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5 Device Comparison Table

PART NUMBER® SIGNALING RATE DUPLEX ENABLES PACKAGE NODES
SNB5HVD1470 up to 400 kbps Full DE, RE SS(')%_% 256
SN65HVD1471 up to 400 kbps Full None oo 256
SNB5HVD1473 up to 20 Mbps Full DE, RE SS(')%_% 256
SN65HVD1474 up to 20 Mbps Full None Msgcl)%% 256
SN65HVD1476 up to 50 Mbps Ful DE, RE oo 96
SN65HVD1477 up to 50 Mbps Full None Msgcl)%% 96

(1) For device status, see the ¥l#, HZEFATITHEE section.

6 Pin Configuration and Functions

SN65HVD1471, SN65HVD1474, SN65HVD1477
8-Pin SOIC, D Package, and 8-Pin MSOP, DGK Package

(Top View)
8
( )
O R 2 A
7
vee (] 1 s [ ] a B
rR ]2 g -
5
o []s 6 | ] z 3
D 6
eno [ ] o4 s | ] v
\. J
Not to scale
Pin Functions — SOIC-8 and MSOP-8
PIN
TYPE DESCRIPTION
NAME NO
Vee 1 Supply 3-V to 3.6-V supply
R 2 Digital output Receive data output
D 3 Digital input Driver data input
GND 4 Reference potential Local device ground
Y 5 Bus output Digital bus output, Y (Complementary to Z)
z 6 Bus output Digital bus output, Z (Complementary to Y)
B 7 Bus input Digital bus input, B (Complementary to A)
A 8 Bus input Digital bus input, A (Complementary to B)

Copyright © 2014-2019, Texas Instruments Incorporated
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SN65HVD1470, SN65HVD1473, SN65HVD1476
10-Pin MSOP, DGS Package

(Top View)
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Not to scale
Pin Functions — MSOP-10
PIN
TYPE DESCRIPTION
NAME NO.
R 1 Digital output Receive data output
RE 2 Digital input Receive enable Low
DE 3 Digital input Driver enable High
D 4 Digital input Driver data input
GND 5 Reference potential Local device ground
Y 6 Bus output Digital bus output, Y (Complementary to Z)
z 7 Bus output Digital bus output, Z (Complementary to Y)
B 8 Bus input Digital bus input, B (Complementary to A)
A 9 Bus input Digital bus input, A (Complementary to B)
Vee 10 Supply 3-V to 3.6-V supply
4 Copyright © 2014-2019, Texas Instruments Incorporated
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NC = no internal connection

SN65HVD1470, SN65HVD1473, SN65HVD1476
14-Pin SOIC, D Package

(Top View)
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Pin Functions — SOIC-14
PIN
TYPE DESCRIPTION
NAME NO.
1
NC s No connect Not connected
R 2 Digital output Receive data output
RE 3 Digital input Receive enable Low
DE 4 Digital input Driver enable High
D 5 Digital input Driver data input
6
GND ) Reference potential Local device ground
Y 9 Bus output Digital bus output, Y (Complementary to Z)
z 10 Bus output Digital bus output, Z (Complementary to Y)
B 11 Bus input Digital bus input, B (Complementary to A)
A 12 Bus input Digital bus input, A (Complementary to B)
13@
Vee 14@ Supply 3-V to 3.6-V supply

(1) Pin 6 and pin 7 are connected internally.
(2) Pin 13 and pin 14 are connected internally.

Copyright © 2014-2019, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage Ve -0.5 5 \%
Voltage Range at any bus pin (A, B, Y, or Z) -13 16.5 \%
Input voltage Range at any logic pin (D, DE, or RE) -0.3 5.7 \%

Voltage input range, transient pulse, any bus pin (A, B, Y, or Z) through 100 Q -100 100 \%
Output current Receiver output -24 24 mA
Junction temperature, T, 170 °C
Storage temperature range, Ty -65 150 °C
Continuous total power dissipation ﬁ]?gr;?ziti-{)rr:et;nt:fg

(1) 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.

