SHLLUMIN SiLM5142S

Isolated CAN Transceiver with Fault Protection and CAN FD

GENERAL DESCRIPTION FEATURES

The SiLM5142S is a galvanic isolated high speed e Meets the requirements of 1ISO 11898-2:2016
controller area network (CAN) transceiver that meets physical layer standards

the physical layer requirements of the 1ISO 11898- e Support of classical CAN and optimized CAN FD
2:2016 high speed CAN specification. The performance up to 5SMbps

SiLM5142S transceiver supports both classical CAN
and CAN FD (Flexible Data Rate) networks up to 5
megabits per second (Mbps). The SiLM5142S
transceiver also includes many protections and
diagnostic features including thermal-shutdown ¢

e Low loop delay of 150ns

¢ Receiver Common Mode Input Voltage in Normal
Mode: +30 V

Protection features

(TSD), TXD-dominant time-out (DTO), supply under- .

voltage detection, and bus fault protection up to +65
V.
The device uses a silicon dioxide insulation barrier

Bus fault protection: +65 V
e Under-voltage protection
e TXD-dominant time-out (DTO)

e Thermal-shutdown protection (TSD)
e High CMTI of 100kV/us
e VCCL1 voltage range: 2.25V to 5.5V

with a withstand voltage of 5000Vrws.

APPLICATION e VCC2 voltage range: 4.5V to 5.5V
e Battery Management System e Operation temperature, Ta: —40°C to +125°C
e DC/DC Converter e Package: SOP8W
e On-Board and wireless charger e Safety certifications
e Inverter and motor control e 5kVrwmsisolation for 1 minute per UL 1577
e CQC certification per GB4943.1-2022
e DIN VDE 0884-17: 2021-10 (Pending)
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Figure 1. SiLM5142S Application Circuit
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 1

Rev1.0, Aug 2023


http://www.sillumin.com/

SHLLUMIN SiLM5142S

TABLE OF CONTENTS

€Tl o 1T e DT ol o] 4o TP PSP PP PP PPPPP 1
F Y o] o] o= 11T ] o HO TSSO O TP TPPPPRPIP 1
FRAIUIES ...ttt ettt e e e s et e e oo e e et e e e 4o e e e e e e e o e et e e e e e o e et e e e e e n e 1
e N @o] 1o 0] =11 o] o E O OO PP PP PPPPPN 3
[ LN I DT 01T o PR 3
[T leu 1o aT= Ul 21 o Tod QT Vo | - o SRR 4
(@00 L= g TaTo TN 1) (o] 4= L1 (] o PR 5
ADSOIULE MAXIMUIM RALINGS ....eveieieeieeieieieieeeieeeeeeeaeseeeeeaeeeaeeeaeeeaeeeeeseseeeeeeeeeaesetesssesssesssssssssssssssssssssssssnsssssssssnssnnnssnnnnnnns 6
Recommended Operation CONGITIONS ..........uuuuuuuiuiuieiuieieierererereeeeee———.—e— e ——e—e—arererererererererernrnrnrnrnnnnsrnrsrnrnnnnns 6
LTI - 1] o 1 6
THEIMAI INTOIMALION .....ceiieeee ettt e et e e e st e e e st e e e e e sa b bt e e e aabb e e e e aabb e e e e abbeeeeabneeeeans 6
e (o (T [T oL Tor o= L1 (o] o F TSP OUP PP PPPPR 7
INSUIALION SPECITICALIONS ... ..eiiiiiiiiiie ettt sttt sttt e s bttt e skt bt e e s bbbt e e s bbbt e e s bbb e e e s nbne e e s annneeas 7
Safety Related CertifiCAtIONS ..........uiiiiiiiie ettt e e et e e e sttt e e e aab et e e e asbe e e e e anbe e e e e anbeeeeeanees 8
Electrical CharaCteriSTICS (DC) .....iuuiiiiiiiiieeiiiite ettt ettt ettt ettt et e e e bt e e e s b b et e e e skttt e e eanb bt e e asbe e e e e nbe e e e enbaeeeeannee 9
SWILChING CHAraCLEIISTICS (AC) ..eeeiietiieeiiitiie ettt ettt ettt ettt e e sttt e e st et e e e sab bt e e e sabb e e e e aabbe e e e sbbeeeesbbeeeeanbneeeean 11
Parameter Measurement INFOMMALION ........coiuiii it e e e st e e s e e 12
LT UL [ D<o o) £ S 15

