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Abstract

A small, simple and low-cost water flow meter is designed, built and tested using a Programmable
Mixed-signal Matrix, and can be used for a wide range of turbine flow meters.

This application note comes complete with design files which can be found in the References
section.
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1 Terms and Definitions

ASIC Application-specific integrated circuit
GPIO General-purpose input/output

LSB Least significant bit

PCB Printed circuit board

PWM Pulse width modulation

2 References
For related documents and software, please visit:
GreenPAK™ Programmable Mixed-Signal Products | Renesas

Download our free GreenPAK™ Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools [3] to freeze the design into your own
customized IC in a matter of minutes. Renesas Electronics provides a complete library of application
notes [3] featuring design examples as well as explanations of features and blocks within the IC.

[1] GreenPAK Designer Software, Software Download and User Guide, Renesas Electronics

[2] AN-CM-230 Water Flow Meter.gp, GreenPAK Design File, Renesas Electronics

[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage, Renesas Electronics
[4] GreenPAK Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics

[5] SLG46533, Datasheet, Renesas Electronics

[6] AN-1178, "Practical Use of GreenPAK Pulse Counter - Frequency Counter, Thermometer,
Voltmeter" Application Note, Renesas Electronics

[71 R.KNOERR, Débitmetre a affichage numérique, French Magazine "Electronique Pratique,
ISSUE 3645, OCT-20011

[8] YF-S201 Water Flow Sensor datasheet
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https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/eu/en/document/scd/cm-230-gp-file
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-development-process
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-applications
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3 Introduction

An accurate, small, and low-cost liquid flow meter can be easily made using GreenPAK components.
In this application note we present a water flow meter that continuously measures the water flow and
displays it on three 7-segment displays. The flow sensor measurement range is from 1 to 30 liters
per minute. The output of the sensor is a digital PWM signal with a frequency proportional to the
water flow rate.

Three GreenPAK Programmable Mixed-Signal Matrix SLG46533 ASICs count the number of pulses
within a base time T. This base time is calculated such that the number of pulses is equal to the flow
rate in that period, then this calculated number is displayed on the 7-segment displays. The
resolution is 0.1 liters/min.

The output of the sensor is connected to a digital input with Schmitt trigger of a first Mixed-signal
Matrix that counts the fractional number. The chips are cascaded together via a digital output, which
is connected to a digital input of a proceeding Mixed-signal Matrix. Each device is connected to a 7-
segment common cathode display through 7 outputs.

Using a GreenPAK Programmable Mixed-signal Matrix is preferable to many other solutions such as
microcontrollers and discrete components. Compared to a microcontroller, a GreenPAK is lower cost,
smaller, and easier to program. Compared to a discrete logic integrated circuits design, it is also
lower cost, easier to build, and smaller.

To make this solution commercially viable, the system must be as small as possible and be enclosed
inside a waterproof, hard enclosure to be resistant to water, dust, steam, and other factors so that it
may operate in various conditions.

To test the design a simple PCB was built. The GreenPAK devices are plugged on this PCB using 20
pins double rows female header connectors.

Tests are made first time using pulses generated by an Arduino and in a second time water flow rate
of a home water source was measured. The system has shown an accuracy of 99%.

4  Overall Description of the System

One of the most common ways to measure liquid flow rate is exactly like the principle of measuring
the speed of wind by an anemometer: the speed of wind is proportional to the rotation speed of the
anemometer. The main part of this type of flow sensor is a sort of a pinwheel, whose speed is
proportional to the liquid flow rate passing through it.

We used the water flow sensor YF-S201 from the firm URUK shown in Figure 1. In this sensor, a Hall
Effect sensor mounted on the pinwheel outputs a pulse with every revolution. The output signal
frequency is given by the relation: f,yr = 7.5 X Q, where Q is water flow rate in liters/minute.

Connections :
Red : 5-24VDC power
Black : Ground

Figure 1: The Used Flow Meter

For example, if the measured flow rate is 1 liter/minute the output signal frequency is 7.5 Hz. In order
to display the real value of the flow in the format 1.0 liter/minute, we have to count pulses for a time
of 1.333 seconds. In the 1.0 liter/minute example, the counted result will be 10, which will be
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displayed as 01.0 on the seven-segment displays. Two tasks are addressed in this application: the
first is counting pulses and the second is displaying the number when counting task is complete.
Each task lasts 1.333 seconds.

5 GreenPAK Designer Implementation

The SLG46533 has many versatile combination function macrocells and they can be configured as
Look up Tables, counters or D-Flip-Flops. This modularity is what makes GreenPAK suitable for the
application.

