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TD25C512-R

512-Kbit SPI Serial EEPROM

DATASHEET Rev.1.1

Features

Serial Peripheral Interface (SPI) Compatible
SPI Modes 0 (0, 0) and 3 (1, 1) supported
Supply Voltage Range: 1.7V to 5.5V
High Speed Clock: 20 MHz
Byte and Page (up to 128 Bytes) Write Mode
Self-timed Write Cycle (3ms Maximum)
Block Write Protection
Quarter, Half or Whole Memory Array
Additional 128-byte Write Lockable Page and 128-bit Unique 1D
High Reliability
Endurance: 2,000,000 Write Cycles
Data Retention: 200 Years
ESD Protection (Human Body Model): 6000V
Operating Temperature Range: -40°C to +105°C
Green Packaging Options (RoHS Compliant, Pb/Halogen-free)
SOP, TSSOP, UDFN, WLCSP

Description

The TD25C512-R is a serial EEPROM device accessed through the SPI bus. The
device is designed to operate in a supply voltage range of 1.7V to 5.5V, with a
maximum of 20 MHz transfer rate. The operating temperature range is from
-40°C to +105°C.

The serial EEPROM memory is organized as 512 pages of 128 bytes each,
totaling 65536*8 bits. The device offers an additional 128-byte Identification Page
for users to store sensitive application parameters. This page can be
permanently locked in Read-only mode after the application data is written into
the lIdentification Page. The device also offers a separate memory block
containing a factory programmed 128-bit Unique ID. This block is in Read-only
mode and can be accessed to by sending a specific Read command.

The TD25C512-R is delivered in lead-free green packages: SOP, TSSOP, UDFN
and WLCSP.
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1 Pin Descriptions and Pin Configuration

Table 1-1 Pin Descriptions

Symbol Type Name and Function
Serial Clock: This input signal provides the timing of the serial interface. Instructions, addresses,
C Input or data present at Serial Data Input (D) are latched on the rising edge of Serial Clock (C). Data
on Serial Data Output (Q) change from the falling edge of Serial Clock (C).
Serial Data Input: This input signal is used to transfer data serially into the device. It receives
D Input instructions, addresses, and the data to be written. Values latched on the rising edge of Serial
Clock (C).
0 Outout Serial Data Output: This output signal is used to transfer data serially out of the device. Data is
P shifted out on the falling edge of Serial Clock (C).
Chip Select: When this input signal is high, the device is deselected and Serial Data Output (Q)
_ is at high impedance. The device is in the Standby mode, unless an internal Write cycle is in
S Input progress. Driving Chip Select (S) low selects the device, placing it in the Active mode.
After power-up, a falling edge on Chip Select (§) is required prior to the start of any instruction.
Write Protect: This input pin is used to freeze the size of the area of memory that is protected
W Input against write instructions.
This pin must be driven either high or low, and must be stable during all Write instructions.
Hold: This input signal is used to pause any serial communications with the device without
_ deselecting the device. During the Hold condition, the Serial Data Output (Q) is high impedance,
HOLD Input and Serial Data Input (D) and Serial Clock (C) are Don't Care.
To start the Hold condition, the device must be selected, with Chip Select (§) driven low.
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 Ground Ground: The ground reference for the device power supply (Vcc). GND should be connected to
the system ground.
Figure 1-1 Pin Configuration (Top View)
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2 Functional Block Diagram
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3 Device Communication

3.1 SPI Mode

The TD25C512-R is controlled by a set of instructions sent from a microcontroller, commonly referred to as the
SPI Master. The SPI Master communicates with the device via the SPI bus which is comprised of four signal
lines: Chip Select (§), Serial Clock (C), Serial Data Input (D) and Serial Data Output (Q).

The SPI protocol defines a total of four modes of operation (Mode 0, 1, 2 or 3) with each mode differing in
respect to Serial Clock (C) polarity (CPOL) and phase (CPHA) and how the polarity and phase control the flow
of data on the SPI bus. The TD25C512-R supports two most common modes: SPI Mode 0 (CPOL=0, CPHA=0)
and Mode 3 (CPOL=1, CPHA=1). For SPI Modes 0 and 3, input data is latched in on the rising edge of Serial
Clock (C), and output data is available from the falling edge of Serial Clock (C).

The difference between the two modes is the clock polarity when the bus Master is in Standby mode and not
transferring data (see Figure 3-1).

Figure 3-1 SPI Mode 0 and Mode 3
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3.2 SPI Bus Connection

All instructions, addresses and input data bytes are shifted in to the device with most significant bit first. The
Serial Data Input (D) is sampled on the first rising edge of Serial Clock (C) after Chip Select (§) is driven low.
All output data bytes are shifted out of the device with most significant bit first. The Serial Data Output (Q) is
latched on the first falling edge of Serial Clock (C) after an instruction has been clocked into the device.

Figure 3-2 shows an example of four memory devices connected to a SPI bus Master. Only one memory
device is selected at a time, so only one memory device drives the Serial Data Output (Q) line at a time. The
outputs of other memory devices are high impedance.

