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Segment LCD drive using PSOC™ Automotive 4

About this document
Scope and purpose

This document demonstrates how easy it is to drive segment LCD glass using the integrated LCD driver in
Automotive PSOC™ 4. Automotive PSOC™ 4 offers multiple LCD drive modes, very low power consumption, and
provides a complete user interface and system solution. Using example projects, this application note explains
low-power LCD design and a user interface solution that includes CAPSENSE™.

Intended audience

This application note is intended for engineers who want to use Seven segment LCD for their application and
those with experience in working with Automotive PSOC™ 4 microcontroller and ModusToolbox™ IDE.
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1 Introduction

1 Introduction

Most low-power portable hand-held devices such as glucose meters, multimeters, and blood pressure monitors
use a segment LCD to display information. Segment LCDs require an external driver to interface with a
microcontroller. Automotive PSOC™ 4 implements an integrated low-power LCD driver that can directly drive
segment LCD glass.

Automotive PSOC™ 4 is a true programmable embedded system-on-chip integrating configurable analog and
digital peripheral functions, capacitive touch sensing, memory, and a 32-bit Arm” Cortex” -M0 microcontroller
on a single chip. Automotive PSOC™ 4 accelerates time-to-market, integrates critical system functions, and
reduces overall system cost. The capacitive touch sensing capability of Automotive PSOC™ 4 (CAPSENSE™),
together with LCD drive allows you to implement an entire user interface solution using only PSOC™ Automotive
4, PSOC™ Automotive 4 has flexible low-power modes to reduce overall power consumption. For example, the
segment LCD current consumption is as low as 3.1 pA when PSOC™ is in its Deep Sleep low-power mode. The
ModusToolbox™ IDE provides a Segment LCD Configurator that makes it easy to use different types of segment
LCD modules with Automotive PSOC™ 4.

This application note explains the features offered by Automotive PSOC™ 4’s segment LCD drive, shows best
practices for low-power LCD design and demonstrates user interface solutions with the help of example
projects.

+ Ifyou are new to Automotive PSOC™ 4, refer to AN79953, Getting Started with PSOC™ Automotive 4

+ Ifyou are new to ModusToolbox™, see the ModusToolbox™ home page

« Ifyou are new to Automotive PSOC™ 4 power modes, refer to AN86233, Automotive PSOC™ 4 low-power
modes and power reduction techniques
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2 PSOC™ resources

Infineon provides a wealth of data at www.infineon.com to help you to select the right PSOC™ Automotive

device for your design, and to help you to quickly and effectively integrate the device into your design. Here is

an abbreviated list for Automotive PSOC™ 4:

1. Overview: PSOC™ Automotive portfolio, PSOC™ Automotive roadmap

2. Product selectors: PSOC™ 1, PSOC™ 3, Automotive PSOC™ 4, or PSOC™ 5LP. In Addition, ModusToolbox™
includes a device selection option

3. Datasheets describe and provide electrical specifications for the Automotive PSOC™4 device families

4, CAPSENSE™ design guide: Learn how to design capacitive touch-sensing applications with the
Automotive PSOC™ 4 family of devices

5. Application notes and code examples cover a broad range of topics, from basic to advanced level. Many
of the application notes include code examples. ModusToolbox™ provides additional code examples -
see Code examples

6. Technical Reference Manuals provide detailed descriptions of the architecture and registers in each
Automotive PSOC™4 device family

7. Development Kits:
«  CY8CKIT-040, CYSCKIT-042, CYS8CKIT-044, and CY8CKIT-046 are Automotive PSOC™4 Pioneer Kits

are easy to use and inexpensive development platforms. These kits include connectors for Arduino-
compatible shields and Digilent Pmod™ daughter cards

+  CY8CKIT-049, CYSCKIT-043, CY8CKIT-149 and CY8CKIT-041S-MAX are very low cost prototyping
platforms for sampling Automotive PSOC™4 devices

«  CY8CKIT-001 is a common development platform for all Automotive PSOC™ family devices
8. The MiniProg3 device provides an interface for flash programming and debug

2.1 ModusToolbox™

ModusToolbox™is a free Windows-based Integrated Design Environment (IDE). It enables concurrent hardware
and firmware design of systems based on PSOC™ 3, Automotive PSOC™™ 4, and PSOC™ 5LP. See Figure 1 - with
ModusToolbox™, you can:

1. Configure components using configuration tools

2 Add and manage middleware and libraries using the Library Manager

3. Review component datasheets directly within the IDE

4 Co-design your application firmware with the Automotive PSOC™ hardware
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Figure 1 ModusToolBox™ features

2.2 Code examples

ModusToolbox™ includes a large number of code example projects . Example projects can speed up your design
process by starting you off with a complete design, instead of a blank page. The example projects also show

how ModusToolbox™ components can be used for various applications. Code examples are included, as Figure 3
shows.

Steps on how to open code examples in ModusToolbox™:
There are two main ways to open examples:
1. Go to File > New > ModusToolbox™ New Application
+  This opens the Project Creation Wizard
2, Select your target development kit (e.g., CYS8CKIT -041S-MAX) as Figure 2 shows
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infineon

21 Choose Board Support Package (BSP) - Project Creator 2.40
Settings  Help

Source Template

PSOCA-GENERIC CYBCA548AZI-5485 <none>
RDK4 CYBCA149AZE-5598 <none>
PSOC™ 6 BSPs
> PSOC™ Control BSPs
Reference Design BSPs

Finished loading the manifest data (3361 ms)
0 error(s), 0 waming(s)

Summary:

BSP: CYBCKIT-0415-MAX

Press “Next" to select application.

