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ABSTRACT

This project presents speed control of a DC motor using a microcontroller
PIC16F877. The microcontroller acts as a speed controller, which receives a set point
value from a keypad. It then compares the speed signal sensed from the encoder to the
set point to produce a PWM signal to drive the motor. Running on a Proportional-
Integral (PI) control algorithm, this closed-loop control configuration will maintain the

constant motor speed, despite load vanations.
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ERBIHUIABUIADS SUAN %A 15 nVag
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199503 61U Tnwmed (PWRT)
a 4 o ar o
123159 eaTaawmesaasasil Inwes (OST)
19957999000 lnwues (WDT) Nilssesaaammas niolus
2493 ICD (In-Circuit Debugger)
» ¥
Aol iiRe 1ddam 2 vas +5.5v
1Tnualszvoandaay (< 1uA)
a o o ] ¥
nsenagInaz 0T aUAaz Y1 14 25 mA
e Wi lunsdl luduTvion <2 mA f +5V ey 4 MHz 1ag 20 uA 7 +3V
Loz 32 kHz
mwsaldsunsuTeeldusauy +sv 18
Tmaeiaanimes 3 89
TuAa CCP (Capture/Compare/PWM module) 2 %@
rvwasdugmesuiasniludtneavuia 10 Tadiuau 8 o
[ o
29Tt¥ouRegInstiaynsuita U SP uay 1id 12C
A 1
NIsABATHIUNOS ABYNTU (UART)
w at ar z:!N A e o d Aaa -
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212  mdaEIImpanusiliunIyves PIC16F877

B
! PC<12:0> I
CALL, RETURN 13
RETFIE, RETLW
Steck Level 1
Stack Level 2
-
-
-
Stack Level 8
RESET Vector cooon
-
- ke ———
-
Interrupt Vector COoar
’_ voash
FPage O
OT7FFh
c8aon
Page 1
On-Chip
CFFFNn
Program
Memory i1000h
Page 2
17TFFh
lecoh
Pagea 3
1FFFh

Jin2.1 msdaassmitoanuii Tlsunsuves PICI6F877

] o ' a &4
iy llsunsuduniionnud iy (fash memory) Faausndraldng sk
T o v oo . ' A
bytes 1A8 PIC16F877 92Un1aMH0A NS UNITY 8K x 14 bits #asITU1900Mily Page 9

Uz Page N2 HUUIA 2 Kbytes

213  mIdarIImienImsIveyavsd PICI6F877
o1 H o, 3 ) ar ¥ o ) 'd
PIC16F877 fimiaamusdoya dmsulFaunaly 368 bytes nazlizimnaeiIng 8

bits 57 /7 11610 Bank IYUIAIGA 128 bytes



Addrass Addgrass Address Address

Indiract addr.{"} f oon Indirect addr.(} | aon Indirect addr. ('} | 100n indirect ador.i” | 180h
TMRO a1h OPTION_REG | a1h TMRO 101h OPTION_REG| 181nh
PCL ozh PCL azh PCL 102h BPCL 182h
STATUS Q3h STATUS 83h STATUS 103n STATUS 183N
FSR oah FSR BAah FSR 104ah FSR 184n
PORTA 0sh TRISA ash 105h 185h
PORTB ash TRISB BHh PORTE 106h TRISB 186N
PORTC o7h TRISC arzh 107h 187h
PORTDM oBh TRISD" 88h 106h 188N
PORTE o9h TRISEM B9h 109h 188h
PCLATH oAah PCLATH [V.9,1 PCLATH 10AN PCLATH 1BAN
INTCOMN Oeh INTCOMN aBh INTCON 10Bh INTCON 18Bh
PiR1 oCh PIE1 ach EEDATA, 10Ch EECON1 18Ch
PIR2 oDh PIEZ B8DnN EEADR 100h EECONZ j 18Dn
ThMRIL OEh PCOMN BEh EEDATH 10Eh Researvaedt2t 18Eh
TMR1H OFh [ 8Fh ' EEADRH 10Fh Resarved®™ 18Fh
TACON 10N 20h 110h 190h
TMRZ 11h SSPCONZ2 91h 119K 191h
TZCON 12Zh PR2 92h 112h 192h
SSPBUF 13h sSSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRAL | 15h ash 115h 195h
CcPRrR1H 16h a8h o 116h e . 196h
CCP1CON 17h 97h anaral 147Th anera 187h
HCSTA 18h TXSTA a8h Ramoae 118h Farbonn 1986n
TXREG 12h SPBRG o9h 16 Bytes 119h 168 Bytes 199h
RCRES 1AL 9ARh 114AR 18AR
CCPR2L 1B8h 8Bh 11Bh 19B8h
CCPR2H 1Ch aCh 11Ch 19Cn
CCP2CON 1Dh aDh 110h 18Dh
ADRESH 1Eh ADRESL gEh 11Eh 19Eh
ADCOMND 1Fh ADCOMNT 9Fh 11Fh 19Fh
20h AOh 120h 1A0R

