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3.3V FULL-DUPLEX RS-485 DRIVERS AND RECEIVERS

FEATURES

* 1/8 Unit-Load Option Available (Up to 256
Nodes on the Bus)

e Bus-Pin ESD Protection Exceeds 15 kV HBM

* Optional Driver Output Transition Times for
Signaling Rates @ of 1 Mbps, 5 Mbps and 25
Mbps

* Low-Current Standby Mode: <1 pA

* Glitch-Free Power-Up and Power-Down
Protection for Hot-Plugging Applications

* 5V Tolerant Inputs
* Bus Idle, Open, and Short Circuit Failsafe

* Meets or exceeds the requirements of ANSI
TIA/EIA-485-A and RS-422 Compatible

e 5-V Devices available, SN65HVD50-59

APPLICATIONS

o Utility Meters

 DTE/DCE Interfaces

e Industrial, Process, and Building Automation
e Point-of-Sale (POS) Terminals and Networks

DESCRIPTION

The SN65HVD3X devices are 3-state differential line
drivers and differential-input line receivers that
operate with 3.3-V power supply.

(1) The signaling rate of a line is the number of voltage
transitions that are made per second expressed in the units
bps (bits per second).

Each driver and receiver has separate input and
output pins for full-duplex bus communication
designs. They are designed for balanced
transmission lines and interoperation with ANSI
TIA/JEIA-485A, TIA/EIA-422-B, ITU-T v.11 and ISO
8482:1993 standard-compliant devices.

The SN65HVD30, SN65HVD31, SN65HVD32,
SN65HVD36 and SN65HVD37 are fully enabled with
no external enabling pins. The SN65HVD36 and
SN65HVD37  implement receiver  equalization
technology for improved performance in long distance
applications.

The SN65HVD33, SN65HVD34, SN65HVD35,
SN65HVD38, and SN65HVD39 have active-high
driver enables and active-low receiver enables. A
very low, less than 1 pA, standby current can be
achieved by disabling both the driver and receiver.
The SN65HVD38 and SN65HVD39 implement
receiver equalization technology for improved
performance in long distance applications.

All devices are characterized for operation from -40°C
to +85°C.

The SN65HVD36 and SN65HVD38 implement
receiver equalization technology for improved jitter
performance on differential bus applications with data
rates up to 20 Mbps at cable lengths up to 160
meters.

The SN65HVD37 and SN65HVD39 implement
receiver equalization technology for improved jitter
performance on differential bus applications with data
rates in the range of 1 to 5 Mbps at cable lengths up
to 1000 meters.

IMPROVED REPLACEMENT FOR:

Part Number Replace with

Xxx3491 SN65HVD33: Better ESD protection (15kV vs 2kV or not specified) Higher Signaling
Rate (25Mbps vs 20Mbps) Fractional Unit Load (64 Nodes vs 32)

MAX3491E SN65HVD33: Higher Signaling Rate (25Mbps vs 12Mbps) Fractional Unit Load
(64 Nodes vs 32)

MAX3076E SN65HVD33: Higher Signaling Rate (25Mbps vs 16Mbps) Lower Standby Current
(1 pA vs 10 pA)

MAX3073E SN65HVD34: Higher Signaling Rate (5Mbps vs 500kbps) Lower Standby Current
(1 pA vs 10 pA)

MAX3070E SN65HVD35: Higher Signaling Rate (1Mbps vs 250kbps) Lower Standby Current
(1 pA vs 10 pA)

Aﬁ

Rlease be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

UNLESS “"OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.

Copyright © 2005, Texas Instruments Incorporated
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated
circuits be handled with appropriate precautions. Failure to observe proper handling and installation
A procedures can cause damage.

