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Lampiran B 

Listing program Matlab 6.5 

1. Proses mencari nilai referensi. 

%Rianto Gasal - 5103003024 
%proses untuk mencari nilai referensi gambar yang akan dikenali 
i',menggunakan 6 buah input gambar 
%m~~akai weight function dotprod 

al=imread('maju.jpg');al=rgb2gray(al}; buka gambar referensi 
[x,yJ=find(al<120); %deteksi batas tangan 
xl=min(x) ;x2=max (x); 'I, 

yl=min(y);y2=max(y}; 
al=al (xl:x2,yl:y2); 
al=imresize(al, [100 
al=im2bw(al) ; 

., 
'.' 

75] } ; 'I. resize image 
5 konversi ke indexed image 

a2=imread('mundur.jpg'};a2=rgb2gray(a2); 
[x,y]=find(a2<120); 
xl=min(x};x2=max(x}; 
yl=min(y};y2=max(y); 
a2=a2(xl:x2,yl:y2} ; 
a2=imresize (a2, [100 75J); 
a2= im2bw (a2) ; 

a3=imread{'kiri.jpg');a3=rgb2gray(a3l; 
[x,yJ=find(a3<120); 
xl=min(x);x2=max(x); 
yl=min(y);y2=max(y); 
a3=a3(xl:x2,yl:y2); 
a3=imresize (a3, [100 75]); 
a3=im2bw(a3); 

a4=imread('kanan.jpg');a4=rgb2gray(a4); 
[x,y]=find(a4<120); 
xl=min(x};x2=max(x); 
yl=min(y);y2=max(y); 
a4=a4(xl:x2,yl:y2); 
a4=imresize (a4, [100 75J); 
a4=im2bw(a4); 

a5=imread('stop.jpg');a5=rgb2gray(a51; 
[x,y]=find(aS<120) ; 
xl=min(x);x2=max(x); 
yl=min(y);y2=max(y); 
a5=a5(xl;x2,yl;y2) ; 
a5=imresize (a5, [100 75J); 
a5=im2bw(a5); 
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a6=imread('bersih.jpg');a6=rgb2gray(a6]; 
[x,y]=find(a6<159); 
xl=min (x) ;x2=max (x); 
yl=min(y);y2=max(y); 
a6=a6(xl:x2,yl:y2); 
a6=imresize (a6, [100 75]); 
a6=im2bw (a6) ; 

t,w=rand (75,100); "', bobot dengan matriks 75xlOO (setelah run pertama 
kali, nonaktifkan baris ini) 
'tisave w ~, simpan nilai bobet (setelah run pertama kali, 
nonaktifkan baris ini) 
load w % panggil nilai bobot 

n1=dotprod(w,al);save nl 
n2=dotprod(w,a2);save n2 
n3=dotprod(w,a3);save n3 
n4=dotprod(w,a4);save n4 

i', hi tung output, kemudian disimpan 
% 
tt 
~. 

n5=dotprod(w,a5);save nS * 
n6=dotprod(w,a6);save n6 ~ 

subplot(3,2,1);imshow(a1); 
subplot(3,2,2);imshow(a2); 
subplot(3,2,3);imshow(a3); 
subplot(3,2,4);imshow(a4); 
subplot(3,2,5);imshow(a5); 
subplot(3,2,6);imshow(a6); 

,;, keterangan tambahan : 
% nilai bobot dibuat acak oleh matlab, 
% jika hasil pengenalan masih kurang akurat, maka perlu dilakukan 
update nilai bobot 

2. Proses pengenalan. 

%Rianto Gosal - 5103003024 
%melakukan proses pengenalan pola untuk pengendalian robot 
%memakai weight function dotprod 

r = serial ( 'COMl ' ); ij'port serial 
load w % panggil nilai bobot 
load nl % panggil nilai referensi 
load n2 ?:: 

load n3 if, 
load n4 ;~ 

load n5 % 
load 116 -% 

for 11 = 1:100 %melakukan looping program sebanyak 100x 
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input=vfm ( 'grab' ); '<'. capture gambar dari web cam 
input=rgb2gray(input): %ubah ke gray 
[x,y]=find(input<120); %deteksi batas tangan 
xl=min(x);x2=max (x); % 
yl=min(y) ;y2=max(y); ~, 

input=input(xl:x2,yl:y2); ;" 
input=imresize(input, [100 75]); %resize gambar 
a=im2bw(input); 'suball ke indexed 

z=size(a); 
5lmshow (i) ; 

if z== [0, 0] 
a=ones(lOO,75): 

else 
a=a; 

end 
i=dotprod(w,a): %fungsi dotprod 

ml=sse (nl-i) :m2=sse (n2-i) :m3=sse (n3-i); ~,bandingkan nilai output 
m4=sse(n4-i):mS=sse(nS-i):m6=sse(n6-i): 
m=min([ml m2 m3 m4 mS m6]): %mencari nilai m terkecil 

if m > 9.000e+004 %nilai error maximum 
disp('tidak dikenali'), 

end 

data=O; 
elseif m==ml 

disp ('maju' ) , 
data=lO; %data yang akan dikirim ke serial 

elseif m==m2 
disp ( 'mundur' ) , 
data=lS; '6data yang akan dikirim ke serial 

elseif m==m3 
disp (' kiri') , 
data=2; %data yang akan dikirim ke serial 

elseif m==m4 
disp (' kanan' ) , 
data=8; %data yang akan dikirim ke serial 

else 
disp(' stop'), 
data=O; %data yang akan dikirim ke serial 

fopen (r) ; % inisialisasi port serial 
% kirim data t>,rite (r, [data]); 

fclose(r); f., tutup port serial 

end 

% keterangan tambahan : 
% nilai error maximum bersifat relatif 
'~ untuk setiap kondisi ruangan akan berbeda 
% perlu dilakukan perhitungan ulang jika hasil pengenalan kurang 
akurat 
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Lampiran C 

Listing program Bahasa Assembly 

;Rianto Gosal - 5103003024 
:program mikrokontroler untuk mengendalikan driver motor 
:pO.3 dan pO.2 untuk driver motor Jdri 
;pO.l dan pO.O untuk driver motor kanan 

;----------inisialisasi serial--------------------
org Oh 
mov pO,#OOOh 
mov tmod, #2011 
mov thl, #-3 
mov seon, #50h 
seth trl 

;timer 1 mode 2 
setting 9600 bps 

; serial mode 1 

;-----------terima data serial---------------------
Mulai 

jnb ri,Mulai ;tunggu sampai selesai menerima selesai 
mov a, sbuf ; simpan data dari sbuf ke akumulator 

maju: 
ejne a,#OOOOlOlOb,mundur: 
mov pO,a : pindah data ke pO 
sjmp terima 

mundur: 

kiri: 

kanan: 

stop: 

salah: 

ejne a,#OOOOllllb,kiri 
mov pO,a ; pindah data ke pO 
sjmp terima 

ejne a,#OOOOOOlOb,kanan 
mov pO,a ; pindah data ke pO 
sjmp terima 

ejne a,#OOOOlOOOb,stop 
mov pO,a ; pindah data ke pO 
sjmp terima 

ejne a,#OOOOOOOOb,salah 
mov pO,a ; pindah data ke pO 
sjmp terima 

mov pO,#OOOh 
;--------------siap untuk terima data lagi---------
terima: 

elr ri :clear ri untuk menerima data berikutnya 
sjmp mulai :kembali ke mulai 
end 
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PROLiNK PCC1300 welH:amera User's Manual 

• 
I 

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 PCC1300 web-camera User's Manual 

Camera Features: 

Snap button --------

--------- Lens 

PowerLED --------

---'---------- Focus ring 

---:------------ Built-in micropbone 

--------- Base 

SpedftcatioDs: 

