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Copyrights

© Cypress Semiconductor Corporation, 2015-2016. This document is the property of Cypress Semiconductor Corporation
and its subsidiaries, including Spansion LLC (“Cypress”). This document, including any software or firmware included or
referenced in this document (“Software”), is owned by Cypress under the intellectual property laws and treaties of the
United States and other countries worldwide. Cypress reserves all rights under such laws and treaties and does not, except
as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other intellectual
property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written
agreement with Cypress governing the use of the Software, then Cypress hereby grants you under its copyright rights in
the Software, a personal, non-exclusive, nontransferable license (without the right to sublicense) (a) for Software provided
in source code form, to modify and reproduce the Software solely for use with Cypress hardware products, only internally
within your organization, and (b) to distribute the Software in binary code form externally to end users (either directly or
indirectly through resellers and distributors), solely for use on Cypress hardware product units. Cypress also grants you a
personal, non-exclusive, nontransferable, license (without the right to sublicense) under those claims of Cypress’s patents
that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software
solely to the minimum extent that is necessary for you to exercise your rights under the copyright license granted in the
previous sentence. Any other use, reproduction, modification, translation, or compilation of the Software is prohibited.

CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS DOCUMENT OR
ANY SOFTWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes to this document without further
notice. Cypress does not assume any liability arising out of the application or use of any product or circuit described in this
document. Any information provided in this document, including any sample design information or programming code, is
provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and
test the functionality and safety of any application made of this information and any resulting product. Cypress products
are not designed, intended, or authorized for use as critical components in systems designed or intended for the operation
of weapons, weapons systems, nuclear installations, life-support devices or systems, other medical devices or systems
(including resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other
uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended Uses”).
A critical component is any component of a device or system whose failure to perform can be reasonably expected to
cause the failure of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part,
and Company shall and hereby does release Cypress from any claim, damage, or other liability arising from or related to
all Unintended Uses of Cypress products. Company shall indemnify and hold Cypress harmless from and against all claims,
costs, damages, and other liabilities, including claims for personal injury or death, arising from or related to any Unintended
Uses of Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, PSoC, CapSense, EZ-USB, F-RAM,
and Traveo are trademarks or registered trademarks of Cypress in the United States and other countries. For a more
complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their
respective owners.
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Safety Information

Regulatory Compliance

The CY15FRAMKIT-001 Serial F-RAM™ Development Kit is intended for use as a serial memory development platform
for hardware or software in a laboratory environment. The board is an open-system design, which does not include a
shielded enclosure. Therefore, the board may cause interference with other electrical or electronic devices in close
proximity.

Attaching additional wiring to this product or modifying the product operation from the factory default may affect its
performance and cause interference with other apparatus in the immediate vicinity. If such interference is detected, suitable
mitigating measures should be taken.

The CY15FRAMKIT-001, as shipped from the factory, has been verified to meet with the requirements of CE as a Class A
product.

The CY15FRAMKIT-001 contains ESD-sensitive devices. Electrostatic charges readily accumulate

on the human body and any equipment, and can discharge without detection. Permanent damage
may occur to devices subjected to high-energy discharges. Proper ESD precautions are
recommended to avoid performance degradation or loss of functionality. Store unused

‘@ \ CY15FRAMKIT-001 boards in the protective shipping package.

End-of-Life/Product Recycling

The end-of-life cycle for this kit is five years from the date of manufacture mentioned on the back of
the box. Contact your nearest recycler to discard the kit.
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General Safety Instructions

ESD Protection

ESD can damage boards and associated components. Cypress recommends that the user perform procedures only at an
ESD workstation. If an ESD workstation is not available, use appropriate ESD protection by wearing an antistatic wrist
strap attached to the chassis ground (any unpainted metal surface) on the board when handling parts.

Handling Boards

CY15FRAMKIT-001 boards are sensitive to ESD. Hold the board only by its edges. After removing the board from its box,
place it on a grounded, static-free surface. Use a conductive foam pad if available. Do not slide the board over any surface.
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Thanks for your interest in the CY15FRAMKIT-001 Serial F-RAM Development Kit (DVK). The kit (shield) is designed as
an easy-to-use and inexpensive development kit, showcasing the features of Cypress serial ferroelectric random access
memory (F-RAM). Designed for flexibility, this kit offers footprint-compatibility with CY8CKIT-042 PSoC® 4 Pioneer Kit,
CYB8CKIT-040, CY8CKIT-042 BLE, third-party Arduino™ UNO R3, and several other Arduino kits. This board features a
256-Kbit SPI F-RAM, a 256-Kbit I2C F-RAM, three-pole DIP switch to control the I°C F-RAM device select pins, Arduino
UNO compatible headers, and two debug headers. This kit supports power supply voltages of either 5.0 V or 3.3 V.

