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Features

® Optimized for PROFIBUSe networks

- Signal transmission rate up to 40Mbps

— Differential output exceeds 2.1 (54Q load)

— Low bus capacitance of 10pF (max)

® Complies with TIA/EIA-485-A requirements

® ESD protection exceeds + 10kV HBM

D Fail-safe receivers for bus open, short, and idle
states

® Up to 160 transceivers on a bus

® Low skew during output switching and driver
enable/disable

® Common-mode rejection up to 50MHz

® Short-circuit current limiting

® Supports hot-plug

® Thermal shutdown protection

Applications

@ Process automation

— Chemical production

- Brewing and distillation

- Paper machines

® Factory automation

- Automotive production

— Rolling, embossing, stamping machines
— Networked sensors

® General RS-485 networks

- Motor and motion control

- HVAC and building automation networks
— Networked security
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Description

The SNx5HVD1176 device is a half-duplex differential transceiver whose characteristics are
optimized forIBUS (EN 50170) applications. Under a 54Q load, the driver output differential volt
age exceeds the 2.1V required by PROFUS. With a signal transmission rate of up to 40Mbps, it is
technically capable of high data transmission speeds. Low bus capacitance provides low signal di
stortion.

The SN5HVD1176 and SN75HVD1176 devices meet or exceed the requirements of the ANSI
standard TIA/EIA-485A (RS-485), making them suitable for differential data transmission on
twisted-pair networks. The driver outputs and receiver inputs are connected together to form a
half-du bus port with a one-fifth unit load, thereby supporting up to 160 nodes on a single bus.
When the bus is shorted, left open, or no driver active, the receiver output remains at a logic
high level. When the supply voltage is below 2.5V, the driver output is in a high-impedance state
to prevent interference during power cycling or hot-plugging onto the bus. Internal current
limiting restricts the output current to a constant value, thereby protecting the transceiver bus
pins under short-circuit conditions. A thermal shutdown circuit protects the device from damage
caused by excessive power dissipation due to load and drive conditions.

The SN75HVD1176 device has a operating temperature range of 0° C to 70° C. The SN65HVD1
176 device has a rated operating temperature range of — 40C to 85° C.

For isolated versions of this device, refer to the ISO1176 device with integrated digital isolators
(SLLS897).
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Pin Functions

NERE PIN NO. 110 DESCRIPTION

A 6 Bus input/output Driver output/receiver input (complementary to B)
B i Bus input/output Driver output/receiver input (complementary to A)
D 4 Digital input Driver data input

DE 3 Digital input Driver enable high

GND 5 Reference potential Local device ground

R 1 Digital output Receive data output

RE 2 Digital input Receiver enable low

VCC 8 Supply 3-V to 5.5-V supply

6 Specifications

6.1 Absolute Maximum Ratings
over operating junction temperature range unless otherwise noted(")

MIN MAX UNIT

Vee  Supply voltage® -05 7 \%

Voltage at any bus I/O terminal -9 14 V

Voltage input, transient pulse, A and B, (through 100 Q, see £ 7-15) - 40 40 Y

Voltage input at any D, DE or RE terminal -0.5 7 V
lo Receiver output current -10 10 mA
Ty Junction temperature 150 °C
Tetg Storage temperature -40 130 °C

(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. All voltage
values are with respect to the network ground terminal unless otherwise noted.

(2) Al voltage values, except differential I/O bus voltages, are with respect to network ground terminal.

6.2 ESD Ratings

VALUE | UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC All pins +4000
Vsp) Electrostatic discharge S ) - vV
JS-001 Bus terminals and GND +10000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
Vee Supply voltage 475 5 525 vV
Voltage at either bus 1/0O terminal A B =T 12 V
ViH High-level input voltage 2 Vee \%
Vi Lo?av—level input voitagge L L 0 0.8 V
Vi Differential input voltage A with respect to B ~12 12 V
Driver -70 70 mA
lo Output current
Receiver -8 8 mA
SNB65HVD1176 -40 130 *C
T, Junction temperature (1)
SN75HVD1176 0 130 °C
RL Differential load resistance 54 Q
11ty Signaling rate 40| Mbps
(1) Seethe 77 6.7 table for more information on maintenance of this requirement.
6.4 Thermal Information
SN75HVD1176 SN65HVD1176
THERMAL METRIC(") D (SOIC) D (SOIC) UNIT
8 PINS 8 PINS
Raga Junction-to-ambient thermal resistance(® 104.7 116.7 °C/IW
R 0 yc(top) Junction-to-case (top) thermal resistance 45.8 56.3 “CIW
Ros Junction-to-board thermal resistance 459 63.4 ‘C/w
by ;:?:ic;?::)—top characterization 5.7 8.8 oC/W
i Junction-to-board characterization 45.2 62.2 SCIW

parameter

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.

