CYEL15B102Q

2-Mb (256K x 8) Serial (SPI) F-RAM

256K x 8, 25MHz, Military grade

Features

Encapsulated plastic component for low-earth orbit satellite applications
2-Mb ferroelectric random access memory (F-RAM) logically organized as 256K
- High-endurance 10 trillion (10'3) read/writes

- 121-year data retention (see the Table 12)

- Infineon instant non-volatile write technology

- Advanced high-reliability ferroelectric process

Very fast serial peripheral interface (SPI)

- Upto 25 MHzfrequency

- Direct hardware replacement for serial flash and EEPROM

- Supports SPI mode 0 (0, 0) and mode 3 (1, 1)

Sophisticated write protection scheme

- Hardware protection using the Write Protect (WP) pin

- Software protection using Write Disable instruction

- Software block protection for 1/4, 1/2, or entire array

Device ID

- Manufacturer ID and Product ID

Low power consumption

- 5mA active current at 25 MHz

- 750 pnA standby current

- 20 pAsleep mode current

Low-voltage operation: Vpp=2.0Vto 3.6 V

Military temperature: -55°C to +125°C

8-pin small outline integrated circuit (SOIC) package

AEC-Q006 compliant

Restriction of hazardous substances (RoHS) compliant

Guaranteed TID radiation performance of 50 krad by radiation lot acceptance testing (RLAT)
Single event latchup immunity >106LET (115°C)

Single lot date code and 100% guaranteed electrical testing
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1 Functional overview

1 Functional overview

The CYEL15B102Q is a 2-Mb non-volatile memory employing an advanced ferroelectric process. F-RAM is non-
volatile and performs reads and writes similar to a RAM. It provides reliable data retention for 121 years while
eliminating the complexities, overhead, and system-level reliability problems caused by serial flash, EEPROM,
and other non-volatile memories.

Unlike serial flash and EEPROM, the CYEL15B102Q performs write operations at bus speed. No write delays are
incurred. Data is written to the memory array immediately after each byte is successfully transferred to the
device. The next bus cycle can commence without the need for data polling. In addition, the product offers
substantial write endurance compared with other non-volatile memories. The CYEL15B102Q is capable of
supporting 10%3 read/write cycles, or 10 million times more write cycles than EEPROM.

These capabilities make the CYEL15B102Q ideal for non-volatile memory applications requiring frequent or
rapid writes. Examples range from data collection, where the number of write cycles may be critical, to
demanding industrial controls where the long write time of serial flash or EEPROM can cause data loss.

The CYEL15B102Q provides substantial benefits to users of serial EEPROM or flash as a hardware drop-in
replacement. The CYEL15B102Q uses the high-speed SPI bus, which enhances the high-speed write capability
of F-RAM technology. The device incorporates a read-only Device ID that allows the host to determine the
manufacturer, product density, and product revision. The device specifications are guaranteed over the military
temperature range of -55°C to +125°C.
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2 Pinout
2 Pinout
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Figure 2 8-pin SOIC pinout
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3 Pin definitions

3 Pin definitions

Table1 Pin definitions

Pinname |1/0 type Description

SCK Input Serial Clock. All I/0 activity is synchronized to the serial clock. Inputs are

latched on the rising edge and outputs occur on the falling edge. Because the
device is synchronous, the clock frequency may be any value between 0 and
25 MHz and may be interrupted at any time.

CS Input Chip Select. This active LOW input activates the device. When HIGH, the
device enters the low-power standby mode, ignores other inputs, and the
output is tristated. When LOW, the device internally activates the SCK signal. A
falling edge on CS must occur before every opcode.

SiY Input Serial Input. All data is input to the device on this pin. The pin is sampled on
the rising edge of SCK and is ignored at other times. It should always be driven
to a valid logic level to meet IDD specifications.

so? Output Serial Output. This is the data output pin. It is driven during a read and
remains tristated at all other times including when HOLD is LOW. Data
transitions are driven on the falling edge of the serial clock.

WP Input Write Protect. This active LOW pin prevents write operation to the Status
Register when WPEN is set to ‘1’. This is critical because other write protection
features are controlled through the Status Register. A complete explanation of
write protection is provided on Status Register and Write Protection. This pin
must be tied to Vpp if not used.

HOLD Input HOLD Pin. The HOLD pin is used when the host CPU must interrupt a memory
operation for another task. When HOLD is LOW, the current operation is
suspended. The device ignores any transition on SCK or CS. All transitions on
HOLD must occur while SCK is LOW. This pin must be tied to Vpp if not used.

Vss Power supply Ground for the device. Must be connected to the ground of the system.

Vop Power supply Power supply input to the device.

