LENESAS Application Note

Ultrasonic Sensor Measurement
SLG47910V, SLG46582V

This application note discusses how ForgeFPGA along with Power GreenPAK SLG46582V are used to
assemble a demo board along with an Ultrasonic Senor and a 7-segment display to measure distance and
read them out. A stand-alone demo board is created to demonstrate the ForgeFPGA functionality.

This application note comes complete with a design file which can be found in the Reference section
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1. Terms and Definitions

FPGA Field Programmable Gate Array
GPIO General Purpose Input Output
CSs Chip Select

2. References

For related documents and software, please visit: https://www.renesas.com/ .Download our free
ForgeFPGA™ Workshop software [1] to open the. ffpga design files [2] and view the proposed circuit
design.

[1] ForgeFPGA Workshop Software, Software Download and User Guide

[2] AN-FG-016 Ultrasonic Sensor Measurement.ffpga, ForgeFPGA Design File
[3] SLG47910 Datasheet, Renesas Electronics

[4] SLG46582 Datasheet, Renesas Electronics
[5] Ultrasonic Sensor US-100, https://www.adafruit.com/product/4019
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Ultrasonic Sensor Measurement

3. Introduction

ForgeFPGA Demo Board is designed with ForgeFPGA SLG47910 and an Ultrasonic Sensor US-100. The
board is used to measure the distance between the sensor and an object which it then displays it in cm to
the 4-bit seven-segment display attached to the board.
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Figure 1. ForgeFPGA Demo Board

The board also has Power GreenPAK SLG46582 soldered to it which along with SLG47910 is used to
implement the 3x-rail power sequencer. The results from this power sequencer are displayed to the 3
LEDS (marked as D1-D3 on the board). This demo board is a standalone board which can be operated by
a simple connection through a USB-C wire. Below is the functional block diagram showcasing the
connection between the different elements of the board.
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Figure 2. Functional Block diagram

The 4-bit seven-segment display not only shows the distance between the sensor and the object, but also
displays a specific code if the object is too close or too far. When an object is within 5 cm, the display
shows "CLS," and if the object is more than 3 meters away, the display shows the code "FAR."

The sensor measurement and the power rail LEDs are separate entities and doesn’t depend on each
other. S1 button marked on the board is used the turn ON/OFF the power sequence.

4. Components
e ForgeFPGA Demo Board
o ForgeFPGA Workshop Software
o ForgeFPGA Device SLG47910
o Power GreenPAK SLG46582V
o Ultrasonic Sensor US-100

o 4-bit seven-segment display

5. Verilog Code

Shown below is the main top module of the design. This top module works in coordination with two other
sub modules called customesevenseg.v and threeRailSequencer.v which can be found in the design file
attached to this Application Note.

/I main module

(* top *) module hcsr04_test #( //HEXFORMAT 0 - Decimal Output 1 - Hex Output
parameter HEXFORMAT = 0) (
/I Main inputs
(* iopad_external_pin, clkbuf_inhibit *) input clk,
(* iopad_external_pin *) input nreset,
/I OSC config outputs
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(* iopad_external_pin *) output osc_en,

// Custom 10

(* iopad_external_pin *) input hcEcho, // from the sensor
(* iopad_external_pin *) output hcEcho_oe,

(* iopad_external_pin *) output hcSend,

(* iopad_external_pin *) output hcSend_oe,

(* iopad_external_pin *) output hcSamplingPin,
(* iopad_external_pin *) output tssoA,

(* iopad_external_pin *) output tssoB,

(* iopad_external_pin *) output tssoC,

(* iopad_external_pin *) output tssoD,

(* iopad_external_pin *) output tssoE,

(* iopad_external_pin *) output tssoF,

(* iopad_external_pin *) output tssoG,

(* iopad_external_pin *) output tssoDEC,

(* iopad_external_pin *) output tdig1,

(* iopad_external_pin *) output tdig2,

(* iopad_external_pin *) output tdig3,

(* iopad_external_pin *) input seqUp, // sequence for the LEDs
(* iopad_external_pin *) output seqUp_oe,

(* iopad_external_pin *) output seqr1,

(* iopad_external_pin *) output seqr2,

(* iopad_external_pin *) output seqr3,

(* iopad_external_pin *) output tssOE,

(* iopad_external_pin *) output tdigOE,

(* iopad_external_pin *) output seqUpOE

//OSC

assign osc_en = ;
/IOE

assign hcEcho_oe = ;

assign hcSend_oe = ;

assign seqUp_oe = ;

assign tssOE = ;
assign tdigOE = ;
assign seqUpOE = ;

