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An Application of Radio Frequency Identification (RFID)
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Abstract

Due to Radio Frequency Identification {RFID) provides accuracy in specifying a position
and identifying an object, the application of RFID in transportation is investigated in this
research. Train model is produced in order to study the efficiency of this system. General
principals is setting the reader giving 125 kHz of frequency at a train model and the tag at any
model of train stations. When the train passing the stations, the reader adhered with the train will
receive the signal from the tag which it passes. This signal is sent through microcontroller and RF
module. Then, the signal is computerized by using computer programming after that the position

of the train model is displayed on the monitor screen.
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RS232 (ET-RF24G)
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1A5§ 14 RS-232
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aupalszaervesnaigiy RS-232C uisszammnsoeudafiuserieglnsa
o ' ' [ = ¢
fudearwne (DATA TERMINAL EQUIPMENT: DTE) (5UWOSAYBIADUR UABIHANNID
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3.8 195048134 (Reader)
AMaNTR (SPECIFICATION)
- 1¥Fumsa RFID Uszinnauid 125 KHz
- [¥madoudelugiuuves RS232
« Sasnudalunsfeas (Baud rate) 9600BPS
. ymdst1e Al DC 8-12v
- Sdoyanniing lded1adorlimwsedould
» 335U NN 129Ul (Temperature) -10°C ~ +70°C
« gremsvheuluan e ey (Humidity) 20% ~ 90% RH
« 8A5ININUNTTHAL BN 120 mA
* YUA (Dimension) 108mm (L) x 87mm (W) x 30mm (H)
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SEMICONDUCTOR®

Aprit 1999
Revised December 2005

LM7805 « LM7806 « LM7808 » LM7809 «

LM7810 » LM7812 « LM7815 + LM7818 « LM7824 »
LM7805A « LM7806A » LM7808A -LM7809A -

LM7810A « LM7812A « LM7815A - LM7818A « LM7824A

3-Terminal 1A Positive Voltage Regulator

General Description

The LM78XX saries of three tenninal posiive regulators are
available in the TG-220 package and with saveral fixed outpul
voltages, making them useful in a wade range of applications
Each type emplays interal current fimiting. thermai shul down
and safe operating area pretaction, making it essentially nde-
structivle. Il adequate heal sinking is provided, they can deliver
over 1A output current. Although designed primanly as fixed
voltage regulators. these devices can be used with extemal
companents 10 obtain adjustable vollagas and curents

Features

B Output Current up lo TA

B Output Voltages of 5, 6, 8, @, 12, 15, 8, 24

B Thermal Overlosd Proteciion

B Short Circurt Proiection

B Ouaput Transisior Safe Cperating Area Proteclion

Ordering Code:

Product Number

Output Voltage Tolerance
T

Package Operating Temperature

LM7B05CT
LM7806CT
LM7808CT
LM7809CT
LIM7810CT
LM7812CT
LRT81SCT
tM7818CT
L7824CT

4%

LM7805ACT
LM7B0BACT
LIM7B0BACT
LM7809ACT
LM7810ACT
LM7812ACT
LM7B15ACT
LM7B18ACT
LM7324ACT

—40°C - +125°C

TO-220

0°C - +125°C




4

1.Input 2. GND 3. Quiput
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Absolute Maximum Ratingsnote 1)

Parameter Symbol Value Unit
Inpuit Voltage (for Vg = 5V 1o 18Y) Vi 35 v
(for Vg = 24V) v 40 v

Thennal Resistance Junclion-Cases {TO-220) Ryse 5 *CIW

Thermal Resistance Jﬁncliun-Air {T0-220) Rpgn 65 Ciw
Operating Temperaiura Range Torr 0~ 125 *C
LMT8xx -40 ~ +125 *C
LMT8xxh 0~ +125 i
Storage Temperaturs Rangs Testa -85 - 150 °C

Note 1: Abagiute maxmun ratings are those vales beyond which damage to the devdee oy ocsur The datasheet specifications shoud be mel, vithaut excepion, o ensure
that the System Cesgn is reiable over s power supply, temperatuce, and oulDUINDU: oadng varahles. Falrchild does not recormniend operation oubside dazasheel speafica
tions.

Electrical Characteristics (LM7805)
(Refer to the test circuls. ~40°C < Ty < 125°C, In = 500mA, V) = 10V, C; = 0.1pF, unless othenvise specified)

Parametar F & Symbal Condilans Min Typ MWax Unit

Cutout Voltoge Vo T,=2:25:C 48 5C 52 v
SMA < Ip s 14, Pg s 15W, V. = TV 16 20V 4.75 0 525

Line Regutabion Regring Ta=+425C Vo= Tvio 23V - 4G 00 v

(Nete 2} V= B B 12V - IE 6.0

{.cac Requlaton Regload T;#425C = BMA 0 T EmA, - a.¢ 100 i

1o = 2500 o T50mA - 16 500

Oua;cerx Current I Ty=125C = 5¢ 80 mA

Cnnescent Curent Changa Alg lg = 5ma 1A 3 093 a5 L3
V= TV i 25Y - 43 13

Chaput Vohage Drift (Note 3) AVIAT Iy = SmA - 0.8 - mviiG

Ouiput Noise Vollage Wy 1= 10Kz Io $60KHE. Ty 7425 € - 428 - EY¥Vg

Rippie Rejechon {Nate 23 RR 1= 1200z, Vo =BV 0 18V 62.0 730 = dB

Sropot Voilage Vorss Ig= 1A T =425 - 20 - v

Outpt Restsiancs fote 3) =B 1= 1KHz < 150 Y mi)

Bhort Circult Curtent lsg v, = 38Y, Ta= 25°C - 23 - mA

Pesk Current (hote 3} $pc T=125C 5 - 2.2 - A

Note 2: Laad ang Hne regulztion afe spacified at constant funchon tempersiure. Chaney i Vg ous 10 hoding effects must b taker Ial0 Ateount Separately Fusse testing with
low disty is usad.

Hote 3: Thesa paramaters, although guaranteed, are ngi 100% test2d in production.



Electrical Characteristics (LM7812)

(Refer lo the test circuits, ~40°C < T3« 125°C, Ig = S00mA, Vy = 18V, C, = 0.33uF, Cp = Q. 1uF, unless othenwise specified)

Parameter Symbo! Conditions Min Typ Max Unit
ot Voltage Vo Ti= o250 1ns 126 325 v
EMA ¢l < 1A, Pga 190, V, = 14 5¥ 10 27V 1.4 120 §286
Lina Regulation Reglne T,=-25C V=44 5V 0 AV - e 240 v
ot 12) V= AEY 0 22V - 0 120
Load Regulation Regioad T,= 25¢C lg=5mA 10 1 5MA - 1.0 240 o
(Note 12) 1 = 250mA o 750mA - 5.0 120
Quieseent Current I T,=425C - A 80 A
Crilescent Current Change alpy l5=5mAto 14 - o Q.5 A
V=12 5 o 30V - 0.5 10
Ourinut Vokage Orift (Mote 13} AT lg = 5mA - 10 - VG
Ouioul Noxsa Vollage Vy f=10Hz to $G0KKzZ, T, = +26C - 766G - W¥hg
Ripple Rejecton (Nate 13} RR fe 1204z, vi= 15V 10 25V 55.0 o - 48
Croooit Voltage Vpace lg= 1A, T, =:25:C - 20 - W
Ownput Resistance (Note 13) o] f=1KHz - &0 " i
Short Gireuk: Curtent [ Vy= 35V Ta=+25C - 230 ® mA
Peak Curery (Note 133 = T,=025%C - 22 - A

Mote 12: Load and lina regutation are specifieg &i constant Junction temoeratura. Changes in Vg due to heatlng elfects avust be taken inta account separziely, Puise testing with

Iow duty Is used

Mote 13: These parameters, athough guaranized, ars net 100% tested in production



Typical Performance Characteristics
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Physical Dimensions inches (milimeters) unless otharwise noled
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Features

Compatibke with MCS.517* Products

= 2K Bytes of Reprogrammabie Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6¥ Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Levet Program Memory Lock

128 x 8-Bit internal RAM

15 Programmable /O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Progremmable Serial UART Channet

Direct LED Drive Outputs

Gu-Chip Apalog Comparator

+ Low Power Idie and Power Down Modes

Description

The ATEIC2051 is a low-voltage, high-performance CMOS 8-bi#t mscrocomputer with
2K Bytes of Flash programmable and erasabie read only memory (PEROR). The
device is manufactured using Atmel's high density nonvolatile memaory technelogy
and is compatible with the industry standard MCS-51 ™ mstruchon set. By combining
a versatile 8-bit CPU with Flash on a menolithic chip, the Atmel ATE2C2051 is a pow-
eriul microcomputer which provides a highly fiexible and cost effective sclution te
many embedded conirol applications.