CMOS sensor : 300K pixels (software eohanced to l.3 Mega pixels) 
Max Resolution : 1280 x 960 
Frame rate : up to 30 Cps 
Hardware Snapshot : push-button 
Microphone : built-in external micropbonc 
Interface : USB 2.0 Hi-Speed connection (compatible with USBI.!) 
Bundled applications : VP-Eye 4.0 

System Requirements: 

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

• 32MBRAM 
• 12MB free hard disk space 
• CDROM drive for driver installation 
• Windows 98SFJMFJ2OOOIXP 

Page2of6 



PROliNK PCCI300 welH:amera User's Manual 

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 till the PC bas restarted, before you connect the camera cable to the USB port: 

a. Insert camera cable into computer's USB port 

,..--+- USB COI.1eCtor 

b. Complete the software and hardware installation 
c. for Windows 2000 users: please Install DirectX Program 

5. Restart your PC if prompted 
6. 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 

2 Launch the Software 

Click Start on the Windows Taskbar. then select Programs and go to the newly created 
program group to launch [he software 
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PROLiNK PeC] 300 welH:amera User's Manual 

3 Position the Camera 

1. Place camera in the middle of your monitor f(]l" optimal eye contact. 
2. Camera can be placed on a tabletop or held in your band to snap a picture or video. 
3. ROlale Ihe focus ring to get a sharp image 
4. View live video to guide your focus adjustmenrs 
5. Pivot !he camera up or down, left or right f(]l" the best position 

4 Taking a Photo 

1. Click Start> Programs> your favorite image-editing application 
2. In the application window, click the CapturelS1IIlp photo buttoo to capture an image 
3. To view the pbotos, double-click the image files saved in the default media folder 

5 Remnling a Video 

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

6 Tips 

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

Suapsbot. 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 

Q: 

A: 

Q: 
A: 

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? 
Plug 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. 

Q: Is it okay to have my camera in sunlight? 
A: No, do not store the camera in direct sunlight. This could danlage the electronic 

components in the camera. 

Q: How do I video conference? 
A: There are many different progranls you can use to video conference, the most 

common being the latest Instant Messaging (1M) clients like MSN messenger 6.2 
& abovelICQ 

Q: How can I clean the lens? 
A: 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. 

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

A: You should position the object of interest to be 50-8Ocm away from the camera 
lens 

Q: What is the software bundled? 
A: 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 PCCI300 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 of 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. II 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)63925455 
Email: support@fida.com 
Address: Blk 105 Boon Keng Rd #06-13, Singapore 339776 
Operating Hours: Mon-Fri :0900-1745 hrs Sat: 0900-1300 hrs 

Malaysia Service Centre 
Tel: (603) 8023 9151 
Fax: (603) 8024 9161 
Email: supporCmy@lida.com 
Address:29 Jalan USJ 1/31,47600 Subang Jaya, Selangor Darul Ehsan, Malaysia 
Operating Hours: Mon-Fri: 0900-1730 hrs Sat: 0900-1300 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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DC COMPONENTS CO., LTD. 
1N / RL 

4001A 101 

THRU 

1N / RL 
4007A 107 

RECTIFIER SPECIALISTS 

TECHNICAL SPECIFICATIONS OF SILICON RECTIFIER 

VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 1.0 Ampere 

FEATURES 
• High reliability 
.. Low leakage 
.. Low forward voltage drop 
.. High current capability 

MECHANICAL DATA 
• Case: Molded plastic 
.. Epoxy: Ul 94V-O rate flame retardant 
• Lead: MIL-STD-202E. Method 208 guaranteed 

.. Polarity: Color band denotes cathode end 

.. Mounting position: Any 
• Weight: 0.22 gram 

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS 
Ratings at 25"C ambient temperature unless otherwise specJfjed. 

Single phase, half wave, 60 Hz, resistive or inductive load. 

For capacitive load, derate current by 20%. 

SYMBOl 
llAa-ximum Recurrent Peak Reverse Voltage VR ... 

Maximum RMS Voltage VR~S 

Maximum DC Blocking Voltage Voe 

Maximum Average FDrward Rectified Current '0 at TA.;::: 55°C 

Peak Forward Surge Current, 8.3 ms single half sine-wave 
iF$N 

superimposed on rated load (JEDEC Method) 

Maximum Instantaneous Forward Volt<ige at 1.0A DC VF 
Max.imum DC Reverse- Current I @TA= 2SoC 
at Rated Dc Blocking Voltage I @TA-l00"C 
Ma)(imum Full Load Reverse Current Average, Full Cycle 

IR 

37S·(9.Smm) lead length at T l '" 75~C 

Typical Junction Capadtance (Nole) CJ 

Typical Thennal Resistanc.e RaJA 
Operating and Storage Temperature Range TJ, TSTG 

NOTES: Measured at 1 MHZ and applied reveRe voltage of 4.0 volts 

102 

lN4001A lN4OO2A 

Rl101 R!.102 

50 100 

35 70 

50 100 

\1Ii 

A405 

[ 
.025 (0.6) DIA . 

1.0 (25.4) .021 (0.5) 
MIN. , 

205(52)+~ J .166(4.2) __ i ,.107(2.7) 1-1 DIA . 
. 080 (2.0) 

1.0 (25.4) 
MIN. 

I 
L 

Dimensions In inches and (millimeters) 

lN4OO3A IN<OO4A lN400SA IN<Q06A lN4IX'" 

Rl103 Rll04 RL1GS Rl106 RUG? UNITS 

200 400 600 800 1000 VolIl; 

140 280 420 580 700 Valls 

200 400 600 800 1000 Volts 

1.0 AmPS 

30 Amps 

1.1 Volts 

5.0 
uAmps 

500 

30 uAmp. 

15 pF 
50 GC/W 

-65 lo + 175 "C 
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RATING AND CHARACTERISTIC CURVES 
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I=AIRCHILC 
SEMICONDUCTOR rM 

80135/137/139 

Medium Power Linear and Switching 
Applications 
• Complement to BDl36, BD138 and BD140 respectively 

1 TO-126 

1. Emitter 2.Collector 3.Base 

NPN Epitaxial Silicon Transistor 

Absolute Maximum Ratings T e=25'C unless otherwise noted 

Symbol Parameter Value Units 

VCBO Collector-Base Voltage : B0135 45 V 
: B0137 60 V 
: B0139 80 V 

VeEo Collector-Emitter Vo~age : B0135 45 V 
: B0137 60 V 
: B0139 80 V 

VEBO Emitter-Base Vo~age 5 V 

Ie Collector Current (~C) 1.5 A 

Icp Collector Current (Pulse) 3.0 A 

IB Base Current 0.5 A 

Pc Collector Dissipation (T e-2S'C) 12.5 W 

Pc Collector Dissipation (T.-2S"C) 1.25 W 

TJ Junction Temperature 150 -C 

TSTG Storage Temperature - 55 -150 "C 

Electrical Characteristics T c=25"C unless otherwise noted 

Symbol Parameter Test Condition Min. Typ. Max. Units 

VCEO(sus) Collector-Emitter Sustaining Voltage 
: B0135 Ic= 30mA, la= 0 45 V 
: B0137 60 V 
: B0139 80 V 

ICBO Collector Cut-off Current Vea - 30V, IE = 0 0.1 iJA 
lEBO Emitter Cut-off Current VEa - SV, Ic-O 10 iJA 
hFEl DC Current Gain : ALL DEVICE VCE - 2V, Ic - 5mA 25 
hFE2 : ALL DEVICE VCE = 2V, Ic = O.SA 25 
hFE3 : B0135 VCE = 2V, Ic = 150mA 40 250 

: B0137, B0139 40 160 

VCE(sat) Collector-Emitter Saturation Vo~age Ic - SOOmA, IB - SOmA 0.5 V 

VBE(on) Base-Emitter ON Voltage Vee - 2V, Ic - 0.5A 1 V 

hFE Classification 
Classification 6 10 16 

40 -100 63 -160 100 - 250 

Rev. A, February 2000 



I=AIACHILD 
SEMICONDUCTOR '" 

