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BALL & BEAM CONTROL SYSTEMS BY PIC MICROCONTROLLER

by
Pivapong  Chomcheir

Wattanachai Poklin

Advisor

Dr,. Chanat La-orpacharapan

ABSTRACT

This thesis presents the design ol position control systems with a ball-and-beam
application. A proportional  derivative controller {PT) based on the slate feedback design
techriques is used 1o awtomatically control the angle of the horizontal beam. As a result, gravity
causes the ball to roll along the heam to the desired position and then maintain the ball there.

Systems modeling. sensor, compensater, and cstimator design are detailed in tbis thesis.
Simulation results run on MATLAB program are also included. 1For future experiment purposes,
a ball-and-beam system with o DC motor actuator was built, The controller is implemented on
the PIC Microcontroller which 1s programmed by the O language. The ball-and-becam

systems study give insights into important principles and processes in control.
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Fatiu r1Eun 1A AFNUYesgRUBa TRl

da
= —
dt
v 2 uw
AUy 197
M
m=—+0 (2.5)
;
2. MIma Iy aduvesgnuea (v)
P
"
% o / N
".E} 1 \*Z
\\. ‘__‘ [ ]
" -7 XE
\‘\.l' 'P‘_,,."
'.» “' -
AYRE

i =1 = 3
U 24 uamamamanuaaFaduvesgnuoa

snndnmsaewd TnafiagmsadouaunsnmandoufiFaduvesvea Tugili 2.4 14
¥
A4l

Visx o+ (x0) (2.6)

o - 1 Qs ;’ s a 4 5
WATUNT (2.5) HAZHUNTT (2.6) mmhﬁnms (2.3) muuwawm%aummm‘amﬁauﬁ

vaagnuealumen x uazd 0glAn

K= dtmx 8 y+~1 (K +0) @7
2 2 r

ball



2.2.1.2 HAIHAHVBIMN (K Kinetic Energy of Beam)

beam

]
ar L} —A

: i o) ) =t ' “ o a <
ManasuhvaInIu Tumandeunviguegiuied sael AuwasuIatyenIy
¥ cay
w1 ldA e
2

19 (2.8)

Y beam

K

beam

ro | —

»

ar : G « 4 = 3 A
Fatiu wdrouadyesszuy mawdeuivesgnueauuay Tumen xuaz 9 wilddad

K - Khn]l + th;m:
l . 2 . s 1 ;( . 2 1 .2
K= Em(x +(Xe) )+5anll(_r-+e) +5Jbeam8 (29)
4 ML
L8 Docam ’1l . (2‘10)
[ 12
l Ll = 2:_ ]‘]]Rz (21 1)
J

2.2.13 wﬁ’aamﬁ’nrjﬂuagﬂuamm:ﬂm (Potential Energy of Ball & Beam)

‘N\H .
N, T z
-.\“ N \_O.‘.-f‘ 1 !
\ _ *HE} 3 A
i N h=xne
T g ‘\'--. r"ﬁf )
[ k=3 ¢ -
T 1 i
L )f
.
ML

! s w
3517 2.5 wasnudnduesgnueauazau



o ar w o Al a
1ngaHi 2.5 Aamsmwdinudndunsmanieufivasgnueanazau (Ball & Beam) 914

Py =mgh
= mgxsing (2.12)
T3t
P.. =0 {2.13)

beam

W

W :u o 3
AIHY WATTHIAUADITL) Ball & Beam IHLWE];LI xunz o ﬁ'ﬁ]

P=P_,+P

ba beam

= mgxsint (2.14)

2.2.1.4 2In3090YH {Lagrangian)
Fatiu N (2.9) uazaums (2.14) wanluaums (2.2) i ldaunsainieuley

»
VATV Ball & Beam A

.
2

LA%m(;(}(xé‘)")+%Jha”(~}i+é)2 +—;—Jheamé — mgxsin0 (2.15)
T

2.2.1.5 t’mmimﬂ‘iﬂﬁ (Lagrange Equation)

=

= =] o . ]
N5 L Ball & Beam WHUTUANNITAINTDID (lagrange equation) memﬁmﬁau

@ '

18 2 aunis Taafnuald x Ao Adadwnisgnusatuaiu uazd fie ddayuuasal i

q

ar 4 2 o = 1o =3 = e ool
Susrumaniuaanase uda Fuag T Asusiniousani Tunamameinywnag
[ 5 z:;l dl. (=Y 3 [ &

faiu gunmnadsuiifaiuvesgnueasuay ofe lavaunis (2.1) Ao

dfa)
dt Bx OX

F (2.16)

o A1 G o
1o F Aa usansghioinmauen dawilugue



VINTUMT (2.15) ]
ol ball ~ hall e
=m x+ - (
5)( I r
o
Ha"
dﬁ E:;L =m ‘(+ |1:|I X II‘MH B
dtl 54 / r r
uaz
ol . .
— =mx6 —mgsinb
X
v 4 da g o
AU UMM TIAABUNIFATUUDINUDAUUA Y RO
J o ] :
(m+ Zwi 1L TG mx @ + mgsind =0
r- r
wazauN1INIAABU T ILLaIAURATUAY T L lApaun1T (2.1
.
dfoL! o
dil pg)

T fio U5 AINNIBUDN

INANNIT (2.15) A1

:’[: n.l\ e+ l bl ‘- + (‘] Bean + Jha" )e
a0 '
¥
L3
' . I Py
_d'“( al_: =2mx X 6+ mx- H+ b, X+ (l beam T Jl"d”)e
dt L0 '
LA
~
oL —mgxcost
a

FaTu aumTMsNABUMF auUgALBALUATY AD

] - . _p
Thall (mx o T bl )9+ 2mx x 6+ mgxcosd =T
r

2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

2.23)

(2.24)

(2.25)



VINAUNTT (2.20) nazauns (2.25) da 31l Twng 18

5

- 1 .- Lo e . ..
X = [(.Ihm 4 mx8 +mx’a —(mx‘ o PV N )mgsin6+2—‘]—“"'—”mx xB
T

7 hall leam

A
J Ball v J ball
+ —=mgxcosg— —T (2.26)
r r
LAY
- J -1, <. ) -2 J
0=— [m + —-11‘;1”-}“[' - 2( m + "j”}mx x0- " mx 0 —| m+ L Imgxcosd
A I re r re
I ,
+ 2l mgsm[—)} (2.27)
N
Taph

+ 1

* hall

A=m()

b

J Jo. 1
)+[1n + bjll sz + dem-, batl
e 2

r
DINFUAG (2.26) UASAUA1T (2.27) A AuMIF10yHUT (Differential Equations) Y352UL

Ball & Beamn

2.2.1.6 ﬁaﬁ%’udwiaummgﬂ‘uammzﬂm {Transfer Function of Ball & Beam)
= 1 d = 3! . . =]
PNTUNT (2.20) LagaUMIT (2.25) AD aun13 % udu (nonlinear equation) 93
y W g o oy . o . L 4
doalsznaszuuIdluaumadaa (inear cquation) TaW1 Linearized Approximation WD
S 9 s o
WWWGﬂ“ﬁHﬂWHI@R {transfer function) VYOITEUY Ball & Beam T'I?Iﬂtlﬂﬁ:iﬂﬂ@‘l;lﬂﬁllmﬂmf)ﬁ

(taylor serics) nazdN o order AHIANTT 1 DA AD

3 5 7
0
sinﬁ=97—+9—f—e—+...§9 (2.28)
3 5t 7
2 4 fy
cost = mi+9u—0—+...§l (2.29)
o4 6!

g
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3 1o g = . o o
a2 1A aun13(2.20) nazerumi 2.25) TnuifluaumsFady (Linear Equation) Aua 1Ay Ao
T e
[m + %J x = mg0 (2.30)
"

=T (2.31)

~ heam

fa =
VINTUNTT (2.30) BATFUATT (2.31) WIATUN W IO (Transfer function) Y995 UY Ball &

= o -~ = el 9 1
Beam Win®1Munio x uazdunnan g oz ld 1

x(s) 2 032)
B(s) 2 ( R T :
1 + N ST
dhLry
- s ] = A I
uazilo iAo 6 uazBuwnde T 9z 19
UCH I (2.33)

I(S) ‘] beam 8 i

DINEAUNTT (2.32) wazauns (2.33) duszundudy 2
2.2.2 msifigimmnueagniaaiazaIy (State Variable Model of Ball & Beam)
PNELNNT (2.26) nazaums (2.27) A aun1s lidluFadu (nonlincar equation) 33889

T o , i 4 a = )
YrznaszuniluauninFadu dinear cquation) e luaaSniiaan (state variable

modcel) 18847 Jacobian Linearization An
x(t) = h(x(t), u(t).t) (2.34)

y(t)=f(x(t)ult)t) (2.35)



dla
[dh, dh, dh, dh, "dh, |
dx, dx, dx, dx, du
dh, dh, dh, dh, dh,
dh | dx, dx, dx, dx dh | gy
dt | dh, dh, dh, dh, du | dh,
dx, dx, dx, dx, du
dh, dh, dh, dh, dh,
Ldx,dx. dxg o dx | L du |
fuald
X, X
. [ X, X
h(t)=x .h,{t)=x .h (=0 .h,(t)=6.ult)=Tunzx=| °|= 8
X3
X, 6
dh ~dh
— uay | —
dt], s oim dul e
WouluglaumsiSniiman (State Space Equation) 251431
X = Ax + Bu
y =X
wlan
- | 0 1 0 0] [ 0
s 1 ; X 1.,
z{' E{:—‘ . -l U - Eé (‘} Iream ‘I et ) y - _1- ol
X P ! X + p T
8 h 0 { 1o 0
B —mg[mnk‘—hﬂﬂ«J 0 mg_m_ 06 l[m+‘]h—;‘”]
- P r p T 4 P /]
Lpzaun WI,EHﬁT!‘ﬂ {Output Equation) Ao
X
o 0 0fx
oo 1 06
6

11

(2.36)

(2.37)

T (2.38)

(2.39)
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il A= dh war  B= dh
dt du
rl -
=m .' o+ * ball + * beam ¥ ball
p ( beiam R_ 2 ) R 3

2.3 Nmﬂﬂﬁﬂlﬂﬂ'lﬂﬁi’!!ﬂﬂﬁﬁ (DC Motor)
o . . o3| =
womes [WWInszuanss (DC Motor:  Direet  current  motor) Wuszuugana iy
R .:-‘ o3| P ! g .
(electromechanical  system) yWufodhiszuufnmusausenhadwdama v (electrical
variables) LAzAWUANINTFINA (mechanical variables) Taamisi/Aanguwdaamalnih
3 o <3 .
{clectric cnergy) AUWAINIUMATING (mechanical energy)
ol 3y @ o ¥ aa Y
vawad IfINTzLanIa (DC Motor) Aldeammuduszuniuieiuusuunssauusn

=3 4 o
(separately excited) FUANIUNUUIUDITIULDS (armature controlled)

o = ¢
2.3.1 wuudweamandiamanivesnemes Iddinszuanse
(Mathematical Madel of DC Motor)
Tupavaaname T WMAINT21aR5 (Mathematical Model of DC Motor) tan3a331/#1 2.6 #
td

: s o o 3/ a3
UsznoudlsTassadranamaniu Idwazmadumana lupsdisuludesdinszua (field)

o = PR [ o) - 3/
anguood i nszuaase Damande I szundlnFadu

Toad fnernia. J.
M

Speed reduce: Zozd fricticn. B:_

- o Ve = o d o s
3‘1]'1'1 2.0 ImﬂﬁﬂlﬂﬁhﬂliﬂﬂﬁLIW"INWﬂ‘imm’ﬂ‘N‘F]‘E)ﬂ‘l_lLﬂEJ'ﬁUﬁﬂﬂﬂ?ﬂﬂﬂﬂﬁmmﬁ)'j

[
.
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' = = u ) =
AIAINUBULTIUA (Torque constant) wwduiuinuus sfinvessemad IWfinszuaass (DC

¢ ' &z
Motor Torque) DAEATEUTOITIULNDT (armature current) UUAD

T =K,i, (2.40)

Ky =nBlr (2.41)

c!y A 5! w =1 s ] o -1 =y
wenantusandouvihdoundyu Back EMF) aziludadiufunius iy (Angular

Y
velocity) DC Motor Hufe

eh = Kh“)m (242)

K, =nBIr (2.43)

= P . . = = -
110 laavesuamas IMANIzuanIs (Model of DC Motor) Tugt#l 2.6 Wouaumsiys

o

s o - . . 5 _”
OUWUT (Difterential Equations) 1asail

e‘] 7Ruia _["ag—ia _Khmm 30 (244)
’ dt
. . d
K t‘lca - Bm(l)m - ]d 7‘lm 40‘)111 = 0 (245)
dt
35
d
—em = (Dm (246)
dt

o =Y
aums (2.44) Aoaunismaiweemas dhnszuaase (DC motor) d3UN8lALAY
9 = o
usaRUuRUABT YOUA (Kirchofl's Voltage Law:KVL) uas@uny (2.45) ADAUNITNIATING
vad DC motor a%‘1nu‘1m1ﬂg‘]mmﬁnﬁu (Newton's Law)

o o o W ¥
MAFTUANTT (2.44) - (2.46) u']llTlfnﬂWSlLﬂa‘aﬁWﬂﬁ-lcﬁ (Laplace Transform) ﬂ1ua1ﬂUﬂ$1ﬁ31

Ia (S) = ["*“"—*:T [E 4 (9) -K hU) m (S)] (247)

Bl il

1 :
®, (5) :m——[n{.l“ (s)—T_{s)] (2.48)

“m m
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[ Yat+
0 (s)=-w (s) (2.49)

]
S
2.3.1.1 vaenlaezunsuve smames IM#nizuansa (Block Diagram of DC Motor)

Pratien

trecd

o =] L Ll L4 4
1l 2.7 uien lmazunsuaawwamos Ifhnssuaaswyyeimees

Q =% a o' d
DINAUNTT (2.47) - (2.49) Wdeundonleazunsuvoanniaos Winszianswuuois

11073 (Block Diagram of an armature controlled DC Motor) hlﬁclug‘l_l"ﬁ 2.7

d
2.3.1.2 Wantuowlewvosnames WA 1nsziuanss (Transfer Function of DC Motor)
iﬂﬂgﬂﬁ 2.7 waaanaszuuid 2 ﬁuvg‘n (input) Ao Voltage Supply (E ) My Torque
e - ks =] cf < =N e'| - =Y
Load (T, ) unziiomn oupuy Whiisnnududaym (o) uasnismiouimuiiag (6)
dwdy Awsudwlouvoamames WA INT2u#As9 (Transfer Function of DC Motor) i®

Sumw (tnput) 1T E, uazianinm (Oupun) 11 6(s) ot T, = 0 agdh

K (2.50)

E’ln(s)_ I
EEI{S) S?ﬁ"u'lmsz +(Rz|‘lm +Bn‘.Ln )S+ BmRa +KI)K'I')

o 1 - o o
nazdadFusieleuvesyanad lfinszuanta lio Duwn (nput) 1T T uaze1myn
=5 ) = R
(Output) 1t 0(s) Tawd £, = 0 319

0 Ls+R, 2.51)

m(S) — _
Td(s) S(Lu‘lms2 + (R;l‘]m + BmL;\)S + BmRa + KbKT)

o o =
IiJLﬂﬁmﬂﬂhﬂlﬂﬂf}ﬂﬂﬁWﬂil’uﬁﬁﬁf] (Mode! of DC Motor) L“IJU§31J°1JE]'LI@HJ Jupyarua 1
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2.3.1.3 ausaemueanamatIWinsziuansa (State Variable Madel of DC Motor)

PNAUNITTIOUNUT (Ditferential Equations) FuMT (2.44) - (2.46) tundalnildeg
Tugilanl

) TEAN (state variable)i, , @, UAE O o2 1daunisman (state equations) AR IA
waﬁ
d . 1 .
al;l :?[Eii ——Rala —wam] (252)
d |
- O, = [K‘]»l _Bmmm ATLI} (2.53)
dl Y
Lad
d
—0,=mn, (2.54)
dt

h-4

] = . Y w
DINAUNIT(2.52) - (2.54) Wnnmnuaumatliniiaan (State Space Equation) 1Ad 3

x = Ax+ Bu

(2.55)
y=0Cx (2.56)
22 1871
— ‘I A
d ] Rk 0l 0
dt ! L‘u L’I _] LH
- 1 l E‘
ij—wE LY noO0fle, |+, 0 - ‘ (2.57)
dt Im m Jm Td
dq o 1 ol%d o o
Lde ]| | I |
LAZAUNITIDNWN (Output Equation) A0
iﬂ
yv=[0 0 1], (2.58)



Taod

16

A fio wesSndizan (system matrix) (m x n

B flo LN@?ﬂ“EﬁﬂginﬂlﬁuT!ﬂ (input matrix) m x r

C o Lim"?ﬂ“ﬁ}ﬁ'}t}jimmmWﬁﬂﬂ {output matrix) {m x n
x A9 NADS AN (state vectory (mx 1)

u A8 INABTHUNN (input vector) ir x 1)

y #0 1IAAD51919W N (output vector) (m x 1)

as

0 OUAYUDITELU (system order)

Sk

n
. o v .
m D IUIUTULIULDINAN (number of output)

rfio iﬁm’;uﬁ’tgaunmﬁuww {number of input)

2.3.2 1hasuden (Gearbox)

a ¢ 3 = s A 4 I s 1 =] |,1 a1
HYIInDa L‘]J‘Ljﬂrj_lﬂ'imlﬂ‘iFNﬂﬁ“‘n’»‘]ﬁnﬂ‘iDE‘NNTLl‘Wﬂ\‘NTHmﬂﬁ'&uﬁu%‘uﬂ%ﬁg‘]]ﬂ SIEL )T

: 3 = o N ~ o w QY
Suq 18 lugvess e usaiia anwda nazmanfoud swsamanuduiug lden

L 0 _N _o 15 (2.59)

N3N 2.6 AunsuTIiaued Gear 2% | Ao

AUASUTITAUDL Gear A7 2 A0

71

m - J [348 _(j—.;_mﬂ'\ + Bl" —g._[l)]“ + TI (2.60)
de- dt
: d
T, =], d—;wlr + B, —a, 2.61)
' : dt
1
T =—T, (2.62)
nl
|
m, =0, {(2.63)
n,
N2
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MAUAUNT (2.61) URE AUN1T (2.63) Tuannii (2.62) ]
. H dw
[ [JL —+ B[‘mm] (2.64)
n, dt '
INANNTT (2.64) unuluaums (2.60) a2 1@
: d
Fl‘m =] B UJm +B, _(l)m (265)
" di’ "t
4 |
118 I =1, +—1F (2.66)
n’
|
Bl = Bm +——,BL (2.67)
n,

2.3.2.1 udenlapzunsuvasuamas v insznsatudasudon

(Block Diagram of DC Motor & Gear box)

Gear ratio Pasition
- 4 *_ .

