MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

® Meets or Exceeds TIA/EIA-232-F and
Recommendation V.28

ITU

® Operates From a Single 5-V Power Supply
With 1.0-u F Charge-Pump Capacitors

® Operates Up To 120 kbit/s

® Two Drivers and Two Receivers

® +30-V Input Levels

® Low Supply Current ...8 mA Typical

® ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)

® Upgrade With Improved ESD (15-kV HBM)

and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202
® Applications

- TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232 ...D, DW, N, OR NS PACKAGE
MAX232l ... D, DW, OR N PACKAGE

Cil+
Vs
Cl-
C2+
Cc2-
Vg_
T20UT
R2IN

(TOP VIEW)

~ 16]] Vec
15[] GND
14]] TIOUT
13|] R1IN
12|] R1IOUT
1] T1IN
10[] T2IN

9|] R20UT

0N O O WN PR

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept £30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
TA PACKAGE PART NUMBER MARKING
PDIP (N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX232D
Soic () Reel of 2500 MAX232DR MAX232
0°C to 70°C
Tube of 40 MAX232DW
SOIC (DW) MAX232
Reel of 2000 MAX232DWR
SOP (NS) Reel of 2000 MAX232NSR MAX232
PDIP (N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX232ID
-40°C to 85°C Soic (0) Reel of 2500 MAX232IDR MAX2321
Tube of 40 MAX232IDW
SOIC (DW) MAX232|
Reel of 2000 MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Producti ing does not ily include
testing of all parameters.
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DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

logic diagram (positive logic)
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Input supply voltage range, Ve (see Note 1) . ...
Positive output supply voltage range, Vgy ...

Negative output supply voltage range, Vg_ ... ..o

Input voltage range, Vi DIVEr . . ... e

-0.3Vto6V
Vcc-03Vtol5V
-0.3Vto-15V
-0.3VtoVec+03V

RECEIVEI . o +30V

Output voltage range, Vgo: T10UT, T20UT

R10UT, R20UT
Short-circuit duration: T10UT, T20UT
Package thermal impedance, 035 (see Notes 2 and 3): D package
DW package ........
N package ..........

NS package .........
Operating virtual junction temperature, TJ . ... ... ...t e
—65°C to 150°C

Vg_-0.3VtoVg: +0.3V
.................................... -0.3VtoVce +0.3V
................................................... Unlimited
.................. 73°C/W
.................. 57°C/W
.................. 67°C/W
.................. 64°C/W

Storage teMPerature range, Tgtg -« « -« xvrrrrenn et

150°C

t 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 under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltages are with respect to network GND.

2. Maximum power dissipation is a function of Tj(max), 63, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (Tg(max) — Ta)/63A. Operating at the absolute maximum T3 of 150°C can affect reliability.

3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.5 5 5.5 \%
VIH High-level input voltage (T1IN,T2IN) 2 Vv
VL Low-level input voltage (T1IN, T2IN) 0.8 Vv
R1IN, R2IN Receiver input voltage +30 \%
, , MAX232 0 70

TA Operating free-air temperature °C
MAX232l -40 85
electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPF MAX | UNIT
Vcc =55V, Alloutputs open,
[
CC  Supply current Ta = 25°C 8 10 mA
* All typical values are at Voc =5 V and Tp = 25°C.
NOTE 4: Test conditions are C1-C4=1pFatVcc=5V+05V.
¥ 1,
EXAS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT  MAX | uNIT
VoH  High-level output voltage T10UT, T20UT R =3 kQ to GND 5 7 \Y
VoL  Low-level output voltage3t T10UT, T20UT R =3 kQ to GND -7 -5 \%
o Output resistance T10UT, T20UT |Vg+=Vs-=0, Vo=%2V 300 Q
los8  Short-circuit output current T10UT, T20UT |Vcc =55V, Vo =0 +10 mA
IIs Short-circuit input current T1IN, T2IN V=0 200 A

T All typical values are at Voc = 5V, Ta = 25°C.
¥ The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.

