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PED®EPAT
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FRAM, LIGHT-SENSOR, ITPOEKTYBAHHSA ¥ CEPEJJOBUILII CSS

Mera pobGoTu — OIS KOMIIOHEHTIB Ta (PYHKI[IOHAIBHUX MOXKIUBOCTEH
MmikpokoHTposiepa MSP430FR2355, ananiz #oro xapakTepuCTUK Ta 3aCTOCYBaHHS,
po3poOKa eIEeMEHTIB TPOTPaMHOTO 3a0€3MEUeHHS I KOHTPOJIIO CIICKTPUIHUX
CUTHAJIIB 13 3a0€3MEeUeHHSM HU3BKOTO PIBHA TMOTYXHOCTI, IO CIOXHUBAETHCS
MIKPOKOHTPOJIEPOM.

[Iporpamue 3abe3nedenns, po3pobieHo y cepenosuili Code Composer Studio,
BUKOPUCTOBYIOUM airoputmiydi MmoBu C Ta Assembler.

VY nepmomy po3Ainl HABEIEHO NOPIBHSAHHSA CTPYKTYpU Ta XapaKTEPUCTHUK
CErHETOENEKTPUYHOI Mam’ STl 3 IHIIMMH TUIIAMH OTNEepaTUBHOI mam’siTi. pyruit po3aiin
OPUCBIYEHO OIISIAY MOAYAIB MikpokoHTpoiepa MSP430FR2355, ta posmisHyTO
OCHOBHI BIJIOMOCTI IIOIO CEPENOBHUINA PO3POOKH Ta poOOUOro CTEHAY. Y TPEThbOMY
PO3ILII PO3MISAHYTO TPHUKIAAM peaiizailii cXeM aHali3y eJeKTPUYHHUX CHUTHAIIB 3
CEHCOPIB.

Po6ora BukoHana 3rimHO BUMOTr HopMaTuBHUX noKymeHTIB KIII iM. Irops

CiKOpChKOTO Ta YUHHUX J€P>KaBHUX CTAHJIApPTIB, B IOAaTKaX BKa3aHI MPOTpaMHi KOJIH.



ABSTRACT

Diploma work: 47 p., 15 figures, 2 app., 10 references.

MSP430FR2355 - Mixed-Signal Microcontroller

The purpose of the work is a review of the components and functionality of the
microcontroller MSP430FR2355, analysis of its characteristics and applications,
development of software elements for the control of electrical signals with a low level
of power consumed by the microcontroller.

Software developed in Code Composer Studio using the C and Assembler
algorithmic languages.

The first section compares the structure and characteristics of ferroelectric
memory with other types of RAM. The second section is devoted to an overview of the
MSP430FR2355 microcontroller modules and discusses basic information about the
development environment and the stand. The third section discusses examples of the
implementation of schemes for the analysis of electrical signals from sensors.

The work was performed in accordance with the requirements of normative
documents of KPI. Igor Sikorsky and current state standards, the appendices contain
program codes.

MSP430FR2355 - Mixed-Signal Microcontroller

MSP430FR215x and MSP430FR235x microcontrollers (MCUs) are part of the
MSP430™ MCU value line portfolio of ultra-low-power low-cost devices for sensing
and measurement applications. MSP430FR235x MCUs integrate four configurable
signal-chain modules called smart analog combos, each of which can be used as a 12-bit
DAC or a configurable programmable-gain Op-Amp to meet the specific needs of a

system while reducing the BOM and PCB size. The device also includes a 12-bit SAR



ADC and two comparators. The MSP430FR215x and MSP430FR235x MCUs all
support an extended temperature range from —40° up to 105°C, so higher temperature
industrial applications can benefit from the devices' FRAM data-logging capabilities.
The extended temperature range allows developers to meet requirements of applications
such as smoke detectors, sensor transmitters, and circuit breakers. The MSP430FR215x
and MSP430FR235x MCUs feature a powerful 16-bit RISC CPU, 16-bit registers, and a
constant generator that contribute to maximum code efficiency. The digitally controlled
oscillator (DCO) allows the device to wake up from low-power modes to active mode
typically in less than 10 ps. The MSP430 ultra-low-power (ULP) FRAM
microcontroller platform combines uniquely embedded FRAM and a holistic
ultra-low-power system architecture, allowing system designers to increase performance
while lowering energy consumption. FRAM technology combines the low-energy fast
writes, flexibility, and endurance of RAM with the nonvolatile behavior of flash.
MSP430FR215x and MSP430FR235x MCUs are supported by an extensive hardware
and software ecosystem with reference designs and code examples to get your design
started quickly. Development kits include the MSP-EXP430FR2355 LaunchPad™
development kit and the MSP-TS430PT48 48-pin target development board. TI also
provides free MSP430Ware™ software, which is available as a component of Code
Composer Studio™ IDE desktop and cloud versions within TI Resource Explorer. The
MSP430 MCUs are also supported by extensive online collateral, training, and online

support through the E2E™ support forums.

Ferroelectric RAM (FeRAM, F-RAM or FRAM) is a random-access memory
similar in construction to DRAM but using a ferroelectric layer instead of a dielectric
layer to achieve non-volatility. FERAM is one of a growing number of alternative
non-volatile random-access memory technologies that offer the same functionality as

flash memory.

FeRAM's advantages over Flash include: lower power usage, faster write

performance and a much greater maximum read/write endurance (about 1010 to 1014
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cycles). FERAMs have data retention times of more than 10 years at +85 °C (up to many
decades at lower temperatures). Market disadvantages of FeERAM are much lower
storage densities than flash devices, storage capacity limitations and higher cost. Like
DRAM, FeRAM's read process is destructive, necessitating a write-after-read

architecture

Conventional DRAM consists of a grid of small capacitors and their associated
wiring and signaling transistors. Each storage element, a cell, consists of one capacitor
and one transistor, a so-called "1T-1C" device. It is typically a type of MOS memory,
fabricated using CMOS technology.[11] DRAM cells scale directly with the size of the
semiconductor fabrication process being used to make it. For instance, on the 90 nm
process used by most memory providers to make DDR2 DRAM, the cell size is 0.22
um?, which includes the capacitor, transistor, wiring, and some amount of "blank space"
between the various parts — it appears 35% utilization is typical, leaving 65% of the

space empty (for separation).

DRAM data is stored as the presence or lack of an electrical charge in the
capacitor, with the lack of charge in general representing "0". Writing is accomplished
by activating the associated control transistor, draining the cell to write a "0", or sending
current into it from a supply line if the new value should be "1". Reading is similar in
nature; the transistor is again activated, draining the charge to a sense amplifier. If a
pulse of charge is noticed in the amplifier, the cell held a charge and thus reads "1"; the
lack of such a pulse indicates a "0". Note that this process is destructive, once the cell
has been read. If it did hold a "1," it must be re-charged to that value again. Since a cell
loses its charge after some time due to leak currents, it must be actively refreshed at

intervals.

The 1T-1C storage cell design in an FERAM is similar in construction to the
storage cell in widely used DRAM in that both cell types include one capacitor and one

access transistor. In a DRAM cell capacitor, a linear dielectric is used, whereas in an



FeRAM cell capacitor the dielectric structure includes ferroelectric material, typically

lead zirconate titanate (PZT).

A ferroelectric material has a nonlinear relationship between the applied electric
field and the apparent stored charge. Specifically, the ferroelectric characteristic has the
form of a hysteresis loop, which is very similar in shape to the hysteresis loop of
ferromagnetic materials. The dielectric constant of a ferroelectric is typically much
higher than that of a linear dielectric because of the effects of semi-permanent electric
dipoles formed in the crystal structure of the ferroelectric material. When an external
electric field is applied across a dielectric, the dipoles tend to align themselves with the
field direction, produced by small shifts in the positions of atoms and shifts in the
distributions of electronic charge in the crystal structure. After the charge is removed,
the dipoles retain their polarization state. Binary "0"s and "1"s are stored as one of two
possible electric polarizations in each data storage cell. For example, in the figure a "1"
is encoded using the negative remnant polarization "-Pr", and a "0" is encoded using the

positive remnant polarization "+Pr".

In terms of operation, FERAM is similar to DRAM. Writing is accomplished by
applying a field across the ferroelectric layer by charging the plates on either side of it,
forcing the atoms inside into the "up" or "down" orientation (depending on the polarity
of the charge), thereby storing a "1" or "0". Reading, however, is somewhat different
than in DRAM. The transistor forces the cell into a particular state, say "0". If the cell
already held a "0", nothing will happen in the output lines. If the cell held a "1", the
re-orientation of the atoms in the film will cause a brief pulse of current in the output as
they push electrons out of the metal on the "down" side. The presence of this pulse
means the cell held a "1". Since this process overwrites the cell, reading FeERAM i1s a

destructive process, and requires the cell to be re-written.



In general, the operation of FERAM is similar to ferrite core memory, one of the
primary forms of computer memory in the 1960s. However, compared to core memory,

FeRAM requires far less power to flip the state of the polarity and does so much faster.
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BCTVII

CranmapTHi MIKpOKOHTPOIIJIEPH II€ MaorabapuTHI MIKPOCXEMHU, IO MpU3HAYEH1
B TIEPIITy Yepry Ui KePYBaHHS €ICKTPOHHUMH MPHUIIaaMH.

Bxomtoaroth B cebe  Mikporporecop, omepatuBHy nam'sate(O3Y) — mus
BUKOHAHHS TPOTpaM B PEXKUMI peaslbHOrO vacy, nocTiiny nmam'stb(I113Y) — s 3anucy
KOJy Ta/ab0 pe3ysbTaTiB MOro BUKOHAHHS, MOPTH I BBOAY/BUBOAY JaHHUX Ta 1HIIL
O70KHM, 10 TPHU3HAYEHI M7 OUIBII BY3bKI 3ajadi, Taki SIK: KOMIApaTOpH, JATYUKH,

miuunbHUKH, Moyl [LTATI-ALII ta iH.
Y  wHamomy Bumanky 1e  MikpokoHTpomiep — Texas  Instruments

MSP430FR2355, mo mae Ha OOpPTY HE OAWH AECATOK BCIOMDKHHUX OJIOKIB, MPOTE
OCHOBHUMHU PO3TIIIHYTUMH y JTaHii poOOTi OyayTh:
— Monyns FRAM
— Monyns SAC
— Light sensor
— Smoke sensor
[Ipaktnyna vacTuHa POOOTH TPUCBSIYCHA 3BEPHEHHIO JI0 CEHIETOCIEKPUIHOTO

MOJYJISI TAMB'AT1 3 3aIIMCOM Ha HLOTO pOOOUOi IMTPOTrpaMu Ta MEPEeBIPKHU (PYHKIIIOHAITY.
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1. OIIEPATUBHA TTAM’ATb, BUJAU ITAM’ATI

1.1.0neparvBHa naM’STh.

