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6 Pin Configuration and Functions
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Kl 6-2. DMT Package, 14 Pin (VSON)

(Top View)
PINS
TYPE () DESCRIPTION
NAME NO.
TXD 1 | CAN transmit data input, integrated pull-up
GND 2 GND Ground connection
Vee 3 P 5V transceiver supply
RXD 4 (0] CAN receive data output, tri-state when Vg < UV|g
Vio 5 P 1/0O supply voltage
EN 6 | Enable input for mode control, integrated pull-down
INH 7 (0] Inhibit pin to control system voltage regulators and supplies, high-voltage
nFAULT 8 (0] Fault output, inverted logic
WAKE 9 | Local WAKE input terminal, high voltage
Vsup 10 P High-voltage supply from battery
INH_MASK pin used to activate/deactivate INH functionality. Internal pull-down to GND. Can
INH_MASK 11 be left floating or connected to GND if INH_MASK functionality is not needed. Do not
connect to power supply.
CANL 12 /0 Low-level CAN bus input/output line
CANH 13 1/0 High-level CAN bus input/output line
nSTB 14 | Standby mode control input, integrated pull-down
Thermal Pad — Connect the thermal pad to the printed circuit board (PCB) ground plane for thermal relief
(1) 1 =input, O = output, P = power, GND = ground
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7 Specifications
7.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Vsup Supply voltage®@ -0.3 45 Y
Vee Supply voltage -0.3 6 \%
Vio Supply voltage 1/O level shifter -0.3 6 \%
VBus CAN bus I/0 voltage (CANH, CANL) - 58 58 \Y
Voire CAN bus differential voltage (Vpirr = Veann - Veant) -58 58 \%
VWAKE WAKE input voltage - 45 45 \a/ZSPVJoi Vv
Vinn INH pin voltage 03 45 a\;]:U\:Soi v
Viocic Logic pin voltage -0.3 6 Y
loLoaic) Logic pin output current 8 mA
lo(INH) Inhibit pin output current 6 mA
lo(wake) WAKE pin output current 3 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
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime.

(2) Able to support load dumps of up to 45 V for 300ms

7.2 ESD Ratings

VALUE UNIT
Vsup, CANH, CANL, and WAKE with
respect to ground. HBM ESD + 8000 \%
Human body model (HBM), per AEC classsification level 3B
Q100-002("
Vesp |Electrostatic discharge All pins except Vgyp, CANH, CANL, and + 4000 v
WAKE. HBM ESD classification level 3A -
Charged device model (CDM), per AEC All pins. CDM ESD classification level C5 + 750 v
Q100-011
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.3 ESD Ratings - IEC Specifications
VALUE UNIT
. Unpowered Contact Discharge per ISO
Veso | Electrostatic discharge At CANL, Vsup, and WAKE terminal o 40605 1 +8000 v
- . SAE J2962-2 per ISO 10605
Vesp |Electrostatic discharge CANH and CANL terminal to GND Powered Contact Discharge + 8000 \%
Vesp | Electrostatic discharge CANH and CANL terminal to GND SAE J2962-2 per ISO 10605 + 15000 Vv

Powered Air discharge (@
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VALUE UNIT
Pulse 1 - 100 \%
Transient voltage per . Pulse 2 75 Vv
1SO-7637-2 (1) CAN, Vgyp, WAKE terminal to GND Pulse 38 150 v
VTRAN Pulse 3b 100 v
Transient voltage per Direct coupling capacitor "slow transient
zg P CAN terminal to GND pulse" with 100 nF coupling capacitor - + 30 \%
1SO-7637-3 powered

(1) Results given here are specific to the IEC 62228-3 Integrated circuits - EMC evaluation of transceivers - Part 3: CAN transceivers.
Testing performed by IBEE Zwickau, EMC report available upon request.

(2) Results given here are specific to the SAE J2962-2 Communication Transceivers Qualification Requirements - CAN. Testing performed
by OEM-approved independent 3 party, EMC report available upon request.

7.4 Recommended Operating Conditions

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

MIN NOM MAX UNIT
Vsup Supply voltage 45 40 \%
Vio 1/0 supply voltage 1.7 55 \%
Vee CAN transceiver supply voltage 4.5 5.5 \
loH(Do) Digital output high-level current -2 mA
loL(po) Digital output low-level current 2 mA
lo(INH) Inhibit output current 4 mA
T, Operating junction temperature -40 150 °C
Tsor Thermal shutdown 175 °C
Tspr Thermal shutdown release 160 °C
TspHys) Thermal shutdown hysteresis 10 °C
7.5 Thermal Information
THERMAL METRIC (V) TCAN1463-Q1 el
D (SOIC) DMT (VSON) DYY (SOT)

Reua Junction-to-ambient thermal resistance 87.1 39.7 91.0 °C/W
Re Jc(top) Junction-to-case (top) thermal resistance 41.8 411 41.7 °C/W
Reoys Junction-to-board thermal resistance 43.7 15.9 25.6 °C/W
W Junction-to-top characterization parameter 8.5 0.9 254 °C/W
W Junction-to-board characterization parameter 43.3 15.9 1.1 °C/W
ReJc(bot) Junction-to-case (bottom) thermal resistance N/A 6.6 N/A °C/W

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

7.6 Power Dissipation Ratings

POWER

PARAMETER TEST CONDITIONS DISSIPATION UNIT
VSUP =14V, VCC =5V, V|o =5V, TJ =27°C, RL =60 Q,
nSTB=5V,EN =5V, C__ rxp = 15 pF. Typical CAN 62 mw
operating conditions at 500 kbps with 25% transmission
(dominant) rate.

Pp Average power dissipation
Vsup =14V, Ve =5.5V,V,p=55V,T;=150°C, R_ =50
Q,nSTB=5.5V,EN=5.5V, C_rxp = 15 pF. Typical high 135 mw
load CAN operating conditions at 1 Mbps with 50%
transmission (dominant) rate and loaded network.
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback
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7.7 Power Supply Characteristics

Over recommended operating conditions with T; = -40°C to 150°C, unless otherwise noted. All typical values are taken at
25°C,Vgup =12V, V|0=3.3V,Vec=5Vand R . =60 Q