The ATBIC2051 provides the following standard features. 2K Bytes of Flash, 128
Lyles of RAI, 15 11O knes, two 16-bit timer/couniers. a five vector two-level interrupt
architecture, a fufl duplex serial pori, a precision analog comparator, on-chip oscillator
and clock cireuitry In addition, the ATBIC2051 is designed with static logic for opera-
tion down io zero frequency and supports two software selectable power saving
modas. The Idle Mode stops the CPU while alowing the RAM, fimericounters, serial
port and interrupt system to continue functioning. The Power Down Made saves the
RAM contenis but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
nsTVER O 1 b vee
IRXD) £2.0 0] 2 0pt.7
(TXDy P31 O] 3 wiCEN Y
XTAL2 O] 4 O pis
XTALL 5 1 ~1.4
(NFh P220 8 mR:
(INE3) PR3 ] T m R
(F0) P3.6 1 g (1 P, (AINTE
(FP2scde 3 #1.0 (AIND}
GND T} 1 D P37

AMEL

8-Bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

CIBED-B-1267




Block Diagram

v,
i
1 R ABD .
oo | REGRTEn R FLASH |#
! 3 )
1
!
= |
=
1 y r
A & F 3
v ¥ b
'
H ] STACK PROGHAM
ADDRESS, o
i REGISTER ACC BOINTER REGISTES
r r ¥
R BUFFER [
TUP2 TMPL
)
)
1
i PG e
! AL INCRERERNTER [ N
i
i
| INTEWWPT SERIAL PORT,
i RBLOCKS
| L4 .
: [ 3 pROGRAM b, ] ;
: PEW CcouNTER (P !
} :
| 4 1
: :
1
'
! MG | ingTRIECTION 1 y ¥ |
RST —L ! AND igaD {3 orTR + . !
i coNTROL REGISTER ry .
' -
i X v L
| AOAT BORT 3
! ANALOG LATCH LiTCH
: COMPARATOR Y y
1 -
]
: .
: osc ¥ >
H r PORT | DAIVERS bbi PORT JDPIVERS .
H L% .
IS N, = LY B - g S Y354 2 5 it 2 S WP N S A
[I o Fid=Puy P1LE-PLE

216 ATS89C2051 m e ———————————




e A T89C 2051

Pin Description

Vee

Supply voliage.
GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional /O porl, Part pins P1.2 to
P1.7 provide internal pullups. P1.0 and Pt.1 require exter-
nal pullups. P1.0 and Pt.1 alsc serve as the pasitive input
{AIND) and the negative input (AINT}, respectively, of the
on-chig precision analog comparatar. The Parl 1 output
buffers can sink 20 mA and can drive LED displays direcuy.
When 1s are written to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inpuls and are
externally pulled low, they will source current (I, } because
of the internal pullups.

Port 1 also receives code data during Flash programnung
and verificatian,

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectionat 110
pins with internal puliups. P3.6 is hard-wared as an input ta
the aulput of the on-chip comparator and is not accessibie
as a general purpose /O pin. The Port 3 output buffers can
sink 20 mA. When 15 are wrillen to Port 3 pins they are
pulled high by the internat pultups and can be used as
inputs, As inputs, Port 3 pins thal are exiernally being
pulled low will source current {ij ) because of the pullups.
Port 3 also serves the functions of various special fealures
of the AT89C2051 as listed bejow:

Port Pin Alternate Funcilions
P3.0 RXD (senal input porl)
P3i TXD (s=riat output port)
P32 TNTO (exiarnal interugt O)
P33 TNTT fexiernat interrupt 1}
P34 T@ tiner O external inputy
P25 T1 fsmer 1 external input)

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

RST

Reset input. All /O pms are resel to s as scon as RST
goes high. Holding the RST pin high for twe machine cycles
while the oscillator is runieng resets the device.

Each machine cycle takes 12 asciflator or clock cycies.
XTAL1

input to the inverting osciltator amplifier and input to the
internal clock operating circuit.

AlNEL

XTAL2
Cutput from the invarting oscillator amplifier,

Osciliator Characteristics

XTALY and XTALZ are the input and culput, respeclively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quarnz
crystal or ceramic resonatar may be used. To drive the
device from an exiernal clock scurce, XTALZ should be jeft
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 sircuitry
s through a divide-by-twe flip-flop. but minimum and maxi-
mum voltage high and low time specifications must be
observed

Figure 1. Osciltator Connections

c2
il ,T_ XTALZ
ct ]’
3 < XTALS
GND
==

Noe  C1.C2 =30pF £ 10 pF for Giystals

=40 pF 10 pF for Ceramic Resonsiors
Figure 2. External Clock Orive Configuration

NG ——em—— XTAL2
EXTERNAL
OSCILLATOR XTALY
SIGNAL

GND
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-




i

P

— g L3 v

A e —— - ——

ATNEL

Special Function Registers

A map of the en-chip memory area called the Special Func-
tion Register (SFR) space is shown in the table below.
Note that not ail of the addresses are cccupied, and unoc-
cupied addresses may not be implamented on the chip.
Read accesses to these addresses will in general rewsn
randam daid, and write accesses wili have an indeterni-
nate effect.

Table 1. AT89C2051 SFR Map and Reset Values

User software should not write 1s te these untisted laca-
tions, since they may be used in future products to invoke
new features. in thal case, the reset or inactive values of
the new bits will akways be 0.

0F8H OFFH
OFDH B OFTH
20000030
CEBH GEFH
OEOH |  ACC QETH
00060000
D O0DFH
aooH | Psw ao7K
00000060
oCaH QCFH
0COH 0C7H
CBEH 1P OBFR
XXXG0000
CBOH P3 0BTH
SARLRRER
0AZH IE DAFH
0XX05600
CAQH DATH
gak | scON Saur 9FH
ODDOO0D0 | XXXRXXXX
o0k P1 97H
'ERLIRRE
BBH | TCON THOD e L THO TH aFH
00060050 | ©0O0DODRD | 0OCDOGOD | 00OGOC00 | DOGOCO0D | COGODGCO
£0H SP CPL oPH PCON | 87H
pODOD111 | 0OCCOCO0 | 00DADC0D TNKXDODD
4.18 AT 8C 21051 s ———
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Restrictions on Certain instructions

The AT849C2051 and is an economical and cost-efiective
member of Atmel's growing family of microcontrollers. It
contains 2K bytes of flash program memary. It is fully com-
patible with the MCS8-51 architecture, and can be pro-
grammed ustng the MCS-51 instruction sei. Mowever,
there are a few considerations one must keep in mind when
utilizing cerain instructions lo program this device.

All the instructions reiated to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which s
2K for the AT85C2051. This should be the responsibitity of
the software programmer. For example, LIMP 7EOH wouid
be a valid instruction for the ATE9C2051 (with 2K of mem-
ory), whereas LJMP 9C0H would not.

1. Branching instructions:

LCALL, LJMP, ACALL, AJMP, SIMP,_ IMP @A+DPTR
These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must falt within the physical
boundaries of the program memery size {locatians OCH to
7FFH for the §9C2051). Violating the physical space limiis
may causae unknown program behavior.

CJUNE[...]. DINZ E..]. JB, JNB, JC, JNC, JBC. JZ. JNZ With
these condifional branching instructions the same rule
above applies  Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupls the normal interrupt
service routine address locasions of the BOCS1 family archi-
tecture have been preserved.

2. MOVX.related instructions, Data Memory:

The ATB9C2051 containg 128 bytes of internat data mem-
ory. Thus, in the ATBSC2051 the stack depth (s limited to
128 bytes, the amount of available RAM. Exlermnai DATA
memary access is not supporied in this device, nor is exter-
nal PROGRAM memory execution. Therefore, ne MOVX
...} instructions should be inctuded in the program

A iypical BOCS1 assembler wilt stilf assemble instructions,
even if they are writlen in viclation of the restrictions men-
tioned above. liis the responsibility of the controller user to
know the physicat features and limitations of the device
being used and adjust the instructions used correspond-

ingly,

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U} or can be programmed (P} fo obtain the addi-
tional feaiures lisied in the table below:

Lock Bit Protection Modes(!

Program Lock Bits
LB1 LB2 | Protection Type
1 u u Na program icck features.
2 P u Further orograraming of the Flash
is disabed.
3 P £ Same as mode 2, also verify Is
disabied.
Note 1. Tha Lock Sits can ondy be erased with the Chip Erase
aperation.
ldle Mode

n idle mode, the CPU puls itself to sleep while all the on-
chip peripherals remain aciive, The mode is invoked by
software The content of the an-chip RAM and all the spe-
cial functions cegisters remain unchanged dunng 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 to ‘0" if no external pullups are
used, ar sel 1o "1" f external puliups are used.

