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ABSTRACT

This project is studying how to charge battery and create the charger for A123 battery by
using buck converter to control current and voltage. The basically circuit of buck converter compose
of mosfet, diode , inductor and capacitor. The charger can work by microcontroller that control all
of action in charger. During the charger charges microcontroller will generate pwm from crystal and
send this signal to control mosfet (N-channel) in buck converter to control the flow of charger.
Microcontroller will read all of voltage and current signal that return from battery which enter by
ADC to convert analog signal to digital signal and return it to microcontroller. Program in
microcontroller will analyze this data and generate pwm again to control current and voltage that

flow in the system .
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2.2 AUANTAVIWMVAINDS A123

LuAmBTuUY A123 Indasenundmiieluilegiiv exlvinananuyinesnifeife2.3An

Tnofiguautauazdosmuan1an (parameter) A9915199 2.1

M31e 2.1 gaauiAuuanes

Spéciﬁcation

Nominal voltage

33V

Nominal capacity

23 Ah

Nominal dimension

26mm o x 66.5mm

ht

Nominal cell weight 70g
Cell charging parameters: CC-CV
Recommended charge current (0°C to 60°C ambient temp) 3A
Recommended charge voltage 36V

Recommended float charge voltage 345V
Recommended cut-off current for CV hold (indicating 100%SOC): 0.05A
Maximum continuous charge current (20°C to 60°C ambient) 10A
Maximum allowable charge voltage 4.2V MAX
Fast charge time 15 minutes
Cell discharging parameters (-30°C to +60°C ambient temperature)
Recommended discharge cut-off voltage 2.0V
Maximum continuous discharge current 60A
Cell temperature parameters (skin temperature)
Maximum recommended cell temperature 70°C
Maximum allowable cell temperature 85°C
Allowable storage temperature range 50°C to +60°C
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Y Y g 4 [ " a v £ 2
’E]ﬁi'l"llEl'lEl!!i\?ﬂu"UEN’th]i‘]Jﬂﬂ’E]ul’JﬂimE]i*i]zllﬂ'Iq@ﬁj:ﬂnllllﬂu 100% A14A1 D H3WNITUN

v 9 t

o o Ao q Y o ] o A o o Y
ﬂ’E]‘LlL’JﬂiWI'E]iLﬂu’)ﬁﬁ]iﬂﬂ'liﬁlliﬁﬂunl‘ﬂlﬁ'lﬂ'Iulﬁ]'lﬂw‘ﬂ Nﬂ'I‘Ll'E]EJﬂ’J'IWiE]W]'Iﬂ‘]JLﬁQﬂu]l‘V\Iﬁ'Iﬂ'Iu

¥ 99

Buna NedlIuegium D
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243 ﬂ'l‘J‘P‘i'lf’]"lﬂ’)'lﬂﬂ‘iﬁﬂ’)u1ﬂ1ﬁﬂﬂlﬂ<‘l’3\‘lil51Jﬂﬂ’01-!!’395!ﬂﬂ‘§

Q

@ =~ o Ao P o 9 3 4 d o
ﬂ'li‘}’iTﬂTG\'JWi‘LlEl'J‘LlTﬂQTQﬂﬂﬂzﬂ'ﬂﬁ')QﬂiUﬂﬂ@uL'J‘Clilﬂ‘Cliﬂ'l\?'lucluiﬂllﬂﬂizuﬁ
=

golilod Iasisusinmsninssuaaien lnamudunienit Fswmdunszuamash lvaniu

D

1 @

q X o 1@ 4 4 ] v < 1
Traa Wesnnvuziegluanizmsiaueddl nszuamash Inamuaunul sz gz linuiny

aud daiduey 14
%
IL = IO = ?O (29)
Vi
V-V,
t
DT T -
-V,
™
i,
Imax ;
'R AiL
Imin . ' -t
DT T
-V,
€))
ic
A
t t -t IAiL
DT ¥
Q)

4 I N 4 S 4
51l9 2.5 (7) ussduRanaTeN NN TIEI () Aszuad Imasnasoudunilenniim) nazuad lna

1 v I
TR TN PR
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nngiii 2.5 szemnsomingg uﬁﬂ"lwamummummd Argegauazdige 1dan

aun1s2.9 Glummmm?lumﬂs Uy mu

ILmax = I+ -A-lk (2.10)
\'/ 1[V
IL,max = ?O + E[TO (1 - D)T]
1-D
ILmax = VO[ + (2Lf)] 2.11)

ar 3 P 1 @ P ° =)
muuﬂizuﬁ‘n"lwamummummqﬂ o9

Aip,
IL,min = I — 5

vV 11V
Lmin = 2 = 3[R -D)T|

= Yo _ Vo[a-D)T
Lmin — R 2 L

A [1 )] (2.12)

IL,min = SLf

gwsumsiiau lu Tnvanszua Twih Tvasmudaunilsnimuuaoiios nszualuih

= 1 @ - o 9/
Mnarudauniloninedouduuineue
mﬂﬂ1ﬂi‘vuﬁw"lwaw1u1waﬂuaﬂﬁﬂﬁ et i nszua Ivaruuudeiog

1 1-D
IL,min = Vo [E— (ZLf) =0
1 (@-D)] _
Vo [-}i— el = 0
1 _ (1-D)

R 2Lf
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1-D)R
Lmin = G-DR 2f) (2.13)
_ (1-D)R
f = ST (2.14)

1 ]
A

Y ~ ° 4 A Aw o Y Y ¥ 1 A &
i]'lﬂﬁﬁJﬂ'lii]&ﬂuﬂ'ﬁﬂ']ﬂ’m’JlﬂuEl'Ju'l‘VlLﬁﬂ‘VI’q@I‘VIEJQ‘VI'IGI‘ViﬂiZLL’ﬁVl‘Hﬁulﬂ'é]ﬂ'l\?ﬂﬂluﬂﬁ“]f\?

[

9 91 A o & A ~ 9 F R ¥ &
‘H'Iﬁi’]\'iﬂ'lﬁﬂgﬂﬂﬂll‘ﬂ‘ﬂ1#19]?]1?]'31““’714‘c’l'Ju'lLﬁﬂ‘Vlq@ﬂﬂﬂﬂﬂiﬂﬂﬁgllﬁ"lﬂﬁulﬂi’]ﬂ'lﬂﬂﬂluﬂﬂ W

A ¥ a
’d'lll'lim'ﬁ’f)ﬂulﬂ 2 HUINNAD

. 1-D)R
1. wenenuyiues luaunms Ly, = D)

Yt ¥ { o v ¥
Tiianiesiga Tasnsinlda D laudn

Y A A Va1 by 1 )
6lﬂ’ﬁ 13D ﬂ’lilﬁf’)ﬂiﬁﬁﬂiﬁuﬂ’l R U89 meﬁﬂiﬁ’mﬂ@ﬂizuﬁiﬂﬁﬂ‘1]3@:»1

o q. 91 (1-D)R = : : 4 44 &
2. N I L veaaums Ly = ~—— Hnwn wumsmunubmuiuen
< o 9 o 3 o a IR 1-D)R
50 kHz 151 100 kHz Sz i amienivinas 2 whdauns £ = S22 1§ umsm
min

A A 9o 1 Y
AMUANLHNUISTUY LﬂJ@ulﬂﬂ'lﬂuﬂﬂ'l Luad

Y & d
2.4.4 M3ZARNAAUVBITINUBINNA
= Ao 1 = A 1 g '3 o
Tﬂﬂ‘l]ﬂﬂ ATATOIAITUDMIHIU HIDWATNTDILDY LC ﬂ@giujﬂﬂﬁﬂﬂﬂ@un@ﬁm@iﬂg
Awv o ' A @ Y 4 9 ~ 3 a wa 1 A Y]
fFufudszavinalug esnuwssdueninaliad ualumelfifes limusaenduny
' y A a v A =< A o e
ﬂigﬂqﬂlHTQ(lﬂﬂluﬂJTﬂ‘]ulﬂ Lu'fNﬂTﬂNﬁTﬂTLLWQLLﬁZi‘BWH‘VﬁJ']ﬂ ‘i]\?ﬂ'.lilﬁ'f)ﬂcl‘lf C NUIUIALNR VIS TN
EA A 1 o s Y o o o 1w A . .
Llﬁxiﬁﬂ'li%ﬁ'ﬁ]ﬂﬂﬁuﬂgcluixﬂﬂ‘l’lﬂﬂllﬁ'l_lulﬂ T ITUMTIATHIUNTINIDNIITCADNAAU (Rlpple ratio)

