Preliminary publication of JEDEC Semiconductor Memory Ballot

This Ballot was developed by JEDEC Committee JC-42.4 and approved by the JEDEC
Board of Directors. It is published here in preliminary form, prior to being integrated into
JESD21-C and then published in final form.
Title of Ballot: TSE2002 Serial Presence Detece with Thermal Sensor

Council Ballot Number: JCB-09-008

Committee Ballot Number: 42.4-08-292

Committee Item Number: 1756.00A

Date of Council Approval: May 2009

Background: This proposal was balloted as JC-42.4-08-292 on October 15, 2008 and

expired on November 26, 2008. The voting results were reported at the

December, 2008 JC-42 Committee meeting at which time the ballot was
approved for Board of Directors submittal.

Documents

Document Sharing Hub

Full document details: JEDEC PRNO9-NV2 2009


http://www.avadocuments.com/doc/jedec-prn09-nv2-2009
http://www.avadocuments.com/doc/jedec-prn09-nv2-2009

JEDEC
STANDARD

Definition of the TSE2002av, Serial Presence
Detect with Temperature Sensor

JESDXX-X
JC-42.4 Item #1756.00

Committee Ballot
October 2008

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION

JEDEC ZzIA

Electronic Industries Alliance

Documents

Document Sharing Hub

Full document details: JEDEC PRNO9-NV2 2009


http://www.avadocuments.com/doc/jedec-prn09-nv2-2009
http://www.avadocuments.com/doc/jedec-prn09-nv2-2009

JEDEC Standard No. xx-x JC-42.4 |tem #1756.00
Page 2

DEFINITION OF THE TSE2002av SERIAL PRESENCE DETECT (SPD) EEPROM WITH
TEMPERATURE SENSOR (TS) FOR MEMORY MODULE APPLICATIONS

1. SCOPE

This standard defines the specifications of interface parameters, signaling protocols, and features
for Seria Presence Detect (SPD) EEPROMs and Temperature Sensor (TS) as used for memory
module applications. The designation TSE2002av refers to the family of devices specified by this
document.

The purpose isto provide a standard for the TSE2002av SPD + TS devices for uniformity,
multiplicity of sources, elimination of confusion, ease of device specification, and ease of use.

NOTE: The designation TSE2002av refersto the part of the part designation of a series of
commercial logic parts common in the industry. This number is normally preceded by a series of
manufacturer specific characters to make up a complete part designation.

2. DEVICE STANDARD

2.1 Description

The TSE2002av i s acombination 256-byte EEPROM and Temperature Sensor device designed to
operate in one of three voltage ranges, 1.7-3.6 V, 2.3-3.6 V, or 3.0-3.6 V. All devices meet the
thermal performance characteristics, and the 2.3-3.6 VV or 3.0-3.3V nominal devices shall operate
the 12C bus at 400 kHz maximum. Both devices are intended to interface to | 2C buses which
have multiple devices on a shared bus, and must be uniquely addressed on thisbus. A substantial
reduction in supply current may be achieved using the software programmed shutdown mode.
The device family contains two temperature grades designated with a second letter appended to
the part number.

Common Features summary:

TSE2002av Variations

Base part number a Sensor Accuracy v Single Supply Voltage
0.5 °C typ from 75-95 °C 1 17t03.6V
B 1.0 °C typ from 40-125 °C 2 23t036V
TSE2002 2.0 °C typ from -20-125 °C 3 3.0to36V

1.0 °C typ from 75-95 °C
C 2.0 °C typ from 40-125 °C
3.0 °C typ from -20-125 °C

Example: TSE2002C2 is an SPD with Thermal Sensor having 1.0 °C typical accuracy from 75-95 °C and asingle supply
voltage rangefrom2.3t0 3.6 V.