1) SI may be connected to SO for a single-pin data interface.
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4 Overview

4 Overview

The CYEL15B102Q is a serial F-RAM memory. The memory array is logically organized as 262,144 x 8 bits and is
accessed using an industry-standard serial peripheral interface (SPI) bus. The functional operation of the F-RAM
is similar to serial flash and serial EEPROMs. The major difference between the CYEL15B102Q and a serial flash
or EEPROM with the same pinout is the F-RAM's superior write performance, high endurance, and low power
consumption.

4.1 Memory architecture

When accessing the CYEL15B102Q, the user addresses 256K locations of eight data bits each. These eight data
bits are shifted in or out serially. The addresses are accessed using the SPI protocol, which includes a chip
select (to permit multiple devices on the bus), an opcode, and a three-byte address. The upper 6 bits of the
address range are 'don't care' values. The complete address of 18 bits specifies each byte address uniquely.

Most functions of the CYEL15B102Q are either controlled by the SPI interface or are handled by onboard
circuitry. The access time for the memory operation is essentially zero, beyond the time needed for the serial
protocol. That is, the memory is read or written at the speed of the SPI bus. Unlike a serial flash or EEPROM, it is
not necessary to poll the device for a ready condition because writes occur at bus speed. By the time a new bus
transaction can be shifted into the device, a write operation is complete. This is explained in more detail in the
interface section.

4.2 Serial peripheral interface (SPI) bus

The CYEL15B102Q is a SPI slave device and operates at speeds up to 25 MHz. This high-speed serial bus
provides high-performance serial communication to a SPI master. Many common microcontrollers have
hardware SPI ports allowing a direct interface. It is quite simple to emulate the port using ordinary port pins for
microcontrollers that do not. The CYEL15B102Q operates in SPI Modes 0 and 3.

4.3 SPIl overview

The SPI is a four-pin interface with Chip Select (CS), Serial Input (SI), Serial Output (SO), and Serial Clock (SCK)
pins.

The SPlis a synchronous serial interface, which uses clock and data pins for memory access and supports
multiple devices on the data bus. A device on the SPI bus is activated using the CS pin.

The relationship between chip select, clock, and data is dictated by the SPI mode. This device supports SPI
modes 0 and 3. In both of these modes, data is clocked into the F-RAM on the rising edge of SCK starting from
the first rising edge after CS goes active.

The SPI protocol is controlled by opcodes. These opcodes specify the commands from the bus master to the
slave device. After CS is activated, the first byte transferred from the bus master is the opcode. Following the
opcode, any addresses and data are then transferred. The must go inactive after an operation is complete and
before a new opcode can be issued. The commonly used terms in the SPI protocol are as follows:

«  SPImaster

+ SPlslave

«  Chip Select()

«  Serial Clock (SCK)

« Datatransmission (SI/SO)
+  Most Significant bit (MSb)
« Serial opcode

« Invalid opcode

«  Statusregister
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4 Overview

4.3.1 SPI master

The SPI master device controls the operations on a SPI bus. An SPI bus may have only one master with one or
more slave devices. All the slaves share the same SPI bus lines and the master may select any of the slave
devices using the CS pin. All of the operations must be initiated by the master activating a slave device by
pulling the CS pin of the slave LOW. The master also generates the SCK and all the data transmission on Sl and
SO lines are synchronized with this clock.

4.3.2 SPI slave

The SPI slave device is activated by the master through the Chip Select line. A slave device gets the SCK as an
input from the SPI master and all the communication is synchronized with this clock. An SPI slave never
initiates a communication on the SPI bus and acts only on the instruction from the master.

The CYEL15B102Q operates as an SPI slave and may share the SPI bus with other SPI slave devices.

4.3.3 Chip Select (CS)

To select any slave device, the master needs to pull down the corresponding CS pin. Any instruction can be
issued to a slave device only while the CS pin is LOW. When the device is not selected, data through the SI pin is
ignored and the serial output pin (SO) remains in a high-impedance state.

Note A new instruction must begin with the falling edge of CS. Therefore, only one opcode can be issued for
each active Chip Select cycle.

4.3.4 Serial Clock (SCK)

The Serial Clock is generated by the SPI master and the communication is synchronized with this clock after CS
goes LOW.

The CYEL15B102Q enables SPI modes 0 and 3 for data communication. In both of these modes, the inputs are
latched by the slave device on the rising edge of SCK and outputs are issued on the falling edge. Therefore, the
first rising edge of SCK signifies the arrival of the first bit (MSb) of a SPI instruction on the SI pin. Further, all data
inputs and outputs are synchronized with SCK.

4.3.5 Data transmission (S1/SO)

The SPI data bus consists of two lines, Sl and SO, for serial data communication. Sl is also referred to as Master
Out Slave In (MOSI) and SO is referred to as Master In Slave Out (MISO). The master issues instructions to the
slave through the SI pin, while the slave responds through the SO pin. Multiple slave devices may share the SI
and SO lines as described earlier.

The CYEL15B102Q has two separate pins for Sl and SO, which can be connected with the master as shown in
Figure 3.