80135/137/139 

Medium Power Unear and Switching 
Applications 
• Complement 10 BOI36. BOI36 and B0140 reepecllvely 

TO-I 26 

I . Emitter 2.CoIlector 3.88118 

NPN Epitaxial Silicon Transistor 

Absolute MaxImum Ratings Tc=25' C unlees OIherwise noted 

Symbol Paramelar Va/ue Units 
VCBO Collector-Base VoHage : BOI35 45 V 

: B0137 60 V 
: B0139 60 V 

VeE.O CoIIector-Emitter Voltage : B0135 45 V 
: 80137 60 V 
: 80139 80 V 

VFBO Emitter-B_VoIIage 5 V 

Ie Collector Current (DC) 1.5 A 

IcP Collector Current (Pulse) 3.0 A 

la Base Current 0.5 A 

Pe Collector Dissipation (T e=25°C) 12.5 W 

Pc Collector Dissipation (T.=25°C) 1.25 W 
TJ Junction Temperature 150 "C 

TSTQ Storage Temperature -55 -150 "C 

Electrical Characteristics T c=25"C unl_ OIherwise noted 

Symbol ParamIlllK Test CondItIon MIn. Typ. Max. INs 
VcmI_) CoIIector-Emilter Sustaining Voltage 

: BOI35 Ie = 3OmA. 'a=O 45 V 
: 80137 60 V 
: BOI39 80 V 

ICBO Collector Cut-dl Current Vea= 3OV, Ie =0 0.1 IIA 
ta.o Emitter Cut-olf Current Vea = SV, Ie =0 10 IIA 

"""1 DC Current Gain :ALLOEVICE VeE. = 2V. Ie = SmA 25 
hFE2 :ALLOEVICE Vee = 2V. Ie = O.SA 25 

~3 : BOI35 VeE. = 2V. Ie" 150mA 40 250 
: B0137, 80139 40 160 

VCE(aal) Collector-Emitter Saturation VoHage Ie" 5OOmA, 'a" SOmA 0.5 V 

VSElon) Ba&e-Emitter ON Voltage VeE ,. 2V. Ie" O.SA 1 V 

hFE Classification 
6 10 16 

40- 100 63-160 100 -250 
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Typical Characteristics 
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Package Demensions 
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TRADEMARKS 

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

ACEx"" 
Bottomless 1M 

CooIFET"" 
CROSSVOL T"" 
E2CMOS"" 
FACP" 
FACT Quiet Series"" 
FAS'-® 
FASTr"" 
GTO"" 

DISCLAIMER 

HiSeC"" 
ISOPLANAR"" 
MICROWlRE"" 
POP"" 
PowerTrench® 
QFET"" 
QS"'" 
Quiet Series"'" 
SuperSOT""-3 
SuperSOT"'-6 

SuperSOT""-B 
SyncFEP" 
TinyLogic"'" 
UHC'" 
vcx"" 

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY 
PRODUCTS HEREIN TO IMPROVE RELIABILITY, 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 IT 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 support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, or (c) whose failure to perform 
when properly used in accordance with instructions for use 
provided in the labeling, can be reasonably expected to 
resu~ in significant injury to the user. 

PRODUCT STATUS DEFINITIONS 

Definition of Terms 

Datasheet Identification Product Status 

Advance Information Formative or In 
Design 

Preliminary First Production 

No Identification Needed Full Production 

Obsolete Not I n Production 

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

Definition 

This datasheet contains the design specifications for 
product development Specifications may change in 
any manner without notice. 

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 to improve 
design. 

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

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

_.E 



~~IAXI~~I 
:t15kV ESD-Protected, +5V R5-232 'D'ansceivers 

____________ GeneraIDescripUon 
Tile MAX202E-MAX213E, MAX232E/MAX241 Eline 
driversireceivers 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 latchup. The various combinations of features 
are outlined in the Selection Guide. The drivers and 
receivers for all ten devices meet all EIAlTIA-232E and 
CCIIT V.28 specifications at data rates up to 120kbps, 
when loaded in accordance with the EIAITIA-232E 
specification. 

Tile MAX211E1MAX213E1MAX241E are available in 28-
pin SO packages, as well as a 28- pin SSOP that uses 
60% less board space. The MAX202E1MAX232E come 
in 16 pin narrow SO, wide SO, and DIP packages. The 
MAX203E comes in a 20-pin DIPISO package, and 
needs no external charge-pump capacitors. The 
MAX205E comes in a 24-pin wide DIP package, and 
also eliminates external Charge-pump capacitors. The 
MAX206EIMAX207EIMAX208E come in 24-pin SO, 
SSOP, and narrow DIP packages. The MAX232Ei 
MAX241 E operate with four 1 ~F capacitors, while the 
MAX202EiMAX206EiMAX207EiMAX208EiMAX211 Ei 
MAX213E operate with four O.l~F capacitors, further 
reducing cost and board space. 

___________________ Applications 
Notebook, Subnotebook, and Palmtop Computers 
Battery-Powered Equipment 
Hand·Held Equipment 

_______________________ Fea~s 

• ESD Protection for RS-232 110 Pins: 
:l:15kV-Human Body Model 
:l:8kV-lEC1000-4-2. Contact Discharge 
±15kV-lEC10004-2. A1r-Gap Discharge 

• latchup Free (unlike bipolar equivalents) 

• Guaranteed 120kbps Data Ra_LapLink'" 
Compatible 

+ Guaranteed 3V/jIs Min Slew Rate 

• Operate from a Single +5V Power Supply 

_____________ Pin Configurations 

TOI'VIEW 

DIP/so 
Pin ConfigHratJom and Typical Operating Circuits continued at 
end of datE S/Jeet 

0rdMIng In_ appears at endofdata sheet. 
____________________________________________ Selection Guide 

No, of RS-232 No, of RS-232 RECEIVERS No. of 
LOW-POWER TTL TMREE· PART 

DRIVERS RECEIVERS 
ACTlVEIN EXTERNAL SHUTDOWN STATE 

SHUTDOWN CAPACITORS 

MAX202E 2 2 0 4 (O.liJF) No No 
MAX203E 2 2 0 None No No 
MAX205E 5 5 0 None Yes Yes 
MAX206E 4 3 0 4 (O.l~F) Yes Yes 

MAX207E 5 3 0 4 (O.l~F) No No 
MAX208E 4 4 0 4 (O.I~F) No No 
MAX211E 4 5 0 4 (O.l~F) Yes Yes 
MAX213E 4 5 2 4 (O.l~F) Yes Yes 
MAX232E 2 2 0 4 (WF) No No 
MAX241E 4 5 0 4 (l~F) Yes Yes 

LepLmk f:j a regIstered trademark of Travelmg Software, Inc, 

AIIAXIAII ______________________ -mlntegratedProducl$ 1 

For free samples & the latest literature: http://www.max/m~com, or phone 1-800-998-8800 



%15kV ESD-Profecfed, +5V R5-232 Transceivers 

ABSOLUTE MAXIMUM RATINGS 
Vee-, 
v •. 
v-
Input Voltaqes 
UN .. -
R_IN. 

Output VoI£ages 
T_OUL. 
R_OUL 

Short-Circuit Duration, T _OUT .. 

