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This project proposes to conduct wireless technology such as mobile phone that can take
a photograph and send data to apply for the useful purposes by combining two technologies to
gain efficiency for car alarm system. This system works when car alarm system is activated. The
camera will take a picture happened in the car by the technique of sending data. It will send the
data to the server and alert command to the car’s owner. When the owner suspects that it might be
an incident to his car, he can check the event by downloading the pictures from the server.

Moreover, in case of a robbery or malfunction of the system , the data stored in the server can be
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ABSTRACT

an evidence for the prosecution.
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- AP0 SMSC information

- First octet of the SMS-SUBMIT message. fhuaeluuts 8 danthuuaaily octet

Ed
Tasaaluus 8 ia Tanunuieaatl

ATIIN 2.1 ANUNNIGVDIAT ILIUB VLA 8 1A

Bitnol7 |6 | NN I N (R

IName||TP-RP| TP-UDHI|[TP-SRR||TP-VPE|TP-VPE|TP-RD|[TP-MTI||TP-MTI|

TP-RP 18 Reply path
A = .. o A @ = Qv '
TP-UDHI 79 User data header indicator %xgmafmﬂu 1 14990 ANNITITNNIVAT Header

< ' v o
TP-SRR fi® Status report request 1¥atily 1 nunsaud1 Avans Iidea Stas Tadw

>
<t

TP-VPF #9 Validity Period Format 141ia# 3, 4 Jumsuenar TP-VP Taefianiunane §adl
0 0 : TP-VP field not present
1 0 : TP-VP field present. Relative format (one octet)
0 1 : TP-VP field present. Enhanced format (7 octets)
11 : TP-VP ficld present. Absolute format (7 octets)
TP-RD flo Reject duplicates
TP-MTI fio Message type indicator 8159 1 1102 0 gmdanili 0, 1 MeA214 PDU rilu SMs-
SUBMIT

#A198191319D3 “117 114 First octet of the SMS-SUBMIT message.

A15190N 2.2 NWIA1 “11” 14 First octet of the SMS-SUBMIT message

Bitno7 |6 s ¢ B2 1 Jo |
[Name | TP-RP|[TP-UDHI||TP-SRR| TP-VPF| TP-VPF| TP-RD|[TP-MTI| TP-MTI]
Value[0 {0 ot fo fo Jo fr |

¥y o 1 £ w < o o
- TP-Message-Reference. Sudouilus1 «00” wuneds T Insdmidmsisanneny

¥y a
PIDIDY
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- Address-Length. ABAIM813989M 0y INSFNN
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- TP-PID. iihussiar 191515 Header vouTols Tnnoafids sMs

- TP-DCS. Data coding scheme. (Yudiuanitnzl¥mudhsiassls duily Default 15a
i1 00

- TP-Validity-Period. "AA" yu1efa 4 Fu Tuduiniy Option A8 s uiludosldild
Hanunmnoaeunidouly First octet

- TP-User-Data-Length. 18AAINE1IUBIYONI TN

- TP-User-Data 99auNa
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A3191 2.4 A1 Octet YBIAIBAYININBINGY

lg{;ﬁg;1101000|Qg};ﬁnooﬂl;iggnc?“;}} £ 1101 || 0100 110 Aootox 11 |[xo 101 | ”g{j;gnonoo”nonﬂ
E8 32 9B FD 46 97 D9 EC 37

A v
910 "hellohello” t11faal#1ii E8 32 9B FD 46 97 D9 EC 37 1ile 185 avesdoninumiuia

d o vow o Pt ¥ o ¥ Yo w »
ﬂu’l‘lﬂﬁaﬂﬂﬁﬂﬁ PDU ﬂlﬂu‘uaﬂ'l'ﬂuﬂsﬂﬂﬂﬂﬂliﬂa SMS ‘i)zvlﬂﬂ\‘iﬂ']ﬂfnq

AT+CMGF=0. //Set PDU mode

AT+CSMS=0  //Check if modem supports SMS commands

AT+CMGS=23 //Send message, 23 octets (excluding the two initial zeros)
>0011000B916407281553F80000AA0AES329BFD4697D9EC37

Tasavau 16 Adatinon [4]

MI NN 2.5 ANUNYIGVDAUAY Octet 1UNI5EI SMS

LOctet(s) "Description ]
100 [Length of SMSC information [
1 [First octet of the SMS-SUBMIT message. |
IOO WTP-Message-Reference. j
0B |Address-Length (0B=11) ]
@ uType-of-Address. 1
6407281553F8 vnsa Insdmi

00 TP-PID ]
o frPnes |
lAA ~|ITP-Validity-Period. ]
[OA ”TP—User—Data—Length. Length of message.

S| I —

IEB329BFD4697D9EC37|TP-User-Data.
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INTERFACE
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<htmi>
<%if((request.getParameter(“name”).equals(*JOHN")) & &(request.
getParameter(“password”).equals(“hello™))) {%>
<jsp:forward page="forward2.jsp”/>
<%}else{%>
<h3>Invalid Try Again!</h3>
<%@ include file="forward.html”%>
<%} %>

</htm!>




24

¥
TagluTnsanuiildnh 1sp an@nuthunumsitas WAP Pages dmsuuaasmn Tashiil
\ A g L ) 4
MIUNINAE1 JAVA Tudiuuesns Query grudoya iNoasvaoudod 1uazsdariu lunoud

; 4
Login 122 1uAdUN Query M¥oMNWUMTA

~ 24 v
2.9 MAAABALIGINYBIYA
- . . 1 4 a v o b4 c’; Y a ) ° m Y
M3h Application MY JAVAdeInisasdefugmdoyatiu ddade lavasseziinly’ld
] o [ o’: o < . $ 4 g )
ABerne Driver dmugmdoymiug dmSu JAVA A0 Driver fidlu API #lfiFoudafiy
(3P F4
§1U4oYaN¥071 Java Database Connection HATIBNS 8ADENIDANT IDBC na'lnitugiu 3 a1
nlieglu DBC fo Sududasedugmudeyn, dimds sQL Tgudeya uazfumadnion
9 % d’d 1 d'g) = ¥ @ 3/ o Y )
Fudoyanidams lulassnuiilinmediundssmsasaefugiudeya ouldun
- MIIAMIUOTATINADY FoR IFNUTHAR Y
- MSONANFDNINUAZAT Query HIFOMN
o ° a 1w ) v & Ay o o t Ay oqyA
mshezimsaeaefugmdeyalauu slidindnyaosoteiidoldfe forName voq
£ g . iy L i a
ANAFINAD com.microsoft.jdbe.sglserver.SQLServerDriver U8  URL NHosAnAe Ao

Jjdbe:Microsoft:sqlserver://hostname:port[;property=value...]