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX| uNIT
Supply Voltage and Current Characteristics
Supply current .
ISuP_NORMAL CAN active Normal mode, silent mode, and go-to-sleep mode 140 A
Supply current, Standby mode @
Isup_sTay CAN autonomous: inactive Standby mode 60 KA
Supply current
lsup_steer CAN autonomous: inactive Sleep mode 18 30 HA
| Supply current 55V <Vgyp <28V 50 A
SUP_BIAS Additional current when in CAN autonomous: active | See %] 8-3 H
UVsupr) Undervoltage Vgyp threshold rising Ramp up 3.85 4.4
UVsup(F) Undervoltage Vgyp threshold falling Ramp down 35 4.25
Supply current Normal mode
CAN active: dominant ;)efeD é]%\g R =600, C_=open 60 mA
Supply current Normal mode
loc_NoRwAL CAN active: dominant ;)efeD é%\g R =50, G =open 70 mA
v, | t | mod Normal mode
cc SUPPly current normaj mode TXD =0V, R = open, C( = open, CANH = -25V/ 10|  mA
Dominant with bus fault See 4] 8.3
Supply current Normal mode
loc_NoRwAL CAN active: recessive ;)éeD ;]os\g RL =509, C_ = open 5 mA
Supply current Standby mode, T, =-40 °C to 85 °C
loc_stey CAN autonomous: inactive EZ:;QS;:;B =0v 2 KA
Supply current Standby mode
loc_stay CAN autonomous: inactive EZGTQS;\E =ov 5 WA
Suppl rrent Silent and go-to-sleep mode
lec_SILENT upply curre TXD = nSTB = V|0, R, = 50 Q, C__ = open 25  mA
See |4 8-3
Suppl t Sleep mode, T, =-40 °C to 85 °C
upply current EN=0VorV,nSTB=0V 2 pA
CAN autonomous: inactive See 4] 8.3
lcc_sLEep
Supply current Sleep mode
upply cu . EN=0V or Vo, nSTB=0V 5 pA
CAN autonomous: inactive See 4 8-3
UVcer) Undervoltage V¢ threshold rising Ramp up 4.1 4.4
UVcer Undervoltage V¢ threshold falling Ramp down 3.5 39
Vhys(uvec) Hysteresis voltage on UV¢c 50 250 320 mV
Normal mode
1/0 supply current RXD floating, TXD = 0 V 350 HA
llo_NORMAL
- 1/O supply current Normal mode, standby mode, or go-to-sleep mode 5 A
PRy RXD floating, TXD = Vio H
1/0 supply current §|88'I?I‘3) ngdve, Ty=-40°Cto85°C 25 uA
lio_sLeep S "
1/0 supply current nSe'I?I‘B) ;ng Ve 5 A
UVioR) Under voltage Vg threshold rising Ramp up 1.4 1.65
UVioF) Under voltage Vg threshold falling Ramp down 1 1.25 \%
Vhys(uvio) Hysteresis voltage on UV|g 30 60 160 mV
(1) Isur(ias) is calculated by subtracting the supply current in CAN autonomous inactive mode from the total supply current in CAN

autonomous active mode

Product Folder Links: TCAN1463-Q1

(2)  After a valid wake-up, the CAN transceiver switches to CAN autonomous active mode and the Isyp(gias) current needs to be added to
the specified Isyp current in CAN autonomous inactive mode.
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7.8 Electrical Characteristics

Over recommended operating conditions with T; = - 40°C to 150°C, unless otherwise noted. All typical values are taken at
25°C, VSUP =12V, V|o =33V, VCC =5V and R|_ =60 Q

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CAN Driver Characteristics
CANH = <R < = 2.75 4.5 \Y
Dominant output voltage IXD 0V, 50 < R <650, C_=open Rew
Vop) Bus biasing active CANL = open 05 295 v
See & 8-1 and | 8-4 : -
v Recessive output voltage TXD = V|0, R_ = open (no load), Ry = open 2 3 v
OR) Bus biasing active See & 8-1and [ 8-4
. nSTB= Vo, RL =60 Q, Cgp 1 =4.7nF, C_ =
Driver symmetry - —
Vsym Bus biasing active gge,\’;mzc“" = Open, TXD = 250 kHz, 1 MHz, 0.9 11| v
V +V, V ’
(Vocanty *+ Voeanty ) / Vee See 4] 8-1 and [ 8-4
DC Driver symmetry
. . nSTB= V|o, R =60 Q, C_ = open
Y, Bus biasing active 10 L L - 4 \%
swpe | oHsblaEngache | See 4] 8-1 and 2] 8-4 400 00} m
cc O(CANH) O(CANL)
nSTB =V|5, TXD=0V,50Q <R <650Q,C_
CANH - CANL = open 1.5 3 \Y
See /4 8-1 and |4 8-4
Differential output voltage nSTB =V, TXD=0V,45Q <R <70Q,
Vobppom) Bus biasing active CANH - CANL CL = open 1.4 3.3 \
Dominant See /4 8-1 and & 8-4
nSTB =V,o, TXD=0V, R =2240Q, C| =
CANH - CANL open 1.5 5 Y
See /4 8-1 and ¥ 8-4
Differential output voltage nSTB =V, TXD = V|o, R =open Q, C_ =
Vob(REC) Bus biasing active CANH - CANL open -50 50| mv
Recessive See /4 8-1 and & 8-4
nSTB =0V, TXD = V|0, R_ = open (no load),
CL =open
CANH See 4 8-1 and 4] 8-4 01 01y v
v giff:g?::ii' "i‘;;pcugv‘snage nSTB =0 V, TXD = Vjo, R, = open (no load),
ODSTE) | Bes oD CANL C_ = open -0.1 01| v
See |4 8-1 and [¥] 8-4
nSTB =0V, TXD = Vo, R_ = open (no load),
CANH - CANL C_ =open -0.2 0.2 \%
See & 8-1 and & 8-4
nSTB =Vo, TXD=0V
-5V < V(CANH) <40V -100 mA
Short-circuit steady-state output current See |4 8-1 and [&] 8-8
| Bus biasing active
SO | nSTB = Vio, TXD =0V
-15V < V(cany < 40V 100 mA
See |4 8-1 and ] 8-8
Short-circuit steady-state output current nSTB = Vo, Vgus = CANH = CANL
los(rRec) Bus biasing active -27V < Vpyg <42V -3 3| mA
Recessive See |4 8-1 and ] 8-8
Rip(dom) Differential input resistance in dominant phase |See 5] 9-2 40 ohm
Differential input resistance in active recessive
Rib(active_rec) | grive phase See |4 9-2 60 ohm
CAN Receiver Characteristics
Receiver dominant state input voltage range
Vitpom) Bus biasing active nSTB = Vo, -12V < Vgy < 12V 0.9 8l Vv
- - - See |4 8-5 and % 9-6
Vv Receiver recessive state input voltage range 3 05 vV
IT(REC) Bus biasing active :
. ) nSTB = Vo
Hysteresis voltage for input threshold % .
Vhys Bus biasing active See /4 8-5 and % 9-6 135 mV

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TCAN1463-Q1

Submit Document Feedback



https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tcan1463-q1?qgpn=tcan1463-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSQV1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQV1C&partnum=TCAN1463-Q1
https://www.ti.com.cn/product/cn/tcan1463-q1?qgpn=tcan1463-q1

TCAN1463-Q1

ZHCSQV1C -

MARCH 2020 - REVISED DECEMBER 2022

13 TEXAS

INSTRUMENTS

www.ti.com.cn

7.8 Electrical Characteristics (continued)

Over recommended operating conditions with T; = - 40°C to 150°C, unless otherwise noted. All typical values are taken at

