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Abstract
This project presents the design and making of the warehouse control system by using the
personal computer to store information of the users in the database. display the status of the
warehouse and receive the order from the user. After receiving order the computer will check the
status of the warehouse and transmit the control signal through the serial port to the fork lift car which
is control by microprocessor. The fork lift car uses the infared light emitting diodes and photo

transistors as the sensors and DC motors as the drivers.
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#include<regS1.h>

sbit mfn = P170:
sbit mfp=PI1"1:
sbit min=PI172;
sbit mlp =P1"3:
sbit mrn = P1"4:
sbit mrp =P1"3:

sbit sl = P270;
sbit
. sbit
sbit
sbit
sbit

sbit

void follow(void)
{ while(s4)
{ while(~s2& ~s3& s4)
1 mlp = Lmirp = 1:delay(30):
mlp = O:mip = O:delay(70): ¢
while(s3&s4)

{ mlp = limrp = l:delay(135):

dy I dl Y o U ¥ tﬂl = 1 6’5 1 ¥ o ¥ 6 v ¥
wenanstiluenansianulidgwiumsldnuienisfinumintu leaygalmhluldusslewisunisen
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void followb(void)

void left(void)

while(s1)

while(s])

mlp = O:mrp = I:delay(15):

mlp = Omrp = O:delayv(70): |

while(s2&s+)
| mlp = 1:mrp
mlp = Limrp

mlp = O:mrp

while(~s2& ~s3&s1)

] min = l:mm

min = O:mrn,

while(s3&s1)

} min = lmm
mln = O:mm
min = (0:mm

while(s2&:s1)

1 min = [:mm =

min = l:mm

min = 0:mm

while(~s2&~s3&s1)

i mlp = linp -

I:delay 15);
O:delay(15):

0:delav(70):

1:delav(30):

O:delav(70):

l:delav(l3):

l:delav(13);

- (:delavt 70):

Lidelav(13):

():delav(15):

1
1

t
i

= O:udelay{ 70);!

I:delav(25):

mlp = U:nup = O:delay(735): !

while(s3&s1)

! mln = Timp = l:delay(15):

min = Omup = 1:delay(10):

mlp = U:mrp = O:delay(75);!

while(s2&s1)

g mlp = Limrp = 1:delay(15):

mip = Limrp = O:delay(15):

g
ff



mlp = O:mrp = O:delay(70):¢ § ¢
void right(void)

| while(s1)

| while(~s2&~s3&s1)
{ mlp = L:mrp = l:delay(25):
mlp = Q:mrp = O:delay(75):
while(s3&s1)

{ mlp = Limip = lidelay(15):
mlp = O:mip = lidelay(15):
mlp = O:mip = (:delay(70).

while(s2&s 1

i mlp = Lien = 1delay(15):
mlp=1:mm = O:delay(10):

mlp = O:mrp = O:delay(75):4 4

void leftb(void)

! while(s4)
0 while(~s2&~s3&s4)

1 mln = T = l:delay(23):
min = 0:mm = 0:delay(75):4

while(s3&s+)

d mlp = l:imrn = ludelay(13):
mlp = O = L:delay(10):
mlp = O:mrn = O:delay(70):;

while(s2&s+)

' min = 1lmm = l:delay(15):

min = T:mm = O:delay(15):
mln = O:mrn = O:delay(70):¢ | |
void rightb(void)
i while(s4)
! while(~s2& ~s3&s4)

} min = T:mm = 1:delay(25):



min = 0:mm = 0:delay(75):{
while(s3&s+)

{ min = l:mm = l:delay(15):
min = 0:mm = 1:delay(15):
min = 0:mm = O:delay(70):{

while(s2&s4)

i min = l:mrp = l:delay(15):
min = Lnup = O:delay(10):
min = O:nup = O:delay(73):4 | |

void main(void)

' unsigned char col.c.row .r.pos.x:

bit lev.io:
mlp = 0:

min = 0:

mrp = (;

mrn = (:

mfp = 0;

mfn =0;

sl = [;

s2 =

sw=1:

Isl

is2=1;

TMOD = 0x21:  Timer] Mode2(8 bit auto reload) for serial port
SCON = 0x50;

PCON = 0x00; // Serial port TX and RX data Mode

THI1 = 0xFD:; /' Set 9600 bps Timerl default

TL1 =0xFD:

RI=0: / Clear RI flag



TI=0: Clear TI flag

TRI1 = 1: Start Timerl|

//while(~RI): Wait until recive data from serial port
pos = SBUF: Load data keep to pos

RI=0: Clear RI flag

switch(pos)

' case ‘A" :col = lwow = l:dev = 0:io = |:break:

case 'B' :col=1r0ow = |:lev = l:i0= |:break:
case 'C" :col = 2:;ron = l:lev = 0:i0 = |:break:
case ‘D" :cob=2:row = l:lev = 1:i0 = I:break:

dow = l:lev= 0:i0 = I:treak:

oyt

case F: col™

aow = |:lev = l:0 = |:break:

"0

case 'F' i col =

2

0:10 = 1:break:

I

case 'G'_:col= Liow = 2:lev

case 'H'/ col = lxonh=2:lev = 140 =1 :break:

case'l' * rcol =2row = 2idey = 0:i0 = |:break:
casc 'J = colh= 20w, 5 2:en =1:io= Ibreak:

case 'K' : col= 3.iow = 2:lev = 0:10 = 1:break:

case 'L" :col= 3o = 2:lev = l:i0 = | :break:

case '‘M"' : col = 1:ron = ]:lev = 00 = 0:break:
case ‘N rcol'= low = l:lev = 1:10 = O:break:
case 'OQ" :col=2iron = l:lev = 0:10 = 0-break:

case 'P" :col=2:ron = l:dev =1:i0 =0:break:

I:lev = 0:10 = 0:break:

(!

case 'Q' :col = 3rows=

l:lev = l:10 = O:break:

2.

case 'R' % col =310\ :

case 'S' :col= lrow = 2:lev = O:io=0:break:
case 'T" :col = Lirow = 2:lev = |:i0 = O:break:
case 'U" :col = 2:row = 2:lev = 0:i0 = 0:break:
case 'V' :col = 20w = 2:lev = 1:io = 0:break:
case 'W' : col = 3ron = 2:lev = 0:10 = (:break:
case 'X' :col = 30w = 2:lev = I:i0 = (:break:

default : break:;