OneparuBHa mam’ate a6o RAM (O3Il — omeparuBHMII 3amam’STOBYIOUHIA
MPUCTPIif) — MIBUAKOAIMHA KOMIT IOTEPHA I1aM’STh, 110 MPU3HAYEHA /IS 3aIUCY, YATAHHS
Ta 30epiranHs iHpopMallii y nporieci ii 00poOKkHr 00UHCIIIOBAIbHOIO TeXHIKOW. Di3UyHO,
OTepaTUBHA TaM'siTh B CHCTEMI sBIIsA€ CcO00r0 Habip MikpocxeM abo MomymiB (10
MICTSTh MIKPOCXEMH), SIK1 3a3BUYAM MMIAKITIOYAIOTHCS 10 CUCTEMHOT TIJIaTH.

B mpoueci poOoTu maMm'sTh BHCTyNA€e B SKOCTI TUMYAacOBOro Oydepa (B Hiii
30epiraroThCsi JaHl 1 3alylieHl MOporpaMu) MIDK JAUCKOBUMH HaKOMHYyBadaMH 1
MIPOIIECOPOM, 3aBASKH 3HAYHO OUTBIIINA MIBUAKOCTI YUTAHHS 1 3aITUCY JTaHUX.

He caig mytaru OI13 13 [131I(mocTiiiHuiil 3amamM’ ITOBYIOUMH MPUCTPIii), OCKITIBKU
1€ 30BCIM pi3HI Buau nam'sti. OnepaTuBHa MaM'saTh (110 TUILY € AUHaAMI4HOO - Dynamic
RAM), Ha BiAMIHY Bij MOCTIMHOI - €HEpPro3ajiexHa, ToOTo A 30epiraHHs JaHuX il
HEOOX1/THA EJNEeKTPOCHepris, 1 mpH ii BIAKIIOYEHHI (BUKIIOUYEHHS KOMII'IOTEpa) JNaHi
BunansaroTees. [lpuknan HeszanexHi mam'sti [13Y - dnem-mam'ste, B sKid CTpyM
BUKOPHUCTOBYETHCS JIUIIE TSI 3aMUCy 1 YATAHHS, B TOW Yac K I caMoro 30epiraHHs
JAHUX JHKEPEeIIo )KUBJICHHS HE IMOTPiOCH.

3a CBO€IO CTPYKTYpOIO TaM'sTh Haraaye OKOJMHI COTH, TOOTO CKJIIAIA€ThCS 3

OCEpEeNKiB, KOXXKHA 3 SKUX MpU3HAYeHa Jis 30epiraHHs TMEeBHOTO OOCATY MaHMX, K
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mpaBuiIo, OMHOTO abo yoTHpbox OIT. KokHa ocepenok sikoi Mae CBOI YHIKaJIbHY
«JIOMAIITHIO» aJpecy, AKa TUINTHCS Ha JBa KOMIIOHEHTa - aJpeca TOPU30HTAIHHOTO
psanka (Row) 1 BeprukanpHOrO cToBmumka (Column).

Ocepenku  MpeACTaBISIOTH COOOK  KOHAEHCATOPH, 3/aTHI HAKONMUYyBaTH
CJICKTPUYHUN 3apsii. 3a JOMOMOIOK0 CIHEIladbHUX MiJICHIIOBAYiB aHAJIOTOBl CUTHAIH

NIEPEBOIATLCS B IIU(GPOBI, K1 B CBOIO YEPry YTBOPIOIOTH JIaHi.

Jlng mepemadi Ha MIKpOCXEMY MaM'AiTi aApecu psiKa CIYXKHUTb CHUTHAI, SKAN
HazuBatoTh RAS (Row Address Strobe), a nnst anpecu ctoBmis - curHan CAS (Column

Address Strobe).

Mpouecop OnepaTMBHa Nam'aTk

CuctemHa WKMHa

MpwncTpit BBEAEHHA-BUBEOEHHA

Pucynok 1.1 - Ciopormena cxema po6otu RAM

OOMIH JaHUMU MK TIPOILIECOPOM 1 MaM'sITTIO MOXe BiiOyBaTucs 6€3MmocepeiHbo,

ajie JyacTille Bce K OyBa€ 3a y4acTrO Kell-TiaM'sTi.
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Kemr-mam'site € miciieM THM4YacoBOTO 30epiraHHs HaWOUIbII YacTO 3alUTyBaHOL
iH(dopMarlii 1 sBJIsE COO0K0 BITHOCHO HEBENWKI NUISHKU IIBUIKOT JIOKAJIBHOI MaM'sTi. I
BUKOPHCTAHHS JO3BOJIIE 3HAYHO 3MEHIIUTH 4Yac JOCTaBKH iH(opmalli B pericTpu
mporiecopa, Tak sIK MIBUAKO/IS 30BHIIIHIX HOCIIB (ONEpaTUBHOI 1 JUCKOBOT IMIJICUCTEM)
Habararo Tipie TpolecopHoro. fK HACHIAOK, 3MEHINYIOTHCS, a 4acTO 1 MOBHICTIO
YCYBAIOThCS, BUMYIIIEHI MPOCTOI IpoIiecopa, 10 MiJBUIILYE 3araJibHy MPOTYyKTUBHICTD
CUCTEMH.

OrnepaTUBHOIO MaM'sITTIO YMPABISIE KOHTPOJEP, SKUM 3HAXOAUTHCA B YINCETI
MaTEepUHCHKOI TUIaTH, a TOYHINIEC B Ti HOro dacTwHi, sika HasuBaeTbcs North Bridge
(miBHIYHMM MICT) - BiH 3a0e3neuye migkiaoueHHss CPU (mpouecopa) 10 BY3JiB, IO
BUKOPHUCTOBYIOTh BUCOKONPOAyKTUBHI muHU: O3Y, rpadiuanii kontponep (auB. Puc

1.2).
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CPU

Clzck ! Front-sigde
EEnerato L
3 M bus

Chipset |

Graphical
controller

Memaory slots

Graphical controller : f
i i Memory

Bus | Northern bus
bridge

South Bridge

PCl bus

IDE
SATA
usge
Ethernet Connectors
Audio . on the board

PCI

Peripherals
multicontroller

Pucynok 1.2 - Cxema kepyBanua RAM

(3ano3uueHo 3 [https://sonikelf.ru/operativnaya-pamyat-chto-k-chemu-i-zachem-podrobno-o-glavnom])

1.2.DRAM

DRAM (anr. Dynamic random access memory - JIuHaMigyHa MaM'aTh 3

JOBUIBHUM JOCTYIIOM) - THUI KOMIT'FOTEPHOI MaM'saTi, 10 BIAPI3HAETHCA BUKOPUCTAHHIM



16

HaIIBIPOBITHUKOBUX MaTepiaiiB, EHEPro3aJeKHICTIO 1 MOXIIMBICTIO JOCTYITY J0 JaHUX,
10 30epiraloThCsi B JOBUILHUX KOMIpKax mam'sti. Moayii mam'sTi 3 mam'siTTIO TaKoro
TUITy IMHPOKO BUKOPHUCTOBYIOTHCSI B  KOMI'IOTEpaXx B  SKOCTI  ONEPATHBHHX
3anmam'sitoBytounx mpucTpoiB (O3II), Takok BUKOPUCTOBYIOTHCS B SIKOCTI MPHUCTPOIB
NOCTIHHOTrO 30epiranHs 1H(opmallii B cCucTeMax, BAMOIJIMBHUX J0 3aTPUMOK.

®izuuno DRAM cknagaeThest 3 0CepeiKiB, CTBOPEHUX B HAMIBIPOBITHUKOBOMY
MaTepialll y BUIVISAI €EMHOCTI. 3apsipkeHa ado po3psiKeHa EMHICTh 30epirae 01T 1aHUX.
Koxna ocepenok Takoi mam'siTi Mae BIACTHBICTh PO3PSAIKATUCS (depe3 CTPYMIB BUTOKY
1 1H.), TOMy iX MOCTIMHO Tpeba 3apsKaTH - 3BIJICM Ha3Ba «JAMHAMIUYHa» (JIMHAMIYHO
3apsipkat). CyKynmHICTh KOMIPOK YTBOPIOE YMOBHUH «HPSIMOKYTHHUKY, IO CKIATAETHCS
3 TIEBHOI KITBKOCTI PSAAKIB 1 cTOBMIB. OIUH Takuil «MPSIMOKYTHHK» HA3UBAETHCS
CTOPIHKOIO, a CYKYITHICTh CTOPIHOK Ha3uBa€eThbcs OaHkoM. Bech Habip ocepesikiB YMOBHO
MUIATHCA HA KUIBKA oOJ1acTeil.

SAx mpuctpiit (3Y) DRAM € momynbp mam'siti OyJb-SIKOTO KOHCTPYKTHBHOTO
BUKOHAHHS, 10 CKJIAJAEThCA 3 JIPYKOBAHOI IIATH, Ha SIKIM po3TallioBaHI MIKpOCXEMU

nam'siTi, 1 po3'eMy, HEOOX1AHOTO IS MIAKIIOYEHHS MOAYJIS 10 MaTepUHCHKOI TIaTH.