(2) The intent of Ry 44 specification is solely for a thermal performance comparison of one package to another in a standardized

environment. This methodology is not meant to and will not predict the performance of a package in an application-specific

environment.

6.8 Switching Characteristics (continued)

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
tcre) Time from application of short-circuit to current foldback |See 5] 7-8 0.5 us
t Time from application of short-circuit to thermal Ta=25°C, 100
(TSD) shutdown See [€ 7-8 "
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6.5 Electrical Characteristics
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP( MAX UNIT
DRIVER
Vo Open-circuit output voltage AorB No load 0 Vee \
R =540 See |4 7-1 21 29 V
V. [ Steady-state differential output voltage With common-mode loading,
R magnitude (Vigsr from -7 Vio 12 V) 2.1 27 v
See € 7-2
Change in steady-state differential output : _
A IVOD(SS)[ voltage between logic states See /4 7-1 and |5 7-6 0.2 0 0.2 \
Vociss) Steady-state common-mode output voltage [See 4 7-5 2 25 3 A
Change in steady-state common-mode output
AVocss) voltage See H7-5 =02 0 0.2 \'
Vocer) Peak-to-peak common-mode output voltage |See /5] 7-5 0.5 A
v Differential output voltage over and under R =54 Q, C =50 pF 10% v
ODRING)  shoot See [£7-6 °| Voore)
I Input current D, DE - 50 50 uA
losp) Peak short-circuit output current ggea%v% Vos= -7Vto12V - 250 250 mA
Vos>4V,
- DE at Vg, Qutput driving low 60 % 135 ofe
losiss) Steady-state short-circuit output current
See 4 7-8 VOS <1V -
Output driving high -1 -0 -60
RECEIVER
Positive-going differential input voltage _ _ _ _
VIT{*) threshold See % 7-9 VO =24 V, IO = 8 mA 80 20 mV
Negative-going differential input voltage ] . _ _
V|T( -) threshold Vo=04V, lp=8mA 200 120 mv
Vhys Hysteresis voltage (Vit+ - ViT.) 40 mv
sy Vip=200mV, loy= - 8 mA,
Vou High-level output voltage See [17-9 4 4.6 \"
5 V|[) = -200 mV, |o|_ =8 mA,
VoL Low-level output voltage See 4 7-9 0.2 04 \
I I Vee=4.75Vt05.25V - 160 200
I Bus pin input current Mg e LA
IA(OFF) Other input = 0V Vee=0V - 1860 200
B(OFF)
I Receiver enable input current RE - 50 50 uA
loz High-impedance - state output current RE = V¢ =1 1 LA
R, Input resistance 60 kQ
Test input signal is a 1.5-MHz sine wave with
Cpip Differential input capacitance amplitude 1 Vpp, capacitance measured across A 7 10 pF
and B
Cur Common mode rejection See E 7-11 4 \Y

(1)  All typical values are at V¢ =5V and 25°C.

