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5 Device Comparison

Z 5-1. Device Features

BASE
PART NUMBER SIGNALING RATE UNIT LOADS ENABLES
SN65HVD30 26 Mbps 1/2 No
SN65HVD31 5 Mbps 1/8 No
SN65HVD32 1 Mbps 1/8 No
SN65HVD33 26 Mbps 12 Yes
SN65HVD34 5 Mbps 1/8 Yes
SN65HVD35 1 Mbps 1/8 Yes
% 5-2. Improved Replacement for Devices
PART NUMBER REPLACE WITH BENEFITS
MAX3491 SN65HVD33 Better ESD protection (15 kV versus 2 kV, or not specified) Higher Signaling Rate
MAX3490 SN65HVD30 (26 Mbps versus 10 Mbps) Fractional Unit Load (64 Nodes versus 32)
MAX3491E SN65HVD33 . . . .
MAX3490E SN65HVD30 Higher Signaling Rate (26 Mbps versus 12 Mbps) Fractional Unit Load (64 Nodes versus 32)
m2igg;gg gmggﬂxggg Higher Signaling Rate (26 Mbps versus 16 Mbps) Lower Standby Current (1 1 Aversus 10 uA)
MQiggziE :mggﬂxggj Higher Signaling Rate (5 Mbps versus 500 kbps) Lower Standby Current (1 1 Aversus 10 1 A)
MQigg;?E gmgg:xggg Higher Signaling Rate (1 Mbps versus 250 kbps) Lower Standby Current (1 1 Aversus 10 1 A)

6 Pin Configuration and Functions

Vee 1. 8:E]A
R 2 7118
D 3 6 1]z
GND 4 5[ T1Y

8
2 A

R 7
B

5
3 Y

D 6

z

Copyright © 2017, Texas Instruments Incorporated

Kl 6-1. SN65HVD30, SN65HVD31, SN65HVD32, D Package 8-Pin SOIC Top View
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NC 1. 14 T 1Vec
R 2 13T Vce
RE 3 12[T]A
DE 4 1118
D 5 1011z
GND 6 ol T1Y
GND 7 8| T INC

NC - No internal connection
Pins 6 and 7 are connected together internally
Pins 13 and 14 are connected together internally

4
DE
9
5
D 10
3 Z
RE
12
2 A
R "

Copyright © 2017, Texas Instruments Incorporated

Kl 6-2. SN65HVD33, SN65HVD34, SN65HVD35 D Package 14-Pin SOIC Top View

VCC VCC
1 T
[ [ (I —
NC|_"lo 20 19[__] NC
RIZ s 18_ | A
RE|_ 4 17_ 1B 18
NC|_ s 16[_ _| NC R 17
— _ __ 4
DE;jj96 15E{i Z RE
D|l[__17 14— vy 6
| . DE
NC|__|s 13[_ _| NC . 14 v
NC|[ —Jg 10 1 12 | NC D 15
- o z
| | | |
GND GND

NC - No internal connection
Pins 10 and 11 are connected together internally
Pins 1 and 20 are connected together internally
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&l 6-3. SN65HVD33 RHL Package 20-Pin VQFN Top View
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Z 6-1. Pin Functions

PIN
TYPE DESCRIPTION

NAME D D. RH.L

(8-Pins) (14-Pins) (20-Pins)
A 8 12 18 Bus input Receiver input (complementary to B)
B 7 11 17 Bus input Receiver input (complementary to A)
D 3 5 7 Digital input | Driver data input
DE — 4 6 Digital input | Driver enable, active high
GND 4 6,7 10, 11 Referer)ce Local device ground

potential
2,5,8,
NC — 1,8 9,12, No connect | No connect; must be left floating
13,16, 19

R 2 3 Digital output | Receive data output
RE — 4 Digital output |Receiver enable, active low
Vee 1 13,14 1,20 Supply 3-V to 3.6-V supply
Y 5 9 14 Bus output | Driver output (complementary to Z)
4 6 10 15 Bus output | Driver output (complementary to Y)
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7 Specifications

7.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Vee Supply voltage -0.3 6 \Y
m; xg; Voltage at any bus terminal (A, B, Y, Z) -9 14 \Y,
V(TRANS) Voltage input, transient pulse through 100 Q. See & 8-13 (A, B, Y, Z)® -50 50 \%
V| Input voltage (D, DE, RE) -05 7 Y,
lo Output current (receiver output only, R) 11 mA
Tstg Storage Temperature 125 °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 77 7.3 is not implied.
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

(3) This tests survivability only and the output state of the receiver is not specified.

