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Features

@®Up to 15kV bus pin ESD protection
@®1/2 unit load: up to 64 nodes on a single bus R EE
@Bus fail-safe receiver RE
@® Non-intrusive power-up and power-down bus

inputs and outputs DE D:
@®Small VSSOP-8 package D |
@® Meets or TIA/EIA-485A standard requirements

@ Industry-standard SN75176 compatible package
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Description

The SN65HVD485E device is a half-duplex transceiver specifically designed for RS-485 bus
networks. This device is powered by a 5V supply and is fully compliant with the TIA/EIA-485A
standard. It is suitable for transmitting data rates up to 10Mbps over long twisted-pair cables and
is designed to operate at extremely low supply currents (typically less than 2mA, excluding load).
When the is in the inactive shutdown mode, the supply current drops to less than 1mA.

The wide common-mode range and high ESD protection level of this device make it suitable for
applications, such as electrical inverters, status/command signals on telecom racks, wired chassis
interconnects, and industrial automation networks where noise immunity is critical. The
SN65H485E device is industry-standard pin-compatible with the SN75176 device. The power-on
reset circuitry keeps the outputs in a high-imped state until the supply voltage stabilizes. The
thermal shutdown feature protects the device from damage caused by system fault conditions.
The SN65HVD485E device can operate in temperatures ranging from — 40°C to 85°C.

Applications

@® Motor control

@®Power inverters

@ Industrial automation
@®Building automation networks
@ Industrial process control

@ Battery-powered applications
@ communications equipment
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Pin Functions

PIN
NAME NO. TYPE DESCRIPTION
A 6 Bus input/output | Driver output or receiver input (complementary to B)
B 7 Bus input/output | Driver output or receiver input (complementary to A)
D 4 Digital input Driver data input
DE 3 Digital input Driver enable,active high
GND 5 Reference potential Local device ground
R 1 Digital input Receive data output
RE 2 Digital input Receiver enable,active low
Vee 8 Supply 4.5-V to 5.5-V supply
Specifications

Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
Vee Supply voltage -0.5 7 Vv
Voltage range at A or B -9 14 \%
Voltage range at any logic pin -0.3 Vec+0.3 \%
Receiver output current -24 24 mA
Voltage input range,transient pulse,A and B,through 100Q(seeFigure13)| -50 50 \%
Junction temperature 170 170
Continuous total power dissipation
Tstg Storage temperature -65 130

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only.Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential 1/0 bus voltages, are with respect to network ground terminal.
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ESD Ratings

VALUE | UNIT
Bus pins and
Human body model (HBM),per ANSI/ gND +15000
' ESDAJEDECJS-001(1
Vs E'(;‘;gﬁ;:ggc @) All pins +4000 | V
Charged-device model(CDM),per JEDEC specification + 1000
JESD22-C101(2) -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)”

MIN |[NOM | MAX |UNIT
Vee Supply voltage 4.5 5.5 \%
Vi Input voltage at any bus terminal
-7 12 Vv
(separately or common mode)
Vi High-level input voltage(D,DE,or RE inputs) 2 Vee |V
Vi Low-level input voltage(D,DE,or RE inputs) 0 0.8 \%
Vio Differential input voltage -12 12 \%
Driver -60 60
lo Output current - mA
Receiver -8 8
R Differential load resistance 54 60 Q
1/tu Signaling rate 0 10 |Mbps
Ta Operating free-air temperature -40 85
T, Junction temperature -40 130

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

SN65HVDA485E
THERMAL METRIC D(SOIC) DGK P(PDIP) |UNIT
(VSSOP)
8 PINS | 8 PINS | 8 PINS
Reia Junction-to-ambient thermal resistance 116.7 137.8 84.3 |°C/W
Reic(top) Junction-to-case (top)thermal resistance 56.3 31.2 65.4 |°C/W
Ress Junction-to-board thermal resistance 634 71.7 62.1 |°C/W
Wr Junction-to-top characterization parameter 8.8 0.6 31.3 |°C/W
(TS Junction-to-board characterization parameter 62.6 70.5 60.4 |°C/W
Electrical Characteristics: Driver
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN |TYP(1) MAX|UNIT
lo=0,No load 3 4.3
) i RL=54 W(see Figure 1) 15 2.3
Vool Differential output voltage \%
V1esT=-7V to1l2V 15
(see Figure2) '
IVool Change in magnitude of . .
differential output voltage See Figure 1 and Figure 2 | -0.2 0 0.2 \%
Vocss)  Steady-state common-mode See Figure 3 1 26 3 Vv
output voltage
Vocis)y  Change in steady-state 01 0 01 Vv
common-mode output voltage
Vocrrry Common-mode output voltage See Figure 3 500 mV
loz High-impedance output current See receiver input currents MA
I Input current D,DE -100 100 | pA
los  Short-circuit output current -7V< Vo< 12V(see Figure 7) | -250 250 | mA

