LAMPIRAN



Lampiran A Rangkaian Lengkap

vcg 5V P3.0
O
16 i T
j |
RN RIOUT ;2 - g-_o
R2iN R2GUT F54— =0
TN TI0UY ; 5 e
VCC 5V TN T2OUT 3 zo
P C+ 7 o
1 - R :___g__o
T2+ ,__.._T_____o
T 22uF oo, I
Y+
i DBO Female
g
4 =
= GND
GND
12 v
1N 40O )
=
2 v 5 ;.Z_-__.__.___
PC.O 3 D 135 O'—_o_ﬁg____l
750
PR J 1
= ‘ s i
GND 2 v
INAODT é?
? & Motor Kanan
fa| J -'1
3 5] e d
PO.1 D 139 —4'1%_
756 H
GRD ~

[al
e ¢ L T T—
750 ;g

Motor Kiri

P03 3 D 139




O
VCC 5V
10K
R-PACK
39
Lriver weror ;:aaa!;ig 3g | PO.0A00
37 P0UAD
Driver motor kird 36 P0.2iA02
F PO.3AD3
34| POARDS
35 PO.5ADS
a7 PO S/ADE
VCC 5V vCc
O O
i 4
_ | 10u 16V A
100 v =< 2
e ! 1 Reset 2
[— OM“"”“-*‘"B‘“ 1AIBE
8K2 SIRACSE
| P1.8/MIST
, PL7/SCK
: sail
4 LNN'J
= T s ] A
ond a1 M2 T D 5 xraLz
, | RST ALETPROG
[ - _
3 o Reset (___g_L. FAD
| 309 [] GRYSTAL { EAVPR
! — 11.059 MF O .40
Y PR N TLeE
g ar = YCC 5V ATE9S51
1 30p Xial 2
GND

1-A

TI1IH MAXZ3Z



Lampiran B

Listing program Matlab 6.5

1. Proses mencar nilai referensi.

Rianto Gosal - 5103003024

iproses untuk mencari nilai referensi gambar vang akan dikenali
fmenggunakan 6 buah input gambar

imemakail weight function dotprod

al=imread('maju.jpg’);al=rgbZgray{al); buka gambar referensi

[x,y]=find (al<120); %deteksi batas tangan

®l=min (%} ; x2=max (x); %

yl=min{y};y2=max{y}; 2

al=al(x1:x2,yl:y2}; 3
y:

al=imresize{al, [100 75] % resize image
al=im2bw{al}; % konversi ke indexed image

aZ=imread('mundur.jpg');a2=rgbl2gray{a2);
(%, yl1=find (a2<120);

xI=min () ; x2=max (%) ;

yl=min (y);y2=max (v);

az=aZ (xl:x2,y1:vy2);

a2=imresize (a2, [100 751):

a2=imZbw (a2} ;

a3d=imread({'kiri.jpg'})ra3=rgbZgray(a3j:
[z,¥]1=find (a3<120);
Kl1=min{x);x2=max (x)};
yi=min(y);y2=max{y);
al3=a3(x1:x2,y1:y2):
a3=imresize (a3, [100 751):
a3=im2hwi{a3l);

ad=imread{'kanan.jpg');ad=rgb2gray({ad};
[®%,yI=find {(a4<120) ;
x1l=min (%) ;X2=max (x);
yl=min(y};y2=max(y);

ad=ad {xl:x2,yl:y2);

ad=imresgize (a4, [100 75]1);

ad=imZbwi{ad) ;

aS=imread({'stop.Jjpg');ab=rgbh2gray(ab};
[z, v]1=find{(ab<l20) ;
x1=min(x};}X2=max {xX);
vi=min{y);v2=max(y);
aS=aS(xl:x2,ylivy2};
ab=imresize(ab, [100 751} ;
ab=im2bw {ab) ;
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ab=imread('bersih.jpg')sa6=rgb2gray{a6);
[x,vI=find{a6<159);

x1=min (¥) ;x2=max (x) ;

vi=min(y);vy2=max (y);

ab=ab(x1l:x2,yl:vy2);

ab=imresize (a6, [100 75]1);

at=im2bw (a6) ;

fw=rand(75,100}; % bobot dengan matriks 75x100(setelah run pertama
kali, nonaktifkan baris ini})

tsave w % simpan nilai bobot({setelah run pertama kali,
nonaktifkan baris ini}

load w % panggil nilai bobot

nil=dotprod{w,al};save nl
nZ2=dotprod{w,az2);save n2
n3=dotprodiw, a3} save n3
nd=dotprod(w, a4} ;save nd
nS=dotprod({w,ab) ;save nb %
ne=dotprod({w,ab};save neé S

hitung output, kemudian disimpan

e

[e.

tad

subplot(3,2,1) ;imshow{al);
subplot (3,2,2) simshow (a2} ;
subplot {3, 2, 3) ;imshow (a3} ;
subplot {3,2,4);imshow (ad);
subplot(3,2,5);imshow (a5} ;
subplot(3,2,6);1mshow({as};

% keterangan tambahan :

nilai bobot dibuat acak oleh matlab,

% Jika hasil pengenalan masih kurang akurat, maka perlu dilakukan
update nilai bkobot

o

A

2. Proses pengenalan.

ARiantc Gosal - 5103003024
Ymelakukan proses pengenalan pola untuk pengendalian robot
tmemakal weight function dotpreod

r = serial ("COM1'}; #port serial

load w % panggil nilai bobot

load ni % panggil nilai referensi

load n2 %

lcad n3 %

load nd %

load ns %

load né b3

for n = 1:1C0 fmelakukan looping program sebanvak 100x
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input=vim{'grab'}: capture gambar dari web cam
input=rgbZgray{input); %ubah ke gray
Ix,yl=find(input<l1l20); %deteksi batas tangan
®l1=min (%) ; x2=max (K} ;
yl=min(y};y2=max{y);
input=input(xl:x2,yl:v2)}:
input=imresize (input, [100 75]}; %resize gambar
a=im2Zbw{input); ubah ke indexed

&

S gl

if z==[0,0]
a=ones (100,75} ;

end
i=deotprodi{w,a); %fungsi dotprod

mi=sse(nl-i) ;m2=sse{n2-i) ;m3=sse{n3-i); %bandingkan nilai output
md=sse (nd~1i) ;m5=sse {n5-i) ;mé=sse {n6-1ij;
m=min ([ml m2 m3 md m5 mé]); %mencari nilai m terkecil

if m > 9,000e+004 2nilali error maximum
disp({'tidak dikenali'),
data=0;

elseif m==ml

disp{'maiu'}),

data=10; %data vang akan dikirim ke serial
elseif m==m2

disp {'mundur’j,

data=15; ¢data yvang akan dikirim ke serial
elseif m==m3

disp{'kiri"),

data=2; $data vang akan dikirim ke serial
elseif m==m4

disp(*kanan'},

data=8; %data yang akan dikirim ke serial
else
disp('stop’),
data=0; 4data vang akan dikirim ke serial
end

inisialisasi port serial
kirim data
tutup port serial

o

fopen(r):;
fwritel{r, [datal):
fclose () ;

w op

end

keterangan tambahan :

nilai error maximum bersifat relatif

untuk setiap kondisi ruangan akan berbeda

perlu dilakukan perhitungan ulang Jjika hasil pengenalan kurang
akurat

o6 oo

SO
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Lampiran C

Listing program Bahasa Assembly

;Rianto Gosal - 5103003024

;program mikrokontroler untuk mengendalikan driver motor
;p0.3 dan p0.2 untuk driver motor kiri

;p0.1 dan p0.0 untuk driver motor kanan

org Oh

mov p0, #000h

mov tmod, #20h ;timer 1 mode 2
mov thil, #-3 ; setting 9600 bps
mov scon, #50h ; serial mode 1
seth tril

inb ri,Mulai :tunggu sampai selesai menerima selesai
mov a, shuf ; simpan data dari sbuf ke akumulator
maju:
cine a, #00001010b, mundur;
mov pl,a ; pindah data ke p0
sjmp terima
mundur:
cijne a,#00001111lb, kiri
mov p0,a ; pindah data ke pD
s5imp terima
kiri:
cjne a, #00000010b, kanan
mov pl,a ; pindah data ke pO
simp terima
kanan:
cine a,#000010090b, stop
mov p0,a ; pindah data ke po
simp terima
stop:
cine a, #00000000h,salah
mov p0,a ; pindah data ke p?
sjmp terima
salah:
mov pd, #000h
e e e siap untuk terima data lagi--———---—-
terima:
clr ri j;clear ri untuk menerima data berikutnya
simp mulail ;kembali ke mulai
end
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PROLiNK PCCI1300 web-camera User’s Manual

rPrRUOLNIK"

