RENESAS

Introduction

This application note shows how a LCD display
can be controlled via an Android application using
Bluetooth. The SLG46620V GreenPAK4 IC has
been used as the main controller for the project.

Following is a list (along with brief details) of the
components/modules used in the project:

1. LCD 16X2 character display
2. SLG46620V GreenPAK4 IC
3. HC-06 Bluetooth

4. The Android application

LCD Character Display

The liquid crystal chosen for the project has a
16x2 (16 columns and 2 rows) display. The LCD,
as shown below, has 16 pins; we have also
described the use of each below.

R/W:

When this signal is '1' = Data is to be read from
the LCD RAM

When this signal is '0' = Data is written on the
LCD RAM.

‘Enable’ is basically a Latch signal. First, you have
to send '1’, followed by the '0' signal (after
specific delay) to latch the data.

Register Select Control signal:

When this signal is '1' = It accepts data i.e. to be
displayed

When this signal is '0' = It accepts instructions for
the LCD (setting fonts, cursor positions etc.).

The DO to D7 pins constitute an 8-bit Data bus. It
is used to send both data as well as Instructions
to the LCD based upon the control signals.

Backlight + and Backlight GND: Turns the
backlight of the LCD ON for visibility.
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VEE: is a contrast voltage. Using a potentiometer,
you can adjust the contrast of the LCD.

The greater the voltage, the more contrast you
get and vice versa (voltage should never exceed
VCC = +5 volts).
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Figure 1. LCD Display

This LCD has 2 lines and can write maximum 16
characters per line.

SLG46620V GreenPAKA4 IC

The SLG46620V is the first member of the 4th
generation of GreenPAK products. It combines the
best analog and digital resources from previous
generations with expanded functionality and
improved accuracy. The chip is available in a tiny
2.0 x 3.0 x 0.55 mm 20-pin STQFN package.

s

Figure 2. SLG46620V GreenPAK4 IC
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Code (Hex) Instruction
1 Clear display screen
2 Return home
4 Decrement cursor (shift cursor to left)
6 Increment cursor (shift cursor to right)
5 Shift display right
7 Shift display left
8 Display off, cursor off
A Display off, cursor on
C Display on, cursor off
E Display on, cursor blinking
F Display on, cursor blinking
10 Shift cursor position to left
14 Shift cursor position to right
18 Shift the entire display to the left
1C Shift the entire display to the right
80 Force cursor to beginning of 1st line
co Force cursor to beginning of 2nd line
90 Force cursor to beginning of 3rd line
DO Force cursor to beginning of 4th line
38 2 lines and 5x7 matrix (8-bit mode)
28 2 lines and 5x7 matrix (4-bit mode)
n Next line
t Tab

Table 1. 16 x 2 LCD Commands

© 2022 Renesas Electronics Corporation Page 2 of 7



RENESAS

HC-06 Bluetooth

Bluetooth is a wireless technology standard used
to exchange data over short distances from fixed
and mobile devices. It can also be used to build
personal area networks (PANs). Range of a
Bluetooth module is approximately 10 Meters. The
Bluetooth is interfaced with the IC via the UART
interface. As no data is being sent back to the
LCD, only the TX and the GND pins are connected
with the IC. A separate power supply is connected
to the VCC.
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Figure 3. HC-06 Bluetooth

Android controlled LCD Display

Android Application

A custom Android application is developed for the
JHD162A 16x2 LCD display. It connects with the

server Bluetooth (HC-06) as a client. Main
features of this application are as follows:
e Bluetooth client application; turns on

Bluetooth on application startup
e Send ASCII
e Send HEX

e Adjustable delay in between every byte
sent

o Custom initialization sequence for the LCD

The application is built using the Object Oriented
programming principles.

Application Screenshots and use
cases.
There are 2 screens in the application: Home

Screen and the terminal. Both of the entities are
shown in Fig. 5 & Fig. 6.

