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+15kV ESD-Protected, Quad, Low-Power

RS-232 Line Driver

General Description

The MAX1488E quad, low-power line driver is designed
for EIA/TIA-232, EIA/TIA-562, and CCITT V.28 communi-
cations in harsh environments. Each transmitter output is
protected against +15kV electrostatic discharge (ESD)
shocks. The inputs are TTL and CMOS compatible with
minimal loading. The outputs feature internally controlled
slew-rate limiting and current limiting. This device has a
guaranteed 120kbps data rate. Power-supply current is
less than 180uA over a +4.5V to +13.2V supply voltage
range.

The MAX1488E is pin compatible with the MC1488,
MC14C88, SN75188, SN75C188,DS1488,and DS14C88.
It is available in 14-pin plastic DIP and SO packages.

MAX1488E

Features

e ESD Protection:
* 1+15kV—Human Body Model
» +6kV—IEC801-2, Contact Discharge
» 1+15kV—IEC801-2, Air-Gap Discharge

e Latchup Free, Even During an ESD Event

e Low 85uA Supply Current from Igg or Icc

e Guaranteed 120kbps Data Rate

e No External Capacitors Required for Slew-Rate
Limiting

e Pin Compatible with MC1488, MC14C88, SN75188,
SN75C188, DS1488, and DS14C88

Applications Ordering Information
e PC Motherboards PART TEMP.RANGE  PIN-PACKAGE
e Modems MAX1488ECPD 0°C to +70°C 14 Plastic DIP
e Interface Data Terminal Equipment (DTE) with ° astie
Data Circuit-Terminating Equipment (DCE) MAX1488ECSD 0°C to +70°C 14 SO
e Equipment Meeting IEC1000-4-2 MAX1488EC/D 0°C to +70°C Dice*
(formerly IEC801-2) or £15kV ESD Protection
MAX1488EEPD -40°C to +85°C 14 Plastic DIP
MAX1488EESD -40°C to +85°C 14 SO
*Dice are specified at Ty = +25°C.
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MAX1488E

Absolute Maximum Ratings

Positive Supply Voltage (VGE) - veeeveerveemeeneeiieieerieeneeniens +14V
Negative Supply Voltage (VEE)....ccoereerieiiiiiciiciicieeeee -14V
Input Voltage (VIN) «-eeeereeemerenieeiieeeneee e -0.3V to +15V
Driver Output Voltage .......c.eevveiiiiiieieiee e +15V

Continuous Power Dissipation (Tp = +70°C)
Plastic DIP (derate 10.00mW/°C above +70°C).......... 800mwW
SO (derate 8.7mW/°C above +70°C).......ccccceevviveernnn. 695mW

+15kV ESD-Protected, Quad, Low-Power

RS-232 Line Driver

Operating Temperature Ranges

MAXT48BEC_D ...ceeveiieiiiecie e 0°C to +70°C
MAX1488EE_D -40°C to +85°C
Storage Temperature Range..........cccccccceeeennee -65°C to +160°C
Lead Temperature (soldering, 10S€C) .......cccevvveireevueennen. +300°C

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 operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

Electrical Characteristics
(Voo = 4.5V to 13.2V, VEg = -4.5V to -13.2V, Ta = Tiyin to Tmax, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
DC CHARACTERISTICS
Vee =-VEe = 5.0V, R = 3kQ 3.7 4.0
Vce = -VEg = 6.5V, R = 3kQ 5 5.4
Output Voltage High VoH ce EE L Y
Vee = -VEg = 12.0V, R = 3kQ 10 10.5
Vee = -VEe = 13.2V, R = open 13.2
Vee =-VEe = 5.0V, R = 3kQ -4.5 -3.7
Vce = -VEg = 6.5V, R = 3kQ -5.8 -5
Output Voltage Low VoL ce EE L Y
Vee =-VEg = 12.0V, R = 3kQ -10.8 -10
Vee = -VEe = 13.2V, R = open -13.2
Vce 4.5 13.2
Operating Voltage Range Vv
VEE -13.2 -4.5
Positive Supply Current lcc No load 85 180 MA
Negative Supply Current lEE No load -180 -85 MA
Output Short-Circuit Current los Output shorted to ground (Note 1) 4 +20 +45 mA
Input High Voltage ViH 2.0 \%
Input Low Voltage VL 0.8 \%
Input Current lIN1 0 12 MA
Output Resistance Ro Vee = VEg =0V | Vo| 2.0V 300 Q
TIMING CHARACTERISTICS (see Figure 1)
Vce =4.5V, VEg = -4.5V, C|_ = 50pF 24 35
Output Propagation Delay, _ _ B
Low to High tPLH Vee = 9.0V, VEg =-9.0V, C_ = 50pF 2.8 3.9 us
Ve = 12.0V, VEg =-12.0V, C|_ = 50pF 3.1 42
Outout P ion Dol Vce =4.5V, VEg = -4.5V, C|_ = 50pF 2.1 45
utput Propagation Delay, _ _ _
High to Low tPHL Vee = 9.0V, VEg =-9.0V, C = 50pF 2.4 5.1 us
Ve = 12.0V, VEg =-12.0V, C|_ = 50pF 2.6 5.4
Vce =4.5V, VEg = -4.5V, C|_ = 50pF 0.25
Propagation Delay Skew, tsk  |Voc = 9.0V, Veg = -9.0V, C| = 50pF 0.42 us
| tPLH - tPHL
Ve = 12.0V, VEg =-12.0V, C|_ = 50pF 0.42
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MAX1488E +15kV ESD-Protected, Quad, Low-Power
RS-232 Line Driver

