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ABSTRACT

This thesis presents the simulation of the operation of DC drive based real time wind turbine
for separate excite DC motor controlling rely to the condition by speed reference signal controlling.
The parameters of the wind turbine were defined in MATLAB/simulink via DSP board interface card
to convert the signal to the real time format for the both of armature and shunt field voltage controlling.

The design uses the parameter definition in the block function of wind turbine of
MATLAB/simulink connect via the DSPACE 1104 DSP board model to the controller circuit with
PIC18F4431 micro controller in PI control mode to operate the separate excite DC motor 220
volts/1,000 watts. The chopper circuit was implemented as the power circuit to control the both of
armature and shunt field voltage with switching frequency at 30 kHz in order to adjust the motor
speed by duty cycle control. The transfer function of motor was defined by the system identification.
After that, the motor are connected to a DC generator in order to test the system when such system is
in loaded condition.

The results of the wind turbine simulator relies on 3 level of wind speed, which are 1) at 2.5
m/s and 3 m/s of wind speed, DC drive utilized by armature voltage control, then 2) at 5.5 m/s of wind
speed, it also utilized by armature voltage control, and 3) at 9 m/s of wind speed, it utilized by field
voltage control. Therefore, the average variance of such system is about 0.60484. It shows that the

motor speed is adequate equal to speed reference of the wind turbine

Keywords: wind turbine, separate excite DC motor, armature voltage control, shunt filed control,

PIC microcontroller
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a 1 4 4
1.1 NNTUIFIUVDINITOTNADT  (Armature Circuit)

u - LR o+ iy (2.15)
' a a dt

1{io@IUV09 Back emf H3® Rotation Voltage

u =Ki, » (2.16)

1.2 luvazmeInuaiuued1995auy (Field Circuit)

u, = iR+ dk (2.17)
° o dt
1.3 W915841 Moment of Inertia

91n0u59UA (Torque) IWaUNITN 2.13
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dt
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auM31ug1vea Per - Unit ( Normalization)

[ Y
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A [ = o A =
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Current (w=0) NIBNTLUAAAMITN  @=0%A1 8§ - 10 (MUDINTLUANNA
uaN A /
I\ 2 7 LELS U I 4™ R, (2.20)

a

U v Norminal Field Voltag
Den A® Norminal Flix

Ao Norminal Field Current

i, = US—N (2.21)

a

eN

A® Norminal no — load Speed

m Ao Extrapolated Stalled Rotor Torque W30 Stand Still Torque

sC

m = K iy i (2.22)

sc SC
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i A Jd o 1 v o
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o
2 16
0 20 40 60 80 100
time (s)
[

Y < a ! @ ] o v o
ﬂﬁ/‘lﬁ 4.6 ﬂ’J"IllLile!aSLleUﬂﬁﬁgﬂﬂﬂﬁ"lﬂlﬁﬁau 9 m/s AINUUUINADININUAY
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MAMNA 4.3 Werinstlouamsimesaieg 1ulUsunsy MATLAB/SIMULINK

=

iumMiadumesie dSPACE DS1104 118231111315 UA1A1015 980 (Wind Speed adjust) ia$1e

@ {1 < {
a181151n51 Control Desk Tugiunuiumar Asanusiaudszum 2.5 m/s waildne a1
<3 1 A 1 a a0 9 Y A
ANNIGIAY VTUNIIDYNTI 2.4-2.6 m/s azAwIIaNMTosdpeNINNUIENY 0.1 N-m
A A o 9 ! a J
1A NN 4.4 iomsdeumwiniimesaie lullsunsy MATLAB/SIMULINK
' J a o [ < . . {
HIUM3ADWIAR S Wl dSPACE DS1104 11823101505 DA1A71015 981 (Wind Speed adjust) 1319
@ {1 < ! 1
A28 TU5unsu Control Desk Tugduuusiumar AsanuEiavdszanm 3.0 ms wai'lade A1
< 1 A 1 a A
ANNIGIAY VTUNTIBYNYI 2.9-3.1 m/s tazAWIITANANTEUIY 0.38 N-m
A A o 9 ' a J
MNAINN 4.5 ensileunimaiiwesaiee lulisunsy MATLAB/SIMULINK
1 a [ 3 ' 3 . . {
HIUN3ADWIAD S Wl dSPACE DS1104 11829171505 DA1A21015 981 (Wind Speed adjust) 1319
@ {1 < ! 1
A28 TU5unsu Control Desk Tugduuusiunar AsanuEiavlszanm 5.5 ms wailane A1
< 1 A 1 a A
ANIGIAY VTUNIIBYNYI 5.5-5.7 m/s tazAWIIDANANITEUI 0.9 N-m
A A o 9 ' a Jd
1NN INN 4.6 tioviimsdeunmminiimesaieg lullsunsy MATLAB/SIMULINK
' a o [ < {
HIUM3ADUIAD Wl dSPACE DS1104 11829101505 A1921015 901 (Wind Speed adjust) 1319
@ A < A 1
a1 T1)51n5% Control Desk Tugtunuiumal dmanuiziavlszana 9.0 m/s wai'lane a1

< U A v A A A
AL ISUNINBYNY I 8.9-9.2 m/s lla&'ﬂ'llli\jﬂﬂﬂﬂ']‘ﬁﬂigu']m1.8 N-m

o ) [Ny 4 ] o
432, MItaeInsmauysanaiuanatsuomes A nszuaass iunia
dunosd dSPACE DS1104
) o 9, o 1 Ay Y ° 3 Y a
ﬂ’l'ﬂ/'l@’tfff]llﬂﬂﬂﬂlﬁﬂﬁqu'lﬂi%uﬁﬂiﬂ I@Iﬂﬂ?ﬁu’lﬂﬁ/]llﬂinﬂﬂ1§inﬁﬂ\1ﬂ'Nlllfi')'é)%?f]\?

(speed reference) 91NN5AIUANAI8 1151051 Control Desk Miloulinuyaduuuunmssians

Y Y 14 Y Y =< 1 I 1
nuuaudenIuvemes lihnszugaswuunszduuen Futvesnilu 3 @u awveug
a a 4
VOINHNUT
< a 4
1) M3YeunNNTI91994 (speed reference) N 2.5m/s
= a Y 1 A o Tl Ao SA A o A
Favznnsan e lureidinnaiiinavesuemoineusaau 0-175 1raah 80%
YDINNA
< A A a =
- uraNnlszana 750 AAnan7s 3ui
v . [ v
-Auae mseesuiia liihnszsuaasuieonaaovilszansann la
9 [ 1 < J 4 4
- naaey lvaanuaiumulsua 4 a1l 100 Teviv, 150 Toviy, 200 leviuua

250 To¥iy aud1aw



< '
- iuRamsnagauru 1dsunsy HyperTerminal

HyperTerminal Resistance Load

A ~ 9 J 1 9 3 Y a
MNN 4.7 ﬂ’]ﬁl@iﬂnﬂ?’]uWﬁﬂM“ﬂﬂﬂQﬂﬂﬁm AOUNITNATIUMTUDUANNTIDINDY

(speed reference) 2.5 m/s

File Edit Format View Help .
404.88 1023 1.21 50.74 51.5L  1.16 - A=)\ ¥4 et o -
404, 78=TOTT—T727 srrr—rsr——r—| Duty cycle UDI PWM 1N 0131113037 BTG (:&51)
404.56 1023 1.21 50.74  51.35 1,05

402.51 1023  1.18  49.52 51.6  0.95

400.47 1023 1.21  50.74 51.6  0.89

400.47 1023 1.2 50.33 50.38 1.00

400.47 1023  1.21  50.95 50.38 1.10 |

401.08 10 R

401.69 102 1.2 50.54  49.97 1.05 | Dutycycle U8 PWM N laa (Vi)

401.55 1023 1.2 50.33  50.52 1.08 -

401.41 1023 1.2 50.54 50.52  1.16

401.46 1023 ~ 1.21  50.74  50.74 1.13

401.5 1023  1.21  50.74 50.74 13

401.81 1023  1.21 50.74  50.48 05 \ - N | .

f0212 1023 La—sma——deme—troed gy | HARTUNAINDT N AN AR
402.07 1023  1.21  50.74 50.8L 89 -

402.42 1023 22 51.15 50.84
402.77 1023 1.22 51.15 50.84

HF Py Q RO S
=
=)

403.56 1023 1.23 51.56 50.82 95

404.34 1023 1.21 50. 95 50.82 =

404.18 1023 1.21 50. { = < c

404.02 1023 1.21 50.74 51.15 10 ANULETIAITOU IllpllT 21N DS1104
403.42 1023 1.2 50.54 51.18 10

402.82 1023 1.2 50.33  51.18 05

402.78 1023 1. 50.54 50.61 95

402.75 1023 1.21 50.74 50.61 89

402.77 1023 1.21 50.74 50.76 g9 = a

402.79 1023 1.21 50.74 50.76 00— e - . -
2402.45 1023 13 30.54 50.92 1.05 FYNITITOU Outout AIILFINRIY PIC
402.12 1023 1.19 50.13 50.92 1.05

402.16 1023 1.2 50.54  50.54 1,16

402 1023 1.19 50.13 50.54 1.10

402.11 1023 1.2 50.33 50.47 1.10 Sy v o

S5 D8R gu S owuanldnamsa

A Ay v L g . a ¢
MNN 4.8 Na1/]llﬂi]1ﬂﬂ15Tlﬂﬁ’f)ﬂclfﬂlﬂﬂﬂ"lﬂ"luiﬂillﬂill HyperTerminal lviaa 100 loviuuay

<3 a {
flounnuE191994 (speed reference) 1 2.5m/s



510

475
470

Hight speed shaft rpm
8

465
0

MNA 4.9 WSouMeuanuEsouain DS 1104 AumMsUszuIanain PICISF4431 N lvian

@ EY S Y a =
100 Toviuuazilounnus191994 (speed reference) N 2.5m/s

Tew
.

CEEE CEEEET FETTS

S E R R —

e mema b

A R FRpR—

[0 F—

—— set point value
————— process value

File Edit Format View Help
Bre6.83 1023 1.3 54. 84 54.37 0. 84
77.34 1023 1.3 54.84 54.37 0.81
77.53 1023 1.3 54. 84 54. 69 0.7
77.72 1023 1.3 54.63 54.68 0.7
378.11 1023 1.31 55.04 54.7 0.7
78.5 1023 1.3 34.43 4.7 0.7
378.59 1023 1.3 54.84 54.7 0. 84
78.68 1023 nf 54. B4 54.7 0. 84
379.11 1023 1.3 55.04 54.66 0.76
379.53 1023 1.3 55.24 54. 66 0. 87
379.88 1023 1.31 55.04 54.7 1.05
380.23 1023 1.3 54.84 54.7 0.95
380.32 1023 1.3 54.84 54.7 0.89
380.41 1023 1.3 54. 84 54.7 0. 89
380.39 1023 1.3 54. 84 54.9 0. 84
380.38 1023 1.3 54.84 54.9 0.74
379.51 1023 L 54.43 55.34 0. 84
378.65 1023 L2 34.02 33.34 0.84
378.99 1023 13 54. 84 54. 54 0.92
379.33 1023 1.3 54.43 54 .54 0.95
378.73 1023 1.3 54.84 55.48 0. 89
378.13 1023 1.3 54.43 55.48 0.95
77.4 1023 N 54.43 55.2 0.95
376.68 1023 1.3 54.43 55.2 0. 89
77.22 1023 1.3 34.84 34.34 0.84
I77.77. 1023 1.3 54. B4 54.34 0. 84
77.63 1023 1.3 54. 84 55.02 0.7
77.5 1023 =3 54.84 55.02 0.7
377.72 1023 1.3 54. 84 54. 66 0.7
377.95 1023 1.3 54.63 54.66 0.7
378.63 1023 1.31 55.04 54.41 0.7
379.3 1023 1.3 34.84 34.41 0.7
I7E.72 1023 1.3 54.43 55.06 0.92
376.14 1023 1.29 54.02 55.06 0. 84
377.55 1023 1.29 54.02 54.65 0.84
376.96 1023 1.29 54.02 54.65 0.95

70 80

94

A A ¥ = o o . ~ 4
MNN 4.10 waﬂ”lﬂi]1ﬂmwmaummummuiﬂmﬂm HyperTerminal Vliﬁﬁﬂ 150 Tewmmz

<3 A {
Youn1115281984 (speed reference) N 2.5m/s
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=
©
=3

=
]
o

=
@
o

Hight speed shaft rpm
.
o
(=]

=
@
o

440

—— set point value
————— process value

70 80

430
0

MNA 4.11 5euMeun1uE159U910 DS 1104 AUNIUszuianann PIC18F4431 111aa 150

4 <3 a {
Touaziloun1ui51813994 (speed reference) 1 2.5m/s

File Edit Format View Help
1023 128 53.81 53.48 0.59
1023 1.29 54.02 53.48 0.07
1023 1.28 53.81 55.1 2.44
1023 1.28 53.81 55.1 0. 86
1023 1.27 53.4 54.55 0. 59
1023 1.27 53.4 54.55 0.70
1023 129 54.22 54.13 0.49
1023 1.27 53.2 54.13 0. 80
flio23 1.27 53.4 33. 57 0. 52
1023 1.26 52.99 53.57 0.28
l1023 1.26 52.99 53.18 0.65
21023 1.25 52.58 53.18 0.70
1023 1.26 52.99 53.64 0.7
1023 1.26 52.99 53. 64 0.31
Wio23 1.26 52.99 53.69 0.7
1023 1.3 54.43 53.69 0.08
Hio23 1.26 52.99 53.2 0. 54
1023 1.27 53.2 53.2 1.08
1023 1.25 52.58 53.45 3.99
ll1022 1.26 52.99 53.45 0.83
j|1023 1.26 52.59 53.98 0.94
,1023 1.25 52.58 53.98 0.52
1023 1.26 52.99 52.99 0.70
!1023 1.27 53.2 53.4 0.62
‘1023 1.27 Sy 53.4 0. 60
10232 1.26 52.99 53.4 Q.70
fl1o23 1.27 53.4 54.02 0. 20
flioz3 1.27 53.4 53.81 0.07
1023 1.27 53.4 53.81 0. 88
N1023 1.29 54.02 53.4 0. 38
N1o23 1.28 53.81 53.61 0. 00
1023 1.28 53.81 53.81 2. 34
1023 1.27 53.4 53.4 0.13
1023 1.28 53.61 53.61 0. BO
1023 1.28 53.81 53.4 0.17
1023 1.27 53.4 53.61 0.70]

d' A ¥ = o o . ~ 4
MNN 4.12 Na‘l/]ulﬂ%1ﬂﬂ1iﬂﬂﬁﬂﬂcﬁﬂlﬂﬂﬂ1w1u1ﬂiuﬂ’iﬂ HyperTerminal V]Iﬂﬁﬂ 200 Tawmmz

<3 A {
Youn1115281984 (speed reference) N 2.5m/s
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560

2]
(]
[=]

o
=y
[=]

o
(2]
(=]

(=]
cy
(=]

o
[=]
[=]

Hight speed shaft rpm
(=]
[~
=

L S I — set point value
----- process value

700 800

480

i i
0 100 200 300
Time scale0to 75s

MNA 4.13 SeuMeuauE15eU1n DS 1104 AUNslszuianan PIC18F4431 71 1vaa 200

7 Y 3 Y a A
I@WNLLﬁ%ﬂ@Uﬂ’NNLi’J@N@Q (speed reference) N 2.5m/s

File Edit Format Wiew Help

218.51 1023 1.28 53.81 53.48 0.59
318.88 1023 1.29 54.02 53.48 0.07
217.64 10232 1.28 53.81 55.1 2.44
316.39 1023 1.28 53.81 55.1 0.86
315.29 1023 1.27 53.4 54.55 0.59
314.19 1023 1.27 53.4 54.55 0.7
314.33 1023 1.29 54.22 54.13 0.49
314.46 1023 1.27 53.2 54.13 0. 80
314.35 1023 1.27 53.4 53.57 0.52
214.23 1023 1.26 52.069 53.57 0.28
314.09 1023 1.26 52.99 53.18 0.65
313.95 1023 1.25 52.58 53.18 0.7
3132.35 1023 1.26 52.99 53.64 0.70
312.75 1023 1.26 52.99 53.64 0.31
212.11 1023 1.26 52.99 53.69 0.7
311.46 1023 1.3 54.43 53.69 0.08
211.32 1023 1.26 52.99 53.2 0. 54
311.15 1023 1.27 53.2 53.2 1.08
210.33 1023 1.25 52.58 53.45 3.99
209.51 1023 1.26 52.99 53.45 0.83
308.57 1023 1.26 52.99 53.98 0.94
207.62 10232 1.25 52.58 53.98 0.52
307.07 1023 1.26 52.99 53.59 0.7
206.52 10232 1.27 53.2 53.59 0.62
307.5 1023 127 53.2 52.27 0. 60
308.47 1023 1.26 52.99 52.27 0.70
308.46 1023 1.27 53.4 53.486 0.20
308.45 1023 1.27 53.4 53.46 0.07
209.59 1023 1.27 53.4 52.31 0. 88
310.7 1023 1.29 54.02 52.31 0.38
211.5 1023 1.28 53.81 53.09 0.00
312.26 1023 1.28 53.81 53.09 2.34
212.17 1023 1.27 53.4 53.54 0.13
312.08 1023 1.28 53.61 53.54 0.80
312.84 1023 1.28 53.81 53.1 0.17
212,61 1023 1.27 53.4 53.1 0.7

d' A Y = o o . ~ 4
MNN 4.14 Wa‘l/]ul@%1ﬂﬂﬁ°l/lﬂﬁﬂﬂ%\ilﬂﬂﬂ1w1u1ﬂiuﬂ’ih HyperTerminal T]Iﬂﬁﬂ 250 Tawmme

<3 a {
Youn111115181984 (speed reference) 1 2.5m/s
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550 :

o
o
(=]

o
(=]
(=]

510 [hEE

500 -

Hight speed shaft rpm

490

—— set point value
----- process value

10 20 30 40 50 eb 70 80
Time scale0to 75 s

480 | | | | i
0

MNA 4.15 FeuMoua15150U910 DS 1104 AUMIszu1anan PICISF4431 91 1van

<3 Aa {
250 Toviunazilounui31813994 (speed reference) M 2.5m/s

A A I A a Y 1 3
AINNINN 4.8, 4.10, 4.12LLQTNTNN 4143 unansneaoatNa NN Yo uA1n W52

v
[

{ A o o W o < ]
aﬂJﬁW f 2.5 m/s L!ﬁ$Vlﬂﬁf’)UﬂﬂIﬂﬁﬂﬂ?TNﬁTuﬂ’]uﬁqﬂﬁ']ﬂﬂ %QWTﬂTiLﬂUWTuTﬂﬁL!ﬂSM
. R 9/2’./ o 3 o A A A a 4
HyperTerminal C])'\Tﬂqrﬂulﬂuuﬂgu']iﬂ NADAANININN 4.7, 4.9, 4.13 HATNINN 4.15 INDUATIEH

[ <3
AANLlssIuvesnuEIso

. 2 WC .
M3197 4.1 M31Joun1NI5I81984 (speed reference) A 2.5m/s

Y o 1 § U 4 1
Traadadumu(Tor) ANNDY AMeuuaTIIL | manuulslim

486.8891 8.249649

100 0.570581
487.2374 7.679068
480.7108 20.68347

150 0.55719
481.1448 2124066
529.6412 15.61625

200 0.212468
530.3167 15.40379
518.2267 12.72532

250 0.095336
518.895 12.62998
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~ 3 Y1 A Y, 3 Y a ~
10715197 4.1 321183191150 loun21315181989 (speed  reference) N 2.5m/s
=\ d' o W 3'/ 1 9 < d' o
pazimalasuuilas Tnaaauaiduny arnnuulslsivvestoyaniuGison N1ng

~ 1A = ] A o Y
nageumavegi 0.35889 Hvagluaansoniyla

q' = ' v Ay Y A o Aa 9 2 o
AN 4.2 wamiuuwﬂmﬂsmmuazuimum"lﬂmmmmﬂnuﬂ"h/h/hmzuamNcmmmi

{ % d A 1]
nasuuasTnaadiduniuanmstleunui5161994 (speed reference) 1 2.5m/s

Traadadumu (Terviy) nszuaiia’ld wewnld) usefuiia’ld (Thad)
100 0.90 80
150 0.68 95
200 0.60 100
250 0.50 120

~ < Y A 9 3 Y a A
1NATIT NN 4.2 i]gL’Hul’lﬂ’ﬂiﬂﬂfﬂi“ﬂ‘]JE]“L!ﬂ'JHJLi'J’E]NfN (speed reference) N 2.5m/s

= > o o g’u o [ @ A o a Ay YA
wagimslasuudas Trasmuaiauuu ‘1/]1ﬂ1i’Jﬂ?ﬂﬂi3Llﬁlla$!,!,‘5\1@‘L!iﬂﬂl,ﬂif]\?ﬂuuﬂﬂllﬂmﬁ]

' 4
A 1 o A1 A K

Y
1 Y v v
aanuaumugesrunszua Ilfhazdiadawanssau Tlihazliannuin

<3 a {
2) M3ileunNW5281984 (speed reference) 7l 3 m/s
& a ] 1 1 ~ .', 11 Ao SA A ] A
Faazinsanlvod lugnndmnnamnng ¥oemasasNuIIaY 0-175 19aah 80%
YOINNA
< ~ VA a =1
- inuranYszana 750 ANaT 75 U0
Y : X [
-Au1/as insesnuiia liihnssuansuienaaeulscansamnla
9 [ 1 < 4 4 4
-nagey lvaaanuaumulsuar 4a@d 100 Toviv, 150 loviv, 200 lowu tag
250 Tty audiay

< v
- NURaNMINAaoU1U 1U51n5Y HyperTerminal
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o~
-
o

F' DCMOTOR o ) DCGENERATOR

PIC18F4431

HyperTerminal Resistance Load

A ~ 9 Ca 9 3 Y a
NMNN 4.16 ﬂ’]ﬁl@iﬂnﬂﬁ’]ﬂWﬁﬂN“ﬂﬂﬂQﬂﬂﬁm ABUMINATOUMTUDUANNTID DY

(speed reference) 3 m/s

318.51 1023 1.28 53.81 53.48 0.59
318.88 1023 1.29 54.02 53.48 0. 07
317.64 1023 1.28 53.81 55.1 2.44
316.39 1023 1.28 533.81 535.1 0. 80
315.29 023 oy 53.4 54.55 0.59
214.195 10232 A1.27 53.4 54.55 0.70
314.33 1023 1.29 54.22 54.13 0. 49
314.46 1023 1.27 53.2 54 E 0. 80
314.35 1023 1.27 533.4 33. 37 0. 532
314.23 1023 1.26 52.99 53. 57 0.28
314.09 10232 1.26 52.99 53.18 0. 65
313.95 1023 1.25 52.58 53.18 0.70
313.35 1023 1.26 52.99 53. 64 .70
312.75 1023 1.26 532.99 33. 64 0.31
312.11 1023 1.26 52.99 53.69 0.75
211.486 1022 il L2 54.43 53. 69 0. 08
311.3 1023 1.26 52.599 53.2 0. 54
311.15 1023 1.27 53.2 53..2 1.08
310.33 1023 1.25 32. 38 33.45 2.99
309.51 10232 1.26 52.99 53.45 0. 82
208.57 1022 1.26 52.99 53. 98 0. 94
307.62 1023 1.25 52.58 53. 98 0. 52
307.07 1022 1.26 52.99 53. 59 0.70
306.52 1023 1.27 33.2 533.59 0.6z
20 10232 1.27 53.2 52.27 0. 60
208.47 1022 1.26 52.99 52.27 Q.70
308.46 1023 1.27 53.4 53.46 0. 20
308.45 1023 1.27 53.4 53.486 0.07
309.59 1023 1.27 33.4 32.31 0. 88
310.73 1023 1.29 54.02 52531 0. 328
211.5 1022 1.28 53.81 53. 09 0. 00
312.26 1023 1.28 53. 81 53.09 2. 34
312.17 1023 1.27 53.4 53. 54 0.13
312.08 1022 1.28 533.61 33. 54 0. 80
212.84 1022 1.28 53.81 53.1 0.17
2132.61 10232 1.27 53. 53.1 0.70

a Ay v N . i ¢
MNN 4.17 W’d‘ﬂulﬂi]1ﬂﬂ1§ﬂﬂﬁﬂﬂcﬁﬂlﬂﬂﬂ1w1u1ﬂﬁuﬂih HyperTerminal lvaa 100 loviuag