The CY15FRAMKIT-001 is a development kit for the Cypress Serial F-RAM memories. Cypress F-RAM is built on
ferroelectric technology, which combines the nonvolatile data storage with the high-performance RAM. Serial F-RAMs
provide fast writes at full bus speed. They do not have any write delays and data is instantly nonvolatile. They consume as
low as 300 pA active and 6 pA standby current. Because of fast write speeds, serial F-RAMs need to be active for short
periods, yielding very low energy consumption. Endurance is virtually unlimited offering 100 trillion read/write cycles.

1.1 Kit Contents

The CY15FRAMKIT-001 Serial F-RAM DVK includes the following contents, as shown in Figure 1-1:
®  CY15FRAMKIT-001 serial F-RAM DVK board
®  Quick start guide

Figure 1-1. CY15FRAMKIT-001 Serial F-RAM DVK Contents

Visit www.cypress.com/shop for more information. Inspect the contents of the kit; if any parts are missing, contact your
nearest Cypress sales office for help.
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1.2 PSoC Creator™

PSoC Creator is a state-of-the-art, easy-to-use integrated design environment (IDE). It introduces revolutionary hardware
and software codesign, powered by a library of preverified and precharacterized PSoC Components™.

With PSoC Creator, you can:

®  Drag and drop PSoC Components to build a schematic of your custom design
®  Automatically place and route components and configure GPIOs

m  Develop and debug firmware using the included component APls

PSoC Creator also enables you to tap into an entire tools ecosystem with integrated compiler chains and production
programmers for PSoC devices. For more information, visit www.cypress.com/Creator.

1.3 Getting Started

This guide helps you to get acquainted with the Serial F-RAM DVK. The Kit Installation chapter describes the installation
of the kit software. The Kit Overview chapter explains the features of the kit. The Hardware chapter details the hardware
operation. The Examples Projects chapter describes the code examples. The Appendix provides the schematics, pin
assignment, use of zero-ohm and 30-ohm resistors, and the bill of materials (BOM).

1.4 Additional Learning Resources

Visit www.cypress.com/go/F-RAM for additional learning resources in the form of datasheets and application notes. The
baseboard-related resources are available in the following links.

B CYB8CKIT-042 PSoC 4 Pioneer Kit
®  Arduino UNO R3

1.5 Technical Support

For assistance, go to our support web page, www.cypress.com/support, or contact our customer support at
+1 (800) 541-4736 Ext. 2 (in the USA) or +1 (408) 943-2600 Ext. 2 (International).

1.6 Documentation Conventions

Table 1-1. Document Conventions for Guides

Convention Usage

Courier New Displays file locations, user-entered text, and source code:
C:\...cd\icc\

ltalics Displays file names and reference documentation:
Read about the sourcefile.hex file in the PSoC Designer User Guide.
[Bracketed, Bold] Displays keyboard commands in procedures:
[Enter] or [Ctrl] [C]
File > Open Represents menu paths:
File > Open > New Project
Bold Displays commands, menu paths, and icon names in procedures:
Click the File icon and then click Open.
Times New Roman Displays an equation:
2+2=4
Text in gray boxes Describes cautions or unigue functionality of the product.
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This section describes the installation of the CY15FRAMKIT-001 Serial F-RAM DVK software and prerequisites.
2.1 Prerequisite Software

You must install the PSoC Creator IDE or the Arduino IDE before using the kit. All Cypress software installations require
administrator privileges. Administrator privileges are not required to execute the software after installation. Close all other
Cypress software that is currently running before you install the kit software.

To download the PSoC Creator IDE, go to www.cypress.com/psoccreator.
To download the Arduino IDE, go to arduino.cc/en/Main/Software.

