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LIN AND MOST ECL PHYSICAL INTERFACE

Check for Samples: SN65HVDA195-Q1

FEATURES

A

LIN Physical Layer Specification Revision 2.0
Compliant and Conforms to SAEJ2602
Recommended Practice for LIN

LIN Bus Speed up to 20-kbps LIN Specified
Maximum and MOST ECL Speeds Down to

0 Baud

Supports 1S09141 (K-Line)

Qualified for Automotive Applications

Sleep Mode: Ultra Low Current Consumption,
Allows Wake-Up Events From LIN Bus,
Wake-Up Input (External Switch), or Host
Microcontroller

High-Speed Receive Capable

ESD Protection to +12 kV (Human-Body Model)
on LIN Pin

LIN Pin Handles Voltage From —40 V to 40 V

Survives Transient Damage in Automotive
Environment (ISO 7637)

Extended Operation With Supply From 7 V to
27 V DC (LIN Specification 7 V to 18 V)

Interfaces to Microcontroller With 5-V or 3.3-V
1/0 Pins

Wake-Up Request on RXD Pin
Control of External Voltage Regulator (INH Pin)

Integrated Pullup Resistor and Series Diode
for LIN Slave Applications

Low Electromagnetic Emission (EME), High
Electromagnetic Immunity (EMI)

Bus Terminal Short Circuit Protected for
Short to Battery or Short to Ground

Thermally Protected

Ground Disconnection Fail Safe at System
Level

Ground Shift Operation at System Level

Unpowered Node Does Not Disturb the
Network
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DESCRIPTION

The SN65HVDAL95 is the Local Interconnect Network (LIN) physical interface and MOST ECL interface, which
integrates the serial transceiver with wake-up and protection features. The bus is a single-wire bidirectional bus
typically used for low-speed in-vehicle networks using data rates to 20 kbps. The device can transmit with an
effective data rate of 0 kbps since it does not have dominant state time out. The protocol output data stream on
TXD is converted by the SN65HVDA195 into the bus signal through a current-limited wave-shaping driver as
outlined by the LIN Physical Layer Specification Revision 2.0. The receiver converts the data stream from the
bus and outputs the data stream via RXD. The bus has two states: dominant state (voltage near ground) and the
recessive state (voltage near battery). In the recessive state, the bus is pulled high by the SN65HVDA195’s
internal pullup resistor and series diode, so no external pullup components are required for slave applications.
Master applications require an external pullup resistor (1 kQ) plus a series diode per the LIN specification.

In sleep mode, the SN65HVDA195 requires low quiescent current even though the wake-up circuits remain
active, allowing for remote wake up via the LIN bus or local wake up via the NWake or EN pins.

The SN65HVDA195 has been designed for operation in the harsh automotive environment. The device can
handle LIN bus voltage swings from 40 V down to ground and survive —40 V. The device also prevents back-feed
current through LIN to the supply input, in case of a ground shift or supply voltage disconnection. It also features
undervoltage, overtemperature, and loss-of-ground protection. In the event of a fault condition, the output is
immediately switched off and remains off until the fault condition is removed.

TERMINAL FUNCTIONS

D PACKAGE
(TOP VIEW)

RXD T 1 8 [ INH
EN 7 13 Vg
NWake T} 6 [ LIN

TXD 5 T3 GND

A WON

TERMINAL ASSIGNMENTS

NAME PN NO. TYPE DESCRIPTION
RXD 1 O RXD output (open drain) interface reporting state of LIN bus voltage
EN 2 | Enable input
NWake 3 | High voltage input for device wake up
TXD 4 | TXD input interface to control state of LIN output
GND 5 GND Ground
LIN 6 I/0 LIN bus single-wire transmitter and receiver
Vsup 7 Supply Device supply voltage (connected to battery in series with external reverse blocking diode)
INH 8 O Inhibit controls external voltage regulator with inhibit input

ORDERING INFORMATION®
Ta PACKAGE @ ORDERABLE PART NUMBER TOP-SIDE MARKING
—40°C to 125°C SOIC-D Reel of 2500 SN65HVDA195QDRQ1 A195Q

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.
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Local Interconnect Network (LIN) Bus
This I/O pin is the single-wire LIN bus transmitter and receiver.

