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THISDOCUMENT

This work is licensed under the Creative Comnons Attribution-Shae Alike 3.0 Unpated
License. To view a copy of this license, visit http://creativeammnons.org/li censes/by-
sa/3.0/ or send a letter to Creative Comnons, 171 Seoond Sred, Sute 300, San
Francisco, California, 94105 USA.

All derivativeworks are to be attributed to BeagleBoar dtoys.com.

For more information, seehttp://creativecmmnons.org/li cense/results-
one?license code=by-sa

For any questions, concerns, or isales submit them to suppat@beagl eboardtoys.com

BEAGLEBONE LCD3 CAPE DESIGN

These design materials referred to in this document are
*NOT SUPPORTED* and DO NOT constitute a
reference design. Only “community” suppat is allowed via
resources at Beayleboardtoys.com/suppat

THERE IS NO WARRANTY FOR THE DESIGN
MATERIALS, TO THE EXTENT PERMITTED BY
APHLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLDERS
AND/OR OTHER PARTIES PROVIDE THE DESIGN
MATERIALS “AS IS" WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND
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FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE DESIGN MATERIALS IS
WITH YOU. SHOULD THE DESIGN MATERIALS
PROVE DEFECTIVE, YOU ASUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

We mean it; these design materials may be totaly
unsuitable for any purpaoses.
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BeagleBoardToys provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR
EVALUATION PURPOSES ONLY and is not considered by BeagleBoardtoys.com to be a finished end-
product fit for general consumer use. Persons handling the product(s) must have electronics training and
observe good engineering practice standards. As such, the goods being provided are not intended to be
complete in terms of required design-, marketing-, and/or manufacturing-related protective considerations,
including product safety and environmental measures typically found in end products that incorporate such
semiconductor components or circuit boards. This evaluation board/kit does not fall within the scope of the
European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other
related directives.

Should this evaluation board/kit not meet the specifications indicated in the User’s Guide, the board/kit may
be returned within 30 days from the date of delivery for a full refund. THE FOREGOING WARRANTY IS
THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER AND IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user
indemnifies BeagleBoardtoys.com from all claims arising from the handling or use of the goods. Due to the
open construction of the product, it is the user’s responsibility to take any and all appropriate precautions
with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE
LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

BeagleBoardtoys.com currently deals with a variety of customers for products, and therefore our
arrangement with the user is not exclusive. BeagleBoardtoys.com assumes no liability for applications
assistance, customer product design, software performance, or infringement of patents or services
described herein.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide
prior to handling the product. This notice contains important safety information about temperatures and
voltages. For additional information on BeagleBoardtoys.com environmental and/or safety programs, please
contact visit BeagleBoardtoys.com.

No license is granted under any patent right or other intellectual property right of BeagleBoard.org covering
or relating to any machine, process, or combination in which such BeagleBoardtoys.com products or
services might be or are used.

Mailing Address:

Beagleboardtoys.com
1380 Presidential Dr. #100
Richardson, TX 75081
U.SA.
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WARRANTY: The BeagleBone LCD3 Cape is warranted against defects in materials and
workmanship for a period of 90 days from purchase. This warranty does not cover any problems
occurring as a result of improper use, modifications, exposure to water, excessive voltages, abuse,
or accidents. All boards will be returned via standard mail if an issue is found. If no issue is found
or express return is needed, the customer will pay all shipping costs.

Before returning the board, please visit Beagleboardtoys.com/support

To return a defective board, please request an RMA at
http://www.beagleboardtoys.com/support/rma
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1.0 Introduction

This document is the System Reference Manual for the BeagleBone LCD3 Cape, an add-
on board for the BeagleBone.

This document is intended as a guide to asgst anyore purchasing or who are considering
purchasing the board to understand the overal design and usage of the BeagleBone
LCD3 Cape from the system level perspedive.

The design is subjed to change withou natice as we will work to kegp improving the
design as the product matures.

The key sedions in this document are:

Sedion 2.0 — Change History
Provides tradking for the changes made to the System Reference Manual.
Sedion 3.0 —Overview
Thisisahighlevel overview of the BeagleBone LCD3 Cape.
Sedion 4.0 — Features and Spedfication
Provided here are the fedures and eledricd spedfications of the board.
Sedion 5.0 — System Architedure and Design
This sedion provides information on the overall architedure and design of the
BeagleBone LCD3 Cape. Thisis avery detail ed sedion that goes into the design
of ead circuit onthe board.
Sedion 6.0 — Medanical
Informationis provided here on the dimensions of the BeagleBone LCD3 Cape.
Sedion 7.0 —Design Materials
This sedion provides information on where to get the design fil es.
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2.0 ChangeHistory

21 ChangeHistory

Table 1 tradks the changes made for ead revision of this document.

