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3.0V~5.5V,+15KV ESD-Protected, Fail-safe,
Hot-Swap,RS-485/RS-422 Transceivers

Features

3.0~5.5V Operation

Extended ESD Protection for RS-485/RS-422 1/0 Pins +15kV
Human Body Model

® True Fail-Safe Receiver While Maintaining EIA/TIA-485
Compatibility
Hot-Swap Input Structures on DE and RE

Enhanced Slew-Rate Limiting Facilitates Error- Free Data
Transmission

Low-Current Shutdown Mode

Allow Up to 256 Transceivers on the Bus

Available in Industry-Standard SOP-8 and DFN-8 Packages

Ordering Information

DEVICE Package Type MARKING Packing Packing Qty
MAX13485EIM/TR-HG SOP-8 X13485 REEL 2500pcs/reel
MAX13485EIDQ3/TR-HG DFN-8 3*3 X13485 REEL 5000pcs/reel
MAX13485EIDQ2/TR-HG DFN-8 2*2 X13485 REEL 5000pcs/reel
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General Description

The MAX13485 3.0~5.5V,+15kV ESD-protected, RS-485/RS-422 transceiver features one driver and one
receiver.The device includes fail-safe circuitry, guaranteeing a logic-high receiver output when receiver inputs
are open or shorted. The receiver outputs a logic-high if all transmitters on a terminated bus are disabled (high
impedance). The MAX13485 includes a hot-swap capability to eliminate false transitions on the bus during
power-up or hot insertion.The MAX13485 features reduced slew-rate drivers that minimize EMI and reduce
reflections caused by improperly terminated cables, allowing error-free data transmission up to 1Mbps.The
MAX13485 is ideal for half-duplex communications and it draws 0.5mA of supply current when unloaded or
when fully loaded with the drivers disabled. The MAX13485 has a 1/8-unit load receiver input impedance,
allowing up to 256 transceivers on the bus.The MAX13485 is available in SOP-8 and DFN-8 packages.

Applications

Utility Meters
Lighting Systems
Industrial Control
Telecom
Security System
Instrumentation
Profibus

Typical Half-Duples Operating Circuit
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Pin Configuration And Functions

(Top View)
o (Top View)
RO[T]1 8[ 1] Vee — —
RO i1 8. Jvcc
Rel[L]2 7[1]8 . .
REJ . :2 7: 1B
PelLs o A pE[33 6] A
DI[T]4 5[TI1GND DI [ 51 aND
e _—
SOP-8 DFN-8 3*3/DFN-8 2*2
Pin
Description

Name No.

Receiver Output. When RE is low and if (A-B)=-50mV, RO is high; if (A-B)<-200mV, RO

RO 1 ,

is low.

Receiver Output Enable.Drive RE low to enable the RO;Drive RE high to let the RO in
RE 2 high-impedance;Drive RE high and DE low to enter low-power shutdown mode. RE is a

Hot-swap input(see the Hot-Swap Capability section for details).

Driver Output Enable.Drive DE high to enable driver outputs;These outputs are
DE 3 high-impedance when DE is low;Drive RE high and DE low to enter low-power shutdown
mode.DE is a hot-swap input(see the Hot-Swap Capability section for details).

Driver Input. With DE high, a low on DI forces noninverting output low and inverting output

Dl 4 high. Similarly, a high on DI forces noninverting output high and inverting output low.
GND 5 Ground

A 6 Noninverting Receiver Input and Noninverting Driver Output

B 7 Inverting Receiver Input and Inverting Driver Output
Vce 8 Positive Supply Vcc =3.0~5.5V.Bypass Vcc to GND with a 0.1uF capacitor.
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Absolute Maximum Ratings

Parameter Parameter Rating UNIT
Vce Supply Voltage +6 Vv
RE,DE Control Input Voltage -0.3to +6 Vv
DI Driver Input voltage -0.3to +6 Vv
AB Receiver Input Voltage -8V to 13 \Y
AB Driver Output Voltage -8V to 13 \Y
RO Receiver Output Voltage -0.3 to (VCC+0.3) \Y

P SOP(derate 5.9mW/°C above +70°C) 471 mwW
Top Operating Temperature Range -40 to +85 °C
T, Junction Temperature +150 °C
Tsto Storage Temperature Range -65 to +150 °C
To Lead Temperature(soldering,10s) 260 °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.
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DC Electrical Characteristics

(Vce =5V 5%, Ta = Tmin to Tuwax. Typical values are at Vee=+5V,Ta=25°C, unless otherwise noted.) ()

