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ABSTRACT
This thesis is presents the design of data link via radiowave.It can send water level data as
9600 bps and the distance of Hink more than | kilometers. This project is reduce cost of wire installation
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2.5.3 mafasuvan ot uoy (Phase Shift Keying :PSK)
2 o Al Pr=1 -c:‘ ar s = [
sunduwmdygailannitonsi  dyannddaeaszaruqunisuoudovesdyn o
Tanfiafinsulanulaeszavveadynniieea  fezlimsnldvundaudavesdyaundumd

Wlunsaiudu (180 pern) WeTMATULAzALAWGEININN SIATY

o

dua 1 NSH ™ 0
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2.6 MIneaganuLy FSK

e

2.6.1 Anuiiadyann FSK ( FSK Generator )

ar o oo

a A a . A o w i 4
INNUATYIU FSK Afo AP FSK ( FSK Transmitter ) mwaﬂmﬁmﬂﬂ%’wa

]
A oar

hudyguaiaeafiidnuuzdudeyaloud wilianudfeuniadisa luawmenlao

(7] o

] ¥
3 o a oo L4

wlasvestoyaluyuidfidun deiudyanamuoniymvesiidule Fsk vrogluztvesnnuiing
msilfouinfandideies (Frequency Continuous) adoya linnImeduduwnnlasunlasnn
aouzladn 1" fiuTadn “o» mielumandusudeladn <o” ifuladn «1”) Fyanaoniunn
FSK fepidounufisznding 2 anuddwiu Aeniw@Tadn “1” wSe Mark Frequency (fm)uaz

a4 a A = P=) d.l r :: =
ANUDNTATN “0” 150 Space Frequency (fs) M1silaouutlas (vSomnidou) veudazaiesifa
3 c!i a oy @ ¥ P & ) [y =; ar oo
Tudreamuzvo ladnmudyaudulanunlaainfe  dasnsaldnuiasdyuoentumiiu
ar -:i ar 2 cb = : a Ci s a =y
danmanfasunlaadygpandr  FaludTeeaiudninmanlGountlasvoidygudniduynves
FSK Generator 9236041 “§a31%in” Bit Rare uvbiediuiindoMind ps) drusasimsnlaou
urfevaadygIudA e 1iYNUs FSK Generator 30011 “6A7110A” M0 Baud Rate #4143
dwoyadiumnila FSK dasilinezehiudansunamue

2.6.2 FSK Bandwidth

¥ »

i [ o ar Y ‘e s
Tuszvumseansdeyedivdaygnenwiien niedyguanuiiuumudindudndes
- L3 L 4 =y ! 3‘ = o o & 0’; =
Avnwuflududuusn diesnindinses FSK eguuiugiumuaiuiy BM dafumsofuudgas
A Aldvdnmives FM yaad
i a & Y P o of o,
10gUR 2.6 umrasdedd FSK wegies sldndnmasduiunuedidulequinainels
HANNITVB  VCO (Voltage Control Oscillator) azuisniimsifsunlauifigevasdyau
Iy a 4 4 v o ¢ o e w A da o o o4 2
Fuymezifndudiotoya luuiilanvazilu «1° wer 0 adufufonfedyaafvdoniuies
=] s ] o e A o e -y (Y ) ) .
(Square Wave) iludgyayialurin T anvandnuewnaudivdoussilaundunTmilswes Bie Rate
Aniudnsumwizadrdnfoedine auigigeussfygiuiiaeaiioinniiveqi

T |
NiILYY FSK 22MINA7I1MUU83 Bit Rate ﬁﬂ

F = BitRate/2

O max

dle F,,, =anuigagevesdyenufdseanizihuuagan

a9 max
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Binary input — . o] MODULATOR p————= Analog output

t t
: th : b : tb : th : Y : th : tb : tb : th : [h : lh : 1h } tb 1
} ) y I I
rloltrjoftrjojolriifeloeloli]e
| | !
T T T
! I | | I l | I ! | l i l }
t 1 | 1 [ I ) l ! 1 I 1 1 !
1 1 [ 1 1 1 | | ! 1 1 1 1 1
I 1 | I I 1 | i ! 1 1 ) l 1
1 : 1 l t i 1 : 1 1 1 ) 1
1 | i t i | T ¢ | | | i
] T | i | I I ! ! | I I I :
3| l l e + t : t ] | l f
l i I I i I i I ! l [ I I I
1 ! ] 1 1 1 I ! : | i 1 1
I i I I l l I 1 g i |
i
1 1 1 1 1 1 I [ ! [ 1 1
| : | I | ) I :\If'/: frequency | I
| 4 | | | I I 1 | . ' i I
lipa 1 | | 1 M ! [ t ¢ 1 |
I F“Fb"’z I | I ] 1 F"['hM ! I ¢ 4 I |
I . I ] i 1 | . | I I i | I
| l | } ) ] I I ! I l i l |
1 I i 1 [ 1 ) I ! 1 1 l | |
i I i | i 1 ] ) ! I I I l |
t I l I I I i I : | I I I i
I St BT D s MR SN S B o o b ST
) m. > ' m H § m " 5 1 [ Y m 1 a 5 1] 5 £ . L 1 m E .
= -
‘;"IJ"H 2.6 FSK Modulation

ANUANAN  (Center Frequency = fo) ¥93 VCO %:mﬂuw‘imnﬁanam:ij Mark
Frequency (fm) 11 Space Frequency (fs) ﬁ&gﬂ
a a A < ; {
Ta%n “1” Muduvmezidouanuives VCO 910 fo 1l s sziudimsnlaouinlasvos

doyaliidmduyman < T «or wie w0 T <1 axilin e niynuns veo Hounde

]
r-1]

r r 1 ¥
denunliin szuin fm Ay s iflesniindimnudin FSK Wufemsueguniuy FM fafuy

Awtinisuegan (Modulate Index =MD u FSK i ldoin FM Ao
Ml= AF/Fa
e MI=dwiinmsuagian

AF = msiistuuveannudlag 91naudnad (Hz)

Fa = ATudvosdya uimhiuuegan (Hz)
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‘lq—— Deviaticn -———-——————JI H {Hz)
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119 2.7 madisanuanud

1 1 1 o g = { & a 4 A =

A1 MI Hiven 191 Idqagefio A ME A ldunuainniuige deuiaiude madoau
vosnndonuaganeda naganudvaadygiambmueganiinigega

Tu FSK wogand1 AF dlumsifioanurennuiigeqa (Peak Frequency Deviation) 83
o - A oA 1w ) t A D g P
dyguiignueganidl FaHAIIAUANIANANIENTN fo uaz fm W30 fo tay f Fanfonia

NIHYDIAIUANAIITEH DN fin UAL fs HURD
AT = (fs-fm)/ 2

malisaunyeinnudgage Yuagivuuia wie Leuwdgaveddyyiniinnysgan
o o, A = a v & i |
(Fyanuddnen) deaauznitlainilu 1 fuzlfussdusonind wilanafinnaniug 1wy sv)
v #* 41
niod1ladn “0” Regliussduoenuindiiluszduladn “o” wufu (A ov) sniuanudibowu
999 FSK woganaziiuauund uaz agluszdunafiosnivesnnuiigagaaue Fa iuanui
@ ¥ = 3 = El e ' o ¥ oA & . . ] 3
wanvosdaya luuisdduyndssmlfuudinnhefiqailio ra = Bit Rate /2 infumse

o
LTI ITOMIAT MI 1PNIn

MI = [{fs — fm) /2] * [ib/ 2]
MI = (fs - fm) / Fb

A A e
wo fs—fm= ANUDUY UL ATA

Fb = dasiinvesluuiiduym

Tumsdadyana M Taona q Tdanunavomuuain ssudlsduasatum M1 Taoid o
A a v 4 o ] " i 1 '
Tvzdealiadini Lo eldithumeiBuuuuiny ( Namow FM ) aumudininauigaioni

Minimum Nyquist Bandwidth (Fn) #190105umia1adeyauun FSK Ianudnan (fo) = TKHz ,
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anudaly (fs) = 6 KHz uaznwduisa (fm) = 8 KHz foyalunniiduunil Bit Rate = KHz

3 o ;
a13150M1 Fn 1Adail

MI=(fs—fm)/Fb
MI=(6 KHz-8 KHz)/2 Khz
MI=(2 KHz) 2 KHz

9101519 Bassel Function Table Tua131a% 1 1if0 MI = 1.0 92 TAu0uAINDA ( Sideband

3 = ' < ' = t 4 da
Frequency ) 000u1910E 3 ANUD Tavudaza DI ININA1INDNAE (fo) 32302 1 Khz (F3nfD

r
=1

Fb/2 1ila Fb A0 Bit Rate = 2 KHz) arunsodowiualansunnudiadasui 2.8

L]

MI 10 H J2 I3 14

0.0 1.00

0.25 0.98 012

0.5 0.94 0.24 0.03

1.0 0.77 0.44 0.11 0.02

1.5 0.51 0.56 023 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

@15199 2.2 Bassel Function Table

Tiforhdana fie MI Aliaegszvndie 0.5 Ha 1o e lfuoudiniinnlizina 2-3 M1uDe Bit Rate

LU

0.77 Ve
Q.44 Ve 044 Ve

0.11 Ve 0.11 Ve

0.02 Ve 0.02 Ve

I i T (MHz)
40 50 60 70 80 90 160

Minimum bandw idth = 611 MH.-

5141 2.8 anfaniuanuiivosdingah |
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2.7 msNeganty i FM
2.7.1 M3HeQIaNIBAnNND ( Frequency Modulation ; FM )

e P o q ¥ a e e
ﬁun‘li'ﬂEQﬂTlllﬂ‘UQ"Umﬁﬂgﬂﬂ?iﬂﬂ?}lﬂﬂ'ﬂflﬁ”u1”ﬂﬂ'ﬂllﬂLﬂﬂﬂu]lﬂﬁWll'l'iﬂuﬁﬂQ]lﬂﬂﬂ

Wit) =W +K m(t) (1)
W, = anudguinagi
w, = anutufdeuldeainmsuagen
K, = fimiivasmsuogian

m(1) = ANuDdRNeaEan

4 o & ar  ofar e
nnadainuaNNUSIUATINTRD

6 ()= | wa (2)
W Z mm?llu'ﬁaqn =2nf
6ty = mmamlag
6 = anammn 0

¥ '
Anduumsi (1) waaslugdmanailas

¢ (t) J-Wl(t)dt (3)

Il

Wi+ [ K m(de+ 0, (4)
P ' i v A
ninaumsi (1) S ienladafinawiity o uassndwenBumiag
VFM(t):Vocos[Wct+IKrm(t)dt] (5)

amfunnudivegan (O = acos W, ¢ aumisi (1) Joulwmildde

z
I

W_+ aK cos W 1t {6)

=
i

W, + AWcos Wt (7}



o 1 ﬁi' o =y 3 v o d‘ ci
dmuasndfiveamsueganguiuuemlagavos mo laniny A w vSeanudmstisauu 91n

NSNBAAN (Frequency deviation) (WRUDIaunNIs (7) umaaldfn

gty = [ (W, AWcosW, 1) de (8)

=W It+(AW/W_ )sin W t {9)

fmuald g = Aw/w_wiaGenin mweguEandudng (modulation index)

Aniuntuaumsedidunala 4 dmiudyennluseqanusasld

Ve (t) = Vicos [W t + B sinW t] (10}

FM
= ¥
VINTUMITN (10 ) ﬁ]llﬁﬂﬂiz‘{l'lﬂulﬂ

Ve (1) = V cos W t cos( B sin W t)-V,sin W_t sin( J sin W,t) (1)

unu cos( B sin x) 1Az sin( B sin x) ansonszaiwlieglugivesilatumsa (Bessel function)

1Adail
cos(ﬂ sinx)=Jo{ﬂ)+22]2n(ﬂ)c052nx {12)
sin(F sinx} = 220, () sin{ 2n+1 } (13)
T I(BY=2Z (- (B2 {14)

uuateynsuRanan uaunsi (5 ) e ld

Ve, (0 = VI (S YeosWt+V, 2,0, (F )} cos{ W, +{(2nt1 )W )t

In+i

~cos (W -(2nt1 YW 3t ]+ VvV, 20, (S ) [cos(W, + 20 W _)t])