* Quick Start Guide

Create from MPN... Browse for BSP.. [=] [ CYBCKIT-041S-MAX
Kit Name : MCU/SOC/SIP Connectivity The PSOC™ 41005 Max Pioneer Kit enables you to evaluate and develop with
AIROC™ Bluetooth® BSPs Cypress's fifth-generation, low-power CAPSENSE™ salution sing the PSOC™ 41005
> AIROC™ Connectivity BSPs Max device.
> PMG BSPs
Kit Featy
PSOC™ 4 85Ps shicnt
CYBCKIT-040T CYBCA046LQ1-T452 <none> * World's Most Reliable, Lowest Power CAPSENSE™ Solution
CYBCKIT-041-410K CYBCAT46AZI-S433  <none> »On-board Programmer and Debugger
CYBCKIT-0415-MAX CYBCA149A71-5598 <none> + Ready-to-Use CAPSENSE™ Buttons
CYBCKIT-0455 CYBCAS4BAZI-SAB5  <none> . s‘l‘ﬂgy':D'g“ Ei:éixgi ;’:‘“Pad
eady-to-Use ider
CYBCKIT-145-40XX CYBCA045AZ1-5413 <none>
» Ready-to-Use CAPSENSE™ Proximity
CYBCKIT-149 CYBCA14TAZI-SATS <none> e Theruitor
CYBCPROTO-040T CYBCA46LQITAS2  <none>
CYBCPROTO-040T-MS CYBCA046LOITAS2  <none> Kit Contents:
C:{TEEFROLD);”‘:;T: - CYK:::;A‘ZQ":“? henes » CYBCKIT-0415-Max PSOC™ 41005 Max Pioneer Board
KIT_PSOCA-HVMS-128K LITE  CYBCA147LWE-HVS135X <none> = CYSCKIT-0415-Max Capacitive Sensing Expansion Board
KIT_PSOCA-HYMS-128K_LITE-02 CYBCATATLWE-HVS035X <none> « USE Type-A to Micro & cable
KIT_PSOC4-HVIMS-64K_LITE CYBCA146LWE-HVS115X <none> « Six jumper wires
KIT_PSOC4-HVMS-64K_LITE-02 CYBCA146LWE-HVS015X <none> * 40 pin FFC cable

3. Choose a code example

Close
Figure 2 Target boards in ModusToolbox™
+  Afterselecting the board, a list of available code examples appears
[ Select Application - Project Creator 2.40 = (=] X
Settings  Help
Application(s) Root Path:  C/Users/Nalabala/Documents/Smax Browse...

Empty PSOC4 App
[@]Hello World Hello World 1 APP_CYBCKIT-0415-MAX
Power Modes
> Peripherals
Sensing

Summary

BSP: CYBCKIT-0415-MAX
Template Application(s): Hello World
tion(s) Root Path: C:/L l

Press “Create” o create the selected application(s).

Target IDE:
Browse for Application.. ¥ 52
= on a terminal and blinks an LED using PSOC™ 4 devices.
Template Application New Application Name  New BSP Name
¥ Getting Started For more details, see the README on GitHub,

#] This code example demonstrates simple UART communication by printing a *Hello world” message

< Back

Create Close

Figure 3 Code examples in ModusToolbox’

4, Select the Example Project
+  Click on the example you want (e.g., Hello World)

+  Theright panel shows a description
5. Click Next, then Finish

+  The project will be imported into your workspace
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2.3 ModusToolbox™ Help
Visit the ModusToolbox™ home page to download the latest version of ModusToolbox
following items:

« User guide: Choose Help > Eclipse for ModusToolbox™ Documentation > User Guide. Provides
comprehensive, detailed documentation on all features, tools, and workflows in ModusToolbox™

TMTM

and navigate to the

+  Survival guide: Choose Help > ModusToolbox™ Eclipse for Documentation > Survival Guide. Focuses on
essential tasks like creating projects, building firmware, and programming devices

«  ModusToolbox™ Training material: Choose Help > Eclipse for ModusToolbox™ Documentation >
ModusToolbox™ Training Material. Contains tutorials, videos, labs, and example projects for hands-on
learning

+ Component datasheets: Navigate to the <project name> API Documentation section under your project.
Click on CAT2 Peripheral Driver Library: Main Page to open the detailed component documentation

+ Code examples: Click New Application in the Start section of the ModusToolbox™ home window. Select
your target development board, then choose from a list of available example projects tailored to that
board

2.4 Technical support

For more queries, reach out to Infineon Support by creating a request on the Infineon Technical Support page.

If you are in the United States, you can talk to our technical support team by calling our toll-free number:
+1-800-541- 4736. Select option 8 at the prompt.

You can also use the following support resources for quick assistance.
«  Self-help
+  Local sales office locations
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3 Features of segment LCD drive in Automotive PSOC™ 4

Automotive PSOC™ 4’s segment LCD drive has the following features:
+  Supports up to 8 common (COM) and 56 segment (SEG) electrodes
+  Programmable Automotive PSOC™ 4 GPIOs provide flexible selection of COM and SEG electrodes

+  Supports 14-segment and 16-segment alphanumeric display, 7-segment numeric display, dot matrix, and
special symbols

+  Two drive modes: digital correlation and PWM

«  Operates in Automotive PSOC™ 4’s Active, Sleep, and Deep Sleep system power modes
« Candrivea3Vdisplay from 1.8 VVDD

+  Digital contrast control

Note: The number of commons and segments supported by a Automotive PSOC™ 4 device varies based on
the device family and device package. See the respective device datasheets for details.

Application note 8 002-41956 Rev **
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4 Basics of segment LCD

A segment LCD panel has liquid crystal material between two sets of electrodes. The top and bottom electrodes
of an individual LCD segment are called the common (COM) and the segment (SEG) electrodes, respectively.
These electrodes form a matrix as Figure 4 shows.