<3 a {
Youn1113181984 (speed reference) 1 3m/s



100

575

570

o
(=2
(5]

560

555

550 [

Hight speed shaft rpm

545 |

—— set point value
----- process value

40 70 80

540
0

0
Time scale 0to 75 s

MNA 4.18 FeuMoua1NE159U10 DS 1104 AUNIUszuranann PICISF4431 1 11aa 100

4 <3 a {
Touazilounui51813994 (speed reference) 11 3 m/s

File Edit Format WView Help

1023 1.43 59.95 58. B5 0.92
1023 1.43 59.95 59.16 0. 87
1023 1.4 58.93 59.1&6 o. 87
1023 1.41 59.13 59.23 0.95
1023 1.41 59.13 59.23 1.02
1023 1.41 59.13 59.05 1.08
1023 1.41 59.13 59.05 1.00
1023 1.4 58.93 59.71 0,92
1023 1.39 58.31 59.7 .92
1023 M.59 58.31 59.05 1.02
1023 1.39 58.52 59.05 1.13
1023 1.4 58.72 58.52 1.02
1023 1.328 7.9 58.52 1.00
1023 1.38 57.9 59.02 0.92
1023 1.39 58.31 59.02 0. 81
1023 1.38 58.11 58.35 0.92
1023 1.38 58.11 58.35 0. 89
1023 1.38 57.9 58. 83 1.02
1023 1.37 57.7 58. 83 Q.97
1023 1.38 57.9 58.61 1.05
1023 1.38 57.9 58.61 0.97
1023 1.38 57.9 58.19 1.02
1023 1.38 58.11 58.19 1.08
1023 1.38 7.9 58.23 1.08
1023 1.38 58.11 58.23 1.02
1023 1.38 57 0 58.45 1.00
1023 o NNEL 58.31 58.45 1.00
1023 1..39 58.31 57.69 0. 97
1023 1.39 58.52 7.69 0.89
1023 1.38 58.11 58.46 0,92
1023 d 335 58.31 58.46 0.95
1023 1.36 57.29 58. 85 0. 92
1023 1.39 58.52 58. B85 0. 89
1023 1.4 58.93 57.82 o. 89
10232 1.4 58.93 57.82 0.97
1023 1.41 59. 34 7.7 1.02

d' A ¥ 2 d R . ~ 4
MNN 4.19 Na‘ﬂhlﬂ%ﬁ]fﬂi“l/l@ﬂﬂﬂcﬁﬁlﬂﬂﬂ1w1uiﬂillﬂiﬂ HyperTerminal T]Iﬂﬁﬂ 150 Tawmmz

<3 a {
Youn11115181984 (speed reference) N 3m/s
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585

(1]
(=]
(=]

o
=
(=]

o
=1
[=]

o
[=2]
[=]

Hight speed shaft rpm
(=]
[=2]
o

n
n
(<]
'
1

550 |- S S S DS N FRS :

—— set point value
————— process value
|

70 80

545 i
0 50

Time scale 0to 75 s

MNA 4.20 SeuMeunuE159U10 DS 1104 pUnsiszuianan PIC18F4431 71 1vaa 150

4 <3 a {
Touazilounui51813994 (speed reference) 1 3 m/s

File Edit Format View Help
Loz23 1.44 60. 57 6l.04 0.65%
1023 1.45 ©0.77 6l. 04 .02
1023 1.44 60. 36 61.7 0.7
1023 1.44 60. 36 6l.7 0. 38
1023 1.44 60. 36 60. 57 0.41
1023 1.44 60. 57 60. 57 0.7
1023 1.44 60. 36 60.25 0.00
1023 1.44 60. 57 60.25 0. 38
10232 1.44 60. 36 59.76 0. 10
1023 1.43 60.16 59.76 .49
1023 1.44 60. 26 60.77 Q.62
1023 1.44 60. 57 60.77 |2 ]
‘1023 1.45 60.77 G0. 5 0.62
1023 1.44 60. 57 60. 5 3.28
1023 1.43 59.95 a0. 83 0.49
1023 1.44 60. 57 a0. 83 0.83
10232 1.44 60. 36 60. 59 0.20
1023 1.42 59.54 60. 59 0. 54
‘1023 1.43 59.95 a0.4 0.13
(10232 1.43 59.95 a0. 4 0.59
1023 1.43 59.495 0.5 0.02
:1023 1.43 60.16 G0.5 0.07
1023 1.4 58.7 G60.72 0.65
:1023 1.44 60. 36 60.72 Q.75
1023 1.43 60.1a 559.53 0.12
1023 1.44 60. 386 59.53 0.52
N1023 1.45 60.77 a0. 2 0.44
1023 1.45 6. 77 60. 2 2. 86
10232 1.44 ©0. 36 60.02 0.57
1023 1.44 60. 36 60.02 0.17
1023 1.44 60. 36 59.59 0.49
1023 1.44 ©0. 57 59. 59 0.42
1023 1.45 60. 77 G0.66 0.7
1023 1.44 60. 36 60. 66 2.57
1023 1.44 60. 57 a0.7 0.7
1023 1.44 60. 57 a0.7 0.59

d' A Y = o o . ~ 4
MNN 4.21 Wa‘l/]ul@%1ﬂﬂﬁ°l/lﬂﬁﬂﬂ%\ilﬂﬂﬂ1w1u1ﬂiuﬂih HyperTerminal Vliﬁﬁﬂ 200 Tewmmz

<3 A {
Youn1113181394 (speed reference) 1 3m/s
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610

605

600

595

590

585

580

575

Hight speed shaft rpm

570

565 —— set point value

----- process value
20 70 80
Time scale 0 to 75 s

560
0

MNA 4.22 5euMeun1NE159U910 DS 1104 AUNIUTzuIanann PIC18F4431 11 11aa 200

¢ 9 3 9 a =
Tovuuazilounui3191904 (speed reference) N 3 m/s

File Edit Format View Help

363.54 1023 1.45 60. 97 60.73 0.67
363.84 1023 1.45 60.97 60.7 0.83
365.04 1023 1.46 51.38 60, 24 0. 57
266.24 1023 1.46 51.38 60, 24 0.65
366.66 1023 1.46 61.38 61.02 0.73
367.08 1023 1.46 61.38 61.02 1.79
367.61 1023 1.46 61.38 60. 91 3.23
368.15 1023 1.46 61.38 60. 91 0.73
367.73 1023 1.45 60.77 61.25 2.00
367.31 1023 1.44 60. 57 61.25 0.73
268. 22 1023 1.47 61.79 60. 94 0.10
369.13 1023 1.44 60. 57 60, 94 0.67
368.66 1023 1.45 60.77 61.3 3.52
368.19 1023 1.46 61.38 61.3 0. 68
368.21 1023 1.46 61.18 61.21 0.7
368.24 1023 1.46 61.18 61.21 0.25
368.28 1023 1.45 50.97 60.99 0.46
368.32 1023 1.45 60.97 60.99 0.7
368. 7: 1023 1.45 60.77 60.42 0.49
369.13 4023 1.44 60. 57 a0. 42 0. 67
367.94 1023 1.44 60. 57 61. 81 0.75
366.75 1023 1.44 60.57 61. 81 0.08
366. 59 1023 1.44 60. 57 a0. 7 0. 67
366.42 1023 1.44 60. 57 a0.7 0. 36
365.45 1023 1.44 60.57 61.59 0.74
364.48 1023 1.45 60.7 61.39 0.83
263.5 1023 1.44 60. 57 6l.61 0.15
362.52 1023 1.45 60.97 61.61 3.99
363.67 1023 1.45 60.97 59.E88 0. 24
364.82 1023 1.45 60.97 59. 88 0.59
365.21 1023 1.45 60.97 60. 64 0.21
365.6 1023 1.43 60.16 60. 64 0.67
365.42 1023 1.44 60. 57 60. 8 0.65
365.25 1023 1.43 60.16 60. 8 0. 67
364.83 1023 1.43 60.16 60.63 0.28
364.41 1023 1.44 60. 57 60.63 0.07

~ A v A @ 0 . d' 7
MNN 4.23 Na‘Vlllﬂﬁ]"lﬂﬂﬁﬂﬂﬁi’)ﬂ"lﬁlﬂﬂﬂ"lﬂ"luI‘]Jiuﬂill HyperTerminal ‘VII‘Viaﬂ 250 T’E]‘VHJLL?IS

<3 A {
Youn1113181384 (speed reference) 1 3 m/s



595

103

590 |-

585 [ o
530:’ '
575
570

11—

Hight speed shaft rpm

560

Time scale0to 75 s

] ' """"""" . —— set point value []
: i e process value
550 | 1 | | T T
0 10 20 30 40 50 60 70 80

MNA 4.24 5euMouA1NE159U1I0 DS 1104 AUNIUTZuIanann PICISF4431 11 11aa 250

4 <3 a {
Touazilounui51813994 (speed reference) 11 3 m/s

< < = 4 a 9 ]
NNNINN 4.17, 4.19, 4.21 UagnINm 4.23 WuwanisnaaesNinasnnstoun

< iAo [ o v : o < ]
AINLIIAN ﬁWﬂﬂ 3 m/s Llagﬂﬂﬁﬂﬂﬂﬂiﬁaﬂﬂﬁ’]ﬂﬁ’]u%’]u@WﬂﬁTﬂﬂ C?\‘Wnﬂ']ﬁlﬂ‘ﬂﬂiuiﬂﬁllﬂill

. 2 1Ay Y ZIJ o < o A A A a 4
HyperTerminal mﬂmulﬂuu%mm WADAANNINN 4.18, 4.20, 4.22 HAZHINN 4.24 INDUATIEH

annulsisiuvesdeyan laadlumsed 4.3

. NI :
A15199 4.3 M31/eUAINIT81984 (speed reference) A1 3 m/s

Tnaadadumu(lony) AIRaY ANVBAVUNIATIIY manunlsalsiu

556.6642 5.260581

100 0.25442
555.3465 5.515004
563.5726 6.266749

150 1.202218
564.165 5.064531
582.904 8.143293

200 0.549799
580.7011 7.593494
573.7991 7.489963

250 0.59356
574.2898 8.083525
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~ 3 Y A Y, 3 9 a A
1NN1TIWNN 4.3 ﬂzmu”lmwWﬂmimﬂaumwmmmam (speed reference) N 3 m/s Lag

=1 -d' o gl.l 1 9 < d' o
umsnlasunilaslvaamudriauiy manuulslsiuvesteyannuisiseunmninade

~ 1A = ] A o Y
1nav0gh 0.64999 Ha0g luvaiivensvla

q' V= J o Ay Y A oA 9 2 o
M1319N 4.4 Naﬂﬁﬂu‘ﬂﬂﬂ1ﬂi$uﬁl!a$u§\1ﬂu‘ﬂ1ﬂﬁ]TﬂLﬂiENﬂ1luﬂvl‘ww1ﬂ5$uﬁ¢]iQGIN‘VHﬂﬁ

{ % d A 1]
nasuuasTnaadidunuanmstleunui31813984 (speed reference) 11 3 m/s

Tnaadadumu (Torfn) | nszuaitsald @eumld) useuisald (Trad)
100 0.90 116
150 0.75 120
200 0.64 125
250 0.60 125

! < 1 1 3 a 1
1AM3199 4.4 32311 1831910015 N eun 115381994 (speed reference) 11 3 m/s LAy
= d' o w %’, o [ 1 1Y d' o a d' 9 d' 1
imslasuutasTnaaauaiduiu nsianinssuaazusadunnseendiai 1a e

'
A 1o

Y v Y
anudumugevunszua lihegdmdawans sau Idhaziaunuau

<3 A {
3) M3ileuANW5281984 (speed reference) A1 5.5 m/s

= a Y ] 1 Ao o Y A A s

Favznorsanldegluriesminng vewwemes lihinszudasenen 176 1radn 80%
YDINNA

< ~ VA a A
- inuranszua 750 AMNNaT 75 30
Y X ) v
-Auilas mIesnuia lWihnszuaasuienaaauilszsansmmnla
9 @ 1 <3 d 4 4
naget Tvaannud unuilsuni 4aa1l 100 Tevwy, 150 Toviy, 200 ToHiy uag 250
4 o w

Toviy auaay

< v
- NuRaNMInaaoun1U 115105y HyperTerminal



dSpace DS1104 |l

PIC18F4431

~
et

F IIIIIIIII‘
DCMOTOR
[

HyperTerminal

Resistance Load

A ~ 9 J 9 3 Y a
NNN 4.25 ﬂ’]ﬁl@iﬂnﬂﬁ’]ﬂWﬁﬂN“ﬂﬂﬂQﬂﬂﬁm NOUNITNATOUMTUDUANINTID DY

(speed reference) 1 5.5m/s

File Edit Format Wiew Help
759.33 1023 1.99 83.02 83.28 1.a6
759.33 1023 1.99 B3.48 83.69 1.a6
763.66 1023 2 84.1 83.48 2.23
767.08 1023 2 83.89 83.48 2.39
770.5 1023 1.99 83.69 83.28 2.36
773.39 1023 2.02 84.71 B3.28 2.08
7¥e. 27 /1023 4 83. 89 E3.EB9 2.05
780.22 1023 1.989 83.69 B3.28 1.84
l|l784.18 1023 2 84.1 Ba.71 2.05
f|7886. 3 1023 1.99 831.69 B3.69 1. 94
788.43 1023 1.98 83.2B B4.1 1.87
789,27 1023 1.98 83.28 B4.1 2.50
l790.12 1023 1./99 83.69 B4.1 1.7
l7o1.37 1023 2 83.EQ B3.E89 2.36
792.63 1023 1.99 83.69 B4.51 221
I|¥95.18 1023 2 B81.EO Ba_.51 173
H797.72 1023 1.87 B2 BV B4.1 1.87
797.55 1023 1.98 83_28 B4.1 1. 87
797.38 1023 1.97 B2_E7 B4.71 1.7
798.04 1023 =1 O B2 E7 B4_ 7 1.92
N798.7 1023 1.98 83.2B8 B3.28 2.29
|\799.96 1023 1.99% 83.69 B83.69 2.39
801.23 1023 1.99 831.48 B3.E89 2.50
B01l.51 1023 1.99 B831.4E B3.69 2.21
788.08 1023 1.98 B83.28 B83.89 1.87
777.83 1023 1.98 83.28 B2.87 1.94
F81L.07 1023 2 83_E9 B3.28 2.39
785.34 1023 1. 98 B83.28 B2_8B7 2.47
789.62 1023 2.02 B4.7 B2.87 2.13
790.91 1023 1.99 83.69 83.02 2.02
792.2 1023 2 841 B3.48 2.18
793.33 1023 2 84.1 B4.1 2.44
794.45 1023 2 84.1 B3.89 2.18
796.66 1023 2 83. B9 83.69 2.08
798. 88 1023 2.01 8451 B4.71 2.15
801.72 1023 2.01 8451 83.89 2.18

105

a Ay v N . i ¢
MNN 4.26 W’d‘ﬂulﬂ%1ﬂﬂ13ﬂﬂﬁﬂﬂcﬁilﬂﬂﬂ1w1u1ﬂﬁuﬂih HyperTerminal N lvaa 100 Toviu tag

<3 a {
flounnu5191994 (speed reference) 715.5m/s



820

- [

805

800 |;

795

ht speed shaft rpm

Hig

785

810 R SRR I LR

FExI.

790 R

S

T

—— set point value

process value

=
asrF-----

780
0

Time scale0to 75 s

70 80

106

MNA 4.27 5euMeuauE15eU10 DS 1104 AUNIUszuIanann PICISF4431 1 1vaa 100

4 <3 a {
Tounaziloun1ui51613984 (speed reference) N 5.5 m/s

File Edit Format View Help

F97.24 1023 2.02 84.7 84.11 1.94
798.37 1023 2.03 85.12 84.31 1.55
798.37 1023 2.02 84.71 84.7 1.7
796.83 1023 2 84.1 84.92 2.02
796.83 1023 2.02 84.92 84.51 1.84
798.04 1023 2.02 84.7 83.89 1.66
798.05 1023 2.02 84.92 84 1.45
797.01 1023 2.01 84.51 85.22 1.81
783.20 1023 2 83.89 84.7 1.94
789.03 1023 2 84.1 84.92 1.66
802.26 1023 2 84.1 84.51 2.05
793.62 1023 2 84.1 84.71 1.81
793.62 1023 2.01 84.51 84.1 2.00
799.94 1023 2.01 84.3 84.92 1.97
799.94 1023 2.01 84.51 84.7 1.94
795.77 1023 2.01 84.51 84.92 1.7
795.77 1023 2 84.1 84.51 1.45
798.81 1023 2 84.1 83.89 1.47
798.81 1023 2.01 84.51 84.7 1.50
796.83 1023 2.02 84.7 84.92 2.00
796.83 1023 2.01 84.51 84.51 1.97
798.53 1023 2.01 84.3 83.89 1.7
798.53 1023 2.02 84.7 84.51 1.50
797.92 1023 2.03 85.12 84.1 1.7
797.92 1023 2.03 85.33 84.1 1.94
798.17 1023 2.02 84.7 84.51 1.55
798.17 1023 2.01 84.51 84.7 1.7
798.28 1023 2.02 84.92 84.51 2.02
798.28 1023 2.01 84.51 84.11 1.52
797.46 1023 2.02 84.92 84.24 1.7
797.46 1023 2 83.89 84.24 2.08
798.06 10232 2.02 84.7 84.19 1.81
798.06 10232 2.03 85.33 84.19 1.45
798.11 1023 2.03 85.33 84.95 1.7
798.11 1023 2.04 84.66 84.95 1.94
798.36 1023 2.03 85.33 84.31 1.52

d' A Y = o o . ~ 4
MNN 4.28 waﬂ”l@i]1ﬂﬂ1wmaummummuiﬂmﬂm HyperTerminal T]Iﬂﬁﬂ 150 I’E]Wll Ia

<3 a {
Youn11115181984 (speed reference) 1 5.5 m/s
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820

815 |-
E |
=3 i
™ |
|t I.i mn
[ ' i
s 810 i H
%] 4
=] 4
@
2
2 805
L
= B
2 :
T 800 ~----------

—— set point value
----- process value
795 |
0 30 40 50 60 7o 5

Time scale0to75s

MNA 4.29 SeuMeunuEI5eU0 DS 1104 AUnsiszuianan PIC18F4431 1 1vaa 150

4 <3 a {
Touaziloun1ui5181994 (speed reference) N 5.5 m/s

File Edit Format View Help

719.18 1023 2.06 BG. 55 B4.94 1.23
720.94 1023 2.07 BG. 96 B4.904 0.7
722.64 1023 2.07 BG. 96 B85.42 0.18
724.33 10232 2.07 B6. 96 B5.42 2.26
726.02 1023 2.07 B6. 96 B5.43 .49
F27A.71 1023 2.06 BG. 35 85.43 0. 34
728.95 1023 2.07 BG.7 85.68 0.28
730.18 31023 2.07 BG6.76 85. 68 0.03
730.98 1023 2. 06 B6G. 55 85. 91 0. 67
731.77 1023 2.07 BG.76 B5.91 0.25
723.03 1023 2.07 BG.76 B5. 66 2.15
734.28 1023 2.07F BG. 96 B5. 66 0.70
734.14 1023 2.06 B6. 35 86. 65 0.08
734 1023 2.06 B86.55 B86. 65 0.54
734.38 1023 2.06 Ba. 55 B6. 33 .85
734.76 1023 2.05 B6.14 BG. 33 0. 32
£34.91 1023 205 Bo.14 86.15 0. 52
735.06 1023 2.03 85. 33 86.15 3.63
734.76 1023 2.03 85.33 B6.76 1.89
734.46 1023 2.03 85.12 B6.76 0.20
734.11 1023 2.02 84,92 B6.55 0.92
723.77 1023 2.04 B5.73 BG.7 0.12
733.88 1023 2.04 85.53 B86.76 0.67
734 1023 2.05 85.94 86. 96 0.13
734.75 1023 2.04 B5.73 B6.35 5.60
735.5 1023 2.05 85.94 BG.55 0. 31
734.94 10232 2.03 B5.33 BG. 55 2.84
734.39 1023 2.01 B4. 51 Bo.14 0.16
¥35.17 1023 2.05 BG.76 Bo.14 0. 54
735.95 1023 2.04 86.7 85.33 4.68
736.66 1023 2.05 Ba. 55 B5.33 0. 25
737.38 1023 2.05 BG.7 B5.12 1.47
736.08 1023 2.02 86.7 B4.92 0.41
F34.7 1023 2.05 BG. 96 8B5.73 0. 54
735.49 1023 2.05 86. 35 85.53 2.10
736.2 1023 2.05 B6G.55 B85.94 0. 38

d' A ¥ = o o . ~ 4
MNN 4.30 Na‘l/]ulﬂi]1ﬂﬂ1iﬂﬂﬁﬂﬂcﬁﬂlﬂﬂﬂ1w1uiﬂiuﬂih HyperTerminal Vliﬁﬁﬂ 200 I’E]Wll Ia

<3 a {
Youn11115181984 (speed reference) 1 5.5 m/s
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860

850

o
.
[=]

830

820

Hight speed shaft rpm

810

—— set point value
process value
|

800
0 50 70

Time scale0to 75 s

MNA 4.31 5euMeunuE159U910 DS 1104 AUNIUTzuIanann PIC18F4431 11 1vaa 200

4 <3 a {
To¥u nazilounui3181984 (speed reference) 1 5.5 m/s

File Edit Format View Help
pes.12 1023 2.07 B6.76 F.02 0. B0
G68.56 1023 2.06 86.55 B6.26 0.7
669.01 1023 2.07 86.76 B5.26 1.52
669. 58 1023 2.06 8B6. 35 85.93 1.13
670.15 1023 2.06 86.55 B85.93 0.7
670.95 1023 2.086 86. 35 B5.71 2.57
BFY.F 1023 2.06 B6. 35 B5.7 0] 7
71.58 1023 2.07 86.7 7.08 0.10
671.42 1023 2.08 87.17 B7.08 0.67
672.35 1023 2. 07 86. 96 86.19 0. 54
73.27 /1023 2.07 86.96 86.19 0.10
674.64 1023 2.08 7.37 86.16 0.05
676.01 1023 2.08 BY r 86.16 5.26
676.73 1023 2.07 86. 96 86.41 0. 36
77.44 1023 2.086 86.35 86.41 0. 57
67 68 1023 2.06 8B6. 55 85 7 0.7
679.93 1023 2.05 86.14 85.47 0.31
680.27 1023 2.086 86.35 86.16 Fisf 25
680.62 1023 2.05 B6.14 86.16 0. 28
682.16 1023 2.07 86.76 85.37 0.07
683.7 1023 2.07 86.96 85.37 0. 67
682.59 1023 2. 07 B6.76 88.03 2.21
681.47 1023 2.06 86.35 85.03 2.42
682.25 1023 2.05 86.14 B5.53 0. 54
683.02 1023 2.06 B6.55 85.53 0. 08
684.13 1023 2.06 86.35 85.39 0.36
685.25 1023 2.04 85.7 85.39 0.62
685.4 1023 2.05 85.94 85.94 0.7
685.56 1023 2.05 85.94 85.94 0.88
686.11 1023 2.05 85.94 85.55 0. 54
686.65 1023 2.06 86.55 85.55 3.94
G686.42 1023 2.06 86.55 86.95 0.46
686.19 1023 2.086 86.35 86.95 2.55
G86.7 1023 2.06 86.35 B85.96 Q.60
G687.29 1023 2.05 85.94 85.96 0. 80
685.68 1023 2.04 85.53 B7 0.589

