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ABSTRACT

This project present a DC motor controller using a family of dsPIC microcontroller.
(dsPIC30F2010) which is one of embedded technology. This microcontroller 16 bit consist of a
variety of pheriperal devices such ADC (Analog to Digital) module , PWM (Pulse Width
Modulator) function , serial communication and so on. With in this thesis , the open loop control
system was applied to control 24 VDC motor driving by IC L298N. The manipulative control can
be employed through push button swiches and RS232C. serial communication. In this
hardware, The communication protocol , can support all computer programming. Visual basic
and Labview were used as a case study.

Moreover, the motor controller has been applied to conveyor system for the 3D laser
scanning instrument .The conveyor and the laser light sectioning can perform well for the

geometric object measurement.
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2.2.2.4 n3aiin (Torque)
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NAUNTN (2.9) Uae (2.10) 9218
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4.3.1 osuem3lFauldsunsy
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V. (V) 1(A) R(Q)
3.00 0.28 10.714
400 0.39 10.256
500 0.48 10416
6.00 0.59 10.169
7.00 0.69 10.145

A, & g Py
9NN Linear Least Square Fudluaumsilszuanndunss

ny=AZx2+BZx )

> y=4> x+NB )

dodmuald XfAel,

YfAoV,
wld Xy = 1317
>X? = 12851

>Y =25

X =243

n =5

unumaaluaumsn (1) uag 2)
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1371 = 1.2851A +2.43B
25 = 243A + 5B
ufaumsszldan A = 14.9827

.. Ra mmuama%{ﬂiwﬁmaﬁﬁw =14.9827 Q
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A ' 2z o
wdourasuldiflumiog adsec) Mngas a)(rpm)xa = w(rad /sec) safuIn

. 9 Eg 3 o - U g’
Ke lunnaums K, =—5  anduinmsaldous Vo, HOZNANDIE
w

AN 5.4 N3N UBINDINDI NIZUTAT
V supply Eg(V) @ (rpm) @ (rad/sec) K (V/radlsec)
10 3.49 850.5 89.064 0.0392
11 3.95 937.6 98.185 0.0402
12 4.53 1045 109.432 0.0413
13 5.18 1135 118.856 0.0435
14 5.73 1234 129.224 0.0443
15 6.29 1330 139.277 0.0451
ny=AZx2+BZx 1)
> y=A4) x+NB @)
dedmuald X = @

Y = E

g

az'ld S XY = 3426.568

> X = 79771.724

XY =297

>X = 684.038

n = 6
unuaasluaumsin () uag 2)
3426.568 = 79771.724A + 684.038B (1)
2071 = 684.038A + 6B (2)
udaumsazlda A = 0.02206
volts

1 I'4 A T @
R M| Ke"U’ENlli’Jm’E)iﬂizuﬁﬂiﬁuﬂ'ﬂ‘l’l']ﬂ‘ﬂ 0.02206
rad /sec
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sihmsilouTiavimenmils Welduewesnyudlennuisneiivimsianszue
¢ p H A 4 o o & ! ¢
P1IMN0T (la) vzl waziaevsauomasaziMsKNAUMFITY IoNaINEIHYUDY
0o q ¥a = o ] 2 LA S & ° = ' = q ¥
M 1ANALSIRINFID U T IRVUSHUTIN U Y mg Taoimsilaounusedelv
& v A W s % 'Y £ A
Wunmilsiidunesnvowomossz iingas  t=Fxr & r feszeznevindaie

Nownos 1Fimde (MU m)

HITALT

e o
HDMBINFIMT

Loy

Yooy

4 o 1 ¢ d‘ 2
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UOINDINITUTAT
o Y o 1 2 '8 o v A =
imstlou v, w8l Ta uasusefsvesomesinmd  usilesninus i
@& 1 & o a 1 Y A ow
yoaainiety mg Fehimslasunmiielfituiby
NNYAT F(g) x 9.81 = F(N)

° ' J 1Y A =) Y
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. F(g) F(N) la . Kt
3 153.33 1.504 0.206 0.221 1.07
4 273.33 2.681 0.323 0.394 1.21
5 433.33 4.250 0.420 0.624 1.48
6 576.66 5.657 0.526 0.831 1.57
7 693.33 6.801 0.670 0.999 1.49

ny=AZx2+BZx )]

Zy=AZx+NB @)

=7

wld XY = 15412

> X = 1.0487
Y = 3.069
2X = 2145
n = 5

unuaas luaunshn (1) uag (2)
1.5412 = 1.0487A +2.145B (1)
3069 = 2.145A + 5B 2)

uwdaumsazldar A = 1.36538

1 4 1 o
Som K,611a\mamaiﬂszuﬁmaﬁmmmu 1.36538 Newton-meter/ampere
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- MInaaesrnuEITHEszHIe aAnuwazusedlnih
_ F pwm = 56 Hz.
T pwm = 17.6 ms
Supply iieuuemes ae 18.66v  uadesmsUiudnusiulddosauieldld
mmm%";ﬁ@gﬂu*ﬁnﬁ“l%’ﬂ*»; Tavldaunts B=A@G/5)+6 1o A A speed(%) B Ao Voltage
(%) V09 18.66 v g3 191 da7 speed=100% unuluaunisezld 100G3/5)+6= 66% w09

3 )
18.66 v 1@dszunat 12.32 v dasiu ehuusedunldnuae 0 8312.32v

4' U L
ATNN 5.6 LAAIAIIINNITATUIN

speed R Vout(v) Duty cycle (%) of 18.66v

0 0 0 0
10 0.5 2.2 12
20 1.0 34 18
30 1.5 4.5 24
40 2.0 5.6 30
50 2.5 6.7 36
60 3.0 7.8 42
70 3.5 9.0 48
80 4.0 10.1 54
90 4.5 11.2 60
100 5.0 12.3 66




M 5.7 UEAAIA N 1F1NMINATBIDTI

speed R Vout(v) t (ms) Duty cycle (%) of
18.66v
0 0 0 0 0
10 0.5 1.96 1.6 9.09
20 1.0 3.0 2.8 15.91
30 1.5 42 4.0 22.73
40 2.0 53 5.2 29.55
50 2.5 6.3 6.0 30.09
60 3.0 7.2 7.2 40.90
70 3.5 8.2 8.4 47.73
80 4.0 9.2 9.2 52.27
90" 4.5 10.2 104 59.09
100 4.94 11 11.2 63.64
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3. 17 Duty Cycle 11 60%
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5. deyanui Duty Cycle 11 100%
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5.2.5 mInaasdiauaznacsvulsuanmsr

MIFanulSua SPEED ihuldsunsy

1 ' ¥ @ 1 <3 <
Vn'(n\iﬁ 5.8 LLﬁﬂQﬂ’ligﬁ'J’Nﬂ’]iihl]ﬂ’]ﬂ'nuﬁ') (%) UaZANULSITIUY

FORWARD (NO LOAD)
speed ANN3II8Y (RPM) STD AVERAGE
e

% 1 2 3 4 5 MNNG Aunie
40 93.90 | 106.40 | 108.20 | 101.70 | 89.90 7.075 100.02
50 153.30 | 149.90 | 142.50 | 151.90 | 152.00 3.866 149.92
60 182.90 | 183.00 | 181.20 | 172.50 | 172.40 4.900 178.40
70 211.80 | 205.80 | 209.50 | 210.90 | 211.90 2.260 209.98
80 217.10 | 216.00 | 216.80 | 219.50 | 216.70 1.196 217.22
90 235.70 | 251.50 | 254.90 | 255.20 | 234.80 9.217 246.42
100 260.30 | 253.20 | 254.40 | 255.00 | 256.00 2.435 255.78

forward speed { no load )

300.00
. = y=2.496x+ 19.18
250.00 Ty e R?=0.949
200.00 - #030822
s 178.40 ‘
& 150.00 - // 14992 PR —— =iz fOrWard speed { no
100.00 %{"100,32 )
—— Gadu (forward speed (
50.00
no load }}
0.00

0 50 100 150

SPEED{ % )

31N 5.8 ua@ens W7 Forward speed ( no load ) 91AM19T1sunsu
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M3 5.9 LAz IeMsdsSumaus (%) LazANUISITOU

FORWARD (FULL LOAD)
speed AMNII5eU (RPM) STD AVERAGE
Al
% 1 2 3 4 5 |wangm | Ausde
40 113.20 | 90.00 | 92.70 | 96.80 | 94.80 8.168 97.50
50 155.10 | 152.40 | 152.50 | 144.90 | 150.10 3.436 151.00
60 182.20 | 188.70 | 186.50 | 188.10 | 170.20 6.858 183.14
70 190.10 | 190.30 | 193.40 { 203.50 | 192.30 4,947 193.92
80 204.60 | 210.10 | 203.80 1 210.20 | 212.30 3.369 208.20
90 236.20 | 236.20 | 236.00 | 237.50 | 218.00 7.409 232.78
100 253.70 | 244.40 | 249.70 | 252.90 | 253.70 3.560 250.88
forward speed ( full load )
300.00 e y=2.317x+ 26.01
250.00 250,88 R?*=0.940
= A 3778
200.00 - e .{%RZZO.M_ ,,,,,,,,,,,,,
g 150.00 == fOrward speed { full
100.00 load )
wadu forward speed {
50.00
full load })
0.00 . :
0 50 100 150
SPEED{ % )

31U 5.9 uanIns Wi Forward speed (full load ) 91NN Ta)sunsu
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P ' a da & o 3 a
MINN 5.10 L!ﬂﬂ\iﬂqﬂj'luWﬂwa']ﬂ‘ﬂlﬂﬂsl]u%']ﬂflﬁ‘]_’juﬂ’)']uﬁ’fluﬂﬂﬂ’m forward 910NN

