TJA1446

High-speed CAN transceiver with partial networking and advanced system
monitoring
Rev. 1.0 — 16 October 2024 Product data sheet

9
o2, SAFE
% ASSURE

by NXP

1 General description

The TJA1446 is a high-speed CAN transceiver that provides an interface between a controller area network
(CAN) or flexible data rate CAN (CAN FD) protocol controller and the physical two-wire CAN bus. TJA1446
transceivers implement the CAN physical layer as defined in ISO 11898-2:2024 and SAE J2284-1 to SAE
J2284-5, making them fully interoperable with high-speed classical CAN and CAN FD transceivers. The
TJA1446 was developed in compliance with ISO 26262, achieving ASIL B.

The TJA1446 features very low power consumption in Standby and Sleep modes. It supports CAN partial
networking by means of selective wake-up functionality as specified in ISO 11898-2:2024, making the TJA1446
the ideal choice for CAN system implementations where only nodes that are needed are to be activated.
Nodes that are not needed for the function being performed can be powered down to minimize system power
consumption, even when CAN bus traffic is running.

The TJA1446 includes a comprehensive set of features including two configurable general-purpose 1/O pins
(GPI10), an SPI for configuration, mode control and diagnostics, a question & answer (Q&A) watchdog with
dedicated reset and failsafe/limp home pins and accurate V|g undervoltage and overvoltage monitoring.

The TJA1446 can be configured to ignore CAN FD frames while waiting for a valid wake-up frame. This
additional feature of partial networking, called CAN FD passive, is the perfect fit for networks that support a mix
of classical CAN and CAN FD communication.

The TJA1446 comes in three variants:

* TJA1446A supporting 1.8 V Vg supply and monitoring
* TJA1446B supporting 3.3 V V|g supply and monitoring
* TJA1446C supporting 5 V Vg supply and monitoring

2 Features and benefits

2.1 General

* 1SO 11898-2:2024 parameter sets A-B, SAE J2284-1 to SAE J2284-5 and SAE J1939-14 compliant
ISO 26262, ASIL B compliant

Partial networking capability through selective wake-up functionality

Q&A watchdog with window and timeout modes

» Configurable general-purpose 1/0 (GPIO) pins

Second RXD and/or TXD pins (RXD2/TXD2), configurable via GPIO

Direct transmitter on/off control input (TXEN_N) via GPIO

* Autonomous bus biasing
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Low electromagnetic emission (EME) and high electromagnetic immunity (EMI)

Qualified according to AEC-Q100 Grade 1

VIO input for interfacing with 1.8 V, 3.3 V to 5 V microcontrollers

ListenOnly mode for node diagnosis and failure containment

DHVQFN18 package (3.0 mm x 4.5 mm) with automatic optical inspection (AOI) capabilities
Option to disable Sleep mode

Software Development mode

Dark green product (halogen free and restriction of hazardous substances (RoHS) compliant)
Selectable interrupts on RXD; option to signal only wake-up and power-on related interrupts or all interrupts
4-byte general-purpose memory

SPI system reset

End-of-line microcontroller flashing support through CAN pins

Selectable WAKE pin filter time

2.2 Predictable and fail-safe behavior

Undervoltage detection on all supply pins with defined behavior below the undervoltage thresholds

Functionality guaranteed from the undervoltage detection thresholds up to the maximum limiting voltage
values

Transceiver disengages from the bus (high-ohmic) when the battery voltage drops below the Off mode
threshold

Internal biasing of TXD to enable defined fail-safe behavior
Dedicated failsafe pin, configurable for limp-home or failsafe output functionality
Dedicated reset pin for triggering and detecting reset events

2.3 Low-power management

Very low-current Standby and Sleep modes, with local and remote wake-up capability

Local wake-up via the WAKE pin

Remote wake-up via a wake-up pattern (WUP) or wake-up frame (WUF)

Configurable CAN wake-up pattern (dom-rec-dom or dom-rec-dom-rec) according to ISO 11898-2:2024.
Selective wake-up according to ISO 11898-2:2024

Entire node containing the TJA1446 can be powered down via INH while still supporting local and remote
wake-up

Only VgaT is needed to support local and remote wake-up

Support for pretended networking through low-power ListenOnly mode

2.4 Diagnosis and Protection

Overtemperature diagnosis and protection

Overvoltage detection with defined behavior on VIO supply pin
Transmit data (TXD) dominant time-out diagnosis and protection
Bus dominant failure diagnosis

Cold start diagnosis (first battery connection)

High ESD handling capability on the bus pins

Bus pins and VBAT protected against automotive transients
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3 Quick reference data
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Table 1. Quick reference data

Symbol Parameter Conditions Min Typ |[Max Unit
VeaT battery supply voltage 4.75 - 40 \
IsaT battery supply current Normal mode or (ListenOnly mode; - - 400 MA
VBATVCC =1 or LPL = 0); Vgar <28V
ListenOnly mode; VBATVCC =0 and LPL = 1; |- - 525 MA
Vear £28V
Sleep or Standby mode; CAN Offline Bias - - 450 MA
mode; partial networking enabled; T,; < 85 °C;
VBATVCC =0
Sleep mode; CAN Offline mode; T,j<85°C; |- 12 20 MA
V|o =0V
Standby mode; CAN Offline mode; T,j<85°C |- - 50 MA
Vudveat) |undervoltage detection 4.25 - 4.75 \
voltage on pin VBAT
Vee supply voltage 4.5 - 5.5 \%
lcc supply current Normal mode; transmitter dominant - 38 60 mA
Normal or (ListenOnly mode and LPL = 0); - 6 9 mA
transmitter recessive
ListenOnly mode; LPL = 1; VBATVCC = 1; - 90 165 MA
Ty; <150 °C
ListenOnly mode; LPL = 1; VBATVCC = 0; - - 30 MA
Ty;<150°C
Sleep or Standby mode; T,; < 85 °C - - 3 MA
Vuwdveey | undervoltage detection 4 - 4.5 \%
voltage on pin VCC
Vio supply voltage 1.71 - 5.5 \%
lio supply current Normal or ListenOnly mode (excluding pull-up |- - 5 MA
currents on V|g-related pins)
Standby or Sleep mode; T,; < 85 °C - - 2 MA
Vuvd(vio) undervoltage detection Sleep mode 1.5 - 1.71 \%
voltage on pin VIO
Vuvavio) | | undervoltage detection TJA1446A 162 |- 1692 |V
voltage on pin VIO TJA1446B, TJA1446C 297 |- 3102 |V
Vuvrvio)! | undervoltage release TJA1446A 1638 |- 1.71 v
voltage on pin VIO TJA1446B, TJA1446C 3.003 |- 3135 |V
Vovavio) | | overvoltage threshold TJA1446A 189 |- 198 |V
voltage on pin VIO TJA14468 3.465 |- 363 |V
TJA1446C 5.25 - 5.5 \%
VEsp electrostatic discharge IEC 61000-4-2 on pins CANH, CANL -8 - +8 kV
voltage
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Table 1. Quick reference data...continued

High-speed CAN transceiver with partial networking and advanced system monitoring

Symbol Parameter Conditions Min Typ |[Max Unit
VCANH voltage on pin CANH limiting value -36 - +40 \%
VeanL voltage on pin CANL limiting value -36 - +40 V
Ty virtual junction temperature -40 - +150 °C

[11 Inall modes except Sleep and Off.
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4 Ordering information

Table 2. Ordering information

Type number Package

Name Description Version
TJA1446AHG DHVQFN18 plastic thermal enhanced very thin small outline package; no SOT2163-1
TJA1446BHG leads; 18 terminals; body 3 x 4.5 x 0.85 mm
TJA1446CHG

Table 3. Feature overview of the TJA1446 family
See Section 18 for a feature overview of the complete TJA1445x/TJA1446x/TJA1465x/TJA1466x family.
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5 Block diagram

VIO VCC VBAT
1
10 VioM 5 3 12
1 .
TXD Time-out —
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(1) See Table 8.
Figure 1. Block diagram
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6 Pinning information

6.1 Pinning

S ©
Terminal 1 - 5 &
o ares ™0 [1) = [ (16] scsN
GND [ 2] (15] canH
vee [3]) (14] canL
RXD [ 4) (13] si
vio [ 5] (12] veaT
sbo [ 6] (1] wake
INH | 7] [a [a (10] sck
zl EI aaa-053224
é @
S
Transparent top view
Figure 2. Pin configuration diagram
6.2 Pin description
Table 4. Pin description
Symbol Pin Type“] Description
TXD 1 | transmit data input
GND? 2 G ground
VCC 3 P supply voltage for CAN transmitter
RXD 4 0] receive data output
VIO 5 P supply voltage for I/O level adapter
SDO 6 o SPI data output
INH 7 AO inhibit output for switching external voltage supplies or indicating wake-up from Sleep
mode (active-HIGH)
LIMPFSO_N 8 AIO limp home fail-safe output (active-LOW)
RST_N 9 /0 reset input/output (active-LOW)
SCK 10 | SPI clock input
WAKE 1 Al local wake-up input
VBAT 12 P battery supply voltage
SDI 13 I SPI data input
CANL 14 AIO LOW-level CAN bus line
CANH 15 AIO HIGH-level CAN bus line
SCSN 16 | SPI chip select input (active-LOW)
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Table 4. Pin description...continued

High-speed CAN transceiver with partial networking and advanced system monitoring

Symbol Pin Typem Description
GPIO1 17 110 general purpose input/output 1
GPIO2 18 110 general purpose input/output 2

[1]

I: digital input; O: digital output; 1/0: digital input/output; Al: analog input; AO: analog output; AlO: analog input/output; P: power supply; G: ground.
[2] DHVQFN18 package die supply ground is connected to both the GND pin and the exposed center pad. The GND pin must be soldered to board ground.
For enhanced thermal and electrical performance, it is also recommended to solder the exposed center pad to board ground.
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7 Functional description

7.1 Supply

Table 5. Supply description

Supply pin | Supply Description

VBAT VBaT Main supply for the device, needed for all internal processes; supplies the CAN receivers
VCC Vee Supply for the CAN transmitter and for bus biasing

VIO Vio Supply and reference level for the digital interface pins TXD and RXD, the SPI interface,

RST_N, LIMPFSO_N and the GPIO pins

7.2 System operating modes

Table 6 contains a summary of the system finite state machine (FSM_MAIN) operating modes. A mode
transition diagram is shown in Figure 3. Mode changes are completed after transition time tymoch). Abbreviations
used in the mode transition diagram are defined in Table 7.

Table 6. FSM_MAIN operating modes

Operating mode Description

Off Device is deactivated

Boot Device loads the configuration

BootFail Device switches to BootFail mode when booting was unsuccessful
Check_SNM Device checks the CAN bus status

Reset Device resets the host via the RST_N pin

Standby Device is in the first-level low-power mode with INH active

Sleep Device is in the second-level low-power mode with INH inactive
ListenOnly Device is able to receive CAN data from the bus

Normal Device is able to transmit and receive CAN bus traffic
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Table 7. State diagram legend

Category Abbreviation Definition
VBAT pin status BAT_UV VBar < Vuvdevear) for t > tgetwvveat
BAT_OK VBAT > VuvdveaT) for t > trecuv)vBaT
Memory check during boot phase BOOT_OK passed internal memory consistency check
(takes up 10 tstartup)
BOOT_FAIL failed internal memory consistency check
Start-to-Normal mode check SNM CAN bus must remain dominant for t > tysnm) in

Check_SNM mode

SNM_CHECK_DONE

t > tysnm) Or CAN bus recessive

NO_SNM CAN bus detected recessive in CHECK_SNM
mode or valid SPI message detected since Boot
mode

Wake-up request status WAKEUP valid local or remote wake-up trigger received

NO_WAKEUP no valid local or remote wake-up trigger received

Wake-up source selection

WAKESOURCE_SELECTED

local (WAKE) and/or remote wake-up source
selected

Temperature status NO_OVERTEMP T < Tisdyrel
OVERTEMP Tj> Tsq)

Sleep mode control SLEEP_ENABLED SLEEPDIS =0

Mode select MC_NORMAL Normal mode (MC = 1111)
MC_STANDBY Standby mode (MC = 0110)

SPI_WRITE_SLEEP (see

Section 7.12.1)

Sleep mode command (SPI write MC = 0001)

MC_LISTENONLY

ListenOnly mode (MC = 1000)

SPI system reset

SPI_RESET

SPI forces system reset (see Section 7.12.2)
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SPI_RESET

BootFail

BOOT_FAIL

BOOT_OK

~
N\
from (Normal \
OR Standby \
OR ListenOnly)

AND FSM_FS = INCR_FC
SNM_CHECK_DONE

|

SNM
AND FSM_FS = WD_SDM

WAKEUP

SLEEP_ENABLED NO_SNM
AND (FSM_FS = WD_ACT OR FSM_FS = WD_SDM)

AND FSM_FS = FAILSAFE
MC_NORMAL \

SLEEP_ENABLED

l«——— AND SPI_WRITE_SLEEP
AND WAKESOURCEYS ELECTED

AND NO_WAKEUP(1

MC_STANDBY

MC_NORMAL
AND NO_OVERTEMP

MC_LISTENONLY

SLEEP_ENABLED
AND SPI_WRITE_SLEEP

AND WAKESOURCE_SELECTED MC_STANDEY
AND NO_WAKEUP(1T

MC_LISTENONLY
OR OVERTEMP

SLEEP_ENABLED
AND SPI_WRITE_SLEEP
AND WAKESOURCE)_SELECTED
AND NO_WAKEUP! a88-050841

(1) Conditions need to be met before MC = 0001 is issued, else the device will not switch to Sleep mode.

Figure 3. System state diagram (FSM_MAIN)
Transitions that take priority over all others are indicated with priority 1-3 (encircled number at state exit). All

other transitions are mutually exclusive.
The device can enter Normal mode directly (SNM) via a boot sequence after power on or a system reset.
To pass the SNM check, the CAN bus must be in dominant state before the main state machine enters
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Check_SNM mode and must remain dominant for at least t > tys,m). When Normal mode was entered directly
after booting, bit SNMS in the system status register is set to 1.

7.2.1 Pin and functional block states per operating mode

Table 8. Pin state per System operating mode

All supplies within operating range.

Pin Off Boot/ BootFail |Reset Sleep Standby |Listen Normal
Check_SNM Only
TXD high-Z high-Z high-Z pulled pulled pulled pulled pulled
HIGH"  [HIGH™  [HIGH"  [HIGH  |HIGH!
RXD high-Z high-Z high-Z HIGH or HIGH or HIGHor |CANbus |CAN bus
LOW when |LOW when |LOW when |status status
interrupt interrupt interrupt
021 v 021
pending pending*. |pending
SDO high-Z high-Z high-Z high-Z high-Z high-Z high-Z high-Z
when when when
SCSN SCSN SCSN
HIGH HIGH HIGH
INH high-Z high-Z high-Z HIGH®  |high-Z HIGH®  |HIGH®  |HIGH®!
LIMPFSO_N high-Z LIMPSOC LOW LIMPSOC |LIMPSOC |LIMPSOC |LIMPSOC |LIMPSOC
RST_N LOW LOW LOW LOW LOW pulled pulled pulled
HIGH"  [HIGH"  |HIGH!
SCK high-Z high-Z high-Z repeater repeater repeater repeater repeater
SDI high-Z high-Z high-Z repeater repeater repeater repeater repeater
SCSN high-Z high-Z high-Z pulled pulled pulled pulled pulled
HIGH"  [HIGH"  [HIGH"  [HIGH  |HIGH!
GPIO1 high-Z high-Z high-Z GPIO GPIO GPIO GPIO GPIO
GPIO2 high-Z high-Z high-Z GPIO GPIO GPIO GPIO GPIO
[11 HIGH = driven to Vg level, as defined in Table 57.
[2] Interrupt pending: at least one bit set in one or more interrupt status registers (see Section 7.12.12).
[3] HIGH = driven to Vgar level, as defined in Table 57
Table 9. Functional state per System operating mode
All supplies within operating range with no error condition present.
Function SPI Off/Boot/Boot |Reset Sleep Standby ListenOnly |Normal
configuration Fail/Check_
SNM
SPI off off off on on on
CAN high-Z GND or GND or GND or Veo/2M bias |Vee/2 bias and
2.5V bias 2.5V bias 2.5V bias and receiver |transmitter and
(autobias) (autobias) (autobias) active receiver active
Local wake- off on on on on on
up
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Table 9. Functional state per System operating mode...continued
All supplies within operating range with no error condition present.

