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1 System Description

1.1 Cautions and Warnings

This TI design operates the hardware powered directly from AC supply; therefore, only professionals who
received appropriate technical training should operate the hardware.

Before operating the hardware, read the safety related documents that come with the user’s guide before
operating the hardware.

CAUTION

Read the user's guide before use.

CAUTION
Do not leave the EVM powered when unattended.

CAUTION
HOT SURFACE: Contact may cause burns. Do not
touch.

CAUTION

HIGH VOLTAGE: Electric shock is possible when
connecting the board to a live wire. The board should
be handled with care by a professional. For safety, use
isolated equipment with overvoltage and overcurrent
protection.

> BB P
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1.4

System Description

This design guide discusses an application that reads an energy monitor device over a Wi-Fi link. This
design uses the Texas Instruments CC3200MOD and MSP430i2040 as the development platform for
communication and electrical metering, respectively. Starting from the Tl Design TIDM-30OUTSMTSTRP
as the metering data source, a communication board designed using the CC3200MOD is added for Wi-Fi
communication. The metering data can then be read and the relay can be controlled by using a browser.

This guide explains the process of coding the CC3200 to add the communication to the TIDM-
3OUTSMTSTRP.

MSP430i2040 — 16-Bit Mixed Signal Microcontroller

The MSP430i2040 is used in this design as the metrology processor. Its four 24-bit sigma-delta analog-to-
digital converters (ADCs) allow accurate energy measurements, providing read of voltage, current, power
(active, reactive, apparent), power factor, and frequency of three AC outlets. The MSP430i2040 requires
only a few passive external components to interface directly to the voltage divider and current shunt for
voltage and current measurements.

CC3200 — SimpleLink™ Wi-Fi CC3200 Internet-on-a-Chip™ Wireless MCU Module

The CC3200MOD is used in this design as the Wi-Fi controller that integrates an ARM® Cortex™-M4
MCU, allowing customers to develop an entire application with a single device. With on-chip Wi-Fi,
Internet, and robust security protocols, no prior Wi-Fi experience is required for faster development.
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2 Block Diagram
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Figure 1. System Block Diagram
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Highlighted Products

MSP430i2040 — 16-Bit Mixed Signal Microcontroller

Supply voltage range: 2.2 to 3.6 V
16-bit RISC architecture, up to 16.384-MHz system clock
Memory
— Up to 32KB of Flash main memory
— 1KB of Flash information memory
— Up to of 2KB of RAM
Clock system
— 16.384-MHz internal DCO
— DCO operation with internal or external resistor
— External digital clock source
Up to four 24-bit sigma-delta ADCs with differential PGA inputs
Two 16-hit timers with three capture/compare registers each
Enhanced universal serial communication interfaces (eUSCIs)
— eUSCI_A0
* Enhanced UART with automatic baud-rate detection
* IrDA encoder and decoder
* Synchronous SPI

— eUSCI_BO
e Synchronous SPI
. I’C

16-bit hardware multiplier

CC3200 — SimpleLink Wi-Fi CC3200 Internet-on-a-Chip Wireless MCU Module

Consists of the CC3200R1M2RGC single-chip wireless MCU and all required clocks, SPI flash, and

passives.

Modular FCC, IC, and CE certifications save customer effort, time, and money

Wi-Fi certified modules, with ability to request certificate transfer for Wi-Fi alliance members

1.27-mm pitch LGA package for easy assembly and low-cost PCB design

Efficient code size architecture, placing drivers, Bluetooth® low-energy controller, IEEE 802.15.4 MAC,

and Bootloader in ROM
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2.1.3 UCC28910, UCC28911 High-Voltage Flyback Switcher

» Constant-voltage (CV) and constant-current (CC) output regulation without optical coupler
» 15% output voltage regulation accuracy

» 15% output current regulation with AC line and primary inductance tolerance compensation
e 700-V start-up and smart power management enables <30-mW standby power

» 115-kHz maximum switching frequency design for high-power density

» Valley switching and frequency dithering to ease EMI compliance

* Thermal shutdown

e Low line and output overvoltage protection

214 ULN2003LV 7-Channel Relay and Inductive Load Sink Driver

» 7-channel high current sink drivers
e Supports up to 8-V output pullup voltage
e Supports a wide range of 3- to 5-V relay and inductive coils
» Low output V_ of 0.4 V (typical) with
— 100-mA/140-mA (typical) current sink per channel at 3.3-V/5.0-V logic input
» Compatible to 3.3-V and 5.0-V MCUs and logic interface
» Internal free-wheeling diodes for inductive kick-back protection
e Input pulldown resistors allows 3-stating the input driver
» Input RC-snubber to eliminate spurious operation in noisy environments
» Low input and output leakage currents
» Easy-to-use parallel interface
» ESD protection exceeds JESD 22: 2-kV HBM, 500-V CDM
* Available in 16-Pin SOIC and TSSOP packages
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3 System Design Theory

3.1 Metering

This Tl Design uses the MSP430i2040 as the metrology processor. The Tl Design TIDM-30UTSMTSTRP
is used as the platform of the metering part. The hardware and firmware are slightly modified to add relay
control alighted to zero crossing. Find details on the hardware and firmware of the TIDM-30OUTSMTSTRP
in its TI Design folder; the modification to hardware is discussed in Section 4.

NOTE: The software package includes the modified firmware with the source code (except the
metrology source code, which is only provided upon request). Please contact a local sales
office for details on obtaining the metrology source code.

3.2 Metering Data Access

This Tl Design uses the HTTP Web Server on the CC3200 transfer data from the MSP430i2040 metering
hardware. This transfer allows metering data to be accessed using a web browser on any platform.