The pull-up resistor R ensures that a device is not selected if the bus Master leaves Chip Select (§) line in the
high impedance state.

Figure 3-2 Bus Master and Memory Devices on SPI Bus
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3.3 Active and Standby Mode

When Chip Select (§) is low, the TD25C512-R is selected, and in the Active mode. The device consumes Icc,
as specified in DC characteristics (see Section 5.2).

When Chip Select (§) is high, the TD25C512-R is deselected. If an internal write cycle is not currently in
progress, the device then goes into the low-power Standby mode.

3.4 Device Reset and Initialization

The TD25C512-R incorporates a 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 power-on reset threshold voltage (Vpor). The supply voltage must rise continuously between Vpor
and Vcc(Min). During this time, the Chip Select (§) line is not allowed to float but should follow the Vcc.
Therefore, it is recommended to connect the Chip Select (§) line to V¢ via a pull-up resistor. Once the supply
voltage passes Vpog, 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 t,y+ 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 (see Figure 3-3).

This POR behavior is bi-directional. It protects the TD25C512-R against brown-out failure caused by a
temporary loss of power. In a similar way, as soon as the supply voltage drops below the internal brown-out
reset threshold voltage (Vgor), the device is reset and stops responding to any instructions (see Figure 3-3).
The Vgor level is set below the Vpog level.

Parameters related to power-up and power-down conditions are listed in Table 3—1.

Figure 3-3 Power-up and Power-down Timing

4 Cold ) Device Access Warm
INIT H
Vee Power-ON Reset || Pemitted || power-ON Reset

> <

Vcc(Min) ——————————— [ —————————————————————

VPOR(MaX) ———————————————————————————————————————
DO NOT Attempt
Device Access
During This Time R
VBOR(Min) ———————— -1 - - - - - - % - — —- - = F—_- - - - —— =
Time
Table 3-1 Power-up and Power-down Conditions
Symbol Parameter Min Max Unit
Vpor Power-On Reset Voltage - 15 \%
VBor Brown-out Reset Voltage 1.2 - \%
tinir Time from Vcc(Min) to First Command 100 - us
trorr Warm Power Cycle Off Time 100 - us
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3.5 Hold Conditon

The Hold (M) signal is used to pause any serial communications with the device without resetting the
clocking sequence. However, the Hold condition has no effect on the internal write cycle. Therefore, if a write
cycle is in progress, driving the Hold (m) signal low will not pause the operation and the write cycle will
continue to completion.

To enter the Hold condition, the device must be selected, with Chip Select (§) low. The Hold condition starts
when the Hold (HOLD) signal is driven low while the Serial Clock (C) is already low. If the Hold (HOLD) signal is
driven low during the Serial Clock (C) high pulse, then the Hold condition will not be started until the beginning
of the next Serial Clock (C) low pulse.

During the Hold condition, the Serial Data Output (Q) is high impedance, and the Serial Data Input (D) and the
Serial Clock (C) are Don't Care.

To end the Hold condition, the Hold (M) signal is driven high when the Serial Clock (C) is low. If the Hold
(m) signal is driven high during the Serial Clock (C) high pulse, then the Hold condition will not end until the
beginning of the next Serial Clock (C) low pulse (see Figure 3-4).

Normally, the device is kept selected for the whole duration of the Hold condition. Deselecting the device while
it is in the Hold condition has the effect of resetting the state of the device.

Figure 3—-4 Hold Condition Activation

c __uiuiyuiyduuduyt
R

HOLD N/ \_/

HOLD HOLD HOLD

P > < >

A

3.6 Data Protecion

The TD25C512-R features the following data protection mechanisms:
All instructions that modify data must be preceded by a Write Enable (WREN) instruction to set the Write
Enable Latch (WEL) bit (see Section 4.2 for details).
The Block Protect (BP1, BPO) bits in the Status Register are used to configure part of the memory as
Read-only (see Section 4.4.1 for details).
The Write Protect (W) signal in accordance with the Status Register Write Protect (SRWR) bit in the Status
Register is used to write protect the Status Register (see Section 4.4.2 for details).
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4 Instructions

Each command is composed of bytes with Most Significant Bit (MSB) transmitted first, initiated with an
instruction byte, as shown in Table 4-1, and starts with a high-to-low Chip Select (§) transition.

If an invalid instruction is sent (one not contained in Table 4-1), the device automatically enters a Wait state
until deselected.

Table 4-1 Instruction Set for the TD25C512-R

Instruction Name Operation Description Instruction Format
WREN Write Enable 0000 0110
WRDI Write Disable 0000 0100
RDSR Read Status Register 0000 0101
WRSR Write Status Register 0000 0001
READ Read from 512-Kbit Memory Array 0000 0011
WRITE Write to 512-Kbit Memory Array 0000 0010
RDID Read Identification Page 1000 0011
WRID Write Identification Page 1000 0010
RDLS Read Identification Page Lock Status 1000 0011

LID Lock Identification Page in Read-only Mode 1000 0010
RDUID Read Unique ID 1000 0001

© 2020-2021 TeraDevices Inc. TD25C512-R_DataSheet_Rev.1.1 9/34
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4.1 Read Status Register (RDSR)

The TD25C512-R includes an 8-bit Status Register. The Status Register bits modulate various features of the
device as shown in Table 4-2.