Database
51 2.10 eranilnens suvee IDBC [7]

{ ] i 4 o 3 =
uazn i lsunsu JAVA desdadh lligudoyaiioiims Query doyasonuniuifie
& 1% o v o A a a A 3
M1 SQL Fuilummunasguveaszuugudoya Mdmdnvesnmmii fiog 4 xila Ao select 19
Tumsidendeyavenun, insert 1¥lumslddoyalmidhhl, vpdate 1Hlumsudladoya uaz

delete 1¥lumsavdoya



shethadida SQL
SELECT password
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Connection con = getConnection();

try{
Statement state = con.createStatement();
ResultSet result=state.executeQuery("select

username=""+user+""");

while(result.next()){
String get = result.getString(1).trim();
/I System.out.println(get);
if{pass.equals(get)){
ret=(retjtrue);
}elsed

ret=(ret{false);

}
}catch(Exception e){

System.out.println("AT checkLogin-—--"+e);

closeConnection();

password

from

login

where
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<htm!>
<Yo@page import="java.sql.*"%>
<%
java.sgl.Connection con = null;
final String url = "jdbc:microsoft:sqlserver://";
final String serverName= "161.246.73.140";
final String portNumber = "1433";
final String databaseName= "Car";
final String username = "sa";
final String password = "sa";

final String selectMethod = "cursor";

Class.forName("com.microsoft.jdbc.sqlserver.SQLServerDriver");

con

j éva.sql.DﬁverManagcr. getConnection(url+serverName+":"+portNumber+";databaseName="+databa

seName+";selectMethod="+selectMethod+";" username,password);

if(con!=null) System.out.println("Connection Successful!");

boolean ret=false;

Statement state = con.createStatement();
ResultSet result=state.executeQuery("select password from login
username~"+request.getParameter("name")}+"");
String passIn=String. valueOf{request.getParameter("password").hashCode());
while(result.next()){
String get=result.getString(1);
System.out.println(get);

System.out_printin(passin);

where
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if{passIn.equals(get)) {
ret=(ret|true);
Jelsed

ret=(ret|false);

}
state.close();

con.close();

if(ret){
%>

<jsp:forward page="direction.jsp"/>
<% telse{ %>

<h3> Invalid login ! Try Again. </h3>

<Y%@include file="login.html"%>
<% } %>

</htm!>
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Program Control Servo Motor

#include<REGx051.h>

sbit pwm =

P1~7;
unsigned char i=0;
unsigned char 3j=255; //must be add to 1x for time

unsigned char x,y,dat[1];

void timer() interrupt 1 //for timer O

{
J-=s
i++;
1f (i==y)
{

pwm=0;

}
if (§==0)
{

pwm=1;

i=0;

§=255;

}

void main()

{
TMOD=0x22;
SCON=0x50;
THO=0xF7;
TLO=0xF7;

TH1=0xXFD;
TL1=0xXFD;
TR1=1;

IE =0x82;

while (1)
{

1f{dat[0]==0x59

{

//wait 3 sec to LED not light

//wait 1 sec to LED light

while (~RI);
TRO=0;

RI=0;
dat[0]=dat{1];
dat[1]=SBUF;

y=dat{1]1:
dat[0]1=0;
dat[1]=0;
pwm=1;
Pl=0xaa;
TRO=1;

&& dat[1]!=0)



& National Semiconductor

LM78LXX Series

General Description

The LM78LXX series of three terminal positive regulators is
available with several fixed output voltages making them
useful in a wide range of applications. When used as a zener
diode/resistor combination replacement, the LM78LXX usu-
ally results in an effective output impedance improvement of
two orders of magnitude, and lower quiescent current. These
regulators can provide local on card regulation, eliminating
the distribution problems associated with single point regu-
lation. The vollages available allow the LM78LXX to be used
in logic systems, instrumentation, HiFi, and other solid state
electronic equipment.

The LM78LXX is available in the plastic TO-92 {Z) package,
the plastic SO-8 (M) package and a chip sized package
(8-Bump micro SMD} using National’s micro SMD package
technology. With adequate heat sinking the regulator can
deliver 100 mA output current. Current limiting is included to
limit the peak output current to a safe value. Safe area
protection for the output transistors is provided to limit inter-

3-Terminal Positive Regulators

March 2002

nal power dissipation. If internal power disslpation becomes
foo high for the heat sinking provided, the thermal shutdown
circuit takes over preventing the IC from overheating.

Features

» 1 M78L05 in micro SMD package

u Output voltage tolerances of £5% over the temperature
range

= Output current of 100 mA

= Internal thermal overload protection

& Cutput transistor safe area protection

m Internal short circuit current limit

= Available in plastic TO-92 and plastic SO-8 low profile
packages

1 No external components

= Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V

m See AN-1112 for micro SMD considerations

Connection Diagrams

S0-8 Plastic (M)
(Narrow Body)

Ay
Your~11* 8=V
GRD—32 7 p—=GND
GND={3 6=GND
NC—14 S5p—KC

DS007744-2

Top View

8-Bump micro SMD
NC

83
Vouy — A3 c3 }—onp
Vour — A2 C2 — GND
vy —1 At C1}—NeC

n 81

|

Viy
OSUO7744-24

Top View
{Bump Side Down)

(TO-92)
Plastic Package (Z)

OUTPUT ’____—_\ NPUT

GRD
DS007744-3

Bottom View

micro SMD Marking Orientation

XT=Dats Code
X - P
s
/Pin At Corner

Pin A1 is identifiad by lower kefl
cornar with respact ia the Yee.
DS007744-33

Top View

© 2002 National Semiconductor Corporation DS007744
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LM78LXX Series

Absolute Maximum Ratings (Note 1)

If Miitary/Aerospace specifled devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Power Dissipation (Note 5) Internally Limited
Input Voltage 35v
Storage Temperature -65°C to +150°C

Operating Junction Temperature

sO-8
micro SMD

Soldering Information

Infrared or Convection {20 sec.)
Wave Soldering (10 sec.)
ESD Susceptibility: (Note 2)

0°Cto 125°C
-40°C to 85°C

235°C
260°C (lead time)

1kvV

LM78LXX Electrical Characteristics Limits in standard typeface are for T, = 25'C, Bold typeface ap-
plies over 0°C to 125°C for SO-8 package and —40°C to 85°C for micro SMD package. Limits are guaranteed by produc-
tion testing or correlation techniques using standard Statistical Quality Control (SQC) methods. Unless otherwise specified: 1o

=40 mA, C,= 0.33 yF, Co = 0.1 yF.

