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L6360

|O-Link communication master transceiver IC

el

VFQFPN 26L (3.5x5x1 mm)

Features

e  Supply voltage from 18 Vto 32.5V

Programmable output stages: high-side, low-

side or push-pull (<2 Q)

Up to 500 mA L+ protected high-side driver

COM1, COM2 and COM3 mode supported

Additional IEC61131-2 type 1 input

Short-circuit and overcurrent output

protection through current limitation and

programmable cut-off current

3.3V /5V, 50 mA linear regulator

5 mA 10-Link digital input

e  Fast mode I2C for IC control, configuration
and diagnostic

o Diagnostic dual LED sequence generator
and driver

e 5Vand 3.3V compatible I/0Os

e  Overvoltage protection (> 36 V)

e  Overtemperature protection

e  ESD protection

e  Miniaturized VFQFPN 26L (3.5x5x1 mm)
package

Applications

e Industrial sensors
e  Factory automation

May 2016

Datasheet - production data

. Process control

Description

The L6360 is a monolithic 10-Link master port
compliant with PHY2 (3-wire) supporting COM1
(4.8 kbaud), COM2 (38.4 kbaud) and COM3
(230.4 kbaud) modes. The C/Qo output stage is
programmable: high-side, low-side or push-pull;
also cut-off current, cut-off current delay time,
and restart delay are programmable. Cut-off
current and cut-off current delay time, combined
with thermal shutdown and automatic restart,
protect the device against overload and short-
circuit. C/Qo and L+ output stages are able to
drive resistive, inductive and capacitive loads.
Inductive loads up to 10 mJ can be driven.
Supply voltage is monitored and low voltage
conditions are detected. The L6360 transfers,
through the PHY2(C/Qo pin), data received from
a host microcontroller through the USART (IN
C/Qo pin), or to the USART (OUT C/Qi pin) data
received from PHY2 (C/Qi pin). To enable full IC
control, configuration and monitoring (i.e. fault
conditions stored in the status register), the
communication between the system
microcontroller and the L6360 is based on a fast
mode 2-wire I12C. The L6360 has nine registers to
manage the programmable parameters and the
status of the IC. Monitored fault conditions are:
L+ line, overtemperature, C/Q overload, linear
regulator undervoltage, and parity check. Internal
LED driver circuitries, in open drain configuration,
provide two programmable sequences to drive
two LEDs.
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Block diagram L6360

1 Block diagram

Figure 1: Block diagram
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Pin description

Figure 2: Pin connection (top through view)

CiQp C/Qp lQ L+ Vce

Vce
LED2

VH LED1

Vbbp SA0

SA1 RST

SA2 SDA

Rpias SCL

SEL IRQ

ENc/q INcjiq OUTcjql OUT)q ENL+

Table 1: Pin description

Number Name Function Type
1 Vce IC power supply Supply
2 L- L- line (IC ground) Supply
3 VH Linear regulator supply voltage Supply
4 Vb Linear regulator output voltage Output
5 SAl Serial address 1 Input
6 SA2 Serial address 2 Input
7 Rbiac Externa_l resistor for internal reference Input

generation

oS e o
9 ENciq C/Q output enable Input
10 INcrQ C/Q channel logic input Input
11 OUTHciq C/Q channel logic output Output
12 OUTHuq I/Q channel logic output Output
13 ENL: :_S+Cls(\)/li(t;h enable. When ENL+ is high the switch Input
14 IRQ Interrupt request signal (open drain) Output
15 SCL Serial clock line Input
16 SDA Serial data line Input/output
17 RST Reset - active low Input
18 SAO0 Serial address 0 Input
19 LED1 Status/diagnostic LED (open drain) Output
20 LED2 Status/diagnostic LED (open drain) Output

DoclD022817 Rev 5
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Number Name Function Type
21 L- L- line (IC ground) Supply
22 Vce IC power supply Supply
23 L+ L+ line Supply
24 1/Q I/Q channel line Input
25 C/IQ Transceiver (C/Q channel) line Input
26 C/Qo Transceiver (C/Q channel) line Output
DoclD022817 Rev 5 "_l
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Absolute maximum ratings

Table 2: Absolute maximum ratings

Symbol Parameter Value Unit

Vce Supply voltage Veiamp
VseL Linear regulator selection pin voltage -0.3t04
Vop Linear regulator output voltage 55

VH Linear regulator input voltage Vce

VSDA'lsch' SA4% 1 12C voltage -0.3t0 Vop + 0.3
VLED1,2 LED1,2 voltage -0.3to Vop + 0.3 \
Veiaql, Vig C/Q, I/Q voltage -0.3to Vcc + 0.3
VRsT Reset voltage -0.3to Vop + 0.3
VIrQ IRQ voltage -0.3to Vop + 0.3
VRbias External precision resistance voltage -03to 4
Vesp Electrostatic discharge (human body 2000
model)
| Current through VcLame in surge test 5 A
crave (1 kV, 500 Q) condition
Icio, I+ C/Qo, L+ current (continuous) Internally limited A
I0UTcro,
+
I0UTuo OUTciq, OUTuq output current +5 mA
N . -

lsoA I _C transmission data current (open drain 10 mA

pin)

IrQ Interrupt request signal current 20 A
ILED1,2 LED1, 2 current 10 mA
Eload L+ demagnetization energy 10 mJ
Pror Power dissipation at Tc = 25 °C Internally limited w

PLr Linear regulator power dissipation 200 mw

T Junction operating temperature Internally limited oc
Tstc Storage temperature range -55to 150

Notes:
(Mpeak value during fast transient test only.
DoclD022817 Rev 5 9/60




Recommended operating conditions

L6360
4 Recommended operating conditions
Table 3: Recommended operating conditions
Symbol Parameter Min. Typ. Max. Unit
Vce Supply voltage 18 325 \%
VH Linear regulator input voltage 7 Vce \%
fscL SCL clock frequency 400 kHz
Rbias Precision resistance -0.1% 124 0.1% kQ
T Junction temperature 40 125 °C
Table 4: Thermal data
Symbol Parameter Typ. Unit
Rthj-case Thermal resistance, junction-to-case 6 °C/W
Rthj-amb Thermal resistance, junction-to-ambient® 50 °C/W
Notes:

(MMounted on FR4 PCB with 2 signal Cu layers and 2 power Cu layers interconnected through vias.

10/60
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Electrical characteristics

(18 V<Veec <30V;-25°C < Ty< 125 °C; Vop = 5 V; unless otherwise specified).
Table 5: Supply

Symbol Parameter Test conditions Min. Typ. Max.