Table 4-2 Status Register Bit Definition and Function

Bit | Name Function Description

0 |write Protect (W) pin is not enabled (Initial Delivery State)

7 | SRWD |Status Register Write Protect —
1 |write Protect (W) pin is enabled (see section 4.4.2 for detail)

6:4| RFU |Reserved for Future Use 0 |Read always as ‘000’
3 00 |No memory array write protection (Initial Delivery State)
BP1
01 |Quarter memory array write protection (see section 4.4.1 for detail)
Block Protect - : : -
10 |Half memory array write protection (see section 4.4.1 for detail)
2 | BPO

11 |Whole memory array write protection (see section 4.4.1 for detail)

Device is not write enabled (Power-up state)
1 | WEL |Write Enable Latch

Device is write enabled

0 | WIP (Write In Progress

0
1
0 |No write cycle is in progress, device is ready for new instruction
1

Device is busy with an internal write cycle

The Read Status Register (RDSR) instruction is used to read the Status Register. This instruction is defined
with Chip Select (§) signal first driven low; the bits of the instruction byte (05h) are then shifted in on Serial
Data Input (D). The device will return 8-bit Status Register value on Serial Data Output (Q). If Chip Select (§)
continues to be driven low, the Status Register value is shifted out continuously (see Figure 4-1).

The RDSR instruction is terminated by driving Chip Select (§) high. The rising edge of Chip Select (§) can
occur at any time during the cycle.

The Status Register can be read at any time, even while an internal write cycle is in progress. When a write
cycle is in progress, it is recommended to check the Write In Progress (WIP) bit before sending a new
instruction to the device.

Figure 4-1 Read Status Register

s\ [

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
A
C \
|
RDSR Instruction (05h) |

D XXX X XX XX X XX KX KX KX KX KX KX KX KX KX XX KX KX KX XXX,

|
: Status Register Data Out Status Register Data Out
|

A

r

o o 0000 C0E0000eCo0

MSB
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4.2 Write Enable (WREN)

The Write Enable Latch (WEL) bit must be set prior to each WRITE and WRSR instruction. The only way to do
this is to send a Write Enable (WREN) instruction to the device.

To send WREN instruction to the device, Chip Select (§) is first driven low, and the bits of the instruction byte
(06h) are shifted in, on Serial Data Input (D) (see Figure 4-2). The device then enters a Wait state. It waits for
the device to be deselected, by Chip Select (§) being driven high.

Figure 4-2 Write Enable

wnl
-
o
N
w
N
[6;]
[e)]

WREN Instruction (06h)

XXXCXXXRXRX o X o X oX o X aX X X oX KXY XK

MSB

High-Impedance

Q

4.3 Write Disable (WRDI)

One way of resetting the WEL bit is to send a Write Disable (WRDI) instruction to the device. To send a WRDI
instruction to the device, Chip Select (§) is first driven low, and the bits of the instruction byte (04h) are shifted
in, on Serial Data Input (D) (see Figure 4-3). The device then enters a Wait state. It waits for the device to be
deselected, by Chip Select (§) being driven high.
The WEL bit is reset by any of the following events:

Power-up;

WRDI instruction execution;

WRSR or WRITE (including WRID and LID) instruction completion.

Figure 4-3 Write Disable

\ /
c \I*O 1 2 3 4 5 6 7|

WRDI Instruction (04h)

XX KCKXRXRX oX EX S X X X X X CRXKXKXKXEX

MSB

vl

High-Impedance
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4.4 Write Status Register (WRSR)

The Write Status Register (WRSR) instruction enables the SPI Master to change selected bits of the Status
Register. Before a WRSR instruction can be initiated, a WREN instruction must be executed to set the WEL bit
to Logic ‘1. The WRSR instruction is achieved by driving Chip Select (§) low, followed by the instruction byte
(01h) and the data byte on Serial Data input (D), and then Chip Select (§) driven high. Chip Select (§) must be
driven high after the rising edge of Serial Clock (C) that latches in the eighth bit of the data byte and before the
next rising edge of Serial Clock (C) (see Figure 4—4). Otherwise, the WRSR instruction will not be executed.
Driving Chip Select (§) signal high at a byte boundary of the input data triggers the self-timed write cycle that
takes a fix time by the tyc specification to complete. While the write cycle is in progress, the Status Register
can still be read to check the value of the WIP bit: the WIP bit is Logic ‘1’ during the self-timed write cycle and is
Logic ‘0’ when the write cycle is complete. The WEL bit is also reset at the end of the write cycle.