2.2 Install Kit Software

Follow these steps to install the CY15FRAMKIT-001 Serial F-RAM DVK software:

1. Download the CY15FRAMKIT-001 DVK software from www.cypress.com/go/CY15FRAMKIT-001. The
CY15FRAMKIT-001 software is available in three different formats (see Figure 2-1):

Figure 2-1. Available Formats for Downloading Serial F-RAM DVK Software

(a) [ cY15FRAMKIT-001 Kit Setup (Kit Design Files, Documentation English
Examples) B
(b) | 2 cvisFravKiT-001 coiso B Engisn

¢ CY15FRAMKIT-001 Kit Setup: This executable file installs only the kit contents, which include kit code
examples, hardware files, and user documents.

e CY15FRAMKIT-001 CD ISO: This file is a complete package, stored in a CD-ROM image format, which you can
use to create a CD or extract using ISO extraction programs, such as WinZip or WinRAR. The file can also be
mounted like a virtual CD using virtual drive programs such as Virtual CloneDrive and MagiclSO. This file
includes all the required firmware, hardware files, and user documents.

2. If you have downloaded the CD ISO file, mount it on a virtual drive. Extract the ISO contents if you do not have a virtual
drive on which to mount. Double-click cyautorun.exe in the root directory of the extracted content or mounted ISO if
“Autorun from CD/DVD” is not enabled on the PC. The installation window shown in Figure 2-2 will appear
automatically.

Note: If you are using the Kit Setup file, then go to step 3 for installation.

3. The kit startup screen appears as shown in Figure 2-2. The default installation location is Cypress under Program
Files folder.
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Figure 2-2. Kit Installer Startup Screen

[ CYLSFRAMKIT-001 Serial F-RAM Kit - InstallShield Wizard =l

Welcome to the InstallShield Wizard for
CY15FRAMKIT-001 Serial F-BAM Kit

The InstallShield ‘Wizard will install Cv SFRAMEIT-001
Serial F-RAM Kit on vour computer. To continue, click
Mext:

Select folder where zetup will inztall files.

i : i Install CvY15FRAMIIT-001 Serial

C:h ACypress

¢ Back [ Mest = ]I Cancel

Select the folder in which you want to install the CY15FRAMKIT-001 kit-related files. Choose the directory and click
Next.

Select the Typical installation type in the Product Installation Overview window, as shown in Figure 2-3. Click
Next.

Figure 2-3. Product Installation Overview Window

% Cylnstaller for CY1SFRAMKIT-001 Serial F-RAM Kit (7l

Product Installation Overview
Choose the install type that best suits your needs

Choose the type of installation

Product:
CY15FRAMKIT-001 Serial F-RAM Kit

Installation Type:

Installs the most common features of
CY15FRAMKIT-001 Serial F-RAM Kit.

([Comoat ] (o> ] [ Come ]

When the installation begins, a list of packages appears on the installation page. A green check mark appears next to
each package after successful installation.
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5. If this is the first Cypress product that you have installed, enter your contact information or select the option Continue
without Contact Information. Click Finish to complete the CY15FRAMKIT-001 kit installation.

After the installation is complete, the kit contents are available at <Install Directory>\CY15FRAMKIT-001
Serial F-RAM Kit\1l.0. The default locations are as follows:

®  Windows 7 (64-bit): C:\Program Files (x86)\Cypress\CY15FRAMKIT-001 Serial F-RAM Kit\1.0
®  Windows 7 (32-bit): C:\Program Files\Cypress\CY15FRAMKIT-001 Serial F-RAM Kit\1.0

Note: For Windows 7/8/8.1 users, the installed files and the folder are read-only. To change the property, right-click
the folder and choose Properties > Attributes and then disable the Read-only option. Click Apply and OK to close
the window.

After the installation is complete, the following are installed on your computer:
®  Kit documents

e Quick start guide

e Kit guide

¢ Release note
®  Firmware

e PSoC 4 F-RAM SPI example project

e PSoC 4 F-RAM I12C example project

e Arduino UNO F-RAM SPI example project

e Arduino UNO F-RAM I2C example project
®  Hardware

e  Schematic

e Layout

e  Gerber

e PCB assembly drawing

e  Bill of materials (BOM)

2.3 Uninstall Software

The software can be uninstalled using one of the following methods:

®  Go to Start > Control Panel > Programs and Features; select the appropriate software package and click
Uninstall.

®  Go to Start > All Programs > Cypress > Cypress Update Manager > Cypress Update Manager.

e Select the “CY15FRAMKIT-001 Serial F-RAM Kit 1.0 Rev **” row and click Uninstall. In the Product
Installation Overview window, select Remove from the Installation Type drop-down menu. Follow the
instructions to uninstall.