LCD Panel
Resistance

coM3 X

comM2 KA\

COMA1 M
NN

COMO [\ <

SEG0 XHWA y

SEGH1

Figure 4 COM and SEG electrodes

The lumped capacitors in Figure 4 represent the capacitive load of the ideal LCD segments. Each pair of COM
and SEG electrodes is connected by only one LCD segment. The root-mean-square (RMS) voltage across a COM-
SEG electrode pair controls the opacity of the LCD segment connected between the electrode pair.

Liquid crystal materials do not tolerate long-term exposure to DC voltage therefore, waveforms applied
between COM and SEG electrodes must produce a 0 V DC component on every LCD segment. The drive
waveforms also contain time division multiplexing to simultaneously activate multiple LCD segments. A typical
LCD driver generates AC waveforms with multiple voltage steps on the COM and SEG electrodes. The following
terms are used to define these waveforms:

«  Duty: Adriveris said to operate in 1/Mth duty when it drives 'M' number of COM electrodes. Each COM
electrode is effectively driven 1/Mth of the time. AutomotivePSOC™ 4100 and 4200 devices support 1/2nd,
1/3rd, and 1/4th duties. Automotive PSOC™4100M, 4200M, 4100L, and 4200L devices support 1/2nd, 1/3rd,
1/4th, and 1/8 th duties

« Bias: Adriveris said to use 1/Bth bias when its waveforms use voltage steps of (1/B) x VDRV. VDRV is
the highest drive voltage in the system (equal to VDD in Automotive PSOC™4). Automotive PSOC™ 4100
4200 devices supports 1/2nd and 1/3rd biases in PWM drive modes. Automotive PSOC™ 4100M, 4200M,
4100L, and 4200L devices support 1/2nd , 1/3rd , 1/4th, and 1/5th duties in PWM drive modes. For more
information, see Table-1

+  Frame: A frame is the length of time required to drive all the segments. During a frame, the driver cycles
through the COM electrodes in sequence. All segments receive 0V DC (but non-zero RMS voltage) when
measured over the entire frame

The intensity, or contrast, of a segment LCD pixel depends on the RMS voltage applied across the pixel. Figure 5

shows the relationship between the contrast and the RMS voltage on an LCD segment.
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4 Basics of segment LCD

100% /
90%
S
@
o
=
o
]
Discrimination Ratio:
D= Vu/Vie
10%
0%
Vorr VurVio Vi Von
AC Voltage between COM and SEG (Vgys)
Figure 5 Relationship between RMS voltage and contrast

The terms in Figure 5 are defined as follows:

+  VOFF: The RMS voltage across the pixel below which no contrast change is visible on the LCD
+  VTHR: The RMS voltage across the pixel at which 10% contrast is achieved

+  VON: The RMS voltage across the pixel at which 90% contrast is achieved

+  VLO: The lowest RMS voltage which the LCD driver can generate

+  VHI: The highest RMS voltage which the LCD driver can generate

+ Discrimination Ratio (D): The ratio between VHI and VLO that the driver can realize. A higher
discrimination ratio results in better contrast

Twisted Nematic (TN) and Super Twisted Nematic (STN) displays are the most commonly available types of
segment LCDs. TN displays require a higher change in RMS voltage to produce a noticeable difference in
opacity, compared to the STN displays. Therefore, for a given discrimination ratio, STN displays provide better
contrast than TN displays. STN displays also have superior viewing angles. However, TN displays are usually
cheaper than STN displays.

For more information on the basics of segment LCD, refer to the PSOC™ 4 Architecture Reference Manual
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5 ModusToolbox™ Component: Segment LCD

ModusToolbox™ provides a Segment LCD Component which allows you to easily interface different types of
segment LCD display modules with Automotive PSOC™ 4. Navigate to BSP Configurator in ModusToolbox™,
enable the Segment LCD Configurator, and configure it according to your LCD module's specifications. The
Component also provides an easy-to-use application programming interface (API). For more information, see
the Automotive PSOC™ 4 Segment LCD Component APIs.

Additionally, see the project “Example 1: Simple segment LCD”. This project shows you how to interface a 4-
digit 7-segment LCD module with Automotive PSOC™ 4 by using the Segment LCD Component and APIs.
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6 Automotive PSOC™ 4 segment LCD Direct drive

Automotive PSOC™ 4 supports two segment LCD drive modes, PWM, and digital correlation. They use different
techniques to generate the AC waveform required for the LCD glass, and have different contrast and power
consumption characteristics. The following sections explain in detail the differences between the two drive
modes.

6.1 PWM Drive mode

The PWM drive mode uses high-frequency (32 kHz to 48 MHz) PWM digital signals to generate the low-frequency
(30 Hz to 150 Hz) analog drive waveforms across the LCD segments. The capacitive nature of the LCD segments
and the panel resistance filters the high-frequency PWM signals to generate variable voltage levels across the
LCD segments, as Figure 6 shows.

GPIO Qutput Impedance LCD Panel Resistance LCD Segment
K N Capacitance
\ |
\\\ i
PWM Generator
COM
1
|
|
I
|
PWM Generator !
¥
SEG
Voltage at GPIO
A (V1)
vddd [ S I R S
0 .
t
Effective voltage across a pixel
A (V2)
vddd |- " 1 ------------------------
1/3vVddd | j -----------------------------------------------------------------------------
0 -
t
Figure 6 PWM Drive mode
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6 Automotive PSOC™ 4 segment LCD Direct drive

6.2 Digital correlation drive mode

The digital correlation drive mode is a patent-pending Infineon invention that is ideal for low-power and
battery-operated applications. It works by doubling the drive frequency of the COM signals in their inactive
frame intervals. This changes the VRMS across the segments, which in turn affects the segment’s contrast
(Figure 5). Figure 7 shows an example of digital correlation mode waveforms.

