
RXD

TXD

NW ake

INH

EN

LIN

GND

Receiver

Filter

TPIC1021A

VSUP

V SUP

Wake Up, State,
and INH Control

Fault
Detection

and Protection

Driver
With Slope
Control

Dominant
State

Timeout

VSUP/2

Filter

Copyright © 2016, Texas Instruments Incorporated

Product

Folder

Sample &
Buy

Technical

Documents

Tools &

Software

Support &
Community

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.

TPIC1021A-Q1
SLIS117B –AUGUST 2007–REVISED JULY 2016

TPIC1021A-Q1 LIN Physical Interface
1 Features

1

1

• 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

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

• 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 MCU With 5-V or 3.3-V I/O Pins
• Dominant State Time-Out Protection
• 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
• Supports ISO9141 (K-Line)-Like Functions

2 Applications
• In-Vehicle Networking

3 Description
The TPIC1021A is the Local Interconnect Network
(LIN) physical interface, which integrates the serial
transceiver with wake-up and protection features. The
LIN bus is a single-wire bidirectional bus typically
used for low-speed, in-vehicle networks using data
rates between 2.4 kbps and 20 kbps. The LIN
protocol output data stream on TXD is converted by
the TPIC1021A into the LIN 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 LIN
bus and outputs the data stream through RXD. The
LIN bus has two states: dominant state (voltage near
ground) and the recessive state (voltage near
battery). In the recessive state, the LIN bus is pulled
high by the TPIC1021A’s internal pullup resistor
(30 kΩ) and series diode, so no external pullup
components are required for slave applications.
Master applications require an external pullup resistor
(1 kΩ) plus a series diode per the LIN specification.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
TPIC1021A-Q1 SOIC (8) 4.90 mm × 3.91 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Functional Block Diagram

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com/product/TPIC1021A-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPIC1021A-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPIC1021A-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPIC1021A-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPIC1021A-Q1?dcmp=dsproject&hqs=support&#community
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5 Description (continued)
In sleep mode, the TPIC1021A requires low quiescent current even though the wake-up circuits remain active,
allowing for remote wakeup through the LIN bus or local wakeup through the NWake or EN pins.

The TPIC1021A 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.

6 Device Comparison Table

The TPIC1021A is pin-to-pin compatible to the TPIC1021 device. The TPIC1021A is an enhanced LIN
transceiver, including enhanced immunity to RF disturbances. See Table 1 for a summary of the differences
between the two devices.

Table 1. TPIC1021A vs TPIC1021 Differences
SPECIFICATION TPIC1021A TPIC1021

LIN termination Weak current pullup in sleep mode High Ω in low-power mode
LIN receiver Enhanced high-speed receive capable High-speed receive capable
LIN leakage current
(unpowered device):
7 V < LIN < 12 V, VSUP = GND

<5 μA at 12 V (max) <10 μA at 12 V (typ)

LIN bus wakeup

Remote wakeup through recessive-to-dominant
transition on LIN bus where dominant bus state
is held for at least tLINBUS time followed by a
transition back to the recessive state

Remote wakeup through recessive-to-dominant
transition on LIN bus where dominant bus state
is held for at least tLINBUS time

Low-power current <30 μA at 12 V (max) <50 μA at 14 V (max)

INH pin Enhanced driving of bus master termination
through lower Ron

Driving of bus master termination

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS117B&partnum=TPIC1021A-Q1
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(1) G = Ground, I = Input, O = Output, P = Power

7 Pin Configuration and Functions

D Package
8-Pin SOIC
Top View

Pin Functions
PIN

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

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS117B&partnum=TPIC1021A-Q1
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. 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 VSUP 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 requires consideration.
(4) If due to ground shifts, VNWake ≤ VGND – 0.3 V, thus the current into NWake must be limited through a serial resistance.