Function SPI Off/Boot/Boot |Reset Sleep Standby ListenOnly |Normal
configuration Fail/Check_
SNM
CAN wake- |[PNCOK =0 off on on on off off
up PNCOK = 1 off off off off off off
Partial PNCOK =0 off off off off off off
networking PNCOK =1 off on on on on on
Watchdog SDM =1 off off off off off off
SDM =0 off off off stopped window window
WDOFF = 1%
SDM =0 off off off timeout window window
WDOFF =0
Overtemp off off off off offt’! on

[11 2.5V whenLPL=1.
[2] WDOFF is set to 0 when an interrupt is pending on RXD in Standby mode.
[3] Overtemperature detection remains active after a transition from Normal mode to ListenOnly mode due to an overtemperature condition.

7.2.2 Local wake-up via the WAKE pin

The device monitors the WAKE pin and can be configured to respond on a rising and/or falling edge:

* A WPR interrupt is generated on a rising edge if WPRE = 1 (see Table 45)
* A WPF interrupt is generated on a falling edge if WPFE = 1 (see Table 45)

A local wake-up request is registered when the logic level on pin WAKE changes and the new level remains
stable for at least ty ke twake iS configured via bit WFC in Table 44. The WAKE pin status can be read via bit
WPS in the System status register (Table 19). The GPIO pins can also be configured as V|g level wake pins
(see Section 7.10).

7.3 Fail-safe operating modes

Depending on the configuration, a single or continuous violation of one or more monitored functions will
trigger the device to enter FSM_FS Fail-safe mode from FSM_MAIN Reset mode. The following functions are
monitored:

* V|o undervoltage or overvoltage

* Incorrect serving of the watchdog

* Reset pin (RST_N) clamped HIGH during the reset process or clamped LOW at any time
* Reset process timeout (> to(st)

* Fail-safe counter overflows

Table 10. FSM_FS operating modes

Operating mode Description

Reset IDLE Reset pin (RST_N) is pulled LOW; waiting for FSM_MAIN to enter Reset mode

Reset INIT Reset pin (RST_N) is pulled LOW when the reset process is initiated; reset timeout timer started
(tto(rst))

Reset TIM Reset pin (RST_N) held low for tyrst)
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Operating mode

Description

Reset REL Reset process completed and RST_N pin released (set HIGH)

WD_SDM The watchdog is off because the device is in Software Development mode

WD_ACT The watchdog is active

WD_RES The watchdog timer is reset

WD_RES _F The watchdog timer is reset after an invalid watchdog trigger or due to a watchdog timer overflow. In
this mode, the watchdog fail counter (WDFC) is incremented.

Fail-safe LIMPFSO_N output enabled and FSCC reset to 0

INCR_FC Increment failure counter

Table 11. State diagram legend

Category

Abbreviation

Definition

V|0 monitoring

VIO_OV_LONG VIO > VOVd(VlO) fort> tdet(ov)long
VIO_OK (Vo < Vovgvio) for t > trec(ov)) AND (Vio > Viydvio) for t > trecquy))
VIO_NOK (Vo < Vuvgvio) for t > tyetuv)) OR (Vio > Voug(vio) for t > tyet(ov))

Interrupt handling

INTERRUPT_PENDING

interrupt pending on RXD

NO_INTERRUPT _

no interrupt pending on RXD

PENDING

RST_N monitoring RSTN_HIGH VRST_N > VlH(RST_N) fort> tﬂtr(rst)
RSTN_TIMEOUT t> tiorst)
RSTN_DELAY t> tagrst)

EXT_RSTN_TRIG

VRsT N < ViLRrsT N) for t > tist)

RSTN_CHECK_OK

RST_N HIGH within trist)

RSTN_CHECK_NOK

RST_N LOW after treis)

Sleep mode control SLEEP_DISABLED SLEEPDIS =1

SLEEP_ENABLED SLEEPDIS =0
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-~
SLEEP_ENABLED
entered FSM_MAIN Reset_IDLE - FSM MAIN
Sleep mode S| - off B
via MC command eep, e oot,
BootFail
/ or Check_SNM mode
-
e wesss FSM_MAIN enters Reset mode mms  mowss s ssss s - e e e . .
VIO_OV_LONG
ORRSTN_TIMEOUT FSM_MAIN
Reset mode
SLEEP_DISABLED
FSCC <2 FSCC=z22
VI0_OK VIO_NOK ORSDM =1 ANDSDM =0
&) -
/ from (WD_SDM
ORWD_ACT
ORWD_RES
o RSTN_HIGH ORWD_RES_F
OR Reset_REL)
AND (VIO_NOK
OREXT_RSTN_TRIG)
© ~
RSTN_DELAY
VIO_NOK
ORRSTN_CHECK_NOK
FSM_MAIN
Reset mode
— —— — _— e . e . . e — — -
WDFC =3
RSTN_CHECK_OK ANDWDD =0
RSTN_CHECK_OK ANDSDM=0 FSM MAIN
ANDSCHIS) Normal,
Standby or
ListenOnly
mode
FSM_MAIN =NOT(Standby) invalid watchdog trigger
ORWDOFF =0 OR watchdog timer overflow
ORINTERRUPT_PENDING
valid WD trigger WDFC <2
OR (FSM_MAIN = Standby ORWDD =1
AND WDOFF =1
e AND NO_INTERRUPT_PENDING)
aaa-050873
Figure 4. Fail-safe state diagram (FSM_FS)

Transitions that take priority over all others are indicated with priority 1-4 (encircled number at state exit). All
other transitions are mutually exclusive.
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When the device enter Normal mode directly (SNM; see Table 7) via a boot sequence after power on or a
system reset (see Section 7.2), it also enters Software Development mode (SDM; see Section 7.5.1).

If a valid SPI message was detected after entering SNM and SDM, the transceiver will switch from Reset mode
to Standby mode when a reset loop is triggered.

If no valid SPI message was detected after entering SNM and SDM, the transceiver will return from Reset mode
to Normal mode when a reset loop is triggered.

7.4 CAN operating modes

Table 12 contains a summary of the CAN finite state machine (FSM_CAN) operating modes. A mode transition
diagram is shown in Figure 5. Abbreviations used in the mode transition diagram are defined in Table 13.

Table 12. CAN operating modes

Operating mode Description

CAN Off The CAN transceiver is off.

CAN Offline The CAN transceiver is in a low-power mode, able to react to a wake-up pattern (WUP) on the bus.
CAN OfflineBias The CAN transceiver is in a low-power mode, able to react to a wake-up pattern (WUP) or wake-up

frame (WUF) on the bus.

CAN ListenOnly Only the CAN receiver is active and able to capture a wake-up frame (WUF); the RXD pin reflects
the CAN bus status.

CAN Active The CAN transceiver is active and able to capture a wake-up frame (WUF).

Table 13. State diagram legend

Category Abbreviation Definition
CAN bus events BUSSILENCE CAN bus idle for t > tyysilence)
WUP valid CAN wake-up pattern detected
VCC pin status VCC_OK Vee > Vudvee) for t> trecuy)
VCC_UV Vee < Vudvee) for t > tyetuy)
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~

N

from any state when \
FSM_MAIN = Off a
/

/
-
FSM_MAIN = Reset
BUSSILENCE WUP
AND (FSM_MAIN = Standby OR (FSM_MAIN = Normal
OR Sleep OR ListenOnly)
OR Reset)

CAN

OfflineBias VCC_OK

(VCC_OKORLPL =1) AND TXDx = HIGH
AND FSM_MAIN = ListenOnly AND FSM_MAIN = Normal

/ (VCC_UV AND LPL = 0) VCC_UV \
OR (FSM_MAIN = Standby OR (FSM_MAIN = Standby

OR Sleep OR Sleep
OR Reset) OR Reset)

CAN
ListenOnly

VCC_OK
AND FSM_MAIN = ListenOnly

VCC_OK
AND TXDx = HIGH

AND FSM_MAIN = Normal 2aa-050889

Figure 5. CAN state diagram (FSM_CAN)

State transitions are mutually exclusive. FSM_MAIN = Off condition overrides any transition triggered at the
same time, indicated by '1' (priority 1) in Figure 5.

Low-power ListenOnly mode (LPL = 1; see Figure 5 and Table 21) is intended for Pretended Networking
use cases and provides CAN listen-only behavior without a V¢ supply. In this mode, the CAN transmitter
is switched off to minimize quiescent current and CAN bus biasing is derived from Vgt (see Table 14). The
receiver operates normally.

7.4.1 Functional block state per CAN operating mode

Table 14. Functional block state per CAN operating mode

Block SPI CAN Off CAN Offline CAN Offline CAN Listen CAN Active
configuration Bias Only
CAN transmitter |[LPL =0 off off off recessive active !
LPL =1 off off off off active !
CAN receiver off off off active active
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Block SPI CAN Off CAN Offline CAN Offline CAN Listen CAN Active
configuration Bias Only

CAN bias VBATVCC =1 high-Z GND Veel2 Veel2 Veel2
LPL =0 and high-Z GND 2.5V derived Veel2 Veel2
VBATVCC =0 from VBAT
LPL =1 and high-Z GND 2.5V derived 2.5V derived Veel2
VBATVCC =0 from VBAT from VBAT

[1]  If GPIOx is configured as TXEN_N and HIGH, status will be recessive.

7.4.2 CAN wake-up

The TJA1446 supports remote wake-up via a CAN wake-up pattern (WUP) or selective wake-up via a CAN
wake-up frame (WUF).

7.4.2.1 CAN wake-up pattern (WUP)

The CAN wake-up pattern (WUP) is used for two purposes:

* To activate CAN biasing in CAN Offline mode (transition from CAN offline to CAN OfflineBias)
* To trigger a CAN wake-up event

The following conditions must be met to trigger a wake-up event via a CAN WUP:

* The CAN transceiver is in CAN Offline or CAN OfflineBias mode
* CAN wake-up enabled (CWE = 1)
* CAN wake-up frame detection (WUF) deactivated (CPNC = 0 or PNCOK = 0)

The TJA1446 supports both the standard (ISO 11898-2:2024, section 5.5.4) and the extended (ISO
11898-2:2024, section A.4.1) wake-up patterns (see Figure 6 and Figure 7). The WUP is selected via bit CWC
in the CAN configuration register (Table 21).

The wake-up pattern consists of:
ISO 11898-2:2024, section 5.5.4, standard WUP

* a dominant phase of at least tyake(busdom) followed by
* arecessive phase of at least tyake(pusrec) followed by
¢ a dominant phase of at least tyake(busdom)

ISO 11898-2:2024, section A.4.1, WUP extension
* standard WUP followed by a recessive phase of at least tyake(busrec)

Dominant or recessive bits between the phases shorter than tyakebusdom) OF twake(busrec), respectively, are
ignored.

The complete wake-up pattern must be received within tiowake)bus t0 be recognized as a valid wake-up pattern
(see Figure 6 and Figure 7). Otherwise, the internal wake-up logic is reset. The complete wake-up pattern then
needs to be retransmitted to trigger a wake-up event.
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CAN H, , ,
—_——1 2V /= 7
CANL
\ & -
twake(busdom) twake(busrec) twake(busdom)
wake-up

RXD pattern detected

= tto(wake)bus tstartup(RXD)"l

INH
<~ ftstartup(INH) ————————>

Sleep mode Standby mode

aaa-050366

Figure 6. Standard wake-up pattern in Sleep mode with CWE =1, PNCOK =0 and CWC =0

—Tﬁ/% —A — 7 /
CANH,/ , )
—_— 2V A~ — = — -
CANL
twake(busdom) twake(busrec) twake(busdom) twake(busrec)
wake-up
attern detected
RXD P
e———————— < tio(wake)bus tstar\up(RXD) ™
INH
~—— tstartup(INH) "

Sleep mode Standby mode

aaa-050367

Figure 7. Extended wake-up pattern in Sleep mode with CWE =1, PNCOK =0 and CWC =1
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7.4.2.2 CAN wake-up frame (WUF)

CAN partial networking through selective wake-up detection allows a device in a CAN network to be selectively
woken up in response to a wake-up frame (WUF) on the CAN bus.

Selective wake-up detection uses one of two filtering methods:

* |dentifier-only filtering (PNDM = 0)
* |dentifier + data length code + data mask filtering (PNDM = 1)

The following conditions must be met to enable CAN WUF functionality:

* CAN biasing needs to be activated (CAN OfflineBias, CAN ListenOnly or CAN Active mode)
* CAN wake-up enabled (CWE = 1)

* CAN partial networking configuration completed (PNCOK = 1)

* CAN partial networking enabled (CPNC = 1)

* No CAN partial networking error detected (CPNERRS = 0)

The PN configuration is defined in the following registers:

* |ID registers (Table 34)

* ID mask registers (Table 35)

» Data mask registers (Table 36)

* Frame control register (Table 37)

» Data rate and filter configuration register (Table 38)

Bit PNCOK in the partial networking and CAN configuration register (Table 39) must be set (to 1) to activate the
contents of the PN registers. PNCOK is cleared automatically when the contents of any PN register is changed
and needs to be set again to load and activate the new configuration.

The arbitration bit rate is selected via bits CDR (see Table 38). CAN bit rates of 50 kbit/s, 100 kbit/s, 125 kbit/s,
250 kbit/s, 500 kbit/s, 667 kbit/s and 1000 kbit/s are supported during selective wake-up.

7.4.2.2.1 ldentifier matching

The wake-up frame format, standard (11-bit) or extended (29-bit) identifier, is selected via bit IDE in the frame
control register (Table 37).

* IDE = 0: standard CBFF (classical base frame format, 11-bit)
* IDE = 1: extended CEFF (classical extended frame format, 29-bit)

A valid WUF identifier is defined and stored in the ID registers (Table 34). An ID mask can be defined to
exclude selected bits from being evaluated during WUF detection. The ID mask is defined in the mask registers
(Table 35), where a 1 means ‘don’t care’.

When PNDM = 0, a valid wake-up frame is detected and a wake-up event is captured (CAN wake-up interrupt
generated; see Table 48) when:

* the identifier field in the received wake-up frame matches the pattern in the PN ID registers (excluding the
masked bits)

* the frame is a valid CBFF or CEFF frame according to the ISO 11898-1:2024 (including CRC and CRC
delimiter)
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7.4.2.2.2 Data field matching

In addition to the identifier field, the data field in the CAN frame is also evaluated during WUF detection when
PNDM = 1.

The data field indicates the nodes to be woken up. Within the data field, groups of nodes can be pre-defined
and associated with bits in a data mask. By comparing the incoming data field with the data mask, multiple
groups of nodes can be woken up simultaneously with a single wake-up message.

The data length code (bits DLC in the frame control register; Table 37) determines the number of data bytes
expected (between 0 and 8) in the data field of a CAN wake-up frame. If one or more data bytes are expected
(DLC # 0000), at least one bit in the data field of the received wake-up frame must be set to 1 and at least one
equivalent bit in the associated data mask register in the transceiver (see Table 36) must also be set to 1 for a
successful wake-up. Each matching pair of 1s indicates a group of nodes to be activated (since the data field is
up to 8 bytes long, up to 64 groups of nodes can be defined).

The relationship between the data mask registers and the data bytes in the CAN message is illustrated in
Figure 8. DM7 represents the mask for the last transmitted byte, DM6 for the last-but-one byte and so on.

