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TCAN1043x-Q1 Fault Protected CAN Transceiver with CAN FD
1 Features 2 Applications

e AEC Q100: Qualified for Automotive Applications

» Meets the Requirements of the 1ISO11898-2
(2016)

» All Devices Support Classic CAN and 2 Mbps
CAN FD (Flexible Data Rate) and "G" Options
Support 5 Mbps

— Short and Symmetrical Propagation Delay
Times and Fast Loop Times for Enhanced
Timing Margin

— Higher Data Rates in Loaded CAN Networks

e Vo Level Shifting Supports 2.8 Vto 5.5V
» Operating Modes
— Normal Mode

— Low Power Sleep Mode with INH Output and
Local and Remote Wake up Request

» Ideal Passive Behavior When Unpowered

— Bus and Logic Terminals are High Impedance
(No Load to Operating Bus or Application)

— Power Up or Down Glitch Free Operation
» Excellent EMC Performance
— IEC 62228 — 2007 Compliant
— SAE J2962-2 Compliant
» Protection Features
— ESD Protection of Bus Terminals
— HBM ESD Protection: £10 kV
— |IEC ESD Protection up to +8 kV

— Bus Fault Protection: £58 V (hon-H variants)
and 70 V (H variants)

— Undervoltage Protection on Supply Terminals
— TXD Dominant Time Out (DTO)
— Thermal Shutdown Protection

* Receiver Common Mode Input Voltage: +30 V

e Typical Loop Delay: 110 ns

* Junction Temperatures from —-55°C to 150°C

* Available in SOIC (14) Package and Leadless
VSON (14) package (4.5 mm x 3.0 mm) with
Improved Automated Optical Inspection (AOI)
Capability

12V and 24 V System Applications
» Automotive and Transportation

— Body Control Module & Gateway

— Head Unit

— Radar

— Telematics

— Cluster

— HMI & Display

3 Description

The TCAN1043xx-Q1 meets the specifications of the
ISO11898-2 (2016) High Speed Controller Area
Network (CAN) Physical Layer standard. The device
is designed for use in CAN FD networks up to 2
megabit per second (Mbps). Devices with part
numbers that include the suffix “G” are designed for
data rates up to 5 Mbps. The device has a remote
wake request feature via the CAN bus pins and a
local wake request feature via the high voltage WAKE
terminal. Additionally, the device has the ability to
control the system power via the high voltage output
INH terminal. The device includes many protection
features providing device and CAN network
robustness.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (14) 8.95 mm x 3.91 mm
TCAN1043x-Q1
VSON (14) 4.5 mm x 3.0 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Device Comparison Table

DEVICE NUMBER BUS FAULT PROTECTION MAXIMUM DATA RATE
TCAN1043-Q1 58V 2 Mbps
TCAN1043H-Q1 70V 2 Mbps
TCAN1043G-Q1 58V 5 Mbps

TCAN1043HG-Q1 70V 5 Mbps

6 Pin Configurations and Functions

D Package
14 Pin (_SOIC) E4MFT Pa&éggl\tle
Top View in (V )
Top View
™o [[]1 @ 14[ ] ]nste
eno [T 2 13 [ ] ]cann GND ] 2 13[] CANH
Vee |:|: 3 12 [T] cane Vee ] 3 12] CANL
RXD | 4 lll NC
rRxo [ 4 u[T]ne
Vio : 5 10: Vsup
Vio EE 5 10 D] Vsup
EN | 6 9 | WAKE
EN 6 9 WAKE
EI: D:I INH ] 7 8 nFAULT
NH [T 7 8 [ [ ] nFauLT
Pin Functions
PINS
TYPE DESCRIPTION
NAME NO
TXD 1 Digital Input CAN transmit data input (LOW for dominant and HIGH for recessive bus states)
GND 2 GND Ground connection
Vee 3 Supply 5-V CAN bus supply voltage
RXD 4 Digital Output CAN receive data output (LOW for dominant and HIGH for recessive bus states), tri-state™
Vio 5 Supply 1/0 supply voltage
EN 6 Digital Input Mode control input, Enable Input, integrated pull down
INH 7 High Voltage Inhibit Output, controls system voltage regulators and supplies
Output
nFAULT 8 Digital Output Fault Output, inverted logic
WAKE 9 High Voltage Input | Wake Input terminal, high voltage input
Vsup 10 Supply Reverse Blocked Battery supply input
NC 11 — No Connect (Not Internally Connected)
CANL 12 Bus I/O Low level CAN bus input/output line
CANH 13 Bus I/O High level CAN bus Input/output line
nSTB 14 Digital Input Mode control input, Standby input, integrated pull down
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7 Specifications
7.1 Absolute Maximum Ratings® @
MIN MAX UNIT
Battery supply (reverse blocked) voltage range — standard versions -0.3 58
Vsur Battery supply (reverse blocked) voltage range — H versions -0.3 70
Vee 5-V bus supply voltage range -0.3 7
Vio 1/0 Level Shifting Voltage Range -0.3 7
Vaus CAN Bus I/0 voltage range (CANH, CANL) Devices without the "H" suffix -58 58
CAN Bus I/O voltage range (CANH, CANL) Devices with the "H" suffix -70 70
Vors ?:A:T\l I_Differential voltage between CANH and Devices Wi‘h°“t ‘Ir:'e""H" s.uffix -58 58 v
Devices with the "H" suffix -70 70
VLogic_input) Logic input terminal voltage range -0.3 7
V(Logic_output) Logic output terminal voltage range -0.3 7
Vi INH output pin voltage range Devices without the "H" suffix -0.3 58 and Vo < Vgyp + 0.3
INH output pin voltage range H versions -0.3 70 and Vg £ Vgyp + 0.3
WAKE input pin voltage range Devices without the "H" suffix -0.3 58 and V| < Vgyp + 0.3
Vo WAKE input pin voltage range H versions -0.3 70 and V, £ Vgyp + 0.3
loocic) Logic output current RXD, and nFAULT 8
loanm) INH output current 4 mA
o e Sl sy V03 . s e urent o WAKE :
T, Operating virtual junction temperature range -55 150 oc
Ta Ambient temperature range -55 125

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential /O bus voltages, are with respect to ground terminal.

7.2 ESD Ratings

VALUE UNIT
Vsup, INH +4000
Human body model (HBM) All pins, except Vgyp, INH® +6000
Vieso) Electrostatic discharge CAN bus terminals (CANH, CANL)® +16000 \Y
Charged device model (CDM) All terminals® +750
Machine Model (MM) All terminals® +200
(1) Tested in accordance to AEC-Q100-002.
(2) Test method based upon AEC-Q100-002, CAN bus terminals stressed with respect to each other and to GND.
(3) Tested in accordance to AEC-Q100-011.
(4) Tested in accordance to JEDEC Standard 22, Test Method A115A.
7.3 ESD Ratings IEC Specification
VALUE | UNIT
SAE J2962-2 per ISO 10605:
Powered Air Discharge 15000
CAN bus terminals (CANH, CANL .
System Level Electro-Static to GND ( ) | SAE 12062-2 per ISO 10605: +8000
Discharge (ESD) Powered Contact Discharge -
IEC 61000-4-2 (150 pF, 330 Q) +8000
Vgar and WAKE Unpowered Contact Discharge +6000
V(ESD) Pulse 1 -100 \Y
ISO7637-2 Transients according to CAN bus terminals (CANH, CANL) | Pulse 2 +75
GIFT - ICT CAN EMC test to GND. V. WAKE
specification® » Vsups Pulse 3a —150
Pulse 3b +100
. Direct Coupling Capacitor "Slow
1ISO7637-3 Transients CAN bus terminals (CANH, CANL) Transient Pulse" with 100 nF +85
to GND, Vgup, WAKE . :
coupling capacitor - Powered

(1) 1S07637 is a system level transient test. Results given here are specific to the IBEE CAN EMC Test specification conditions. Different
system level configurations will lead to different results.
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7.4 Recommended Operating Conditions