25°C, Vsup =12V, Vio =3.3V, Vgc =5V and R, = 60 ©
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VbirFom) Sﬁgiﬁiﬁﬁg ﬁ:;::,t:tate input voltage range nSTB=0V,-12V < Vgy < 12V 1.150 8 Vv
- - - See |4 8-5 and % 9-6
VoiFFREC) Esgil;;esri r:zciizs;t\i/\?estate input voltage range 3 0.4 v
nSTB = Vo
Vewm Common mode range See [ 8-5 and # 9-6 -12 12 \Y
loFF(LKG) Elcj)rvsr/:r:off (unpowered) bus input leakage Veup = 0V, CANH = CANL =5V 25 uA
c (I?)put capacitance to ground (CANH or CANL) TXD = Vee = Vio 40 oF
Cip Differential input capacitance () TXD =V¢e = Vio 20| pF
Rip Differential input resistance TXD =Vee=Vio=5V,nSTB=5V 30 100| kQ
Rin Input resistance (CANH or CANL) -12V < Veu < 12V 15 50| kQ
Rinw) ;qpl,n ;ﬁ:iﬁ;i giﬁi:ﬁl x 100% Vicann) = Vicany =5V -3 3 %
Roar éﬂ:?ccii:gﬁirt?;ﬁal load impedance range for bus Rem = Ry, CL = open 45 70 a
TXD Characteristics
Viy High-level input voltage 0.7 Vio
Vi Low-level input voltage 03| Vo
iy High-level input leakage current TXD=Vi =55V -25 1 A
I Low-level input leakage current TXD=0V,V, =55V -115 -25 HA
ILkG(OFF) Unpowered leakage current TXD=5.5V,Vgup=Vipo=0V -1 1 A
Rpy Pull-up resistance to V| 40 60 80 kQ
C Input Capacitance Vin=04xsin2x 1 x2x108xt)+25V 5 pF
RXD Characteristics
Vou High-level output voltage lSoe: ZBT;A 0.8 Vio
VoL Low-level output voltage lSoe=e n;A_\S 02| Vo
I KG(OFF) Unpowered leakage current RXD =5.5V,Vgyp=V|ip=0V -1 1 A
nSTB Characteristics
Viy High-level input voltage 0.7 Vio
Vi Low-level input voltage 03| Vo
iy High-level input leakage current nSTB =V, =55V 0.5 115 A
I Low-level input leakage current nSTB=0V,Vp=55V -1 1 A
I kG(OFF) Unpowered leakage current nSTB=55V,V =0V -1 1 A
Rpp Pull-down resistance to GND 40 60 80 kQ
nFAULT Characteristics
Vou High-level output voltage lo=-2mA 0.8 Vio
VoL Low-level output voltage lo=2mA 0.2| Vo
ILKG(OFF) Unpowered leakage current nFAULT =55V, V=0V -1 1 A
INH_MASK Characteristics
Viy High-level input voltage 0.7 Vio
Vi Low-level input voltage 03| Vo
™ High-level input leakage current INH_MASK =Vgc =Vip =55V 0.5 115 HA
I Low-level input leakage current INH_MASK =0V, Vcc=V|p=55V -1 1 A
I KG(OFF) Unpowered leakage current INH_MASK =55V, Vcc=Vip=0V -1 1 A
Rpp Pull-down resistance to GND (1) 40 60 80| kQ
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7.8 Electrical Characteristics (continued)

Over recommended operating conditions with T; = - 40°C to 150°C, unless otherwise noted. All typical values are taken at
25°C,Vgup =12V, V|0 =3.3V,Vecc=5Vand R . =60 Q

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
EN Characteristics
Viy High-level input voltage 0.7 Vio
Vi Low-level input voltage 03| Vo
iy High-level input leakage current EN=Vcc=V,p=55V 0.5 115 A
[ Low-level input leakage current EN=0V,Vcc=Vip=55V -1 1 A
I KG(OFF) Unpowered leakage current EN=55V,Vec=Vip=0V -1 1 A
Rep Pull-down resistance to GND 40 60 80 kQ
WAKE Characteristics
Vin High-level input voltage Vsup - 2 \%
Vi Low-level input voltage Sleep mode Vgup - 3.5 \Y
lH High-level input leakage current WAKE =Vgyp - 1V -3 HA
I Low-level input leakage current WAKE =1V 3 A

INH Characteristics

High-level voltage drop from Vgyup to INH

AV, INH= -6 mA 0.5 1 \Y
H (Vsup- ViNw) INH

ILKG(INH) Sleep mode leakage current INH=0V -0.5 0.5 WA

Rpp Pull-down resistance Sleep mode 2.5 4 56| MQ

(1) Specified by design and verified via bench characterization

7.9 Timing Requirements

Over recommended operating conditions with T; = -40°C to 150°C, unless otherwise noted. All typical values are taken at
25°C, VSUP =12V, V|o =33V, VCC =5V and RL =60 Q

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Supply Characteristics
i i i =
tpwRUP Time required for INH active after Vgyp = See [8 812 340 us
UVsupR)
tuv Undervoltage filter time V¢ and Vo (1) Vee < UVeg or Vio < WV 100 350 ms

Time for device to return to normal operation from

- i ™M
tuvrRe-EnaBLE) | Re-enable time after undervoltage event a UVcc or UV, undervoltage event

200 us

Device Characteristics

¢ Total loop delay, driver input (TXD) to receiver R =60 Q, C_ =100 pF, C_(rxp) = 15 pF 100 190 ns
PROP(LOOP1) output (RXD) Recessive to dominant See 4 8-6
¢ Total loop delay, driver input (TXD) to receiver R =60 Q, C_ =100 pF, C_rxp) = 15 pF 110 190 ns
PROP(LOOP2) output (RXD) Dominant to recessive See 4 8-6
tWK(TlMEOUT) Bus wake-up timeout value O 0.8 2 ms

Bus time to meet filtered bus requirements for

twK(FILTER) wake-up request (! 0.5 1.8 us
) . - Timer is reset and restarted, when bus changes
Q)] !

tsiLEncE Timeout for bus inactivity from dominant to recessive or vice versa 0.6 12 s
tINACTIVE Standby mode hardware timer for power-up inactivity 3 4 5 min

Measured from the start of a
t Bus bias dominant-recessive-dominant nSTB=EN=0V,R, =60 Q, Cgp 7 =4.7 nF 200 .
BIAS reaction time (1) | sequence (each phase 6 u's) See & 8-9 and & 10-3 H

until VSYM = 0.1

g N 45 < Rcy <70 Q
teer Bus fault-detection time C, = open 25 us
t Hold time for which WAKE pin voltage should be stable after the rising or falling edge on WAKE pin to 5 50 s
WAKE_HT recognize LWU H
Mode Change Characteristics
tinH_sLP_sTB Time after WUP or LWU event until INH asserted () 100 us
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7.9 Timing Requirements (continued)

Over recommended operating conditions with T; = -40°C to 150°C, unless otherwise noted. All typical values are taken at

25°C, VSUP =12V, V|o =33V, VCC =5V and R|_ =60 Q

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
Hold time for which INH_MASK should be stable after the rising or falling edge to enable/disable
tiNH_MASK INH_MASK function 50 us
See & 8-10 and K 8-11
¢ Mode change time from leaving the Sleep mode to | Time measured from VCC and VIO crossing UV 20 S
MODE1 entering Normal or Silent mode (1) thresholds to entering normal or silent mode. H
t Mode change time between normal, silent and Mode change time between normal, silent and 10 s
MODE2 standby mode and from sleep to standby mode () | standby mode and from sleep to standby mode H
teoToSLEEP Minimum hold time for transition to sleep mode () |EN =H and nSTB =L 20 50 us
(1) Specified by design and verified via bench characterization

7.10 Switching Characteristics

Over recommended operating conditions with T; = -40°C to 150°C, unless otherwise noted. All typical values are taken at