9
A1N5011 N

AVg i 1-D
Vo  8LCf2

(2.15)
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O

4 v g 4 v Ao g
510 2.6 (n) nszuadupuilsey (v) szaonnduuswundunulszy

9 Yo & o Y s A Y 2 =2 Wy o ~
‘Vnﬂ@l@Qﬂ'l'iﬁlﬂﬂﬁi'lﬁzaﬂﬂﬂalﬁl'ENLlﬁ\iﬂunlwﬁ'lﬂ'lulﬂ'lﬂ'ﬂﬁﬂﬂ'luﬂEJ "Jf\iﬂu'lﬂﬂﬂvlﬂlﬁﬂﬂuvlwﬁ'l‘ﬂ

~ L 4 A 9 -
LIYVUNINUIVU fT'lﬂJ'liﬂm'E]ﬂnlﬂ 2 HUINNNANO

1. woneusi It luauns Sandesiga Tasnsild D faudnlnd 1

o Y1 A ~ v o a o w o A Aq ¥ dg’
2. WEJ’IEJ’I?JW’ITHZ’T'JuNﬂ'IN'Iﬂ Iﬂf]ﬂ’lilwuﬂ'lﬂjlﬂuﬂju'l ﬁjlﬂﬂﬂizi} ﬂiﬂﬂj’lﬂﬂiﬂﬂ’lﬂ%u

w A o .
2.5 MI99NUVUAUYIHYIH (Design of Inductor)
lumsesnuuuadduniloni fednaidesdriisie Aaumtisninedes ludududly
P o v ad AQ YA A o 9 v
Yz Anszumomualmgega lasIsmsenuuuildne ITMImnvuavLIAvBwNUAILAINA
A 4 1 A do ) o A ddqw
AMWUN(area product, Ap) TLHINNUNAAYINUDIULNU (core cross section area, Ac) Aununn g

. & dy A o 1 Y ar
U559¥AAA (window area, Aw) FeAnaguiuiidInauand JAdeaun13(2.16)

2E

Ap = BchAw = =

(2.16)

Taeh
A A 4 T A Ao o A Adqu

A, fie mwaguituisznIniuidar e wnuiuRunnldussgvanin
R

A. Ao AuNAvevOwLNY
A A ddqy

A, fowunnldussgueaia

E fo wasnunazauluduniioni
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b4 L]
ky Ao maszaeumsldiss Tenifuinldussguaaie

[ v v a < d o { o
TUTEHINNTZUAGIGANUNTTUADITOUDAVDIAIN NI (crest factor)

=)
. feonsd

k

] fe anunuuiunszualuduaianouas
A v o o

Brax A9 ANUHUMUUNGNT IR

nasnunazanludunisnihdaldanaumse.17)

1
E = ;Llf,max (2.17)
A9 Yo w A o g 1 A a o o A @
ﬁ'Jﬂ'VlGlflfwuﬂjlﬂuﬂju'ﬁlgi“mlwuﬂﬂﬁLW‘NL‘W?)“H'Jﬂaﬂ'l]'iil'lﬂlﬂﬁﬂclf'ijllﬂﬁluﬂ\?fi]'lﬂﬂ’l'i‘W'H

Frearanoansiunmady Iassuseuveamiuiiuia ldanaunis.18)

LI
ZLmax (2.18)

AcBmax

N =
Taui

N Ao fﬁmauusemamw'mnamﬂwmﬁamﬁmm

L'i'IfT'lil'l'iﬂﬂ'i’J%ﬁﬂﬂl!ﬂuﬁj@\iﬁﬁlﬂﬁﬂ’J’J"lfT'liJ'liﬂﬁ’uﬁ’Jﬂﬂﬂlmﬁulﬁ‘wfz)ﬂgﬂuhjﬁ]'lﬂﬁuﬂ'l'i(2.19)

AyK,, > aN (2.20)

1 . A o g gy ~ o Aw o b4
HAZTZYLUDIYINDINIH (air gap) ‘VW\'IGL'HIlﬂﬂ'lﬂ'nlllﬂuﬂju'lﬂﬂ'ﬂ)\?ﬂ'lﬁﬂ'lu'Jﬂlulﬂinﬂﬁllﬂ'lﬁ(Z.19)

4mx10~7N2A
I, = == — (2.20)
Taeh

l; fie ANNBITRIOIMA
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d
2.6 161D (sensor)

1 4 @ o v
11!11"31!‘1!'&’)\1'3\15]3&"]!1!&%@5 UIAULRDSNISILE L'i15]31“]95,'3\3%ﬁﬂlEl'lElﬁ'iyﬂul'lmLLUU]lﬂJﬂaUW\lﬁ' (non
— inverting amplifier) lums Ianseuauaz 1995 vee T IUHAA1I (differential amplifier) lun1s ia

B9

2.6.1 3995uenedyanamun lindumamon-inverting amplifier)

lout

d' L4 1 s
310 2.7 2svsvedaanawuy lunauwe

@ s | '
ovenaauiinvesostusuilazld

0—Vin

A
Taeh I, = 1ag Ioye =

Vi = (1 +?) (2.21)
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s @ @ [ Y] A1 c
gasveoLssauglila Aq vevaessvnedyasuuy lundumwe Tautly
R
AgL = (1 +§) (2.22)

2.6.2 21905UNETYANUNAAN (differential amplifier)
@ = ~ & A 9 @ o @ 1 @ 1 1
dursssunedyanadasianiisnldussdmndyaidludadiulasassdunmadisves
v a A Y o A A = @ @ ‘Y ¥ o
userudunadosgantloulddorses Feawsia@ousiutenududus 1ddsaunis

(2.23)ﬁ’q¢ia"lﬂ§

Vo = 2 (V;=Vp) (2.23)

311 2.8 299s9medy g AN
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UNN 3
MSMUIUMAZNITOINUDD

3.1 M39NUUVINDT Buck Converter

3 4 4 3 { 1 q’: LY {
Glufﬂ'i’f]?Jﬂ’N‘ﬂ'illﬂﬂ’f]‘LlL’J’f]im?J'iL'i'lﬁdJﬂTﬁL'iTVI'iTU?JQL!.’g’Juuﬁ)Tﬂ Llﬁﬂﬂuﬂl’ﬂﬂlmmﬁﬂéﬁﬂﬁﬂ

L1} Q

4 1 @ L4 H I ] [ Y T H
Tuvagnswidy 18 Trdanszuageganioz1dssa iy 10 usuil a1 Duty cycle Midenldly
[ % d’ & 9 d' 1 d' & T d' 1 A
M3OBALLLIMIAD 0.5 aunaiidonlde 0.5 Wesnadiumindanduinaiiqa nafesianse
¥ =y o’a' T 3 o 1 [] T Y
A7UAY Duty cycle Iuadldun uazanulumsaindsani 25 kiz nathusihmasgmai ms

° @ { o & o { v 3 { o L
MUINULDTBONLUY W’lﬂ’]ﬁ'ﬂﬁﬁﬂqu'lﬁ!ﬁﬂﬁqﬂ Llagﬁ'nﬂ‘ﬂﬂﬁz{Qﬁlﬁll']zﬁllﬁ'lﬁﬁ‘ﬂg\?ﬂﬁ

+

Sy
®
U
U<+
I
]
\|
/|
NV
s

@ —®

g‘lJle 3.1 23939 buck converter

Mnua Vo = 18v , D= 05

Vo = Vs(D)
18 = Vg(0.5)
Vs = 36 v
R = ‘I’—;’ = = =180hm; o =104
t
o=t

ton =DT=0.5X4x105s=2x 10755



AMIUNT L

(1-D)R
min = T
, _Ga-osns
min = 7075 x 103) "
= 18 pH

fmun L i3 25% e ldnszua nih IWarediosesaiven
L =1.25L,
L = (1.25)(18uH)
L=225uH

AMnamnIzuamash lvanu L

Vs — Vo
L

i = (52 pr

Al = (36 _ 18) (0.5)(4 x 1075) A

22.5
MUIUNIA Lax, Imin
Aiy
Imax = I+ T
= 10+ 16
B 2
= 18A
Aig
Ipin = IL"‘?
—10-2-2a
- 5=

AUIUNIAT I, s

19



wnashdusenasnasnulidusumsidnusianmsansivhiiu bdeyanaliinldlddsslosieinmsd
laidnsailas visdw dnvisinudl lidaulasiitomuwazdessnsdsnsdrvesianarsnnasendmsiinbyls



= §(22.5)(18)2 J
= 3.645 x 1073]
1% Boyax = 0.2 T d50 ferrite, ] = 3 A/mm?, K. = 1K, = 0.6

A, = AA,, = 2E
P oW kwkc]Bmax
_ 2(3645x107%)
~ (0.6)(1)(3 x 108)(0.2)

= 20,250 mm?

M ladenuny E42/21/9 1214 A, = 27390 mm?,A,, = 256 mm?,A, = 107 mm?