Note: This method will uninstall only the kit software and not all the other software that may have been installed
along with the kit software.
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3.1 CY15FRAMKIT-001 Serial F-RAM Development Kit Overview

The CY15FRAMKIT-001 Serial F-RAM DVK can be used to understand the features of the serial F-RAMs (SPI and 12C)
The DVK is a shield board, which contains the 256-Kbit SPI F-RAM and 256-Kbit [°C F-RAM. It has four connectors that
are Arduino UNO-compatible and connect to either Cypress PSoC 4 Pioneer Kit or Arduino UNO R3 board. These
connectors are stackable and hence any other Arduino-compatible shields can be stacked on it. The kit has options to
operate at either 3.3 V or 5.0 V. Figure 3-1 shows the DVK board and its general description

Figure 3-1. General Description of DVK Board

Arduino Arduino
Compatible I/0 Compatible I/0
Header (J3) Header (J4)
SPI F-RAM
FM25W256 (U1)

12C F-RAM
FM24W256 (U2)

Debug Header

{J7)
Debug/Arduino
Compatible ICSP
‘ X 1/O Header (J6)
CYISFRM:K!I.;-OO.O‘;
.uPOWER LED
Power LED e Tpa@ I12C Slave
(LED1) LED:TVS'}Z cp VoD Address
Selection
Power Select (SWI
Jumper (J5)

Arduino
Compatible I/O

Compatible IO
Header (J1) Header (J2)
30-Q resistors to make it Arduino UNO R2-compatible

Arduino
Refer to section A.5 Use of 30-ohm Resistors and No Load to modify the CY15FRAMKIT-001 hardware by mounting two
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3.2 Kit Operation and Configuration Guide

3.2.1 Power Supply Jumper

CY15FRAMKIT-001 can operate at either 3.3 V or 5.0 V, selected through jumper J5, as shown in Figure 3-2. The factory
default jumper setting is 5.0 V (short pins 1 and 2). Arduino UNO R3 boards operate at 5.0 V and use the default setting of
the jumper J5. The CY8CKIT-042 Pioneer Kit operates at either 3.3 V or 5.0 V. The default setting of the Pioneer Kit is 3.3
V. Therefore, depending on the voltage setting on the mother board, set jumper J5 to either 5.0 V (short pins 1 and 2) or
3.3 V (short pins 2 and 3).

1. Do not power the CY15FRAMKIT-001 board through an external power source. The
board is designed to be powered by the mother board.

2. The CY15FRAMKIT-001 operates from 2.7 V to 5.5 V. Exceeding the maximum
voltage limit (5.5 V) can damage the board.

3. For proper operation of the board, ensure that jumper J5 is set to match the
operating voltage on the motherboard.

CAUTION

Figure 3-2. Power Select Jumper

CY15FRAMKIT-001

~POWER LED
k]!." W TP31!!’

LED1W5'§2 AL

e |,

oo

Power Select % s
Jumper (J5) ——

ol.g,-vﬁ. _Il!jl

3.2.2 F-RAM Devices

Flgure 3-3. Cypress Serial F-RAM Devices on the Board

256-Kbit SPI

- it |2
SN (U1 256-Kbit 12C

F-RAM (U2)

CY15FRAMKIT-001

3.2.3 DIP Switch for 12C F-RAM Device Slave Address Select

The DVK provides a DIP switch option, as shown in Figure 3-4, to configure the different slave address for the 1°C F-RAM
by assigning its individual slave select address pins (A2-A0) either to logic LOW ‘0’ or logic HIGH ‘1°. When the DIP switch
is in the ON position, it keeps the respective slave select address pin to logic HIGH using a 4.7 kQ pull-up resistor. When
the DIP switch is not in the ON position, the respective slave select address pins are kept at logic LOW by F-RAM device
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through an internal weak pull-down resistor. The factory default setting for the DIP switch is not in the ON position which
sets the values for A2, A1, and A0 to logic LOW ‘0’.