Transmitter Characteristics

The driver is a low-side transistor with internal current limitation and thermal shutdown. There is an internal
30-kQ pullup resistor with a serial diode structure to Vgp, SO no external pullup components are required for LIN
slave mode applications. An external pullup resistor of 1 kQ, plus a series diode to Vgyp must be added when the
device is used for master node applications.

Voltage on LIN can go from —40-V to 40-V dc without any currents other than through the pullup resistance.
There are no reverse currents from the LIN bus to supply (Vsup), even in the event of a ground shift or loss of

supply (Vsup)-
The LIN thresholds and ac parameters are LIN Protocol Specification Revision 2.0 compliant.

During a thermal shut down condition, the driver is disabled.

Receiver Characteristics

The receiver's characteristic thresholds are ratio-metric with the device supply pin. Typical thresholds are 50%,
with a hysteresis between 5% and 17.5% of supply.

The receiver is capable of receiving higher data rates (>100 kbps) than supported by LIN or SAEJ2602
specifications. This allows the SN65HVDA195 to be used for high-speed downloads at end-of-line production or
other applications. The actual data rates achievable depend on system time constants (bus capacitance and
pullup resistance) and driver characteristics used in the system.

Transmit Input (TXD)

TXD is the interface to the MCU'’s LIN protocol controller or SCI/UART used to control the state of the LIN output.
When TXD is low, the LIN output is dominant (near ground). When TXD is high, the LIN output is recessive (hear
battery). The TXD input structure is compatible with microcontrollers with 3.3-V and 5-V I/0. TXD has an internal
pulldown resistor. This device does not have a TXD dominant time out protection circuit so that low data rates
may be used.

Receive Output (RXD)

RXD is the interface to the MCU’s LIN protocol controller or SCI/UART, which reports the state of the LIN bus
voltage. LIN recessive (near battery) is represented by a high level on RXD and LIN dominant (near ground) is
represented by a low level on RXD. The RXD output structure is an open-drain output stage. This allows the
SN65HVDA195 to be used with 3.3-V and 5-V 1/O microcontrollers. If the microcontroller's RXD pin does not
have an integrated pullup, an external pullup resistor to the microcontroller 1/0O supply voltage is required.

RXD Wake-up Request

When the SN65HVDA195 has been in low-power mode and encounters a wake-up event from the LIN bus or
NWake pin, RXD goes low, while the device enters and remains in standby mode (until EN is reasserted high
and the device enters normal mode).

Supply Voltage (Vgup)

Vgup is the SN65HVDA195 device power supply pin. Vgyp is connected to the battery through an external
reverse battery blocking diode. The characterized operating voltage range for the SN65HVDA195 is from 7 V to
27 V. Vgyp is protected for harsh automotive conditions up to 40 V.

The device contains a reset circuit to avoid false bus messages during undervoltage conditions when Vg p is less
than Vsyp unper-

Ground (GND)

GND is the SN65HVDA195 device ground connection. The SN65HVDA195 can operate with a ground shift as
long as the ground shift does not reduce Vg,p below the minimum operating voltage. If there is a loss of ground
at the ECU level, the SN65HVDA195 does not have a significant current consumption on LIN bus.
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Enable Input (EN)

EN controls the operation mode of the SN65HVDA195 (normal or sleep mode). When EN is high, the
SN65HVDA195 is in normal mode allowing a transmission path from TXD to LIN and from LIN to RXD. When EN
is low the device is put into sleep mode and there are no transmission paths available. The device can enter
normal mode only after being woken up. EN has an internal pulldown resistor to ensure the device remains in
low-power mode even if EN floats.

NWake Input (NWake)

NWake is a high-voltage input used to wake up the SN65HVDA195 from low-power mode. NWake is usually
connected to an external switch in the application. A low on NWake that is asserted longer than the filter time
(twwake) results in a local wake-up. NWake provides an internal pullup source to Vgyp.

Inhibit Output (INH)

INH is used to control an external voltage regulator that has an inhibit input. When the SN65HVDA195 is in
normal operating mode, the inhibit high-side switch is enabled and the external voltage regulator is activated.
When SN65HVDA195 is in low-power mode, the inhibit switch is turned off, which disables the voltage regulator.
A wake-up event on for the SN65HVDA195 returns INH to Vgyp level. INH can also drive an external transistor
connected to an MCU interrupt input.