CAN BUS STALE ...t e e s st r e e e s st b b e et e e e e e e s b e et e e e e s e e e e e 15

N o ] g F= LI Y oo [ PO TP PP PP PRRPN 15

TXD DOmMIiNANt TIMEOUL (DT O) ...uuuuuuuuuuuuuuieruisreusususesusssesrsesenrsesrsesrsrersrerererer...—...—.—.—.—.—.—.—.—.—.—.....—.—.—.—.———.—.. 15

Under-Voltage Lockout and Default STAte..........ccooiiiiiiiiiceeeee e 16

L LT (AT URST 4101 (o [0 o O PO PO EP PSP 16
PACKAGE CASE OULINES ...ttt e et e e e e bt e e oo a bt e e e e et et e e e e e be e e e e s be e e e e abbe e e e e anbe e e e e anbeeeeennne 17
RV IS o] T o L] (o] YT USRS PR 18
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 2

Rev1.0, Aug 2023


http://www.sillumin.com/

SHLLUMIN SiLM5142S

PIN CONFIGURATION

Package Pin Configuration (Top View)
vccl [ |1 s ] vce2
TXD 2 7 CANH
SOP8W 4 ]
RXD []3 6| | canL
GND1 [ |4 5] ] GND2

PIN DESCRIPTION

No. Pin Description

1 VCC1 Digital side supply voltage

2 TXD CAN transmit data input (LOW for dominant and HIGH for recessive bus states)
3 RXD CAN receive data output (LOW for dominant and HIGH for recessive bus states)
4 GND1 Digital side ground

5 GND2 Transceiver side ground

6 CANL Low level CAN bus line

7 CANH High level CAN bus line

8 VCC2 Transceiver side supply voltage

Sillumin Semiconductor Co., Ltd. — www.sillumin.com
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FUNCTIONAL BLOCK DIAGRAM
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Figure 2. SiLM5142S Block Diagram
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ORDERING INFORMATION

Order Part No. Package QTY
SiLM5142SCM-DG SOP8W, Pb-Free 1000/Reel
Sillumin Semiconductor Co., Ltd. — www.sillumin.com 5

Rev1.0, Aug 2023


http://www.sillumin.com/

SILLUMIN

SiLM5142S

ABSOLUTE MAXIMUM RATINGS

Symbol Definition Min Max Units
Vcer Digital Side Supply Voltage -0.3 6 \%
Vcez Transceiver Side Supply Voltage -0.3 6 \%
VBus CANH, CANL Voltage -65 65 Vv
Vorer Max differential voltggi“l_)etween CANH and 65 65 Vv
\ Logic input voltage TXD -0.3 Vce1+0.3 \%
Vo Logic output voltage RXD -0.3 Vce1+0.3 \%
IrxD RXD output current -8 8 mA
T, Junction Temperature -40 150 °C
Ts Storage Temperature -65 150 °C
RECOMMENDED OPERATION CONDITIONS
Symbol Definition Min Max Units
Vcer Digital Side Supply Voltage 2.25 55 \%
Vce2 Transceiver Side Supply Voltage 4.5 55 \%
IrxD RXD output current -2 2 mA
T, Junction Temperature -40 150 °C
Ta Ambient Temperature -40 125 °C
ESD RATINGS
Symbol Definition Value Units
HBM All Terminals +4000 V
VEsD HBM CANH and CANL to GND +8000 \%
CDM +2000 \%
THERMAL INFORMATION
Symbol Definition Value Unit
Reua Junction to ambient thermal resistance 84.5 °C/wW
Reuc Junction to case (top) thermal resistance 43 °C/IW
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PACKAGE SPECIFICATIONS

Symbol Definition Min Typ Max Units
Rio Resistance (Input Side to Output Side) >1012 Q
Cio Capacitance (Input Side to Output Side) 2 pF