Electrical Characteristics (continued)
(Voo =4.5V to 13.2V, VEg = -4.5V t0 -13.2V, Ta = TN to Timax, unless otherwise noted. Typical values are at Ty = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
ESD CHARACTERISTICS
Human Body Model +15
ESD Protection IEC-1000-4-2 (Contact Discharge) 16 kV
IEC-1000-4-2 (Air-Gap Discharge) 15

C = 1500pF, Ry = 5kQ,

tR1

Vv from -3.3V to 3.3V
Output Rise Time OUTPUT_ ns
CL = 1500pF, R|_ = 5kQ,

R2 VouTpuT_from -3.0V to 3.3V

C = 1500pF, Ry = 5kQ,

_ ¥ VouTpuT_from -3.3V to 3.3V 860
Output Fall Time ns
Cy = 1500pF, R|_ = 5kQ, 265

tF2 VouTpuT_from -3.0V to 3.3V
CL = 15pF to 2500pF, R = 3kQ to 7kQ,

Output Slew Rate SR Vee =12V, VEg = -12V, Ta = +25°C, 4 30 Vlius
Voutput_ from -3.0V to 3.0V

CL = 15pF to 2500pF, R, = 3kQ to 7kQ,
Ve = 12V, Veg = -12V, Ta = +25°C

Guaranteed Data Rate 120 kbps

Note 1: The lgg value is for one output at a time. If more than one output is shorted simultaneously, damage may occur.

Typical Operating Characteristics
(Vee =12V, VEg = -12V, Tp = +25°C, unless otherwise noted.)
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MAX1488E

Pin Description

PIN NAME FUNCTION
1 VEE -4.5V to -13.2V Supply Voltage Input
12041 25 193 INPUT_ | Driver Inputs
3,6,8,11 | OUTPUT_ | Driver Outputs
7 GND Ground
14 Vee +4.5V to +13.2V Supply Voltage Input

Detailed Description

The MAX1488E provides +15kV of ESD protection when
operating or when powered down. After an ESD event,
the MAX1488E will not latch up. Internal slew-rate-limiting
circuitry eliminates the need for external capacitors. The
MAX1488E has a guaranteed 120kbps data rate.

Outputs

Tables 1 and 2 describe the output states. The output
voltage level is affected by both the load current and sup-
ply voltage, and is stable over temperature. Refer to the
Typical Operating Characteristics to see how the output
voltage varies with supply voltage, load capacitance, and
temperature.

Table 1. Driver A Functions

INPUT A OUTPUTA
H L
L H

Table 2. Driver B-D Functions

INPUT_1 INPUT_2 OUTPUT_
H H L
L X H
X L H
Inputs

The driver inputs determine the driver output states
(Tables 1 and 2). Driver inputs B, C, and D have two
inputs. Connect unused inputs to ground or V¢c.

+15kV ESD Protection

As with all Maxim devices, ESD-protection structures are
incorporated on all pins to protect against electro-static
discharges encountered during handling and assem-
bly. The MAX1488E driver outputs have extra protec-
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+15kV ESD-Protected, Quad, Low-Power

RS-232 Line Driver
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Figure 1. Slew-Rate Test Circuit and Timing Diagram

tion against static electricity found in normal operation.
Maxim’s engineers developed state-of-the-art structures
to protect these pins against ESD of +15kV, without
damage. After an ESD event, the MAX1488E keeps work-
ing without latchup.