The program has 3 stages: stage (1) generates a periodic digital signal to switch between the 2 tasks
of the system, stage (2) counts flow sensor pulses and stage (3) displays the fractional number.

5.1 Stage 1: Counting/Displaying Switching

A digital output “COUNT/DISP-OUT” that changes the state between high and low every 1.333
seconds is required. When high, the system counts pulses and when low it displays the counted
result. This can be achieved using DFFO, CNT1 and OSCO wired like shown in Figure 2.

The frequency of OSCO is 25 kHz. CNT1/DLY1/FSML1 is configured as a counter, and its clock input
is connected to CLK/4 so that CNT1’s input clock frequency is 6.25 kHz. For the first clock period that
lasts: 6251kHZ = 160 us, CNT1 output is high and from the next clock’s signal rising edge, counter

output is low and CNT1 starts decrementing from 8332. When CNT1 data reaches 0, a new pulse on
CNT1 output is generated. On each rising edge of CNT1 output, DFFO output changes the state, if
low it switches to high and vice versa.

DFFQ’s output polarity should be configured as inverted. CNT1 is set to 8332 because count/display
time T is:

T = (8332 + 1) x 160 us = 1.333 seconds.

COUNT /DISP-OUT

B - : £

[l }
CNTT | | | | | 1|l | cocmoceeee T T LT cmmceeaaa. (|
CLK IN P
. ! - 4
CNTY 0 18332) 8331) 8330 -~ -----~- {1 1 0 18332/8331:8330 - -------- {1 1 0 (83328331 8330 8330
DATA : : : : : : ! : : : : ' ' : : |
CNT1
out | | i i by .
DFFO
ouT
|
Q‘ —————————————————
it <
1.333 SECONDS - PULSE COUNT TIME i 1.333 SECONDS - DISPLAY TIME 1

Figure 3: Generating a Periodic Signal to Switch Between Counting Pulses and Displaying
Tasks
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5.2 Stage 2: Counting Input Pulses

A 4-bit counter is made using DFF3/4/5/6, as shown in Figure 4. This counter increments on each
pulse only when “COUNT/DISP-IN”, which is PIN 9, is high. The AND gate 2-L2 inputs are
"COUNT/DISP-IN" and the PWM input. The counter is reset when it reaches 10 or when the
counting phase starts. The 4-bit counter is reset when DFFs RESET pins, which are connected to the
same network “RESET”, are low.

4-bit LUT2 is used to reset the counter when it reaches 10. Since DFF outputs are inverted, numbers
are defined by inverting all the bits of their binary representations: swapping 0s for 1s and vice versa.
This representation is called 1’s complement of binary number. 4-bit LUT2 inputs INO, IN1, IN2 and
IN3 are connected to a0, al, a2, a3 and a3 respectively. The truth table for 4-LUT2 is shown in
Table 1.

When 10 pulses are registered, the output of 4-LUTO switches from high to low. At this point the
output of CNT6/DLY®6, configured to work in one shot mode, switches to low for a period of 90 ns
then turns on again. Likewise, when “COUNT/DISP-IN" switches from low to high, that is. the system
starts counting pulses. The output of CNT5/DLY5, configured to work in one shot mode, switches too
low for a period of 90 ns then turns on again. It is crucial to maintain the RESET button at a low level
for a while and turn it on again using CNT5 and CNT6 to give time for all DFFs to reset. A delay of
90 ns has no impact on the system accuracy since the maximum frequency of the PWM signal is
225 Hz. CNT5 and CNT6 outputs are connected to inputs of the AND gate that outputs the RESET
signal.

The output of 4-LUT2 is also connected to Pin 4, labeled "F/10-OUT", which will be connected to the
PWM input of the next chip’s counting stage. For example, if "PWM-IN" of the fractional counting
device is connected to the PWM output of the sensor, and its "F/10-OUT" is connected to the "PWM-
IN" of the units counting device and the "F/10-OUT" of the latter is connected to the "PWM-IN" of the
tens counting device and so on. "COUNT/DISP-IN" of all these stages should be connected to the
same "COUNT/DISP-OUT" of any of the 3 devices for the fractional counting device.

Figure 5 Explains in detail how this stage works by showing how to measure a flow rate of 1.5
liters/minute.