7.2 ESD Ratings

VALUE UNIT
Electrostati Human body model (HBM), per ANSI/ESDA/JEDEC Bus pins and GND +16000
ectrostatic JS-001(1) i
V(Esp) discharge All pins +4000 \Y;
Charged-device model (CDM), per JEDEC specification JESD22-C101?) +1000

(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.
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7.3 Recommended Operating Conditions

over operating free-air temperature range unless otherwise noted

MIN NOM MAX| UNIT
Vee Supply voltage 3 3.6 \Y
ViorV,c  Voltage at any bus pin (separately or common mode) -7 12 \%
SN65HVD30, SN65HVD33 26
1ty Signaling rate SN65HVD31, SN65HVD34 5| Mbps
SN65HVD32, SN65HVD35 1
R Differential load resistance 54 60 Q
Viy High-level input voltage D, DE, RE 2 Vee \
Vi Low-level input voltage D, DE, RE 0 0.8 \%
Vip Differential input voltage -12 12 \%
Driver - 60
lon High-level output current mA
Receiver -8
loL Low-level output current Driver 60 mA
Receiver 8
T, Junction temperature -40 150 °C

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

7.4 Thermal Information

SN65HVD30, SN65HVD33,
SN65HVD31, SN65HVD34, SN65HVD33
SN65HVD32 SN65HVD35
O]
THERMAL METRIC D D RHL UNIT
(Solc) (Solc) (VQFN)
8 PINS 14 PINS 20 PINS
Roa Junction-to-ambient thermal resistance 116.7 93.2 73 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 56.3 47.5 14 °C/W
Ry Junction-to-board thermal resistance 63.4 49.4 13.7 °C/W
L Junction-to-top characterization parameter 8.8 11.2 0.5 °C/W
LT Junction-to-board characterization parameter 62.6 48.9 13.7 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance — — 2.8 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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7.5 Electrical Characteristics: Driver

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP()  MAX| UNIT
Vi) Input clamp voltage = -18 mA -1.5 \
Io =0 25 VCC
RL =54 Q, See & 8-2 (RS-485) 1.5 2
[Vopss)l ~ Steady-state differential output voltage \%
R_ =100 Q, See 4 8-2,2) (RS-422) 2 2.3
Viest= -7 Vto 12V, See [ 8-3 1.5
Change in magnitude of steady-state
A Vopss)| differential output voltage between R =54 Q, See ¥ 8-2 and & 8-3 -0.2 0.2 \Y
states
Differential Output Voltage overshoot _ _ . .
VoD(RING) and undershoot RL =54 Q, C_ =50 pF, See ¥ 8-6 and %] 8-4 10%3) \Y
SN65HVD30
) e
SN65HVD33 See & 8-5 0.5
Peak-to-peak
Vocrp) common-mode gsgg:xggl \%
output voltage , 2 8.
P 9 SNesHvD32, | See K85 0.25
SN65HVD35
Steady-state common-mode output .
Voc(ss) voltage See |4 8-5 1.6 23 \Y
Change in steady-state common-mode B
A Voc(ss) output voltage See & 8-5 0.05 0.05 \%
VCC=0V, VzorVy = 12V,
SN65HVD30, Other input at 0 V 90
SN65HVD31,
SN65HVD32 Vec=0V,VzorVy= -7V, ~10
Other input at 0 V
Iz(z) or High-impedance Vec=3Vor0V,DE=0V LA
lyz) state output current VzorVy =12V 90
SN65HVD33, Other inputat 0V
SN65HVD34, — —
SN65HVD35 VCC =3Vor0V,DE=0V
VzorVy= -7V -10
Other input at 0 V
VZ or VY =-7V
) -250 250
Other input at 0 V
:Z(S) or Short Circuit output current) Vapy P 2V mA
Y(S) zOrVy = -
Other inputat0 V 250 250
f Input current D, DE 0 100 LA
C(op) Differential output capacitance Vop = 0.4 sin (4E6nt)+0.5V,DEat0V 16 pF

M
()
)
4)

All typical values are at 25°C and with a 3.3-V supply.

Ve is 3.3 Vpe £ 5%.