AUIUNUIUTOD

N = LIL,max
AcBmax

(225 x107%)(18)
~ (107 x 107%)(0.2)

= 18.925

o Y v @
$1usou ldimdy 19 s

° 1
Auavnaduain a=- ;J=3— , 1 =10A
J mm

¢
1RONRIANDILALUDT SWG 13

Cross Check

AuK,, > aN

(256)(0.6) > (3.33)(19)

21



1114204 air gab length (1)

4m x 1077N2A,
&8 L

_ 4w x 1077(19)2(107 x 107°)
- 22.5x 10-6

= 0.0021582 m

33 aemmmwswuwe%

Voltage Sensor

IR

gﬂﬁ 33 g‘ﬂ:m)i Voltage Sensor

d' @ 9 T @ A d’ v SR A @ Y A oA
Lumfu1ﬂmmummmazmumwmawuﬂa@u@gﬁwma@ﬂmmumumumqmEluﬂm

WOINUISEN O ANAEIANUAIANADUAING D

@onR,; = 50k ohm,R, = 10k ohm

R 1 @ 1 1
Vo = EZ V=V V=V, = aNuANAndveLLAa Ao
1

10k 26
“‘50k( 6)

=0.72v
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3.4 99NMUVIDT Cell balance

. . . < ¥
i@onl% mosfet MIAIUGUMS IHavBINITLT Uag 109N 1Y current-limit resistor = 10 ohm Nz 14

AFSUEAN bypass N1

V,
battery _____ —3.6/10
current — limit resistor
=0.36 A
10
— VWV
‘_——
+15V 200 }K—-—
— VN =
. B
500 e
U ANA, @ 5
10
NN

gﬂ‘ﬁ 3.6 1997 Cell balance

\ d
3.5 sonuuUdIumILgNYeszUladlT lulnsneulnsames

o { o :l‘ 4 J 4 4 A

Microcontroller 9z mthfinauguAshuRmuavsunsasmswumnes  Hiosuduns

4 . 3 o/ \ as . ° L o
%159 Microcontroller 923 19dyaas PMW 91183 Driver liarugumsvhauves MOSFET #avh

Y a  da Y ar & J d' . @ 1
wihiduaindsal¥iu7995 Buck Converter tNOATLAUNTZUTIITIUIUAADS Microcontroller 3¢ TR

Y 4 o 9 =1 aa o Y o
ussdumaznszuavInue’  msulasdeyannewndeniiudiaeatihlulszinanandy et
FY d’, as [ a q’l‘ 2 v A 4 Hq ¥
Yoyatinduliavgudya u PWM Bnase enruguaszuauazussun g iumsmnsauunnes 14

v ¥
Taauanasd uazuaasna'lilds Lep

a

) : . o
Tdsunsulunisansuuamest 2 uuuAenIUgUATTUAAIN AUAIUAULITIAUAIR Tad

Q

a ° s Jd 1 Ao Y a a
(33 Start PWM @28 duty cycle f1e)0ouUd 0 s0doUnseuassandemnmvuansed drdaldiny

Ed
as

1 g1 4' Y as d' 1 <R ] d’ o A a 7 Y
A1 duty cycle "t]‘L!"lﬂ?n‘ﬂ@l\‘lvl']klﬁ%ﬂ‘i']"l]ﬁﬂ‘lJLL‘iQﬂ‘L!"IJfNLL‘IJﬂLﬂEI‘S’NﬂQﬂTVIﬂ'Iﬁ‘L!ﬂWSE"IEN(3.6V FAALHA) 01
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o Ly g A g 1 Ao A 19 9 T Y ¥
ENGI.‘HGW’J%ﬁﬂﬂﬂi%uﬁ%ﬁ‘ﬂi)’m’lﬂﬂiﬂuf]ﬂﬂ’ﬂﬂ'mﬂ'l‘ﬁuﬂﬂiﬂllll ﬂ'lﬁJ'Iﬂll‘lJGl.‘Hﬁﬂﬂ1 duty cycle 18y

111 duty cyele udvimelUises 9 enaaouussduvesuummss NdImAMTUA 329N

ATNTOVUTIHUVDLUANDT S IaisIvua 1 anf1 duty cycle ag d1penharinfimua 19

A T ] S 1o v [ 1 °
WA duty cycle MANTATINHOVATLUETIT9IAINIT 100mA M50 d1151Fvunsiau

! ¢
3.6 29sTmvesszuuiiauauladlulnsneulnsames

Voltage supply

10k

|
T
1000uF
I
0.1uF

Charge control
PWM
1k ¢
UL b

Voltage Sensor 1

10k

10
Ay
15V 500 IRFP460 )
.
| + Battery1 Voltage Sensor 2
P L L e
Cell balance control ¢ [" )
I 500 s
va—ﬁ—— .
T 1
IRFP460 N

Battery 2 Current Sensor

T
L
mip

1% 500 G s

Cell balance control ~ PWM

500 10

Cell balance circuit

5UN 3.7 2995 Driver , Buck Converter ,Cell Balance 116¥ Current and Voltage Sensor

aJ

Lo Battery1
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R Driver —————— Charge control

Voltage and Corrent Sensor

LCD —  PICI6FST7T

Cell balance control
>

31N 3.8 295 mMIUgUARANIEZEIULTAIND

: , o ¢

911n31/% 3.8 TudaumngundnisznenlideluTasneuInsames ( PIC16F877 ) Aruqu

4 { @ a Ia [
N135%15 WUAABTHIUIIDS Driver VT pwm  AIUANMSEINTFunewoamda ludiuves

Jd s 1 s 1 . .
o3 1y Insaou Insames sz Suaus sduuasnszuaiulssoououiluuy  Differential oy
. - . . Y o T o Y
non — inverting amplifier  1JU5EIaKAUANIIMNIAIVANAIUVOINTFIFIUDT Cell balance 1437

UAANHDDDNN1NAD LCD
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START

15 UAIRBIHIO Constant — Current Mode

l‘i:uﬁ'uﬁ'iuﬁq;npm PWM A Duty Cycle d19 fiou

Sepsor #3avABUNNITEUANIT IRmusAdaansnse T

aAN3BINAT Duty Cycle
% wildnszuanimnmdeans

- fadaonszuaAd -t

Sensor AzIRABLTIIRAUTUSeu T muandmnieu

[ Bypass tufoufinssduiedmiimuansunnfou |

5um3s¥159#8 Constant - Voltage Mode

A

= Tailsr
} Forwsedudnlumanioh 3.6vicell }1———

aTIeARUAsUAIIEINT 100 mA wie'hi

» :
Hugansmiuumaes
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=
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d
ajUwamInaasaaziIansal

5.1 azdwamananes

A s A = o S Y
ANATNAADUUDFITULUMADIN 3A Uae 10A LL‘]Jﬂm’f]iﬁnlﬁﬂiﬂxﬁﬂﬂizuﬁ%ﬁﬁ]]lﬂ
wa - o - @ - tw A
mmﬂmﬁummmummmuaznaﬂumﬂmﬁ)mJmmaitflu"lﬂﬁmﬂmﬁummmunmmamﬁﬂm

= 1 s 4 4 @ 1 4 1
ﬂ31aJwﬂwa1ﬂ°lu’muwmngnunmmmvgmmuwmmzu’duazuimuﬂg vﬁmmﬂmmm

d' @ Y Y b4 ~ Al w [
ﬂmmﬂaawummmumummmuﬂ% “]iﬂlf]fﬁl]lﬂﬁ]TﬂﬂﬁL“UﬁluIﬂiuﬂﬁJ HUIDINLUITIAUUDS

Y A o o -
ﬂi%LLﬁIﬂﬂﬁi\‘lﬂ’JﬂﬂJLﬂﬂiﬂlﬂ!Z‘H’lﬁ"l]LL‘Uﬁm‘Oi

= d
5.2 R/1UMINAADY

o Fy o = v 3 Ay 18un o >
ﬂ’]iﬂ’]jﬂi\‘l\‘lTuuﬂﬂ\‘l‘ﬂ’]ﬂ’]iﬁﬂ‘l&l’]ﬂ'ﬂuzwui']uﬂﬂu u]lﬂllﬂ AITATUINNITUNADU
4 d A o § ° Y
1IDILADT 'J%ﬂ1§ﬂ’]u'3m‘uﬂﬁ')ﬂlﬁﬁﬂ?u’] ﬂ’]iﬂﬁﬂﬂuﬂigllﬁ LIIAU Lmzﬂ’31u§°lu’3\1iliﬂ1mﬂm
o an A o ’q ¥ o A o
dyanu owraeadludtaea Feawnsovlidssgndlddussuuuuudu q wazaanseiily