Unit

VcLavp Voltage clamp I=5mA 36

Undervoltage on

threshold 16 17 18

Vuv

Undervoltage

hysteresis 03 1

VuvH

Linear regulator
VRrecLnsH | undervoltage SEL=L 4.3 4.7
high threshold

Linear regulator
VrecLnsL | undervoltage SEL=L 3.6 4.2
low threshold

Linear regulator
VRregsHys | undervoltage SEL=L 0.1
hysteresis

Linear regulator
VRrecLnssH | undervoltage SEL=H 2.8 3.1
high threshold

Linear regulator
VrecLnssL | undervoltage SEL=H 25 2.7
low threshold

Linear regulator
VReGssHys | undervoltage SEL=H 0.1
hysteresis

C/Qiand I/IQ
VQTHH upper voltage 10.5 12.9
threshold

C/Qiand I/Q
VQrHL lower voltage 8 114
threshold

C/Q and I/Q
VaHy hysteresis 1
voltage

L+
Vdemag demagnetization | | =5 mA -8.5 -6.5 -4.8
voltage

C/Q high-side
freewheeling
diode forward
voltage

Virs =10 mA 0.5

C/Q low-side

freewheeling

diode forward
voltage

ViLs =10 mA 0.5

DoclD022817 Rev 5
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Electrical characteristics L6360
Symbol Parameter Test conditions Min. Typ. Max. | Unit
L+ line
VitHorr | diagnostic lower 9 10 11 \
threshold
L+ line
ViTHY diagnostic 0.1 1 \%
hysteresis
L+ line
VLTHON diagnostic upper 10 11 12 \%
threshold
OFF-state 100 MA
Is Supply current
ON-state Vcc at 32.5V 4 mA
OFF-state C/Qo _ _
lorFcq current ENcio=0,Vcio=0V 1 MA
70 115 190
C/Qo low- and 150 220 300
lcoq high-side cut-off | Programmable mA
current 290 350 440
430 580 720
C/Qo low- and
ILimQ high-side 500 1600 | mA
limitation current
L+ OFF-state _ _
lorrL current ENt+=0,Vi+=0V 0 200 MA
leou | L cutoff 480 580 730 | mA
current
.| L limitation 500 1600 | mA
current
| CIQi pull-down 5 65 | mA
linc/Qi current Programmable 33 A
v 1/Q pull-down 5 3 mA
current
L+ high-side lour=0.2AatT;=25°C 1 Q
RonL ON-state
resistance lour=0.2AatT;=125°C 2 Q
C/Qo high-side lour=0.2AatTs=25°C 1 Q
RoncoH ON-state
resistance lour=0.2AatT;=125°C 2 Q
C/Qo low-side lour=0.2AatTi=25°C 0.6 Q
RoncaL ON-state
resistance lout=0.2AatT;=125°C 1.2 Q
INciq to C/Qo Push-pull (CQo rising edge) 140 ns
tdiINC/Q propagation ]
delay time Push-pull (CQo falling edge) 160 ns
ENciq to C/Qo Push-pull (CQo rising edge) 110 ns
tenciQ propagation ]
delay time Push-pull (CQo falling edge) 225 ns
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Symbol

Parameter

Test conditions

Min.

Typ.

Max.

Unit

trep

C/Q rise time in
push-pull
configuration

10% to 90%

250

860

ns

tirp

C/Q fall time in
push-pull
configuration

10% to 90%

290

860

ns

trHs

C/Q rise time in
high-side
configuration

410

ns

tiHs

C/Q fall time in
high-side
configuration

700

ns

triLs

C/Q rise time in
low-side
configuration

750

ns

tiLs

C/Q fall time in
low-side
configuration

530

ns

tenc

ENL to L+
propagation
delay time

us

trL+

L+ rise time

us

tr+

L+ fall time

25

us

taciqi

C/Qito OUTcio
(falling)
propagation
delay time

40

ns

C/Qito OUTcrq
(rising)
propagation
delay time

100

ns

tairg

1/Q to OUTuo
(falling)
propagation
delay time

40

ns

1/Q to OUTuo
(rising)
propagation
delay time

100

ns

tdcog

C/Qo low- and
high-side cut-off
current delay
time

Programmable

100

150

200

250

us

us

us

us

trcoq

C/Qo restart
delay time

Programmable

255 X tdcoq

Latched®

us

tdbg

C/Qi debounce
time

Programmable

0

5

us

DoclD022817 Rev 5
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Symbol Parameter Test conditions Min. Typ. Max. | Unit
20
100
0
I/Q debounce 5
tdbl time Programmable 20 us
100
L+ cut-off 500
tdcol current delay Programmable V]
time 0
64 ms
treol |T+ restart delay Programmable
time Latched @
Junction
Tusp temperature 150 °C
shutdown
Junction
temperature o
TaHysT thermal 20 C
hysteresis
Junction
TarsT temperature 130 °C
restart threshold
Notes:
@unlatch through 12C communication.
Table 6: Electrical characteristics - linear regulator
Symbol Parameter Test conditions | Min. | Typ. | Max. | Unit
) SEL=L 4.84 5 5.13 \Y,
VoD Linear regulator output voltage
SEL=H 322 | 33 | 3.37 \Y,
ILimMr Linear regulator output current limitation 65 mA
Table 7: Electrical characteristics - logic inputs and outputs
Symbol Parameter Test conditions Min. Typ. | Max. | Unit
Vi Input low-level voltage 0.8 \%
ViH Input high-level voltage 2.2 \Y,
ViHis Input hysteresis voltage 0.2 \%
Iin Input current ViNn=5V 1 MA
VoL Output low-level voltage lout = -2 mA 0.5 \%
VoH Output high-level voltage lout = 2 mA Voo - 0.5V \
ViRro Open drain output low- lout = 2 MA 0.5 v
level voltage
DoclD022817 Rev 5 Kys
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Table 8: Electrical characteristics - LED driving

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Viep1,2 | Open drain output low-level voltage ILep = 2 mA 0.5 \%
ILep LED1, 2 leakage current Viepr = Viep2 =5V 3 nA
Table 9: Electrical characteristics - I°C (fast mode)
Symbol Parameter Test conditions Min. Max. | Unit
SDA high level input
ViL(spa) voltage 0.3 \Y
Vinson) SDA high level input 0.7 X Voo Vv
voltage
SCL low level input
Viwsceu) voltage 0.3 V
SCL high level input
ViH(scL) voltage 0.7 X Vbp \Y
N -
Iin I°C SDA, SCL input (0.1 X Vo) <Vin < (0.9 X Vo) -10 10 | pA
current
tr(spa) I2C SDA rise time 20+0.1Cp» | 300 ns
tr(scy) I2C SCL rise time 20+0.1Cy, | 300 ns
trspa) I2SDA fall time 20+0.1Cy, | 300 ns
tiscL) I2C SCL fall time 20+0.1Cy, | 300 ns
tsu(spa) SDA set-up time 100 ns
th(spa) SDA hold time 0.9 us
Repeated start
tsu(sTA) condition setup 06 HS
Top condition set-u
tsu(sto) tim% P 0.6 us
¢ Stop to start condition 13 s
W(START/STOP) time (bus free) . M
tw(scLy) SCL clock low time 1.3 V]
tw(scLH) SCL clock high time 0.6 VE
Co Capgcﬂance for each 400 | pF
bus line
Capacitance for each
Ci /O pin 10 pF
Values based on standard 1°C protocol requirement.
DoclD022817 Rev 5 15/60




Electrical characteristics

L6360

16/60

Figure 3: Rise/fall time test setup
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Figure 4: Normalized rise and fall time vs. output capacitor value (typ. values in push-pull
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Table 10: Main parameter typical variations vs. +/- 1% variation of Rbias value

Parameter Typ. variation vs. Rbias

Symbol Roias [kQ]
122.74 | 124 | 125.24
Is Supply current 0.76% 0 -0.50%
linciqi Input current C/Qi pin (5.5 mA) 0.93% 0 -0.93%
linc/qi Input current C/Qi pin (2.5 mA) 0.75% 0 -1.13%
ling Input current I/Q pin (2.5 mA) 0.85% 0 -0.85%
tdcoq C/Qo low- and high-side cut-off current delay time -2.44% 0 2.00%
Icoq C/Qo low- and high-side cut-off current (115 mA) 1.19% 0 -1.28%
tdcol L+ cut-off current delay time (500 ps) -0.95% 0 0.47%
IcoL L+ cut-off current 1.36% 0 -0.91%
treol L+ restart delay time -0.93% 0 0.97%
Vuv Undervoltage ON-threshold 0.00% 0 0.00%
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Parameter Typ. variation vs. Rbias

Symbol Rbias [kQ]
122.74 | 124 | 125.24
Vop Linear regulator output voltage (3.3 V) -0.03% 0 0.03%
Vop Linear regulator output voltage (5 V) -0.02% 0 0.02%
ILimg C/Qo high-side limitation current 0.64% 0 -0.71%
ILimg C/Qo low-side limitation current 0.28% 0 -1.47%
lume L+ limitation current 0.47% 0 -2.09%
VQTHH C/Qi and 1/Q upper voltage threshold 0.00% 0 0.00%
VaQrHL C/Qi and 1/Q lower voltage threshold 0.00% 0 0.00%
Vny C/Q and 1/Q hysteresis voltage 0.00% 0 0.00%
tiep C/Q rise time in push-pull configuration -1.59% 0 1.18%
tiep C/Q fall time in push-pull configuration -2.14% 0 0.94%
tdinciQ INciq to C/Qo propagation delay time -1.44% 0 0.75%
tdinciQ INciq to C/Qo propagation delay time -2.36% 0 0.18%
tacrqi C/Qi to OUTciq propagation delay time 0.49% 0 1.13%
tacrqi C/Qi to OUTciq propagation delay time 1.82% 0 0.03%
tdbq C/Qi debounce time (100 ps) -1.76% 0 1.50%
tdcog C/Qo low- and high-side cut-off current delay time (200 ps) -1.27% 0 2.00%
Icoq C/Qo low-side cut-off current (220 mA) 0.39% 0 -1.56%
Icoq C/Qo low-side cut-off current (350 mA) 0.36% 0 -1.43%
Icoq C/Qo low-side cut-off current (580 mA) 0.65% 0 -1.72%
trcog C/Qo restart delay time -0.90% 0 0.97%
Icoq C/Qo high-side cut-off current (220 mA) 0.84% 0 -0.84%
Icoq C/Qo high-side cut-off current (350 mA) 1.38% 0 -0.69%
Icoq C/Qo high-side cut-off current (580 mA) 1.08% 0 -1.08%
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Device configuration
SDA and SCL configure the L6360 device through I2C.