COUNT/DISP-IN
o

PWM-IN

Figure 4: Counting Pulses Stage
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Table 1: 4-bit LUT2

Dec/Hex 4-bits Binary 4-bits LUT2
Format | Representation LUT-IN3=a3 | LUT-IN2=a2 | LUT-IN1=al |LUT-INO=a0 | OUT
0 o|lo0|o0]|oO 1 1 1 1 1
1 o|lo0]o0]1 1 1 1 0 1
2 o|lo|1]o0 1 1 0 1 1
3 0o|o0]1]1 1 1 0 0 1
4 o|1]0]0 1 0 1 1 1
5 o|l1]0]1 1 0 1 0 1
6 o|1]1]0 1 0 0 1 1
7 o |1]1]1 1 0 0 0 1
8 1/0/|0]oO0 0 1 1 1 1
9 1/0[0]1 0 1 1 0 1
10 1/0|1]0 0 1 0 1 0
A 1]0|1]1 0 1 0 0 1
B 1/1|l01]0 0 0 1 1 1
C 1 (1011 0 0 1 0 1
D 1 /1|10 0 0 0 1 1
E 1 ]1 111 0 0 0 0 1
1.333 SECONDS - PULSE COUNTING 1.333 SECONDS - DISPLAY
counT/DISe
FRACT NBR EDI1I2 3‘4I5I6? 8I9§01 2 3 455 5 :E[I)1'2I3
UNIT NBR D 0 00O0OOOT OO 111 1 11 1*00 0 0
RESET
RESET AT LOW RESET AT LOW RESET AT LOW

Figure 5: Example of Counting Pulses for a Flow Rate of 1.5 liters / minutes

5.3 Stage 3: Displaying Measured Value

This stage has as inputs: a0, al, a2 and a3 (reversed), and will output to the pins connected to the 7-
segment display. Each segment has a logical function to be made by available LUTs. 4-bit LUTs can
do the job very easily but unfortunately only 1 is available. 4-bit LUTO is used for segment G, but for
the other segments we used a pair of 3-bits LUTs as shown in Figure 6. The leftmost 3-bit LUTs have
a2/al/a0 connected to their inputs, while the rightmost 3-bit LUTs have a3 connected to their inputs.

All look up tables can be deduced from the 7-segment decoder truth table shown in Table 2. They
are presented in Table 3, Table 4, Table 5, Table 6, Table 7, Table 8, Table 9.
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Control pins of GPIOs that control the 7-segment display are connected to "COUNT/DISP-IN"
through an inverter as outputs when "COUNT/DISP-IN" is low, which means the display is changed
only during the display task. Therefore, during the counting task, displays are OFF and during
displaying task they display the counted pulses.

A decimal point indicator may be needed somewhere within the 7-segment display. For this reason,
PIN5, labeled "DP-OUT", is connected to the reversed "COUNT/DISP" network and we connect it to
the DP of the corresponding display. In our application we need to display the decimal point of the
units counting device to show numbers in the format "xx.x", then we will connect "DP-OUT" of the
unit counting device to the DP input of the unit's 7-segment display and we leave the others
unconnected.

DP-OUT

A

Figure 6: Displaying Stage
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Table 2: Binary to 7-Segment Decoder Truth Table

Nbr in e e State of Display's Segments as Function of Numbers
DEC Representation
R a3 a2 a2 a0 A B c D E F G
0 1 1 1 1 1 1 1 1 1 1 0
1 1 1 1 0 0 1 1 0 0 0 0
2 1 1 0 1 1 1 0 1 1 0 1
3 1 1 0 0 1 1 1 1 0 0 1
4 1 0 1 1 0 1 1 0 0 1 1
5 1 0 1 0 1 0 1 1 0 1 1
6 1 0 0 1 1 0 1 1 1 1 1
7 1 0 0 0 1 1 1 0 0 0 0
8 0 1 1 1 1 1 1 1 1 1 1
9 0 1 1 0 1 1 1 1 0 1 1
7-segment .
smiv 3 O 0O 0O O
,[ : ]b U O O 0 L)
L0 a 000
= 0D 0 0 0 O
Table 3: A-Segment LUTs
LUT12 LUT13
a2/IN2 al/IN1 a0/INO LUT4 OUT a3/INO LUT4 OUT/IN1 PIN7/ 7SEG-A
1 1 1 1 0 0 1
1 1 0 0 0 1 0
1 0 1 1 1 0 1
1 0 0 1 1 1 1
0 1 1 0
0 1 0 1
0 0 1 1
0 0 0 1
Table 4: B-Segment LUTs
LUT12 LUT13
a2/IN2 al/IN1 a0/INO LSEJT'.Z a3/IN1 LUT12 OUT/INO PINlO/B7SEG-
1 1 1 1 0 0 0
1 1 0 1 0 1 1
Application Note Revision 1.0 07-Mar-2018
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LUT12 LUT13
1 0 1 1 1 0 0
1 0 0 1 1 1 1
0 1 1 1
0 1 0 0
0 0 1 0
0 0 0 1
Table 5: C-Segment LUTs
LUT12 LUT13
a2/IN2 al/IN1 a0/INO LuUT14 a3/IN1 LUT14 OUT/INO PIN13/ 7SEG-
ouT C
1 1 1 1 0 0
1 1 0 1 0 1 1
1 0 1 0 1 0 0
1 0 0 1 1 1 1
0 1 1 1
0 1 0 1
0 0 1 1
0 0 0 1
Table 6: D-Segment LUTs
LUT12 LUT13
a2/IN2 al/INL a0/INO LUT16 a3/INL LUT16 OUT/ING | "IN14/ 7SEG-
ouT D
1 1 1 1 0 0 1
1 1 0 0 0 1 1
1 0 1 1 1 0 0
1 0 0 1 1 1 1
0 1 1 0
0 1 0 1
0 0 1 1
0 0 0 0
Application Note Revision 1.0 07-Mar-2018
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Table 7: E-Segment LUTs

