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Abstract

The purpose of this project is to study, design and create Skin Treatment device
using the displacement current theory and write code by using Arduino for generate
pulses with frequency from Pulse Width Modulation (PWM) theory. This device have
two different modes which different frequencies that suit user’s skin and solve skin
problems such as acne , dark spot or even wrinkles The output from Arduino is only
positive pulse so using IC MAX 232 to generate negative pulse. After this device is
finished. The device can be used as usual and the design in all part are required

knowledge and expertise applied in practice.
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I luniiis@nwiissii 1 Face 3o Ageloc Face Conductor

TREATMENT SETTING USAGE FREQUENCY

TREATMENT PRODUCT
Face Galvanic Spa® Facial Gels with ageLOC™ 2-3 times per week
P i Step 1: Pre Treat Pre-Treat 1
Step 2: Treatment Treatment: 2
Spot Treatment | Tru Face* Line Corrector 3 Daily. morning and night
F . (eye area: 1-2 minutes,
f deeper lines: 3-5 minutes)
Body Galvanic Spa* Il Body Shaping Gel F 4 2-3times per week,
S ki (mormning and night each time)
r‘
Scalp Nutriol” Hair Fitness Treatment 5 3 times per week

D.

o = ar = .
JUT 2.3 gUuaasluannisviteuuazyliniaven3as Galvanic Spa System i

u

i http://www.haveagoodthing.com/product-categoryallproduct
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Nu Skin Galvanic Séa Instrument

Instrument # | Beeps - Yoltage (V) | Current (uA)
1 1 12.48 125
3 12.09 359,
2 1 12.52 126
: 3 i R 357
3 1 12.48 126
3 12,09 361
4 1 12.50 124
3 12.06 354
5 1 12.47 128
3 12.09 360
6 1 12,53 126
3 12.13 359

Kuang TA 2060 Spa Galvanic Instrument

#LEDs | Voltage | Current | Current | Curent | Cureent Current
74 e (We (e [tae |ee
: M 10M 500K 300K 170K
0 0 0 0 0 0 0
y i 9.4 1.8 1.0
Nz 10.6 2.1 1.1
3 11.1 2.3 Ted
4 12:6 2.6 13 24 40 71
5 14.3 2.9 1%
6 16.5 = &) 17
7 1950 10k 3% 2.0
Nu Skin Galvanic Spa Instrument
b
# Beeps Voltage (V) Current (3) max, | Current (uA) hand
to hand
1 12.4 125 50
2 12.1 359 71

sUit 2.4 sUuanIduINLsIsuLaznszualWanudaziuunn1sineu

fian https://www.google.co.th/patents/US20070185431




2.1.2.1 Ageloc Face Conductor
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Caffeine Flux Through Human Skin
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Caffeine Flux Through Human Skin
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Single vs Double Dosing on Caffeine Flux
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Single vs Double Dosing on Caffeine Flux
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1. fumfernwdniuinduuen (Epidermis)
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2.4.1 MAX 232
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MAX232 ifuledfulasssiudyauves RS-232 sliusedu TTL wagluviiues
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2.4.1.1 A5aaldau MAX232
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gﬂﬁ 2.28 AMWLAAINTTITLIIRUYDS TTL wag LVTTL
fian http://www.thaieasyelec.com/article-wiki/basic-electronics/uart-ttl-rs232-max232-
max3232.html
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2.4.3 UART
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2.) MsABANSOUNTULLY Asynchronous Hunsdedeyaiilaisedddynyin Clock 1
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2.5 Arduino
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2.5.1 gunuunslisulusunsuuy Arduino

uUSB
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Uain Arduino Nano sanuuuunldflauinidn wasldduarusiagly 1934%ed
lulasroulvsiaesiues ATmegal68 w3aluas ATmega328 ({34 2.3 Au 3) Wsunsueiny
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OLED (Organic Light Emitting Diodes) Aa9on Wil dnvaradouduidy 4
drutszneuiluansdunisiannsadwanssldiiolddundsau T Sondnssuaums
Buaalnsgluungud (Electroluminescence) Tnefilsifosftenuas Backlisht uazazlifinng
Waswansluusnaidunmds dealydiduiain sniadenduuingae



27

EoE

® }Q’\‘ﬁ B %¥ 3

gﬂﬁ 2.34 Tugavauansua OLED

i https://www.arduinohouse.org/product/18/0-96 quot-oled-i2c-yellow-blue-
128x64

JUM 2.35 dnwarn15reseniNeaaOLED way Arduino Broad

fiann http://arduino-er.blogspot.com/2015/04/hello-world-096-inch-128xé4-i2c-oled-

on.html
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S19azdum 99 OLED 0.96" 12C IC Serial 128X64 OLED LCD LED Display Module
For Arduino 51 Series

Toyadnuny

- lddsamsuvanlayi ssuaniwaanunsadouasldmesiies

- anvavdealu 128 * 64

- JuNBNNNNIT 160 B9

- IDBEUMIAIUANIINVAIETN neiuanglu

- Tewdsudesunn Tdnunuuiiusaldwdesuiies 0.08 56

- sesnslunszuansades 3 Taad — 5 Thad
gampiilunislda 30 - 70 ssruadua

2.7 nsemanadqniin

fadndnduleves 897 a2 (Luigi Galvani) Snivenmianss115n1d fauny
nazualwihianiia lullaa. 1791 uasduauusniivnszuas dnnsetaulditaduusslow
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mmmlwﬁw,aﬂﬁnﬂwﬁmam@m%a,tasuﬂiamumwauqu‘lma’[ﬂumuwamaammm
Wi (Frvazianizvaanszualiasimiadadinidn d198991nunA2 Y YUANTEUE,
wieansziundunieazidutvaim Ty 5605, auwe 3umesd aedvinisnwdide
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3.1 WHUNMWNFIN9UYRsaUNsal

Battery 9 V Switch

Microcontroller
Push button switch

(Arduino Nano)

OLED
IC MAX 232 il output
rmodule

JUT 3.1 ununwnsviaueesgunsal

\A389 Skin Treatment Device Qﬂﬂ?UﬂﬂJﬂ’]ﬁJCﬂL?Jﬂﬂ’]'i“ﬁ’]xiﬂuﬂaﬂﬁQLﬂ%adﬁﬁaﬂaﬂﬁ
delnaindrilidundamdruainuunmass 9 Taadareunii Microcontroller (Arduino
Nano) Budugudnanslumsmunumahauisuavesgunsl LAZENAIUALNITINIIUADY
Push button switch 1ftal# Microcontroller (Arduino Nano) ¥ unialuuadisavus Tag
UARINANTTYINTLTIRaUERIN M OLED module uayuanskananiniifsath (Output)

