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Introduction

 CheckList™ alleviates problem of forgetfulness
 Portable memory aid device

* Prevents items from being left behind

* Easytouse

.c.mu\.\s\"

All you need to remember is your CheckList™
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System Overview

MSP430 eZ430 RF2500 NHD-C0216CiZ-FSW-FBW-3V3
(Texas Instruments) (New Haven Displays)

Transmitter-Receiver

Active Tag

Visual C++ and QT application
development platform
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High Level System Design
User /:
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GUIR="

Pseudo Database|
(text file) :

COM Port 7 .ﬁ

USB Debugging . -

Interface
CC2500 F2274
RF chip Microcontroller

Active “
Tags ‘

LCD
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e Welcome Window
r,ﬂ‘ CheckList 1.0 E@g]

CheckList™

S ASsistive Memory Device
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Graphical User Interface (GUI)
* Only 1 user profile permitted

&> Checklist 1.0 = =] =& |
& CheckList - Error X
i WARNING!

You are only allowed to have one user profile at a time, To delete the current
profile you will need to answer a security question
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* Login Window — CheckList™

& Checklist 1.0 (=] B )

CheckList™

SAssistive Memory Device

Login Cance Forgot your password?
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Graphical User Interface (GUI)

* Security Question Option
[ @ Checklist 10 =

Please answer the following security question:

What is the name of the boy or girl that you first kKissed?

Security Answer:

Ok Cance
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Graphical User Interface (GUI)

* Activating/Deactivating Tags L
[ @ Checklist 1.0 B n! Bl
CheckLlst""
e Memory Dev

Activate Logout
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Graphical User Interface (GUI)

. Actlvatmg/Deactlvatmg Tags |
& CheckList 1.0 L@ﬁ] n! '
CheckLlst"“‘
e Memory Dev
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Graphlcal User Interface (GUI)

e Unsuccessful Connection with COM Port

[ @ Checklist 1.0 =@ % |
s +TM
CheckList |
S./Assistive Memory Device
Activated Tags Non-Activated Tags
Tag 2 Tagl

 Tag 3

"
&¥» Checklist - Error &
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Graphical User Interface (GUI)

e Successful Connection with COM Port

=P 18 [

P checkit 10| o g —— . O 5

CheckLlst"“

e Memaory Dev
Before saving your current settings, you change the names of your
tags e.g. Wallet or Laptop. Otherwise, the {:urrent tag name will be used.
Tag2 || Checklist ()

Successfully connected to COM port: COME

A
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Detection Unit |

#P COMA4 - PuTTY RIS

Data is read
from COM
port ...

Goto ﬂ |Mem|:|r_l,l J J
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Detection Unit

Spy-Bi-Wire and pushbuton o LEDs  2.4GHz Transceiver
MSP430 Appliation UART CC2500

Chip Antenna

USB Powered MSP430F2274
32KB Flash memory
(data storage)

18 Accessible Pins

Pins used for 12C
communication with LCD
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Detection Unit

L0
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\

Link & Join
Token Exchange

Data

Link & Join
Token Exchange §
o Data X ™
End bk
Device

_|
53]
Q%o
55
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w
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End

ﬂDevice

Lk

o End
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Detection Unit
* Missing Iltem Tag Detection

S Receive packet and Check value of
Power ON interpret contents tag

Tag

recognized
?

Clear all tag flags

Set corresponding
Initialize tag flag

SimpliciTl RF
network Display item

RSSI <50 name to LCD
?

Wait for ED’s to
join network

Last tag
to be

checked
?

Clear tag

ED join Button
success? pressed?
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Detection Unit

Tagl: Laptop
Tag2: Car Keys & 2/e| dWalg/ |Gl [afsls]els |
Tag3: Textbook NN

Tag4: Reading glasses

O 0
@ © o
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Detection Unit

Tagl: Laptop
Tag2: Car Keys BapdinsGlalsses|
Tag3: Textbook NN

Tag4: Reading glasses
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Detection Unit

Tagl: Laptop
Tag2: Car Keys Reading [Glalsses|
Tag3: Textbook NN

Tag4: Reading glasses
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Market Analysis

e Target markets:
= Households
* Many things to keep track of

= Professionals
* Ensure important work-related items are not forgotten

= Travellers
" Healthcare

* Dementia patients
* Alzheimer's patients

= Anyone and everyone!

To forget is human...
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Market Analysis

* Current solutions:
= Paper-based
* Post-It Notes™
* To-do lists
* Planners or agendas x\
= Electronic-based AN
 Computer applications

* Personal Digital Assistants (PDASs)
e Cell phones or smart phones

* All require users to manually check for items
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Market Analysis

e Our proposed solution: CheckList™
= Simple: easy for general public to use
= RF-based: eliminates manually checking for items
= Portable: can be used in any environment or situation
" |nexpensive: affordable for most people
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--------------------------------------------------------------------------------------

Market Analysis
e 1000 UNITS MASS PRODUCED
PARTS RETAIL PRICE PARTS RETAIL PRICE
1 detection unit $22.70 S45.00 $11.35 $23.00
1 active tag $4.63 $10.00 $2.16 $4.50
1 detection unit
, S41.23 $82.00 $20.62 $41.00
and 4 active tags
10 active tags $46.30 $90.00 $23.15 $46.00
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e Estimated Cost: S850
e Realized Cost; S778

M Estimated
W Realized

S0 $200 $400 $600 $800 $1,000



mosyne

M
_‘ Innovations

POPPPIIPIIIIIIIIPIIIIIIIIPIIPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPIIPIIPIIIIPIIIIPIIPIIIPIIPIIIIIIIIPIITIPIVPIPIPIRIRPIRY