1t should be noted that when idle is terminated by a hard-
ware ressl, the device normally resumes program execu-
uon, fram where i left off. up 16 two maching cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to infemal RAM in this event, but access to
the port pins is not inhibi‘ed. Te eliminate the possibiity of
an unexpected write fo a port pin when ldle is terminated by
resel, the instruction following the ene that invokes idle
should not be one that writes 1o a part pin or 1o exiernal
memary.

Power Down Mode

in the power down mode the oscillator is stopped, and the
instructron that invokes power down is the last instruction
axecuted. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is tesmi-
nated. The anly exit from power down is a hardware reset.
Reset redefines the SFRs but daes not ehange the on-chip
RAM The reset should not be activated before Ve is
restored te its normal eperaling level and must be held
active long encuch to allow the oscillator to restart and sta-
bifize.

P1.0 and P1.1 should be set to '’ if nc external pullups are
used. or set to "1 if external pullups are used.

AIMEL 419
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Programming The Flash

The AT89C2051 is shipped with the 2K bytes of on-chip

PERQM code memory array in the erased state {i.e., con-

tents = FFH) and ready o be programmed. The code mem-

ory array is programmed one byte at a time. Once the array
is programmed, fo re-pregram any noa-blank byte. the
entire memory array needs to be erased elecirically.

Internal Address Coumer: The ATBIC2051 centains an

internal PEROM address counter which is abuvays reset to

000H on the tising edge of RST 3ad is advanced by apply-
ing a positive going pulse to pin XTAL1.

Programming Afgorithm: To program the AT89C2061,

the foflowing sequence is recommended.

|. Power-up sequence:
Apply pawer betwsen Ve and GND ping
Sel RST and XTAL1 to GND

2. SelpinRSTto'H'
Setpin P3.2 160 'H'

3. Apply ihe appropriate cambination of 'H' ar 'L’ fogic
fevels to pins P3.3, P3.4, P35, P27 to select ane of the
programming operaticns shown in the PERQNM Pro-
gramming Modes table.

To Program and Verify the Array:

4. Apply daia far Code byte at locaton 000H to P1.0 to
P17,

5. Raise RST io 12V io enable programiming.

B. Pulse P3.2 once io program a byde in the PEROM array
of the lock bits. The byte-write cycle is seli-limed and
typically takes 1.2 ms.

7. To vedly the programmed data, lower RST from 12V 1o
logic "H' level and set pins P3.3 to P3.7 to the appropiate
levels. Output daia can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL® pin once 1o advance the internal address counter
Apply new data 1o the port P1 pins.

9. Repeststeps & theough B. changing data and advanting
the address counter for the entire 2K byies array ¢r untl
the end of the object file is reached.

10. Povier-off sequence:
sel XTALT1e L'
setRSTto 'L’

Turn Vee power off

Dota Polting: The ATBYC2051 features Data Palling to
indicale the end of a write cycle. During a write eycle, an
attempted read of the lasi byte written will result in the com-
plement of the written data on P1.7. Gnce the write cycle
has heen completed. true dala is valid on all oulputs, and
the next cycle may begin. Data Polling may begin any tme
after a wiile cycle has been nitiated.

4-20

Ready/Busy: The Progress of byle programmiing can alsa

be monitored by the RDY/BSY output signal. Pin P3.11is

pulled low after P3.2 goes High during progransming to indi-

cate BUSY. P3.1is pulled High again when programming is

done to indicaie READY.

Program Verify: 1 lock bits LB1 and LB2 have noi been

programmed code data can be read back via the data {ines

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 al the port Pi pins.

3. Pulse pin XTALT once 1o advance the infernal addrass
counter.

4 Read the nexi code data byte at the port P1 pins.

5. Repeal steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of tha

lock bits s achieved by observing that their features are

enabled.

Chip Erase: The entire PEROM array (2K 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-

biank memory byte can be reprogrammed.

Reading the Signature Bytes: The signature bytes are

read by lhe same procedure as a normal verification of

focaiions GCOH, 091H, and DO2H. except that P3.5 and

P3.7 must be pulled to a logic low. The values returned are

as foliows.

{00GH) = 1EH indicates manufactured by Aimel
{00 1H) = 21+ indicates B9C2051

Programming Interface

Every code byte in the Fiash array can be written and the
entire array can be erased by using the appropriate combi-
mation of control signals. The write operation cycle is self-
iimed and ance initiated, will automatically time itseif to
completion.

All major programming vendors offer worldwide support for
tite Atme! microcontrolier series. Please contact your local
programming vendor for the apprapriate software revision.

ATS9C2051 e ———————
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Flash Programming Modes

Mode RSTVEP P3.2IPROG P3.2 P14 P35 P37
wite Gode Daa ™ 12v - L H H H
S
Read Code Datal* 4 H L L H H
White Lock Bit-1 12v H H H
~
Bii-2 12% H H L L
S —
Chip Erase i2v @ H L L L
AT
Read Signasure Byie H H L L L L
Nokes; t. The iniernal PEROM address counter is reset to DOOH on the nsing edge of RET and is advanced by & posilive pulse at
XTAL 1 pin.

2. Chip Erase reguiras a 10-ms PROUG puise.
3. P3.1is pulled Low during programming to indicate ROV/EEY,

Figure 3, Programming the Flash Memaory Figure 4. Verifying the Flash Memary
sV SV
ATBIC2051 ] AT3IC2051 ]
ADYVESY  de-—] P39 Vag Veo
- PGH PGM
PROG — P32 P — V. —» P32 Pli— ooh
— ! P33 — P33
SEE FLASH | ——»! Pas SEE FLASH | 3] P34
PROGRAMMING PROGRAMMING
MODES TABLE {——» P35 MOOES TABLE | —» P35
—» P27 —»f P37
L ¥Tau AST — Y iV, L — x7aL1 RST [4—— V.
TO [NCREMENT aGND GND
ADGRESS COUNTER I
= k-3

AIMEL 2
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Flash Programming and Verification Characteristics
T, =0°C to T0°C, Vg = 5.0 % 10%

Symbot Parameter Min Max Units
Ver Progranming Enable Vollage ns 2.8 v
lpe Pragramming Enable Current 250 ud,
tover Data Setup to PROG Low 1.0 us
tonox Data Hold Atter FROG 10 us
tEnge P3.4 (ENABLE) High te Ypo 10 s
tguge Ver Setup 10 PROG Low 10 us
taust Veo Hold After PROG 10 §s
tacam PROG Widh 1 110 us
teiaw ENABLE Low Lo Data Valid 1.0 us
tenaz Data Float ARer ENAELE 0 1.0 ue
tous PROG High to BUSY Low £0 ns
b Byte Wite Cycla Time 2.0 ms
I ROY/BSY\ 1 Increment Clock Delay o s
(#%0% Increment Clotk High 200 ns
Nee: 1. Only used i 12-veit programnming mode.
Flash Programming and Verification Waveforms
PORT 1 ( DATA QUT_p
tox  lavox
P3.2
(PROG) N A
tenae L e SRR Soao lanst,
T ) AALTI R NLOGIC 1
MVipll 2 e YFL I RSN
—'| [ Yoren
P3.4
(ENABLE) —_/T tonm —*
P31
{RDY/BSY)
XTALY
(INCREMENT
ADDRESS)
422 AT89C2051
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Absolute Maximum Ratings*

Operating Temperatura ........c....ovvee e, . ~88'C {0 +125°C

Slorage Temperature . ., ... .. .35 Clo+150C

Vollage on Any Pin

*NOTICE:

Sresses heyond those listed under *Absolute
fdaximum Raungs” may cause permanent dam-
age to the devite. This is a siress rating only and
functional operation of the device as these or any
other condions beyond those indicated in the
operazona! sectinns of this specification is not
implied. Exposure to ahsokite mavimun raling
conditions for extended periods may affect device
reliabilty

wilh Respecito Ground . ... ..o L -LOV IO ~T OV
Kaximum Cperating Yoltage ... oo veeee e e BEV
DEC Cutptt Cumment.. e e e e 25,0 MEA

DC Characteristics

T4=-40°C to 85°C, Ve = 2.0V ta 6.0V (unless otherwise noted)

Symbaol Parameter Condition Min Max Units
Vi, Inpys Low Voliage 0.5 0.2Veg-01 v
Vg Inpit High Vollage {Except XTAL1, RST) 0.2Ven + 09 Ve +80.5 ¢
Vi Inpi High Voltage {XTALY, RST) 0.7 Voo Vec+ 05 W
Ve Output Low ¥oltaget™! lee =20 MA, Voo =BV 0.5 v
{(Poris 1, 3) o =10 MA, Vee = 2.7V
Mou Outpui High Violiage log = B0 pA, Ve = 5V + 10% 2.4 v
(Poris 1.3) o = -30 A 0.75 Vor v
log =-12 pA 0.8 Ver W
Iy Logical O Ingus Cumsnt Yy = 045V -50 pA
{Poris 1,3}
I togicat 1 to 0 Transiion Current | Vg =2V, Veo = 54 + 10% 750 nA
{Poris 1, 3)
I Input Leakage Currant 0« Vi< Vec +10 A
{Pori P1.0, P1.1)
Vaos Gomparator Input Offset Voltage | Voo = 6V 20 my
Ve Comparator Input Common 0 Vee v
Mode Voltage
RRST Reset Pulldown Resistor 50 300 K
Cio Pin Capacilance Test Freq. = 1 Mz, T, = 25'C 10 pF
leg Power Supply Cursent Active Mode, 12 MHz, Voo = BV3V 1555 A
Idte Motle, 12 MIHZ, Vee = 6VI3V £ mA
P{O&P11=0Vor Ve
Pawer Down Modet® Wep =BV P10 8 P1Y = OV OT Ve 100 pA
Veor =3V P10 8 P11 =0V of Ve 20 wé,
Noigs. §. Under sieady staie (non-translens) conditions, 1o must e externally limited as follows.