The HTTP server listens on the HTTP socket (default to 80) then handles the request (HTTP GET or
HTTP POST) by retrieving the web page files from the serial flash. The server then calls to an HTTP event
handler to operate on the variable contents. It then composes an HTTP response and sends back to the
client over the Wi-Fi link.

ing i MSP430i2040
Metering interface _
power strip
t v
User handler
1 v
CC3200 HTTP server Serial flash
web pages

Figure 2. Metering Data Access
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3.3 Handling Dynamic Data Items
To allow the metering data to be read with an HTML file with dynamic contents, the HTTP web server
supports a set of predefined tokens, which will be replaced on-the-fly by the server, with dynamically
generated content. Some tokens are predefined in the HTTP server with additional tokens that can be
defined in user application.
The HTTP server scans the HTML page for the "__SL_G_" prefix. If the server finds a prefix, it checks the
complete token. Once it matches a known token, it replaces the token in the HTML with the appropriate
data (string) that matches that token. If the token is not in the predefined list, the server generates a
get_token_value asynchronous event with the token name. This request eventually calls to the HTTP
event handler in the main.c code file. The handler then interprets the token and responds to the token
value with a send_token_value. The HTTP web server uses this token value and returns it to the client.
To send data from client to the HTTP server, the server will check for the " SL_P_" prefix. Then the
server goes over the parameters list and checks each variable name to see if it matches one of the known
predefined tokens. If the variable names match the predefined tokens, the server processes the values. If
the HTTP web server receives an HTTP POST request that contains tokens not in the predefined list, the
server generates a post_token_value asynchronous event to the host, which contains the following
information: form action name, token name, and token value. The host can then process the required
information.
3.4 Implementation of HTTP Event Handler
According to Section 3.3, the HTTP event handler is implemented. To facilitate dynamic data, the user-
defined token is defined for the set of data to be retrieved:
User defined tokens:
e _ SL_G_SST: Get Socket Status
e _ SL _G_VSA: Get Socket A Voltage
e _ SL_G_VSB: Get Socket B Voltage
e _ SL_G_VSC: Get Socket C Voltage
e _ SL G _ISA: Get Socket A Current
e _ SL G_ISB: Get Socket B Current
e _ SL G_ISC: Get Socket C Current
e _ SL_G_PSA: Get Socket A Active Power
e _ SL_G_PSB: Get Socket B Active Power
e _ SL_G_PSC: Get Socket C Active Power
e _ SL_G_PFA: Get Socket A Power Factor
e _ SL_G_PFB: Get Socket B Power Factor
e _ SL _G_PFC: Get Socket C Power Factor
e _ SL_G_H.D: Get Meter Name
e _ SL_P_ULD: Set Socket Status
The HTTP event handler first checks for the type of event; in this application, only
SL_NETAPP_HTTPGETTOKENVALUE_EVENT and SL_NETAPP_HTTPPOSTTOEKNVALUE_EVENT
need to be handled. The process of the handling is illustrated in Figure 3.
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A

Figure 3. HTTP Event Handler Flow Diagram
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4 Getting Started: Hardware
4.1 TIDM-3OUTSMTSTRP Hardware Modification

41.1 Power Supply Circuit

The TIDM-30OUTSMTSTRP LDO circuit requires minor modifications to allow for more current to supply
the 3.3-V rail for driving the Wi-Fi block.

NR/FBT

EN

GND
TPS73633MDBVREI
pen

NEUTRAL

D6
V320SM7 2
FR

2 L
D7 c28
s SuBI7OA13F T 220,F
v
6125FATA 22

Figure 4. TIDM-3OUTSMTSTRP Hardware Modification

Change the LDO to TPS73633DBVREP . As this LDO is high enabled, the 0-Q resistor R39 should be
opened and R59 should be added to connect pin3 to 5.0 V instead.

In addition to the LDO, replace the original power supply block to provide a more reliable relay operation,
although the block power supply in the original TIDM-3OUTSMTSTRP is sufficient to drive the whole
circuit.

Figure 5 shows the power supply design. This design is laid out with the same footprint as the original
power supply block (see Section 8 for detail of the layout) for drop in replacement.
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Figure 5. 5-V Power Supply Block Schematic

4.1.2 Protection Circuit

Remove the following protection diodes (MOV) from the TIDM-3OUTSMTSTRP board: D11, D12, D2A,
D2B, D2C, D3A, D3B, and D3C.

4.2 Wi-Fi Module

The Wi-Fi module is designed using the CC3200MOD to facilitate attaching to the communication
connector on the TIDM-30OUTSMTSTRP board while providing the debugging and programming facility for
the CC3200. For details about the design of the Wi-Fi module, see Section 8.
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5 Getting Started: Firmware
After the hardware is connected, download the firmware to its corresponding hardware.

5.1 Loading Firmware to Wi-Fi Module

5.1.1 Prerequisites

To debug with the CC3200MOD or to download the firmware to the flash memory on CC3200MOD, the
user needs:

¢ CC3200-LAUNCHXL or CC3200MODLAUNCHXL
e Code Composer Studio™ (CCS) Uniflash for CC3100/CC3200 installed on PC
* CCS 6.0.1 installed on PC

» Example code package unzipped and the folder "httpserver-powerstrip" copied into the cc3200dsk
example folder (located as default in C:\t\CC3200SDK_1.0.0\cc3200-sdk\example\)

» Example code project imported to CCS and built

5.1.2 Connecting Board for Programming
On the CC3200-LAUNCHXL.:
1. Disconnect the jumpers as indicated in Figure 6.
2. Locate the pins on J1 and J2 of the Wi-Fi module (Figure 7).
3. Connect the pins with a blue dot to the correspondingly labeled pin on the Wi-Fi module (Figure 6 and

Figure 7).
= | . | B -
o = ‘
=3 oy = = Q
h>9 2 BNk | o0 S
i ' B - " . ! -
- : ]:l..l'.“-' )] "~
=T , Bl ) A =
o [L_E it
@- EwATITTY H e J
- e = §ECT Jumi
) - Ie ECT UM =
: « =‘mmumu s
S Ak a "; [
= = :
: 23 3 3 [
[ J a -
. &)= *
= s
] z
- I.-I . o - -
Figure 6. CC3200-LAUNCHXL Jumper Preparation for Connection to Wi-Fi Module
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XL SH1 10100, 11r

Figure 7. Locate Pins on Wi-Fi Module
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5.1.3 Programming
Once connected as described in Section 5.1.2, set the Wi-Fi module to programming mode by switching
the SOP2 DIP switch on the Wi-Fi module to the ON position. Then:
1. Connect to the USB on PC with a USB cable to the micro-USB port on the CC3200-LAUNCHXL.
2. Launch CCS UniFlash for CC3100/CC3200 on PC.

