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Abstract

Replicating Simple Functions Using MSP430 Value Line MCUs Summary:

Tl has introduced a series of Tech Notes aimed towards realizing simple functions using the MSP430 Value
Line Sensing family of microcontrollers (MCUs). By promoting programmability, small package sizes, ultra-
low power characteristics, and aggressive retail prices, these functions showcase the MSP430’s
adaptability in a wide range of applications where embedded MCUs are not typically considered.

What you’ll learn:

* Understand advantages of MCU adoption

25 Functions

Navigate eBook

Optimize code for the smallest memory footprint
Use resources to develop additional functions
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Detailed Agenda

25 Functions
— Pulse Width Modulation (PWM)
— Timer
— System
— Communications

» Code Optimization Tips & Tricks
— IDE settings

— Efficient coding techniques
— Live example
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Value Line Portfolio =

48 TSSOP : 12.5 x 6.1mm : 16 TSSOP : 5 x 4.4mm ) 48 TSSOP : 12.5 x 6.1mm : 38 TSSOP : 9.7 x 4.4mm
56 TSSOP : 16 x 6.1mm 121\5/20':2 : 53 i‘;{mm 20 TSSOP : 6.5 x 4.4mm zlg JCS;SP B Z’;‘;‘émm 56 TSSOP : 16 x 6.1mm " g‘égg;’f‘ 5 g i‘;“;rgmm 40 VQFN : 6 x 6mm
64 LQFP : 10 x 10mm : 16 VQFN : 4 x 3.5mm (32X 3 64 LQFP : 10 x 10mm 23K 48 LQFP : 7 x 7mm

BPKBIFRAM
12-Bit ADG, MPY;
2xeUSCILA,

2xeUSCI_B;
4xSAC-L3(12bit DAC,
OA, PGA)

ERATXX
15.5KB FRAM

FR20XX
15.5KB FRAM

15.5KB FRAM

10-Bit ADC, eUSCI_A & B 10-Bit ADC, 10-Bit ADC, MPY

256 segment LCD driver eUSCI_A & eUSCI_B 2x eUSCI_A, eUSCI_B ES: 4Q17
CS: 2Q18

FRZTXX FR2422 FR20xx IR SO

8KB FRAM
10-Bit ADC, eUSCI_A & B
256 segment LCD driver

7.5KB FRAM

8KB FRAM
10-Bit ADC,
eUSCI_A & eUSCI_B

10-Bit ADC, MPY.
eUSCI_A, eUSCI_B

ER211T ER231T
3.75KB FRAM 3.75KB FRAM

10-Bit ADC, eComp 10-Bit ADC, eComp!

FRATXX
4KB FRAM
10-Bit ADC, eUSCI_A & B

256 segment LCD driver eUSCI_A TIA, OPA(SAC-L1),

eUSCI_A & B

MEMORY

FR2110 FR2310

2KB FRAM 2KB FRAM

10-Bit ADC, eComp 10-Bit ADC, eComp

eUSCI_A TIA, OPA(SAC-L1),
eUSCI_A &B

LCD

FR2100

1KB FRAM
10-BIT ADC, eComp
eUSCI_A

FR2000
0.5KB FRAM
eComp, eUSCI_A

eUSCI_A : UART / SPI
eUSCI_B : SPI/ 12C
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MSP430FR2000 ISP A3OFRI00G

REFO
MODOSC

Memory Power & Clocking
. . - i — 0.5KB FRAM (with segment
FRAM Ultra onv power, universal memory — Nearly Up to 16 MHz protec(tions g
infinite (10%%) write cycles, >100x faster than Flash (2MB/s), for codeldata
250x less power in writes, flexible as data or program Data Protection 5128 SRAM =
memory

Serial Interface (eUSCI_A) Sitlozeli] Bl
1 UART + IrDA or SPI Real-time JTAG/SBW

FR2311 LaunchPad Target Board = Comp with 6.5 DAC

VLO

1I0s

Bootstrap Loader Up 0 12 GPIOs

Tools

Timers w/ 8 Interrupt & wake up

Watchdog Timer
1 % 16 bit TB w/ 3CC Regs

Capacitive Touch 10

Packages

TSSOP16 (5*4.4mm)
QFN24 ( 3*3mm)

Real-Time Clock
(Counter only)

L

Target Functions

. UART Software Controlled RGB LED Color Mixing
* MSP430Ware . Voltage Monitor with Timestamp

. A . Single-Slope Analog-to-Digital Conversion Technique
Code Composer Studio™ IDE . UART-to-SPI Bridge
* IAR
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Why 25 Functions for 25 Cents?

Tl has introduced a series of Tech Notes aimed towards realizing simple functions using the MSP430
Value Line Sensing family of microcontrollers (MCUs). These applications are capable of addressing
the conventional needs of end-equipments across the industrial, personal electronic, and
telecommunication markets.

