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Implementing 3.4 MHz I2C Bus Communication with the 

ATSAMD21 and 24CS Serial EEPROM Family
INTRODUCTION

The Microchip Technology Inc. 24CS Family of Serial
EEPROMs is the first Serial EEPROM to introduce

support for 3.4MHz High-Speed Mode I2C Bus
communication. Previous generation Serial EEPROMs

have been limited to 1 MHz I2C Bus communication.
This new feature narrows the speed performance gap

between I2C bus communication and the much faster
SPI bus communication while retaining the ease of

use benefits of I2C. 

This application note demonstrates how to take
advantage of the higher speed Bus communication of
the 24CS Family of Serial EEPROMs when interfacing
with the ATSAMD21 Family of 32-bit Cortex-M0+
Microcontrollers. The ATSAMD21 offers up to six
Serial Communication Interfaces (SERCOM), any of

which can be configurable to operate in I2C with
support for up to 3.4 MHz read and write operations,
making it an ideal companion for this family of Serial
EEPROMs. For additional information related to the
24CS Series of Serial EEPROM or the ATSAMD21
MCU, visit www.microchip.com. 

High-Speed Mode 

The 24CS Series supports the I2C High-Speed (HS)
mode, allowing it to operate at clock frequencies up to
3.4 MHz for read and write operations. 

In order to place the device into HS mode, the host
must first initiate a Start condition, followed by the
reserved HS mode host code of ‘00001xxxb’ (Table 1).
The HS mode host code must be sent to the device at
Fast mode plus (1 MHz) or slower clock frequencies.
Since the HS mode host code is meant to be
recognized by all client devices that support the HS
mode, the 24CS Series will not Acknowledge (NACK)
the HS mode host code.

TABLE 1: HIGH-SPEED MODE HOST CODE

Note: X indicates a don’t care bit, and the firmware sets these bits to ‘0’.

Once the device receives the HS mode host code and
the NACK occurs, the device will relax its input filters on
Serial Data (SDA) and Serial Clock (SCL) to the HS
mode tolerance to accept transfers up to 3.4 MHz. The
device will then enter HS mode and wait for a Repeated
Start condition before the next operation can occur.

Next, the host must issue a Repeated Start condition,
followed by a valid device address byte to which the
device will ACK. The host can continue with read or
write operations at higher clock speeds and the device
will continue to operate in the HS mode until one of the
following events occur:

• The host sends a Stop condition. Therefore, the 
host should use a Repeated Start condition to 
begin new HS mode operations rather than a 
Stop-Start sequence.

• A Power-on-Reset (POR) event occurs. 

Once the device exits HS mode from one of these
events, the device will switch its input and output filters
back to the standard I2C (Legacy) mode. Figure 1 illus-
trates the HS mode entry sequence.
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ACK Bit

0 0 0 0 1 X X X NACK from Clients

Note: The internal write cycle requires a Stop
condition to be sent after the last data
byte. This Stop condition will cause the
device to exit HS mode. Therefore, if
more than one page of data is to be writ-
ten, HS mode must be re-entered for
every write operation.

Note: High-Speed mode entry is ignored during
a write cycle. Therefore, polling must
occur while using Fast Mode Plus
(1 MHz) or slower clock frequencies. 
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FIGURE 1: HIGH-SPEED MODE ENTRY SEQUENCE

HARDWARE

The hardware used in conjunction with the firmware is
the The SAM D21 Xplained Pro Evaluation Kit. For
additional information about the hardware, refer to the
User Guide found at www.microchip.com. 

Figure 2 is the hardware schematic that depicts the
interface between the Microchip 24CS Series of
devices and the microcontroller, ATSAMD21J18A. The
schematic shows the necessary connections between
the microcontroller and the serial EEPROM. The firm-
ware was written assuming these connections, includ-
ing serial connection (PA08 is SDA and PA09 is SCL)
between the microcontroller and the serial EEPROM
while the evaluation kit includes pull-up resistors (R305
and R306) that are required for I2C communication.