: :\ ‘ LR, - R rw* .'A.-iE;- :‘—P :_1 —.;' : L ’

i1

Back emf

= o Lt - DA -
51 2.8 n@an lnozunsuuauemasd I inszasedonufviuaon

NNTUMT (2.47) - (2.49) ﬂ11]“Il%EI‘L!‘LIS@ﬂhl@]ﬂmlﬂ‘iijsﬂFN‘JJI’]L@]@giﬂﬁWﬂigﬁ‘NlﬁJﬂﬂ’]g

o a & g g
1A NP3 UADA (Block Diagram of an Ammature Controlled DC Motor & Gear box) 1alu
317 2.8

62888
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IV s d
2.32.2 Handuewlouveswemedvhinszassiubaivden
(Transfler Function of DC Motor& Gearbox)

g i o 1 o = o o et
vinuann laszunsuvasamas Wiinszaswueiwwesaeiufeivden Tugii
¥ g = . .. . . A =

2.8 vz ladandua o Touveauowmas 1Wvhinazns 3 (Transter Function of DC Motor) H0BuUwN

= = -
fin E, uazmvinn Suees) Tavd T, =T,

0 (s) Ky
E,(s) ns{L J.s’+(R,J, +B.L,)s+B.R, +K,K,]

(2.68)
L o ci . 9 r T 1
lapndnmaitaame Id#i (1, : time constant) dzdBEN IR MIANIAIMANG (z_)win

@ s ° o o oy ~ ' - o o

daanunioninluesmanes (1,) Jafes nie manuRosvesuawas (J,,) Bawn

=g 9 Y : o oo 1 ~ . . g
mmmﬁnuﬂiw 1, = 0 anduilafdunialow (ransfer function) fie

e _ LK, (2.69)
B, (s) nsil+ts
)
L= __—KL_J__ (2.70)
B, R, + K, K,
T, :__}"{.E,L (271)
BmR:l + I'("bl<‘l'
3.3.2.3 andimanuesuwamat il nssuansafutafvden
(State Variable Model of DC Motor & Gear box)
fd—i,, :i[Ea ~R.i -nK,o ] (2.72)
dt © L,
11
i“ T [Klln - BI'(‘Dm] (273)
dt 1 I
iel =0, (2.74)
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¥
PINABNI2.72) - (2.74) Unn@euaum a3 giliaan (State Space Equation) 1dd il

;: =Ax+Bu (2.7%)
y =Cx {2.76)
22 1A
- 7 R hl _ B
i[ . a -n, Kh O 1
dt ! L;l L:L ia f
d 1 K. i a
—, |=|—— By w, |[+| 0 [E, (2.77)
dt } ﬂl j'l' ]| 0 0
dg 1 0 Loy
Ldt ") -

(2.78)

o~ = ¢ .
2.4 Tnuilodiumes (Potentiometer)
oy s i o : M A g @ o @
TwnudTodiunos (potentiometen) Haioadofn)doundsaunaluilundaanlud
= ~ 4 = =N ¢ . T Ali = =
Suwniiflowd Inmuilofiuges (potentiometer) dxaglugilvpsniamdouninuurng uaz
4 4 4 4 A da oo g v &
prflumsadoufivuunyuiay  Gotary)  wiamasufiuFudu  (incar  Alddiotleon
Y Yo Y oA A Yo oA i oy
3380 N (voltage) 1l aedhsimAeogmifivoa Potentiometer Output Voltage H 1803
1 A A A ar w o A = o a g
dufimdeuiiszlsfuasatuanuinominyy  segszsznidweinanaouilugaay
TwmuiiTofuned sianyusan (roary) 1 2 vty Aenuunyuldsowden nasvyuld 10
791
= = d
TusziunauguIwmuiladuaasinnimgusen (otary potentiometer) 15111 sensor Tu
Gt w o ' a ' ci'dy 4 = = o
mstlendanmndudumie dwsialufiiyeda g (angle) 3995909 I Todlunes

L)

BUUMH 01 UARIFg
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+V

- = =) o
3l 2.9 narasraes TwnuAletuneiuuunyusoy

e as o g o
i i Toduna iy uurmyuratesoy as lAqumae My An

V = 0 ' (2.79)

Tasi N @9 $11Ius01

a nt: < o | =N = & 1
Fartu Hafdua 11 Tou (Transfer function) ¥o4 i Tefiunefuuumyusou wg'ld

i(s—) =Ks {2.80) !
0(s)
Lﬁﬂ
Ks = —y (2.81)
2nr

4
= =3 =) = o W as
isrannsadonadon’asuny (Block Diagram) 483 Tvumudi Toduaasuuuyyusen ladail

Bm (C;} C(S)
—> K. —*

1 o - - = 4
51l 2.10 naaudeon laazunsuves Ty Tasiuna snuunyusoy
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-~ < .
2.5 NITINYUUY H-Bridge
4 e g (¥ o e d g 4
ITHINMANNISUDI099910 vrlaznen lildae anT 4 9 dunfe St, 82, 83 uay 84 w3

a'sl A

@ 1 q ¥ <]
Tuzildeges duawasamilunise (load) ¥a43993
3 ¥

- Er) o Ce ar . TR~ (=] oo [
Tuaarzaudy adnaynda off ag noz lulioz Infatunedn wse lidnszue i

Twadguoned (10 3.4)

:; = s R
517 2.11 199577 IMFUVY H-Bridge

= o =y o W Y] = =] ) o Pt
uazilei a1 On @Ind $1 uag 83 whendu (jUn 3.5 wilumndonises vl

b . p - o a o & o oq p

aseua lWd®  TramuuamasnnTLInueuanes wiknatuvenowes  sah l¥uemwes
ke =y [~ = =4 =Y 3 d? L]
aunsonyula Tufiam1e Forward (ﬂsﬁuuzx1_1u¢11nzmuuwwmw?ﬂmuwwmﬂmu YUY

o ow o 0 o
ﬂ’]_lﬂﬂ"hlﬂw‘llﬂﬂﬂ?ﬁWUﬂﬂﬁﬂﬂﬂWUlu@Uﬂm@ﬁ)

+
o
+
=

i1

-
|
b
b
:
3
[ 2]
[
=
|

:!I. Iy o . A o) o
E‘L’“ﬂ 2.12 239519 ALUUY H-Bridge WAO0n 87I0% S1 082 83

@ oas 9 o = o 94 cu o [~} o3
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2.8.3 STULATUANLULAYWUS (D: Derivative Control)
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dm TS uwnuIIE A (unit step input) wonaniiumsimns s Idnuszo luwdeu 4 fu A
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¥ ¥
MivauenaRIzn e Ina o uaziuoudls m IR AUV Asymptote

AMTUMVANUDITINAAIAUAY (T

-~ o
Intersection/point = (KATILVDI 1WA - HATILUDIFUY)/(n - m)

v =1 o = 4 1 a_ = -_‘? ]
26330 RdaUBAdY Asymptotes 11IALATA MADUR IR WAL AL diHa

3

THauaEd e TP ITE U RARY

Kﬁ' C; =] A a i 1 q A o
madinInafs = 0 uardlsh s = -1/ Mldganldouldoidy (/)0 - m)aei
Wet 13 &L ar 2 = oy Y PR & i o
Taauduunnniu uazyadaszmaouiimiawniodilndyad uilauiniu edielsfinu
¥ '
msanasesnddus duinitizdosn s ldmanuquunulSiutiReseginfivm
=1 1 {0 0 o 1 Pt d o 1
voe K unz K azfumdldhmuadumisesdTsung Twovesszuy Tavdwmiaweadls

o ! = =1 i o - =y
frruadaoa K luvaed K, wnduaiiilddmue Inassuunnia

[v) ! Y] ar d
2.85 'sz‘uumuqmmuamfmsmﬂuagwuﬁ
(PD: Proportional plus Derivative Control)
P Qs R 9 o a ] o = =1 ¥
fimInruguinuyRu T I mfumsauguuuudad iy dsnuaaslugdizas 1d

w 1 =y =3
HaddunteTeuszuumnntia

G, (s)=(K,+K )G, (s)
(2.98)
G s) =K (1+1,8G,(s)

¥
=5

A Kp A L . . Asl - dq«I a =
e 1, = 70 Derivative Time Constant A9 UMITATUALLVUU 22U FINLUUN
d

s = -, wnzaziii iins o aweseszuy Ml lilinsaldouwlasinnudanam

AANTIZAIF

[
R

w o

sii2.25 vienlaesunauunessuAURUUDDARA S IWAVEYHS
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2.8.6 FFUUAIVRNUUUTAT IS INAUNVVLSWHSIRY SR ULUU WS (PID Control)

'3 0

nnugu TeelduundadiusauAueninSausuazsdudunuueyWus vie ASon ms

=W | o '3 o
AIUANLUY 3 B {tree-term  control) 5$mm$‘uaﬂymmmgﬂﬁ2.26 ﬂﬂﬁmmwmmm

= =1

Ao uBuwmun NURaNAIA e(7) Aail

t
de(t
u(t) = K, e+ K, Ie(t)dt +K, © (2.99)
1
Aardunio lonvossnauny sl
) K
Gis)=K, +—+K;s (2.100)
5
& @ T~
argenananangy Tl
]
G () =K (1+—+1,5) (2.101)
7,8
fafdudioTouszvunuuidaveaszuuaauuyud lod Auaaalugdiiz.e e
. e 1
G (s)=G ()G, ()=K (1+—+1,8)G (8)
7,8
{2.102)

K,(ts+l+11, s )G (s)

T8

G (s)=

¥
LY

Faiumnaunuuuuiled weiud s IS Dszuuewihf 2 duaziiudiaina 187

1 w
0 = P o R
uazy 1dwtia wila T2 UTHUAY |

a o 1 =
siliiz.26 vien laszunsuveassuunuguUUUR oA
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2.9 unagl
dy » o a = o o o o 1 3
uniaznannimsiuemannsneRanduazaaamani e Uea 139 Tu Ty
v s ar o =, a1 =1 =]
tonInnuFuRusueansiimeiaie lugil udenlaozunsy (block diagram) Usgiiman
N aqg do 1« . , =& o Yy ¥ o
(state variable) Wanaun e 1o (wansfer function) 39217 1 lumanisees vinanew-

anavotszul lngld MATLAB uaztih lAadiudanugululylnsneu nsanns



=
unn 3

ﬂTi'ﬂﬂﬂ!.!.‘lJ‘lJ!!ﬂ%ﬂ'liiiT%N

o ¥ = o
%1ﬂi$ﬂﬂﬂ']§ﬂ’JUQMGHLL“H‘LJﬂgﬂlli]ﬂ']_m'ﬂWH L‘*UEJHUﬁEJﬂh],ﬂE]mLﬂiiJ (Block diagram) Tapsu ﬁ'ﬂ

31 3.1 vAenlaesunsnunaTELUATURUA WL NUBALLATY

druilsgnouvdnnunarzin fe

L.

2

ANLBAUREHTH (Ball & Beam )

. m)mﬂ‘fll,ﬁmﬁﬂ{‘llﬁﬂﬂ {Motor & Gearbox)
99371181087 (Drives Mator)

. YuTnsnouTnsamas (PIC microcontroller)

. unaew I (Power Supply ) 5V, 12V LB 24V
. IHULHD 53,1.11 (Angle Sensor : Potentiometer)

. Lﬁb’uL“ﬁﬂ‘g@%mﬁﬂﬂ {Position Sensor mﬂmmﬁm‘mu)
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3.1 MIIPDNUULNVDITTULUNIING (Design of Mechanical System)
31,1 gnusauazA I ( Ball & Beam)
auAllunsadsan fanvasiiuisudunsaumaiwesgnuoamaouiidiuszes x

= % o o @ ~ ' o
Faganinatamuasilugavyuiu e, Anszunilasrodhiusemos

daynn L~ 94.5cm
M- 0.5 Kg

I, =0.03721 (kg - m’)/sec’

beam
Aq Vel o g A a wa 2 v o 1
anupaiilitansusiiunsinanmanienfeqaautiamsir Wi lumsiadwmignuea

UL

UByyAgnULA R-1.25 cm
m- 13 Kg
J s = 0.00002 (kg ~m* )fsec’
¢, =14 cm

| G —n]

q' )
3UN 3.2 naasmsmia r

INNENHT INULA A abe
A
M)
ac-R 1.25cm

bc =g, /2
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1A
Reosh, =g, /2
B, =cos ™ ¢, /2R = cos ' (14n/2x1.25x180)
=84 4°
i
r = Rsin®,
=1.24cem

é‘fmﬂmmwmqﬂuaa LaL A1 (State Variable Model of Ball & Beam)

4 0 10 ﬂ X 0

X 03763 0 -8687 0ix| [-0.1280
= + T
6 0 0 0 e 0

Laj ~100.3503 0 03763 0] 6] [34.1328

4 .
HAZAUMITIDTAWN (output equation) fAa

X

1 o 0 0]«
}{0 010}9
0

- - a ¢ o _dAqp
51 3.3 nanauamesiazife udenii iFluaziy



v ¢
Yayanalnos

i e d g
VayanaIuaan

o ¥
Arviva i

R, =5.65Q
L, =0.525mH
K, =0.005 Nm/Amp

K, =0.005 Volt / (radfsce)

Sy a1, 2
J, =422x10" kg ~m isec

B, =0.113x 10" Nm

o, =4.835rpm/24 v

ln(lnu,\)z2 Amp
Nl =I4
N, =62
N,=13
N,=73
N, =46
N, =96
N, =54
N, =96
1 71\J’N4N()T\8
| N!NIN-:N
_62x73x96x96
[4x13xxd46x54

=02.26

NINFUMT (2.77) Lazaunts (2.78) WisnaunisUSglaan (State space Equation) oA

o a4 o 2 Yo A
UMD TUAZINTLADN Ulﬂﬂﬂ“ll

* T-10803 -882
S, || 12842 2678 0
0 !
0,

+ 0 IE

39



o .
HAZNMITIDIMWY (output equation) o

¢ g
3.1.3 LUMBAIAMHU (Position Sensor)
o o 1 & 7 3 A =~
M3 Tedumiaagnueauuaiaien lalan i dadinnudmu 31 eicdu

HIMAUENR19 0,065 om 1azY1 96 em 1A TITINTBIVEIATURT 2 A1 dudaiuuen uraad

51

)