Maximum Iy, per port pir: 20 ma

Maximua total i, for all auiput pins: B mA
If o 8xceeds the test condition, Vg, may exceed the relsted specification. Pins are not guaranized to sink current greaies

Ihain the lisled test conditions
2. Minimum Ve for Power Down is 2V,

AIMEL
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External Clock Drive Waveforms

[e—— touex
Vo - DSV 1

0.7 Ve
‘7/0.2 Vg - 0.1V
0.45v

tC*-.CL
External Clock Drive
Symbok Parameter Vg = 2.7V 10 6.0V Voo = 4.0V 10 6.0V Units
Min Max Min Max
WeleL Oscillator Frequency i3 12 0 24 MHz
tCLCL Clack Penﬂ'd B3.3 415 ns
oo High Tima 2D 15 ng
1CLC)‘; tow Time 20 13 ns
teren Rise Tima 20 20 ns
oo Fall Time 20 20 ns
4.24 AT C 2051 s
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Serial Port Timing: Shift Register Mode Test Conditions

Ve = 5.0V £ 20%; Load Capacitance = 80 pF)

Symbaol Parameter 12 MHz Osc¢ Variable Oscillator Units
Min Max MEn Max

tursa Seriaf Port Clock Cycle Time 10 12l us

[T Qutput Data Setun to Clock Rising Egge 700 10t -133 ns

ey Quiput Data Hold After Clock Rising Edge s0 Qg oy - 137 ns

tysnx Input Data Held Aftar Clock Rising Edge 0 0 ns

Loy Clock Rising Edge fo Input Data valid 700 100g g 133 ns

shift Register Mode Timing Waveforms

INSTRUCTION 0 1 2 3
I | I I I

ae 1111 l£|:|_|‘|_|‘|__|'\_ru'l_ﬂ_l‘|_r\_l‘l_l‘|_l’m_ﬂ_r
Yax

crock AP aWRYE B s N Agll §
‘avxnl«—~
— I-—— Terix
WRITE O SSUE T o I s z X3 > (s X6 X v S
" —] I-'—‘
OUTIPUT DATA Yo [=——4 a'a'y st |
. CLEARRI ;

v
{NPUT DATA

AC Testing Input/Output Waveforms!!)

- osv
Veg~ O B2 Vg « .8V

TEST FOINTS
0.2 Ve - 0.4V

D45V

Note: 1. AC Inputs during festing are driven at Vor - G 5% v Note
alogic 1 and 0.45Y for 3 logic ©. Timing measure-
meris are madae at V), min. fo¥ a logic 1. and Vi,
max. for a kgle 0,

AMMNEL

SE’TRIT

Float Waveforms{t)

Timing Fcfarence

Fa.rts
- 0AV

For timing purposes, & port pin is no lenger float-
ing when a 100 mV change from load voltage
oreurs. A port pin Begins to fioat when 100 mv
change frathe loaded VopVoy level ocours.

4.25
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ATS9C2051
TYPICAL iICC - ACTIVE (B5°C}
20
Voo=8 0Y
s |
[
C Ry
c /,,,- Vcei-iul_{’_’_,_..-""
10— —
| o Vag=3 0V
A e ——
| it -
4
0 iz 18 24
FREGUENCY {MHz)
ATBEC2051
TYPICAL ECC - IDLE (85°C}
2
Voot BV
1 _,_,.—-u—-'_""—ﬁ
g S m——— Voor 5.0V N
T
._ﬂ_____,_,_,__.,——«—ﬁ“’
m 1
A ____,_.—-—-'-—‘—'-—""'_"—
Veom X OV
e | i
o ki £ [} H
FREGUERLCY {MHz}
ATBSC2Z051
TYPICAL ICC v3. VOLTAGE - POWER DOWN (B5°C)
20
It il
o
ST / /
v el
A /
0
3ov 4.0V L1 e

Voo VOLTAGE

Notes: 1. XTAL1 tied to GND for I (power down)
2. P1gand P11 =Vee of GND
3. Lock bits programmed

4.26 AT S C 20051 s
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Ordering Information

Speed Power
{MHz2} Supply Qrdering Code Package Operation Range
12 2.7V 10 6.0V ATBGCI0B1-12PC 20P3 Commercial
ATBSC2051-128C 208 070 0 70°C)
ATBEC2051-12P1 20P3 tadustrial
AT89C2051-1251 2058 {-40°C to §5°C}
ATBEC2051-12PA 2093 Awomotive
ATBSC2051-125A 208 (-40°C to 105°C}
24 4.0V o 8.0V ATESCZCH1-24PC 20P3 Commercial
ATROCZ051-245C 203 {8°C 0 TG°C)
ATEGC2051-24P1 2093 Indusirial
ATBRC2051-2451 2058 {-40°C to BZ°C)
Package Type
20P3 20 Lead, 0.380" Wide, Plasuc Deat Indine Pachage (PHHP)
208 20 Lead, D.3C07 Wide, Plastic Gull ¥Wing Small Outline (801C)

AIMEL
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+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
driversfreceivers are designed for R5-232 and V.28
communications in harsh envirsnmants. Each transmitter
output and raceiver input is protected against +18kV
elegtrostatic discharge (ESD) shocks, without latchup.
The various combinations of features are outlined in the
Selactor Guide. The drivers and regeivers for all ten
devices meet all EIA/TIA-232E and CCITT V.28
specifications a1 data rates up to 120kbps, when loadsd
in apconiance with the EIATIA-232E specification.

Tha MAX211E/MAXZ213E/MAX241E are available in 28~
pin 30 packages. ag well as & 28-pin S3OP that uges
80% less board space. The MAX202EMAX232E come:
in 16-pin T8SOP, narrow SO, wide 50, and DIP
packages. The MAX203E comes in & 20-pin DIFEO
package. and needs no external charge-pump
capacitors. The MAX205E comes in & 24-pin wide DIP
package, and also eliminates external charge-pump
capacitors. The MAX206E/MAX207EMAX20SE come in
24-pin 50, 850P, and narrow DIF packages. The
MAX232E/MAX241E operata with four 1uF capacitors,
while the MAX202E/MAX206E/MAX207 E/MAX208E/
MAX2H1EMIAX213E operate with four OL1pF capeacitors,
further reducing cost and bosard space.

Applications
Natebook, Subnotebook, and Palmtop Computsrs

Battery-Powersd Equipment
Hand-Held Equip>ment

__ Next-Generation Device Features

¢ For Low-Voltage Applications
MAX3222E/MAX32I2EMAAXIZITEMAXI2SES
MAX3248E: +15kV ESD-Protected Down o
10n4, +3.0V to +5.5Y, Up to 1Mbps, True RS-232
Transceivers (MAX3246E Available in a UCSP™
Packages

+ For Low-Power Applications
MANI224/MAXI223MAXI243: 1uA Supply
Current, True +3V to +5.5V B5-232 Transceivers
with Auto-Shutdown™

+ For Space-Constrained Applications
MAX3I233EMIAX3ZISE: +15kY ESD-Protected,
1A, 250kbps, +3.0V/45.5V, Dual RS-232
Transceivers with internal Capacitors

+ for Low-Voltage or Data Cable Applications
MAX3IJBOEMAXIIBAE: +2.35V to +5.5V, 1A,
2Tw/2Rx RS-232 Transceivers with 215k ESD-
Protected 'O and Logic Pins

Ordering Infarmatlon, Pin Configuratlons, and Typlcal
Opecating Clreults appear af end of daty sheet.

