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Special Project Title LUX METER

Name Miss.Nipawan Wongphoom

Miss.Issaraporn  Khunsing

Department Applied Physics
Program Applied Physics-Science and Industry Instrumentation
Academic Year 2549
Special Project Advisor Assoc.Prof. Wichit Sirichote
ABSTRACT

A device used for measuring luminance has been developed. The meter is built with the
PIC microcontroller and the photodiode for light sensing. The input circuit converts dc current
from photodiode to voltage. The signal is converted to digital data with the internal 10-bit
successive approximation ADC. The reading is calibrated with Lux unit by commercial Lux
meter. The measuring range is 0- 1000 Lux. The Lux meter can be used for energy conservation

of lighting in the office and building.
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AF =1— 2.2
R (2.2

Tavit  F flo Wanddesainze miudiu guu (Lumen)
[ fe anuduud an1s doaera1a muaudly uauman (Candela)
A4 fip Wunfsoaduyy

R? fio $7ll n3pIzvznnINgRuEAyUTIRUNAT 0TIy
P sinnuF iU INmaug MM 1ana1ua) 13U Ad UM
113 899319, ANLFDIAI, AvINaIn Eudu
2.1.3. MTIUHIN SR
3/ t 1 ' R . R ' o
a1t an1sd09er319 (Luminous intensity) A8 AUMUMMUYDIT LA
’ »
muluau solid angle FomualianuduuasesF Wi udmnuansavesumdasuiiauas u
W r ] ) = o W t4 ] o 3 o T
msldmnsdesaslufiamafismun unudodadnuol 7 niisudlu candela 1980300 cd.
& [ Q’ 3 d L) = ¥ 1 ]
Zinnudung e aldimudinnumuis ovoumdsiufiauaalums Idainsdeaadnely

Frmandmua aunion 1nngas

(2.3)

Taoft P Ao el misodhu Sad (w)
Tau 1 ed=11m/Sr.
2.1.4. ANUARIAIN
ANEDIAI1 (luminance) A0 AIUMUMNUVBIRARF DTN (USnmuas) finn
nsznuuuiuilag unudadydnud £ Tmibaiv qmuﬁwﬁwﬁwﬁuﬁ ez

lAvingns

E= %22 =L/ (2.4)

Taun E fio aAnuaaia (lux)

I fD AU uuransa a1 (nAURan , cd)
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2.2 HADMIADIT TN

2.2.1 Inverse Square Law

51104015 #997319 (Hluminance; E) fiyala 9 mﬂﬁ;ﬂﬁuﬁmmﬁmnna:nmﬁuﬁwz
wlsHnAufugzoena iijmmﬁaﬁuﬁﬂ?‘li]ﬂﬂy'utmﬁﬁmm nazutls fuasafuaNuune

(Luminous) intensity; I) werad 1Adamuns

E=— (2.5

Tauf E fio USuamsaoand1d (lux)
I fio audua(Candela)

d fp szozmieszuinunasiuiiauasdgadauas

2.2.2 Cosine Law
4
URinuns dearhevuiuinladawesiiudadiulavasaduTalniveayy ©)

¥ Ed ] I ] » . ¥
srraRAnvRImItuRAndmInfuAuNAg i 1 1i18991NMTANRATBU 9 VBINUTAAT

a4

h.

- = 4 ‘:‘ i; C; 1 1 J o - e o
mnn‘uwﬂ'nNuﬁmﬁaagumuwmn 0-90° N5 LUTHINTEHITIWHAINNUANTINVYATVREY 1

uaadladaaums

Tcos@

E=E, cosf = (2.6)
Tavit E, Ao W5mnumsdeaniiiiyu o Sruiugud
h fio sz0zn 1 = dcosd
Icos30
E=—771— (2.7

hl
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2.3 ruarniinwea PIC18F2550

Universal Serial Bus Features:

awsode USB v2.0 1d

IWUY Low Speed (1.5 Mb/s) uaz 11U Full Speed (12 Mb/s)
aﬁuﬁqumsmuan M3 InterTupt, ﬂTEéﬂm'i‘[’l'ﬂgﬂu‘lJ‘U Isochronous L1012
Bulk

afuayu §3 32 Endpoints (16 bidirectional)

19189 RAM 1uv Dual 18 1-Kbyte d 35U USB

$1a3 USB 4111 On-Chip fu Voltage Regulator
Msi¥eas LY Off-Chip dI1MIUMITUNI USB

A13dadoYA VY Streaming Paraliel Port (SPP) d1mv USB

THuaM39aNINA331U (Power-Managed Modes)

Run: CPU on, Qﬂﬂ‘i‘(ﬂmﬂuﬁﬂ on
Idle: CPU off, gUnsain1uunn on
Sieep: CPU off,ﬂ‘l]ﬂ'iﬂfﬂ'luuﬂﬂ off
Idle mode NITUAIZARAING 5.8 pA

Sleep mode ATZUAIZAAAIN 0.1 pA



Timerl Oscillator: 1.1 pA, 32 kHz, 2V
Timer ANIUAY: 2.1 pA

a W .
1515 UAUUDY Oscillator L1U1) Two-Speed

Truaa3 19904 Oscillator ﬁmm‘mﬁmﬂtju'lﬁ (Flexible Oscillator Structure)

InsanoaTvua 4 Tnua, 590181 PLL Anmniudige § w3 USB
TnuadygiauAninwuen 2 Tnua 1921000 48 MHz
vionvoweadiameinivlu:

- 3 4 o ' =
~aio@enld 8 A210D A 31 kHz D3 8 MHz
- Al¥rnsoUsy Wahduarwdudeul1d

yaundl Tauns 14 Tndwedt 7132 kiz

10

Yulnsnoulnsomes vouliniau@enuuuDual Oscillator oz USB luga

die Tudivaaus 1 veadygruuEmaNe
Fail-Safe Clock Moaitor:

- Allows for safe shutdown if any clock stops

"alayivospilnsainmuusn (Peripheral Highlights)

NI TR/ VO FIYA: 25 MA/25 mA
7 Sumoi 5 mouen 3 @2
=] o« o o . .
3 Tugo Tmiwes 4 @1 (Timer0 to Timer3)
fiTuga Tums uathees 2 A dufFouiow & PWM (CCP)
- Capture gg@ 16-bit # 13 {wqFu 5.2 ns (TCY/16)
Wi uwfioy gage 16-bit 3 1saTrgdu 83.3 ns (TCY)
o = o = a5
-PWM yn: T e lagdu 1 Da 1o um
Tuﬂmma Enhanced Capture/Compare/PWM (ECCP) RS udiun Ao
- Towmynvaiwnua
- Selectable polarity

- Programmable dead time

[ o s, = 4 e sy
- ']Sﬂﬂ'l’iﬂﬂ'{uﬂﬂ uaz 'J'fTﬂ'l‘.i‘l’Ii]ﬂTuuﬂ



Tuga USART Niasununm

- miuayu LIN va

11

Il.lﬂuﬂ Master Synchronous Serial Port (MSSP) module aiv oYU 3 e SPI (4

4 modes) uag FC Tvun wmass uaz anm

Tuga surmenyAtapanounvimes WInds 13-uua 10 Un

Dual Analog Comparators with Input Multiplexing

Fnunuzrimyves lulnsneulnsames (Special Microcontroller Features)

e 1% C Compiler @ouTsunsy #3u ooUdu voafdanmniu

® J1uusIGU Aout1andIa (2.0V D9 5.5V)

o aunsoldsunsudaesld meldmsnruguussniwind

ProgramMemoty | DataMemory MSSP | g
Device i i | 108t |CCPIECCR| oo < | E | Timers
Aash QSIHQIE--WOYd SRAM (EEPROM AD{ch)| (PWM) SPI Master; 5 E 8H6-Bit
{bytes)| Instructions | {bytes}| (bytes) e | & g
PIC16F2455 | 24K 17288 2048 [ 256 |24 | 10 210 Ne | Y[ Y [1]2] 1B
PIC18F2550 | 32K 16384 046 | 256 |24 1 10 20 Ne | Y ! Y F 1|2 113
PIC18F4455 | 24K 12288 2048 | 26 13| 13 ) vas | Y| Y |1 l2]| 13
PIC18F4550 | 32K 16384 2048 | 255 | 35| 13 1" Yes | Y | Y |1 2] 112
A1513% 2.1 uaAfMueaulRved PICI8F2550
28-Pin PDIP, SOIC
8 S
MCAverRE — []1 28]« RBVKBIAPGD
RAWAND =— []2 27[7] == RBEKBIZPGC
RA1/ANT =—[]3 26} =— RBSKBI/PCM
RAZ/AN2VREFCVREF =[] 4 25| ] - RBA/AN1HKBIO
RANANVREF+ =— [ |5 wa 24[ ] ~—= RBIANS/CCPZWPO
AAATOCKUCIOUTRCY ~— (6 T 23[7] =— RBANSINT2VMO
RASANASSHLVDING20UT =~—[]7 Wi 22{7) -+ RBI/ANGANTH/SCK/SCL
Ves—=[]8 e 21[] == RBW/AN12ANTO/FLTo/SDUSDA
OSCH/CLKF—» [ 0o 20[]=— Voo
O5C2CLKOMAS =—[110 oo 19[7] =— Vss
RCA/T10SOM13CKE <~ [ 11 18[] =+ RCT/RXDT/SDO
AC1/T108ICCP2UOE - []12 17[ ] +— RC&TCK
RC2/CCP1 =—[113 16[7) =—= RCHD+VP
Vusa - [ 14 15[ ] = RCA/D-NVM

31 2.6 narmaTnsaa¥ 1949 PIC 18F2550 UL 28 U1
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w1 oy d
231 ﬂW‘iﬁdﬂ'li'HlIﬂBBﬁ‘]imEI!ﬁEl‘i

o o d
2.3.1.1 YHaUDIDDTUAIDADS

RUn3 6l PIC18F2455/2550/4455/4550 ansai1auld 12 Tvue

1.
2.

-

XT Crystal/Resonator
XTPLL Crystal/Resonator with PLL enabled

. HS High-Speed Crystal/Resonator

. HSPLL High-Speed Crystal/Resonator with PLL enabled

. EC External Clock with FOSC/4 output

. ECIO Extemnal Clock with [;O on RA6

. ECPLL External Clock with PLL enabled and FOSC/4 output on RA6
. ECPIO External Clock with PLL enabled, I/O on RA6

. INTHS Intemal Oscillator used as microcontroller clock source, HS

Oscillator used as USB clock source

10. INTXT Intemal Oscillator used as microcontroller clock source, XT

Oscillator used as USB clock source

11. INTIO Internal Oscillator used as microcontrotler clock source, EC

Oscillator used as USB clock source, digital 'O on RA6

12, INTCKO Intemal Oscillator used as microcontroller clock source, EC

Oscillator used as USB clock source, FOSC/4 output on RA6G

- - o LL- | o
2.3.1.2 ASTEAT0DDDATAIALIAD 3/1H 51un‘ﬂmumai

»
nwlu HS, HSPLL, XT 1@z XTPLL 9849 0BaFaiaans Y14 ASaA0a M350 299515513003 1ariu

wos szgniFendaiuY1 0SCI uaz 0SC2 Tuili 2.7 wwurasmsifoude

¢ osc1 [T L[:
| -
l To
11 Internal
I XTAL < ge® Logic
| 2@ | Sleep
cotn) 0SC2 PIC18FXXXX

- a dg 3 a 2 oo o
31N 2.7 yamamsinauuedases 1y asanea nie 15 1lnT 1asunes
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| Typical Capacitor Values
Crysta Tested:
Osc Type Freq
Cc1 c2
XT 4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tesled with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Usad:

4 MHz
8 MHz
20 MHz

M1519% 2.2 Mm3AendufudIzyd iy asaneaneadaianes

2.3.2 Muasomnaeniluftnealo-in
2.3.2.1 Inssaiamsuilasemnaenidlufdnealo-in
Tugauna sutADAYAIABA (A/D) 5110 Buwn dFmvlugunsal 28 v %‘ﬂnaaff E
mmsinlasdyanu sunendunn Tadiiuiny Alnea 10 iin
Tugavsdl S3meos 542 Tdud
® A/MD Result High Register (ADRESH)
® A/D Result Low Register (ADRESL)
® A/D Control Register § (ADCONO) ﬁmﬁm'lu;ﬂﬁ 2.3
® A/D Control Register | (ADCON!)

® A/D Control Register 2 (ADCON2)
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F3ea0s v01 ADCONO Nuamsluzili 2.3 flunsiauves AD Tuga uay ADCONI

uaaslug i 2.4 uamavamlszaounasasuinm o diu 33anes ¥01 ADCON2 uaay

-~ o T g o ar = o a
Tuz1i 2.5 eantlszneuves undsduliadyaiuuridm voe AD s Tdsunsunaifii

W lauwaz s Touduay

U-a U-0 RW-G R/W-0 RAN-0 RW-0 RW-Q RMW-0
- ~ | CcHs3 CHS2 : CHst CHSO | GODONE | ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘¢’
-n = Value at POR I’ =Bitis set ‘0" = Bit is cleared x = Bit is unknown
#15199 2.3 uaas Fiemos Hindugu A/D 0 (ADCONO)
bit 7-6 Unimplemented: Read as *0°
bit 5-2 CHS3:CHSO0: Analog Channel Select bits

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (ANS)"?
0110 = Channel 6 (AN6)"”
0111 = Channel 7 (AN7)"?
1000 = Channel 8 (ANS)
1001 = Channel 9 (AN9)
1010 -~ Channel 10 {AN10)
1011 = Channel 11 (AN11)
1100 = Channel! 12 (AN12)
1101 = Unimplemented @

1110 = Unimplemented @




15

1111 = Unimplemented @

bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1:
1 = A/D conversion in progress
0=A/DIdle

bit0 ADON: A/D On bit
1 = A/D converter module is enabled
0 = A/D converter module is disabled

Note 1: These channels are not implemented on 28-pin devices.

