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TD34C04

4-Kbit Serial Presence Detect (SPD) EEPROM
Compatible with JEDEC EE1004-v for DIMM

DATASHEET Rev.1.2

Features

Supply Voltage: 1.7V to 3.6V
JEDEC EE1004-v Serial Presence Detect (SPD) Compliant
2-wire Serial Interface I°C/SMBus Compatible
1MHz (Maximum) Supported in Full Supply Voltage Range
Bus Timeout Supported
Software Write Protection on All Four 128-byte Blocks
Byte and Page (up to 16 Bytes) Write Mode
Partial Page Write Allowed
Self-timed Write Cycle: 2ms (typical)
Schmitt Trigger, Filtered Inputs for Noise Suppression
High Reliability
Endurance: 2,000,000 Write Cycles
Data Retention: 200 Years
Low Operating Current
Write Current: 0.2mA (typical)
Read Current: 0.2mA (typical)
Standby Current: 0.1pA (typical)
Operating Temperature Range: -40°C to +105°C
Green Packaging Options (RoHS Compliant, Pb/Halogen-free)
8-Lead TSSOP and 8-Pad UDFN

Description

The TD34CO04 is a 4-Kbit EEPROM device designed to be fully compatible to
industrial standard I°C/SMBus interface and compliant to the JEDEC EE1004-v
specification. The device is designed to operate in a supply voltage range of 1.7V
to 3.6V, with a maximum of 1MHz transfer rate. The operating temperature range
is from -40°C to +105°C. A bus Timeout feature is supported to prevent system
lock-ups.

The serial EEPROM memory is organized as four blocks of 128 bytes each. Each
block is comprised of eight pages of 16 bytes each. The serial EEPROM
operation is tailored specifically for Dual Inline Memory Modules (DIMM) with
Serial Presence Detect (SPD) to store a module’s vital product data such as size,
speed, voltage, data width, and timing parameters.

The TD34C04 incorporates a Software Write Protection feature enabling the
capability to selectively write protect any or all of the four 128-byte blocks. Once
the write protection is set, it can only be reversed by sending a specific sequence
and the write protection for all blocks is cleared simultaneously.
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1 Pin Descriptions and Pin Configuration

Table 1-1 Pin Descriptions

Symbol Type Name and Function
Device Address Inputs: The SA0, SA1, and SA2 pins are used to select the device address and
SAO correspond to the three Least Significant Bits of the I?’C/SMBus seven-bit slave address. These
pins can be directly connected to Vcc or GND in any combination, allowing up to eight devices on
SAl Input the same bus.
SA2 The SAO pin is also used to detect the Vv voltage, when decoding a SWPn or CWP instruction.
See Table 6-1 for decode details.
Serial Data: The SDA pin is an open-drain bidirectional input/output pin used to serially transfer
Sl UETEES data to and from the device.
Serial Clock: The SCL pin is used to provide a clock to the device and is used to control the flow
ScL Inout of data to and from the device. Command and input data present on the SDA pin is always
P latched in on the rising edge of SCL, while output data on the SDA pin is always clocked out on
the falling edge of SCL.

vV Power Device Power Supply: The Vcc pin is used to supply the source voltage to the device.
ce Operations at invalid Vcc voltages may produce spurious results and should not be attempted.
GND Power Ground: The ground reference for the power supply. GND should be connected to the system

ground.
NC No Connection: The NC pin is not bonded to a die pad. This pin can be connected to GND or|

left floating.

Figure 1-1 Pin Configuration
8-Lead TSSOP 8-Pad UDFN
SAO 10 8 Ve sA0 [ i 81| Ve
SA1 2 7 NC SA1 [i2 7777 N
SA2 3 6 SCL SA2 _'_'_'j 3 6 ;:_: SCL
GND 4 5 SDA GND |7} 5 ll"" SDA
— ,
TOP VIEW TOP VIEW

Note: NC = No connection; no signal should be applied on this pin.
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2 Functional Block Diagram

Hardware Power On
SA0 >  Address > Memory System < Reset Vee
Comparator Control Module |« Generator
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A A A
High Voltage Generation Circuit | I
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v Software Write
slock ot
SA»—— | ., .. !
(V]
Block 1 B
(8]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [J]
a
Block 2 2 v
o
7777777777777777777777777777777 M1 Address Register
Block 3 Ahid | and Counter
I A A
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Data Register
A
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Start
y T™—  Stop
I—DO“T‘ Data & ACK Detector
<_IL A
1/0 Control
NMOS |
GND Dy SDA
4/25
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3 Device Communication

The TD34CO04 operates as a slave device and utilizes a 2-wire serial interface to communicate with the Master.
The Master initiates and controls all Read and Write operations to the slave devices on the serial bus, and both
the Master and the slave devices can transmit and receive data on the bus.

The serial interface is comprised of just two signal lines: the Serial Clock (SCL) and the Serial Data (SDA).
Data is always latched into the TD34C04 on the rising edge of SCL and is always output from the device on the
falling edge of SCL. Both the SCL pin and SDA pin incorporate integrated spike suppression filters and Schmitt
Triggers to minimize the effects of input spikes and bus noise.