+V, 21, () [cos (W, +2n W, )t+cos (W -2nW, )] (15)

vnguaNDRaUNINT (symmetry) vosumaalaidu 1 (F)=(-1Y 14 ) aunsodoudumsi

(15) 18dadl

Ve (1) =V, 2 (B )+ W _cos( W )t (16)
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~

waveddazman lurumsd (1) a:i’j’umjﬁuﬁ’mﬁnﬁuaﬂm‘}"u uay farduveavmaalaogli
28 TBuseavinavesflafsufiTawy (orden a9 FuilufladFuves g Aewes 1 Miun
minoiwwaiiie 180° ﬁaxfuuﬁm’hmﬂﬂm"’maaﬁ’igtym FM sxlsznoudatimaniinad ves
A oz Suavuesladiuud (side band) S1umniulidanegiiinnaduw i W (+/-)

e et 0w LY L] W or
n W, Taglrdnuuanddmsuszagienadmd 2 Seaumasiu

2,7.2 nwuMinnvesdyenaovidy
i ar = ar [} o'
Tunstidyananedidudifl # << 1wTodnmueNdLUuAIARLAY (narrowband) 13130

»
s ian lwduuutl Tévineums (1) Tuasdl B << 1 udwsazmeutszinaldh

cos(ff sinx W_t}= cos f§ = | (17)
sin{ J sinx W 1) = fJ sinx W _t (18)

o 4 Ao : [}
Mmivaumsveaedduiinouanutuavudou1d lnnilu

Veu (1) =V, cos Wt - V sinW_t fsinW_ 1 (19}
3o Ve (t) = V, cos Wt + % [cos (W, +W,_)t-cos{ W, -W_)t] (20)

o 3 A o 4 Aa = ¥ A
NATUATTN (20) l!ﬂﬂ\i1@]'Jﬂl‘lﬂﬁmﬁmm1mmﬂlﬂuﬂnlmﬂﬂ'Hllﬂ!.tﬂﬂi]$“lJﬁ$ﬂﬂ'Uﬂ'JUﬂﬂu

{7t v}

L. A 1 [:%) o : Lind
ez lyduuud 1 gusinadumndimity (W wie (O, (Hz) dnluiuudiaiues

¥
=4

Tyanaevidunsdl £ <<t Sou'ldd
BW = 21 (21)

o oy L] i ° L
Tunsdl 8 > 1 wiedyanuedduiuudiaindta Sunirumsd (16 Swoulsduuud
=1 a e (¥ =1 [ g o e a’c‘~ 3/ a o
vosaWBLIzus iy TidmAmud lTumal §iid isfauuudiaii lomwizsmouidany
1 L] [] i o 1 w 4 r‘n’:
dwlngjussyag snaunmsh ( 16) dusi 1 laduuudoiio g +1 sonllanaduwning 2
¥
ud i uidavesdygnaneridussogniity 98% vosmidsauimua wiadouldh

Y, o o o & o T
llﬂuﬂ?ﬂﬂﬂlﬂﬂﬁigﬂal'lmlﬂﬂlﬂlmzlﬂﬂ‘uuﬁ'lﬂﬂ'ﬁllaﬂla'ﬂ‘llﬂqﬁtyiy’lmvl.mﬂ[ﬂ']ﬂﬂ BW

BW = 2(f + 1)1 (22)

n
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wiegmmistimue 8 = £/ f

BW = 2(f,+1,) (23)
' ¥ da o g 1w ] a4 A w o <4
Tavnan I&huuudiavvsaewiduviiv 2 vhwesrasivvosnnuddisuuusunnuiivegmens
HAYBITUMS (23 ) FUNTINGVOIMT AU (Carson’ rule) Tunsdldygaiuiuineganiivaianud
o [ d ana g 1 a9 ] [} a ~ as
milnaiuvesdygranediduiifaiues innmFudeuninudodialsdawnnudgagaveadygy o
o o o a q ¥ da o A v o ¥ 4o
fdnuwegiandmalina IdupuAIannisnnafigadain. immanseldanguasmsdulums
o'y o =l ¥
muvudian Taodou 1den

BW = 2(f, ) (24)

+ f
max [LIRUHES

o

e = ATHOIDBULTUFIGA
P

£ = ATINAUBRANGIR

2.8 msfhuegEandyain FM
~ o =~ S !lidy 1 =4 ~ ar
msavagandygia FM Trawdd  lufifznantimstueganunumsuldasdyy i
& o
Mt AM  wiumneai e i Fainuannlumsauegendynna FM useand 91aun13ves
FM Aaanafiaqunisi ( 5) fio
VFM(t)=V0cos[Wct+j K, m(t)di] (25)
w o 3 3 9/
vinmseyiusaunst i1
VAt)dV,, /dt)(t) = -Vocos [W +K.(t)]sin(W t+ IKf(t)dt] (26)
ar 1 g4 = i 3
MK (1) << W, udrluaumsdrouuesdudygre AM Aldui Tauminiu

V(t) = V. [W, +K,(t)] (27)

‘& o Q5 d.
FuLeAd Block diagram msardndyana v, 1ddagilii 2.9
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VE (1) v, (1) V(1) v

" Base Band filter - -

Differential " Envelopdetect

1% 2.9 vdenlaazunsumsadudygiu v,

¥
o 9

Aniudidygiu v, (0) dinnesnsesdyananiddrnu A lddygnaunwmizwaiuud fa

o

v () @oulnaldiiu
V() = V. K1) (28)

5 o ' w o p g = P y ~ v fate) o Qu
Fimsdszneufuszniamsmeyiusiimsioui laldmatisiSoninasiaaiiumes dmiy
NusAanTIma s 14 lumelfiRmansoldmeiindisg dwmsumseipius dmiusietun
y o ' . : V- = 4 o o g
1M sy U IAon1sMLUIAAT (time delay differentiation) taz Mseman1udwd Tatiulduuy
-~ Q! A < ! s L ) r -4 s
Falaniadvegamed FunuSenmoiiamdwiusananduiluy mstuegandygiu M uuu
AI8AAINIOTALBAABS (Quadrature demodulator) 1 ITaNaRe I TnemsilszuiumeyAuives

Walan

£ tim(z > 00 -7 (29)
LI s
o~ Tln=pe-0)] (30)

diasnasmaundyanm PM afdountdas ldawdyanusmuafuegan fie

P =K Tm1)dt (31)

¥
e

- 31
Fatumusaou 14

() -t —1) = TKm(1) (32)
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mavasmnnumada  Taomaminsnar lleei I dgygpanuauuudiiveganIdu@n

e

(5 ar o

fumsayfuilaoass  dmTomamiaanm @) - g — 1) Mnanmsauduaa g@z) dhiu
{5 &
(¢ — ) 18 1NT09820729977309ANUDAN (Low pass filter : LPF) Faflumsuagmniun AM i)
Felasiiausaanes
4 a s @ g Yo e AV
Feuden laezunsudmiunteansusesanagan1ddsgl Tnoneesdiisees (limiter) uaz

2495030INNWANA (Band pass filter : BPF) tiafisaszdudaanaerssznlaouaiwia uazs

da = =y oed o 4 o = 3/
ANUDDUWAATATUIINDTURNITANIUDAAUWIY FM Naeinis

; [ Vl(t) VJ(l)
*  Limitter ; " BPF - M - = LPF s

Vzll)

> Phase Shifter

317 2,10 vienlavzunsvvasnrsans LB ALOgIAN
W v, (t) fendu FM Fiansaiamesiun: BEF GumiiouAgansiiuazuaasld

V() = cos[ Wt + ()] (33)
dmsu v, (1) Aedyenfignmirnmesnlniin ¢ umedlddad

V,(t) =cos[WA(t-T)+ ¢ (t-7)] (34)
fmualinambanaiivald Wz = 7/2 Anfuazd

V,(t)=sin{W_t+¢(t-7)] (35}

E] 4 | 2
‘ﬁil't’]’lﬂ?jﬂﬂﬂﬂmﬂ?\liﬁﬂmllﬁxﬂ'ltl')@i]iﬂ’ﬂuﬂﬂ111?}2’&]515

Vi(t) =sin[W t+¢(t-7)] (36)



dinmoayAnN1l WztauntIa ANy v

4 a =} A 1
Hesnn 7 Hwnadnnomie ¢(t) - ¢ (t- 7) mivsmnuoliznmanmitiauuldh
Vo(t) = ¢gtt)-@g (c-7) = TKm(t) (37)

4 o o
Fufhueninnvesdunnu FM

2.9 MsaueganIuy FSK
FSK Demodulator i @150dann FSK (FSK Receive) aziilusuundanaluuizean

1InFyey I FSK waoa1uunez 191493 PLL (Phase lock loops) #9311 2.11

|
Analog : : Binaly
FSK in I Phase : _ data out

-t— AMP P -

omparator |

: I

I |

| |

|

I VCO = :

. |

| |

13

Analog

inpul

P ;

Binary

output ov
-3 e

(b)

JUA 2.11 PLL-FSK Demodulator
PLL 1u FSK Demodulator fidnmsfiaumilousy PLL Tu FM Detector ynatnfioasi

ANUHT SUHAMAY Center Frequency (fo) uazluvazinnnudouynuss PLL fou’l-in

' W a =) W : A o
5THIN fm AU fs oz ldipaus sunatamAenIWaT (DC Grror Voltage) dautlumamminms

62756
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AT oA (Phase Comparator) waIdyaIduyn issnanudvasdunniidhunm PLL

¥ o

WAL 2 ANNDAD fm 1Az fs FITUAILTIFINGTI TR fm uaz fs muddy 1919918 Fuow

R ]

¢ o ) 4 o o
mmwmm PLL ﬂﬁ'lJi.I"Ilﬂu‘lli‘)Hﬂ‘i‘UHWMﬁQHﬂUﬂBHM‘iﬂﬂﬁQHTﬂﬂﬂixﬂﬁ

2.10 mannsdann@inoailuomaon

msutlas D/A s lFlumsiaswnlasdyeuadneailudyniuomann Mussdunlag

D/A PRBMIANAT (interpolate) 5ENIIRIBON
da 1 = =4 a o dea o - & 1
snsaan didulugaund wzlinseauauaabuwadiiun 1 = - D= o Fald
. v Y o =gy o e a A x:
ama waz ounsoadeldeTilumalfiid  lumad§iRsneiinsesnseseuinennnubsi
HIMRBUNIMINI NTBadana 1 Taedua i mseaumueduiadvosiansnsasimhuumuy

dlu h (0 uaz h ) vzdoalinueandd 3 1dsems

(n) h(0) =1t
() h(nT) =0 AU n # 0
(1) ﬂh(r)\dr ol G

guauiiade ( n) uag (1) ilddsduiiawmiy x (nT) Aa1t = oT uanliade (a)

[~ [ L L) ar g - A 9 = anny A a
ﬂzlﬂﬂﬂ’)ﬂitﬂuﬂﬂ1ﬂlﬂﬂﬂuﬂ$ﬂ1ﬂ'ﬂ PLUWT 2 Ll‘lJ'lJTI'LlEflJcl“IﬁLﬁzi.IF]mﬂlJUﬂﬂiﬂﬂﬁJ‘IﬂﬂW‘l’Tuﬂ

& [ I _ s 2 r = =L =] = w4
1) AUANAUYUTY (Linear interpolator) Farurahl T T eziimseeumussdunad

L s 0<t< T
T
A1) = 2 L L 0<t< T (38)
T
0 , ect.
TaosfuasiimiseuauoIn Nl
.l
Sm7
H(w) = T|—2| e
(w) oT
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i 2
sSin i
————ﬂﬂ} g~/ (39)

H(f) - T[ it

i = w oo i Y o
Eﬂﬁ 2,12 uaRINITAUTUDIBUNATAINTUNTS (38) llﬁ$ﬂ15¢1'ﬁ]1]ﬁ1mﬂﬂﬂ?ﬂﬁﬂlﬂﬂﬂiﬁﬁuﬁﬂﬂﬂ‘ﬂmt

o P P
viyniiez 1d

|41 CF Y

2
S|
\
7]

~in

~ |
S

a7y

i
\

1
i
i
!
~|

|

g1l 2.12 dudunuFadu
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2) ﬁuﬁuﬁumumﬁﬁuﬁuguﬁ {zero - order hold interpolator) wfimsnouaunsBuwad

1 c0<t<T
hit) = {O . ecl.

