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Features

m 2-Mbit ferroelectric random access memory (F-RAM) logically
organized as 256K x 8

a Virtually unlimited endurance of 100 trillion (1014) read/write
cycles

0 151-year data retention (See Data Retention and Endurance
on page 74)

3 NoDelay™ writes

o Advanced high-reliability ferroelectric process

m Single and Multi /O SPI
a Serial bus interface SPI protocols

1 Supports SPI mode 0 (0, 0) and mode 3 (1, 1) for all SDR
mode transfers

a Supports SPI mode 0 (0, 0) for all DDR mode transfers
a Extended I/O SPI protocols

a1 Dual SPI (DPI) protocols

a1 Quad SPI (QPI) protocols

m SPI Clock Frequency
a Up to 108-MHz frequency SPI SDR
a Up to 54-MHz frequency SPI DDR

m Execute-in-place (XIP) for Memory Read/Write

m Write Protection, Data Security, and Data Integrity

m Hardware Protection using the Write Protect (WP) Pin
m Software Block Protection

m Embedded ECC and CRC for enhanced data integrity

1 ECC detects and corrects 1-bit error. If a 2-bit error occurs,
itdoes not correct but reports through the ECC Status register

0 CRC detects any accidental change to raw data

m Extended electronic signatures
o Device ID includes manufacturer ID and product ID
= Unique ID
o User programmable Serial Number

m Dedicated 256-byte special sector F-RAM
o Dedicated special sector write and read
o Content can survive up to three standard reflow cycles

m Low-power consumption at high speed
2 10 mA (typ) active current for 108 MHz SPI SDR

o 16 mA (typ) active current for 108 MHz QSPI SDR and
54-MHz QSPI DDR

o 110 A (typ) standby current
1 0.80 PA (typ) deep power down mode current
a 0.1 pA (typ) hibernate mode current

m Low-voltage operation:
0 CY15V102QSN: Vpp =1.71 V10 1.89 V
0 CY15B102QSN: Vpp=1.8Vt0o 3.6 V

Cypress Semiconductor Corporation
Document Number: 002-26767 Rev. *B

198 Champion Court .

CY15B102QSN
CY15V102QSN

Excelon-Ultra 2-Mbit (256K x 8)

Quad SPI F-RAM

m Operating temperature: —40 °C to +85 °C
m 8-pin Small Outline Integrated Circuit (SOIC) package
m Restriction of hazardous substances (RoHS) compliant

Functional Description

The Excelon™-Ultra CY15X102QSN is a high-performance,
2-Mbit nonvolatile memory employing an advanced ferroelectric
process. A ferroelectric random access memory or F-RAM is
nonvolatile and performs reads and writes similar to a RAM. It
provides reliable data retention for 151 years while eliminating
the complexities, overhead, and system-level reliability problems
caused by serial flash and other nonvolatile memories.

Unlike serial flash, the CY15X102QSN 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 to other nonvolatile
memories. The CY15X102QSN is capable of supporting 1014
read/write cycles, or 100 million times more write cycles than
EEPROM. These capabilities make the CY15X102QSN ideal for
nonvolatile 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 can cause data loss.

The CY15X102QSN combines a 2-Mbit F-RAM with the
high-speed Quad SPI (QPI) SDR and DDR interfaces which
enhances the nonvolatile write capability of F-RAM technology.
The device incorporates a read-only Device ID and Unique ID
features which allow the SPI bus master to determine the
manufacturer, product density, product revision and unique 1D for
each part. The device is also offered with a unique serial number
that is read-only and can be used to identify a board or a system.
The device supports on-die ECC logic which can detect and
correct 1-bit error in every 8-byte unit data. The device also
extends capability to report 2-bit error in 8-byte unit data. The
CY15X102QSN also supports the Cyclic Redundancy Check
(CRC) feature which can be used to check the data integrity of
the stored data in the memory array.

San Jose, CA 95134-1709 . 408-943-2600
Revised March 19, 2020
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Pin Definition

Figure 1. 8-pin SOIC Pinout
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Pin Name

1/0 Type

Description

cs

Input

Chip Select. This active LOW input activates the device. When HIGH, the device enters 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 a new opcode is issued.

SCK

Input

Serial Clock. All I/O 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
can vary between 0 and 108 MHz and may be interrupted at any time.

SI/(1/00)

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.

Input/output

1/00: When the part is either in dual mode or quad mode, the S| pin becomes input/output (I/O0)
pin and acts as input during command and address cycles and output during the data output cycle.

SO/ (1/01)

Output

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

Input/output

1/01: When the part is either in dual mode or quad mode, the SO pin becomes input/output (I/O1)
pin and acts as input during command and address cycles and output during the data output cycle.

WP / (1/02)

Input

Write Protect. This active LOW pin prevents write operation to the Status and Configuration
registers when SRWD bit (SR1[7]) is set to ‘1’. Acomplete explanation of write protection is provided
in Status Register 1 (SR1) on page 10. This pin has an internal weak pull up resistor which keeps
this pin HIGH if left floating (not connected on the board). This pin can also be tied to Vp if not used.

Input/output

1/02: When the part is in quad mode, the WP pin becomes input/output (1/02) pin and acts as input
during command and address cycles and output during the data output cycle.

RESET / (1/03)

Input

Hardware Reset Pin. This active LOW pin resets the device. When RESET is LOW, the device will
self-initialize and will return to either standby state or active state depending on CS HIGH or LOW
status after the RESET input is released to HIGH. This pin has an internal weak pull up resistor
which keeps this_pin HIGH if left floating (not connected on the board). This pin can also be tied to
Vpp if not used. RESET / (1/0O3) behavior is described in Table 20 on page 18.

Input/output

1/03: When the part is in quad mode, the RESET pin becomes input/output (I/O3) pin and acts as
input during command and address cycles and output during the data output cycle. The internal
pull-up resistor on this pin gets disabled when configured as 1/03.

Vss

Power supply

Ground for the device. Must be connected to the system ground.

VDD

Power supply

Power supply input to the device.

Document Number: 002-26767 Rev. *B
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Functional Overview

The CY15X102QSN 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 Single SPI
EEPROM or Single/Dual/Quad SPI flash. The key differences
between the CY15X102QSN and a serial flash, with the same
pinout, is the F-RAM’'s superior write performance, high
endurance, and lower power consumption.

Memory Architecture

When accessing the CY15X102QSN, the user addresses 256K
locations of eight data bits each. These eight data bits are shifted
in or out serially either on single, dual, or quad I/Os. 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 (24-bit) address. However, since
CY15X102QSN requires only 18 bits to address its entire 256K
byte locations, the upper six bits of the most significant address
byte are ‘don’t care’ values. The 18-bit address uniquely
identifies each data byte location in the 256K memory array.

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 before initiating a new command. This is
explained in more detail in Functional Description on page 22.

Table 1. SPI Modes and Signal Details

SPI Bus

The SPl is 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. The CS
must go inactive after an operation is complete and before a new
opcode can be issued.

The CY15X102QSN is an SPI slave device and operates at
speeds up to 108 MHz in single data rate (SDR) mode and at
speeds up to 54 MHz in DDR mode. This high-speed serial bus
provides high-performance serial communication to an SPI
master. The CY15X102QSN supports four different SPI
interface/protocol options: Single channel SPI, Extended SPI,
Dual SPI, Quad SPI.

Table 1 provides the I/O signaling details during opcode,
address, and data phase in various SPI modes discussed above.

Single Extended SPI!! Multi-Channel SPI
Interface ch I SPI
anne Dual Data Quad Data Dual /O Quad I/0 DPI QPI
Signals CS, SCK, SI, | CS,SCK, [CS,SCK,1/00, |CS,SCK, /00, | CS, SCK, /00, |CS, SCK, 1/00, |CS, SCK, 1/00,
SO /00, 1101 |I/O1, 1102, /03 1/01 /01, 1102, 1/03 1/01 1101, 1/02, /03
Opcode s /00 /00 1/00 1/00 /00, 1/01 /00, 1/01,
/02, 1/03
Address S 1/00 1/00 /00, 1/01  [1/00,1/01,1/02,| 1/00, /01 /00, 1/01,
1/03 /02, 1/03
Data SI/SO /00, 1/01 /00, 1/01, /00, 1/01  [1/00,1/01,1/02,| 1/00, /01 /00, 1/01,
1102, 1103 1/03 /02, 1103
Note

1. There is no user setting for the Extended SPI modes. Device always starts with SPI mode and then changes to the respective Extended SPI mode based on the

opcode received.

Document Number: 002-26767 Rev. *B
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Single Channel SPI

The single channel SPI is a four-pin interface with Chip Select
(CS), Serial Input (SI), Serial Output (SO), and Serial Clock
(SCK) pins. 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 CS must go HIGH
(inactive) after an operation is complete and before a new
opcode can be issued. This mode uses Sl and SO pins for input
and output respectively. Opcode and address is transferred by
the master on the Sl line, while data is read by the master on SO.

Extended SPI

The CY15X102QSN has the capability to reconfigure the
standard SPI pins to work in dual or quad I/O modes called
extended SPI modes. The extended SPI mode provides: Dual
Data, Dual Input/Output (I/O), Quad Data, and Quad
Input/Output (1/0O) modes. The CS going HIGH after Extended
SPI command or device reset (either POR or hardware/software
reset) brings the device back to the single channel SPI mode.
Extended SPI mode has the following I/O configurations:

m When the partis in dual output or dual I/0O mode, the Sl pin and
SO pin become I/00 pin and 1/01 pin respectively.

m When the part is in quad output or quad I/O mode, the Sl pin,
SO pin, WP pin, and RESET pin become 1/00 pin, I/O1 pin,
1/02 pin, 1/03 pin respectively.

m Dual or Quad Data commands and addresses are sent to the
memory only on the Sl signal. Data will be returned to the host
as a sequence of bit pairs on I/00 and I/01 or four bit (nibble)
groups on I/00, /01, 1/02, and I/03.

m Dual or Quad Input/ Output (I/O) commands are sent to the
memory only on Sl signal while an address is sent from the
host as bit pairs on /00 and I1/01 or, four bit (nibble) groups on
1/00, 1/01, 1102, and 1/03 respectively. Data is returned to the
host similarly as bit pairs on I/00 and 1/01 or, four bit (nibble)
groups on /00, 1/01, 1/102, and 1/03.

Dual SPI (DPI)

The CY15X102QSN DPI mode is enabled by writing ‘1’ at bit 4
of Configuration Register 2 (CR2), CR2[4] = ‘1’. Since
Configuration Register 2 (CR2) has both volatile and nonvolatile
space, user setting in the nonvolatile register will survive power
and hardware reset cycles. Therefore, once the Dual SPI (DPI)
mode is set in the nonvolatile CR2, it always returns to the DPI
mode until the host clears the DPI bit by writing ‘0’ in the
nonvolatile CR2[4]. The host can change the device interface to
DPI mode by writing ‘1’ to the volatile register CR2[4]; but this
volatile setting will not survive the power and hardware reset
cycles, and the volatile CR2[4] setting will be overwritten with
default settings stored at associated nonvolatile location at
power up or after the hardware reset cycle.

When the partis in Dual SPI mode, the Sl pin and SO pin become
I/00 pin and 1/01 pin respectively. Command, Address, and Data
bits are sent to the memory from the host as bit pairs on I/O0 and
I/01. Data bits are returned to the host similarly as bit pairs on
I/00 and I/01.

Document Number: 002-26767 Rev. *B

Quad SPI (QPI)

The CY15X102QSN multichannel QPI mode is enabled by
writing ‘1’ at bit 6 of Configuration Register 2 (CR2), CR2[6] =‘1".
Since Configuration Register 2 (CR2) has both volatile and
nonvolatile space, user setting in the nonvolatile register will
survive power and hardware reset cycles. Therefore, once the
Quad SPI (QPI) mode is set in the nonvolatile CR2, it always
returns to the QPI mode until the host clears the QPI bit by writing
'0" in the nonvolatile CR2[6]. The host can change the device
interface to QPI mode by writing ‘1’ to the volatile register CR2[6];
but this volatile setting will not survive the power and hardware
reset cycles, and the volatile CR2[6] setting will be overwritten
with default settings stored at associated nonvolatile location at
power up or after the hardware reset cycle.

When the part is in Quad SPI mode, the Sl pin, SO pin, WP pin,
and RESET pins become /00 pin, I/O1 pin, I/02 pin, I/0O3 pin
respectively. Command, Address, and Data bits are sent to the
memory from the host as four bit (nibble) groups on 1/00, 1/01,
1/02, and I/03. Data bits are returned to the host similarly as four
bit (nibble) groups on 1/00, 1/01, 1/02, and 1/03.

The QPI mode also supports DDR through special opcodes
where byte transfer occurs on both edges of the clock for
address, mode, and data bytes. There is no DDR mode during
the opcode phase; that is, opcodes are always transmitted in
SDR mode. The device enters DDR mode after a specific
command is transmitted in SDR mode, which then determines
the address, mode, and data cycles in DDR. There is no setting
for enabling the DDR mode. The Quad SPI DDR mode is only
supported for memory write and read operations with special
opcodes.

Terms used in SPI Protocol
The commonly used terms in the SPI protocol are as follows:

SPI Master

The SPI master device controls the operations on the 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.

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 CY15X102QSN operates as an SPI slave and may share
the SPI bus with other SPI slave devices.

Chip Select (&)

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 Sl pin is ignored and the serial output
pin (SO) remains in a high-impedance state.

Page 6 of 86
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Note: A new instruction must begin with the falling edge of C_i
Therefore, only one opcode can be issued for each active CS
HIGH to LOW transition.

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 CY15X102QSN 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 Most Significant Bit (MSb) of an
SPI instruction on the Sl pin. Further, all data inputs and outputs
are synchronized with SCK.

Data Transmission (SI/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 Sl and SO lines as described earlier.

The CY15X102QSN has two separate pins for Sl and SO, which
can be connected with the master as shown in Figure 2. When
in dual or quad I/0O modes, these pins are configured as 1/O pins.
Figure 3 shows such a system interface with a QSPI port.

Figure 2. System Configuration with SPI Port

SCK
MOSI
MISO N \

A, A,

v A
SCK (I/00) (I/O1) SCK (I/00) (l/01)
SPI SI SO Sl SO
Hostcontroller
or CY15X102QSN CY15X102QSN
SPI Master _ -
WP RESET __ WP RESET
CS (/02) (1/03) CS (1/02) (1/03)
;A 3 2
cs1 1 - -
GPIO1 fromemmmmmmmmmmemeeeed I
Cs2
GPIO 2

Optional connection;
leave floating if not used

Figure 3. System Configuration with QSPI Port

SCK
1/00 (< Y
/101 |« x
A v v A A Yy
SCK (I/00) (I/01) SCK (l/00) (I/01)
QSPI S| SO S| SO
Hostcontroller
or CY15X102QSN CY15X102QSN
QSPI Master _ _
__ WP RESET __ WP RESET
CS (I/02) (1/03) CS (1/02) (1/03)
A A A A
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Cs2
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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-Mbit serial F-RAM requires a 3-byte address for any read
or write operation. Because the address is only 18 bits, the
six bits, which are fed in are ignored by the device. Although
these five bits are ‘don’t care’, Cypress recommends that these
bits be set to 0s to enable seamless transition to higher memory
densities.

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.
CY15X102QSN uses the standard opcodes (refer to Table 31 on
page 22) for memory accesses.

Invalid Opcode

If a reserved opcode is received, the opcode may internally
trigger unintended operation and start driving the 1/0 pin(s) with
a non-deterministic data output. Hence, all opcodes under the
reserved category should be avoided to transmit over Sl pin
when CY15X102QSN chip select CS is LOW.

Instruction
Instruction is the combination of the Opcode, address, mode

and/or dummy bytes/cycles used to access the memory and
registers.

Mode Byte

The Mode byte is applicable for all write and read commands that
support Execute-In-Place (XIP). The XIP is a method of
executing the program (code) directly from an external memory
rather than copying or shadowing the code into RAM. When the
XIP is set for a write or read command, the device stays in XIP
mode after the command cycle is terminated (CS toggles HIGH)
so that the subsequent command cycle with CS LOW directly
starts with the Address phase (Opcode phase is skipped). When
in XIP, the device executes the same operation as in previous
cycle. To initiate a new operation while in XIP, for example to
switch from memory write to memory read or vice versa, the
device should first exit the XIP for the current command cycle
and initiate the next command cycle with Opcode phase.
Opcodes with the Mode phase only support the XIP. See

Table 31 for the list of opcodes that require Mode phase.

Following the opcode and 3-byte address cycles, the mode byte
0xAX (X don’t care bits) or 0xA5 (depending on the opcode)
transmitted during the Mode phase keeps the device in XIP for
the next command cycle. The XIP must be set during every
command cycle to remain in XIP for the next command cycle.
Any other value than 0xAX or 0xA5 (10xAX or |0xA5) transmitted
during the Mode phase will exit the XIP for the current operation.
In this case, the next command cycle must always start with the
Opcode phase to start the same operation or a new operation.
Depending upon the SPI mode and the interface type, the
number of clocks to transmit the mode byte will vary from one
clock (Quad, DDR) to eight clocks (SPI, SDR).
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Wait States or Dummy Cycles

The wait states, also called dummy cycles, are appended after
the address bits and mode bits (if applicable). The number of wait
state cycles are programmable through Configuration Register 1
(CR1) and Configuration Register 2 (CR2) for both memory and
registers reads respectively. A valid data is driven on the output
bus only after specific number of dummy cycles are elapsed
following memory and register read commands that support wait
state. A dummy cycle is a full clock cycle irrespective of the SPI
modes and data rates (SDR or DDR). The status of I/Os are don't
care during Dummy cycle.

SPI Modes

CY15X102QSN may be driven by a microcontroller with its SPI
peripheral running in either of the following two modes:

m SPI Mode 0 (CPOL = 0, CPHA = 0)

m SPI Mode 3 (CPOL = 1, CPHA = 1)

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. The
two SPI modes are shown in Figure 4 and Figure 5. The status
of the clock SCK when the bus master is not transferring data is:

m SCK remains at 0 for Mode 0

m SCK remains at 1 for Mode 3

SPI Mode 0 and SPI Mode 3 are supported for all SDR mode
commands. While, all DDR mode commands support only SPI
Mode 0.

Figure 4. SPI Mode 0

si——~X)~HH X=X~

Figure 5. SPI Mode 3

si (H<E)HL XXX
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SDR

The input data bits (includes instruction, address, and data) are
always 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.

DDR

The instruction bits are always latched 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. However, the address and input
data that follow the instruction are latched on both the rising and
falling edges of SCK. The first address bit is latched on the first
rising edge of SCK following the falling edge at the end of the last
instruction bit. The first bit of output data is driven on the falling
edge of SCK at the end of the last access latency (dummy) cycle.
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Power-up to First Access

When the CY15X102QSN power supply (Vpp) falls below
Vpp(low), the power-up cycle starts. CY15X102QSN waits for
the VDD power supply to rise above the minimum Vpp(min), after
which the device stars its internal boot-up sequence. The
boot-up sequence for CY15X102QSN includes internal
power-on-reset (POR) followed by loading the internal device
configuration and trim registers as well as setting the user
accessible registers. All user accessible registers (Status and
Configuration, Mode, ID, ECC, and CRC) are set to their default
values after a successful boot-up cycle. Table 2 shows the status
of each register of CY15X102QSN after a successful power-up
(or POR) sequence.

CY15X102QSN ignores all instructions until a time delay of tp;
has elapsed after the moment Vpp rises above Vpp(min). No
instruction should be sent to the device until the end of tp,. After
the tpy, if CS is HIGH, the device enters Standby mode and
draws standby current (lgg). The device enters Deep
Power-Down mode after tpy if the Deep Power-Down mode
upon POR (DPDPOR) in Configuration Register 4 (CR4) is set
to ‘1" (CR4 [2] = 1").

Table 2. CY15X102QSN Registers Status after POR

The WIP bit of Status Register 1 (SR1[0]) cannot be used to poll
the device readiness after the POR event because device is still
not accessible for executing any command including RDSR1
until the tp time is over. However, if the WIP status remains
HIGH even after tp; time or device remains inaccessible,
indicates device didn’'t boot up correctly (boot error). Once the
boot error occurs, the device enters the following default states:

m The interface mode is set to Single SPI (SDR)

m |IO3R bit of CR2 (CR2[5]) is internally set ‘1’ to enable the
hardware reset (RESET) on 103

m Register latency is set to three-clock cycle (max value)
m Output impedance is set to 45 ohm

m Only RDSR1 and RDAR commands are allowed (in SPI SDR
mode only) to read the SR1. All other commands will remain
disabled and will return undefined data if executed.

m Reading the SR1 returns 0x61 as boot error signature

CY15X102QSN will require power cycle or hardware reset to
restart the boot-up again. The above default settings will be
replaced with actual user configurations after a successful
boot-up.