¢ =col:

r=row:
while(sw);
ifflev =1)
while(ls2) lift move to level 2
mfp = 1:
mfp =0:

ifio == 1)

et
follow():right():
follow():
iflio==1)

ifllev = 1) lay package down

dy I dl Y o U ¥ tﬂl = 1 6’; 1 Y o ¥ & v ¥
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while(ls2)
mfn-=1:
else
while(ls1)
mfn = 1:
else
' mfp = 1 :delay(50000):delay(50000):delay(50000);delav(50000): ¢ lift package
up

it

followb():
while(ls1)

dy I dl Y o U ¥ tﬂl = 1 6’; 1 ¥ o ¥ & v ¥
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mfn=1; //lay package down

mfn = 0:

Tlh=10z / Clear Tl flag

SBUF ='Z": . Send finish signal to serial port
while(~TI): "/ Wait until data send to serial port finish
TI=0:¢ ) // Clear TI flag

d’l @ tdl Y o U ¥ ﬂ' = 1 gj 1 Y o ¥ & v U
wnansihluenansianulidmsunmsldnuiionisdnwivintu eygslriluldussleviaunisen
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L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

s 600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

s 1.2A PEAK OUTPUT CURRENT (non repeti-
tive) PER CHANNEL

s ENABLE FACILITY

= OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

= INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel dniver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequencies up to 5 kHz.

BLOCK DIAGRAM

SO(12+4+4)

Powerdip (12+2+2)
ORDERING NUMBERS:

L293DD L293D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

ENABLE1 O

N2 O —

ENABLE2

INZ4

4,5.6.7
14.15.16.17

nsS2L29301-61

A
OUT2 0UT4 i

July 2003
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L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Supply Voltage 36 \
Vss Logic Supply Voltage 36 \
Vi Input Voltage 7 \Y
Ven Enable Voltage 7 \
lo Peak Output Current (100 us non repetitive) 1.2 A
Piat Total Power Dissipation at Tpins = 90 °C 4 w
Tstg, Tj Storage and Junction Temperature —40to 150 C
PIN CONNECTIONS (Top view)
b 4
ENABLE ! ({1 16 D Vss
/
ENABLE 1 1 28 [T Uss INPUT Y 2 15? INPUT 4
INPUT 1 (D] 2 19 1D INPUT 4
OUTPUT 1 (T] 3 18 [TJ OUTPUT 2 ouTPUT T {I3 1] oureur 4
GND (T 4 17 T3 GND
GND & GND
GND CT] S5 16 [1J 6ND af
GND (T} & 15 [ GND GND 5 ‘zp GNO
GND (1 7 14 [T GND
QuTPUT 2 (I 8 13 [1J QUTPUT 3 QUTPUT 2 |6 " ] OUTPUT 3
INPUT 2 (T4 S 12 [ INPUT 3 o 4
vs I 190 14 [T ENABLE 2 ‘°: Jieut 3
N82129301-82 Vs 8 of] EnasLe?
$.657¢
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP SO Unit
Rith j-pins Thermal Resistance Junction-pins max. - i4 “C/W
Rihj.amb Thermal Resistance junction-ambient max. 80 50 (%) °C/W
Rihjcase Thermal Resistance Junction-case max. 14 -

(*) With 6sq. cm on board heatsink.
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L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vss =5V, Tamb = 25 °C, unless

otherwise speciﬁed)

Symbol  Parameter ‘ ~ TestConditions | Min. | Typ. | Max. Unit |
Vs Supply Voltage (pin 10) \%
Vss __Logic Supply Voltage (pin20) | EBIE
Is Total Quiescent Supply Current | | M mA

(pin 10) ; | ol
T n A
s Total Quiescent Logic Supply | Vi=L; f0=0; =W L U a | e mA
it e | VizH: 10=0; Ven=H | [ 1. | 2 @ mA
T | Ven=L e e e Bl 2 mA
' Input Low Voltage (pm2 9,12, i | -03 [ 15 VARG
19) } - 4 S - »
Vin Input High Voltage (pin 2; 9, E Vss < 7.V | 23 | Vss v
T o il L N 23 et
mn Low Voltage Input Current (pin t' ViL=15V | -10 HA
; 2, 9. 4%, 44 AN I E Nilie e
i High Voltage lnput Cun'ent (pm ‘\} 2 3 V < Vm < Vss 0 6 V \ 30 | 100 HA
L 2.8,12,19). NN 7Vl . . A e
' VenL . Enable Low Voltage : s 15 v

4 geint, 11) A Ve-R).E I { e b, %, SN
VenH Enable ngh Voltage [A4e T N4 r K 1 2.3 ‘ Vss M
Jf O AT RN Y i 22 \\ TV
- Low Voltage Enable Current | VeaL= 1.5V | -30 | —=100 A

¥y 3 (pin%} 11PN ¥\ Ay Va \¥ N e 05 U W—
18 H High Voltage Enable Current ‘ 2 3 V < VenH < Vss 06V 10 HA
| =<4 (Pgd 1L WU e B/ ¢) 1202081 €8 < R % SR

VeesagH - Source Output Saturation 12206 A | s WA B v

. Voltage (pins 3, 8, 13, 18) ‘1, VAAANTRY Y, f ————— Y. M-EUl B T

VeE(satiL Sink Output Saturatlon Voltage | lo=+06 A i 12 1B \

1 P el V) 1 S WO B )e )
V¢ Clamp. Duode Forward Voltage ! Io GOOnA VA Oy S, D ,; B Vi
o RiseTime (*) = \ 01t009Vo D 0* All& & Izo.nsis
W 9 Falfime ) |/ oS ot Cm AN 20 JJ s
ton . Tum-on Delay (*) |05V 005Vo i L 750 | ns
”trcffm > Turn-off Dre}rqy ") L 0. 5 Vl to 0.5 Vo A200 i ns

(") Seefig. 1.
KY_I' 37




L293D - L293DD

TRUTH TABLE (one channel) Figure 1: Switching Times
_ dnput  Enable()  |Output]
H H H | 0.5V; Z
L H i 1 i Vi
H L | Z
STL- D TR iz
Z = High output impedance i
(*) Relative to the considered channel - 0.5V
NG 0.1V

S-4a71

Rth- jamb Mn821L293D1-83
t*C/74)

DIE PAD -148x228sq.mils
— DIE SI1ZE-128x138sq.mils
Pd-1u

7S

78

AN

..

65 / N 'w
e g ,, : \

..

