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2.1

2.2

System Description

This reference design for a rotational flow meter is built using the Extended Scan IF (ESI) of
MSP430FR6989, two LC sensors, and the EVM EVM430-FR6989.

The whole EVM can be divided into three boards: the main board, sensor board, and motor board. The
main board of the EVM consists of MSP430FR6989, a sensor board connector, an RF module socket, and
a debugger circuit. The sensor board is constructed with two LC sensors. The motor board drives a rotor
disc to emulate water flow, which moves the rotating disc in a flow meter.

This system is an ultra-low power design using the latest T| MCU MSP430FR6989 with FRAM to store the
programming code. The MSP430FR6989 has a built-in module of ESI. The system block diagram shows
all the elements that the EVM has and the potential add-on modules, like the RF sub-system or the
NFC/RFID module, that can be connected to the EVM (Figure 2).

The main board of EVM consists of MSP430FR6989, a socket for add-on module, USB connection, and a
sensor board connector. The bottom side of the main board features an onboard eZ-FET lite connected to
the MCU. Program and debug the MCU firmware by directly connecting the board with a USB cable to
PC. The IDE is Tl's Code Composer Studio™. The debugging circuit also consists of an HID connection,
which can receive the command of a dedicated PC GUI for this EVM.

Design Features

Ultra-Low Power Design

MSP430FR6989 is an ultra-low power MCU that has a FRAM of up to 128 KB for code and data.
Peripherals include ESI, RTC, ADC12, CRC, AES256, MPY32, eUSCI for communication, Comp_E for
touch key module, an LCD, and six timers.

When operating this design, only the ESI, a timer, and the LCD continuously work with an oscillation
crystal of 32,768 Hz. The CPU and other peripherals are off, in low power mode 3 (LPM3). The whole
system uses around 7 pA for a sample rate of 500 Hz with two LC sensors without an LCD.

Contactless Rotation Detection

When gas or water flows through the meter, the rotating plate inside the meter rotates according to the
flow rate. The sensors can detect the number of the plate's rotations without direct contact, which prevents
corrosion and safety issues.
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2.3

Sensor 1

Two-LC Sensor Board

An LC sensor consists of an inductor and a capacitor to form a tank oscillator. This sensor is the proven
solution of low power consumption and reliable for the long-term, continuous operation of flow meters.
With a very short pulse within 1 us, The sensor starts oscillating in its resonant frequency. The inductor
then generates a magnetic field. Once the metal part of the rotating plate is cutting the magnetic field, an
eddy current is formed in the metal, which will absorb the magnetic energy from the inductor. The
amplitude of the oscillating signal will be reduced. The comparator and the DAC of the ESI can detect this
change of signal to detect the position of the rotating plate and count the number of rotations.

Two LC sensors are used for the detection of both clockwise and anti-clockwise rotation. A flow meter, like
a water meter, has a bounce back of water flow when the tap is closed, making the rotor disc turn
backwards and forwards repeatedly before the flow rate becomes zero. To eliminate the counting error of
a single sensor, two sensors can count the number of rotations for both directions and give a correct
result.

In Figure 1, a logic low is given out when the sensor is detecting the metal part and a logic high when
located in the non-metal part. Two sensors are located 90 degrees apart. In this setting, the signal of one
sensor will always be 90 degrees out of phase to the other sensor, giving out four states of the two
sensors: 00, 01, 11, and 10. The sequence of these four states identify the rotating direction.

Anti-Clockwise direction

T T N T

S2 S2 S2 S2 S2

= = m | =

Sensor 2

Figure 1. Logic Signal Compiled from LC Sensors
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2.5

2.6

Self-Calibration for Long-Term Operation

Due to the temperature, humidity, aging components, and signal drifts, a continuous adjustment circuit is
necessary to ensure the system is within the range of reliable operation. The ESI has a duplicated circuit
inside, which can be used for detecting the overall drift of the system. This circuit will only be activated
periodically to save power consumption. Once the drift is found, the circuit adjusts the DAC values of the
continuously operating part of the ESI to align it to the signal position of maximum reliability.