Q

szyndldiuacesdou q 14

d y k% o

5.3 dszleruilasusinmsilaseny

Y o Yl = y ouy v4 o o

lavhanudnGeuanld  Meldanudineadumssenuuuaees  msdlSua Duty Cycle
A A o 9 A A - 3 o Y a w ) IS £
ez ldszunliadosnm  Banvih linednuz lumadeulisunsunnd  demnse
o L @ 4 [ { [y ad a o
h lddszgadldnunm lsunsudulddninnne  wazldsuanudinerfiuaesddnnseiing
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS IFLASII Microcentrollers

Devices Included in this Data Sheet:

» PIC16F873 » PIC16F875
» PIC16F874 » PIC16F877

Microcontroller Core Features:

igh performznca RISC CPU
+ Dnly 35 single word instructions to leam
Al sirgle cyele irstruciions sxeept for program
renches which are two cyde
Dperdling speed. CC - 20 MH: clucs inpul

CC - 260 ns Insiruczon cycle
Jpto 8K ¥ 14 wards of FLASH Program Memory,
Jp 0 368 ¥ Bbytes of Data Memory (RAM)
Jp 10 256 » 8 byles of EEPROM Daiz Memcry
Jinow compaibiz o the AIC16CT3B/I74B76/77
nterrupt czpability jup to 14 sourees)
Zightievel Jeep hardwars gtack
Jlrect, indlrec: and refative addressing modes
Jower-on Reset (POR)
Sower-up Timer (PYWRT) and
Dsciliator Stari-uo Timer /0OSTi
‘Watchdog Timer (WDT) with its own on-chip RC
oscillator fcr refizhle operation
“regrammable cade protaclior
2ower saving SLEEF mode
Selectat:le ostillator options
—ow rower, high spzed CMOS FLASHEEPROM
-echndicaqy
“uly stafic design
= In-Cirzcuit Serial Programming™ {ICSP) via two
ns
Single 5 In-Clrcult Serla Programming capabiity
n-Circuit Debugging via iwo phs
2rocessor readfwrite sccass tc program memory
‘Nide operating woltage range: 2.3Vto5.5v
= ligh Sink/Source Cunrent: 25 mA
Sommercial, 1hdustiatand Extanded temperature
‘anges
~ow-pawer consumption:
- < 0.6 mA tyoical & 3V. 4 MHz
- 20 pAtypical @ 3V, 32 kHz
- =1 A typical standby curent

.

Pin Diagram
PDIP
MCLRARs — [ 3 S 2G[] =—= RB7PGD
RACAN] w—w| |2 3g] | ~—= RBEPGC
JAVAN -— [T s JET — NEo
RAZIMMZNREF « = []4 I~ = ABz
RERAHANER: e []5 36[] = FRIPAL

RALTICK w—e[]E 35[ 1 ~—= REZ
RASANIGES w7 [ »—= 361
RECRDAN: =—=[]8 33[] «—= REQINT
REAWRAN: @] o 32| ~— '
REZFEFANT =[] 10 ] ~—vea

Vo =12 [ —— ARnTheny

[ pum—g | 26[1 ~—= ADEPSPE
OSCHCLKIN e [ 13 28] =—» AD5PSPS
CSC2CLKOUT w113 27[] = AD4DSP4

PIC16F877/874

RCITIOSOMICK w—s| |15 26| | w~e RCTRXOT
RCUTICOSLCCS? =[]0 25[] == XCETATK
v Lintacs SRS —[: 57 240 ~ « RCESDO
BrICKIAT e ] 45 P3[] e—e ACLROISDA
RE0PSO] w— [ 10 22[] «—= R0¥28P2
RSP w20 21[] »—= AD2PEP2

Peripheral Features:

Timerd: 8 b imerfcounter with 8 bit prescaler
Timenrt: 16-pif timercounzer with prescaie’,

tan be increnenied duiing SLEEP via exknal
erystalciocs

Timer2: 8-bit timer/counter witt 8-bit pericd
register, prescaler and pcstscaler

Two Carture, Compare, PWM mcdules

- Capture is 16-bit, max. resolution s 12.3 s

- Compare ia 16-bi;, ma>. resolution is 20 na

- PWM max. resoluticn [s 10-bit

10-bit multi-channel Analog-to-Digits! converier
Synckronous SeriaiPert (SSP)with SPI™ (Mastsr
modet and 12C™ iMasisr/Slave)

Unversal Synchronous Asynchronous Receiver
Transmiter {(USART/SCI, wih 0-bit address
detection

Parallzl Slave Port (PSP} 8-hits wids, with
externial RD, Wi ard CS controla (43/44-pin only}

Browm-Out deteciion circuitry for
Brown-out Reset{BOR)

% 2001 Mictochip Techrology Inc.
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Key Features
PiCmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16FB77
Manuatl (D533023)
Operatirg Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR,BOR POR, BCR FOR, BOR POR, BOR
{(PWRT, OST} (PWRT, OST) (PNVRT, OST) | (PWRT, OST)
FLASH Pragram Memoty
H el % Y 4K 4K 8K 8K
Mata Memaory (hytes) 1€2 192 aRR 3RR
EEPROM Data Memory 128 128 256 256
interrupts 13 14 13 14
110 Ports Poris AB,C Ports A,B,C.D.E Poris A,B,C Ports AB,.C,.D.E
Timers K 3 3 3
Capture/Compare/PWM Modules Z 2 2 2
Serial Communications MSSF, USART | MSSP USART | MSSP, USART | MSSP USART
Paraliel Communications — PSP — PSP
10-bit Analog-to-Digital MModule 5 input channels | 8 input channels | 5 input channels | 8 input channels
Instruction Set 35 instructions | 35instructions | 35instructions | 35 insiructions

@ 2001 MMicrochip Tezhnology Inc.
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PIC16F87X

8.0 CAPTURE/COMPARE/PWfA
MODULES

Each Czpture/Compare/FAN (CCF) module conlains
a 16-hit register which can ogerate as a:

+ 16-bit Captur= regisier

« 16-bit Compere register

« PVWM Master!Slzve Duty Cycle register

Both the CCP! and CCP2 modules are identical in
aperation, With fie excepton delng the operaiion of ihe
special cvent trigger. Tabie 8 1 and Table & 2 show the
resourees and interadtines of the CCF mndudals) In
the following secticns, the operation of a CCP module
is described with respect io CCP1. CCF2 operates the
satie @5 COP 1, excepl where nuted.

LLPB2 Motule:

Capture/Compare/PWM RegiserZz {CCPR2) is com-
pris=d of two 8-hit registers: CCPR2L {low byte) and
CCPR2H (high byie). The CCP2CON register controls
the operaton of CCP2. The special event irigger is
generated by a compare match and will reset Timer1
and start an A/D conversion (If the A/D mod.ie Is
enabled).

Additional information on CCP modules is available in
the PiCmizro™ Mid-Range MCU Fzmily Reference
Manuai (CS33023) and in applicaticn note AN5EY,
“Using the CCP Modutes™ {(DS005¢4).

TADLLC 8-1:  CCP MODC - TIMCR
RESOURCES REQUIRED

LU Modute: CCP Mode Timer Resource
CaptureiCompare/PWM Register1! (CCPR1) is com- C Tmend
prised of two O-bit registers: CCMRAL {low byte) and c apiure T"“e;l
COPRAH (high hyta) The COPARON regisier ronfrol :,T‘P;m I"“e -
the operation of CCF1. The special evert trigger is ime
generated by a compare maich and will rese{ Timer1.
TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCRx Nade | £LCPy Mnde Interaction
Capture Capiure |3ame TMR1 tme-base
Caplue Cuimpdte | The corupaie shuuld be configured fon Lhe special everr, kigyel, whicth clears TMR1

Ccmpare Comgpare | The compare(s) shoild be configured for the special evant trigger, which clears TMR1

P'WIA PWM The PWMs wil have the same ‘requency and updats rate (TMR2 inte-rupt)
PWIA Capluieg | Nupe
PWIA Comgpare | None

2 2001 Miermechip Technnlogy Ine
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REGISTER 81:  CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

bit 7-6
bit 5-4

hit 3-0

) U0 RWO RWD  RWO  RWO RWD  RWD
— | — [ ccrx | ccpxy | copxma [ccpxmz [ copxmi | copxio |
bit 7 bit 0

Unimplemented: Read as '0'
CCPxX:CCPXY: P\WM Least Significant biis

Capture mode:

YUnused

Compare mode:

Unused

PVWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MShs are found in CCPRxL.

