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Features

e Dual LDO Regulators: 5V /250 mA (optional 3.3 V) main and 5V /100 mA auxiliary with off-board
protection.

e External Regulation: Supports external PNP for5V/3.3V or 3.3 V/1.8V extension.

e CAN FD Transceiver: ISO 11898-2:2016 & SAE J2284 compliant, up to 5 Mbit/s,
with Partial Networking and FD-tolerant mode.

e LIN Communication: Up totwo LIN 2.2/1SO 17987-4 / SAE J2602 channels.

e High-Side Outputs: Fourdrivers (typ. 7 Q), two HV GPIOs, three wake inputs.

e Safety Functions: Integrated watchdog, fail-safe logic, reset and interrupt outputs.
e SPI Interface: 16-bit SPI for configuration and diagnostics.

e Automotive Grade: AEC-Q100 Grade 1 qualified.

Applications

¢ Body Control Module (BCM)

e Keyless Entry and Start System

e Gateway Controller

¢ HVAC System

e Seat, Roof, Tailgate, Trailer and Door Module
¢ Lighting and Signal Control

e Gear Selector Interface

Description

The device is a Body System Integrated Circuit (IC) combining voltage regulation, power management, and in-
vehicle communication functions in a single compact solution. It features dual low-dropout regulators, a high-
speed CAN FD transceiver with Partial Networking support, and up to two LIN transceivers for distributed body
electronics. Multiple high-side switches and high-voltage wake inputs enable flexible load control and system
activation under demanding automotive conditions. With integrated safety supervision, diagnostic capability,
and AEC - Q100 Grade 1 qualification, the device is ideal for next-generation automotive body control
applications.

Product Variant VCC1 VCC2 VCC3 CAN CAN SWK |LIN
GD33AP2361F5AQC3TR 5V 5V 5V or 3.3V selectable 1 \ 0
GD33AP2361U5AQC3TR 5v 5V 5V or 3.3V selectable 1 X 0
GD33AP2361F3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 \ 0
GD33AP2361U3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 X 0
GD33AP2362F5AQC3TR 5V 5V 5V or 3.3V selectable 1 \ 1
GD33AP2362U5AQC3TR 5v 5V 5V or 3.3V selectable 1 1
GD33AP2362F3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 S 1
GD33AP2362U3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 X 1
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GD33AP2363F5AQC3TR 5V 5V 5V or 3.3V selectable 1 \ 2
GD33AP2363U5AQC3TR 5v 5V 5V or 3.3V selectable 1 2
GD33AP2363F3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 \ 2
GD33AP2363U3AQC3TR 3.3V 5V 3.3V or 1.8V selectable 1 X 2
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1 Overview

Scalable System Basis Chip Family

e Scalable product family designed to cover a wide range of automotive applications
e Full hardware and software compatibility across all variants
e GD33AP2363: 2 LIN transceivers, 1 CAN transceiver, 3 voltage regulators
e GD33AP2362: 1 LIN transceiver, 1 CAN transceiver, 3 voltage regulators
e GD33AP2361: No LIN transceiver, 1 CAN transceiver, 3 voltage regulators
e Variants available for 5V (GD33AP236xx5) and 3.3 V (GD33AP236xx3) main regulator output
e CAN Partial Networking versions: 5V (GD33AP236xF5) and 3.3 V (GD33AP236xF3)
Device Description

The GD33AP236x is a monolithic System Basis Chip (SBC) in an exposed-pad VQFN-48 (7 mm x 7 mm)
package with Lead Tip Inspection (LTI) for Automatic Optical Inspection (AOI).

Designed for CAN-LIN automotive applications, it provides the main power supply for the microcontroller and
acts as an interface for CAN and LIN networks, supporting CAN FD and Partial Networking.

The device integrates three low-dropout regulators (LDOs): a main 5V regulator for MCU supply, a

secondary 5V LDO with off-board protection for sensors, and an external PNP driver regulator for off-board or
load-sharing operation. It also includes a high-speed CAN FD transceiver with FD-tolerant mode, optional LIN
transceivers, high-side switches with protection, and a 16-bit SPI interface for configuration and diagnostics.

Comprehensive supervision features include a configurable window watchdog, three fail outputs, and an
undervoltage reset. The device supports low-power modes with wake-up via bus message, monitoring inputs,
or cyclic wake, ensuring minimal current consumption in battery-connected systems.

Robustly designed for automotive environments, the GD33AP236x family delivers a scalable, reliable, and
efficient solution for next-generation vehicle body electronics.

Product Features
e Very low quiescent current consumption in Stop and Sleep modes
e Periodic Cyclic Wake function in SBC Normal and Stop modes
e Periodic Cyclic Sense function available in SBC Normal, Stop, and Sleep modes
e Low-dropout voltage regulators (LDOSs):
o 5V /250 mA main regulator for MCU supply
o 5V /100 mA secondary regulator with protection for off-board usage
o External PNP driver regulator for load-sharing or stand-alone
operation, current-limited by external shunt resistor (up to 350 mA with 470 mQ resistor)
e High-speed CAN transceiver:
o Fully compliant with ISO 11898-2:2016 (HS-CAN standard)
o Supports CAN FD communication up to 5 Mbps
o Compliant with CAN Partial Networking and FD-tolerant mode
e LINtransceivers: 0to 2 channels (ISO 17987-4 / LIN 2.2 / SAE J2602) with
configurable TXD timeout and LIN Flash Mode
e Fourhigh-side switch outputs (typ. 7 Q) with dedicated supply pin
e Two general-purpose high-voltage I/Os (GPIOs) configurable as Fail Outputs, Wake Inputs, Low-Side or
High-Side switches
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e Three universal high-voltage wake inputs for voltage level monitoring

o Alternate high-voltage measurement function, e.g. for battery voltage sensing

e Configurable wake-up sources via bus or I/O events

e Reset output and configurable timeout / window watchdog

e Uptothree Fail Outputs (depending on configuration)

e Protection features: over-temperature and short-circuit protection

o Wide supply voltage and temperature range for automotive applications

e Green Product (RoHS compliant) and AEC-Q100 qualified

e VQFN-48 leadless exposed-pad package with Lead Tip Inspection (LTI) for Automatic Optical Inspection
(AQI)
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2 Block Diagram
— AREINE
13} 3 Sl s
VARV j i
| ‘ Vs
< FsL|
< F=
< hs | High Side V. Vees
<= cer
A A
<] |
< Foz | » V, VCC2 >
<o | cez
Altemative Function |
for FO2/3: GPIO 1/2 Fail Safe
[ soi
<o | SBC
[ SPI < STATE [
[csn MACHINE
INT | [ ——P———
| N Interrupt <
— 3 Control —
Window Watchdog
i X o>
RESET A
GENERATOR VCAN_ |
l wid emative Wi
fALlltrlctiontforWK V2 }/l\ L il WAKE < TXDCAN]
Voltage measurement <&
[wk2 >/ M~ — < [RXDCAR>
> 13 REGISTER CAN cell
> CANL
e W Selective Wake
VSHS }
b Logic
| 1
[Txpung [ e
<RXDUN| ( LINcell 1 —]
[un1 [
[TxDunZ €
<oun| LIN cell 2
[[un2
Figure 1 Block Diagram with CAN Partial Networking
Note:

For GD33AP2363 all the functions in the block diagram are available.
For GD33AP2362 LIN cell 2 (LIN2/TXDLIN2/RXDLIN2) is not available.

For GD33AP2361 LIN cell 1 and LIN cell 2 (LINL/TXDLIN1/RXDLIN1/LIN2/TXDLIN2/RXDLINZ2) are not

available.
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3 Pin Configuration
3.1 Pin Assignment
Z = - N
<zzz z 2
88283 .. zo_vb8
(@) — X
XX XxXx0Enaono3X
e zfegZononoe R
OO STONAO DN~ O LD
OMH OHOOHOONM®O®ANNNN N
VCAN 37 24 WK3
GND 38 23 WK?2
CANL 39 22 WK1
CANH 40 21 FO1
n.c 41 20 GND
LIN1 42 19 n.c.
GND 43 18 VCC2
LIN2 44 17 VCC1
n.c. 45 16 n.c.
n.c. 46 15VS
FO2 47 14 VS
Fo3/TesT48 | O 13 VSHS
PNwWbhOo~NowOoBERERQ
Oo<<K<K<KScsocIIIIS
20000« nunmmo
(W) OO0 RPN WD
W W W
T W0
m T
il
Figure 2 Pin Configuration
3.2 Pin Definitions and Functions
Pin Symbol Function
1 GND Ground
2 n.c. not connected; internally not bonded.
3 VCC3REF VCC3REF; Collector connection for external PNP, reference input
4 VCC3B VCC3B; Base connection for external PNP
5 VCC3SH VCC3SH; Emitter connection for external PNP, shunt connection
6 n.c. not connected; internally not bonded.
7 n.c. not connected; internally not bonded.
8 HS1 High Side Output 1; typ. 7Q
9 HS2 High Side Output 2; typ. 7Q
10 HS3 High Side Output 3; typ. 7Q
11 HS4 High Side Output 4; typ. 7Q
12 n.c not connected; internally not bonded.

6
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Pin Symbol Function

13 VSHS Supply Voltage for High-Side Switches and LIN and GPIO 1/2 in HS
configuration; Connected to battery voltage with reverse protection diode and
filter against EMC; Connectto VS if separate supply is not needed

14 VS Supply Voltage for chip internal supply and voltage regulators; Connected to
Battery VVoltage with external reverse protection Diode and Filter against EMC

15 VS Supply Voltage for chip internal supply and voltage regulators; Connected to
Battery VVoltage with external reverse protection Diode and Filter against EMC

16 n.c. not connected; internally not bonded.

17 VCC1 Voltage Regulator Output 1

18 VCC2 Voltage Regulator Output 2

19 n.c. not connected; internally not bonded.

20 GND Ground

21 FO1 Fail Output 1

22 WK1 Wake Input 1; Alternative function: HV-measurement function input pin
(only in combination with WK2, see Chapter 12.2.2)

23 WK2 Wake Input 2; Alternative function: HV-measurement function output pin
(only in combination with WK1, see Chapter 12.2.2)

24 WKS3 Wake Input 3

25 TXDLIN2 Transmit LIN2 (for GD33AP2363)
Not used for GD33AP2362/ GD33AP2361 - Do not connect, leave open.

26 RXDLIN2 Receive LIN2 (for GD33AP2363)
Not used for GD33AP2362/ GD33AP2361 - Do not connect, leave open.

27 CLK SPI Clock Input

28 SDI SPI Data Input; into SBC (=MOSI)

29 SDO SPI Data Output; out of SBC (=MISO)

30 CSN SPI Chip Select Not Input

31 INT Interrupt Output; used as wake-up flag for microcontroller in SBC Stop or
Normal Mode and for indicating failures. Active low.
During start-up used to setthe SBC configuration. External pull-up sets config
1/3, no external pull-up sets config 2/4.

32 RO Reset Output

33 TXDLIN1 Transmit LIN1 (for GD33AP2363/ GD33AP2362)
Not used for GD33AP2361 - Do not connect, leave open.

34 RXDLIN1 Receive LIN1 (for GD33AP2363/GD33AP2362)
Not used for GD33AP2361 - Do not connect, leave open.

35 TXDCAN Transmit CAN; alternate function: calibration of high-precision oscillator

36 RXDCAN Receive CAN

37 VCAN Supply Input; for internal HS-CAN cell

38 GND Ground

39 CANL CAN Low Bus Pin

40 CANH CAN High Bus Pin

41 n.c. not connected; internally not bonded.

42 LIN1 LIN1 Bus (for GD33AP2363/GD33AP2362)

Not used for GD33AP2361 - Do not connect, leave open.

7
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Pin Symbol Function

43 GND Ground

44 LIN2 LIN2 Bus (for GD33AP2363)

Not used for GD33AP2362/GD33AP2361 - Do not connect, leave open.
45 n.c. not connected; internally not bonded.
46 n.c. not connected; internally not bonded.
47 FO2 Fail Output 2 - Side Indicator; Side indicators 1.25Hz 50% duty cycle output;
Open drain. Active LOW.
Alternative Function: GPIO1; configurable pin as WK, or LS, or HS supplied by
VSHS (default is FO2, see also Chapter 14.1.1)

48 FO3/TEST Fail Output 3 - Pulsed Light Output; Break/rear light 100Hz 20% duty cycle
output;
Open drain. Active LOW
TEST; Connect to GND to activate SBC Development Mode;
Integrated pull-up resistor. Connect to VS with pull-up resistor or leave open for
normal operation.
Alternative Function: GPIO2; configurable pin as WK, or LS, or HS supplied by
VSHS (default is FO3, see also Chapter 14.1.1)

Coolin |GND Cooling Tab - Exposed Die Pad; connect the exposed pad to GND. Itis

g Tab recommended to connect the exposed pad to a heat sink.

Note: All'VS Pins mustbe connected to battery potential orinsertareverse polarity diodes where
required; all GND pins as well as the Cooling Tab must be connected to one common GND
potential; note that the tie bars at each package corner are connected to the cooling tab (see also
Chapter 18)

3.3 Hints for Unused Pins

To ensure proper device operation, the correct configuration must be selected. Functions that are not used shall
be disabled via SPI and pins treated as described below:

«  WK1/WK2/WKS3: Connect to GND and disable the wake inputs via SPI.
+  HSx: Leave open.

LINx, RXDLINx, TXDLINx, CANH, CANL, RXDCAN, TXDCAN: Leave all pins open.
RO /FOx: Leave open.

INT: Leave open.

TEST: Connect to GND during power-up to activate the SBC Development Mode;

connect to VS or leave open for normal user mode operation.
*+ VCC2: Leave open and keep disabled.
+  VCC3: Refer to Chapter 8.5 for specific configuration details.
*+  VCAN: Connectto VCC1.
* n.c.: Not connected; internally not bonded; connect to GND.

If unused pins are routed to an external connector that leaves the ECU, provisions should be made for a zero
ohm jumper (depopulated if unused) or appropriate ESD protection components.

3.4

Hints for Alternate Pin Functions

For pins with alternate functions selectable via SPI, it must be ensured that the correct configuration is properly
set via SPI, especially in cases where it is not automatically configured. Please refer to the corresponding
functional chapters for detailed descriptions.

In addition, the following considerations apply:

+  WK1/WK2:
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These pins can be configured either as high-voltage wake or voltage monitoring inputs, or as voltage
measurement inputs ((controlled by bit WK_MEAS). When used for voltage measurement, WK1 and WK2
shall not be assigned to any wake detection or cyclic sense functionality. WK1 and WK2 must be disabled
in the register WK_CTRL_2 and their level information should be ignored in registe WK_LVL_STAT.

« FO2/FOs3:
* These pins can alternatively be configured as GPIOs via the GPIO_CTRL register. When configured as

GPIOs, they must not be used for any fail - output functionality. The default function after Power -
on Reset (POR) is Fail Output (FOX).
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4 General Product Characteristics
4.1 Absolute Maximum Ratings

Table 1
T;=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin

Absolute Maximum Ratings?

(unless otherwise specified)

Parameter Symbol Values Unit | Noteor Note
Min Typ Max Test Condition
Voltages
Supply Voltage (VS, VSHS) > max -0.3 _ 28 \Y, -
Supply Voltage (VS, VSHS) > max -0.3 _ 40 Y Load Dump,
max. 400 ms
Voltage Regulator 1 Veer max |03 _ 55 \Y Vg, =96V ior
max. 10s
Voltage Regulator 2 Veco max | 03 _ 28 \Y Vi, =40V for
Load Dump,
max. 400 ms;
Voltage Regulator 3 Veesrermax | -0-3 _ 28 \Y Vcesrer =40V
(VCC3REF) ’ for Load Dump,
max. 400 ms;
Voltage Regulator 3 (VCC3B) | Vceap max 0.3 A Vg \Y Vs =40V for
+10 Load Dump,
max. 400 ms;
Voltage Regulator 3 Vecasumax | Vs - Vg \Y -
(VCC3SH) -0.30 +0.30
Wake Inputs WK1..3 Vi, max 0.3 - 40 \ -
Fail Pin FO1 Vo1, max -0.3 _ 40 \Y, _
Fail Pins FO2, FO3/TEST Veoo 3 max |03 _ Vs \Y, _
- +03
LINx, CANH, CANL Vaus max | -27 _ 40 % _
Maximum Differential CAN Vean oif, max | 40 _ 40 \Y -
Bus Voltage
Logic Input Pins (CSN, Vi max 0.3 - Vear |V -
CLK, SDI, TXDLINX, +0.3
TXDCAN)
Logic Output Pins (SDO, RO, | Vg 0.3 _ Vear \Y, -
INT, RXDLINX, RXDCAN) +0.3
VCAN Input Voltage Vvean max |03 _ 55 \Y -
High Side 1...4 HS, max -0.3 _ Vaus Y -
+03
Currents
Wake input WK1 kL 0 _ 500 A |2

10
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Table 1

Absolute Maximum Ratings? (cont’d)

T;=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin

(unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition

Wake input WK2 ko ma 500 | 0 uA |2

Temperatures

Junction Temperature T; -40 _ 150 °C -

Storage Temperature Teig -55 _ 150 °C -

ESD Susceptibility

ESD Resistivity Vespa 2 _ kv HBM?

ESD Resistivity to GND, HSX | Vesp 1 2 _ KV HBMs)

ESD Resistivity to GND, Vesoas -8 _ kv HBM*?

CANH,CANL, LINx

ESD Resistivity to GND Vesp 500 | _ 500 v CDM®

ESD Resistivity Pin 1, Vesp2o -750 _ 750 Y, CDM®

12,13,24,25,36,37,48 (corner
pins) to GND

1) Notsubjectto production test, specified by design

2) Applies only if WK1 and WK2 are configured as alternative HV-measurement function

3) ESD susceptibility, HBM according to ANSI/ESDA/JEDEC JS-001 (1.5kQ, 100pF)

4) For ESD “GUN” Resistivity 6KV (according to IEC61000-4-2 “gun test” (150pF, 330Q)), will be shown in Application

Information.

5) ESD susceptibility, Charged Device Model according to ANSI/ESDA/JEDEC JS-002

Notes

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
2. Integrated protection functions are designed to prevent IC destruction under fault conditions described in
the data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions
are not designed for continuous repetitive operation.

4.2 Functional Range
Table 2 Functional Range
Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition

Supply Voltage Vs func Veor | — 28 Y, D Vpog see
Chapter 15.10

LIN Bus Voltage Vs LN func 6 _ 18 \Y; 2

CAN Supply Voltage Vean func 4.75 _ 5.25 Y _

SPI frequency fspi - _ 4 MHz |see
Chapter 16.7 for
fspimax

Junction Temperature T -40 _ 150 °C _

1) Including Power-On Reset, Over- and Undervoltage Protection

2)  Parameter Specification according to LIN 2.2/ISO 17987-4

11
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Note: Within the functional range the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the related electrical
characteristics table.

Functional Behavior in Extended Voltage Conditions:

« 28V<VS,func<40V:
The device, including its internal state machine, remains functional. Regulators VCC1/2/3 operate normally,
but thermal shutdown may occur due to excessive power dissipation. HSx switches may turn OFF
depending on VSHS_OQV configuration. SPI communication speed remains within specification. Although
absolute maximum ratings are not violated, the device is not intended for continuous operation above 28 V.
Extended operation at high junction temperatures may reduce operating lifetime.

. 18V < VS,LIN <28V:
The LIN transceiver remains functional, but communication reliability may be degraded due to operation
outside LIN specification.

*  Vshusuvwp < VsLn < 6V:
The LIN transceiver remains functional; however, communication may fail under out-of-spec conditions.

. Vean < 4.75V:
The undervoltage bit VCAN_UV is set in SPI register BUS_STAT _1. The CAN transmitter
is disabled while the undervoltage condition persists

+  5.25V < Vcan <5.50V:
The CAN transceiver remains functional, but communication quality may be affected due to out-of-spec
operation.

*  Vpori< VS <55V:

The device remains functional, though specified electrical parameters may no longer be ensured. The

following behaviors apply under these conditions:

— Voltage regulators enter low-drop operation mode (applies for VCC3 only if bit VCC3_VS_UV_OFF
is set).

— AVCC1_UVreset may be triggered depending on Vrtx settings.

— The LIN transmitter is disabled once Vshs uvp threshold is reached.

— HSxswitch behavior depends on configuration:
-HS_UV_SD_EN =0’ (default): HSx will be turned OFF for VSHS < VSHS_UV and will stay OFF.
- HS _UV_SD_EN = ‘1": HSx stays ON as long as possible; an unwanted over-current shutdown may
occur, setting the OC shutdown bit and keeping HSx OFF.

—  FOxoutputs remain ON if previously enabled before VS >5.5V.
—  The SPIcommunication speed remains within specification.

4.3 Thermal Resistance
Table 3 Thermal Resistance?
Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition
Junction to Soldering Point | Ry,;p _ 6 _ KW | Exposed Pad
Junction to Ambient Ria - 33 _ Kw |2

1) Not subject to production test, specified by design.

2)  According to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board for 1.5W.Board: 76.2x114.3x1.5mm? with 2
inner copper layers (35um thick), with thermal via array under the exposed pad contacting the first inner copper layer and
300mm? cooling area on the bottom layer (70um).

4.4 Current Consumption

Table 4 Current Consumption

Current consumption values are specified at T;=25°C, Vg = 13.5V, all outputs open (unless otherwise specified)
12
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Parameter Symbol Values Unit | Note or Note
Min. ‘ Typ. ‘ Max. Test Condition
SBC Normal Mode
Normal Mode current INormal B 01 1 mA Vs=55Vt028V;
consumption ' T,;=-40 °C 0 +150 °C;
VCC2,
CAN,LIN,VCC3, HSx
=OFF
SBC Stop Mode
Stop Mode current Istop_1,25 B 80 _ uA DvCC2/3,HSx =
consumption OFF; CAN?,
LINX,WKx not wake
capable;
Watchdog = OFF;
no load on VCC1;
| PEAK_TH=0
Stop Mode_ current Istop_1.85 B B 120 WA 1>3)-|-]_ = 85°C;
consumption VCC2/3, HSx = OFF;
CANB3), LINXx,WKx not
wake capable;
Watchdog = OFF;
no load on VCC1;
| PEAK_TH="0
Stop Mode current Istop_2.25 B 80 B A DvCC2/3,HSx =
consumption OFF: CAN?,
(high active peak threshold) LINX,WKx not wake
capable;
Watchdog = OFF;
no load on VCC1,;
| PEAK TH="T’
Stop Modt—_z current Istop_2.85 _ B 120 A 1)3)T]_ =85°C;
consumption VCC2/3, HSx = OFF;
(high active peak threshold) CANB3), LINXx,WKx not
wake capable;
Watchdog = OFF;
no load on VCC1;
| PEAK TH="1
SBC Sleep Mode
Sleep Mode current Iieep,25 B 8 B WA VCC2/3, HSx = OFF;
consumption CANB3, LINX,WKx not
wake capable
Sleep Mode current Isieep.s5 3 B 45 UA 3)'|']. =85°C;
consumption VCC2/3, HSx = OFF;
CAN3?, LINX,WKXx not
wake capable

13
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Table 4
Current consumption values are specified at T;=25°C, Vg = 13.5V, all outputs open (unless otherwise specified)

Current Consumption (cont’d)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or
Test Condition

Note

Feature Incremental Curren

t Consumpt

ion

Current consumption for
CAN module, recessive state

ICAN,r-:-zc

mA

SBC Normal/Stop
Mode; CAN

Normal

Mode; VCC1
connected to VCAN;
VTXDCAN =VCCI];
no RL on CAN

Current consumption for
CAN module, dominant
state

ICAN,dom

45

mA

3SBC

Normal/Stop

Mode; CAN Normal
Mode; VCC1
connected to VCAN;
VTXDCAN =GND;

no RL on CAN

Current consumption for
CAN module, Receive
Only Mode

ICAN,R(:vOnIy

0.9

12

mA

349SBC Normal/Stop
Mode; CAN Receive
Only Mode; VCC1
connected to VCAN;
VTXDCAN =VCC1];
no RL on CAN

Current consumption during
CAN Partial Networking
frame detect mode
(RX_WK_SEL =0)

ICAN,SWK,ZS

560

690

3)Tj =25°C;

SBC Stop Mode;
VCC2, HSx = OFF;
LIN,WKx not wake
capable;

CAN SWK wake
capable, SWK
Receiver enabled,
WUF detect;

no RL on CAN

Current consumption during
CAN Partial Networking
frame detect mode
(RX_WK_SEL =0)

ICAN,SWK,85

720

3)Tj =85°C;

SBC Stop Mode;
VCC2, HSx = OFF;
LIN,WKXx not wake
capable;

CAN SWK wake
capable, SWK
Receiver enabled,
WUF detect;

no RL on CAN

Table 4

Current Consumption (cont’d)

Current consumption values are specified at T;=25°C, Vg = 13.5V, all outputs open (unless otherwise specified)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note or
Test Condition

Note

14
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Current consumption per lLinrec B 01 1 mA | SBC Normal/Stop
LIN module, recessive state ’ Mode; LIN Normal
Mode; VTXDLIN =
VCC1,;
no RL on LIN
Current consumption per lLin.dom B 10 15 mA ®SBC Normal/Stop
LIN module, dominant state ' ’ Mode; LIN Normal
Mode; VTXDLIN =
GND;
no RLon LIN
Current consumption per | yraony | 0.2 05 mA 9SBC Normal/Stop
LIN module, Receive Only : ' Mode; LIN Receive
Mode Only Mode; VTXDLIN=

VCC1;no RLon LIN

Current consumption for lwakewkx2s | 0.2 5 WA 58)) SBC Sleep
WK1..3 wake capability Mode; WK1..3 wake
(all wake inputs) capable (all WKx
enabled);
LIN, CAN =OFF
Current consumption for hwakewkxgs | 05 3 A 90ISBC Sleep
WK1..3 wake capability ' Mode; T, = 85°C;
(all wake inputs) WKZ1..3 wake capable;
(all WKx enabled);
LIN, CAN = OFF
Current consumption per hwakenzs | ) _ A 5SBC Sleep Mode;
LIN module wake capability LIN wake capable;
WK1..3, CAN = OFF
Current consumption per hvakeimgs | B 7 A 3PISBC Sleep Mode;
LIN module wake capability T,=85%C;
LIN wake capable;
WK1..3, CAN =
OFF
Current consumption for lwakecanzs | 9 ~ WA 25)SBC Sleep Mode;
CAN wake capability CAN wake capable;
(tsilence expired) WK1..3, LIN = OFF
Current consumption for hwake.cangs | ~ 15 A 2¥PSBC Sleep Mode;
CAN wake capability T,=85°C;
(tsilence expired) CAN wake
capable; WK1..3,
LIN = OFF
VCC2 Normal Mode INormaI,VCCZ _ 35 100 HA VS =55V1t028 V;
current consumption T;=-40°Cto +130°C;
VCC2 = ON (no load)
Table 4 Current Consumption (cont’d)

Current consumption values are specified at T;=25°C, Vg = 13.5V, all outputs open (unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Test Condition

Min. Typ. Max.