2: Performing a conversion on unimplemented channels will retum a floating
input measurement.

u-0 u-0 RW-0 rRW-0  Rw-o R R RwM
e ¢ - i vCcFGo VCFGD | PCFG3 PGFG2 PCFG1 | PCFGO
bit 7 Blto
Legend:

R = Readabte bit W = Writable bit U = Unimplemented bli, read as ‘0
-n = Value at POR ‘1" = Bit Is 361 ‘0" = Bit s clearad x = Blf Is unknown

bit 7-6
bit 5

bit 4

bit 3-0

A13147 2.4 1aAY REGISTER AiN1UAY A/D 1 (ADCON1)

Unimplemented: Read as *0"

VCFGO: Voltage Reference Configuration bit (VREF- source}
1 = VREF- {AN2)

0=VSS

VCFGO: Voltage Reference Configuration bit (VREF+ source}
1 = VREF+ (AN3)

0=VDD

PCFG3:PCFGO: A/D Port Configuration Control bits:
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PCFG3: o = g -] ] %- gfo e‘I.'n = o o - =]
peFeo | 2 | = |2 | 2|3 |52 |5 |5 % |2|3|%
aopplM| A A A A A ! A - A A A A A A A
0001 A A A A DA + A A A A A A A A
Q010 A A A A A A A A A A A A A
0011 D A A A A A A A A A Al A A
0100 D [s) A A A LA A A A A A A A
0101 D D D A A A A A A A AL A|A
€110 D D D D A A A A Al ajA]lAlA
e D | DD D D|lAa[Aa]AalAa]AalAa A, A
1000 D DD | D |D|D|AjAa|[AlA{A|]A|A
1001 D D D D D G D A A A A A A
1010 D D D D D D D D A A A A A
1011 O D D D!D 8] D D D|A|[A]AlA
1100 D D D D D D D D D D A A A
1101 D D D D o] D D D D D D A A
1110 o[ D D D D ] D D D ] D] DA
1111 D D D D D, Db D D D D D D|D
A = Analog input D = Digital I©0

Note 1: The POR value of the PCFG bits depends on the value of the PBADEN
Configuration bit. When PBADEN = 1, PCFG<3:0> = 0000; when PBADEN =
0, PCFG=<3:0>=0111.

2: ANS through AN7 are available only on 40/44-pin devices.

RAN-O U0 RW-0 RW-0 RW-O RAW-0 RAW-G RW-0
ADFM | ‘— | AcQT2 | ACOTH [ ACQTO [ ADCS2 ADCS1 ADCS0
bit7 Bt 0
Legend:
A = Readable bit W = Writable bit U = Unimplemented bit, read as '¢f
-n = Value at POR "' = Bitis sat ‘0" = Blt 1s cleared ¥ = Bitis unknown

15197 2.5 uand 33mad fnauAN A/D 2 (ADCON2)

Bit7 ADFM: A/D Result Format Select bit
1 = Right justified

0 = Left justified

bit 6 Unimplemented: Read as ‘0’

bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits
111 =20 TAD
110=16 TAD

101 =12 TAD
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dninviomsAna nizovundimanIsily

100=8 TAD
011 =6 TAD
010=4TAD
001 =2 TAD
000 =0TAD (1)
bit 2-0 ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)(1)
110 = FOSC/64
101 = FOSC/16
100 = FOSC/4
011 = FRC (clock derived from A/D RC oscillator)(1)
010 =FOSC/32
001 =FOSC/8
000 = FOSC/2
Note 1: If the A/D FRC clock source is selected, a delay of one TCY (instruction cycle)
is added before the A/D clock starts. This allows the SLEEP instruction to be
executed before starting a conversion.
Thaddredavesdya u auraon fidhs werind annsademiiu vy, uaz vy nie
UL IRUTU RAYANI/V, ... 1A% RAZVANZVREF-/CV
DNANDULIDTIABT Sényurfimufiuannindsdu fie cunsofiesinuvusi
gunsalegluadyl Tvua Taunisdedyiaininives lyanoueiTuIzdeaIdu1nng
p1idenadaawmes nulu A/D
101y voaiIes1a uaz Taa fie Buwn el AouIB AT Havzlrinadwt Tauriu
Frrrdwienniadudu
fA1lu33mnes ADRESH: ADRESL oz 'ligni@nui/osdiniu Power-on Reset iz
$3mn0f ADRESH: ADRESL 9zU33940yafi 11ins11si1 nds91n Power-on Reset Tugaves
AD ooauuy muaniudesnisezden muua foufvzdumsnldowalas Tag suma
wpe oW1ADN Bunnzdpunousy vua fidon Tao in vos TRIS ifendiu Buwn uas
f1YUA acquisition time M8991NLIA1UD4 acquisition time fu 1l acquisition time T1UI5D

TdsunsulUnile GO/DONE nazisulavunyasniuesa

76662
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2.3.3 VO WosN

Qs

VO PORTS i{uagﬁuqﬂnmﬂla:ﬁ‘nym:ms Enabled S45ufida port 5 usnz wosn &
$3amod Tumshanuveadiiuwee 3 @2 1dun

e Fimmof TRIS {data direction register)

&  WoswsIMADT {reads the levels on the pins of the device)

® 53qmed LAT (output latch)

Tau adwarSdmans (LATA) v 19d s luns read modify-Write Tau
A Idgnduluie vivo

2.3.3.1 PORTA, TRISA and LATA Registers

PORTA 1uu1@ 8 bit :Fu Port (i 2 Airm1a une F3eunos Joyalavase ADTRISA
msaaf1 In TRISA (=1) sz IEaauduiufun dUWN Y93 PORTA Munfus TRISA
(=0) sz Il uduiutiuet 1019y ve1 PORTA N1591U53aiA0s 489 PORTA 9291
Aoz nsRoutuvzdons wedniay

LATA fio miadtannnduiut 13 1umuoa1u$1 Read-modify-write  3ziins¥iau

AuMIB A3 T3AADILATA uaz iBoun iy U uaw Sy wosao 41 RA4 vz

gniiad lwadauTugaves Tnties 0 Bunnues clock sznamiluyIRA4/TOCKT 91 RA6 93

A multiplex 42041 main oscillator TuIIRgAIFEREIUIIBDATIUAEY NTP V1O TAums

[—-a]

Db

@onyos ooaFiawoindn Tulnsaad13909 Register 1H MaW9 Y1903 PORTA 3xgn

multiplex #70 FURNUDUIADADUNN, V. 4AZ V. inputs Thus1vinm voaussiusiadalu

REF+
o o o o
ADUWIIADY N1TM1IUVDIYT RAS 1ag RA3IRAD IMToH UWN Y03 A/D ADUIDIADS D2
- 1 = o
ifonTauns clearing/setting T l¥niunuln 53amoT ADCONT (A/D Control Register 1) 91

91U v09 wosnie A1 Uszauduwn TTL g full output AU CMOS
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Pin Functlon s;:::q o | 1o Type Deacription
RADANG RAD 0 ouT DIG LATA<O» data output; not affectad by ansalog input.
1 IN TTL PORTA=0> data input; disabied when analog input enabled.
ANQ 1 IN ANA | AT input channed 0 and Cornpairator C1- input. Default configuration
on POR: does nat affect digital output.
RATANT RA1 a OUT DIG LATA<1> dama output; nct affectad by anatog input.
1 IN TTL | PATA<{» data input; reads “o” on POR.
AN1 1 IN ANA | AD input channel 1 and Comparator G2- input. Default configuratien
on POR; does not aftect digital output.
RAZ/ANZY RA2 0 ouT DIG LATA<2s data cutput; not affected by analog input, Disabled when
VREF-/CVAEF CVRAEF output enablad.
1 M TTL PORTA<2> data input. Disabled when analog functions erablad;
disabled whan CVREF cutput enabled.
ANZ 1 IN ANA | AD input channel 2 and Comperater G2+ input. Default configuration
on POR; not atfacted by analog output,
VREF- IN ANA ] AD and comparstor voltage refarence low input.
CVHEF x ouT AMA | Comparator voltage referanse output Enabling this feature disables
digital MO,
RAANY RA3 [} ouT DIG LATA<3> data output: nct aftectad by analeg input
VREF+ 3 IN TTL | PORTA«3 data input: disablad whart analog input enablad.
AN3 1 EN ANA | AD input channsl 3 and Comparator C1+ input Cafault configuration
on POR,
VREF + 1 N ANA | AD and comparstor voltlage referancs high input.
RA4TOCKY RA4 o ouT DIG | LATA<4> data owtput; not affected by analag input.
CIQUT/RCV 1 IN 87 PORTA<4> data input; disabled when analog input enabled,
TOCKI 1 iN ST TimerG clock input
C1ouUT 0 ouT DIG Comparator 1 output; takes priciity aver port data.
RCV x N TTL External USE tranacaiver ROV input.
PAS/AN4SS RAS 0 ouT DIG | LATA<B> data sutput; not affectad by analc Input.
HLVDING20UT 1 IN TTL {PORTA<G> dita input: disablad when analog input enabied.
A4 1 IN AMNA | AD input channel 4. Defautt cenfiguration on FOR.
S5 1 IN TTL | Stave selact input for S5P {MSSP modulej.
HL¥DIN 1 IN ANA | High'Low-Voltage Detect oxtamal trip point input.
C2ouT D ouT DIG Gomparator 2 output; takes priorty over port data.
OSC2/C LK QEC2 ® CuUT ANA | Main oscillator feadback output connecion {all XT and HS modes).
RAS CLKO ES QuUT ][] Systen cycle clock autput (FOSC/A): avaitable in EC, ECPLL and
INTCKO modes.
RAS [+ ouT DiG \.ATA<E> data cutput, Avallable only in ECIO, ECPIO and INTIO
modes: ctherwise, reads 8s 'o’.
1 IN TTL | PORTA<6> data input. Availabla only in ECIO, ECPIO and INTIC
modes; otherwisa, reads as "¢,

ﬂ'l‘iN‘ld"l 2.6 UHAIT ToagIduAYDY PORTA VO

Legend: OUT = Output, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST =

Schmitt Buffer Input, TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not

affect port direction or is overridden for this option)
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Reset
Name Bit 7 Bt 6 Bit5 Bit4 Bita Bh 2 Bit 1 BitD | Values
an page
PORTA _— RABM RAS RA4 RA3 RA2 RA1 RAD 54
LATA — LATAGM) | LATAS | LATA4 | LATA3 | LATA2 | LATA1 | LATAD 4
TRISA — | TRiISAETT| TRISAS | TRISA4 | TRISA3 | TRISAZ | TRISA1 | TRISAD 7]
ADCON1 — - VCFGi | VCFGD | PCFG3 | PCFG2 | PCFG1 | PCFGO 52
CMCON C2OUT | C1OUT | GainNV | Ctinv cis cM2 CM1 CMD 53
CVRCON CVREN | CVROE | CVRR | CVRSS | CVR3 | cvR2 | cwmi CVRAO 53
UCON — PPBAST | SEO | PKTDIS | USBEN |RESUME [SUSPND | — 3
= o el o w da o
A1 14N 2.7 mswﬁiﬂ?ﬂﬁmmﬂﬁuwuﬁ UNDSAA
] = rey o ) ' Foler o [] o
frosvwgnim: — = Tuliqunsulavzedar o uazluwaanidnues lildlunwesa A

Note |: RA6 and its associated latch and data direction bits are enabled as I/O pins based on

oscillator configuration; otherwise, they are read as ‘0’.

2.3.3.2 PORTB, TRISB !laz LATB Register

~ A

i 4
PORTB 1i 8-bit (i Port 2 fifm1a TRISB fin 33mand Adoyalasasa nsdan
0 o o = = = . o
TRISB = 1 oz¥l¥ianvoa wasadl (lu Suyn uaznisindos iin ¥ea TRISB bit (= 0) sz 1d
o 2 o
wasa miloudu e inm
Data Latch register (LATB) fip n13madoyalii wisenaiud1 119$1914904 Read-
modify-write 489 LATB 2z81uiaziiouswaaoniyn Agruasdmin woiadl
LAAZY1903 Wosal 3 pull-up n1wludaun in AnruguuuniRerenuisoda pull-up

1
=

wanua dAemsniuTaumsin@esin RBPU (INTCON2<7>) weak pull-up is vegnilalay

e

o wa A 3 9 3 o A s "o A
ga Tulidiiiovivea wosa godmualiifumilon w1viyn Tae pull-up 9z livhaudla win
oy

11933 15

4 91989 PORTB (RB7:RB4) Hanwmuziawiziiu interrupt on-changefifivav1iil
Tassardafluduwn Aansai iida Swines51il 18 udvilan Tu RB7:RB4 Hlueviyn A
9LQALINBONTTN interrupt on-change Tud S vufvuunu TavurhgnilSvuiftvuivdoyahn
81UfD ORed 1928 1118¥11 119 RB Port Change Interrupt #90 with uW@nTianilu1, RBIF
(INTCON<0>)
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Pin Functian 512:§9 vo | vo Type Dascription
RBO/AN1ZS RBO 0 ouT DiG I;A;TB<_0> data oulput; not alfected by analog input.
gg';g;gw 1 IN TTL | PORTB<0> data input; weak pull-up whan 'RBPU bit ia eleared.
Disabled when ansiog input enabled {1
AN12 1 IN ANA | A/D nput channe! 1281}
INTO 1 IN ST External mterrupt 0 input.
FLTO 1 IN ST Erhanced PWM Fault input (ECCP1 module); enabled in software,
501 1 IN ST $PI data input (MSSP module).
SDA 1 ouT DIG 12C™ data output (MSSP module); lakes priority over port data.
1 IN | I2C/SMB [15C data miput (MSSP module); Input type depends on module satting.
RB1/AN1Q/ RB1 [ ouT DIG LATB<1> data oulput; not affected by analog input.
?‘:lerscw 1 iN TTL  [PORTB< 1> data input; waak pullup when RBFU bitis eared.
Diabled when analog input enabled (!
AN10 1 IN AMA [ AD npun channel 1001
INT1 1 IN 57 External intarrugt 1 input.
SCK 1 ouTt DIG SP1 dock output (MSSP module); takas priofity over port data.
1 IN ST | SPi clock input (MSSP module),
scL ¢ OUT | DIG | PC clock output (MSSP moddle); takes priority ovar port data.
1 IN | PC/SMB | T tlock nped (MSSP module]: inpu type depends on module setting.
AB2/ANS/ RB2 L] out DIG [LATB<Z> data output: not affected by analeg input.
INT2VMO 1 N TTL | PORTB<2» dats input: weak pull-up when RBPU bit is claared.
Dizabled when analog input enabled.(t}
ANG 1 IN ANA [ A/D nput channet 8.1}
INT2 1 1N 8T External interrupt 2 input.
VMO 0 ouT DIG [ External USB transcelver VMO data output,
RBY/ANS/ RBA ¢ | OUT | DIG |LATB<3» data oulput; nol aflected by anslog input,
CCP2VPO 1 IN TTL | PORTB<3> data input; weak puil-up when RBPU bit is clearad.
Disabled when analog input enabled (V)
AND 1 I ANA | A nput channel 9.{7
cop2@ o OUT | DIG |CGP2 Compars and PWM output,
1 IN ST CCP2 Capture input.
VPO 0 ouT DIG External USB transceiver VPO data output,
RBA/ANTY/ RB4 Q ouT DIG LAT_Bc:ds data output; not affected by analeyg input.
KBIOCSSPP 1 IN TTL |PORTS<4> data input; weak pull-up when RBPU bit Is cleared.
Di-abled when analog input anabled,(™
ANTT 1 IN ANA_ | A/D ingLt channel 11,07
KBIO 1 IN TTL Irterrupt-on-pin changa.
cssppi a ouT DIG | SPP chip selaci control autput.
RBS/KBIN/ RBS Q9 ouT oG LATB<5> data output.
PGM 1 iN TTL | PORTB«E> data input; weak pull-up when RBPU bit is cleared.
Ken 1 iN TTL | trterrupt-cn-pin change.
PGM x IN 8T Sina!o-Suppry Prograrmiming mode entry (ICSP™). Enabled by LVP
Configuration hit; ell other pin functions disabled,
RB&/KBIZ/ RB& ¢ ouT DiG LATB<&» daia output,
PeC 1 IN TTL | PORTB<6> dat input; weak pull-up when BBPU bit is cleared.
KBI2 1 N TTL | interrupt-on-pin change.
PGC x IN ST | Senal axscution (ICSP™) clock input for ICSP and ICD oparation.t
RB7/KBIY RBY o ouT DG LATB«7> data output.
PGD 1 IN TTL | PORTB<7» data input; weak pull-up when RBPU bit is cleared.
KBI3 1 N TTL | Interrupt-on-pin change.
PGD x ouT DiG Sel_igl execution data output for KCSP and ICD operation {3
x IN ST _ | Serial execution data input for ICSP and IGD operation.®)