LM78L05
Uniess otherwise specified, Vi = 10V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 48 5 52
7V S Vg <20V
1 mA<Ip <40 mA 4,75 5.25 v
(Note 3)
1MA<Io <70 mA
(Note 3)0 4.75 5.25
AVp Line Regulation TV SV 20V 18 75
8V < Vg < 20V 10 54
Vo Load Regulation TmA< Io< 100 mA 20 60 mv
TmMA<ip<40mA 5 30
la Quiescent Current 3 5
Alg Quiescent Current Change 8V < Vi < 20V 1.0 mA
1mA<Il,<40mA 0.1
Va Output Noise Voitage f= 10 Hz to 100 kHz 40 WV
{Note 4) ]
AV Ripple Rejection =120 Hz
—AVSST P 8V < Vi < 16V 47 62 a8
Ipk Peak Output Current 140 mA
SA:_TO Average Output Voltage Tempco lo=5mA e VPG
Vin (Min) Minimum Value of Input Voitage 6.7 7 v
Required to Maintain Line Regulation )
¢] Thermal Resistance .
” (8-Bump micro SMD) 2309 ow
LM78L62AC
Unless otherwise specified, Vi = 12V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 5.95 6.2 6.45
8.5V SV <20V
1mA<|; sS40 mA 5.9 6.5 v
{Note 3)
1t mMA<Iog<70mA
(Note 3)° 5.9 8.5
AVeo Line Regulation 8.5V <V, s 20V 65 175
9V < Vi < 20V 55 125
AVo Load Regulation TmA<lg < 100 mA 13 80 mV
1mMAS<I,S40mA . 6 40

www.national.com




LM78L62AC (continued)
Unless otherwise specified, Vi, = 12V

Symbol Parameter Conditions Min Typ Max Units
la Quiescent Current 2 55
Alg Quiescent Current Change 8V < V<20V 1.5 mA
1mA<Ip <40 mA 0.1
Vo Output Noise Voltage f =10 Hz to 100 kHz 50 v
(Note 4) ¥
AViN Ripple Rejection f=120Hz
AVouT 10V < Vi < 20V 40 46 dB
lex Peak Output Current 140 mA
A Output Voltage T lo=5mA
AVo verage Outpu age Tempco o 075 MV
AT
Vin (Min) Minimum Value of Input Vollage 79 v
Required to Maintain Line Regulation :
LM78L82AC
Unless otherwise specified, V,y = 14V )
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 7.87 82 8.53
11V S Vjpy <23V
1 mA S io <40 mA 7.8 8.6 v
(Note 3) .
1mA<lo <70 mA
(Note 3) 7.8 8.6
AVg Line Regulation 11V SV S 238V 80 175
12V s V< 23V 70 125 iy
AVo Load Regulation 1 mMASIp <100 mA 15 80
1mA <l <40 mA 8 40
la Quiescent Current 2 5.5
Alg Quiescent Current Change 12V < Vi < 28V 1.5 mA
1 mA <o < 40 mA 0.1
Vo Output Noise Vollage f= 10 Hz to 100 kHz 60 v
(Note 4) ¥
AViN Ripple Rejection f=120 Hz
AVour 12V < Vi S 22V 39 45 dB
lpx Peak Output Current 140 mA
AV, Average Output Voltage T Io=5mA
(o) ge put Voltage Tempco o m £ VG
AT
Vi (Min) Minimum Value of Input Voltage 9.9 Y
Required to Maintain Line Regulation )
LM78LOSAC
Unless otherwise specified, Vg = 15V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 8.64 9.0 9.36
11.5V < Vi £ 24V
1mA<Iy <40 mA 8.55 9.45 v
{Note 3)
1mA<Ii, <70 mA 8.55 0.45

(Note 3)

www.national.com
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LM78LXX Series

LM78L0OSAC (Continued)
Unless otherwise specified, Vi = 15V

Required to Maintain Line Regulation

Symbol Parameter Conditions Min Typ Max Units
AVg Line Regulation 11.5V <V )y s 24V 100 200
13V Viys 24V 90 150
Vo Load Regulation TmA< g < 100 MA 20 ) mv
1mA<lp <40 mA 10 45
la Quiescent Current 2 55
Alg Quiescent Current Change 11.5V s V,y s 24V 1.5 mA
1mA <o <40 mA 0.1
Vo Output Noise Voltage 70 N
AVin Ripple Rejection f=120Hz
Vour 15V S V) S 25V 38 44 dB
ok Peak Output Current 140 mA
ég-?‘ Average Output Voltage Tempoo lo = 5 mA 09 Ve
Vi (Min) Minimum Value of Input Voltage 107 Y,
Required to Maintain Line Regulation
LM78L12AC
Unless otherwise specified, Vi, = 19V
Symbol Parameter Conditions Min Typ Max Units
Vo Cutput Voliage 11.5 12 12.5
14.5V < Vi < 27TV
1 MA < Ig <40 mA 11.4 12.6 v
(Note 3)
1mMA <o <70 mA
(Note 3)0 11.4 12.6
AVo Line Regulation 14.5V < Vi S 27V 30 180
18V S Vi< 27V 20 110 iy
AVg Load Regulation 1mA <lg <100 mA 30 100
1 mA<Is <40 mA 10 50
la Quiescent Current 3 5
Alg Quiescent Current Change 18V S V<27V 1 mA
1mA<Ip <40 mA 0.1
Vo Output Noise Voltage 80 pv
AV Ripple Rejection f=120Hz
AVour 15V < Vjy < 25 40 54 dB
Ik Peak Output Current 140 mA
i—V«? Average Output Voltage Tempco lo = 5mA 10 mVIC
Vi (Min) Minimum Value of Input Voitage 137 145 v

www.national.com




LM78L15AC
“Unless otherwise specified, Vy = 23V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 14.4 15.0 15.6
17.5V S Viy <30V
1mA<Io <40 mA 14.25 15.75 v
{Note 3)
1TmA<LlgS70 mA
(Note 3) © 14.25 15.75
AVp Line Regulation 17.5V <V, < 30V 37 250
20V < Vi S 30V 25 140 iy
AVq Load Regulation 1 mA <ig <100 mA 35 150
1 mA < ig €40 mA 12 75
la Quiescent Current 3 5
Alg Quiescent Current Change 20V <V <30V 1 mA
1mA S|y <40 mA 0.1
Vo Output Noise Voitage 90 ny
AV Ripple Rejection f=120 Hz
__AVOI:T Ppie Rejecto 185V € Vo < 28.5V 37 o1 a8
lpk Peak Cutput Current 140 mA
%Q Average Output Voitage Tempco lo = 5mA 13 VI
Vin (Min) Minimum Value of Input Voltage 16.7 175 v
Required to Maintain Line Regulation i

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device

outside of its stated operating conditions.
Note 2; Human body model, 1.5 kQ2 i series with 100 pF.
Note 3: Power dissipation € 0.75W.
Note 4: Recommended minimum load capacitance of 0.01 yF to imit high frequency noise,
Note 5: Typical thermal resistance values for the packages are:
Z Package: 8;c = 80 "C/W, = 8,5 = 230 'C/W
M Package: 6, = 180 "C/W
micro SMD Package: 834 = 230.9°C/W

www.national.com
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LM78LXX Series

Maximum Average Power
Dissipation (Z Package)
10

53

0.125™ LEAD LENGTH
FROM PC BOARD
WITH 72°C/W HEAT SINK

0.5 | 04" LEAD LENGTH
FROM PC BOARD

FREE Al
REEMM 12 ifAniemeTH
FROMPCBOARD |

FREE A1

POWER DISSIPATION (W)
@

g1
g 15 30 45 &9 75

AMBIENT TEMPERATURE {°C)