Function Register Type

CY15X102QSN Registers Status after POR

Device Status Status Register 1 (SR1)

Default to corresponding nonvolatile bits

Status Register 2 (SR2)

0x00

Device Configuration!?! Configuration Register 1 (CR1)

Default to corresponding nonvolatile bits

Configuration Register 2 (CR2)

Default to corresponding nonvolatile bits

Configuration Register 4 (CR4)

Default to corresponding nonvolatile bits

Configuration Register 5 (CR5)

Default to corresponding nonvolatile bits

Identification Identification Register

Default to corresponding nonvolatile bits (factory set)

Unique ldentification Register

Default to corresponding nonvolatile bits (factory set)

Serial Number Register

Default to corresponding nonvolatile bits (factory set
to 0x0000000000000000)

Error Correction ECC Status Register 0x00
ECC Count Register 0x0000
ECC Address Trap Register 0x00000000
Cyclic Redundancy Check |CRC Register 0x00000000

Note
2. Configuration Register 3 (CR3) is reserved for future use.

Document Number: 002-26767 Rev. *B
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CY15x102QSN Registers

CY15X102QSN supports various status and configuration
registers for device status update and configuration settings.
CY15X102QSN registers and their access details are discussed
in follow on sections.

Status Registers

The CY15X102QSN supports two status registers - Status
Register 1 (SR1) and Status Register 2 (SR2) to provide the write
protect settings as well ready/CRC status of the device. The SR1
register has a volatile and an associated nonvolatile register
space in the F-RAM. The nonvolatile register retains the device
configuration during power down which is then copied to the
respective volatile register during power up or after the hardware
reset (JEDEC reset or RESET pin). The CY15X102QSN state
machine uses only the volatile register settings to change the
device configuration during normal access. Since the
CY15X102QSN provides independent space for both volatile
and nonvolatile configuration registers, the host can program the
volatile register only to make the configuration effective for the
current power cycle. The nonvolatile write changes the content
of both volatile and nonvolatile registers. Therefore, the new
configurations become effective immediately for the current
power cycle as well as subsequent power cycles or hardware
reset cycles. The SR2 is a read only register.

Table 3. Status Register 1 (SR1)

Read from status registers either uses dedicated status register
read opcodes (RDSR1, RDSR2) or RDAR followed status
register address. The status register read always returns the
volatile register content. Individual status register details are
provided in follow on sections.

Status Register 1 (SR1)

The Status Register 1 (SR1), as shown in Table 3, contains both
status and write protect control bits. The SR1 is accessible by
WRSR and WRAR command for write and the RDSR1 or the
RDAR command for read operations. The SR1 access details
are provided in Register Access Commands on page 25.
WRAR nonvolatile write address - 0x000000

WRAR volatile write address - 0x070000

RDAR read address - 0x000000 or 0x070000

The default state shown after each bit in Table 3 is the factory
programmed value.

SR1[7] SR1[6] SR1[5] SR1[4] SR1[3] SR1[2] SR1[1] SR1[0]
SRWD (0) RFU (0) TBPROT (0) BP2 (0) BP1 (0) BPO (0) WEL (0) WIP (0)
Table 4. Status Register 1 (SR1) - Nonvolatile
Bit Bit Name Bit Function Type Read/Write Description
SR1[7] SRWD Status Register Write NV R/W 1 = Locks state of Status & Configuration registers when
Disable WP is LOW -
0 = No register protection irrespective of the status of WP
pin

SR1[6] RFU Reserved (0)

Reserved for future use

SR1[5] | TBPROT | Top/Bottom Relative NV R/W 1 = Protection starts at memory array bottom
Protection 0 = Protection starts at memory array top

SR1[4] BP2 Block Protect bit NV R/W Protects the selected address range of memory array

SR1[3] BP1 NV

SR1[2] BPO NV

SR1[1] WEL Write Enable Latch \%

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

SR1[0] WIP Work in Progress \%

1 = Device Busy
0 = Device Ready

NV - Nonvolatile; V - Volatile

Document Number: 002-26767 Rev. *B
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Table 5. Status Register 1 (SR1) - Volatile
Bit Bit Name Bit Function Type Read/Write Description
SR1[7] SRWD Status Register Write \Y, R/W 1 = Locks state of Status & Configuration registers when
Disable WP is LOW -
0 = No register protection irrespective of the status of WP
pin
SR1[6] RFU Reserved (0) Reserved for future use
SR1[5] | TBPROT | Top/Bottom Relative \Y, R/W 1 = Protection starts at memory array bottom
Protection 0 = Protection starts at memory array top
SR1[4] BP2 Block Protect bit \% Protects the selected address range of memory array
SR1[3] BP1 \Y,
SR1[2] BPO \Y,
SR1[1] WEL Write Enable Latch \% 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
SR1[0] WIP Work in Progress \Y 1 = Device Busy

0 = Device Ready

V - Volatile

Status Register Protect (SRWD) SR1 [7]

This bit enables write protect for the Status and Configuration
registers when set to ‘1’ and the write protect (WP) pin is driven
LOW. In this mode, any instruction that changes the status
registers or configuration registers content is ignored, effectively
locking the state of the device. If the SRWD is set to ‘0,
irrespective of the WP status (LOW or HIGH), Status and
Configuration Registers write protection remains disabled. Refer
to Table 8 on page 12 for the memory and status register
protection options.

Table 6. Start of Protection from Top (TBPROT = ‘0’)

Top or Bottom Protection (TBPROT) SR1 [5]

This bit defines the operation of the Block Protection bits BP2,
BP1, and BPO. This bit controls the starting point of the memory
array (from top or bottom) memory that gets protected by the
Block protection bits.

Status Register Content
Protected Fraction of Memory Array Protected Address Range
BP2 BP1 BPO

0 0 0 None None

0 0 1 Upper 1/64t of memory array 0x03F000-0X03FFFF
0 1 0 Upper 1/32M of memory array 0x03E000-0X03FFFF
0 1 1 Upper 1/1 6 of memory array 0x03C000-0X03FFFF
1 0 0 Upper 1/8™ of memory array 0x038000-0X03FFFF
1 0 1 Upper 1/4t of memory array 0x030000—0x03FFFF
1 1 0 Upper half of memory array 0x020000-0x03FFFF
1 1 1 Full memory 0x000000—0x03FFFF

Document Number: 002-26767 Rev. *B
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Table 7. Start of Protection from Bottom (TBPROT = ‘1°)

Status Register Content

Protected Fraction of Memory Array Protected Address Range
BP2 BP1 BPO

0 0 0 None None

0 0 1 Lower 1/64™ of memory array 0x000000—-0x000FFF

0 1 0 Lower 1/32" of memory array 0x000000—0x001FFF

0 1 1 Lower 1/16™ of memory array 0x000000—-0x003FFF

1 0 0 Lower 1/8t of memory array 0x000000—0x007FFF

1 0 1 Lower 1/4%" of memory array 0x000000—-0x00FFFF

1 1 0 Lower half of memory array 0x000000—-0x01FFFF

1 1 1 Full memory 0x000000—-0x03FFFF

Block Protection (BP2, BP1 and BP0) SR1 [4:2]

These bits define the memory array to be write-protected against
memory write commands. When one or more of the BP bits is set
to ‘1’, the respective memory address is protected from write.
The Block Protect bits (BP2, BP1, and BPQ) in combination with
the TBPROT bit can be used to protect an address range of the
memory array. The size of the range is determined by the value
of the BP bits and the upper or lower starting point of the range
which is selected by the TBPROT. Table 6 and Table 7 show
CY15X102QSN protected address range for BP[2:0] bits setting.

Table 8. Write Protection

Write Enable Latch (WEL) SR1 [1]

The WEL bit must be set to 1 to enable write operations to
memory array or registers, as shown in Table 8. This bit is set to
‘1’ only by executing the Write Enable (WREN) command. The
WEL bit (SR1[1]) automatically clears to ‘0’ on the rising edge of
CS following opcodes including: WRDI (04h), WRSR (01h),
SSWR (42h), WRAR (71h), and WRSN (C2h). The WEL bit
(SR1[1]) doesn’t clear to ‘0’ on the rising edge of CS following
memory write opcodes. The WEL bit is volatile and returns to its
default ‘0’ state after POR and all reset events.

SRWD WP WEL Protected Blocks Unprotected Blocks | Status and Configuration Registers!®!
X X 0 Protected Protected Protected
0 X 1 Protected Writable Writable
1 0 1 Protected Writable Protected
1 1 1 Protected Writable Writable
Note

3. All bits except Read Only and Reserved bits.
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Work-In-Progress (WIP) SR1 [0]

This is a read-only bit and indicates device ready or busy status
during normal operation. The CY15X102QSN sets this bit to ‘1°
while executing the CRC calculation. No other command (s) and
event (s) set the WIP to ‘1’ in CY15X102QSN. When WIP is ‘1’
the CY15X102QSN can execute only Read Status registers
using RDSR1/RDSR2 or Read Any Register (RDAR followed by
status register address), CRC Suspend (EPCS), and Software
Reset (RSTEN followed by RST) commands. Other commands
will be ignored while WIP is “1’. The WIP bit can’t be used to poll
the device ready status during power up or reset cycles. This bit
is volatile and returns to its default state after POR and all reset
events.

Table 9. Status Register 2 (SR2)

Status Register 2 (SR2)

The Status Register 2 (SR2), as shown in Table 9, provides the
device status on CRC operations. The SR2 is a read-only volatile
register and is accessible by RDSR2 or the RDAR command for
read operations. The SR1 access details are provided in
Register Access Commands on page 25.

RDAR read address - 0x000001 or 0x070001

The default state shown after each bit in Table 8 is the factory
programmed value.

SR2[7] SR2[6] SR2[5] SR2[4] SR2[3] SR2[2] SR2[1] SR2[0]
RFU (0) RFU (0) RFU (0) CRCS (0) CRCA (0) RFU (0) RFU (0) RFU (0)
Table 10. Status Register 2 (SR2) - Volatile Only
Bit Bit Name | Bit Function ‘ Type l Read/Write Description
SR2[7] RFU Reserved (0) Reserved for future use
SR2[6] RFU Reserved (0) Reserved for future use
SR2[5] RFU Reserved (0) Reserved for future use
SR2[4] CRCS CRC Suspend \% 1 =In CRC Suspend Mode
0 = Not in CRC Suspend Mode
SR2[3] CRCA CRC Abort \Y 1 = CRC Command aborted
0 = CRC Command not aborted
SR2[2] RFU Reserved (0) Reserved for future use
SR2[1] RFU Reserved (0) Reserved for future use
SR2[0] RFU Reserved (0) Reserved for future use
V - Volatile

CRC Suspend (CRCS) SR2 [4]

The CRC Suspend (CRCS) bit is used to determine whether the
device is in CRC Suspend mode. When the device CRC
calculation is in progress, executing the CRC Suspend
command (EPCS) will set this bit to ‘1’ to indicate the CRC
Suspend status. The CRC Resume (EPCR) command clears the
CRCS bit to ‘0’, indicates device exited the CRC suspend mode.
This is a read only bit. This bit also gets cleared after resets
(POR, Hardware, and Software).

Document Number: 002-26767 Rev. *B

CRC Abort (CRCA) SR2 [3]

This bit indicates whether the CRC Calculation (CRCC)
operation is aborted. The CRC calculation is aborted when End
Address and Start Address criteria (EA < SA + 3), which is
Ending Address should be at least 32-bit aligned word higher
than the Starting Address, doesn’t meet. This bits gets clears
when subsequent CRC calculation starts successfully. This bit
also gets cleared after reset (POR, Hardware, and Software).
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Configuration Registers

The CY15X102QSN supports four user configuration registers -
CR1, CR2, CR4, and CR5 to program various controls in the
device. Each configuration register has a volatile and an
associated nonvolatile register space in the F-RAM. The
nonvolatile registers retain the device configuration during power
down which are then copied to their respective volatile registers
during power up or after the hardware reset (JEDEC reset or
RESET pin). The CY15X102QSN state machine uses only the
volatile register settings to change the device configuration
during normal access. Since the CY15X102QSN provides
independent space for both volatile and nonvolatile configuration
registers, the host can program volatile register only to make the
configuration effective for the current power cycle. The
nonvolatile write changes the content of both volatile and
nonvolatile registers. Therefore, new configurations become
effective immediately for the current power cycle as well as
subsequent power cycles or hardware reset cycles.

Table 11. Configuration Register 1 (CR1)

Read from configuration registers either using dedicated
configuration register read opcodes (RDCR1, RDCR2, RDCR3,
RDCR4) or RDAR always returns the volatile register content.
Individual configuration register details are provided in follow on
sections.

Configuration Register 1 (CR1)

The Configuration Register 1 (CR1), as shown in Table 11,
configures the latency (dummy) cycles for memory and special
sector reads and enables the quad I/O during extended SPI
access. The CR1 is accessible by the WRAR command for write
and the RDCR1 or the RDAR command for read operations. The
CR1 access details are provided in Register Access Commands
on page 25.

WRAR nonvolatile write address - 0x000002

WRAR volatile write address - 0x070002

RDAR read address - 0x000002 or 0x070002

The default state shown after each bit in Table 11 is the factory
programmed value.

CR1[7] CR1[6] CR1[5] CR1[4] CR1[3] CR1[2] CR1[1] CR1[0]
MLC3 (0) MLC2 (0) MLC1 (0) MLCO (0) RFU (0) RFU (0) QUAD (0) RFU (0)
Table 12. Configuration Register 1 (CR1) - Nonvolatile
Bit Bit Name Bit Function Type Read/Write Description
CR1[7] MLC3 Memory Latency NV R/W Configures number of latency
CR1[6] MLC2 Code NV (dummy) cycles for the memory as
well as special sector read opcodes.
CR1[5] MLC1 NV Example-
0000 - 0 cycle
CR1[4] MLCO NV 0110 - 6 cycles
1111 - 15 cycles
CR1[3] RFU Reserved (0) Reserved for future use
CR1[2] RFU Reserved (0) Reserved for future use
CR1[1] QUAD Quad NV R/W 1= Quad
0 = Dual or Serial
CR1[0] RFU Reserved (0) Reserved for future use
NV - Nonvolatile
Table 13. Configuration Register 1 (CR1) - Volatile
Bit Bit Name Bit Function Type Read/Write Description
CR1[7] MLC3 Memory Latency V R/W Configures number of latency (dummy) cycles for the
CR1[6] MLC2 Code v memory as well as special sector read opcodes.
Example-
CR1[3] MLCH1 \ 0000 - 0 cycle
CR1[4] MLCO Vv 0110 - 6 cycles
1111 - 15 cycles
CR1[3] RFU Reserved (0) Reserved for future use
CR1[2] RFU Reserved (0) Reserved for future use
CR1[1] QUAD Quad vV R/W 1= Quad
0 = Dual or Serial
CR1[0] RFU Reserved (0) Reserved for future use
V - Volatile
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Memory Latency Code (MLC) CR1 [7:4]

These four bits configures the latency (dummy) cycles for all
variable latency memory read instructions. It enables the user to
adjust the memory read latency during normal operation to
optimize the latency for different instructions at different
operating frequencies. Dummy cycles are full clock cycles on
SCK irrespective of the SPI modes and data rates (SDR and
DDR).

Some read opcodes support dummy cycles following address
cycles. These dummy cycles provide additional latency that is
needed to complete the initial read access of the memory array
before data can be returned to the host system. As the SPI clock
(SCK) frequency increase, number of dummy cycles need to
increase to meet the latency.

Table 14 to Table 16 on page 16 show the max SPI clock
frequency versus clock latency for each opcodes that support
dummy cycles. The host controller can determine to optimize the
timing by setting individual latency cycle for each opcode or can
set the worst case latency which meets the latency requirement
of all opcodes for a desired operating frequency. The memory
read latency set for a higher frequency also applies for all lower
frequencies. Hence, when the host lowers the SPI clock (SCK)
from higher frequency to a lower frequency, adjusting the clock
latency becomes optional.

The format (CMD, ADD, DATA) in Table 14 header represents
the transmission of these bytes over number of I/Os in different
SPI modes. For example: (2, 2, 2) represents all command
(CMD), address (ADDR), and data (DATA) bytes are transmitted
over two I/Os (I/0O0 and I/01) in DPI mode. Similarly, (1, 2, 2)
represents CMD byte is transmitted over a single I/O (I/00), while
ADDR and DATA bytes are transmitted over two I/Os (I/00, 1/01)
in dual I/O mode. (1, 1, 4) represents CMD and ADDR bytes are
transmitted over a single /0O (I/0O0), while DATA bytes are
transmitted over four I/Os (I/0O0, I/01, 1/02, 1/03) in Quad Data
mode.

Mode represents number of clock cycles required in various SPI
interface modes to transmit the mode byte after address bits.
Since mode bits are transmitted after the address cycles, clock
cycles required to transmit mode bits are internally added to the
latency calculation.

Table 14. Latency (Dummy) Cycles for Memory Read Commands - With XIP Mode (SDR)

toney SPI(SDR) | DPI(SDR) | QPI(SDR) D‘('ngR"ﬂ)'ta Dual /O (SDR) Qu(g%gf'ta Q(”sag%o
(Dummy) | FAST_READ | FAST_READ | FAST_READ, DOR DIOR QOR QIOR
Cycles - QIOR
Decimal (1,1, 1) 2,2, 2) (4, 4, 4) (1,1,2) (1,2,2) (1,1, 4) (1, 4, 4)
Mode = 8 Mode =4 Mode =2 Mode = 8 Mode =4 Mode = 8 Mode =2
0 108 MHz 55 MHz*! 10 MHzH 108 MHz 55 MHz! 108 MHz 10 MHz!
1 108 MHz 70 MHz! 25 MHzI4! 108 MHz 70 MHz!A 108 MHz 25 MHz!
2 108 MHz 80 MHz! 40 MHZ™! 108 MHz 80 MHz!! 108 MHz 40 MHZ™!
3 108 MHz 95 MHz[! 55 MHz!! 108 MHz 95 MHz! 108 MHz 55 MHz!
4 108 MHz 108 MHz 70 MHZ! 108 MHz 108 MHz 108 MHz 70 MHZz™!
5 108 MHz 108 MHz 80 MHz! 108 MHz 108 MHz 108 MHz 80 MHz!
6 108 MHz 108 MHz 95 MHzI! 108 MHz 108 MHz 108 MHz 95 MHz!
7-15 108 MHz 108 MHz 108 MHz 108 MHz 108 MHz 108 MHz 108 MHz
Note

4. This parameter is guaranteed by characterization; not tested in production.
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Table 15. Latency (Dummy) Cycles for Memory Read Commands - With XIP Mode (DDR)

CY15B102QSN
CY15V102QSN

QP! (DDR) Quad /O (DDR)
Latency
(Dummy) DDRFR, DDRQIOR DDRQIOR
Bocimai “.4.9) Shikd
Mode = 1 Mode = 1
0 NA NA
1 NA NA
2 10 MHZP! 10 MHzD!
3 25 MHZz! 25 MHZP!
4 33 MHZP! 33 MHZ®!
5 40 MHZP! 40 MHZP!
6 50 MHZz!! 50 MHZ!!
7-15 54 MHz 54 MHz
Table 16. Latency (Dummy) Cycles for Memory Read Commands - Without XIP Mode
SPI (SDR) DPI (SDR) QPI (SDR)
Latency
(Dummy) READ, ECCRD, SSRD
gggﬁai 1,1,1) 2,2, 2) (4, 4, 4)
Mode = NA Mode = NA Mode = NA
0 40 MHZP! NA NA
1 55 MHZ!! NA NA
2 70 MHZP! 25 MHZ! 10 MHZzP!
3 80 MHZ!! 40 MHZP! 25 MHZ!!
4 95 MHZ!! 55 MHZ!! 40 MHZP!
5 108 MHz 70 MHZP! 55 MHz®!
6 108 MHz 80 MHZI®] 70 MHZ!!
7 108 MHz 95 MHZ!! 80 MHZ!!
8 108 MHz 108 MHz 95 MHZ®!
9-15 108 MHz 108 MHz 108 MHz

Note

5. This parameter is guaranteed by characterization; not tested in production.
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Quad Data Width (QUAD) CR1 [1]

When set to ‘1, this bit switches the data width of the device to
4 1/0Os — Quad mode, that is WP becomes 1/02 and RESET /
(I/03) becomes 1/03. If the alternate function is enabled on 1/03
by setting IO3R bit in Configuration Register 2 (CR2[5]), RESET
[ (1/03) works as 1/03 when CS is low and RESET input when
CS is HIGH. The WP input is disabled and is internally set to ‘1°.
The QUAD bit must be set to ‘1’ when executing the extended
SPI read commands: Quad Output Read, and Quad I/0 Read,
and DDR Quad I/0 Read. The impact of “QUAD” bit setting on
various SPI interfaces are shown in Table 20 on page 18.