Full Platform Design with Add-On Module Socket and Flow Emulation by a Motor
Board

The motor board provides a tool to emulate the rotating plate driven by the flow of gas or water. Adjust the
rotating speed either manually or by the main board through the 12C link. The socket connects with
various communication ports, SPI, UART, and the 1/O of the MCU. Some existing TI RF modules can
directly plug into this socket to add on more features to the EVM. Engineers can also design their own
modules, like NFC/RFID, valve control, and so on, and test it with the system without reconfiguring the
whole board.

The sensor board is standalone. Engineers can design their own customized sensor board and plug into
the main board for testing.

Built-In Debugging Circuit

The built-in debugging circuit facilitates the system setup without too many external connections of
debugging tools. The bottom side of the main board has an onboard eZ-FET lite connected to the MCU.
Engineers can program and debug the MCU firmware by directly connecting the board with a USB cable
to the PC. The IDE is Tl's Code Composer Studio™. The debugging circuit also has an HID connection,
which can receive the command of a dedicated PC GUI for this EVM.

Block Diagram

[
CC1120

Transceiver / Soc

|| Prepayment
NFC/RFID TRF7970

ESI | MSP430FR6989 Motor Driver DRV8837

for Valve Control

— UART/USB TUSB3410

[
' Power
TPS62237

Figure 2. System Block Diagram

Gas or Water Meter with Two LC Sensors TIDU487—-August 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU487

13 TEXAS
INSTRUMENTS

www.ti.com

Circuit Design

4 Circuit Design

4.1 Main Board
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Figure 3. Main Board of EVM

This main board is built on the MCU MSP430FR6989 with an LCD display. This board is powered by USB
to provide 3.3 V through a buck converter. This board can be divided into seven parts and is a platform for
developing flow meters with RF and USB connections. The application software has code for the ESI
module for flow measurement, but the software does not connect to Part 1 and Part 6 in Table 1.

Table 1. Description of Main Board Layout

PART NUMBER DESCRIPTION
A socket for RF modules of sub-1 GHz or 2.4 GHz, connecting
Part 1 to the MCU with SPI and 1/O. For details of RF modules, read
the CC1120 development kit.
Through holes connecting to I/O of no connection. The headers
Part 2 )
are the 12C connection.
Part 3 The JTAG debugger and a USB HID interface. The HID
interface can connect the board to PC with a dedicated GUI.
Part 4 A reset button. This board does not have an on/off switch. To
restart the firmware, push the reset button.
This device has five push-button switches. The firmware does
Part 5 not have code for this part. Designers can use it to implement a
key control.
Part 6 LED indicator, connecting to PJ.2 and PJ.3. For saving current
consumption, remove the jumpers.
The socket for the sensor board and connecting to the ESI of
Part 7 MCU
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The core part of the hardware for flow measurement is the connection of the MCU's ESI to the sensor
board. A 470-nF capacitor connecting to ESICOM stabilizes the voltage of Vcc / 2. The ESl is a self-
contained module inside the MCU.

For a low-power design, a 32,768-Hz crystal is used to continuously operate. To lower the power
consumption further, turn on the LCD only when taking a reading is necessary. The rest of the MCU
peripherals and its CPU are kept idle to save power. The CPU should only be active during a reading
update and self-calibrating, which is done in a periodical manner lasting a few seconds to hours
depending on the timer setting.

4.2 Sensor Board
LC Sensor Board
Figure 4. Sensor Board
The sensor board is designed for LC sensors only. The sensors can be placed in different orientations.
For the half-covered metal rotor disc, the two sensors are placed 90 degrees apart.
The selection of the inductor (L) and capacitor (C) is an important factor to affect the power consumption.
Find a detailed selection guide as an application note for other types of sensors.
6 Gas or Water Meter with Two LC Sensors TIDU487—August 2014
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4.3 Motor Board

The motor board is to drive the rotor disc to emulate a gas or water flow. The battery socket is on the back
of the board. The board consists of the following parts:

“? TEXAS
INSTRUMENTS
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Figure 5. Motor Board