For a microcontroller that has no dedicated SPI bus, a general-purpose port may be used. To reduce hardware
resources on the controller, it is possible to connect the two data pins (Sl and SO) together and tie off (HIGH) the
HOLD and WP pins. Figure 4 shows such a configuration, which uses only three pins.

4.3.6 Most Significant bit (MSb)

The SPI protocol requires that the first bit to be transmitted is the Most Significant bit (MSb). This is valid for
both address and data transmission.

The 2-Mb serial F-RAM requires a 3-byte address for any read or write operation. Because the address is only 18

bits, the first six bits that are fed in are ignored by the device. Although these six bits are ‘don’t care’, Infineon
recommends that these bits be set to 0s to enable seamless transition to higher memory densities.

Datasheet 9 002-36914 Rev. *B
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4 Overview

4.3.7 Serial opcode

After the slave device is selected with CS going LOW, the first byte received is treated as the opcode for the
intended operation. CYEL15B102Q uses the standard opcodes for memory accesses.

4.3.8 Invalid opcode

If an invalid opcode is received, the opcode is ignored and the device ignores any additional serial data on the
Sl pin until the next falling edge of CS, and the SO pin remains tristated.

4.3.9 Status register

CYEL15B102Q has an 8-bit Status register. The bits in the Status register are used to configure the device. These
bits are described in Table 4.

SCK
MOSI
MISO A L
4 4 A A
SCK Sl SO SCK Sl SO
SPI Hostcontroller
or CYEL15B102Q CYEL15B102Q
SPI Master
CS WP HOLD cs WP HOLD
f Y 2 2 Y 2
CS1
WP1
HOLD1
CS2
WP2
HOLD2
Figure 3 System configuration with SPI port
P1.0
P1.1 a
A \
SCK Sl SO
SPI Hostcontroller
or
SPI Master CYEL15B102Q
CS WP HOLD
P1.2 4f T
Figure 4 System configuration without SPI port
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4 Overview

4.4 SPI modes

CYEL15B102Q may be driven by a microcontroller with its SPI peripheral running in either of the following two
modes:

« SPIMode0 (CPOL=0,CPHA=0)

+ SPIMode3 (CPOL=1,CPHA=1)

For both these modes, the input data is latched in on the rising edge of SCK starting from the first rising edge
after CS goes active. If the clock starts from a HIGH state (in mode 3), the first rising edge after the clock toggles
is considered. The output data is available on the falling edge of SCK.The two SPI modes are shown in Figure 5
and Figure 6.

The status of the clock when the bus master is not transferring data is:

+  SCKremains at 0 for Mode 0

+ SCKremains at 1 for Mode 3

The device detects the SPI mode from the status of the SCK pin when the device is selected by bringing the CS
pin LOW. If the SCK pin is LOW when the device is selected, SPI Mode 0 is assumed and if the SCK pin is HIGH, it
works in SPI Mode 3.

& T\ S~

O 1 2 3 4 5 6 7

SCK ‘
sl ——{7HeHsHeHsH2H Ho)——
MSB LSB

Figure 5 System configuration with SPI port
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4 Overview

s\ /S

0O 1 2 3 4 5 6 7

SCK ‘
st ——THeHsH o) ——
MSB LSB

Figure 6 System configuration without SPI port

4.5 Power-up to first access

The CYEL15B102Q is not accessible for a tpy time after power-up. Users must comply with the timing parameter
tpy, Which is the minimum time from Vpp (min) to the first CS LOW.
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5 Functional description

5 Functional description

5.1 Command structure

There are nine commands, called opcodes, that can be issued by the bus master to the CYEL15B102Q. They are
listed in Table 2. These opcodes control the functions performed by the memory.

Table 2 Opcode commands

Name Description Opcode
WREN Set write enable latch 0000 0110b
WRDI Reset write enable latch 0000 0100b
RDSR Read Status Register 0000 0101b
WRSR Write Status Register 0000 0001b
READ Read memory data 0000 0011b
FSTRD Fast read memory data 0000 1011b
WRITE Write memory data 0000 0010b
SLEEP Enter Sleep mode 1011 1001b
RDID Read device ID 10011111b
5.1.1 WREN - Set Write Enable Latch

The CYEL15B102Q will power-up with writes disabled. The WREN command must be issued before any write
operation. Sending the WREN opcode allows the user to issue subsequent opcodes for write operations. These
include writing the Status Register (WRSR) and writing the memory (WRITE).