25°C, Vgup =12V, Vio = 3.3V, Ve =5Vand R =60 @

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Driver Characteristics
torop(TxD- Propagation delay time, high-to-low TXD edge to bus 80 ns
busdom) dominant (recessive to dominant) R. =60 Q, C_ =100 pF, Ry = open
torop(TxD- Propagation delay time, low-to-high TXD edge to bus See & 8-4 80 ns
busrec) recessive (dominant to recessive)
tsk(p) Pulse skew (ltprop(TxD-busdom) - tprop(TxD-busrec)l) 3 ns
- - : . R, =60 Q, C_ =100 pF, Ry = open
tr Differential output signal rise time See 4] 8-4 25 ns
te Differential output signal fall time 25 ns
. . TXD=0V,R_=60 Q, C_ =open
trxppTO Dominant timeout See 4] 8-7 1.2 3.8 ms
Receiver Characteristics
tprop(busdom- | Propagation delay time, bus dominant input to RxD low 110 ns
RxD) output CLrxp) = 15 pF
torop(busres- | Propagation delay time, bus to recessive input to RXD See [ 8-5 10 ns
RxD) high output
tR Output signal rise time (RXD) CLrxp) = 15 pF 3 ns
te Output signal fall time (RXD) See 4] 8-5 ns
) . R =60 Q, C_ =open
t D t t 14 3.8
BUSDOM ominant time ou See 8.5 ms
CAN FD Characteristics
Bit time on CAN bus output pins with tgir(rxpy = 500 ns 490 510 ns
tBIT(BUS) ™M Bit time on CAN bus output pins with tBIT(TXD) =200 ns 190 210 ns
Bit time on CAN bus output pins with tgirrxp) = 125 ns® 115 135 ns
Bit time on RXD output pins with taiT(txp) = 500 ns R, =60 Q, C_4 = open, C_» = 100 pF, 470 520 ns
tBIT(RXD) ™M Bit time on RXD output pins with tBIT(TXD) =200 ns CL(RXD) =15 170 210 ns
— - - Atrec = taimrxp) - tBIT(BUS)
Bit time on RXD output pins with tgir(rxp) = 125 ns( See [ 8-6 95 135 ns
Receiver timing symmetry with tgir(txp) = 500 ns -20 15 ns
Atgee (1 Receiver timing symmetry with tgr(rxp) = 200 ns -20 15 ns
Receiver timing symmetry with tgirrxp) = 125 ns? -20 15 ns
Signal Improvement Characteristics
Time from rising edge of the TxD
tsic_Tx pase | Signal improvement time TX-based signal to the end of the signal 530 ns
improvement phase
Bus recessive bit length variation
Atgitgus) Transmitted bit width variation relative to TxD bit length, see 4] 8-6 -10 10 ns
Atgitgus) = tBitBus) - tBit(TxD)
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7.10 Switching Characteristics (continued)

Over recommended operating conditions with T; = -40°C to 150°C, unless otherwise noted. All typical values are taken at
25°C, VSUP =12V, V|o =33V, VCC =5V and R|_ =60 Q

Atrec = teitrxD) - tBit(Bus)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
RxD recessive bit length variation
AtgiT(RXD) Received bit width variation relative to TXD bit length, see %] 8-6 -30 20 ns
AtgitrxD) = tBit(RxD) -~ tBit(TxD)
RXD recessive bit length variation
Atrec Receiver timing symmetry relative to bus bit length, see | 8-6 -20 15 ns

(1)  The input signal on TXD shall have rise times and fall times (10% to 90%) of less than 10 ns
(2) Specified by design and verified via bench characterization
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7.11 Typical Characteristics

3.5 25
_— Vcc =45V
— VCC =5V
3 — Vec =55V 2.25
2.5 =
T 2
S 2 2
g ® 1.75
8 15 3
> - &
] _8 1.5
05 1.25
0 1
40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
R.=60 Q C_ = Open Rcm = Open R =60 Q C_ =Open Rcm = Open
VIO =33V VCC =5V V|o =33V
& 7. Vop(pom) vs Temperature and Vcc B 7-2. Icc Recessive vs Temperature
35 150
— Vsup=4.5V 145 — Vio=17V
Vsup=7V o — Vo =33V
30 — Vsp =12V = 140 — Vio=55V
— Vgup =18V S 135
. — Vsup =28V % 130
— VSUP =40V (]
L 5 g 125 E—
& ~ 120 — — |
% — ’///// § 115
g 20 = —— 2 10— —
R 1 — ] 105 |t —
)
15 e | ——
95
90
10 40 20 0 20 40 60 80 100 120 140 160
40 20 0 20 40 60 80 100 120 140 160 Junction Temperature (°C)
Junction Temperature (°C) R =60 Q C_ =100 pF Crrxp) = 15 pF
RL =60 Q CL B Open RCM = Open VCC =5V VSUP =12V
Vee =5V Vio=33V & 7-4. Loop Propagation Delay vs Vg and Temperature
B 7-3. Isyp in Sleep Mode vs Vgyp and Temperature
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8 Parameter Measurement Information

CANH AN :
25V
Bias RXD
Unit
GND J—
CANL AN
&| 8-1. Common-Mode Bias Unit and Receiver
CANH
R./2
™ —) = Cew
Cii R/2
m pe—
d CANL
nSTB
RXD —D
TCL(RXD)
— O—

& 8-2. Test Circuit

CANH
TXD 1
g RS T
2\
N
CANL

& 8-3. Supply Test Circuit
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| cANH | Vio
+ + ™D | | 70%
XD 30% !
Voo Vou | | ov

R G I T
1 Vprop(TXD-busdom) I Tprop(TXD-busrec)
Vorcann) — | P
I
|

Voreant)

1

K] 8-4. Driver Test Circuit and Measurement

CANH
0.9v 4
+ . Vo :
RXD KoY
Vio I ‘ TToTTTTTTTT ov
| + } } tprop(busdom-RXD)
— | tprop(busrec—RXD) |———|
—Q i |
CANL CL_rxp Vo ‘
Vorxp)
K 8-5. Receiver Test Circuit and Measurement
TXD i v,
|
4
|
| |
CANH 1 30% } h
} | ! ov
i | | |
v, X0 R c ; 5 X tarnioy > tormro—— !
T : :
I I
CANL } }
i i
i i
] ]
I I
I I
| |
RXD } }
7+ Vorr i i
I I
Vo —— CiLroo i i
I I I
| | |
B RXD } I\ } Vo
i i 70% — i
I I I
| i |
pr— I I I
- | | |
i i !
I | I
i ; taim(rxo) ; = VoL
I I I
}<»tpRnP\Loopzv*} }
& 8-6. Transmitter and Receiver Timing Behavior Test Circuit and Measurement
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| CANH Vi
—+ TXD
0 RS — G Vo o ov
******************* Voo()
CANL |
0.9V
Voo } I
| 0.5V
i } ov
|

471TXDDT04>}

1

&| 8-7. TXD Dominant Time Out Test Circuit and Measurement

Vsus
ov
ov
Vsus

Voirr
[ [ [ [
\
\
\
\ |
[
[
[
[
[

Vsym }
[
} 0.1
T
[
‘ 1
| (BIAS
\
[

& 8-9. Bias Reaction Time Measurement
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Device in Silent Mode

1t > tini_mask——

VIH }
07Vio ————————
INH_MASK |
|
oV |
nFAULT' ‘
INH

tinH_sLp_sTB
[—

INH Enabled INH Disabled
1. nFAULT clears upon exiting silent mode
& 8-10. INH Disable Timing Diagram
Device in Si‘lent Mode ‘
Viy } }
| |
INH_MASK } }
03V —=————==- s b
oV | — - ——— === === = = =
————t > tini_mask———|
nFAULT' . _ - o
1I
|
|
|
"
| s -
INH | 7‘
|
|
| tinm_sLp_sTs
$‘ -—
|
INH Disabled INH Enabled
1. nFAULT clears upon exiting silent mode
& 8-11. INH Enable Timing Diagram
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VSUP
Vsup INH
A J]i VSUP
_|_ | ov
|
|
_1 |
Vo ——  Cuswp |
: trwruP |
— <t L
TCAN1463 | |
|
|
— I
— |
|
! INH = H
|
|
|
|
Vsup -1V
INH
Kl 8-12. Power-Up Timing
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9 Detailed Description
9.1 Overview

The TCAN1463-Q1 is a high-speed Controller Area Network (CAN) transceiver that meets the physical layer
requirements of the ISO 11898-2:2016 and CiA 601-4 high speed CAN specifications. The TCAN1463-Q1 is
data rate agnostic making it backward compatible for supporting classical CAN applications while also
supporting CAN FD networks up to 8 megabits per second (Mbps).