Table 17. Configuration Register 2 (CR2)

Configuration Register 2 (CR2)

The Configuration Register 2 (CR2), as shown in Table 17,
controls the serial interface settings. The CR2 is accessible by
the WRAR command for write and the RDCR2 or the RDAR
command for read operations. The CR2 access details are
provided in Register Access Commands on page 25.

WRAR nonvolatile write address - 0x000003

WRAR volatile write address - 0x070003

RDAR read address - 0x000003 or 0x070003

The default state shown after each bit in Table 17 is the factory
programmed value.

CR2[7] CR2[6] CR2[5] CR2[4] CR2[3] CR2[2] CR2[1] CR2[0]
RFU (0) QPI (0) IO3R (0) DPI (0) RFU (0) RFU (0) RFU (0) RFU (0)
Table 18. Configuration Register 2 (CR2) - Nonvolatile
Bit Bit Name | Bit Function ‘ Type l Read/Write Description
CR2[7] RFU Reserved (0) Reserved for future use
CR2[6] QPI Quad SPI NV R/W 1 = Enable QPI protocol
Enable 0 = Enable SPI protocol, if DPI bit is set to ‘0’
CR2[5] IO3R 103 Reset NV R/W 1 =1/03 is used as RESET input when CS is HIGH
0 = /03 has no alternate function
CR2[4] DPI Dual SPI NV R/W 1 = Enable DPI protocol
Enable 0 = Enable SPI protocol, if QPI bit is set to ‘0’
CR2[3] RFU Reserved (0) Reserved for future use
CR2[2] RFU Reserved (0) Reserved for future use
CR2[1] RFU Reserved (0) Reserved for future use
CR2[0] RFU Reserved (0) Reserved for future use

NV - Nonvolatile

Table 19. Configuration Register 2 (CR2) - Volatile

Bit Bit Name | Bit Function ‘ Type ‘ Read/Write Description
CR2[7] RFU Reserved (0) Reserved for future use
CR2[6] QPI Quad SPI \% R/W 1 = Enable QPI protocol
Enable 0 = Enable SPI protocol, if DPI bit is set to ‘0’
CR2[5] IO3R I03 Reset \ R/W 1 =1/03 is used as RESET input when CSis HIGH
0 = 1/03 has no alternate function
CR2[4] DPI Dual SPI \ R/W 1 = Enable DPI protocol
Enable 0 = Enable SPI protocol, if QPI bit is set to ‘0’
CR2[3] RFU Reserved (0) Reserved for future use
CR2[2] RFU Reserved (0) Reserved for future use
CR2[1] RFU Reserved (0) Reserved for future use
CR2[0] RFU Reserved (0) Reserved for future use

NV - Nonvolatile
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Quad SPI (QPI) CR2 [6]

This bit controls the instruction and data widths in Quad SPI
mode. In this mode, all transfers between the host system and
memory are 4 bits wide on /00 to 1/03, including all instructions.
The QUAD bit set ‘1’ in CR1 [1] is not necessary, hence ignored
for the QPI mode. Refer to Table 21 for details.

103 Reset (I03R) CR2 [5]

This bit controls the RESET / (1/03) pin behavior. When this bit
is set ‘1°, enables the RESET input during normal operation.
Table 20 shows the RESET / (I/03) functionality based on the
interface mode.

Table 20. RESET / (1/03) Pin Function

Dual (DPI) CR2 [4]

This bit controls the instruction and data widths in Dual SPI
mode. In this mode, all transfers between the host system and
memory are 2 bits wide on I/O0 to 1/01, including all instructions.
Refer to Table 21 for details.

RESET / (/03) Pin Function
Interface Mode TeR1B) (103 Reset Disable) (103 Roset Enble)

cs=0 cs=1 cs=0 cs=1
SPI QUAD =0 No function No function RESET RESET
SPI QUAD =1’ /o3t No function 1/03L"] RESET
DPI QUAD =0 No function No function RESET RESET
DPI QUAD =1’ No function No function No function RESET
QPI QUAD = x (Don't care) 1/03 No function 1/03 RESET

Table 21. SPI Operation Modes Setting

8]
Q(l:JRA1%] ngfe] c%‘;[lﬁl Operational Mode
0 0 0 SPI, Extended SPI (Dual)
1 0 0 SPI, Extended SPI (Dual/Quad)
X 1 0 DPI
X 0 1 QPI
0 1 1 SPIPl Extended SPI (Dual) — Not a recommended configuration
1 1 1 SPI®l Extended SPI (Dual/Quad) - Not a recommended configuration
Notes

6. All Extended SPIs start in the SPI mode.
7. No function in SPI and DPI modes. I/O3 in Quad data or Quad /O mode.

8. QUAD = ‘1’ reconfigures 1/0 to QUAD mode and affects WP and RESET operations (see Table 20).
9. Register reads will always return what is written to them, even though not a recommended configuration.
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Configuration Register 4 (CR4)

The Configuration Register 4 (CR4), as shown in Table 22, controls the output drive impedance and the Deep-Power-Down (DPD)
mode settings. The CR4 is accessible by the WRAR command for write and the RDCR4 or the RDAR command for read operations.
The CR4 access details are provided in Register Access Commands on page 25.

WRAR nonvolatile write address - 0x000005

WRAR volatile write address - 0x070005

RDAR read address - 0x000005 or 0x070005

The default state shown after each bit in Table 22 is the factory programmed value.

Table 22. Configuration Register 4 (CR4)

CR4[7] CR4[6] CR4[5] CR4[4] CR4][3] CR4[2] CR4[1] CR4[0]
Ol (0) Ol (0) Ol (0) RFU (0) RFU (1) DPDPOR (0) RFU (0) RFU (0)
Table 23. Configuration Register 4 (CR4) - Nonvolatile
Bit Bit Name Bit Function Type Read/Write Description
CRA4[7] Ol Output Impedance NV R/W Output Impedance Selection
CR4(6] NV R/W
CRA4[5] NV R/W
CRA4[4] RFU Reserved (0) Reserved for future use
CR4[3] RFU Reserved (1) Reserved for future usel™®
CRA4[2] DPDPOR | Deep Power-Down NV R/W 1 = Deep Power-Down is entered upon
mode on POR completion of POR or Hardware reset
(including JEDEC reset) when CS is HIGH.
0 = Standby mode is entered upon completion
of Power-up or POR or Hardware reset
(including JEDEC reset) when CS is HIGH.
CRA4[1] RFU Reserved (0) Reserved for future use
CRA4[0] RFU Reserved (0) Reserved for future use
NV - Nonvolatile
Table 24. Configuration Register 4 (CR4) - Volatile
Bit Bit Name Bit Function Type Read/Write Description
CRA4[7] Ol Output Impedance \Y R/W Output Impedance Selection
CR4[6] \Y, R/W
CRA4[5] \Y, R/W
CRA4[4] RFU Reserved (0) Reserved for future use
CR4[3] RFU Reserved (1) Reserved for future usel™®
CRA4[2] DPDPOR | Deep Power-Down \% R/W 1 = Deep Power-Down is entered upon
mode on POR completion of POR or Hardware reset
(including JEDEC reset) when CS is HIGH.
0 = Standby mode is entered upon completion
of Power-up or POR or Hardware reset
(including JEDEC reset) when CS is HIGH.
CRA4[1] RFU Reserved (0) Reserved for future use
CR4[0] RFU Reserved (0) Reserved for future use
V - Volatile
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Output Impedance (Ol) CR4 [7:5]

These three bits control the output impedance (drive strength) of the 1/0 pins. The output impedance configuration bits enable the
user to adjust the drive strength for a better signal integrity on the printed circuit board.

Table 25. Impedance Selection

Impedance Selection Typical Impedance (Q)!'] Comments

000 45 45Q) is the factory default configuration.

001 120 Other drive strength can be programmed by
writing into impedance selection bits in

010 90 CRA4[7:5].

011 60

100 45

101 30

110 20

111

Deep-Power-Down Mode on POR (DPDPOR) CR4 [2]

This bit controls whether the device enters the Deep-Power-Down (DPD) or the Standby mode after the completion of Power-On-Reset
(POR), Hardware Reset (RESET pin or JEDEC reset), or exit the Hibernate mode. The DPDPOR configuration bit enables the device
to start in DPD mode, instead of Standby mode when CS is HIGH. A CS pulse-width of tcgppp, or Hardware reset will exit the DPD
mode after textppp time. The CS pulse-width can be generated by toggling CS alone while SCK and |/Os are don’t care. The DPDPOR
bit status is ignored during the Software Reset and the device always enters Standby after the Software reset.

Configuration Register 5 (CR5)

The Configuration Register 5 (CR5), as shown in Table 26, configures the read latency (dummy) cycles for register read. The CR5 is
accessible by the WRAR command for write and the RDCRS or the RDAR command for read operations. The CR5 access details
are provided in Register Access Commands on page 25.

WRAR nonvolatile write address - 0x000006

WRAR volatile write address - 0x070006

RDAR read address - 0x000006 or 0x070006

The default state shown after each bit in Table 26 is the factory programmed value.

Table 26. Configuration Register 5 (CR5)

CR5[7] CR5][6] CR5I[5] CR5[4] CR5][3] CR5[2] CR5[1] CR5][0]
RLC1 (0) RLCO (0) RFU (0) RFU (0) RFU (0) RFU (0) RFU (0) RFU (0)
Table 27. Configuration Register 5 (CR5) - Nonvolatile
Bit |Bit Name | Bit Function Type Read/Write Description
CR5[7]| RLC1 Register NV R/W Selects number of register read latency cycles between 0 to 3
CR5[6]| RLCO Latency Code R/W clock cycles for register accesses
CR5[5] RFU Reserved (0) Reserved for future use
CR5[4] RFU Reserved (0) Reserved for future use
CR5[3] RFU Reserved (0) Reserved for future use
CR5[2] RFU Reserved (0) Reserved for future use
CR5[1] RFU Reserved (0) Reserved for future use
CR5[0] RFU Reserved (0) Reserved for future use

NV - Nonvolatile

Notes
10. The SPI bus master must make sure bit CR4 [3] remains ‘1’ when writing to this configuration register. Writing a ‘0’ to this bit may impact device functionality.
11. Typical impedance measured at Vpp/2.
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Table 28. Configuration Register 5 (CR5) - Volatile
Bit | Bit Name | Bit Function Type Read/Write Description
CR5[7]| RLC1 Register \Y R/W Selects number of register read latency cycles between 0 to 3
CR5[6]| RLCO Latency Code RIW clock cycles for register accesses
CR5[5] RFU Reserved (0) Reserved for future use
CR5[4] RFU Reserved (0) Reserved for future use
CR5[3] RFU Reserved (0) Reserved for future use
CR5[2] RFU Reserved (0) Reserved for future use
CR5[1] RFU Reserved (0) Reserved for future use
CR5[0] RFU Reserved (0) Reserved for future use
V - Volatile

Register Latency Code (RLC [1:0]) CR5 [7:6]
These two bits control the read latency (dummy cycle) delay in all variable latency register read instructions. It enables users to adjust
the read latency during normal operation to optimize the latency for different register read instructions at different operating
frequencies. Table 29 shows latency cycles for register read command.

Table 29. Dummy Cycles for Register Read Commands

SPI (SDR) DPI (SDR) QPI (SDR)
Latency (Dummy Cycles)
RDSR1, RDSR2, RDCR1, RDCR2, RDCR4, RDCR5, RDAR, RUID, RDID2, RDSN
0 50 MHz!"2! 50 MHz!'?! 50 MHz!'?]
1-3 108 MHz 108 MHz 108 MHz

Note

12. This parameter is guaranteed by characterization; not tested in production.
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Functional Description

The CY15X102QSN has an 8-bit instruction register. All instructions and their opcodes are listed in the following. All instructions,
addresses, and data are transferred with a HIGH to LOW CS transition. Furthermore, the WP and RESET pins provide additional
hardware controlled functions.

Command Structure

The CY15X102QSN command cycle consists of up to five different command phases - Opcode, Address, Mode, Dummy (Latency),
and Data. The number of command phases per command cycle varies from one to five depending on the opcode sent in the Opcode
phase. The Opcode, Address, Mode, and Data phases are configurable in terms of number of lines 1, 2, or 4 needed to transmit them
in SPI, DPI, or QPI interface, respectively. Table 30 shows the command phases for each command cycle in different SPI interfaces.

Table 30. Command Transmission Over I/Os in Different SPI Modes

Command Transmission on I/Os
Command Single Extended SPI Multi-Channel SPI
Channel SPl [ pyalData | Quad Data Dual /0 Quad I/0 DPI QPI
Opcode Sl 1/00 1/00 1/00 1/00 1/00, 1/01 1/00, 1/01,
1/02, 1103
Address Sl 1/00 1/00 1/00, 1/01 1/00, 1/01, 1/00, 1/01 1/00, 1/01,
1/02, 1103 1/02, 1103
Mode Sl 1/00 1/00 1/00, 1/01 1/00, 1/01, 1/00, 1/01 1/00, 1/01,
1/02, 1103 1/02, 1103
Dummy Fixed number of dummy SPI clocks, independent of SPI interface.
(Latency) 0 to 15 clocks for memory access (configurable via CR1[7:4])
0 to 3 clocks for register access (configurable via CR5[7:6])
Data SI/SO 1/00, 1/01 1/00, 1/01, 1/00, 1/01 1/00, 1/01, 1/00, 1/01 1/00, 1/01,
1/02, 1/03 1/02, 1103 1/102, 1103

There are 44 commands, called opcodes that can be issued by the bus master to the CY15X102QSN as shown in Table 31. These
opcodes control the functions performed by the memory.

Table 31. Opcode Commands

Command SPI Bus Interface Data Transfer Latency XIP

Command | REe| 8P | BUEl | Dot | o' | V0! | oP1 | aPr | sor | poR | FEERET RNy | Sacpiace
Write Enable Control

WREN 06 Yes NA Yes | Yes | Yes NA NA NA NA

WRDI 04 Yes NA Yes | Yes | Yes NA NA NA NA
Register Access

WRSR 01 Yes NA Yes | Yes | Yes NA NA NA NA

RDSR1 05 Yes NA Yes | Yes | Yes NA Yes NA NA

RDSR2 07 Yes NA Yes | Yes | Yes NA Yes NA NA

RDCR1 35 Yes NA Yes | Yes | Yes NA Yes NA NA

RDCR2 3F Yes NA Yes | Yes | Yes NA Yes NA NA

RDCR4 45 Yes NA Yes | Yes | Yes NA Yes NA NA

RDCR5 5E Yes NA Yes | Yes | Yes NA Yes NA NA

WRAR 71 Yes NA Yes | Yes | Yes NA NA NA NA

RDAR 65 Yes NA Yes | Yes | Yes NA Yes NA NA
Memory Read

READ 03 Yes NA Yes | Yes | Yes NA NA Yes NA
FAST_READ 0B Yes NA Yes | Yes | Yes NA NA Yes Yes
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Table 31. Opcode Commands (continued)

Command SPI Bus Interface Data Transfer Latency XIP
Command | TEES°| SPI | Do& | Data | TG | Vo~ | OPY | @PI | SDR | DDR | FEERH| VEIRY | Babiace
DOR 3B NA Yes NA Yes NA NA Yes Yes
DIOR BB NA Yes | NA Yes NA NA Yes Yes
QOR 6B NA Yes NA Yes NA NA Yes Yes
QIOR EB NA | Yes | NA | Yes | Yes | NA NA Yes Yes
DDRFR 0D NA Yes NA Yes NA Yes Yes
DDRQIOR ED NA | Yes | NA | Yes | NA | Yes NA Yes Yes
Memory Write
WRITE 02 Yes NA Yes | Yes | Yes NA NA NA NA
FAST_WRITE DA Yes NA Yes | Yes | Yes NA NA NA Yes
DIW A2 NA | Yes | NA Yes NA NA NA Yes
DIOW A1 NA Yes | NA Yes NA NA NA Yes
QIw 32 NA | Yes NA Yes NA NA NA Yes
Qlow D2 NA | Yes | NA Yes | NA NA NA Yes
DDR_FAST DD NA Yes | NA Yes NA NA Yes
_WRITE
DDRWRITE DE NA Yes | NA Yes NA NA NA
DDRQIOW D1 NA | Yes | NA NA | Yes NA NA Yes
Special Sector Memory Access
SSWR 42 Yes NA Yes | Yes | Yes NA NA NA NA
SSRD 4B Yes NA Yes | Yes | Yes NA NA Yes NA
ECC and CRC
CLECC 1B Yes NA Yes | Yes | Yes NA NA NA NA
ECCRD 19 Yes NA Yes | Yes | Yes NA NA Yes NA
CRCC 5B Yes NA Yes | Yes | Yes NA NA NA NA
EPCS 75 Yes NA Yes | Yes | Yes NA NA NA NA
EPCR 7A Yes NA Yes | Yes | Yes NA NA NA NA
Identification & Serial Number
RUID 4C Yes NA Yes | Yes | Yes NA Yes NA NA
RDID 9F Yes NA Yes | Yes | Yes NA Yes NA NA
WRSN Cc2 Yes NA Yes | Yes | Yes NA Yes NA NA
RDSN C3 Yes NA Yes | Yes | Yes NA Yes NA NA
Power Modes and Reset
DPD B9 Yes NA Yes | Yes | Yes NA NA NA NA
HBN BA Yes NA Yes | Yes | Yes NA NA NA NA
RSTEN 66 Yes NA Yes | Yes | Yes NA NA NA NA
RST 99 Yes NA Yes | Yes | Yes NA NA NA NA
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Write Enable Control Commands
These commands set or clear the write enable latch bit in the Status Register 1 (SR1[1]).
Table 32. Write Enable Control Commands
Opcode i
Command (Hex) Command Description
WREN 06 Write Enable — sets the WEL bit of Status Register 1 to ‘1’
WRDI 04 Write Disable — clears the WEL bit of Status Register 1 to ‘0’
Table 33. Write Enable Control Command Details
SPI Bus Interface Data Transfer XIP Latency
Opcode | Address Dual | Quad | Dual | Quad E - b Max Clock
Hex Length ua ua ua ua Xxecute ummy | Frequenc
(Hex) 9t | SPI | pata | Data | 11O | 10 | PPl | QPI | SDR | DDR | ' bjace | Cycles sy
06 0 Yes NA Yes | Yes Yes NA NA NA 108 MHz
04 0 Yes NA Yes | Yes Yes NA NA NA 108 MHz

Set Write Enable Latch (WREN, 06h)

The WREN command sets the WEL bit of Status Register 1
(SR1[1]) to a ‘1. CY15X102QSN requires WEL bit set to a ‘1’
prior to issuing any write command. The CY15X102QSN
commands requiring WEL set to ‘1’ prior to their execution are
WRSR, WRAR, WRITE, FAST_WRITE, DIW, DIOW, QIW,
QIOW, DDR_FAST_WRITE, DDRWRITE, DDRQIOW, SSWR,
and WRSN.

CS must be driven to the logic HIGH state after the eighth bit of
the instruction byte has been latched in on SI. CY15X102QSN
executes the WREN command and sets the WEL bit (SR1[1]) to
‘1’ after CS is driven HIGH after 8-bit WREN opcode is
successfully latched in.

Figure 6. WREN Bus Configuration in SPI Mode

= -
oo UL HHHHHTL
SI (100) X 0 0 0 0 0 1 1 0 X
SO (101) hi-Z hi-Z

<«—Opcode (06h)y———>»
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Figure 7. WREN Bus Configuration in DPI Mode
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Figure 8. WREN Bus Configuration in QPl Mode
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Reset Write Enable Latch (WRDI, 04h)

The WRDI instruction clears the Write Enable Latch (WEL) bit of
the Status Register 1 (SR1[1]) to a ‘0’. This disables Write Status
Register (WRSR), Write Any Register (WRAR), Special Sector
Write (SSWR), and other instructions that require WEL to be set
to ‘1’ prior to the execution. The WRDI instruction can be used
to protect the memory and the SPI registers against inadvertent
writes. The WRDI command is ignored during an embedded
operation while WIP bit = ‘1".

CS must be driven to the logic HIGH state after the eighth bit of
the instruction byte has been latched in on SI. CY15X102QSN
executes the WRDI command and clears the WEL bit (SR1[1])
to ‘0’ after CS is driven HIGH after 8-bit WRDI opcode is
successfully latched in.

Figure 9. WRDI Bus Configuration in SPI Mode

& |

SCK
e [ [ Lo e o[ o[+ o T x]
SO (101) hi-2 hi-Z

< Opcode (04h)———»

Figure 10. WRDI Bus Configuration in DPI Mode

N
- -

-

SCK
soem 42 [0 o]0 52
sowon 2 [0 o] o]

<Opcode (04h)—»

Table 34. Register Access Commands

Figure 11. WRDI Bus Configuration in QPI Mode

= L[
e

SCK

S1(100) hi-Z @ hi-Z

S0 (101) hi-Z m hi-Z

WP (102) hi-Z m hi-Z

RESET (103) hi-Z m hi-Z
¢8§f{)»

Register Access Commands

CY15X102QSN provides various Configuration and Status
registers. These registers are user-writable, which can be
programmed to enable or disable certain configurations/features
in the part as well as can be polled to know the device status.
These registers are accessed by specific commands, called
opcodes.