Geaeneral General Seneral Ganaral

Purpose Purpose Purpase Purpose

Registar Ragister Ragistar Regiatar
26 Bytes 80 Bytes EFh 80 Bytas 16Fh 80 Bytas 1EEh
accessas FOh accesses 170h accessas 1FOh

70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh AFFR

Bank O Bank 1 Bank 2 Bank 3
1]4' o ' 3 4 @ i
i n22 ms%ﬂﬁssﬂmum’mmmﬂgauazmamuwm PIC16Fg877
o, d  a
214 3JouinoINONYLy PIC16F877

Fila

dmned Configuration Word

Fila

Fila

File

BF’J CPo J DEBUG FJWRT l CPD ! LvVP , BODEN I

cP1 TCPO l PWRIE | WDTE LFosc1 l Fuscﬂ
b

bit13 it0

3‘]]ﬁ2.3 G Configuration Word
o ld.r o 4
1479 14 bits YN Address 2007h 14 Program Memory lasnisiiaiuiilesduves

v »
PIC 920nMHUATIHUIIAILS AT I3

"lu':immﬂu Enable/Disable Power-up timer,
1 b
Enable/Disable Watchdog timer, Oscillator Selection bits MUEANS AR WML 92d0a

Amualuvazyinsdou Tlsunsuasg Flash Memory 493 PIC

3I5mned STATUS

e LA oo
Lﬂu‘iﬂﬁlﬂB'iﬂcl‘]flﬂﬂ‘llﬂinl,ﬁﬁ'ﬂ’mﬂﬁmﬂ'l~1’l°L!‘ll?N PIC16F877



STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

RW-0  RW-0 RW-0 R R-1 RW-x  RW-x R
[ me ] Rt [ RO | TO | PD | z | ©C C
bit 7 bit 0

JUN2.433em07 STATUS

IRP (Indirect Register Bank Select bit)
“0”-Bank 0,1 “1"—-Bank 2,3
RP1, RPO (Register Bank Select bit)
“00” —Bank 0 “01” - Bank 1
“10” — Bank 2 “11” — Bank 3
TO (Time out bit) = 0 1ijo Tweves WDT ¥e1unsum
PD (Power-down bit) = 0 ifave1u 1u Tnuilssuiand s
Z (Zero bit) - 1 tilowadniiueud
DC (Digit carry/borrow bit) = 1 iWeiamsneanietuszning Dafl 3 fudaii 4

4 w o A =
C (Carry/borrow bit) = 0 lavInrTeauudHaaniinu 8 ia

39mnei CCP1CON waz CCP2CON

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

u-0 U0 RW-0  RW-0  RWO0  RWO RWO0 RW-0
| — | — T occPxx | copxy | cCPxM3 | CCPxM2 [ CCPxM1 | CCPxMO
bit 7 bit 0

JUi2.5 S3amns CCPxCON

iia 7-6 Tai1dm sruauily <o

1A 5-4 CCPxX - CCPxY (PWM least significant bits) Fumaa lydn (Duty cycle) 2 HAaN
yasdayyial PWM daudoys 8 Tauuse 1andiemnes CCPRxL

1 3-0 CCPxM:CCPxMO 1ianmsiiguvesluga CCPx

“0000” — Tan13M1a1uwes luga CCPx

ar

*0100” ~ ATIIIVTYYIUNN YOUVIDS

a

o 4
“0101” - ATIVVVAYIUY NS VEUVIVU

o

Qs

&E 39 it .; d.
0110” - ATVIVAYYIUNNY YDLMIVUN 4

g o



v @ 2 4
“01117 = ATIVVVAUNIUNN VOUNIYUT 16

o 3
]

“1000” — ifSsuRsudominy ¥1ve9 CCPx M1 1
“1001” — /S s udlom AL 91989 CCPx INALU 0
“1010” — W sufsudiaminu 99 CCPxIF 1Ry 1

«1011” — @S suowiiomiiu Ja CCPxIF imfiv 1 uasiinssaaa1ves TMRI

215 meianulnua PwM
o a  w M @ = =
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o K, 1JuUmMaImn 156071 9aivenaiuuouninga (Integral Gain) ¥ ue1ly

sec’ 3224 uamsdnugmMIApLTUBIVDWIALAULLL Te W AT udygudunauLY
o ¥ = di’ An ¥ @ = =
sy A1 u(® o a1 t lae mnefenuildnsmaesdygmdunannoa o e« gudae
[ a oo [ : A - o oo =Y Qr d 4 @
faTIvaung AauilasnnGulidygudunanuuizdy m1nafisenInaInIug
A a0t ng A 113 ar a B a a o
Bl mniusese Aaedasiineh luanyaejUdyyIan2uduRamp)
- dar 1 a
vinaumsf) ladsduaisTouvssdnwguunn lediy

U(s) _ K

E(s) s (2.24)

Gc(s) =

iliszuunuguuuyleiuaeddugifizes Silsidudiolon Forward -Path iy Z6_(s)
76, (s

wnz IR Fuoe Touszpmily

K )