8 Not more than one output should be shorted at a time.

NOTE 4: Test conditions are C1-C4=1uFatVcc=5V+05V.

switching characteristics, V. cc =5V, Ta = 25°C (see Note 4)

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
. Rl =3kQto 7 ke,
SR Driver slew rate See Figure 2 30| Vius
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
NOTE 4: Test conditions are C1-C4=1uFatVcc=5V+05V.
RECEIVER SECTION
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 4)
PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
VoH  High-level output voltage R10UT, R20UT |lpHy=-1mA 3.5 \Y
VoL  Low-level output voltage¥ R10OUT, R20UT |lpL=3.2mA 0.4 \%
Receiver positive-going input _ P
VIT+  threshold voltage R1IN, R2IN Ve =5V, Ta = 25°C 1.7 2.4 v
Receiver negative-going input _ oro
V|T- threshold voltage R1IN, R2IN Vcc =5V, Ta =25°C 0.8 1.2 \%
Vhys  Input hysteresis voltage R1IN, R2IN Vcc =5V 0.2 0.5 \Y
ri Receiver input resistance R1IN, R2IN Vce =5, Ta=25°C 3 5 7 kQ

T All typical values are at Voc = 5V, Ta = 25°C.

¥ The algebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

NOTE 4: Test conditions are C1-C4=1pFatVcc=5V+05V.

switching characteristics, V. cc =5V, Ta = 25°C (see Note 4 and Figure 1)

PARAMETER TYP [ UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 4: Test conditions are C1-C4=1puFatVcc=5V+05V.
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Vce
.

R = 1.3kQ
R1IN

Pulse See Note C

Generator
(see Note A)

CL =50 pF -
(see Note B)
TEST CIRCUIT
<10ns —» le— —» le—<10ns

\
—————— 3V
Inout | 90% 90% =
P 10% | 50% 50%‘ 10%
ovVv

<+— 500 ns —»

le—>—tpLH
tPHL | \
| VOH
Qutput 15V isv At VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle < 50%.
B. Cp includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms fort  py and tp| 4 Measurements
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

T1IN or T2IN T10UT or T20UT
Pulse

Generator EIA-232 Output
(see Note A) l
RL I CL =10pF

(see Note B)

TEST CIRCUIT
<10 ns —d‘ le— —p f<— <10 ns
\
———————— 3V
input } 90% 90% ﬂggr
50% 50%
0, 0,
10% N 10% oV
H—‘ 5us —p]
[—>—tp H
tPHL —H—H‘ |
\
90% \ 90% VOH
Output '\ _10% 10% A |
] T VoL
tTHL — —» ety
08NV -Vo) 08V —Vou
SR = i or t
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 €, duty cycle < 50%.
B. CL includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms fort  py and tp 4 Measurements (5- us Input)

Pulse
(S(égnﬁg?éog) O l ElA-232 Output
3kQ I C|_ =25nF

TEST CIRCUIT
<10ns —» le— —» e <10ns

Input \ \
L/ 90%  90% N |
10% 4 Lsv. 15V Peto%
[ 20us —»
l— > [ty
tTHL_”‘ | |
\ | Vo
—ﬁk H
Output 3V \ | 3V
_ -3V %
3V —a — — VoL
SR =% 60>/t
THL °" ' TLH
WAVEFORMS

NOTE A: The pulse generator has the following characteristics: Zg = 50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms fort T and t1 4 Measurements (20- us Input)
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MAX232, MAX232I

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004

APPLICATION INFORMATION

14 £1a-232 Output

>~ 7 EjA-232 Output

—4& EIA-232 Input

8
—<— EIA-232 Input

5V
5l
CBYPASS =1uF -
16
i Vce
! C1
Y +
ClL-~ 1pF 3 Vs+
C1l-
4
- | C2+ Vs-
C2 T 1uF 5
C2-
11 >
From CMOS or TTL
10 >
12
4—4 ﬂ—
To CMOS or TTL 9
2]
oV
15
GND

€3 can be connected to Vo or GND.
NOTES: A. Resistor values shown are nominal.

B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be
connected as shown. In addition to the 1-uF capacitors shown, the MAX202 can operate with 0.1-uF capacitors.