The WRSR instruction has no effect on the bit 6, bit 5, bit 4, bit 1 and bit 0 in the Status Register, but only
enables the user to change the values of the SRWD, BP1 and BPO bits. These three bits are non-volatile bits
that have the same properties and functions as regular EEPROM cells.

Figure 4-4 Write Status Register

s _\ /[
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
c _HUuudvuuuuduuuys

WRSR Instruction (01h) Status Register Data In

N 0000000000000 0000

High-Impedance

Q

X = Bit is Don't Care

4.4.1 Block Write Protection

The WRSR instruction allows the user to selectively write-protect the memory array by blocks through
changing the Block Protect bits (BP1, BP0). The Write-Protected Block size and the corresponding Status
Register control bits are shown in Table 4-3.

Table 4-3 Write-Protected Block Size

Status Register Bits Protected Address Range
Protected Block
BP1 BPO TD25C512-R
0 0 None None
0 1 Upper Quarter C000h to FFFFh
1 0 Upper Half 8000h to FFFFh
1 1 Whole Memory 0000h to FFFFh
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4.4.2 Status Register Write Protection

The WRSR instruction allows the user to set or reset the Write Protection mode of the Status Register itself
through changing the Status Register Write Protect (SRWD) bit in accordance with the state of Write Protect

(W) pin.

When the SRWD bit is Logic ‘0, it is possible to write to the Status Register (provided that the WEL bit has
previously been set by a WREN instruction), regardless of the state of Write Protect (W) pin. When the SRWD

bit is set to Logic ‘1’, two cases depending on the state of the Write Protect (W) pin:

If Write Protect (W) is driven high, it is possible to write to the Status Register (provided that the WEL bit
has previously been set by a WREN instruction).
If Write Protect (W) is driven low, it is not possible to write to the Status Register even if the WEL bit has
previously been set by a WREN instruction. As a result, all the data bytes in the memory area, which are
write-protected by the Block Protect (BP1, BPO) bits in the Status Register, are also Hardware-protected
against data modification.

Regardless of the order of the two cases, the Hardware-protected mode can be entered by: either setting the
SRWD bit after driving the Write Protect (W) pin low, or driving the Write Protect (W) pin low after setting the
SRWD bit. Once the Hardware-protected mode has been entered, the only way of exiting it is to pull high the
Write Protect (W) pin. If the Write Protect (W) pin has been permanently tied high, the Hardware-protected
mode can never be activated.

The protection features of the device are summarized in Table 4-4.

Table 4-4 SRWD Protection Modes

SRWD bit W Pin WEL bit Status Register Protected Block Unprotected Block
0 X 0 Protected Protected Protected
0 1 Writable Protected Writable
1 LOW 0 Protected Protected Protected
1 LOW 1 Protected Protected Writable
X HIGH 0 Protected Protected Protected
X HIGH 1 Writable Protected Writable

Note: X = Don'’t Care State.
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4.5 Read from Memory Array (READ)

Reading the TD25C512-R memory array is achieved with the Read from Memory Array (READ) instruction. To
send the READ instruction, Chip Select (§) signal is first driven low; the bits of the instruction byte (03h) and
two address bytes are then shifted in, on Serial Data Input (D). The address is loaded into an internal address
counter, and the byte of data at the address is shifted out, on Serial Data Output (Q). If Chip Select (§)
continues to be driven low, the address counter is incremented automatically, and the byte of data at the new
address is shifted out (see Figure 4-5). When the highest address is reached, the address counter will rollover
to the lowest address, allowing the read cycle to be continued. Therefore, the whole memory can be read with
a single READ instruction.

The read cycle is terminated by driving Chip Select (§) high. The rising edge of Chip Select (§) can occur at
any time during the cycle.

The READ instruction is not accepted, and is not executed, if a write cycle is currently in progress.

Figure 4-5 Read from Memory Array

s\
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I

READ Instruction (03h) 16-bit Address

00000000t

| Data Out 1

p— HEEEEREEEE ~ @—
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4.6 Write to Memory Array (WRITE)

In order to program the TD25C512-R 512-Khit memory array, two separate instructions must be executed. First,
a WREN instruction must be executed to set the device to be write enable. Then, one of the two possible write
sequences described below may be executed. The device will ignore the WRITE instruction if the device is not
write enable, and return to the Standby mode when Chip Select (§) is driven high.

4.6.1 Byte Write

A byte write instruction is issued by driving Chip Select (§) low first, sending the WRITE instruction (02h), the
address bytes and a data byte on Serial Data Input (D), and then driving Chip Select (§) high. Chip Select (§)
must be driven high after the rising edge of Serial Clock (C) that latches in the eighth bit of the data byte, and
before the next rising edge of Serial Clock (C) (see Figure 4-6).

If the addressed page is not in the region protected by the Block Protect (BP1, BPO) bits, driving Chip Select (§)
high at a byte boundary of the input data triggers the self-timed write cycle, which continues for a fix time by the
twe specification. The TD25C512-R will automatically return to the Write Disable state (WEL = 0) at the
completion of a write cycle.