OPERATING STATES

[ Unpowered System ]

L Vsup = Vsup under J

Veio > Veup under
EN = low

Standby Mode ]

Driver : Off

RXD: Low
INH: High (On)
Termination: 30 kQ

~
( Normal Mode Sleep Mode ]
LIN Bus Wake-Up
EN = high or .
Driver : On . g Driver : Off
RXD: LIN bus data Nwake Pin Wake-Up RXD: Floating
INH: High (On) EN = low INH: High impedance (Off)
Termination: 30 kQ2 Termination: Weak pullup
Y, EN = high
Figure 1. Operating States Diagram
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Table 1. Operating Modes

LIN BUS
MODE EN RXD TERMINATION INH TRANSMITTER COMMENTS
Sleep Low Floating Weak current pullup | High impedance Off
. Wake-up event detected, waiting
Standby Low Low 30 kQ (typ) High off on MCU to set EN
Normal High LIN bus data 30 kQ (typ) High On LIN transmission up to 20 kbps

Normal Mode

This is the normal operational mode, in which the receiver and driver are active, and LIN transmission up to the
LIN specified maximum of 20 kbps is supported. The receiver detects the data stream on the LIN bus and
outputs it on RXD for the LIN controller, where recessive on the LIN bus is a digital high, and dominate on the
LIN bus is digital low. The driver transmits input data on TXD to the LIN bus. Normal mode is entered as EN
transitions high while the SN65HVDA195 is in sleep or standby mode.

Sleep Mode

Sleep mode is the power saving mode for the SN65HVDA195 and the default state after power up (assuming EN
is low during power up). Even with the extremely low current consumption in this mode, the SN65HVDA195 can
still wake up from LIN bus via a wake-up signal, a low on NWake, or if EN is set high. The LIN bus and NWake
are filtered to prevent false wake-up events. The wake-up events must be active for their respective time periods

(tunsuss twake)-
The sleep mode is entered by setting EN low.

While the device is in sleep mode, the following conditions exist:

» The LIN bus driver is disabled and the internal LIN bus termination is switched off (to minimize power loss if
LIN is short circuited to ground). However, the weak current pullup is active to prevent false wake-up events
in case an external connection to the LIN bus is lost.

* The normal receiver is disabled.
* INH is high impedance.
» EN input, NWake input, and the LIN wake-up receiver are active.

Wake-Up Events

There are three ways to wake up the SN65HVDA195 from sleep mode:

* Remote wake-up via recessive (high) to dominant (low) state transition on LIN bus. The dominant state must
be held for t_ngus filter time and then the bus must return to the recessive state (to eliminate false wake-ups
from disturbances on the LIN bus or if the bus is shorted to ground).

» Local wake-up via a low on NWake, which is asserted low longer than the filter time tywake (t0 €liminate false
wake-ups from disturbances on NWake)

e Local wake-up via EN being set high

Standby Mode

This mode is entered whenever a wake-up event occurs via LIN bus or NWake while the SN65HVDA195 is in
sleep mode. The LIN bus slave termination circuit and INH are turned on when standby mode is entered. The
application system powers up once INH is turned on, assuming the system is using a voltage regulator
connected via INH. Standby mode is signaled via a low level on RXD.

When EN is set high while the SN65HVDA195 is in standby mode the device returns to normal mode and the
normal transmission paths from TXD to LIN bus and LIN bus to RXD are enabled.

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Link(s): SN65HVDA195-Q1


http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS961AA&partnum=SN65HVDA195-Q1
http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html

SN65HVDA195-Q1 13 TEXAS

INSTRUMENTS
SLLS961A —JULY 2009—REVISED OCTOBER 2009 www.ti.com
EN
|
7777777777777777777777 ‘7777‘777777777777777777777
\
‘ v
sup
INH High Impedance }
Jd
\
s
TXD ‘ }
\
H t> tgco)cgoperate
\
,,,,,,,,,,,,,,,,,,,,,, N
‘ —
\
L
LIN \ | Vsup
L
L
7777777777777777777777 %777777777777777777777777
|
: 7
RXD Floating \ |
.
\
MODE Sleep Normal
Figure 2. Wake-Up Via EN
LIN
0.4 x Vgyp