8 Specifications

8.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
VSUP

(2) Supply line supply voltage (3) 0 40 V
VNWake NWake dc and transient input voltage (through 33-kΩ serial resistor) –0.3 40 V
VINH INH voltage –0.3 VSUP + 0.3 V

Logic pin input voltage (RXD, TXD, EN) –0.3 5.5 V
VLIN LIN dc-input voltage –40 40 V
INWake NWake current (4) –3.6 mA

Thermal shutdown 200 °C
Thermal shutdown hysteresis 25 °C

TJ Junction temperature –40 150 °C
Tstg Storage temperature –40 165 °C

(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.

8.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per
ANSI/ESDA/JEDEC JS-001 (1)

All pins except 3 and 6 ±4000

V
Pin 3 ±11000
Pin 6 ±12000

Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±1500

8.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
TSUP Supply voltage 7 27 V
TAMB Ambient temperature –40 125 °C

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS117B&partnum=TPIC1021A-Q1
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(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

8.4 Thermal Information

THERMAL METRIC (1)
TPIC1021

UNITD (SOIC)
8 PINS

RθJA Junction-to-ambient thermal resistance 145 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 61.9 °C/W
RθJB Junction-to-board thermal resistance 55.5 °C/W
ψJT Junction-to-top characterization parameter 14.3 °C/W
ψJB Junction-to-board characterization parameter 55 °C/W

(1) Typical values are given for VSUP = 14 V at 25°C, except for low power mode where typical values are given for VSUP = 12 V at 25°C.
(2) All voltages are defined with respect to ground; positive currents flow into the TPIC1021A device.
(3) In the 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 kΩ, so the maximum supply current attributed to the termination is:
ISUP (dom) max termination ≉ (VSUP – (VLIN_Dominant + 0.7 V) / 20 kΩ

8.5 Electrical Characteristics
VSUP = 7 V to 27 V, TA = –40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP (1) MAX UNIT
SUPPLY

Operational supply voltage (2)
Device is operational beyond the LIN 2.0
defined nominal supply line voltage range
of 7 V < VSUP < 18 V

7 14 27

V
Nominal supply line voltage

Normal and standby modes 7 14 18
Sleep mode 7 12 18

VSUP undervoltage threshold 4.5 6.2

ICC Supply current

Normal mode, EN = High, Bus dominant
(total bus load where RLIN ≥ 500 Ω and
CLIN ≤ 10 nF (see Figure 5) (3), INH = VSUP,
NWake = VSUP

1.2 7.5 mA

Standby mode, EN = Low, Bus dominant
(total bus load, where RLIN ≥ 500 Ω and
CLIN ≤ 10 nF (see Figure 5) (3), INH = VSUP,
NWake = VSUP

1 2.1 mA

Normal mode, EN = High, Bus recessive,
LIN = VSUP, INH = VSUP, NWake = VSUP

450 775
μA

Standby mode, EN = Low, Bus recessive,
LIN = VSUP, INH = VSUP, NWake = VSUP

450 775

Sleep mode, EN = 0,
7 V < VSUP ≤ 12 V, LIN = VSUP,
NWake = VSUP

15 30 μA

Sleep mode, EN = 0,
12 V < VSUP < 27 V, LIN = VSUP,
NWake = VSUP

50 μA

RXD OUTPUT PIN
VO Output voltage –0.3 5.5 V

IOL
Low-level output current,
open drain LIN = 0 V, RXD = 0.4 V 3.5 mA

IIKG Leakage current, high-level LIN = VSUP, RXD = 5 V –5 0 5 μA
TXD INPUT PIN
VIL Low-level input voltage –0.3 0.8

V
VIH High-level input voltage 2 5.5

VIT
Input threshold hysteresis
voltage 30 500 mV

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS117B&partnum=TPIC1021A-Q1
http://www.ti.com/lit/pdf/spra953
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Electrical Characteristics (continued)
VSUP = 7 V to 27 V, TA = –40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP (1) MAX UNIT

(4) Duty cycles: LIN driver bus load conditions (CLINBUS, RLINBUS): Load1 = 1 nF, 1 kΩ; Load2 = 10 nF, 500 Ω. Duty cycles 3 and 4 are
defined for 10.4-kbps operation. The TPIC1021A 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.

