADDRESS™ WORD ADDRESS DATA

11 11111
SDA LINE 11 0] 10 [sA2|SAt SA00| W7|W6IW5|W4IW3|W2|W1IW0 D7|D6|D5|D4ID3|D2|D1IDO

M L R A
s s/ c a a
B BW K K <

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 18 Byte Write
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SDA
LINE

1.
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L
[ ] NN NN S FrT 1T FrrTT
1010%wm0 W7WEWSWAW3W2WIWQ|  [D7 D6 D5 D4 D3D2D1 DO|  [D7 wseresereseeeeveeesns Do %

2 Page write

The page write mode allows up to 16 bytes to be written in a single write operation in this IC.

Its basic process to transmit data is as same as byte write, but it operates page write by sequentially receiving
8-bit write data as much data as the page size has.

When this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "0", following a start
condition, it generates an acknowledge. Then this IC receives an 8-bit word address, and responds with an
acknowledge. After this IC receives 8-bit write data and responds with an acknowledge, it receives 8-bit write data
corresponding to the next word address, and generates an acknowledge. This IC repeats reception of 8-bit write
data and generation of acknowledge in succession. This IC can receive as many write data as the maximum page
size.

Receiving a stop condition initiates a write cycle of the area starting from the designated memory address and
having the page size equal to the received write data.

w
R
|

T
SLAVE ADDRESS" E  WORD ADDRESS (n) DATA (n) DATA (n+1) DATA (n +Xx)

g
I vOo-+HW

M

wonr [ ¢

RA A A A A
S / C c c C C
B WK K K K K

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 19 Page Write
The lower 4 bits of the word address are automatically incremented every time when it receives 8-bit write data. If

the size of the write data exceeds 16 bytes, the higher 4 bits (W7 to W4) of the word address remain unchanged,
and the lower 4 bits are rolled over and the last 16-byte data that this IC received will be overwritten.
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1.3 Software write protect

This IC has set write protection for block n (SWPn), clear write protection for all blocks (CWP) and read protection

status for block n (RPSn).
There are four independent memory blocks, and each block may be independently protected. The memory blocks

are:

Block 0 = word addresses 00h to 7Fh, page address = 0
Block 1 = word addresses 80h to FFh, page address =0
Block 2 = word addresses 00h to 7Fh, page address = 1
Block 3 = word addresses 80h to FFh, page address = 1

1. 3.1 Set write protect (SWPn) and clear write protect (CWP)

If the software write protect has been set with the SWPn instruction, the block n in memory is write-protected.
The four independent blocks are protected by SWPn instructions. The write-protected block can be cleared with
the CWP instruction.

The CWP instruction clears write protection for all blocks, therefore the CWP instruction can not clear write
protection for each block.

The SWPn and CWP instructions have the same format as a byte write instruction, but have a different slave
address. Like the byte write instruction, it is followed by an address byte and a data byte, but in this case the
contents can be set in all "Don't care". In the instructions of SWPn and CWP, be sure to apply the high voltage of
Vhv to the SAO pin, and input "H" or "L" to the SA1 pin and SA2 pin.

The slave address for each block is shown in "Table 13 Default Slave Address".

w
R
[

DEFAULT E
SLAVE ADDRESS WORD ADDRESS DATA

S
T
0
P
: T 1T
|| Seect Add
SDA LINE 0110e‘is°igna,lsresso X X X X X X X X [x X ox x x X, XX
A

>0

I I I [ I I

M L R A A
S s/ C A a
B Bw K K K

Remark X: Don't care

Figure 20 Software Write Protect

1. 3.2 Read protection status (RPSn)

The RPSn are the instructions to find the write protection status in block n. If a certain block is not protected by
SWPn instruction, this IC generates an acknowledge after the device receives the default slave address of the
block. If a certain block is protected by SWPn instruction, this IC does not generate an acknowledge after the
device receives the default slave address of the block.

1. 3.3 Set E2PROM page address (SPAn)
The SPAn are the instructions to select the lower 256-byte page (SPAO) or the higher 256-byte page (SPA1). The
E2PROM page address selects the lower 256 bytes (SPAO) after power-on reset.