15
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Current consumption for |sieep vec2.2s 33 ~ WA DISBC Sleep Mode;
VCC2 in SBC Sleep VCC2 = ON (no load);
Mode LIN, CAN,
WK1..3=0FF
Current consumption for lseepvccags | B 45 A DIPSBC Sleep
VCC2 in SBC Sleep Mode; T; =85°C;
Mode VCC2=0ON (no
load); LIN, CAN,
WK1..3=OFF
Current consumption for Isieepvccazs | 20 B UA DISBC Sleep Mode;
VCC3 in SBC Sleep Mode VCC3 = ON (no load,
in stand-alone stand-along config.);
configuration LIN, CAN,
WK1..3=0FF
Current consumption for |sieepvccags | B 80 A DINSBC Sleep Mode;
VCC3 in SBC Sleep Mode T,=85°C;VCC3=0ON
in stand-alone (no load, stand-along
configuration config.); LIN, CAN,
WK1..3=0FF
Current consumption for Istophsx2s | 550 | UA S®SBC Stop Mode;
HSx in SBC Stop Mode Cyclic Sense &
HSx= ON (no load);
LIN, CAN,
WK1..3=0FF
Current consumption for IsiopHsxgs | Q 200 A 358)SBC Stop Mode;
HSx in SBC Stop Mode T;=85%C;
Cyclic Sense & HSx =
ON (no load);
LIN, CAN,
WK1..3=0FF
Current consumption for sopcszs | 29 B A SIOSBC Stop
cyclic sense function Mode; WD = OFF
Current consumption for Istop,cses _ - 35 HA FPNOSBC Stop Mode;
cyclic sense function T;=85°C;
WD = OFF
Current consumption for | lg, oo | 5 B A 9SBC Stop Mode;
watchdog active in Stop Watchdog running
Mode
Current consumption for |stopwhss _ _ 35 uA 9SBC Stop Mode;
watchdog active in Stop T,=85%C;
Mode Watchdog running
Table 4 Current Consumption (cont’d)

Current consumption values are specified at T;=25°C, Vg = 13.5V, all outputs open (unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition
i 3) .
Current consumption for |stop,FOx B 04 20 mA all SBC Modes;

active fail outputs (FO1..3)

T= 25°C; FOx=0ON (ho
load);

16
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Current consumption for | 3)SBC Stop/Sleep
GPIOx if configured as low- ,SHtgp'GPIOX'LS - 450 B KA mode; GPIO
side/high-side for SBC configured as
Stop or Sleep mode LS/HS (no load);
Current consumption for | 9SBC Stop/Sleep
GPIOx if configured as low- ,Sﬁgp'GPIOX'LS h B 600 WA mode; Tj=-
side/high-side for SBC 40...150°C;
Stop or Sleep mode GPIO configured
as LS/HS (no
load);

1) If the load current on VCCL1 will exceed the configured VCCL1 active peak threshold lvcciipeakt,r OF lveei, ipeakar,
the current consumption may increase slightly to ensure optimum dynamic load behavior. See also Chapter 6,
Chapter 7, Chapter 8.

2) CAN not configured in selective wake mode.

3) Not subject to production test, specified by design.

4)  Current consumption adder also applies for during WUF detection (frame detect mode) when CAN Partial Networking
is activated.

5) Current consumption adders of features defined for SBC Sleep Mode also apply for SBC Stop Mode and vice versa
(unless otherwise specified).

6) No pull-up or pull-down configuration selected.

7) The specified WKx current consumption adder for wake capability applies regardless how many WK inputs are
activated.

8) Atyp. 75pA adder applies for every additionally activated HSx switch in SBC Stop Mode; In SBC Normal Mode every
HSx switch consumes the typ. 75 pA without the initial adder because the biasing is already enabled.

9) HS1 used for cyclic sense, Timer 2, 20ms period, 0.1ms on-time, no load on HS1.
In general the current consumption adder for cyclic sense in SBC Stop Mode can be calculated with below equation:
IStop,CS (typ.) = 29pA + (550pA *tON/TPer)

10) Also applies to Cyclic Wake

Note: There is no additional current consumption contribution due to PWM generators.

17
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5 System Features

This chapter describes the system features and operational behavior of the GD33AP236x:
+  State machine
+  SBC mode control
»  Device configuration
*  Supply and peripheral status
+  System functions such as cyclic sense and cyclic wake
»  Supervision and diagnostic functions

Operating Modes
The SBC provides six main operating modes:

e SBC Init Mode:
Activated during device power-up or after a soft reset.

e SBC Normal Mode:
The main operating mode for standard system functionality.

e SBC Stop Mode:
First-level power-saving mode with the main voltage regulator VCC1 enabled.

e SBC Sleep Mode:
Second-level power-saving mode with VCC1 disabled to minimize current consumption.

e SBC Restart Mode:
An intermediate mode entered after a wake event from SBC Sleep or Fail-Safe Mode, or after a system f
ailure (e.g., watchdog trigger failure or VCC1 undervoltage reset).
It brings the microcontroller into a defined reset state.
Once the failure condition is cleared, the device automatically returns to SBC Normal Mode after a delay
time (tRD1).

e SBC Fail-Safe Mode:
A safe-state mode activated after critical failures (e.g., watchdog failure or VCC1 undervoltage reset), en
suring the system enters a stable and recoverable state.
VCC1 is disabled, and the device remains in this mode until either a wake event (via CAN, LINX, or WKx)
occurs or the over-temperature condition is cleared.

A special mode called SBC Development Mode is available for software development and debugging.All operati
ng modes can be accessed in this mode; however, the watchdog counter is halted and does not require regular tr
iggering. This mode is entered by setting the TEST pin to GND during SBC Init Mode.

The device can be configured via hardware (external components) to define behavior after a watchdog trigger
failure. Further details are provided in Chapter 5.1.1.

The System Basis Chip is controlled via a 16-bit SPI interface. A detailed description can be found in
Chapter 16.The configuration as well as the diagnosis is handled via the SPI.
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51 Block Description of State Machine

The different SBC operating modes can be selected via SPI by setting the corresponding SBC MODE bits in
the register M_S_ CTRL. When the device enters SBC Restart Mode, these bits are automatically cleared,
ensuring that the register always reflects the current active SBC mode.

First battery connection SBC Soft Reset

! !

SBC Init Mode *
(Long open window)
VCC1 | VvCcC2 VCC3 | WD |[Cyc.Sense
Fixed: settings stay as ON OFF OFF |[Config.| OFF 1 e
defined in SBC Normal Mode FOx | CAN® | LINX®| HSx [cycwake command
inact. OFF OFF OFF OFF

Config.: settings can be
changed in this SBC mode;

A\ 4

*The SBC Development
Mode is a super set of state SBC Normal Mode
machine where the WD timer

is stopped and CAN/LINX ”| VCC1l | VvCC2 VCQ3 WI_D Cyc.Sense WD tigger
behavior differs in SBC Init ON config. | config. | config. | config.
Mode. Otherwise, there are FOX caAN® | LINx® | HSx Cyc.Wake
no differences in behavior. actfinact| config. | config. | config.| config.
A
Automatic_{_« Resetis released sPicmd 4  SPicmd -+ spicmd
= WD starts with long open window
\ 4
SBC Sleep Mode SBC Stop Mode
vCcCl | vcez VfCCg/‘Z’ WD [Cyc.Sense VCCL | VCC2 | VCC3 | WD [CycSense
OFF | fixed | OFF | OFF. | fixed ON | fixed | fixed | fixed | fixed
VCC1 over voltage
Config 1/3 (f VCC_OV_RST set) EOX CV)?\/NI((SW) Vblgll()é HSx |Cyc.Wake I_:OX CAN(S) L_I NXx HSX Cy(?.Wake
l fixed capa%le‘leoff capableloff| fixed OFF fixed fixed fixed | fixed fixed
SBC Restart Mode T Wake up event
ch‘uI;T/E; Zolgsfaw"gfélure (RO pinis asse(’;“) <
inConfig 4 VCC1 | yccz | VCC3”l wD [cyc.Sense After 4x consecutive VCC1
—] i - vcel Itag
rag’,}' |lqg OFF ra%%icr‘]/g OFF OFF Config 2/4 f \%anov;m set) Um:,e Vg";@gﬁj“’vﬁ s
FOX® [ caN® T LNx® | Hsx Wak
vect = active/ | woken/ | woken/ Cyng €
Undervoltage fixed OFF OFF OFF
4 SBC Fail - Safe Mode® TSD2 evert
} VCC1 | VCC2 | VCC3 | WD [Cyc.Sense] st Watchdog Failre, Canfig2
CAN, LINX, WKx wake-up event OFF OFF OFF OFF OFF # ae 9
" § . . OR
e s (0 B o By o o s e Reease oroveremperanee | FOX@ | GAN | I | HSX eyewake] ey snonwoan
other Fail-Safe Events. Only then the device can leave the mode viaa TSD2 after trsoe active b OFF OFF
wake-Up event. Wake events are stored during this time. capable | capable

@ According to VCC3 configuration.

@ For SBC Development Mode CAN/LINXNCC2 are ON in SBC Init
Mode and stay ON when going from there to SBC Nomal Mode.

W see chapter CAN & LIN for detailed behaviorin SBC Restart Mode.
) CAN transceiver can be SWK capable, depending on configuration.
() See Chapter 5.1.5 and 14.1 for detaied FOx behavior.

™ Must be set to CAN wake capable / CAN OFF mode before entering
SBC Sleep Mode.

Figure 3 State Diagram showing the SBC Operating Modes including CAN Partial Networking
51.1 Device Configuration and SBC Init Mode

The SBC enters Init Mode after the supply voltage crosses the power-on reset threshold Veorr (See also

Chapter 15.3). At this stage, the watchdog is activated with a long open window (t.w)to allow proper system

initialization.

During this power-on phase, the following configurations are latched into the device:

+  Thedevice behaviorin response to a watchdog trigger failure and VCC1 overvoltage condition is
determined by the external circuitry connected to the INT pin (see below).
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«  The operating mode selection either
normal operation or SBC Development Mode (with watchdog disabled for debugging) is defined by the
voltage level on the FO3/TEST pin (see also Chapter 5.1.7).

5.1.1.1 Device Configuration

The device configuration defines the SBC behavior in case of a watchdog trigger failure.Depending on the ap

plication requirements, the VCC1 output can either remain ON or be switched OFF when a watchdog failure o
ccurs (after one or two missed triggers).To configure the device so that VCC1 is switched OFF and the SBC e
nters Fail - Safe Mode upon a watchdog failure (Config 2/4), the INT pin does not require an external pull -
up resistor.If VCC1 should remain enabled after a watchdog failure (Config 1/3), the INT pin must be connect

ed to VCC1 through an external pull-up resistor (see application diagram in Chapter 17.1).

Figureb5illustrates the timing of the hardware configuration selection.The hardware configuration is defined d
uring SBC Init Mode.During the reset delay time (trp1), i.€., after VCC1 crosses the reset threshold (VRT1) an
d before the RO pin goes HIGH, the INT pin is internally pulled LOW by a weak pull -
down resistor.The INT pin voltage is monitored during this period (with a continuous filter time tcs ¢), and the
configuration value — determined by the voltage level at INT — is latched at the rising edge of RO.

Note: If the POR bit is not cleared then the internal pull-down resistor will be reactivated every time
RO is pulled LOW the configuration will be updated at the rising edge of RO. Therefore it is
recommended to clear the POR bit right after initialization. In case there is no stable signal at
INT, then the default value ‘0’ will taken as the config select value = SBC Fail-Safe Mode.

{C

n

e
N

S >t

C
M
Continuous Filtering with tees ¢

A

cc
trp1

Configuration selection monitoring period
Figure 4 Hardware Configuration Selection Timing Diagram

B
)
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There are four different device configurations (Table 5) available defining the watchdog failure and the VCC1
overvoltage behavior. The configurations can be selected via the external connection on the INT pin and the
SPI bit CFG inthe HW_CTRL register (see also Chapter 16.4):

+ CFGP =1": Config 1 and Config 3:

1) A watchdog trigger failure leads to SBC Restart Mode and depending on CFG the Fail Outputs (FOX) are

activated after the 1st (Config 1) or 2nd (Config 3) watchdog trigger failure;
2)A VCC1 overvoltage detection will lead to SBC Restart Mode if VCC1_OV_RST is set.
VCC1_OV will be set and the Fail Outputs are activated,;
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+ CFGP ='0": Config 2 and Config 4:
1) A watchdog trigger failure leads to SBC Fail-Safe Mode and depending on CFG the Fail Outputs (FOx) are
activated after the 1st (Config 2) or 2nd (Config 4) watchdog trigger failure. The first watchdog
trigger failure in Config 4 will lead to SBC Restart Mode;
2)A VCC1 overvoltage detection will lead to SBC Fail-Safe Mode if VCC1_OV_RST is set.
VCC1_0OV will be set and the Fail Outputs are activated,;

The respective device configuration can be identified by reading the SPI bit CFG inthe HW_CTRL register and
the CFGP bit in the WK_LVL_STAT register.

Table 5 shows the configurations and the device behavior in case of a watchdog trigger failure:

Table5 Watchdog Trigger Failure Configuration

Config | INTPin (CFGP) | spIBitCFG | RO activation FOx activation SBC Mode Entry

1 External pull-up |1 each watchdog failure | after 1st WD failure | SBC Restart Mode

2 No ext. pull-up 1 each watchdog failure | after 1st WD failure | SBC Fail-Safe
Mode after 1st WD
failure

3 External pull-up |0 each watchdog failure | after 2nd WD failure | SBC Restart Mode

Noext.pull-up |0 each watchdog failure | after 2nd WD failure | SBC restart mode after

1st WD failure.
SBC Fail-Safe Mode
after 2nd WD failure

Table 6 shows the configurations and the device behavior in case of a VCC1 overvoltage detection when
VCC1 OV _RSTis set:

Table 6 Device Behavior in Case of VCC1 Overvoltage Detection
Config | INTPin (CFGP) | CFGBIt |vcCc1_O |Event VCC1 | FOx Activation SBC Mode Entry
V_RST _ oV

1-4 any value X 0 1xVCC10V |1 no FOXx activation | unchanged

1 External pull- |1 1 1xVCC10V |1 after 1st VCC1 OV | SBC Restart Mode
up
No ext. pull-up |1 1 1xVCC1l0V |1 after 1st VCC1 OV | SBC Fail-Safe Mode
External pull- |0 1 1xVCC10V |1 after 1st VCC1 OV | SBC Restart Mode
up

4 No ext. pull-up |0 1 1xVCCl0V |1 after 1st VCC1 OV | SBC Fail-Safe Mode

The respective configuration will be stored for all conditions and can only be changed by powering down the
device (VS <V pory).

51.1.2 SBC Init Mode

In SBC Init Mode, the device waits for the microcontroller to complete its startup and initialization sequence.
During this mode, any valid SPI command will transition the SBC to SBC Normal Mode.Within the long open win
dow (tLw), the watchdog must be triggered once; doing so automatically configures the watchdog parameters.If n
o watchdog trigger occurs during this interval, a watchdog failure is detected and the device enters SBC Restart
Mode.

All wake-up events are ignored during SBC Init Mode and will therefore be lost.

Notes

1. Any SPIcommand will bring the SBC to Normal Mode, even if the command is illegal (see Chapter 16.2).

2. Forasafe startup, itis recommended to use the first SPI command to trigger and configure the watchdog (se
e Chapter 15.2).
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3. During power-up, no VCC1_UVevent will be issued, nor will any FOx signal be triggered as long as VCC1 re
mains below the Vgt x threshold and VS is below the VCC1 short-circuit detection threshold (Vsuv). The RO p
in will remain LOW as long as VCC1 is below the selected Vrrx threshold.

51.2 SBC Normal Mode

The SBC Normal Mode represents the standard operating mode of the device. All configuration activities must
be completed in this mode before transitioning into any low-power mode (see also Chapter 5.1.6
for details on Fail-Safe Mode configuration).

A wake-up event on CAN, LINx, or WKx will generate an interrupt on the INT pin, but it will not change the

current SBC mode.

*+ VCC1is active

*  VCC2 can be switched ON or OFF (default = OFF)

* VCC3is configurable (OFF coming from SBC Init Mode; as previously programmed coming from SBC
Restart Mode)

* CAN is configurable (OFF coming from SBC Init Mode; OFF or wake capable coming from SBC Restart
Mode, see also Chapter 5.1.5)

+  LINis configurable (OFF coming from SBC Init Mode; OFF or wake capable coming from SBC Restart
Mode, see also Chapter 5.1.5)

*  HS Outputs can be switched ON or OFF (default = OFF) or can be controlled by PWM; HS Outputs are
OFF coming from SBC Restart Mode

*  Wake pins show the input level and can be selected to be wake capable (interrupt)

*  Cyclic sense can be configured with HS1...4 and Timerl or Timer2

*  Cyclic wake can be configured with Timerl or Timer2

*  Watchdog is configurable

+  All FOx outputs are OFF by default. Coming from SBC Restart Mode FOx can be active (due to a failure
event, e.g. watchdog trigger failure,VCC1 short circuit, etc.) or inactive (no failure occurred)

In SBC Normal Mode, the FO outputs can be tested to verify the intended system response when the FO pinis dr
iven LOW. The microcontroller can enable and disable the FO output by setting the FO_ON SPI bit.
This feature is provided for testing purposes only and should not be used during normal operation.

5.1.3 SBC Stop Mode

The SBC Stop Mode is the first-level low-power technique used to reduce the overall current consumption by
placing the voltage regulators VCC1, VCC2, and VCC3 into a low-power state. In this mode, VCC1 remains
active, continuing to supply the microcontroller, which may itself enter a power-down mode. The VCC2
supply, CAN and LIN interfaces, as well as the HSx outputs can be configured to remain enabled if required.
All necessary configurations must be completed before entering SBC Stop Mode. Within SBC Stop
Mode, any SPIWRITE command is ignored and the SPI_FAIL bit is set, except for the following operations:
Transitioning to SBC Normal Mode, Triggering an SBC Soft Reset, Refreshing the watchdog, Reading and
clearing the SPI status registers. A wake-up event on CAN, LINx, or WKx will generate an interrupt on the
INT pin, but will not change the SBC mode.

The configuration options are listed below:

* VCC1lisON

* VCC2is fixed as configured in SBC Normal Mode

*+ VCC3is fixed as configured in SBC Normal Mode

+  CAN mode is fixed as configured in SBC Normal Mode

* LIN mode is fixed as configured in SBC Normal Mode

* WK pins are fixed as configured in SBC Normal Mode

*  HS Outputs are fixed as configured in SBC Normal Mode
*  Cyclic sense is fixed as configured in SBC Normal Mode
*  Cyclic wake is fixed as configured in SBC Normal Mode
*  Watchdog is fixed as configured in SBC Normal Mode

*  SBC Soft Reset can be triggered

*  FOxoutputs retain their previous state from SBC Normal Mode
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When entering SBC Stop Mode, an interruptis generated on the INT pin if any wake-source indication
flags in WK_STAT_1 and WK_STAT_2 are not cleared.

Notes
1. If switches are enabled during SBC Stop Mode (e.g., HSx ON with or without PWM control), the overall SBC

current consumption will increase (Chapter 4.4).

2. ltis not possible to switch directly from SBC Stop Mode to SBC Sleep Mode. Attempting this transition will se
t the SPI_FAIL flag and force the SBC into Restart Mode.

3. When WK1 and WK2 are configured for the alternate measurement function (WK_MEAS =1),
these inputs cannot be used as wake-up sources.

5.1.4 SBC Sleep Mode

The SBC Sleep Mode represents the second-level low-power technique, designed to minimize the overall
current consumption while still allowing the device to respond to wake-up events or perform autonomous
functions (e.g., cyclic sense). In this mode, VCC1 is turned OFF, and therefore the microcontroller is no longer
supplied. The VCC2 supply and HSx outputs can be configured to remain enabled if required. All configuration
settings must be completed before entering SBC Sleep Mode. A wake-up event on CAN, LINX, or WKx will
cause the device to transition via SBC Restart Mode back to SBC Normal Mode, while also indicating the
corresponding wake source.

The configuration options are listed below:

« VCC1lis OFF

+ VCC2iis fixed as configured in SBC Normal Mode

* VCC3is fixed or OFF as configured in SBC Normal Mode

*« CAN mode changes automatically from ON or Receive Only Mode to wake capable mode or can be
selected to be OFF

+  CAN must be set to CAN wake capable / CAN off mode before entering SBC Sleep Mode

* LIN mode changes automatically from ON or Receive Only Mode to wake capable mode or can be
selected to be OFF

WK pins are fixed as configured in SBC Normal Mode

*  HS Outputs are fixed as configured in SBC Normal Mode

*  Cyclic sense is fixed as configured in SBC Normal Mode

*  Cyclic wake is not available

*  Watchdog is OFF

*  FOx outputs are fixed,i.e. the state from SBC Normal Mode is maintained

* As VCCLl is OFF during SBC Sleep Mode, no SPI communication is possible;

* The Sleep Mode entry is signalled in the SPI register DEV_STAT with the bit DEV_STAT

It is not possible to disable all wake sources while in SBC Sleep Mode. Attempting to do so will set
the SPI_FAIL flag and force the SBC to enter SBC Restart Mode.

To successfully enter SBC Sleep Mode, all wake-source indication
flags in WK_STAT_1 and WK_STAT_2 must be cleared beforehand. If these flags are not cleared, the
device will immediately wake up, transitioning via SBC Restart Mode to SBC Normal Mode.

All configuration steps must be completed prior to entering Sleep Mode.

Notes

1. If switches (such as HSx outputs) are enabled during SBC Sleep Mode —with or without PWM control—
the overall SBC current consumption will increase (see Chapter 4.4).

2. The Cyclic Sense function may not operate correctly in cases of over-current, over-temperature, under-volta
ge, orover-voltage events (if enabled), because the corresponding HS switch will be disabled.

3. When WK1 and WK2 are configured for the alternate measurement function (WK_MEAS = 1), they cannot b
e used as wake-up input sources
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5.15 SBC Restart Mode

The SBC Restart Mode can be entered for several reasons. Its primary purpose is to reset the microcontroller

under specific conditions, including:

*  Undervoltage on VCC1 during SBC Normal Mode or SBC Stop Mode.

*  Overvoltage on VCC1, if the bit VCC1_OV_RST is set and CFGP = ‘1’

+  Firstincorrect watchdog trigger, applicable only when Config 1, Config 3, or Config 4 is selected (otherwise,
the device immediately enters SBC Fail-Safe Mode).

« Wake-up events from SBC Sleep Mode or SBC Fail - Safe Mode, or the release of over-temperature
shutdown (TSD2) from SBC Fail-Safe Mode — in these cases, the transition through Restart Mode ensures
a defined ramp-up sequence of VCC1 after wake-up.

Upon entering SBC Restart Mode, the device will automatically transition to SBC Normal Mode without any
microcontroller intervention. The SBC MODE bits are cleared during this process. As illustrated in Figure 52,
the Reset Output (RO) is pulled low when entering Restart Mode and is released upon transition to

Normal Mode after the reset delay time (trp,). The watchdog timer starts with an extended open window from
the rising edge of RO, and the watchdog period setting in the register WD_CTRL is reset to its default

value ‘“100’.

Exiting SBC Restart Mode does not alter or deactivate the Fail Outputs (FOXx).

During SBC Restart Mode, the internal blocks behave as follows:

FOx outputs are activated in the event of a first watchdog-trigger failure (if Config 1 or Config 2 is selected) or

upon VCC1 overvoltage detection (if VCC1_OV_RST is set).

+ VCC1is ON or ramping up.

+ VCC2isdisabled ifit was previously enabled.

*  VCC3 remains fixed or ramps according to its configuration in SBC Normal Mode.

+ CANis “woken” due to a wake event or remains OFF, depending on the previous SBC and transceiver mode
(see Chapter10). Itis wake-capabile if it was in CAN Normal, Receive Only, or Wake-Capable Mode before
Restart Mode.

* LINis“woken” or OFF depending on the previous SBC and transceiver mode (see Chapter 11). It is wake-c
apableifitwas in LIN Normal, Receive Only, or Wake-Capable Mode before Restart Mode.

+  HSoutputs are disabled if they were previously active.

* ROis pulled low throughout SBC Restart Mode.

*  SPlcommunication is ignored by the SBC (i.e., commands are notinterpreted).

* Entryinto Restart Mode is indicated in the SPI register DEV_STAT by the corresponding DEV_STAT bits.

Table 7 Reasons for Restart - State of SPI Status Bits after Return to Normal Mode
Prev. SBC Mode Event DEV_STAT |[WD_FAILL |VCC1_UV |VCC1_OV |VCC1_SC
Normal 1xWatchdog Failure 01 01 X X X
Normal 2xWatchdog Failure 01 10 X X X
Normal VCC1 undervoltage reset | 01 XX 1 X X
Normal VCC1 overvoltage reset |01 XX X 1 X
Stop 1xWatchdog Failure 01 01 X X X
Stop 2xWatchdog Failure 01 10 X X X
Stop VCC1 undervoltage reset |01 XX 1 X X
Stop VCC1 overvoltage reset |01 XX X 1 X
Sleep Wake-up event 10 XX X X X
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Fail-Safe Wake-up event 01 see “Reasons for Fail Safe, Table 8”
Notes

1. Anovervoltage event on VCC1 will only lead to SBC Restart Mode ifthe bit VCC1_OV_RSTis setand if CFGP =
1’ (Config 1/3).
2. The content of the WD_FAIL bits will depend on the device configuration, e.g. 1 or2 watchdog failures.

5.1.6 SBC Fail-Safe Mode

The SBC Fail-Safe Mode is designed to bring the system into a safe state under failure conditions
by turning off the VCC1 supply and powering down the microcontroller. After a valid wake-up event, the
system is able to restart automatically.