10% of the peak-to-peak differential output voltage swing, per TIA/EIA-485.
Under some conditions of short-circuit to negative voltages, output currents exceeding the ANSI TIA/EIA-485-A maximum current of
250 mA may occur. Continuous exposure can affect device reliability. This applies to the SN65HVD30, SN65HVD31, SN65HVD33, and

SN65HVD34.
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7.6 Electrical Characteristics: Receiver

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
Positive-going differential input threshold _ -
Virs voltage lo= -8mA 002 Vv
Negative-going differential input threshold _ ~
Vit voltage lo=8mA 0.20 \Y
Vhys  Hysteresis voltage (Vit+ = Vi7-) 50 mV
Vik  Enable-input clamp voltage = -18 mA -1.5 \
Vip=200mV, Ig = -8 mA, See [ 8-9 24
Vo Output voltage \%
Vip= -200 mV, Ig = 8 mA, See ¥ 8-9 0.4
lozy High-impedance-state output current Vo =0orV¢e, RE at Ve -1 1 LA
VA or VB =12V
Other inputat 0 V 0.05 0.1
SN65HVD31, VaorVpg =12V, Vec =0V 006 01
SN65HVD32, Other input at ov mA
SN65HVD34, VaorVg= -7V
SN65HVD35 Other inputat 0 V ~010 -0.04
VAOFVB=_7V,VCC=0V _ _
I Or ) Other inputat 0 V 010 -0.03
| Bus input current v Va= 12V
B aorVg=
Other inputat 0 V 020 035
VaorVg=12V,Vec =0V
SN65HVD30, Other inputatO v 0.24 0.4 mA
SN65HVD33 VporVg= -7V
Other inputat 0 V 035 018
VaorVg= -7V,Vgc=0V _ _
Other inputat 0 V 025 -013
m Input current, RE Vip=08Vor2V -60 LA
Cip Differential input capacitance Vip=0.4sin (4E6=t)+0.5V,DEat0V 15 pF
(1)  Alltypical values are at 25°C and with a 3.3-V supply.
7.7 Device Power Dissipation - Pp
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SNSSHVDR0, |08 M e 197
Power Dissipation (worst case) SN65HVD33 CL; 15 Ié(rlc_a(:eive?) (driver),
Driver and receiver enabled, 50% duty L P
cyclle square-wave signal at signaling SNB5HVD31, Vcc_= 3.6V, TJ_= 140°C, ‘
Pp rate: SN65HVD34 R =54 Q, C| =50 pF (driver), 213 mw
SN65HVD30, SN65HVD33 at 25 Mbps, C, = 15 pF (receiver)
SN65HVD31, SN65HVD34 at 5 Mbps, _ _ .
SN65HVD32, SN65HVD35 at 1 Mbps | SN65HVD32, Ve =36V, T, = 140°C,
R =54 Q, C_ =50 pF (driver), 248
SN65HVD35 :
C_ = 15 pF (receiver)
Tsp Thermal Shut-down Junction Temperature 170 °C
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7.8 Supply Current Characteristics

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP()  MAX| UNIT
SN65HVD30 2.1
D at 0V or V¢ and No Load mA
SN65HVD31, SN65HVD32 3.8 6.4
SN65HVD33 REatoV,Dat0VorVge, DEatoV, 1.8 A
SNB5HVD34, SN65HVD35 | No load (Receiver enabled and driver disabled) 29
SN65HVD33, SN65HVD34, |RE at V¢c, D at Ve, DEat0V,
loc  Supply current | g\ 65vD35 No load (Receiver disabled and driver disabled) 0.022 1 uA
SN65HVD33 REat0V,Dat0V orVee, DE at Vg, 2.1 A
SN65HVD34, SN65HVD35 | No load (Receiver enabled and driver enabled) 6.5
SN65HVD33 RE at Ve, D at 0V or Ve, DE at Ve 1.8
mA
SN65HVD34, SN65HVD35 | No load (Receiver disabled and driver enabled) 6.2
(1)  All typical values are at 25°C and with a 3.3-V supply.
7.9 Switching Characteristics: Driver
over recommended operating conditions unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP()  MAX| UNIT
SN65HVD30,
SN65HVD33 4 10 18
Propagation delay time, low-to-high-level | SN65HVD31,
tPLH output SN65HVD34 25 3B 65 ns
RV 120 175 305
SN65HVD30,
SN65HVD33 4 ° 18
Propagation delay time, high-to-low-level | SN65HVD31,
tPHL output SN65HVD34 25 3B 65 ns
RV 120 175 305
SN65HVD30,
SN65HVD33 25 5 12
t, Differential output signal rise time gmgg:xggl ;I;e: I%48§-26’ CL =50 pF, 20 37 60| ns
SN65HVD32,
SNB5HVD35 120 185 300
SN65HVD30,
SN65HVD33 25 5 12
) . . . SN65HVD31,
t Differential output signal fall time SNB5HVD34 20 35 60| ns
SN65HVD32,
SN65HVD35 120 180 300
SN65HVD30, 06
SN65HVD33 :
SN65HVD31,
tsk(p) Pulse skew (ltPHL - tPLHl) SN65HVD34 2.0 ns
SN65HVD32, 51
SN65HVD35 '
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7.9 Switching Characteristics: Driver (continued)

