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ABSTRACT

This project studies the invention of the frequency measurement of the
suitar by converting the signal of guitar through the circuit. This circuit design can be
applied with guitar frequency ranges and processed by microcontroller. The
processing frequency starts from microcontroller, then the motor rotation will
control the guitar knob step by step. To use an automatic guitar tuner as a standard

frequency.
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2.1 Microcontroller (PIC16F88)

2.1.1 ATMUNAYYDY Microcontroller

{Jugunsafled (C: Integrated Circuit) fiannsaviranlddudouannioiy
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1x 1,024 x 14 = 18,336 Bits AufiAe 14,336/(8 x 1,024) = 1.75 kBytes tiuid3)



2.1.2 Ta59d5199849 Microcontroller PIC16F88
2.1.2.1 M33MI19971789 Microcontroller PIC16F88
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(0CK! <e-[]3 16[] <«— RA7/OSC1/CLKI
RASMCLRVPP —=[]4 @ 15[]—= RAB/OSC2/CLKO
L
Vss —=[]5 e 14[] =— VDD
O RB7/ANG/PGD/
1) —
RBO/INT/CCP1Y =6 F 13[] =+ ri5g
RB6/ANS/PGC/
RB1/SDI/SDA ==[]7 o T 10
RB2/ISDO/RX/IDT -<=[]8 11[] == RB5/SS/TX/CK
RB3/PGMICCP1!) <=[]9 10[] == RB4/SCK/SCL

sU# 2.1 msdannev1vas Microcontroller PIC16F88

2.2 L293D (Quadruple Half-H Drivers)

2.2.1 dnwazialuvas L293D
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2.3 LF347 (Wide Bandwidth Quad JFET Input Operational Amplifier)
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¢ olal ar

aelu a /o mmm”[ﬁuuumﬂ6wuam'swmEJEN

uaﬂmnuumammwaaﬂuauﬂ'ﬂ JFET Lﬂuauwmmm‘luaaﬂuauduauwmauwumwaamn
aaUuauUm‘annma Jaamsod LF347 1nl9ainaeasveisuseiv 2995050981

ﬂ’.)']llﬂ WaEITUTEUMIBULTIAY

out4 Na~

In iz

v

[

> NI ouT 3

o

ouT1 N1 mt

4

vt

b N2~ ouT2

~

Ui 2.3 msdnnaunves LF347



2.4 MAX1044
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V15 Vour =-(V+)
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I 10uF
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2.4.2 N159AIVIVDI MAX1044
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BOOST | 1 8| Vs
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2.5 LM7805
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Fi 43.7 F2 87.3 F3 174 6 F4 343.2 F5 6985 F§ 133969 F? 27938

F#l 46.2 F#2 925 Fi3 1850 Fig 3700 F#5 7400 Fi6 1480.0 F&#7 2360.0
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G#l 51.9 G#2 1038 G#3 2077 G#d 4153 GHS 83086 GH#6 1661.2 G#7 33224
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2.8 MdenwnddmiuTusunsy

Z8.1 If

ﬁwﬁ"qﬁ‘lﬂumsmmaauL‘gaulﬂumm%‘ Adsniilsnoy ﬁﬂu%’ﬁ’uﬁﬁa If
(wdadh “m”) uuﬂaﬁ'}'-a-"l*u If Lwams'maa‘uwa‘uamﬁLUmULWEJU'J'ILUu “9N” 30 “U
01 10uas vglivinesladely uasdiduie axlivirozlsdely sUuvunisd@eou If (ns
Wisuiieu) (yafad Statement ;)

2.8.2 While

S eeAds While Hudnhduuuniislunisng Aol Hlunsdinld
G}‘i’}'ﬂﬁE)UNE)Ul‘U’J’]LUUiINﬂﬁ]“’WHI’] ummLqﬁulmﬂumammamaanmmsm‘m Fadoului
ﬁmaaauumw~'l-ﬁ'lunsmmmmuiammuawﬁu sl a=1 fis a=10 uishifdausey
wiuou wWuvheluvaisiidiuds Answer = 'y dnwnziAueEImilivaIid While Ap 9y
asasuitaulvieuinusiwidowis fdlunisnsvasundausn ddoulvnsrvasuiiuiia
fazliiluvinluiusevvesnisvidnasild wiluviueudeatu drdnsisasudouluiy



vienaon Aezvhdilubidugaild Fefifoulusunsueriosssinse i sxdoadonlusunsily
flemasenynmsuseuring ildsuuuunisidiou While {yafds Statement ;)

2.8.3 Break

Lfluﬂ'ﬁa"ae?'m%’wqﬂﬁﬂéfqﬁ’vuaq’lvgtﬂﬁaangu‘lﬁiwznm‘]"lﬂq

2.8.4 Timer

140u Timer/Counter vu1n 8-bit (00-FFh) 33atmas Timerd aansadougy
lagidanis (Prescaler) TN 8-bit Avannsaidendnsidiundu 2, 4, 8, 16, 32, 64, 128,
256 WardLiuA (Postscaler) andwiu Watchdog annsaidansnsidrudiy 1,2,4,8,
16, 32, 64, 128Imsmm-mman‘lmw‘lﬂamﬂmammuemmsnLaammmé’cgrywmmﬁm
1nmelu vieneuantiue RAG/TOCK! i Interrupt Wlonsfudsuan Frh Uiy
00h (Overflow) wifeldundsdygranniinainareuen annsadenldinaniviivevniy
V3017189

wannisl¥au Timerd  (Hudasaian (Timer) Fyyruuniniils axldann
dygranniinainaisly lnssslimwivindu F= fosc/d mafisifuues Timerd vsifsiy
ArudTavesdygrauniniainniely niniin1siisudoya TMRO AroWlanidy
set_timer0(); 93111 Timer0 ngaly 2 Cycle uarhignnsasmlglutied

2.8.5 If-else

A IF lugdauuusnazideiraninilunsdidouladueduanduie Ty

lidndnssnaransuniuaiasiiodaslunisnsieaeudonle figunuudnds Ao
if WUMAT 1uae else Adsi 2

2.8.6 Char

NSAMUARILAY %amumum -128 64 127 u.m"luﬂaummasmLa'umvnmmum
fERIDNYS %a'lummaunqwmmaq’lww 30 D4 127 Tmummamﬁtsun'mwa ASCIl 34

Ugue1 Char mmumanvi

2.8.7 Int
MSMMUARILUTTEIRNATRIUR -256 F1 256
2.8.8 Int16

MIfvuAMWUIvaIRIaTRILs -32768 B 32787
2.8.9 Byte

mMsivuaiLUsYeIREURaLs 0 &1 255

2.8.10 Delay

ol

Adldmirnamlngliadne Loop Wingasenan t (addunil) uay t doutiy
YayaniafuUsuuy Integer



2.8.11 gotoxy()
14idou Cursor Tudaswmisrnquuaanmguuuy gotoxy (ABEINua1)

ABANY 1-80 UA2 1-25 1y gotoxy (20-12)