The transceiver has three separate supply inputs, Vsyp, Vce, and Vio. By using Vo, the TCAN1463-Q1 can
interface directly toa 1.8 V, 2.5V, 3.3V, or 5 V controller without the need for a level shifter. The TCAN1463-Q1
allows for system-level reductions in battery current consumption by selectively enabling the various power
supplies that may be present in the system via the INH output pin. This enables a low-current sleep state in
which power is gated to all system components except for the TCAN1463-Q1, which remains in a low-power
state while monitoring the CAN bus. When a wake-up pattern is detected on the bus or when a local wake up is
requested via the WAKE input, the device initiates node start-up by driving INH high.

The TCAN1463-Q1 includes many protection and diagnostic features including undervoltage detection, CAN bus
fault detection, SWE timer, battery connection detection, thermal shutdown (TSD), driver dominant timeout (TXD
DTO), and bus fault protection up to +58 V.

9.1.1 Signal Improvement

The TCAN1463-Q1 includes the Signal Improvement Capability (SIC) that enhances the maximum data rate
achievable in complex star topologies by minimizing signal ringing. Signal ringing is the result of reflections
caused by impedance mismatch at various points in a complex CAN network.

An example of a star network is shown %] 9-1.

ECU 1
(terminated)
ECUS5
ECU4
ECU 2 ECU®6
ECU 8
ECU3 (terminated) ECU7

& 9-1. CAN network: Star Topology

Recessive-to-dominant signal edge is usually clean as it’ s strongly driven by the transmitter. Transmitter output
impedance of CAN transceiver is Rpgom) @and matches to the network characteristic impedance. For a regular
CAN FD transceiver, dominant-to-recessive edge is when the driver output impedance goes to ~60 kQ and
signal reflected back experiences impedance mismatch which causes ringing. The TCAN1463-Q1 resolves this
issue by TX-based Signal improvement capability (SIC). The TCAN1463-Q1 continues to drive the bus recessive
strongly till tsic Tx base 0 Minimize the reflections and the recessive bit is clean at the sampling point. In the
active recessive phase, transmitter output impedance is low (Rip(active_rec))- After this phase, the device enters
into a passive recessive phase where the driver goes into high impedance state. This phenomenon is explained
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using K 9-2. For further information, please refer to the white paper on how SIC unlocks the real potential of
CAN-FD transceivers.

TXD

-—-v,

70%

30%

|

tprop(T)(D-busdom)

Rp ~60kQ

Recessive Recessive
tSIC;D(ibase |
|

I
Rip(active_rec

RID(dom)
Dominant

I

I
) I
Active |
Recessive :

& 9-2. TX based Signal Improvement Capability
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9.2 Functional Block Diagram

Vee Vio Vsup
3 I 5 I 10 |
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GND
1. A pull-down resistor of 4 M Q (typical) is activated on INH pin when the device is in Sleep mode.
K] 9-3. TCAN1463-Q1 Functional Block Diagram
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9.3 Feature Description
9.3.1 Supply Pins

The TCAN1463-Q1 implements three independent supply inputs for regulating different portions of the device.
9.3.1.1 Vsyp Pin

This pin is connected to the battery supply. It provides the supply to the internal regulators that support the digital
core and the low power CAN receiver.

9.3.1.2 V¢ Pin
This pin provides the 5 V supply voltage for the CAN transceiver.
9.3.1.3 Vo Pin

This pin provides the digital I/O voltage to match the CAN FD controller's 1/0 voltage. It supports 1/O voltages
from 1.7 V to 5.5 V providing a wide range of controller support.

9.3.2 Digital Inputs and Outputs
9.3.2.1 TXD Pin

TXD is a logic-level input signal, referenced to V,o, from a CAN FD controller to the TCAN1463-Q1. TXD is
biased to the V| level to force a recessive input in case the pin floats.

9.3.2.2 RXD Pin

RXD is a logic-level signal output, referenced to Vo, from the TCAN1463-Q1 to a CAN FD controller. The RXD
pin is driven to the V|g level as logic-high outputs once a valid Vg is present.

When a power-on or wake-up event takes place, the RXD pin is pulled low.
9.3.2.3 nFAULT Pin

nFAULT is a logic-level output signal, referenced to Vo, from the TCAN1463-Q1 to a CAN FD controller. The
nFAULT output is driven to the Vg level as logic-high output.

The nFAULT output is used to transmit the TCAN1463-Q1 status indicator flags to the CAN FD controller. Please
see #& 9-1 for the specific fault scenarios that are indicated externally via the nFAULT pin. The TCAN1463-Q1
puts the nFAULT pin in the high-impedance state in the Sleep mode to conserve power because there are no
fault scenarios that are indicated externally in the Sleep mode.

9.3.2.4 EN Pin

EN is a logic-level input signal, referenced to V|g, from a CAN FD controller to the TCAN1463-Q1. The EN input
pin is for mode selection in conjunction with the nSTB pin. EN is internally pulled low to prevent excessive
system power and false wake-up events.

9.3.2.5 nSTB Pin

nSTB is a logic-level input signal, referenced to V|g, from a CAN FD controller to the TCAN1463-Q1. The nSTB
input pin is for mode selection in conjunction with the EN pin. nSTB is internally pulled low to prevent excessive
system power and false wake-up events.

9.3.2.6 INH_MASK Pin

INH_MASK is a logic-level input signal, referenced to Vg, from a CAN FD controller to the TCAN1463-Q1. The
INH_MASK input pin can be used to disable and enable the INH function when in Silent mode. This feature can
be used to control the power supply to any power-intensive system blocks to avoid powering up the system
blocks from low-power mode due to spurious wake-up events. INH_MASK function should not be used if the INH
is used to control the power supply to the transceiver or the controller behind the transceiver - using INH_MASK
in such a scenario would prevent the device from entering silent mode and enabling the INH function. See ]
10-2 for an example application schematic for using INH_MASK function.
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INH_MASK has a pull-down resistor that forces the INH feature to the enable state upon a cold start. To activate
INH_MASK, the transceiver must be in silent mode. Once in silent mode, the INH_MASK pin is pulled high for t >
tiNH mask, disabling INH. The TCAN1463-Q1 latches this value and retains it through V¢ and Vg power cycles
and state transitions. The latched value is lost if the TCAN1463-Q1 enters an undervoltage fault on Vgyp. To
enable INH function again, the transceiver must be in Silent mode, and the INH_MASK pin must be pulled low
for t > tiny_mask- See ¥/ 8-10 and K 8-11 for the procedure to use the INH_MASK feature.