Ui 3.4 ugaamsTEaIAR A TUIIHLUA T 2 AU Fuda fuuen

MIT19M 3.1 Laaansinunadwuniagnies

528% X(0) (em) A191INMTIR(volt)
o 408

40 3.925

36 | 3.747

32 3.584

28 3.426

24 3.254

20 31.096

16 2.933




Measurement {valt)

3.5

ab

40

12 2,768
8 2591
4 2.442
0 2.275
-4 2116
-8 1.944

12 1.786

-16 1.657

-20 1.465

-24 \ 1.305

-28 1.135

-32 0.975

-36 : 0.812

0.654

-44 0.485

£
o

Pesinor sensar

3G 20 -y u} 10 20 el

Posimor Xt feim)

U 3.5 madaussin luuAnsdumuaveniy

40

41
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g
3.4 I IHY (Angle Sensor)
s A Yo o | : 4 e ae o .
[H BT 11lmﬂmu‘wmjgmmﬂnﬂmwn,uaﬂn“l‘u JWINHN Louuas (Potentiometer) UUY
- a4 EA
15015 (Rotary) 118 100 K Q 011501R 67 Fayumyusang 0 - 305 031 uazuaadlasaadng

#1431

3U7 3.6 TwmuaTadunosuyuTaaEuua 100 K & aluseuae)

< a
mngﬂ uana Udenlanzniy (Block diagram) U8 muwaﬁgn {Angle Sensor) A9

= = U o
51U 3.7 uaon leazunsvvouaiyasyu

asltaudeanodhdy i TasnouTnsaans (Microcontrotler) AT asuN1gUNY V =5 V 910
= =1 =1 1 ar : 9 g dy
Twmui Tefiuned (Potentiometer) 1 uszaseudos usilynlits 360 aem Faiu N nlddad

1 N 910 360 D7 1M1A1 | 501

- b 305
305 HIAT AL 12305 847 500
3160



INTUNT UNU N = 0.847 ﬁ]gll'ﬁx])

K= — =094
o2 x0.847

4:5 ) < = A v a4 g
3‘].'1‘1 38 TWL“U‘I’II’BMM?N1L1J1_|°}"I'1(J‘11l'if’)1l PUIH 100 KL UUUIDHAE] adamneiyaan
ilasafusuann (Gearbox) (1 .L“U'ULZU'E]{'JJ‘M {Angle Sensor) ﬁﬂgﬂﬁ

Yoymiosufon (Gearbox) N, =180

E; =] U - of g @ o
51 3.9 udonlanzunsuunaRsiuRBNAIYUIBD TL

43
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21N

Be

SRy

= = 6.43
28

w

! , \ '3 i s g
MO U8 (Gain} 111umadwuwawu (Angle sensor) iwosafasuden {Gearbox} §]$ul¢’f
K},” =0.94%x6.43=6.04

=3 ] As o =] 4 ' =] o
gt ldh Twnuii Tafiuaed (Potendometer) 31 K = 0.94 1iladiaifioiuden (Gearbox) 114

o

. . o =]
Garn feedback VAT IBUIHDINYN {Angle Sensor) RRRTIET

w & d o i v = ¢ d
f1iu vaenlanzuniy (Blockdigram) U038 UISDIYN (Angle sensor) oroidnmAsiLaen

M
~

(Gearbox) qﬁﬁﬂ

£, e
—> 604 —»

. o o3 s
g 3.10 vien laezonsuveunvs udp ARV LD TN
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Y

o

3Uh 3.1 naaansd s o Tauay MTIANILTIA LY WABEA UMM THYHYDIATY

D317 3.11 gﬂwyummmuqammﬁu 17 em

SEosUNALTATAT ALY 30 em

Jausssuvouazn e laedaszey h 1mIAauaziufinna luasa
NN

h=17-+sin{16,)

P19 3.2 uAaanIMILIN Iz LAz MI IANIHSIAUUD WA EA TN LAN THY LD IA 1Y

), (degree) ADIAMIATUIN h (cm) A10INMIIA (Volt)
21 27.7 0.02
18 26.3 0.33
B 24.8 0.70
12 23.2 1.09
9 21.7 | 1.45
6 ! 20.1 1.81




3 18.6 2.15
0 17 2.50
-3 15.4 2.88
-6 13.9 314
-9 2.3 3.55
-12 10.8 : 3.88
-15 9.2 | 4.27
-18 7.7 4.60

-21 5 6.2 5.00

Angle sensar (Potentiometer)

4.5

3.5

2.5

Measurement (volt)

1.5

0.5

0
-20 -15 -10 -5 0 5 10 15 20

Angle positicn (degree)

51 312 namen TS ST U IMT YYD THTULT IAND1NNT TR

AT MM SAuaAITT DT (Angle senson) il FAendhsiinnuiludaudu

(Lineat)
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3.1.5 N992AKULIIDIAIY
3.1.5.1 24939UMBIABS (Drives Motor)
o g o o . 4 3 o o
e maeMyna dnnauuemodilunuy H-Bridge F1sznoudsuamun 4 47
& o 0w o4 w o o g ¥ o ¥ Py 4
wihiilurinda awaum st ld 4 aloasu (quadrant Mlduomesvynla 2 Aama a

o

e deane o Wonooanwnae (power supply) osdnAus uazdaflosiuTavins

doundn msaouInsaly Has-ian ‘Iummm (Pulse-width Modulation type Bipolar: PWM)
woenrn (mosfer) didpAfo amﬁmﬁmwhﬂmmmﬂqamuﬂ 50 KHz 11l9ufle 400 KHz
e 3 i ) I o = o s %
daanniso lumanaewalasanuzaeuvduriednisiinuing, mydunemn1#

thnssuaangeiildie nazganndesndmamdaeed  Teedinsgapdulumsaies
(swithching loss) Teandmaudmaes uonnnidshifiilynuivadusa waduaidmnaind

° = ' 1 =1 1 o a0
Tusmzirumdouniudames uasdalsaany lusremsiinisudion state)uoauammniian

v

anuE i IS 1 Fagande a3l (conduction loss) guIANTIMS T mAD I ATUTIAUAN
asoutioon uazuaanEIMUALs WYL INTEUR (forward blocking voltage) 191A1n71
nsmFened Tuinanseedilyniseansni g fdunnnnveswomin wnzfinreioues
pomvids vdnguieni s dufumeniynvensnsdunndinandesiimsuen
14 Y e 4 a i a ¥
A5179 (Isolaict M3 T 1f s AMIAMIAN A d (gate control pulse) TavtlnfigUnsaliidonlauen

4 Y 2 . o
N3119 8 optical coupling FudanlHuns TLP251 10399333393 9UNBADS (Drives Motor) 919

.
11 3.13
g i
. [t
- - v —‘ o r2AV
920 o 47 P 7 t
a R R : o 2 LR , |
Ll ' 2 rep | . - -] RFP !
PR TP o g e 2 |
Lrpzsy [ A W TLP251 - I !
[ Y i 2 3
3 t54 51K . 3 is sk E :
{1 1
t . [ B .
: P . ,
* oM 1 jooouF
vosoy T
5 !
220 220 2 8 i y ¢
B. A4 2 8 - lu o N 21 n by e ‘0.1‘«._|f I("‘E 2 | i
_ o RNCE <) ‘| IRFP | 100UF L
Lo [ai 1208 N 0 g =s0a sov T
mezsy S -k e 4 Tl R ,‘J
H ‘ - IR i | a H
! = o ! R "2
B e sRE e
i !

i
e &

GND

3191 313 uaaaaasdinawed 1 H-Bridge
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3.1.5.2 2139591 (Gate drive circuit)

. -
£y *
TALSIZER o 2 TALS14
: P MO T [
| P e ] T 4B
! e
7aLS14R
170", RDO_ i .
+ . V5 al
T,
514
L ok AR
| RC2 o PR 2D

T4L5"25/4

4 o

31N 3.14 uaasvIdiLAN
1103109 3.14 gadunniiuisvaeintaeld Trigger lnverter 1105 74LS14 102 Quad Bus
4 1 1w @ d‘
Buffer (W 7418125 Fanzanagiuana B ¢ uaz D vo3nANs914ama (drives motor) Tavi
= o~ o =1 w o
AWITOAIANAANIVT RC2 laedya s “High” 1ag “Low” uazaunuaT Taeldad-

o Tugiadu (PwM) maan RDO vodluTasnonTnsamed uaaamsiinudegy 3.15

ke PORT  RIW

3.15 LAAINTTRIIUIDITULIR

=hn.

il
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3153 1I93a49H0

-5V
- ca
.y 1OUFB0Y
T R
ok} : |
10uF/60v} | .
CH 1 ‘4
10UF/B0Y N o7
- 4 ic2 %5 = 10uF/s0V
W T MAX232 :
| i i
; 1 : :
gL e 7 o 9 TxD
7ok b o {- e
H, L3 ‘ |
R 1 .o RaD,
SERIAL ‘ & . 15} !
PORT ca == i
10uF/EDYV . ¢
i

JUA 3.16 namasesnaaINa lay MAX232

- =] 2 . =1 v A 1 A 1 [V
vinguii 3.16 Wurensld 10 Max232 iiludufeudaie 38111991 TxD HazIUAIMN

- o I’ =y
11 RxD 910l Insneulnsaans uduaninanianaauiiaes Ieoldsunsy Hyper Terminal

HIUN WO ROUATY (Scrial Port)

3.1.5.4 T iadnagnuen

& o ’ ~d o c:J a
wriwaagnisalfiansuiadudvnsdyymdie msteument amp MNTiUTAN

N5 ind y
@ 1 o ] = I o -4 Y [
FyapaitldnsasnnuigeeansouiivadlaTasnountames iNeandynusuniu ngees

Butterworth Filter Tan % Op-amp s 356 Llﬂﬂﬂﬁ'dg‘llﬁ 3.16

-‘.5V
+Hv B ‘ =
‘ 1
| R TUF P oocTulf i | I .
R1'.‘F i R4 . ; ! o[ !
Pao o S 9 JOURDAME 0 oasg B
JRES TR2 S 3 5106 S0k a A
i : fe, hatad 2l SRR .
N pravEt -
1w g, :

WF F 063 :
! ; A8V

310 3.17 waa e Tadumiagnuon
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1.1.5.5 190svadlulninouinsaaas PIC 18F458

PIC

o
- — -
0t ROy — 4%}1’( (BF458

3101 3.18 uaaanisao 1dau T Insneu Tnsamas PIC 187458

gl 307 nasamsanlFonlnlasaeulnsamed TaolHunassiunienen sening
- © =y o ~ A Ao o
45v-60v  uazasanoasziuiladyananimdfidnunemshaonduigey  eyce) o

ANUEIEAY 1eyele - XTAT4
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I

3.1.5.6 19ITINUVITEUU

POSITION SENSOR

Y R2
i
: i
: TWF - 0 ODTF |
. . . . 15
INSTRUMENT AM? !
Patentiomeler ..
————— >
!
!
-5y i
;
. - i
22 ) |
", VD RAD - 7 ;
* oo ' i
3y 3 |
- o] o ,
TQuFECY C3 == R . PIC RM
e | OBV 4k 18F458
'DuF,ﬂsu'\é’. |‘; L l © NMCLR . T
o " - SWWlll ; TLSISNZ (g5 TALSIY
TCUFIH0V ey cr RESET « 12} yss ‘ - o S S S,
v, : i 1 -
.3 o2 5 ] louRsey 3% vss
. N T L = 7ALS 1412
8l ozt A /} ‘2 T, 25| B 5
IL, "y - S TALS1413
8, RC2[17 ~ ng
i a 1€ R 5 [ e N - _
L - M % s oscz{‘ L ] De——ep
SPE’I?:f : 15 i [1a  FaLSizSE GATE DRIVE
. ¢ pio
Cl o rals —-— 2
A5pF J3ufF
40MHz
220 2 . 8 alF ' 22 8 ld?uF <t i
e - T , . w e el
a0 . 2 mrp : [ IRFP
6 e T iis0n . 110G 1 L 1504
TLP2st R o -, post o e ¥ !
3 . o !
3 Sa 3 5. 51K 3 i !
. . . . i
i
‘ M 1000uF |
sov T
: ' o T
Bz e ‘ 7207, | ' \ ;
o o ﬁ Coe ‘ 160uF _
; 120 ; ; B sov T
! : L}
[ 1ipess B {‘ - 4 1 [ 15 !. - ‘
i L ! !
3 ‘ 5 l 51K 3 ! 3! 5, :
' s ; . - T e A PR — e —a GND

BUTTERWORTH
FILLTER

U 3.19 199713935 WUDITTUL

51



3.2 mseanuuvlagly MATLAB

DInTuMsUTQaan (state space cquation) YBIGNIAALALAIY (ball & beam)

i, | {-10803 882 o] i ] [1.912
o, |=| 12.842 2678 0w, [+| 0 |E,
g 0 1 0f 8, 0

v=[0 0 1]o

PN IsTnliman (state space cquation) VaauBMBsHAZIAYT (ball & beam)

x 0 i 0 07 x 0
Y| 03763 0 -8687 0 .»2+ ~0.1280
0 0 ¢ 0 19 0
G| [-100.3503 0 0.3763 0 0| |34.1328
X
[1 0 0 0]x
}:[0 0 | o}e
0

w
LYY

a4 0y &
WY State Variable Model V0352131 Ball & Beam Ag§1971 fin

- omg J mg LI ;
v T8 e R e m K

B £ P P r

. g0 s J, g .
{) = — me (m 4 ol Jx L8 g i[m 4 el ]K,:“
h P s P r



] 0 | 0 0 0 ] )
* J‘]_ b 7
i Dlé—-h'l_“ 0 g% (‘ beam + l hﬂH) 0 - lhﬂ II(T :f
" p r p p r X
. 0 0 0 1 0 A
6= 1 f . +
ol -8 +M] 0 Mg Loy 0 l[m+]";"]l(.r 8
6| i p r poor p r
L | 0 0 0 LY R, La
L L'! Ln B -
]
X
v=[1 0 0 0 0]o
0
_iil_
i
0o 1 0 0 0 Tl 1 0 ]
N 02964 0 -6.8392 0 ~0.0005 || x 0
g 1= 0 0 0 1 0 0 |+ 0
gl 1-79.0259 0 0.2964 0 0.1344 7 0
PO I 0 0 ~9.56 -10803.0593 i, | [1912.0459]
X
X

v=[1 0 0 0 0]¢
0
i

r'—c:c:c::c:m
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Plant
Motor Ball
— & —» &
Creerhox Beam
v ¥
Angle Position
SERSOF Sensor
v v
D/ A A7D A7D
L4 l
X

Controlfer | «——| Estimator

Compensator

sp
o
3UN 3.20 paAgiz1IARY INTAUBITEUY Ball & Beam

3.3.1 mMivanuuy Compensator

3.3.1.1 Estimator
Plant

y()

— »| yx=Ax+Bu |—>» c |

State feedback control]

— H=—Kx «

U 3.21 namaplununana LS EUUAIUANHYY State space



3.3.1.2 Controller

+«—— D74 «— PD

Ul 3.22 uamagthumseonsuunou Tnsamad

rD

K, —

65



=4
unn 4

N1INAABIUAZHANTIINN AN

dy [ = [ = A d‘! 9
VUNHAZAATIDINTTH IR THIITURATITA N ﬁlﬂdijﬂlﬁﬂﬁﬂﬁWﬂi%LLﬁﬂiﬁ (DC Motor) L‘W@i“ﬁ

HNIADVUBITZII)

4.1 MINARBIAIIISITINDIA1I 9 YB3 DC MOTOR

d J
4.1.1 ANNATHNTHUBIBDITNTOS (Armature Resistance)

—{ A}
. =20
. fT T s
= S-S Y
y J"[:}::. ‘(IJ T

W i SOV e T S L R

= ” ¥ ¢ s
TIJTI 4.2 LLESIN1TIAA NHATHMIWUDIB T INIDT

U



N1INAAHY

' L
-agnsniaegl

a Y 3 9 Y
Sl w, =0 Taganaunuuamad Iy

dt

: d. .
e, =R, +L, —i1 +K o, wld e, =R,
‘ T T dt

A

m R =-"

] M
5, 1AnuAT e, vt AwieL T,
@ L Y = ¥ .
Cfufnmde s luaaun wiouiaaimm R,

MR NRANYEd R,

" 1 p o o
MIT19N 4.1 WANITNATDIMIAINITLATINUYOIDITDT (R )

e 9 ¥ d . - ; . -
i ldmaw 1L, =-i = 0Tagflou DC MOTOR Supply

aa

e (V) i (A) R, ()
2 | 0,346 5.780
3 0.525 5714
4 0.685 5.839
5 (0.926 5.400
6 1.185 5.063
7 [.247 5.613
b 1,350 5.926
9 1.632 5515
10 1.772 5.643
1 1.952 5.635
12 1.990 6.030

ANNaY R, =

578045714 + 5839+ 5400 + 5063 + 5613 +5926+ 5515+ 5643+ 5635+ 6.030

I

= 5.6500

37
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= W o d 4
4.1.2 UARUAHBUDIDIINNDDT (Armature Inductance)

4.3 MIIAYIAT Armature Induciance TAB11910 time constant

Y]
=
=n.