PROLINK
PCC1300 camera
User’s Manual

Revision 1.0

Important! Read this first
Please read this manual first before you connect the camera to
your computer’s USB port
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PROLiNK PCCI1300 web-camera User’s Manual

Camera Features:

Snap button

Lens
Power LED

Focus ring

Built-in microphone

Base
Specifications:
CMOS sensor : 300K pixels (software enhanced to 1.3 Mega pixels)
Max Resolution : 1280 x 960
Frame rate : up to 30 fps
Hardware Snapshot  : push-button
Microphone : built-in external microphone
Interface : USB 2.0 Hi-Speed connection (compatible with USB1.1)

Bundled applications : VP-Eye 4.0

System Requirements:

PC with Pentium MMX CPU 200MHz and above
Available USB port

32MB RAM

12MB free hard disk space

CDROM drive for driver installation

Windows 98SE/ME/2000/XP
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PROLIiNK PCC1300 web-camera User’s Manual

| PROLINK

1 Setup the Camera

1. Insert the setup CD.
2. Install the driver first, then follow the on-
screen instructions.
3. After driver is installed, you are prompted to
reboot the PC
4. Wait tll the PC has restarted, before you connect the camera cable to the USB port:
a. Insert camera cable into computer’s USB port

— USB connector

b. Complete the software and hardware installation
c. for Windows 2000 users: please Install DirectX Program
Restart your PC if prompted
Plug the 3.5mm audio connector into the ‘Mic-in’ jack of your computer’s sound-
card/device.
7. Click on “VP-Eye” link to install the bundled applications

o

2 Launch the Software

Click Start on the Windows Taskbar, then select Programs and go to the newly created
program group to launch the software
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PROLINK PCC1300 web-camera User’s Manual

3 Position the Camera

Place camera in the middle of your monitor for optimal eye contact.

Camera can be placed on a tabletop or held in your hand to snap a picture or video.
Rotate the focus ring to get a sharp image

View live video to guide your focus adjustments

Pivol the camera up or down, left or right for the best position

S e R B e

4 Taking a Photo
1. Click Start > Programs > your favorite image-editing application

2. Inthe application window, click the Capture/Snap photo button to capture an image
3. To view the photos, double-click the image files saved in the default media folder

5 Recording a Video

1. Click Start > Programs > your favorite video-editing application
2. In the application window, click the Capture/Record button to start/stop recording
3. To view the videos, double-click the video files saved in the default media folder

6Tips

Lighting. Shoot pictures and videos with bright light sources behind the camera and out
of the picture area.

Snapshot. You can take a snapshot of the currently displayed image by just pressing
once on the Snap button, which is located above the camera lens
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PROLiNK PCC1300 web-camera User’s Manual

7

> R

>R

>R

>R

>R

FAQ

Why does the installation show an error message saying the software you are
installing has not passed Windows Logo testing?

if you receive this message, please click on “Continue Anyway” so that
installation can continue

How do I use the built-in microphone?

Piug the 3.5mm audio connector into the ‘Mic-in’ jack of your computer’s sound-
card/device. The microphone is directed towards the front lens of the camera; you
need just to look into the camera lens and speak towards it, in order to record your
voice conversation.

Is it okay to have my camera in sunlight?
No, do not store the camera in direct sunlight. This could damage the electronic
components in the camera.

How do I video conference?

There are many different programs you can use to video conference, the most
common being the latest Instant Messaging (IM) clients like MSN messenger 6.2
& above/ICQ

How can I clean the lens?

You can use a soft, lint-free cloth to clean the surface of the lens to remove dust
or dirt accumulation. You can also use non-abrasive lens cleaning solution if
desired.

‘What is the ideal distance range between the camera and the object of interest, in
order to capture a clear focused image?

You should position the object of interest to be 50-80cm away from the camera
lens

What is the software bundled?

VP Eye 4.0 and it consists of 5 major components/modules: Control Panel, Digital
Movie Producer, Photo EZ, Photo Greeting Card, and Photo Special Effects. You
can find out more information about these application modules by accessing its
respective help files.
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PROLiNK PCC1300 web-camera User’s Manual

Q: There are no options to select resolution output-sizes higher than 640 x 480

A: The camera is able to capture at a maximum resolution ot 1280 x 960. Your
Windows system may not have the DirectX files installed.
Please click on ‘Camera Driver Installation” from the setup CD, and install the
DirectX Program

APPENDIX

Product Support and Contact Information

At PROLINK, we are committed to give you the best products as well as the best technical
support for your product. If there is any virus in your system, we can provide suggestions like
where you can find a solution to remove the virus, but we would be unable to assist you until the
virus is eradicated

Singapore Service Centre

Tel: (65)62965455

Fax: (65)63825455

Email: support@fida.com

Address: Blk 105 Boon Keng Rd #06-13, Singapore 339776
Operating Hours: Mon-Fri :0900-1745 hrs Sat : 6900-1300 s

Malaysia Service Centre

Tel: (603) 8023 9151

Fax: (603) 8024 9161

Email: support_my@fida.com

Address: 29 Jalan USJ 1/31,47600 Subang Jaya, Selangor Darul Ehsan, Malaysia
Operating Hours: Mon-Fri: 0900-1730 hrs Sat: 6900-1300 hrs

www.fida.com

© Copyright 2005 Fida International (S) Pte Ltd
Windows 98, Windows NT, Windows 2000, Windows Me and Windows XP are registered
Trademarks of Microsoft Corporation.
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1N RL

DC COMPONENTS CO., LTD. 4001A / 101

THRU
RECTIFIER SPECIALISTS 1N RL
4007A / 107

TECHNICAL SPECIFICATIONS OF SILICON RECTIFIER
VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 1.0 Ampere

FEATURES
* High reiiability <
* Low leakage i
* Low forward voltage drop
* High current capabitity

MECHANICAL DATA
* Case: Molided plastic 625 (0.6)
* Epoxy: UL 94V-0 rate flame retardant 1woesa T ezros o
* Lead: MIL-8TD-202E, Method 208 guaranteed MIN.
* Polarity: Color band denotes cathode end
X Mml.tnhr‘wg position: Any 205{5.2)
Woeight: 0.22 gram R 107 27}
-—[ |~—‘080 T
1.0(25.4)
MIN,
MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS l
Ratings at 25 °C ambient tamperature unless otherwics specified.

Single phase, haif wave, 60 Hz, resistive or inductive load. -
For capacitive load, derale current by 20%.
Dimensions In inches and {miflimetars)

TNADO 1A ] TNAOOZA | NADDSA] TNADOAA] TNAGOEA | 1 NATOEA ] TNATOT,

SYMBOL RE101 | RL102 | RL103 | RL104 | RL105 | RL106 { RLIG7 | UNITS
Maximum Recurrenl Peak Reverse Voltage VRRM 50 100 200 400 600 800 1000 | Volts
Maximum RMS Voliage VRus 35 70 140 280 420 560 700 Volts
Maximum DC Blocking Voltage Voo 50 100 200 400 600 800 1000 | Volts
;a;;mzursn;gerage Forward Rectified Current o 10 Amps
Peak Forward Surge Current, 8.3 ms single half sine-wave .
suparimposed on g‘jad load {JIE;EC,5 :de(g?:d] fFam s Amps
Maximum Instantaneous Forward Voltage st 1.8A DG VF i1 Voits
Maximum DC Reverse Currant @Ta= 25°C 5.0 uAmps
at Rated DG Blocking Voltage @Ta= 100°C " 500
Maximum Full Load Reverse Current Average, Fufl Cytle 39 uAmps
.375°{9.5mm) lead length at TL = 75°C
Typical Junctien Capacitance (Note) Ci 15 pF
Typical Thermal Resistance REJA 50 CIW
Operating and Storage Termperaturs Range T4, Tste Boto+175 °c