The SBC automatically enters Fail-Safe Mode under any of the following conditions:

+  After an SBC thermal shutdown (TSD2) (see Chapter 15.9.3).

* In case of VCCL1 overvoltage, if the bit VCC1_OV_RST is setand CFGP =‘0’.

+ After the first incorrect watchdog trigger in Config2 (CFG =1), or after the second incorrect watchdog
trigger in Config 4 (CFG =0) (see Chapter 5.1.1).

* If VCC1 is shorted to GND (see Chapter 15.7).

«  After 4 consecutive VCC1 undervoltage events (only if VS >VS,UV, see Chapter 15.6).

In this mode, the default wake sources — CAN, LINx, and WK1...WK3 (refer to registers WK_CTRL_2,

BUS CTRL_1, and BUS_CTRL_2) — are activated. At the same time, all wake event flags in WK_STAT 1 are

cleared, and every output driver as well as all voltage regulators are switched off. If WK1 and WK2 are configured

for the alternate measurement function (WK_MEAS = 1), they remain in measurement configuration when the SBC

enters Fail-Safe Mode, meaning they are not enabled as wake sources.

The SBC remains in Fail-Safe Mode until a wake event occurs on one of the default wake sources. To prevent
rapid toggling, a typical filter ime of 100 ms (i ;) is applied. Any wake events detected during this period are
stored and will automatically trigger entry into SBC Restart Mode after the filter time has elapsed. In the case of a
VCC1 over-temperature shutdown (TSD2), the SBC will automatically transition to Restart Mode after a typical
delay of 1 s (trspp), Without requiring a wake event. Exiting Fail-Safe Mode does not deactivate the Fail Output pins.
Functional Behavior in Fail-Safe Mode

During SBC Fail-Safe Mode, the following conditions apply:

* Al FOxoutputs are activated (see Chapter 14).

+ VCC1, VCC2, and VCC3 are OFF.

+ CAN is wake-capable.

* LINx is wake-capable.

*  HSoutputs are OFF.

*«  WAKpins are wake-capable via static sense (default 16 us filter time ).

+  Cyclic Sense and Cyclic Wake functions are disabled.

*  SPIl communication is disabled, as VCC1 is OFF.

+ Activation of Fail-Safe Mode is indicated in the SPI register DEV_STAT by the
bits FAILURE and DEV_STAT.

Table 8 Reasons for Fail-Safe - State of SPI Status Bits after Return to Normal Mode
Prev. SBC | Failure Event DEV_ TSD2 |WD_ VCCl_  |vCCl_ |vCCi_ |vCCl_
Mode STAT FAIL uv UV_FS ov SC
Normal 1 xWatchdog Failure |01 X 01 X X X X
Normal 2 xWatchdog Failure |01 X 10 X X X X
Normal TSD2 01 1 XX X X X X
Normal VCC1 shortto GND 01 X XX 1 X X 1
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Normal 4xVCC1 UV 01 X XX 1 1 X X

Normal VCC1 overvoltage 01 X XX X X 1 X

Stop 1 x Watchdog Failure |01 X 01 X X X X

Stop 2 x Watchdog Failure |01 X 10 X X X X

Stop TSD2 01 1 XX X X X X

Stop VCC1 shortto GND 01 X XX 1 X X 1

Stop 4xVCC1 UV 01 X XX 1 1 X X

Stop VCC1 overvoltage 01 X XX X X 1 X

Notes

1. An overvoltage event on VCC1 will only lead to SBC Fail-Safe Mode if the bit VCC1_OV_RST is set and
if CFGP = ‘0’ (Config 2/4).

2. The content of the WD_FAIL bits will depend on the device configuration, e.g. 1 or 2 watchdog failures.

3. See Chapter 15.6.1 for detailed description of the 4x VCC1 undervoltage behavior.

5.1.7 SBC Development Mode

The SBC Development Mode is intended for use during the module development phase and is particularly
beneficial for software development activities.

Compared to the standard SBC User Mode, this mode represents an extended version of the state

machine. The device still starts in SBC Init Mode, and all SBC modes and functions remain accessible,

with the following distinctions:

+  The watchdog timer is disabled and does not require servicing; therefore, no reset will occur due to
watchdog timeout.

+ SBC Fail-Safe Mode and SBC Restart Mode are not entered as a result of watchdog failure; however,
other conditions that trigger these modes remain valid.

* In SBC Init Mode, as well as when transitioning from SBC Init Mode to SBC Normal Mode, the default
states of LINx, CAN, and VCC2 are ON instead of OFF.

The SBC automatically enters Development Mode when the FO3/TEST pin is held LOW during SBC Init
Mode. Voltage monitoring begins once VS > Vpor . The Development Mode is configured and maintained
if any SPI command is transmitted while FO3/TEST remains LOW during SBC Init Mode. If

the FO3/TEST pin is held HIGH for a duration longer than trest during this monitoring period, the device
will not enter Development Mode.

Once activated, the SBC remains in Development Mode under all operating conditions and can only exit
this mode by powering down the device (VS < Vpory).

Note:  The absolute maximum ratings of the FO3/TEST pin must be observed. To enhance pin
robustness during debugging or programming, it is recommended to insert a series resistor
between the FO3/TEST pin and the external connector (see Figure 66).

5.2 Wake Features

Following wake sources are implemented in the device:

+  Static Sense: WK inputs are permanently active (see Chapter 12)

*  Cyclic Sense: WK inputs only active during on-time of cyclic sense period (see below)
*  Cyclic Wake: internal wake source controlled via internal timer (see below)

+  CAN wake: Wake-up via CAN message (see Chapter 10)

*  LIN wake: Wake-up via LIN message (see Chapter 11)

5.2.1 Cyclic Sense

The cyclic sense function is designed to minimize the quiescent current consumption of both the device and the
overall application. In this configuration, one or more high-side drivers are periodically activated under the
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control of TIMER1_CTRL and TIMER2_CTRL. These high-side drivers provide power to external circuits such
as switches or resistor networks, which are connected to one or more wake inputs (see Figure 5). During the
active phase of each cyclic sense period, any signal transition detected on a WKx input triggers a wake event.
Depending on the current SBC operating mode, this event either pulls the INT pin low (in Normal Mode or Stop
Mode) or wakes the SBC by enabling VCCL1 (after Sleep Mode or Fail-Safe Mode).

HSXx
. High Side  |¢
1-4
L | | Hs CcTRL
Switching|Circuitry TIMER CTRL
Period/ On-Time
INT, SBC
< touc 1 {1 } STATE
MACHINE
WK x
[ WK_FLT_CTRL
Figure 5 Cyclic Sense Working Principle
5.2.1.1 Configuration and Operation of Cyclic Sense

The configuration sequence for the cyclic sense function is illustrated in Figure 6. All configuration steps must
be completed before setting the on-time parameter in the TIMERx_CTRL registers. The options “OFF/LOW”
and “OFF/HIGH” define the default voltage level of the corresponding high-side (HS) driver prior to activating
the cyclic sense function. This setting helps to prevent unintended wake events that could occur due to voltage
transitions when cyclic sensing begins.The cyclic sense operation (TimerX) starts automatically once the on-
time value is configured, regardless of the specific high-side or filter assignments. Therefore, the selection of
the appropriate timer (refer to Configuration C/D in Chapter 12.2.1) must be completed before enabling the
timer.

The recommended configuration sequence is as follows:
+  Set the initial output level.

« Assign a timer to the corresponding HSx output(s).
+  Configure the filter timing and WK input pins.

+ Define the timer period and on-time parameters.
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Cyclic Sense Configuration
Assign TIMERx_ON to OFF/Low or Ti 1 Ti 5
OFF/HIGH in TIMERX_CTRL imer L, timer
Assign Timer to selected HS switch . )
in HS_CTRL_X Timer 1, Timer 2
Enable WKXx as wake source with WK1, WK2, WK3 with
configured Timer in WK_FLT_CTRL above selected timer
Select WKx pull-up / pull-down No pull-up/-down, pull-down or pull-up
configuration in WK_PUPD_CTRL selected, automatic switching
Select Timer Period and desired On- Period: 10, 20, 50, 100, 200ms, 1s, 2s
Time in TIMERXx_CTRL On-Time: 0.1, 0.3, 1.0, 10, 20ms
v Changing the settings can be done on the
Cyclic Sense starts / ends by fly, changes become effective at the next
setting / clearing On-time on-time or period

Figure6  Cyclic Sense: Configuration and Sequence

Note:  All configurations of period and on-time can be selected. However, recommended on-times for cyclic

sense are 0.1ms, 0.3ms and 1ms. The SPI_FAIL will be set if the on-time is longer than the period.
During cyclic sense operation, the initial sample of the WK input level (either HIGH or LOW) is stored as a reference
for the subsequent cycle. If a change in the WK input level is detected between the first and second cycles—
specifically during the on-time of the second cycle—a wake event will be generated. This event results in either a
wake-up from SBC Sleep Mode or an interrupt in SBC Normal Mode or SBC Stop Mode.

To prevent unintended wake-ups caused by transient signals or electromagnetic interference (EMC) disturbances,
a filter time of 16 ps is implemented. The filter period (tFWK1) starts immediately after the selected on-time ends,
and a wake signal is validated only if;

*  The input voltage does not cross the typical switching threshold level of 3 V during the filter period (i.e., the
signal remains stable at either HIGH or LOW)

+ Achange in the input level has occurred compared to the previous cycle.

When a cyclic sense wake event is detected, the corresponding flag (WK1_WU, WK2_WU, or WK3_WU) is set.

During cyclic sense operation, the WK_LVL_STAT register is updated only with the sampled voltage levels of the

WKXx pins in SBC Normal Mode or SBC Stop Mode.

The sampling process and its various operational scenarios are illustrated in Figure 7 to Figure 9. The functional
behavior in SBC Stop Mode and SBC Sleep Mode is identical, except that in Stop Mode, an INT signal is triggered
to indicate a change in WK input levels, whereas in Sleep Mode, the VCCL1 supply is enabled instead.
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HS on Cyclic Sense

Period
HS switch A

y

A

Filter time
trwie

Filter time
trwk

\ N

1st sample taken Wake detection possible
as reference on 2nd sample
Figure 7 Wake Input Timing

HS 4 |
Filter time
| | |
High + |
LOW + eeee (
Switch ) | |

open | | i

closed + I I\ | | / I

I I I I
WK | | |
High T I I
Low
n-1 I I n I n+1 n+2
. | _ | WK1 =Low | WKp.» =High
Learning WK, =Low WK,y = WK WKs WK ey
Cycle 1 WK, #WKp I 2 nowake I o wake event
INT WK1 =High o wake event
High
o INT & >
WK Bit Set

Figure 8 Cyclic Sense Example in SBC Stop Mode, HSx starts “OFF”/LOW, GND based WKx input
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L i _ (but ignored because WK, =High
I T g?{fcrlléng WK”__LOW I change during filter time ) WKn+27WKisq
WK1 =Low WKn =WKp1 WK, = WKy © wake event
VCC1 I n-1 ono wake event o nowake event
Hiah 1 .
'g p_ SCseopmoue et
Low >
| INT &
Start of WK Bt Set
Cyclic Sense

Figure 9 Cyclic Sense Example in SBC Sleep Mode, GND based WKx input

The cyclic sense function will not work properly anymore in case of following conditions:
* in case SBC Fail-Safe Mode is entered: The respective HS Switch will be disabled and the respective wake
pin will be changed to static sensing
* In SBC Normal, Stop, or Sleep Mode in case of an overcurrent, overtemperature, under- or overvoltage (in
case function is selected) event: the respective HS switch will be disabled
Note: The internal timers for cyclic sense are not disabled automatically in case the HS switch is turned off
due to above mentioned failures.This must be considered to avoid loss of wake events.

5.2.1.2 Cyclic Sense in Low Power Mode

When cyclic sense is intended for operation in SBC Stop Mode or SBC Sleep Mode, it must first be enabled
while the device is in SBC Normal Mode before transitioning to the respective low-power mode. A wake event
triggered by cyclic sense will set the corresponding status bit (WK1_WU, WK2_WU, or WK3_WU). In Stop
Mode, such a wake event will generate an interrupt signal, whereas in Sleep Mode, the event will cause the
device to transition via Restart Mode back to Normal Mode. Prior to re-entering SBC Sleep Mode, the wake
status registers (WK_STAT 1 and WK_STAT_2 ) must be cleared. If the system attempts to enter Sleep
Mode while any wake flag (e.g., WKx_WU) remains uncleared, the SBC will immediately wake up from Sleep
Mode, passing through Restart Mode and returning to Normal Mode, with a reset being issued. The
corresponding WKx_WU bit is recognized as the wake source. This mechanism ensures that no wake event
is lost during mode transitions.

5.2.2 Cyclic Wake

The Cyclic Wake feature is designed to minimize the overall quiescent current of both the device and the
application system. In this mode, one or both internal timers can be configured as internal wake-up
sources, periodically generating interrupts while the device operates in SBC Normal Mode or SBC Stop
Mode.

The correct configuration procedure for the cyclic wake function is illustrated in Figure 10 and must be
performed in the following sequence:
« Disable all timers to prevent unintended interrupts during the configuration process.
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* Enable Timerl and/or Timer2 as wake-up sources by setting the corresponding bits in the WK_CTRL_1
register.

«  Configure the timer period for Timerl and/or Timer2. An on-time value must also be defined to initiate cyclic
wake operation, even though this value is not functionally used during the process
Cyclic Wake Configuration

Disable Timerl and/or Timer2 as a T id uni . i
wake source in WK_CTRL_1 0 avoid unintentional interrupts

/

Select Timer Period and any Periods: 10, 20, 50, 100, 200ms, 1s, 2s

[ On-times: any
On-Time in TIMERX_CTRL (OFF/LOW & OFF/HIGH are not allowed)

A

Select Timerl and/or Timer2 as a

: No interrupt will be generated,
wake source in WK_CTRL_1

if the timer is not enabled as a wake source

y

Cyclic Wake starts / ends by
setting / clearing On-time

INT is pulled low at every rising edge
of On-time except first one

Figure 10 Cyclic Wake: Configuration and Sequence

As in cyclic sense, the cyclic wake function will start as soon as the on-time is configured. An interrupt
is generated for every start of the on time except for the very first time when the timer is started

5.2.3 Internal Timer

The integrated Timerl and Timer2 are typically used to wake up the microcontroller periodically (cyclic wake)
or to perform cyclic sense on the wake inputs. Therefore, the timers can be mapped to the dedicated HS
switches by SPI (viaHS_CTRL1...2).

Following periods and on-times can be selected via the register TIMER1_CTRL and TIMER2_CTRL
respectively:

. Period: 10ms/20ms/50ms/100ms/200ms/ 1s/ 2s

« Ontime: 0.1ms/0.3ms/1.0ms/ 10ms/20ms/ OFF at HIGH or LOW

5.3 Supervision Features

The device offers various supervision features to support functional safety requirements. Please see
Chapter 15 for more information.

54 Partial Networking on CAN

54.1 CAN Partial Networking - Selective Wake Feature

The CAN Partial Networking feature allows selective wake-up of the system via the CAN interface, thereby
reducing overall power consumption while maintaining bus communication awareness. This feature can be
activated during SBC Normal Mode, SBC Sleep Mode, and SBC Stop Mode. For SBC Sleep Mode, the
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Partial Networking function must be enabled before the device transitions into Sleep Mode. Similarly, for
SBC Stop Mode, the feature must be activated prior to entering the Stop Mode.

Two distinct detection mechanisms are available for CAN-based wake-up:

+  WUP (Wake-Up Pattern) — A basic CAN wake-up mechanism that detects the presence of two
consecutive dominant pulses on the CAN bus, as defined in ISO 11898-2:2016.

*+  WUF (Wake-Up Frame) — An enhanced wake-up mechanism that triggers when a received CAN frame
matches a user-defined message filter configured in the SBC via the SPI interface.

The default CAN baud rate is set to 500 kBaud. In addition to commonly used baud rates such as
125 kBaud and 250 kBaud, other baud rates up to 1 MBaud are also supported. For detailed configuration
procedures and register-level settings, refer to Chapter 16.5.2 and Chapter 16.5.3.

54.2 SBC Partial Networking Function
The CAN Partial Networking Modes are shown in this figure.
CAN
OFF
SPI ¥ SPI
i ¥
CAN WK Mode CAN Receive Only CAN
Without PN Mode Normal Mode
SPI
SPI
4 CAN PN
Config Check
CAN Wakable Mode
1)
CAN Woken UP CAN Wake
WUP mm' )
Sleep Mode : SBC enters SBC Restart CAN frames Enable/Disable
Mode, RxD is low, SPI hits are set CAN Wake
) WUP CAN
Stop Mode : SBC stays in Stop Mode, WUF
Interrupt is triggered, RxD is low, SPI bits CAN ) CAN
are set (only in case of CAN WK or SWK WUP detection 1 tsilence WUP detection
Mode, not in Receive Only with SWK or
CAN Normal Mode with SWK)
Normal Mode :SBC stays in Normal Mode,
_Imerrupt is t_riggered, SPI bits are set, RxD CAN frame error
is low (only in case of CAN WK or SWK CAN Protocoll Error detection
Mode, not in Receive Only with SWK or Counter
CAN Normal Mode with SWK) valid not valid
y Y rearming Tsilent
1) CFG_VAL is cleared in N>0 N-1 N+ Error counter
Restart Mode N=0 N=1 |_, |_, overviow
N>32 SYSERR
SYSERR CAN
WUP detection 2

Figure 11 CAN Selective Wake State Diagram

54.2.1 Activation of SWK

Below figure shows the principal of the SWK activation.
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GigaDevice

~

SBC Normal Mode
SW not enabled

CAN OFF
Enabling CAN(not OFF) enables also
l the selective wake block Block gets
CAN_x SYNC=1 synchronous to the CAN bus.
Enable CAN ” If one CAN Frame is received the bit
SYNC =1 is set
v
Set SWK wake data.e.g. Setting the data can also be done as
ID,ID Mask, DATA first task
Clear To avoid invalid configuration
WK_STAT
v
{et D> Bit set to confirm by the microcontroller
CFG VAL=1 that valid data are programmed
A4

Clear
SYSERR

To activate Selective Wake

In case SWK not enablect

CAN Normal with SW-> CAN Normal
SWK not enabled > CAN Rx Only with SW-> CAN Rx Only
CAN Wakable with SW-> CAN Wakable

Handle wake
event
(incl. CAN

mode toggling) Selective Wake is now enabled
Enable a CAN (INT is generated in case of WUF)
Mode with SWK CAN Mode must be toggled before

via CAN_x Bits (re-)enabling wake capable mode

\ 4 SWK_SET=1, WUP & WUF=0,

Check SWK_STAT SYNC=1
\ 4
Check & Clear To ensure that no wake-up event
WK_STAT has taken place in meantime

A4

Select SBC MODE=10
low-power mode
via MODE Bits
MODE=01
v 4 In case of WUF detection:
< SBC Sleep Mode > < SBC Stop Mode > CAN_WU=1; WUF=1;
CFG_VAL=0; SWK_SET=0
Wake-up: VCC1 Power-up INT generation
' change to SBC Normal Mode v stays in SBC Stop Mode

- Tsilence handling not shown in drawing
- SYNC will only be set once CAN is ” rearmed ” and
at least one CAN frame was sent successfully

Figure 12 Flow for activation of SWK

Note: The CAN SWK feature is only available for GD33AP236x-3 variants.

5.4.2.2 Wake-up Pattern (WUP)

A WUP is signaled on the bus by two consecutive dominant bus levels for at least twake1, €ach separated by
a recessive bus level.
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. )
Entering low-power mode,
when selective wake-up
function is disabled
or not supported Ini BUS recessive > tyaer Wait
® Bias off Bias off
Bus dominant > tyaxe
optional:
1 twakez €xpired
-
Bus recessive > twaket
optional:
2 twake2 eXpiI'ed
Bias off :
Bus dominant > tyaxet
Entering CAN Normal 3 tsience €xpired AND
o _ Device in low-power mode
or CAN Receive Only Biason
Bus dominant > twaxes Bus recessive > twaxer
tsience €Xpired AND
4 Device in low-power mode -/
Bias on

Figure 13 WUP detection following the definition in ISO 11898-2:2016

5.4.2.3 Wake-up Frame (WUF)

The Wake-up Frame (WUF) detection is implemented in accordance with ISO 11898-2:2016. Only CAN
frames compliant with ISO 11898-1 are considered as potential wake-up frames.

A bus wake-up shall be performed if the Selective Wake-up function is enabled and a valid WUF has been
received. The transceiver may ignore up to four consecutive CAN data frames that start after switching on the
bias.

A received frame is a “valid WUF” in case all of the following conditions are met:

+ The ID of the received frame exactly matches the configured ID in the relevant bit positions defined by
the ID Mask. The ID and the ID Mask might have either 11 bits or 29 bits.

+  The DLC of the received frame is exactly matching the configured DLC.

. In case DLC is greater than 0, the data field of the received frame has at least one bit set in a bit position
where also in the configured Data Mask the corresponding bit position is set.

. No error exists according to ISO 11898-1, excepting errors which are signalled in the ACK field and
EOF field.

5424 CAN Protocol Error Counter

The CAN Protocol Error Counter monitors the integrity of received CAN frames during operation. The counter
is incremented whenever a bit stuffing, CRC, or form error is detected according to ISO 11898-1. If a frame
has been received and is valid up to the end of the CRC field while the counter value is not zero, the counter
is decremented by one.

If the counter reaches a value of 31, the following actions are performed upon the next increment:
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*  The Selective Wake function is disabled.
*  The CAN transceiver is woken.
+ The SYSERR flag is set, and the error counter value of 32 can be read.

On each increment or decrement of the counter, the decoder unit waits forat least6and at
most 10 recessive bits before considering a dominant bit as a new start-of-frame.

The error counter is enabled under the following conditions:

*  Whenever the CAN is in Normal Mode, Receive-Only Mode, or in WUF detection state.

* At the transition from WUF detection to WUP detection 1 (after tsiLence expiration, while SWK is correctly
enabled).

+  When WUF detection state is entered (the counter starts from 0 when SWKis enabled).

. At SBC or CAN rearming (when exiting the woken state).

*  When the CAN Mode bits are selected ‘000’, “100’ (CAN OFF) or ‘001’ (Wake capable without SWK
function enabled).

. While CAN_FD_EN=*1"and DIS_ERR_CNT =1’ (the counter is cleared and remains cleared when
these two bits are set in the SPI registers).

The error counter is frozen after a wake-up while being in the woken state.

The current counter value can be read from the ECNT bits.

54.3 Diagnoses Flags
5431 PWRON/RESET-FLAG

The power-on reset can be detected and read by the POR bit in the SBC Status register.
The VS power on resets all register in the SBC to reset value. SWK is not configured.

5.4.3.2 BUSERR-Flag

Bus Dominant Time-out detection is implemented and signaled by CAN_Fail_x in register BUS_STAT 1.

5.4.3.3 TXD Dominant Time-out flag

TXD Dominant timeout is shown inthe SPI bit CAN_FAIL_x in register BUS_STAT_1.

5.4.3.4 WUP Flag

The WUP bit in the SWK_STAT register shows that a Wake-Up Pattern (WUP) has caused a wake of the CAN
transceiver. It can also indicate an internal mode change from WUP detection 1 state to WUF detection after a
valid WUP.

In the following case the bit is set:

*  SWKiis activated: due to tsi.ence ,the CAN changes into the state WUP detection 1. If a WUP is detected in
this state, then the WUP bit is set.

«  SWK is deactivated: the WUP bit is set if a WUP wakes up the CAN. In addition, the CAN_WU bit is set.

* incase WUP is detected during WUP detection 2 state (after a SYSERR) the bits WUP and CAN_WU are set.

The WUP bit is cleared automatically by the SBC atthe next rearming ofthe CAN transceiver.

Note: Itis possible that WUF and WUP bit are set at the same time if a WUF causes a wake out of SWK,
by setting the interrupt or by restart out of SBC Sleep Mode. The reason is because the CAN has
been in WUP detection 1 state during the time of SWK mode (because of tsiLence). See also Figure
11.
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5.4.3.5 WUF Flag (WUF)

The WUF bitinthe SWK_STAT register shows that a Wake-Up frame (WUF) has caused awake ofthe CAN
block. In SBC Sleep Mode this wake causes a transition to SBC Restart Mode, in SBC Normal Mode and in
SBC Stop Mode it causes an interrupt. Also in case of this wake the bit CAN_WU in the register WK_STAT 1 is
set.

The WUF bit is cleared automatically by the SBC at the next rearming of the CAN SWK function.

5.4.3.6 SYSERR Flag (SYSERR)

The bit SYSERR is set in case of an configuration error and in case of an error counter overflow. The bit is
only updated (set to ‘1’) if a CAN mode with SWK is enabled via CAN_x. IfINT_ GLOBAL is set, then an
interrupt is triggered on INTN every time SYSERR is set.

When programming selective wake via CAN_x, SYSERR = ‘0’ signals that the SWK function has been
enabled. The bit can be cleared via SPI. The bit is ‘0’ after Power on Reset of the SBC.

5.4.3.7 Configuration Error

A configuration error sets the SYSERR bitto ‘1’. When enabling SWK via the bits CAN_x a config check is
done. Ifthe check is successful SWK is enabled, the bit SYSERR is setto ‘0’. In SBC Normal Mode it is also
possible to detect a Configuration Error while SWK is enabled. This will occur if the CFG_VAL bit is
cleared, e.g. by changing the SWK registers (from address 010 0001 to address 011 0011). In SBC Stop
Mode and SBC Sleep Mode this is not possible as the SWK registers can not be changed.

Configuration Check:

in SBC Restart Mode, the CFG_VAL bit is cleared by the SBC. If the SBC Restart Mode was not triggered by

a WUF wake up from SBC Sleep Mode and the CAN was with SWK enabled, than the SYSERR bit will be set.

The SYSERR bit has to be cleared by the microcontroller.

The SYSERR bit cannot be cleared when CAN_2 is “1’ and below conditions occur:

«  Datavalid bit not set by microcontroller,i.e. CFG VAL is notsetto ‘1’. The CFG_VAL bit is reset after SWK
wake and needs to be set by the microcontroller before activation SWK again.

+  CFG_VAL bit reset by the SBC when data are changed via SPI programming. (Only possible in SBC Normal
Mode)

Note: The SWK configuration is still valid ifonly the SWK_CTRL registeris modified.