The individual register bits can be one of multiple types:
Write/Read, Read only, or Reserved for Future Use (RFU). The
specific type of each bit is specified in their respective register
section. Register bits can be either volatile or nonvolatile in
nature. All volatile (V) bits are set to their default values after
power-on reset (POR), or any reset event (via hardware or
software resets); while all nonvolatile (NV) bits resume to user
configured values after power-on reset (POR), or any reset event
(via hardware or software resets).

Command 0(p|>_|cec;(c)le Command Description
WRSR 01 Write Status Register 1
RDSR1 05 Read Status Register 1
RDSR2 07 Read Status Register 2
RDCR1 35 Read Configuration Register 1
RDCR2 3F Read Configuration Register 2
RDCR4 45 Read Configuration Register 4
RDCR5 5E Read Configuration Register 5
WRAR 71 Write any Register - including status registers, configurations registers, Serial number registers
RDAR 65 Read Any Register - including status registers, configurations registers, CRC registers, ECC registers,
Serial number registers, and ID registers
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Table 35. Register Access Command Details

o SPI Bus Interface Data Transfer II'\_'g?eiztcer .
pcode | Address Y | Max Clock | Register
(Hex) Length SPI g:&: %:?g E:Iuéﬂ Qllljgd opl | apl | sbrR | DDR D&’,',‘lmy Frequency | Latency

01 0 Yes NA Yes | Yes Yes NA NA 108 MHz NA
05 0 Yes NA Yes Yes Yes NA Yes 108 MHz Yes
07 0 Yes NA Yes Yes Yes NA Yes 108 MHz Yes
35 0 Yes NA Yes | Yes Yes NA Yes 108 MHz Yes
3F 0 Yes NA Yes Yes Yes NA Yes 108 MHz Yes
45 0 Yes NA Yes Yes Yes NA Yes 108 MHz Yes
5E 0 Yes NA Yes | Yes Yes NA Yes 108 MHz Yes
71 3 Bytes | Yes NA Yes | Yes Yes NA NA 108 MHz NA
65 3 Bytes | Yes NA Yes | Yes Yes NA Yes 108 MHz Yes

Write Status Register (WRSR, 01h) Notes

The Write Status Register (WRSR) instruction allows new values g The WRSR instruction executes only when WEL bit in SR1 is

to be programmed in Status Register 1 (SR1). This instruction set to “1’; otherwise, the WRSR instruction will be ignored.

writes to the nonvolatile SR1, thus survives the power cycle. The

o o m The WEL bit of the Status Register 1 (SR1[1]) is automatically
?/SVEeStI‘?1?Zr:(;ntir;d%gpr;grizdavsv:;rgg?_(S)I\:/QVWD bitin SR1 (SR1[7]) cleared to ‘0’ after WRSR command is terminated (at the rising

edge of CS).
Figure 12. WRSR in SPI Mode (WREN not shown)

& a

SCK
suoo, [x [+ [+ [+« ] o]+ ]+ [C|RISIRIEIEE =
SO (I01) hi-Z hi-2
< Opcode (01hy———— >« SRL—————————»
Figure 13. WRSR in DPI Mode (WREN not shown) Figure 14. WRSR in QPI Mode (WREN not shown)
s cs B
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? !
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Read Status Register 1 (RDSR1, 05h)

The RDSR1 command allows the bus master to verify the
contents of the Status Register 1 (SR1). Reading SR1 provides
information about the current state of the write-protection
features, WEL, and WIP status. Following the RDSR1 opcode,
the CY15X102QSN will return one byte SR1 content.

Notes
m The RDSR1 returns the volatile content of SR1.

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

Figure 15. Read SR1 (RDSR1) in SPI Mode

S1(100)

-

=
N

hi-

N

so (o1) hi-Z

}D7‘D6‘D5‘D4‘D3‘D2‘D1‘DO

<——Opcode (05h)———————>»<€¢———Dummy Cycles—————>»<«————Status Register I———>»

Figure 16. Read SR1 (RDSR1) in DPI Mode
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Figure 17. Read SR1 (RDSR1) in QPI Mode
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Read Status Register 2 (RDSR2, 07h)

The RDSR2 command allows the bus master to verify the
contents of the Status Register 2 (SR2). This is a read only
register and provides information about the CRC Suspend and
CRC Abort status. The SR2 bits indicate the correct status
(CRCS and CRCA) only when the WIP bit of SR1 is ‘0’. Reading
SR2 while WIP is ‘1’ will return an undetermined status.

Notes
m The RDSR2 returns the volatile content of SR2.

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

Figure 18. Read SR2 (RDSR2) in SPI Mode
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X
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Figure 19. Read SR2 (RDSR2) in DPI Mode
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Figure 20. Read SR2 (RDSR2) in QPI Mode
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Read Configuration Register 1 (RDCR1, 35h)

The RDCR1 command allows the bus master to verify the

Notes

contents of the Configuration Register 1 (CR1). Reading CR1

provides information about the current state of the memory
latency code and QUAD bit status. Following the RDCR1

opcode, CY15X102QSN will return one byte content of CR1.
Figure 21. Read CR1 (RDCR1) in SPI Mode

=

m The RDCR1 returns the volatile content of CR1.

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

s Y1)
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Figure 22. Read CR1 (RDCR1) in DPI Mode
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Read Configuration Register 2 (RDCR2, 3Fh) Notes

The RDCR2 command allows the bus master to verify the g The RDCR2 returns the volatile content of CR2.

contents of the Configuration Register 2 (CR2). Reading CR2

provides information about the current SPI interface option (SPI @ The dummy cycles shown are a configuration option through
vs DPIvs QPI) and RESET/ (I/0O3) status. Following the RDCR2 register latency code bits (RLCO, RLC1) in CRS.

opcode, the CY15X102QSN will return one byte content of CR2.

Figure 24. Read CR2 (RDCR2) in SPI Mode

= _JUUUuuuiviviviiuiruuuuuuEe
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Figure 25. Read CR2 (RDCR2) in DPI Mode
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Figure 26. Read CR2 (RDCR2) in QPI Mode
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Read Configuration Register 4 (RDCR4, 45h)

The RDCR4 command allows the bus master to verify the
contents of the Configuration Register 4 (CR4). Reading CR4
provides information about the output impedance setting and
device power mode status after POR (Deep-Power-Down vs
Standby). Following the RDCR4 opcode, the CY15X102QSN will
return one byte content of CR4.

Notes
m The RDCR4 returns the volatile content of CR4.

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

Figure 27. Read CR4 (RDCR4) in SPI Mode

s

—

= _ Uiy Uy

SI (100) X o|1]o0o|o]o]|1]o0

so(o1) _hi-Z

hi-Z

<«——Opcode (45hy——>»<«——Dummy Cycles——>»<«———Config Register 4——»

Figure 28. Read CR4 (RDCR4) in DPI Mode
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Figure 29. Read CR4 (RDCR4) in QPI Mode
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Read Configuration Register 5 (RDCRS5, 5Eh)

The RDCR5 command allows the bus master to verify the
contents of the Configuration Register 5 (CR5). Reading CR5
provides information about the register read latency cycles
(RLCO, RLC1) setting. Following the RDCR5 opcode, the
CY15X102QSN will return one byte content of CR5.

Figure 30. Read CR5

Notes
m The RDCRS5 returns the volatile content of CR5.

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

(RDCRS5) in SPI Mode
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1 1 0 | DM7 | DV6 | DM!
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<«———Opcode (5Ehy———»<€¢—————Dummy Cycles————»<«————Config Register 5——»

Figure 31. Read CR5

(RDCRS5) in DPI Mode
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Figure 32. Read CR5 (RDCRS5) in QPI Mode
P | |
[oF} T (|
1|
"" U T
SCK I I
1
1 hi-Z
Sl (IOO) 1 DMm7 DMil DM1 |DMO | D4 | DO
e [ s (R
SO (101) 4{ 0 ‘ ‘DW‘DNBl DM1 ‘DMO‘ D5 ‘ by | hiZ
WP (102) 4{ 1 ‘ ‘DW‘DMﬁl DMt ‘DMD‘ D6 ‘ b2 | hiZ
RESET (I03) 4{ 0 ‘ ‘DW‘DNBl DM1 ‘DMO‘ D7 ‘ b3 | NiZ
8EE)+<—Dummy Cyclesﬂfgggf'g>

Document Number: 002-26767 Rev. *B

Page 32 of 86



A,

ws CYPRESS

CY15B102QSN
CY15V102QSN

EMBEDDED IN TOMORROW

-

Write Any Register (WRAR, 71h)

The WRAR instruction allows writing into CY15X102QSN
registers, one register at a time, addressable by their 3-byte
addressing. The WRAR opcode is followed by the three-byte
address of the register, as shown in Table 37 on page 34,
followed by one byte register data to be written. The WREN
command precedes the WRAR command to set the WEL bit ‘1’
prior to WRAR. The WEL bit is automatically cleared to ‘1’ after
WRAR command is terminated (at the rising edge of CS). The
WRAR command is ignored when the SRWD bitin SR1 (SR1[7])
is set to ‘1’ and the WP pin is driven LOW.

Table 36. Registers with Generic Write Instructions

Notes

m The WRAR command supports only one byte write per WRAR
command at the given register address. The WRAR command
format is shown in Table 36.

m The register address sent in 3-byte address field after the
WRAR opcode determines whether new configuration will be
programmed into the volatile status/configuration register only,
or will be programmed into both volatile and nonvolatile
status/configuration register. Table 37 on page 34 shows
register addresses for both volatile and nonvolatile registers.

Instruction Name Instruction Description

Opcode Address Bytes Data Bytes

WRAR Write any Register

71h 3 1

Figure 33. Write Any Register (WRAR) in SPI Mode

CsS
T U T
SCK 0 (
| |
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1 1
hi-Z 1 1 1 1 hi-Z
SO (101
ton 1 1
(%pcodle Alddreés Data
< (71h) »< (3Bytes) >¢ (1 Byte) >

Figure 34. Write Any Register (WRAR) in DPI Mode
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Figure 35. Write Any Register (WRAR) in QPI Mode
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Table 37. Register Address for Generic Register Access

Register Address!'?!

Function Register Type Register Content!’¥  |WRAR|RDAR!"4
Volatile Nonvolatile
Device Status |Status Register 1 Volatile and Nonvolatile | Yes Yes 0x070000 0x000000
Status Register 2 Volatile only NA Yes 0x070001 or 0x000001
Device Configuration Register 1 Volatile and Nonvolatile | Yes Yes 0x070002 0x000002
Configuration ' 6 quration Register 2 Volatile and Nonvolatile | Yes | Yes | 0x070003 | 0x000003
Configuration Register 4 Volatile and Nonvolatile | Yes Yes 0x070005 0x000005
Configuration Register 5 Volatile and Nonvolatile | Yes Yes 0x070006 0x000006
Error ECC Status Register Volatile only NA Yes 0x070089 or 0x000089
Correction ECC Count Register [7:0] Volatile only NA Yes 0x07008A or 0x00008A
ECC Count Register [15:8] Volatile only NA Yes 0x07008B or 0x00008B
ECC Address Trap Register [7:0] Volatile only NA Yes 0x07008E or 0xO0008E
ECC Address Trap Register [15:8] Volatile only NA Yes 0x07008F or 0xO0008F
ECC Address Trap Register [23:16] Volatile only NA Yes 0x070040 or 0x000040
ECC Address Trap Register [31:24] Volatile only NA Yes 0x070041 or 0x000041
Cyclic CRC Register [7:0] Volatile only NA Yes 0x070095 or 0x000095
gﬁgg;‘dancy CRC Register [15:8] Volatile only NA | Yes 0x070096 or 0x000096
CRC Register [23:16] Volatile only NA Yes 0x070097 or 0x000097
CRC Register [31:24] Volatile only NA Yes 0x070098 or 0x000098
Notes

13. The volatile registers return to their default state after POR or hardware reset. Refer to Table 58 on page 71 for the volatile register status after any POR or Reset event.
14. The RDAR command always returns content from the volatile register. Therefore, RDAR followed by either volatile register address or nonvolatile register address
will return identical values (from respective volatile register only). The volatile only register doesn't have associated nonvolatile register.
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Read Any Register (RDAR, 65h)

The RDAR instruction allows reading CY15X102QSN registers, one register at a time, addressable by their 3-byte addressing. The
RDAR opcode is followed by the three-byte address of the register and dummy cycle (per register latency set in CR5), after which
CY15X102QSN returns one byte register content on its output bus. The host should terminate the RDAR command by pulling CS
HIGH after one register byte is received. Keeping CS LOW after the first data byte received will return undefined data byte(s). The
RDAR instruction timing diagrams are shown in Figure 36 to Figure 38.

Notes

m Since the status and configuration register read always returns the register content from its volatile space, hence the 3-byte address
following the WRAR opcode can be the register address of either volatile register or its associated nonvolatile register.
Table 37 on page 34 shows register addresses for both volatile and nonvolatile registers.

m The dummy cycles shown are a configuration option through register latency code bits (RLCO, RLC1) in CR5.
Figure 36. Read Any Register (RDAR) in SPI Mode

s 1 N N N
o TN U JUUUL UUUTIUUT™

[ |
SI (100) ‘ X ‘ow‘ops OP1‘OPO‘A23‘A22: :A1 ‘AO‘DW‘DMB DM1‘DMD‘ X ‘
) (| [ | [ | )
SO (101) hi-Z | l | ( | I ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO hi-Z
[ [ [ \
(| Aldd | [ |
470[)00(164)47(3 B;?:S—»%Dummy Cycles—»¢————— Read data—>

Figure 37. Read Any Register (RDAR) in DPI Mode
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Figure 38. Read Any Register (RDAR) in QPI Mode
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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, the CY15X102QSN can perform sequential
writes at bus speed. No page register is needed and any number
of sequential writes can be performed.

Memory Write Operation Commands

The memory write instruction is sent after the CS pin is pulled
LOW. The write opcode is followed by a three-byte address and
mode byte for XIP (as applicable). The CY15X102QSN has a
18-bit address space for 2-Mbit (256K x 8) density. The most
significant address byte contains A15, A16, and A17 active bits
while the remaining A[23:18] bits are considered ‘don’t care’.
Address bits A17 to A0 are transmitted in three bytes over the
SPI bus, following the (XIP) mode byte, if supported.
Immediately after the last address bit or the last mode bit (if XIP
is supported) is transmitted, the data byte(s) ([D7:0]) is (are)

Table 38. Memory Write Commands

transmitted through the input line (s). The memory write
operations are allowed in SPI, Extended SPI, DPI or QPI Modes
in SDR and DDR bus interfaces and some of them support
Execute-In-Place (XIP). Table 38 shows the list of memory write
commands supported in CY15X102QSN in various SPI Bus
Interface and Data Transfer modes.

Notes

m When a burst write reaches a protected block address, it
continues incrementing the address into the protected space
but does not write any data to the protected memory. If the
address rolls over and takes the burst write to unprotected
space, it resumes writes. The same operation is true if a burst
write is initiated within a write-protected block.

m If the power is lost in the middle of the byte transfer during the
write operation, only the last completed byte will be written.

Command Opcode (Hex) Command Description
WRITE 02 Memory Write - write to F-RAM array
DDRWRITE DE DDR Write - memory write in QPI DDR mode
FAST_WRITE DA Memory Fast Write - memory write with Execute-In-Place
DDR_FAST _WRITE DD DDR Fast Write - memory fast write in DDR mode
DIW AD Dual Input Write - command, address and mode byte are sent on single Sl line, data bytes
are sent on dual input lines 1/01 (SO), 1/00 (SI)
DIOW A1 DDR Dual I/0 Write - command is sent on single Sl line, address and mode byte and data
bytes are sent on dual input lines 1/01 (SO), I/00 (SI)
QIw 32 Quad Input Write - command, address and mode bytes are sent on single Sl line, data
bytes are sent on quad input lines 1/03 (RESET), I/02 (WP), /01 (SO), 1/00 (SI)
QIOW D2 Quad I/O Write - command is sent on single Sl line, address and mode byte and data
bytes are sent on quad input lines I/O3 (RESET), 1/02 (WP), I/01 (SO), 1/00 (SI)
DDRQIOW D1 DDR Quad I/O Write - quad I/O write in DDR mode

Table 39. Memory Write Command Details

Command SPI Bus Interface Data Transfer XIP
c d Opcode | Address | gp | Dual |Quad| Dual |Quad| poi | op | SDR | DDR IIEX?,‘iUte' .'l",i’é,fé?,‘é';
omman (Hex) | Length Data | Data 10 (Mg;je aB(;ete)

WRITE 02 3 Bytes | Yes NA Yes | Yes | Yes NA NA 108 MHz
DDRWRITE DE 3 Bytes NA Yes NA Yes NA 54 MHz
FAST _WRITE DA | 3Bytes | Yes \ NA \ Yes | Yes | Yes | NA Yes 108 MHz
DDR_FAST _WRITE DD 3 Bytes NA Yes NA Yes Yes 54 MHz
DIW A2 | 3Bytes | NA | Yes | NA Yes | NA Yes 108 MHz
DIOW A1 3 Bytes NA Yes | NA Yes NA Yes 108 MHz
QW 32 3 Bytes NA ‘ Yes NA Yes NA Yes 108 MHz
Qlow D2 3 Bytes NA Yes NA Yes NA Yes 108 MHz
DDRQIOW D1 3 Bytes NA Yes NA NA | Yes Yes 54 MHz
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Write (WRITE, 02h)

Write operations are preformed when the WRITE opcode, along
with write data, are transmitted on the Sl pin for SPI Mode, or
I/01 and 1/00 pins for DPI Mode, or 1/03, 1/02, 1/01, and 1/00
pins for QPl Mode. The burst writes can be used to write
consecutive addresses without issuing a new WRITE instruction.
If only one byte is to be written, the CS pin must be driven HIGH
after the DO (LSb of data) is transmitted. However, if more bytes
are to be written, CS pin must be held LOW and the address is
incremented automatically. The data bytes on the input pin(s) are
written in successive addresses. When the internal address
counter reaches to Ox3FFFF, the address rolls over to 0x00000
and the device continues to write.

Notes

m The WRITE instruction will only execute if the WEL bit (SR1[1])
is setto ‘1.

m The WEL bit (SR1[1]) does not clear to ‘0’ on completion of the
WRITE operation. Therefore, any write command following the

WRITE operation doesn’t require preceding WREN command
to set the WEL bit to ‘1°.

Figure 39. Memory Write (WRITE) in SPI Mode
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Figure 40. Memory Write (WRITE) in DPI Mode
— I i
Cs o [
o hniinnhinhhs o
| [ [ |
SCK | i
, | | ,
S|(|OO)£{O‘O‘O‘O‘A22‘A20: :AZ‘AO‘DS‘D4‘D2‘DO‘D6‘D4‘D2‘DO: DG‘M‘DZ‘DO hi-Z
. 1o | .
SO (101) hi-Z 0‘0‘0‘1‘A23‘A21: :Aa‘m‘m‘os‘os‘m‘m‘os‘m‘m: D7‘DS‘D3‘D1 hi-Z
o Data Byte 1 DataByte2 | | DataByteN
Address .
- a >
<—Opcode (02h)—><—(3 Bytes)4> Write dat

Document Number: 002-26767 Rev. *B

Page 37 of 86



CY15B102QSN

ws CYPRESS CY15V102QSN
- EMBEDDED IN TOMORROW
Figure 41. Memory Write (WRITE) in QPI Mode
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DDR Write (DDRWRITE, DEh)

The DDRWRITE instruction improves bandwidth by transferring
address and data bits on both edges of SCK. The address can
start at any byte location of the memory array. The address is
automatically incremented to the next higher address in
sequential order after each byte of data is shifted out. The entire
memory can therefore be written with one single write opcode
and the start address provided. When the highest address
O0x3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to be
continued indefinitely. This opcode does not support SPI Mode 3.

Notes

m DDRWRITE instruction can only be executed by the device if
the WEL bit is set to ‘1’ to enable write operations.

m The WEL bit does not reset to ‘0° on completion of the
DDRWRITE operation.

Figure 42. DDR Write (DDRWRITE) in QPI Mode
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Fast Write (FAST_WRITE, DAh)

The FAST_WRITE instruction is similar to WRITE instruction
except for it allows for XIP operation set through Mode byte.
Mode bits allow a series of Fast Write instructions to eliminate
the 8-bit opcode after the first instruction sends an Axh mode bit
(“1010XXXX”) pattern. This feature, called Execute-In-Place
(XIP), reduces initial access times (improves performance). The
Mode bits control the length of the next Fast Write operation
through the inclusion or exclusion of the first byte instruction
opcode. If the Mode bits are Axh the device transitions to
Continuous Fast Write Mode and the next address can be
entered (after CS is raised HIGH and then asserted LOW)
without requiring the DAh opcode thus eliminating 8-cycles from
the instruction sequence. Otherwise, opcode is required once
CS transitions from HIGH to LOW.

