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SN65HVDO0x, SN75HVDOx High Output RS-485 Transceivers
1 Features 3 Description

Minimum differential output voltage of 2.5 V Into a
54-Q load

Open-circuit, short-circuit, and idle-bus failsafe
receiver

1/8t Unit-load option available (Up to 256 nodes
on the bus)

Bus-pin ESD protection exceeds 16 kV HBM
Driver output slew rate control options
Electrically compatible with ANSI TIA/EIA-485-A
standard

Low-current standby mode: 1 pA typical
Glitch-free power-up and power-down

protection for hot-plugging applications

Pin compatible with industry standard SN75176

2 Applications

Data transmission over long or lossy lines or
electrically noisy environments

Profibus line interface

Industrial process control networks
Point-of-sale (POS) networks

Electric utility metering

Building automation

Digital motor control

VOD - Differential Output Voltage (V)
~ w

v — — .60 Ohm Load Line

20 40 60 80 100 120
10 - Output Current (mA)

Figure 3-1. Differential Output Voltage vs
Differential Output Current

The SN65HVDO05, SN75HVDO05, SN65HVDO06,
SN75HVD06, SN65HVD07, and SN75HVDO07
combine a 3-state differential line driver and
differential line receiver. They are designed for
balanced data transmission and interoperate with
ANSI TIA/EIA-485-A and ISO 8482E standard-
compliant devices. The driver is designed to provide
a differential output voltage greater than that required
by these standards for increased noise margin. The
drivers and receivers have active-high and active-
low enables respectively, which can be externally
connected together to function as direction control.

The driver differential outputs and receiver differential
inputs connect internally to form a differential input/
output (I/O) bus port that is designed to offer minimum
loading to the bus whenever the driver is disabled or
not powered. These devices feature wide positive and
negative common-mode voltage ranges, making them
suitable for party-line applications.
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5 Specifications

5.1 Absolute Maximum Ratings

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

SN65HVD05, SN65HVD06, SN65HVDO07
SN75HVDO05, SN75HVD06, SN75HVDO07
Supply voltage range, Vcc -03Vto6V
Voltage range at A or B -9Vto14V
Input voltage range at D, DE, R or RE -0.5VtoVec+05V
Voltage input range, transient pulse, A and B, through 100 Q (see Figure 6-11) -50Vto 50V
Receiver output current, lg -11 mA to 11mA
A, B, and GND 16 kV
o Human body model®) :
Electrostatic discharge All pins 4 kV
Charged-device model®) All pins 1kV
Continuous total power dissipation See Dissipation Rating Table

(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.

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

(3) Tested in accordance with JEDEC Standard 22, Test Method A114-A.

(4) Tested in accordance with JEDEC Standard 22, Test Method C101.

5.2 Recommended Operating Conditions

MIN NOM MAX| UNIT
Supply voltage, Ve 4.5 55| V
Voltage at any bus terminal (separately or common mode) V, or V¢ -7 12| V
High-level input voltage, V|4 D, DE, RE 2 \%
Low-level input voltage, V,_ D, DE, RE 08| V
Differential input voltage, V|p (see Figure 6-7) -12 12|V
Driver -100
High-level output current, loy - mA
Receiver -8
Driver 100
Low-level output current, lo_ - mA
Receiver 8
SN65HVD05
SN65HVD06 —40 85| °C
SN65HVDO07
Operating free-air temperature, Tp
SN75HVDO05
SN75HVD06 0 70| °C
SN75HVDO07

(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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5.3 Thermal Information

D (SOIC) D (SOIC) P (PDIP)
SN65 SN75

THERMAL METRIC(") Variation Variation UNIT

8 PINS 8 PINS 8 PINS
Rgua Junction-to-ambient thermal resistance 116.7 175.4 125 °C/W
Rauctop) Junction-to-case (top) thermal resistance 56.3 53.6 34.9 °C/W
Rgys Junction-to-board thermal resistance 63.4 451 23.7 °C/W
Wyt Junction-to-top characterization parameter 8.8 10.1 121 °C/W
Wi Junction-to-board characterization parameter 62.6 44 .4 23.6 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