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP()  MAX| UNIT
SN65HVD33 45
Propagation delay time, high-
tpzH1 impedance-to-high-level output SN6SHVD34 R =110Q,REat0V, 235| ns
SN65HVD35 D=3VandS1-= Y’ or 490
SN65HVD33 D=0VandS1=2 25
toriz P_ropggatlon delay time, high-level-to SN65HVD34 See [¥] 8-7 651 ns
high-impedance output
SN65HVD35 165
SN65HVD33 35
oot Propagatlon delay time, high- SN65HVD34 o 190| ns
impedance-to-low-level output R.=110Q,REat0V,
SN65HVD35 D=3VandS1=2Z or 490
SN65HVD33 D=0VandS1=Y 30
i i a -to- See & 8-8
o7 P_ropr_agaﬂon delay time, low-level-to SN65HVD34 ee [ 1201 ns
high-impedance output
SN65HVD35 290
:PZM Driver enable delay with bus voltage offset Vo= 2V (Typ) 500 900| ns
PZL1
R .=110Q,REat3V,
. . . D=3VandS1=Y,or
tpzH2 Propagation delay time, standby-to-high-level output D=0VandSi=2 4000, ns
See K] 8-7
R . =110Q,REat3V,
. . D=3VandS1=2 or
tpzL2 Propagation delay time, standby-to-low-level output D=0VandS1=Y 4000 ns
See ] 8-8
(1)  Alltypical values are at 25°C and with a 3.3-V supply.
7.10 Switching Characteristics: Receiver
over recommended operating conditions unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
SN65HVD30, SN65HVD33 26 45 ns
t Propagation delay time,
PLH low-to-high-level output SN65HVD31, SN65HVD32, 47 70 ns
SN65HVD34, SN65HVD35
SN65HVD30, SN65HVD33 29 45 ns
t propagation delay time, SN65HVD31, SN65HVD32
PHL ;
high-to-low-level output , ) _
9 P SNB5HVD34, SN65HVD35 Vip= -15Vto 15V, 49 70 ns
C_ =15 pF, See ¥ 8-10
SN65HVD30, SN65HVD33 7 ns
tskp)  Pulse skew (tppL ~ tpLul) | SNE5HVD31, SN65HVD34, 10l ns
SN65HVD32, SN65HVD35
tr Output signal rise time 5 ns
te Output signal fall time 6 ns
t Output disable time from high level 20 ns
- 0 : ble ti h'hlg | PEal3V |G =15pF 20
tpzH1 utput enable time to high level See & 8-11 ns
tpzyo  Propagation delay time, standby-to-high-level output DE atOV 4000 ns
tpLz Output disable time from low level 20 ns
t Output enable time to low level PEat3V |C.=15pF 20
PZL1 utput enable time to low leve! See €] 8-12 ns
tpzLo  Propagation delay time, standby-to-low-level output DEatOV 4000 ns
(1)  All typical values are at 25°C and with a 3.3-V supply.
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7.11 Dissipation Ratings

PACKAGE JEDEC THERMAL Ta <25°C DERATING FACTOR Ta =85°C Ta=105°C Ta=125°C
MODEL RATING ABOVE Tp = 25°C RATING RATING RATING
Low k 625 mW 5 mw/°C 325 mW
8-pin D (SOIC) -
High k 1000 mW 8 mW/°C 520 mW 360 mW
Low k 765 mW 6.1 mW/°C 400 mwW 275 mW
14-pin D (SOIC)

High k 1350 mwW 10.8 mW/°C 705 mW 485 mW 270 mW
20-pin RHL (VQFN) High k 1710 mW 13.7 mW/°C 890 mwW 6150 mW 340 mW
7.12 Typical Characteristics

55 T T 60 T T
T\=25C R =540 T,=25°C R =540
RE =V C_=50pF RE=Ve, C_=50pF
DE=vzz ) / 55*DE=V22 ]
50 /
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2 / T s
E s ~ 8
o / g
2 / Ve =33V > 45 Ve =33V
o Q
(?) 40 / 3 /
x = 40
Io ©
~ 3
35
30 30
0 5 10 15 20 25 0 1 2 3 4 5