Several fixed function ICs do not include the flexibility required for a user’s application or might be
offered at a price too high to be competitively considered in a system design

Showcase the MSP430’s ability to replace dedicated ICs in a wide range of applications where
embedded MCUs are not typically considered
Key Components

— Programmability

— Small package sizes

— Ultra-low power

— Aggressive retail prices
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Function list for MCUs

PWM Functions System Functions
UART Software Controlled RGB LED Color Mixing < EEPROM Emulation
« Stepper Motor Control  Low Power Hex Keypad
« Servo Motor Controller « Single-Slope Analog-to-Digital Conversion Technique
* Dual-Output 8-Bit PWM DAC * Multi-Function Reset Controller
* Analog Input to PWM Output * Hysteresis Comparator with UART

« ADC Wake and Transmit on Threshold

« Tamper Detection

* Quadrature Encoder Position Counter

* Programmable Clock Source
Programmable Frequency Locked Loop

Timer Functions

« External RTC with Backup Memory

+ Simple RTC-Based System Wake-Up Controller
* Programmable System Wake-Up Controller

« External Programmable Watchdog Timer Communications

* 7-Segment LED Stopwatch *  Single-Wire Communication Host
« UART-to-UART Bridge with Baud Rate Translation
 UART-to-SPI Bridge
« SPI /O Expander
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Pulse Width Modulation (PWM)
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UART Software Controlled RGB LED Color Mixing

Overview

This simple application uses a low cost MSP430FR2000 device to control Red Green Blue (RGB) LED color mixing. The
mixing can be controlled externally by using a UART interface.

Resources

Hardware Peripherals
Timer_B
eUSCI_A (UART mode)

Firmware Footprint
376 bytes FRAM

Performance

12 UART selectable colors available
9600 baud UART interface

Applications

User Interface/HMI Systems

RXD TXD

P1.6 P1.7 pyvcc

MSP430FR2000

P2.0 P2.1 P1.0

R G B

TIDM-G2XXSWRGBLED

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa766
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html
http://www.ti.com/tool/TIDM-G2XXSWRGBLED
http://www.ti.com/tool/TIDM-G2XXSWRGBLED
http://www.ti.com/tool/TIDM-G2XXSWRGBLED

Stepper Motor Control

1/16™ micro-stepping mode with UART interface controls the frequency from 0 - 250KHz. Timer_B of the low cost
MSP430FR2000 MCU is used to vary the frequency and maintain a 50% duty cycle.

Resources

Hardware Peripherals
- Timer_B
- eUSCI_A (UART mode)

Firmware Footprint

~250 bytes FRAM + 33V +VM0,
L J i t—— W 0.4587 ms I 1.002 kHz I 0.5976 ms———1
MSP430 Stepper Motor Driver
Performance FRAM (Step and Direction
. . SR B2 | B 0.1246 ms I 4.01 kHz I 0.2494 ms
LPMé)bused in idle mode with ~300uA P2.0/TB0.1—| Step B
stan current P2.1—{Di
’ L g .5 I Stepper Motor b—i— I 31.12 ys I 16.02 kHz I 62.37 us
Applications = A7
Robotics, Industrial Automation, Device PWM Frequency Modulation
Positioning
Tech Doc Code Example .
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa785
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Servo Motor Controller

Overview

This implementation uses the low cost MSP430FR2000 device in conjunction with a driver MOSFET to produce a variable

pulse width of 1 = 2ms with 16 overall control steps.

Resources

Hardware Peripherals
Timer_B
eUSCI_A (UART mode)

Firmware Footprint
~200 bytes FRAM

Performance

5V

f 3.3V % 10kQ 1ms (%“fﬁ ;yrcr:::(moa

<«

Motor connection colors

16 Steps from 1ms - 2ms relating to 0
- 180deg of motion

Applications

MSP430 I S Vcc-Red
* GND = Brown
FRAM / i
P2.0,/TBO.1 M

(€—— Period: 20 ms (50 Hz2) ———————

CSD18537MKCS

Robotics, Industrial Automation, Device
Positioning

Servo Motor Connections and Waveform
< Servo Motor

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa784
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Dual-Output 8-Bit PWM DAC

lookup table values.

This design shows the implementation of two 8-bit PWM DAC's using two Timer_B channels using MSP430FR2000 MCU.
One outputs a 250Hz sine wave and the other outputs a constant DC level. These outputs can be easily modified by adjusting

Resources

Hardware Peripherals
Timer_B

Firmware Footprint
232 bytes FRAM

Performance

(

8-bit, 250Hz Sine Wave Output.

