Tl TechNotes [57

ADC Wake and Transmit on Threshold Using MSP430™

MCUs
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Introduction

Many applications, such as battery monitors and
thermostats, require sampling analog signals
periodically so action can be taken based on the
behavior of those signals. Analog-to-digital convertors
(ADCs) can be triggered with precise timers to provide
a solution to this requirement. This consumes a lot of
microcontroller (MCU) resources and also causes
higher power consumption as the timer needs to be
active along with the ADC. Alternatively, many ADCs
allow signals to be monitored continuously, but doing
so can also require high power consumption.
Operating the ADC integrated in the MCU
independently of the CPU allows the CPU and all
clocks other than the one being used by the ADC to be
disabled to save power. The ADC also includes logic
to determine conditions that require the CPU and the
rest of the MCU to wake up. This is achieved by the
ADC generating an interrupt to wake up the CPU when
a configurable threshold is crossed. In addition,
interrupts can be used to also send out ADC
conversion data serially without having to power on the
CPU.

This implementation uses UART to set the ADC
threshold value, which when crossed will result in
waking up the CPU, setting a GPIO and transmitting
ADC data over the UART. It has been optimized for
lowest code size, fitting in a low-cost 1KB
MSP430FR2100 MCU, and for lowest power while still
able to continuously monitor analog signals using the
internal ADC. To get started, download project files
and a code example demonstrating this functionality.

Implementation

The solution uses the default auxiliary clock (ACLK)
supply from the internal trimmed low-frequency
oscillator (REFO), which operates at approximately 32
kHz, to operate the internal 10-bit SAR ADC, as well
as the universal serial communication interface
(eUSCI) UART peripheral and Timer_B. Samples are
taken continuously from P1.3 (A3), with each
conversion taking place immediately after the
preceding one has finished, with a periodicity of
2.7307 kHz. After configuring all necessary
peripherals, the device goes into low-power mode 3
(LPM3). The ADC continually monitors the analog
input to the MCU in this mode, while the CPU and all
clocks other than ACLK are tuned off to reduce power

consumption. When the set voltage threshold is
reached by the analog input to the ADC, P1.0 is set to
indicate that the threshold has been reached, and a
timer is started to send out the ADC conversion results
over UART at a defined interval.

Figure 1 shows the block diagram for this
implementation. The MSP-TS430PW20 target
development board was used for connecting the
peripherals to the MSP430FR2100 MCU. To set up
the target board to run the demo, first ensure that
jumpers JP14 and JP15 are populated (leave JP13
unpopulated), that jumper J16 is set to UART, and that
jumpers JP11, JP17, and JP18 are all removed. These
jumper settings will enable the back-channel UART
interface on the MSP-FET programmer and debugger.
For the MSPFR2100 MCU, make sure that the
jumpers on JP11 are connected on 1-3 and 2-4.
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Figure 1. ADC Wake and Transmit on Threshold
Block Diagram

UART device

A terminal program was used to provide a simple
method for controlling the ADC threshold value and
receiving the ADC conversion data. The eUSCI_AO
peripheral was used in UART mode to enable
commands to be received on P1.6/UCAORXD and
transmitted on P1.7/UCAOTXD. The MSP-FET was
used for evaluation. A baud rate of 4800 must be
selected with one stop bit and no parity. Two
hexadecimal inputs must be sent to the MCU
individually. The first specifies the high byte of the
ADC threshold value, and the second specifies the low
byte. The maximum value that can be represented by
the ADC is 0x03FF, and the minimum is 0x0000. All
ADC values are represented by unsigned 16-bit
integers. The high threshold value is stored in FRAM,
so it is retained on reset of the device. When the ADC
threshold value is reached, ADC conversion values
are sent over UART with a period that is set by default
to 1 second. To change this, modify the value of the
TBOCCRO register, keeping in mind that the timer is
using a clock of 32768 Hz. So, for example, a
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TBOCCRO value of 32768 results in a timer period of 1
second. Because the ADC produces a 10-bit unsigned
integer, the data is sent over UART in two bytes, with
the high byte first. This is illustrated in Figure 2. Two
UART transmissions are shown. The red boxes show
the high bytes, and the green boxes show the low
bytes. These UART transmissions occurred after a
threshold of O0xO1FF was reached.
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Figure 2. Two Sample UART Transmissions

Performance

The operation of the demo can be run as described in
the implementation section regarding the use of UART
to control the threshold value and receive ADC
conversion values. P1.3 (A3) is used for the analog
input to the ADC, and a voltage can be applied to this
pin to trigger the high threshold value of the ADC.

Figure 3 shows an oscilloscope shot that illustrates
this. Channel 1 shows a triangular wave input to A3 on
the MSP430FR2100 MCU, and channel 3 shows the
output of P1.0 (GPIO). That GPIO gets set high when
the triangular wave input hits a voltage equivalent to
O0x01FF (the set threshold) for the ADC conversion
value. This point is represented by the dashed red line.
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Figure 3. Oscilloscope View

An important metric in measuring the performance of
this implementation is power consumption. Power
numbers were taken using the Keysight Technologies
N6705B DC Power Analyzer. A 3 V supply was used,
and the average current consumption of operating the
ADC continuously in LPM3 was compared to that of
operating in active mode (with the CPU and all clocks
powered on). Table 1 lists the results.

Table 1. Current Consumption in Active Mode and
LPM3

Average Current
Consumption at 3 V (UA)

Active 97
LPM3 25

Power Mode

It can be seen that operating the ADC while in LPM3
and waiting for an interrupt from the ADC reduces the
power consumption significantly. Another low power
alternative would be to put the device into low-power
mode 3.5 (LPM3.5), which also shuts down ACLK, and
use the real time clock (RTC) to wake up the CPU and
ADC at specified intervals to take a sample, and then
go back to LPM3.5. This would require relatively large
wakeup intervals in order to get the power as low as it
is in the LPM3 implementation, which would not be
ideal for applications that need high sampling rates.

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 2 with minimal code changes. For more
information on the entire Value Line Sensing MCU
portfolio, visit www.ti.com/MSP430ValueLine.

Table 2. 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 RAM, 10-bit ADC, eComp

MSP430FR2111 | 3.75KB FRAM, 1KB RAM, 10-bit ADC, eComp
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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, “Tl 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 Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl 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 Tl products as used in such applications. Tl 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 Tl 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 TlI 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 I1S” 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 Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance 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, Tl 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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