Budget

LCD $40.00
RF Transmitter/Receiver $300.00
RF Tags $40.00
Controller/Processor $250.00
USB Interface $30.00
Power Supplies $40.00
Prototyping Board $50.00
Contingency $100.00
TOTAL COST $850.00
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Budget

$169.00
$138.00
514,00
565.00
$73.00
s181.00
$778.00



@ Innovations

o

Budget

Lost expenses:
* LCDs purchased initially were not used ($S136)
* Other components purchased to use with LCDs
(also not used):
= \/oltage regulators (S5)
= Level shifters (S10)
* Purchased extra components and supplies

m Batteries
= Device cases
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Budget

* Could construct another proof-of-concept
prototype for less

= S80 (1 detection unit and 1 tag)
= No extra components

e Cost of 1000 retail units even less
= 527 (1 detection unit and 1 tag)

= No extra modules on boards
" Purchasing power
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Timeline

Aug 30 Sep 19 Oct9 Oct 29 Nov 18 Dec 8 Dec 28
Research | | |
Project |
proposal | B Estimated
Specification MiRealized

Design |
Specification

Design & Testing
Individual Modules

Integration |
of Modules

Testing of
Prototype

Prototype
Adjustments

Post-Mortem
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Team Dynamics

 Well defined roles and responsibilities

" Privanka: LCD-MCU interface implementation and
testing
= Rachel: GUI design, implementation and testing

= Ana: LCD-MCU interface implementation and testing;
RF detection implementation and testing

= Surbhi: Hardware assembly, implementation and
testing

* Everyone helped with other areas when needed
 All documentation was a combined effort
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Lessons Learned

* Research must be done thoroughly

e Ask for help and advice when you need it
* Perfectionism is inefficient
 Communication is critical
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Future Development

* Smaller size

= Develop custom chips

" Implement device on custom printed circuit boards
* Longer battery life

= Remove all extra power-consuming components

" Implement on-off switch for LCD backlight
* Continuous mode

= Constantly check for presence of tags
= Audible alarm if a tag leaves the vicinity
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Conclusion

* Mnemosyne Innovation’s CheckList™ Prototype
successfully created

= Has future potential (low cost + high effectiveness)
= Filling niche in the market
 ENSC 440 valuable experience

= Technical
= Soft skills
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High Level Functional Diagram

Inputs Outputs

Setup information —— y_v/"/
J — User informed of missing items

Tagged personal items ’

User presses ‘Check’ button —>
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System Flowchart

User is leaving '\
\ current location.

Press ‘Check
button.

Missing User hasall
. items? \ needed item(s).
Alarm Sounds.
Display item(s)

Yes

User finds
missing

item(s).

]
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Hardware Flowchart

RF Detection RF Transmittance

Main Board - Target Board
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MSP430 eZ430 RF2500
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MSP430 eZ430 RF2500

Spy-Bi-Wire and Pushbutton Two LEDs
MSP430 Appliation UART

Chip Antenna

USB Powered MSP430F2274 [

18 Accessible Pins
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MSP430 eZ430 RF2500

F2274

e/Z430-RF2500T
Target Board

CC2500

4
O [TEST/SBWTCK

3
O FST/SEWTDIO

2C) GND
UART \ 1C) P3.4/UCAOTXD/UCADSIMO

Power In and Ground
Spy-Bi-Wire Interface

Battery Board
MOI’B deve|0pmen‘t pins :O P3.5/UCADRXD/UCADSOMI _"
(0.1-inch spacing) Ovecpsy
‘_

Sletetere
OOO0O00O0

18 available development pins J
(0.1-inch spacing)

Figure 3. eZ430-RF2500 Development Tool
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Pin Function Description
GND % 1 | GND Ground reference
3V 9 2 |vCC Supply voltage
VCC 3 F2.0 /7 ACLE 7 AD fFOADID General-purpose digital [F0 pin / ACLE output / ADC10, analog input A0
4 F21 7 TAINCLE f SMCLE / A1/ General-purpose digital 1#0 pin / ADCA10, analog input A1
ADD Timer_A, clock signal at INCLE, SMCLE signal output
General-purpose digital [#0 pin f ADC10, analog input A2
5 F22/TADTAZTOADN Timer_A, capture: CCIOB input/BSL receive, compare: OUTO output
6 F23/TA1 A3 IVREF- ! VeREF- | General-purpose digital 1O pin / Timer_A, capture: CCHE input, compare: OUT1
FOATI T OA1D output / ADCA10, analog input A3/ negative reference voltage outputfinput
7 P24/ TAZ 1 A4 I VREF+ fVeREF+ | General-purpose digital 1fO pin / Timer_A, compare: OUT2 output /
FOATI0 ADC10, analog input A4 / positive reference voltage ocutputfinput
General-purpose digital [f0 pin / ADC10 analog input A12 /
3 P43/ TBO/A1270ADC Timer_B, capture: CCIOB input, compare: OUTO output
General-purpose digital 1O pin / ADC10 analog input A13
9 P44/ TB1/AT3TOAI0 Timer_B, capture: CCHE input, compare: OUT1 output
General-purpose digital 1#0 pin / ADCA10 analog input At/
E
10 |P45/TB2/A1470ADI2 Timer_B, compara: OUTZ output
General-purpose digital [F0 pin / ADC10 analog input 415/
11 |P4B/TBOUTHTATS T OATI3 Timer_B, switch all TBO to TB3 outputs to high impadance
12 | GND Ground reference
13 |P2.6/7 XIN (GDOO) General-purpose digital [#0 pin / Input terminal of crystal oscillator
14 P27 XOUT (GDO2) General-purpose digital 1#0 pin / Output terminal of crystal oscillator
General-purpose digital 1O pin
o
SCL~—2 | 15 |P3:2/UCBOSOMI/UCBOSCL | |j5¢| B siave ouimaster in when in SPI mode, SCL I2C clock in [2C mode
- General-purpose digital 172 pin
16 | F3.3/ UCBOCLK / UCADSTE USCI_BO clock inputioutput / USCI_AD slave transmit enahle
- General-purpose digital [F0 pin / USC_B0 slave transmit enable / USCI_AQD clock
17 |P3.0/UCBOSTE JUCAQCLKIAS inn itioutput f ADCAD, analog input A5
SDA% 12 | P31/ UCBOSIMO / UCBOSDA General-purpose digital 170 pin ! USCI_B0 slave infmaster out in 3Pl mode, SDA 12C

