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Bluetooth® Smart is a trademark of Bluetooth SIG.

Bluetooth is a registered trademark of Bluetooth SIG.

Sharp is a registered trademark of Sharp Corporation.

ZigBee is a trademark of ZigBee Alliance.

All other trademarks are the property of their respective owners.
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2.1

An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

Key System Specifications

» 1.28" Graphical Display

* 96 x 96 Pixel Resolution

e Ultra-Low Power, Sharp® LS013B4DN04 Memory LC
* SPI Interface

System Description

Add a display to your SensorTag with the Display DevPack. Plug it into the SensorTag DevPack
expansion header and expand your design with a 96 x 96 pixel graphical display. Tl designed the display
for wearable applications, weather stations, or any portable display application displaying information from
the web.

The SensorTag battery powers DevPack based on ultra-low power, display technology with a typical
current draw of 2 pA.

CC2650

The Display Devpack demonstrates a low-power graphical display that interfaces with a CC2650 device.
The CC2650 is a wireless MCU targeting Bluetooth® Smart™, ZigBee™ and 6LoOWPAN, and ZigBee
RFACE remote control applications.
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Block Diagram
The device is a member of the CC26xx family of cost effective, ultra-low power, 2.4-GHz RF devices. Very
low active RF and MCU current and low-power mode current consumption provide excellent battery life.

This device operates on small coin-cell batteries and can be used with energy-harvesting applications.

SimpleLink™ CC26xx wireless MCU
CJTAG

RF core

0 o

Main CPU

ARM® 128 KB

Cortex®-M3 Rash Digital PLL
DSP modem
8KB
cache ARM®
20 KB Cortex®-M0
SRAM
General peripherals / modules

Sensor controller
rc 4x 32-bit timers Sensor controller
engine

UART 2x $SI (SPI, pW, TI)

12-bit ADC, 200 ks/s
128 Watchdog timer
2x Analog comparators
10/15/31 GFi0s TRNG SPI/ I’C digital sensor IF

AES Temp. / batt. monitor Constant current source

32 ch. pDMA RTC Time-to-digital converter

DC / DC converter 2 KB SRAM

Figure 1. CC2650 Functional Block Diagram
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Figure 2. CC2650 and Display Block Diagram
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4 System Design Theory
4.1 CC2650 SensorTag with Display DevPack
The SensorTag and Display DevPack is a complete development kit that requires no embedded software
knowledge to start testing.
To get started, do the following:
1. Plug the Display DevPack into the SensorTag DevPack connector.
2. Connect the SensorTag to your smart phone using Bluetooth Smart.
3. Download the Display DevPack software from the application.
4. Control the display directly from your phone.
4.2 Embedded Software Development
The SensorTag includes open hardware and a software reference design for low cost and low-power 0T
nodes. Use the SensorTag with the Debug DevPack for the lowest cost hardware development platform.
You can easily port the SensorTag application between radio standards to quickly evaluate which wireless
technology is best for your application.
4.3 Hardware Development
Use the SensorTag hardware as the development platform for your IoT project. The open hardware
platform includes ten low-power sensors and the Display DevPack to develop and test your own sensors
and display applications.
4 Display DevPack Design Guide TIDUA51-June 2014
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5 Getting Started Hardware

5.1 Plug the Display DevPack into the SensorTag

Figure 3. Plugging the Display DevPack into the SensorTag
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5.2

Download the Display DevPack Firmware
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Figure 4. Downloading the Display DevPack Firmware
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5.3 Enter Text into the SensorTag Application to display it on the LCD Screen
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Figure 5. Writing Text to Send it to the Display
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5.4 Cut the Rubber Sleeve to Fit Your Application
To cut the rubber sleeve to fit the display, use a sharp knife to cut carefully around the edge of the display.

NOTE: Cut only around display and not the entire PCB.

Figure 6. Cutting the Rubber Sleeve to Fit the Display

6 Getting Started Firmware

The Bluetooth Smart firmware for the SensorTag Display DevPack is included in the Bluetooth low energy
Stack examples (BLE-STACK-2).