rad : : : .
Aiad ESD damage can range from subtle performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage because very small parametric changes could
cause the device not to meet its published specifications.
SN65HVD30, SN65HVD31, SN65HVD32, SN65HVD36, SN65HVD33, SN65HVD34, SN65HVD35, SN65HVD3S,
SNB5HVD37 SN65HVD39
D PACKAGE (TOP VIEW) D PACKAGE (TOP VIEW)
°
° NC[T] 1 14 1T]Vec
Vee EE 1 8 DA R V
2 13 cc
RCL]2  7[I]8 RE[Lls 2[T1A
D[T]s  6[T]z DE[T]« [LJ8
GND[I] 4 5[ 1Y D[T]s 10fT]z
GND[ ] 6 9l Ty
) 8 A GND[I]7 s TINC
R 7
{ B NC - No internal connection
4
5
3 v DE 9
D 6 5 Y
z D 10
3 z
RE
) 12
R 11
B
AVAILABLE OPTIONS
SIGNALING RECEIVER BASE
RATE UNIT LOADS EQUALIZATION ENABLES PART NUMBER SOIC MARKING
25 Mbps 112 No No SN65HVD30 PREVIEW
5 Mbps 1/8 No No SN65HVD31 PREVIEW
1 Mbps 1/8 No No SN65HVD32 PREVIEW
25 Mbps 112 No Yes SN65HVD33 65HVD33
5 Mbps 1/8 No Yes SN65HVD34 65HVD34
1 Mbps 1/8 No Yes SN65HVD35 65HVD35
25 Mbps 112 Yes No SN65HVD36 PREVIEW
5 Mbps 1/8 Yes No SN65HVD37 PREVIEW
25 Mbps 112 Yes Yes SN65HVD38 PREVIEW
5 Mbps 1/8 Yes Yes SN65HVD39 PREVIEW
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ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted ®®

UNIT
Vee Supply voltage range, Ve -0.3Vto6V
Voltage range at any bus terminal (A, B, Y, Z) -9Vito 14V
Voltage input, transient pulse through 100 Q. See Figure 12 (A, B, Y, Z)® —50 to 50 V
Vv Input voltage range (D, DE, RE) -05Vto7V

Continuous total power dissipation

Internally limited

lo Output current (receiver output only, R)

11 mA

(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 1/0O bus voltages, are with respect to network ground terminal.

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

RECOMMENDED OPERATING CONDITIONS

over operating free-air temperature range unless otherwise noted

PARAMETER MIN  NOM MAX| UNIT
Vee Supply voltage 3.0 3.6
V,or | Voltage at any bus terminal (separately or common mode) 7 12 \
Vic
1/ty, SN65HVD30, SN65HVD33, SN65HVD36, SN65HVD38 25
Signaling rate SN65HVD31, SN65HVD34, SN65HVD37, SN65HVD39 5| Mbps
SN65HVD32, SN65HVD35
R. Differential load resistance 54 60 Q
Viu High-level input voltage D, DE, RE 2 Vee
VL Low-level input voltage D, DE, RE 0 0.8 Y
Vip Differential input voltage -12 12
loH High-level output current Dr|ve‘r 60 mA
Receiver -8
loL Low-level output current Dr|ve‘r 60 mA
Receiver 8

Ta Ambient still-air temperature -40 85 °C
(1) The algebraic convention, in which the least positive (most negative) limit is designated as minimum is used in this data sheet.
ELECTROSTATIC DISCHARGE PROTECTION

PARAMETER TEST CONDITIONS MIN TYPW MAX UNIT
Human body model Bus terminals and GND +16
Human body model @ All pins +4 kv
Charged-device-model ®) All pins +1

(1) All typical values at 25°C with 3.3-V supply.

(2) Tested in accordance with JEDEC Standard 22, Test Method A114-A.
(3) Tested in accordance with JEDEC Standard 22, Test Method C101.
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DRIVER ELECTRICAL CHARACTERISTICS
over recommended operating conditions unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
Vi) Input clamp voltage | =-18 mA -1.5
|o =0 2.5 VCC
R =54 Q, See Figure 1
(RS-485) 15 2.0
[Vopss)l Steady-state differential output voltage R, = 100 Q, See Figure 1@ 20 23
(RS-422) : :
Viest = =7 V10 12V, 15
See Figure 2 ’
AV, | Change in magnitude of steady-state R =54 Q, See Figure 1 02 0.2
oDEs)l - differential output voltage between states | and Figure 2 : :
v Differential Output Voltage overshoot R =54 Q, C_ =50 pF, 0.05 |V | \%
OD(RING)  and undershoot See Figure 5 and Figure 3 . OD(SS)
Peak-to-peak
HVD30, HVD33,
Vocpp) common-mode HVD36, HVD38 0.5
output voltage .
See Figure 4
HVD31, HVD34,
HVD37, HVD39, 0.25
HVD32, HVD35
Steady-state common-mode
Voc(ss) output voltage ) 1.6 23
ch i steadv-stat q See Figure 4
ange in steady-state common-mode
AVocyss) output voltage —0.05 0.05
VCC:OV, VzOrVY:J.zV, 90
Other input at 0 V
Vee =0V, Vzor Vy =7V, 10
Other input at 0 V
Lo OF | High-impedance state Vec=5VoroV, LA
2@ 71 Y@ output current VD33 VD34 DE=0V 90
' v |VzorVy =12V i
HVD35 HVD38. z Y Other input
HVD39 Vec=5Vorov, a0V
DE=0V -10
VZ or VY =7V
o VzorVy=—7V | Other input —250 250
Izs) OF | Short Circuit output Current mA
Z®) TN E) P VyorVy=12v |atoVv —250 250
I Input current D, DE 0 100 HA
c Differential output Vop = 0.4 sin (4E6Tt) + 0.5V, 16 F
(OD) capacitance DE at0V p