A15% 2.8 M5 1uaagl VO woin




2.4 STAUANUA AT

d' [¥) 4

o Sn9(Lux)
a1l
2 a4 9
NufnszuwenA, sziile 100
Ju'la, aWa 150
LY = o ¥ :
veallutiasiial, veai 150
Ly =1 ¥ o =y 3
Houhuwed, Houfudud 150
QATIHASIUAIND
Aouasvuagan, nodo 300
wesily, T, nedw, veoadoud 500
Noavishuazdun (duan), Hoansome 750
Aoaduud, asi9aou 100
§11naTu
o o c:; L) o W - o
gninauia 1y, uRuw, Hoenoun unes 500
AoaUszguoaumoITuNY 750
NoudeuILY 750
Wostlszquing 500
ERTET
HoaSou, WouTInuIIN 300
voalfiams, Hesayn, Reanumide,
Woadally 500

713190 2.9 LAAITTAUANUAINLNIFIU
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=t
unn 3
act o
ABRTIANHUNG
Light Source
diode circuit 10 bit A/D Display

= o 4 o ] 3
51 3.1 voenlaszunsuuaasIassadveuniesinniudosain

aseonuuuazaduniesiannudesadng awgii 3.1 Taold IWlalaleadiudy
[ ] [ o A o o
asvdunas uazezgnaelilfseesvewdyg i eisyinanalavlylasaounsames
fivhwiriaauguarsiauianue wu ssdAnoamiia 8 ddusnnuduuaalumioe
o o v A o
dnd (LUX) uazderif i l8uaaanansnnia LCD
3.1 gulnTainTreduuas
Widamames
Tueanifuiitisnld Iidlalen wed Bsi12c dWludasaedunas sizc
o = 9 o T
wumesmManasfmnsondasnnuduimeiifunseua nazennsansniunasidlugag
4
ANUITIATY 350-1150 W1 TUWAS
3.2 Nesvnedgana
dyanunldnninidlaloaszflunszuadniuvzdesdeiuisesverwdoygnu e
¥ 4
wlagnszualiifuusady Twanddoiinden1d eau-uoudl (TLV2451C) (w312 Op-Amp @2
» 1) » » 1
fiwmnsoldaul@nussdu Iwhaud 2.7 v - 6 v oimiuiimsifudiouar io1iyn fisenn

A - =1 Qr i : L -y @ 1
waldimindfuaiun LUux nou'lden LUX METER $1389 Tasmsd§ua1 R
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550K U4A

j ] R4 ™

n

L +
2

D4 oP-215

L

¥
4

PHOTODIODE =
- 550K

5Uf 3.2 urrmansanaans T 1dlaTen fu eot-uewd (TLV 2451C)

3.3 ulpsnouinsaaos

28-Pin PDIP, SOIC

MCLRNPRRES —=T]1 28] == RBTKBIVPGD
RADANO ~— []2 27[] =~ RBEMBIZPGEC
RAVANT +— [}3 26[] =+ RBEKBIPGM
RAAZANZA REF-ACVALE =—=|_J4 25[ ] w—w RBAANTI/KBH
AAXANIVREF+ = []6 w e 24[] = RABIANWCCP2UIVPO
AALTOCKIAC 10UT/RGY — (6 g8 23[] ~—+ REAANGNTZVMO
RAS/ANASEHLVDING2OUT =— []7 L L 208} == RAB1/AN IWINTI/SCISCL
vss— []8 oe 21[] = RBOAMIANTOFLTOSDIBDA
osC1aLKI—~ 9 oQ 20[]-— Voo
OECUCLKORAS ~—-[]10 az 19[ J=— Ve
RCWY/TI OSYT JCK| e [ ~— ACTAXTT/SDO
ROAT10SKGOPZNTEE - [] = ROBTVTK
AGRSCPY - ] - RCEDVP
Vg0 e [+ AC4D-AM

71I#1 3.3 ueraavIvad PIC 18F2550

AR rnuealylasnounsaines PICIZF2550

HuluinsnouTnsamedn1dAguum
e 5935UNIIITOLAD USB V2.0

o - o s ¥ -
e mivayunsAIuay, n1sdwmed i, uaznisfeaisdoyauuy Bulkk  uay

Isochronous

= 1 3 =1 L} A :
o nwluintruamud Tusensudunuunaray iaz@oulnilduilaeunis
»
1 o ’ a 4

. nuwﬂ'mJﬁmTagaﬁugmﬁ'fluﬂummmmuuuusu'umﬂ 2048 lud uaz

MRS WMDY BnsouvUIR 256 TUd
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d d o
3.5 ISy s nuananisiauvadlilsunss

Start

A 4

- [HAWDTADUNT, LDV WN
Set PORT, initail LCD - ‘e PR
¥ALCD, 13ADUIRD3TUA Indiuos

‘ h 4

N

Y
Digital filter . ot
Wunisnsesduannlauldid
> moving average uazl
duanuinsewd 1ty
Calibration curve TUA1Tcalibration curve
S

Display
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=4
Unn 4

NaMsnNaand uaz n1sensena

4.1 manareumsulasmygraemnasmiuinen
d' qQ ar ot [ =, t_ S 9 [} =
A NNEURUE lumsndaadygnuewasnduyn uadiaealdedisls Tail
M3oBAUUNTNAaDIRAaAluzlf 4.1 19aadmmmilSun 1dvune 20k Tenuded i

o o 1 o s q’) ] 1 oo n'; 1
WOIA RAOD LD ﬂiUﬂWl!SQﬂuﬂuﬂ‘ﬂﬂﬂllﬂ 0-5V "\lﬂlﬂuﬂ1ﬂﬂﬂﬂﬂﬂ~ﬂlm 0-1023

V&© 2 RAD b/o10mit _— > Digital
Output

20K

—28 | re7/PGD

—2L 1 RBEIPGC
= —=2£ ] ResiPGM
= 25 | RB4

—23 1 Rg2

{ ] ] g aa
519 4.1 unumniERImsAo s naroumsulasaowaanufinea

L1l

[ A - di ] o Y ar
22 19HaN1INAR09RIA19197 4.1 91015190 4.1 e hlwasans e I lanads
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54

1

na

ADC

Vi

ADC

ADC

V5

ADC

Vavr

0.0001

0

0.0001

0

0.0002

0

0.00016

50

0.2554

50

0.2542

50

50

50

0.2503

50

20.1496

100

0.4835

100

0.48%4

100

100

100

0.4836

100

40.29264

150

0.7431

150

0.7277

150

150

150

0.7423

150

60.443

200

0.972

200

0.9904

200

0.9691

200

0.977

200

0.9753

200

80.5863

250

1.2158

250

1.2094

250

1.2095

250

1.218

250

1.2094

250

100.7269

300

1.4713

300

1.4624

300

1.4465

300

1.4517

300

1.4397

300

120.876

350

1.7024

350

1.6984

350

1.6984

350

1.7017

350

1.6965

350

141.0198

400

1.9457

400

1.9358

400

1.9339

400

1.9337

400

1.9364

400

161.163%

450

2.1866

450

2.1926

450

2.1829

450

2.181

450

2.1747

450

181.3124

500

24346

500

24262

500

24278

500

24231

500

24209

500

201.4577

550

2.6719

550

2.6624

550

2.6694

550

26681

550

2.6677

550

221.6007

600

2.8481

600

2.9088

600

2.9087

600

2.9037

600

2.9028

600

241.7331

650

3.169

650

3.1458

650

3.1441

650

3.1493

650

3.1271

650

261.8518

700

3.3975

700

3.3867

700

3.386

700

3.3964

700

3.3949

700

282.034

750

3.6385

750

3.6356

750

3.6373

750

3.6284

750

3.6285

750

302.1823

800

3898

800

3.8836

800

38717

800

3.8901

800

3.8751

800

322.3307

850

4.1137

850

4.1189

350

4.112]

850

4.1143

350

4.1212

850

342.4689

900

4.3835

900

4.3484

900

4.3605

900

4.354

500

4.3553

900

362.6185

950

4.5909

950

4.6036

9350

4.6075

950

4.6013

950

4.6022

950

382.7604

1000

4.844

1000

4.8326

1000

4.8529

1000

4.8534

1000

4.8342

1000

402.9059

1023

49539

1023

4.9538

1023

4.9538

1023

49538

1023

4.9538

1023

412.1723

A15197 4.1 M51UAAINNUFURUTIZN A1 UTIFUBUNN udZ ADC reading
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Input Voltage (V)
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1000 LUX | 500 LUX
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900 K 4.95 3.00 AAudING
550 K 4o 3.35 .
S00 K 4.89 3.12 -
450 K 485 2.75 -
420K 48 2.50
400 K 471 2.46 -
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adaft 1 a%aft 2 adaf 3 afait 4 adaft s Aundy
ADC | LUX | ADC | LUX | ADC | LUX ADC | LUX | ADC | LUX | ADCavr | LUXavr
953 | 1038 | 932 | 1002 | 931 | 100C | 956 | 1048 | 933 | 1010 | 956.4 | 1018.6
762 | 785 | 770 | 801 | 727 | 760 “ _763 794 | 739 | 777 759.8 783.4
5985 | 828 | 619 | 651 578 | 823 597 | 633 | 586 | 628 603.4 B632.6
465 | 499 | 454 | 499 | 467 | 505 | 463 | 501 | 448 | 486 467 498
360 | 399 | 377 | 410 | 390 © 415 .37“4 404 | 380 | 407 3834 407
314 | 335 | 311 | 339 | 325 | 362 , 327 | 344 | 321 | 341 3236 344.2
975 | 288 | 264 | 286 | 267 | 282 | 277 | 290 | 278 291 274.8 287.4
208 | 241 | 232 | 247 | 225 | 237 031 | 244 | 231 | 243 | 2318 | 2424
201 200 | 203 | 213 | 201 | 207 | 201 | 210 | 202 | 211 203.4 210
176 | 182 | 172 | 180 | 176 ' 180 ' 174 | 182 | 180 | 189 | 177.4 | 1826
156 | 160 1 153 | 159 | 158 | 162 | 156 | 161 157 | 161 156.8 160.6
141 | 144 | 140 | 143 | 141 143 | 139 | 143 | 137 | 142 | 1406 | 143
129 | 131 | 127 | 129 | 127 | 128 | 125 | 128 | 125 | 127 | 127 | 1286
121 | 124 | 146 | 117 | 116 | 117 | 115 | 116 | 115 | 117 | 117 | 1176
109 | 108 | 104 | 105 | 105 | 104 | 104 | 104 | 104 105 105.4 105.2
99 a8 96 a8 95 89 95 99 94 95 96 97.8
a0 89 88 87 86 87 86 86 a5 85 87 g86.8
84 83 81 80 82 80 80 80 79 79 81.2 80.4
77 76 75 74 74 73 75 73 73 73 74.8 73.8
72 70 70 69 69 Gé 69 68 70 68 69.6 68.6
67 65 67 64 65 63 65 63 76 64 65.6 63.8
62 G0 61 59 61 59 59 58 61 59 60.4 59
59 57 59 57 56 55 56 54 58 58 57.6 56.2

A13197 4.3 naanNuFURUTIZnI19 ADC Reading fit) Lux
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1200
y = 1.0618x - 5.1504
1000 - )
R =0.9996

800 -
- i
3 600

400 -

200 -

0 + - - _— RN —
0 200 400 600 800 1000 1200
ADC Reading
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C:\Documents and Settings\microchip\My Documents\Fai_Nam\Lux_meter.c

1:

2:

3: char *text = "LUX METER";

4: int x1,x2,x3,x4,x5,x6,x7,x8,x9,x10;
5: int low_pass_filterl (void)

34; Delay ms(100);
35: Led_Init (&PORTB);
36: Led Cmd (LCD_CLEAR) ;

38: Led_Out (1,4, text):;

39:

40: Lcd_Cmd(LCD_SECOND_ROW);
41:

42:

43: while (1)

44: {

45:

46: sprinti (buffer,"%04d Lux",read Lux_filterl()}:

a7:

48: Lcd_Cmd(LCD_SECOND_ROW);
49: LchOut_CP(buffer);

50: Delay ms (500} ;

51:

52: }

53:

54; }//~!