NS
SPEED | FORWARD | FORWARD | ERROR

% no load full load %

40 100.02 97.50 0.03
50 149.92 151.00 -0.01
60 178.4 183.14 -0.05
70 209.98 193.92 0.16
80 217.22 208.20 0.09
90 246.42 232.78 0.14
100 255.78 250.88 0.05

% T o o A g o < a '
ﬂ'l‘i'Nﬁ 5.11 LLﬁﬂ\iﬂ'lﬂ']']llNﬂ‘Wﬁ'lﬂVlLﬂﬂﬁu%']ﬂ']iﬂiﬂﬂ’)'mﬁ’)ﬁluﬂﬁ‘ﬂ'lﬂ forward (cm/s) 310

Moyl
SPEED | ppM | SPEED | RPM | SPEED | ERROR
% F.no F.full
load cm/s load cm/s %

40 100.02 333| 9750 3.25| 0.0008
50 149.92 5.00| 131.00 | 5.03 | -0.0004
60 17840 |  595| 183141  640| -0.0016
70 209.98 7.00| 193.92 6.46 | 0.0054
80 217.22 7.24 | 20820 6.94 | 0.0030
90 246.42 821 | 23278 7.76 | 0.0045
100 255.78 8.53 | 2°088 8.36 0.6016

80
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1nf3sungy

250.00 -

200.00
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106.00

50.00

0.00
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w10 toad == full load

100

120

JUN 5.10 1ulSe1fen Forward #1 no load waig full load 910MsFeNUAIUNK T1)sUNTU

1 J v @ 1 < <3
ﬂTTNﬁ 5.12 Ltﬁﬂﬂﬂﬁ$ﬂ’ﬂ\‘lﬂ’liﬂiﬂﬂWI’J'UJL%"J (%) LAZANUTITOU

REVERSE (NO LOAD)
speed ANMIITeU (RPM) STD AVERAGE
A

% 1 2 3 4 5 wangy | sunde
40 5690 | 4540 | 4540 | 4540 | 45.90 4.554 47.80
50 104.20 | 107.90 | 107.40 | 106.20 | 101.00 2.517 105.34
60 131.90 | 123.40 | 133.60 | 135.90 | 133.00 4.284 131.56
70 143.10 | 143.80 | 151.30 | 146.80 | 145.80 2.895 146.16
80 174.80 | 168.90 | 164.40 | 171.80 | 170.40 3.435 170.06
90 212.20 | 196.00 | 209.60 | 207.10 | 204.90 5.546 205.96
100 219.00 | 216.00 | 221.10 | 223.70 | 228.50 4.251 221.66
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RPM

reverse speed ( no load )

250.00

200.00

150.00 -

100.00

0.00

y=2.719x-43.39
Rz

=0.967

e peverse speed { no
load}

—— dud reverse speed (

noload})

50 100 150

SPEED{ % )

3UN 5.11 uamans i Reverse speed (no load) 91119 T1)sunsu

% 1 ¥ @ 1 < <
ﬂ'lfNﬁ 5.13 Llﬁﬂﬁﬂ'ﬁgﬂ'ﬂﬂﬂ'ﬁﬂﬁ’Uﬂ'lﬂ'ﬂil!ﬁ') (%) LazNIULSITOU

REVERSE (FULL LOAD)
speed AMNII5eu (RPM) STD AVERAGE
Aullss

% 1 2 3 4 5 NAGU Amide
40 5990 | 57.50 | 53.50 | 56.30 | 61.20 2.710 57.68
50 97.20 | 87.50 | 83.30 | 92.60 | 97.70 5.572 91.66
60 126.20 | 137.80 | 138.90 | 144.00 | 139.20 5.907 137.22
70 162.60 | 165.30 | 162.60 | 165.40 | 161.60 1.554 163.50
80 186.50 | 177.80 | 187.10 | 186.90 | 186.70 3.606 185.00
90 213.10 | 207.10 | 211.40 | 210.90 | 213.70 2.315 211.24
100 211.20 | 217.20 | 215.00 | 219.70 | 218.00 2.930 216.22




reverse speed ( full load )

250,00
y=2.723x- 38.85
4 122
200.00 : ;;?@213'@ R?=0.961
% 185.00
163.50
150.00
s /137.22
o =g RV EISE speed { full
100.00 load )
50.00 & ——— @adu reverse speed {
full load )}
0.00
50 100 150
SPEED { %)
310 5.12 LEAINT IR Reverse speed (full load) 91AN19 T1/51n5Y
nlSsumay
250.00
200.00
150.00
100.00
50.00
0.00

20 40 60 80 100 120

s 30 jOQA == full load
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31 513 WSeufion Reverse 1 no load waz full load MM FIUHIUMSTUSHATY
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300.00

nlSsumey

250.00

200.00
150.00

1060.00

5

50.00

0.00
0

20

40

=i fOrward speed ( no load )

60

80

100

~@-reverse speed { no load }

120

31N 5.14 1fSefien Forward 1az Reverse Al no load 11AMsdeuriium lilsunsy

msdesanlFuar SPEED suinaninmanudmmnliumld

d' ] [ Y] l [~ <
MF19N 5.14 LEAIA5ZHINMSUSUMA NS (%) LazANUSITOU

FORWARD (NO LOAD)
SPEED | VOTAGE ANMEITOU (RPM) STD AVERAGE
fl
Woauu

% 1 2 3 4 5 |[wmsgu | Aunde
40 1.63 157.1 | 154.9 [ 155.1 | 155.5 | 156.8 0.90 155.88
50 2.14 2209 | 205.6 | 199.5] 214.8 | 214.9 7.60 211.14
60 2.69 244.6 | 243.2 | 257.4 | 252.4 | 257.0 6.01 250.92
70 32 282.2 | 282.6 | 284.7 | 287.7 | 279.1 2.85 283.26
80 3.65 302.7 | 308.7 | 303.2 | 289.6 | 306.0 6.46 301.91
90 4.25 311.2 | 3109 | 315.9 | 310.1 | 306.7 2.94 310.96
100 4.99 311.7 | 317.5 | 321.1 | 314.0 | 312.5 3.49 315.36




400.00
350.00

300.00 -

250.00
200.00
150.00
100.00
50.00
0.00

RPM

forward speed ( no load )

y= 2.603x+ 79.07
: : R*=0.893
% e : == forward speed [ no
B e foad}
o : —— Budu (forward speed {
no load })
0 50 100 150

SPEED (%)

3N 515 wanans A Forward speed (no load) 1nMemanudumulsua 14

1 1 v ) ] g =]
M9 5.15 uaasasznIemsdsuaanus (%) sagnNULsIToY
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FORWARD (FULL LOAD)
SPEED | VOTAGE AMUSITeL (RPM) STD | AVERAGE
1
deuuy

% 1 2 3 4 5 |wasgu | sunde
40 1.63 133.2 [ 1403 | 1369 | 121.5 | 132.2 6.34 132.82
50 2.14 214.2 | 206.6 | 208.9 | 202.9 | 210.9 3.83 208.70
60 2.69 243.8 12399 | 244.2 | 239.9 | 240.6 1.92 241.68
70 3.2 273.6 | 287.7 1 279.1 | 284.9 | 281.3 4.86 281.32
80 3.65 294.6 | 300.1 | 291.9 | 292.5 | 300.3 3.64 295.88
90 4.25 309.8 | 307 |310.6]308.1 | 305.5 1.85 308.20
100 4.99 310.6 | 311.5 313.3 318.5 | 315.2 2.82 313.82




400.00

300.00
250.00

RPM

150.00
100.00
50.00
0.00

forward speed ( full load )

350.00 -

y=2.843x+ 55.58
FR03IR82 R*=0.874
A
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4168
20000 3020870 —g==forward speed ( full
L load)
13282
T — gadu fforward speed (
full foad ))
0 50 100 150
SPEED (%)
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310 5.16 uarnans WA forward speed (full load) 91NNIMIAMUAUMULTDAT TR

1 1 a { o 1 [ < Py
ﬂ'lfn‘ﬁ 5.16 !lﬁﬂﬁﬂ'lﬂ')'lilNﬂWﬁ']ﬂﬁLﬂﬂ‘?ju‘t]]ﬂ']iﬂﬁﬂﬂ')']ﬂlﬁ')cluﬂﬁﬂ'l\‘] forward NN

1 9 ¥ Y
mmmmumuﬂmm'lﬂ

SPEED FORWARD | FORWARD | ERROR
% no load full load %
40 155.88 132.82 0.23
50 211.14 208.70 0.02
60 250.92 241.68 0.09
70 283.26 281.32 0.02
80 301.914 295.88 0.06
90 310.96 308.20 0.03
100 315.36 313.82 0.02




T Y @ Y 4
Vl’l\‘iﬂ'lﬂ’J’liJWlquﬂillﬂ'lllﬂ

H ] ~ ! a 4 Iy =] =N
M3 5.17 LaaeaIANuRANaIaNNeIUIMTUSUANWS I UNANIN forward (cm/s) 910

SPEED | RpM | SPEED | RPM | SPEED | ERROR
o F.no F.full o
’ _load cm/s load cm/s %