3. Click on File — Open Configuration.

Wirdew  Haip
e i Quick Start Guide:
5
& Open Configuustion N Targe] Configanation : Ti s & baisen, yivw well Sattd & 100 o7 CORfigeralion which sl poul Commedlion snd Langel dewiie Vou Can (e § At Lingel
Fograt o st plkzwing the knic

g ¥, 04 a0 SIS0 DPEn B0 ewslang et Confperation b Hart & sesien

Dpen Taeget Conliguepon

e the pesuon i comligured, e GUL sl e populied Here you on ousemage the sethings o yoer Tush operstion, snd camy gul Tagh losd sed snse
epmatem.

& Comsele
Mo cosssales o desplary a6 thes e

Figure 8. CCS UniFlash Open Configuration

4. Locate the configuration file "httpserver-powerstrip.ucf" (usually located in
C:\ti\CC3200SDK_1.0.0\cc3200-sdk\example\httpserver-powerstrip\html).
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5. When the screen shown in Figure 9 appears, put the correct COM port nhumber of the LAUNCHXL
board connected to the "COM Port" box.

i T -
+'s £L% UnFlach - CASNEL 120050

File Opeabon @ndow  Help
31w C 33w Flacih Setup aeed Cormied
# Sywterm Files O Pt
L' mosmg bn
I ot capam 14}
cotSckand pem
cort/pivabeiey Fromal « Foumugt the sens flash on the tasjet feve.
f » Uses Files Frogram Proguam the sendal Sidh on the Laige doce.
wowva e himil
‘weewaniexd_dems ftmi Savvice Pack Progesmming | - Apply a serexw pacic bundis B She deace (resdable Sor downdoed here
A (TG demc-highivatihopg
wwen R ges R Gt Vg - Dripley the bootisader virsan on The dee
ik ke el Fie e et Tk 1 the setian T it
o CCFe'C O30 Cowilig Getugs
Dwrwicn Fcle
Wrtion
0F
FiR
Frisldes
HT TP Serves
DHCP Sorem
MG Chant
Srvat Conlig
]
3 comscte 4 M-
Mo comscler 1o dempley of the e,
|
— —

Figure 9. CCS UniFlash Screen After Configuration File Loaded

If this is the first time the board is being programmed, click "Format". Otherwise, go to Step 12.
When prompted to reset the device, push the button S1 once on the Wi-Fi module.
Wait for process to finish with the prompt "Operation Format returned".

Click on "Service Pack Programming" and locate the service pack bin file when prompted (located as
default in C:\t\CC31xx_CC32xx_ServicePack_1.0.0.1.1\servicepack_1.0.0.1.1.bin).

10. When prompted to reset the device, push the button S1 once on the Wi-Fi module.

11. Wait for the process to finish with the prompt "Operation ServicePackProgramming returned".
12. Click on "Program" to start programming.

13. When prompted to reset the device, push the button S1 once on the Wi-Fi module.

14. Wait for the process to finish with the prompt "Operation Program returned".

15. Disconnect the Wi-Fi module and set SOP2 on the Wi-Fi board to the OFF position.

© © N

The Wi-Fi module is now programmed with the demo code and ready for use.
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5.2 Loading Firmware to TIDM-3OUTSMTSTRP

Perform the following steps to download the firmware to the TIDM-30OUTSMTSTRP hardware. Use an
MSP-FET430UIF MSP430 USB-Debug-Interface to perform the download.

1. Do not connect the Wi-Fi module to the metering board at this stage to program the TIDM-
30UTSMTSTRP board.

2. Connect the MSP-FET430UIF to P1 of the TIDM-30OUTSMTSTRP and have J8 with position 1-2
shorted with a jumper. C21 may need to be removed temporarily for programming.

If Elprotronic FET-Pro-430 Lite is installed on PC, go to Step 7.

. Go to https://www.elprotronic.com/productdata to download the FET-Pro-430 Lite Software.
. Unzip the downloaded file and run setup.exe.

. Follow the instructions to complete the install.

. Launch FET-Pro-430 Lite.

. Update the firmware if prompted for the MSP-FET430UIF Firmware Update.

. Click on "Open Code File" and select "emeter-app-i2041.d43" inside the install folder of this design.
Then check the settings in the boxes Microcontroller Type, Power Device from Adapter, and Device
Action as shown in Figure 10.

© 0 N O U AW

NOTE: To modify code, use IAR 5.52 to compile the project "emeter-app-i2040". A compilation of
"emeter-metrology-i2040" and "emeter-toolkit-i2040" is not required. The library code of this
project is already provided. Contact a local Texas Instruments Sales office if the source code
for emeter-metrology-i2040 is required.

| FET-Pro430 ( FET M

File  View _Sotiimmltlemmdings it [ |

— ~—
| Open Code File - I |emeter—app—i2041.d43 path: P Usersial28311 24 Deskiop!, ~Blow Security Fuse-
[~ Enable
= = 2 |:| BLOWY FLISE
Wicrocontroller Type - - - Status 33y ,] —‘
Ginun: MEPAIE = 12 Device Action
A st | Pass | BOWER ONJOFE 0 I~ Reload Code Fils
\ |MsP430i2047 =l [CeREr 0o | ™ Enable Blank Check
Total: RESET ‘
Target [ MSP430i2041 Belance: [ 0 - O AUTOPROG. ‘
BSL | ver. 0.00 [ Check Sum= _ _
. I Source: | 0x07205403 M Verify Security Fuse ‘
~Selected Dewvice Information - 7
RAM- 2048 bytes:  FLASH - 32 kB; || Memory: O O ERASE FLASH ]
Report i
RFeading Code File e, daone - : O BLANK CHECK ]
— Code size = 0x3385 (13189 ) bvtes |
O WRITEFLASH |
= 0 |
| O VERIFY FLASH |
o Sl 1I]DDDDDDD
e S i READ/COPY |
Port: USE Automatic Erase { Write memary option:
Spy-Bitvire (2-wires) *All Memary* ~READ / COPY
[INENENEEENEEENERENEEENEEENENENEEENEEENERERENENEEENENENENENEREE NEXT (F5) ‘
Figure 10. TIDM-30OUTSMTSTRP Programming Setup
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10. Click "READ/COPY" to copy the original code. When the Flash Memory Data window appears, click
the "Copy" button, paste the data to an open notepad application, and save it as a text file named
"original.txt". Use this file to restore the code to original in case of any errors.