Table 1. Change History
Rev Changes Date 23
Al Initia release. 06/20/2012 | BBT
g ! badgle toys.com Page 10 of 26
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3.0 BeageBonelL CD3 CapeOverview

3.1  Descriptions

The BeagleBone LCD3 Cape provides a portable LCD solution with touchscreen
cgpability for BeagleBone boards. The 3.5" TFT LCD screen, attadched to the topside of
the board, can display up to aresolution of 320x240and is a 4-wire resistive touchscreen.
The board is equipped with seven switches locaed at finger-friendy positions. These
switches include power, reset, and five user switches, which are mapped to different
GPIO signals. The badkside of the Cape is where a BeagleBone can be mounted.

Figure 1 below isapicture of the board.

Figure 1. The BeagleBone LCD3 Cape
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3.2 In The Box

Thefina padkaged BeagleBone LCD3 Cape Rev Al product will contain the foll owing
items:

- 1 BealeBone LCD3 Cape with standdfs

- 1 Wiki information card

3.3  Getting Started

Foll owing the instructions below to start using your BeagleBone LCD3 Cape:
1. Mourn the BeagleBone to the conredors on the battom side of the LCD3 Cape.
2. Make surethe SD card usingwith BeagleBone has Angstrom image 06_18 22or
later.
3. Plugina5V DC power supdy to the DC conredor onthe BeajleBone.
4. Followingscreenswill be displayed onthe LCD screen:
* Angstrom log-in prompt
* Auto Cdlibration utility (displays only onthefirst time)
5. Follow the instructions given by the Auto Calibration utility to cdibrate the LCD3
touchscreen.
6. After cdibrated, the Angstrom desktop will be displayed onthe LCD screen.

Y ou can start using the board.

34 Repairs

If youfed the board isin need of repair, follow the RMA Request processfoundat
http://www.beagleboardtoys.com/suppat/rma

Do not send the board in for repair until an RMA
authorization has been provided.

Do nat return the board to the distributor unlessyou want to get arefund Y ou must get
authorization from the distributor before returning the board.
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4.0 Featuresand Speafications

This sedion covers the spedficaions of the BeagleBone LCD3 Cape and provides a high
level description of the major componrents and interfaces that make up the board.

Table 2 provides alist of the BeggleBone LCD3 Cape' s fedures.

Table 2. BeagleBone LCD3 Cape Features
Feature
Display Elpa Displays S035Q01
LCD Size 35
Panel Type aSi TFT adive matrix
Resolution 320x240
Colors 16.7M
Interface RGB 16-bit
Touch Panel Resistive
Color Depth RGB 16-bit
Power Supply 5V DC viaBeajleBone expansion 3.3V viaBealeBone expansion
PCB 4.00" x 2.50° 4 layers
. Power LED
Indicators
User LED
EEPROM Board ID EEPROM
46-position male header
Connedors 20-position male header
6-position male header
ﬁ badgle toys.com Page 13 of 26
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41  Key Component Locations

Figure 3 below shows the top side locaions of key comporents on the PCB layout of the
BeagleBone LCD3 Cape:

LEDS LCD SCREEN RESET SWITCH ~ USER SWITCHES

Figure 3. Key Components on top side
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Figure 4 below shows key componrents on the bottom side of the board:

EEPROM POWER SWITCH

CONNECTOR

TRANSCEIVER

ape Re

BeaglcBane Lch3 ¢

CONNECTORS

Figure 4. Key Components on bottom side
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42 LCD Pane

The LCD Panel is supgied by Elpa. The Model number is SO35Q01. This display uses
amorphots silicon (a-Si) as a switching device The resolution is 320x240and it can
display upto 16.7M colors.

4.3 Indicators

Thereis one Power LED and one User LED locaed onboard. Power LED D3 indicates
that power is applied to the board. User LED D5 is controlled by GPIO1_18 Thissigna
isexposed as EHRPWM 1A at pin 14 on expansion header P9 of BeagleBone. These two
LEDs are green when lit and located ontop of the Ethernet connedor when mourted ona
BeagleBone.

44  Expansion Header

There are threemale connedors locaed on the bottom side of the board. The 46-paosition
and 20-pasition conredors will stadk ontop of the expansion conredors of BeagleBone.
The 6-position conredor will stack ontop of the badklight expansion connedor of
BeagleBone.

45 Switches

The power switch will sit between the Ethernet connedor and Power conredor when
mounted on a BeagleBone. This switch isathroughhole part andis popuated at 90
degreeto the PCB. The reset switch, on the other hand, is a surfacemourt part and
locaed on the topside and on the oppasite end. The power switch is used to power on or
off the board. When the board is powered on, pressng and hading the power switch for
10 seconds will power off the LCD3 Cape. Pressng the power switch again will power
onthe board. The reset switch is used to reset the board.