3.2 ANWUZANSNIUVDINAS

|39 Skin Treatment Device gnuAudeaIndUalian1svihautesdiainiesdiae
aind ilodnalndvirlviundindsauainuuaness 9 Taassreuii Microcontroller
(Arduino Nano) %‘dLﬁuquénmﬁumimuaum‘aﬁwwuﬁwmmmqﬂmzﬂ wuady 3 Yaemdn
waz 2lruAn1svinguy

1.liinnaind dawalk Microcontroller (Arduino Nano) dswal#ae OLED uannaldy

f79nws Skin Treatment Device
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= [} L4 L] P
W 1 dewalvigunsalvieululuuen 1
= s < i v € o <
3.nAeIntATen 2 dwaligunsalvihanlulvued 2

aflge

2. NPAINUA

ge

naandnssd 3 demaldreasianilulmedtt wasnadindadsd 4 dwalsesiney
Tulmunii2 viamnuluSesgaunseiadnging

mMsviaustaaa 2 Tvas

Tvaiafl 1 : Microcontroller (Arduino Nano) dssal¥#ae OLED uansnaifiuan 1 waw
nARAAURAAAILE 100 KHz fiiluwne 0Vpp +12Vpp 1Uasn IC MAX232 denaliiilad
AR 100 KHz Aiflaunm -12Vpp & +12Vpp

Tyuad 2 Microcontroller (Arduino Nano) a@walvias OLED wanwaiduiay 2 uaz

NARAAUNAEAME 250 kHz ATiuwn OVpp 84 +12Vpp W1uasa IC MAX232 denalviwad
WA 250 KHz idiaunm -12Vpp fa +12Vpp

3.3 N1s8NLLUY

3.3.1 naseanwuuludiu Hardware

3.3.1.1 29951Uapuniassziunsesnulngldi99s59u MAX 232

cl ul
i ci+ VDD -
o1\ /\Yee

C2+

J=
2 |——— ca-
4
b L) 1iv Tiour B v

T2IN T20UT 7 1uF Arduino

C3
1uF Pl
+3.3V
GND

e

Wb =

—6-: RIOUT RIIN [—
—— RIOUT R2IN =—

6 :LCS
,—— GND V\‘-EE T]“F
MAX232CPE
—_L
GND

Inputl

Outputl

Outout vouATeq

3Ul 3.2 Schematic 4947995534 MAX 232

] - o i o < o v ¢ ¢
Wusasiuassesudygnainsediv TTL Widusedunas RS-232 Imammamwmadmi

v

lugadudyyrueduiaduuu TTL vua 3.3 Taad sdiduduwaiivn 10 ve92eas379al a8
wnlupduaduuy RS-232 wuim 12.0 Taad
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gunsalneluasas

WHUMDILAS 1 LAY

IC MAX 232 1 ¢in
ffiulszEuune 1 uF 5 i
Header 2

I N

. Socket YuM 16 U1 162
3.3.1.2 2995d3ngamsuidanluuani1siiey

P o Lo ;d ° aa < ] =
\Wosnmsinnuvesgunsaisiladl 4 2 nunnsvinu BWdsulnuanisieuis
NAIUANMETEING Fepenuuuliaindroriuuuy Pull-down Resistor $1u3u 1 @ind
A 174 1 v/ La
welviazainsensldaugunsal

Out - Arduino

D4 e ANAN— * GND
Peani] l 10K OLED  \
}iZW-PB GI;TE Input

A‘ - =3 & o s -3
JUN 3.3 Schematic Yan%sEingdmudEonlnuAN1TILY
d
gunsalnnglunsas

1. WHUNIDILAY 1 LY
2. Push Button Switch 2 Pin 1 ¢72
3. FRAUNIUAT 1000 lovi 1 6

3.3.2  N1S9BNKUUNNAIY Software
L 4 ] = o & = dﬁ?
N138DNLUUNNAIU Software Y11N15LUEUATIEY (code) FIUNUFIUNINIINATYT C
Tulusunsu Arduino IDE udn1s upload program asussA Arduino nano



SkinTreatmentDevice

<Wire.h>
<Adafruit_GFX.h>
<Adafruit_5SD1306.h>

i <Adafruit_ SH1106.h>
#define OLED RESET 4
# Adafruit_SSD1306 disp 4y (OLED_RESET) :
| const int buttonPin = 2;

v

f;n: buttonPushCounter = 0:
int buttonState = 0;
int lastButtonState = 0;
int hCenter = &4;
int vCenter = 16:
int Hstar, Vstar;
int Quantity = 50;
int StarProgress([50]:
int StarAngle[50] = {}:
int interval[75] = {);

k L1 (SSD1306_SWITCHCAPVCC, 0x3c)i:

[CUIINE CRITMAUANDUIAS (X s

Uil 3.4 sUMetnlusunsy

€an
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' Start )

Setup

No OLED

Push Button?

display.printin("Skin
Treatment")

display.printin("Device"
Buttonstate+1

d
d

No

Buttonstate%2?

v
Set up the frequency
Set up the frequency
to 100 kHz
to 250 kHz
Y Y

OLED OLED
display.println("2") display.println("1")

g‘d‘ﬁ 3.5 System Blockdiagram
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3.3.3 n1seontuuludiufiAIag

Tagludiuressniseanuuy sanwuulssldlusinsy SolidWorks waziiuiusy 30 Tag
o a L3 =y -
LATOIWNWEINNRA (3D Printer)

(n)  Udepgranisesnuuy

(¥)  MIBBNLUUATEINIEUDN
JUT 3.6 (n)3Us70819M500NUUL Waw (V.) N130BNLULLATEINTEUDN



5Uil 3.8

3
U

=

_‘A 5

Uugyinnisusu

35



36

3.3.3.1 N1599NLUUNAAIU

d o ©
3UN 3.9 JUmseanLuuinmIi
o o
3.3.3.2 N1399NLUUAIATDY

[ {78y - =3 LYY 2/
Wuniseanwuulviieiandnneindm azainlumslday uazaigany
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33.4  gunsafuqilliluszuy
3.3.4.1 Arduino nano

gﬂﬁl 3.18 Arduino nano

flan http://www.ioxhop.com/article/2/

1. ldlulpsmeulnsuaes ATmega328

2. unasnglv 5V

3. Ivghuugih) 7-12V

4. i @rial 7 6-20V

5. ¥193m0a 1/O 14 91 (6 5995ULDIWNAKUY PWM
6. UIBLUNABNDUNA 8

7. n3zwalwy DC e 1/O 40 mA

8. nszudlnihean DC dwmSuva 3.3V 10 50 mA

9. Flash Memory 32 KB (ATmega328)
10. SRAM 2 KB (ATmega328)
11. EEPROM 1 KB (ATmega328)

12. Clock Speed 16 MHz

40
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3.3.4.2 OLED Module

ﬂ‘ﬂ"){l ‘ﬁ '

o
3‘UM 3.19 OLED LCD LED Display Module Yellow/Blue 0.96" 128X64 for Arduino

iy https://www.arduinoall.com/product/611/

WUAAHALUY OLED LCD LED Display #udaiuaziiliy winae 128x64 1u1n
A 1 = v U s s s
0.96" \Wousadumasivawuy 12C Tiasuansmaalnadnau uazUsendangany
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b 2 . 4w - ]
WU138 OLED wemana Skin Treatment Device WaglinIANaNNI08NUDIANY Y0

9892995590 MAX 232 wulifidanaeenyn Fadulumuildeanuuuls
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3
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X 2 B

-40.003 10,005/ Auto?