DS007744-14
Dropout Voltage
s V.o
= 28 { 1 ]n!
< =TimA
E Nho.‘"
£ 45 T oy 24054
w ) e
E louy = 1B BA et
5 18
£
=
2
£ 05 -DROPOUT CONDITIONS
& L8 Vouy = 2% of Vour
= | |
[ % 50 75 168 125
JUHETION TEMPERATURE °8)
DS007744-17
Output Impedance
18 ;
E Vi = 18Y
_ g fVour=sv
g [Mour =40 mA
g TA'Z'?'C Coyr=8
3
= Cour = 1uF TANTALOM
£ 18
= Y
- v
2 8% /-
g
3 —
81!
@ 100tk w0k 100k M
FREQUENCY {Hz}
DS007744-13
Quiescent Current
33 T T
13 Vi =10V
= Voyr = 5V
g Tos =48 mA ]
= 34
=
£ 3D
=
3 29
E 23
w
5 27
3 25
25
24

D 25 50 75 100 125 150

JUNCTION TEMPERATURE (L)
- DS007744-21

Typical Performance Characteristics

Peak Output Current
s

AVo'u'; = m'nmv

w
]

Tj=0°C

Tjm 8¢ Q\

i
[ ~
Ir

Tj=150°C

-

OUTPUT CURRENT (mA}
N
8

L] 13 10 15 28 25 38
INPUT-QUTPUT DIFFERENTIAL (V)
DS007744-18

Ripple Rejection
100

3

o
=1

Vi = 10V
Vour =5V
lour =48 mA
T, =25°C
o Lide & 11 i
1 1098 1k 10K 100k

FREQUENCY (Hz2}
DS007744-18

RIPPLE REJECTION (dB)

=

Quiescent Current

40
38
38
38
32
30
23 i
26

24 Vour =5V
lour =48 mA
22 T,=25°C

z" 1 1 1

QUIESCENT CURRENT (mA}

5 10 15 2 25 30

INPUT VOLTAGE (v}
DS007744-20
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_Equivalent Circuit

LM78LXX

Vin

.
Vour
141 >
5pF R12 %
A7 A8
13k 15%
‘M—-L/‘m ms\‘l AAN- +
< a1l
R1 RS
389K D> 7.8k
A
Z23%
o >
a2 %
Rb
ail 2.84k
o & GNB

DS007744-7

Typical Applications

Fixed Output Regulator

INPUT crmmeeifPead  LMTBLXX —I— BuTPUT
ND
C17 emmde— 6 €2

DIRF —— —— 00F

DS007744-8

“Required ¥ the reguiator is located more than 3" from the power supply fitter.
**See (Note 4) in the electrical characteristics table.

7 www.national.com

sauag XX18LN1



LM78LXX Series

Typical Applications (continued)

Adjustable Output Regulator
INPUT | Lwreeos QUTPUT
o ‘ R
o ‘ 2
po— 0.01.F
RZ

DS007744-8

Vour = 5V + (5VIR1 + 1) R2
5VIR1 > 3 1o, load regulation (L,} = [(R1 + R2YR1] (L, of LM78L05)

Current Regulator

INPUT T LM78LXX |
€1 Rt

-\
QuTPUT

fout
DSo07744-10

lour = (VourR1} + Ig
>Ig = 1.5 mA over line and Joad changes

5V, 500 mA Regulator with Short Clrcuit Protection

nl *8
13 284032

Viy =10V 1].1
A\ 4 wsLes Vour =5V AT 500 mA
|
2N4833 + e NN o,
1uf e Cour
<
DS007744-11
*Solid tantalum.
**Heat sink Q1.
“**Optional: improves ripple rejection and transient response.
Load Reguiation: 0.6% 0 < I <250 mA pulsed with tgy = 50 ms.
115V, 100 mA Dual Power Supply
Wi =20V O LM78L15 | +Vouy = 15V AT 130 mA
—t— (1 s
6.22:F B.01uF
= * e 01 g
224F { 1na3t9 Lo
—Viy = —20V | LM320W45 ) —Vour = —15VAT 100 mA

o~ - DSO07744-12

*Solid tantalum.

www.national.com 8




Typical Applications (continued)

Variable Output Regulator 0.5V-18V

Vi =20V O LM7BLDS

et Cyoy

I™
llo
At

Vi = —10V Omertl <
G
2
0228 ==
*Scolid tantalum.

Vour = Vg + 5V, Rt = (-Vi/lq tureios)
Vour = 5V (R2/R4) for (R2 + R3) = (R4 + R5)
A 0.5V output will correspond to (R2ZR4) = 0.1 (R3/R4) = 0.9

DS007744-13

www.national.com
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LM78LXX Series

Physical Dimensions inches (millimeters) unless otherwise noted
SYMN
¢

—0O—h

a1 8911
1 T
‘jI'S)

b—to. 51—

SYMM §

LAND PATTERN RECOMMENDATION

0.125 __ )
TOP SIBE com»o—\ 0,050 [—

\ S G Fowr .
' ;>’

L3 )

+ + + Z_Q 41
,
\ / B] = +H——(
3 B ‘A
\-auur # CORRER snuco&—/ -J L“: Bx ¢o.1s/ I ®
0.16
EIRIFIBICIES) BPAGSXXX (Rev C)

NOTES: UNLESS OTHERWISE SPECIFIED

1. EPOXY COATING

2. 63Sn/37Pb EUTECTIC BUMP

3. RECOMMEND NON-SOLDER MASK DEFINED LANDING PAD.

4. PIN A1 1S ESTABLISHED BY LOWER LEFT CORNER WITH RESPECT TO TEXT ORIENTATION. REMAINING PINS ARE
NUMBERED COUNTERCLOCKWISE.

5. XXX IN DRAWING NUMBER REPRESENTS PACKAGE SIZE VARIATION WHERE X, IS PACKAGE WIDTH, X; IS
PACKAGE LENGTH AND X; IS PACKAGE HEIGHT. :

6. REFERENCE JEDEC REGISTRATION MO-211, VARIATION BC.

8-Bump micro SMD
Order Number LM78L05IBP or LM78LO05IBPX
NS Package Number BPAOSAAB
X, =1.285 X, =1.285 X;=0.850

www.national.com 10




Physical Dimensions inches '(millimeters) unless otherwise noted (Continued)

808020  acc ]

{0.254-0.508)

-

0.003-0.810
{0.203--0.254)
TYP ALL LEADS

0.189-0.997
(4.800-5.004) |
|8 7 & 5
AR
0.278-8.244
(5.751 - 6.188)

DENT

8.156—-9.357 .
{3.810-3.998)
2.053-0.059

l“ .3%5-1.753
B° MAXTYP v
Au.izms

woos f N )