Vi
n32L29301~84

45
XN J2 AWHUY B 2 7 g e

417 [7—1'




L293D - L293DD

DIM. i i OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHAN|CAL DATA

ai 0.51 0.020

B 0.85 1.40 | 0.033 0.055

b 0.50 0.020

b1 0.38 0.50 1 0.015 0.020

D 20.0 0.787

E 8.80 - 0.346

e 2.54 0.100

ed 17.78 0.700

F 7.10 0.280

| 5.10 0.201

& 3.30 0.130

Powerdip 16

Z 1.27 0.050

|

1 T NS Ta] M1 1

L

| S0 o G G e FSY ) I P (1 e

3
F —

[~}

4
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L293D - L293DD

e i inch OUTLINE AND
MECHANICAL DATA
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A | 235 2.65 | 0.093 0.104
Al | o1 0.3 |0.004 0.012
B | 033 0.51 | 0.013 0.020
c | 023 0.32 | 0.009 0.013
D | 126 13 | 0.496 0.512
E 7.4 7.6 0.291 0.299
e 1.27 0.050
H 10 10.65 | 0.394 0.419
h 0.2 0.75 { 0.010 0.030
L 0.4 1.27 | 0.016 | 0.050
S020
K 0 (min.)8" (max.}
- | I
Lt hx457
{ |
/ \ } Loy N
= )
- A
e LA P PR T N Ny
= | N K A1 c
2 ——A~ E
H
\ D 1
| ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ!
20 i1 T
!
1 0
A= i)
Fal el
vddudduutt -
6/7 KYI




L293D - L293DD

Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conseguences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.
The ST logois a registered trademark of STMicroelectronics
© 2003 STMicroelectronics — Printed in ltaly — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - ltaly - Japan - Malaysia - Malta - Morcceo -
Singapore - Spain - Sweden - Switzerland - United Kingdom - United States.
http:/lwvwiw.st.com
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MAXIM

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

General Description Features

The MAX220-MAX249 family of line drivers/receivers is Superior to Bipolar
intended for all EIA/TIA-232E and V.28/V.24 communica- ¢ Operate from Single +5V Power Supply

tions interfaces. particularly applications where =12V is
AL VETEBIe. (+5V and +12V—MAX231/I\I!AX239)

: ; ¢ Low-Power Receive Mode in Shutdown
These parts are especially useful in battery-powered sys- (MAX223/MAX242)

tems. since their low-power shutdown mode reduces s
power dissipation to less than 5uW. The MAX225. ¢ Meet All EIA/TIA-232E and V.28 Specifications

MAX233, MAX235. and MAX245/MAX246/MAX247 use ¢ Multiple Drivers and Receivers

no external components and are recommended for appli- ¢ 3-State Driver and Receiver Outputs
cations where printed circuit board space is critical. ¢ Open-Line Detection (MAX243)
Applications Ordering Information
Portaole Computers PART TEMP. RANGE PIN-PACKAGE
Low-PowalBdems MAX220CPE 0°C to +70°C 16 Plastic DIP
) : MAX220CSE 0°C to +70°C 16 Narrow SO
Interface Translation " MAX220CWE 0°Clo +70°C___ 16 Wide SO
Battery-Powered RS-232 Systems | MAX220C/D 0°C to +70°C Dice”
Multidrop RS-232 Networks | | 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

Ordering Information continued at end of data sheet.
"Contact factory for dice specifications.

Selection Table

Power No. of Nomina! 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 2/2 4 £.7/0 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 [« § Yes — 200 Low-power shutdown
MAX223 (MAX2°3) +5 4/5 4 1667 Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 (0] — Yes v 120 Available in SO
MAX230 (MAX20C) +5 5/0 4 1001 Yes X 120 5 drivers with shutdown
MAX231 (MAX2C*) +5 and 212 2 e k) No ~ 120 Standard +5/+ 12V or battery supplies:
+7.510 +#i3.2 same functions as MAX232
MAX232 (MAX2C2) +5 212 4 101 No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX2C3) +5 22 0 No — 120 No external caps
MAX233A +5 2/2 0 — No ) 200 No external caps. high slew rate
MAX234 (MAX2C2) +5 4/0 4 oY No — 120 Replaces * '38
MAX235 (MAX2C3) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX2CE) +5 413 4 ol (C ) Yes — 120 Shutdown. three state
MAX237 (MAX2C7) +5 53 4 .00 No — 120 Complements IBM PC serial port
MAX238 (MAX2C8) +5 4/4 4 1.C(C.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX2CQ) +5 ancd 3/5 2 1.0(C.1) No — 120 Standard +5/+ 12V or battery supplies:
+7.510+132 single-package solution for IBM PC serial port
MAX220 +5 5/5 4 1.G Yes — 120 DIP or flatpack package
MAX241 (MAX2" ") +5 4/5 4 1.C(C %) Yes — 12C Complete IBM PC serial port
MAX242 +5 2/2 4 0. Yes v 200 Separate shutdown and enable
MAX243 +5 2/2 4 04 No — 200 Open-line detection simplifies cabling
MAX224 +5 8/10 4 1c No — 120 High slew rate
MAX225 +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 1.0 Yes v 120 High slew rate. selective half-chip enables
MAX249 +5 6/10 4 C Yes [4 120 Available in quad flatpack package
MNAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.
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VIAXZZU-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

SUPPIY VOIEGE (VEE)rr o riomssomsmsssomsciosmesnsssimined -0.3V to +6V
Input Voltages

TN S o s e s seeninennnni=0.3Y 10 (VEE = 0:3V)

Rin (Except MAX220) ... . +30V

RIN (MAX220)...........ccooo +25V

TouT (Except MAX220) (Note 1) +15V

Tout (MAX220) .. e B o s +13.2V
Output Voltages

ol A ; . . +15V

ROUIT it s s s Ut s e Sl -0:3Vto (Ve + 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)
18-Pin Plastic DIP (derate 11.11mW/°C.above +70°C}

842mwW
889mwW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/C above +70°C)..... 762mW
20-Pin Wide SO (derate 10.00mW/C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/-C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperaiure Ranges
MAX2_ _AC__. MAX2_ _C__
MAX2_ _AE_ _ MAX2_ _E__
MAX2_ _AM_ _. MAX2_ _M_ _ -55°C to +125°C
Storage Temperature Range .. ... ci.”B5°C to +160°C
Lead Temperature (soldering. 10S€C) ......................... +300°C

..................... 0°C to +70°C
-40°C to +85°C

Note 1: Input voltage measured with ToyTin high-imoedance state. SHDN or V¢ = 0V
Note 2: For the MAX220. V+ and V- can have a maximum magnitude of 7V. but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Rati~23 "~ may cause permanent damage lo the cevice. These are stress ratings only. and functional
operation of the device at these or any other conditions beyo~c those indicated in the operational sectiors of the spec:“cations is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability

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

(Vee = +5V £10%. C1-C4 = 0.1pF. MAX220. C1 = Q 047uF C2-C4 = 0.33uF. Ta = TMIN to TMax. unless otherwise noted.)