1. 3.4 Read E2PROM page address (RPA)

The RPA are the instructions to find the current page address status. If the current page address is "0", this IC
generates an acknowledge after the device receives the default slave address. If the current page address is "1",
this IC does not generate an acknowledge.
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Table 14 Acknowledge for Write Instruction (R/'W bit = 0)
. ACK Word ACK ACK .
Status Instruction Output Address Output Data Output Write
SWPn in protected block No Don't care No Don't care | No No
SWPn in no protected block | Yes Don't care Yes Don'tcare | Yes Yes
. CWP Yes Don't care Yes Don't care | Yes Yes
Software Write b it byt ite |
Protect (SWPn) age write or byte write in Yes Word address | Yes Don't care | No No
protected block
Page write or byte write in Yes Word address | Yes Data Yes Yes
no protected block
No Software Write SWPn or CWP Yes Don't care Yes Don't care | Yes Yes
Protect Page write or byte write Yes Word address | Yes Data Yes Yes
Table 15 Acknowledge for Read Instruction (RIW bit = 1)
. ACK Word ACK ACK
Status Instruction Output Address Output Data Output
Software Write . !
Protect (SWPn) RPSn No Don't care No Don'tcare | No
No Software Write RPSn Yes Don't care No Don'tcare | No
Protect
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1.4 Acknowledge polling

Acknowledge polling is used to know the completion of the write cycle in this IC.

After this IC receives a stop condition and once starts the write cycle, EZPROM operations are forbidden and no
response is made to the signal transmitted by the master device.

Accordingly the master device can recognize the completion of the write cycle in this IC (slave device) by detecting
a response from the slave device after transmitting the start condition, the device address and the read / write
instruction code to this IC, namely to the slave devices.

That is, if this IC does not generate an acknowledge, the write cycle is in progress and if this IC generates an
acknowledge, the write cycle has been completed.

It is recommended to use the read instruction "1" as the read / write instruction code transmitted by the master
device.

Acknowledge polling during write

s S W S W
T T 'T T '?
) A A
P R T R T
DATA T E T E
SDA [ SLAVE SLAVE WORD
LN P3P1o I_ ADDRESS | © ADDRESS | 0| | ADDRESS
RN RA A
/ é / C C
W w K K
W K : w
- >
twr
Acknowledge polling during read NO ACK from
S S R S R Master Device™] S S
T E T T T
o A A A A -
pATA P 7§ D A D P X
spAa L1 s |, SLAVE |, DATA SLAVE
LINE Ll ADDRESS ADDRESS ADDRESS
RN R A R A
/A /| C / C
wse o WK WK
< >
twr
Remark Users are able to input data after acknowledge output in acknowledge polling during write.
Users are able to read data after acknowledge output in acknowledge polling during read.
However, after that users input the write instruction, a start condition may not be input during data output. Input a
stop condition and the next instruction after acknowledge output and data output.
Figure 21 Usage Example of Acknowledge Polling
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2. Read
2.1 Current address read

Either in writing or in reading this IC holds the last accessed memory address. The memory address is maintained
when the instruction transmission is not interrupted, and the memory address is maintained as long as the power
voltage does not decrease less than the power-on reset threshold voltage (Vron).

The master device can read the data at the memory address of the current address pointer without assigning the
word address as a result, when it recognizes the position of the address pointer in this IC. This is called "current
address read".

In the following the address counter in this IC is assumed to be "n".

When this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "1" following a start
condition, it responds with an acknowledge.

Next an 8-bit data at the address "n" is sent from this IC synchronous to the SCL clock. The address counter is
incremented and the content of the address counter becomes n + 1. The master device outputs stop condition not
an acknowledge, the reading of this IC is ended.

NO ACK from IS
? E Master Device T
A A (@)
R D P
T SLAVE
ADDRESS™ DATA
SDA LINE 1101 1[0 |SA2 SA1 SA0| 1 D7 D6 D5 D4 D3 D2 D1 DO
| | [ ‘ \
M LR A *
S S / C
B Bw K ADR INC

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 22 Current Address Read
Attention should be paid to the following point on the recognition of the address pointer in this IC.
In read, the memory address counter in this IC is automatically incremented after output of the 8th bit of the data.

In write, on the other hand, the higher bits of the memory address (the higher 4 bits of the word address) are left
unchanged and are not incremented.
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2.2 Random read

Random read is used to read the data at an arbitrary memory address.

A dummy write is performed to load the memory address into the address counter.

When this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "0" following a start
condition, it responds with an acknowledge.

This IC then receives an 8-bit word address and responds with an acknowledge. The memory address is loaded to
the address counter in this IC by these operations. Reception of write data does not follow in a dummy write
whereas reception of write data follows in byte write and in page write.

Since the memory address is loaded into the memory address counter by dummy write, the master device can
read the data starting from the arbitrary memory address by transmitting a new start condition and performing the
same operation in the current address read.

That is, when this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "1", following a
start condition signal, it responds with an acknowledge. Next, 8-bit data is transmitted from this IC synchronously
with the SCL clock. The master device outputs stop condition not an acknowledge, the reading of this IC is ended.