MINaas
1 o o
1. fiopUnsaidazl
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L ABRALNULDRAT
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3. flou step input voltage # 2 ﬁ»ﬂgﬂ

o '

4. 3am v, dawnoadalaelnil

Gr £

Nt o 4 i a
s duANEa IunT W eI IANWURTEN Y, T t

@ r:ifi - & y _ - " A w IrL e a cLI
6. IRNTZUTIATNNATSIANT 63.2 % UDI v, TEUSIATNIA LAARD T, P37
7.¥1 L, 20 T, = *R“

a
Lz] = REI-CL'
Stopped . 1998 /06 /20 0510327
: CH2=BinV B 50uS /div
[s1c | o (50us fdiv)
: NORM;20MS /5
Th .
ar .
HELE 92 .€us
1447 10.810dkH=Z
' . T2
Cursor | Type __ Curerr ] i CI']ué;?:
OFF m| 21 T Ti&T2 :
=Filter= =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 0.00v Main 10K mode © AUTO

oW : ZiMHzZ CHZ2 @ 0.00o0v Zoom 10K Type : EDGE CHZ &+

Detay ! 0.0ns
Hold OfF MINIMUM

:Il a v . . 2
317 4.4 wan7an1 Time Constant M4 IWfhvasunines



1o V/DIV = 5 mv

T/DIV = 50 s

VINHANTTNADDI

. -
= 5650x925x 10 = 0.523mll

4.1.3 Back EmI Constant
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WENEGLRE
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1 sogilnsainsgl

W
5 ! Qo al < ’ .
- Hou DC Power Supply ¥a1w 9 ArwiouneIan1Mni 19 @ unzA back emf

td

ar = 34 Q)
3. Yunnwate 2. lue119

o E
4. wmn K, ==
()

LA

- MInuRReves K,

Y 1 o
ﬂﬁ'ﬁﬁ 4.2 HaN1INAaDdINTIINIA1 Back Emf Constant UDINBIADS

3 F, (V) @ frod sec ) Ky {m)
g 0.125 24.0 5.208
7%
4 0.178 34.2 5.205
g; 0.220 44.0 5.000
0.268 53.3 | 5.028
4
4 0.318 62.9 5.056
0.367 72.6 5.055
i
f 0.414 | §2.5 5.018
j 0.472 ‘ 92.3 5.114
2
4 0.513 101.8 5.039
4 0.563 1.4 5,054
H
&) .
4 AuRDY
i " 7(5.2()8+S.205+5.000—5.(_]28+5.056+5.(JSS+5.{)18+S.I14+5.039+S.054 __volts
= " 10 rad/sec
volts
e = 0045078

rad/sec

4.1,4..7M17371U941 5919 (Torque Constant)

A @ e o w
930 emf constant ( Ky, ) HANMUTUNWUFNU torque constant

K, =K,
K, = 0.005078 Nm/A
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4.1.5 A1 Friction Y9aNmes ( 5)

P
:\,. ‘A’r} L il

o N7 APt
d’ ! - . o
3UN4.7 M3IMIAT Friction ¥DIUDIADS
MITNARD
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' < ar
-sagilniaidagl

# '
- fou Voltage 11nAUTaY g LAz URNA1910 DC Volt-Meter Lag Amp- Meter

2

& o =] Y g
‘W%JBNTN?ﬂ'ﬂ'ﬂlllﬁflﬁﬂﬂ (1 LLﬁ$1Ju‘ﬁﬂNﬁ1uﬂ1§13
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3. A luas 1 eun s nan I N UFIRUTIZH19 Torque (T ) NUAIY

15270U {w)

T

.81 torque AVIMAIN T =K I,
Tpg A1 Static torque T =K.,
4 = g o
i I - nisumTHAUHUUDINaIA0S

A1 Dynamic torque T, = K, 1,

A =g ¥ ' 3 =1 =t
L [;l = ﬂ’i$Llﬁ1’]“rﬂ(1ﬁll'ﬁ)mﬂ'iWHuﬂﬂﬁlﬂJWHLﬁﬂﬂﬂﬂ

: AT w
5. 1 Friction B=- - w1 ldninns g
03]

! ' ¢ A o 2
Fn‘ﬂ»‘]ﬁ 4.3 WANTINEBNINIIHIA Friction LHINDIADI (Lﬁﬂmmmmmyu)

e, (V) ‘ ]m {A) o (rp]‘n) T.\' (Nm)

1.73 0.267 0 0.00130

¥ . g A o =
ﬂTﬁ'If.'lﬁ 4.4 HANMINAADANTHIN Friction VOINDADT (Lﬁﬂham'ﬂ‘iﬂialuﬂﬂﬂ)

e, (V) 7, (A) w (rpm) 7, (Nm)

2 0.116 ' 264.4 (.00058




4 IR 655.2 0.00066
6 o4y 1042 0.00074
8 D6l 1452 0.00080
10 0.163 1865 0.00081
12 0.171 2277 0.00086
14 0.181 2676 0.00090
16 0.186 3096 L 0.00093
8 0.193 | 3524 0.00097
20 0.200 1966 0.00100
f1 Friction B = Q0017 000058 0131070

3966 ~ 2644

[ L3 o ¥
4.0.6 M IuTumuins aRag (Mament of Incrtia)
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MIicrocHIP PIC18F2480/2580/4480/4580

28/40/44-Pin Enhanced Flash Microcontrollers with
ECAN™ Technology, 10-Bit A/D and nanoWatt Technology

Power Managed Modes:

* Run: CPU on, peripherals on

+ |dle: CPU off, peripherals on

+ Sleep: CPU off, peripherals off

+ |dle mode currents down tc 5.8 pA typical
¢+ Sleep mode current down 1o 0.1 pA typicai
+ Timer1 Oscillator: 1.7 pA, 32 kHz, 2V

« Watchdog Timer: 2.1 pA

« Two-Speed Osciliator Start-up

Flexible Oscillator Structure:

+ Four Crystal modes, up to 40 MHz

= 4X Phase Lock Loop {PLL) - available for crystal
and internal oscillators)

« Two External RC modes, up to 4 MHz

+ Two External Clock modes, up to 40 MHz

+ Internal oscillator block:
- 8 user selectable frequencies, from 31 kHz to 8 MHz
- Provides a complete range of clack speeds,

from 31 kHz to 32 MHz when used with PLL

- User tunable to compensate for frequency drift

» Secondary oscillatar using Timert @ 32 kHz

* Fail-Safe Clock Manitor
- Allows for safe shutdown if peripheral clock stops

Special Microcontrolier Features:

+ C compiler optimized architecture with optional
extended instruction set

» 100,000 erase/write cycle Enhanced Flash
program memaory typical

« 1,000,000 erasefwrite cycle Data EEPRCM
memary typical

* Flash/Data EEPROM Retention: > 40 years

+ Self-programmable under software control

+ Priority levels tor interrupts

+ B x 8 Single Cycle Hardware Multiplier

+ Extended Watchdog Timer (WDT):
- Programmable period from 41 ms to 1315

» Single-Supply 8V In-Circuit Serial
Programming™ {{CSP™) via two pins

v In-Circuit Debug (ICD) via two pins

* Wide operating voitage range: 2.0V 10 5.5V

Peripheral Highlights:

» High current sink/source 25 mA/25 mA

Three external interrupts

Cne Capture/Compare/PWM (CCP) module

Enhanced Capture/Campare/PWM (ECCP) module

(40/44-pin devices only):

- One, two or four PWM outputs

- Selectable polarity

- Pragrammable dead time

- Auto-Shutdown and Auto-Restart

Master Synchronous Serial Port (MSSP) module

supporting 3-wire SPI™ (all 4 modes) and 12C™

Master and Slave modes

Enhanced Addressable USART module

- Supports RS-485, RS-232 and LIN 1.3

- RS-232 operation using internal oscillator
block (no externatl crystal required)

- Auto-Wake-up on Start bit

- Auto-Baud detect

40-bit, up to 11-channel Analog-to-Digital

Converter module {A/D), up to 100 Ksps

- Autc-acquisition capability

- Conversion available during Sleep

Dual analog comparators with input multiplexing

ECAN Module Features:

Message bit rates up to 1 Mbps

Conforms to CAN 2.0B ACTIVE Specitication
Fully backward compatible with PIC18XXX8 CAN
modules

Three modes of operatian:

- Legacy, Enhanced Legacy, FIFO

Three dedicated transmit buffers with prioritization
Two dedicated receive buffers

Six programmabie receive/transmit bufters

Three full 29-hit acceptance masks

16 full 29-bit acceptance filters w/ dynamic association
DeviceNet™ data byte filter support

Automatic remote frame handiing

Advanced error management features

Program Memor; Data Memory i CCP/ MSSP E n
Device | Fiash | # Single-Word | SRAM | EEPROM | #0 | wptery | ECCP [ " Tihaater. & | Comp. | grygion
{bytes) | Instructions |{bytes}: (bytes) (PWM) e o
PIC1BF2480 16K 8192 768 256 25 8 10 Y Y 1 0 1/3
PIC18F2580 32K 16384 1536 256 36 8 1/0 Y Y 1 0 1/3
PHC18F4480 16K 8197 768 256:__ 25 11 11 Y Y 1 2 13
PIC18F4580 32K 16384_4___ © 1526 256 36 bl 11 Y Y 1 2 1/3

& 2004 Microchip Technology Inc

DS39637A-page 1



PIC18F2480/2580/4480/4580

Pin Diagrams

28-Pin SPDIP, S - Ty -
8-Pin 8 . S0IC MCLRveaRER —=[]*1 hadl 28~ RB7MBIYPGD
Aagang =[] 2 270 = RBSMBI/PGC
RataNT == 3 28 =— RB3/KBI/PGM
RAZANZVREr- = =[] 4 25 == RB4/BIVANS
Raz/aN3veer+ +—+ 1] 5 28 24l ~—= RABACANAX
Aaamackl =[] & T 0 23l =+ RAB2/INTZ/CANTX
RAS/ANASSHLVDIN +—= L] 7 oo 220 =+ RBUINTUANS
vss —[] 8 @« 21[ = RABOANTO/ANID
OSC1/CLKIRAT — [] 9 oo 20[ =— voo
08C2/CLKOAAE ~—[]10 oo 19 =—— ¥ss
ACOM1OSOT13cK! =—=[ ] 11 18] «— pC7/mAXDT
ACI/TI0S -—[_]t2 1/ == RACETX/CK
poacert =—[ia 16[__ == ACS/SD0
ACA/SCK/SCL =[] 14 1sp = ACA:SDISDA
28-Pin QFN
fooEge
FOCOZ
wasa<
ook -85
ZZ22oDO0onm
LAz
=l e T R B
< < |C mmomao
rojlEoococo
VI
' ¥
28272625242322
RAIAN2HEF - +—w | * @ 211 =— RBI/CANRX
RAZ/ANINVREFY w—w | 2 201 «—= RB2ANTZ/ICANTX
RAYTOCKI =——= | 3 191 =—= ABYANT1/ANB
RAS/ANA/SS/HLVEIN - } 4 PICt8F2480 18] =— RABOANTHVANTO
vse . PIC18F2580 Voo
OSCI/CLKIRA? . | & 161 =— vVss
OSC2/CLKO/RAS — |7 151 <= RC7AXDT
8 91011121314
SRR
LI ] ; '}
E\ W i a0 x
codahys
~e8 Y EGE
[ S N R ]
COLLEEQ
HET 5 g
o) oY
— T
£
(=
Q
v
-Pi O [T T T
40-Pin PDIP MCLRAVPR/AED ——» [ 1 . 40 |1 ~—= RB7/KBI3PGD
AADANG/CVREF = -——w [] 2 39 [1 —= ABG/KBIZIPGC
RATANY wom [] 3 38 [1 =— RABS/KBI1/PGM
RAZ/IANZVRE? - wwmw ] 4 37 [1 ——» AB4/KBIO/AND
RAVANINREF- =— [] & 36 [ =—= ABICANRX
AATOCK w—-w [1 6 a5 [ = ABNT2/CANTX
RASANA/SEHLVDIN == [17 34 [ =—= RBIU/INT1/ANS
__ AEQ/AD/ANS <—— [ B eo 33 [0 +— RBOINTOH/FLTO/ANIO
HE1I\EIAN6:‘CIOUT - [19 g <0 32 [ -—— VoD
REZCS/ANZICPOUT wmm [1 10 = & 31— vss
vob — 11 5% 30 «—— RD7PSPZPID
Vss - 12 oo 29 [} ~— AD&/PSPEIPIC
QSC1/CLKIRA? -— - ] 13 e 28 [} =—w= RDS/PSPLPIB
OSCHCLKO/RAGE = - - ] 14 27 [] «—» RD4/PSPAECCPI/PIA
ACOT1I0SOMI 30K = 1] 15 26 [ == RCTAXDT
RC1/TIOS! ——= {1 16 25 ] et ACETRICK
RC2/CCP1 w—» 7] 17 24 7] =—= AC5/SDO
ACHSCKISCL +—-» 7 13 23 0] =—= RC4/SDISDA
ADO/PSPOCTING w——w [] 19 22 T «— ACIPSPHC2IN-
RDVPSPI/CIIN. «— [ 20 21 ] =~ RD2/PSFRC2IN+

DS39637A-page 2 © 2004 Microchip Technology Inc.




PIC18F2480/2580/4480/4580

TABLE 1-1: DEVICE FEATURES
Features PIC18F2480 PIC1BF2580 PIC18F4480 PIC18F4580
Operating Frequency DC - 40 MHz BC - 40 MHz DC — 40 MHz DC - 40 MHz
Program Memeory (Byles} 16384 32768 16384 32768
Program Memory (Instructions}) 8192 16384 8192 16384
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 258
Interrupt Sources 19 19 20 20
1O Poris - Ports A, B, C, (E} | Pons A B, C,(E) | Ports A,B,C,D,E | Ports A,B, C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Moduies 1 1 1 1
Enhanced Capture/ 0 0 1 1
Compare/PWM Modules
ECAN Module o 1 1 1
Serial Communications MSSP. MSSP, M3SP, MSSP,
Enhanced USART | Enhanced USART | Enhanced USART | Enhanced USART
Parallel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digita! Medule 8 Input Channelsmi B Input Channels | 11 input Channels | 11 Input Channels
Comparators 0 0 2 2
Resets {and Delays) POR, BOR, POR. BOR, POR, BOR, POR, BOR,
RESET Instruction, - RESET Instruction, | RESET Instruction, | RESET instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underfiow
(PWRT, OST), ' (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optiona!), : MCLR (cpticnal), | MCLR {optional), MCLR (opticnat),
wWDT WDT WDT WDT
Programmable High/Low-Voltage Yes Yes Yes Yes
Detect i
Programmable Brown-out Reset Yes Yes i Yes Yes
Instruction Set 75 Instructions; 75 Instructions; 75 instructions; 75 Instructions;
83 with Extended | 83 with Extended | 83 with Extended | 83 with Extended
; tnstruction Set Instruction Set Instruction Set Instruction Set
1 enabled enabled enabled enabled
iPackages 28-pin SPDIP 2B-pin SPDIP 40-pin PDIP 40-pin PDIP
: 28-pin SCIC 28-pnSOIC |  44-pnQFN | 44-pin QFN
’ 28-pin QFN 28-pin OFN | 44-pin TQFP 44-pin TQFP

& 2004 Microchip Technology Inc.
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PIC18F2480/2580/4480/4580