"B FET-Pro430 (FETM :
File View Setup Serialization Teols About/Help

| Cpen Code File  -» Hemeter—app—i2041_d43 path: ;C:\Users\a0283112\Desktup\ - Blow Security Fuse -
[~ Enable

~FPower Device from Adapter- — D Bl

--MicrocontrullerType-—':"'Status'—‘ ]3_3\; v] Device | T I
[ : - = Voltage | [DEvice Acton————————————
| Group: MSP430i20c —J! | Pass | - [~ Reload Code File

[MsP4anizoar - poweronore | O

|| Total ] BESET J ]T :
J L

™ Enahkle Blank Check

Target: j hSP430i2041 Balance: 0 Sl | AUTO PROG. |
BSL j__ver. 700 ]“_ ~Check Sum i . .
! I | Souce | Dx072D5903 M wverity Security Fuse ]
~Selected Device Information - -
BaAr - 2045 bytes;  FLASH - 32 kE: . bernory: L] U] EFRASE FLASH ]
Feport - :
Feading Code File oo daone ad B = O BLAME CHECK ]
— Code size = 0x3385 (13189 ) bnes |
O WRITEFLASH |
1=] D
| g
Mest S (00000000
= Formai WA 1234 E
—
Fort: LISE Automatic Erase / Write memory option:
Spy-Bivyire (2-wires) *All Merman: * ~READ / COFY ‘

[NEEENEEENEEENEEE RN RN NN NN NERENEEENENENENENENEN RN ENEEENEERREEN MEXT (F5) | ‘

L o _ aaaase eSS 0 2220220202020 2SS 2020 O2aaaaaas 00 aay

Figure 11. Read Original Firmware
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[

%

Flash Memory Data |- ﬁ
Addr: 00 01 02 03 04 05 06 07 02 09 0n 0B OC 0D OE OF =<——— Bagcii ———-—>
1z
=== Information Memcry Segments (x1000 - [x13FF =———— =
O1000: e blank -—-(all IxFF}-————
0x1i3al: FF FF 66 02 FF FF FF FF FF F¥ FF FF FF FF FP FF | L o
0x13B0: e blank -—-(all (xFF}-————

H

0x13c0: E1 p3 01 QA FF FF FF FF FF FF FF FF FF FF 02 D2 | ................
0x13p0: 00 3F 03 04 82 €0 68 0O 04 02 0C PP FE 22 FP FF | .7....k..cuo-. e
0x13EQ0: 0 blank-——(all 0xFF}-————
========== Main Memcry Segments [x2000 - [xFFFF ======
08000 - Elank-—-—(all 0xFF}-————
QC000: TF FF 00 00 0O 00 70 64 02 00 0E OO0 B4 3F 54 31 | .cun.s pdecaa- i
0xC010: FO FF 00 00 00 00 A4 SE 00 00 00 00 70 64 08 0O | .oucunn e B
OxC020: OE 00 67 40 F3 31 FO PF 00 00 00 00 A4 SE OO 00 | ..gf.leccuua. e
OxC030: 00 00 70 &4 02 00 OE 0O 03 3F CF 30 FO FF 00 D0 | ..pd..... Tl
OcC040: 00 00 24 S5E FF FF FF FF FF FF FF FF¥ Fr FF FP FF | e
QeC050: blank -—-(all (xFF}-————

i
0xC400: FF 7F 06 20 11 7C 86 20 41 782 06 21 BE 74 86 21 | .0. .|. Bc.lf.t.!
0xC410: F6 70 06 22 TA 6D 26 22 16 6A 05 23 CC 66 85 23 | .p.'"=zm.".j.#.£.# i
(xC420: 98 63 05 24 7B €0 85 24 73 50 05 25 BO 5A 85 25 | .c.5{ .$=].%.Z.% d
0xC430: n1 57 05 26 D5 54 85 26 18 52 04 27 73 4F 84 27 | W.&.T.&.R.'ad.'
0xC440: DC 4C 04 28 55 4K 84 28 DE 47 04 29 76 45 84 28 | .L.(UT-(-G-)vE.)
OxC450: 1D 43 04 22 D2 40 83 22 94 38 03 2B 64 3C 83 2B | .C.v.B.wmodeld
OxC460: 40 3a 03 2C 29 38 83 2C 1p 36 03 2p 1D 34 83 2D | @:.,)B8.,.6.—.4.- -
¢ skip blank INTEL (*.hex Copy Hetapad ‘ Exit ‘ Ll

S

Figure 12. Flash Memory Data Window; Copy and Save Original Firmware
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11. Close the Flash Memory Data window and click on "AUTO PROG".

File View Setup Senalization Too[sbouefp

| Open Code File

- Ilemeter—app-i2041.d43 path’ |C:\Users\,a0283112‘-,Deskt0p\

- Blow Security Fuse-

[~ Enahle |
- Fower Device fram Adapter- D BLC S |
~Microcontroller Type- | atatus—————————————— | 73V ,] Device
| o VYT Ll i : \ohage | | Device Action
roup: 2 | | PﬂSS | FOWEF ON/OFF | 0 " Reload Code File
MSP430i2047 | I [ Enable Blank Check
| RESET | [ — (
Target: | MEPA30i2041 Balance: | 0 \ ] AUTO PROG.
BSL [ ver 000 | [t | & , :
- : Source: | 0x07205903 Verify Security Fuse |
—Selected Device Information
Fishd - 2048 bytes;  FLASH-32 kE; Memary: | O] ] ERASE FLASH l
Feport B :
Feading Code File ... done T LIEVIES o O BLAMK CHECK |
— Code size = 0x3385 (13189 bntes I
] WRITE FLASH |
Mext Wodel-Group-Rewision O iR =R e |
| ] WERIFY FLASH |
Mexi Sl 00000000
e R TR i READ/COPY |
Port: LISE Autamatic Erasze / Write memaony option:
Spy-Birviire (2-wires) *All Memory ™ ~READ / COPY
[NEEENEEEN RN EEENEEENEEENE RN NN RN NN EE NN NN ENENENENENENENEEN NEXT (F5) |

. S 2 s 0 —  aaaaamssesooaEEEE 200000 09SO 22 a2 oy

Figure 13. Start Firmware Programming
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12. It will prompt the window shown in Figure 14. Check that everything else is okay except for "Verifying

Flash Memory".