—G.(5)
G(s) = 5—_"(‘_ .
I - -;Gp(s) 2.25)
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e(t)
0
u(t)
0
qilfiz.24 wansmeumuBIesTInIUAUUIYTE
Controller Plant
a1
R(s) K. G C(s)
KL Gys) |
' S

1225 vdenlaezunsuuessyuumuguuuyle

¥
YY) - da
saiugmsoRsswbde lanSeuvesnmsnvguuinile  1denlsndudieloy
& : S oa & v o
Forward —Path #atziiuiszuuniuguuuyle szmusiavesssunimn 1 528 15U min
¢ a S IS A o qw a o o
waruidudiugiia 0 szunavguuuylevsidy win FohiszuulinnuRanawianius
o ] [ = ar ' d A =
asddluguiifsudedyanmduynunusydn et lsdaumsdyInah s =0 Tuszuuas
v a a ¥ oo a ¥ ' ] ¥ o
Wauae lufimamud Tsi¥iussuuniugy  hldenuendesennedwaning @ ez
o = < & o 2 v ¥ A 8
F1usls (m) Wuauen 1 Falinaliyuveadussfuing (Asymptote Angles) ¥BUGUNS
o a <& g = 2 @ =
SMNARAY uaLIAGAATEL IUMIATINNUOIIEUTL © s(s-Plane) 1ndu Tnadhldanuadios

ol o/

o
Uuntiudzluaatd
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253 IVVRIUANUNYA
; I [ o 1 o
'53‘U‘Uﬂ'3ﬂﬂll!!.ﬂﬂﬁ {D : Derivative Control) ulﬂ’lﬂ‘l’!ﬂﬂ]ﬂﬂﬂ?ﬂ?UﬂUﬂglﬂUﬁﬂﬁQUﬂﬂ

sasmsufasuuasdunannuianmafsudonal WuAe

0= K de(1)
ulo = K, dt (2.26)

4 o w ) . . A o e
\$io K, fi0 8a5 1901087 (Derivative Gain) tazfimioduiud

eft) -

u(t)

o -
31226 wanovAUBIVRITTULMILAIILLA
slf226  uanakanoUmuBIVaNTTIUNNIRUMULA  Weduapadunndludyya
a et S 1 ar a o ] o
LULANNTY DINAUAIIN (2.26) zANTRImIUgUUUTA Y Iddyanudesnnndanugull
I r A ~ D' o : T H - ~ 3
awnillemaunanuRanataiiuul uinludanfiganouiziianudanaiaiuun
9349
v g - 8 a2 =y ' = Wy
agns lsnawmnanuAanaalanine ldlimsazaumanuianaiaud e
= = =] o ¥ ddy v oA ot o = =
anurawmwsslinniaw sldnsaapmundil hindsunlawemanuianaiaiag
- o ' v o e 1o Y s ' o ¥
wisduuudasededng  Asdumsanunuuuuideutonlakead s uatnesldniugu

' Y : dar w
Sawfumsauguuuudtn Hnduniw leuvasiinuguuuud szl
U(s)

Gc{s)= —= = K;s
¢ E(s) 2.27)



e |

28

o
ar

Furtu dmsvszvumuguiae 1didsune Touszindladiy

) KasG,(s)
G(s) =
Controller Plant
-+
R(s) C(s)

de ——————— Gp(S) -

T d o
U227 vaenlaesunsuvesszuunuguuULA

dmndzinthunnaila 1 wiegandt msmuquuuvAzanmen s Tuwquin
1 SLar £ =Y 1 o
dauvesianduoiulonuves Forward — Path a3 ¥9vz lanwiinyesszunnd 1 ed1elsiaty
@ AN Y . x ¥ oA Y ad gy a5 w1 91 w o
fsiBnannewnihiiudrn  msaamquuudiiee WldRead Wades s wiudniugu

. 4 = o a o )
uuudy  wsgdieldmsaiuguuuud A ldmuanus lumsaevauesvesszuuaenL
- da d
Hanmaiinain
¥ »
Tumalfiamsihnsmuguuuud i/ ldiussudeezdnnn duly  lumaljla

Tagsia lswdhumsyszanumanunuuund Tag 198 1savonuuyanii (Lead Compensator)

254 TzUUALRUUUUNTY
msfszuumvguiinnuatosduintanas dioldmsaivguuvyle  awnsofise
FY s & 9} =1 o 4 o
ud l I luszaumia Tasmsldmsmunuuudswsmnnles  Fdavuzvesszunmugu
iy lamgili 5.2

dwmiuszuudananezliomuavesianuauii

ult) = Kje(t) - K, JL e(t)dt (2.29)
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Controller