WWW.SZTDBDT.COM




S

Tudi Semiconductor

6.6 Supply Current

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Driver and receiver, RE at 0 V, DE at V¢,
. 4 6 mA
All other inputs open, no load
Driver only, RE at Vc¢, DE at Ve,
All other inputs open, no load 98 6 A
lcc  Supply Current(™
Receiver only, REat0V,DE at0V,
: 3.6 6 mA
All other inputs open, no load
Standby only, RE at V¢, DEat 0V,
All other inputs open s ? nh
(1)  Over recommended operating conditions
6.7 Power Dissipation
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP(M MAX | UNIT
R .=54Q,C =50pF,0Vto3V,
Ppo Device power dissipation 15 MHz, 50% duty cycle square wave 277 318 mw
input, driver and receiver enabled
Low-K board, no air flow, _ &
Pp= 318 mW 40 64| °C
SNB5HVD1176 T =
igh-K board, no air flow, _ °
- Pp = 318 mW - B3 @
T Ambient air temperature -
Low-K board, no air flow, 0 °c
Pp=318 mW
SN75HVD1176
High-K board, no air flow, 0 oc
Pp =318 mwW
Tso Thermal shut down junction temperature 150 G
(1)  All typical values are with Voo =5V and T, = 25°C.
6.8 Switching Characteristics
over recommended operating conditions (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP() MAX| UNIT
DRIVER
tpLH Propagation delay time low-level-to-high-level output 7 10| ns
teHL Propagation delay time high-level-to-low-level output T 10| ns
RL =54 Q, C_ =50 pF,
ts(p) Pulse skew | tpin - tput | S;e M 7.3 = P 0 2| ns
t: Differential output rise time 3 75| ns
tf Differential output fall time 3 75| ns
ey tvnn Output transition skew See [ 7-4 0.2 11 ns
tpcazh): to@zH) Propagation delay time, high-impedance-to-active 10 20! ns
tD(AZL)! tD(BZL) OUtpUt
toanz): toeHz) Propagation delay time, active-to- high-impedance R = 1100 10 20| ns
toarzy: beLz) output it ;
: 1 CL=50pF REatoVv
oz ~ ezl Enaple skew time See |# 7-7 055 15| ns
[toazry ~ tpezu)l
Ibarz) = b@Ha)l  pisable skew time 25| ns
[toanz) = tpeiz)l
tocazry to@zH) Propagation delay time, high-impedance-to-active - 1 -
t af output (from sleep mode) L=104Q,
PIAZER pEZH) _ ok : : CL =50 pF REat5V
toanz) toeHz) F‘ropagatnon delay time, active-output-to high- See & 7-7 10 50| ns
tpaLz) theLz) impedance (to sleep mode)
WWW.SZTDBDT.COM
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6.8 Switching Characteristics (continued)
over recommended operating conditions (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP() MAX| UNIT
RECEIVER
tpLH Propagation delay time, low-to-high level output 20 25| ns
teHL Propagation delay time, high-to-low level output 20 25| ns
tsk(p) Pulse skew | tpq = tpnL | See 7-10 1 2 ns
t, Receiver output voltage rise time 2 4| ns
ts Receiver output voltage fall time 2 4| ns
toz, Prct:p;gatlon delay time, high-impedance-to-high-level 20| s
outp DE at Ve,
i i iah- _to-high-i See £ 7-13
oz Propagation delay time, high-level-to-high-impedance 20! ns
output
toL Propagation delay time, high-impedance-to-low-level 20! ns
output DE at V¢,
i i -level-to-high-i See & 7-14
toLs Propagation delay time, low-level-to-high-impedance 20| s
output
t Propagation delay time, high-impedance-to-high-level 1 4 s
PZH output (standby to active) DEatoV, "
i i iah- -to-high-i See [# 7-12
oz Propagatlo_n delay time, high-level-to-high-impedance 13 20| ns
output (active to standby)
t Propagation delay time, high-impedance-to-low-level 2 4 us
PzL output (standby to active) DEatoV,
i i a -to-high-i See [# 7-12
oLz Propagahqn delay time, low-level-to-high-impedance 13 20| ns
output (active to standby)

(1)  All typical values are atVc =5V and 25°C.
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B lo

I
I A‘_O_ T l 270
0Vor3V —DE' Vop 50 pF
D <« | T 270
Voc

I

A 7-1. Driver Test Circuit, Vop and Voc Without Common-Mode Loading

375Q

VTEST ==7TVto12V

A
ovorsv —[ > Voo
D
B

Viest
1

7-2. Driver Test Circuit, Vop With Common-Mode Loading

———— 3V
ov

R_ =540 Vob
Signal L *BUpE —s0% =% VoDH)
Generator 50 Q OUTm
1 tr —» - tf_ﬂ [
P 7-3. Driver Switching Test Circuit and Rise/Fall Time Measurement
WWW.SZTDBDT.COM
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tpLH —14—53 tPHL —ﬂ—P}
a8 X X
/ N /! N
/ \ / \
/ N\ / N\
' \ / \
i 715 50% 50%\'\
_______ L U S R S, Y
|
tymLn) — lli— tymury P

Signal
Generator

VB

iy —

Voc
;[50 " /_J7

& 7-5. Driver V¢ Test Circuit and Waveforms

_____ v

—% —1——————— Vob(ss) *F@Pv
VoD(RING)

0 V Differential

Vob(pp)

VoD(RING)

Vopy(ss) — -
*‘

v
v V&

A.  Vopring) is measured at four points on the output waveform, corresponding to overshoot and undershoot from the Vopy and Vop

steady state values.

K 7-6. Vop(ring) Waveform and Definitions
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Signal
Generator

h—‘— tp(BHZ)

J_
tp(BZH) —]4—>1

50% VoL -9V

B

a) D at Logic Low

RL=1100Q

Signal
Generator

%15\! 15\!%

to(azH) 14—"— tp(aHZ)

| 50% | You 0.5

tp(BZL) —[‘—bi |' . t(BLZ)

l |

b) D at Logic High

7-7. Driver Enable/D

isable Test

2 e s e T
Qutput
los Current |mA|
D o=
T 135
Vos 1|\_
or-———————— —
Voltage | |
Source ] | e
time
|

1

ticre)

 tYssp — ™

& 7-8. Driver Short-Circuit Test Circuit and Waveforms (Short Circuit applied at Time t = 0)