40 155.88 co0| 13282 4.43|  0.008

50 211.14 7.04 | 208.70 6.96 |  0.001

60 250.92 8.36 | 241.68 8.06 |  0.003

70 283.26 9.44 | 28132 9.38 |  0.001

80 301914 | 4506 | 29588 9.86 |  0.002

90 31096 | 4937| 308200 15571 0.001

100 | 31536] 4051 31382] 1046| o0.001

nfSsuey

350.00
300.00
250.00
200.00
150.00
100.00
50.00
0.00

0 20 40 60 80 100 120

emafenn 10 02 =i full load

a'ld
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31 5.17 ulSevifien Forward i no load uae full load 9INMIAIUINAANUAIUNILLS D
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4 ¥ v YA < <
ﬂ'lfNﬁ 5.18 LaaImIsEnIIMsUsuMIANNS ) (%) LagANNLIITOU

REVERSE (NO LOAD)
SPEED | VOTAGE ANUGEI50Y (RPM) STD | AVERAGE
1
dleann
% 1 2 3 4 5 |wengwu | suwmde
40 1.63 113 | 102.2 1109.7 | 116.6 | 110.8 4.76 110.46
50 2.14 169.1 | 1814 |(170.8 | 174.5 165 5.54 172.16
60 2.69 222.1 | 227.1 [222.8 ] 222.1 | 223.2 1.87 223.46
70 3.2 261.6 | 260.7 | 258.6 | 258.4 | 255.9 1.99 259.04
80 3.65 276 | 282.8 |288.2 | 279.6 | 280.1 4.06 281.34
90 4.25 294.1 | 285.5 | 297.1]297.5 | 291.3 441 293.10
100 4.99 294 | 293.7 [299.6 | 295.8 | 299.1 2.49 296.44
reverse speed ( no load )
izz'zg I y=3.063x+ 19.28
: LA i R?=0.891
250.00 “4‘% 04....
200.00 - jrasas
2 ’ 1721 e roverSe speed { no
& 150.00 : load)
100.00 -$-110.46
e —— dadu (reverse speed (
50.00 no load }}
0.00 . ,
0 50 100 150
SPEED (% )

3N 518 uaaanslHi Reverse speed (no load) 910N 19AIANNA N ILLTUA 1A
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131941 5.19 Llﬁﬂﬁﬂ'ﬁgﬂ'JT\TﬂTi'iJﬁTJﬂ']ﬂ'J']iJLi'J (%) HazANUsITOY

89

REVERSE (FULL LOAD)
SPEED | VOTAGE mmﬁai 2y (RPM) STD AVERAGE
f
ey

% 1 2 3 4 5 |wengm | Aunde
40 1.63 105 99.7 96 105.8 | 101.5 3.58 101.60
50 2.14 146.8 | 168.3 | 153.3 | 168.7 | 166.2 8.94 160.66
60 2.69 217.4 | 214.5 | 216.2 | 2204 | 2153 2.06 216.76
70 3.2 2593 | 248 2448 245 | 242.6 5.93 247.94
80 3.65 280.4 | 265.5 | 267.9 | 275.5 | 277.7 5.74 273.40
90 4.25 293.2 | 289.9 | 283.1 | 288 | 290.2 3.34 288.88
100 4.99 294.3 1 299.1 |297.51299.01 | 284.4 5.51 294.86

RPM

reverse speed { full load )

350.00
y=3.188x+ 3.083
300.00 » e 0911
200.00 -+—- B ek
150.00 { 16066 g reverse speed ( full
/ o load)
10000 B TOLE0 ‘
o e e @ady reverse speed |
50.00 = full load ))
0.00 : B :
0 50 100 150
SPEED{ % )

JUN 519 uanans A Reverse speed (full load) 911AMemANud MUY 14



T Y [ 1 9
aanuimumulsua1d

SPEED | REVERSE | REVERSE | ERROR

% no load | full load %

40 110.46 101.60 0.09
50 172.16 160.66 0.12
60 223‘.46 216.76 0.07
70 259.04 247.94 0.11
80 281.34 273.40 0.08
90 293.10 288.88 0.04
100 296.44 294.86 0.02

4 1 ~ { a 4 @ 3 a
ﬂ‘]TNﬁ 5.20 LLﬁﬂQﬂ']ﬂ'J'ﬁJWﬂWﬂ']ﬂﬁlﬂﬂ‘ﬁufl]’lﬂ']i‘lJ'iUﬂ'J']ﬂJlﬁ'Jﬁluchﬂ'ﬂ'N reverse 31NN

anumumulium’la
SPEED | ppM | SPEED | RPM | SPEED | ERROR
o R.no R.full
load cm/s load cm/s %

40 110.46 3.68| 101.60 3.39|  0.003
50 172.16 5.74 | 160.66 536 |  0.004
60 223.46 7.45| 21676 7.23|  0.002
70 259.04 8.63| 247.94 8.26|  0.004
80 281.34 9.38 | 27340 9.11| 0.003
90 293.10 9.77| 28888 9.63|  0.001
100 | 296.44 9.88 | 29486 9.83|  0.001

90

1 1 a { a 3 1Y g = 1
ﬂ'ITN;I 5.21 LLﬁﬂQﬂ']ﬂ’)']iJNﬂWﬁ'lﬂ‘ﬁlﬂﬂ‘ilu‘t]'lﬂ'li‘lJiUﬂ’J'lﬂJtﬁ’ﬂuﬂﬁVIN reverse (cm/s) 3109
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31U 520 3oy Reverse 71 no load 1Az full load 1INATAINUIINMIANNAUNIULSY

a'ld
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=1 f=1
nlSsumen
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7N 521 nlSviion forward 1Az reverse Al no load 9INMIAITIUIINAMNNAIUNIUYS VAT
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ulSsurauy

350.00 i
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200.00
150.00
100.00
50.00

6.06
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s fOrward speed  ~@-reverse speed

JUN 522 ulSonufion forward 1Az reverse i no load M1AMsFINUNINIANUAUNIUYS VA

14

alSsumay
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=i fOrward_H_{ no load) =@forward_H_( full load}
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% =) ~ ~ n’;’ 4 o
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ulSguthey
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sedpe reverse_H_{ no load ) =@—reverse_H_{ full lcad )

menprs roverse_S_{ noload ) =w==reverse S_{ noload}
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‘CODE VB6’

Public strln As String
Public speed As Integer
Public a, i As Integer
Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)
Private Sub cmdForward Click()
If Textl.Text ="" Then
MsgBox "Please set speed”, vbCritical + vbOK Only, "Error"
Else
speed = Text].Text
Select Case speed
Case Is< 10
mscSender.Output = Textl.Text
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&H1)

Case Is < 100
mscSender.Output = Textl.Text
mscSender.Output = Chr(&H1)
mscSender.Output = Chr(&H1)

Case 100
mscSender.Output = Chr(&H1)
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&H2)
mscSender.Output = Chr(&H1)

End Select

End If

End Sub

Private Sub cmdReverse Click()

If Textl.Text ="" Then

MsgBox "Please set speed”, vbCritical + vbOKOnly, "Error"”

Else

speed = Textl. Text

Select Case speed

Case Is< 10
mscSender.Output = Textl.Text
mscSender.Output = Chr(&HO)
mscSender.Output = Chr(&HO)
mscSender.Output = Chr(&HO0)

Case Is < 100
mscSender.Output = Textl.Text
mscSender.Output = Chr(&H1)
mscSender.Output = Chr(&HO)

Case 100



mscSender.Output = Chr(&H1)
mscSender.Output = Chr(&HO)
mscSender.Output = Chr(&H2)
mscSender.Output = Chr(&HO)
End Select
End If
End Sub

Private Sub cmdStop_Click()
If Textl.Text ="" Then
Else
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&HO0)
mscSender.Output = Chr(&H2)
End If

End Sub

Private Sub Form Load()
i=1 :

- UniGaugeX1.Resourcelmagelndex = 15
mscSender.CommPort = 1
mscSender.InBufferSize = 1024
mscSender.Settings = "9600,n, 8, 1"
mscSender.PortOpen = True
mscSender.RThreshold = 1
Timer2.Interval = 1
Timer3.Interval = 3000
Timer3.Enabled = True
Timer4.Interval = 100
Timer4.Enabled = False

End Sub

Private Sub mscSender OnCommy()
Sleep (10)
strIn = mscSender.Input
Ifi=1 Then
UniLCDX1.Value = Val(strln)
UniGaugeX1.Float = Val(strIn)
i=i-1
Else
Label8.Caption = strln
i=1
End If
If UniLCDX1.Value = 0 Then
Label8.Caption = "STOP"
End If

End Sub

Private Sub Textl Change()



If Textl.Text < "" Then

If Textl.Text > 100 Then
MsgBox "set speed 0-100 only", vbCritical + vbOKOnly, "Error"
Textl. Text="" '
Exit Sub

End If

If Text]l.Text <0 Then
MsgBox "set speed 0-100 only", vbCritical + vbOKOnly, "Error"
Textl. Text=""
Exit Sub

End If

End If

End Sub

Private Sub Timer2 Timer()
UniMatrixX3.Text = Time$
End Sub

Private Sub Timer3 Timer()
Timer3.Enabled = False
Timer4.Enabled = True

a=30

End Sub

Private Sub Timer4 Timer()