All command and data information is transferred with the Most Significant Bit (MSB) first. During the bus
communication, one data bit is transmitted every clock cycle, and after eight bits of data has been transferred,
the receiving device must respond with an acknowledge or a no-acknowledge response bit during a ninth clock
cycle generated by the Master. Therefore, nine clock cycles are required for every one byte of data transferred.
There is no unused clock cycle during any Read or Write operation, so there must not be any interruptions or
breaks during the data stream.

During data transfers, data on the SDA pin must only change while SCL is low, and the data must remain stable
while SCL is high. If data on the SDA pin changes while SCL is high, then either a Start or a Stop condition will
occur. The number of data bytes transferred between a Start and a Stop condition is not limited and is
determined by the Master.

3.1 Start Condition

A Start condition occurs when there is a high-to-low transition on the SDA pin while the SCL pin is stable in
Logic 1 state. The Start condition must precede any command as the Master uses a Start condition to initiate
any data transfer sequence (see Figure 3-1). The TD34C04 will continuously monitor the SDA and SCL pins
for a Start condition, and the device will not respond unless one is given.

Figure 3-1 Start, Stop, and ACK

Must Be Must Be Acknowledge
Stable Stable Window

Start SDA SDA H—J
condition Change Change Acknowledge
Allowed Allowed Valid

The transmitter must release the SDA line at The receiver must release the SDA line
this point to allow the receiver to drive the at this point to allow the transmitter to
SDA line low to ACK the previous eight bit continue sending new data

3.2 Stop Condition

A Stop condition occurs when there is a low-to-high transition on the SDA pin while the SCL pin is stable in
Logic 1 state (see Figure 3-1). A stop condition terminates communication between the TD34C04 and the
Master. A Stop condition at the end of a Write command triggers the EEPROM internal write cycle. Otherwise,
the TD34C04 subsequently returns to Standby mode after receiving a Stop condition.
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3.3 Acknowledge (ACK)

After each byte of data is received, the TD34C04 should acknowledge to the Master that it has received the
data byte successfully. This is accomplished by the Master first releasing the SDA line and providing the
ACK/NACK clock cycle (a ninth clock cycle for every byte). During the ACK/NACK clock cycle, the TD34C04
must output Logic 0 as ACK for the entire clock cycle so that the SDA line must be stable in Logic 0 state during
the entire high period of the clock cycle (see Figure 3-1).

3.4 No-Acknowledge (NACK)

When the TD34C04 is transmitting data to the Master, the Master can indicate that it is done receiving data and
end the operation by sending a NACK response to the TD34C04 instead of an ACK response. This is
accomplished by the Master outputting Logic 1 during the ACK/NACK clock cycle, at which point the TD34C04
should release the SDA line so that the Master can then generate a Stop condition.

3.5 Standby Mode

The TD34C04 features a low-power Standby mode which is enabled:
Upon power-up or
After the receipt of a Stop condition and the completion of any internal operations.

3.6 Device Reset and Initialization

The TD34CO04 incorporates an internal Power-On Reset (POR) circuit to prevent inadvertent operations during
power-up. On a cold power-up, the device does not respond to any instructions until the supply voltage reaches
the internal reset threshold voltage (Vepor). The supply voltage must rise continuously between Vpor and
Vcc(Min) without any ring back to ensure a proper power-up (see Figure 3—-2). Once the supply voltage passes
Vpor, the device is reset and enters Standby mode. However, no protocol should be issued to the device until a
valid and stable supply voltage is applied for the time specified by the tyr parameter. The supply voltage must
remain stable and valid until the end of the protocol transmission, and for a Write instruction, until the end of the
internal write cycle.

Parameters related to POR are listed in Table 3—1.

Figure 3-2 Power-up Timing

N Cold ) Device Access J Warm
Voo Power-ON Reset " | Permitted Power-ON Reset
VelMiN)p---- - f -~ |- - - - - - - — — — — — —_-
Veor(Max) [~ — 5ot e e il A
Device Access
During This Time
VPOR(Min) ———————— —_————_—_—_——_——_—_—_—_ - —_——_- - —_- Y - ———_—_————-
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Table 3-1 Power-up Conditions

Parameter
tror Power-On Reset Time - 10.0 ms
Vpor Power-On Reset Voltage 1.0 1.6 \%
tiniT Time from Power-On to First Command 10.0 - ms
trorrF Warm Power Cycle Off Time 1.0 - ms

3.7 Software Reset

After an interruption in protocol, power loss, or system reset, any 2-wire part can be reset by following these
steps:

1. Create a Start condition.

2. Clock nine cycles.

3. Create another Start condition followed by Stop condition (see Figure 3-3).

Figure 3-3 2-wire Software Reset

I Dummy Clock Cycles

<
4

[
SCL |
I

Start
Condition

»
|
|
|

Start
Condition

|
|
SDA :

Stop

Condition

3.8 Timeout Function

The TD34C04 supports the industry standard bus Timeout feature to prevent potential system bus lock-ups.
The device resets the serial interface and returns to standby mode if the SCL pin is held low for more than the
maximum Timeout toyr(Max) specification. If the SCL pin is held low for less than the minimum Timeout
tout(Min) specification, the device will not reset the serial interface (see Figure 3—4). This feature requires a
minimum SCL clock speed of 10kHz to avoid any timeout issues.