Sending the WREN opcode causes the internal Write Enable Latch to be set. A flag bit in the Status Register,
called WEL, indicates the state of the latch. WEL = 1 indicates that writes are permitted. Attempting to write the
WEL bit in the Status Register has no effect on the state of this bit - only the WREN opcode can set this bit. The
WEL bit will be automatically cleared on the rising edge of CS following a WRDI, a WRSR, or a WRITE operation.
This prevents further writes to the Status Register or the F-RAM array without another WREN command. Figure
7 illustrates the WREN command bus configuration.
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5 Functional description

Sl \0 0 0 O O0/1 1310/

HI-Z

SO

Figure 7 WREN bus configuration

5.1.2 WRDI - Reset Write Enable Latch

The WRDI command disables all write activity by clearing the Write Enable Latch. The user can verify that writes
are disabled by reading the WEL bit in the Status Register and verifying that WEL is equal to ‘0’. Figure 8
illustrates the WRDI command bus configuration.

SCK | |
sl \00000/7\0 0 /

SO

Figure 8 WRDI bus configuration

Datasheet 14 002-36914 Rev. *B
2026-02-12



o~ _.
2-Mb (256K x 8) Serial (SPI) F-RAM Inf|ne0n
256K x 8, 25MHz, Military grade

5 Functional description

5.1.3 Register Access commands

5.1.3.1 Status Register and Write Protection

The write protection features of the CYEL15B102Q are multi-tiered and are enabled through the status register.
The Status Register is organized as follows. (The default value shipped from the factory for bit 0, WEL, BP0, BP1,
bits 4-5, WPEN is ‘0’, and for bit 6 is ‘1°).

Table 3 Status Register

Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit 0
WPEN (0) X(1) X (0) X (0) BP1 (0) BPO (0) WEL (0) X (0)

Table 4 Status Register bit definition

Bit Definition Description

Bit0 Don’t care This bit is non-writable and always returns ‘0’ upon read.

Bit 1 (WEL) | Write Enable WEL indicates if the device is write enabled. This bit defaults to ‘0’

(disabled) on power-up.
WEL =1 --> Write enabled
WEL =0 --> Write disabled

Bit 2 (BPO) Block Protect bit | Used for block protection. For details, see Table 5.

CO)

Bit 3 (BP1) Block Protect bit | Used for block protection. For details, see Table 5.
ll’

Bit 4-5 Don’t care These bits are non-writable and always return ‘0’ upon read.

Bit6 Don’t care This bit is non-writable and always returns ‘1’ upon read.

Bit 7 (WPEN) | Write Protect Used to enable the function of Write Protect Pin (WP). For details, see Table
Enable bit 6.

Bits 0 and 4-5 are fixed at ‘0’ and bit 6 is fixed at ‘1’; none of these bits can be modified. Note that bit 0 (“Ready
or Write in progress” bit in serial flash and EEPROM) is unnecessary, as the F-RAM writes in real-time and is
never busy, so it reads out as a ‘0’. An exception to this is when the device is waking up from Sleep mode, which
is described in Sleep mode. The BP1 and BP0 control the software write-protection features and are non-
volatile bits. The WEL flag indicates the state of the Write Enable Latch. Attempting to directly write the WEL bit
in the Status Register has no effect on its state. This bit is internally set and cleared via the WREN and WRDI
commands, respectively.

BP1 and BP0 are memory block write protection bits. They specify portions of memory that are write-protected
as shown in Table 5.

Table 5 Block Memory Write Protection

BP1 BPO Protected address range

0 0 None

0 1 30000h to 3FFFFh (upper 1/4)
1 0 20000h to 3FFFFh (upper 1/2)
1 1 00000h to 3FFFFh (all)
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5 Functional description

The BP1 and BP0 bits and the Write Enable Latch are the only mechanisms that protect the memory from
writes. The remaining write protection features protect inadvertent changes to the block protect bits.

The write protect enable bit (WPEN) in the Status Register controls the effect of the hardware write protect (WP)
pin. When the WPEN bit is set to '0', the status of the WP pin is ignored. When the WPEN bit is set to '1',a LOW on
the WP pin inhibits a write to the Status Register. Thus the Status Register is write-protected only when WPEN =
land WP =0.

Table 6 summarizes the write protection conditions.

Table 6 Write Protection

WEL WPEN WP Protected blocks |Unprotected blocks Status register
0 X X Protected Protected Protected

1 0 X Protected Unprotected Unprotected

1 1 0 Protected Unprotected Protected

1 1 1 Protected Unprotected Unprotected
5.1.3.2 RDSR - Read Status Register

The RDSR command allows the bus master to verify the contents of the Status Register. Reading the status
register provides information about the current state of the write-protection features. Following the RDSR
opcode, the CYEL15B102Q will return one byte with the contents of the Status Register.