The TCAN1463-Q1 reports a change in state of INH_MASK to the system controller by the driving nFAULT low
while in silent mode. To use nFAULT=low as an acknowledgment for the change in state of INH_MASK , nFAULT
must be high (that is, no pre-existing faults) before initiating the change in state of INH_MASK. A mode transition
into normal, standby, go-to-sleep, or sleep mode clears the nFAULT pin.

9.3.3 GND
GND is the ground pin of the transceiver, it must be connected to the PCB ground.
9.3.4 INH Pin

The INH pin is a high-voltage output. It can be used to control external regulators. These regulators are usually
used to support the microprocessor and V|g pin. The INH function is on in all modes except for sleep mode. In
sleep mode, the INH pin is turned off, going into a high-impedance state. This allows the node to be placed into
the lowest power state while in sleep mode. A 100 kQ load can be added to the INH output for a fast transition
time from the driven high state to the low state and to force the pin low when left floating.

This terminal should be considered a high-voltage logic terminal, not a power output. The INH pin should be
used to drive the EN terminal of the system’ s power management device and should not be used as a switch
for the power management supply itself. This terminal is not reverse-battery protected and thus should not be
connected outside the system module.

The INH function can be disabled/enabled using the INH_MASK pin in Silent mode. Refer to INH_MASK Pin for
details.

9.3.5 WAKE Pin

The WAKE pin is a high-voltage reverse-blocked input used for the local wake-up (LWU) function. The WAKE pin
is bi-directional edge-triggered and recognizes a local wake-up (LWU) on either a rising or falling edge of WAKE
pin transition. The LWU function is explained further in the Local Wake-Up (LWU) via WAKE Input Terminal
section.

9.3.6 CAN Bus Pins

These are the CAN high and CAN low, CANH and CANL, differential bus pins. These pins are internally
connected to the CAN transceiver and the low-voltage wake receiver.

9.3.7 Faults
9.3.7.1 Internal and External Fault Indicators

The following device status indicator flags are implemented to allow for the MCU to determine the status of the
device and the system. In addition to faults, the nFAULT terminal also signals wake-up requests and a “cold”

power-up sequence on the Vgp battery terminal so the system can do any diagnostics or cold booting sequence
necessary. The RXD terminal indicates wake-up request and the faults are multiplexed (ORed) to the nFAULT
output.
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Z 9-1. TCAN1463-Q1 Transceiver Status Indicator

standby, go-to-sleep, or sleep
modes

EVENT FLAG NAME CAUSE INDICATORS(") FLAG IS CLEARED COMMENT
nFAULT = low upon entering . A cold start condition generates
Power-up PWRON :f?;vrenr rl:‘a)soge\éiuge?gvcvl Zr:/y return of Vsue | siient mode from standby or /:]f;zrea transition to normal a local wake-up WAKERQ,
sup sleep mode WAKESR and a PWRON flag.
. Wake-up request may only be
nFAULT = RXD = low after Qf(t;rea transition to normal set from standby, go-to-sleep, or
Wake-up Request WAKERQ @ wake-up upon entering sleep mode.
or Vee < UVecr) -
standby mode or Vi < UV, fort >t Resets timers for UVyc¢ or
10 10(F) = v UVyio.
Wake-up event on CAN bus, state Available upon entering )
transition on WAKE pin, or initial power up | normal mode(®) After four recessive-to-
nFAULT = low indicates a dominant edges on TXD in A cold start condition generates
Wake-up Source local wake-up event from the | normal mode, g
o (3) WAKESR X . a local wake-up WAKERQ,
Recognition( WAKE pin leaving normal mode, WAKESR and 2 PWRON fla
nFAULT = high indicates a or Vee < UVeer) 9-
remote wake-up event from or Vip < UVg for t = tyy
the CAN bus
To use nFAULT as the flag
_ . A mode transition into normal, | indicator, NFAULT must be high
IN;]_;\:ASK INHMASK INH_MASK value changed Zi’I:;LtJio:jnleow after entering standby, go-to-sleep, or sleep | before initiating change in state
9 modes of INH_MASK (e.g. there should
be no pre-existing faults)
- Vee > UVecer),
UVce Vee < UVecr) Not externally indicated or & wake-up request occurs
" Vio > UVioR,),
Undervoltage Uio Vio < Wio) Not externally indicated or a wake-up request occurs
A Vgyp undervoltage event
UVsup Vsup < UVsupF) Not externally indicated Vsup > UVsupRr) generates a cold start condition
once Vsyp > UVsup(Rr)
Upon leaving normal mode,
or if no CAN bus fault is .
_ . . CAN bus fault must persist for
CAN Bus Fault CBF See CAN Bus Fault nFAIéI)_T = low in normal mode detegted for four copsecuhve four consecutive dominant-to-
only! dominant-to-recessive recessive transitions
transitions of the TXD pin while
in normal mode
CAN driver remains disabled
TXD low when CAN active mode is until the TXDCLP is cleared.
TXDCLP : ; .
entered CAN receiver remains active
during the TXDCLP fault
TXDDTO TXD dominant time out, dominant (low) RXD = low & TXD = high, CAN driver remains disabled
signal fort = t: TXD = high & until the TXDDTO is cleared
9 = 'TXODTO a mode transition into normal, ’ ) s
standby, go-to-sleep. or slee CAN receiver remains active
Y. 9 P, P | during the TXDDTO fault
modes
CAN driver remains disabled
TXD and RXD pins are shorted together nFAULT = low upon entering until the TXDRXD is cleared.
TXDRXD } ; ) N
Local Faults fort = trxppro silent mode from normal CAN receiver remains active
mode during the TXDRXD fault
RXD = high,
CANDOM CAN bus dominant fault, when dominant or a transition into normal, CAN driver remains enabled
bus signal received for t = tgyspom standby, go-to-sleep, or sleep | during CANDOM fault
modes
Ty < Tepr and
RXD = low & TXD = high, . S
TSD Thermal shutdown, T; = Tgpr or transition into normal, CAN driver remains disabled

until the TSD event is cleared

(1) V)0 and Vgyp are present

(2) Transitions to go-to-sleep mode is blocked until WAKERQ flag is cleared

(3) Wake-up source recognition reflects the first wake up source. If additional wake-up events occur the source still indicates the original
wake-up source

(4) Indicator is only available in normal mode until the flag is cleared

(5) CAN Bus failure flag is indicated after four dominant-to-recessive edges on TXD

9.3.7.1.1 Power-Up (PWRON Flag)

This is an internal and external flag that can be used to control the power-up sequence of the system. When a
new battery connection to the transceiver is made the PWRON flag is set signifying a cold start condition. The
TCAN1463-Q1 treats any undervoltage conditions on the Vgyp, Vsyp < UVsyp(r), as a cold start. Therefore,
when the Vgyp > UVgyp(r) condition is met the TCAN1463-Q1 sets the PWRON flag which can be used by the
system to enter a routine that is only called upon in cold start situations. The PWRON flag is indicated by

nFAULT driven low after entering silent mode from either standby mode or sleep mode. This flag is cleared after
a transition to normal mode.
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Go to normal
System X
reconditioning - mode._
P routine IIE) = Gl
EN = high

/

Standby mode:' Silent mode® Read nFAULT
INH = high in STB nSTB = high | low = cold start
mode EN = low high = wake-up request

No

' On entering Standby mode from power-up or Sleep mode

A

3
2/ and Vi are present Go to normal Read nFAULT
mode: ) WAKESR flag » N I mod
3 Optional nSTB = high low = local wake-up ormal mocde
EN = high high = remote wake-up

K 9-4. Distinguishing between PWRON and Wake Request by Entering Silent Mode

9.3.7.1.2 Wake-Up Request (WAKERQ Flag)

This is an internal and external flag that can be set in standby, go-to-sleep, or sleep mode. This flag is set when
either a valid local wake-up (LWU) request occurs, or a valid remote wake request occurs, or on power up on
Vsup- The setting of this flag clears the tyy timer for the UV or UV g fault detection. This flag is cleared upon
entering normal mode or during an undervoltage event on V¢ or Vio.