Start bit Word data Parity Stop bit

logic 0 | bit logic1
o | foptinal) |

START gt} D1 D2 D3 D4 DS D6 D7 PB m_

[

Start by Incoming data sampled at the bit-pulse center Sample
detecting stop bit
transition

from logic 1
to logic 0

Figure 4. HC-06 Data Frame
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1. First of all, the user needs to press the © = alll 54% @ 00:07
INITIALIZE button to send an initialization
sequence before sending any data. This s
required by the LCD as it needs to be initialized Delay(ms) 396

with a specific sequence/commands first. Without —_—
the initialization, the LCD will not function I Estian dataircking
properly. If the entered initialization sequence on gBuibee UF

. . Paired Devices
the home screen was not the valid hexadecimal s eves
Bilal Qamar (Galaxy J1

data, the application will give an error and won't 54:40:AD:24:FA'-BE
send any data. In such a case, the user needs to 223;31:70:8()&
press DISCONNECT and change the initialization o6

sequence to a valid hexadecimal format (or enter 98:D3:32:70:.70:AB
the initialization sequence manually and send it HUAWE| CUN-U29

60:83:34:21:11:9B
by pressing the HEX pushbutton).

PAIRED DEVICES
2. Enter text in the text box available on the

screen. The user has two options to send the
data. If the user presses the ASCII button, the
application will send data as it is, with

propagation delays as selected in the previous m

screen.

Figure 5. Home Screen
3. If the user presses the HEX button, the
application will check whether the user has © 2 alll 54% | 00:06

entered the data in valid hexadecimal format. If
yves, then the application will similarly send the
data with propagation delays. (Check appendix for Send Text
hex format for this application.)

Terminal

4. User should be able to disconnect from the
connected device by pressing the DISCONNECT ASCIl HEX
button. History

GreenPAK Designer Circuit

GreenPAK designer was used to design the circuit
for the LCD. With the objective of zero code for
LCD driving, the LCD must be driven from the IC.
The GreenPAK IC had to be intelligently
configured to drive the LCD. The GreenPAK
designer divides the IC into 2 matrices; 0 and 1. DISCONNECT INITIALIZE

Following is a detail of the designed circuit.

Figure 6. Terminal Screen
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Figure 7. Matrix O

The first matrix receives the data from the
Bluetooth device via the UART protocol. The Tx
pin of the Bluetooth is connected to the PIN 10 of
the GreenPAK IC. The data received via Bluetooth
is 8-bit with an additional start and stop bit. A
counter is deployed which increments with the
incoming bits.

A SPI block is used to receive data via Bluetooth.
As the SPI protocol is different from UART, slight
modifications help us to receive the incoming data
from the Bluetooth module.

PIN 9 is attached to the enable pin of the LCD.
The enable is by default always high and
momentarily goes to zero when the data needs to
be latched onto the LCD.

The CNT/DLYO (which is being used as the delay
when the enable is active low) is configurable.

The LCD requires an active low signal of at least
30-60ms according to the datasheet. However,
maximum delay values are used in order to make
sure that no data gets lost, as the application is
not time critical.

Matrix 1 shows the SPI block (which receives the
data via Bluetooth) directly connected to the 8-bit
data bus from DO to D7. The data bus pins are in
turn connected to the pins from 20 to 13, as
shown in Table 2.
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WS Ctri/14-bit CNTO/DLYO For RS and R/W of the LCD, 4-bit and 3-bit LUTs
Type: pp—— . have been used, to differentiate between the
control and the data commands.
e Delay - The RS control pin is connected to PIN 12 of the
GreenPAK IC while the R/W pin is connected to
Counter data: 16383 e

e PIN 3 (in matrix 0). As the communication is half
Delay time e U duplex i.e. the LCD is receiving commands via

(tvpical): — Bluetooth and the IC but no data/information is
o e = sent back to the Android app; the R/W is always
Counter value o . .

control: fone active low (write mode).

DFF bypass ~

enable: -

Figure 8. CNT/DLYO properties
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Figure 9. Matrix 1

© 2022 Renesas Electronics Corporation Page 6 of 7



RENESAS Android controlled LCD Display
- 0____00000000__]

The RS, R/W and EN pins of the LCD each require Conclusion
a pull-up resistor while the data bus pins are

connected directly via the GreenPAK IC pins to In this applicatiop example, data sent to the
the LCD. SLG46620V IC via the Bluetooth module was

displayed on the LCD. The GreenPAK IC worked
effectively for the task at hand. The Android app
is designed to ensure that the IC is able to
configure any other LCD, which may have a
different initialization sequence. The GreenPAK IC
provides developers ease in transforming their
ideas to products; without the hassle of coding!

PIN Number Data bit
20 DO
19 D1
& 18 D2
|
S 17 D3
[a0]
2 16 D4
15 D5
14 D6
13 D7

Table 2. Data PINs
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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.

(Disclaimer Rev.1.01 Jan 2024)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.
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