5.1.3.3 WRSR - Write Status Register

The WRSR command allows the SPI bus master to write into the Status Register and change the write protect
configuration by setting the WPEN, BP0, and BP1 bits as required. Before issuing a WRSR command, the WP pin
must be HIGH or inactive. Note that on the CYEL15B102Q, WP only prevents writing to the Status Register, not
the memory array. Before sending the WRSR command, the user must send a WREN command to enable writes.
Executing a WRSR command is a write operation and therefore, clears the Write Enable Latch.

cs | /

01 2 3 45 6 7 01 2 3 45 67

Data
HI-Z
S0
0 6000 CE0 ()
MSB LSB
Figure 9 RDSR bus configuration
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5 Functional description

cs | [
01 2 3 4 5 6 7 01 2 3 4 5 6 7

SCK

Opcode Data
s Mo 0 0 0 0 o o/ Ner(xIxIIb3eRX)X]
MSB LSB
so HI-Z
Figure 10 WRSR bus configuration (WREN not shown)
5.1.4 Memory operation

The SPI interface, which is capable of a high clock frequency, highlights the fast write capability of the F-RAM
technology. Unlike serial flash and EEPROMs, the CYEL15B102Q can perform sequential writes at bus speed. No
page register is needed and any number of sequential writes may be performed.

5.14.1 Write operation

All writes to the memory begin with a WREN opcode with CS being asserted and deasserted. The next opcode is
WRITE. The WRITE opcode is followed by a three-byte address containing the 18-bit address (A17-A0) of the first
data byte to be written into the memory. The upper six bits of the three-byte address are ignored. Subsequent
bytes are data bytes, which are written sequentially. Addresses are incremented internally as long as the bus
master continues to issue clocks and keeps CS LOW. If the last address of 3FFFFh is reached, the counter will roll
over to 00000h. Data is written to MSb first. The rising edge of CS terminates a write operation. A write
operation is shown in Figure 11.

Note: When a burst write reaches a protected block address, the automatic address increment stops and all
the subsequent data bytes received for write will be ignored by the device.

EEPROMs use page buffers to increase their write throughput. This compensates for the technology's inherently
slow write operations. F-RAM memories do not have page buffers because each byte is written to the F-RAM
array immediately after it is clocked in (after the eighth clock). This allows any number of bytes to be written
without page buffer delays.

Note: If the power is lost in the middle of the write operation, only the last completed byte will be written.

5.1.4.2 Read operation

After the falling edge of CS, the bus master can issue a READ opcode. Following the READ command is a three-
byte address containing the 18-bit address (A17-A0) of the first byte of the read operation. The upper six bits of
the address are ignored. After the opcode and address are issued, the device drives out the read data on the
next eight clocks. The Slinputisignored during read data bytes. Subsequent bytes are data bytes, which are
read out sequentially. Addresses are incremented internally as long as the bus master continues to issue clocks
and CS is LOW. If the last address of 3FFFFh is reached, the counter will roll over to 00000h. Data is read MSb
first. The rising edge of CS terminates a read operation and tristates the SO pin. A read operation is shown in
Figure 12.

Datasheet 17 002-36914 Rev. *B
2026-02-12



o~ _.
2-Mb (256K x 8) Serial (SPI) F-RAM Inf|ne0n
256K x 8, 25MHz, Military grade

5 Functional description

5.1.4.3 Fast Read operation

The CYEL15B102Q supports a FAST READ opcode (0Bh) that is provided for code compatibility with serial flash
devices. The FAST READ opcode is followed by a three-byte address containing the 18-bit address (A17-A0) of
the first byte of the read operation and then a dummy byte. The dummy byte inserts a read latency of the 8-
clock cycle. The fast read operation is otherwise the same as an ordinary read operation except that it requires
an additional dummy byte. After receiving the opcode, address, and a dummy byte, the CYEL15B102Q starts
driving its SO line with data bytes, with MSb first, and continues transmitting as long as the device is selected
and the clock is available. In case of bulk read, the internal address counter is incremented automatically, and
after the last address 3FFFFh is reached, the counter rolls over to 00000h. When the device is driving data on its
SO line, any transition on its Sl line is ignored. The rising edge of CS terminates a fast read operation and
tristates the SO pin. A Fast Read operation is shown in Figure 13.

cs \ /[
2 34 5 6 70 2 3 4 56 7 20 21 22 23 0 2 3 4 5 6 7

soc UL LU U LU L L

Opcode 18-bit Address Data
st [\0 0000 ofs 05&6@@5@%H@@Qﬁ%§@@@@@@3
o HI-Z
Figure 11 Memory Write (WREN not shown) operation

cs [
01 2 34 56 7 01 2 3 45686 7 202122230 1 2 3 4 5 6 7

s« _ UL UULULUULUDLUUQJUUUuuuyyyy

Opcode 18-bit Address

st [\oooooo “ﬂﬂﬂﬂa@ @@@@
Data
HI-Z
o] @@@@@@@

MSB LSB

Figure 12 Memory Read operation

&\ /-
2 3 456701223 4586867 2021222324 2526 2728 2930310 1 2 3 4 5 6 7

Wmﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ_

18-bit Address Dummy Byte

si 0 0 0 of 11“@&5Bﬂﬂﬂ#@@@@ﬂﬂﬂﬂﬂﬁﬁﬂ
Data
so - o7{oeps{4fo3)o2(ioo)

MSB LSB

Figure 13 Fast Read operation
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5 Functional description

5.1.4.4 HOLD Pin operation

The HOLD pin can be used to interrupt a serial operation without aborting it. If the bus master pulls the HOLD
pin LOW while SCK is LOW, the current operation will pause. Taking the HOLD pin HIGH while SCK is LOW will
resume an operation. The transitions of HOLD must occur while SCK is LOW, but the SCK and CS pin can toggle
during a hold state.