2.9 LCD

ueadd u3e Liquid Crystal Display Wugunsaliiléuansmaiiumirevssszuy
lulasaoulnsalaesiiognarvvilameuaninauvuneadfiilassadradunonwming
(LCD Dot Matrix) Lfluaunsdﬁnﬁﬁﬁwﬁqﬁﬁaumm’li{ﬂaea'muﬁ'wuammaﬁﬁuwé’wmﬁi"l
e AUTEUUTRBINTINE I INLUALAES uanmnumtﬂuaﬂmmmmannmmmLaam
mmmsnuammanu‘mavwmwimwmuuuu N5y ibiueadausiazaenaiinuzusm
vioRdnusananiuesdadldrasiiaududey lulagUudaiinsadaduveinuoadi
duiagy (LCD Module) wiaymindenisldau Taelaseadrsnmluusyneugieveuuuioa
Fhevsiudyg i wazdhnuay ueadinininlduesaueadiuansuadnumeiag sevinld
Imanwmuuﬂ1é’amuauua~wawaua'lunuuaam

2.9.1 Yszianvas LCD

1) Seven Segment LCD wiauaadfuuuiay 7 @aumiovais dauudiud
AHARIZAMUATDUEATALLY Seven segment dwgnldnustrunsuany fasolisadld
nsuansi sz agkanzugimuald dmiursesiliduueadioviursessumie ic
FmanesEna ICLXXXXX

2) Dot Matrix LCD dinislévuiusdauninaeimswannsaimunguuuy
nsuaninalaunzdosnasiudy Microcontroller %auaa%ﬁﬂszmwﬁwgnwnuaa"N
uwsvia1y w3y Dot Matrix LED. 38 LCD Microcontroller agnieluda daethagu LCD
8x2, LCD 16x2 1iludiu

3) Graphic LCD Lf}uuaa%ﬁﬁmmsnuamﬁm'rwuasﬁ”:é'nvs“lﬁimﬂﬁél'ﬁ'ﬂsﬁaq
Jeulusunsuimunguuuvuishesiesneuiivsinisisulvsunsudmiuidensefuuea
Fidaazsiosvimisainasdmiudousotuneadinoy

2.9.2 Tassa$raialuuas LCD

WHBUAAINALUY LCD Module inumaluluviesnanarillassadnaiiazainde
M3l Tnednyszneuhly wanadegu 2.7 v1wes LCD Module Ussnaudae

1) U1 Voo D1iiezsiofuumasiglin +5 laad

2) 91 Vg 1iaesiafiunsmdvaaunasdngly

3) 1 Ve mﬁtﬂumﬁmuqummaiﬂwaau.aa%'ﬁ
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4) ¥ R Lﬂum‘l-ﬁmuanmaLmaimu'lwmumuau Waanililawmedey 2
Us.,mvma saamai-uaua (Data Register) war3iamaidds (Command Register) 17110
'muu.luaaan 0 umammwaansﬂamawaga onduasdn “17 wurwarwdnden

Fameirds
5) v AW undyagrauiliideningg e douteyalyiy LD dudu

asnin “0” wneaMuhewteya uiduduasdn “1” mmammi’u%uuﬂaga

* -
1 14 15 16

UM 2.7 Tassasaialuues LCD Module

= a
2.10 WS94AaUNILADS

Lr-ﬁ'amauﬁama§ﬁuai‘!uﬁaa""ur'fm'[un'ﬁﬁwuﬂt}sun‘muulu‘[ﬂmauimataas
ﬂmuuﬂanmmasﬁl'ﬁ‘lumiwmmwsunsu"lniﬂ'iﬂauiwsamaswuau‘lﬁuau 2 Yszinnia
ABNTLARTAIUMIUATABNTINABSHAWY FUATBIROUTIADS AT wltlumsinsmuasly
lunugesivuaiseiiivatesiumsianTusunsuuslulasaeulnsawos iy Tusunsu
Text Editor, Wsunsuasulmaes, lulaseoulnsaiaey, Tsunsumunuueda, Tusunsy
31809N13¥19 892995 (Hudiy

= o - '3
7UN 2.8 insosnauiiunes
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2.11 vainlusunsu Microcontroller

vesalusunsululasaeulnsaiaaie vasaiiviwmindiilug HeX fldsnnis
paulwlusunsulusunsudlua misearudlusunsuvesinlulasnoulnsaasslagld
wawmwumsamaummasﬁ]umﬂwﬂuni zuunslusunsuvauasalusunsudsendy
MsdINsiIuYeveinInaouinnesldvatt LUy 1y mﬂUmnmmuwasmaunm
ms‘iﬂmnmmuwaimmu warnIslusuAsutnuNesn USB musﬂuuumﬂﬂmmuuu
'uuaanuanw vosveialusunsuduquanvinfuuds 'luf]wuunmswsunsu
luTﬂSﬂau‘iwsaLaa's'lusﬂuuuw‘lmuflucﬂamam%ﬂaanmmwsmu wioMi3undn ISP
(In-System Programming) Fadv81urvmruazaanlunrswauaTusunsuuy

lulasreulnsaiaasintuatai

:‘illirl'l 2.9 vedalusunsy Microcontroller 40 97

2.12 TUslauasa
1unwsa'm'uua'mmwLamnsauna’Tﬂatam"'lm"lu'lu‘[ﬂmauTmaLaawaamn

V]‘V‘HﬂWSBQIU‘ELLH‘ill'l!WIlJiLLﬂ‘ithJT.ﬂ'iﬂ’e}uTVl‘mLaDﬁlLﬂ’J Adudusrdeaiinisdensns
lulasneulnsaiansiugunsainieuan WonaaouiTusunsumdouiuriali
‘[;JTmﬂauTwsaLaasanmmmmu‘lmusa‘lwa'iﬂﬂmua'smmsUw 2.10 9zBIWIBANUALAIN
Idmiusunousl (msay a'lmsn'l*'zjmUlwaﬂﬂsmatanwﬁaunaﬂﬂqqua ¥
1u‘[mmau'lmaLaawa‘smnutf}uwvﬂﬁiﬂﬂuﬁamﬁ’amsumnsmuaunummmwswumu
25N (PCB) virlwuAleaaes waslusunsalddromsiy Fhinilailusunsuideuiuuay
299597 ilsdFumniidoans ma'tmﬁqn-uumsmmumnmaauamﬂaumaﬂnsmmwuﬂ
Anasuuusiue TR AT UM Tigeans



12

U 2,10 Wslavasdn

2.13 qﬂnssﬁﬁxﬁnmaﬁnéﬁuq

aﬂnimaquu famuny, anUU'i:m LCD; LED, awlw s'sumaﬂnsmﬁ'hj
'lumswanmamaq maUnsmUszmwum’lm'\umrwrsauau-uuaqnumsaanuuumau’lmw
Tudusneg

Uil 2.11 qunsaididnnseiindaun

2.14 Wsunsu91aaen19%91u PROTEUS

Wsunsu Proteus tﬂuIU'sunsuﬁﬁmmmmimnnﬁn'[ﬂsunswﬁﬂumuﬁw
didnnseiind msrwauisoseauuulesininle wmummmsnmaaqmimmuuav
PONUUUAINIY99s i ATmannsaillandy Proteus Tuvsnanléiniulusunsud
aunsadiaemginisy (simulator) maiiuresesilililasmevinsaaefivadmald
nmnglaghidewsznavnasliidonanfiefguiilusunsuii@outuildonliuiel]