55:

// PORTB is cutput

6: {
7: x10=x9;
8: X9=x8;
9: x8=x7;
10: X7=x6;
11: X6=x5;
12: x5=x4;
13: X4=x3;
14: X3=x2;
15: x2=x1;
16: x1=pdc_Read(0);
17: return (K1+x2+x3+x4+x5+x6+xT+x8+x9+x10) /10;
18 }
19: int read Lux_filterl (void)
20; {
21: return(1.0618*low_pass_filterl()-5.1504);
22: }
23:
24: woid main() {
25:
26: unsigned short btnRes;
27: char buffer[20];
28: Delay_ms(lOO);
29: ADCON1 = OxOE;
30: TRISA = 0xFF; // PORTA is input
31:
32: TRISB = 0;
33:

// Initialize LCD connected to PORTB

_ // Clear display

37: Led_Cmd (LCD_CURSOR_OFF)};  // Turn cursor off

// Print text to LCD, 2nd row, 1st column

23/4/2007 15:16:59

mikroC compiler for dsPIC by mikroElektronika
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HARP ELEK/ MELEC DIV

Biue Sensitive Photodiodes L5€ D . 8180798 0002695 & l

BS112/BS142
Wide Wavel
BS112/BS142 crogone o sand q,T_ff,e
B Features M Outline Dimensions {Unit : mm)

1. A wide range of sensitivity wavelength B3112
(A 350~1,150nm)

2. High reliability (hermetic seal package)

3. High sensitivity (BS112 I,. : MIN. S.5uA,
BS142 I.. : MIN. 182A at E,=100¢x)

H Applications

1, IMuminance meters Glass window @ Glass window
2. Scientific color measuring instruments, $9.2000 13850020
such as colorimeters, flame color meters, $8.08:013 :‘:, 12358015
analyzers and spectral photo meters N ‘1 ey 2
3. Precise optical instruments : : S
",

@ D | 3
5.08
Aclive area : 11,9mm? Active area ! 41.8mm?
(D Anode @ Angde
@ Cathode D Cathode
M Absolute Maximum Ratings {Ta=25'C}
Parameter Symbal BS112 BS142 Unit
Reverse voltage Va 5 b v
Qperating temperature Topr —10~+60 | —10~+60 ‘C
Storage temperature Tate —20~+80 | —20~+80 ‘C
“Solderi:i temperature Tya 260 260 ‘C
*1 For 5 seconds
W Electro-optical Characteristics (Ta=25°C)
. BS112 BSi42 .
Parameter Symbol | Conditions MIN, | TYP. | MAX. | MIN. | TYP. | MAX. Unit
*2Open circuit voltage Voo | Eve==100 &x 0.25 0,32 - 0.25 0.32 ~- v
*2Sheort circuit current ) . E,=100 €x 5.5 7.0 - 18 22 — uh
Dark current Ia V=1V —_ SxX10*| 107 — 5X10° | 1077 A
Peak sensitivity wavelength Ao — 850 - — 850 — nm
Sensitivity wavelength width p1 350 - 1,150 350 — 1,150 nm
Response time te, tr | Ruzlkn) - 20 - —_ 27 -_ HS
#2 Ev ! luminance by CIE standard light source A {tungsten lamp)
SHARP
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SHARP ELEK/ MELEC DIV 15¢ o ] a1a079a noozeds s |

Blue Sensitive Photodiodes BS112/85142
T-41-51
Fig. 1 Spectrat Sensitivity Fig. 2 Photecurrent vs. lfluminance
Ta=25C (BS112)
1 7 104
Ta=25C
/f\\.__/ \ 5 R.=50Q
L-LL d
~ 80 T - 4000
& \ = sl ion
» \ 2 1L -1 -=:f f(fa
z 0 = 5
= / o IR
3 40 E U et
H g A
= = s
& 20 o y
2
oL 4 1P % 1673 n 7
400 500 600 700 £00 900 1000 F1001200 Hi 510 19¢ 2
Wavelengh 4 (nm) Hluminance Ey (£x)}
Fig. 3 Photocurrent vs. llluminance Fig. 4 Photocurrent vs, Forward Voltage
(BS142) (BS112)
=T RL =500 | = (Ta =25°C)
3 A0 1 = M
i —:Iﬁﬁ .ZE.IE[:DP. Ri=1ORENY [
- X ’-: ::'—"%E% ] - H T 1
'i 1t : “f.Q ::i'- = *S_—IXL(JEX 210 ! 1
2 3 m “¥ .'0]{" - 10 i'i-' e
] e g 00gx
£ 2 E 20 s ¥
£ K E il 10k3)
g w0 T v i e ) ST
PO 2w
T a1 3600ex L~
1
2 il e [N1100Q k3
10 1 i i
10 18 T 0.010,67 005 0.1 0.2 05
Illuminance Ey (1x) Forward voltage V, {V)

Fig. 5 Photocurrent vs. Forward Voltage Fig. 6 Short Circuit Current, Open Circuit
(BS142) Voltage vs. Amblent Temperature
E=To =R (T =25T) 1% CIE standard

1T R, =100kQ | 149} hgllt s%néirce A
2 1 1 N E¢=500ex
. [} i 120 B
E‘ e ] A ] & 100}———| —lsc
% 10 Ey= 5(’]?.!‘ / il .§- %0 .
£ Bl : Yo
a I Dk $ s0
- 5
b4 L]
£ A E 40
B 100 % hl‘ N
2001 u0ex miml 1 q! o
0.000.0¢2 0.05 01 02 05 1 -25 0 2 50 1% Ho
Forward voltage Vi (V) Ambient temperature T, {"C}
SHARP
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SHARP ELEK/ MELEC DIV 15€ Dl 8180798 0G0O2L97? TI

Blue Sensilive Photodiodes BS5112/B5142
Fig. 7 Dark Current vs. Reverse Voltage Fig. 8 Dark Current vs. Reverse Voltage
(BS112) (BS142) T-41-51
S T - 19114 I
1 TH 13
] H 101 L
2 a = 70'C~14 "y 2—41Tp = 70" CHH y
TS it 1 L 108 T | g all);
= B 50°C = PR =
a BE ) | P =1 »
o B 50°C =+ u H I
E 2 - e s - v e E ] 0" CA1<1 4
5 o —"‘%015 =11l @F afat 8 gt L LT 1 /A
= : = - = - >
ER = 30°C == a3 52 e P
A Py 1 Calil T H /’
2 Ll o 30
4 d » oo 5
T LEHT H 20°C LM
10-10 I Nrtld Q- 1l T,
0.010.02 0.650.10.2 0.5 1 2 5 10 001002 €030.10.2 0.3 1 2 5 o
Reverse vollage V, {V} Reverse voltage Va (V)
Fig. 9 Response Time vs. Fig. 10 Response Time vys.
Load Resistance (BS112) Load Resistance (B$142)
1000 e Tas G 1 =
500 300 -
N I ; B - /ll |
_ aoff v w0 irg
% ooy = ’ 4 100k
~ H = ~ eal e U
g 50t g 50H H
= et a
g 20 = I 5
=] 11
2 10 at 5 10kt
5 = s
i i 2
1 } L
0.51 2 5 19 20 50 100200 51 2 5 10 20 G0 100200
Lond resistanse R, (kQ) Load resistance R, (kn}

Test Circuit for Response Time
Infrared LED  BS112/88142 Output

Ry
Pulse generator r Yo ——f 1 ~102

] t
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TLV2450, TLV2451, TLV2452, TLV2453, TLV2454, TLV2455, TLV245xA
FAMILY OF 23-1A 220-kHz RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS218F - DECEMBER 1998 - REVISED JANUARY 2005

Supply Current . .. 23 yA/Channel Operational Amptifier
Gain-Bandwidth Product . . . 220 kHz —
Qutput Drive Capability .. . +10 mA

Input Offset Voltage . .. 20 pV (typ)

Vpp Range...27Vto6V

Power Supply Rejection Ratio . .. 106 dB

Ultralow-Power Shutdown Maode =
Ipp ... 16 nA/ch

Rail-To-Rail Input/Cutput (RRIO)

Ultrasmall Packaging

- 50r 6 Pin SOT-23 (TLV2450/1)
- 8 or 10 Pin MSOP (TLV2452/3)

description

The TLV245x is a family of rail-to-rail input/output operational amplifiers that sets a new performance paoint for
supply current and ac performance. These devices consume a mere 23 pA/channel while offering 220 kHz of
gain-bandwidth product, much higher than competitive devices with similar supply current levels. Along with
increased ac performance, the amplifier provides high output drive capability, solving a major shortcoming of
older micropower rail-to-rail input/output operational amplifiers. The TLV245x can swing to within 250 mV of
each supply rail while driving a 2.5-mA load. Both the inputs and outputs swing rail-to-rail for increased dynamic
range in low-voltage applications. This performance makes the TLV245x family ideal for portable medical
equipment, patient monitoring systems, and data acquisition circuits.

FAMILY PACKAGE TABLE

NUMBER OF PACKAGE TYPES UNIVERSAL
HUTDOWN
DEVICE CHANNELS | ppIP | SOIC |SOT-23 | TSSOP | MSOP SHUTDO EVM BOARD
TLV2450 1 8 8 6 — _— Yes
TLV2451 1 8 8 5 - — —
TLV2452 2 8 8 — — 8 _ Refer to the EVM
Selection Guide
TLV2454 4 14 14 — 14 — —
TLV2455 4 16 16 — 16 — Yes
A SELECTION OF SINGLE-SUPPLY OPERATIONAL AMPLIFIER PRODUCTST
Vpp BW SLEW RATE | Ipp (per channetl) TO.
DEVICE ) (MHz) (VIus) {1A) RAIL-TO-RAIL
TLV245X 27-6.0 0.22 0.1 23 fia]
TLV247X 27-60 2.8 15 600 I}
TLV246X 27-60 6.4 16 550 1o
TLV277X 25-6.0 5% 10.5 1000 0

T All specifications measured at 5 V.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet,

All trademarks are the property of their respective owners.

PRODUCTION OATYA (nformation (s current o3 of publicstlon date. Copyright & 1898-2005, Texas Instruments Incorporated

:::::l:’::r::: rr:i ::J:cl}:lullrnnu par 1P-|udt°|e::nrlm?l Texas In::r::‘rzlsull‘;: % T-EX-AS
INSTRUMENTS

WWw TL.COM
P0ST OFFICE BOX 1443 ® HOJSTON, TEXAS 77251-1443




TLV2450, TLV2451, TLV2452, TLV2453, TLV2454, TLV2455, TLV245xA
FAMILY OF 23-uA 220-kHz RAIL-TO-RAIL INPUT/OUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SL0OSZ18F - DECEMBER 1998 - REVISED JANUARY 2005

description (continued)

Three members of the family (TLV2450/3/5) offer a shutdown terminal for conserving battery fife in portable
applications. During shutdown, the outputs are placed in a high-impedance state and the amplifier consumes
only 16 nA/channel. The family is fully specified at 3 V and 5 V across an expanded industrial temperature range
(-40°C to 125°C). The singles and duals are available in the S0OT23 and MSOP packages, while the quads are
available in TSSOP. The TLV2450 offers an amplifier with shutdown functionality all in a 6-pin SOT23 package,

making it perfect for high density circuits.

TLV2450 and TLV2451 AVAILABLE OPTIONS

PACKAGED DEVICES
Ta SMALL OUTLINE SOT-23 PLASTIC DIP
o)t (DBV) SYMBOL (P)
0°C 10 70°C TLV2450CD TLV2450CDBY VAQC TLV2450CP
o TLV2451CD TLV2451CDBY VARC TLV2451CP
TLV24501D TLV2450IDBV vAQ TLV2450iP
TLY24511D TLV2451IDBV VAR TLV24511P
-40°C to 125°C
TLV2450AID — — TLV2450AIP
TLV2451AID _ —_ TLVZ451AP

t This package is available taped and reeled. To order this packaging option, add an R suffix to the part
number {e.g., TLV2450CDR).

TLV2452 and TLV2453 AVAILABLE OPTIONS
PACKAGED DEVICES

T SMALL MSOP PLASTIC PLASTIC
A OUTLINE DIP oIP
o)t (oK)t symBoLt (nGsyt symsoL¥ (N} P)
0°C to 70°C TLV2452CD | TLV2452CDGK | xxTIASI — — — TLV2452CP
10 TLV2453CD — — TLV2453CDGS | xxTIABK | TLV2453CN —
TLv245210 | TLV2452IDGK | xxTIABJ — — — TLV2452iP
TLV2453ID — — TLV2453IDGS | xxTIABL | TLV2453IN -
-40°C to 125°C
clo TLV2452A1D — — — — — TLV2452A1P
TLV2453AID — — - — TLV2453AIN —

t This package is available taped and reeled. To order this packaging option, add an R suffix to the part number (e.g., TLV2452CDR).

% xx represents the device date code.

TLV2454 and TLV2455 AVAILABLE OPTIONS
PACKAGED DEVICES

Ta SMALL OUTLINE PLASTIC DiP TSSOP

oyt (N) (pwnt
0°C to 70°C TLV2454CD TLV2454CN TLV2454CPW
o TLV2455CD TLV2455CN TLV2455CPW
TLV24541D TLV24541N TLV2454|1PW
TLw245510 TLV2455IN TLV2455I1PW

«40°C to 125°C

TLVZ454AID TLVZ454AIN TLVZ454A1PW
TLV2455A1D TLV2455AIN TLV2455A1PW

T This package is available taped and reeled. To order this packaging option, add an
R suffix to the part number (e.g., TLV2454COR}.

NOTE: For the most current package and ordering information, see the Package Option Addendum located at the
end of this data sheet, or refer to our web site at www.ti.com.