INSULATION SPECIFICATIONS
Symbol Definition Test Condition Value Units
CLR External clearance Shortgst terminal to ter_mmal >8 mm
distance through air
Shortest terminal to terminal
CPG External creepage distance across the package >8 mm
surface
DTI Distance through the insulation Minimum internal gap >16 um
. L DIN EN 60112 (VDE 0303-11),
CTI Comparative tracking index IEC 60112 >600 \%
Material Group I
Rated mains voltages <150Vrms -1V
Rated mains voltages <300Vrms -1V
Overvoltage category -
Rated mains voltages <600Vrms I-11
Rated mains voltages <1000Vrwms -1l
DIN V VDE 0884-11®
Maximum repetitive peak isolation
VIorm voltage 1500 Vpk
Vv Maximum isolation working AC voltage (Sine wave) 1060 VRMS
1owMm voltage DC voltage 1500 Voc
Maximum transient isolation
Viot™ voltage 60s 7000 Ve
Test method per IEC62368,
Viosm Maximum surge isolation voltage 1.2/50us waveform, 6250 Vpk
V1est=1.6 X Viosm
Meth 2:V =1.875xV
Qpa Apparent charge ethod b2: Vram=1.875 x Viorm <5 pC
tm=1s
Climatic Category 40/125/21
Pollution Degree 2
uL1577
Vrest=VIso, t=60s (qualification),
5000 VRMs

Viso Isolation Voltage V1est=1.2 X Viso, t=1s (100%
production)

Notel: Certification pending

Sillumin Semiconductor Co., Ltd. — www.sillumin.com
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SAFETY RELATED CERTIFICATIONS

VDE

UL

cQC

DIN VDE 0884-17: 2021-10

UL 1577 component recognition
program

Certified according to
GB4943.1-2022

Reinforced Insulation

Single protection, 5000 Vrums

Reinforced insulation,
Altitude < 5000m, Tropical climate

Pending

File number: E521801

File number: CQC23001376521
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ELECTRICAL CHARACTERISTICS (DC)

All typical values at Vcci = 5V, Vecz = 5V and Ta = 25°C, all min and max specifications are at recommended
operating conditions and Ta = -40°C to 125°C, unless otherwise specified

Symbol Parameter Condition Min Typ Max Unit
Power Supply Characteristics
| VCC1 Current, Normal mode TXD=0V, bus 21 4 mA
CeLPOM 1 (dominant) dominant :
leca rec VCC1 Current, Normal mode TXD=Vcet, bus 09 2 mA
(recessive) recessive
| VCC2 Current, Normal mode TXD=0V, bus 47 75 mA
Ce2DOME0 | (dominant) dominant, RL=60Q
| VCC2 Current, Normal mode TXD=0V, bus 52 80 mA
Ce2POMS0 1 (dominant) dominant, Ri=50Q
| VCC2 Current, Normal mode TXD=Vcci, bus 1 2 mA
CC2RECE0 | (recessive) recessive, Ri=60Q
TXD=0V,
lecasus pir | Lo T2 Current, Normal mode CANH=CANL=+/- 125 | mA
(bus fault)
25V
Under Voltage Lockout Rising on
Vuv_vecer R VCC1 2.05 2.25 \/
Under Voltage Lockout Falling on
Vuv_ veel F VCC1 1.65 1.9 V
Under Voltage Lockout Hysteresis
Vuv_vcel Hys on VCC1 0.15 \Y
Under Voltage Lockout Rising on
Vuv_veez R VCC2 4 4.2 4.4 \Y
Under Voltage Lockout Falling on
Vuv_vcez F VCC2 3.8 4 4.2 \Y
Under Voltage Lockout Hysteresis
Vuv_vcez Hys on VCC2 0.2 \Y
Trsp Thermal Shutdown Temperature 190 °C
TTsp_Hvs Thermal Shutdown Hysteresis 15 °C
TXD and RXD Logic 10s
ViH Input High Threshold on TXD 70% Vel
Vi Input Low Threshold on TXD 30% Vee
lH High Level Input Leakage TXD TXD =5V 1 uA
he Low Level Input Leakage TXD TXD =0V -10 -4 UuA
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Symbol Parameter Condition Min Typ Max Unit
VoH High Level Output Voltage on RXD !;CD:'ZmA’ Veer = 4.7 4.9 Vv
VoL Low Level Output Voltage on RXD | Irxo=2mA, Vcci1 =5V 0.06 0.2 \%