Autuirvedlusunsy  Proteus u3® Proteus VSN (Virtual System
Modelling) Lf]uTUiLtnmwwwuwuiﬂausﬁwuaﬂwumasmaﬂwmuﬂamnm (Labcenter
Electronics Ltd.) 'ml‘i.,mﬂmnqw Wsunsu Proteus ¥auiudn Labcenter Electronics
Proteus  Hamelulusunsussdsvneudhedidsenoundn 2 dawde ISiS uay ARES
Wsunsu Proteus svflaguarsneiduliidanldau Favreitulullagiu e nedtu 78
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ANUAINTAlUN1YINIUYBIlUSUNTY Proteus  ARDAINITASIABINITHIIIUYDII9S
5t5nmaﬁna"lﬁ’fwaw‘sﬂuuu Liduduwvveurdenuaruuuidnea visvuuusuiden
uar@dneananiu uenanil Proteus FrannsnBoNLUUAILIRTRINLEENEY mmﬂwaq
TUsunsu Proteus Miuifisuuazfurouiiie nssiasansiauvensessdnnseting i
lilulasmoulnsamesinszgasiag Lidnendu PIC, MCS-51, AVR wax ARM Jugy vils
ﬁ’mﬁsuTUsunsuvﬁa‘wiunmmas’mmmmaaaau'lc-'w"hm'sunﬁu n3agealAn (Source
Code) Tdsutuniy annsoaduayuiviseseriawaifidediassléiviol dlusunsy 7
L-uau'uu'luauuauun'u'Jmsvmamaadﬂmnsmuainavmmswouuﬂ'diunﬁ‘u doudulmi
w3pUiuUTIsBiauastu Proteus  sunitlusunsuitifouiunasenfauasisesans
aunsoatuayudaiuwariu ilinisadalassnusine qanunsaUssndanauasiilddns
Wuednaun msrzlusdansifoulusunsuiuiiussde wersvssaitonaas uyily
Lﬁ'anamazd'}'liﬁiwmn'lumtﬁ'msms'mLn'fuashj'mniu?;t%uu’z’lvu‘l:iaﬁ'uaqu%‘qﬁ’uuazﬁ’u

Tsunsu PIC C Compiler w3a maslmians CCS ¢ muldwanyiuasindoailo
Waun 1913 {u POWH Fatlugeniuasdindunenindlusunsunivadildiy
llaspaulnsawmainivga PIC iedsnugunsalgunsaididnnsatind enfiviu ietosdng
vusus souansua (Jusiu wdnlagud¥n Custom Computer Service

3Ui 2.12 WamedaegnsTusunsu PIC C Compiler

2.14.1 WugwitsndulumstiTusunsu proteus

TUsunsu Proteus nJuT'dsu.n'iuwauuumwsatanmauna Feannsadouls
Wa Schematic Dlagram way Printed Circuit Board maummmmmaaqmivrmwaq
2957tRenuuUld deuflarlddnmnnisldruiady mmmmmsanmaafﬁﬂumsasuw
nunau oy LMB: Left Mouse Button, RMS: Right Mouse Button
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#int_TIMER1
void TIMER1_ ist{void)

{
cnt_value+= 65536;

3UT 3.20 riwua Timer 1 lalda

Wanuee Timer 1 @asotuAIlAGe 65536 uiinnas Overflow va3lUsunsy
waviiansiulmivedusunsudanunsoldtiuanudle

sel_timer1(0);

setup_timer_1(t1_external | T1_DIV_BY_1);

delay _ms{1000); # in protues, should be 1000/3
sec=sec+1;

setup_timer_1(T1_DISABLED);
freq2=get_timer1();
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if (freg2>51cafreq2<82.40) {
output high (PIN A0} :
output_low (FIN_Al):
delay ms (50} ;
output low {EIN RO} :

if (freq2>82.408sfreq2<82.40)4
output high (PIN_A3):
delay ms (50} ;
output low (PIN A3j;

l

if (freq2>82..4085freg2<120j){
output high(PIN Al}:
output low (PIN Q) :

delay ms(50):
cutput_low (PIN Al):

)
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#tinclude <16f88.h>

#use delay(clock=20M)

#include "flex_lcd.c"

#fuses hs,nowdt,nocpd,noprotect

unsigned int32 cnt_value;
int sec,num=0;

//float freq2;

float value,freq2;

#int_ TIMER1
void TIMER1 isr(void)

{
cnt_value+= 65536;

}
void C()

{
set_timer1(0);

setup_timer_1(t1_external | T1_DIV_BY 1);
delay_ms(1000);
sec=sec+l,

setup_timer_1(T1_DISABLED);
freq2=get_timer1();

void main(void)

{
led  init();



while(true)

{

cO;
lcd_gotoxy(1,2);
printflled_putc,” %f " freq2);

ifinput(PIN_B5){num++;} //select string

if(num==0){led gotoxy(1,1); printfilcd_putc,” string 6 ");

}

if(freq2>518&freq2<82)f
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2);
}
if(freq2>=8288freq2<=83) //correct
output_high(PIN_A2);
output_low(PIN_A1);
output_low(PIN_AQ);
}
if(freq2>838&freq2<120){
output_high(PIN_A1);
output_low(PIN_AD);
output_low(PIN_A2);
}

iftnum==1){lcd_gotoxy(1,1); printfllcd_putc," string 5 );

iflfreq2>828&freq2<109){
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_AQ);

}

//string6

//string5



iflfreq2>1098&freq2<111){ //correct
output_high(PIN_A2);
output_low(PIN_A1);
output_low(PIN_AQ);
}
if(freq2>111&&freq2<140)
output_high(PIN_A1);
output_low(PIN_AQ);
output_low(PIN_A2);
}

}

ifinum==2){lcd_gotoxy(1,1); printfllcd_putc,” string 4 "), //stringd
if(freq2>1128&freq2<=145)
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2);
}

iflfreq2>1458&freq2<147){ //correct

output_high(PIN_A2),
output_low(PIN_Al),
output_low(PIN- AQ)
}
iflfreq2>=1478&freq2<190)
output_high(PIN_A1);
output_low(PIN_AD)
output_low(PIN_A2);
}

}

iflnum==3){lcd_gotoxy(1,1); printf(lcd_putc," string 3 *); //string3
ifltfreq2>1508&freq2<196){
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2);
}



iflfreq2>1958&freq2<197){ //correct
output_high(PIN_A2);
output_low(PIN_A1);
output_low(PIN_A0);
}
ifltfreq2>=1978&freq2<240){
output_high(PIN_A1);
output_low(PIN_AQ);
output_low(PIN_A2);
}

}

ifinum==a){lcd_gotoxy(1,1); printf(lcd_putc,” string 2 *);  //string2
iflfreq2>200&&freq2<246)
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2);
}
if(freq2>=2468&freq2<=247) //correct
output_high(PIN_A2);
output_low(PIN_ A1),
output_low(PIN- AQ);
}
if(freq2>=2488&freq2<320)
output_high(PIN_A1);
output_low(PIN_A0);
output_low(PIN_A2);
}

}

iftnum==5){lcd_gotoxy(1,1); printfilcd_putc,” string 1 *); //stringl
if(freq2>2508&freq2<328)(
output_high(PIN_A0);
output_low(PIN_A1);
output_low(PIN_A2),
}
iflfreq2>=3288&freq2<=329) //correct
output_high(PIN_A2);



output_low(PIN_A1);
output_low(PIN_A0);

}
ifltfreq2>329&&freq2<400)
output_high(PIN_A1);
output_low(PIN_AQ);
output_low(PIN_A2);

}

}

if(num==6)}{num=0;}
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip preducts in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

] Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable "

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempls to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. Itis your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and
its use. Use of Microchip's products as critical components in
life support systems is not authorized except with express
written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any Microchip intellectual property
rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—I1S0/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
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registered trademarks of Microchip Technology Incorporated
inthe U.S.A. and other countries.
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PICMASTER, SEEVAL, SmartSensor and The Embedded
Control Solutions Company are registered trademarks of
Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM,
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR,
FanSense, FlexROM, fuzzyLAB, In-Circuit Serial
Programming, ICSP, ICEPIC, MPASM, MPLIB, MPLINK,
MPSIM, PICKit, PICDEM, PICDEM.net, PICLAB, PICtail,
PowerCal, Powerinfo, PowerMate, PowerTool, rfLAB,
fPICDEM, Select Mode, Smart Serial, SmartTel and Total
Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
inthe U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2005, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.
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Microchip received ISO/TS-16949:2002 quality system certification for
its worldwide headquarters, design and wafer fabrication facilities in
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PIC16F87/88

18/20/28-Pin Enhanced Flash MCUs with nanoWatt Technology

Low-Power Features:

+ Power-Managed modes:
- Primary Run: RC oscillator, 76 pA, 1 MHz, 2V

- RC_RUN: 7 pA, 31.25 kHz, 2V
- SEC_RUN: 9 nA, 32 kHz, 2V

- Sleep: 0.1 pA, 2V
* Timer1 Oscillator: 1.8 pA, 32 kHz, 2V
* Watchdog Timer: 2.2 uA, 2V
+ Two-Speed Oscillator Start-up

Oscillators:

+ Three Crystal modes
- LP, XT, HS: up to 20 MHz
« Two External RC modes
+ One External Clock mode:
- ECIO: up to 20 MHz
* Internal oscillator block:

- 8 user selectable frequencies: 31 kHz,
125 kHz, 250 kHz, 500 kHz, 1 MHz, 2 MHz,
4 MHz, 8 MHz

Peripheral Features:

+ Capture, Compare, PWM (CCP) module:
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

+ 10-bit, 7-channel Analog-to-Digital Converter
* Synchronous Serial Port (SSP) with SPI™

(Master/Slave) and I2C™ (Slave)

+ Addressable Universal Synchronous
Asynchronous Receiver Transmitter
(AUSART/SCI) with 9-bit address deltection:
- RS-232 operation using internal oscillator

(no external crystal required)

+ Dual Analog Comparator module:

- Programmable on-chip voltage reference

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Pin Diagram

18-Pin PDIP, SOIC

RAz.'AnzfcmE:f vy 1817 == RAT/ANT
RA3IAN3€:V1R§UI{' wulz 17[] == RAO/ANO
RM!AN‘%ET%S%{ -=[13 16[] =— RA7/OSC1/CLKI
RASIMCLRVPP ——[]4 8 15[] — RABIOSCZCLKO
Vss —[]5 § 14[] =— Voo
RBOANTICCP1 == []6 ‘S.—f 13(] == $ ?é’é}”sfpsw
RB1/SDISDA == []7 e ?FS’S"&?’I’&?’
RBZSDORXDT == (] 8 1[] =+ RBS/SSTX/CK

RBIPGM/ICCPIM == (]9 10[] == RB4/SCK/SCL

The CCP1 pin is determined by the CCPMX bit in
Configuration Word 1 register.

Note 1:

Special Microcontroller Features:

100,000 erase/write cycles Enhanced Flash
program memory typical

1,000,000 typical erase/write cycles EEPROM
data memory typical

EEPROM Data Retention: > 40 years
In-Circuit Serial Programming™ (ICSP™)

via two pins

Processor read/write access to program memory
Low-Voltage Programming

In-Circuit Debugging via two pins

Extended Watchdog Timer (WDT):

- Programmable period from 1 ms to 268s
Wide operating voltage range: 2.0V to 5.5V

Program Memory Data Memory
- s Vo 10-bit ccp Timers
Pevice | Flash | #Single-Word | SRAM [EEPROM| pins |A/D (ch | (Pwh) | AUSART | Comparators | ssp | /i8S
(bytes) | Instructions | (bytes) | (bytes) >
PIC16F87 | 7168 4096 368 256 16 N/A 1 ¥ 2 Y 211
PIC16F88 | 7168 4096 368 256 16 1 Y s T 21

© 2005 Microchip Technology Inc.

DS30487C-page 1
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7.0 TIMER1 MODULE

The Timer1 module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 interrupt, if enabled,
is generated on overflow which is latched in interrupt
flag bit, TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit, TMR1IE (PIE1<0>).

The Timer1 oscillator can be used as a secondary clock
source in low-power modes. When the T1IRUN bit is set
along with SCS<1:0> = 01, the Timer1 oscillator is pro-
viding the system clock. If the Fail-Safe Clock Monitor is
enabled and the Timer1 oscillator fails while providing
the system clock, polling the TIRUN bit will indicate
whether the clock is being provided by the Timer1
oscillator or another source.

Timer1 can also be used to provide Real-Time Clock

(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

71 Timer1 Operation

Timer1 can operate in one of three modes:

+ as a Timer
+ as a Synchronous Counter
* as an Asynchronous Counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, Timer1 increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timer1 can be enabled/disabled by setting/clearing
control bit, TMR1ON (T1CON<0>),

Timer1 also has an internal “Reset input”. This Reset
can be generated by the CCP1 module as the special
event trigger (see Section 9.1 “Capture Mode”).
Register 7-1 shows the Timer1 Control register.

When the Timer1 oscillator is enabled (T1OSCEN is
set), the RB6/PGC/T10SOITICKI and RB7/PGD/
T10SI pins become inputs. That is, the TRISB<7:6>
value is ignored and these pins read as '0".

Additional information on timer modules is available in
the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

© 2005 Microchip Technology Inc.
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REGISTER 7-1:

bit 7
bit 6

bit 5-4

bit 3

bit 2

bit 1

bit O

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-0 RO RW-0 RW-O RWO RWO RWO RW-O
— | mirun [T1ckest [ Tickpso [T10sCEN | TTSYRC | TMR1CS | TMR1ON |
bit 7 bit 0

Unimplemented: Read as ‘0’

T1RUN: Timer1 System Clock Status bit

1 = System clock is derived from Timer1 oscillator

0 = System clock is derived from another source

T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 =1:8 Prescale value

10 =1:4 Prescale value

01 =1:2 Prescale value

00 =1:1 Prescale value

T10SCEN: Timer1 Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
T1SYNC: Timer1 External Clock Input Synchronization Control bit

IMRICS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMR1ICS = o:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
TMR1CS: Timer1 Clock Source Select bit

1 = External clock from pin RB6/ANS/PGC/T10SO/T1CKI (on the rising edge)
o0 = Internal clock (Fosc/4)

TMR1ON: Timer1 On bit

1 = Enables Timer1

0 = Stops Timer1

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

DS30487B-page 72

Preliminary © 2003 Microchip Technology Inc.



PIC16F87/88

7.2

Timer mode is selected by clearing the TMR1CS
(T1ICON<1>) bit. In this mode, the input clock to the

Timer1 Operation in Timer Mode

timer is Fosc/4. The synchronize control bit, TISYNC

(T1CON<2>), has no effect since the internal clock is
always in sync.

7.3

Timer1 may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS bit.