One ‘Frame’ of LCD drive
(addresses all segments once)

Voo
COMO
0
Voo T - -
COM1 —I_
ﬂ e L e e . e e e e e .
Voo -
SEGD
0
V
SEG1
0
t0 t1 t2 13
One Frame

[T1 COM/SEGis selected

Resulting voltage across segments

(Voc = 0)
Voo Segment ON:
COMO-SEGOD 0 [ | Veus = 0.791 Vpp
Voo
Voo T —I‘ - _
COMO-SEG1 . i . Segment OFF:
-VDD'""'"""L _____ T Vews =0.612Vpp
Voo .
COM1-SEGD | | Segment ON:
Voo VRMS =0.791 VDD
Voo
Segment OFF:
COM1 -SEG1 _UDS - ] l I I Vieams = 0.612 Voo
t0 t1 t2 t3
] Segmentis On Discrimination ratio:
[ Segment is Off D =0.791/0.612 = 1.291
Figure 7 Digital correlation example
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See the Automotive PSOC™ 4 Technical Reference Manual for an in-depth explanation of each drive mode and
its corresponding waveform.

The segment LCD glass has the characteristics of an RC series circuit; therefore, its power consumption
depends on the frequency of operation. Because of the very low frequency of operation, the digital correlation
drive mode consumes considerably less current than the PWM drive mode. However, the contrast and viewing
angle of the PWM mode is superior to that of digital correlation mode. This is due to the PWM mode’s higher
discrimination ratio (Figure 5). Table 1 shows a comparison of discrimination ratios.

Table 1 Comparison of discrimination ratios

COoM Discrimination ratio
Digital PWM 1/2 Bias PWM 1/3 Bias PWM 1/4 Bias PWM 1/5 Bias
Correlation

2 1.732 2.236 2.236 1.844 1.612

3 1.414 1.732 1.915 1.732 1.567

4 1.291 1.528 1.732 1.648 1.528

8 1.134 1.254 1.414 1.581 1.494

The actual difference in contrast and viewing angle between these drive modes depends on the characteristics
of the LCD module.

6.3 Low-power operation
Follow these steps to reduce power consumption while using AutomotivePSOC™ 4 segment LCD drive:
1. See AN86233, PSOC™ 4 low-power modes and power reduction techniques and implement the

techniques explained in it to reduce the overall system power consumption

2, Enter Deep Sleep mode whenever possible. Deep Sleep power mode is Automotive PSOC™ 4’s lowest-
power mode that retains the segment LCD drive capability

3. Use the Digital correlation drive mode of the segment LCD when the device is in Deep Sleep mode

Compared to the PWM drive mode, the digital correlation mode produces reduced but acceptable contrast and
viewing angles on TN displays, and no noticeable difference in contrast or viewing angle on STN displays.
However, the digital correlation mode takes significantly less current than the PWM mode. Table 2 compares
the current consumption of the two drive modes and Table 3 shows the recommended usage of the drive
modes.

Note: Table 2 shows the approximate current consumption for a 3 COM, 12 SEG LCD with a Automotive
PSOC™ 4200 device. The actual power consumption depends on the device family, type of LCD used,
and the firmware.

Table 2 Typical device current consumption in Deep Sleep mode with Segment LCD enabled
Frame rate, Hz Current consumption, pA
Digital correlation mode PWM mode
30 3.1 65.9
50 3.8 66.2
70 4.5 66.5
90 5.1 66.7

(table continues...)
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Table 2 (continued) Typical device current consumption in Deep Sleep mode with Segment
LCD enabled
Frame rate, Hz Current consumption, pA
Digital correlation mode PWM mode
110 5.8 67.1
130 6.5 67.3
150 1.4 67.6
Table 3 Recommended usage of Drive modes for low-power operation

Display type

Deep Sleep mode

Active and Sleep modes

Notes

TN LCD Digital Correlation PWM Firmware must
dynamically switch
between LCD drive modes

STN LCD Digital Correlation No contrast advantage for

PWM drive with STN LCD

You can change the LCD drive modes on the fly to give the optimum balance between power consumption and
display contrast. Figure 8 shows the firmware flow for dynamically switching LCD drive modes, for good
contrast and viewing angle in the Active mode, and reduced power consumption in the Deep Sleep mode.

See the “Example 2: Low-power segment LCD” project for more details.
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Active mode : Run LCD in PWM mode to get
better contrast and viewing angle

Go to Digital Correlation drive mode before
going to Deep-Sleep mode

Call the Deep-Sleep API

Go back to PWM mode when the processor
goes back to active mode

Figure 8 Firmware flow of low-power LCD operation
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7 PSOC™ Automotive 4 user interface solution

This section shows how to create a complete user interface (Ul) solutions using just Automotive PSOC™ 4. A
basic knowledge of PSOC™ Automotive 4 CAPSENSE™ is a prerequisite for this section. See the PSOC™
Automotive 4 CAPSENSE™ design guide to understand the basics of CAPSENSE™.

The CAPSENSE™ feature in Automotive PSOC™ 4 offers unprecedented signal-to-noise ratio (SNR), best-in-class
waterproofing, and a wide variety of sensors such as buttons, sliders, track pads, and proximity sensors. You
can use the segment LCD drive together with CAPSENSE™ and low-power modes to create elegant, reliable,
power-efficient, and easy-to-use Ul solutions.

Figure 9 shows an example Ul in which PSOC™ Automotive drives a segment LCD and scans a touch panel. The
touch panel consists of two CAPSENSE™ buttons and a slider.

4 Segment LCD

H
L

PSOC 4

Touch Panel

Figure9 Example of Automotive PSOC™ 4 user interface

CAPSENSE™ cannot scan sensors in Deep Sleep mode, so the device must wake up periodically to scan the
sensors. AutomotivePSOC™ 4 must remain in the Active mode while scanning the sensors. To save power, the
device should spend more time in Deep Sleep mode and less in the Active mode.

