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4 Pin Configuration and Functions

O
™p [_| 8 |_] sm8 ™b [_| 1 s |_] st8
e[| 2 7 | ] canH eND | 2 7 ] canH
Voo [] 3 6 || canL Voo [] 3 6 || cAanL
RD | 4 5 [] sHDNV RxD | 4 5 [] sHONyg
Not to scale Not to scale
4-1. DDF Package, 8-Pin SOT Eq 4-2. D Package, 8-Pin SOIC
(Top View) (Top View)
™o [_ 1 :_____| 8,_| stB
|
_, | [
GhD [ 12! 171_ | cANH
: Thermal :
— Pad —
I~ | | —
Vee L__,3I :6,___ CANL
| I —
Ro[_1al __ 15[ _ | sHONV
Not to scale
[ 4-3. DRB Package, 8-Pin VSON
(Top View)
# 4-1. Pin Functions
Pins
Type(") Description
Name No.
TXD 1 Digital Input | CAN transmit data input; integrated pull-up
GND 2 G Ground connection
Vee 3 Supply 3.3 V supply voltage
RXD 4 Digital Output | CAN receive data output, tri-stated when device powered off
SHDN ; Digital Input ODS\}/Il)ce in ultra-low power shutdown mode if pin is high; integrated pull-down (TCAN3414
Vio Supply 1/0O supply voltage (TCAN3413 only)
CANL Bus IO Low-level CAN bus input/output line
CANH Bus IO High-level CAN bus input/output line
STB Digital Input | Standby input for mode control; integrated pull-up
Thermal Pad (VSON only) . Connect the thermal pad to any internal PCB ground plane using multiple vias for optimal
thermal performance.
(1) 1= Input, O = Output, I/O = Input or Output, G = Ground.

4 BEICET BTN (DERRBE Sb) EHE
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5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
Vee Supply voltage -0.3 6 \%
Vio Supply voltage 1/O level shifter (only for TCAN3413) -0.3 6 \Y
VBus CAN bus /0 voltage range on CANH and CANL -58 58 \Y
Vorrr \'\;l;);,:di:ﬁ?crinr\tlial _vgltAalgf)between CANH and CANL _58 58 v
Viogic_Input Logic pin input voltage (TXD, STB, SHDN) -0.3 6 \%
VRxD Logic output voltage range (RXD) -0.3 6 \%
loRxD) RXD output current -8 8 mA
T, Junction temperature -40 165 °C
Tste Storage temperature —65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If

used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
(2) All voltage values, except differential /O bus voltages, are with respect to ground terminal.

5.2 ESD Ratings

be fully

VALUE UNIT

HBM classification level 3A for +4000 v
all pins

Human-body model (HBM) HBM classification level 3B for

VEsp Electrostatic discharge global pins CANH and CANL +10000 \Y

with respect to GND

Charged-device model (CDM) +750 v

CDM classification level C5 for all pins -

5.3 ESD Ratings, IEC Transients

VALUE UNIT

VEesp ‘ System level electrostatic discharge ‘ CAN bus terminals (CANH, CANL) to GND |IEC61000-4-2 +10000 \%
5.4 Recommended Operating Conditions
MIN NOM MAX UNIT

Vee Supply voltage 3 3.3 3.6 \

Vio Supply voltage for 1/O level shifter (only for TCAN3413) 1.7 3.6 \Y

loH(RXD) RXD terminal high-level output current -2 mA

loLrxD) RXD terminal low-level output current 2 mA

loH(RXD) RXD terminal high-level output current (only for TCAN3413) -1.5 mA

loLRrxD) RXD terminal low-level output current (only for TCAN3413) 1.5 mA

T, Junction temperature —40 150 °C

5.5 Thermal Characteristics

TCAN3413/3414
THERMAL METRIC(") UNIT
D (SOIC) DDF (SOT) DRB (VSON)

Roya Junction-to-ambient thermal resistance 114.4 122.9 50.9 °C/W

ReJcitop) Junction-to-case (top) thermal resistance 49.0 51.7 55.8 °C/IW
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F
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5.5 Thermal Characteristics (#i %)

TCAN3413/3414
THERMAL METRIC(") UNIT
D (SOIC) DDF (SOT) DRB (VSON)
Reous Junction-to-board thermal resistance 58.0 45.7 23.2 °C/W
Wi Junction-to-top characterization parameter 7.0 1.3 1.4 °C/W
Yig Junction-to-board characterization parameter 57.1 454 23.2 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance N/A N/A 7.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

5.6 Supply Characteristics

parameters valid over recommended operating conditions with -40°C < T, < 150°C (Typical values are at Voc = 3.3 V; V| =

3.3V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER

TEST CONDITIONS

MIN TYP

MAX UNIT

lcc

Dominant

TXD=0V,STB=0V
R =60 Q, C_=open
See [ 6-1

42

55 mA

Supply current normal

mode Dominant

TXD=0V,STB=0V
R =50 Q, C_ = open
See [ 6-1

50

60 mA

Recessive

TXD =V¢e, STB=0V
R =50 Q, C_ = open
See [ 6-1

8.2 mA

lec

Supply current normal

Dominant with
mode

bus fault

TXD=0V,STB=0V
CANH = CANL = +25 V
R, = open, C| = open
See 4 6-1

130 mA

Supply current standby mode (TCAN3413)

TXD =STB = Vio, R =50 Q, CL =open,
T, <=85"°C, See [X] 6-1

TXD = STB = V|0, R. = 50 Q, C_ = open,
T, <= 125 °C, See X 6-1

TXD = STB = V|, R = 50 Q, C, = open,
T, <= 150 °C, See X 6-1

Supply current standby mode (TCAN3414)

TXD = STB = V¢, R = 50 Q, C, = open,
T, <= 85 °C, See [X 6-1

10

15

TXD = STB = V¢, R =50 Q, G, = open,
T, <= 125 °C, See X 6-1

10

16 pA

TXD = STB = V¢, R, = 50 Q, C, = open,
T, <= 150 °C, See X 6-1

10

17

||0 (onIy
for

TCAN34
13)

Dominant
1/0 supply current normal

TXD=0V,STB=0V
R =60 Q, C_ = open
RXD floating

125

300

mode
recessive

TXD =V|p, STB=0V
R =60 Q, C_ =open
RXD floating

19

48

1/0 supply current standby mode

TXD = Vo, STB =V|o
R =60 Q, C_ =open
RXD floating, T, <= 85 °C

13 pA

TXD = Vo, STB =V|o
R =60 Q, C_ =open
RXD floating, T; <= 125 °C

14

TXD = Vo, STB =V
R =60 Q, C_=open
RXD floating, T, <= 150 °C

15

lcc

Supply current (V¢ pin current), shutdown
mode (TCAN3414)