7.2 ESD Ratings

VALUE UNIT

IEC 61000-4-2 ESD (Contact Discharge), bus pins and GND +16000 \%

IEC 61000-4-2 ESD (Air-Gap Discharge), bus pins and GND®®) +16000 Y

IEC 61000-4-4 EFT (Fast transient or burst), bus pins and GND +4000 \%

o IEC 60749-26 ESD (Human Body Model), bus pins and GND® +30000 Y

Veeso) Electrostatic discharge Human body model (HBM), bus pins and GND®) +40000 Y
Human body model (HBM), per JEDEC specification JESD22-A114, all pins +8000 \%

Charged device model (CDM), per JEDEC specification JESD22-C101, all pins +1500 \%

Machine model (MM), all pins +30000 \%

(1) By inference from contact-discharge results, see the Application and Implementation section
(2) Limited by tester capability.
(3) Modeled performance only; based on measured IEC ESD (Contact) capability.

6 Copyright © 2014-2019, Texas Instruments Incorporated
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7.3 Recommended Operating Conditions

IEC 61000-4-2 ESD (Contact Discharge), bus pins and GND MIN  NOM MAX| UNIT
Vee Supply voltage @ 3 33 36| V
\ Input voltage at any bus pin (separately or common mode) @ -7 12 \%
Viy High-level input voltage (Driver, driver enable, and receiver enable inputs) 2 Vee \%
Vi Low-level input voltage (Driver, driver enable, and receiver enable inputs) 0 0.8 \%
Vip Differential input voltage -12 12 \%
lo Output current, Driver —60 60 mA
lo Output current, Receiver -8 8 mA
R Differential load resistance 54 60 Q
C. Differential load capacitance 50 pF
HVD1470, HVD1471 400 | Kkbps
1ty Signaling rate HVD1473, HVD1474 20 Mbps
HVD1476, HVD1477 50
TA(s) Operating free-air temperature (See the Application and Implementation for thermal -40 125 °C
information)
T; Junction Temperature -40 150 °C

(1) Exposure to conditions beyond the recommended operation maximum for extended periods may affect device reliability.

(2) The algebraic convention, in which the least positive (most negative) limit is designated as minimum is used in this data sheet.

(3) Operation is specified for internal (junction) temperatures up to 150°C. Self-heating because of internal power dissipation should be
considered for each application. Maximum junction temperature is internally limited by the thermal shut-down (TSD) circuit which
disables the driver outputs when the junction temperature reaches 170°C.

7.4 Thermal Information — D Packages

THERMAL METRIC @ PI?NS) (14 EINS) UNIT
Roia Junction-to-ambient thermal resistance 110.7 83.3 °CIW
Roactop) Junction-to-case (top) thermal resistance 54.7 42.9 °C/W
Ross Junction-to-board thermal resistance 51.3 37.8 °C/W
Vot Junction-to-top characterization parameter 9.2 9.3 °C/W
AL} Junction-to-board characterization parameter 50.7 37.5 °C/W
Ti(Tsp) Thermal shut-down junction temperature 170 °C
7.5 Thermal Information — DGS and DGK Packages

THERMAL METRIC (1oD|§|§S) (8DPGII\TS) UNIT
Roia Junction-to-ambient thermal resistance 165.5 168.7 °C/W
Roactop) Junction-to-case (top) thermal resistance 37.7 62.2 °C/W
Ross Junction-to-board thermal resistance 86.4 89.5 °C/W
Vot Junction-to-top characterization parameter 1.4 7.4 °C/W
AL} Junction-to-board characterization parameter 84.8 87.9 °C/W
Ti(TsD) Thermal shut-down junction temperature 170 °C

Copyright © 2014-2019, Texas Instruments Incorporated 7
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7.6 Power Dissipation

PARAMETER TEST CONDITIONS VALUE UNIT
HVD1470, 150
HvD1471
. R =300 Q, HVD1473, 180
Unterminated | " _ 50 oF (driver) | HVD1474 mw
HVD1476, 220
o HVD1477
Power Dissipation
driver and receiver enabled, HVD1470, 190
Vee=3.6V, T;=150°C HVD1471
50% duty cycle square-wave signal at R, =100 Q, HVD1473, 220
PD  signaling rate: RS-422 load CL =50 pF (driver) | HVD1474 mw
* HVD1470 and HVD1471 at 400 kbps
HvD147 2
* HVD1473 and HVD1474 at 20 Mbps HVD147$’ 50
 HVD1476 and HVD1477 at 50 Mbps
HVD1470, 230
HvD1471
R, =54 Q, HVD1473, 255
RS-485 load CL =50 pF (driver) | HVD1474 mw
HVD1476, 285
HvD1477