4.3 NafineoonuesdyIu099995591 MAX 232
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#include <avr/io.h>

#include <util/delay.h>

#include <SPLh>

#include <Wire.h>

#include <Adafruit GFX.h>

#include <Adafruit SSD1306.h>

#include <Adafruit SH1106.h>

#define OLED RESET 4

Adafruit_SSD1306 display(OLED RESET);

const int buttonPin = 2;  // the pin that the pushbutton is attached

to

int buttonPushCounter = 0; // counter for the number of button

presses
int buttonState = 0; // current state of the button

int lastButtonState = 0;  // previous state of the button

int hCenter = 64; // horizontal center of animation

int vCenter = 16; // vertical center of animation

int Hstar, Vstar; // star location currently

int Quantity = 50; // number of stars

int StarProgress[50]; // array that tracks progress of each
star

int StarAngle[50] = {}; // array that tracks angle of each star
int interval[75] = {}; // array used to track speed of each
star

void setup() {

display.begin(SSD1306 SWITCHCAPVCC, 0x3c); //initialize 12C addr
Ox3c

display.begin(SH1106 SWITCHCAPVCC, 0x3C);

pinMode(buttonPin, INPUT);



Serial.begin(9600);
pinMode(3, OUTPUT); // Output pin for OCR2B
}
void loop() {
buttonState = digitalRead(buttonPin);
if (buttonState != lastButtonState) {
if (buttonState == HIGH) {
buttonPushCounter++;
}

delay(50);
}
lastButtonState = buttonState;
Serial.printin(buttonPushCounter);
if (buttonPushCounter == 0) {
for (int i = 0; i < Quantity; i+4) { // loop to setup initial stars
StarAnsgle[i] = random(360); // generates random angle
for each star
interval[i] = (random(5))+1;
}

unsigned long currentMillis = millis();

display.clearDisplay(); // clear display
for (int i = 0; i < Quantity; i++) { // loop to draw each star
if (StarProgressli] > 100) { // if statement to reset stars

after going off screen
StarProgressli] = StarProgress[i] - 100; // resets star progress
StarAngleli] = random(360); // resets star angle
intervalli] = (random(5))+1; // resets star speed

lelse{



StarProgress[i] = StarProgress[i] + interval[il;

if (currentMillis - StarProgressli] >= interval[i] & StarProgressli] > 0)

{ //if statement to exclude some star paths

Hstar = (hCenter + (sin(StarAngle[i] / 57.296) * StarProgress][i] ));
// calculates star horizontal coordinate
Vstar = (vCenter + (cos(StarAngleli] / 57.296) * StarProgressli] ));
// calculates star horizontal coordinate
display.drawPixel(Hstar, Vstar, WHITE); I
draws each star
display.setTextSize(1);
display.setTextColor(WHITE);
display.setCursor(20,8);
display.println("Skin Treatment");
display.setTextSize(1);
display.setTextColor(WHITE);
display.setCursor(49,18);
display.println("Device");
}
}
display.display();

} else {

if (buttonPushCounter % 2 == 0){

TCCR2A = _BV(COM2A1) | _BV(COM2B1) | BVIWGM21) |
_BVIWGM20);

TCCR2B = _BV(WGM22) | BV(CS20); // Clock(No prescaling)

OCR2A = 63; // set frequency



OCR2B = 30; // set duty

Serial.printin("Mode 2");

// Set up the 250 kHz output
display.clearDisplay(); // clears the screen and buffer
display.drawLine(0, 0, 127, 0, WHITE);
display.drawLine(0, 31, 127, 31, WHITE);
display.drawLine(0, 0, 0, 31, WHITE);
display.drawline(127, 0, 127, 31, WHITE);
display.setTextSize(3);
display.setTextColor(WHITE);
display.setCursor(55,5);
display.println("2");

display.display();

Jif(buttonPushCounter % 2 I= 0){
// Set up the 100 kHz output
TCCR2A = _BV(COM2A1) | BV(COM2B1) | BVIWGM21) |
_BV(WGM20);
TCCR2B = _BV(WGM22) | BW(CS20); // Clock(No prescaling)
OCR2A = 159; // set frequency
OCRZ2B = 80; // set duty

Serial.println("Mode 1");

display.clearDisplay(); // clears the screen and buffer
display.drawLine(0, 0, 127, 0, WHITE);
display.drawline(0, 31, 127, 31, WHITE);
display.drawLine(0, 0, 0, 31, WHITE);
display.drawLine(127, 0, 127, 31, WHITE);

display.setTextSize(3);



display.setTextColor(WHITE);
display.setCursor(55,5);

display.printn("1");

display.display();
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where =12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

N AKX /M

_Next-Generation Device Features
¢ For Low-Voltage, Integrated ESD Applications

MAX3222E/MAX3232E/MAX3237E/MAX3241E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1pF External Capacitors (MAX3246E Available
in a UCSP™ Package)

¢ For Low-Cost Applications

MAX221E: +15kV ESD-Protected, +5V, 1pA,
Single RS-232 Transceiver with AutoShutdown™

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE+ 0°Cto +70°C 16 Plastic DIP
MAX220CSE+ 0°C to +70°C 16 Narrow SO
MAX220CWE+ 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE + -40°C to +85°C 16 Plastic DIP
MAX220ESE + -40°C to +85°C 16 Narrow SO
MAX220EWE+ -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

+Denotes a /ead(Pb)-free/HoHS—conwﬁant package.
*Contact factory for dice specifications.

Ordering Information continued af end of data sheet.

Selection Table

AutoShutdown and UCSP are trademarks of Maxim Integrated
Products, Inc.