Introduction

The 12C bus interface serves as an interface between the microcontroller and the serial 1°C
bus. It provides single master functions, and controls all I2C bus-specific sequencing,
protocol and timing. It supports fast I°C mode (400 kHz).

Main features

Parallel bus/I2C protocol converter
Interrupt generation

Fast I°C mode

7-bit addressing

General description

In addition to receiving and transmitting data, this interface converts it from serial to parallel
format and vice versa. The interface is connected to the I2C bus by a data pin (SDA) and a
clock pin (SCL).

SDA/SCL line control

SDA is a bi-directional line, SCL is the clock input. SDA should be connected to a positive
supply voltage via a current-source or pull-up resistor. When the bus is free, both lines are
HIGH. The output stages of the devices connected to the bus must have an open drain or
open collector output to perform the wired AND function. Data on the 12C bus can be
transferred to rates up to 400 Kbit/s in fast mode. The number of interfaces connected to
the bus is limited by the bus capacitance. For a single master application, the master's SCL
output can be a push-pull driver provided that there are no devices on the bus which would
stretch the clock. Transmitter mode: the microcontroller interface holds the clock line low
before transmission. Receiver mode: the microcontroller interface holds the clock line low
after reception. When the 12C microcontroller cell is enabled, the SDA and SCL ports must
be configured as floating inputs. In this case, the value of the external pull-up resistors
used depends on the application. When the 12C microcontroller cell is disabled, the SDA
and SCL ports revert to being standard 1/0O port pins. On the L6360, the SDA output is an
open drain pin.

Mode selection
Possible data transfer formats are:

e  The master transmitter transmits to the slave receiver. The transfer direction is not
changed

e  The slave receiver acknowledges each byte

e  The master reads data from the slave immediately after the first byte (see Figure 6: "A
master reads data from the slave immediately after the first byte"). At the moment of
the first acknowledge, the master transmitter becomes a master receiver and the slave
receiver becomes a slave transmitter

This first acknowledge is still generated by the slave. Subsequent acknowledges are
generated by the master. The STOP condition is generated by the master which sends a
not-acknowledge (A) just prior to the STOP condition.
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Figure 5: A master transmitter addressing a slave receiver with a 7-bit address (the transfer is
not changed)

SLAVE ADDRESS | R/W DATA DATA w
‘ Data transferred

‘0" (write) (n bytes + acknowledge)

A =acknowledge (SDA LOW)
NA = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

I:‘ from master to slave

. from slave to master

Figure 6: A master reads data from the slave immediately after the first byte

SLAVE ADDRESS | RW

‘1" ( read)

Data transferred
(n bytes + acknowledge)

A = acknowledge (SDA LOW)

NA = not acknowledge (SDA HIGH)
S =START condition
P = STOP condition

D from master toslave

. from slave to master

On the microcontroller, the interface can operate in the two following modes:

. Master transmitter/receiver
o Idle mode (default state)

The microcontroller interface automatically switches from idle to master receiver after it
detects a START condition and from master receiver to idle after it detects a STOP
condition. On the L6360 the interface can operate in the two following modes:

. Slave transmitter/receiver
. Idle mode (default state)

The interface automatically switches from idle to slave transmitter after it detects a START
condition and from slave transmitter to idle after it detects a STOP condition.
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Functional description

By default, the 12C microcontroller interface operates in idle; to switch from default idle
mode to master mode a START condition generation is needed. The transfer sequencing is
shown in the picture below.

Figure 7: Transfer sequencing

7-bit master transmitter (microcontroller)/ slave receiver (L6360)

sLAvE ADDRESS [ Rw | | pata1 | |.. | paman

A

7-bit master receiver (microcontroller) /slave transmitter (L6360)

SLAVEADDRESS | RW | Al N -
A DATA DATAN

D from master to slave

- from slave to master

Communication flow

The communication is managed by the microcontroller that generates the clock signal. A
serial data transfer always begins with a START condition and ends with a STOP condition.
Data is transferred as 8-bit bytes, MSB first. The first byte following the START condition
contains the address (7 bits). The 9t clock pulse follows the 8 clock cycle of a byte
transfer, during which the receiver must send an acknowledge bit to the transmitter.

Figure 8: 12C communication

SDA — --- —
_\ MSB LSB ACK /_

SCL
1 2 ls\ﬁ\

START STOP
condition condition

Each byte is followed by an acknowledgment bit as indicated by the A or A blocks in the
sequence. A START condition immediately followed by a STOP condition (void message)
is a prohibited format.

3
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I2C address

Each I12C connected to the bus is addressable by a unique address. The I2C address is 7
bits long, and there is a simple master/slave relationship. The LSB of the L6360 address
can be programmed by means of dedicated IC pins (SAO, SA1 and SA2, which can be hard
wired to Vop or GND, or handled by uC outputs): the microcontroller can interface up to 8
L6360 ICs. The I12C inside the device has 5 pins:

SDA: data
SCL: clock

SAO: LSB of the L6360 address
SA1: bit 1 of the L6360 address
SAZ2: bit 2 of the L6360 address

The 12C L6360 IC address is:

o  Fixed part (4 MSBits): set to “1100”
e  Programmable part (3 LSBits) by hardware: from “000 to 111" connecting SAx pins to

GND or VDD

In the L6360 the SDA is an open drain pin.

Internal register

The L6360 has some internal registers to perform control, configuration, and diagnostic
operations. These registers are listed below:

Status register

Control register 1
Control register 2

LED1 register LSB

LED2 register LSB
Parity register

Configuration register

LED1 register MSB

LED2 register MSB

Each register is addressable as follows:

Table 11: Register addresses

Address Register name
0000 Status register
0001 Configuration register
0010 Control register 1
0011 Control register 2
0100 LED1 MSB
0101 LED1 LSB
0110 LED2 MSB
0111 LED2 LSB
1000 Parity register
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Status register
Read only
Reset value: [00000000]

Figure 9: Status register

7 6 5 4 3 2 1 0
The status register stores diagnostic information. It can be read to check the status of the
run-time of the device (faults, warning, transmission corrupted, etc.). When a fault condition
occurs, a bit (corresponding to the fault condition) in the status register is set and an

interrupt (via the IRQ pin) is generated. If there is no persistent fault condition, the status
register is cleared after a successful current read.

Bit 7 = PO: Power-on (L+ line)

This bit indicates the status of L+ line voltage. If the voltage goes under the lower threshold
(VitHorr) and ENL+ is high, the PO bit is set. It is reset after a successful current read if the
L+ voltage has returned above the upper threshold VitHon and the read operation has
begun after the bit has been set. When the PO bit is high, IRQ is generated. During ENL+
transition (from low-level to high-level) and during L+ line voltage transition, a fault
condition is reported setting the PO bit and activating the IRQ pin. To reset the fault a
successful current read is necessary.

Figure 10: Power-on bit behavior

Current read

PO

v

Bit 6 = not used: always at zero
Bit 5 = OVT: overtemperature fault

This bit indicates the status of the IC internal temperature. If the temperature goes above
the thermal shutdown threshold (T > Tasp) the OVT bit is set. It is reset after a successful
current read if the temperature has returned below the thermal restart threshold (Tps -
Tanist) and the read operation has begun after the bit has been set. When OVT bit is high,
the power outputs are disabled and IRQ is generated.

3
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Figure 11: Overtemperature (OVT) bit behavior

Current read

ovT

v

Bit 4 = CQOL: C/Q overload

This bit is set if a cut-off occurs on the C/Q channel. It is reset after a successful current
read if the restart delay time (trcoq) has elapsed or the protection is latched (bit trcog = 1). The
read operation should begin after the CQOL bit has been set. When CQOL bit is high, IRQ
is generated. When CQOL bit is high and the protection is latched (bit trcoq = 1 in control
register 1), the C/Q power output is disabled. See next figure.