I
A_>
Va
Vip
‘1 Vg —
VA"'VB IC

& 7-9. Receiver DC Parameter Definitions

WWW.SZTDBDT.COM
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|
Signal
Generator 50 Q
Vip 15V
I | ov
tpLn P +— —» l‘_ tpHL
Signal | 90% —— - Vou
(]
Generator Output 45y 3
10%
| | VoL
P - 4 e
& 7-10. Receiver Switching Test Circuit and Waveforms
————
100 nF o Al IR
V,=Asin2 ft |
1 MHz < £ < 50 MHz|—] soq | ATONF T LI
|
2.2kQ |
i |
Voffset = =TT = )
-2Vto7V GND [ Ve[~
100 nF VR shall be greater than
J_— 2 V throughout this test.
7-11. Receiver Common-Mode Rejection Test Circuit
WWW.SZTDBDT.COM
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A

3V
PR 't

0Vor15V R v, 1kQ +1%
S$1

B
1.5VoroV—— O CL =15 pF +20%

Input
Generator

|
I VoH  Aat15vV
v 15V BatoVv
0 | S1to B
} GND
|
| SV Snton
Bat15V
Vo 9% S1toA

Signal
Generator

7-13. Receiver Enable Test Circuit and Waveforms, Data Output High (Driver Active)

WWW.SZTDBDT.COM
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Signal
Generator

& 7-14. Receiver Enable Test Circuit and Waveforms, Data Output Low (Driver Active)

A

Pulse Generator,
15 us Duration,
1% Duty Cycle

1

| | Vee
R 1.5V | VoL +0.5V
—— — Vao
VTEST
((
ov T al YT ‘
15 us —plle—15ms ~Virest

7-15. Test Circuit and Waveforms, Transient Overvoltage Test

WWW.SZTDBDT.COM
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7 Detailed Description
7.1 Overview

The SNx5HVD1176 device is a 5-V, half-duplex, RS-485 transceiver optimized for use in PROFIBUS (EN50170)
applications and suitable for data transmission up to 40 Mbps.

The driver output differential voltage exceeds the PROFIBUS requirement of 2.1 V with a 54-Q load, and the low
transceiver output capacitance of 10 pF supports the PROFIBUS requirements for maximum bus capacitance
across various data rates.

This device has an active-high driver enable and an active-low receiver enable. A standby current of less than
5 pA can be achieved by disabling both driver and receiver.

7.2 Functional Block Diagram

B 7-1. Logic Diagram (Positive Logic)

7.3 Feature Description

Intemal ESD protection circuits protect the transceiver bus terminals against £10-kV Human Body Model (HBM)
electrostatic discharges and all other pins up to +4 kV.

The SN65HVD1176 device provides internal biasing of the receiver input thresholds for open-circuit, bus-idle, or
short-circuit failsafe conditions, and a typical receiver hysteresis of 40 mV.

7.4 Device Functional Modes
% 7-1. Driver Function Table("

INPUT ENABLE OUTPUTS
D DE A B
H H H L
I H L H
X L z z
X OPEN Z i

OPEN H H L

(1) H=highlevel, L = low level, X = don’ t care,
Z = high impedance (off)

% 7-2. Receiver Function Table(")

DIFFRENTIAL INPUT ENABLE OUTPUT
Vip=(Va - Vi) RE R
Vip= -0.02V L H

~02V<Vp< -002V L ?
Vp< -02V L L
X H Z

WWW.SZTDBDT.COM
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% 7-2. Receiver Function Table(!) (continued)
DIFFRENTIAL INPUT ENABLE OUTPUT
Vip=(Va - Vi) RE R
X OPEN z
Open Circuit Ly H
Short Circuit L H
Idle (terminated) bus L H
(1)  H=highlevel, L =low level, X = don’ t care,
Z = high impedance (off), ? = indeterminate
D and RE Inputs DE Input
==Neg — Neg
200 kQ Kg
5000 500 Q
Input = Input —
200 kQ
9V
A Input B Input
—— Vee
Input Input
A and B Outputs R Output
Ve — Yoo ——
- __| 16V T
50
Output
Output
9V
—— 16V -
A 7-2. Equivalent Input and Output Schematic Diagrams
WWW.SZTDBDT.COM
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Marking
N Pack Pack i
Order Number ackage ackage Quantity On The park
SN65HVD1176DR-TUDI SOP8 Tape,Reel, 2500 SN65HVD1176DR
SN75HVD1176DR-TUDI SOP8 Tape,Reel, 2500 SN75HVD1176DR

WWW.SZTDBDT.COM

17

, 19




Package SOP8

ARUNA=

Tudi Semiconductor

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\ |
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.

WWW.SZTDBDT.COM
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