5.4 Package Dissipation Ratings
(See Figure 5-1 and Figure 5-2)

TN Ta $25°C DERATING FACTOR(") Ta=70°C Ta = 85°C
POWER RATING ABOVE T, = 25°C POWER RATING POWER RATING

D@ 710 mW 5.7 mW/°C 455 mW 369 mW

DG) 1282 mW 10.3 mW/°C 821 mW 667 mW

P 1000 mW 8.0m W/°C 640 mW 520 mW

(1) This is the inverse of the junction-to-ambient thermal resistance when board-mounted and with no air flow.
(2) Tested in accordance with the Low-K thermal metric definitions of EIA/JJESD51-3
(3) Tested in accordance with the High-K thermal metric definitions of EIA/JJESD51-7
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5.5 Driver Electrical Characteristics

over operating free-air temperature range unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
Vik Input clamp voltage l|=-18 mA -1.5 \%
No Load Vee
Vol Differential output voltage R, =54 Q, See Figure 6-4 25 \%
Viest = —7 V to 12V, See Figure 6-2 2.2
ANop| Change in magnitude of differential output See Figure 6-4 and Figure 6-2 02 0.2 Vv
voltage
Vocss) Steady-state common-mode output voltage 2.2 3.3 \%
Change in steady-state common-mode See Figure 6-3
AVogss) output voltage 0.1 o1 v
HVDO05 600
Peak-to-peak common-mode .
Vocpp) output voltage HVDO06 |See Figure 6-3 500 mV
HVDO07 900
loz High-impedance output current See receiver input currents
D -100 0
I Input current HA
DE 0 100
los Short-circuit output current -7V<sVgs12V -250 250 mA
Caifr Differential output capacitance V|p = 0.4 sin (4E6Tt) + 0.5V, DE at0 V 16 pF
ﬁ at Vcc, . .
Dand DE atVge, | Roceiver disabled 9 15| mA
and driver enabled
No load
RE at Vcc, Receiver disabled
lec Supply current DatVcc DE at0V, |and driver disabled 1 5 pA
No load (standby)
RE ato0V, .
Dand DE atVge, | oceiver enabled 9 15| mA
and driver enabled
No load
(1)  All typical values are at 25°C and with a 5-V supply.
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5.6 Driver Switching Characteristics

over operating free-air temperature range unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
HVDO05 6.5 1
tpLH Propagation delay time, low-to-high-level output HVDO06 27 40 ns
HVDO7 250 400
HVDO05 6.5 11
tpHL Propagation delay time, high-to-low-level output HVDO06 27 40 ns
HVDO07 250 400
HVDO05 27 3.6 6
t Differential output signal rise time HVDO06 18 28 55 ns
HVDO7 R, = 5.4 Q, C, = 50 pF, 150 300 450
HvDo5 |See Figure 6-4 27 36 6
t Differential output signal fall time HVDO06 18 28 55 ns
HVDO7 150 300 450
HVDO05 2
tsk(p) Pulse skew (|tpyL - tpLHl) HVDO06 2.5 ns
HVDO07 10
HVDO05 35
tspp) @ Part-to-part skew HVDO06 14| ns
HVDO7 100
HVD05 25
tozm1 Propagation delay time, high-impedance-to-high- HVDO6 45 ns
level output
HVDO7 |REatoV,R, =110Q, 250
HVDO5 See Figure 6-5 25
torz _Propagatlon delay time, high-level-to-high- HVDO6 60 ns
impedance output
HVvVDO7 250
HVDO05 15
-y Propagation delay time, high-impedance-to-low-level HVDO6 45 ns
output
HVDO7 |REatoV, R, =110Q, 200
HVDO5 See Figure 6-6 14
toL Propagation delay time, low-level-to-high-impedance HVDO06 20 ns
output
HVDO07 550
. . . R.=110Q,RE at3V,
tpzH2 Propagation delay time, standby-to-high-level output See Figure 6-5 6 us
tpzLo Propagation delay time, standby-to-low-level output R =1100, REat3V, 6 us

See Figure 6-6

(1)  All typical values are at 25°C and with a 5-V supply.
(2)  tsk(pp) is the magnitude of the difference in propagation delay times between any specified terminals of two devices when both devices
operate with the same supply voltages, at the same temperature, and have identical packages and test circuits.