Notes

m Mode bits with !Axh (logical NOT of Axh byte) will exit the
FAST_WRITE XIP mode.

m FAST_WRITE instruction can only be executed by the device
if the Write Enable Latch (WEL) in the Status Register is set to
‘1’ to enable write operations.

m The WEL bit does not reset to ‘0’ on completion of the
FAST_WRITE operation.

Figure 43. Fast Write (FAST_WRITE) in SPI Mode
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Figure 44. Fast Write (FAST_WRITE) in DPI Mode
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Figure 45. Fast Write (FAST_WRITE) in QPI Mode
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DDR Fast Write (DDR_FAST_WRITE, DDh) Notes
The DDR_FAST_WRITE instruction is similar to the DDRWRITE m Mode bits with !A5h (logical NOT of A5h byte) will exit the
instruction, except that it allows XIP operation. DDR FAST WRITE XIP mode.

Mode bits allow a series of DDR_FAST_WRITE instructions to
eliminate the 8-bit opcode after the first instruction sends an A5h
mode bit (“10100101”) pattern. This feature, called
Execute-In-Place (XIP), significantly reduces initial access times ~ ® The WEL bit does not reset to ‘0’ on completion of the
(improves performance). The Mode bits control the length of the DDR_FAST_WRITE operation.

next DDR_FAST_WRITE operation through the inclusion or

exclusion of the first byte instruction opcode. If the Mode bits are

Abh, the device transitions to Continuous DDR_FAST_WRITE

Mode and the next address can be entered (after CS is raised

HIGH and then asserted LOW) without requiring the DDh

opcode, thus eliminating 8 cycles from the instruction sequence.

Otherwise, opcode is required once CS transitions from HIGH to

LOW. This opcode doesn’t support SPI Mode 3.

Figure 46. DDR Fast Write (DDR_FAST_WRITE) in QPI Mode

s L

m DDR_FAST_WRITE instruction can only be executed by the
device if the WEL bit is set to ‘1’ to enable write operations.
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]
Opc. Address Write Data
“oDh) >3 Bytes) M (N Bytes)
Dual Input Write (DIW, A2h) Notes
The DIW instruction can be used in Dual Data mode whichispart g Mode bits with !Axh (logical NOT of Axh byte) will exit the DIW
of the Extended SPI Write instructions. In Dual Data Mode, XIP mode.

opcode, address and mode bytes are transmitted through Sl pin,

one bit per clock cycle. Immediately after the last address bitis ~ ® DIW instruction can only be executed by the device when the
transmitted, the pins are reconfigured as SO becoming I/01, and WEL bit is set to ‘1’ to enable write operations.

S| becoming 1/00, and the data (D[7:0]) is transmitted into the
I/01, and 1/00 pins, 2 bits per clock cycle, starting with D7 on
I/01 and D6 on 1/00.

Mode bits allow a series of DIW instructions to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), and reduces initial access times (improves performance).
The Mode bits control the length of the next DIW operation
through the inclusion or exclusion of the first byte instruction
opcode. If the Mode bits are Axh the device transitions to
Continuous DIW Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the A2h opcode thus eliminating 8 cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

m The WEL bit does not reset to ‘0’ on completion of the DIW
operation.
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Figure 47. Dual Input Write (DIW)
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Dual I/0O Write (DIOW, A1h)

The DIOW instruction can be used in Dual Addr/Data mode,
which is part of Extended SPI Write instructions. In Dual
Addr/Data Mode, the opcode is transmitted through the SI pin,
one bit per clock cycle. Immediately after the last opcode bit is
transmitted, the pins are reconfigured as SO becoming /01, and
Sl becoming I/00, and the address along with the mode byte are
transmitted into the part through 1/01 and 1/O0 pins, 2 bits per
clock cycle, starting with address A23 on I/0O1, A22 on I/OQ0, until
the three-byte address is input. After the last address bits are
transmitted, the data (D[7:0]) is transmitted into the part through
I/01 and 1/00 two bits per clock cycle starting with D7 on 1/0O1
and D6 on 1/0O0.

Mode bits allow a series of DIOW instructions to eliminate the
8-bit opcode after the first instruction sends an Axh mode bit
(“1010XXXX”") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves
performance). The Mode bits control the length of the next DIOW
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous DIOW Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the A1h opcode thus eliminating 8 cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

Notes

m Mode bits with 1Axh (logical NOT of Axh byte) will exit the DIOW
XIP mode.

m The DIOW instruction can only be executed by the device when
the WEL bit set to ‘1’ to enable write operations.

m The WEL bit does not reset to ‘0’ on completion of the DIOW
operation.

Figure 48. Dual I/O Write (DIOW)

o 1 LTI | | /] il
. | | .
Sl (100) hi-Z | o: 0| 1 |A2 A20: A0 | M6 | M4 | M2 |mo| D6 | D4a| D2|D0| D6 | D4 | D2 DO} PIEZ
. | | .
SO (101) hi-Z : : A23 A21: A3 | At | M7 | M5 | M3 |mt|D7|D5| D3| D1|D7| D5 D3| D1 L
1 [
<«—Opcode (Alh)—»%édg;f::)—bkMode Bytewiv(vl\rl'tgy?:stfgb
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Quad Input Write (QIW, 32h)

The QIW instruction is used in Quad Data mode which is part of
Extended SPI Write instructions. In Quad Data Mode, opcode,
address, and mode bytes are transmitted through the Sl pin, one
bit per clock cycle. Immediately after the last address bit is
transmitted, the pins are reconfigured as RESET becoming 1/03,
WP becoming 1/02, SO becoming 1/01, and Sl becoming 1/00,
and the data (D7-D0) is transmitted into the 1/03 1/02, I/01, and
I/00 pins, 4 bits per clock cycle, starting with D7 on /O3 and D6
on 1/02, D5 on 1/01, and D4 on 1/0O0.

Mode bits allow a series of QIW instructions to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves
performance). The Mode bits control the length of the next QIW
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous QIW Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the 32h opcode thus eliminating 8 cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

Notes

m Mode bits with !|Axh (logical NOT of Axh byte) will exit the QIW
XIP mode.

m The QIW instruction can only be executed by the device if the
Write Enable Latch (WEL) in the Status Register is set to ‘1’ to
enable write operations.

m The WEL bit does not reset to ‘0’ on completion of the QIW
operation.

Figure 49. Quad Input Write (QIW)

cs I o o
CS [ " | " | !
-—— — l o
s U UHUUT U UUUUU
| [ .
SI(100) X oo : 1] 0 |Az A22: : At | A0 | M7 | M6 i | Mo | D4 | Do | D4 | Do | ML
. | | | | | | .
SO (101) 2 I I Il ps [ o1 | ps | p1 | N2
| | | 1 | |
. | | | | | | .
WP (102) hi-Z I (I I o6 |2 | D6 | D2 | N2
. I I
hizZ 1 1 11 s
RESET (103) - : : : : : : o7 | p3 | D7 | D3 |4
el Adre ) Wite b
<—Opcode (32h)— >« 0TS g Mode Byte—pa— 1 e DA,
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Quad I/0 Write (QIOW, D2h)

The QIOW instruction can be used in Quad Addr/Data mode
which is part of Extended SPI Write instructions. In Quad
Addr/Data Mode, opcode is transmitted through Sl pin, one bit
per clock cycle. Immediately after the last opcode bit is
transmitted, the pins are reconfigured as RESET becoming /O3,
WP becoming 1/02, SO becoming 1/01, and Sl becoming 1/00,
and the address is transmitted into the part through 1/03, 1/02,
I/01 and I/00 pins, 4 bits per clock cycle, starting with address
A23 on I/03, A22 in 1/02, A21 on I/O1 and A20 on I/O0, until the
three-byte address is input. After the last address bits are
transmitted, the data (D7-D0) is transmitted into the part through
1/03, 1/02, 1/01, and 1/00 four bits per clock cycle starting with
D7 on 1/03, D6 on /02, D5 on I/01 and D4 on 1/O0.

Mode bits allow a series of QIOW instructions to eliminate the
8-bit opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves
performance). The Mode bits control the length of the next QIOW
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous DIOW Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the D2h opcode thus eliminating 8 cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

Notes

m Mode bits with |Axh (logical NOT of Axh byte) will exit the QIOW
XIP mode.

m The QIOW instruction can only be executed by the device if the
Write Enable Latch (WEL) in the Status Register is set to ‘1’ to
enable write operations.

m The WEL bit does not reset to ‘0’ on completion of the QIOW
operation.

Figure 50. Quad I/O Write (QIOW)

I I I
cs | | | | |
SCK | | | | | | |
| | L
Sl (100) hi-Z | 1 : 110 |Axl A0 | M4 | MO | D4 | DO o4 | po |NZ_
. [ .
SO (101) hi-Z : : Az | Al | M5 | M1 | D5 | D1 ps | p1 | ML
WP (02) i~ : : A2 A2 | M6 | M2 | D6 | D2 b6 | D2 | NIZ_
— hi-Z Lo hi-Z
RESET (103) —- : : A3 A3 | M7 | M3 | D7 | D3 p7 | D3 | &
1 ldd | d (|
<«—Opcode (D2h)—>«A ress»¢Mo €y Write data——»
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DDR Quad I/O Write (DDRQIOW, D1h)

Double Data Rate Quad I/O Write is similar to Quad I/O except
that the address and data are sent on every edge of the clock
and the mode bit pattern in DDRQIOW is A5h (“10100101”). This
opcode does not support SPI Mode 3.

Note Mode bits with |A5h (logical NOT of A5h byte) will exit the
DDRQIOW XIP mode.

Figure 51. Quad I/O Write (QIOW)
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Memory Read Operation Commands

The memory read instruction is sent after the CS pin is pulled
LOW to select a device. The read opcode is followed by a
three-byte address and mode byte for XIP (as applicable). The
CY15X102QSN has a 18-bit address space for 2-Mbit (256K x
8) density. The most significant address byte contains A15, A16,
and A17 active bits while the remaining bits are considered ‘don’t
care’. Address bits A17 to AO are transmitted as three bytes over
the SPI bus followed by the mode byte and Dummy cycles as
applicable.

Table 40. Memory Read Commands

The memory read supports SPI, Extended SPI, DPI, or QPI
Modes in SDR and DDR bus interface and includes
Execute-In-Place (XIP) support. Table 40 shows the list of
memory read commands supported in CY15X102QSN in
various SPI Bus Interface and Data Transfer modes.

Command O(?*(:e(:(c;e Command Description
READ 03 Memory Read - reads up to 50 MHz without memory latency cycle in SPI SDR mode and up to 108 MHz
with memory latency cycles in SPI, DPI, QPl SDR modes
FAST_READ 0B Memory Fast Read - reads up to 108 MHz with memory latency cycles in SPI, DPI, QPlI SDR modes
DDRFR 0D DDR Fast Read - fast read instruction in QPI DDR mode
DOR 3B Dual Output Read - command and address bytes are sent on single Sl line and data on dual output lines
1/01 (SO), 1/00 (SI)
DIOR BB Dual I/0 Read - command sent on single Sl line, address input and data output on dual output lines /01
(S0), /00 (SI)
QOR 6B Quad output read - command and address sent on single Sl line, data on quad output lines /03
(RESET), I/02 (WP), I/01 (SO), 1/00 (SI)
Quad I/0O Read - command sent on single Sl line, address input and data output on quad output lines
QIOR EB 1/03 (RESET), I/02 (WP), /01 (SO), /00 (SI). This opcode executes in Extended SPI (Quad I/0) SDR
and in QPI SDR mode
DDRQIOR ED Quad I/O Read in SDR and DDR modes. This opcode executes in Extended SPI (Quad I/O) SDR and
in QPI DDR mode.
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Table 41. Memory Read Command Details
SPI Bus Interface Data Transfer XIP LB
Opcode | Address Latency | Max Clock
T e | Bum | St | US| 47| oer | om | sor | oor [ rese ] Rymey |
03 3 Bytes | Yes NA Yes | Yes Yes NA NA Yes 108 MHz
0B 3 Bytes Yes NA Yes Yes Yes NA Yes Yes 108 MHz
0D 3 Bytes NA Yes NA Yes Yes Yes 54 MHz
3B 3Bytes | NA \ Yes \ NA Yes NA Yes Yes 108 MHz
BB 3 Bytes NA Yes NA Yes NA Yes Yes 108 MHz
6B 3 Bytes NA ‘ Yes NA Yes NA Yes Yes 108 MHz
EB 3 Bytes NA Yes NA Yes Yes NA Yes Yes 108 MHz
ED 3 Bytes NA Yes NA Yes NA Yes Yes Yes 54 MHz

Memory Read (READ, 03h)

The READ instruction reads out the memory contents at the
given address. The address can start at any byte location of the
2-Mbit memory array determined by the three-byte address. The
address is automatically incremented to the next higher address
in sequential order after each byte of data is shifted out. The
entire 2-Mbit memory can therefore be read out with one single
read opcode and address provided. When the highest address
Ox3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to continue
indefinitely. This command executes in SPI, DPI, or QPI modes.

Note The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 52. READ in SPI Mode

cs
SI(100) ‘ X ‘ 0 ‘ 0 1 1 A23‘ A22 A1 | A0 ‘ Dw‘ DM6 DM1‘ DMO‘ X ‘
SO(l01) hi-Z } b7 De‘ D5‘ 04‘ DS‘ DZ‘ 01‘ po | N2
<«—Opcode (03hy—>r<€«— (nggj,{::';—»HDummy Cycles—»¢————Read data——>»
Figure 53. READ in DPI Mode
Cs | 0
- |
SCK ! : !
) |
Sl (100) hi-z |, ‘o‘o ‘1 ‘AH‘AZO: AZ‘AO‘DM7‘DM6 DM1‘DMO‘D6‘D4‘D2‘DO Ds‘m‘oz‘oo}i
. | )
SO (101) hi-z |, ‘ 0 ‘ 0 ‘ 1 ‘AZS‘AM: A3‘A1 ‘DM7‘DMG DM1‘DMO‘D7‘[XS‘D3‘D1 D7‘D5‘DG‘D1 }ﬁ

| |
Address

<—Opcode (03h)y»><«— 3 Bytes
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Figure 54. READ in QPI Mode

s o o o
S 1ol I 1o
o | UL U
| | [ |
SCK i | I
|
Sl (100) hi-z | ‘ 1 ‘Azo: A0 ‘DM7‘ DM6 DM1‘DMO‘ D4 ‘ DO D4 ‘ DO ‘ hi-Z
|
SO (101) hi-z | ‘ 1 ‘A21: A1 ‘DM7‘ DM6 DM1‘DMO‘ D5 ‘ D1 D5 ‘ D1 ‘ hi-Z
|
WP (102) h-z | ‘ 0 ‘AZZ: A2 ‘DM7‘ DM} DM1‘DMO‘ D6 ‘ D2 D6 ‘ D2 ‘£
. | .
RESET (103) h-z | ‘ 0 ‘AZB: A3 ‘DM7‘ DMs DM1‘DMO‘ D7 ‘ D3 D7 ‘ D3 ‘£
1 1 ] |
¢8gﬁ)+ Agdg;f::M—DMY Cycles——>»<——Read data—>»

Fast Read (FAST_READ, 0Bh)

The FAST_READ instruction reads out the memory contents at
the given address. The address can start at any byte location of
the 2-Mbit memory array determined by the three-byte address.
The address is automatically incremented to the next higher
address in sequential order after each byte of data is shifted out.
The entire memory can therefore be read out with one single
read opcode and address provided. When the highest address
Ox3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to continue
indefinitely. This command executes in SPI, DPI or QPI modes.
Mode bits allow a series of Fast Read instructions to eliminate
the 8-bit opcode after the first instruction sends an Axh mode bit
(“1010XXXX”") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves

performance). The Mode bits control the length of the next
FAST_READ operation through the inclusion or exclusion of the
first byte instruction opcode. If the Mode bits are Axh the device
transitions to Continuous FAST_READ Mode and the next
address can be entered (after CS is raised HIGH and then
asserted LOW) without requiring the O0Bh opcode thus
eliminating 8 cycles from the instruction sequence. Otherwise,
opcode is required once CS transitions from HIGH to LOW.

Notes

m Mode bits with !Axh (logical NOT of Axh byte) will exit the
FAST_READ XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 55. FAST_READ in SPI Mode

| -

o o o i
cs o b b 1
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) [ [ (| [ | )
S0 (101) hi-Z [ " " 1o \m‘m‘m‘m‘m‘m‘m‘m hi-Z
[ [ [ [ \
[ Idd | 1 [ |
<«—Opcode (OBh)—><7(§ B;ES:)—M—Mode Byte——>»<«—Dummy Cycles—»¢—————Read data—>

Figure 56. FAST_READ in DPI Mode

s | ¥
o UL |

] i [

‘0‘0‘1‘A22‘A23|
|

DG‘D«"II‘I:X)}£

DM‘DM)‘DG‘M‘DZ‘DO

S (100) L{ 0
so(101) L{ 0

‘0‘1‘1‘&3‘/\2“
|

DI\M‘DM)‘ D7‘ D6‘D3‘ D1

D7‘D5‘M‘D1}£

| |
Address

<«—Opoode (0Bh)»><4—— 3Byt $—><—Mode Byte—»<«—Dumnmy Cydes—»<¢———Read data——>

Document Number: 002-26767 Rev. *B

Page 46 of 86



A,

ws CYPRESS

CY15B102QSN
CY15V102QSN

EMBEDDED IN TOMORROW

-

Figure 57. FAST_READ in QPI Mode
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DDR Fast Read (DDRFR, 0Dh)

The DDRFR instruction improves bandwidth by transferring
address, dummy bits and data bits on every edge of the clock.
The address can start at any byte location of the 2-Mbit memory
array determined by the three-byte address. The address is
automatically incremented to the next address in sequential
order after each byte of data is shifted out. The entire memory
can therefore be read out with one single read opcode and the
start address provided. When the highest address Ox3FFFF is
reached, the address counter wraps around and rolls back to
0x000000, allowing the read sequence to continue indefinitely.
CS should remain LOW during the dummy cycle(s). This
command executes in QPI mode.

Mode bits allow a series of Fast Read DDR instructions to
eliminate the 8-bit opcode after the first instruction sends an A5h
mode bit (“10100101”) pattern. This feature, called
Execute-In-Place (XIP), significantly reduces initial access times
(improves XIP performance). The Mode bits control the length of
the next DDRFR operation through the inclusion or exclusion of
the first byte instruction opcode. If the Mode bits are A5h, the
device transitions to Continuous DDR Fast Read Mode and the
next address can be entered (after CS is raised HIGH and then
asserted LOW) without requiring the ODh opcode thus
eliminating eight cycles from the instruction sequence.
Otherwise, opcode is required once CS transitions from HIGH to
LOW. This opcode doesn’t support SPI Mode 3.

Notes

m Mode bits with 1A5h (logical NOT of A5h byte) will exit the
DDRFR XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 58. DDRFR in QPI Mode
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Dual Output Read (DOR, 3Bh)

The DOR instruction is used in Dual Data mode which is the part
of Extended SPI Read instructions. In Dual Data Mode, opcode,
address, and mode byte (Axh) and dummy cycles are
transmitted through Sl pin, one bit per clock cycle. At the falling
edge of SCK of the last dummy cycle, the pins are reconfigured
as SO becoming I/01, and Sl becoming 1/00. The data (D7-D0)
from the specified address is shifted out on I/O1, and 1/00 pins
two bits per clock cycle starting with D7 on 1/01, and D6 on I/O.
The address can start at any byte location of the memory array.
The address is automatically incremented to the next higher
address in sequential order after each byte of data is shifted out.
The entire memory can therefore be read out. When the highest
address Ox3FFFF is reached, the address counter will wrap
around and roll back to 0x000000, allowing the read sequence
to continue indefinitely.

Flgure 59. Double

s |0 L

Mode bits allow a series of DOR instruction to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves XIP
performance). The Mode bits control the length of the next DOR
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh, the device
transitions to Continuous DOR Mode and the next address can
be entered (after CS is raised HIGH and then asserted LOW)
without requiring the 3Bh opcode thus eliminating eight cycles
from the instruction sequence. Otherwise, opcode is required
once CS transitions from HIGH to LOW.