Driver Characteristics
CANH Bus Output Voltage, 50Q < RL<65Q,
VocANH(DOM) Dominant TXD=0V 2.75 4.5 \Y
CANL Bus Output Voltage, 50Q < RL=<65Q,
VocanLpom) Dominant TXD=0V 0.5 2.25 \
CANH Bus Output Voltage, _ _ 0.5x
VOCANH(REC) Recessive RL=0Open, TXD=Vcc1 2 Vo 3 V
CANL Bus Output Voltage, _ _ 0.5x
VocANL(REC) Recessive RL=0Open, TXD=Vcc1 2 Vo 3 V
Differential Output Voltage, 50Q < RL=< 65Q,
Vooeom) | pominant TXD=0V 1.5 3.0 v
Differential Output Voltage, _ _ i
Vob(RrEC) Recessive RL=0Open, TXD=Vcc1 50 50 mV
Output Symmetry, (VocanH + 50Q < RL=< 65Q,
Vsvm Vocant) / Veez TXD=Vcc1or OV 0.9 11 vV
DC Output Symmetry, Vcca - 50Q = RL£65Q, i
Vsvuoc (VocanH + Vocant) TXD=Vcci1 or OV 04 04 v
losch bou CANH Output Short Circuit gﬁm:j:oégr\{ to 40V, 115 mA
- Current, Dominant Normal Mode TXD=0V
CANL Output Short Circuit Current, CANL=-15V to 40V,
loscL_pom Dominant Normal Mode CANH Open, 115 mA
TXD=0V
| Output Short Circuit Current, CANH=CANL=-40V 5 5 mA
OSCREC | Recessive Normal Mode to 40V, TXD= Vcci
Receiver Characteristics
Common Mode Range, Normal
Vem Mode -30 30 \/
Positive Going Input Threshold
Vir+ Voltage, Normal Mode -30V<Vcemn<30V 0.9 \Y/
Negative Going Input Threshold i
Vir- Voltage, Normal Mode 30V<Veu<3ov 0.5 v
Hysteresis for Input Threshold

ViT_Hys Voltage, Normal Mode -30V<Vcemn<30V 0.1 \/
Rip Differential Input Resistance 50 80 kQ
Rin Input Resistance (CANH or CANL) 25 40 kQ

Rinw) Input Resistance Matching 1- 1 1 %
RincanH) / RincanL)
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SWITCHING CHARACTERISTICS (AC)

All typical values at Vcci = 5V, Vecz = 5V and Ta = 25°C, all min and max specifications are at recommended
operating conditions and Ta = -40°C to 125°C, unless otherwise specified

Symbol Parameter Condition Min Typ | Max | Unit
Total loop delay, driver input TXD
trrop(Loor1) | tO receiver output RXD, recessive 55 130 200 ns
to dominant RL=60Q, C.=100pF,
Total loop delay, driver input TXD | CL_rRxo=15pF,
trrop(LoopP2) | to receiver output RXD, dominant 70 150 210 ns
to recessive
Driver propagation delay time, high
trHR TXD to driver recessive, dominant | R.=60Q, C.=100pF 30 120 ns
to recessive
Driver propagation delay time, low
trLD TXD to driver dominant, recessive | Ri=60Q, C.=100pF 25 120 ns
to dominant
tskp Pulse skew (| trrr - trio| ) RL=60Q, C.=100pF 35 ns
tr Differential output signal rise time R.=60Q, CL.=100pF 20 40 60 ns
tr Differential output signal fall time R.=60Q, CL.=100pF 10 30 50 ns
trxp_pto Dominant timeout RL=60Q), C.=100pF 1.2 24 3.8 ms
Receiver propagation delay time,
trrH driver recessive to RXD high, 40 120 ns
dominant to recessive
Receiver propagation delay time,
troL driver dominant to RXD low, | ¢, pyp=15pF 35 120 ns
recessive to dominant -
tR_RXD RXD output signal rise time 2 ns
tr_rRxD RXD output signal fall time 2.5 ns
Bit t|me_ on CAN bus output with 435 530 ns
teir(rxp) = 500ns
teiT(BUS) S— .
Bit t|me_ on CAN bus output with 155 210 ns
teiT(txp) = 200ns RL=60Q, CL:].OOpF,
e : CL_rxp=15pF
?n time on RXD output with teirrxp) 400 550 ns
=500ns
teIT(RXD) — -
?n time on RXD output with teir(rxp) 120 220 ns
=200ns
Receiver timing Symmetry teir(rxp) =
500ns RL=60Q, CL=100pF, -65 45 | ns
Atrec i _ CL_rxp=15pF, Atrec =
Receiver timing Symmetry teir(rxp) = teimrRxD) - tBIT(BUS) 45 15 ns
200ns
Sillumin Semiconductor Co., Ltd. —www.sillumin.com 11
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PARAMETER MEASUREMENT INFORMATION
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Figure 3. Driver Voltage and Current
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Figure 5. Driver Test Circuit and Timing
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Figure 6. Receiver Voltage and Current
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Figure 7. Receiver Test Circuit and Timing
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Figure 9. CAN FD Test Circuit and Timing
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Figure 10. Dominant Time-Out Test Circuit and Timing
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Figure 11. Driver Short Circuit Current Test Circuit
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Figure 12. CMTI Test Circuit
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FEATURE DESCRIPTION

The SiLM5142S is the isolated CAN transceiver that provides a number of different protection features making it
ideal for the stringent automotive system requirements while also supporting CAN FD data rates up to 5 Mbps.