C(s)

i d
U228 vdenlnszunsuuBsrULAURUILLH |8

e(t)
0
t
u(t)
Due to Integral Action
Due to Proportional Acbion
0

t

ji2.29 nsmevauesvesRIUANLUYR 1B

E 4 Qs P a 4 o [ :
301229 namseminavesiimugui 18Sudislfuyaiduiuuszdy 1naunsi

o o ¥ o/ =
{(2.29 ﬁ&ﬂ‘lmﬂ101‘6uﬂ.l‘e]dﬂ’Jﬂ?UQIJLLU‘IJw]lE)(PI : Proportional plus Integral Control) Lﬂu

U(s) K,
G (s) = —== K, - —
E(s) * s (2.30)
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HUWARIAINIRIDUANTA (Integral Time Constant) 11U

K
= £
K, (2.31)
suiuaeld
K.Is= {1/t
Gc(.s.) = __f_[_.____} (2-32)
S
wazozvh 1 lddedFuawlouszuudlailu
G, (s) = G (s)G,{s)

Ky~ (2)Gy(s)
s (2.33)

g 1 om - i = Y fa y 4
v hiE1sf s = -1/7; wazInad s - o iwldnufsndudlouvesszuudiold
=1 n; 4§ ar ¥ o 1) o o ]
mynuguuurile msfumvsenoy s dhfuwyusdusesileddunioTouredlaily
= = 2 2 e q W Ay S s - a o
msmyriavesszuuiuly 1 Seihildszuumvguuundlel lulinnuRanaiaianmasds
a w e ar q’: A A ¥ o 9 ar 4 o LY
dwdudunamszay  wenvindumsfimudlsiiiussouldwiouany amidnTu
. ¥ ¥
panA9szH AN NG () tazdmauE (s (m) imned Asiuyuveuduszdy Inadmsiy
dunnndimaudy uagadavouduozadu Inauuunuesy (Centroid) vzindouiiiiniga
e = 44
Aulauniuiiednn
ar ¥ = = et
JAAAYDAUTUDLFU TNAVUUAUITI = ( HATINVDI WA — HOTINVBIT 19)(n-m)
g a’: o ¥ ] = 1w ' 3 A
asiugaanueuduezdy Inassnfaeu lmidy - (1/T;) / (n-m) dewalinnuadesnmyves
1 ] o ar ¥ ] 1
szuvanas ot lshmumsaaasvosn NuabusFuutivzdeon1nsh1¥nsaiunumn

lownssonadng

2.5.5 ISUUAWANUUUNA
MsAIuAuUUUATET A UAISAILAUUUYN (PD : Proportional plus Derivative

Controh) Asiineraalugi( 1afsnsudwlouszuudlaiiy

G,(s)=1{K_ — K;s)G,(s)
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Go(s) =K (1 = 145)G,(s) (2.34)
Controller
Plant
R(s) G C(s)
p(S) -
H' o e
31]112.30 ‘U'ﬂ'ﬂﬂulﬂﬂ?.:’uﬂﬁﬂﬂﬂﬁﬁgﬂﬂﬂﬁﬂﬂmlﬂﬂ'ﬁﬂ
2 K = 3 ar w o . R . £
oty = ;P- B AINIAIAIDYAUD {Derivative Time Constant) mqiumsmuafu
Xy

e Ao 4 4 d od ¢ ey o a o ret
uril wid Ismntuh s = -t wazamiunludmadsuulasriavesszuy vhld liling

uasulasmanuranaanTNMnAa)

25.6 ITRUMURMUNTER

nmaugulagifuuuiiswdueunlenazsaufuuuud (PID @ Proportional plus
Integral plus Derivative Control ) ﬁ?ﬁ]?‘\ﬁﬂﬂ NTIRIVANUVY 3 NBY (Three — term Control)
srupseddnpasanUiizat mldieniyavesimuquiieivdunaduauiisnaa oo

»
o

It
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C(s)

jufiz31 vdenlaezunsuvesszuuniuguuuudlod

1
() = K,e(t)+ K f (9t + K, 200
= -+ N, t +
u ,€ 3 e i,
c
HanFunrwlenvesdinivau sxilu
U(s)
G ()= —2=K,+ ==K

o4 o
Faannsadazildidu

1 .
G.(s)= K,(1+ ;;— T4S)

(2.35)

(2.36)

(2.37)

dar ¥ o P P
fadduseToussvvupuavesszyumuguuuuilod fuandlugdiiza saiu

) _ 1
G,(s) = =K (l+ —=+ ‘
ols) = G (s5)G,(s) = K (1= s t435) G, (s)

K_(r1ys° = 1,5~1)
P - G, (s

Gols) = 1,8

¥

(2.38)
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| 4 ' '
Adiu maRuauuuuN 1ed ssudumdTs Idfussuumdy 2 Auozmnsiuauna 19
© 9 = & ,:
uazi ATz U ALY 1

W aa
AINTURUULUADIADD

S q'alydz

Tumslduess iWosmnszuvveasnduszuunmaania daiudnruaunlad

a

»
doailunuuAinea (Digital Control) uand ldAseumanane 1

I RUUN
U,[n]= K e[n] (2.39)
fmugunuyle
U,[n}= U,[n—1]+Kj—€”‘-(e[n]+e[n—1]) {(2.40)
AR WULVA
U] =k, _;[" —1) (2.41)
FIRAUILNA
Upplnl=Uplnl+ U p[n] (2.42)
Amuguuuuile
Uy n]=Up[n]+U,[n) (2.43)
AIRWRUULDN A
Upp[n}=U,[n]+U,[n]+ U ,[n] (2.44)