[p.c>8| [Dmo | Dm1 | DM2 | DM3 | DM4 | DMs | DM6 | DM7 |

[p.c=8| [Dmo | DMm1 | DM2 | DM3 | DM4 | DMs | DM6 | DM7 |

DLC=7 [ om1 | pm2 | bm3 | bm4 | Dms | pme | Dw7 |

DLC=6 | om2 | pbm3 | pm4 | pwms | bme | pw7 ]

DLC=5 | om3 | bm4 | bms | pme | bm |

DLC=4 | om4 | pwms | bme | pw7 ]

DLC=3 | oms | bme | bm7]

DLC=2 | DM6 | bm7

DLC=1 DM7

aaa-028954

Figure 8. Data mask register usage for different values of DLC

If DLC = 0000, a node will wake up if the WUF contains a valid identifier and the received data length code is
0000, regardless of the values stored in the data mask (the data field is not evaluated when DLC = 0000). If
DLC # 0000 and all data mask bits are set to 0, the device cannot be woken up via the CAN bus (note that all
data mask bits are set to 1 by default; see Table 36). If a WUF contains a valid ID but the DLCs (in the Frame
control register and in the WUF) don’t match, the data field is ignored and no nodes are woken up.

Remote frames do not contain data, but request data and can have a DLC # 0000; so remote frames are
not supported when PNDM = 1. If remote frames need to trigger a wake-up, identifier-only filtering should be
selected (PNDM = 0).

When PNDM = 1, a WUF is detected when all the following conditions are met:
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* The identifier field in the received wake-up frame matches the pattern and format in the ID registers
(Table 34), excluding masked bits.
* The received CAN frame is not a Remote frame.
* The received data length code matches the DLC setting in the frame control register (Table 37).
* DLC:
— DLC = 0000 or
— DLC # 0000 and at least one bit in the data field of the received frame is set with the corresponding bit in the
associated data mask register (Table 36) also set.

* The frame is a valid CBFF or CEFF frame according to the ISO 11898-1:2024 (including CRC and CRC
delimiter).

7.4.2.2.3 WUF error processing

If the TJA1446 receives a CAN message containing a protocol error (e.g. a 'stuffing error') transmitted in
advance of the ACK field, an internal error counter is incremented. If a classical CAN message (CBFF or CEFF)
is received without any errors appearing in front of the ACK field, the counter is decremented. Data received
after the CRC delimiter and before the next SOF is ignored by the CAN wake-up frame detector module. If the
counter overflows (counter > 31), a frame detect error is captured (PNFDER = 1) and the device wakes up.

The error counter value can be read via bits PN_ERR_ERROR_COUNT (Table 33). The counter is reset to zero
when no activity is detected on the CAN bus for tisilence) OF Selective wake-up detection is disabled (CPNC = 0
OR PNCOK = 0). The status, whether the last frame was decoded successfully, can be determined via bit LFDS
in the partial networking status register (Table 32).

If selective wake-up is disabled (CPNC = 0) or partial networking is not configured (PNCOK = 0), wake-up will
be performed as described in Section 7.4.2.1.

7.4.2.2.4 CAN FD passive

CAN frames in the ISO 11898-1:2024 compliant FD base frame format (FBFF) or FD extended frame format
(FEFF) are not supported for selective wake-up. The device can be configured to tolerate these frames or treat
them as invalid frames via bit PNECC in the partial networking control register (Table 39).

With PNECC = 0, the error counter is incremented when an FBFF or FEFF frame is received. With PNECC = 1,
the error counter is not affected because FBFF and FEFF frames are ignored.

CAN FD tolerance as described in the ISO 11898-2 standard is supported for bitfilter 1 and bitfilter 2. The
TJA1446 also supports additional bit filter settings for higher arbitration rates up to 1 Mbit/s and data bit rates up
to 5 Mbit/s (see bits CDR and IDFS in Table 38 and tfypitydom in Table 58).

7.5 Watchdog

A Q&A watchdog is provided to supervise the host controller.
The watchdog operates in Window or Timeout mode, or can be turned off/disabled:

* The watchdog will be in Timeout mode while the device is in Standby mode. In Timeout mode, the watchdog
can be (re-)triggered at any time within a defined watchdog period (t,4) by a correct answer to the watchdog
question. The watchdog period is set via bits WDP in the Watchdog configuration register (Table 27).

* The watchdog will be in Window mode while the device is in Normal or ListenOnly mode. In Window mode,
the watchdog can be (re-)triggered at any time during the second half of the watchdog period by a correct
answer to the watchdog question.

* In Standby mode, the watchdog can be disabled by setting WDOFF = 1 if no interrupts are pending. Any new
interrupt or write attempt to WDA will re-activate the watchdog and clear the WDOFF bit.
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A valid watchdog trigger needs a watchdog question to be answered via the SPI meeting the following
conditions:

* The answer (WDA) is the bitwise inverse of the question (WDQ)
* The SPI transfer is valid (no SPIF)
* The answer is scheduled in the correct time frame as dictated by the watchdog

The watchdog question can be read via bits WDQ and the reply needs to be written to WDA (see Table 29 and
Table 30).

An invalid watchdog trigger is detected when:

* an incorrect answer is written to bits WDA
* the watchdog is not triggered within the defined time window (watchdog timer overflow)

* the watchdog is triggered in the first half of the watchdog period while the watchdog is running in window
mode

Both valid and invalid watchdog triggers reset the watchdog timer and generate a new watchdog question.

The watchdog fail counter (WDFC) in the watchdog trigger count register (Table 31) is initialized to 2 when
the device leaves Reset mode. When an invalid watchdog trigger is detected, WDFC is incremented (unless
it is already 3). If WDFC = 3 after the counter has been incremented, and watchdog debugging has not
been enabled (by setting WDD = 1; see Section 7.5.1), the device enters FSM_FS INCR_FC mode (see
Section 7.11.9).

7.5.1 Software Development mode

Software Development mode (SDM) is provided for test purposes and is typically used during the software
development phase. It can only be entered via the SNM boot sequence (see Section 7.2). The watchdog is
inactive in Software Development mode. The SDM status, active or inactive, can be read via bit SDM in the
system status register (Table 19).

In Software Development mode, reset generation via the watchdog can be disabled via bit WDD in the
Watchdog configuration register (Table 27). When SDM = 0 (watchdog active), bit WDD can be cleared
(watchdog debug disable) but not set (remains 0). When data is written to the WDA register, bit SDM is cleared
and normal operation resumes. When WDD = 1, an incorrect serving of the watchdog does not trigger the reset
process.

7.6 Interrupt processing

A number of events can be captured and reported to the host via the interrupt mechanism. Pin RXD is used to
signal an interrupt event in Standby or Sleep mode. Two options are supported:

* RXDINTC = 0: RXD goes LOW when a wake-up or power-on interrupt is pending
* RXDINTC = 1: RXD goes LOW when any interrupt is pending

Interrupts are enabled individually via dedicated bits in the interrupt enable registers (see Section 7.12.12).
When an interrupt is generated, pin RXD goes LOW to alert the host. The host can then determine which event
triggered the interrupt by polling the interrupt status registers. PO and PNFDER interrupts are always enabled;
so they do not have associated interrupt enable bits.

Interrupts are cleared by writing 1 (W1C) to the relevant interrupt status bits. Clearing an interrupt does not
necessarily mean the event that triggered the interrupt has been resolved. If there is a collision, setting the
interrupt takes precedence over clearing the interrupt.
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7.7 Device ID

A byte is reserved in the register map for the unique device identification code; see bit IDS in Table 54.

7.8 Lock control

Sections of the register address area can be write-protected to prevent unintended modifications. Note that
this facility only protects locked bits from being modified via the SPI and will not prevent the TJIA1446 updating
registers. Sections that can be locked are detailed in Section 7.12.13.

7.9 General-purpose memory

The TJA1446 allocates 4 bytes of memory to store user information. The general-purpose registers can be
accessed via the SPI at address OxFFO to OxFF3 (see Section 7.12.14). The general-purpose registers are only
cleared when the battery is first connected.

7.10 GPIO pins

The TJA1446 contains two general-purpose I/O pins (GPIO) that can be assigned to a number of functions (see
Table 15, Table 25 and Table 26).

Table 15. Configurable GPIO functions
GPIO function Description

Digital input pin status can be read via GPIOxS

Digital output
TXEN_N input

output polarity defined via GPPx
CAN transmitter disabled when GPIO pin driven HIGH

INT_N interrupt output
Additional RXD output (RXD2)

active state signals an interrupt is pending

GPIO1 only, two options:
* CAN bus forwarded to both RXD and RXD2 (via GPIO1) outputs

* CAN bus forwarded to RXD2 only; RXD forced HIGH in Listen Only and Normal
modes; pin RXD behavior in all other modes as in Table 8

Additional TXD input (TXD2) GPIO2 only, two options:

* TXD and TXD2 (via GP102) data fed to the CAN bus - the CAN bus will be
recessive only when both TXD and TXD2 are HIGH

* only TXD2 enabled (TXD input ignored) - the CAN bus is driven dominant when

TXD2 is LOW

active state indicates V¢ undervoltage detected (UVCCS)
active state indicates TXD clamped dominant (TXDDOMS)
active state indicates TXD2 clamped dominant (TXD2DOMS) - GPIO1 only

V¢ undervoltage status output

TXD dominant status output

TXD2 dominant status output
CAN WUP detect status output
CAN WUF detect status output

active state indicates WUP detected

active state indicates WUF detected

CAN bus biasing status output active state indicates bus biasing is active

WAKE pin rising edge detect output

active state indicates rising edge detected on WAKE pin

WAKE pin falling edge detect output

active state indicates falling edge detected on WAKE pin

CAN in Active mode and ready to
transmit status output (CTS)

active state if CAN in Active mode
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Table 15. Configurable GPIO functions ...continued

GPIO function Description

CAN in ListenOnly mode status active state if CAN in ListenOnly mode

output

Local low-voltage wake-up input wake-up on rising, falling or both edges on GPIO pin
INHZ2: low-voltage inhibit output active state if INH2 activated

The status of the GPIO pins, HIGH or LOW, can be read (after tcpio)) via bits GPIOXS in the GPIO status
register (Table 24), independently of the selected function.

When an input function is selected, the pin behavior can be configured as:

* floating

* pull-up

* pull-down
* repeater

When an output function is selected, the pin output driver can be configured as:

* push-pull

* open-drain high-side driver

* high-side driver plus weak pull-down
* open-drain low-side driver

* low-side driver plus weak pull-up

For selected output functions, the GPIO pins can be configured as active-HIGH or active-LOW (see Table 23).
The minimum pulse width when GPIO is configured as output is greater than tymin)-

7.11 Failure handling

The TJA1446 incorporates a number of safety features used for error detection and processing.

7.11.1 TXD dominant timeout

A LOW level on pin TXD (or on GPI102 in TJA1446B when configured as a second TXD input, see Section 7.10)
persisting longer than ti,4om)TxpD releases the bus lines to recessive state. This feature prevents the CAN bus
being blocked by continuous dominant clamping. A CAN failure interrupt is generated (TXDDOM/TXD2DOM
=1), if enabled (TXDDOME/TXD2DOME = 1), when a TXD dominant timeout is detected. The TXD dominant
status can be read via bit TXDDOMS/TXD2DOMS in the CAN status register (Table 22).

7.11.2 CAN transmitter enable/disable (TXEN_N)

Pins GPIO1 and GPIO2 can be configured as enable/disable signals (TXEN_N) for the CAN transmitter (see
Section 7.10). A HIGH level on a GPIO pin configured as a TXEN_N input signal disables the transmitter,
releasing the bus lines to recessive state independent of the level on pin TXD and/or TXD2 (if configured on
GPIO2). The TXEN_N status can be read via bit GP1S or GP2S in the GPIO status register (Table 24).

7.11.3 Bus dominant timeout

A dominant state on the CAN bus lasting longer than ti,gom)bus generates a CAN bus failure interrupt
(BUSDOM = 1), if enabled (BUSDOME = 1; Table 46). The status of the bus can be read via bit BUSDOMS in
the CAN status register (Table 22). Note that this feature is only available in Normal mode and in Listen Only
modes when LPL = 0.
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7.11.4 V¢c undervoltage

The TJA1446 monitors the supply voltage on pin VCC. When V¢ drops below the undervoltage detection
threshold Vq(vcc) for longer than tyeywy), @ Ve undervoltage interrupt is generated (UVCC = 1), if enabled
(UVCCE = 1; Table 45). The V¢ undervoltage status can be read via bit UVCCS in the system status register
(Table 19).

7.11.5 V|0 undervoltage and overvoltage

The TJA1446 monitors the supply voltage on pin VIO. If an undervoltage or overvoltage is detected, a reset
process is initiated (see Section 7.3) and pin RST_N is forced LOW. The reset process continues until the
device recovers from the undervoltage or overvoltage. The V|g undervoltage and overvoltage thresholds are
defined in Table 11.

7.11.6 Vgar undervoltage

The TJA1446 monitors the supply voltage on pin VBAT. It switches directly to Off mode when Vgt drops below
the undervoltage detection threshold, V,yq4vear) for tyetuy)- As @ consequence, bit PO is set (see Table 48).

7.11.7 Overtemperature

The TJA1446 only monitors the junction temperature when MC = Normal. When the junction temperature
exceeds Tjsq), the device switches from Normal mode to ListenOnly mode (see Section 7.2). An
overtemperature interrupt is generated (OT = 1), if enabled (OTE = 1; see Table 48). The device recovers and
switches back to Normal mode when the junction temperature falls below the shutdown release threshold,
Tjsayrel- The overtemperature status can be read via bit OTS in the system status register (Table 19) when the
device is in Normal or ListenOnly mode.

7.11.8 RST_N monitoring

Pin RST_N is a bidirectional open-drain low-side driver with integrated pull-up resistance. The TJA1446
monitors pin RST_N for an externally triggered reset. A reset process is initiated when RST_N is held LOW for

tﬂtr(rst)-

7.11.9 Fail-safe handling

The TJA1446 contains a fail-safe counter that is incremented (up to 3) each time the device enters FSM_FS
INCR_FC mode (see Figure 4). The value of the fail-safe counter can be read and modified via bits FSCC
(Table 40). If the device exits INCR_FC mode while FSCC = 2, pin LIMPFSO N is forced LOW (after
tadet-LF_NL)), the device switches to FSM_FS Fail-safe mode and enters FSM_MAIN Sleep mode (by default:
SLEEPDIS = 0). The device will not enter FSM_MAIN Sleep mode if SLEEPDIS = 1. CAN and WAKE pin
interrupts are enabled automatically (bits CWE, WPRE and WPFE set; see Table 45) when the device enters
Fail-safe mode.

7.11.10 Fail-safe output

The LIMPFSO_N pin can be configured as a fail-safe output or for limp home functionality (see NXP application
notes AN14452).

It can be used to signal a failure condition to the application via a LOW or floating level, depending on how the
pin is configured. The status of the pin can be read via bits LIMPFSOS.

LIMPFSO_N is configured via bits LIMPFSOC in the Fail-safe output control register (Table 40). However:
* LIMPFSOC is always set to 01 (LOW) when the device enters Fail-safe mode
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* if LIMPFSOC = 10 or 11 when the device enters INCR_FC mode, it is automatically set to 00 (high-Z)
* if LIMPFSOC = 00 or 01 when the device enters INCR_FC mode, it remains unchanged
» SPI system reset: no change to LIMPFSOC if it was 01 before SPI reset; set to 00 if it was 10 or 11.

7.12 SPIl interface

The serial peripheral interface (SPI) provides the communication link with the microcontroller. The SPI is
configured for full duplex data transfer, so status information is returned when new control data is shifted in.
The interface also offers a read-only access option, allowing registers to be read back by the application without
changing the register content.

The SPI uses four interface signals for synchronization and data transfer:

e SCSN: SPI chip select; active LOW

» SCK: SPI clock

» SDI: SPI data input

* SDO: SPI data output; floating when pin SCSN is HIGH (may need external pull-up or pull-down if not
available in the host controller)

Bit sampling is performed on the falling edge of the clock and data is shifted in/out on the rising edge, as
illustrated in Figure 9.