(1) All typical values are at 25°C and with a 5-V supply.
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Electrical Characteristics: Receiver

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP(1)| MAX |UNIT
Positive-going input
V + — - - -
T threshold voltage lo=-8mA 85 10} mv
vr.  egative-going input =8 mA 200 -115 mv
threshold voltage
Vhys Hysteresis voltage(V ir+-Vir-) 30 mV
Von  High-level output voltage | Vio=200 mV,lon=-8 mA(see Figure 8)| 4 4.6 \%
VoL Low-level output voltage Vip=-200 mV,lon =8 mA(see Figure 8) 0.15 | 04 \Y
loz High-impedance-state Vo=0 t0 Vee,RE=Vee 1 1 UA
output current
ViH=12V Vec=5V 0.5
VIH:12V,Vcc:O 0.5 A
' m
I Bus input current Vi=-7V Vec=5V 04
ViH=-7V,Vec=0 -04
Iln  High-level input current(RE) Vin=2V -60 | -30 MA
I Low-level input current(RE) Vii=0.8 V -60 | -30 MA
Cairr Diferential input capacitance | Vi=0.4 sin(4E6 1t t)+0.5 V,DE at OV 7 pF
(1) All typical values are at 25°C and with a 5-V supply
Power Dissipation Characteristics
PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Piave) Average power Ri=54Q,Input to D is a 10 Mbps 50%duty 219 | mw
dissipation cycle square wave Vat 5.5V, T{=130
Thermal shut-down
sD . - 165
junction temperature
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I
Supply Current
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN | TYP ©| MAX | UNIT
Driver and receiver |D at V.. or open or OV,DE at V,RE at OV,No
2 mA
I enabled load
cc . .
Driver and receiver D at V. or open, DE at OV,RE at Vee 1 | mA
disabled
(1) All typical values are at 25°C and with a 5-V supply.
Switching Characteristics: Driver
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN | TYP [MAX| UNIT
trLH Propagation delay time,low-to-high- 30
level output ns
tPHL Propagation delay time,high-to-low-
level output RL:54§;1CL:5apF 301 ns
tr Differential output signal rise time (see Figure 4) 25 ns
tr Differential output signal fall time 25 ns
tskp)  Pulse skew(ItrHL-trLHI) 5 ns
trzn Propagation delay time, 150 | ns
high-impedance-to-high-level output R.=110Q,RE at OV
trvz  Propagation delay time, (see Figure 5) 100 | ns
high-level-to-high-impedance output
Pz Propagation delay time,
. . 150 | ns
high-impedance-to-low-level output Ri=110Q RE at OV
PLz Propagation delay time, (see Figure 6)
. . 100 | ns
low-level-to-high-impedance output
trzHsHN)  Propagation delay time, R.=110Q,RE at Vcc 2600 ns
shutdown-to-high-level output (see Figure 5)
trzisHDN)  Propagation delay time, Ri=110 Q,RE at Vcc 2600 ns
shutdown-to-low-level output (see Figure 6)

WWW.SZTDBDT.COM

7/20




ARUNA=

Tudi Semiconductor

Switching Characteristics: Receiver

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN | TYP | MAX| UNIT
trn Propagation delay time,low-to-high- 200 | ns
level output
terL Propagation delay time,high-to-low-
level output Vio=-1.5V to 1.5V,C.=15 pF 200 | ns
tskp) Pulse skew(IteHi-trinl) (see Figure 9) 6 ns
tr Output signal rise time 3 ns
tr Output signal fall time 3 ns
tpzn Output enable time to high level 50 ns
oz Output enable time to low level C.=15 pF,DE at 3V, 50 ns
tr.  Output enable time from high level (see Figure 10 and 50 | ns
towz  Output enable time from low level Figurell) 50 | ns
trzusHon)y  Propagation delay time,shutdown-to
. 3500| ns
-high-level output C.=15 pF,DE at 0V,
trzuston)  Propagation delay time,shutdown-to- (see Figure 12)
3500| ns
low-level output
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Parameter Measurement Information