Qr

e T, Ao AuIaIMsgudtyg o (Sampling Time)

LI 7
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»

namInAaBIEIsoma K 1adail

1 1

e ~ ABInl0T - 06596 = 207 RPMNV
. X

K =

b4
vennntiimusommK_ 1880335 Tastounssiuidfmaies sndriadug w
. a =1 ] ~ g 4 (=4 {
970 Incremental Encoder 91 1&/aouiluanud 5ousauin s laviwaosansin ns i 14

ey uthudunse udammInuTUToInI W

A1IA3.2 AnrEsounndayanah 14en Digital Storage Oscilloscope

Volts Time {us) | Time {us) Round / Round / Time
I Pulse ! Round Time (s} (min)
0 0 0 0 0
2 2080 206000 4.85 291.26
4 872 87200 11.47 688.07
6 560 56000 17.86 1071.43
8 404 40400 24.75 1485.15
10 320 32000 31.25 1875.00
12 266 26600 37.59 2255.64
14 225 22500 44.44 2666.67
16 196 19600 51.02 3061.22
18 174 17400 57.47 3448.27
20 155 15500 64.52 3870.97
22 142 14200 70.42 4225.35
24 132 13200 75.76 4545.45
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Speed Vs. Time from Hyperterminal

5000 1 e e ‘ T
oo LI (DT T T
e \ e
4000 1175 T AR
3500 |- /}‘i i
- soo L1 (BRI
3 e AT
g =0 7 T R
%2000 ‘\ ' _HHI\' | G L

@ T ; ; DT

i ] Hinnne

1000 +— : ? i

NIV« i U o
U SN T
oL L L

A I R N i i R Gl A -

Time (ms)

3ﬂﬁ3.7 a1 T, = 270 ms 971 Hyper Terminal

nngUnsw vemes 191Im1fen 63.2% (2844 rpm) T, = 270 ms

oz 1418199 100% (4500 rpm) = 500 ms

o 1 { & o [ A o o
191 K ez T 0 lduunu vz lddsddunio Teuussuawas nviins nagousas]
m

> 207 > [
0274 +1 Scape2
Stept Transfer Fon 1

133 Mandudwlewvesiemed

3.2 szvumunuuuule
A = b o q ¥ A o o
fissnnszuvfnauliudfunsmuguaudisenvewemes ink Ay
naannimsAnudeyauds  Tawudszuumniuguiiminzay  AesTUUMIAUANLLY

o Y . o ‘o W 1 o
#le  mswszuumsauquuuyil  sxeldmsnruguanudwemedtudhgainnwsa
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< ve Y+ 4 ' 3 d Ay vt a 4 4o

souh Iddmun11dedasaminazdwldnnuisenilalislndifosinnuE hdmua

. 1 t g - | : o =

Pduesnann mseh szuunruguuuuiiu dodfde manuamandouvesnmuiGis

w d Avlyg I.ly ﬂ @ a o . ° ' vlyu

fuanuG i lddmuald sdudeaudu Ay minmansadmuan K, Tdd
o ° ~ 3 U ' = '

manzaufszh I8 szuvfismugunindhganuda 1dednsamiz uaznmafusideanisnim
¥ : r * v ¥

K, Tumeiez ludminnuamandeunsyuunmsmuguuuuitiu ldewnsosans 14
: o ', = : =3 ' 5

mazaeny surulAh  ssvunauaueuui levuisiensszuuveun VIR N

o t = o d o
fuihideamer K uaz K, fimngmndiuszuuauquanuiisounemesvesszyy

R(s E Cc
(s) (s) (K +£) J K, (s=)
P8 7.8 +1

71139 Block Diagram ¥9335VUAIURUATUEIADSBIAD PI Controller

910 Block Diagram 9132u9% 19 Transfer function

K,(K,S+K,)
Transfer function = > (3.3) |
TS +SK,KS+K K, '

1

ANNIAUANH UL

F(s) = T,s* +(1+ KK, S+ K, K, (3.4)

(1+KMKP}S‘ L KK,
T T

m m

S?+

{¢11-¢7)

vnaumsnlesidudlensign M, (%) = e " x100 (3.5)

Amualdilodidud lonesyn 5%

) o0 = s

) = 0.05
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e i=k

= 299 = -3
cIf1-¢7 = (.9536
o = (09536) (JI—¢f
& = 06901 ~ 0.69
L. 4 4
NINTUNTT settling time 1 (2 %) t = (3.6)
cw,
93145 1Hand1 settling time 500 ms
v & 4
AU @, = ————— = 11.594
(0.69)(0.5)
1+ K, K K
INAUNTS Sz+( - ,,)5'+K; ‘ nazauns S’ +20w,S + @]
(vl S°) ! = KK,
1,
207K,
134.421 =
0.27
K, = 0175
1+ K K
(Wi S') 2w, = —22
TH’I
2{0.69)(11.594) L+ 207K,
' ' 0.27
K, = 0016