Pulldown resistor 125 350 800 kΩ
IIL Low-level input current TXD = Low –5 0 5 μA
LIN PIN (REFERENCED TO VSUP)

VOH High-level output voltage LIN recessive, TXD = High,
IO = 0 mA, VSUP = 14 V VSUP – 1 V

VOL Low-level output voltage LIN dominant, TXD = Low,
IO = 40 mA, VSUP = 14 V 0 0.2 × VSUP V

Rslave Pullup resistor to VSUP Normal and standby modes 20 30 60 kΩ
Pullup current source to VSUP Sleep mode, VSUP = 14 V, LIN = GND –2 –20 μA

IL Limiting current TXD = 0 V 45 160 250 mA
ILKG Leakage current LIN = VSUP –5 0 5

μA
ILKG

Leakage current, loss of
supply

7 V < LIN ≤ 12 V, VSUP = GND 5
12 V < LIN < 18 V, VSUP = GND 10

VIL Low-level input voltage LIN dominant 0.4 × VSUP

V

VIH High-level input voltage LIN recessive 0.6 × VSUP

VIT Input threshold voltage 0.4 × VSUP 0.5 × VSUP 0.6 × VSUP

Vhys Hysteresis voltage 0.05 × VSUP 0.175 × VSUP

VIL
Low-level input voltage for
wake-up 0.4 × VSUP

EN PIN
VIL Low-level input voltage –0.3 0.8

V
VIH High-level input voltage 2 5.5
Vhys Hysteresis voltage 30 500 mV

Pulldown resistor 125 350 800 kΩ
IIL Low-level input current EN = Low –5 0 5 μA
INH PIN
Vo DC output voltage –0.3 VSUP + 0.3 V

Ron On state resistance Between VSUP and INH, INH = 2-mA drive,
Normal or standby mode 35 85 Ω

IIKG Leakage current Low-power mode, 0 < INH < VSUP –5 0 5 μA
NWake PIN
VIL Low-level input voltage –0.3 VSUP – 3.3

V
VIH High-level input voltage VSUP – 1 VSUP + 0.3

Pullup current NWake = 0 V –45 –10 –2
μA

IIKG Leakage current VSUP = NWake –5 0 5
THERMAL SHUTDOWN

Shutdown junction thermal
temperature 190 °C

AC CHARACTERISTICS

D1 Duty cycle 1 (4)

THREC(max) = 0.744 × VSUP,
THDOM(max) = 0.581 × VSUP,
VSUP = 7 V to 18 V,
tBIT = 50 μs (20 kbps),
D1 = tBus_rec(min)/ (2 × tBIT).
See Figure 1

0.396

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
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Electrical Characteristics (continued)
VSUP = 7 V to 27 V, TA = –40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP (1) MAX UNIT

(5) Dominant state time-out limits the minimum data rate to 2.4 kbps.

D2 Duty cycle 2 (4)

THREC(min) = 0.422 × VSUP,
THDOM(min) = 0.284 × VSUP,
VSUP = 7.6 V to 18 V,
tBIT = 50 μs (20 kbps),
D2 = tBus_rec(max)/ (2 × tBIT).
See Figure 1

0.581

D3 Duty cycle 3 (4)

THREC(max) = 0.778 × VSUP,
THDOM(max) = 0.616 × VSUP,
VSUP = 7 V to 18 V,
tBIT = 96 μs (10.4 kbps),
D3 = tBus_rec(min)/ (2 × tBIT).
See Figure 1

0.417

D4 Duty cycle 4 (4)

THREC(min) = 0.389 × VSUP,
THDOM(min) = 0.251 × VSUP,
VSUP = 7.6 V to 18 V,
tBIT = 96 μs (10.4 kbps),
D4 = tBus_rec(max)/ (2 × tBIT).
See Figure 1