MIN NOM MAX| UNIT
Vsup Battery supply (reverse blocked) voltage range 4.5 60
Vee 5V Supply Voltage 4.5 55 v
Supply voltage range — by char CAN functionality to support cold crank events 4 4.5
Vio I/O supply voltage 2.8 55
loH(Logic) Logic terminal HIGH level output current — RXD and nFAULT -2
loLocicy  Logic terminal LOW level output current — RXD and nFAULT 2| mA
lognH) INH output current
Cvco) Ve supply capacitor
Cwio) V|0 supply capacitor 100 nF
Cvsup) Vsup supply capacitor
T, Operational free-air temperature (see Thermal Information) - standard version -40 125 oc
Operational free-air temperature (see Thermal Information) - H version -55 125

7.5 Thermal Information

TCAN1043x-Q1 TCA'\(';lO“X'
THERMAL METRIC® TEST CONDITIONS D (SOIC) DMT (vsony | UNIT
14 Pins 14 Pins
Rosa Junction-to-air thermal resistance L(_JW_K thermal re3|-stance - -
High-K thermal resistance 78 331

Ross Junction-to-board thermal resistance 34.7 10.8
Roscrop)  Junction-to-case (top) thermal resistance 33.6 30.5 °CIW
Rosc@or)  Junction-to-case (bottom) thermal resistance - 13
¥ Junction-to-top characterization parameter 5.7 0.4
Y5 Junction-to-board characterization parameter 34.3 10.7

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

7.6 Dissipation Ratings

PARAMETER TEST CONDITIONS VALUE UNIT
Vec=5V,Vi0=5V,T;=27°C,R =600, Sat0V,
Input to TXD at 500 kHz, 50% duty cycle square wave, TBD
o CL rxp = 15 pF.
Po Average power dissipation mw
Vec =55V, V,o=5V, T;=150°C, R, =60 Q, Sat0
V, Input to TXD at 500 kHz, 50% duty cycle square wave, TBD
CL_rxp = 15 pF.
Trsp Thermal shutdown temperature 170 °C
Trsp_Hys Thermal shutdown hysteresis 10 °C
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7.7 Electrical Characteristics

Over recommended operating conditions with T, = -55°C to 150°C (unless otherwise noted).

PARAMETER TEST CONDITIONS | MIN TYP® MAX | UNIT
SUPPLY CHARACTERISTICS
Normal, Silent, Go to Normal, Silent, Go to Sleep 40 70
Sleep
Standby mode, Ve > 4.5V, Vi >2.8V,
Isup Supply current Standby Mode o oce 10 15 45| pA
Vinn) = Vwake) = Vsup
Sleep Mode Sleep mode, Ve = Vio = Viney =0V 15 30
Vwakg) = Vsup
See Figure 8. TXD=0V,R =60 Q,C, = 70
. open. Typical Bus Load.
Dominant -
Supply Current Normal See Figure 8. TXD=0V,R_ =50Q, C, = 80 mA
Mode open. High Bus Load.
Dominant with bus fault ?ee Figure § TXD =0V, CANH=-25V, R, 180
= open, C,_ = open
lec i = = =
Supply Current Normal Recessive See Flgure_& TXD=V,o,RL=50Q,C, = 5 mA
Mode open, Rgy = open
Supply Current Silent and Go to Sleep Mode SsgnFlgure 8.TXD =Vio,RL.=50Q, C, = 25| mA
Supply current Standby Mode See Figure 8. EN =L, NSTB =L 5 A
: 2
Sleep Mode See Figure 8. EN=H or L, NSTB =L 5
Normal Mode RXD floa_ung. TXD =0V (dominant) nSTB = 450
Vio, EN =V|o
lio 1/0 Supply Current Normal, Silent or Go to ) _ . HA
Sleep Mode RXD floating. TXD = V|g recessive 5
Sleep Mode NSTB =L 5
UVsup Undervoltage detection on Vgp for protected mode 3.0 4.2 \%
Vhysuvsup) Hysteresis voltage on UVgyp 50 mV
OV, Rising undervoltage detection on V¢ for protected mode 4.1 4.4 v
vee Falling undervoltage detection on V¢ for protected mode 35 3.9
Vhysuvvee) Hysteresis voltage on UVy,cc 200 mV
UVyio Undervoltage detection on V,q for protected mode 13 2.75 \%
Vhysuvio) Hysteresis voltage on UV g 80 mV
Driver Electrical Characteristics
Bus output voltage CANH See and Figure 20 and Figure 19. TXD = 0 2.75 4.5
Vo) (dominant) - normal V, Normal mode 50 < R <65 Q, C_ = open, \%
mode CANL Rey = Open 0.5 2.25
Bus outout voltage See Figure 20 and Figure 19. TXD = Vcc,
Vo) P 9 CANH and CANL V|0 = V¢e, normal or silent , R_ = open (no 2 05xVec 3 \%
(recessive) _
load), Rcm = open
See Figure 20 and Figure 19. TXD =0V,
Normal mode, 50 Q < R, <65 Q, C_ = open, 15 3
Rcm = open
See Figure 20 and Figure 19. TXD =0V,
Normal mode, 45 Q<R <50 Q, CL = 1.4 3
. . open, Ry = open
Von() lelferentlal oqtput CANH - CANL : cM : v
voltage (dominant) See Figure 20 and Figure 19. TXD =0 V,
Normal mode, R, = 2240 Q, C_ = open, R¢ym 15 5
= open
See Figure 20 and Figure 19. TXD =0V,
Normal mode, 45 Q <R, £70 Q, C_ = open, 1.4 3.3
Rcm = open (optional)
See Figure 20 and Figure 19. TXD = Vcc,
normal or silent mode, R, =60 Q, C, = -120 12
i i open, Rey = open
Voow Differential output CANH - CANL P! : cm = op! : mv
voltage (recessive) See Figure 20 and Figure 19. TXD = V¢,
normal or silent mode, R_ = open (no load), -50 50
C_ = open, Rgy = open
Vsym f : See Figure 6 and Figure 29, normal mode,
Output symmetry (dominant or recessive) Rrerul2 = 30Q(split), Cop = 4.70F, C, = 09 11] wv
(Voreanr + Voreany)Vee open, Rgy = open, TXD = 1MHz

(1) All typical values are at 25°C and supply voltages of Vcc = 5 V. For dual supply devices V|g =3.3 V. R_ =60 Q.

6 Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated
Product Folder Links: TCAN1043-Q1 TCAN1043H-Q1 TCAN1043HG-Q1 TCAN1043G-Q1


http://www.ti.com/product/tcan1043-q1?qgpn=tcan1043-q1
http://www.ti.com/product/tcan1043h-q1?qgpn=tcan1043h-q1
http://www.ti.com/product/tcan1043hg-q1?qgpn=tcan1043hg-q1
http://www.ti.com/product/tcan1043g-q1?qgpn=tcan1043g-q1
http://www.ti.com
http://www.ti.com/product/tcan1043-q1?qgpn=tcan1043-q1
http://www.ti.com/product/tcan1043h-q1?qgpn=tcan1043h-q1
http://www.ti.com/product/tcan1043hg-q1?qgpn=tcan1043hg-q1
http://www.ti.com/product/tcan1043g-q1?qgpn=tcan1043g-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEV0&partnum=TCAN1043-Q1

13 TEXAS
INSTRUMENTS

www.ti.com

TCAN1043-Q1, TCAN1043H-Q1, TCAN1043HG-Q1, TCAN1043G-Q1
SLLSEVO—OCTOBER 2017

Electrical Characteristics (continued)