SHDN = Vg, RXD floating, TXD =
Ve, Ty<=85°C

SHDN = Vg, RXD floating, TXD =
Vee, Ty <=150 °C

UA

6 BRHCT BT — RS2 (DA RBE bt B
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5.6 Supply Characteristics (i)

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Voc = 3.3 V; V| =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
UVcer) | Undervoltage detection Ve rising Ramp up 2.75 2.9 v
UVcer) | Undervoltage detection on Ve falling Ramp down 2.5 2.65
Vhvs Hysteresis voltage on UV¢c 120 mvV
(uvce)
UVior) |Undervoltage detection V(g rising (TCAN3413) | Ramp up 1.6 1.65
Undervoltage detection on Vg fallin A
UVior) (TCAN341 g) o fafling Ramp down 1.4 15
Vhysvi Hysteresis voltage on UV 50 mv
0)
5.7 Dissipation Ratings
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VCC =33V, TJ =27°C, RL =60Q, CL_RXD =15
pF
TXD input = 250 kHz 50% duty cycle square 50 mw
P Average power dissipation wave
D
Normal mode Vee =36V, Ty =150°C, R, = 50Q, C_grxp = 15
pF
TXD input = 2.5 MHz 50% duty cycle square 60 mw
wave
Trsp Thermal shutdown temperature 192 ¢
T1sp_Hys | Thermal shutdown hysteresis 10

5.8 Electrical Characteristics

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Vo = 3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX | UNIT
Driver Electrical Characteristics
Dominant outout volt CANH TXD =0V, STB, SHDN =0V 2.25 Vee| V
Vopom) °m'”f‘” ‘;” putvoltage 50 Q <R, <650, C_=open
normal mode CANL See [4 6-2 and [¥ 7-3 0.5 1.25| V
Recessive output voltage XD =Vigor Veg, STB, SHON =0V
Vo(RECc) normal mode P 9 CANH and CANL |R_ = open (no load), C| = open 1.5 1.9 225 V
See ¥ 6-2 and [¥] 7-3
) TXD = 250 kHz, 1 MHz, 2.5 MHz, STB,
Driver symmetry SHDN =0 V
Vsym sVO(CANH) + Voeann)/(Vorec_canm) + Ry = 60, CgpLi7 = 4.7 nF, C_ = open 0.9 1.1 VIV
oReC_cANL} See [X 6-2 and X 8-2
DC output symmetry STB, SHDN =0V
Vsym_bc } } R =60 Q, C_ = open —400 400| mV
(CANHRgc + CANLRgc - CANHpowm - CANLpowm) See [¥ 6-2 and [ 7-3
TXD =0V, STB. SHDN =0V
50 Q<R £65Q, C_=open 1.5 3|V
See [¥] 6-2 and [X] 7-3
CANH - CANL
Differential output voltage TXD=0V, STB, SHDN =0V
VOD(DOM) normal mode 45Q0<R =70 Q, C_=open 1.4 3 \Y
Dominant See [¥] 6-2 and [X] 7-3
TXD =0V, STB, SHDN =0V
CANH - CANL R =2240 Q, C| = open 1.5 34| V
See [ 6-2 and [X] 7-3
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7
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5.8 Electrical Characteristics (¥tX)

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Vo = 3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
TXD =V|por Vcc, STB, SHDN =0 V
CANH - CANL R, =60 Q, C_=open -120 12| mV
Differential output voltage See [¥ 6-2 and [4 7-3
Vob(REC) normal mode
Recessive TXD =V|por Vcc, STB, SHDN =0 V
CANH - CANL R, = open, C_= open -50 50| mV
See [ 6-2 and [X] 7-3
CANH -0.1 01| V
TXD =STB = V|o or Vcc,
Vo) Bus output voltage standby CANL R, = open , C_ = open 01 01 v
mode See [ 6-2 and 2 7-3
CANH - CANL -0.2 02| V
See 6-7 aild 7-3, V(C_ANH) =-15Vto —115 115| mA
losoon Short-circuit bus output current, dominant, 40V, CANL = open, TXD =0V
(DOM) normal mode See [4 6-7 and [%] 7-3, V(can_1) =-15 V to _115 115! mA
40V, CANH = open, TXD=0V
See 6-7 and 7-3, V(CANH) =-27Vto
32V, CANL = open, STB=0, TXD = Vg or -7 7| mA
| Short-circuit steady-state output current, Vee,
OS(REC :
(REC) recessive, normal mode See [/ 6-7 and [ 7-3, Vioan) = 27 V to
32V, CANH = open, STB =0, TXD = -7 7| mA
Vioor Vec,
Receiver Electrical Characteristics
See [ 6-3 and # 7-6
Vir Input threshold voltage normal mode 230 V < Ve < 30 V, STB, SHDN= 0 V 500 900| mV
See [X] 6-3 and # 7-6
Input threshold standby mode, TCAN3414 30V <Vey<s30V,SHDN=0V, 400 1150 mV
STB= VCC
See [X] 6-3 and # 7-6
Vir(sTs) Vio=3V1t036V,-30V=Veys30V, 400 1150 | mV
STB= V|o
Input threshold standby mode, TCAN3413
See [¥ 6-3 and # 7-6
Vio=17V1t01.9V,225V1t02.75V,-12 400 1150 mV
V<Veus12V, STB= Vg
v Normal mode dominant state differential input See ¥ 6-3 and # 7-6 0.9 9l v
DOM voltage range -30 V<V <30V, STB, SHDN=0V '
v Normal mode recessive state differential input | See [X| 6-3 and % 7-6 4 05| v
REC voltage range -30 V<V <30V, STB, SHDN=0V ’
. . - See %] 6-3 and % 7-6
Standby mode dominant state differential input _ _
Vpom(sTs) voltage range \S/HDN— 0V,STB =V, -30V<Vey=30 1.15 9| V
) . e See [ 6-3 and # 7-6
Standby mode recessive state differential input _ _
VREC(STB) voltage range \S/HDN =0V, STB =V, -30V<Vcy<30 -4 0.4 \%
Y Hysteresis voltage for input threshold normal See [ 6-3 and # 7-6 50 mv
HYs mode -30 V<V <30V, STB, SHDN=0 V
Ve Common mode range normal and standby See 4 6-3 and % 7-6 _30 30| v
modes
ILkG(I0FF) Unpowered bus input leakage current CANH =CANL =5V, Vgc =V|0=GND 5| pA
C Input capacitance to ground (CANH or CANL) 40| pF
TXD = V|o,
Cpp Differential input capacitance 20| pF
Rip Differential input resistance 25 50| kQ
Single ended input resistance TXD =V|0,8TB=0V-30V=Vcy<30V
Rin 13 25| kQ
(CANH or CANL)
Input resistance matching
R V =V =5V -3 3| %
INM) [1 - (Rincant) / Rincaney)] x 100 % (CANLH) = T(CANL) ’
TXD Terminal (CAN Transmit Data Input)
ViH High-level input voltage ‘ TCAN3414 0.7 Ve \Y
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5.8 Electrical Characteristics (¥tX)