,- ad
= 5 rammer} - Elprotronic Inc.
FET-Pro430 ( FET MSP430 Hash Prog r} - Elp ic T

= )

File View Setup Serialization Teools About/Help

Open Code File -» J|emeter—app—i2041.d43 path: 10:\U59rs‘-,a0283112\Desktup\

| Power Device from Adagpter-

Micracontraller Type- -Status

Target: rMEP430iIZ041
wer, 0.00

~Selected Device Information -

Balance: J 0

—

7 Check Sum -

Source: 007205303

B3L:

BAk - 2045 bytes;  FLASH-32 kE: kdemory: Ix0770BEZ2

Feport
FAILED I -

JTAG communication initialization.... oK |
Yerifying Security Fuse ... 0]
Feading Retain Data . done |
Erasing memaory ......... done
erifying Retain Data done
JTAG communication initialization.... 0]4 |
Flash programming ...
erifying Flash Memany failed | ]I]IJDIJEIIJDEI
—— FAILED N 5| f—

Port: USE Autamatic
Spy-Bi-wire (2-wires)

Erase / Write memary option:
*All Mermony *

33V v] Device
Group: MSP430i2e - | Fall | e
[MsPa3nizoar -] poweron/orr | O
Tatal: BESET ‘ JT

—
< YERIFY FLASH | _>

- Blow Security Fuse-
[~ Enable

O

Dewvice Action
I~ Reload Cade File

[ Enahle Blank Check

ALTO FROG.

YWerify Security Fuse

ERASE FLASH

BLANK CHECK

WRITE FLASH

X\0O & B & B X

O

READ / COPY J

FAUTOD PROGRARM

MEXT [F5) J

Figure 14. Note Failure on Verify and Confirm Check Sum
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13. Click on View — Compare Code File and Flash Data. Select "Yes" when prompted to read the data
from the device first. Check for "==== No differencies found. ====" on the last line of the Comparation
Code and Flash Memory Data window (see Figure 16).

7 Ferprot30 (T MSPA30 Fed

te iew :Setup Serialization Teols Aboup
Code File Data

[
ﬂ‘ Flash Meimory Dota path: IC;\,Users\aDEBﬂ12‘-,Desktop\ ~Blow Security Fuse- |
2 View pending SN fist ™ Enahble
1 —— ~PFower Device from Adapter- — D BLC £
M Compare Code File and Flash Data i : .
] A3 _'_j Device ] i
Gr! Comipare Two Code Files, Current and ... Yoltage -Dievice Action _
| R S st SRR | I [~ Reload Caode File
|MEP430iz04T =l [~ Enable Blank Check

Total | RESET | — |

Target ] MSFA430i2041 Balance: [ 0 L 1 X | AUTO PROG. ]
BSL: ver. .00 [ ek Sum [ ¥ , ,
: Il | Souse | k07205903 Veity Securiy Fuse |
~Selected Device Information - 5
Rishd - 2048 bytes;  FLASH-32 kE: || Memary: | 00770BBZ2  [X] M ERASE FLASH ]
Feport ks - - :
FAILED I x| rDeviess | BLANKCHECK |
JTAG communication initialization.... Ok ] -
WRITE FLASH
n Werifying Security Fuse Ok M ‘
Feading Retain Data . done
Erasing Memon s done (| W TESH ‘
Werifying Retain Data . done
JTAG communication initialization.... oK [
Flash programming ... done E VERIFY FLASH ]
“erifying Flash Memory tailed 4 [l gt S |DEIIJDEIDEIIJ |
FAILED Il ——— |=] : =
E ot P8 B READ / COPY ]
Paort: USE Automatic Erase / \Write memany option:
Spy-Bisire (2-wires) * Al Memany * FAUTO PROGRARM 1
[NEEENEEENEEENEREREEENEEEREEENERENERENEERNEEENERERNENENEEEN MEXT (F5}
||
L= = _ = = = il = = = =
Figure 15. Perform Direct Code Comparison to Verify Written Firmware
20 Wi-Fi Link for Energy Monitoring TIDUAM2A—-September 2015—-Revised October 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUAM2A

13 TEXAS

INSTRUMENTS
www.ti.com Getting Started: Firmware
s =k
Comparation Code and Flash Memony Data Lﬁ
Addr: 00 01 02 03 04 05 06 07 02 09 0a OB OC Op QE OF Z——— Rgcii ——-—>
= ============[Data Besult Comparation. =—=========== -+
: = Only data from the code file that does not match—
z == with the Flash Memcry data is displayed. ==
= = Extra data from the Flash Meameory is igneored. ==
: First Lins - Data from ths Code Fils.
: Second Lina — Date from the Flesh Memory.
‘/:':= No differencies found. =—=== > |
S —

L i Paste tec Notepad | Exit |

Figure 16. Comparation Code and Flash Memory Data Window

This completes the firmware programming of the TIDM-3OUTSMTSTRP.
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14. After the code is downloaded onto both boards, the application is ready to run. Put the Wi-Fi module
onto the communication connector of the TIDM-30OUTSMTSTRP board. Set the jumpers as shown in
Figure 17 and set DIP switch 4 on the Wi-Fi module to the ON position.

39¥170n HOTH H3NWD

Figure 17. TIDM-3OUTSMTSTRP Board Jumper Settings
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Test Setup

To test the design, set up the hardware loaded with the firmware as described in Section 4 and Section 5.
Then apply AC voltage to the AC input of the power strip. The LEDs on the TIDM-3OUTSMTSTRP will
light up; the LED on the Wi-Fi should flash as well.

To start testing, use a smartphone, tablet, or PC with Wi-Fi. Look for the SSID "mysimplelink-XXXXXX"
(where "XXXXXX" is a six-digit hexadecimal number) and connect to it. Launch a browser and type in the
URL "mysimplelink.net".