AutoShadown and UCSP ans tmdemarks of Maxion Inte grated
Prodwss, Inc,

Selector Guide

NO. OF
PART NO. OF RS-232 | NO. OF R5-292 R:gﬁ'::ﬁf EXTERNAL | LOW-POWER TTLIRE
DRIVERS RECEIVERS | oo moCwi CAP.?;;’)!’ORS SHUTDOWN STATE
WMAXZ02E 3 2 ] FYTRT) Fo Mo
MAXZ203E 2 2 ] Norg o Mo
MAX20SE 5 5 B Fams Va5 Yos
MAX206E 3 3 7 300 Vor 7
MAX207E g 3 7 o o Mo
MAX208E 3 1 o a0 Na Mo
MAX211E 4 5 0 40,1) Yoo Wag
MAX213E 4 - 2 40,1} Yag Yas
MAX232E 2 4 [} 4 {1} Mo e
MAKZHIE ! g 0 FRET) Yas Yas




+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS
Voo LAV to +68Y

...(\Icc S GE W 44V
RO, ¥ 378 LN o BT

-3V to (Ve + 0.3V
............. + 30V

RS 0UE o IV 03
0 o Voo + 0.3
LT OUT i i s Contiruous

Commuous Peswar Disgl |pat|gn (Ta = +70C)
16-Pin Pastic. DIP (derate 10.53mWC above 4 70°C). .. 842mW
16-Fin Marow SO (darate 8,70mWC ahows +70°C) ... BIEmYY
16-Pin Wide SC (derate 8.52mWRC abhove +70°C) ... 762mW

20-Pn Plasic DIP {earats 11.11mWEC above +70*C). SRV

20-Pin 30 (dorate 10.00mWRC abors +70°C) ... 800mW
24-Pin Nargas Plastic DIP

(clerats 13,33mVWC abaa +70°CT i o 10T
24-Pin Wids Plast= DIP

{clerate 14.20mWRC above +701°C) ... T I )

'3-1-1 (3%
LEADA
AW
i

24-Pin 80 (clsratg 11.76mWRC abova +?O°C)

24-Pin SSOP idarats 8.00mW°C above +70°C)

26-Pin 80 {derate 1250mWPC abies +70°C)...

26-Pin S30F (clarte 3 52mWPT abava +70°0)
Operating T;::nn:-maturer Ranr]acs

MAX2 _EC_ _ ..

MAX2_ _EE_ ...
Storags Temperature Bange.
Lead Tamperatura {soldering, 1050e) ..o vinetnnnn

......................... G 1w+70°C
~A0°C (o + 850
B8'C to + 1B5°C
A 300eC

18Py TSSOP (dorate 9.4mW/C abovs + 70C) L FS5Smw
Sressss beyond fose fisted under Absoluly Mavinwm Asings " may cause Demaent damsge (o s device. Thesa ans svress ratngs onlfy, snd funcional
cperalon of $ie dovice al these or any other conoiions beyond fiose indicaed i Fw cpersiicnal sections of e specilications /s n impied, Exposurs to
absgiLte Masimum s ing conoitions for X808 0 penods May SISt asvicg retaluily.

ELECTRICAL CHARACTERISTICS

Voo = +8YV £10% for MAX202E206E200E:21 1E/213E232E/241E; Voo = +6V 26% for MAXZNAERQSE/ZOTE; C1-C4 = Q1uF far
MAXZI}EE(‘QH&E:?CO?B'NBE)‘H1Ei£‘1 SE; C1-C4 = 1pF for MAXSIZEI241E; Ta = Thiin to Tisx; unlass stharvise notedl. Typical valuss
oraaf Ta = +25°C)

PARAMETER [ symaoL | CONDITIONS [ wminFYP max [uniTs
DC CHARACTERISTICS
MAX 20e Ef203E 8 15
MAXZOSE-208E 11 20
Ve Supply Currant leg MNoload, Ta = +25*C MAX211E/213E 14 20 mA
MAX232E 5 10
MAX241E 7 15
MAX 205 Ef208E 1 10
Shutdown Supply Current T = +25°C, Figura MAXZ211ES21E 1 10 LS
MAX213E 18 50
LOGIC
Input Pul-Up Curterm T_IN = BV (RAAX205E-20RE2 1 1E213E/241E) 15 200 HA
Input Leakage Current T_tN = OV 1o Voo (MAXZ0ZE/203E232E) £161 ud
LEN, S ;
Input Thieshetd Low Vi %NSEISN (:3%?;—22:)‘:2'; JER41E) 0.8 v
T_IMd 20
Input Thrashold High ViH EN, SHON (MAX212E) o BN, SHON 04 v
(MAXZOSE-208E/211E/R2IIE)
Cutput Voltayie High YoH R_CUT, louT = -1.0ma 3.5 Vee .04 v
Ourput Leakags Cumant EﬂNA;;gE—SEBE!g¥1 g}’fz ‘TJRE‘?.I'EL;‘E \:Jr(lif:‘n.m- digalilad w005 £10 uh




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Voo = +5Y £10% for MAXZOSER0GES08E/21 1 E21SERIZER4IE; Voo = 48V £5% for MAXZISE/205E/207E: C1-C4 = Q.1F for
MAXZ02E/208ER07E208E/2 1 1E/213E: T1-C4 = 1uF for MAXZ32E/241E; Ta = Traiy 1 Tmax: unbass otherwise noted, Typical values
ars at Ty = +25°C.) .

PARAMETER [symBoL | CONDITIONS [ mie  TYP  MAX [ UNITS
EIA/TIA-232E RECEIVER INPUTS
Input Voltags Rangs - ) v
All anis, rormal eparation o8 3.2
. T‘f‘ = +25°C. i
Iepust Threshaleh Lear Ve o 5V MAX213E, BRDM = 0¥, 06 15 v
s EN = Vec & '
All pans, remea operation 1.7 2.4
. Ta = +25°C,
Input Thrashold High Ve = 5V MAX213E (R4, R5), 1% 04 v
SHDN = 0V, EN = Voo N ‘
Input Hysteragis Voo = 5V, no hystarasis in shutclowmn 02 0.5 1.0 Y
Input Resistanca Ta = +25°C, Voo = 5V 3 5 7 [n]
EIA/TIA-232E TRANSMITTER QUTPUTS
Quiput Voliage Swing Al drivars loadad wath 3k to ground (et 13 +5 +3 \
Quiput Resislanca Yoo = Vi = ¥- = W, VouT = 22V 300 ]
Qutput Short-Circuit Currant +10 60 mA
TIMING CHARACTERISTICS

Ry = 3k 1o Tk, Cr = 50pF 13 10C0pF,

Maximum Data Rate one transmittar switzhing 120 kbps
All partg, parmial opatation 05 10

Racaivar Propagation Delay tlm' CL =150pF 44 X213E (R4, RE), 4 - s
EHON = OV, EN = Voo .

Racsiver Qutput Enalkila Tims i;:fj:;:ﬁ?g;g:y E2T3E2ZE Iorives GO0 ng

Recaivar Qutput Disable Tima :;ﬁ:gj??f&:‘; e JANS T 200 ne

Transmitter Propagation Delay tt';';_"':‘:r RL = 3k, C| = 2500pF, all transmitters loacled 2 ys

Ta = +25C, Voo = 5V, Bl = 3k0 to Tha,
Transition-Pagicn Slew Rate Ci = 50pF 10 1000pF, measued from 3V 10 3 G 30 Vips
+3Vor +3V 10 3Y, Figure 3

ESO PEAFORMANCE: TRANSMITTER OUTPUTSG, RECEIVER INPUTS

Hurnan Body Mcdal =15
ESD-Piotaation Voltags {EC1000-4-2, Contaut Discharge 5 kY
IEC1000-4-2, Aji-Gap Discharge +15

Note 13 WAXZ11EE_ . taste:d with Voo = +BV £5%.




+15kV ESD-Protected, +5V RS-232 Transceivers

(Typical Operating Circuils, Voo = +5V, Ta = +25°C, unlass otharwise nutad )
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Typical Operating Characteristics

MAXZI2E MAX20ZE MAX 203 MAX2E
TRANSMITTER DUTPUT VOLTAGE TRARSMITTER DUTPUT VOLTAGE TRRNSMITTER OUTPUT VOLTAGE
vs. LOAD CAPACITANCE v3, LOAD CAPAGITARCE vs. LOAD CAPAGITANCE
T T-T T T 1|2 LY \ T ': 8.0 T T T T T
2L TRANSTAINTERS LEGDED |2 e e ALL THANSKATTERS LOGDED [
DATA RATE « 120kigs |3 : DATA RATE « [20itea |5 || DATARETE-120py | [
m-zhr 3 N TE R 75 NEA R-m2 T
SR £ 70 PIITS 10 N
b ™ Yog= 5.5
\\Vn:-ssr 8 e _/ \\\v?.s,s\ § N \\ Nd
. r g Yop- 507 3 N
Ve =807 = x
™ \ e \\ N g - /\ \
\ LA \\ \ Y] 50 ¥et = 5.0V \\
N NN i\L NN
Vg 450 ™Y i ﬁ \\ ™ 33 AN ~
- w45 05 = 4.5
[y h 54 ET RN N, 1] \\\\"““
108 M0 I 400 560 D 1000 080 A 4006 5000 4100 200 MM 030 5000
LOAD GAPAGTEANGE {5y LOAD CAPAGITANGE (5Fj LOAD CAPAGITANEE ipF)
MAY 21 tE/MAX213E MAX21E/MAXZI3E TAAN 241
TRAHSEUTTER OUTPUT YOLTAGE TRAHSMITTER SLEW RATE
vs. LOAD CAPACITANCE \ vs. LOAD CAPACITAUCE
&4 wllrensehridhs heoed ¢ AL nnsamens Lwof i
> DATSRATE - 100bps | ” OATA ARTE- 120ipa_, %
e \ Ry 3kt 5 \ AL =3k -
, u
g 10 N g%
=] o
15
: 8.5 \ \\m-iy 5
8 s - # E 10 AN
[N -SLEW RATE
ss LI\ NL 5 IS -
\ N N SLEWRATE [
5 [egmisy - vgp - 50/ e I
o 1000 200 3000 4009 80 0 G 2000 3060 4000 5000