Applications

Musical Tuners, Alarms, Toys & Games

P1.6/TBO.1
(CCR1)

P1.7/TB0.2
(CCR2)

MSP430FR2000

N
R1=2K mdm R2=1M
JAuF C2=200pF
My T » DC

R2=1M

C2=.047u FI

2.50MS/s H ® s 148V
10k points

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA804
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Analog Input to PWM Output Using the Enhanced

Comparator

An ADC converts an analog signal, such as voltage or current to a digital number proportional to its magnitude. In the absence
of an on-chip ADC on the MSP430FR2000 MCU, a low-cost, low-accuracy comparator can be used. Also, in some
applications, the output must be translated into a pulse width modulated signal.

Resources

Hardware Peripherals
eComp
GPIO
Timer_B
Firmware Footprint
252 bytes FRAM

P1.1/CA1

Performance

i

6 Bit Resolution

Button
Input

Applications

DC Electric Motor Control

il

P1.3

& CAOUT
>

REF = Vref (1.5 V)

MSP430FR2000

CCRO, CCR1

(E

Timer_B0O

P2.0.TB0D.1

eCOMP ADC and PWM Diagram

Tech Doc

™ Al - Button Press ™ A2 - PWM Output
[— B 2.854 ms— W} 1752 Hz

—_————— 595m5 —————

PWM

Analog-to-PWM

Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA803
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Timer Functions
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External RTC with Backup Memory

Overview

Based around the low cost MSP430FR2000 MCU, using the POSIX time format, this software RTC implementation offers a
simple solution for basic real time clock needs. 16 bytes of ultra low power non volatile storage are also provided.

Resources

Hardware Peripherals
RTC Counter
eUSCI_A (UART mode)

Firmware Footprint
376 bytes FRAM

ASCI  HEX | Decimal | Binary |

Performance

Timestamp is stored in FRAM and is
updated every second

Applications

Fire & Security Systems

8-8-2017[12:49:17 Jps1
8,/8,2017 12:49:14.470
88,2017 12:49:-19 468
8-8-2017[12:49:19.F65
8,6,2017 12:49:20.831
88,2017 12:49:20.928

wisloivkvly
EaRate KaRata:

01
01
0

]

FF [1d 34 56 78

04 A2
FF
34 5B 78

04

AA |

RTC and Backup Memory

Tech Doc

Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa767
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Simple RTC-Based System Wake-Up Controller

This fixed interval system wake up controller offers <1.5uA operation. Based on the low cost MSP430FR2000 MCU, this
solution can easily be used to wake up a less energy efficient application processor or wireless interface.

Resources

Hardware Peripherals
RTC Counter
GPIO

Firmware Footprint
246 bytes FRAM

L J —RTC Start)»
Performance Wake-up Time: 1s 10s | 1m* 1h* | 24h* Host MSP430
Average power consumption ~1.5uA with Avgerage Current: | 1.5 pA | 1.06 pA | 1.00 pA <L'AOO <L'£0 Controller FRAM

1 second wake-up time
P ) <€—\Wakeup—|
" Average Power Consumption
Applications
Wireless Sensor Nodes, Security
Systems, Battery Powered Meters
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA792
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Programmable System Wake-Up Controller

Overview

This programmable interval wake up controller offers <1.5uA average operation. Based on the low cost MSP430FR2000 MCU,
the wake up timing can be modified via the SPI interface from an external host processor or other higher power controller.

Resources

Hardware Peripherals
RTC Counter
eUSCI_A (SPI mode)
GPIO

Firmware Footprint
364 bytes FRAM

Performance

Average Power Consumption (* Estimated)

Average power consumption ~1.3uA

Applications

Wireless Sensor Nodes, Security
Systems, Battery Powered Meters

. — (5 =—3 P13
?r‘;;k: P ls | 0s :nin" Ll ﬁ‘:" — SCLK —>| P15

Host ' MSP430
Avg Processor [—— MOSI —{ P17  FR2000
Current 136 | 133 132 (132 | 132
(uA) Wake- P1.0

up |
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa790
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

External Programmable Watchdog Timer

Overview

commands.

An external watchdog timer can add an additional level of redundancy to embedded systems. This low cost MSP430FR2000
MCU-based implementation allows the user to change the watchdog timer (WDT) period from 1 - 2s with simple UART

Resources

Hardware Peripherals
Timer_B
eUSCI_A (UART mode)

Firmware Footprint
374 bytes FRAM

Performance

1 -2 second WDT timeout period
200ms steps via UART control

Applications

Smoke Detectors, Other Critical Systems

MCU RS
WDI

X1: -2.58 us

X2: 990.3 us AX: 992.9 us

Invalid WDI and Reset

Tech Doc

P1.7 (TXD) RXD

M5P430FR2000 Host Processor

Manual RST F1.2 WD
P1.3 RST

F1.3

Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa789
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

7-Segment LED Stopwatch

Many applications require the need to keep time using simple low-power methods. This implementation demonstrates the
MSP430FR2000 MCU’s RTC module and outputs a 3 digit timing parameter to an external 3-digit 7 segment LED display.