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number (V) Drivers/Rx_Ext. Caps (pF) State SHDN (kbps) Features
MAX220 +5 212 4 0.047/0.33  No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 415 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 —— No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No - 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 2/2 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No —_ 200 Open-line detecticn simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 Yes 4 120 High slew rate, selective half-chip enables
MAX249 +5 G0 4 Yes v 120 Available in quad flatpack package
AW A1 AW Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1- 888-629-4642,

or visit Maxim’s website at www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW

(Voltages referenced to GND.)

L O Y -0.3Vto +6Y
V+ (Note 1) (Vce - 0.3V) to +14V
VNGB 1) crsosssrimmmmsvsmsrsmim s +0.3V to -14V
Input Voltages
T s ssemgrsmmnms e -0.3Vto (Ve - 0.3V)
RIN (Except MAX220) ..o, +30V
RIN (MAX220) ..o, "
TOUT (Except MAX220) (Note 2) ... :
TOUT (MAX220)......cveiiiiiiiiecie et eectis o vevsits e
Output Voltages
TOUT . veerasesssansssemsssasarssnsnssoneeessisrs oo oee vissssivesinas - +15V
191 i SR 4 o -0.3Vto (Voo + 0.3V)
Driver/Receiver Output Short Circuited to GND......... Continuous

Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mwW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)..889mW
20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW

Note 1: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V,

16-Pin Wide SO (derate 9.52mW/°C above +70°C)

18-Pin Wide SO (derate 9.52mW/°C above +70°C)

(derate 10.00mW/°C above +70°C)....

20-Pin SSOP (derate 8.00mW/°C above +70°C)

16-Pin CERDIP (derate 10.00mW/°C above +70°C)

18-Pin CERDIP (derate 10.53mW/°C above +70°C)
Operating Temperature Ranges

20-Pin Wide SO

MAX2__AC__, MAX2_ _C

MAX2_ _AE__, MAX2_ _E

MAX2_ _AM_ _, MAX2_ _M_ _
Storage Temperature Range
Lead Temperature (soldering, 10s)

Soldering Temperature (reflow)

20 PDIP (P20M+1) coovevieiiiiies oo
All other lead(Pb)-free packages
All other packages containing lead(Pb)

Note 2: Input voltage measured with TOUT in high-impedance state, VSHDN or Vog = 0V.
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device, These are stress ratings only, and functional

operation of the device at these or any other conditions beyond those indicated in the op

absolute maximum rating conditions for extended periods may affect device refiability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

0°C to +70°C
-40°C to +85°C
....-55°C to +125°C
-65°C to +160°C

+225°C
etk 260°C

erational sections of ihe specifications is not implied. Exposure to

(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = Tmin to Timax, unless otherwise noted.) (Note 3)

PARAMETER | CONDITIONS [ MmN Ty max | units
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND =5 +8 Vv
Input Logic-Low Voltage 1.4 0.8 V
All devi t MAX220 1.4
Input Logic-High Voltage WS : v
MAX220: Voo = +5.0V 2.4
All except MAX220, normal operation 5 40
Logic Pullup/Input Current VSHDN = 0V, MAX222/MAX242, shutdown, HA
+0.01 +1
MAX220
Vce = +5.5V, VSHDN = OV, Vout = =15V,
MAX222/MAX242 S0 S10
Output Leakage Current : WA
Vour = +15V +0.01 +10
Vee = VSHBN = OV
MAX220, Vout = =12V +25
Data Rate 200 116 kbps
Transmitter Output Resistance Vec=V+ = V- =0V, Vour = 22V 300 10M Q
V =0V +7 +22
Output Short-Circuit Current Vour = 0V our=0 - = mA
MAX220 +60
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range = V
- I
P anie g . MAX220 +25
All t MAX243 R2IN 0.8 1.3
RS-232 Input Threshold Low Voo = +5V SRtk v
MAX243 R2IN (Note 4) -3
. All except MAX243 R2IN 1.8 2.4
RS-232 Input Threshold High VoG = +5V - v
MAX243 R2IN (Note 4) -0.5 -0.1
LV 4V ]




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (contin ued)

(Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = Tmin to Timax. unless otherwise noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS
All except MAX220/MAX243, Voo = +5V, no
i 0.2 0.5 1.0
@i i hysteresis in shutdown ”
- t teresis
i R MAX220 0.3
MAX243 1
. 3 5 ¥
RS-232 Input Resistance Ta = +25°C (MAX220) - e - kQ
I =3.2mA 0.2 0.4
TTL/CMOS Output Voltage Low LT v
lout = 1.6mA (MAX220) 0.4
TTL/CMOS Output Voltage High lout = -1.0mA 3.5 Vee- 0.2 Y
Sourcing Vi =V -2 -10
TTL/CMOS Output Short-Circuit Current - ur.clng s U2 mA
Sinking Vour = Vce 10 30
VSHDN = Ve or VEN = Ve (VSADN = 0V for
TTL/CMOS Output Leakage Current MAX222), 0V < VouT < Vee +0.05 +10 pA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 1.4 v
Supply Voltage Range 4.5 5.5 \%
MAX220 0.5 2
No load MAX222/MAX232A/MAX233A/ 4 10
Vee Supply Current (VSHADN = Voe), MAX242/MAX243
: mA
Figures 5, 6, 11, 19 MAX220 12
3kQ load
both inputs MAX222/MAX232A/MAX233A/ 15
MAX242/MAX243
Ta = +25°C gn 10
MAX222/ Ta = 0°C to +70°C 2 50
Shutdown Supply Current A
RRY MAX242 Ta = -40°C to +85°C 2 50 B
Ta'=-55°C-t0 +125°C 3b 100
SHDN Input Leakage Current MAX222/MAX242 +1 HA
SHDN Threshold Low MAX222/MAX242 1.4 0.8 v
SHDN Threshold High MAX222/MAX242 2.0 1.4 v
oL = OD0F 10 25000F. | MAX222/MAX232A/ : =
L= O M3 | MAX233/MAX242/MAX243
Transition Slew Rat Yoo= vav. 1a= Vius
MR b = +25°C, measured H
from +3Vto -3V or | MAX220 1.5 3 30.0
-3Vito +3V
MAX222/MAX232A/ 13 35
tPHLT, Figure 1 MAX233/MAX242/MAX243 ' '
Transmitter Propagation Delay TLL to MAX220 4 10 .
RS-232 (Normal Operation) MAX222/MAX232A/ 5 3 g
tpLHT, Figure 1 MAX233/MAX242/MAX243 t 9
MAX220 5 10

MAXI/A

6PCcXVIN-OceXVIN



+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vcg = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TmiN to Tmax, unless otherwise noted.) (Note 3)