5.4.3.8 CAN Bus Timeout-Flag (CANTO)

In CAN WUF detection and CAN WUP detection 2 state the bit CANTO is setto ‘1’ if the time tg, gnce €XPires.
The bit can be cleared by the microcontroller. If the interrupt function for CANTO is enabled then an interrupt
is generated in SBC Stop or SBC Normal Mode when the CANTO setto ‘1. The interrupt is enabled by
setting the bit CANTO_ MASK to ‘“1°. Each CANTO eventwill trigger a interrupt even if the CANTO bit is not
cleared. There is no wake out of SBC Sleep Mode because of CAN time-out.

5.4.3.9 CAN Bus Silence-Flag (CANSIL)

In CAN WUF detection and CAN WUP detection 2 state the bit CANSIL is setto ‘1’ if the time tg gnce EXPIres.
The CANSIL bit is set back to ‘0’ with a WUP. With this bit the microcontroller can monitor if there is activity on
the CAN bus while being in SWK Mode. The bit can be read in SBC Stop and SBC Normal Mode.

5.4.3.10 SYNC-FLAG (SYNC)

The bit SYNC shows that SWK is working and synchronous to the CAN bus. To get a SYNC bit set it is required
to enable the CAN to CAN Normal or in Receive Only Mode or in WUF detection. It is not required to enable the
CAN SWK Mode.

The bit is setto ‘1’ ifa valid CAN frame has been received (no CRC error and no stuffing error). It is set back to
‘0’ if a CAN protocol error is detected. When switching into SWK mode the SYNC bit indicates to the

microcontroller that the frame detection is running and the next CAN frame can be detected as a WUF, CAN
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wake-up can now be handled by the SBC. It is possible to enter a SBC low-power mode with SWK even if the
bit is not setto ‘1’, as this is necessary in case of a silent bus.

5.4.3.11 SWK_SET FLAG (SWK_SET)

The SWK_SET bit is set to signalize the following states (see also Figure 11):

« when SWKwas correctly enabled in WUF Detection state,

« when SWKwas correctly enabled when in WUP Detection 1 state,

+ after a SYSERR before a wake event in WUP Detection 2 state,

The bit is cleared under following conditions:

«  after awake-up (ECNT overflow,WUP in WUP detection 2, WUF in WUF detection)
« ifCAN_2is cleared

5.4.4 SBC Modes for Selective Wake (SWK)

The SBC mode is selected via the MODE bits as described in Chapter 5.1.

The mode of the CAN transceiver needs to be selected in SBC Normal Mode. The CAN mode is programmed
via the bits CAN_0, CAN_1 and CAN_2. In the low-power modes (SBC Stop, SBC Sleep) the CAN mode
can not be changed via SPI.

The detailed SBC state machine diagram including the CAN selective wake feature is shown in Figure 3.

The application must now distinguish between the normal CAN operation an the selective wake function:
WK Mode: This is the normal CAN wake capable mode without the selective wake function

*+  SWK Mode: This is the CAN wake capable mode with the selective wake function enabled

Figure 14 shows the possible CAN transceiver modes.

CAN OFF Mode

A

CAN Normal Mode CAN Receive Only
(no SWK) Mode

? f SPI CAN_x f
v v v

CAN WK Mode

CAN Wakable Mode CAN Normal Mode with SWK CAN RX Only Mode with SWK
with SWK
CAN Normal Mode CAN RX Only Mode
config. | 95| cAN config. | 5] can config. |55 CAN
Check SWK Check SWK Check SWK
Not OK Not OK
[H0O% ] cAN WK (N2 cAN WK [T CAN WK

Figure 14 CAN SWK State Diagram

5441 SBC Normal Mode with SWK

In SBC Normal Mode the CAN Transceiver can be switched into the following CAN Modes
. CAN OFF
«  CAN WK Mode (without SWK)
+ CAN SWK Mode
«  CAN Receive Only (No SWK activated)
«  CAN Receive Only Mode with SWK
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«  CAN Normal Mode (No SWK activated)
+  CAN Normal Mode with SWK

In the CAN Normal Mode with SWK the CAN Transceiver works as in SBC Normal Mode, so bus data is received
through RXD, data is transmitted through TXD and sent to the bus. In addition the SWK block is active. It
monitors the data on the CAN bus, updates the error counter and sets the CANSIL flag if there is no
communication on the bus.

It will generate an CAN Wake interrupt in case a WUF is detected (RXD is not pulled to LOW in

this configuration).

In CAN Receive Only Mode with SWK, CAN data can be received on RXD and SWK is active, no data can be
sent to the bus.

The bit SYSERR = ‘0’ indicates that the SWK function is enabled, and no frame error counter overflow is
detected.

Table 9 CAN Modes selected via SPIin SBC Normal Mode
CAN Mode CAN_2 CAN_1 CAN_O
CAN OFF 0 0 0
CAN WK Mode (no SWK) 0 0 1
CAN Receive Only (no SWK) 0 1 0
CAN Normal Mode (no SWK) 0 1 1
CAN OFF 1 0 0
CAN SWK Mode 1 0 1
CAN Receive Only with SWK 1 1 0
CAN Normal Mode with SWK 1 1 1

When reading back CAN_x the programmed mode is shown in SBC Normal Mode. To read the real CAN mode
the bits SYSERR, SWK_SETand CAN have to be evaluated. A change out of SBC Normal Mode can change the
CAN_O and CAN_1 hits.

5.4.4.2 SBC Stop Mode with SWK

In SBC Stop Mode the CAN Transceiver can be operated with the following CAN Modes
« CANOFF

«  CAN WK Mode (no SWK)

*+ CAN SWK Mode

+  CAN Receive Only (no SWK)

«  CAN Receive Only with SWK

*  CAN Normal Mode (no SWK)

*  CAN Normal Mode with SWK

To enable CAN SWK Mode the CAN has to be switched to “CAN Normal Mode with SWK”, “CAN Receive
Only Mode with SWK” or to “CAN SWK Mode” in SBC Normal Mode before sending the SBC to SBC Stop
Mode. The bit SYSERR=‘0’ indicates that the SWK function is enabled. The table shows the change of CAN
Mode when switching from SBC Normal Mode to SBC Stop Mode.

Note: CAN Receive Only Mode in SBC Stop Mode is implemented to also enable pretended networking
(Partial networking done in the microcontroller).

Table 10 CAN Modes change when switching from SBC Normal Mode to SBC Stop Mode
Programmed CAN Mode in SBC CAN x |SYSERR | CAN Modein SBC Stop Mode CAN_x
Normal Mode bits bit bits
CAN OFF 000 0 CAN OFF 000
CAN WK Mode (no SWK) 001 0 CAN WK Mode (no SWK) 001
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CAN Receive Only (no SWK) 010 0 CAN Receive Only (no SWK) 010
CAN Normal Mode (no SWK) 011 0 CAN WK Mode (no SWK) 011
CAN OFF 100 0 CAN OFF 100
CAN SWK Mode 101 0 CAN SWK Mode 101
CAN SWK Mode 101 1 CAN WK Mode (no SWK) 101
CAN Receive Only with SWK 110 0 CAN Receive Only with SWK 110
CAN Receive Only with SWK 110 1 CAN Receive Only (no SWK) 110
CAN Normal Mode with SWK 111 0 CAN Normal Mode with SWK 111
CAN Normal Mode with SWK 111 1 CAN Normal Mode (no SWK) 111
Note: When SYSERR is set then WUF frames will not be detected, i.e. the selective wake function is

not activated (no SWK), but the MSB of CAN mode is not changed in the register.

5443 SBC Sleep Mode with SWK

In SBC Sleep Mode the CAN Transceiver can be switched into the following CAN Modes
« CANOFF

«  CAN WK Mode (without SWK)

+ CAN SWK Mode

To enable “CAN SWK Mode” the CAN has to be switched to “CAN Normal Mode with SWK”, “CAN Receive
Only Mode with SWK” or to “CAN SWK Mode” in SBC Normal Mode before sending the device to SBC Sleep
Mode. The table shows the change of CAN mode when switching from SBC Normal Mode to Sleep Mode.

A wake from Sleep Mode with Selective Wake (Valid WUF) leads to Restart Mode. In Restart Mode the
CFG_VAL bitwill be cleared by the SBC, the SYSERR bit is not set. In the register CAN_x the programmed CAN
SWK Mode (101) can be read.

To enable the CAN SWK Mode again and to enter SBC Sleep Mode the following sequence can be used;
Program a CAN Mode different from CAN SWK Mode (101, 110, 111), set the CFG_VAL, CLEAR SYSERR bhit,
Set CAN_x hitsto CAN SWK Mode (101), switch SBC to Sleep Mode.

To enable the CAN WK Mode or CAN SWK Mode again after a wake on CAN a rearming is required for the
CAN transceiver to be wake capable again. The rearming is done by programming the CAN into a different
mode with the CAN_x bit and back into the CAN WK Mode or CAN SWK Mode. To avoid lock-up when
switching the SBC into Sleep Mode with an already woken CAN transceiver, the SBC does an automatic
rearming ofthe CAN transceiver when switching into Sleep Mode. So after switching into Sleep Mode the CAN
transceiver is either in CAN SWK Mode or CAN WK Mode depending on CAN_x setting and SYSERR bit (If
CAN is switched to OFF Mode it is also OFF in Sleep Mode)

Table 11 CAN Modes change when switching to SBC Sleep Mode

Programmed CAN Mode in SBC CAN x | syserr | CAN Modein SBC Sleep Mode CAN X
Normal Mode bits bit bits
CAN OFF 000 0 CAN OFF 000
CAN WK Mode (no SWK) 001 0 CAN WK Mode (no SWK) 001
CAN Receive Only (no SWK) 010 0 CAN WK Mode (no SWK) 001
CAN Normal Mode (ho SWK) 011 0 CAN WK Mode (ho SWK) 001
CAN OFF 100 0 CAN OFF 100
CAN SWK Mode 101 0 CAN SWK Mode 101
CAN SWK Mode 101 1 CAN WK Mode (no SWK) 101
CAN Receive Only with SWK 110 0 CAN SWK Mode 101
CAN Receive Only with SWK 110 1 CAN WK Mode (no SWK) 101

39


file:///C:/Users/jian.huang/Downloads/5.4.4.3

€

GigaDevice GD33AP2361_AP2362_ AP2363 Datasheet
CAN Normal Mode with SWK 111 0 CAN SWK Mode 101

CAN Normal Mode with SWK 111 1 CAN WK Mode (no SWK) 101
5444 SBC Restart Mode with SWK

If SBC Restart Mode is entered the transceiver can change the CAN mode. During Restart or after Restart
the following modes are possible

« CANOFF

«  CAN WK Mode (either still wake cable or already woken up)

«  CAN SWK Mode (WUF Wake from Sleep)

Table 12 CAN Modes change in case of Restart out of SBC Normal Mode

Programmed CAN Mode in SBC CAN_ x |SYSERR | CANMode in and after SBC CAN x SYSERR
Normal Mode bits bit Restart Mode bits bit
CAN OFF 000 0 CAN OFF 000 0
CAN WK Mode (no SWK) 001 0 CAN WK Mode (no SWK) 001 0
CAN Receive Only (no SWK) 010 0 CAN WK Mode (no SWK) 001 0
CAN Normal Mode (no SWK) 011 0 CAN WK Mode (no SWK) 001 0
CAN OFF 100 0 CAN OFF 100 0
CAN SWK Mode 101 0 CAN WK Mode (no SWK) 101 1
CAN SWK Mode 101 1 CAN WK Mode (no SWK) 101 1
CAN Receive Only with SWK 110 0 CAN WK Mode (no SWK) 101 1
CAN Receive Only with SWK 110 1 CAN WK Mode (no SWK) 101 1
CAN Normal Mode with SWK 111 0 CAN WK Mode (no SWK) 101 1
CAN Normal Mode with SWK 111 1 CAN WK Mode (no SWK) 101 1

The various reasons for entering SBC Restart Mode and the respective status flag settings are shown in
Table 13.

Table 13 CAN Modes change in case of Restart out of SBC Sleep Mode
CAN Mode in SBC CAN Mode in |caN_ |SYS |cAN_ |WUP |WUF |ECNT | Reason for Restart
Sleep Mode and after SBC |x ERR |WU X
Restart Mode

CAN OFF CAN OFF 000 |0 0 0 0 0 Wake on other wake
source

CAN WK Mode CANwokenup |[001 |O 1 1 0 0 Wake (WUP) on CAN

CAN WK Mode CAN WK Mode |001 0 0 0 0 0 Wake on other wake
source

CAN SWK Mode CAN wokenup | 101 0 1 o1y 1 X Wake (WUF) on CAN

CAN SWK Mode, CANwokenup | 101 1 1 012 |0 100000 | Wake due to error
counter overflow

CAN SWK CANwoken up. | 101 1 1 1 0 0 Wake (WUP) on CAN,

selected, CAN WK config check was not

active pass

CAN SWK Mode CAN WK Mode | 101 1 0 0/1 0 X Wake on other wake
source

. In case there is aWUF detection within tsiLence then the WUP bitwill not be set. Otherwise it will always be settogether
with the WUF bit.
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. In some cases the WUP bit might stay cleared even after tsiLence, €.9. when the error counter expires without detecting a
wake up pattern.

5445 SBC Fail-Safe Mode with SWK

When SBC Fail-Safe Mode is entered the CAN transceiver is automatically set into WK Mode (wake
capable) without the selective wake function.

5.4.5 Wake-up

A wake-up via CAN leads to a restart out of SBC Sleep Mode and to an interrupt in SBC Normal Mode, and
in SBC Stop Mode. After the wake event the bit CAN_WU is set, and the details about the wake can be read out
of the bits WUP, WUF,SYSERR, and ECNT.

5.4.6 Configuration for SWK

The CAN protocol handler settings can be configured in following registers:

+ SWK_BTL1_CTRL definesthe number oftime quanta in a bit time. This number depends also on the internal
clock settings performed in the register SWK_CDR_CTRL2;

« SWK_BTL2_CTRL defines the sampling point position;

«  The respective receiver during frame detection mode can be selected via the bitRX_WK __ SEL;

*  Theclock and data recovery (see also Chapter 5.4.8) can be configured inthe registers SWK_CDR_CTRL1,
SWK_CDR_CTRL2,SWK_CDR_LIMIT_HIGH_CTRL and SWK_CDR_LIMIT_LOW_CTRL;

The actual configuration for selective wake is done via the Selective Wake Control Registers

SWK_IDx_CTRL, SWK_MASK_IDx_CTRL, SWK_DLC_CTRL, SWK_DATAx_CTRL.

The oscillator has the option to be trimmed by the microcontroller. To measure the oscillator, the SPI bit

OSC_CAL needs to be setto 1 and a defined pulse needs to be givento the TXDCAN pin by the microcontroller

(e.g. 1us pulse, CAN needs to be switched off before). The SBC measures the length of the pulse by counting

the time with the integrated oscillator. The counter value can be read out of the register SWK_OSC_CAL

H_STATE and SWK_OSC_CAL_L_STATE. To change the oscillator the trimming function needs to be enabled

by setting the bits TRIM_EN_x =11 (and OSC_CAL = 1). The oscillator can then be adjusted by writing into the

registers SWK_OSC_TRIM_CTRL and SWK_OPT_CTRL. To finish the trimming, the bits TRIM_EN_x need

to be set back to “00”.

5.4.7 CAN Flexible Data Rate (CAN FD) Tolerant Mode

The CAN FD tolerant mode can be activated by setting the bit CAN_FD_EN= ‘1" in the register

SWK_CAN_FD_CTRL. With this mode the internal CAN frame decoding will be stopped for CAN FD frame

formats:

«  The high baudrate part of a CAN FD frame will be ignored,

* No Error Handling (Bit Stuffing, CRC checking, Form Errors) will be applied to remaining CAN frame fields
(Data Field, CRC Field, ...),

«  Nowake up is done on CAN FD frames.

The internal CAN frame decoder will be ready for new CAN frame reception when the End of frame (EOF) of a

CAN FD frame is detected.The identification for a CAN FD frame is based on the FDF Bit, which is sent in the

Control Field ofa CAN FD frame:

« FDF Bit = 1 identifies the current frame as an CAN FD frame and will stop further decoding on it.

«  FDF Bit = 0 identifies the current frame as CAN 2.0 frame and processing of the frame will be continued.

In this way it is possible to send mixed CAN frame formats without affecting the selective wake functionality

by error counter increment and subsequent misleading wake up. In additiontothe CAN_FD_ EN bit also a filter

setting must be provided for the CAN FD tolerant mode. This filter setting defines the minimum dominanttime

for a CAN FD dominant bit which will be considered as a dominant bit from the CAN FD frame decoder. This

value must be aligned with the selected high baudrate of the data field in the CAN network.
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To support programming via CAN during CAN FD mode a dedicated SPI bitDIS_ERR_ CNT is available to
avoid an overflow of the implemented error counter (see also Chapter 5.4.2.4).

The behavior of the error counter depends on the setting of the bits DIS_ERR_ CNT and CAN_FD_ EN and is

show in below table:

Table 14

Error Counter Behavior

DIS_ERR_ CNT setting

CAN_FD_ EN setting

Error Counter Behavior

0

0

Error Counter counts up when a CAN FD frame or an
incorrect/corrupted CAN frame is received; counts down
when a CAN frame is received properly

(as specified in 1ISO 11898-2:2016)

Error Counter counts up when a CAN FD frame or an
incorrect/corrupted CAN frame is received; counts down
when a CAN frame is received properly

(as specified in ISO 11898-2:2016)

Error Counter counts downwhen correct CAN (incl. CAN FD)
frame is received

Error Counter is and stays cleared to avoid an overflow
during programming via CAN

The DIS_ERR_ CNT bit is automatically cleared at Tsilence (tg; gnce) EXPiration.

5.4.8

Clock and Data Recovery

In order to compensate possible deviations on the CAN oscillator frequency caused by assembly and
lifetime effects, the device features an integrated clock and data recovery (CDR).

It is recommended to always enable the CDR feature during SWK operation.

54.8.1

Configuring the Clock Data Recovery for SWK

The Clock and Data Recovery can be optionally enabled or disabled with the CDR_EN bit in the
SWK_CDR_CTRL1 SPI register. In case the feature is enabled, the CAN bit stream will be measured and the
internal clock used for the CAN frame decoding will be updated accordingly.

Before the Clock and Data Recovery can be used it must be configured properly related to the used baud rate

and filtering characteristics (see Chapter 5.4.8.2).

It is strongly recommended not to enable/disable the Clock Recovery during a active CAN
Communication. To ensure this, it is recommended to enable/disable it during CAN OFF (BUS_CTRL_1;

CAN[2:0] = 000).

80 MHz Oscillator CDR CAN
(analog) Protocol
Handler
Acquisition Filter Sampling
Point
Calculation
RX
CAN Receiver
(analog)
Figure 15 Clock and Data Recovery Block Diagram
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5.4.8.2 Setup of Clock and Data Recovery

Itis strongly recommended to enable the clock and data recovery feature only when the setup ofthe clock and
data recovery is finished.
The following sequence should be followed for enabling the clock and data recovery feature:

+  Step 1: Switch CAN to OFF and CDR_EN to OFF
Write SPI Register BUS_CTRL_1 (CAN[2:0] = 000).

+  Step 2: Configure CDR Input clock frequency
Write SPI Register SWK_CDR_CTRL2 (SEL_OSC_CLK][1:0)).

+  Step 3: Configure Bit timing Logic
Write SPI Register SWK_BTL1 CTRL and adjust SWK_CDR_LIMIT_HIGH_CTRL and
SWK_CDR_LIMIT_LOW_CTRL according to Table 38.

+  Step 4: Enable Clock and Data Recovery
Choose filter settings for Clock and Data recovery. Write SPI Register SWK_CDR_CTRL1 with CDR_EN
=1

Additional hints for the CDR configuration and operation:

+ Evenifthe CDR is disabled, when the baud rate is changed, the settings of SEL_OSC_CLK in the register
SWK_CDR_CTRL1 and SWK_BTL1 CTRL have to be updated accordingly,

«  TheSWK_CDR LIMIT_HIGH CTRL and SWK_CDR LIMIT_LOW CTRL registers have to be also updated when
the baud rate or clock frequency is changed (the CDR is discarding all the acquisitions and looses alll
acquired information, if the limits are reached -the SWK_BTL1 CTRL value is reloaded as starting point
for the next acquisitions)

*  When updating the CDR registers, it is recommended to disable the CDR and to enable it again only after
the new settings are updated,

« TheSWK_BTL2_CTRL register represents the sampling point position. It is recommended to be used at
default value: 11 0011 (~80%)

549 Electrical Characteristics

Table 15 Electrical Characteristics

Vs=55V1028V; T =-40 °Cto +150 °C; 4.75V <VCAN < 5.25V; RL = 60Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin

(unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition Note

Min. Typ. Max.

CAN Partial Network Timing

Timeout for bus inactivity | tg, eyee 0.6 _ 12 s |9

Bias reaction time thias _ _ 200 pus | YLoadR =60Q,C, =100
pF, Conp =100 p

Wake-up reaction time Twu WUPMWUF| — _ 100 us | Y23 wake-up reaction

(WUP or WUF) time after avalid WUP or
WUF;

Min. Bit Time tait_min 1 _ _ T

CAN FD Tolerance®

SOF acceptance NBits idle 6 _ 10 bits | ¥ Number of recessive

bits before a new SOF
shall be accepted

Dominant signals which | tep gien s | O _ 5 % | ®7of arbitration bittime;
are ignored to be configured via
(up to 2MBiIt/s) FD_FILTER;
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Dominant signals which | te, gien 10 | O 25 % | %®of arbitration bittime;

are ignored to be configured via

(up to 5MBiIt/s) FD_FILTER;

Signals which are teo poma | 175 - % | ®of arbitration bittime;

detected as a dominant to be configured via

data bit after the FDF bit FD FILTER;

and before EOF bit

(up to 2MBit/s)

Signals which are tep pom 10 | 8-75 _ % | ®®of arbitration bittime;

detected as a dominant to be configured via

data bit after the FDF bit FD FILTER;

and before EOF bit

(up to 5MBiIt/s)

1) Not subject to production test, tolerance defined by internal oscillator tolerance

2) Wake-up signalized via INT pin activation in SBC Stop Mode and via VCC1 ramping up with wake from SBC Sleep
Mode.

3) WUP: time starts with end of last dominant phase of WUP; WUF: time starts with end of CRC delimiter of the WUF.

4)  The minimum bit time corresponds to a maximum bit rate of 1 Mbit/s. The lower end of the bit rate depends on the
protocol IC or the permanent dominant detection circuitry preventing a permanently dominant clamped bus.

5) Applies for an arbitration rate of up to 500kbps until the FDF bit is detected and RX_WK_ SEL = 0.

6) Not subject to production test; specified by design.

7) A data phase bit rate less or equal to four times of the arbitration bit rate or 2 Mbit/s, whichever is lower.

8) A data phase bit rate less or equal to ten times of the arbitration bit rate or 5 Mbit/s, whichever is lower.
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6 Voltage Regulator 1
6.1 Block Description

vs [} * {] vccl

A >
Overtemperature
Shutdown State
Machine
Bandgap
Reference INH
>

~ |

el

GND

Figure 16 Module Block Diagram
Functional Features
« 5V /3.3V low-drop voltage regulator.

+  Undervoltage monitoring with adjustable reset level, VCCL1 prewarning and VCC1 short circuit
detection (Vrr12314,Vpwy). Please referto Chapter 15.6 and Chapter 15.7 for more information.
. Short circuit detection and switch off with undervoltage fail threshold, device enters SBC Fail-Safe Mode

«  2470nF ceramic capacitor at voltage output for stability, with ESR < 1Q @ f= 10 kHz,to achieve the voltage
regulator control loop stability based on the safe phase margin (bode diagram).
*  Output current capability up to lvcci,iim.

6.2 Functional Description

Voltage Regulator 1 (VCC1) is enabled in SBC Normal and SBC Stop modes, and disabled in SBC Sleep
and SBC Fail-Safe modes. The regulator is capable of supplying an output current up to lvcca,iim.

To minimize quiescent current in SBC Stop mode, only the low-power regulator—characterized by lower
accuracy (Vcci,outa1)—remains active for small load conditions, resulting in decreased output voltage
tolerance. When the load current on VCC1 exceeds the selected active peak threshold (lvcci,ipeaki,r OF
Ivce,ipeakz,r), the high-power regulator is automatically activated to optimize dynamic load response, causing
a typical increase in current consumption of approximately 2.9 mA.
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If the load current on VCC1 drops below the selected threshold (lvccy,ipeaks.f OF lveet,ipeake;r), the high-power
regulator is disabled and the device reverts to low-quiescent current mode.

In SBC Normal mode, both the low-power and high-power regulators operate simultaneously.

Two selectable active peak thresholds are available via SPI:
+ |_PEAK_TH =0’ (default): Lower VCC1 active peak threshold 1 is selected, providing the lowest

quiescent current consumption in SBC Stop mode (Istop_1,25, Istop_1,85)-

« | _PEAK_TH =1": Higher VCC1 active peak threshold 2 is selected, resulting in increased quiescent
current consumption in SBC Stop mode (|stop_2.25, Istop_2,85)-

6.3

Table 16

Electrical Characteristics

Electrical Characteristics

Vs=5.5V1028V; T;=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin

(unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Min. | Typ. | Max. Test Condition
Output Voltage including Vecrom®V) (49 150 |51 |V USBC Normal
line and Load regulation Mode; 10pA < e <
Veeron(3V3) |13.23 |33 |3.37 250mA 6V <V <28V
Output Voltage including Vecro®V) |49 |50 |51 |V DSBC Normal
line and Load regulation Veerom@V3) 1323 133 [3.37 Mode; 10pA < lyoe; <
150mA
Output Voltage including Veeros®V) [4.95 |- 505 |V Y2SBC Normal
line and Load regulation Mode; 20mA <l <
Vecioua@V3) |3.27 |- 3.34 90mA 8V <Vg<18V
25°C<T;<125°C
Output Voltage including VeerowarBV) |48 |- 52 |V SBC Stop Mode;
line and Load regulation Vecroui(3V3) 3.26 | - 3.4 IMA <lycer < et peak
Output Voltage including Veerou2®V) |48 - 52 |V SBC Stop Mode;
line and Load regulation Veer omn(3V3) 326 | - 3.4 10pA < hce < IMA
Output Drop Ve - _ 500 |mvV lyeer = 150mA
Vs=5V
VCC1 Active Peak Threshold | ey peaktr | — 29 |55 |mA |2 |, rising;
1 o Ve =135V
(Transition threshold Do < o
between low-power and AT <1< 10
_ P | PEAK_TH="0'
high- power mode regulator) - -
VCC1 Active Peak Threshold | lyccy pearas |05 |22 |- mA |2l falling;
1 c Ve =135V
(Transition threshold Do o o
between high-power and AT <1< 10
gh-p |_PEAK_TH="0’
low- power mode regulator)
VCC1 Active Peak Threshold | ey peaiar | — 55 190 |mA |2, rising;
2 o Vo =135V
(Transition threshold Do = o~
between low-power and AT < T < 10
_ P | PEAK_TH="1’
high- power mode regulator)
VCC1 Active Peak Threshold| lyccy peares | 1.7 |45 |- mA |2l falling;
2 C Vo=135V
.. g — 19.
(Transition threshold 40°C <T,< 150°C;
|_PEAK_TH="*1
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between high-power and
low- power mode regulator)

Overcurrent Limitation lvee jim 250 |_ 1200?| mA | current flowing out of
pin, Ve =0V

1) In SBC Stop Mode, the specified output voltage tolerance applies when lvcci has exceeded the selected active peak
threshold (lvces,ipeaksr OF lvcei,ipeakz,r) but with increased current consumption.
2) Not subject to production test, specified by design.