If CAPSENSE™ detects a touch, Automotive PSOC™ 4 stays in the Active mode and scans each sensor individually
to read the touch panelinput. The device returns to Deep Sleep mode when the panel becomes inactive again.

Automotive PSOC™4 CAPSENSE™ can bundle several sensors together and scan as a single sensor. This reduces
the total time required in Active mode.

Figure 10 shows an example firmware flow of a low-power Ul solution.
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Scan all CapSense sensors individually.
Change LCD drive mode to PWM

Check if the

touch panel is
inactive No

Change LCD drive mode to Digital
Correlation. Enter Deep-Sleep mode.

Bundle all the sensors together and scan
as a single sensor

Touch detected

Timed wakeup

?
No

Figure 10 Firmware flow of a low-power Ul solution

See the “Example 3: Segment LCD and CAPSENSE™ user interface” project for more details. This project
demonstrates a user interface with a four-digit, seven-segment LCD, and a five-element CAPSENSE™ slider.
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8 ModusToolbox™ projects

This application note provides four example projects:

1. Simple Segment LCD: This is a simple project to demonstrate basic usage of the
ModusToolbox™AutomotivePSOC™ 4 Segment LCD Component

2. Low-Power Segment LCD: This project shows how to use the Segment LCD Component with very low
power consumption

3. Segment LCD and CAPSENSE™ user interface: This project shows how to create a complete user
interface solution using the Segment LCD and CAPSENSE™ components

You can use any Automotive PSOC™ 4 kit or your own hardware to evaluate projects 1 and 2. Project 3
requires the Infineon CY8CKIT-149 or CY8CKIT-041S-MAXor CY8CKIT-042kit, because for that project both
CAPSENSE™ buttons and segment LCD interface are required

All three projects require a VIM 404 segment LCD module, which has four seven-segment digits, three
COM electrodes, and 12 SEG electrodes. See Figure 16 for a wiring schematic

4, Alphanumeric Segment LCD: This project takes advantages of the large number of GPIOs available in
the Automotive PSOC™ 4100M/4200M/4100S Plus/4100S Max devices to drive a VIM-828 segment LCD
module, which has eight 14-segment digits, four COM electrodes, and 32 SEG electrodes. This project
requires Infineon CY8CKIT-043 or CYSCKIT-046, or CY8CKIT-149 and a VIM-828 Segment LCD module

8.1 Example 1: Simple segment LCD

To create this project, do the following:

1. To create a new project in ModusToolbox™, click on New Application under the Start section.
The Project Creator window will open.

2. Click the arrow next to "PSOC 4 BSPs," then select CYSCKIT-041S-MAX
A description of the selected kit will appear on the right side.

3. Click Next as Figure 11 shows

4, Click the arrow next to "Getting Started," check the box beside "Empty PSOC4 App," and enter a project
name of your choice — for example, "Scrolling_Numbers_LCD"—then click Create. The project will now
be created

5. After creating the project, open the Device Configurator by clicking on it under the Quick Panelto begin
configuring components. In the configurator, check the box next to LCD Direct Drive 0 to enable it as
Figure 12 shows.
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Figure 11

General tab
Set the Drive Mode to "PWM"

«  Select "1/2 Bias" for optimal contrast on the VIM-404 module
+  Choose "Type B" Waveform to reduce power consumption

+  Configure the Clock Source appropriately

+  Leave all other settings at their default values

Figure 13 shows

Creating a project and selecting Device Configurator
Navigate to the Peripherals tab. Locate the "Segment LCD (SegLCD)" peripheral and enable it. And in the

In the same Quick Panel tab under the BSP configurators section click Launch SegLCD Configurator as

& cru: labal, X P MAX_Appnote Serolling_Numbers_LCD/bsps/TARGET_APP_CYSCKIT-0415-M fig/d maodus* - Device Confi 530 - @ X
File Edit Settings View Help
CYBC4149A71-5598 LCD Direct Drive 0 - Parameters -
Peripherals  Pins  Analog-Routing  System  Peripheral-Clocks ~ DMA O B
TYTEE & = Name Value
Resource Name(s) Personality ~ Peripheral Documentation
7 Serial Communication Block (SCB) 4 4 @ Help  Open SeqlCD D
~ Digital - ool
« Timer, Counter, and PWM (TCPWM) 0 Extzmal Tools
(] TCPWM 16-bit Counter 0 (Z) SeglLCD Configurator Launch SeglCD Configurator
L] TCPWM 16-bit Counter 1 v General
(] TCPWM 16-bit Counter 2 (Z) Clock @ @ 16 bit Divider O clk (CYBSP_MSC_CLK_DIV] [SHAR
() TCPWM 16-bit Counter 3 2) Driving Mode PWM
TCPWM 16-bit Counter 4 (7) PWM Bias 1/2 Bias
() TCPWM 16-bit Counter 5 (@) Waveform Type Type B
[) TCPWM 16-bit Counter 6 (2) Frame Rate (Hz) 60
[] TCPWM 16-bit Counter 7 () Contrast (56 A0
~ System () Clock Frequency ) 48 MHz + 2%
~ @ CapSense CYBSP_CapSense Sub-Frame Divider (%) 0
8 Msco CYBSP_MSCO (2) Dead Divider 1
8 msc1 CYBSP_MSC1 ~ Advanced
[@ @ o DiectDrve 0 b o (@ Store Config in Flash @
Watchdog Counters (WDC)
(7] Watchdog Timer (WDT)
LCD Direct Drive 0 - Parameters  Code Preview
Notice List & x
Qocros i owamings  [E]orasks @2 1nfos
Fix Description Location
i ] Launch the SegLCD Configurator to configure your displays CYBC4149A71-5598: LCD Direct Drive 0
1) The file was last saved with a different version of the tools than will be used to perform code generation on save. Last saved with: 'Configurator Backend 3.0.0" from ‘ModusToolbox 3.0.0°. edion more
Current: ‘Configurator Backend 3.50.0' from 'ModusToolbox 3.5.0 Eeignmoc
Ready