6 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: SN75HVD05 SN75HVD06 SN75HVD07 SN65HVD05 SN65HVD06 SN65HVDO7


https://www.ti.com/product/SN75HVD05
https://www.ti.com/product/SN75HVD06
https://www.ti.com/product/SN75HVD07
https://www.ti.com/product/SN65HVD05
https://www.ti.com/product/SN65HVD06
https://www.ti.com/product/SN65HVD07
https://www.ti.com/lit/pdf/SLLS533
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLLS533F&partnum=SN75HVD05
https://www.ti.com/product/sn75hvd05?qgpn=sn75hvd05
https://www.ti.com/product/sn75hvd06?qgpn=sn75hvd06
https://www.ti.com/product/sn75hvd07?qgpn=sn75hvd07
https://www.ti.com/product/sn65hvd05?qgpn=sn65hvd05
https://www.ti.com/product/sn65hvd06?qgpn=sn65hvd06
https://www.ti.com/product/sn65hvd07?qgpn=sn65hvd07

13 TEXAS
INSTRUMENTS

www.ti.com

SN75HVDO05, SN75HVD06, SN75HVD07

SN65HVD05, SN65HVD06, SN65HVDO07
SLLS533F — MAY 2002 — REVISED MARCH 2023

5.7 Receiver Electrical Characteristics

over operating free-air temperature range unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
Positive-going input _ _
ViTe  threshold voltage lo=-8mA 0.01 v
Negative-going input _ N
VI threshold voltage lo=8mA 0.2
Hysteresis voltage
Viye (Vir+ - Vi) 35 mv
Vik Enable-input clamp voltage |l =-18 mA -1.5 \Y
VoH High-level output voltage Vip =200 mV, lon =—-8 mA, See Figure 6-7 4 \Y
VoL Low-level output voltage V|p =-200 mV, loL = 8 mA, See Figure 6-7 0.4 \Y
High-impedance-state ==
loz ougt]put C?Jrl’ent Vo = Oor Vee RE at Ve -1 1 uA
VporVg=12V 0.23 0.5
VporVg=12V, Vee=0V 0.3 0.5
HVDO5 |Other inputat 0 V mA
VporVg=-7V -0.4 0.13
VporVg=-7V, Vee=0V -0.4 0.15
I Bus input current
VporVg=12V 0.06 0.1
VporVg=12V, Vec=0V 0.08 0.13
:xggs Other inputat 0 V A B ce mA
VA or VB =7V -0.1 0.05
VA or VB =-7 V, VCC =0V -0.05 0.03
m High-level input current, RE |V =2V -60 26.4 uA
I Low-level input current, RE |V, =0.8V —-60 27.4 uA
Caifr E;Eiﬁgfge'”p”t V| = 0.4 sin (4E6Tt) + 0.5V, DE at 0 V 16 oF
RE at 0V, D and DE at Receiver enabled and driver disabled 5 10 mA
0V, No load
RE at Ve, DEat0 Vv, Receiver disabled and driver disabled 1 5 A
lcc Supply current D at V¢g, No load (standby) H
REatoV,
D and DE at Vg, Receiver enabled and driver enabled 9 15 mA
No load

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

over operating free-air temperature range unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
tpLH Propagation delay time, low-to-high-level output 1/2 UL |HVDO05 14.6 25 ns
tpHL Propagation delay time, high-to-low-level output 1/2 UL |HVDO05 14.6 25 ns
t P tion delay ti low-to-high-level output 1/8 UL HVDO6 %5 70

ropagation delay time, low-to-high-level outpu ns
PL pagd Y 9 P HVDO7 55 70
) ) ) HVDO06 55 70

tpHL Propagation delay time, high-to-low-level output 1/8 UL AVDo7 |Vib=-15V1t0 1.5V, 55 70 ns

C|_ =15 pF,

HVDOS |gee Figure 6-8 2

tsk(p) Pulse skew (ltPHL - tPLHI) HVDO06 45 ns
HVDO07 4.5
HVDO05 6.5

ts(pp) @ Part-to-part skew HVDO06 14| ns
HVDO7 14

tr Output signal rise time C_ =15 pF, 2 3 ns
te Output signal fall time See Figure 6-8 2 3
tpzH1 Output enable time to high level 10
tpzL1 Output enable time to low level Cp = 15 pF, 10