Figure 3-4. DIP Switch for I2C F-RAM AQ, A1, and A2 Configuration

Device Select Addr
DIP Switch (SW1) for iR

3.2.4 Connectors to CY8CKIT-042/Arduino UNO R3 Board

Figure 3-5 shows the Arduino-compatible connectors to the CY8CKIT-042/Arduino UNO RS3 boards: J1, J2, J3, and J4.
You can plug the DVK board into the CY8CKIT-042/Arduino UNO R3 board through these connectors. For schematic
details, refer to the Hardware chapter on page 17.

Figure 3-5. Connectors to CY8CKIT-042/Arduino UNO R3 Board

Arduino Arduino
Compatible 1/0 Compatible I/O
Header (J3) Header (J4)

FERFORM
CY15FRAMKIT-001

Arduino Arduino
Compatible /O Compatible 1/0
Header (J1) Header (J2)
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3.2.5 Debug Headers

Debug headers are provided for easy access to the SPI and I2C communication pins. As shown in Figure 3-6, jumper J6
follows the in-circuit serial programming (ICSP) header pin layout and provides access to the SPI signals. Jumper J7
provides access to the chip select of the SPI F-RAM device and 1°C communication signals.

Figure 3-6. Debug Headers

TR
P R11
5

n <

(v)
Debug
Header (J7)

Debug / Arduino
Compatible ICSP I/0O
Header (J6)

3.2.6 Test Points

The DVK board provides Vop (TP3) and GND (TP1 and TP2) test points as shown in Figure 3-7.
Figure 3-7. Test Points

TP TPz
i ‘ TP3 VDD
GND GND
These test point are only for probing and measurement purposes. Do not power the kit

CAUTION using these test points to avoid any damage to the board.

3.3 CY15FRAMKIT-001 with PSoC 4 Pioneer Kit

The CY15FRAMKIT-001 is plugged into the PSoC 4 Pioneer Kit (CY8CKIT-042) through four connectors: J1, J2, J3, and
J4. The default operating voltage of serial F-RAM kit is 5.0 V. To match this, change the voltage setting on the PSoC 4
pioneer kit to 5.0 V. You can also operate at 3.3 V by selecting the 3.3 V power settings on both PSoC 4 pioneer and
serial F-RAM Kits.

Note: J2 on the CY15FRAMKIT-001 is a 6-pin, single row jumper. On the PSoC 4 Pioneer Kit, J2 is a 9x2 header. Therefore,
J2 of the CY15FRAMKIT-001 plugs into the six pins on the extreme left of the outer row of the J2 header on the Pioneer
board. This can be easily observed because the CY15FRAMKIT-001 can be inserted only in one direction.
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Figure 3-8. CY15FRAMKIT-001 Mounted on PSoC 4 Pioneer Kit

3.4 CY15FRAMKIT-001 with Arduino UNO R3 Kit

The CY15FRAMKIT-001 is plugged into the Arduino UNO RS3 Kit through four connectors: J1, J2, J3, and J4. These

connector pins are mapped one to one.
Figure 3-9. CY15FRAMKIT-001 Mounted on Arduino UNO R3 Kit
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4.1 Board Details

The CY15FRAMKIT-001 Serial F-RAM DVK consists of the following blocks as shown in Figure 4-1.
m 256-Kbit SPI F-RAM (U1)

m 256-Kbit 12C F-RAM (U2)

®  Power select jumper (J5)

®  Power LED (LED1)

m  DIP switch for device address selection (SW1)

®  Debug headers for SPI/12C signals (J6, J7)

®  Arduino-compatible connectors (J1, J2, J3, J4)

Figure 4-1. CY15FRAMKIT-001 Serial F-RAM DVK Details

Arduino Arduino
Compatible I/O Compatible I/O
Header (J3) Header (J4)

SPI F-RAM
FM25W256 (U1)

- 18 2
mISI%|§ §=9- 9 2 I°C F-RAM

T e )T NS FM24W256 (U2)

Debug Header
(7)

Debug / Arduino
Compatible ICSP
I/O Header (J6)

CY15FRAMKIT-001

Power LED #POWER LED
(LED1) e Q) mQO I°C Device
LEDLy,of2 cyVOD _ Select Address

Power Select
Jumper (J5)

st S
LR

g Swi

O A0 A1 A2

-z £ O
o 0.z

O v
lzz

Switch (SW1)

Arduino Arduino
Compatible I/O Compatible 1/0
Header (J1) Header (J2)
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Figure 4-2. CY15FRAMKIT-001 Serial F-RAM DVK Pin Mapping for PSoC 4 Pioneer/Arduino UNO R3 Kit

- Arduino UNO - PSoC 4 Pioneer Kit

P4_0/A5
P4_1/A4
P1_7/AREF
GND/GND

NC/NC
P0_6/D13

TOO-LIMNANVYASTAD

OREF/P4_VDD

P3_1/D12
RESET/RESET

P3_0/D11
3.3V/V3.3_EXT P3_4/D10
5V/VBUS P3_6/D9
GND/GND P2_6/D8

GND/GND

De.