data in [2C mode
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Table 2. Battery Board Pinouts

Pin Function Description
General-purpose digital /O pin / USCI_AO transmit data output in UART mode (UART
1 P3.4 1 UCADTXD / UCADSIMO communication from 2274 to PC), slave in/master out in SPI mode
2 GND Ground reference
3 | RST/SBWTDIO Reset or nonmaskable interrupt input
Spy-Bi-Wire test data input/output during programming and test
Selects test mode for JTAG pins on Port1. The device protection fuse is connected to
4 | TEST/SBWTCK TEST. Spy-Bi-Wire test clock input during programming and test
5 | VCC(3.8Y) Supply voltage
6 P3.5 / UCAORXD / UCAOSOMI General-purpose digital /O pin / USCI_AD receive data input in UART mode (UART

communication from 2274 to PC), slave out/master in when in SPl mode




‘@ Innovations

MSP430-F2274

- 16-MIPS performance

- 200-ksps 10-bit SAR ADC

- Two built-in operational amplifiers

- Watchdog timer, 16-bit Timer_A3 and Timer_B3

- USCI module supporting UART/LIN, (2) SPI, 12C, or IrDA

- Five low-power modes drawing as little as 700 nA in standby

PARAMETER MIN | TYP MAX | UNIT
OPERATING CONDITIONS
Operating supply voltage 1.8 3.6 \%
Operating free-air temperature range -40 85 °C
CURRENT CONSUMPTION
Active mode at 1 MHz, 2.2V 270 390 LA
Standby mode 0.7 1.4 A
Off mode with RAM retention 0.1 0.5 A
OPERATING FREQUENCY
VCC >33V 16 MHz
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CC2500

- 2.4-GHz radio-frequency (RF) transceiver
- Programmable data rate up to 500 kbps

- Low current consumption

PARAMETER CONDITION MIN | TYP MAX UNIT
OPERATING CONDITIONS
Operating supply voltage 18 36 v
CURRENT CONSUMPTION
) ) o Optimized current 16.6 mA
RX input signal at the sensitivity limit, 250 kbps — —
Optimized sensitivity 18.8 mA
) ) S Optimized current 133 mA
RX input signal 30 dB above the sensitivity limit, 250 kbps — —
Optimized sensitivity 15.7 mA
Current consumption TX (0 dBm) 212 mA
Current consumption TX (-12 dBm) 111 mA
RF CHARACTERISTICS
Frequency range 2400 24835 | MHz
Data rate (programmable) 12 200 kbps
Qutput power (programmable) -30 0 dBm
Optimized current, 2-FSK, 230-kHz 99 dBm
Sensitivity, 10 kbps RX filter bandwidth, 1% PER )
Optimized sensitivity =101 dBm
Optimized current, 500-kHz RX 87 dBm
Sensitivity, 250 kbps filter bandwidth, 1% PER
Optimized sensitivity -89 dBm
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SimpliciTl Networking Protocol

@ Query Device Stwnpten sovesage flovee
— Drrect messege

@ Active RFID tag
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USCI Block Diagram:
12C Mode

UCA10 UCGCEN

Crnwn Address LC{0OA

+

= PReceive Shift Register

UCxSDA

UCSSEL=:
UC1CLK —] 00
ACLK — 01

v

Receive Buffer UC1RXBUF

|2C State Maching

Transmit Buffer UCATXBUF

v

®—{ = Transmit Shift Register

+

Slawve Address LUCASA

n
UCSLA{0

UCxSCL

Bit Clock Generatar
LICxBRx
? 16

[ PrascalerDividar

SMCLK —{ 10 | BRCLK
SMCLKE — 14

UCMSTI—D}i ‘

RV
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Figure 17-2. I°C Bus Connection Diagram

*— fvce
g | MSP43a0 Device A
Serial Data (SDA) . l » l .
Serial Clock (SCL) ' ® x ® .
Device B Device C

Figure 17-3. I2C Module Data Transfer

= r—

soa I\ /XX XN /T OO XN /T

| MSE Acknowledgement Acknowledgement |

Signal From Receiver Signal From Receiver
L L

" 1 2 7 8 9 1 2 8 9
START STOP
Condition (S) RW  ACK ACK  condition (P)
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Figure 17-5. I2C Module 7-Bit Addressing Format

Rl 7 e 8 1 8 1|1
s Slave Address RW | ACK Data ACK Data ACK | P
ox3g 0111119 **For New LCD
o1 J