(1) All typical values are at 25°C and with a 3.3-V supply.
(2) Vceis 3.3 Vdc + 5%
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DRIVER SWITCHING CHARACTERISTICS

over recommended operating conditions unless otherwise noted

D=0VandSl=Y
See Figure 7

PARAMETER TEST CONDITIONS MIN‘ TYP(l)‘ MAX | UNIT
HVD30, HVD33, HVD36, HVD38 4 10 18
Propagation delay time,
tpLH low-to-high-level output HVD31, HVD34, HVD37, HVD39 25 38 65 ns
HVD32, HVD35 120 175 305
HVD30, HVD33, HVD36, HVD38 4 9 18
Propagation delay time,
tpHL high-to-low-level output HVD31, HVD34, HVD37, HVD39 25 38 65 ns
HVD32, HVD35 120 175 305
HVD30, HVD33, HVD36, HVD38 25 5 12
Differential output signal R_ =54 Q, C_ =50 pF,
t, rise time HVD31, HVD34, HVD37, HVD39 See Figure 5 20 37 60 ns
HVD32, HVD35 120 185 300
_ _ _ HVD30, HVD33, HVD36, HVD38 25 5 12
. Er'r‘:fgre”“a' output signal fall ' v/n31 "Hypaa, HVD37, HVD39 20 35 60| ns
HVD32, HVD35 120 180 300
HVD30, HVD33, HVD36, HVD38 2
tsi(p) Pulse skew ([tpy, - tpLnl) HVD31, HVD34, HVD37, HVD39 ns
HVD32, HVD35
Propagation delay time, HVD33, HVD38 45
tpzH1 high-impedance-to-high- HVD34, HVD39 — 235 ns
level Output RL =110 Q, RE at O V,
HVD35 D=3VandS1=Y,or 490
D=0VandS1=2Z
Propagation delay time, HVD33, HVD38 See Figure 6 25
tphz high-level-to-high- HVD34, HVD39 65 ns
impedance output HVD35 165
Propagation delay time, HVD33, HVD38 35
tpzL1 high-impedance-to-low-level | HYD34, HVD39 — 190 ns
Output RL =110 Q, RE at O V,
HVD35 D=3VandSl=2or 490
D=0VandSl1=Y
Propagation delay time, HVD33, HVD38 See Figure 7 30
tpLz low-level-to-high-impedance | HYD34, HVD39 120 ns
output HVD35 290
R.=110Q,REat 3V,
. . . D=3VandS1=Y,or
tpzH2 Propagation delay time, standby-to-high-level output D=0VandSl=2 4000 ns
See Figure 6
R =110Q,REat 3V,
tpzLo Propagation delay time, standby-to-low-level output D=3VandS1=2 or 4000 ns

(1) All typical values are at 25°C and with a 3.3-V supply.
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RECEIVER ELECTRICAL CHARACTERISTICS