Vin/VIN P2_7/D7

P1_0/D6
A0/P2_0

2v 1v ov

P3_5/D5

A1/P2_1 P0_0/D4

A2/P2_2 P3_7/D3

A3/P2_3 P0_7/D2

A4/P2_4 P0_5/D1

A5/P2_5 P0_4/D0
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4.2 Theory of Operation
This section provides the block-level description of the PSoC 4 Pioneer Kit.
Figure 4-3. Block Diagram
Arduino Compatible Headers (J1-J4)
'y A
3.3V and 5V
Power Selection Jumper
SPI (J5) 12C
o |
(LED1) 3.3V or 5V
L + Debug + T DIP Switch
Header for (SW1) for
SPIFRAM e »| sPm2c e ZCPRAM o | bevice Address
(u1n X (U2) :
signals Selection (AD,
{J6, J7) Al, AZ)

The CY15FRAMKIT-001 Serial F-RAM DVK provides 256-Kbit SPI and 256-Kbit I°C F-RAM devices. The DVK is a shield
board, which can be plugged into the PSoC 4 Pioneer Kit or the Arduino UNO R3 Kit.

The CY15FRAMKIT-001 Serial F-RAM DVK has a power LED (LED1) indicating the power-ON condition. The kit can
operate either at 3.3 V or 5 V selected through jumper J5. The kit also has the option to change the device address for the
[2C F-RAM. The kit also provides debug headers for SPI / I2C signals.

4.3 Functional Description

4.3.1 SPI F-RAM Device (256-Kbit FM25W256)

The CY15FRAMKIT-001 Serial F-RAM DVK uses Cypress 256-Kbit SPI F-RAM device. The device pins are accessible for
reads and writes through Arduino-compatible headers.

Features

256-Kbit ferroelectric random access memory (F-RAM) logically organized as 32K x 8

e High-endurance 100 trillion (10'4) read/writes

e 151-year data retention

e NoDelay™ writes

e Advanced high-reliability ferroelectric process

Fast serial peripheral interface (SPI)

e Up to 20 MHz frequency

e Direct hardware replacement for serial flash and EEPROM

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

Sophisticated write protection scheme

CY15FRAMKIT-001 Serial F-RAM Development Kit Guide, Doc. No. 001-95689 Rev. *B
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e Hardware protection using the Write Protect (WP) pin
e  Software protection using Write Disable instruction
e Software block protection for 1/4, 1/2, or the entire array
®  Low power consumption
e 250 pA active current at 1 MHz
e 15 uA (typ) standby current
®  Wide voltage operation: VDD =2.7 Vto 5.5V
B |ndustrial temperature: —40 °C to +85 °C
®  8-pin small outline integrated circuit (SOIC) package
®  Restriction of hazardous substances (RoHS) compliant
Memory Write

All writes to the SPI F-RAM begin with a WREN (Write Enable) opcode (0x06). The WRITE opcode (0x02) is followed by
a two-byte address containing the 15-bit address (A14-A0) of the first data byte to be written into the memory. The upper
bit of the two-byte address is ignored. The subsequent bytes after the two address bytes are data bytes, which are written

sequentially. Addresses are incremented internally as long as the bus master continues to issue clocks and keeps CS
LOW. If the last address of 7FFFh is reached, the counter will roll over to 0000h. Data is written MSB first. The rising edge

of CS terminates a write operation. SPI F-RAM write operation is shown in the following figure.
Figure 4-4. SPI F-RAM Memory Write