Y Ox7C

17.3.5 I2C Clock Generation and Synchronization

f ~ 'BROLK
BitClock — UCBRxX

The minimum high and low periods of the generated SCL are
UCBRx/2
"BRCLK
(UCBRx — 1)/2
fBROLK

when UCBRXx is odd.

tLowmN = tHigHMIN =
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Figure 17-12,

Successhl

120 Master Transmitter Mode

Succsathd s| SLAW i' DATA i' DATA li pate AP
slave receimr r 4 3
1) LICTFmt Fmsmiw]\ UCTESTT=0 LUCTHETP=0
2 WETHETT= UCEATXIFGe1
UCTHST Pt
G ETHIFG=
ar N Y | OCE:T XIFGm0
Bus sialled [Z0L hekd kow
e e o] Y -
Maut transter slarted DATA als| swaw
wih o rapeated shari Writz dat 1o UCETXRUF =
cendition ===
1) UCTR=1 [Transmiter)
2 ICTHETT=1
LCTYETT=0 h 4
LICHACKIFG-1 DATA Iilsl SLAFR L---
GBI NIFG=) -
DIGETXBUF discanded i ===
e T
| DCTHE TTm
LICTHSTRu 3 UCBATXIFGme
Y ¥ 1
MIW I} -y P
L-T== al & ] L o s e s e o -
raceive: Lo |
1 UCTR=A (Transmither)
——— |2 OCTHETT=1 ‘
[ -m
=== |UCBATHIFG=1
Iy === |UCE«TXELF discardsd

L
Mot ackrewdedge ] ==
racsived after a data LYl |® === [1)UCTR=2Recavad
byt 4 F === |2 UCTAETT=1 :
UCHACKIF G
UCExTXIFG=0
UCExTXELF discardad
| /N ——
Birbiration kst in Cther masiar conbinues
slave nddress or L
data byla o
- LICALIF G
Other master continues LUCHET=0
mm——mmmm— e | UCSTTIFG-0)
LICALIFG=1
b A —
Arbiration ksl and master
addrezsed az she A -E‘IEL_-_C:Q
'
UCALIFG=1
HC‘HST-I:I
i EJEIE.‘-EI if L ral call
IF gana|
licgvrar = =
FiG=
USC| zontinuas as Slave Reaaiver
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Intermsl
LRLF VLOGLK DA

Oscillatort

Basic Clock Module;

Block Diagram D Vi, Pus

LFXTICLE

e WOSCOFF  LFXT1Sx
¥
XIN . TH,'
T4 |
= LF / AT
Low - s
XOUT oV
Frequency > SELMx
. LFXT1 Cscillato
Oscillator x&i S D,'r"‘,'i,“ CPUGEF
00
T T T T 1 04 Dividar
r\\\_ | Min. Pulza Mz
High | i h i
KT20F xT2s) /
Frequency ﬁl _L_"‘Té” 1 | Connected only when
. | HT2 not presant an—chip
Oscillator = W |
(not present in | e |
F2274) | KTt XT2 Ossilltort| MODx
___________ r1rre
‘1‘3‘3 Modulstor <]
/- DCOR SCGO RSELx DGO SELs DIV
S [ TITf 171 K 'y o
- oo "1 L] i Pue 5 o
I:::; Genaratar et 1 Filtar DCOCLE . 1';%
Rioac

\ Sub Syatem Clock
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Figure 5-5. Typical DCOx Range and RSELx Steps

foeo RSEL =15
20000 kHz _;._I_,_l—'_'_'7
:
, RSEL =7
1000 kHz —;'_'_._I_'_;
:
: RSEL=0
100 kHz —;'_l_l—'_'_l_'i

DCO=0 DCO=1 DCO=2 DCO=3 DCO=4 DCO=5 DCO=6 DCO=7
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UCBxCTLO, USCI_Bx Control Register 0

7 & 5 4 3 2 1 0
UcAi10 UCSLA1D UCMM Unused UCMST UCMODEx=11 UCSYNC=A
rw-0 rw-0 rw—0 rw—0 rw—0 -0 ] r—1
UcCA10 Bit 7 Own addressing mode select
0 Own addrass is a 7-hbit address
1 Own addrass is a 10-bit addrass
UCSLA10  Bite Slave addressing mode salect
0 Address slave with 7-bit address
1 Address slave with 10-bit address
UCKM Bit 5 Multi-master environment salact
0 Single master environment. Thera is no other master in the system.
The address compare unit is disabled.
1 Multi master environment
Unused Bit 4 Unused
UCMST Bit 3 Master mode select. When a master looses arbitration in a multi-master
environment (UCMM = 1) the UCMST bit is automatically cleared and the
module acts as slave.
0 Slave mode
1 Master mode
UCMODEx  Bits USC| Made. The UCMODEZX bits select the synchronous mode when
2-1 UCSYMNC = 1.
00 3-pin SPI
01 4-pin SPI (master/slave enablad if STE = 1)
10 d-pin SPIl {master/slave enabled if STE = Q)
11 12C mode
UCSYNC Bit 0 Synchronous mode enable

0 Asynchronous mode
1 Synchronous mode
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UCBxCTL1, USCI_Bx Control Register 1

7 ] ] 4 3 2 1 0
UCSSELx Unusad UCTR UCTXNACK | UCTXSTP UCTXSTT UCSWRST
-0 =0 m rw-0 rw—0 rw-0 rw-0 -1

UCSSELx Bits USCI clock source select. Thase bits select the BRCLK source clock.
7-6 o0 UCLKI