W

S S NO ACK from
X 'T X E Master Device ?
R SLAVE T R SLAVE A (0]
T ADDRESS™ E  WORDADDRESS(n) T ADDRESS™ D DATA P
SDA ] LR [ ] T T
110(1]0 SAZISMISAU 0 W7IW6IW5|W4IW3IW2|W1IW0 11011]0 SA2]SAWISA0 1 D7|D6|D5|D4ID3|D2|D1IDO
M LR A A M LR A
S S/ C C S S/ C
B Bw K K B Bw K
| | ADR INC
DUMMY WRITE

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 23 Random Read

2.3 Sequential read

When this IC receives a 7-bit device address and a 1-bit read / write instruction code set to "1" following a start
condition both in current address read and random read, it responds with an acknowledge.

When an 8-bit data is output from this IC synchronously with the SCL clock, the address counter is automatically
incremented.

When the master device responds with an acknowledge, the data at the next memory address is transmitted.
Response with an acknowledge by the master device has the memory address counter in this IC incremented and
makes it possible to read data in succession. This is called sequential read.

The master device outputs stop condition not an acknowledge, the reading of this IC is ended.

Data can be read in succession in the sequential read mode. When the memory address counter reaches the last
word address, it rolls over to the first word address of same page address.

NO ACK from
R Master Device S
E A A A T
SLAVE A C C C o]
ADDRESS p K K P
L7 L S L L L L L L L X'....! ..... .
LINE | I I Y I T Y Y ) 1 I
F} é DATA (n) DATA(n+1) DATA (n +2) DATA (n + x)
iz f f f f
ADR INC ADR INC ADR INC ADR INC
Figure 24 Sequential Read
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B Temperature Sensor Operation

Temperature sensor goes into active condition and regularly refresh ambient temperature register value by ambient
temperature and the comparison value between ambient temperature and temperature limit after power-on.

The Temperature registers store the ambient temperature data, limits, and configuration values. All registers in the
address space from "00h" through "08h" are 16-bit registers, accessed through block read and write commands.
Temperature sensor goes into shutdown condition by setting SHDN bit of configuration register.

Temperature sensor circuit including temperature sensor device and A/D converter circuit are stopped to control the
current consumption during shutdown mode. Ambient temperature register value is held during shutdown condition.
Temperature sensor goes into active condition again by clearing SHDN bit of configuration register.

1. Temperature sensor register write operation

Writing to the temperature registers are accomplished through continuous write operations for 2-byte data. After the
write operation of the slave address, the master device writes data to the pointer register, then it writes the 16-bit data
every 8 bits. The 16-bit data is stored internally at the time when this IC generates an acknowledge after receiving the
16-bit data.
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*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned by
the user using ARP commands.

Figure 25 Temperature Sensor Register Write
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2. Temperature sensor register read operation

Reading data from temperature sensor register may be accomplished in the following ways:

(1) If the location latched in the pointer register is correct, the read sequence may consist of an operation in which
R/W bit of slave address is set to "1", and a following operation in which the 2-byte data is output every 8 bits
from this IC.

This way is used to read data from the ambient teperature register repeatedly.

(2) The master device transfers the slave address and the R/W bit "0" and it is followed by the pointer register. The
current location latched in the pointer register becomes clear by sending stop condition after this IC generates an
acknowledge.

After that, reading data from the temperature sensor will be accomplished in the way of (1).

The master device is able to transfer the reading instrcution by sending start condition instead of stop condition after
the pointer regiser is set in the way of (2).

R ACK from NO ACK from
E Master Device Master Device
SLAVE A
D

ADDRESS™ MSB DATA LSB DATA

S

T

A

R

T
SDA |_|O|0|1|1|SL\2|SA1ISPO1 B15|B14I 13|B12|B11IB10|BQIBB B7IBGIBSIB4IBSIBZIB1IBO
LINE | | |||V|||B||||| 1 o o i i

[ ] vo+o

mn
owr
S|~x
A0O>
A0O>
~0>»Z

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 26 Temperature Sensor Register Read

s W
T R
é SLAVE +
X ADDRESS" POINTER REGISTER
SDA |_|o|o 1|1SA2ISL\1IS°00| |0|0|0|o P3IP2|P1I |_|
LINE | | o P4 PP
M LR A A
S S/ C c
B BWw K K

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 27 Pointer Register Write

S n S R ACKfrom NO ACK from s
A | A E Master Device Master Device T
R SLAVE T R SLAVE A o}
o .
T ADDRESS E POINTER REGISTER T ADDRESS™ D MSB DATA LSB DATA P
SbA |_| 0‘ 0f 1 ‘ 1 st\zlsmlsm 0‘ ‘ 0 ‘ 0 ‘ 0 ‘0 P3IP2IP1 IPO |_| 0‘ 0]1 | 1 S‘\ZSM'S”O 1 B15'B14|B13|B12|B11|B10'BQ|BS B7|BG|BSIB4|B3|B2|B1|BO I_I
LINE | 1 | [ I I | I I |
M LRA A M LRA A N
S S/ C c S S/ C C A
B Bw K K B Bw K K c
K

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned
by the user using ARP commands.