~ Ay v A @ 0 . d' 7
MNN 4.32 Na‘Vlllﬂﬁ]"lﬂﬂﬁﬂﬂﬁi’)ﬂ"lﬁlﬂﬂﬂ"lﬂ"luI‘]Jiuﬂill HyperTerminal ‘VII‘Viaﬂ 250 T’E]‘VHJLLE‘I%

<3 A {
Youn11151813984 (speed reference) 1 5.5 m/s



845

109

!
840 f
£ 835
—
t 830
© 1%
G 825 [k|kk
=
o 820 f:
= [l
= 815
=
T 810
805 —
by ; ; ; —— set point value
' ' ' e process value
800 | | | | | |
0 10 20 30 40 50 60 70 80

Time scale 0to 75 s

MNA 4.33 FeuMeun1uE159U910 DS 1104 AUNIUszuIanann PIC18F4431 71 1vaa 250

4 <3 a {
To¥u nazilounnui3181984 (speed reference) 11 5.5 m/s

A A I A a Y 1
INNINN 4.26, 4.28, 4.30UasNINN 4.32 Wuwanisnaasantnaanmsdoua

< iAo (% o v : o < ]
ﬂ'J']iJlﬁ'JﬁiJﬁWﬂﬂ 5.5 m/s Llﬁz‘ﬂﬂﬁ@‘ﬂﬂﬂjﬁaﬂﬂ')nJﬁHuV]’]u@nJﬁ’]ﬂﬂ é}?ﬁmmimumu

L& o Anywd 0 g o < =
Tdsunsw HyperTerminal cmﬂm‘lﬂuu%mm NADAANNINNT 4.27, 4.29, 431 LATNINN 4.33

=

A a P P} i ¥ A
LW'E)'JmS'lgﬁﬂqﬂ'ﬂﬂl!ﬂﬁﬂi'}u‘u@\ﬁm?;!ﬁVlllﬂa\ﬂu@']i%ﬁ/l 4.5

. A5 .
M3197 4.5 M31loun1N5181994 (speed reference) N 5.5 m/

Traadadumu(lo) ANy ANVBAVULIATIIU manulsilsim

799.8645 4.434094

100 0.73456
799.2599 5.168653
809.5675 4218817

150 0.385556
807.2574 3.833261
830.5925 9.636467

200 1.00835
827.5444 10.64482
821.6581 6.764388

250 0.2746
821.5834 7.038993
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~ 3 Y A Y, 3 Y a ~
210A15199 4.5 32U 183191015 N1l uA11u15281989 (speed reference) 1 5.5 m/s
=1 d' o W 3’/ 1 9 < d' o
pazimanlasunaslvaaamudrauiu Arnnuulslsiuvesveyannwiisen AMng

~ 1A = ] A o Y
nageumavegi 0.60076 Hvagluaansoniyla

d' L= 1 [ d' 9 4' o A Y é o
13191 4.6 Waﬂﬁ‘ﬂu“ﬂﬂﬂWﬂﬁ%LLﬁlLazuiﬂﬂu‘l’lulﬂmﬂlﬂi’f)\iﬂ%uﬂul“l’\lWWﬂﬁ%!Lﬁﬁ'N“]N‘I/ﬂfﬂi

{ % d A 1]
asuulasTnaadidunuanmstleunuiE181984 (speed reference) 1 5.5 m/s

Tnaadadumu (Torfn) | nszuaiiiald wewnl$) usauiisald (Taad)
100 1.54 170
150 1.25 170
200 0.90 165
250 0.72 160

! < 1 1 <3 a 1
NAM3197 4.6 3z3in 1819193 NTleUANNTI91984 (speed reference) 7 5.5 m/s UL
= d' o 2’, o [ 1 [ a' o a d' 9 d' 1
imsasundasIvaamudiauiu simsiamnszuauaziussduanaiosnuian lailion
Y v 1] 9
anudumugeunszua lfhagdndawans sau Tdhaziaunuau

<3 a {
4) M3tloun11u157181984 (speed reference) 1 9 m/s

v

=<

a 1 ] a Ao < J 4
"“INﬁ]gW%TﬁmTiﬁ)@f{l‘iuﬁﬁ’NlﬂuﬂW‘Wﬂﬂﬂ'ﬂiﬂi? m@ﬂﬂ@L@ﬂiﬁ@ﬂﬁUﬂNﬂlﬂﬁﬁﬂﬂTﬁ

79 ¥ == [ A Aa o [ 1%
WIDDT IMAINNLTIAY 176 178N 80% V93 fiNA Azl UAALTIAUIAAIAT UL
< ~ A a =1
- inuranszua 750 ANNAT 75 31N
Y x ] v
-Aulas wsesnuia lWihnszuaasanenageuilszansammnla
9 [ 1 I~} 4 4 o
-nagel Tvaannud unulsuai 4 adil 100 Teviw, 150 Teny, 200 loviuua
4 o o
250 To¥iy muaIa

< v
- inuRamMsnagoURIU 115105y HyperTerminal
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PIC18F4431

HyperTerminal Resistance Load

A ~ 9 S 1 9 s Y a
NNN 4.34 ﬂ’]ﬁl@iﬂnﬂﬁ’]ﬂWﬁﬂN“ﬂ'ﬂﬂQﬂﬂim ADUMITNATOUMTUDUANNTID DY

(speed reference) 19 m/s

File Edit Format View Help
1023 943.97 A 7 29,24 98. 44 2.81
1023 949.19 2 7 a9, 24 100.7 3.02
1023 954.41 2.38 99.65 100.7 3.05
1023 957.46 2.38 99.65 96. 85 2092
1023 960. 51 2 7 Q9. 24 96. 85 2.92
1023 961.89 2.37 Q9. 24 g98.12 2071
1023 a63. 27 2.39 100.47 98.12 2.92
1023 965.16 2.35 B.63 i ST
1023 967.05 2.38 99.65 a7 W=l
1023 969. 69 2 v ag9.44 7 .07 2.7
1023 a72.33 2.386 98.83 7 7 2.44
10232 972.33 2.36 98.83 99.4. 2./71
1023 a72.34 2037 Q9. 24 99.1 3.44
jL1ozz a74.75 2.328 99.65 7.51 2.5
jLezz 977.16 2.35 98.63 7.51 32.07
1023 a76. 07 2.36 98.83 100.2 2.44
1023 ar74.97 2.36 98. 83 100.2 2.39
1023 a77.1 2.36 98.83 965. 98 3.49
1023 a79.23 2.35 98.42 96. 98 3.26
|1023 77 .87 2.35 98.42 100. 07 2.7
|J_023 976.5 2.36 98.83 100. 07 2.71
10232 a79.15 2 7 Q9,44 97.08 2.44
1023 981.8 2.36 98.83 7.08 3.31
1023 981.37 2.36 98.83 99. 54 2.92
1023 a80.94 2+.33 98.63 99. 54 2.44
1023 ag2.35 2.34 a8.22 T 3.34
1023 983.75 2.33 97.6 7.1 2.63
1023 984.09 2.33 7B 7.55 3.39
1023 a984.43 2.32 97.19 97.55 3.39
10232 985.11 2.32 97.19 96. 81 2.886
10232 9B5.78 2.31 96.78 96. 81 32.18
10232 985.96 2.32 97.19 97.31 2.65
10232 986.14 2.323 97.6 97.31 2.05
10232 986. 8 2.324 ag.22 97 .85 32.18
10232 Q87 .46 2.324 ag.22 97 .85 2.55
‘1023 QBE. 57 2.324 Q8. 01 97.2 3.28
P

a Ay v N . i ¢
MNN 4.35 W’d‘ﬂulﬂi]1ﬂﬂ1§ﬂﬂﬁﬂﬂcﬁﬂlﬂﬂﬂ1w1u1ﬂﬁuﬂih HyperTerminal N lvaa 100 Toviu tag

<3 A {
Youn1u13181384 (speed reference) 11 9 m/s



980

970

960

950

ght speed shaft rpm

T 920
910

900

MNA 4.36 (TouMeuA1NE30UIN DS 1104 AUMIUTZUIaHaN PICISF4431 11 1van

940 |-+

930

—— set point value
process value

<3 A {
100 Toruuazilenun1u5381984 (speed reference) N1 9 m/s

Time scale0to75s

File

Edit Format View Help

1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023

Fl

812.

811
811

810.
810.
811.
811.
811.
811.
812,
812.
812.
812,
812.
812.
B12.
812.
870.
870.
683,
683,
B48.
B48.
770,
831.
831.
794,
794,
B22.
822.
803,
803,
816,
816.
810.
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101.
100.
100.
100.
100.
100.
101.
101.
101.
101.
101.
101.
101.
101.
101.
101.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
101.
101.
100.
101.

101.
100.
100.
100.
101.
100.
101.
101.
101.
100.
100.
1o01.
100.
100.
100.
101.
100.
101.
101.
100.
101.
101.
100.
101.
101.
100.
101.
100.
101.
100.
100.
101.
100.
100.
101.
100.
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MNA 4.38 1SeuMeun1NEI59U10 DS 1104 AUNIUszuianann PIC18F4431 71 1vaa 150

7 9 3 ¥ a A
I@WNLL@%‘]J@H?’I’JHJLTJ@NEN (speed reference) N 9m/s

File Edit Format Wiew Help

1023 922.35 2.44 103.54
10232 922.65 2.43 103.13
1023 922.96 2.42 103.74
1023 926.09 2.43 103.7
1023 929.23 2.4 103.74
1023 928.77 2.41 102.51
1023 928.31 2.42 103.33
1023 929.69 2.42 103.13
1023 931.07 2.42 102.31
1023 933.05 2.42 102.51
1023 935.03 2.43 102.92
1023 933.44 2.43 103.33
1023 931.85 2.44 103.23
1023 936.93 2.45 103.85
1023 942.02 2.45 103.54
1023 936.66 2.45 103.33
1023 931.3 2.44 102.92
1023 940.98 2.432 102.51
1023 950.67 2.46 103
1023 942.87 2.44 103.74
1023 935.04 2.45 103. 54
1023 942.7 2.46 103.54
1023 950.36 2.46 103.13
1023 945.91 2.46 103.74
1023 941.45 2.47 103.7
1023 943.98 2.48 103.7
1023 946.52 2.49 102.51
1023 946.05 2.47 103.33
1023 945.57 2.48 103.13
1023 945.78  2.47 102.31
1023 946 2.47 102.51
1023 946.17  2.47 102.92
1023 946.33 2.47 103.33
1023 947.49 2.49 103.323
10232 94E8.65 2.46 103.95
1023 949.38 2.47 102.51

P b R i R R R R R P R R B P R R R R R R P B R P R R R R B R R R R R R

~ A v A @ 0 . d' 7
NMNN 4.39 Na‘Vlllﬂﬁ]"lﬂﬂﬁﬂﬂﬁi’)ﬂ"lﬁlﬂﬂﬂ"lﬂ"mIﬂiuﬂill HyperTerminal 'VII‘VF'GW] 200 T’E]"VHJ ag
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Youn1115181984 (speed reference) 11 9 m/s
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MNA 4.40 5ouMouA1NET9UIN DS 1104 AUNIUTZUIaRan PICISF4431 11 1Waa 200

¢ 9 3 Y a =
Tovuuazilounui3191909 (speed reference) N 9 m/s

File Edit Format View Help

1023 984.89 2.46 103.132 102.1 2.43
1023 9B2.89 2.45 102.92 102.1 2.43
1023 984 .89 2.46 103.13 102.1 2.47
1023 988.81 2.47 103.54 101.7 2.47
1023 982.89 2.45 102.92 100.67 2.47
1023 982.89 2.45 102.92 101.49 2.48
1023 975.06 2.43 102.1 101.9 2.47
1023 a7F8.97 2.44 102,51  101L.7 2.47
1023 975.06 2.43 102.1 l01.49 2.46
1023 975.06 2.43 102.1 101.7 2.45
1023 975.06 2.43 102.1 A101.29 2.45
1023 975.06 2.43 102.1 101.49 2.47
1023 971.24 2.42 101.7 101.9 2.45
1023 961.40 2.4 100.67 102.1 2.46
1023 969.22 2.42 101.49 102.92 2.47
1023 973.15 2.43 101.9 102.72 2.47
1023 971.24 2.42 101L.7 102.72 2.47
1023 969.22 2.42 101.49 102.31 2.45
1023 97r1.24 2.42 101.7 102.1 2.45
1023 967.32 - 2.41 101.29 101.7 2.49
1023 969.23 2.42 101.49 101.7 2.47
1023 973.15 2.43 101.9 101.7 2.47
1023 975.06 2.432 102.1 101.29 2.47
1023 982.89 2.45 102.92 100.67 2.45
10232 980.98 2.45 102.72 101.29 2.46
1023 980.98 2.45 102.72 101.29 2.45
1023 9r7.06 2.44 102.31 100.47 2.45
1023 97r5.06 2.43 102.1 101.9 2.45
1023 9r1l.24 2.42 101.7 101.7 2.45
1023 971.24 2.42 101.7 100.47 2.44
1023 971.24 2.42 104.7 100.47 2.329
1023 967.32 2.41 101.29 100.88 2.43
1023 9561.40 2.4 100.67 100.88 2.46
1023 967.32 2.41 101.29 102.1 2.43
1023 967.32 2.41 101.29 101.08 2.43
1023 959.49 2.329 100.47 101.49 2.45
4
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Tvaadadunmu(Tov) ADAY ANTIIUUNINTFIY Anuulslsu

941.284 8.141007

100 2.43083
938.5544 10.5714
963.4277 4.334797

150 0.67265
963.1822 5.007452
984.6721 6.385941

200 0.111027
985.5822 6.274913
981.6444 8.605815

250 0.024398
981.7527 8.581416
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100 1.5 187
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200 1.12 185
250 0.82 180
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MICROCHIP PIC18F2331/2431/4331/4431

28/40/44-Pin Enhanced Flash Microcontrollers with
nanoWatt Technology, High Performance PWM and A/D

14-bit Power Control PWM Module:

* Up to 4 channels with complementary outputs

* Edge- or center-aligned operation

* Flexible dead-band generator

* Hardware fault protection inputs

* Simultaneous update of duty cycle and period:
- Flexible special event trigger output

Motion Feedback Module:

* Three independent input capture channels:

- Flexible operating modes for period and pulse
width measurement

- Special Hall Sensor interface module
- Special event trigger output to other modules
* Quadrature Encoder Interface:
- 2 phase inputs and one index input from encoder

High and low position tracking with direction
status and change of direction interrupt

Velocity measurement

High-Speed, 200 Ksps 10-bit A/D Converter:

Up to 9 channels

Simultaneous two-channel sampling

Sequential sampling: 1, 2 or 4 selected channels
Auto-conversion capability

4-word FIFO with selectable interrupt frequency
Selectable external conversion triggers
Programmable acquisition time

Flexible Oscillator Structure:
= Four crystal modes up to 40 MHz
= Two external clock modes up to 40 MHz
* Internal oscillator block:
- 8 user selectable frequencies: 31 kHz to 8 MHz
- OSCTUNE can compensate for frequency drift
= Secondary oscillator using Timer1 @ 32 kHz
* Fail-Safe Clock Monitor:
- Allows for safe shutdown of device if clock fails

Power-Managed Modes:

* Run CPU on, peripherals on

Idle CPU off, peripherals on

Sleep  CPU off, peripherals off

Idle mode currents down to 5.8 pA typical
Sleep current down to 0.1 pA typical
Timer1 oscillator, 1.8 pA typical, 32 kHz, 2V
Watchdog Timer (WDT), 2.1 uA typical
Two-Speed oscillator start-up

Peripheral Highlights:

* High current sink/source 25 mA/25 mA

* Three external interrupts

* Two Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (Tcy/16)
- Compare is 16-bit, max. resolution 100 ns (TCY)
- PWM output: PWM resolution is 1 to 10 bits

* Enhanced USART module:
- Supports RS-485, RS-232 and LIN 1.2
- Auto-Wake-up on Start bit
- Auto-Baud detect

* RS8-232 operation using internal oscillator block
(no external crystal required)

Special Microcontroller Features:

+ 100,000 erasefwrite cycle enhanced Flash
program memory typical

= 1,000,000 erase/write cycle data EEPROM

memory typical

Flash/data EEPROM retention: 100 years

Self-programmable under software control

Priority levels for interrupts

8 X 8 Single-cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

Single-supply In-Circuit Serial Programming ™

(ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

- Drives PWM outputs safely when debugging

123

Program Memory Data Memory SSP .

10-bit 2 B | 14-bit
. 8T Timers
Device | Flash | #Single-Word | SRAM | EEPROM [ /O | A/D | CCP| | Slave | EUSART| 5 g | PWM | o 0 0

(bytes) | Instructions |(bytes)| (bytes) {ch) 12cm™ g | (ch)
PIC18F2331| 8192 4096 768 256 24 5 2 |y Y Y Y 6 113
PIC18F2431 | 16384 8192 768 256 24 5 2| Y Y Y ¥ 6 1/3
PIC18F4331| 8192 4096 768 256 36 9 2 | Y Y Y Y 8 1/3
PIC18F4431( 16384 8192 768 256 36 9 2 | Y Y Y Y 8 113

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

Pin Diagrams

28-Pin SDIP, SOIC

MCLRA/PP/RE3 — [ |+ 1 28 [ ] «— RB7/KBI3/PGD
RAO/ANO «— [ 2 27 ] «=— RB6/KBI2/PGC
RA1/ANT =—— [] 3 26 [ ] ~— RBS/KBI1/PWM4/PGMIT)
RA2/AN2AVREF-ICAP1/INDX =——= [[| 4 _ 25 ] <— RBA/KBIO/PWMS
RA3/AN3/VREF+/(CAP2/QEA =—— [|5 @ 24[ ] «— RBI/PWM3
RA4/AN4/CAP3/QEB — []6 & 23[]<—= RB2APWM2
AVoD — [|7 ﬁ 22 [[]=— RBI/PWM1
Avss — []8 L 21[]<—= RBOPWMO
OSC1/CLKI/RA7 =— [|9 & 20[]=—— VDD
OSC2/CLKO/RAS +— [|10 @& 19 [ ]+—— Vss
RCO/T10SO/T1CKI -— [| 11 18 [ ] «+——= RC7/RX/DT/SDO
RC1/T10SI/CCP2/FLTA =~— [ 12 17 [[] «=— RCB/TX/CK/SS
RC2/CCPA/FLTE ~— [ 13 16 [_] =——= RCS/INT2/SCK/SCL
RC3/TOCKITSCKI/INTO =— [ | 14 15 [_] «——= RC4/INT1/SDI/SDA
Note 1: Low-voltage programming must be enabled.
40-Pin PDIP
MCLRA/PP/RE3S ——[] 1 DX 40 [1 =— RB7/KBI3/PGD
RAO/ANO «—[] 2 39 [0 «— RB6/KBI2/PGC
RA1T/AN1 O3 380 RB5/KBI1/PWM4/PGMIZ)
RA2/AN2A/REF-/CAP1/INDX <«—[] 4 37 [] «=—= RB4/KBIO/PWMS5
RA3/AN3/VREF+/CAP2/QEA +—=[] 5 36 [1 =— RB3/PWM3
RA4/AN4/CAP3/QEB «——[] 6 s 35 [] <— RB2/PWM2
RAS5/ANS/LVDIN +—[] 7 s 34 [0 «—» RB1/PWM1
REO/ANG <—[] 8 = 33 [ =— RBO/PWMO
RE1/AN7 =—=[] g ] 32 [1 +—— VoD
RE2/AN8 <—— [] 10 & 313 Vss
AVDD O e 30 [1 «=— RD7/PWM7
AVss — w12 O 290 RD6/PWM6E
OSC1/CLKIRA7 =—[] 13 o 28 [ =—= RD5/PWM4¥)
OSC2/CLKO/RA6 <—[] 14 27 [0 «——» RD4/FLTA®
RCO/T10SO/TACKI <«—[] 15 26 [ =— RC7/RX/DT/SDOM)
RC1/T10SI/CCP2/FLTA «+—[] 16 25 [ «—» RCB/TX/CK/SS
RC2/CCP1/FLTB <+—[] 17 24 [J «— RC5/INT2/SCKW/sCLM
RC3TOCKINT5CKININTO +—=] 18 23 [1 «— RC4/INT1/SDIW/SDAM
RDO/TOCKI/TSCKI <+—[] 19 2203 RD3/SCK/SCL
RD1/SDO <—[] 20 21 [1 =— RD2/SDI/SDA
Note 1: RC3 is the alternate pin for TOCKI/TSCKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

for SCK/SCL.

2: Low-voltage programming must be enabled.
RD4 is the alternate pin for FLTA.

4: RD5 is the alternate pin for PWM4.

DS39616B-page 2
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PIC18F2331/2431/4331/4431

1.3
Members

Details on Individual Family

Devices in the PIC18F2331/2431/4331/4431 family are
available in 28-pin (PIC18F2X31) and 40/44-pin
(PIC18F4X31) packages. The block diagram for the

two groups is shown in Figure 1-1.

The devices are differentiated from each other in three

ways:

1. Flash program memory
PIC18F2X31 devices,
PIC18F4X31).

16 Kbytes

for
for

(8 Kbytes

2. A/D channels (5 for PIC18F2X31 devices, 9 for
PIC18F4X31 devices).
3. /O ports (3 bidirectional ports on PIC18F2X31
devices, 5 bidirectional ports on PIC18F4X31

devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and

125

Table 1-3.
TABLE 1-1: DEVICE FEATURES
Features PIC18F2331 PIC18F2431 PIC18F4331 PIC18F4431

Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 8192 16384 8192 16384
Program Memory (Instructions) 4096 8192 4096 8192
Data Memory (Bytes) 768 768 768 768
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 22 22 34 34

110 Ports Ports A, B, C Ports A, B, C Ports A, B, C,D, E|Ports A, B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM modules 2 7 2 2
14-bit Power Control PVWM (6 Channels) (6 Channels) (8 Channels) (8 Channels)
Motion Feedback module 1QEl 1 QEl 1 QEI 1 QEl
(Input CapturefQuadrature Encoder or or or or
Interface) 3xIC 3xIC 3xIC 3xIC
Serial Communications SSP, SSP, SSP SSP,

Enhanced USART

Enhanced USART

Enhanced USART

Enhanced USART

10-bit High-Speed
Analog-to-Digital Converter module

5 Input Channels

5 Input Channels

9 Input Channels

9 Input Channels

Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, PCOR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow | Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
WDT WDT WDT WDT
Programmable Low-voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
Packages 28-pin SDIP 28-pin SDIP 40—p|n DIP 40—p|n DIP
28-pin SOIC 28.pin SOIC 44-pin TQFP 44-pin TQFP
44-pin QFN 44-pin QFN
© 2003 Mierochip Technology Inc. Preliminary DS39616B-page 9
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PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM

Data Bus<8>
@ A PORTA

2 Table Pointer<21> Data Latch
K

8 18 Data RAM L
21 inc/dec logic (768 bytes) T

RAO/ANO

RAT/ANT

RA2/AN2NREF-ICAP1/INDX

RASIANINREF +/CAP2IQEA

RA4/AN4/CAP3/QEBR
RAS/ANS/LYDIN

521 Adress Latch OSC2ICLKOIRAS

Address Latch || [ 20, ||PCLATU[PCLATH OSC1/CLKIRAT

Program Memory

Program Counter

T

PORTB

RBO/PWMO
RB1/PVWM1

RB2/PWM2

12 L RB3/PWM3

RB4/KBIO/PWMS

RBS/KBH/PWM4/PGM@Y
RB6/KBI2/PGC
RB7/KBI3/PGD

Data Latch

[Banko_F

31 Level Stack

]l
rd

ROMLATCH

PORTC

D RCOT10SOTICKL
] RCAIT10SIICCP2/FLTA®
]| RC2/CCP1/FLTB

> RCHTOCKITSCKIANTOR!
) RC4/INT1/SDISDAE)

X RCH/NT2/SCK/SCLS

| RCBITX/CKISS

Y| RCTIRX/DT/SDO*

I

Ins“uaion <=
Decode &

Control

12t

Power-up
0SC2/CLKO -
Timer F+—-X] RDOANTOCKI/T5CKI
Timing . S — RD1/SDO
OSC1/CLKI ? <#> Oscillator
Generation Startup Timer| S RD2/SDI/SDA
T108I S RD3/SCK/SCL
< Power-on +—=X] RD4FLTAD
1956 Reset +—=[X] RD5PAM4®)
AXPLL (= T +—+[X] RDE/PIMS
Thaty RD7/PWM7
Precision Brown-out g
Band Gap => Reset ™ PORTE
Reference Ll
Power -—-B REQ/ANG
—e Managed
MOLRNe —————————1| }ode Logic Lt | M Rty
N '& RE2/ANS
X MetRAerRERM
VoD, Vas &— "
T BN e 1/ Lnj HS A1 [;J(-:bit le—Ddavon, Avss

i it it it
v v v v v v

CCP1 Synchronous
Data EE éép2 Serial Port EUSART PCPWM MFM

Note 1: RE3 is available only when MCLR is disabled.
2: RD4 is the alternate pin for FLTA.