» Low operating current:
< 100 uA maximum with SPD in Standby and TS in Shutdown mode
~1 mA typical with SPD in Standby mode and TS active
~2 mA typical with TS and SPD enabled at 3.3V input

e Two Wirel2C Serid Interface
e Upto 100 kHz Transfer Rate below 2.2 V
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e Upto 400 kHz Transfer Rate at or above 2.2 V
» Packages: TSSOP-8, Thermally Enhanced TSSOP-8 (MO-187), (T)DFN-8, SOIC-8, MSOP-8,

SPD Features summary:

* Permanent and Reversible Software Data Protection for Lower 128 Bytes
« Byte and Page (up to 16 Bytes) Write Operation

* Random and Sequential Read modes

e Self-Timed Write Cycle

« Schmitt trigger on bus inputs

* Noisefilter on businputs

* Automatic Address Incrementing

TS Features summary:

e Typica accuracy of 1.0 °C accuracy for the active range from 70 ~95°C

» Typical accuracy of 2.0 °C for other monitor ranges from 40 ~ 100 °C.

« Support for higher accuracy of 0.5 °C (typical) over the active range, where available.
« Ambient temperature (TA) sense through an operating range of -20 to +125 °C

e Temperature sample rate minimum of 8 samples/s

» Selectable0, 1.5°C, 3°C, 6 °C Hysteresis on set point

The SPD section of the TSE2002av is a2 Kbit serial EEPROM organized as a 256 byte memory.
The deviceisableto lock permanently the datain the lower sector (from location 0x00 to Ox7F),
designed specifically for usein DRAM DIMMs (Dual Inline Memory Modules) with Serial
Presence Detect. All the information concerning the DRAM module configuration (such asits
access speed, its size, its organization) can be kept write protected in the first half of the memory.

Locking the lower sector of the SPD may be accomplished using one of two software write
protection mechanisms. By sending the device a specific | 2C sequence, the first 128 bytes of the
memory become write protected, either permanently or resetable.

The TS section of the TSE2002av continuously monitors the temperature and updates the
temperature data minimum of eight times per second. Temperature datais latched internally by
the device and may be read by software from the bus host at any time.

Internal registers are used to configure both the TS performance and response to over-temperature
conditions. The device contains programmable high, low, and critical temperature limits. Finally,
the device EVENT pin can be configured as active high or active low and can be configured to
operate as an interrupt or as a comparator output.
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Figurel— Device Diagram

2.2 Device Interface

The TSE2002av behaves as a slave device in the I2C protocol, with all memory operations
synchronized by the serial clock. Read and Write operations are initiated by a START condition,
generated by the bus master. The START condition is followed by a Device Select Code and
R/W# bit (as described in Table2 on page7), terminated by an acknowledge bit. TSE2002av
family devices shall not initiate clock stretching, which is an optional 12C bus feature.

In accordance with the | °C bus definition, the device uses three (3) built-in, 4-bit Device Type
|dentifier Codes (DTIC) and the state of SAQ, SA1, and SA2 to generate an I°C Slave Address.
The SPD memory may be accessed using aDTIC of (1010), and to perform the PSWP,CSWP, or
PSWP operationsa DTIC of (0110) isrequired. The TSregisters are accessed using aDTIC of
(0011).

When writing data to the memory, the SPD inserts an acknowledge bit during the Sth bit time,
following the bus master's 8-hit transmission. When datais read by the bus master, the bus master
acknowledges the receipt of the data byte in the same way. Datatransfers are terminated by a Bus
Master generated STOP condition after an Ack for WRITE, and after aNoAck for READ.

The TS section of the device uses a pointer register to access al registersin the device.
Additionally, all datatransfersto and from this section of the device are performed as block read/
write operations. The datais transmitted/received as 2 bytes, Most Significant Byte (MSB) first,
and terminated with aNoAck and STOP after the Least Significant byte (LSB). Data and address
information is transmitted and received Most Significant Bit first
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Figure 2 — 1%C Bus Protocol
Start Condition

Start isidentified by afalling edge of Serial Data (SDA) while Serial Clock (SCL) isstablein the
High state. A Start condition must precede any data transfer command. The device continuously
monitors (except during a Write cycle) Serial Data (SDA) and Serial Clock (SCL) for a Start
condition, and will not respond unless oneis given.

