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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

General Description

The MAX13487E/MAX13488E +5V, half-duplex, +15kV
ESD-protected RS-485/RS-422-compatible transceivers
feature one driver and one receiver. The MAX13487E/
MAX13488E include a hot-swap capability to eliminate
false transitions on the bus during power-up or live
insertion.

The MAX13487E/MAX13488E feature Maxim’s propri-
etary AutoDirection control. This architecture makes the
devices ideal for applications, such as isolated RS-485
ports, where the driver input is used in conjunction with
the driver-enable signal to drive the differential bus.

The MAX13487E features reduced slew-rate drivers
that minimize EMI and reduce reflections caused by
improperly terminated cables, allowing error-free trans-
mission up to 500kbps. The MAX13488E driver slew
rate is not limited, allowing transmit speeds up to
16Mbps.

The MAX13487E/MAX13488E feature a 1/4-unit load
receiver input impedance, allowing up to 128 trans-
ceivers on the bus. These devices are intended for half-
duplex communications. All driver outputs are
protected to +15kV ESD using the Human Body Model.
The MAX13487E/MAX13488E are available in an 8-pin
SO package. The devices operate over the extended
-40°C to +85°C temperature range.

Applications

Isolated RS-485 Interfaces
Utility Meters

Industrial Controls
Industrial Motor Drives
Automated HVAC Systems

Pin Configuration/Typical Application Circuit appear at end
of data sheet.

MAXI

Features

4 +5V Operation
4 AutoDirection Enables Driver Automatically on

Transmission

4 Hot-Swappable for Telecom Applications
4 Enhanced Slew-Rate Limiting Facilitates Error-

Free Data Transmission (MAX13487E)

4 High-Speed Version (MAX13488E) Allows for

Transmission Speeds Up to 16Mbps

¢ Extended ESD Protection for RS-485 1/0O Pins

+15kV Human Body Model

4 1/4-Unit Load, Allowing Up to 128 Transceivers on

the Bus

4 8-Pin SO Package

Ordering Information/
Selector Guide

o ART PIN- SLEW-RATE  PKG
PACKAGE LIMITED  CODE
MAX13487EESA+ 8 SO Yes S8-2
MAX13488EESA+ 8 SO No S8-2

+Denotes a lead-free package
All devices operate over the -40°C to +85°C temperature range.

Functional Diagram
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND.)

Supply Voltage VCC ....vovoveeiiciiecieie +6V
SHDN, RE, Dl...oooviiiiiioccieccc e -0.3Vto +6
AB. SN a AN -8V to +13V
Short-Circuit Duration (RO, A, B)to GND .................. Continuous
Continuous Power Dissipation (Ta = +70°C)

8-Pin SO (derate 5.9mW/°C above +70°C)................. 471mW

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

Operating Temperature Range
Junction Temperature
Storage Temperature Range
Lead Temperature (soldering 10s)

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

ELECTRICAL CHARACTERISTICS

(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Voc = +5V and Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DRIVER
RpIFF = 1009, Figure 1 2.0 Vce
Differential Driver Output Vob RpIFF = 54Q, Figure 1 1.5 \
No load Vce

Driver Common-Mode Output \ ;

Voltage Voc RL = 100Q or 54Q, Figure 1 Vce/ 2 3 V
Driver Disable Threshold VDT Figure 2 (Note 2) +0.6 +1 V
Input-High Voltage VIH DI, SHDN, RE 2.0 \
Input-Low Voltage ViL DI, SHDN, RE 0.8 v
Input Current IN DI, SHDN, RE +1 pA
Driver Short-Circuit Output 0V = Vour = +12V +50 +250

Current losD mA
(Note 3) -7V = VouT = 0V -250 -50

Driver Short-Circuit Foldback | (Vce - 1V) = Vout = +12V 20 mA
Output Current (Note 3) OSDF -7V = VouT = 0V -20
RECEIVER

Input Current | Dl =Vce, Voo | VIN = +12V 250 A
(A and B) AB 1 _GNDor+5V [vp=-7v 200 H
Receiver Differential Threshold

Voltage VTH -7V <Vcm = +12V -200 +200 mV
Receiver Input Hysteresis AVTH Va + VB =0V 25 mV
Output-High Voltage VoH |10 =-1.6mA, Va- Vg > VTH Vf% v
Output-Low Voltage VoL lo=1mA, VA - VB < -VTH 0.4 V
Tri-State Output Current at