CCPxM3:CCPxM0: CCPx Mode Select bits

o000 = Caplure/Compare/PWM disabled (resets CCPx module)

o100 = Capture made, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th nising edge

0111 = Capture mode, every 16th nsing edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear outpui on match (CCPxIF bit is set}

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx pin is
unaffected)

1011 = Compare mode, trigger speciai event (CCPxIF bitis set, CCPx pin is unaffected); CCP1
resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D moduie is
enabled)

11xx = P'WM mode

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

DS30292C-page S8
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8.1 Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the fol-
lowing:

+ Every falling edge

» Every rising edge

v Every 4th rising edge

+ Evary 16th rising edge

The type of event is configured by control bits
CCP1M3:CCP1MO (CCPxCCON<3:0>). When a cap-
ture is made, the inierrupt request flag bit CCP1IF
{PIR1<2=) is set. The interrupt flag must be cleared in
software. If another capture occurs before the value in

register CCPR1 is read, the old capturad value is over-
written by the new value.

8.1.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2=> hit.

Note:  if the RC2/CCP1 pin is configured as an
output, a write'to the port can cause a cap-

ture-condition.
FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
RC2ACCR1 Set Flag bit CCP1F
pin {PIR1<2>)
Prescaler
+1,4.16

Capture

ge detect

CCP1CON<3:D>

Qs

8.1.2 TIMER1 MODE SELECTION

Timert must be running in Timer mode, or Synchro-
nized Counter mode, for the CCP module to use the
capiure feature. In Asynchronous Counter mode, the
capiure operation may not work.

8.1.3 SOFTWARE INTERRUPT

When the Capiure mode is changed, a false capiure
interrupt may be generated. The user should keep bit
CCP1IE {PIE1<2>) clear to avoid false interTupts and
should clear the flag kit CCP1iF, foliowing any such
change in operating mode.

8.14 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MD. Whenaver the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any RESET will clear
the prescaler counier.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching betwsen capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN

CAPTURE PRESCALERS

; Turn CCP module off

; Load the W reg with

; the n=w prescaler

; move value and CCP ON

HOVHE QCP1OON ; Load CCPACON with this
; value

CLEF  CCPLCON
MOVLW MEW_CAPT PS

© 2001 Microchip Technology Inc.

D530292C-page 59

40



PIC16F87X

82 Compare Mode

In Compare miode, the 16-bit CCPR1 register value is
constantly comparad against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

« Driven high

*» Driven low

» Remains unchanged

The action on the pin is based on the value of control
hits CCPIM3:.CCP1M0 {CCP1CON<3:0=). At the
same time, interrupi flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event rigger w:
reset Temer1, but not set interrupt flag bit TMR1IF (FIR1<0>),
and set bit CO/DONE (ADCOND<Z>).

Special Event Trigger

Set Flag bis CCP1IF
(PIR1<Z=}

RC%";SECW CCPR1H | CCPRIL
Q SH -
aly A
TRISC<2> p
Otprst Erable cepidoneans TMR1H | TMRIL

Mode Select

8.2.1 CCP PiN CONFIGURATION

The user must configure the RC2/CCP1 pin as an oui-
put by clearing the TRISC<2> bii.

Note:-  Clearing the CCP1CON register will force
the RC2/CCP1 compare ouiput latch to the
default low level. Thisis notthe PORTC /O
datalatch..

8.2.2 TIMER1 MODE SELECTICN

Timert must be running in Timer mode, of Synchro-
nized Counter mode, if the CCP moduie is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

823 SOFTWARE INTERRUPT MODE

‘When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set, causing
a CCP interrupt {if enabled).

8.2.4 SPECIAL EVENT TRIGGER

In this mode, an intermnat hardware frigger is generated,
which may be used to initiate an aciion.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to

effectively be a 16-bit programmabie period register for
Timert.

The special event frigger output of CCP2 resets the
TMR1 register pair and starts an A/D conversion (if the
AD module is enabled).

Note: The ‘special . event trigger . from  the
CCP1and CCP2 modules will not set inter-
rupt flag bit TMR1IE (PIR1<0>).

DS30292C-page 60
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8.3 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up o a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data Iatch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM oulput [atch to the default
low level. This is not the PORTC /O data

latch.

Figure 8-3 shows a simpiified block diagram of the
CCP module in PWM mode.

For a step-by-step procadure on how to set up the CCP
module for P¥M operation, see Section £.3.3.

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PYWM period can be calculated using the joi-
lowing formiula:
PWIM period = [(PR2) + 1] + 4 » Tosc »
(TMR?2 prescale value)
PWM frequency is defined as 1/ [PWM period).
When TMR2 is equal to PR?2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is fatched from CCPR1L into
CCPR1H

FIGURE §-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Buty Cycle Regisers —— CCPICON<S:4>

CCPRIL  §

CCPR1H (Sfave)}

RC2CCPY
- R a ~,

Comparator

TRIEC<2>

Clear Timer,
A, CCP! pin and
PR2 lateh D.C.

Note 1: Fhe B-bir timer is concatenated with 2-bit intemal Q
clock, or 2 bits of the prescaler, ic create 10-pi fime-
base.

Note: The Timer2 postscaler {see Section 7.1)is
not used in the determination of the PWh
frequency. The postscaler could be used

{o have a servo update rate at a different
frequency than the PWM output. -

A PWHM output {Figure B-4) has a time-base {period})
and a time that the output stays high {duty cycle). The
frequency of the P'AM is the inverse of the period
(1/periad).

FIGURE 84: PWM OUTPUT

Period

] ] r

Duiy Cycle ,
'
1

TMR2 = PR2
TMR2 = Duly Cycle

TMRZ = PR2

83.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRA1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<54> contains the
two LSbs. This 10-bit value is represented by
CCPR1L.CCP1CON<5:4>. The following equation is
used to calculate the PVWM duty cycle in time:

PWM duty cycle =(CCPRIL:CCPICON=5:4==} »

Tosc » (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched inio
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to douhle huffer the PWM duty cycle. This double
buffering is essential for glitch-free PWM operation.

When the CCPR1H and 2-bit latch match TMR2, con-
catenated with an intemai 2-bit Q clock, or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The raximum PWM resolution (bits) for a given P'WM
frequency is given by the formula:

“Fosc.
. log\ Fovai
Resoluion = ————— bits

log(2)

Note:  If the PWM duly cycle value is longer than
the PWM period, the CCP1 pin will not be

cleared.

@ 2001 Mierochip Technology Inc.
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833

Tre following steps shouid be taker when connglring
the CCP modutle for PWM opsration:

SETUP FOR PWM OPERATION 3. Make tha CCF1 pin an cutput by clearing the

TRISC<2> hit.

by writing to T2CON.

4. 8sithe TMR2 prescale value and enable Tmer2

1. rsee;ift‘:r"w’“ period by wniting o he PR2 5. Configure the CCP1 module for P¥\ operation.

2. Set the MAM duty cycle by wrting to the
CCFR1L register and CCP1CON<5:4> bits.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESCLUTIONS AT 20 MHz
PWN Frequency 1.22KHz | 4.88KHz | 19.53 KHZ | 78.12KHZ | 156.3 KHz | 2083 kHz
Timer Prescaler {1, 4, 16) 16 4 1 1 1 1
PR2 Valle {xFFh OxFFh OxFFh Ox3Fh Ox1Fh Ox17h
Naximum Resoluiion (hits) 10 10 10 8 7 55
TABLE 3-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address Name Bit7 Bité Bit 5 Bit 4 Bit3 Bit2 Bit1 Bit0 PCR, all other
BOR RESETS
0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOWF INTF RBIF  |coco ooox|[oooe ooou!
10Bh, 186h .
0och PIR1 PsRIFl}| ADF RCIF THIF S3PIF | CCP1IF | TMR2IF | TMR1IF [coco seooleoco ovos
0bh PIRZ — — —_ — — —_ — CCP2AF [---- --- [« R 1}
8Ch PIE1 psPiE) | ADE | RCIE. | TXIE: | SSPIE | CCP1IE | TMR2IE | TMR1IE [oooo oooojoooo cooo
80h PIE2 -_— — - - —_ — — CCP2IE |---- --- af-=--- --- 0
87h TRISC PORTC Data Drection Register 1111 1111{:111 1111
0Eh TMRIL  |Holding Register for the Least Significant Byte of the 16-Dit TMR1 Regster wooex oo |wuun tuuu
OFh TMRIH  |Holding Registar for the Most Significart Byte «f the 16bit TMR1 Register ¥axx 2ok |mmau waun
10h TICON = [ = |miexrs1]rickrsn] TioscEN]T1svC [TMR1CS | TMR1ON]--00 0000]--ua cnun)
15h CCPARIL  [Caplure/Compere/PWN Registrt (LSB) HOCX 200K | WU uhun
16h CCPRIH  |CuplueCosnpue/PYVAI Reuisdn 1 (MSB) MOCK 200XH [ UUN vaun
17h cepicon] — [ — JeePix:[ cepry | copima [cepamz]cermt [ copiMp|--oa oocof--00 asao
18h CUMFRAE.  [CapturaCompars/PyWnt Hegiser (LSB) MO(X 200XK fuLpie 1
1Ch CCPR2H  |Caplure/Compere/PVN Registr2 (MSB) HOCK 200XX [utiu wn
1Dh CCP2CON| — | '— | CCP2X | CCP2¥ | CCP2M3 |CCP2M2 | CCP2M1 | CCP2MD|--00 oooe[--o0 oooo

Legend: x = unknown, u = unchanged, - = unimplemented, read ag '¥. Shaded ceik are not used by Caphre and Timert.
Nute 1: The PSP s nolitnplesiznted wi lhe PIC18F373/070, always maniain rese bils cies.