CnosapHa NiHis vdd
nonikpemHito

MonikpeMmHiun

BitoBa niHiA

N+

CnoBapHa niHiA

nonikpemHito MonikpemHin GND

biToBa niHia

N+
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Pucynok 1.3 - Cxema 1oriepeqHoro mnepepizy oqH00ITOBUX OCEPENKIB ITaM'aTi 3
y p pep13y p

OJTHUM TPaH3UCTOPOM 1 OAHUM KOHJIEHCATOPOM

(3ano3uueHo 3 [https://ru.wikipedia.org/wiki/DRAM])

Ha ¢i3uynomy piBHi nam'ste DRAM siBnsie coOoro Halip ocepenkiB, 3aTHUX
30epiratu iHpopMamito. Ocepenkrd CKIaAaloThCs 3 KOHJCHCATOPIB 1 TPaH3UCTOPIB,
pPO3TAIlIOBAaHUX YCEPEMHI HaIiBIPOBIAHUKOBUX MikpocxeM mam'ati. Konaencaropu
3apsHKAIOTh M1 Yac 3alrcy B KOMIPKY OAMHUYHOIO OiTa 1 po3psKatoTh MPHU 3aIUC] B
0CepeIoK HYJIbOBOTO OiTa.

[Ipy npunvHEHHI MOJa4l EJEKTPOEHEPrii KOHAECHCATOPU PO3PAIKAIOTHCA, 1
nam'satb OOHYISEThCS (cmycTomnyeTbes). Jlns miaTpumMku HEoOXiTHOTO HAmpyrd Ha
oOKaaKax KoHjaeHcaTopiB (s 30epeXeHHs JJaHWX) KOHJCHCATOPH HEOOX1HO
nepiogu4Ho mia3apskaTi. [lia3apsaaKy BUKOHYIOTH IIUIIXOM I0JIadyl Ha KOHJIEHCATOpU
Halpyru 4Yepe3 KOMYTYIOUl TPaH3UCTOpHI Kiatodi. HeoOXigHICTh MOCTIMHOI 3apsaku
KOHJICHCATOpIB (AMHAMIYHE MIATPUMKY 3apsily KOHIEHCATOPiB) € OCHOBOIOJIOKHHUM

npyUHIUIOM poOoTH nmam'saTi Tumy DRAM.

Baxnusum €JIEMEHTOM nam'sti TUILY DRAM € Yy TJIINBUU
micHTIoBad-kommaparop (anri. Sense amplifier), miAKIIOYEHHA 10 KOXKHOTO 3 CTOBIIIIIB
«IpAMOKYTHHKa». [Ipy uuTaHHI JaHUX 3 MaM'sTi MiJICUITIOBAY-KOMIIApaTop pearye Ha
cnaOKUil MOTIK €JEKTPOHIB, KOTP1 PBOHYJU Yepe3 BIAKPUTI TPAH3UCTOPHU 3 OOKIIAOK
KOHJICHCATOPIB, 1 3UUTY€ OAWH PSAOK IIJIKOM. YUHWTaHHS 1 3aUC BUKOHYIOTHCS Yepes
HIIPSTHUK; OOMIH JaHUMHU 3 OKPEMO B3SITOT OCEPEIKOM HEMOMKITUBUM.

Ha Bigminy Big crarmyHoi mam'sti (mam'sti Tumy SRAM (anmn. Static random
access memory), € KOHCTPYKTUBHO OUIBII CKJIaHO0, OUTBIIT JIOPOTOR0, O1IBII IIIBUIKOIO
1 3aCTOCOBYBAaHOI0 B OCHOBHOMY B KellI-TlamM'siTi), MOBUIbHA, aje JelieBa JAUHaAMIYHA
nam'satb (DRAM) BUTOTOBISIETHCS HA OCHOBI KOHJICHCATOPIB HEBEIMKOI €MHOCTI. Taki
KOHJICHCATOpY IIMBHUJIKO BTPAYarOTh 3apsji, TOMYy 100 YHUKHYTH BTpPAT JaHHUX, IO

30epiraroThCsi KOHJIEHCATOPU TOBOAMTHCS 3apsKaTH depe3 MEeBH1 MPOMDKKH dacy. Lleit
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MIPOIIEC HA3UBAETHCS PETCHEPAIIIEI0 TIaM'AT1, 3IMCHIOETHCS CIIeIiaIbHUM KOHTPOJIEPOM,
BCTAHOBJICHUM a00 Ha MAaTepUHCHKIN MmaTi, a00 Ha KPUCTaJIl LIEHTPAIHHOTO Mpoliecopa.
[Ipotsarom wacy, 3BaHOTO KpoKoM pereHepailii, B DRAM mnepe3anucyeThes 1ija psaok
KOMIPOK, 1 uepe3 8-64 MC OHOBITFOIOTHCS BC1 PSJIKU TTaM'sITi.

[Ipouec perenepauii mam'sTi B KJaCUYHOMY BaplaHTl CYTTE€BO rajbMye poOOTY
CHCTEMH, OCKIIBKH I Yac Horo 3ailicHeHHs OOMIH JAHHUMH 3 IMaM'ITTIO HEMOXKJIUBHIA.
Perenepaiiisi, 3acHOBaHa Ha 3BUYaHOMY TepedOpi psifiKiB, B cydyacHux Tunax DRAM ne
3aCTOCOBYETHCH.

Cepen HoBux TexHousoriii pererepaiii - PASR (anrn. Partial array self refresh),
10 3aCTOCOBYETHCS JEIKUMU KOMMaHIIMU B yinax nam'siti SDRAM, 1110 BiIp13HAIOTHCS
HU3BKMM DPIBHEM €HEProCTOXUBaHHA. Pereneparrisi ocepeakiB BUKOHYETHCS TUTHKU B
nepiojl O4YiKyBaHHS B THX OaHKax Mmam'sTi, B AKUX € JnaHi. OJHOYacHO 3 I€IO
TexHoJIorielo 3acTtocoByeTbesi TexHonoris TCSR (anmi. Temperature compensated self
refresh), mpu3HaueHa 151 perynoBaHHs MEPIOAy pereHepallii B 3aJI€KHOCTI B11 poOoUoi

TEeMIIepaTypH.

1.3 FRAM a6o FeERAM

[Tam'ssTh B Cy4acHHUX MIKPOKOHTpOJIEpAX NPUUHATO PO3IUISTH 32 O3HAKOIO
3QJIGKHOCTI Bi eHepromocradands. Jlo eHeprosajneXHOK TaM'ATi BiTHOCATHCS
texHosorii DRAM 1 SRAM, no neszanexnoi - EEPROM / Flash. Lle#i moxin icaye 3a
paxyHok Toro, 1o DRAM / SRAM maroThs Habararo kpaiiy IIBHIKO/III0 B TOPIBHIHHI 3
CHEProHe3aIeKHO NaM'aTTio. AJie 1o Oyno O, iIKOU iICHyBaJia HE3aJIe:KHA MaM'sTh, AKa
HE TOCTYIAEThCS CHEPro3ajieyKHOI IMaM'sTi 3a IMIBUAKICTIO YWTAHHSA / 3amucy 1
€HEProCcroXuBaHHIO? BUSABISETHCS, Takl TEXHONOTIT 1ICHYI0Th. OJTHUM 3 NPEICTABHUKIB

IILOTO Kjacy mam'sati € Texnonoriss FRAM a6o FeRAM.
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Otxe, FERAM ab6o Ferromagnetic Random Access non-volatile Memory - tun
nam'sti, MNPUHUUI POOOTHM SKOTO TPYHTYEThCS Ha €(QeKTi TICTepe3ucy B
cerneroenekTpukax. [lpu nomarky 0 ocepeaxy eIeKTpUYHOTrO MOl BOHA 3MIHIOE CBOIO
MOJISIPU3AIIII0, TIEPEXOAsiYM Ha IHINY JAUISHKY METIi TUCTepe3uca. 3a paxyHOK ILbOTro
MOKHa OTpHMAaTH J1Ba J0Ope MOMITHUX MO €HEPrii CTaHy, a 1€ JTOCUTh ISl CTBOPEHHS
naMm'siTi Ha OCHOBI TaKOTO OCEPEJIKY.

Jlns Toro, mo0 3po3ymiTH, SKI TepeBard I Jae Tepel KIACHYHUMHU BHUIaAMU

nam'siTi, HeOOX1THO TaKOXK 3raflaTi OCHOBHI MPUHIIMIIKA POOOTH 1HIIMX BUAIB MaM'sTi.

Ferroelectric

Bit line

Word line

Pucynok 1.4 - Crpykrypa FERAM komipku
(3amosuueno 3 [https://ru.wikipedia.org/wiki/FRAM])

[Mpunmun po6otn DRAM (Dynamic RAM) 3acHoBaHMii Ha 34UTYBaHHI 1 3MiHI
3apsy KOHJEHcaTopa. SIKIIO KOHJEHCATOp 3aps/KCHHH - OCepelIOK 3HAXOMWUTHCS B
cTaHi «1», K10 pO3psAHKEHUN - B cTaHi «0».

Jyist 301bIIEHHS MIBUKO/IT B OCEpEIKax MaM'sTi 3aCTOCOBYIOThCSI KOHJIEHCATOPH
HEBEJIMKOI €MHOCTI, 3apsiji 3 AKUX BIIHOCHO IIBUIKO BUTIKae. Tomy s 3a0e3nedeHHs
cxopoHHOCTI  iH(opmarii  iHopmalito  JOBOAUTHCS  pereHepyBatd. DRAM

3aCTOCOBYETHCSI B SKOCTI ONEPATMBHOI MaM'ATi Ha CY4YaCHUX KOMII'IOTEpax dYepe3
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nemieBu3Hy (B mopiBHsHHI 3 SRAM) 1 Bucokoi mBuaKoii (B MOPIBHSIHHI 3 JUCKOBUMU

HAKOMMYyBa4aMH ).