7.7 Electrical Characteristics
over recommended operating range (unless otherwise specified)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
R, =60 Q, 375 Q on each 15 2 v
output to —7 V to 12 V, See Figure 15 :
Vool Driver differential output voltage magnitude R_ =54 Q (RS-485), See Figure 16 15 2 \Y,
R, = 100 Q (RS-422) T, = 0°C, 2 Y
Ve 2 3.2V, See Figure 16
AlVop|  Change in magnitude of driver differential output voltage R_ =54 Q, C_ =50 pF, See Figure 16 -50 0 50| mv
Vocss) Steady-state common-mode output voltage ) 1 Vee /2 3 \
AVoc Change in differential driver output common-mode voltage Cente_r of two 27-Q load resistors, -50 0 50 mVv
See Figure 16
Vocpry Peak-to-peak driver common-mode output voltage 500 mV
Cop Differential output capacitance 15 pF
Vir+ Positive-going receiver differential input voltage threshold See @ -70 -20| mVv
Vi Negative-going receiver differential input voltage threshold —-200 2140 See M| mv
Viye Receiver differential input voltage threshold hysteresis 40 70 mv
Y (Vir+ = Vir)
Vou Receiver high-level output voltage lon = -8 mA 24 V03 \
VoL Receiver low-level output voltage lo. =8 mA 0.2 0.4 \%
I Driver input, driver enable, and receiver enable input current -3 3 A
Receiver output high-impedance HVD1470, HVD1473, _ = _ .
loz current HVD1476 Vo =0VorVee, RE = Vec 1 11 wA
los Driver short-circuit output current -150 150 mA
HVD1470, V| =12V 75 125
HVD1473 —
. ' . V¢c = 0 to ROC (max), Vi==7V -100 —40
| Bus input current (disabled driver, CcC A
: P ¢ ) DE = GND V=12V 240 33| "
HVD1476
V=7V | -267 -180
Driver and Receiver DE = V¢,
enabled RE = GND, No load 750 1100 KA
Driver enabled, DE = V¢, RE = Ve,
| Supol ¢ (qui ) receiver disabled No load 350 650 KA
upply current (quiescen - -
ce Driver disabled, DE = GND, 650 800 A
receiver enabled RE = GND, No load H
Driver and receiver DE = GND, D = open,
disabled RE = Ve, No load 01 5/ wA

(1) Under any specific conditions, V/r. is assured to be at least Vpys higher than Vr_.

8
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Electrical Characteristics (continued)

over recommended operating range (unless otherwise specified)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Supply current (dynamic) See the Typical Characteristics section
Tsq Thermal Shut-down junction temperature 170 °C

7.8 Switching Characteristics — 400 kbps
400-kbps devices (SN65HVD1470, SN65HVD1471) bit time = 2 pys (over recommended operating conditions)

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT

DRIVER
t, t Driver differential output rise/fall time 100 400 750 ns
tpHL, tPLH Driver propagation delay R =54 Q, C_ =50 pF See Figure 17 350 550 ns
tskp) Driver pulse skew, |tpy. — toLH| 40 ns
tphz, tPLz Driver disable time 50 200 ns

. . HVD1470 | Receiver enabled See F_|gure 18 300 750 ns
tpzin tpzu  Driver enable time _ _ and Figure 19

Receiver disabled 3 8 us

RECEIVER
t, t Receiver output rise/fall time 13 25 ns
tpHL, tPLH Receiver propagation delay time C_=15pF See Figure 20 70 110 ns
tskp) Receiver pulse skew, |tpy — tpLH| 7 ns
tpLz, tpHZ Receiver disable time 45 60 ns
! , Driver enabled See Figure 21 20 115 ns
e _ _ HVD1470 g
PZH(1) Receiver enable time ) ) ) 3 8| s
tpz1(2), Driver disabled See Figure 22
tpzH(2)

Copyright © 2014-2019, Texas Instruments Incorporated 9
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7.9 Switching Characteristics — 20 Mbps