DS30292C-page 32
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N
TABLE 8-5:  REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value om: | Value on
Address | Mame | Bit7 | Bit6 | Bit5 | Bt4 | Bit3 | Bit2 | Bit1 | Bit0 | POR, | allother
BUR | RESEIS
3BhaBn, [INTCON | GIE | PEE | TOIE | INTE | RBIE | T0F | INIF | RHEF 0000 osx|0000 coou
10Bh, 18B4: :
ach PR PSPIF®| ADIF | RCIF | TUF | SSPIE | CCPUF | TMRIF [ TMRIF Joooo ooeofeoos cooo
on FiR2 — - — - — — — CCF2IF |---- -—- Of--=- ~-= o
3Ch PIE1 PSPIEM| ADE | RCIE | TWE | SSPIE | CCPIE | TMR2IE | TMRIE |es00 oossfosoo oooo
=15 HiEZ — — —_ - — — — CCHIE |--en --- Of--=v ---0
87h TRISC PORTC Data Directicr. Register 1111 1111311 1111
11h TMR2 Tirerz Module’s Register 0000 0060|0000 GCOO
32h PR2 Timerz Moduie’s Peficd Regisier 1211 1111f111> 1111
12h T2CON — | TOUTPS3[TOUTPS2[ TOUTPSt [TOUTPS0| TMRZON | T2CKPS1 [ T2CKPS0[-00a ooos|-000 oooa
15h CCPRIL |CaptuefCompare/PW\VI Regiger! (LSB) posie g eled LITEE FIRTTIAL L
16h CCPR1H | CapturefCompara/P'AM Register! (MSB) XEXX Xoox|uuum uuuyl
17h cericoN] - — |~ cepix [ copiy [ oot [eriM2 [ ccPiMt [CCPiIMO [0 ooto|--ce o000
1B6h CCPRZL | Caphure/ComparsPWW Register? (LSB} Xexx 3eoed|uum wuayl
1Ch CCPR2H | Capture/Congare/PWM Register2 (MSB) 2o zoooe|wuuu
1Dh copzcoN|  — |~ [cecrax | copay [ocpams [ coram2 [ copamt [CCPaM |- -00 ooso|--o0 cooo

Legend. 2« = unknown, u = uichanged, - = unimplemented, read =5 ‘0. Shaded cells are not used by PWM and Timer2
Note 1: Bits PSPIE and PSPIF are resesved on the PIC16F873/87€; always maintain thesz bits clzar.
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-io-Digital {A/D) Converter moduie has five
inputs for the 28-pin devices and eight for the oiher
devices.

The analog input charges a sample and hoid capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
fion. The A/D conversion of the analog input signal
resuits in a corresponding 10-hit digital number. The
AJD module has high and low voltage reference input
that is software selectable to some combination of Voo,
Vse, RAZ, or RA3.

The A/D converter has a unigue feature of being able
to operaie while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D clock must be derived from the
AJD's internal RC oscillator.

PIC16F87X

The A/D module has four registers. These registers
are:

» A/D Result High Register {ADRESH)

» A/D Result Low Register (ADRESL)

+ A/D Control Registerd {ADCOND)

= A/D Control Registert (ADCON1)

The ADCONGO register, shown in Regisier 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voliage refer-
ence), of as digital K¥O.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS: 1Fh)

RW-0  RWO  RWO  RW-D  RW-D  RWD u-0 RIW-0
| apcs1 | apcso [ cns2 | cHst | cHso [eomonE] — ADON
bit 7 bit 0
bit 7-§ ADCST:ADCS0: A/D Conversion Clock Select bits
00 = FO5¢/2
01 = Fosc/8
10 = FOsC/32

11 = FRC {clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHS0: Analog Channet Select bits

000 = channei 0, (RAD/AND}
001 = channef 1, {(RA1/ANT)
010 = channe! 2, (RA2Z/AN2)
011 = channei 3, {(RA3/AN3)
100 = channei 4, [RAS/AN4)}
101 = channef 5, {RE0/ANS}Y
110 = channet B, (RE1/ANE)T
111 = channet 7, (RE2AN7}

bit 2 GO/DONE: A/D Conversion Status bit

FADON = 1:

1 = A/D conversion in progress {setling this bit starts the A/C conversion)
0 = A/D conversion not in progress (this bit is automatically cieared by hardware when the A/D

conversion is completa)
bit 1 Unimplemented: Read as '
bit @ ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter modute is shut-off and consumes no operating current

Note 1: These channeis are nof availabie on PIC15F873/876 devices.

Legend:
R = Readable bit
- nn = Value ai POR

W = Writabie bit
1 = Bit is set

U = Unimplemented bit, read as ‘0"

‘¥ = Bit is cleared x = Bit is unknown

@ 2001 Microchip Technology Inc.
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PIC16F87X

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

u-0 U0 RIW-0 U0 RAWD  RW-D  RWO  RWD
[ aorm | — [ — [ — [rPcre3 | pcre2 | PCFG1 | PCFGD
bit 7 it 0
bit 7 ADFM: A/D Resuli Format Select bit

1 = Right justined. & pMost Signiticant bits of ADRESH are read as ‘0.
o = Left justifie]d. 6 Least Significant bits of ADRESL are read as '0’.

hit 6-4 Unimplemented: Read as '0
bit 3-0 PCFG3:PCFGD: AJD Port Configuration Control bits:

PCFG3: | ANTIY [ANG™ [ ANSU | ANS [ AN3 | AN2 [ ANT | ANO |\ |\ | Crant
PCFGO | RE2 | RE1 | REQ0 | RA5 | RA3 | RA2 | RA1 | RAD Refsf2)
Q000 A A A A A A A A VoD Vs 8/0
0001 A A A A VREF+ A A A RA3 Vss m

‘o010 D D D A A A A A Voo Veg &0
0011 D D D A VREF+ A A A RA3 Ves 41
0100 D D D D A D A A Vbeo Wss a0
0101 D [a] jul n VRsF+ C A & RA3 \ag 291
gllx ] D D D D D B D Voo Wes 0/0
1000 A A A A VagF+ | VREF- | A A RA3 | RA2 62
1001 D 3l A A A A A A oo Vss 6/0
1010 D D A A WREF+ A A A RA3 /88 Sit
1011 D D A A VasF+ | VReEF-| A A RAZ | RA2 42
1100 D D D A VasF+ | VREF-{ A A RA3 | RaA2 3r
1101 D 8] D D VRsrF+ | VREF- | A A RA3 | RA2 22
1110 D 3l D D D o] B A Veo Vss 110
1111 8] B D D VReF+ | WREF- | D A RAZ | RAZ 112

A= Analog input D = Digitat O

Note 1: These channels are not available on FIC18F273/878 dovices.
2: This column indicates the number of analog channeis available as A/D inputs and
the number of analog channels used zs voltage reference inputs.

Legend:

R = Readable hit W = Witable bit U = Unimplemented bit, read as ‘0"

-n = Value at POR 1’ =Bitis set ‘0" = Bitis cleared X = Bitis unknown
The ADRESH:ADRESL registers contain the 10-bit To determine sample time, see Section 11.1. After this
resul: of the A/D conversion. When the A/D conversion acquisition time has elapsead, the A/D coversion can
is complete, the result is loaded into this A/D resuli reg- be started_

ister pair, the GO/DONE bit {ADCON0<2>) is cleared
and te A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A'D module has been configured as desired,
the selected channel must be acquired before the con-
yersion is staried. The analog input channels must
have their corresponding TRIS bits selacted as inputs.

DS30292Cpage 112 % 2001 Microchip Tzchnology Inc.



PIC16F87X

These sieps should be followed for doing an A/D
Conversion;
1. Configure the A/D modute:
+ Configure analog pins/voltage reference and
digital 1/O (ADCON1)
+ Select A/D input channel {ADCONG)
« Select A'D conversion clock (ADCONQ)
* Tum on A/D moduie (ADCONQ)
2. Configure A/D interrupt (if desired):
« Clear ADIF bit
« Set ADIE bit
+ Set PEIE bit
« Set GIE hit

FIGURE 11-1: A/D BLOCK DIAGRAM

w

Wait the required acqguisition time.