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Vo = 3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Viy High-level input voltage TCAN3413 0.7 Vipo \Y
Vi Low-level input voltage TCAN3414 0.3Vee| V
Vi Low-level input voltage TCAN3413 03Vip| V
iy High-level input leakage current TXD =Vee=Vip=3.6V -2.5 0 11 pA
I Low-level input leakage current TXD=0V,Vgc=V|p=36V -200 -100 -20| pA
I KG(OFF) Unpowered leakage current TXD=36V,Vcc=Vip=0V -1 0 11 WA
C Input capacitance 4 pF
RXD Terminal (CAN Receive Data Output)
Vou High-level output voltage ;g:Nmséjg lo =2 mA 0.8 Ve \Y
VoH High-level output voltage See [X] 6-3, 1o = -1.5 mA, TCAN3413 0.8 Vo Y,
VoL Low-level output voltage ;Ce::'[\i?gjg o =2 mA 0.2Vee| V
VoL Low-level output voltage ;::Ejgjg Io=1.5mA 0.2Vip| V
I KG(OFF) Unpowered leakage current RXD=3.6V,Vcc=Vio=0V -1 0 11 pA
STB Terminal (Standby Mode Input)
Vi High-level input voltage TCAN3414 0.7 Ve \%
Vi High-level input voltage TCAN3413 0.7 Vio \%
Vi Low-level input voltage TCAN3414 0.3Vee| V
Vi Low-level input voltage TCAN3413 0.3Vip| V
iy High-level input leakage current Vec=Vio=STB=36V -2 2] pA
I Low-level input leakage current Vec=Vi0=36V,STB=0V -20 -2| pA
I KG(OFF) Unpowered leakage current STB =3.6V, Vgc=Vio =0V -1 0 11 pA
SHDN Terminal (Shutdown mode input)
Vi High-level input voltage TCAN3414 0.7 Ve \%
Vi Low-level input voltage TCAN3414 03Vee| V
IiH High-level input leakage current Vee =Vio=SHDN=3.6 V 2 55| pA
I Low-level input leakage current Vee=Vi0=36V,SHDN=0V -2 2| pA
ILkG(OFF) Unpowered leakage current SHDN =36V, Vcc=Vip=0V -1 0 1] pA

5.9 Switching Characteristics

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Voc =3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted
PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| UNIT

Device Switching Characteristics

See [¥ 6-4, normal mode, Vgc = Vo =3
V1t03.6V,R,=60Q, C_ =100 pF,
CiLrxp) = 15 pF

TCAN3414, TCAN3413

95 180 ns

See [X] 6-4 , normal mode, V¢ = 3 to
36V,V,0=225V10275V,R =60Q,
CL =100 pF, CL(RXD) =15 pF
TCAN3413

Total loop delay, driver input (TXD) to receiver

output (RXD), recessive to dominant 102 190 ns

tPrROP(LOOP1)

See ¥ 6-4 , normal mode, Vgc = 3 to 3.6
V,Vio=171Vt0 1.89V,R_ =60 Q, C, =
100 pF, CL(RXD) =15 pF

TCAN3413

115 210 ns
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5.9 Switching Characteristics (#tX)

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Vcc = 3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
See [X| 6-4 , normal mode, Vcc = Vo =3
Vto3.6V,R =60Q,C_=100 pF, 120 180 ns
CLrxp) = 15 pF
TCAN3414, TCAN3413
See [X| 6-4 , normal mode, Vcc = 3 to 3.6
¢ Total loop delay, driver input (TXD) to receiver V,Vip=225V10275V,R . =60Q,C_= 125 190 ns
PROP(LOOP2) output (RXD), dominant to recessive 100 pF, CL(rxp) = 15 pF
TCAN3413
See [X] 6-4 , normal mode, Vcc = 3 to 3.6
V,Vio=171V1t01.89V,R . =60Q,C =
100 pF, Cy(axp) = 15 pF 140 210 ns
TCAN3413
¢ Mode change time, from normal to standby or from |See [X 6-5 30 s
MODE standby to normal H
. With TXD = High, Time from SHDN pin
tsHon1 mggz change time from normal mode to shutdown (low to high edge 50%) to CANH going 40 us
from recessive level Vo(rec) to 0.5V
. With TXD high, time from SHDN pin
toHDN2 mggz change time from shutdown mode to normal (high to low edge 50%) to CANH going 200 us
from 0.5V to Vo(rec)
twk_FILTER Filter time for a valid wake-up pattern 0.5 1.8 us
See X 7-5
twk_TIMEOUT Bus wake-up timeout value 0.8 6 ms
Tstartup Time du_ranon after Vg or Vg hass clgared UV+, 15 ms
and device can resume normal operation
Thiter(STB) Filter on STB pin to filter out any glitches 0.5 1 2 us
Thitter(SHDN) Filter on SHDN pin to filter out any glitches 0.5 1 2 us
Driver Switching Characteristics
See [/ 6-2, STB, SHDN =0V, R_ =60
Q, C_ =100 pF, Vec=Vio=3V1t0 36V 65 100 ns
TCAN3414, TCAN3413
See %] 6-2 ,STB, SHDN =0V, R_ =60
¢ Propagation delay time, low-to-high TXD edge to ;)2(5:'-\; 12072':\’/\/00 =31036V, Vo= 67 10| ns
prop(TxD-busrec) driver recessive (dominant to recessive) y 0 2.
TCAN3413
See [¥ 6-2 ,STB, SHDN =0V, R_ =60
Q,C_L =100 pF,Vgc=31t03.6V, Vp=
1.71V1t0 1.89 V & 10 ns
TCAN3413
See ¥ 6-2, STB, SHDN =0V, R_ =60
Q,C_L=100pF,Vec=Vip=3Vto36V 46 100 ns
TCAN3414, TCAN3413
See [¥ 6-2 ,STB, SHDN =0V, R_ =60
¢ Propagation delay time, high-to-low TXD edge to ?YZgL\ftc: 207%':\’/\/@ =31036V,Vio = 48 10| ns
prop(TxD-busdom) : : ; f . .
driver dominant (recessive to dominant) TCAN3413
See [¥ 6-2 ,STB, SHDN =0V, R_ =60
Q,C_L =100 pF,Vgc=31t03.6V, V=
1.71V1t0 1.89V 3 1o ns
TCAN3413
,STB, SHDN=0V,R_ =60 Q, C_ =100
tsk(p) Pulse skew (|tprop(TxD-busrec) - tprop(TxD-busdom)l) PF, See % 6-2 t L 18 28 ns
tr Differential output signal rise time See % 6-2, STB, SHDN =0 V, R, = 60 32 57 ns
te Differential output signal fall time Q, C_ =100 pF 30 50| ns
trxp_pTo Dominant timeout ge%!_m:ﬁ'gd ;IB SHDN =0V, R, =60 1.2 4.0 ms
Receiver Switching Characteristics
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5.9 Switching Characteristics (#tX)