B1UTONBNBOIATT NITUNALAIAT ( sample and hold ) MTABUAUBIAMNDVDITUIL T
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Memaory

Device FLASH RAM EEPROM

program Data Data
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PIC16F628 | 2048 x 14 | 224 x § 128x 8

M13199 2.4 namamsnfSeufvumiaon nusienen seH919 PICI6F627 U PIC16F628

o o« o o o = o I'd o 4 o
e HiwnefodIndwes (PWRT) uazaaadamasamsnsil lnswes (osm
o o = o a A VA
e hsesdenlmiues (wDT) Ahwseeadiawmaiiuds e muduieielu
TN
- w 9 3 ] a 1 a ¥ A
o denflosiudeyaialumiionudilsunsu wazmboanuideyamusaidon
sraumstioaiuld
o iiTvuailszuieandiau
o musalsunsulaeldusasu +s5v 14
9r ] o kY o . '
o udladoyalumieanudillsunsudionszuiums ICD (n-circuit Debugger) Y
s =4
WoTAeY 2 91
oo 1 = ] o ¥
o Figmunsosuuazounriaeniudi lilsunsula
o TWidue +2 64 +55v
®  NTZUAFINUALHDT TUVDINDTA 25mA
o  msldndanuldiinsdl ludu Tvans
1 ¥
Woandn 2mA 71 IWiGee +5V tasdyamuIinm 4MHz
1 ¥
20uA 11ViRB +3V Az dyauuEnm 32kHz

¥ ] o ar P o
upen 1 1uA TuTnuslszndandsnunieauauaine

fuaNTATANINAN
o o A o A o = [ o L4
o lndwed 3 dafie 0 wm 8 da Tfanmasivuie 8 Galudy, Tndwes 1 vue 16
o, 3/ o o o = LT =) o o ' el o
fia wiomfainames naglmimed 2 vue 8 Ua DdSmpames, Tnadanmans wosianos
ATUEIAN (period register) YA 8 T Tud?
e iTuga ccp2 4a Tay
- dupsndudyauvionmlioss (Capure) v 16 in AnuaziBuagge

12.5 ns



46
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TRANSMIT | RECEIVE Transmit Receive
Standard | TRS ; TXRI | TXR2 Bit Rate Rit Rate Freq Freg Clock
(Bit/s) (Bit/s) (Hz) {Hz) Chdiz)
0 0 0 1200 1200 M 1300 M 1300 19.11
52100 §2100
1 0 0 1200 75 M 1300 M 390 19.11
S 2100 5450
0 0 ] 600 75 M 1300 M 390 9.56
S2100 S 450
CCITT 1 0 1 600 600 M 1300 M 1300 | 9.56
V.23 S 1700 S 1700
0 1 0 75 1200 M 390 M 1300 | 19.11
S 450 S 2100
] 1 0 75 ~7600 _[':/[;90 M 1300 | 956 .7
S 450 81700
0 1 ] 75 75 M 390 M 390 1.19
S 450 S 4350
CLK 0 0 1200 -\ 1200 M 1200 M 1200 | 19.11
S 2200 82200
CLK/8 0 1 1200 150 M 1200 M 387 19.11
S 2200 S 487
CLK/8 0 1 1200 5 M 1200 M 387 19.11
BELL § 2200 S 0
202 CLK | 0 150 1200 M 387 M 1200 19.11
S 487 52200
CLK 1 ] 150 150 M 387 M 387 239
S 487 S 487
1 5 1200 M 387 M 1200 | 19.11
S 0 52200
1 ] 1 TRANSMIT 1200 TRANSMIT { M 1200 | 19.11
Disabled Disabled 52200

In this mode, the modulation is controlled by the TRS and TXR2 inputs, TXD is set to 1.If TRS = CLK

&TXR2=0,then TXR=387Hz If TRS=1&TXR2 =1 then TXR =0 Hz

5197 3.2 Tnuam It TCM3105
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPX10/D

.

10 kPa
Uncompensated
Silicon Pressure Sensors

The MPX10 series device is a silicon piezoresistive pressure sensor providing a very
accurate and linear voltage output — directly proportional to the applied pressure. This
standard, low cost, uncompensated sensor permits manufacturers to design and add
their own external temperature compensating and signal conditioning networks.
Compensation technigues are simplified because of the predictability of Motorola’s single
element strain gauge design.

Features

+ Low Cost

s Patented Silicon Shear Stress Strain Gauge Design
* Ratiomstric fo Supply Voltage

« Easy to Use Chip Carrier Package Options
« Differential and Gauga Options
Application Examples

» Air Movement Control

¢ Environmental Control Systems

» Level Indicators

» Leak Detection

» Medical Instrumentation

» Industrial Controls

« Pneumatic Control Systems

» Robotics

Figure 1 shows a schematic of the interal circuitry on the stand-alone pressure
sensor chip.
PIN3 @ +Vg

PIN2
+ Vot

X-ducer

PIN 4
-Vout

Figure 1. Uncompensated Pressure Sansor Schematic

VOLTAGE QUTPUT versus APPLIED DIFFERENTIAL PRESSURE

The differential voltage output of the X—ducer is directly proportional to the differential
pressure applied.

The output voltage of the differential or gauge sensor increases with increasing
pressure applied to the pressure side (P1} relative to the vacuum side (P2). Similarly,
output voltage increases as increasing vacuum is applied to the vacuum side (P2}
relative to the pressure side (P1).

Senseon and X—ducer are trademarks of Motorola, Inc.

REV 5

MPX10
SERIES

0 to 10 kPa (0-1.45 psi)
35 mV FULL SCALE SPAN
{TYPICAL)

BASIC CHIP
CARRIER ELEMENT
CASE 34415, STYLE1

DIFFERENTIAL
PORT OPTICN
CASE 144C-01, STYLE 1

NQTE: Rin 1 is the notched pin.

PIN NUMBER
3 Gnd | 3| Vs
2 +Vout 4 —Vout

© Motorola, tnc. 1997

@ MOTOROLA



MPX10 SERIES

MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure(8) (P1> P2) Pmax 75 kPa
Burst Pressure(8} {P1 > P2} Phurst 100 kPa
Storage Temperalure Tsig -4 to +125 °C
Operating Temperature Ta -40to+125 'C
OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, T = 25°C unless otherwise noted, F1 > P2)
Characteristic Symbol Min Typ Max Unit
Ditferential Pressure Ranget1) Pop 0 — 10 kPa
Supply Voltaget?) Vg — 30 6.0 Vdc
Supply Current o — 6.0 - mAdc
Full Scale Span(3) Visy 20 35 50 my/
Offset(4) Vol ] 20 35 mv
Sensitivity AVIAP — 35 — my/kPa
Linearity(3) — 1.0 — 1.0 %VFsg
Pressure Hysteresis(3) (0 1o 10 kPa) - + 0.1 — %VFgg
Temperature Hysteresis{5) (—-40°C ta +125°C) - — t — %VESS
Temperature Coefficient of Full Scate Spani5) TCVFss -0.22 - ~0.16 %Vggsf'C
Tamperatura Coefficient of Offset(2) TCVgif — +15 — uvree
Temperature Coefficient of Resistance(5) TCR 0.21 — 0.27 %ZjC
Input Impedance Zin 400 — 560 2
Cutput Impedance Zout 750 — 1250 2
Response TimetS) (10% to 90%) IR " 1.0 — ms
Warm-Up - - 20 —— ms
Offset Stability(9) s — +0.5 — %VEgs
MECHANICAL CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Weaight (Basic Element, Case 344—15) - — 2.0 — Grams
Cammon Mode Ling Pressural’) - e e 690 kPa

NGTES:
1. 1.0 kPa {kiloPascal} equa’s 0.145 psi,

2. Device is ratiometric within this specified excitation range. Operating the device above the specified axcitation range may induce additional

errar due to device self-heating.

oo

minimum rated prassure.

4. Offset (Voyr) is definad as the outpui voltage at the minimum rated pressure.

. Full Scale Span (Vggs)is defined as the algebraic difference between the output voltaga at futi rated pressure and the output voltage at the

5. Accuracy (error budget) consisis of tha following:
+ Linearity: Qutput devialion from a straight line relationship with pressure, using end point method, over the specified
pressure range.
+ Temperature Hysteresis: Output deviation at any temperature within the operating temperature range, afler the temperaiure is
cycled lo and from the minimurm or maximum cparating temperature paints, with zero differantial pressure

apphed.

+ Pressure Hysteresis: Qutput deviation at any pressure within the specified range, when this pressure is cycled to and from the
minimum or maximum rated pressure, at 25°C.

s« TcSpan: Qutput deviation at full rated pressure ovar the temperature range of 0 to 85°C, refativa to 25°C.

«  TcOffset: Qutput deviation with minimum rated pressuvre applied, over the temperature range of 0 to 85°C, refative
to 25°C.

« TCR: Zin deviation with minimum rated pressure applied, over the temperature range of —40°C to +125°C,

relative to 25°C.
6. Response Time is defined as the time for the incremental change in the cutput to go from 10% to 90% of its final value when subjected to
a spacified siep change in prassure.
7. Common mode pressures beyend specified may result in leakage at the case--to-lead interface.
8. Exposure beyand these limits may cause permanent damage or degradation {o the device.
9. Dffsel stability is the product's culput deviation when subjected 1o 1000 hours of Pulsed Pressure, Temperature Cycfing with Bias Test.

2 Motorola Sensor Device Data



MPX10 SERIES

TEMPERATURE COMPENSATION or by designing your system using the MPX20100D series
Figure 2 shows the typical output characteristics of the S&nsor.

MPX10 series over temperature. Several approaches to external temperature compensa-
The X—ducer piezoresistive pressure sensor element is a tion aver both ~40 to +125°C and 0 to +80°C ranges are

semiconductor device which gives an siectrical output signal presented in Motarola Applications Nota AN840.

proportional to the pressure applied to the device. This de-
vice uses a unigue transverse voitage diffused semiconduc-
tor strain gauge which is sensitive to stresses produced in a
thin silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon

LINEARITY

Lingarity refers to how well a transducer's output follows
the equation: Vigyt = Vit + sensilivity x P over the operating
pressure range (Figure 3). There are two basic methods for
catculating nonlinearity: (1) end polint straight line fit or (2) a

:fphrggrtr;, tT:re arle no tenjperarttxr:e effects due to differ- least squares best line fit. While a least squares fit gives the
_ cehs 'n the thermal expansion of the strain gauge and the “best case” lingarity errar (lower numerical value), the cal-

diaphragm, as are often encountered in bon_ded strain gauge culations required are burdensome.

pressure sensors, However, the properties of the strain Conversely, an end paint fit will give the “worst case” error

gauge itself are temperature dependent. requiring that the (often more desirahle in error budget cafculations) and the

device be temperature compensated if it is to be used over calculations are more straightfarward for the user. Motorola's

an extensive temperature range. specified pressure sensor linearities are based on the end

Temperature compensation and offset catibration can be point straight line method measured at the midrange
achieved rather simply with additional resistive components, pressure.

8l

0

0 "40[0 //"1 LINEARITY

60 Vg =3 Vic +25°C ] - L} I 60 Py f
ko) P1>P2 |~ l" -

% 50 %4,”125\,0_ ] sean 0
5 =" ) |RANGE & ACTUAL
& 4 {TYR) E 40
E ‘5’ SPAN
o 30 = -
ot it
20 / - — o
10 | | oFeser .
(TYR) |
o | | | | ‘. CFFSET
PSI 0 D3 08 03 12 15 r (e 7 =N | BLCTE
kPa 25 40 £ 80 10 2 MAX T Pop
PRESSURE DIFFERENTIAL PRESSURE (kPA)
Figure 2. Output versus Pressure Differential Figure 3. Linearity Specification Comparison
(S}Ilié!{[):gﬁf DI STAINLESS STEEL
P METAL COVER
EPOXY
WIRE BOND CASE
L 1
LEAD FRAME RIWOTE
) BOND
P2
Figure 4. Cross—Sectional Diagram {not to scale)

Figure 4 illustrates the differential or gauge configuration tics and internal reliability and qualification tests are hased
in the basic chip carrier {Case 344--15). A silicone gel iso- on use of dry air as the pressure media. Media other than dry
lates the die surface and wire bonds from the environment, air may have adverse effects on sensor performance and
while allowing the pressure signal to be transmitted to the sil- long term reliability. Contact the factory for information re-
icon diaphragm. garding media compatibility in your application.

The MPX10 series pressure sensor operating characteris-

Motorola Sensor Device Data 3



MPX10 SERIES
PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor pressure sensar is designed to operate with positive differen-
as the Pressure (P1) side and the Vacuum (P2) side. The tial pressure applisd, P1 > P2.
Pressure (P1) side is the side containing silicone gel which The Pressure (P1) side may be identified by using the table
isolates the die from the environment. The Motorola MPX below:

Part Number Caso Type Pressure (P1) Side ldentifier

MPX10D 344--15 Stainiess Steel Cap

MPX10DP 344C-01 Sida with Part Marking

MPX10GP 3440501 Side wilh Part Attached

MPX10GVP 344D--01 Stainless Stec! Cap

MPX10GS 344E-01 Side with Port Attached

MPX10GSX 44F-01 Side with Port Attached

ORDERING INFORMATION

MPX10 series pressure sensors are avalfable in differential and gauge configurations. Devices are available in the basic
efement package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose pressure
connactions.