0.59

trx_pdr
Receiver rising propagation
delay time

RRXD = 2.4 kΩ, CRXD = 20 pF
See Figure 2
See Figure 5

6

μs

trx_pdf
Receiver falling propagation
delay time

RRXD = 2.4 kΩ, CRXD = 20 pF
See Figure 2
See Figure 5

6

trx_sym
Symmetry of receiver
propagation delay time

rising edge with respect to falling edge
(trx_sym = trx_pdf - trx_pdr)
RRXD = 2.4 kΩ, CRXD = 20 pF
See Figure 2
See Figure 5

–2 2

tNWake
NWake filter time for local
wakeup See Figure 9 25 50 150

tLINBUS

LIN wake-up filter time
(dominant time for wakeup
through LIN bus)

See Figure 8 25 50 150

tDST Dominant state time-out (5) 5.5 20 ms
tgo_to_operate See Figure 7 to Figure 8 0.5 1 μs

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
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tBus_rec(min)

D = tBus_rec(min)/(2 x tBit)
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RXD
D1 (20 kbps) and 
D3 (10 kbps) case
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Figure 1. Definition of Bus Timing Parameters

Figure 2. Propagation Delay
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8.6 Typical Characteristics

Figure 3. VOH vs VSUPPLY and Temperature Figure 4. VOL vs VSUPPLY and Temperature

9 Parameter Measurement Information

9.1 Test Circuit

Figure 5. Test Circuit for AC Characteristics
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10 Detailed Description

10.1 Overview
The TPIC1021A is a LIN (Local Interconnect Network) physical layer transceiver which integrates a serial
transceiver with wake-up and protection features. The LIN bus is a single-wire, bidirectional bus that typically is
used in low speed in vehicle networks with data rates that range from 2.4 kbps to 20 kbps.

10.2 Functional Block Diagram

10.3 Feature Description

10.3.1 Local Interconnect Network (LIN) Bus
This I/O pin is the single-wire LIN bus transmitter and receiver.

10.3.1.1 Transmitter Characteristics
The driver is a low-side transistor with internal current limitation and thermal shutdown. There is an internal 30-
kΩ pullup resistor with a serial diode structure to VSUP, so no external pullup components are required for LIN
slave mode applications. An external pullup resistor of 1 kΩ, plus a series diode to VSUP 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 shutdown condition, the driver is disabled.

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
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Feature Description (continued)
10.3.1.2 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 TPIC1021A 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.

10.3.2 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 (near
battery). The TXD input structure is compatible with microcontrollers with 3.3-V and 5-V I/O. TXD has an internal
pulldown resistor.

10.3.2.1 TXD Dominant State Time-Out
If TXD is inadvertently driven permanently low by a hardware or software application failure, the LIN bus is
protected by TPIC1021A’s dominant state time-out timer. This timer is triggered by a falling edge on TXD. If the
low signal remains on TXD for longer than tDST, the transmitter is disabled, thus allowing the LIN bus to return to
the recessive state and communication to resume on the bus. The timer is reset by a rising edge on TXD.

10.3.3 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
TPIC1021A to be used with 3.3-V and 5-V I/O microcontrollers. If the microcontroller’s RXD pin does not have an
integrated pullup, an external pullup resistor to the microcontroller I/O supply voltage is required.

10.3.3.1 RXD Wake-up Request
When the TPIC1021A 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).

10.3.4 Supply Voltage (VSUP)
VSUP is the TPIC1021A device power supply pin. VSUP is connected to the battery through an external reverse
battery blocking diode. The characterized operating voltage range for the TPIC1021A is from 7 V to 27 V. VSUP 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 VSUP is less
than VSUP_UNDER.

10.3.5 Ground (GND)
GND is the TPIC1021A device ground connection. The TPIC1021A can operate with a ground shift as long as
the ground shift does not reduce VSUP below the minimum operating voltage. If there is a loss of ground at the
ECU level, the TPIC1021A does not have a significant current consumption on LIN bus.