Figure 4. Typical Operating Circuit
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3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 5-Oct-2013
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
MAX232DR SoIC D 16 2500 330.0 16.4 6.5 10.3 21 8.0 16.0 Q1
MAX232DR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
MAX232DR SOIC D 16 2500 330.0 16.8 6.5 10.3 2.1 8.0 16.0 Q1
MAX232DRG4 SoIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
MAX232DRG4 SoIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
MAX232DWR SoOIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
MAX232DWRG4 SOIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
MAX232IDR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
MAX232IDWR SOIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
MAX232IDWRG4 SoOIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 5-Oct-2013
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
e ~.
/\g\ /)i\
™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
MAX232DR SoIC D 16 2500 367.0 367.0 38.0
MAX232DR SOIC D 16 2500 333.2 345.9 28.6
MAX232DR SoIC D 16 2500 364.0 364.0 27.0
MAX232DRG4 SolIC D 16 2500 333.2 345.9 28.6
MAX232DRG4 SoIC D 16 2500 367.0 367.0 38.0
MAX232DWR SOIC DW 16 2000 366.0 364.0 50.0
MAX232DWRG4 SoIC DW 16 2000 367.0 367.0 38.0
MAX232IDR SolIC D 16 2500 333.2 345.9 28.6
MAX232IDWR SoIC DW 16 2000 366.0 364.0 50.0
MAX232IDWRG4 SOIC DW 16 2000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—LINE PACKAGE
16 PINS SHOWN
< A ol PINS ™1 44 16 18 20
16 9
PP A P e e
0.745 | 0745 | 0.850 | 0.940
D) %ES?S)) ACMING 18,92y | (18,92) | (21,59) | (23,88)
A | ws-oor
T T T S T =T VARIATION | AA B8 AC AD
w J L 8
0.070 (1,78)
0025 (114 A
0.045 (1,14) .
—» rom(om A\ 0.020 (0,51) MIN %

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

\ ' TGouge Plane
4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

J 0.430 (10,92) MAX

r_——-\

0.021 (0,53)
0.015 (0,38)

[-4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

D (R—PDSO—G16)

PLASTIC SMALL QUTLINE

’ 0.394 (10,00) ,
0.386 (9,80)
YN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
NN 0150 (3.00)
| | l
I I
JpHooboo: ,
1
Pin 1
Index Area 0.050 (1,27) OOZO 8
\@\o.o (0,25 W]
f \ \\
InInininiEl : ~ J\ N
\ /
L 0.069 (1,75) Max ooo4
0010 (0.25) // .
0.005 (0,13)1 ; \
\\
* //\ | []0.004 (0,10)
ane !
povae %D — x Seating Plane
]
0050 (1,27 N
0.016 (0,40)
4040047-6/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mol
not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.

Reference JEDEC MS—012 variation AC.

.

d flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

TEXAS
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LAND PATTERN DATA

D (R—PDSO—G16)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

Non Soldermask Defined Pad

L O O]
HEREREREREREEN T
5,40
A l
O nrnnnn
oo ootd
\__/,1
[
|
|
:I Example
|

\ ——Tl=—0,07 /
\ All Around /
\. /
N y
~ -

—

¢

Stencil Openings
(Note D

~—16x0,95

——I |<—14x1,27
[.[]

16x1,50

?

Example
Pad Geometry
(See Note C)

Example
Solder Mask Opening
(See Note E)

.-
Uutuuy r
5.40
L A &
gutuutuy

4211283-4/E 08/12

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

Customers should
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MECHANICAL DATA

DW (R—PDS0O—-G16) PLASTIC SMALL QUTLINE

0.413 (10,50)
0.398 (10,10)

TARRAARR

'§ 0.419 (10,63)

0.393 (9,97)
0.299 (7,60)
0.291 (7,40)

——— ————F ¥

dHHEHEHE

. J L— JLWO
0.050 (1,27 051

Index Area
\%\o.o 0,25)@\

[ \
/ \ / ! !
jRiininininininin)m g L
ALo.owz (0,30) S-
L 0.104 (2,65) Max 0.004 (0,10)

0.013 .
0008 1 / \

\ \
) [ ]0.004 (0,10)
Gauge P\Qne—{ !

? Seating Plane

0.010 (0,25) of _

0.050 (1,27)
0.016 (0,40)

4040000-2/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AA.
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LAND PATTERN DATA

DW (R—PDS0O-G16) PLASTIC SMALL OUTLINE
ExamplzeNEfearg) Layout S’cen(c,\ill0 &p%rsings
- 14x1,27 — [=—16x0,55 14x1,27
i) N
INIRIRIRIRIRIN IR IRIRIRIRIRIN
9,4 9,4
1A A 0-A A0
guuut ININIRIRIRIRER

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4209202-2/F 08/13

NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Refer to IPC7351 for alternate board design.

Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

wip TExAs
INSTRUMENTS
www.ti.com



MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

N
1HAAAE

0,15 NOM

|
o

Gage Plane

O
THEEEEE

A

Seating Plane $

— 2,00 MAX ©lo.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.