,-O.3V to +6V 
.. ..... (Vee - 0.3V) ",. 14V 

, ",,,,,·14V to +O.3V 

..... " ...... -O.3V to (V + + O.3V) 
.. ....... t30V 

(V- - 03V) to (V+ + 0.3V) 
............ -O.3V to (Vee + 0.3V) 

.. ContinuOU5 

2O-Pln so (derate 1000mWrC above + 70"C) ......... BOOmW 
24-Pin Narrow P\astic DIP 
(derate 13_33rnWrC above + 70"C) . .. ..... 1.07W 
24-Pm Wide Plastic DIP 
(tierate 14.29mWrC above + 70"C).. . . ........ L14W 
24-Pin SO (derate 11.76mwrc above. 70"C) ....... 941mW 
24-Pin SSO? (derate 8,OOmWrC above +70~C) .,.. ,640mW 
28-Pin SO (demte 12.50mWrC above + 70~C).. ..." ....... lW 
28·Pin SSOP (derate 9.52mWFC above +70°C) ....... 762mW 

Operating Temperature Rang~ 
Continuous Power Dissipation (T A=-+ 70~C) MAX2 __ EC _ . .. ......... O·C to .70-C 

16--Pin Plastic DIP (derate 10.53mWrC above *' 70T) , .842mW 
16--P1I1 Narrow SO (tienlfe 8.70mWrC above + 70~C) ... ,,696mW 
J6-Pin Wide SO (derate 952mWrC above + 70~C). .762mW 
20-Pin Plastic DIP (derate 11.11 mWI"C above .. 70QC) ,,889mW 

MAX2 __ EE __ '" .... " ............... .-40~C to +85"C 
Storage Temperature Range.. , ................... -65~C to -t 165'C 
lead TemperaUJre (soldering. 10sec).. +3WC 

&wsse:-i beyond llJOS.f!-Ii~ under "Absol~ Maxima" Ratings" Ht:.J.ycauSt' ~t1n':JJleflt d~JHt:.~ to tile dt'Yit:::e. n~ "lfF stI"PS5 ralmgs Ollt'f. ;l/l(i fUfv.;tion;li 
Of.."leIa/)lJlI of the deiOCe ;Jt tI>ese or <JI?)' otl}f'J" COiJditions t:\f'yond thos.e mdiciJ!ed in the operJlilJ<1i31 :seClJOI1S of tile speci(v:arions is not imp/Jed, ExposlIre to 
af).'$0'de maximlAl'l fating conditions far extended periods may 3ffed deVice reJic/)iflty 

ELECTRICAL CHARACTERISTICS 
(Vee = +5V ,,10% for MAX202EI206EI20BEI211EI213EI232f1241E: Vee = +5V ,5% for MAX203El205E1207E: C1-C4 = 01~F for 
MAX202EI206Ffl07EI208EI211EI213E: C1-C4 = l~F for MAX232EI241E; fA = T""N to r"'AX: unless othefW1Se noted. TYPical values 
are at TA::c- -+25"C.) 

PARAMETER ,SYMBOL CONDITIONS I MIN lYP MAX IUNIlS 

DC CHARACTERISTICS 

MAX202E1203E 8 15 

MAX205E-208E 11 20 

Vee. Supply Current !crC No load. T A - -t 2S"C MAX211 El213E 14 20 mA 

MAX232E 5 10 

MAX24IE 7 15 

MAX205Ei206E I 10 

Shutl10wn Supply ClJ!Tent TA : .. 2S"C, Figure 1 MAX211Ul41E 1 10 pA 

MAX213E 15 50 

LOGIC 

!nput Pull-Up Current T IN ~ OV (MAX205E-208E1211E1213E1241E) 15 200 ;JA 
Input Leakage Current f IN = OV to Vee (MAX202EI203E1232E) ±10 pA 

Input Threshold Low V,l 
UN; EN, SHDN (MAX213E) Of 

0.8 V 
EN. SHDN (MAX205E-208EI211EI241E) 

T IN 2.0 

Input Threshold High V,H EN_ SHDN (MAX21 3E) Of EN. SHDN V 

(MAX205E-208E1211 El241 E) 
2.4 

Output Voltage low Val 
R_OUf; lOUT = 3.2mA (MAX202E1203EI232E) or 

OA V 
lOUT = 1.6mA (MAX205EI208EI211 [1213ETl41 E) 

Output Voltage. High VOH R_OUT; lOUT = -1.0mA 3,5 Vee - 0.4 V 

Output Leakage Current 
EN "" Vee. EN = OV, OV s: Rou r s: Vee. ±Q,05 t10 ;JA 
MAX205E-208EI211 E1213E1241E outputs disabled 

2 ________________________ A'l.AXIA'l 
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:t15kV ESD-Protected, +5V R5-232 Transceivers 

ELECTRICAL CHARACTERISTICS (continued) 
(Vee· +>V ,,10% IOf MAX202EI206EI208EI21 1 El213E1232E1241 E; Vee - +5V ±59'0 for MAX203EI205Ei207F; C1-C4 = O.l~F for 
MAX202E1206EI207EI208EI211EI213E; C1-C4 • l~F for MAX232E1241E; TA = TMI~ to TMAX; unless othe!WlSe noted. Typical values 
are at TA"" +2S"C,) 

PARAMETER SYMBOL L CONDI11ONS I MIN TYP MAX UNITS 

EIAITIA-232E RECEIVER INPUTS 

Input Voltage Range -30 30 V 

All parts, normal ~ation 0.8 12 

Input Threshold Low fA"" -t2S eC. 
MAUI3E. SHDN - OV. V 

Vee = 5V 
EN. Vee 

0.6 1.5 

AU parts. normal operation 1.7 2.4 
Input Threshold High 

TA= -t25~C. 
MAX213E (R4, R5i. V 

Vee· SV 
SHDN - OV, EN - Vee 

1.5 24 

Input Hysteresis Vee -= 5Y< no hysteresis in shutdown 0.2 0.5 1.0 V 

Input Resistance T A - +25~C. Vee ::>. 5V 3 5 7 k(l 

EIAITIA-232E lRANSMITIER OUTPUTS 

Output Voltage SWIng All dflvers loaded with 3W to ground (Note 1) ,,5 ,,9 V 

Output Rest'5tanr.e Vc;c.:.. V-t = V- - OV, VOL'T - i:2V 3DO n 

Output Short-Circuit Current ±W ±60 rnA 

TIMING CHARACTERlSllCS 

Maximum Data Rate 
Rl - 3k!l to 7k!l. Cl - SOpF 10 l000pF, 120 kbps 
one transmitter switc.hing 

AI! part"., norma! Dpff3tion 0.5 10 

Receiver Propagation Oel<-1Y 
u-"'l{_J-jR, 

Cl -150pF MAX213E (R4, R5), ~s 
!PHlR 

SHD/\ => (N, EN ~ Vee 
4 40 

I Receiver Output Enable Time 
MAX205E1206E1211 El213E1241 E normal 

600 ns 
operation. Figure 2 

Receiver Output Disat1ie Time 
MAX205EI206E!211 E1213E1241 E nannal 

200 fl.") 
operation, Figure 2 

Transmi11er Propagation Delay 
tPLHT, 

Rl - 3M), Cl - 2500pF. aU transmitters loaded 2 ~s 
tPHLT 

TA. + 2S"C Vu: ~ 5V. Rl - 3kQ 10 7011, 
Transitron-Region Slew Rate CL z. SOpF to l000pF, measured from -3V to 3 6 30 Vips 

-t3Vor +3V to -3V. Figure 3 

ESO PERFORMANCE: lRANSMITIER OUTPUTS, RECEIVER INPUTS 

Human Body Model !:15 

ESD-Protection Voltage IEC1000-4-2, Contact Discharge ±B kV 

IECJOOO-4-2, Air-Gap Discharge ±'JS 

Note 1: MAX211Ef __ tested with Vee"" -t5V ±5%, 

AIIAXIAII 3 
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::t15lcV ESD-Profecfed, +5V R5-232 Transceivers 

________________ TYPical Operating Characteristics 
(Typical Operating CffCUits, Vee"" -t 5V, fA = +25~C, unless othetwise I1tXed.) 
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:I: 15kV ESD-Protected, +5V R5-232 Transceivers 

__________ 1)pical Operating Characteristics (continuet:IJ 
(Typical Operating Circuits, Vee = +5V, TA = -t25~C, unless otherwise ootan 
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:t15kV ESD-Protected, +5V RS·232 Transceivers 

______________________________________________ ~De5criptiOns 

MAX202E1MAX232E 

PIN 
DIP/SO LCC 

NAME FUNCTION 

1,3 2,4 CI+,Cl- Terminals for positive charge-pump capacitor 

2 3 v+ +2VcC voltage generated by the charge pump 
4,5 5, 7 C2'f,C2· Terminals for negative charge-pump capacitor 

6 8 v- -2Vcc voltage genernted by the charge pump 

7,14 9,18 TOUT RS-232 Driver Outputs 

8,13 10,17 R IN RS-232 Receiver Outputs 
9,12 12,15 ROUT RS-232 Receiver Outputs 
10,11 13,14 T IN RS-232 Driver Inputs. 