3: RC3, RC4 and RCS5 are alternate pins for TOCKI/T5SCKI, SDI/SDA, SCK/SCL
respectively.

4: RD5 is the alternate pin for PWM4.

® 2003 Microchip Technology Inc. Preliminary DS39616B-page 11



PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin )
Pin Name Number TPm Buffer Description
ype| Type
DIP |SOIC
PORTC is a bidirectional /O port.
RCO/T10SOM1CKI 1 il
RCO 11O ST Digital 1/0.
T10S0 (0] — Timer1 oscillator output.
T1CKI | ST Timer1 external clock input.
RC1/T10SI/CCP2/FLTA 12 | 12
RC1 11O ST Digital 1/0.
T108SI | |CMOS | Timer1 oscillator input.
CCP2 11O ST Capture2 input, Compare?2 output, PWM2 output.
FLTA | ST Fault interrupt input pin.
RC2/CCP1/FLTB 13 | 13
RC2 [le] ST Digital 1/O.
CCP1 l{e} ST Capture1 input/Compare1 output/PWM1 output.
FLTB | ST Fault interrupt input pin,.
RC3/TOCKI/TSCKI/INTO 14 | 14
RC3 [le] ST Digital 1/O.
TOCKI | ST TimerQ alternate clock input.
TSCKI | ST Timer5 alternate clock input.
INTO | ST External interrupt 0.
RC4/INT1/SDI/SDA 15 15
RC4 l[e] ST Digital 1/0.
INT1 | ST External interrupt 1.
SDI | ST SPI™ data in.
SDA [lle] ST 12C™ data 1/0.
RCS5/INT2/SCK/SCL 16 | 16
RC5 [l{e] ST Digital I/O.
INT2 | ST External interrupt 2.
SCK le} ST Synchronous serial clock input/output for SPI mode.
SCL lie] ST Synchronous serial clock input/output for 12C mode.
RCB/TX/CK/SS 17 | 17
RC6 11O ST Digital 1/Q.
> (0] — USART Asynchronous Transmit.
CK le] ST USART Synchronous Clock (see related RX/DT).
ss [ TTL SPI Slave Select input.
RC7/RX/DT/SDO 18 | 18
RC7 le] ST Digital I/O.
RX | ok USART Asynchronous Receive.
DT l{e} ST USART Synchronous Data (see related TX/CK).
SDO 0 — SPI data out.
Vss 8,19(8,19| P — |Ground reference for logic and I/O pins.
VDD 7,2017,20| P —  |Positive supply for logic and I/O pins.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Qutput P = Power
OD = Open-Drain (no diode to VDD)

DS39616B-page 14
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS
Pin N Pin Number Pin | Buffer D ot
in Name DIP [TQFP| QFN | Type | Type escription
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pin is an active-low.
Reset to the device.
VPP B Programming voltage input.
RE3 | ST Digital input. Available only when MCLR is disabled.
OSC1/CLKIIRA7 13 30 32 Oscillator crystal or external clock input.
osC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI | |CMOS| External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO pins.)
RA7 /O | TTL General purpose 1O pin.
OSC2/CLKO/RAB 14 31 33 Oscillator crystal or clock output.
osC2 (@] — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO 6] — In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denctes the instruction cycle rate.
RAB WO | TTL General purpose /O pin.
PORTA is a bidirectional 1/O port.
RAO/ANO 2 19 18
RAO MO Digital 1/0.
ANO | |Analog| Analog input 0.
RA1T/AN1 3 20 20
RA1 Q| TTL Digital 1/0.
AN1 | |Analog| Analog input1.
RA2/AN2/VREF-fCAP1/| 4 21 21
INDX
RA2 o | TTL Digital 1/0.
AN2 | [Analog| Analog input 2.
VREF- | |Analog| A/D Reference Voltage (Low) input.
CAP1 | ST Input capture pin 1.
INDX I ST Quadrature Encoder Interface index input pin.
RA3/AN3/VREF+ by 22 22
CAP2/QEA
RA3 o | TTL Digital 1/0.
AN3 | |Analog| Analog input 3.
VREF+ | |Analog| A/D Reference Voltage (High) input.
CAP2 | ST Input capture pin 2.
QEA | ST Quadrature Encoder Interface channel A input pin.
RAA/ANA/ICAP3IQEB | 6 28 G
RA4 Qo | TTL Digital 1/0.
AN4 | |Analog| Analog input 4.
CAP3 | ST Input capture pin 3.
QEB | ST Quadrature Encoder Interface channel B input pin.
RAS/ANS/LVDIN ¥ 24 24
RAS Qo | TTL Digital /0.
ANS | |Analog| Analog input5.
LVDIN | |Analog| Low-voltage Detect input.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
@] = Qutput P = Power
OD = Open-Drain (no diode to VDD)

® 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TABLE 1-3:  PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name PN Muinber PRt f Bufrer Description
DIP [TQFP] QFN | Type| Type P
PORTB is a bidirectional /O port. PORTE can be software
programmed for internal weak pull-ups on all inputs.

RBO/PWMO 33 8 9

RBO 1o | TTL Digital 1/O.

PWMO 0 TTL PWM output 0.
RB1/PWM1 34 9 10

RB1 110 | TTL Digital 1/O.

PWIM1 0 TTL PWM output 1.
RB2/PWWM2 35 10 1

RB2 1o | TTL Digital 1/O.

PWIM2 0 TTL PWM output 2.
RB3/PWM3 36 ik 12

RB3 11O | TTL Digital 1/0.

PWV3 0 TTL PWM output 3.
RB4/KBIO/PWMS 37 14 14

RB4 11O | TTL Digital 1/O.

KBIO | TTL Interrupt-on-change pin.

PWIVIS 0] TTL PWM output 5.
RBS5/KBI1/PWM4/ 38 15 15
PGM

RB5 110 | TTL Digital 1/O.

KBI1 | [Tl Interrupt-on-change pin.

PWIV4 0 TTL PWM output 4.

PGM 110 ST Low-voltage ICSP programming entry pin.
RB6/KBI2/PGC 39 16 16

RB6 11O | TTL Digital 1/O.

KBI2 | TTL Interrupt-on-change pin.

PGC 11O ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 17

RB7 1o | TTL Digital 1/0.

KBI3 | TTL Interrupt-on-change pin.

PGD 110 ST In-Circuit Debugger and ICSP programming data pin.

Legend: TTL =TTL compatible input

ST = Schmitt Trigger input with CMOS levels

(6] = Qutput
OD = Open-Drain (no diode to VDD)

CMOS = CMOS compatible input or output
| = Input
P = Power

DS39616B-page 16
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT 1/O0 DESCRIPTIONS (CONTINUED)

130

Pin Name P MRMBE Pin | Butter Description
DIP |[TQFP| QFN [Type| Type P

PORTC is a bidirectional I/O port.
RCOM10SOTI1CKI 15 32 34

RCO 1o | 8T Digital 1/O.
T1080 6} — Timer1 oscillator output.
T1CKI | ST Timer1 external clock input.
RCUT108IICCP2/ 16 35 35
FLTA
RC1 o | 8T Digital 1/O.
T108I I |CMOS| Timer1 oscillator input.
CCP2 1O ST Capture2 input, Compare?2 output, PWM2 output.
FLTA | ST Fault interrupt input pin.
RC2/CCP1FLTB 17 | 36 | 36
RC2 /o | ST Digital 1/O.
CCP1 /O ST Capture? input/Comparel output/PWM1 output.
FLTB | ST Fault interrupt input pin.
RC3TOCKITSCKI 18 37 37
INTO
RC3 /o | 8T Digital 1/O.
TOCKI | ST Timer0 alternate clock input.
TSCKI | ST Timer5 alternate clock input.
INTO | ST External interrupt O.
RCA4/INT1/SDI/SDA 23 42 42
RC4 1o | ST Digital 1/O.
INT1 | ST External interrupt 1.
SDI | ST SPI Data in.
SDA /o | ST 12C Data I/0.
RCSANT2/SCKISCL | 24 43 43
RCS 1o | 8T Digital 1/O.
INT2 | ST External interrupt 2.
SCK /O ST Synchronous serial clock input/output for SPI mode.
SCL 11O ST Synchronous serial clock input/output for 12C mode.
RCBITX/CKISS 25 44 44
RC6 /o | 8T Digital 1/O.
X ] —_ USART Asynchronous Transmit.
CK 11O ST USART Synchronous Clock (see related RX/DT).
S8 | ST SPI Slave Select input.
RC7/RX/DT/SDO 26 1 1
RC7 /1o | ST Digital 1/O.
RX | ST USART Asynchronous Receive.
DT I} ST USART Synchronous Data (see related TX/CK).
SDO 0 — SPI Data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
(0] = Qutput P = Power

OD = Open-Drain (no diode to VDD)

© 2003 Microchip Technology Inc. Preliminary DS39616B-page 17



PIC18F2331/2431/4331/4431

TABLE1-3:  PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name PN Number Pin. || EfEr Description
DIP [TQFF] QFN | Type| Type i
PORTD is a bidirectional I/O port, or a Parallel Slave Port
(PSP) for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDO/TOCKITSCKI 19 38 38
RDO 1o | ST Digital 1/O.
TOCKI | ST TimerQ external clock input.
T5CKI | ST Timer5 input clock.
RD1/SDO 20 39 39
RD1 fo | sT Digital 1/O.
SDO o) — SPI Data out.
RD2/SDI/SDA 21 40 40
RD2 /o | 8T Digital 1/O.
SDI | ST SPI Data in.
SDA o | ST 12C Data I/0.
RD3/SCK/SCL 22 41 4
RD3 Ifo | 8T Digital 1/O.
SCK 110 ST Synchronous serial clock inputioutput for SPI mode.
SCL 110 ST Synchronous serial clock input/output for 12C mode.
RD4/FLTA 27 2 2
RD4 /o | 8T Digital 1/O.
FLTA | ST Fault interrupt input pin.
RDS5/PWM4 28 3 3
RDS /o | sT Digital 1/O.
PWIV4 o | TTL PWM output 4.
RD6/PWME 29 4 4
RD6 /o | sT Digital 1/O.
PWIVIE O | TTL PWM output 6.
RD7/PWM7 30 ) 5
RD7 /o | sT Digital 1/O.
PWIM7 O | TTL PWM output 7.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

(0] = Qutput
OD = Open-Drain (no diode to VDD)

CMOS = CMOS compatible input or output
| = Input
P = Power

DS39616B-page 18
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TABLE 1-3: PIC18F4331/4431 PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number Pin | Buffer
DIP |TQFP| QFN | Type| Type
PORTE is a bidirectional 1O port.
REO/ANG 8 25 25
REO 110 sT Digital /0.
ANG | [Analog| Analog input 6.
RE1/AN7 g 26 26
RE1 lle] ST Digital /0.
AN7 | |Analog| Analog input?.
RE2/ANS 10 27 27
RE2 lle] ST Digital /0.
ANS | |Analog| Analog input 8.
Vss 12, 16,29 (6,30, P — |Ground reference for logic and I/O pins.
31 31
VDD 11,32 7,28 | 7, 8, P — |Positive supply for logic and 1/O pins.
28,
29
NC — 12, 13 NC NC |No connect
18
33, 34
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
0] = Qutput P = Power
OD = Open-Drain {no diode to VDD)

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

2.0 OSCILLATOR
CONFIGURATIONS

21 Oscillator Types

The PIC18F2331/2431/4331/4431 devices can be
operated in 10 different oscillator modes. The user can
program the configuration bits FOSC3:F0ScO in Config-
uration register 1H to select one of these 10 modes:

1. LP Low-power Crystal
2. XT Crystal/Resonator
3. HS High-speed Crystal/Resonator
4. HSPLL High-speed Crystal/Resonator

with PLL enabled

5 RC External Resistor/Capacitor with
Fosc/4 output on RAG

6. RCIO External Resistor/Capacitor with
1/0 on RA6

7. INTIO1 Internal Oscillator with Fosc/4
output on RAG6 and 1/0 on RA7

8. INTIO2 Internal Oscillator with 1/0 on RAG
and RA7

9. EC External Clock with FOsc/4 output

10. ECIO External Clock with /O on RA6

2.2  Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HSPLL oscillator modes, a crystal or
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections.

The oscillator design requires the use of a parallel cut
crystal.

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, LP, HS OR HSPLL
CONFIGURATION)
¢ osct [ '[:
I l To
s Internal
CIXTAL SR Logic
| = Sleep
colt 0SC2 PIC18FXXXX|

Note 1: See Table 2-1and Table 2-2 for initial values of
C1and C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

Note: Use of a series cut crystal may give a
frequency out of the  crystal

manufacturers’ specifications.

TABLE 2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Typical Capacitor Values Used:

Mode Freq 0sC1 0sc2
XT 455 kHz 56 pF 56 pF

2.0 MHz 47 pF 47 pF

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes on page 22 for additional information.

Resonators Used:

455 kHz 4.0 MHz

2.0 MHz 8.0 MHz

16.0 MHz

© 2003 Microchip Technology Inc.
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TABLE 2-2: CAPACITOR SELECTION FOR An external clock source may also be connected to the
CRYSTAL OSCILLATOR OSC1 pinin the HS mode, as shown in Figure 2-2
crpita | T Caperoryalues FIGURE 2-2: EXTERNAL CLOCK INPUT
OscType|  “grog OPERATION (HS OSC
<1 cz CONFIGURATION)
200 kHz 15 pF 15 pF Closk fram _I>0_, o
XT 1 MHz 3 pF 33 pF Ext. System PICIBFXXXX
4 MHz 27 pF 27 pF Open +—— oscz (S Mode)
HS 4NHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF
Capacitor values are for design guidance only. 2.3 HSPLL

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VoD and temperature range for the application,

See the notes following this table for additional
information.

Crystals Used:
32 kHz 4 MHz
200 kHz 8 MHz
1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of ascillator, but also increases the start-
up time.

2: When operating below 3V VDD, or when
using certain ceramic rescnators at any
voliage, it may be necessary to use the
HS mede or switch to a crystal oscillator.

3! Since each resonatorfcrystal has its own
characteristics, the user should consult
the resonatoricrystal manufacturer for
appropriate  values  of  external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

§: Always verify oscillator performance over
the VDD and temperature range that 1s
expected for the application

A Phase Locked Loop (PLL) circutt is provided as an
option for users who wish to use a lower frequency
crystal oscillator circuit, or to clock the device up toits
highest rated frequency from a crystal oscillator. This
may be useful for custorners who are concerned with
EMI due to high-frequency crystals.

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produse an internal
clock frequency up to 40 MHz.

The PLL is enabled only when the oscillator configura-
tion bits are programmed for HSPLL mode. If
programmed for any other mode, the PLL s not
enabled.

FIGURE 2-3: PLL BLOCK DIAGRAM

HS Osc Enable
PLL Enable—1_—

{from Cenfiguration Register 1H)

Phase
HS Mode| FIN__ Comparater
D‘E osct | Crysal

Ose

DS36616B-page 22
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24  External Clock Input

The EC and ECIO oscillator modes reguire an external
clock source to be connected to the O3C1 pin. Thereis
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Cscillator mode, the oscillator frequency
divided by 4 is available on the ©SC2 pin, This signal
may be used for test purposes or to synchronize other
logic. Figure 2-4 shows the pin connections for the EC
Oscillator mode,
FIGURE 2-4: EXTERNAL CLOCK INPUT
OPERATION

(EC CONFIGURATION)

25 RC Oscillator

For timing insensitive applications, the "RC" and
"RCIC" device options offer additional cost savings
The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT)
values and the operating temperature. |n addition to
this, the oscillator frequency will vary from unit to unit
due to normal manufacturing variation. Furthermore,
the difference in lead frame capacitance between
package types will also affect the oscillation frequency,
especially for low CEXT values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 2-8 shows howthe
RIC combination is connected.

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This sighal

Clock from —D—. OSC1/CLK may be used for test purposes or to synchronize other
Ext. System PIC1BFXXXX legic
Fosei=—] oscarexo FIGURE2-6:  RC OSCILLATOR MODE
The ECIO Oscillator made functions like the EC mode, Voo
except that the OSC2 pin becomes an additional
general purpose /O pin. The [fO pin becomes bit & of REXT Intemal
PORTA (RAB). Figure 2-5 shows the pin connections 0sC1 B ook
for the ECIO Oscillator mode.
CEXT:
FIGURE 2-5: EXTERNAL CLOCK INPUT Vs I = PICT8FXXXX
OPERATION - OSC2CLKO
(ECIO CONFIGURATION) FRee
Recommended values: 3 ki < REXT = 100 ki1
CexT> 20 pF
Clock from —Do—u OSCA/CLKI
Ext. System PIC1BFXXXX

RAG -—e /0 (0SC2)

The RCIO Qscillator mode (Figure 2-7) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose /O pin. The O pin

becomes bit & of PORTA (RAB).
FIGURE 2-7: RCIO OSCILLATOR MODE
oo

RE}(T—%

Intemal
i
oec Clock
CEXT== _b
T < PICIBFXXXX

Vs =

RAG -t /3 {O5C2)

Recommended values: 3 kil < REXT = 100 kik
CEXT =20 pF

= 2003 Micrachip Technclogy Inc

Preliminary
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IRFP460LC

HEXFET® Power MOSFET

Lltra Low Gate Charge
Reduced Gate Drive Requirement o
Enhanced 30V Vs Rating Vpss = 500V
Reduced Cigs, Coga. Cres
Isolated Central Mounting Hole Rpgion = 0270
Dynamic dv/dt Rated E]
Repetitive Avalanche Rated In = 20A

Description

This new series of Low Charge HEXFET Power MOSFETs achieve significanty
lower gate charge over conventional MOSFETs.  Utilizing advanced Hesfet
technology the device improvements alow for reduced gate dnve reguirements,
fagter awitching speeds and incressed total systern sevings.  These device
Irmprovements combined with the proven nugoedness and reliabiity of HEXFETS
offer the designer a new standard in power transistors for switching applications.

The TO-247 package is preferad for commerdal-industial applicetions where
higher power levels preciude the use of TOZ20 deviges The TO-247 is similar
but superior to the earlier TO-218 package because of its isolated mounting hole TO-2ATHE

Absolute Maximum Ratings

Parameter Max. Units
DT = G Carlinuaus Drain Curen, W os & 107 £
o & o= 100°C | Conbinuous Crain Gurent, W gz @ 10V 12 A
[F] Pulsed Drain Cumrenl @ Ed
[Fo@iic = 25°C | Fower Olsapation = W
Lingar Darating Factor FF] WG
Vs Gabedo-Scurce Valage 130 W
Ens Single Puize Ayvalanche Enegy @ 260 8]
Taf: Avalanche Cumen = 20 A
Eag Repesine Avalanche Enargy @ 28 m.l
it Peak Dicde Recovery dwidl & 35 Wins
T, Operaing Junelicn ang EE 1o+ 150
Taro Slorage Temperahre Rangs L'
Selderng Tempematus, for 10 seconos 200 [1.6mm from casa)
Wicwinting torgue, 32 or M scraw 10 Tafin {1.1H-m})
Thermal Resistance
Parameter Min. Typ. Max IUnits
R Junction-ta-Casa — — 045
Rics Case-lo-Sink, Flat, Greased Surface -— 024 — SEAN
o, Jurclian-ta-Ambient — — 40
Fawision O

MNN 02, WoaNa IRFP460LC



IRFP460LC

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. |Max. [ Units Conditions
V(BR DSS Drain-to-Source Breakdown Voltage 500 | — | — V | Vgs =0V, ID = 250pA
AVier)pss/ATy| Breakdown Voltage Temp. Coefficient — |0.59 | — | V/°C | Reference to 25°C, I p = 1mA
ELON) Static Drain-to-Source On-Resistance — | — |0.27 Q | Vas=10V,Ip=12A ®
Vasith Gate Threshold Voltage 20 |— | 40 V | Vps =Vags, Ip = 250pA
Ofs Forward Transconductance 12 | — | — S | Vps =50V, Ip =12A
x — | — | 25 Vps =500V, Vgs = 0V
lose B ten ot et —T—1250] ™ [Vos =400V, Voo = 0V, T, = 125C
s Gate-to-Source Forward Leakage — | — | 100 - Ves = 20V
Gate-to-Source Reverse Leakage — | — [-100 Vgs = -20V
Qg Total Gate Charge — | — | 120 Ip =20A
Qgs Gate-to-Source Charge —_|—] 32 nC | Vps =400V
Qqq Gate-to-Drain ("Miller”) Charge — | — | 49 Vgs = 10V, See Fig. 6and 13 @
td(on) Tum-On Delay Time — | 18 | — Vop = 250V
t, Rise Time — | 77 | — - Ip = 20A
ta(orn Tum-Off Delay Time — | 40 | — R =43Q
t Fall Time — | 43 | — Rp = 12Q, See Fig. 10 ®
B Between lead, o
Lo Internal Drain Inductance — |50 |— | omm ©25m) @
!
Ls Intemal Source Inductance — | 13 | — :::c::::g:! dis rcorisd !
Ciss Input Capacitance — |3600 | — Vgs =0V
Coss Output Capacitance — | 440 | — | pF | Vps=25V
Crss Reverse Transfer Capacitance — 139 | — f =1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. [Max. [ Units Conditions
Is Continuous Source Current MOSFET symbol ="
(Body Diode) o T\ o | shoving the u )
Ism Puised Source Current integral reverse &l ﬁ [/
(Body Diode) ® ) o~ p-n junction diode. ~T,
Vsp Diode Forward Voltage — |—[18 V | Ty=25°C,Is=20A, Vgs =0V ®
tre Reverse Recovery Time — | 570 | 860 | ns | Ty=25°C, I =20A
Qi Reverse Recovery Charge — | 66 [ 9.9 | pC | didt=100A/ps ®
ton Forward Tum-On Time Intrinsic tum-on time is negligible (tum-on is dominated by L s+Lp)

Notes:
@ Repetitive rating; pulse width limited by
max. junction temperature. ( See fig. 11 )

@ Vpp = 25V, starting T = 25°C, L = 4.3mH
Rg =25Q, Ixs = 20A. (See Figure 12)

@ lsp < 20A, dildt < 160A/S, Vop < Vigrioss:
T,<150°C

@ Pulse width < 300ps; duty cycle < 2%.

