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Motivation

Local Interconnect Network (LIN) has reached already over
20 years since its first version 1.3 was fully implemented in a vehicle.
Even though it cannot provide speeds higher than 20 kbps and single
frame is limited to 8 bytes, car manufactures still rely on it in
conventional car body application such as side mirrors, wipers, or Figure 1. Testbench Photo
a trunk. More innovative application based on LIN is Passive Entry
Passive Start (PEPS) also found under numerous other acronyms such
as Passive Keyless Entry (PKE) or Phone-as-a-Key (PaakK).
Predominant wireless communication protocol in this case is Key Features
nowadays Bluetooth Low Energy (BLE) as it can fit into a constrained
power budget imposed by limited car battery capacity. In this article
we demonstrate an optimized design for automotive keyless entry

NVC7428
® LIN transceiver (LIN2.x and J2602

based on LIN and BLE products of onsemi. compliant)
® Max. 28 V supply input, 45 V abs.
LIN Transceiver Max rating

In this design we use automotive—qualified NCV7428 System Basis
Chip (SBC). We select the variant with 3.3 V internal LDO voltage
regulator which is capable of supplying and protecting loads of up to
70 mA. Its control logic implements a 6—state—machine controlled
mainly by TxD and EN pins. Provided application diagram in the e Control logic with state-machine (SBC)
datasheet is sufficient to implement LIN bus between any 3.3 or 5 V ® [ow-power modes allowing Energy—saving
MCU. mechanisms

o )
BLE Transceiver UART interface

onsemi’s state—of—art BLE 5.2 automotive System—on—Chip (SoC) ¢ 192 kbps LIN data rate
NCV-RSI 15 is an optimal solution for car access application due to NCV-RSL15
its security features and cryptographic hardware accelerators.
Moreover, it offers LIN library as part of the official sample code Arm Cortex M33
package. Cyber-security features
The previous generation BLES.0 SoC NCV-RSI 10 shares the same
PHY layer of BLE stack as the RSL15. RSL10's radio front-end
supports 1 Mbps and high—-speed 2 Mbps data—-rate. RSL15 added
support for long range—low data rate CODED transmission. Such
device is an optimal solution for applications such as tire pressure
monitoring (TPMS). NCV-RSL10
Both devices offer certified BLE stack and AEC-Q100 Grade 2 ® Arm Cortex M3
which gu‘arantees operational temperature up to 105°C. . AES128 Hardware—-accelerated engine
Most importantly RSL10 and RSL15 perform best-in—class o
according to the Ultra—-Low Power (ULP) efficiency benchmark ¢ Certified BLE 5.0
EEMBC ULPMark—CP score and RSL15 takes seconds place as per ® 384 kB Flash
ULPMARK-CM. ® AEC-Q100 Grade 2
For full description of supported features visit onsemi website and
download the documentation.

® 3.3 or 5 V regulator output (LDO), 70 mA
+/-2%
® Protection mechanisms

Localization features

Certified BLE 5.2

512 kB Flash

AEC-Q100 Grade 2 (-40 + 105°C)
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Figure 2. Testbench Block Diagram

HW and SW Demonstrator
The basic physical principle of the demonstrator can be
seen on Figure 2 We use following apparatus in our setup:
® BLE Evaluation Boards and LIN Interfaces with
cabling
® External Power Supply Generator
® Oscilloscope
Apart from the physical setup presented on Figure 3 and
Figure 4 we need separate test program for RSL10 and

RSL15. We use the existing LIN sample code for RSL15
device that can be added in the onsemi IDE from the CMSIS
example library.

In case of RSL10, we write a custom LIN protocol in the
application program that uses the UART as an underlying
communication mechanism. In effect we can achieve
20 kbps data—rate purely in our custom test program written
from scratch. Refer to Appendix for the graphical
description of the application.

Figure 3. RSL15 LIN Setup

Figure 4. RSL10 LIN Setup
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LIN BUS PRINCIPLES

Dominant state (0 V) has the power to overwrite the
recessive default LIN bus state (12 V). This can be observed
in Figure 6 where a packet is put on the bus that by default
is pulled up to the 12 V. This voltage is common in
automotive body applications.