Over recommended operating conditions with T, = —55°C to 150°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
See Figure 6 and Figure 21,normal or silent
Vsym pc Output symmetry (dominant or recessive) mode, R, =60 Q, C_ = open, Rey = —400 400 mV
open;  Vsym = Vec - Vorcann) - Voccant)
See Figure 20 and Figure 12 Veany = -5V, _100
losom SDZOnr]ti:ziarr?tUit steady-state output current, CANLl‘ open, TXD - ov - mA
See Figure 20 and Figure 12, Vean, =400V, 100
CANH = open, TXD =0V
losRec) gx:scsiir\;::it steady-state output current, ie;s \'; Igu\iuzsosag g \';"g\l;;’jslzz’ CANH = 5 5 mA
CANL, TXD = V|0
CANH -0.1 0.1
Vo et can o ey o R mepen 01 i v
CANH-CANL -0.2 0.2
Receiver Electrical Characteristics
Vewm Common Mode Range: Normal, and Silent See Figure 7 and Table 5 -30 30 \%
modes
Vir Input threshold voltage, Normal mode and Silent | See Figure 7 and Table 5, Vey < £20 V 500 900
modes See Figure 7 and Table 5, Vgy < +30 V 400 1000
Viys Zr)llgtgzltzsritsn\gtgéz%e for input threshold, Normal See Figure 7 and Table 5 120
Vit(sieep) Input Threshold, standby mode See and Table 5 400 1150 mVv
Vem ac:éngggpmn?ggelzange: Standyby, Go-to-Sleep | 5.0 Figure 7 and Table 5 -12 12| VvV
CANH = CANL =5V, Vcc to GND via 0
liorr(LKG) Power-off (unpowered) bus input leakage current S?Tfkré Zeksgi)str:fi\s/f:;,\i'%:\/t?4$'§3 (\:’:}52 Q 4.8 HA
by characterization and design)
C Input capacitance to ground (CANH or CANL) By Characterization and Design 24 30 oF
Cp Differential input capacitance By Characterization and Design 12 15
Rip Differential input resistance TXD = Ve = Vio, Normal mode; -30 < Ve 30 80 KO
Rin Input resistance (CANH or CANL) < +30V 15 40
E | »
Rear ;;a:lllitdclii:f{leitrgntial load impedance range for bus Rew = RL, CL = open 25 70 o)
TXD TERMINAL (CAN TRANSMIT DATA INPUT)
ViH High level input voltage 0.7 Vio \
Vi Low level input voltage 0.3 Vo \%
[ High level input leakage current TXD =Vce=Vio=55V -2.5 0 1 HA
I Low level input leakage current TXD=0V,Vec=V|po=55V -100 -5 HA
like(oFF) Unpowered leakage current TXD=55V,Vcc=V,p=0V -1 1 HA
C Input Capacitance ViN=0.4xsin2xaXx2E+6xt)+25V pF
RXD TERMINAL (CAN RECEIVE DATA OUTPUT)
VoH High level output voltage See Figure 5, Io = -2 mA. 0.8 Vo \%
VoL \I;g\r/;fr:/el output voltage — 10 level shifting See Figure 5, Ip = 2 mA. 0.2 Vo v
nFAULT TERMINAL (FAULT AND STATUS OUTPUT)
VoH High level output voltage See Figure 5, Io = -2 mA. 0.8 Vo \%
VoL \I;Z\r/;ifr:/el output voltage — 10 level shifting See Figure 5 Ig = 2 mA. 0.2 Vo v
nSTB TERMINAL (STANDBY MODE INPUT)
ViH High level input voltage 0.7 Vio \
Vi Low level input voltage 0.3 Vo \%
M High level input leakage current nSTB =Vcee =V =55V 1 10 HA
I Low level input leakage current nSTB=0V,Vcc=V|oc=55V -1 1 HA
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Electrical Characteristics (continued)

Over recommended operating conditions with T, = —55°C to 150°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT

I kG(oFF) Unpowered leakage current nSTB=55V, Ve =0V, V=0V -1 0 1 HA

EN TERMINAL (ENABLE MODE INPUT)

ViH High level input voltage 0.7 Vio \

Vi Low level input voltage 0.3 Vo \%

M High level input leakage current EN =V =V, o=55V 1 10 HA

I Low level input leakage current EN=0V,Vec=V,0=55V -1 1 HA

I kG(oFF) Unpowered leakage current EN=55V,Vcc =0V, V=0V -1 0 1 HA

INH TERMINAL (INHIBIT OUTPUT)

AVy High level voltage drop INH with respect to Vgyp | Iing = —0.5 mA 0.5 1 \

I KG(INH) Leakage current INH =0V, Sleep Mode -5 5 HA

Wake TERMINAL (WAKE INPUT)

Vi{ High level input voltage Standby and Sleep Mode Vgup - 2 \

Vi Low level input voltage Standby and Sleep Mode Vsup - 3 \%

[ High level input current WAKE = Vgyp—1V -25 -15 HA

I Low level input current WAKE =1V 15 25 HA
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7.8 Switching Characteristics
Over recommended operating conditions with T, = -55°C to 125°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP® MAX|UNIT
DRIVER SWITCHING CHARACTERISTICS
toHR Propagation delay time, High TXD to Driver Recessive 50 TBD| ns
toLD Propagation delay time, Low TXD to Driver Dominant See Figure 15, Normal mode 40 TBD| ns
tsk(p) Pulse skew (|tyhr - toLpl) R_ =60 Q, C, =100 pF, Rcm 10 TBD| ns
tr Differential output signal rise time = open 45 TBD| ps
te Differential output signal fall time 45 TBD| ps
trxp_pTo Dominant Time Out® S(Zep;gure 14, R =600, C 1.2 38| ms
RECEIVER SWITCHING CHARACTERISTICS
tprRH Propagation delay time, bus recessive input to high RXD See Figure 14, 50 TBD| ns
Propagation delay time, bus dominant input to RXD low Cu(rxp) = 15 PF
tooL output Char Range: TBD if wider 50 TBD| ns
- . range needed to look at.
tr Output signal rise time (RXD) Typical Conditions for DS: TBD| ns
te Output signal fall time (RXD) CANL=15V,CANH=4V. TBD| ns
tsus_pom Dominant time out S%T)gr']gure 17,R =600, C, 1.4 3.8| ms
tcer Bus fault detection time 45Q<Rcy=s70Q,C = 1.9 us
open
Wake Terminal (Wake input)
: Time required for LWU from a
BAAKE_HT WAKE hold time oL ot WAKE 5 50| us
Device Switching Characteristics
Total loop delay, driver input (TXD) to receiver output .
tprOP(LOOP1) (RXD), recessive to dominant Normal Mode, See Figure 17, 100 160| ns
Total loop delay, driver input (TXD) to receiver output RL=6010, O, =100 pF,
otal loop delay, driver inpu 0 receiver outpu =
tPROP(LOOP2) (RXD), dominant to recessive Curxoy = 15 PF 110 175] ns
See Figure 15 and Figure 16.
Mode change time for leaving
N Sleep Mode to entering
tmoDE1 Mode change time normal and silent mode after 20| bs
Ve and Vo have crossed UV
thresholds
Mode changes between
. Normal, Silent and Standby
tmopE2 Mode change time Modes, and Sleep to Standby 101 ps
Mode transition
Time for device to return to
tuv_re-enaBLe  Re-enable time after UV event normal operation from UVycc 200 | ps
or UVy, o under voltage event
tpower Up Power up time on Vgyp See Figure 16 250 us
fwK FILTER Bus time to meet Filtered Bus Requirements for Wake Up See Figure 17, sleep mode. 05 185 ps
= Request
twk_timeoutr ~ Bus Wake-up timeout value 0.5 2| ms
tuv Undervoltage filter time for V,g and V¢ V)0 £ UVy o or Ve < UVyce 159 340 ms
tGo To_Sleep Minimum hold time for transition to sleep mode EN=Hand nSTB=L 5 50| ps

FD Timing Parameters

(1) All typical values are at 25°C and supply voltages of Vcc = 5 V. For dual supply devices V|g =3.3 V. R_ =60 Q.