ESD protection can be tested in various ways; the
transmitter outputs are characterized for protection to the
following:

1) +15kV using the Human Body Model

2) *6kV using the Contact-Discharge Method specified
in IEC1000-4-2 (formerly IEC801-2)

3) 15kV using the Air-Gap Method specified in
IEC1000-4-2 (formerly IEC801-2).

ESD Test Conditions

ESD performance depends on a number of conditions.
Contact Maxim for a reliability report that documents test
setup, methodology, and results.

Human Body Model

Figure 2a shows the Human Body Model, and Figure
2b shows the current waveform it generates when dis-
charged into a low impedance. This model consists of a
100pF capacitor charged to the ESD voltage of interest,
which is then discharged into the test device through a
1.5kQ resistor.
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+15kV ESD-Protected, Quad, Low-Power
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Figure 2a. Human Body ESD Test Model

Figure 3a. IEC1000-4-2 ESD Test Model
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Figure 2b. Human Body Model Current Waveform

IEC1000-4-2

The |IEC1000-4-2 standard covers ESD testing
and performance of finished equipment; it does not
specifically refer to integrated circuits. The MAX1488E
helps you design equipment that meets Level 4 (the highest
level) of IEC1000-4-2, without additional ESD-protection
components.

The major difference between tests done using the
Human Body Model and IEC1000-4-2 is higher peak cur-
rent in IEC1000-4-2. Because series resistance is lower
in the IEC1000-4-2 ESD test model (Figure 3a), the ESD
withstand voltage measured to this standard is generally
lower than that measured using the Human Body Model.
Figure 3b shows the current waveform for the 6kV
IEC1000-4-2 Level 4 ESD Contact-Discharge test.

The Air-Gap test involves approaching the device with a
charged probe. The Contact-Discharge method connects
the probe to the device before the probe is energized.

www.analog.com

Figure 3b. IEC1000-4-2 ESD Generator Current Waveform

Machine Model

The Machine Model for ESD testing uses a 200pF stor-
age capacitor and zero-discharge resistance. Its objective
is to mimic the stress caused by contact that occurs with
handling and assembly during manufacturing. Of course,
all pins (not just RS-232 inputs and outputs) require this
protection during manufacturing. Therefore, the Machine
Model is less relevant to the 1/0 ports than the Human
Body Model and IEC1000-4-2.

Applications Information

Use proper layout to ensure other devices on your board
are not damaged in an ESD strike. Currents as high as
60A can instantaneously pass into the ground, so it is
important to minimize the ground-lead return path to the
power supply. A separate return path to the power supply
is recommended. Trace widths should be greater than 40
mils. V¢ and VEg must be bypassed with 0.1uF capaci-
tors as close to the part as possible to ensure maximum
ESD protection.
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Chip Topography
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MAX1488E +15kV ESD-Protected, Quad, Low-Power
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Package Information

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.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.

a
N /v\ COMMON  DIMENSIONS VARIATION A
l;l l;l l;l l;l l;l l;l INCHES MM INCHES MM
SYMBOL| SYMBOL
MIN. | MAX. | MIN. | MAX, MIN. | MAX. | MIN. | MAX.
A | 053] 069 | 135 | 175 D [ a8 [ 197 [ 480 [ s.00
E H At | o004 | 010 | 010 | 0es N 8
b | o014 [ 15 [ 035 [ 049 MS012 AB
| Q\ c [ 007 [ 010 [ 019 [ 025 PKG. gg—% sg;érsagg, 1§,§_E’F'
} E | aso | 157 | 3.80 | 400 CODE | So 1iF. Se-16F ’
| I; e 050 BSC 127 BSC
1 c—il— H 228 | 244 | 580 | 6.20
PIN 1 ID
L | o6 | 050 | 040 | te7 VARIATION B
TOP VIEW END VIEW “ 0 8" 0 8 INCHES MM
SYMBOL|
MIN. | MAX. | MIN. | MAX.
D D [ 337 [ 344 [ 855 [ 875
N 14
. ) Y T MS012 AB