15 19 GND Ground 

16 20 Vee -t 4.5V to -t S.SV Supply-Voltage Input 

- 1,6,11. 16 N.C No Conned_-not internally connec.tefJ. 

MAX203E 

PIN 
NAME FUNCTION 

DIP SO 
1,2 1,2 TIN RS-232 Driver Inputs 

3,20 3,20 ROUT RS-232 ReceNef Outputs 

4,19 4,19 R IN RS-232 Receiver Inputs 

5,18 5,18 TOUT RS-232 Transmitter Outputs 
6,9 6,9 GND Ground 

7 7 Vee +4,5Vto +S.SV Supply-Voltage Input 

8 13 Cl+ Make no connection to this pin 

10,16 11,16 C2- Connect pins together 
12, 17 10. 17 v- -2Vcc voltage genemted by the c.harge pump. Connect pinS together, 

13 14 Cl- Make no connection to (his pin. 

14 8 V+ -t-2Vcc voltage generated by the c.harge pump 

11.15 12.15 C2. Connect pins togethec 

MAX20SE 

PIN NAME FUNCTION 
1-4, 19 TOUT 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 Outputs. All receivers are inactive in shutdown 

7,8. 15, 16,22 T IN TTL/CMOS Driver Inp"'. Int.""al pull<JPS to \te, 
11 GND Ground 

12 Vee +4.75V to +S25V Supply Volt"1ge 

20 EN Receiver Enable-active IaN 

21 SHDN Shutdown Control-active high 

6 A4.AXIA4 



:t15kV ESD-Protected, +5V R5-232 Transceivers 

__________________ Pin Descriptions (continued) 

MAX206E 

PIN NAME FUNCTION 

" 
2,3,24 T_OUT RS-232 Driver Outputs 

4,15,23 R IN RS-232 Receiver Input"> 

5, 17,22 ROUT TTUCMOS Receiver Outputs. AU receivers are inacu\Ie in shutdown 

6,7, 18, 19 T IN TTIJCMOS DrNer Inputs, I_nal pUl-ups to Vee, 

S GND Ground 

9 Vee -t-4,5V to -t-S.5V Supply Voltage 

10,12 Cl+, CI- Terminals for positive charge-pump capacltor 

11 '1+ -t 2Vcc generated by the charge pump 
13,14 C2+, C2- Terminals for negative chalge-pump capadtOf 

15 v- -2VCC generated by the charge pump 

20 EN Receiver Enable-active low 

21 SHDN Shutdown Control-active high 

MAX207E 

PIN NAME FUNCTKlN 
1 2,3,20,24 T_OUT RS-232 DrIVer Outputs 

4,16,23 R IN RS-232 Receiver Inputs 

5, 17, 22 R_OUT TTlfCMOS Receiver Outputs. AU receivers are inactive in shutdown 

6, 7, 18,19,21 UN TTUCMOS DrNer Inputs, InlErnal pu/kJps to Ite-

a GND Ground 

9 Vee -t4J5V to -t525V Supply Voltage 

10,12 Cl+. Cl- Terminals for positive charge-pump r .... apacitor 

11 v+ +2Vcc generated by the charge pump 

13,14 C2+, C2- Terminals for negative charge-pump capacitor 

15 v- -2Vcc generated by the charge pump 

MAX208E 

PIN NAME FUNCTKlN 

L 2,2{),24 TOUT RS-232 Driver Outputs 

3,7,16< 23 R IN RS-232 Receiver Inputs 

4.6< 17, 22 ROUT TTLICMOS Receiver Q.Jtputs, AI! recefvE!fS are inactive in shutdown 

5,18, 19,21 T IN TTUCMOS IJnver Inputs Internal pull-ups to Itc 

8 GND Ground 

9 Vee -t4,5V to -t5,5V Supply Voltage 

10, 12 Cl+,Cl- Terminals for positive charge-pump capacItor 

11 v+ +2Vcc generated by the charge pump 

13< 14 C2+, C2- T erm'ulals for negatIVe charge-pump capac'ltt)f 

15 v- -2Vcc generated by the charge pump 

AIIAXIAII 7 



:t15kV ESD-Prorecred, +5V RS·232 Transceivers 

_________________ Pin Descriptions (continued} 

~11EJ~13EJ~241E 

PIN NAME 
L 2,3,28 TOUT 

4.9.18.23.27 R_IN 

5.8.19.22.25 R_OUT 

6.7.20. 21 T IN 

10 GND 

11 Vee 
12.14 Cl+, Cl-

13 V+ 

15.16 C2+. C2· 
17 y. 

EN 
24 

EN 

SHDN 
25 

SHDN 

fN OR 1i5V ,...\.~~_./ 
DIllVE-

+:'.!N(OV) 

( ) AR(FOR MAX213f 
~ 11# fOR MAXl41£ 

FUNCTION 
RS-232 Driver Outputs 

RS·Z32 Re<.eiver Inputs 

TTL/CMOS Receiver Outputs. For the MAX213E, receivers R4 and R5 are active in shutdown 
mode when EN "" 1, For the MAX21-1 E and MAX241E, all receivers are inactive In shutdown. 

TTLICMOS Driver Inpl6, Only the MAX211E, MAX213E, and MAX241E have internal pull-ups to V:,c. 

Ground 
+4.SV to +5.5V Supp!yVoltage 

Terminals for positive charge-pump capacitOr 

+'Ncc voltage generated by tile charge pump 

Terminals for neg~tive charge-pump capacitOf 

-2Vee voltage generated by the charge pump 

Receiver Enable-active lOIN (MAX211 E. MAX241 E) 

Receiver Enable-active high (MAX213E) 

Shutdown Control-active high (MAX211 E. MAX241 E) 

Shutdown Control-active low (MAX213E) 

3< 

CAPACITORS MAY BE 
POlARIZEO OR IJNPOLARlZW 

IN ~:N 

fNPIJI~ 

1m£: 
POlARITY Of EN 
lSRfV£R5EO 
H1tlH[ 
MAX2131 

~ 
_I r.- aU","T ENABLE TIME 

-REcrlviR -/ 
ourPtIT -~ "--,"'",,.IN"-. 