Figure 12: Cut-off behavior

Current read
A C/Q driver disabled l

< >

,,,,,, :T/—— Control

i s ' register 1
i i tdcoq = XX
; | trcoq =0
cQoL |
»
L

Current read

lcoa

v

A C/Q driver disabled l

| !

coQ i Control
i register 1
1 t = XX
! (¢ o deog =
‘ ‘ D) > trcoq =1
.y t

tdcoq! trcoq

cQoL

-~V
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Bit 3 = LOL: L+ overload

This bit is set if a cut-off occurs on the L+ driver. It is reset after a successful current read if
the restart delay time (trcol) has elapsed or the protection is latched (bit trcol = 1 in control
register 2). The read operation should begin after the LOL bit has been set. When LOL bit
is high, IRQ is generated. When LOL bit is high and the protection is latched (bit trcoi = 1 in
control register 2), the L+ power output is disabled. The behavior is the same as the C/Q
driver (see Figure 12: "Cut-off behavior").

Bit 2 = not used: always at zero
Bit 1 = REG LN: linear regulator undervoltage fault

This bit is set in case of undervoltage of the linear regulator output (Vrecinw). It is reset after
a successful current read if the linear regulator output has returned to normal operation and
the read operation has begun after the bit has been set. When REGLN bit is high, IRQ is
generated.

Bit 0 = PE: parity check error
This flag is set if parity error occurs.
Control register 1
Read/write
Reset value: [00100001]
Figure 13: Control register 1

7 6 5 4 3 2 1 0

The control register holds the parameters to control the L6360.
Bit 7 = ENceq: C/Qi pull-down enable
Table 12: ENccq: C/Q pull-down enable

ENcco Pull-down generator status
0 Always OFF
If ENcio=0 ON
1
IfENcig =1 OFF

Bit 6:5 = lcoq [1:0]: C/Qo HS and LS cut-off current

This bit is used to configure the cut-off current value on the C/Q channel, as shown in the
following table.

Table 13: lcoq: C/QO HS and LS cut-off current

lcog[1] lcoq[O] Typ.
0 0 115 mA
0 1 220 mA
1 0 350 mA
1 1 580 mA
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Bit 4:3 = tdcoq [1:0]: C/Qo HS and LS cut-off current delay time

The channel output driver is turned off after a delay (tdacoq) programmable by means of

these two bits.

Table 14: tacoq: C/QO HS and LS cut-off current delay time

tdcoq[1] tdcoq[O] Typ.
0 0 100 ps
0 1 150 ps
1 0 200 ps
1 1 250 ps®

Notes:

(1)According to power dissipation at 2 kHz switching, C < 1 yF and power dissipation 0.7 W.

Bit 2 = treoq: C/Qo restart delay time

After a cut-off event, the channel driver automatically restarts after a delay (trcoq)

programmable by means of this bit.

Table 15: trcoq: C/QO restart delay time

trcoq Typ o
0 255X tdcog
1 Latched®

Notes:

@unlatch through 12C communication (reading or writing any internal register).

Bit 1:0 = tabq [1:0]: C/Qi debounce time

Debounce time is the minimum time that data must be in a given state after a transition. It
is a programmable time, and can be configured as shown in the following table.

Table 16: tabg: C/Ql debounce time

tabq[1] tanq[0] Typ.
0 0 0 us
0 1 5us
1 0 20 ps
1 1 100 ps

Control register 2
Read/write
Reset value: [0x100001]
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Figure 14: Control register 2

7 6 5 4 3 2 1 0
oo e bood e fea il

The control register holds the parameters to control the L6360.
Bit 7 = ENcar: 1/Q pull-down enable
Table 17: ENcari: 1/Q pull-down enable

ENcal Pull-down generator status
0 Always OFF
1 Always ON

Bit 5 = CQppc: C/Q pull-down generator switching

In order to reduce consumption, it is possible to switch from default to low-power
configuration by resetting the CQpoc bit.

Table 18: CQrpc: C/Q pull-down generator switching

CQrpG Pull-down generator status
0 Iinvqi (input current C/Qi pin) = 2.5 mA
1 Iincrqi (input current C/Qi pin) = 5.5 mA

Bit 4 = L+cop: L+ cut-off disable
The cut-off function on the L+ switch can be enabled or disabled according to the L+cop bit.
Table 19: L+cop: L+ cut-off disable

L+cop L+ cut-off current status
0 Enabled
1 Disabled

As the cut-off function is intended to protect the integrated switches against overload and
short-circuit, disabling the cut-off is not recommended.

Bit 3 = tocoL: L+ cut-off current delay time
The channel output driver is turned off after a delay (tocor) programmable by this bit.

Table 20: tocoL: L+ HS cut-off current delay time

tbcoL Typ.
0 500 us
1 O us

Bit 2 = trcoL: L+ restart delay

After a cut-off event, the channel driver automatically restarts again after a delay (trcoL)
programmable by this bit.
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Table 21: trcoL: L+ restart delay

trcoL Typ.
0 64 ms
1 Latched?

Bit 1:0 = tabi [1:0]: 1/Q debounce time

Debounce time is the minimum time that data must be in a given state after a transition. It

is a programmable time, and it can be configured as shown in the table below.
Table 22: Bit 1:0 = tavi [1:0]: I/Q debounce time

tabi[1] tabi[0] Typ.
0 0 O us
0 1 5us
1 0 20 ps
1 1 100 ps

Configuration register
Read/write
Reset value: [100xxxxXx]

Figure 15: Configuration register

7 6 5 4 3 2 1 0
T

The configuration register holds data to configure the L6360 IC.
Bit 7:5 = C/Q [2:0]: C/Q output stage configuration

a Unlatch through 12C communication (reading or writing any internal register).
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Table 23: C/Q output stage configuration

C/Q[2] | C/Q[1] | C/Q[0] | Configuration Notes
HS and LS are OFF regardless of the state of ENcio
0 0 0 OFF and INciq. The receiver is OFF regardless of the state
of ENciq.

HS is always disabled. LS is ON when INcyq is high
and ENcq is high, OFF in all other cases. Slow
asynchronous decay when the LS is turned off by

0 0 1 Low-side ENciq or in case of cut-off. The receiver is OFF when
ENciq is high: OUTcq is high. The receiver is ON
when ENcrq is low: if C/Q is high, OUTcrq is low. If
C/Qiis low, OUTcq is high.

LS is always disabled. HS is ON when INc/q is low
and ENcq is high, OFF in all other cases. Slow
asynchronous decay if the HS is turned off by ENciq
or in case of cut-off. The internal pull-down current
generator on C/Qi should be disabled through control
register 1, unless C/Q is connected to C/Qo through a
100 Q (or more) resistor. The receiver is OFF when
ENciq is high: OUTcq is high. The receiver is ON
when ENcyq is low: if C/Qi is high, OUTcrq is low. If
C/Qiis low, OUTcq is high.

0 1 0 High-side

INciq low and ENciq high: HS ON and LS OFF.
INc/q high and ENciq high: LS ON and HS OFF.

If ENcig is low, both HS and LS are OFF. Slow
asynchronous decay in case of cut-off or turn-off of
both switches. An internal dead time is generated
between each LS turn-off and the following HS turn-on
and between each HS turn-off and the following LS
turn-on.

The receiver is OFF when ENcq is high: OUTciq is
high.

The receiver is ON when ENcq is low: if C/Qi is high,
OUTcrq is low. If C/Q is low, OUTcrq is high.

0 1 1 Push-pull

HS and LS are OFF regardless of the state of ENcig
and INciq. The receiver is OFF when ENciq is high:
1 0 0 Tri-state OUTcrais high.

The receiver is ON when ENcq is low: if C/Qi is high,
OUTcrq is low. If C/Qu is low, OUTcrq is high.

LS is ON regardless of the state of ENC/Q and INC/Q.
Slow asynchronous decay in case of cut-off.

The receiver is OFF when ENcq is high: OUTciq is

1 0 1 Low-side ON .
high.
The receiver is ON when ENcq is low: if C/Qi is high,
OUTcrq is low. If C/Q is low, OUTcrq is high.
HS is ON regardless of the state of ENciq and INcrq.
Slow asynchronous decay in case of cut-off.