(2) The TXD dominant timeout (trxp_pro)) disables the driver of the transceiver once the TXD has been dominant longer than tirxp_pro).
which releases the bus lines to recessive, preventing a local failure from locking the bus dominant. The driver may only transmit
dominant again after TXD has been returned HIGH (recessive). While this protects the bus from local faults, locking the bus dominant, it
limits the minimum data rate possible. 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. This, along with the tirxp_proy minimum, limits
the minimum bit rate. The minimum bit rate may be calculated by: Minimum Bit Rate = 11 / trxp_pro)
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Switching Characteristics (continued)
Over recommended operating conditions with T, = -55°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP® MAX | UNIT
Sit t_ime on CAN bus output pins with tgir(txpy = 500 ns, all 435 530
) evices
BIT(BUS) Bit time on CAN bus output pins with tgir(rxp) = 200 ns, G
: ' 155 210
device variants only
Sit t_ime on RXD output pins with tgir(rxpy = 500 ns, all Normal Mode, R, =60 Q, C_ 400 550
. evices =100 pF, ns
BIT(RXD) Bit time on RXD output pins with tgir¢rxp) = 200 ns, G Cu(rxp) = 15 pF,
: - — 120 220
device variants only Atrec = taiTRxD) - tBIT@BUS)
cI?ec_eiver timing symmetry with tgir(txpy = 500 ns, all 65 40
evices
Atrec — - -
Receiver timing symmetry with tgir(rxp) = 200 ns, G device 45 15
variants only
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7.9 Typical Characteristics

3 3
2.5 2.5
////———
2 2 |
< — //
b b
g 15 g 15
5 g
> >
1 1
0.5 0.5
0 0
55 35 15 5 25 45 65 85 105 125 45 46 47 48 49 5 51 52 53 54 55
Temperature (T) Vee (V)
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C_ = Open RCM = Open STB=0V C. = 100 pF CL rxp =15 pF STB=0V
Figure 3. Icc Recessive over Temperature Figure 4. Total Loop Delay over Temperature
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8 Parameter Measurement Information
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Figure 5. Supply Test Circuit
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Figure 6. Driver Test Circuit and Measurement
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Figure 7. Receiver Test Circuit and Measurement
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Parameter Measurement Information (continued)
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Figure 8. tyope Test Circuit and Measurement, Silent to Normal Mode
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Figure 9. tpropoor) Test Circuit and Measurement, From Silent to Normal Mode
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Parameter Measurement Information (continued)
CANH
TXD e Vee
Vi, —— RLg —TCoL
TXD 50%
© 1 1
CANL i
i s ov
| |
| |
| |
| |
| |
k k
| |

Vou

|
|
|
|
|
|
|
|
|
|
|
|
|

RXD

\\}7
|
|
l
<
'Q

Copyright © 2016, Texas Instruments Incorporated

Figure 10. tpropoop) Test Circuit and Measurement
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Figure 11. tpropoopr) Test Circuit and Measurement with CM Range
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Parameter Measurement Information (continued)
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Figure 12. Loop Delay Symmetry Test Circuit and Measurement
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Parameter Measurement Informatio
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Figure 13. CHAR Loop Delay Symmetry Test Circuit and Measurement
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Figure 14. TXD Dominant Timeout Test Circuit and Measurement

Figure 15. Driver Short-Circuit Current Tes
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Parameter Measurement Information (continued)
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Figure 16. tpower up Timing Measurement 4
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Figure 17. tyake nr While Monitoring INH Output
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Parameter Measurement Information (continued)
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Figure 18. tyake vt While Monitoring RXD Output
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9 Detailed Description

9.1 Overview

The TCAN1043xx-Q1 meets or exceeds the specifications of the ISO 11898-2 (2016) High Speed CAN
(Controller Area Network) physical layer standard. The device has been certified to the requirements of
1ISO11898-2/5 according to the GIFT/ICT High Speed CAN test specification.

This device provides CAN transceiver differential transmit capability to the bus and differential receive capability
from the bus. The device includes many protection features providing device and CAN network robustness.
Various versions of the device are available to support CAN and CAN with Flexible Data Rate (FD) protocol at
various data rate optimizations:

» Classic CAN: CAN and CAN FD with data rates up to 1 Mbps
* CAN FD 2 Mbps: CAN FD to 2 Mbps
« CAN FD 5 Mbps: CAN FD to 5 Mbps

9.2 Functional Block Diagram
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3 | 5| 10 11

4

BIAS UNIT

12
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nFAULT

Vee
\Y}
10 VCC
L +¢ TRANSMIT
TXD DOMINANT
Vsup TIME OUT s

LOGIC

EN *? ___________

nSTB *é CONTROL and MODE
6

| | Sleep Receiver
|
| WUP
UNDER OVER | Detect
VOLTAGE TEMP |
N
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RXD MUX [H DOMINANT H
TIME OUT ||
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9.3 Feature Description

9.3.1 Internal and External Indicator Flags (nFAULT and RXD)

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 Vg p 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.
Table 1. Device Status Indicator Flags
EVENT FLAG NAME CAUSE INDICATORS® FLAG IS CLEARED COMMENT
Power up on VSUP and nFAULT = L upon
. any return of VSUP after entering Silent mode After transition to normal
Power-up PWRON it has been below from Standby, Go-to- mode
UVysup Sleep, or Sleep mode
Wake up request may
Wake up event on CAN | nFAULT = RXD = L after - only be set from
bus, state transition on wake up in standby After fransition to normal standby, Go-to-sleep, or
Wake-up Request WAKERQ® ' ; vl mode, or either a UVycc ’ :
WAKE pin, or initial mode, go-to-sleep or UVurs event sleep mode. Resets
power up mode, and sleep mode VIO timers for UVycc or
UVVIO
Available upon entering
normal mode® , After four recessive to
Wake-up Source \{Jvl?skes?egee;lrzrr]wts(i)tirl)r?ﬁr,:l NFAULT = L indicates | dominant edges on TXD A LWU source flag is set
Reco! 'r)mion(s’ WAKESR WAKE pin, initial power wake from WAKE in normal mode,leaving on intial owergu
9 P ‘u p terminal, NFAULT =H | normal mode, or either a p P
P indicates wake from UVycc or UVy o event
CAN bus
uvvcce Under voltage Ve Not externally indicated VCc returns, or Wake-up
request occurs
uwio Under voltage Vo Not externally indicated Vio rfetuzlss’togc\é\ﬁze'w
Under voltage q
Vsyp undervoltage event
- will trigger the PWRON
UVVSUP Under voltage Vsyp Not externally indicated Vsyp returns and WAKERQ flags
upon return of VSUP
CANH shorted to GND, Failure must persist for
. Vee, Vsup or CANL NFAULT =L in Normal Upon leaving Normal four consecutive
CAN Bus Failures CBF shorted to GND, Vcc, mode only® mode dominant to recessive
Vsup transistions
TXD Dominant Time CAN driver remains
TXDDTO Qut, dominant (low) RXD =L and TXD = H, disabled‘until the
signal for t 2 trxp pro or upon transitioning into TXDDTO is cleared
TXD and RXD pins are Normal, Standby, Go-to- | CAN driver remains
TXDRXD shorted together for t Sleep, or Sleep modes disabled until the
trxp_pTo TXDRXD is cleared
CAN bus dominant fault, NFAULT = L upon RXD = H, or upon
Local Faults CANDOM when dominant bus entering Silent mode | transitioning into Normal, Driver remains enabled
signal received for t = from Normal mode Standby, Go-to-Sleep, or
tsus_pom Sleep modes
T, drops below tygp and
Thermal Shutdown, enheri?)'_('DO:r t aor;d TXD CAN driver remains
TSD junction temperature = = orup disabled until the TSD is
T transitioning into Normal, cleared
TSD Standby, Go-to-Sleep, or
Sleep modes
(1) Vo and Vgyp are present
(2) Transitions to Go-to-sleep mode is blocked until WAKERQ flag is cleared

©)

(4)
®)

Wake-up source recognition will reflect the first wake up source. If additional wake-up events occur the source will still indicate the
original wake up source
Indicator is only available in normal mode until the flag is cleared
CAN Bus failure flag will be indicated after four recessive to dominant edges on TXD
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9.3.2 Power-Up Flag (PWRON)

This is an internal and external flag that is set and controls the power up state of the device. The device will
power on to standby mode with the PWRON flag set after Vg p has cleared the under voltage lock out for Vgp,
UVVSUP

9.3.3 Wake-Up Request Flag (WAKERQ)

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
Vgyup. The setting of this flag clears tyy, timer for the UVycc or UVyo. This flag is cleared upon entering normal
mode or during a under voltage event on V¢ or Ve.

9.3.4 Wake-Up Source Recognition Flag (WAKESR)

This flag is an internal and external flag that is set high or low after a valid local wake up (LWU) request occurs,
or a valid remote wake request occurs. This flag is only available in Normal mode before four recessive to
dominant transitions occur on TXD. If the nFAULT pin is high after entering normal mode, this indicates that a
remote wake request was received. If the nFAULT output is low after entering Normal mode, this indicates that a
local wake up event occurred. Upon power up on Vgyp, or after and under voltage event on Vgp, the local wake
up request is indicated on nFAULT.