LOAD CAPACITANCE (pF)

L0AD CAPACITANCE (pF)



+15kV ESD-Protected, +5V RS-232 Transceivers

A Typical Operating Characteristics [continued)
(Typical Oparating Circuits, Vog = +5Y, Ty = +25°C, unlass otarwise noted.)

MAXZ02E/MAN203EIAN2 328 MAX205E-MAX203E MAX 205E-MAX208E
TRANSMITTER SLEW RATE TRANSMITTER OUTPUT VOLTAGE TRARSMITTER SLEW RATE
vs. LOAD CRPACITAHCE vs. LOAD CAPACITANCE vs. LOAD CAPACITAHCE
L] T T T T T 7 . 20 T T T 1 =
SLL TRAHSITTERS Lientn [ 2wps[ 12 w | vgmmsircae [ 11 ]2
2 M DATAAATE = 120kbps |3 iy =55 v 1 iy [ 1 TRANSHSITTER AT FULL DATA RATE |5
\ A-3k0 2 J20kbps & 15 | 4 TRANSMITTERS AT 18 [IATA RATE ¥
+ . [N z 24(&’0;.\[\\-.._‘_ —
Z e \V w28 - g
g = Vo= w5V, B =30 = o
E ~\\\ & 11 TRAMSMITTERAT FULL DATA RATE E 1 N mise
pod N sienpere E 4 TRANSMITTERS AT 18 DATARATE voop |
E 3 \ [~ E 85 ] N
@ ™ & a~ [ @ g
. VRLEW RATE T ™~ = 24k bpe E[m‘ i
- =3 p—— Py
h""‘*h-—'. ;:]';p’[ 1 3 —
H 5 : )
0 1080 2000 3000 4900 5000 0 100 2608 20 4000 5000 0 1000 2000 3060 4000 56
LOAD CAPACSTACE {4 LOAD CAPACITANCE (pF) LOAD CAPAGITAYICE (pF)
MAX205E-MAX208E
SUPPLY CURREHT RIAXZ05E-MAX20SE
vs. LOAD CAPACITAHCE OUTPUT VOLTAGE va. DATARATE
50 . 10.0 .
2hpr | Vs :
'H = 5 §
g ] s % o
w4 120kt Wi
E L~ /]/ R vy e
S g5 1 4 ] o L VTRANSKETTERAT FULL DATARATE ||
3 A LT | o & TRAHSKUTFERS AT 1/5 DATA RATE
o A L1 E 23 :
5 oy . 20k | 1=5% |
IR o R I e 3 4 Voot L]
25 LVon= M8V, AL =3k R B I
1 TRAMSKUTTER AT FULL OATA RATE 75 V-
" 4 TRANSKYTTERG AT 144 DATA RATE 100
0 ip00 2000 W0 4000 KOO0 T 00 E0 o3 120 150 18D 210 240

LO D GARAGITANGE (pF) CATS, RATE {htps)
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Pin Descriptions

MAX202E/MAX232E
PIN
DIP/GQTBS0P <o NAME FUNCTION
1.8 2.4 Ci+, C1- Tarmirals for postive charge-punts capacitor
2 3 Vs +2¥oo wallaga ganerated by the chargs pump
4,5 5 7 C2y, C2- Tatminals for negative chargs-pump capacitor
g & V- ~2Viog voltage panerated by tha charga pump
7,14 9,18 T.0UT RS-232 Drivar Cuapts
6,13 10, ¥7 BN RS-232 Recaiver Outputs
9,12 12,18 R_OUT RS-232 Racaver Cuputs
10, 11 13, 14 T_IN RS-232 Drivwr Inpusts
15 iE) GHD Groun
16 2n Yoo +4.5V 1o +5 BV Supply-Yellage Input
— 1.6, 11,16 M.C. Na Connact—nck mntemaly connectad.
MAX203E
Ly NAME FUNGTION
DIP 50
1.5 1.2 T_IN RS-232 Driver Inputs
A, 3,20 q.00T FS_E32 Raatver Outpuits
4,18 4,18 P_iN F3-232 Bacaivar Inputs
518 5,18 T_0UT R3-232 Transmiter Outputs
] a0 GHND Ground
7 7 Voo +4 BY 10 +5.5V Supply-Valtags Input
E 13 Cl+ Maka 10 cornwetian to this pan.
10,16 11,16 [57-3 Connact pins together .
12,17 10,17 V- -2Vee vollags genmrated by the charge pump, Conrwct pins iegather.
13 14 G- Iaka no conneciion 1o this pin.
14 ) W+ +2V oo valtags ganenated by tha chargs pump
1,15 12,15 G2+ Cornwet ping tagethar.
MAX205E
PN HAME FUNCTION
1-4, 18 T_OUT A35.232 Drivar QutpLits
£.10,13,18,24 RN RS-232 Baceiver |ryxans
9,114,173 RLOUT TTL{CMOS Raceivar Outputs. All tecsivars ara inastive in shutcoen.
7. 6,15.16, 22 T_IN TTLICMOS Driver irpaats, tarnal pudbups to Vos.
11 GHND Ground
12 Vee +4.75Y to +5.25¥ Supply vohage
20 TEM Baceiver Enalda—activa low
21 SHDHM Shutcown Cortnol—activa high
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MEXTLSULS SLEW-RATE SEST CACUIT

Figare 8. Transmon Slaw-Rata Croud

Detailed Description

The MAX202E-IMAX213E, MAX232EMAX241E consist of
three sections: charge-pump voltage convertars,
drivers {transmittars}, and receivers. These E versions
provide extra protection against ESD. They survive
+15kV dischargas to the RS-232 inputs and outputs,
tested using the Human Body kodel. When tested
according to IEC1000-4-2, they survive =8k¥ contact-
dischargas and £ 18kV air-gap discharges. The rupged
E versions are intended for use in harsh environments
or applications where the R3-232 connaction is
fraquenty changed (such as natebook computers). The
standard (nor-"E™) MAX202, MAX203. MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where costis critical,

+5V to +10V Dual Charge-Pump

Voitage Converter

The +5V to £10V conversion is performed by dual
charge-pump voltage converters {Figure 4). The first
charge-pump convertar uses capacitor C1 to double
the +5Y into +10V, storing the +10V an the output filter
capacitor, C3. The second uses C2 o invent the +10V

into -10¥Y, storing the -10V on the V- output filter
capacitor, G4,

tn shutdown mocla, ¥+ is internally connacted 1o VO by
a ke pull-down resistor, and V- is internally connectad
to ground by a tker pull up resister.

AS-232 Drivers
With VCC = 5V, the 1ypical driver output voltage swing
is +8V when loaded with a nominal ko RS-232
receiver. The outpui swing is guarantesd 10 meet
EIATIA-232E and V.22 specifications that calf for +8V
minimum output levels under worst-case conditions.
These include a 3k load, minimwm Yoo, and
maximum operating temperatwre, The open-circuit
output voltags swings from (V+ - 0.6Y} to V-.
Input thresholds are CMGS/TTL compatible. The
unused drivers' inputs on the MAX205E-MAX208E,
MAX211E, MAX213E, and MAX241E can be left
unconnected bacauss 400k pull up resistors to VCC
are included on-chip. Since all drivers invert, the pull up
resistors force the unused diivers’ outputs low, The
M&X202E, MAX203E, and MAX232E do net have pull
up resistors on the transmitier inputs.
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Yoo —

deLk

PART Rl
MeziE 230
M ax206E i3

MAX206E-E Py
IAAX21Ef213E 20
MAaaE Ho
MpEHE 30

Figure 4. Chargs-Lurmp Diagram

When in low-powar shutdown mode. the MAX205E/
MAX206E/MAX21 1 EMMAXZ13EMAX241E driver outputs
are turned off and draw only leakage currents—even if
they are back-driven with voltages between OV and
12V, Below 0.5V in shutdown, the transmitter Gutput is
diode-clarnped to ground with a 1kQ series
impedance.