. Al s
s« /N /N I N
HoLD \ ) /
{
Sl VALID IN >< H >< VALID IN

SO

—
—

Figure 14 HOLD operation?/

5.2 Sleep mode

A low-power Sleep mode is implemented on the CYEL15B102Q device. The device will enter the low-power
state when the SLEEP opcode B9h is clocked-in and a rising edge of CS is applied. When in Sleep mode, the SCK
and Sl pins are ignored and SO will be HI-Z, but the device continues to monitor the CS pin. On the next falling
edge of CS, the device will return to normal operation within tgec time. The SO pin remains in a HI-Z state during
the wakeup period. The device does not necessarily respond to an opcode within the wakeup period. To start
the wakeup procedure, the controller may send a “dummy” read, for example, and wait the remaining tggc
time. wakeup period. The device does not necessarily respond to an opcode within the wakeup period. To start
the wakeup procedure, the controller may send a “dummy” read, for example, and wait the remaining trec
time.

1 Figure 14 shows the HOLD operation for input mode and output mode.
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5 Functional description

Enters Sleep Mode teec Recovers from Sleep Mode

t

0 1 2 3 4 5 86 7 — su
e nnnnnny L
s 71Vo/1 1 1\o0 0/1\< VALID IN

SO HI-Z
Figure 15 Sleep mode operation
5.2.1 Device ID

The CYEL15B102Q device can be interrogated for its manufacturer, product identification, and die revision. The
RDID opcode 9Fh allows the user to read the manufacturer ID and product ID, both of which are read-only
bytes. The JEDEC-assigned manufacturer ID places the Ramtron identifier in bank 7; therefore, there are six
bytes of the continuation code 7Fh followed by the single byte C2h. There are two bytes of product ID, which
includes a family code, a density code, a sub code, and the product revision code.

Table7 Device ID
Device ID Device ID description
(9 bytes) 71-16 15-13 12-8 |7-6 |5-3 |2-0
(56 bits) (3 bits) (5 (2 (3 (3
bits) |bits) |bits) |bits)
Manufacturer ID Product ID
Family Densit |[Sub |Rev |Rsvd
y
TF7FTF7F7F7FC2 |0111111101111111011111110111111101111111|001 00101 |11 001 000
25C8h 0111111111000010
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5 Functional description

& r

0123 456 70123425867 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

SCK

Opcode

SIM11111\<

HI-Z
SO
9-Byte Device ID
Figure 16 Read device ID
5.2.2 Endurance

The CYEL15B102Q devices are capable of being accessed at least 10%3 times, reads or writes. An F-RAM memory
operates with a read and restore mechanism. Therefore, an endurance cycle is applied on a row basis for each
access (read or write) to the memory array. The F-RAM architecture is based on an array of rows and columns of
32K rows of 64-bits each. The entire row is internally accessed once whether a single byte or all eight bytes are
read or written. Each byte in the row is counted only once in an endurance calculation. Table 8 shows
endurance calculations for a 64-byte repeating loop, which includes an opcode, a starting address, and a
sequential 64-byte data stream. This causes each byte to experience one endurance cycle through the loop.

Table 8 Time to reach endurance limit for repeating 64-byte loop

SCK freq (MHz) Endurance cycles/sec | Endurance cycles/year Years to reach limit

25 45,950 1.45x 1012 6.91

10 18,380 5.79 x 101! 17.27

5 9,190 2.90 x 101! 34.5
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6 Maximum ratings

6 Maximum ratings

Exceeding maximum ratings may shorten the useful life of the device. These user guidelines are not tested.
Table 9 Maximum ratings

Parameters Values

Storage temperature -65°C to +150°C

Maximum accumulated storage time

At 150°C ambient temperature 1000 h

At 125°C ambient temperature 11000 h

At 85°C ambient temperature 121 Years

Ambient temperature with power applied 55°C to +125°C

Supply voltage on Vpp relative to Vsg -1.0Vto+4.5V

Input voltage -1.0Vto+4.5Vand Vy<Vpp+1.0V
DC voltage applied to outputs in High-Z state 0.5VtoVpp+0.5V