Select Case a

Case Is =30
Label4.Caption = "I"
a=a-1

Case Is =29
Label4.Caption = "In"
a=a-1

Case Is =28
Label4.Caption = "Ins"
a=a-1

Case Is =27
Label4.Caption = "Inst"
a=a-1

Case Is=126
Label4.Caption = "Instr"
a=a-1

Case Is =25
Label4.Caption = "Instru"
a=a-1

Case Is=24
Label4.Caption = "Instrum"
a=a-1

Case Is=23
Label4.Caption = "Instrume"
a=a-1



Case Is=22
Label4.Caption = "Instrumen”

a=a-1

Case Is =21
Label4.Caption = "Instrument”
a=a-1

Case Is =20
Label4.Caption = "Instrumenta"
a=a-1

CaseIs=19
Label4.Caption = "Instrumentat”
a=a-1

Case Is=18
Label4.Caption = "Instrumentati”
a=a-1

CaseIs=17
Label4.Caption = "Instrumentatio”
a=a-1

CaseIs=16
Label4.Caption = "Instrumentation”
a=a-1_ =

Case Is=15

Label4.Caption = "Instrumentation E"
a=a-1

CaseIs=14
Label4.Caption = "Instrumentation En"
a=a-1

CaseIs=13
Label4.Caption = "Instrumentation Eng"
a=a-1

Case Is=12
Label4.Caption = "Instrumentation Engi"
a=a-1

Case Is=11
Label4.Caption = "Instrumentation Engin"
a=a-1

Case Is=10
Label4.Caption = "Instrumentation Engine"
a=a-1

CaseIs=9
Label4.Caption = "Instrumentation Enginee"
a=a-1

Case Is=8
Label4.Caption = "Instrumentation Engineer”
a=a-1

CaseIs=7
Label4.Caption = "Instrumentation Engineeri"
a=a-1

CaseIs=6
Label4.Caption = "Instrumentation Engineerin"



a=a-1

CaseIs=5
Label4.Caption = "Instrumentation Engineering"
a=a-1 4

CaseIs=4
Label4.Caption = "Instrumentation Engineering K"
a=a-1

Case Is=3
Label4.Caption = "Instrumentation Engineering KM"
a=a-1

Case[s=2
Label4.Caption = "Instrumentation Engineering KMI"
a=a-1

Casels=1
Label4.Caption = "Instrumentation Engineering KMIT"
a=a-1

CaseIs=0
Label4.Caption = "Instrumentation Engineering KMITL"
a=a-1

. Timer4.Enabled = False
- Timer3.Enabled = True
. End Select -
End Sub



/1% Target MCU : dsPIC30F2010 *x//

//** X-TAL :7.3728 MHz i/
]k ok koo s s sk s s sk sk s ks ke ek sk sk ek
#include <p30£2010.h>

#include <stdio.h>

#include <pwm.h>

#include <adc10.h>

#include <ports.h>

#include<uart.h>

#define PERIOD OxFFFF

unsigned char épeed[lO];

char boﬁonO,boﬁonl ,botton2;

unsigned int ADCvalue,dutycycle,charl,char2,char3,input;
unsigned int datal data2 data3,data4,dir,LS1,LS2,TX,i=1;

// 1/
/1 Setup Configuration For dsPIC30F2010 1/
/ 1/

_FOSC(CSW_FSCM_ON & XT PLL4)
_FWDT(WDT_OFF)
_FBORPOR(MCLR_EN & PBOR_OFF)
_FGS(CODE_PROT_OFF)



/ //
/1 ‘ Delay Time Function //
// //
void delay ms(unsigned int ms)
{

unsigned int x,a;

for(x=0;x<ms;x++)
{

for(a=0;a<816;a++);
}
}
//- //

/! . : Function stop motor //

// ’ //
void stop_motor(void)
{

LATBbits. LATB2 = 0;

LATBbits. LATB3 = 0;
}
// 1/
/1 Function drive motor forward //
// //

void forward(void)

{
LATBbits. LATB2 = 0;

LATBbits. LATB3 = 1;



1 //
/i Function drive motor reverse 1/

1 1/
void reverse(void)
{

LATBbits.LATB2 = 1;

LATBbits.LATB3 = 0;
}
/ //
I/ Function read analog signal //
/ ~~//
int read ADC(void)
{

ADCONI1bits.SAMP = 1;

while(! ADCON1bits.SAMP);

ConvertADC10();

while(!BusyADC10());

return (ReadADC10(0));
}
/ 1/
I Interrupt service routine for External interrupt 0 1l
/ //

void ISR INTOInterrupt(void)
{
delay_ms(10);
IFSObits.INTOIF = 0;

botton0 = 1;



// 1/
1/ Interrupt service routine for External interrupt 1 1/
1 1/
void ISR INT1Interrupt(void)
{

delay_ms(10);

IFS1bits.INT1IF = 0;

if (LS2)

bottonl = 1;
}
/ 1/
I/ Interrupt service routine for External interrupt 2 1/
I ' 1/

void ISR INT2Interrupt(void)

{
delay_ms(10);
IFS1bits.INT2IF = 0;
if (LS1)
botton2 = 1;
}
void ISR _UI1RXInterrupt(void)
{
IFSObits. UIRXIF = 0;
}
void ISR _Ul1TXInterrupt(void)
(

IFSObits. U1 TXIF = 0;



//

1/

/! Interrupt service routine for MCPWM interrupt
//

1/

void ISR PWMiInterrupt(void)
{
IFS2bits. PWMIF = 0;

}
/

1/

1/

I/ Function set port input,output

1

//

| void set_ports()

{ .
TRISBbits. TRISB2 = 0;
TRISBbits. TRISB3 = 0;
TRISBbits. TRISB4 = 1;
TRISBbits. TRISBS = 1;
TRISDbits. TRISD1 = 1;
TRISDbits. TRISDO = 1;
TRISEDbits. TRISES = 1;

1/

ConfigINTO(RISING EDGE_INT & EXT INT ENABLE & EXT _INT PRI 5);

ConfigINT1(RISING_EDGE_INT & EXT INT ENABLE & EXT INT PRI 4);

ConfigINT2(RISING EDGE_INT & EXT INT ENABLE & EXT INT PRI 3);

}

void pwm_init()

{
ConfigIntMCPWM (PWM_INT_EN &
PWM FLTA DIS INT &
PWM_INT_PR7);



PTCON = 0x8000;
PWMCONT1 = 0x0F20;
PWMCON2 = 0x0002;
PTPER = PERIOD;

/1
1

I/

Function for configuration UART1

1/
1/

1/

void uartl_init()

{

CloseUARTI1();
ConfigIntUART1(UART RX_INT EN &
UART RX_INT PR6 &
UART TX_INT EN &
UART _TX_INT PR2);
UIBRG =47;

UIMODE = 0x8400;
U1STAbits.UTXISEL = 1;
U1STAbits.URXISEL = 0;
U1STAbits.ADDEN =0;
U1STAbits.OERR = 0;
U1STAbits.UTXBRK =0;
U1STAbits.UTXEN =1;



1 //

// - Function initialize ACD module //

// 1/

void adc_init()
{

unsigned int Channel, PinConfig, Scanselect ;

unsigned int Adcon3 reg, Adcon2 reg,Adconl reg;

ADCONI1Dbits.,ADON = 0;

Channel = ADC_CHO_POS_SAMPLEA ANO &

ADC_CHO_NEG_SAMPLEA_NVREF ;

SetChanADC10(Channel);

ADPCFGbits.PCFG4 = 1;

ADPCFGbits.PCFGS = 1;

ConfigIntADC10(ADC_INT DISABLE);

PinConfig = ENABLE _ANO ANA ;

Scanselect = SKIP_ SCAN_AN1 &
SKIP_SCAN_AN2 &
SKIP_SCAN AN3 &
SKIP_SCAN_AN4 &
SKIP_SCAN_ANS ;

Adcon3 reg = ADC_SAMPLE TIME 10 &

ADC_CONV_CLK_INTERNAL RC &
ADC _CONV_CLK 13Tcy;

Adcon2_reg = ADC_VREF AVDD AVSS &
ADC_SCAN ON &
ADC_ALT BUF OFF &



ADC_ALT INPUT OFF &
ADC_CONVERT_CHO0&
ADC _SAMPLES PER _INT 16;
Adconl reg= ADC MODULE ON &
ADC_IDLE_CONTINUE &
ADC_FORMAT _ INTG &
ADC_CLK MANUAL &
ADC_SAMPLE_SIMULTANEOUS &
ADC_AUTO_SAMPLING_OFF;
OpenADC10(Adconl_reg, Adcon2 reg,Adcon3_reg,PinConfig, Scanselect);

}

I : /]
/] ' Function control motor with computer //
// //

void program_control()
{
if((DataRdyUART1())&&(i==1))
{
datal = ReadUART1();
datal = datal &(0x000F);
1=2;
}
if{((DataRdyUART1()&&(i==2))
{
data2 = ReadUART1();
data2 = data2 &(0x000F);
1=3;



if((DataRdyUART1())&&(i==3))

{
data3 = ReadUARTI1();
data3 = data3&(0x000F);
1=4;
}
if((DataRdyUART1())&&(i==4))
{
dir = ReadUART1();
dir = dir&(0x000F);
i=5;
IR
if(i==5)
{
switch (data3)
{
case 0:
TX = datal;

dutycycle = datal *(PERIOD/100);
PDC2 = dutycycle;
break;
case 1:
datal = (datal)*10+data2;
TX = datal;
dutycycle = datal *(PERIOD/100);
PDC2 = dutycycle;
break;
default:



TX =100;

datal = 100;

dutycycle = datal *(PERIOD/100);

PDC2 = dutycycle;

}
switch (dir)
{
case 1:
if(LS2)
{
}
break;
case 0:
if(LS1)
{

forward();

sprintf(speed,"%d", TX);
putsUART1((unsigned int *)speed);
while(BusyUART1());

delay_ms(100);

putsUART1((unsigned int *)"FORWARD");
while(BusyUART1());

reverse();

sprintf{speed,"%d", TX);
putsUART1((unsigned int *)speed);
while(BusyUART1());

delay_ms(100);

putsUART1((unsigned int *)"REVERSE");