Figure 4-6 Byte Write

s\ /

0 1 2 3 4 5 6 7 8 9 10 11 20 21 22 23 24 25 26 27 28 29 30 31
C

WRITE Instruction (02h) 16-bit Address Data In
N

00000000800 i o0 0000 e e e

MSB

High-Impedance

Q

4.6.2 Page Write

A page write sequence allows up to 128 bytes to be written in the same write cycle, provided that all bytes are
in the same page of the memory array. Partial page write of less than 128 bytes is allowed. This is achieved by
Chip Select (§) continuing to be driven low after the receipt of each data byte, and the next byte of input data is
shifted in (see Figure 4-7).

Each time a new data byte is shifted in, the seven least significant bits of the internal address counter are
incremented. The higher address bits are not incremented and retain the page location. When the internal
address reaches the page boundary, a condition known as “roll-over” occurs and the following data byte is
placed at the beginning of the same page. In case of roll-over, if more than 128 bytes that exceeding the page
size are sent to the device, the previous data will be overwritten.

If the addressed page is not in the region protected by the Block Protect (BP1, BPO) bits, driving Chip Select (§)
high at a byte boundary of the input data triggers the self-timed write cycle, which continues for a fix time by the
twe specification. The TD25C512-R will automatically return to the Write Disable state (WEL = 0) at the
completion of a write cycle.
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Figure 4-7 Page Write
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0000000002 2% T 0000000000ttt

MSB

High-Impedance
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4.6.3 Polling Routine

A polling routine can be implemented to optimize time-sensitive applications that would not prefer to wait the
fixed maximum write cycle time (twc). This method allows the application to know immediately when the write
cycle has completed to start a subsequent operation.

Once the internal write cycle has started, a polling routine can be initiated. This involves repeatedly sending
RDSR instruction to determine if the device has completed its self-timed write cycle. If the WIP bit (bit O of the
Status Register) = 1, the write cycle is still in progress; if the WIP bit = 0, the write cycle has ended. If the WIP
bit = 1, repeated RDSR commands can be executed until the WIP bit = 0, indicating that the device is ready to
execute a new instruction (see Figure 4-8).

Only the RDSR instruction is enabled during the write cycle.

Figure 4-8 Polling Flow Chart

Send Valid Drive S to Vcc Send RDSR .
. N . Continue to
Write » to Initiate a > Instruction to .
] ) . Next Operation
Instruction Write Cycle the Device

f
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4.7 Read Identification Page (RDID)

The TD25C512-R offers a 128-byte Identification Page (ID Page) in addition to the 512-Kbit memory array for
storage of specific application data. This Identification Page can be written and (later) permanently locked in
Read-only mode.

Reading the ID Page is achieved with the Read Identification Page (RDID) instruction. Chip Select (§) signal is
first driven low; the bits of the instruction byte (83h) and the address bytes are then shifted in, on Serial Data
Input (D). Address bit A10 must be ‘0’. Other upper address bits are Don’t Care, and the lower address bits
A6:A0 define the byte locations inside the Identification Page. The byte of data at this address is shifted out on
Serial Data Output (Q). If Chip Select (§) continues to be driven low, the internal address counter is
automatically incremented, and the byte of data at the new address is shifted out (see Figure 4-9). When the
end of the ID Page is reached, the address counter will rollover to the beginning of the ID Page, allowing the
read cycle to be continued.

The read cycle is terminated by driving Chip Select (§) high. The rising edge of Chip Select (§) can occur at
any time during the cycle.

The RDID instruction is not accepted, and is not executed, if a write cycle is currently in progress.

Figure 4-9 Read Identification Page

s\

20 21 22 23 24 25 26 27 28 29 30 31 32 33

I

RDID Instruction (83h) 16-bit Address (A10=0b)
A

600000060000

| Data Out 1

| A
High-Impedance 17 2
Q XXX KN oNXoXed) (D
|

MSB MSB

X = Bit is Don’t Care
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4.8 Write ldentification Page (WRID)

Writing the Identification Page is achieved with the Write Identification Page (WRID) instruction. Before this
instruction can be accepted, a WREN instruction must have been executed.

The WRID instruction is defined with Chip Select (§) signal first driven low. The bits of the instruction byte (82h),
address bytes, and at least one data byte are then shifted in on Serial Data Input (D). Address bit A10 must be
0. Upper address bits are Don't Care, and the lower address bits A6:A0 address bits define the byte address
inside the Identification Page. The instruction is terminated by driving Chip Select (§) high at a byte boundary
of the input data (see Figure 4-10). If the Identification Page has not been locked in Read-only mode, the Chip
Select (§) rising edge triggers the self-timed write cycle, which continues for a period of ty.c.

Figure 4-10 Write Identification Page

T\ /-

S
0 1 2 3 4 5 6 7 8 9 10 11 20 21 22 23 24 25 26 27 28 29 30 31
C . .