s\ /

o1 2 3 4 5 6 7

SCK
sI \0o 0 0 0 0o/1 1\0/

HI-Z

SO
Figure 4-5. SPI F-RAM Memory Write

cs |\ [
5 6 7 0 2 3 4 566 7 12131415 0 2 3 4 5 6 7

sk szm

Opcode 15-bit Address Data

s Mo o 0 0 o of o il |seeornles Rl

LSB MSB LSB

HI-Z
SO

Memory Read

After the falling edge of CS, the bus master can issue a READ opcode (0x03). Following the READ command is a two-
byte address containing the 15-bit address (A14-A0) of the first byte of the read operation. The upper bit of the address is
ignored. After the read opcode and two address bytes are issued, the device drives out the read data byte on the next eight
clocks on SO pin. The Sl input is ignored during read data bytes. Subsequent bytes are data bytes, which are read out
sequentially. Addresses are incremented internally as long as the bus master continues to issue clocks and CS is LOW._h‘
the last address of 7FFFh is reached, the counter will roll over to 0000h. Data is read MSB first. The rising edge of CS
terminates a read operation and tristates the SO pin. SPI F-RAM read operation is shown in the following figure.
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Figure 4-6. SPI F-RAM Memory Read

O [
01 2 3 456 701 2 3 456 7 121314150 1 2 3 4 5 6 7

se« _ UL LU LUUUQUUUUUUUuuy

Opcode 15-bit Address
s o 0 0 0 o o /i pudpidpidfarifdo)ee |[Yaenzaao)
MSB LSB Data
HI-Z
S0 o7) s} os) pfos) p2for))
MSB LSB

Status Register Write

The write status register WRSR command (0x01) allows the SPI bus master to write into the status register of the SPI F-
RAM.

Figure 4-7. SPI F-RAM Status Register Write

cs | [
01 23 45 6 7 01 2 3 4 5 6 7

SCK

Opcode Data
sl _\o 0000 0O @uua@@nn
MSB LSB
SO HI-Z

Status Register Read

The read status register RDSR command (0x05) allows the bus master to verify the contents of the status register of the
SPI F-RAM. Reading the status register provides information about the current state of the write-protection features.
Following the RDSR opcode, the SPI F-RAM device will return one byte with the contents of the status register.

Figure 4-8. SPI F-RAM Status Register Read

s\ [
01 2 3 45 6 7 01 2 3 4 5 617

SCK | l

Opcode

st “\o o 00 of1\o/1Y
Data
HI-Z
50 p7)e)ps)(4)03) D21 po)

MSB LSB

For more details on the F-RAM device, refer to the FM25W256 datasheet.
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4.3.2 I°C F-RAM Device (256-Kbit FM24W256)
The CY15FRAMKIT-001 Serial F-RAM DVK uses the 256-Kbit 12C F-RAM device. The device is accessible for read and
writes through Arduino-compatible headers.
Features
m 256-Kbit F-RAM is logically organized as 32K x 8
e High-endurance 100 trillion (1014) read/writes
e 151-year data retention
e NoDelay™ writes
e Advanced high-reliability ferroelectric process
®m  Fast 2-wire serial interface (I1°C)
e Upto 1-MHz frequency
e Direct hardware replacement for serial (12C) EEPROM
e  Supports legacy timings for 100 kHz and 400 kHz
®  Low power consumption
e 100 pA active current at 100 kHz
e 15 pA (typical) standby current
®  Wide voltage operation: VDD =2.7Vto 5.5V
B |ndustrial temperature: —40 °C to +85 °C
m  8-pin small outline integrated circuit (SOIC) package
®m  Restriction of hazardous substances (RoHS) compliant
Slave Device Address

The first byte that the FM24W256 expects after a START condition is the slave address. As shown in Figure 4-9, the slave
address contains the device type or slave ID, the device select address bits, and a bit that specifies if the transaction is a
read or a write. Bits 7-4 are the device type (slave ID) and should be set to 1010b for the FM24W256. These bits allow
other function types to reside on the I12C bus within an identical address range. Bits 3-1 are the device select address bits.
They must match the corresponding value on the external address pins to select the device. Up to eight FM24W256 devices

can reside on the same 1°C bus by assigning a different address to each. Bit 0 is the read/write bit (R/W). R/W = ‘1" indicates
a read operation and R/W = ‘0’ indicates a write operation.