Located next to the reset switch onthe topside of LCD3 Cape are five user switches.
These switches are labeled as Left, Right, Up, Down, and Enter. They are mapped to
different GPIO signals, which can be accessed via connedor. The reset switch and power
switch are conneded to the RESET and PWR_BUT signals respedively which can aso
be accessd at conredor J2.
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46  Medanical Spedfications

Size 4.00" x 2.50°
Layers: 4

PCB thickness 062

RoHS Compliant: Yes

Weight: TBW

4.7  Eledrical Spedfications

Table 3isthe eledricd spedfication of the externa interfacesto the BeagleBone LCD3

panel.
Table 3. BeagleBone LCD3 Electrical Specifications
Spedfication | Min | Typ | Max | Unit
Power

Inpu Voltage DC 3.3 V
Badlight Suppy Voltage 5.0 V
Badklight Current Suppy 100 mA

Environmental
Temperature range | 0 | | +85 | C
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5.0 System Architedure and Design

This sedion provides a high level description of the design of the BeagleBone LCD3
Cape andits overall architedure.

51  System Block Diagram

Figure 7 isthe highlevel block diagram of the BeagleBone LCD3 Cape.
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Figure 5. BeagleBone LCD3 Cape High Level Block Diagram
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52 LCD Interface
5.21 Expansion connedors

The LCD interface of the BeagleBone LCD3 Cape uses 16 data and 4 control signals
from the BeagleBone's expansion conredors. By usingonly 16 signals for LCD_DATA,
more pins can be avail able at the expansion header for other cgpes. The quality of 16-bit
LCD output, noretheless is very similar to 24-bit. The 4 control signals are horizontal
sync (LCD_HSYNC), verticd sync (LCD_VSYNC), enable inpu (LCD_EN), and the
pixel clock (LCD_PCLK). Figure 5 shows these LCD signals at expansion conredor J1.

J1

. VSV 1 — 2 ~ ~
3 LCD_VSYNC §8< 3 4 >8§ LCD_PCLK 3
: LCD_HSYNG [CD DATAT4 5 6 CD DATATS LCD_EN ¢
LCD DATA13 7 8 LCD DATA11 ’
p— 3
LCD _DATA12 9 10 LCD _DATA10 <>>L"“ZJ DATAIO.15
LCD _DATAS 11 12 LCD _DATAS - [0..15]
CD DATASG 13 14 LCD DATA7
LCD DATA4 15 16 LCD DATAS
LCD _DATA2 17 18 LCD _DATA3
LCD DATAO 19 20 LCD DATAA
—i
CONN PCB 10x2-S
Figure 5. LCD Signals at expansion connector J1

5.2.2 Non-Inverting Bus Transcever

The LCD signals are buffered through Ul (74AV C32T245), which is a 32-bit dual-
suppy bus transcaver. 74AV C32T245 feaures two ports, A and B. Eadc port tradks a
separate power-supgy rail. This allows for universal low-voltage translation. The output-
enable (OE) inpu spedfies whether the buses are isolated. The diredion-control input, on
the other hand, determines the data transmisson diredion. On the BeagleBone LCD3
Cape, no voltage trandation required since its two power rails are both 3.3V. Both the
diredion-control and output-enable inpus are set low, so the data are transmitted from B
to A before going to LCD conredor J4. Figure 6 shows the LCD signals are buffered
throughU1.
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Figure 6. LCD Signals buffered through Ul

5.2.3 Touchscreen Interface

The S035Q01 touchscreen is resistive and compaosed of 4 different X or Y signals. These
signals are conreded to the analog inpus AINO to AIN4, which can be accessed via
expansion conredor J2. Both touchscreen and LCD flex cables share the same conredor
.
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5.3 LCD Power Supply

The Elpa S035Q01 is powered by 3.3V from the expansion conrnedor of BeagleBone.
This power isrequired for logic operation of the LCD modue.

The badklight of S035Q01 is compased of 6 LED’ sthat are in series. The forward current
for eadh LED is20mA and can goupto 25mA. This badlight is driven by BeagleBone's
PMIC badklight circuit provided at the badlight expansion conredor J3. The badklight
circuit isaboaost converter and two current sinks cgpable of drivingupto 2x10LEDs at
25mA or asingle string at 50mA of current. The badlight current is set by external
resistor R70 and R71. Sincethe LCD badlight only consists of one LED string, both
BL_ISINK pins are shorted together and conreded to the Cathode of LED string. The
switch pin of the boost converter is conneded to SYS 5V power rail viaan external
inductor, whereas the feedbadk pin is conreded to the Anode of LED string.