WRID Instruction (82h) 16-bit Address (A10=0b) Data In 1 Data In 128
Al A A Al
ls N N\ N\ r N
I 0.0.0 00060000 O00000CCO0CMOOOSE DI
MSB MSB MSB MSB

High-Impedance

Q

X = Bitis Don't Care
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4.9 Read Lock Status (RDLS)

The Read Lock Status (RDLS) instruction is used to check whether the Identification Page is locked in
Read-only mode or not. The RDLS instruction is defined with Chip Select (§) first driven low. The bits of the
instruction byte (83h) and the address bytes are then shifted in, on Serial Data Input (D). Address bit A10 must
be ‘1" and all other address bits are Don't Care. The Lock Status bit is the LSB (least significant bit) of the byte
read on Serial Data Output (Q). It is Logic ‘1’ when the lock is active and is Logic ‘0’ when the lock is not active.
All other bits are always read as ‘0’ (see Figure 4-11). If Chip Select (§) continues to be driven low, the same
data byte is shifted out.

The read cycle is terminated by driving Chip Select (§) high. The rising edge of Chip Select (§) can occur at
any time during the cycle.

The RDLS instruction is not accepted, and is not executed, if a write cycle is currently in progress.

Figure 4-11 Read Lock Status
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4.10 Lock Identification Page (LID)

The Lock ID (LID) instruction permanently locks the Identification Page in Read-only mode. Before this
instruction can be accepted, a WREN instruction must have been executed.
The LID instruction is issued by driving Chip Select (§) low first, sending the instruction byte (82h), the address
bytes and a data byte on Serial Data Input (D), and driving Chip Select (§) high. Address bit A10 must be ‘1’
and all other address bits are Don't Care. The data byte sent must be equal to the binary value xxxx_xx1x
(where x = bit is Don't Care).
Chip Select (§) must be driven high after the rising edge of Serial Clock (C) that latches in the eighth bit of the
data byte, and before the next rising edge of Serial Clock (C). Otherwise, the LID instruction is not executed
(see Figure 4-12). Driving Chip Select (§) high at a byte boundary of the input data triggers the self-timed write
cycle, which continues for a period of tyc.
The LID instruction is not executed, under the following conditions:

If the WEL bit has not been set to ‘1’;

If a Write cycle is already in progress;

If the device has not been deselected, by driving high Chip Select (§), at a byte boundary;

If the Block Protect bits (BP1, BP0) = (1, 1).

Figure 4-12 Lock Identification Page

s\ /S

20 21 22 23 24 25 26 27 28 29 30 31

LID Instruction (82h) 16-bit Address (A10=1b) Data In

AL AL AL
r ANE AN S N\
6.0 0000600000 000008808.0404
MSB MSB MSB

High-lImpedance

Q

X = Bitis Don't Care

© 2020-2021 TeraDevices Inc. TD25C512-R_DataSheet_Rev.1.1 20/34



TD25C512-R T TeraDevices Inc.

4.11 Read Unique ID (RDUID)

The TD25C512-R offers a separate memory block containing a factory programmed 128-bit Unique ID (UID),
or Serial Number. Reading this block is achieved with the Read Unique ID (RDUID) instruction. Chip Select (§)
signal is first driven low; the bits of the instruction byte (81h) and the address bytes are then shifted in on Serial
Data Input (D). The upper address bits are Don't Care, and the lower address bits A3:A0 define the byte
locations inside the Unique ID block. Then the data byte at this address is shifted out on Serial Data Output (Q).
If Chip Select (§) continues to be driven low, the internal address counter is automatically incremented, and the
byte of data at the new address is shifted out (see Figure 4-13).

In order to guarantee a uniqgue number, the entire 128-bit value must be read from the starting address of the
Serial Number block with the address bits A3:A0 to be ‘0000’. Reading from a location other than the first
address of the block will not result in a unique Serial Number. Writing or altering the 128-bit Unique ID is not
allowed. When the end of the 128-bit UID block is reached, the address counter will rollover to the beginning of
this block, allowing the read cycle to be continued.

The read cycle is terminated by driving Chip Select (§) high. The rising edge of Chip Select (§) can occur at
any time during the cycle.

The RDUID instruction is not accepted, and is not executed, if a write cycle is currently in progress.

Figure 4-13 Read Unique ID
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RDUID Instruction (81h) 16-bit Address
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5 Electrical Specifications

5.1 Absolute Maximum Ratings

Table 5-1 Absolute Maximum Ratings

Symbol Parameter Value Unit
Ambient temperature with power applied -55 to +130 °C

Tste Storage temperature -65 to +150 °C
Vce Supply voltage -0.5t0 +6.0 \%
Vour Output voltage -0.5t0 Vcc+0.5 \%
ViN Input voltage -0.5t0 +6.0 \%
lout DC output current 5 mA
VEsp Electrostatic discharge voltage (human body mode) 6000 \%

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.

5.2 DC Characteristics

Operating conditions: T, = -40°C to +105°C, V¢c = 1.7V to 5.5V (unless otherwise noted).