MPX Series
Devica Type Options Cass Type Order Number Device Marking
Basic Element Differantial Case 344-15 MPX10D MPX10D
Ported Elements Differential Case 344C.-01 MPX100DP MPX100P
Gauge Case 3448-01 MPX10GP MPX10GP
Gauge Vacuum Case 3440--01 MPX10GVP MPX10GVP
Gauge Stove Pipe Case 344E-01 MPX10GS MPX100
Gauge Axial Case 344F--01 MPX10GSX MPX10D

4 Motorola Sensor Device Data



MPX10 SERIES

PACKAGE DIMENSIONS
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Motarola Sensor Device Data



MPX10 SERIES

PACKAGE DIMENSIONS — CONTINUED
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MPX10 SERIES
PACKAGE DIMENSIONS — CONTINUED

NOTES
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Philips Semiconductors

CMOS 8-bit A/D converters

DESCRIPTICN

The ADC0803 family is # series of three CMOS 8-bit successive
approximaticn A/D converters using a resistive ladder and
capacitive array together with an auto-zero comparator. These
converlers are designed to operale with microprocessor-controiled
buses using a8 minimum of external circuitry. The 3-State output data
lines can be connected directly to the data bus.

The differential analog voltage input allows for increased
commoen-rade rejection and provides a means to agjust the
zero-scale offset. Additionally, the veitage reference input provides a
means of encading small anatog vollages to the full 8 bits of
resolution.

FEATURES

® Compatible with most microprocessors

® Differential inputs

® 3-State outpuls

®* Logic levels TTL and MOS compatible

# Can be used with internal or external clock
® Analog input range 0V to Vog

® Single 5 V supply

# Guaranteed specification with 1 MHz clock

Product data
]

ADC0803/0804

PiIN CONFIGURATION

D, N PACKAGES
s 1f @ ~ 2 vor
RAD 2 18 CLKR
w3 18 Do
GKiN 4 17 o
INTR B 16 D7
Vini*) € | 15 D
Vil 7 14 D4
AGHD B 13 05
vREEe 8 1208
DGhD - 1C o7
TOP VIEW
SLOMIA

Flgure 1. Pin configuration

APPLICATIONS

® Transducer-to-microprocessorinterface
® Digital thermomeler

® Digitally-controlled thermastat

® Microprocessar-based monitoring and centrol systems

ORDERING INFORMATION
DESCRIPTION TEM:;EESLURE ORDER CODE TOPSIDE MARKING DWG #
20-pini plastic small outling (SO} package Ote70°C ADCOANICH, ADCHAN4CD ADCO08G3-1CD, ADCOB04-1CD | SOT163-1
20-pinplastic small outline (SO} package 400 d5 ¢ ADCRE03LCD, ADCOBGALCD | ADCOB03-1LLD, ADCO804-1L.CD | SOT163-1
20-pin plastic dual in-line package (DIF) Oto 70 °C ADCOE0ICN, ADCHBN4CN ADCOBCI-1CN, ADCOBO4-1CN 1 SOT146-1
20-pin plastic dual in-line package (DIP) | —40t +85 | ABCOSD3LCN. ADCOBRALCN { ADCOS03-1LCN, ADCO804-1LCN | SOT146-1
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER CONDRITIONS RATING UNIT
Ver Supply vaoltage 6.5 v
Logic control input voltages -0.310 +16 v
All other input voflages -0.31t0 (Ve +0.3) \Y
Tamn Operating ternperature range
ADCOBN3LCIVADCOBN4LCD -40 to +85 e
ADCOB03LCN/ADCOBI4LCN —A0 to +85 “C
ADCOBO3CD/ADCOB04CD 0to +70 C
ADCOBU3CN/ADCO804CN Qto+70 “C
Totg Storage temperature ~B851t0 +150 C
Taid Lead soldering temperature (10 seconds) 230 G
Po Maximum power dissipation’ Tanw = 25 - C {still air}
N package 1680 mw
[} package 1390 mw
NOTE:

1. Derate above 25 - C, at the following rates: N package at 13.5 mW/'C; D package at 11 1 mW/C.
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Philips Semiconduciors Product deta

CMOS 8-bit A/D converters ADC0803/0804

BLOCK DIAGRAM

g
vrer2 ©

LADDER AND . AUTO ZERQ )
8 DECODER : COMPARATD '
i !
L . i
= .- : = !
veg 8288 i o {0 o7 wsey )
P <10 08 (12}
i. H B B 5 (13)
ouTPUT 140 D4 14y
LATGHES |-t pa (15}
— o D2 (18)
- L0 D1 (7
DGND 0———'——7 — ‘ 3
! 1 | P iE: QE
1 | l 17 ke : '
-+ ;
wro? v/R
- D ’ " SHIFT REGISTER nd GLOCK
} A} |
1 i = i
[oi: e, i ‘
[ 5 1
INTR i
EF :
2 A a I i
RIS O~ i :
E H
|

|
5 P P

NTR CLE N CLKR SLOOGIT

Figure 2. Block dlagram
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Philips Semiconductors Product data

CMOS 8-bit A/D converters ADCO0803/0804

DC ELECTRICAL CHARACTERISTICS

Vee # 5.0V, foik = 1 MHZ, Tosia = Tamn & Tmax. UNless otherwise spenified.

SYMBOL PARAMETER TEST CONDITIONS LTS UNIT
Min Typ Max
ADCOBO3 relative accuracy error {(adjustec) Full-Scale adjusted ;.50 LSB
ADCO804 relative accuracy error (unadjusted) Vieef2 = 2.500 Vg 1 LS8
Rin Vgep!2 input resistance? Vg = V7 400 680 ]
Anaiog input voltage range? ~0.0% Vep+0.05 v
DG commen-mode error Over analog input voltage range 1118 8 LSB
Power supply senstlivity Ve = BY £10%! 116 LGB
Control inputs
Vi Logical "1" input voltage Vor = 5.258 Voo 20 15 Voo
ViL Logical "0" input vollage Vee =475 Ve 0.8 Ve
™ Lagical "1" input current Vin =5Vipe 0.005 1 BALG
fiL Logical "0" inpul current Vin # 0 Vpe ~1 ~0.005 HADG
Clock in and clock R
v+ Clack in positive-going threshold voitage 27 3.1 35 Voo
V- Clock in negative-gaing threshold voltage 1.5 1.8 21 Voo
Vi Clozk in hysteresis (Vr+-{V1-) 0.6 1.3 2.0 Vo
Vo Logical “0" clock R autput vuitage loy, = 360 pA, Ve = 475 Vpe 04 Voo
Vo Logical *1" clock R output voltage fon = 380 pA, Ve = .75 Vpg 24 Voo
Data output and INTR
Vot Logical "0” output voltage
Data outputs Il = 1.8 mA. Ve = 4.75 Ve 0.4 Viye
[NTR outputs log = 1.0 mA, Vioe = 4.75 Ve 04 Voo
lon = =360 JA, Vi = 4.75 Ve 24
Vor Logical "1" putput voltage Ve
IoH = ~10 uh, Voo = 4.75 Vg 45
lozL 3-State output leakage Vur = 0 Ve, C8 = logical 1" -3 ARG
lozn 3-State cutput leakage Vour = 5 Ve, C5 = logizat 1" a HABG
Isc +Cutput short-circuit cLrrent Vour = 0V, Tag = 26 -C 4.5 12 mAGs
Ise ~Qutput short-circuit current Vour = Voo, Tame = 25°C 9.0 30 MARG
lec Pawer supply current %EK;JOE?ZZY.F.QF{’:‘:;:(JE‘ZEE 3.0 35 mA
NOTES:

1. Analog inputs must remain within the range: ~0.05 <V = Voo + 0.05 V.
2. See typical performance charactenstics for input resistance al Ve = 5 V.
3. Vgepf2 and Vi must e applied afler the Ve has been lWwrned on o prevent the possibility of latching,
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Philips Semiconductors

Product data

CMQOS 8-bit A/D converters

ADC0803/0804

AC ELECTRICAL CHARACTERISTICS

LIMITS
S5YMBOL PARAMETER TO FROM TEST CONDITIONS UNIT
Min | Typ | Max

Conversion time ferk = 1 MHz! 86 73 us

felk Clock fraquency’ 0.1 1.0 3.0 MHz
Clock duty cycle? 40 80 %

. . . CS =0 oLk = 1 MHz -

CR Free-running canversion rate TR tied 1o WR 13690 | convis
tyWRIL Start pulse wigth C&=0 30 ns
tace: Access time Quiput RD C5=0.C, =100 pF 75 100 ns
! . G = 10 pF. R = 10 kil ]
HH, tan 3-State contral Output RO Hod ¥State tosl eircuk 70 100 ns

. Wo ‘
s by INTR delay INTR or RO 100 150 ng
Cin Lagic input=capacitance § 7.5 pF
Cout 3-State output capacitance 5 7.5 pF
NOTE:

1. Accuracy is guaranteed at fp |« = 1 MHz. Accuracy may degrade at bigher clack frequencies.

FUNCTIONAL DESCRIPTION

These devices operate on the Successive Approximatinn principle.
Analog switches are closed sequentially by successive
approximation fagic until the nput to the auto-zero comparator

[ Vini++-Vin(-) ] matches the valtage from the decader. After all bits
are tested and determined, the &-bil hinary code correspanding to
the input valtage is transferred to an output latch. Conversion begins
with the arrival of a pulse at the WR input if the CS input is low. On
the High-to-Low transition of the signal at the WR ar the CS input.
the SAR is initialized, the shift register is reset, and the INTR auiput
is sat high. The A/D will remain in the reset state as long as the C8
and WR inputs remain low. Conversion wiil start from cne to eight
clock periods after one ar both of these inputs makes a Low-to-High
sransdion. After the canversion is complete, the INTR pin wili make a
High-to-Low transition. This can be used to interrupl a processor, o
otharwise signal the availahility of a new conversion result. A read
(D) operation (with £ iow} will clear the INTR line and enable the
output latches. The device may be run in the free-running mode as
described laler. A conversion in progress can be interrupted by
issuing anather starl command.

Digital Control Inputs

The digital control inputs (CS, WR, RD) are compatible with
standard TTL lagic voltage levels. The required sighals at these
inputs correspond te Chip Salect, START Cenversion, and Qutput
Enable control signals, respectively. They are active-Low for gasy
interface 1o microprocessar and microcontrolier cortrel buses. For
applications not using microprocessors, the €8 input {Pin 1) can be
grounded and the A/D START function is achieved by a
negative-going pulse to the WR input (Pin 3). The Cutput Enable
functicn is achiavad by a logic low signal at the RD input (Pin 2),
which may be grounded to constantly have the latest conversiorn
present at the output,

2002 Oct 17
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ANALOG OPERATION

Analog input Current

The analog comparisans are performed by a capacitive charge
summing circuit. The inpul capacior is switched belween Vip .4
and Vy;_, while reference capacitors are switched between laps on
lhe reference vollage divider slring. The net charge carresponds to
the weighted difference hetween the input and the most recent tolal
value set by the successive approximation regisier.

The internal switching action causes displacement currents to flow
at the analog inputs. The voltage on the on-chip capacitance is
swilched thraugh the analog differential inpul voltage, resulting in
proportionsl currents entering the Vg, input and leaving the Vi,
input. These transtent currents cocur at the leading edge of the
internal clock pulses. Thay decay rapidly so do natinherently cause
errors as the on-chip comparatar is sirobed at the end of the clock
percd

Input Bypass Capacitors and Source Resistance
HBypass capacitors at lhe inpul will average the charges menhoened
above, causing a DC and an AC current to flow thraugh the output
resistance of the analeg signal sources. This charge pumping action
is worse for cantinuous conversions with the Ve, input at full
scale, This current can he a few microamps, so bypass capacitors
should NOT be used al the analog inputs of the Vgep/Z input for
high resistance sources (> 1 ki2). if input bypass capacitors are
desired for notse filtering and a high scurce resistance is desired to
minimize capacilor size, detrimental effects of the voitage drop
across the input resistance can be eliminated by adjusling the full
scale with both the input resistance and the input bypass capacitor
tn place. This is possibie because the magnitude of the input current
is a precise linear function of the differential voltage.
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Large values of source resistance where an input bypass capacitar
is hot used will nat cause errors as the input currents settle out prior
to the comparison time. IT a low pass fitler is required in the system,
use a low valued series resislor (< 1 kii] for a passive RC section or
add an op amp active filler (low pass). For applications with source
resistances at or below 1 k&2 a 0.1 uF Dypass capacitor at the inputs
will prevent pickup due to series lead inductance or a long wire. A
104 12 series resistor can be used to isolate this capacitor (both the
resistor and capacitor should be placed out of the feedback loop)
fromn the output of the op amp. i used.

Analog Differential Voltage Inputs and
Common-Mode Rejection

These A/D converters have addilional flexibility due to the analoyg
differential voltage input. The V., input (Pin 7) can be used to
subtract a fixed voliage from the input reading (tare correction). This
is also useful in a 4/20 mA current lopp conversion. Commoen-mode
noise can also be reduced by the use of the diffgrential input.