0905 TR

ALL LERD TIPS 9.015—8.050 0.3%) s —

{0.4061.270) "1,7,,"’
TYP ALL LEADS

/v\

S.0. Package (M)
Order Number LM78LO5ACM, LM78L12ACM or LM78L15ACM
NS Package Number MOSA

"~ 5° 2 PLCS

2 £

7z |

SEATING PLANE ~/J

|

0.175-0.185
[4.45-4.70}

l

e

0.500

0.090
[2.29]
{UNCONTROLLED
LEAD DIA)

MAX

EJECTION MARK
g 0-065
[1.55]

0.015

¥ [0.38]

MAX

0.015-0.021
[0.41-0.53] """

%

=

[1z.70]MN = i

f [1.14-1.40] *F

-

0.0145-0.0155
[0.368~0.394]

0.045-0.055

g 8:080 _/

[2.29]

Molded Offset TO-92 (Z)

Order Number LM78LO5SACZ, LM78L.09ACZ, LM78L12ACZ,
LM78L15ACZ, LM78L62ACZ or LM78LB2ACZ

NS Package Number Z03A

: O Cr—
LTI

8.004—0.810

{8.182-0.253)

BEFORE LEAD FiNISH

| 0.135-D.145
[3.43-3.68}

| 0.045-0.055
[1.14-1.40}

10° 2 PLCS

Z03A (REV F)

s8ag XX18LW1T

"
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LM78LXX Series 3-Terminal Positive Regulétors

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1 Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure o perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expecied {o result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or lo affect its
safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Eusope

Americas Fax: +49 (0) 180-530 85 86
Email: suppori@nsc.com Emai: europe.suppori@nsc.com

Deutsch Tel +49 {0) 63 9508 6208
English Tek +44 (0) 870 24 0 2171
www.national.com Frangais Tel +33 (0) 141 91 8790

National Semiconductor National Semiconductor
Asia Pacific Customer Japan Lid.

Response Group Tek 81-3-5639-7560

Tek 85-2544466 Fax: 81-3-5639-7507
Fax: 65-2504466

Emai ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent icenses are implied and Nationdl reserves the right at any time without nofice fo change said circuitry end specifications.




MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 -~ REVISED AUGUST 1998

® Operates With Single 5-V Power Supply D, DW, %R N PACKAGE
® LinBiCMOS™ Process Technology (TOP VIEW)
® Two Drivers and Two Receivers C1+ : | 161 Voo
® +30-Vinput Levels _ ve: [] 2 1501 GND
® Low Supply Current. . .8 mA Typical c1-I3 14]] TIOUT
® Meets or Exceeds TIA/EIA-232-F and ITU C2+ % 4 BJRIN
Recommendation V.28 - C2-fIs  12f]R1IOUT
. - Vg {6 11§] TIIN
® Designed to be Interchangeable With
Maxim MAX232 T20UT[17 10]} T2IN
. R2IN[l 8 9f] R20UT
® Applications
TIA/EIA-232-F logi bolt
Battery-Powered Systems ogic Symbo
Terminals A vee
Modems * 16
Computers
1 Vee
& ESD Protection Exceeds 2000 V Per Ct+ ?‘X— C1+ 2y
MIL-STD-883, Method 3015 c1-——{ec1-  Dec-15V | S+
® Package OPtions include Plastic c2+—:—><-— €2¢ v +15V 6 Vg_
Small-Outline (D, DW) Packages and C2- ——»—1 co-
Standard Plastic (N) DIPs
‘o L > " riour
description - ;
10 > .
The MAX232 device is a dual driver/receiver that 'V T20UT
includes a capacitive voltage generator to supply RIOUT 2] T L.
EIA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V oA\ Vo B =2 oy The—t rom
TTL/CMOS levels. These receivers have a typical
threshold of 1.3V and a typical hysteresis of 0.5V, * 15
and can accept +30-V inputs. Each driver GND

converts TTL/CMOS input levels into EIA-232  TThis symbel is in accordance with ANSI/IEEE Std 91-1984 and IEC
levels. The driver, receiver, and voltage-generator ~ Publication 617-12.

functions are available as cells in the Texas

Instruments LinASIC™ library.

The MAX232 is characterized for operation from
0°C to 70°C. The MAX232] is characterized for
operation from —40°C to 85°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
Ta fmﬁe cfmfﬁs PMS(L')C Dip
(D) (DW)
0°C to 70°C MAX232DF MAX232DW¥ MAX232N
—40°C tn 85°C MAax2321D% MAX2321DWE MAX232IN

¥ This device is available taped and reeled by adding an R to the part number (i.e., MAX232DR).

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 and LinBiCMOS are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information Is cument as of cation date. Copyright © 1998, Texas Instruments Incorporated

Products conform to specifications pef the terms of Texas instruments r
tsﬁngdipu:’n;us " 9 does ot yciude % TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

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

Input supply voltage range, Voo (seeNote 1) .. ... i i ~-03Vtob6V
Positive output supply voltage range, Vg4 ... ..o Vec-03Vio 15V
Negative output supply voltage range, Vg .........coiinii i -03Vto-15V
Input voltage range, Vi Driver ... ... —03VtoVee+03V
ReCBIVEr . e e i it e, +30V

Output voltage range, Vo: TIOUT, T20UT ... ... it Vg_-03VitoVgy+03V
RIOUT,R20UT ............ —-0.3VioVeec+03V

Short-circuit duration: TIOUT, T20UT ... ..ottt i c e eeneee s Unlimited
Package thermal impedance, 0 (seeNote2): Dpackage ........... i, 113°C/W
DWopackage .......ccviiiiiiiiiiinniiineenns 105°C/wW

Npackage ................cooiiiiiiiiiao... 78°C/W

Storage temperature range, Tggg - .- cevvrr et i e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch)fromcasefor10seconds ... ... it iiiennn, 260°C

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 thess 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 refiability.

NOTE 1: Al voltage values are with respect to network ground terminal.
2. The package thermalimpedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace length

of zero.

recommended operating conditions

MIN NOM MAX| UNIT
Supply voltage, Vce 4.5 5 55 v
High-level input voltage, Vi (T4IN,T2IN) 2 \Y
Low-level input voltage, Vj_ (T1IN, T2iN) 08f V
Receiver input voltage, R1IN, R2IN +30 v
. . MAX232 0 70 .
Operating free-air temperature, Ta, MAXAD] Va0 - C

'{';‘ TEXAS

INSTRUMENTS

2 POST QOFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G ~ FEBRUARY 1969 — REVISED AUGUST 1998

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS miN  TYPT  max| uNIT

T1OUT, T20UT | R =3 kQto GND 5 7
VoH  High-level output voltage \"