Table 2. Description of Motor Board Layout

PART NUMBER DESCRIPTION
Part 1 Two pins connecting to external power
Part 2 Switch to power on and off the motor board
2-wire (Spy-Bi Wire) mode of JTAG. This mode can be used to
Part 3 .
program and debug the firmware
Part 4 Variable resistor to vary the rotation speed
Buttons to select the rotation's direction. Also acts as a stop
Part 5
button
An infrared sensor that provides feedback on the rotation speed
Part 6 )
of the rotor disc
Part 7 A rotor disc half covered by copper
Part 8 A connection header for I2C and UART

An I12C link can connect to the main board. The motor board will receive the command from main board to
rotate in a proper speed and send back the record of the number of rotations.
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Software Description
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Figure 6. Software Flowchart

The software optimizes the system's power consumption. As shown in Figure 6, the software starts with
initialization, which includes port settings for low current leakage, LCD, ESI internal oscillator calibration,
ESI registers, sampling rate, timing state machine (TSM) with auto-TSM calibration, optimal DAC level,
and processing state machine (PSM) table setting. After initialization, the EVM can work well in low power
mode with ESI and LCD as the only modules actively running. To avoid too many interrupts to wake up
the CPU, the system uses the Q6 flag in the PSM table. This flag is set only when the rotor disc is
rotating.

The system is in LPM3 mode when the rotor disc does not rotate. To lower the power consumption
further, disable the LCD. Construct a key button to wake up the LCD when reading is necessary. For a
stable, long-running lifetime for the system, the design includes a runtime re-calibration to track the drift of
the sensors and system. A timer with the variable constant Time_to_Recal is used to count the period for
re-calibration.

For a detail description, see LC Sensor Rotation Detection with MSP430 Extended Scan Interface (ESI).

Gas or Water Meter with Two LC Sensors TIDU487—-August 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/lit/pdf/SLAA639
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU487

13 TEXAS
INSTRUMENTS

www.ti.com

Test Setup

6 Test Setup
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Figure 7. System Setup

Before testing, the main board and motor board have to be programmed with firmware. Follow this
procedure to test the current consumption of the reference design:

1. Remove all jumpers of the main board except the jumper 3V3 and the ground jumper next to it.

2. Disconnect the jumper 3V3 and connect it with a current meter.

3. Set the rotor disc at 5 mm from the sensor board and switch off the motor.

4. Power up the main board with a USB cable.

5. Calibrate the TSM after powering up the main board. The LCD will show 0. wait until it turns to 8888,
then go to the next step.

6. Switch on the motor and do not adjust the distance between the rotor and sensors. At this step, a
calibration for searching proper reference voltages of DAC is working. This calibration will last for one
second.

7. Finish initial calibration. The LCD will keep counting the number of rotations.

8. Turn off the LCD by pushing the black button.

9. Read the current meter indicating the current consumption of the reference design without the LCD.
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Figure 8. Test Results

Figure 8 shows the current consumption of the MCU with three LC sensors, not including all current
flowing into the LCD, power, and other modules on the board. The data is taken by measuring the current
flowing into the MCU connected to the two LC sensors with the LCD switched off, varying with different
ESI sampling rates of the MSP430FR6989.

From the experimental data, the current consumption in the MSP430FR6989 takes 9 nA per sample with
two LC sensors. Compared to the recorded data of 17 nA per sample from the MSP430FW42x system
with the same type of LC sensors, the MSP430FR6989 has an improved power consumption.

The current consumption of the MSP430FR6989 running with ESI without sensors is also given. These
results show that the LC sensors take half of the total current consumption of the system. To further
reduce the current consumption, use well-designed LC sensors.
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8 Design Files

8.1 Schematics
To download the schematics, see the design files at TIDM-LC-WATERMTR.

8.1.1 Main Board without the Debugging Circuit
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Figure 9. MSP430FR6989 Schematic
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8.1.2 Sensor Board
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For 3 sensors
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Use ESICH®, ESICH1 and ESICH2

For 4 sensors
Place L1, L2, L4, L3, C1, C2, C3, C4
Use ESICH®, ESICH1, ESICH2 and ESICH3
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Figure 10. Sensor Board Schematic
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8.1.3 Motor Board
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Figure 11. Motor Board Schematic
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8.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDM-LC-WATERMTR.