Siart conversion:

* Set GODONE bit (ADCONO)

Wait for A/D conversion to complete, by either:

« Polling for the GO/DONE bit to be cleared

(with interrupts enabled); OR

+ Waiting for the A/D intefrupt

Read AD result register pair

{ADRESH-ADRESL), clear bit ADIF if required.
. For the next conversicn, go to step 1 or step 2,

as required. The A/D conversion time per bit is

defined as Tap. A minimum wait of 2TaD is

required hefore the next acquisition starts.

VAN

REZANTIT

101 :
\0—.———& REQ/ANSL!

(input Voltage)

AD
Converter

D11
_% RAANIREF+
N, 010

\c 001
\ 000

]
1]
]
1
1
. 100
: \o——g RAS/ANS
1]
¥
1]
]
1]
3
1]
1
1]
1]
1]
)
3
)

X
£
2

(fteg?arence , ot
‘Yoltage) [ H
nir

FCFG3:PCFGO

WAREF- ! &

i {Reference ¢

=

PCFG3:PCFGO

Note 1: Not available on PIC16F87 /876 devices.
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PIC16F87X

11.1  AJD Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor {(CHoLe) must be aliowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the intemal sampling switch {Rss)
impedance directly affect the time required to charge
the capacitor CHotD. The sampling switch (Rss)
impedance varies over the device voltage (VDD), see
Figure 11-2. The maximum recommended imped-
ance for analog sources is 10 kQ. As the impedance
is decreased, the acquisition time may be decreased.

EQUATION 11-1: ACQUISITION TIME

After the analog input channel is selected (changed),
this acquisition must be done before the conversion
can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb emor is the maximum armor aliowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, Taceo, see
the PICmicro™ Mid-Range Reference Manual
{D533023}.

TacQq = Ampilifier Settling Time +
Hold Capaciror Charging Time +
Temperamre Coefficient

Tave + Te + TCOFE
2us + Tc + [{Temperature -25°C)(0.03us/°C)]

Tc = CzoLD (RIC + Rss + Rs) In(1/2047)
= - 120pF (1k2 + 7k + 10k(D) In(0.0004885)
= 16475

TacQ = 2us+ 1647ps + [(G0°C -25°C)0.05us°C)
= 197z

age specification.

‘Note 1: The reference voltage (VRer) has no effect on the equation; since it cancels itself Qut.
: 2: The charge holding capacitor {CHoLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 k(. This is required to meet the pin leak-

4: After a conversion has completed, a 2 0Tao defay must camplete hefore acquisition can begin again.
During this time, the holding capacitor is not connected io the selected A/D iniput channel.

FIGURE 11-2: ANALOG INPUT MODEL
Voz Sampling
y vr=08v , vateh
i~ " Rs Ahx Ric < 1k 1 35 Rssi
1 Rg1t C < >
' ]—W«—;—E{ ML et
R ovoeen . | L T S15AR capacitanc
ey b . . = by = e
1%__.' S5pF T vr=06v( YLEA T =120pF
Legend CriN = input capacitance
VT =threshold voltage
|LEAKAGE = leakage current at the pin due to
various junctions
Ric = interconnect resistance
S8 = gampling switch
CHoLn = sample/hold capacitance (from DAC) 558789101
Samgling Switch
{Liv)]
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11.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as Tao. The
A/D conversion requires a minimum 127ao per 10-bit
conversion. The source of the A/D conversion clock is
software selecied. The four possibie options for TAp
are:

= 2Tosc

« 8Tosc

+ 32Tosc

= Imtemnal A/D module RC oscillator {2-6 us)

TABLE 11-1:

For correct A/D' conversions, the A/D conversion clock
{Tab) must be selected to ensure a minimum Tap time
of 1.6 us.

Table 11-1 shows the resultant Tap times derived from
the device operating frequencies and the A/D clock
source selected.

TAD vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C})

AD Clock Source (TaD) Maximum Device Frequency
Operation ADCST:ADCSO Max.
2Tosc ao 1.25 MHz
8Tosc [} A MHz
32Tosc 10 2C MHz
RCi:2 3 11 {Note 1)

Note 1: The RC source has a typical Tap time of 4 us, but can vary between 2-6 ps.
2: When he device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only recom-

mended for SLEEP operaticn.

3: For extended voitage devices (LC), please refertio the Electrical Characteristics {Sections 15.1 and 15.2).

1.3

The ADCON1 and TRIS registers control the operation
of the AfD port pins. The port pins tha: are desired as
analng inpiits must hava their entrespending TRIS hits
set (input). If the TRIS bit is cleared {oviput), the digiial
output level {WoH o7 VioL) will be converted.

The AD operation is independent of the state of the
CHS2:CHS( bits and the TRIS bits.

Configuring Analog Port Pins

Note 1= When reading the port registes, any pin
configured as an-analog input channel will
-read-as cleared.(a low level). Pins config-
ured as digital inputs will convert an ana-
log -input. . Analog levels on -a digitally
configured input will not affect the conver-

sion accuracy.

2 Analog levels on any pin that is defined as
a digilal- input (including the ‘AN7:ANO
pins), may cause the input buffer to con-
sume- curment that is out of the device

speciiications.

© 2001 Microchip Technology Inc.
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114 A/D Conversions

Clearing the GO/BONE. bit during a conversion will
abort the cumrent conversion. The A/D result register
pair will NOT be updated with the partially completed
AJD conversion sample. That is, the ADRESH:ADRESL
registers will continue o contain the value of the last
completed conversion {or the iast value writien to the
ADRESH:ADRESL registers). Afier the A/D conversion
is abogted, a 2Tao wait is required before the next

FIGURE 11-3:

acquisition is started. ARer this 2Tao wait, acquisition
on the sclected channel is automatically started. The
GO/DONE bhit can then be set to start the conversion.
In Figure 11-3, after the GO bit is set, the first time seg-
meni has a minimum of Tcy and a maximum of Tap.

Note: = The GOfDONE bit should NOT be setin
the same insiruction that tums on the AMD.

A/D CONVERSION Tap CYCLES

Ty to Tap, Tap1 |, Tap2 |, Tapd |, TAD4

TapS | Tanb , TAD7 | TADB  Tapg  Tapi10 Tabt

T b9 b8 b7 b6

Conversion starts

Hokding capacitor is disconnected from analeg input (typically 10D ns)

bS5 b4 B3 b2 b1 bd

Set GO bit ADRES is loaded
GO bitis cleared
ADIF bit iz set
Holding capacitor is connected to analog imput
141 A/D RESULT REGISTERS Format Select bit (ADFM) controls this justification.

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The AD module gives the flexibility io left or right justify
the 10-bit resulf in the 46-bit result register. The A/D

Figure 11-4 shows the operation of the A/D result justi-
fication. The exira bits are ioaded with '0°s’. When an
A/D result will not overwrite these locations (AVD dis-
able), these registers may be used as fwo general
purpose 8-bit registers.

FIGURE 11-4: A/D RESULT JUSTIFICATION
10-bit Resuit

ADFM = 1 ADFM =0
7 2107 0 7 0765 0
|uoao oo . L , l . 000000
¥ ~ A, ~ . 1, . Y - 3

ADRESH ADRESL ADRESH ADRESL
~—_.-“Y"—) ‘—Y—)
10-bit Resuit 10-bit Result
Right Justified Lef® Justifisd
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11.5 AJ/D Operation During SLEEP

The AD moduie can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCS( = 11). When the RC clock source is
selected, the A/D module waits one instruciion cycle
hefore starting the conversion. This allows ihe SLEEP
instruction to be executed, which efiminates ali digiial
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will he cleared and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D
module will then be tumed off, although the ADON bit
will remain sei.

When the A/D clock scurce is another clack option {not
RC), a sLEEP instruciion will cause the present conver-
sion to be aborted and the A/D module to ke turned off,
though the ADON bit will remain set.

Turming off the A/D piaces the A/D module in its lowest
current consumpiion state.