R1OUT, R20UT | loH=—1mA 35

T10UT, T20UT | R =3 kQto GND -7 -5
VOL  Low-level output voltage? R1OUT, R20UT | Io =32 mA oal Vv
ViTs gf:mm‘*gm"g input RAIN, R2IN Vec =5V, Ta =25°C 17 24| v
VIT- ;f?&mmmg input R1IN, R2IN Veo =5V, Ta =25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Veo =5V 02 05 11 v
G Receiver input resistanca R1IN, R2IN Vee =85, Ta = 25°C 3 5 7 kQ
fo Output resistance | TIOUT, T20UT [Vg+=Vg_=0, VQ=x2V 300 Q
1osY  Short-circuit output current T10UT, T20UT | Voo =55V, Vo=0 10 mA
g  Short-circuitinput current T1IN, T2IN Vi=0 200] pA
lcc  Supply current ‘T’gg e P, — § ot cpen, 8 10] mA

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

¥ 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 atime.

switching characteristics, Voo =5V, Ty = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX|] UNIT
IPLH(R) Recsiver propagation delay time, low- to high-leve! output See Figure 1 500 ns
tpHL(R) Receiver propagation delay time, high- to low-level output - | See Figure 1 500 ns
. Ry =3kQto 7 kQ,
SR Driver slew rate See Figure 2 30§ Vius
SR(tr) Driver transition region slew rate See Figure 3 3 Vigs

“? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



MAX232, MAX2321
DUAL EIA-232 DRIVER/RECEIVER

S1LLS047G — FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Vee
¢

=13kQ
R1IN R

Pulse See Note C

Generator
{see Note A)

Cyp =50 pF

I (see Note B)
TEST CIRCUIT
s —»! ]4— ——H h— <10ns

!
|
2’ 90% 90%
input 50% 50% 10%

4—— 500 ns —»

I‘—H—'PLH
l
| l VoH
Output 15V 1IWHA TN S Ve
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zp = 50 Q, duty cydle < 50%.
B. Cg includes probe and jig capacitance.
C. Al diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpyy; and tp) 4 Measurements

‘U TeEXAS
INSTRUMENTS

4 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



MAX232, MAX2321
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

PARAMETER MEASUREMENT INFORMATION

Pulse T4IN or T2IN T10UT or T20UT
(500 Noto &) {>@ T FIAZ32 Output
Ry I CL =10 pF )

(see Note B)
TEST CIRCUIT
<10ns —>{ le— —» :q— <10ns
L L 3v
Y
10% Y e 10% ov
;q—- Sus ——pf
. [—>—tpLH
tPHL ——M—N\ 1
L 90% : 0% VOH
Output L\ _10% 10% A
| gy —F ——— VoL
trHL > ~» e tnn
08 (Vau—Vey) 08 (Vey=Veu)
.y ovVou! t01. OH
thn THL
WAVEFORMS

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

Figure 2. Driver Test Circuit and Waveforms for tpyy; and tp; 4 Measurements (5-s input)

Puise
(sGee:eraﬁo Note ;\) EIA-232 Output
3 k2 I CL=25nF
TEST CIRCUIT
<10 ns —») la— —» le— <10ns
Input ! |
90%  90%
10% 15V 15VN_ 10%
Wi UKL
{1 I
] ]
Output 3V R l?F 3V VoH
3V
SV r— VoL
6V
SR =
traL © tiun
WAVEFORMS

NOTE A: The pulse generator has the following characteristics: ZQ = 50 Q, duty cyde < 50%.

Figure 3. Test Circuit and Waveforms for tTy,_ and t7 4 Measurements (20-us input)

"9 TeEXxAS

INSTRUMENTS
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MAX232, MAX2321
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED AUGUST 1998

APPLICATION INFORMATION

5V
16
—
] Vee 1~ 1uF
2 =
T Ci+ o
10F 753 Vss > 85V
Ci- 6
A uF _._!_.—4—" c2+ Vs & *>-85V
M 5 1uF
B c2- L

: 1 > B> 17 Eia232 Ooutput
From CMOS or TTL 10 1

> =~ EJA-232 Output

12
e I <2 EA232 Input
To CMOS or TTL 9 8
4 oV I |—e—— EIA-232 Input
15
GND

Figure 4. Typical Operating Circuit

“.’P TEXAS
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the laiest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF Tl PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments Incorporated



Features

* Compatible with MCS-51™ Products

4K Byles of Reprogrammable Fiash Memory
— Endurance: 1,000 Write/Erase Cycles

3.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit internal RAM

15 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

Low-power Idle and Power-down Modes

Brown-out Detection

Description

The AT89C4051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
4K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C4051 is a power-

ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C4051 provides the following standard features: 4K bytes of Flash, 128
bytes of RAM, 15 J/O lines, two 16-bit imer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the ATBIC4051 is designed with static logic for opera-
tion down to zero frequency and supports two software-selectable power saving
modes. The ldle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The power-down mode saves the

"RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
>

RSTVPPO 1 20{1vCC

(RXD) P3.0[ 2 190 P1.7

(TXD)P3.14 3 181P16

XTAL2[} 4 17AP15

XTAL1L}S 163P1.4

(INT0) P3.2[} 6 15[1P1.3

(NTT)P3.3037 140pP1.2
(TO) P3.4[] 8 131 P1.1 (AINT)
T Pasio 123 P1.0 (AINO)

GNDL] 10 11ops7

AIMEL

(@)

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C4051

Rev. 1001C-02/00



Block Diagram

Ve

; RAM ADDR. RAM '

: FLASH :

GND ! REGISTER > :
= A 4 A :
) A :

' A :

: PROGRAM :

: B STACK :

' REGISTER AGC POINTER Q‘E’&%ET%% '

s r ;

: <4—» BUFFER :

: T™P2 TMP1 ;

H PC )

: ALU INGREMENTER '

: INTERRUPT, SERIAL PORT, :

: AND TIMER BLOGKS .

; 4 4 PROGRAM :

»

: PSW COUNTER ;

: 7y :

: TIMING :

' INSTRUCTION v v 4 :

RST ——»{  AND DPTA :
i | conTRoL | REGISTER g :

: 3 Y :

: PORT 1 PORT 3 :

| AN LATCH LATCH ;

; COMPARATOR - :

E o0sc 3 A ;

: PORT 1 DRIVERS L PORT3DRIVERS :

‘l‘__ﬁ‘r P10-P17 P3.0-P3.5 P37

2 AT SOC 4105 T 00—



Pin Description

vCC
Supply voltage.

GND
Ground.

Port 1

Port 1 is an 8-bit bidirectional 1/O port. Port pins P1.2 to
P1.7 provide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINDO) and the negative input {AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
butfers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current (I ) because
of the intemal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional 1/O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose {/O pin. The Port 3 output buffers can
- sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulied low will source current (1;) because of the pullups.

" Port 3 also serves the functions of various special features
of the AT89C4051 as listed below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port}
P3.2 INTO (external interrupt 0)
P3.3 INT1 {external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine
cycles while the oscillator is running resets the device.