9.3.7.1.3 Undervoltage Faults

The TCAN1463-Q1 device implements undervoltage detection circuits on all supply terminals: Vgyp, Vce, and
V|o. The undervoltage flags are internal indicator flags and are not indicated on the nFAULT output pin.

9.3.7.1.3.1 Undervoltage on Vgyp

UVgyp is set when the voltage on Vgyp drops below the undervoltage detection voltage threshold, UVgyp. The
PWRON and WAKERAQ flags are set once Vsyp > UVgyp(R).-

9.3.7.1.3.2 Undervoltage on V¢

UV is set when the voltage on V¢ drops below the undervoltage detection voltage threshold, UV, for longer
than the tyy undervoltage filter time.

9.3.7.1.3.3 Undervoltage on Vo

UV|o is set when the voltage on Vg drops below the undervoltage detection voltage threshold, UV, for longer
than the tyy undervoltage filter time.

9.3.7.1.4 CAN Bus Fault (CBF Flag)

The TCAN1463-Q1 device can detect the following six fault conditions and set the nFAULT pin low as an
interrupt so that the controller can be notified and act if a CAN bus fault exists. These failures are detected while
transmitting a dominant signal on the CAN bus. If one of these fault conditions persists for four consecutive
dominant-to-recessive bit transitions, the nFAULT indicates a CAN bus failure flag in Normal mode by driving the
NFAULT pin low. The CAN bus driver remains active. & 9-2 shows what fault conditions can be detected by the
TCAN1463-Q1.

# 9-2. Bus Fault Pin State and Detection Table
FAULT Condition

1 CANH Shorted to Vgar
CANH Shorted to V¢
CANH Shorted to GND
CANL Shorted to Vgar
CANL Shorted to Ve
CANL Shorted to GND

|| | WN
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Bus fault detection is a system level situation. If the fault is occurring at the ECU the general communication of
the bus may be compromised. Until a diagnostic determination can be made the transceiver remains in CAN
active mode during a CAN bus fault enabling the ECU to transmit data to the CAN bus and receive data from the
CAN bus. For complete coverage of a node, a system level diagnostic step should be performed for each node
and the information should be communicated back to a central point.

While in normal mode, if no CAN bus fault is detected for four consecutive dominant-to-recessive transitions on
the TXD pin then the CBF flag is cleared and nFAULT is driven high. The bus fault failure circuitry is able to
detect bus faults for a range of differential resistance loads (Rcgg) and for any time greater than tcge.

9.3.7.1.5 TXD Clamped Low (TXDCLP Flag)

TXDCLP is an external flag that is set if the transceiver detects that the TXD is clamped low before entering CAN
active mode. If a TXDCLP condition exists the nFAULT pin is driven low upon entering silent mode from normal
mode and the CAN bus driver is disabled until the fault is cleared. The TXDCLP flag is cleared at power-up,
when entering CAN active mode with TXD recessive, or when TXD is recessive while RXD is dominant, if no
other local failures exist.

9.3.7.1.6 TXD Dominant State Timeout (TXDDTO Flag)

TXDDTO is an external flag that is set if the TXD pin is held dominant for t > trxppto. If @ TXD DTO condition
exists, the nFAULT pin is driven low upon entering silent mode from normal mode. The TXDDTO flag is cleared
on the next dominant-to-recessive transition on TXD or upon a transition into normal, standby, go-to-sleep, or
sleep modes.

9.3.7.1.7 TXD Shorted to RXD Fault (TXDRXD Flag)

TXDRXD is an external flag that is set if the transceiver detects that the TXD and RXD lines have been shorted
together for t = trxppro. If @ TXDRXD condition exists the nFAULT pin is driven low upon entering silent mode
from normal mode and the CAN bus driver is disabled until the TXDRXD fault is cleared. The TXDRXD flag is
cleared on the next dominant-to-recessive transition with TXD high and RXD low or upon a transition into
normal, standby, go-to-sleep, or sleep modes.

9.3.7.1.8 CAN Bus Dominant Fault (CANDOM Flag)

CANDOM is an external flag that is set if the CAN bus is stuck dominant state for t > tgyspom- If a CANDOM
condition exists the nFAULT pin is driven low upon entering silent mode from normal mode. The CANDOM flag is
cleared on the next dominant-to-recessive transition on RXD or upon a transition into normal, standby, go-to-
sleep, or sleep modes.

9.3.8 Local Faults

Local faults are detected in both normal mode and silent mode, but are only indicated via the nFAULT pin when
the TCAN1463-Q1 transitions from normal mode to silent mode. All other mode transitions clear the local fault
flag indicators.

9.3.8.1 TXD Clamped Low (TXDCLP)

If the TXD pin is clamped low prior to entering CAN active mode the CAN driver is disabled releasing the bus line
to the recessive level. The CAN driver will be activated again when entering normal mode with TXD recessive,
when TXD is recessive while RXD is dominant, if no other local failures exist, or on power-up. During a TXDCLP
fault the high-speed receiver remains active and the RXD output pin will mirror the CAN bus.

9.3.8.2 TXD Dominant Timeout (TXD DTO)

While the CAN driver is in active mode a TXD dominant state timeout circuit prevents the local node from
blocking network communication in event of a hardware or software failure where TXD is held dominant longer
than the timeout period, t > trxppro. The TXD dominant state timeout circuit is triggered by a falling edge on the
TXD pin. If no rising edge is seen before on TXD before t > trxppTto than the CAN driver is disabled releasing the
bus lines to the recessive level. This keeps the bus free for communication between other nodes on the network.

The CAN driver will be activated again on the next dominant-to-recessive transition on the TXD pin. During a
TXDDTO fault the high-speed receiver remains active and the RXD output pin will mirror the CAN bus.
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TXD fault stuck dominant: example PCB failure or bad software Fault is repaired & transmission capability
\ restored
|
TXD (driver) tnooro Driver disabled freeing bus for other nodes
A
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 trxppro.

. (11— U A
L]
t

Communication from repaired node?

o e M—M

CAN Bus Signal % %4—: DOTO

Communication from other bus node(s)

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

B 9-5. Timing Diagram for TXD DTO

The minimum dominant TXD time allowed by the dominant state timeout circuit limits the minimum possible
transmitted data rate of the transceiver. The CAN protocol allows a maximum of eleven successive dominant bits
to be transmitted in the worst case, where five successive dominant bits are followed immediately by an error
frame. The minimum transmitted data rate may be calculated using the minimum tyxppto time in F 25 1.