parameters valid over recommended operating conditions with -40°C < T; < 150°C (Typical values are at Vcc = 3.3V, Vo =
3.3 V for TCAN3413, Device ambient maintained at 27°C) unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
See ¥ 6-3, STB, SHDN =0V,
CL(RXD) =15pF, Vcc=Vip=3V1t0o3.6V 55 90 ns
TCAN3414, TCAN3413
See [¥] 6-3, STB, SHDN =0V, CL(RXD) =
¢ Propagation delay time, bus recessive input to RXD ;572':\’/\/0‘3 =31036V,Vio=225Vto 60 90 ns
prop(busrec-RXD) f : ; .
high output (dominant to recessive) TCAN3413
See [¥] 6-3, STB, SHDN =0V, CL(RXD) =
15 pF, Ve =31t03.6V, V=171V to
189V 70 102 ns
TCAN3413
See [X 6-3, STB, SHDN =0V,
CL(RXD) =15pF, Vecc=Vip=3Vto3.6V 45 90 ns
TCAN3414, TCAN3413
See [¥] 6-3, STB, SHDN =0V, CL(RXD) =
¢ Propagation delay time, bus dominant input to RXD ;572':\’/\/“ =31036V,Vio=225Vto 51 90| ns
prop(busdom-RXD) ; f .
low output (recessive to dominant) TCAN3413
See [X 6-3, STB, SHDN =0V, C|(rxp) =
15 pF, Ve =31t03.6V,Vig=171Vto
189V 60 100 ns
TCAN3413
tr RXD output signal rise time See [2 6-3, STB, SHDN =0 V 10 25 ns
te RXD output signal fall time Ci(rxp) = 15 pF 10 28| ns
FD Timing Characteristics
Bit time on CAN bus output pins with tgir(txp) = 500
ns 450 525 ns
Bit time on CAN bus output pins with tgit(rxp) = 200 |See [X 6-4 , STB, SHDN =0V, R =60
tBim@Us) ns Q, C_ = 100 pF, Cy(rxp) = 15 pF 160 205 ns
Bit time on CAN bus output pins with tg;txp) = 125
ns() (TXD) 85 130| ns
Bit time on RXD output pins with tgr(txp) = 500 ns 410 540 ns
. - - _ See [/ 6-4, STB, SHDN =0V, R_ =60
tBIT(RXD) Bit time on RXD output pins with tgr(txp) = 200 ns Q, C, = 100 pF, Cy(rxo) = 15 pF 130 210 ns
Bit time on RXD output pins with tgir(rxp) = 125 ns(") 75 135 ns
Receiver timing symmetry with tgir(rxp) = 500 ns See [2/ 6-4 , STB, SHDN = 0V, R, = 60 -50 20 ns
Atrec Receiver timing symmetry with tgir(txp) = 200 ns Q, CL =100 pF, Crxp) = 15 pF -40 10 ns
Receiver timing symmetry with tgirrxp) = 125 ns(!) Atrec = tai(rxo) - taiTBUS) -40 10| ns
(1)  Min/Max limits based on characterization.
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5.10

Typical Characteristics

5-5. Total Loop Delay vs Temperature
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TCAN3414
5-6. Icc vs Data Rate
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5.10 Typical Characteristics (continued)

Driver Propagation Delay (ns)
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5-7. Driver Propagation Delay vs Temperature

Receiver Propagation Delay (ns)
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5-8. Receiver Propagation Delay vs Temperature

-20 0 20 40 60 80 100 120 140
Temperature (°C)

CL =100 pF R.=60Q

Copyright © 2023 Texas Instruments Incorporated

BEHZB T 87— R\ (ZE R PR GaPoE) #xF 13

Product Folder Links: TCAN3413 TCAN3414

English Data Sheet: SLLSFS8


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tcan3413?qgpn=tcan3413
https://www.ti.com/product/ja-jp/tcan3414?qgpn=tcan3414
https://www.ti.com/ja-jp/lit/pdf/JAJSQ17
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQ17A&partnum=TCAN3413
https://www.ti.com/product/ja-jp/tcan3413?qgpn=tcan3413
https://www.ti.com/product/ja-jp/tcan3414?qgpn=tcan3414
https://www.ti.com/lit/pdf/SLLSFS8

13 TEXAS

TCAN3413, TCAN3414 INSTRUMENTS
JAJSQ17A — MARCH 2023 — REVISED NOVEMBER 2023 www.ti.com/ja-jp

6 Parameter Measurement Information

CANH
TXD —1
—_— RL . CL
O
CANL

CANH
+ + TXD 50%
XD |
R T c Voo |
VO(CANH)

CANL
CANH 1.5V
lo Vi
+ RXD -
Vip H ov
_|_
CANL Cmo [ v, Von
Vo(rxp)
Vou
B 6-3. Receiver Test Circuit and Measurement
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CANH 30%
I
I
TXD \
V R C <
I t T t ! 5 X tarr(rxp)
CANL
oy STB
* Voirr
Vo —— CiLrxo
— _L RXD
6-4. Transmitter and Receiver Timing Test Circuit and Measurement
CANH
VIH
oV LC R. g p—7
() STB 50%
N~ CANL
STB
Vi
[
VO ::CleXD RXD
6-5. tyope Test Circuit and Measurement
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6-6. TXD Dominant Timeout Test Circuit and Measurement

A
v T
|
|

Veus

ov

oV

Veus

6-7. Driver Short-Circuit Current Test and Measurement
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7 Detailed Description
7.1 Overview

The TCAN341x devices are 3.3 V CAN FD transceivers with robust EMC performance. The devices are data
rate agnostic making them backward compatible for supporting classical CAN applications while also supporting
CAN FD networks up to 8 Mbps. The devices have standby mode support which puts the transceiver in low
current consumption mode. Upon receiving valid wake-up pattern on CAN bus, the device signals to the micro-
controller through the RXD pin. The MCU can then place the device in normal mode using STB pin.