NOTES : Measured at t MHz and applied reverse voltage of 4.0 volts
102

T




RATING AND CHARACTERISTIC CURVES
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FAIRCHIL.D
I

SEMICONDUICTOR w

Applications

BD135/137/139

Medium Power Linear and Switching

+ Complement to BD136, BD138 and BD140 respectively

1 TO-126
1. Emitter 2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings Tc=25°C uniess otherwise noted
Symbol Parameter Value Units
Vceo Collector-Base Voltage - BD135 45 '
- BD137 60 v
:BD139 80 v
Veeo Coliector-Emitter Voliage : BD135 45 v
. BD137 60 v
: BD139 80 v
Veso Emitter-Base Voltage 5 Vv
e Collector Current {DC) 15 A
e Collector Current (Puise) 3.0 A
lg Base Current 0.5 A
Pe Collector Dissipation (Tg=26°C) 12,5 W
Pc Collector Dissipation (T,=25°C) 1.25 w
Ty Junction Temperature 150 °C
Ts1e Storage Temperature - 55~ 150 “C
Electrical Characteristics 1.=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Unis
Vepolsus) Collector-Emitter Sustaining Voltage
' BD135 Ig=30mA, lg= 0 45 v
. BD137 60 A
: BD139 80 v
lceo Collector Cut-off Current Ve =30V, ig =0 0.1 pA
leso Emitter Cut-off Current Veg =5V, Ic =0 10 BA
hEey DC Current Gain . ALL DEVICE Veg =2V, le = 5mA 25
heE2 :ALL DEVICE Veg =2V, le =0.5A 25
hees 1 BD135 Veg =2V, I = 150mA 40 250
:BD137, BD138 40 160
Veg(sat) Collector-Emitter Saturation Voltage ic = 500mA, ig = 50mA 0.5 v
Vae(on) Base-Emitter ON Voltage Ve =2V, i = 0.5A 1 Vv
hge Classification
Classification B 10 16
hees 40~ 100 63 ~ 160 100 ~ 250

#2000 Fairehild Semiconductor inemational

Rew. A, February 2000
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EFAIRCHILD
e e e
SEMICONDUCTOR m

BD135/137/139

Medium Power Linear and Switching

Applications
« Complement to BD138, BD138 and BD140 respectively

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1c=25:C uniess otherwise noted

1 TO-126
1. Emitter 2.Collector 3.Base

Symbol Parameter Value Units
Veao Collector-Base Voltage :BD135 45 v
:BD137 60 v
: BD13@ 80 v
Veeo Coltector-Emitter Voltage :BD135 45 v
: BD137 80 A
: BD139 80 \
Veso Emitter-Base Voltage 5 Vv
le Collector Current (DC) 1.5 A
lep Collector Current (Pulse) 30 A
lg Base Current 0.5 A
Pg Collector Dissipation (T¢=25°C) 12.5 w
Pe Collector Dissipation (T,=25°C) 1.25 w
Ty Junction Temperature 150 "C
Tste Storage Temperature - 55~ 150 ~C
Electrical Characteristics 1c=25C unless otherwise noted
Symbol Parameter Test Condition Min. | Typ. | Max | Unils
Veeolsus) Collector-Emitter Sustaining Voltage
:BD135 lc=30mA, Ig=0 45 \
1 BD137 80 \")
: BD139 80 v
lceo Collector Cut-off Cumrent Veg =30V, i =0 0.1 WA
__IE';” Emitter Cut-off Current Va= 5V, ic=0 10 pA
heEq DC Current Gain  : ALL DEVICE Vee =2V, g =5mA 25
hrez : ALL DEVICE Veg =2V, I =0.5A 25
hees :BD135 Vee =2V, I = 150mA 40 250
: BD137, BD13¢8 40 160
Vee(sat) Collector-Emitter Saturation Voitage I = 500mA, Ig = 50mA 0.5 v
Vae({on) Base-Emitter ON Voitage Vee =2V, I =0.5A 1 Vv
hgg Classification
Classification 8 10 18
hgga 40~ 100 63~ 160 100 ~ 250

92000 Fairchild Semiconductor intemational

Rev A, Februery 2000
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Package Demensions

TO-126
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semicanductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ HiSeC™ SuperSOT™-8
Bottomless™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS ™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE REUABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES [T CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL.

As used herein:

1. Life suppotit devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b} support or sustain life, or (¢) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

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

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or In

This datasheet contains the design specifications for

Design product development. Specifications may change in
any manner without notice.
Preliminary First Production This datasheet contains preliminary data, and

supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order tc improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semicanductor reserves the right to make changes at
any ime without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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MAXI

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

General Description

The MAX202E-MAXZ13E, MAX232E/MAX241E line
driversfreceivers are designed for RS-232 and V.28
communications in harsh environments. Each
transmitter output and receiver input is protected
against +15kV electrostatic discharge {(ESD) shocks,
without fatchup. The various combinations of features
are outlined n the Selection Guide. The drivers and
receivers for all ten devices meet afl EIA/TIA-232E and
CCITT V.28 specifications at data rates up 1o 120kbps,
when joaded in accordance with the EIA/TIA-232E
specification.

The MAXZ11E/MAX213E/MAXZ41E are available in 28-
pin SO packages, as well as a 28-pin SSOP that uses
60% less board space. The MAXZ02E/MAX232E come

Features

+ ESD Protection for RS-232 1/O Pins:
+15kV—Human Body Model
18kV—IEC1000-4-2, Contact Discharge
*15kV—IEC1000-4-2, Air-Gap Discharge

+ Latchup Free (unfike bipolar equivalents}

+ Guaranteed 120kbps Data Rate—LaplLink™

Compatible

+ Guaranteed 3V/us Min Slew Rate
+ Operate from a Single +5V Power Supply

Pin Configurations

in 16-pin narrow SO, wide SO, and DIP packages, The
MAXZ03E comes in a 20-pin DIP/SO package, and TOP VIEW
needs no external charge-pump capacitors. The . w7
MAX205E comes in a 24-pin wide DIP package. and i lj 18] Yoo
also eliminates external charge-pump capacitors. The v [7] 151 GNE
MAXZ06E/MAX207E/MAX208E come in 24-pin SO, . Hout
SSQP, and narrow DIP packages. The MAX232E/ ] v
MAX241E operate with four 1F capacitors, while the 2 E MAX202E El RN
MAX202E/MAX206E/MAX 207 E/MAXZ0BE/MAX211E/ o[z M I eour
MAX213E operate with four 0.1pF capaciors, further E
reducing cost and board space. V18 [11] T
Applications raout [1] o] 720
we [8] 3] Reouy
Naotebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment DIP/SC
Hand-Held Equipment Pin Configurations and Typical Operating Circuits continued at
end of data sheel.
Ordering information appears at end of data sheet. . .
Selection Guide
PART No.ofRS-232 | No.ofRS232 | Frrovel® | NGOl | LOWPOWER | TTL THREE-
DRIVERS RECEIVERS SHUTDOWN CAPACITORS SHUTDOWN STATE
MAX202E 2 2 0 A{0TF) No No
MAX2D3E 2 2 0 None No No
MAX205E 5 5 0 None Yes Yes
MAX206E 4 3 Q 4 {0.1F) Yes Yes
MAX207E 5 3 0 4 (01pR) No No
MAX208E 4 4 0 4 (0 1pF) No No
MAX211E 4 5 [ 4 (0.1pF) Yes Yes
MAX213E 4 5 z 4 (0.1uF) Yes Yes
MAXZ32E 2 2 0 4 (TuF) No NG
MAXZ241E 4 5 0 4 {144F) Yes Yes

Laplmk is a registered tradkemark of Travefing Software. Inc.

MAXI1MA

Maxim integrated Products 1
For free sampies & the latest literature: hitp://'www.maxim-ic.com, or phone 1-800-998-8800
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MAX202E-MAX213E, MAX232E/MAX241E

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

ABSOLUTE MAXIMUM RATINGS

R SOOI SIOURTSITUIIE § AV (o I~ 14
V4. VO - 03V) o 1 14V
V- e vervrereen - 1AV 1O +O.3V
Inpue Voltages

T IN.... LAV (Ve + 0.3V)
()u?pur Voltages

T.OUT V- 03V o (Ve + 0.3Y)

R_OUT.. 03V (Voo + 0.3V

Short-Circuit Duration, T_OUT .. Continuous
Continuous Power Dissipation {Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....842mwW
16-Pin Narraow SO {derate 8.70mWrC above +70°C) .....696mwW
16-Pinr Wide SO (derate $.52mW/°C above +70°C) ......762mw
20-Pin Plastic DIP [derate 11.11TmWI°C above + 70°C).. 8BImW

20-Pin SO {(derate 10.00mWrC sbove «70°C)............ 800mwW
24-Pin Narrow Plastic DiP
{desate 13.33mW/IC above £70°C) s 1.07wW

24-Pin Wide Plastic DIP

{derate 14 28mW/°C above «70°C) ...,
24-Pin SO (derate 11.76mW/°C above +70°C) ...
24-Pin SSOP {derate 8.00mW/C above +70°(C)
28-Pin 50 {derate 12 50mWIC above +70°C) ..
Z28-Pin SSOP (derate 9.52mWrC above +70°C) .