When Timer1 is being incremented via an external
source, increments occur on a rising edge. After Timer1
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment,

Timer1 Counter Operation

7.4  Timer1 Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RB7/PGDIT10SI when bit
T10SCEN is set, or on pin RB6/PGC/T10SO/T1CKI
when bit TIOSCEN is cleared.

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synch-
ronization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple counter.

In this configuration, during Sleep mode, Timer1 will not
increment even if the external clock is present since the
synchronization circuit is shut off. The prescaler,
however, will continue to increment.

FIGURE 7-1: TIMER1 INCREMENTIN§ EDGE
T1CKI
(Default High) ! 2 | I | | | l
T1CKI

(Default Low)

Note: Arrows indicate counter increments.

FIGURE 7-2: TIMER1 BLOCK DIAGRAM
Sel Flag bit
TMR1IF on
Overflow e Synchronized
TMR1 Clock Input
TMR1HJ TMRIL .
| A
TMR10ON
........ On/Off T1SYNC
g T10SC D
+ + o 1 -
Synchronize
‘ Prescaler
T10SO/T1CKI L TIOSCEN  Fosc/4 1.2.4,8 -
; gna?liet 0 Internal — o 4’ T
S PRTOTY L 2 Q Clock
TaSE S T1CKPS1:T1ICKPS0
TMR1CS
Note 1: When the T1OSCEN bit is cleared, the inverter is tumed off. This eliminates power drain.

© 2005 Microchip Technology Inc.
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7.6 Timer1 Operation in
Asynchronous Counter Mode

If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during Sleep and can
generate an interrupt-on-overflow that will wake-up the
processor. However, special precautions in software
are needed to read/write the timer (see Section 7.5.1
“Reading and Writing Timer1 in Asynchronous
Counter Mode”).

In Asynchronous Counter mode, Timer1 cannot be
used as a time base for capture or compare operations.

7.5.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. The
example codes provided in Example 7-1 and
Example 7-2 demonstrate how to write to and read
Timer1 while it is running in Asynchronous mode.

EXAMPLE 7-1: WRITING A 16-BIT FREE RUNNING TIMER
; All interrupts are disabled
CLRF TMR1L i 'Clear Low byte, Ensures no rollover into TMR1H
MOVLW HI_BYTE ; Value to load into TMR1H
MOVWF TMR1H, F ; Write High byte
MOVLW LO_B¥TE i Value to load into TMR1L
MOVWE TMR1H, F ; Write Low byte

: Re-enable the Interrupt (if required)
CONTINUE

¢ Continue with your code

EXAMPLE 7-2: READING A 16-BIT FREE RUNNING TIMER
i All interrupts are disabled
MOVF TMR1H, W ; Read high byte
MOVWF TMPH
MOVF TMR1L, W ; Read' low byte
MOVWF TMPL
MOVF TMR1H, W i Read high byte
SUBWF TMPH, W ; Sub 1st read with 2nd read
BTFSC STATUS, Z W Is@esult = 0
GOTO CONTINUE ; Good 16-bit read

i TMR1L may have rolled over between the read of the high and low bytes.
i Reading the high and low bytes now will read a good value.

(if required)

MOVF TMR1H, W ; Read high byte

MOVWF TMPH

MOVF TMR1L, W ; Read low byte

MOVWF TMPL ;i Re-enable the Interrupt
CONTINUE ; Continue with your code

DS30487C-page 74
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7.6 Timer1 Oscillator

A crystal oscillator circuit is built between pins T10SlI
(input) and T10S0 (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low-power oscillator, rated up to 32.768 kHz. It
will continue to run during all power-managed modes.
It is primarily intended for a 32 kHz crystal. The circuit
for a typical LP oscillator is shown in Figure 7-3.
Table 7-1 shows the capacitor selection for the Timer1
oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

Note: The Timer1 oscillator shares the T10SI

and T10SO pins with the PGD and PGC
pins uysed for programming and
debugging.
When using the Timer1 oscillator, In-Circuit
Serial Programming™ (ICSP™) may not
function correctly (high voltage or low
voltage). or the In-Circuit Debugger (ICD)
may not communicate with the controller.
As a result of using either ICSP or ICD, the
Timer1 crystal may be damaged.

If ICSP or ICD operations are required, the
crystal should be disconnected from the
circuit (disconnect either lead) or installed
after programming. The oscillator loading
capacitors may remain in-circuit during

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq c1 c2
LP 32 kHz 33 pF 33 pF

" Note 1: Microchip suggests this value as a starting.
' - _point. m validating the. osqil, tor ¢ gt

: Higher capacitance ind'ea!ms*the shbﬂﬂy

: .;',,,maraéten tics, ;-the" user shauld {
the resonator/crystal manufacturer for

appropriate  values of  external
components.
4: Capacitor values are for design guidance
~only.

ICSP or ICD operation.

FIGURE 7-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1 PIC16F87/88
33 pF

—ip—T—@—f T108I
( == XTAL

- 32.768 kHz

4

53— 0%
c2
33 pF

Note: See the Notes with Table 7-1 for additional
information about capacitor selection.

7.7 Timer1 Oscillator Layout
Considerations

The Timer1 oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 7-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor, a grounded guard ring around the oscillator circuit,
as shown in Figure 7-4, may be helpful when used on
a single-sided PCB or in addition to a ground plane.

OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

[ V&S

—1—O J osc1
+—4—) B osc2

FIGURE 7-4:

—1—O | RB7
+=——O) B RrBé

(O Res

@ 2005 Microchip Technology Inc.
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7.8 Resetting Timer1 Using a CCP
Trigger Output

If the CCP1 module is configured in Compare mode to
generate a “special event ftrigger” signal
(CCP1M3:CCP1MO0 = 1011), the signal will reset
Timer1 and start an A/D conversion (if the A/D module
is enabled).

Note:  The special event triggers from the CCP1
module will not set interrupt flag bit,

TMR1IF (PIR1<0>).
Timer1 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer1 is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timer1 coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPR1L
register pair effectively becomes the period register for
Timer1.

7.9 Resetting Timer1 Register Pair
(TMR1H, TMR1L),

TMR1H and TMR 1L registers are not resel to 00h on a
POR, or any other Reset, except by the CCP1 special
event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.

7.10 Timer1 Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

7.11 Using Timer1 as a Real-Time
Clock

Adding an external LP oscillator to Timer1 (such as the
one described in Section 7.6 “Timer1 Oscillator”)
gives users the option to include RTC functionality to
their applications. This is accomplished with an inex-
pensive watch crystal to provide an accurate time base
and several lines of application code to calculate the
time. When operating in Sleep mode and using a
battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 7-3, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1
register pair to overflow friggers the interrupt and calls
the routine, which increments the seconds counter by
one; additional counters for minutes and hours are
incremented as the previous counter overflows.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to pre-
load it; the simplest method is to set the MSb of TMR1H
with a BSF instruction. Note that the TMR1L register is
never preloaded or altered; doing so may introduce
cumulative error over many cycles.

For this method to be accurate, Timer1 must operate in
Asynchronous mode and the Timer1 overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCinit. The Timer1 oscillator must also be
enabled and running at all times.

DS30487C-page 76

@ 2005 Microchip Technology Inc.