Bit line

Word line

Ferroelectric
++++++++++++++

Pucynoxk 1.5 - Ctpykrypa onnorpansuctopHoi FeERAM komipku Ta ii podounii

MEXaHI3M

(3amosuuero 3 [https://ru.wikipedia.org/wiki/FRAM])

[Tam'stb SRAM (Static RAM) nabararo ckmannimme DRAM, 1 tomy Habarato
noposkde. [i mpunumn il 3acHoBaHMH Ha 3actocyBaHi KMOII-Tpansuctopis. Ilpu
00'eTHaHH1 KUIBKOX TPAH3UCTOPIB MOXKHA OTPUMATH TPUTEP - OCEPENOK, IO 30epirae
NeBHE JIOriyHe cTaH. /[ mporo BuAy mnam'sTi HeMae HEoOXiJHOCTI B pereHeparii
CTaHiB, ajle THM HE MEHIIIE 3a BiJICYTHOCTI XapuyBaHHs JIaHl TYOIATbCsI, TOOTO maM'sTh
3aIMIIAEThCsl eHepro3anexkHoro. e Bua mam'ati mBumgme DRAM. Ockinbku Taka
nam'sTb Komrtye Habararo mopokde DRAM, ii 3acToCOBYIOTh Tam, Jie TTOTpiOHA TykKe
MaJIuil yac BIATYKY - B KelI-MIaM'sIT1 IIpoliecopa.

Cyuacni Flash 1 EEPROM 3acHoBaHi Ha 3acTOCYBaHHI TPaH3HCTOPIB 3 TakK
3BaHUM  IIJIABAlOYUM  3aTBOPOM. EJNEKTpOHM  HHXKEKTHPYIOTCSA B  «KHUIIEHIO)»
HaIlIBIPOBITHUKOBOT CTPYKTYpH, 1 1X HasABHICTb / BIJACYTHICTb MOXe OyTH

3apeecTpOBaHO 330BHI. L€ 1 € BIIaCTUBICTB, SIKE 03BOJISIE€ 3aCTOCOBYBATU TaKi CTPYKTYpHU
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SK TMaM'siTh. 3apsi 3 KUIICHI XOY 1 BUTIKAE, ajie BiIOYBA€ThCA 1I€ IOCUTH MOBUIBHO (~
10-20 pokiB), mo ao3Bojsie 3actocoByBatu EEPROM / Flash B sxocTi He3anexHOl
nam'sti. Flash 3actocoByetbest miis 30epiraHHs KOMy MporpamM B MIKPOKOHTPOJICPHUX

PUCTPOIB, & TAKOXK B KapTax Mmam'siTi.

[TepeBarn FRAM y nopiBHSHHI 3 IHIIUMUA BUJAMU TTaM'ATi?

OcnoBna mnepeBara FRAM mnepen SRAM - ne enepronesanexHicts. I[lpu
NPUITMHEHH] ToJayl )KUBJICHHS Ha MIKpOCXEMY IMaM'siTi BOHa 30epirae cBiil monepenHii
craH. Y TOH ’Ke 4ac IBHAKOAIS LUX BHUIIB IaM'sTl € OJM3bKOI MK coOoro. Tak,

Harnpukian, nuki 3anucy Ha FRAM 3aiimae 150 HaHOCEKyHA mpoTH 55 HAHOCEKYH] B

SRAM, 3rigno 3 caittom Fujitsu. [Ipore FRAM wmae oomexene (6inst 10 13) YHUCJTIO
IUKITIB Tepe3anucy, Toal sk y SRAM Taki oOmexeHHs BiacyTHI. Pasom 3 Tum, DRAM
Ma€e BHUCOKE EHEProcrnokuBaHHs B TOpiBHSAHHI 3 FRAM, uepe3 HeoOXigHICTh
perenepartii nanux. Tomy DRAM He 3acTOCOBY€ThCS B MPUCTPOSIX, UYTIUBHUX JI0

CHCPIroCIOKNBAHHA.

IIpore, xoua FRAM 3a xapakrepucTukamMu MOKHa TOpiBHATH 3 SRAM,
OCHOBHUH TIOTCHINIAJI 3aCTOCYBaHHS 3aB's3aHUl Ha 3HAYHI T[epeBard Iepen
Flash-mam'sttio. B mepmry gepry, 1me Benuwve3Ha MBHAKOMIS. 3 Ti€l K MOCHJIAHHS Ha
cait Fujitsu wac oxgHoro nmkiny 3anucu Ha Flash 6mauspko 10 mikpocekyna. Tyt ciif
3rafjatu ocoOnuBICTh 3actocyBaHHs flash-mam'aTi - 3ammc 1 crupaHHa B HIU
BUPOOJISETHCS TOCUTH BEIMKUMU Oiokamu. ToMmy mepe3anucyBaTtu OfuH OalT y Qe -
Jy’)K€ JIOpore 3aJI0BOJICHHS SIK 32 YacOM, TaK 1 MO €HEProClOXHWBAHHIO - MOTPIOHO
KyIuch 30epertu OJOK JaHuX, 3MIHUTH B HbOMY OaWT, MOBHICTIO CTEPTH BiAMOBIAHY
JISTHKY OJIOKY 1 Iepe3anucartd B HbOTO OHOBJIeH1 AaHi. TyT, 1o peui, Iie o/iHa repeBara
FRAM - 1ie naM'sth 3 AOBUIBHUM JOCTYIIOM, a 3HAUUTh B Hill MOXKHA MIHSITH OKpeMi
01TH, HE 3a4ilaryu CycijHi. AJie HaBITh MPU 3amucl BeMUKUX O0okiB qaHux FRAM nHa
nopsanok mBuae. Tak, B koHTponepax Texas Instrument 3anuc Gnoky po3mipy 13 kb

3aiimae 10 mc B FRAM mnportu 1 cexynnu B Flash (nmpyd). lle ogun nemonik Flash -

o . 5
CUJIBHO 0OMEKeHa KUIbKICTh LUKIIIB Mepe3anucy - nopsaaky 10 .
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Yomy FRAM noci we BuricauB Flash? liticno, Bci xapakrepuctuku FRAM nHa
MOPSIAKU Kpalle XapakTepucTuk duieni-nmams’ Ti. Och TYT 1 CIUIMBIM OCHOBHI HEIOJIKH
dbepomarniTHoi RAM. B mepury depry me Hu3bKa MIIIBHICTH PO3MINISHHS 1H(pOpMAITii B
CHUJIy OCOOJMMBOCTEH TeXHOJIOTIi. 3 I[bOT0 HEAOJIKY BHIUIMBAE I1HIIUH - €EMHICTh
HakonuuyBadiB Tumy FRAM He Moxe OyTu 3poOiieHa gocuTh Benukui. Fujitsu
IIPOMOHYE cXeMU IMam'siTi 00'eMoM 10 4 MOIT, 0 HE MOPIBHATH 3 OararorirabaiTHUMU
dbnemkamu. Ille oguH HEmomik - JOCUTH BHUCOKa BapTicTh mam'ari. CrorogHi FRAM

3aiiMae 30BCIM Mi3epHY YaCTKy PUHKY HamiBIPOBITHUKOBUX MPUCTPOIB.

Jlist IKMX JKe 3acTOoCcyBaHb onTUMalibHa mam'site Tuiy FRAM? Jlocute no6pe
FRAM mnpaitoe B MiKpoKOHTpoJiepax B KoMOiHarii 3 HeBenukuM 00'emom SRAM.
Brache, 11e Te came 3acTOCyBaHHs, SIK€ MPUBEPHYJIO MEHE IO JAHOTO THUITYy MaM'siTi.
Hampuknan, komnanis Texas Instruments Bunmyctuna siniiiky FRAM-MIKpOKOHTpOIEpiB
3 moBHicTIO BijicyTHIMU Flash / EEPROM. Kon B Hux 3anucyerscs B FRAM cermeHr, a
10 naHux B Tomy K FRAM MoskHa 3BepTaTucs TakoX, K 10 3BU4aitHoi RAM-mam'sTi.
Take 3actocyBaHHS 3py4HO Tam, JI¢ € 3HayHa KUIBKICTh JAHUX, SIKE MOXE YacTo
aucTyBatucsa.  Hampuknan, — mopratuBHUM — jiorrep, Uil SKOTO  BAXKIIMBO
eHeprocnoxuBaHHa. MoxkHa 3anucyBaru AaHi B FRAM npotarom neBHOro yacy, notim
aHaTI3yBaTH 1, HAPUKJIIAJ, BIAMPABISATH JIaHI TIPO CEPEIHI BEIMUYUHU IO OE3APOTOBOMY
kaHaiy. Flash mam'aTe mpu TakoMy BHKOpHCTaHHI HE3py4YHa - BOHA IIBUAKO MOCAIUTH
aKyMyJIsITOp, @ 4Yepe3 OOMEKEHICTh UKJIIIB 3aMHCy Yepe3 AKHICh YaC MOXYTh 3'SBUTUCS
po0IeMHU 3 TOIIKOKEHUMHU eJieMeHTaMu nam'ati. Takum unHoM, FRAM Burigna s
low-power nomarkiB 3 BiIHOCHO BEIUMKHM O0'€éMOM 1 BHUCOKOK YacCTOTOI 3aIlUCH B
He3aJexxHy mam'satb. Bzarami, TI Ha cBoemy caiiTi BKasye, B SKUX OONacTAX Ha iXHIO

JTYMKY Taka mam'siTb HalO1JIbIIl 3pyyHa.

MoxnuBocTi BctanoBieHoro FRAM:
e Halbip yrumit API, sxuii 103BOJISI€E JIETKO KOPUCTYBATHUCS PEKUMAMHU

HU3bKOI MOTykHOCTI LPMX.5 Ta NOTYy)XHMUM pEXUMOM BUMKHEHHS, IO
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J03BOJIsIE TIporpami 30epiraTd Ta BITHOBJIIOBATH BaXXJIMBI KOMIIOHEHTH
CUCTEMU IIPU BUSABJIEHHI BTPATU MOTY>KHOCTI.

e CrucHenns LZ4: BOymoBaHa yTWIiTa CTHUCHEHHS Ha OCHOBI (opmary
ctucHeHHs LZ4 3 BigkpuTuM KogoM. ONTUMI30BaHO TSI MIKPOKOHTPOJIEPIB
MSP, mo6 3a0e3neuuTd Kpally peecTpaiiio IaHuxX, Mepenady JgaHux,
OHOBJIEHHSI MIKPOITPOrpamMu TOUIO.

e [ecHepaTop BHUIAIKOBUX YHCET: YTHIITA T€HEPATOpa BHIAJKOBUX YHCEI
(RNG) peanizye nerepMiHOBaHHMI TeHEpaTop BUIMAJKOBUX OaMTIB
(CTR-DRBG) y pexumi niuuiabHUKa BIAMOBIIHO A0 crenudikaiii NIST
SP 800-90A Rev 1

e Enepronezanexxne cxoBuile: bibmioTeka eHEProHE3aIeKHOTO CXOBHIIA
(NVS) poburb 00poOKy eHeproHe3aleKHUX NaHWUX JIETKOI0 Ta HaIIHHOIO
IIPOTH TIEPEPUBYACTOI BTPATH IOTYKHOCTI a00 CKHJIaHHS ACHHXPOHHHX

IIPUCTPOIB.