®
A
I 2 T 270
OVorsv—DE 'D Voo —~50pF
<4 27 0
B log v
@ oC

1

Figure 1. Driver Test Circuit, Vob and Voc Without Common-Mode Loading

375 Q

AMA
|
ViesT=-7Vto 12V
OVorsv—{>|: Voo 600 o
‘—

375 Q

AAA-

Figure 2. Driver Test Circuit, Vob With Common-Mode Loading

270
Va j( )E 3.25V
Signal Ve 1.75V
Generator Vocep) MVoc(ss)
e e i B
Voc — A &
Figure 3. Driver Voc Test Circuit and Waveforms
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|
———— 3V
INPUT | 15V 15V
| | ov
RL=540 Vob tpy k —» |¥ tPHL
Signal Cy =50 pF =90 =% — Voom
Generator 50Q OUTPUT ovAH————
+—10% — VDD(L)
Figure 4. Driver Switching Test Circuit and Waveforms
A
s Outppt " 3V
0 V_OI’ 3 V m
3 Vif Testing A Output \ | ov
0 V if Testing B Output CL = 50 pF RL=1100Q tpzy P — | 05V
DE | —v_,
| RN
Signal 0a Output 25V | Ve 0
Generator = tuz 4 le— off

Figure 5. Driver Enable/Disable Test Circuit and Waveforms, High Output

5V
R =1100
A s1
—————— 3V
OVor3V Output DE 15V 15V
0 V if Testing A Output | | oV
3 Vif Testing B Output C_ =50 pF tpz P |
DE | tprz —W le— 5V
| |
Signal Output 25V R 3 VoL
Generator 500 = - ?_
05V

Figure 6. Driver Enable/Disable Test Circuit and Waveforms, Low Output
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I
los
\07
Vo
= Voltage
Source
Figure 7. Driver Short-Circuit Test
‘T' q‘F_lgl_
Vip 1T
Vo
Figure 8. Receiver Parameter Definitions
Signal
Generator 500
1.5V
| | oV
toun P —W e oL
Signal | 90% |__ - Von
Generator Oum
| | N\10%
t, —» s —» e
Figure 9. Receiver Switching Test Circuit and Waveforms
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Vee
Vee

Signal
Generator

Figure 10. Receiver Enable/Disable Test Circuit and Waveforms, Data Output High

D

ov
Vee

Signal
Generator

Figure 11. Receiver Enable/Disable Test Circuit and Waveforms, Data Output Low

Switch Down for Vip) = 1.5\,
Switch Up for Vip) = -1.5V

Vee

1.5Vor ©) y
-1.5V NNVN— O~ 3
1kQ Q RE 15 VI~
CL=15pF : ______ oV
tpzH(SHDN) |
Signal tpz1(SHDN) —H :‘_
Generator 5V | —7 Vou
= ov —>=:VoL
Figure 12. Receiver Enable From Shutdown Test Circuit and Waveforms
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DLl

Pulse Generator,
15 o«s Duration,
1% Duty Cycle

1

VTEST

oV ‘ T
15 s —P €= 1.5 ms P

—_—

-VTEST

Figure 13. Test Circuit and Waveforms, Transient Over-Voltage Test

190008004

R RE DE D R RE DE D

Figure 14.Typical Application Schematic
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Detailed Description
Overview

The SN65HVDA485E device is a half-duplex RS-485 transceiver suitable for data transmission at
rates up to 10 Mbps over controlled-impedance transmission media (such as twisted-pair cabling
). Up to 64 units of the SN65HVD485E device can share a common RS-485 bus due to the low
bus-input currents of the device. The device also features a high degree of ESD protection and
low standby current consumption of 1 mA (maximum).

Functional Block Diagram

Feature Description

The SN65HVD485E device provides internal biasing of the receiver input thresholds for open-
circuit, bus-idle, or short-circuit failsafe conditions. It features a typical hysteresis of 30 mV to
improve noise immunity. Internal ESD protection circuits protect the transceiver bus terminals
against £15-kV Human Body Model (HBM) electrostatic discharges.