01 ACLK

10 SMCLK

11 SMCLK
Unused Bit 5 Unused
UCTR Bit 4 Transmitter/Raceiver

0 Recaiver
1 Transmitter

UCTXNACK Bit3 Transmit a MACK. UCTXNACK is automatically cleared after a NACK is
transmitted.
0 Acknowledge normally
1 Generate NACK

UCTXSTP  Bit2 Transmit STOP condition in master mede. Ignered in slave made. In
master recaiver mode the STOP condition is preceded by a MACK.
UCTXSTP is automatically clearad after STOP is generated.
0 Mo STOP generatad
1 Generate STOP

UCTXSTT  Bit 1 Transmit START condition in master mode. Ignored in slave mode. In
master receiver mode a repeated START condition is precaded by a
MACK. UCTXSTT is automatically cleared after START condition and
address information is transmitted.
lgnored in slave mode.
0 Do not generate START condition
1 Generate START condition

UCSWRST Bito Software reset enable
0 Disabled. USCI reset released for operation.
1 Enabled. USCI logic held in reset stata,
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LCD #1
LK162-12
(Matrix Orbital)



flemosyne

Innovations

POPPPIIPIIIIIIIIPIIIIIIIIPIIPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPIIPIIPIIIIPIIIIPIIPIIIPIIPIIIIIIIIPIITIPIVPIPIPIRIRPIRY

=Ea .
peeteenent O

WSO vl
FTVDaNLY
o

v
-~
~
rre
~
e
~
~
e
.
~

1 DB-9 Connector

2 Power Through DB9 Jumper
3 GPOs

4 Manual Override

Aj-l_ RIS TR

et !
wu EJ

JHIT

o=

Matrix Orbaital

S Power / Data Connector

6 Protocol Select Jumpers

7 Optional Dallas 1-Wire Bridge
8 Keypad Interface
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QOO0 00909070000000000000009000000009000000009P900000200 000

Pin1l PWR (See tabie 1)
Pin2 Rx\SCL (I’C clock)
Pin3 Tx\SDA (I2C data)
Pin4 GND

i S

1L
2
3
4
8
6
7

Figure 14: Protocol Select Jumpers
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Table 1: Power Requirements

Standard

V

-VPT

Supply Voltage +5Vdc £0.25V

+9V to +15V | +9V to +35V

Backlight On Supply

115 mA typical

Backlight Off Supply

9 mA

Table 70: Electrical Specifications

Standard

Wide Voltage (V)

Supply Voltage

+5Vde £0.25V

+OV to +15V

Minimum Current

40mA typical

Backlight On (YG & 1Y)

add 90mA (130mA) typical

Backlight On (R)

add 100mA (140mA) typical

Backlight On (GW & WB)

add 30mA (70mA) typical
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Table 3: I°C Transaction Algorithm

START Toggle SDA high to low

Address 0x50

Information | 0x48 0x45 0x4C 0x4C 0x4F

STOP Toggle SDA low to high
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----------------------------------------------------------------------------------------------

Voltage Regulation
(LX 8816)

Dual Channel 1A Low Dropout Requlator
(Microsemi)
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o

Key Features

U 2 independent regulated outputs
O Independent thermal and current limit
protection.
U First - 3.3 V fixed voltage output
U Second — Adjustable voltage output —i.e. 5V in our

case
PACKAGE PIN OUT
:/Tab is GND

a v,
3 [ JGND
2 [—1ADJ
T Vin

DF PACKAGE
(Top View)
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FUNCTIONAL PIN DESCRIPTION

DESCRIPTION

Vin

ADJ

GND

Vi

V>

Positive unregulated supply input for the regulator. Bypass to GND with at least 2.2uF capacitance having low
ESR for good transient response.

Adjustable Input. The output voltage can be set by two external resistors with the following relationship: V1 = Vger
*(1+R1/R2) + laps * R1 where R1 is the resistor connected between V4 and ADJ, and R2 is the resistor
connected between ADJ and GND.

Common terminal for ground reference. The input and output bypass capacitors should be connected to this
pin. In addition the tab on the S-Pak package and pin 3 are also used for heat sinking the device.

Adjustable regulator output (Regulator #1) It is recommended to bypass to GND with at least 2.2uF. Size your
output capacitor to meet the transient loading requirement. If you have a very dynamic load, a lower ESR
capacitor will improve the response to these load steps.

Fixed regulator output (Regulator #2). It is recommended to bypass to GND with at least 2.2uF. Size your output
capacitor to meet the transient loading requirement. For dynamic loads, a lower ESR capacitor will improve the
response to these load steps.
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V,, = 5V
[ ] * [vw Vv, :| L]
10 F 3.3V @ 1.0A
S LX8816-04 |
220F 1~ —L
—{Jeno Vi [] +—
ADJ R1 2.5V @ 1.0A
- W9 10pF T~
—— R2 1
- = 499 =

Y = Vm{l + %] +1 R
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Level Translation
(PCA9306)

Dual Bidirectional 12C-bus and SMBus voltage-level translator

(NXP - Philips)



Fig 1.