Figure 3-4 Bus Timeout

tour(Min) tour(Max)
SCL \‘ Time of SCL low > toyr(Max), the device will reset the bus -
\ communication and return to standby mode
SCL \ Time of SCL low < tour(Min), the device will not reset the '/
\ bus communication
SCL \‘ tour(Min) < Time of SCL low < toyr(Max), protocol violation, 7/
\ the device may or may not reset the bus communication /
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4  Device Addressing

The TD34CO04 requires a 7-bit device address and a Read/Write select bit following a Start condition from the
Master to initiate communication with the serial EEPROM. The device address byte is comprised of a 4-bit
device type identifier followed by three device address bits (A2, A1, and AO) and a R/W bit and is clocked by
the Master on the SDA pin with the most significant bit (bit 7) first (see Table 4-1).

The TD34C04 will respond to two unique device type identifiers. The device type identifier of ‘1010’ is
necessary to select the device for Read or Write operation. The device type identifier of ‘0110’ is used to access
the page address function which determines what the internal address counter is set to. The device type
identifier of ‘0110’ is also used to access the Software Write Protection feature of the device.

The software device address bits (A2, A1 and AO) must match their corresponding hard-wired device address
inputs (SA2, SA1 and SAOQ) (see Table 4-2), allowing up to eight devices on the bus at the same time. The
eighth bit of the address byte is the RIW operation selection bit. A Read operation is selected if this bit is Logic
1, and a Write operation is selected if this bit is Logic 0. Upon a compare of the device address byte, the
TD34C04 will output an ACK or a NACK during the ninth clock cycle if the compare is true or not true. The
device will return to the low-power Standby Mode after a NACK.

Table 4-1 TD34C04 Device Address Byte

Device Type Identifier ‘ Device Address Read/Write
Function
bit7  bit6 bit5|bit4 bit3 bit2 bitl  bit0
EEPROM Read and Write Operations 1 0 1 0 A2 Al A0 RIW
Write Protection and Page Address Functions 0 1 1 0 A2 Al A0 RIW

Table 4-2 Device Address Combinations

‘ Software Device Address Bits Hard-wired Device Address Inputs
A2, A1, AO SA2 SAl SAO0
000 GND GND GND
001 GND GND Vce
010 GND Vce GND
011 GND Vce Vce
100 Vee GND GND
101 Vce GND Vce
110 Vce Vce GND
111 Vce Vce Vce
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5.1 Memory Organization

The TD34C04 memory is organized into two independent 2-Kbit memory arrays (the lower half of the memory
and the upper half of the memory). Each 2-Kbit (256-byte) array is internally organized as two independent
blocks of 128 bytes with each block comprised of eight pages of 16 bytes. Including both halves of the memory,
there are four 128-byte blocks totaling 512 bytes (see Table 5-1).

The TD34CO04 utilizes a Set Page Address (SPA) command and Read Page Address (RPA) command to select
and verify the desired half of the memory for Write and Read operations. If SPA = 0, the lower 256 bytes of the
serial EEPROM is selected allowing access to Block 0 and Block 1. Alternately, if SPA = 1, the upper 256 bytes
of the serial EEPROM is selected allowing access to Block 2 and Block 3.

Table 5-1 SPA Setting and Memory Organization

’ Blocks Set Page Address (SPA) Memory Address Locations
Block 0 0 00h to 7Fh (decimal 0 to 127)
Block 1 0 80h to FFh (decimal 128 to 255)
Block 2 1 00h to 7Fh (decimal O to 127)
Block 3 1 80h to FFh (decimal 128 to 255)

5.1.1 Set Page Address Command

Setting the SPA value selects the desired half of the EEPROM for Write or Read operation. The SPA command
sequence requires the Master to transmit a Start condition followed by sending a control byte of ‘01101100’ or
‘01101110 ‘0’ in the bit 7 position indicates setting the page address to the lower half of the memory while ‘1’ in
this position indicates setting the page address to the upper half of the memory (see Figure 5-1). After
receiving the control byte, the TD34C04 should return an ACK. The Master follows by sending two data bytes
of Don’t Care values and the TD34C04 responds with an ACK for each of the two data bytes. The protocol is
completed by the Master sending a Stop condition.

After power-up, the SPA is set to zero, indicating internal address counter is located in the lower half of the
memory. Performing software reset will not change the SPA setting.

Figure 5-1 Set Page Address (SPA)

Control Byte Most Significant Data Byte Least Significant Data Byte
N A A
I N I N I N
SDA Lo XX o ks XoX o johx ook o ook x Kok x Ak o)
MsB MsB MsB
Start Stop
By ACK ACK ACK By

Master From From From  Master
Slave Slave Slave

X = Do not care value

Bit * = 0: Indicates the page address is located in the lower half of the memory.

Bit * = 1: Indicates the page address is located in the upper half of the memory.