TCAN3414 supports ultra-low power shutdown mode where most of the internal blocks are disabled. This
feature is optimized for battery-powered applications. TCAN3413 supports V|o pin for low voltage logic level
interface. It can be interfaced to 1.8 V, 2.5 V or 3.3 V micro controllers.

7.2 Functional Block Diagram

SHDN or Vo Vee
5 3
[
VecorV ‘ l_’l
e e TSD e 7 | cANH
D | 1 D.ominant ||
time-out
6 | CANL
Vec orV
ce e Shu‘fown }‘
STB | 8 Mode Select q
UVP J —
Vec or Vip
| I
RXD | 4 H Logic Output |— MUX
WUP Monitor O
Low Power Receiver
2
GND
B 7-1. Block Diagram
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7.3 Feature Description
7.3.1 Pin Descripton

7.3.1.1 TXD

The TXD input is a logic-level signal from a CAN controller to the transceiver. The signal is referenced to V¢ for
the TCAN3414, or to Vg for the TCAN3413.

7.3.1.2 GND

GND is the ground pin of the transceiver. The pin must be connected to the PCB ground.
7.3.1.3 Ve

V¢ provides the 3.3 V power supply to the CAN transceiver.

7.3.1.4 RXD

The RXD output is a logic-level signal from the CAN transceiver to the CAN controller. The signal is referenced
to Ve for TCAN3414 and Vg for TCAN3413. For TCAN3413, the pin is only driven once V|g is present.

When a CAN bus wake-up event takes place, RXD is driven low.
7.3.1.5 V)0 (TCAN3413 only)

The Vg pin provides the digital /0 voltage to match the CAN controller voltage thus avoiding the requirement for
a level shifter. It supports voltages from 1.7 V to 3.6 V providing a wide range of controller support.

7.3.1.6 CANH and CANL

The CANH and CANL pins are the CAN high and CAN low differential bus pins. These pins are internally
connected to the CAN transmitter, receiver and the low-power wake-up receiver.

7.3.1.7 STB (Standby)

The STB pin is an input pin used for mode control of the transceiver. The STB pin can be supplied from either
the system processor or from a static system voltage source. STB pin has default pull-up resistor on-chip. So if
the pin is left floating or pulled high externally, device is in standby mode. If normal mode is the only intended
mode of operation, the STB pin can be tied directly to GND.

7.3.1.8 SHDN (Shutdown)

The SHDN pin is only applicable to TCAN3414 and is used to put the device in ultra-low power mode. SHDN pin
has an internal pull-down resistor on-chip, so if the pin is left floating, the device is in normal mode or standby
mode depending on the state of STB pin. Pulling SHDN pin high externally puts the device in shutdown. All
blocks (including low power wakeup receiver) are disabled in this mode. SHDN pin has higher priority compared
to STB pin.

7.3.2 CAN Bus States
The CAN bus has two logical states during operation: recessive and dominant. See [X| 7-2 and [X| 7-3.

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 roughly V¢/2 via the high-resistance internal
input resistors (Ry) 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.

The TCAN341x transceivers implement a low-power standby (STB) mode which enables a third bus state where
the bus pins are weakly biased to ground via the high resistance internal resistors of the receiver. See [X| 7-2 and
7-3.
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Normal Mode

Standby Mode

Typical Bus Voltage

TVDFF

| .
Recessive Dominant Recessive o Time, t
7-2. Bus States
CANH AVAVAY, T
1.9V A
RXD
Bias
Unit J_B
GND
CANL AVAVAY,

A - Normal Mode B - Standby Mode

B 7-3. Simplified Recessive Common Mode Bias Unit and Receiver

7.3.3 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 ttxp pto- The TXD DTO circuit is triggered by a falling edge on TXD. If no rising
edge is seen before the timeout period of the circuit, trxp pro, 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 is
seen on the TXD pin, thus clearing the dominant time out. The receiver remains active and biased to
approximately 1.9 V and the RXD output reflects the activity on the CAN bus during the TXD DTO fault.

The minimum dominant TXD time allowed by the TXD DTO circuit limits the minimum possible transmitted data
rate of the device. The CAN protocol allows a maximum of eleven successive dominant bits (on TXD) for the
worst case, where five successive dominant bits are followed immediately by an error frame. The minimum
transmitted data rate may be calculated using = 1 .

Minimum Data Rate = 11 bits / tyxp pro = 11 bits / 1.2 ms = 9.2 kbps (1)
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TXD fault stuck dominant: example PCB failure or bad software ‘ Fault is repaired & transmission capability
restored

¥
|
|
TXD (driver) « trxo_oro » #Dnver disabled freeing bus for other nodes

Normal CAN communication Bus would be “stuck dominant” blocking communication for the whole network but TXD DTO
i prevents this and frees the bus for communication after the time trxp pro.

. I HE
] & Ty

Communication from other bus node(s) ? Communication from repaired node?

o e M—M

- LU

Communication from local node Communication from other bus node(s)? Communication from repaired local node?

B 7-4. Example Timing Diagram for TXD Dominant Timeout

7.3.4 CAN Bus short-circuit current limiting

The devices have several protection features that limit the short-circuit current when a CAN bus line is shorted.
These include CAN driver current limiting in the dominant and recessive states, and TXD dominant state timeout
which prevents permanently having the higher short-circuit current of a dominant state in case of a system fault.
During CAN communication the bus switches between the dominant and recessive states, thus the short-circuit
current may be viewed as either the current during each bus state or as a DC average current. When selecting
termination resistors or a common-mode choke for the CAN design the average power rating, losavg), should be
used. The percentage dominant is limited by the TXD DTO and the CAN protocol which has forced state
changes and recessive bits due to bit stuffing, control fields, and interframe space. This makes sure there is a
minimum amount of recessive time on the bus even if the data field contains a high percentage of dominant bits.

The average short-circuit current of the bus depends on the ratio of recessive to dominant bits and their
respective short-circuit currents. The average short-circuit current may be calculated using =\ 2.

lOS(AVG) = % Transmit x [(% REC_BItS X IOS(SS)_REC) + (% DOM_BItS X IOS(SS)_DOM)] + [% Receive x lOS(SS)_REC] (2)

Where:

* los(ave) is the average short-circuit current

* % Transmit is the percentage the node is transmitting CAN messages

* % Receive is the percentage the node is receiving CAN messages

* % REC_Bits is the percentage of recessive bits in the transmitted CAN messages
* % DOM_Bits is the percentage of dominant bits in the transmitted CAN messages
* los(ss) Rec is the recessive steady state short-circuit current

* los(ss) pom is the dominant steady state short-circuit current

The short circuit current and the possible fault cases of the network should be taken into consideration when
sizing the power supply used to generate the transceivers V¢ supply.