C!..~l~F 

,:r; 

EN~ 
Voo VQH-O.1V 

RECEIVER .. ~ f2!JV 

INPUT -l f aUfPUTOISA8LE flME 

OUTPUTS VOL, /' RL ~ 1Ul 

- YOl~O.lV 

Figure 1. ShutckJwfl-CUffent Test Circu{( (MAX206E, 
MAX211 EIMAX213E!MAX241 E) 

Figure 2. ReceIVer Output Enable and DISable Tmung 
IMAX205EIMAX206EIMAX211 EIMAX213E IMAX241 E) 
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:t151cV ESD-Protected, +5V R5-232 Transceivers 

O.I;JP 

ov {-tSI/j ..... 1-"'='-..../ 

MINIMUM SLEW-RATE nST C!RCUIT ~AXIMLM SLEW-RATE nST CIRCun 
( ) ARf FOR MAXl13f 
• 1# FOR MAX232f/MAX141f 

TRANs.MlTIER INPIlf PULL-UP RI.%ltR$, ENAlU. AND SHUlUOWN AR[ P«JT PRO'JJOCD ON 11{[ MAX202t MA~3L AHO MAX21l[. 
H~DU AND 5/-IUTDOWN ARf NOT PRCMDfD ON HI MA.lt--">(}lE AND MAX208L 

Figure 3 Transition Slew-Rate Circuit 

______ ,Detailed Description 
The MAX202E-MAX213E, MAX232ElMAX241E consiST of 
three sections: charge-pump voltage converters, 
drivers (transmitters), and receivers, These Eversions 
provide extra protection against ESD, They survive 
± 15kV discharges to the RS-232 inputs and outputs, 
tested using the Human Body Model. When tested 
accordlllg to IEC1OO0,4-2, they survive ±8kV contact
discharges and, 15kV air-gap discharges, The rugged 
E versions are intended for use in harsh environments 
or applications where the RS-232 connection is 
frequently changed (such as notebook computers), The 
standard (non-"E") MAX202, MAX203, MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are 
recommended for applications where cost is critical. 

+5V to dOV Dual Cha~Pump 
VoItJIge Convel'fer 

The +5V to ± lOV conversion 15 performed by dual 
charg&pump voltage converters (Figure 4), The first 
charge-pump converter uses capaCitor C1 to double 
the +5V into T 1 OV, storing the + 1 OV on the output fi~er 
capacitor, C3, The second uses C2 to invert the T 10V 

A'lAXIA'I 

into -10V, storing the, 1 OV on the V- output filter 
capacitor, C4, 

In shutdown mode, V+ is internally connected to Vee by 
a 11<0 pull-down resistor, and V- is internally connected 
to ground by a 11<0 pull-up resistor, 

RS.Z3Z Drivers 
Wrth Vee; 5V, the typical driver output vortage swing 
is ±8V when loaded with a nominal 5k(l RS-232 
receiver. The output swing is guaranteed to meet 
EINTIA-232E and V.28 specifications that call for ±5V 
minimum output levels under worst-case conditions. 
These include a 3kU load, minimum Vee and 
maximum operating temperature, The open,circuit 
output vOltage swings from (V+ - O,6V) to V-, 

Input thresholds are CMOSITTL compatible. The 
unused drivers' inputs on the MAX20SE-MAX208E, 
MAX211E, MAX2l3E, and MAX241E can be left 
unconnected because 4001<0 pull'up resIStors to Vee 
are included on-Chip, Since all drivers invert, the pull
up resistors force the unused drivers' outputs low, The 
MAX202E, MAX203E, and MAX232E do not have pull
up resistors on the transmitter inputs. 

9 



::tf5lcV ESD-Protected, +5V R5-232 Transceivers 

When in low-power shutdown mode, tile MAX205EI 
MAX206ElMAX211 ElMAX213E1MAX241 E driver outputs 
are turned off and draw only leakage currents--even if 
they are back- driven with voltages between OV and 
12V. Below -O.5V in shutdown, the transmitter output is 
diode-clamped to ground with a 1 kl2 series 
impedance, 

R5-Z3Z R_ivws 
The receivers conven the RS-232 signals to CMOS-logic 
output levels. The guaranteed O.8V and 2.4V receiver 
inplrt thresholds are significantly tighter than the ±3V 
thresholds required by the EINTlA-232E specification, 
This allows the receNer inputs to respond to nUCMOS
logic levels, as well as RS-232 levels, 

The guaranteed O.8V input low threshold ensures that 
receivers shorted to ground have a logic 1 output The 
Sill input resistance to ground ensures that a receiver 
witll its Input left open will also have a logic 1 output 

Receiver inputs Ilave approximately O.5V hysteresis. 
This provides clean output transitions, even with slow 
rise/fal! -time signals with moderate amounts of noise 
and Ol1gll1g. 

In shlndown, the MAX213E's R4 and R5 receivers have 
no hysteresis, 

GNO 

Shutdown and Enable Conrrol 
(llfAXZ06EAMAXZ06EA!lAXZ11E1 

MAXZ13EAMAXZ41E1 
In shutdown mode, the charge pumps are turned off, 
V* is pulled down to Vee, V- is pulled to ground, and 
the transmitter outputs are disabled. This reduces 
supply current typically to l~A (15~A for the MAX213E). 
The time required to exit shutdown is under 1 ms, as 
shown in Figure 5. 

Receivers 
All MAX213E receivers, except R4 and R5, are Plrt into 
a high-impedance state in shutdown mode (see Tables 
1a and 1b). The MAX213E's R4 and R5 rece',vers Slill 
function in shutdown mode. These two awake-in
shutdown receivers can monitor external activity while 
maintaining minima! power consumption. 

The enable control is used to put lhe receiver outputs into 
a high-Impedance state, 10 allow wire· OR connection of 
two EINTIA-232E ports (or ports of different types) at the 
UARL ~ 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 control pin is active high 
for the MAX205E/MAX206E/MAX211 E/MAX241 E 
(SHDN). but is active low for the MAX213E (SHDN} 

0--.... ---.... - GND 

.. , 
.~-----------~----------------------~----------.. . . , . 

PARr 
feu 
(kH» 

MAX202f ,31) 
MAX203E 2>, 
MAX20SE -2OOE: zoo 
MAX21W213£ zoo 
MAX232[ 141) 

MAX241[ 31) 

Figure 4, Cllarge·Pump Diagram 
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:t15kV ESD-Protected, +5V R5-232 Transceivers 

The MAX2l3E's receiver propagation delay is typically 
O.S~s in normal operation. In shutdown mode, 
propagation delay increases to 4~s for both rising and 
falling transitions. The MAX2l3E's receiver inputs have 
approximately O.SV hysteresis, except in shutdown, 
when receivers R4 and RS have no hysteresiS. 
When entering shutdown with r~ active, R4 and 
RS are not valid until 8O~s after SHON is driven low. 
When coming out of shutdown, all receiver outputs are 
invalid until the charge pumps reach nominal voltage 
levels (less than 2ms when using O.l~F capacitors). 

:U."V ESD PIDtectioIt 
As with all Maxim devices, ESO-protection structures 
are incorporated on ali 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 ESO of ± l5kV without 
damage. The ESO structures withstand high ESO in all 
states: normal operation, shutdown, and powered 
down. After an ESO event. Maxim's E versions keep 
working without latchup, whereas competing RS·232 
products can latch and must be powered down to 
remove latchup. 
ESO 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) ± l5kV using the Human Body Model 
2) ±8kV using the contact· discharge method specified 

in IEC1OOO-4-2 
3) ± lSkV using IEC1OOO-4·2's air-gap method. 

SD TNt CondllJons 
ESO performance depends on a variety of conditions. 
Contact Maxim for a reliability report that documents 
test set·up, test methodology, and test results. 

Hlllflllft Body IIodeI 
Figure 6a shows the Human Body Model, and Figure 
6b shows the current waveform it generates when 
discharged into a low impedance. This model consists 
of a lOOpF capacitor charged to the ESO voltage of 
interest, which is then discharged into the test device 
through a 1 . Skil resistor. 

AIIIAXIhII 

MAX211E 
JV Sta 
IN 

.~ 

lIN 
./,- V. 