The firme interval between sampting Ving+y #n6 Vi 15 4.5 clock
periods. The maximum error due to this lime difference is given by.

Vimax) = (Vp) {2{cw) (4. 5oLk

where:
V = error voltage due to sampling delay
Vp = peak value of common-mode voltage
few = common mode frequency

For exampie, wilh a 60 Hz commaon-mode frequency. Ty, and a
1 MHz A/D clack, foLk, keeping this error to 1/4 LSB (about 5 mV)
wauld allow a commaon-made voltage, Vi which 1s given by:

[V(max) (f'?‘-’i},

R 70 T
or

(5 % 1073 (10%)

608 0 (35) 29V

Ve
The allowed range of analog input voltages usualty places mare
severe restrictions on inpul common-made voltage levels than Lhis,
however.

An analog input span fess than the full 5 V capabilty of the device,
together with a relalively large zero offset, can be gasily handied by
use of the differential input. (See Reference Voltage Span Adjust).

Noise and Stray Pickup

The leads of the analog inputs (Pins 6 and 7) should be kept as
short as possible ta minimize input noise coupling and stray signat
pick-up. Both EMI and undesired digital signal coupling to these
inputs can cause system errors. The source resistance for these
inputs should generally be below 5 k(2 1o help avoid undesired noise
pickup. Input bypass capacitors at the analog inputs can create
errors as described previously, Full scate adjustment with any input
bypass capacitors in piace will eliminate these errors.

Reference Voltage

For application flexibility, these A/D converters have been designed
to accommodate fixed reference voltages of 5V to Pin 20 or 2.5V to
Pin 9, or an adjusted reference voltage at Pin 8. The reference can
he set by farcing it at Vrgp/2 input, or can be determined by the
supply voltage (Pin 20). Figure § indicates how this is accomplished.
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Reference Voitage Span Adjust

Nole thal the: Pin 9 (Vrer!2) voltage is either 172 the voltage appled
1o the Ve supply pin. or 1s equal to the voltage which is externaily
farced at the Vigep/2 pin. In addition to allowing for flexible
references and full span voltagas, this aiso allows for a ratiometric
voitage reference. The internal gain of the Vpge/2 input is 2, making
the full-scale differential input voltage twice the voltage at Pin 9.

For example, a dynarnic voltage range of the analog input valiage
that extendgs from 0 to 4 V gives a span of 4 V {4-0), so the Vggr/2
voitage can be made equal to 2 V (hall of the 4 V span) and full
scale output would correspond to 4 V at the input.

On the pther band, if Ihe dynamic inputl voltage had d range of

(.5 10 3.5V, the span or dynamic input range is 3V (3.5-0.5}. To
encode thiz 3V span wilh 0.5V vielding & code of zera, the
minimum expected mput (0.5 V, in this case) is applied to the Viy(—)
pin to account for the offset, and the Vee/d pin s set to 1/2the 3V
span, or 1.5V The A/D cenverter will now encode the Viy(+} signal
betwesn 0.5 and 3.5V with 0.5 V at the input torresponding to a
code of zero and 3.5 V at the input producing a full scale cutput
code. The full 8 hits of resolution are thus applied aver this reduced
input valtage range. Tha reguired connections are shown in

Figure 7.

Operating Mode

These converters can be operated in two modes:
1) absolute mode
21 ratiomelric mode

In ahsolute mode applications, beth the initial accuracy and the
tarmperature slability of the refarence voliags are important factars n
the accuracy of the conversion. For Viges/2 voltages of 2.5V, initial
errors of =10 m\ will cause canversion errars of 1 LSB due 1o the
gain of 2 at the Vies!2 input. in reduced span applications. the initial
valile and stability of the Veep/Z input voltage become even more
important as the same errof is a larger parcentage of the Vg p/2
nominat value. See Figure 8.

In ratiomelric converter applications, tha magnitude of the reference
vallage is a tactor in both the output of the source transducer and
the output of the A/D converter, and, therefore, cancels outin the
final digital cade. See Figure 9.

Generally, the reference voltage will reguire an initial adjustment.
Errors due to an improper refarence voltage value appear as
full-scale errors in the A/D transter function.

ERRORS AND INPUT SPAN ADJUSTMENTS

There are many sources of errar in any data converter, some of
which can be adjusted out. Inherent errors, such as relative
accuracy. cannot be eliminated, but such errors as full-scale and
zero scale offset errors can ba eliminated quile easily. See Figure 7.

Zero Scale Error

Zero sgale error of an A/D is the differance of potential between the
ideal 1/2 LS8 vatue (8.B mV for Vrep/2=2.500 V) and that input
voltage which just causes an outpul fransition Irom coce 0000 DONO
o a code of DC00 D001

If the minimum input value is not ground potential, a zero offset can
he made. The converter can be made 1o output a digital cede of
0000 6000 for the minimum expected input voltage by hiasing the
Vi3 input ta that minimum value expected al the V(- )} input to
mat minimum value expected at the Viy{+} input. This uses the
differential mode of the converter. Any offset adjsstment should be
done prior to full seate adjustment
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Full Scale Adjustment

Full seale gain is adjusted by applying any desired offset voltage to
Vin(-), then applying the Vip(+) @ voitage that is 1-/; LSB less than
the desired analog full-scale vollage range and then adjusting the
magnitute of Vrep/2 input voltage {or the Ve supply if there is no
Vrep/2 input connection) for a digital oufput core which just
changes from 1111 1110 10 1111 1111 The «weal Viy(+) voltage for
this full-scale adjustment is given by

VMAX - VMIN
VW(-!-) = VIN{Q) - 15x ""-—'2—5?)."'—'—"

where:
Ymax = high end of analog Input range (ground referenced)

Vpain = low end (zerc offset) of analog nput (ground referenced)

CLOCKING OPTION

The clock signat for these A/Ds can be derived from external
sources, such as a system clock, ar self-clocking can be
accomplished by adding an external resistor and gapagitor, as
shown in Figure 11.

Heavy capacitive or DC loading of the CLK R pin should be avoided
as this witi disturb normal converter aperation. Loads less than 50pF
are allowed. This permits driving up lo seven A/D converter CLK 1N
pins of this family from a single CLK R pin of one canverter. Far
larger loading of tha clock line, 2 CMOS or low power TTL buffer or
PNP input logic should ke used Lo minimize the loading on the CLK
R pin.

Restart During a Conversion

A conversion in process can be halted and a new canversion began
by bringing the TF and WR inputs low and allowing at least ane of
them to go high again. The autput data latch is not updated if the
corversian in progress is nol compleled, the data from the
praviously completed conversion will remain in the output data
latches until @ subsequent conversion is completed.

Continuous Conversion

To provide continuous conversion of input data, the C§ and RO
inputs are grounded and IN'TR output is tied to the WK input. This
INTRANR connection shoutd he momentarity farced to a logic low
upan power-up o insure circuit operation, See Figure 10 for one
way o accomplish this
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DRIVING THE DATA BUS

This CMOS A/D converter, like MOS micropracessors and
memeries, will require a bus driver when the tolal capacitance of the
data bus gets large. Other circuitry tied to the data bus will add to
the total capacitive loading, even in the high impedance mode.

There are alternatives in handling this prablem, The capacitive
gading of the data bus slows down the response timie, although DC
specfications are still met Far syslems with a relatively low CPU
clack frequenty, more time is available in which lo establish proper
iogic levels on the bus, allowing higher capacitive toads {o he driven
Isee Typical Performance Characteristics).

At higher GPU clock frequencies, fime can be extended for /O
reads {and/or writes) by inserting wait stales (8880) or using
clack-extending circuits (6800, 8035).

Finaily, I trne is critcal and capacitive loading is high, extarnal bus
drivers must be used. These can be 3-State buffers (low power
Scholtky is recommended, such as the N741.5240 series) or special
higher currenl drive products dasigned as bus drivers, High current
hipolar bus drrvers with PNF inputs are recommended as the PNP
input offers low loading of the A/D output. allowing better respanse
time.

POWER SUPPLIES

Neise spikes on the Ve ling can cause conversian ersors as the
Internal comparator will respond to thern, A low inductance filter
sapacitar should be used close to the convertar Vep pin and values
of 1 iF ar greater are racommended. A separate 5 V regulator for
the converter (and other 5V inear circuitry) will greatty reduce
digital noise on the Ve supply and the atlendant problems

WIRING AND LAYOUT PRECAUTIONS

Digilal wire-wrap sockets and connections are not satisfactory for
breadboarding this (or any) A/D converter. Sockels on PC beards
can be ussed. All logic signal wires and leads should be grouped or
kept as 1ar as possidle from the analeg signal leads. Single wire
analog input leads may pick up undesred hum and noise, requiring
the use of shielded leads to the analey inputs in many apptications,

A single-point analog ground separate from the logic or digital
graund points should be used. The power supply bypass capacilor
and the self-clocking capacitor, if used, should be returmed to digital
ground. Any Vrer/2 bypass capacitor, analog input filter capacdors,
and any input shielding should be returned to the analog ground
point. Proper grounding will minimize zere-scale errors which are
presentin every code. Zero-scale errors can usually be traced o
improper boarrd layoul and wiring
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APPLICATIONS

Microprocessor Interfacing

This family of A/D converlers was designed for easy micropracessor
interfacing. These converters can be memory mapped with
appropriate memory address decading for C8 (read) input. The
active-Low write pulse from the processor is then connectad 1o the
WHR input of the A/D cohverter, whila the processor active-Low read
pulse is fed to the converter RD input to read the converted dala. If
the clock signal is derived from the microprocessor system clock,
the designer/programmer should be sure that there is no attempt to
read the converter until 74 converter clock pulses after the starl
pulse goes high. Allarnatively, the INTR pin may be usad to mierrupt
the processor {o cause reading of the converted data. Of course, the
converler can be connected and addressed as a penpheral (in VD
space), as shown in Figure 12, A bus driver should be used as a
buffer to the A/D oulput in large micreprocessar systerms where the
data teaves the PC board andfor must drive capacitive loads in
excess of 100 pF. See Figure 14.

Interfacing the SCNBD48 microcompuier family is pretty simple, as
shown in Figure 13. Since the SCNB048 family has 24 0 lines, one
of these {shown here as bit 0 or port 1) can be used as the chip
select signal to the converter, eliminating the need for an address
decoder. The RD and WR signals are generalad by reading from
and writing 1o a dummy address.

Digitizing a Transducer Interface Qutput

Circuit Description

Figure 15 shows an example of dwitizing transducer interface output
voltage. In this case, the transducer interface is the NESS21, an
LVDT (Linear Vanable Differential Transformer} Signal Conditicner.
The diode at the A/D input is used to insure thal the input to the A/D
does not go excessively beyand the supply voltage of the A/D. See
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Ine NES5S21 data sheet for a3 complete descnption of the aperation of
that pan

Circuit Adjustment

To adjust the full scale and zero scale of the A4, determine the range
of voltages that the fransducer inlerface output will take on. Set the
LVDT care for nuii and set the Zero Scale Scale Adjust Potentiometer
for a digital autput from the A/D of 1000 060, Set the LVDT core for
maximum valtage from the interface and set the Full Scale Adjust
patentiometer so the AT culputis just barety 1111 1111,

A Digital Thermostat

Circuit Description

The schematic of a Digitat Thermostat is shown in Figure 16. The
A/D digitizes the output of the LM35, a temperature transducer |G
with an auiput of 10 mV per C. With Vg /2 set for 2.58 . this

10 mV correspends lo 172 L8B and the circuil resolution is 2 €.
Reducing Vagr/2 1o 1.28 yiefds a resoltion of 1 7C. Of course, the
lower Ve p/2 is, The more sensitive the A/D wilf be 10 noise.

The desired temperalure is set by holding either of the set buttens
closed, The SCCHNCAS1 programeming could cause the desired
{sel) termperature 1o be displayed while either button is depressed
and for a short time afler it1s releasad. At other times lhe ambiem
teniperalure could be displayed

The et temperature s stored in an SCNB0S51 internal register. The
A conversion is started By wniting anything at ail to the A/D with
port pin P10 set high. The desired temperature 1s compared with the
digitized actual temperature, and the heater s Wurned on or off by
clearing setting port pin P12, (f desired, ancther port pin could be
used to turm on or off an air canditioner.