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP® MAX UNIT
Positive-going differential input _ _
Vir+ threshold voltage lo=-8mA 0.02 v
Negative-going differential input _ N
Vir- threshold voltage lo=8mA 020
Vhys Hysteresis voltage (V|4 - Vi) 50 mv
Vi Enable-input clamp voltage | =-18 mA -1.5 \Y
Vip =200 mV, lo = -8 mA, See Figure 8 2.4
Vo Output voltage - \%
Vp =-200 mV, Ig = 8 mA, See Figure 8 0.4
High-impedance-state output B
lo@) oo tP P Vo = 0 or Ve, RE at Ve -1 1| pA
VporVg=12V 0.05 0.10
HVD31, HVD32, |y, orvg=12V, V=0V i 0.06 0.10
HVD34, HVD35, —~——° cc aottg‘\e/r input mA
HVD37, HYD39 |VaOrVg=-7V -0.10 —0.04
orl Bus input VaOrVg=-7V,Vgc=0V -0.10 -0.03
ATB current VporVg =12V 0.20 0.35
HVD30, HVD33, |Va0rVg=12V,Vcc=0V | Other input 0.24 0.40 mA
HVD36, HVD38 | v, orVg=-7V atov -0.35 -0.18
VpaorVg=-7V,Vec =0V -0.25 -0.13
Iy Input current, RE Viy=0.8Vor2Vv —60 PA
Cp Differential input capacitance V|p = 0.4 sin (4E61t) + 0.5V, DE at0 V 15 pF
HVD30, HVD31, 6.4
HVD32 D at 0 V or V¢ and No Load ) mA
HVD36, HVD37 7.9
HVD33 REat0V,Dat0V or Ve, DEat0V, 18
HVD34, HVD35 No load (Receiver enabled and 2.2 mA
HVD38, HVD39 driver disabled) 38
HVD33, HVD34, |RE at Ve, D at Ve, DE at0V,
HVD35, HVD38, | No load (Receiver disabled and 0.022 1 HA
| Suppl " HVD39 driver disabled)
u curren
e PPy HVD33 2.1
HVD34, HVD35 REat0V,D a_t 0V or V¢c, DE at V¢, 6.5
No load (Receiver enabled and
HVD38 driver enabled) 3.5
HVD39 8.0
mA
HVD33 1.8
HVD34, HVD35 RE at Vee, D a.t 0 V.OI’ Ve, DE at Ve 6.2
No load (Receiver disabled and
HVD38 driver enabled) 2.5
HVD39 7.0

(1) All typical values are at 25°C and with a 3.3-V supply.
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RECEIVER SWITCHING CHARACTERISTICS

over recommended operating conditions unless otherwise noted

PARAMETER TEST CONDITIONS MIN  TYP@  MAX| UNIT
. . HVD30, HVD33, HVD36, HVD38 26 45
t Propagation delay time,
PL low-to-high-level output HVD31, HVD32, HVD34, HVD35, a7 70
HVD37, HVD39
. . HVD30, HVD33, HVD36, HVD38 29 45
t Propagation delay time,
PHL high-to-low-level output | HVD31, HVD32, HVD34, HVD35, |v5=-15Vto 15V, 49 70
HVD37, HVD39 C_=15pF
L=4 )
HVD30, HVD33, HVD36, HVD37, |See Figure 9 7
tSk(p) Pulse skew (ltPHL - tPLHl) HVD38, HVD39
HVD31, HVD34, HVD32, HVD35 10
ns
t, Output signal rise time
t Output signal fall time
! Output disable time from high level 20
PHZ P bl i h'hlg | DEat3V C_=15pF
tpzH1 Output enable time to high leve See Figure 10 20
tpzH2 Propagation delay time, standby-to-high-level output DE at0 Vv 4000
tpLz Output disable time from low level 20
bl i low level DEat3V C_=15pF
tpzL1 Output enable time to low leve See Figure 11 20
tpzL2 Propagation delay time, standby-to-low-level output DE at0 Vv 4000
(1) Alltypical values are at 25°C and with a 3.3-V supply
RECEIVER EQUALIZATION CHARACTERISTICS
over recommended operating conditions unless otherwise noted
PARAMETER TEST CONDITIONS DEVICE MIN TYP® MAX | UNIT
Om HVD36, HVD38 PREVIEW
HvVD33®@ PREVIEW
100 m
HVD36, HVD38 PREVIEW
25 Mbps HVD33() PREVIEW
150 m
HVD36, HVD38 PREVIEW
HvVD33® PREVIEW
200 m
HVD36, HVD38 PREVIEW
HvVD33® PREVIEW
200 m
HVD36, HVD38 PREVIEW
Pseudo-random NRZ HvVD33® PREVIEW
o | e:k-;?t-grenak code with a bit pattern | 10MBpS 250 M R0 R 0p PREVIEW ns
i(PP) 'it)t/erp length o 216-1, Belden ’
J 3105A cable 300 HvVD33® PREVIEW
m
HVD36, HVD38 PREVIEW
HVD34®) PREVIEW
5 Mbps 500 m
HVD37, HVD39 PREVIEW
HvVD33® PREVIEW
HvVD34®) PREVIEW
3 Mbps 500 m
HVD36, HVD38 PREVIEW
HVD37, HVD39 PREVIEW
HvVD34®) PREVIEW
1 Mbps 1000 m
HVD37, HVD39 PREVIEW