5.1.2 Read Page Address Command

Reading the state of the SPA can be accomplished by the RPA command. The RPA command sequence
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requires the Master to transmit a Start condition followed by a control byte of ‘01101101'. The Master
determines if the internal address counter is located in the lower half or upper half of the memory based on the
device’'s ACK or NACK response. If the device's current address counter is located in the lower half of the
memory, the TD34C04 will respond with an ACK. Alternatively, a NACK response indicates the address counter
is located in the upper half of the memory (see Figure 5-2). Following the ACK or NACK response, the
TD34C04 transmits two data bytes of Don’t Care values. The Master should respond with a NACK on each of
the two data bytes followed by sending a Stop condition to end the operation.

Figure 5-2 Read Page Address (RPA)

Control Byte Most Significant Data Byte Least Significant Data Byte
A AL Al
r N\ r N\ r \
SDA O880HHKOBONBBANMNMNMNNENNNNENHNHBEOEN

MsB MsB MSB

Start Stop
By ACK or NACK NACK NACK By

Master From From From  Master

Slave Master Master

X = Do not care value
Bit * = 0: ACK indicates the device's internal address counter is located in the lower half of the memory.

Bit * = 1: NACK indicates the device's internal address counter is located in the upper half of the memory.

5.2 Read Operations

All Read operations are initiated by the Master transmitting a Start condition, a device type identifier of ‘1010’,
three software address bits (A2, Al, AO) corresponding to the hard-wired address pins (SA2, SA1, SA0) and
the R/W select bit with Logic 1 state. In the following clock cycle, the TD34C04 should return an ACK. The
subsequent sequence depends on the Read operation type. There are three Read operations: Current Address
Read, Random Address Read, and Sequential Read. All Read operations should be preceded by the SPA
and/or RPA commands to ensure the desired half of the memory is selected.

5.2.1 Current Address Read

For a Current Address Read operation, the Master sends a Start condition followed by transmitting the device
address byte with the R/W bit set to Logic 1 (see Figure 5-3). The TD34C04 should respond with an ACK and
then serially transmits the data word addressed by the internal address counter. This address maintained by
the internal address counter is the last address accessed during the last Read or Write operation. The counter
is then incremented by one and the address will stay valid between operations as long as power to the device
is supplied. The address roll-over during a Read operation is from the last byte of the last page to the first byte
of the first page of the addressed half of the memory depending on the current SPA setting. To end the
command, the Master responds with a NACK and a Stop condition.

5.2.2 Random Read

A Random Read operation allows the Master to access any memory location in a random manner and requires
a dummy write sequence to preload the starting data word address. To perform a Random Read, the device
address byte and the word address byte are transmitted to the TD34C04 as part of the dummy write sequence
(see Figure 5-4). Once the device address byte and data word address are clocked in and acknowledged by
the TD34C04, the Master generates another Start condition and then initiates a Current Address Read by
sending another device address byte with the R/W bit set to Logic 1. The TD34CO04 responds with an ACK to
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the device address byte and serially clocks out the first data word and increments its internal address counter
by one. The device will continue to transmit sequential data words as long as the Master continues to ACK
each data word. To end the sequence, the Master responds with a NACK followed by a Stop condition.

Figure 5-3 Current Address Read

Device Address Byte Data Word (n)
AL AL
r \ r N\
SDA (2 A oX 1A 0 XazXathaok 1} 0 Xo7Xoekoskoakos\o2XprXook 1)

MsSB MSB

Start Stop
By ACK NACK gy
Master From From  Master
Slave Master

Figure 5-4 Random Read

Device Address Byte Word Address Byte
A A
s \ /s N\
SDA (21X o) 2N o Nazharkaok o\ o harkashashaefaskazharkao) o) =+
MSB MSB
Start
By ACK ACK
Master From From
Slave Slave
N J
e
Dummy Write

Device Address Byte Data Word (n)
A A
s N s N
e L2 )oK 1 oRazkazhao) 1 X 0 Xor)oe)osKosKozKozkozhook +)
MSB MSsB
Start Stop
By ACK NACK gy
Master From From  Master
Slave Master
N J
2 g

Current Address Read

Figure 5-5 Sequential Read

Device Address Byte Data Word (n)
A A
~ N\ ~ N\
SDA (2 X0\ 1o fazkarKaok 1 o ho7koefosKoafosfozhorfook o) -+

MSB MSB

Start
By ACK ACK
Master From From
Slave Master

Data Word (n+1) Data Word (n+2) Data Word (n+x)
AL AL AL
s ) s N s N
-~@@@@@@@@ﬂﬁ@@@@@ﬂ@ﬂdﬁ@@@@@@@ﬂ
MSB MSB MSB
Stop
ACK ACK NACK By
From From From  Master
Master Master Master
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5.2.3 Sequential Read

A Sequential Read operation is initiated in the same way as either a Current Address Read or a Random Read,
except that after transmitted the first data word by the TD34C04, the Master responds with an ACK instead of a
NACK. As long as the TD34C04 receives an ACK, it will continue to increment the data word address and
serially clock out the sequential data words (see Figure 5-5). When the internal address counter is at the last
byte of the last page, the data word address will roll-over to the beginning of the selected half of the memory
depending on the current SPA setting and the Sequential Read operation will continue. The Sequential Read
operation is terminated when the Master responds with a NACK followed by a Stop condition.