Device Functional Modes

When the driver enable pin (DE) is logic high, the differential outputs A and B follow the logic
states at data input D. A logic high at D causes A to turn high and B to turn low. In this case, the
differential output voltage defined as Vob = VA— Vs is positive. When D is low, the output states
reverse, B turns high, A is low, and Vob 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 Vcc; thus when left open while the driver is enabled, output A
turns high and B turns low.
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Driver Function Table

INI;UT EI\II)PEBLE . OUTPUTS - FUNCTION

H H H L Actively drive bus High

L H L H Actively drive bus Low

X L Z Z Driver disabled

X OPEN Z Z Driver disabled by default
OPEN H H L Actively drive bus high by default

When the receiver enable pin ( RE) is logic low, the receiver is enabled. When the differential
input voltage defined as Vib= Va— Vsis positive and higher than the positive input threshold (Vit+
) the receiver output (R) turns high. When ViD is negative and lower than the negative input
threshold (Vir-), the receiver output (R) turns low. If Viois between ViT+ and ViT— , 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).

Receiver Function Table

DIFFERENTIAL INPUT ENABLE OUTPUT
VID=VA-VB RE R FUNCTION
Vit+<Vip L H Receive valid bus High
Vir-<Mp<MVr+ L ? Indeterminate bus state
Vio<Vr- L L Receive 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
WWW.SZTDBDT.COM
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I
D and RE Input DE Input
;}’— Vee
500 Q
Input Input —
9V 200 kQ Ei
A Input B Input
— Vee — Vee

Input Input

16V 36 kQ

= -

A and B Outputs R Outputs

VCC - VCC —_——
‘{ 16 V o
- 50
Output
Output
‘i 16V oV

Figure 15.Equivalent Input and Output Schematic Diagrams
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Order information

: Marking
Order Number Package Package Quantity On The park Temperature
NWH
SN65HVD485EDGKR-TUDI MSOP8 Tape,Reel, 4000 485G
NWJ -40°C to 85°C
SN65HVD485EDR-TUDI SOP8 Tape,Reel, 4000 VP485
SN65HVD485EP-TUDI DIP8 Tube,50,A box of 2000 65HVDA485
Revision history
Date Revision Page
V1.0 2023/7 New 1-9
V1.1 2025/4 Update model and PDF template 1-21
WWW.SZTDBDT.COM
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1
]
i
)
|
! Dimensions Dimensions
~ A ___ | IS AP In Millimeters In Inches
w | w E' Symbol
{9— ! Min Max Min Max
)
}
, — : A 1.350 1.750 0.053 | 0.069
]
)
) H H H:l H:l A1 0.100 0.250 0.004 0.010
e
‘ A2 1.350 1.550 0.053 0.061
c B 0.330 0.510 0.013 0.020
_v
_r C 0.190 0.250 0.007 0.010
_ -
D 4780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
) E1 5.800 6.300 0.228 0.248
. e 1.270TYP 0.050TYP
e B
; ‘ L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
B—> lt— z
= ——— == --—*—
ry 7
< <
Lo\ |
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E1
E

I
I
]
]
]
H
' Dimensions Dimensions
H In Millimeters In Inches
' Symbol
H H' kj kj Min Max Min Max
]
— e A 0.800 1.200 0.031 0.047
C Al 0.000 0.200 0.000 0.008
A2 0.760 0.970 0.030 0.038
i —
b 0.30 TYP 0.012 TYP
C 0.15 TYP 0.006 TYP
D 2.900 3.100 0.114 0.122
0
A2 e 0.65 TYP 0.026 TYP
A
E 2.900 3.100 0.114 0.122
-— E1 4.700 5.100 0.185 0.201
<
S — e — *
L [T T J [} L 0.410 0.650 0.016 0.026
\ 0 02 6° 0° 6°
D
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18/20




b

Package DIP8

LSy

Tudi Semiconductor

r

r

E j Symbol Min Non Max
EC jﬂ AT 6.28 6.33 6.38
A2 6.33 6.38 6.43
EC j] A3 7.52 7.62 i
£‘ f’\\ 17 A4 7.80 8.40 9.00
B1 9.15 9.20 9.25
R—\ /—R
T
‘[)—> B2 9.20 9.25 9.30
]ﬁu# C 557
-~ N
m m
D 1.52
T E 0.43 0.45 0.47
—
Y e F 2.54
' G 0.25
A3
- H 1.54 1.59 1.64
Al
[ro T 3.97 5.7 4,30
\
/ R 0.20
—\M ) M1 9° 10° 11°
(@)
M2 1i® 12° 19e
A2
A4
WWW.SZTDBDT.COM
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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