Resources

Hardware Peripherals
RTC Counter
GPIO

Firmware Footprint
358 bytes FRAM
.

Performance

Buttonl

Counts from 0.1 seconds to 99.9
seconds and can be scaled to 1 second
to 999 seconds

Button2

Applications

Kitchen Appliances, Stopwatch, Time-
keeping Devices

P1.0~P1.6

MSP430FR2000

P2.6 P1.7

P2.0
P2.7 P2.1

Stopwatch Block Diagram

Tech Doc

Active LED Display

Code Example .
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA808
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Voltage Monitor With a Timestamp

Voltage monitoring is essential for battery and bus powered applications to save the system state through a power loss event.
Often the real time occurrence should be saved as a timestamp to track the power loss event. The MSP430FR2000 device
| implements these procedures.

Resources

/

Hardware Peripherals
- eComp
- RTC Counter MSP430FR2000
- eUSCI_A (UART mode) Veupsly UCAOTXD Communication
Firmware Footprint P17 + T . "
368 bytes FRAM UCAORXD ASCIl | HEX Decimal | Binary
\ J R2 P16 je——
Performance 200 ka1 9/26/2017 11:57:@l.434 [TX] - e1[12] 34 56 78
_ ) | P1.1/CT P27 — 9/26/2017 11:57:05.568 [TX] - €0
?Q-mv hysteresis mode to avoid false 10|31kQ — 9/26/2017 11:57:.667 [RX] - 34 56 78
riggers P26 |—I
Applications = Write and Read RTC Example
Data Logging Systems
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA809
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

System Functions
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EEPROM Emulation

The MSP430FR2000 device can function as a serial EEPROM replacement. Using a small code footprint, the device can
provide 48 bytes of EEPROM functionality.

Resources
Hardware Peripherals
eUSCI_A (SPI mode)
GPIO
Firmware Footprint —— SCLK =—>{ P15
384 bytes FRAM
L J — MOS| —>{ P1.7
Performance
Host MISO —_ MSP430
20uA @ 3V when in LPM3 mode Processor FR2000
(excluding SPI data transfers) — CS =—>{ P13
Applications —— WP —>| P14
Unit Identification, Backup Information
EEPROM Read Word Sequence
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa769
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Low-Power Hex Keypad

The MSP430FR2000 device can be implemented in a low power, 16 button keypad system.

Resources

. Row 0 - P10
Hardware Peripherals

- eUSCI_A (UART mode) { 000 f oror wi

- Watchdog Timer Row 1-P1.1

0x05

Firmware Footprint
342 bytes FRAM -

. 1 Row 3-P1.3
Performance
0x0F 4.m%

3 ( Reset )
(i} 0x07 4.?M%
L Row2-PL2

v

Initialize UART

(2
B

i,
(=3
&

()

—i—
=]
=)

)

e
g

(==5)

——
o
%I

S
2

v

0x0C 0x0D 0x0E

: . Clear flags,
0.58uUA in standby mode waiting for a key - X Set up Wait-for-Press | P1.x interrupt exit LPM4
1 i mode and enter |— — . '
press | emmmKeypad Input Rows | LPM4 from key press disable P1.x
H i + interrupts
i
Applications p— !
g g g g : Kerpad Output Columns I WDT debounce and
Security Systems, Electronic Smart 3 3 E ER I enter LPM3
(=] — ] wo] Key press connects |
Locks E E B x = [:] row and column pins I r
P = b S0 I
T —— |
Tech Doc Code Example i
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa773
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Single-Slope Analog-to-Digital Conversion Technique

A slope converter is an easy way to add ADC functionality to an MCU only featuring a comparator module. This example
shows a low power, high accuracy implementation based around the MSP430FR2000 device .

Resources

Hardware Peripherals
- eComp
- Timer_B

Firmware Footprint
384 bytes FRAM

Performance

(

0.03% measurement accuracy of 12K
resistor @ 75Hz.

Applications

Low-Cost Multi-Meters, Thermostats

Rsens

P1.2

P1.0

—i

Cm

P1.1/CA1

CCR1

I

Timer_BO
CAREF =

0.25XVCC

MSP430FR2000

Tech Doc

Voltage at Cm During Resistance
Measurement

1

u

Vearer _
(0.25xvCC)

| Phase I: | L

Phase Il

| Charge / } |
. |
Phase II: CAOUTI
Reref
Discharge

Code Example

| Phase IV: }
Charge | Rsens |

Discharge |
|
CAOUT
Timer value
captured

Timer value
captured

24

Wip TEXAS INSTRUMENTS


http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA806
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Multi-Function Reset Controller

Host processors may require both a HW reset or a SW reset. The MSP430FR2000 MCU offers a simple solution to address
both types of resets using a single button.