!:IGU RE 1-2: PIC18F4480/4580 (40/44-PIN} BLOCK DIAGRAM

Data Bus<B>
t o T RAAQ/AND/CVREF
Dam Latch RA1/AN1
g Data Memary : RAJ/AN3NREF+
21 i (7. 1.5 Kbylos) RA4/TOCK!
S ] RAS/ANA/SSHLVDIN
20 | Address Laich_ 4 =] OSC2/CLKO/RAG
7 _4— <] OSC1/CLKIRAT
| Frogram Loun o Far T
7 - Data Address<12>
[ 3iLevelStack | PORTE
evel Stac : R P—
Address Latch 74 ?_/1 2 /4 = : RBO/INTO/FLTOFAN10
ﬁE Access - RB1/INT1/ANG
Pr?grmthemow STKPTR =l [FSRO] ||| RB2/INT2/CANTX
(1632 Koytes) FSRI _ RBI/CANRIX
Data Latch tFSR2| 12/ RB4/KBIO/AND
RAB5/KBI1/PGM
a EH SRerkaiaraD
4 [ raste Laver | '.‘L“F° —
..... - PO
I pvevuptva! p| Address . RTC
Instruction Bus <16> Decode : ACO/T10SO/T1ICK!
5 =] AC1/T103I
PR +—=% RC2/CCP1
| w__ | RC/SCK/SCL
l ) RC4/SDI/SDA
5 RCS/SD0
[T State machine RCB/TX/CK
1) v —_— '
'Sﬁtcrgge"’g contro! signals i RC7/AX/DT
Caontral
_
L'?x 8 Mu‘llpvg
% : B PORTD
. — / RDO/PSPO/CIIN+
BIoF] w1 -/ RD1/PSP1/C1IN-
/8 78 8 RD2/PSP2/G2IN+
i : — RDAPSP3/C2IN-
f Internal s |
05611 X 1 gamina Power-up | v - RD4/PSP4/ECCP1/P1A
Block Timer . ADS/PSPS/P1B
osc2(? )| Osciiztor N altess / \ =[] RDE/PSPE/P1C
INTAC Start-up Timer|: N S L] RD7?/PSP7/F1D
T1QS) ﬁ Cscillatar Pewer-on P
) ¢ Reset
8 MHz I
T050 _ Oscitiator Wit_chdog PORTE -
—— mer 5 e T REO/AD/ANS
WEED Sngle-Suppty| Brown-aut 2and Gap l RE1/WR/ANGTIOUT
Programming ! %;92___ i Reference ‘ RE2/CS/ANT/C20UT
BT zl-Sale | - : | MECLAM {1}
Voo, Vss {X] [lznc&;:;ér |Cook Morior| : MELAAPR/RES
BOA Data , [ 1
HLYD EEPROM Timer0 I Timer1 Timer2 Timerd
i :
‘ ‘ ADC
Comparator; cCP1 ECCP1 MS5F EUSAAT 1 0-hi ECAN
: B — R L
Note 1: RE3is mulliplexed with MCLR and s only avaiiab'e when the MCLR Resets are disabled.
2:  OSC1/CLKI and OSC2/CLKO are only available in select oscillalor modes and when these pins are nol being used as digital Q.
Relfer 1o Section 2.0 “0Oscillator Configurations™ for additional nformation.
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PIC18F2480/2580/4480/4580

TABLE 1-3: PIC18F4480/4580 PINOUT I/O DESCRIPTIONS
Pin Name 5 Pin Number Pin | Buffer Description
{ PDIP | QFN | TQFP | Type | Type
MCLR/VPr/RE3 oy 18 18 Master Clear (input} or programming voltage {input).
MCLR ‘ | ST Master Clear (Reset} input. This pin is an
‘ active-low Reset to the device.
VPP P Pregramming voltage input,
RE3J t ST Digital input.
OSC1/CLKI/RAY 13 3z 30 Oscillator crystal or external ¢lock input.
0OSCH } ST Oscillator crystal input or external clock source input.
;} ST buffer when configured in RC mode;
i CMOS otherwise.
CLK! : i CMOS External clock source input. Always associated with
pin function OSC1. (See related OSC1/CLKI,
QOSC2/CLKO pins.)
RA7 110 TTL General purpose 0 pin.
0OSC2/CLKO/RAB 14 33 31 Qsciliator crystal or clock cutput.
Osc2 ! 0O —_ Oscillator crystal output. Connects te crystal or
resonator in Crystal Osciflator mode.
CLKO @] — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1 and denotes the instruction
' cycle rate.
RAG 1/0 - TTL General purpose KO pin.

Legend: TTL = TTL compatible input

ST
O

CMOS = CMOS compatibie input or output

= Schmitt Trigger input with CMOS levels |

= Output P

= Input
= Power

DS539637A-page 16
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PIC18F2480/2580/4480/4580

TABLE1-3:  PIC1BF4480/4580 PINOUT /O DESCRIPTIONS (CONTINUED)

_ " Pin Number Pin | Buffer o
Pin Name et Egaemm ) Description
PDIP | QFN | TQFP | Type : Type
PORTA is a bidirectional /0 port.
RAD/ANO/CVREF 2 19 19

RAD 1O TTL Digital /0.

AND | Analog Analog input 0.

CVREF O |Analog| Analog Comparator Reference output.
RA1/ANA 3 20 20

RA1 o] TTL Digital /0.

AN1 ! b jAnalog Analog input 1.

RA2/AN2/VREF- 4 | 21 | 21

RAZ2 ‘ o TTL Digital 1/0.

ANZ o Analog Analog input 2.

VREF- I {Analog A/D Reference Voltage (Low) input.
RAJ/ANI/VREF+ 5 22 22

RA3 Ko | TTIL Digital 1/Q.

AN3 ! 1 |Analog| Analog input 3.

VREF+ | | |Analog| A/D Reference Voltage {High) input.
RA4/TOCKI 6 23 23

RA4 ! 14O TTL ! Digital 1/0.

TOCKI ‘ |+ 8T : TimerQ extarnal clock input.
RAS/AN4/SSHLVDIN| 7 | 24 | 24 :

RAS (He] TTL Digital I1O.

AN4 | | Anaiog Analog input 4.

S8 ! TTL SPI™ Slave Select input.

HLVDIN ! i |Analog| High/Low-Voltage Detect input.
RAB ‘ . See the OSC2/CLKO/RAS pin.
RA7 i ’ See the OSC1/CLKI/RA7 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or cutput

8T = Schmitt Trigger input with CMOS levels | = Input
O =Qutput P = Power

© 2004 Micrachip Technology Ins. DS39637A-page 17



PIC18F2480/2580/4480/4580

TABLE 1-3: PIC18F4480/4580 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Name Pin Number Pin | Buffer Descripti
! es ion
"PDIP | QFN | TQFP | Type | Type cnptio
PORTB is a bidirectional 1/O port. PORTB can be
software programmed for internal weak pult-ups on all
|nputs.
RBO/INTO/FLTO/ .33 9 8
AN10 O | TTL Digitai I/O.
RBO } { ST External interrupt 0.
INTO | | ST Enhanced PWM Fault input (ECCP1 maduie).
FLTO : I [Analog Analog input 10.
AN10 ‘
RB1/INT1/ANS 34 | 10 9
RB1 ‘ /0 | TTL Digital i/O.
INT1 : I 5T External interrupt 1.
ANE i |Analog| Analoginput 8.
RB2/INT2/CANTX 35 it . 10
RB2 o ! TTL Digital 1/0.
INT2 ; i!osT External interrupt 2.
CANTX : O ! TIL CAN bus TX.
RB3/CANRX 36 12 11
RB3 o - TTL Digital 1/0.
CANRX ‘ I TTL © CAN bus RX.
RB4/KBI0/ANS 37 1 ¥4 14 : 3
RB4 i e o TTL Digital 1/C.
KBID ‘ I TTL Interrupt-on-change pin.
ANS ; | . Analog Analog input 3.
RB5/KBI1/PGM 38 15 15 :
RB5 P 1¥C | TTL | Digital O,
KB!1 o TTL Interrupt-on-change pin.
PGM l'vo | sT Low-Voltage ICSP™ Programming enabie pin.
RB6&/KBI2/PGC 39 16 16
RBB6 (@] TTL Digital 1/0.
KBI2 : | TTL Interrupt-on-change pin.
PGC fle} 5T In-Circuit Debugger and ICSP programming
; clock pin.
RB7/KBI3/PGD .40 17 17
RB7 ; Vo | TTL Digital 1/O.
KBI3 ‘ i TTL Interrupt-on-change pin.
PGD YO ST In-Circuit Debugger and ICSP programming
i ! datapin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O  =Cutput P = Power

————
DS38637A-page 18 ® 2004 Microchip Technology Inc.




PIC18F2480/2580/4480/4580

TABLE 1-3: PIC18F4480/4580 PINOUT IO DESCRIPTIONS {CONTINUED)

Pin Name Pin Number Pin | Buffer Description
I escripill
PDIP | QFN | TQFP : Type | Type P
; PORTC is a bidirectional 1/O port.
RCO/T10SO/TI3CKE | 15 34 32
i RCO ; o | 8T Digital /0.
T108S0 o — Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 externa! clock input.
RC1/T1QS! 16 35 35
RCT 10 | ST Digitat 110.
T108SI | CMOS Timer1 osciliator input.
RC2/CCP1 17 36 36
RC2 l{e] ST Digital 1/Q.
CCP1 o] ST Capturei input/Compare1 output/PWM1 output.
' RC3/SCK/SCL 18 | 37 | 37 !
1 RC3 e, ST Digital #0,
SCK 110 ST Synchronous serial clock input/output for
‘ SPI™ mode.
- SCL /G ST Synchronous serial clock inputfoutput for
! : [2C™ mode.
RC4/SDI/SDA 23 42 42 |
RC4 i e | ST Digital #0.
sl I ST SPt data in.
SDA o | 8T 1°C data I/O.
lFlCS/SDO 24 43 43
RC5 I’ !ST Digital 1/0.
SDO o+ — SPi data out.
RCB/TX/CK 25 | 44 | 44 5 ;
RC6 Ko ' ST | Digital 11O,
X C ' — | EUSART asynchronous transmit.
CK : o ST - EUSART synchronous clock (see related RX/DT).
RC7/RX/DT . 26 1 ‘ _
AC7 O | ST ¢ Digital IO
RX | 1 I ST | EUSART asynchronous receive.
DT | | 10 ST | EUSART synchronous data (see related TX/CK).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMCS levels | = Input
O  =Output P = Power
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PIC18F2480/2580/4480/4580

TABLE 1-3: _PIC18F4480/4580 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin;l;me _ Pm_Nu_mber Pin . Buffer Description
PDIP | QFN | TQFP | Type | Type P
‘  PORTD is a bidirectional /O port or a Parallel Slave
| Port (PSP) for interfacing to a microprocessor por.
i These pins have TTL input buffers when PSP module
is enabled.
ROO/PSPO/C1IN+ 19 38 38
RDO 1O ST Dignal /0.
PSPO /O TTL Parallel Slave Port data.
C1IN+ | Analog Comparator 1 input (+).
RD1/PSP1/C1IN- 20 39 39
RD1 /o | ST Digital 1/O.
PSP1 /O | TTL Parallel Slave Port data.
C1IN- | Analog Comparator 1 input {-)
RD2Z2/PSPZ/C2IN+ 21 40 40
RD2 11O ST Digital I/O.
PSP2 ! o | TTL Parallel Stave Porl data.
C2IN+ | Analog Comparator 2 input (+).
RD3PSPIC2IN- | 22 | 41 | a1
AD3 : Vo | ST Digital /0.
PSP3 1O TTL Parallel Slave Port data.
C2IN- { Analog Comparator 2 input {-).
RD4/PSP4/ECCP1/ 27 2 2
P1A . :
! RD4 lie] ST Digital /0.
PSP4 . : O TTL | Parallel Slave Porl data.
ECCP1 i/0 ST | Capture? input/Compare 2 output/PWM2 output.
P1A : (@] TTL ECCP1 PWM output A.
RD5/PSPS/P1B 28 ' 3 3 :
RD5 i le} ST : Digital I/O.
PSP5 I'C | TTL : Paraliel Slave Port data.
P1B 0 | TTL ECCP1 PWM output B.
RDB/PSPE/FP1C 29 4 4
RD8& 11O ST Digital I/Q.
PSPB ; WO TTL Paralle! Slave Port data.
P1C : ‘ 0] TTL ECCP1 PWM output C.
RD7/PSP7/P1D | 5 ' 5
RC7 170 ST Digital 1/Q.
PSP7 : HO TTL Parallel Slave Port data.
P1D i O . TTL , ECCP1PWMoutputD.
Legend: TTL = TTL compatibie input CNMOS = CMOS compatible input or output
ST =Schmitt Trigger input with CMOS levels | = Input
0 =0Output P = Power
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PIC18F2480/2580/4480/4580

TABLE1-3:  PIC18F44B0/4580 PINOUT /O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer
Pin Name e — Description
PDIP | QFN | TQFP | Type | Type escrp
: PORTE is a bicirectiona /O port,
REQ/RD/ANS 8 25 | 25 |
REQ SO | ST Digital 1/0. L
| RD P TTL Read contral for Parallel Slave Port (see also WR
; } and CS pins).
ANS o Analag Analeg input 5.
RE1AWR/ANG/C1OUT 9 26 26 i
RE1 ; o . ST Digital /0. _
WR j [ TTL Write control for Parallei Slave Port (see CS
‘ \ ' and RD pins).
ANB . I ‘Analog’ Analeg input 6.
C1oUT { O - TTL . Comparator 1 output.
RE2CS/AN7/C20UT | 10 | 27 = 27 ! .
RE2 1O ST  Digital /O,
o] [ TTL | Chip Select cantrol for Parallel Slave Port (see
related RD and WR).
AN7 ! Analog Analog input 7.
C20UT O TTL Comparater 2 output.
RE3 — — — — — | 5ee MCLR/VPP/RES pin.
Vss 12, 6,30, 629 P — | Ground reference for logic and /O pins.
31 31
Voo 11,32 7.8 | 7.28 P - Positive supply for logic and /O pins.
28,29 ‘
NC — 13 |1213,, — - | No cennect.
33,34 |
Legend: TTL = TTL compatible input CMOS = CMOS caompatible input or cutput
ST = Schmitt Trigger input with CMOS levels | = Input
QO = Output P = Pawer
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150 CAPTURE/COMPARE/PWM
(CCP) MODULES

PIC18F2480/2580 devices have one CCP module.
PIC18F4480/4580  devices have two CCP
(Capture/Compare/PWM) modules. CCP1, discussed
in this chapter, implements standard Capture,
Compare and Pulse-Width Modulation (PWM) modes.

ECCP1 implements an Enhanced PWM mode. The
ECCP implementation is discussed in Section 16.0
“Enhanced Capture/Compare/PWM (ECCP)
Module”.

The CCP?1 module contains a 16-bit register which can
operate as a 16-bit Capture register, a 16-bit Compare
register or a PWM Master/Slave Duty Cycle register.
For the sake of clarity, all CCP module operation in the
following sections is described with respect to CCP1,
but is equally applicable to ECCP1.

Capture and Compare operations described in this
chaptet apply 1o all standard and Enhanced CCP
modules. The operations of PWM mode, described in
Section 15.4 “PWM Mode", apply to ECCP1 only.

REGISTER 15-1: CCP1CON: CAPTURE/COMPARE/PWM CONTROL REGISTER 1

U-o u-0 RW-0

R/W-0 RMW-0 R/W-0 RA/MW-0 RAW-0

L= =

[ DC1B!

DC1B0 [ CCPIM3 | CCP1M2 {CCP1M1[CCPIMO

pit 7

bit 7-6  Unimplemented: Read as '’

bit ¢

bit 5-4 DC1B1:DC1B0: PWM Duty Cycle bit 1 and bit 0 for CCP1 Module

Capture made:
Unused.

Compare made:
Unused.
PWM mode:

These hits are the two LSbs (bit 1 and bit 0} of the 10-bit PWM duty cycle. The eight MSbs
{DC19:DC12) of the duty cycle are found in ECCPRIL.

Dit3-0 CCP1M3:CCP1MQ: CCP Maduie 1 Mode Select bits
unao = Capture/Compare/PWM disabled (resets CCP1 module)

00C1 = Reserved

0016 = Compare mode, toggle output on match (CCP1IF bit is set)

0011 = Reserved

0100 = Capture mode. every falling edge or CAN message received (time-stamp)“)
0101 = Capture mode. every rising edge ar CAN message received (time-starmp){!)
0110 =Capture mode, every 4th rising edge or every 4th CAN message received

(hme-stamp)m

c12: = Capture mode. every 16th rising edge or every 16th CAN message received

(time-stamp){"

10¢ 0 = Compare mode: initialize CCP pin low: on compare match, force CCP pin high

(CCPIF bit is set)

1001 = Compare mode: initialize CCP pin high; on compare match, force CCP pin low

(CCPRIF bitis set)

1010 = Compare mode: generate software interrupt on compare maich (CCPIF bit is set,

CCP1 pin reflects VO state)

1c1: = Compare mode: trigger special event, reset timer {TMR1 or TMR3, CCP1IF bit is set)

11ixx = PWM mode

Note 1: Selected by CANCAP {CIOCON<4>) bit; overrides the CCP1 input pin source.