}

while(BusyUART1());
}
break;
default:
stop_motor();
TX=0;
sprintf(speed,"%d", TX);

putsUART1((unsigned int *)speed);

while(BusyUARTI1());
delay_ms(100);

putsUART1{(unsigned int *)"STOP")

while(BusyUARTI1());

//

1/
//

function control motor with switchs

/1

1/

1/

void analog_control()

{

read ADC();
ADCvalue =read ADC();
if (botton0)
{
botton0 = 0;
stop_motor();

putsUART1((unsigned int *)"0");



while(BusyUART1());
delay_ms(10);
putsUART1((unsigned int *)"STOP");
while(BusyUART1());

}

if (botton1&&LS2)

{
bottonl = 0;
input = ((ADCvalue*50)/512);
dutycycle = (input*(PERIOD/100));
PDC2 = dutycycle;
sprintf{speed,"%d" ,input);

| putsUART1((unsigned int *)speed);

while(BusyUART1());
forward();
delay ms(10);
putsUART1((unsigned int *)"FORWARD");
while(BusyUART1());

}

if (botton2&&LS1)

{
botton2 = 0;
input = ((ADCvalue*50)/512);
dutycycle = (input*(PERIOD/100));
PDC2 = dutycycle;
sprintf(speed,"%d",input);
putsUART1((unsigned int *)speed);
while(BusyUART1());



reverse();
delay_ms(10);
putsUART1((unsigned int *)"REVERSE");

while(BusyUART1());
}
}
/ 1/
/! function check limit switchs 1/
/1 //

void check LS()
{
LS1 =PORTBbits.RB4;
LS2 = PORTBbits.RBS;
if(('LS1&&PORTBDbits.RB2)|[(!LS2&&PORTBbits.RB3))
{
stop_motor();
putsUARTI1((unsigned int *)"0");
while(BusyUART1());
delay_ms(10);
putsUART1((unsigned int *)"STOP");
while(BusyUARTI1());



1/ //
// : Main Program //
/ //
int main(void)
{

pwm_init();

uartl_init();
adc_init();
set_ports();
while(1)
{
~ - program_control();
aﬁalog_control();

check LS();



dsPIC30F2010

8.2 Configuring Analog Port Pins
The use of the ADPCFG and TRIS registers control the

operation of the A/D port pins. The port pins that are

desired as analog inputs must have their correspond-
ing TRIS bit set (input). If the TRIS bit is cleared (out-
put), the digital output level (VOH or VoL) will be
converted.

When reading the PORT register, all pins configured as
analog input channel will read as cleared (a low level).

Pins configured as digital inputs will not convert an ana-
log input. Analog levels on any pin that is defined as a
digital input (including the ANx pins), may cause the
input buffer to consume current that exceeds the
device specifications.

8.2.1 /0 PORT WRITE/READ TIMING

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically this instruction
would be a NOP.

PORT WRITE/READ
EXAMPLE

MOV 0xFF00, W0; Configure PORTB<15:8>
; as inputs
MOV WO, TRISBB; and PORTB«<7:0> as outputs
NOP ;i Delay 1 cycle
btssPORTB, #13; Next Instruction

EXAMPLE 8-1:

8.3 Input Change Notification Module

The Input Change Notification module provides the
dsPIC30F devices the ability to generate interrupt
requests to the processor in respense to a change-of-
state on selected input pins. This module is capable of
detecting input change-of-states even in Sleep mode,
when the clocks are disabled. There are up to 22 exter-
nal signals (CNO through CN21) that may be selected
(enabled) for generating an interrupt request on a
change-of-state.

DS70118D-page 54
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14.0 MOTOR CONTROL PWM
MODULE

-Note: This-data sheet summarizes features of this group

of dsPIC30F devices and is not intended to be a complete
reference: source. Formore: information on- the CPU,
peripherals,_.. register .descriptions. and - general- device
functionality, . refer ' to ..the: dsPIC30F - Family “Reference
‘Manual (DS70046).

This module simplifies the task of generating multiple,
synchronized Pulse Width Modulated (PWM) outputs.
In particular, the following power and motion control
applications are supported by the PWM module:

» Three Phase AC Induction Motor

» Switched Reluctance (SR) Motor

» Brushless DC (BLDC) Motor

« Uninterruptible Power Supply (UPS)

The PWM module has the following features:

» 6 PWM 1/O pins with 3 duty cycle generators
+ Up to 16-bit resolution

+ ‘On-the-Fly’' PWM frequency changes

« Edge and Center Aligned Output modes

« Single PuIseAGeneration mode

* Interrupt support for asymmetrical updates in
Center Aligned mode

= Output override control for Electrically
Commutative Motor (ECM) operation

* ‘Special Event’ comparator for scheduling other
peripheral events

» FLTA pins to optionally drive each of the PWM
output pins to a defined state

This module contains 3 duty cycle generators, num-
bered 1 through 3. The module has 6 PWM output pins,
numbered PWM1H/PWM1L through PWM3H/PWM3L.
The six /O pins are grouped into high/low numbered
pairs, denoted by the suffix H or L, respectively. For
complementary loads, the low PWM pins are always
the complement of the corresponding high 1/O pin.

A simplified block diagram of the Motor Control PWM
modules is shown in Figure 14-1.

The PWM module allows several modes of operation
which are beneficial for specific power control
applications.

© 2004 Microchip Technology Inc.
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17.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART) MODULE

Note: This data sheet summarizes features of this: group
of dsPIC30F devices and is not intended to-be a complete
reference ' source. For ‘more -information: on: the - CPU,
peripherals, . register - descriptions: and “general. - device
functionality,: refer .to. the dsPIC30F .Family  Reference
Manual (DS70046).

This section describes the Universai Asynchronous
Receiver/Transmitter Communications module.

Note: = Since dsPIC30F2010 devices have only
one: UART; all: references to Ux... imply
= thatx = 1only. '

17.1 UART Module Overview
The key features of the UART module are:

Full-duplex, 8 or 9-bit data communication

Even, Odd or No Parity options (for 8-bit data)
One or two Stop bits

Fully integrated Baud Rate Generator with 16-bit
prescaler

Baud rates range from 38 bps to 1.875 Mbps at a
30 MHz instruction rate

4-word deep transmit data buffer

4-word deep receive data buffer

Parity, Framing and Buffer Overrun error detection
Support for Interrupt only on Address Detect

(9th bit = 1)

Separate Transmit and Receive Interrupts
Loopback mode for diagnostic support

FIGURE 17-1: UART TRANSMITTER BLOCK DIAGRAM

Internal Data Bus Control and Status bits
Write Write
. UTX8 UxTXREG Low Byte Transmit Control
~ Control TSR
~ Control Buffer
— Generate Flags
— Generate Interrupt
Load TSR
UxTXIF
UTXBRK
Data
- { Transmit Shift Register (UXTSR)
— ‘0" (Start]
XX (Start) A
—"1" (Stop)
——af Pari - + . 16X Baud Clock
Parity Genaer:;ytor -« 16 Divider from Baud Rate
Generator
A T
Control
"~ Signals
Note: x = 1 only.
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FIGURE 17-2: UART RECEIVER BLOCK DIAGRAM

Internal Data Bus 16

Read Write Read Rea Write

UxMODE l I UxSTA

URX8] UxRXREG Low Byte

Receive Buffer Control

— Generate Flags
— Generate Interrupt

_____________ — Shift Data Characters
A A
LPBACK 8-9 /{x
From UxTX N\
e Load RSR
to Buffer Control T z
UxRX Receive Shift Register Signals Bl &
» 0 (UXRSR) o w
A
- START bit Detect -
» Parity Check
- Stop bit Detect < + 16 Divider
- Shift Clock Generation .
- Wake Logic -« I
16X Baud Clock from
Baud Rate Generator
UxRXIF

Note: x = 1 only.
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18.0 10-BIT HIGH SPEED ANALOG-
TO-DIGITAL CONVERTER (A/D)
MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a.complete
reference.” source. For: more: information on the . CPU,
peripherals;. register descriptions . .and general - device
functionality, refer to' the dsPIC30F Family -Reference
Manual (DS70046):

The10-bit high-speed analog-to-digital converter (A/D)
allows conversion of an analog input signal to a 10-bit
digital number. This module is based on a Successive
Approximation Register (SAR) architecture, and pro-
vides a maximum sampling rate of 500 ksps. The A/D
module has up to 16 analog inputs which are multi-
plexed into four sample and hold amplifiers. The output
of the sample and hold is the input into the converter,
which generates the result. The analog reference volt-
ages are software selectable to either the device sup-
ply voltage (AVDD/AVSS) or the voltage level on the
(VREF+/VREF-) pin. The A/D converter has a unique
feature of being able to operate while the device is in
Sleep mode.

The A/D module has six 16-bit regi'sters:

+ A/D Control Register1 (ADCON1)

* A/D Control Register2 (ADCON2)

* A/D Control Register3 (ADCON3)

» A/D Input Select Register (ADCHS)

» A/D Port Configuration Register (ADPCFG)

» A/D Input Scan Selection Register (ADCSSL)

The ADCON1, ADCON2 and ADCONS3 registers con-
trol the operation of the A/D module. The ADCHS reg-
ister selects the input channels to be converted. The
ADPCFG register configures the port pins as analog
inputs or as digital /0. The ADCSSL register selects
inputs for scanning.