20-Mbps devices (SN65HVD1473, SN65HVD1474) bit time = 50 ns (over recommended operating conditions)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
DRIVER
tr, t Driver differential output rise/fall time 7 14| ns
tpHL, tPLH Driver propagation delay R.=54Q, C, =50 pF See Figure 17 4 10 20| ns
tskp) Driver pulse skew, |tpy. — tpLH| 0 4| ns
tpHz, tPLZ Driver disable time 12 25| ns
) ) HVD1473 | Receiver enabled S_ee Figure 18 and 10 20| ns
tpzu, tpzL Driver enable time - - Figure 19
Receiver disabled 3 8| us
RECEIVER
tr, t Receiver output rise/fall time 5 10| ns
tpHL, tPLH Receiver propagation delay time C_=15pF See Figure 20 60 90| ns
tskp) Receiver pulse skew, |tpy. — tpLH| 0 5| ns
tpLz, tPHZ Receiver disable time 17 25| ns
) ) HVD1473 | Driver enabled See Figure 21 12 90| ns
:,;ZZLL((lz)) ttizz:((lz)) Recelver enable time Driver disabled See Figure 22 3 8| ps
7.10 Switching Characteristics — 50 Mbps
50-Mbps devices (SN65HVD1476, SN65HVD1477) bit time = 20 ns (over recommended operating conditions)
PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
DRIVER
tr, t Driver differential output rise/fall time 3 6| ns
tpHLs trLH Driver propagation delay R =54 Q, C_ =50 pF See Figure 17 10 16| ns
tskp) Driver pulse skew, |tpp. — tpLH| 0 35| ns
tpHz, tPLz Driver disable time 10 20| ns
) ) HVD1476 | Receiver enabled Sge Figure 18 and 10 20 ns
tpzs tpzL Driver enable time - - Figure 19
Receiver disabled 3 8| us
RECEIVER
tr, t Receiver output rise/fall time 1 3 6| ns
tpHLs trLH Receiver propagation delay time C_=15pF See Figure 20 25 40| ns
tskp) Receiver pulse skew, [tpy. — tpLHl 0 2| ns
tpLzs tPHZ Receiver disable time 8 15| ns
) ) HVD1476 | Driver enabled See Figure 21 8 90 ns
:’;Zzt((lz)) tfizz:((lz)) Receiver enable time Driver disabled See Figure 22 3 8| us

10
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7.11 Typical Characteristics
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Figure 5. SN65HVD1470, SN65HVD1471 Driver Rise and Fall Figure 6. SN65HVD1470, SN65HVD1471 Driver Propagation
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Figure 13. SN65HVD1476, SN65HVD1477 Supply Current vs Figure 14. Receiver Output vs Input
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8 Parameter Measurement Information

The input generator rate is 100 kbps with 50% duty cycle, than 6-ns rise and fall times, and 50-Q output
impedance.

375 Q1%
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OVor3V
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375 Q +1%
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Figure 15. Measurement of Driver Differential Output Voltage With Common-Mode Load
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Figure 16. Measurement of Driver Differential and Common-Mode Output With RS-485 Load
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Parameter Measurement Information (continued)

———— 3V
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Capacitance 90% 90%

Input
Generator

C, = 50 pF +20%

Input

Generator 50 C, Includes Fixture

and Instrumentation
Capacitance

S0304-01

D at 3 V to test non-inverting output, D at 0 V to test inverting output.

Figure 18. Measurement of Driver Enable and Disable Times with Active-High Output and Pulldown Load
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D at 0 V to test non-inverting output, D at 3 V to test inverting output.

Figure 19. Measurement of Driver Enable and Disable Times with Active-Low Output and Pullup Load
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Figure 20. Measurement of Receiver Output Rise and Fall Times and Propagation Delays
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Parameter Measurement Information (continued)
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Figure 21. Measurement of Receiver Enable and Disable Times With Driver Enabled
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Parameter Measurement Information (continued)
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Figure 22. Measurement of Receiver Enable Times With Driver Disabled
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9 Detailed Description

9.1 Overview

The SN65HVD1470, SN65HVD1471, SN65HVD1473, SN65HVD1474, SN65HVD1476, and SN65HVD1477
devices are low-power, full-duplex RS-485 transceivers available in three speed grades suitable for data
transmission up to 400 kbps, 20 Mbps, and 50 Mbps.