Signaling Rate - Mbps

& 7-1. SN65HVD30, SN65HVD33 RMS Supply Current vs
Signaling Rate

Signaling Rate - Mbps

& 7-2. SN65HVD31, SN65HVD34 RMS Supply Current vs
Signaling Rate

60 T T
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A& 7-3. SN65HVD32, SN65HVD35 RMS Supply Current vs
Signaling Rate

250 T
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-50 L
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-150 /
/
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V, - Bus Input Voltage - V

& 7-4. SN65HVD30, SN65HVD33 Bus Input Current vs Input
Voltage
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7.12 Typical Characteristics (continued)
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7.12 Typical Characteristics (continued)
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Parameter Measurement Information
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The time tpz (x) is the measure from DE to Vop(x). Vop is valid when it is greater than 1.5 V.

Kl 8-1. Driver Enable Time From DE to Vgp

Vee
I
I| DEY Y
Oor3V Voo SR,
Z Iz
T <
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Copyright © 2017, Texas Instruments Incorporated

K 8-2. Driver Vgop Test Circuit and Voltage and Current Definitions
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& 8-3. Driver Vgop With Common-Mode Loading Test Circuit
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K 8-4. Vobp(ring) Waveform and Definitions

Vob(ring) is measured at four points on the output waveform, corresponding to overshoot and undershoot from
the Vop(Hy and Vpp() steady state values.

Y W
Y ey
DE A 7z~ N —/ vz

Jromean e g

C_ Includes Fixture and
Instrumentation Capacitance

Input: PRR = 500 kHz, 50% Duty Cycle,t .<6ns, t<6ns, Zo = 50 Q

Copyright © 2017, Texas Instruments Incorporated

i 8-5. Test Circuit and Definitions for the Driver Common-Mode Output Voltage
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| 8-6. Driver Switching Test Circuit and Voltage Waveforms
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& 8-7. Driver High-Level Output Enable and Disable Time Test Circuit and Voltage Waveforms
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7 8-8. Driver Low-Level Output Enable and Disable Time Test Circuit and Voltage Waveforms
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K 8-9. Receiver Voltage and Current Definitions
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] 8-10. Receiver Switching Test Circuit and Voltage Waveforms
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K 8-11. Receiver High-Level Enable and Disable Time Test Circuit and Voltage Waveforms
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& 8-12. Receiver Enable Time From Standby (Driver Disabled)
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Kl 8-13. Test Circuit, Transient Over Voltage Test
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8 Detailed Description
8.1 Overview

The SN65HVD3x devices are low-power, full-duplex RS-485 transceivers available in three speed grades
suitable for data transmission of 1 Mbps, 5 Mbps, and 50 Mbps.

The SN65HVD30, SN65HVD31, and SN65HVD32 devices are fully enabled with no external enabling pins. The
SN65HVD33, SN65HVD34, and SN65HVD35 devices have active-high driver enables and active-low receiver
enables. A standby current of less than 1 yA can be achieved by disabling both driver and receiver.

8.2 Functional Block Diagram

a) SN65HVD33, SN65HVD34, b) SN65HVD30, SN65HVD31,

SN65HVD35 SN65HVD32
Copyright © 2017, Texas Instruments Incorporated

8.3 Feature Description
8.3.1 Low-Power Standby Mode

When both the driver and receiver are disabled (DE is low and RE is high), the device is in standby mode. If the
enable inputs are in this state for less than 60 ns, the device does not enter standby mode. This guards against
inadvertently entering standby mode during driver or receiver enabling. The device in standby mode only when
the enable inputs are held in this state for 300 ns or more. In this low-power standby mode, most internal
circuitry is powered down, and the supply current is typically less than 1 nA. When either the driver or the
receiver is re-enabled, the internal circuitry becomes active.

12

Low-Power
Standby

O— z

Copyright © 2017, Texas Instruments Incorporated

Kl 8-1. Low-Power Standby Logic Diagram

If only the driver is re-enabled (DE transitions to high) the driver outputs are driven according to the D input after
the enable times given by tpz»> and tpz 5 in the driver switching characteristics. If the D input is open when the
driver is enabled, the driver output defaults to Y low and Z high, in accordance with the driver-failsafe feature.
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If only the receiver is re-enabled ( RE transitions to low) the receiver output is driven according to the state of the
bus inputs (A and B) after the enable times given by tpz12> and tpz » in the receiver switching characteristics. If
there is no valid state on the bus the receiver responds as described in the failsafe operation section.