Table 3. BOM: Main Board

DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQﬁTURER DIGIKEY PN REMARK MANUFACTURER
CAPACITORS
C100, C101, C200, Alternatives:
C201. C405, C406, | 10 pF (NPO/COG) | 8 | Chip Capacitor, COG, 50 V, +5% C0402 GRM15A5§lCDlH10°J 490-5921-1-ND | NPO/COG, 10 V, Murata
C410, C412 +5% or better
Alternatives:
€10, C11, C403, | 25 pF (NPO/COG) | 4 | Chip Capacitor, COG, 50 V, £5% 0402 GRMISSSCIH220J | 490, 5868-1-ND | NPO/COG, 10V, Murata
C404 A01D
+5% or better
GRM1555C1H330J e
€109, C110 33 pF (NPO/COG) | 2 | Chip Capacitor, COG, 50 V, +5% C0402 TS 490-5936-1-ND | NPO/COG, 10 V, Murata
+5% or better
. . Alternatives: X5R,
C111, C210 1000 pF 2 | Chip Capacitor, X7R, 50 V, 0402 GRMISSR7IHI02 | 490.1303-1-ND | 10 V, +10% or Murata
+10% KAO1D
better
. . Alternatives: X5R,
c1 1| Chip Capacitor, X7R, 100 V, 0402 GRMI5SR72A222 | 490.6367-1-ND | 10 V, +10% or Murata
+10% KAO1D
better
C3, C5, C7, C9,
C32, C36, C102, . . Alternatives: X5R,
€104, C108, C202, 100 nF 16 ffi%gapac'mr' X7R, 16V, C0402 GRMl}f’ASgs?DlClO“ 490-3261-1-ND | 10V, +10% or Murata
€204, C205, C400, = better
C402. C407, C408
. . Alternatives: X5R
C105, C106, C206, Chip Capacitor, X7R, 16 V, GRM155R71C224 '
v 220 nF 4 |SnS C0402 oo 490-5418-1-ND | 10 V, +10% or Murata
better
. . Alternatives: X5R,
C107, C208 470 nF 2 | Chip Capacitor, X5R, 10V, C0402 GRMILS5R61A474 | 490.3264-1-ND | 10 V, +10% or Murata
+10% KE15D
better
. . Alternatives: X5R,
CA11, CA15, C417 1uF 2 | Chip Capacitor, X7R, 25V, C0603 GRMI8BRYIEL05 | 4q05307-1-ND |10 V, +10% or Murata
+10% KA12D
better
. . Alternatives: X5R,
€33, C401 47 uF 1 | Chip Capacitor, X7R, 16 V, C0805 GRMZIBR7ICATS | 490 4502.1-ND |10V, +10% or Murata
+10% KA73L
better
. . Alternatives: X5R
C103, C203, C209, Chip Capacitor, X7R, 25V, GRM31CR71E106 '
Saoo 10 uF 4 |SnS C1206 o 490-6518-1-ND | 10 V, +10% or Murata