9.3.5 Undervoltage Fault Flags

The TCAN1043xx-Q1 device comes with undervoltage detection circuits on all three supply terminals: Vgyp, Vee,
and V,q. These flags are internal flags and are not indicated on the nFAULT terminal.

9.3.5.1 Undervoltage on V¢ Fault

This internal flag is set when the voltage on V¢ drops below the undervoltage detection voltage threshold,
UVyce, for longer than tg,.

9.3.5.2 Undervoltage on Vg Fault

This internal flag is set when the voltage on V| drops below the undervoltage detection voltage threshold, UVy,q,
for longer than tyy.

9.3.5.3 Undervoltage on Vg p Fault

This internal flag is set when the voltage on Vgyp drops below the undervoltage detection voltage threshold,
UVysup. While this flag is not externally indicated, the PWRON and WAKERQ flags are set once the Vg p supply
returns

9.3.6 CAN Bus Failure Fault Flag

The TCAN1043xx-Q1 devices are able to detect the following six faults that can occur on the CANH and CANL
bus terminals. These faults are only detected in Normal mode and are only indicated via the nFAULT terminal
while in Normal mode.

CANH bus pin shorted Vg p

CANH bus pin shorted V¢

CANH bus pin shorted GND

CANL bus pin shorted Vgp

CANL bus pin shorted V¢

CANL bus pin shorted GND

These failures are detected while transmitting a dominant signal on the CAN bus. If one of these fault conditions

persists for four consecutive dominant bit transmissions, the nFAULT indicates a CAN bus failure flag in Normal
mode by driving the nFAULT pin low. The CAN bus driver remains active.

ok wbhPE

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 vin-
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9.3.7 Local Faults

Local faults are detected in both Normal mode and Silent mode, but are only indicated via the nFAULT pin when
transitioned form Normal mode to Silent mode. All other mode transitions clear the local fault flag indicators.

9.3.7.1 TXD Dominant Timeout (TXD 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 event of a hardware or software failure where TXD is held dominant
longer than the time out period trxp pto- The TXD DTO circuit is triggered by a falling edge on TXD. If no rising
edge is seen before the time out constant of the circuit, trxp pro, €xpires the CAN driver is disabled. This keeps
the bus free for communication between other nodes on the network. The CAN driver is re-activated when a
recessive signal is seen on TXD terminal, thus clearing the dominant time out. The receiver and RXD terminal
will reflect what is on the CAN bus and the bus terminals will be biased to recessive level during a TXD DTO.
This fault is indicated via the TXDDTO flag shown on the nFAULT terminal.

TXD fault stuck dominant: example PCB Fault is repaired & transmission
y failure or bad software ¥ capability restored
|
TXD < >
. trxp_pto : Driver disabled freeing bus for other nodes
(driver)
yy4
7/
Normal CAN Bus would be “stuck dominant” blocking communication for the
communication whole network but TXD DTO prevents this and frees the bus for
i communication after the time trxp pro.

\

CAN
Bus ¢— trxp_pTo—> o —
Signal

Communication from Communication from
other bus node(s) repaired node
yyi
7/
RXD i
(receiver)
Communication from Communication from ? Communication from
local node other bus node(s) repaired local node

Figure 19. Example Timing Diagram for TXD DTO

NOTE
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 by: Minimum Data Rate = 11 bits / tyxp pro = 11 bits / 1.2 ms = 9.2
kbps.

9.3.7.2 TXD Shorted to RXD Fault

The TXDRXD flag is set if the device detects that the TXD and RXD lines have been shorted together for t
2trxp pro- This fault is then indicated via the nFAULT terminal. The CAN driver is disabled until the TXDRXD
fault is cleared.

This fault is only indicated in Normal mode and Silent mode.

9.3.7.3 CAN Bus Dominant Fault

The CAN bus dominant fault detects if the CAN bus is stuck in a permanent dominant (low) state. This fault is
detected when the device detects a dominant on the bus for time 2 tgys pow. This fault is then indicated via the
CANDOM flag shown on the nFAULT terminal.
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This fault is only indicated in Normal mode and Silent mode.

NOTE
If the CAN bus is stuck in a permanent dominant state no message traffic is possible.

9.3.7.4 Thermal Shutdown (TSD)

If the junction temperature of the device exceeds the thermal shut down threshold the device turns off the CAN
driver circuits thus blocking the TXD to the bus transmission path. The shutdown condition is cleared when the
junction temperature of the device drops below the thermal shutdown temperature of the device. If the fault
condition that caused the thermal shutdown is still present, the temperature may rise again causing the device to
reenter thermal shut down. Prolonged operation with thermal shutdown conditions may affect device reliability.
The thermal shutdown circuit includes hysteresis to avoid oscillation of the driver output. This fault is indicated via
the TSD flag shown on the nFAULT terminal.

NOTE
During thermal shutdown the CAN bus driver is turned off thus no transmission is possible
from TXD to the bus. The CAN bus terminals are biased to recessive level during a
thermal shutdown and the receiver to RXD path remains operational.

9.3.7.5 RXD Recessive Fault

The RXD recessive fault detects if the RXD terminal is stuck (clamped) in a permanent recessive state. This fault
is detected when the device transmits four dominant bits to the bus via TXD but the RXD output does not follow.
This fault is then indicated via the RXDREC flag shown on the nFAULT terminal.

NOTE
If the RXD terminal is forced or clamped recessive the CAN controller in the pProcessor
will not recognize bus usage and could start transmitting at any time possibly causing
corruption on the bus. This feature prevents a local fault on the RXD line from corrupting
the entire CAN bus.

9.3.7.6 Undervoltage Lockout (UVLO)

The supply terminals have under voltage detection which puts the device in protected mode if one of the supply
rails drop below the threshold voltage. This protects the bus and system during an under voltage event on either
Vsups Vec Or Vo supply terminals. These faults are internal fault flags and are not indicated via the nFAULT
terminal.

During an undervoltage event on V¢ or V| the device goes into protected mode and the driver is disabled. After
the UV timer expires the device will transition into sleep mode and the INH pin goes into a high impedance state.
In the event of a UV on V,g where the mode pins are no longer driven, the device transitions into standby mode
(due to internal fail safe biasing on the NSTB and EN pins) until the UV timer expires and the device transitions
into sleep mode.

The V¢ and Vg undervoltage detection circuits share the same timer. Therefore, if an undervoltage on one
supply occurs and the timers starts, and then during the undervoltage the other supply has an undervoltage
event before the first supply recovers the timer will not reset.

NOTE
Once an under voltage condition is cleared and the supplies have returned to valid levels
the device typically needs 200 ps to transition to normal operation.
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9.3.7.7 Unpowered Device

The device is designed to be an "ideal passive" or “no load” to the CAN bus if it is unpowered. The bus terminals
(CANH, CANL) have extremely low leakage currents when the device is un-powered so they will not load down
the bus. This is critical if some nodes of the network are unpowered while the rest of the of network remains in
operation.

Logic terminals also have extremely low leakage currents when the device is un-powered so they will not load
down other circuits which may remain powered.
9.3.7.8 Floating Terminals

These devices have internal pull ups on critical terminals to place the device into known states if the terminals
float. The TXD terminal is pulled up to Vg to force a recessive input level if the terminal floats. The STB terminal
is also pulled up to force the device into low power Standby mode if the terminal floats.

The device has internal pull ups and pull downs on critical terminals to place the device into known states if the
terminal floats. See Table 2 for details on terminal bias conditions.

Table 2. Terminal Failsafe Biasing

TERMINAL PULL UP or PULL DOWN COMMENT
Weakly biases TXD toward recessive to prevent bus blockage or
XD Pull up TXD DTO triggering
nSTB Pull down Weakly biases nSTB terminal toyvards low power Standby mode to
prevent excessive system power
EN pull down Weakly biases EN termlna_l towards low power mode to prevent
excessive system power

NOTE

The internal bias should not be relied on by design, especially in noisy environments but
should be considered a fall back protection. Special care needs to be taken when the
device is used with MCUs utilizing open drain outputs. TXD is weakly internally pulled up.
The TXD pull up strength and CAN bit timing require special consideration when this
device is used with an open drain TXD output on the microprocessor's CAN controller. An
adequate external pull up resistor must be used to ensure that the TXD output of the
microprocessor maintains adequate bit timing input to the CAN transceiver.