[ PARAMETER | CONDITIONS | MmN TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All-transmitier outputs loaded with 3kQ to GND +5 +8 \
Input Logic Threshold Low 1.4 0.8 \Y
| t Logic ThrB&n&kiiab All except MAX220 - 2 1.4 N
n ogic Threshold Hi
e 9 MAX220. Voo = 5.0V o
I Pull-Up/ o : All except MAX220. normal operation 5 40 i
ogic Pull- nput Curre A U
gETUEIER SHDN = OV MAX222/242, shutdown. MAX220 2001 | =i
Vee = 5.5V SHDN = QV. Voyut = £15V. MAX222/242 +0.01 +10
Output Leakage Current - JA
Vee = SHON = QV. Voyt = £ 15V +0.01 +10
Data Rate All except MAX220. normal operation 200 116 kb/s
Transmitter Output Resistance Vee = V+ = V- =0V. Vour = 22V 300 10M Q
Qutput Short-Circuit Current Vourt = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \Y
TAll except MAX243 R2), 08 1.3
RS-232 Input Threshold Low Vee = 5V e — V
MAX243 R2|n (Note 2) -3
; All'except MAX243 R2in 1.8 2.4
RS-232 Input Threshold High Vce = 5V Vv
- MAX243 R2n (Note 2) -05 -0.1
All except MAX243 Ve = 5V. no hysteresis in sngn 0.2 0.5 1
RS-232 Input Hysteresis £ e s : \Y
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 vV o
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vcc-02 Y J
i Sourcing V =GND -2 -10 !
TTL/CMOS Output Short-Circuit Current - 3 our mA |
Shrinking Vot = Vce 10 30

2




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

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

PARAMETER CONDITIONS MIN TYP MAX | UNITS
TTL/CMOS Output Leakage Current SUQ%SUXCSCVOéCEN = Voe (SHDN = 0V for MAX222). +0.05 +10 A
EN Input Threshold Low MAX242 1.4 08 v
EN Input Threshold Hign MAX242 20 1.4 v
Operating Supply Voltage 45 i 5.5 \Y
| MAX220 0.5 2

sl No load f
Vee Supply Current (SHDN =Vcg) | MAX222/232A/233A/242/243 4 10 s
Figures 5.6. 11. 19 3kQ load 'MAX220 12

bothrinputs | MAX222/232A/233A/242/243 15
[ Ta=+25°C 0.1 10
+Ta =0°Cto +70°C 2 50
Shutdown Supply Current MAX222/242 AL 0T Qe e % 5 uA
"Ta = -55°C 1o +125°C 35 100
SHDN Input Leakage Current MAX222/242 /3 A
SHDN Tnreshold Low MAX222/242 1.4 08 | Vv
SHDN Tnreshold Hign MAX222/242 20 14 Y,
CL = 50pF to 2500pF ! j
RL=3kQto 7k | MAX222/232A/233A/242/243 6 12 Bo |
Transition Slew Rate Vee =5V.TA = +25°C. V/us
measured from +3V. | vraxooq 15 3 30
to -3V or -3V to +3V
t | MAX222/232A/233A/242(243 & T Bs |
UL to RS 2o a1 SN2 SRR ez /& o |,
Figure 1 oK - MAX222/232A/233A/242/243 1.5 55 |
- MAX220 5 10 |
| MAX222/232A/233A/242/243 0.5 Tt
Receiver Propagation Delay - IPHLR 1 MAX220 06 3
RS-232 to TLL (normal operation). ; us
Figure 2 A | MAX222/232A1233A242/243 06 1
| MAX220 0.8 3
Receiver Propagation Delay tPHLS 'MAX242 0.5 10 | 4
RS-232 to TLL (shutdown). Figure 2 tPLHS MAX242 25 ! jq 1 i
Receiver-Output Enable Time. Figure 3 | teR I MAX242 125 500 | ns
rReceiver-Output Disable Time. Figure 3 | tDR I MAX242 ) 716077 o 566 7-'15*_ ik
Transmvtier—Ogtput Enable Time e . MAX222/242.0.1uF caps 250 IS
(SHDN goes high). Figure 4 ' (includes charge-pump start-up) !

: z ‘ i
I%%gj;ggﬂ“%ﬁf:f ATHE tor | MAX222/242. 0.1yF caps 600 0
Transmmer + to - Propagation , IR ' MAX222/232A/233A/242/243 300 - J o
Delay Difference (normal operation) MAX220 2000 |
Receiver + to - Propagation ] [ MAX222/232A/233A/242/243 100 - [ T o
Delay Difference (normal operation) (PHLR - IPLHR | MAX220 295 1 .

Note 3: MAX243 R2pyT is guaranteed to be low when R2jn;1s > OV or is floating.
3

MAXIMN
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WIRAALLU=IVIAKR LAY

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

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE QUTPUT CURRENT MAX222/MAX242

OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 . n : - r : 5 A0V e 5
\I\L 1uf H ' = Tt Ve =
8 ] : ; OUTPUT LOAD CURRENT | & 1yF CAPS :
3 = 10 SN FLOWS FROM Ve TO V- {3 ; I g
- | EITHER V- OR V- LOADED 5 \ V2 o
6 : : g Al oape T ! sy — 0.1uF CAPS
P Ry | YEFE AT o N = L5V :
= NO LOAD ON = : = SHON
E 2 | TRANSMITTER QUTPUTS 2N \ Vg = 45,25V 3 o
S o | (EXCEPT MAX220 MAX233A) g N =
= | | | s AtLCAPS >
= o |v-rosne0.NOLOADONY S b i =
= : 1 £ e Ve 7 \ 1uF CAPS
(ST 0.1uF TufF —] 2 I [ ; - \< uf CA
6 e D { |t \ l
] — | 5 : e~ LN 0.1uF CAPS
8 — i V- f
o TV LOADED. NOLORD DN : I A\ . Y
o s ff 0™ W 20 Pt TN [ 200030 S0 0% 60 500us/div
LOAD CURRENT (mAj DATA RATE (kbits/sec)