Figure 12 Device Configurator
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8. Set the number of Commons (COM) to "3" and Segments (SEG) to "12", to match the VIM 404 segment
LCD module

9. Click the Commons Edit Displays option
10. Click the "+" (Add) button to create a new display block
11. Select 7-Segment in Type Section and select "4" in Symbols section to get four 7-Segments

12. Dragasegment from a digit and drop it onto the pixel mapping table, as Figure 13 shows. See the
VIM-404 datasheet for the pixel mapping of the VIM 404 LCD module

[t Display Editor - Segment LCD Configurator 180 — o e
c HX% ¢
Name Type symbols

Comf1] Com[2]

on )y
seior |

Seg[1]

Seg[2]
Seg(3]
Segld]
Seg[s]

Seg(6]

Notice List 8 x

Fix Description Location

Ready

Figure 13 Segment LCD configuration

13. Repeat the process for each segment in the display. After mapping all of the pixels, the completed table
appears as shown in Figure 14
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14.
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& C/Users/Nalabala/Documents/Smax/Segment_LCD/bsps/TARGET_APP_CYSCKIT-0415- MAR/config/design.cysegled - Segment LCD Configurater 1.80
File Edit View Help

= E E @ n < ﬁ < 93 Commows:L Segments:&

Display0

Coml[0] Com[1] Com[2]

. |
o SR SRR
. @

Seg[3] PIX11
Seg[4]
Seg[5]
Seg[6]
Seg[7]
Seg(8]
Seg[9]
Seg[10]

Seg[11]

Figure 14 Completed pixel mapping table

Click OK; the Segment LCD Component configuration is now complete. To assign pins for the commons
and segments, open the Device Configurator and in pins tab assign pins as shown in Figure 15

The pin assignment shown here is for the CY8CKIT-041-SMAX development kit. If you’re using a
different kit, refer to the kit user guide and select the suitable pins that aren’t connected to any

other peripherals on the kit.
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= Connections
@ Com[0] & @ Po[0] digital_out (CYBSP_CSX_TP_RX0) [USED] L
@ Com[1] & | ) Po[E] digital_out (CYBSP_DEBUG_UART_CTS) [USED] L
@ Com[2] & | @ P3[7] digital_out (CYBSP_CSX_TP_TX13, CYBSP_CSX_SLD_RXS) [USED] e
@ Segl0] & | @ P2[4] digital_out (CYBSP_A4, CYBSP_J2_9) [USED] v
@ Seg[1] & @ PO[4] digital_out (CYBSP_DEBUG_UART_RX) [USED] i
@ Seg[2] & | (@ p0[S] digital_out (CYBSP_DEBUG_UART_T¥) [USED] i
@ Seg[3] & | () pO[7] digital_out (CYESP_DEBUG_LART_RTS) [USED] w
@ Segl4] o (@ P3[1] digital_out (CYBSP_CSX_TP_TX9) [USED] w
@ Seg[3] & | (@ P3[0] digital_out (CYBSP_CSX_TP_TX8, CYBSP_CSX_SLD_TX) [USED] w
@ Seg[a] & () P3[4] digital_out (CYBSP_CSX_TP_TX10) [USED] e
@ Seg[7] & @ p2[3] digital_out (CYBSP_A3, CYBSP_I2_T) [USED] e
@ Seg[8] & | @ P2[6] digital_out (CYBSP_AG, CYBSP_J2_13, THERM_OUT) [USED] e
@ Seg[9] & @ P2[7] digital_out (CYBSP_AT, CYBSP_J2_15) [USED] L
@ Seg[10] & | @ P1[0] digital_out (CYBSP_I2C_SCL, CYBSP_D14, CYBSP_J2_10) [USED] o
|® Seg[11] & @ P3[5] digital_out (CYBSP_CSX_TP_TX11, CYBSP_CSX_SLD_RXT) [USED] R

~  Advanced
@ Store Config in Flash B

Figure 15 Figure 15. Pin assignment
15.  Wire the VIM 404 LCD glass to Automotive PSOC™ 4, as Figure 16 shows. This can be done on your own
PCB, or you can use the CY8CKIT-041-SMAX kit and an Arduino Protoshield board

20 19 18 17 168 15 14 13 12 11
.

)
)

s 0000000
(EU 00200200
=
T T DT o
1 2 3 4 &5 & 7 & 9 10
II I
Figure 16 Automotive PSOC™ 4 to LCD module external connections

16. Add the below Firmware to the project. To create a scrolling display of numbers 1,2, 3, ..., 9, 0, add the
code in Code 1 to main.c
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The Segment LCD Component offers a ready to use API. For details on the API functions, see the
Automotive PSOC™ 4 Peripheral Driver Library.