5.3 Write Operations

The TD34C04 supports single Byte Write and Page Write up to the maximum page size of 16 bytes in one
operation. The only difference between a Byte Write and a Page Write operation is the amount of data bytes
sent to the device. Regardless of whether a Byte Write or Page Write operation is performed, the internally
self-timed write cycle will take the same amount of time to write the data to the addressed memory location(s).
All Byte Write and Page Write operations should be preceded by the SPA and/or RPA commands to ensure the
internal address counter is located in the desired half of the memory.

If a Byte Write or Page Write operation is attempted to a Write Protected or not protected block, the TD34C04
will respond with ACK or NACK to the write operation according to Table 5-2.

Table 5-2 Acknowledge Status When Writing Data or Defining Write Protection

Block Status Instruction ACK  Word Address ACK  DataWord ACK  Write Cycle '
SWPn NACK Don’t Care NACK | Don’t Care | NACK No
Write Protected CWP ACK Don’t Care ACK | Don't Care | ACK Yes
Byte Write or Page Write | ACK Word Address ACK Data NACK No
SWPn ACK Don’t Care ACK Don’t Care ACK Yes
Not Protected CWP ACK Don’t Care ACK Don’t Care ACK Yes
Byte Write or Page Write | ACK Word Address ACK Data ACK Yes

5.3.1 Byte Write

For a Byte Write operation, the Master sends a Start condition followed by the device type identifier of ‘1010’,
the device address bits and the R/W select bit set to Logic 0. The TD34C04 responds with an ACK during the
ninth clock cycle. Then the next byte transmitted by the Master is the 8-bit word address of the byte location to
be written into the Serial EEPROM. After receiving an ACK from the TD34C04, the Master transmits the data
word to be programmed followed by an ACK from the TD34C04. The Master ends the Write sequence with a
Stop condition during the 10th clock cycle (see Figure 5-6) to initiate the internally self-timed write cycle. A
Stop condition issued during any other clock cycle during the Write operation will not trigger the internal write
cycle.

Once the write cycle begins, the preloaded data word will be programmed in the amount of time not to exceed
the twr specification. During the time, the Master should wait a fixed time by the tyr specification, or for time
sensitive applications, an ACK polling routine can be implemented. All inputs are ignored by the device during
the write cycle and the device will not respond until the write cycle is complete (see Figure 5-8). The serial
EEPROM will increment its internal address counter each time a byte is written.
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Figure 5-6 Byte Write

Device Address Byte Word Address Byte Data Word
N A A
/e N\ /e N\ /e N\
SDA (1 X0 X1 X o Xazkar)aof o} 0 karhashaskashazfazkarfao) o Ko7oshoshoahoshozforfoo) o)

MsB MSB MSB

Start Stop
By ACK ACK ACK By

Master From From From  master

Slave Slave Slave

5.3.2 Page Write

The 4-Kbit serial EEPROM is capable of writing up to 16 data bytes at a time by executing the Page Write
protocol sequence. A partial or full Page Write operation is initiated the same as a Byte Write operation except
that the Master does not send a Stop condition after the first data word is clocked in. Instead, after the device
has acknowledged to the first data word, the Master can transmit up to fifteen more data words. The device will
respond with an ACK after each data word is received (see Figure 5-7). After the device acknowledges to the
last data word, the Master should terminate the Page Write sequence with a Stop condition to start the internal
write cycle. A Stop condition issued at any other clock cycle will not initiate the internally self-timed write cycle
and the Write sequence will have to be repeated again. Once the write cycle begins, the data words should be
programmed in the amount of time not exceeding the twr specification (see Figure 5-8). During this time, the
Master should wait a fixed time by the specified tygr parameter, or for time sensitive applications, an ACK
polling routine can be implemented.

The lower four bits of the data word address are internally incremented following the receipt of each data word.
The higher data word address bits are not incremented, retaining the memory page row location. When the
internally generated word address reaches the page boundary, then the following data word is placed at the
beginning of the same page. If more than sixteen data words are transmitted to the device, the data word
address will roll-over and the previous data will be overwritten. The address roll-over during a Write sequence
is from the last byte of the current page to the first byte of the same page.

Figure 5-7 Page Write

Device Address Byte Word Address Byte
A A
-
SDA (1 X0 o fazfarKao) ok o harkaskaskashashazfar)aok o) =+

MSB MSB

Start

By ACK ACK
Master From From

Slave Slave

Data Word (n) Data Word (n+1) Data Word (n+15)
A A A
-"@@@@@@@@ﬂ@@@@@@@@@d@@@@@@@@ﬂ
MSB MsB MSB
Stop
ACK ACK ACK By

From From From  Master
Slave Slave Slave
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5.3.3 Write Cycle Timing
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The length of the self-timed write cycle, or tyg, is defined as the amount of time from a valid Stop condition that
begins the internal write sequence to the Start condition of the first device address byte sent to the TD34C04
that it subsequently responds with an ACK (see Figure 5-8).