CAN Bus State

The CAN bus has two logical states during operation: recessive and dominant. A dominant bus state occurs when
the bus is driven differentially and corresponds to a logic low on the TXD and RXD pins. A recessive bus state
occurs when the bus is biased to Vcc2 /2 via the high-resistance internal input resistors (Rin) of the receiver and
corresponds to a logic high on the TXD and RXD pins. A dominant state overwrites the recessive state during
arbitration. Multiple CAN nodes may be transmitting a dominant bit at the same time during arbitration, and in this
case the differential voltage of the bus is greater than the differential voltage of a single driver.

Normal Mode

In the normal operating mode, the CAN driver and receiver are fully operational and CAN communication is bi-
directional. The driver is translating a digital input from the TXD input to a differential output on the CANH and CANL
bus pins. The receiver is translating the differential signal from CANH and CANL to a digital output on the RXD
output. The Table 1 shows the SiLM5142S function.

Table 1. TXD, RXD and Bus Function Table

Driver Receiver
Inputs Outputs Differential Inputs Output
TXD CANH | CANL BUS State Vio=CANH-CANL RXD BUS State
L H L Dominant Vb= ViT+(Max) L Dominant
H Z Z Recessive Vir-min<Vib<Vit+«max) | indeterminate | indeterminate
Open Z Z Recessive Vip<ViT-(Min) H Recessive

TXD Dominant Timeout (DTO)

During normal mode, the only mode where the CAN driver is active, the TXD DTO circuit prevents the local node
from blocking network communication in the event of a hardware or software failure where TXD is held dominant
longer than the timeout period trxo_pto. The TXD DTO circuit is triggered by a falling edge on TXD. If no rising edge
occurs before the timeout period expires, the CAN driver is disabled. This frees the bus for communication between
other nodes on the network. The CAN driver is reactivated when a recessive signal occurs on the TXD pin, thus
clearing the dominant time out. The receiver remains active and biased to Vcc2/2 and the RXD output reflects the
activity on the CAN bus during the TXD DTO fault.

TXD fault, stuck low . .
in dominant TXD fault is repaired

A\ \

t TXD fault and stuck
TXD «— 00 low in dominant
(Driver) ////

{ TXD DTO frees the bus for

Normal CAN communication after the
Communication time trxp_oto-
A\
Bus - - t
TXD_DTO
Communication Communication
from other bus node from repaired node
(Receiver)
A

Communication

Communication from
from local node

repaired local node

Figure 13. Example of timing diagram for TXD DTO
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Under-Voltage Lockout and Default State

The supply pins have under-voltage detection which protects the bus during an under-voltage event on the Vcci or
Vcce. If the VCC2 supply is less than 4 V (typ), the power shutdown circuits in the SiLM5142S disable the transceiver
to prevent false transmissions because of an unstable supply. If the VCC1 supply is still active when this occurs,
the receiver output (RXD) goes to a default HIGH (recessive) value.

Table 2. Under-Voltage Lockout and Bus State

VCC1 VCC2 Device State Bus Output RXD

> UVLO > UVLO Functional Pre Device State and TXD | Mirrors Bus

<UVLO > UVLO Protected Recessive Undetermined

> UVLO <UVLO Protected High Impedance Recessive (Default high)

Thermal Shutdown

If the junction temperature of the SiLM5142S exceeds the thermal shutdown threshold (Ttsp), the SiLM5142S turns
off the CAN driver circuits, blocking the TXD-to-bus transmission path. The CAN bus are biased to the recessive
level during a thermal shutdown, and the receiver-to-RXD path remains operational. A hysteresis is included so that
the SiLM5142S does not recover from thermal shutdown until the on-chip temperature drops below Ttsp-TTsp_Hvs.
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PACKAGE CASE OUTLINES
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Figure 14. SOP8W Package Outline Dimensions
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Page or Item

Subjects (major changes since previous revision)

Rev 1.0 datasheet: 2023-08-29

Whole document

Initial datasheet release

Sillumin Semiconductor Co., Ltd. — www.sillumin.com

Rev1.0, Aug 2023

18


http://www.sillumin.com/