Symbol Parameter Test Conditions MIN [TYP| MAX | UNIT
Driver
Vcc | Supply voltage 3.0 5.5 \%
Vop1 | Differential Driver Output(No load) | No load Vee \%
, ) ) RL=100Q(RS-422),Figure 1 3 Vee Y
Vopz | Differential Driver Output -
RL=54Q(RS-485),Figure 1 2 Vee Y
Change in Magnitude of ,
AVop , ) RL=100Q or RL=54Q,Figure 1 0.2 Y
Differential Output Voltage®
Driver Common- Mode )
Voc RL=100Q or RL=54Q,Figure 1 Vee/l2| 3 Y
Output Voltage
Change in Magnitude of .
AVoc RL=100Q or RL=54Q,Figure 1 0.2 \%
Common- Mode Voltage®
Vih1 | Input-High Voltage DE,DI, RE 2 Vv
Vi1 | Input-Low Voltage DE,DI, RE 0.8 \Y
Vuys | Input Hysteresis DE,DI, RE 300 mV
Iint | Input Current DE,DI, RE,VCC floating 12 MA
Input Impedance on First Transition
Rewup Vg, Vre = VRre = 2V 3.65 8.8 kQ
at Power-Up
Input Impedance on First
R . Voe = Vre = 2V 7 60 kQ
Transitionafter POR Delay
, o 0<sVours+12v®) 40 250
losp | Driver Short-Circuit Output Current mA
-7V<VoursVCC ® -250 -40
| Driver Short-Circuit Foldback (Vee-1V)=Vours+12VEe) 20 A
m
oS Output Current -7V=Vours+1V® -20
Trs | Thermal-Shutdown Threshold 175 °C
Trsu | Thermal-Shutdown Hysteresis 15 °C
DE=GND, Vin=+12V 100
lag | Input Current for Aand B MA
Vee=GND or Vcc ViN=-7V -100
Receiver
Receiver Differential
V1H -TV<Vens12V -200 | -125| -50 mV
Threshold Voltage
AVt | Receiver Input Hysteresis Va+Ve=0V 15 mV
Von | Receiver Output-High Voltage lo=-1mA Vcc-0.6 Vee \Y
VoL | Receiver Output-Low Voltage lo= 1mA 04 \%
Three-State Output Current at
lozr , 0V=VOsVcce <1 MA
Receiver
Rin | Receiver Input Resistance -7V<Vens12V 96 kQ
Receiver Output Short-Circuit
losr 0V=VrosVcc <110 | mVv
Current
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Supply Current
No load, RE=GND DE=Vcc 05 | 0.7
lcc | Supply current No load, RE=Vcc, DE=Vcc 05 | 0.7 mA
No load, RE=GND DE=GND 05 | 0.7
Ision | Supply Current in ShutdownMode | RE=GND DE=GND 2.0 10 MA
ESD Protection
Human Body Mode +15 kV
Contact Discharge IEC +8
Esp | ESD Protection (A, B) 61000-4-2 KV
Air-Gap Discharge IEC 15
61000-4-2
Driver Switching Characteristics With Internal Sri(500Kbps)
(Vee=+5V15%, Ta=Tmin~Twmax, Typical values are at Vcc=+5V and Ta = 25°C;unless otherwise noted.) (!
Symbol Parameter Conditions MIN | TYP | MAX |UNITS
topLH . ) R.=540Q,C.=50pF, 200 1000
Driver Propagation Delay . . ns
toPHL Figure 2 and Figure 3 200 1000
Driver Output Skew R.1=54Q,C=50pF,
tbHKEW . . 140 ns
[topLH — toprL | Figure 2 and Figure 3
Driver Differential Output Rise or | R.=54Q,C.=50pF,
tr, tF , , ) 100 500 ns
Fall Time Figure 2 and Figure 3
Fuvax | Maximum Data Rate 1000 kbps
tozn Driver Enable to Output High Figure 4 2500 ns
tozL Driver Enable to Output Low Figure 5 2500 ns
toLz Driver Disable Time from Low Figure 5 100 ns
torz Driver Disable Time from High Figure 4 100 ns
TozsHon Driver Enlable from Shutdown to Figure 4 5500 | ns
Output High
Driver Enable from Shutdown to ,
tbzH(SHDN) Figure 5 5500 ns
Output Low
tSton | Time to Shutdown 50 | 340 | 700 ns
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Receiver Switching Characteristics With Internal Sri(500Kbps)

(Vec=+5V+5%, Ta=Tmin~Twmax, Typical values are at Vcc=+5V and Ta = 25°C;unless otherwise noted.) ()