Packet information is encoded on the bus by pulling the
LIN data signal down (bit 0) or pulling up (bit 1).
Transceiver does this using its internal push—pull circuit
connected directly to LIN data pin. See Block Diagram of
NCV7428 for reference. The logical state of the LIN bus is
determined by comparing the bus voltage to the threshold
voltage reference. For LIN communication 40% or less of
12V (<= 4.8 V) corresponds to logical 0. 60% or more
(>=7.2 V) is logical 1.

TFrame_SloI

Jitter Trrame Maximum Inter-frame space

UN\/\/W RV VI VAR VI

Break Sync  Protected Data1 Data2 DataN Checksum
field field  identifier
field

Figure 5. LIN Packet Definition
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Figure 6. Recorded LIN Packet

Table 1. PIN ASSIGNMENT

Signal \ Pin RSL15 GPIO RSL10 GPIO
X 2 3
RX 3 1
EN 4 4
Button 5

In next steps RSL10 and RSL15 LIN implementation is
presented interchangeably. Due to higher complexity of
RSL10 Evaluation Board and the custom LIN driver
developed for demonstration we focus on this device in
terms of SW and HW.

Table 2. RSL10 EXTERNAL SUPPLY

CONFIGURATION
Mode \ Config | VDD_AT | VDDO 33V VBAT
EXT Regulated VDDO 3.3V REG 3.3V
(Figure 6)
EXT VBAT VDDO VBAT REG BATT

Values of the passive components are taken from the
datasheet.

Table 3. PIN ASSIGNMENT

Role\ [ Drey | Dpu_ | Rru_ | Cun_ | Cvs [Rpu_-|Cvout

Comp LIN LIN m/s RSTN

Master | N/A 1N4 | 1kQ [ 1nF |[100nF| N/A | 2uF
148

Slave | N/A - - |220pF|100nF| N/A | 2uF
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Figure 7. RSL10 Evaluation Board Supply
Setting- EXT Regulated

After configuring the power supply according to Table 2
we can plug VOUT and GND from NCV7428 into
EXTERNAL POWER socket. The remaining signals
coming from the transceiver are TX, RX, EN. Follow Table
for reference.

RSL15 Evaluation Board power supply configuration is
much simpler— VBAT-SEL jumper should connect VBAT
with VOUT. As shown on Figure 3 RSL15 LIN Setup the
VOUT pin of NCV7428 supplying 3.3 V is connected to
VBAT header on the board.

Application diagram of the LIN transceiver should be
followed when building the interface between 12 V and
3.3 V net. It advises on which external components should
be used for the controller (master) and peripheral (slave). In
this design 2 slaves and 1 master were tested.

www.onsemi.com
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Figure 8. NCV7428 Interface-Peripheral
Board- Slave

It is advised that the device and the whole setup is handled
very carefully when switching 12 V power supply on/off
and reconnecting any pin either on the Evaluation Board or
on the LIN interface. Also connecting probes of
a measurement device might lead to a short—circuit such as
12 V LIN line with GND which damages NCV7428
irreversibility.

RSL10 REQUEST RESPONSE SAMPLE CODE

The application demonstrated in Appendix section:
Figure 21 and Figure 22, utilizes two modes of NCV7428:
Standby and Normal. The transition is done upon EN and
TxD input signal.

STANDBY

NORMAL
EN= 1——p»
-Vour: on ) :
~RSTN: High 3 RN Figh
-LIN: Wakeup mode < EN=0 -LIN: Activg mode
~RxD: Low after Wakeup/ TX*‘[;"f 1 ~RxD: Received LIN Data

High otherwise

Figure 9. Part of NCV7428 State Machine

LIN MASTER

In total, 4 signals can be monitored on the oscilloscope to
diagnose the LIN bus: TX, RX, EN logic signal of NCV7428
and LIN data signal.