MAX220-MAX249

PARAMETER CONDITIONS MIN TYP MAX | UNITS
MAX222/MAX232A/MAX 233/ 05 ’
tPHLR, Figure 2 MAX242/MAX243 ’
Receiver Propagation Delay RS-232 to MAX220 0.6 3 "
TLL (Normal Operation) MAX222/MAX232A/MAX 233/ 0.6 1
tPLHR, Figure 2 MAX242/MAX243 '
MAX220 0.8 3
Receiver Propagation Delay RS-232 to | tPHLS, Figure 2 MAX242 0.5 10 .
TLL (Shutdown) trrLs, Figure 2 | MAX242 25 10 H
Receiver-Output Enable Time tER MAX242, Figure 3 125 500 ns
Receiver-Output Disable Time tor MAX242, Figure 3 160 500 ns
Transmitter-Output Enable Time ¢ chzﬂamf(zi:érl\ﬂgﬁfﬁa? Teu-Fum 250
(SHDN Goes High) e P : § | ke
start-up), Figure 4
Transmitter-Output Disable Time " MAX222/MAX242, 600
(SHDN Goes Low) — 0.1uF caps, Figure 4 ns
MAX222/MAX232A/MAX 233/
Transmitter + to - Propagation Delay MAX242/MAX243 300
Difference (Normal Operation) IPHLT - tPLHT N e
MAX220 7 2000
Receiver + to - Propagation Delay KRR 01 AN 100
i s MAX242/MAX2
Difference (Normal Operation) [PHLR - (PLHR L] s Gl
MAX220 225

Note 3: All units are production tested at hot. Specifications over tem

Note 4: MAX243 R20UT is guaranteed to be low when R2IN = 0V or is unconnected.

perature are guaranteed by design.

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

(Voltages referenced to GND.)

VG0 e onmes ot s s RS SRR e e -0.3V to +6V
Vo e (Vcc - 0.3V) to +14V
L . +0.3V to -14V
Input Voltages

TN s R -0.3V to (Voo + 0.3V)

BRIN e o e et s s msersmssamansans s me g +30V
Output Voltages

TOIT s mmemmssmmsnosssmrmrsrmmmig (V+ + 0.3V) to (V- - 0.3V)

ROUT sovsmmemmsrsiis sl -0.3Vto (Voo + 0.3V)
Short-Circuit Duration, TOUT to GND «.ooovveove Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mwW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C).......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....... 800mw
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mw

28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) ... 889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 727mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........ 88SmwW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) .............. 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mw

Operating Temperature Ranges
MASE 27 G ooerererer B M eovesmrrseenannosressssrenis 0°C to +70°C
TS ol S AN, N, "R -40°C to +85°C
MAX2 __ M __ ..-65°C to +125°C
Storage Temperature Range ...........ccccocooveen, -65°C to +160°C
Lead Temperature (soldering, 108)....c....ccooveevvvecernnn ., +300°C
Soldering Temperature (reflow)
2O PDIP (P20OM+1) coicviiiriiecee e ee e +225°C
24 POIP-(P2AM-1) che oo iimssesieeeie e it er e e e +225°C
All other lead(Pb)-free packages...........cccccoovevvreoveen.. +260°C
All other packages containing lead(Pb) ..o +240°C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ralings only, and functional
operation of the device at these or any other conditions beyond those indicaled in the operational sections of the specifications is not implied. Exposure to
absolute maxirmum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Voo = +5V +10%; MAX233/MAX235, Vg = +5V +5%, C1-C4 = 1.0pF;
MAX231/MAX239, Voo = +8V 10%; V+ = +7.5V to +13.2V: Ta = TMin 1O Twax; unless otherwise noted.) (Note 5)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 +7.3 v
MAX232/233 10
Ve Supply Current fT“: ‘fig;jﬂc MAX223/230/234-238/240/241 4 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Supply Current mA
MAX239 5 18
Shutdown Supply Current Ta = +25°C g2 L i pA
MAX230/235/236/240/241 1 10
Input Logic-Low Voitage TIN, EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
TIN 2.0
Input Logic-High Voltage EN, SHDN (MAX223): ” v
EN, SHDN (MAX230/235/236/240/241) ’
Logic Pullup Current VTin = 0V 1.5 200 LA
B el ilage ERE
AKXV 5
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers
ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)
(MAX223/230/232/234/236/237/238/240/241, Voc = +5V +1 0%; MAX233/MAX235, Voo = +5V +5%, C1-C4 = 1.0uF;
MAX231/MAX239, Vo = +8V £10%; V+ = +7.5V to +13.2V; Ta = Timin to Tmax: unless otherwise noted.) (Note 5)
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
VSHDN = +5V (MAX223) 0.8 1.2
TA = +25°C VSHDN =oAL (MAX235/236/240['241)
RS-232 Input Logic-Low Voltage e v : vV
Co Shutdown (MAX223)
VSHDN = 0V, 0.6 1.5
VEN = +5V (R4IN, R5IN)
Normal operation
VSHDN = 5V (MAX223) 1.0 2.4
Ta = +25°C VsHon = OV (MAX235/236/240/241)
RS-232 Input Logic-High Voltage Voo = +5V y vV
Co% + Shutdown (MAX223)
VSHDN = 0V, 1.5 2.4
VEN = +5V (R4IN, R5IN)
RS-232 Input Hysteresis Vee = +5VY, no hysteresis in shutdown 0.2 0.5 1.0 V
RS-232 Input Resistance TA = +25°C, Vg = +5V 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 1.6mA (MAX231/232/233, louT = 3.2mA) 0.4 \
TTL/CMOS Output Voltage High lout = -1mA 35 Vee-04 vV
0V < Rour £ Vee: VEN = 0V (MAX223);
TTL/CMOS Output Leakage Current VEN = Vo (MAX235-241) +0.05 +10 PA
MAX223 600
Receiver Output Enable Time Norma.l ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma] ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT, VSEDH = OV tPHLS 40 s
CL = 150pF (MAX223) 1PLHS 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Voo = +5V,
RL = 3kQ to 7kQ, C| = 50pF to 2500pF, measured from 3 51 30
+3Vto -3V or -3V to +3V
Transition Region Slew Rate Vs
MAX231/MAX232/MAX233, Ta = +25°C, Voo = +5Y,
R = 3k to 7kQ, C|_ = 50pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V- = 0V, Vout = =2V 300 0
g'ansmitter Output Short-Circuit +10 —
urrent

Note 5: All units are production tested at hot except for the MAX240, which is production tested at Ta = +2

temperature are guaranteed by design.