If both the receiver and driver are re-enabled simultaneously, the receiver output is driven according to the state
of the bus inputs (A and B) and the driver output is driven according to the D input. Note that the state of the
active driver affects the inputs to the receiver. Therefore, the receiver outputs are valid as soon as the driver
outputs are valid.

8.3.2 Driver Output Current Limiting

The RS-485 standard (ANSI/TIA/EIA-485-A or equivalently ISO 8482) specifies a 250-mA driver output current
limit to prevent damage caused by data contention on the bus. That applies in the event that two or more
transceivers drive the bus to opposing states at the same time. The SN65HVD3x family of devices includes
current-limiting circuitry that prevents damage under these conditions.

%1

This current limit prevents damage during the bus contention, but the logic state of the bus can be
indeterminate as specified by the standard, so communication errors can occur.

In a specific combination of circumstances, a condition can occur in which current through the bus pin exceeds
the 250-mA limit. This combination of conditions is not normally included in RS-485 applications:

* Loading capacitance on the pin is less than 500 pF

* The bus pin is directly connected to a voltage more negative than -1V
* The device is supplied with V¢ equal to or greater than 3.3 V

* The driver is enabled

* The bus pin is driving to the logic high state

In these specific conditions, the normal current-limit circuitry and thermal-shutdown circuitry does not limit or
shutdown the current flow. If the current is allowed to continue, the device heats up in a localized area near the
driver outputs, and the device can be damaged.

Typical RS-485 twisted-pair cable has a capacitance of approximately 50 pF/meter. Therefore, it is expected that
10 meters of cable can provide sufficient capacitance to prevent this latch-up condition.

The -7 to +12-V common mode range specified by RS-485 is intended to allow communication between
transceivers separated by significant distances when ground offsets may occur due to temporary current surges,
electrical noise, and so on. Under those circumstances, the inherent cable needed to connect separated
transceivers ensures that the conditions previously listed do not occur. For a transceiver separated by only a
short cable length or backplane applications, it is unusual for there to be a steady-state negative common-mode
voltage. It is possible for a negative power supply to be shorted to the bus lines due to miswiring or cable
damage; however, this is a different root cause fault, and robust devices such as the SN65HVD178x family
should be used for surviving power supply or miswiring faults.

The 250-mA current limit in the RS-485 standard is intended to prevent damage caused by data contention on
the bus; that is, in the event that two or more transceivers drive the bus to different states at the same time.
These devices are not damaged under these conditions because all RS-485 drivers have output impedance
sufficient to prevent the direct connection condition stated previously. Typical RS-485 driver output impedance is
on the order of 10 Q to 30 Q.

8.3.3 Hot-Plugging

These devices are designed to operate in hot swap or hot pluggable applications. Key features for hot-pluggable
applications are:

* Power-up
* Power-down glitch-free operation
* Default disabled input/output pins
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* Receiver failsafe

As shown in & 7-9, an internal power-on reset circuit keeps the driver outputs in a high-impedance state until
the supply voltage has reached a level at which the device reliably operates. This ensures that no spurious bits
are transmitted on the bus pin outputs as the power supply turns on or turns off.

As shown in the 77 8.4, the enable inputs have the feature of default disable on both the driver enable and
receiver enable. This ensures that the device neither drives the bus nor reports data on the R pin until the
associated controller actively drives the enable pins.

8.3.4 Receiver Failsafe

The differential receivers of the SN65HVD3x family are 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
* 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 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|p is more positive than 200 mV, and must output a low
when V|p is more negative than - 200 mV. The receiver parameters which determine the failsafe performance
are Vit+, V|1 -, and Vyys (the separation between V1 and V|1 - . As shown in the Electrical Characteristics table,
differential signals more negative than - 200 mV always cause a low receiver output, and differential signals
more positive than 200 mV 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 is
high. Only when the differential input is more than Vpys below V|1, does 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 (Vyys) as well as the value of V..

R
A
< -
< =
Viys T
50mV
—— = » Vip-mV
-70 20 0 70
[*— Vhoise-max = 140mVpp —>

& 8-2. SN65HVD30-35 Noise Immunity Under Bus Fault Conditions

8.3.5 Safe Operation With Bus Contention

These devices incorporate a driver current limit of 250 mA across the RS-485 common-mode range of -7 V to
+12 V. As stated in the Application Guidelines for TIA/EIA-485-A 1, this sets a practical limitation to prevent
damage during bus contention events. Contention can occur during system initialization, during system faults, or
whenever two or more drivers are active at the same time.