Transient voltage (<20 ns) on any pin to ground 2.0VtoVpp+2.0V

potential

Package power dissipation capability (T, =25°C) 1.0W

Surface mount lead soldering temperature (3 seconds) |260°C

DC output current (1 output at a time, 1s duration) 15 mA

Electrostatic discharge voltage

Human Body Model (JEDEC Std JESD22-A114-B) 2 kv
Charged Device Model (JEDEC Std JESD22-C101-A) 500V

Latch-up current 140 mA
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7 Operating range

7 Operating range

Table 10 Operating range

Range Ambient temperature (T,) Vpp

Military -55°C to +125°C 20Vto3.6V
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8 DC electrical characteristics

8 DC electrical characteristics
Table 11 DC electrical characteristics
Over the Operating range
Parameter |Description Test conditions Min Typ? | Max Unit
Vpp Power supply - 2.0 33 3.6 v
IDD VDD Su pply fSCK =25 MHZ, - - 5 mA
current SCK toggling between Vpp - 0.2V
and Vg, other inputs Vgg or
Vpp - 0.2V. SO =0Open
ISB VDD Standby CS= VDD' TA =25°C TID =0 Krad - 100 150 UA
current Allother |, = 125°C - - 750 WA
inputs Vsg P ~
orVpy  TA=25°C |TID=50Krad |- - 850 bA
Tpo=125°C - - 4 mA
l77 Sleep mode CS=Vpp. |Tpo=25°C TID=0Krad |- 3 5 MA
current Allother |T,=125°C - - 20 HA
inputs VSS o _
or Vo Tp=25°C TID=50Krad |- - 50 HA
Tp=125°C - - 200 HA
||_| Input leakage VSS<V|N <VDD - - +1 IJA
current
lLo Output leakage |Vss<Vout<Vpp - - +1 HA
current
VIH Input HIGH - 0'7XVDD - VDD+0'3 \"
voltage
V||_ Input LOW - -0.3 - 0.3x VDD Vv
voltage
VOHl OUtpUt HIGH lOH =-1mA, VDD =27V 2.4 - - \"
voltage
Vorz Output HIGH loy = 100 pA Vpp-0.2 |- - Vv
voltage
VoLt Output LOW loL =2 MA, Vpp=2.7V - - 0.4 Vv
voltage
VOL2 OUtpUt LOW |o|_ =150 pA - - 0.2 Vv
voltage
1) Typical values are at 25°C, Vpp = Vpp (typ). Not 100% tested.
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9 Data retention and endurance

Table 12 Data retention and endurance

Parameter |Description Condition Min Max Unit

Tor Data retention Ta=125°C 11000 - Hours
Tpo=105°C 11 - Years
T,o=85°C 121 - Years

NV¢ Endurance Over operating temperature 1013 - Cycles
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10 Capacitance

Table 13 Capacitance

Parameter /| Description Test conditions Max Unit

Co Output pin capacitance Ta=25°C, f=1MHz, Vpp=Vpp (typ) 8 pF
(SO)

o Input pin capacitance 6 pF

1) This parameter is periodically sampled and not 100
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11 Thermal resistance

11 Thermal resistance

Table 14 Thermal resistance

Parameter |Description Test conditions 8-pin SOIC |Unit

0a Thermal resistance Test conditions follow standard test methods |114 °C/W
(junction to ambient) and procedures for measuring thermal

0)c Thermal resistance impedance, per EIA/ JESD51. 40 °C/W
(junction to case)
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12 AC test conditions

Table 15 AC test conditions

afineon

Test conditions

Values

Input pulse levels

10% and 90% of Vpp

Input rise and fall times 3ns

Input and output timing reference levels 0.5 % Vpp

Output load capacitance 30 pF
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13 AC switching characteristics

Table 16 AC switching characteristics

Over the Operating range

Parameters 7 Description Vpp=2.0Vto 3.6V Unit
Cypress Alt. Min Max
parameter | parameter

fsck - SCK clock frequency 0 25 MHz
ten - Clock HIGH time 18 - ns
teL - Clock LOW time 18 - ns
tesy tess Chip select setup 12 - ns
tesh tesh Chip select hold 12 - ns
top? tuzes Output disable time - 20 ns
toov tco Output data valid time - 16 ns
toH - Output hold time 0 - ns
tp - Deselect time 60 - ns
tr? % - Data in rise time - 50 ns
te? 2 - Data in fall time - 50 ns
tsu tSD Data setup time 8 - ns
ty tHD Data hold time 8 - ns
tus tsh HOLD setup time 12 - ns
thn thn HOLD hold time 12 - ns
ty2 typz HOLD LOW to HI-Z - 25 ns
.77 tyLz HOLD HIGH to data active - 25 ns

1) Test conditions assume a signal transition time of 3 ns or less, timing reference levels of 0.5 x VDD, input pulse levels of 10% to
90% of Vpp, output loading of the specified I /loy and 30 pF load capacitance shown in AC test conditions.

2) top and tyz are specified with a load capacitance of 5 pF. Transition is measured when the outputs enter a high impedance state.