"9 TeEXAS
INSTRUMENTS

WWW.TECOM
POST OFFICE BOX 1443 @ HOUSTCN, TEXAS 77251-1443




TLV2450, TLV2451, TLV2452, TLV2453, TLV2454, TLV2455, TLV245xA
FAMILY OF 23-11A 220-kHz RAIL-TO-RAIL INPUT/QOUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS218F - DECEMBER 1998 ~« REVISED JANUARY 2005

HERNENAEEREA
TLV245x PACKAGE PINOUTS(1)
TLV2450 TLV2450 TLV2451
DBV PACKAGE D OR P PACKAGE DBV PACKAGE
(TOP VIEW) (TOP VIEW) {TOP VIEW)
out {1 6] VDD« ne ) 1 g |-1J SHDN out [t 51 Voo«
IN- Z—FD«‘ 7 j:IVDD+
GND |2 5™ SHDN IN+CT| 35 Lefmout GND ]2
IN+ [ |3— =43 IN- GND L1+ s[HNC N+ [ J3—"L-a]7 IN-
TLV2451 TLV2452
D OR P PACKAGE D, DGK, OR P PACKAGE 5 G;';‘fg;i cE
v
(TOP VIEW) (TOP VIEW) (TOP VIEW)
Ne s 11 NC 10uTCS ;} 8 £1J Vpp+ 10uUT 4 oD Vpo+
IN- 27D 7 [T Vpp+ 1IN-C 70 2007 1IN- LI % o1 20uT
IN+[T] 3 6 [13 out 1IN+ Pﬁs [T] 2IN- 1IN+ |3 ﬁ T 2IN-
GND [T 4 513 NC GND[OT] 4 513 2N+ GND |4 [T 2IN+
1SHDN CI—|5 s1J 2SHDN
TLV2453 TLV2454 TLV2455
D OR N PACKAGE D, N, OR PW PACKAGE D, N, OR PW PACKAGE
(TOP VIEW) (TOP VIEW) {TOP VIEW)}
10UT I + 141 Vpp+ 10UTCL 4 4 40uT 10uT L 4 16 [.1J 40UT
1IN- [ 2% 13 20uUT 1IN-C] s ain- 1IN - O 2%ﬁ15:[3 4iN-
1IN+ CI] 3 ﬁ‘mjﬂ 2IN- 1IN+ [ _12334”4.,, 1IN+ T 3 14 [ 17 4IN+
GND 1] 4 117 2IN+ Vpp+ ] 4 1T GND Vpp+ H1] 4 13[J1 GND
NC [1]5 1010 NC 2N+ 5— ~10[T] 31N+ 2in+ (I 5 12117 3IN+
1SHDN [I] & 913 2SHDN 2IN-CT] & i ol T3 3N~ 2iN- [T 6;%11 [ 1] 3IN-
NC T4 7 sl 11 NC 20UTCT] ti'y s so0uT 2out (1] 7 10 30UT
1/2SHDN [ 8 g[11 3/4SHDN
NC = No internal connection

(1) SOT-23 may or may not be indicated

TYPICAL PIN 1 INDICATORS
i f EH

2

P

? Pin 1 ob )
Printed or Pin1 T Pin 1 T Pin1
Malded Dot Stripe Bevel Edges Malded ”U" Shape
%3 Texas
INSTRUMENTS
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TLV2450, TLV2451, TLV2452, TLV2453, TLV2454, TLV2455, TLV245xA
FAMILY OF 23-uA 220-kHz RAIL-TO-RAIL INPUT/QUTPUT
OPERATIONAL AMPLIFIERS WITH SHUTDOWN

SLOS218F — DECEMBER 1998 -~ REVISED JANUARY 2005

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage, Vpp (see NOte 1) .. .. 7V
Differential input YORAGE, VIO - -« - ottt e +Vop
Continuaus total power dissipation . ............. .. i See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ... 0°C to 70°C

Psuffix ... -40°C to 125°C
Maximum junction temperature, T ... ... et e 150°C
Storage temperature range, Tgpg - -« vrn et -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  ........ ... ovniininnnn 260°C

t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings anly, and
functional operation of the device at these or any other conditions beyond those indicated under ‘recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for axtended periods may affect device reliability.

NOTE: All voltage values, except diffierentiat voltages, are with respect to GND.

DISSIPATION RATING TABLE

o
PACKAGE (E%Jncu) (O{E:Jn'?\n POWER RATING
D (8) 38.3 176 710 mW
D (14) 26.9 1223 1022 mw
D {16) 257 114.7 1090 mw
DBV (5) 55 3241 385 mW
DBV (8) 55 284.3 425 mw
DGK {8) 54,2 259.9 481 mW
DGS (10) 541 257.7 485 mw
N {14, 16) 32 78 1600 mwW
P (8} 41 104 1200 mw
PW (14) 293 1736 720 mW
PW (16) 28.7 161.4 774 mW
recommended operating conditions
MIN MAX UNIT
Single supply 27 6
Supply voltage, VDD Spit supply 135 +3 v
Common-mode input voltage range, VICR a Vob v
C-suffix 0 70
Cperaling free-air temperature, Ta o a0 125 °C
VIH 2 Vv
Shutdown onfoff voltage tavelt L vpp =5Y 0.8
Vppo = 3V 0.5 v

T Relative to voltage on the GND termina! of the device.

Q{P TeEXAS
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MiIcCrRoOcCHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

« USB V2.0 Compliant

« Low Speed (1.5 Mby/s) and Full Speed (12 Mb/s)

+ Supports Contral, interrupt, Isochronous and Bulk
Transfers

« Supports up to 32 Endpoints (16 bidirectional)

+ 1-Kbyte Dual Access RAM for USB

» On-Chip USB Transceiver with On-Chip Voltage
Regulator

« Interface for Off-Chip USB Transceiver

» Streaming Parallel Port {(SPP) for USB streaming
transfers (40/44-pin devices only}

Power-Managed Modes:

Run: CPU on, peripherals on

Idle: CPU off, peripherals on

Sleep: CPU off, peripherals off

Idle mode currents down to 5.8 pA typical
Sleep mode currents down to 0.1 pA typical
Timer1 Oscillator: 1.1 pA typical, 32 kHz, 2V
Watchdog Timer: 2.1 pA typical

Two-Spead Oscillator Start-up

Flexible Oscillator Structure:

« Four Crystal modes, including High Precision PLL
for USB
+ Two External Clock modes, up to 48 MHz
« Internal Oscillator Block:
- 8 user-selectable frequencies, from 31 kHz
to 8 MHz
- User-tunable to compensate for frequency drift
+ Secondary Oscillator using Timer1 @ 32 kHz
« Dual Oscillator options allow microcontroller and
USB module to run at different clock speeds
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

High-Current Sink/Source: 25 mA/25 mA

Three External Interrupts

Four Timer modules (Timer0 to Timer3})

Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture Is 16-bit, max. resolution 5.2 ns (TCY/16)
- Compare is 16-bit, max. resolution 83.3 ns (Tcy)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI {all 4 modes) and I2C™
Master and Slave modes

10-bit, up to 13-channel Analog-to-Digital Converter
module {A/D) with Programmable Acquisition Time
Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 Erase/Write Cycle Enhanced Flash
Program Memory typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory typical

Flash/Data EEPROM Restention: > 40 years
Self-Programmable under Software Control
Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

s Programmable Code Protection

Single-Supply 5V In-Circuit Serial

Programming™ (ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

Optional dedicated ICD/ICSP port (44-pin devices orily)
Wide Operating Voltage Range (2.0V to 5.5V}

Program Memory Data Memory MSSP E |5
10-BIt |CCPECCP < E Timers
Device i Flash | # Single-Word | SRAM | EEPROM | VO | nip iyl (pwmy | SPP | gpy [Master o 2 | an6-Bit
(bytes)| Instructions | (bytes) | (bytes) |CT™ ﬁ 8
PIC18F2455 | 24K 12288 2048 256 24 10 2/0 Ne | ¥ Y 1 2] 13
PIC18F2550 | 32K 16384 2048 256 24 10 2/0 No | Y i 1 12 1/3
PIC18F4455 | 24K 12288 2048 256 35 13 11 Yes | Y Y 1 ]2]| 13
PIC18F4550 | 32K 16384 2048 2586 as | 13 1/1 Yes | Y ¥ 1 a2l 1

® 2006 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin PDIP, SOIC

Note 1: RB3is the allernate pin for CCP2 multiplexing.

I 6 ~_J ]
MCLR/VPP/RE3 —= [ 1 28[ ]+ RB7/KBI3/PGD
RAO/ANQ =—=[]2 27[7) =— ABG/KBI2/IPGC
RA1/ANT ~—= |3 26| | = RB5/KBI1/PGM
RAZ/ANZNVREF-/CVREF =— |4 25{ ] =—= RB4/AN11/KBID
RAS/ANIVREF+ === |5 r 24[] =— RB3/ANI/CCP2UINVPO
RA4/TOCKI/CTOUT/RCY -—= (|6 b 23[] == RBUANBANT2AMO
RAS/ANA/SS/HLVDIN/C20UT -—= 7 W 22[] == RBI/ANIGINTI/SCK/SCL
vss—[8 oz 21[] =—= RBO/AN1Z/INTO/FLTO/SDI/SDA
OSC1/CLKI — ]9 Lo 20[] ~— VoD
OSC2/CLKO/RAE =— []10 oo 19[] —— vas
RCOT10S0/T13CK! =—= ] 11 18] == RC7/RX/DT/SDO
RC1/T10SICCP2MWUOE = [}12 17[] == RCB/TX/CK
RC2/CCP1 =—= 113 16 ] *+—= RCS/D+/VP
Vuse +—[{14 15[ ] =— RC4/D-VM
40-Pin PDIP
I T ]
MCLRAPP/RE3 — [ 1 40 0 =—= RB7/KBI3/PGD
RAQ/ANG ~—=[7 2 39 [1 -— RBE/KBIZIPGC
RA1/AN1 +—=[ 3 38 [1 ~—s RBS/KBI1/PGM
RAZ/AN2/VEF-/CVREF -——E 4 37 [0 «+——» RB4/AN11/KBIQ/CSSPP
RA/AN3NVREF+ +—[] 5 36 ] =——= RBI/ANS/CCPZINNVPO
RA4/TOCKYCIOUT/RCY =—[] § 35 [] =—e RBZ/ANB/INT2VMO
RAS/AN4/SS/HLVDIN/C20UT =—( 7 34 [1 =— RBU/AN1QINT1/SCH/SCL
REQ/ANS/CKISPP =—=[} 8 wo 33 [J «—— RBO/AN1ZANTO/FLTG/SDISDA
RE1/ANG/CK2SPP -—-—E 9 g § 32 [ ~—— Voo
RE2/ANT/OESPP -—-[] 10 e 31[] -——-Vsg
yoo —= [ 11 © 2 30 [] =—» RD7/SPP7/P1D
V5§ ——=[] 12 (474} 24 [[] =— RD6/SPP&/F1C
OSC1/CLKI — ] 13 oo 28 [] =— RDS5/SPP5/P1B
OSCCLKO/RAE «—[] 14 27 [1 «— RD4/SPP4
RCOTI0SOM13CKI ~—=[] 15 26 ) =— RCT/RX/DT/SDO
RC1T108ICCP2WUOE ~—+[] 16 25 [} =— RCETX/CK
RC2/CCP1/P1A -—-E 17 24 [] =—= RC5/D+/VP
Vusa -—[] 18 23 ] =— RC4/D-VM
RDO/SPPG «—[] 19 22 [ «—» RD3/SPP3
RDV/SPP1 =—[} 20 21 [] «— RD2/SPP2

DS39632C-page 2
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PIC18F2455/2550/4455/4550

TABLE 1-2: PIC18F2455/2550 PINOUT 1/O DESCRIPTIONS
Pin
Number
Pin Name Pin | Buffer Description
poIp, | Type | Type
SOIC
MCLR/VPP/RE3 1 Master Clear (input) or programming voltage (input).

MCLR l ST Master Clear (Reset} input. This pin is an active-low
Reset to the device.

vee P Programming voltage input.

RE3 | ST Digital input.

OSC1/CLKI g Oscillator crystal or external clock input.

0OSCH | Analog Oscillator crystal input or external clock source input.

CLKI I Analog External ciock source input. Always associated with pin
function OSC1. (See OSC2/CLKO pin.)

OSC2/CLKO/RAB 10 Oscillator crystat or clock output.

0sC2 O — Oscillator crystal output, Connects to crystal or resonator in
Crystal Oscillator mode.

CLKO 0 — In selact modes, OSC2 pin outputs CLKO which has 1/4 the
frequency of OSC1 and denoctes the instruction cycle rate.

RAS e} TTL Gegera_i purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS fevels |
O =OQutput
Alternata assignment for CCP2 when CCP2MX Configuration bit is cleared.

Note 1:

= Input
P = Power

2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

DS39632C-page 12
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PIC18F2455/2550/4455/4550

TABLE 1-2: PIC18F2455/2550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin
Number :
Pin Name Pin | Buffer Description
PDIP, Type | Type
sSoIC
PORTA is a bidirectional I/Q port,

RAO/ANO 2

RAD Vo TTL Digital I¥O.

ANG I Analog Analog input 0.
RA1/AN1 3

RA1 o TTL Digital I/0Q.

AN i Analog Anatog input 1.
RAZ/AN2/VREF-/CVREF 4

RA2 o TTL Digital I/O.

AN2 | Analog Analog input 2.

VREF- | Analog A/D reference voltage (low) input.

CVREF O | Analog Analog comparator reference output.
RA3/AN3/NVREF+ 5

RA3 He TTL Digital #/0.

AN3 | Analog Analog input 3.

VREF+ | Analog AJD reference voltage (high) input.
RA4/TOCKKC1OUT/RCV 6

RA4 e ST Digital 0.

TOCKI | sT Timer0 external clock input.

C10uUT O — Comparator 1 output.

RCV | TTL External USB transceiver RCV input,
RAS5/AN4/SS/ 7
HLVDIN/C20UT

RAS o TTL Digital /0.

AN4 I Analog Analog input 4.

88 ; TTL SPI slave select input.

HLVDIN ! Analog High/Low-Voltage Detect input.

c20uT (0] — Comparator 2 output,
RAB — — — See the OSC2/CLKO/RAS pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input

O = Output

P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2:  Defaul assignment for CCP2 when CCP2MX Configuration bit is set.