better

RESISTORS
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Table 3. BOM: Main Board (continued)
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQﬁTURER DIGIKEY PN REMARK MANUFACTURER
R44, R45, R46,
R47, R48, RA9, e
R50, R51, R52, OR 15 | Chip Resistor R0402 RC0402JR-070RL | 311-0.0JRCT-ND OA:tgngé'r"es' 5% Yageo
R53, R54, R55,
R56, R57, R420
R65 10R 1 | Chip Resistor R0402 RC0402JR-0710RL | 311-10JRCT-ND Q:tﬁre’;f‘e“r"es 5% Yageo
R407, R409, R412, . . Alternatives: +5%
R413. RA16. RAL7 22R 6 | Chip Resistor R0402 RC0402JR-0722RL | 311-22JRCT-ND | CPHE Yageo
R100, R101, R201, . . Alternatives: +5%
R203 R406 27R 5 Chip Resistor R0402 RC0402JR-0727RL | 311-27JRCT-ND or better Yageo
R405 33R 1 | Chip Resistor R0402 RC0402JR-0733RL | 311-33JRCT-ND /(;\:tﬁggfg'r"es: 5% Yageo
. . RC0402JR- Alternatives: +5%
R211 100 R 1 Chip Resistor R0402 07100RL 311-100JRCT-ND or better Yageo
R105, R202, R204, . . RC0402JR- Alternatives: +5%
R205 390 R 4 Chip Resistor R0402 07390RL 311-390JRCT-ND or better Yageo
R9, R10, R104, . . RC0402JR- Alternatives: +5%
R200 470 R 2 Chip Resistor R0402 07470RL 311-470JRCT-ND or better Yageo
—
R103, R206, R408 15k 3 | Chip Resistor R0402 RC0402JR-071K5L | 311-1.5KJRCT-ND /(;\:tﬁggfg'r"es' 5% Yageo
T . 0,
R600, R601 22k 2 | Chip Resistor R0402 RC0402JR-072K2L | 311-2.2KIRCT-ND Q:tﬁre’;f‘e“r"es' 5% Yageo
—
R40, R41 10 k 2 | Chip Resistor R0402 RC0402JR-0710KL | 311-10KJRCT-ND /(;\:tﬁggfg'r"es' 5% Yageo
R400, R401, R402, Alternatives: 5%
R403, R410, R411, 15.0 k 8 | Chip Resistor R0402 RC0402JR-0715KL | 311-15KJRCT-ND PR Yageo
or better
R414, R415
R1, R106, R209, . . Alternatives: +5%
R404 47 k 4 Chip Resistor R0402 RC0402JR-0747KL | 311-47KJRCT-ND or better Yageo
—
R102, R210 1M 2 | Chip Resistor R0402 RC0402JR-071ML | 311-1.0MJRCT-ND /(;\:tﬁggfg'r"es' 5% Yageo
. . RCO0402FR- Alternatives: +1%
0, - -
R5, R6, R7, R8 5.6 k 4 Chip Resistor 1% R0402 075K6L 311-5.6KLRCT-ND or better Yageo
. . RCO0402FR- Alternatives: +1%
0, - -
R3 100 k 1 Chip Resistor 1% R0402 07100KL 311-100KLRCT-ND or better Yageo
. . RCO0402FR- Alternatives: +1%
0, - -
R109 150 k 1 Chip Resistor 1% R0402 07150KL 311-150KLRCT-ND or better Yageo
. . RCO0402FR- Alternatives: +1%
0, - -
R107, R108 220 k 2 | Chip Resistor 1% R0402 07920KL 311-220KLRCT-ND | o HE Yageo
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Table 3. BOM: Main Board (continued)
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQETURER DIGIKEY PN REMARK MANUFACTURER
. . RCO0402FR- Alternatives: £1%
0, - -
R110 240 k 1 Chip Resistor 1% R0402 07240KL 311-240KLRCT-ND or better Yageo
INDUCTORS, DIODES, CRYSTALS
L400 2.2 puH SMD Inductor 3x3 mm NR3010T2R2M 587-1638-1-ND Taiyo Yuden
D100, D200 Red 2 LED, Red, SMD 603 LTST-C190CKT 160-1181-1-ND Lite-On Inc
g;gé D201, D202, Green 4 LED, Green, SMD 603 LTST-C190GKT 160-1183-1-ND Lite-On Inc
LED1, LED2 Amber 2 LED, Amber, SMD 603 LTST-C190AKT 160-1180-1-ND Lite-On Inc
Q100, Q200 4 Mhz 2 Ceramic Resonator CSTCR CSTCS;{YI?%OG:LSL 490-7861-1-ND Murata
Q400 6 Mhz 1 Ceramic Resonator CSTCR CSTCRgI\éIOOGSS- 490-5997-1-ND Murata
. Cylindrical Can, CMR200T- I
X1 32.768 kHz 1 Crystal Oscillator Radial 32 768KDZF-UT 300-8340-1-ND Citizen
ICs
Ul MSP430FR6989PZ 1 Mixed Signal Microcontroller MSP430FR6989 MSP430FR6989 N/A Provided by TI Texas Instruments
U100, U200 MSP43OE5528|RG 2 Mixed Signal Microcontroller TI_RGC0064B_N MSP43OC'::F‘:’528|RG 296-27930-1-ND Texas Instruments
U400 TPD2EOO01DRL 1 15-kV ESD-Protection Array DRLO0OO5A TPD2EOO1DRLR 296-21883-1-ND Texas Instruments
U401 TUSB2046BIRHB 1 4-Port Full-Speed USB Hub RHBO0032E TUSB2046BIRHBR | 296-21926-1-ND Texas Instruments
U403 TPS62237DRY 1 3.3-V Buck Step Down Regulator DRYO0006A TPS62237DRYT 296-25630-1-ND Texas Instruments
CONNECTORS
. micro-USB Type B, Reverse, CONN_USB_micro R : .
J400 micro B 1 Receptacle, SMD, RA _ZX62R-BBPA ZX62R-B-5P H11574CT-ND Hirose
RF1, RF2 2x10 SMD 2 | Header, SMD, 1.27 mm, 2x10 HDR2X10 TFM-110-02-SM-D- N/A Contact Samtec Samtec
A-K directly