The SN65HVD1471, SN65HVD1474, and SN65HVD1477 are fully enabled with no external enabling pins. The
SN65HVD1470, SN65HVD1473, and SN65HVD1476 have active-high driver enables and active-low receiver
enables. A standby current of less than 5 pA can be achieved by disabling both driver and receiver.

9.2 Functional Block Diagram

Figure 23. Block Diagram Figure 24. Block Diagram
SN65HVD1470, SN65HVD1473, and SN65HVD1476  SN65HVD1471, SN65HVD1474, and SN65HVD1477

9.3 Feature Description

Internal ESD protection circuits protect the transceiver against Electrostatic Discharges (ESD) according to
IEC61000-4-2 of up to +16 kV, and against electrical fast transients (EFT) according to IEC61000-4-4 of up to +4
kV.

The SN65HVD147x full-duplex family provides internal biasing of the receiver input thresholds in combination
with large input-threshold hysteresis. At a positive input threshold of V|r, = =20 mV and an input hysteresis of
Viys = 40 mV, the receiver output remains logic high under a bus-idle or bus-short condition even in the presence
of 120 mVpp differential noise without the need for external failsafe biasing resistors.

Device operation is specified over a wide temperature range from —40°C to 125°C.

9.4 Device Functional Modes

For the SN65HVD1470, SN65HVD1473, and SN65HVD1476, when the driver enable pin, DE, is logic high, the
differential outputs Y and Z follow the logic states at data input D. A logic high at D causes Y to turn high and Z
to turn low. In this case the differential output voltage defined as Vop = V(yy — V() is positive. When D is low, the
output states reverse, Z turns high, Y becomes low, and Vg is negative.

When DE is low, both outputs turn high-impedance. In this condition the logic state at D is irrelevant. The DE pin
has an internal pulldown resistor to ground, thus when left open the driver is disabled (high-impedance) by
default. The D pin has an internal pullup resistor to V¢, thus, when left open while the driver is enabled, output Y
turns high and Z turns low.

Table 1. Driver Function Table SN65HVD1470, SN65HVD1473, SN65HVD1476

INPUT ENABLE OUTPUTS FUNCTION
D DE Y 4
H H H L Actively drives the bus high
L H L H Actively drives the bus low
X L z 4 Driver disabled
X OPEN z z Driver disabled by default
OPEN H H L Actively drives the bus high by default
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When the receiver enable pin, RE, is logic low, the receiver is enabled. When the differential input voltage
defined as Vip = V(4 — V(g is positive and higher than the positive input threshold, V/r,, the receiver output, R,
turns high. When V| is negative and less than the negative and lower than the negative input threshold, V,r_, the
receiver output, R, turns low. If V|p is between V1, and V|r_ the output is indeterminate.

When RE is logic high or left open, the receiver output is high-impedance and the magnitude and polarity of VID
are irrelevant. Internal biasing of the receiver inputs causes the output to go failsafe-high when the transceiver is
disconnected from the bus (open-circuit), the bus lines are shorted (short-circuit), or the bus is not actively driven
(idle bus).

Table 2. Receiver Function Table SN65HVD1470, SN65HVD1473, SN65HVD1476

DIFFERENTIAL INPUT ENABLE OUTPUT | FUNCTION
Vip = Via) — V) RE R
Vit+ < Vip L H Receives valid bus High
Vir—-<Vip < Vi1+ L ? Indeterminate bus state
Vip < Vi1_ L L Receives valid bus Low
X H z Receiver disabled
X OPEN z Receiver disabled by default
Open-circuit bus L H Fail-safe high output
Short-circuit bus L H Fail-safe high output
Idle (terminated) bus L H Fail-safe high output

For the SN65HVD1471, HVD1474, and HVD1477, the driver and receiver are fully enabled, thus the differential
outputs Y and Z follow the logic states at data input D at all times. A logic high at D causes Y to turn high and Z
to turn low. In this case the differential output voltage defined as Vop = V(yy — V(7 is positive. When D is low, the
output states reverse, Z turns high, Y becomes low, and Vgp is negative. The D pin has an internal pullup
resistor to V¢, thus, when left open while the driver is enabled, output Y turns high and Z turns low.