1 1 0 High-side ON The receiver is OFF when ENcq is high: OUTciq is

high.
The receiver is ON when ENcq is low: if C/Qi is high,
OUTcrq is low. If C/Q is slow, OUTcrq is high.
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C/Q[2] | C/Q[1] | C/Q[0] | Configuration Notes

INcro low and ENcio high: HS ON and LS OFF. INcio
high and ENciq high: LS ON and HS OFF. If ENciq is
low, both HS and LS are OFF.

Slow asynchronous decay in case of cut-off or turn-off
of both switches. An internal dead time is generated

Push-pull between each LS turn-off and the following HS turn-on
1 1 1 inductive load | and between each HS turn-off and the following LS
turn-on.
The receiver is OFF when ENcyq is high: OUTcrq is
high.

The receiver is ON when ENcyq is low: if C/Q is high,
OUTcrq is low. If C/Q is low, OUTcrq is high.

See also the Section 6.12: "Demagnetization”.

In order to reduce the risk of damage to the output stage (e.g. switching from push-pull
inductive load to any transceiver configuration while an inductive load has some residual
energy), the user must not switch between any of two “active” (low-side, high-side, push-
pull, low-side ON, high-side ON, push-pull inductive load) configurations of the bridge. For
example, if the microcontroller needs to switch from push-pull to high-side configuration, it
needs to modify the configuration register twice:

First-step: switch from push-pull to OFF (or tri-state)
Second-step: switch from OFF (or tri-state) to high-side

If the microcontroller asks for a forbidden jump between configurations, the IC remains in
the previous configuration and reports a parity error to the microcontroller. In case of
sequential write, no parity error is generated if the microcontroller rewrites the configuration
register with the previous value; if the operation, instead, requires a forbidden jump, all data
are rejected also for other registers (and a parity error is raised).

The L+ switch is a high-side switch. HS is ON when ENL.+ is high, otherwise it is OFF. Fast
decay with active clamp (-Vdemag) is operated when the HS is turned off or in the case of
cut-off.

Receiver 1/Q is always ON.

Bit 4:2 = not used

Bit 1:0 = not used

LED registers

See Section 9: "Diagnostic LED sequence generator and driver".

These registers are used to configure the two LED drivers integrated in the IC. Each LED
driver has two associated registers and turns on or off the external LED according to the
information stored in the registers, which are scanned with a rate of 63 ms per bit. LED
drivers can be used for status or diagnostic information, or for other purposes, and should
be configured by the host microcontroller.

LED1 registers
Reset value: [00000000]
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Figure 16: LED1 registers
15 14 13 12 11 10 9 8
L1R15 L1R14 L1R13 L1R12 L1R11 L1R10 L1R9 L1R8
7 6 5 4 3 2 1 0
L1R7 L1R6 L1R5 L1R4 L1R3 L1R2 L1R1 L1RO
LED2 registers
Reset value: [00000000]
Figure 17: LED2 registers
15 14 13 12 11 10 9 8
L2R15 L2R14 L2R13 L2R12 L2R11 L2R10 L2R9 L2R8
7 6 5 4 3 2 1 0
L2R7 L2R6 L2R5 L2R4 L2R3 L2R2 L2R1 L2R0O

Parity register
Read only
Reset value: [00000000]

Figure 18: Parity register

7 6 5 4 3 2 1 0

This register stores the parity of each register, calculated after the L6360 receives data

registers.

Bit 7 = SR: status register parity

This bit is the parity of the status register.

Bit 6 = CR: configuration register parity

This bit is the parity of the configuration register.

Bit 5 = CT1: control register 1 parity

This bit is the parity of control register 1.

Bit 4 = CT2: control register 2 parity

This bit is the parity of control register 2.
Bit 3 = L1H: LED1 high register parity

30/60
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This bit is the parity of the LED1 MSB register (15 down to 8).
Bit 2 = L1L: LED1 low register parity
This bit is the parity of the LED1.

LSB register (7 down to 0).

Bit 1 = L2H: LED2 high register parity
This bit is the parity of the LED2 MSB register (15 down to 8).
Bit 0 = L2L: LED2 low register parity
This bit is the parity of the LED2 LSB register (7 down to 0).

Start-up default configuration

Table 25: "Register default configuration” shows the device register default configuration.

Table 24: Parameter default configuration

Parameter Default value
Icog 220 mA
tdcoq 100 ps
treoq 25ms
tdbg 5pus
tdcol 500 ps
trcol 64 ms
todg 5ps

Output stage Tri-state

Table 25: Register default configuration

Registers Bit position Bit name Reset value
Bit 7 PO 0
Bit 6 Not used X
Bit 5 ovT 0
Bit 4 CQOL 0
Status register
Bit 3 IQOL 0
Bit 2 Not used X
Bit 1 REGLN 0
Bit 0 PE 0
Bit 7 CIQ2 1
Bit 6 C/Q1 0
Bit 5 C/Qo 0
Configuration register
Bit 4 Not used X
Bit 3 Not used X
Bit 2 Not used X
DoclD022817 Rev 5 31/60




Device configuration L6360
Registers Bit position Bit name Reset value

Bit 1 Not used X
Bit O Not used X
Bit 7 ENceo 0
Bit 6 lcogl 0
Bit 5 lcogO 1
Bit 4 tacoql 0

Control register 1
Bit 3 tacoq0 0
Bit 2 trcog 0
Bit 1 tabal 0
Bit 0 tabq0 1
Bit 7 ENcal 0
Bit 6 Not used X
Bit 5 CQrpo 1
Control register 2 Ba Lteo 0
Bit 3 tdcoiO 0
Bit 2 trcoi 0
Bit 1 tabil 0
Bit 0 tabiO 1
Bit 7 L1R15 0
Bit 6 L1R14 0
Bit 5 L1R13 0
Bit 4 L1R12 0

LED1 register MSB
Bit 3 L1R11 0
Bit 2 L1R10 0
Bit 1 L1R9 0
Bit 0 L1RS8 0
Bit 7 L1R7 0
Bit 6 L1R6 0
Bit 5 L1R5 0
Bit 4 L1R4 0

LED1 register LSB
Bit 3 L1R3 0
Bit 2 L1R2 0
Bit 1 L1R1 0
Bit 0 L1RO 0
Bit 7 L2R15 0
LED2 register MSB Bit 6 L2R14 0
Bit 5 L2R13 0

32/60
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Registers Bit position Bit name Reset value
Bit 4 L2R12 0
Bit 3 L2R11 0
Bit 2 L2R10 0
Bit 1 L2R9 0
Bit 0 L2R8 0
Bit 7 L2R7 0
Bit 6 L2R6 0
Bit 5 L2R5 0
Bit 4 L2R4 0
LED2 register LSB
Bit 3 L2R3 0
Bit 2 L2R2 0
Bit 1 L2R1 0
Bit 0 L2RO 0
Bit 7 SR 0
Bit 6 CR 0
Bit 5 CT1 0
Bit 4 CT2 0
Parity register
Bit 3 L1H 0
Bit 2 L1L 0
Bit 1 L2H 0
Bit 0 L2L 0
6.11 Interrupt
The IRQ pin (interrupt pin) should normally be held to a high logic level by an external pull-
up resistor or microcontroller pin configuration. The internal structure is an open drain
transistor. It should be connected directly to the microcontroller so, in the case of a fault
event (C/Q overload, power-on L+ line, overtemperature condition, etc.), it is pulled down to
a low logic level, reporting the fault condition to the microcontroller.
6.12 Demagnetization

3

The power stage can be represented as shown in the following figure.
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6.12.1

34/60

Figure 19: Power stage, Q2 is not present on L+ output

High-side

K
driver 'T

Low-side
driver

When a power stage output (C/Q or L+) is connected to an inductance, the energy stored
in the load is:

Equation 1:
E=1/2 LI?

This energy must be properly dissipated at the switch-off. Without an appropriate circuitry
the output voltage would be pulled to very negative values, therefore recovering the stored
energy through the breakdown of the power transistor. To avoid this, the output voltage
must be clamped so that the voltage across the power switch does not exceed its
breakdown voltage. In the case of load connected between the C/Qo pin and Vcc, at
switch-off (of the low-side switch) the output is pushed to a voltage higher than Vcc.