Alternative: Any
(JP13+JP14), J401 2x2 2 | Header, TH, 2.54 mm, 2x2 HDR2X2 67997-104HLF 609-3225.Np | Similar JP13 and FCl

JP14 share same

component
J402, J601
PORT_1_4, Alternative: An
PORT_2_3, 2%x4 6 Header, TH, 2.54 mm, 2x4 HDR2X4 67997-108HLF 609-3226-ND . - ANy FCI

— similar

PORT_6_8,
PORT_J
ES| 2x8 RA 1 Shrouded Header, TH, 2.54 mm, HDR2X8 SBH11-PBPC-DO08- S9179-ND Sullins Connector

2x8, Right Angled

RA-BK

Solutions
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Table 3. BOM: Main Board (continued)
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQSTURER DIGIKEY PN REMARK MANUFACTURER
. Alternative: Any Sullins Connector
(Jumpers) 1x2 12 | 2-pin Jumper, 2.54 mm N/A QPCO02SXGN-RC S9337-ND similar Solutions
MISCELLANEOUS
BUT TPA511GLFS 1 ge\l’gity Navigation Switch with TPA511GLFS TPA511GLFS 401-1130-1-ND c&K
BUT (Accessory) Y431091000P 1 |Cap for TPA511GLFS N/A Y431091000P 401-1997-ND C&K
MCU_RESET,
S201, S202 B3U-1000P 3 Push Button B3U-1000P B3U-1000P SW1020CT-ND Omron
LCD FH-1152P 1 | Custom 160-segment LCD FH-1152P FH-1152P N/A Provided by Tl ADKOngQer”O”'k
M3 Hex Standoff M3/13 mm 4 M3 13 mm Female, female N/A Harwin Inc 952-1488-ND glrfill'gratlve: Any R30-1011302
M3 Screw
Philips Pan Head ) ) Alternative: Any
M3 Screw M3/6 mm 4 Head Diameter 5 to 6 mm RM3X8MM 2701 335-1149-ND similar M3 Screws APM Hexseal
Thread Length 6 mm
Table 4. BOM: Sensor Board (Two-LC Configuration)
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQSTURER DIGIKEY PN REMARK MANUFACTURER
CAPACITORS
Alternatives:
cic2 220 pF (NPO/COG) | 2 | Chip Capacitor, COG, 50 V, +5% C0402 GRMIS55CIH221 | 494 1993.1-ND | NPO/COG, 10 V, Murata
JA01D
+5% or better
. . Alternatives: X5R,
cs 470 nF 1 | Chip Capacitor, XSR, 10 V, C0402 GRMISSRE1A474 | 490-3264-1-ND | 10 V, +10% or Murata
+10% KE15D
better
INDUCTORS
L1L2 470 uH 2 Radial 11R474C 811-2034-ND Murata
CONNECTORS
8x2 2.54-mm SFH11-PBPC- Sullins Connector
ESI 8x2 1 | Female Socket D08-ST-BK S9196-ND Solution
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Table 5. BOM: Motor Board
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFI/;\,\CITURER DIGIKEY PN REMARK MANUFACTURER
RESISTORS
. . RC0402JR- Alternatives: +5%
R4, R8, R9 100 R 3 | Chip Resistor R0402 0710081 311-100JRCT-ND | CPHE Yageo
. . RC0402JR- Alternatives: +5%
R2, R6 470 R 2 Chip Resistor R0402 07470RL 311-470JRCT-ND or better Yageo
—
R3 1K 1 | Chip Resistor R0402 RC0402JR-071KL | 311-1.0KJRCT-ND /gltﬁngg'r"es' 5% Yageo
ives: +59
R5 2K 1 | Chip Resistor R0402 RC0402JR-072KL | 311-2.0KJRCT-ND Q:tﬁggg'r"es' 5% Yageo
. . RC0402JR- Alternatives: +5%
R1 10K 1 | Chip Resistor R0402 710K 311-10KJRCT-ND | P AT Yageo