5.5
5

4.5

e
n

b lcc1l=100mA

25 Ta=125" ¢ .
‘N—h.ﬁ__. =

Rds on/Q)

<A

w

3 32 34 35 37 39 41 43 45 46 48 S5 531 5.
Vs/V

Figure 17 Typical on-resistance of VCCL1 (5V) pass device during low drop operation for lcc; = 100mA
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lecl=150mA

0.5
3 32 34 35 37 39 41 ALNLS 46 48 S 5.1 53 55
Vs/V
Figure 18 Typical On-resistance range of VCC1(5V) pass device during low drop operation for loc; = 150mA
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7 Voltage Regulator 2
7.1 Block Description

vs [} 4 —] vcc2

A
Overtemperature State
Shutdown Machine
Bandgap
Reference
> INH

~ 1

J

GND

Figure 19 Module Block Diagram
Functional Features
« 5V low-drop voltage regulator
«  Protected against short to battery voltage, e.g. for off-board sensor supply
« Can also be used for CAN supply
« VCC2 over-/under-voltage monitoring. Please refer to Chapter 15.8 for more information
« Can be active in SBC Normal, SBC Stop, and SBC Sleep Mode (not SBC Fail-Safe Mode)

*  VCC2 switch off after entering SBC Restart Mode. Switch off is latched, LDO must be enabled via SPI
after shutdown.
. Overtemperature protection

«  2470nF ceramic capacitor at outputvoltage for stability, with ESR < 1Q @ f= 10 kHz,to achieve the voltage
regulator control loop stability based on the safe phase margin (bode diagram).
«  Output current capability up to |ycco jim.

7.2 Functional Description

In SBC Normal Mode, VCC2 is controlled via SPI. For SBC Stop or Sleep modes, the VCC2 state must be
configured prior to entering the respective mode. The regulator can deliver an output current up to lvccz,im.
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To minimize quiescent current in SBC Stop Mode, a low-power regulator with reduced accuracy (Vccz,outs)
services light loads, which results in a relaxed output voltage tolerance. If the VCC2 load current exceeds
the turn-on threshold (lycco > Ivecz,ipeaks). the high-power regulator is enabled to improve dynamic load
response, causing a typical increase in device current of approximately 2.9 mA. When the load current falls
below the turn-off threshold (l,cc, < lvecz peaxs), the high-power regulator is disabled and the low-quiescent
mode is resumed. Both regulators operate concurrently in SBC Normal Mode.

Note: If VCC2 supplies external (off-board) loads, the application must take into account the series
resonance formed by cable inductance and the load decoupling capacitor. Adequate damping is
required to ensure stable operation.

7.2.1 Short to Battery Protection

The output stage is protected for short to VBAT.

7.3 Electrical Characteristics

Table 17

Vs=5.5V1t028V; T;=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Electrical Characteristics

Parameter Symbol Values Unit | Note or Note
Min. | Typ. | Max. Test Condition

Output Voltage including line | Voo (49 |50 |51 |V HSBC Normal Mode;
and Load regulation 10pA < lyeer < 100mA
(SBC Normal Mode) 6.5V <Vg<28V
Output Voltage including line | Veeooe (49 |50 |51 |V DHSBC Normal Mode;
and Load regulation 10pA < |y < 80MA
(SBC Normal Mode) 6V <Vg <28V
OutputVoltage including line | Vee,ous (49 |50 |51 |V DSBC Normal
and Load regulation Mode; 10pA < lyge, <
(SBC Normal Mode) 40mA
OutputVoltage including line | Veeoous (495 | 505 |V 2SBC Normal Mode;
and Load regulation 10pA < lyccr<BMA
(SBC Normal Mode) 8V <Vg<18V

25°C <T;<125°C
OutputVoltage including line | Veeoous (48 |- 52 |V Stop, Sleep Mode;
and Load regulation ImA <lycea < lveczpeak
(SBC Stop/Sleep Mode)
Output Voltage including line | Veeoous |48 |- 52 |V Stop, Sleep Mode;
and Load regulation 10pA < lyge<1ImA
(SBC Stop/Sleep Mode)
Output Drop Veeam _ _ 500 |mV lycer = 30mMA

Vs=5V
VCC2 Active Peak Threshold | lyccopeaks | — 29 |55 |mA |2, rising;
(Transition threshold Vg =135V
between low-power and high- 40°C<T,<150°C
power mode regulator)
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VCC2 Active Peak Threshold | lyccopears |05 |24 | mA | 2, falling;

(Transition threshold Vs =135V

between high-power and low- -40°C<T;<150°C

power mode regulator)

_ 7502 | mA | current flowing out of
pin, Ve, = 0V
1) In SBC Stop Mode, the specified output voltage tolerance applies when lvccz has exceeded the selected active peak

threshold (lvce,ipeakr) but with increased current consumption.
2) Not subject to production test, specified by design.

Overcurrent limitation lveez,im 100

20.5

18.5

16.5

lcc2=30mA

2.5

0.5
3 32 34 35 37 39 41 43 45 46 48 5 51 53 55

Vs/V

Figure 20 Typical on-resistance of VCC2 pass device during low drop operation for I, = 30mA
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14.5
. Ta=125° C lcc2=50mA
P ——————t——o—o—o " WD S S S—.
10.5
S gs Ta=25° C
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Figure 21 Typical On-resistance range of VCC2 pass device during low drop operation for |-, =50mA
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8 External Voltage Regulator 3
8.1 Block Description
VS VCC3SH VCC3B VCC3REF
1 1 1 1
d J d
[ . ®
RBE
lccabase
Vs-VcessHunT )
>Vshunt_threshold —
3
VREr

State Machine

Figure 22 Functional Block Diagram
Functional Features

*  Low-drop voltage regulator with external PNP transistor (up to 350mA with 470mQ shunt resistor)

*  Four high-voltage pins are used: VS,VCC3B,VCC3SH,VCC3REF

+  Configurable as stand-alone regulator (5V/3.3V or 3.3V/1.8V output voltage selectable via SPI) or in load-
sharing mode with VCC1 (5V or 3.3V output voltage)

*  24.7uF ceramic capacitor at output voltage for stability, with ESR < 150mQ @ f = 10 kHz to achieve the
voltage regulator control loop stability based on the safe phase margin (bode diagram).

*  Overcurrent limitation with external shunt in stand-alone configuration

* Adjustable load current sharing ratio between VCC1 and VCC3 for load-sharing configuration

*  Undervoltage shutdown in stand-alone configuration only

Table 18 DExternal Voltage Regulator Configurations depending on VCC1 output voltage
VCC1 Version VCC3voltage for VCC3 V_CFG=0 VCC3voltage for VCC3V_CFG=1
VCC1=5.0V VCC3=5.0V VCC3=3.3V
VCC1=3.3V (V33 ver,) | VCC3=3.3V VCC3=1.8V

1) This settings are valid only for the VCC3 stand-alone configuration. The bit VCC3_V_CFG is ignored for VCC3 load
sharing configuration
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8.2 Functional Description

The external voltage regulator can operate either as an independent regulator or in load-sharing mode with
VCC1. In SBC Normal Mode, setting the VCC3_ON bit in the M_S_CTRL register configures VCC3 as a
stand-alone voltage regulator. Alternatively, enabling the VCC3_LS bit in the HW_CTRL register via SPI
activates the load-sharing configuration with VCC1.

VCC3
load sharing?

Default value of
VCC3 LS =0

Yes

— 5.0V

A 4

Set bit
VCC3 LS=1

VCC3
output voltage
in stand-alone
configuration

3.3V
1

Set bit
VCC3 V.CFG=0

VCC3_V_CFGis
automoatically set to O

VCC3_LS, VCC3_ON and
VCC3_V_CFG cannot be
changed anymore

Set bit
VCC3 V. CFG=1

\4

\ 4

Set bit
VCC3_ON=0or1

Set bit
VCC3_ ON=0or1

A

VCC3_LS and VCC3_V_CFG
cannot be changed anymore
(once VCC3_ON is set for the first time)

VCC3 load sharing Stand-alone Stand-alone
VCC3 = VCC1 Configuration Configuration
- VCC3 =5V VCC3 = 3.3V

Figure 23 Example - Selecting the Configuration of the VCC3 Regulator (VCC1=5V)

Depending on the configuration, the external regulator operates according to the respective SBC mode as
outlined in Table 19. Once the VCC3 configuration is selected, it cannot be modified.

In stand-alone mode, the maximum output current ( ICC3max) is limited by the current restriction defined
by the external shunt resistor. In load-sharing mode, the same shunt determines the current ratio
between VCC1 and VCC3. Because the junction temperature of the external PNP transistor cannot be
monitored by the SBC, thermal protection is not provided by the device and must be evaluated within the

application design.

To minimize quiescent current in SBC Stop Mode, the output voltage tolerance is relaxed as only a
low-power regulator with reduced accuracy remains active for small loads. When the base current

on VCC3 exceeds the threshold (IVCC3base > IVCC3base,Ipeak,r), the high-power regulator is
additionally enabled to support optimal dynamic load performance. Once the base current drops below
(IVCC3base < IVCC3base,lpeak,f), the device returns to low-quiescent operation by disabling the

high-power regulator.
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In SBC Normal Mode, only the high-power regulator is active.

The operational status of VCC3 is indicated in the SUP_STAT_2 SPI register. The regulator switches OFF
when the supply voltage (VS) falls below VS_UV, regardless of configuration, and automatically re-enables
once VS exceeds the undervoltage threshold—unless the control bit VCC3_VS_ UV_OFF is set. To
maintain VCC3 operation below the VS_UV threshold, this bit must be enabled. Additionally, when
load-sharing mode is configured, VCC3 remains active in SBC Stop Mode if the VCC3_LS_ STP_ON bit is
set.For detailed protection features, refer to Chapter 15.7 and Chapter 16.3.

Table 19 External Voltage Regulator State by SBC Mode
SBC Mode Load Sharing Mode? Independent VVoltage Regulator
INIT Mode OFF OFF
Normal Mode Configurable Configurable
Stop Mode OFF/Fixed? Fixed
Sleep Mode OFF Fixed
Restart Mode ON or ramping Fixed
Fail-Safe Mode OFF OFF

1) Behaves as VCC1 and has to be configured in SBC Normal Mode

2) Load Sharing operation in SBC Stop Mode is by default disabled for power saving reasons but VCC3 LS
bit will stay set. However, it can be also configured via the SPI bit VCC3_LS_STP_ON to stay enabled in
SBC Stop Mode.

Notes

1. The configuration of the VCC3 voltage regulator must be performed immediately after device power-up and
remains fixed as long as the device is powered.

2. Once either the VCC3_ON or VCC3_LS hitis set for the first time, the VCCS3 configuration becomes
permanent and cannot be modified. This configuration remains valid even after an SBC Soft Reset,
provided the device continues to be supplied.

3. When VCC3 supplies external off-board loads, the application must account for the series resonance
formed by the cable inductance and the decoupling capacitor at the load. Adequate damping must be
ensured—for example, by placing a 100 Q resistor between the PNP collector and VCC3REF, together
with a 10 pF capacitor at the collector node (refer to Figure 24).

8.2.1 External Voltage Regulator as Independent Voltage Regulator

When configured as an independent voltage regulator, the SBC provides VCC3 as a third supply output
that can be used as an off-board supply, for example to power sensors, through the integrated
high-voltage pins VCC3B, VCC3SH, and VCC3REF.

This configuration is defined and latched by setting VCC3_ON = 1 while keeping VCC3_LS = 0. Once
configured, VCC3 can be switched ON or OFF, but the configuration itself cannot be modified. Attempts to
change the configuration do not trigger a SPI1_FAIL error.

Overcurrent limitation is implemented via an external shunt resistor (refer to Chapter 8.4 for shunt value
calculation) and the corresponding shunt voltage threshold (V shunt_threshold). When this threshold is
reached, the output current ICC3 is limited, and the VCC3_OC status bit is set. No additional protective
reaction occurs, and the flag can be cleared via SPI once the overcurrent condition is removed. If the
overcurrent limitation function is not required, the VCC3SH and VS pins should be connected together.

In this configuration, undervoltage monitoring of VCC3 is active. An undervoltage event is indicated by
the VCC3_UV/VCC3_0QV bitin the SUP_STAT_2 SPI register.

VCC3 overvoltage detection is by default disabled. When VCC3_0OV_EN is set to 1, VCC3 overvoltage
detection is enabled and an overvoltage event of VCC3 will set the VCC3_0V flag.
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Note: To avoid undesired current consumption increase ofthe device it must be ensured that VCC3 is
not connected to VCC1 in this configuration.

VS Vees
-1 RsHunt T1 -1 |
cc3
¢ ® AN ® — » ® >
y RLi?nk
=1 00Q .
— —— cC2
\\& //"
\v4 VS ( VCC3SH ( VCC3B VCC3REF A v
. wyyy $ s
— Rse

Icc3base

Vs-Vcesshunt

>Vshunt_threshold / —
[ \

State Machine -

Figure 24 Protecting the VCC3 against inductive short circuits when configured as an independent voltage
regulator for off-board supply

8.2.2 External Voltage Regulator in Load Sharing Mode

The purpose of the Load Sharing Mode is to increase the total current capability of VCC1 without adding
additional power dissipation inside the SBC. In this mode, the load current is distributed between the
internal VCCL1 regulator and the external PNP transistor connected to VCC3. The typical setup for load
sharing is shown in Figure 25. Load Sharing is active in SBC Normal Mode and can optionally be configured
via SPI to remain active in SBC Stop Mode.

When used in load sharing configuration during SBC Normal Mode, an input voltage up to VSx,MAXis
regulated to VCC3,nom = 5.0V (or 3.3 V for the V33 version) with a precision of £2%.

This configuration is defined and latched by enabling VCC3 LS =1for the first time
while VCC3_ON remains inactive (VCC3_ON =0). Once VCC3_LS has been set, any attempt to modify
the VCC3 configuration will trigger the SPI_FAIL bit, leaving the configuration unchanged.

Load sharing is automatically disabled during SBC Stop Mode (only if VCC3 LS _ STP_ON=0) for
power-saving reasons; however, the configuration bit remains set, allowing automatic re-activation when the
device returns to SBC Normal Mode. It must be ensured that the VCC3 output voltage level matches that
of VCC1.
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In this configuration, VCC3 does not provide undervoltage signalization. The VCC3 output is shut down

when the device enters Fail-Safe Mode, for example due to an undervoltage event detected
by VS_UV monitoring.

No overcurrent limitation is implemented in this mode; instead, the external shunt resistor defines the load
sharing ratio between VCC1 and VCC3 currents (refer to Equation (8.2) in Chapter 8.4). Consequently,
no VCC3_OC condition is reported in this configuration.

RsHunt T1 T

¢ ® AN ® < - ® ® ®

lccs

v VS VCC3SH VCC3B VCC3REF

VCC3

Veer [ >

lcct

Figure25 VCC3in Load Sharing Configuration
8.3 External Components

Characterization has been performed using BCP52-16 (for ICC3 <200 mA)
and MJD253 transistors. Alternative PNP transistors may also be used; however, their functionality

must be verified within the specific application.Figure 25 illustrates one of the hardware setups
used for characterization.

Table 20 Bill of Materials for the V3 Function with and without load sharing configuration
Device Vendor Reference /Value
c2 Murata 10 yF/10 V GCM31CR71A106K64L
RSHUNT . 1 Q (with / without LS)
T1 Infineon BCP52-16

Note: The SBC does not provide thermal protection for the external PNP transistor. Therefore, the
power-handling capability of the application must be selected according to the chosen PNP device,
PCB layout, and system characteristics to avoid thermal damage. This can be achieved, for example,
by implementing the shunt current limitation in the standalone configuration or by selecting an
appropriate ICC1/ICC3 ratio in the load-sharing configuration.

Note: To ensure optimal EMC performance of the VCC3 regulator when the VCC3 output extends
off-board, the PCB layout should be optimized to place the PNP transistor as close as possible to
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the SBC. If this is not feasible or sufficient, an external capacitor should be added near the
off-board connector (refer to Chapter 17.1).

8.4 Calculation of Rsnunt

As a independent regulator, the maximum current loczma Where the limit starts and the bit Icc3 > lccamax IS S€L IS
determined by the shunt resistor Rgyynt and the Output Current Shunt Voltage Threshold Vunt hreshold-
The resistor can be calculated as following:

Ushunt
RSHUNT —_3 7;" threshold (81)
CC3max
If VCC3 is configured for load sharing, then the shunt resistor determines the load sharing ratio between VCC1

and VCC3. The ratio can be calculated as following:

1100 15mV
Iecs 105 lcer
TR (a)
cc1 SHUNT

(8.2)

RSHUNT

(b)

Iees =

Example: A shunt resistor with 470mQ and a load current of 100mA out of VCC1 would result in Ioc; = 191mA.

8.5 Unused Pins

In case the VCC3 is not used in the application, it is recommended to connect the unused pins of VCC3
as followed:

«  ConnectVCC3SH to VS or leave open;

* Leave VCC3B open;

* Leave VCC3REF open

+ Do not enable the VCC3 via SPI as this leads to increased current consumption

8.6 Electrical Characteristics

Vs=5.5V1028V; T;=-40 °Cto +150 °C; SBC Normal Mode; all outputs open; all voltages with respect to ground;
positive current defined flowing into pin; unless otherwise specified.

Table 21 Electrical Characteristics
Parameter Symbol Values Unit | Note or Test Condition Note

Min. | Typ. | Max.

Parameters independent from Test Set-up

External Regulator Control | lvccaase 40 60 80 MA | Vyceapase = 135V
Drive Current Capability

Input Current Vecgres lyccares 0 3 10 MA | Vyccarer =5V
Input Current Vcs lvecashunt - - 10 HA | Vycesshunt= Vs
Shunt Pin
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Output Current Shunt Vanunt threshod | 180|245 (310 |mv | P

Voltage Threshold

Current increase regulation | t,;.. _ - 5 us | MNcca3=5Vto0V;
reaction time lccabase = 20 MAFigure 26
Currentdecrease regulation |t .. _ _ 5 us | Ncc3=0Vto5V;
reaction time lccabase = 20 MA Figure 26
Leakage current of lvceabase. ik - - S HA | Vecapase = Vs

VCC3base whenVCC3 T=25C

disabled

Leakage current of lvecashunt k| — - 5 HA | Vecsshunt = Vs;

Vceashune When VCC3 T=25C

disabled

Base to emitter resistor Rge 120 150 185 |kQ |Vcc3=OFF,;

Active Peak Threshold lvecabase peakr | — 50 |65 |pA | “Drive current lvccabase;
VCC3 (Transition threshold lvccabase M1SING

between low-power and Vg =135V,

high-power mode regulator) 40°C <T;<150°C

Active Peak Threshold lvccapase peakt | 19 30 - HA *Drive Currgnt Ivccabase;
VCC3 (Transition threshold lvceapase falling

between high-power and Vs =135V,

low-power mode regulator) “40°C <T;<150°C

Parameters dependent on the Test Set-up (with external PNP device MJD-253)

External Regulator Output | Vecso(BY) |49 5 51 |V 2SBC Normal Mode;
Voltage load sharing
configuration with 470
Vecsom(@V3) 323 133 [3.37 mQ) shunt resistor;
10 pA< lveer *lvees
<300 mA;
Table 21 Electrical Characteristics (cont’d)
Parameter Symbol Values Unit | Note or Test Condition Note
Min. | Typ. |Max.
External Regulator Output | Veesou 49 5 51 V | 2SBC Normal Mode;
Voltage stand-alone
(VCC3=50V) configuration
10 MA <13 <300 MA;
External Regulator Output | Vecsous 4.8 5 52% |V |2SBC Stop-, Sleep Mode;
Voltage Stand-alone
(VCC3 =5.0V) configuration
10pA <lyees<lvees Joeak,rs)
External Regulator Output | Vecsoua 323 |33V 337 |V |2SBC Normal Mode;
Voltage stand-alone
(VCC3=33V) configuration
10 MA <13 <300 MA;
External Regulator Output | Veesous 315 |33V 345 |V | 2SBC Stop-, Sleep Mode;
Voltage Stand-alone
(VCC3=33V) configuration
10pA <lyees<lvees J)eak,rs)
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External Regulator Output | Vecsous 175 18V 185 |V |2SBC Normal Mode;
Voltage stand-alone
(VCC3=18V) configuration

10 MA<lyce3 <300 MA;
External Regulator Output | Vees ourr 17 1.8 1.99 |V |2SBC Stop-, Sleep Mode;
Voltage Stand-alone
(VCC3 =18V configuration

10pA <lyees<lvees J)eak,rs)
Load Sharing Ratio Ratio s jvees | 1: 1: 1: _  |99%B0V< V<28V,
ICC1:ICC3 135 |19 2.45 SBC Normal Mode;

LS ratio fora470 mQ

shunt resistor and total
load current of 300mA

Load Sharing Ratio Ratio s 2vces | 1: 1: 1: _  |9B0OV <V <28V,
ICC1:ICC3 0.67 |095 |[1.23 SBC Normal Mode;
LS ratio for a 1 Q shunt

resistor and total load
current of 300mA

Load Sharing Ratio Ratio s svees|1: 1: 1: |- 9 T=150°C;80V<Vs<18V;
ICC1:ICC3 1.50 195 |2.40 SBC Nomal Mode;
LS ratio for a470 mQ

shunt resistor and total
load current of 300mA
Load Sharing Ratio Ratios svces|1: 1: 1: — P T=150°C; 8.0V <Vs<18V;
ICC1:ICC3 075 (098 [1.21 SBC Normal Mode;

LS ratio for a 1 Q shunt
resistor and total load
current of 300mA

1) Threshold at which the current limitation starts to operate. This threshold is only active when VCC3 is configured for
stand-alone configuration.

2) Tolerance includes load regulation and line regulation.

3) Ivces peak refersto the load current out of the collector of the external PNP device. This value can be calculated by
multiplying the VCC3base active peak threshold (lvccabase, ipeak) With the current gain of the PNP

4) At T;>125°C, the power transistor leakage could be increased, which has to be added to the quiescent current of the
application independently if the regulator is turned on/off. To prevent an overvoltage condition at no load due to this
increased leakage, an internal clamping structure will automatically turn on at typ. 200mV above the upper limit of the
programmed output voltage.

5) Not subject to production test, specified by design.

6) a) Ratio will change depending on the chosen shunt resistor which value is correlating to the maximum power
dissipation of the PNP pass device. See Chapter 8.4 for the ratio calculation. The ratio will also change at low-
drop operation.
For supply voltages of 5.5V < VS < 6V the accuracy applies only for a total load current of 250mA.
The load sharing ratio in SBC Stop Mode has +/-10% wider limits than specified.

b) The output voltage precision in load sharing in SBC Stop Mode is according to VCC1 +/-4% or better for loads up
to 20mA and +/-2% with loads greater than 20mA.
In SBC Normal the +/-2% precision for 5V/3.3V tolerance is valid regardless of the applied load.

Notes

1. Thereis no thermal protection available for the external PNP transistor. Therefore, the application must be
designed to avoid overheating ofthe PNP via the shunt current limitation in standalone configuration and
by selecting the proper ICC1/ICC3 ratio in load-sharing configuration.
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2.  InSBC Stop Mode, the same output voltage tolerance applies as in SBC Normal Mode when lyccs has
exceeded the selected active peak threshold (lvccabase ipeak) but with increased current consumption.

Timing diagram for regulator reaction time “current increase regulation reaction time” and “current decrease
regulation reaction time”

Vces
A
I
I
I
I
I
I
I
! » 1
I I
I I
I I
ICCbase : :
A | |
| ]
| I I
CC3base,50% | |
Yy ___ . __\______

I I

I I I I

I I I I

I I | I

| I I I

| | | | >
triinc : : tridec : :
— — A
I I I I
Figure 26 Regulator Reaction Time

Typical Load Sharing Characteristics using the BCP52-16 PNP transistor and a 1 Q shunt resistor
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9 High-Side Switch
9.1 Block Description
[1 HSx
VSHS [}

HS Gate Control
Overcurrent Detection
Open Load (On)

Figure 29 High-Side Module Block Diagram
Features

«  Dedicated supply pin VSHS for high-side outputs

«  Overvoltage and undervoltage switch off- configurable via SPI

*  Overcurrent detection and switch off

«  Open load detection in ON-state

«  PWM capability with internal timer configurable via SPI

«  Switch recovery after removal of OV or UV condition configurable via SPI

9.2 Functional Description

The High-Side switches can be utilized for driving LEDs, supplying wake inputs, or powering other loads.
These outputs can be controlled either directly via SPI using the HS_CTRL1 and HS_CTRL?2 registers, or by
the integrated timers and PWM generators.

The High-Side outputs are powered from a dedicated supply pin VSHS, which is independent from VS,
providing improved performance under cranking conditions.

The configuration of the High-Side drivers (e.g., Permanent On, PWM, Cyclic Sense, etc.) must be performed
in SBC Normal Mode. Once configured, the settings are retained in SBC Stop or SBC Sleep Mode and cannot
be modified. When the device enters SBC RestartMode or SBC Fail-Safe Mode, all HSx outputs are
automatically disabled.