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

(2) The HVD33 and the HVD34 do not have receiver equalization but are specified for comparison.
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DEVICE POWER DISSIPATION - Py
TEST CONDITIONS DEVICE MIN TYP MAX UNIT
R_ =60, C_ =50 pF, Input to D a 50% duty HVD30, HVD36 (25 Mbps) 197 mwW
cycle square wave at indicated signaling rate
T, = 85°C HVD31, HVD37 (5 Mbps) 213
HVD32 (1 Mbps) 193
R, =60, C_=50 pF, DE at VCC, RE at 0V, HVD33, HVD38 (25 Mbps) 197
Input to D a 50% duty cycle square wave at
indicated signaling rate Tp = 85°C HVD34, HVD39 (5 Mbps) 193
HVD35 (1 Mbps) 248
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PARAMETER MEASUREMENT INFORMATION

DE |

] Y

' Y

Oor3V Vop R_

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

375Q+1%

Vee

Oor3V 60 Q +1%

=7V < Vjesty < 12V

375Q 1%
Figure 2. Driver Vgop With Common-Mode Loading Test Circuit

‘{_\_4_\_-'_ — g Vop(ss)

0 V Differential

VOD(RING)

= ————

Figure 3. Vopring) Waveform and Definitions

-Vop(ss)

VOD(RING) is measured at four points on the output waveform, corresponding to overshoot and undershoot from
theVOD(H) and VOD(L) steady state values.

Y W
Y e
DE A z N — —/ Vz

< b it i
—mrcL = 50 pF +20% Voc _/X/_ ___l ______ ___$

C_ Includes Fixture and
Instrumentation Capacitance

Input: PRR = 500 kHz, 50% Duty Cycle,t (<6ns, t{<6ns, Zg = 50 Q

Figure 4. Test Circuit and Definitions for the Driver Common-Mode Output Voltage
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PARAMETER MEASUREMENT INFORMATION (continued)

Cy = 50 pF +20%

C_ Includes Fixture
and Instrumentation

Input Capacitance

Generator

Generator: PRR =500 kHz, 50% Duty Cycle, t; <6 ns, t; <6 ns, Z, =50 Q
Figure 5. Driver Switching Test Circuit and Voltage Waveforms
D _s1

3v. Y
ov z

Input
Generator

Generator: PRR = 500kHz, 50% Duty Cycle, t <6 ns, t, <6ns, Z ;=50 Q
C_ Includes Fixture and Instrumentation Capacitance

Figure 6. Driver High-Level Output Enable and Disable Time Test Circuit and Voltage Waveforms

V,
D__ st e
3 x \Z( R . =110Q
0 v +1%
S1
Vo
Input CL = 50 pF £20%
50 Q
Generator C_ Includes Fixture
and Instrumentation

Capacitance

Generator: PRR = 500 kHz, 50% Duty Cycle, t ; <6 ns, t; <6 ns, Z, = 50 Q

Figure 7. Driver Low-Level Output Enable and Disable Time Test Circuit and Voltage Waveforms

Figure 8. Receiver Voltage and Current Definitions

10
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PARAMETER MEASUREMENT INFORMATION (continued)

—————— 3V
Input v £ 15V 15V
\V/ |

enerator | 15V | | oV

teLH P :1— toL—P - v
ov y 0% 90% N ot

C_ Includes Fixture and Instrumentation Capacitance ° 185/50\/ ‘ I I 1'?0\2/0 v
oL

Generator: PRR = 500 kHz, 50% Duty Cycle, t ; <6 ns, t; <6 ns, Z, = 50 Q tr —»l |4— tf —D'

Figure 9. Receiver Switching Test Circuit and Voltage Waveforms

Vee

15V (LA
R Vo 1kQ#1% S1

i ANV o\ A4 —5—1.5v

C =15 pF B !
0,
T =20% tzH(1 & 2/ 1 lPH !
Input ! --L_
Generator 1.5V
C|_ Includes Fixture and VO !