. . RC0402JR- Alternatives: +5%
R7 47 K 1 Chip Resistor R0402 0747KL 311-47KJRCT-ND or better Yageo
Alternatives: Same
) . : . type, value
VR1 10 K 1 |10-K POT 3352P-1-103LF | 3352P-103LF-ND | JH& "RER . o Boumns Inc.
K
CAPACITORS
. . Alternatives: X5R,
c4 2200 pF 1| Chip Capacitor, X7R, 100 V, C0402 GRMISSR72A222 | 490.6367-1-ND | 10 V, £10% o Murata
+10% KAO1D
better
. . Alternatives: X5R,
C3, C5, C7, C8, 100 nF ¢ | Chip Capacitor, X7R, 16 V, 0402 GRMLS5R71C104 | 4q0 5561 1ND | 10 V. £100% or Murata
C10 +10% KA88D
better
. . Alternatives: X5R,
cé 470 nF 1 | Chip Capacitor, XSR, 10V, C0402 GRMISSROIA4TA | 490-3264-1-ND | 10 V, £10% or Murata
+10% KE15D
better
Alternatives: X5R,
Cc1,C9 22 uF 2 | Chip Capicitor, X5R, 16 V, £20% C1206 CRMILOROLC220 | 490-4739-1-ND |10V, +10% or Murata
better
DIODES, LEDs
LED1 Red 1 |LED, Red, SMD 603 LTST-C190CKT | 160-1181-1-ND Lite-On Inc
LED_PWR Green LED, Green, SMD 603 LTST-C190GKT | 160-1183-1-ND Lite-On Inc
D1 MBRO520L 0.5-A Schottky Diode, SMD S0OD123 MBRO520L MBRO520LCT-ND Fairchild
ICs, TRANSISTORS
, 20 TSSOP PW(R- | MSP430G2553IP
Ul MSP430G2553 1 | MCU: MSP430G2553 PDS0.G20) W20 296-28430-1-ND Texas Instruments
U3 DRV8837DSG 1 | Low-Voltage H-Bridge Driver DSG(S,;I%\)NSON' DRV8837DSGR | 296-34786-1-ND Texas Instruments
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Table 5. BOM: Motor Board (continued)
DESIGNATOR VALUE QTY DESCRIPTION PACKAGE MANUFQSTURER DIGIKEY PN REMARK MANUFACTURER
U4 QRD1113 1 Reflective Optical Sensor Custom 4L QRD1113 QRD1113-ND Fairchild
. BC817- .
T1 BC817-40L 1 NPN Transistor SOT23 BC817-40L 40LT3GOSCT-ND On Semi
JUMPERS, CONNECTORS, SWITCHES
BUT1, BUT2 SMD push button 6x6 mm B3SL-1002P SW1064CT-ND Omron
POWER 2P2T SMD 2P2T Switch JS202011SCQN 401-2002-1-ND C&K Components
E\AVST—SEL‘ 12C, 3x1 3 3x1 2.54-mm Pin header 68001-103HLF 609-3468-ND FCI
EXT_PWR, SBW 2x1 2 2x1 2.54-mm Pin header 68001-102HLF 609-3506-ND FCI
(Jumpers) 1x2 1 2-pin Jumper, 2.54 mm N/A QPCO02SXGN-RC S9337-ND Sulllgsolﬁ:t(i)g:sctor
MISCELLANEOUS
Motor 1 |Motor PPN7PA12C1 P14355-ND NMB Technologies
Corporation
BAT 2xXAAA 2xXAAA Battery holder 2468 2468K-ND Keystone Electronics
Motor Mount 1 Custom made motor mount N/A N/A N/A
M2 Screw
Philips Pan Head
Head Diameter 3 mm
M2 Screws M2/3 mm 2 Head Height 1 mm N/A
Thread Length 3 mm
Total length 4 mm
M2 Spring
M2 Spring M2/4-mm dia 2 Diameter around 4 mm MLWZ 002 H771-ND B&FSEasltener
Thickness <1 mm pply
M3 Screw
Philips Pan Head
M3 Screw M3/6 mm 5 Head Diameter 5 to 6 mm RM3X8MM 2701 335-1149-ND APM Hexseal
Thread Length 6 mm
M3 1-inch Standoff .
M3 Hex Standoff M3/2.54 cm 4 Female, female R6397-02 952-2177-ND Harwin Inc
M3 Nut
M3 Nuts M3 1 Width around 5 mm N/A