Receiver lozr 0V =Vo =Vcec +1 pA
Receiver Input Resistance RIN -7V =Vcm = +12V 48 kQ
Receiver Output Short-Circuit

Current losr 0V =Vro =Vce +7 +95 mA
2 AKXV




Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Voc = +5V and Ta = +25°C.) (Note 1)

PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX ‘ UNITS
POWER SUPPLY
Supply Voltage Vce 4.75 5.25 \
Supply Current Icc SHDN = 1, RE = 0, no load 45 mA
Shutdown Supply Current ISFobN | SHDN =0 10 PA
ESD PROTECTION
Air Gap Discharge IEC61000-4-2 .15
ESD Protection (A, B) (MAX13487E) KV
Human Body Model +15
ESD Protection (All Other Pins) Human Body Model +2 kV
SWITCHING CHARACTERISTICS—MAX13487E
(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)
PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DRIVER
' . {DPLH , 200 1000
Driver Propagation Delay RL = 110Q, CL = 50pF, Figures 2 and 3 ns
tDPHL 200 1000
Driver Differential Output Rise or tHL RL = 110, CL = 50pF. Figures 2 and 3 200 900 ns
Fall Time tLH 200 900
Maximum Data Rate 500 kbps
Driver Disable Delay tDDD Figure 3 2500 ns
Driver Engble from Shutdown to {DZH(SHDN) | Figure 4 55 Ns
Output High
Driver Enable from Shutdown to 1b2L(SHON) | Figure 4 55 R
Output Low
Time to Shutdown tSHDN 50 340 700 ns
RECEIVER
Receiver Propagation Delay IRPLH CL = 15pF, Figures 5 and 6 & ns
tRPHL 80
Receiver Output Skew trRskew | CL = 15pF, Figure 6 13 ns
Maximum Data Rate 500 kbps
Receiver Enable to Output High tRzH Figure 7 50 ns
Receiver Enable to Output Low tRzL Figure 7 50 ns
Receiver Disable Time from High tRHZ Figure 7 50 ns
Receiver Disable Time from Low tRLZ Figure 7 50 ns
f{oegit\;eurtagtﬁle from Shutdown (St:zDF’L) Figure 8 2900 N

MAXIM
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

SWITCHING CHARACTERISTICS—MAX13487E (continued)

(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Receiver Enable from Shutdown tRzL Figure 8 2900 e
to Output Low (SHDN)
Receiver Enable Delay tRED Figure 3 70 ns
Time to Shutdown tSHDN 50 340 700 ns

SWITCHING CHARACTERISTICS—MAX13488E

(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DRIVER
. . tDPLH , 50
Driver Propagation Delay RL = 110Q, CL = 50pF, Figures 2 and 3 ns
tDPHL 50
i i i i It 15
Drlver Differential Output Rise or HL RL = 1109, CL = 50pF, Figures 2 and 3 o
Fall Time tILH 15
Maximum Data Rate 16 Mbps
Driver Disable Delay tDDD Figure 3 70 ns
Driver Enable from Shutdown to i Fiqure 4 50 S
Output High DZH(SHDN) | P19 ' H
Driver Enable from Shutdown to ¢ Fiqure 4 25 S
Output Low DZL(SHDN) g . H
Time to Shutdown tSHDN 50 340 700 ns
RECEIVER
. . tRPLH , 80
Receiver Propagation Delay CL = 15pF, Figures 5 and 6 ns
tRPHL 80
Receiver Output Skew trRskew | CL = 15pF, Figure 6 13 ns
Maximum Data Rate 16 Mbps
Receiver Enable to Output High tRZH Figure 7 50 ns
Receiver Enable to Output Low tRzL Figure 7 50 ns
Receiver Disable Time from High tRHZ Figure 7 50 ns
Receiver Disable Time from Low tRLZ Figure 7 50 ns
Receiver Eqable from Shutdown tRZH Figure 8 2500 ns
to Output High (SHDN)

4 MAXIMN




Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

SWITCHING CHARACTERISTICS—MAX13488E (continued)

(Vce = +5V £5%, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Vcc = +5V and Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Receiver Enable from Shutdown tRzL Figure 8 2500 ns
to Output Low (SHDN)
Receiver Enable Delay tRED Figure 3 70 ns
Time to Shutdown tSHDN 50 340 700 ns

Note 1: All currents into the device are positive. All currents out of the device are negative. All voltages referred to device ground,
unless otherwise noted.