Key Features

|
mixed-

Innovations

mode I12C-bus applications
O Standard-mode, Fast-mode, and Fast-mode Plus 12C-

bus and

SMBus compatible

YVREF1 VREFZ2
2 7
PCA9306 |
|
SCL1 3 sSwW 6
SDA1 4 S\W 5
| 1
EMND

EN
SCL2

SDAZ2

00Z2aaba44

s5(ref)(2®

(MSP)

Logic diagram of PCA9306 (positive logic)

Low voltage side

—_—

Allows vonltane level translation between:
pa

2-bit bidirectional translator for SDA and SCL lines in

IN NIy NmnacnNn

B GND [ 1]
VREF1 [2 ]
scL1 [3 ]
SDA1 [4 ]

PCA9306D

(8] EN

| 7] VREF2

(6] scL2
[ 5] spa2

High voltage side
(LCD)

—

~——

00233c372

—

Fig 6. Pin configuration for SO8
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Vpu(o) = 3.3 vt
200 kﬂﬂ
- (1) PCA9306
Vref(1)= 1.8V g|EN HR:J HRPJ
VREEF1 2 7 VREF2
Rpu | |RPU I

scLle scL1 |3 v 6], scL2 JocL
Low voltage side 2C.8US 26.BUS High voLléage side
(MSP)  — MASTER DEVICE — (LCD)
<oa ke sbat,|4 v 5|, sDA2 J<on
L GND 1 eND o
L /LGND _L
002aah847

(1) The applied voltages at Vyeq1) and Vpypy should be such that Viasier2) is at least 1V higher
than Vigf4) for best translator operation.

Fig 9. Typical application circuit (switch always enabled)
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Sizing the Pull-up Resistor

o Vo) =035
PU 0.015 A

Table 10. Pull-up resistor values
Calculated for Vo, = 0.35 V; assumes output driver Vo, = 0.175 V at stated current.

Vou(p) Pull-up resistor value (Q2)
15 mA 10 mA 3 mA
Nominal +10 %1 Nominal +10 %1 Nominal +10 %[

[5V 310 341 465 512 1550 1705 |
3.3V 197 217 295 325 983 1082
25V 143 158 215 237 717 788
1.8V 97 106 145 160 483 532

1.5V 77 85 115 127 383 422

1.2V 57 63 85 94 283 312

[1] +10 % to compensate for V¢ range and resistor tolerance.
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----------------------------------------------------------------------------------------------

LCD # 2
NHD-C0216CiZ-FSW-FBW-3V3

COG (Chip-on-Glass) Liquid Crystal Display Module

(New Haven Display)
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Functions and Features

2 lines x 16 characters

e Built-in ST7032i-0D with 12C interface

» 5x8 pixels with cursor
* 3V power supply

» 1/16 duty, 1/5 bias

* ROHS Compliant

Electrical Characteristics

Item Symbol Condition Min. Typ. Max. Unit
Operating Temperature Range Top Absolute Max -20 - +70 °C
Storage Temperature Range Tst Absolute Max -30 - +80 °C
Supply Voltage VDD 2.7 3.0 3.3 \
Supply Current DD Ta=25°C,VvDD=3.0V 0.3 0.5 ma
Supply for LCD (contrast) Vop-Vo Ta=25°C - 5.0 - \
“H"” Level input ViH 2.2 VDD Vv
“L" Level input ViL 0 0.6 v
“H"” Level output VoH 2.4 - v
“L” Level output VoL 0.4 v
Backlight supply voltage VLED 3.0 - v
Backlight supply current ILED VLED=3.0V 15 20 mA




‘@ Innovations

g 48.70{LCO) e QLB MAX )
B . 45, 70(V.A) .70
> -—-'IZ.EE{#,.&J—--‘ C.70
=
L
1
_.!_ T T T - \‘ o
:- | | EEEENNEEEINNRERE P
=8| | EECHNUCEINNE=EC - ®
- o
57 Jleh 7
0
= ‘!l 1 :9" — &
=53 E Sllicon =
2 1 - Block Topa Jl
Pl.E*T=lQ.5J——LlQ.E—~ L 8 uﬂ}fg
3
e
- e
' FRONT g 3
1 o

|Illll LT Il
BACK ——n.5040.1
Ege | | 0.5
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N K (ground)

T
RN RRN L

. ) A (backlight power, 3V)
8 7 6 5 4 3 2 1

Cl- Cl+ Vout VDD VSS SDA SCL RST
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Pin Description and Wiring Diagram

Pin No. | Symbol External Function Description
Connection
1 RST MPU Active LOW Reset Signal
2 SCL MPU Serial clock
3 SDA MPU Input Data
4 Vss Power Supply Ground
5 VDD Power Supply Power supply for logic for LCD (3.0V)
6 VOoUT Power Supply DC/DC voltage converter. Connect to 1uF capacitor to VDD
7 Cl+ CAP Voltage booster circuit. Connect to 1uF cap to PIN8
8 C1- CAP Voltage booster circuit. Connect to 1uF cap to PIN7
A LED+ Power Supply Power supply for Backlight(3.0V)
K LED- Power Supply Backlight Ground

Recommended LCD connector: 1.5mm pitch pins

Backlight connector: A and K pins

Mates with: -
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A NHD-C8216CiZ
] ST7@321

L
[
B
Il o

ZVW

- A »> T],
>

‘ I

I

MPU MSP430
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Slave Address = 0x7C

acknowledgement acknowladgement aknowledgement acknowledgement aknowledpement
OX?CI from ST7032i Fom Tnszi from sfnszi from Tmzi fom Tmzi
T T 1 P I N N B I B 1 I I I [ B B
SO 1 1 1 1|1]O|OJA]l ¢  control byte A data bvie Al ¢ control bye A data bye AlP
[ [l I I [ [ T L 111111
slave address RW | byte ne=0bytas
\ ) In>=bytes MSBunmionnnn LSB
OX3E' command word
Co Co
| I 1 | ] I 1 1T 1 1T 1 [ [ U e | ]
x . - - . H I
11 o] ce® 000000 2 6.5 4 32,000
L1 [l I I [l Il el il Bl I

slave address control byte data byte

Figure 5. 2-line Interface protocol

0 Last control byte to be sent. Only a stream of data bytes is allowed to follow.
Co This stream may only be terminated by a STOP condition.