5°C. Specifications over

/N AKX/



+5V-Powered, Multichannel RS-232
Drivers/Receivers

Vou (V)

W

Vo (V)

SN AKX/
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249
(Voltages referenced to GND.) Continuous Power Dissipation (Ta = +70°C)
Supply Voltage (VCEC) oo, -0.3V to +6V 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
Input Voltages 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C)...611mW
TIN, ENA, ENB, ENR, ENT, ENRA, 44-Pin PLCC (derate 13.33mW/°C above +70°C) ...........1.07W
ENRBLENTA,; ENTB: v -0.3V to (Ve + 0.3V) Operating Temperature Ranges
R T T L +25V MAX225C_ _, MAX24_C_ _ ...ooooovveieeeiee e 0°C to +70°C

............................................. +15Y MAX225E_ _, MAX24_E_ _ ..o 40°C to +85°C
-0.3V to (Vcg + 0.3V) Storage Temperature Range ..........c.cccvvvevnn.. -65°C to +160°C
Short Circuit Duration (one output at a time) Lead Temperature (soldering,108)) v.voveeeeeeeeeeees
TOUT t0 GND c.vievismenimsresmersensrsssmeses s oasge e coreins Continuous Soldering Temperature (reflow)

ROUT 1o GNDL gl Continuous A0 PDIP (PAOM-2) .o
All other lead(Pb)-free packages........c.coccoevvnnn.,
All other packages containing lead(Pb)

Note 6: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vgc = 0V,

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage fo the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Voo = +5.0V £5%; MAX244-MAX249, Voo = +5.0V +10%, external capacitors C1-C4 = 1uF; Ta = Tmin to Timax: unless
otherwise noted.) (Note 7)

PARAMETER | CONDITIONS I MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic-Low Voltage 1.4 0.8 vV
Input Logic-High Voltage 2 1.4 \
Logic Pullup/Input Current Tables 1a-1d [Jgrmakopergion 10 o pA
Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation 120 64 kbps
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 £7 5 \
VENA, VENB, VENT, VENTA £001 25
VENTB = Ve, Vout = £15V
Output Leakage Current (Shutdown) Tables 1a-1d pA
VoSt N £0.01 25
Vout = 15V
Transmitter Output Resistance Ve = V+ = V- =0V, Vour = +2V (Note 8) 300 10M Q
Output Short-Circuit Current Vour = OV +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 V
RS-232 Input Logic-Low Voltage Ve = +5V 0.8 1.3 v
RS-232 Input Logic-High Voltage Vee = +5V 1.8 24 \
RS-232 Input Hysteresis Voo = +5V 0.2 0.5 1.0 \
RS-232 Input Resistance 3 5 7 k€
TTL/CMOS Qutput Voltage Low louT = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High lout = -1.0mA 35 Veco-0.2 V
TTL/CMOS Output Short-Circuit Current S?urCIITQ YouT= VanD z . mA
Sinking YouT = Vco 10 30
TTL/CMOS Output Leakage Current ?;glg? f;_irjlt‘83’25@5&5\;&3@3% Vet £0.05  =0.10 pA

8 SN AKXV
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Vo = +5.0V £5%; MAX244-MAX249, Voo = +5.0V +10%, external capacitors C1-C4 = 1uF; Ta = Tmin to Tmax: unless
otherwise noted.) (Note 7)

PARAMETER | CONDITIONS | MIN TYP  MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
s v Voltage Range MAX225 475 525 v
HEpl ¥eiiege fang MAX244-MAX249 45 55
MAX225 10 20
No load
Vce Supply Current MAX244-MAX249 11 30 vl
(Normal Operation) 3kQ loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current A
PRY TA = TMIN t© Tmax 50 ;
Leakage current +1 pA
Control Input Logic-low voltage 1.4 0.8 y
Logic-high voltage 2.4 1.4
AC CHARACTERISTICS
w5 CL = 50pF to 2500pF, R = 3kQ to 7kQ, Voe = +5V,
Transition Slew Retg Ta = +25°C, measured from +3V to -3V or -3V to +3V g . ae vike
Transmitter Propagation Delay tPHLT, Figure 1 1.8 g i
TLL to RS-232 (Normal Operation) fRLaT Figure 1 15 35
Receiver Propagation Delay tPHLR, Figure 2 g 1.5 i
TLL to RS-232 (Normal Operation) Nl S o 4 == H
Receiver Propagation Delay tPHLS: Figure 2 10 "
TLL to RS-232 (Low-Power Mode) tPLHs, Figure 2 30 10
Transmitter + to - Propagation
Delay Difference (Normal Operation) IPHLT - tPLHT 450 ns
Receiver + to - Propagation c
Delay Difference (Normal Operation) fPHLR - (PLHR 0 s
Receiver-Output Enable Time ter, Figure 3 100 500 ns
Receiver-Output Disable Time tor, Figure 3 100 500 ns
MAX246-MAX249 5 »
(excludes charge-pumnp startup) K
Transmitter Enable Time teT
MAX225/MAX245-MAX249
3 10 ms
(includes charge-pump startup)
Transmitter Disable Time toT, Figure 4 100 ns

Note 7: All units production tested at hot. Specifications over temperature are guaranteed by design.
Note 8: The 300Q minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Vee =

0V is 10MQ as is implied by the

SNAXIV

leakage specification.
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Test Circuits/Timing Diagrams
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WHERE -3V IS USED.

Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing
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Contirol Pin Configuration Tables

Table 1a. MAX245 Control Pin Configurations

MAX220-MAX249

ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All High-Z
1 0 Shutdown All High-Z All Low-Power Receive Mode
| 1 1 Shutdown All High-Z All High-Z
Table 1b. MAX245 Control Pin Configurations
e e OPERATION TRANSMITTERS RECEIVERS
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
: f \ RA1-RA4 High-Z, RB1-RB4 High-Z,
0 1 Normal Operation All Active All Active RA5 Active RB5 Active
] , All Low-Power All Low-Power
1 0 Shutdown All High-Z All High-Z Yian. 3 ¥ -9 R8-cive Mods
RA1-RA4 High-Z, RB1-RB4 High-Z,
1 1 Shutdown All High-Z All High-Z RAS5 Low-Power RB5 Low-Power
Receive Mode Receive Mode