The main page will be shown with the name of the meter in the upper left hand corner (which is
"MSP430i2040 3 SOCKET POWER STRI"). Then click on "Reading" so the following screen will appear:

MSP430i2040 3 SOCKET POWER STRI
0 days 00:01:15] Socket A Socket B Socket C |
Vrms 223.220000 V|223.235000 V|223.264000 V -
Irms 0.000594 A| 0.000864 A| 0.000765 A
Active Power | -0.014000 W| -0.015000 W| -0.011000 W
Power Factor 0.583300 -0.405300 -0.144700
ON ON ON
Switch g U E =
OFF OFF OFF
Figure 18. Meter Reading Screen
7 Test Data
7.1 Reading Test
The voltage, current, active power, and power factor on each socket can be read from the displayed page
and is updated periodically (five-second intervals). Note if proper calibration is not done with the metering
hardware, the reading may not be accurate. To calibrate, follow the instructions in the TIDM-
30OUTSMTSTRP user’s guide.
7.2 Control Test

The power output to each socket can be controlled by clicking "ON" and "OFF" of the switches on the
page.
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8 Design Files
8.1 Schematics

To download the schematics, see the design files at TIDC-WIFI-METER-READING.
8.1.1 Metering Board

To download the schematics for the metering board, see the design files at TIDM-3OUTSMTSTRP.
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8.1.2 Wi-Fi Module

J3

o

R58 pNP.

C4
I}
1
10pF

1
o
L-R-SMT-1

L2
DNP
DGND

RF_BG

Vee BRI 3
PRy P! A A < Rds
1 i n = Odd numbered pins connects to even numbered pins of the socket Even numbered pins connects to odd numbered pins of the socket
b_scHoT_prLgfs337oes1 100 = s
1 2 3 oo - LQP19VIN3N6BOZD, RHWE 2 R2
R49 W RS0 1 AH316M245001-T =0 »—10 (%——Dmﬁ
10K 414375651 10K RS9 o | MiEROWAVE- MM8030-2600| 1PF R3 DNP 316 o+ =
* DGND
RS o s s
P = DGND * [0 O X
R51 X P X Re2 DGND R7 o
2 4 110 O4-—<wcu o
1.0k 4-1437565-1 10k Ro
= 140 O
RM_DNP__ 11 12
VEC BRD VCC {GPI030 >—w—r——H P, o O
R57 % LIVNEEH PORyow T
R15
3 ove 15§ o e o
CC320MOD RI7_DNP___ 17 18
D ammmme—— ——
VCC_BRD ut [© <] R20
5 19 20
GND GPIOg [—22 =20 O
, SOP 4 L _ T2 law GPIOB |—22 o 0
5o SOPO - GPIO10 GpIO7 (—22 =
2 7 SOP1 DGND o AT apios |5 o HEADER_SFM-110-02-SM-D-AK-TR DGND
3 o SOP2 o GPIO14 GPIOS [—20
4 5 GPIO3 PIO 8 L Gpio1s GPIO4 |42
1571983- PIO L GPIo16 GPIO3 |42
GPIO17 Gpioz |—4L
PIOT2 GPIO12 GPIO1 :2 PIOT
?ggk 1R305k zRA7?< %822 g';:g;z emg% YR (oo 0Odd numbered pins connects to even numbered pins of the socket Even numbered pins connects to Odd numbered pins of the socket
g 1] JTAG_TDI “ RF28
13 Ine GND R22
e apioso [ 42 vccl 1o o2 DNP_—Gpioo
X Ne NE =X ) R2 R24
ﬁ‘s GND VBAT_DCDC_DIG_IO [—40 T DGND oGD GPIoT 5 DNP. 310 o4 ONP__—pioio
vDD_ANA2 32 R25 R26
DGND >e;— NC GND Ve GPIOZ ONP =10 o} ONP_~Gpiott VGG BRD
T00 JTAG_TDO VBAT_DCDC_PA [—1— T L R27 pnp 7 T
GPI028 g GPIO28 VBAT_DCDC_ANA D;\‘D GPIO14 Tolion =
= 2 nRESET NRESET R29
T n DNP. 9 10
o TCK 5o JTAG.TCK SOP0 | —= SOPO GPIO15 O O
o ™S ITAG_TMS Ne 38 s R31 R32
o SOP2 ;3 SOPZ GND gf GPIGS DNP <l o412 DNP__—piote
r® SOP1 SOPt RF_BG R33 R34
—0 425 ANTSEL1 anp |39 GPIOB Lne e i DNP__~&pioi7
= H—=2—ANTSEL2 ococooccoooco NC < R35 R36
: 27| eND 555565555 anp |22 GPIOT DNP 210 o4& SPNP
= R37 R38
I DGND glels(3] 218l 5[22 DGND D 0 o Due
TFM-110-02-8-D-AK-TR R39 o vl o R v
HEADER_SFM-110-02-SM-D-AK-TR
RF2T
2
[n o
i = 5
re : 8 DGND
o ol 10 c3 c2
Fo ol 1000F | 100uF
e ol &
® ®T s
lo o5
(e ol 20 DGND o
TFM-110-02-S-D-A-K-TR = R53
= e — W
VCC_BRD J2 o
1 GPIOTO B 1 2
DGND (RO > 2 10k BSS138
3 o ol
14 R85 PR e}
" GPIO9
Spare UART for serial flash progranming 10k =] Fass138

Figure 19. Schematic

of Wi-Fi Module
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8.1.3 Power Supply Module

a0
470uH
@)
1 +C1 +C2 3R C3

N L 8.2uF 8.20F 3300k 220pF
KEY1050-M1 KEY1050-N| p 630V
00V ooV
MPZ2012S601A
< FB1 lr2
b3
’ = 2300
GND

cs R9

D3 1000pF  '°
DFLR1600
T D4
1 1

- . . ?
R4 . PRI 1 2 H v+
22 : KEY1050-ND
P PDS1040L-13 +C5 sR10
1 8 470uF 3.9k
GND DRAIN !DZ ke Dot He sec M
2 | oo BAV21W-7-F 362k 5 ?
¥ 6
AUX .
3 1 GND vop & 4 V-
KEY1050-ND
41 ipx vs |2
UCC28910D 750841012
lrs LIR6  R7 WURTH ELEKTRONIK
21.3k =—C9 =—=C4 $36k 3910k
33pF | 4.7uF
1000V| 25V