SCSN \ ) /

SCK / 01 \l / 02\l /03\l /()4\l / N-1 \l / N \l

SDI | X | MSB | MSB-1 | MSB-2 | MSB-3 | LSB+1 | LSB | X |

SDO 4' X | MSB | MSB-1 | MSB-2 | MSB-3 ! | LSB+1 | LSB |—
floating 2 floating

015aaa255

Figure 9. SPI timing protocol

The SPI data in the TJA1446 is stored in a number of dedicated 8-bit registers. Each register is assigned a
unique 12-bit address. A minimum of three bytes (24 bits) must be transmitted to the TJA1446 for a single
register read or write operation (see Figure 9). Six bytes (48 bits) are needed to transmit the maximum of 4 data
bytes (see Figure 10).

The first byte contains the 8 most significant bits of the address; the second byte contains the 4 least significant
bits of the address, a ‘read-only’ bit, a 2-bit payload size (PLS) and a parity bit. The read-only bit must be 0

to indicate a write operation and 1 to indicate a read operation. PLS indicates the number of data bytes being
transmitted:

* 00 - 1 data byte

* 01 - 2 data bytes
* 10 - 3 data bytes
* 11 - 4 data bytes
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The parity bit covers the address bits, read-only bit and PLS bits. It must be calculated in the user application as
part of the SPI command indicating even parity, creating an even number of 1s in the first 2 bytes including the
parity bit.

The third and subsequent bytes contain the data to be written. For two or more data bytes (PLS # 00), the
register address is incremented automatically after each data byte, see Figure 10.

Byte 1 Byte 3 Byte 4 Byte 5 Byte 6

PLS[1:0]

ADDRESS[11:4] (00b)

ADDRESS[3:0] RO | DATAO[7:0]

PLS[1:0] [ ppr

|
|
|
\
1]
|
ADDRESS[11:4] ADDRESS[3:0] (01b) | } |
|
H
|
|
|
\
I

P

0 | DATAO[7:0] DATA1[7:0]

PLS[1:0]

ADDRESS[11:4] (10b)

ADDRESS[3:0] DATAO[7:0] DATA2[7:0]

PLS[1:0]

| DATA1[7:0] |
ADDRESS[11:4] ADDRESS[3:0] (11b) DATAO[7:0] | DATA1[7:0] | DATA2[7:0]

| DATA3[7:0]

aaa-050121

Figure 10. SPI addressing

During the SPI data, read or write operation, the first 15 bits received on pin SDI are returned via pin SDO; bit
16 returns the parity calculated for these 15 bits. During the data phase of the SPI protocol, the contents of the
addressed register is returned via the SDO pin.

The devices tolerates write attempts to registers that do not exist.

7.12.1 SPI error handling

The TJA1446 can detect a number of SPI transmission failures:

* an incorrect parity bit was received

* the number of clock cycles is less than 24 or does not match the expected value based on the PLS
* an address rollover (> FFFh) was detected

» an undefined MC code was received

* a write access was attempted to a locked register

¢ the SPI message was not completed (SCSN HIGH) within the timeout time, tio(sp))

In all cases, an SPI fail interrupt is generated (provided SPIFE = 1) and the entire message is ignored.

When the necessary conditions for a Sleep mode transition (no wake-up source enabled, SLEEPDIS = 1 or
pending wake-up interrupt) are not met, the device will not switch to sleep mode, even though MC = 0001.

In the case of an incorrect parity or too many clock cycles, pin SDO goes LOW until the next rising edge on
SCSN. When the duration of the SPI message exceeds tiospy), the SDO pin goes high-Z.

7.12.2 SPI system reset

A system reset can be forced via the SPI, causing the device to restart via Boot mode and setting bit PO. To
trigger a system reset, enable SPI write access to the System reset register by setting LKRST to 0 in the Lock
control register; then write consecutively 0x01 followed 0x80 to bits SFR in the System reset register (see
Table 43). Both SPI accesses to the System reset register should be 24-bit. Any deviation from this sequence
will abort the system reset.

Information that was in the general-purpose memory (Table 53) when the reset was initiated will still be available
after the reset sequence has been completed.
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7.12.3 SPIl register map

Table 16. SPI register map overview

Register type Address Register name

Mode control 0x000 Mode control register

Interrupt enable (LKIE) 0x010 System interrupt enable register
0x011 CAN interrupt enable register
0x012 GPIO interrupt enable register

Partial networking 0x020 Partial networking ID register 0

(LKPNC) 0x021 Partial networking ID register 1
0x022 Partial networking ID register 2
0x023 Partial networking ID register 3
0x024 Partial networking ID mask register 0
0x025 Partial networking ID mask register 1
0x026 Partial networking ID mask register 2
0x027 Partial networking ID mask register 3
0x028 Partial networking data mask register 0
0x029 Partial networking data mask register 1
0x02A Partial networking data mask register 2
0x02B Partial networking data mask register 3
0x02C Partial networking data mask register 4
0x02D Partial networking data mask register 5
0x02E Partial networking data mask register 6
0x02F Partial networking data mask register 7
0x030 Partial networking frame control register
0x031 Partial networking data rate and filter configuration register
0x032 Partial networking and CAN configuration register

Configuration (LKCFG) 0x040 Wake-up pulse configuration register
0x041 CAN configuration register
0x042 GPIO1 configuration register
0x043 GPIO2 configuration register
0x045 GPIO polarity configuration register
0x046 System configuration register
0x047 Watchdog configuration register

Lock 0x050 Lock control register

Interrupt status 0x060 System interrupt status register
0x061 CAN interrupt status register
0x062 Partial networking interrupt status register
0x063 GPIO interrupt status register
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Table 16. SPI register map overview...continued

Register type Address Register name
General status 0x070 Mode status register
0x071 System status register
0x072 CAN status register
0x073 Partial networking status register
0x074 GPIO status register
0x075 Partial networking error count status register
0x076 Fail-safe output status register
0x077 Watchdog status register
Watchdog 0x080 Watchdog question register
0x081 Watchdog answer register
0x082 Watchdog trigger count register
FSO 0x090 Fail-safe counter register
0x091 Fail-safe output control register
Reset (LKRST) OxFEO System reset register
General-purpose memory |OxFFO General-purpose memory register 0
(LKGPM) OxFF1 General-purpose memory register 1
OxFF2 General-purpose memory register 2
OxFF3 General-purpose memory register 3
ID OxFFF Device identification

7.12.4 System control and status registers

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by "'.

%1

Table 17. Mode control register (address 000h)

Bit Symbol Access |Value |Description
74 reserved [R - always write 0000; ignore on read
3:0 |MC R/W 0001 | Sleep mode

0110* |Standby mode

1000 ListenOnly mode

11111 | Normal mode

[1]1 Value after Reset-to-Sleep mode transition.

[2] Value after Reset-to-Normal mode transition

Table 18. Mode status register (address 070h)

Bit |Symbol Access |Value |Description
74 |reserved |R - ignore on read
3.0 |MCS R 0001 Sleep mode
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Table 18. Mode status register (address 070h)...continued
Bit Symbol Access |Value |Description

0110 Standby mode
1000 ListenOnly mode

1111 Normal mode

Table 19. System status register (address 071h)

Bit |Symbol Access |Value |Description
76 |reserved |R - ignore on read
5 oTS R overtemperature status available when MC = Normal and MCS = Normal/Listen
Only
0 no overtemperature or MC # Normal
1 overtemperature detected
4 SDM R software development mode
0 watchdog active
1 watchdog disabled
3 UVCCS R Ve undervoltage status
0 no undervoltage on VCC
1 Ve undervoltage detected
2 NMS R Normal mode status
0 device entered Normal mode after power up
1 device did not enter Normal mode power up
1 SNMS R Start-to-Normal mode status
0 device did not enter Normal mode after power up
1 device entered Normal mode directly from Reset mode
0 WPS R WAKE pin status
0 WAKE pin LOW
1 WAKE pin HIGH

Table 20. System configuration register (address 046h)

Bit |Symbol Access |Value |Description
75 |reserved |R - always write 000; ignore on read
4 SLEEPDIS |[R/W Sleep mode enable:
0* enable Sleep mode
1 disable Sleep mode
3 BCCTRL |R/W VBAT clamp control:
0* enable VBAT clamp
1 disable VBAT clamp
TuA1446 Al information provided in this document is subject to legal disclaimers. ©2024 NXP B.V. Al rights reserved.
Product data sheet Rev. 1.0 — 16 October 2024 Document feedback

31/74


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors TJA1446

High-speed CAN transceiver with partial networking and advanced system monitoring

Table 20. System configuration register (address 046h)...continued

Bit Symbol Access |Value |Description
2 RXDINTC |R/W interrupt signaling at RXD in Sleep/Standby modes
0* wake-up and power-on interrupts detected
1 all enabled interrupts detected
1 reserved |[R - always write 0; ignore on read
0 VBATVCC |R/W VBAT/VCC configuration
0* separate Vgat and V¢ supplies; typical application; autobiasing supplied from
Vear
1 common Vgar and V¢ supplies; applications with permanently active
regulator; autobiasing is supplied from V¢

7.12.5 CAN configuration and status registers

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by "'.

Table 21. CAN configuration register (address 041h)

Bit Symbol Access |Value |Description
7:6 reserved R - always write 00; ignore on read
5 TXRXLP R/W TXD-to-RXD loopback:
0* normal TXD and RXD behavior
1 TXD is forwarded to RXD and CAN bus remains recessive in CAN Active
mode
4 TX2RX2LPM |R/W TXD2-to-RXD2 loopback:
0* normal TXD2 and RXD2 behavior
1 TXD2 is forwarded to RXD2 and CAN bus remains recessive in CAN Active
mode
3:2 reserved R - always write 00; ignore on read
1 LPL R/W low-power ListenOnly mode enable:
0* low-power ListenOnly mode disabled
1 low-power ListenOnly mode enabled
0 CwC R/W CAN wake-up pattern selection:
0* ISO 11898-2:2024 wake pattern (dom-rec-dom)
1 ISO 11898-2:2024 wake pattern (dom-rec-dom-rec)

[11 GPIO1 configured as second RXD output (RXD2) and GPIO2 configured as second TXD input (TXD2).

Table 22. CAN status register (address 072h)

Bit Symbol Access |Value |Description
7 CTS R CAN transceiver status:
0 CAN transceiver not in Active mode or not ready to transmit
1 CAN transceiver in Active mode and ready to transmit
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Table 22. CAN status register (address 072h)...continued

Bit Symbol Access (Value |Description
6:4 reserved R - ignore on read
3 CBSS R CAN bus silence status:
0 no bus silence longer than tiy(sjence) detected
1 bus silence detected for longer than tisilence)
2 BUSDOMS |R BUS clamped dominant status:
0 CAN bus not clamped dominant
1 CAN bus clamped dominant
1 TXD2DOMS |R TXD2 clamped dominant status:
0 TXD2 not clamped dominant
1 TXD2 clamped dominant
0 TXDDOMS |R TXD clamped dominant status:
0 TXD not clamped dominant
1 TXD clamped dominant

7.12.6 GPIO configuration and status registers

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by

Table 23. GPIO output polarity configuration register (address 045h)

%1

Bit Symbol Access Value Description
7:2 reserved R - always write 000000; ignore on read
1 GPP2 R/W GPIO2 polarity:
0* default polarity
1 inverted polarity
0 GPP1 RIW GPIO1 polarity:!"
0* default polarity
1 inverted polarity

[11 n.awhen when GPIO1 is configured as RXD2.

Table 24. GPIO status register (address 074h)

Bit |Symbol Access |Value |Description
7:2 |reserved |R - ignore on read
1 GPIO2S |R GPIO2 pin status:
0 GPIO2 LOW
1 GPIO2 HIGH
0 GPIO1S R GPIO1 pin status:
0 GPIO1 LOW
1 GPIO1 HIGH
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Table 25. GPIO1 configuration register (address 042h)

Bit Symbol Access |Value |Description
75 |GPIO1C R/W GPIO1 pin configuration:
000 input: floating
output: push-pull
001 input: pull-up
output: open-drain high-side driver
010 input: pull-down
output: high-side driver plus weak pull-down
011* input: repeater
output: open-drain low-side driver
100 input: repeater
output: low-side driver plus weak pull-up
101 - reserved
111
4.0 |GPIO1FS |R/W GPIO1 function select:
0x00* repeater function active, independent of GPIO1C
0x01 digital input
0x02 digital output: LOW when GPP1 = 0; HIGH when GPP1 = 1
0x03 TXEN_N input; CAN transmitter disabled when GPIO pin driven HIGH
0x04 INT_N interrupt output; active-LOW when GPP1 = 0 (default); active-HIGH
when GPP1 =1
0x05 reserved
0x06 GPIO1 configured as second RXD output (RXD2); CAN bus forwarded to both
GPIO1 (RXD2) and RXD
0x07 reserved
0x08 GPIO1 configured as second RXD output (RXD2); CAN bus only forwarded to
GPIO1 (RXD2)
0x09 V¢ undervoltage status output (UVCCS)“]
0x0A TXD dominant status output (TXDDOMS)“]
0x0B TXD2 dominant status output (TXD2DOMS; available when GPIO2 configured
as TXD2)!"
0x0C wake-up pattern detect outputm
0x0D wake-up frame detect outputm
O0x0E CAN bus biasing status output (HIGH, by default, indicates that CAN bus
biasing is active)
OxOF WAKE pin rising edge detect outputm
0x10 WAKE pin falling edge detect outputm
0x11 CAN Active mode ready-to-transmit status output (CTS)[”
0x12 CAN ListenOnly mode status outputm
0x13 digital input, rising edge qualified for wake-up interrupt if enabled via GPIO1E
0x14 digital input, falling edge qualified for wake-up interrupt if enabled via GPIO1E
TJA1446 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Product data sheet Rev. 1.0 — 16 October 2024 Document feedback

34/74


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors TJA1446

High-speed CAN transceiver with partial networking and advanced system monitoring

Table 25. GPIO1 configuration register (address 042h)...continued

Bit Symbol Access |Value |Description
0x15 digital input, rising and falling edge qualified for wake-up interrupt if enabled via
GPIO1E
0x16 INH2 output!!
0x17 to reserved
Ox1F

[11  Active-HIGH when GPP1 = 0; active-LOW when GPP1 = 1

Table 26. GPIO2 configuration register (address 043h)
Bit |Symbol Access |Value |Description

7:5 |GPIO2C R/W GPIO2 pin configuration:

000 input: floating
output: push-pull

001 input: pull-up
output: open-drain high-side driver

010 input: pull-down
output: high-side driver plus weak pull-down

011* input: repeater
output: open-drain low-side driver

100 input: repeater
output: low-side driver plus weak pull-up
101 - reserved
111
4:0 |GPIO2FS |R/W GPIO2 function select:
0x00* repeater function active, independent of GPIO2C
0x01 digital input
0x02 digital output: LOW when GPP2 = 0; HIGH when GPP2 = 1
0x03 TXEN_N input; CAN transmitter disabled when GPIO pin driven HIGH
0x04 INT_N interrupt output; active-LOW when GPP2 = 0 (default); active-HIGH
when GPP2 =1
0x05 GPIO2 configured as second TXD input (TXD2); TXD and TXD2 (via GPIO2)
data fed to the CAN bus
0x06 reserved
0x07 GPIO2 configured as second TXD input (TXD2); only TXD2 (via GPIO2) data
fed to the CAN bus; TXD input ignored
0x08 reserved
0x09 Ve undervoltage status output (UVCCS)!!
Ox0A TXD dominant status output (TXDDOMS)!"!
0x0B reserved
0x0C wake-up pattern detect outputm
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Table 26. GPIO2 configuration register (address 043h)...continued

Bit Symbol Access |Value |Description

0x0D wake-up frame detect outputm

O0x0E CAN bus biasing status (HIGH, by default, indicates that CAN bus biasing is
active)m

Ox0F WAKE pin rising edge detect outputm

0x10 WAKE pin falling edge detect output[”

0x11 CAN Active mode ready-to-transmit status output (CTS)m

0x12 CAN ListenOnly mode status!"

0x13 digital input, rising edge qualified for wake-up interrupt if enabled via GPIO2E

0x14 digital input, falling edge qualified for wake-up interrupt if enabled via GPIO2E

0x15 digital input, rising and falling edge qualified for wake-up interrupt if enabled via
GPIO2E

0x16 INH2 output!!