Ille ommiero mepeBaroro Oyae Te, mo FRAM - me nmyxe HajiliHa TEXHOJIOTIS
nam'siTi, HaBiTh NMpU BUCOKIN Temneparypi. FRAM 36epirae cBoi naHi e Oiabie Hix 10
pokiB nipu 85 rpamycax C, abo 100 pokis npu 25 ° C. Ile ganexo nepeBuIlye BUMOTH J10
OUIBIIIOCTI TTPOTPaM.

[Mommpene 3anutanHs mon0 FRAM — uu € TexHonoris HaAINHOIO y NMUTaHHI
30epexxenHs qaHux? FRAM BUKOpHCTOBYETHCS B IEKIIBKOX aBTOMOOITFHUX MPOTpaMax

1 Mae kBai(iKalliio 010 BATPUMYBaHHS HAJ[3BUYAHO CYyBOPHUX YMOB.
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2 OIJIA ] XAPAKTEPUCTHUK, KOMITIOHEHTIB, BA3OBOI'O BUTJIAAY
POBOUYOI CTAHIIII TA 3ATAJIbHI TEOPETHUYHI BIJJOMOCTI
2.1. O po6ouoro cepenonuiiia CCS — Code Composer Studio

CCS — Code Composer Studio, 0 € €IWHOIO CEPBICHOIO MPOrpaMoIo, sKa
J03BOJISIE HAM SIK KOPHCTOBa4y CTBOPIOBATH, 3MIHIOBATH Ta KOMITUTIOBATH €JIEMEHTH a00
IPOrpaMH LIJIKOM JIJisi MIKpOKOHTposiepiB MSP.

Ak 1y 6inbImocTi cepegoBui po3pooku, y CCS nependaveHi:

0 ITonsa BBORY KOZY

0 BikHa nepenisiny 3Ha4eHb 3MIHHUX
0 Touku nepepuBaHHs

0 I'padiunmii ananiz

0 Mogu BBOny — C, AcembOnep, C++

0 Komminsrop

CaM mpoliec BUIIIsIa€ HACTITYHUM YHHOM:
CTBOpeHHSI MPOEKTy — HamucaHHS poOOoYOry KoAy — JoAaBaHHS O0107i0oTeK 13
nepeayCcTaHOBaMH — KOMIUISATOP — accembiep — OymyBaHHs mporpaMu. CxeMaTuyHo 11e

BUITIAOA€ TaK:
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Assembly |
7| Optimizer K
e | Link.cmd
4 |
_+" sa | l
Text | - i——-l- Assembler »  Linker » Debugging
Editor | .asm .obj out
SN C '
N :
N I Code Composer Studio
A Compiler ==14

.c = C source file

.5a = linear assembly source file
.asm = assembly source file
.obj = abject file

.out = executable file

.cmd = linker command file

PucyHnok 2.1 - ETanu npoexTyBaHHs IPOrpamMu

(3ano3uueno 3 [https://studfile.net/preview/3991398/page:50/])

Kon po3pobmnsieThest anapaTHO-HE3aIEKHUM, 110 T03BOJIE MPOTPaMICTy MOMYIsS
HE JyMaTH MpO PO3MOMALT MaMm'siTi, Tak SK I pobora Oyme 3pobieHa Ha erarll
KOMIIOHYBaHHSI TpoekTy. [Ipu 3miH1 Oyab-SKOTO 3 MOMIYJIB MPOBOAUTHCS HOBa 30i1pKa
OPOEKTY, 1 MNHUTaHHS PpO3MOALTY NaM'Ti BUPINIYIOTHCS 3aHOBO, BHUKIIFOYAIOYU

WMOBIPHICTh TTOSIBH KOH(ITIKTIB.

2.2 Mikpoxontponep MSP430FR2355

Habip wmicturh Bce HeoOXigHE I TOYaTrKy po3poOku Ha  miardopmi
MikpokoHTposniepa MSP430FR2355 FRAM, Bkitoyatoun OOpPTOBHM mpuian A
BIJUUTQ/IKK, TPOTpaMyBaHHS, Ta BUMIpIOBaHHsS eHeprii. Ha muati Takoxk € BOymoBaHi
KHOTIKM Ta CBITJIOMIONM JJIsi IIBUAKOI IHTErpallii MpPOCTOTO KOPHUCTYBAJIBHUIILKOTO
iHTepdeiicy, BOymoBanoro pos'emy Grove ansi 30BHIIIHIX AaTyukiB Grove, a TaKox

JTATYMK 30BHINTHBOTO OCBITJICHHS JIJIS IEMOHCTpAIlii BOYI0BaHOI aHAJIOTOBO1 nepudepii.
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PucyHok 2.2 - Burmsa MiKpoKOHTpoJuiepa
(3amo3uueHo 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])

[Tpuctpiit MSP430FR2355 3 wacrotoro 24 MI't mae 32 Kb BOynoanoro FRAM
(cerHeTOCNEeKTPUYHUIN NOBUIBHUI JTOCTYI MaM'siTi), eHeproHe3ajiekHa mam'saTh, BioMa
CBO€I0 HAJHMU3BKOIO MOTYXKHICTIO, BHCOKOIO BUTPHUBAIICTIO Ta BHCOKOIO IIBUIKICTIO
3anucy fgoctymn. Y mnoenHanHi 3 4 Kb BOymoBaHOi omeparWBHOI mam'siTi KOPUCTyBayl
matoTh goctyn 10 32 Kb mam'ati, mo6 po3ainutu ix MK coOoro mporpama Ta JaHi 3a
HeoOx1mHocTi. Hampukmaa, mporpama peecrtpariii JaHHUX MOXKE BHMaraTd BeJTUKO1
nam'sTi aHuX 3 BIJHOCHO HEBEJIHMKOI0 MPOTPAMHOI0 MaM'STTIO, TOMY IMaM'Tb MOXeE

OyTH pO3MO/IiJIEeHa 32 HEOOX1THICTIO MK ITPOTPaMOI0 Ta MaM'sITTIO JaHUX.
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[IIBuake CTBOpPEHHS MPOTOTHUIIIB CIPOIIYETHCA 32 MONMOMOTOI0 4(0-KOHTaKTHHUX
3aroyioBkiB MoayiiB BoosterPack ™, ki miaTpUMYIOTh ITUPOKUN Alana3oH JOCTYITHUX
momyniB BoosterPack. Bu mokere mBuako momatu Taki QyHKINi, SK 0€3ApOTOBE
MIIKJIFOUCeHHS, TpadiyHi AWCIUIC], 30HIyBaHHS JTOBKLLISA Ta Oarato iHmoro. CTBOpITh
CBilf BIIacCHMIA MOAYNb miaKIroueHHS BoosterPack abo BuOupaiite cepen 6ararbox yxe

noctynHux Big T Ta cTopoHHIX pO3pOOHUKIB.

eZ-FET Onboard

Debug Probe

Enables debugging/programming
as well as communication back to
the PC. The e2-FET can also
provide power b the target MCU,

Button/Switch
51

Reset
MEP43I0FR2355 Resat

EnergyTrace
Technology

Real-time power consumption
readings & stabe updates from
the MSP430FR2355 MCL viewable
through the EnergyTrace GUI

Button /Switch

52

40-pin BoosterPack
plug-in module connector
{1 -14)

Jumper Isolation Block
Jiol
= Power
- GND, 5V, and 3V3
- Back-channel UART to the PC

MSP430FR2355 - RXD, THD

Microcontroller - Spy-bi-wire debug
MSF1 - SEWTDIO/SBWTCK
Ambient Light Sensor User LEDs
o1 LED1 & LEDZ

Grove Connector
nz

Pucynok 2.3 - OCHOBHI eIeMEHTH IIaTH

(3amozuueno 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])

KIN XoUT Flx P2x Fix Pdx P5.x, P
A %
y y L[] L]
HF, LF XT1 ADC [SACD, SAC1 aCOMPOD /0 Parts 110 Ports 1O Porls
S FRAM RAM SAC2Z, SACT aCOMP1 P1, P2 P3, P4 ‘F'5 o5
Dvee — ROM Up to 12-ch 2x810s 2%8 105 1ot 1ok
Paower 24-MHz iaKE + 5128 KB Single-and Coenfigurable Enhancad Interrupt Interrupt 147 108
OVSS —{#Management Clock 16KE + 5128 24KB KB 12 bit 04, PGA, Comparator and Wakeup | |and Wakeup PC
Module Syslem . 12-bit DAC with G-bit PA PB .
200 ksps . - 1=12 10s
RETINMKI —H Comba DAC 1%16 10s 1=16 105
AR
24-MHz CPU
including
16 registers MDB
-t —-———]-4—--
| |
EEM | |
RTC
5YS - . TBO | i BAKMEM ||
ek — Infrared CRC16 MPY32 Icc TB1 T8I cUSCI_AO useLeo || Counter |
— MFM 16-bit TB2 Timer_B eUSCI_A1 eUSCI_B1 16-bit 32 Bytes
s JTAG - . Timer_B “ - | " Backup ||
TONTCLE —4- Cyelic 32-bit Inferrupt - 760 (UART, . | Real-Time Memery ||
o — L [t | | [ Soma | | oo | [ woie | i | | eror (] oo |
SBWTCK — Ragisters :
sewTDio 4 SBY Watendog ! | LPM3EDomain |

Pucynok 2.4 - bnok-cxema MSP430FR2355
(3anosuueHo 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])
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OcHoBHi moxyni MK:

CPU (Central Processing Unit) — nieHTpajibHUI MpoLiecop.