RS-232 Recelvers
The receivers convert the R3-232 signals to CMOSHegic
outpul levels. The guaranteed 0.8V and 2.4V receiver
imput thresholds are significantly tighter than the +£3¥
thrashelds required by the EIATTIA-232E specification.
This allows the receier inputs to respand to TTLHCMOS-
logic levels, as well as RS-232 levels.
The guaranteed 0.8V input low threshold ensures that
receivers sharted to ground have a logic 1 output. The
gka input resistance to ground ensures that a receiver
with its input left open will also have alogic 1 output,
Recaivar inputs have approximately 0.5V hysteresis.
This provides clean output transitions, sven with slow
risgffalltime signals with moderate amounts of noise
and ringing.
In shutdown, the MAX213E's R4 and RS receivers have
rio hysteresis.

Shutdown and Epnable Control
{MAX205E/MAX206E/MAX211E/
MAXZ243E/MAX241E)
In shutdown meds, the charge pumps are turned off,
Y+ ig pulled down 1 Voo, V- is putted to ground. and
the transmitter outputls are disabled. This reduces
supply current typically 16 104 {15pA for the MAX213E).
The time required to exit shutdown is unclar ims, as
shown in Figure 5.

Receivers
All MAXZ13E receivers, except P4 and RS, are put inte
a high-impedance state in shutdown mode (see Takles
1a and 1b). The MAX213E's R4 and RS receivers still
function in shutdown mode. These two awake-in-
shutdown receivers can monitor extamal activity while
rmaintaining minimat power consumption.

The enable contral is used 1o put the receiver outputs ino
a highdimpedsice state, 0 dlow wire-OR connaction of
MO%INT |A-Z32E ports (or pants of differant types) at the
UART. It has no sffect on the B3-232 drivers or the
charga pumps.

Note: The =nable control pin is active low for the
MAXZ21 1EMAXZ41E (EN), but is active high ifor the
MAX2-3E (EN). The shutdown centrol pin is active high
{or the MAXZ08E/MAX20BEAAXZTTIE/IMAX241E
{SHDN}, but is active low tor the MAXZ13E {SHDN}.
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Re 1M Fp 12005
o 100% N PEAR-TO-PEAF, RINGIS
Emﬁ?%%usﬂgﬂg'l gg&l};}fg UK |[—— {HOT DREYN T0 SCALEY
G 1|
SHPERES
HIGH ]
VOLTAGE Cs STORAGE %ﬁ‘?@ﬁ 3.8%
i) jlilsc S C&PACITOR TEST
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a B
[3] n TIME —=
- frr — lnL
CLIARENT WAVEFOAR
Figurs 6a. Human Body E80 Test Modsl Figure 8. Human Sody Mods! Cuirant Wewelomn
RSt fedd  Roadm 4
o— {1 NSRRI R ___.
CHARGE CLRRENT | DISGRZRAE I Y
LIMIT RESSTOR RESISTANCE i
HItK- Ll [EVICE
VOLTACE Gy —b— STORAGE LMGER 5
gjﬁgc ‘ 150pF CAPACITOR R 5 - 7
0% —
Bexim 7a. JECTO00-2 B30 Test Modeal »~
“ 15 =07N310 105 —e |a— I
30n%
—————— G005 ————
(EC1000-4-2

The IEC1000-4-2 standard covers ESD testing and
performance of finished aquipment: it does not
specifically refer to integrated circuits. The
MAX202E/MAX203E-MAX213E, MAX232E/MAX241E
help you design equipment that meets levael 4 (the
highest lavel) of IEC1000-4-2, without the need for
additional E30-protaction compaonents.

The major difference between tests done using the
Human Body Model and IEC1000-4-2 is higher peak
current in IEC1000-4-2, because series resistance is
lower in the |EC1000-4-2 model. Hence, the ESD
withstand voltage measured to IEC100G-4-2 i3
genarally lowar than that measured using the Human
Body Model. Figure 7b shows the current waveform for
the 8kY IEC1000-4-2 level-four ESD contact-discharge
test.

Figura 7b. IECTOR0-2 50 Genavater Current Wavalorm

The air-gap test involves approaching thie device with a
charged probe. The contact-dizcharge method
connacts the prabe to the deviee befors the probe is
energized.

Machine Mode!
The Machine Model for ESD tasts all pins using a
200pF storage capacitor and zere discharge
resistance. lts objective is to emulata the stress caused
by contact that occurs with handling and assembly
during manufaciuring. Ot course, &l pins recuire this
pratection during manufacturing, not just RS-232 inputs
and outputs. Theretare, after PC board assembly, tha
Machina Model is less redevant 10 1/O ports.
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_Applications Information

Capacitor Selectlon
The capacitor type used for C1-C4 is not critical for
proper operation. The MAX202E, MAX206-MAX208E,
MAX211E, and MAX213E require O.1pF capacitors,
and the MAX232E and MAXZ241E require wuF
capacitors, although in all cases capacitors up to 10pF
can be used without harm. Ceramic, aluminum-
electrobytic, or tantalum capacitors are suggested for
the 1puf capacitors, and ceramic dielectrics are
suggested for the 0.1pF capaciiors. When using the
minimum recommended capacitor values, make sure
the capacitance value does not degrade excessively
as the operating temperature varies. I in doubt, use
capacitors with a largar (a.g., 2x) nominal value, The
capaciiors’ effective series resistance (ESR), which
usually rises at low temperatures, influences the
amount of rpple on V4 and V-,

Use larger capacitors {up to 10uF) to reduce the output
impedance at ¥+ and V-, This ¢an be useful when
*stesling” power from Y+ or from V- The MAX203E and
MAX20SE have intemal oharge-pumiss capacitors,

Bypass Voo to ground with at least 0.1pF. In
applications sensitive to power-supply notse genarated
by the charge pumps. decoupls VCC 1o ground with &
capacitor the same size as {or larger than) the charge-
pump capacitors (G 1-C4).

V+ and V- as Power Suppiles
A small amount of power can be drawn from V+ and V-,
although this will reduce both driver oulput swing and
neise marging. Increasing the value of the charge-pumip
capacitors {up to 10uF) helps maintain performance
when power is: drawn from W+ or V-,

Driving Muitiple Recelvers
Each transmitier is designed to drive a single receiver.
Transmitiers can be paralleled to drive mulliple
raceivers.

Driver Outputs when Exiting Shutdown
The driver ocutputs display ne ringing or undesirable
transients as they come out of shutdown.

High Data Rates
These transceivers maintain the R5-232 +5.0V
minimum driver output voltages at data rates of over
120kbps. For dats rates sbove 120kbps, refer 1o the
Transmitter Output Voltage vs. Load Capacitance
%raphs in the Typica! Oparating Characleristics.
ommunication at these high rates is easier if the
capasitive lads on the fransmittars are small; e,
short cables are best.

Table 2. Summary of EIA/TIA-232E, V.28 Specifications

PARAMETER CONDITIONS ek e A o
0 Level 3ke 1o Tk load +8V 1o +15Y
Driven Qutpul Vollody 1 Laval ke to 7he londl SV 1015
Drivar Output Laved, Max M3 load £26Y
Data Rata 3k =R « 7k, G = 2600pF Up 1o 20kbps
0 Laval +8V o +15Y
Rgcaivar fnput Valtags e £ AR
Rezanver Input Levat 225¥
Instantanscus Slaw Rata, Max 3key e P s 7k, C = 25000F 30V s
Driver Quiput Shons-Circuit Curmar, hax 100mA
vien 1ms ar 3% of the pariod
Transition Pats an Driver Outpun -
EIATIA-232E 4% of tha patiod
Driver Quiput Resistance 2V < Yoyt < +2V anng.




+15kV ESD-Protected,

Table 3. DB9 Cable Connections
Commonly Used for EIA/TIAE-232E and
V.24 Asynchronous interfaces

+5V RS-232 Transceivers

PIN CONNECTION
Razaivad Lins Signal
Datector {sometimes
] calied Camier Datedt, Handshake from DCE
DCoy
2 Racwiva Data (RD) Dana from DCE
3 | Transmit Data (TD) Data from OTE
4 Data Tarrminal Raady Handshaks from OTE
5 Signal Greund zag!r:i;nn pning for
[ Data Sat Ruady (DSF) Handshaks from DCE
7 Racuast to Sand (RTS) Handshaka fram DTE
E Clsar to Send (CTS) Handshaks from DCE
] Hing indicator Hantishake trom DCE
______ Pin Configurations and Typical Operating Circuits (continued)
. 11
TOP VIEY? AP =TT, ofal-
ata B
= i
i Yoo . 12 +0¥
ang B N o
637 "2 ¢y WOLIAGE DOUBLEA .
L 4, T e
Y ; aLp £ 10Y TO -1 0.1,
o [ 10} Vee v T4 o yOLTAGE MYERTER faIRT:
Vi [Z] 5] GHD =
o} mmaan (1 10V i | T T |14
e [a] mapwe ] rm ._——|>.___.,
MAXZIZE TTL'CMOS RS-
e 3] 12] RtouT hELTS OUTRUTS
v-[&] [11] 11 o | T tour |7
12007 [7 ] [10] T2
RN [g] 5] redur - L Ll IS
TILCHOS @ o
DIP/SO/TSSOP CUTRJTS IHFUTS
A 7ol = fol|a
Tk

* 10uF CAPAGITORS, MAX232E OHLY.