1 TIA/EIA Telecommunications System Bulletin TSB89, Application Guidelines for TIA/EIA-485-A
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¥ 8-3 shows a 2-node system to demonstrate bus contention by forcing both drivers to be active in opposing
states.

Vcc1 Vcc2

|
I ALWAYS
: HIGH

!
1

1

1

i |

- . J ‘
!

T

!

!

!

!

ALWAYS \
ENABLED

Node 1 D-pin

Node 2 DE -pin | |

Busvdiff _[] [ T 1| contenmon [ I LT 1 [1
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Kl 8-3. Bus Contention Example

8-4 shows typical operation in a bus contention event. The bottom trace illustrates how the SN65HVD33
device at Node 1 continues normal operation after a contention event between the two drivers with a - 7-V
ground offset on Node 2. This illustrates how the SN65HVD3x family of devices operates robustly in spite of bus
contention faults, even with large common-mode offsets.

avode 0-pin} 411111111111
Voffset| [(Node2DEwpin)

Bus W|th mtermlttent contentlon)

T
e 10V @ Ew b O7E ~ 280V

& 8-4. SN65HVD3x Drivers Operate Correctly After Bus Contention Faults
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8.4 Device Functional Modes

% 8-1. SN65HVD33, SN65HVD34, SN65HVD35 Driver

OUTPUTS

INPUTS
D DE
H H
L H
X L or open
Open H

rINr-|IT|=<

IIN|IT|r|N

& 8-2. SN65HVD33, SN65HVD34, SN65HVD35

Receiver

DIFFERENTIAL INPUTS ENABLE OUTPUT
Vio =V - V) RE -
Vp < -0.2V L L
-02V<Vp< -0.02V L ?
-0.02V < Vp L H
X H or open z
Open Circuit L H
Idle circuit L H
Short Circuit, V(a) = V(g) L H

# 8-3. SN65HVD30, SN65HVD31, SN65HVD32 Driver

INPUT

OUTPUTS

D

H

L

Open

rir| x| =<

I T\ | N

% 8-4. SN65HVD30, SN65HVD31, SN65HVD32
Receiver

DIFFERENTIAL INPUTS OUTPUT
Vio = Vi) -~ Vig) R
Vp< -02V L
-02V<Vp< -0.02V ?
-0.02V < Vp H
Open Circuit H
Idle circuit H
Short Circuit, V(a) = Vg, H
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77

RE Input D and DE Input
—Vce ——Vce
130 kQ N N
— —
470 Q 470 Q
Input = Input - =
— —
) )
9V H 9V H
125 kQ
A Input B Input
———-Vcc
22V RT ..
R3
Input
22V R2

Y and Z Outputs

Vee ——

?16V

-

16V

S

¢ Output

Veg ===—=

R Output

5Q
Output

o
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K 8-5. Equivalent Input and Output Schematic Diagrams

% 8-5. Input Attenuator Resistance Values

PART NUMBER R1, R2 R3
SN65HVD30, SN65HVD33 9kQ 45 kQ
SN65HVD31, SN65HVD32, SN65HVD34, SN65HVD35 36 kQ 180 kQ

Copyright © 2023 Texas Instruments Incorporated
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9 Application and Implementation

&1

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

9.1 Application Information

The SN65HVD3x 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 (Ry) whose value matches
the characteristic impedance (Zg) of the cable. This method, known as parallel termination, allows for higher data
rates over longer cable length.

R REDE D

Copyright © 2017, Texas Instruments Incorporated

K 9-1. Typical RS-485 Network With Full-Duplex Transceivers

9.2 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 can
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 can remain fully enabled
at all times.

Because the driver cannot be disabled, only connect one driver to the bus when using the SN65HVD30,
SN65HVD31, or SN65HVD32 devices.
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GND GND
a) Master enable b) Slave enable
control control
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& 9-2. Full-Duplex Transceiver Configurations

9.2.1 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 requirements, such as distance, data rate, and number of nodes.
9.2.1.1 Data Rate and Bus Length
There is an inverse relationship between data rate and bus length, meaning the higher the data rate, the shorter
the cable length; and conversely, the lower the data rate, the longer the cable can be without introducing data

errors. 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 feet and longer. Longer distances are possible by allowing for
small signal jitter of up to 5 or 10%.