Notes

m Mode bits with !Axh (logical NOT of Axh byte) will exit the DOR
XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Output Read (DOR)
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Dual I/O Read (DIOR, BBh)

The DIOR instruction is used in Dual Addr/Data Mode which is
part of Extended SPI Read instructions. In Dual Addr/Data Mode,
opcode is transmitted through SI pin, one bit per clock cycle.
After the last bit of the opcode, the pins are reconfigured as SO
becoming /01, and Sl becoming I/00. The address is then
transmitted into the part through 1/01 and 1/0O0 pins, 2 bits per
clock cycle, starting with address A23 on 1/01 and A22 on 1/00,
until the three-byte address is input. The data (D7-DO0) at the
specific address is shifted out on 1/01, and 1/00 pins two bits per
clock cycle starting with D7 on 1/01, and D6 on I/O0. The address
is automatically incremented to the next higher address in
sequential order after each byte of data is shifted out. The entire
memory can, therefore, be read out. When the highest address
O0x3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to continue
indefinitely.

Mode bits allow a series of DIOR instruction to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves XIP
performance). The Mode bits control the length of the next DIOR
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous DIOR Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the BBh opcode thus eliminating eight cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

Notes

m Mode bits with !Axh (logical NOT of Axh byte) will exit the
FAST_READ XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Flgure 60. Double I/O Read (DIOR)
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Quad Output Read (QOR, 6Bh)

The QOR instruction is used in Quad Data Mode which is the part
of Extended SPI Read instructions. In Quad Data Mode, opcode,
address, mode byte (Axh) and dummy cycles are transmitted
through Sl pin, one bit per clock cycle. At the falling edge of SCK
of the last mode_cycle, the pins are reconfigured as RESET
becoming I/03, WP becoming 1/02, SO becoming I/O1, and SI
becoming 1/00. The data (D7-D0) from the specified address is
shifted out on 1/03, 1/02, 1/01, and 1/00 pins four bits per clock
cycle starting with D7 on 1/03 and D6 on 1/02, D5 on 1/01, and
D4 on I/00. The address is automatically incremented to the next
higher address in sequential order after each byte of data is
shifted out. The entire memory can, therefore, be read out. When
the highest address 0x3FFFF is reached, the address counter
will wrap around and roll back to 0x000000, allowing the read
sequence to continue indefinitely.

Mode bits allow a series of DOR instruction to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves XIP
performance). The Mode bits control the length of the next QOR
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous QOR Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the 6Bh opcode thus eliminating eight cycles from the
instruction sequence. Otherwise, opcode is required once CS
transitions from HIGH to LOW.

Notes

m The QUAD bit CR1[1] must be set to ‘1" in the Configuration
Register 1.

m Mode bits with |Axh (logical NOT of Axh byte) will exit the DOR
XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 61. Quad Output Read (QOR)
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Quad I/0 Read (QIOR, EBh) — In Extended SPI Mode

The QIOR instruction is used in Quad Addr/Data Mode which is
part of Extended SPI Read instructions. In Quad Addr/Data
Mode, opcode is transmitted through Sl pin, one bit per clock
cycle. After the last bit of the opcode, the pins are reconfigured
as RESET becoming 1/03, WP becoming 1/02, SO becoming
I/01, and Sl becoming I/O0. The address is then transmitted into
the part through 1/03, 1/02, 1/01 and 1/00 pins, 4 bits per clock
cycle, starting with address A23 on 1/03, A22 on 1/02, A21 on
I/01 and A20 on 1/00, until the three-byte address is input. The
data (D7-DO0) at the specific address is shifted out on 1/03, 1/02,
I/01, and 1/00 pins four bits per clock cycle starting with D7 on
/03 and D6 on 1/02, D5 on 1/01, and D4 on I/O0. The entire
memory can therefore be read out. When the highest address
Ox3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to continue
indefinitely.

Mode bits allow a series of QIOR instruction to eliminate the 8-bit
opcode after the first instruction sends an Axh mode bit
(“1010XXXX") pattern. This feature, called Execute-In-Place
(XIP), significantly reduces initial access times (improves XIP
performance). The Mode bits control the length of the next QIOR
operation through the inclusion or exclusion of the first byte
instruction opcode. If the Mode bits are Axh the device transitions
to Continuous QIOR Mode and the next address can be entered
(after CS is raised HIGH and then asserted LOW) without
requiring the EBh opcode thus eliminating 8 cycles from_the
instruction sequence. Otherwise, opcode is required once CS is
raised HIGH and then asserted LOW.

Notes

m The QUAD bit CR1[1] must be set to ‘1’ in Configuration
Register 1.

m Mode bits with !Axh (logical NOT of Axh byte) will exit the QIOR
XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 62. Quad I/O Read (QIOR) in Extended SPI Mode
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WP (102) hi-Z : : A22: A2 | M6 | M2 |[DM7 DMG: DM1 |DMO | D6 | D2 o6 | D2 | NZ_
. [ ) | _
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Quad I/0 Read (QIOR, EBh) — In QPI Mode

The opcode for QIOR can be executed in the QSPI mode as well.
As the device is in QSPI mode, the opcode, address, and mode
bytes are transmitted over all four I/Os. The data (D7-DO0) at the
specific address is shifted out on 1/03, 1/02, 1/01, and /OO0 pins
four bits per clock cycle starting with D7 on 1/03 and D6 on 1/02,
D5 on I/01, and D4 on 1/00.

Notes

m Mode bits with !Axh (logical NOT of Axh byte) will exit the QIOR
mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 63. Quad I/O Read (QIOR) in QPI Mode
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Opc Alddre;s Mode ! Re'ad Dc!ita
*(EBh.)w(3 B ytes)** Byte +<—Dummy Cycles—r€«—— (N Bytes)

DDR Quad I/0 Read (DDRQIOR EDh) — In Extended SPI Mode
The DDRQIOR instruction improves bandwidth with four 1/O
signals Sl (1/00), SO (1/01), WP (1/02) and RESET (I/03). It is
similar to the Quad 1/0 Read instruction but transfers address,
mode, dummy or data bits on every edge of the clock. The
address can start at any byte location of the memory array. The
address is automatically incremented to the next higher address
in sequential order after each byte of data is shifted out. The
entire memory can therefore be read out with one single read
opcode and address provided. When the highest address
Ox3FFFF is reached, the address counter will wrap around and
roll back to 0x000000, allowing the read sequence to be
continued indefinitely. CS should not be driven HIGH during
dummy bits as this may make the bits indeterminate.

Mode bits allow a series of QIOR DDR instructions to eliminate
the 8-bit opcode after the first instruction sends an A5h mode bit
pattern. This feature, called Execute-In-Place (XIP), significantly

= ]

Figure 64. Quad I/O Read in DDR (DDRQIOR) —

reduces initial access times (improves XIP performance). The
Mode bits control the length of the next DDR QIOR operation
through the inclusion or exclusion of the first byte instruction
opcode. If the Mode bits are Axh the device transitions to
Continuous QIOR DDR Mode and the next address can be
entered (after CS is raised HIGH and then asserted LOW)
without requiring the EDh opcode thus eliminating eight cycles
from the instruction sequence. Otherwise, opcode is required
once CS is raised HIGH and then asserted LOW. This opcode
doesn’t support SPI Mode 3.

Notes

m The QUAD bit CR1[1] must be set to ‘1’
Register 1.

m Mode bits with 1A5h (logical NOT of A5h byte) will exit the
DDRAQIOR XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

—

in Configuration

In Extended SPI Mode
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DDR Quad I/O Read (DDRQIOR EDh) - In QPI Mode

The opcode for DDRQIOR can be executed in QSPI mode as
well. For DDR Quad In/Out Read (DDRQIOR) in QPI mode, the
datais read over (1/0O0, /01, 1/02, 1/03) in DDR and address and
mode bits are also sent over (I/00, I/01, /02, 1/03) in DDR while
the opcode is sent over (1/00, I/01, 1/02, 1/03) in SDR.

Notes

m Mode bits with IA5h (logical NOT of A5h byte) will exit the
DDRAQIOR XIP mode.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

Figure 65. Quad I/O Read in DDR (DDRQIOR) - In QPI Mode
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Special Sector Memory Access Commands

The CY15X102QSN also provides an additional special sector
memory region that is 256 bytes in length. This special sector
region design for a higher thermal reliability for stored content.
Data stored into this special sector can survive up to three

Table 42. Special Sector Memory Access Commands

standard reflow cycles. This special sector location can be used
to store the PCB module details, serial number details, and so
on. The special sector memory access commands support the
SPI, DPI, and QPI modes of operation.

Opcode e
Command (Hex) Command Description
SSWR 42 Special Sector Write - Dedicated command to write 256 bytes special sector memory
SSRD 4B Special Sector Read - Dedicated command to read 256 bytes from the special sector memory

Table 43. Special Sector Memory Access Command Details

Memory
SPI Bus Interface Data Transfer XIP
Opcode | Address Latency Max Clock
(Hex) | Length Dual | Quad | Dual | Quad Dummy | Execute-| Frequency
=it Data | Data | 1/O /10 e Cycles | In-Place
42 Yes NA Yes Yes Yes NA NA NA 108 MHz
4B Yes NA Yes Yes Yes NA Yes NA 108 MHz
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Special Sector Write (SSWR, 42h)

The special sector write operation is preformed when the SSWR
opcodes along with write data are given on the Sl pin for SPI
Mode or the /01, 1/00 pins for Dual Mode (DPI) or the I/O3, /02,
I/01, and 1/00 pins for Quad Mode (QPI). Burst writes can be
used to write consecutive addresses without issuing a _new
SSWR instruction. If only one byte is to be written, the CS pin
must be driven HIGH after the DO (LSb of data) is transmitted.
However, if more bytes are to be written, the CS pin can be held
LOW and the address is incremented automatically. The data
bytes on the input pin(s) are written in successive addresses.
Once the internal address counter auto increments to OxFF, CS
should toggle HIGH to terminate the ongoing SSWR operation.
Data is written MSb first. The rising edge of CS terminates a write
operation.

Notes

m The three-byte address contains the lower 8-bit for sector
address (A7—A0). While the remaining 16 most significant bits
of the three-byte address should be set to ‘0.

m SSWR instruction can only be executed by the device if the
Write Enable Latch (WEL) in SR1 is set to ‘1’ to enable write
operations.

m The WEL bit of SR1 (SR1[1]) is automatically cleared to ‘0’ after
SSWR command is terminated (at the rising edge of CS).

Figure 66. Special Sector Write (SSWR) in SPI Mode (WREN is not shown)
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Figure 67. Special Sector Write (SSWR) in DPI Mode (WREN is not shown)
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Figure 68. Special Sector Write (SSWR) in QPI Mode (WREN is not shown)
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Special Sector Read (SSRD, 4Bh)

The SSRD instruction reads out the memory contents at the
given address. The address can start at any byte location of the
256-byte special sector memory determined by the three-byte
address. The address is automatically incremented to the next
higher address in sequential order after each byte of data is
shifted out. The entire 256-byte special sector can therefore be
read out with one single special sector read opcode and address
provided. Once the internal address counter auto increments to
OxFF and if the host continues clocking on SCK, the device will
return undefined data byte(s).

Notes

m The three-byte address contains the lower 8-bit for sector
address (A7—A0). While the remaining 16 most significant bits
of the three-byte address should be set to ‘0.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.

m The special sector F-RAM guarantees to retain user data up to
three cycles of standard reflow soldering.

Figure 69. Special Sector Read (SSRD) in SPI Mode
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Figure 70. Special Sector Read (SSRD) in DPI Mode
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Figure 71. Special Sector Read (SSRD) in QPI Mode
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Error Correction Code (ECC) and Cyclic Redundancy Check
Commands

Error Correction Code (ECC)

The CY15X102QSN provides an in-built hardware Error
Correction Code (ECC) with 2-bit error detection and reporting
on an 8-byte (64 bits) unit data. Since every F-RAM read follows
a write cycle (refresh cycle), the 1-bit error detected is
automatically corrected and written back to the F-RAM array
during the refresh cycle. Hence, CY15X102QSN does not report
1-bit error detection because the subsequent ECC check on the
same data unit will not reproduce the same 1-bit error.
CY156X102QSN ECC is always enabled and observes the
following behavior in run time:

m Whenever there is a 2-bit error detected during F-RAM read,
CY15X102QSN will set the ECC Status Register (ECCSR)
‘2BD’ flag bit to ‘1’ (ECCSR is cleared after POR, Reset, or
CLECC) and also captures the corresponding unit data address
in the 4-byte ADDRTRAP register.

m The first three least significant bytes of ADDRTRAP register
will hold the 3-byte unit data address of the very first 2-bit error
detected in an 8-byte unit data after POR, Reset, or CLECC.
Any subsequent occurrence of a 2-bit error will not overwrite
the ADDRTRAP register with the most recent data unit address.

Table 44. ECC Status Register

m CY15X102QSN provides a 2-byte ECC Detection Count
(ECCDC) register which increments by ‘1’ every time a 2-bit
error is detected. The ECCDC register is cleared after POR,
any reset event, or after CLECC command execution.

m User can read either ADDRTRAP register for its non-zero value
(with an exception to where the 2-bit error detected at address
0x00000) or read 2BD’ flag bit of ECCSR register, or read the
non-zero value in the ECCDC register to determine the occur-
rence of a 2-bit error detection.

m In addition, CY15X102QSN also supports the ECCRD (19h)
command which returns the 2-bit error detection status in
8-byte unit data by setting the 2BD’ error flag to ‘1’ in the
ECCSR at the unit address sent with the ECCRD command.

ECC is not supported on the 256-byte special sector memory,
status and configuration registers.

ECC Status Register

The status of ECC is presented in the ECC Status Register
(ECCSR). The ECCSR details are shown in Table 45. The
ECCSR content can be read only by using the RDAR commands
as described in Read Any Register (RDAR, 65h) on page 35. The
ECCRD command returns the ECCSR status for the unit data.
The unit data is defined as the number of bytes over which the
ECC is calculated. CY15X102QSN has 8-bytes unit data.

ECCSR[7] ECCSR[6] ECCSR[5] ECCSRI[4] ECCSRJ3] ECCSRI2] ECCSR[1] ECCSR]0]
RFU (0) RFU (0) RFU (0) 2BD (0) RFU (0) RFU (0) RFU (0) RFU (0)
Table 45. ECC Status Register - Volatile Only
Bit Bit Name | Bit Function ‘ Type ‘ Read/Write Description

ECCSR[7] |RFU Reserved (0) Reserved for future use

ECCSR[6] |RFU Reserved (0) Reserved for future use

ECCSR[5] |RFU Reserved (0) Reserved for future use

ECCSR[4] |2BD 2-Bit ECC \% R 1 = 2-bit error detection occurred since last ECCSR clear command

Detection (CLECC)

0 = 2-bit Error detection has not occurred since last ECCSR clear
command (CLECC)

ECCSR[3] |RFU Reserved (0) Reserved for future use

ECCSR[2] |RFU Reserved (0) Reserved for future use

ECCSR[1] |RFU Reserved (0) Reserved for future use

ECCSR[0] |RFU Reserved (0) Reserved for future use

V - Volatile

2-Bit ECC Detection (2BD) ECCSR [4]:

This bit indicates that a 2-bit ECC detection has occurred on the
read data since the last Clear ECC Status Register. The CLECC
instruction resets 2BD bit to ‘0.

ECC Detection Counter (ECCDC)

The ECC Detection Counter (ECCDC) register is a 2-byte
volatile register, which stores the number of times 2-bit error
detections have occurred during the memory read operations
since the last POR, any reset event, or after CLECC command.

Document Number: 002-26767 Rev. *B

The ECCDC register content can be read by using RDAR
commands as described in Read Any Register (RDAR, 65h) on
page 35.

Notes

m Once the ECCDC count reaches 0xFFFF, the ECCDC will stop
incrementing.

m The ECCDC loses its content when in deep power-down (DPD)
mode and returns with 0x0000 upon DPD exit.
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Table 46. ECC Detection Counter Register (ECCDC)
Bits Name Function Type | Read/Write | Default State Description
15:0 | ECCDC | ECC 2-bit \Y R 0x0000 Total count of 2-bit ECC detections since the last POR or
Error any reset event. CLECC command does not clear this
Detection register.
Count
V - Volatile

Address Trap Register (ADDTRAP)

The Address Trap register (ADDTRAP) is a 4-byte volatile
register which stores the ECC unit data address where a 2-bit
error detection has occurred during a read operation. The
ADDTRAP register stores the address of very first ECC data unit
in which 2-bit error detected since the last Clear ECC instruction
(CLECC), POR, or any reset event. The address of subsequent
data unit with 2-bit error detected will not be captured into

Table 47. Address Trap Register

ADDTRAP. In this case only ECCDC count will increment. The
ADDTRAP register content can be read by using the RDAR
command as described in Read Any Register (RDAR, 65h) on
page 35.

Note: The ADDTRAP register loses its content when in deep
power down (DPD) mode and returns with 0x00000000 upon
DPD exit.

Bits Name Function Type | Read/Write | Default State Description
31:.0 | ADDTRAP | Stores ECC \% R 0x00000000 |Store address of unit data where 2-bit ECC detection
Address occurred
V - Volatile

ECC Commands

The CY15X102QSN ECC commands are described in the following section.

Table 48. ECC Commands

Co(r|n_|emxz;nd Opcode Command Description
ECCRD 19 ECC Status Read - Determines the ECC status of the addressed unit data
CLECC 1B Clear ECC Register (s) - ECC Flags and Address Trap Registers

Table 49. ECC Command Details

Memory
SPI Bus Interface Data Transfer XIP
Opcode | Address Latency Max Clock
(Hex) | Length Dual | Quad | Dual | Quad Dummy | Execute | Frequency
SPl | pata | Data| /O | yo | PPl | QP | SDR | DDR | ‘cocies | in-Place
19 3 Bytes | Yes NA Yes | Yes Yes NA Yes NA 108 MHz
1B NA Yes NA Yes | Yes Yes NA NA NA 108 MHz

ECC Status Read (ECCRD, 19h)

The ECCRD instruction is used to determine the 2-bit error
detection status of the addressed unit data. To do so, CSis pulled
LOW and the ECCRD instruction is followed by the ECC data
unit address in which the three least significant bits (LSb) of
address should be set to zero. Even if the least three significant
bits (LSb) of address are not set to zero, they will be ignored
internally and the start address for the data unit is determined by
the rest of the MS bits.

Document Number: 002-26767 Rev. *B

The address bytes are followed by the number of dummy cycles
selected by the read latency value for the memory read. The 8-bit
ECC Status is shifted out on output lines. CS must be pulled high
after 8-bit ECC status is read out.

Notes
m IfCS remains LOW after 8-bit ECC statusis read out, the subse-
quent ECC status data will be indeterminate. It is necessary to

send the new ECCRD command with next unit address to read
the ECC status of next data unit.

m The dummy cycles are a configuration option through the
memory latency code bits (MLCO to MLC3) in CR1.
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Table 50. Unit Data ECC Status Byte Details

Bits Name Function Read/Write | Default State Description
7 RFU Reserved - 0 Reserved for future use
6 RFU Reserved - 0 Reserved for future use
5 RFU Reserved - 0 Reserved for future use
4 RFU Reserved - 0 Reserved for future use
3 EECC2D 2-Bit Error in ECC R 0 1 = 2 Bit Error detected in ECC unit
Unit 0 = No error
2 RFU Reserved - 0 Reserved for future use
1 RFU Reserved - 0 Reserved for future use
0 RFU Reserved - 0 Reserved for future use

Figure 72. ECC Read (ECCRD) in SPI Mode
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Figure 73. ECC Read (ECCRD) in DPI Mode
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Figure 74. ECC Read (ECCRD) in QPI Mode
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(19n >3 Bytes)
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Clear ECC (CLECC, 1Bh)

The CLECC instruction clears all ECC flags, ADDTRAP, and
ECCDC registers. Itis not necessary to set the WEL bit before a
CLECC instruction is executed.

Figure 77. Clear ECC (CLECC) in QPI Mode

Cs

ﬂ

il

Figure 75. Clear ECC (CLECC) in SPI Mode SCK
& ] —
sen [X [+ [+ [+ [ ] [+ [ [ ][] W o] ] e
SO (101) hi-2 hi-2 RESET (103)

<«—Opcode (1Bh)——> Opc.

“(1Bh)

)

Cyclic Redundancy Check (CRC)

CY15X102QSN provides an in-built Cyclic Redundancy Check
(CRC) engine that computes the check sequence on the stored
data in the memory array. CRC is not supported on 256-byte
special sector memory, status and configurations registers.

The CY15X102QSN supports CRC with the following opcodes.