7.3.5 Thermal Shutdown (TSD)

If the junction temperature of the devices exceed the thermal shutdown threshold, Ttgp, the device turns off the
CAN driver circuitry and blocks the TXD to bus transmission path. The shutdown condition is cleared when the
junction temperature of the device drops below Ttgp. The CAN bus pins are biased to ~ 1.9 V during a TSD fault
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and the receiver to RXD path remains operational. The TCAN341x TSD circuit includes hysteresis which
prevents the CAN driver output from oscillating during a TSD fault.

7.3.6 Undervoltage Lockout

The supply pins, Ve and V|g, have undervoltage detection that places the device into a protected state. This
protects the bus during an undervoltage event on either supply pin.

# 7-1. Undervoltage Lockout - TCAN3414

Vce DEVICE STATE BUS RXD PIN
> UVyec Normal if STB_= GND and SHDN Per TXD Mirrors bus
=GND
> UVyce Standby mode if STB = High and Weak biased to GND Ve, Remote wake request
SHDN = GND See Remote Wake Request via

Wake-Up Pattern (WUP) in
Standby Mode

> UVvyce Shutdown mode if SHDN = High Weak biased to GND Vee
< UVvyce Protected High impedance High impedance

# 7-2. Undervoltage Lockout - TCAN3413

Vece Vio DEVICE STATE BUS RXD PIN
> UVyce > UVyio Normal Per TXD Mirrors bus
< UVyce > UVyio STB = High: Standby Mode Weak biased to GND Vio: Remote wake request

See Remote Wake Request via
Wake-Up Pattern (WUP) in Standby

Mode
STB =Low: Protected Mode High impedance Recessive
> UVvce < UVyio Protected High impedance High impedance
< UVvce < UVvyio Protected High impedance High impedance

Once the undervoltage condition is cleared and tyopg or tsypn2 has expired, the TCAN341x transitions to normal
mode. The host controller again sends and receives CAN traffic.

7.3.7 Unpowered Device

For unpowered conditions, the TCAN341x is designed to be a passive or no load to the CAN bus. This is
because the bus pins were designed to have low leakage currents to not load the bus. This design consideration
is critical if some nodes of the network are unpowered while the rest of the network remains operational.

For unpowered scenario, the logic pins also have low leakage currents so they do not load other circuits which
may remain powered.

7.3.8 Floating pins

The TCAN341x devices have internal pull-up/pull-down resistors on critical pins which place the device into
known states if the pin floats. This internal bias should not be relied upon by design though, especially in noisy
environments, but instead should be considered a failsafe protection feature.

When a CAN controller supporting open-drain outputs is used, an adequate external pull-up resistor must be
chosen. This makes sure the TXD output of the CAN controller maintains acceptable bit time to the input of the
CAN transceiver. See # 7-3 for details on pin bias conditions.
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# 7-3. Pin Bias

Pin Pull-up or Pull-down Comment
TXD Pull-up Weakly biases TXD towards recessive to prevent bus blockage or TXD DTO triggering
STB Pull-up Weakly biases STB towards low-power standby mode to prevent excessive system
power
SHDN Pull-down Weakly biases SHDN towards normal mode to allow normal communication. SHDN pin

has higher priority than STB for TCAN3414.

7.4 Device Functional Modes

7.4.1 Operating Modes

The TCAN341x has two main operating modes; normal mode and standby mode. Operating mode selection is
made by applying a high or low level to the STB pin. TCAN3414 has a third mode: shutdown activated through
SHDN pin. Pulling SHDN pin high disables most internal blocks and puts the device in lowest power
consumption mode.

£ 7-4. Operating Modes for STB pin
STB Device Mode Driver Receiver RXD Pin

High (recessive) until valid WUP

is received

Low current standby mode with Low-power receiver and bus

High bus wake-u Disabled monitor enable See Remote Wake Request via
P Wake-Up Pattern (WUP) in
Standby Mode
Low Normal Mode Enabled Enabled Mirrors bus state

7.4.2 Normal Mode

This is the normal operating mode of the TCAN341x. The CAN driver and receiver are fully operational and CAN
communication is bi-directional. The driver is translating a digital input on 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.

7.4.3 Standby Mode

This is the low-power mode of the TCAN341x. The CAN driver and main receiver are switched off and bi-
directional CAN communication is not possible. The low-power receiver and bus monitor circuits are enabled to
allow for RXD wake-up requests via the CAN bus. A wake-up request is output to RXD as shown in Remote
Wake Request via Wake-Up Pattern (WUP) in Standby Mode. The local CAN protocol controller should monitor
RXD for transitions (high-to-low) and reactivate the device to normal mode by pulling the STB pin low. The CAN
bus pins are weakly pulled to GND in this mode; see See [¥] 7-2 and [X] 7-3.

For TCAN3413 in standby mode, only the V,o supply is required; therefore, the Voc may be switched off for
additional system level current savings.

7.4.3.1 Remote Wake Request via Wake-Up Pattern (WUP) in Standby Mode

The TCAN341x devices support a remote wake-up request that is used to indicate to the host controller that the
bus is active and the node should return to normal operation.

The device uses the multiple filtered dominant wake-up pattern (WUP) from the 1ISO 11898-2:2016 standard to
qualify bus activity. Once a valid WUP has been received, the wake request is indicated to the controller by a
falling edge and low period corresponding to a filtered dominant on the RXD output of the device.

The WUP consists of a filtered dominant pulse, followed by a filtered recessive pulse, and finally by a second
filtered dominant pulse. The first filtered dominant initiates the WUP, and the bus monitor then waits on a filtered
recessive; other bus traffic does not reset the bus monitor. Once a filtered recessive is received the bus monitor
is waiting for a filtered dominant and again, other bus traffic does not reset the bus monitor. Immediately upon
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reception of the second filtered dominant the bus monitor recognizes the WUP and drives the RXD output low
every time an additional filtered dominant signal is received from the bus.

For a dominant or recessive to be considered filtered, the bus must be in that state for more than the tyk riLTER
time. Due to variability in twk riTer the following scenarios are applicable. Bus state times less than
twk_FILTER(MIN) @re never detected as part of a WUP and thus no wake request is generated. Bus state times
between twk_riLTERMINY @Nd twk_FILTER(MAX) May be detected as part of a WUP and a wake-up request may be
generated. Bus state times greater than twk_riLTER(MAX) @re always detected as part of a WUP; therefore, a wake
request is always generated. See [X| 7-5 for the timing diagram of the wake-up pattern.