10.3.6 Enable Input (EN)
EN controls the operation mode of the TPIC1021A (normal or sleep mode). When EN is high, the TPIC1021A 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.

http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.ti.com
http://www.ti.com/product/tpic1021a-q1?qgpn=tpic1021a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS117B&partnum=TPIC1021A-Q1


Unpowered System

V Vsup sup_under£

Standby Mode

Driver : Off
RXD: Low

INH: High (On)
Termination: 30 kW

EN = high

EN = low

EN = high
LIN Bus Wake-Up

or
Nwake Pin Wake-Up

V > V

EN = low
sup sup_underV Vsup sup_under£

V Vsup sup_under£

V Vsup sup_under£V > V

EN = high
sup sup_under

Sleep Mode

Driver : Off
RXD: Floating

INH: High impedance (Off)
Termination: Weak pullup

Normal Mode

Driver : On
RXD: LIN bus data

INH: High (On)
Termination: 30 kW

13

TPIC1021A-Q1
www.ti.com SLIS117B –AUGUST 2007–REVISED JULY 2016

Product Folder Links: TPIC1021A-Q1

Submit Documentation FeedbackCopyright © 2007–2016, Texas Instruments Incorporated

Feature Description (continued)
10.3.7 NWake Input (NWake)
NWake is a high-voltage input used to wake up the TPIC1021A 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
(tNWAKE) results in a local wakeup. NWake provides an internal pullup source to VSUP.

10.3.8 Inhibit Output (INH)
INH is used to control an external voltage regulator that has an inhibit input. When the TPIC1021A is in normal
operating mode, the inhibit high-side switch is enabled and the external voltage regulator is activated. When
TPIC1021A is in low-power mode, the inhibit switch is turned off, which disables the voltage regulator. A wake-up
event on for the TPIC1021A returns INH to VSUP level. INH can also drive an external transistor connected to an
MCU interrupt input.

10.4 Device Functional Modes

10.4.1 Operating States

Figure 6. Operating States Diagram

Table 2. Operating Modes

MODE EN RXD LIN BUS
TERMINATION INH TRANSMITTER COMMENTS

Sleep Low Floating Weak current pullup High impedance Off

Standby Low Low 30 kΩ (typical) High Off Wake-up event detected,
waiting on MCU to set EN

Normal High LIN bus data 30 kΩ (typical) High On LIN transmission up to 20 kbps
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10.4.1.1 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 TPIC1021A is in sleep or standby mode.

10.4.1.2 Sleep Mode
Sleep mode is the power saving mode for the TPIC1021A 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 TPIC1021A can still
wake up from LIN bus through 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
(tLINBUS, tNWake).

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.

10.4.1.2.1 Wake-Up Events

There are three ways to wake up the TPIC1021A from sleep mode:
• Remote wakeup through recessive (high) to dominant (low) state transition on LIN bus. The dominant state

must be held for tLINBUS filter time and then the bus must return to the recessive state (to eliminate false
wakeups from disturbances on the LIN bus or if the bus is shorted to ground).

• Local wakeup through a low on NWake, which is asserted low longer than the filter time tNWake (to eliminate
false wakeups from disturbances on NWake)

• Local wakeup through EN being set high

10.4.1.3 Standby Mode
This mode is entered whenever a wake-up event occurs through LIN bus or NWake while the TPIC1021A 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 through INH. Standby mode is signaled through a low level on RXD.