Figure 5-8 Write Cycle Timing

SCL

First ACK from the device to a
valid device address byte after
write cycle is initiated

Start
Condition

Stop

Condition Condition

5.3.4 Acknowledge (ACK) Polling

An ACK polling routine can be implemented to optimize time sensitive applications that would not prefer to wait
the fixed maximum write cycle time but would prefer to know immediately when the serial EEPROM write cycle
has completed to start a subsequent operation. Once the internally self-timed write cycle has started, the
device inputs are disabled and ACK polling can be initiated. An ACK polling routine involves sending a valid
Start condition followed by the device address byte. While the write cycle is in progress, the device will not
respond with an ACK, indicating the device is busy writing data. Once completed, the device returns an ACK
and the next device operation can be started (see Figure 5-9).

Figure 5-9 Acknowledge Polling Flow Chart

| Write Cycle in Progress |

N
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A 4
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Device Select
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y
| ReSTART |

\ 4
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Receive ACK

START
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y

A

A

v

DATA for the
WRITE Operation
T

Device Select
with R/W=1

Continue the
WRITE Operation
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6 Write Protection

The TD34C04 has three software commands for setting, clearing, or checking the write protection:

SWPn: Set Write Protection for Block n

CWP: Clear Write Protection for all blocks to an unprotected state

RPSn: Read the Protection Status of Block n
The Software Write Protection feature allows the ability of selective write protection data stored in each of the
four independent 128-byte blocks.

6.1 Set Write Protection

Setting the Write Protection is enabled by sending the Set Write Protection (SWPn) command to the target
Block n. The SWPn sequence requires the Master to send a control byte of ‘0110MMMO’ (where ‘M’ represents
the memory address identifier for the block to be write-protected, see Table 6-1) with the R/W bit set to Logic 0.
If the target block has not been write-protected, the TD34C04 responds with an ACK to the control byte. If
Software Write Protection has been already set to the target block, the TD34C04 responds with a NACK (see
Table 5-2). Then the Master transmits a word address byte and a data byte with Don’t Care values followed by
the TD34C04 responds to each of the word address byte and the data byte with an ACK or a NACK
corresponding to the response on the control byte. To end the SWPn sequence, the Master sends a Stop
condition (see Figure 6-1). Be sure that the SAO pin is connected to Vyy for the duration of the SWPn
sequence. If the SAO pin is detected not to be connected to Vyy, none of the control byte, word address byte
and data byte will be acknowledged by the TD34CO04.

Figure 6-1 Set Write Protection

Control Byte Word Address Byte Data Byte
A A A~
e ) r ) /- )
SDA CoX 2 Xk o XmfmXmf o X JOoox OOt OOl x X o)

MSB MsB MSB

Start Stop
By ACK or NACK ACK or NACK ACKor NACK gy

Master From From From Master

Slave Slave Slave

M = Memory Address Identifier

X = Do not care value
Bit * = 0: ACK indicates Software Write Protection has not been set to target block.
Bit * = 1: NACK indicates Software Write Protection has been set to target block.

6.2 Clear Write Protection

The Write Protection status on all blocks can be reversed by transmitting the Clear Write Protection (CWP)
command. The CWP sequence requires the Master to send a Start condition followed by sending a control byte
of ‘01100110’ with the R/W select bit set to Logic 0. The TD34C04 should respond with an ACK. Then the
Master transmits a word address byte and a data byte with Don’'t Care values followed by the TD34C04
responds with an ACK to each of the word address byte and the data byte. To end the CWP sequence, the
Master sends a Stop condition (see Figure 6-2). Be sure that the SAO pin is connected to Vyy for the duration
of CWP command. If the SAO pin is detected not to be connected to Vyy, none of the control byte, word
address byte and data byte will be acknowledged by the TD34C04.
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The SWPn acts on a single block only as specified in the SWPn command and can only be reversed by issuing
the CWP command and will unprotect all blocks in one operation (see Table 6-1).

Example: If Block 0 and Block 3 are needed to be write-protected, two separate SWP0 and SWP3 commands
should be required; however, only one CWP command is needed to clear the write protection status of both
blocks.

Figure 6-2 Clear Write Protection

Control Byte Word Address Byte Data Byte
A AL AL
J \ / \ C \
SDA Lofa X afo Ko Xa Xa XoXo XX o Aok xX xXo)
MSB MSB MSB
Start Stop
By ACK ACK ACK By
Master From From From  pMaster
Slave Slave Slave

X = Do not care value

Table 6-1 SWPn, CWP and RPSn

Control Byte

Function S Device Type Identifier Memory Address Identifier ‘ R/W

SA2|SA1 SAO0 bit7 bit6é bit5 bit4  bit3 bit 2 bit 1 ‘ bit 0
Set Write Protection, Block 0 XM x 0 0 1 0
Set Write Protection, Block 1 X X 1 0 0 0
Set Write Protection, Block 2 X | X |[va| 0 1 1 0 1 0 1 0
Set Write Protection, Block 3 X X 0 0 0 0
Clear All Write Protection X X 0 1 1 0
Read Protection Status, Block O X X 0 0 1 1
Read Protection Status, Block 1 X X o2 1 0 0 1

or 0 1 1 0

Read Protection Status, Block 2 X X Viy 1 0 1 1
Read Protection Status, Block 3 X X 0 0 0 1