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

© 2004 Micrachip Technatogy Inc.
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151 CCP Module Configuration

Each Capture/Compare/PWM module is associated
with a control register (generically, CCPxCON) and a
data register ({CCPRx). The data register. in turn. is
comprised of two 8-bit registers: CCPRxL (low byte)
and CCPRxH (high byte). All registers are both
readable and writable.

15.1.1 CCP MCDULES AND TIMER
RESOURCES

The CCP modutes utilize Timers 1, 2 or 3, depending
on the mode selected. Timeri and Timer3 are available
to modules in Capture or Compare modes, while
Timer? is available for modules in PWM mode.

TABLE 15-1: CCP MODE - TIMER
RESOURCE

L CCP/ECCP Mode

Timer Resource

1 Capture Timer1 or Timer3
Compare Timer1 or Timer3
PWM Timer2

The assignment of a particular timer o a module is
determined by the Timer-to-CCP enable bits in the
T3CON register (Register 14-1). Both modules may be
active at any given time and may share the same timer
resource if they are configured to operate in the same
mode (Capture/Compare or PWM} at the same time.
The interactions between the two modutes are
summarized in Figure 15-1 and Figure 15-2.

TABLE 15-2: INTERACTIONS BETWEEN CCP1 AND ECCP1 FOR TIMER RESOURCES

CCP1 Mode | ECCP1 Mode

interaction

Capture Capture
each CCP.

Each module can use TMR1 or TMR3 as the time base. Time base can be different for

time base.

Capture Compare |CCP1 can be configured for the special event trigger to reset TMR1 or TMR3
{depending upon which time base is used). Automatic A/D conversions on trigger event
can also be done. Operation of CCP1 could be affected if it is using the same timeras a

Compare Capture

CCP1 can be configu'red tor the special event trigger ‘o reset TMR1 or TMR3
(depending upon which time base is used). Cperation of CCP1 could be affected if it is
using the same timer as a time base.

Compare Compare | Either module can be configured fos the special event trigger to reset the time base.
Automatic A/D conversions on ECCP1 trigger event can be done. Conflicts may occur if
both modules are using the same time base.

Capiure pwM | None
Compare pwMmit | Nore
Pwm) Capture None
Pwmih Compare ‘None
pwmi! PWM {Both PWMs will have the same frequency and update rate (TMR2 interrupt).

Note 1: Includes standard and Enhan'-c'ed PWM bperation.
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15.2 Capture Mode

tn Capture mode, the ECCPR1H:ECCPRIL register
pair captures the 16-bit valug of the TMR1 or TMRA
registers when an event occurs on the CCP1 pin (RB3
or RC1, depending on device configuration). An event
15 defined as one of the following:

* overy falling edge

* every rising edge

= every 4th rising edge

= every 16th rising edge

The event is selected by the mode select bits,
CCPIM3:CCP1MO (CCP1CON<3:0>). When a cap-
ture is made, the interrupt request flag bit, CCP1IF
(PIR2<1>), is set; it must be cleared in software. It
another capture occurs before the value in register
CCPR1 is read, the old captured value is overwritten by
the new captured value.

15.2.1 CCP PIN CONFIGURATION

In Capture mode. the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note: |f RC2Z/CCP1 or RD4/PSP4/ECCP1/P1A
is configured as an output, a write to the
port can cause a capiure condition.

15.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timer1 and/or Timerd) must be running in Timer mode
or Synchronized Counter mode. In Asynchronous
Counter mode, the capiure operatiocn may not work.
The timer 1o be used with each CCP module is selected
in the T3CON register {see Section 15.1.1 “CCP
Modules and Timer Resources™).

16.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPxIE interrupt enable bit ciear to avoid false inter-
rupts. The interrupt flag bit. CCPxIF, should also be
cleared following any such change in operating mode.

15.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCP1M3:CCP1M0). Whenever
the CCP module is turned off or the CCP module is not
in Capture mode, the prescaler counter is cleared. This
means that any Reset will clear the prescaler countar.

Switching from one capture prescaier to another may
generate an interrupt. Also, the prescaler counter will
not be cteared: therefore, the first capture may be frem
a non-zero prescaler. Example 15-1 shows the recom-
mended method for switching between capiure pre-
scalars. This example also clears the prescaler counter
and will not generate the “alse” interrupt.

1525 CAN MESSAGE TIME-STAMP

The CAN capture event occurs when a message is
received in any of the receive buffers. When config-
ured, the CAN modute provides the trigger to the CCP1
maduie to cause a capture event. This feature is
provided to “time-stamp” the received CAN messages.

This teature is enabled by setting the CANCAP bit of
the CAN I/C Control register {(CIOCON<4>). The
message receive signal from the CAN module then
takes the place of the events on RC2/CCP1.

if this feature is selecied, then four different capture
options for CCP1M<3:0> are available:

¢« 010n —every time a CAN message is received

= 0101 —every time a CAN message is received

* 511¢ — every 4th time a CAN message is
received

* 0111 —capture mode, every 16th time a CAN
message is received

EXAMPLE 15-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRE CCP1CON ; Turn CCP module cff
MOVLW NEW CAPT P8 ; Load WREG with the
I ; new prescaler mode
; value and CCP ON
MOVWE  COP1CON ; Load CCPICON with
; this wvaiue

© 2004 Microchip Technology Inc.
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FIGURE 15-1:

CAPTURE MODE OPERATION BLOCK DIAGRAN
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o Prescaler —[__ﬁ[_f and ﬂ__ ke ,._l
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15.3 Compare Mode

In Compare mode, the 18-bit CCPR1 register value is

constantly compared against either the TMR1 or TMR3

register pair value. When a maich occurs, the CCP1

pin can be;

+ driven high

= diiven low

* toggled (high-to-low or low-to-high)

* remain unchanged (that is, reflects the state of the
1/0 iatch)

The action on the pin is based on the value of the mode
select hits {(ECCP1M3:ECCP1MQ). At the same time,
the interrupt flag bit ECCP1IF is set.

16.3.1 CCP PIN CONFIGURATION

The user must canfigure the CCPx pin as an autput by
clearing the appropriate TRIS bit.

Note:

Clearing the CCP1CON register will force
the RC2 compare output laich {depending
on device configuration) to the default low
level. This is not the PORTC I/O data
latch.

FIGURE 15-2:

16.3.2 TIMER1/TIMER3 MODE SELECTION

Timer1 and/cr Timerd must be running in Timer mode
or Synchronized Counter mode if the CCP module is
using the cempare feature. fn Asynchronous Counter
mode, the compare operation may not work.

15.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is ¢chosen
(CCP1M3:CCP1MO = 1010), the CCP1 pin is not
affected. Only a CCP interrupt is generated, if enabled
and the CCP1IE bit is set.

15.3.4 SPECIAL EVENT TRIGGER

Beth CCP modules are equipped with a special event
trigger. This is an internal hardware signai generated in
Compare mode te trigger actions by other modules.
The special event trigger is enabled hy selecting the
Compare Special Event Trigger mode
(CCP1M3:CCP1MO = 101 1).

For either CCP module, the special event trigger resets
the timer register pair for whichever timer resource is
currently assigned as the module’s time base. This
allows the CCPRx reqisters to serve as a
programmable pericd register for either timer,

COMPARE MODE OPERATION BLOCK DIAGRAM

| ccerin| cepaiL |

T

— TMRTH | TMRIL i

TMR3H | TMR3L 1

Set CCPIIF

I Camparator %IA I

(Timer1/Timer3 Aeset, A/D Trigger)

T T3CCP:
,,,‘;_ - L - TIECCP1
1l Sl COP1IF ECCP1 pin
A I R
are s @
[_ Comparalor Compare .| Output
e Match Lagic R
TRIS
nable
| ECCPRIH | ECCPRIL | 4 Output E

Special Event Trigger

{T'mer1 Esel}

CCP1 pin
Culpa s Q P @
Logic R Vf
1 TRIS
4 Cutput Enabie

COP1CON<3:0>

Special Event Tnigger
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TABLE 15-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMERY AND TIMER3

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMADIF | INTOIF RBIF 49
RCON (PEN SBOREN — RI TO PD POR BOR 50
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCPilP | TMR2IP | TMR1P 52
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCPiIF | TMR2IF | TMRIIF 52
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMRZIE | TMRIIE 52
IPR2 OSCFIP | CcmIP® — EEIP BCLIP | HLVDIP | TMR3IP |ECCP1IP®)| 51
PIR2 OSCFIF | cmIF® — EEIF BCLIF | HLVDIF | TMR3IF |ECCP1IF®| 52
PIEZ OSCFIE | CMIE!R) — EEIE BCLIE | HLVDIE | TMR3!E |ECCP1IE®| 51
TRISB PORTB Data Direction Register 52
TRISC PORTC Data Direction Register 52
TMRIL Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 50
TMR1H Holding Register for t-figr-\iost Significant Byte ot the 16-bit TMR1 Registar 50
TICON AD16 | TIRUN | TICKPS! |TICKPSD T10SCEN| TISYNG | TMRICS | TMR1ON | 50
TMR3H Timer3 Register High Byte 51
TMR3L Timer3 Register Low Byte 51
T3CON RD16  |T3ECCP1(M] T3CKPST | TacKPSO| T3CCP1 | TASYNG | TMR3CS | TMRSON | 51
CCPR1L Capture/Compare/PWM Register 1 (LSB} 51
CCPR1H Capture/Compare/PWM Register 1 (MSB) 51
CCP1CON — [ = ] pciBi | DC1BO | CCPIM3 | CCPiM2 | CCPIM1 | CCPIMO | 51
ECCPR1L"Y |Enhanced Capture/Compare/PWM Register 1 {LSB) 51
ECCPRTH(M |Enhanced Capture/Compare/PWM Regisier 1 (MSB) 51
ECCP1CONT|EPWM1M1] EPWMIMO | EDC1BY | EDC1BO |ECCPIM3] ECCP1M2 | ECCPIMT | ECCPIMD | 51

Legend: — =unimplemented, read as '0’. Shaded cells are not used by Capture and Compare. Timer1 or Timer3.

Note 1: These bits or registers are available cn PIC18F4X80 devices only.
2: These bits are available on PIC18F4X80 devices and reserved on PIC18FZ2X80 devices.
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15.4 PWM Mode

tn Puise-Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with a PORTB aor PORTC
data latch, the appropriate TRIS bit must be cleared to
make the CCP1 pin an output.

Note: Clearing the CCP1CON register will force
the RC2 output latch (depending on |
device configuration) to the default low
level. This is not the PORTC /O data
latch.

Figure 15-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
modute for PWM operation. see Section 15.4.4
“Setup for PWM Operation”.

FIGURE 15-3: SIMPLIFIED PWM BLOCK

DIAGRAM

Duty Cycle Registers  —— CCPICON<54>

CCPRI1L ;

éf;,_

‘{CCF‘FHH (Siave) i
r Comparaior | A Q -
RC2ICCP
‘ﬂs : FORT <2
| TMAZ [ (Nate 1ﬂ
5 |
L
Comparator 1 TRISCe2x
! C:ear Timer,
CCP1 pin ana
atch D.C

Note t: The B-bt TMAZ value is concatenated with. 2-it nter-
nal Q clock, or 2 bits of the prescaer. to create the
10-bit time: base

A PWM output {Figure 15-4} has a time base (pericd)
and a time that the output stays high {duty cycle). The
trequency of the PWM s the inverse of the period
{1/period).

PwWM OUTPUT

FIGURE 15-4:

Pariod

'

_J‘ I__WJ
; !
' Duty Cycle

W

TMR2 = PR2

TMR2 = Duty Cycle
TMRZ = PRZ

15.4.1 PWM PERIOD

The PWM period is specified by writing o the PR2
(PR4) register. The PWM period can be calculaled
using the foliowing farmula.

EQUATION 15-1;

PWM Period = (PR2) + ||+ 4« TasCe
{TMR2 Prescale Value)

PWM frequency i3 defined as 1/[PWM period].

when TMR1 (TMR3) is equal to PR2 (PR2), the
following three events ogcur on the next increment
cycle:
» TMR2 is cleared
« The CCP1 pin is set (exception: if PWM duty

cycle = 0%, the CCP1 pin will not De set)

» The PWM duty cycle is latched from ECCPRIL
into ECCPR1H

Note:  The Timer2 postscalers (see Section 13.0
“Timer2 Module’) are not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM cutput.

1542 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
ECCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The ECCPRIL con-
tains the eight MShs and the CCP1CON<5:4> contains
the two LSbs. This 10-bit value is represented by
ECCPRIL:ECCP1CON<5:4>. The following eguation
is used to calcuiate the PWM duty cycle in time.

EQUATION 15-2:

PW M Duty Cycle = (ECCPRIL:ECCP1ICON<5:4>) ¢
TosC « (TMR?2 Prescale Value)

ECCPA1L and ECCP1CON<5:4> can be written to at
any time, but the duty cycle value is not latched into
ECCPR1H until after a match between PR2 and TMR2
pecurs (i.e., the period is complete). tn PWM mode,
ECCPR1H is a read-only register.

@ 2004 Microchip Technology Inc.
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The ECCPR1H register and a 2-bit internat latch are
used to double-butfer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the ECCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q ciock or 2 bits of
the TMR2 prescaler, the CCP1 pin s cleared.

The maximum PWM resolution (bits) for a given PWMW
frequency is given by the eguation.

EQUATION 15-3:

log

PWM Resolution (max) =

! Fosc
‘\FPWM}
log(2)

bits

Note:

If the PWM duty cycle value is longer than
the PWM period, the ECCP1 pin will not

be cleared.

TABLE 15-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz

PWM Frequency | 2.44 kHz 9.77 kHz | 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4. 16) 16 . 4 1 1 1 1
PR2 value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 14 12 10 8 7 6.58
15.4.3 PWM AUTO-SHUTDOWN 15.44 SETUP FOR PWM OPERATION

{(ECCP1 ONLY)

The PWM auto-shutdown features of the Enhanced
CCP module are available to¢ ECCP1 in
PIC18F4480/4580 (40/44-pin) devices. The operation
of this feature is discussed in detail in Section 16.4.7
“Enhanced PWM Auto-Shutdown”.

Auto-shutdown features are not availabie for CCP1.

The foliowing steps should be taken when configuring

the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing 1o the
CCPRIL register and CCP1CON<5:4= bits.

3. Make the CCP1 pin an output by clearing the
appropriate TAIS bit.

4. Set the TMR2 prescale value, then enable
Timer2 by writing to T2CON.

5. Configure the CCP1 moduie for PWM operation.

D539637A-page 170
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TABLE 15-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2

; ‘ } Reset

Name = Bit7 = Bit6 Bit 5 Bit 4 Bit3 | Bit2 Bit 1 Bit 0 Values
| : on page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
RCON IPEN | SBOREN — RI TO PD POR BOR 50
PIR1 PSPIF ADIF RCIF ' TXIF SSPIF | CCP1IF | TMR2IF | TMRIIF | 52
PIET PSPIE ADIE RCIE . TXIE SSPIE | CCP1IE . TMA2IE | TMR1IE 52
(PR PSPIP ADIP  © RCIP | TXIP SSPIP | CCPtIP { TMR2ZIP | TMRAIP 52
TRISB PORTB Data Direction Register 52
TRISC |PORTC Data Diregtion Register 52
TMR2 ‘Timer2 Module Register 50
PR2 Timer2 Mccdule Period Registar 50
T2CON — iTEOUTF‘SS|TZOUTESEET2OUTP§_1_[T20UTPSO| TMR20N | T2CKPST [ T2CKPSO | 50
CCPR1IL Capture/Compare/PWM Register 1 (LS8) 51
CCPRIH Capture/Compare/ WM Register 1 (MSB) 51
CCPICON — |~ | bciBi | DCiB0 | CCPIM3 [ CCP1M2 [ CCPiM1 | CCPiMO | 51
ECCPRILY |Enhanced Capture/Compare/PWM Register 1 (LSB) 51
'ECCPR1H" |Enhanced Capture/Compare/PWM Register 1 (MSR) 51
ECCP1CON™ EPWM1M1IEPWM1MO| EDC1B1 | EDC1B0 |ECCP1M3[ECCP1M25ECCP1M1 [ECCP1M0 51
Legend: — =unimplemented. read as ‘0’. Shaded celis are not used by PWM or Timer2.

Note 1: These registers are unimplemented on PIC18F2X80 devices.
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19.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has
B inputs for the PIC18F2X80 devices and 11 tor the
PIC18F4X80 devices. This module allows conversion
of an analog input signal to a corresponding 10-bit
digital number.