- - - DE at3V, ns
tpHz Output disable time from high level See Figure 6-9 15
tpLz Output disable time from low level 15

tpzH2 Propagation delay time, standby-to-high-level output C_ =15 pF, DE at 0, 6 us
tpzL2 Propagation delay time, standby-to-low-level output See Figure 6-10 6

(1)  All typical values are at 25°C and with a 5-V supply.
(2)  tsk(pp) is the magnitude of the difference in propagation delay times between any specified terminals of two devices when both devices
operate with the same supply voltages, at the same temperature, and have identical packages and test circuits.
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5.9 Typical Characteristics
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80
70

Temperature TA

Signafing Rate - Mbps © 8 10

Figure 5-2. HVYD06 Maximum Recommended Still-Air Operating
Temperature vs Signaling Rate (D-Package)

120

110

100

<<

£

= 90

c

P

S 80

=

g

S 70

v

v

Z 60

O o

s To=25°C V=5V

€, =50pF R, =540
40 DE=Ve /RE=V(
30
0 5 10 15 20 25 30 35 40

Signaling Rate - Mbps

Figure 5-3. HYD05 RMS Supply Current vs Signaling Rate
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Figure 5-4. HYD06 RMS Supply Current vs Signaling Rate
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Figure 5-5. HYD07 RMS Supply Current vs Signaling Rate
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Figure 5-6. BUS Input Current vs BUS Input Voltage
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5.9 Typical Characteristics (continued)
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Figure 5-7. Driver High-Level Output Current vs High-Level
Output Voltage
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Figure 5-8. Driver Low-Level Output Current vs Low-Level
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Figure 5-9. Differential Output Voltage vs Free-Air Temperature
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Figure 5-10. Driver Output Current vs Supply Voltage
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Figure 5-11. Differential Output Voltage vs Differential Output
Current
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Figure 5-12. Enable Time vs Common-Mode Voltage
(See Figure 5-13)
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5.9 Typical Characteristics (continued)

Input
Generator

50% —f
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TV <Vesp <12V

ov

\

20 (dliff) \

1.5V

1.5V

Vop (high)

Vop (low)

Figure 5-13. Driver Enable Time From DE to Vgp
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Parameter Measurement Information

Vee
I
I DEA OA
Oor3Vv Voo $54Q+1%
B| log
T <
V| f

Figure 6-1. Driver Vgp Test Circuit and Voltage and Current Definitions

375 Q1%

375 Q1%

Figure 6-2. Driver Vop With Common-Mode Loading Test Circuit

A\ /T VA
e yras
DE A e —/ Ve

B

Vocpp) AVocss)

4 _ o
+20%V ¢ Voc /\ / ]t£
CL =50 pF + ? 777{ \] F

C_ Includes Fixture and
Instrumentation Capacitance

Input: PRR = 500 kHz, 50% Duty Cycle,t,<6ns, ti<6ns, Zg = 50 Q
Figure 6-3. Test Circuit and Definitions for the Driver Common-Mode Output Voltage

Cy = 50 pF +20%

CL Includes Fixture
and Instrumentation
Capacitance

Input
Generator

Generator: PRR = 500 kHz, 50% Duty Cycle, t, <6 ns, t; <6 ns, Z, = 50 Q
Figure 6-4. Driver Switching Test Circuit and Voltage Waveforms
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Input
Generator V‘l 50 Q@ C Includes Fixture
and Instrumentation

Capacitance

Vo

Generator: PRR = 100 kHz, 50% Duty Cycle, t; <6 ns, t; <6 ns, Z, =50 Q
Figure 6-5. Driver High-Level Enable and Disable Time Test Circuit and Voltage Waveforms

Vee

RL=110Q
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Vo

Input CL =50 pF £20%

Generator 50 Q

C_ Includes Fixture
and Instrumentation
Capacitance

Generator: PRR = 100 kHz, 50% Duty Cycle, t; <6 ns, t; <6 ns, Z, =50 Q

Figure 6-6. Driver Low-Level Output Enable and Disable Time Test Circuit and Voltage Waveforms
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Figure 6-8. Receiver Switching Test Circuit and Voltage Waveforms
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Generator: PRR = 100 kHz,
50% Duty Cycle, DE
ty <6 ns, t; <6 ns, Z, =50 Q 3V
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Input
Generator V" 50 Q
A
Vee —© Vo R
S1 O
B 1kQ +1%
CL = 15 pF £20%
C_ Includes Fixture and
Instrumentation Capacitance
3V
Vi sy 15V
| S — ov
\
tpzH(1) $} :F tpHz %‘ b
b —— VoH Dat3V
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\ ~0V
\ \
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\ \ Vee
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VoL 0.5V
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Figure 6-9. Receiver Enable and Disable Time