RAM (Random Access Memory) — mam’siTh 3 JOBUIBHHM JOCTYIIOM, YU
OTICPaTHBHUN 3amam’sIToByrounid mnpucTpii. RAM mnpusnauena mna 4 30epiraHHs
NPOMDKHHX PE3yJIbTaTiB Ta IHIINX TUMYACOBUX JaHUX MPOTITOM BUKOHAHHSI IPOTPAMH.

ROM (Read Only Memory) — mam’siTh TUIbKH [JIi YWTAHHSA, YA TOCTIHHO
3amam’satoByrounid npuctpid. ROM 30epirae mporpamui IHCTPYKIIi Ta Tabmuumi 3
JIOBIIKOBUMH JTaHUMHU. Y Cy4YyaCHHUX KOHTpOJEpax BOHA peali3oBaHa y BUIVISII
flesh-mmam’sTi.

EEPROM (Electrically Erasable and Programmable ROM) — eHneprone3anexHa
nam’ a1tk gaHux. Y cydacHux MK BoHa mpezacraBisie co6oro flash-mam’sate. OcHOBHA
BiaMmiHHICTh Bia flash-mam’sti mporpam (ROM) — mne MOXIHMBICTH BHOIPKOBOTO
OpOrpaMyBaHHS OKpeMHX OalTIB, Ha BIAMIHY B1J MNOOJOKOBOIO HpPOrpaMyBaHHS
flash-mam’a11 mporpam.

I/O Ports (input/output) — mapasiesnbHi MOPTHU BBOAY BUBOAY HaJal0Th 1HTEpPeEic
Mk MK Ta mepudepiiiHIMU TPUCTPOSMU BBOIY/BHBOMY, TaKMMHU SK: KjaBiaTypa,
aucried  Tomo. HDKKM mopTiB MOXYTh OyTH SIK  JIBOHANPaBICHHMMH, TakK 1
OJIHOHAIIpaBJIEHUMHU, a00 JIUIIIE Ha BX1J, a00 HAa BUXIJ.

Serial /O — mocnimoBHI mopTH JyUisi OOMIHY JaHWMH, IO PEaNli30BYIOThH
acunxponHi (Hanp., UART) ab6o cunxponHi (Hamp., SPI) inTepdeiicu oOMiHy naHUMH.
AcuHXpOHHUH 1HTEp]Ec BUKOPUCTOBYE MPOTOKOJ 31 CTAPTOBUM Ta CTONMOBHM OiTaMu
st mepenadl ta npuitomy. CTapToBUi Ta CTOMOBHMM OITH BOYIOBaHI y KOXKEH OalT
nanux. CHHXpOHHI 1HTepdelcH BUKOPUCTOBYIOTh CHHXPOHI3YIOUl IMITYJIbCH JUJIS
KOXKHOTO OiTa.

Timer/Counter (TaliMep/IIYUIBHUK) — BUKOPUCTOBYIOTH JUJIS BIJIJIIKY 4Yacy MeExX
YaCOBHUX IHTEPBAJIIB MIXK MOAISIMHU, MIAPAaXyHKY MOAIM, reHepalii MBHAKOCTI mepeaadl
JAHUX JUJIS TIOCIIIOBHUX TOPTiB. TaliMepu Takok MOXKYTh KepyBaTH MEBHUMH MOPTaMU
y KOHTpOJIEpl, SIK MPUKJIaA, 3A1ACHIOBATH MiJIpaXyHOK IMIYJbCIB, 110 MOCTYNAlOTh Ha

fioro Bxija, a00 HaBMAKU BUBOAUTH MEBHI MOCIIJOBHOCTI IMITYJIbCIB.
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ADC (Analog to Digital Converter) — anamoroBo-uu(poBuii mepeTBOprOBaY —
iHTepdeic ayig poOOTH 3 aHATOTOBUMU IPUCTPOSIMHU.

DAC (Digital to Analog Converter) — riudpo-aHamoroBuii mepeTBOprOBad.

Micro-B
USE LED Crystal Reset
Red, Green 4 MHz button
L

ESD » EnergyTrace
Protection Technology
335 LDO 1 |

UART, SBW to Tanget Power to Target
Crystal
32768 kHz

oo Target device

LeunchPad |« >
standard headars MSP430FR2355

/T‘\\..

Ambient Light
Sensor

User interface
2 butions, 2 LEDs

Grove
Connecior

Pucynoxk 2.5 - biok-niarpama MK

(3anosuueHo 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])




3 POBOTA 3 I[HIINMMMU BUILT-IN MOIVYJIAIMHA

3.1 Smart Analog Combo

SAC — «Po3zymue»

KOMOIHYBaHHS CHUTHAJIB,

30

3a0e3mneuye HACTPOIOBaHUM

JIAHIIOKOK ITUPKYJIFOI0YOT0 CUTHAITY JIJIsi OOpOoOKHU Ta 00’ eqHaHHA. 3aBASKU HbOMY CTa€

MOXJIMBUM THy4KO HamamrtyBatu Op-Amp, PGA miacumtoBaya curaamy abo 12-6iTHoro

AT st BayTpimHiX [P 1 30BHINIHIX 3aMipiB HANIPYTH.

ITepeBaru:

— Hamamtyewmi BXiJiHI Ta BUX1AHI TIIHA

— AJIaHTOBaHa CXEMa aHaJIOTOBOT'0 IUPKYJIHOBAHHA

— MOoXIHBICTh MPOTpaMyBaHHs 3MIHHUAX

— 3posyminuii «user-friendly» iHTepdeiic

— BiacyTHICTh HEOOX1THOCTI Y JOJATKOBUX MOYJISX

— Husbke eHeprocnoxuBaHHs

{7 IHeepryioMmia exig
on

Do ivwue nepidepii o
npunagie

|HEEpTYHIME NigCHAerHA ()

Bigcresenna 2—O)

P
-

s
Mporpamyesui

Buxig,

= roedinieHt
nigCHAEHHA

napanenwHors 0N

3 EMXO4Y NapanenbHoro

Smart Analog Combo

] Heineepryommil exig,
on

Buxig ON

Pucynok 3.1 - Cxemaruune 300pakeHHs1 KOMIOHEHTIB SAC

(3ano3uueHo 3 [https://www.compel.ru/lib/131579])
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3.2 SAC y SIKOCT1 AETEKTOPY UMY

IcHye nBa MeToau BUSIBJICHHS OUMY: 32 JOIOMOTOI0 BHUMIPIOBaHHS 3MIHHOTO
CTpyMy a00 BUMIPIOBAHHS MOCTIIHOTO CTPYMY.

Jlyisi BUMIpIOBaHHSI 3MIHHOTO CTPYMY 3arajbHUN PETYJISTOp CUTHAIY HampyTH
BUMIpIOE cTpyM GoToaioa uepe3 00K OJ0KYyBaHHS MOCTIMHOTO CTpyMy (SIK TIPaBUIIO,
BEJIMKUI KOHJIEHCATOp) Tiepen aHajoro-mudpoBuM neperBopeHHsM. Ha mamronky 2.4
MOKa3aHO 3MIHHMM CTPyM JETEKTOpYy JUMYy Ha OCHOBI BUMIPIOBaHb, pEasli30BAHUM 3

BUKOPHCTAHHSIM JBOX PO3YMHHUX aHAJIOTOBUX KOMOIHOBaHUX KOH(pirypamiit SAC-L3.

+ ¥ Excited pulse

at transmitter
____________ AL measurement apphes DC blocking which
requires a high précising sampling at the
T l Sampling peak of coupled signal at the output of DG
Point blocking
|
% ._r’/_;}‘: —— —'-,'Ij.r

-

blg}klng II [
-+
I ——

‘ -}

DC
blocking

SAC-L3 | SAC-L3 The second stage is usually used with a
Iverting  amplifying | Nonimerting amplifying PGA mode with programmable gain for
“ J| - fitting diffierent signal inpuis

PucyHnok 3.2 - Cxema AeTEKTOpY JUMy
(3amo3nueno 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])

JIist  BUMIPIOBaHHSI TIOCTIHHOTO CTPyMy TIEPETBOPIOBAY CTPYMYy B Hampyry
(3a3BU4Ail BUKOPUCTOBYETHCS TifcHitoBad Tpancumienaancy (TIA) 3 Bxomom 13 HU3bKUM
pIBHEM BHUTOKY) BHUMIpIOE€ (DOTOMIOAHUN CTPyM 3a JOMOMOIOK JIOJAATKOBOTO IHUKITY
CUTHAJIy JPYTrOrO CTYMEHs Tepel aHaJoro-MUu(PpOBHM MEPETBOPECHHSM. 3aMiHUBIIU
CXE€My 3BOPOTHOTO 3B'sI3KYy Ha J10]1 a00 TPaH3UCTOP, B JOJATOK MOXE OyHMH BKIIFOUEHO

JorapuMIYHUN MiACUIIIOBAaY MapajesbHO, 100 PO3MIUPUTH BUMIPIOBAHUNA TUHAMIYHUN
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Jiara3oH Ha CTUCKAHHS BEIMKHX BUXIAHUX curHadiB. SAC Moke BUKOHYBAaTH (DyHKITI1
TIA Ta BHyTpimHIX 3'enHanb 3a gonomororo AIII Ta cnapenoro SAC moxe 30epertu
Ounpiie po6ovoi motykHOCTi. Ha mamioHKy 2.5 moka3aHO CXeMy AETEKTOpa UMy Ha
OCHOBI1 BUMIPIOBAHHS MOCTIHHOTO CTPYMY

JleTekTop, peanizoBaHMl 3a JOMOMOIOK) CMAapT-aHaJOrOBOi KOMOIHOBAaHOL

KOoH(piryparrii SAC-L3.