———rr

\
\
\

INH High Impedance |
l .
‘ ‘ /L S L
{ ‘ (L4 L4

TXD | }
\
} } H t> 10 to_operate
\ \ —/

EN | | ‘

| | D }
\ \
! ! |
t - —

RXD Floating \ \
‘ ‘ /L
\ \ e

MODE Sleep Standby Normal
Figure 3. Wake-Up Via LIN
6 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated

Product Folder Link(s): SN65HVDA195-Q1


http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS961AA&partnum=SN65HVDA195-Q1
http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html

13 TEXAS
INSTRUMENTS

www.ti.com

SN65HVDA195-Q1

SLLS961A —JULY 2009—-REVISED OCTOBER 2009

NWake VlL

NWake vsup
t<tnwake bl l— tnwake —P
7777777777 | - - 7 7 [—p——
\
i \ | Vsu
INH High Impedance | P
| |
[
; } 2 %
TXD | |
\
| } H t> tgoﬁtoﬁoperate
} ‘ T l;‘
EN | | |
‘ 1 < \
: L —f/—l —
RXD Floating | }
t i A
\
,,,,,,,,,, -
i T 7 =7
| \ \
LIN ‘ | | Vsup
\ \
,,,,,,,,,, (R B R e S
MODE Sleep Standby Normal
Figure 4. Wake-Up Via NWake
Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 7

Product Folder Link(s): SN65HVDA195-Q1


http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS961AA&partnum=SN65HVDA195-Q1
http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html

SN65HVDA195-Q1 13 TEXAS

INSTRUMENTS

SLLS961A —JULY 2009—REVISED OCTOBER 2009 Www.ti.com
ABSOLUTE MAXIMUM RATINGS®

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

PARAMETER RATING UNIT

11 Vgup @ Supply line supply voltage® 0 to 40 v

1.2 Vwake NWake dc and transient input voltage (through serial resistor) -0.3to 40

13 Iwake _NWake current if due to g_rounq shifts \_/N\,\,ak_e < Vgnp — 0.3V, thus the current 36 mA

into NWake must be limited via a serial resistance.

1.4 VINH INH voltage —0.3to Vgyp + 0.3

15 VLogic_Input Logic pin input voltage ‘ RXD, TXD, EN -0.3t0 5.5 \%

1.6 VN LIN dc-input voltage —40 to 40

1.7 LIN® -12to 12

1.8 o Human-Body Model NwWake ) —11to 11 kv

ESD Electrostatic discharge -

1.9 All other pins® —4t04

1.10 Charged-Device Model All pins® —1500 to 1500 \Y

111 | Ta Operational free-air temperature range —40 to 125

112 | T, Junction temperature range —40 to 150 °C

1.13 Tstorage Storage temperature range —-40 to 165

1.14 Rgia Thermal resistance, junction to ambient 145 °C/W

115 |Tgp Thermal shutdown 200 .

116 | Tsp Hvs Thermal shutdown hysteresis 25 ¢

(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 are with respect to GND.

(3) The device is specified for operation in the range of Vgyp from 7 V to 27 V. Operating the device above 27 V may significantly raise the
junction temperature of the device and system level thermal design needs to be considered.

(4) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin.