Test Circuit and Voltage Waveforms With Drivers Enabled
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Generator: PRR = 100 kHz,
50% Duty Cycle, DE
t, <6 ns, t; <6 ns, Z, = 50 Q ov———O
RE
Input
Generator | VI

Vee —OA OVor15V
S1
B 1kQ £1% 15VoroV
CL =15 pF £20%
Cy Includes Fixture and
Instrumentation Capacitance
3V
Aat15V
BatoV
S1toB
GND
V
AatoV cc
Bat1.5V v
SitoA '©
VoL

Figure 6-10. Receiver Enable Time From Standby (Driver Disabled)

OVor3V
RE
R
B
100 Q
+ 0,
Pulse Generator, 1%
15 us Duration, D
1% Duty Cycle
t;, ;<100 ns
DE
3VoroVv

NOTE: This test is conducted to test survivability only. Data stability at the R output is not specified.

Figure 6-11. Test Circuit, Transient Over Voltage Test
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6 Function Tables
Table 6-1. DRIVER

INPUT ENABLE OUTPUTS

D DE A B

H H H L

L H L H

X L 4 z

Open H H L

X Open VA VA

Table 6-2. RECEIVER
DIFFERENTIAL INPUTS(") ENABLE OUTPUT

Vip=Va-Vp RE R
Vps-02V L L
-02V<Vp<-0.01V L ?
-0.01VsVp L H
X H 4
Open Circuit L H
Short Circuit L H
IDLE Bus L H
X Open VA

(1)  H=high level; L = low level; Z = high impedance; X = irrelevant;
? = indeterminate

6.1 Receiver Failsafe

The differential receiver is “failsafe” to invalid bus states caused by:

* open bus conditions such as a disconnected connector,

» shorted bus conditions such as cable damage shorting the twisted-pair together, or
» idle bus conditions that occur when no driver on the bus is actively driving

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

Receiver failsafe is accomplished by offsetting the receiver thresholds so that the “input indeterminate” range
does not include zero volts differential. To comply with the RS-422 and RS-485 standards, the receiver output
must output a High when the differential input V|p is more positive than +200 mV, and must output a Low when
the V|p is more negative than -200 mV. The receiver parameters which determine the failsafe performance
are V,r+ and V1. and Vyys. As seen in the Receiver Electrical Characteristics table, differential signals more
negative than -200 mV will always cause a Low receiver output. Similarly, differential signals more positive than
+200 mV will always cause a High receiver output.

When the differential input signal is close to zero, it will still be above the V. threshold, and the receiver output
is High. Only when the differential input is more negative than V1. will the receiver output transition to a Low
state. So, the noise immunity of the receiver inputs during a bus fault condition includes the receiver hysteresis
value Vyys (the separation between V1. and V. ) as well as the value of V..
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7 Equivalent Input and Output Schematic Diagrams

D and RE Inputs DE Input
— Vee — Vee
100 kQ
1kQ 1kQ
Input - Input -
9V 100 kQ
A Input B Input

——— Vee

Input

h

A and B Outputs

Vee —
16V
Output
Output
N o
— —| 16V -
R1/R2 R3
SN65HVDO05 | 9kQ 45 kQ
SN65HVD06 | 36 kQ | 180 kQ
SN65HVDO07 | 36 kQ | 180 kQ
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8 Application and Implementation

Note

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

Typical Application

L 55
RT RT
((
)7
(X X}
Device Number of Devices on Bus
HVDO05 64
HVDO06 256
HVDO7 256

NOTE: The line should be terminated at both ends with its characteristic impedance (Rt = Zp).

Stub lengths off the main line should be kept as short as possible.

Figure 8-1. Typical Application Circuit
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9 Device and Documentation Support
9.1 Receiving Notification of Documentation Updates
To receive notification of documentation updates,