The pattern and twk_riLTer time used for the WUP prevents noise and bus stuck dominant faults from causing
false wake-up requests while allowing any valid message to initiate a wake-up request.

The I1ISO 11898-2:2016 standard has defined times for a short and long wake-up filter time. The tyk FiLTER timMing
for the device has been picked to be within the minimum and maximum values of both filter ranges. This timing
has been chosen such that a single bit time at 500 kbps, or two back-to-back bit times at 1 Mbps triggers the
filter in either bus state. Any CAN frame at 500 kbps or less would contain a valid WUP.

For an additional layer of robustness and to prevent false wake-ups, the device implements a wake-up timeout
feature. For a remote wake-up event to successfully occur, the entire WUP must be received within the timeout
value t < tywk Timeout- If not, the internal logic is reset and the transceiver remains in its current state without
waking up. The full pattern must then be transmitted again, conforming to the constraints mentioned in this
section. See [¥ 7-5 for the timing diagram of the wake-up pattern with wake timeout feature.

| .
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7-5. Wake-Up Pattern (WU P) with tWK_TIMEOUT

7.4.4 Shutdown Mode

This is the lowest power state of TCAN3414. All internal blocks including CAN driver, main receiver and low
power wake-up receiver are switched off and bi-directional CAN communication is not possible. Wakeup over
CAN bus is also not possible in this mode. CAN bus pins are weakly biased towards GND and RXD is high in
this state,
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7.4.5 Driver and Receiver Function

The TCAN341x logic 1/0 supports CMOS levels with respect to either V¢ for 3.3-V systems (TCAN3414) or V|g
(TCAN3413) for compatibility with MCUs that support 1.8-V, 2.5-V, or 3.3-V systems.

R 7-5. Driver Function Table

Bus Outputs
Device Mode TXD Input() Driven Bus State(@
CANH CANL
Low High Low Dominant
Normal - — — - -
High or open High impedance High impedance Biased recessive
Standby X High impedance High impedance Biased to ground
Shutdown X High impedance High impedance Biased to ground

M
)

X =irrelevant

For bus state and bias See [X| 7-2 and [X] 7-3 .

# 7-6. Receiver Function Table Normal and Standby Mode

Device Mode CAN Differential Inputs V\p = Vcann — VeanL Bus State RXD Pin
Vp209V Dominant Low
Normal 05V<Vp<09V Undefined Undefined
Vps05V Recessive High
Vpz1.15V Dominant High
Standby 04V<Vp<115V Undefined Low if a remote wake event
Vip<04V Recessive occurred See [X| 7-5
Any Open (Vip=0V) Open High
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8 Application and Implementation
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8.1 Application Information

The TCAN341x transceivers can be used in applications with a host controller or FPGA that includes the link
layer portion of the CAN protocol. [X| 8-1 shows a typical configuration for 3.3-V controller applications. The bus
termination is shown for illustrative purposes.

8.2 Typical Application

HH

VCC

V\NT Vin Vour
DD 8 CANH

1 1
l 3.3 V Voltage l l
Regulator
V
STB

% SHDN

MCU

TCAN3414

CAN FD RXD

Controller 1
CANL
TXD GND

~ <~

A

Optional: [ |Optional: Filtering, |

Terminating Node
_____ -

[Transient and ESD,
B4 8-1. Transceiver Application Using 3.3-V I/O Connections

8.2.1 Design Requirements
8.2.1.1 CAN Termination

Termination may be a single 120-Q resistor at each end of the bus, either on the cable or in a terminating node.
If filtering and stabilization of the common-mode voltage of the bus is desired then split termination may be used,
see [X] 8-2. Split termination improves the electromagnetic emissions behavior of the network by filtering higher-
frequency common-mode noise that may be present on the differential signal lines.
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Standard Termination Split Termination
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8-2. CAN Bus Termination Concepts

8.2.2 Detailed Design Procedures
8.2.2.1 Bus Loading, Length and Number of Nodes

A typical CAN application may have a maximum bus length of 40 meters and maximum stub length of 0.3 m.
However, with careful design, users can have longer cables, longer stub lengths, and many more nodes to a
bus. A high number of nodes requires a transceiver with high input impedance such as the TCAN341x.

Many CAN organizations and standards have scaled the use of CAN for applications outside the original 1SO
11898-2 standard. The organizations made system level trade off decisions for data rate, cable length, and
parasitic loading of the bus. Examples of these CAN systems level specifications are ARINC 825, CANopen,
DeviceNet, SAE J2284, SAE J1939, and NMEA 2000.

A CAN network system design is a series of tradeoffs. In the ISO 11898-2:2016 specification the driver
differential output is specified with a bus load that can range from 50 Q to 65 Q where the differential output must
be greater than 1.5 V. The TCAN341x family is specified to meet the 1.5-V requirement down to 50 Q and is
specified to meet 1.4-V differential output at 45-Q bus load. The differential input resistance of the TCAN341x is
a minimum of 22 kQ. If 55 TCAN341x transceivers are in parallel on a bus, this is equivalent to a 400-Q
differential load in parallel with the nominal 60-Q bus termination which gives a total bus load of approximately
52 Q. Therefore, the TCAN341x family theoretically supports over 50 transceivers on a single bus segment.
However, for a CAN network design margin must be given for signal loss across the system and cabling,
parasitic loadings, timing, network imbalances, ground offsets, and signal integrity thus a practical maximum
number of nodes is often lower. Bus length may also be extended beyond 40 meters by careful system design
and data rate tradeoffs. For example, CANopen network design guidelines allow the network to be up to 1 km
with changes in the termination resistance, cabling, less than 64 nodes and significantly lowered data rate.

This flexibility in CAN network design is one of the key strengths of the various extensions and additional
standards that have been built on the original ISO 11898-2 CAN standard. However, when using this flexibility,
the CAN network system designer must take the responsibility of good network design to for robust network
operation.

See the application report SLLA270: Controller Area Network Physical layer requirements. This document
discusses in detail all system design physical layer parameters.
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Node 1 Node 2 Node 3 Node n

(with termination)

CAN FD CAN FD CAN FD CCAIt\l ITID
Controller Controller Controller ontroller

S

| Rrerw |
T~
//\//

B 8-3. Typical CAN Bus

8.2.3 Application Curves

VCC =33V V|o =33V R|_ =60Q VCC =33V V|o =33V RL =60Q
EJ 8-4. TXD_CANH_CANL_RXD waveforms for EJ 8-5. TXD_CANH_CANL_Vod waveforms for
60ohm load at 5Mbps toggling 60ohm load at 5Mbps toggling
VCC=3-3V V|o= 33V R =60Q

8-6. TXD_Vod_RXD waveforms for 60ohm load at 5Mbps toggling
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8.3 System Examples

The TCAN341x CAN transceiver is typically used in applications with a host controller or FPGA that includes the
link layer portion of the CAN protocol. A 1.8-V or 2.5-V application is shown in 8-7. The bus termination is
shown for illustrative purposes.