#include "cybsp.h"
#include "cycfg_seglcd.h”

#tdefine SCROLL_LENGTH (10u) /* Macro for scrolling length */

#define INITIAL_VALUE (Ou) /* Macro for initial scrolling value */

#define SCROLLO (Ou) /* Define the numbers used for scrolling the 4-digit
display */

#define SCROLL1 (1u)
#tdefine SCROLL2 (2u)
#tdefine SCROLL3 (3u)
#tdefine DIGITO (Ou)
#define DIGIT1 (1u)
#define DIGIT2 (2u)
#define DIGIT3 (3u)

#tdefine LOOP_DELAY (1000u) /* Define the loop delay */

int main(void) {
cy_en_seglcd_status_t seglLCD_status;
cy_rslt_t result = cybsp_init();
if (result != CY_RSLT_SUCCESS) {
CY_ASSERT(9);
}
uint8_t index = 0;
uint8_t numbers[] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9,0,1,2};
seglLCD_status = Cy_SeglLCD_Init(LCD, &LCD_DISP_config); /*Segment
LCD Initialization */
if(seglCD_status == CY_SEGLCD_SUCCESS) {

seglCD_status |= Cy_SegLCD_ClrFrame(LCD, LCD_DISP_commons); /*Clearing
Segment LCD Initially*/
}
if(segLCD_status == CY_SEGLCD_SUCCESS) {
Cy_SegLCD_Enable(LCD); /
*Enabling the segment LCD */
}
for(;5;) {

for(index = INITIAL_VALUE; index < SCROLL_LENGTH; index++) {

Cy_SeglLCD_WriteNumber(LCD, numbers[index + SCROLL3],
DIGIT3,&LCD_DISP_Displaye, false, false);

Cy SeglLCD_WriteNumber(LCD, numbers[index + SCROLL2],
DIGIT2,&LCD_DISP_Display@, false, false);

Cy_SeglLCD_WriteNumber(LCD, numbers[index + SCROLL1],
DIGIT1,&LCD_DISP_Displaye,false, false);

Cy_SeglLCD_WriteNumber(LCD, numbers[index + SCROLLO],
DIGITO,&LCD_DISP_Displaye,false, false);

Cy_SyslLib_Delay(LOOP_DELAY);
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}

17.  Make sure that Automotive PSOC™ 4 is operating from 3.3 V VDD supply. Program the device and view the
LCD display to verify the output. You can see numbers 1,2, 3, ..., 9, 0, scrolling from right to left as Figure
17 shows

Figure 17 LCD display module scrolling numbers

If the contrast of the display is too high, reduce the contrast in the Segment LCD Component and program the
device again.

8.2 Example 2: Low-power segment LCD

This project is a modification of Project 1, for lower average power.

To reduce power consumption, Automotive PSOC™ 4 stays in Active mode just long enough to update the
display and scroll the numbers one place, which takes approximately 720 ps. The device then goes into the
Deep Sleep power mode for the next 512 ms. Figure 18 shows the timing diagram and Figure 19 shows the
firmware flow.

With this technique, Automotive PSOC™ 4 consumes an average current less than 11 pA. Table 4 shows a
comparison of approximate power consumption between the two projects.

Table 4 Power comparison between projects

Power mode Project 1 This Project

Active current 2.7mA 2.7mA

Deep Sleep current n/a 7 UA

Average current 2.7mA 10.9 pA
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A Deep-sleep
Current — 512ms ———»
27TmMAL — —— — - Y Y —_—————————
720us
- -
Active
TUA | — ]
Powered On time
Figure 18 Project 2 timing diagram
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Change LCD drive mode to Digital
Correlation

Go to Deep-Sleep

Wait 512mS

Come back to Active

Change LCD drive mode to PWM.
Display next digit

Figure 19 Project 2 firmware flow

This project uses watchdog timer (WDT) interrupt. Configure the Component as Figure 20 shows. The WDT is
configured to generate an interrupt every 512 ms. Figure 21 shows the TopDesign schematic of this project.
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File Edit Settings View Help
CYBC4149AZI-5598

Enter filter text

Resource
[ Serial Communication Black (SCB) 1
I: Serial Communication Block (SCB) 2
("] Serial Communication Block (SCB) 3
[ Serial Communication Block (SCB) 4
~ Digital
v Timer, Counter, and PWM (TCPWM) 0
B TCPWM 16-bit Counter 0
(") TCPWM 16-bit Counter 1
(] TCPWM 16-bit Counter 2
) TCPWM 16-bit Counter 3
(] TCPWM 16-bit Counter 4
] TCPWM 16-bit Counter 5
] TCPWM 16-bit Counter 6
[_) TCPWM 16-bit Counter 7
v System
v [ CapSense
() Msco
[J MsC1
8 [ LCD Direct Drive 0
("] Watchdog Counters (WDC)

Peripherals  Pins  Analog-Routing  System

Peripheral-Clocks ~ DMA

Name(s) Personality

TIMER Counter-1.0

CYBSP_CapSense
CYBSP_MSCO
CYBSP_MSC1

LCD_DISP Segment LCD-1.0

[B Waichdog Timer (Wor)

Notice List

°0Errors 1. 0 Warnings 7Tasl<s 00|nfos

£ C/Users/Nalabala/Documents/Smax/Segment_LCD/bsps/TARGET_APP_CYSCKIT-0415-MAX/config/design.modus* - Device Configurator 5.30
g P! g g

Watchdog Timer (WDT) - Parameters

Ent

Name

~ Peripheral Documentation

@ Configuration Help Open Watchdog Timer Documentation

~ General
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?) Match value
Ignore bits
Upper Limit

525

65535

Watchdog Timer (WOT) - Parameters.

Figure 20

WDT configuration

PSOC™ Automotive 4

Figure 21

Project 2 LCD TopDesign schematic

To test the project, program the device, connect the display as in Project 1 (Figure 16) and view the output. You
will still see a scrolling display; however, power consumption for this project is significantly reduced.
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8.3 Example 3: Segment LCD and CAPSENSE™ user interface

This project demonstrates a complete user interface (Ul) consisting of CAPSENSE™ touch sensing and a segment
LCD for display. Ul controllers spend most of their time, and hence power, waiting for user input. To implement
a power efficient design, the Automotive PSOC™4 periodically enters Deep Sleep low-power mode.

Note: This project uses manual tuning of CAPSENSE™ widgets to achieve very low scan time and power
consumption. Knowledge of CAPSENSE™ manual tuning is a prerequisite for this project. See the
Automotive PSOC™ 4 CAPSENSE™ design guide to understand manual tuning.