4 MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUN RATINGS—MAX223/MAX230-MAX241

VEE v o, R e S SEE et SR -0.3V to +6V
N bl ..(Vcc -0.3V) to +14V
e W e N O e e +0.3Vto -14V
Input Voltages
N e =t RN R -0.3V to (Vce + 0.3V)
RN s : I Bl el =T Nl £30V
Output Voltages
ToUR e v e y (V4 + 0.3V) to (V- - 0.3V)
ReUTE e aln T -0.3V'to (Vg + 03V)

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)... 500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C).. .. 762mW

20 Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mwW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mwW

28-Pin Wide SO (derate 12.50mW/°C above +70°C) ... .. 1W
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) ... .889mwW
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)..... ..889mwW
24-Pin Narrow CERDIP
(derate 12.50mW/“C above +70°C) IW
24-Pin Sidebraze (derate 20.0mW/°C above +70°C)..... . 16W
28-Pin SSOP (derate 9.52mW/C above +70°C)............ 762mW
Operating Temperature Ranges
\ ....0°C to +70°C
bl aesd08C 0 +855C
- L W, -55°C to +125°C
Storage Temperature Range . ... -65°C to +160°C
Lead Temperature (soldering. 10S€C) ..........ooovieii.. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage (o the device. These are stress ratngs only. and functionai
operation of the device at these or any other conditions beyond those ndicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum raling conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230—MAX241

(MAX223/230/232/234/236/237/238/240/241. VgC = +5V +10. MAX233/MAX235. Vee = 5V 5%, C1-C4 = 1.0uF: MAX231/MAX239
Vee = 5V £10%: V+ .= 7.5V 1o 13.2V; Ta = TMIN to Tmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All-transmitter outputs loaded with 3kQ to ground +5.0 +7.3 \
MAX232/233 10
Vee Power-Supply Current ’;‘: LOiZSC ¢ [ MAX223/230/234-238/240/24 1 7 15 mA
MAX231/239 0.4 1
V+ Power-Supply Current MRS i 2 mA
MAX239 5 15
MAX223 16 50
Snhutdown Supply Current Ta=+25°C uA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low. | Tyn: EN. SHDN (MAX233): EN. SHDN (MAX230/235-241) 08 v
TiN 2.0
Input Logic Threshold Hign g SHDN (MAX223). o Y
EN. SHDN (MAX230/235/236/240/241) 4 ;
Logic Pull-Up Current TN =0V 1.5 200 UA
Rl s 0 | v
MAXIAMN 5

6PCXVIN-0cCcXVYIN



WIARZZLU-IVIAX 249

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

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241. Vcc = +5V +10: MAX233/MAX235. Ve = 5V £5%. C1-C4 = 1.0uF: MAX231/MAX239.
Vee =5V £10%: V+ = 7.5V to 13.2V: Ta = TMIN to Tmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 08 1.2
o c SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold Low ;A *23 o v
cc=5 Snutdown (MAX223)
SHDN =0V, 0.6 15
EN = 5V (R4n. R5IN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
i ¢ SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High gA 125 v
cc =5V Shutdown (MAX223)
SHDN = OV. L 5} 2.4
EN = 5V (R4|n. R5iN)
RS-232 Input Hysteresis Vce = 5V. e nysteresis in shutdown 02 0.5 1.0 \
RS-232 Input Resistance Ta=+25:C Voo =5V 3 o} 7 kQ
TTL/CMOS Output Voltage Low louTt = 1.6mA (MAX231/232/233. IoyT = 3.2mMA) 04 \Y
TTL/CMOS Output Voltage High louT = -1mA B'5% Ve 20.4 \Y

0V <= RouT < Vee: EN = 0V (MAX223):

ov. : UA
EN = Voo (MAX235-241 ) ‘el B

TTL/CMOS Qutput Leakage Current

; : Normal MAX223 600
Receiver Output Enable Time ) ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma»l ns
operation MAX235/236/239/240/24 1 250
RS-232 IN 16 Normal operation 0.5 10
Propagation Delay TTIL/CMOS CUT | SHPN = oV tPHLS 4 40 us
CL = 150pF (MAX223) T 5 40
MAX223/MAX230/MAX234-241.Ta = +25°C. Vcc = 5V.
RL = 3kQ to 7xQ. C| = 50pF to 2500pF. measured from fe? 51 30
+3V to-3Vor -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233. Ta = +25°C. Ve = 5V.
Ri = 3kQ to 7kQ. C| = 50pF to 2500pF. measured from 4 30
+3V to -3Vor -3V to +3V
Transmitter Output Resistance Vee = V+ = V- = 0V. VouT = +2V 300 Q
Transmitter Output Short-Circuit +10 s

Current

8 MAXIMN




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

Typical Operating Characteristics

MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Voy)
TRANSMITTER QUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vo) vs. Vce DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 x 7t ‘ s 20— — - r
2 TRANSMITTERS | : 1 ‘P-f.SMlTTIER L]OADEJ Ta=425°C :—
LOADED 72 fo. 10— Voo oV —3
; —~ '\k LOADED. R, = 3
80—t L 100 N C1-Cd = 1yF —
i "R z [ |
1 TRANSMITTER W < 90 \\ 2 TRANSMITTERS -
Z LOADED = ST yeokisises 7 = Q \_,OADED
Fl Ty Aol i 73 TRANS- = Bl /\ = 80 \
S MITTERS | = ¢ POt~ ‘ = W N
LOADED e . 5 =
| Ta=25C A | ’ “AA \
70 T C1-C4 - 1uFf3 & [ 1 60 —3,‘01;023'“'”5]“5 N
| TRANSMITTER 3 TRANSMITTERS LOADED | 5 , \\
i 5 E7- A | <0 4 TRANSMITTERS S\
RS UTERS LOWDS - e/ T ; : LOADED | N
] 3kQ 11 2500 1-Ca=1uF |
ok LOADED b L o' ‘ L i
45 50 55 S UUS000 £ 10000 | 1500 - 2000 2500 0 300 1000 1500 2000 2560
Vee ) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (oF)
TRANSMITTER OUTPUT VOLTAGE (Vor)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vo) vs. Vce DIFFERENT DATA RATES vs. LOAD CURRENT
6.0 ; < 60 , 10 .
4TRANS- | T2=425°C H 7. <756 Az 8 2
MITTERS C1-C4=1pF |3 6.2 Vo= 45y =
i LOADED, = TRANSMITTER ] 3 TRANSMITTERS LOADED / 6
LOADS = 64 FR-%0 / v
7 - 3kQ 11 2500pF ] it 1uF 3
7.0 66 u // J/
= = 160Kits/s22 Vs u |
g7 S 08T eoupis sac 3 )
1 TRANS- o b 20Kiois sec L) 2
80 MITTER | / ; ; p )]
LOADED | iy J-Ca\\ L/
85 |- 2TRANS: __L3TRANS-2 6 =
85 I Wimers MRS T // —= -8 = =t
o LOADED LOADED A\ i i I ; ALL TRANSMITTERS UNLOADED
; 78 :
45 50 55 CUs00 1000 150020000 2500 0 3710715 20 25 0 3 40 45 50
Vee Vi LOAD CAPACITANCE (pF) CURRENT (mA)
V+, V- WHEN EXITING SHUTDOWN
(1uF CAPACITORS) 3
'--/_,__,..;_N —— - | Ve
0
So CORee
e e e e et e e s SH_DN.
500ms/div