Resources
N

Hardware Peripherals
Timer_B

Firmware Footprint
310 bytes FRAM Soft Reset

P1.0 INT 10
/ P1.2 RST

MSP430 Hard Reset) Host Soft Reset Pulse
FR2000

.

Performance

Button press <0.5 seconds triggers soft reset
Button press >1 second triggers hard reset

Processor

—>| P1.1

Applications
Computers, Smart Phones

Hard Reset Pulse

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA794
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Hysteresis Comparator with UART

Comparators are used to differentiate between two different signal levels. Because signal variation at the comparison
threshold can cause multiple transitions, hysteresis upper and lower limits are applied to minimize the effects of noise. A
solution can be implemented with the MSP430FR2000 device.

Resources

Hardware Peripherals
eComp

Firmware Footprint
292 bytes FRAM

Performance

(

7uA with reference voltage of 3.3V

Applications

Analog Sensors, Switching Power
Supplies, Level Detectors

Input

Output

| I |

i ! !
/' l . : CPDACBUFL

) I |
! \/ \ CPDACBUF2

| |

] I

]

Figure 1 [i2t.e
Scope of Input and Hysteresis Comparator
Output
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA805
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

ADC Wake and Transmit on Threshold

Many applications require sampling analog signals periodically so action can be taken based on the behavior of those signals.
ADCs can be triggered with precise timers to provide a solution to this requirement. This design utilizes the MSP430FR2100
MCU.

Hardware Peripherals
ADC10
eUSCI_A (UART mode), GPIO
Timer_B
Firmware Footprint P1 6/UCADRX | TX
410 bytes FRAM [ZET )
J | P1.7UCAQTX » RX |
MSP430FR2100 UART device
—»  P13/A3 |
25uA standby current at 3V
y <«—| P1OGPIO |
Applications
Battery Monitors, Thermostats 2.00V M200ms A
Scope of Triangular Input and GPIO Output
Tech Doc Code Example
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http://www.ti.com/product/msp430fr2100
http://www.ti.com/lit/an/slaa802/slaa802.pdf
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Tamper Detection

Overview

This design focuses on detecting when a secured enclosure is opened. The described system uses the MSP430FR2000

device, and provides tamper detection and evidence. This is typically used as the first line of defense in system applications.

Resources

Hardware Peripherals
- RTC Counter

- GPIO

Firmware Footprint

< 512 bytes FRAM

Performance

Tamper alert detected in <490uS

Applications

Utility Meters, Electronic Door Locks,
Door/Window Sensors

~
~

\
N
N

Hardware Connection Diagram

Tech Doc

N ~
NN N

FF FF FF FF FF
FF FF FF FF FF
FE FF FE FF FE
FF FF FF FF FF
[1D 48 DE Ce]s2
94 02 E2 D3 02
@5 02 D2 C3 03

FF
FF
FF
FF
40
02
02

FF
FF
FF
FF
80
D2
B2

FF FF
FF FF
FF FF
FF FF
5A CC
D3 02
40 10

FF
FF
FF
FF
01
02
AS

FF
FF
FF
FF
2
D2
AQ

FF
FF
FF
FF
43
D3
01

FF
FF
FF
FF
Y
26
32

FF
FF
FF
FF
20
02
Do

FF
FF
FF
FF
E2
D2
49

Protected Data Stored in FRAM

FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
[FF FF_FF_FF]B2 40 80 S5A CC 01 C2 43 04 20 E2
94 02 E2 D3 02 92 D2 D3 02 02 D2 D3 @6 02 D2
05 02 D2 C3 03 92 B2 40 10 A5 AQ 01 32 DO 40

Protected Data Erased from FRAM

Code Example

FF
FF
FF
FF
D3
D3
00

FF
FF
D3
D3
00
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA813
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Quadrature Encoder Position Counter

Quadrature encoders are used to keep track of the angular position of knobs and motors in many applications including
volume control, robotics and factory automation systems. The MSP430FR2000 device is implemented in this system.

Resources

Hardware Peripherals
eUSCI_A (UART mode)
RTC Counter

Firmware Footprint
< 512 bytes FRAM

.

Performance

Track angular velocity up to 150,000
RPM

Applications

HMI Knobs or Wheels, Robotics

= |

0
0

011001100110
110011001100

Quadrature Encoder Clockwise
Rotation Waveforms

Tech Doc

y—3
MSP430FR2000
P12
™ - P17 p1of2 \ |
GND

Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA795
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Programmable Clock Source

Overview

Utilizing the low cost MSP430FR2000 MCU, this clock source provides a UART or SPI selectable frequency output of 1MHz,
2MHz, 4MHz, 8MHz or 16MHz.