Symbol Parameter Conditions MIN | TYP MAX | UNITS
t Receiver Propagation 200
RELA pag CL=15pF,Figure 6 and Figure 7 ns
tRPHL Delay 200
Receiver Output Skew ) )
trskew CL=15pF,Figure 6 and Figure 7 30 ns
[toPLH — topHL|
Fmax Maximum Data Rate 1000 kbps
Receiver Enable to .
trzL Figure 8 50 ns
Output Low
Receiver Enable to .
trzH ) Figure 8 50 ns
OutputHigh
Receiver Disable Time .
triz Figure 8 50 ns
from Low
Receiver Disable Time .
tRHZz ) Figure 8 50 ns
from High

) Receiver Enable from Ei 8 3500
igure ns
REHEHON | Shutdown to Output High |

) Receiver Enable from Ei 8 3500
igure ns
REL(SHON) Shutdown to Output Low g

tsHDN Time to Shutdown 50 340 700 ns

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

2. AVop and AVoc are the changes in Vop and Voc, respectively, when the DI input changes state.

3. The short-circuit output current applies to peak current just prior to foldback current limiting. The short-circuit foldback
output current applies during current limiting to allow a recovery from bus contention.
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Test Circuits And Waveforms
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Figure 3.Driver Propagation Delays
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Figure 4. Driver Enable and Disable Times (tpHz, tozH, tbzH(sHDN))
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Figure 5. Driver Enable and Disable Times (toz, toLz, toLzsHon))
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Figure 6. Receiver Propagation Delay Test Circuit
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Figure 8. Receiver Enable and Disable Times
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Function Tables

DE [3 +—1 6] A
DI IT‘[\B:; 5] GND
TRANSMITTING
INPUTS OUTPUTS
DI DE RE A B
1 1 X 1 0
0 1 X 0 1
X 0 0 z 4
X 0 1 Shutdown
RECEIVING
INPUTS OUTPUTS
RE DE A-B RO
0 X 2 -50mV 1
0 X <-200mV 0
0 X Open/Shorted 1
1 1 X 4
1 0 X Shutdown
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Detailed Description

The MAX13485 high-speed transceiver for RS-485/RS-422 communication contains one driver and one
receiver. This device features fail-safe circuitry, which guarantees a logic-high receiver output when the
receiver inputs are open or shorted, or when they are connected to a terminated transmission line with all
drivers disabled (see the Fail-Safe section). The MAX13485 also features a hot-swap capability allowing line
insertion without erroneous data transfer (see the Hot-Swap Capability section). The MAX13485 features
reduced slew-rate drivers that minimize EMI and reduce reflections caused by improperly terminated cables,
allowing error-free data transmission up to 1Mbps. The MAX13485 is a half-duplex transceiver and operates
from a single +3.0~5.5V supply. Drivers are output short-circuit current limited. Thermal-shutdown circuitry
protects drivers against excessive power dissipation. When activated, the thermal-shutdown circuitry places
the driver outputs into a high-impedance state.

Fail-Safe

The MAX13485 guarantees a logic-high receiver output when the receiver inputs are shorted or open, or
when they are connected to a terminated transmission line with all drivers disabled. This is done by setting the
receiver input threshold between -50mV and -200mV. If the differential receiver input voltage (A - B) is greater
than or equal to -50mV, RO is logic-high. If (A - B) is less than or equal to -200mV, RO is logic-low. In the case
of a terminated bus with all transmitters disabled, the receiver’s differential input voltage is pulled to 0V by the
termination. With the receiver threshold of the MAX13485, this results in a logic-high with a 50mV minimum
noise margin. Unlike previous fail-safe devices, the -50mV to -200mV threshold complies with the +200mV
EIA/TIA-485 standard.

Hot-Swap Capability
Hot-Swap Inputs

When circuit boards are inserted into a hot or powered backplane, differential disturbances to the data bus
can lead to data errors. Upon initial circuit board insertion, 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 DE and RE inputs of these devices to a defined logic level. Leakage currents up to +10pA
from the high-impedance state of the processors 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 or receiver.When Vcc rises, an internal pulldown circuit holds DE low and RE
high. After the initial power-up sequence, the pulldown circuit becomes transparent, resetting the hot-swap
tolerable input.