When EN is set high while the TPIC1021A 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.
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Figure 7. Wakeup Through EN

Figure 8. Wakeup Through LIN
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Figure 9. Wakeup Through NWake
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11 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

11.1 Application Information
The TPIC1021A can be used as both a slave device and a master device in a LIN network. It comes with the
ability to support both remote wake-up requests and local wake-up requests.
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11.2 Typical Application

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

Figure 10. Typical Application Schematic
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Typical Application (continued)
11.2.1 Design Requirements
For this application example, use these requirements:
1. RXD on MCU or LIN Slave has internal pullup, no external pullup resistor is required.
2. RXD on MCU or LIN Slave without internal pullup, requires external pullup resistor.
3. Master Node applications require an external 1-kΩ pullup resistor and serial diode.

11.2.2 Detailed Design Procedure
The RXD output structure is an open-drain output stage. This allows the TPIC1021A to be used with 3.3-V and
5-V I/O microcontrollers. If the RXD pin of the microcontroller does not have an integrated pullup, an external
pullup resistor to the microcontroller I/O supply voltage is required.

The VSUP pin of the device must be decoupled with a 100-nF capacitor as close to the supply pin of the device as
possible.

The NWAKE pin is a high voltage wake-up input to the device. If this pin is not being used it must be tied to
VSUP.

11.2.3 Application Curves
Figure 11 and Figure 12 show the propagation delay from the TXD pin to the LIN pin for both the recessive to
dominant and dominant to recessive states under lightly loaded conditions.

Figure 11. Dominant to Recessive Propagation Delay Figure 12. Recessive to Dominant Propagation Delay

12 Power Supply Recommendations
The TPIC1021A was designed to operate directly off car battery, or any other DC supply ranging from 7 V to
27 V. A 100-nF decoupling capacitor must be placed as close to the VSUP pin of the device as possible.
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13 Layout

13.1 Layout Guidelines
• Pin 1 is the RXD output of the TPIC1021A. It is an open-drain output and requires an external pullup resistor

in the range of 1 to 10 kΩ to function properly. If the micro-processor paired with the transceiver does not
have an integrated pullup, and external resistor must be placed between RXD and the regulated voltage
supply for the micro-processor.

• Pin 2 is the EN input pin for the device that is used to place the device in low power sleep mode. If this
feature is not used on the device, the pin must be pulled high to the regulated voltage supply of the micro-
processor through a series 1-kΩ to 10-kΩ series resistor. Additionally, a series resistor may be placed on the
pin to limit the current on the digital lines in the case of a overvoltage fault.

• Pin 3 is a high-voltage local wake-up input pin. The device is typically externally controlled by a normally open
switch tied between NWAKE and ground. When the momentary switch is pressed the NWAKE pin is pulled to
ground signaling a local wake-up event. A series resistor between VBATT and the switch, and NWAKE and
the switch must be placed to limit current. If the NWAKE local wake-up feature is not used, the pin can be tied
to VSUP through a 1-kΩ to 10-kΩ pullup resistor.

• Pin 4 is the transmit input signal to the device. A series resistor can be placed to limit the input current to the
device in the case of a overvoltage on this pin. Also a capacitor to ground can be placed close to the input pin
of the device to filter noise.

• Pin 5 is the ground connection of the device. This pin must be tied to a ground plane through a short trace
with the use of two vias to limit total return inductance.

• Pin 6 is the LIN bus connection of the device. For slave applications a 220-pF bus capacitor is implemented.
For master applications an additional series resistor and blocking diode must be placed between the LIN pin
and the VSUP pin.

• Pin 7 is the supply pin for the device. A 100-nF decoupling capacitor must be placed as close to the device as
possible.

• Pin 8 is a high-voltage output pin that may be used to control the local power supplies. If this feature is not
used the pin may be left floating.

NOTE
All ground and power connections must be made as short as possible and use at least two
vias to minimize the total loop inductance.

13.2 Layout Example

Figure 13. TPIC1021A-Q1 Layout
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14 Device and Documentation Support

14.1 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

14.2 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

14.3 Trademarks
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

14.4 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

14.5 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

15 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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assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer’s company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. TI has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.
Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), TI is not responsible for any failure to meet such industry standard requirements.
Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class III devices and equivalent classifications outside the U.S.
TI may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.
Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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