137



138

IRFP460LC

100 IGS : - H = ”
frop 5V HHH -
< 8.0V /
= 55V |
= 4 50V
] BOTTOM 4.5V
E i HiH
=1 1 3%
. [ L
@ -t L
: |
3 = —
%] T i
4 B
fe) 1 I i
1 |
£ i T
-] = HHE———+ _'y_'.‘—-‘ i 5\{‘}« »I't
0 1] - E i
O
| / 20ps PULSE WIDTH|
-_ Tc =25°C
0.01 01 1 100

10
VDS’ Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics,

Te = 25°C
9 T =
S égé
= ,;f >~ g W
< o buz1s0cc AL I
£ A
o i S
: B
s LALLL
e e e A AR
3 = A e
@ ] 1
o ] T
2 -/—4 VN 74\ AV S22
£ [ [ [
e 01 = e 22 =
5" Ef
'D J =
=t - 11 - |
, Vps = 50V
i [ ‘ 20ps PULSE WIDTH
! 5 6 7 8 9 10

Vgg . Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

RDS(on)' Drain-to-Source On Resistance

ID , Drain-to-Source Current (A)

(Normalized)

100 T —— —
ITop 5V : i : a5t
o
OV | |
L ; |
5.5V |
10 5.0V
[BOTTOM 4.5V = =i
EEHHEE T
| T I
1 p AR 4.5/
1 : \ sE gz :
]
|7 4
1
0.1 -
— i
1 11 W A1}
; | ; H 20us PULSE WIDTH
- LI e =150
0.01 01 1 10 100

VDS’ Drain-to-Source Voltage (V)

Fig 2. Typical Output Characteristics,
Tc = 150°C

Ip =20A

| Vgs = 10V
60 -40 -20 0 20 40 60 80 100 120 140 160
T, , Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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IRFP460LC

C, Capacitance (pF)

7000 20
' Vos = OV, f=1MHz 1D = 20A
Ciss =Cgs *Cgg . Cgs SHORTED _ |
6000 rss =Cgd =
_C%=Cd,"‘cgd o 16
\ g
5000 =
S, S
14 @
4000 AN he — g 1
N 3
\ [
3000 =]
Coss b &
N 5 &
2000 - o
N N 8! p
T~ § R
1000 ™Cires — =
| | b M \~. | - FOR TEST CIRCUIT|
, | N\ = 8e , SEE FIGURE 13
1 10 100 0 30 60 80 120
Vg, Drain-to-Source Voltage (V) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
100 1000 === r
< LA Al /
7 2
3 \ ; / / N
c ‘ T)=150°C / / g
[ | =]
a I (8}
@ i TR T e N ko) c
5 f§T1=25C ®
WEESiimn=Sies )2
o | UL\ LAV JANIGY ) 7 —
é 1 1 N "’ ‘\ 1
@ I" ‘ P Y SO
. e=22c | TR
| T, =150°C 10m]
. | Vs =0V 4 Single Pulse | il
0 04 08 1.2 18 2 1 10 100 1000
Vgp . Source-to-Drain Voltage (V) Vpsg » Drain-to-Source Voltage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage




IRFP460LC

Ip, Drain Current (Amps)

25 50

75 100

12§

Tc , Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

150

Rp
Vbs ——\A
Ves /7
f
Rg {
FAVAo0- ] | % Voo
([L310v
T~ Pulse Width < 1 ps
Duty Factor < 0.1 %

Fig 10a. Switching Time Test Circuit

Vos
iR Y § A

|
\ ‘ I
1 A ) i I
ot N\
P !
don) tr tdiof)

Fig 10b. Switching Time Waveforms

il | =
_
)
>
£
8
0
a
c 1 1
3 ’ | |
» | |
3:) [ N il - - P—r
2 oM
© T I 1
g 001 = e ; == e ]
> SINGLE PULSE T
e | T(THERMAL RESPONSE) | [T] A 1 s A ty—
Ll Notes:
O I | | 1.Dutyfactor D = t, /t,
2. Peak Ty=PpyxZ + T,
0.001 J D thJC C
0.00001 0.0001 0.001 01 1 10

t1 , Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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L
Vos )—(—w—’.’lﬁ‘b"—\
N .
/ N\ oUT.
Rg { F‘T ‘ﬂ 4
= T Vob

Ao \\ —/

Fig 12a. Unclamped Inductive Test Circuit

[ 1VisriDss

w—‘p*»]

Voo

/
/

Vbs —_—

/

g — — ¥V PN~ >

Fig 12b. Unclamped Inductive Waveforms

10V

Va|

Fig 13a. Basic Gate Charge Waveform

Single Pulse Avalanche Energy (mJ)

Eas:

2100

1800

Ip
TOP 8.9A
13A

BOTTOM 20A

1500

/ //,
pra
v

1200
X

000 IN \\ \
N\
600
SRN
300 \\S‘
VoD = 50V ‘ \
2 50 75 100 125 150

Starting Ty , Juntion Temperature (°C)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

— o AN\

| put T.Vos

Ip

Cument Sampling Resistors

Fig 13b. Gate Charge Test Circuit
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Peak Diode Recovery dv/dt Test Circuit

DUT — Circuit Layout Considerations
R | = o Low Stray Inductance
m_'j{ ®  Ground Plane
* Low Leakage Inductance
Current Transformer
—

—t

|

W

dv/dt controlled by R g +
Driver same type as D.U.T. T
Isp controlled by Duty Factor “D"
D.U.T. - Device Under Test

- Voo

&F
HI
-

@ Drueroak brue

P,
_F‘w,_P"M D= Bedod

—_—
—

| D.U.T, kg uETm

Eody Dioda Forwand
Curnant
dind! /

@ | 00T vy, Weetom
; Dloda Fecay oy
ot

Eody Dioda < “Fomward Drop

@ | rducior ¢ uenl

* V/GS = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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Package Outline

TO-247AC
3.65 (.143)
‘15.9_0 (.626) //_ @ 3.55 (.140) | 5.30 (.209)
“15.30 (.602) o] 625 (010) ®[0] B@)| 4.70 (.185)
B [-A-] 2.60 (.008)
- i = 1.50 (.059)
ﬁ) i ___Viss0(219 - .
20.30 (.800) '}
18.70 (.775) —xp i::g :?;;;
1
o
14.80 (.583) 298,170
1320 1:658) 3.70 (.145)
|
P | : 0.80 (.031)
e » oo — S
& @fo.zs (016) @ [c[AE)] | 2.80 (.102)
5.45 (.215) | = b= oo .;,clm'.')
X 3.40 (.133)
3.00 (.118)
Part Marking Information
TO-24TAC
EXAMPLE: THIS IS AN IRFPE30
WITH ASSEMBLY _ PART NUMBER
LOT CCDE 3A1Q INTERNATIONAL ]
RECTIFIER -
LOGO =~ I&R
|sa1a ss2 |
ASSEMBLY -~ [ | [r “ - DATE CODE
LOT CODE I (YYWW)
; ; ! YY = YEAR
| : WwW WEEK

International

nter It(i)fna

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 S9BB, UK Tel: (44) 0883 713215

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 3L1, Tel: (905) 475 1897 IR GERMANY:
Saalburgstrasse 157, 61350 Bad Homburg Tel: 6172 37066 IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: (39) 1145
10111 IR FAR EAST: K&H Bldg., 2F, 3-30-4 Nishi-lkeburo 3-Chome, Toshima-Ki, Tokyo 171 Tel: (03)3983 0641 IR

SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, 0316 Tel: 65 221 8371
Data and specifications subject to change without nofice.

143



TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-I1C
Transistor Inverter
Inverter For Air Conditionor .
Unit in_ mm

IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

o Input threshold current: Ip=5mA(max.)

e  Supply current (Ic0): 11mA(max.)

e Supply voltage (VCo): 10-35V

e OQutput current (I0): £1.5A (max.)

e Switching time (tpLH/tpH1): 1.5ns(max.)

e Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92 certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VpPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e (Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{min.)

Hjeo
Fl~

64+£0.25

Ciieg=igis
1.2 3 4

9.66 £ 0.25

385% 5

7.62+0.25

2542025

1

11-10C4

TOSHIBA

11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
Vee 1[0 s
IF
r 20 17
2+ Vo —>
Ve 3 { 3] s
3- / Vo
4 E ] 5
o]
5 PHLL 1:N.C
A 0.1pF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7: Vo
8:Vee
Truth Table
Tr1 Tr2
Input On On Off
LED off off On
1 2002-09-25

MWA 0 3. IC OPTO TLP250
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 26°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta = 70°C) Alg/ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 A\
Junction temperature Tj 125 e
“H’peak output current (Pyy = 2.5us,f = 15kH2) (Note 2) lopH -1.5 A
“L"peak output current (Pyy £ 2.5ps,f £ 15kHz) (Note 2) lopL +1.5 A
(Ta £ 70°C) 35
Qutput voltage Vo A\
5 (Ta = 85°C) 24
8 (Ta 2 70°C) 35
8 Supply voltage Voo v
(Ta = 85°C) 24
Qutput voltage derating (Ta = 70°C) AVo /ATa -0.73 v/°C
Supply voltage derating (Ta 2 70°C) AVee [ ATa -0.73 V/eC
Junction temperature Tj 125 "C
Operating frequency (Note 3) uf 25 kHz
Operating temperature range Topr 20~85 °C
Storage temperature range Tstg —55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.= 60%) (Note 4) Bvg 2500 Vrms

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

(Note 2) Exporenential wavefom

(Note 3) Exporenential wavefom, lopH = —1.0A( £ 2.5us), lopL = +1.0A( £ 2.5us)

(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

(Note 5) A ceramic capacitor(0.1HF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on IE(ony i 8 10 mA
Input voltage, off VF(OFF) 0 - 0.8 v
Supply voltage Ve 15 Z 0 | 20 v
Peak output current lopH/lopL - — +0.5 A
Operating temperature Topr -20 25 70 | a5 *C

2002-09-25



Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max Unit
cuit
Input forward voltage VE — IF=10mA, Ta =25°C 1.6 148 v
Temperature coefficient of »
forward voltage AVE/ATal  —  [IF=10mA - -2.0 —  |mv/ec
Input reverse current Ir —_ VR = 8V, Ta = 25°C — 10 A
Input capacitance T — V=0,f=1MHz,6 Ta = 25°C — 45 250 pF
agr Ip =10 mA
H" level loPH 3 -0.5 -1.5 —
- Vg g=4V
Output current 2{,‘1:;: =30V 58 A
e lg=0
L level lopL 2 Ve g 25V 05 2 —
g Veeq = +15V, VEg1 = 15V _
H" level VoH 4 R( = 2000, If = 5mA 11 12.8
QOutput voltage v
« Veeq = +15V, Ve =158V -
L" level VoL 5 |rrSh00n Vi = 0.8V 142 | 125
Vee = 30V, I = 10mA _ = _
“H level IceH — |Ta=25°C
Ve = 30V, [p = 10mA — — 11
Supply current i & m mA
Voo = 30V, [p = 0mA 75
“L level leoL — [Ta=25C )
Vee = 30V, IF = 0mA — — 11
Threshold input “Cutput MY _ | Veet =+18V, VEE = 18V e 1.2 5 mA
current L—H R =200Q, Vg » 0V
Threshold input “Output : = AN Ve = +15V, VEg1 = —-15V 08 _ _ v
voltage H—L RL =200Q, Vo < 0V
Supply voltage Vece —_ 10 —_ 35 \
Capacitance c Vg=0,f=1MHz
) = 1.0 0 F
(input-output) 7 Ta=25%C i 2 b
: Vg =500V, Ta =25°C 12 14
Resistance(input-output) Rs — R H.2 60% 1x10 10 — O
* All typical values are at Ta = 25°C  (*1): Duration of lg time = 50us
3 2002-09-25
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TOSHIBA

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min Typ.* Max Unit
cuit
Propagation L—H tpLH - 0.15 05
delay time HoL toHL Ip = 8mA — 0.15 0.5
6 Vet = +15V, Vggq = —15V s
Qutput rise time ty R = 2000 = — —
Output fall time: tf — — —
Common mode transient
h : - Vem = 600V, IF = 8mA
immunity at high level CMH T Ve = 30V, Ta = 25°C -5000 — — V/us
output
Common mode transient
P Vem = 600V, IF = OmA _ _
gﬂ;\;ﬁ;‘nty at low level CmL 7 Ve =30V, Ta = 25°C 5000 V /s

* All typical values are at Ta = 25°C

2002-09-25
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TOSHIBA

TLP250

Test Circuit 1 :

Test Circuit 2 : IOPL

1
C

.

VIMF

Vee

O 1 C

i I: lopL -

1
3_.?
3 :

Test Circuit 3 : [OPH Test Circuit 4 : VOH

1 iy I y 1 }617\/
| A_E :l T Vs:c T | 4E :l T O.1uF T -
FD } A F® 0 i R
—
I: | lopH I: ) VoH
4 Iz 4 14 5
4TVEE1
Test Circuit 5 : VoL
[ g
l: L eir il Veer
VE ] ) RL
L ] R
. [ :l_" VoL

VEE1

5 2002-09-25
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TOSHIBA TLP250
Test Circuit 6: tpLH. toHL, tr tr
3 I I
I: u t’ t
_| L|F 0.1pF Veer H—i< <
] L IVO - VoH 80%
H R Vo GND
LI s | VoL 80%
1000 ¥ [ T >l Bl
L VeE A h
Test Circuit 7: CpmH, CmL
8
-
1 [ [
aw IF 0.1uF
Y_)'—E ] = __VCC
Ao B T
i .
4 |: ]—0
Vem
() P
o L pi
600V
T 90%
AC T . i
T f
PLI 480 (¥
CuL =
SW :A(IF=8mA) M
CMH _ 480 (V)
Vo —=gy \:2 26V ST
M\ -
HL
SW :B(IF=0)

CML(CpH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA TLP250
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Hegro' ACST11

Hall Effect Linear Current Sensor with Overcurrent
Fault Output for <100V Isolation Applications

Features and Benefits Description
= No external sense resistor required; single package solution The Allegro® ACS711 provides economical and precise
= 1.2 mQ internal conductor resistance; reduced power loss solutions for AC or DC current sensing, in <100 V audio,

= Economical low- and high-side current sensing

= Output voltage proportional to AC or DC curtents

= +12.5 Aand +£25 A full scale sensing ranges

= Overcurrent FAULT trips and latches at 100% of full-scale current
= Low-noise analog signal path

= 100 kHz bandwidth The device consists of a linear Hall sensor circuitwitha copper
= Small footprint, low-profile SOIC8 package conduction path located near the surface of the die. Applied
*3.0t0 5.5V, single S‘}PP]Y_ operation » current flowing through this copper conduction path generates
» Integrated electrostatic shicld for output stability a magnetic field which is sensed by the integrated Hall IC

# FREeTnamEd-oraabiieRoy and converted into a proportional voltage. Device accuracy is
= Extremely stable output offset voltage h ’ o prop ge. ] Y L

= Zero magnetic hysteresis
= Ratiometric output from supply voltage to the Hall transducer.

communications systems, and white goods applications.
The device package allows for easy implementation by the
customer, Typical applications include circuitprotection, current
monitoring, and motor and inverter control.

optimized through the close proximity of the magnetic signal

The output of the device has a positive slope proportional to
i the current {low from [P+ to IP— (pins 1 and 2, to pins 3 and
Package: 8 Lead SOIC (suffix LC) 4). The internal resistance of this conductive path 1s 1.2 m€2
typical, providing a non-intrusive measurement interface that
saves power in applications that require energy efficiency.

The ACST711 is optimized for low-side current sensing
applications, although the terminals of the conductive path are
electrically isolated from the sensor leads (pins 5 through 8),
providing sufficient internal creepage and clearance dimensions
foralow AC orDC working voltage applications. The thickness

Approximate Scale 1:1 ﬂ

Contired on the next page...

Typical Application

+3.3V
AN T
1 1P+ vce . gqlw a
fip+ , | =
viouT —4—o
c
I ACST11 > ) -
P —

= G |1
3 FAULT
|—E -
4 5

Application 1. The ACS711 outputs an analog signal, V7,
that varies linearly with the bi-directional AC or DC primary
current, |, within the range specified. The FAULT pin trips
when | reaches £100% of its full-scale current.

ACS711-DS, Rev. 3

MNA N4. WuyeinsIa ACS7I1ELCTR-25AB
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ACS711

Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100V Isolation Applications

Description (continued)

of the copper conductor allows survival of the device at up to 5x

overcurrent conditions.

The ACS711 is provided ina small, surface mount SOICS package.

Internally, the device is Pb-free, except for flip-chiphigh-temperature

Pb-based solder balls, currently exempt from RoHS. The device is

The leadframe is plated with 100% matte tin, which is compatible
with standard lead (Pb) free printed circuit board assembly processes.

Selection Guide

fully calibrated prior to shipment from the factory.

Part Number Packing’ (;I'é) Optimized Act(::)racy Range, Ip Se(r-:_;lgl)v(l;)‘/{/ﬁ)ns
ACS711ELCTR-12AB-T? Tape and reel, 3000 pieces/reel —40 to 85 +125 110
ACS711ELCTR-25AB-T2 Tape and reel, 3000 pieces/reel —40 to 85 +25 55
ACS711KLCTR-12AB-T2 Tape and reel, 3000 pieces/reel -40to 125 #12.5 10
ACS711KLCTR-25AB-T2 Tape and reel, 3000 pieces/reel -40to 125 +25 55
1Contact Allegro for additional packing options.
28ensitivity measured with V- = 3.3 V.

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Veo F \
Reverse Supply Voltage Vree —0.1 A
Output Voltage Viout 7 V
Reverse Output Voltage Vriour =01 \'
Working Voltage for Basic Isolation VworKING Voltage applied between pins 1-4 and 5-8 100 \IngVpIJDeCak
FAULT Pin Voltage NS 7 v
Overcurrent Transient Tolerance lsoe 1 pulse, 100 ms 100 A
Range E -40 to 85 °¢
Nominal Operating Ambient Temperature Ta
Range K —40to 125 ¢
Maximum Junction Temperature T (max) 165 °C
Storage Temperature Totg —65t0 170 °C
Thermal Characteristics
Characteristic Symbol Test Conditions" Value Units
T::;Tg: ;hl_ee”a" da' Resistancy R, Mounted on Allsgro ASEK 711 evaluation board 5 oCAN
Packgge Therm_al Resistance, R Mounted on Allegro 85-0404 evaluation board, 23 oCAN
Junction to Ambient? 2 includes the power consumed by the board

1 Additional thermal information available on the Allegro website
2The Allegro evaluation board has 1500 mm?2 of 2 0z. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias
connecting the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the

Frequently Asked Questions document on our website.

Allegro MicroSystems, Inc.

115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U .S A,
1.508 853 5000; www allegromicro com
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ACS711 Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100 V Isolation Applications

Functional Block Diagram

Vee

VCC

Master Current To dl subcircuits
Supply

Power-on

Reset

Hall Current
Drive
P+

Sensitivity
Ternperature
Coefficient Trim

Current Fault
Comparator

rrad | 5.
p g ‘% VIOUT
1 o= Signal
% g Recovery l
8 Closn
g I
Trim
IP-¢ 0Ampere
Qffset Adjust
ET
Pin-out Diagram
1P+ [T [5] vee
P+ 2] [7] viouT
P-[E] [5] FaOLT
P- = [F] GND
Terminal List Table
Number Name Description
1 and 2 IP+ Terminals for current being sensed; fused internally
3and 4 IP- Terminals for current being sensed; fused internally
5 GND Signal ground terminal
6 FAULT Overcurrent fault; active low
7 VIOUT Analog output signal
8 VCC Device power supply terminal
Allegro MicroSystems, Inc. 3

115 Northeast Cutoff
\Worcester, Massachusetts 01615-0036 U.S A
1.508 853.5000; www.allegromicro.com
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Hall Effect Linear Current Sensor with Overcurrent

ACST11 Fault Output for < 100V Isolation Applications

COMMON OPERATING CHARACTERISTICS over full range of T, and V- = 3.3 V, unless otherwise specified

Characteristic | Symbol Test Conditions Min. Typ. Max. Units
ELECTRICAL CHARACTERISTICS
Supply Voltage' Vee 3 33 55 \Y
Supply Current lec Ve = 3.3V, output open - 4 55 mA
Output Capacitance Load Clorn VIOUT to GND - - 1 nF
Qutput Resistive Load Riosp | VIOUT to GND 15 = = kQ
Primary Conductor e
Resistance Rip Ta=250 B 1.2 - mi
VIOUT Rise Time t lp = lppax, Ta = 25°C, COUT = open - 35 - Hs
Propagation Delay Time trrop I = Is{max), T, = 25°C, COUT = open - 1.2 - Hs
Response Time tresponse | Ip = Ip(max), Ty = 25°C, COUT = open - 46 - Hs
Internal Bandwidth? BW, -3dB, T,=25°C - 100 - kHz
Nonlinearity En Over full range of lp = +1 = %
Symmetry Esym Apply full scale I - 100 - %
] Vio Vee - - A
VIOUT Saturation Voltages 0.3
VioL - - 0.3 Y
Quiescent Output Voltage Viouria) lp=0A Ty=25C - Vec /2 - \%
N . Qutput reaches 90% of steady-state level, T, = 25°C, _ _
Power-On Time teo 20 A present on primary conductor 35 Hs
FAULT Pin Characteristics
FAULT Operating Point leauLT - +1xle - A
FAULT Cutput Pullup _ _
Resistor Reu 1 ke
—_— Vo - Yoe= - Y
FAULT Output Voltage 03
Vst Rpy = 1kQ - 03 - v
FAULT Response Time teaulr Measured from | I | > | leayi 7 [ 10 Va1 € Vo - 13 = us
V¢ Off Voltage Level for _ _
Fault Reset3 Voerr 200 my
V¢ Off Duration for _ _
Fault Reset® focrr 0B Bs

Devices are programmed for maximum accuracy at 3.3 V'V levels. The device contains ratiometry circuits that accurately alter the 0 A Output
Voltage and Sensitivity level of the device in proportion to the applied V- level. However, as a result of minor nonlinearities in the ratiometry circuit
additional output error will result when V. varies from the 3.3 VV V- level. Customers that plan to operate the device from a &V regulated supply
should contact their local Allegro sales representative regarding expected device accuracy levels under these bias conditions.

2Calculated using the formula BW, = 0.35 /t,.

3After the FAULT pin is latched low, the only way to reset it is through a power-off and power-on cycle on the VCC pin. To get a guaranteed fault
reset, Vo must stay below V-, for a period greater than t--c before settling to the normal operation voltage (3t0 5.5 V).

- Allegro MicroSystems, Inc. 4
d l % 115 Northeast Cuitoff
‘l \Worcester, Massachusetts 01615-0036 U.S A
P MicroSystems, inc. 1.508 853 5000, www allegromicro com
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ACS711

Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100V Isolation Applications

X12.5A PERFORMANCE CHARACTERISTICS for E TEMPERATURE RANGE T, = 25°Cand V. = 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -125 - 125 A
Over full range of I - 110 - m\f/A
Sensitivity Sens Full scale of I applied for 5 ms, T, =-40°C to 25°C - 110 - mV/A
Full scale of I applied for 5 ms, T, = 25°C to 85°C ] 110 = mV/A
Noise? Vioise | Ta= 25°C, no external low pass filter on VIOUT - 1 - my
Voers |p=0A T,=25°C - 15 - my
Electrical Offset Voltage Vegropr |Ip=0A, Ty =25°Cto85°C - 40 - my
Voemoppr |lp=0A Ty =-40°Cto 25°C - +50 - mv
Total Output Error® Eror lp=+12.5 AT, =-40°Cto 85°C - +5 - %

1See Characteristic Performance Data for parameter distributions over temperature.