1 |Another control byte will follow the data byte unless a STOP condition is received.
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SDA  \| /DTXDGXDS'XD4X03XDZXD1XDOXAQK--)‘-— ~~~~~ —<D_0><A_cx:\ v
e\ _f1FLFLFLELOLALAL L~ L

1 2 3 4 5 6 7 8 9
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instruction table at “Extension mode”™

{when "EXT" option pin connect to Vss, the instruction set follow below table)

Instruction Code

Instruction
Execution Time

instruction RS |R'W|DE7|DB6 |DBES|DE4|DE3|DEZ2|DE1|DEO Descrlptlon Q50= 10S6= |OSC=
380KHz|540kHz | 700KHz
Clear ololololalalolalal - VWrite "20H" to DDRAM. and set 1.08 0.76 |0.59m
Display DDRAM address to "00H" from AC | ms ms
Set DDRAM address to "00H" from
Return ololololalalola , ‘ A C and return cursor to its original 1.08 0.76 |0.59ms
Home position if shifted. The contents of ms ms
DDRAM are not changed.
Sets cursor move direction and
EntryMode | ;1 o1 o | o | o] o] o1 || s [sPecihies displayshif These 26.3 us|18.5us | 14.3 us
Set operations are performed during
data write and read.
. D =1:entire display on
Display
=1: 26.3 us|18.5us 143 us
ON/OFFE 0 0 0|0 0 0 1| D |C | B [C=1:cursoron - u u u
B=1:cursor position on
DL: interface data is 8/4 bits
Function Set| o | o | o | o | 1 [oL| n |oH|*0| s [\ numberofiineis 2/t 26.3 us|18.5us|14.3 us
DH: double height fant ’ ’ ’
|S: instruction table select
Set DDRAM i} Set DDRAM address in address
0 0 1 |ACE|ACS|AC4|ACI(ACZ (ACT[ACD 26.3 us|(18.5us|14.3 us
address counter
Read BUS}‘ \W hether during internal Dperatlun or
_ not can be known by reading BF.
flag and 0 | 1 | BF |ACB|ACS|AC4|AC3|AC2 |ACT|ACD 0 0 0
The contents of address counter
address
can also be read.
Write data \W rite data into internal RAM
5 26.3 us|18.5us (143 us
to RAM 1 0 (D7 |De | D5 | D4 (D3 |(D2)D1| DO (DDRAM/CGRAM/ICONRAM) u u u
Read data ‘Read data from internal RAM
1 1 |07 |DE|D5(D4 | D3| D2 D1 DO 26.3 us|(18.5us|14.3 us
from RAM ° (DDRAM/CGRAM/ICONRAM) 5 " Y

Note *: this bit is for test command, and must always set to “0"
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Instruction table 0(1S=0)

S/C and R/L:
Cursor or Set cursor moving and display shift
: : 0 1 |S/C|R/L 263 us|18.5us |14.3 us
Display Shift “ | * |control bit, and the direction, without| <~ " "
changing DDRAM data.
Set CGRAM address in address
Set CGRAM ACS |ac4|aca|acz|act |aco|>" SOCTess In adore 26.3 us|18.5 us [14.3 us

counter

Instruction table 1(1S=1)

Internal OSC
frequency

Bs | F2 [ F1 | FO

BS=1:1/4 bias

BS=0:1/5 bias

F2~0: adjust internal OSC
frequency for FR frequency.

Set ICON
address

Set ICON address in address
counter.

Power/I[CON
control/Contr
ast set

lon: ICOMN display on/off

Bon: set booster circuit on/off
C5,C4: Contrast set for intemal
follower mode.

Follower
control

Fan: set follower circuit onfoff
Rab2~0:
select follower amplified ratio.

Contrast set

Contrast set for internal follower
mode.
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ST?832-8D (ITO option OPR1=1, OQPRZ=12>

::::; 0000 (D001 {0010 (0011 (0100|0101 {010 (0411 (1000 (1001 (11010 (1011 {1100 |1107 (1110 1111
o 1 1 A EBEEE HEEE
ooo1| £ | = | cE |
oomo| s | S |1 B
o1 5 e e = = =
otonled | £° 380 (e |3 0\t L | o || B R |
oot 1 | |
0110 . = i
o111 | i I ::-::
1000 |
roat £
e =z

101 &
o | §5 g | | | | | |
e Ao e A e et A
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Controller Information Built-In
S:T"?fVD’)i:\F\

RS [RIW Operation
- L Instruction Write operation (MPU writes Instruction code
into IR)
L HE |Read Busy Flag(DB7) and address counter (DBED ~ DBE)
H L |Data Write operaticn (MPU writes data into DE)
H H |Data Eesad operation (MPU reads data from DR)

Table 1. Various kinds of operations according to RS and R/W bits.



Innovations

I2C Acknowledge

|
|
SDA |
I
|

c
SCL M___ \

I data line | change |
: stable: | of data |
| data vahd | allowed |

Figure 1. Bit transfer

L L
] | | [
SDA | | y /|
| ! |
| | e | |
SCL | : AN | :
I I
1S l 1 P ]|
START con dition STOP con dition

Figure 2. Definition of START and STOP conditions
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I2C Acknowledge (cont.)