PN KUMBERS OM TYRIGAL GPERATING GERGUIT REFER TO DIF/SVTEGOP PACKAGE, HITLCE,
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Ordering Information

PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE
MAX202ECPE *C1o+70°C 16 Plastic DIP MAX208ECNG 0C 10 +70°C 24 Naricw Plastic DIP
MAX202ECSE OCto+70°C 16 Namrow SO MAX2CEECWG DT to+70FC 2480
MAX2n2ECUE QT e 470°C 16 TSBCP MAX2CAECAG 0o te +70°C 24 8B0OP
MAX202ECWE Q*C 10 +70°C 16 Vida SO MAX208EENG 40°C to +85°C 24 Narrow Plastiz DIP
MAX202ECD 0C 10 +70°C Dica’ FMAXZOREEWG -40¢C to +85°C 24 80
MAX202EEFE -40°C 10 +B5°C 16 Plastic DIP M X208EEAG -G o + 2540 24 850P
MAX202EESE -40°C 10 485°C 18 Narrow SO MAX211ECWI 10 +70°C B0
MAX202EEVE -40°C 10 +85°C 15 TESOP HAAX211ECAl FCro+70°C 23 850P
MAX 202 EEWE -40°C to +85°C 16 Wida 80 MAX2TIEEWI 052 1 2500 2550
MAX203ECPP 0'C to +70°C 20 Plastic DIP MAXZ211EEAI A0 10 +85°C 28 850P
MAX203ECWP 2°C to +70°C 2080 MAX21IECWI G +70°C 28 50
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Chip Topographies
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Chip Information

MAX205E/MAX206 E/MAX207E/MAX20BE
TRANSISTOR COUNT: 328
SUBSTRATE CONNECTED TO GRD
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S Package Information
(Tha package drawing(s) in this data shaet may not rallact the niast current spacificstions. For tha latest packags outing information
go to www.maxinkic.com/packages.} .
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Package Information {continued}
(Tha packaga drawing(s} in this data shest may not reflact tha mest currant specificadons. For the latest package autling information,
g0 to www.maxim-ic.com/packages.)
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Package Information (continued)

(The package drawing(s) in this data shaat may not reflact the most cunent spacificaticns, For the latest package oudine infoimation,

go to www.maxinric.comfpackages.)
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SOURCE CODE (ASSEMBLY)
;*************************************************************i‘

; START PROGRAM : 20/12/4% TIME 15:55a.

; PROGRAMMER : WITTAYA.WIT
; USER NAME

; SYSTEM :

; FILENAME : MAGZ232.ASM
; CONTROLLER : ATB9C2051

;**-k**********************'Jr**-ﬁr*********************************

ORG 0000H
MOV P1,#111111118B
MOV P3, #111111118
ACALL ~ DELAY_1S
MOV A, #01H
ACALL ~ INIT
MAIN: ACALL  DELAY 10MS
JNB RST,RESET_ALL
JNB IN1, LOOP_SEN
SETB Pi.7
ACALL ~ DELAY_10MS_1
CLR P1.7
AJMP MATN
RESET ALL: ACALL  DELAY 18
MOV SBUF, #3041
JNB T, $
CLR T1
LCALL  DELAY_10MS
CLR P1.7
JNB RST, 5
ACALL  DELAY 1S
SETB P1.7
MOV A, #01d
RJIMP MAIN
;*'k********'ﬁ'*************************
LOOP_SEN: ACALL ~ DELAY_1O0MS
JB IN1, MAIN
LOCP_SENL: CJNE A, $01H, LOOP_SEN2
MOV SBUF, #31H
JNB TI,$
CLR Tl
LCALL  DELAY_10MS
JNB INl,$
INC A
AJMP MAIN
'-'k**'k*********************************
LOOP_SEN2: CJINE A, #02H, LOOP_SEN3
MOV SBUF, 324
JNB TI,$
CLR T1

LCALL  DELAY_10MS
JNB INL, $




INC A

AJIMP MAIN
;*************‘k********************#**
LOOP_SEN3: CJINE A, #03H, LOOP SEN4

MOV SBUF, #33H

JINB TI,S

CLR T1

LCALL  DELAY 10MS

JNB IN1,S

INC A

AJMP MAIN

’.***************-&**********************

LOCP SEN4: CJINE A, #C4H,RE_MAIN
MOV SBUF, #34H
JNB TI, S
CLR T1
LCALL  DELAY 10MS
JNB IN1,$
MOV A, #01H
RE_MAIN: AJMP MAIN
’-*‘.l-*****i'i-****-}r******************************
INIT: MOV IE, #100000008
MOV TMOD, $#001C0000B
MOV TL1, #OFDH
MOV TH1, #0FDH
MOV SCON, #01010000B
SETB TR1
RET

DELAY 10MS: MOV 7,405

DELAY 10ms_1: MOV 6, #OE6H

DELAY 10ms_2: NOP
NOP
DJINZ R6, DELAY 10ms_2
DJINZ R7, DELAY_ 10ms_1
RET

DELAY 1S: MOV 5, #4100

DELAY 1S 1: ACALL =~ DELAY 10MS

S DINZ R5,DETAY 15 1

RET

END




SOURCE CODE (VISUAL BASIC)
VERSION 5.00

Object = "{648BA5603-2C6E-101B-82B6-000000000014}#1.140";

"MSCOMM32 . CCX"
Begin VB.Form frmreceive

Caption = " fudoyaveniumis "
ClientHeight 3185
ClientLeft = €0
ClientTop = 345
ClientWidth = 4680
LinkTopic = "Forml™"
ScaleHeight = 3195
ScaleWidth = 4680
StartUpPocsition = 3 'Windows Default
Begin VB.Timer Timerl
Left = 2520
Top = 720
End
Begin MSCommLib.MSComm mscReceive
Left = 1440
Top = 600
_ExtentX = 1005
_ExtentY 1005
_Version = 393216
DTREnable = -1 ‘'True
End
Begin VB.Shape Shaped
BackStyle = 1 'Opaque
Height = 255
Left = 3000
Shape = 3  'Circle
Top = 1800
Width = 375
End
Begin VB.Shape Shape3
BackStyle = 1  'Opaque
Height = 255
Left = 2400
Shape = 3 ‘'Circle
Top = 1800
Width = 375
End
Begin VB.Shape ShapeZ2
BackStyle = 1 ‘'Opagque
Height = 255
Left = 1800
Shape = 3 'Circle
Top = 1800
Width = 375
End
Begin VB.Shape Shapel
BackStyle = 1 'Opaque
Height = 255
Left = 1200
Shape = 3 'Circle
Top = 1800
Width = 375
End
End
Attribute VB Name = "frmreceive"




Attribute VB GlobalNameSpace = False

Attribute VB Creatable = False

Attribute VB_PredeclaredId = True

Attribute VB_Exposed = False

Private Sub Form Load()
mscReceive.CommPort = 1
mscReceive.Settings = "9600,n,8,1"
mscReceive.PortOpen = True
Timerl.Interval = 200
Timerl.Enabled = True

End Sub

Private Sub Timerl Timer ()

On Error Resume Next
mscReceive.DTREnable = False
mscReceive . DTREnakle True
mscReceive. Inputlen = 0
Data = mscReceive.Input
recdata = Hex${Asc(Data))
Select Case recdata

Case 31
Shapel.BackColor = vbRed
Shape2.BackColor = vbWhite
Shape3.BackCeolor = vbWhite

Shaped.BackColor = vbWhite

Case 32
Shapel.BackColor = vbWhite
ShapeZ .BackColox vbRed
Shape3.BackColor vbWhite
Shaped.BackColor = vbWhite

I

Case 33
Shapel.BackCclor = vbWhite
Shape?2.BackColor vbWhite
Shape3.BackColer vbRed
Shaped.BackColor = vbWhite

Case 34
Shapel.BackColor = vbWhite
Shape2.BackColor = vbWhite
Shape3.BackColor = vbWhite
Shaped .BackColor = vbRed

Case 34
Shapel.BackCelor = vbWhite
ShapeZ2.BackColor vbWhite
Shape3.BackColor vbWhite
Shaped.BackCelor = vbWhite

1

End Select

End Sub
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