Table 5-2 DC Characteristics

Symbol Parameter Test Condition Min Max Unit
Vce= 1.7V at 2MHz, Q = open - 1.0 mA
Vce= 1.8V at 5SMHz, Q = open - 1.5 mA
lcc1 Supply Current (Read)
Vce= 2.5V at 10MHz, Q = open - 3.0 mA
Vce= 5.5V at 20MHz, Q = open - 10 mA
During Twe, S = Vee, Vee= 1.7V - 0.5 mA
lcc2 Supply Current (Write) —
During Twe, S = Vee, Vee= 5.5V - 1.0 mA
S =Vee, Vee = 1.7V, Ta = +25°C - 3.0 HA
Iss Standby Current —
S =Vcc, Vec = 5.5V, Ta=+25°C - 5.0 WA
I Input Leakage Current Vin = Ve or GND - 3.0 MA
lLo Output Leakage Current S =Vee, Vour = Vee or GND - 3.0 A
1.7V £ Ve < 2.5V -0.45 0.25*Vcc \%
Vi Input Low Voltage
2.5V £ Ve <5.5V -0.45 0.3*Vcc \%
. 1.7V £ Vcc < 2.5V 0.75*Vcc Veetl Vv
ViH Input High Voltage
2.5V £ Vcc <5.5V 0.7*Vcc Veetl Vv
Vee = 1.7V, loL = 0.15mA - 0.2 \%
VoL  |Output Low Voltage Vee = 2.5V, loL = 1.5mA or 04 v
Vee =5V, loL = 2mA '
Vee = 1.7V, lop =-0.1mA Vce-0.2 - \Y
VoH Output High Voltage Vee = 2.5V, loy = -0.4mA or
Vce-0.8 - \%
Vce =5Y, lon = -2mA
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5.3 AC Characteristics

Operating conditions: T, = -40°C to +105°C, V¢ = 1.7V to 5.5V, C_ = 50pF (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 5-3 AC Characteristics

Vec 2 1.7V Vcc 2 1.8V Vce 2 2.5V Ve 2 4.5V
Symbol Parameter : - : - Unit
Min Max Min Max Min Max Min Max

fscL Clock Frequency - 2 - 5 - 10 - 20 MHz
twH Clock High Time 200 - 80 - 40 - 20 - ns
twi Clock Low Time 200 - 80 - 40 - 20 - ns
tm  |Input Rise Time - 200 - 80 - 40 - 15 ns
t=™  |Input Fall Time - 200 - 80 - 40 - 15 ns
tes  |S High Time 200 - 60 - 40 - 25 - ns
tests S Active Setup Time 150 - 60 - 30 - 20 - ns
testh |S Active Hold Time 150 - 60 - 30 - 20 - ns
tesis  |S Not Active Setup Time 150 - 60 - 30 - 20 - ns
tesin  |S Not Active Hold Time 150 - 60 - 30 - 20 - ns
tsu Data In Setup Time 50 - 20 - 10 - 5 - ns
thp Data In Hold Time 50 - 20 - 10 - 5 - ns
tv Clock Low to Output Valid - 200 - 80 - 40 - 20 ns
tHo Output Hold Time 0 - 0 - 0 - 0 - ns
tois Output Disable Time - 250 - 100 - 50 - 25 ns
tro  |Output Rise Time - 200 - 80 - 40 - 15 ns
tro™  |Output Fall Time - 200 - 80 - 40 - 15 ns
tsuwo  |HOLD Setup Time 50 - 20 - 10 - 5 - ns
tuowo  [HOLD Hold Time 50 - 20 - 10 - 5 - ns
tiz HOLD to Output Low-Z 0 250 0 100 0 50 0 25 ns
thz HOLD to Output High-Z - 250 - 100 - 50 - 25 ns
twr Write Cycle Time - 3 - 3 - 3 - 3 ms

Note: ™ This parameter is ensured by characterization only.
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Figure 5-1 Serial Input/Output Timing
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5.4 Pin Capacitance

Operating range for pin capacitance: T, = +25°C, fc = 5MHz, Vcc = 1.7V to 5.5V.

Table 5-4 Pin Capacitance

Symbol Parameter!’ Max Unit Test Condition
Cour Output Capacitance (Q) 8 pF Vout = 0V
Cin Input Capacitance (D) 8 pF Vin = 0V
Cin Input Capacitance (other Pins) 6 pF Vin = 0V
Note: ™ These parameters are ensured by characterization only.
5.5 Reliability Characteristics
Table 5-5 Reliability Characteristics
Symbol Parameter Min Unit Test Condition
Nw Write Cycle Endurance 2x10° cycle Ta = +25°C, Page Mode
Dr Data Retention 200 year Ta=+25°C
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6 Power-up and Delivery State

6.1 Power-up State

After power-up, the TD25C512-R is in the following state:
Standby mode.
Deselected (a falling edge on Chip Select (§) is required before any instructions can be started).
Not in Hold condition.
The Write Enable Latch (WEL) bit is reset to ‘0'.
The Write In Progress (WIP) bit is reset to ‘0.
The SRWD, BP1 and BPO bits in the Status Register are unchanged from the previous power-down state
(they are non-volatile bits).