(5) Tested in accordance to JEDEC Standard 22, Test Method C101 (JESD22-C101).
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ELECTRICAL CHARACTERISTICS
Vsup =7V to 27 V, T, = —40°C to 125°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN  TYP® MAX | UNIT
SUPPLY
. Device is operational beyond the LIN 2.0
21 \C/)oplgaggr;al supply defined nominal supply line voltage range 7 14 27
9 of 7V <Vgyp <18 V
2.2 . ) Normal and standby modes 14 18 Vv
Nominal supply line voltage
2.3 Sleep mode 12 18
Vgyp undervoltage
2.4 threshold 48 6.0
Normal mode, EN = High, Bus dominant
(total bus load where Ry =500 Q and
25 Cuin < 10 nF (see Figure 7)®), 1.2 75
INH = VSUP: NWake = VSUP A
m
Standby mode, EN = low, Bus dominant
(total bus load where Ry = 500 Q and
26 Cuin < 10 nF (see Figure 7)@), L 21
INH = VSUP! NWake = VSUP
Normal mode, EN = High, Bus recessive,
27 llsup Supply current LIN = Viup, INH = Vgup, NWake = Vgup 450 775
Standby mode, EN = Low, Bus recessive,
28 LIN = VSUP! INH = VSUP! NWake = VSUP 450 775
Sleep mode, EN =0, Tp = -40°C to 95°C,
29 7V < VSUP <12V, LIN= VSUP: 13 26
NWake = VSUP HA
Sleep mode, EN =0, Tp = -40°C to 95°C,
2.10 12 V < Vgyp <18V, LIN = Vgp, 35
NWake = VSUP
Sleep mode, EN =0, Tp = -40°C to 95°C,
211 |Al Delta supply current in Supply line voltage range of 20
: Sup sleep mode 7 V < Vgup <18V, LIN bus voltage: Vgyp
—1.85V<LIN < Vgyp
RXD OUTPUT PIN
3.1 Vo Output voltage -0.3 5.5 \%
Low-level output current, _ _
3.2 loL open drain LIN=0V,RXD =04V 3.5 mA
3.3 like Leakage current, high-level |LIN = Vgyp, RXD =5V -5 0 5/ pA
TXD INPUT PIN
4.1 Vi Low-level input voltage -0.3 0.8 v
4.2 Viy High-level input voltage 2 5.5
43 Vir Input threshold hysteresis 30 500 mv
voltage
4.4 Pulldown resistor 125 350 800| kQ
4.5 I Low-level input current TXD = Low -5 0 5/ MA

(1) Typical values are given for Vgyp = 14 V at 25°C, except for low power mode where typical values are given for Vgyp = 12 V at 25°C.
(2) All voltages are defined with respect to ground; positive currents flow into the SN65HVDA195 device.
(3) Inthe dominant state, the supply current increases as the supply voltage increases due to the integrated LIN slave termination

resistance. At higher voltages the majority of supply current is through the termination resistance. The minimum resistance of the LIN

slave termination is 20 kQ, so the maximum supply current attributed to the termination is:
(Vsup — (VLIN_pominant + 0.7 V) / 20 kQ

ISUP (dom) max termination

Copyright © 2009, Texas Instruments Incorporated

Product Folder Link(s): SN65HVDA195-Q1

Submit Documentation Feedback

9


http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS961AA&partnum=SN65HVDA195-Q1
http://focus.ti.com/docs/prod/folders/print/sn65hvda195-q1.html

SN65HVDA195-Q1

SLLS961A —JULY 2009—-REVISED OCTOBER 2009

I

TEXAS

INSTRUMENTS

www.ti.com

ELECTRICAL CHARACTERISTICS (continued)
Vsup =7 Vto 27 V, T, = —40°C to 125°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYyp @ MAX | UNIT

LIN PIN (Referenced to Vgyp)
5.1 Vou High-level output voltage :‘CI)N: rgﬁzs'://zu?iDlZ \I;ligh, Vsup—1 y
5.2 VoL Low-level output voltage IL;N: Czjl%mr:::n\tlyszi:z ::L 4L$/W‘ 0 0.2 x Vgup
5.3 Rslave Pullup resistor to Vsyp Normal and standby modes 20 30 60| kQ
5.4 \F;gﬂ‘;p CurTent source 1o | gj00n mode, Vgyp = 14 V, LIN = GND 2 20| pA
55 o TXD=0V 45 160 220

I Limiting current mA
5.6 TXD =0V, Tp =-10°C to 125°C 200
5.7 lLke Leakage current LIN = Vgyp -5 0 5
5.8 ke Leakage current, loss of 7V<LIN<12V, Vgyp = GND 5| WA
5.9 supply 12V <LIN< 18V, Vgyp = GND 10
5.10 Vi Low-level input voltage LIN dominant 0.4 x Vgyp
5.11 Viy High-level input voltage LIN recessive 0.6 x Vgyp
5.12 Vit Input threshold voltage 0.4 xVgyp 0.5%xVgyp 0.6 x Vgyp
5.13 Vhys Hysteresis voltage O'\(/JS x 0'1\35 * v