Stop Condition

Stop isidentified by arising edge of Serial Data (SDA) while Serial Clock (SCL) is stable and
driven High. A Stop condition terminates communication between the device and the bus master.
A Read command that is followed by NoAck can be followed by a Stop condition to force the
SPD into Standby mode. A Stop condition at the end of a Write command triggers the internal
EEPROM Write cycle for the SPD. Neither of these conditions changes the operation of the TS
section.

Acknowledge Bit (ACK)

The acknowledge bit is used to indicate a successful byte transfer. The bus transmitter, whether it
be bus master or slave device, releases Serial Data (SDA) after sending eight bits of data. During
the 9th clock pulse period, the receiver pulls Serial Data (SDA) Low to acknowledge the receipt
of the eight data bits.
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No Acknowledge Bit (NACK)

The no-acknowledge bit is used to indicate the completion of ablock read operation, or an attempt
to modify awrite-protected register. The bus master releases Serial Data (SDA) after sending
eight bits of data, and during the 9th clock pulse period, and does not pull Serial Data (SDA) Low.

Data I nput

During data input, the device samples Serial Data (SDA) on the rising edge of Serial Clock
(SCL). For correct device operation, Serial Data (SDA) must be stable during the rising edge of
Serial Clock (SCL), and the Serial Data (SDA) signal must change only when Serial Clock (SCL)
isdriven Low.

Memory Addressing

To start communication between the bus master and the slave device, the bus master must initiate
a Start condition. Following this, the bus master sends the Device Select Code, shown in Table2
on page’ (on Serial Data (SDA), most significant bit first).

Table1l— Device Select Code

Device Type Select Address RIW#
Memory Area | dentifier Sgnals
Function

b7t | b6 | b5 | b4 b3 b2 bl b0
Read/Write SPD memory 1 0 1 0 SA2 SA1l SAO0 R/W#
Set Write Protection (SWP) Vessep | Vssseo | Vv 0
Clear Write Protection (CWP) Vssseo | Vobseo | Vv 0
Permanently Set Write Protec- 0 1 1 0 SA2 SA1 SAO0 0
tion (PSWP)?
Read SWP Vsssep | Vsssep | Vv 1
Read PSWP?2 SA2 SA1 SAO 1
Read/Write Temperature 0 0 1 1 SA2 SA1 SAO0 R/W#
registers
Note 1: The most significant bit, b7, issent first.
Note 2: SAQ, SA1, and SA2 are compared against the respective exter nal pinson the T SE2002av .

The Device Select Code consists of a 4-bit Device Type Identifier, and a 3-bit Select Address
(SA2, SA1, SA0). To address the memory array, the 4-bit Device Type Identifier is 1010b; to
access the write-protection settings, it is 0110b; and to access the Temperature Sensor settingsis
0011b.

Up to eight memory devices can be connected on asingle | 2C bus. Each one is given a unique 3-
bit code on the Chip Enable (SAQ, SA1, SA2) inputs. When the Device Select Codeis received,
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the device only responds if the Chip Enable Address is the same as the value on the Chip Enable

(SAQ, SA1, SA2) inputs.

The 8th bit isthe Read/Write bit (R/W#). Thisbit is set to 1 for Read and O for Write operations.

If amatch occurs on the Device Select code, the corresponding device gives an acknowledgment
on Serial Data (SDA) during the 9th bit time. If the device does not match the SPD Device Select
code, the SPD section deselects itself from the bus, and goesinto Standby mode. The 12C

operating modes are detailed in Table 3.