© 2006 Micrachip Technology Inc.
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PIC18F2455/2550/4455/4550

TABLE 1-2: PIC18F2455/2550 PINOUT /O DESCFIIP_'_I_'LONS {CONTINUED)
Pin
Number i
Pin Name TPm BTuﬂ'er Description
Poip, | 'YPE| Type
SOIC )
PORTB is a bidirectional /O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/AN12/INTO/FLTO/ 21
SDI/SDA
RBO Vo TTL Digital I7O.
AN12 { Analog Analog input 12.
INTQ l ST External interrupt 0.
FLTO | ST PWM Fault input (CCP1 modute).
sDl 1 ST 5Pl data in,
5DA Vo | ST t2C™ data 1/O.
REB1/AN10/INT1/SCK/ 22
SCL
RB1 le} TTL Digital /O.
AN10 ! Analog Analog input 10,
INTH I ST External interrupt 1.
SCK ffe] ST Synchronous serial clock input/output for SP| mode.
SCL fe] ST Synchronous serial clock input/output for I2C mode.
RB2/ANS/INT2/VMO 23
RB2 o] TTL Digital I/O.
ANS | Analog Analog input 8.
INT2 | ST External interrupt 2.
VMO 8] — External USB transceiver VMO output,
RB3/AN9/CCP2/VPO 24
RB3 O TTL Digital /O,
AN9 ] Analog Analog input 9.
ccpat /o) ST Capture 2 input/Compare 2 output/PWM 2 output.
VPO (0] — External USB transceiver VPO output.
RB4/AN11/KBIO 25
RB4 70 TTL Digital ¥O.
AN11 | Analog Analog input 11.
KBlo | TTL {nterrupt-on-change pin.
RBS/KBIH/PGM 26
RBS o TTL Digitai I/O.
KBI1 1 TTL Interrupt-on-change pin.
PGM 1O ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI12/PGC 27
RB6& /10 TTL Digita! I/O.
KBI2 | TTL Interrupt-on-change pin.
PGC He ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28
RE7 e TTL Digital I¥O.
KBI3 ( TTL Interrupt-on-change pin.
PGD 8] ST ln—Circgil Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMQOS = CMOS compatible input or output

8T = Schmitt Trigger input with CMOS levels |
QO  =CQutput
Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

Note 1:

= Input
P = Power

2: Default assignment tor CCP2 when CCP2MX Configuration bit is set.

DS39632C-page 14
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PIC18F2455/2550/4455/4550

TABLE 1-2: PiC18F2455/2550 PINOUT I/0 DESCRIPTIONS (CONTINUED)

Pin
Number
PIn Name TPIn E.Irul‘fer Description
PDIP, ype ype
soic
PORTC is a bidirectional I/O port.
RCO/T10S0/T13CKI 11
RCO /O ST Digital /0.
T10S0 9] — Timer1 oscillator output,
T13CKI | ST Timer1/Timer3 external ¢clock input.
RC1/T10SI/CCP2/UOE 12
RC1 11O ST Digital /0.
T10S! 1 CMOS Timer1 oscillator input.
ccpa@ 1) ST Capture 2 input/Compare 2 output/PWM 2 output.
UOE — —_ External USB transceiver OE output,
RC2/CCP1 13
RC2 l{®] ST Digital 10.
CCP1 YO ST Capture 1 input/Compare 1 output/PWM 1 output.
RC4/D-VM 15
RC4 | TTL Digital input.
D- O — USB differential minus line (input’output).
VM | TTL Extarnal USB transceiver VM input.
RC5/D+VP 16
RC5 | TTL Digital input.
O+ fje] —_ USB differantial plus line (input/output).
VP o TTL External USB transceiver VP inpul.
RC&/TX/CK 17
RC6 fle} ST Digital /0.
™ 0] — EUSART asynchronous transmit.
CK I{®] ST EUSART synchronous clock (see RX/DT).
RC7/RX/DT/SDO 18
RC7 110 ST Digital I/O.
RX | ST EUSART asynchronous receive.
DT 110 ST EUSART synchronous data (see TX/CK).
SbO o — SPIl data out.
RE3 — —_— — | See MCLR/VPP/RE3 pin.
Vuse 14 9] — Internal USB 3.3V voltage regulator.
Vss 8,19 P — [ Ground reference for fogic and IO pins.
Voo 20 P - Positive supply for logic and I/O pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.
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PIC18F2455/2550/4455/4550

2.0 OSCILLATOR
CONFIGURATIONS

2.1 Overview

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a different oscillator and microcontroller
clock system than previous PIC18F devices. The addi-
lion of the USB module, with its unique requirements
for a stable clock source, make it necessary to provide
a separate clock source that is compliant with both
USB low-speed and full-speed specifications.

To accommodate these requirements, PIC18F2455/
2550/4456/4550 devices include a new clock branch to
pravide a 48 MHz clock for full-speed USB operation.
Since it is driven from the primary clock source, an
additional system of prescalers and postscalers has
been added to accommodate a wide range of oscillator
frequencies. An overview of the oscillator structure is
shown in Figure 2-1,

Other oscillator features used in PIC18 enhanced
microcontrollers, such as the internal oscillator block
and clock switching, remain the same. They are
discussed later in this chapter.

2.11 OSCILLATOR CONTROL

The operation of the oscillator in PIC18F2455/2550/
4455/4550 devices is controlled through two Configu-
ration registers and two control registers. Configuration
registers, CONFIGIL and CONFIG1H, select the
oscillator mode and USB prescaler/postscaler options.
As Configuration bits, these are set when the device is
programmed and left in that configuration until the
device is reprogrammed.

The QSCCON register (Register 2-2) selects the Active
Clock mode; it is primarily used in controlling clock
switching in power-managed modes. lts use is
discussed in Section 2.4.1 “Osclllator Control
Register”.

The OSCTUNE register {Register 2-1) is used to trim
the INTRC frequency source, as well as select the
low-frequency clock source that drives several special
features. lts use is described in Section 2.2.5.2
“OSCTUNE Register”.

2.2 Oscillator Types

PIC18F2455/2550/4455/4550 devices can be operated
in twelve distinct oscillator modes. In contrast with pre-
vious PIC18 enhanced microcontrollers, four of these
modes involve the use of two oscillator types at once.
Users can program the FOSC3:FOSCO Configuration
bits to select one of thesa modes:

1. XT Crystal/Resonator
2. XTPLL Crystal/Resonator with PLL enabled
3. HS High-Speed Crystal/Resonaltor
4, HSPLL High-Speed Crystal/Resonator

with PLL enabted
5. EC External Clock with FOSC/4 output
6. ECIO External Clock with I/O on RAG

7. ECPLL External Clock with PLL enabled
and Fosc/4 output on RAG

8. ECPIO External Clock with PLL enabled,
I/O on RAG

9. [INTHS Internal Oscillator used as
microcontroller clock source, HS
Oscillator used as USB clock source

10. INTXT Internal Oscillator used as
microcontroller clock source, XT
Osciliator used as USB clock source

11. INTIO Internal Oscillator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
digital /O on RAG6

12. INTCKO Internal Oscillator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
Fosc/4 output on RAG

221 OSCILLATOR MODES AND
USB OPERATION

Becausas of the unique requirements of the USB modute,
a different approach to clock operation is necessary. In
previous PICmicro® devices, all core and peripheral
clocks were driven by a single oscillator source; the
usual sources were primary, secondary or the intemal
oscillator. With PIC18F2455/2550/4455/4550 devices,
the primary oscillator becomes part of the USB module
and cannot be associated to any other clock source.
Thus, the USB module must be clocked from the primary
clock source; however, the microcontroller core and
other peripherals can be separately clocked from the
secondary or internal oscillators as betore.

Because of the timing requirements imposed by USB,
an internal clock of either 8 MHz or 48 MHz is required
while the USB module is enabled. Fortunately, the
microcontrofler and other peripherals are not required
to run at this cliock speed when using the primary
oscillator. There are numerous options to achieve the
USB module clock requirement and still provide flexibil-
ity for clocking the rest of the device from the primary
oscillator source. These are detailed in Section 2.3
“Oscillator Settings for USB”.

© 2006 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

FIGURE 2-1:

PIC18F2455/2550/4455/4550 CLOCK DIAGRAM

PIC18F2455/2550/4455/4550

! |
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! +10 |
! o L USBDIV i
------------ : % =101 | (4 MHz input Only) :
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: o el 1 TN e i |
‘ ' ! o w011 1
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. . z
I +2 lso1 FSEN |
! I
+ 1
, 009 |
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E E +2 00 |
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' T1OSCEN |
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------------- OSCCON<6:4> Internal Osciliator /
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4 MHz_|
Internal 5 110 Clock
QOscillator = 2 MHZ.; 101 Control
Block a T
8 MHz z —-———-——1—5‘1&%100 x I
- =} . .
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PIC18F2455/2550/4455/4550

2.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In HS, HSPLL, XT and XTPLL Oscillator modes, a
crystal or ceramic resonator is connected to the OSCA
and OSC2 pins to establish oscillation. Figure 2-2
shows the pin connections.

The oscillator design requires the use of a paralle! cut
crystal.

Note: {Use of a series cut crystal may give a fre-
iquency out of the crystal manufacturer's

Ispecifications. ;
FIGURE 2-2: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, HS OR HSPLL
CONFIGURATION)
c1 osct [ |I:
I l To
- Intemal
[CXTAL ] Logic
ey Sleep
ca2M osc2 PIC18FXXXX
Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and C2.
2: A series resistor {Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillatlor mode chosen. I

TABLE 2-1: CAPACITOR SELECTION FOR

CERAMIC RESONATORS
Typical Capacitor Values Used:

Mode Freq 0scC1 0sc2
XT 4.0 MHz a3 pF 33 pF
HS 8.0 MHz 27 pF 27 pF

16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values are not optimized.

Ditferent capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VoD and temperature range tor the application.

See the notes following Table 2-2 for additicnal
infermation.

Resonators Used:

4.0 MHz

8.0 MHz

16.0 MHz

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
! Typical Capacitor Values
. Ose Type C;!::::' Tested:
c1 c2
XT 4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Ditferent capacitor values may be required to produce
‘ acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

Ses the notes following this table for additional
information.

Crystals Used:
4 MHz

8 MHz
[ 20 MHz

Note 1: Highercapacitahéé increases the stabiiity
of oscillator but also increases the
start-up time.

‘2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may bé required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VoD and temperature range that is
expected for the application.

An internal postscaler allows users to select a clock
frequency other than that of the crystal or resonator.
Frequency division is determined by the CPUDIV
Configuration bits. Users may select a clock frequency
of the osciliator frequency, or 1/2, 1/3 or 1/4 of the
frequency.

An external clock may also be used when the micro-

controller is in HS Oscillator mode. In this case, the
QSC2/CLKO pin is left open (Figure 2-3),

® 2006 Microchip Technelogy Inc.
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FIGURE 2-3: EXTERNAL CLOCK INPUT
OPERATION (HS OSC

CONFIGURATION)

Clock from ~>0—> 0O8&C1
Ext. System PIC18FXXXX

{HS Mode)

Open +—— OSC2

223 EXTERNAL CLOCK iNPUT

The EC, ECIO, ECPLL and ECPIO Oscillator modes
require an external clock source to be connected to the
OSCH1 pin. There is no oscillator start-up time required
after a Power-on Reset or after an exit from Sleep
mode.

In the EC and ECPLL Oscillator modes, the oscillator
frequency divided by 4 is available on the OSC2 pin.
This signal may be used for test purposes or to
synchronize other logic. Figure 2-4 shows the pin
connections for the EC Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK
INPUT OPERATION
{EC AND ECPLL
CONFIGURATION)

Clock from ~>o—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 -«—— OSC2/CLKO

The ECIQ and ECPIO Oscillator modes function like the
EC and ECPLL modes, except that the OSC2 pin
becomas an additional general purpose VO pin. The /O
pin becomes bit 6 of PORTA (RAG). Figure 2-5 shows
the pin connections for the ECIO Oscillator mode.

EXTERNAL CLOCK
INPUT OPERATICN
{(ECIO AND ECPIO
CONFIGURATION)

FIGURE 2-5:

Clock from

Ext. System E

RAG -a—p

OSC1/CLKI
PIC18FXXXX
10 (OS8C2)

The internal postscaler for reducing clock frequency in
XT and HS modes is also available in EC and ECIO

modes.

2.2.4 PLL FREQUENCY MULTIPLIER

PIC18F2455/2550/4255/4550 devices include a Phase
Locked Loop (PLL) circuit. This is provided specifically
for USB applications with lower speed oscillators and
can also be used as a microcontroller clock source.

The PLL is enabled in HSPLL, XTPLL, ECPLL and
ECPIO Oscillator modes. It is designed to produce a
fixed 96 MHz reference clock from a fixed 4 MHz input.
The output can then be divided and used for both the
USB and the microcontroller core clock. Because the
PLL has a fixed frequency input and output, there are
eight prescaling options to match the oscillator input
frequency to the PLL.

There is also a separate postscaler option for deriving
the microcontrolfler clock from the PLL. This allows the
USB peripheral and microcontroller to use the same
oscillator input and still operate at different clock
speeds. In contrast to the postscaler for XT, HS and EC
modes, the available options are 1/2, 1/3, 1/4 and 1/6
of the PLL output.

The HSPLL, ECPLL and ECPIQ modes make use of
the HS mode oscillator for frequencies up to 48 MHz.
The prescaler divides the oscillator input by up to 12 to
produce the 4 MHz drive for the PLL. The XTPLL mode
can only use an input frequency of 4 MHz which drives
the PLL directly.

PLL BLOCK DIAGRAM
(HS MODE)

HS/EC/ECIO/XT Oscillator Enable
PLL Enable:D*“
(from CONFIG1H Register}

FIGURE 2-6:

0sC2 Phase
T & Oscillator{ Fiy  Comparator

Closgy | and
Prescaler
Loop
Filter
Yy
veco SYSCLK
>
>
=

DS39632C-page 26

Preliminary

© 2006 Microchip Technology Inc.




PIC18F2455/2550/4455/4550

225 INTERNAL OSCILLATOR BLOCK

The PIC18F2455/2550/4455/4550 devices include an
internal oscillator block which generates two different
clock signals; either can be used as the microcontroller's
clack source. If the USB peripheral is not used, the
internal oscillator may eliminate the need for extemal
oscillator circuits on the OSC1 and/or OSC2 pins.

The main output {INTOSC) is an 8 MHz clock source
which can be used to directly drive the device clock. It
also drives the INTOSC postscaler which can provide a
range ol clock frequencies from 31 kHz to 4 MHz. The
INTOSC output is enabled when a clock frequency
from 125 kHz to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC) which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source; it is also enabled automatically when any of the
tollowing are enabled:

+ Power-up Timer

» Fail-Safe Clock Monitor
» Walchdog Timer

* Two-Speed Start-up

These features are discussed in greater detail in
Sectlon 25.0 “Special Features of the CPU".

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 32).

2251 Internal Oscillator Modes

When the internal oscillator is used as the micro-
controller clock source, one of the other oscillator
modes (External Clock or External Crystal/Resonator)
must be used as the USB clock source. The choice of
the USB clock source is determined by the particular
internal osciltator mode.