“SnUTDOWN POLARITY IS REVERSED
=OP NON MAX241 PARTS
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MA X249

Supply Voltage (VCC) «ovvoveoeeeeoeee -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)

Input Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) W
Tin, ENA. ENB. ENR. ENT. ENRA. 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) 611mW
ENRBLUENTALENTB . b i daneseinians -0.3V to (Vg + 0.3V) 44-Pin PLCC (derate 13.33mW/C above +70°C) 1.07W
BIN st sndondns Slo e el o IRE 7 1o Operating Temperature Ranges
Tolr(Note S) itz st i o b Tl sueraE 10V MAX225C_ _. . MAX24_C_ _ .. ... 0°C 10 +70°C
o I R e e -0.3V to (Ve + 0.3V) MAX225E_ _. MAX24_E_ _ s san 805G o +85°C

Short Circuit (one output at a time) Storage Temperature Range ... -65°C tc - 160°C
TOUTIOGND ... g ....Continuous Lead Temperature (soldering.10sec) ... ~300°C
ROUTIOGND. ... o . ..Continuous

Note 4: input voltage measured with transmitter outputin a high-impedance state. shutdown. or Voc = 0V.

Stresses beyond those listed under "Absolute Maximum Ratings™ may cause permanent damage to the device. These are siress ratings only. arc “_~ctional
operalion of the device al these or any other conditions beyond those indicated in the operational sections of the specifications is nol implied £:oosure to
absolule maximum raling conditions for extended periods may affect device reliability

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225. Ve = 5.0V £5%: MAX244-MAX249. Vce = +5.0V +10%. external capacitors C1-C4'= 1uF. Ta = TMIN t0 TMAX: U"ieSS oth-
erwise noted.)
[ PARAMETER [ CONDITIONS ] MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 Y
Input Logic Threshold High 2 1.4 vV
Logic Puli-Up/input Current Tables 1a-1d AR ORI 13 : ZA
Shutdown +0.01 £1
Data Rate Tables 1a=1d. normal operation 120 64 | kous/sec
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +7.5 Y
e e e 01| a5
Output Leakage Current (shutdown) Tables 1a-1d v JA
VgST . £001 | 25
Transmitter Output Resistance Vce = V+ =V- = 0V. Vour = +2V (Note 4) 300 10M Q
Output Short-Circuit Current Vourt = 0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range . +25 474
RS-232 Input Threshold Low Vec@= 5y 08 1.3 \
RS-232 Input Threshold High Vee = 5V 1.8 2.4 \%
RS-232 Input Hysteresis Vce=5Y 0.2 05 1.0 Vv
RS-232 Input Resistance 3 5 7 <Q
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 \Y
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vcc-02 N
TTL/CMOS Output Short-Circuit Current Sogra.ng s e lSh g 2 s mA
Shrinking Vourt = Vce 10 30
TTL/CMOS Output Leakage Current .?:;22' ;)ar')jrg.ugc;%ﬁg;ssd\'/ss?l?ﬁ_ B +0.05 +0.10 JA

8 MAXI N
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225. Ve = 5.0V £5%. MAX244-MAX249. Vo = +5.0V +10%. external capacitors C1-C4 = 1uF: Ta = TMIN to TMax: unless otn-

erwise noted.)

[ PARAMETER CONDITIONS l MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
Operating Supply Voltage Max22 ik =29 %
i u
& e S < MAX244-MAX249 45 5.5
MAX225 ' 10 20
No load
Vce Supply Current MAX244-MAX249 11 30 =
(normal operation) 3kQ) loads on MAX225 40
all outputs MAX244-MAX249 57
Ta="%255C 8 25
Shutdown Supply Current A
i Ta = TMiN to Tmax 50 5
Leakage current +1 pA
Control Input Threshold low 1.4 0.8 v
Threshold-nigh 2.4 1.4
AC CHARACTERISTICS
e | CL = 50pF to 2500pF. Ry = 3kQ to 7kQ. Ve = 5V.
lransifion SR TA = +25°C: measured from +3V 10 -3V or -3V fo =3V | _ o i 1 Taa
Transmitter Propagation Delay tPHLT 1.3 3.5
TLL to RS-232 (normal operation), us
Figure 1 tPLHT 5 3.5
Receiver Propagation Delay tPHLR 0.6 1.5
TLL to RS-232 (normal operation). us
Figure 2 tPLHR 06 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode). - S
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation )
Delay Difference (normal operation) PHLT. - tPLET " ns
Receiver + to - Propagation b,
Delay Difference (normal operation) [PHLR - IPLHR 2 =
Receiver-Output Enable Time. Figure 3 | teg 100 500 ns
Receiver-Output Disable Time. Figure 3 | tpr 100 500 ns
MAX246-MAX249 5 3
(excludes charge-pump start-up) H
Transmitter Enable Time teT
MAX225/MAX245-MAX249
10 ms
(includes charge-pump start-up)
Transmitter Disable Time. Figure 4 toT 100 ns |

Note 5: The 300Q minimum specification complies with EIATIA-232E. but the actual resistance when in shutdown mode or Ve =
0V is 10MQ as is implied by the leakage specification.

