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VEHICLE SIMULATION
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ABSTRACT

This thesis concerns an automatic car control along the way in real condition. The report
proposes the construction of the way model and electronic parts such as DC motor drive circuit,
sensor circuit. All hardware circuits link to the computer by interface circuit and controlled by

solfware.
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dreal START
Private Sub I12CStart()
Out &H37A, Inp(&H37A) Or 1
Out &H37A. Inp(&H37A) Or 2
Out &H37A, Inp(&H37A) And &HFE
Out &H37A. Inp(&H37A) And &HED
End Sub
I STOP
Private Sub 12CStop()
Out &H37A, Inp(&H37A) And &HFE
Out &H37A, Inp(&H37A) Or 2
Out &H37A. Inp(&H37A) Or 1
End Sub
Joynaoan *1”
Private Sub Send1()
Out &H37A, Inp(&H37A) Or 1
Out &H37A, Inp(&H37A) Or 2
Out &H37A, Inp(&H37A) And &HFD
End Sub
Joyanoin “0”
Private Sub send0()
Out &H37A, Inp(&H37A) And &HFE
Out &H37A, Inp(&H37A) Or 2
Out &H37A, Inp(&H37A) And &HFD
End Sub
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Private Sub Ack()
Out &H37A, Inp(&H37A) Or 1
Out &H37A, Inp(&H37A) Or 2
Out &H37A. Inp(&H37A) And &HFD

End Sub
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Private Sub Sendout (B As Integer)

Call I2Cstart ‘Start
Call Send8BIT(&H70) ‘Send Address Word
Call Ack ‘Acknowledge
Call Send8BIT (B) ‘Send Data
Call Ack ‘Acknowledge
Call I2Cstop ‘Stop
End Sub
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LM741

&National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when.the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to + 125°C.

<
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the National Semiconductor

Distributors for availability and specifications.

(Note 5)

Supply Voltage

Power Dissipation (Note 1)
Differential input Voltage

Input Voltage (Note 2)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

LM741A
22V

500 mW
+30V
+15V

Continuous

—55°Cto +125°C
—65°Cto +150°C

L

M741E
122V

500 mW

Continuous
0°Cto +70°C

30V
+15V

—65°Cto +150°C

LM741
122V

500 mwW
+30V
+15V

Continuous

- —55°Cto +125°C

—65°C to +150°C

Sales Office/

LM741C
18V

500 mW
+ 30V
+15V
Continuous
0°Cto +70°C
—65°C to + 150°C

Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C” 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ote3) el
.Parameter Conditions il )2 uld & LMFSHG Unhs
Min | Typ | Max | :Min | Typ | Max | Min | Typ | Max{ -
Input Offset Voltage Ta = 25°C 3
Rg < 10kQ 1.0 | 5.0 20 | 6.0 | mv
Rs < 509 0.8 3.0 mV
TaMIN < TA < TaMAX
i Rs < 500 40 mV
Rs < 10kQ 6.0 7.5 mV
Average Input Offset "
Voltage Drift 13 pVIC
= (4 = =+
Input Oftset Voltage Ta = 25°C, Vg = 20V +10 +15 +15 -
Adjustment Range
Input Oftset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
TAMIN < Ta < TamMax 70 85 500 300 nA
Average Input Offset .
Current Drift e RS
Input Bias Current Ta = 25°C 30 80 80 | 500 80 | 500 nA
TamIN € Ta < Tamax 0.210 1.5 0.8 KA
Input Resistance Ta = 25°C, Vg = +20V 1.0 | 6.0 0.3 2.0 0.3 2.0 MQ
TaMIN < Ta < Tamax:
Ve = =20V 0.5 MQ
Input Voltage Range Ta = 25°C +12 | £13: \Y
TaMIN £ Ta < Tamax +12 | £13 Vv
Large Signal Voltage Gain | Tp = 25°C, R_ = 2 kQ
Vg = £20V,Vp = %15V 50 V/mV
Vg = £15V,Vp = z10V 50 200 20 200 V/mV
TaMiN < Ta < Tamax.
RL 2 2kQ,
Vg = £20V,Vp = %15V 32 V/mV
Vg = =15V, Vo = 10V 25 15 V/mV
Vg = =5V, Vg = 2V 10 V/mV