9.2.1 Over-and Undervoltage Switch Off
All High-Side (HS) drivers that are in the on-state are switched off when an overvoltage condition occurs

on VSHS (V SHS,0VD). Once the voltage falls below the overvoltage threshold, the HS drivers are
automatically re-enabled. This protection feature can be disabled by setting the SPI bitHS_OV_SD_EN.
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Similarly, the HS drivers are switched off when an undervoltage condition is detected on VSHS(VSHS,UVD).
When the voltage rises above the undervoltage threshold, the HS drivers are re-activated. This function can
be disabled by setting the SPI bitHS_UV_SD_EN.

After the release of an overvoltage or undervoltage condition, the HS switches return to their previously
programmed state as configured via SPI, provided that the bitHS_OV_UV_REC is set to ‘1'. If this bit is
cleared (‘0’), the HS switches remain off and the corresponding SPI control bits are reset.

The occurrence of overvoltage or undervoltage conditions is indicated by the status
bits VSHS OV and VSHS_UV respectively. No additional error bits are set.

9.2.2 Overcurrent Detection and Switch Off

If the load current exceeds the overcurrent shutdown threshold for a duration longer than the defined
overcurrent filter time, the corresponding output is switched off.

The overcurrent condition and the resulting shutdown are indicated by the respective HSx_OC_OT bit in
the HS_OC_OT_STAT register. Following this event, the HSx configuration is automatically reset to 000
by the SBC.

To reactivate the High-Side driver, the HSx configuration must be set to ON (001) or programmed for a
timer-controlled operation. It is recommended to clear the overcurrent status bit before re-enabling the
High-Side switch, as these bits are not cleared automatically by the SBC.

9.2.3 Open Load Detection

Open-load detection for the High-Side outputs is performed when the output is in the on-state. If the current
through the active output drops below the defined Open-Load Detection threshold, an open-load condition
is detected and indicated by the corresponding status bit (HS1_OL, HS2_OL, HS3_OL, or HS4_OL) in the
HS OL_STAT register.

During this condition, the High-Side output remains active. Once the open-load condition is no longer
present, the respective Open - Load status bit can be cleared via SPIl. These bits are not cleared
automatically by the SBC.

9.24 HSx Operation in Different SBC Modes

*  During SBC Stop Mode and SBC Sleep Mode, the HSx outputs can be utilized for the cyclic sense feature.
The open-load detection, overcurrent shutdown, as well as overvoltage and undervoltage shutdown
functions remain available in these modes. Note that the overcurrent shutdown protection may affect the
wake-up behavior?.

+  The HSx outputs can also be enabled during SBC Stop and SBC Sleep Mode, and can be controlled by
the PWMx generator. Before entering any low-power mode, the HSx outputs must be configured in SBC
Normal Mode.

*  During SBC Restart Mode or SBC Fail-Safe Mode, the HSx outputs are switched off. They can be re-
enabled via SPI once the failure condition has been cleared.

9.2.5 PWM and Timer Function

Two 8-bit PWM generators are dedicated to generate a PWM signal on the HS outputs, e.g. for brightness
adjustment or compensation of supply voltage fluctuation. The PWM generators are mapped to the dedicated
HS outputs, and the duty cycle can be independently configured with a 8bit resolution via SPI (PWM1_CTRL,

1) Forthe wake feature, the forced overcurrent shutdown case must be considered inthe user software for all SBC Modes, i.e. due
to disabled HSx switches a level change might not be detected anymore at WKX pins.

PWM2_CTRL). Two different frequencies (200Hz, 400Hz) can be selected independently for every PWM
generator in the register PWM_FREQ_CTRL.

PWM Assignment and Configuration:

«  Configure duty cycle and frequency for respective PWM generator in PWM1_CTRL/PWM2_CTRL and
PWM_FREQ CTRL

«  Assign PWM generator to respective HS switch(es) in HSx_CTRL
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.  The PWM generation will start right after the HSx is assigned to the PWM generator (HS_CTRL1,HS CTRL2)

Assignment options of HS1... HS4

« Timerl
« Timer2
«  PWM1
«  PWM2

Minimum On-time during PWM Operation

The min. on-time during PWM is limited by the actual on- and off-time of the respective HS switch, e.g. the
PWM setting ‘0000 0001’ could not be realized.

Reliable Open-Load Detection during PWM Operation

The minimum PWM setting for a reliable open-load detection is 3digits for a period of 400Hz and >2 digits for
the frequency setting of 200Hz,i.e. the high-side on-time must be longer than o ps.

Reliable Overcurrent Detection during PWM Operation

The minimum PWM setting for a reliable overcurrent detection is >1 digit for a period of 400Hz and 1 digit for
the frequency setting of 200Hz,i.e. the high-side on-time must be longer than tsp ys.

9.3 Electrical Characteristics

Table 22 Electrical Characteristics

Vs=5.5V1028V; T;=-40 °C to +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Noteor Note
Test Condition

Min. Typ. Max.

Output HS1, HS2, HS3, HS4

Static Drain-Source ON Ron,Hs2s - 7 10 Q lys = 60MA,
Resistance HS1...HS4 Tj<25°C
Static Drain-Source ON Ronnsiso | — 115 16 Q lys = 60MA,
Resistance HS1...HS4 T;<150, C
Leakage Current HSx/per | |y 1is - _ 2 HA YOV <V,
channel <Vsps:
T;<85°C

Output Slew Rate (rising) SR gsens | 0.8 25 Vius | Y20 to 80%

Vs =610 18V
R, =220Q

08 |Vius | 80t020%
Ve =610 18V
R, =220Q

_ 30 S | CSN=HIGHto
0.8*VSHS;

R, =220Q;
Vg =610 18V

Output Slew Rate (falling) SRyaiHs -2.5

Switch-on time HSx tonHs 3

Switch-off time HSx torr Hs 3 _ 30 VE CSN =HIGH to
0.2*VSHS;
R, =220Q;
Vg =610 18V
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Short Circuit Shutdown Isp s 150 245 300 MA | Vg5 =610 20V,

Current hysteresis
included

Short Circuit Shutdown tsp,Hs 12 16 20 Us 2.9

Filter Time

Open Load Detection loLns 0.4 _ 3 mA | hysteresis

Current included

Open Load Detection loLHS hys 005 |045 1.0 mA |V

hysteresis

Open Load Detection Filter | to hs 50 64 80 s 23

Time

1) Notsubject to production test, specified by design.

2) Notsubjectto production test, tolerance defined by internal oscillator tolerance.

3) Configure proper minimum PWM settings for reliable detection of overcurrent and open load measurement (see
also Chapter 9.2.5).
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10 High Speed CAN Transceiver
10.1 Block Description
vean [ Ve
L, < SPI Mode
i| _ Control
CANH [ }—¢— i« Driver Rrxo
Output
Stage Temp- e ] TXDCAN
| eo—»— . +
CANL I: | Protection timeout
s i VCAN > To SPI diagnostic Vee,
@ VB|A5=2.5V ?
—
—— 1
ﬂ_ MUX —@ ¢—{ 1 RXDCAN
—e —
A Receiver |;
T VS 1
Wake
Receiver
Figure 30 Functional Block Diagram
10.2 Functional Description

The CAN transceiver integrated in the System Basis Chip (SBC) enables high-speed (HS) differential data
transmission and reception up to 2 Mbaud, suitable for automotive and industrial applications. It serves as
the interface between the CAN protocol controller and the physical bus lines, fully compliant with ISO 11898
-2:2016 and SAE J2284 standards.

To minimize current consumption, the transceiver provides several low-power operating modes, allowing

operation in networks with partially powered-down nodes. A dedicated Receive-Only Mode is implemented
to support software diagnostic functions.

When the transceiver is switched off, it exhibits excellent passive behavior, ensuring compatibility with mixed
networks and clamp 15/30 applications.

A wake-up from the CAN wake-capable mode can be triggered by bus activity, enabling the microcontroller
to remain in a low-power or idle state and be re-activated by CAN communication.

Designed to withstand the harsh conditions of automotive environments, the CAN transceiver fully supports
12V system applications.

The different transceiver modes can be controlled via the SPICAN bits.
Figure 31 shows the possible transceiver mode transitions when changing the SBC mode.
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SBC Mode CAN Transceiver Mode
SBC Stop Mode | Receive Only | |Wake Capable| | Normal Mode | | OFF |
! f f 1
SBC Normal Mode | Receive Only | |Wake Capable| | Normal Mode | | OFF |
SBC Sleep Mode | Wake Capable’ | | OFF° |
| |
SBC Restart Mode | Woken' | | OFF |
SBC Fail-Safe Mode |Wake Capable|

Behavior after SBC Restart Mode - not coming from SBC Sleep Mode due to a wake up of the respective transceiver:

If the transceivers had been configured to Normal Mode, or Receive Only Mode, then the mode will be changed to Wake
Capable. If it was Wake Capable, then it will remain Wake Capable. If it had been OFF before SBC Restart Mode, then it
will remain OFF.

Behavior in SBC Development Mode:
CAN default value in SBC INIT MODE and entering SBC Normal Mode from SBC Init Mode is ON instead of OFF.

! After a wake event on CAN Bus.
% Must be set to CAN wake capable / CAN off mode before entering SBC Sleep Mode.

Figure 31 CAN Mode Control Diagram

CAN FD Support

CAN FD stands for ‘CAN with Flexible Data Rate’. It is based on the well established CAN protocol as specified
in 1ISO 11898-1. CAN FD still uses the CAN bus arbitration method. The benefit is that the bit rate can be
increased by switching to a shorter bit time at the end of the arbitration process and then to return to the
longer bittime at the CRC delimiter, before the receivers transmit their acknowledge bits. See also Figure 32.
In addition, the effective data rate is increased by allowing longer data fields. CAN FD allows the transmission
of up to 64 data bytes compared to the 8 data bytes from the standard CAN.

Data phase
Standard CAN CAN Header P CAN Footer
message (Byte O - Byte 7)
| /
| /
i 2
I ,/
| /
| /
| /
I /
| /
I )/
; Data phase
Cieatime | CANHeater | (g ey | CAN Fooe
Example:
-11bit identifier+8Byte date
-Arbitration Phase  500kbps
-Data Phase 2Mbps
->average bitrate  1.14Mbps

Figure 32 Bite Rate Increase with CAN FD vs. Standard CAN
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Both the physical layer and the CAN controller must support CAN FD communication. If the CAN controller
does not support CAN FD operation, the corresponding CAN node must at least be tolerant to CAN FD
communication.

The CAN FD tolerant mode is implemented at the physical layer in combination with CAN Partial Networking,
ensuring compatibility within mixed CAN and CAN FD environments.

The GD33AP236x-3QV variants of this device family also support the CAN FD tolerant mode. For detailed
information on enabling this mode, refer to Chapter 5.4.7.

10.2.1 CAN OFF Mode

The CAN OFF Mode is the default operating state after the power-up of the System Basis Chip (SBC). It is
available in all SBC operating modes and is intended to completely disable all CAN activities when CAN
communication is not required.

In this mode, the CANH/CANL bus interface behaves as a high-impedance input with minimal leakage current.
Any wake-up events occurring on the bus are ignored while the device remains in CAN OFF Mode.

10.2.2 CAN Normal Mode

The CAN transceiver is activated via SPI when the SBC operates in Normal Mode. The CAN Normal Mode is
designed for standard high-speed CAN (HS-CAN) data transmission and reception. This mode is available in
both SBC Normal Mode and SBC Stop Mode, with the bus bias voltage set to VCAN/2.

Transmission

The TXDCAN input signal from the microcontroller is applied to the SBC, and the bus driver converts this
signal by switching the CANH and CANL output stages to transmit the corresponding logic levels onto the
CAN bus.

Enabling sequence

Before a message can be transmitted, the CAN transceiver requires an enable time (tcan,en). The TXDCAN
signal must remain recessive (HIGH) until this enable period has elapsed. If this condition is not met, the
TXDCAN line must first be returned to the recessive state before transmission can proceed. After the
enabling time is completed.

Only the next dominant bit will be transmitted on the bus.

Figure 33 shows different scenarios and explanations for CAN enabling.

J AN

€ teaven ———> [E—— fcanen —> [——— ftcaven ————>

Vrxocan 4

CAN
Mode 4

CAN
NORMAL

o « « R

[

tcan, en NOt ensured, no recessive TXD level
transmission on bus required before start of
transmission

A
Veanorr
Dominan t
Recessive

Correct sequence,
Bus is enabled after tca,en

/N

¢
)

tcan, n NOt ensured, recessive TXD
no transmission on bus level required

Figure 33 CAN Transceiver Enabling Sequence
Reduced Electromagnetic Emission
To reduce electromagnetic emissions (EME), the bus driver controls CANH/L slopes symmetrically.
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Reception

Analog CAN bus signals are converted into digital signals at RXD via the differential input receiver.

10.2.3 CAN Receive Only Mode

In CAN Receive Only Mode (RXD only), the driver stage is de-activated but reception is still operational.
This mode is accessible by an SPI command in Normal Mode and in Stop Mode. The bus biasing is set to
VCAN/2.

In CAN Receive-Only Mode (RXD-only), the driver stage of the transceiver is disabled, while the reception
path remains fully operational. This mode can be activated via an SPI command when the SBC is in either
Normal Mode or Stop Mode. The bus biasing in this state is set to VCAN /2.

10.2.4 CAN Wake Capable Mode

The CAN Wake-Capable Mode is used to monitor bus activity and can be enabled in SBC Stop, Sleep, Restart,
and Normal Modes. It is also automatically entered when the SBC transitions to Fail-Safe Mode. In this mode,
both CANH and CANL pins are connected to GND through input resistors.

When a wake-up signal is detected on the bus, the SBC’s behavior changes accordingly, as specified in
Table 23. The CANH/L pins are terminated to approximately 2.5V through the input resistors. As an indication
to the microcontroller, the RXD_CAN pinis pulled LOW and remains LOW until the CAN transceiver is switched
to another mode. After a wake-up event, the transceiver can be set to CAN Normal Mode via SPI to resume
standard CAN communication.

As illustrated in Figure 34, a wake-up pattern (WUP) is recognized on the bus when two consecutive dominant
levels occur for a duration of at least twaer (filter time t > twake1) @nd shorter than twake2, €ach separated by a
recessive level lasting longer than twake1 but shorter than twakez.
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Entering low-power mode,
when selective wake-up
function is disabled
or not supported

Ini
Bias off

1
Bias off
2
Bias off

Bus recessive > twaket Wait
Bias off
Bus dominant > twag
optional:
twakez €xpired

Bus recessive > twaker

optional:
twake2 eXpi red

Bus dominant > twaxet

tsience €XPired AND
Device in low-power mode

Entering CAN Normal 3
O .
or CAN Receive Only Biason

Bus recessive > tyaker

tsience €Xpired AND
Device in low-power mode

J

Bus dominant > twaxer <
4
Bias on

Figure 34
Rearming the Transceiver for Wake Capability

WUP detection following the definition in ISO 11898-2:2016

After a bus wake-up event, the CAN transceiver becomes active. However, the CAN transceiver mode bits
will still indicate Wake-Capable Mode (=‘01’), keeping the RXD signal in the LOW state. There are two ways
to re-enable the CAN Wake-Capable Mode after a wake-up event:

*  The CAN transceiver mode must be toggled, i.e., switched from Wake-Capable Mode to
CAN Normal Mode, CAN Receive-Only Mode, or CAN OFF Mode, before being set back to CAN Wake

-Capable Mode.

*  Automatic re-arming occurs when the SBC transitions to SBC Stop Mode or SBC Fail-Safe Mode,

ensuring continuous wake-up capability.

+  Before entering SBC Sleep Mode, the CAN must be configured to either CAN Wake-Capable Mode

or CAN OFF Mode.
Notes:

1. ltis notrequired to clear the CAN wake-up flag (CAN_WU) to restore wake-capable functionality;

simply toggling the CAN mode is sufficient.

2. In CAN Wake-Capable Mode, the CAN module is powered by an internal supply voltage, meaning it
does not require VCAN during this state. Before switching the CAN mode back to Normal Mode, the

VCAN supply must be enabled.
Wake-Up in SBC Stop and Normal Mode

In SBC Stop Mode, when a wake-up event is detected, it is indicated by both the INT output and the
WK_STAT_1 SPI register. Additionally, the RXDCAN pin is driven LOW to signal the wake-up condition. The
same behavior applies when the device operates in SBC Normal Mode.
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After a wake-up in SBC Stop Mode, the microcontroller must manually switch the SBC from Stop Mode to
Normal Mode, as no automatic transition occurs.

For functional safety, if the watchdog was previously disabled, it will be automatically re-enabled in
SBC Stop Mode following a bus wake-up event, provided that the WD_EN_ WK_BUS bit was configured to
HIGH beforehand.

Wake-Up in SBC Sleep Mode

In SBC Sleep Mode, a wake-up can be triggered by a CAN message meeting the filter time condition (t>t
waker)- Upon wake-up, the SBC automatically transitions first to SBC Restart Mode, and then to Normal Mode.
During this process, the RXD pin is set LOW, enabling the microcontroller to detect the wake-up event.

The wake source can be identified by reading the WK_STAT_1 register via SPI. No interrupt signal is
generated when exiting Sleep Mode. Subsequently, the microcontroller can activate CAN Normal Mode
through SPI to resume standard CAN communication.

Table 23 Action due to CAN Bus Wake-Up

SBC Mode SBC Mode after Wake VCC1 INT RXD
Normal Mode Normal Mode ON LOW LOW
Stop Mode Stop Mode ON LOW LOW
Sleep Mode Restart Mode Ramping Up HIGH LOW
Restart Mode Restart Mode ON HIGH LOW
Fail-Safe Mode Restart Mode Ramping up HIGH LOW
10.2.5 TXD Time-out Feature

In CAN Normal Mode, if the TXD signal remains dominant for a duration t> tryp cay 10, the TXD time-out

function deactivates the transmission on the bus. This mechanism prevents the bus from being permanently
blocked due to a transmission error.

When the time-out condition occurs, the transmitter stage is disabled, and the transceiver automatically
switches to Receive-Only Mode. The failure condition is recorded in the SPI flag CAN_FAIL.

Once the dominant state is removed, the CAN transmitter is reactivated, and the transceiver automatically
returns to CAN Normal Mode. The overall transceiver configuration remains unchanged throughout this
process.

10.2.6 Bus Dominant Clamping

If the HS-CAN bus remains dominant for a period t>tg s can 1o While operating in CAN Normal Mode or

Receive-Only Mode, a bus dominant clamping condition is detected. In this case, the SPI bit CAN_FAIL is set,
indicating the fault.

The transceiver configuration remains unchanged under this condition.

10.2.7 Undervoltage Detection

The VCAN supply voltage is continuously monitored when the transceiver operates in CAN Normal Mode or
Receive-Only Mode, during SBC Normal and Stop Modes. If an undervoltage condition is detected (VCAN <
Vean_uv), the SPI bit VCAN_UV is set, and the SBC disables the transmitter stage.

When the CAN supply voltage rises above the undervoltage threshold (VCAN > Vcan_uv), the transceiver is
automatically switched back to CAN Normal Mode. The transceiver configuration remains unchanged during
this recovery process.

10.3 Electrical Characteristics
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(unless otherwise specified)

Table 24

Electrical Characteristics

Vs =55V1028YV, T, = -40°C 10 +150 °C; 4.75V < Vg <5.25V; R, = 60Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin

Parameter Symbol Values Uni | Note or Note
Min. Typ. Max. t Test Condition

CAN Bus Receiver

Differential Receiver Vittrd N - 0.80 0.90 \% V= Veann - Veand

Threshold Voltage, -12V <V, (CAN) < +12V;

recessive to dominant edge 0.9V = Viiip range S8V,
CAN Normal Mode

pominant state differential Vit b._range| 0-9 _ 8.0 \Y, WV 4= Veanns - VeanL:

input voltage range 12V £V, (CAN) < +12V;
CAN Normal Mode

Differential Receiver Vaittar N 0.50 0.60 _ Y Vgir= Veann -VeanL:

Threshold Voltage, -12V <V, (CAN) < +12V;

dominant to recessive edge -3V = ViR Range < 0-5V;
CAN Normal Mode

Recessive state differential Vit r_range| ~3-0 _ 05 vV W= Veann - Vean:

input voltage range 12V £V, (CAN) < +12V;
CAN Normal Mode

Common Mode Range CMR -12 /4 12 v |9

CANH, CANL Input R, 20 40 50 kQ | CAN Normal/Wake

Resistance capable Mode;
Recessive state;
2VEVpun <+ V

Differential Input Resistance | R 40 80 100 kQ | CAN Normal/Wake
capable Mode;
Recessive state;
2VEVpun <+ V

Input Resistance Deviation | AR, -3 - 3 % | YRecessive state;

between CANH and CANL Veann=Vean =5V

Input Capacitance CANH, | C,, - 20 40 pF | Npp=5V

CANL versus GND

Differential Input Citr - 10 20 pF |V, ,=5V

Capacitance

Wake-up Receiver Vit aw |- 0.8 115 |V [-112V<Vg,(CAN)S+12V,

Threshold Voltage, 1.15VSViip Range S8V,

recessive to dominant edge CAN Wake Capable
Mode

Table 24 Electrical Characteristics (cont’d)

Vs =55V1028V; T, =-40°Ct0 +150 °C; 4.75V < Vi <525V, R, = 60Q; CAN Normal Mode; all voltages with
respectto ground, positive currentflowing into pin

(unless otherwise specified)

Parameter

Symbol

Values

Min.

Typ.

Max.

Uni

Note or
Test Condition

Note
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Wake-up Receiver Dominant | Vi range | 115 |- 8.0 V[ P12VsV,(CAN) <
state differential input W +12V;
voltage range CAN Wake
Capable Mode
Wake-up Receiver Vit g w |04 0.7 - Vo [-12V Vg, (CAN) < +12V;
Threshold Voltage, -3V =Vtr range S04V,
dominant to recessive edge CAN Wake Capable
Mode
Wake-up Receiver ViR _range -3.0 _ 04 \Y; D12V <V, (CAN) <
Recessive state differential |w +12V;
Input CAN Wake
voltage range Capable Mode
CAN Bus Transmitter
CANH/CANL Recessive Veanun v | 20 _ 3.0 \% CAN Normal Mode;
Output V0|tage VTXD = VCCl;
(CAN Normal Mode) no load
Output Voltage Capable Mode; Viyp
(CAN Wake Capable Mode) =Veey o load
CANH, CANL Recessive Var + N -500 _ 50 mV | CAN Normal Mode
Output Voltage Difference - Vo = Veer,
Vi = Veanr - Veant no load
(CAN Normal Mode)
CANH, CANL Recessive Vit rw -200 4 200 mV | CAN Wake
Output Voltage Difference o Capable Mode;
Vi = Veanr - Veant Vo = Veer
(CAN Wake Capable Mode) no load
CANL Dominant Output Veant 05 _ 2.25 V CAN Normal Mode;
Voltage V=0V,
Vean=5V;
50Q<R <650
CANH Dominant Output Veanu 2.75 _ 45 \Y CAN Normal Mode;
Voltage Vi =0V,
Vean =5V,
50Q<R, <65Q
CANH, CANL Dominant Vit d N 15 2.0 25 V CAN Normal Mode;
Output Voltage Difference Vo =0V,
Viir= Veann - Veant Vean =3V,
50Q<R, <65Q
Table 24 Electrical Characteristics (cont’d)

Vs =55V1028V; T,

(unless otherwise specified)

=-40°Ct0+150 °C; 4.75V < V5 <5.25V; R, = 60Q; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin

Parameter

Symbol

Values

Min.

‘ Typ.

Max.

Uni

Note or
Test Condition

Note
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CANH, CANL Dominant Vit d N 15 _ 5.0 \% DCAN Normal Mode;
Output Voltage Difference Vixp =0V,
V= Veann - Veant Vean =5V,
R, =2240Q
CANH, CANL Dominant (VN 14 _ 3.3 \% HCAN Normal Mode;
Output Voltage Difference Vixp =0V,
Vi = Veann = Veand Vean =5V,
45Q<R, <70Q
CANH, CANL outputvoltage | V¢ e 1q | — _ 70 Vlus | ¥30% to 70% of
difference slope, recessive - measured differential
to dominant bus voltage,
C, =100 pF,R_=60Q
CANH, CANL output voltage | V¢ gope ar |- _ 70 Vlus | ¥70% to 30% of
difference slope, dominant S measured differential
to recessive bus voltage,
C,_ =100 pF,R_=60Q
Driver Symmetry Vsym 45 _ 55 V  |9CAN Normal Mode;
Vevm = Veannt Veane Vixo =0VI5V;
Veay=5V;
Cepur =4.7nF;
R, =60Q;
CANH Short Circuit Current | lcanmsc -115 -80 -50 mA | CAN Normal Mode;
Veantshot = -3V
CANL Short Circuit Current | loanisc 50 80 115 mA | CAN Normal Mode
Veantshot = 18V
Leakage Current lCANH Ik - 5 7.5 MA | Vg=Vea =0V,
(unpowered device) lcANL Ik OV <V S5V,
YRy =0/47 kQ
Receiver Output RXD
HIGH level Output Voltage | Viypy 08x | _ - V | CAN Normal Mode
Vear Irxpcan) = -2 MA;
LOW Level Output Voltage | Vryp, — — 02x |V CAN Normal Mode
Veer Irxpcan) = 2 MA;
Transmission Input TXD
HIGH Level Input Voltage VixoH - _ 0.7x |V CAN Normal Mode
Threshold Veer recessive state
Table 24 Electrical Characteristics (cont’d)

Vs =55V1028V; T, =-40°Ct0 +150 °C; 4.75V < V4 <525V, R, = 60Q; CAN Normal Mode; all voltages with

respect to ground, positive currentflowing into pin

(unless otherwise specified)

Parameter Symbol Values Uni | Note or Note
Min. Typ. Max. t Test Condition

LOW Level Input Voltage VixoL 03x |_ - \ CAN Normal Mode

Threshold Vear dominant state
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TXD Input Hysteresis Vioms |0.08x 1012x [05x |V [P
VCCl VCCl VCCl

TXD Pull-up Resistance Ryo 20 40 80 kQ |_
CAN Transceiver tean,en 8 13 18 us | ¥CSN = HIGH to first
Enabling Time valid transmitted TXD

dominant
Dynamic CAN-Transceiver Characteristics
Min. Dominant Time for BUs | t,,.c; 050 |_ 18 HS | -12V<Vy(CAN)<+12V,
Wake-up CAN Wake capable

Mode
Wake-up Time-out, tvake2 0.8 _ 10 ms | YCAN Wake
Recessive Bus capable Mode
WUP Wake-up twuwop |- _ 100 us | 997 Wake-up reaction
Reaction Time time after a valid WUP

on CAN bus;
Loop delay tLoop _ 150 255 ns | ®CAN Normal

Mode C, =100 pF;
(recessive to dominant) R, =60Q;

Ve =5V,

Crxpo =15pF
Loop delay tLoop.r - 150 255 ns | ®CAN Normal

Mode C, =100 pF;
(dominant to recessive) R, =60Q;

Vean =5V,

Crxpo =15pF
Propagation Delay taT _ 50 _ ns | CAN Normal Mode
TXD LOW to bus dominant C, =100pF;

50Q <R, £65Q;

Vean =5V,
Propagation Delay tayT - 50 _ ns | CAN Normal Mode
TXD HIGH to bus recessive C_ =100 pF;

50Q <R, £65Q;

Vean =5V,
Propagation Delay tyyr _ 100 _ ns | CAN Normal Mode
bus dominantto RXD LOW C, =100pF;

50Q <R, <60Q;

Ve =5V,

Crxp =15 pF

Table 24 Electrical Characteristics (cont’d)

Vs =55V1028V; T, =-40 °Cto +150 °C; 4.75V <V <525 ViR, = 60Q2; CAN Normal Mode; all voltages with
respect to ground, positive current flowing into pin
(unless otherwise specified)

Uni
‘Max. |t

Note or Note

Test Condition

Values
‘ Typ.