Figure 7 shows the badklight circuit of the BeagleBone LCD3 Cape:

- SYS 5V

i 1 BLISET2
EL N 4 3 BLOUT
R7o BL SkZ 6 5§ BL SINKI R71 i
00K = 00K B i
HEADER 2%2 18uH, DNI
L4
G D4

DGND DGND o ¥ meRx1s0TP

BL-OUT  ims,
< Bls

BL SINK1

BL_SINK2 5
- Coy BL-

Figure 7. BeagleBone LCD3 Backlight Circuit

54 Serial Port Interface

The LCD panel of the BeagleBone LCD3 Cape feaures NT3901@ asthe driver IC. This
|C uses the 3-wire serial port as communication interfacefor al function and parameter
setting. The serial port interfaceis not popuated in this revision since no parameter
changes are necessary for the Elpa S035Q01 panel.
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55 EEPROM

The BeagleBone LCD3 Cape has an EEPROM containing information that will alow the
SW to identify the board and to configure the expansion healers pins as needed.
EEPROMs arerequired for all Capes sold in order for them to operate corredly when
plugged in the BeagleBonre.

The EEPROM used onthis cgpeisthe same one as is used onthe BeagleBone, a
CAT24C256 The CAT24C256isa256kb Serial CMOS EEPROM, internall y organized
as 32,768words of 8 bits ead. It fedures a 64-byte page write buffer and suppats the
Standard (100kHz), Fast (400kHz) and Fast-Plus (1 MHz) 12C protocol. Figure 8 isthe
design of the EEPROM circuit.

[&!
&l
Reg

Board ID memory

vDD_2v3
\é .no é
b
w
n

1 2 4 A =]
b 14 —{ 24 RESE
n Fals IR ot ml [in
o B ><> scL vee |2 T
503 S it SDA

R
RE7
R

56K 5%
475K
475K
475K
72

52101

4 DGND
— SWi AD 1 Vss £
=== ST AD )
SW1 Al 2 A :
= SW1 A3
SW1 A2 3 A2 wp 7 <(TI:"l
SW DIP-2 CAT24C256W A (TPQ T POINT A
DGND T POINT A

Figure 8. BeagleBone LCD3 Cape EEPROM

55.1 EEPROM Address

In order for ead Cape to have aunique address aboard ID schemeis used that sets the
addressto be diff erent depending on the order in which it is stacked onto the main board.
A two position dipswitch or jumpersis used to set the addresspins of the EEPROM. It is
the resporsibility of user to set the proper addressfor ead board. Addressline A2 is
alwaystied high. This sets the all owable addressrange for the expansion cards to Ox54to
0x57.All other 12C addresses can be used by the user in the design of their Capes. But,
these addresses must not be used other than for the board EEPROM information.
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552 12CBus

The EEPROMSs on eadt expansion board is conreded to 12C2. For this reason 12C2 must
aways be left conneded and shoud nat be changed by SW to remove it from the
expansion healer pin mux. The 12C signals require pull-up resistors. Each board must
have a5.6K resistor onthese signals. With four resistors thiswill be an affedive
resistanceof 1.4K if all Capeswere instal ed.
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6.0 Medanical Information

This sedion provides information on the mechanicd asped of the BeagleBone LCD3
Cape. Figure 9isthe dimensions of the BeagleBone LCD3 Cape.

4.00"

F 3
L J

2.50"

Figure 9. BeagleBone LCD3 Cape Dimensions Drawing
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7.0 Design Materials

Designinformation can be foundat BeagleBoardToys wiki:
http://beagleboardtoys.com/wiki/i ndex.phptitle=BeagleBone LCD3

Provided thereis:
- Schematicin PDF
- Schematicin OrCAD
- Manufaduringfiles
o PCB Gerber
o PCB Layout (Allegro)
Bill of Materials
System Reference Manual (This document)

These design materials are *NOT SUPPORTED* and DO NOT constitute a reference
design. Only “ commnunity” suppat is allowed via resources at BeagleBoard.org/discuss
THEREISNO WARRANTY FOR THE DES GN MATERALS, TO THE EXTENT
PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN
WRITING THE COPYRIGHT HOLDERS AND/OR OTHERPARTIES PROVIDE THE
DES GN MATERALS* ASIS’ WMITHOUT WARRANTY OF ANY KIND, EITHER
EXPRE$D ORIMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESSFOR A PARTICULAR
PURPOSE. THE ENTIRERISK ASTO THE QUALITY AND PERFORMANCE OF THE
DES GN MATERALSISWTH YOU. SHOULD THE DES GN MATERIALSPROVE
DEFECTIVE, YOU ASSJME THE COST OF ALL NECESSARY SERMCING, REPAR
OR CORRECTION.

We mean it, these design materials may be totall y unsuitable for any purposes.
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