There are four distinct modes available:

1. INTHS mode: The USB clock is provided by the
oscillator in HS mode.

2. INTXT mede: The USB clock is provided by the
oscillator in XT mode.

3. INTCKQO mode: The USB clock is provided by an
external clock input on OSC1/CLKI; the OSC2/
CLKO pin outputs FOsc/4.

4. INTIO mode: The USB clock is provided by an
external clock input on OSC1/CLKI; the OSC2/
CLKO pin functions as a digital /O (RAB).

Of these four modas, only INTIO mode frees up an

additional pin (OSC2/CLKO/RAS) for port I/O use.

2.2.52 OSCTUNE Register

The internal oscillator’s output has been calibrated at
the factory but can be adjusted in the user's applica-
tion. This is done by writing to the OSCTUNE register
(Register 2-1). The tuning sensitivity is constant
throughout the tuning range.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new
frequency. The INTRC clock will reach the new
frequency within 8 clock cycles (approximately,
832 us =256 us). The INTOSC clock will stabilize
within 1 ms, Code execution continues during this shift,
There is no indication that the shift has occurred.

The OSCTUNE register also contains the INTSRC bit.
The INTSRC bit allows users to select which internal
oscillator provides the clock source when the 31 kHz
frequency option is selected. This is covered in greater
detail in Section 2.4.1 “Oscillator Control Register”.

2253 Internal Oscillator Output Frequency
and Drift

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.
However, this frequency may drift as VDD or tempera-
ture changes, which can affect the controller operation
in a variety of ways.

The low-frequency INTRC oscillator operates indepen-
dently of the INTOSC source. Any changes in INTOSC

across voltage and temperature are not necessarily
reflected by changes in INTRC and vice versa.

@ 2006 Microchip Technology Inc.
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10.0 1I/O PORTS

Depending on the device selected and features
enabled, there are up to five ports available. Some pins
of the /O pors are multiplexed with an afternate
function from the peripheral features on the device. In
general, whan a peripheral is enabled, that pin may not
be used as a general purpose IO pin.

Each port has three registers for its operation. These

reqisters are:

= TRIS register (data direction register)

* PORT register (reads the levels on the pins of the
device)

* LAT register (output latch)

The Data Latch register {LATA) is useful for read-

modify-write operations on the value driven by the IO
pins.

A simplified model of a generic /O pon, without the
interfaces to other peripherals, is shown in Figure 10-1.

FIGURE 10-1: GENERIC I/O PORT
OPERATION
RD LAT
Data
Bus D Q
WR LAT 10 pint"
or PORT CK
Data Latch
— D 0
WRTRIS K\
TRIS Latch Input
[j Buffer
RD TRIS ]
/] Q D |
EN
RD PORT i {>° _]
Note 1:  I/O pins have diode protection to Voo and Vss.

10.1 PORTA, TRISA and LATA Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISAbit (= 1) will make the corresponding PORTA pin
an input {i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins; writing to it will write to the port latch.

The Data Latch register (LATA) is also memory
mapped. Read-modify-write operations on the LATA
register read and write the latched output value for
PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The RAG pin
is muiltiplexed with the main oscillator pin; it is enabled
as an oscillator or I/Q pin by the selection of the main
oscillator in  Configuration Register 1H (see
Section 25.1 “Configuration Bits™ for details). When
not used as a port pin, RA6 and its associated TRIS
and LAT bits are read as '0'.

RA4 is also multiplexed with the USB module; it serves
as a receiver input from an external UUSB transceiver.
For details on configuration of the USB module, see
Section 17.2 “USB Status and Control”.

Several PORTA pins are multiplexed with analog inputs,
the analog VREF+ and VREF- inputs and the comparator
voltage reference output. The operation of pins RAS
and RA3:RAO as A/D converter inputs is selected by
clearing/setting the control bits in the ADCON1 register
(A/D Control Register 1).

Note: On a Power-on Reset, RAS and RA3:RAO
i are configured as analog inputs and read
as '0'. RA4 is configured as a digital input.

All other PORTA pins have TTL input levels and full
CMOS output drivers,

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1:  INITIALIZING PORTA

CLRF FORTA Initialize FORTA by
clearing output
data latches
Alternate method

to clear output
data latches
Contigure A/D

CLRF LATA

MOVLW OFh

MOVWF ADCON1 ; for digital inputs
MOVLW 07h ; Configure comparators
MOVWF  CMCON ; for digital input

MOVLW 0CFh ; Value used to

; initialize data
direction

MOVWF TRISA ; Set RR<3:0» as inputs

; RA=<5:4> as outputs

@ 2006 Micrechip Technology inc.
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TABLE 10-1: PORTA /O SUMMARY
Pin Funetion S-::‘l::g /o IO Type Description
RAQ/ANQ RAQ 0 ouTt DIG LATA<Q> data output; not affected by analog input.
1 IN TTL PORTA <0> data input; disabled when analog input enabled.
ANO 1 IN ANA A/D input channel 0 and Comparator C1- input. Default configuration
on POR; does not affect digital output.
RA1/AN1 RA1 0 ouT DIG LATA<1> data output; not affected by analog input.
1 IN TTL PORTA<1> data input; reads ‘0’ on POR.
AN1 1 IN ANA A/D input channel t and Comparator C2- input, Default configuration
on POR; does not affact digital output.
RAZ/ANZ/ RAZ2 0 ouT DiG LATA<2> data output; not affected by analog input. Disabled when
VREF-/CVREF CVAEF output enabled.
1 IN TTL PORTA<2> data input. Disabled when analog functions enabled;
disabled when CVREF output enabled.
AN2 1 IN ANA | A/D input channel 2 and Comparator C2+ input. Default configuration
on PCR; not aflected by analog output,
VREF- IN ANA A/D and comparator vollage reference low input.
CVREF x ouT ANA | Comparator voltage reference output. Enabling this feature disables
digital 1/O.
RA3/AN3/ RA3 0 ouT DIG LATA<3> data output; not affected by analog input.
VREF+ 1 IN TTL | PORTA<3> data input; disabled when analog input enabled.
AN3 1 IN ANA | A/Dinput channel 3 and Comparator C1+ input. Default configuration
on POR.
VREF+ 1 IN ANA A/D é;é'gomparalor voltage reference high input.
RA4/TOCKI/ RA4 e ouT DIG LATA<4> data output; not atfected by analog input.
C10UT/ACY 1 IN 8T PORTA<4> data input; disabled when analog input enabled.
TOCKI 1 IN ST Timer0 clock input.
C10uUT [ ouT DIG Comparator 1 output; takes priority over port data.
RCV x IN TTL External USE transceiver RCV input.
RAS/AN4/SS/ RAS 0 ouT DIG LATA<5> data output; not atiected by analog input.
HLVDIN/C20UT 1 IN TTL | PORTA<5> data input; disabled when analog input enabled.
AN4 1 IN ANA AD input channel 4. Default cenfiguration on POR.
53 1 IN TTL |Slave select input for SSP (MSSP module).
HLVDIN 1 IN ANA High/Low-Voltage Detect external trip point input.
cz20uUT 0 ouT DIG Comparator 2 cutput; takes priority over port data.
0OSC/CLKO! QsCcz2 = ouT ANA Main oscil.lalor feedback output connection {all XT and HS modes).
RAS CLKO x ouT DIG System c_ycie clock output (Fosc/4); available in EC, ECPLL and
INTCKO modes.
RAG 0 ouT DIG LATA<6> data output. Available only in ECIO, ECPIO and iNTIO
modes; ctherwise, reads as ‘0",
1 IN TTL PORTA<6> data input. Available only in ECIO, ECPIO and INTIO
modes; otherwise, reads as '¢’.

Legend: QUT = Qutput, IN = Input, ANA = Analog Signal, DIG = Digital Qutput, ST = Schmitt Bufer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option)
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TABLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Reset
Name Bit7 Bit6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Values
on page
PORTA — Rrast RA5 RA4 RA3 RA2 RA1 RAO 54
LATA — | LATAB(M | LATAS | LATA4 | LATA3 | LATA2 | LATA1 LATAO 54
TRISA — TRISAS! | TRISAS | TRISA4 | TRISA3 | TRISAZ | TRISA1 | TRISAO 54
ADCON1 it — % VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 52
CMCON C20UT | c1ouT#| cainv | Clinv cIs CcM2 CMA1 CMO 53
CVRCON CVREN | CVYROE | CVRR | CVRSS | CVR3 | CVR2 CVR1 CVRO 53
UCON — | PPBRST{| SE0 | PKTDIS | USBEN |RESUME|SUSPND| — | 55
lLegend: - =unimplemented, read as ‘0’. Shaded cells are not used by PORTA.

Note 1: RAS6 and its associated latch and data directicn bits are enabled as I/O pins based on oscillator
configuration; otherwise, they are read as ‘0’

® 2006 Microchip Technolagy Inc. Preliminary DS39632C-page 113




PIC18F2455/2550/4455/4550

10.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-hit wide, bidiractional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input {i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0})
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
pertormed by clearing bit, RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The puli-ups are
disabled on a Power-on Reset.

Note: ©On a Power-on :Reset, RB4:RBO are
configured as analog inputs by default and
readras ‘0% RB7:RB5 are cénfigured as

i ¢

digital inputs,

By q;i)ﬂrc;gramming.Ethe Configuration bit,
PBADEN {CONFIG3H<1>), RB4:RBO will |
alternatively be configured as digital inputs
on POR.

Four of the PORTB pins {RB7:RB4) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur. Any BRB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison. The pins are compared with
the old value latched on the last read of PORTB. The
“mismatch” outputs of RB7:RB4 are ORed together to
generate the RB Port Change Interrupt with Flag bit,
RBIF (INTCON<0>).

The interrupt-on-change can be used to wake the
device from Sleep. The user, in the Interrupt Service
Routine, can clear the interrupt in the following mannet:

a) Any read or write of PORTB (except with the
MOVFF (ANY), PORTE instruction). This will
end the mismatch condition.

h) Clear flag bit, RBIF.
A mismatch condition will continue to set flag bit, RBIF.

Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

Pins, RB2 and RB3, are multiplexed with the USB
peripheral and serve as the differential signal outputs
for an external USB transceiver (TRIS configuration).
Refer to Section 17.2.2.2 “External Transceiver” for
additional information on configuring the USB medule
for operation with an external transceiver.

RB4 is multiplexed with CSSPP, the chip select
function for the Streaming Parallel Port (SPP) — TRIS
setting. Details of its operation are discussed in
Section 18.0 “Streaming Parallel Port”.

EXAMPLE 10-2:  INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing oukput
; data latches
. CLRF LATB : Alternate methed
; to clear output
; data latches
; Set RB<4:0> as
: digital I/0 pins
{required if config bit
PRADEN is set)
value used to
; initialize data
; direction
MOVWF  TRISB ; Set RB<3:0> as inputs
; RBe<5:4> as outputs
‘__.__\ ; RBe7:6> aB inputs

MOVLW CEh
MOVWF  ADCON1

MOVLW 0CFh
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TABLE 10-3: PORTB /0 SUMMARY
Pin Funection Sz?t::g [I{e] /O Type Description
RBO/AN12/ RBO c ouT DIG LATB<0> data output; not affected by analog input.
gg?ég‘:o’ 1 IN TTL | PORTB<0> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled "
AN12 1 iN ANA | A/D input channel 12.4)
INTO 1 IN sT External interrupt 0 input.
FLTO 1 IN ST Enhanz;d PWM Fault input (ECCP1 module); enabled in software.
SDI 1 IN ST SPI data input {MSSP module).
SDA 1 ouT DIG 12C™ data output (MSSP module); takes priority over port data.
1 iN 12C/SMB | 12C data input {MSSP module); input type depends on module setting.
RB1/AN10/ RB1 0 ouT DIG LATB<1> data output; not affected by analeg input.
'SNJC’SCK/ 1 IN TTL | PORTB<1> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.(}
AN10 1 IN ANA | A/D input channet 19.{1)
INTH 1 IN ST External interrupt 1 input.
SCK 0 ouT DIG 5P| clock output (MSSP module); takes pricrity over port data.
1 IN ST SP1 c_Iock input (MSSP module).
SCL 0 ouT DIG 12C clock output (MSSP module); takes priority over port data.
1 IN | 2C/SMB | BC clock input (MSSP module); input type depends on module setting.
RE2/ANS/ RB2 0 ouT DIG LATB<2> data oulput; not affected by analog input.
INT2/VMO 1 IN TTL | PORTB<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled (!
ANS 1 IN ANA A/D input channel 8.
INT2 1 IN ST ‘E:t:ar"nai interrupt 2 input.
VMO 0 ouT DIG Ex‘tnernal USB transceiver VMO data output.
RB3/ANS/ RB3 o ouT DIG LATB<3> data output; not affected by analog input.
CCP2VPO 1 IN TTL |PORTB<3> data input; weak putl-up when RBPU bit is cleared.
Disabled when analog input enabled ("}
ANG 1 IN ANA | AD input channel 9.
ccp2id 0 ouT DIG |CCP2 Compare and PWM output.
1 IN ST CCP2 Capture input.
VPO 0 ouT DIG Exte;ﬁu USS transceiver VPO data output.
RB4/AN11/ RB4 0 ouT DIG LATE<4> data oulput; not affected by analog input.
KBIO/CSSPP 1 IN TTL PORTB<4> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.t!)
AN 1 IN ANA | A/D input channel 1180
KBIO 1 IN TTL Interrupt-on-pin change.
cssppé) 0 ouT DIG | SPP chip select control output.
RB5/KBI/ RBS 0 ouT DIG LATB<5> data output.
PGM 1 IN TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBt i IN TTL Interr-d;)“t-on-pin change.
PGM x IN ST Single-Supply Programming mode entry (ICSP™). Enabled by LVP
Configuration bit; all other pin functions disabled.

Legend: OQUT = Qutput, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
12C/SMB = I2C/SMBus input buffer, TTL = TTL Buffer Input, x = Don't care {TRIS bit does not affect port direction or is
overridden for this option)
MNote 1: Configuration on PCR is determined by PBADEN Configuration bit. Pins are configured as analog inputs when
PBADEN is set and digital inputs when PBADEN is cleared.
2:  Alternate pin assignment for CCP2 when CCP2MX = 0. Default assignment is RC1.

o

4: 40/44-pin devices only.