SuP SuP
514 Vi \I;Ic;vl\(/(;l_euvpel input voltage for 0.4 x Vaup
EN PIN
6.1 Vi Low-level input voltage -0.3 0.8 v
6.2 Viy High-level input voltage 2 5.5
6.3 Vhys Hysteresis voltage 30 500| mV
6.4 Pulldown resistor 125 350 800 | kQ
6.5 I Low-level input current EN = Low -5 0 5/ pA
INH PIN
7.1 Vo DC output voltage -0.3 Vgyp + 0.3 \%
Between Vgyp and INH,
7.2 Ron On state resistance INH = 2-mA drive, 35 85 Q
Normal or standby mode

7.3 like Leakage current Low-power mode, 0 < INH < Vgup -5 0 5/ pA
NWake PIN
8.1 Vi Low-level input voltage -0.3 Vsyp — 3.3 v
8.2 Viy High-level input voltage Vsup—1 Vgyp + 0.3
8.3 Pullup current NWake =0 V -45 -10 -2
8.4 likG Leakage current Vsyp = NWake -5 0 5 bA
THERMAL SHUTDOWN
9.1 tSerr:qu;)(l?:/tErjgnction thermal 190 o
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ELECTRICAL CHARACTERISTICS (continued)
Vsup =7 Vto 27 V, T, = —40°C to 125°C (unless otherwise noted)

PARAMETER

| TEST CONDITIONS

MIN

TYP @

MAX

UNIT

AC CHARACTERISTICS

10.1

D1

Duty cycle 1¢)

THReC(max) = 0.744 X Vsyp,
THpommax) = 0.581 x Vgyp,
Vsup =7V to 18V,

tgir = 50 s (20 kbps),

D1 = tgus_rec(min) (2 * tgi7)-

See Figure 5

0.396

10.2

D2

Duty cycle 2()

THRrec(min) = 0.422 x Vgyp,
THpom(miny = 0.284 x Vgyp,
Vsup = 7.6 V10 18 V,

tgiT = 50 ps (20 kbps),

D2 = tgys_rec(maxy (2 % tgir)-
See Figure 5

0.581

10.3

D3

Duty cycle 3¢

THREC(max) = 0.778 X Vgyp,
THpom(max) = 0.616 x Vsyp,
Vsup =7V to 18V,

tgiT = 96 ps (104 kbps).

D3 = tgus_rec(min) (2 * tgi7)-

See Figure 5

0.417

10.4

D4

Duty cycle 44

THRec(min) = 0-389 X Vgyp,
THpom(miny = 0.251 x Vgyp,
Vsup = 7.6 V10 18 V,

tgiT = 96 ps (10.4 kbps),
D4 = tgus_rec(max) (2 * tgi7)-
See Figure 5

0.59

10.5

tr><_pdr

Receiver rising propagation
delay time

Rrxp = 2.4 kQ, Crxp = 20 pF
See Figure 6
See Figure 7

10.6

tr><_pdf

Receiver falling propagation
delay time

Rrxp = 2.4 kQ, Crxp = 20 pF
See Figure 6
See Figure 7

10.7

tr><7sym

Symmetry of receiver
propagation delay time

rising edge with respect to falling edge
(trx_sym = trx_paf — trx_par)

Rrxp = 2.4 kQ, Crxp = 20 pF

See Figure 6

See Figure 7

10.8

tnwake

NWake filter time for local
wake-up

See Figure 4

25

50

150

10.9

tLinBUS

LIN wake-up filter time
(dominant time for wake-up
via LIN bus)

See Figure 3

25

50

150

10.10

tg0_to_operate

See Figure 2 to Figure 3

0.5

1

us

(4) Duty cycles: LIN driver bus load conditions (Cynsus, Runsus): Loadl = 1 nF, 1 kQ; Load2 = 10 nF, 500 Q. Duty cycles 3 and 4 are
defined for 10.4-kbps operation. The SN65HVDA195 also meets these lower data rate requirements, while it is capable of the higher
speed 20-kbps operation as specified by Duty cycles 1 and 2. SAEJ2602 derives propagation delay equations from the LIN 2.0 duty
cycle definitions, for details see the SAEJ2602 specification.
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D1 (20 kbps) and
D3 (10 kbps) case