3) Characterized but not 100% tested in production.

4) Rise and fall times measured between 10% and 90% of waveform.

5) These parameters are guaranteed by design and are not tested.

b
cs '\
tesu leH oL t
CSH
SCK 2—/7 4/_(

su

tH
Sl VALID IN ><VALID |r~>< RMALID IN H
|, lobv N oD
HI-Z HI-Z
s % {

Figure 17 Synchronous data timing (Mode 0)
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13 AC switching characteristics

s\ A /~
NJL L0 |2 W

t
t , » leH
HS,J HS) g
HOLD ”
{ t
SU
— —
sl VALID IN >< H VALID IN
thz Lz
_’ 4—
S0 EE
Figure 18 HOLD timing
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14 Power cycle timing

Table 17 Power cycle timing

Over the Operating range

Parameter Description Min Max Uni
t

tpy Power-up Vpp(min) to first access (CS LOW) 1 - ms

tpp Last access (CS HIGH) to power-down (Vpp(min)) 0 - us

tVRI) Vpp power-up ramp rate 50 - ps/
\

tye? Vpp power-down ramp rate 100 - us/
v

trec ? Recovery time from sleep mode - 450 ys

1) Slope measured at any point on Vpp waveform.
2) Guaranteed by design. Refer to Figure 15 for Sleep mode recovery timing

1 VDD(min) |~ Ez —~,V/DD(min)
Vpp VR tve
tPu tpD
CS

)
\

Figure 19 Power cycle timing
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15 Ordering information

Table 18 Ordering information

Ordering code Package diagram | Package type Operating range
CYEL15B102Q-SXM 001-85261 8-pin SOIC Military

All these parts are Pb-free. Contact your local Infineon sales representative for availability of these parts.
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16 Ordering code definitions

CYEL 15 B 102 Q- S X M T

Options:

Blank = Standard; T = Tape and reel

Temperature range:
M = Military (-55°C to +125°C)

X =Pb-free

Package type:
S =8-pin SOIC

Q=SPI F-RAM

Density:
102 =2-Mb

Voltage:
B=2.0Vto3.6V

15=F-RAM

CY = CYPRESS (an Infineon company)
EL = Enhanced Commercial for LEO

Figure 20 Ordering code definitions
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17 Package diagrams

17 Package diagrams

L] o

&DOES NO INCLUDE MOLD FLASH, PROTRUSIONS DR GATE BURRS.

MOLD FLASH, PROTRUSIONS AND GATE BURRS SHALL NOT
EXCEED 0.008 INCH PER SIDE

2\ DOES NOT INCLUDE INTER LEAD FLASH OR PROTRUSIONS.
INTER-LEAD FLASH AND PROTRUSION SHALL NOT
EXCEED 0.010 INCH PER SIDE.

Jr 8z [g-%%] & 3. THIS PART IS COMPLIANT WITH EIAJ SPECIFIGATION EDR-7220

4. LEAD SPAN/STAND OF HEKGHT/COPLANARITY ARE CONSIDERED
AS SPECIAL CHARACTER.

5. CONTROLLING DIMENSIONS IN MM, [INCH]

U

nuuu]*| - L—qu [0.0500] BSC

5.33 [0210
" 5.13|02020
g '\“Lﬂ)'RefALLSIDE
1
0.86 [0.0340
533 [021[11 0075 0.78 0.0300]
513
!
2,03 [0.0800]
Max, A 0°-8°
o S
[~Jo.10 én)uas MAX- 001-85261 **
Figure 21 8-pin SOIC (208 Mils) package outline, 001-85261 (PG-DS0-8)
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18 Acronyms

Table 19 Acronyms

Acronym Description

CPHA Clock phase

CPOL Clock polarity

EEPROM Electrically erasable programmable read-only memory
EIA Electronic industries alliance

F-RAM Ferroelectric random access memory

1/0 Input/output

JEDEC Joint electron devices engineering council

JESD JEDEC standards

LSb Least Significant bit

MSb Most Significant bit

RoHS Restriction of hazardous substances

SPI Serial peripheral interface

SOIC Small outline integrated circuit
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19 Document conventions
19.1 Units of measure
Table 20 Unit of measure
Symbol Unit of measure
°C degree Celsius
Hz hertz
kHz kilohertz
kQ kilohm
Mbit megabit
MHz megahertz
WA microampere
WF microfarad
us microsecond
mA milliampere
ms millisecond
ns nanosecond
Q ohm
% percent
pF picofarad
\Y volt
watt
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Revision history

Document Date Description of changes

revision

** 2023-08-14 Initial release.

*A 2024-02-01 Changed the status to Final from Preliminary
Publish to web

*B 2026-02-12 Added radiation (TID) limits for ISB and 1ZZ at Ta = 25°C and 125°C; aligns
datasheet with qualified test results; no functional change.
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