Figure 4-9. I°C F-RAM Slave Device Address Register
MSB LSB

110 1| o | A2| A1 | AD |RW

\__ Siave n—/\_Device Select/

Memory Write

All writes begin with a slave address, then a memory address. The bus master indicates a write operation by setting the

LSB of the slave address (R/W bit) to a '0'. After addressing, the bus master sends each byte of data to the memory and
the memory generates an acknowledge condition. Any number of sequential bytes may be written. If the end of the address
range is reached internally, the address counter will wrap from 7FFFh to 0000h.
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Single-Byte Write:
Figure 4-10. I°C F-RAM Single Byte Memory Write
— N : Sto
By Msster \/ Start Address & Data P
4 v r v l
[T 1 T T [T [T 1 [ \ [ [T T
S Slave Address 0| A Address MSB A Address LSB A Data Byte AP
Y I Y [ [ Y N
N
By F-RAM $ ﬁ * *
—l«/ Acknowledge
Multi-Byte Write:
Figure 4-11. 12C F-RAM Multisystem Memory Write
Start
] \ Stop
By Master | Address & Data | l l )
O T T T T T T T T 1T 7] T T T v
S Slave Address 0 A Address MSB A Address LSB A Data Byte A Data Byte AP
{1 I I | | | [ 1 I Y | I | [ |
) A A A
By F-RAM 1 * *

Acknowledge

Memory Read

There are two basic types of read operations: current address read and selective (random) address read. In a current
address read, the FM24W256 uses the internal address latch to supply the address. In a selective read, the user performs
a procedure to set the address to a specific value.

Current Address and Sequential Read

The FM24W256 uses an internal latch to supply the address for a read operation. A current address read uses the existing
value in the address latch as a starting place for the read operation. The system reads from the address immediately
following that of the last operation.

To perform a current address read, the bus master supplies a slave address with the LSB set to a '1". This indicates that a
read operation is requested. After receiving the complete slave address, the FM24W256 will begin shifting out data from
the current address on the next clock. The current address is the value held in the internal address latch.

Beginning with the current address, the bus master can read any number of bytes. Thus, a sequential read is simply a
current address read with multiple byte transfers. After each byte the internal address counter will be incremented.

Figure 4-12. 12C F-RAM Single Byte Current Address Read

N No

i N

‘ By Master Y Start Address Acknorledge
| TT T T T T T T ‘ o

S Slave Address 1| A Data Byte 1P
. [ | | [ [ | [ | | | | |
1‘\
x
By F-RAM / Acknowledge Data

Figure 4-13. I°C F-RAM Multisystem Sequential Read

\ No
By Master ‘ Start Address Acknowledge Acknowledge
i ¢ v v Stop
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/
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A simple technique allows a user to select a random address location as the starting point for a read operation. This
involves using the first three bytes of a write operation to set the internal address followed by subsequent read operations.

To perform a selective read, the bus master sends out the slave address with the LSB (R/W) set to 0. This specifies a write
operation. According to the write protocol, the bus master then sends the address bytes that are loaded into the internal
address latch. After the FM24W256 acknowledges the address, the bus master issues a START condition. This
simultaneously aborts the write operation and allows the read command to be issued with the slave address LSB set to a

'1". The operation is now a current address read.

" Start

By Master l

v

Figure 4-14. F-RAM I2C Selective (Random) Read
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5. Example Projects

Cypress provides four example projects with the CY15FRAMKIT-001 Serial F-RAM DVK package. These example projects
help you to understand the serial F-RAM interface with a microcontroller. The example projects are based on PSoC 4
Pioneer Kit and Arduino UNO R3 Kit.

Download the example projects from www.cypress.com/go/CY15FRAMKIT-001. The installer will place the example
projects under <Install Directory>\CY15FRAMKIT-001 Serial F-RAM Kit\1l.O0\Firmware\ folder

The following example projects are PSoC 4-based and need the PSoC Creator software and the PSoC 4 Pioneer Kit.
m  PSoC4_FRAM_SPI

m  PSoC4_FRAM_I2C

The following example projects are Arduino-based and need Arduino IDE and Arduino UNO RS Kit.

®  Arduino_FRAM_SPI

®  Arduino_FRAM_I|2C

5.1 Programming PSoC 4 Pioneer Kit

Follow these steps to program the PSoC 4 example projects (PSoC4_FRAM_SPI project is shown here):

1. Launch PSoC Creator from Start > All Programs > Cypress > PSoC Creator 3.1 > PSoC Creator 3.1. [f PSoC
Creator is not installed, download from www.cypress.com/psoccreator.

2. On the Start Page, under Examples and Kits section, choose Kits > CY15FRAMKIT-001. A list of example
projects appears, as shown in Figure 5-1. Click on the desired example project.
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