Table 1c. MAX246 Control Pin Configurations

— — OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
; : . . RB1-RB4 High-Z,
0 1 Normal Operation All Active All High-Z All Active RB5 Active
¢ ; RA1-RA4 High-Z, .
1 0 Shutdown All High-Z All Active RA5 Active All Active
RA1-RA4 High-Z, RB1-RB4 High-Z,
1 1 Shutdown All High-Z All High-Z RA5 Low-Power RAS5 Low-Pawer
Receive Mode Receive Mode
12 AKX/
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations _
TRANSMITTERS RECEIVERS
OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTB | ENRA | ENRB
EIRRA STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RA5 RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
All High-Z, except
0 0 0 1 Normal Operation All Active | All Active | All Active RB5 stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All High-Z All Active
All High-Z, except
0 0 1 1 Normal Operation All Active | All Active | All High-Z RBS stays active on
MAX247
0 1 0 0 Normal Operation All Active | All High-Z | All Active All Active
All High-Z, except
0 1 0 1 Normal Operation All Active | All High-Z | All Active RB5 stays active on
MAX247
0 1 1 0 Normal Operation All Active | All High-Z | All High-Z All Active
All High-Z, except
0 1 1 1 Normal Operation All Active | All High-Z | All High-Z RBS5 stays active on
MAX247
il 0 0 0 Normal Operation All High-Z | All Active | All Active All Active
All High-Z, except
1 0 0 1 Normal Operation AllHigh-Z | All Active | All Active RBS stays active on
MAX247
1 0 1 0 Normal Operation All High-Z | All Active | All High-Z All Active
All High-Z, except
1 0 1 ) Normal Operation | All High-Z | All Active | All High-Z RB5 stays active on
MAX247
: " Low-Power Low-Power
1 1 0 0 Shutdown All High-Z | All High-Z P cais Mods Rezslve Mode

All High-Z, except

: . Low-Power ;
1 1 0 1 Shutdown All High-Z | All High-Z ) RB5 stays active on
Receive Mode MAX247
1 1 1 0 Shutdow, All High-z | All High-Z | All High-Z POl
a ! g 9 v Receive Mode
All High-Z, except
1 1 1 1 Shutdown All High-Z | All High-Z | All High-Z RB5 stays active on

MAX247

AKXV 13

6VCXVIN-OccXVIN



MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to +10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum +35V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to 0V, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be connected to Voo, This is
because V+ is internally connected to Voo in shutdown
mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ2 RS-232 receiver and Voc =
+5V. Qutput swing is guaranteed to meet the EIA/TIA-
232k and V.28 specification, which calls for =5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, Vco = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400k input pullup resistors to Voo are built in
(except for the MAX220). The pullup resistors force the
outputs of unused drivers low because all drivers invert,
The internal input pullup resistors typically source 12pA,
except in shutdown mode where the pullups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown

14

mode, in three-state mode, or when device power is
removed. Qutputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pullup resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vce.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenaver the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vog + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EIAITIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |[SHDN|SHDN| EN | EN(R) RECEIVERS
Low |X High Impedance
MAX223 — | High | Low — | Active
High | High High impedance
Low High Impedance
MAX22S | — | — | — |figh |Actve
MAX235 | Low Low High Impedance
MAX236 | Low _ | High | Active
MAX240 | High X High Impedance
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nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V, This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
unconnected without interrupting communication.
Different cables are not needed to interface with different
pieces of equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V, Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the O or "OK to send” state. Normally, the MAX243’s
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left uncon-
nected, or shorted to ground. The high output tells the
serial communications IC to stop sending data. To
avoid this, the control lines must either be driven or
connected with jumpers to an appropriate positive volt-
age level.

SN AKXV
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25uA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls,

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled recsivers function in
the low-power receive mode when in shutdown.
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB recejver
enable inputs each control four receiver outputs. The

ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to 20kb/s.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.
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Figure 18. MAX240 Pin Configuration and Typical Operating Circuit
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Figure 20. MAX244 Pin Configuration and Typical Operating Circuit
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Figure 21. MAX245 Fin Configuration and Typical Operating Circuit
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Figure 22. MAX246 Pin Configuration and Typical Operating Circuit
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Figure 23. MAX247 Pin Configuration and Typical Operating Circuit
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Figure 24. MAX248 Pin Configuration and Typical Operating Circuit
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Figure 25, MAX249 Pin Configuration and Typical Operating Circuit
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Ordering Information (continued)
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE
MAX222CPN+ 0°C to +70°C 18 Plastic DIP MAX232AC/D 0°C to +70°C Dice*
MAX222CWN+ 0°C to +70°C 18 Wide SO MAX232AEPE+ -40°C to +85°C 16 Plastic DIP
MAX222C/D 0°C to +70°C Dice* MAX232AESE+ -40°C to +85°C 16 Narrow SO
MAX222EPN+ -40°C to +85°C 18 Plastic DIP MAX232AEWE+  -40°C to +85°C 16 Wide SO
MAX222EWN+ -40°C to +85°C 18 Wide SO MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMJE -65°C to +125°C 16 CERDIP
MAX222MJN -55°C to +125°C 18 CERDIP MAX232AMLP+ -55°C to +125°C 20 LCC
MAX223CAIl+ 0°C to +70°C 28 SSOP MAX233CPP+ 0°C to +70°C 20 Plastic DIP
MAX223CWI+ 0°C to +70°C 28 Wide SO MAX233EPP+ -40°C to +85°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACPP+ 0°C to +70°C 20 Plastic DIP
MAX223EAl+ -40°C to +85°C 28 SSOP MAX233ACWP+ 0°C to +70°C 20 Wide SO
MAX223EWI|+ -40°C to +85°C 28 Wide SO MAX233AEPP+ -40°C to +85°C 20 Plastic DIP
MAX225CWI|+ 0°C to +70°C 28 Wide SO MAX233AEWP+ -40°C to +85°C 20 Wide SO
MAX225EW|+ -40°C to +85°C 28 Wide SO MAX234CPE+ 0°C to +70°C 16 Plastic DIP
MAX230CPP+ 0°C to +70°C 20 Plastic DIP MAX234CWE + 0°C to +70°C 16 Wide SO
MAX230CWP+ 0°Cto +70°C 20 Wide SO MAX234C/D 0°C to +70°C Dice*
MAX230C/D 0°C to +70°C Dice* MAX234EPE+ -40°C to +85°C 16 Plastic DIP
MAX230EPP+ -40°C to +85°C 20 Plastic DIP MAX234EWE + -40°C to +85°C 16 Wide SO
MAX230EWP+ -40°C to +85°C 20 Wide SO MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX234MJE -55°C to +125°C 16 CERDIP
MAX230MJP -55°C to +125°C 20 CERDIP MAX235CPG+ 0°C to +70°C 24 Wide Plastic DIP
MAX231CPD+ 0°C to +70°C 14 Plastic DIP MAX235EPG+ -40°C to +85°C 24 Wide Plastic DIP
MAX231CWE+ 0°C to +70°C 16 Wide SO MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CJD 0°Cto +70°C 14 CERDIP MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231C/D 0°C to +70°C Dice* MAX236CNG+ 0°C to +70°C 24 Narrow Plastic DIP
MAX231EPD+ -40°C to +85°C 14 Plastic DIP MAX236CWG+ 0°C to +70°C 24 Wide SO
MAX231EWE+ -40°C to +85°C 16 Wide SO MAX236C/D 0°C to +70°C Dice*
MAX231EJD -40°C to +85°C 14 CERDIP MAXZ236ENG + -40°C to +85°C 24 Narrow Plastic DIP
MAX231MJD -55°C to +125°C 14 CERDIP MAX236EWG+ -40°C to +85°C 24 Wide SO
MAX232CPE+ 0°C to +70°C 16 Plastic DIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CSE + 0°C to +70°C 16 Narrow SO MAX236MRG -565°C to +125°C 24 Narrow CERDIP
MAX232CWE + 0°C to +70°C 16 Wide SO MAX237CNG+ 0°C to +70°C 24 Narrow Plastic DIP
MAX232C/D 0°C to +70°C Dice* MAX237CWG+ 0°C to +70°C 24 Wide SO
MAX232EPE+ -40°C to +85°C 16 Plastic DIP MAX237C/D 0°C to +70°C Dice*
MAX232ESE+ -40°C to +85°C 16 Narrow SO MAX237ENG+ -40°C to +85°C 24 Narrow Plastic DIP
MAX232EWE+ -40°C to +85°C 16 Wide SO MAX237EWG + -40°C to +85°C 24 Wide SO
MAX232EJE -40°C to +85°C 16 CERDIP MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MLP+ -55°C to +125°C 20 LCC MAX238CNG+ 0°C to +70°C 24 Narrow Plastic DIP
MAX232ACPE+ 0°C to +70°C 16 Plastic DIP MAX238CWG+ 0°C to +70°C 24 Wide SO
MAX232ACSE+ 0°C to +70°C 16 Narrow SO MAX238C/D 0°C to +70°C Dice*
MAX232ACWE+ 0°C to +70°C 16 Wide SO +Denotes a lead(Ph)-free/RoHS-compliant package.