1-367

HWINT



LM741

Electrical Characteristics (Note 3) (Continued)

4
Parameter Conditions LM7H1/LMTATE cled! il Units
Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = 120V .
RL = 10kQ +16 Y
RL = 2kQ £15 Y%
Vg = 15V
RL 2 10k +12 | £14 12| 14 \Y
RL = 2k +10 | =13 10| %13 \Y
Output Short Circuit Tp = 25°C 10 25 35 25 25 mA
Current TamiN < Ta < Tamax 10 40 mA
Common-Mode TaMiN < Ta < Tamax
Rejection Ratio Rs < 10kQ, VoM = £12V 70 | 90 70 | 90 dB
Rg < 5090, Vgm = £12V 80 | 95 dB
Supply Voltage Rejection | Tamin < Ta < Tamax
Ratio Vg = £20VtoVg = 15V
Rg < 500 86 | 96 dB
Rs £ 10k 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25] 0.8 0.3 0.3 s
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Ta = 25°C - 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/us
"Supply Current Tp = 25°C 17 | 2.8 1.7 | 28 | mA
Power Consumption Ta = 25°C
Vg = 20V 80 | 150 mW
Vg = 15V 50 | 85 50 | 85 | mW
LM741A Vg = 20V
Ta = TAMIN 165 mWwW
- Ta = TAMAX 135 mwW
LM741E Vg = £20V
Ta = TAMIN 150 mW
Ta = TAMAX 150 1
LM741 Vg = +15V
Ta = TAMIN 60 100 mwW
TA = TamAX 45 | 75 mw

Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum

Ratings”). Tj =Tp+ (OiA Pp).

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6ja (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
6ic (Junction to Case) N/A N/A 25°C/W N/A

Note 2: For supply voltages less than * 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Unless otherwise specified, these specifications apply for Vg

specifications are limited to 0°C < Tp < +70°C.

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 6: Human body model, 1.5 k2 in series with 100 pF.

= 115V, —=55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these
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Connection Diagrams

Metal Can Package

INVERTING INPUT (2) (6)outPUT
NON-INVERTING INPUT FFSET NULL
O,
-

TL/H/9341-2

OFFSET NULL (1)

Order Number LM741H, LM741H/883",
LM741AH/883 or LM741CH
See NS Package Number HO8C

-

Dual-In-Line or S.0. Package

X N
OFFSET NULL —{ 1 8 —NC
INVERTING INPUT —| 2 A
NON=INVERTING —{ 3 6 |—0ouTPUT
INPUT
v —4 5 |— OFFSET NULL

TL/H/9341-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JOSA, MOBA or NOBE

AR

*LM741H is available per JM38510/10101

Ceramic Dual-In-Line Package

NC —
NC —
+ OFFSET NULL —
~IN —
+IN ~—
V= =

NC —

N o A N

/s

14
13
12
1
10

9

8

— NC

— NC

— NC

— V+

— OUT

— - OFFSET NULL
— NC

TL/H/9341-5

Order Number LM741J-14/883°, LM741AJ-14/883*"*
See NS Package Number J14A

*also available per JM38510/10101
**also available per JM38510/10102

200

+OFFSET NULL ]
~INPUT ]
+INPUT ]

=1 e

V-

Ceramic Flatpak

1

LM741W

itesar
—~—ne

e— T

1 0UTPUT
] -OFFSET NULL

o] IN] =] (v

TL/H/9341-6

Order Number LM741W/883
See NS Package Number W10A
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LM139/LM239/LM339/LM2901/LM3302

ﬂNational Semiconductor

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog
to digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; multivibrators
and high voltage digital logic gates. The LM139 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they will
directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

Advantages
B High precision comparators
B Reduced Vog drift over temperature

® Eliminates need for dual supplies

B Allows sensing near GND

® Compatible with all forms of logic

B Power drain suitable for battery operation

Features

B Wide supply voltage range
LM139 series, 2 Vpg to 36 Vpe or

1 Vpcto £18 Vg
LM139A series, LM2901 2 Vpc to 28 V¢
LM3302 or £1 Vpgto £14 Vpo

B Very low supply current drain (0.8 mA) — independent
of supply voltage

B Low input biasing current 25 nA
B Low input offset current 5 nA
and offset voltage +*3 mV