Table 3. Driver Function Table SN65HVD1471, SN65HVD1474, SN65HVD1477

INPUT OUTPUTS FUNCTION
D Y z
H H L Actively drives the bus High
L L H Actively drives the bus Low
OPEN H L Actively drives the bus High by default

When the differential input voltage defined as V\p = V(5 — V(g is positive and higher than the positive input
threshold, V1., the receiver output, R, turns high. When V5 is negative and less than the negative input
threshold, V,1_, the receiver output, R, turns low. If V5 is between V1, and V- the output is indeterminate.
Internal biasing of the receiver inputs causes the output to go failsafe-high when the transceiver is disconnected
from the bus (open-circuit), the bus lines are shorted (short-circuit), or the bus is not actively driven (idle bus).

Table 4. Receiver Function Table SN65HVD1471, SN65HVD1474, SN65HVD1477

DIFFERENTIAL INPUT OUTPUT | FUNCTION
Vip = V) = Vee) R
Vir+ < Vip H Receives valid bus High
Vi< Vip < Vi1+ ? Indeterminate bus state
Vip < Vi1_ L Receives valid bus Low
Open-circuit bus H Fail-safe high output
Short-circuit bus H Fail-safe high output
Idle (terminated) bus H Fail-safe high output
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9.4.1 Equivalent Circuits

SN65HVD1470, SN65HVD1471, SN65HVD1473
SN65HVD1474, SN65HVD1476, SN65HVD1477

Y

Figure 25. D and RE Inputs

Figure 27. R Output
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Figure 26. DE Input

Vee
é&zém
R1 q
AO AN
R1 H>—OR
BO *— W\ —1
16 V R3S R3

Figure 28. Receiver Inputs
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Figure 29. Driver Outputs
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10 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

10.1 Application Information

The SN65HVD147x family consists of full-duplex RS-485 transceivers commonly used for asynchronous data
transmissions. Full-duplex implementation requires two signal pairs (four wires), and allows each node to
transmit data on one pair while simultaneously receiving data on the other pair.

To eliminate line reflections, each cable end is terminated with a termination resistor, R(r), whose value matches
the characteristic impedance, Z,, of the cable. This method, known as parallel termination, allows for higher data
rates over longer cable length.

R REDE D
Figure 30. Typical RS-485 Network With SN65HVD147x Full-Duplex Transceivers

10.2 Typical Application

A full-duplex RS-485 network consists of multiple transceivers connecting in parallel to two bus cables. On one
signal pair, a master driver transmits data to multiple slave receivers. The master driver and slave receivers may
remain fully enabled at all times. On the other signal pair, multiple slave drivers transmit data to the master
receiver. To avoid bus contention, the slave drivers must be intermittently enabled and disabled such that only
one driver is enabled at any time, as in half-duplex communication. The master receiver may remain fully
enabled at all times.

Because the driver may not be disabled, only one driver should be connected to the bus when using the
SN65HVD1471, SN65HVD1474, or SN65HVD1477 device.

Master Enable Control Slave Enable Control

Figure 31. Full-Duplex Transceiver Configurations
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Typical Application (continued)
10.2.1 Design Requirements

RS-485 is a robust electrical standard suitable for long-distance networking that may be used in a wide range of
applications with varying parameter requirements, such as distance, data rate, and number of nodes.

10.2.1.1 Data Rate and Bus Length

There is an inverse relationship between data rate and cable length, which means the higher the data rate, the
short the cable length; and conversely, the lower the data rate, the longer the cable length. While most RS-485
systems use data rates between 10 kbps and 100 kbps, some applications require data rates up to 250 kbps at
distances of 4000 ft and longer. Longer distances are possible by allowing for small signal jitter of up to 5 or
10%.

10000

T T
5%, 1({%, and 20% Jitter

1000 \\\k\
&z::a:sszzs\\\
100 \

100 1k 10k 100k ™ 10M 100M
Data Rate (bps)

N

Cable Length (ft)

Figure 32. Cable Length vs Data Rate Characteristic

10.2.1.2 Stub Length

When connecting a node to the bus, the distance between the transceiver inputs and the cable trunk, known as
the stub, should be as short as possible. Stubs present a non-terminated piece of bus line which can introduce
reflections as the length of the stub increases. As a general guideline, the electrical length, or round-trip delay, of
a stub should be less than one-tenth of the rise time of the driver, thus giving a maximum physical stub length as
shown in Equation 1.