Hot-Swap Input Circuitry

The enable inputs feature hot-swap capability. At the input there are two nMOS devices, M1 and M2
(Figure 9). When Vcc ramps from zero, an internal 7us timer turns on M2 and sets the SR latch, which also
turns on M1. Transistors M2, a 500uA current sink, and M1, a 100pA current sink, pull DE to GND through a
5kQ resistor. M2 is designed to pull DE to the disabled state against an external parasitic capacitance up to
100pF that can drive DE high. After 7us, the timer deactivates M2 while M1 remains on, holding DE low against
three-state leak ages that can drive DE high. 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, DE reverts to a standard,
high-impedance CMOS input. Whenever Vcc drops below 1V, the hot swap input is reset.For RE there is a
complementary circuit employing two pMOS devices pulling RE to Vcc.
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Figure 9. Simplified Structure of the Driver Enable Pin (DE)

+15kV ESD Protection

The driver output and receiver input of the MAX13485 have extra protection against static electricity. The
ESD structures withstand high ESD in all states: normal operation, shutdown, and powered down. After an
ESD event, the MAX13485 keeps working without latchup or damage.ESD protection can be tested in various
ways. The transmitter

output and receiver input of the MAX13485 are characterized for protection to the following limits:
® +15kV using the Human Body Model
® 18kV using the Contact Discharge method specified in IEC 61000-4-2
® 115kV using the Air-Gap Discharge method specified in IEC 61000-4-2

ESD Test Conditions

ESD performance depends on a variety of conditions.

Human Body Model

Figure 10a shows the Human Body Model, and Figure 10b shows the current waveform it generates when
discharged 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.

http://www.hgsemi.com.cn 14 /22 VER:V1.2


http://www.hgsemi.com.cn/

[ HGSEMi

HuaGuan Semiconductor MAX1 3485
Rc Rp
1M 1500Q
o_
GHARGE-CURRENT-LIMIT|  p|SCHARGE
RE SISTOR
HIGH- RESISTANCE DEVICE
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Figure 10a. Human Body ESD Test Model
______ PEAK-TO-PEAK RINGING
lp 100% |- — — I- (NOT DRAWN TO SCALE)
90% [~ — — .
|
|
|
|
AMPS |
368% [{—————————-——-—-—-=
| |
|
10% | |
o L— !
0!t | TIME—» |
« toL >
CURRENT WAVEFORM

Figure 10b. Human Body Current Waveform
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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 MAX13485 helps you design equipment to meet IEC 61000-4-2,
with out 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
generally 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.
Re Rp
50M TO 100M 330Q

O—
CHARGE-CURRENT- DISCHARGE
LIMIT RESI STOR RESISTANCE
HIGH- — DEVICE
VOLTAGE C; L STORAGE UNDER
DC 150pF [ CAPACITOR TEST
SOURCE
L
Figure 10c. IEC 61000-4-2 ESD Test Model
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Figure 10d. IEC 61000-4-2 ESD Generator Current Waveform

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 I/O pins are contacted by handling equipment during test
and assembly. Of course, all pins require this protection, not just RS-485 inputs and outputs.
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Applications Information

The standard RS-485 receiver input impedance is 12kQ (1-unit load), and the standard driver can drive up
to 32-unit loads. The MAX13485 has a 1/8-unit load receiver input impedance (96kQ), allowing up to 256
transceivers to be connected in parallel on one communication line. Any combination of the MAX13485, 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 MAX13485 features reduced slew-rate drivers that minimize EMI and reduce reflections caused by
improperly terminated cables, allowing error-free data transmission up to 1Mbps.

Low-Power Shutdown Mode

Low-power shutdown mode is initiated by bringing both RE high and DE low. In shutdown, the devices
typically draw only 2.0pA of supply current.RE and DE can be driven simultaneously; the devices are
guaranteed not to enter shutdown if RE is high and DE 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 tz4 and tz (see the Switching
Characteristics section) assume the devices were not in a low-power shutdown state. Enable times tz4(SHDN)
and tz.(SHDN) assume the devices were in shutdown state. It takes drivers and receivers longer to become
enabled from low-power shutdown mode (tz#(SHDN), tz.(SHDN)) than from driver/receiver-disable mode (tzw,
tz).

Driver Output Protection

Two mechanisms prevent excessive output current and power dissipation caused by faults or by bus
contention. The first, a foldback current limit on the output stage, provides immediate protection against short
circuits over the whole common-mode voltage range (see the Typical Operating Characteristics). The second,
a thermal-shutdown circuit, forces the driver outputs into a high-impedance state if the die temperature
exceeds +175°C (typ).

Line Length

The RS-485/RS-422 standard covers line lengths up to 4000ft. For line lengths greater than 4000ft, it may
be necessary to implement a line repeater.
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Typical Applications

The MAX13485 transceiver is designed for bidirectional data communications on multipoint bus
transmission lines. Figure 11 shows a typical network applications circuit.To minimize reflections, 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 MAX13485 is more tolerant of imperfect termination.