I

tBusfdom(min) tBusfrec(min)

INSTRUMENTS
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TIMING DIAGRAMS
| tgit { tgit '
1 1 1
RECESSIVE. ; : D=05
TXD (Input)
DOMINANT
i
i
i
i
THRecmax) \-———-——-— - ff e\
Rec(max) : Thresholds
Worst case 1
;II:"B;I'IS THDom(max) Eoen Nl s i
i i Vsup
THRec(min) __E_ __________________ CTTTTTTTTTTTATN T T T Thresholds
THpom(min) __; _______________ | S S N Worst case 2
1 i : i i i
P b P
! ! i ! ! 1
! ! i ! ! [
! ! i ! ! !
! ! i 1 ! !
L : tBus,dcm(max) I J‘ tBus,rec(max) J :
bl - T gt -
i i [
RXD : : : D = tgus_rec(min)/(2 X tgit)
M I
- I
; T
H |
i !
i |
; !
: i
i

-

RXD D = tgus_rec(max)/(2 X tgit)
D2 (20 kbps) and
D4 (10 kbps) case

Figure 5. Definition of Bus Timing Parameters

LIN Bus
Vsup
—’; trxﬁpdf}‘f 4>§ trx_pdr:‘*
RXD ! ‘
\ 50% /- 50%
Figure 6. Propagation Delay
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TIMING DIAGRAMS (continued)

Rrxp

I CRrxp

] RXD

[ ]

]EN

] NWake

[

] TXD

[

GND
[

INH [

Vsup [

LIN [

[

T

I 100 nF

Run

I Cun

Figure 7. Test Circuit for AC Characteristics
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APPLICATION INFORMATION

Vear
A
» Vsup
Ll
TPSxxXX MASTER
Vsup I NODE
Vbp J_4
NWake
V. INH Vsup
o° I Master
T Node( )
Vi EN 8 7 Pullup@
ep o |———»f2 8
: MCU w/o :
| pullup® 1k
| |
MCcu I WooVO |l SNesHVDA195
TMS470 | |
| |
LIN 1 LIN g
Controller I _BXD_ | 6 m
SCWART[  1xp L2 5 220 pF S
GND 1
;Q/sup
TPSxxxx 1 ?\]LOAI;IEE
Vsup I
Vop
NWake
INH
I Vsup
Vop EN 8 3 7
0 [—————>12
: MCU w/o :
| pullup® |
| Vpp /0!
MCU I PP sNe5HVDA195
TMS470 : :
T Ny LIN
Controller N RXD 6 _|‘_
or |-
SCWART|  1xp L2 5 220 pF
GND 1
\/

(1) RXD on MCU or LIN slave has internal pullup, no external pullup resistor is needed.
(2) RXD on MCU or LIN slave without internal pullup, requires external pullup resistor.
(3) Master node applications require an external 1-kQ pullup resistor and serial diode.

Figure 8.
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Device Comparison: TPIC1021A vs SN65HVDA195

The SN65HVDA195 is pin-to-pin compatible to the TPIC1021 and TPIC1021A devices. The SN65HVDA195 is
functionally equivalent to the TPIC1021A but with the TXD dominant state timeout protection removed. Table 2 is
a summary of the differences between the two devices.

Table 2. SN65HVDA195 vs TPIC1021A Differences

SPECIFICATION TPIC1021A SN65HVDA195

TXD held dominant for longer than tpgt will
disable the LIN driver to protect the LIN bus
from being dominant during a hardware or
software fault shorting TXD dominant

No dominant state time-out on TXD allowing
extremely low data rate and additional
applications using the device.

TXD Dominant State Timeout

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 15
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www.ti.com 24-Jan-2013

PACKAGING INFORMATION

® 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), Pb-Free (RoHS Exempt), 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): Tl'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.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

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.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer: The information provided on this page represents TlI'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 Tl 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 Tl to Customer on an annual basis.

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
SN65HVDA195QDRQ1 ACTIVE SOIC D 8 2500 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40to 125 A195Q m
& no Sbh/Br)
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
SN65HVDA195QDRQ1 | SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN65HVDA195QDRQ1 SoIC D 8 2500 367.0 367.0 35.0
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ 0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

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

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0OX]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1l=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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