Excited level

.;;/1 I at tramsmitter &

The benefit of DC measurement is that the
____________ sampling point can be applied shortly after
Samping the transmitter is turmed on and a stable
Point output is presented al the oulput stage of
SAC-L3 acting as a TIA

4
i
by

e

ﬂ Vs = (lopse + Ilenl.aq:} % Ry
In comparison with phﬂtu:wf:arlalu: SACL3

made, the lemperature
dependence of the output N T - lhEng_leEllﬂng
signal is much lower

Pucynok 3.3 - CxeMa Ha OCHOB1 BUMIPIOBaHHS MOCTIHOTO CTPYyMY

(3ano3uueHo 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])

3.3 SAC y SKOCT1 JE€TEKTOpY razy

[TepeTBOoproBaud CcTpyMy B Hampyry (SK TpaBWIoO, MIiACHIIOBAY 3 TOBHUM
IMITIEIAaHCOM 13 BXOJIOM 3 HHM3bKHM BHUTOKOM) BHUMIpIO€ (OTOMIOAHUN CTpyM, 3
JOMATKOBUM  PETYISITOPOM  CHTHAJy  HANpyrd  JPYroro  CTYNEHS  Tepen

aHaJIo0ro-1M(MPOBUM TIEPETBOPEHHH.
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VY 1upoMy mpuKIIajl 3a3BUYail BUKOPUCTOBYEThCS akymyssitop; MCU HagHU3BKOT
NOTY>KHOCTI Ta MOB'SI3aHl 3 HUM aHAJIOTOB1 MOAYJI HAHOUIbIlIE CIPUSIIOTH CTIOKHUBAHHIO
eHeprii. OcoOIMBO 1€ CTOCYETHCS By3jla Ta30BOTO JATYMKA, SIKUA MOBUHEH TOCTIIHO
IpairoBaTi, MO0 KOHTPOJIOBATH KOHIICHTPAII BYIJIEKHCIOTO razy Ta I0/aBaTu
CUTHQJI TPUBOTH, AKIIO KOHIIEHTPALlsl MEPEBUILYE 3aJaHy MEXY MPOTATOM MEBHOTO
gacy. SAC HaJHU3bKOI MOTYKHOCTI 1 BAKOPUCTOBYIOThCS B MiKpoKoHTposiepax FRAM,
nepeBarolo SIKMX € ToW (PakT, 10 BOHM MOXYTh MPALIOBATH Y PEXKUMI MOCTIHHOTO
KOHTPOJTIO CUTHAITY, JUTSl TAaKUX 3ajad sIK peaizallis Ta30BuX JAeTeKTopiB. Ha mMamoHKy
2.6 moka3zaHo a OJIOK-CXeMa Ta30BOr0 JIETEKTOpa 3 BUKOPUCTAHHSAM I1HTEIEKTYalbHOT

koMOiHOBaHO1 KoHbIryparii SAC-L3.

— Ve
® O
|
g R | === = ST T T = 5,
o o I 1|1 M-
1_; ° 0 e @- I . | )| : L |
A oS l I | I
Q%o Ly -
co ¥ b P! > 70
| ° I 1! [
| 1 | | I | |
\ ! | | | |
- I sacia I | sacus I
) !k. GP Mode | I Imverting amplifying | e = (lgicse * heniage) * Ry
_______ —_ —— — — — — —

Pucynok 3.4 - Cxema 11t i€TE€KTOpa razy

(3anozmueno 3 [https://www.ti.com/product/MSP430FR2355%keyMatch=MSP430FR2355&ti])

3.4 CeHcoOp OCBITIICHOCTI

OCHOBOIO JJaHOTO CEHCOPY € (POTOPE3UCTOP — HAMIBIPOBIAHUKOBHUUN MPUIIA, 1110
3MIHIOE BEJIMYMHY CBOTO OMOPY, IPHU OCBITJIEHHI HOTr0o ()OTOUYTIIMBUX €JeMeHTIB. JlaHuit
OPUHLUIT TPYHTYETbCS Ha e¢ekTi (OTOMPOBIAHOCTI — SBUII 3MEHILIEHHS OIOpYy
HAMIBINPOBIJHUKA TpU 30y/DKEHHI CBITJIIOM Horo HocliB  3apsgy. (OcHOBHa

XapakTepucTuka e(exkTy — OJMHAKOBA TMPOBITHICTh HE3AJEXKHO BIJlI HAMPSIMKY
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npotikanas cTpymy. Cynbdin kaamiro 1e HAWNOMYJSIPHIMIMKA — Marepian  Jyis
BUTOTOBJICHHS (JOTOPE3UCTOPIB.

dorope3ucTopaMd €  MEHII  CBIJIOYYyDIMBUMH  3a  ¢doTomiomi  abo
(GbOTOTpaH3UCTOPAMH, OCKIIBKH JIBa OCTAHHIX € CHpPaBXHIMU HaIiBIPOBITHUKOBUMU
npwiagaMd, B TOM dYac K (DOTOPE3WCTOP € TACUBHUM KOMIIOHCHTOM 1 HE Mae€
p-n-tiepexoxy. Dortoomip (enexrpuunuii Omip) Oyab-skoro (HoTope3rcTopa MOXKE
3MIHIOBAaTUCS B IMMPOKHUX MeXaxX B 3aJIe)KHOCTI BiJ TeMIlepaTypH HaBKOJIMIIHBOTO
CepeloBHUINa, MO POOUTH iX HEMPUIATHUMU JJIs 3aCTOCYBAHHS, IO BUMAara€ TOYHOTO
BUMIPIOBaHHS a00 YyTJIIMBOCTI JI0 CBITJIA.

Jlns  dorope3ucTopa TaKOXK XapakTepHa Jeska 3aTpUMKa MiX JI€l0 CBITIA 1
HACTYITHOIO 3MIHOIO OTIOPY, 3HAYEHHSI K01, K MPaBWIIO, CTAHOBUTH O1m3bko 10 mc. Yac
3aTPUMKU TIPU TIEPEXO/l B OCBITJIEHHUX JI0 TEMHHUX Cepell, € HaBiTh I¢ OUIBIINM, 1
yacTo fgocsrae 1 cexkyHnu. Llg BiacTuBicTh poOUTH (DOTOPE3UCTOPH HENPHUIATHUMU J10
BUMIPIOBaHHS 00'€KTIB, sIK1 ITBUJIKO OJIMMAalOTh, ajie 1HOJII BOHW BUKOPHUCTOBYIOTHCS JIJIs
3MIIQJKYBAHHS PEaKIlii CTUCHYTOTO ay/[i0CUTHAITY.

Po3paxyHOK MOTYKHOCTI JiKepela CBiTiaa. BHKOPHCTOBYHOUM 3HAUYCHHS
YyTJIMBOCTI TP JIaHii JOBXKKHI XBWJI1 1 3acTocoBytoun 3akoH Oma (V = IR), moxHa
po3paxyBaTd MOTYXKHICTh BUIIPOMIHIOBAHHSA, IO MPOMIIOB 4Yepe3 aKTHUBHY 00JacTh
JETEKTOPA.

Hamnpuknan, BuxigHuiA curHain GoroaeTekropa Mae moTyxHicTs 20 MB, nopxnHa
XBWJI1 Ja3epHOro BuUIpoMiHIOBaHHA 632.8 HM. HaBanTaxyBansHuil omip 50 Ow,
MOTY>KHICTh BXIJTHOTO CUTHAIIy po3paxoByeThes ak: [ = 0.02 B / 50 Owm, 3Biaku [ =
0.0004 A.

CrexkTpalibHa YyTJIMBICTh KpPEMHIEBOTO (POTONETEKTOpa MPH JOBXKUHI XBHII
BunpominioBaHHs 632.8 am cranoButh 0.4 A / BT. Tomi 0.0004 A/ 0.4 A/ Bt =1 MBT -

IIyKaHa MOTY>KHICTh BXITHOTO BUITPOMIHIOBAHHS.

[ToTpiOHO BiA3HAYUTH, L0 PO3PAXyHKU HABOAATHCS TUIBKU JJI CUTHANY, SKa

3agenmiia pobouy oOmacth ¢otomerekTopa. Po3paxyHKr aOCOMIOTHOI TOTYKHOCTI
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CUTHAJIy HE HACTUIbKM BAXKIIMBI JUIsl MPAKTUYHUX 3aCTOCYBaHb, OCKUIBKH B pealbHUX
yCTaHOBKAaX MPUCYTHI BTPATH.
Cxema eJIeKTPUYHOTO Kojia (JOTOMETEKTOPIB Ha OCHOBI apCeHiAy TaMO-1HAIIO 1

KPEMHiI0, 4aCTOTHUH Aiana3oH MeHie 2 ['T:

Pucynok 3.5 - Ilpunanunosa cxema ¢oTonpuiiMayib

Pexxum nmatuuka cBiTia BukopuctoBye napy SACO 1 SAC2, aBa moxymi Timer B
ta ALl MCU MSP430FR2355 y mnoennanHi 3 BOymoBaHuM (oromiogamu 1
cBimionionamu po3podku TI, mob peanizyBaru mpocTy mporpamy BUMIpy cBiTia. Bin
HanamroBye SAC2 sk 3aranbHui mijcwioBad 1 pa3om 3 R3 1 C6(auB puc. 1.2), peanizye
MiICUITIOBAaY TPAHCUMIIEIAHCY JJISI TIEPETBOPEHHS CTpyMy doromiona B Hampyry. Jlis
BUMIpIOBaHHS 11i€l Hanpyru 3a gomomororo AIIIl mpuctporo, BuxigHa Hampyra SAC2
noTiM monaetbest yepe3 SACO (HamamtoBaHui sk Oydep), BUXiA SKOTO IMiIKITFOUCHUN
BHYTpilHbO 10 ALl B AIIIl 3a 3aMOBYYBaHHSM MOPIr HANPYTd BCTAHOBIIIOETHCS
npuOJIM3HO HAIMOJIOBUHY TIOBHOTO JIialla30HY BUSABICHHS sickpaBocTi DI1. fAxmo
BuMiptoBaHHss ALIl HmwkK4ye 1BOro MOPOTYy SICKPaBOCTI, 3aropsieTbCsl YEPBOHMM
ceimionion 1, 1 skuo BumiptoBanHs ALIIl Buie 3a 3aMOBYYBaHHSIM MOPIr, 3€JICHUN
CBITIIONIOA 2 3arops€ThCsl BIAMOBIIHO A0 1HTEHCUBHOCTI HABKOJUIIHBbOTO cBiTia. [1l00
BiIKamiOpyBatn mnopir a0 3HadyeHHs ALll, HanmamroBaHOro BiJI HABKOJUIIHBOTO
oCBITIIeHHS, HaTucHITH S1. KopucTyBad Moke BIUIMBAaTH Ha KUIBKICTh CBITJA, IO
JTOXOMUTh 110 (OTOAI0/Ia, BUKOPUCTOBYIOUM JIXTapuK ab0 MOKpuBarouu (HOTomion 1