2+3 sigma noise voltage.

3Percentage of |, with |, = 212.5 A,

x12.5A PERFORMANCE CHARACTERISTICS for K TEMPERATURE RANGE" T, =25°C and V- = 3.3 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -12.5 - 125 A
Over full range of Ip - 110 - m\/A
Sensitivity Sens Full scale of | applied for 5 ms, T, = -40°C to 25°C - 110 - m\f/A
Full scale of | applied for 5 ms, T, = 25°C t0 125°C = 110 = mviA
Noise? Vioise | Ta=25°C, noexternal low pass filter on VIOUT = 1 = my
Voeas |lp=0A Ty=25°C - 15 - my
Electrical Offset Voltage Voemopyt |lp=0A, Ta=25°Cto125°C - +40 - my
Voemoppr |l =0A Ta=-40°Cto 25°C - £50 - my
Total Output Error® Eror lp=#12.5AT,=-40°Cto 125°C - 5 - %

1See Characteristic Performance Data for parameter distributions over temperature.

213 sigma noise voltage.

3Percentage of |p, with I = £12.5 A.

«ﬁl%

Allegro MicroSystems, Inc.

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.5A

1.508 853 5000; www allegromicro.com
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ACS711

Hall Effect Linear Current Sensor with Overcurrent
Fault Qutput for < 100V Isolation Applications

%25A PERFORMANCE CHARACTERISTICS for E TEMPERATURE RANGE T, =25°C and V- = 3.3 V. unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip =25 - 25 A
Over full range of I - 55 - mVi/A
Sensitivity Sens Full scale of | applied for § ms, Ty = -40°C to 25°C - 55 - mV/A
Full scale of |- applied for 5 ms, T, = 25°C to 85°C - 55 - mV/A
Noise? Vioise |Ta=25°C, noexternal low pass filter on VIOUT - 8 - my
Voemsy |p=0A Ty=25°C - 15 - mv
Electrical Offset Voltage Vegropt |Ip=0A, Ty = 25°Cto85°C - +30 - my
Voemopit |lp=0A, Ta= -40°Cto 25°C - +35 - mv
Total Output Error® Eror Ip=£25A, T,=-40°Cto 85°C - +4 = %

1See Characteristic Performance Data for parameter distributions over temperature.

2+3 sigma noise voltage.

3Percentage of I, with |, = +25 A,

x25A PERFORMANCE CHARACTERISTICS for K TEMPERATURE RANGE! T, = 25°C and V.. = 3.3V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip =25 - 25 A
Over full range of Ip w 55 = mV/A
Sensitivity Sens Full scale of I applied for S ms, T, =-40°C to 25°C - 55 - mV/A
Full scale of I applied for § ms, T, = 25°Cte 125°C - 55 - m\/A
Noise? Vioise  |Ta=25°C, no external low pass filter on VIOUT - 8 - mv
Vegmay  |lp=0A, T,=25°C - 5 - mv
Electrical Offset Voltage VoerorT |lp=0A Ta=25°Cto 125°C - +30 - my
Veemopir |lp = 0A, Ty=-40°Cto25°C - +35 - my
Total Output Error® Erq7 I =t25A, T,=-40°C to 125°C - +4 - %
1See Characteristic Performance Data for parameter distributions over temperature.
243 sigma noise voltage.
3Percentage of |, with |p = 225 A,
Allegro MicroSystems, Inc. 6

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.5A
1.508 853.5000; www.allegromicro.com
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ACS711

Hall Effect Linear Current Sensor with Overcurrent

Fault Output for < 100V Isolation Applications
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Characteristic Performance Data
Data taken using the ACS711KLC-12A, Ve = 3.3V

Accuracy Data

Electrical Offset Voltage versus Ambient Temperature
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Allegro MicroSystems, Inc. 7
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S A
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ACS711 Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100V Isolation Applications

Characteristic Performance Data
Data taken using the ACS711KLC-25A, Ve = 3.3V

Accuracy Data

Electrical Offset Voltage versus Ambient Temperature Sensitivity versus Ambient Temperature
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Hall Effect Linear Current Sensor with Overcurrent

ACS711 Fault Output for < 100 V Isolation Applications

Characteristic Performance Data
Data taken using the ACS711KLC-25A

Timing D
Rise Time Propagation Delay Time
| [ [ ] |
Viout ((115 Vidiv) | i ~ Viout (0.5 Vidiv) |
I T I\ t i
; : [
——— L Ip (10 Asdiv) yis o / Ip (1dAIdiv.|
5 P+ fez Pl
A E— N i,, :
i } ! . —
3.47 ps f : 1.24 ps !
| ==
I 1 i i I
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ACS711

Hall Effect Linear Current Sensor with Overcurrent

Fault Qutput for < 100V Isolation Applications

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyoisg)- The product of the linear IC amplifier gain (mV)
and the noise floor for the Allegro Hall effect linear IC. The noise
floor is derived from the thermal and shot noise observed in Hall
elements. Dividing the noise (mV) by the sensitivity (m'V/A) pro-
vides the smallest current that the device 1s able to resolve.

Linearity (Epjy). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the full-scale current. The following equation is used to derive the
linearity:

where Four full-scale amperes = the output voltage (V) when the
Symmetry (Eqyy). The degree to which the absolute voltage
output from the sensor varies in proportion to either a positive

or negative full-scale primary current. The following formula is
used to derive symmetry:

A gainX % sat ( Viout_full-scale amperes  Voury)

10(}{1

2 (VIOUTihalf-scale amperes VIOUT(Q))

sensed current approximates full-scale +Ip.

VouT + full-scale amperes  Plout(Q)

VIOUT(Q) VIOU‘LL full-scale amperes

Quiescent output voltage (Vioyr(g))- The output of the sensor
when the primary current is zero. For a unipolar supply voltage,
itnominally remains at Voe/2. Thus, V= 3.3 Vtranslates
into Vigupg) = 1.65 V. Variation in Vigy(g) can be attributed to
the resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Electrical offset voltage (V). The deviation of the device out-
put from its ideal quiescent value of V./ 2 due to nonmagnetic
causes. To convert this voltage to amperes, divide by the device
sensitivity, Sens.

Accuracy (Eqg7). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart below.

Ratiometry. The ratiometric feature means that its 0 A output,
Viouti: (nominally equal to Vi/2) and sensitivity, Sens, are
proportional to its supply voltage, V. The following formula is
used to derive the ratiometric change in 0 A output voltage,

AVigurQrar (%0)-

- ( Nouryvee / VIOUT(Q)3.3V)
Vee 33V

The ratiometric change in sensitivity, ASensg 4 (%0), is defined as:

Sensycc / Sensy 3y
10 [——
Vee/33V

Output Voltage versus Sensed Current
Accuracy at 0 A and at Full-Scale Current
‘Incmasinu Vipurl¥)

Accuracy
QveraTemperature

Accuracy
25°C Orlly

Average
Viowr

Accuracy
Over ATemperature ’\l

Accuracy.
25°C Only

1mir)

Full Scale
Ip(mas)

Accuracy
25°C Only

Accuracy
Over ATemp erature

Decreasing V. (V)

Allegro MicroSysters., Inc. 10
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.5A
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ACS711

Hall Effect Linear Current Sensor with Overcurrent

Fault Qutput for < 100V Isolation Applications

Definitions of Dynamic Response Characteristics

Power-On Time (t,;). When the supply is ramped to its operat-
ing voltage, the device requires a finite time to power its internal
components before responding to an input magnetic field.
Power-On Time, tp, , is defined as the time it takes for the output
voltage to settle within +£10% of its steady state value under an
applied magnetic field, after the power supply has reached its
minimum specified operating voltage, V-(min), as shown in the
chart at right.

Rise time (t;). The time interval between a) when the sensor
reaches 10% of its full scale value, and b) when it reaches 90%
of'its full scale value. The rise time to a step response is used to
derive the bandwidth of the current sensor, in which f(-3 dB) =
0.35/t. Both t, and tppgpensg are detrimentally affected by eddy
current losses observed in the conductive IC ground plane.

v

v
Veeltyp-)— 4~ — —-£&

/
90% Vour—|— — - —

Vee(min.)

Vﬂ\lT

1= time at which power supply reaches
minimum specified operating voltage

1,= time at which output voltage setties
within £10% of its steady state value
under an applied magnetic field

+

1(%) Prirmary Current

Rise Time, &t

Allegro MicroSystems, Inc. 11
115 Mortheast Cutoff

Woercester, Massachusells 01615-0036 U.SA.
1.508.853.5000; www.allegromicro.com
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ACS711 Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100 V Isolation Applications

Package LC, 8-pin SOIC

490010,

@
et 065 il p ™1 1127

- 025 175IH‘H*
p~— 02

30010 | B00+0.20

: Branded Face

8%
SEATING
[&]onfc] ju e PLANE
L 175
051
03 T L 025
010
127 B3¢ —

For Reference Only; not for tooling use (reference MB-012A4)
Dimensions in rillimeters
Dimensions exclusive of mold flash, gate burrs, and dambear protrusions
Exactcase and lead corfiguration at supplier discretion within limits shown
A Terminal #1 mark area
@ Branding scele and appearance at supplier discretion

Reference land pattern layout {reference |PC7351

@ SOIC127PEO0X175-8M; all pads a minimum of 0.20 mm from all
adjacent pads; adust as necessary to mest application process
requiremerts and PCE layout tolerances

104 REF
Iy ‘
\ i
|
| 127 12
! 040
4"{ 025B5C @ ECB Layout Reference View
: SEATING PLANE
M e L 108l
NNNNNRN
TPP-ARA
LLLLL
A ny

& Standard Branding Reference View

N = Device part number

T = Device temperature range
P = Package Designator

A= Amperage

L = Lot nurmber

Belly Brand = Country of Origin

Allegro MicroSysters., Inc. 12
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.5A

1.508 853.5000; www.allegromicro.com
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ACS711 Hall Effect Linear Current Sensor with Overcurrent
Fault Output for < 100 V Isolation Applications

Revision History

Revision Revision Date Description of Revision

Rev. 3 January 5, 2012 Update description

Copyright ©2008-2012, Allegro MicroSystems, Inc.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required to per-
mit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the
information being relied upon is current.

Allegro’s products are not to be used in life support devices or systems, if'a failure of an Allegro product can reasonably be expected to cause the
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

® DMeets or Exceeds TIA/EIA-232-F and ITU

Recommendation V.28

Operates From a Single §-V Power Supply

With 1.0-uF Charge-Pump Gapacitors

130-V Input Levels

Operates Up To 120 kbit/s
Two Drivers and Two Receivers

Low Supply Current . . . 8 mA Typical
ESD Protection Exceeds JESD 22

= 2000-V Human-Body Model (A114-A)

Upgrade With Improved ESD (15-kV HBM)

and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202

® Applications

= TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232...D, DW, N, OR NS PACKAGE
MAX232l...D, DW, OR N PACKAGE

(TOP VIEW)
c1+ ]+ ~ 16[] Vee
Vg [] 2 15[] GND
ci1-]3 14l T1OUT
co+ |4 13]] R1IN
c2-[]s 12[] R1OUT
ve-[| & 1] T1IN

T20UT | 7 10{] T2IN
R2IN[] 8 9] R20UT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LINASIC™ library.

ORDERING INFORMATION

™ PACKAGEY PARTNUMBER | MARKING
PDIP (N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX232D
7 7 7 R Reel of 2500 MAX232DR mMaxzsz
Llegoc Tube of 40 MAX232DW
SOIC(DW) - o o 2000 MAX232DWR MaRZ23
SOP (NS) Reel of 2000 MAX232NSR MAX232
PDIP (N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX232ID
-40°C to 85°C SRIE() Reel of 2500 MAX232IDR MAx2a2l
e\ Tube of 40 MAX2321DW A3
Reel of 2000 MAX2321DWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.
— —

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of
stan dard warranty. does not

testing of all parameters.

AMNN N5, MAX232

exas Instruments
include

*I,TEXAS

Copyright © 2004, Texas Instruments Incorporated
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logic diagram (positive logic)

T1IN
T2IN
R10UT

R20UT

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H
H L

H = high level, L = low
level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
= H
H L

H = high level, L = low
level

1" Dc 14

10 DC 7

12 13
iy

9 8
iy

TouT

T20UT

R1IN

R2IN

{if Texas
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Ve (see Note 1) ..o o -03Vto6V
Positive output supply voltage range, Ve+ -« .o Vec-03Vio 15V
Negative output supply voltage range, Vg— ... ... ... -03Vto-15V
Input voltage range, Vo DIIVer ... -03VtoVec+03V
Receiver .. 30V

Output voltage range, Vg: T10OUT, T20UT .. .. Vg -03VtoVg +03V
RAQUT, B2, o v s v 5 om v svmr v 2sm 5 om0 svmns 0 o 5 m 55 -03VtoVec +03V

Shortzeireuitduration: TTOLT, T2OWLT YFFe ver o v v mns s o soen v o o o non o s n 2 5w sows 5 sosn 3 2 Unlimited
Package thermal impedance, 8 4 (see Notes 2and 3): Dpackage . ... T3°CIWY
DWpackage ..................coiiis 57°CIW

Npackage .............. ... .......... B67°CIWV

NSpackage ........................... 64°CIW

Operating virtual junction temperature, Ty ... ... 150°C

Storage temperature range, Tgtg

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltages are with respect to network GND.

2. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) - Ta)0 a. Operating at the absolute maximum T of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX| UNIT

Veeo Supply voltage 4.5 5 55 Vv

VIH High-level input voltage (T1IN,T2IN) 2 V

VL Low-level input voltage (T1IN, T2IN) 0.8 V

R1IN, R2IN Receiver input voltage +30 Vv
) : MAX232 0 70

Ta Operating free-air temperature °C
MAX2321 -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPY MAX| UNIT
Vec =55V, All outputs open,
|
CC  Supply current Ta = 25°C 8 10 mA

1 All typical values are at Voo = 5 Vand Ta = 25°C.
NOTE 4: Test conditions are C1-C4 =1 uF at Ve =5V 05V,

{” Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5



MAX232, MAX232]

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

DRIVER SECTION

PARAMETER TEST CONDITIONS MIN TYPt MAX|[ UNIT
VoH High-level output voltage T10UT, T20UT Rl =3 kQato GND 5 7 v
VoL Low-level output voltagei T10OUT, T20UT R =3 kexto GND = -5 v
fo Output resistance T10UT, T20UT | Vgs =Vg-=0, Vo=£2V 300 Q
log®  Short-circuit output current T10UT, T20UT | Voo =55V, Vo =0 +10 mA
s Short-circuit input current T1IN, T2IN V=0 200 A

T All typical values are at Vo =5V, Ta = 25°C.

T The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.

§ Not more than one output should be shorted at a time.

NOTE 4. Test conditions are C1-C4 =1 uF at Voc =5V 05V

switching characteristics, Vgg =5V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT

. RL =3kQto7 ka,
SR Driver slew rate See Figure 2 30| Vs
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s

NOTE 4: Test conditions are C1-C4 =1 uF at Vo =5V 105V

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

RECEIVER SECTION

PARAMETER TEST CONDITIONS miN  TYPt  mMAX [ uniT
VoH  High-level output voltage R1OUT, R20UT |lpy=-1mA 35 v
VoL  Low-level output voltagei R10OUT, R20UT | lpL=3.2mA 04 A%
ViTs gf:::;;f’/‘;i’:;:’g°'"g Qi R1IN, R2IN Vee =5V, Tp=25°C 17 24| v
vIT- tﬁ?j::;;”vzﬁ:gfg°'”g el R1IN, R2IN Vee =5V, Ta=25°C 08 12 v
Vhys  [nput hysteresis voltage R1IN, R2IN Voo =5V 02 05 1 \4
T Receiver input resistance R1IN, R2IN Veeo =5, Ta=25°C 1 5 7 ke

T Al typical values are at Voo =58 V, Ta = 25°C.

1 The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.
NOTE 4. Test conditions are C1-C4 =1 uF at Ve =5V 05V

switching characteristics, Vgg =5V, Tp = 25°C (see Note 4 and Figure 1)

PARAMETER TYP | UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 4: Test conditions are C1-C4 =1 uF at Voo =5V £05 V.

{’P TexAs
INSTRUMENTS

POST OFFICE BOX 655303 #® DALLAS, TEXAS 75265
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Vce

RL=1.3kQ

Pulse See Note C
Generator

(see Note A)

CL =50 pF =
(see Note B)

TEST CIRCUIT

<10ns —» |l —DI le— <10ns

|| ||
i P TS, S — 3V
P 10% A 50% 50% | 10% -

500 ns —p

kst
tPHL | | PLe
| VOH
Output 15V i5var VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 (, duty cycle < 50%.
B. C| includes probe and jig capacitance.
C. All dicdes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy_ and tp 4y Measurements

ﬂ‘ TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5
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MAX232, MAX232]
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN TIOUT or T20UT
Generator Py Py ElIA-232 Qutput
(see Note A) l
RL % CL=10pF
I {see Note B)
TEST CIRCUIT

90% 90%
50% 50%

510ns—bl l— —» }Q—smns
|
I

Input
10%

|
:q— 5us —b
o | [e—>—tpLH

Qutput

ttHL M —
08(Voy-VoL) 08WVg —Vou!
SR = t or t
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zy = 50 , duty cycle < 50%.
B. C| includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy| and tp 4y Measurements (5-us Input)
Pulse Do
Generator
{see Note A}

TEST CIRCUIT
<10 ns —D| l— —Dl ld— <10 ns
| |

| 90%

EIA-232 Output

3k CL=25nF

I—ww—e
I =

Input

90%
15V

v X | Fv o VoH
Qutput v | 3V
-3V LT VoL

BV

SR Ca— W
trHL Oty

WAVEFORMS
NOTE A The pulse generator has the following characteristics: Zo = 50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tty_ and ty 4 Measurements (20-us Input)

{’P TexAs
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

APPLICATION INFORMATION

5V
il
CpypPass=1uF =
16 L
= cat 1 uF
; vee , o
———— ci+ —>
Cl== 11F 3 Vss *EaV
cl= 5
_I_i“ & V- —\L—b -85V
C2 7R 1uF 5 caxl g yF
c2- +
_ M| > S 11 Fa232 output
From CMOS or TTL 10 7
—10 > > 7 Ea-232 output
12
R — L« mA2321nput
To CMOS or TTL 9 g
«— 5 —<¢—— EI1A-232 Input
15
GND

1C3 can be connected to Vg or GND.
NOTES: A. Resistor values shown are nominal.

B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-pF capacitors shown, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit

%TEXAS

INSTRUMENTS
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PACKAGE OPTION ADDENDUM

4-Jun-2007

PACKAGING INFORMATION

Orderable Device status Package Package Pins Package Eco Plan 2 Lead/Ball Finish MSL Peak Temp @
Type Drawing

MAX232D ACTIVE SOIC D 16 40 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232DE4 ACTIVE soIC D 16 40 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232DG4 ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232DR ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)

MAX232DRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232DRG4 ACTIVE SQIC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX2320DW ACTIVE soIC DW 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sh/Br)

MAX232DWE4 ACTIVE soIC DW 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232DWG4 ACTIVE SoIC DW 16 40 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232DWR ACTIVE Soic DwW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232DWRE4 ACTIVE SoIC oW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232DWRG4 ACTIVE SOIC DwW 16 2000 Green(RoHS& CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232I1D ACTIVE SOIC D 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232IDE4 ACTIVE SOIC D 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232IDG4 ACTIVE soIC D 16 40 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232IDR ACTIVE SoIC D 16 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232IDRE4 ACTIVE SOIC D 16 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232IDRG4 ACTIVE SOIC D 16 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232IDW ACTIVE SOIC Dw 16 40 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX2321DWE4 ACTIVE SOIC DW 16 40  Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX2321DWG4 ACTIVE soIc DwW 16 40 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)

MAX232IDWR ACTIVE SOIC Dw 16 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232 IDWRE4 ACTIVE SoIC DwW 16 2000 Green(RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)

MAX232IDWRG4 ACTIVE SOIC DW 16 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)

MAX232IN ACTIVE PDIP N 16 25 Pb-Free CUNIPDAU N /A for Pkg Type

(RoHS)

Addendum-Page 1
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PACKAGE OPTION ADDENDUM
TeExAS
INSTRLUMENTS
WAL O - - J007
‘Crelerubla Davice Stales ™ Package Packige mmmg EcoPlan ' LasdBall Finish  MSL Paak Tama ™ |
Type  Orawing
MALZIIHEA ACTWE  POOP H W25 [ CLUHIPDAL [0 A For Pag Type
[RiHE)
MARZIH ACTWE  POP H W 25 DF?F-%T CLIHIPDAU 11 A for Pag Type
|t
MEXTFIIHNES ECTIVE PP H L] 2] FeFras CU HIPDA P A or Py Typs
[RHE)
WA I ITER HCTIVE S0 WS 8 000 Geean (FoHS & CU HIPDAU  Leved-1-280C-LIRL M
na ShBr
MR 23EHESE] AECTIVE 8D HE ] 2000 Gepen(FoHE AL CUMWIFDAU  Lewed-1-280C-UNLIM
na ShBTn
MEXTIZHERCS HCTIVE 5D HE ] 2000 Gepen(FoHE &  CUHFDEU  Lewed-1-250C-UNLIM
na ShBr

" Tha marketing slaus values are defined &5 ollows

ACTIVE: Product dewice mecomeendad for new demgns

LIFEBLIY: T1 hak announced thal fre-deion will e diaeeninued, and a el me-Duy panod i in afecs

MRND: Mol recomesended Tor new designs. Devios is in producon bo suppor edisling customens, bl Tl does nol recomesend wsing This part in
o new i

mlmmhaw annciinoRd Bi 6 not i podhetan. Sasplkes =may of may il b avalabis

DESOLETE: T fas crooninuesd the produchon of the device

11 Ega Flan - The planned eoo-lriendly clssfication: Po-Free (FoHE), Fb-Free [RoHE Exempd), or Geeon (ROHS & no S8BT - please cheok
ik wwton B cxorruipreadiadconilend fod e b Sadabirty mitomation and addidional produs chment delais

TBD: Tha Fh-FrasdCaesen comvaracn plan hag not bean culingd

Ph=Free [RoHS): Tis t=r=s “Lead-Free” or “PhFree® mean ssmicanductor producs. the: ame compaabie with the cument RoHS mguinements
T @l B subslances, inchding (he regyresend Mol kad nol eecesd 01 % by seghln ho=cgesscus matenas YWhens dewgned 1o be saidesed
at high bemperatunes, T Po-Free producls ane soiable for use inspeciled ioad-Soe prooesses.