5V 

IN .~ 

V. 
-5V 

-lIN 

1.. .---

Fl{}lJre 5. MAX2IIE V. 8/1d V· when Exiting Shutdown (O.II1F 
C8p8Cilors) 

Table 1a. MAX205EJMAX206E1MAX211E1 
MAX241E Control Pin Configurations 

SHUN I!R c.ERATlON Tx Rx 
STAnIS 

0 0 Normal 
All Active All Active 

OperatJon 

0 1 
Namal 

All Active All High-Z 
OperatJon 

1 X ShlUlown All High-Z All High-Z 

X· Don 1 Care 

Table 1b. MAX213E Control Pin 
Configurations 

OPERATION Rx 
8IIlA EN STATUS 

1ir.f-4 
f~ 4,5 

0 0 Shll.doWn All HigII-Z High-Z High-Z 

0 1 Sh_ All High-l High-l I\aivft' 

1 0 Normal 
All Active High-Z High-Z 

OperatJon 

1 1 
Normal 

AU Active Active Active 
Ope-atJon 
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."".'M ~~won r-v v 'Vvv • vI/' 
CHARGE·WRRENT DISCHARGE 

lIMlT RfSlSTrn RESlSTANC.f 

HIGH-
VOLTAGE c, :;:: STORAGE 

DC lOOi:1 CAPACITOR 
SOURCl 

I 
FIgure 6a, Human Body ESD Test Model 

t 
AMPERES 

0-

~ DEVICE 
UNDER .. TEST 

PfAKlfQ.PfAK RtN(;1NC 
(NOT DRAWN TO SCAlf) 

figure 6b Human Body Model Currenl Waveform 

IEC1000-4-2 
The IEC1000·4·2 standard covers ESD testing and 
performance of finished equipment; it does not 
specifically refer to Integrated circuits. The 
MAX202E/MAX203E-MAX2l3E. MAX232E/MAX241 E 
Ilelp you design eqUipment that meets level 4 (the 
highest level) of IEC1000·4·2. without the need for 
additional ESD·protection components. 

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 tile IEC1000·4·2 model. Hence. the ESD 
withstand VOltage measured to IEC1000·4·2 is 
generally lower tllan that measured using the Human 
Body Model. Figure 7b shows tlTe current waveform for 
the 8kV IEC1OOO·4·2 level·four ESD contact·discharge 
test. 

"'sr::~~;fffl ~1':' 0-

J C~~JRR£NT ~~E 
LIMIT RISl:'l00. RESISTANCE 

HIGH· L.. DEVICE 
VOlTAGE ~ ::= STORAGE UNOfR 

DC 15/Xt" CAPACITOR .. fESf 
SOURCE 

l 
-Figure 7a, IEC1CXXJ-4-2 ESD Test Model 

100% 

lm'i -

Figure 7b, lEe 1000-4-2 [SD Generator CU/Tent Waveform 

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

Machine Model 
The Machine Model for ESD tests all pins using a 
200pF storage capacitor and zero discharge 
resistance. ns objective is to emulate the stress caused 
by contact that occurs with handling and assembly 
during manufacturing. Of course. all pins require this 
protection during manufacturing. nO! Just RS·232 inputs 
and outputs. Therefore. after PC board assembly. the 
Machine Model is less relevant to 110 ports. 
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____ Applications Information 
Capacitor selection 

The capacitor type used for C 1-·C4 is not critical for 
proper operation. The MAX2D2E, MAX206-MAX2DBE, 
MAX211 E, and MAX213E require 0.1 ~F capacitors, 
and the MAX232E and MAX241E require l~F 
capacitors, ahhough in all cases capacitors up to l~F 
can be used without harm. Ceramic, aluminum
electrolytic, or tamalum capacitors are suggested for 
the 1 iJF capacitors, and ceramic dielectrics are 
suggested for the D.l~F 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 
capacitors with a larger (e.g" 2x) nominal value. The 
capacitors' effective series resistance (ESR), which 
usually rlses at low temperatures, influences the 
amoum of ripple on V+ and V-. 

Use larger capaCitors (up to 1 O~F) to reduce the output 
impedance at V+ and V" This can be useful when 
"stealing" power from V+ or from V'. The MAX203E and 
MAX205E have Imernal charge-pump capacitors. 

Bypass Vee to ground with at least 0.1 ~F. In 
applications sensitive to power-supply noise generated 
by the charge pumps, decouple VCC to ground w'i!h a 

capacitor the same size as (or larger than) the charge
pump capacitors (Cl-C4). 

V+ and V- as Po_ SUpplies 
A small ameum of power can be drawn from V+ and V" 
anhough this will reduce both driver output swing and 
noise margins. Increasing the value of the charge-pump 
capacitors (up to 1 D~F) helps maintain performance 
when power is drawn from V+ orV·. 

Driving ""'kiple lleceWeI'S 
Each transmitter is designed to dnve a single receiver. 
Transmitters can be paralleled to drive multiple 
receivers. 

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

High Data Ilates 
These transceivers maintain the RS-232 ±S.OV 
minimum driver output voltages at data rates of over 
12Okbps. For data rates above 120kbps, refer to the 
Transmitter Output Voltage vs. Load Capacitance 
graphS in tile Typical Operatlllg Characteristics. 
Communication at these high rates is easier jf the 
capacitive loads on the transmitters are small; I.e., 
short cables are best. 

Table 2. Summary OfEIAfTIA-232E. V.28 Specifications 

PARAMETER CONDITIONS EIAfTIA·232E, V.28 
SPECIACATIONS 

I 0 Level 3k!l to 7k!lload +5V to + 15V 
Driver Output Voltage ! 1 Level 3k!l to 7klJ load -SVto-1SV 

Driver Output level, Max No load -:±25V 

DatE Rate 3k!l s R, " 7k!l, C, 5 2S00pF Up to 20kbps 

I 0 Level -t3Vto +15V 
Receiver Input Voltage I 1 Level -3Vta -15V 

Receiver Input Level ±25V 

Instantaneous Slew R,-lte, Max 3k!l s R, s 7k!l, CL " 2500pF 3OV~J5 

Driver Output Short~Circuit Current Max lOOmA 

V.28 1 ms or 3% of the period 
Transition Rate on Driver Output 

EINTIA·232E 4% of the period 

Driller Output Resistance -2V < VOUT < -t2V 300il 

.M.AlXI.M 13 



±15kV ESD-Protected, +5V R5-232 Transceivers 

Table 3. DB9 Cable Connections 
Commonly Used for EIAfTIAE-232E and 
V.24 Asynchronous Interfaces 

PIN CONNECTION 

Recei .... ed line S~nal 

1 
Detector (sometimes 

Handshak.e from DeE 
called Carrier Detect, 
DCD) 

2 Receive Data (RD) lk.'lta from DCE 

3 Transmit. Data (TO) Data from DTE 

4 Data Terminal Ready Handshake from DTE 

5 Signal Ground 
Reference pojnt for 
silJnals 

6 Data Set Ready (DSR) Handshake from DCE 

7 Request to Send (RTS) Handshake from 0 TE 

8 Clear to Send (DS) Hancishak.efTom DCE. 

9 Ring Indicator Handshake from DCE 

_____ Pin Conrlf1Ul'ations and T)pical Openlting Circuits (continued) 

10P VIEW 

DIP/SO 

GNO 

TlouT 

R"UN 

RlOl!T 

PIN MJMBfRS ON lYffi:AL OPfRAn~ CIRCUIT REFER ro UPISO PACKAGf, NOr lee . 
• 1.0pF CAPAClroRS, MAX232'f ONLY. 