CIIOCTEPIraroyy 3a 3MIHOIO SICKPABOCTI CBITIOAI0/1B.
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B CHOBKHA

VY naniit poOOTI po3po0IEHO €IeMEHTH TPOTPaMHOT0 3a0€3eUeHHs JIJIsl onepalii
3 CErHETOEJIEKTPUYHOIO 1aMm’ siTr0 eHeproe()eKTUBHOIO  MIKPOKOHTpoOJjepa
MSP430FR2355, a Ttakoxk peanizaifisi airoputMmy s poOOTH CBITIOYYTIUBOTO
CEHCOpY, JMAETEeKTOpy Ta3zy, UMy, L0 MOXYTh OyTH BHKOPHCTaHI B CHCTEMax
ABTOMATUYHOTO PETYJIIOBAHHS OCBITICHOCTI, aBapIMHUX CHUCTEMax, CUCTEMaX OXOpPOHH,
Ta 1HIIMX AaBTOMAaTHU30BaHUX CHCTEMax. BHUKOpPUCTaHHS MIKPOKOHTPOJEPIB 3
CErHETOCNIEKTPUYHOIO IaM SITI0 JI03BOJISIE CTBOPIOBATU MPUCTPOi 3 HUZBKUM pIBHEM

CHCPIOCIIO)KHMBAHHA, K1 MOXYTb BUKOPUCTOBYBATUCH B CUCTCMAX IHTepHCT Peueii.
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void FRAMWrite(void);
unsigned char count = 0;

unsigned long *FRAM_write ptr;

unsigned long data;

#define FRAM_TEST START 0x1800

int main(void)

{
WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer
P10OUT &= ~BITO; /I Clear P1.0 output latch for a defined
power-on state
PIDIR |= BITO; // Set P1.0 to output directionOUT
PM5CTLO &= ~LOCKLPMS; // Disable the GPIO power-on

default high-impedance mode
// to activate previously configured port settings

data =0x11111111; // Initialize dummy data

while(1)

{
data += 0x00010001;
FRAM write ptr = (unsigned long *)FRAM_ TEST START;
FRAMWrite();

count++;



if (count > 100)

{
P10OUT *= 0x01; // Toggle LED to show 512 bytes
count = 0; // have been written
data =0x11111111;
b
b
b
void FRAMWrite (void)
{

unsigned int i=0;
SYSCFGO = FRWPPW | PEFWP;
for 1=0;1<128; i++)
{
*FRAM_ write ptr++ = data;

b
SYSCFGO = FRWPPW | DFWP | PFWP;

Jlonarok b
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#include "driverlib.h"

#include "lightsensor.h"

int led1 dutycycle = 0;
int led2_dutycycle = 0;
int calibratedADC = 500;
int period = 100;

int counter = 0;

int deadzone = 5;

int runningAvg = 500;

/* FRAM Variable that stores lightsensor ADC results™/
#if defined( TI COMPILER VERSION )

#pragma PERSISTENT(lightsensor ADC Result)
#elif defined(_ IAR SYSTEMS ICC )

___persistent

#endif

unsigned int lightsensor ADC_ Result = 0; // ADC conversion result

void lightsensor() {
/* Initialize peripherals */
lightsensor _1nit GPIO();
lightsensor _init LED PWM();
lightsensor_init SACOAJ();
lightsensor it ADC();

while(mode == LIGHTSENSOR_MODE){
__bis_SR register(LPMO_bits + GIE);
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runningAvg = (( runningAvg * 9 ) + lightsensor ADC_Result)/10;
int diff = (runningAvg - calibratedADC)/4;

if (diff < deadzone) {
diff *=-1;
led1 dutycycle = diff - deadzone;
led2 dutycycle = 0;
b
else if (diff > deadzone) {
led1_dutycycle = 0;
led2 dutycycle = diff - deadzone;
b
else {
led1 dutycycle = 0;
led2 dutycycle = 0;

void lightsensor init GPIO(void) {

//Set Px.x to output direction

PIDIR |= OxFF;
P1OUT = 0x00;
P3DIR |= OxFF;
P30UT = 0x00;
P6DIR |= OxFF;
P60OUT = 0x00;

//Set P4.1 (S1) to input
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P4DIR &= (~BIT1);
P4OUT |= BITI;
PAREN |= BITI;
PAIES |= BIT1;
PAIFG &= ~BIT1;
PAIE |= BITI;

/* Configure TimerB0 to generate PWM on LEDs */
void lightsensor_init LED PWM(void) {
//Start timer
Timer B _initUpModeParam param = {0};
param.clockSource = TIMER B _CLOCKSOURCE_ACLK;
param.clockSourceDivider = TIMER B CLOCKSOURCE DIVIDER 1;

param.timerPeriod = 1;

param.timerInterruptEnable TBIE
TIMER B TBIE INTERRUPT DISABLE;
param.captureComparelnterruptEnable CCRO CCIE =
TIMER B CCIE CCRO_INTERRUPT ENABLE;
param.startTimer = true;

Timer B _initUpMode(TIMER BO BASE, &param);

void lightsensor_disable LED PWM(void) {
Timer B stop(TIMER BO BASE);

void lightsensor_init SACOA(void) {
//Configure Op-Amp functionality
GPIO_setAsPeripheralModuleFunctionlnputPin(GPIO_PORT P3,
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GPIO PINI | GPIO_PIN3 | GPIO PIN2,
GPIO_TERNARY MODULE FUNCTION);

//Select external source for both positive and negative inputs
SAC OA init(SAC2 BASE,
SAC _OA POSITIVE INPUT SOURCE EXTERNAL,
SAC OA NEGATIVE INPUT SOURCE EXTERNAL);

//Select low speed and low power mode
SAC OA selectPowerMode(SAC2 BASE,
SAC OA POWER _MODE LOW_SPEED LOW_POWER);

SAC OA enable(SAC2 BASE); // Enable SAC2 OA
SAC enable(SAC2 BASE); // Enable SAC2

//Select external source for both positive and negative inputs
SAC OA init(SACO BASE,
SAC_OA_POSITIVE INPUT SOURCE PAIR OA,
SAC OA NEGATIVE INPUT SOURCE PGA);

SAC OA_ enable(SACO BASE); // Enable SACO OA
SAC enable(SACO _BASE); // Enable SACO

void lightsensor init ADC(void) {
//nitialize the ADC Module
ADC init(ADC BASE,
ADC SAMPLEHOLDSOURCE 2,
ADC_CLOCKSOURCE _ADCOSC,
ADC CLOCKDIVIDER 1);



ADC enable(ADC_BASE);

ADC _setupSamplingTimer(ADC BASE,
ADC CYCLEHOLD 16 CYCLES,
ADC MULTIPLESAMPLESDISABLE);

ADC _setResolution(ADC_BASE,
ADC RESOLUTION 12BIT);

//Configure the Memory Buffer

ADC_configureMemory(ADC BASE,
ADC_INPUT VEREF P,
ADC_VREFPOS AVCC,
ADC_VREFNEG_AVSS);

ADC _clearInterrupt(ADC_BASE,
ADC COMPLETED INTERRUPT);

//Enable the Memory Buffer Interrupt
ADC _enablelnterrupt(ADC BASE,
ADC _COMPLETED INTERRUPT);

// Generate sample/hold signal to trigger ADC conversion

Timer B outputPWMParam param?2 = {0};

param?2.clockSource = TIMER B CLOCKSOURCE ACLK;
param?2.clockSourceDivider = TIMER B CLOCKSOURCE DIVIDER 1;
param?2.timerPeriod = TIMER PERIOD;
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param2.compareRegister = TIMER B CAPTURECOMPARE REGISTER 1;
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param?2.compareOutputMode =
TIMER B OUTPUTMODE TOGGLE RESET;
param2.dutyCycle = DUTY_ CYCLE;
Timer B outputPWM(TIMER B1 BASE, &param?);

//Enable and Start the conversion
//in Single-Channel, Single Conversion Mode
ADC startConversion(ADC_BASE,
ADC REPEATED SINGLECHANNEL);

}

#if defined( TI COMPILER VERSION ) I
defined(_ TAR SYSTEMS ICC )
#pragma vector=TIMERO BO VECTOR
__interrupt
#elif defined( GNUC )
__attribute _ ((interrupt(TIMERO_BO_VECTOR)))
#endif
void TIMERO B0 ISR(void)
{
counter++;
if (counter > period)
{
counter = 0;
if (led1_dutycycle > 0) {
GPIO_setOutputHighOnPin(GPIO PORT P1, GPIO PINO);
b
if (led2_dutycycle > 0) {
GPIO_setOutputHighOnPin(GPIO PORT P6, GPIO PING);



if (counter == led1_dutycycle)

{
GPIO_setOutputLowOnPin(GPIO PORT P1, GPIO PINO);

if (counter == led2_dutycycle)

{
GPIO_setOutputLowOnPin(GPIO PORT P6, GPIO PING6);

#if defined(_ TI COMPILER VERSION )
defined(_ TAR SYSTEMS ICC )
#pragma vector=PORT4 VECTOR
__interrupt void PORT4 ISR(void)
#elif defined( GNUC )
void _ attribute  ((interrupt(PORT4 VECTOR))) PORT 4 ISR (void)
#else
#error Compiler not supported!
#endif
{
P4IFG &= ~BIT]1; // Clear P4.1 IFG
calibrated ADC = lightsensor ADC_Result;
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