Instrumentation Capacitance

Generator: PRR = 500kHz, 50%, Duty Cycle, t <6 ns, t;<6ns, Z5 =50 Q

Figure 10. Receiver High-Level Enable and Disable Time Test Circuit and Voltage Waveforms

Vee

1 oM

VA 1kQ#1% S
R O AMO C}/

15v B J—c|_=15pF B
Input

Generatol

CL Includes Fixture
and Instrumentation
Capacitance

Generator: PRR = 500 kHz, 50% Duty Cycle, tr<6 ns, tg< 6ns, Z0 =50 Q

Figure 11. Receiver Enable Time From Standby (Driver Disabled)

OVor3V
DE, Y

4 100 Q

0,
1% Pulse Generator

15 us duration
1% Duty Cycle
t, t;< 100 ns

Figure 12. Test Circuit, Transient Over Voltage Test

11
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DEVICE INFORMATION

LOW-POWER SHUTDOWN MODE

When both the driver and receiver are disabled (DE low and RE high) the device is in shutdown mode. If the
enable inputs are in this state for less than 60 ns, the device does not enter shutdown mode. This guards against
inadvertently entering shutdown mode during driver/receiver enabling. Only when the enable inputs are held in
this state for 300 ns or more, the device is assured to be in shutdown mode. In this low-power shutdown 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

A
R
o—— B
RE
Low-Power
Shutdown
DE
Y
D
z

Figure 13. Low-Power Shutdown 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 tp74, and tp, » in the driver switching characteristics. If the D input is open when the
driver is enabled, the driver outputs defaults to A high and B low, in accordance with the driver failsafe feature.

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 tp;, 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.

12
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DEVICE INFORMATION (continued)
FUNCTION TABLES

SN65HVD33, SN65HVD34, SN65HVD35, SN65HVD38,
SN65HVD39 DRIVER

INPUTS OUTPUTS
D DE Y z
H H H L
L H L H
X L or open Z Z
Open H L H

SN65HVD33, SN65HVD34, SN65HVD35, SN65HVD38,
SN65HVD39 RECEIVER

DIFFERENTIAL INPUTS ENABLE OUTPUT
Vip = Va - Vg RE R
Vip<-0.2V L L

-0.2V<Vp<-0.02V L ?
—0.02V <Vp L H

X H or open Zz

Open Circuit L H

Idle circuit L H

Short Circuit, Va=Vpg L H

SN65HVD30, SN65HVD31, SN65HVD32, SN65HVD36,
SN65HVD37 DRIVER

OUTPUTS
INPUT Y Z
D
H H L
L L H
Open L H

SN65HVD30, SN65HVD31, SN65HVD32, SN65HVD36,
SN65HVD37 RECEIVER

DIFFERENTIAL INPUTS OUTPUT
VlD = VA - VB R

Vip<-0.2V
—02V<V)p<-002V
-0.02V <V
Open Circuit

Idle circuit
Short Circuit, Vo=V

I|IT|T|IT|~V|r

13
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EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS
RE Input D and DE Input
- Vce -=Vcc
130 kQ >l N
— —
470 Q 470 Q
Input —o —— Input ——
P :
9V - 9v A ™
125 kQ
A Input

' ———-Vce
22V Rt ___.
R3
Input
22 V R2

2
/}7 —_——-

Y and Z Outputs R Output
Vee == t Ve ===—=—=
- —
N !
- A 16 V M
A — 50
3 Output Output
\ 4 o
y WA o 9V
R1/R2 R3
SN65HVD30, SN65HVD33, SN65HVD36, SN65HVD38 9 kQ 45 kQ
SN65HVD31, SN65HVD32, SN65HVD34, SN65HVD35 SN65HVD37, | 36 kQ 180 kQ
SN65HVD38, SN65HVD39
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lcc - RMS Supply Current - mA

55
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45
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35

30

HD30, HD33 RMS Supply Current

S|gna||ng Rate

TYPICAL CHARACTERISTICS

Slgnalmg Rate

HD31, HD34 RMS Supply Current

T T 60 T T
T,=25°C R =540 T,=25°C R, =54Q
RE=V,. C_=50pF RE=V.. C_=50pF
DE = V¢ 55 | DE =V¢e
<
/ £
L 50
c
Q
£
=
o
/ Vee =33V > 45 Ve =33V
& /
3
(/2]
2 4
@
IU
o
35
30
0 5 10 15 20 25 0 1 2 3

Signaling Rate - Mbps

Figure 14.

Icc - RMS Supply Current - mA

Signaling Rate - Mbps

Figure 15.