MAXZ_ FE_ .. CA0°Cw +85°C
Storage Temperature Range

Lead Temperature (soldering, 10sec) ..

Stresses beyond Hose listed under "Absolute Moximum Ratings” may cause peovansnt damage to the device. These are shiess ratings ealy, and Amctional
opyaton of the gevice 3 these ar any other conaltions beyond thoke indicsted In the operativial sachons of the specificalions. is not implhed. £xposies to
abscitte maximun raing conditions for extended periods may alfect device rediabilty.

ELECTRICAL CHARACTERISTICS

Voo = +5V 210% for MAX202E/206E/208E/21 1 E/213E232E/241F: Voo = +5V 5% for MAXZ203E/205E/207E; C1-C4 = 0.14F for
MAX202E7206E/207EI208E/211E/213E: C1-C4 = 1pF for MAXZ2326/241E; Ta = Taw 10 TMAX: uniess otherwise noted. Typical vaiues

are at TA = +25°C}

PARAMETER | symBoL | CONDITIONS MIN  TYP MAX [UNITS
DC CHARACTERISTICS
MAX202E/203E 8 15
MAX205E-208E 11 20
Voo Supply Current Ice Nolcad, Ta = +25°C MAX211E/213E 14 20 mA
MAXZ32E 5 10
MAXZ41E 7 15
MAX205E/206E 1 10
Shukdown Supply Current Ta = +25"C, Figure 1 MAXZ11ERZ4TE 1 10 HA
MAX213E 15 50
LOGIC i
mput Pull-Up Current T_IN = OV [MAX205E-208E/211E/213E/241E) 15 200 A
Input Leakage Curent T_IN = OV to Vo IMAX202E1203E1232E) +10 [TLY
- T_IN; EN, SHON (MAX213E)} or
Input Thieshold Law Vit | BN SHDN (MAX205F 208E/211E/241E) 08 v
T_IN 2.0
Input Threshold High Vi EN. SHDN (MAX213E) o EN, SHDN 24 v
{MAX205E-208E/21 1 E/24 1) )
R_OUT; 1oUT = 3.2mA (MAX202E/203€/232€) or
Quiput Voltage Low VO 1 Gy = 1.6mA (MAXZ05E/208E/211E/21 3£ 124 1E) 04 v
Output Voltage High Vou R_QUT; lpuT = -1.0mA 35 voo-04 Vv
EN ~ Voo, EN = OV, OV s Rout s Voe.
y X 1
Output Leakage Curent MAX205E~208E/211E/213E/241E outputs dfsabled *005 410 ¢ pA
2 MAX1IMN




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

ELECTRICAL CHARACTERISTICS (continued)

Voo = +5Y +10% for MAXZ02E/206E/208E/21TE/213E1232E1241E; Voo = +5Y 5% for MAX203E/205E/207E; C1-C4 =« O.1pF for
MAX20ZE206E/20TE208E/211E/213E; C1-C4 = 1pF for MAX232E/241E: Ta = T t0 Tiax; uniess ofherwise noted. Typical values
are at Ta = +25°C )

PARAMETER | symBoL] CONDITIONS [ MIN  TYP MAX | UNITS
EIAITIA-232E RECEIVER INPUTS
input Voltage Range =30 30 [ v
All pafts, nofmal opetation 08 12
Ta = +25°C, . =T
Thres . =
Input Threshokd Low Vor = 5V MAX213E, SHDN = (v, 06 15 v
EN = ¥o¢
Alt parts, normal operation 17 2.4
Ta=+25"C. =
Input Thresheld High Ver MAX213E (R4, R5). v
o= 5V ittt 15 24
SHON = OV, EN = Ve
Input Hysteresis Voo = 5V, no hysteresis in shutdown 02 03] 10 v
input Resistance Ta=+25"C Voo = 5V 3 5 7 k{2
EIA/TIA-232E TRANSMITTER QUTPUTS
Qutpis Voltage Swing Al drivers loaded with 3kE to ground {Note 1) +5 +9 v
Outp Resislance Voo = Vi =V-=0V VouT = 22V 300 Q
Output Short-Circust Curtent +10 £60 mA
TIMING CHARACTERISTICS
- 4 Ry = 3k to 7k, C1 = 50pF W 1000pF.
Maximum Data Rate [ one transotter switching 120 Kbps
Al parts, normal operation 0.5 10
Receiver Propagation Delay t&ﬁ{ C1 = 150pF MAX213E (R4, RS). . 0 us
SHDN = W EN = Voo
. ]
Receiver Outpat Enable Time MAX20SE/206E/21 TE/2T3E24TE normal 600 ns
operation, Figure 2
P ; MAXZOSE/206E/Z11E/213E241E nosrmat . .
Receiver Qutput Disable Time operation, Figure 2 200 s
Trarsmites Propagation Delay ;T’LHTT Ry = 3k, Ci = 2500pF, all ransmitteys loaded 2 Us
Ta=+25°C. Voo = 5V. Ry = 3kQ o T(L
Transition-Region Slew Rate CL = 50pF to 1000pF, measured from -3V to 3 & 30 Vs
+3V or +3v o -3V, Figure 3
ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS
Humar Body Model +15
ESD-Protection Vollage IECT000-4-2, Comact Discluige +B KV
1EC1000-4-2, Ax-Gap Discharge £15

Note 1. MAXZ11EE_ _ tested with Voo = +5V 25%.

MAXIAN 3
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MAX202E-MAX213E, MAX232EMAX241E

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

(Typical Operating Circulis, Voo = +5V,

VOH, VOL ¢}

&0

9

63

60

55

50

Typical Operating Characteristics

Ta = +25°C, unless otherwise noted )

MAXZIF WRAXZ02E MAXZOYE MAX241E
TRAMSIR TTER DUTPLY VOLTAGE TRANSMITTER OUTPUT YOLTAGE TRANSMITTER OUTPUT VOLTAGE
ws. LOAD CAPACITANCE ws. LOAD CAPACITANCE vs. LBGAD CAPACITANGE
T T T 86 Ty 2 &0 LA S— ey WA s 1)
AL TRANSMITTERS LOAGED |2 AL TRANSMITTERS [CADED |2 ALL TRANSMITTERS LOADED |7
DATARATE = 120i0ps_ |3 DATARATE- 120k, {3 W[ josiaRa - onoos |8
N Rewg 15 R = 251 14 N \\ P G
AN 70 N 70 b SN
N | =4 N A NEAEE
NG 2 g5 1. e 8 45 NN
V7= S0 N z PN =3 \'d c A N
o = 6o \\ \\ \\ g 60 NV =508 \\\
NN 65 NN o5 N
PN N N ) TN N ) ‘ Voroasy | ‘\
U N 50 NN 50 RN ™
01000 2000 3000 4000 5000 0 100 2000 3000 4000 5000 0 1000 2000 3006 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF}
MAXZT1EMAXZ13E MAXZTTEMAXZ1ZEMAX2 41 E
TRANSMITTER GUTPUT YOLTAGE TRAMSMHTTER SLEW RATE
" vs. LOAD CAPACITANCE ws. LOAD CAPACITANCE
} ALL TRAKSMITTERS LOADED. |2 AL TRAKSITTERS LADED. |2
DAIARATE = 120005, }2 DATARATE = 12005 4 |2
15 N o0 Ry =32
§, tAY \\ é
g 2o
. &s Vi, = 5.8V & i
S ” z
= 60 ‘\ +4 ] \\
SLEW RATE
55 \‘ NN 5 NS
A N SSLEWRATE Tt
oq DoAY Vi, =50V 0
0 1000 2000 3000 4000 5000 O 1000 2000 000 4000 5000
{DAD CAPACITANGE {pF) LOAD CAPACITANCE {pF)}
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+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics (continued)

{Typical Operating Circuits, Ve = +8V, Ta = +25"C, unless otherwise noted.)