Fast demagnetization
It applies to L+ channel only.

Figure 20: Fast demagnetization principle schematic. Load connected to L-

driver

\

\

e !
High-side N Q1 |
\

\

\

3
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6.12.2

3

When a high-side driver turns off an inductance, a reversed polarity voltage appears across
the load. The output pin (L+) of the power switch becomes more negative than the ground
until it reaches the demagnetization voltage, Vdemag. The conduction state of the power
switch Q1 is linearly modulated by an internal circuitry in order to keep the voltage at C/Q
or I/Q pin at about Vdemag until the energy in the load has been dissipated. The energy is
dissipated in both IC internal switch and load resistance.

Figure 21: Fast demagnetization waveform. Load connected to L-

A

On phase

ov

v

Recovery

Vdemag ,L ,,,,,,,,,,,,,,

lioad (1) 1 1
3 On phase 1
1 Recovery 1

v

Slow demagnetization
It applies to C/Q channel.

Figure 22: Slow demagnetization block. Load connected to L-

Vee
L6360 1
1 | Q1 ON and Q2 OFF:
High-side S Q1 charging inductor
driver Sy \
‘ >
| crQg
q
\ RL -
\
Low-side N Q2| | Q1 OFF and Q2 ON:
driver \T | slow recirculation
L-
\
,,,,,,,, I

When a high-side driver turns off an inductance a reversed polarity voltage appears across
the load. In slow demagnetization configuration the low-side switch Q2 is ON and the C/Q
pin is pulled to a voltage slightly (depending on Q2 drop) below the ground (L-). The energy
is dissipated in both the IC internal switch and the load resistance. In the case of load
connected between the C/Q pin and Vcc, at switch-off (of the low-side switch Q2), the
switch Q1 is ON and the output is pushed to a voltage slightly higher than Vcc.
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Figure 23: Slow demagnetization waveform. Load connected to GND

On phase
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E Recove ' t
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v
7.1

7.2

3

12C protocol

Protocol configuration

Figure 24: Device initialization

Microcontroller
initialization

Write mode

Exit1 < <

Resend
failed
registers

WURQ

Microcontroller initialization: microcontroller initialization phase.

Write mode: the L6360 is configured by the microcontroller through 12C. To configure the
device, it is necessary to write its internal registers.

Parity check: the L6360 calculates the parity of each received register and stores it in the
parity register. After which, it compares it with the parity transmitted together with the data.
If the parity check of one or more registers failed, the “parity error bit” in the status register
is set and an interrupt is generated by the L6360. The microcontroller can now read the
status register and the parity register (current read). So the microcontroller can understand
the interrupt cause and which register fails the transmission. If the parity check is ok, the
flow goes on (read mode).

Write register failed: the microcontroller can again write the register(s) that failed the
check.

Read mode: read status register to monitor if the configuration is good (read mode).

Operating modes
Writing modes

The L6360 is configured by the microcontroller through I2C. To configure the device, it is
necessary to write its internal registers. There are two writing modes:

e  Current: single register
e  Sequential: all registers in sequence

Current write mode

The microcontroller 12C is configured as master transmitter. The L6360 I2C is configured as
the slave receiver.
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Figure 25: Current write mode flow chart procedure
Write
mode:
CURRENT
Read mode
Microcontroller sends
slave address
v
Data register
transmission
v
Address register
+p arity transmission
1. Microcontroller I2C establishes the communication: START condition.
2. Microcontroller I2C sends the slave address on the I2C bus to check if the slave is
online (1st frame).
3. After the address is matched, the microcontroller starts the data transmission: the 2™
frame is the data to be written into the selected register.
4. The 3" frame is composed of the address of the register to be written and of the parity
of the 2n frame.
5.  Microcontroller I2C finishes the communication: STOP condition.
6. The L6360 calculates the parity of the data received.
7. The L6360 compares its parity calculation with the parity bits in the 3™ frame (sent by
the microcontroller).
8. If the parities match, the protocol flow goes on (exit), otherwise the PE bit inside the
L6360 status register is set and the flow goes to the next state.
9. The L6360 generates an interrupt to report the parity check error.
10. The microcontroller sends a read request to the device. The L6360 then sends the
status and parity registers. The microcontroller can resend the corrupted data register.
11. Backto step 1.

38/60

The 12C frame (configuration, control, diagnostic phases) must provide:

Slave address (7 bits)

Transmission direction (read/write)

Data (8 bits: data register)

Parity bits (P2, P1, PO)

Register address (4 bits: 16 registers addressable)

The three frames are shown in the following figure:

3
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Figure 26: Current write mode frames

7 6 5 4 3 2 1 0
A6 A5 A4 |A3 A2 AL AO 15ame

I— Address g ¢

Diredion

7 6 5 4 3 2 1 0 El Start condtbn
D7 D6 D5 D4 |[D3 (D2 DI DO LT -,
Data ﬂ Stop condition

7 6 5 4 3 2 1 0
d
HENE - EEEmEE e
L Parity J i L Registre_rJ

Unwsed

1st frame
Bit 7 to 1: the L6360 address
Bit O: direction

Table 26: Current write mode direction bit

W bit Master Slave
0 Write mode Read mode
1 Read mode Write mode
2" frame

Bit 7 to 0: data register

3 frame

Bit 7 to 5: parity bits

Bit 4: unused

Bit 3 to O: register address

The parity check bits are calculated as shown in equation 2
Equation 2:

PO =D7 ©D6 ©D5 ©D4 D3 D2 D1 D0
P1=D7 @D5 D3 @D1 (odd parity)

P2 =D6 @D4 §D2 @DO (even parity)

Where @means "XOR".

If parity error occurs, the register is not overwritten.

3
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Sequential write mode

Figure 27: Sequential write mode flow chart procedure

Write mode:
SEQUENTIAL

Start condition

Current
read mode
Start condition

Microcontroller sends
- slave address
Microcontroller sends
slave address $
Sequential
transmission
New &
transmission .
Parity from
microcontroller

Stop condition

Interrupt

1. The microcontroller I12C establishes the communication: START condition.

2. The microcontroller I12C sends the slave address on the I12C bus to check if the slave is
online (1st frame).

3. After the address is matched, the microcontroller starts the sequential transmission
(2 to 8" frame).

4. The microcontroller sends its parity register (last frame: 9t frame).

5.  Microcontroller I2C finishes the communication: STOP condition.

6. The L6360 calculates the parity of the registers received, and stores the results in the
parity register.

7. The L6360 compares its parity register with the parity register sent by the
microcontroller (9t frame).

8. If the parities match, the protocol flow goes on (EXIT), otherwise the PE bit inside the
L6360 status register is set, and the flow goes to the next state.

9. The L6360 generates an interrupt to report the parity check error.

10. The microcontroller sends a read request to the device. In this phase the L6360 sends
the status register and the parity register allowing the microcontroller to verify which
register failed the configuration.

11. Now the microcontroller can perform a new write sequential procedure.

12. Microcontroller I2C establishes the communication: START condition.

13. Microcontroller I2C sends the slave address on the 12C bus to check if the slave is
online.

14. The microcontroller resends the data registers.

15. Back to step 5.

The I2C frame (configuration, control, diagnostic phases) must provide:

e  Slave address (7 bits)
e  Transmission direction (read/write)
e Data (8 bits: data registers)

3
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The 9 frames are shown below:

Figure 28: Sequential write mode frames

7 6 5 4 3 2 1 0
15trame As (A5 m a3 Az a a0 [E—
L—— Addess — ¥+
Diredion
anﬁame

g frame

9 frame

7 6 5 4 3 2 1 0
|—>--------—
L ]

Data

7 6 5 4 3 2 1 0
——> |5 1561 1N5S1 NSl oS 521 5 hsol
L ]

Data

-

Data

7 6 5 4 3 2 1 0
—> |15l 1SS [N5SI NS o 53 h5E ee 3
L ]

Start conditon

Stop conditon

1st frame

Bit 7 to 1: the L6360 address

Bit O: direction (write/read)

Table 27: Sequential write mode direction bit

W bit Master Slave
0 Write mode Read mode
1 Read mode Write mode

2nd to 8t frame

Bit 7 to 0: data register

9 frame

Bit 7 to 0: microcontroller parity register

The microcontroller parity check (for each register) calculus performed is shown below:

Figure 29: Microcontroller parity check calculus

P6

P5 P4

P3

P2

P1 PO

Bit 6 = P6: microcontroller configuration register parity

This bit is the parity of the configuration register.