B Input common-mode voltage range includes GND

m Differential input voltage range equal to the power
supply voltage

B Low output saturation voltage 250 mV at 4 mA

® Output voltage compatible with TTL, DTL, ECL, MOS
and CMOCS logic systems

Connection Diagrams

Dual-In-Line Package

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4-  INPUT 3+ INPUT 3-

13 12 n 10 S 3

'DT
—] ;

2 3 q 7

OUTPUT2 OUTPUT v INPUT 1- INPUT 1+ INPUT 2- INPUT 2¢

TOP viEw TL/H/5706-2
Order Number LM139J, LM139J/883", LM139AJ,
LM139AJ/883**, LM239J, LM239AJ, LM339J,

See NS Package Number J14A
Order Number LM339AM, LM339M or LM2901M

See NS Package Number M14A

Order Number LM339N, LM339AN,
LM2901N or LM3302N
See NS Package Number N14A

*Available per JM38510/11201
“*Available per SMD# 5962-8873901

ouT3
outs .

IN1- IN 44+

IN1+

IN 4-

IN 2=
IN2+

IN3+
IN 3-

TL/R/5706-26
Order Number LM139AE/883 or LM139E/883
See NS Package Number E20A

14

OUTPUT 2 :‘: ° OUTPUT 3
OUTPUT 1 :Z —1J OUTPUT 4
v+ :3 12_1 GND
INPUT 1= :‘ LM139W ”: INPUT 4+
INPUT 1+ [:5‘ w: INPUT 4-
INPUT 2~ :ﬁ 9: INPUT 3+
INPUT 2+ :7 a: INPUT 3~

\ . TL/H/5706-27
Order Number LM139AW/883 or LM139W/883"
See NS Package Number W14B
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Typical Performance Characteristics Lm139/Lm239/LM339, LM139A/LM239A/LM339A, LM3302
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LM139/LM239/LM339/LM2901/LM3302

Application Hints

the output voltage transition intervals as the Comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC boarg layout is helpful as it
reduces stray input-output coupling. Reducing this input re-
sistors to < 10 kO reduces the feedback signal levels and
finally, adding even a smaj| amount (1 to 10 mVv) of positive
feedback (hysteresis) causes such a rapid transition that

teresis is not required.
All pins of any unused comparators should be grounded.

The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 Vpg to 30 Vpe.

It is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications (V* =5.0Vpg)

Basic Comparator Driving CMOS

+5.0 Voo

TL/H/5706-3

AND Gate

TL/H/5706-8

The differential input volitage may be larger than v+ withoyt
damaging the device. Protection should be provided to pre.
vent the input voltages from going negative more than -0 3
Vbe (at 25°C). An input clamp diode can be used as shown
in the applications section.

used as a simple SPST switch to ground (when a pull-up
resistor is not used). The amount of current which the outpyt
device can sink is limited by the drive available (which js
independent of V+) and the g of this device. When the
maximum current limit is reached (approximately 16 mA),
the output transistor will come out of saturation and the out-

Driving TTL

+5 Vpe

1/4 DM54 XX

‘TL/H/5706-5
TL/H/5706-4

3k

+0.075v

1/4 LM139

f= A+g+C

TL/H/5706-9




Typical Applications (v+ = 15 vpc) (Continued)

One-Shot Multivibrator
v

1/4 LM139

0.001 ., F

-y
R
™ IN914

Bi-Stable Multivibrator

TL/H/5706-10

TL/H/5706- 11

One-Shot Multivibrator with Input Lock Out

v
™M ™ 10M 560k 15k
100k 9 .
+Vin = e
— V'
I W =
100k 1/4 LM138 - g 0
L7 b 4
] 100 pF
= Q=] I' 1/4 LM138 Vo
—+
10M
240k
62k =
AAA
v
{ TL/H/5706-12
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications v+ =15 Vpe) (Continued)

Large Fan-In AND Gate

v’-

1/4 LM139 Yaiiv

Vour=A-B-C-D

1
ALL DI0DES
1N914

TL/H/5706-13

Puise Generator

V+
A1 01 15k
™ 1N914
*
R2 b2
100k IN914
80 pF
I H * s”su ”J‘
H
% us 0
=7 5 t t
1/4 LM129 fafs ?
™ ¥o
V+
™
AAA
™
* FOR LARGE RATIOS OF R1/R2,
— D1 CAN BE OMITTED.