Notes: ™ X = Don't care but recommended to be hard-wired to Vcc or GND.
2 See Table 7-2 for V4 value.
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6.3 Read Protection Status

The Read Protection Status (RPSn) command allows the ability to check a block’s write protection status. To
find out if the Software Write Protection has been set to a specific Block n, the same procedure used to set the
block’s write protection can be utilized except that the R/W select bit is set to Logic 1, and the SAO pin is not
required to be connected to V,y (see Table 6-1). The RPSn sequence requires the master to send a control
byte of ‘0110MMM1’ (where ‘M’ represents the memory address identifier for the block to be read) with the RIW
bit set to Logic 1. If Software Write Protection has not been set to the target block, the TD34C04 responds to
the control byte with an ACK. Alternately, If Software Write Protection has been set, the TD34C04 responds
with a NACK. In either case, neither the word address byte nor the data byte with Don’'t Care values will be
acknowledged (see Figure 6-3). The operation is completed by the Master creating a Stop condition.

Figure 6-3 Read Protection Status

Control Byte Word Address Byte Data Byte
A A A
r N - N I N
SDA HHHHONNHHHNNHNMNBONMBHBBNNNMNBNON

MSB MSB MSB

Start Stop
By ACK or NACK NACK NACK By

Master From Master

Slave
M = Memory Address Identifier
X = Do not care value
Bit * = 0: ACK indicates Software Write Protection has not been set.

Bit * = 1: NACK indicates Software Write Protection has been set.
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7 Electrical Specifications

7.1 Absolute Maximum Ratings

Table 7-1 Absolute Maximum Ratings

‘ Symbol Parameter Value ‘ Unit
Ta Ambient temperature with power applied -40 to +105 °C

Tste Storage temperature -65 to +150 °C

Vce Supply voltage -0.5t0 +6.0 \%

Vsao Voltage on Pin SAO -0.5to +10 \%

VIN Voltage on input Pins -0.5t0 +6.0 \%

VEsp Electrostatic pulse (human body model) 4000 \%

Note: Stresses beyond those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. Functional operation
of the device at these ratings or any other conditions beyond those indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

7.2 DC Characteristics
Operating range: T, = -40°C to +105°C, V¢ = 1.7V to 3.6V (unless otherwise noted).

Table 7-2 DC Characteristics

Parameter Test Condition

Vce Supply Voltage 1.7 3.6 \
lcc1 Supply Current (Read) Vce= 3.6V, Read at 1MHz - 0.5 mA
lcc2 Supply Current (Write) Vce= 3.6V, Write at 400kHz - 1 mA
Iss Standby Current Vce = 3.6V, Viy = Vee or GND - 1 MA
I Input Leakage Current Vin = Ve or GND - 0.1 MA
ILo Output Leakage Current Vout = Vee or GND - 0.1 MA
Vi Input Low-Level Voltage (SDA, SCL) -0.5 0.3*Vce \Y
ViH Input High-Level Voltage (SDA, SCL) 0.7*Vcce Vcct+0.5 \Y
Vou1 Low-Level Output Voltage Vee> 2V, lor= 3mA - 0.4 \%
Voiz Low-Level Output Voltage Vces2V, loi= 2mA - 0.2*Vcce \%
VoL = 0.4V, F < 400kHz 3.0 = mA
loL Low-Level Output Current
VoL = 0.6V, F < 400kHz 6.0 - mA
Vv SAO Pin High Voltage Vuv — Vcc 2 4.8V 7 10 \%

© 2018-2020 TeraDevices Inc. TD34C04_DataSheet_Rev.1.2 18/25



TD34C04

7.3 AC Characteristics
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Operating range: T = -40°C to +105°C, Vcc = 1.7V to 3.6V, C_ = 100pF (unless otherwise noted).
Measurement conditions: Input rise and fall time < 50ns

Input pulse voltages: 0.2*Vcc to 0.8*Vcc

Input and output timing reference voltages: 0.3*V¢c to 0.7*Vc

Table 7-3 AC Characteristics

Vee<2.2V
Parameter 100kHz 400kHz 1000kHz Unit
Min Min Min = Max
fsc.  |Clock Frequency, SCL 10® | 100 | 10® | 400 | 10¥ | 1,000 | kHz
tow |Clock Pulse Width Low 4,700 - 1,300 - 500 - ns
tmien  |Clock Pulse Width High 4,000 - 600 - 260 - ns
t Noise Suppression Time - 50 - 50 50 ns
oyl ;I';rzes 'Egret bus must be free before a new transmission 4.700 ) 1,300 ) 500 ) ns
tup.sta  |Start Hold Time 4,000 - 600 - 260 - ns
tsusta |Start Setup Time 4,700 - 600 - 260 - ns
tho.or  |Data In Hold Time 0.0 - 0.0 - 0.0 - ns
tsupar |Data In Set-up Time 250 - 100 - 50 - ns
") |SDARise Time - |12000| - |[300| - | 120 | ns
! |SDA(Out) Fall Time - 300 - |30 - | 120 | ns
tsusto |Stop Setup Time 4,000 - 600 - 260 - ns
tho.oar  |Data Out Hold Time 200 | 3,450 | 200 | 900 0 350 ns
twr Write Cycle Time - 3 - 3 - 3 ms
tour Timeout Time 25 35 25 35 25 35 ms
Notes: ™ This parameter is ensured by characterization only.
@ The minimum frequency is specified at 10kHz to avoid activating the timeout feature.
Figure 7-1 Bus Timing
trscL
SCL \\
\; —_—
tsusto
tsu.pat
-
In
tho.oat —»| ktF
Out
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7.4 Capacitance

Operating range for pin capacitance: T, = +25°C, fc = 1IMHz, Vcc = 1.7V to 3.6V.