A1 K waz K, i 16 wwmuiidaus 9318 block diagram woeszundegy
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MINAaDATHANIINAADI

4.1 MINARBININBTYAI PWM 910 ¥23 0% 02 100% 11U Open loop

210 PIC16F877 ung L298 1pw

nldu UL e Ty nhuen PICI6FST7

¥ ¥ ] o o
ni‘wlmumuma LAY AYYIUNNIN 1.298

Stopped

CHmGy
DC 11

CHi=5y

Stopped 3 2000/01/23 2003051
CHIxSY : : T BDOuS/div
BC 11 D (500us/div)

. NORMEAME /3

b4 L2 o ¥ _'
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I | I
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: (dd o 4.3
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a1 PWM 15%
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Defay : 005
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1Y)
Sy PWM 55%
Stopped L 2008/01/23 20:36:22
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L ; NORM ML /8

mTr
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Detay 0LOng
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ar
o010l PWM 65%
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Detay . 0uOns
Hold OFF WINIMA
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Stopped 2008/01/23 203755
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+
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BW : ARL cMZ @ 0DOV Zoom : K Type : EDOE CHY
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Hold OFF @ MINIMUM

teya I PWM 100%
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Stopped g 2008/01/23 2003820
cHI=5Y CHR=EY : : S00us /div
oe 1 BC 171 (500ud /div)
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4.4 minassstleuninrni1seuudrinaA1910 Tachonmeter

»
NARBINIIAA 19N Tachometer U Open loop Lt Closed loop W4 4 A1 fio uu laidi

Tnan Tvaa 1 62 Tnaa 2 & uazIvan 3 d2 Woetloudanuid 15ouR 1800, 2400 uag 3000

rpm

i 1 o {a
A1I1N4.1 A1ANUTINIAIA Tachometer 1LY Open loop

RPM No load Load 1 Load 2 Load 3
1800 1799 1668 1570 1492
2400 2430 2266 2137 2029
3000 3024 2876 2712 2578

M131974.2 MANUGE 113790 Tachometer 1111 Closed loop

RPM No load Load 1 Load 2 Load 3
1800 1800 1798 1800 1799
2400 2412 2400 2410 2405
3000 3010 3000 3005 3000
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DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

s TOTAL DC CURRENTUP TO 4 A

» LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

n LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE iIMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
iead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signais. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding extemal terminal can be used for the con-

BLOCK DIAGRAM

PowerSO20

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of an extemal sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

ouT2 +v

OuUTA
Q

+igs
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OnF|
! 2 ﬁ:l- 4
x| | el
1 »j -
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1

15
1 £ 8 548312
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 vV
Vss Logic Supply Voltage 7 vV
ViVen Input and Enable Voltage -0.3t07 Vi
lo Peak Output Current (each Channel)
— Non Repetitive {t = 100us) 3 A
—Repetitive (80% on -20% off; tor = 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Vollage -1t02.3 v
Prot Total Power Dissipation (Tcass = 75°C) 25 w
Top Junction Operating Temperature —25 0 130 °C
Tag, Tj | Storage and Junction Temperature —44 to 150 °C
PIN CONNECTIONS (top view)
/ IJ T S— CURRENT SENSING B
Wl— "3 ouTPUTY
‘$‘ L] S OUTPUT 3
1273 INPUT4
LR P ENABLE B
10 [ INPUT3
LA -7 ] LOGIC SUPPLY VOLTAGE Veg
ultiwatt!s o 6w
£ A INPUT 2
6 [ ENABLEA
5 — > INPUIT 4
4 T3 SUPPLY VOLTAGE Vg
$ L S—— QUTPUT 2
2T ouTRuTH
\ _]‘ o~ —— > CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 D95IM2404
7
GND | 1 20 1 GNe
Sense A [ ] 2 19 1 SenseB
Ne. 1 3 18 =1 ne.
outt [ 4 17 ;:l Out 4
ouz ] 5 PowerSO20 15 [~ ous
Ve ] 6 15 [——1 Input4
mput1 1 7 14 ) Enable B
EnableA [ 8 13 |1 input3
Inputz2 ] 9 12 [ vss
GND ] 10 11 1 GND
DO5INZIS
THERMAL DATA
Symbol - Parameter PowerS020 Multiwatt15 Unit
Rinjcase | Themal Resistance Jundlion-case Max, - 3 °C/W
Rihjamp | Thermal Resistance Junction-ambient Max. 13 (% a5 =C/W

{*} Mounted on aluminum substrate

213

9




L298

PIN FUNCTIONS {refer to the block diagram)