Note 2: This is a differential voltage from A to B that the driving device must see on the bus to disable its driver.

Note 3: The short-circuit output current applied to peak current just prior to foldback current limiting. The short-circuit foldback out-
put current applies during current limiting to allow a recovery from bus contention.

Typical Operating Characteristics

(Vcc = +5.0V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT OUTPUT CURRENT
SUPPLY CURRENT vs. TEMPERATURE vs. RECEIVER OUTPUT-HIGH VOLTAGE vs. REGEIVER OUTPUT-LOW VOLTAGE
40 i . 35 o 60 =
NO LOAD § — § %

38 ] 2 ™ z 50 " z
= = N = /
1= 1= =
= = \ = 4
Z 36 =z 2 = /
= £ \ N /
o0 oD jun )
= 34 2 M =
o = =5 20
2 3 = /

32 7 10 /

30 0 0

40 1510 35 60 85 0 1 2 3 4 5 0 1 2 3 4 5
TEMPERATURE (°C) OUTPUT-HIGH VOLTAGE (V) OUTPUT-LOW VOLTAGE (V)
RECEIVER OUTPUT-HIGH VOLTAGE RECEIVER OUTPUT-LOW DIFFERENTIAL OUTPUT CURRENT
vs. TEMPERATURE VOLTAGE vs. TEMPERATURE vs. DIFFERENTIAL OUTPUT VOLTAGE
5.4 T s 05 T 3 80 g
lo=1mA £ lo=1mA £ £

52 § 0.4 % \ g
S 50 AN Tz ™ )
G (&} £
= 5 03 g \
S 48 e - e \
5 & S 4
T 46 T 0w = N
[ | g N jun )
= & =
S 44 5 g 4
o

0.1 N
42
40 0 0
40 15 10 35 60 85 40 1510 3 60 85 0 1 2 3 4 5
TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT VOLTAGE (V)
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

(Vce = +5.0V, Ta = +25°C, unless otherwise noted.)

SHUTDOWN CURRENT (uA) DIFFERENTIAL OUTPUT VOLTAGE (V)

DRIVER PROPAGATION DELAY (ns)

DRIVER DIFFERENTIAL OUTPUT VOLTAGE
vs. TEMPERATURE
3.0

1
RpiFF = 54Q2

MAX13487Etoc07
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2.0

-40 -15 10 35 60 85
TEMPERATURE (C°)

SHUTDOWN CURRENT vs. TEMPERATURE
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O =4 N W A O O N o ©

-40 -15 10 35 60 85
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7654321012345
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DRIVER PROPAGATION vs. TEMPERATURE
(MAX13487E)

RL =10k
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(MAX13488E)

RL=110Q
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Typical Operating Characteristics (continued)

OUTPUT CURRENT
vs. TRANSMITTER OUTPUT-LOW VOLTAGE
120

MAX13487Etoc09

100

60 / 74
40

20

0 2 4 6 8 10 12
OUTPUT-LOW VOLTAGE (V)

DRIVER PROPAGATION vs. TEMPERATURE

(MAX13487E)

600 N

RL=110Q g

500 (opLH E

\\ | — =

/><
400
300
200
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100
0

-40 -15 10 35 60 85
TEMPERATURE (°C)

RECEIVER PROPAGATION vs. TEMPERATURE

(MAX13487E)
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t
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tRPLH
0

40 510 35 60 85
TEMPERATURE (°C)
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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Typical Operating Characteristics (continued)
(Vce = +5.0V, Ta = +25°C, unless otherwise noted.)