14 

O.Jp.r 
63V 

01"" 
16V 

[flJCMG' { 11 
INPUfS 

10 

oUrPUr; 

-WTO .. IOV 
Wl fAGE OOUBi.fR 

~lOVro-1OV 

C2- \'CUH3£ INVtRfE.R 

TlIN 
f1 

flour 14 

,.N 120UT 1 

Rlour R1IN 11 

}~-m OlJfPUfS 

INpur~ 

flllCMQS { 12 

9: R2QUf IllIN 8 

}~_m 

AtAXIAt 
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__________________________________________ ~ri"9ln'onnation 

PART TEMP. RANGE PIN.pACKAGE PART TEMP. RANGE PIN.pACKAGE 

MAX202ECPE O~Cto -+ 70·C 16 Plastic DIP MAX208ECNG o~c to +70~C 24 Narrow Plastic OfP 

MAX202ECSE O'Cto +70'C 16 Narrow SO MAX2tJ8ECWG O"C to -t 70e C 24 SO 

MAX202ECWE O'CtIH70'C 16 Wide SO MAX208ECAG O~C to -+ 70"C 24 SSOP 

MAX202EClO o~c to -t 70~C Oice~ MAX208EENG ~40'<C to +85~C 24 Narrow Plastic DIP 

MAX202EEPE -40"Cto +85'C 16 Plastic DIP MAX208EEWG ~40°C to +B5~C 24 SO 

MAX202EESE -40~C to +85~C 16 Narrow SO MAX208EEAG ·40e C to +85'C 24SS0P 

MAX202EEWE -40"C to +85~C 16 Wide SO MAX211ECWI Q"Cto +70T 28 SO 

MAX203ECPP DOC to -+ 7D"e 20 PlastIc 01 P MAX211ECAI O~Cto +70°C 28 SSOP 

MAX203ECWP O~Cto -+ 70c e 20 SO MAX211EEWI -40'C to t-85°C 28 SO 

MAX203EEPP ·40"C to +85"C 20 Plastic OIP MAX211EEAI ·4DT to ... 85 d C 28 SSOP 

MAX203EEWP -40'C to .8S'C 2050 MAX213ECWI OTto+70"C 28 SO 

MAX205ECPG DOC to + 7O~C 24 Wide Plastic DIP MAX213ECAI Weto +70°C 28 SSOP 

MAX20SEEPG -40Tto +85"C 24 Wide Plastic DIP MAX213EEWI -40'C to ... S5'C 28 SO 

MAX206ECNG O~C to + 70~C 24 Narrow Plastic DIP MAX213EEAI ·40T to +85"C 28 SSOP 

MAX206ECWG OT to + 70'C 2450 MAX232ECPE O"Cto +7Q'C 16 PlastiC DIP 

MAX206ECAG O~C to + 70~C 24 SSOP MAX232ECSE O'Ctc +70'C 16 Narrow SO 

MAX206EENG -40"C to +85~C 24 Narrow Plastic DIP MAX232ECWE O'Cto + m'c 16 Wide SO 

MAX206EEWG -40'C to .8S'C 2450 MAX232ECiD O'Cto + 70'C Dice-

MAX206EEAG -40"c to + 8S'C 24 SSOP MAX232EEPE ·40'·C to +85"C 16 Plastic DIP 

MAX2a1ECNG O'Ctc +70'C 24 Narrow Plastic OJP MAX232EESE ·40~C to +85'C 16 Narrow SO 

MAX207ECWG OT to +70'C 24 SO MAX232EEWE -40T to + 8S"C 16Wide SO 

MAX207ECAG O'C to +70'C 24SS0P MAX241 ECWI DOC to + 70°C 2850 

MAX207EENG ·40°C to +85~C 24 Narrow Plastic DIP MAX24'JECAI O~C to i·70°C 28SSOP 

MAX207EEWG ·40"C to +85~C 24 SO MAX241EEWI -40"Cto +85'C 28 SO 

MAX207EEAG -40"C to +85~C 24 SSOP MAX241EEAI -40"C tn +85"C 28 SSOP 

''DIce are specified at TA =- +2S"C 
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____________________________________ ~pT~.~ 

C1-
Cl_ 

C!· 

V· 

TRANSISTOR COUNT: 123 

SUBSTRATE CONNECTED TO GND 

____________ Cbp,~tiOn 

.uaE~~~an~~OE 

TRANSISTOR COUNT: 328 

SUBSTRATE CONNECTED TO GND 

1lllAX211E111AX213E111AX241 E 

1121. 

1120Ul 
TIl. 
TIIJI 

.,0UT 
alii 

GID 

( ) AIIH(J! MAX21l£ lillY 

TRANSISTOR COUNT: 542 

SUBSTRA IT CONNECTED TO GND 

Z2 ______________________ AIIAXLM 
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______________________ Package Information 

F;=j DIM 
INCHES MlWMETERl! 

MIN MAX MIN MAX 

I" -u A - 0200 - 5.08 
0 

A1 0.015 - 0.38 -
TTr ' A3 A2 0.125 0.175 3.18 4.45 W J:CU}LA t ~ p~ 

P3 0.055 0._ 1.40 2.03 
B 0.016 0.022 0.41 0.56 

81 0.045 0.065 1.14 1.65 

~ 
C 0.008 0.012 0.20 0.30 

L Al 
: 01 0.005 0._ 0.13 2.03 

~ ~: r- 0" ·15- .. 
E 0.300 0.325 7.62 8.26 

~ ;:I~ 81 
t= c-- ~ El 0240 0.310 6.10 7.87 
_eA __ • 0.100 - 2.54 -

eA 0.300 7.62 
eB_ 08 - 0.400 10.16 

D( 
L 0.115 0.150 2.92 3.81 

~G. 
INCHES .. LI.IMEJSIS 

Plastic DIP DIM PINS 
MIN MAX MIN MAX 

PLASTIC p 0 8 0..348 0.390 8.84 9.91 

DUAL-lN-UNE P 0 1. 0.735 0.765 18.67 19.43 
p 0 16 0.745 0.765 18.92 19.43 

PACKAGE P 0 18 0.865 0.915 22.48 23.24 
(0.300 in.) p D 20 1.015 1.045 25.78 26.54 

H D 2' 1.14 1265 26.96 32.13 

21"""" 

DIM 
INCHES MILUMETERS 

MIN MAX MIN MAX 

A 0_ 0.078 1.73 1.99 
Al 0.002 0.008 0.05 0.21 

OJl! 
8 0.010 0.015 0.25 0.38 
c 0.004 0.008 0.09 0.20 
0 SEE VARIATIONS 

T~ 
E 0.2051 0.209 5.20 I 5.38 
e D.0256BSC O.65BSC 

H 0.301 I 0.311 7.65 I 7.90 
L 0.025 0.037 0.63 I 0.95 
a 0' S' O· S' 

DIM PINS 
INCHES MlLLlMEn'RS 

MIN MAX -MAX .. , D 14 0.239 0.249 6.07 6.33 

--j~ SSOP 0 16 0.239 0.249 6.07 6.33 
, , i' A 

SHRINK 0 20 0.278 0.289 7.07 7.33 

0 24 0.317 0.328 8.07 8.33 

I-::IT-- 1t SMALL-OUTLINE 0 28 0.397 0.407 10.07 10.33 

PACKAGE 21_ 
B )1.1 

_0 ___ 
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9 lUi 1{199 (lTI 
E H 

I'lIHll I'll'll'll'l_+_t 

Package Information (continued) 

,11" 
Wide SO 

SMALL-OUTUNE 
PACKAGE 
(0.300 in.) 

DIM 
INCHES MIWMETER$ 

MIN MAX MIN MAX 
A OJJ93 0.104 2.35 2.65 
Al 0.004 0.012 0.10 0.30 
B 0.014 0.019 0.35 0.49 
C 0009 0.013 0.23 0.32 
E 0291 0299 7.40 7.60 
e 0.050 1.27 
H 0.394 I 0.419 10.00 I 10.60 
L 01)16 I 0.050 0.40 I 127 

DIM .... 5 INCHES ~ . n.. _ MAX MIN MAX 

D 16 0.396 0.413 10.10 10.SO 
D 18 0.447 0.463 11.35 11.75 
o 20 0.496 0.512 12.60 13.00 
o 24 0.598 0.614 15.20 15.60 
o 28 0.697 0.713 17.70 18.10 

>1-OO4>A 

Maltlro. cannot as~ fe~'~bi!it.Y for tJ-..e of any dn:.uitty ()(her than circtJItry enln&y embOOred ill 8 Maxim prOOUC!. No circuit patent Jicen'c><?!; are 
implied Max.'m resefY€:' ti"lt' right fO ciJange t/Je cm.:LJitry i//Jd specit1c.ilrion::. ~/lOut lK){ice al any rime. 
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