Lstug s 0.1 xt xvxc
where
e t,is the 10/90 rise time of the driver
» vis the signal velocity of the cable or trace as a factor of ¢
« cis the speed of light (3 x 108 m/s) (1)

Per Equation 1, Table 5 lists the maximum cable-stub lengths for the minimum-driver output rise-times of the
SN65HVD147x full-duplex family of transceivers for a signal velocity of 78%.

Table 5. Maximum Stub Length

DEVICE MINIMUM DRIVER OUTPUT MAXIMUM STUB LENGTH
RISE TIME (ns) = (ft)

SN65HVD1470 100 2.34 7.7
SN65HVD1471 100 2.34 7.7
SN65HVD1473 4 0.1 0.3
SN65HVD1474 4 0.1 0.3
SN65HVD1476 2 0.05 0.15
SN65HVD1477 2 0.05 0.15
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10.2.1.3 Bus Loading

The RS-485 standard specifies that a compliant driver must be able to driver 32 unit loads (UL), where 1 unit
load represents a load impedance of approximately 12 kQ. Because the SN65HVD147x family consists of 1/8 UL
transceivers, connecting up to 256 receivers to the bus is possible.

10.2.1.4 Receiver Failsafe

The differential receivers of the SN65HVD147x family are failsafe to invalid bus states caused by the following:
» Open bus conditions, such as a disconnected connector

» Shorted bus conditions, such as cable damage shorting the twisted-pair together

» Idle bus conditions that occur when no driver on the bus is actively driving

In any of these cases, the differential receiver will output a failsafe logic high state so that the output of the
receiver is not indeterminate.

Receiver failsafe is accomplished by offsetting the receiver thresholds such that the input indeterminate range
does not include zero volts differential. In order to comply with the RS-422 and RS-485 standards, the receiver
output must output a high when the differential input V,y is more positive than 200 mV, and must output a Low
when V| is more negative than —200 mV. The receiver parameters which determine the failsafe performance are
Virs, Viro, and Vs (the separation between Vi, and Vir_). As shown in the Electrical Characteristics table,
differential signals more negative than —200 mV will always cause a low receiver output, and differential signals
more positive than 200 mV will always cause a high receiver output.

When the differential input signal is close to zero, it is still above the V|1, threshold, and the receiver output will
be High. Only when the differential input is more than Vs below V,r, will the receiver output transition to a Low
state. Therefore, the noise immunity of the receiver inputs during a bus fault conditions includes the receiver
hysteresis value, Vi, as well as the value of Vr,.

R
A

< >

<« >

1 Viysmin ¢
40 mv
—— > Vip (MV)
—60 20 0 20 60
<+—— \/,max = 120 mVpp —»

Figure 33. SN65HVD147x Noise Immunity Under Bus Fault Conditions

10.2.1.5 Transient Protection

The bus pins of the SN65HVD147x full-duplex transceiver family include on-chip ESD protection against +30-kV
HBM and £16-kV IEC 61000-4-2 contact discharge. The International Electrotechnical Commission (IEC) ESD
test is far more severe than the HBM ESD test. The 50% higher charge capacitance, Cs), and 78% lower
discharge resistance, Rp), of the IEC model produce significantly higher discharge currents than the HBM model.

As stated in the IEC 61000-4-2 standard, contact discharge is the preferred transient protection test method.
Although IEC air-gap testing is less repeatable than contact testing, air discharge protection levels are inferred
from contact discharge test results.
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Figure 34. HBM and IEC ESD Models and Currents in Comparison (HBM Values in Parenthesis)

The on-chip implementation of IEC ESD protection significantly increases the robustness of equipment. Common
discharge events occur because of human contact with connectors and cables. Designers may choose to
implement protection against longer duration transients, typically referred to as surge transients.

EFTs are generally caused by relay-contact bounce or the interruption of inductive loads. Surge transients often
result from lightning strikes (direct strike or an indirect strike which induce voltages and currents), or the
switching of power systems, including load changes and short circuit switching. These transients are often
encountered in industrial environments, such as factory automation and power-grid systems.

Figure 35 compares the pulse-power of the EFT and surge transients with the power caused by an IEC ESD
transient. The left hand diagram shows the relative pulse-power for a 0.5kV surge transient and 4-kV EFT
transient, both of which dwarf the 10-kV ESD transient visible in the lower-left corner. 500-V surge transients are
representative of events that may occur in factory environments in industrial and process automations.