FIGURE 2: HARDWARE CIRCUIT

To determine sufficient pull-up resistors, the NXP I2C
specification gives two formulas, one for maximum and
one for minimum resistance. 

The maximum formula will be used to determine R305
and R306 replacements (see Equation 1). 

EQUATION 1: MAXIMUM RESISTANCE 
PULL-UP RESISTOR

For this application note, we will use the NXP specifica-
tion for max rise time on SCL (TR = 40 ns) and assume
that CB is equal to 100 pF (see Example 1).

EXAMPLE 1:

SCL

1 3 4 5 6 7 82

SDA

Host Code

0 0 0 0 1 X X X

MSb
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NACK 
from 
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Repeated 
Start by 

Host

Start 
by 

Host

Note: R305 and R306 as included by default
with the evaluation kit are insufficient for
High-Speed Mode operation. Therefore,
these resistors should be replaced using
appropriate resistance values.

I2C Bus Master:
ATSAMD21J18A

Microcontroller

VCC

GND

PA09

PA08

R306

Slave 
24CS512

VCC

WP

SDA

SCL

A0

A1

A2

GND

VCC

R305 

Note: R305 and R306 were replaced with 330Ω
resistors for this application.

RP max 
TR

0.8473 CB
-----------------------------=

Where:

• TR = max rise time

• CB = total bus capacitance 

RP max 
40ns

0.8473 100pf
------------------------------------- 472= =
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FIGURE 3: XPLAINED PRO HARDWARE

FIRMWARE

The purpose of the firmware is to generate specific I2C
High-Speed mode transactions using the
ATSAMD21J18A microcontroller. The focus is to
provide the user with a strong understanding of High-
Speed mode communication with the 24CS Series
Serial EEPROM devices, allowing for more complex
programs to be written in the future.

The firmware was written in C using Atmel Studio 7
Integrated Development Environment V7.0.1931 and a
portion of the code was generated using Atmel
Advanced Software Framework (ASF).

Most of the complex tasks have been done in the
firmware and the user is not expected to write any
low-level subroutines. Oscilloscope screen shots of the
firmware and hardware are shown in this application
note to assist in better understanding of I2C High-
Speed mode transactions. 

Overview

The firmware uses the SAMD21 Xplained Pro SW0
button, USB socket, and either EXT1, EXT2 or EXT 3
headers (for access to PA08, SDA and PA09 SCL). The
SW0 button is used as a hardware breakpoint to start
sending I2C bus transactions. Figure 3 highlights the
locations of interest on the SAMD21 Xplained Pro Eval-
uation Kit including the Micro-USB socket, the SW0
button, R305 and R306 pull-ups and SDA (PA08) and
SCL (PA09) signals.

After the SW0 button is pressed, various I2C transac-
tions will be sent to the client device. The firmware uses
interrupt service routines (ISR) along with blocking rou-
tines for the various transactions. Figure 4 is a flow-
chart representing the High-Speed mode I2C bus
transactions.

FIGURE 4: FLOW CHART
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ISR Page Read
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ISR Configuration Register Write

ISR Configuration Register Read
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The I2C interface on the ATSAMD21J18A uses SER-
COM interface to configure the MCU for high-speed
mode operation along with standard I2C transactions.
Figure 5 depicts the I2C bus state.

FIGURE 5: BUS STATE DIAGRAM

The firmware sends High-Speed mode entry (08h)
before every transaction (see Figure 6). 

The MCU dictates the clock speed, which is controlled
using the SERCOM2_Handler flag SER-
COM_I2CM_ADDR_HS. This flag is set following the
High-Speed mode entry transaction. Figure 7 illus-
trates the clock or SCL frequency measured when not
in High-Speed mode. Figure 8 illustrates the SCL fre-
quency measured when in High -peed mode.