LUT12 LUT13
a2/IN2 al/IN1 a0/INO LUTS OUT a3/IN1 LUT5 OUT/INO PINlG/E7SEG-
1 1 1 1 0 0 0
1 1 0 0 0 1 1
1 0 1 1 1 0 0
1 0 0 0 1 1 1
0 1 1 0
0 1 0 0
0 0 1 1
0 0 0 0
Table 8: F-Segment LUTs
LUT12 LUT13
a2/IN2 al/IN1 a0/INO LUT7 OUT a3/IN1 LUT5 OUT/INO PINlS/F7SEG_
1 1 1 1 0 0 1
1 1 0 0 0 1 1
1 0 1 0 1 0 0
1 0 0 0 1 1 1
0 1 1 1
0 1 0 1
0 0 1 1
0 0 0 0
Table 9: G-Segment LUTs
LUTO
a3 a2 al a0 PIN-18/ 7-SEG-G
1 1 1 1 0
1 1 1 0 0
1 1 0 1 1
1 1 0 0 1
1 0 1 1 1
1 0 1 0 1
1 0 0 1 1
1 0 0 0 0
0 1 1 1 1
Application Note Revision 1.0 07-Mar-2018
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LUTO

6 Hardware Implementation

Figure 7 shows the interconnection between the 3 GreenPAK chips and connections of each chip to
its corresponding display. The decimal point output of the GreenPAK is connected the DP input of
the 7-segment display to show flow rate in its correct format, with a resolution of 0.1 liters / minute.
The PWM input of the LSB chip is connected to the PWM output of the waterflow sensor. The F/10
outputs of the circuits are connected to the PWM inputs of the following chip. For sensors with higher
flow rates and/or greater accuracy, more chips can be cascaded to append more digits.
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Figure 7: Overall System Diagram
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7 Results

To test the system, we built a simple PCB which has connectors to plug in GreenPAK sockets using
20 pin double-row female headers. The schematic and layout of this PCB as well as photos are
presented in the Appendix.

The system was tested first with an Arduino that simulates a flow rate sensor and a water source with
a constant, known flow rate by generating pulses at 225 Hz which corresponds to a flow rate of 30
liters/minute respectively. Obtained results are like shown in Figure 8: 29.7 liters/minute, error is
about 1 %.

A Second test is made with the water flow rate sensor and a home water source. Measurement at
different flow rates are presented in Figure 9.

Figure 8: Result Obtained by Testing Using Arduino

Figure 9: Tests with Water Flow Sensor and Home Water Source at Two Different Flow Rates

8 Conclusion

This app note demonstrates how to build a small, low cost, and accurate flow meter using a
GreenPAK SLG46533. Thanks to GreenPAK, this design is smaller, simpler, and easier to create
than comparable solutions.

Our system can measure a flow rate up to 30 liters / minute with a resolution of 0.1 liters, but we can
use more GreenPAKs to measure higher flow rates with higher accuracy depending on the flow
sensor. A GreenPAK-based system can work with a wide range of turbine flow meters.

The suggested solution was designed to measure the flow rate of water, but it can be adapted to be
used with any sensor that outputs a PWM signal, like a gas flow rate sensor.
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Appendix A Schematic of the Testing PCB
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Appendix B Layout of the Testing PCB
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Appendix C Testing PCB Photos

Input signal can be from a 9 V battery and it will be converted to 5 V using a 5 V regulator LM7805.
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