All other pin functions are disabled when ICSP™ or ICD operation is enabled.

© 2006 Microchip Technology Inc.
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TABLE 10-3: PORTB I/O SUMMARY (CONTINUED)
Pin Function S::::ﬁg o YO Type Description
RB6&/KBI2/ RB6 ouT DIG LATB<6> data output.
PGC 1 IN TTL PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBi2 1 IN TTL Interrupt-on-pin change.
PGC x IN ST Serial execution (ICSP™} clock input for ICSP and ICD operation.t®
RB7/KBI3/ RB7 0 ouT DiG LATB<7> dag output.
PGD 1 IN TTL | PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBIi3 1 IN TTL Interrupt-on-pin change.
PGD X ouT DIG | Serial exesution data output for ICSP and ICD operation.®®
x iN ST Serial exeéution data input for ICSP and ICD operalion.(a)
Legend: QUT = Qutput, IN = nput, ANA = Analag Signal, DIG = Digital Qutput, ST = Schmitt Buffer input,

2C/SMB = 12C/SMBus input butfer, TTL = TTL Butfer Input, x = Don’t care {TRIS bit does not affect port direction or is
overridden for this option)

Note 1:

PBADEN is set and digital inputs when PBADEN is cleared.
2: Alternate pin assignment for CCP2 when CCP2MX = 0. Default assignment is RC1.

@

4:  40/44-pin devices only.

All other pin functions are disabled when ICSP™ or ICD operation is enabled.

Configuration on POR is determined by PBEADEN Cenfiguration bit. Pins are contigured as analog inputs when

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Reset

Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bt 1 Bito | Values

on page
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 54
LATB LATB7 | LATB6 | LATB5 | LATB4 | LATB3 | LATB2 | LATB1 | LATBO 54
TRISB TRISB7 | TRISB6 | TRISBS | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 54
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF 51
INTCONZ | RBPU | INTEDGO |INTEDG1|INTEDG2| — |TMROIP | — | RBIP 51
INTCON3 INT2P | INTIIP | i — | INT2IE | INTHIE — | INT2IF | INTHIF 51
ADGONY | § — | #— | VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 52
SPPCON | § — = |y - — | = | = sPPOWN| SPPEN | 55
SPPCFG | CLKCFG1 | CLKGFGO | CSEN | CLK1EN | WS3 WS2 WS1 WS0 55
UCON ¥ — | PPBRST | SEO | PKTDIS | USBEN |RESUME|SUSPND| — 55
Legend: — = unimplemented, read as '0’. Shaded cells are not used by PORTB.
Note 1: These registers are unimplemented on 28-pin devices.
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has
10 inputs for the 2B-pin devices and 13 for the
40/44-pin devices. This module allows conversion of an
analog input signal 1o a corresponding 10-bit digital
number.

The module has five registers:

= A/D Result High Register (ADRESH)
« A/D Result Low Register (ADRESL)
+ A/D Control Register 0 ({ADCONO)

* A/D Control Register 1 (ADCON1)

+ A/D Control Register 2 (ADCONZ2)

REGISTER 21-1:

The ADCONO register, shown in Register21-1,
controls the operation of the A/D meodule. The
ADCON1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.

ADCONO: A/D CONTROL REGISTER 0

u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ~ — | cHss CHS2 CHS1 CHSO GO/DONE | ADON
bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘¢
-n = Value at POR “1'=Bitis set ' = Bit is cleared x = Bit is unknown

bit 7-6
bit 5-2

Unimplemented: Read as ‘0’
CHS3:CHSO: Analog Channel Select bits
0000 = Channel 0 (ANO)
0001 = Channsl 1 (AN1})
0010 = Channel 2 {AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4}
0101 = Channel 5 (AN5){12)
6110 = Channe! 6 (AN6)(12)
0111 = Channel 7 (AN7){"2)
1000 = Channel 8 (ANB)
1001 = Channel 8 (AN9)
1010 = Channel 10 (AN10)
1011 = Channsi 11 (AN11}
1100 = Channel 12 (AN12}
1101 = Unimplemented‘®
1110 = Unimplemented®
1111 = Unimplemented®

bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1:

1 = A/D conversion in progress
o =A/D idle
bit 0 ADON: A/D On bit
1 = A/D converter module is enabled
0 = A/D converter module is disabled

Note 1: These channels are not implemented on 28-pin devices.
2: Perorming a conversion on unimplemented channels will return a floating input measurement.

® 2006 Micrechip Technology Inc.
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1

U0 U-0 RAW-0 R/W-0 Rw-0t) Rw(1) Rw() Rw()
— || — ] vcreo | vcFGo | PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0'
-n = Value at PCR ‘1" = Bitis set ‘0" = Bitis cleared % = Bitis unknown
bit 7-6 Unimplemented: Read as ‘0’
hit 5 VCFGO: Voltage Reference Configuration bit (VREF- source)
1 = VREF- (AN2)
0=Vss
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)
1 = VREF+ (AN3)
0 = VDD
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:
PCFG3:| = = = o w | % | B % < o | |- o
PCFGO | 2 2 = =z = =z Z = =z =z Z | 2|2
< o < < L4 < - < < < < 3 <
oopoi®) A A A A A A A A A A A A A
0001l A A A A A A A A A A A A A
0010 A A A A A A A A A A A Al A
co1l1 D A A A A A A A A A A A A
0100 D D A A A A A A A A A Al A
0101 D D D A A A A A A A A A A
0110 D D D D A A A A A A A A A
o111M| D D D D D A A A A A A A A
1000 Dl o | Do |D|D|D|]A|A]|A[A]|A[A]|]A
1001 D D D D D D D A A A A A | A
1010 D D D D D D D D A A A A A
1011 D D D D D D D D D A A A A
1100 D D D D D D D D D D A A A
1101 D D D D D D D D D D D A A
1110 D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D
A = Analog input D = Digital VO

Note 1: The POR value of the PCFG bits depends on the value of the PBADEN Configuration bit. When
PBADEN = 1, PCFG<3:0> = ¢c000; when PBADEN = 0, PCFG<3:0> = C0111.

2: ANS through AN7 are available only on 40/44-pin devices.
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REGISTER 21-3: ADCON2: A/D CONTROL REGISTER 2

R/W-0

u-o R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

ADFM

— | aAc@r2 | AcQTi | ACQTO ADCS2 ADCS1 ADCS0

bit 7

bit O

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set '0’ = Bitis cleared x = Bit is unknown

bit 7

bit &
bit 5-3

bit 2-0

Note 1:

ADFM: A/D Result Format Select bit
1 = Right justified

0 = Left justified

Unimplemented: Read as ‘¢’

ACQT2:ACQTO: A/D Acquisition Time Select bits
111 = 20 TaD

110 =16 TaD

101 =12 TaD

100 = 8 TaD

011 =6 TAD

010=4Tap

001 =2 TaD

000 = 0 Tant®

ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FR¢ (clock derived from A/D RC oscillator)(!
110 = FOsC/64

101 = FOsC/16

100 =Fosc/4

011 = FRC (clock derived from A/D RC oscittator)(!
010 = Fosc/32

001 = Fosc/s

000 = Fosc/2

If the A/D FRC clock source is selected, a delay of one Toy (instruction cycle) is added before the A/D

clock starts. This allows the SLEEP instruction to be executed before starting a conversion,

©® 2006 Microchip Technology Inc.
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The analog reference voltage is software selectable to
gither the device's positive and negative supply voltage
(vob and Vss) or the vollage fevel on the
RA3/AN3/VREF+ and RA2/AN2/VREF-/CVREF pins,

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

FIGURE 21-1: A/D BLOCK DIAGRAM

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input or as a digital /0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit {ADCONQO register) is
cleared and A/D Interrupt Flag bit, ADIF, is set. The
block diagram of the A/D module is shown in
Figure 21-1.

VAIN

CHS3:CHS0
..... {0 I TR

' 1100 ‘!
: \—g AN12

Converter
A/D

10-Bit (Input Voltage)

VCFG1:.VCFGO

F———
VREF+ . L %1

| Reference ! o0

| Voltage | VAEE- ' O

o o

Note 1: Channels ANS through AN7 are not available on 28-pin devices.
2: /O pins have diode protection to VDD and VSS.
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset. The ADRESH:ADRESL
registars will contain unknown data after a Power-on
Reset.

After the A/D module has been configured as desired,
the selected channet must be acquired before the con-
version is started. The analog input channals must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed 1o

5, Wait for A/D conversion to complete, by either:
+ Polling for the GO/DONE bit to be cleared

OR

+ Waiting for the A/D interrupt

6. Read A/D Result registers {ADRESH:ADRESL);
clear bit ADIF, if required.

7. For next conversion, go to step 1 or step 2, as
required. The A/D conversion time per bit is
defined as TaD. A minimum wait of 3 TaD is
required before the next acquisition starts.

oceur between setting the GO/DONE bit and the actual FIGURE 21-2: A/D TRANSFER FUNCTION
start of the conversion.
The following steps should be followed to perform an aFFh
A/D conversion:
1. Configure the A/D module: 8FEh
« Configure anatog pins, voltage reference and 2
digital /O (ADCON1}) a
+ Select A/D input channel {ADCONQ) 3
« Select A/D acquisition time (ADCON2) £ 0o3h .
+ Select A/D conversion clock (ADCON2) g“ A : I
« Turn on A/D module (ADCOND) oozn S
2. Configure A/D interrupt (if desired): 001k ' X ;
» Clear ADIF bit : X : : :
» Set ADIE bit 000h / f ' : :
. St GIE bi EEEEE EER:
3. Wait the required acquisition time (if required). i B dq 83
4. Start conversion: N TeT e
« Set GO/DONE bit (ADCONO register) Analog Input Vollage
FIGURE 21-3: ANALOG INPUT MODEL
Voo Sampling
e e e e w e VT = 0.6V . _S_w_itt_:h_ .
: Rs ¢+ ANX mcsik ¢SS Rss !
' @ . Gew J— v ILEAKAGE 1 CHoLD = 25 pF
' ! 5 pF T T:= 0.6V

£100 nA T
L

Legend: CPIN = Input Capacitance

VT = Threshold Voltage &V

ILEAKAGE = Leakage Current at the pin due to VoD 23 \
various junctions av

Ric = Interconnect Aesistance 2v

] = Sarnpling Switch

CHoLD = Sample/hold Capacitance (from DAC) 1 2 3 4

RAss = Sampling Switch Resistance Sampling Switch {k£2)

© 2006 Microchip Technology Inc.

Preliminary

DS39632C-page 263

-



	1  Title Page
	นิภาวรรณ0000001A.tif
	นิภาวรรณ0000002A.tif
	นิภาวรรณ0000003A.tif

	2  bstracts
	นิภาวรรณ0000004A.tif
	นิภาวรรณ0000005A.tif
	นิภาวรรณ0000006A.tif

	3  Contents
	นิภาวรรณ0000007A.tif
	นิภาวรรณ0000008A.tif

	4  Lists of Illustrative
	นิภาวรรณ0000009A.tif
	นิภาวรรณ0000010A.tif

	5.1  Chapter 1
	นิภาวรรณ0000011A.tif
	นิภาวรรณ0000012A.tif
	นิภาวรรณ0000013A.tif

	5.2  Chapter 2
	นิภาวรรณ0000014A.tif
	นิภาวรรณ0000015A.tif
	นิภาวรรณ0000016A.tif
	นิภาวรรณ0000017A.tif
	นิภาวรรณ0000018A.tif
	นิภาวรรณ0000019A.tif
	นิภาวรรณ0000020A.tif
	นิภาวรรณ0000021A.tif
	นิภาวรรณ0000022A.tif
	นิภาวรรณ0000023A.tif
	นิภาวรรณ0000024A.tif
	นิภาวรรณ0000025A.tif
	นิภาวรรณ0000026A.tif
	นิภาวรรณ0000027A.tif
	นิภาวรรณ0000028A.tif
	นิภาวรรณ0000029A.tif
	นิภาวรรณ0000030A.tif
	นิภาวรรณ0000031A.tif
	นิภาวรรณ0000032A.tif

	5.3  Chapter 3
	นิภาวรรณ0000033A.tif
	นิภาวรรณ0000034A.tif
	นิภาวรรณ0000035A.tif
	นิภาวรรณ0000036A.tif
	นิภาวรรณ0000037A.tif

	5.4  Chapter 4
	นิภาวรรณ0000038A.tif
	นิภาวรรณ0000039A.tif
	นิภาวรรณ0000040A.tif
	นิภาวรรณ0000041A.tif
	นิภาวรรณ0000042A.tif
	นิภาวรรณ0000043A.tif
	นิภาวรรณ0000044A.tif
	นิภาวรรณ0000045A.tif

	5.5  Chapter 5
	นิภาวรรณ0000046A.tif
	นิภาวรรณ0000047A.tif

	6  Bibliography
	นิภาวรรณ0000048A.tif

	7  Appendix
	นิภาวรรณ0000049A.tif
	นิภาวรรณ0000050A.tif
	นิภาวรรณ0000051A.tif
	นิภาวรรณ0000052A.tif
	นิภาวรรณ0000053A.tif
	นิภาวรรณ0000054A.tif
	นิภาวรรณ0000055A.tif
	นิภาวรรณ0000056A.tif
	นิภาวรรณ0000057A.tif
	นิภาวรรณ0000058A.tif
	นิภาวรรณ0000059A.tif
	นิภาวรรณ0000060A.tif
	นิภาวรรณ0000061A.tif
	นิภาวรรณ0000062A.tif
	นิภาวรรณ0000063A.tif
	นิภาวรรณ0000064A.tif
	นิภาวรรณ0000065A.tif
	นิภาวรรณ0000066A.tif
	นิภาวรรณ0000067A.tif
	นิภาวรรณ0000068A.tif
	นิภาวรรณ0000069A.tif
	นิภาวรรณ0000070A.tif
	นิภาวรรณ0000071A.tif
	นิภาวรรณ0000072A.tif
	นิภาวรรณ0000073A.tif
	นิภาวรรณ0000074A.tif
	นิภาวรรณ0000075A.tif
	นิภาวรรณ0000076A.tif
	นิภาวรรณ0000077A.tif
	นิภาวรรณ0000078A.tif
	นิภาวรรณ0000079A.tif
	นิภาวรรณ0000080A.tif
	นิภาวรรณ0000081A.tif