® Top, yellow — TxD*,
® Middle, green — RxD* or EN,
® Bottom, red — LIN data.

* Disregard “Slave” prefix in below Figures.

In below figures we observe signals on the LIN master
controller in 3 timespans:
® “Request—Response”- initial transmission and response
in 1 figure,
® “Request”- packet transmission from the master,
® “Response”— packet received from the slave.
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Figure 11. Master Request (Left) Response (Right):

UART TX, EN and LIN Data
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Figure 12. LIN Master, Request: TX Frame in
Close-up
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Figure 13. LIN Master, Response from Slave: RX
Frame in Close-up

LIN SLAVE

In the below figures we record the bus traffic at the slave’s
transceiver which contains both request and response LIN
packet in one continuous capture.
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Figure 14. LIN Slave, Received Request,
Transmitted Response: UART TX, RX, LIN Data
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Figure 15. LIN Slave, Received Request (Left),
Transmitted Response (Right): UART TX, EN, LIN
Data

o
RSL15 SINGLE BROADCAST SAMPLE CODE

LIN driver is added in the RTE configuration by checking
the box as shown below.

~ ¢ Device Startup, System Setup
» & Bluetooth Core (API) 100 , BLE Coreimplementa
> @& Bluetooth Profiles
> % cc3l2
~ @ Libraries
@ DMA O source ONSemiconductor 1.7.244 . DMA Driver for RSL15
@ Flash O  source ONSemiconductor  1.7.244 ., Flash Source
@ GPIO source ONSemiconductor  1.7.244 . GPIQ Driver for RSL15
@ HAL source . ONSemiconductor  1.7.244 . HAL Source
@ LN source OMNSemiconductor  1.7.244 . LIN Driver for RSL13

Figure 16. RSL15 Slave Application Sequence

To use the driver, we initialize it differently for slave and
master in our common application.

#ifdef LIN CONTROLLER
lin->Initialize(Controller CallBack,
uart) ;
lin->Control (ARM LIN CONTROL MODE,
ARM LIN MODE CONTROLLER) ;
#else
lin->Initialize (Peripheral CallBack,
uart) ;
#endif.

In the inifinite loop in the main program we invoke the
transfer function that fills and empties the TX and RX buffer.

while (1) {
lin->CheckTransferDone () ;
LIN CheckForErrors();
#ifndef LIN CONTROLLER
lin->Transfer (lin tx buffer,
lin rx buffer, APP_LIN RX BUFFER MAX SIZE);
#endif
SYS WATCHDOG REFRESH () ;
_ WFI();

The demonstrator blinks an LED if:
® Master has successfully transmitted a packet
® Slave has successfully received the packet and its

content matches the expected value.
Controller
Callback

[ main ] [Button Callback]

>
HC—EIO_E‘J}:NT_D_IRQ

lin->Send

return J_'_l

ToggleGEIO (LED)

Figure 17. RSL15 Master Application Sequence
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main

Bl

lﬁn—)Trans:‘er . _ _ _ o i
H Ll ERM LIN EVENT RECEIVE COMPLETE

Peripheral
Callback
H
H

ToggleGPIO (LED)

return

P It
‘while (1)

Figure 18. RSL15 Slave Application Sequence

In our application the transmitted packet is immediately
received back (loop-back) by the sender. Therefore, the
TxD and RxD line are identical at the sender’s NCV7428. It
is important that this does not lead to a side—effect such as
processing by the controller of its own packet.
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Figure 19. LIN Master TX Message: UART RX, TX and
LIN Data

The same packet is seen by the slave after the
communication delay.
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Figure 20. LIN Slave RX Message: UART RX, TX and
LIN Data

Using onsemi’s NCV7428 brings cost and size benefits
for the end application. Thanks to our software sample code
and testbench we demonstrated how to efficiently control
LIN bus through a request-response scheme that we
implemented and programmed on RSL10 and RSL15
boards.
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APPENDIX 1