Vin i Vin Vour RS 1
l 3.3 V Voltage l g 3
Regulator
€ Vee 7
8 CANH ——
STB
% MCU TCAN3413
*—{Vin

1 4
l CAN FD R

Controller 1 6
18V/25V Voo XD CANL ——
Regulator Vio GND
Vour

Eq 8-7. Typical Transceiver Application Using 1.8-V, 2.5-V /O Connections

8.3.1 ISO 11898-2 Compatibility of TCAN341x Family of 3.3-V CAN Transceivers
8.3.1.1 Introduction

Many users value the low power consumption of operating their CAN transceivers from a 3.3-V supply. However,
some are concerned about the interoperability with 5 V supplied transceivers on the same bus. This section tries
to address those concerns.

8.3.1.2 Differential Signal

CAN is a differential bus where complementary signals are sent over two wires and the voltage difference
between the two wires defines the logical state of the bus. The differential CAN receiver monitors this voltage
difference and outputs the bus state with a single ended logic level output signal.

The CAN driver creates the differential voltage between CANH and CANL in the dominant state. The dominant
differential output of the TCAN341x is greater than 1.5 V and less than 3 V across a 60-Q load as defined by the
ISO 11898-2 standard. These are the same limiting values for 5 V supplied CAN transceivers. The bus
termination resistors drive the recessive bus state and not the CAN driver.

A CAN receiver is required to output a recessive state when less than 500 mV of differential voltage exists on the
bus, and a dominant state when more than 900 mV of differential voltage exists on the bus. The CAN receiver
must do this with common-mode input voltages from —12 V to 12 V. The TCAN341x device receivers meet and
exceed these receiver input specifications.

8.3.1.3 Common-Mode Signal

A common-mode signal is an average voltage of the two signal wires that the differential receiver rejects. The
common-mode signal comes from the CAN driver, ground noise, and coupled bus noise. The TCAN341x family
has the recessive bias voltage set to 1.9V. This is intentional to match the common mode of recessive output
with the common mode of dominant output signal from TCAN341x. Furthermore, TCAN341x has special design
techniques for optimum EMC performance in a heterogeneous bus consisting of TCAN341x and 5 V CAN
transceivers.
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8.3.1.4 Interoperability of 3.3-V CAN in 5-V CAN Systems

The 3.3-V supplied TCAN341x family of CAN transceivers are fully compatible with 5-V CAN transceivers. The
minimum differential output voltage is the same, and the receivers have the same input threshold specifications.
The only difference is in the recessive common mode output voltage which is little lower for 3.3-V CAN
transceiver than 5-V supplied transceiver. But this does not impact regular functionality. Furthermore, special
design techniques in TCAN341x provide optimum EMC performance in heterogeneous network consisting of
TCAN341x and 5 V supplied CAN transceivers on same CAN bus.

8.4 Power Supply Recommendations

The TCAN3414 transceiver is designed to operate with a main V¢ input voltage supply range between 3 V and
3.6 V.

The TCAN3413 implements an 1/O level shifting supply input, V|, designed for a range between 1.8 V and
3.6V

Both the V¢ and Vg inputs must be well regulated. In addition to the power supply filtering a decoupling
capacitance, typically 100 nF, should be placed near the CAN transceiver main V¢ and Vg supply pins.
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8.5 Layout

Robust and reliable CAN node designs may require special layout techniques depending on the application and
design requirements. Since transient disturbances have high frequency content and a wide bandwidth, high-
frequency layout techniques should be applied during PCB design.

8.5.1 Layout Guidelines

» Place the protection and filtering circuitry close to the bus connector, J1, to prevent transients, ESD, and
noise from propagating onto the board. This layout example shows an optional transient voltage suppression
(TVS) diode, D1, which may be implemented if the system-level requirements exceed the specified rating of
the transceiver. This example also shows optional bus filter capacitors C4 and C5.

» Design the bus protection components in the direction of the signal path. Do not force the transient current to
divert from the signal path to reach the protection device.

» Decoupling capacitors should be placed as close as possible to the supply pins V¢ and Vg of transceiver.

» Use at least two vias for supply and ground connections of bypass capacitors and protection devices to
minimize trace and via inductance.

%
High-frequency current follows the path of least impedance and not the path of least resistance.

* This layout example shows how split termination could be implemented on the CAN node. The termination is
split into two resistors, R2 and R3, with the center or split tap of the termination connected to ground via
capacitor C3. Split termination provides common mode filtering for the bus. See 723> 8.2.1.1, and &7
= 7.3.4 for information on termination concepts and power ratings needed for the termination resistor(s).

8.5.2 Layout Example

uc v
4 o N\ @
l — Ml
XD st8 | |Ri c4] |
] [ ] L sTB A2 L - —
GND CANH —
ano @[] ) I Lh o o] PO
C1 I Veo CANL oke [ ] D1 J1
VCC@ = ] [ ] ._-I — h | @ |
RXD Vio ]
- ) Cg@“c v Ao o —
C5
\ J sl —
©
8-8. Layout Example
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11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

Copyright © 2023 Texas Instruments Incorporated BN BT T2 71— N2 (D E kO Ad) 225 31

Product Folder Links: TCAN3413 TCAN3414
English Data Sheet: SLLSFS8


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tcan3413?qgpn=tcan3413
https://www.ti.com/product/ja-jp/tcan3414?qgpn=tcan3414
https://www.ti.com/ja-jp/lit/pdf/JAJSQ17
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQ17A&partnum=TCAN3413
https://www.ti.com/product/ja-jp/tcan3413?qgpn=tcan3413
https://www.ti.com/product/ja-jp/tcan3414?qgpn=tcan3414
https://www.ti.com/lit/pdf/SLLSFS8

13 TEXAS
INSTRUMENTS

www.ti.com

PACKAGE OPTION ADDENDUM

23-May-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

TCAN3413DDFR Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 2THF
TCAN3413DDFR.A Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 2THF
TCAN3413DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 34X3
TCAN3413DR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 34X3
TCAN3413DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3413
TCAN3413DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3413
TCAN3414DDFR Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 2TIF
TCAN3414DDFR.A Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 2TIF
TCAN3414DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 34X4
TCAN3414DR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 34X4
TCAN3414DRBR Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3414
TCAN3414DRBR.A Active Production SON (DRB) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3414

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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