0x17 to reserved

Ox1F

[11  Active-HIGH when GPP2 = 0; active-LOW when GPP2 = 1

7.12.7 Watchdog configuration and status registers

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by

Table 27. Watchdog configuration register (address 047h)

Bit |Symbol Access |Value |Description

7 wWDD R/W watchdog debug:
0* watchdog debug disabled
1 watchdog debug enabled!”
6 WDOFF R/W watchdog on/off control:
0+2 watchdog running in Standby mode
1 watchdog in WD_RES state in Standby mode when no interrupt pending/wake-
up is signaled on RXD
5:3 |reserved |R - always write 000; ignore on read
2.0 |WDP R/W watchdog period:
000 10 ms
001 20 ms
010 50 ms
011 100 ms
100°®! | 200 ms
101 500 ms
110 1000 ms
111 2000 ms
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[11  WDD can be set to 1 only in software development mode (SDM = 1).
[2] Value after INCR_FC, a transition from Normal, ListenOnly or Standby to Sleep mode or when an interrupt is pending on RXD in Standby mode.
[3] Value after INCR_FC or a transition from Normal, ListenOnly or Standby to Sleep mode.

Table 28. Watchdog status register (address 077h)

Bit Symbol Access |Value |Description

75 |WDRS R watchdog reset status:
000 first battery connection
001 watchdog counter overflow
010 Vo undervoltage
011 Vo overvoltage
100 external reset trigger via RST_N pin
101 reserved
110 Fail-safe counter reached value 2
111 MC = Sleep

4:2 |WDPS R most recent watchdog trigger time:
000 watchdog trigger time: < 12.5 %
001 watchdog trigger time: = 12.5 % and < 25 %
010 watchdog trigger time: = 25 % and < 37.5 %
oM watchdog trigger time: = 37.5 % and < 50 %
100 watchdog trigger time: = 50 % and < 62.5 %
101 watchdog trigger time: = 62.5 % and < 75 %
110 watchdog trigger time: = 75 % and < 87.5 %
111 watchdog trigger time: 2 87.5 %

1 WDNTS R watchdog trigger detection:
0 watchdog trigger detected
1 watchdog trigger not detected

0 WDETS R early watchdog trigger detection:
0 no early watchdog trigger detected

early watchdog trigger detected

Table 29. Watchdog question register (address 080h)

Bit

Symbol

Access

Value

Description

7:0

wDQ

R

watchdog question

Table 30. Watchdog answer register (address 081h)

Bit

Symbol

Access

Value

Description

7:0

WDA

W

watchdog answer; always returns 0x00 on read

TJA1446

All information provided in this document is subject to legal disclaimers.

© 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 1.0 — 16 October 2024

Document feedback
37174


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors TJA1446

High-speed CAN transceiver with partial networking and advanced system monitoring

Table 31. Watchdog trigger count register (address 082h)

Bit Symbol Access |Value |Description
7:2 |reserved |R - always write 000000; ignore on read
1.0 |WDFC R/W watchdog fail counter value

00 0

01 1

10411 2

1 3

[1]  Value after INCR_FC or a transition from Normal, ListenOnly or Standby to Sleep mode.
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7.12.8 Partial networking registers

Reset values after system startup (BOOT_OK; see Figure 3) and watchdog failure counter incremented

(INCR_FC) are indicated by ™.

Table 32. Partial networking status register (address 073h)

Bit Symbol Access Value Description
7 SYNCS R CAN partial networking sync status:
0 CAN partial networking core not ready to decode frame
1 CAN partial networking core ready to decode frame
6 CPNERRS R CAN partial networking error status:
0 no CAN partial networking error detected; PNFDER = 0 and PNCOK
=1
1 CAN partial networking error detected; PNFDER =1 or PNCOK = 0;
wake-up via WUP only
5 CPNS R CAN partial networking status:
0 CAN partial networking configuration error detected; PNCOK =0
1 CAN partial networking configuration OK; PNCOK = 1
4 LFDS R last frame decode status:
0 most recent CAN frame not decoded successfully
1 most recent CAN frame decoded successfully
3:0 reserved R - ignore on read

Table 33. Partial networking error count status register (address 075h)

Bit |Symbol Access Value Description
7:5 |reserved R - ignore on read
4:0 |PNERRCNT R CAN partial networking error count status:
00000 0
00001 1
00010 2
00011 3
11111 31

Table 34. Partial networking ID registers 0 to 3 (addresses 020h to 023h)

Addr. Bit Symbol Access Value Description

020h 7:0 ID7:1DO R/W 0oh* bits ID7 to IDO of the extended frame format

021h 7:0 ID15:1D8 R/W 0oh* bits ID15 to ID8 of the extended frame format

022h 7:2 ID23:1D18 R/W 0oh* bits ID23 to ID18 of the extended frame format
bits ID5 to IDO of the standard frame format
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Table 34. Partial networking ID registers 0 to 3 (addresses 020h to 023h)...continued

Addr. Bit Symbol Access Value Description
1:0 ID17:1D16 R/W oonh* bits ID17 to ID16 of the extended frame format
023h 75 reserved R - always write 000; ignore on read
4:0 1D28:1D24 R/W oonh* bits ID28 to ID24 of the extended frame format
bits ID10 to ID6 of the standard frame format

Table 35. Partial networking ID mask registers 0 to 3 (addresses 024h to 027h)

Addr. Bit Symbol Access Value Description
024h 7:0 M7:MO R/W oonh* ID mask bits 7 to 0 of extended frame format
025h 7:0 M15:M8 R/W oonh* ID mask bits 15 to 8 of extended frame format
026h 7:2 M23:M18 R/W oonh* ID mask bits 23 to 18 of extended frame format
ID mask bits 5 to 0 of standard frame format
1:0 M17:M16 R/W 0oh* ID mask bits 17 to 16 of extended frame format
027h 75 reserved R/W 0oh* always write 000; ignore on read
4:0 M28:M24 R/W 0oh* ID mask bits 28 to 24 of extended frame format
ID mask. bits 10 to 6 of standard frame format

Table 36. Partial networking data mask registers 0 to 7 (addresses 028h to 02Fh)

Addr. Bit Symbol Access Value Description

028h 7:0 DMO R/W FFh* data mask 0 configuration
029h 7:0 DM1 R/W FFh* data mask 1 configuration
02Ah 7:0 DM2 R/W FFh* data mask 2 configuration
02Bh 7:0 DM3 R/W FFh* data mask 3 configuration
02Ch 7:0 DM4 R/W FFh* data mask 4 configuration
02Dh 7:0 DM5 R/W FFh* data mask 5 configuration
02Eh 7:0 DM6 R/W FFh* data mask 6 configuration
02Fh 7:0 DM7 R/W FFh* data mask 7 configuration

Table 37. Partial networking frame control register (address 030h)

Bit Symbol Access |Value Description
7 IDE R/W identifier format:
o* standard frame format (11-bit)
1 extended frame format (29-bit)
6 PNDM R/W partial networking data mask:
0 data length code and data field are ‘don’t care’ for wake-up
1#* data length code and data field are evaluated at wake-up
5:4 reserved R - always write 00; ignore on read
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Table 37. Partial networking frame control register (address 030h)...continued

Bit Symbol

Access

Value

Description

3:0 DLC

R/W

number of data bytes expected in a CAN frame (DLC):

0000%

0

0001

—_

0010

0011

0100

0101

0110

0111

1000

1001 to
"M

0 O N O | W|DN

Table 38. Partial networking data rate and filter configuration register (address 031h)

Bit Symbol Access |Value Description
74 IDFS R/W idle detection filter select:
0000* bitfilter 0: ignore < 5.0 % of arbitration bit time; detect > 17.5 % of
arbitration bit time (500 kbit/s max)
0001 ISO bitfilter 1: ignore < 5.0 % of arbitration bit time; detect > 17.5 % of
arbitration bit time (500 kbit/s max)
0010 ISO bitfilter 2: ignore < 2.5 % of arbitration bit time; detect > 8.75 % of
arbitration bit time (500 kbit/s max)
001 bitfilter 3: ignore < 18 ns; detect > 93 ns
0100 bitfilter 4: ignore < 42 ns; detect > 119 ns
0101 bitfilter 5: ignore < 67 ns; detect > 145 ns
0110 bitfilter 6: ignore < 91 ns; detect > 170 ns
0111 to reserved
1111
3 reserved R - always write 0; ignore on read
2.0 CDR R/W CAN arbitration bit rate selection:
000 50 kbit/s
001 100 kbit/s
010 125 kbit/s
011 250 kbit/s
100* 500 kbit/s
101 667 kbit/s
110 reserved (PNCORE disabled)
111 1 Mbit/s
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Table 39. Partial networking and CAN configuration register (address 032h)

Bit

Symbol

Access

Value

Description

7:3

reserved

R

always write 00000; ignore on read

2

PNECC

R/W

partial networking error counter control:

CAN FD frames will increment error counter

CAN FD frames will not increment error counter

PNCOK

R/W

CAN partial networking configuration:

partial networking register configuration invalid (wake-up via standard
wake-up pattern only)

partial networking register configuration valid

CPNC

R/W

CAN selective wake-up enable:

disable CAN selective wake-up

enable CAN selective wake-up

7.12.9 Fail-safe configuration and status registers

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by ™.

Table 40. Fail-safe counter register (address 090h)

Bit Symbol Access |Value |Description
7:6 |FSCC R/W fail-safe counter value:
00*!"! 0
01 1
10 2
1 3
5:0 reserved R - always write 000000; ignore on read

(1

Value after entering Fail-safe mode.

Table 41. Fail-safe output control register (address 091h)

Bit |Symbol Access |Value |Description
7:2 |reserved R - always write 000000; ignore on read
1:0 |LIMPFSOC |RW LIMPFSO_N output control:
ool LIMPFSO_N high-Z
01 LIMPFSO_N driven LOW
108 LIMPFSO_N driven to Vg level
1183 LIMPFSO_N driven to Vg level

(11

Value after entering Off mode.

[2] Value after entering FSM_FS Fail-safe or FSM_MAIN BootFail mode.

[3] Reset to 00 after boot, INCR_FC or Reset.
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Table 42. Fail-safe output status register (address 076h)

Bit Symbol Access |Value |Description
71 reserved R - ignore on read
0 LIMPFSOS |R LIMPFSO_N pin status:
0 VLMPFSO_N < Vin(limp)min

VLIMPFSO_N > Vin(limp)max

7.12.10 System reset register

Table 43. System reset register (address FEOh)

Bit Symbol Access |Value Description

7:0 SFR w software-forced system reset:
01h set up system reset
80h confirm system reset

7.12.11 Wake-up pulse configuration register

Reset values after system startup (BOOT_OK; see Figure 3) are indicated by ™.

Table 44. Wake-up pulse configuration register (address 040h)

Bit Symbol Access |Value Description

71 reserved R - always write 00h; ignore on read

0 WFC R/W wake-up pulse width (tyake) on WAKE pin
0* short wake-up time

long wake-up time

TJA1446

All information provided in this document is subject to legal disclaimers.

© 2024 NXP B.V. All rights reserved.

Product data sheet

Rev. 1.0 — 16 October 2024

Document feedback

43 /74


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

TJA1446

High-speed CAN transceiver with partial networking and advanced system monitoring

7.12.12 Interrupt registers

Reset values after system startup (BO

Write 1 to clear (W1C) interrupt status

OT_OK; see Figure 3) are indicated by "™'.

bit after interrupt detected.

Table 45. System interrupt enable register (address 010h)

Bit Symbol Access |Value

Description

7 reserved R -

always write 0; ignore on read

6 CWE R/W

CAN wake-up interrupt enable:

O*

disable CAN wake-up interrupt

40

enable CAN wake-up interrupt

5 OTE R/W

overtemperature shutdown interrupt enable:

O*

disable overtemperature shutdown interrupt

enable overtemperature shutdown interrupt

4 SPIFE R/W

SPI failure interrupt enable:

O*

disable SPI failure interrupt

enable SPI failure interrupt

3 UVCCE R/W

V¢ undervoltage interrupt enable:

disable V¢ undervoltage interrupt

1*

enable V¢ undervoltage interrupt

2 reserved R -

always write 0; ignore on read

1 WPRE R/W

WAKE pin rising-edge interrupt enable:

O*

disable WAKE pin rising-edge interrupt

401

enable WAKE pin rising-edge interrupt

0 WPFE R/W

WAKE pin falling-edge interrupt enable:

O*

disable WAKE pin falling-edge interrupt

40

enable WAKE pin falling-edge interrupt

[1]  Value after entering FSM_FS Fail-safe mode.

Table 46. CAN interrupt enable register

address 011h)

Bit Symbol Access Value Description
7:4 reserved R - always write 0000; ignore on read
3 CBSE R/W CAN bus silence interrupt enable:
0* disable CAN bus silence interrupt
1 enable CAN bus silence interrupt
2 BUSDOME R/W CAN bus dominant interrupt enable:

0* disable CAN bus dominant interrupt

1 enable CAN bus dominant interrupt

1 TXD2DOME R/W

TJA1446
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Table 46. CAN interrupt enable register (address 011h)...continued

Bit Symbol Access Value Description
0* disable TXD2 dominant timeout interrupt
1 enable TXD2 dominant timeout interrupt
0 TXDDOME R/W TXD dominant timeout interrupt enable:
0* disable TXD dominant timeout interrupt
1 enable TXD dominant timeout interrupt

Table 47. GPIO interrupt enable register (address 012h)
For GPIOx wake-up detection, bits GPIOxFS must be set to 0x13, 0x14 or 0x15 (see Table 25 and Table 26).

Bit Symbol Access |Value Description
7:2 reserved R - always write 000000; ignore on read
1 GPIO2E R/W GPIO2 interrupt enable:
0* disable GPIO2 interrupt
1 enable GPIO2 interrupt
0 GPIO1E R/W GPIO1 interrupt enable:
0* disable GPIO1 interrupt
1 enable GPIO1 interrupt

Table 48. System interrupt status register (address 060h)

Bit Symbol Access |Value Description
7 pot!l R/W1C power-on/system reset interrupt:
0 no power-on/system reset interrupt detected
1* power-on/system reset interrupt detected
6 cwt?! R/W1C CAN wake-up interrupt:
0* no CAN wake-up interrupt detected
1 CAN wake-up interrupt detected
5 oT R/W1C overtemperature warning interrupt:
0* no overtemperature warning interrupt detected
1 overtemperature warning interrupt detected
4 SPIF R/W1C SPI failure interrupt:
0* no SPI failure interrupt detected
1 SPI failure interrupt detected
3 uvcceC R/W1C V¢ undervoltage interrupt:
0* no V¢c undervoltage interrupt detected
1 V¢ undervoltage interrupt detected
2 reserved R - always write 1; ignore on read
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Table 48. System interrupt status register (address 060h)...continued

Bit Symbol Access |Value Description

1 wpPR? R/W1C WAKE pin rising-edge interrupt:
0* no WAKE pin rising-edge interrupt detected
1 WAKE pin rising-edge interrupt detected

0 wpFi2 R/W1C WAKE pin falling-edge interrupt:
0* no WAKE pin falling-edge interrupt detected
1 WAKE pin falling-edge interrupt detected

[11 PO interrupt is always enabled.
[2] This interrupt is also a wake-up source.