6.2 Initial Delivery State

The TD25C512-R serial EEPROM is delivered as follows:
All bits in the memory array are set to ‘1’ (each byte contains FFh).
All bits in the Identification Page are set to ‘1’ (each byte contains FFh).
The SRWD, BP1 and BPO bits in the Status Register are initialized to ‘0'.
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7 Ordering Information

Table 7-1 Ordering information scheme

TD25C512-TLPTR
L1 L1 L1 iy

TeraDevices Designator ———— — Packing Option

Product Family

25C = SPI Serial EEPROM

Device Density

512 = 512-Kbit

TR  =Tape and Reel
blank = Tube Packing

Device Option
P = —40°C to +105°C

Pb Status

L = RoHS compliant,
Halogen-free
blank = general

Package Type

T = TSSOP
S = SOP
U = UDFN

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

Part Number

Package

Delivery Information

Temperature Range

TD25C512-SLPTR

4.9 x 3.9mm SOP

Tape and Reel, 4000 units per Reel

-40°C to +105°C

TD25C512-TLPTR

3.0 x 4.4mm TSSOP

Tape and Reel, 5000 units per Reel

-40°C to +105°C

TD25C512-ULPTR

2.0 x 3.0mm UDFN

Tape and Reel, 3000 units per Reel

-40°C to +105°C

TD25C512-C3LPTR

8-ball 500 x 500pm WLCSP

Tape and Reel, 4000 units per Reel

-40°C to +105°C
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8 Top Markings

8.1 SOP Package Marking

1Nl
D
5512-SLP
YYWW

0T

8.2 TSSOP Package Marking

® 1D
5512-TLP
YYWW

nm
JUUL

8.3 UDFN Package Marking

®
TD5512ULP

YYWW

© 2020-2021 TeraDevices Inc.

TD: TeraDevices Logo

5512-SLP: TD25C512-SLP

YYWW: Date Code, YY = year, WW = week
Example: 2040 = year 2020 and week 40

TD: TeraDevices Logo

5512-TLP: TD25C512-TLP

YYWW: Date Code, YY = year, WW = week
Example: 2040 = year 2020 and week 40

TD: TeraDevices Logo

5512-ULP: TD25C512-ULP

YYWW: Date Code, YY = year, WW = week
Example: 2040 = year 2020 and week 40
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8.4 WLCSP Package Marking

® AF: TD25C512-C3LP
9 F YWW: Date Code, Y = year, WW = week

Example: 050 = year 2020, week 50
YWW
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9 Package Information

9.1 SOP Package Information

Figure 9-1 8-Lead 4.9 x 3.9mm SOP Package Outline
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2. Drawing is not to scale.

e
B — |
EE
o
END VIEW
DIMENSIONS IN MILLIMETER
SYMBOL

MIN NOM MAX
A — — 1.75
Al 0.10 — 0.225
A2 1.30 1.40 1.50
A3 0.60 0.65 0.70
b 0.39 — 0.47
bl 0.38 0.41 0.44
c 0.20 — 0.24
cl 0.19 0.20 0.21
D 4.80 4.90 5.00
El 3.80 3.90 4.00
E 5.80 6.00 6.20
e 1.27BSC
h 0.25 — 0.50
L 0.50 — 0.80
L1 1.05REF
0 0 — 8°
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9.2 TSSOP Package Information

Figure 9-2 8-Lead 3.0 x 4.4mm TSSOP Package Outline
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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
E1 4.30 4.40 450
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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9.3 UDFN Package Information

Figure 9-3 8-Pad 2.0 x 3.0mm UDFN Package Outline
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3. Default thickness marked by symbol A is 0.55mm (NOM),
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DIMENSIONS IN MILLIMETER
SYMBOL

MIN NOM MAX

0.45 0.50 0.55
A

0.50 0.55 0.60
Al 0 0.02 0.05
b 0.18 0.25 0.30
bl 0.16REF
[ 0.10 0.15 0.20
D 1.90 2.00 2.10
D2 1.40 1.50 1.60
e 0.50BSC
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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9.4 WLCSP Package Information

Figure 9-4 8-Ball 500 x 500um WLCSP Package Outline
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BOTTOM VIEW
DIMENSIONS IN MILLIMETER
SYMBOL
MIN NOM MAX
A 0.365
Al 0.090
A2 0.250
A3 0.025
b 0.270
D 1.520
E 1.546
e 1.000
el 0.866
e2 0.500
e3 0.500
F 0.340
G 0.260
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10 Revision History

Added:

Revision Date Comments
Rev.1.0 Dec. 2020 Initial version release
Updated:
— Features and Description
— tin value in Table 3—-1
— lee, lecz, Ise value in Table 5-2
Rev.1.1 Oct. 2021 cob feez 88

— AC timing symbols in Figure 5-1

— AC Characteristics when Vec 2 1.7V in Table 5-3
— tesLs, tesuH, teshs, teshn vValue in Table 5-3
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