The display dnvers are NESB7s if common anode LED displays are
used. Of coursa, it s possible to interface to LCD displays as well.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 3. Typical Performance Characteristics
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3-STATE TEST CIRCUITS AND WAVEFORMS (ADC0801-1)
y _,203:. . Vgc V;:c y
ce R vy T (o
RD £ S RD
Nt 1% 2 aND
e = {1 H .
Ve e RmééD_ b DATA Ve ‘
DATA Jus Tl uTuT oatA !
OUTPUT CL== tapr DUTRUT S oo
4 L 4
L1 ‘oK 5100018
Figure 4. 3-State Test Circuits and Waveforms (ADC0801-1)

TIMING DIAGRAMS (Al timing is measured from the 50% voltage points)
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CONVERSION
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W o
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NOTE:
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Figure 5. Timing Diagrams
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|
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SLO0020
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a. Fixed feference

b, Fixed Reference Derived from Voo

1w
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Scale Adjustment
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i1 +5Y
5V 4 'y
| Veo
A V (‘]- AT AN
v, i N e
Emy == 10pF 2kt
i) == 10k AT =TI
I § PR
= ? kil 10042
AD Vigpfd ; oo 4.
Vhgr/2 VOLTAGE Vinl-} T
— REFERENCE § 2ki) Zkid
Vin(-} Vrer!2 !

Figure 8. Absolute Mode of Operaticn
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Vee
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Figure 9, Ratlometric Mode of Operation with Optloaa! Full
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Figure 12. Interfacing to 8080A Microprocessor
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Figure 16. Digital Thermostat
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§020: plastic small outline package; 20 leads; body width 7.5 mm 50T163-1
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DIP20: plastic dual in-line package; 20 leads {300 mH) SOT146-1
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Low Power Narrowband FM IF

Tha MC3361C includes an Oscillator, Mixer, Limiting Amptifier,
Quadraiure Discriminator, Active Filter, Squelkch, Scan Conlrel and Mute
Switch. Thils device is designed for use In FM dual conversion
communications equipment.

* Operates fram 2.0 to 8.0 V Supply
® Low Drain Current 2.8 mA Typical € Voo = 4.0 Vde

# Excellent Sensitivity: input Limiting Voltage —
~3.00d8 = 2.6 pV Typical

® Low Number of External Pans Required
® Operating Frequency Up to 60 MHz
® Full ESD Protection

Represantative Block Diagram

Mhm Secan  Seuelch  Fie Fingr Racovered
Gnd Mute  Control in Cutpt  Input  Audo

Hﬂﬂﬂl_lﬂﬂm
o ] S

Squeich Trigger with
Hystaresis

Mixor

l lator

Mixer Voo Limiter [) Quad
Ds¢ Outpul lnput ! Col

i This device confains 92 aclive transistors.

MC3361C

LOW POWER
NARROWBAND FM iIF

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

¢ o

D BUFFIX
PLASTIC PACKAGE
CASE 7518
(SO-16)

PIN CONNECTIONS

IIF o i8] Mixar Input
Crystal Osc{ ] 18] Ground
Mixar Ourput [ 3 | E Audio Muta
vee (3] [13] Scan Contrad
Limitor Input [5 | 13] Squalch Input
it 11] Filter Culpul
Dﬂcmh” {7] r'10] Filker input

Quad Coil [ & '3 gﬁg&""m"'

(Top View)

ORDERING INFORMATION

Operating .
Device Temperatute Range|  Package

MC3361C0 5016

Ta=-30to+70°C
MCI361CP Plastic DIP

W L3L?253 00DSA007 Tay M

MOTOROLA ANALOG IC DEVICE DATA
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MAXIMUM RATINGS Ty = 25°C, unless otharwise noted. )

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Voeimax) 10 Vdc
Oparating Supply Voitage Range 4 vee 2010 B.0 Ve
Detactor Input Voltage 8 - 10 Vpo
Input Voltaga (Voo * 4.0V) 15 Vig 1.0 VAMS
Mute Function 14 Vi —05t0 +5.0 [ Vpy
Junction Temperature - TJ 150 C
Opwrating Arnbient Ternperature Range - Ta =30 1o +70 G
Storage Temparature Fange - Tsty -85 ta +160 G

ELECTRICAL CHARACTERISTICS (Vee =4.0 Ve, I = 10.7 MHz, Af = £ 3.0 kH2, imgg = 1.0 KHE, Ta, = 25°C,

uniess otherwisa noted.)
Characterietic Pin Min Typ Max Unit
Diain Gurrant (Na Signal) o Car PP R mA
Squelch “Cif 2.0 28 35
Squelch “On” 37 6.2 8.3
Recovared Audio Cutput Vieltags (Vin = 10 mVrms) '] 130 170 214 mynms
Input Limiting Voltage {-3.0 oB Lirniting) 18 = 28 0.0 v
Totat Harmonic Distartion ;] - 0.86 - %
Racovered Output Vottage (No nput Signal) 9 60 1%0 350 | mvems
Drop Voltage AF Gain Lasa 9 -34 -0 = dB
Datactor Quiput iImpedanca - - 450 - n
n Filter Gain {10 kHz) (Vi = 0.3 mVrms) - 40 50 - dB
Flitar Output Vohage T 05 07 ) Vdo
Mute Function Low 14 - 30 50 I
Mute Funcllon High 14 10 n - M
Scan Function Low {(Muts “0ff) (Vya = 1.0 V) 13 g 0 0.4 Vic
Scan Function High (Mute *On™} (V2 = Gnd} 13 3.0 3.8 - Ve
Trigger Hysteresls - = as 100 my
Mixer Corwarsion Gain 3 - 28 - dB8
Mixer Input Aesistance 16 - 33 - k2
Mixer Input Capacitance 16 P g0 y pF

M L3E?253 0098008 ‘1];_[] [
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Figure 1. Test Circult
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Figure §. Input Limiting Voltage Figure &, Overall Galn, Noise and AM Rejection
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Figure 10. S8implifiad Application
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MICROCHIP

PIC16F62X

FLASH-Based 8-Bit CMOS Microcontrollers

Devices included in this data sheet:
» PIC16F627 » PIC16F628
Referred to collectively as PIC16F62X .
High Performance RISC CPU:

* Only 35 instructions to learn

« All single-cycle instructions (200 ns), except for
program branches which are two-cycle

* QOperating speed:
- DC - 20 MHz clock input
- DC - 200 ns instruction cycle

Memory
Device FLASH RAM EEPROM
Program Data Data
PIC16F627 1024 %14 | 224x8 128x 8
PIC16F628 2048x 14 | 224 x 8 128 x 8

+ Interrupt capability

+ 16 special function hardware registers

+ B-level deep hardware stack

« Direct, Indirect and Relative addressing modes

Peripheral Features:

« 15 /G pins with individual direction control

+ High current sink/source for direct LED drive

* Analog comparator module with:

- Two analog comparators

- Programmable an-chip voltage reference
(VREF} module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are exlernally accessible

TimerQ: 8-bit timer/counter with 8-bit

programmable prescaler

Timer1: 16-bit timer/counter with external crystal/

clock capability

Timer2: 8-bit timer/counter with 8-bit period regis-

ter, prescaler and postscaler

» Capture, Compars, PWM {CCP} module

- Capiure is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

Universal Synchronous/Asynchronous Receaiverf

Transmitter USART/SCI

* 16 Bytes of common RAM

»

Special Microcontroller Features:

Power-on Reset (POR)

Power-up Timer (PWRT) and Oscillator Start-up
Timer {OST)

Brown-out Detect (BOD)

Watchdog Timer (WDT) with its own on-chip RC
oscitlator for reliable operation

Multiplexed MCLR-pin
Programmable weak puil-ups on PORTB

= Programmable code protection

Low voltage programming
Power saving SLEEP mode
Selectable oscillator options
- FLASH configuration bits for oscillator opticns
- ER (External Resistor) oscillator
- Reduced part count
- Dual speed INTRC
- Lower current consumption
- EC External Clock input
- XT oscillator mode
- HS oscillator mode
- LP oscillator mode
Serial in-circuit programming (via two pins)
Four user programmable 1D locations

CMOS Technology:

Low-power, high-speed CMOS FLASH technology
Fully static design

Wide operating voltage range

- PIC16F627 - 3.0V to 5.5V

- PIC16F628 - 3.0V to 5.5V

- PIG16LFB27 - 2.0V to 5.5V

- PIC16LF628 - 2.0V to 5.5V

Commercial, industrial and extended temperature
range

Low power consumption

- <20mA @ 5.0V, 4.0 MHz

- 15 pAtypical @ 3.0V, 32 kHz

- < 1.0 uA typical standby current @ 3.0V

€ 1999 Microchip Technology Inc.
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Pin Diagrams

PDIP, SOIC

RAZ/ANZIVREF - E o ~7 18] - RAT/AN1
RAJANICMP! o 1] 53 @ 17[] -t RAG/AND
RA4TOCKVCMPZ w3 3 #  16[] -a—w» RAZ/OSC1/CLKIN
RASMCLRITHV —* [ 4 g 15[ -+— RAG/IOSC2/CLKOUT
Vss —s[1 5 T 14[] =-—— vOp
RBOY/INT w—w[1 5 ) 13[] = RB7T10S
REBIRXOT w—a ] 7 % 12[] = RBATIOSOMICKI
RBATXCK o ] 8 1 [] - zRs
RBYCCP! w— [ o 10|11 w—e RBAIPGM
S§S0P
RA2IANZVREF g [{:1  — 20 [] === RAI/ANT
RAJ/ANI/CMP! wg—mm [] 2 18 [] -a——w RAO/AND
RAATOCKICMP2 ~=—» [ 3 T 1g [] «—s RATIOSCUCLKIN
RASMELRTHY — [] 4 O 17 [] = RAGIOSC/CLKOUT
Ves —= [ 5§ @ 16 []=— Vop
vss ——= ] § o | 15-[)-=—— VoD
REC/ANT -—w [] 7 § 14 [] -+— RBZ/T10S4
RB1/RX/DT -—w [] 8 13 {) -a-—a REBET10SOTICKI
RB2TX/CK < [} 9 12 [ == RBS
RBICCP1 =— [} 10 1 [] =a—» RBA/PGM
Device Differences
Voltage Fiocots
Device Oscillator Technology
Range ’
{(Microns)
PIC16F627 3.0-55 See Note 1 0.7
PIC16F628 3.0-55 See Note 1 0.7
PIC16LF627 20-55 See Note 1 0.7
PICt6LF&28 20-58 See Note 1 0.7

Note 1: If you change from this device to another device, please verify oscillator characteristics in your application.

[YS40300B-page 2 Freliminary © 1899 Microchip Tachnalagy Inc.



PIC16F62X

1.0 GENERAL DESCRIPTION

The PIC16F62X are 18-Pin FLASH-based members of
the versatile PIC16CXX family of low-cost,
high-performance, CMQOS, fully-static, 8-bit
microcontrollers.

All PICmicro® microcontrollers employ an advanced

RISC architecture. The PIC16F62X have enhanced
core features, eight-level deep stack, and multiple inter-
nal and external interrupt sources. The separate
instruction and data buses of the Harvard architecture
allow a 14-bit wide instruction word with the separate
8-bit wide data. The two-stage instruction pipeline
allows all instructions to execute in a single-cycle,
except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16F62X microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

PIC16FB62X devices have special features to reduce
external components, thus reducing system ¢ost,
enhancing system reliability and reducing power con-
sumption. There are eight oscillator configurations, of
which the single pin ER oscillator provides a low-cost
solution. The LP oscillator minimizes power consump-
tion, XT is a standard crystal, INTRC is a self-contained
internal oscillator and the HS is for High Speed crys-
tals. The SLEEP (power-down) mode offers power sav-
ings. The user can wake up the chip from SLEEP
through several external and internal interrupts and
raset.

A highly reliable Watchdeg Timer with its own on-chip
RC oscillator provides protection against software
lock- up.

Table 1-1 shows the features of the PIC16F62X
mid-range microcontroller families.

A simpiified block diagram of the PiC16F62X is shown
in Figure 3-1.

Tha PIC16F62X series fits In applications ranging from
battery chargers to low-power remote sensors. Tha
FLASH technology makes customization of application
programs (detection levels, pulse generation, timers,
etc.) extremely fast and convenient. The small footprint
packages make this microcontroller series ideal for ali
applications with space limilations. Low-cost,
low-power, high-performance, ease of use and YO flex-
ibility make the PIC18F62X very versatile.

1.1 Development Support

The PIC16F62X family is supported by a full-featured
macro assembler, a software simulator, an in-circuit
emulator, a low-cost development programmer and a
full-featured programmer. A Third Party “C" compiler
support tool is also available.