Minimum Data Rate = 11 bits / trxppto = 11 bits / 1.2 ms = 9.2 kbps (1)
9.3.8.3 Thermal Shutdown (TSD)

If the junction temperature of the TCAN1463-Q1 exceeds the thermal shutdown threshold the device turns off
the CAN driver circuits thus blocking the TXD to bus transmission path. The CAN bus terminals are biased to
recessive level during a TSD fault and the receiver to RXD path remains operational. The TSD fault condition is
cleared when the junction temperature, T, of the device drops below the thermal shutdown release temperature,
Tspr, of the device. If the fault condition that caused the TSD fault is still present, the temperature may rise again
and the device will enter thermal shutdown again. Prolonged operation with TSD fault conditions may affect
device reliability. The TSD circuit includes hysteresis to avoid any oscillation of the driver output. During the fault
the TSD fault condition is indicated to the CAN FD controller via the nFAULT terminal.

9.3.8.4 Undervoltage Lockout (UVLO)

The supply terminals, Vgyp, Vio and V¢c, are monitored for undervoltage events. If an undervoltage event
occurs the TCAN1463-Q1 enters a protected state where the bus pins present no load to the CAN bus. This
protects the CAN bus and system from unwanted glitches and excessive current draw that could impact
communication between other CAN nodes on the CAN bus.

If an undervoltage event occurs on Vgyp in any mode, the TCAN1463-Q1 CAN transceiver enters the CAN off
state.

If an undervoltage event occurs on Vgc the TCAN1463-Q1 remains in normal or silent mode but the CAN
transceiver changes to the CAN autonomous active state. During a UV ¢ event, RXD remains high as long as
Vo is present and the wake-up circuitry is inactive. See ¥ 9-12. If the undervoltage event persists longer than
tuv, the TCAN1463-Q1 transitions to sleep mode.

If an undervoltage event occurs on the Vg, the TCAN1463-Q1 transitions to standby mode. If the undervoltage
event persists longer than ty, the TCAN1463-Q1 transitions to sleep mode.
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Once an undervoltage condition is cleared and the supplies have returned to valid levels, the device typically
needs 200 ps to transition to normal operation.

9.3.8.5 Unpowered Devices

The device is designed to be a passive or no load to the CAN bus if it is unpowered. The CANH and CANL pins
have low leakage currents when the device is unpowered, so they present no load to the bus. This is critical if
some nodes of the network are unpowered while the rest of the of network remains in operation.

The logic terminals also have low leakage currents when the device is unpowered so they do not load down
other circuits which may remain powered.

9.3.8.6 Floating Terminals

The TCAN1463-Q1 has internal pull-ups and pull-downs on critical pins to make sure a known operating
behavior if the pins are left floating. See 3 9-3 for the pin fail-safe biasing protection description.

3% 9-3. Pin Fail-safe Biasing

PIN FAIL-SAFE PROTECTION VALUE COMMENT
TXD Recessive level Weak pull-up to V|o
EN Low-power mode Weak pull-down to GND
nSTB Low-power mode 60 KQ Weak pull-down to GND
INH_MASK INH_MASK pin pulled to GND to disable Weak pull-down to GND
INH_MASK function at powerup and when
the feature is not needed.

This internal bias should not be relied upon by design but rather a fail-safe option. Special care needs to be
taken when the transceiver is used with a CAN FD controller that has open-drain outputs. The TCAN1463-Q1
implements a weak internal pull-up resistor on the TXD pin. The bit timing requirements for CAN FD data rates
require special consideration and the pull-up strength should be considered carefully when using open-drain
outputs. An adequate external pull-up resistor must be used to make sure the TXD output of the CAN FD
controller maintains proper bit timing input to the CAN device.

9.3.8.7 CAN Bus Short-Circuit Current Limiting

The TCAN1463-Q1 has 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 either as the current during each bus state or as an average current. The average short-
circuit current should be used when considering system power for the termination resistors and common-mode
choke. The percentage of time that the driver can be dominant is limited by the TXD dominant state timeout and
the CAN protocol which has forced state changes and recessive bits such as bit stuffing, control fields, and
interframe spacing. These makes sure there is a minimum recessive time on the bus even if the data field
contains a high percentage of dominant bits.

The 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 /72 2.

lOS(AVG) = %Transmit x [(o/oREC_BitS X lOS(SS)_REC) + (%DOM_BitS X lOS(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
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%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)_powm is the dominant steady state short-circuit current

The short-circuit current and possible fault cases of the network should be taken into consideration when sizing
the power ratings of the termination resistance and other network components.

9.4 Device Functional Modes

The TCAN1463-Q1 has six operating modes: normal, standby, silent, go-to-sleep, sleep, and off mode.
Operating mode selection is controlled using the nSTB pin and EN pin in conjunction with supply conditions,
temperature conditions, and wake events.

Vsup < UVysupr)

Power Off

CAN: High impedance
INH: High impedance
RXD: High impedance

- - Standby Mode \
CAN: Bus bias active - EN Iow\zzd(rbs\ztl;% low) or > CAN: Bus bias autonomous
INHE VSU,_: Ievgl s < EN = high and nSTB = high and Vio > UVio | WAKE sources: WUP & LWU
SWE timer inactive EN = low and INH: Vsup level
INH_MASK Input: Ignored - EN =low and nSTB = high — L — SWE timer active®
nSTB = high INH_MASK Input: Ignored
)y ‘ | A andVio>Uio  \_ " - e
! EN = high and Silent Mode O\ 7y |
EN = high and nSTB = high | CAN: Bus bias active :
nSTB = low INH: Vsup level (EN = low or WAKERQ SWE timer
SWE timer inactive/active® set) and nSTB = low " >e)t<p|res. 5
INH_MASK Input: Disable/Enables INACTIVE
6
K INH EN = high and nSTB =

low and WAKERQ
Cleared

I
EN = high and nSTB = low

EN = high
and g and WAKERQ Cleared Wake-Up Event:
nSTB = high EN = low and WUP or LWU
v nSTB = high |
Go-To-Sleep Mode Sleep Mode
CAN: Bus bias autonomous 4or5 CAN: Bus bias autonomous
WAKE sources: WUP & LWU (EN = low and t < teorosteer) ~ EN: X'
INH: Vgyp level _or WUP or LWU WAKE sources: WUP & LWU
SWE timer inactive INH: High impedance
INH_MASK Input: Ignored  EN=highand t> teoTosLeer” > nFAULT: High impedance
/ SWE timer inactive

_>\ INH_MASK Input: Ignored
4orb5

f

Vcc falls below UV or
Vio falls below UV,
fort> tuv2'4

From any other
mode

& 9-6. TCAN1463-Q1 State Machine
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1.

The enable pin can be in a logical high or low state while in sleep mode but since it has an internal pull-
down, the lowest possible power consumption occurs when the pin is left either floating or pulled low
externally.

At power-up, the undervoltage timers for V¢ and V| are disabled, allowing for longer period for V¢ and
Vo supplies to power up (up to tiyacTive)- Ve or Vio need to be above UVccr) and UV o) respectively to
enable their respective tyy timers. The V¢ undervoltage timer starts when V¢ falls below UV r), while
Vo undervoltage timer starts when Vg falls below UVqF). When either of these timers exceed tyy, the
device enters sleep mode.

The Sleep Wake Error (SWE) timer starts as soon as the device enters Standby mode. The timer halts and
resets as soon as the device enters Normal mode. If the device enters Silent mode from Standby mode, the
SWE timer does not halt and the device needs to be transitioned to Normal mode before the SWE timer
expires. If the device enters Silent mode from Normal mode, the SWE timer will not be active in Silent mode.
When the Sleep mode is entered from Go-To-Sleep Mode or from a UV or UV g event, a low-to-high
transition on nSTB is required to move the device into Normal or Silent