Table2 — 12C Operating Modes

Mode R/W#Bit | Bytes Initial Sequence
SPD Current Address Read 1 1 START, Device Select, RI'W# =1
SPD Random Address Read 0 1 START, Devic§ Select, R/W# = 0, Address

1 reSTART, Device Select, R’'W# =1

SPD Sequential Read 1 31 Similar to Current or Random Address Read
SPD Byte Write 0 1 START, Device Select, R/\W# = 0, data, STOP
SPD Page Write 0 £ 16 | START, Device Select, R/\W# = 0, data, STOP
TS Write 0 2 START, Device Select, R/W#=0, pointer, data, STOP
TS Read 1 2 START, Device Select, RIW#=1, pointer, data, STOP

Full document details: JEDEC PRNO9-NV2 2009
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2.3 Device Pin Definition

Table 3— Pin Description for TSE2002av

Pin # Pin Name Definition
1 SAO Select Address 0
2 SAL Select Address 1
3 SA2 Select Address 2
4 Vsssep Ground
5 SDA Serial data
6 SCL Serial clock
7 EVENT Temperature Event
8 Vbpspp Supply voltage

2.4 Pin Functional Description
Serial Clock (SCL)

Thisinput signal is used to strobe al datain and out of the device. In applications where this
signal is used by slave devices to synchronize the bus to a slower clock, the bus master must have
an open drain output, and a pull-up resistor can be connected from Serial Clock (SCL) to Vppgep -
(Figure3 on page9 indicates how the value of the pull-up resistor can be calculated). In most
applications, though, this method of synchronization is not employed, and so the pull-up resistor
IS not necessary, provided that the bus master has a push-pull (rather than open drain) output.

Serial Data (SDA)

This bi-directional signal is used to transfer datain or out of the device. It is an open drain output
that may be wire-ORed with other open drain or open collector signals on the bus. A pull up
resistor must be connected from Serial Data (SDA) to the most positive Vs in the 12C chain.
(Figure3 on page9 indicates how the value of the pull-up resistor can be calculated).
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Figure 3— Maximum R, Value Versus Bus Capacitance (Cg,s) for an 12C Bus

Select Address (SAO, SAL, SA2)

These input signals are used to set the value that is to be looked for on the three least significant
bits (b3, b2, bl) of the 7-bit Slave Address. In the end application, SAO, SA1 and SA2 must be
directly (not through a pull-up or pull-down resistor) connected to Vppspp OF Vssspp 10 €Stablish the
Slave Address. When these inputs are not connected, an internal pull-down circuitry makes (SAO,
SA1, SA2) = (0, 0, 0).

The SAO input is used to detect the V,, voltage, when decoding an SWP or CWP instruction.
Refer to Table2 on page7for decode details

EVENT

The TSE2002av EVENT pin isan open drain output that requires a pull-up to Vppgpp 0N the
system motherboard or integrated into the master controller. EVENT hasthree operating modes,
depending on configuration settings and any current out-of-limit conditions. These modes are
Interrupt, Comparator, or TCRIT Only.

In Interrupt Mode the EVENT pin will remain asserted until it isreleased by writinga‘ 1’ to the
“Clear Event” hit in the Status Register. The value to write isindependent of the EVENT polarity
bit.

In Comparator Mode the EVENT pin will clear itself when the error condition that caused the pin
to be asserted is removed. When the temperature is compared against the TCRIT limit, then this
mode is always used.
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Finaly, inthe TCRIT Only Mode the EVENT pin will only be asserted if the measured
temperature exceeds the TCRIT Limit. Once the pin has been asserted, it will remain asserted
until the temperature drops below the TCRIT Limit minusthe TCRIT hysteresis. Table4 on
pagelO illustrates the operation of the different modes over time and temperature.

TCRIT Lirret

High Limit

L Lirmit

Measured Temperature

Software f_:hsursI ramupl

I
¥ v i oo
|

EVENT pan in “lresmupt Mode”
[active ow)

EVENT pin in “Comparator
Mode" (active low)

EVENT pin i TCRIT onby
NWincle” (active high)

Figure 4 — EVENT Pin Mode functionality

Systems that use the active high mode for EVENT must be wired point to point between the
TSE2002av and the sensing controller. Wire-OR configurations should not be used with active
high EVENT since any device pulling the EVENT signal low will mask the other devices on the
bus. Also note that the normal state of EVENT in active high mode is a 0 which will constantly
draw power through the pull-up resistor.