Bit 5 = P5: microcontroller control register 1 parity

This bit is the parity of control register 1.

Bit 4 = P4: microcontroller control register 2 parity
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This bit is the parity of control register 2.

Bit 3 = P3: microcontroller LED1 register high parity

This bit is the parity of the LED1 MSB register (15 down to 8).

Bit 2 = P2: microcontroller LED1 register low parity

This bit is the parity of the LED1 LSB register (7 down to 0).

Bit 1 = P1: microcontroller LED2 register high parity

This bit is the parity of the LED2 MSB register high (15 down to 8).
Bit 0 = PO: microcontroller LED2 register low parity

This bit is the parity of the LED2 LSB register high (7 down to 0).

For each register, a parity check is calculated as shown in equation 3
Equation 3:

PX =D7 @©D6 ¢D5 ©D4 D3 §D2 §D14HDO0 (X =0to 6)

D7 to DO indicates bits inside each register.

Where @means "XOR".

If parity error occurs, the registers are not overwritten.

In this writing mode, all writable registers and the microcontroller parity register are sent.

Figure 30: Register sequence in sequential write mode

2 frame | 0001 Configuration register
3rdframe 0010 Control register 1

4 th frame | 0011 Controlregister 2

5 th frame | 0100 LED1 register H
Bth frame | 0101 LED1 register L
71 frame 0110 LED2 register H
8th frame | 0111 LEDZ register L

9 th frame Microcontroller parity

Read mode

The status register and parity check register are read only. The other registers are
readable/writable (by microcontroller). There are three reading modes:

e  Current: status register only
e  Sequential: all registers in sequence

e Random: to read registers in sequence starting from a register address fixed by the
microcontroller

All registers are addressed as shown in the table below:

Table 28: Read mode: register address

Address Register name
0000 Status register
0001 Configuration register
0010 Control register 1

DoclD022817 Rev 5

3




L6360

I2C protocol

3

Address Register name
0011 Control register 2
0100 LED1 register MSB
0101 LED1 register LSB
0110 LED2 register MSB
0111 LED?2 register LSB
1000 Parity register

Current read mode

Figure 31: Current read mode flow chart procedure

Read
mode:

current

Start condition

Microcontrollersends
slave address

v

Status
data register

v

Parity register

Stop condition

Microcontroller 12C establishes the communication: START condition

Microcontroller 12C sends slave address on the 12C bus to check if the slave is online
(1st frame)

3. After the address is matched, the L6360 sends its status register (2" frame)

4. The L6360 sends its parity register (3" frame)

5. Microcontroller I2C finishes the communication: STOP condition

N

The 12C frame (configuration, control, diagnostic phases) must provide:

e  Slave address (7 bits)
e  Transmission direction (read/write)
e Data (8-bit data registers): status and parity registers

The three frames are shown in the following figure:
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Figure 32: Current read mode frames

7 6 5 4 3 2 1 0

A6 A5 A4 A3 A2 A1 A0 IB| 1Stframe
| |

Address Direction: 0 - master write slave read
1 -masterread slave write

Direction

7 6 5 4 3 2 1 0 g
D7 D6 D5 D4 D3 D2 D1 Do 2"%frame

BJ Start condition
I— Status register —I .

E Stop condition

7 6 5 4 3 2 1 0
p7 D6 D5 D4 D3 D2 D1 DO | 39fame

|_ Parity register —I

When a “read request” comes from the microcontroller (it is configured as master receiver),
the IC (slave transmitter) sends the contents of the status and parity registers.

Figure 33: Current read communication flow

Master receiver  Start  Slave address - stoP

Slave transmitter . -

!J Send by the master
!J Send by the slave

Sequential/random read modes

Figure 34: Sequential/random read mode

Read
mode:
Random/
sequential

Start condition

Start condition

c

o

?3' Microcontroller Microcontroller
® sendsslave address sends slave address
E (Writem ode) (Read mode)

] ]

T

]

g Microcontrollersends [ Sequential reading ]
% addressregister

S start point

c

[ Stop condition

Stop condition

1. Random/sequential read mode initialization: microcontroller 1°C establishes the
communication: START condition.

2. Microcontroller I2C sends the slave address, in write mode, on the I°C bus to check if
the slave is online (1t frame).

3. Microcontroller I2C sends the register address start point, which sets the first register
to read in sequence (2" frame).

4.  Microcontroller I12C finishes the communication: STOP condition.

5. Microcontroller I?C sends the slave address, in read mode, on the 12C bus to check if
the slave is online (3" frame).
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6. After the address is matched, the L6360 sends its registers in sequential mode,

starting from the register set in the 2™ frame.

7. The microcontroller I2C finishes the communication: STOP condition.

The I2C frame (configuration, control, diagnostic phases) must provide

e  Slave address (7 bits)
e  Transmission direction (read/write)
e Data (8-bit data register)

The frame structure is shown in the figure below

Figure 35: Sequential/random read communication flow

1 Direction: 0 - master write

7 6 5 4 3 2
JA6JA5JA4JA3JA2JA1

JiJ 1St frame
J

1 - master read

slave read
slave write

Address

3

Direction

1

1 o oo

Data

0
- EJ an frame
]

2 1

7 6 5 4 3 0
A6 JAS JA4JA3JA2JA1 Jiﬂjgfdfyame
[ J ¥

Direction

Direction: 0 - master write
- master read

Address

slave read
slave write

4th frame

7 6 5 4 3 2 1 0
07 D6 | D5 D4 [D3 D2 D1 DO
L Data register J

(from register startpoint)

S q—————

LI T T T T_T JEss
l Data register I
(penultimate register)

|

|

|

|

v
7 6 5 4 3 2 1 0

------J- -J ch frame

; Parity register —l

Start condition

n Stop condition

1st frame
Bit 7 to 1: the L6360 address
Bit O: direction (write)

Bit 7 to 1: address register starting point
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Table 29: Address register

Address Register name
0000 Status register
0001 Configuration register
0010 Control register 1
0011 Control register 2
0100 LED1 register MSB
0101 LED1 register LSB
0110 LED2 register MSB
0111 LED?2 register LSB
1000 Parity register

3" frame

Bit 7 to 1: L6360 address
Bit O: direction (read)

4" to nt frame

Bit 7 to 0: data register (from address register starting point to penultimate address

register)

9t frame

Bit 7 to 0: parity register (the last register)
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Physical layer communication

The IC transfers the data received (on the INciq digital input pin) to the C/Qo output. The
ENciq pin allows the C/Qo line to be put into tri-state. Data received from the line (C/Q: and
I/Q pins) are transferred to the digital output pins OUTcio and OUTq.

Figure 36: Block diagram communication mode

Microcontroller

L6360

Figure 37: System communication mode

Output stage on CQ
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10-Link frame

IC transmits on the
line the data received

onINc/q on OUTeiq on INcjq

Transceiver

Output drivers (C/Qo and L+) are protected against short-circuit or overcurrent by means of
two different functions. One is the current limiting function: output current is linearly limited
to lumqr. The cut-off protection, on the other side, turns off the drivers when the output
current exceeds a (programmable for the C/Qo driver) threshold (Icowr). When the current

reaches the (programmed) cut-off value the channel output driver is turned off after a

programmable delay (tacoqn). The channel output driver automatically restarts again after a
programmable delay time (trcoqn).
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Figure 38: C/Q or L+ channel cut-off protection
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Figure 39: C/Q or L+ channel current limitation and cut-off protection with latched restart
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8.2 IEC 61131-2 type 1 digital inputs

Two IEC61131-2 type 1 inputs are provided: one is available on C/Q: (as per 10-Link
specification to support SIO mode) and one on I/Q pin. Both are provided with a
programmable debounce filter (tanq and tavi, See Table 17: "ENCGI: 1/Q pull-down enable”
and Table 23: "C/Q output stage configuration™) to prevent false triggering.