MAX202E /MAX203E MAK232E MAX20SE-MRCSE MAX20SE-MAX208E
TRANSMSTTER SLEW RATE TRARSMETTER OUTPUT VOLTAGE TRAMSMATTER SLEW RATE
vs. LOAD CAPACITANCE 5. LOAD CAPACITANCE vs. LOAD CAPACITANCE
14 - - 75 . 0 .
ALL TRANSSITTERS LOADED 1 L_ b | 13 @ Vo= R o3 | | | |3
N\ DATARATE = Toniops 1% 1z [ 1 TRANSMITTER AT FULL DATA RATE 1
2 N Ry = 32 50 IO o s O W L 4 TRAMSMITTERS AT 1/8 DATA RATE {3
= M = -
o \ f G
Sl " W 25 { §
=
= \\ Z Veg - W8, R =30 ' = e P
= 8 Z 5 |1 TRANSMITIER AT FULL DATA M| = 1w 3
z "L SLEWIATE 5 4 TRANSMITTERS AT /B BATA RATE z P FALL
3 g I e
@ N g 2* : E “ e
ASLEWRATE TS ™~ 24 /(P 1
4 ‘N—N -5.0 #;._— 2 -
ol
2 75 [ 0] | 0
0 600 200 3000 4000 5000 0 000 2000 3006 4000 5000 g W00 000 300 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF} LOAD CAPACITANCE {pF)
MA205E--MAX20SE
SUPPLY CURRENT IRAX20SE-MAXZO8E
vs. LOAD CAPACITAMCE DUTPUT YOLTAGE vs. DATA RATE
s . 100 .
2 2 Vs 3
“ Ohops _ts 75 X
- E 3
g ! < 50 Vo
L Pl z ]
= o - g 25
& / * = Vor = +4.5V, Ry - 30
& A _ g o |1 TRANSMITTERAT RALLDATARATE L]
=] [ = 4 TRANSMITTERS, AT 1/8 DATA RATE
P / L] z ]
—;‘ A1 Pdbgrs % 25 1
> =1 50 Vour.
o5 [ Vee = M5V, Ry = 3
1 TRANSMITIER AT FULL DATA RATE 15 v-
s LS TRANSMITTERS AT 115 DATA RATE 100
0 1G00 00 3000 4000 5000 0 3 60 90 120 150 190 210 240
LOAD CAPACTTANCE {pF) DATA RATE {kbps)

MAXIM 5
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MAX202E-MAX213E, MAX232E/MAX241E

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

Pin Descriptions
MAX202E/MAX2Z32E
PiN Ful
) TeC NAME NCTION
1.3 2,4 Ci+, C1- Terminals for positive charge-pump capacitor
2 3 Ve +2Vco voltage generated by the charge pump
4.5 5.7 C2+,C2- Terminals for negative rhar ge-purmp capaciior
8 8 V- -2V voltage generated by the charge pump
714 9,18 T_OUT RS-232 Driver Outputs
8,13 10.17 RN RS-232 Receiver Quyaats
8 12 12,15 R_QUT RS-232 Receiver Quiputs
10,11 13,14 T_IN RS-232 Driver Inputs
15 19 GND Ground
16 20 voo +4.5V ta + 5.5V Supply-Voitage input
— 1.6,11,16 N.C. No Conrect—nol intermailly connected.
MAX203E
PIN NAME FUNCTION
DIP 50
1,2 1.2 TN RS-232 Driver inpits
320 3.20 R_QUT RS-232 Receiver OQutputs
4,19 4,19 R_IN RS$-232 Receiver Inputs
5.18 5 18 T_QU7 RS-232 Transmitter Quiputs
6.9 6 9 GND Ground
7 7 Voo +4.5V 10 +5.5V Supply-Voltage input
8 i3 Cls Make no connection to this pin.
10. 16 11,16 £e- Connect pins together,
12.17 10,17 V- -2V voltage generated by the charge pump. Connect pins together.
13 14 C1- Make o connection to this pin.
14 8 Ve« +2Vee voliage generated by the charge pump
11,15 12,15 C2+ Connect pins together.
MAXZ05E
PiN NAME FUNCTION
i-4,19 T_OUT RS-232 Driver Outputs
5,10.13.18. 24 R_IN RS-232 Receiver Inputs
6.9.14.17.23 R_OUT TTL/CMOS Receiver Qutputs, All receivers are inactive in shutcdown.
7.8.1516. 22 T_iN TTLCMOS Dyiver Inpuas. internat pul-ups toVec.
1 GND Ground
12 vee +4.75V 10 +5.25V Supply Yoliage
20 EN Receiver Enable—active low
21 SHDN Shutdown Corntrol—active hiigh
6 MMAXIMN




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

Pin Descriptions (continued)

MAX206E
PIN NAME FUNCTION
1,2.3.24 T_OUT RS-232 Driver Outputs
4,16, 23 R_IN RS-232 Receiver Inpuls
517, 22 rR_OUT TTL/CMOS Receiver Qutputs. Alf recaivers are inactive in shutdown.
5.7.18, 19 TN TTIACMOS Driver Inputs. Inkernal pul-ups o Ve,
8 GND Ground
9 vee +4.5V to +5.5V Supply Voltage
10,12 C1+. C1- Terminals for positive charge-pump capacitor
11 V4 +2¥ee generated by the charge pump
13,14 C2+,C2- | Terminals for negative chaige-pump capacior
15 V- -2Ve e generated by the charge pump
20 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
MAX207E
PiN NAME FUNCTION
1.2.3,20, 24 T1.0UT RS-232 Driver Outputs
4,18, 23 R_IN RS-232 Receiver inputs
5 17, 22 R_OUT TTL/CMOS Receiver Quiputs. All receivers are inactive in shutdown.
8. 7,18, 19, 21 T_IN TTLCMOS Driver Inputs. tnternal pullbops © o,
8 GND Ground
9 Voo +4.75V 0 +5.25V Supply Voltage
10,12 Ci+, C1- Terminals for positive charge-pump capacitor
1 Ve +2Vee generated by the charge pump
13, 14 C2+,C2- Terminais for negative Charge-pump capacitor
15 V- -2Voc gensrated by the charge pump
MAX208E
PIN NAME FUNCTION
1.2.20 24 T_OUT RS-232 Driver Quiputs
3.7.16.23 R_IN RS-232 Receiver inputs
4.6.17, 22 R OUT TTLACMOS Receiver Outputs. All receivers are inactive in shutdown.
518 18,21 TIN TTUCMOS Driver inputs. internal puli-ups to Vo,
8 GND Ground
9 Voo +4.5V to +5.5V Supply Voltage
10, 12 Cl+, Ct- Terminals for positive charge-pump Capacior
M Vi +2¥Voe generated by the charge pump
13,14 C2+,C2- Terminals for negative charge-pump capacitor
15 V- -2Vee generated by the charge purmp

MAXIMN

FLPZXVIWIZEZXVIN ‘FELZXVIN-TZ0ZXVIN



MAX202E-MAX213E, MAX232E/MAX241E

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

Pin Descriptions (continued)

MAX211E/MAX213E/MAX241E
PIN NAME FUNCTION
1,2.3.28 T_0UT RS$-232 Driver Qutputs
4.9,18, 23 27 R_IN RS-232 Receiver Inputs
58 19, 22. 26 R OUT TTL/CMOS Receiver Outputs. For the MAX213E. receivers R4 and RS are active in shutdown
T - mode when EN = 1. For the MAXZ11E and MAX241E, all receivers are inactive in shutdown.
6.7.20. 21 T_IN TTLICMOS Driver Inpuks. Only the MAXZ211E, MAX213E, and MAXZ41E have intornal pull-ups to Vo,
10 GND Ground
1 Voo +4.5V 10 +5.5V Supply Voltage i
12,14 C1+.C1- Terminals for positive charge-pump capacior
13 Y+ +2¥cr vollage generated by the charge pump
15,16 G2+, C2- Terminals lor negative charge-pump capacior
17 V- 2Vec voltage generated by the charge pump
24 EN Receiver Enable—active low (MAX211E, MAX241E)
EN Receiver Enable—active high (MAX213E)
25 SHDN Shutdown Control—active high (MAX211E, MAX241E)
SHDN Shutdown Control—active low (MAX213E)
Kion
BV L p———-—-—--) + -
+ i) e
[ 1T 0.1F* P
an w
fo o e oo | o ouTpuT ENABLE TivE
f —
B | MAXLAA foi
MAXZOBE % F_-L £ 3V
o8y MAXRITE e R T e viints <
e = R ke
&2 MAX2TE £, 150F
% ok SV
55V P o
3 BN
S5V NOTE: ineur ITPUT DISABEE FiN
- B v e —» OUTPUT DISABLE FIVE
OV OR 455V — 15 BEVERSED T Vo sk Vow- 01V
pRavE ™ FORTHE RECENER - 25
MAXPTI3L QUTPUTS Vo T Ri=1d2
55V V) e Voo + 0V
{ Y ARE FOR MAXZI3E -1 CAPACITORS MAY BE
* 1F FOR MAXZ4TE = POLARIZED OR |INPOLARIZLL