Table 7-4 Pin Capacitance

Symbol Parameter!” Max Unit Test Condition

Cio Input/output Capacitance (SDA) 8 pF Vio = 0V

Cin Input Capacitance (SAO, SA1, SA2, SCL) 6 pF Vin =0V

Note: ™ These parameters are ensured by characterization only.

7.5 Reliability

Table 7-5 Reliability Performance

Parameter Min Unit Test Condition
Nw Write Cycle Endurance 2x10° cycle Ta = +25°C, Page Mode
Dr Data Retention 200 year Ta=+25°C

8 Initial Delivery State

The TD34C04 EEPROM is delivered with all bits in the memory array set to ‘1’ (each byte contains FFh).
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9 Ordering Information

Table 9-1 Ordering information scheme

TD34C04-ULPTR

L[ | | L 0 I
TeraDevices Designator ——— — Packing Option
TR  =Tape and Reel
blank = Tube Packing
Product Family - Device Option
34C = 1°C/SMBus Serial EEPROM P = —40°Cto +105°C
Device Density ——  Pb Status
04 = 4-Kbit L = RoHS compliant,
Halogen-free
Package Type
U = UDFN
T = TSSOP

Package types not listed below may be available for order. Please contact TeraDevices for availability details.

Part Number Package Delivery Information Temperature Range
TD34C04-ULPTR 2.0 x 3.0mm UDFN Tape and Reel, 3000 units per Reel -40°C to +105°C
TD34C04-TLPTR 3.0 x 4.4mm TSSOP Tape and Reel, 5000 units per Reel -40°C to +105°C
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10 Top Markings

10.1 UDFN Package Marking

. TD: TeraDevices Logo

TD304U L F) 304ULP: TD34C04-ULP
YYWW: Date Code, YY = year, WW = week
YYWW Example: 1848 = year 2018, week 48

10.2 TSSOP Package Marking

TD: TeraDevices Logo

. T D 304-TLP: TD34C04-TLP

304-TLP YYWW: Date Code, YY = year, WW = week
YYWW Example: 1848 = year 2018 and week 48

I

I
U1
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11 Package Information

11.1 UDFN Package Information

Figure 11-1 8-Pad 2.0 x 3.0mm UDFN Package Outline

D D2
| e b1l
l OROHOROIEE
| I
| |
(9]
e T &
| | h
s
s oNeHeN0
| |
| b
PIN#1 DOT EXPOSED THERMAL
BY MARKING PAD ZONE Nd
TOP VIEW BOTTOM VIEW
‘ DIMENSIONS IN MILLIMETER
! < SYMBOL
13 MIN NOM MAX
4 = :z:‘_|
< 0.45 0.50 0.55
A
0.50 0.55 0.60
SIDE VIEW
Al 0 0.02 0.05
b 0.18 0.25 0.30
Note: bl 0.16REF
1. Controlling dimension is mm. c 0.10 0.15 0.20
2. Drawing is not to scale. D 1.90 2.00 2.10
3. Refer to JEDEC standard MO-229. D2 1.40 1.50 1.60
4. Default thickness marked by symbol A is 0.55mm (NOM), e 0.50BSC
0.50mm (NOM) is an alternative if needed.
Nd 1.50BSC
E 2.90 3.00 3.10
E2 1.50 1.60 1.70
L 0.30 0.40 0.50
h 0.20 0.25 0.30
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11.2 TSSOP Package Information

Figure 11-2 8-Lead 3.0 x 4.4mm TSSOP Package Outline
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SECTION B-B

Note:

BASE METAL

1. Controlling dimension is mm.
2. Drawing is not to scale.
3. Refer to JEDEC standard MO-153.

o%ﬁ

END VIEW

DIMENSIONS IN MILLIMETER
SYMBOL

MIN NOM MAX
A — — 1.20
Al 0.05 — 0.15
A2 0.90 1.00 1.05
A3 0.39 0.44 0.49
b 0.20 — 0.28
bl 0.19 0.22 0.25
c 0.13 — 0.17
cl 0.12 0.13 0.14
D 2.90 3.00 3.10
El 4.30 4.40 4.50
E 6.20 6.40 6.60
e 0.65BSC
L 0.45 ‘ — 0.75
L1 1.00REF
0 0 ‘ — 8°
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12 Revision History

Revision

Rev.1.0

Date
Dec. 2018

Comments

Initial version release

Rev.1.1

Jun. 2019

Document reformatted

Updated:

— Features

— Write Cycle Endurance value in Table 7-5

Rev.1.2

Nov. 2020

Updated:

— Features

— Data Retention value in Table 7-5
— Ordering Information
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