Figure 28 Pointer Register Write and Temperature Sensor Register Read
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3. Temperature sensor register
The register addresses are shown in Table 16.
Table 16 Pointer Register Mapping
Address R/W Name Function Default
’\.IOt w Address pointer Address storage for subsequent operations Undefined
applicable
00h R Capabilities register Indicates the functions and capabilities of the temperature 00EFh
sensor
01h R/W™ | Configuration register Controls the operation of the temperature sensor 0000h
02h R/W | HIGH limit register Temperature high limit 0000h
03h R/W | LOW limit register Temperature low limit 0000h
04h R/W | TCRIT limit register Critical temperature 0000h
05h R Amplent temperature Current ambient temperature NOt
register applicable
06h R Manufacturer 1D register PCI-SIG manufacturer ID 1C85h
07h R De\(lce ID /revision Device ID and revision number 2243h
register
08h R/W | Resolution register Sets temperature resolution 0001h
09h to FFh -2 | Undefined register Undefined Undefined
*1. There are read-only bits, write-only bits, and readable and writable bits in configuration register.
*2. Behavior on accesses to invalid pointer register locations is not assured.
B7 B6 B5 B4 B3 B2 B1 BO
0 0 0 0 P3 P2 P1 PO
Fixed 0 Pointer register bits
Figure 29 Pointer Register Structure
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3.1 Capabilities register

The capabilities register indicates the supported features of the temperature sensor.

B15 B14 B13 B12 B11 B10 B9 B8
[ rRrU | RrU | RrU | RFU | RFU | RFU | RFU | RFU |
B7 B6 B5 B4 B3 B2 B1 BO
[ evsp | tmout | wvhv | TRES[1:0] | RANGE | Acc | Event |

Address : 00h
R/W : Read only

Default:  00EFh
Figure 30 Capabilities Register Structure

Bit 15 to 8 : RFU
Reserved for future use. These bits are always "0".

Bit 7 : EVSD

EVENT pin operation during shutdown mode.
" EVENT pin output de-asserts during shutdown.

Bit 6 : TMOUT
Bus timeout period access during normal operation.
" trimeour is supported within the range of 25 ms to 35 ms.

Bit 5 : VHV
Support SA0 high level input voltage (Vrv) for SAQ pin.
" A voltage up to 10 V is supported on the SAQ pin.

Bit 4 to 3 : TRES[1:0]
Indicates the temperature resolution. Temperature resolution is set on the resolution register. Refer to "3. 7
Resolution Register" for resolution register.

"00": 9-bit temperature resolution (0.5°C resolution)
"01" (default): 10-bit temperature resolution (0.25°C resolution)
"10": 11-bit temperature resolution (0.125°C resolution)
"1 12-bit temperature resolution (0.0625°C resolution)
Bit 2 : RANGE
Indicates the supported temperature range.
" Lower than 0°C can be read and the sign bit will be set appropriately.
Bit1: ACC
Indicates the supported temperature accuracy.
" +1.5°C max. (-40°C to +125°C)
Bit 0 : EVENT
Indicates whether interrupt mode is supported.
" Interrupt mode is supported.

34 ABLIC Inc.



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR
Rev.1.0 oo S-585AA

3.2 Configuration register

The configuration register holds the status bits and setting data of the EVENT pin, as well as temperature
hysteresis width setting data.

B15 B14 B13 B12 B11 B10 B9 B8
RFU RFU RFU RFU RFU HYST[1:0] SHDN
B7 B6 B5 B4 B3 B2 B1 BO
TCRIT EVENT CLEAR EVENT EVENT TCRIT EVENT EVENT
LOCK LOCK STS CTRL ONLY POL MODE
Address : 01h
R/W : Readable and Writable
Default:  0000h
Figure 31 Configuration Register Structure

Bit 15 to 11 : RFU
Reserved for future use. These bits are always "0".

Bit 10 to 9: HYST[1:0]
Control the hysteresis width shown in Table 17. This hysteresis width applies to temperature high limit,
temperature low limit and critical temperature. Once the ambient temperature is above a given threshold, it must
drop below the threshold minus the hysteresis width in order to be flagged as an interrupt event.
Note that hysteresis width is also applied to the EVENT pin functionality. When either of the lock bits is set, these
bits HYST[1:0] cannot be altered.

Table 17 Hysteresis Width Setting

HYST1 HYSTO Hysteresis Width
0 0 No hysteresis
0 1 1.5°C
1 0 3.0°C
1 1 6.0°C

Bit 8 : SHDN
Shutdown setting. The temperature sensing device and A/D converter are disabled to save power, no events will
be generated. When either of the lock bits is set, this bit cannot be set until unlocked. However it can be cleared at

any time.
"0" (default): The temperature sensor is active and converting.
" The temperature sensor is disabled and will not generate interrupts or update the temperature

data.