AIMEL

Each machine cycle takes 12 oscillator or clock cycles.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as .
an on-chip oscillator, as shown in Figure 1. Either a quariz
crystal or ceramic resonator may be used. To drive the
device from an extemnal clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

C2
—-)I———I— XTAL2
L]
c1
) XTALY

i GND

C1, C2= 30 pF £ 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Note:

Figure 2. External Clock Drive Configuration

NC — XIAL2

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1

GND

-



AIMEL

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be O. ‘

Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

Table 1. AT89C4051 SFR Map and Reset Values

OF8H
oFoH
OESH
OEOH
OD8H
0DOH
0Cs8H
0COH
0B8H
. OBOH
OA8H
OAOH
98H
90H
s

80H

OFFH
B OF7H
00000000
OEFH
ACC OE7H
00000000
ODFH
PSW .} 0D7H
00000000
OCFH
O0C7H
IP OBFH
XXX00000
P3 0B7H
11111111
IE 0AFH
0XX00000
0A7H
SCON SBUF 9FH
00000000 XOOOXXXX
P1 97H
11111411
TCON TMOD TLO TL1 THO TH1 8FH
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
SpP DPL DPH PCON 87H
00000111 00000000 | 00000000 OXXX0000

I\'T}BS)(:ll()£51 e



Restrictions on Certain Instructions

The AT89C4051 is an economical and cost-effective mem-
ber of Atmel’s growing family of microcontrollers. It
contains 4K bytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be
programmed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
4K for the AT89C4051. This should be the responsibility of
the software programmer. For example, LIMP OFEQH
would be a valid instruction for the AT89C4051 (with 4K of
memory), whereas LJMP 1000H would not.

1. Branching instructions:

LCALL, LUMP, ACALL, AJMP, SIMP, JMP @A+DPTR.
These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
FFFH for the 89C4051). Violating the physical space limits
may cause unknown program behavior.

CJNE[...], DUNZ[...], JB, UNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C4051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C4051 the stack depth is limited 1o
128 bytes, the amount of available RAM. External DATA
memory access is not supportad in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[.-.1 instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table:

Lock Bit Protection Modes("

Program Lock Bits
LBt LB2 | Protecton Type
U U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 P P Same as mode 2, also verify is
disabled. _
Note: '~ 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set {o “0” if no external puliups are
used, or setto “1” if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibility of an unexpected write to a port pin when idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or to
external memory.

Power-down Mode

In the power-down mode the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored o ils normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1™if external pullups are used.
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Brown-out Detection

When V¢ drops below the detection threshold, all port pins
(except P1.0 and P1.1) are weakly pulled high. When V¢
goes back up again, an internal Reset is automatically gen-

erated after a delay of typically 15 msec. The nominal
brown-out detection threshold is 2.3V = 10%.

R - I

)
t
H
PORT PIN '
INTERNAL RESET

Programming The Flash

The AT89C4051 is shipped with the 4K bytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire mermory array needs to be erased glectrically.
Internal Address Counter: The AT89C4051 contains an
internal PEROM address counter which is always reset to
00CH on the rising edge of RST and is advanced by apply-
ing a positive going pulse 1o pin XTAL1.

Programming Algorithm: To program the AT89C4051,
the following sequence is recommended.

1. Power-up sequence: )
Apply power between VCC and GND pins
Set RST and XTAL1 to GND

2. Setpin RST to “H”
. Set pin P3.2 to “H”

3. Apply the appropriate combination of “H” or “L” logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one'of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once lo program a byte in the PEROM
array or the lock bits. The byte-write cycle is self-
timed and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic “H” level and set pins P3.3 to P3.7 to the
appropriate levels. Output data can be read at the
port P1 pins.

8. To program a byte at the next address location,
pulse XTAL1 pin once to advance the internal
address counter. Apply new data to the port P1
pins.

9. Repeat steps 5 through 8, changing data and
advancing the address counter for the entire 4K
bytes array or until the end of the object file is
reached.

10. Power-off sequence:
set XTAL1 to “L”
set RST to “L”
Turn Y power off

Data Polling: The AT89C4051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P1.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulied High again when programming is
done to indicate READY.

Program Verify: if lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:

1. Reset the internal address counter to 000H by
bringing RST from “L" to “H".

2. - Apply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal
address counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.
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Chip Erase: The entire PEROM array (4K bytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(00CH) = 1EH indicates manufactured by Atmel

(001H) = 41H indicates 89C4051

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RSTNpp P3.2/PROG P33 P3.4 P3.5 P3.7
Write Code Data"® 12V L H H H
~Z¥
Read Code Datat" H H L L H H
Write Lock Bit - 1 12V H H H
i, \ SE
Bit- 2 12v H H L L
XN X T
Chip Erase 12V @) H L L L
Read Signature Byte H H L L L L
_Notes: 1.

XTAL 1 pin.
2. Chip Erase requires a 10 ms PROG pulse.

The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

3. P3.1is pulled Low during programming to indicate RDY/BSY.

AIMEL 7
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Figure 3. Programming the Flash Memory

5V
AT89C4051 _I
RDY/BSY <—] P3.1 Vee
BROG ] PGM
PROG ——»{ P32 Pl fe— o
——» P3.3
SEEFLASH | — 3! p34
PROGRAMMING
MODES TABLE | —#| P35
———>p} P37
[ ———r] XTAU RST [&—— V,,/V,,
TO INCREMENT GND
ADDRESS COUNTER |
Figure 4. Verifying the Flash Memory
5V
AT89C4051
: Veo
P1 PGM
Vg —» P32 > DATA
—»{ P33
SEEFLASH |yl P34
PROGRAMMING
MODES TABLE | ——»f P3.5
—»f P3.7
_ [T =" xTALt RST He— Vi
GND
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Flash Programming and Verification Characteristics
Ta=0°C 1o 70°C, Voo =5.01 10%

Symbol Parameter Min Max Units
Vep Programming Enable Voliage 115 125 v
lpp Programming Enable Current 250 pA
toveL Data Setup to PROG Low 1.0 ps
{GHDX Data Hold after PROG 1.0 ps
tensn P3.4 (ENABLE) High to Vpp 1.0 ps
tenat Vpp Setup to PROG Low 10 ps
tonsL Vpp Hold after PROG 10 ps
taran PROG Width ' 1 110 us
tnov ENABLE Low to Data Valid 1.0 ps
tenoz Data Float after ENABLE 0 1.0 us
- PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tarm RDY/BSYA to Increment Clock Delay 1.0 us
tat increment Clock High 200 ns

Note: 1. Only usedin 12-voit programming mode.