Table 49. CAN interrupt status register (address 061h)

Bit Symbol Access Value Description
7:4 reserved R - always write 1111; ignore on read
3 CBS R/W1C CAN bus silence interrupt:
0* no CAN bus silence interrupt detected
1 CAN bus silence interrupt detected
2 BUSDOM R/W1C CAN bus dominant interrupt:
0* no CAN bus dominant interrupt detected
1 CAN bus dominant interrupt detected
1 TXD2DOM R/W1C TXD2 dominant timeout interrupt:
0* no TXD2 dominant timeout interrupt detected
1 TXD2 dominant timeout interrupt detected
0 TXDDOM R/W1C TXD dominant timeout interrupt:
0* no TXD dominant timeout interrupt detected
1 TXD dominant timeout interrupt detected

Table 50. Partial networking interrupt status register (address 062h)

Bit Symbol Access Value Description
7:3 reserved R - always write 11111; ignore on read
2 PNFDER!" R/W1C partial networking frame detection error interrupt:
0* no partial networking frame detection error interrupt detected
1 partial networking frame detection error interrupt detected
1:0 reserved R - always write 11; ignore on read

[11 PNFDER interrupt is always enabled.
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Table 51. GPIO interrupt status register (address 063h)>

Bit Symbol Access Value Description
7:2 reserved R - always write 111111; ignore on read
1 GPIO2 R/W1C GPIO2 interrupt:
0* no GPIO2 interrupt detected
1 GPIO2 interrupt detected
0 GPIO1 R/W1C GPIO1 interrupt:
0* no GPIO1 interrupt detected
1 GPIO1 interrupt detected

7.12.13 Lock control register
Reset values after system startup (BOOT_OK; see Figure 3) are indicated by ™.

Table 52. Lock control register (address 050h)

Bit Symbol Access |Value Description
75 reserved R - always write 000; ignore on read
4 LKGPM R/W Lock control: general-purpose memory registers (OxFFO to OxFF3):
0~ SPI write access enabled
1 SPI write access disabled
3 LKRST R/W Lock control: system reset register (OXFEO):
0 SPI write access enabled
1* SPI write access disabled
2 LKCFG R/W Lock control: System/Wake/CAN configuration registers (0x40 to 0x47):
0~ SPI write access enabled
1 SPI write access disabled
1 LKPNC R/W Lock control: partial networking configuration registers (0x020 to 0x032):
0~ SPI write access enabled
1 SPI write access disabled
0 LKIE R/W Lock control: interrupt enable registers (0x010, 0x011, 0x012):
0~ SPI write access enabled
1 SPI write access disabled

7.12.14 General-purpose memory registers

The TJA1446 allocates 4 bytes of memory for general-purpose registers used to store user information. Note
that these registers are not cleared during an SPI system reset. They are cleared when the device enters Off
mode.

Table 53. General-purpose memory registers 0 to 3 (addresses FF0Oh to FF3h)

Addr. Bit Symbol Access Value Description

FFOh 7:0 GPM[7:0] R/W 00h general-purpose memory 0

FF1h 7:0 GPM[15:8] R/W 00h general-purpose memory 1
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Table 53. General-purpose memory registers 0 to 3 (addresses FFOh to FF3h)...continued

Addr. Bit Symbol Access Value Description
FF2h 7:0 GPM[23:16] R/W 00h general-purpose memory 2
FF3h 7:0 GPM[31:24] R/W 00h general-purpose memory 3

7.12.15 Device identification register

Table 54. Device identification register (address FFFh)

Bit Symbol Access Value Description
7:0 IDS R device identification number:
03h TJA1446A
04h TJA1446B
05h TJA1446C
TJA1446 Al information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
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8 Limiting values

Table 55. Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134); all voltages are referenced to pin GND, unless
otherwise specified; positive currents flow into the IC.

Symbol Parameter Conditions Min |Max Unit
Vy Voltage on pin X1 pins VCC, VIO -0.3 |+6 \%
. +714 Vv
pins VBAT - +40 \Y
LIMPFSO_N -0.3 |+40 \Y
pin INH 0.3 |Vgar+0.3°!|v
pins CANH, CANL, WAKE -36  |+40 \Y
pins RXD, TXD, SCSN, SCK, SDI, SDO, 03 |Vio+0.3% |v
RST_N, GPIOx
IrvBAT) reverse current on pin -10 |- mA
VBAT
lo(nH) output current on pin INH -2 - mA
lowmPFso_N) |output current on pin - 2 mA
LIMPFSO_N
loRsT_N) output current on pin - 18 mA
RST_N
V(caNH-cANL) |Voltage between pin CANH -40 |+40 \%
and pin CANL
Virt transient voltage on pin VBAT; on pins CANH, CANL and WAKE 5]
via 1 nF capacitor; pin WAKE with 3 kQ resistor
pulse 1 -100 |- \%
pulse 2a - +75 \%
pulse 3a -150 |- \%
pulse 3b - +100 \%
VEsp electrostatic discharge IEC 61000-4-2 (150 pF, 330 Q discharge circuit) ©
voltage on pins CANH, CANL: on pin VBAT with 8 |+8 KV
100 nF capacitor; on pin WAKE with =23 kQ
resistor
Human Body Model (HBM)
on any pin 71 4 +4 kV
on pins CANH, CANL B8 |+8 kV
Charged Device Model (CDM) 9]
on any pin -500 |+500 \%
Ty virtual junction temperature M0 40 |+150 °C
Tstg storage temperature M55 |+150 °C

[11 The device can sustain voltages up to the specified values over the product lifetime, provided applied voltages (including transients) never exceed these
values.
[2] The device can withstand voltages between 6 V and 7 V for a total of 20 s over the product lifetime.
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[3] Absolute maximum of 40 V.

[4] Subject to the qualifications detailed in Table notes 1 and 2 above for pin VIO, and for VIO-related input pins.

[5] Verified by an external test house according to IEC TS 62228, Section 4.2.4; parameters for standard pulses defined in ISO 7637, part 2.

[6] Verified by an external test house according to IEC TS 62228, Section 4.3.

[7]1  According to AEC-Q100-002.

[8] Pins stressed to reference group containing all ground and supply pins, emulating the application circuit (Figure 14). HBM pulse as specified in AEC-
Q100-002 used.

[9] According to AEC-Q100-011.

[10] In accordance with IEC 60747-1. An alternative definition of virtual junction temperature is: T; = Tamp + P * Ryp(a), Where Ry .4 is a fixed value used in
the calculation of T;. The rating for Ty; limits the allowable combinations of power dissipation (P) and ambient temperature (Tamp)-

[11] Tgg in application according to IEC61360-4. For component transport and storage conditions, see instead IEC61760-2.
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9 Thermal characteristics

Table 56. Thermal characteristics
Value determined for free convection conditions on a JEDEC 2S2P board.

Symbol Parameter Conditions!" Typ Unit
Ring-a) thermal resistance from junction to ambient DHVQFN18 69 KW
Rin(-c) thermal resistance from junction to casel? DHVQFN18 29 KW
Witop thermal characterization parameter from junction to top of package DHVQFN18 9 KW

[11  According to JEDEC JESD51-2, JESD51-5 and JESD51-7 at natural convection on 2s2p board. Board with two inner copper layers (thickness: 35 pm)
and thermal via array under the exposed pad connected to the first inner copper layer (thickness: 70 pm).
[2] Case temperature refers to the center of the heatsink at the bottom of the package.

10 Static characteristics

Table 57. Static characteristics

T,;=-40 °C to +150°C; Vcc =4.5V10 5.5V, Vio=1.71 V10 5.5 V; Vgar =4.75 Vto 40 V; R# =60 Q unless specified
otherwise; all voltages are defined with respect to ground; positive currents flow into the 1c.tm

Symbol | Parameter Conditions ‘ Min ‘Typ ‘ Max ‘ Unit

Supply; pin VCC

Vce supply voltage 4.5 - 5.5 \%

Vivd undervoltage detection 214 - 4.5 \%
voltage

Vuvhys undervoltage hysteresis 50 - - mV
voltage

lcc supply current Normal mode; transmitter dominant - 38 60 mA

Normal mode; short circuit on bus lines; - - 125 mA

-3V < (VcanH = Veany) < +40V

Normal mode, transmitter recessive - 6 9 mA
ListenOnly mode, LPL =0 - 6 9 mA
ListenOnly mode; LPL = 1; VBATVCC = 0; - - 30 MA
Ty <150 °C
ListenOnly mode; LPL = 1; VBATVCC = 1; - 90 165 MA
Ty <150 °C
Standby or Sleep mode; T,; < 85 °C - - 3 MA
Standby or Sleep mode; Ty; < 150 °C - - 30 MA
I/O level adapter supply; pin VIO
Vio supply voltage 1.71 - 5.5 \%
Vuvd undervoltage detection Sleep mode 1115 - 1.71 \%
voltage 2
all modes except Sleep and Off
TJA1446A 1.62 - 1.692 \%
TJA1446B, TJA1446C 2.97 - 3.102 \%
Viwr undervoltage release all modes except Sleep and Off
voltage
TJA1446 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.
Product data sheet Rev. 1.0 — 16 October 2024 Document feedback

51/74


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK

NXP Semiconductors

TJA1446

High-speed CAN transceiver with partial networking and advanced system monitoring

Table 57. Static characteristics...continued

Ty =40 °C to +150°C; VoG = 4.5 V10 5.5 V; Vig = 1.71 V10 5.5 V; Viar = 4.75 V10 40 V; Ry = 60 Q unless specified

otherwise; all voltages are defined with respect to ground; positive currents flow into the IC. I

Symbol Parameter Conditions Min Typ |Max Unit
TJA1446A 1.638 - 1.71 \Y,
TJA1446B, TJA1446C 3.003 - 3.135 V
Vivhys undervoltage hysteresis Sleep mode 33 - - mV
voltage
all modes except Sleep and Off
TJA1446A 14 - - mV
TJA1446B, TJA1446C 26 - - mV
Vovd overvoltage threshold all modes except Sleep and Off
voltage TJA1446A 189 |- 198  mV
TJA1446B 3.465 - 3.63 mV
TJA1446C 5.25 - 5.5 mV
lio supply current Normal or ListenOnly mode (excluding pull- - - 5 MA
up currents on V|o-related pins);
Vxp = Vio
Standby or Sleep mode;; T,; <85 °C - - 2 MA
Standby or Sleep mode; Ty; < 150 °C - - 4 MA
Supply; pin VBAT
VeaT battery supply voltage 4.75 - 40 \
Vuvd undervoltage detection all modes 21 4.25 - 4.75 \%
voltage
IsaT battery supply current Normal mode or (ListenOnly mode; Bl - 400 MA
VBATVCC = 1 or LPL = 0); pin INH left
open; Vgar <28V
ListenOnly mode; VBATVCC = 0 and Bl - 525 A
LPL = 1; pin INH left open; Vgar <28 V
Sleep or Standby mode; CAN Offline Bl
Bias mode; pin INH left open; CWE = 1;
CPNC =1; PNCOK = 1; VWAKE = VBAT;
Vear <28V
VBATVCC =0;T,;<85°C - - 450 MA
VBATVCC =0; T,; < 150 °C - - 500 MA
VBATVCC =1;T,;<85°C - - 350 MA
VBATVCC =1;T,;< 150 °C - - 375 MA
Standby mode; CAN Offline mode; pin INH
left open; Viwake = Veat of GND; Vgar <
28V
Tvj<85°C - 22 50 MA
Tvj <150 °C - 22 60 MA
Sleep mode; CAN Offline mode; Viyake =
VBAT or GND; VBAT <28V; V|o =0V
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Table 57. Static characteristics...continued

T,;=-40 °C to +150°C; Vec =4.5 V10 5.5V, Vio=1.71 V10 5.5 V; Vigar
otherwise; all voltages are defined with respect to ground; positive currents flow into the IC. I

=4.75Vto40 V; R;# =60 Q unless specified

Symbol Parameter Conditions Min Typ |Max Unit
Tvj<85°C - 12 20 MA
Tvj< 150 °C - 12 33 MA
Vgar = 32 V; BCCTRL = 0; additional - 0.15 |0.5 mA
current due to Vgat being increased to
32V
Vgar =40 V; BCCTRL = 0; additional - 1.2 1.8 mA
current due to Vgat being increased to
40V
CAN transmit data input; pin TXD
Viy HIGH-level input voltage 0.7Vio |- - V
Vi LOW-level input voltage - - 0.3Vip |V
Vhys(rxp) | hysteresis voltage on pin 50 - - mV
TXD
Rpu pull-up resistance 20 - 80 kQ
I||_(off) Off state input leakage TXD = high-Z or V|g < Vuvd(VIO); -5 - +5 MA
current oOV< VTXD < VIO
Ci input capacitance BT - 10 pF
CAN receive data output; pin RXD
loH HIGH-level output current Vrxp = Vi0-04V -10 - -1 mA
loL LOW-level output current Vrxp = 0.4V 1 - 10 mA
I||_(off) Off state input leakage RXD = high-Z or V|g < Vuvd(VIO); -5 - +5 MA
current oOV< VRXD < VIO
Serial peripheral interface
input pins SDI, SCK and SCSN
Viy HIGH-level input voltage 0.7Vio |- - V
Vi LOW-level input voltage - - 0.3Vip |V
Vhys hysteresis voltage 50 - - mV
Rpd pull-down resistance on pins SCK and SDI in Repeater mode; 20 - 80 kQ
Vsck = ViL; Vspi = ViL
Rpu pull-up resistance on pins SCK and SDI in Repeater mode; 20 - 80 kQ
Vsck = ViH; Vspr = ViH
on pin SCSN 4120 - 80 kQ
liL(off) Off state input leakage pins SDI and SCK; high-Z or -5 - +5 MA
current Vio < Vuvdvioy 0V < Vsp < Vip;
0V <Vsck <Vio
Ci input capacitance BT - 10 pF
output pin SDO
lon HIGH-level output current Vspo =VIO-04V -10 - -1 mA
loL LOW-level output current Vspo =04V 1 - 10 mA
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Table 57. Static characteristics...continued

Ty =40 °C to +150°C; VoG = 4.5 V10 5.5 V; Vig = 1.71 V10 5.5 V; Viar = 4.75 V10 40 V; Ry = 60 Q unless specified

otherwise; all voltages are defined with respect to ground; positive currents flow into the IC. I

Symbol Parameter Conditions Min Typ |Max Unit
IoL(off) Off state output leakage Vscsn = Vo or high-Z or V|g < Vuvd(VIO); -5 - +5 MA
current oOV< VSDO < VIO
General purpose I/Os; pins GPIOx
loH HIGH-level output current Vapiox = VIO - 0.4 V; depending on GPIO -10 - -1 mA
configuration
loL LOW-level output current Vapiox = 0.4 V; depending on GPIO 1 - 10 mA
configuration
ViH HIGH-level input voltage depending on GPIO configuration 0.7Vio |- - \%
Vi LOW-level input voltage depending on GPIO configuration - - 0.3Vip |V
Vhys hysteresis voltage depending on GPIO configuration 50 - - mV
Rpu pull-up resistance depending on GPIO configuration 20 - 80 kQ
Rpd pull-down resistance depending on GPIO configuration 20 - 80 kQ
IoL(off) Off state output leakage high-Z or V|g < Vuvd(VIO); 0V <Vgpiox<Vio -5 - 5 MA
current
Ci input capacitance BT - 10 pF
Reset input/output; pin RST_N
Viy HIGH-level input voltage 0.7Vio |- - V
Vi LOW-level input voltage - - 0.3Vip |V
Vhys hysteresis voltage 50 - - mV
VoL LOW-level output voltage IRST_N =1mA; (0 V=Vgar = Vuvd(VBAT)) 0 - 0.4 \%
and Vyjo 2 1.2 V) or ((Vear > Vuvd(vBaT))
and (O V< VVIO <55 V))
IrsT_N = 10 MA; Vgar > Vyyg(veaT) @nd Bllo - 0.25Vip |V
0V<sVyp<s55V
Rpu pull-up resistance toVip 20 - 80 kQ
Ci input capacitance Bl - 10 pF
Local wake-up input; pin WAKE
Rpu pull-up resistance VWAKE > Vihwake)(max) fOr t > twake(max) 100 - 400 kQ
de pull-down resistance Vwake < Vth(wake)(min) fort> twake(max) 100 - 400 kQ
Vin(wake) wake-up threshold voltage 1.8 - 2.6 \
Vhys hysteresis voltage 90 - - mV
Limp/fail-safe ouput; pin LIMPFSO_N
VoL LOW-level output voltage ILimPFso_N = 2 mA; LIMPFSO_N pin LOW 0 - 0.5 \
(bit LIMPFSOC = 01)
I leakage current Viumprso N =40 V; LIMPFSO_N pin HIGH -2 - 2 MA
(Vo) or high-Z (bit LIMPFSOC = 00, 10 or
11)
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Table 57. Static characteristics...continued