MAXIMN
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Typical Operating Characteristics

MAX225/MAX244-MAX249
TRANSMITTER OUTPUT VOLTAGE (V+, V-)
TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs. LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
18 T = e ‘ ) L Ve - 5V WITH ALL TRANSMITTERS DRIVEN | 2
: oA ] sl et il S —= E: | LOADED WiTH 5kQ |2
= 6 { V+ AND V- LOADED T =i 85 A i H
= E 171 ETHER V OR ] o — j=-10isec
= N EXTERNAL POWERSUPPLY S Pugpssh A L0meD. ] NN \7\\ D
e N\ 10F CAPACITORS, ——t— | & 5 | EXTERNAL CHARGEPUMP |~ |~ | 75 ™ N s
: ’ \ | =5 1uF CEPACITORS " = \ e
IR — ! {2 o letansumens iy > 70 WA N ™S ~
] T = { - A 60kB/sec
e [ a0ko/sDATARATE | = | pAwmG sk AND | = \ \ =~
Eob e 8TRANSMTTERS | E 1 2 Tontopra ooksise — T =T 65 g
= | LOADED WITH 3kQ2 = W AR V- LOADED | NG
g 6 ’w ’ f @] e D v/ 0KDED s =4 b N L
= | | " ot / i  \ 200kD/seC
. | i Il AL IS AON = X \\
! ¢ T AFON V- L080ED so L CAPAGITORS
74 v
1 2 3 41253 TR AV e VA kS ¢ 1 2 3 . 5
LOAD CAPACITANCE (nF) _OAD CURRENT (mA} LOAD CAPACITANCE (nF:
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QuTPUT

IPHE ~

— : Ver
T g S S /- 50%
N, ~<--- GND
lPHi s ‘ H P
s - -— —— o

“EXCEPT =0R R2 ON THE MAX243
WHERZ -3VIS USED

Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing

EN
RyOUT 1k
Ry IN Rx Mgy 2\
a) TEST CIRCUIT
. 1500F
BN npuT — 13V :

RECEIVER
QUTPUTS

b) ENABLE TIMING :

EN INPUT _I

Vou

RECEIVER
OUTPUTS

Vou !

c) DISABLE TIMING

a) TIMING DIAGRAM

10RC

b) TEST CIRCUIT

Figure 3. Receiver-Output Enable and Disable Timing

MAXIMN

Figure 4. Transmitter-Output Disable Timing
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown ey All 3-State All Low-Power Receive Mode
B ) e Shutdown — All 3-State All 3-State el
Table 1b. MAX245 Control Pin Configurations
A LT O OPERATION TRANSMITTERS RECEIVERS
ENT ENR
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 0 Normal Operation All Active All Active All Active ~il Active
» 4 - RA1-RA4 3-State, RB1-RB4 3-Staie.
0 1 Normal Operation All Active All Active B Ptive RB5 Active
r All Low-Power Al Low-Power
1 ] 0 Shutdown All 3-State All 3-State =~ "Wy, S A Rive Mode
| 1 W'
[ RA1-RA4 3-State. | RB1-RB4 3-State
1 i 1 Shutdown All 3-State All 3-State RAS5 Low-Power R85 Low-Power
‘ Receive Mode Fz=ceive Mode
|
Table 1c. MAX246 Control Pin Configurations
e . OPERATION TRANSMITTERS RECEIVERS
ENA ENB .
STATUS TA1-TA4 TB1-TB4 RA1-RAS5 RB1-RB5
0 0 Normal Operation All Active All Active All Active AT Active
\ F. : . HB1-RB4 3-State
0 [ 1 Normal Operation All Active All 3-State All Active RB5 Active
s o RN
. RAT-RA43-State. |, , .
1 [ 0 Shutdown All 3-State All Active ANPP All Active
RA1-RA4 3-State, REB1-RB4 3-State.
1 1 Shutdown All 3-State “Il 3-State RAS5 Low-Power RAS5 Low-Power
l Receive Mode Receive Mode
e e ——

MAXIMN
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
MAX247 | TA1-TA4 | TB1-TB4 | RA1-RA4 RB1-RB5
ENTA | ENTB | ENRA | ENRB QRERATION = -
STATUS MAX248 | TA1-TA4 | TB1-TB4 | RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 | RA1-RAS5 RB1-RB5
0 0 0 0 | Normal Operation All Active | All Active | All Active All Active
f i All 3-State. except
0 0 0 1| Normal Operation All Active | All Active . All Active RBS5 stays active on
; MAX247
10 0 1 | 0 | Normal Operation All Active | AllActive . All 3-State All Active
‘l All 3-State. except
0 0 14 P Normal Operation \ | All Active | All Active ' All 3-State RB5 stays active on
! MAX247
0 1 0 i 0 Normal Operation All Active | All 3-State }TAII Active All Active
! ( All 3-State. except
0 1 0 1 Normal Operation All'Active | All 3-State : All Active RBS stays active on
‘ : MAX247
0 1 | "0 | NormalOperation All Active | All 3-State | All 3-State All Active !
[ All 3-State. except |
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RBS5 stays active on
| MAX247
1 0 0] 0 Normal Operaticn All 3-State | All Active i All Active All Active
i All 3-State. except
1 0 0 1 Normal Operation All 3-State | All Active - | All Active RBS5 stays active on
f ! MAX247
1 0 1 i 0 | Normal Operation All 3-State | All Active * ; All 3-State All Active
| | j All 3-State. except
1 0 1" | 1 1 Normal Operation All 3-State | All Active : All 3-State RBS5 stays active on !
@ ; s MAX247
f | | Low-Power Low-Power |
1 1 0 } 0 i Shutdown All 3-State | All 3-State I Receif® ubde Receive Mode |
‘ | o All 3-State. except
1 1 @iy T Shutdown All 3-State | All 3-State T RBS stays active © |
J ! ek MAX247 »
R s
1 1 1 0 | Shutdown All 3-State | All 3-State | All 3-State L oW Hower
| | ¥ J Receive Mode
i |
‘ l i All 3-State. except
1 1 L I Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on
5 ; MAX247 i
i . d N RS |

MAXIMN
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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 =5V 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 OV, 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 tied to Vgg. This is because V+
is internally connected to Vcc in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is =8V when
loaded with a nominal 5kQ RS-232 receiver and VCC =
+5V. Output swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3kQ load, Vcc = +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 400kQ input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups 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. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
ouputs of the unused drivers low. Connect unused inputs
to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX?240.
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 controf on the receiver outputs.

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

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

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

RS-232 Receivers
EIA/TIA-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 uo
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 i High | Low e Active
High | High High Impedance
Low High Impedance
Max22s s = e Hignh Active
MAX235 | Low Low | High Impedance !
MAX236 | Low e o High Active !
MAX240 | High X High Impedance !

MAXIMN
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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
floating 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 0 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 floating,
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 voltage level.

MAXIMN

Drivers/Receivers

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 2.5us 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
anc 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 25pA 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 receivers function in
the low-power receive mode when in shutdown.

15
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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 receiver
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
20kbits/sec.