HD32, HD35 RMS Supply Current

S|gnal|ng Rate

60 T T
Tpo=25°C R =54Q
RE =V C_=50pF
55 [ DE=Vcc

0 -

45 V=33V

40

35

30
0 0.2 0.4 0.6 0.8 1

Signaling Rate - Mbps

Figure 16.
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TYPICAL CHARACTERISTICS (continued)

250

200

150

100

50

I, - Bus Input Current - uA

-100

-150

-200

0.14

0.12

0.1

lo, - Low-level Output Current - A
o
o
(o2}

HVD30, HVD33
Bus Input Current

Vs
Input Voltage
T
T, =25°C
| RE=oV
DE=0V //
//
Ve =33V
//
//
-7 -4 -1 2 5 8 1 14
V, - Bus Input Voltage -V
Figure 17.
Driver Low-Level Output Current
VS
Low-Level Output Voltage
\
Voo =3.3V
|- DE =V
D=0V

S

/

/

0 0.5 1

Vo, - Low-Level Output Voltage - V

1.5 2

Figure 19.

25

I, - Bus Input Current - uA

loy - High-level Output Current - A

60

40

20

0.01

-0.01

-0.03

-0.05

-0.07

-0.09

-0.11

-0.13

HVD31, HVD32, HVD34, HVD35
Bus Input Current

Vs
Input Voltage
T
To=25°C
RE=0V /
| DE=0OV //
//
/ Ve =33V
//
/
7 -4 -1 2 5 8 1 14
V, - Bus Input Voltage -V
Figure 18.
Driver High-Level Output Current
VS
High-Level Output Voltage
V=33V /
DE =V
D=0V /
—
\—-—\\/
0 0.5 1 1.5 2 2.5 3 3.5

Vou - High-Level Output Voltage - V

Figure 20.
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TYPICAL CHARACTERISTICS (continued)

Driver Differential Output Voltage Driver Output Current
VS Vs
Free-Air Temperature Supply Voltage
22 T 40
Ve =33V
D(I350= ¥ Tp=25°C /
cc 357 R =540
D=Veo L /
D=Vge /
> 21 < 30 DE=Vcc
) — :
o -
S I g 25 Vee =33V
3 — E
2 \\ o
g 2.0 3 2
£ 3
% g 15
2 a
2 19 " 10
X <
(=]
>
5
1.8 0
-40 -15 10 35 60 85 0 0.5 1 1.5 2 2.5 3 3.5
T, - Free Air Temperature - °C Vcc Supply Voltage -V
Figure 21. Figure 22.
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X2 Texas PACKAGE OPTION ADDENDUM
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www.ti.com 26-Sep-2005

PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
SN65HVD33D PREVIEW SoIC D 14 50 TBD Call Tl Call Tl
SN65HVD33DR PREVIEW SOIC D 14 2500 TBD Call Tl Call Tl
SN65HVD34D PREVIEW SOIC D 14 50 TBD Call Tl Call Tl
SN65HVD34DR PREVIEW SOIC D 14 50 TBD Call Tl Call Tl
SN65HVD35D PREVIEW SolIC D 14 50 TBD Call Tl Call Tl
SN65HVD35DR PREVIEW SOIC D 14 2500 TBD Call Tl Call Tl

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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X2 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 17-Nov-2005

PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty

SN65HVD33D ACTIVE SoIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

SN65HVD33DG4 ACTIVE SoIcC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

SN65HVD33DR ACTIVE SoIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD33DRG4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD34D ACTIVE SoIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD34DG4 ACTIVE SoIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD34DR ACTIVE SOIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD34DRG4 ACTIVE SOIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sbh/Br)

SN65HVD35D ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD35DG4 ACTIVE SOIC D 14 50 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD35DR ACTIVE SOIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

SN65HVD35DRG4 ACTIVE SoIC D 14 2500 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL—OUTLINE PACKAGE
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1
Pin 1
Index Area O 050 (1,27) O 020

D

[ [0008 510]

025 ) W]
v — ] — ] ] ] ] v
0.010 (
L 0.069 (1,75) Max 0.004 (
0.010 (o 25)
0.007 1
Gauge Plane —¢— - =
0.050 (1,27)
0.016 (0,40)

Seating Plane

4040047-3/F 07/2004

NOTES: . Al linear dimensions are in inches (millimeters).

. This drawing is subject to change without notice.

. Falls within JEDEC MS-012 variation AB.

A
B
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from TI to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of TI products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265
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