9.3.7.9 CAN Bus Short Circuit Current Limiting

The TCAN1043xx-Q1 has several protection features that limit the short circuit current when a CAN bus line is
shorted. These include CAN driver current limiting (dominant and recessive). The device has TXD dominant time
out which prevents permanently having the higher short circuit current of dominant state in case of a system
fault. During CAN communication the bus switches between dominant and recessive states, thus the short circuit
current may be viewed either as the current during each bus state or as a DC average current. For system
current and power considerations in the termination resistors and common mode choke ratings the average short
circuit current should be used. The percentage dominant is limited by the TXD dominant time out and CAN
protocol which has forced state changes and recessive bits such as bit stuffing, control fields, and interframe
space. These ensure there is a minimum recessive amount of time on the bus even if the data field contains a
high percentage of dominant bits.
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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 with Equation 1.

los(ave) = %Transmit x [(REC_Bits x lggss) rec) + (YDOM_BIts x Iogss) pom)] + [YoReceive X logss) rec] 1)

Where:

* los(avg) 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

*  9%REC_Bits is the percentage of recessive bits in the transmitted CAN messages
*  9%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

NOTE
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.
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9.4 Device Functional Modes

The device has four main operating modes: Normal mode, Standby mode, Silent mode and Sleep mode, and
one transitional mode called Go-to-Sleep mode. Operating mode selection is made via the nSTB and EN input
terminals in conjunction with supply conditions and wake events.

Table 3. Operating Modes

Vcc and Vo Vsup EN nSTB W/T‘:TaEgRQ Mode Driver Receiver RXD Bus Bias INH
> UVyce & > > UVysup H H X Normal Enabled Enabled Mirrors Bus Vecl2 ON
UVyio State
> UVyce & > > UVysup L H X Silent Disabled Enabled Mirrors Bus Veel2 ON
UVyio (OFF) State
> UVyee & > > UVysup H L Cleared Go to Sleep® Disabled Low Power | High or High Z | Weak pull to ON®
UVyio (OFF) Bus Monitor (no Vo) GND
Enabled (ON)
Cleared Sleep® Disabled Low Power | High or High Z | Weak pull to OFF
(OFF) Bus Monitor (no Vo) GND
Enabled (ON)
Set Standby Disabled Low Power LOW signals Weak pull to ON
(OFF) Bus Monitor wake up GND
Enabled (ON)
> UVyce & > > UVysyp L L X Standby Disabled Low Power LOW signals Weak pull to ON
UVyio (OFF) Bus Monitor wake up GND
Enabled (ON)
<UVycc & > UVysup X X X Sleep Disabled Low Power High or High Z | Weak pull to OFF (High Z)
<UVyo (OFF) Bus Monitor (no Vo) GND
Enabled (ON)
X < UVysup X X X Protected Disabled Disabled High Z High Z OFF (High Z)
(OFF) (OFF)

(1) Go-to-sleep: Transitional mode for EN = H, nSTB = L until ty, 1o _sieep timer has expired
(2) The INH pin will transition to high Z (off) after ty, o sieep timer has expired
(3) Mode change from Go-to-Sleep mode to sleep mode once ty, 1o sieep timer has expired

9.4.1 CAN Bus States
The CAN bus has two logical states during operation: recessive and dominant. See Figure 20 and Figure 21.

Recessive bus state is when the bus is biased to a common mode of about Vc/2 (2.5 V) via the high resistance
internal input resistors of the receiver of each node on the bus across the termination resistors. Recessive is
equivalent to logic high and is typically a differential voltage on the bus of approximately 0 V. Recessive state is
also the idle state.

Dominant bus state is when the bus is driven differentially by one or more drivers. Current is induced to flow
through the termination resistors and generate a differential voltage on the bus. Dominant is equivalent to logic
low and is a differential voltage on the bus greater than the minimum threshold for a CAN dominant. A dominant
state overwrites the recessive state.

During arbitration, multiple CAN nodes may transmit a dominant bit at the same time. In this case, the differential
voltage of the bus will be greater than the differential voltage of a single driver.

The host microprocessor of the CAN node uses the TXD terminal to drive the bus and receives data from the
bus on the RXD terminal.

Transceivers with low power Standby Mode have a third bus state where the bus terminals are weakly biased to
ground via the high resistance internal resistors of the receiver. See Figure 20 and Figure 21.
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Figure 20. Bus States (Physical Bit Representation)
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Figure 21. Bias Unit (Recessive Common Mode Bias) and Receiver
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Copyright © 2016, Texas Instruments Incorporated

*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 will occur when the pin is left either floating or pulled low externally.

Figure 22. State Diagram

9.4.2 Normal Mode

This is the normal operating mode of the device. The CAN driver and receiver are fully operational and CAN
communication is bi-directional. The driver is translating a digital input on TXD to a differential output on CANH
and CANL. The receiver is translating the differential signal from CANH and CANL to a digital output on RXD

Entering Normal mode clears both the WAKERQ and PWRON flags.

9.4.3 Silent Mode

Silent mode is commonly referred to as listen only and receive only mode. In this mode the CAN driver is
disabled but the receiver is fully operational. CAN communication is unidirectional into the device. The receiver is
translating the differential signal from CANH and CANL to a digital output on RXD.
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In Silent mode, the PWRON, and Local Failure Flags can be polled.

9.4.4 Standby Mode

Standby mode is a low power mode where the driver and receiver are disabled reducing current consumption.
However, this is not the lowest power mode of the device. The INH terminal is on allowing the rest of the system
to resume normal operation.

During standby mode, a wake up request (WAKERQ) is indicated by the RXD terminal being low. The wake up
source is identified via the nFAULT pin after the device is returned to normal mode.

9.4.5 Go to Sleep Mode

Go to sleep mode is the transitional mode of the device from any state to sleep. In this state, the driver and
receiver are disabled reducing the current consumption; however, the INH terminal is on allowing the rest of the
system to resume normal operation. If the device is held in this state for time 2 ty, , sieep the device transitions to
sleep mode and the INH is turned off (high Z).

Entering Go to Sleep Mode from Standby Mode is gated if the WAKERQ flag is set. Once the flag is cleared this
transition is no longer gated.

9.4.6 Sleep Mode with Remote Wake and Local Wake Up Requests

Sleep mode is the lowest power mode of the device. The CAN driver and main receiver are turned off and bi-
directional CAN communication is not possible.

The low power receiver with bus monitor and WAKE circuits are supplied via the Vg p supply are enabled. This
low power receiver is able to monitor the bus for any activity that validates the wake up pattern (WUP), and the
WAKE monitoring circuit monitors for state changes on the WAKE terminal for a local wake up (LWU) event. The
Ve and Vg supplies may be turned off or be controlled via the INH output for additional system level current
savings.

The valid wake up sources in sleep mode are:

 Remote Wake Request: CAN Bus activity that validates the WUP
» Local Wake Up (LWU) Request: State change on WAKE terminal

Additionally, EN and nSTB can be used to change modes if both V,5 and V¢ are powered.

If a bus wake up pattern (WUP) or local wake up (LWU) event occurs the internal WAKERQ flag is set and the
device transitions to Standby mode which in turn sets the INH output high. The wake up source recognition flag
(WAKESR) is set either high or low to identify which wake event occurred. This flag can be polled via the
NFAULT pin after the device is returned to normal mode only until there have been four recessive to dominant
transitions on the TXD pin.

The wake source (WAKESR) flag has two states:
* Low: This indicated that the wake up source was via the WAKE pin.
» High: This indicates that a remote wake request via the CAN bus occurred.

NOTE
If both a local wake and a remote wake request occur, the device will indicate whichever
event was completed first.

The device will transition into sleep mode if at any time either or both the V¢ or V| supplies have an under
voltage condition that lasts longer than timer tyy,.

NOTE
If Vo remains active in sleep mode, it is recommended to drive EN pin low once device
has transitioned into sleep mode to reduce current consumption due to the internal pull-
down on the EN terminal.
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9.4.6.1 Remote Wake Request via Wake Up Pattern (WUP)

These devices use the multiple filtered dominant wake up pattern (WUP) from 1SO11898-2 (2016) to qualify bus
traffic into a request to wake the host microprocessor and system power supply or supplies. The WUP is active
for both sleep and standby modes and results in RXD pin being driven low after a valid pattern is received.