Thickness around 2 mm
(for Mounting Battery Holder)
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8.3 PCB Layouts
To download the layer plots, see the design files at TIDM-LC-WATERMTR.

www.ti.com

8.3.1 Main Board
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Figure 12. Main Board 1
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Figure 14. Main Board 3 Figure 15. Main Board 4
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Figure 16. Main Board 5 Figure 17. Main Board 6
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8.3.2 Sensor Board

LC Sensor Board
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Figure 18. All Layers
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Figure 20. Component Side

Figure 19. Top Silkscreen
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Figure 21. Solder Side
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8.3.3 Motor Board
EXT_PWR @TEXAS O EXT,ED:: 3 2 1 }AD ND i T
N INSTRUMENTS B GND R w INSTRUMENTS
Motor Board %):% Motor Board
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Figure 23. Motor Board 2

Figure 24. Motor Board 3 Figure 25. Motor Board 4
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Figure 26. Motor Board 5
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8.4 Altium Project
To download the Altium project files, see the design files at TIDM-LC-WATERMTR.
8.5 Gerber Files
To download the Gerber files, see the design files at TIDM-LC-WATERMTR.
8.6 Software Files
To download the software files, see the design files at TIDM-LC-WATERMTR.
9 About the Author
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated



	Gas or Water Meter with Two LC Sensors
	1 System Description
	2 Design Features
	2.1 Ultra-Low Power Design
	2.2 Contactless Rotation Detection
	2.3 Two-LC Sensor Board
	2.4 Self-Calibration for Long-Term Operation
	2.5 Full Platform Design with Add-On Module Socket and Flow Emulation by a Motor Board
	2.6 Built-In Debugging Circuit

	3 Block Diagram
	4 Circuit Design
	4.1 Main Board
	4.2 Sensor Board
	4.3 Motor Board

	5 Software Description
	6 Test Setup
	7 Test Results
	8 Design Files
	8.1 Schematics
	8.1.1 Main Board without the Debugging Circuit
	8.1.2 Sensor Board
	8.1.3 Motor Board

	8.2 Bill of Materials
	8.3 PCB Layouts
	8.3.1 Main Board
	8.3.2 Sensor Board
	8.3.3 Motor Board

	8.4 Altium Project
	8.5 Gerber Files
	8.6 Software Files

	9 About the Author

	Important Notice