Bit 7 : TCRIT_LOCK
Locks the TCRIT limit register from being updated.
"0" (default): The TCRIT limit register can be updated normally.
" The TCRIT limit register is locked and cannot be updated. Once this bit has been set, it cannot
be cleared until an internal power-on reset.

Bit 6 : EVENT_LOCK
Locks the HIGH and LOW limit registers from being updated.
"0" (default): The HIGH and LOW limit registers can be updated normally.
" The HIGH and LOW limit registers are locked and cannot be updated. Once this bit has been set,
it cannot be cleared until an internal power-on reset.
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Bit 5: CLEAR
Clears the EVENT pin when it has been asserted. This bit is write-only and will always be read "0".
"0": Nothing happens.
" In interrupt mode, the EVENT pin is reset and will not be asserted until a new interrupt condition

occurs. This bit is ignored if the device is operating in comparator mode and when detecting the
critical temperature. This bit is self clearing. The read value is fixed to "0".

Bit 4 : EVENT_STS

Indicates if the EVENT pin is asserted. This bit is read only.
"0" (default): The EVENT pin is not being asserted.
" The EVENT pin is being asserted.

Bit 3 : EVENT_CTRL
Controls the asserted state of the EVENT pin. If either of the lock bits are set (bit 7 and bit 6), then this bit cannot

be altered.
"0" (default): The EVENT pin can not be asserted.
" The EVENT pin can be asserted.

Bit 2 : TCRIT_ONLY

Controls whether the EVENT pin will be asserted from a high / low out-of-limit condition. When the
EVENT_LOCK bit is set, this bit cannot be altered.
"0" (default): The EVENT pin will be asserted if the measured temperature is above the temperature high
limit or below the temperature low limit in addition to if the temperature is above the critical
temperature.
" The EVENT pin will only be asserted if the measured temperature is above the critical
temperature.

Bit 1 : EVENT_POL

Controls the active "H" state of the EVENT pin. The EVENT pin is driven to this state when it is asserted. If
either of the lock bits are set (bit 7 and bit 6), then this bit cannot be altered.

"0" (default): The EVENT pin is active "L". The active "L" state of the pin will be logical "0".

" The EVENT pin is active "H". The active "H" state of the pin will be logical "1".

Bit 0 : EVENT_MODE

Controls the behavior of the EVENT pin. The EVENT pin may function in either comparator or interrupt mode. If
either of the lock bits are set (bit 7 and bit 6), then this bit cannot be altered.

"0" (default): The EVENT pin will function in comparator mode.

" The EVENT pin will function in interrupt mode.
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3.3 Temperature limit register (HIGH limit / LOW limit / TCRIT limit)

Temperature in the HIGH limit register, LOW limit register and TCRIT limit register are set and described in 2's
complement format of Sign bit + 10-bit.

Examples of temperature limit register are shown in "Table 17 Hysteresis Width Setting".

B15 B14 B13 B12 B11 B10 B9 B8
[ - I - | - | sign | 2rc | 20c | 2c | 2¢c_|
B7 B6 B5 B4 B3 B2 B1 BO
[ 23c | 22c | 2vc | 20¢ | 2t°c | 22¢ | - |  _— |

HIGH limit register
Address : 02h
R/W : Readable and writable
Default :  0000h

LOW limit register
Address : 03h
R/W : Readable and writable
Default :  0000h

TCRIT limit register
Address : 04h
R/W : Readable and writable
Default :  0000h

Figure 32 Temperature Limit Register Structure
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3.4 Ambient temperature register

3 status bits of TCRIT, HIGH and LOW and ambient temperature data described in 2's complement format of Sign
bit + 12-bit can be read.
Examples of ambient temperature register are shown in "Table 18 Examples of Temperature".

B15 B14 B13 B12 B11 B10 B9 B8

[ TcrT | HiGH | tow | sign | 2c | 20°c | 25c | o2+c |
B7 B6 B5 B4 B3 B2 B1 BO

[ 23cc | o22c | 2rc | 20 | 2tec | 22°¢cn | 2%ct | 2eect |

Address : 05h

R/W : Read-only

Default:  Not applicable (0000h)

*1. The bits may not be used according to the resolution defined based on value of TRES[1:0] bit of the
capabilities register. Unused / unsupported bits will read as O.

Figure 33 Ambient Temperature Register Structure

Bit 15 : TCRIT
When set, the ambient temperature is above the critical temperature. This bit will remain set so long as the
ambient temperature is above the critical temperature and will automatically clear once the ambient temperature
has dropped below the limit minus the hysteresis width.