7 Test Setup
See Section 5.
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8 Design Files

8.1 Schematics

To download the schematics for each board, see the design files at http://www.ti.com/tool/TIDC-
DEVPACK-DISPLAY.
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Figure 7. : Display DevPack Schematic
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8.2

Bill of Materials
To download the bill of materials (BOM), see the design files at TIDC-DEVPACK-DISPLAY.

Table 1. BOM

Designator

Quantity

Value

Description

Part Number

Manufacturer

C1

1

100 nF

CAPACITOR,
CERAMIC X7R, 100
nk, 25V, —-10%/10%,
-55°C/125°C, 0603,
SMD

GRM188R71E104KA01D | MURATA

C2C3

1pF

CAPACITOR,
CERAMIC X5R, 1 pF,
25V, —10%/10%,
-55°C/85°C, 0603,
SMD

GRM188R61E105KA12D | MURATA

CR1

LS013B4DN04

OPTO, DISPLAY,
LCD, 2.7V TO 3.3V,
NOT APPLY

LS013B4DN04

SHARP

FIDU1 FIDU2
FIDU3 FIDU4
FIDU5 FIDU6

FIDU_1.27 mm

FIDUCIAL MARK,
ROUND 1.27 mm

J2

LSS-110-01-F-
DV-A-TR

CONNECTOR,
HEADER, HI-SPEED
SOCKET, FEMALE,
STRAIGHT,2 ROWS
,20 PINS, PITCH
0.635 mm, SMD

LSS-110-01-F-DV-A-TR

SAMTEC

J3

AYF531035

CONNECTOR,
FLEXI, FEMALE,
RIGHT ANGLE, TOP
AND BOTTOM
DOUBLE
CONTACTS, 1 ROW,
10 PINS, PITCH 0.5
mm, SMD

AYF531035

PANASONIC
INDUSTRIAL

R1

820 k

RESISTOR, THICK
FILM, 820 k,
-1%/1%, 0.1 W, 75
V, -55°C/155°C,
0603, SMD

CRCWO0603820KFKEA

VISHAY

8.3 PCB Layout Recommendations

The layout of this DevPack only uses digital signals at a relatively low data rate. The layout requires no
special considerations.
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8.3.1 Layout Prints

To download the layout prints for each board, see the design files at TIDC-DEVPACK-DISPLAY.

@
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Figure 8. Top Silkscreen

Figure 9. Top Solder Mask

Figure 10. Top Layer
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Figure 11. Bottom Layer
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Figure 13. Bottom Silkscreen
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Figure 14. Mechanical Dimensions
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8.4 Cadence Project
To download the Cadence project files, see the design files at TIDC-DEVPACK-DISPLAY.
8.5 Layout Guidelines
To download the layout guidelines, see the design files at TIDC-DEVPACK-DISPLAY.
8.6 Gerber Files
To download the Gerber files, see the design files at TIDC-DEVPACK-DISPLAY.
8.7 Assembly Drawings
To download the Assembly Drawings for each board, see the design files at TIDC-DEVPACK-DISPLAY.
FIDU FIDUS - FIDU4
FIDUY
— J3
— im |
(a'd o C2
() o C3
FIDU2
Figure 15. Assembly Top Figure 16. Assembly Bottom
8.8 Software Files
Associate this BLE stack to this T Design: http://www.ti.com/tool/ble-stack.
9 References
1. CC26xx SimpleLink Wireless MCU Technical Reference Manual, (SWCU117)
2. CC2650 SimpleLink™ Multistandard Wireless MCU, (SWRS158)
3. CC2640 SimpleLink Bluetooth Smart Wireless MCU, (SWRS176)
4. CC2630 SimpleLink 6LoOWPAN / ZigBee Wireless MCU, (SWRS177)
5. CC2620 SimpleLink ZigBee RFACE Wireless MCU, (SWRS156)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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