I I d:l:l:l:l:l]_l_ A PKG. S14-1, S14-4, S14-5,
l CODE S14-6; S14M-4, S14M-S5,
Al

l-g] s S14M=6, S14M-7

SIDE VIEW VARIATION C
INCHES MM
SYMBOL|
MIN. | MAX. | MIN. | MAX.
NOTES: D | 386 | 394 | 980 | 10.00
1. ALL DIMENSIONS ARE IN MILLIMETERS UNLESS OTHERWISE SPECIFIED. N 16
MS012 AC

2. MATERIAL MUST COMPLY WITH BANNED AND RESTRICTED SUBSTANCES SPEC # 10-0131.

3. DIMENSIONS D AND E DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE MOLD PROTRUSION IS 015 MM (006”> PER SIDE.

PKG. [S16-1, S16-3, S16-5, S16-6,
cope [S16-8, S16-7F, S16-9F,
S16-10F; S16M-3, S16M-6

LEADS TO BE COPLANAR WITHIN 0.10mm <004, maxim
integrated
S. MEETS JEDEC MS012

TITLE:
PACKAGE OUTLINE,
8L, 14L, 16L SOIC 150 INCH

APPROVAL DOCUMENT CONTROL NO.  [REV. | |
—DRAWING NOT TO SCALE— 21-0041 C A

6. ALL DIMENSIONS APPLY TO BOTH LEADED (-> AND PbFREE (+) PKG. CODES.
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MAX1488E +15kV ESD-Protected, Quad, Low-Power
RS-232 Line Driver

Package Information (continued)

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.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.

D1 —
E
N El INCHES __|MILLIMETERS
N =y MIN | MAX | MIN | MAX
Al —— |oiso | ——- |4572
Al 0015 | ——— | 038 | ---
A2 0125 | 0475 | 318 | 445
| A3| 0055 | 0080 | 1.40 | 203
1 - = = == i\ B| 0015 | 0022 | 0381 | 056
i B1| 0045 | 0065 | 114 | 165
c| 0008 | 0014 | 02 | 0355
0°-15° c D1 0005 | 0080 | 043 | 203
E| 0300 | 0325] 762 | 826
0P VIEW EL] 0240 0310 | 640 | 787
B e| 0100 BSC. | 254 BsC.
D € eA| 0300 BSC. | 7.62 BSC.
| R END VIEW eB| 0400 BSC. | 10.16 BSC.

L] o115 [ 0150 [ 2ga1 | 381
; W\W : 1
} VARIATIONS:
Al

f INCHES MILLIMETERS
bl MIN | MAX | MIN | MAX | N [usosff PKG CODE
— b

0348 | 0.390 | 8.84 | 9.91 | 8 |AB |Pe-t Pe-0. Pes, Po-5
0735 | 0765 | 1867 | 19.43 |14 | AC |t Has fis7*”
0745 | 0765 | 1892 | 19.43 [16 | AA ""‘ A

0.885 | 0915 | 22.48 | 23.24 [18 |AD Fi&%’””""“"”
1,015 | 1.045 | 25.78 | 26.54 | 20 | AE |peo-2. Pao-3, pao-4, peok-1
114 | 1.265 | 28,96 | 32.13 | 24 | AF [Ni e Reat=™
1,360 | 1.380 | 34.54 | 35.05 | 28| %5 [Negwr oo "

SIDE VIEW

oojug|lo|u|g

NOTES:
DIMENSIONS ARE IN MILLIMETERS UNLESS OTHERWISE SPECIFIED.

1.

2. D&E DO NOT INCLUDE MOLD FLASH.

3. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006”). maxim

4. MMEETS JEDEC MSOO1—XX AS SHOWN IN ABOVE TABLE @ integrated

5. SIMILIAR TO JEDEC MO—058AB

6. N = NUMBER OF PINS TITLE:

7. MATERIAL MUST COMPLY WITH BANNED AND RESTRICTED SUBSTANCES SPEC # 10-0131. PACKAGE OUTLINE,

8. ALL DIMENSIONS APPLY TO BOTH LEADED (—) AND PbFREE (+) PKG. CODES. PDIP .300"

APPROVAL DOCUMENT CONTROL NO. REV. 1

—DRAWING NOT TO SCALE— 51-0043 ElA

www.analog.com Analog Devices | 8


https://www.analog.com/en/index.html
http://www.maximintegrated.com/packages

MAX1488E

Revision History

+15kV ESD-Protected, Quad, Low-Power

RS-232 Line Driver

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 8/96 Initial release —

1 1121 Updated Package Information 8
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