Figure 76. Clear ECC (CLECC) in DPI Mode

B o
___l ﬂ ﬂ ﬂ H___
hi-Z nn hi-Z
hi-Z nn hi-Z

<—Opcode (1Bh)—>»

Cs

SCK

Sl (100)

SO (101)

Table 51. CRC Access Commands

Command 0(r|)_|ce<:ge Command Description
CRCC 5B CRC Calculation - Performs a CRC calculation over a user defined address range
EPCS 75 CRC Suspend - Interrupts the CRCC operation and allow other accesses
EPCR1 TA CRC Resume - Resumes suspended CRCC operation

Table 52. CRC Access Command Description

Memory

SPI Bus Interface Data Transfer XIP

Opcode | Address Latency Max Clock

(Hex) Length Dual | Quad | Dual | Quad Dummy | Execute | Frequency
SPl | Data | Data | 1O | o | PP! | QP | SDR | DDR | “cuiie” | in-Place

5B NA Yes NA Yes Yes Yes NA NA NA 108 MHz
75 NA Yes NA Yes Yes Yes NA NA NA 108 MHz
A NA Yes NA Yes Yes Yes NA NA NA 108 MHz
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Data CRC Calculation (CRCC, 5Bh)

The CRCC instruction sequence causes CY15X102QSN to
perform a Cyclic Redundancy Check calculation (CRCC) over a
user-defined address range. A data CRC-enabled
CY15X102QSN device calculates a fixed-length binary
sequence, known as the CRC checksum, for each block of data
and sends them both together to the host. When the host device
receives the data block, it recalculates the CRC checksum. If the
new CRC checksum does not match the original checksum sent
with the data, then the block contains a data error and the host
device may take corrective action such as requesting the data
block to be sent again.

The CRCC process calculates the Check-value on the data
contained at the starting address through the ending address.

The CRC Calculation instruction starts by entering the opcode
followed by the starting address and ending address. CS must
be driven HIGH after the Ending Address has been latched in.
This will initiate the beginning of internal CRC process that
calculates the Check-value on the data contained at the starting
address through the ending address. If CS is not driven HIGH
after the last bit of address, the CRC Calculation operation will
not be executed. The CRCC command does not check the WEL
status. However, if the WEL is set ‘1’ prior to the CRC command,
the WEL gets cleared to ‘0’ after the CRC operation is complete.

The Ending Address (EA) should be at least a 32-bit aligned
word higher than the Starting Address (SA). If EA < SA + 3, the
CRC Calculation will abort and the device will return to the
Standby mode. The CRC Abort (CRCA) bit (SR2[3] = ‘1’) is set
to indicate the aborted condition and the CRC register (CRCR)
will hold indeterminate data.

Table 53. CRC Register Description

When the CRC calculation is in progress, CY15X102QSN sets
the WIP bit of SR1 (SR1[0]) to “1°. User can poll the WIP status
to determine when the ongoing CRCC operation is complete and
device is ready for access. The WIP bit will be ‘1’ when the CRC
calculation is in progress and a ‘0’ when it has been completed.
The CRC register (CRCR) stores the results of the CRC process
that calculates the Check-value on the data contained at the
starting address through the ending address. The details of the
CRC Register is described in Table 53. The CRC Check-value
bits 0—-31 can be read by reading the CRC register using Read
any Register (RDAR) command as described in Read Any
Register (RDAR, 65h) on page 35.

The CRC register bits are initialized with all 0s (0x00000000)
every time CRC calculation is initiated. A POR or any reset event
will also initialize the CRC register value to all Os.

The check-value calculation can be suspended with the CRC
Suspend command (EPCS, BOh) to read data from the memory
array or registers. During the Suspended state, the CRC
Suspend (CRCS) status bit in Status Register-2 will be set
(SR2[4] = ‘1"). Once suspended, the host can read the status
register, read data from the array and can resume the CRC
calculation by using the CRC Resume command (EPCR, 30h).
CY15X102QSN takes tcrec to calculate the CRC checksum on
data between the SA and EA (including data at SA and EA).

The 32-bit CRC (CRC-32C) polynomial (Ox1EDC6F41) is
defined as follows:

32X + 28X + 27X + 26X + 25X + 23X + 22X + 20X+ 19X + 18X
+ 14X + 13X + 11X + 10X + 9X + 8X + 6X + 1X

Note: 4-byte memory data are internally read as {data[7:0],
data[15:8], data[23:16], data[31:24]} and are assigned to
CRCJ31:0] for the CRC calculation.

Bits Name Function Default State Description
31:0 CRCR [Check CRC Value| 0x00000000 |Volatile register to store the CRC checksum value resulted after the
CRC Calculation (CRCC command).
Figure 78. CRC Calculation (CRCC) in SPI Mode
tCRCC
cs
SCK
S| (100) ‘X‘0‘1‘0‘1‘1‘0‘1‘1‘A23‘A22‘A21 A3‘A2‘A1‘AO‘A23‘A22‘A21 AS‘AZ‘M‘AO‘X‘
50 (101) hi-Z hi-Z
Start Address End Address
Opcode (5Bh) (3 Bytes) (3 Bytes)
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Figure 79. CRC Calculation (CRCC) in DPI Mode
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) l l )
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Start Addr End Addr
<«—Opcode (5Bh)—>»<— (3Bytes) — >« @3 Bytes)ﬂ

Figure 80. CRC Calculation (CRCC) in QPI Mode

cs f

Sl (100) hi-Z A20 A0 | A20 o | _hi-Z

SO (101) A1 | A21 o | hi-Z

WP (102) h-Z |y | o |z A2 | A22 A | Ni-Z

RESET(103) 24 o | 1 |an A3 | A23 as [ NiZ
e B

CRC Suspend (EPCS, 75h)

EPCS allows the system to interrupt the ongoing CRCC
operation and allow other accesses while the current CRC
operation is suspended. Commands which can execute while
CRC is suspended are: READ, RDSR1, RDSR2, FAST_READ,
DDRFR, ECCRD, CLECC, RDCR1, DOR, RDCR2, RDCR4,
SSRD, RDCR5, RDAR, RSTEN, QOR, EPCR, RST, RDID,
DIOR, RDSN, QIOR, DDRQIOR.

The CRC Suspend is valid only during a CRC Calculation
operation. The Status Register 2 (SR2) can be checked to
determine if the CRCC operation has been suspended or
completed. The CRC Status bit shows if a CRCC operation is
suspended or was completed at the time WIP status bit in Status
Register 1 changes to ‘0’. EPCS takes tcrcg time to process the
CRC suspend operation and keeps the WIP bit status ‘1’. In the
case CRCC calculation completes before the EPCS command
is fully processed, the CRCS bit in SR2 (SR2 [4]) will not set to
‘1", indicating EPCS did not execute.

Document Number: 002-26767 Rev. *B

Figure 81. CRC Suspend (EPCS) in SPI Mode
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Figure 82. CRC Suspend (EPCS) in DPI Mode
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Figure 83. Suspend (EPCS) in QPI Mode
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CRC Resume (EPCR, 7Ah)

EPCR resumes a suspended CRCC operation. After the CRC
Resume instruction is issued, the WIP bitis set to ‘1’. The CRCC
operation can be interrupted as often as necessary. The EPCR
resumes a suspended CRCC operation only when CRCS bit of
SR2 (SR2[4]) is set ‘1’, otherwise EPCR command will be
ignored. After the EPCR instruction is issued, the WIP bit is set
to “1’. The CRCC operation can be interrupted and resumed as
often as necessary.

EPCR takes tcrcr time to process the command and resumes
the CRC calculation on the remaining data bytes, until the end
address (EA) reaches.

Figure 84. CRC Resume (EPCR) in SPI Mode

SCK

SI (100)

hi-Z hi-Z

SO (101)

<«——Opcode (TAh——>»

Figure 85. CRC Resume (EPCR) in DPI Mode

=
scK ::jjjj___
sigooy MZ L[4 |0 [0 [ N2
sogory MZ o |4 || [ hZ

<—Opcode (7Ah)—>»

Document Number: 002-26767 Rev. *B

Figure 86. CRC Resume (EPCR) in QPI Mode
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Identification and Serial Number Commands

The CY15X102QSN device offers three different types of
identification features that include Device ID and Unique ID
which are 8-byte read only registers and 8-byte writable serial
number registers. Details of each is described in the following
section.

Read Device ID (RDID, 9Fh)

The CY15X102QSN device can be interrogated for its
manufacturer, product identification, and die revision. The RDID
opcode 9Fh allows the user to read the 8-byte manufacturer ID
and product ID, both of which are read-only bytes. The Device

Table 54. Device ID Field

ID field is described in the Device ID Field register table. The
device ID of the corresponding part number is shown in the
Ordering Information on page 82.

Notes

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

m RDID Data Preference - LSb shifts out first, MSb shifts out last.
No wrap is allowed for the RDID command. After the 8th byte,
if the host continues to clock the device will return undefined
data byte/s.

Bits (Number of Bits) 63-32 (32 bits)

31-21 (11 bits) | 20-8 (13 bits) | 7-3 (5 bits) | 2-0 (3 bits)

00000000000000000000000000000000
(Reserved)

Description

00000110100 Product ID Density ID Die Rev

(Manufacturer ID)

Figure 87. Read Device ID (RDID) in SPI Mode
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Figure 88. Read Device ID (RDID) in DPI Mode
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Figure 89. Read
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Device ID (RDID) in QPI Mode
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Read Unique ID (RUID, 4Ch)

The CY15X102QSN device can be interrogated for unique ID
which is a factory programmed, 64-bit number unique to each
device. The RUID opcode, 4Ch allows to read the 8-byte, read
only unique ID.

Figure 90. Read Unique ID in SPI Mode

E

Notes

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

m RUID Data Preference - LSb shifts out first, MSb shifts out last.
No wrap is allowed for the RDID command. After the 8th byte,
if the host continues to clock, the device will return undefined
data byte(s).

m The unique ID registers guarantee to retain user data up to
three cycles of standard reflow soldering.
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|
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SO(I01) h-Z : : D7 |Ds: ID1 | ID0 | ID15| D14 D9 |Ds: D63 ||362: 07 | 1ogs |2
L Byte0 Bye 1 Bte7
<«—Qpoode (4ChH————><«—Dummy Bjte—>» Unique ID >
Figure 91. Read Unique ID in DPI Mode
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Figure 92. Read Unique ID in QPI Mode
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Write Serial Number (WRSN, C2h)

The serial number is an 8-byte programmable memory space
provided to the user to uniquely identify a pc board or a system.
A serial number typically consists of a two byte Customer ID,
followed by five bytes of unique serial number and one byte of
CRC check. However, end application can define their own
format for 8-byte serial number. All writes to the Serial Number
Register begin with a WREN opcode with CS being asserted and
de-asserted. The next opcode is WRSN. The WRSN instruction
can be used in burst mode to write all the 8 bytes of serial
number. After the last byte of serial number is shifted in, CS must
be driven HIGH to complete the WRSN operation.

Table 55. 8-Byte Serial Number

Notes

m The WRSN instruction can only be executed by the device if
the Write Enable Latch (WEL) in the Status Register is set to
‘1’ to enable write operations. When the WRSN operation is
completed, the Write Enable Latch (WEL) is reset to a ‘0’.

m WRSN Data Preference - LSb shifts in first, MSb shifts in last.

m The CRC checksum on the 7-byte ID is not calculated by the
device. The system firmware must calculate the CRC
checksum and append the checksum to the 7-byte user defined
serial number before programming the entire 8-byte serial
number into the serial number register. Factory default value
for the 8-byte Serial Number is ‘0x0000000000000000’.

m The WEL bit is automatically cleared to ‘0’_after WRSN
command is terminated (at the rising edge of CS).

m Exactly 8 bytes must be entered, otherwise the serial number
write (WRSN) will not execute.

16-bit Customer Identifier

40-bit Unique Number

8-bit CRC

SN[63:56] | SN[55:48]

SN[47:40] \ SN[39:32] \ SN[31:24] \ SN[23:16] \

SN[15:8] SN[7:0]

Figure 93. Write Serial Number in SPI Mode (WREN not shown)

- |

—

cs 1 L | | 1
"_ UL LT L -
| [ [ | [
s | | | |
| | | L | | | L
Sl (100) ‘ X ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘sm‘sma: Pm‘sm‘sm‘snsl :sm‘sm: |SN7‘SN6: :SN1‘SNO‘ X ’»
X Byte0 | ) [ I Ippe7 | | )
hi-Z 1o 1 1o 1 hi-Z
SO (101
(1on | | | | | | | |
<«—Opcode (C2hy »< SN write datar >

Figure 94. Write Serial Number in DPI Mode (WREN not shown)
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Figure 95. Write Serial Number in QPI Mode (WREN not shown)
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Read Serial Number (RDSN, C3h)

The CY15X102QSN device incorporates an 8-byte serial space
provided to the user to uniquely identify the device. The serial
number is read using the RDSN instruction. A serial number read
may be performed in burst mode to read all the eight bytes at
once. After the last byte of serial number is read, the host must
stop clocking and drive the CS HIGH to terminate the RDSN
command. An RDSN instruction can be issued by shifting the
opcode for RDSN after CS goes LOW.

Notes

m The dummy cycles shown are a configuration option through
register latency code bits (RLCO, RLC1) in CR5.

m LSb shifts out first, MSb shifts out last. If the host continues
clocking after 8th byte, the device may return undefined data
byte/s.

Figure 96. Read Serial Number (RDSN) in SPI Mode
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Figure 97. Read Serial Number (RDSN) in DPI Mode
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Figure 98. Read Serial Number (RDSN) in QPI Mode
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Low Power Modes and Resets
Table 56. Low Power Mode and Reset Commands
Opcode _—
Command (Hex) Command Description
DPD B9 Deep Power Down - Enters Deep-Power-Down power mode
HBN BA Hibernate Mode - Enters Hibernate power mode
RSTEN 66 Reset Enable - Pre command to enable software reset
RST 99 Software Reset - Command to initiate software reset
Table 57. Low Power Mode and Reset Command Description
SPI Bus Interface Data Transfer L?‘ltency XIP
Opcode | Address (None) Max Clock
(Hex) Length Dual | Quad | Dual | Quad Dummy | Execute Frequency
SPl' | pata | Data | O | o | PPI | QP | SDR | DDR | ‘cycies |.in-Place
B9 NA Yes NA Yes Yes Yes NA NA NA 108 MHz
BA NA Yes NA Yes Yes Yes NA NA NA 108 MHz
66 NA Yes NA Yes Yes Yes NA NA NA 108 MHz
99 NA Yes NA Yes Yes Yes NA NA NA 108 MHz

Deep Power-Down Mode (DPD, B9h)

The device enters deep power down mode when the DPD
opcode B9 is clocked in and a rising edge of CS is applied. When
in deep power-down mode, the SCK and Sl pins are ignored and
SO goes to hi-Z, but the device continues to monitor the CS pin.

A CS pulse-width of tcgppp or Hardware reset exits the DPD
mode after textppp time. The CS pulse-width can be generated
either by sending a dummy command cycle or toggling CS alone
while SCK and I/Os are don’t care. The I/Os remain in hi-Z state
during the wakeup from deep power down. Refer to Figure 99 for
DPD entry and Figure 102 for DPD exit timing.

Notes

m The timing details shown in the Figure 99 are applicable as is
in DPI and QPI modes.

m CRC register (CRCR) and ECC registers (ECCDC and
ADDRTRAP) will lose their content in the DPD mode and will
return to their default values, 0x00.

m The WEL bit (SRO[1]) status is not retained in the DPD mode.
If the WEL status was ‘1’ before entering DPD, it will clear to
‘0’ after the DPD mode exits.

Figure 99. DPD Entry in SPI Mode
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Figure 100. Deep Power-Down Mode Operation in DPI Mode
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Figure 101. Deep Power-Down Mode Operation in QPI Mode
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Figure 102. DPD Exit in SPI Mode
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Hibernate Mode (HBN, BAh)

The device enters hibernate mode when the HBN opcode BAh
is clocked in and a rising edge of CS is applied. When in
hibernate 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 textH g time. The SO pin remains in a hi-Z state during the
wakeup from hibernate period. The device does not necessarily
respond to an opcode within the wakeup period. To exit the
hibernate mode, the controller may send a “dummy” read, for
example, and wait for the remaining teyry g time.

Notes

m The timing details shown in the SPI mode timing diagram are
applicable as is in the DPI and QPI modes.

m Return from hibernate reloads all registers to their default POR
values. Referto Table 2 on page 9 for details on registers default
values after POR.

Figure 103. Hibernate Mode Operation in SPI Mode
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Figure 104. Hibernate Mode Operation in DPI Mode Figure 105. Hibernate Mode Operation in QPl Mode
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Software Reset

The Software Reset operation combines two instructions:
Reset-Enable (RSTEN) instruction followed by a Reset (RST)
instruction. It resets the whole device and makes it ready to
receive instructions only after tgreseT time.

Notes

m Any instruction other than RST following the RSTEN instruction
will clear the reset enable condition and prevent a later RST
instruction from being recognized.

m During software reset, only RDSR1 and RDAR (to access
RDSR1) commands are supported. Other commands will be
ignored.

m The timing details shown in the SPI mode timing diagram are
applicable as is in the DPI and QPI modes.

Figure 106. Software Reset Timing in SPI Mode
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Figure 107. Software Reset Timing in DPI Mode
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Hardware Reset (RESET)

The hardware reset input (RESET) is multiplexed on (RESET /
(I/03) and is an active LOW signal in CY15X102QSN device.
Refer to Table 20 on page 18 for hardware reset (RESET) pin
configurations across various SPI interfaces. When RESET is
pulled LOW, CY15X102QSN self initializes and brings its
configuration back to the power up status. Refer to Table 58 on
page 71 for different registers configuration after RESET cycle.
Once RESET is issued, CY15X102QSN takes trpp/tyreseT time
from RESET rising edge to complete the reset cycle.
CY15X102QSN becomes inaccessible during tgpy time.
Figure 109 to Figure 111 on page 70 show the RESET timings in
different reset mode.

Notes

m The RESET pin is multiplexed on 1/03 in the QPI mode. When
using the hardware (RESET) in QPI mode, the CR2 [5] bit must
be set to ‘1’ to enable to use 1/Q3 as RESET input when CS is
HIGH. Figure 109 shows the RESET / (I/03) timing in QPI
mode

m QUAD bit CR1 [1] in Configuration Register 1 must be set to
‘0’ to enable the hardware reset feature on the RESET pin.

m The RESET signal has an internal pull-up resistor and may be
left unconnected if not used. This pull-up resistor gets disabled
when the pin is configured as 1/03.

m RESET signal should never be tied low even if RESET function-
ality is disabled since it will increase leakage current due to the
internal weak pull-up.

m In a shared bus configuration in QPI mode, if the RESET
function is enabled, the device will reset every time (RESET /
(I/03)) toggles due to any ongoing communication between the
master another QSPI slave on the same bus. Hence, it is
recommended to disable RESET pin functionality in a shared
bus configuration.

Figure 109. RESET Timing - SPI with QUAD Set (CR1[1] = ‘1°) or QPI Enabled (CR2[6] = ‘1’)

RESET

tRPH/HRESET

Figure 110. RESET Timing - SPI with QUAD Clear (CR1[1] = ‘0’) and QP! Disabled (CR2[6] = ‘0’)

Dont Care
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JEDEC SPI Reset

JEDEC SPlI reset is a signaling protocol which initiates a hardware reset independent of the device’s operating I/O mode. It brings the

device to its default mode as selected in the status and configuration registers. Table 58 on page 71 shows the device status after the
default recovery is initiated.

The default recovery steps are as follows:
1. CS toggles active LOW to select the SPI slave.
2. SCK remains stable either in a HIGH or in a LOW state.

3. SI (I/00) toggles HIGH to LOW, simultaneously with CS going LOW. Other 1/Os (1/01, 1/02, and 1/03) remain don't care.
4. CS is driven HIGH while 1/00 remain LOW.

5. Repeat the above steps 1 to 4 each time alternating the state of Sl (I/O0) at the falling edge of CS for a total of four times.
6. Reset occurs after the 41" CS goes HIGH (inactive).
Refer to Figure 111 for timing details.

Figure 111. JEDEC SPI Reset
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Table 58. Status of Registers after Various Types of Reset
Status Configuration ECC Count | ADDR Trap
Reset 110 : : ECC
- : Registers Register CRC Reg Reg Reg 1/0 Modes
Function | Requirements (SRx) (CRx) Status (ECCDC) (ADDTRAP)
CS=*1 SR1-Load |CR1,CR2,CR4,| Load- Load - |Load-0x00| Load-0x00 |No change
P o Other Inputs - default values CR5 0x00 0x00
O%esr(;t n Ignored Load default
All outputs - SR2 - 0x00 values
Tristated
CS=*1 SR1-Load |CR1,CR2,CR4,| Load- Load - |Load-0x00| Load-0x00 |No change
Hard Other Inputs - default values CR5 0x00 0x00
all{e‘slveatre Ignored Load default
All outputs - SR2 - 0x00 values
Tristated
Instruction SR1-Nochange |CR1,CR2,CR4, | Load - Load - |Load-0x00| Load-0x00 |No change
(RSTEN, RST) | except the WEL CR5 - No 0x00 0x00
Soft bit which will change
%e\g:tre clear to '0' if set
"1,
SR2 - 0x00
CSand Sl (100) = SR1 - Load CR1,CR2,CR4, | Load- Load - |Load-0x00| Load-0x00 |No change
JEDEC Toggle default values CR5 0x00 0x00
Reset Other Inputs - Load default
(Default Ignored SR2 - 0x00 values
Recovery) |  All outputs -
Tristated

The SPI host can issue hardware RESET or JEDEC SPI reset if
CY15X102QSN goes into an undefined state and stops
responding to any SPI command. The CY15X102QSN enters
into an internal test mode or any undefined mode either due to
wrong opcode or any glitch on the SPI signals which can
internally cause latching of a wrong opcode, or part didn’t boot
up successfully (keep showing busy status WIP = ‘1 after tp ).