Note: - For the A/D module to operate in. SLEEP,
the A/D clock source must be set o RC
(ADCS1:ADCS0 = 11). To allow the con-
version {0 occur during SLEEP, enstre the
SLEERP instruction immediately follows the
instruction that seis the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces ail registers to their RESET
state. This forces the A/D module to be tumed off, and
any conversion is aborted. All A/D input pins are con-
figured as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
Value on Value on
Address | Name Bit7 Bit6 | Bits Bit 4 Bit 3 Bit2 Bit1 Bit0 POR, MCLR,
BOR WDT

aBh8Bh, |INTCON GIE PEIE | TOIE INTE RBIE TaIF INTF RBI . -] 0000 000x [ 0000 000U
108h,188h :

OCh PIR1 pseiFl | ADIF | RCIF THE SSPIF | CCPUF | TMR2IF| TMR1IF | 0000 0000|0000 0000
ach PHE1 pspE [ ADIE | ROIE THE SSPIE [CCPHE | TMR2IE | TMRIIE | 0000 0000 (0000 0000
1Eh ADRESH | A/ID Resut Register High Byte AKX XXXKX [umum wmauu
SEh ADRESL | A/D Resuit Register Low Byte oA XxX®x | upun wauua
1Fh ADCOND | ADCS1 | ADCSD | CHS2 | CHS1 CHSD |GODONE| ~ — | ADON | 0000 00-0 {0000 00-0
5Fh ADCONT | ADFM — — —_ PCFG3 | PCFGZ | PCFG1| PCFGO { --0- o000 |--0- 006G
85h TRISA — — . | PORTA Data Direction Register --11 1111 }--11 1111
05h PORTA — - .| PORTA Data Latch whan written: PORTA pis when read --0x 0000 |~-~Cu 00GO
agH? TRISE IBF OBF | IBOV |PSPMODE| - — | PORTE Data Direction bis 0000 -111 0000 -111
[ PORTE — — | = = — Re2 | RE1 | REO [--—- -xxx|---- -um

Legend: x = unknown, u =unchanged, - = unimplemented, read as ‘0". Shaded cells are not used for A/D conversion.
Note 1: These registers/bits are not avsilable on the 28-pin devices.

4@ 2001 Microchip Technology Inc.
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MANHIN A

Tilsunsuniunu

4 ; 4
Talsunsu pice FauduTsunsun1Fums@oululnsnounsmos Seagldnudly

= o @ 1 A I = =t Aw 1 e
NITVEUATTINT ) 1uﬂ1§ﬂ’)ﬂﬂlﬂﬂi@\i"]ﬂiﬁ]llﬂﬂlﬂﬂﬁ 518@13!@8@‘“6\1Iﬂillﬂiuuﬂ\iﬂﬂqﬂu

#include<16F877.h>
#device ADC=10
#fuses HS,NOWDT,NOPROTECT,NOLVP
#use delay(clock=20000000)
#include<led.c>
#use rs232(baud=9600,xmit=PIN_C6,rcv=PIN_C7)
#int_ccpl
unsigned long duty value;
float k;
int 1,j=0;
int16 value,valuel,value2;//,value3,value4,value5;
int32 sub_amp;
float volt, Ampare;
float Vbe = 0.0048875855327468230694037145650049;

void CCP1_ISR();

void mode ADC();

void manual_control();
void feedback_control();
void full option charge();
void constant_i();

void constant v();

void increase();

void decrease();

void check analog();



void check v();
void check i();
void set pwm();

void initial_pwm();

void CCP1_ISR()
{

}

void main()

{
output_bit(PIN_B3,0);
led_init();
led_gotoxy(1,1);
led putc(" START ");
led_gotoxy(1,2);
led_putc(" BATTERY A123 "),
led gotoxy(1,1);
lcd putc(" feedback control ");
led gotoxy(1,2);
led pute(" ");
delay ms(5000);

set_tris_c(0x00);

enable interrupts(GLOBAL);
enable_interrupts(INT_CCP1);
setup_ccpl(CCP_PWM);
setup_adc(ADC CLOCK INTERNAL);
setup_adc_ports(RA0O_ANALOG);
setup_timer O(RTCC_INTERNAL);

setup_timer 1(T1 DISABLED);



setup_timer 2(T2 DIV _BY 1,199,1);
set_timer2(0);
start:
while(TRUE)
{
duty value=0;
set pwml_duty(duty value);
delay_ms(10);

if('input(PIN_A0))
{

manual control();

if(linput(PIN_A1))

{
while(!input(PIN_A1)){};
while(True)

{
led_gotoxy(1,1);
lcd_putc("Constant Voltage 1 ");
led_gotoxy(1,2);
led_putc("Full option 2 ");
delay ms(2000);

if(linput(PIN_A0))
{

feedback control();

if(linput(PIN_A1))
{



full option_charge();
goto start;

}
delay _ms(10);

}

void mode_adc()

{
int16 value;
setup_adc_ports(ALL ANALOG);
setup_adc(ADC_CLOCK_INTERNAL);

set_adc_channel(0);

while(1)

{
set_adc channel(0);
delay us(10);

valuel =read adc();

set_adc channel(1);
delay us(10);

value2 = read adc();

set_adc_channel(2);
delay us(10);

value3 = read_adc();

set_adc_channel(3);

delay us(10);
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value4 =read adc();

set_adc channel(4);
delay us(10);

value5 =read _adc();

value = valuel + value?2 ;//value3 + value4 + value5;

delay ms(100);

¥

void initial pwm()

{
led_gotoxy(1,1);
Icd putc("Duty cycle= ")
Ied pute("V= v,I= A");

for(duty_value=1;duty value<161;duty valuet++)
{
set pwm();

delay ms(1);

check analog();
}

void manual control()
{
Ied gotoxy(1,1);
Ied putc("manual control....");
Ied gotoxy(1,2);
led_putc(" increase decrease ");
initial pwm();
while(TRUE)
{



set pwml_duty(duty value);
if(!input(PIN_A0))
{

increase();

if(!input(PIN_A1))
{

decrease();
check analog();
delay_ms(100);

}
void feedback control()

{

start:

led_gotoxy(1,1);

led pute(" CHARGING.... ");
led_gotoxy(1,2);

led_pute(" ")

initial pwm();

while(volt<5)
{

}
while(TRUE)

{
if((volt<18)&&(duty value<400))

{
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duty value = duty value +2;
set_ pwm();

check analog();

}

else if((volt>18)&&(duty value>3))

{
duty value = duty_value -2;

set_pwm();

check analog();

else

set pwm();
check analog();
if(volt<5)

{

goto start;

}

void increase()

{
if(duty_value < 400)
{
for(i=1;1<10;i++)
{
duty value = duty value +1;

set pwm();
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delay us(1000);

}
while(linput(PIN_A0)){};

void decrease()

{
if(duty value > 41)
{
for(i=1;i<10;i++)
{

duty value = duty value -1;
set_pwm();

delay us(1000);

}
while(!input(PIN_A1)){};

void full option_charge()
{
led gotoxy(1,1);
led_putc(" CHARGING.... ");
led gotoxy(1,2);
led_pute(" ");

initial pwm();

while(TRUE)
{
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if(volt<18)

{
duty value = duty value +2;
set_pwm();
check analog();
iflAmpare>3)
{

constant_i();

}
else if{(volt>18) && (Ampare!=0.1))

{

constant_v();

¥
else if{(volt>18) && (Ampare==0.1))
{

led_gotoxy(1,2);

led pute(" Battery full ");

goto battery full;

}
delay ms(100);

}
battery full :;

void constant_i()
{
led_gotoxy(1,1);
led pute(" Constant Current ");

if((Ampare<3) && (duty_value<400))
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duty value = duty value +2;
set_pwm();
check analog();
3
else if((Ampare>3) && (duty value>3))
{
duty_value = duty_value -2;
set_pwm();
check_analog();
}
else if(volt>18)

{constant v();}

void constant_v()
{
led gotoxy(1,1);
led pute(" Constant Voltage ");
if((voli<18)&&(duty value<400))
{
duty value = duty value +1;
set pwm();
check _analog();
}
else if{(volt>18)&&(duty value>3))
{
duty value = duty_value -1;
set_pwm();

check_analog();
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else iflAmpare==0.1)

{
led gotoxy(1,2);
lecd putc(" Battery full ");
goto battery full;

}
battery full :;

void check analog()
{

check v();

check i();

void check v()
{
mode ADC();
value = valuel + value2+ value3 + value4 + value5;
volt = Vbe*(float)value*19;
led gotoxy(1,1);
printf(led putc,” Voltage = %f",volt);
led gotoxy(1,2);

printf{lcd pute," %", volt);

void check i()

{
set_adc channel(2);
value=read adc();

if(§<10)
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sub_amp = ((sub_amp*j)+value)/(j+1);

jH

>

Ampare = (Vbe*(float)sub_amp);
Ampare = (Ampare-2.45)*13;

led gotoxy(1,1);

printf{lcd_putc," Current = %f",Ampare);
led_gotoxy(1,2);

printf{led pute,"%f",Ampare);

void set pwm()

{
set pwm]_duty(duty value);
k= duty value*0.125;
led_gotoxy(1,1);
printf{led pute,"%f" k);
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