TL/H/5706-17

T

ORing the Outputs

1/4 LM139

1/8 LM139

1/4 LM139

1/4 LM139

TL/H/5706-15
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Typical Applications v+ =15vpg) (Continued)

Time Delay Generator
v

Vi

INPUT GATING SIGNAL

Vr-‘---———————z—-
Vi ———-—— -
} .
Ver Vaf-===- |
[ WA,
v, ol h| A
d O 1 0.
0 1 | 1
to 4 t2 ta 2]
—_—t—
TL/H/5706-14
Non-inverting Comparator with Hysteresis Inverting Comparator with Hysteresis
v

*Vaer O

Ik

1/4 LM139 Vo

10k

*Vin

AAN

TL/H/5708-18

TL/H/5708-19
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LM139/LM239/LM339/LM2901/LM3302

Typicai Applications v+ =15 Voo) (Continued)

Squarewave Oscillator

V+
4.3k
100k
i "F V‘—ru-
- 0
f =100 kHz
1/4 LM139 Vo
+

. 100k 100k
v A

100k

TL/H/5706-16

Basic Comparator
v
O

TL/H/5706-21

Limit Comparator
V* (12 Voo

2Rg 10k
VAR i O AAA pe—eed]
1/4 LM139 LAMP
12 €SB =
RS

*Vin

+
1/4 LM139 2N2222
2Rg
*Vage Low O—w,_,__| - ~ls

TL/H/5706-24

Comparing Input Volitages
of Opposite Polarity

w2222

*Vin,

“Vin,
1/4 LM133

I

Output Strobing

INPUT

*Or open-collector logic gate without pull-up resistor

Crystal Controlled Oscillator
v

200k 2.0k

0.14F
1/4 LM139 Vo

IDI
18]
CRYSTAL

200k f= 100 kHz

5.1k

Vo

TL/H/5706-20

STROBE

TL/H/5706-22

L ) WL
T

TL/H/5706-25
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LM139/1.LM239/LM339/L.M2901/LM3302

€2-9045/H/TL

MV

t1ndino

L 1NdINO

I

IONS (V+ =15Vpc) (Continued)

icat

| Appl

ypica

ZHY 001595 2H 002

6EIWT #/1

2, A O—

(o

b——a0O 2/, A

BEIWT ¥/L

17100

0t

G6ELNT ¥/1

O0A 0§ + 5OASITAW 062 +
O0A 0E+ = 4+ A

1NdNI
"~ 39V110A
TO 1041INOD
AIN3IND3IY4
r.nl)?(.L "

MV
1's
10°€ 19005
A

09A Aduanbaug-ybiH apesag-om}

%001
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LM139/LM239/LM339/LM2901/LM3302

Typical Applications v+ =5 Vpo) (Continued)

Transducer Amplifier Zero Crossing Detector (Single Power Supply)

v

4

MAGNETIC Vv
PICKUP 1/4 LM139 o
+
20M
AR
10k

TL/H/5706-28

Split-Supply Applications v+ - +15 Vocand V== ~ 15 Vpq)

MOS Clock Driver

v

V.
Stk - 2% 3.9 2.4k
51k 10k
AN' —— 3
s, | 1/8 LM129
Bk 2 §
1/4 LM139 9 § ’-—1 +
r Fe
5.1k
AAAr 1/4 LM139
4_.1 - 12
>
50 pF f 5.8k

TL/H/5706-30

=) 04

MH0025

%s

TL/H/5706-31
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v i
split-Supply Applications (v+ = +15vpc and V- = —15 Vpe) (Continued)

Comparator With a Negative
Zero Crossing Detector Reference

v‘ v.
+
Vin

Y

VeLaTS 14 LM129 Vo

|
I

5 N
v- . - v-

TL/H/5706-32 TL/H/5706-33

Schematic Diagram

v*

3.5.A GD 100.A

+INPUT

QuTPUT

Qs

-INPUT O

a7
Q5 Q6 ﬁ_

TL/H/5706-1

ANCINT IV ALTIMNI /AN /IAOCTIAMM™MI/ICO) IAIMY
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