MAX13485 1200 1200 485RECEIVERN
B \/\/\1 I/W B
DI — . - — DI
DE— A A — DE
RO— B A B A — RO
RE — — RE
R R
D D
[T [ 11
DI DE RERO DI DE RERO

Figure 11. Typical Half-Duplex RS-485 Network
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Physical Dimensions
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Dimensions In Millimeters(SOP-8)

Symbol: A A1 B C C1 D Q a b
Min: 1.35 0.05 4.90 5.80 3.80 0.40 0° 0.35

1.27 BSC
Max: 1.55 0.20 5.10 6.20 4.00 0.80 8° 0.45
DFN-8 3*3
8 | 5 T 5 8 +
i U U u Uﬁ
— |- — | - Y_4 m
;7 /M
Pin 1 Index Area_/* % N n Pin 1#1.D.
Top and bottom 1 ‘ 4 4 1
a
Ao
E ) T B L
— |b o8
<

Dimensions In Millimeters(DFN-8 3*3)

Symbol: A A1 B B1 E F a b

Min: 0.85 0.00 2.90 2.90 0.20 0.30 0.20

0.65 BSC
Max: 0.95 0.05 3.10 3.10 0.25 0.50 0.34
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Physical Dimensions

DFN-8 2*2
8 | 5 ‘ 5 8
U U U
L [
am
Pin 1 Index Area_* % ANANANA Pin 1# 1.D.
Top and bottom 4 4 1
d
<
N [ N | i N S N
|
T
Dimensions In Millimeters(DFN-8 2*2)
Symbol: A A1 B B1 E F a b
Min: 0.85 0 1.90 1.90 0.15 0.25 0.18
0.50TYP
Max: 0.95 0.05 2.10 2.10 0.25 0.45 0.30
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Revision History

REVISION
NUMBER DATE REVISION PAGE
V1.0 2020-12 | New 1-21
V1.1 2025-8 Document Reformatting 1-21
V1.2 2025-12 | Update important statements 22
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IMPORTANT STATEMENT:

Huaguan Semiconductor reserves the right to change products and services offered without prior notice. Customers should obtain the latest relevant

information before placing orders and verify that such information is current and complete. Huaguan Semiconductor assumes no responsibility or liability for
altered documents.

Customers are responsible for complying with safety standards and implementing safety measures when using Huaguan Semiconductor products in system
design and end-product manufacturing. You assume full responsibility for: selecting the appropriate Huaguan Semiconductor products for your application;
designing, validating, and testing your application; and ensuring that your application complies with applicable standards and all other safety, security, or other
requirements. This is to prevent potential risks that may lead to personal injury or property damage.

Huaguan Semiconductor products are not approved for use in life support, military, aerospace, or other high-risk applications. Huaguan products are neither
intended nor warranted for use in such systems or equipment. Any failure or malfunction may lead to personal injury or severe property damage. Such
applications are deemed "Unsafe Use." Unsafe Use includes, but is not limited to: surgical and medical equipment, nuclear energy control equipment, aircraft or
spacecraft instruments, control or operation of vehicle power, braking, or safety systems, traffic signal instruments, all types of safety devices, and any other
applications intended to support or sustain life. Huaguan Semiconductor shall not be liable for consequences resulting from Unsafe Use in these fields. Users
must independently evaluate and assume all risks. Any issues, liabilities, or losses arising from the use of products beyond their approved applications shall be
solely bome by the user. Users may not claim any compensation from Huaguan Semiconductor based on these terms. If any third party claims against Huaguan
Semiconductor due to such Unsafe Use, the user shall compensate Huaguan Semiconductor for all resulting damages and liabilities.

Huaguan Semiconductor provides technical and reliability data (including datasheets), design resources (including reference designs), application or other
design advice, web tools, safety information, and other resources for its semiconductor products. However, no guarantee is made that these resources are free
from defects, and no express or implied warranties are provided. The use of testing and other quality control techniques is limited to Huaguan Semiconductor’s
quality assurance scope. Not all parameters of each device are tested.

Huaguan Semiconductor’s documentation authorizes you to use these resources only for developing applications related to the products described herein.
You are not granted rights to any other intellectual property of Huaguan Semiconductor or any third party. Any other reproduction or display of these resources is
strictly prohibited. You shall fully indemnify Huaguan Semiconductor and its agents against any claims, damages, costs, losses, and liabilities arising from your
use of these resources. Huaguan Semiconductor shall not be held responsible.
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