Hardware Peripherals
- eUSCI_A (SPI/UART mode) 32768 Hz
- e LI
0] 1 P1.1/ACLK 16 [0
Firmware Footprint I | || II | | | | al 2 p1.oismeLK 150
344 bytes FRAM Prgm'd Freq o3 P1.4/UCAOSTE 14 [[]
a
) msvomaxsln | B
=
Typical power consumption ~400uA @ s P1.6/UCAORXD 12 [T & 3
3V operating at 1 — 16MHz. o e PL.7UCAOTXD11 O | S
(1] 7 P2.7/XIN 10 [0
. e
Applications tbtTei] 8 P26/0UT o ln
Low-frequency RF systems 3?’;2:";}:
. z
Crystal
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa774
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Programmable Frequency Locked Loop

Overview

This MSP430FR2100 MCU based variable clock generator utilizes the frequency locked loop to provide an output frequency
between 0 and 16MHz. The frequency can be controlled by using simple UART or SPI commands.

Resources

Hardware Peripherals
- eUSCI_A (SPI/UART mode) 32768 Hz
- GPIO | | | | e
I 1 P1.1/ACLK P1.2/GPI0 16 [O—=INT
Firmware Footprint n-n-ll-rlj-lmct 2 P1.OISMCLK 150
872 bytes FRAM Prgmid Freq f P1.4/UCAOSTE 14 [T _
0 « P1.5/UCADCLE 13 [T &
O s PreucacrxD12[O | £ | &
Typical power consumption ~400uA @ . < | =
3V with outputs between 0 — 16MHz. o s PLIUCATTXDTT L | D
0] 7 P2.7/XIN 10 @
=
Applications ilp=—T——[1] 8 P2E/X0UT s O
Low-f RF S Modulati Optional
ow-frequency ystems, Modulation 32.768 KHz
Transceivers
Crystal
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2100
http://www.ti.com/lit/pdf/slaa791
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Communication Functions
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Single-Wire Communication Host

bytes.

Many applications utilize a bi-directional single wire interface to connect to a range of IC’s, such as temperature sensors, gas
gauges, EEPROM'’s etc. This MSP430FR2000 MCU implementation shows how host functionality is achieved under 512

Resources

Hardware Peripherals
GPIO

Firmware Footprint
384 bytes FRAM

.

Performance

~1.2mA when communicating
~18uA when idle

MSP430
host MCU

REGE ROM command: [0%33] FEMTLY [0%23]

Applications

Temperature Sensors, Battery Monitors

\VCC
Rpup SDQ or 1-Wire
€ 10 4| slave device
<
Figure 1 Single-Wire Reset Pulse, Presence
Pulse, and ROM Command
Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/pdf/slaa768
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

UART-to-UART Bridge with Baud Rate Translation

Half Duplex UART to UART bridge designed to interface 2 UART’s operating at different BAUD rates. Based on the low cost
MSP430FR2000 MCU, this utilizes both a hardware and software UART implementation.

Resources

Hardware Peripherals
Timer_B
eUSCI_A (UART mode)
GPIO

Firmware Footprint

382 bytes FRAM

—— T P1.6/UCAORXD  P2.0/TBO.1 RX Interface SMCLK | Max Baud Rate
Host Device MSP430FR2000 Target Device Hardware UART |16 MHz 921600 bDS

Hardware UART up to 921600 bps

Software UART uppto 38400 bpsp RX P17/UCAOTXD  P2.1/TBO.2 P Software UART |16 MHz| 38400 bps
arplleaiions UART-to-UART Bridge Diagram

Protocol Converters, Communication

Speed Bridges

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/an/slaa797/slaa797.pdf
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

UART-to-SPI Bridge

Overview

A UART to SPI communication bridge can be a useful function when interfacing two IC’s or systems together. This example
implements a HW SPI master and a SW UART interface with the MSP430FR2000 device.

Resources

Hardware Peripherals
eUSCI_A (SPI mode)
Timer_B

Firmware Footprint
376 bytes FRAM

Performance

: 8MHz bit clock
: 38,400 bps BAUD

SPI Max
UART Max

Applications

SPI slave
device

Protocol Converters

=

UART device

-]

UART-to-SPI Diagram

Tech Doc

Interface Max Rate
SPI 8 MHz bit clock
SW UART 38400 bps BAUD rate

Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA796
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

SPI 1/O Expander

I/0O expanders can be used to offload low priority tasks such as LED blinking and button monitoring from a host processor.
This simple implementation with the MSP430FR2000 device shows a SPI to 8-pin GPIO expander.