The module has five registers:

+ A/D Result High Register {ADRESH)

« A/D Result Low Register (ADRESL)

= A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

+ A/D Contral Register 2 (ADCON2)

The ADCONO register, shown in Register 19-1,
controls the operation of the A/D maodule. The
ADCON1 register, shown in Register 19-2, configures
the functions of the pan pins. The ADCONZ register,
shown in Register 19-3, configures the A/D clock
source, programmed acguisition time and justification.

REGISTER 19-1: ADCONOD: A/D CONTROL REGISTER 0

U-0 U-0 RW-0  RW-0  RMW-0 RW-0  RW0  RW-0
— - CHS3 | CHS2 ~ CHS1 | CHSO | GO/DONE | ADON
bit 7 bit 0

bit 7-6  Unimplemented: Read as ‘0’

bit 5-2  CHS3:CHSO0: Analog Channel Select bits

0000 = Channel 0 {ANQ)
¢001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
C100 = Channel 4 (AN4)
0101 = Channel 5 {AN5){12)
9110 = Channel 6 (ANB)'12)
9111 = Channel 7 (AN7){1:2)
1000 = Channel 8 (AN8)
1001 = Channel 8 (AN9)
101¢ = Channel 10 (AN10)
1011 = Unused

1100 = Unused

1101 = Unused

1ite = Unused

1111 = Unused

Note 1: These channeis are not implemented on PIC18F2X80 devices.

2: Performing a conversion on unimplemented channels will return full-scaie

measurements.

bit 1 GO/DONE: A/D Conversion Status bit

When ADON = 1
1 = A/D conversion in progress
0 = A/D Idie

bit & ADON: A/D On bit

1 = A/D converter module is enahled
0 = A/D converier module is disabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0'
-n = Value at POR 1" =Bitis set ‘0" = Bit is cleared x = Bit is unknown
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REGISTER 19-2: ADCON1: A/D CONTROL REGISTER 1

u-0 U-0 RAN-0 rRw-0  Aw-0"  Rrw-g RWw-g Rw-gt!
[ — — — | vcrct | vcFeo | PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
bit 7-6 Unimplemented: Read as '’
bit & VCFG1: Veltage Reference Configuration bit {VREF- source)
L = VREF- {AN2)
0= AVss
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)
1 = VREF+ (AN3)
0 = AVDD

bit 3-0 PCFG3:PCFGO: A/D Port Configuration Contro! bits:

PCFGS:‘ = o | o gr-- EII’D gI.T"J <t ) o 1‘ - o
rorco| £ | § 2 2122 5|2/% 2|8
cood A | A A | A A | A A|lA]lA]AlA
soo1 . A | A AlalAlAalAalalalala
a1 A | A Al alAalAa aAlalalala
o1 [ A | Aalalalala aAjlalalala
i 0100 A A A LA A A A A Al ALA
0101 D | A A alal|l A Al A AT A A
S ol1e DI D|A AT A A A A A|ALIA
o111 o T oD A AT A Al Al AlAlA
1000 DD |D D A|A|lAlAa]lalAla
1001 D D/ D D D .A | A Aalalala
1010 D D D D D|O|AalAalalala
1011 D | D|D,D:D|D|D|A|A]|A]A
1100 D ' b, pbp!D:Db|D|DlD'aAalAalaA
1101 D D | D|D|D!D|D D D|A;A
1110 | D DO|OD|D|D D|D D OD]|DJ|A
1111 b lo|lo|o ] o oD IENERERE
A = Analog input D = Digital /O

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

2: ANS5 through AN7 are available only in PIC18F4X80 devices.

Legend:
R = Readable bit W = Writable bit IJ = Unimplemented bit, read as ‘¢’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
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REGISTER 15-3: ADCON2: A/D CONTROL REGISTER 2

R/MW-0 u-0 ) HfWO R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM I — ] ACQT2 ACQT1 ' ACQTO ADCS2 ADCS1 ADCS0
bit 7 bit ©
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘2’
bit 5-3 ACQTZ:ACQTO: A/D Acquisition Time Select bits
1.2 =20TaAD
110 =16 TaD
101 =12 TAD
100 =8 Tac
C1i=6TAD
10 =4 TaDp
col =2 TAD
0oo = ¢ TaptV
bit 2-0 ADCS2:ADCS0: A/D Conversian Clack Select bits
111 = FRC (clock derived from A/D RG oscillator)
110 = Fosc/64
101 = Fosc/16
100 = FOsc/4
311 = FRC (clock derived from A/D RC oscillator}(”
010 = Fosc/az2
201 = FOsc/8
J00 = Fose/2

Note 1: it the A/D FARC clock scurce 1g selected, a delay of one Tcy (instruction cycle) is
added before the A/D clock starts. This allows the SLEEP instruction to be executed
before starting a conversion.

Legend:
| B = Readable bt W = Writable bit U = Unimplemented bit, read as ‘0"
1 -n = Vaiue at POR 1" = Bit is set ‘0" = Bit is cleared ¥ = Bit is unknown
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
{AVDD and AVss), or the voltage level on the
RAZ/ANI/VREF+ and RAZ2/AN2/VREF-/CVREF pins.

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

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

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

Each por pin asscciated with the A/D converter can be
configured as an analog input, or as a digital I/Q. The
ADRESH and ADRESL registers centain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH/ADRESL
registers, the GO/DONE bit (ADCONO register) is
cleared and A/D Interrupt Flag bit ADIF is set. The
block diagram of the A/D module is shown in
Figure 19-1.

FIGURE 19-1: __A!D BLOCK DIAGRAM
CHS3:CHSO
...... A I
1010 |
5 \o———% AN10
1001 |
ESEER v AV
1000 |
o] ‘o—-—A—{, g ANS
- \}_0111 % AN
‘ « :
oo e B ane
L Dp1cl @ ANE
' 0100 -
. —C \o—————g AN4
VAIN : :
10-bit (Input Voltage) - \3&4% AN
Converter : : VN
. . 0010 .
. L N {E AN2
VCFG 1:VCFGO RS LEE DX AN
B _
i AVDO \o Q000 ‘E ANO
r - — ' o :XO J """"""""
| VREF+ /U el
Reference T
| Voitage VREF- - A : Ox
[, J—'_""_*”'“ C :“7—‘7| — 1
' AVSS
Nate 1: Channels AN5 through AN7 are not available on PIC18F2XBC devices.
2: 4O pins have diode protection to VoD and Vss.
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The value in the ADRESH/ADRESL registers 15 not
modified for a Pewer-on Reset. The ADRESH/ADRESL
registers will contain unknown data after a Power-on
Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired betore the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 198.1
“A/D Acquisition Requirements”. After this acquis:-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed 10
occur between setfing the GO/DONE bit and the actua!
start of the conversion.

The following steps should be followed to perform an
A/D conversian:
1. Configure the A/D module:

= Configure analoy pins. voltage reference and
digital IO (ADCON1)

+ Select A/D input channel (ADCONQ)

» Select A/D acquisition time (ADCONZ2)
+ Select A/D conversion clock (ADCONZ2)
» Turn on A/D module (ADCONO}

Configure A/D interrupt {if desired):

+ Clear ADIF bit

+ Set ADIE bit

+ Set GIE bit

Wait the required acquisition time (if required).
Start conversion:

+ Set GO/DONE bit {ADCONO register)

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

OR

* Waiting for the A/D interrupt

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

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

FIGURE 19-2: ANALOG INPUT MODEL
VoD
Sampling
T Switch
AovT=06V e
Rg ' AN AIC < 1k S5 Rss

©{vain) CPiN — _j, . 7, L EAKAGE
i ' - . & pF —| _T)V\*OQV (|}t500."#
= L & e -
Legend: CrPIN = input capacitance
\as = threshold voitage
ILEAKAGE = leakage current at the pin due to
vanpus junctions
Ric - interconnect resistance
55 = sampiing swicn
CHOLD - sample/hoid capacitance {from DAC)
Rss = sampling switch resistance

[:3%
5V
Voo 4V
v

oV .

T S

56 78810 M1
Sampling Swilch {K(1}
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19.1  A/D Acquisition Requirements

For the A/D cenverter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge tc the input channel voltage level. The
analog input model is shown in Figure 19-2. The
source impedance {Rs} and the internal sampling
switch (HASs) impedance directly affect the time
required to charge the capacitor CHoLD. The sampling
switch (Rss) impedance varies over the device voltage

To calculate the minimum  acquisition time,
Equation 19-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 19-3 shows the calculation of the minimum
required acquisition time TacQ. This calculation is
based on the following application system
assumptions:

(VDD). The source impedance affects the offset voltage CHOLD = 120pF
at the analog input {due to pin leakage current). The Rs = 25k
maximum recommended impedance for analog Conversion Error < 1/2 LSh
sources is 2.5 ki After the analog input channel is Voo = BV — Rss=7 k2
selected (changed), the channe! must be sampled for Temperature = 50°C {system max.}
at least the minimum acquisition time before starting a VHOLD = 0V@&@tme=0
conversion.
Note: When the conversion is started, the

halding capacitor is disconnected from the

input pin.
EQUATION 19-1: ACQUISITION TIME L
TAacg =  Amplifier Settling Time + Hokling Capacitor Charging Time + Temperature Coefficient

= TaMmp + 1C + TCOrF

EQUATION 19-2:  A/D MINIMUM CHARGING TIME

VHOLD = (VREF = (VIRER2048)) » 11 — L‘[:h‘/( HOLDERIE — B+ Ry
or
Tc = ACHOLM{RIC + RSS + RS} In(1/2045)

EQUATION 19-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TacQ = TaMpP+ 1C + TCORF
TaMp = 5Sps
Toorr = {Temp —25°CH0.05 psfChy
{50°C = 25°C)0.05 ps/Cy
125 s
Temperature coetficient is only required for temperatures > 25°C. Below 25°CTCORF = () ms.
Tc = (CHOLDXRIC + RSS + Rs) In(1/2047) pis
S(120 pFY 01 kG + 7 RE2 + 2.5 KEE) g0 0004883 ps
Q.61 us
Tacg = Sus+ 125ps+ 000 ds
12.86 us
o
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19.2 Selecting and Configuring
Automatic Acquisition Time

The ARCON2 register allows the user to select an
acquisition time that occurs each time the GO/OONE
bit 1s set.

Whern the GO/DONE bit is set, sampling is stopped and
a conversion begins. The user is responsible for ensur-
ing the required acquisition time has passed between
selecting the gesired input channel and setting the
GO/DONE bit. This occurs when the ACQT2:ACQTO
bits (ADCON2<5:3>) remain in their Reset state ('t oo’
and is compatible with devices thal do not offer
programmable acquisition times.

If desited, the ACQT bits can be set to select a
programmable acquisition time for the A/D module.
when the GO/DONE bit is set. the A/D module
continues to sample the input for the selected
acgusition  time. then automatically begns a
conversicn. Since the acquisition time 1s programmed.
there may be nc need ic wait for an acquisition time
between selecting a channei and setting the GO/DONE
bit.

in either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channed
again. If an acquisition time is programmed. there s
nothing to indicate if the acquisition time has ended or
if the conversion has begun.

19.3 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as Tap. The
AD conversion requires 11 Tap per 10-bit conversion.
The source of the A/D conversion clock is software
selectabte. There are seven possible options for Tan:
+ 2Tosc

» 4 Tosc

8 Tosc

18 Tosc

32 Tosc

» 64 Tosc

Internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TaD} must be as short as pessible, but greater than the
minimum TaD (approximately 2 us, see parameter 130
for more information).

Takle 19-1 shows the resultant Tap times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 19-1: TAD VS, DEVICE OPEHIEING FREOUENCIES
AD Clock Source (Tap) Maximum Device Frequency 7
Operation AD052 ADCSO PIC1BF2X80/4X80 PIC18LF2X80/4X%801
T ToTosc 9 ' T 125MHz 666 kHz
I o R © 250MHz | 133MHz
T ST T e T T soomhz 2.66 MHz
5 Tosc T00MHz | 533MHz
"3z Tasc  200MMz 10.65 MHz
B4 TOSC 110 ~ 400MHz 21.33 MHz
B RCPH | i1 veom™ 1.00 MHZI? ‘"‘
Note 1: The RC source has a typlcal}_AD tima of 4 ms. -

The RC source has a typical Tap time ot 6 ms.
KK

accuracy may be out of specification.
4:  Low-power (PIC1BLFXXXX) devices only.

Far device frequencies above 1 MHz, the device must be in Sleep for the entire conversian or the A/D
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19.4 Operation in Power Managed
Modes

The selection of the automatic acquisition time and A/D
conversion clock 1s determined in part, by the clock
source and frequency while in a power managed mode.

i the A/D is expected to operate while the device is in
a power managed mode, the ACQT2:ACQTO and
ADCS2:ADCS0 bits in ADCON2 should be updated in
accordance with the clock source to be used in that
mode. After entering the mode, an A/D acquisition or
conversion may be started. Once started. the device
should continue to be clocked by the same clock
source until the conversion has been completed.

It desired, the device may be placed into the
corresponding Idle mode during the conversion. If the
davice clock frequency is less than 1 MHz. the A/D RC
clock source should be selected.

Operation in the Sleep mode requires the A/D FRC
clack to be selected. If bits ACQT2:ACQTQ are set to
‘000" and a conversion is started. the conversion will be
delayed one instruction cycle to allow execution of the
SLEEE instruction and entry to Slegp mode. The IDLEN
bit {O5CCON<7>} must have already been cleared
prior 10 starting the conversion.

19.5 Configuring Analog Port Pins

The ADCON1, TRISA, TRISB and TRISE registers all
cenfigure the A/D port pins. The pont pins needed as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
ocutput level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS3:CHS0 bits and the TRIS bits.

Note 1: When reading the Pon register, all pins
configured as analog input channels will
read as cleared {a low level). Pins config-
ured as digital inputs will convert an
analog input. Analog levels on a digitally.
configured input will be accurately
converted.

2: Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device's specification limits,

3: The PBADEN bit in Configuration
Register 3H configures PORTB pins to
reset as analog or digital pins by control-
iing how the PCFGO bits in ADCON1 are
reset.
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19.6 A/D Conversions

Figure 19-3 shows the operation of the A/D converter
after the GO bit has been set and the ACQT2:ACQTO
hits are cleared. A conversion is started after the follow-
ing instruction to allow entry intc Sleep mode before the
conversion begins.

Figure 18-4 shows the operalion of the A/D converter
after the GO bit has been set and the ACQT2:ACOTO
bits are set to 'c10’ and selecting a 4 TAD acguisition
time before the conversion starts.

FIGURE 19-3:

Tov - TAD Tant  Tap2 Tap3, Tapd  Tapb Tan6 Tap7 TacS_ TapS 14010, TAD11,

Conversion starts

+ 4 b9 bB b7 b6 b5

Hotding capacitor is disconnected from analog input {typically 100 ns}

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D  conversion sample. This means the
ADRESH:ADRESL registers will continue to contain
the value of the last completed conversion {or the las!
value written to the ADRESH:ADRESL registers).

After the A/D conversion is completed or aberted, a
2 TAD wait is required before the next acquisition can
be started. After this wait, acquisiticn on the selected
channel is automatically started.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

A/D CONVERSION Tap CYCLES (ACQT<2:0> = 000, TACQ = 0)

b3 b2 b1 bo

Set GO bit
Cn the fellowing cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
FIGURE 19-4: A/D CONVERSICN TAD”_(;RYCLES (ACQ_‘I’<2:0> =010, Taca = 4 TAD)

et TaCOT Cycles

TaD Cycles -

5 6 7 8 8 _10 1

1.2 3 411 2 3

4 be  bB
l-—  Autormatic ——D-T

Acquisition Conversion starts

Set GO bit
(Holding capacitor continues
acquiring input)

Time (Holding capacitor is disconnected)

—

b6 b5 b4 b3 b2 b1 bo

r-

On the following cycle:
ADRESH:ADRESL is leaded, GO bit is cieared,

ADIF bit is set, holding capacitor is connected to analog input.
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19.7 Use of the CCP1 Trigger

An A/D conversion can be started by the “speciai event
trigger” of the ECCP1 module. This requires that the
ECCP1M3:ECCP1MO bits (ECCP1CON<3:0>) be pro-
grammed as ‘1011 and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D acqguisition
and conversion and the Timer1 {or Timer3} counter will
be reset to zero. Timer? {or Timer3) is reset to automat-
ically repeat the A/D acquisition pericd with minimal

software overhead {moving ADRESH/ADRESL to the
desired iocation). The appropriate analog input chan-
nel must be selected and the minimum acquisition
period is &ither timed by the user, or an appropriate
Taca time selected before the "special event trigger”
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled {ADON is cleared), the
“special event trigger" will be ignored by the A/D
module, but will stili reset the Timert {or Timer3)
counter.