T,;=-40 °C to +150°C; Vec =4.5 V10 5.5V, Vio=1.71 V10 5.5 V; Vigar
otherwise; all voltages are defined with respect to ground; positive currents flow into the IC. I

=4.75Vto40 V; R;# =60 Q unless specified

Symbol Parameter Conditions Min Typ |Max Unit
AVy HIGH-level voltage drop ILimPFso N =-100 pA; LIMPFSO_N pin
HIGH (V,o; bit LIMPFSOC = 10 or 11)
TJA1446A 0 - 0.45 \Y,
TJA1446B, TJA1446C 0 - 1 \Y,
logsc) short-circuit output current |V juprso n =40 V; LIMPFSO_N pin LOW 2 - 18 mA
(bit LIMPFSOC = 01)
Vin(limp) limp threshold voltage for read back 0.5 - 1.3 \%
Inhibit output pin; pin INH
AVH HIGH-level voltage drop AVH = VBAT - VINH; IlNH =-1mA 0 - 1 V
AV = Vpar - ViNg; e = -2 MA 0 - 2 \
I leakage current Sleep mode; high-Z -2 - 2 MA
logsc) short-circuit output current  |Viyg =0V -15 - -2 mA
Bus lines; pins CANH and CANL
Vo(dom) dominant output voltage CAN Active mode; Vtxp =0 V;
t < tio(dom)TxD; Vec 24.75V
pin CANH; R_. =50 Qto 65 Q 2.75 3.5 45 \Y,
pin CANL; R_. =50 Qto 65 Q 0.5 1.5 2.25 \Y,
VTXsym transmitter voltage VTXsym = VCANH + VCANL; CSPLlT =4.7 nF; 3] O.QVCC - 1-1VCC \%
symmetry frxp = 250 kHz, 1 MHz or 2.5 MHz [5]
Vem(step) common mode voltage step g -150 - +150 mV
[6]
Vem(p-p) peak-to-peak common mode B11_300 - +300 mV
voltage 5]
[6]
Vodify differential output voltage CAN Active mode; dominant; Normal fs]
mode; Vrxp = 0 V; t < tiodom)txD; Ve 2
475V
R.=50Q1t065Q 1.5 - 3 \Y,
R.=45Qto70 Q 1.4 - 3.3 \Y,
R, = 2240 Q Bl11.5 - 5 Y%
CAN Active mode, recessive; CAN -50 - +50 mV
ListenOnly or CAN Offline Bias mode;
VTXD = VIO; no load
CAN Offline mode; no load -0.2 - +0.2 V
Vo(rec) recessive output voltage CAN Active, CAN ListenOnly or 2 25 3 \%
CAN Offline Bias mode; V1xp = Vio;
VBATVCC =1 or (VBATVCC = 0 and
VgaT 2 5.5 V); no load
CAN Offline mode; no load -0.1 0 +0.1 V
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Table 57. Static characteristics...continued

T,;=-40 °C to +150°C; Vcc =4.5V10 5.5V, Vio=1.71 V10 5.5 V; Vgar =4.75 Vto 40 V; R4 = 60 Q unless specified
otherwise; all voltages are defined with respect to ground; positive currents flow into the 1c.tm

Symbol Parameter Conditions Min Typ |Max Unit
Vth(RX)dif differential receiver -12V < VCANH <+12 V;
threshold voltage -12V<sVeanL S +12V
CAN Active, CAN ListenOnly or CAN 0.5 - 0.9 V
Offline Bias mode
CAN Offline mode 04 - 1.1 V
Vrec(RX) receiver recessive voltage  [-12V < Veany £ +12V;
12V < VCANL <+12V
CAN Active, CAN ListenOnly or CAN -8 - +0.5 \Y
Offline Bias mode
CAN Offline mode -8 - +0.4 \%

Vdom(RX) receiver dominant voltage -12V < VCANH <+12V;
-12V < VCANL <+12V

CAN Active, CAN ListenOnly or CAN 0.9 - 9 V
Offline Bias mode
CAN Offline mode 1.1 - 9 \%
Vhys(RX)dif differential receiver -12V < VCANH <+12 V; 50 - - mV
hysteresis voltage -12 V < VeanL S +12 V; CAN Active, CAN
ListenOnly or CAN Offline Bias mode; no
load
logsc) short-circuit output current  [-15V < Veany < +40 V; - - 115 mA
-15V s Vean, S +40V
lo(scyrec recessive short-circuit output [-27 V < Veanny < +32 V; -3 - +3 mA
current -27V < VeanL S 132V,
Normal or Listen-only mode; V1xp = Vio
I leakage current Vee = Vio = Vear = 0 V or pins shorted to -10 - +10 MA
GND via 47 KQ, VCANH = VCANL =5V
R; input resistance 2VSVeanL S+7V; -2V SVeanH S +7 V 16 32 50 kQ
AR; input resistance deviation OVEVeanL 45 V;0VEVeanH S 45V -3 - +3 %
Ri(dif) differential input resistance 2V SVeanL S +7V; -2V SVeanH S +7 V 32 64 100 kQ
Ci input capacitance on pins CANH, CANL to GND BT - 20 pF
Ciaif differential input capacitance BT - 10 pF
Temperature detection
Ti(sd) shutdown junction 311180 - 200 °C
temperature
Tisdyrel release shutdown junction Bl1475 - 195 °C
temperature

[11  All parameters are guaranteed over the junction temperature range by design. Factory testing uses correlated test conditions to cover the specified
temperature and power supply voltage ranges.

[2] Undervoltage is detected between min and max values. Undervoltage is guaranteed to be detected below min value and guaranteed not to be detected
above max value.

[3] Not tested in production; guaranteed by design.

[4]  The pull-up resistance on pin SCSN is a differential resistance.

[5] The test circuit used to measure the bus output voltage symmetry and the common-mode voltages (which includes Cgpy 1) is shown in Figure 16.
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[6] See Figure 11.

CANH

CANL

ch(step)

VCANH + VeANL

Vem(p-p)

aaa-037830

Figure 11. CAN bus common-mode voltage according to SAE 1939-14

11 Dynamic characteristics

Table 58. Dynamic characteristics

T,j=-40 °C to +150 °C; Voc =4.5 V10 5.5 V; Vio = 1.71 V10 5.5 V; Vgar = 4.75 V to 40 V; R, = 60 Q unless specified

otherwise; all voltages are defined with respect to ground.[ K

Symbol

Parameter

Conditions

‘Min ‘Typ ‘Max ‘Unit

CAN FD timing characteristics according to ISO 11898-2:2024; see Figure 12 and Figure 15

TJA1446

ta(TxD-busdom) |delay time from TXD to bus dominant Normal mode - - 102.5 |ns
taTxp-busrec) |delay time from TXD to bus recessive Normal mode - - 102.5 |ns
tabusdom-rRxD) |delay time from bus dominant to RXD Normal or ListenOnly mode - - 131 ns
tapusrec-RxD) | delay time from bus recessive to RXD Normal or ListenOnly mode - - 131 ns
tarxpL-rxpL) |delay time from TXD LOW to RXD LOW |Normal mode - - 220 |ns
tarxpH-rRxpH) |delay time from TXD HIGH to RXD HIGH |Normal mode - - 220 |ns
Atyiyrxp) received recessive bit width deviation Atyitrxp) = toit(RxD) - toit(TxD) -100 |- +50 |ns
CAN FD timing characteristics according to ISO 11898-2:2024 parameter set B (tyittxp) 2 200 ns, up to 5 Mbit/s)[zl; see
Figure 12 and Figure 15
Atyit(bus) transmitted recessive bit width deviation | Atyibus) = thit(bus) - thit(TxD) -45 - +10 |ns
Atree receiver timing symmetry Atrec = thitrxD) - thit(bus) -45 - +15 |ns
AtyiyrxD) received recessive bit width deviation Atyitrxp) = toit(RxD) - toit(TxD) -80 - +20 |ns
Watchdog[3]
twd watchdog period WDP = 000 9 10 11 ms
WDP = 001 18 20 22 ms
WDP =010 45 50 55 ms
WDP = 011 90 100 |110 |ms
WDP = 100 180 |200 |220 |ms
WDP = 101 450 |500 |550 |ms
WDP = 110 900 |1000 1100 |ms
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Table 58. Dynamic characteristics...continued
Ty;j=-40 °Cto +150 °C; Ve =4.5 V10 5.5V, Vip =1.71 V10 5.5 V; Vgar = 4.75 V to 40 V; R = 60 Q unless specified

High-speed CAN transceiver with partial networking and advanced system monitoring

otherwise; all voltages are defined with respect to ground.[ K

Symbol Parameter Conditions Min |Typ |Max |Unit
WDP =111 1800 |2000 |2200 |ms

Dominant time-out times

tio(dom)TXD TXD dominant time-out time V1xp = 0 V; Normal mode S} 0.8 - 4 ms

tio(dom)bus bus dominant time-out time Voif > 0.9 V; Normal or Listen Bllog |- 4 ms
Only mode 41

Bus wake-up times; pins CANH and CANL; see Figure 6 and Figure 7

twake(busdom) | PUS dominant wake-up time CAN Offline mode g 0.5 - 145 |us

twake(busrec) bus recessive wake-up time CAN Offline mode g 0.5 - 145 |us

tio(wake)bus bus wake-up time-out time CAN Offline mode S} 0.8 - 9 ms

td(busact_bias)[sl bus bias reaction time CAN Offline mode Bl - 250 |us

tio(silence) bus silence time-out time timer reset and restarted when /0.6 - 1.2 s
bus changes from dominant to Bl
recessive or vice versa

Serial peripheral interface timing; pins SCSN, SCK, SDI and SDO; see Figure 13"

toy(ck) clock cycle time Normal, ListenOnly or Standby 250 |- - ns
mode

tsPILEAD SPI enable lead time Normal, ListenOnly or Standby 50 - - ns
mode

tspiLaG SPI enable lag time Normal, ListenOnly or Standby 50 - - ns
mode

toik(H) clock HIGH time Normal, ListenOnly or Standby 100 |- - ns
mode

tok(L) clock LOW time Normal, ListenOnly or Standby 100 |- - ns
mode

trcik) clock rise time Normal, ListenOnly or Standby - - 20 ns
mode; 10 % to 90 %

ticik) clock fall time Normal, ListenOnly or Standby - - 20 ns
mode; 90 % to 10 %

tsuo) data input set-up time Normal, ListenOnly or Standby 50 - - ns
mode

thp) data input hold time Normal, ListenOnly or Standby 50 - - ns
mode

tvq) data output valid time CL = 30 pF; Normal, ListenOnly - - 50 ns
or Standby mode; pin SDO

ta(spl-spo) SDI to SDO delay time CL = 30 pF; Normal, ListenOnly - - 50 ns
or Standby mode; SPI address
bits and read-only bit; pin SDO
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Table 58. Dyn

T,;=-40 °C to +150 °C; Voc = 4.5 V10 5.5 V; Vig = 1.71 V.10 5.5 V; Vgar = 4.75 V t0 40 V; R, = 60 Q unless specified

High-speed CAN transceiver with partial networking and advanced system monitoring

amic characteristics...continued

otherwise; all voltages are defined with respect to ground.[ K

Symbol Parameter Conditions Min |Typ |Max |Unit
twH(s) chip select pulse width HIGH Normal, ListenOnly or Standby 250 |- - ns
mode
tasckL-scsni) |delay time from SCK LOW to SCSN Normal, ListenOnly or Standby 50 - - ns

LOW mode; pin SCSN
tto(3p|)[7] SPI time-out time 41 1.6 - 2.4 ms
CAN partial networking
Nbit(kﬂe)w] number of idle bits before a SOF is accepted Bllg - 10 -
it (bitjdom dominant bit filter time arbitration bit rate < 500 kbit/s; !5 - 175 |%
IDFS = 0x0 8]
ISO bitfilter 1; IDFS = 0x1 {Z} 5 - 175 |%
ISO bitfilter 2; IDFS = 0x2 Bllos |- 875 %
IDFS = 0x3 Bl1g - 93 ns
IDFS = 0x4 Bllgg |- 119  |ns
IDFS = 0x5 Bllg7 |- 145 |ns
IDFS = 0x6 Bllgr |- 170 |ns
General purpose 1/Os; pins GPIOx
titr filter time pin configured as input except ®1' 4 - 21 us
for GPIOXFS = 0x03 (TXEN_N
input) and GPIO2FS = 0x05 or
0x07 (TXD2 input)
pin configured as TXEN_N input BT 4 - 5 us
GPIOxFS = 0x03
tw(min) minimum pulse width pin configured as output except B3 - - us
when RXD2 option is selected
for GP10O1
Reset input/output; pin RST_N
ttr(rst) reset filter time for externally triggered reset ®1' 4 - 21 us
taqrst) reset delay time internaly generated reset: pin Bli18 - 2.2 ms
held LOW for tysy) f10]
to(rst) reset timeout time B 110 125 (140 |ms
trel(rst) reset release time M 10 - 35 us
Mode transitions; see Section 7.2, Figure 6 and Figure 7
tigmoch) mode change transition time Bl - 50 us
tstartup start-up time Bl - 1 ms
tstartup(RXD) RXD start-up time after local or remote wake-up Bllg - 20 V&
detected (1]
tstartup(INH) INH start-up time after local or remote wake-up Bl - 40 us
detected; transition from Sleep (3l
to Standby

TJA1446
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Table 58. Dynamic characteristics...continued

T

=-40 °Cto +150 °C; Ve =4.5Vt0 5.5 V; Vio=1.71 Vo 5.5 V; Vgar =4.75 V to 40 V; R, = 60 Q unless specified

otherwise; all voltages are defined with respect to ground.[ K
Symbol Parameter Conditions Min |Typ |Max |Unit
titsnm) SNM transition time bus dominant time for Start-to- |11 - 16 ms

Normal mode boot (4]

Local wake-up input; pin WAKE, see Section 7.2.2 and Table 44

[15]

twake wake-up time in response to a falling or rising
edge on pin WAKE; Standby or
Sleep mode
short wake-up time: B1120 - 50 us
WFC =0
long wake-up time: WFC =1 Bll12 |- 18  |'ms
Undervoltage detection; see Table 7, Table 11 and Table 130!
tdet(uv) undervoltage detection time =100 mV input overdrive
on pin VBAT - - 30 us
on pin VCC - - 36 us
on pin VIO - - 51 us
trec(uv) undervoltage recovery time =100 mV input overdrive
on pin VBAT - - 50 us
on pin VCC - - 56 us
on pin VIO - - 46 us
Overvoltage detection on pin VIO; 2 100 mV input overdrive; see Table 11
tdet(ov) overvoltage detection time - - 86 us
tdet(ov)long long overvoltage detection time e 150 |200 250 V&
trec(ov) overvoltage recovery time - - 77 V&
Limp/fail-safe output; pin LIMPFSO_N
tadetLF_NLy | delay time from failure detection to from detection of failure event Bl 7 12 14 V&
LIMPFSO_N LOW to Vi mprso_n falling to 10 % of 171

VgaT; 22 kQ pull-up to Vgar

11

[2]
[3]
[4]

[5]
[6]
[71
8]
[9]
[10]
[
2]
[13]

[14]

All parameters are guaranteed over the junction temperature range by design. Factory testing uses correlated test conditions to cover the specified
temperature and power supply voltage ranges.

Compliance with parameter set B requirements implies compliance for parameter set A (thittxp) = 500 ns, up to 2 Mbit/s).

Not tested in production; guaranteed by design.

Time-out occurs between the min and max values. Time-out is guaranteed not to occur below the min value; time-out is guaranteed to occur above the
max value

A dominant/recessive phase shorter than the min value is guaranteed not be seen as a dominant/recessive bit; a dominant/recessive phase longer than
the max value is guaranteed to be seen as a dominant/recessive bit.

As specified in ISO 11898-2:2024.

See Section 7.12.1.

Up to 2 Mbit/s data bit rate.

Pulses shorter than the min value are guaranteed to be filtered out; pulses longer than the max value are guaranteed to be processed.