The wake up pattern (WUP) consists of a filtered dominant bus, then a filtered recessive bus time followed by a
second filtered dominant bus time. The first filtered dominant initiates the WUP and the bus monitor is now
waiting on a filtered recessive, other bus traffic will not reset the bus monitor. Once a filtered recessive is
received the bus monitor is now waiting on a filtered dominant and again, other bus traffic will not reset the bus
monitor. Immediately upon receiving of the second filtered dominant the bus monitor will recognize the WUP and
transition to standby mode, drive the INH output high and set the RXD terminal low (if Vg is present) to signal
the wake up request.

For a dominant or recessive to be considered “filtered”, the bus must be in that state for more than tyk eLteER
time. Due to variability in the tyk rier the following scenarios are applicable. Bus state times less than
twi_riLtereviny Will never be detected as part of a WUP and thus no wake request will be generated. Bus state
times between twk rtereving @Nd twk_FiLTER(MAX) MAY be detected as part of a WUP and a wake request may be
generated. Bus state times more than tyk_riLtervax) Will always be detected as part of a WUP and thus a wake
request will always be generated. See Figure 23 for the timing diagram of the WUP.

The pattern and tyx g 1er time used for the WUP and wake request prevents noise and bus stuck dominant
faults from causing false wake requests while allowing any CAN or CAN FD message to initiate a wake request.

If the device is switched to normal mode or an under voltage event occurs on V¢ or Vg supplies the wake
request will be lost

1ISO11898-2 (2016) has two sets of times for a short and long wake up filter times. The tyk gL1er timing for the
TCAN1043xx-Q1 devices have been picked to be within the min and max 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 will trigger the
filter in either bus state.

: Wake
B Wake Up Patt: WUP ivedint < t
ake Up Pattern ( ) received in t < twk_timeout Request
Filtered Waiting for Filtered ! Waiting for : Filtered
Dominant Eiltered : Recessive 1 Filtered Dominant
Recessive ! :  Dominant !
BUS ssssl iﬁ pas! =4 #ﬁ Illlllllllllllll
YA s Ll :
Bus Vpis i i 5
4_ 2ty piter — P // o i— 2ty pLTER — - //Lﬂ— 2 twk_FILTER _’ _ T _//_ T
Mode Sleep or Standby Mode Standby Mode
/Il
[
INH
__________________________________ sk
RXD
/L

7
The RXD pin is only driven once Vg is present.

Figure 23. Wake Up Pattern (WUP)
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For an additional layer of robustness and to prevent false wake-ups, these devices implement a timeout feature.
For a remote Wake up event to successfully occur, the entire Wake Up Pattern (WUP) must be received within
the timeout value (see Figure 23). If not, the internal logic will be reset and the part will remain in its current state
without waking up. The full pattern must then be retransmitted (within the timeout value), the other constraints
mentioned in this section and figure Figure 23 still apply.

9.4.6.2 Local Wake Up (LWU) via WAKE Input Terminal

The WAKE terminal is a high voltage input terminal which can be used for local wake up (LWU) requests via a
voltage transition. The terminal triggers a local wake up (LWU) event on either a low to high, or a high to low
transition since it has a bi-directional input thresholds (falling or rising edge).

This terminal may be used with a switch to Vgyp or to ground. If the terminal is unused it should be pulled to
ground or Vg p to avoid unwanted parasitic wake up events.

The LWU circuitry is active in Sleep Mode with Remote Wake and Local Wake Up Requests, Standby Mode and
Go to Sleep Mode. If a valid LWU event occurs the device will transition to standby mode. The LWU circuitry is
not active in Normal mode, Silent mode

To minimize system level current consumption, the internal bias voltages of the terminal follows the state on the
terminal with a delay of tyakgmin)- A constant high level on WAKE will have an internal pull-up to Vgyp and a
constant low level on WAKE will have an internal pull-down to GND.

t< tWAKEHTé Wake :
* No Wake : : Threshold : : t 2 twakent :
. up . Not Crossed : : Wake UP :

Wake
Local Wake Request
INH
*
RXD
Mode Sleep Mode Standby Mode

The RXD pin is only driven once Vg is present.

Figure 24. Local Wake Up — Rising Edge
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ts< tWAKEHTé Wake :
* No Wake : :  Threshold : t 2 twakent :
PouUP i Not Crossed : Wake UP :
Wake
Local Wake Request
INH
*
RXD
Mode Sleep Mode Standby Mode
The RXD pin is only driven once Vg is present.
Figure 25. Local Wake Up — Falling Edge

9.4.7 Driver and Receiver Function Tables

Table 4. Driver Function Table

; BUS OUTPUTS® 5
DEVICE MODE | TXD INPUTS® DRIVEN BUS STATE®
CANH CANL
L H L Dominant
Normal -

H or Open z z Common Mode Biased to V¢c/2
Silent X z V4 Common Mode Biased to V¢c/2
Standby X z z Common Mode Biased to GND
Go to Sleep X V4 V4 Common Mode Biased to GND
Sleep X z V4 Common Mode Biased to GND

(1) H =high level, L = low level, X = irrelevant.
(2) H =high level, L = low level, Z = high Z receiver bias.
(3) For Bus state and bias see Figure 3 and Figure 4.
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Table 5. Receiver Function Table

CAN DIFFERENTIAL INPUTS RXD
DEVICE MODE Vip = Veant — Veant BUS STATE TERMINAL @
Vip=209V Dominant L
N [ 05V<Vp<09V Indeterminate | Indeterminate
ormal
Vps<05V Recessive H
Open (Vip=0V) Open H
Vp=2115V Dominant L
- H L if either
Standby Vips04V Indeterminate | remote or local
05V<Vp<1l15V Recessive wake events
have occurred
Open (Vip=0V) Open
Vp=2115V Dominant H L if either
04V,Vp<1l15V Indeterminate remote or local
wake events
< -
Sleep and Go to Vips0.4V Recessive ha\a/ﬁdoccuir;ed
. VIO
Sleep (WUP Monitor) present.
Open (Vip =0 V) Open Tri-State if V|
or VSUP are not
present

(1) H =high level, L = low level
9.4.8 Digital Inputs and Outputs

All devices have a Vg supply that is used to set the digital inputs thresholds. The input thresholds are ratio
metric to Vo supply using CMOS input levels, making them scalable for uPs with digital IOs from 2.8 Vto 5 V.
The high level output voltages for the RXD and nFAULT output pins will be driven to Vg level for logic high
output.

9.4.9 INH (Inhibit) Output

The inhibit output terminal is used to control system power management devices allowing for extremely low
system current consumption in sleep mode. This terminal can be used to enable and disable local power
supplies. The pin has two states: driven high, and high impedance (High Z).

When high (on) the terminal shows Vgyp minus a diode voltage drop. In the high impedance state the output will
be left floating. The INH pin will be high for normal, silent, go to sleep, and standby modes. It is low when in
sleep mode.

NOTE
This terminal should be considered a “high voltage logic” terminal, not a power output thus
should be used to drive the EN terminal of the system’s power management device and
not 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.
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10 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

10.1 Application Information

The TCAN1043xx-Q1 transceivers are typically used in applications with a host microprocessor or FPGA that
includes the data link layer portion of the CAN protocol. These types of applications usually also include power
management technology that allows for power to be gated to the application via an enable (EN) or inhibit (INH)
pin. A single 5 V regulator can be used to drive bot V¢ and V,g as shown in Figure 26 or independent 5 V and
3.3 V regulators can be used to drive V¢ and Vg separately as shown in Figure 27. The bus termination is
shown for illustrative purposes.

10.2 Typical Application

VBATTERY
100nF 3.3kQ
l L I
EN T00R 'LINHI Vsup 33kQ
I VE;\e/g Vour g 7 10 4 lwAkEe
1ViN TCAN1043 1 [1CANH . .
TPSxxx 14 3] A
6

[° 114 NC h

TMS570
RXDg 5 4 I
1 |CcANL
TXD 1 5 > >
i 3 2
Vo] _|GND

Copyright © 2016, Texas Instruments Incorporated

Figure 26. Typical CAN Bus Application Using TCAN1043xx-Q1 with 5V pC
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Typical Application (continued)

VBATTERY
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Figure 27. Typical CAN Bus Application Using TCAN1043xx-Q1 with 3.3V uC
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10.2.1 Design Requirements

10.2.1.1 Bus Loading, Length and Number of Nodes

A typical CAN application can 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 TCAN1043xx-Q1 family.