RECEIVER PROPAGATION vs. TEMPERATURE DRIVER PROPAGATION (500kbps) DRIVER PROPAGATION (16Mbps)
(MAX13488E) (MAX13487E) (MAX13488E)
40 © — ©
g F— o g R -
= . - en— o i
z g D B LN S |Z DI 20l
= ¥ 2V/div 2V/div
S
(’fg tRPLH e | " ]
S 2 - T s
& tRPHL
2 10 A-B ; : A-B
S 5V/div 5V/div
A ) : WAVEFORM INTENSITY: 68%
-40 -15 10 35 60 85 400ns/div 10ns/div
TEMPERATURE (°C)
RECEIVER PROPAGATION (16Mbps) DRIVING 16nF (19.2kbps)
(MAX13488E) (MAX13487E)
£EB i 15
v 1: v ' 1z o
2V/div
““““““““““““““““ A r—— _—-—-
““““““““““““““““““““““ o e L
RO A-B
2V/div 5V/div
10ns/div 10ps/div
DRIVING 16nF (19.2kbps) DRIVING 16nF (750kbps)
(MAX13488E) (MAX13488E)
= DI = Dl
2V/div o : 2V/div
| .1 e .
‘r‘ : A-B A-B
[ : 5V/div 5V/div
| U .

10us/div 400ns/div
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Test Circuits and Waveforms

— CL

Figure 2. Driver-Timing Test Circuit

RE=Vee  f=1MHz, tiy < 3ns, ty < 3ns
Voo =
DI 15V 15V
0 —M 7
12 Vg

l l —> toPLH tDPHL ¢

B
Vo T

! ! | | f
T 1/2 Vo

RO —> %7 tooD. tReD

0 (RO PULLED LOW)
VpiFr = V(A) - V(B)

Figure 3. Driver Propagation Delays
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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Test Circuits and Waveforms (continued)

Vee —=-mmmmee
SHDN 45V
0 — /

—»  [<—1pzL(SHDN)

5000 —0{1 o— V¢
UNDER TEST — %7 )
CL —O{ZO—_L AB _|. _ OUTPUT NORMALLY HIGH

OUTPUT N2V oUTPUT NORMALLY LOW

V.
\ A2

—»  <—IpzH(SHDN)

iH

Figure 4. Driver Enable and Disable Times

j—\_B
RECEIVER

ATE Vip R

OUTPUT
_¢_I7A
Figure 5. Receiver-Propagation-Delay Test Circuit
f=1MHz, t 4 < 3ns, th < 3ns
. LH HL v
\
B -1V
& tRPHL tRPLH
VOH =======---eemmmmcememee e g
RO 15V 15V
Vou tRSKEw = | tRPHL - tRpLH |

Figure 6. Receiver Propagation Delays
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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Test Circuits and Waveforms (continued)

Vee
RE ANEPYY 15v £
O ..................
> |« {Rz(SHDN), tRZL tRHz -
Voo ———— ey
Q xizgv OUTPUT NORMALLY LOW you+ 0¥
0 ----4-~ XML 4
N Y L L OUTPUT NORMALLY HIGH
RO /Z 2.3V < ons0sy
pliS AL
Dl =0V % {R7H(SHDN), tRZH tRHz ] -

MAX13487E/MAX13488E

Figure 7. Receiver Enable and Disable Times
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+
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4
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—>»  [<— RzH(SHDN)

Figure 8. Receiver Enable Time from Shutdown
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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Pin Description

PIN NAME FUNCTION
’ RO Receiver Outpgt. When receiver is enabled and V(A) - V(B) > +200mV, RO is high. If V(A) - V(B)
< -200mV, RO is low.
> BE Receiver Output Enaﬁ. Drive RE low to enable the RO. Drive RE high to let the AutoDirection circuit
control the receiver. RE is a hot-swap input (see the Hot-Swap Capability section for more details).
3 SHON Shutdown. Drive SHDN high to let the device operate in normal operation. Drive SHDN low to put the part
in shutdown.
Driver Input. Drive DI low to force noninverting output low and inverting output high. Drive DI high to force
4 DI noninverting output high anq inverting output low. Dl 'is an input to the internal state maching t‘hat
automatically enables and disables the driver. See the Function Tables and General Description for more
information. DI is a hot-swap input (see the Hot-Swap Capability section for more details).
5 GND Ground
6 A Noninverting Receiver Input and Noninverting Driver Output
7 B Inverting Receiver Input and Inverting Driver Output
8 Vce Positive Supply, Vcc = +5V +5%. Bypass Vcc to GND with a 0.1uF capacitor.
Function Tables
TRANSMITTING
INPUTS OUTPUTS
SHDN DI A-B > Vpt ACTION A B
1 0 X Turn driver ON 0 1
1 1 False If driver was OFF, keep it OFF HIGH IMPEDANCE HIGH IMPEDANCE
1 1 False If driver was ON, keep it ON 1 0
1 1 True Turn driver OFF HIGH IMPEDANCE HIGH IMPEDANCE
0 X X X SHUTDOWN
RECEIVING
INPUTS OUTPUT
SHDN RE A-B DRIVER STATE RECEIVER STATE RO
1 0 =+200mV X ON 1
1 0 <-200mV X ON 0
1 1 X ON OFF HIGH IMPEDANCE
1 1 >+200mV OFF ON 1
1 1 <-200mV OFF ON 0
0 X X X X SHUTDOWN