3
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9 Diagnostic LED sequence generator and driver

Each LED indication block can drive, through an open drain output, one external LED. LED
drivers can be used for status or diagnostic information, or for other purposes, and should
be configured by the host microcontroller. Two sequences of 16 bits can be programmed
(through I°C) to generate user specific sequences; each LED driver has two associated
registers and turns the external LED on or off according to the information stored in the
registers, which are scanned at a rate of 63 ms per bit; total sequence time of each LED is
approximately 1 s. Figure below shows how to wire up the two LEDs.

Figure 40: LED drivers

Microcontroller

3
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10 Line regulator

The L6360 embeds a linear regulator with output voltage selectable (by the SEL pin) at 3.3

Vor5V.

The input voltage is Vu and the maximum power dissipation is 200 mW. The linear
regulator minimum limitation current value is ILimLr.

Figure 41: Linear regulator

22 pF

100nF

33Vor5V selection —

Table 30: Linear regulator selection pin

SEL Vobp
0 5V+25%
1 3.3V+2%

The linear regulator cannot be turned off as it is necessary to supply (through VDD pin)
internal circuitries. It can also be used to supply external circuitry (e.g. the microcontroller).

Figure 42: Linear regulator principle schematic

VBG

L+

VH

Limitation
circuit

Ro
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Application example

The 10-Link master system typically consists of a microcontroller and physical layer and it
communicates with an 10-Link device. The principle connection can be seen in the figure
below.

Figure 43: Application example
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12 EMC protection considerations

Depending on the final product use and environmental conditions, the master application
may require additional protection.

12.1 Supply voltage protection

In order to avoid the overvoltage on a system supply, a voltage suppressor such as
Transil™ can be added. A protection diagram example is shown in the figure below.

Figure 44: Supply voltage protection with uni-directional Transil

Vec

: ]

PWR
" CF
.
- D.s -~
_ 100 uF
SM15T33A 100
GND GND GND

Performance of the above mentioned example is limited and does not include reverse
polarity protection. It is just a cost-effective solution.

Table 31: Supply voltage protection component description

Part Function Description
It works as a primary overvoltage clamp to limit supply line distortions,
Supply such as: surge pulses, oscillations caused by line parasitic
D_S overvoltage parameters (inductance) during plug-in phase, etc. 1500 W is
protection recommended to provide reliable protection, unidirectional type helps
to avoid negative stress of the L6360.
CF Filtering bulk An energy buffer for application supply filters the application supply to
- capacitor avoid high ripple during power driver switching.

A more sophisticated solution can be seen in the figure below.

Figure 45: Refined supply voltage protection
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D POL
STPS3H100
D_PWR D_S C_F
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50V
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Table 32: Refined supply voltage protection component description
Part Function Description
It works as a primary overvoltage clamp to limit supply line distortions,
Primary such as: surge pulses, oscillations caused by line parasitic
D_PWR | overvoltage parameters (inductance) during plug-in phase. 1500 W is
protection recommended to provide reliable protection, unidirectional type is
chosen to cover reverse polarity protection.
It avoids reverse direction current flow and negative voltage stress of
Reverse polarit the L6360. Its current rating (3 A) is chosen in accordance with the
D_POL rotectior? y maximum driving capabilities of the L6360 power stages. Schottky
P type is recommended to limit power dissipation (low VF). Voltage
rating (100 V) comes from negative surge to the supply condition.
D_PWR support a) It shares a positive surge current with the primary protection and
and 10 - ; -
D_S limits the overvoltage amplitude. b) It clamps surges applied to the
overvoltage L6360 C/Q and L+ lines
protection ’
CFE Filtering bulk An energy buffer for application supply filters the application supply to
- capacitor avoid high ripple during power driver switching etc.

If the VH pin of the L6360 is supplied by a separate power supply or if it is decoupled by the
main power supply and blocked by bulk capacitors, an additional circuit may be required to
ensure the Vy voltage is always lower than (or equal to) the main supply voltage (Vcc). A
possible solution with diode is shown in the figure below.

Figure 46: Vu protection vs. Vcc
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Table 33: Vu protection component description

Part Function Description
Vu voltage must be always lower than (or equal to) Vcc. Even during the
VH powering-up and down of an application. This fact must be taken into
D_VH | overvoltage consideration if Vu is supplied by another source (Vcc and Vi not
protection connected together), charged capacitors. In some cases a diode placed

between Vcc and Vi may help to avoid this violation.

12.2 I/O line protection

The figure below shows external components (capacitors) suitable for 10-Link
communication, protection level in accordance with the specification.

Figure 47: Typical protection in I0-Link applications
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Table 34: Typical protection in 10-Link application component description

Part Function Description
Power supply Energy buffer for the L6360 supply, makes chip
c1 . S .
- blocking supply voltage stable, limits EMI noise.

Work as a basic protection against fast transient
signals like burst or radio-frequency domain applied
to the lines. Limit voltage spike frequency spectrum
and amplitude.

C_1/Q, C_C/Q, C_L+ | Filtration capacitors

If an extended protection level is required, the solution seen in the next figure is
recommended. It provides robust protection according to IEC61131-2. It is suitable for 10-
Link communication and is backward compatible with SIO (standard 1/O). It protects the
L6360 application against high energy surge pulses according to the IEC61000-4-5
standard. All the lines are protected against +2.5 kV surge pulse amplitude in common
mode and £1 kV in differential mode considering 42 Q/0.5 pF generator coupling.

3
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EMC protection considerations
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Figure 48: I0-Link and SIO application extended protection
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Table 35: IO-Link and SIO application extended protection component description

Part Function Description
Filtration Work as a basic protection against fast transient signals like
C l/lQ,C_C/Q,C_L+ capacitors burst or radio-frequency domain applied to the lines. Limit
P voltage spike frequency spectrum and amplitude.
Negative Schottky diodes with low VF clamp the disturbance applied

to the lines in a reverse polarity direction. Capable of

D_lQ, D_C/Q \S/Slta?eeszﬂlée conducting high surge current pulses to avoid high peak
PP current flow through the L6360 pins
Surge Reduces the current flow in the L6360 - I/Q pin in both
R_1/IQ current polarities when e.g. surge noise is applied to the line. If this
limitation resistor is omitted, 1/Q line surge immunity is lower.

U2 (SPT01-335DEE)

Overvoltage
protection

Primary surge protection to avoid overvoltage on the L6360
interface. Protects L+ switch against negative voltage
pulses. Shares current flow of negative surge pulses with the
additional Schottky diodes on C/Q and 1/Q lines. Clamps
positive surge pulse amplitude applied to I/Q line.
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13 Ordering information
Table 36: Ordering information
Order code Package Packing
L6360TR VFQFPN 26L (3.5x5x1 mm) Tape and reel
56/60 DoclD022817 Rev 5 Kys
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Package information
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®

specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

VFQFPN 26L (3.5x5x1 mm) package information

Figure 49: VFQFPN 26L (3.5x5x1.0 mm) package outline
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Table 37: VFQFPN 26L (3.5x5x1.0 mm) package mechanical data

i mm
Dim.
Min. Typ. Max.
A 0.80 0.90 1.00
Al 0.00 0.02 0.05
A3 0.20
0.18 0.25 0.30
D 3.50 BSC
D2 1.90 2.00 2.10
E 5.00
E2 3.40 3.50 3.60
e 0.50
L 0.30 0.40 0.50
ddd 0.05

VFQFPN stands for thermally enhanced very thin fine pitch quad flat package no
lead. Very thin profile: 0.80 < A < 1.00 mm. Details of terminal 1 are optional but
must be located on the top surface of the package by using either a mold or
marked features.

Packing information
Figure 50: VFQFPN 26L (3.5x5x1.0 mm) carrier tape outline
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Ap = 3.89mm
By = 5.31mm
Ky = 1.20mm
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Revision history

Table 38: Document revision history

Date Revision Changes
12-Mar-2012 1 Initial release.

Updated Eioad definition in table 3: Absolute maximum ratings.
15-Mar-2012 2 Updated figure 36: Block diagram communication mode.
25-Jan-2013 3 Updated table 4: Recommended operating conditions
11-Mar-2016 4 Add_ed figure titled "VFQFPN 26L (3.5x5x1.0 mm) carrier tape

outline.
09-May-2016 5 Updgted 'I_'abll'e 5: "Supply" and Table 24: "Parameter default

configuration".
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved

3

60/60 DoclD022817 Rev 5