//Ultrasonic Sensor Interface

reg [14:0] measure = ;
reg [14:0] rangeVal = ;
reg [3:0] hundreds = ;

reg [3:0] tens = ;

reg [3:0] ones = ;

integer pgmCnt = 0;

integer samples = 0;

integer range = 0;

reg usClk = 0;

reg pgmClk = 0;

reg hcOut = 0;

reg sampling = 0;

reg readyToSampling = 0;

reg closeDet = 0;

reg calculateValue = 0;
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assign hcSend = hcOut;
assign hcSamplingPin = sampling;

always @(posedge clk) begin
pgmCnt <= pgmCnt + 1;

if(pgmCnt < ) begin

hcOut <=
end
if(pgmCnt >= ) begin
hcOut <= 0;
readyToSampling <= 1;
end
if(readyToSampling && hcEcho) begin
sampling <= 1;
samples <= samples + 1;
if(samples > ) begin // counts for measure 1 centimeter
measure <= measure + 1;
ones =ones + 1;
if(ones > 9) begin
ones = ;
tens =tens + 1;
if(tens > 9) begin
tens = ;
hundreds = hundreds + 1;
end
end
samples <= 0;
end
end
if(sampling && 'hcEcho) begin
sampling <= 0;
range <= samples;
if(HEXFORMAT) begin
rangeVal <= measure;
end else if (measure < 5) begin // Error code "CLS" if the distance less than 5
centimeter
rangeVal[3:0] <= ; IS
rangeVal[7:4] <= ; /L
rangeVal[11:8] <= ;11 C
end else if (measure > ) begin // Error code "FAR" if the distance more than 3 meter
rangeVal[3:0] <= ; IR
rangeVal[7:4] <= ; ITA
rangeVal[11:8] <= s IIF
end else begin
rangeVal[3:0] <= ones;
rangeVal[7:4] <= tens;
rangeVal[11:8] <= hundreds;
end
samples <= 0;
sampling <= 0;
end
if(pgmCnt > ) begin // Overall program timer. Resets all values every x millisecond
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(5000000 clocks = 100ms)
samples <= 0;
pgmCnt <= 0;
measure <= 0;
ones <= ;
tens <= ;
hundreds <= ;
readyToSampling <= 0;
end
end

/ISeven Segment Display Module
customSevenSeg css1 (clk, rangeVal, tssoA, tssoB, tssoC, tssoD, tssoE, tssoF, tssoG, tssoDEC, tdig1,
tdig2, tdig3);

/[Three Rail Power Sequencer Module
threeRailSequencer trs1 (clk, seqUp, seqr1, seqr2, seqr3);

endmodule

6. Power GreenPAK SLG46582

Below is the circuit implemented on the Power GreenPAK for power sequencing.

PIN 6 in the above circuit is the S1 button on the demo board that is used to turn the sequencer ON or
OFF. The circuit above provides the PWR ON for three rail power sequencing (PIN5). This circuit is also
used to provide trigger to the Ultrasonic Sensor US-100 and also receives the ECHO back from it through
PIN3 and PIN4 respectively.

hcSend_HV_TX
o g—
bt o

heEcho LV _RX 013 heEche_HV_RX
o—innE— «—j—

MODE_BTN_IN GPIO15/MODE

boscocLK /12 Y - P
B 28 cuyDLY0 el DFF S fag : o

MODE_LED
o« .

Figure 3. SLG46582 Circuit
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7. Floorplan: CLB Utilization

The Floor planner tab in the FPGA Editor shows the placement of CLBs and FFs (Figure 4). The resource
utilization is shown in the top left corner.

Besowces Report ¥ mainy* ¥ v v v 42 1/0 Planner ) Timing Analysis £ Floorplan
CLBs total: 189/148
10Bs total: 18/184 I
CLB LUTs:  503/1120 -
CLB FFs: 19971120 -
I0B FFs: 16/736 =
Input pins: 2/368 —
Output pins:  23/368
Sources

~ [ Project
~ [ Source Code
~ [ Custom Code
¥ mainy
¥ customSevenSeqy
¥ threeRailSequencery

Figure4. Floorplan
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8. Schematics
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From the schematic above we can observe the different elements used in the Demo Board. It explains the
pinout for each element used and also how it connected to each other including the 3 LEDs.

9. Design Steps
1.

ForgeFPGA Workshop software will load.

Launch the latest version of the Go Configure Software Hub. Select the SLG47910V device and the

Download the design example AN-FG-016 Ultrasonic Sensor Measurement.ffpga. If you are not familiar

with the ForgeFPGA Workshop software, review the Four-Bit Counter application notes that cover the

basic design steps.

Open the AN-FG-016 Ultrasonic Sensor Measurement.ffpga file after downloading.
Open the FPGA editor and review the Verilog code. There is a main code with the module name hcsr04

which is the top module defining the whole design. This code has 2 submodules called
customSevenSeg.v and threeRailSequencer.v

system via a USB-C wire.

Open the 10 planner tab on the FPGA editor and review the pin assignment.
Once the user has familiarized themselves with the code, connect the provided demo board to the
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7. Once connected, the board is ready to use. Select an object from which you need to measure the
distance.

8. The onboard Ultrasonic Sensor US-100 will calculate the distance and display it in cm on the 4-bit Seven-
Segment display.

9. If the object is too far (more than 3m) then it will display the code FAR on the seven-segment display
and if the object is too close, then it will display the code CLS.

10. The user can also observe three LEDs on the board which represent the three rail sequences. The rail
sequences are set in the Verilog code which is also programmed in the IC on board.

10. Conclusion

This application note shows how to use the ForgeFPGA demo board to measure the distance between 2
objects using the Ultrasonic Sensor. The demo board also displays three different rail sequences and
displays how two independent functionalities can be implemented on the same board using one single
ForgeFPGA SLG47910. The design file is available for download (AN-FG-016 Ultrasonic Sensor
Measurement.ffpga). If interested, please contact the ForgeFPGA Business Support Team.
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11. Revision History

Revision Date Description
1.00 August 6, | Initial release
2024
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.
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