N

Figure 20. Schematic of Power Supply Module
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8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDC-WIFI-METER-READING.
8.2.1 Metering Board
To download the BOM for the metering board, see the design files at TIDM-3OUTSMTSTRP.
8.2.2 Wi-Fi Module
Table 1. Wi-Fi Module BOM
ITEM QTY DESIGNATOR VALUE DESCRIPTION MANUFACTURER PARTNUMBER FOOTPRINT
: . TIDM-
1 1 IPCB Printed Circuit Board Any CC3200MOD_CONV
2 1 ANT 2.45-GHz Ant Chip antenna Taiyo Yuden AH316M245001-T AH316M
CAP, CERM, 1 pF, 50 V, +/- GRM1555C1H1R0BAO
3 1 C1l 1pF 10%, COG/NPO, 0402 MuRata 1D 0402
CAP, CERM, 100 pF, 6.3 V, +/- GRM32ER60J107ME2
4 2 C2,C3 100uF 20% X5R, 1210 MuRata oL 1210
CAP, CERM, 10 pF, 50 V, +/- GRM1555C1H100JA01
5 1 C4 DNP 5%, COG/NPO, 0402 MuRata D 0402
1 D1 DFLS160 Diode, Schottky, 1A, 60V Diodes DFLS160 POWERDI_123
1 J1 Header, 4-Pin 3-644456-4 HDR1X4
1 J2 Header, 4-Pin 3-644456-4 HDR1X4
9 1 |3 Connector, Ultra-Mini Coaxial, Hirose Electric Co. Ltd. UFLRsMT-1 | CONNUPLR-SMT-
Connector, Micrwave, 50 Ohm CONN_MICRO-
10 1 J4 MM8030-2600RJ3 | < - murata MM8030-2600RJ3 MMS030-2600
Inductor, Film, 3.6 nH, 0.1 A, 1.3
11 1 L1 3.6nH ohm, SMD MuRata LQP15MN3N6B02D LQP_0402
Inductor, Film, 3.6 nH, 0.1 A, 1.3
12 1 L2 DNP ohm, SMD MuRata LQP15MN3N6B02D LQP_0402
Thermal Transfer Printable
13 1 LBL1 Labels, 0.650" W x 0.200" H - Brady THT-14-423-10 Label_650x200
10,000 per roll
14 1 LED1 Red Liteon LTST-C170KRKT 0805-LED
15 1 LED2 Green Liteon LTST-S220KGKT 0805-LED
16 1 LED3 Blue Liteon LTST-C170TBKT 0805-LED
17 3 Q1,02 03 50V NOSFET, N-CH, 50V, 0.22 A Fairchild Semiconductor BSS138 SOT-23
18 6 | Ro 7RO R0, R, 0 RES, 0, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04020000Z0ED 0402
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Table 1. Wi-Fi Module BOM (continued)
ITEM QTY DESIGNATOR VALUE DESCRIPTION MANUFACTURER PARTNUMBER FOOTPRINT
R3, R5, R11, R13, R15,
R17, R22, R23, R24,
R25. R26, R27, R29, . CRCW04020000Z0ED
19 23 | Ras Ras has Rad. DNP RES, DNP, 5%, 0.063 W, 0402 Vishay-Dale (Phonton) 0402
R35. R36, R37, R38,
R40, R58
20 3 |R41, R42, R43 390 RES, 390, 5%, 0.063 W, 0402 Vishay-Dale CRCWO0402390RINED 0402
21 4 | R44, R45, R47, R56 100k RES, 100 k, 5%, 0.063 W, 0402 Vishay-Dale CRCWO0402100KINED 0402
22 1 |R46 2.7k RES, 2.7 k, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04022K70INED 0402
23 1 |Ra4s 100 RES, 100, 5%, 0.063 W, 0402 Vishay-Dale CRCWO0402100RINED 0402
24 2 |R49, R51 1.0k RES, 1.0 k, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04021K00JNED 0402
25 5 Egg’ R52, R53, R54, 10k RES, 10 k, 5%, 0.063 W, 0402 Vishay-Dale CRCWO040210K0INED 0402
26 1 |Rs? 0 RES, 0, 5%, 0.125 W, 0805 Vishay-Dale CRCWO08050000Z0EA 0805_HV
SFM-110-02-SM-D-A- | Header, SMT 10X2 pin, SFM-110-02-SM-D-A- | HEADER_TFM-110-
21 2 |RF1B,RF2B K-TR Shrouded Samtec K-TR 02°SM
CONN SHRD HDR HDR 20 POS TFM-110-02-S-D-A-K- | Samtec_TFM-110-
28 2 RFIT, RF2T 1.27MM SLDR ST SMD Samtec TR 02-S-D-AK
Switch, Tactile, SPST-NO, -
29 3 |si,s2 S3 o05A 1ov ST TE Connectivity 4-1437565-1 SW_FSM4JSMA
Switch, SPST, 4 Pos, Top .-
30 1 SOP Actuated, SMD TE Connectivity 1571983-5 SW_1571983-5
31 1 |u1 CC3200MOD
8.2.3 Power Supply Module
Table 2. Power Supply Module BOM
ITEM QTY DESIGNATOR VALUE DESCRIPTION MANUFACTURER PARTNUMBER FOOTPRINT
CAP, AL, 6.8uF, 400V, +/-20%, 400AX6R8M8X11(Alter | CAPPRD350W60D800
1 2 |ccz 6.8uF TH Rubycon nate: 400AX8.2M8X16 H1100
CAP, CERM, 220pF, 630V, +/- GRM31A7U2J221JW3
2 1 |cs3 220pF Ep. Uz, 1206 MuRata IS 1206
CAP, CERM, 4.7UF, 25V, +/- GRM21BC81E475KAL
3 1 C4 4.7uF 10%., X6S, 0805 MuRata oL 0805_HV
CAP, TA, 470UF, 10V, +/-10%,
4 1 |cs 470uF 0045 i 'SMD AVX TPSE477K010R0045 7343-43
CAP, CERM, 1000pF, 50V, +/-
5 1 |cs 1000pF 6% COGINPO, 0603 TDK C1608C0G1H102] 0603
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Table 2. Power Supply Module BOM (continued)
ITEM QTY DESIGNATOR VALUE DESCRIPTION MANUFACTURER PARTNUMBER FOOTPRINT

CAP, CERM, 33pF, 1000V, +/- GRM31A7U3A330JW3

6 1 Cc9 33pF 5%, U2J. 1206 MuRata 1D 1206
Diode, Switching-Bridge, 100V, o .