Figure 1. Shutdown-Current Test Circult (MAXZ206E,

MAXZTIE/MAXZT3EMAX24TE)

8

Figure 2. Recebaer Outpul Enabile and Disable Timing
{MAX205EMAX206E/MAX 21 1EMAXZT1IE/MAXZLTE)
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+15kV ESD-Protected,

+5V RS-232 Transceivers

hd —- AR s
Y ’-:E"———‘P_——) 45 - e )
O.1af " T AT o 0Tk T LA
- Cl+ Vee Ve -
¥ +
1R L . G-‘W“m
T _ic. AMAXLAMN 0-fuf+ T
MAXZ _F -
0.70F* £ = 0.1aF* £
jg i T
> >
3 25000F
-] 1 -]
OV (557 ] = = = OV {+54)
OV {+5V) g SHON (SHON) OV (+5V) mw—1 SHON (SHDN 1
MINIMUM SLEW-RATE TEST CIRCUNT MAYIMUM SLEW-RATE TEST CIRCUIT
{ ) 4RE FOR MAX13E
* 14F FOR MAX2IZE/MAX2 IE
TRANSMITTER INPUT PULL-UP RESISTORS, ENADLE, AND SHUTDOWN ARE NOT PROVIDED ON THE MAX202E, MAX203E. AND MAXZ32E.
ENABLE AND SHUTDOWN ARE NOT PROVIDED ON THE MAX0TE AND MAX203E.

Figurz 3, Transgtion Skew-Rate (Circut

Detailed Description
The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters,
drivers {transmitters), and receivers. These £ versions
provide extra protection against £SD. They survive
+15kY discharges to the RS-232 inputs and outputs,
tested using the Human Body Model. When tested
according to 1EC1000-4-2, they survive +BkV contact-
discharges and =15kV air-gap discharges. The rugged
E versions are intended for use in harsh environments
or applications where the R5-232 connection is
frequently changed (such as notebook computers). The
standard {non-"£") MAX202, MAX203. MAX205-
MAX20B, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to +10V Duai Charge-Pump

Voltage Converter

The +5V to +10V conversion is performed by dual
charge pump voltage converters (Figure 4). The first
charge-pump converter uses capacitor C1 to double
the +5V into ~10V, storing the +10V on the output filter
capacitor, C3. The second uses C2 to invert the +10V

MAXIMN

into -10V, storing the -10V on the V- output filter
capacitor, C4.

In shutdown mode, V+ is intefnally connected 10 Voo by
a 1k puli-ciown resistor, and V- is imernally connected
to ground by & Tk€2 puli-up resistor.

RS-232 Drivers
With Voo = 5V, the typical driver output voltage swing
is +BV when loaded with a nominal 5k& RS-232
receiver. The output swing is guaranteed 1o meet
EIA/TIA-232E and V.28 specifications that call for £5V
minimum output tevels under worst-case conditions.
These inciude a 3k€2 joad. minimum VYoo, and
maximum operating temperature. The open-circuit
output voltage swings from (V+ - 0.6V} to V-.

Input thresholds are CMQOS/TTL compatible. The
unused drivers’ inputs on the MAX205E-MAX208E,
MAX211E, MAX213E, and MAX241E can be left
unconnected because 400k pull-up resistors to Voo
are inciuded on-chip. Since all drivers invert, the puli-
up resistors force the unused drivers’ outputs low. The
MAX202E, MAX203E, and MAX232E do not have pull-
up resistors on the transmitter inputs.

FLYZXYIWIZEZXYIN ‘FELZXVIN-IZ0ZXYIN



MAX202E-MAX213E, MAX232E/MAX241E

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

When in low-power shutdown mode, the MAX205E/
MAX206E/MAX211E/MAX213E/MAX241E driver outputs
are turned off and draw only leakage cuments—even if
they are back-driven with voitages between OV and
12V. Below -0.5V in shutdown, the transmitter output is
diode-clamped to ground with a 1kQ series
impedance,

RS-232 Receivers
The receivers convert the R3-232 signals to CMOS-logic
otputt levels, The guaranteed 0.8V and 2.4V receiver
input thresholds are significantly tighter than the =3V
thresholds required by the EIATIA-232E specification.
This aliows the receiver inputs to respond to TTL/CMOS-
logic levels, as well as RS-232 lavels.

The guaranteed 0.BV input low threshold ensures that
receivers sholted to ground have a logic 1 output. The
5k input resistance 10 ground ensures that a receiver
with its input left open will also have a logic 1 output,

Receiver imputs have approximately 0.5V hysteresis.
This provides clean output transitions, even with slow
rise/fall-time signals with moderate amounts of noise
and ringing.

in shutdown, the MAX213E's R4 and RS receivers have
no hysteresis.

Shutdown and Enable Control
(MAX20SE/MAX206EMAXZTIE/
MAX2Z13EMAX241E)
In shutdown mode, the charge pumps are turned off,
V+ is putied down to Veg, V- is pulled to ground, and
the transmitter outputs are disabled. This reduces
supply current typically to TuA (15pA for the MAX213E).
The time required to exit shutdown is under 1ms, as
shown in Figure 5.

Receivers
All MAX213E receivers, except R4 and R5, are put into
a high-impedance state in shutdown mode (see Tables
la and 1b). The MAX213E's R4 and RS receivers stiil
function in shutdown mode. These two awake-in-
shutdown receivers can monitor external activity while
maintaining minimal power consumption.

The enable control is used to put the receiver outputs into
a high-impedance state, to aliow wire-OR connection of
wo EIATIA-232E ports (or ports of different types) at the
UART. it has no effect on the RS-232 drivers or the
charge pumps.

Note: The enable control pin is active low for the
MAX211E/MAX241E (EN), but is active high for the
MAX213E (EN). The shutdown confrol pin is active high
for the MAX205E/MAX208E/MAX211E/MAXZ41E
{SHDN), but is active low for the MAX213E (SHDN).
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Figure 4. Charge-Pump Diagram
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+15kV ESD-Protected, +5V RS-232 Transceivers

The MAX213E's receiver propagation delay is typically
0.5ps in normal operation. In shutdown mode,
propagation delay increases to 4ps for both rising and
falling transitions. The MAX213E's receiver inputs have
approximately 0.5V hysteresis, except in shutdown,
when receivers R4 and R5 have no hysteresis.

When entering shutdown with receivers active, R4 and
RS ate not vafid until 80ps after SHDN is driven low.
When coming out of shutdown, all feceiver outputs are
invalid until the charge pumps reach nominal voltage
levels (less than 2ms when using 0.1pF capacitors).

+16kV ESD Protectiomn
As with all Maxim devices, ESD-protection structures
are incorpoerated on all pins to protect against
electrostatic discharges encountered during handling
and assembly. The driver outputs and receiver inputs
have extra protection against static electricity. Maxim's
engineers developed state-of-the-art structures to
protect these pins against £SD of £15kV without
damage. The ESD structures withstand high ESD in all
states: normal operation, shutdown, and powered
down. After an ESD event, Maxim's E versions keep
working without latchup, whereas competing RS-232
products can latch and must be powered down to
remove latchup.
ESD protection can be tested in various ways; the
transmitter outputs and receiver inputs of this product
family are characterized for protection to the following
limits:
1) +15kV using the Human Body Model
2) =8kV using the comtact-discharge method specified

in IEC1000-4-2

3) +15kV using IEC1000-4-2's air-gap method.

