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Module 11

Lecture: Liquid Crystal Display



Liquid Crystal Display

You will learn in this module

Busy-wait hardware/software synchronization

Fundamentals of synchronous serial communication

How to interface an LCD to TI's Launchpad Development board
Software driver (set of functions to create an abstract module)

Create a minimally intrusive debugging monitor

MSP432

Software
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Hardware/software synchronization

The fundamental problem

= Software executes quickly (48 MHz)

* Instruction takes 42 ns )Busy- usy_
= Hardware operates slowly Busy Wait Busy Wait
» LCD takes 6 ps to output a character @ @
= Solutions Ready Ready
- Blind (fixed wait time) / Read*data [ [ witedata /
» Busy-wait
* Interrupts (Labs 10,13,14)

» Direct memory access
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Synchronous Serial Communication on the MSP432

Components
= Enable

= Clock

= Data out
= Datain

MSP432 is master
= Drives clock
= Drives enable

= |nitiates transfer

LCD is slave
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P1.0 STE

<«<— P1.1 CLK UCAO
—>| P1.2 SOMI

P1.3 SIMO
P2.0 STE

<«—— P2.1 CLK UCA1

P2.2 SOMI
P2.3 SIMO

P3.0 STE

<«—— P3.1 CLK UCA2

P3.2 SOMI
P3.3 SIMO

P9.4 STE

<— P9.5 CLK UCA3

P9.6 SOMI
P9.7 SIMO

1.4 —>

UCBO CLK P1.5 p—>
SIMO P1.6 |<«—

1.7 —

UCB1 CLK P6.3 —>

SIMO P6.4 |<—

UCB2 CLK P3.5 —>

SIMO P3.6 |<—

UCB3 CLK P10.1—>

SIMO P10.2 [<—
SOMI P10.3
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Synchronous Serial Communication on the MSP432
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= Synchronous means send clock and data

Send data on one edge of clock
Receive data on other edge

= Serial Peripheral Interface (SPI) Protocol

| Liquid Crystal Display

4 STE
MSP432 UCTXIFG | 1 means PO.4————| /0 device
Write data TXBUFempty P 5 CLK slave
\#UC3TXBUF
I - 7 P9.7 | MOSI
ucarxgur | master AT pos| som T T—
Read data T Shift
registers

UCRXIFG

1 means RXBUF has data
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Serial Peripheral Interface (SPI) Timing

Signals
= Clock
= Data out
= Data in

" Enable n =7 or 8 bits

CLK \ \ \ ""\

, N \ \4 \4
SIMO :X n1 . X/4\~ X IE X*
somi .m“@“”“ 4 XXX 3 XXX 2 XXX1 XXX 0 XXX
STE | Bl
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Nokia5110 LCD functionality

7

Monochrome

Serial Peripheral Interface (SPI)
* 5pins

84 pixels wide

48 pixels high

12 MHz speed

Low cost

| Liquid Crystal Display

@ T3 Eeeeseced 1
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LCD Interface

= SPI
P9.4 STE
P9.5 CLK
P9.7 SIMO

= GPIO

P9.3 Reset
P9.2 Data/command
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Nokia5110
3.3V

Gnd
SCE(STE)
Reset

D/C
DN(SIMO)
SCLK(CLK)
LED Red
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Decimal output

9

Output an unsigned integer, n

= Assume n is between 1000 and 9999

= Print as 5 characters, right justified

| Liquid Crystal Display

OutChar(0x20);
OutChar(0x30+n/1000);
n = n%21000;
OutChar(0x30+n/100);
n = n%2100;
OutChar(0x30+n/10);
OutChar(0x30+n%210);

/] space
/[ thousand’s digit

/I hundred’s digit

/Il ten’s digit
I/l one’s digit
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Application

10

LCD provides

1. Debugging information in real time as robot is moving

(6 ps/character)
2. Graphical representation of data (optional)

| Liquid Crystal Display

-

Minimally intrusive

Nokia5110_SetCursor (0,2);

Nokia5110 OutString("D= ");
Nokia5110_OutUDec (distance) ;
Nokia5110_OutString (" mm");

Nokia5110_SetCursor(3,2);
Nokia5110_OutUDec (distance) ;
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= Busy-wait synchronization

= Synchronous serial communication

= Graphics

= Numerical output

intrusive debugging monitor
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY 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 products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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