7 1 D1 600V 0.5A, SOIC-4 Fairchild Semiconductor MB6S TO-269AA
Diode, Switching, 200V, 0.2A, )

8 1 D2 200V SOD-123 Diodes Inc. BAV21W-7-F SOD-123
Diode, Superfast Rectifier, 600V, .

9 1 D3 600V 1A, PowerDI123 Diodes Inc. DFLR1600 powerDI123

10 1 |p4 40V Diode, Schottky, 40V, 104, Diodes Inc. PDS1040L-13 PowerDI5
PowerDI5
2A Ferrite Bead, 600 ohm @

11 1 FB1 600 ohm 100MHz, SMD TDK MPZ2012S601A 0805_HV
Inductor, Unshielded Drum Core,

12 1 L1 470uH Ferrite, 470uH, 0.35A, 1.58 ohm, Wurth Elektronik eiSos 7447462471 IND_WE-TI_XS
TH

13 1 R1 300k ?ZEOS(S 300k ohm, 1%, 0.25W, Yageo America RC1206FR-07300KL 1206

14 1 |R2 300 ?ZEO% 300 ohm, 1%, 0.25W, Yageo America RC1206FR-07300RL 1206

15 1 R4 22 RES, 22 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO060322R0JNEA 0603

16 1 R5 1.3k RES, 1.3k ohm, 5%, 0.1W, 0603 Yageo America RC0603JR-071K3L 0603

17 1 R6 36k RES, 36k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO060336K0JNEA 0603

18 1 R7 910k RES, 910k ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO0603910KINEA 0603

19 1 R8 62k 55085 62k ohm, 5%, 0.125W, Vishay-Dale CRCWO080562K0JNEA 0805

20 1 |Ro 15 gsEoSs’ 15 ohm, 5%, 0.125W, Panasonic ERJ-6GEYJ150V 0805_HV

21 1 R10 3.9k RES, 3.9k ohm, 5%, 0.1W, 0603 Yageo America RC0603JR-073K9L 0603

22 1 T1 Transformer WURTH ELEKTRONIK 750841012
LOW STAND-BY POWER, CV /
CC PWM HV SWITCHER WITH

23 1 Ul PRIMARY SIDE REGULATION, Texas Instruments UCC28910D DO0O07A_N
DO007A
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8.3 PCB Layout
To download the layer plots, see the design files at TIDC-WIFI-METER-READING.

8.3.1 Metering Board
To download the PCB layout for the metering board, see the design files at TIDM-30UTSMTSTRP.

8.3.2 Wi-Fi Module
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[ | | L
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- N yam :".l °
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Figure 21. Top Overlay Figure 22. Top Solder
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== l-: l-: l-: [ | ——
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Figure 23. Top Paste Figure 24. Top Layer
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Figure 26. Bottom Paste

Figure 27. Bottom Solder

Figure 28. Bottom Overlay
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Figure 29. Board Outline Figure 30. Board Dimensions

8.3.3 Power Supply Module
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Figure 31. Top Overlay Figure 32. Top Solder
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Figure 37. Bottom Solder
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Figure 36. Bottom Paste

Figure 38. Bottom Overlay
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8.4 Altium Project

To download the Altium project files, see the design files at TIDM-30OUTSMTSTRP and TIDC-WIFI-
METER-READING.

8.5 Gerber Files

To download the Gerber files, see the design files at TIDM-30OUTSMTSTRP and TIDC-WIFI-METER-
READING.

8.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDM-30OUTSMTSTRP and TIDC-WIFI-
METER-READING.
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9 Distributing Software Files
To download the software files, see the link at TIDC-WIFI-METER-READING.

The software files are distributed using a self-extracting executable file, which default to install onto TIDC-
WIFI-METER-READING-SOFTWARE on the user’s desktop.

Desktop

TIDC-WIFI-METER-
READING-SOFTWARE

Httpserver-powerstrip.zip
zip file containing folder ‘httpserver-
powerstrip’ that holds the source code for
http server project

TIDC-WIFI-METER-
READING-i2040.zip

zip file containing folder for project of
metering application source code

Figure 39. Distribution Software
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Appendix A Importing Example to CCS

Before importing the example CCS project httpserver-powerstrip, it is assumed that:
1. CCS 6.0.1 with CC3200 support has been installed.
2. CC3200SDK 1.0.0 has been installed.

3. The software package for this Tl Design has been downloaded and unzipped, and the "httpserver-
powerstrip" folder has been copied into the proper directory (default is:
C:ti\CC3200SDK_1.0.0\cc3200-sdk\example).

To import the project:
1. Launch CCS 6.0.1.
2. When prompted for a workspace, select "C:\t\CC3200SDK _1.0.0\cc3200-sdk\example" and click "OK".

ST NN S 4

Select a workspace I

Code Composer Studio stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

VLT R\t CC3200SDK_1.0.0Ncc3200-sdk\example - Browse... |

| Use this as the default and do not ask again

| 0K [ Cancel

Figure 40. Opening Workspace for CCS
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3. Select from Top Menu Project — Import CCS Projects...
O GO 1 b prrpieg g sl Coeponr Vb —— — T
Bir pbi frw bt [Fremt] pon foph fedes ey
z Bk & :: T OO [t | %, TS Dty

mrmpriy S b An

Figure 41. Importing Project to CCS
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4. Choose "Select search-directory" and click "Browse" to import the project.

-

«» Import CCS Eclipse Projects

- — A

Select CCS Projects to Import

Select a directory to search for existing CCS Eclipse projects.

(@ Select sgarch-directory:

() Select archive file:

Discovered projects:

["] Automatically import referenced projects found in same search-directory

[] Copy projects into workspace

Open the Resource Explorer and browse available example projects...

Figure 42. Project Import Window

5. When prompted, select the directory "C:\t\CC3200SDK _1.0.0\cc3200-sdk\example" and click "OK".
6. In the "Discovered projects” box, check "httpserver-powerstrip" and click "Finish".
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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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