E8D Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test set-up, test methodology. and test results.

Human Body Model
Figure 6a shows the Human Body Modet, and Figure
6b shows the current waveform it generates when
discharged into a low impedance. This model consists
of a 100pF capacitor charged to the ESD voltage of
interest, which is then discharged into the test device
through a 1.5k resistor.

MNAXIMM

MAX211E

W | T SHON
ov |

v |

| - v
|

SV | ¥

| ———— — -
av |
200ysATv

Fiqure 5. MAX211E V+ and V- when Exiting Shutdown (0. TuF
COpECROTS)

Table 1a. MAX205E/MAX206E/MAX211E/
MAX241E Control Pin Configurations

SHDN | EN ﬁ‘l‘? Tx Rx
o |o gg;":t'm Al Active Al Active
o |1 g";::t'm Al Active All High-Z
1 | X | Stutdown | AtHighz | AtHigh-z

X = Don't Care

Table 1b. MAX213E Control Pin
Configurations

OPERATION Rx
BHDN | EN Tx 1-4
STATUS 1-3 4,5
0 0 | Shudown All High-Z| High-Z High-2
0 1 | Shutdown AllHigh-Z| High-Z | Active”
Normal > : :
1 v} Operation All Active | High-Z High-Z
Normal . , .
1 1 Operation All Active | Active Active
*Active = sclive with reduced performance
11
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MAX202E-MAX213E, MAX232E/MAX241E

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

Re 5002 100M Rp 3300
O
CHARGE- CURRENT DISCHARGE CHARGE CHRRENT DISCHARGE
LIMIT RESISTOR RESISTANCE LIMIT RESISTOR RESISTANCE
HIGH- i DEVICE HIGH- e DEVICE
VOLTAGE s STORAGE UNDER VOLTAGE . g& iﬁ*gﬁm UNDER
BC 0o CAPACITOR TEST e E » TEST
SOURCE - SOHRLCE
Figure 63. Human Body £5D Test Model Figure 73, IFC1000-4-2 ESD Test Modet
R |
I 100%. _—*T PEAK-T0-PEAK RINGING 100% -y - -
S0 (NOT DRAWN TO SCALE) e S
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i H (g
0% 3
4
o TIME —
1
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0% J—
. =005 1ns L 1
Figure 8b. Human Body Model Current Waveform ! e T e 305
fo— - GOTS ——ppnd
EC10004-2

The IECT000-4-2 standard covers £5D testing and
performance of finished equipment; it does not
specifically refer to integrated circuits. The
MAXZ20ZE/MAXZ03E-MAX213E, MAX232E/MAX241E
help you design equipment that meets level 4 (the
highest ievel} of tEC1000-4-2, without the need for
additonal ESD-protection companents.

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 IEC1000-4-2 is
generally lower than that measured using the Human
Body Moxdel. Figure 7b shows the current waveform for
the 8kvV IECT000-4-2 level-four ESD contact-discharge
test,

12

Figure 7b. IECT000-4-2 ESD Generator Current Waveform

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method
connects the probe to the device before the probe is
energized.

Machine Mode!
The Machine Model for ESD tests all pins using a
200pF storage capacitor and zero discharge
resistance. fts objective is to emulate the stress caused
by contact that occurs with handling and assembiy
during manufacuiring. Of course, all pins require this
protection during manufacturing, not just RS-232 inputs
and outputs. Therefore, after PC board assembly, the
Machine Model is fess relevant 1o O ports,
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+15kV ESD-Protected, +5V RS-232 Transceivers

Applications Information

citor Seiection
The capacitor type used for C1-C4 is not critical for
proper operation. The MAX202E, MAX206-MAX208E,
MAX211E, and MAX213E require 0.11F capacitors,
and the MAX232E and MAX241E require 1pfF
capacitors, although in all cases capacitors up 10 10uf
can be used without harm. Ceramic, aluminum-
electroiytic, or tantalum capacitors are suggested for
the 1uF capacitors, and ceramic dielectrics are
suggested for the 0.1F capacitors. When using the
minimum recommended capacitor values, make sure
the capacitance value does not degrade excessively
as the operating temperature varies. If in doubt, use
capacitars with a larger (e.g.. 2x) nominal value. The
capacitors’ effective series resistance {ESR), which
usually rises at low temperatures, influences the
amount of ripple on V+ and V-,

Use targer capacitors (up to 10pF) to reduce the output
impedance at V+ and V.. This can be useful when
“stealing” power from V+ or from V-. The MAX203E and
MAXZ05E have internal charge- pump capacitors.

Bypass Vce to ground with at least 0.1pF. In
applications sensitive to power-supply noise generated
by the charge pumps, decouple VCC to ground with a

capacitor the same size as {or Jarger than) the charge-
pump capacitors (C1-C4}.

V+ and V- as Power Supplies
A small amourtt of power can be drawn from V+ and V-,
afthough this will reduce both driver output swing and
noise margins. Increasing the vaiue of the charge-pump
capacitors {up to 10uF) helps maintain performance
when power is drawn from V+ or V-,

Driving Multiple Receivers
Each transmitter is designed to dnve a single receiver,
Transmitters can be paralleled 1o drive multiple
receivers.

Driver when Exiting Shutdown
The driver outputs display no ringing ar undesirable
transients as they come out of shutdown.

High Data Rates
These transceivers maintain the RS-232 5.0V
minimum driver output voltages at data rates of over
120kbps. For data rates above 120kbps, refer to the
Transmitter Qutput Voltage vs. Load Capacitance
graphs in the Typical Operating Characierislics.
Communication at these high rates is easier if the
capacitive loads on the transmitters are small; i.e.,
short cables are best.

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

EIAMIA-232E, v.28
PARAMETER CONDITIONS SPECIFICATIONS
0 Level 3k82 to TKE2 hoad +BV o +15V
Driver Gutput Voltage
1 Level 32 to 7k ooad -5V o -15V
Driver Cutput L evel, Max No load +25V
Data Rate 3Q s R £ TRQ. Cp 5 2500pF Up to 20kbps
0 Levet W ie +15Y
Receiver input Voltage
1 ievel -3Vio-15V
Receiver input Leve! 25V
Instantaneous Slew Rate, Max 3k0 < Ry £ TkE2, C < 2500pF I0VArs
Driver Output Short-Circuit Current, Max 100mA
v.es Ims or 3% of the period
Transition Rate on Driver Output
EIATIA-232E 4% of the period
Driver Outpet Resistance -2V < VouT < +2V 3008

MAXIM

12

FLPZXYWIZEZXYIN ‘IELZXYN-TZ0ZXVYIN



MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected,

Table 3. DB Cable Connections
Commonly Used for EIATIAE-232E and
V.24 Asynchronous Interfaces

+5V RS-232 Transceivers

PiN CONNECTION
Received Line Signal
Detector (sometimes . )
] called Cartier Detect, Handshake from DCE
DCD)
2 Receive Data (RD) Data from DCE
3 Transmit Data (TD) Data from DTE
4 Data Terminal Ready Handshake from DTE
5 Signal Ground F'ieference poirt for
~ sSignals
6 Data Set Ready (DSR) Handshake frgm DCE
1 Request to Send (RTS) Handshake from OTE
8 Clear & Send (CTS) Handshake from DCE
9 Ring Indicator Handshake from DCE
Pin Configurations and Typical Operating Circuits (continued)
3L
0P VEW R o
T 5.3V
= i
Y,
o.aF n 1
pE . B TO 10V
63V T 28 -0 VOLEAGE DOUBLER
. N R Y
[y 161 Vie 0IpE" SV TO -10¥ [
L] m| o0 TS 07 \oUAGE NERTER i
v 2] 7] ono =
Ci-13 14] T10U7
L—‘ maxam 3 A1 AL N D100t Ji4
e [f] maxaz e {1
~ MAX232E TIUMES RS-232
c2 [5] 2] riowr INPUTS QUTPLTS
v- €] E[ Tk Sl ]z 12200 kN
1200 [7] 1] T2M
ra 8| 5] ot J2 | riour ol BE)
TILACAOS 5k RS-232
DIP/SO QUTPUTS INPUTES
glexur @ = rmnla

* 1.O0uF CAPACITORS, MAXZ32E ONLY.