X = Don't care, shutdown mode, driver, and receiver outputs are in high impedance.

MAXIM
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Detailed Description

The MAX13487E/MAX13488E half-duplex, high-speed
transceivers for RS-485/RS-422 communication contain
one driver and one receiver. The MAX13487E/
MAX13488E feature a hot-swap capability allowing line
insertion without erroneous data transfer (see the Hot-
Swap Capability section). The MAX13487E features
reduced slew-rate drivers that minimize EMI and
reduce reflections caused by improperly terminated
cables, allowing error-free transmission up to 500kbps.
The MAX13488E driver slew rate is not limited, making
data throughput of up to 16Mbps possible.

AutoDirection Circuitry
Internal circuitry in the MAX13487E/MAX13488E, in
conjunction with an external pullup resistor on A and
pulldown resistor on B (see Typical Application Circuit),
act to automatically disable or enable the driver and
receiver to keep the bus in the correct state. This
AutoDirection circuitry consists of a state machine and
an additional receive comparator that determines
whether this device is trying to drive the bus, or another
node on the network is driving the bus.

The internal state machine has two inputs:
e DI

e The current state of A-B (determined by a dedicated
differential comparator)

The state machine also has two outputs:

e DRIVER_ENABLE—Internal signal that enables and
disables the driver

e RECEIVER_ENABLE—Internal signal that is the
inverse of the DRIVER_ENABLE signal, but it can be
overridden by an external pin

When DI is low, the device always drives the bus low.
When DI is high, the device drives the bus for a short
time, then disables the driver and allows the external
pullup/pulldown resistors to hold the bus in the high
state (A-B > 200mV). During each low-to-high transition
of DI, the driver stays enabled until (A-B) > VpT, and
then disables the driver, letting the pullup/pulldown
resistors hold the A and B lines in the correct state.

Pullup and Pulldown Resistors
The pullup and pulldown resistors on the A and B lines
are required for proper operation of the device
although their exact value is not critical. They function
to hold the bus in the high state (A-B > 200mV) follow-
ing a low-to-high transition. Sizing of these resistors is
determined in the same way as when using any other
RS-485 driver and depends on how the line is terminat-
ed and how many nodes are on the bus. The most

12

important factor when sizing these resistors is to guar-
antee that the idle voltage on the bus (A-B) is greater
than 200mV in order to remain compatible with stan-
dard RS-485 receiver thresholds.

Idle State
When not transmitting data, the MAX13487E/
MAX13488E require the DI input be driven high to
remain in the idle state. A conventional RS-485 trans-
ceiver has DE and RE inputs that are used to enable
and disable the driver and receiver. However, the
MAX13487E/MAX13488E does not have a DE input,
and instead uses an internal state machine to enable
and disable the drivers. DI must be driven high in order
to go to the idle state.

Hot-Swap Capability

Hot-Swap Inputs
When circuit boards are inserted into a hot or powered
back plane, differential disturbances to the data bus
can lead to data errors. Upon initial circuit-board inser-
tion, the data communication processor undergoes its
own power-up sequence. During this period, the
processor’s logic-output drivers are high impedance
and are unable to drive the DI and RE inputs of these
devices to a defined logic level. Leakage currents up to
+10uA from the high-impedance state of the proces-
sor’s logic drivers could cause standard CMOS enable
inputs of a transceiver to drift to an incorrect logic level.
Additionally, parasitic circuit-board capacitance could
cause coupling of Vcc or GND to the enable inputs.
Without the hot-swap capability, these factors could
improperly enable the transceiver’s driver.