Bit 14 : HIGH
When set, the ambient temperature is above the high limit. This bit will remain set so long as the ambient
temperature is above the high limit. Once set, it will only be cleared when the ambient temperature drops below or
equal to the high limit minus the hysteresis width.

Bit 13 : LOW
When set, the ambient temperature is below the low limit. This bit will remain set so long as the ambient
temperature is below the low limit minus the hysteresis. Once set, it will only be cleared when the ambient
temperature meets or exceeds the low limit.

Bit12to 0 : TAMB
Ambient temperature data in 2's complement format of Sign bit + 12-bit.

Table 18 Examples of Temperature

B15 to BO (binary) Value Unit
xxx0 0111 1101 00xx +125.00 °C
xxx0 0101 0101 00xx +85.00 °C
xxx0 0001 1001 00xx +25.00 °C
xxx0 0000 0010 11xx +2.75 °C
xxx0 0000 0001 00xx +1.00 °C
xxx0 0000 0000 01xx +0.25 °C
xxx0 0000 0000 00xx +0.00 °C
xxx1 1111 1111 11xx -0.25 °C
xxx1 1111 1111 00xx -1.00 °C
xxx1 1111 1101 01xx -2.75 °C
xxx1 1110 1100 00xx —20.00 °C
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3.5 Manufacturer ID register

PCI-SIG ID number of ABLIC Inc. can be read.

B15 B14 B13 B12 B11 B10 B9 B8
[ o | o | o [ 1+ o 1 T 1 | o | o |
B7 B6 B5 B4 B3 B2 B1 BO
[+ | o | o [ o | o I 1+ | o [ 1 1|
Address : 06h
R/W : Read-only

Default: 1C85h
Figure 34 Manufacturer ID Register Structure

3.6 Device ID / revision register

Device ID and revision number of product can be read.

B15 B14 B13 B12 B11 B10 B9 B8
[ o | o [ 1 [ o o o | o [ 1 1 o |
B7 B6 B5 B4 B3 B2 B1 BO
[ o | 1+ | o [ o | o | o [ 1+ [ 1 1

Address : 07h
R/W : Read-only

Default: 2243h
Figure 35 Device ID / Revision Register Structure

3.7 Resolution register

Resolution register defines temperature sensor resolution.

B15 B14 B13 B12 B11 B10 B9 B8
L o [ o | o | o | o [ o | o | o ]
B7 B6 B5 B4 B3 B2 B1 BO
[ o | o | o [ o | o | o | RES[1:0] |
Address : 08h
R/W : Readable and writable

Default: 0001h

Figure 36 Resolution Register Structure

Bit15to2: -
Unimplemented bit. These bits are always "0".

Bit 1 to 0 : RES[1:0]
These bits define resolution.
The resolution here is reflected by TRES[1:0] value of capabilities register.

"00": LSB =0.5°C  (tconv < 35 ms max.)
"01" (default): LSB = 0.25°C  (tconv < 70 ms max.)
"10": LSB =0.125°C (tconv < 125 ms max.)
"1 LSB = 0.0625°C(tconv < 125 ms max.)
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B Reset and Initialization

This IC has a power-on reset circuit which prevents malfunction, cancels write at power-on.

At power-on status, the master device should not transfer the data from the time that the power supply voltage reaches
Vop min. to tint. And at power-off, all registers are reset when the power supply voltage drops below Vrorr. Therefore if
the power supply voltage remains below Vrorr for trorr, all operations of this IC are reset.

Operating this IC will be required to apply the stable power supply voltage (Vob). The power supply voltage must remain
stable until the end of the transmission of the data and, for a write instruction and temperature conversion time.

tiniT trorr tinir
—P

Vpp min. /
/
/

Vpon
Veorr f
Vbb

Reset status

Normal
operation

Normal operation

L]
_—

Figure 37 Operation when Power Supply Voltage Drops and Power-on
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B Usage

1.

A pull-up resistor to SDA 1/O pin and SCL input pin

In consideration of 12C-bus / SMBus protocol function, the SDA I/O pin and SCL input pin should be connected with a
pull-up resistor. This IC cannot transmit normally without using a pull-up resistor.

In case that the SCL input pin of this IC is connected to the Nch open-drain output pin of the master device, connect
the SCL pin with a pull-up resistor. As well, in case the SCL input pin of this IC is connected to the tri-state output pin of
the master device, connect the SCL pin with a pull-up resistor in order not to set it in "High-Z". This prevents this IC
from error caused by an uncertain output (High-Z) from the tri-state pin when resetting the master device during the
voltage drop.

Pull-up resistor of the EVENT pin is also required to transmit EVENT behavior.

Equivalent circuits of input pin and 1/O pin

The SCL pin and the SDA pin of this IC do not have a built-in pull-down or pull-up resistor. Each of the SAO pin, SA1
pin and SA2 pin has a built-in pull-down resistor. The SDA pin is an open-drain output. The followings are equivalent
circuits of the pins.