LIN_start_timer (LIN EVENT BREARGEN
Gensrate Break on LIN bus

vt Beemiaiioac ! LI )
app.c e LIN transmission LIN setting state TIMERZ_IRQ DIO1_IRQ UART_TX_IRQ UART_RX_IRQ
L J L J
H DIOS high H H
send reguest=true :
— button pressed? . ,
H Set EN IO high
: Fill LIN Buffr(LINGetData)
5 LIN_checksum (txbuf)
H Set State(BREAK)

return

Set State(TX)
Enable and set penfiihg UART_TX_IRQn

m UART TX IRQ && siill bytes to send :

*| all bytes T T1
H put byte on UART->TX DATA

- . -

: UART TX IRQ && all bytes sent-

disable UART TX_ IRQn
LIN start timer(LIN EVENT TXFINI

o e eaan

H)

timser IRQ && even

*txﬂmshdispatch

1 Stais(DLe) ' Set EN| DIO low
i if expecting_fefponse then: H

LIN_start_timer (LIN _IDLE_TO_LISTEN)

LIN_TXfinish()

return

timer IRQ && LIN_IDLE_TO_LISTEN

ot State(LISTEN)

Set ENJ0OIO high
enable DIO1_IRQ for break detection

return

BREAK falling edge dekected

LIN_start_timer(LIN_|ENVENT_BREAKDET)

return

timer IRQ && BREAK duration

retu .h‘l

BREAK rising edge detectad

| | |

4t State(RX)

enable UA}HiRXJ RQn H
IN start timer (LIN_EVENT RXTIMEOUT)

P Y.

return

LIN master_receive:
read byte from UART->RX DATA

return

UART RX IRQ && still byi,es to read

UART RX IRQ &4 all b'y(es read

¥
LIN master_receive:
calculate checksum

nedispatch()

LIN_receive (SUCCESS) :
if expected response == true
then ToggleGPIO(LED DIG)

Set State(IDLE

set EN] DIO low
disablg il IRQs

Figure 21. RSL10 Master Application Diagram
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APPENDIX 2

L[N_settiﬂg_sta]e [ DIO1_IRQ ] [TIMERZ_]RQ] [UART_RX_IRQ] [UART_TX_IRQ]

ERlETs

Inifidlie()
SetE 10 high
dispatch

Set State(LISTEN)

Set EN_OIO high
enable DIO1_1 for break det.

— +  BRFEAKrising edge det ted

H ---Set State(RX} T H | H
: enable UART RX_IRQ H : : :
LIN_start_timer(LIN]| EVENT_TIMEOUT) ! H | H

: UART RX IRQ & still bytes to read ; :

: ] . :

! LIN _master_receive: !

H read byte from UART->RX DATA H

UART RX IRQ && all bytes read : } i

“rxdispatch()

r
B LIN_master_receive: H
calculate checksum

€
| €

LIN report dispatch():
if expected msg==bufrx

then

ToggleGPIO (LED_DIO)
LIN_transmission(LINRSSIData):
Set EN_DIO high

Set State(BREAK)

>

»|
LIN_start_timer (LIN_EVENT BREAKCEN)

regurn

Generate Break on LIN bus

Enable and set penfiig UART_TX_IRQn

ré_t_u_r_n_ —

timer IRQ && even ==L\N7EVEQT7ESREAKGEN*D|—|

et State(TX)

. [Repeat unti

UART TX IRQ && stil

bytes to send

returs

RO S I

LIN_start_timer (LIN_EVENT TXFINISH)

Ll
put byte on UART->TX DATA
.

UART TX IRQ &4 all bytes sent——»f |

disable UART TX IRQn

IN_EVENT_TXFINISH |

LIN TXfinish()
|

Set EN|
xpecting

10 low

ponse then

1

expecting response = 1

expecting response = 1

timer IRO !

: : - Set State(LISTEN)
: : set EN/ QIO high

E E enable DIO1_IRQp for break detection

E return E

Figure 22. RSL10 Slave Application Diagram
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Bluetooth and the Bluetooth logo are registered trademarks of Bluetooth SIG.

onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
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