MW.15 PowerSO Name Function
1,15 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
23 4,5 Out1; 0w 2 Qutpuls of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 814 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSSs Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 1315 Input 3; input 4 TTL Compatitie Inputs of the Bridge B.
13; 14 16;17 QOut 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Viq +25 46 \2
Vss |Logic Supply Voltage (pin 9) - 4.5 5 7 v
Is Quiescent Supply Current {pin 4) |Ven=H; 1. =0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=L Vi= X 4 mA
Iss Quiescent Current from Vgs (pin 9) [Ven=H; I.=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven=L Vi=X 6 mA
Vio Input Low Voltage 0.3 15 v
(pins 5, 7, 10, 12)
ViH Input High Voitage 23 V35S v
{pins 5, 7, 10, 12}
liL Low Voltage Input Current Vi=L -10 LA
{pins 5, 7, 10, 12}
liH High Voltage Input Cumrent Vi=H < Vgs 0.6V 30 100 LA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) 0.3 1.5 v
Ven = H |Enable High Voltage {pins 6, 11) 2.3 Vss \
len=L {Low Voltage Enable Current Ven=1L -10 LA
{pins 6, 11)
len =H |High Voltage Enable Current Ven = H £ Vgg 0.6V 30 100 A
(pins 6, 11) )
VeesarHy | Source Saturation Voltage hL=1A 0.95 1.35 17 v
I, =2A 2 27 \
Veesal ) [Sink Saturation Voltage L=1A (5) 0.85 1.2 1.6 vV
IL=2A (5) 4.7 2.3 \'
Vcesat | Total Drop IL=1A (5) 1.80 32 A
iL=2A (5) 4.9 \'
Vsens [ Sensing Voltage (pins 1, 15) -1 (1) 2 \
157 313




L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (Vi) [Source Current Tum-off Delay 0.5Vitoc 09 (2 (4) 1.5 us
T2 (Vi) |Source Current Fall Time 051 t011L (2% {4) 0.2 us
Ta (Vi) |Source Current Turm-on Delay 05Vito 011, (2);(4) 2 s
T4 (Vi) |Source Current Rise Time 011 1081 (2% 4) 07 Us
Ts (Vi) [Sink Current Tum-off Delay 0.5Vito 0.8 (3) (4} 07 Ks
Ts (Vi) |Sink Current Fall Time 091 to011. (3% (4) 0.25 1S
Tz (Vi) |Sink Current Tum-on Delay 05Vito 081 (3) (4) 1.6 us
Tg (Vi) [Sink Current Rise Time 011 to091. (3% (4) 02 L]
fc (Viy |Commutation Frequency lL=2A 25 40 KHz

T1(Ven) |Source Current Turm-off Delay 05Vento0.81.  (2); (4) 3 us
T2 (Ven) |Source Cumrent Fall Time 081t Q1L (25 (4) 1 us
Ta(Ven} |Source Current Tum-on Delay 0.5Vento 011 {2);(4) 0.3 ns
T4{Ven) |Source Cument Rise Time 011, to0.91. (24 04 Hs
Ts (Ven) |Sink Curent Tum-off Delay 0.5Vento 091, (3);(4) 22 ps
Ta {Ven) |Sink Current Fall Time 091 o011, {34 0.35 us
T7 {Ven} {Sink Current Tum-on Delay 0.5Vento09Y (3 {4 0.25 us
Te (Ven} |Sink Current Rise Time 011 o081 (3% (4) 0.1 us

1) 1)Sensing voltage can be —1 V fort < 50 usec; in stoady state Veens min 2-0.5 V.

2) Seefig. 2.
3) See ig. 4.

4) The load must be a pure resistor,

Figure 1 : Typical Saturation Voltage vs. Quiput Figure 2 : Switching Times Test Circuits,
Current.
G- 6418
Vsar
) Vgga  Yoai2V
v,.:.zsvv
24 k- H INPUY
L
20
16 < ENABLE
>
L~ é
1.2
- il
08
0 5.358%210
0 04 08 12 16 20 Z& Ig(A). Note : For INPUT Switching, set EN = H

4/13

For ENABLE Switching, set IN=H
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L298

Figure 3 : Source Cument Delay Times vs. Input or Enable Switching.

WA
Imax{2A)
90% -
0% t -
Ven; (&V)
5%0% TR{——"——m——=m———————e t
P
5.585%2

Figtire 4 : Switching Times Test Circuits.