SCL SDA
Figure 38 SCL Pin Figure 39 SDA Pin
EVENT
SAO0, SA1, SA2

— 2

77

Figure 40 EVENT Pin Figure 41 SAO0, SA1, SA2 Pin

3. Acknowledge check

The I2C-bus / SMBus protocol include an acknowledge check function as a handshake function to prevent a
communication error. This function allows detection of a communication failure during data communication between
the master device and this IC. This function is effective to prevent malfunction, so it is recommended to perform an
acknowledge check with the master device.

ABLIC Inc. 41



BUILT-IN ARP FUNCTION 2-WIRE SERIAL E2PROM WITH TEMPERATURE SENSOR
S-585AA Rev.1.0 oo

4. SDA pin and SCL pin noise suppression time

This IC includes a built-in low-pass filter at the SDA pin and the SCL pin to suppress noise. If the power supply voltage
is 1.7 V, noise with a pulse width of 90 ns or less can be suppressed.
For details of the assurable value, refer to noise suppression time (i) in Table 8 in "B AC Electrical Characteristics".

400
300
Noise suppression time
(t) max. 200
[ns]

100 ——

0
0 1.0 2.0 3.0 4.0

Power supply voltage (Vop)
Vi

Figure 42 Noise Suppression Time for SDA Pin and SCL Pin

5. Operation when inputting stop condition during write

This IC does the E2PROM write operation only when it receives data of 1 byte or more and receives a stop condition
immediately after an acknowledge output.
Refer to Figure 43 for details.

Write valid Write valid Write valid
by stop condition by stop condition by stop condition
Write invalid Write invalid Write invalid
by stop condition by stop condition by stop condition
- -y i -y i
S W 1V 1Y 1
T R P L IS
AR VAV o N i
11 1 1 1
T ADDRESS™ E \WORD ADDRESS (n) DATA (n) i 1DATA(n+1) 11 DATA(n+x) P
[
|

SDA| |1|o|1|0 0515 0| wiwnawawswzwwg| 0706050403021 00| [on
LINE [ | I [

M LRA A A A A
S s/cC c o C C
B By K K K K K

*1. The default slave address is shown in "Table 13 Default Slave Address". It can also be arbitrarily assigned by
the user using ARP commands.

Figure 43 Write Operation by Inputting Stop Condition during Write

6. Command cancel by start condition

By a start condition, users are able to cancel command which is being input. However, users are not able to input a
start condition when this IC is outputting "L". When users cancel the command, there may be a case that the address
will not be identified. Use random read for the read operation, not current address read.
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7. UDID Write / Read mode

This IC has a dedicated mode for rewriting the UDID. It is possible to rewrite the UDID by sending the special
command from the tester.

S W S W
T R S T R S
A | T A | (T)-
R T (6] T
= 62h E ABh p R 6AN  E 1Ch P
SDA
LINE 011(1f0]0f0f1]0 11011]011(0]1]1 of1(110f1fof1fo ojofof1fj1f1fofo
M LRN N N N
S S/ A A A A
B BWC c C C
K K K K
] Host transaction [ ] Slave transaction

Figure 44 UDID Write / Read mode In

The tester sends a 7-bit long data "0110_001" and a 1-bit read / write instruction code set to "0". This IC received it
doesn’t generate an acknowledge. In addition, the tester sends a 8-bit long data "1010_1011". This IC received it
doesn’t generate an acknowledge and the tester sends stop condition.

Then, the tester sends a 7-bit long data "0110_101" and a 1-bit read / write instruction code set to "0". This IC received
it doesn’t generate an acknowledge. In addtion, the tester sends a 8-bit long data "0001_1100". This IC received it
doesn’t generate an acknowledge.

After receiving the stop condition, this IC enter into UDID Write / Read mode.

After entering into UDID Write / Read mode, for rewriting the UDID, the tester used E2PROM Write / Read command,
only the slave address is different. The readable and writable area is limited to the Subsystem Vendor ID, the
Subsystem Device ID, the ARP enable / disable setting byte and the ARA enable / disable setting byte. The UDID
except the Subsystem Vendor ID and the Subsystem Device ID is read-only. When the power is turned on again, the
written UDID is reflected. At the same time, this IC also exits from the UDID Write / Read mode.