Pb-Free [Ro#ES Exemp): Ths component has 3 RobS exempion for sither 1) lead tassd fipchp solder bumps used ebssen e de and
package, of 7| lnad-bagsd dia admesaes wsed beswvenn the de avd wadirana The componsil ik ofnensies coraadamd FoFee (RoHS
ooim pad b} as detned abose

Green (MoMS & no Shalir): T) delices “Greer” 16 mesn Po-Fres [RodS compasbie) and Fee of Bromne (B and Anlisciry (56} baeed Nams
refandants {Br o Shodo nog excead [ 1% by weighl in hoscganegus mabarial

W WSL, Peak Tamp — The Mostum Sensithdy Leval nafing acoding ta e JEDEC ndustry standard dassfeaions, and peak soldr
temiperatuse

Innpeoartant Infommation and Disclalmer:The nfomation povided on s page seoresents s anorsedoe and Delel a6 of e dabe Shat it s
prgsded. T) asen @8 Enistidge and betel en isformabon piordded by thicd pavdes and ke no epeesantalion of waranly g2 G he
Rorumcy of sich inflorsalion. Eforts are undenway o beffar imegrata indermaton from thind garties T1 has labmn and continegd 0 taka
reaecnatle sers o preads mpezemisive and accussts nfomesbon buk mey not heve conducted desirucnee 253ng or che=ical anshyss on
EGasing =aleiak and chamosle Tland TV supolen coneider eiain mfoarabon s be progislarg. and thus CAS umbess snd clher invled
infiormaton may not be availabie for relearse

In nio isssent shal T1's latikty arsing out of such nicreation exoeed 1he bobal pumhase price of e Tl parjs) ot soue in this dooument sold by T1
o Susiomer on an annuss b
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@m PACKAGE MATERIALS INFORMATION
INSTRUMENTS
wrw i e 11-0el-2012

TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS

Rasl
Diameatar
Cavity -i-l Al |+
0 | Dimansion designen 1o Accommadans 1ha component witin
By | Dinension designed 1o acoommadate The component lenglh
K | Dimension designed 1o sccommadate tha componant thickness
1 W | Creerall widih of The carrier lape
_+_ F1 | Fitch babwaen successne cawly caniers
||
_E Rieel Whdth (W)

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o0 @ D0 O 0 O O#f— Sprockel Holes

]
l i
al : az ; o : az
N= —=—==N]
03 i ot a3 | 4 User Direction of Feed
e
e
-1
Pockat Quadrants
*Al dimensicns are nominal
Device Package |Package|Pins | SPQ Rael Rexl Al Bl [41] Pi W Pini
Type |Drawing |Diameter] Width | (mm) | imm} [ (mm) | imm} | (mm) |Quadrant
{mm) W1 [mem),
MAX2320R SCIC [} 16 2500 3300 16,4 65 103 21 a0 16.0 21
MaX2320R SOIC u} 16 2500 3300 16.4 6.5 103 21 aa 16.0 a1
MAXZ3ZDNWR S0 o 16 2000 330.0 16.4 1075 ) 107 | 27 120 | 160 @
MAXZIZDWRGH S04 oW 16 | 000 0.0 164 [1075) 107 | 27 | 120 | 160 =]l
MAXZI21IDR | SOHC 8] 16 | 2500 0.0 16.4 65 0 | 2 80 [ 160 =]
MAX232IDR SONC o 16 2000 330.0 16.4 1075 ) 107 27 120 | 160 21
MAX2ZHDWRGL SOIC oW 16 2000 3300 16.4 1075 | 10.7 27 120 | 160 a1
MAX2ZINSR 50 NS 16 2000 330.0 16.4 B2 105 2.5 120 | 160 o1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

H

2

< 3

" St
*All dimensions are nominal
Device Package Type |Package Drawing| Pins sPQ Length (mm) | Width (mm) | Height (mm)

MAX232DR sSoIC D 16 2500 367.0 367.0 38.0
MAX232DR soIC D 16 2500 333.2 345.9 286
MAX232DWR soIC DW 16 2000 366.0 364.0 50.0
MAX232DWRG4 solC DWW 16 2000 367.0 367.0 38.0
MAX232IDR soIC D 16 2500 333.2 345.9 286
MAX232IDWR soIC DW 16 2000 366.0 364.0 50.0
MAX232IDWRG4 SoIC DW 16 2000 367.0 367.0 38.0
MAX232NSR SO NS 16 2000 367.0 367.0 38.0

Pack Materials-Page 2
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MECHANICAL DATA

PLASTIC DUAL—IN-LINE PACKAGE

N (R-PDIP—T**)

16 PINS SHOWN
PINS **
A
ol 1 1 18 20
Ly ¥ 0775 | 0775 | 0920 | 1.080
WA an W A man W A Wean W =i Ao | ST | STy | G | ey
0.260 (6,60 0745 | 0745 | 0850 | 0940
D 0240 (6.10) AN (8e2) | (18.92) | (2159) | (2388)
MS—001
J L R Y VARIATION M BB AC AD
0.070 (1,78
0.045 émi A
D08 0,14} 0.325 (8,26
"‘0030 w78 & 0.020 051 MIN bap o)
[ R -
0.200 508 MAX —
—rcauge Plane
\. Seating Plane I—--\

0125 (3,18) MIN

0.021 (0,53)

0.015 (0,38)

14/18 Pin Only
20 Pin vendor option

"

A

0.010 (0,25) NOM

4040049/E  12/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
A Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
& The 20 pin end lead shoulder width is a vendor option, either half or full width.

TeExAs
INSTRUMENTS
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MECHANICAL DATA
D (R—PDSO—G16) PLASTIC SMALL OUTLINE
0.394 (10,00)
0.386 (9,80)
A

TAAAAAAR

l
I R
1 8
‘:"Qel Area 0.050 (1,27) J L(m

0.010 (0.25)@

I |
/ \
JJ_ ] - T ] B 1 _74 \\
0.010 (8,25) N~
L 0.068 (1,75) Max 0.004 {0,10)
0,010 {0,25) // .
0.005 (0,13)1 / \
il [ ]0.004 (0.10)
Gauge Plane —¢— BN =y

Seating Plane

0.010 (0,25)

0.050 (1,27)
0.018 (0,40)

176

4040047-6/M 06 /11

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A Body length does not include meld flash, protrusions, er gate burrs. Mold flash, pretrusions, or gate burrs shall

not exceed 0.006 (0,15) each side.
A Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

E. Reference JEDEC MS—012 variation AC.
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LAND PATTERN DATA
D (R—PDSO-G16) PLASTIC SMALL OUTLINE
ExumpI?Nitt):rg)Layout Sten(c'ilogp%riings
—o{ 1==—16x0,55
——I |<—14-x1,27 ‘ ——I |<—14x1.27
S 16x.50-H-H-H-H-HHH-H
’ oo dodd

T

5,40 5.40

(@E-H{FH-H-BL— ginininininininin,

! Exarnple
| Non Soldermask Defined Pad Example

| Pad Geometry
i /.‘/ . (See Note C}

! 1,55 X Example
| * / Solder Mask Opening
=\ L=} i (See Note E)
\ 0,07 /
L Al Around [/
\ 7/

4211283-4/E 08/12

NOTES: Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contoct their board assembly site for stencll design recommendations, Refer to IPC-7525 for other stencil recommendations.

Customers should contoct their board fobricotion site for solder mosk tolerances between ond around signal pads.
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m
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www.ti.com



MECHANICAL DATA

DW (R—PDSO—G16)

PLASTIC SMALL CUTLINE

0.413 (10,50)
0.398 (10,10)

ARARAAA

|

—

16

0.419 (10,63)
0.393 (3.97)

777

EETE:
4 o

- T

Pin 1 0.020 (0,51)
Index Area O BW
O 25) (W)
I | Ll /—\
/ \

T 0.012 (0,30)

0.104 (2,65) Max 0,004 (0,10)

0.013 (0,33)
0.008 ozo

= EEICD]

I
I
Gauge P\uﬂe _
[0.010 (0.25)] ’
£

ﬁ Seating Plane
s
0.050 (1,27)
0.016 (0,40)
4040000-2/G 01/11
NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning ond tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D. Falls within JEDEC MS-013 variation AA.

¥ Texas

lerRUMEN'ls

www.ti.com
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LAND PATTERN DATA
DW (R—PDS0-G16) PLASTIC SMALL OUTLINE
ExumpIEeNOBf:er) Layout Slen(cr‘lloé)epeDrsings

14x1,27 16x0.58 14x1,27
D000 00n crnnnnnin
IgIpEgIRIpEuRl IR
9.4 9,4
N0 nonnnnnn
IgIgIgigl IRINIRIRIpRIE

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4208202-2/E 07/11

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Refer to IPC7351 for alternate board design.

Loser cutting apertures with trapezoidal walls and dlso rounding comers will offer better poste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC=7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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NS (R-PDSO-G*)
14-PINS SHOWN

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

=1 e
HHHHHHHA

Ll

500 7,40

O
INEEEEN

A

/ \
HIN|NIN NN

0,15

im
%

Seating Plane l; \ Z ’ (\

0,15 NOM

l
e

Gage Plane [/ {

N

0,25

1.05
0,55

2,00 MAX
PINS
DM 14 16 20 24
A MAX 10,50 | 10,50 | 12,90 | 15,30
A MN 9,90 9,90 12,30 | 1470

NOTES:

4040062/C 03/03

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15
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DS1104 R&D Controller Board

® Single-board PCl hardware for use in PCs

m Set of intelligent 1/0 on-board

dSPACE
T

M 0.6 yagilnsainIual dSPACE DS1104
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L

Key Features

Description

Real-Time Interface

182

DS1104 R&D Controller Board

Cost-effective system for
controller development

® Single-board PCl hardware for use
in PCs

m Set of intelligent I/0 on-board

Application Areas

The real-time hardware based on PowerPC
technology and its set of I/O interfaces make
the controller board an ideal solution for
developing controllers in various fields, such as
drives, robotics, aerospace and automotives.

® Incremental encoder interface
m Serial interface (UART)

Key Benefits

The DS1104 upgrades your PC to a powerful
development system for rapid control prototyping
(,R&D" stands for research & development).
Real-Time Interface provides Simulink® blocks
for graphical configuration of A/D, D/A, digital
17O lines, incremental encoder interface and
PWM generation, for example. The board can
be installed in virtually any PC with a free 5-V
PCl slot.

Using Real-Time Interface

With Real-Time Interface (RTI), you can easily
run your function models on the DS1104 R&D
Controller Board. You can configure all /O
graphically by dragging RTI blocks and reduce
the implementation time to a minimum.

] Library: b1 104 Lo

Jeieiansl Lt \BG, )/ L ™

e ] oo Jo_wresee: |
(ot | o |

;s;u:s
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Digital
incremental
encoder interface

Serial interface

Slave DSP

Host interface

Physical
characteristics

Channels

Position counters

Sensor supply voltage
Configuration
Baud rate

Type

Clock rate
Memory

1/0 channels

Input voltage range

Qutput current

Physical size
Ambient temperature
Cooling

Power consumption
Power supply

Order Information

DS1104 R&D Controller Board

Relevant Software and Hardware

u 2 independent channels

u Selectable single-ended (TTL) or differential (RS422) input (software programmable
for each channel)

u 24-bit resolution

= Max. 1.65 MHz input frequency, i.e., fourfold pulse count up to 6.6 MHz

= Counter reset or reload via software

w5V/AO5 A

m Single UART (universal asynchronous receiver and transmitter) with FIFO

u PLL-driven T for accurate baud rate selection

m RS232/R S485 compatibility

mUpto 115.3 d (RS232)

u Upto 1 MBd (RS422/RS485)

u Texas Instruments TMS320F240 DSP

m 16-bit fixed-point processor

u 20 MHz

m 64Kx16 external code memory

m 28Kx16 external data memory

u 4Kx16 dual-port memory for communication

m 32 KB flash memory

u 10 PWM outputs

u 4 capture inputs

u 1 serial peripheral interface

u TTL input/output level

u A/D converter inputs: 0 ... 5V

® Max. £13 mA
(1" mRequires one 33 MHz / 32-bit 5-V PCI slot

w 185 x 107 mm (7.28 x 4.2 in)
m0...55°C(32...131°F)

u Active cooling by fan
m185W

m+5V 5%, 25A
® 412V £5%, 03 A
m-12V£5%,02A

m DS1104

Included m DS1104 Real-Time Library -
m Experiment and Platform Manager for hardware -
management
Required ® ReabTime terface (L mRn 0
a Wicroec CCormpler ——————mcawc
Optional m ControlDesk Standard — Operator Version n (S0
u ControlDesk Standard — Developer Versian nCS_D
u MLIB/MTRACE u MLIB/MTRACE
u CLIB n CLIB

Optional u Connector Panel m CP1104

m Combined Connector/LED Panel u CLP1104



PCl Interface
Interrupt Contral
Unit
32 MB:
sDRAyI\:E Timers

Memery Centroller

Memary PowerPC 603e

4 |

——{ 1 x3-Phase
4 x1-Phase

Slave 1
DSP O d
PWM '

4 Capture
Inputs

TMS320F240
DsP

Serial
—— peripheral K—1

Dual Port
i interface

Digital 10
S (LA ]

24-bit 'O Bus
M | | |
| | | |
ADC DAC Serial Interface
4 ch 16-bit 8 channels mﬂé’:f:;?’
4ch12-bit 16-bit RS422

'
'
'
'
! & ME Flash
'
'
'

1
:
Dt VO B |Rsz sy :
I
:
I
,

Induction Motor Control

Drive Control

In this use case, an induction motor controller is
developed with the DS1104. The slave DSP system
was designed for applications in drive control,
and the PowerPC's calculation power supports
convenient simulation and a smooth development
process. In combination with Simulink®,
the board makes it easy to verify and optimize
control algorithms and parameters.

Determining Values

One of the board's incremental encoder interfaces
picks up the encoder signal of the mator, while
two A/D converters are required to analyze the
mator currents. The controller board calculates
the cantral algorithm on the basis of the mea-
sured values and determines the corresponding
pulse width modulation (PWM). The three-phase
PWM signals are generated on the board’s DSP
subsystem and determine the converter’s output
voltage and frequency.

milifaal -
DS1104 RED salliS— /A
Controller Board =
Encoder Signal
b
6 PWM ‘
’ a
Signals
Ua
o |
AC Frequency Up =
Converter Ue \E
o0—

Block Diagram

Use Case

184
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Woyaa Nz : Model 1000L [ PoWercune
e e =
*Type: 3 Blade Upwind 1400 // \\

1200

SUUULUINN) : 3 Tuwia 1000

i i\
800 / N
*Rotor Diameter: 2.7m 500 / N
3 1 o s 400 - —
«gduuguananaluay 200 — —
2 - 6 8 10 12 1 0

Power(W)

+Start-up Wind Speed: 2.5m/s (5.6 mph) 0 2 4 16 18 2
2 o Aw A Wind spead(m/s)

S(ANUIIUMNTAN NIV UALLITUTIYU) " WIND TURBINE GEN

+Cut-in Wind Speed: 3 m/s (6.7 mph) : A 1000L “

(AanuEauifaiuansunda iy .

*Rated Wind Speed: 9m/s (20.1 mph) e /:M

o(ﬂa‘lm“ﬁ"mnﬁﬁaﬁuam’%"nwﬁm"lﬂﬁuﬁué’mﬁmswﬁﬁﬁﬁﬂ)
*Rated Power: 1000 Watts
«@asimsudamidalnfhvestiiuaugage)

*Maximum Power: ~ 1300Watts
«@asmsudamidalnfhvestaiuaugege)

*Furling Wind Speed: 12 m/s (27 mph})
-(‘Jhammz?aauﬁizﬂuﬁuwwﬁ?a vyl Favuaman U fuRemsaF Ui

*Over speed Protection: Auto Furl

GauutlosfuiloanuSiguiuice) : ssuviurdonplufafunuioanus uRuice
*Temperature Range: -40 to +60 Deg. C

+(-40 to +140 Deg. F)

o(ﬂiaqqmﬁgﬁﬁ%’fum)

*Cenerator: Permanent Magnet Alternator

Wsznnveuas eaiuila llfh) wdesuila ihusznnsminans

*Output Form:48 VDC Nominal

usesulifhfngaldnninseeduila iy

~mmqwmlm%u€'n 6 (m) ¥i3ou1nNI1

sduuguinmaafiuusii 42 w3

RINES LN A1 12V200AH 4 9N HIBNINAI, hwinWisamen 71 Kg.
SRUEARILANMSUS S liuames Ll sauames, i yaziAad i fnz A1de doe

3 ATy R ; - "
aoua wdoyariiuin 147 SMveHaasa nganaunu

o ar aa = ad o as
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M’WOU( AWATINTI TUNALNY : 0819470935
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%n" 54 l'{lf’lgll: FUT FUIADUNUNDT IADTHATTNATY I'ns. 038-616705
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%11 model loop N3Zua (Va)
#include <18f4431.h>
#device adc=10
#fuses HS,NOWDT,NOPROTECT
#use delay(clock=8000000)
#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)

void main()

{

int16 A,Al; Yszmerdls A, A1 5 integer 16 bits

float V,V1; Uszmaaals V, Vi1 ﬁJu floating point number

float i1,i2; Uszmaals 11,12 ﬁJu floating point number

float dt; Yszmadauls de iy floating point number

SETUP_ADC(ADC _CLOCK_INTERNAL); Mruady I clock 1UNT01M ato d
udyanunelu

SETUP_ADC PORTS(sANO); Mruarealun5e1u a to d (314 ANO

SETUP_ADC PORTS(sAN1); Mnuarealun1sen ato d iy ANI

SETUP TIMER 1(T1 INTERNAL |T1 DIV BY 8); NYUA timerl 15]95)1%/ IR
Clock M@l A1 Prescale 1:8

set_timer1(0); SuAUMITUN 0
while(true){
set_timer1(0); Sudumsiun o
set_adc_channel(0); Alan15914 a to d NWOI ANO
1 1 < 9}d‘ o
V =read_adc(); 91UA1 a to d Wunu BAduls v
o a I 4
V = (V*5)/1023; utasnrnauiudiandluliaa
. <
il =(2.482 - V)/0.186; wilasan Traadlunssued
printf("%.30\t%\r\n",i1,dt); A4ANTLUTIAE sampling time WY RS-232 191
ADUNNADS

. ! ! . < YA o
dt = get_timer1(); 811 timerl WuNU 13NA0)5 dt
dt = dt * 8 *0.0000005; walasnn dedlussuunainsa

}



%1 model loop ANNST (wa)
#include <18f4431.h>
#device adc=10
#tuses HS,NOWDT,NOPROTECT
#use delay(clock=8000000)

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)

int16 pos = 0; Uszmaaiuds pos @ integer 16 bits
float pos1,pos2; Uszmaaiuds posl1,pos2 i floating point number
#int ccp2 Wandu interrupt ccp2
void count1(){ Wan s 1Fauian 1 interrupt ¥ countl
pos = pos + 1; Maauals pos tNuAURAL 1
}
void main()
{
- d . .
float speed; Usemaaanls speed 11l floating point number
v d . .
float dt; Uszmaaanls deilu floating point number
enable interrupts(GLOBAL); sl interrupt 334

enable_interrupts(INT_CCP2); amsldau interrupt ccp2
SETUP_CCP2(CCP_CAPTURE RE); mwnuan cep2 11911 lulviua capture VOUITY
SETUP_TIMER 1(T1 INTERNAL |T1 DIV BY 8);  fviua timerl 1¥dayana

Clock @1y 31 Prescale 1:8

. A Y v oA
set_timer1(0); (IUAUNITUUN O

while(true){

set_timer1(0); Budumsiui o

posl = (float)pos; ey pos RIRIALY posl

printf("%.30\t%f\r\n" speed, dt); A9ANANNIE AL sampling time W13 RS-232 141

a 4
ABDUNAANDT

188



pos2 = (float)pos;

speed = (pos2-pos1)/dt;
speed = (speed*2*3.14)/600;
dt = get timer1();

dt = dt*8*0.0000005;

h

h

UYL

s pos MNY pos2

<3 1w
ANULTUNINY pos2 — posl 17 dt

1 <3 <3 .
1a9mIANNEI step/sec 11U radian/sec
J 1 . <} YA o
91uA timerl M Ny 13NAs5 dt

1 I a
uaen de W useuunaInge

<3
11341 model loop AN (wi)

189



#include <18f4431.h>

#device adc=10

#fuses HS,NOWDT,NOPROTECT

#use delay(clock=8000000)

d U
Tﬂ‘mn‘mmimuquu’ommm 3 loop

#use rs232(baud=9600, xmit=PIN_c¢6, rcv=PIN_c7)

#include <math.h>
int16 pos = 0;
float pos1,pos2;
#int ccp2

void count1(){

pos =pos + 1;

h

void main()

{

float speed,speed_sp = 0;

float Iset,il,i2;

float speedl;

float V,V1,il;

float dt,dtl;

float error,error2;

float el,e2;

float Kp =5, Ki=0.5;

Ysemaaands pos 151U integer 16 bits
Usgmeaaals posl,pos2 i floating point number
i f{“ﬂ" U interrupt ccp2

Flan1s19auslards interrupt ¥0 countl

1w A X 4
ﬂ']ﬂ')!,!,ﬂﬁ pos MUIUNAL 1

Usemaaanls speed,speed_sp A floating point
number

Usemeaainds Iset,il,i2 Bip floating point
number

Uszmaains speedl @ floating point number
Uszmeeanals v,v1i1 11 floating point number
Yszmeadauls dedel 1§ floating point number
Uszmeaaius error,error2 A floating point
number

Yszmadanils el,e2 15)u floating point

number

Yszmaaantls Kp,Ki 131 floating point

number 10D 1 1AL 0.02 MUAIAL

190
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float Kp0 = 1, Ki0 = 0.02; Usgmeadaus Kpo,Kio 11]u floating point
number (MNY 1 1@ 0.02 MUEIAU
float Kp1 = 1, Kil = 0.005; Usemeadauds Kp1Kil 15y floating point

number 1101 1 1AL 0.005 ANAIAL

int16 PPWMO = 0; Yszmadanals PPWMO 1114 integer 16 bits 191171 0

int16 PPWM = 0; Yszmadanils PPWM 111 integer 16 bits 111171 0

int16 PPWM2 = 0; Yszmadanils PPWM2 1111 integer 16 bits 11171 0

float PWM = 0; Yszmadanils PwM iy floating point number
MY 0

Float IPWM = 0; Yszmadauals 1IPwM floating point number
MU 0

float FPWM = 0; Usgmadanils FPwM 11 floating point number
MNU 0

float PWM2 = 0; Ysgmedauls Pwm2 it floating point number
N 0

int16 period = 4095; Uszmeaaaunls period 1 integer 16 bits MY 4095

inti=0; Uszmeeanals i 1504 integer 8 bits 111U 0

enable_interrupts(GLOBAL); Aams 1% interrupt 37

enable_interrupts(INT CCP2); lans 199 interrupt ccp2

SETUP_CCP2(CCP_CAPTURE_RE);  muuaAn1 ccp2 M lulviua capture VUL
enable_interrupts(INT CCP1); lams ¥ interrupt cepl
setup_ccpl(CCP PWM); Muuan cepl MU luInua PWM
setup_power_pwm_pins(PWM_BOTH_ON ,PWM_OFF,PWM_OFF,PWM_OFF);
fMNUAR Power PWM 11411%04% B0, BI

setup_power pwm(PWM_CLOCK DIV 4/PWM_FREE RUN,1,0,period,0,1,0);

MrUAN clock OATIHIN 1:4
SETUP TIMER I(T1 INTERNAL | T1 DIV BY 8);

iviua timerl 19¥dQaas Clock nglu Tisn

Prescalel:8



setup_timer 2(T2 DIV_BY 16, 255, 1);

SETUP_ADC(ADC_CLOCK_INTERNAL);

SETUP_ADC_PORTS(sANO);
SETUP_ADC_PORTS(sAN1);
set_timer2(0);

set_timer1(0);

while(true){

set_timer1(0);
set_adc_channel(0);

V =read_adc();

V = (V*5)/1023;

il =(2.482-V)/0.186;

el =Iset—1il;

set_adc channel(1);

V1 =read adc();

V1= (V1*¥5)/1023;

speed sp = V1*41.867;

Iset = (speed _sp +0.97196 + 0.065)/248.7285;

1=1i+1;

posl1 = (float)pos;
delay ms(5);

pos2 = (float)pos;

V =read _adc();

V = (V*5)/1023;

12 =(2.482 - V)/0.186;

E2 =Iset —i2;

192

o 1

NIV UAA timer2

MruadaI clock TUAI8 M atod
I o

Hudwanumelu

o 1 1 I
MHuUar0311UN1591U a to d 111 ANO

o 1 ' <
mﬁuﬂ%ﬂumimu atod i ANI1

=

FUAUNITVDI timer2 1UN

FUAUNITVD timer] 1L 0

BURUMIVBA timerl WUH 0
115811 a to d AFOI ANO
81uA a to d WAL I3fduls v
ulasrndudadiuliad
utlasanTraddlunszua