To overcome both these problems, two different pullup
switches (strong and weak) are turned on during the
power-up. When V¢ rises, an internal power-up signal
enables a strong pullup circuit. It holds DI and RE high
with 1mA for 15us. Once the timeout is expired, this
strong pullup is switched off. A weak pullup (100uA)
remains active to overcome leakage on the pin. This
second weak pullup disappears as soon as the micro-
controller forces a low state on these pins. Therefore, in
normal operation (after the first activation), these pins
can be considered as high-impedance pins (CMOS
inputs) without any pullup circuitry.

The AutoDirection state machine is initialized, forcing the
driver disabled. The receiver is enabled in AutoDirection
mode.

Hot-Swap Input Circuitry
The enable inputs feature hot-swap capability. At the
input there are two pMOS devices, M1 and M2 (Figure 9).
When Vcc ramps from zero, an internal 15us timer turns

MAXIMN




Half-Duplex RS-485-/RS-422-Compatible

Transceiver with AutoDirection Control

on M2 and sets the SR latch, which also turns on M1.
Transistors M2, a 1.5mA current source, and M1, a 500pA
current source, pull RE to Vcc through a 5kQ resistor. M2
is designed to pull RE to the disabled state against an
external parasitic capacitance up to 100pF that can drive
RE high. After 15pus, the timer deactivates M2 while M1
remains on, holding DI high against three-state leakages
that can drive RE low. M1 remains on until an external
source overcomes the required input current. At this time,
the SR latch resets and M1 turns off. When M1 turns off,
RE reverts to a standard, high-impedance CMOS input.
Whenever Vcc drops below 1V, the hot-swap input is
reset. DI has similar hot-swap circuitry.

+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
assembly. The driver outputs and receiver inputs of the
MAX13487E/MAX13488E have extra protection against
static electricity. Maxim’s engineers have developed
state-of-the-art structures to protect these pins against
ESD of +15kV without damage. The ESD structures
withstand high ESD in all states: normal operation, shut-
down, and powered down. After an ESD event, the
MAX13487E/MAX13488E keep working without latchup
or damage.

ESD protection can be tested in various ways. The
transmitter outputs and receiver inputs of the
MAX13487E/MAX13488E are characterized for protec-
tion to the following limits:

e +15kV using the Human Body Model

e +15kV using the Air Gap Discharge Method speci-
fied in IEC 61000-4-2 (MAX13487E only)

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

Human Body Model
Figure 10a shows the Human Body Model, and Figure
10b 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 inter-
est, which is then discharged into the test device
through a 1.5kQ resistor.

IEC 61000-4-2
The IEC 61000-4-2 standard covers ESD testing and
performance of finished equipment. However, it does
not specifically refer to integrated circuits. The
MAX13487E/MAX13488E help you design equipment to

MAXIM

SR LATCH

TIMER

| RE
(HOT SWAP)

Figure 9. Simplified Structure of the Receiver Enable Pin (RE)

meet |IEC 61000-4-2 without the need for additional
ESD-protection components.

The major difference between tests done using the
Human Body Model and IEC 61000-4-2 is higher peak
current in IEC 61000-4-2 because series resistance is
lower in the IEC 61000-4-2 model. Hence, the ESD
withstand voltage measured to IEC 61000-4-2 is gener-
ally lower than that measured using the Human Body
Model. Figure 10c shows the IEC 61000-4-2 model,
and Figure 10d shows the current waveform for IEC
61000-4-2 ESD Contact Discharge test.

Machine Model
The machine model for ESD tests all pins using a 200pF
storage capacitor and zero discharge resistance.

The objective is to emulate the stress caused when 1/O
pins are contacted by handling equipment during test
and assembly. Of course, all pins require this protec-
tion, not just RS-485 inputs and outputs.

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.

13
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MAX13487E/MAX13488E

Half-Duplex RS-485-/RS-422-Compatible
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Figure 10a. Human Body ESD Test Model

Figure 10c. IEC 61000-4-2 ESD Test Model
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Figure 10b. Human Body Current Waveform

Applications Information

128 Transceivers on the Bus
The standard RS-485 receiver input impedance is 12kQ
(1-unit load), and the standard driver can drive up to
32-unit loads. The MAX13487E/MAX13488E have a 1/4-
unit load receiver input impedance (48kQ), allowing up
to 128 transceivers to be connected in parallel on one
communication line. Any combination of these devices,
as well as other RS-485 transceivers with a total of 32-
unit loads or fewer, can be connected to the line.