s w
T R S
A DEDICATED | T
R  SMBus T o
T ADDRESS E WORD ADDRESS (n) DATA (n) DATA (n+ 1) DATA(N+x) P
L
SDA |_|0 1|1 Olo ‘| 1 0| W7IW6IW5|W4IW31W2IW1I\N0 D7ID6|D5ID4ID3|D2|D1IDO D7I ....I....!....!....!....!... IDO M\l.....l.....l....!....!... IDO |_|
LINE I HEREER NN IHIIIIII
M LRA A A A A
S s/c C C C C
B B K K K K K
Figure 45 Write UDID
S n S R NO ACK from s
A  DEDICATED | A DEDICATED E Tester Device T
R SMBus T R SMBus A (0]
T ADDRESS E WORDADDRESS(n) T  ADDRESS D DATA P
SDA |_|0 1|1 0|0 1[1 OI W7IW6IW5|W4IW3|W2|W1IWO |_|0 1|1 o|0 t]1]4] [o7'belns baipai201 o I_I
LINE | I |
M LR A A M LR A
S s/ c cC s s/ c
B Bw K B BWw K
| | ADR INC
|
DUMMY WRITE

Remark Sequential Read is also possible
Figure 46 Read UDID
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*1. Only one of the following values can be written as the value of ARA function Enable / Disable.

Table 19 Readable and Writable Area
Name Pointer R/W
ARA function Enable / Disable” | xx01 1111 | Readable and writable
Device Capabilities xx00 0000 Read-only
Version/Revision xx00 0001 Read-only
xx00 0010 Read-only
Vendor ID xx00 0011 Read-only
. xx00 0100 Read-only
Device ID xx00 0101 Read-only
xx00 0110 Read-only
Interface xx00 0111 Read-only
xx00 1000 | Readable and writable
Subsystem Vendor ID xx00 1001 | Readable and writable
. xx00 1010 | Readable and writable
Subsystem Device ID xx00 1011 | Readable and writable
xx00 1100 Read-only
- xx00 1101 Read-only
Vendor specific ID 00 1110 Read-only
xx00 1111 Read-only
ARP function Enable / Disable | xx11 0000 | Readable and writable

FEh : ARA Enable
00h : ARA Disable

*2. Only one of the following values can be written as the value of ARP function Enable / Disable.
FFh : EE ARP Enable / TS ARP Enable
AAh : EE ARP Enable / TS ARP Disable
55h : EE ARP Disable / TS ARP Enable
00h : EE ARP Disable / TS ARP Disable
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B Precautions

¢ Do not operate these ICs in excess of the absolute maximum ratings. Attention should be paid to the power supply
voltage, especially. The surge voltage which exceeds the absolute maximum ratings can cause latch-up and
malfunction. Perform operations after confirming the detailed operation condition in the data sheet.

e Operations with moisture on this IC's pins may occur malfunction by short-circuit between pins. Especially, in
occasions like picking this IC up from low temperature tank during the evaluation. Be sure that not remain frost on this
IC's pin to prevent malfunction by short-circuit.

Also attention should be paid in using on environment, which is easy to dew for the same reason.

e Do not apply an electrostatic discharge to this IC that exceeds the performance ratings of the built-in electrostatic
protection circuit.

e ABLIC Inc. claims no responsibility for any and all disputes arising out of or in connection with any infringement of the
products including this IC upon patents owned by a third party.
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No. PQO008-B-R-SD-1.0

TITLE DFN-8-B-Reel
No. PQO008-B-R-SD-1.0
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TITLE DFN-8-B-Land Recommendation
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Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and
application circuit examples, etc.) is current as of publishing date of this document and is subject to change without
notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success of
any specific mass-production design.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the reasons other than the products
described herein (hereinafter "the products") or infringement of third-party intellectual property right and any other
right due to the use of the information described herein.

3. ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the incorrect information described
herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by failures and / or accidents, etc. due to
the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country where they
are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-related
laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. ABLIC Inc. is not liable for any losses, damages, claims or demands
caused by any provision or export to the person or entity who intends to develop, manufacture, use or store nuclear,
biological or chemical weapons or missiles, or use any other military purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body, human
life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion control
systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment, aviation equipment,
aerospace equipment, and nuclear-related equipment), excluding when specified for in-vehicle use or other uses by
ABLIC, Inc. Do not apply the products to the above listed devices and equipments.

ABLIC Inc. is not liable for any losses, damages, claims or demands caused by unauthorized or unspecified use of
the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products should
therefore take responsibility to give thorough consideration to safety design including redundancy, fire spread
prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and social
damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the products are
allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and heavy
metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be sharp. Be
careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are used.

13. The information described herein contains copyright information and know-how of ABLIC Inc. The information
described herein does not convey any license under any intellectual property rights or any other rights belonging to
ABLIC Inc. or a third party. Reproduction or copying of the information from this document or any part of this
document described herein for the purpose of disclosing it to a third-party is strictly prohibited without the express
permission of ABLIC Inc.

14. For more details on the information described herein or any other questions, please contact ABLIC Inc.'s sales
representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any translations into
the English language and the Chinese language, shall be controlling.
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