10000

I I
5%, 10"\/, and 20% Jitter

1000 \ \\\
Conservative \ \

Characteristics \ \
100 \\

Cable Length (ft)

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

& 9-3. Cable Length vs Data Rate Characteristic

Even higher data rates are achievable (such as 26 Mbps for the SN65HVD30 and SN65HVD33 devices) in

cases where the interconnect is short enough (or has suitably low attenuation at signal frequencies) to not
degrade the data.
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9.2.1.2 Stub Length

When connecting a node to the bus, the distance between the transceiver inputs and the cable trunk, known as
the stub, must be as short as possible. Stubs present a nonterminated piece of bus line that can introduce
reflections as the length of the stub increases. As a general guideline, the electrical length, or round-trip delay, of
a stub must be less than one-tenth of the rise time of the driver; thus giving a maximum physical stub length as
shown in 722 1.

Lotp < 0.1 xt, xvxc (1)

where:

* t,is the 10/90 rise time of the driver
 cis the speed of light (3 x 108 m/s)
* v is the signal velocity of the cable or trace as a factor of ¢

Per 5230 1, & 9-1 shows the maximum cable-stub lengths for the minimum driver output rise times of the
SN65HVD3x full-duplex family of transceivers for a signal velocity of 78%.

2 9-1. Maximum Stub Length

DEVICE MINIMUM DRIVER OUTPUT RISE TIME MAXIMUM STUB LENGTH

(ns) (m) (ft)
SN65HVD30 4 0.1 0.3
SN65HVD31 25 0.6 1.9
SN65HVD32 120 2.8 9.2
SN65HVD33 4 0.1 0.3
SN65HVD34 25 0.6 1.9
SN65HVD35 120 2.8 9.2

9.2.1.3 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 SN65HVD30 and SN65HVD33 devices
are 1/2 UL transceivers, it is possible to connect up to 64 receivers to the bus. Likewise, the SN65HVD31,
SN65HVD32, SN65HVD34, and SN65HVD35 devices are 1/8 UL transceivers that can support up to 256
receivers.
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9.2.2 Detailed Design Procedure
To protect bus nodes against high-energy transients, the implementation of external transient protection devices
is necessary (see /& 9-4).

33V
100 nF
10 kQ T Vee
- A
R
RxD B
RE
DIR >
MCU/
UART SN65HVD33
DE
DIR }—T Z
D
TxD > I >[ v
10 kQ GND
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& 9-4. Transient Protection Against ESD, EFT, and Surge Transients

£ 9-2. Bill of Materials

DEVICE FUNCTION ORDER NUMBER MANUFACTURER
XCVR 3.3-V Full-Duplex RS-485 Transceiver SN65HVD33 Tl
R1, R2 10- Q, Pulse-Proof Thick-Film Resistor CRCWO060310RIJNEAHP Vishay
TVS Bidirectional 400-W Transient Suppressor CDSOT23-SM712 Bourns

9.2.3 Application Curve

e e e
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Chi~ 200V Ch2 "2.00V M50.0ns Chd 7 ~ 450mv
Signals from top to bottom: D, Y, Z, VOD
& 9-5. SN65HVD33 Transient Waveform
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9.3 Power Supply Recommendations

To ensure reliable operation at all data rates and supply voltages, each supply must be decoupled with a

100-nF ceramic capacitor located as close as possible to the supply pins. This helps to reduce supply voltage
ripple present on the outputs of switched-mode power supplies and also helps compensate for the resistance
and inductance of the PCB power planes.

9.4 Layout
9.4.1 Layout Guidelines

Robust and reliable bus-node design often requires the use of external transient protection devices to protect
against EFT and surge transients that can occur in industrial environments. Because these transients have a
wide frequency bandwidth (from approximately 3 MHz to 3 GHz), high-frequency layout techniques must be
applied during PCB design.

* Place the protection circuitry close to the bus connector to prevent noise transients from entering the board.

* Use V¢ and ground planes to provide low-inductance. High-frequency currents follow the path of least
inductance and not the path of least impedance.

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

* Apply 100-nF to 220-nF bypass capacitors as close as possible to the V¢ pins of transceiver, UART, and
controller ICs on the board.

* Use at least two vias for V¢ and ground connections of bypass capacitors and protection devices to
minimize effective via inductance.

* Use 1-kQ to 10-k Q@ pullup or pulldown resistors for enable lines to limit noise currents in these lines during
transient events.

* Insert series 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.

* While pure TVS protection is sufficient for surge transients up to 1 kV, higher transients require metal-oxide
varistors (MOVs), which reduces the transients to a few hundred volts of clamping voltage and transient
blocking units (TBUs) that limit transient current to 200 mA.

9.4.2 Layout Example

® Via to ground
e Via to Vcc

SN65HVD33

& 9-6. SN65HVD33 Layout Example
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10.3 Trademarks
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11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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