____________________________________________________

Programmable Clock Source Using MSP430™ MCUs

Introduction
The programmable clock source function uses the
MSP430FR2000 microcontroller (MCU) to offer a
simple way to generate multiple fixed frequencies with
or without an external crystal oscillator. This design
can achieve output frequencies of 1 MHz, 2 MHz,
4 MHz, 8 MHz, or 16 MHz using the internal digitally
controlled oscillator (DCO) stabilized with an internal
frequency locked loop (FLL). A fixed 32.768-kHz
frequency is also output for use with real-time
applications. The MSP430™ MCU can receive
commands over a SPI or a 4800-baud UART interface,
and the ferroelectric random access memory (FRAM)
allows the device to recover to the last programmed
frequency after reset. This type of functionality is
useful for systems that need to generate multiple
frequencies using a minimum number of components.
To get started, download project files and a code
example demonstrating this functionality.
Implementation
The clock system in the MSP430FR2000 device
features an FLL that can be used to stabilize the
internal DCO and achieve clock frequencies up to
16 MHz. The FLL requires a reference clock that can
be sourced from either an internal 32.768-kHz
reference oscillator (REFO) or an external crystal of
the same frequency. However, TI recommends using a
high-accuracy external 32.768-kHz crystal for best
performance. Figure 1 shows the inputs and outputs of
the programmable clock source.

After a device reset, the MSP430 MCU sources the
subsystem master clock (SMCLK) from the DCO
configured to run at 16 MHz. The device then executes
a frequency command stored in FRAM that divides
SMCLK to the last known frequency before device
reset. This frequency is then output on P1.0, and the
FLL reference is output on P1.1.
When the MSP430 MCU is first programmed, the
default output frequency is 1 MHz. This default
frequency can be altered by changing the initialization
value of the command variable found in the
accompanying software example. Then, as previously
described, the MSP430 device will output the last
known frequency upon device start-up.
The programmable clock source can receive
commands from a host processor through a 4800baud UART or a 4-wire SPI. The UART interface uses
P1.6 and P1.7 as receive and transmit respectively.
The SPI uses P1.4 to P1.7, and Table 1 lists the
phase and polarity settings required for proper
communication.
Table 1. 4-Wire SPI Settings
Slave or
Master

CLK Phase

CLK Polarity

CS Polarity

Slave

Data changed on
first clock edge and
captured on second

Inactive state
is low

Active low

Either interface allows a host processor to set the
desired output frequency using any of the commands
listed in Table 2. Each command is only one byte in
length to maintain simplicity and reduce code size.
Table 2. Programmable Clock Source Command
Set

Figure 1. Programmable Clock Source
Inputs/Outputs
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Command Description

Hex Value

COMMAND_SET_1MHZ

0x00

COMMAND_SET_2MHZ

0x02

COMMAND_SET_4MHZ

0x04

COMMAND_SET_8MHZ

0x06

COMMAND_SET_16MHZ

0x08

COMMAND_GET_STATUS

0x0A
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When using the UART interface, the MSP430 MCU
will respond with a single byte when a command has
completed execution. When using a SPI interface, the
host processor must use COMMAND_GET_STATUS
to query the execution status of the last command.
Table 3 lists the three responses that can be issued
from the programmable clock source.
Table 3. Programmable Clock Source Responses
Response Description

Hex Value

Command executed successfully

0x00

Incorrect command

0x01

Command is still being processed

0x02

Performance
The programmable clock source can achieve 1-MHz,
2-MHz, 4-MHz, 8-MHz, or 16-MHz frequency output at
±2% accuracy using the internal REFO or ±0.5%
accuracy using an external crystal. More detailed
performance specifications can be found in the clock
specifications section of the MSP430FR2000 MCU
data sheet. Overall, the accuracy and power
consumption is improved when using an external
crystal oscillator.
Several design decisions were made to ensure the
code could fit into the limited 512-byte memory space
of the MSP430FR2000 device. Of these decisions, the
4800 baud rate has the most affect.
In this application, the UART module receives its
source clock from either REFO or the 32.678-kHz
external crystal. This was done so the baud rate
registers did not need to be altered when the user
changed the device’s frequency. Consequently, this
greatly reduced the amount of code required to

implement UART communication. Finally, a baud rate
of 4800 was chosen because of the relatively low error
when compared to a 9600-baud rate source from a
32.678-kHz clock. There are no such limitations when
using SPI communication.
To ensure the clock source is always active, the
deepest low-power mode (LPM) the MSP430 MCU
can enter is LPM0. Therefore the programmable clock
source typically consumes 402 µA of current at 3 V,
regardless of the selected output frequency.
Finally, the code has two infinite loops that have the
potential to keep the device from outputting the correct
frequency at startup. The first is a loop checking for
the external crystal stability. The second is a loop
checking for the FLL locking to a frequency of 16 MHz.
When the device is stuck in either loop, the response
to sending a COMMAND_GET_STATUS is always
0x02, as described in Table 3. If this problem occurs,
reset the MSP430 MCU.
Device Recommendations
The device used in this example is part of the MSP430
Value Line Sensing portfolio of low-cost MCUs,
designed for sensing and measurement applications.
This example can be used with the devices shown in
Table 4 with minimal code changes. For more
information on the entire Value Line Sensing MCU
portfolio, visit www.ti.com/MSP430ValueLine.
Table 4. Device Recommendations
Part Number

Key Features

MSP430FR2000 0.5KB FRAM, 0.5KB RAM, eComp
MSP430FR2100 1KB FRAM, 0.5KB RAM, 10-bit ADC, eComp
MSP430FR2110 2KB FRAM, 1KB of RAM, 10-bit ADC, eComp
MSP430FR2111 3.75KB FRAM, 1KB RAM, 10-bit ADC, eComp

MSP430 is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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