Note: ' Thé = SSRC=<2:0>: ASAM, SIMSAM.
SMPI<3:0>-BUFEM:and-ALTS bits; as well
as the ADCON3 and ADCSSL registers,
must not be written to while ADON = 1.

- This would lead to indeterminate results.

The block diagram of the A/D module is shown in
Figure 18-1.

10-BIT HIGH SPEED A/D FUNCTIONAL BLOCK DIAGRAM

FIGURE 18-1:
AVDD AVss
iiqr SRR
VREF+ o/
I—o/
VREF- o C
J
ANO ANO o —
& AN3 [~ ¥ ot
. SH _>CH1 ADC
——— 00 A OO
AN1 g ANt~ ~ 10-bit Result Conversion Logic
AN4 + 7o
[ s> o—4 ‘“g
p———o0—- b T E o
L1 16-word, 10-bit ™[O 6
Dual Port
Buffer
AN2 g AN2 o §
AN5 __— + 7o g
S/H _>CH3 T 2
! o~ . ~_& | CH1,CH2, -
] CH3,CHO Sample/Sequence a
Sample Control
ANO %
AN1 Input
AN2 ot Switches «— Input Mux
AN3 & AN3 .~ Control
AN4 D— AN4 —
AN5 W ANS o — ¥ -
L S/H CHO ,
AN1 o b o—
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Datasheet

+5V Powered, Dual RS-232
Transmitter/Receiver

The ICL232 is a dual RS-232 transmitter/receiver interface
circuit that meets all EIA RS-232C and V.28 specifications. It
requires a single +5V power supply, and features two
onboard charge pump voltage converters which generate
+10V and -10V supplies from the 5V supply.

The drivers feature true TTL/CMOS input compatibility, slew-
rate-limited output, and 300Q power-off source impedance.
The receivers can handle up to +30V, and have a 3kQ to
7k input impedance. The receivers also have hysteresis to
improve noise rejection.

Ordering Information

ICL232

FN3020.7

July 28, 2005

Features

* Meets All RS-232C and V.28 Specifications
* Regquires Only Single +5V Power Supply

» Onboard Voltage Doubler/Inverter

» Low Power Consumption

» 2 Drivers
- 19V Output Swing for +5V Input
- 3000 Power-off Source Impedance
- Output Current Limiting
- TTL/CMOS Compatible
- 30V/us Maximum Slew Rate

* 2 Receivers
- 30V Input Voltage Range

TEMP. PKG.
PART NUMBER |RANGE (°C)| PACKAGE | DWG. # - 3kQto7kQInputimpedance
- 0.5V Hysteresis to Improve Noise Rejection
ICL232CPE 0to70 16 Ld PDIP E16.3 N : .
+ All Critical Parameters are Guaranteed Over the Entire
ICL232CBE 0to70 |16Ld SOIC M16.3 Commerecial, Industrial and Military Temperature Ranges
ICL232CBET 16 Ld SOIC Tape and Reel m16.3 - Pb-Free Plus Anneal Available (RoHS Compliant)
ICL232CBEZ 0to70 16 Ld SOIC M16.3 . i}
(See Note) (Pb-free) Applications
'CL23§CBEZT 13 '—;’ SOIC Tape and Reel M18.3 » Any System Requiring RS-232 Communications Port
(See Note) (Pb-free) - Computer - Portable and Mainframe
ICL232IPE 401085 |16Ld PDIP E16.3 - Peripheral - Printers and Terminals
ICL232IBE -40t085 |16 Ld SOIC M16.3 - Portable Instrumentation
ICL232IBET 16 Ld SOIC Tape and Reel M16.3 - Modems
ICL232MJE 5510125 (16 Ld CERDIP  |F16.3 + Dataloggers
NOTE: Intersil Pb-free plus anneal products employ special Pb-free Pinout
material sets; molding compounds/die attach materials and 100%
matte tin plate termination finish, which are RoHS compliant and 1CL232 (PDIP, CERDIP, SOIC)
compatible with both SnPb and Pb-free soldering operations. Intersil TOP VIEW
Pb-free products are MSL classified at Pb-free peak reflow v
temperatures that meet or exceed the Pb-free requirements of
IPC/JEDEC J STD-020. ct+[1] 18] vee
v+[2] 15] enD
c1-[3 [14] T10ur
C2+ E E RN
c2-[5] h2] Riour
V- E E] Tiy
T2our E E T2)y
R2m 8] 8] R2our
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 1-888-468-3774 | Intersil (and design) is a registered trademark of Intersil Americas Inc.

Copyright Intersil Americas inc. 2001, 2005. All Rights Reserved
Al! other trademarks mentioned are the property of their respective owners.
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Functional Diagram

+5V
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+
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1 Vee 1uF
+ u
A o ¢ +5V TO 10V
T_3]cq. VOLTAGE INVERTER V*
4
+
o C2*  iovTO-10v vls
T_8]c,. VOLTAGE INVERTER 1-:& 1uF
+5\fw RN 14
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12 13
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Absolute Maximum Ratings

VecgtoGround. . ................ ..., (GND -0.3V) < Vo <6V
V+toGround.................. ... (Vgg -0.3V) < V+ < 12V
V-toGround..................... ... -12V < V- < (GND +0.3V)
Input Voltages

TIUNGT2IN - oo (V--0.3V) < V)N < (V+ +0.3V)

RUNGRZIN - - oo +30V
Output Voltages

TIouT, T20UT - -+ v e v veee - (V- -0.3V) < VyxouT < (V+ +0.3V)

Rlout. R20UT. -+ v - (GND -0.3V) < Vrxout < (Vcc +0.3V)
Short Circuit Duration

TIOUT T20UT - -+ v vvrnrrer i e Continuous

RIoUT.R20UT -+ - - v vv e Continuous

Operating Conditions
Temperature Ranges

ICL232C . .ottt 0°C to 70°C
ICL2321. . .ttt -40°C to 85°C
ICL232M. ..ttt e e -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 1) 044 (°CIW)  8,c (CCW)
80

CERDIPPackage . ................ 18

PDIPPackage.................... 100 N/A

SOICPackage ................... 100 N/A
Maximum Junction Temperature

Plastic Packages. . .. ..o vveii e 150°C

CeramicPackage . . ..ooveie ittt 175°C
Maximum Storage Temperature Range .. ........ -85°C to 150°C
Maximum Lead Temperature (Soldering 10s) ............ 300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only raling and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8,4 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Test Conditions: Vo = +5V £10%, Tp =

Operating Temperature Range. Test Circuit as in Figure 8 Unless

Otherwise Specified
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Transmitter Output Voltage Swing, Toyt T1oyTand T2pyT Loaded with 3kQ to 5 9 +10 \%
Ground
Power Supply Current, g Outputs Unloaded, Tp = 25°C - 5 10 mA
TiN, Input Logic Low, V) - - 0.8 v
TN Input Logic High, Vi 2.0 - - \4
Logic Pullup Current, Ip TN, T2y =0V - 15 200 pA
RS-232 Input Voltage Range, Viy -30 - +30 \
Receiver Input Impedance, RN Vin =13V 3.0 5.0 7.0 ka2
Receiver Input Low Threshold, V| (H-L) Vg = 5V, Ta = 25°C 0.8 1.2 - \'
Receiver Input High Threshold, Vyy (L-H) Veg=5V,Ta = 25°C - 1.7 24 \"
Receiver Input Hysteresis, VHysT 0.2 05 1.0 \
TTL/CMOS Receiver Output Voltage Low, Vo loyt = 3.2mA - 0.1 04 \%
TTL/CMOS Receiver Output Voltage High, Vo lout =-1.0mA 3.5 4.6 - Vv
Propagation Delay, tpp RS-232 to TTL - 0.5 - us
Instantaneous Slew Rate, SR CL = 10pF, R = 3k, T = 25°C - - 30 Vius
(Notes 2, 3)
Transition Region Slew Rate, SRt Ry = 3kQ, Cy_ = 2500pF Measured - 3 - Vius
from +3V to -3V or -3V to +3V
Output Resistance, RoyT Veg = V+=V-= 0V, Voyt = +2V 300 - - Q
RS-232 Output Short Circuit Current, Igc T1oyT or T2pyT Shorted to GND - +10 - mA
NOTES:
2. Guaranteed by design.
3. See Figure 4 for definition.
3 intersil FN3020.7
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Test Circuits

U
4.5V TO E o Vee E_“
+4,
+5.5V INPUT _E v GND El—o
\ I
C1+ Vee E—‘ E C1- Tout mr
v+ aND [15]4 [¢]ces R [13]
= 3k
3 |c1- Tiour ETANV_:L E C2- Riour EI
T1 OUTPUT ==
L] c2 R1y [13}— RS-232 '_E V- Tin E‘"
n +30V INPUT
c2: TTLICMOS 7 1 T20ut 25 |10
c2-
uF Ca 5 Riout [121=> oyrput Og
+ FE Ve T [171— TTLICMOS E R2N R2our E
- —E' IN INPUT
- - OUTPUTH E T2out T2y |10 eriljngos ~our =i 1-2°>JUT
h—n VIN =12V
RS-232 R2 R2oyr | @ | TTLICMOS | Vin=22v | A | > |
+30V INPUT OUTPUT L Tour