© 1999 Microchip Technology Inc.
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PIC16F62X

TABLE 1-1: PIC16F62X FAMILY OF DEVICES

PIC1GFG27 PIC16F628 PIC16LFB27 PIC16LFG28

Maximum Frequency 20 20 20 20
of Oparation {MHz)

FLASH Program Memcry (words} | 1024 2048 1024 2044

RAM Data Memory (bytes) 224 224 224 224

EEPRQOM Data Memary (bytes) |[128 128 128 128

Timer Module(s) TMRO, TMR1, TMRZ | TMRQ, TMR1, TMRZ |TMRD, TMR1, TMR2 [ TMRO, TMR1, TMR2
Comparators(s) 2 2 2 2

Peripherais Capture/Compara/PWM modules |1 1 t 1
Serial Communications USART USaRT USART USART

Intemal Voltage Reference Yes Yes Yes Yes

Interrupt Sources 10 BT N T 10

O Pins 16 16 B 16 16

Vollage Range {Volts) 3.0-55 a.0-55 2055 2055
Feiturey Brown-out Detect Yes Yes Yes Yes

Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
S0IC; sQIc; 80IC; 50IC;
20-pin SSOP 20-pin 8SOP 20-pin S50P 20-pin SS0P

All PICmicre® Famity devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high /O current
capability. All PIC16F62X Family devices use serial programming with clock pin RBE and data pin RBT.

&

DS403008-page & Frafiminary © 1999 Microchip Technology inc.
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20 PIC16F62X DEVICE VARIETIES

A varlety of frequency ranges and packaging options are
available. Depending on application and production
requirements the proper device option can be selected
using the information In the PIC16F62X Product
Identification System section at the end of this data
sheet. When placing orders, please use this page of the
data sheet to specify the correct part number.

21 Flash Devices

These dsvices are offered in the lower cost plastic
package. even though the device can be erased and
reprogrammed. This allows the same device iobe used
for protatype development and pilot programs as well
as production.

A further advantage of the electrically-erasable Flash
versian is that it can be erased and reprogrammed
in-circuit, or by device programmers, such as
Microchip's PICSTART® Plus or PRO MATE® i
programmers.

22 Quick-Turnaround-Production (QTP)

Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose not to program a medium
to high guantity of units and whose cade patierns have
stabilized. The devices are standard FLASH devices
but with all program locations and configuration options
already programmed by the factory. Certain code and
prototype  verification procedures apply baefore
production shipmants are available. Please contact
your Microchip Technology sales office for more detaits.

23 Serialized
Quick-Turnaround-Production
(SQTPs) Devices

Microchip offers a unique programiming service whers
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
unique number which can sefve as an eniry-code,
password or ID number.

1899 Microchip Technology Inc. Prodiviary
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F62X family can be
atiributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16F62X uses a Harvard architecture, in
which, program and data are accessed from separate
memories using separate busses. This improves
bandwidth over traditional von Neumann architecture
whare program and data are fetched from the same
memory. Separating program and data memory further
allows instructions to be sized differently than 8-bit wide
data word. Instruction opcodes are 14-bits wide making
it possible to have all single word instructions. A 14-bit
wide program memory access bus felches a 14-bit
instruction in a single cycle. A two-stage pipeline over-
laps fetch and execution of instructions. Consequently,
all instructions (35) execute in a single-cycle (200 ns @
20 MHz} except for program branches.

The Table below lists program memory (Flash, Data
and EEPROM).

Memory
Device FLASH RAM EEFROM
Program Data Data
PIC16FB27 1024 x 14 224x 8 128 x 8B
PIC16FG28 2048 x 14 224x8 128 x 8
PIC16LFB27 1024 x 14 224 x 8 128 x 8
PIC16LF628 2048 x 14 224x8 128 %8

The PIC16F62X can directly or indirectly addraess its
register files or data memory. All special function
registers including the program counter ars mapped in
the data memary. The PIC16F62X have an orthogenal
{symmetrical) instruction set that makes it possible to
carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16F62X simple yet efficient. In addition, the
learning curve is reduced significantly.

Tha PIC16F62X devices contain an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. |t performs arithmetic and Boolean
functions between data in the working register and any
register file.

The ALU is 8-bit wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
pperations. It is not an addressable register.

Depending on the instruction executed, the ALLU may
affect the values of the Carry {C), Digit Carry (DC}), and
Zero (£) bits in the STATUS register. The C and DC bits
operate as a Borrow and Digit Borrow out bit,
respactively, bit in subfraction. See the sUBLW and
SUBWF instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
a description of the device pins in Table 3-1.

Two iypes of data memory are provided on the
PIC16FE2X devices. Non-volatle EEPROM data
memory is provided for long term storage of data such
as calibration values, look up table data, and any other
data which may require periodic updating in the field.
This data is not lost when power is removed. The ather
data memory provided is regular RAM data memory.
Regular RAM data memory is provided for temporary
storage of data during normal operation. Itis lost when
power is removed.

© 1999 Microchip Technology inc.
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FIGURE 3-1: BLOCK DIAGRAM
!

Data Bus 8
FLASH “ 7
Program /
Memary RAM Data EEPROM
8 Level _Stack File ‘7“""‘
{13-bit Registers }

Program 14

‘i\
Bus RAM Addr (1) %¢ @ ‘ PORTA
H;]. /. Addr MUX ‘ : RAQ/AND
| ctl
nsiruction rf.-g RAT/ANT

Direct Ader 7 || gjfndrect | J RAZ/ANZIVREF
= RAS/ANZ/CMP1

A L 4 24 3§ 4

FSRreg_ ki— - RA4/TOCK 1/CMP2
A . RASMCLR/THV
| [y — RAB/QSC2/CLKQUT i
= ATUS - :
B LR LAk ] RATIOSCI/CLKIN
. : { -_-ﬂ
Power-up d , MUX PORTH
y Timer f i 14 RBO/INT :
L (el RB1/RXODT !
Q- ! |
Instruction Oscillatar b JX/JL : RB2TRICK i
Decods & |[7==7 | Start-up Timer| | 1| ALU \
Control ‘ ﬁ> 4 RB3/CCP1 ‘
F’%\:g:?n AN Wb 4 RB4/PGM

amgd Timi Watchd B RBS ‘

i
3= Goneration [ ?ti(r:nerug | :'_' gggg 18;0” 1CKI ‘
OSC1/CLKIN Brown-out ot '
OSC2/CLKOUT S 1

Low-Voltage
Programeing

LR

MCLR  VpD, Vss |

Comparator Timerd Timer1 Timer2 !
7 f i ,
) I |

VREF cePi USART :
|
|
|
\
|

Memory

Device FLASH RAM EEPROM ‘
Program Data Data ;

BIC16F627 1024%x14 | 224x8 | 128x8 i
PIC1BF628 2048x 14 | 224x8 126 » 8 5
PIC1BLF627 1024% 14 | 224x8 128 % 8 |
PIC16LF628 2046 x 14 | 224x48 128 x B i

Note 1: Higher order bits are from the STATUS register.
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PIC16F62X

TABLE 3-1: PIC16F62X PINOUT DESCRIPTION
DIP/
Name 50IC SSOP | lO/P Buffer Description
Pi Pin # Type Type
n#

RAD/AND 17 19 110 ST Bi-directional I/0 port/Analog comparator input

RA1/AN1 18 20 [[{e] 8T Bi-directicnal I/O port/Analog comparator input

RAZ/AN2VREF 1 1 [[1e] ST Bi-directional /0 port/Analog comparator inpul/VREF out-
put

RAZAN3ICMP1 2 2 [{{e] ST Bi-directional /O porifAnalog comparator input/compara-
tor output

RAATOCKYCMP2 3 3 IQ ST Bi-directional /0O port/Can be configured as TOCKlicom-
paralar output

RAS/MCLR/THY 4 4 | 57 Input port/master clear (reset input/programming vaoltage
input. When configured as MCLR, this pin is an active tow
reset to the device. Voltage on MCLR/THV must not
excead VoD during normal device operation.

RAB/OSC2/CLKOUT 15 17 [[{e] ST Bi-directional YO port/Oscillator crystal output. Connects
to crystal or rescnator in crystal oscillator mode. In ER
mode, OSC2 pin outputs CLKOWT which has 1/4 the fre-
guency of OSC1, and denotes the instruction cycle rate.

RAT/OSC1/CLKIN 16 18 [{e] ST Bi-dirgctignal 1/Q poryOscillater crystal input/external
clock source input. ER biasing pin.

RBO/INT 6 7 11O TTL/STIN Bi-directional /O port/fexternal interrupt. Can be software
pragrammed for internal weak pull-up.

RB1/RX/DT 7 8 o | TTLsTE Bi-directional /0 port/ USART receive pin/synchronous
data Q. Can ba software programmead for internal weak
pull-up.

RBE2/TX/CK B 9 vo | Tiust® Bi-directional VO port! USART transmit pin/synchronous
cleck I/0. Can be software programmed for internal weak
pull-up.

RB3/CCP1 9 10 o | TTUSTH Bi-directional /O port/Capture/Compare/PWM /0, Can
be software programmed for internal weak pull-up.

RBA/PGM 10 11 e} TTLST) Bi-directional 'O port/Low voltage programming input pin.
Wake-up from SLEEP on pin change. Can be software
programmed for internal weak pull-up, When low voltage
pragramming is enabled, the interrupt on pin change and
weak pull-up resistor are disabled.

RBS 1" 12 /O TTL Bi-directional O portWake-up from SLEEP on pin
change. Can be software programmed far internat weak
pull-up.

RB&/T10SOMICKI 12 13 o | TTLsTE Bi-directional O portTimer! oscillator outpul/Timer1
clock input. Wake up from SLEER an pin change. Can be
software programmed for internal weak pull-up.

RE7/T10SI 13 14 o | TTLsTE Bi-directional 1/Q port/Timer1 oscillator input. Wake up
from SLEEP on pin change. Can ba saftware programmed
for internal weak pull-up.

Vss 5 58 P - Ground reference for togic and /G pins.

VDD 14 15,16 P — Positive supply for logic and I/C pins.

Legend: 0O = output IO = input/output P = power

— = Not used I = Input ST = Schmitt Trigger input
TTL = TTL input IfOD =input/open drain output

Note 4: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.
Note 3: This buffer is a Schmitt Trigger /O when used in USART/Synchronous mode.
Note 4: This buffer is a Schmitt Trigger /0 when used in CCP mode.

Note 5: This buffer is a Schmitt Trigger input when used in low voltage program mode.

© 1999 Microchip Technology Inc.
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PIC16F62X

3.1 Clocking Scheme/Instruction Cycle

The clock input (OSCH1/CLKIN/RAY pin) is internally
divided by four to generate four non-overlapping
quadrature clocks namely Q1, G2, Q3 and Q4. Inter-
naily, the program counter {PC) is incremented avery
Q1, the instruction is fetched from the program memory
and lalched into the instruction register in Q4. The
instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

3.2 Instruttion Flow/Pipelining

An “Instruction Cycle" consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes anather instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
{Example 3-1).

A fetch cycle begins with the program counter {PC)
incrementing in Q1,

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)" in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
{operand read) and written during Q4 (destination
write),

Q1] Q2 ] Q3 [ Q4 Q1| 02| Q3| Q41 Q| Q2| Q3| Q4
osCil o/ Ly e L

alty— N Y Fa8 ™ |

Q2 l !, W A | b s } PIER | | intemal

Qs | ===t i P i W L\ i[ g
o) =il A7z, oo |} |
PC ¢ PC X 5| ¥z |

R mode
) Faich INST (PG}

5003 X EC
OSC(ZéCLKOUT L__-A_/—k—__f'— 'lk__*,__f—-——']

Felch INST (PG

Exacula INST (PC)

|
k
| Fxacule INST (PG-13
F
|

Fatch INGT {PC+2;
Exbclle -

All instructions are single cycle, except for any program branches. These take two cycles since the fetch

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h | Fetch 1 Execute 1
2. MOVWF PORTH Fetch 2 Execute 2
| 5. caLL SUE_1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 Fetch 4 Flush
Fetch SUB_1| Execute SUB_1

instruction is “flushed" from the pipeline while the new instruction is being fetched and then executed.

[X540300B-page 12 [ E AR E O
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4.0 MEMORY ORGANIZATION
41 Program Memory Qrganization

The PIC16F62X has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. Only
the first 1K x 14 (0000h - 03FFh) for the PIC16F627
and 2K x 14 (000Ch - O7FFh} for the PIC16F628 are
physically implemented. Accessing a location above
these boundaries will cause a wrap-around within the
first 1K x 14 space (PIC16F627) or 2K x 14 space
(PIC16F628). The reset vector is at 0000h and the
intarrupt vector is at 0004h (Figure 4-1 and Figure 4-2).