PIC16F87/88

EXAMPLE 7-3: IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE
RTCinit BANKSEL TMR1H
MOVLW 0x80 i Preload TMR1 register pair
MOVWF TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b'00001111" ; Configure for external clock,
MOVWF T1CON ; Asynchronous operation, external oscillator
CLRF secs Initialize timekeeping registers
CLRF mins
MOVLW .12
MOVWF hours
BANKSEL PIE1
BSF PIEl, TMR1lIE Enable Timerl interrupt
RETURN
RTCisr BANKSEL TMR1H
BSF TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF seclk, F Increment seconds
MOVF gecs, w
SUBLW .60
BTFSS STATUS, 2 60 seconds elapsed?
RETURN ; No, done
CLRF seconds ; Clear seconds
INCF ming, f Increment minutes
MOVF ming, w
SUBLW .60
BTFSS STATUS, Z ; 60 seconds elapsed?
RETURN ; No, done
CLRF mins ; Clear minutes
INCF hours, £ Increment hours
MOVF hours, w
SUBLW .24
BTFSS STATUS, Z 24 hours elapsed?
RETURN i No, done
CLRF hours i Clear hours
RETURN ; Done
TABLE 7-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Riaton o Value on
Address | Name | Bit7 | Bit6 Bit5 Bit3 Bit2 Bit 1 Bit0 all other
POR, BOR
Resets
0Bh, 8Bh, |INTCON| GIE | PEIE [ TMROIE | INTOIE | 'R TMROIF | /10 ¥ “ {0000 000x[0000 000U
108h, 188h o ik e b T S N
och PIR1 — |ADIE™}. RCIF | ssPIF | cCPAIF| TMR2IF] TMR1IF |-000 0000(-000 0000
8Ch PIE1 — |aDiE™|_RCIE | TX "SSPIE | CCPME | IMR2IE| TMR1IE [-000 0000[-000 0000
QEh TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX |uuuu uuuu
OFh TMR1H [Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [Uuuu uuuu
10n TICON | — [T1RUN[T1CKPS1[T1CKPS0|T10SCEN|TTSYNC | TMR1CS|TMR1ON]-000 0000 -uuu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are nol used by the Timer1 module.
Note 1: This bitis only implemented on the PIC16F88. The bit will read ‘0’ on the PIC16F87.
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LF147, LF347-N

SNOSBH1D -MAY 1999—REVISED MARCH 2013

LF147/LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers

Check for Samples: LF147, LF347-N

FEATURES

= Internally Trimmed Offset Voltage: 5 mV max

* Low Input Bias Current: 50 pA

* Low Input Noise Current: 0.01 pA/vHz

*  Wide Gain Bandwidth: 4 MHz
» High Slew Rate: 13 Vius

* Low Supply Current: 7.2 mA

* High Input Impedance: 10'?Q

* Low Total Harmonic Distortion: <0.02%

* Low 1/f Noise Corner: 50 Hz
* Fast Settling Time to 0.01%: 2 us

Simplified Schematic

Ys Quad

Vee O -

INTERNALLY
INTERMALLY TRIMME D
TRIMMED

-Vee O *

DESCRIPTION

The LF147 is a low cost, high speed quad JFET input
operational amplifier with an internally trimmed input
offset voltage ( BI-FET II™ technology). The device
requires a low supply current and yet maintains a
large gain bandwidth product and a fast slew rate. In
addition, well matched high voltage JFET input
devices provide very low input bias and offset
currents. The LF147 is pin compatible with the
standard LM148. This feature allows designers to
immediately upgrade the overall performance of
existing LF148 and LM124 designs.

The LF147 may be used in applications such as high
speed integrators, fast D/A converters, sample-and-
hold circuits and many other circuits requiring low
input offset voltage, low input bias current, high input
impedance, high slew rate and wide bandwidth. The
device has low noise and offset voltage drift.

Connection Diagram

our s wa (LT Yz w3 w3y ot

| " Iu 12 ] n " I " l-

7

1 lz E] 4 5 I . I 7
[T 8] N mat vt wz* Nz~ ouT2

LF147 available as per JM38510/11906,

Figure 1. 14-Pin PDIP / CDIP / SOIC
Top View
See Package Number JOO14A, D0014A or
NFF0014A

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

BI-FET Il is a trademark of dcl_owner.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does nol

necessarily include testing of all parameters

Copyright © 1999-2013, Texas Instruments Incorporated
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceplible to damage because very small parametric changes could cause the device not to meet its published specifications.,

Absolute Maximum Ratings ("'

1 LF147 LF347B/LF347
Supply Voltage 22V +18V
~l;ff—erssmial Input Voltage +38V 30V
‘lnput Voltage Range +19V +15V
Output Short Circuit Duration Continuous | Continuous
Power Dissipation () (® 900 mW 1000 mw
| Tymax , 150°C 150°C
B '[CDIP (J) Package 70°C/W
PDIP (NFF) Package 75°C/IW
SOIC Narrow (D) 100°C/wW
SOIC Wide (D) 85°C/wW ol
Operating Temperature Range See ™ See
| Storage Temperature Range —65°CsTas150°C
Lead Temperature (Soldering. 10 sec.) 260°C 260°C
Soldering Information PDIP / CDIP Soldering (10 seconds) 260°C
SOIC Package Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
| ESD Tolerance ® 900V

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits.

(2) If Military/Aerospace specified devices are required, please contact the TI Sales Office/Distributors for availability and specifications.

(3) Unless otherwise specified the absolute maximum negalive input voltage is equal to the negative power supply voitage.

(4) Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the

maximum junction temperature will be exceeded.

(5) For operating at elevated temperature, these devices must be derated based on a the
(6) Max. Power Dissipation is defined by the package characieristics. O

part to operate oulside ensured limits.

rmal resistance of 6.

perating the part near the Max. Power Dissipation may cause the

(7) The LF147 is available in the military temperature range ~55°C<T,s125°C, while the LF347B and the LF347 are available in the

commercial temperature range 0°CsT,<70°C. Junction lempera

(8) Human body model, 1.5 k() in series with 100 pF.

DC Electrical Characteristics ("2

ture can rise lo Ty max = 150°C.

‘ Symbol Parameter Conditions LF147 LF347B LF347 Units
Min| Typ | Max | Min | Typ | Max | Min | Typ | Max
Vos | Input Offset Voltage Rs=10 kQ, T4=25°C 4 h 6 37 5 5 [ 10 mv
: Over Temperature 8 7 13 mV
AVog/A | Average TC of Input Rs=10 k{2 10 10 10 uvrec
| & Offset Voltage
los Input Offset Current T=25°C, @ 25 | 100 25 | 100 25 | 100 | pA
Over Temperature 25 4 4 nA
Ig Input Bias Current T=25°C, @ @ 50 | 200 50 | 200 50 | 200 | pA
Al e Over Temperature 50 8 8 nA
[Rw | Input Resistance T=25°C 102 102 102 g -

(1) Refer to RETS147X for LF147D and LF147J military specifications.
(2) Unless otherwise specified the specifications apply over the full temperature range and for Vs=+20V for the LF147 and for Vs=+15V for

the LF347B/LF347. Vg, Ig, and lgg are measured at Veu=0.
(3) The input bias currents are junction leakage currents which a

pproximately double for every 10°C increase in the junction temperature,

T;. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the

junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj
thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to

=TA+

Pp where 64
be kept to a minimum.

is the

2 Submit Documentation Feedback

Product Folder Links: LF147 LF347-N

Copyright © 1999-2013, Texas Instruments Incorporated



L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRS008B - SEPTEMBER 1986 — REVISED JUNE 2002

Featuring Unitrode L293 and L293D
Products Now From Texas Instruments

Wide Supply-Voltage Range: 4.5V to 36 V
Separate Input-Logic Supply

Internal ESD Protection

Thermal Shutdown

High-Noise-Immunity Inputs

Functional Replacements for SGS L293 and
SGS L293D

Output Current 1 A Per Channel

(600 mA for L293D)

Peak Output Current 2 A Per Channel
(1.2 A for L293D)

Output Clamp Diodes for Inductive
Transient Suppression (L293D)

description

The L293 and L293D are quadruple high-current
half-H drivers. The L293 is designed to provide
bidirectional drive currents of up to 1 A at voltages
from 4.5 V to 36 V. The L293D is designed to
provide bidirectional drive currents of up to
600-mA at voltages from 4.5 V to 36 V. Both
devices are designed to drive inductive loads such
as relays, solenoids, dc and bipolar stepping
motors, as well as other high-current/high-voltage
loads in positive-supply applications.