FIGURE 1. GENERAL TEST CIRCUIT

FIGURE 2. POWER-OFF SOURCE RESISTANCE

CONFIGURATION
Typical Performance Curves
550 . . 10
1 |
500 \\ 1 ! 9
g ! ! —~ V4 (Vee = 5V)
9 a0l Ta=25°C V- SUPPLY = o— [—
g 1 | S g™ - Vs _m‘\
=z EXTERNAL SUPPLY LOAD T ~— = < Voo =4.5V) " ]
1 - [r—
< 400| 1kQ BETWEEN V4 + GND =~ ] u \\L
w OR V- + GND | | L7 \
=3 ———
E 350 | TRANSMITTER OUTPUT ; ; 9 I N
] OPEN CIRCUIT - 6 V- (Voo = 4.5V) ™S V- {Vgg = 5V) =
& 200 L GUARANTEED T 2 N\ \
2 | OPERATING | E 5 | | | N N
3 250 v+SUPPLY — 1 RANGE 4 ° R N \
£ | ] Ta=25°C N\ \
200 T o] TRANSMITTER OUTPUTS N N
150 t I OPEN CIRCUIT N
L n 3 A A L A
3 4 5 6 o 1 2 3 4 5 6 7 8 8 10

INPUT SUPPLY VOLTAGE V¢ (V)

FIGURE 3. V+, V- OUTPUT IMPEDANCES vs V¢e

liLoapl (mA)

FIGURE 4. V+, V- OUTPUT VOLTAGES vs LOAD CURRENT

Pin Descriptions

PDIP, CERDIP SsoIC PIN NAME DESCRIPTION
1 1 C1+ External capacitor “+” for intemal voltage doubler.
2 2 V+ Internally generated +10V (typical) supply.
3 3 C1- External capacitor “-” for internal voltage doubler.
4 4 C2+ External capacitor “+” internal voltage inverter.
5 5 C2- External capacitor “-” internal voltage inverter.
6 6 V- Internally generated -10V (typical) supply.
7 7 T20uT RS-232 Transmitter 2 output +10V (typical).
8 8 R2|n RS-232 Receiver 2 input, with intemal 5K pulldown resistor to GND.

4 intersil
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Pin Descr iptions (Continued)

PDIP, CERDIP SOIC PIN NAME DESCRIPTION
9 9 R2out Receiver 2 TTL/ICMOS output.
10 10 T2y Transmitter 2 TTL/CMOS input, with internal 400K pullup resistor to Vgc.
11 11 TN Transmitter 1 TTL/CMOS input, with intemal 400K pullup resistor to Veg.
12 12 Riout Receiver 1 TTL/CMOS output.
13 13 RN R$-232 Receiver 1 input, with internal 5K pulldown resistor to GND.
14 14 TlouT RS-232 Transmitter 1 output £10V (typical).
15 15 GND Supply Ground.
16 16 Vee Positive Power Supply +5V £10%
VOLTAGE DOUBLER VOLTAGE INVERTER
s1 ctt  s2 Vi=2Vge S5 c2*  ss
Vee 0_0./\- O~ 0, O G/lv J{(r 0 GND
A LT L
I C1 1 Cc3 ! c2 1 C4
I . T A A &
GND o— oo oo +—oVee GND o—o”o Ao * o V-= -(V+)
S31 ct- s41 s7! C2- sg!
P il el ¢

RC 1 }
osciLLAToR |

FIGURE §. DUAL CHARGE PUMP

Detailed Description

The ICL232 is a dual RS-232 transmitter/receiver powered by
a single +5V power supply which meets all EIA RS232C
specifications and features low power consumption. The
functional diagram illustrates the major elements of the
ICL232. The circuit is divided into three sections: a voltage
doubler/inverter, dual transmitters, and dual receivers Voltage
Converter.

An equivalent circuit of the dual charge pump is illustrated in
Figure 5.

The voltage quadrupler contains two charge pumps which use
two phases of an internally generated clock to generate +10V
and -10V. The nominal clock frequency is 16kHz. During
phase one of the clock, capacitor C1 is charged to Vgc.
During phase two, the voltage on C1 is added to V¢,
producing a signal across C2 equal to twice V. At the same
time, C3 is also charged to 2V, and then during phase one,
it is inverted with respect to ground to produce a signal across
C4 equal to -2V c. The voltage converter accepts input
voltages up to 5.5V. The output impedance of the doubler (V+)
is approximately 2000}, and the output impedance of the
inverter (V-) is approximately 450Q2. Typical graphs are
presented which show the voltage converters output vs input
voltage and output voltages vs load characteristics. The test
circuit (Figure 3) uses 1pF capacitors for C1-C4, however, the
value is not critical. Increasing the values of C1 and C2 will
lower the output impedance of the voltage doubler and
inverter, and increasing the values of the reservoir capacitors,
C3 and C4, lowers the ripple on the V+ and V- supplies.

Thn T21y / \

90% Von
Tiout T20ut 10%
VoL
ts —| |- ty | |-

Instantaneous _ (0.8) Von -Vou) | (0.8) (VoL - Vor)
Slew Rate (SR) tr i

FIGURE 6. SLEW RATE DEFINITION

Transmitters

The transmitters are TTL/CMOS compatible inverters which
translate the inputs to RS-232 outputs. The input logic
threshold is about 26% of V¢, or 1.3V for Vg = 5V. A logic
1 at the input results in a voltage of between -5V and V- at the
output, and a logic 0 results in a voltage between +5V and (V+
- 0.6V). Each transmitter input has an internal 400k pullup
resistor so any unused input can be left unconnected and its
output remains in its low state. The output voltage swing
meets the RS-232C specification of £5V minimum with the
worst case conditions of: both transmitters driving 3kQ
minimum load impedance, Vg = 4.5V, and maximum
allowable operating temperature. The transmitters have an
internally limited output slew rate which is less than 30V/ps.
The outputs are short circuit protected and can be shorted to
ground indefinitely. The powered down output impedance is a

5 intersil
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minimum of 30002 with +2V applied to the outputs and Vg =
ov.

Txin
GND < Txin <Vce
Ve

Tour
V-<Vyour < V+

FIGURE 7. TRANSMITTER

Receivers

The receiver inputs accept up to 30V while presenting the
required 3kQ to 7kQ2 input impedance even it the power is off
(Vcg = 0V). The receivers have a typical input threshold of
1.3V which is within the £3V limits, known as the transition
region, of the RS-232 specification. The receiver output is
0V to V. The output will be low whenever the input is
greater than 2.4V and high whenever the input is floating or
driven between +0.8V and -30V. The receivers feature 0.5V
hysteresis to improve noise rejection.

Vee

Rxin
30V <Ry <+30V

Rout
GND < VRout < Ve

GND
FIGURE 8. RECEIVER

OR
RN, R2)N

Tout T20ut Y;
'OH
OR

R1out R20ut
tppL—>| |- tpLH -—

t t
Average Propagation Delay = w‘*

FIGURE 9. PROPAGATION DELAY DEFINITION

Applications

The ICL232 may be used for all RS-232 data terminal and
communication links. It is particularly useful in applications
where 12V power supplies are not available for
conventional RS-232 interface circuits. The applications
presented represent typical interface configurations.

A simple duplex RS-232 port with CTS/RTS handshaking is
illustrated in Figure 10. Fixed output signals such as DTR
(data terminal ready) and DSRS (data signaling rate select)

is generated by driving them through a 5k resistor
connected to V+.

CTS <+ [—< CTS (5) CLEAR TO SEND

W >————
'r. 1uF
1 18 2 f‘g;r_cm (20) DATA
. VYY" TERMINAL READY
e 5kQ
1F T3 DSRS (24) DATA
I'_4 oLz | SIGNALING RATE
SELECT
c2 il LSt oo
1uF I 5 +T 1uF -
WF TS - 1 4—:_2 *" INPUTS AND OUTPUTS
1
7D >— DDT —» TD (2) TRANSMIT DATA
INPUTS  RrTS > __Dn_ 7, RTS (4) REQUEST TO SEND
OUTPUTS 12 13
TTLICMOS  RD <— | < RD (3) RECEIVE DATA
9 R2 j R1 8

15 SIGNAL GROUND (7)

FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS
HANDSHAKING

In applications requiring four RS-232 inputs and outputs
(Figure 11), note that each circuit requires two charge pump
capacitors (C1 and C2) but can share common reservoir
capacitors (C3 and C4). The benefit of sharing common
reservoir capacitors is the elimination of two capacitors and
the reduction of the charge pump source impedance which
eéffectively increases the output swing of the transmitters.

6 intersil
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1 4
c1 1L IcL232 L c2
uF 3] | 5 T WF
| N!? 4
TD >— ——1—* TD(2) TRANSMIT DATA
INPUTS  Rrs > ____D,. L7 RTS (4) REQUEST TO SEND
OUTPUTS 12 13
TIL/CMOS  RD <— —04— | < RD (3) RECEIVE DATA
s |R2A RIN |3
CTS - L8 < CTS (5) CLEAR TO SEND

15

a

6 2
c4 c3 +5V
+ .- 4 -
V- V¢ l———J
= 6 2 INPUTS AND
16 OUTPUTS
1cL232
1 4
c1 ] 1t c2
WF T3 | 5T 10F
1| N1 14 DTR (20) DATA TERMINAL
DTR > T2 | READY
INPUTS  psrs > 7 . DSRS (24) DATA SIGNALING
OUTPUTS 12 43 RATE SELECT
peD € DCD (8) DATA CARRIER

" TTLICMOS
. DETECT

8 < R1(22) RING INDICATOR

9 R2
R1 < -<
15_H< SIGNAL GROUND (7)

FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS

All Intersil U.S. products are manufactured, assembled and tested utilizing ISO2000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.com/design/quality

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software and/or specifications at any time without
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

s TOTAL DCCURRENTUPTO4 A

» LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

» LOGICAL "0" INPUT VOLTAGE UP TO 15V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 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 signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

s

PowerS020

Multiwatt15

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

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

1
SENSE AO—4
Rsa

1 2 3 4
Int Iné
o—+43 D 2L o
<
In2 In3
O 7 10 {")
EnA EnB
e 6 n %
15

SENSE B S$-585142
Rsg
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ABSOLUTE MAXIMUM RATINGS.