TABLE 19-2: REGISTERS ASSOCIATED WITH A/D OPERATION
1 : Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 values
on page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOWF RBIF 19
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 52
PIET PSPIE ADIE RCIE TXIE SSPIE | CCP4IE | TMR2IE | TMRIIE 52
PR2 OSCFIP | CMIP — EEIP BCLIP | HLVDIP | TMR3IP |ECCP1IP®) 51
PIR2 OSCFIF | CMIF - EEIF BCLIF | HLVDIF | TMR3IF |ECCP1IF®) 51
PIE2 OSCFIE | CMIE — EEIE BCLIE | HLVDIE | TMR3IE |ECCPIIEY)| 52
ADRESH | A'D Result Register High Byte ' 50
ADRESL | AD Result Register Low Byte ) 50
ADCONO — — CHS3 CHS2 CHS1 CHSG |GO/DONE| ADON 50
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFGI PCFGO 50
ADGONZ | ADFM — ACQT2 | ACOT1 | ACQTO | ADCS2 | ADCS1 | ADCSO 50
PORTA | RA7® | Rag@ | Ras RA4 RA3 | RA? RA1 RAG 52
TRISA | TRISA7(® [TRISA6® |PORTA Data Direction Register 52
PORTB  |Read PORTB pins. Write LATB Latch . 52
TRISB PORTB Data Direction Register N 52
LATB  |PORTB Output Data Latch 52
PORTE®|, — — — T = RE3® [Read PORTE pins, Write LATE(" 52
TRISE® IBF OBF IBOV PSPMCDE — PORTE Data Direction 52
LATE® —_ i = — — - LATE2 | LATE1 | LATEO 52
Legend: — = unimplemented. read as ‘0. Shaded cells are not used for A/D conversion.
Note 1: These bits are unimplemented on PIC18F2XB0 devices; always maintain these bits clear.

2: These pins may ba configured as port pins depending on the Qscillator mode selected.
3: REA3 port bit is available only as an input pin when the MCLRE configuration bit is "0,
4: These registers are not implerented on PIC18F2X80 devices,

5: These bits are availabte on PIC18F4X80 and reserved on PIC18F2XB0 devices.
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Advanced Power MOSFET

IRFP150A

FEATURES BVoo. = 100V
B Avaianche Rugged Technolo
B Rugged Gate ggxide Technolgc});y RDS(GH) = 0.04 Q
B Lower Input Capacitance =
B Improved Gate Charge lD 43A
B Extended Safe Operating Area
B 175 ¢ Operating Temperature TO-3P
B Lower Leakage Current : 10 A (Max.) @ Vpg = 100V
B Lower Rpgen, - 0.032 £ (Typ) 1
1.Gate 2. Drain 3. Source
Absolute Maximum Ratings
Symbol Characteristic Value Units
Vbss Drain-to-Source Voltage 100 v
| Continuous Drain Current {T.=25 ) 43 A
° Continuous Drain Current (T.=100 ¢} 30.4
iy Drain Cument-Pulsed 6] 170 A
Vas Gate-to-Source Voltage fe0 Y
Euis Single Puised Avalanche Energy @ 740 mJ
lnr Avatanche Current 6] 43 A
Eur Repetitive Avalanche Energy (§) 19.3 mJ
dv/dt Peak Dicde Recovery dv/dt ) 6.5 Vins
Total Power Dissipation (T-=25 ('} 193 w
Pe Linear Derating Factor 1.28 W/
Operating Junction and
T, Tgmg -55 to +175
Storage Temperature Range
Maximum Lead Temp. for Soldering «
T Purposes, 1/8"from case for 5-seconds 300
Thermal Resistance
Symbol Characteristic Typ. Max. Units
R e Junction-to-Case - 0.78
R s Case-to-Sink 0.24 -~ TN
R pa Junction-to-Ambient - 40
Rev. B
FAIRCHILD

e ———
SEMICONDUCTOR
€609 Sarchild Semicoraclar Corpo Aler



IRFP150A

N-CHANNEL
POWER MOSFET

Electrical Characteristics (T =25 ¢ unless otherwise specified)

Symbol Characteristic Min. [ Typ. | Max.|Units Test Condition
BVyss | Drain-Source Breakdown Voltage | 100 - [ - | V | Veg=0V.I;=2501A
ABV/AT, | Breakdown Voltage Temp. Coeff | - |0.41| - [w ¢ |1,=250uA  See Fig 7
Vesun | Gate Threshold Voitage 20| - |40] V | Vog=5V.1,=250HA
e Gate-Source Leakage , Farward - | -~ J100f V=20V
Gate-Source Learage . Reverse - -~ }-100 Voe=-20V
lngs Drain-to-Source Leakage Current — — 10 LA Vos=100V
- -~ | 100 V=80V T,=150C

Static Drain-Source

R or - - £2
BSem | on-State Resistance 004

Vae=10V Ip=21.5A @

95 Forward Transconductance - 2834 - | Vog=40V.1,=21.5A @
Ciss Input Capacitance - 11750(2270
, V=0V, Vps=25V.f =1MHz
Coss Qutput Capacitance - 1420|485 | pF See Fia 5
ee Fi
Cess Reverse Transfer Capacitance - 1185 | 215 g
Yaion) Turn-On Delay Time -~ | 17 | 50
s Vpp=50V,I5=40A,
t Rise Time - |20 | 50
y ns | Rg=6.2Q2
tyom | Turn-Off Delay Time -~ | 80 | 160 See Fig 13 016,
ee Fi
t, | Fall Time 1 45 | 100 g
Q Total Gate Charge —~ 1 75 | @7 V=80V, Ve =10V,
Qg Gate-Source Charge - 1132| - | nC | 1,=40A
Q, | Gate-Drain(*Milier") Charge ~ {348 - See Fig 6 & Fig 12 @@

Source-Drain Diode Ratings and Characteristics

Symbol Characteristic Min. [ Typ. |Max.|Units Test Condition
Ig Continuous Scurce Current -- - | 43 A integral reverse pn-diode
| Pulsed-Source Current Dl - | - |170 in the MOSFET
Van Diode Ferward Voltage @] - | - | 18] V | T,=25C |g=43A V=0V
t, Reverse Recovery Time - [ 135 - ns | T,=25C,1z=40A
Q, Reverse Recovery Charge - (085 - | MC | dig/dt=100A/ps @
Notes ;
() Repetitive Rating : Pulse Width Limited by Maximum Junction Temperature
@ L=06mH.1,,=43A V=25V R =270} Starting T,=25"C
O I <40A difdt < « « OAJuS, Vo< BV g, , Starting T,=25°C
@ Pulse Test  Pulse Widih = 250 8, Duty Cycle Z2%
(® Essentially Independent of Operating Temperature

N
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N-CHANNEL
POWER MOSFET

IRFP150A

Fig 1. Output Characteristics
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Fig 3. On-Resistance vs. Drain Current
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Fig 2. Transfer Characteristics
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Fig 4. Source-Drain Diode Forward Voitage
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Fig 6. Gate Charge vs. Gate-Source Voltage
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IRFP150A

N-CHANNEL
POWER MOSFET

S Fig 7. Breakdown Voltage vs. Temperature

Fig 8. On-Resistance vs. Temperature
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Fig 11. Thermal Response
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N-CHANNEL IRFP150A

POWER MOSFET

Fig 12. Gate Charge Test Circuit & Waveform
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Fig 13. Resistive Switching Test Circuit & Waveforms
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IRFP150A POWER MOSFET

Fig 15. Peak Diode Recovery dv/di Test Circuit & Waveforms
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G
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TOSHIBA TLP251
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Inverter For Air Conditionor Unit in mm
Induction Heating
8 7 €& 5
Transistor Inverter LD
. 1=
Power MOS FET Gate Drive R
IGBT Gate Drive TES
2665025 o 7.62 £ 0.25
The TOSHIBA TLP251 consists of a GaAtas light emitting diode and a " 13
integrated photodetactor. 120150, {E ﬂ—“l
This unit is 8-lead DIP package. 05401 ZEC' 02520
TLP251 is suitable for gate driving circuit of IGBT or power MOS FET. » z l 7.85- 8580
Especially TLP251 is capable of "direct” gate drive of lower power [(GGBTs. 25ar02s =T
(~15A)
® Input threshold current: [F=AmAl{max.) TR
® Supply current () 11mA{max.)
® Supply voltage (Vo) 10-35V TOSHIBA 11-10C4
® (uiput current (I0} +0.4Almax.} Weight: 0.549
® Switching time {tpi.1] / tpHL) Ipsimax.}
® Isclation voltage: 2500Vrms(min.) Pin Configuration (top view)
® UL recognized: UL1577, file no.E67349
- 1 )
Schematic i .
oo 2 [:_‘ H ] 7
~C Voo j’ 3 *
8 3] : 6
F
T 1
) o (T 1) 4[] ;I 5
3 6 1:N.C.
<2 Vo 2 Anode
lo 3: Cathade
(v 2) 4:NC.
) - ; GND 5 Gnd
6 Vg (Output)
7:NC.
, 8 Vee
A 0.1uF bypass capcitor must be connacted
between pin B and 5(sea Note 5).
Truth Table
T Tr2
Input On On Of
LED Off | Off On
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TOSHIBA TLP251

Maximum Ratings (Ta = 25°C)

Characteristic Symbal Rating Unit

Forward current tF 20 mA

Farward current derating

Alpt ATa -0. A °

{Ta 2 70°C) F % mATTC

a
3 | Peak transient forward

current (Note 1) IFPT ! A

Reverse voltage VR 5 )

Junctien temperature T, 125 °C

"H” peak output current

(Pw s 2.0ps, f s 18kHz) loeH -04 A

(Note 2)
“L" peax oulput current
{Pw = 2.0us, T = 15kHZ) loeL 04 A
(Note 2)
- Ta £ 70°C 35
g Qutput vollage ( ) Vo A
o (Ta = 85"C) 24
1]
B (Ta < 70°C) 35
Supply voltage Vee v
(Ta = 85"C) 24
Output voltage derating
AVl ATa - 073 VitC
{Taz 70°C)
Supply voltage derating
AVeoc fATa -073 Vi°C

(Taz 70°C}

Jungtion temperature Tj 125 °C
Cperating frequency (Note 3) f 25 kHz
Qperating temperature range Topr -20~85 “C
Storage temperaiure range Tsig -55~125 "C
Lead soldering temperature(10s} Tsol 260 ’C
Isolation voltage (AC. 1min.,

Bvg 2500 vrms
R.H.< 680%) (Note 4)|

(Note 1) Pulse width Py < 1us, 300pps

(Note 2) Expornential waveform

(Note 3) Expornential waveform. lppr S —0.25A(< 2.0ps). lopL S +0 25A(S2.0Us)

(Note 4) Device considerd a two terminal device: Pins 1, 2. 3 and 4 sharled together, and pins 5, 6
7 and B shorled together

(Note 5) A ceramic capaciter(0. 1uF)shauld be connected from pin 8 to pin 5 to siabilize the
operatian of the high gain finear amgifier. Failure to provide the bypassing may impair the
swiching property. The total lead length between capacitor and coupler should not

excead icm.
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Recommended Operating Conditions
Characteristic Symbol M. Typ. Max. Unit
Input current, on IFiON) 7 8 10 mA
input voltage, off VE(OFF) 0 — 08 v
Supply voitage Veo 10 — 30 20
Peak putput current lopH  loPL — — 101
Qperating temperature Topr -20 25 70 85 “C
Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Tesl
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cu
inpul forward voltage Vg — Ie - 10mA , Ta=25"C — 1.6 1.8 \Y
Temperature coeflicient of
AVE/ ATa — IF 10 mA — -2.0 o mV f°C
forward voltage
input reverse current Ir — Vr= 5V, Ta=25°C — — 10 WA
input capacitance Cr — V=0, f=1MHz A Ta=25C -— 45 250 pF
a IF = 10mA
H" (evel IoBH 3 F -0.1 -0.28 —
Output current ?i%FSOV Ve g =4V A
ic =0
L” lavel oL 2 01 02 —_
Vg. 5= 2.8V
g v = +15V, Vggy = -18V
H" ievel \Y 4 jolon + VEE1 _
on RL = 2000, I = SMA " 132
Output voltage v VY 15V v
o v 5 cct=  YEE1 = - _ B _
L level oL R. = 20001, Vg = 0.8V 4.5 12.5
Voo = 30V, [F = 10mA
p — 7.5 —_
‘H level lCeH — Ta=25C
Voo = 30V I = 10mA — —_ 1
Supply current mA
Voo =30V g = OmA
—_— 8 J—
“L" level lcoL — Ta=25C
Voo = 30V, I = 0mA — -— 11
Threshould input “Output |  {Vegr = ~15Y. VEgr = <15V
n - 1.2 5 mA
current L--H FLH Ry = 2000, Vg > OV
Threshold input "Output A ves . iVco1=+18YoVER = 15V 08 _ _ v
voltage H—L R = 20002, Vo < OV
Supply valtage Vee - 10 — 35 v
Capacitance Ce — |Vve=0 f=1MHz — 1.0 2.0 oF
{input output) Ta = 25°C
Vs = 500V Ta = 25°C 12 14
i — R — 1%1D 10 — 0
Resistance {input-output} s RH <60%
* All typical values are at Ta=25°C (*1): Duration of I time <€ 50us
3 2002-09-25




TOSHIBA TLP251

Switching Characteristics (Ta = -20~70°C, unless otherwise specified)

Tesl
Characteristic Symbol Cir Test Condition Min Typ.* | Max. Unit
cuit
Propagation L-+H tpLH — 0.25 1.0
IF = BmA
delay time Hol tpHL FEam — | o2 | 10
4] Voot = +18V, Ve = 15V ys
Output nse time ty R = 2000 — - —
Output fall time ty — — —
Commion mode transient _ _
immunity at high tevel CMH 7 | Vom =600V k= BTA' 5000 | — — | Vips
output Voo = 30V, Ta=25C
Commaon mode transient
; - Ve = Volp= \
immunity at iow level CwmL 7 cm = 600V, Ip GTA 5000 —— — Vius
cutput Vog = 30V, Ta= 25C

*Alt typical values are at Ta=25°C
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TOSHIBA TLP251
Test Circuit 1: Test Circuit 2: lopL
i it [ i BI
[ ] B ] 7 o
[ [ H@? 5
4 E :| 5 4 I___ o Ve.5

Test Circuit 3: lopy

8
al In 1 1] In
I I Voo I chm
— = 0ApF = - 0.1pF
, T Te T g 11
H—e- |t o
e
i 74 IoPH [ VoH
4
| 1
! —TVEE1
Test Circuit 5: VoL
L E ﬁ ;
‘—E ] 0.1,F EVCC1
VF < T R
T___E ]-—-g«w——«
Y Vol
il R
e
} T VEE
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TOSHIBA

TLP251

Test Circuit 6: tpLH, tpHL, tr, t

1 H
A |
L H 0.1pF | Vo
© Vo 80%
RL
-{ 1 e
77 BC%
1000 |: ]—0
L Vegy
Test Circuit 7: CmH, CML
8
o
[ ]
sw IF 0.1uf ‘
[ ] | vee
A B ( T
jj, P ©va
gl
Ve
() PP, N
A /_L
Vem _ 480(V)
- tr (45)
SW: A(lF = BmA)
480(V)
V4 C )
Vo /\\—— v — 28V f
CHL
SW: B(lr = Q)
CuL (Cup) is the maximum rate of rise (fall) of the common mode voltage that can be
sustained with the cuiput voltage in the low (high) state
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TOSHIBA

TLP251

(mA)

IF

Allowable forward current

Ajlowabile peak output current

Forward current

Y

(A}

1oPH. loPL

Ie — Ve

S0

00
Ta=25"C

0

05
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0.05
003
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40
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)

T

[,
.

Fi

/

) 1

2 1L 16 148 20

Forward vollage VE (V)

Ig - Ta

20

10

Ambienl temperature  Ta

20 407 510 80 102

"C)

fopn, forL - Ta
0%
PW 20 ps fs1h KAz
ca
b
03
02
01
G
ol 20 40 60 a 00
Ambient temperalure  Ta (*C)

Forward voltage temperature

(v}

Allowable supply vaitage Voo

coefliciert AVE (ATa v/ Ch

AVE IAVE - IF

—28

-24
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33 0% 1 3

Forward current Ig

Vee—Ta
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Ambient termperature Ta (°C)
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