N, NE PACKAGE
(TOP VIEW)
1,2EN [ 1 J 16]] Vec1
1A []2 15[] 4A
1Y |3 14] 4Y
HEAT SINK AND { E I % } HEAT SINK AND
GROUND 5 12 GROUND
2y []s 1] 3y
2A []7 10(] 3A
Veez U8 9 ] 3,4EN
DWP PACKAGE
(TOP VIEW)
126N} 1 Vees
1A} 2 4A
1v[]3 4y
NC[l4 NC
NC(] s NC
NC (] s NC
HEAT SINK AND { E . } HEAT SINK AND
GROUND g GROUND
NC E NC
NC [} NC
2y [ 3Y
2A[] 3A
Veea ] 3,4EN

All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington transistor
sink and a pseudo-Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and
drivers 3 and 4 enabled by 3 4EN. When an enable input is high, the associated drivers are enabled and their
outputs are active and in phase with their inputs. When the enable input is low, those drivers are disabled and
their outputs are off and in the high-impedance state. With the proper data inputs, each pair of drivers forms
a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression.

A V¢ terminal, separate from V¢ g, is provided for the logic inputs to minimize device power dissipation.

The L293and L293D are characterized for operation from 0°C to 70°C.

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

PRODUCTION DATA information is current as of publ
Products conform to specifications per the lerms of Texas Instruments

fication date.

testing of all parameters.

warranty. Production p ng does not ily include

{f’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright ® 2002, Texas Instruments Incorporated



L293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS00EB ~ SEPTEMBER 1986 — REVISED JUNE 2002

block diagram

Vcel
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T 16
2
i 15 wr
oJL 2 4
3 14

/Q
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48
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NOTE: Output diodes are internal in L2930D.

TEXAS INSTRUMENTS
AVAILABLE OPTIONS
PACKAGE
PLASTIC
T

A DIP

(NE)

L293NE
L293DNE

0°C to 70°C

||| Unitrode Products
===  from Texas Instruments

AVAILABLE OPTIONS
PACKAGED DEVICES

Ta

SMALL
QUTLINE
(DWP)

PLASTIC
DIP
(N)

0°C to 70°C

L293DWP
L293DDWP

L293N
L293DN

The DWP package is available taped and reeled. Add
the suffix TR to device type (e.g., L293DWPTR).

‘V TExas
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POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265



maxim
integrated..

MAX1044/ICL7660

Switched-Capacitor Voltage Converters

General Description

Ihe MAX1044 and ICL7660 are monolithic, CMOS
switched-capacitor voltage converters that invert, dou-
ble. divide, or multiply a positive input voltage. They are
pin compatible with the industry-standard ICL7660 and
LTC1044. Operation is guaranteed from 1.5V to 10V with
no external diode over the full temperature range. They
deliver 10mA with a 0.5V output drop. The MAX1044
has a BOOST pin that raises the oseillator frequency
above the audio band and reduces external capacitor
size requirements

The MAX1044/ICL7660 combine low quiescent current
and high efficiency. Oscillator controt eireuitry and four
power MOSFET switches are included on-chip.
Applications include generating a -5V supply from a
+5V logic supply to power analog circuitry. For applica-
tions requiring more power, the MAXB60 delivers up to
100mA with a voltage drop of less than 0.65V.

Applications
-5V Supply from +5V Logic Supply
Personal Communications Equipment

Portable Telephones

Op-Amp Power Supplies

EIA/TIA-232E and CIA/TIA-562 Power Supplies
Data-Acquisition Systems

Hand-Held Instruments

Panel Meters

Typical Operating Circuit

INPUT
1 cap: Vs SUPPLY
VOLTAGE
&
MAX1044
ICL7660
CAP-
- NEGATIVE
Vo QUTPUT
VOLTAGE
35 o L

NEGATIVE VOLTAGE CONVERTER

Features

+ Miniature pMAX Package

+ 1.5V to 10.0V Operating Supply Voltage Range

+ 98% Typical Power-Conversion Efficiency

+ Invert, Double, Divide, or Muitiply Input Voltages

+ BOOST Pin Increases Switching Frequencies
(MAX1044)

No-Load Supply Current: 200pA Max at 5V

No External Diode Required for Higher-Voltage
Operation

S

Ordering Information

© " PART TEMP. RANGE  PIN-PACKAGE
MAX1044CPA 0°C to +70°C 8 Plastic DIP
MAX1044CSA 0°C lo +70°C 8 S0 ]
MAX1044G/D 0°C to +70°C Dice* red
MAX 1044EPA -40°C to +85°C 8 Plastic DIP

Ordering Information continued at end of data sheet.
* Contact factory for dice specifications.

Pin Configurations

TOP VIEW
-y
cBoosT [ 1 8| v
MAX1044
o [2] . 7] ose
GND | 3 6| LV
CAP- E E .
DIP/SO/UMAX
V4 AND CASE
CAP-
() ARE FOR ICL7660 TO-99
|

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

19-4667. Rev 1, 7/94



MAX1044/ICL7660

Switched-Capacitor Voltage Converters

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V+ to GND, or GND 10 Vgt 10.5V
Inpui Voltage on Pins 1, 6. and 7 .........-0.3V < Vjy € (V+ + 0.3V)
S VR el S ST e L SV SRR e Sl s e ot e 20pA
Dutput Shart-Circuit Duration (V+ € 5.5V).................Continuous
Continuous Power Dissipation (Tx = +70°C)
Plastic DIP (derate 9.09mW/°C above +70°C) ...........727TmW
S0 (derate 5.88BmW/°C above +70°C)...........ccccceeo. .. 47T 1MW
UMAX (derate 4. 1mW/C above +70°C) ............csiiinn. 330mw

CERDIP (derate 8.00mW/°C above +70°C)...
TO-99 (derate 6.67mW/°C above +70°C)
Operating Temperature Ranges
MAX1044C_ _ ICL7660C_ _
MAX1044E_ _ /ICL7660E_ _....
MAX1044M_ _ /ICL7660M_ _
Storage Temperature Range
Lead Temperature (soldering, 10sec)

....-40°C to +85°C
.-85°C to +125°C
~-65°C to + 150°C

ceeranennnen-O40MW

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device, These are stress ratings only, and functional
operation of the device al these or any other conditions beyond those indicated in the operational sections of lhe specifications is not implied. Exposure to
absolute maximum rating conditions for éxtended periods may alfect device reliability.