VAKXV

*Contact factory for dice specifications.
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Ordering Information (continued)
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE

MAX238ENG + -40°C to +85°C 24 Narrow Plastic DIP MAX243CPE+ 0°C to +70°C 16 Plastic DIP
MAX238EWG+ -40°C to +85°C 24 Wide SO MAX243CSE + 0°C to +70°C 16 Narrow SO
MAX23B8ERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE + 0°C to +70°C 16 Wide SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice*
MAX239CNG+ 0°C to +70°C 24 Narrow Plastic DIP MAX243EPE+ -40°C to +85°C 16 Plastic DIP
MAX239CWG + 0°C to +70°C 24 Wide SO MAX243ESE + -40°C to +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice* MAX243EWE + -40°C to +85°C 16 Wide SO
MAX239ENG+ -40°C to +85°C 24 Narrow Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP
MAX239EWG + -40°C to +85°C 24 Wide SO MAX243MJE -55°C to +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH+ 0°C to +70°C 44 PLCC
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice*
MAX240CMH+ 0°C to +70°C 44 Plastic FP MAX244EQH+ -40°C to +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice* MAX245CPL+ 0°C to +70°C 40 Plastic DIP
MAX241CAl+ 0°C to +70°C 28 SSOP MAX245C/D 0°C to +70°C Dice*
MAX241CWI+ 0°C to +70°C 28 Wide SO MAX245EPL+ -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice* MAX246CPL+ 0°C to +70°C 40 Plastic DIP
MAX241EAl+ -40°C to +85°C 28 SSOP MAX246C/D 0°C to +70°C Dice*
MAX241EWI+ -40°C to +85°C 28 Wide SO MAX246EPL+ -40°C to +85°C 40 Plastic DIP
MAX242CAP+ 0°C to +70°C 20 SSOP MAX247CPL+ 0°C to +70°C 40 Plastic DIP
MAX242CPN+ 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C to +70°C Dice*
MAX242CWN+ 0°C to +70°C 18 Wide SO MAX247EPL + -40°C to +85°C 40 Plastic DIP
MAX242C/D 0°C to +70°C Dice* MAX248CQH+ 0°C to +70°C 44 PLCC
MAX242EPN + -40°C to +85°C 18 Plastic DIP MAX248C/D 0°C to +70°C Dice*
MAX242EWN + -40°C to +85°C 18 Wide SO MAX248EQH + -40°C to +85°C 44 PLCC
MAX242EJN -40°C to +85°C 18 CERDIP MAX249CQH+ 0°C 1o +70°C 44 PLCC

Il/lAX242MJN -55°C to +125°C 18 CERDIP MAX249EQH+ -40°C to +85°C 44 PLCC
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*Contact factory for dice specifications.
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Package Information
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#", or "-" in
the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to
the package regardless of RoHS status.

PACKAGE TYPE PACKAGE CODE OUTLINE NO. LAND PATTERN NO.
14 PDIP P14+3
16 PDIP P16+1
16 PDIP P16+2
16 PDIP P16+3
21-0043
18 PDIP P18+5
20 PDIP P20+3
20 PDIP P20M+ 1
24 PDIP N24+3
24 PDIP P24M+1 -
28 PDIP P28+2
21-0044
40 PDIP P40+1
40 PDIP P40M+2
14 CERDIP J14-3
16 CERDIP J16-3
18 CERDIP J18-2 21-0045
20 CERDIP J20-2
24 CERDIP R24-4
16 SO(N) S16+3
21-0041 90-0097
16 SO(N) S16+45
16 SO(W) W16+1
16 SO(W) W16+2 90-0107
16 SO(W) W16+3
18 SO(W) W18+1 90-0181
20 SO(W) W20+3
21-0042 90-0108
20 SO(W) W20M-+ 1
24 SO(W) W2442 90-0182
28 SO(W) W28+1
28 SO(W) W28+2 90-0109
28 SO(W) W28M+1
20 LCC L20+3 21-0658 90-0177
20 SSOP A20+1 90-0094
24 SSOP A2442 90-0110
21-0056
28 SSOP A28+1 90-0095
16 TSSOP U16+1 90-0117
16 FPCK F16-3 21-0013 e
44 MQFP M44+5 21-0826 90-0169
44 PLCC Q4441
21-0049 90-0236
44 PLCC Q4442
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Revision History

REVISION | REVISION PAGES
NUMBER DATE UESERIRTION CHANGED
inf ti I in th i ]
15 1/06 Addgd part information to the lead temperature in the Absolute Maximum Ratings 25 8
sections
Changed multiple packages to lead-free versions: updated/added notes 3, 4, 5, 7,
16 7/10 and 8 to the Electrical Characteristics table; removed incorrect subscripting from all 1, 2-9, 17-36
pin names in the Electrical Characteristics table and Pin Configurations
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