This project is a modification of Project 2 to add CAPSENSE™ capability. Figure 22 shows the timing diagram,
Figure 23 shows the Top Design schematic for this project, and Figure 24 shows the firmware flow.

In this project, Automotive PSOC™ 4 stays in the Deep Sleep mode for only 128 ms, so that CAPSENSE™ scans the
sensors frequently enough to detect fast touches. Upon wakeup, CAPSENSE™ bundles together all slider
elements and scans them as a single proximity sensor. If any slider element is touched, the proximity sensor
detects a touch and then each element is scanned individually to determine slider touch position. The slider
position is then displayed on the LCD.

If all the CAPSENSE™ widgets are inactive for 128 ms after a touch is detected, the device returns to Deep-Sleep
mode. In the absence of touch, the average current consumed by Automotive PSOC™ 4 is less than 21 pA.

CurrenlA Deep-sleep
—— 128ms ———»
35mMAF————— —_—_—— e — — e e — — ~ —————— —— —
500us
—
Active
TUA | -
- L
Powered On time
Figure 22 Project 3 timing diagram
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PSOC™ Automotive 4

Figure 23 Project 3 top design schematic
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Change LCD drive mode to PWM Scan
the slider and display the finger position.

Sensor inactive
for 128 mS ?

Change LCD drive mode to Digital

Correlation. Enter Deep-Sleep mode.
WDT wakeup

after 128 mS

Bundle all the sensors together and scan
as a single sensor

Touch detected
?

Yes

Figure 24 Project 3 firmware flow

To test the project, connect the LCD as Figure 16 shows, touch the slider, and confirm that the LCD displays the
slider position. When the slider is inactive, the LCD displays “dSLP” to indicate the Deep Sleep mode of the
device. Note that the default CAPSENSE™ parameters are manually tuned for CY8CKIT-041-SMAX under a given
set of conditions. You should manually tune the CAPSENSE™ again if the touch response is poor. The other
alternative is to use SmartSense™, a firmware algorithm that automatically sets all parameters to optimum
values. See the Automotive PSOC™ 4 CAPSENSE™ design guide for details. Note that using SmartSense™
increases power consumption. The approximate average power consumption for this project with SmartSense™
is 40 pA.

8.4 Example 4: Alphanumeric Segment LCD

This project takes advantage of the large number of GPIOs available in the Automotive PSOC™ 4100M/4200M/
4100L/4200L/4100S Plus devices to drive a VIM-828 segment LCD module, which has eight 14-segment digits,
four COM electrodes, and 32 SEG electrodes. This project requires Infineon CY8CKIT-043 or CY8CKIT-046 and a
VIM-828 LCD.
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The segment LCD Component provides rich APIs to display strings on 14-segment alphanumeric displays. This
project shows a static text “PSOC™ Automotive 4200” displayed on VIM-828. See the ModusToolbox™ project for
more details. Table 5 gives the pin mapping information for wiring VIM-828 to CY8CKIT-43 and CY8CKIT-46.

Table 5 Wiring information

LCD pin number LCD pin function CY8CKIT-43 connection | CYS8CKIT-046 connection
1 COM3 PO[7] P2[0]
2 SEGO PO[6] P2[1]
3 SEG1 PO[5] P2[2]
4 SEG2 PO[4] P2[3]
5 SEG3 PO[3] P2[4]
6 SEG4 PO[2] P2[5]
7 SEG5 PO[1] P3[6]
8 SEG6 PO[0] P3[7]
9 SEG7 P7[1] P9[0]
10 SEGS8 P4[0] PI[1]
11 SEG9 P3[7] PI[2]
12 SEG10 P3[6] P9I[3]
13 SEG11 P3[5] P6[1]
14 SEG12 P3[4] P6[0]
15 SEG13 P3[3] P6[3]
16 SEG14 P3[2] P4[0]
17 SEG15 P3[1] P4[1]
18 COM2 P3[0] P3[4]
19 COMO P6[5] P6[5]
20 SEG16 P6[4] P5[5]
21 SEG17 P6[2] P5[6]
22 SEG18 P6[1] P4[4]
23 SEG19 P6[0] P4[5]
24 SEG20 P2[7] P4[6]
25 SEG21 P2[6] P4[7]
26 SEG22 P2[5] P3[1]
27 SEG23 P2[4] P3[0]
28 SEG24 P1[3] P8[7]
29 SEG25 P1[2] P8[6]
30 SEG26 P1[1] P8[5]
31 SEG27 P1[0] P8[4]

(table continues...)
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Table 5 (continued) Wiring information

LCD pin number LCD pin function CY8CKIT-43 connection | CYSCKIT-046 connection
32 SEG28 P5[5] P8[3]

33 SEG29 P5[3] P8[2]

34 SEG30 P5[2] P8[1]

35 SEG31 P5[1] P8[0]

36 COoM1 P5[0] P5[6]
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9 Summary

This application note demonstrated the segment LCD drive in Automotive PSOC™ 4. The combination of robust
capacitive touch sensing and best-in-class low-power capabilities make Automotive PSOC™ 4 an ideal choice for
a low-power, single chip, user interface solution.

This application note also gives four example projects to get started with the Automotive PSOC™ 4 segment
LCD, showing low-power operation, and demonstrate a complete user interface.

Note that Automotive PSOC™ 4 has many additional features such as programmable analog and digital, 32-bit
Arm’ Cortex-M0" microcontroller, and serial communication blocks that allow you to create an entire system
solution around Automotive PSOC™ 4.
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Trademarks

Trademarks

PSOC™, formerly known as PSoC™, is a trademark of Infineon Technologies. Any references to PSoC™ in this
document or others shall be deemed to refer to PSOC™.
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