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F627

PC<12:0> ]
CALL, RETURN 13,
RETFIE, RETLW e

Stack Level 1
Stack Level 2

Stack .I.evel 8

FIGURE 4-2: PROGRAM MEMORY MAP AND
STACK FOR THE PIC16F§28

PC<12:0> |
CALL, RETURN 13
RETFIE, RETLW Fai

Stack Level 1
Stack Level 2

a
Stack Level B

Reset Vector 000h
C:

Interrupt Vector 0004

0005
On-chip Program
Memaory

07FFh
0800h
1FFFh

Reset Vector 000h
4.2 Data Memory Organization
e The data memory (Figure 4-3} is partitioned into four
Interrupt Vector 0004 Banks which contain the general purpose registers and
Q005 the special function registers. The Special Function
. Registers are located in the first 32 locations of each
On-chip Program Bank. Register locations 20-7Fh, AOh-FFh, 120h-14Fh,
Memory 170h-17Fh and 1FQh-1FFh are general purpose regis-
03FFh ters implemented as static RAM.
0400h The Table below lists how to access the four banks of
registers:
1EFFh RP1 RPO
Bank0 0 1]
Bank1 Q 1
Bank2 1 0
Bankd 1 1

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

421 GENERAL PURPOSE REGISTER FILE

The register file is organized as 224 x 8 in the
PIC16F62X. Each is accessed either directly or indi-
rectly through the File Select Register FSR
{Section 4.4}.

©® 1899 Microchip Technalogy Inc.
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FIGURE 4-3: DATA MEMORY MAP OF THE PIC16F627 AND PIC16F628

File
Address
Indirect addr.(*) | OOh Indirect addr.{*} | 8Qnh Indirect addr.(*) | 100h Indirect addr.(*} | 180h
TMRO 01h OPTION 81h TMRO 101h QPTION 18%h
PCL 0zh PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h - 1osn 185h
PORTB 08h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
08h 88h 108h 188h
0gh 89h 108h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON &Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
abh 80h 10Dh 18Dh
TMRIL QEh PCON 8Eh 10Eh 18Eh
TMR1H QOFh 8Fh 10Fh 18Fh
T1CON 1Ch 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRIL 18h a95h
CCPR1H 16h 96h
CCPICON 17h g7h
RCSTA 18h TXSTA 98h
TXREG 18h SPBRG 9%h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Rh
1Ch EECON1 gCh
1Dh EECON2® aDh
1Eh 9Eh
CMCON 1Fh VRCON aFh 11Fh
20h Genaeral Aoh General 120h
Purpose Purpose
Register Register
80 Bytes 48 Bytes 14Fh
General 150h
Purpase
Register -
o o
accesses accesses accessas
TOh-7Fh 70h-7Fh 70h - 7Fh
—— FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

D Unimplemeanted data memery locations, read as '0".
* Not a physical register.
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4.2.2  SPECIAL FUNCTION REGISTERS

The special function registers are registers used by the
CPU and Peripheral functions for controlling the
desired operaticn of the device (Table 4-1). These
regisiers are static RAM.

The special registers can be classified into two sets
(core and peripheral). The special function registers
associated with the “core” functions are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripheral feature.

TABLE 4-1: SPECIAL REGISTERS SUMMARY BANKO

Value on | Valre on

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit2 Bit1 Bit 0 POR all other
Reset | Resets(!

Bank 0
0Ch INDF Addressing this localion uses contenis of FSR to address data memory (not a physical register) | xxxx otxx | xxxx xxxx
01h TMRO Timer0 Modute's Register XAKK XHXXK | UUUL uunud
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 0000 Q088
03h STATUS Re | RP1 [RPO [T0 [FD [z inc c 9001 1xxx | 000 guuu
Q4h FSR Indirect data memary address pointer XHKX XKXX_ [ uuuu uuuu
Q5h PORTA RAY RAG RAS RA4 RAJ RAZ2 RA1 RAD xxxx 0000 [ =xxxx 0000
06h PORTB RB7 RB6 RB5 RB4 RE3 RB2 RB1 RB{ KAMK XKAK | uuuu uuuu
avh Unimplemanied - —
08h Unimplemented — —
08h Unimplemeniad — —
0Ah PCLATH — — — Write buffer for upper § bits of program counter ---0 0¢oa [ ---0 0000
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIRA1 EEIF CMIF RCIF TXIF - CCP1IF TMR2IF TMR1IF 0000 -0040 ! oDd0 -0G0
00h Unimplemented . —
QEh TMRIL Holding register for the Igast significant byte of the 16.bit TMRR1 XXXX_XXXX | uuuu uuuu
aFh TMRIH Holding register for tha most significant byte of the 16-bit TMR4 XAAK XRXX | UUUL uuuu
10h T1CON — | = T7ickest [Tickeso [ T1oScEN [T1SYNG [TMRIGS [ TMRION [ --00 00oa | --uu uuuu
11h TMR2 TMRZ2 module's register 0000 0000 | Q9000 0004
12h T2CON — [Toutpsa Jtoutesz [ routrst [ Touteso [ TMR2ON [ T2CKPS1 [ T2CKPS0 | -000 0000 [ -uuu wuuu
13h Unimplemented - —
14h Unimplemented - -
15h CCPRIL Capture/Compare/PWM repister (LSB) KX XMXXK | ULuu uuuu
16h CCPR1H Caplure/Compare/PWM register (MSE) XXXX KXXKM | UUUU uuuy
17h CCP1CCON — —_ CCPIX CCP1Y CCPIM3 | CCPIM2 | CCPIM1 |CCPIMD | --00 0000 | --00 00DO
18h RCSTA SPEN | RX3 SREN CREN ADEN FERR QERR RxE0 0600 -0Cx | 0000 -00x
19h TXREG USART Transmit data register Q000 0Q00 | 0000 0000
1Ah RCREG USART Reteive data register 0000 _to00 0000 0000
1Bh Unimplemented - —
1Ch Unimplemenied - —
1Dh Unimplementad — —
1Eh Unimplemeniad - f—
1Fh CMCON ceouT [crour Jcanv  [euny  Jcis f[emz — [emi femo 0000 DGOY | 0000 0000
Legend: — = Unimplemented locations read as ‘0', u = unchanged, x = unknown, q = value depends on condition,

shaded = unimplemanted

Note 1: Cther {non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during

normal operation.

2 1999 Microchip Technology Inc.
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TABLE 4-2:  SPECIAL FUNCTION REGISTERS SUMMARY BANK1

Value on | Value on
Address Name Bit 7 Bit6 Bit5 | Bit4 | Bit3 | Bitz2 Bit 1 Bit 0 POR all other

Reset resets(!
Bank 1
80h INDF A?dr}assing this location uses contents of FSR to address data memory (not a physical reg- 1 xxc xxix | xxxx xxxx
ister

a1h OPTION RBPU |INTEDG [7ocS _ ITOSE  |PsA  [Ps2  |Psi | Pso 1111 1111 1113 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS kP |RP1 [rre {76 [FD [z [pc [c 0001 1xxx |000g quuu
84h FSR Indirect data memory address pointer XKXAX XXXX | UUUU uuuy
85h TRISA TRISAT | TRISA8 — TRISA4 | TRISAY [TRISAZ [TRISA1 |TRISA0 |11-1 1111 [11-1 1131
B6h TRISB TRISBY | TRISBS TRISBS | TRISBA |TRISB3 [TRISBZ |TRISB1 [TRISBO [1131 1111 $11i1 1111
B7h Unimplemented — —
Bah Unimplemented o — —
B3h Unimplemented — —
B8Ah PCLATH — — — White buffer for upper § bits of program counfer ---0 0000 |---0 0000
88h INTCON GIE PEIE TOIE INTE RBIE TOIF | INTF RBIF 0000 000x | 00D€ 000U
8Ch PIEt EEIE CMIE RCIE TXIE — CCPUE | TMR2IE | TMRI1IE |o0opno -oo0 | 0000 -000
80h Unimplemented — —
8En PCON > — = — JoscF — |FOoR  iBoOD —o- i-ox |---- i-ug
8Fh Unimplemenied
90h Unimplemented - -
d1h Unimplemenied — —
92h PR2 Timer2 Pariod Register 11111131 11111131
93h Unimplemented — -
Sdh Unimplemented — —
95h Unimplemented — —
96h Unimplemented = —
97h Unimgplemented - -
98h TXSTA CSRC 1 TX0 [Txen_[sync | — [erch  [TRMT_ [Tx8D  |oooo -010 [eooo -0ig
98h SPBRG Baud Rate Genaratar Register 0000 0000 [oo0D no0g
9Ah EEDATA EEPROM data ragister . XHXX XX¥X | uuuu uuuu
9Bh EEADR — EEPRCM addrass register ARKX XKKA® | uwug duou
aCh EECON1 — £ = — |whERR [WREN [wR [rD ---- xpo0_|---- goos
90h EECON2 EEPROM contral register 2 (not a physicalregister) [ ee--e--m fe-e-n--
SEh Unimplemented .— —
5Fh VRCON vReN [wroe  JwrrR | — [wrs  Jwvr2 TvRt  |vro 000- 4000 |op0- ocoo
Legend: ; — = Unimplemented locations read as ‘'0°, u = unchanged, x = unknown, q = value depends on candition,

shaded = unimplemented

Note 1: Other {non power-up) resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during
normal operation.
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— —
TABLE 4-3: SPECIAL FUNCTION REGISTERS SUMMARY BANK2

Value on | Value on
Address Name 8it7 Bit & Bit5 | Bit4 | Bit3 | Bit2 Bit1 Bit0 POR all other

Reset resats!!)
Bank 1
100h INCF ﬁ—dirzssing this localion uses contenis of FSR to address data memory (hot a physical reg- | xooee xooex | oo sooc
ister

101h TMRO RBPU__[INTEDG |70CcS  |ToSE  |Psa  |Ps2  |PS1 | PsO 1111 1111|1111 1111
102h PCL Program Counter's (PC) Least Significant Byte 0000 0pD0 [ pOOD €000
103h STATUS Re_ Trpi [rRro |78 R [oc [c 0001 ixxx_ ]000g quuu
i04n FSR Indirect dala memory address pointer XXXK XXXN JUUUW Uuuu
105h Unimplemented — —_—
106h PORTB TRISB7 |TRISBS | TRISBS | TRISB4 | TRISB3 |TRISB2 | TRISB1 |TRISBO | 1131 2111|1111 1111 |
10Th Unimplemented - —
108h Unimplemented — —
108h Unimplemented N — -
10Ah PCLATH — — — Write bulfer for upper 5 bils of program counter ---0 gpon ---0 0000
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF [RBIF 0000 foox | ooeo 00ou
10Ch _ —
10Dh Unimplemented — =
10Eh — —
10Fh Unémplementad
110h Unimplemented - -
111h Unimplementad — —
11Zh
113h Unimpltemented = —
114h Unimplemented — —
118h Unimplemeanted - —
116h Unimplemented — -
117h Unimplemsnted — —
118h — —
119h — —
11Ah — —
11Bh =— -
11Ch — -
11Dh - -
11Eh Unimplemented o -
11Fn - -
Legend: — = Unimplemented locations read as '0’, u = unchanged, x = unknown, q = value depends an condition,

shaded = unimplemented

Note 1: Other (non power-up} resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during
normal operation,

© 1989 Micrachip Technology Inc. Pratfi
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TABLE 4-4:

SPECIAL FUNCTION REGISTERS SUMMARY BANK3

Address

Name

Bit7 Bit & Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0

Value on
POR
Reset

Value on
all other

resets(!)

Bank 1

180h

INDF

Addressing this location uses conlents of FSR to address dala memory {not a physical reg-
ister)

MMHK KAMK

HANX FHXK

181h

OPTION

RBPU__[INTEDG [Tocs  [Tose  |Psa  |ps2  |Ps1__ |PSso

1111 111

1111 1111

182h

PCL

Program Counter's (PC) Leas! Significant Byte

0000 0000

0000 0nco

183n

STATUS

IRF [Ret [Reo — [T0 [FD [z Tbc e

0001 Ixkx

000g quuu

184n

F3R

Indirect data rmemory address painter

HXKE AXKX

UUud uuub

1856h

Unimplemented

186h

TRISB

TRISB7 |TRISBE | TRISBS | TRISB4 |TRISB3 | TRiSBZ |TRISBI | TRISRO

1111 1111

1111 1111

187h

Unimplemented

188h

Unimplemented

18%h

Unimplemented

18Ah

PCLATH

— — n— Write buffer for upper & bils of program counter

---0 Q000

---0 Q000

18Bh

INTCON

GIE PEIE o [INTE _ [RBIE [t [INTF RBIF

0000 000x

a0o0e Qoo

18Ch

180h

18Eh

1BFh

150h

191h

192h

193h

194h

195h

186h

187h

198h

19%h

19Ah

198h

19Ch

190h

18Eh

19Fh

Legend: -—=Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition,
shaded = unimplemented

Note 1: Other {non power-up} resets include MCILR Reset, Brown-out Detect and Watshdog Timer Resst during
normat operation.
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