DATA OUTPUT —
BY TRANSMITTER _\ >< XL/

not acknowledgey

DATA OUTPUT
BY RECEIVER acknowledge ¥
SCL FROM .
MASTER ] 2N . 8 9

D clock pulse for
START acknowledge ment
condition

Figure 4. Acknowledgement on the 2-line Interface




Innovations

12C Interface - Register Loading Process

POWER ON and external reset

\

y

Wait time >40m$S

3

| Wait time

>263uS

v
Internal OSC frequency

Y

Power/ICON/Contrast control

After VDD stable
Y
Function set
RS [R/MW [DB7 [ DB6 | DB5 | DB4 | DB3 [ DB2 [ DB1 [ DBO
0 o ool 1 1 | N|DH]| 0 [ 15
Y
| Wait time >26.3 4 S |
Y
Function set
RS [RMW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 |0 | oo 1 1 | N|[DH| 0 |15
v
| Wait time >26.3 4 S |
Y
Internal OSC frequency
RS |R/MW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 [0 | oo o1 [BS|F2]F1]|F0D

RS |RM | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBD
0 0 0 0 0 1 | BS|F2|F1]|Fo
Y
| Wait time >26.3 4 § |
Y
Contrast set
RS [RMW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 1 1 1 [cafcz2]ci]|co
A J
Wait time >26.3 ¢ S

RS [R/W [DB7 [DB6 | DB5 | DB4 | DB3 | DB2 [ DB1 [ DBO
0 0 0 1 0 1 lon | Bon c5 [oF
Y
| Wait time >26.3 4 § |
Y
Follower control
RS [R/W [DB7 [DB6 | DB5 | DB4 | DB3 | DB2 [ DB1 [ DBO
0 0 0 1 1 0 Fon | Rab2 | Rab1 | Rab0
A4
Wait time >200m$
(for power stable)

Display ON/OFF control
RS |(R/W |DB7 |DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 1 D [ B

Y

Wait time >26.3 4 S

Y

Initialization end
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Vo0 Voltage Follower Value Calculation

» V0 voltage follower value calculation
VDD Vout( =VoD)

Rb
VO=(1+ — Vref
( Ra )*

a +36

Rb While Vref=VDD *( 100

)

a=37, VREF=2.19V and if 1+ (Rb/Ra)
=2.5

78 \/
ST IV

Therefore:
C5 C4,C3,C2,C1,Co =100101
Rab2 , Rab1l , Rab0 101
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-

® |2C interface

b[ );’1 /t tl:-l . j\
Tricn Tsv:mar
T % _____
SCL /
Ve
%
S Lo &

j[?é.l STA tHl ST

N
<

SDA
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(Ta=-30"Cto 85°C )

VDD=2.7 to 4.5V | VDD=4.5 to 5.5V
ltem Signal| Symbol |Condition AL A Units
Min. Max. Min. Max.
SCL clock frequency foclk DC 400 DC 400 |KHz
SCL clock low period SCL b ow — 1.3 — 1.3 — Us
SCL clock high period thice 0.6 - 0.6 —
Data set-up time S| supaT 180 - 100 - ns
Data hold time tuooat 0 0.9 0 0.9 us
SCL,SDA rise time SCL. t; 20+0.1C.| 300 |20+0.1C.| 300 ns
SCL,SDA fall time SDA t, 20+0.1C.| 300 [20+0.1C| 300
l(i?,naepamtwe load represent by each bus Cy . _ 400 _ 400 of
Setup time for a repeated START _ _ .
condition S| tsu;sTA 06 0.6 us
Start condition hold time thosTa — 0.6 — 0.6 — us
Setup time for STOP condition tsu-sTo — 0.6 — 0.6 — us
Bus free time between a Stop and . _
START condition SCL | taur - 13 1.3 us




SimpliciTl Frame Format

PREANBLE | SYNC | LENGTH Misc DST SRC PORT | DEVICE | TRACT App FCS
ADDR | ADDR INFO D Payload
RD* RD* 1 RD* 4 1 1 1 n rRD*
Network Header | Payload |
MRFI Header MRFI Payload
MRFI Frame
SimpliciTl Frame
Field Definition Comments
PREAMELE Radio synchronizaon Inserted by Radio HW
SYNC Radio synchronizaton Inserted by Radio HW
LENGTH Length of remaining frame in bytes Inserted by FW on Tx, Partially fiterable on Rx.
MISC Radio dependent {nesded for future |IEEE Cumrently set to 0.
rado support)
DSTADDR Destination address Inserted by FW. LSB filterable. 00 and 0xFF LSB
values reserved for broadcast. LSB:MSEB formatied.
SRCADDR Source address Inserted by FW
PORT Applicaiion port number (bits 5-0) Inserted by FW. Port 0x20-0x3D for customer
applications, Port 0x00-0x 1F for MWK applcations
DEVICE NFO Recewer type (bit 7-6), Sender Type (5-4) Inserted by FW.
& Hop count (2-0)
TRACTID Transaction ID Inserted by FW. Disdpline depends on context.
APP PAYLOAD | Applicafion data 0<n<32 (30 if FCS)
FCS Radio apperd bytes CRC checksum {Tx), RSSl, LQl and CRC status (Rx)
* RD = Radio-Dependent. Populate by MRFl or handled by the radio hardware.




Join & Link Tokens

BRIP, P dmil) =
SRR Sy

\ 2

In networks with an AP,
only devices with a
matching Join token can
join the network

Devices not matching
the join token fail the
join request. Their
default link token
(defined at build) will be

used

Only devices with
identical Link tokens
can link together. In

networks with an AP,
the link token is

distributed by the AP

Networks with no AP do not join, they link only