The right hand diagram shows the pulse-power of a 6-kV surge transient, relative to the same 0.5-kV surge
transient. 6-kV surge transients are most likely to occur in power generation and power-grid systems.
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Figure 35. Power Comparison of ESD, EFT, and Surge Transients

In the case of surge transients, high-energy content is characterized by long pulse duration and slow decaying
pulse power. The electrical energy of a transient that is dumped into the internal protection cells of a transceiver
is converted into thermal energy, which heats and destroys the protection cells, thus destroying the transceiver.
Figure 36 shows the large differences in transient energies for single ESD, EFT, surge transients, and an EFT
pulse train that is commonly applied during compliance testing.
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Figure 36. Comparison of Transient Energies

10.2.2 Detailed Design Procedure

In order to protect bus nodes against high-energy transients, the implementation of external transient protection
devices is therefore necessary. Figure 37 shows a protection circuit against 16-kV ESD, 4-kV EFT, and 1-kV

surge transients.
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Figure 37. Transient Protection Against ESD, EFT, and Surge

transients
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Table 6. Bill of Materials

DEVICE FUNCTION ORDER NUMBER MANUFACTURER
XCVR 3.3-V, full-duplex RS-485 SN65HVD147xD TI
transceiver
R1 10-Q, pulse-proof thick-flm | CRCW0603010RINEAHP | Vishay
resistor
R2
TVS Bidirectional 400-W CDSOT23-SM712 Bourns
transient suppressor

10.2.3 Application Curves

..............................................
Chi 200V Ch2 200V W 1.00ps Chi / 1.6V
RL =60 Q

Figure 38. SN65HVD1470 and SN65HVD1471, 500 kbps

.................................
Chi 2,00V Ch? 2.00V M50.0ns Chi F 1.64V
s 2.00V
RL =60 Q

Figure 39. SN65HVD1473 and SN65HVD1474, 20 Mbps

R|_=60£2

Figure 40. SN65HVD1476

200V ChZ 200V
2.00V

W20.0n5 ChiF  1.64V

and SN65HVD1477, 50 Mbps
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11 Power Supply Recommendations

To ensure reliable operation at all data rates and supply voltages, each supply should be buffered with a 100-nF
ceramic capacitor located as close to the supply pins as possible. The TPS76333 is a linear voltage regulator
suitable for the 3.3-V supply.

12 Layout

12.1 Layout Guidelines

On-chip IEC-ESD protection is good for laboratory and portable equipment but never sufficient for EFT and surge
transients occurring in industrial environments. Therefore robust and reliable bus node design requires the use of
external transient protection devices.

Because ESD and EFT transients have a wide frequency bandwidth from approximately 3-MHz to 3-GHz, high-
frequency layout techniques must be applied during PCB design.

For successful PCB design, begin with the design of the protection circuit (see Figure 41).

1. Place the protection circuitry close to the bus connector to prevent noise transients from penetrating your
board.

2. Use V¢ and ground planes to provide low-inductance. Note that high-frequency currents follow the path of
least inductance and not the path of least impedance.

3. Design the protection components into the direction of the signal path. Do not force the transient currents to
divert from the signal path to reach the protection device.

4. Apply 100-nF to 220-nF bypass capacitors as close as possible to the Vcc-pins of transceiver, UART,
controller ICs on the board (see Figure 41).

5. Use at least two vias for Voc and ground connections of bypass capacitors and protection devices to
minimize effective via-inductance (see Figure 41).

6. Use 1-kQ to 10-kQ pullup and pulldown resistors for enable lines to limit noise currents in theses lines during
transient events (see Figure 41).

7. Insert pulse-proof resistors into the A and B bus lines if the TVS clamping voltage is higher than the specified
maximum voltage of the transceiver bus pins. These resistors limit the residual clamping current into the
transceiver and prevent it from latching up (see Figure 41).

8. While pure TVS protection is sufficient for surge transients up to 1 kV, higher transients require metal-oxide
varistors (MOVs) which reduce the transients to a few hundred volts of clamping voltage, and transient
blocking units (TBUSs) that limit transient current to less than 1 mA.
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