Resources

Hardware Peripherals
- eUSCI_A (SPI mode)
- GPIO

Firmware Footprint
360 bytes FRAM

Performance

(

Read Response Time: 0.359ms
Write Response Time: 0.295ms

Applications

Parallel to Serial Converters, 1/0
Expanders, LED Lighting

MSP430FR2000

Slave Select (UCAOSTE)
—F—F | P14 P1.0 |«—» Pin0

P11  |4¢—» Pin1

Serial Clock (UCAOCLK)
—P

P1.5 P12 [4—> Pin2 D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

P13 le—> Pin3 Read 1t ool ololo]o]o

Data In (UCAOSOMI) WiteDIR | 0 | 0 | 0 | 1 | 0 | 0] 0 | o
«—P16 P20 |¢—» Pind

Write-QUT 0 0 1 0 0 0 0 0

P21 |4¢—» Pin5

Data Out (UCAOSIMO) A Master Commands
e Py P26 |¢—» Pin6

P27 |4¢—» Pin7

SPI I/O Expander Diagram

Tech Doc Code Example
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http://www.ti.com/product/MSP430FR2000
http://www.ti.com/lit/SLAA807
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html

Code Optimization
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Optimization Settings

» Accessible in Project > Properties > Build > MSP430 Compiler > Optimization

« Optimization Level

+ Determines what types of optimizations the compiler can make

Register Optimizations

Local Optimizations

Global Optimizations
Inter-procedure Optimizations
Whole Program Optimizations

« Speed vs Size

» Tells compiler if trade-offs should be made more in favor of size or speed

* Adjust from 0(size) — 5(speed)

Optimization

Configuration: |Debug [ Active ]

Optimization level (--opt_level, -0)
Speed vs. size trade-offs (--opt_for_speed, -mf)

Align functions and loops for power (--align_for_power)

Inline hardware multiply version of RTS mpy routine (--use_hw_mpy)

¥ | | Manage Configurations...

4 - Whole Program Optimizations

0~ 1
0 (size)

none

5 (speed)

-
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Optimizer Assistant

« Accessible in View > Optimizer Assistant

« Allows multiple builds of project with varied optimization settings

« Option to vary speed vs size trade-offs or optimization level
Only 1 build option can be varied at a time (speed vs size or optimization level)
The build option not being varied will stay constant at selected setting while the other build option

« Optimizer will display code sizes for different settings
Red indicates the code cannot fit in the selected device

is varied

indicates the code fits in the device, but there is a better option available
Green indicates the recommended option for optimal speed while still fitting into the device

Check mark indicates the current selection in the project settings

%> Optimizer Assistant
Project 'FR2000_RTC_Backup'

opt_for_speed (-mf)

W E WwN = O

Vary Size vs Speed Setting

Code Size (bytes)

>

398
398
398

402
402
402
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Code and Data Model

Accessible in Project > Properties > Build > MSP430 Compiler > Processor Options
« Larger MSP430 devices have code space that extends to addresses of 0x10000 and

above
+ Extended instruction set is needed to support operations in these 20-bit addresses

« We should ensure that only the base 16-bit instruction set is used for devices where no
addresses above 0x10000 exist

« This is controlled by selecting the correct code and data model in the IDE project settings
+ Select Small Code Memory Model and Small Data Memory Model

Silicon version (--silicon_version, -v) mspx v ‘
Specify the code memory model. (--code_model) |small v ‘

Specify the data memory model. (--data_model) | small v ‘

Indicates what data must be near (--near_data) ‘ globals v ‘
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Controlling Global Variable Initialization

« C-initialization code for global variables may take up more space than directly initializing global
variables with user code
* In order to control global variable initialization:
* Move initialization of global variables into main().
#include <msp430.h>

[//unsigned char RXData = @;
f/unsigned char TXData = 1;
unsigned char RXData;
unsigned char TXData;
int main(void)
{
WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer

//Initialize globals
RXData = ©;
TXData = 1;

» Disable zero initialization in CCS by navigating to Project > Properties > MSP430Linker > Advanced Options
> Miscellaneous and set the Zero initialize ELF uninitialized sections to “off”

Strict compatibility checking (--strict_compatibility) I ']
Eliminate sections not needed in the executable (--unused_section_elimination) [ V]
Zero initialize ELF uninitialized sections (--zero_init) [oﬁ V]
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Coding Techniques

« Use Smallest Possible Types for Variables and Constants
» Use 8-hbit types vs. 16-bit types when possible
* When using the PERSISTENT keyword, use the smallest type of variable possible to minimize
FRAM space
* Minimize lookup table values when possible
» eg: For a PWM lookup table, implement timer dividers to decrease lookup table values
* Avoid Multiply and Divide
+ Use bit shifts for multiplication or division by powers of 2
+ Utilize lookup tables when possible

» Use Word Access to CPU Registers
* Initialize the entire port with one write

PAOUT = BIT15 | BITO; VS P1OUT = BITO; P20UT = BIT7;
« Write to CPU Registers Only Once (Where Possible)
TAOCCTL2 = OUTMOD_4 | CCIE; vs TAOCCTL2 |= CCIE;

TAOCCTLZ2 &= ~OUTMOD 7,
TAOCCTL2 |= OUTMOD _4;
Note: when using =, any other bits in register that need to remain set should be written
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Coding Techniques