Reduced EMI and Reflections
The MAX13487E features reduced slew-rate drivers
that minimize EMI and reduce reflections caused by
improperly terminated cables, allowing error-free data
transmission up to 500kbps.

14

Figure 10d. IEC 61000-4-2 ESD Generator Current Waveform

Low-Power Shutdown Mode
Low-power shutdown mode is initiated by bringing
SHDN low. In shutdown, the devices draw a maximum
of 10pA of supply current.

The devices are guaranteed not to enter shutdown if
SHDN is low for less than 50ns. If the inputs are in this
state for at least 700ns, the devices are guaranteed to
enter shutdown.

Enable times tzH and tzL (see the Switching Character-
istics section) assume the devices were not in a low-
power shutdown state. Enable times tzH(SHDN) and
tzL(SHDN) assume the devices were in shutdown state. It
takes drivers and receivers longer to become enabled
from low-power shutdown mode (tZH(SHDN), tZL(SHDN))
than from driver/receiver-disable mode (tzH, tzL).

Line Length
The RS-485/RS-422 standard covers line lengths up to
4000ft.

MAXIMN
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Figure 11. Typical Half-Duplex RS-485 Network

Typical Applications
The MAX13487E/MAX13488E transceivers are
designed for half-duplex, bidirectional data communi-
cations on multipoint bus transmission lines. Figure 11
shows a typical network application. To minimize reflec-
tions, terminate the line at both ends in its characteristic
impedance, and keep stub lengths off the main line as
short as possible. The slew-rate-limited MAX13487E is
more tolerant of imperfect termination.

Isolated RS-485 Interface

An isolated RS-485 interface electrically isolates differ-
ent nodes on the bus to protect the bus from problems
due to high common-mode voltages that exceed the
RS-485 common-mode voltage range, conductive
noise, and ground loops. The Typical Application

MAXIM

Circuit shows an isolated RS-485 interface using the
MAX13487E/MAX13488E. The transceiver is powered
separately from the controlling circuitry. The
AutoDirection feature of the MAX13487E/MAX13488E
(see the AutoDirection Circuitry section), replaces an
external relay allowing faster switching speeds, no con-
tact bounce, better reliability, and better electrical isola-
tion. The MAX13487E/MAX13488E only require two
optocouplers to electrically isolate the transceiver.

Chip Information

PROCESS: BICMOS

15
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Pin Configurations/Typical Application Circuit
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Half-Duplex RS-485-/RS-422-Compatible
Transceiver with AutoDirection Control

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)

INCHES MILLIMETERS
DIM| MIN MAX MIN MAX
0.053 | 0.069 1.35 1.75
A1 0.004 | 0.010 0.10 0.25

SOICN .EPS

>

N
EI EI EI EI EI EI [ B 0.014 | 0.019 | 0.35 0.49
.~ Cc | 0007 | 0010 [ 019 | 025
e 0.050 BSC 1.27 BSC
E [ 0150 [ 0157 | 380 [ 4.00
E H H | 0228 | 0244 | 580 6.20
L | 0016 | 0050 | 0.0 1.27
O
\ 1
E‘ E‘ E‘ E‘ E‘ E__ VARIATIONS:
p
INCHES MILLIMETERS
TOP VIEW DIM| MIN [ MAX | MIN | MAX [N [MS012

0.189 | 0.197 4.80 5.00 8| AA
0.337 | 0.344 8.55 8.75 |14| AB
0.386 | 0.394 9.80 10.00 [16] AC

O|O0|0

D

gL

—| e }— —*H‘—B A1—¢ 1 JLL Onemj

0

FRONT VIEW SIDE VIEW

NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH. »,

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.0067). @s?nﬁolﬁl!ﬁéosR/I’I/JKIIVI

3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION

4. CONTROLLING DIMENSION: MILLIMETERS. TITLE:

5. MEETS JEDEC MSO012. PACKAGE OUTLINE, .150" SOIC

6' N = NUMBER OF PINS' APPROVAL DOCUMENT CONTROL NO. REV. 1
21-0041 B |

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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© 2007 Maxim Integrated Products MAXAM s a registered trademark of Maxim Integrated Products, Inc.

F88VELXVIN/ILBYE IXVIN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