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 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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+SV-Powered, Multichannel RS-232

MAXIMN

Drivers/Receivers
Ordering Information (continued)
PART TEMP.RANGE  PIN-PACKAGE | MAX232AC/D 0°C to +70°C Dice’
MAX222CPN 0°C to +70°C 18 Plastic DIP | MAX232AEPE  -40°C 10 +85°C 16 Plastic DIP
MAX222CWN  0°C 1o +70°C 18Wide SO MAX232AESE  -40°C to +85°C 16 Narrow SO
MAX222C/D 0°C to +70°C Dice® MAX232AEWE ~ -40°C to +85°C 16 Wide SO
MAX222EPN  -40°C to +85°C 18 Plastic DIP [ MAX232AEJE  -40°C 1o +85°C 16 CERDIP
MAX222EWN  -40°C to +85°C 18 Wide SO MAX232AMUE  -55°C 10 +125°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP | MAX232AMLP -55°C to +125C 20 LCC
MAX222MIN -55°C 10 +125°C- 18 CERDIP MAX233CPP 0°C 10 +70°C 20 Plastic DIP
MAX223CAl  0°C to470°C 28'SSOP MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CWI 0:C10+70°C___ 28WideSQ .| MAX233ACPP 0°C to +70°C 20 Plastic DIP
| MAX223CID 0°Cto +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EA| -40°C 10 +85°C 28 SSOP - MAX233AEPP- | -40°C 10 +85°C 20 Plastic DIP
MAX223EWI “40°C 10 +85°C 28 Wide SO | MAX233AEWP .~ -40°C to +85°C 20 Wide SO
MAX225CWI 0°Cto +70°C/ 28 Wide 50 MAX234CPE 0°C 10 +70°C 16 Plastic DIP
MAX225EW| -40°C 10 +85°C 28 Wide SO _- }»MAX234CWE 0°C 10 +70°C 16 Wide SO
MAX230CPP ~  0-C 10 470°C 20 Plastic DIP. MAX234C/D 0°C to +70°C Dice’
MAX230CWP 0°C1o470°C. - 20 Wide SO MAX234EPE -40°C 10 +85°C 16 Plastic DIP
MAX230C/D 0°C 1+ Porvwwul-N MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C 10 +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°Cto +85°C | 20 Wide SO ﬂ | MAX234MJE -55°C10 +125°C 16 CERDIP
MAX230EJP -40°C 10 +85°C . 20 CERDIP MAX235CPG 0°C t0 +70°C 24 Wide Plastic DIP
MAX230MJP :55°C 10+125°C . 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MrX235EDG -40°C 10 +85°C 24 Ceramic SB
MAX231CWE 0°Cto +70°C 16 Wide SO 5 MAX235MDG -55°C 0 +125°C_ 24 Ceramic SB
MAX231CJD " 0°Cto+70°C_ 14CERDP | | @xzsecrue 0°Cto +70°C 24 Narow Plastic DIP
MAX231C/D 0:C t0.+70°C Dice™ - MAX236CWG 0°C to +70°C 24 Wide SO
| MAX231EPD |, W40C 10 +85°C = 14 Plastd D T MAX236C/D 0°C to +70°C Dice’
MAX231EWE -40°C 1o +85°C 16Wide'SO | | MAX236ENG -40°C 10 +85°C 24 Narrow Plastic DIP
MAX231EJD -40°C {0 +85°C 14 CERDIP | MAX236EWG -40°C 10 +85°C 24 Wide SO
MAX231MJD -55°C t0.+125°C . 14 CERDIP MAX236ERG -40°C 1o +85°C 24 Narrow CERDIP
MAX232CPE  0°C to +70°C 16 Plastic DIP bAX236MRG -65°Cto +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C 10 +70°C 24 Narrow Plastic DIP |
MAX232CWE 0°C to +70°C 16 Wide' SO~/ | ) bezsmws 0°C to +70°C 24 Wide SO
MAX232C/D 0:Ct0+70°C__ Dice’ .| | MAXes7€ID 0°Ct0+70°C___ Dice i
MAX232EPE -40°C to +85°C 16 Plastic DIF - | MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
 MAX232ESE 40°C10+85°C 16 Namow SO MAX237EWG -40°C t0 +85°C 24Wide SO
MAX232EWE -40°C to +85°C 16Wide SO MAX237ERG -40°C 1o +85°C 24 Narrow CERDIP |
| MAX232EJE 40:Cto+85C 16 CERDP MAX237MRG -55°C 10 +125°C 24 Narrow CERDIP
MAX232MJE -55°C 1o +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP |
MAX232MLP  -55'Cto+125°C__ 20LCC hAAXZG}BCWG 0°Cto+70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice" :
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DF:
MAX232ACWE 0°C to +70°C 16 Wide SO " Contact factory for dice specifications.

35

6VcXVIN-0cecXVYIN



WVIRRZLU-IVIAXZ49

+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP j
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO !
MAX238ERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO ﬁ;
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice” |
MAX239CNG 0°C to +70°C 24 Narrove Plastic DIFT M/AX243EPE -40°C to +85°C 16 Plastic DIP I
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 Narrowe Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP 20
MAX239EWG -40°C to +85°C 24 Wide SO MAX243MJE -55°C to +125°C 16 CERDIP i
MAX239ERG -40°C to +85°C 24 Narrow CERDIF; MAX244CQH 0°C to +70°C 44 PLCC s j
MAX239MRG -55°C'to +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice” i
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -40°C to +85°C 44 PLCC
MAX240C/D 0°C to+70°C Dicer MAX245CPL 0°C to +70°C 40 Plastic DIP 2 ’
MAX241CAI . 0°C to +70%= 28 SSOP MAX245C/D 0°Cto +70°C Dice” ‘
MAX241CWI 0<C to +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP i
MAX241C/D 0°C to +70°C Dice~ MAX246CPL 0°C to +70°C 40 Plastic DIP '
MAX241EAI -40°C to +85°C 28 SSOP | MAX246C/D 0°C to +70<C Dice® J
MAX241EWI -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DIP 1
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 DI<P77 S
MAX242C/D 0°C to +70°C Dice" MAX248CQH 0°C to +70°C 44 PLCC V
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°Cto +70°C 44 PLCC i
MAX242MJUN -55¢C to +125°C 18 CERDIP MAX249EQH -40°C to +85°C‘ 44 PLCCMV‘ T

~ Contact factory for dice specifications.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied iri a Maxim product. No circuit patent iicenses are

implied. Maxim reserves the right to change the circuitry and soecifications without notice at any time.
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