Flash Programming and Verification Waveforms

PORT 1

P3.2

DATA IN ‘_’t— DATAOUT pD——
t(-‘-l»*l(:lx
(PROG)
2 1‘GHSL
RST NN e Ve = N\ = N LOGIC 1
(Vop) LOGIC 0

teroy _.I e " — lenoz
P3.4 - I —_——
(ENABLE) TanaL —

P31
(RDY/BSY) BUSY READY
XTALY ' e ‘—jt - foan
BHIH
(INCREMENT
ADDRESS)
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Absolute Maximum Ratings*

AIMEL

Operating Temperature -55°C 10 +125°C *NOTICE:
Storage Temperature -65°C to +150°C

Voltage on Any Pin

with Respect to Ground -1.0V to +7.0V

Maximum Operating Voltage 6.6V

DC Output Current 25.0 mA

DC Characteristics

T, = ~40°C to 85°C, V¢ = 3.0V o 6.0V (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage -0.5 0.2 V- 0.1 v
Vi Input High-vottage (Except XTAL1, RST) 02Vec+09 | Vc+05 v
Vi input High-voltage (XTAL1, RST) 0.7 Ve Vee+ 0.5 Vv
Vo Output Low-voltage!? loL= 20 MA, Voo =5V 0.5 v
{Ports 1, 3) lop=10mMA, V=27V
|0H=-80‘JA,VCC=5V:|:10°A) 24 \"
Output High-voltage Y)
VOH (PO ris 1, 3) IOH =-30 ]JA 0.75 VCC v
log=-12 pA 0.9 Ve A
o Logical 0 Input Current Vin=0.45V -50 pA
: (Poris 1, 3)
I Logical 1 to 0 Transition Current | Viy=2V, Voo =5V £10% -750 pPA
{Ports 1, 3}
Iy Input Leakage Current 0 < Vyy< Ve +10 pA
(Port P1.0, P1.1)
Vos Comparator Input Offset Voltage | Voo =5V 20 mV
Veum Comparator Input Common 0 Vee \'
Mode Voltage
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz, Ve = 6V/3V 15/5.5 mA
Power Supply Current ldle Mode, 12 MHz, V¢ = 6V/3V 5/1 mA
lee P1.0&P1.1=0VorVgc
Vec=6VP1.0&P11=0VorV 100 HA
Power-down Mode®® £ ce
Vee=3VP1.0&PL1=0VorVee 20 HA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum I, per port pin: 20 mA

Maximum total 1o, for all output pins: 80 mA
If 15, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V for Power-down is 2V.
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External Clock Drive Waveforms

lenox —
Vo, - 05V tonox teren — *+— toneL
0.7 Ve
o5y —74— 0.2 Vg - 0.1V N 7 N
’ — loiox —
« ool —— >
External Clock Drive
Ve = 3.0V to 6.0V Vo = 4.0V 10 6.0V
Symbol Parameter Min Max Min Max Units
icLoL Oscillator Frequency 0 12 ¢ 24 MHz
ool Clock Period 83.3 41.6 ns
tehex High Time 30 15 : ns
teLex Low Time 30 15 ' ns
teren Rise Time 20 20 ns
tohoL Fall Time 20 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
Ve = 5.0V 1 20%; Load Capacitance = 80 pF

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
taa Serial Port Clock Cycle Time 1.0 12t us
tovm Output Data Setup to Clock Rising Edge 700 10tg 133 ns
tox Output Data Hold after Clock Rising Edge 50 2o 117 ns
tyiox Input Data Hold after Clock Rising Edge 0 0 ns
baiov Clock Rising Edge to Input Data Valid 700 101 o -133 ns
Shift Register Mode Timing Waveforms
INSTRUGTION | 4] | 1 | 2 ] 3 ] 4 ] 5 ] [ 1 7 | 8

ae Lt e et et e e
L‘_’l by

CLOGK VY 1 H Edy- T AT LN\
tovxrir—»
—> ‘4— tXHIDX
WRITE TO SBUF o [ X 1iX 2 X3 X a X 5 X s X 7
v t.
OUTPUT DATA txroy ‘——-’T. l‘_- R SETT'T
. CLEARRI :
v

INPUT DATA

AC Testing Input/Output Waveforms)  Float Waveforms!"

Vg - 0.5V
co 02 V. + 0.9V

TEST POINTS

0.45V / 02 Vo - 0.1V N\

Note: 1. AC Inputs during testing are driven at V¢ - 0.5V fora Note: 1. Fortiming purposes, a port pin is no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at Vi min. for a logic 1 and V. max. for a . port pin begins to float when 100 mV change frothe
logic 0. loaded Vo, /V level occurs.
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Notes:

1.

AT89C4051
TYPICAL ICC - ACTIVE (85°C)
20
Vee=6.0V
15
/ VoosSOV | _— |
10—
| Voe=3.0V
5
L
-
0
0 6 12 18 24
FREQUENCY (MHz)
AT89C4051
TYPICAL ICC - IDLE (85°C)
8 Voo=6.0V
//
2
Vee=5.0V /
//
1
Vr—
o\
el A Vee=3.0V
)
0 3 6 o 12
FREQUENCY (MHz)
AT89C4051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)
20

) g

15

10

]

3.0V

4.0V

5.0V

Vec VOLTAGE

AIMEL

6.0V

XTAL1 tied to GND for I {(power-down)
2. P1.0and P1.1 =V or GND
3. Lock bits programmed
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Ordering Information

Speed Power
{MH2) Supply Ordering Code Package Operation Range
12 3.0V 10 6.0V AT89C4051-12PC 20P3 Commercial
AT89C4051-12SC 208 {0°C 10 70°C)
AT89C4051-12P! 20P3 Industrial
AT89C4051-12S} 20S (-40°C to 85°C)
24 4.0V t0 6.0V AT89C4051-24PC 20P3 Commercial
AT89C4051-24SC 208 (0°C to 70°C)
AT89C4051-24P1 20P3 Industrial
AT89CA4051-24St 208 (-40°C to 85°C)
Package Type
20P3 20-lead, 0.300” Wide, Plastic Dual In-line Package (PDIP)
20S 20-lead, 0.300” Wide, Plastic Gull Wing Small Qutline (SOIC)




Packaging Information

AT89C4051

20P3, 20-lead, 0.300" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in inches and (Millimeters)
- JEDEC STANDARD MS-001 AD

1.060{26.9)
-980(24.9) PIN
1

0 Nullnl
280(7.11)
240(6.0)

ot tuyd

LQOO(Z?_BS)REFt:‘ |<' 090(229)

20S, 20-lead, 0.300" Wide, Plastic Gull Wing Smali
Outline (SOIC)

Dimensions in Inches and {(Millimeters)-

0.020 {0.508)
0.013 (0.330)

qonopoaoond

10:299 (7.60) D420 (10.7)
10,291 (7.39) D.393 (9.59)

PIN

O
Juttououtu

--»»‘ L 050 (1.27) BSC
210{5.33)
MAX ——l I¢— .005(. 127)
SEATING { i ‘ l 7
E ] 0513 (13.0) 0108 257
150(3 81) L 015(.381) MIN 0497 (12.6) ‘_ o108 (2..3‘)
.115(2.92) 022( 559)
014(.356)
.070(1.78)
110(2.79) it-
~090(2.20) 045(1.13) g:g:s (‘gﬁ:;
.325(8.26)
.300(7.62)
l . 2rer oots :o.wo)
i5 .008 (0.225)
S :L,.f%‘k_f |
- 0.035 (0.889) l
|_———l .430(10.92) MAX 0.015 (0.381) L—

AVNEL
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