Document Number: 002-26767 Rev. *B

Note ECC (ECCDC and ADDRTRAP) registers lose their
content while in DPD and return to their default values 0x00 for
ECC registers. Return from hibernate reloads all registers to their
default values at power up as shown in Table 2 on page 9.
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Maximum Ratings

Exceeding the maximum ratings may impair the useful life of the Package power dissipation capability

device. User guidelines are not tested. (TAZ 25 °C) oot 1.0W

Storage temperature ..........ccccceeeiieennnenn. —65 °C to +125 °C Surface mount lead soldering temperature

Maximum accumulated storage time (3'S€CONAS) ..oevvieiicic +260 °C

At 125 °C ambient temperature ...........ccccceeeveeeeeennns 1000 h DC output current

At 85 °C ambient temperature ...........c.ccocoeeiiieens 10 Years (1 output at a time, 1s duration) ..........cccocceeeviieeiinnene 15 mA

Maximum junction temperature ...........cccccceeecviernn. 125 °C Electrostatic discharge voltage

Supply voltage on Vpp relative to Vgsg: Human Body Model (JEDEC Std JESD22-A114-B) ...... 2 kV

CY15VA02QSN: ..ovooeeveeeeeeeeer e -0.5Vto+2.4V Charged Device Model

CY15B102QSN: ..oooovomrvvvecoerreeseoeseseee ~0.5Vto +4.1V (JEDEC Std JESD22-C101-A) oo 500V

INPUL VOIREGE v, ViN<Vpp + 0.5V Latch-up current ..., >140 mA

DC voltage applied to outputs H

in High-Z state .............cccccooieii. -0.5VtoVpp+0.5V 0peratmg Range

Transient voltage (< 20 ns) Device Ambient Temperature Vbp

on any pin to ground potential ............ —20VtoVpp+2.0V CY15V102QSN |Industrial, —40 °C to +85 °C|1.71 V to 1.89 V
CY15B102QSN 18Vto36V

DC Electrical Characteristics
Over the Operating Range

Parameter Description Test Conditions Min Typ[15] Max Unit
Vpp Power supply CY15V102QSN 1.71 1.8 1.89 \%
CY15B102QSN 1.8 3.0 3.6 \
Ipp1 Vpp supply currentin |Vpp =1.71V 1o 1.89 V; fsck = 50 MHz - 4.9 6.0 mA
SPISDRmade [ SCK ogaingbetween oo~ 02 oo t0g Mz | - | 10 | 12| ma
Vpp — 0.2 V. No output loads.
Vpp=1.8V1t0 3.6V, fsck = 50 MHz - 5.6 7.2 mA
g et Yoo 0 o= 0B Mz | = | 1| 14| ma
Vpp — 0.2 V. No output loads.
Ibp2 VDD supply currentin |Vpp =1.71V 10 1.89 V; fsck = 108 MHz - 12 14 mA

DPI SDR mode SCKtoggling between Vpp —0.2
V and Vgg, other inputs Vgg or
Vpp — 0.2 V. No output loads.

Vpp=1.8V1t03.6V; fsck = 108 MHz - 13 16 mA
SCK toggling between Vpp —0.2
V and Vgg, other inputs Vgg or
Vpp — 0.2 V. No output loads.

Ibps Vpp supply currentin |Vpp =1.71 V to 1.89 V; SCK fsck = 108 MHz - 16 19 mA
QP! SDR mode toggling between Vpp — 0.2 V
and Vgg, other inputs Vgg or

Vpp — 0.2 V. No output loads.

Vpp =1.8Vto 3.6 V; SCK fsck = 108 MHz - 17 21 mA
toggling between Vpp — 0.2V
and Vgg, other inputs Vgg or

Vpp — 0.2 V. No output loads.

Note
15. Typical values are at 25 °C, Vpp = Vpp (Typ). Not 100% tested.
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DC Electrical Characteristics (continued)
Over the Operating Range

Parameter Description Test Conditions Min Typl™d Max | Unit
Ibps Vpp supply currentin |Vpp =1.71 V to 1.89 V; SCK fsck = 54 MHz - 16 19 mA
QPI DDR mode toggling between Vpp — 0.2 V
and Vgg, other inputs Vgg or
Vpp — 0.2 V. No output loads.
Vpp = 1.8 V10 3.6 V; SCK fsck = 54 MHz - 17 21 mA
toggling between Vpp — 0.2V
and Vgg, other inputs Vgg or
Vpp — 0.2 V. No output loads.
Isg Vpp standby current |Vpp =1.71 V10 1.89V; Tpo=25°C - 110 - MA
CS =Vpp. Ta=85°C - - 209 pA
All other inputs Vgg or Vpp.
Vpp=18Vto 3.6V, Ta=25°C - 200 - pA
CS = Vpp. All other inputs Vgg or Tp=85°C - - 350 pA
IoPD Deep power-down Vpp=1.71V1t01.89V;CS=Vpp. [Tpo=25°C - 0.8 - MA
current All other inputs Vgg or Vpp. Tp=85°C _ _ 15 A
Vpp =1.8V1t03.6V;CS =Vpp. |To=25°C - 1.0 - A
All other inputs Vgg or Vpp. Tpo=85°C _ — 17 pA
IHBN Hibernate mode Vpp=1.71V1t01.89V;CS=Vpp. | T =25 °C - 0.1 - A
current All other inputs Vgg or Vpp. Tp=85°C _ _ 0.9 A
Vpp =1.8V103.6V;CS =Vpp. |To=25°C - 0.1 - A
Al other inputs Vgg or Vpp. Tp=85°C _ _ 1.6 pA
I Input leakage current |Vgg < ViN < Vpp -1 - 1 MA
on I/O pins
Input leakage current -100 - 1 MA

on WP and RESET
(when /02 and 1/03
functions disabled)

Lo Output leakage Vss < Vout < Vpp -1 - 1 pA
current
ViH Input HIGH voltage 0.7 x Vpp - Vpp+03| V
Vi Input LOW voltage -0.3 - 0.3xVpp| V
VoH1 Output HIGH voltage (lgy=—-1mA, Vpp=2.7 V. 24 - - \Y
Vona Output HIGH voltage |lgy =—-100 pA Vpp—-0.2 - - \
Vou1 Output LOW voltage |(lg. =2 mA, Vpp=2.7V - - 0.4 \
VoL2 Output LOW voltage |[lg_ = 150 pA - - 0.2 \Y

Note
15. Typical values are at 25 °C, Vpp = Vpp (Typ). Not 100% tested.
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Data Retention and Endurance

Parameter Description Test Condition Min Max Unit
Tor Data retention Tpo=85°C 10 - Years
Tpo=75°C 38 - Years

Tpo=65°C 151 - Years
NV Endurance Over operating temperature 1014 - Cycles

Capacitance

Parameter!'®! Description Test Conditions Max Unit
Co Output pin capacitance (SO) Ta=25°C,f=1MHz, Vpp = Vpp(Typ) 6 pF
C, Input pin capacitance 5 pF

Thermal Resistance

[16] it o 8-pin SOIC ;
Parameter Description Test Conditions Package Unit
Oa Thermal resistance Test conditions follow standard test methods and 44.9 °C/W
(junction to ambient) procedures for measuring thermal impedance,
O,c Thermal resistance per EIA/JESDS1. 20.2 °C/W
(junction to case)
Note

16. This parameter is periodically sampled and not 100% tested.
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AC Test Conditions
Value
Parameter
CY15V102QSN CY15B102QSN
Input pulse levels (0 V to Vpp) 0V to Vpp 0Vto Vpp
Input rise and fall times (10% to 90%) <18ns <20ns
Input timing reference voltages 0.3 x Vppto 0.7 x Vpp 0.3 x Vppto 0.7 x Vpp
Output timing reference voltages (V) Vpp/2 Vpp/2
Load Capacitance (C) 30 pF 30 pF
Figure 112. AC Test Loads
All I/Os in output state except hi-Z All I/Os in hi-Z state V1= Vpp/2
Output Output 50Q
i l 30pF l 5pF
Figure 113. AC Timing Input Voltage Reference Levels
Voo
v/ A === 07V Inputtiming
AN D —_——— 0.3Ves reference levels
ov
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SDR AC Switching Characteristics

Parameters!'’!

Cypress Alt. Description Min Max Unit
Parameter | Parameter

fsck - SCK clock frequency 0 108 MHz
teH - Clock HIGH time 0.45 x 1/fgck - ns
toL - Clock LOW time 0.45 x 1/fgck - ns
tcss tcsu Chip select (CS) setup time 5 - ns
tcsH tesH Chip select (CS) hold time - SPI mode 0 4 - ns
tesH1 - Chip select (CS) hold time - SPI mode 3 9 - ns
thzes top'®'®1  |Output disable time — CY15B102QSN - 10 ns
Output disable time — CY15V102QSN - 11 ns
tco Output data valid time with 15-pF load - 7 ns

(Output driver set to 45 Q.Over the Operating Range)

Clock low to output valid — 15-pF load - 6.7 ns
(Output driver set to 45 Q.
For Vpp = 2.7 V to 3.6 V; over the Operating Range)

Clock low to output valid — 30-pF load - 7 ns
(Output driver set to 45 Q.
For Vpp =2.7 V to 3.6 V; over the Operating Range)

Clock low to output valid — 30-pF load - 7 ns
(Output driver set to default 30 Q. Over the Operating Range)

ton - Output hold time 1 - ns

tog?¥ to Chip deselect (CS HIGH) time before the command cycle in 40 - ns
SPI mode; all accesses (memory array and registers)

Chip deselect (CS HIGH) time before the command cycle in 75 - ns
DPI mode; all accesses except memory array access

Chip deselect (@ HIGH) time before the command cycle in 40 - ns
DPI mode (including dual mode in extended SPI); memory
array access (non XIP mode)

Chip deselect (@ HIGH) time before the command cycle in 55 - ns
DPI mode (including dual mode in extended SPI); memory
array access (XIP mode)

Chip deselect (ﬁ HIGH) time before the command cycle in 110 - ns
QPI mode; all accesses except memory array access

Chip deselect (CS HIGH) time before the command cycle in 90 - ns
QPI mode (including quad mode in extended SPI); memory
array access (non XIP mode)

Chip deselect (C_S HIGH) time before the command cycle in 110 - ns
QPI mode (including quad mode in extended SPI); memory
array access (XIP mode)

tsp tsu Data in setup time (with respect to SCK) 2 - ns

Notes
17. These parameters are tested per AC Test Conditions on page 75.
18.top and tyz are specified with a load capacitance of 5 pF. Transition is measured when the outputs enter a high impedance state.
19. Characterized but not 100% tested in production.
20. teg is the minimum chip deselect (CS HIGH) time before the new command cycle starts in a specific SPI mode (SPI, DPI or QPI). This parameter ensures that previous
operation is successfully completed before the host starts a new command cycle. Refer to Figure 116 on page 77.
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SDR AC Switching Characteristics (continued)

Parameters!'’]
Cypress Alt. Description Min Max Unit
Parameter | Parameter

thp th Data in hold time (with respect to SCK) 3 - ns
tcLz - Clock Low to Output low-Z 0 - ns
tcree - CRC calculation time (100 us + (0.8 ps/Byte of data)) 0.10 440 ms
tcres - CS high to CRC calculation suspends - 100 us
tcrer - CS high to CRC calculation resumes - 100 us
Notes

17. These parameters are tested per AC Test

Conditions on page 75.

18.top and tyz are specified with a load capacitance of 5 pF. Transition is measured when the outputs enter a high impedance state.
19. Characterized but not 100% tested in production.
20. teg is the minimum chip deselect (CS HIGH) time before the new command cycle starts in a specific SPI mode (SPI, DPI or QPI). This parameter ensures that previous

operation is successfully completed before the host starts a new command cycle. Refer to Figure 116 on page 77.

Figure 114. SPI Switching Timing - Single 10, SDR (Mode 0 and Mode 3)
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Figure 115. SPI Switching Timing - Multiple 1/0, SDR (Mode 0 and Mode 3)
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Figure 116. Chip Deselect (C_S HIGH) - tcg Timing
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DDR AC Switching Characteristics

Over the Operating Range

Parameters?']
Cypress Alt. Description Min Max Unit
Parameter | Parameter
fsck - SCK clock frequency 0 54 MHz
teH - Clock HIGH time 0.45 x 1/fgck - ns
toL - Clock LOW time 0.45 x 1/fgck - ns
tcss tcsu Chip select (CS) setup time - ns
tcsH tesH Chip select (CS) hold time - ns
thzes topl?® 231 |Output disable time — CY15B102QSN - 10 ns
Output disable time — CY15V102QSN - 11 ns
tco - Output data valid time with 15-pF load - 7 ns
(Output driver set to 45 Q. Over the Operating Range)
Clock low to output valid — 15-pF load - 6.7 ns
(Output driver set to 45 Q.
For Vpp =2.7 V to 3.6 V; over the Operating Range)
Clock low to output valid — 30-pF load - 7 ns
(Output driver set to 45 Q.
For Vpp =2.7 V to 3.6 V; over the Operating Range)
Clock low to output valid — 30-pF load - 7 ns
(Output driver set to default 30 Q.
Over the Operating Range)
ton - Output hold time 1 - ns
togl?Y to Chip deselect (CS HIGH) time before the command cycle 40 - ns
in SPI mode; all accesses (memory array and registers)
Chip deselect (@ HIGH) time before the command cycle 110 - ns
in QPI mode; all accesses except memory array access
Chip deselect (@ HIGH) time before the command cycle 90 - ns
in QPI mode (including quad mode in extended SPI);
memory array access (non XIP mode)
Chip deselect (CS HIGH) time before the command cycle 110 - ns
in QPI mode (including quad mode in extended SPI);
memory array access (XIP mode)
tsp tsy Data in setup time (with respect to SCK) 4 - ns
thp th Data in hold time (with respect to SCK) - ns
toLz - Clock Low to Output Low-Z 0 - ns
Notes

21. These parameters are tested per AC Test Conditions on page 75.

22.tpop and ty7 are specified with a load capacitance of 5 pF. Transition is measured when the outputs enter a high impedance state.

23. Characterized but not 100% tested in production.
24. tcs is the minimum chip deselect (CS HIGH) time before the new command cycle starts in a specific SPI mode (SPI or QPI). This parameter ensures that previous
operation is successfully completed before the host starts a new command cycle. Refer to Figure 116 on page 77.
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Figure 117. SPI Switching Timing - Single /0, DDR
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Figure 118. SPI Switching Timing - Multiple 1/0, DDR2®!
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Write Protect (WP) Timing Parameters
Over the Operating Range
Parameters!2°!
Cypress Alt. Description Min Max Unit
Parameter | Parameter
twes tsw WP setup time (with respect to CS) - ns
twpH thw WP hold time (with respect to CS) - ns

Figure 119. Write Protect Setup and Hold Timing During

20
20
twes twph__

g (0){(0)<0)(0)(0)(0)<(0)(1)<07per5 (04030201 P)———

<« Opcode (01hy——»<«————Write Data———»

Note
25. The DDR mode input timing, capturing data input on both the clock edge, is applicable to Address and Data input cycles only. The DDR opcodes are always transmitted

in SDR mode during the opcode cycle.
26. These parameters are tested per AC Test Conditions on page 75.

Document Number: 002-26767 Rev. *B Page 79 of 86



CY15B102QSN
A

w2 CYPRESS CY15V102QSN
s> EMBEDDED IN TOMORROW
Reset (RESET) Timing Parameters
Over the Operating Range
Parameters(?]
Cypress Alt. Description Min Max Unit
Parameter | Parameter
trs - Hardware RESET setup time 50 - ns
tRPH tRusL, trn |Hardware RESET hold time 450 - us
trp tRLRH Hardware RESET pulse width 200 - ns
tHRESET - Hardware RESET time - 450 ps
tSRESET - Software RESET time - 100 us
tesL - Chip Select (CS) LOW time for JEDEC Reset 500 - ns
tcsh R - Chip Select (CS) HIGH time for JEDEC Reset 500 - ns
tsu - Sl (I/00) setup time (with respect to S HIGH) for JEDEC Reset 5 - ns
tip R - Sl (1/00) hold time (with respect to cs HIGH) for JEDEC Reset 5 - ns
Power Cycle Timing
Over the Operating Range
Parameter!?’]
Cypress Alt. Description Min Max Unit
Parameter | Parameter
tpu - Power-up Vpp(min) to first access (CS LOW) 450 - Ms
tVR[28] - Vpp power-up ramp rate 30 - us/V
tVF[28] - Vpp power-down ramp rate 20 - us/V
tENTDpD[29] top CS HIGH to enter deep power-down (CS HIGH to hibernate mode - 3 us
current)
tCSDlezg] - CS pulse width to wake up from deep power-down mode 0.015 4 x 1fgck us
tEXTDpD[30] trDP Recovery time from deep power-down mode (CS LOW to ready - 10 us
for access)
tENTHIB tueN Time to enter hibernate (CS HIGH to hibernate mode current) - 3 us
tEXTHIB[31] trRec Recovery time from hibernate mode (CS LOW to ready for access) - 450 us
Vpp(low) - Low Vpp where initialization must occur 0.6 - \
tep - Vpp(low) time when Vpp(low) at 0.6 V 130 - us
Vpp(low) time when Vpp(low) at Vgg 70 -
Notes

27. These parameters are tested per AC Test Conditions on page 75.

28. Slope measured at any point on the Vpp waveform.

29. Guaranteed by design. Refer to Figure 99 on page 66 and Figure 102 on page 67 for deep sleep mode timing.
30. Guaranteed by design. Refer to Figure 103 on page 67 for hibernate mode timing.

31. Characterized but not 100% tested in production.
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Figure 120. Power Cycle Timing
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Ordering Information

Ordering Code Device ID Package Diagram Package Type Operating Range
CY15B102QSN-108SXI 0000000006825148 001-85261 8-pin SOIC (EIAJ) Industrial
CY15V102QSN-108SXI 0000000006805148 001-85261 8-pin SOIC (EIAJ) Industrial

All these parts are Pb-free. Contact your local Cypress sales representative for availability of these parts.

Ordering Code Definitions

Cy 156 B 102 QS N -108 S X I T

Options:
ES = Engineering Sample; Blank = Standard; T = Tape and Reel

Temperature Range:
| = Industrial (-40°C to +85°C)

X =Pb-free

Package Type:
S = 8-pin SOIC (EIAJ)

Frequency:
108 =108 MHz

N = No Inrush Current Control

Interface:
QS = Quad SPI F-RAM

Density:
102 =2-Mbit

Voltage:
V=1.71V1to1.89 V(1.8 V typical)
B=1.8 V103.6 V(3.0 V typical)

15 =F-RAM

CY = Cypress
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Package Diagram

Figure 121. 8-pin SOIC (208 Mils) Package Outline, 001-85261
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NOTE:

‘&DDES NO INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS AND GATE BURRS SHALL NOT
EXCEED 0.006 INCH PER SIDE

ADOES NOT INCLUDE INTER-LEAD FLASH OR PROTRUSIONS.
oT

INTER-LEAD FLASH

EXCEED 0.010 INCH PER SIDE.

AND PROTRUSION SHALL N

3. THIS PART IS COMPLIANT WITH EIAJ SPECIFICATION EDR-7320

4. LEAD SPAN/STAND OF HEIGHT/COPLANARITY ARE CONSIDERED
ER.

AS SPECIAL CHARACTI

5. CONTROLLING DIMENSIONS IN MM. [INCH]
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513 |o2020 | —
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Document Conventions

Units of Measure
Table 60. Units of Measure

Acronyms

Table 59. Acronyms Used in this Document
Acronym Description

CPHA Clock Phase

CPOL Clock Polarity

CRC Cyclic Redundancy Check

DDR Double Data Rate

DPI Dual SPI

ECC Error Correction Code

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

SDR Single Data Rate

SPI Serial Peripheral Interface

SOIC Small Outline Integrated Circuit

Symbol Unit of Measure
°C degree Celsius
Hz hertz
kHz kilohertz
kQ kilohm
Mbit megabit
MHz megahertz
MA microampere
uF microfarad
us microsecond
mA milliampere
ms millisecond
ns nanosecond
W ohm
% percent
pF picofarad
\% volt
W watt
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closest to you, visit us at Cypress Locations.
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Automotive
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Interface
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Power Management ICs
Touch Sensing
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