ELECTRICAL CHARACTERISTICS

(Crecuit of Figure 1.V = 5.0V, LV pin.= OV, BOOST pin = open, I pap = OmA, T = Tyt Tygax. unless otherwise noted.)

: MAX1044 ICL7660
PARAMETER ; CONDITIONS irve sax | Nk 1o sdax | [UNES

e [ ol Ta = +25°C 30 " 200 80 175
| pins 1 and 7 Ta =0°C to +70°C 200 225
i Supply Current P no connection, Ta =-40°C to +85°C 200 250 HA
| KV opin TA = -55°C to +125°C 200 250
1 (RU==.pins 1and 7 = V4 = 3V 10
| Supply Voitage | RL = 10kQ, LV open 30 100 |,
. Range (Note 1) FRL = 10kQ. LV.to GND 15 10 1.5 35
e | Ta = +25°C 65 100 5% 100

‘ :BSCES?SHZ. Ta = 0°C to +70°C 130 120

' LV open Ta = -40°C to +85°C 130 140
[0 hainnce TA = -55°C t0 +125°C 150 150 | o
! iosc = 2.7kHz (ICL7660), | A= +25°C 228 -

tose = 1kHz (MAX1044), | Ta = 0°Cto +70°C 325 300
; E\j 3 2V, IL = 3mA, Ta = -40°C 10 +85°C 325 300
= A o TA= 55°C 10 +125°C 400 400
| Oscillator Frequency E\(/)fé:gNg'(:ll\iote 2) x: z 25 ? n kHz
'T:i,m_m_uefu i RL = 5kQ, Ta = +25°C, fosg 5kHz, LV open 9 98 95 98 %
| Votage Conversion Efficiency | R = =, Ta = +25°C, LV open 97,0 99.9 99.0 99.9 %
] gi(‘;:‘:l?f uarig: ;’r | Vosc =0V or V+. LV open E:: : . 3\: 2:'; pA
| T NN AR ——
LOSClIIator Impedance zg Ta = +25°C :I/: i:g :0?) :é?) ':::

Note 1: The Maxim ICL7660 and MAX 1044 can operate without an external output diode over the full temperature and voltage
ranges. The Maxim ICL7660 can also be used with an external output diode in series with pin 5 (cathode at Voyr) when

replacing the Intersil ICL7660. Tests are performed without diode in circuit.

Note 2: g is tested with Coge = 100pF to minimize the effects of test fixture capacitance loading. The 1pF frequency is correlat-
ed to this 100pF test point, and is intended to simulate pin 7's capacitance when the device is plugged into a test socket

with no external capacitor. For this test, the LV pin is connected to GND for comparison to the original manufacturer's

device, which aulomatically connects this pin to GND for (V+ > 3V).

Maxim Integrated



MAX1044/ICL7660

Switched-Capacitor Voltage Converters

P
g _E_L—Z MAX1044
C1 i ICL7660

T
8 }.!‘ ......

-

j T Cavrass
e I c2
I 10uF

1(yF ’[-\

ﬁ

*REQUIRED FOR Ve.< 35V

CONNECTION
FROM V+
. 10 BOOST
==y ot
2] s -
10pF
= I 3 E Cosc
s Voyr=-(V+) —
4 §
10pF
i B

Figure 5. Basic Negative Voltage Converter

and allow operation down to 1.5V, For low-veltage
operation and compatibility with the industry-standard
LTC1044 and ICL7660, the LV pin should be connect-
ed to ground for supply voltages below 3.5V and left
open for supply voltages above 3.5V,

The MAX1044's LV pin can be grounded for all operat-
ing conditions. The advantage'is improved low-voltage
performance and increased oscillator frequency. The
disadvantage is increased guiescent current and
reduced efficiency at higher supply voltages. For
Maxim’'s ICL7660, the LV pin must be left open for
supply voltages above 5V.

When operating at low supply voltages with LV open,
connections to the LV, -BOOST, and OSC pins should
be short or shielded to prevent EMI from causing
oscillator jitter.

Oscillator Frequency Considerations
For normal operation, leave the BOOST and OSC pins
of the MAX1044/ICL7660 open and use the nominal
oscillator frequency. Increasing the frequency reduces
audio interference, output resistance, voltage ripple,
and required capacitor sizes. Decreasing frequency
reduces quiescent current and improves efficiency.

Oscillator Frequency Specifications

The MAX1044/ICL7660 do not have a precise oscillator

frequency. Only minimum values of 1kHz and 5kHz for

the MAX1044 and a typical value of 10kHz for the

ICL7660 are specitied. If a specific oscillator frequency

IS required, use an external oscillator to drive the OSC
pin.

Increasing Oscillator Frequency

Using the BOOST Pin

For the MAX1044, connecting the BOOST pin to the V+

pin raises the oscillator frequency by a factor of about 6.

Maxim Integrated

Figure 6. Negative Voltage Converter with Cpge- and BOOST

Figure 6 shows this connection. Higher frequency oper-
ation lowers output impedance, reduces output ripple,
allows the use of smaller capacitors, and shifts switch-
ing noise out of the audio band. When the oscillator is
driven externally, BOOST has no effect and should be
left open. The BOOST pin should also be left open for
normal operation.

Reducing the Oscillator Frequency Using Cogc
An external capacitor can be connected to the OSC pir.
to lower the oscillator frequency (Figure 6). Lower
frequency operation improves efficiency at low load
currents by reducing the IC’s quiescent supply current.
It also increases output ripple and output impedance.
This can be offset by using larger values for C1 and C2.

Connections to the OSC pin should be short to prevent
stray capacitance from reducing the oscillator frequency.

Overdriving the OSC Pin with an External Oscillator
Driving OSC with an external oscillator is useful when
the frequency must be synchronized, or when higher
frequencies are required to reduce audio interference.
The MAX1044/ICL.7660 can be driven up to 400kHz.
The pump and output ripple frequencies are one-half
the external ‘clock frequency. Driving the
MAX1044/ICL7660 at a higher frequency increases the
ripple frequency and allows the use of smaller
capacitors. It also increases the quiescent current.

The OSC input threshold is V+ - 2.5V when V+ 2> 5V,
and is V+ / 2 for V+ < 5V. If the external clock does not
swing all the way to V+, use a 10kQ pull-up resistor
(Figure 7).

Output Voltage Considerations
The MAX1044/ICL7660 output voltage is not regulated.
The output voltages will vary under load according to
the output resistance. The output resistance is primarily
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J1
LOAD

Burden Resistor

Voltage < 0.5 Vrms

CT (TZ2L9)

Line Nuetral

d ar
JUN 3.4 2993euTUnTELA

2) J1995NIASULTIAY

Tudhunaduussdniuedldussunssuaady 7 V (Huussduandnlunmmaaes
wiwdunstiesfugunsaiidenis minlduseiugeq dledadefianainavithigunsal
Goweld wareindafmuniiusaruvisontuassesilifiu 0.5 Vims insizaziuis
anunsolivannisuaussfuiediwmmArFdnmle

' ) R - e o - )
PNAUNTUVMNY V =E R IRg lagf V1 Ao uSIAUTI@eN E AD WSIAY
+

91 wazrimuadadumu R, Willdwintu 1k Tevin wagbiussduevinadu 0.25 v
- T v ° v
Wounuriquasvililadn
V. =0.25V,E =220V, R, =Tk

025 — 220(1000)
1000+ R,
0.25R, +250 = 220,000
0.25R, =219,750

R, =820k