Vos.sy  Vgmé2V
) ()

INPUT

ENABLE

S.58541

Nete : For INPUT Swilching, sel EN =H
For ENABLE Switching, set IN= L
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L298

Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

D4 TO B4 1A FAST RECOVERY DIODE {1, €200ns}

CIRCUY

S=MAN2

Y
Imax{2A)
”% - - —} ———————————————
L i b e 2 .
LT |re T |Te
¥ (4V)
0% - '
Imax(2AM}- — — — - tpro--—---——— - — - — — — — — .
0% - - — = = -
W% R
(4v)
0% fF-mm—mm e ——
1.
50587
Figure 6 : Bidirectional DC Motor Control.
¥y
o
%“"F n K % R0y
. 2 D4 ) .
oJ L . tnputs Function
Ven=H C=H;D=L Forward
?v: ul " .: C=L;D=H Reverse
% Gy C=D Fast Motor Stop
IO Ven = C=X:D=X Free Running
— mELY Motor Stop
112 L 298N L= Low H=High X = Don't care
B Oven
TO CONTROL Lo L] '
i g
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L2098

Figure 7 : For higher curments, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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o= 3
IN2 7
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L2988 integrates two power output stages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
extemal resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1 ; In2 ; EnA and In3 ; In4 ; EnB.
The ininputs set the bridge state when The En input
is high ; alow state of the En inputinhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L298. -

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the |.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Tum-ON the Sup-
ply Voltage and before to Tum it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements {ir £ 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used fo control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never he overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An extemal bridge of dicdes are required when in-
ductive lpads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.

™3




L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and untii 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

On Fig 8itis shown the driving of atwo phasebipolar DY the 1.C. L8506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

o 9 Qv

100nF
ct "'C} T cé
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STEPPER
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RESEY WINDINGS

1 B‘,f

5- 5084674

Rs1=Rs2=0.58

VES12V@I1=2A
D1toD8=2A Fastdiodes Y\ r<200ns
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ow. =~ =~ OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX
" - S7a7 MECHANICAL DATA
B 2.65 0.104
C 1.6 0.063
D 1 0.039
E 0.49 0.55 | 0.019 0.022
F 0.66 0.75 | 0.026 0.030
G 102 | 1.27 | 1.562 | 0.040 | 0.050 | 0.060
G1 17.563 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 19.6 0.772
H2 20.2 0.795
L 219 | 222 | 225 | 0.862 | 0.874 { 0.886
L1 21.7 | 22.1 ) 225 | 0.854 | 0.870 | 0.888
L2 17.65 18.1 | 0.695 0.713
L3 17.25 | 17.5 | 17.75 { 0.679 | 0.689 | 0.699
L4 10.3 10.7 10.9 | 0.406 | 0.421 | 0.429
L7 2.65 2.9 0.104 0.114
M 425 | 455 | 485 {0.167 1 0179 | 0.191
M1 4.63 5.08 553 | 0.182 | 0.200 | 0.218
S 1.9 2.6 |0.075 0.102
s1 | 1.9 26 [0.075 0.102 Multiwatt15 V
Dia1 3.65 3.85 | 0.144 0.152
Hi
A -
¢ & S
- / /7 \_T«‘B
Dat /
| r =
3 5 3
B 5 | Do o(
o —
H2
[
£ _
| = L_U_ G |
MM Gt -
1013 <71




L298

DIM. — e OUTLINE AND
miN. | TYP. [ max | min. | TYP. | MaX.
A p 0197 MECHANICAL DATA
B 265 0.104
c 1.6 0.063
€ | oa4o 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 14 |o0.045|0.050 | 0.055
g1 |17.57]17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 196 0.772
H2 20.2 0.795
L 20,57 0.810
L1 18.03 0.710
L2 2.54 0,100
L3 |17.25]| 175 [ 17.75 | 0.679 | 0.689 | 0.699
4 | 103 | 107 | 109 | 0406 | 0.421 [ 0.420
L5 5.28 0.208
L6 2.38 0.094
Lz | 265 29 {0104 0.114
s | 19 26 |0.075 0.102
s1 | 19 26 | 0075 0.102 Multiwatt15 H
Dia1 | 3.65 3.85 | 0.144 0.152
Hi
A s
e s -l
¥ / ﬂ \ﬁf
[ Jr Dia. 1 /
__ F e
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OUTLINE AND
MECHANICAL DATA

JEDEC MO-166

DIM. mm inch
MIN. | TYP. | MAX. | MIN. [ TYP. | MAX.
A 3.6 0.142
al 0.1 0.3 ]0.004 0.012
az2 3.3 0.130
a3 0 Q.1 0.000 0.004
b 04 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D{1} | 158 16 0.622 0.630
D1 9.4 9.8 |0370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
ed 11.43 0.450
E1{1){ 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 58 6.2 |0.228 0.244
G 0 0.1 0.000 0.004
H 158.5 15.9 | 0.610 0.626
h 1.1 0.043
L 0.8 1.1 0.031 0.043
N 10’ (max.)
S 8 (max.)
T [ 10 ] [  fo3sa|
{1) "D and F~ do not include mold iash or protrusions.
- Mald flash or protrusions shall not exceed 0.15 mm (0.006").
- Critical dimensions: "E", "G" and "a3"
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L‘.H. ! .1__*_3 DETAIL B 2t
DETAIL A E
e3 [
= H ead m———, DETAILA
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a3 :slug
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OO0 n0nrn PETAIL B
20 ! T [a3s)
e | 2 re
i SJ( L AEATINGPU\NE
2]y 0 e BOTTOM VIEW tcri:‘min:-n
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; e
o ; 0 _
oooooooood I
hx45 1’ Faoaes
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Information furnished is betieved to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
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