RST_N is held LOW for a time between the min and max values. It's guaranteed not be held LOW before the min time and after the max time.

The reset is released at a time between min and max values. It is guaranteed not to be released before the min time, and guaranteed to be released after
the max time.

When a wake-up is detected, RXD start-up time is between the min and max values. RXD cannot be relied on below the min value; RXD can be relied on
above the max value; see Figure 6 and Figure 7.

INH switches HIGH between the min and max values after a wake-up had been detected. INH is guaranteed to be floating below the min value and
guaranteed to be HIGH above the max value; see Figure 6 and Figure 7.

The transition occurs between the min and max times. The transition is guaranteed not to occur below the min value; the transition is guaranteed to occur
above the max value.
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[15] Wake-up occurs between min and max values. Wake-up is guaranteed not to occur below the min value; wake-up is guaranteed to occur above the max

value.

[16] A long overvoltage will not be detected before the min time has elapsed, but will be detected, at the latest, by the time the max time has elapsed.
[17] LIMPFSO_N is guaranteed not to go LOW before the min value and guaranteed to be LOW after the max value.

td(busdom-RXD)

70 %
TXD
30 % \30 %
e
’ to p—
< 5 X tpi(TXD) bit(TXD) d(TXDL-RXDL)
ta(TXD-busrec) |« - >/ t4(TXD-busdom)
Vo(dif) /o9v
0.5V
thit(bus)
td(busrec-RXD) -
70 %
RXD
/£
td(TXDH-RXDH) thit(RXD)

§30%

Figure 12. CAN transceiver timing diagram according to ISO 11898-2:2024

aaa-056865
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s \
SCSN /l \
N _
tSPILEAD tsPILAG
| = toy(clk) — ‘ twH(s)
t t
td(SCKL-SCSNL) —» L S(H) | ok(L)
SCK X J i
el |+ : tho)—= |-
2
s A
SDI X X( MSB >< » >< LSB 7X X
—| = tq(spi-spoy"
' / - '
SDO X >< MSB >< . >< LSB >—< X
|8 / |

time

Figure 13. SPI timing diagram

(1) The SDI to SDO delay time is valid for SPI address bits and the read-only bit.
(2) The data output valid time is valid for the SPI data bits.

aaa-027898
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12 Application information

An example 12 V applications with components typically used with the TJA1446 is shown in Figure 14. See the
application hints (Section 12.2) for further information about external components and PCB layout requirements.

12.1 Application diagram

BAT —> 33V

il s

r' VBAT INH VCC VIO
12 7 3 5

I Vee
16 |-SCSN MICRO-
CONTROLLER
WAKE ” 6 SDO
standard
X 10 SCK uC ports
13 SDI
" RXD
GND 2 TJA1446 4 RXD
_J; 1 XD TXD
RST_N
9 = RST N
o aolicat LIMPFSO N | o
o applicaton ——
17 GPIO1 P
18 GPI02 Pyy
Vss

CANL Jv

aaa-051708

Figure 14. Typical TJA1446 application with a 3.3 V microcontroller

12.2 Application notes

Further information on the application of the TJA1446 can be found in NXP application notes AN14452'
TJA1446, TJA1466 application note', available on request from NXP Semiconductors.
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13 Test information

Figure 16. Test circuit for measuring transceiver driver symmetry

TXD CANH
RL - CL
60 Q =T 100 pF
l RXD CANL
15 pF
I aaa-030850
Figure 15. CAN transceiver timing test circuit
TXD CANH
30Q
frxp
CsPLIT I
4.7 nF
300Q
— RXD CANL

aaa-030851

13.1 Quality information

This product has been qualified in accordance with the Automotive Electronics Council (AEC) standard Q700
Rev-H - Failure mechanism based stress test qualification for integrated circuits, and is suitable for use in

automotive applications.
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14 Package outline

no leads;
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DHVQFN18: glastic dual in—line compatible thermal enhanced very thin quad flat package;
18 terminals; body 3.0 x 4.5 x 0.85
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DIMENSIONS (mm are the original dimensions) scale
Unit" A A b c D D, E E, e e k L v w y V4
max | 1.00 | 0.05 | 0.35 4.60 | 3.15 | 3.10 | 1.65 0.35 | 0.45
mm nom | 0.85 | 0.03 | 0.32 | 0.20 | 450 | 3.10 | 3.00 | 1.60 | 0.65 | 3.90 | 0.30 | 0.40 | 0.10 | 0.05 | 0.05 | 0.10
min | 0.80 | 0.00 | 0.29 440 | 3.05 | 290 | 1.55 0.25 | 0.35
Note
1.Plastic or metal protusions of 0.075 mm maximum per side are not included.
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Figure 17. Package outline SOT2163-1 (DHVQFN18)
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15 Handling information

All input and output pins are protected against ElectroStatic Discharge (ESD) under normal handling. When
handling ensure that the appropriate precautions are taken as described in JESD625-A or equivalent standards.

16 Soldering of SMD packages

This text provides a very brief insight into a complex technology. A more in-depth account of soldering ICs can
be found in Application Note AN10365 “Surface mount reflow soldering description”.

16.1 Introduction to soldering

Soldering is one of the most common methods through which packages are attached to Printed Circuit Boards
(PCBs), to form electrical circuits. The soldered joint provides both the mechanical and the electrical connection.
There is no single soldering method that is ideal for all IC packages. Wave soldering is often preferred when
through-hole and Surface Mount Devices (SMDs) are mixed on one printed wiring board; however, it is not
suitable for fine pitch SMDs. Reflow soldering is ideal for the small pitches and high densities that come with
increased miniaturization.

16.2 Wave and reflow soldering

Wave soldering is a joining technology in which the joints are made by solder coming from a standing wave of
liquid solder. The wave soldering process is suitable for the following:

* Through-hole components
* Leaded or leadless SMDs, which are glued to the surface of the printed circuit board

Not all SMDs can be wave soldered. Packages with solder balls, and some leadless packages which have
solder lands underneath the body, cannot be wave soldered. Also, leaded SMDs with leads having a pitch
smaller than ~0.6 mm cannot be wave soldered, due to an increased probability of bridging.

The reflow soldering process involves applying solder paste to a board, followed by component placement and
exposure to a temperature profile. Leaded packages, packages with solder balls, and leadless packages are all
reflow solderable.

Key characteristics in both wave and reflow soldering are:

* Board specifications, including the board finish, solder masks and vias
» Package footprints, including solder thieves and orientation

* The moisture sensitivity level of the packages

» Package placement

* Inspection and repair

* Lead-free soldering versus SnPb soldering

16.3 Wave soldering

Key characteristics in wave soldering are:

* Process issues, such as application of adhesive and flux, clinching of leads, board transport, the solder wave
parameters, and the time during which components are exposed to the wave

* Solder bath specifications, including temperature and impurities
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16.4 Reflow soldering

Key characteristics in reflow soldering are:

* Lead-free versus SnPb soldering; note that a lead-free reflow process usually leads to higher minimum peak
temperatures (see Figure 18) than a SnPb process, thus reducing the process window
» Solder paste printing issues including smearing, release, and adjusting the process window for a mix of large

and small components on one board

* Reflow temperature profile; this profile includes preheat, reflow (in which the board is heated to the peak
temperature) and cooling down. It is imperative that the peak temperature is high enough for the solder to
make reliable solder joints (a solder paste characteristic). In addition, the peak temperature must be low
enough that the packages and/or boards are not damaged. The peak temperature of the package depends on
package thickness and volume and is classified in accordance with Table 59 and Table 60

Table 59. SnPb eutectic process (from J-STD-020D)

Package thickness (mm)

Package reflow temperature (°C)

Volume (mm?)

<350 2 350
<25 235 220
225 220 220

Table 60. Lead-free process (from J-STD-020D)

Package thickness (mm)

Package reflow temperature (°C)

Volume (mm?3)

<350 350 to 2000 > 2000
<1.6 260 260 260
1.6t02.5 260 250 245
>25 250 245 245

Moisture sensitivity precautions, as indicated on the packing, must be respected at all times.

Studies have shown that small packages reach higher temperatures during reflow soldering, see Figure 18.
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Figure 18. Temperature profiles for large and small components

For further information on temperature profiles, refer to Application Note AN710365 “Surface mount reflow

soldering description”.
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17 Appendix: ISO 11898-2:2024 parameter cross-reference lists

Table 61. 1SO 11898-2:2024 to NXP data sheet parameter conversion!"

1ISO 11898-2:2024

NXP data sheet

Parameter

‘ Notation

Symbol

‘ Parameter

HS-PMA maximum ratings of Vcan_H, Vcan_L and Vpig

Optional: Extended maximum rating

Maximum rating Vbife V(canH-canL) |Voltage between pin CANH and pin CANL
General maximum rating Vean_ H Vy voltage on pin x
Vean L

HS-PMA recessive output characteristics, bus biasing active/inactive

Single ended output voltage on CAN_H Vean_ H Vo(rec) recessive output voltage
Single ended output voltage on CAN_L Vean L

Differential output voltage Vit Vodif) differential output voltage
HS-PMA dominant output characteristics

Single ended voltage on CAN_H Vean H Vo(dom) dominant output voltage
Single ended voltage on CAN_L Vean L

Differential voltage on normal bus load Vit Vodif) differential output voltage
Differential voltage on effective resistance during

arbitration

Optional: Differential voltage on extended bus

load range

Maximum HS-PMA driver output current

Absolute current on CAN_H lcan_H logse) short-circuit output current
Absolute current on CAN_L lean L

HS-PMA static receiver input characteristics, bus biasing active/inactive

Recessive state differential input voltage range Vit Vin(RX)dif differential receiver threshold voltage
Dominant state differential input voltage range Vreo(RX) receiver recessive voltage
Vdom(RX) receiver dominant voltage
HS-PMA receiver input resistance (matching)
Differential internal resistance RpIFF_pas_rec | Rii differential input resistance

Single-ended internal resistance

RSE_pas_rec_H
RSE_pas_rec_L

Ri

input resistance

Matching of internal resistance

mg

AR;

input resistance deviation

HS-PMA maximum leakage currents on CAN_H

and CAN_L, unpowered

Leakage current on CAN_H, CAN_L leaN H I leakage current
ICAN:L
HS-PMA driver symmetry
Driver symmetry ‘ Vsym_vee ‘VTXsym ‘transmitter voltage symmetry
Optional HS-PMA transmit dominant time-out
Transmit dominant time-out ‘tdom tio(dom)TXD ‘TXD dominant time-out time
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Table 61. 1SO 11898-2:2024 to NXP data sheet parameter conversion!"._continued

ISO 11898-2:2024

NXP data sheet

Parameter

Notation

Symbol

Parameter

HS-PMA implementation loop delay requirements for parameter sets A, B and C

Loop delay for parameter sets A and B

Loop delay for parameter set C

tLoop

t4(TXDH-RXDH)

delay time from TXD HIGH to RXD HIGH

ta(rxpL-RXDL)

delay time from TXD LOW to RXD LOW

Propagation delay from TXD to CAN_H/CAN_L
for parameter set C

forop(TXD_BUS)

ta(TxD-busdom)

delay time from TXD to bus dominant

td(TXD-busrec)

delay time from TXD to bus recessive

Propagation delay from CAN_H/CAN_L to RXD
for parameter set C

forop(BUS_RXD)

td(ousdom-RXD)

delay time from bus dominent to RXD

td(busrec-RXD)

delay time from bus recessive to RXD

HS-PMA implementation data signal timing requirements for parameter set

s A,Band C

Transmitted recessive bit width variation {ABit(Bus) Atyitbus) transmitted recessive bit width deviation
Received recessive bit width variation {ABit(RXD) AtyiyrxD) received recessive bit width deviation
Receiver timing symmetry tAREC Atrec receiver timing symmetry

HS-PMA implementation SIC timing and impedance for parameter set C

CAN FD data phase bitfilter (option 2)

PBitfilter_option2

Differential internal resistance (CAN_H to CAN_L) | Rpirr act rec | Ri(difjactrec active recessive phase differential input
resistance

Internal single-ended resistance RsE_act_rec Ri(actrec) active recessive phase input resistance

Start time of active signal improvement phase tact rec_start taTxo- delay time from TXD to bus active
busactrec)start | recessive start

End time of active signal improvement phase tact_rec_end taTxo- delay time from TXD to bus active
busactrec)end recessive end

Start time of passive recessive phase toas_rec_start | td(TxD- delay time from TXD to bus passive
buspasrec)start | Fecessive start

PMA voltage wake-up control timing

CAN activity filter time, long/short trilter twake(busdom) | PUS dominant wake-up time
twake(busrec) | DUS recessive wake-up time

Wake-up time-out twake tio(wake)bus bus wake-up time-out time

Wake-up pattern signaling tFiag tstartup(RXD) RXD start-up time
tstartup(INH) INH start—up time
tstartup(ERR_N) ERR_N start-up time

Number of recessive bits before next SOF

Number of recessive bits before a new SOF shall | ngits_jdgie Npit(idle) number of idle bits before a SOF is

be accepted accepted

BitFilter in CAN FD data phase

CAN FD data phase bitfilter (option 1) Paitfiiter_option1 | tfitr(bit)dom dominant bit filter time

HS-PMA bus biasing control timing

Time-out for bus inactivity

tsilence

tto(silence)

bus silence time-out time

Bus bias reaction time

{Bias

td(ousact-bias)

bus bias reaction time
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[11 A number of proprietary NXP parameters are equivalent to parameters defined in ISO 11898-2:2024, but use different symbols. This conversion table
allows ISO parameters to be cross-referenced with their NXP counterparts. The NXP parameters are defined in the Static and Dynamic characteristics
tables. The conversion table provides a comprehensive listing - individual devices may not include all parameters.

18 Appendix: TJA1445x/TJA1446x/ITJA1465x/TJA1466x family overview

Table 62. Feature overview of the the complete TJA1445x/TJA1446x/TJA1465x/TJA1466x family.
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Device g (& |8 |2 |2 |8 |8 |5 |2 (6 ¥ |B |2 |2 |2 |8
TJA1445A . ° ° ° ° ° ° °
TJA1445B . . . . . ° . 3 . .
TJA1446A . ° . ° ° 2 . ° . ° °
TJA1446B . ° ° . ° 2 . ° ° ° °
TJA1446C . . ° ° ° 2 . . . . °
TJA1465A . ° . . . . . ° ° °
TJA1465B . ° ° ° ° ° ° . ° 3 ° °
TJA1466A ) . ° . ° . . 2 . . . . °
TJA1466B . ° . ° ° . ° 2 . ° . ° °
TJA1466C . . ° ° ° ° ° 2 . ° ° ° .
19 Revision history
Table 63. Revision history
Document ID Release date Description
TJA1446 v.1.0 16 October 2024 Initial version
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Legal information

Data sheet status

[1112]

Document status Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]1  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL https://www.nxp.com.

Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.
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Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Export control — This document as well as the item(s) described herein

may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
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HTML publications — An HTML version, if available, of this document is
provided as a courtesy. Definitive information is contained in the applicable
document in PDF format. If there is a discrepancy between the HTML
document and the PDF document, the PDF document has priority.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.
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Suitability for use in automotive applications (functional safety) —
This NXP product has been qualified for use in automotive applications.

It has been developed in accordance with ISO 26262, and has been

ASIL classified accordingly. If this product is used by customer in the
development of, or for incorporation into, products or services (a) used in
safety critical applications or (b) in which failure could lead to death, personal
injury, or severe physical or environmental damage (such products and
services hereinafter referred to as “Critical Applications”), then customer
makes the ultimate design decisions regarding its products and is solely
responsible for compliance with all legal, regulatory, safety, and security
related requirements concerning its products, regardless of any information
or support that may be provided by NXP. As such, customer assumes all
risk related to use of any products in Critical Applications and NXP and

its suppliers shall not be liable for any such use by customer. Accordingly,
customer will indemnify and hold NXP harmless from any claims, liabilities,
damages and associated costs and expenses (including attorneys’ fees)
that NXP may incur related to customer’s incorporation of any product in a
Critical Application.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks

Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.

NXP — wordmark and logo are trademarks of NXP B.V.
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