PIN NLUABERS ON TYPICAL OPERATING CIRCUNT REFER FO DEP/S0 PACKAGE, NOT LCL,
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+15kV ESD-Protected, +5V RS-232 Transceivers

Ordering Information
PART TEMP. RANGE  PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX202ECPE OCw+70°C 16 Plagtic BIP MAX20BECNG O0°Cto +70°C 24 Narmrow Plastic DIP
MAXZ0ZECSE O'Cto+70°C 16 Narrow SO MAX208ECWG Co+70°C 24 50
MAXZOZECWE 0°C o +70°C 16 Wide SO MAXZ0BECAG 0°Cro+70°C 24 580P
MAXZ202ECID 0'Cto+70°C Dice* MAXZ0BEENG -40°C 10 +B5°C 24 Narrow Plastic DIP
MAXZ0ZEEPE -40°C to +85°C 16 Plastic DIP MAX208FEWG -40°C to +85°C 24 SO
MAX20ZEESE -40°C to +85°C 16 Narrow SO MAX208EEAL -40°C to +85°C 24 SSCP
MAXZ02EEWE -40°C 10 +85°C 16 Wide SO MAX2HECWI 0'Cw +70°C 2850
MAX203ECPP 0°Cto +70°C 20 Plastic DIP MAX211ECAI 0°C 1o +70°C 28 SSOP
MAXZO3ECWP 0°Co +70°C 2080 MAXZTTEEW! -40°Cto +85°C 28 SO
MAX203EERPP -40°C to +85°C 20 Prastic DIP MAX21tEEAS -40°C to +85°C 28 SSCP
MAXZ03EEWP -40°C o +85°C 2030 MAXZ1IECWI FClo +70°C 28 SO
MAX205ECPG FCio+70°C 24 Wide Plastic DIP MAX213ECAI OCto +70°C 28 SSCOP
MAX205EEPG -40°C o +85°C 24 Wide Plastic DIP MAXZ1IEEWI -40°C Wy +85°C 28 30
MAXZOEECNG 0°Co+70°C 24 Narrow Plastic DIP MAX213EEAL -40°C 1o +85°C 28 550P
MAX20BECWG o Cro+70°C 2450 MAXZ2IZECPT O Co +70°C 15 Plastic DIP
MAX206ECAG $°Cto +70°C 24 SSOP MAXZ232ECSE 0°Cto +70°C 16 Narrow S5O
MAXZ06EENG -40°C 1o +85°C 24 Narrow Plastic DIP MAXZ32ECWE CCo+70°C 16Wide SO
MAX206EEWG -40°C to +85°C 24 S50 MAX232ECD 0°Clo+70°C Dice”
MAX206EEAG -40°C 10 +85°C 24 S50P MAX232EEPE -40'Cto +85°C 16 Plastic DiP
MAXZ207ECNG 0°Cto+70°C 24 Nanow Plastic DIP MAX232EESE -40°C 1o +85°C 16 Narrow SO
MAX207ECWG 0°Cto +76°C 24 S0 MAX232EEWE -40°Ct0+85°C 16 Wide 50
MAXZ20TECAG 0°Cto+70°C 24 S50 MAX2HMECW 0°Cic +70°C 28 S0
MAXZOTEENG -40°C 10 +85°C 24 Narrow Plastic DIP MAXZ41ECAI 0°Cto +70°C 28 SSOP
MAXZOTEEWG -40°C o +85°C 24 50 MAXZ4TEEW! -40°C to +85°C 2850
MAX20TEEAG -40°Cto +85°C 24 S50P MAX241EEA! -43°C w0 +85°C 28 SSOP
*Dice are specified af Ta = +25°C.
MAXIMN 21
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MAX202E-MAX213E, MAX232EMAX241E

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

Chip Topographies

TRANSISTOR COUNT: 123
SUBSTRATE CONNECTED TO GND

Chip Information
MAX205E/MAX208E/MAX207E/MAX208E

TRANSISTOR COUNT: 328
SUBSTRATE CONNECTED TO GND

MAX211E/MAX213E/MAX241E

TIOUT  T40UT
TI0UT

RIOUT
SHON (SHDN)

0.174"
(4.420mm)

( ) ARE FOR MAXZ13E ONLY

TRANSISTOR COUNT: 542
SUBSTRATE CONNECTED TO GND
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+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information

£ DN INCHES MILLIMETERS
WN_ | MAX | MIN_| WAX
.-——-—__——g_.__.._b_.u__.. * (——E{ ~———=] A - 0.200 - 5.08
A loots | - | 638 | -
AZ | 0425 | 0475 | 318 | 445
A3 | 0085 | 0080 | 140 | 203
B 0.016 0.022 041 0.56
; : B1] 0045 | 0085 | 114 | 1865
} ; . [ c {0008 | 0012 | 020 | 030
L A1 .'. . 4 D1 0.005 | 0080 | 013 | 203
e 07 15 1 E | 0200 | 0325 | 762 | 826
c £1] 0240 | 0310 ) 610 | 7.87
; A e | 0100 | - 254 | -
eA 0300 | - | 762 | -
eB—w gl _ To40] - | 1098
t‘" b1 L {045 | 0150 | 292 | 38t
. INCHES | MILLIMETERS
Plastic DIP &G DM PINS s i T WA
PLASTIC P | D | B |0348 0390 | 888 | 991
DUAL-IN-UINE | P | D |14 [0735 [0.765 [ 16.67 | 1543
P | D | 16 [0.745 [0.765 [18.92 | 19.43
PACKAGE P | D | 16 [0.885 |0.9715 | 2248 | 23.24
{0.300 in.) P | D | 20 |1.015 | 1.045 | 2678 | 26.54
N | D | 24| 114 | 1.265 |2B.96 | 32.13
Fioxa]
e | INCHES WILLMETERS
MIN MAX MIN MAX
A {0068 | 0078 | 173t 189
Al |oo02 | 0008 | 005 | 021
e g m — B | 0.010 | 0015 | 025 | 038
¢ 1oo0a | ooos | 009 | 020
A * ? D SEE VARIATIONS
E H * E "‘* E | 0205 [ 0200 | 520 | 538
A e | 0.0256B5C 0.65 B5C
# T H {030t 0331 | 765 | 780
HE B EH B ﬂ i L | 0025 | 0037 063 095
c L~ e | o & o 8
INCHES  |MILLIMETERS)
DIM [PINS [N ] MAX | MIN_| MAX
e O | 14 102390248 607 | 633
Being B SSOP 0 |76 [0230]0249 | 607 | 633
D S D |20 (0276 0289 | 707 | 7.3
LR L A SHRINK D | 24 0317|0328 | 807 | 833
!l A ‘ SMALL-OUTLINE D | 28 0307 [0407 | 10.07 [10.8
B At PACKAGE 21.00584
-——— D
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MAX202E-MAX213E, MAX232E/MAX241E

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

Package Information (continued)

o | INCHES MILLIMETERS

MIN_ | MAX | MIN | MAX

- A 0083 [ 0404 5 235 | 2865
L " A1 0004 | 0012 | 040 | 030

0°-8° | B | 0014 | 0019 | 035 | 049

Vi 1A Y c [ 0000 | 0013] 023 | 032

/ L ¥Qn1mm ==t E | 0251 | 0299 | 740 | 760

i g |- -] |8 ECZ2N e 0.050 127

A1 c L H | 0384 | 0419 | 1000 | 10.66

L loots | aosa [ 040 | 127

fHA//BARA ]

INCHES | MILLIMETERS

? . DM PSSt [ MAX | Wi | WAX

E H Wide SO D | 16 | 0.398 | 0413 | 10.10 | 10.50

l SMALL-OUTLINE o | (o7 [0 [T [ 1175

D | 20 | 049 | 0512 | 1260 | 13.00

[BEEE PACKA.GE D |24 T0506 0614 (1620 | 1560

{0.300 in.) D |28 | 0697 0.713 | 17.70 | 1810

2100428

faxm cawnd austme feuponsibility for use of say circbitty oiher than circtiy srimrely embodixd i 8 Maxim product. No circull patent licenses are
implicdd. Maxim reserves Ihe night (o changs the circultry aid specificaions without 1oiice al any Hime.

24 Maxim integrated Products, 120 San Gabrisl Drive, Sumryvale, CA 94086 {408) 7327-7600
& 1996 Maxim Integrated Products Printed USA MEOM s 3 registeied trademark of Maxim Integrated Products.
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