W1 error NFLUATINIZA 1
Ian1381U a to d H¥09 ANI
81UA a to d Wiy Ifisanls vi

o a

I 4
tasorndudadilulian
[ v 1 o v <3 .
ANUFUNUTTZHI1IAANY AIUET set point
@ v 1 <
ANUFUNUTIZHINAIINGD set point
AUNTLUE set point
] Q' 4# =
AT uvunay 1
MAs pos M0 posl
delay time 5 millisecond
10115 pos 1NN pos2
1 1 < 9)d‘ v
21U a to d W uAY IANAws v
o A I 4
ulasnrnaurudadluTiaa
<
wilasnn Thaadlunszua

Y1 error ATZUATINIEN 2

IPWM =IPWM + (Kp * el) + (Ki * (e1+e2) * dt); e¥4N13 PI control NTTLE



IPWM = abs(IPWM);
PPWMO = (int16)IPWM;
PPWM

if(i == 1){

speed = (pos2-pos1)/dt;
speed = (speed*2*3.14)/600;
error = speed_sp - speed;

dt = get_timerl();

dt = dt*8*0.0000005;

h

if(i == 2){

speedl = (pos] - pos2)/dt;
speedl = (speed1*2*3.14)/600;
error2 = speed_sp - speedl;
i=0;

}

ifltvVl <2.5)¢

193

PWM absolute PWM

utlasa PwM 11y integer 16 bits 'l

TN 1

AT UMY pos2 — posl 11T dt
utlaeAinnuiEInn step/sec 13 radian/sec
error NNV speed_sp - speed

g1 timerl MRV 13RTaus dt

1 < a
uaen dt Wussuunalng g

< 1w
AN ANINY posl —pos2 11T dt

' <3 <
11aemIANGIN step/sec 11U radian/sec
error (NN speed_sp - speed

AT =0

iﬂﬁ V1 <2.5 V49 control Va

PWM =PWM + (KpO * error) + (Ki0 * (error+error2) * dt);

PWM = abs(PWM);

PPWM = (int16)PWM;

set pwml_duty(PPWM);

set power pwmO duty(1023 * ((period>>8)+1));

h
else if(V1 >=2.5){

d4N13 PI control Va
PWM absolute PWM

' < L . ] Yt
ulasm PWM iU integer 16 bits 1hu'130
PPWM

910711 PPWM 0001 cepl
90 duty cycle 100% o000 power pwm0 (B0)

a8 V1 >= 2.5 control Va, control Vf

PWM =PWM + (Kp0 * error) + (Ki0 * (error+error2) * dt); N3 PI control Va
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PWM = abs(PWM); PWM absolute PWM
. ! 3. . = Yt
PPWM = (int16)PWM; ulasm PWM 14 integer 16 bits 1hu'130
PPWM

FPWM = FPWM + (Kpl * error) + (Kil * (error+error2) * dt); @4n13 PI control Vf

FPWM = abs(FPWM); FPWM absolute FPWM

PPWM2 = (int16)FPWM; 1laan PPWM2 L‘]dJL! integer 16 bits Lﬁﬂvli}ﬁ
FPWM

set pwml _duty((int16)PWM); 91871 PPWM ﬂﬂﬂﬁ cepl

set power pwmO_duty((intl 6)FPWM * ((period>>8)+1));

91871 FPWM 08n71Power PWM (B0)

H

printf("%f\t%f\t%f\r\n",speed_sp,speed,i1);ﬁ Q?hspeed_sp, speeed LAY NISLLE WU RS-232
haouimes

if(PWM >= 1023 || FPWM >=1023){ 5)1 PWM >= 1023 %58 FPWM >= 1023

PWM = 800; PWM =800

FPWM = 800; FPWM = 800

}

delay ms(5); delay time 5 millisecond

No table of figures entries found.}

}



MANHIN A

15233amMNNITZUIUMIAUTUNUIY



196

Vv 2

2 7.2 Control Desk N 19 1umInaanq



197

/,?‘_.g\gly;iu @’M E ~

t=; v Qy J o d' o A
M a4 AulasuomesnunsoenLila



198

M a5 Traanldlunsnaaoy

9

d’ @ a o o @
MNN 1.6 ﬂ1§%ﬂlla$ﬁﬂﬂQQﬂﬂ5ﬂ!1u')uﬂi$ﬁﬂ\1



NANUIN 3

a d
NQﬂ‘H?\‘WNW!Nﬂ!!‘W%



200

WEIGTHUAUIENSSUELdealDaLnAa NEeIL
Green Energy and Innvations for ASEAN's Future

AneonssumAnS  URTINENABUTINSA
umEan U

0 88 3010




201

souuUNAqs&o




202

MsUs:uuSEINISIASaUUWEabUIUIRUUS INAING ASDA 8

JUA 2-4 wauAIAY wh. 2555 OUASOMATE IS

WHILITW ILATDUBNAI MR TN A INY

-

- AasnAawLarTag uniAnmasnalulaiiwszaaundisuyi
S uwAnaugeoslna

- AWRINIDAW INEFY

. aovwnaluladwwmadiuss

- sndunaluladwszsannddgunmsananszdy

L AWINENRENBATAEAT

AW AINENRUBTINARAT

CawIngnafalng

O o0 ~N O g & W N

. AWINENRTIFR

10. ymingagnalulabgaund

1. WWIAINIRLDDIbIY

12, URIANENRYWLIFIT

13. NWINERLULTFIT (INUIFINRINUNALNY)
14. UWANINRURIVAUATUNT

15, IR VINIIAUNHIFIINN

16. URIINLNRDTINT A

17. amingaousls

18. UM ANgIAERanIIA Ine

19. ywAngnsppsnamdia

20. ARANIRHIUATITIL

21. uwinmaswmealuladumiuas

22. UATINEIRDAIUATUNTI Lywl

23. aothunaluladinszaauinawszuasinila
24. wrinmagmalulainrusaaiyyi

25. UWTININRUFH TN

26. upIngnasmna luladrninadau INsLanasI TR
27 ARIINLIRUWLEN



203

ASUS:ENIEINSIASaUWEDLIUIRLUSINAING ASUA 8

JUA 2-4 wauna w.h. 2555 DURIONAIEISAIY

F8BIENIAMWIARIMIUNANN(GAD)

NE.QT. NIITE ‘i‘mzﬁﬂwwﬁ

A € € =
WE.A3. NDAIAW DIAITITUA

HAL@3. A7 Tan §saaya

ae £ a
NA.AT. aRdnG Uadss

€ a €
WAL.AT. BUEIT wadtszany

We.@3. aANu g3lanny

v ¢ s
A3, N WeNBL

@3, aIFl Aad lue

2.97.

2.93.

waaN Loy

@ e § e &an
PULUG IBNIAI

e a o
2.97 WIIA INULIN

2.973.
2.97.
2.973.
2.97.
2.93.
2.913.
2.97.
2.97.
2.973.
2.97.

2.93.

\ips@aw mayawaiiona
INTIF LA1RID
i3 Fa9IAM
o)

wie Ila
fiins d9ndfugRus
wTan gauwngd

& a
wanguol 3a6le
azaR e
FUUN LIS
awsTon SaEu

0337 MFUUN

a. Y31 esdsenmans

8. @anuol 29dine

2.93.
2.93.

iy seadszwant
=3 o ; an @ =3
Anddna I5vuniad

2.97. 727 WIRURAWAI

VPINYIRBUAIFITAN
UMIINIIRLURIRIIAY
UPANYIRBUAIRIIAY
UMIANYIRBUIIFIIAY
VAINGIRLUAEI TN
URIAINYILNAIRIIAY

My hoadaursdssnalng

NIVFILRINNINBAT

Llﬂ:ﬁlﬂﬂ&l%ﬁ’mii&lLﬂﬁ@liLL'ﬂ'dﬂizmﬂvLﬂ H]
URANIRUINBATANRAT

UAINYIRL VDA
UMANENRBY I
UPANERBUAIEIIAY
UPIANLIRBUAIEITANY
URANEIRUURIFITAN
URIINBIRBUA R IAY
URIAINENRIUMIFIIAY
VRINBBLNRIEI I
YPINENRL VAT IAN
VRIINIALUARIINWY
URINLRUNPIRIIANY
UWIINENRUURIRIIAN
URTINALURITITANY
ARTINYNRLNWIRI I

UMINENALNIIFI TN

Y Ingasne luladnouinaazinaan
uninasnalulatdnausnanziuaan
WAINENREN TR



204

n’nﬂi:’qu"‘:’mmsl.ﬂ?a'ﬂ'lﬂwé'oa'ml.wiaﬂi:mﬁ”lma%ﬁ 8

o A o a
AN 2-4 WHBNIAN W.A. 2555 JIWIAURIRIIANY

LATDIVIADINIRHANAD smaunas‘nimam\muunsz@’;’mmn

Wind Turbine Simulator with a Separate Excite DC Motor
s Ao € a o a ca €
VDI ﬁs'ﬂsw * LRLANTE NIWLRIN

anirimanTnIni andensmumaad sminoaomalulainmusaatyys

&

39 w1 auuiIRa-uaTWIBN d1ua Araawn Sunatyys Smdaunumil 12110 Insdwrf 0-2549-3567

E-mail : sr_bancha@hotmail.com,w_subsingha@hotmail.com

unanga
Aﬁl v o = ° o o @ v

unanuildiiauainiosinasniusudisuameiininizurasiuuunszduien awa 1,000
T84 220 e launIuguaTyyImAuiT181989 (Speed Reference) Hiuminduiaaiing ju DS 1104
A o EY o & e
iaudssdyralieglugduuuiwaauszldlulasneulnsameiaszga PIC 1w PIC18F4431 1fluda
. L ¥ A e P
amufuMIuTesIManIInIUguuaias’ nimInuauiuuuugle lasnislddauguuuy PI ng
ludunismivguuisauanuiaiuazludmunisnruquuisansaaiaflas miaseyldinisdaudn
v a o { & @ % < do o a o
AMANTITNBIULTIUIAT NANUTIAN 4 520D Ha TTaUANITIRNANIAUINTUAYY 25 m/s TTaU

anUFuNNIRuaNTuERa T 3 mis sreuanuTauedlulszinalng 55 mis uazszauaws

P

AUNNIAUANITUHEA WA NAURNAMNEI 9 mis WanInagaLLaadliiARINAuTITaU INUBIAaTIAN
v a o & A A } A [ 9
Indidsnuaanuiidwdslasisulninuaguimenseuivle

Aman: &lﬁLVIﬂﬂ‘wﬂ’]ﬂitlmﬂidLLUUﬂﬁtG:l‘%LLF;Iﬂ, 3ﬂLLUUﬁ%L’m’], 'laJImﬂauImmaas’m:Qa PIC

Abstract

This article presents the Wind Turbine Simulator with is drived by 1kw Separate Excite DC
Machine The input of the drive is controlled by wind turbine block set in Matlab/simulink of the via the
interface card real time DSP board (DS 1104 ) The DC drive control function is using the PIC micro
controller model PIC18F4431 which is implemented with Pl control loop in order to fulfill in Armature
Voltage and Field control functions. The experiment is set into 4 level of a real time wind speed which is
fed into the dc drive .The 4 level of wind speed are 2.5 m/s which is the rotating/startup speed of wind
turbine, 3 m/s which is electrical power startup of wind turbine ,5.5 m/s which is the average wind speed
in Thailand and 9 m/s which is the maximum power speed of wind turbine that generate The experimental
resulted show that output motor speed is approximately equal to the reference speed in an acceptable
variation value.

Keywords: separate excite dc motor, Real-time, PIC microcontroller
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Abstract

This article describes the better perfformance of separately excited dc motor controlling for 1000

watts 220 volt by using 8-bit PIC18F4431 microcontroller controls all the functions. The motor controlling

is consisting of the closed loop Pl control theory evaluated the result by equation programming able to

generate the PWM (Pulse Width Modulation) signal to control motor. The result collection both armature

voltage control (V) and field control (Vf) has performed by Hyper Terminal programming connected to

the computer via the serial port. The evaluation has been using the microcontroller PIC16F877A to be

the set point rotating speed for PIC18F4431. There is the speed variation periodically. The evaluation

result found the actual rotating speed of motor is approximated to the set point value during the speed

changing of motor load and spending average time reduce to 0.85 second only.

Keywords: separate excite dc motor, PIC microcontroller, amateur voltage control, field control
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WHIRANL PIC18F4431 Andadynio Py 1o
Aegadaaniudinuiiven Tasnasl sy duty
cycle wonynazadadgg i PWM La
PIC18F4431 a:ﬁmﬂaﬁ]’m&aﬂ'nm“n‘sauﬁi’@"hﬁ
{Process value, Pv} LLa;ﬁ‘m‘i;LLﬁﬁ’?ﬂﬂﬁ {Current
value, Iv) lilfamaudinaaidnen

2. close loop control gariuath azdawly
i Pl Control Wafiazldamarnisaufidale
Feielngdedwaefidaanas (set point, Sv) Tu
Fauvasrnszualdiinluausmainssuaiiasly
(Current set point ,ls) Tsdadrimuedanlaf
ondas WaRazafady o PWM - Alkanze

i Ao o o
{Manipulate value, Mv) Fadidawladaaaliil

18| % %7



7 alfuil 13 Wawnnen | 2556

IMNFNNT Pl-Control [2]

M,0)=M, X, |ie(t)+%_[e(t)dt:| (13)
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ern=1-1, (14)
M, ()= M, +gainf(err —err))+ern / T)] (15)
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ern=S8,-F (18)
M, @)= M, +gain[(ern—err,)+ern / )] (19)
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YANNIFIA10L3250 LRSI PICIGFBT7A
TusunswazaasianuiBsenkanaslasnmsaad
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ern=F -8, (20)

M,¢)=M, —gain[(err —ern)+ern /T)] (21)
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p =5 udeeld

M,=I=I=P=§ (22)

5. mduullsunsunisd
Tughuweslisunss PIC € Compiler 1u
azdeslimsifouiudrdgagrmdrsg ldud
msdoulilsunsudond aniuwaiaaynsu RS232,
msdeulisunsuiusianauiiseuain encoder,
nsd aulusunsuiudrdasninuiiisanvas
nalaaian PIC16F877A nadaulilsunsuaina
AMu3150unans 9a1luda PIC1I6F877A N5
Woulusunsusudnszuailnaduarnaiand
wazmIEIRY m® PWM Fslusunsunmanas
fe1rwenun 3aldandaredraldsunsuun
yrasudidail
1. drotnamsidoulisunsuidondaniunaia
aunsy RS232
#include <18f4431.h>
#device adc=8
#fuses HS NOWDT NOPROTECT
#use delay(clock=8000000)
#use rs232(baud=9600, xmit=PIN_C8,
rev=PIN_C7)
2. aeduldsunsududranuiiisauain
encoder
pos1 = (float)pos;
delay_ms(5);
pos2 = (float)pos;
speed = {pos2-posi1);
speed = (speed*2*3.14)/600;
speed2=speed;
dt = get_timer1();
dt = dt*8*0.0000005;
printf("%.3Mt%Mt%M\t%N\r\n", speed,dt,v,vf);
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Erri=ly-Is

My=My-+gain*(erri-err2)+(err1/Ti) }

Erri=Sv-Py Erri=sv-Py

i)

Erel=Py-Sv

My=My+gain®(erri-ere2)Herr1/Ti)

] Erri=pPy-Sy

My=My+gain*(erri=err2)Herr1/Ti)

Erri=Sy-Py

My=Mv-gain*(err1-err2) Herr1/Ti)

Err

My=Mvtgain*(erri-err2)err1/Ti)

i . g as
A0 Winsinunadldsinsuildlunsnaunu

3. dreduamadouldsunsuiudrdrdsnnmsa
souvadINaLaasan PIC16F877A ﬁl.ﬂué’zyty'lm
auReN

set_adc_channel(1);

delay_us(10);

value = read_adc();
4. @aedranad puldsuasuaiiennuiiseu
wanw 9enluda PIC16F877AN snufm it lWd
PIC18F4431

#define MCP4922_CS PIN_B1

#define MCP4922_CLK
#define MCP4922_DIN  PIN_BS3

#define MCP4922_|LDAC PIN_B4

#define MCP4922_SHDN PIN_BS
5. dothamadoullsunsudurnsznailnann

PIN_B2

dawataay

set_adc_channel(0);

IR N I IR T

delay_us(10);

value = read_adc();
value2=read_adc();
trvalue2=(value2*(5.0/255));
i= abs((trvalue2)/0.186);

f & . a P a
6. DUINNITRIVIRY YU PWM aalisnsui

a
&
W

zt

SETUP_CCP2(CCP_CAPTURE_RE);

enable_interrupts(INT_CCP1);

setup_ccp1(CCP_PWM);

Tusruvosigyrmaing PWM
Az Vf fia

PWM = PWM + (KpO * error) + (Ki0O *
(error+error2) * dt);

FPWM = FPWM + (Kp1 * error) + (Ki1 *

(error+error2) * dt);
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15| 9 %



226

97 7 atufl 13 @avannan I 2556

= = '3 @ b3 5
annii ‘g@]ﬁ’]'ﬁ(ﬂ ﬂﬁ‘iﬂ’aﬂﬂq&l&lﬂmﬂ'a‘ﬂ‘imﬁﬂ‘ﬂ LL‘LI‘LIﬂ‘S'z@J%LLEIﬂ ﬂ’?EIVL&IIﬂ'Eﬂ a‘lﬂ‘ﬂ?@ L@mm:qa PIC

140 )\ ' Over rated (V£ control) |
%
120 -+
100 < il
80 e W7 N s d s N -\ N
60 under rated (Va control) A T :
40 —1 N .
20 — : e —
0 =
ﬁ“lﬁNQ\!DMO'\QﬂmeODM‘gl\vﬂmmNm\DfﬂOl\vﬁmm
=20 M0 &%gfg M 0.0 MmN A,o,,g_v.,w\_m_m,,a, NS OO o N ST
AN ANANNANNNM MMmMmMmaeSTTTITTHON
timee (x0.2s)
s S ¢ point (rad's) — 2901 Noload (rad's) N30 Noloadix®.1 Amp)
e A3 3500 Oload (rads) ——— Nzt Ouload(x® 1 Amp)

A2 HANTNARAINTEUFUAZANUIITE LY DL No load BazOn loadifisuiuanudsauhiaeld

(set paint)

167 % IINTINNT WIS REIULE @



Han1539y
PnmsnasauLiansa g uRils Ensan
yaswalasinszuaTILLUNTEduLEnuuLaLila
glulasnaulmamadin dnamsdniiunudail
1. nansnasauganuqululasaeu Insa-
1aaszna PIC wat PIC18F4431 81ansnAILqy
AU TOLLAZ NI LAYDINDLADI NI LRATILLL
n'swjmmﬂiﬂ”ﬂ'ﬂﬁﬁ'ﬁ:ﬁn%mwmnﬁa%u Aty
s Pl control  Aivunavasuaiaad 1000 Jaa

o

wsa6u 220 Taad wazawranszua 5.6 waui A
AUL5I50UGILE 0-2055 saudaudt Faiilu
vamasidvwalng Tapdvesnmuia nszus 9z
uaeaLuwniasvaalisunsy Hyperterminal )
%am‘smuwaﬁ‘mmgn‘mm:ﬁm'sm?iﬁmmmm
arusafimueiuleiimaaountalnaave
walaed auLi19%9vesuatasiialndiAes
mmﬁumuquﬁﬁmw"ﬁ uaziaa A unlag
AU asnalaasiiidnlndnuisafimnue
Vaoasadindoifins 0.85 Surfiuniwderiua
Aldurmaaansviaz ladan w12

2. HANITNARALNITHIINBYDI2 99571189
srnsndunetaadlaiifinafidnue luga9i
Ao ANG EUNINAaFLTIGUHA (V1)
adld wdaniRannafiaifiouasnszuaiiiasan
fygrmsuniurir lkssnadantsiud e g9
AWAY Anfisasfianufiaeuaudlifs 10 lu
10,000 @1 wisaaLiln 0.1%

CEtl)
INMINGABITBITanIUUIaLaaT WA
NITURATINLUNTEAUUENIUIG 1000 Tad ¢an
Tulasnaulnsaiaadaszna PIC lwad PIC18F4431
grursnfazUiualnuiiiseufmuazanly
FOARINLAIAIAINISITOLYDI PICIGFBT7A
¢ Fadiaruaararadaudiniy 2 % ifeludasn
Mechanical time constants (7,) Wiesangaail

Tisarsnaquld sunquanziudiezie

IETITMINNINENRY ﬁmﬁ

Pl o |
I 7 alfui 13 Hauuaman

2556

227

o

wam My Tidaanniigade o waiaesiiazl
weanuh

nsnaseuifiaulnaaliivoeiasd 1995
muqummmﬁa}ﬁnmmmL‘?nauiﬁmﬁlnﬁ
arusintmuelidranuEifi PIc16FeT7A oz
drnuaunilnifnary wialaidrezfinag
Wasuslaslnaavosnaiass drarruisauf
fansinwiszauanuiisaulidhlnddranansa
sauﬁﬁ‘mmag‘mm

VBLABD U

1. mstAunanisnassdaziiadynilusn
yoadgrasunuLiiasing Tmﬁgalumm%mf
yasuamalanianiziiadunaiasidnaruisa
TOUFIY nlwersauuaznszuanialafidainu
ARAALAROUIINANDTY Wuanansut ludadas
a'?;"lnmsn‘saammﬁiﬁﬁ@mﬁmﬁﬁﬂg’
TulasaaulnsainasiSouin

2. msdpulusunsuauasludgiunisiu
dyarmnszus axfinszusluswnilefinliifa
arnfiaiiswiiosrnniunszuadoundy ¥iale
lulasaaulnsataasarudilndrdaay 35013
wilad elusruvasdrlusunsuasivaidunis
adamaailildanulindudwainszuganauli
duunuasinua e dnszuafdandundads
anaiuaFalilisunsuliianda

3. MIN@FOUSUFY QIUNTELEWINANEIIN
data sheet Udanszuan 0 wawil Fyaaazaanin
¥ lulasaoulnsiaasiviaiy 2.5 1aad waiiie
nasoua3ea: lensusaduiins 2.482 Taad datin
Astruen s oullsunsasuanszuad o Taad
in 2.482 Taadliasiwuaana data sheet

171% %1



228

B 7 aduil 13 Weuuamen I 2556

v o
Land@NIandad

[1] Sasiya Udomsuk; et al. (2011). Power
Loss Identifica-tion of Separately
Excited DC Motor Using Adaptive
Tabu Search. European Journal of
Scientific Research. 60(4): 488- 497.

[2] F51gns winan. (2549).  gaatamsa
Qummﬁiwama%fns:mmmmugﬂ
flauwsananfiaaaiarnlisunsy
visual basic. MnsETmalwladans

ALl

18I PITIANT AN UL @



¥o — wnana

U

A a a
u1eu Uina

=).
e®.

)
sz Iamsanmn

W.A1. 2545

sz iamsnianu

.41, 2550 — 991

229

=

sz IRy

wetiyan @33 1501
7 NINQIAL 2521

1/167 shuauth dunetiiod Saniawals

ASIMIANBITEAVIINT TN AAT TN

a a a 4
ﬁﬁl']’)‘b’TJﬁ’JﬂiﬁJllV‘l%}‘h NUNIINGUBITEDIALUY

Muree1138Uszann I danssu i

a 4 a %
AUTIAINTTUAITAT NWTJT]fﬂailﬁu‘lfi



	01_cov
	02_tit
	03_
	04_abs
	05_ack
	06_tbc
	07_ch1
	07_ch2
	07_ch3
	07_ch4 
	07_ch5
	08_bib
	09_app1
	09_app2
	09_app3
	09_app4
	10_bio