Parameter Symbol

Min.
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Propagation Delay tar R _ 100 _ ns | CAN Normal Mode
bus recessive to RXD HIGH C, =100pF;

50Q <R, <60Q;

Vean =5V,

Crxo =15pF
Received Recessive Bit thitRxD) 400 _ 550 ns | CAN Normal Mode
Width C, = 100pF;
(CAN FD up to 2Mbps) R =600

Vean =5V,

Crxp =15 pF;

tirxo) = 500ns;

Timing definition
according to Figure 36

TransmittedRecessive Bit | thigus) 435 - 530 ns | CAN Normal Mode
Width C, =100pF;
(CAN FD up to 2Mbps) R, =60Q;

Ve =5V,

Crxp =15 pF;

tirxo) = ©00NS;

Timing definition
according to Figure 36

Receiver Timing Symmetry | Atge. -65 - 40 ns | CAN Normal Mode
(CAN FD up to 2Mbps) C, = 100pF;

R, =60Q;

Vean =5V,

Crxo =15 pF;

toirxo) = 500ns;

Timing definition
according to Figure 36

Received Recessive Bit thitRxD) 120 _ 220 ns | CAN Normal Mode;
Width CL =100pF;

(CAN FD up to 5 Mbps) RL=600;

Vean =5V,

Crxo =15 pF;

toicrxo) = 200 ns;
Parameter definition in
according to

Figure 36.

Table 24 Electrical Characteristics (cont’d)
Vs =55V1028V; T, =-40°Ct0 +150 °C; 4.75V < Vi <525V, R, = 60Q; CAN Normal Mode; all voltages with
respect to ground, positive currentflowing into pin
(unless otherwise specified)

Parameter Symbol Values Uni | Note or Note
t Test Condition

Min. Typ. Max.
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Transmitted Recessive Bit | tiygus) 155 _ 210 ns | CAN Normal Mode;
Width C, =100pF;
(CAN FD up to 5 Mbps) R, =60Q;
Ve =5V
Crxo =15 pF;

toierxo) = 200 Ns;
Parameter definitionin
according to

Figure 36.

Receiver Timing Symmetry | Atge. -45 _ 15 ns | CAN Normal Mode,
(CAN FD up to 5 Mbps) C, =100pF;

R, =60Q;

Vean =5V,

Crxp =15 pF;

tirxp) = 200 ns;
Parameter definitionin
according to

Figure 36.
TXD Permanent Dominant | tryp can 1o | 1.6 2 24 ms |2CAN Normal Mode
Time-out
BUS Permanent Dominant | tsus_can To| 1.6 2 2.4 ms | 2CAN Normal Mode
Time-out
Timeout for bus inactivity | tq ence | 06 _ 12 s Y
Bus Bias reaction time taias - 4 200 us | ¥

1) Notsubjectto production test, specified by design.

2)  Not subject to production test, specified by design, S2P - Method; f= 10 MHz.

3) Vsvmshall be observed during dominant and recessive state and also during the transition dominant to
recessive and vice versa while TXD issimulated by a square signal (50% duty cycle) with a frequency of
up to 1 MHz (2 MBit/s).

4)  Ryest between supply (VS/VCAN) and OV (GND).

5) Notsubjectto production test, tolerance defined by internal oscillator tolerance.

6) Wake-up is signalized via INT pin activation in SBC Stop Mode and via VCC1 ramping up with wake from SBC
Sleep Mode.

7) Time starts with end of last dominant phase of WUP.
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Figure 35 Timing Diagrams for Dynamic Characteristics
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11 LIN Transceiver
11.1 Block Description

VSHS H]

SPI Mode Control

A 4

) VCC1
Driver
Rsus °
Output TxD Input
Stage Temp.- R
Protection [€
Current 7 TXDLIN

To SPI Diagnostic

Receiver

VSHS T J:l_— Filter —

Wake
Receiver

LIN C Limit Time out
- i

VCC1

] RXDLIN

Figure 37 Block Diagram

11.1.1 LIN Specifications

The LIN network is standardized by international regulations.

The device is compliant to the physical layer standard LIN 2.2/ISO 17987-4 and SAE J2602-2. The SAE
J2602-2 standard differs from the LIN 2.2/ISO 17987-4 standard mainly by the lower data rate (10.4 kbit/s).

11.2 Functional Description

The LIN Bus is a single-wire, bi-directional communication interface used in in-vehicle networks. The LIN
transceiver integrated in the GD33AP236x devices provides the physical layer interface between the
microcontroller and the LIN Bus.

Digital output data from the microcontroller are transmitted to the LIN Bus through the TXD input pin. The
TXD data stream is converted into a LIN Bus signal with an optimized slew rate, effectively minimizing
electromagnetic emissions (EME) within the LIN network.

Incoming data from the LIN Bus are received and forwarded to the microcontroller via the RXD output pin.
The receiver incorporates an integrated filter network that suppresses noise on the LIN Bus and enhances
the electromagnetic immunity (EMI) performance of the transceiver.

According to LIN 2.2/1SO 17987 -4, two logical states are defined on the LIN Bus.
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Each LIN network consists of a master node and one or more slave nodes. For master node configuration,
the GD33AP236x requires a resistor (1 kQ) and a reverse diode connected between the LIN Bus and the
VSHS power supply.

The LIN transceiver modes are controlled via SPI and LIN2 configuration bits.

Figure 38 shows the possible transceiver mode transitions when changing the SBC mode.

SBC Mode LIN Transceiver Mode
SBC Stop Mode | Receive Only | |Wake Capable| | Normal Mode | | OFF |
f f f f
SBC Normal Mode | Receive Only | |Wake Capable| | Normal Mode | | OFF |
SBC Sleep Mode | Wake Capable | | OFF |
| |
SBC Restart Mode | Woken' | [ OFF |
SBC Fail-Safe Mode |Wake Capable| | Lfter a wake even on LIN bus |

Behavior after SBC Restart Mode — not coming from SBC Sleep Mode due to a wake up of the respective transceiver:

If the transceivers had been configured to Normal Mode, or Receive Only Mode, then the mode will be changed to Wake
Capable. If it was Wake Capable, then it will remain Wake Capable. If it had been OFF before SBC Restart Mode, then it
will remain OFF.

Behavior in SBC Development Mode:
LIN default value in SBC INIT MODE and entering SBC Normal Mode from SBC Init Mode is ON instead of OFF.

Figure 38 LIN Mode Control Diagram

11.2.1 LIN OFF Mode

The LIN OFF Mode is the default state after the power-up of the SBC. This mode is available in all SBC
operating modes and is intended to completely disable LIN activity when LIN communication is not required.
In LIN OFF Mode, any wake-up event occurring on the LIN bus is ignored.

11.2.2 LIN Normal Mode

The LIN transceiver can be enabled via SPl when the SBC operates in SBC Normal Mode. LIN Normal Mode
is designed for standard data transmission and reception within the LIN network. This mode is available in
both SBC Normal Mode and SBC Stop Mode.

Transmission

The TXDLIN input of the SBC receives the transmit signal from the microcontroller. The bus driver
converts this signal and drives the LIN output stage, transferring the data onto the LIN bus line.

Enabling Sequence

Before initiating communication, the LIN transceiver requires an enable time (i gn). Data transmission on the

bus can only occur after this enable time has elapsed. If the TXDLIN signal is pulled LOW before the enable
time is completed, it must be returned to HIGH (recessive) until the activation period finishes.

Only the next dominant bit following the enable time will be successfully transmitted onto the LIN bus.

81



€

GigaDevice GD33AP2361_AP2362_AP2363 Datasheet

Figure 39 shows different scenarios and explanations for LIN enabling.

VT A

€ tinen ———> [E—— tunen ——> ——— tinen —————>

Vrxoun 4

LIN
Mode 4

LIN
NORMAL

LIN OFF (( (( -

A
Vuin_sus ‘
C
Recessive ) )
Dominant
>

recessive TXD level
required before start of
transmission

tun, en NOt ensured, recessive TXD
no transmission on bus level required

Correct sequence, tun, en NOt ensured, no
Bus is enabled after tyn en transmission on bus

Figure 39 LIN Transceiver Enabling Sequence
Reduced Electromagnetic Emission

To reduce electromagnetic emissions (EME), the bus driver controls LIN slopes symmetrically. The
configuration of the different slopes is described in Chapter 11.2.8.

Reception
Analog LIN bus signals are converted into digital signals at RXD via the differential input receiver.

11.2.3 LIN Receive Only Mode

In LIN Receive Only Mode (RXD-only), the driver stage of the LIN transceiver is deactivated, while data
reception from the LIN bus remains enabled. This mode can be selected via SPI command and is available
in both SBC Normal Mode and SBC Stop Mode.

11.2.4 LIN Wake Capable Mode

The LIN Wake Capable Mode is used to monitor bus activity and can be activated via SPI programming when
the SBC operates in Stop, Sleep, Restart, or Normal Mode. It is also automatically entered in SBC Fail-

Safe Mode. A wake-up event is detected when a recessive-to-dominant transition on the LIN bus is followed
by a dominant level lasting longer than twk sus, and then by a dominant-to-recessive transition. This final
transition triggers the wake-up of the LIN transceiver. Upon a wake-up, the RXD_LIN pin is driven LOW to
signal the microcontroller and remains LOW until the transceiver is switched to another LIN mode. After a
wake event, the transceiver can be set to LIN Normal Mode to resume communication.

Rearming the transceiver for wake capability

After a bus wake-up event, the transceiver becomes active, but the LIN1/ LIN2 mode bits remain set to wake
capable (‘01’), keeping the RXD signal LOW. The wake-capable mode can be re-enabled in two ways:

+ By toggling the transceiver mode, i.e., switching to LIN Normal, LIN Receive Only, or LIN OFF Mode, and
then back to LIN Wake Capable Mode.

«  Automatically, when the SBC transitions to Stop, Sleep, or Fail-Safe Mode, ensuring continuous wake-up
capability.
Wake-Up in SBC Stop and SBC Normal Mode

In SBC Stop Mode, a wake-up event is indicated by both the INT output and the WK_STAT _1 SPI register, and
additionally by pulling RXDLIN LOW. The same signaling behavior applies in SBC Normal Mode. After detection,
the microcontroller must manually switch the device to SBC Normal Mode, as no automatic transition occurs.
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For functional safety, if the watchdog was previously disabled, it will be automatically re-enabled after a bus
wake event in SBC Stop Mode (if the bit WD_EN_WK_BUS was configured HIGH).

Wake-Up in SBC Sleep Mode

In SBC Sleep Mode, a wake-up can occur through a LIN message when the dominant level duration exceeds
twk sus. This wake-up automatically transitions the SBC into Restart Mode, and subsequently to Normal Mode.
During this process, the corresponding RXD pin is pulled LOW to notify the microcontroller. The microcontroller
can then read the wake source from the WK_STAT _1 register via SPI. No interrupt is generated when exiting
Sleep Mode. After wake-up, the microcontroller can switch the LIN transceiver to LIN Normal Mode via SPI to
initiate communication.

Table 25 Action due to a LIN BUS Wake-up

SBC Mode SBC Mode after Wake VCC1 INT RXD

Normal Mode Normal Mode ON LOW LOW
Stop Mode Stop Mode ON LOW LOW
Sleep Mode Restart Mode Ramping Up HIGH LOW
Restart Mode Restart Mode ON HIGH LOW
Fail-Safe Mode Restart Mode Ramping up HIGH LOW
11.2.5 TXD Time-out Feature

If the TXD signal remains dominant for a duration longer than t >trxp Lin_To, the TXD time-out function
temporarily deactivates the LIN transmitter output stage. During this condition, the transceiver output is forced
into a recessive state to prevent the LIN bus from being blocked by a permanent LOW level on the TXD pin,
which could occur due to a fault condition. When such a fault is detected, the event is recorded in the SPI
status flags LIN1_FAIL and LIN2_FAIL. Once the dominant time-out condition is cleared, the LIN transmitter

stage is automatically re-enabled, while the transceiver configuration remains unchanged.

Recovery of the

TxD Time-Out due to microcontroller error
microcontroller error
Release after TxD
Normal Communication v Time-out
timeout tiorec o
A - > —> - Normal Communication
TxD
I1a
yJA >
t
A
LIN
-
t
Figure 40 TXD Time-Out Function
11.2.6 Bus Dominant Clamping

If the LIN bus signal remains dominant for a duration longer than tg;s |\ 1o While operating in LIN Normal Mode

or LIN Receive Only Mode, a bus dominant clamping condition is detected. In such a case, the SPI status bits
LIN1 _FAIL and LIN2_FAIL are set to indicate the fault. The transceiver configuration remains unchanged.
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11.2.7 Undervoltage Detection

When the supply voltage (VSHS) drops below the undervoltage detection threshold (VSHS < Vsus,uvp), the
GD33AP236x disables both the output and receiver stages. Once the supply voltage rises above the
threshold (VSHS >Vg,,5 ,\p): the GD33AP236x resumes normal operation. Throughout this event, the

transceiver configuration remains unchanged.

11.2.8 Slope Selection

The LIN transceiver supports two slope modes:

e LIN Low-Slope Mode for 10.4 kBaud communication

*  LIN Normal-Slope Mode for 20 kBaud communication

The difference between these modes lies in the transmitter slew rate. In Low-Slope Mode, a reduced slew rate
is used to minimize electromagnetic emissions (EME), ensuring compliance with SAE J2602 requirements. By
default, the device operates in LIN Normal-Slope Mode. The Low-Slope Mode can be selected via the SPI bit

LIN_LSM, which becomes effective when CSN transitions HIGH. Only the transmitter slope is modified, and
this selection is available in SBC Normal Mode only.

11.2.9 Flash Programming via LIN

The device supports LIN-based flash programming, for example, programming another LIN slave node at
data rates up to 115 kBaud. This feature is enabled by disabling the slope control mechanism through the SPI
bit LIN_FLASH, which becomes effective once CSN goes HIGH. The SPI configuration bit can be set in
SBC Normal Mode.

Note: It is recommended to perform flash programming only at nominal supply voltage VSHS =13.5V
to ensure stable data communication.

11.3 Electrical Characteristics

Table 26 Electrical Characteristics

Vsus =5.5V 10 18V, T; =-40 °C to +150 °C, RL =500 Q, all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition Note

Min. | Typ. |Max.

Receiver Output (RXD pin)

HIGH Level Output Voltage | Vgyph 08x |_ _ V o = -1.6 MA;
Vear Vius = Vshis
LOW Level Output Voltage VexoL _ _ 02x |V o = 1.6 MA
Vear Vg =0V

Transmission Input (TXD pin)

HIGH Level Input Voltage Vixon 0.7x |_ _ Y Recessive State
VCCl
TXD Input Hysteresis Vioms | _ 05x | _ v Y
Vcer
LOW Level Input Voltage VixoL _ _ 03x |V Dominant State
VCCl
TXD Pull-up Resistance Rxo 20 40 80 KQ | Vip=0V

LIN Bus Receiver (LIN Pin)
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Receiver Threshold Voltage, | Veus,d 0.4x |045% | _ \Y
Recessive to Dominant Vaus Vaus
Edge
Receiver Dominant State Veusdom | — _ 04x |V LIN 2.2/ISO 17987-4
Vaus Param 17
Receiver Threshold Voltage, | Veusar | — 035x 1 060% |V
Dominant to Recessive Vsus | Vsus
Edge
Receiver Recessive State Veusree |06% | _ _ \Y, LIN 2.2/1ISO 17987-4
Vaus Param 18
Receiver Center Voltage Veusc 0475 05x |o525 |V LIN 2.2/1ISO 17987-4
XVgus | Vaus | X Vaus Param 19
6V<Vgg<18V
Receiver Hysteresis Veusnys | 007% 101x 0175 |V Viusiys = Vousar = Vousra
Vers | Vgus | % Vans LIN 2.2/1SO 17987-4
Param 20

Wake-up Threshold Voltage | Vg« | 040% [05x |06x |V |-
Vsns Vsis | Vshs

Dominant Time for Bus twkgus | 30 _ 150 |ps |?

Wake-up

Table 26 Electrical Characteristics (cont’d)

Vgus =55V 10 18V, T; =-40 °C to +150 °C, RL =500 Q, all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition Note

Min. |Typ. | Max.

LIN Bus Transmitter (LIN Pin)

Bus Serial Diode Veegioge |04 |07 10 |V YV, =VCCy

Voltage Drop LIN 2.2/1ISO 17987-4
Param 21

Bus Recessive Output Veusro | 08% | _ Vous |V Vixp = HIGH Level

Voltage Vsps

Bus Short Circuit Current laus.sc 40 100 |150 |'mA |Vg,s=18V;
LIN 2.2/1ISO 17987-4
Param 12

Leakage Current lus i1 -1000 |-450 |20 MA | Vgis =12V =GND;

Loss of Ground 0V< Vg s<18V;
LIN 2.2/1ISO 17987-4
Param 15

Leakage Current lsus k2 _ _ 20 HA Vg =0V,

Loss of Battery Vgus =18V,
LIN 2.2/1ISO 17987-4
Param 16
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Leakage Current lsus k3 -1 _ _ MA | Vg =18V,

Driver Off Vaus=0V;
LIN 2.2/1ISO 17987-4
Param 13

Leakage Current lsus Ika _ _ 20 A Vg =8V,

Driver Off Veus =18V,
LIN 2.2/1ISO 17987-4
Param 14

Bus Pull-up Resistance Reus 20 30 47 kQ | Normal Mode
LIN 2.2/1ISO 17987-4
Param 26

LIN Input Capacitance Caus 20 25 pF |V

Receiver propagation delay tauR _ 1 6 MS | V=5V,

bus dominantto RXD LOW Crxp =20 pF;
LIN 2.2/1ISO 17987-4
Param 31

Receiver propagation delay |ty _ 1 6 MS | V=5V,

bus recessive to RXD HIGH Crxp =20 pF;
LIN 2.2/1ISO 17987-4
Param 31

Receiver delay symmetry tymr -2 _ 2 BS |ty r=tyur - lri
LIN 2.2/1ISO 17987-4
Param 32

Table 26 Electrical Characteristics (cont’d)

Vgus =55V 10 18V, T; =-40 °C to +150 °C, RL =500 Q, all voltages with respect to ground, positive current
flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or Test Condition Note
Min. | Typ. | Max.
LIN Transceiver Enabling tunen 8 13 18 us | 2CSN = HIGH to first valid
Time transmitted TXD dominant
Bus Dominant Time Out taus iy |16 120 |24 ms |
_TO )
TXD Dominant Time Out tro un | 16 20 24 ms | 2V,,=0V
_TO )
TXD Dominant Time Out tiorec 5 100 |14 ps [P
Recovery Time
Duty Cycle D1 D1 0.396 | _ _ 9 THgec(Max) = 0.744 x Vg,

(For worst case at 20 kbit/s)
LIN 2.2/ISO 17987-4 Normal
Slope

THpom (Max) = 0.581 x Vg,
Veus =7.0...18V;

ti =50 s;

D1= 1:bus_rec(min)/ 2 tbit;

LIN 2.2/ISO 17987-4

Param 27
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Duty Cycle D2 D2 _ _ 0.581 ITHge (Min.) = 0.422 x Vg,
(for worst case at 20 kbit/s) THpgm(Min.) = 0.284 x Vg
LIN 2.2/1ISO 17987-4 Normal Vgys=7.6... 18V,
Slope tpie =50 Us;

D2 = tbus_rec(max)/ 2 tbit;

LIN 2.2/1ISO 17987-4

Param 28
Duty Cycle D3 D3 0417 |_ _ ITHge(Max) = 0.778 x Vg g
(for worst case at 10.4 kbit/s) THpgm (Max) = 0.616 X Vgq;
SAE J2602 Low Slope Vgus=7.0... 18V,

toir = 96 s,

D3 = tbus_rec(min)/ 2 tbit;

LIN 2.2/1ISO 17987-4

Param 29
Duty Cycle D4 D4 _ _ 0.590 ITHge. (MiN.) = 0.389 x Vg
(for worst case at 10.4 kbit/s) THpom (Min.) = 0.251 x Vg
SAE J2602 Low Slope Vgus =7.6... 18V,

toir = 96 Uis;

D4 = tbus_rec(max)/ 2 tbit;

LIN 2.2/1ISO 17987-4

Param 30

1) Not subject to production test, specified by design.
2) Not subject to production test, tolerance defined by internal oscillator tolerance

3) Bus load conditions concerning LIN 2.2/ISO 17987-4 Cun, Run =1 nF, 1 kQ /6.8 nF, 660 Q/ 10 nF, 500 Q

VSHS
- TxD
100 nF
I
RxD
RLIN
-1 CRXD
I
WK
LIN
GND
pu— CLIN
I L
Figure 41 Simplified Test Circuit for Dynamic Characteristics
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Timing Diagram for Dynamic Characteristics
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12 Wake and Voltage Monitoring Inputs
12.1 Block Description
Internal Supply
—
|PU_WK¢ é
(—
WKX [] 1 !
<« —1{ ]
_ twk
|PD7WK¢
VRef
o v
Logic
Figure 43 Wake Input Block Diagram
Features

*  Three High-Voltage Inputs with a typical threshold voltage of 2.5V, providing flexible signal detection for
external wake sources.

« Alternate Measurement Function enabling high-voltage sensing via WK1 and WK2, allowing diagnostic or
monitoring applications.

*  Wake-Up Capability supporting transition from low-power modes (e.g., SBC Stop Mode) to active operation
upon valid wake signal detection.

+  Edge-Sensitive Wake Detection, capable of recognizing both LOW-to-HIGH and HIGH-to-LOW signal
transitions for enhanced responsiveness.

*  Configurable Pull-Up and Pull-Down Current Sources controlled via SPI interface, enabling precise
adaptation to external circuit conditions.

+  Selectable Static or Cyclic Sense Configuration, programmable to operate with TIMER1 and TIMER2 for
periodic signal evaluation.

* In SBC Normal Mode and SBC Stop Mode, the WK pin level can be read via SPI even when the
corresponding WK input is not enabled as a wake source, ensuring continuous system monitoring
capability.

12.2 Functional Description

The wake input pins (WK1, WK2) are edge-sensitive digital inputs with a typical switching threshold of 2.5V.

Both signal transitions — HIGH to LOW and LOW to HIGH — are detected by the System Basis Chip (SBC).
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Depending on the device operating mode, this detection results in either:

* Interrupt generation in SBC Normal Mode and SBC Stop Mode, or

*  Device wake-up from SBC Sleep Mode or SBC Fail-Safe Mode.

Two different wake detection modes can be configured via the SPI interface:

+  Static Sense Mode: WK inputs remain continuously active for immediate wake detection.

*  Cyclic Sense Mode: WK inputs are periodically activated for a defined time window (refer to Chapter 5.2.1).

To suppress false wake-up events caused by transient signals or EMC disturbances, two filter times — 16 us
and 64 ys — can be selected in Static Sense Mode.

The filter time (trwk1, trwkz) IS initiated when the input voltage crosses the switching threshold. A valid wake

signal is recognized only if the input level remains stable and does not cross the threshold again during the
selected filter period.

Figure 44 shows a typical wake-up timing and parasitic filter.

N

twk.f twk.f

VinT 4 I

tinr

\

No Wake Event Wake Event

Figure 44 Wake-up Filter Timing for Static Sense

The wake-up capability of each WK pin can be enabled or disabled via an SPI command in the
WK_CTRL_2 register.

The wake source corresponding to a wake event triggered by any WKx pin can be read in the WK_STAT 1
register, using the bits WK1 WU, WK2_WU, and WK3_WU for individual channel identification.

The actual voltage level of each WK pin (LOW or HIGH) can be monitored in SBC Normal Mode and

SBC Stop Mode through the WK_LVL_STAT register.

During Cyclic Sense operation, this register provides the sampled voltage levels of the respective WK pins.

If FO2 and FO3 are configured as WK inputs in their alternate function (with a 16 us static filter time), the
corresponding wake events are indicated in the WK_STAT_2 register.

12.2.1 Wake Input Configuration

To ensure defined and stable voltage levels at the internal comparator input, integrated current sources can
be configured via the SPI register WK_PUPD_CTRL. Additionally, the wake detection modes, including the
filter time settings, can be configured through the SPI register WK_FLT_CTRL. An example of the automatic
switching configuration is illustrated in Figure 45.

Table 27 Pull-Up / Pull-Down Resistor

WKx_PUPD_1 |WKx_PUPD 0 |Current Sources | Note

0 0 no current WKXx input is floating if left open (default setting)
source

0 1 pull-down WKXx input internally pulled to GND
pull-up WKx input internally pulled to internal 5V supply
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1 1 Automatic Ifa high level is detected at the WKx input the pull-up
switching source is activated, if low level is detected the pull down
is activated.
Note: If there is no pull-up or pull-down configured on the WK input, then the respective inputshould be tied

to GND or VS on board to avoid unintended floating ofthe pin and subsequent wake events

IWK

Pull-down
current

Iwkith_min ~ with_max

| |
| |
| |

\

||
|| |

Pu||-up
current

1

Figure 45 lllustration for Pull-Up/Down Current Sources with Automatic Switching Configuration

Table 28 Wake Detection Configuration and Filter Time

WKx_FLT_1 WKx_FLT_0O |Filter Time Description

0 0 Config A static sense, 16ys filter time

0 1 Config B static sense, 64us filter time

1 0 Config C Cyclic sense, Timer 1, 16ys filter time. Period, On-time
configurable in register TIMER1_CTRL

1 1 Config D Cyclic sense, Timer 2, 16ys filter time. Period, On-time
configurable in register TIMER2_CTRL

Config A and B are intended for static sense with two different filter times.