2.5 Device Reset and I nitialization
In order to prevent inadvertent Write operations during Power-up, a Power On Reset (POR)
circuit isincluded.

At Power-up (phase during which vppspp iSlower than vypspn min but increases continuously), the
device will not respond to any instruction until vpsep has reached the Power On Reset threshold
voltage (this threshold is lower than the minimum v Operating voltage defined in the DC
AND AC PARAMETERS tables). Once vp<pp has passed the POR threshold, the device isreset
The actual POR threshold voltage will be implementation dependent, and is not defined in this
document.
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The deviceisdelivered with all bitsin the EEPROM memory array set to '1' (each byte contains
OxFF).

Prior to selecting the memory and issuing instructions, avalid and stable v 5pp VOItage must be
applied. This voltage must remain stable and valid until the end of the transmission of the
instruction and, for a Write instruction, until the completion of the internal write cycle (tyy).

At Power-down (phase during which v pspp decreases continuously), as soon asv ppsep drops from
the normal operating voltage below the minimum operating voltage, the device stops responding
to commands, and remainsin reset until the POR threshold voltage is reached.

2.6 Software Write Protect
The TSE2002av has three software write-protection features, allowing the bottom half of the
memory area (addresses 0x00 to Ox7F) to be temporarily or permanently write protected.

Software write-protection is handled by three instructions:

¢ SWP: Set Write Protection
*  CWRP: Clear Write Protection
e PSWP: Permanently Set Write Protection

The level of write-protection (set or cleared) that has been defined using these instructions,
remains defined even after a power cycle.

OxFF OxFF
Standand Standard
Array Arran
Wemory | OxB0 DxBO
Area T Ox7F Ox7F
Standand nte
AT Prodechsd
Array
Arrany
000 0=00
Default EEPROM memory area State of the EEPROM memory
state before wate accass aren afler wite accass
tar the Protect Register to the Pratect Register

Figure 5 — Result of Setting the Write Protection
SWP and CWP

If the software write-protection has been set with the SWP instruction, it can be cleared again with
aCWRP instruction.
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The two instructions (SWP and CWP) have the same format as a Byte Write instruction, but with
adifferent Device Type Identifier (as shown in Table2 on page7). Like the Byte Write
instruction, it is followed by an address byte and a data byte, but in this case the contents are all
“Don't Care” (Figure6 on pagel2). Another differenceisthat the voltage, V,,, must be applied
on the SAO pin, and specific logical levels must be applied on the other two (SA1 and SA2, as
shown in Table2 on page 7).

PSWP

If the software write-protection has been set with the PSWP instruction, the first 128 bytes of the
memory are permanently write-protected. This write-protection cannot be cleared by any
instruction, or by power-cycling the device. Also, once the PSWP instruction has been
successfully executed, the TSE2002av no longer acknowledges any instruction (with a Device
Type Identifier of 0110) to access the write-protection settings.

o
BUS ACTIVITY S CONTROL WORD E"-,
MASTER £ BYIE ADDRESS DATA &

LI | LI I B LENLE B B A B
SOA LINE | | | | | | ||-|_

L1 1 L1 00191111 1 1111111 ]

| | |
BUS ACTVITY ALK ACK ACK
WVALUE WALLUE

{DOKN'T CARE} (DMONT CARE)

Figure 6 — Setting the Write Protection
Reading Write Protection Status

The status of software write protection can be determined using these i nstructions:
* Read SWP: Read Write Protection Status
* Read PSWP: Read Permanently Set Write Protection Status

Read SWP

The controller issues a Read SWP command. If Software Write Protection has not been set, the
device replies to the data byte with an Ack. If Software Write Protection has been set, the device
replies to the data byte with a NoAck.

Read PSWP

The controller issues a Read PSWP command. If Permanent Software Write Protection has not
been set, the device repliesto the data byte with an Ack. If Permanent Software Write Protection
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