FIGURE 6: HIGH-SPEED MODE ENTRY
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Note: High-Speed mode host code defines ‘don’t
care’ bits and the firmware sets these bits
to ‘0’.
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FIGURE 7: STANDARD SPEED SCL FREQUENCY

FIGURE 8: HIGH-SPEED SCL FREQUENCY
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The firmware includes both interrupt service routines
(ISR) and blocking functions that can be leveraged by
the user, depending on the application and the MCU
performance level required. ISRs are used to create
asynchronous transactions, ensuring MCU perfor-
mance. In contrast, blocking functions block the MCU
from performing other tasks. Both ISR and blocking
functions have their strengths and weaknesses, and
each I2C operation has a ISR and blocking function that
the user can leverage.

ISR FUNCTIONS

The first six I2C operations (as shown in Figure 4) that
are sent to the device are the ISR functions. The firm-
ware modifies the ISR variables before enabling the
interrupt and the ISR is invoked by the ACK bit in the
I2C protocol as shown in Figure 9. 

FIGURE 9: I2C HOST BEHAVIOR DIAGRAM (SCLSM = 1)

The ISR functions are denoted by _isr at the end of the
function name. These ISR functions use the built-in
SERCOM2_Handler function and use a switch case
loop to determine which I2C operation is to be per-
formed.

In order to make sure the ISR isn’t currently running
and changing the ISR variables, polling routine isr_is-
Busy () was created and must be checked before every
ISR operation is performed. After every ISR read oper-
ation, it is required to wait until the ISR is complete to
ensure the read buffer is defined.

BLOCKING FUNCTIONS

The last 6 I2C operations (as shown in Figure 4) in the
firmware utilize blocking functions. These functions can
be leveraged by the user if MCU performance isn’t as
critical. The blocking functions wait for the Host on Bus
(MB) and Client on Bus (SB) flags to be cleared before
proceeding with the next operation.
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I2C HIGH-SPEED OPERATIONS

The firmware includes many I2C transactions. This sec-
tion includes a waveform of each transaction. Note that
the ISR and blocking function for each transaction are
identical as seen by the device so only one waveform
is needed.

These transactions are as follows:

• Manufacturer ID Read

• Serial Number Read

• Configuration Register Write

• Configuration Register Read

• Page Write

• Page Read

Manufacturer ID Read

The first byte of Manufacturer ID data contains the 
eight Most Significant bits (D23-D16) of the 24-bit data
value. The MCU can then return an ACK to indicate it 
successfully received the data, upon which the device 
will send the second byte (D15-D8) of Manufacturer ID
data. The process repeats until all three bytes have 
been read out and the MCU sends a NACK (logic ‘1’) 

to complete the sequence. Figure 10 depicts a High-
Speed Manufacturer ID read operation.

FIGURE 10: MANUFACTURER ID READ OPERATION

Note: High-Speed mode entry is included in
each transaction.

Note: When using the i2c_mfgidRead_isr func-
tion, it is necessary to wait after the read
operation using the isr_isBusy () polling
function to ensure the data buffer is valid.
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Serial Number Read

The first 16 bytes of the Security register are, by
definition, read-only and contain a preprogrammed,
ensured unique 128-bit serial number. There isn’t a
dedicated function to read the serial number; rather a
random read operation is used with the correct device
and word address bytes to read the serial number.
Figure 11 depicts a High-Speed Serial Number read
operation.

FIGURE 11: SERIAL NUMBER READ OPERATION

Note: When using the i2c_randomRead_isr
function, it is necessary to wait after the
read operation using the isr_isBusy () poll-
ing function to ensure the data buffer is
valid.
 2021 Microchip Technology Inc. DS00004051A-page 8



AN4051
Configuration Register Write

In order to write the Configuration register, a
confirmation byte must be sent to the device. This is
done automatically in the firmware and the firmware
determines the confirmation byte value sent by
determining the new LOCK bit state. Figure 12 depicts
a High-Speed Configuration Register write operation.