Many CAN organizations and standards have scaled the use of CAN for applications outside the original
1ISO11898-2 standard. They 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 ARINC825, CANopen, DeviceNet,
SAEJ2284, SAEJ1939, and NMEA200.

A CAN network system design is a series of tradeoffs. In 1SO11898-2 the driver differential output is specified
with a 60-Q bus load (the two termination resistors in parallel) where the differential output must be greater than
1.5 V. The TCAN1043xx-Q1 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 45Q bus load. The differential input resistance of the TCAN1043xx-Q1 is a
minimum of 30 kQ. If 167 TCAN1043xx-Q1 transceivers are in parallel on a bus, this is equivalent to a 180-Q
differential load in parallel with the 60 Q from termination gives a total bus load of 45 Q. Therefore, the
TCAN1043xx-Q1 family theoretically supports over 167 transceivers on a single bus segment with margin to the
1.2 V minimum differential input voltage requirement at each receiving node. However for 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 much lower. Bus
length may also be extended beyond 40 m 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 its key strengths allowing for these system level network
extensions and additional standards to build on the original 1ISO11898-2 CAN standard. However, when using
this flexibility the CAN network system designer must take the responsibility of good network design to ensure
robust network operation.
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Typical Application (continued)
10.2.2 Detailed Design Procedures

10.2.2.1 CAN Termination

The 1S011898-2 standard specifies the interconnect to be a single twisted pair cable (shielded or unshielded)
with 120 Q characteristic impedance (Zp). Resistors equal to the characteristic impedance of the line should be
used to terminate both ends of the cable to prevent signal reflections. Unterminated drop-lines (stubs) connecting
nodes to the bus should be kept as short as possible to minimize signal reflections. The termination may be in a
node but is generally not recommended, especially if the node may be removed from the bus. Termination must
be carefully placed so that it is not removed from the bus. System level CAN implementations such as CANopen
allow for different termination and cabling concepts for example to add cable length.

Node n
Node 1 Node 2 Node 3 {with termination )
MCU or DSP

MCU or D5SP MCU or DSP MCU or DSP
CAN CAN CAN CAN Controller
Controller Controller Controller ? #

: t
TCAN1043HG-Q1
TCAN1043HG-Q1 TCAN1043HG-Q1 TCAN1043HG-Q1

Rreau 4

A\
Rerzan / /
LA

Figure 28. Typical CAN Bus Application

Termination may be a single 120-Q resistor at the 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 used,
see Figure 29. Split termination improves the electromagnetic emissions behavior of the network by eliminating
fluctuations in the bus common mode voltage levels at the start and end of message transmissions.

Standard Termination Split Termination
CANH H] ® - CANH é —T_ |

I:aTERM/2

CAN R CAN
Transceiver TERM Transceiver c

SPLIT

RTEFZM/2
CANL s >

CANL ?

—1
<
\j
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Figure 29. CAN Bus Termination Concepts
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Typical Application (continued)

10.2.3 Application Curves
50

///

40 — —
— ///
<
£
~ 30
g
€
8 20

10

0

45 46 47 48 49 5 51 52 53 54 55

Vee (V)
Vec=45Vto55V Vio=33V R =60 Q
C_.=0Open Temp=25°C STB=0V

Figure 30. Icc Dominant Current over V¢ Supply Voltage

11 Power Supply Requirements

The TCAN1043xx-Q1 device is designed to operate with a main V¢ input voltage supply range between 4.5 V
and 5.5 V. The device also has an 10 level shifting supply input, Vo , designed for a range between 2.8 V and
5.5 V. To ensure reliable operation at all data rates and supply voltages, each supply should be decoupled with a
100 nF ceramic capacitor located as close to the supply pins as possible. This helps to reduce supply voltage
ripple present on the outputs of switched-mode power supplies and also helps to compensate for the resistance
and inductance of the PCB power planes.
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12 Layout
12.1 Layout

Robust and reliable bus node design often requires the use of external transient protection devices in order to
protect against transients that may occur in industrial environments. Since these transients have a wide
frequency bandwidth (from approximately 3 MHz to 300 MHz), high-frequency layout techniques should be
applied during PCB design.

12.1.1 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. In this layout example a transient voltage suppression (TVS) device, D1,
has been shown as added protection. The production solution can be either bi-directional TVS diode or
varistor with ratings matching the application requirements. This example also shows optional bus filter
capacitors C3 and C4. Additionally (not shown) a series common mode choke (CMC) can be placed on the
CANH and CANL lines between the TCAN1043xx-Q1 transceiver and connector J1.

» 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.

» Use supply (Vcc) and ground planes to provide low inductance.

NOTE
High-frequency currents follows the path of least impedance and not the path of least
resistance.

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

» Consideration for optimization and re-use between 8 Terminal to 14 Terminal CAN transceivers with and
without partial networking.

» Consideration in layout for options to pursue “Dual CAN” device.
» Consideration in layout for options to pursue a SBC of a CAN plus VREG device.

12.2 Layout Example

Figure 31. Example Layout
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13 Device and Documentation Support

13.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 6. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY LSS o N
TCAN1043-Q1 Click here Click here Click here Click here Click here
TCAN1043H-Q1 Click here Click here Click here Click here Click here
TCAN1043HG-Q1 Click here Click here Click here Click here Click here
TCAN1043G-Q1 Click here Click here Click here Click here Click here

13.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

13.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

13.4 Trademarks

tri-state, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

13.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

13.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

14 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.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)

PTCAN1043DQ1 PREVIEW SoIC D 14 75 TBD Call Tl Call TI -40 to 125

PTCAN1043HGDQ1 ACTIVE SoIC D 14 50 TBD Call Tl Call Tl -40 to 125 Samples
TCAN1043DMTRQ1 PREVIEW VSON DMT 14 3000 TBD Call Tl Call Tl -40 to 125
TCAN1043DMTTQ1 PREVIEW VSON DMT 14 250 TBD Call Tl Call Tl -40 to 125
TCAN1043DQ1 PREVIEW SoIC D 14 75 TBD Call Tl Call Tl -40 to 125
TCAN1043DRQ1 PREVIEW SoIC D 14 2500 TBD Call Tl Call Tl -40to 125
TCAN1043GDMTRQ1 PREVIEW VSON DMT 14 3000 TBD Call Tl Call Tl -40 to 125
TCAN1043GDMTTQ1 PREVIEW VSON DMT 14 250 TBD Call Tl Call Tl -40 to 125
TCAN1043GDQ1 PREVIEW SoIC D 14 50 TBD Call Tl Call Tl -40 to 125
TCAN1043GDRQ1 PREVIEW SoIC D 14 2500 TBD Call Tl Call Tl -40to 125
TCAN1043HDMTRQ1 PREVIEW VSON DMT 14 3000 TBD Call Tl Call Tl -40 to 125
TCAN1043HDMTTQ1 PREVIEW VSON DMT 14 250 TBD Call Tl Call Tl -40 to 125
TCAN1043HDQ1 PREVIEW SoIC D 14 75 TBD Call Tl Call Tl -40 to 125
TCAN1043HDRQ1 PREVIEW SoIC D 14 2500 TBD Call Tl Call Tl -40to 125
TCAN1043HGDMTRQ1 PREVIEW VSON DMT 14 3000 TBD Call Tl Call Tl -40 to 125
TCAN1043HGDMTTQ1 PREVIEW VSON DMT 14 250 TBD Call Tl Call Tl -40 to 125
TCAN1043HGDQ1 PREVIEW SoIC D 14 50 TBD Call Tl Call Tl -40 to 125
TCAN1043HGDRQ1 PREVIEW SoIC D 14 2500 TBD Call Tl Call Tl -40to 125

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

Addendum-Page 1



http://www.ti.com/product/TCAN1043HG-Q1?CMP=conv-poasamples#samplebuy

’- PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS

www.ti.com 21-Nov-2017

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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