Symbol Parameter Value Unit
Vs Power Supply 50 \4
Vss Logic Supply Voltage 7 \
V,Ven Input and Enable Voltage -0.3t07 v
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
~Repetitive (80% on —20% off; ton = 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Voltage -1102.3 \%
Prot Total Power Dissipation (Tease = 75°C) 25 w
Top Junction Operating Temperature —25t0 130 °C
T, Tj Storage and Junction Temperature —-40 to 150 °C
PIN CONNECTIONS (top view)
/ —I. Y —" CURRENT SENSING B
14— OUTPUT4
‘@’ B OUTPUT 3
12 {3 INPUT4
(LI P— ENABLE B
103 INPUTS
sl ————> LOGIC SUPPLY VOLTAGE Vgg
Multiwatt1s ————— oo
T/ INPUT 2
6 [ ENABLEA
s> INPUT 1
a3 SUPPLYVOLTAGE Vs
s—— O OUTPUT 2
_$_ 2 > OUTPUTH
|‘ o~ ! > CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DS5IN240A
/
GND [ 4 20 1 GND
SenseA [} 2 19 ] SenseB
NC. 13 18 1 N.C.
out1 1 4 17 ] Out4
ou2 []5 PowerSO20 4 [—] ou3
vs 156 15 7 Input4
Input1 17 14 | EnableB
EnableA 1 8 13 [ input3
nput2 ] 9 12 ] vss
GND [ 10 11 —1 GND
D95IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rijcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rthjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/13
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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.
2;3 4;5 Out 1; Out 2 Outputs 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 8,14 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 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 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.
— 318 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 ViH +2.5 46 \
Vss Logic Supply Voltage (pin 9) 4.5 5 7 \
Is Quiescent Supply Current (pin4) |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi =X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; I.=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L Vi=X 6 mA
Vi Input Low Voltage -0.3 1.5 \"
(pins 5, 7, 10, 12)
ViH Input High Voltage 23 VSS \'
(pins 5, 7, 10, 12)
L Low Voltage Input Current Vi=L -10 nA
(pins 5, 7, 10, 12)
liH High Voltage Input Current Vi=H<Vgs-0.6V 30 100 uA
{pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) —0.3 1.5 \'4
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss \'4
len=L |Low Voltage Enable Current Ven=L -10 pA
(pins 6, 11)
len = H |High Voltage Enable Current Ven = H < Vgs -0.6V 30 100 HA
(pins 6, 11)
Vcesat(H) [Source Saturation Voltage L=1A 0.95 1.35 1.7 \
I =2A 2 2.7 \Y
Veesatq) |Sink Saturation Voltage L=1A (5) 0.85 12 1.6 \
IL=2A (5) 17 2.3 \
Vcesat | Total Drop iL=1A (5) 1.80 3.2 A%
IL=2A (5) 4.9 \
Vsens [Sensing Voltage (pins 1, 15) -1 (1) 2 \
IS7] 3/13
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (Vi) |Source Current Turn-off Delay 0.5Vito 091, (2);(4) 15 us
T2 (Vi) |Source Current Fall Time 09I 10011 (2); (4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 0.5Vito0.11L  (2); (4) 2 us
T4 (Vi) |Source Current Rise Time 0.1l t0081.  (2);(4) 0.7 is
Ts (Vi) |Sink Current Tum-off Delay 0.5Vito 091 (3); (4) 0.7 us
Te (Vi) |Sink Current Fall Time 091, to0.11. (3% (4) 0.25 us
T7 (Vi) |Sink Current Tum-on Delay 0.5Vito 091  (3);(4) 16 us
Ts (Vi) |Sink Current Rise Time 011 0091  (3); (4) 0.2 us
fc (Vi) |Commutation Frequency L=2A 25 40 KHz

T1{(Ven) |Source Current Turn-off Delay 0.5Vento 0.8 1L (2);(4) 3 us
T2(Ven) |Source Current Fall Time 09I to011L  (2); (4) 1 us
T3 {(Ven) |Source Current Turn-on Delay 05Vento0.11L  (2); (4) 0.3 us
T4 (Ven) |Source Current Rise Time 0110091, (2); @) 04 us
Ts (Ven) |Sink Current Tumn-off Delay 0.5Vento 091 (3); (4) 22 us
Te (Ven) |Sink Current Fall Time 091 to0.11L  (3); (4) 0.35 us
T7 (Ven) |Sink Current Tum-on Delay 0.5Vento 091 (3);(4) 0.25 us
Tg (Ven) |Sink Current Rise Time 011 to09 1L  (3); 4) 0.1 us
1) 1)Sensing voltage can be —1 V for t < 50 usec; in steady state Vsens min =—0.5 V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G~ 6418
Vsat
) Vgg=SV  Vgak2V
Ve v H
2.4 INPUT
20 L
16 P ENABLE
|
0.8
04 S-5852/1
0 04 08 12 16 20 24 1o(A). Note : For INPUT Switching, set EN =H
For ENABLE Switching, setIN=H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Imax{2A)

90% -

10% t
I i L T3 T4
Ven; (V)
50% PX-=~—--m=mm——-———— t
5.5853/2

Figure 4 : Switching Times Test Circuits.

Vgsasy V=42V
O O

INPUT

ENABLE

S$.5854/1

Note : For INPUT Switching, setEN = H
For ENABLE Switching, setIN=L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
g
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%OnF B ﬁ D3
1 D2 D& 1 "
. I"I _Lj_o Inputs Function
Ven=H C=H;D=L Forward
?xf » i \: C=L;D=H Reverse
$ Ougg CcC=D Fast Motor Stop
|__ IO Ven=1L cC=X;D=X Free Running
. Lonf Motor Stop
112 L298N L=Low H = High X = Don't care
n OVen
T0 CONTROL 15 8 1
creurr 'L _J_o
R
ﬁ D1 TO D&: A FAST RECOVERY DIODE (t,, €200ns)
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Figure 7 : For higher currents, outputs can be paralieled. Take care to parallel channel 1 with channei 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298 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
extemnal resistor (Rsa ; Rss.) 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 ; a low state of the En input inhibits 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 I.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 Turn-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 external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 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 to 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 be overcome.

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

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

713
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This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

On Fig 8itis shown the driving of a two phasebipolar Py the I.C. L6506.
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.

3 SYEPPER

AESET 1297 D L298N Io: MOTOR
———d 20 9 12 13 WINDINGS
enaee | B L I
v N

ret % P INH2 n ujg‘

.
N1 3 B W 1 135 os o6 07 Do
[_senses [
SENSE 2
CONTROL HOME

SYNC.
E"sn B]-“sz
S-5846/4

VES12V@I1=2A
D1 to D8 =2 A Fast diodes trr <200 ns

Rst=Rg2=0.5Q
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM. — R OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Y 5 0.197 MECHANICAL DATA
B 265 0.104
c 16 0.063
D 1 0.039
E | 049 055 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 1.27 | 1.52 | 0.040 | 0.050 | 0.060
G1 | 17.53 | 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 | 0.872 | 0.886
L1 | 247 | 221 | 225 | 0.854 | 0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
L3 | 17.25| 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 10.9 | 0.406 | 0.421 | 0.429
L7 | 265 29 |0.104 0.114
M | 425 | 455 | 485 | 0.167 | 0.179 | 0.191
M1 | 463 | 5.08 | 553 | 0.182 | 0.200 | 0.218
s | 19 26 | 0075 0.102 .
s1 | 19 26 | 0075 0.102 Multiwatt15 V
Dia1 | 3.65 3.85 | 0.144 0.152
H
A 5
C ': —.I—d
/ /7 N_|&»
. ‘ a1 J/
[ 3
__ 9N <
B sl | PO ol¢
o ~ I I |
g L
W H2
—
B AN
; ] |
| F G
M M ' G1 N
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DIM. - = OUTLINE AND
MIN. | TYP. [ max. | miN. | TYP. | mAx.
A 5 0197 MECHANICAL DATA
B 2.65 0.104
c 1.6 0.063
E | 049 055 | 0.019 0.022
F | 066 075 | 0.026 0.030
G | 114 | 127 | 1.4 |0.045 | 0.050 | 0.055
G1 | 1757 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 254 0.100
13 |17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 109 | 04086 | 0.421 | 0.429
L5 528 0.208
L6 | 238 0.094
L7 | 265 29 |0.104 0.114
s | 19 26 |0.075 0.102
s1 | 19 26 |0075 0.102 Multiwatt15 H
Dial | 3.65 3.85 | 0.144 0.152
Hi
A 5 ]
C N L« ‘S1
[ Y A
| / /] N_|
A A
Dia. 1 J
S |9
o | i} -
O O =
_. )
1l |B |
-l | S |
(11]
I y H2
N =
\¥—| A ﬂv i
Lé Gl -
L5 i
<71 1113
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 3.6 0.142
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 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 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 1143 0.450
E1(1)] 109 11.1 [ 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 | 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 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 | | | 0.394 |

(1) "D and F" do not include mold flash or protrusions.
- Mold flash or protrusions shall -not exceed 0.15 mm (0.006").
- Critical dimensions: "E", "G" and "a3"

OUTLINE AND
MECHANICAL DATA
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