FIGURE 12: CONFIGURATION REGISTER WRITE OPERATION

Note: When performing a write operation, it is
necessary to wait the max write cycle time
(TWC) before performing additional opera-
tions.
 2021 Microchip Technology Inc. DS00004051A-page 9
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Configuration Register Read Operation

To access the Configuration register, a specific device
and word address bytes must be sent to the device.
Refer to the appropriate device data sheet for the
device and word address byte requirements. There
isn’t a dedicated function to read the Configuration
register; rather a random read operation is used with
the correct device address and word address bytes to
read the Configuration register. Figure 13 depicts
High-Speed Configuration Register read operation.

FIGURE 13: CONFIGURATION REGISTER READ OPERATION

Note: When using the i2c_randomRead_isr
function, it is necessary to wait after the
read operation using the isr_isBusy () poll-
ing function to ensure the data buffer is
valid.
 2021 Microchip Technology Inc. DS00004051A-page 10
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Page Write Operation

The firmware includes a page write operation, where
128 bytes are written starting at address 1080h. The
number of bytes to be written and word address can
be modified by the user as he or she chooses. High-
Speed mode is exited after every write operation and
therefore must be entered prior to write operation.

Figure 14 depicts a High-Speed page write operation.

FIGURE 14: PAGE WRITE OPERATION

Note: When performing a write operation, it is
necessary to wait the max write cycle time
(TWC) before performing additional opera-
tions.
 2021 Microchip Technology Inc. DS00004051A-page 11
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Page Read Operation

The firmware includes a page read operation, where
128 bytes are read starting at address 1080h. The
number of bytes to be written and word address can
be modified by the user as he or she chooses.
Figure 15 depicts a High-Speed page read operation.

FIGURE 15: PAGE READ OPERATION

Note: When using the i2c_randomRead_isr
function, it is necessary to wait after the
read operation using the isr_isBusy () poll-
ing function to ensure the data buffer is
valid.
 2021 Microchip Technology Inc. DS00004051A-page 12
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CONCLUSION

This application note offers designers a set of firmware

routines to access I2C Serial EEPROMs using High-
Speed mode and the ATSAMD21J18A microcontroller.
All routines were written in C using Atmel Studio 7
Integrated Development Environment V7.0.1931 and
a portion of the code was generated using Atmel
Advanced Software Framework (ASF). The hardware
used in this application note is the SAM D21 Xplained

Pro Evaluation Kit. Details related to I2C High-Speed
mode and device operation can be found in the
appropriate device data sheet found at
www.microchip.com.
 2021 Microchip Technology Inc. DS00004051A-page 13
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APPENDIX A: REVISION HISTORY

Revision A (06/2021)

Initial release of this document.
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specifications contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is secure when used in the intended manner and under normal conditions. 

• There are dishonest and possibly illegal methods being used in attempts to breach the code protection features of the Microchip 
devices. We believe that these methods  require using the Microchip products in a manner outside the operating specifications 
contained in Microchip's Data Sheets. Attempts to breach these code protection features, most likely, cannot be accomplished 
without violating Microchip's intellectual property rights. 

• Microchip is willing to work with any customer who is concerned about the integrity of its code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not 
mean that we are guaranteeing the product is "unbreakable." Code protection is constantly evolving. We at Microchip are 
committed to continuously improving the code protection features of our products. Attempts to break Microchip's code protection 
feature may be a violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software or 
other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication is provided for the sole
purpose of designing with and using Microchip products. Infor-
mation regarding device applications and the like is provided
only for your convenience and may be superseded by updates.
It is your responsibility to ensure that your application meets
with your specifications. 

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A
PARTICULAR PURPOSE OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE. 

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL OR CONSEQUEN-
TIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND
WHATSOEVER RELATED TO THE INFORMATION OR ITS
USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
OR ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION. Use of Microchip devices in life sup-
port and/or safety applications is entirely at the buyer's risk, and
the buyer agrees to defend, indemnify and hold harmless
Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights
unless otherwise stated.
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