« Use intrinsics that will enable compiler to make optimizations during code generation
« _even_in_range(x,NUM);
+ Tells compiler value x will always be an even value between 0 to NUM inclusive. This information allows the
compiler to further optimize code than it normally would.

switch(__even_in_range(UCAGIV,USCI_UART_UCTXCPTIFG))

{
case USCI_NONE: break;
case USCI_UART_UCRXIFG:
UCARIFG &=~ UCRXIFG; // Clear interrupt
RXData = UCA@RXBUF; // Clear buffer
if(RXData != TXData) // Check value
{
P10UT |= BITO; // If incorrect turn on P1.8
while(1): [/ trap CPU
¥
TXData++; // increment data byte
_ bic_SR_register_on_exit(LPM@_bits); // Exit LPM@ on reti
break;
case USCI_UART_UCTXIFG: break;
case USCI_UART_UCSTTIFG: break;
case USCI_UART_UCTXCPTIFG: break;
¥
* _ low_power_mode_x(void);

+ Enables a low power mode of user’s choice (x)
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Resources

« 25 Functions for 25 Cents Blog (Includes Links to TechNotes)
« eBook (Includes Porting from FR2311 to FR2000 Information)

« Code Examples
* Video Series
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https://e2e.ti.com/blogs_/b/msp430blog/archive/2017/11/07/25-functions-for-25-cents-an-introduction-to-using-mcus-for-simple-function-enhancement#pi318890=1
https://e2e.ti.com/blogs_/b/msp430blog/archive/2017/11/07/25-functions-for-25-cents-an-introduction-to-using-mcus-for-simple-function-enhancement#pi318890=1
https://e2e.ti.com/blogs_/b/msp430blog/archive/2017/11/07/25-functions-for-25-cents-an-introduction-to-using-mcus-for-simple-function-enhancement#pi318890=1
http://www.ti.com/corp/docs/company/flipbooks/valueline/docs/ValueLine_eBook.pdf?reload=1510072967037
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/MSP430-FUNCTION-CODE-EXAMPLES/latest/index_FDS.html
https://training.ti.com/25-functions-25-cents-video-series

Additional Resources

+ MSP430 Value Line Sensing

« MSP430FR4xx_2xx User’s Guide

« Code Porting From MSP430FR2000 to MSP430FR2311 MCUs

» Optimizing C Code for Size With MSP430™ MCUs: Tips and Tricks

* Migrating From the MSP430F2xx and MSP430G2xx Families to the MSP430FR4xx/FR2xx Family
+ How to Use the Integrated Operational Amplifiers on MSP430FR2311

* VLO calibration on the MSP430FR4xx AND MSP430FR2xx

» Software I12C master and slave on MSP430FR2111

* General Oversampling of MSP ADCs for Higher resolution

» Software UART (C example code is also available)
» Designing With MSP430™ MCUs and Segment LCDs
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http://www.ti.com/microcontrollers/msp430-ultra-low-power-mcus/msp430frxx-fram/overview/value-line-sensing-mcus.html
http://www.ti.com/lit/ug/slau445g/slau445g.pdf
http://www.ti.com/lit/ug/slau445g/slau445g.pdf
http://www.ti.com/lit/ug/slau445g/slau445g.pdf
http://www.ti.com/lit/ug/slau445g/slau445g.pdf
http://www.ti.com/lit/an/slaa812/slaa812.pdf
http://www.ti.com/lit/an/slaa812/slaa812.pdf
http://www.ti.com/lit/an/slaa801/slaa801.pdf
http://www.ti.com/lit/an/slaa801/slaa801.pdf
http://www.ti.com/lit/an/slaa649d/slaa649d.pdf
http://www.ti.com/lit/an/slaa649d/slaa649d.pdf
http://www.ti.com/lit/an/slaa705/slaa705.pdf
http://www.ti.com/lit/an/slaa705/slaa705.pdf
http://www.ti.com/lit/an/slaa705/slaa705.pdf
http://www.ti.com/lit/an/slaa705/slaa705.pdf
http://www.ti.com/lit/an/slaa693a/slaa693a.pdf
http://www.ti.com/lit/an/slaa693a/slaa693a.pdf
http://www.ti.com/lit/an/slaa693a/slaa693a.pdf
http://www.ti.com/lit/an/slaa693a/slaa693a.pdf
http://www.ti.com/lit/an/slaa693a/slaa693a.pdf
http://www.ti.com/lit/an/slaa714/slaa714.pdf
http://www.ti.com/lit/an/slaa694a/slaa694a.pdf
http://www.ti.com/lit/an/slaa083/slaa083.pdf
http://www.ti.com/lit/an/slaa083/slaa083.pdf
http://www.ti.com/lit/an/slaa654a/slaa654a.pdf
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