Configuration C and Configuration D are intended for cyclic sense operation. When using these configurations,
together with the selected filter settings, the corresponding timer must be assigned to one or more high-side
(HS) outputs that supply the external circuitry connected to the respective WKx pin. For example, HS1 can
be controlled by Timer 2 (HS1 =010) and connected to WK3 through a switching circuit. For additional details,
refer to Chapter 5.2.

12.2.2

Alternate Measurement Function with WK1 and WK2
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12.2.2.1 Block Description

This function allows the measurement of a voltage, for example the unbuffered battery voltage, using the
protected WK1 high-voltage (HV) input. The measured voltage is routed out through WK2. This enables, for
instance, a voltage compensation for LED lighting applications by adjusting the duty cycle of the High-Side
(HS) outputs. An external voltage divider must be implemented to provide the correct voltage level to the
microcontroller A/D converter input. The function is available only in SBC Normal Mode and is disabled in all
other modes to ensure low quiescent current operation. When enabled, this measurement function can
replace the wake and level signaling capability of WK1 and WK2.

The advantages of this feature include:

*  The signal is measured through a high-voltage input pin (WK1).

*  No current flows through the resistor divider during low-power modes.

A simplified illustration of this functionality is provided in Figure 65.

12.2.2.2 Functional Description

By default, the measurement function is disabled. In this state, WK1 and WK2 operate with their standard
wake and voltage level signaling functionality, and the switch S1 remains open (see Figure 65). The
measurement function can be enabled via the SPI bit WK_MEAS.

When WK_MEAS =‘1’, the function becomes active and switch S1 is closed in SBC Normal Mode. In all
other SBC modes, S1 remains open.When the measurement function is enabled:

e The pull-up and pull-down currents of WK1 and WK2 are disabled.

*  The internal WK1 and WK2 signals are gated.

*  The configurations of WK1 and WK2 in registers WK_PUPD_CTRL, WK_FLT_CTRL, and WK_CTRL_2 are
ignored, although register modification is still allowed.

* The WK_STAT_1 and WK_LVL_STAT registers are not updated with respect to WK1 and WK2 inputs.
However, if WK1 or WK2 are individually configured as wake sources and an SBC Sleep Mode command is

issued, the SPI_FAIL flag will be set, and the SBC will transition into SBC Restart Mode (see Chapter 5.1 for
details on wake functionality of WK1 and WK2).

Table 29 Differences between Normal WK Function and Measurement Function

Affected Settings/Modules WK_MEAS=0 WK_MEAS =1

for WK1 and WK2 Inputs

S1 configuration ‘open’ ‘closed’ in SBC Normal Mode,

‘open’ in all other SBC Modes

Internal WK1 & WK2 signal Default wake and level signaling ‘WK1...2 inputs are gated internally,

processing function, WK_STAT_1, WK_STAT 2 WK_STAT_1,WK_STAT_2 are not
are updated accordingly updated

WKZ1_EN, WK2_EN Wake-up via WK1 and WK2 possible if | setting the bits is ignored and not
bits are set prevented. If only WK1 _EN,WK2_EN

are setwhile trying to goto SBC Sleep
Mode, then the SPI_FAIL flag will be
set and the SBC will be changed into
SBC Restart Mode.

WK_PUPD_CTRL normal configuration is possible no pull-up or pull-down enabled
WK_FLT_CTRL normal configuration is possible setting the bits is ignored and not
prevented
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Note: There is a diode in series to the switch S1 (notshown in the Figure 65), which will influence

the temperature behavior ofthe switch.
12.3 Electrical Characteristics

Table 30

Electrical Characteristics

Vs=5.5V1028V; T;=-40 °Cto +150 °C; all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition
WK1...WK3 Input Pin Characteristics
Wake-up/monitoring | Vi 1.5 2.5 3.5 \ without external
threshold voltage serial resistor Rg (with
Rs:
AV =lpppy *Rg);
hysteresis included
Threshold hysteresis | Vi pys | 0-1 - 0.7 \ without external
serial resistor Rg (with
Rs:
AV =lpppy *Rg);
WK pin Pull-up Current | o v -20 -10 -3 MA | Vi =35V
WK pin Pull-down lpp_wk 3 10 20 HA | Vi n =15V
Current
Input leakage current ||, -2 2 HA | OV <Vyy <40V
Drop Voltage across | Vorops: | — 1000 1100 |mV | YDropVoltage
S1 switch between WK1 and
WK2 when enabled
for voltage
measurement; ., =
500pA;
T,=25°C
Refer to Figure 46
Timing
Wake-up filtertime 1 |t 12 16 20 Ms | ?SPI Setting
Wake-up filtertime 2 | toy, 50 64 80 Ms | ?SPI Setting

1) Notsubject to production test; specified by design
2) Notsubjectto production test, tolerance defined by internal oscillator tolerance
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Figure 46 Typical Drop Voltage Characteristics of S1 (between WK1 & WK?2)

94




€

GigaDevice GD33AP2361_AP2362_AP2363 Datasheet
13 Interrupt Function
13.1 Block and Functional Description

VCCl

{

—

, Time
Interrupt Logic out

Figure 47 Interrupt Block Diagram
The interrupt function is used to signalize specific system events in real time to the microcontroller. The
interrupt output stage is implemented as a push-pull driver, as illustrated in Figure 47. An interrupt event
is triggered when a monitored condition occurs. The INT pin is then driven LOW (active low) for the
defined duration tiyt in SBC Normal Mode and SBC Stop Mode, and it is released HIGH once tint has
expired. The minimum HIGH time between two consecutive interrupts is tinto. An interrupt does not
cause any SBC mode transition.
Two interrupt classes can be selected via the SPI bit INT_ GLOBAL:

*  Class 1 (Wake Interrupt—INT_ GLOBAL = 0): All wake-up events stored in the wake status registers
(WK_STAT_1 and WK_STAT_2) generate an interrupt (default configuration). An interrupt is triggered only if
the respective function is enabled as a wake source, including GPIOx when configured as a wake input. The
CAN timeout signal (CANTO) is also treated as a wake source. The CANTO_ MASK bit has higher priority
than INT_GLOBAL, meaning INT_ GLOBAL is not considered for CANTO signalization.

* Class 2 (Global Interrupt— INT_ GLOBAL = 1): In addition to all wake-up events, any failure conditions stored
in other status registers also generate an interrupt. The WK_LVL_STAT register does not generate interrupt
requests.

Note:  Errors that lead to SBC Restart or SBC Fail-Safe Mode (such as VCC1_UV, WD_FAIL,
VCC1_SC, TSD2, FAILURE) are exceptions and do not trigger interrupt generation.
Additionally, POR and DEV_STAT_x events do not generate interrupts.

An INT signal is also triggered when the SBC transitions to Stop Mode and pending bits remain

uncleared in the WK_STAT 1 or WK_STAT_2 registers.

The SPI status registers are updated on every falling edge of the INT pulse.All interrupt events are

latched in their corresponding status registers (except WK_LVL_STAT) until they are read and cleared

via an SPI command. A second SPI read after clearing is optional but recommended to verify that no

further interrupt condition remains. The interrupt timing behavior for Class 1 is illustrated in Figure 48.

The behavior for Class 2 is identical.

During SBC Init Mode, the INT pin is also used to select the device hardware configuration (refer to

Chapter 5.1.1 for details).
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WK1 WK2
INT ‘ ‘
+ tinTp
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tINT ——_
l L
Update of Update of
WK_STAT register WK_STAT register
o SPI
2 |Read & Clear 1 t t 1
©
o
[
& | WK_STAT WK1 no WK WK2 no WK
contents
SPI
S |Read & Clear No SPI Read & Clear f 1
5 Command sent
[
& | WK_STAT WK1 + WK2 no WK
contents
Figure 48 Interrupt Signalization Behavior
13.2 Electrical Characteristics
Table 31 Electrical Characteristics

Vs=5.5V1028V; T;=-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or Note
in. ‘Typ. ‘ Max. Test Condition
Interrupt Output; Pin INT
INT High OutputVoltage | Vi\ry 0.8 x _ _ \Y, Dl = -1 MA;
Veer INT = OFF
INT Low OutputVoltage | Vir. | — _ 02x |V Olr =1 mA;
Veer INT=ON
INT Pulse Width tnT 80 100 120 s 2
INT Pulse Minimum Delay |t 80 100 120 us 2 petween
Time consecutive pulses

Configuration Select; Pin INT

Resistance
Config Select Filter Time | teeg ¢ |5 10 14 Hs 2

1) Output Voltage Value also determines device configuration during SBC Init Mode
2) Not subject to production test, tolerance defined by internal oscillator tolerance.
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14 Fail Outputs
14.1 Block and Functional Description

SBC Init
Mode

FO1/2

Failure Logic 4|

FO3/TEST

Failure Logic

Figure 49 Simplified Fail Output Block Diagram for FO1/2 and for FO3/TEST

The Fail Outputs consist of a failure logic block and three open-drain outputs (FO1, FO2, FO3) with active-
low signalization.

These outputs are activated under the following failure conditions:

*  Watchdog trigger failure(For Config 3 & 4: after the second watchdog trigger failure, For Config 1 & 2:
after the first watchdog trigger failure)

*  Thermal shutdown (TSD2)

*  VCC1 short circuit to GND

*+ VCC1 overvoltage, if the SPI bitVCC1_OV_RST is set

+  Four consecutive VCC1 undervoltage events (refer to Chapter 15.6 for details)

When any of these conditions occur, the SBC enters Fail-Safe Mode, except for certain watchdog-related
exceptions depending on the selected configuration (see Chapter 5.1.1).

Activation of the Fail Outputs is indicated by the SPI bit FAILURE in the DEV_STAT register.

For testing purposes, the Fail Outputs can also be manually activated via SPI by setting the bit FO_ON. This
bit operates independently from the failure logic. If no failure condition is present, the FO outputs can be
deactivated via SPI, without requiring a successful watchdog trigger.

The entry into SBC Fail-Safe Mode due to a watchdog failure can be configured as described in Chapter
51.1.

To deactivate the Fail Outputs in SBC Normal Mode, the following conditions must be met: All failure
conditions (e.g. TSD2, VCCL1 short circuit) must no longer be present. The FAILURE bit must be cleared via
SPI command.

In the case of a watchdog failure, the proper procedure to deactivate the Fail Outputs is:
«  Perform a successful watchdog trigger, ensuring that WD_FAIL is cleared.
*  Clear the FAILURE bit via SPI.

The WD_FAIL flag will also be cleared automatically when entering SBC Sleep Mode or SBC Fail-
Safe Mode due to any other failure condition, or if the watchdog is disabled in SBC Stop Mode.
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Note: The Fail Output pin is triggered for any of the failure conditions described above.However,
no FAILURE indication is generated for the first watchdog failure when Config 2 is selected.

The three fail outputs (FO1, FO2, FO3) are activated simultaneously, each providing distinct output
functionality as follows:

+  FOL1: Static fail output
+  FO2: 1.25 Hz signal with 50% (typ.) duty cycle, typically used to generate an indicator signal

* FO3: 100 Hz PWM signal with 20% (typ.) duty cycle, typically used to generate a dimmed rear light
derived from a brake light

Note: The FO3 duty cycle can be configured via SPI to 20%, 10%, 5%, or 2.5%, with 20% being
the default value.The duty cycle configuration is accessible through the register FO_DC.

14.1.1 General Purpose I/O Functionality of FO2 and FO3 as Alternate Function

In applications where FO2 and FO3 are not utilized as Fail Outputs, these pins can alternatively be
configured as high-voltage General Purpose 1/0 (GPIO) pins, which are related to the VSHS domain.

VSHS
~
I
Config & FOXx/
Control Logic ? W oo

1

Figure 50 Simplified General Purpose I/O block diagram for FO2 and FO3/TEST

By default, the pins are configured as Fail Output (FO) pins. The configuration of these pins can be modified
via the SPI register GPIO_CTRL to enable alternate functions as described below:

*  Wake Inputs: The detection threshold (Vgpioin) is similar to the WK inputs. The wake-up
detection behavior is identical to that of the WKx pins. Wake events are stored and reported in
the WK_STAT_2 register.

*  Low-Side Switches (LS): Capable of driving currents up to 10 mA (refer to Vepioi,.1). Each switch
includes self-protection with respect to current limitation. No additional diagnostic function is
implemented.

* High-Side Switches (HS): Capable of driving currents up to 10 mA (refer to Vgpioin1). Each
switch is self-protected against current limitation. No additional diagnostics are implemented.

*  GPIO Mode: When configured as GPIO, the pin level is reflected in the WK_LVL_STAT register
during SBC Normal and Stop Modes. The same feedback is also available when configured as
LS or HS, providing a status indication of the respective state. GPIO2 shares functionality with
the TEST level bit.

Table 32 describes the behavior ofthe FO/GPIO pins in their different configurations and SBC modes.
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Table 32 Fail-Output and GPIO configuration behavior during the respective SBC Modes
FOx SBC Normal SBC Stop Mode | SBC Sleep Mode | SBC Restart SBC Fail-Safe
Configuration | Mode Mode Mode
FOXx (default) fixed fixed active / fixed active
OFF . OFF OFF OFF OFF
configurable
Wake Input wake capable wake capable wake capable OFF
Low-Side fixed fixed OFF OFF
High-Side fixed fixed OFF OFF

Explanation of FO/GPIO states:

+  Configurable: Settings can be changed in the corresponding SBC mode.

*  Fixed: Settings remain as configured in SBC Normal Mode.

* Active: The FOx output is activated due to a failure condition, leading to SBC Restart or Fail-Safe Mode.

Restart Behavior:
The behavior during SBC Restart and Fail-Safe Mode as well as the transition to SBC Normal Mode is as follows:

The behavior during SBC Restart and Fail-Safe Mode, as well as the transition back to SBC Normal Mode, is
defined as follows:

+ If configured as Wake Input: The pin remains wake-capable during SBC Restart Mode, but is OFF while
in Fail-Safe Mode. It resumes wake capability when leaving Restart Mode. The SPI register settings are
not modified.

« If configured as Low-Side or High-Side Switch: These switches are disabled during Restart and Fail-
Safe Mode. Upon leaving Restart Mode, the previous configuration is restored. The SPI register remains
unchanged.

+ If configured as Fail Output (FO): When activated due to a failure, the FO output remains active
throughout Restart Mode and upon entering SBC Normal Mode. The SPI register is not modified.

Notes

1. To avoid unintended entry into SBC Development Mode, ensure that the FO3/TEST pin level is HIGH
during device power-up and SBC Init Mode.

2. The FOx drivers are supplied via VS, whereas the GPIO High-Side switches (FO2, FO3/TEST) are
supplied via VSHS.

14.2 Electrical Characteristics
Table 33 Electrical Characteristics
Vgus=5.5V1t028YV; Tj =-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin; unless otherwise specified.”)
Parameter Symbol Values Unit | Noteor Note
Min. Typ. Max. Test Condition
Pin FO1
FO1 low output voltage Veors _ _ 1.0 \VJ ko =4mA
(active) '
FO1 high output current |1, 0 _ 2 WA Vo =28V
(inactive)
Pin FO2
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FO2 side indicator frons, 100 125 150 |Hz ¥

frequency

FO2 side indicatorduty  |d..,s |45 50 55 % Y

cycle

Pin FO3/TEST?

Pull-up Resistance at pin | R o, 25 5 10 kQ Vigsr =0V,
FO3/TEST SBC Init Mode
TEST Input Filter Time | t,; 50 64 80 us |2

FO3 pulsed fros. |80 100 120 Hz 2

light frequency

FO3 pulsed deozp. | 16 20 24 % default setting
light duty cycle

Alternate FO2...3
Electrical Characteristics: GPIO

GPIO low-side output VepioLrr | — _ 1 \ lgpio = 10MA
voltage (active)
GPIO low-side output VepoLz |— _ 5 mVvV 9, =50pA
voltage (active)
GPIO high-side output Vepionnr | VSHS-1|_ ) . \ lgpo = -10MA
voltage (active)
GPIO high-side output Vepionpe | VSHS-5 | _ N mv Npo = -50UA
voltage (active)
GPIO input threshold Vepon | 15 25 35 \% ® hysteresis included
voltage
GPIO input threshold Vpoms | 100 400 700 mv ¥
hysteresis

Table 33 Electrical Characteristics (cont’d)

Vs =5.5V1028V; T;=-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin; unless otherwise specified.?

Parameter Symbol Values Unit | Noteor Note
Min. Typ. Max. Test Condition

GPIO low-side current lepioLmax | 10 _ 30 MA | Vg, =28V

limitation

GPIO high-side current lepioHmax | -45 _ -10 mA | Vg,=0V

limitation

1) The FOx drivers are supplied via VS. However, the GPIO HS switches (FO2, FO3/TEST) are supplied by VSHS

2) The external capacitance on this pin must be limited to less than 10nF to ensure proper detection of SBC
Development Mode and SBC User Mode operation.

3) Not subject to production test, tolerance defined by internal oscillator tolerance.

4) The duty cyclic is adjustable via the SPI bits FO_DC.

5) Not subject to production test, specified by design.

6) Applies also for TEST voltage input level
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15 Supervision Functions
15.1 Reset Function
VCC1
* (1 RO

Reset logic
Incl. filter & delay ‘ "_: Zg

Figure 51 Reset Block Diagram

15.1.1 Reset Output Description

The Reset Output pin (RO) provides a reset indication to the microcontroller, for example, when the output
voltage falls below the undervoltage threshold (Vzr1/0134)- IN the event of a reset condition, the RO pin is pulled
low after the filter time tre and remains low for the duration of the reset event, plus an additional reset delay
time trp1. When the SBC is first connected to the battery voltage, the reset signal initially stays LOW. Once
the output voltage V., reaches the default reset threshold Vrr1:, the RO output is released to HIGH after the
reset delay time trp1. A reset may also be triggered due to a watchdog failure. The reset threshold is
configurable via SPI, with a default threshold of Vrri,. The RO pin includes an integrated pull-up resistor. In
the case of a reset trigger, the pin is pulled low for Vcci1 =21V and VS = Vpeor; (refer to Chapter 15.3).

The timing behavior of the RO signal during VCC1 undervoltage and watchdog trigger events is illustrated in
Figure 52.
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t< tRF The reset threshold can be
— > [—— configured via SPIin SBC
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Figure 52 Reset Timing Diagram
15.1.2 Soft Reset Description

In SBC Normal Mode and SBC Stop Mode, it is possible to trigger an internal device reset via a SPl command
in order to bring the SBC back to a defined state in case of failures. To execute a soft reset, the microcontroller
must send a SPI command and set the MODE bits to '11' in the M_S_CTRL register. Once this command
becomes valid, the SBC is returned to SBC INIT Mode, and all SPI registers are reset to their default values
(refer to Chapter 16.5 and Chapter 16.6).

Two different soft reset configurations can be selected via the SPI bit SOFT_ RESET_RO:

+  The reset output (RO) is triggered when the soft reset is executed (default setting, the same reset
delay time trp1 applies).

+  The reset output (RO) is not triggered when the soft reset is executed.

Note: The device must be in SBC Normal Mode or SBC Stop Mode when sending this
command; otherwise, the command will be ignored.

15.2 Watchdog Function

The watchdog is used to monitor the software execution of the microcontroller and to trigger a reset if
the microcontroller fails to serve the watchdog due to a software lock-up.

Two types of watchdog mechanisms are implemented and can be selected via the WD_WIN bit:

*  Time-Out Watchdog (default value)

*  Window Watchdog

The corresponding watchdog functions can be selected and programmed in SBC Normal Mode.
The configuration remains unchanged in SBC Stop Mode.

Refer to Table 34 for the correlation between SBC Modes and the respective watchdog modes.
Table 34 Watchdog Functionality by SBC Modes

SBC Mode Watchdog Mode Remarks

102



€

GigaDevice GD33AP2361_AP2362_AP2363 Datasheet
INIT Mode Starts with Long Open Watchdog starts with Long Open Window after RO
Window is released

Normal Mode WD Programmable Window Watchdog, Time-Out watchdog or switched
OFF for SBC Stop Mode

Stop Mode Watchdog is fixed or OFF

Sleep Mode OFF SBC will start with Long Open Window
when entering SBC Normal Mode.

Restart Mode OFF SBC will start with Long Open Window

when entering SBC Normal Mode.

The watchdog timing is programmed via a SPI command. Once the watchdog is programmed, the timer
starts with the new setting, and the watchdog must be served accordingly. The watchdog is triggered by
sending a valid SPI-write command to the watchdog configuration register. The trigger command becomes
effective when the Chip Select input (CSN) switches to HIGH.

When entering from SBC Init Mode, SBC Restart Mode, or under certain conditions from SBC Stop Mode,
the watchdog timer always starts with a long open window. This long open window (t.w =200 ms) allows
the microcontroller to complete its initialization sequence before triggering the watchdog via SPI.

The watchdog timer period can be selected via the WD_TIMER bit field, ranging from 10 ms to 1000 ms.
This configuration applies to both watchdog types. The following watchdog timer periods are available:

« WD Setting1:10ms

« WD Setting2:20ms

« WD Setting 3: 50 ms

WD Setting4:100ms

WD Setting 5:200ms

* WD Setting 6: 500 ms

* WD Setting 7: 1000 ms

In the event of a watchdog-induced reset, the SBC enters Restart Mode or Fail-Safe Mode according to the
configuration, and the SPI bits WD_FAIL are set. Once the Reset Output (RO) returns HIGH, the watchdog
immediately starts with a long open window, and the SBC automatically transitions to Normal Mode.

In SBC Development Mode, the watchdog is disabled, and therefore no reset or interrupt is generated due to
a watchdog failure.

Depending on the configuration, the WD_FAIL bits are set after a watchdog trigger failure as follows:

« If anincorrect watchdog trigger is received (triggering during the closed window or when the watchdog
counter expires without a valid trigger), the WD_FAIL bits are incremented, indicating the number of
incorrect triggers.

. For Configuration 2, the bits can reach a maximum value of ‘01’.

. For Configurations 1, 3, and 4, the bits can reach a maximum value of “10’.
The WD_FAIL bits are automatically cleared under the following conditions:

+  After a successful watchdog trigger.

*  When the watchdog is OFF, such as: in SBC Stop Mode after successful deactivation, in
SBC Sleep Mode, or in SBC Fail-Safe Mode (except for a watchdog failure).

15.2.1 Time-Out Watchdog

The time-out watchdog is a simpler and less secure type of watchdog compared to the window watchdog,
since the watchdog trigger can be performed at any time within the configured watchdog timer period.

A correct watchdog service immediately initiates a new watchdog timer cycle. Considering the tolerances
of the internal oscillator, the safe trigger area is defined as shown in Figure 53.
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If the time-out watchdog period expires, a watchdog reset is generated by pulling the reset output (RO)

low, and the SBC transitions to SBC Restart Mode or SBC Fail-Safe Mode.

Typical timeout watchdog trigger period

twp X 1.50

open window

A

Watchdog Timer Period (WD_TIMER) ——

twp X 1.20 twp X 1.80

[

t/ [two_Tiver]

>
>

A

Figure 53 Time-out Watchdog Definition

15.2.2 Window Watchdog

Compared to the time-out watchdog, the window watchdog is characterized by dividing the watchdog timer
period into a closed window and an open window. The watchdog must be triggered within the open
window only.

A correct watchdog trigger initiates a new window watchdog period, starting with a closed window followed
by an open window.

The watchdog timer period also represents the typical trigger time and defines the center of the open
window. Considering the oscillator tolerances, the safe trigger area is defined as:

t,p X 0.72 < safe trigger area <t x 1.20.

The typical closed window has a width of 60 % of the selected window watchdog timer period. Taking

the internal oscillator tolerances into account results in the timing relationships illustrated in Figure 54.

A correct watchdog service immediately starts the next closed window.

If the trigger signal occurs during the closed window, or if the watchdog timer period expires without a valid

trigger, a watchdog resetis generated by pulling the reset output(RO) low, and the SBC transitions
to SBC Restart Mode or SBC Fail-Safe Mode.

«—— twp x0.6 »le twp X 0.9

Y

Typ. closed window Typ. open window

twp X 0.72 twp X 1.0 twp X 120/‘\th x 1.80

closed window open window

A

Watchdog Timer Period (WD_TIMER) ———>

>
t/ [two_timer]

A
Y

safe trigger area

Figure 54 Window Watchdog Definition
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15.2.3 Watchdog Setting Check Sum

A checksum bit is part of the SPI command used to trigger the watchdog and to set the watchdog
configuration.

The sum of the eight data bits in the WWD_CTRL register must have even parity (refer to Equation (15.1)).
This parity condition is achieved by appropriately setting the CHECK SUM bit to either ‘0’ or “1°. If the
checksum is incorrect, the SPI command is ignored—that is, the watchdog is not triggered, the settings are
not updated, and the SPI_FAIL bit is set accordingly.

The checksum calculation includes all eight data bits of the WWD_CTRL register. The written value of the
reserved bit 3 is also considered in this calculation, even if it is read as ‘0’ in the SPI output. Therefore, if a ‘1’
is written into the reserved bit 3 position, a ‘1’ is used for the checksum computation.

CHKSUM = Bitl5 & ... @ Bit8 (15.1)

15.2.4 Watchdog during SBC Stop Mode

The watchdog can be disabled for SBC Stop Mode while the device is operating in SBC Normal Mode. For
safety reasons, a specific sequence must be followed to disable the watchdog, as illustrated in Figure 55.
Two distinct SPI bits, WD_STM_ EN_0 and WD_STM_EN_1, located in the WK_CTRL_1 and WD_CTRL
registers respectively, must be set accordingly to complete the watchdog disable procedure.

Correct WD disabling Sequence Errors
sequence e Missing to set bit .
sem o
— - = having set WD_STM_EN_1

with next WD Trigger . .
% e Staying in Normal Mode

Set bit instead of going to Stop
WD STM EN 0=1 Mode with the next trigger

Before subsequent WD Trigger

Will enable the WD:

Change to

SBC Stop Mode e Switching back to SBC

Normal Mode

l e Triggering the watchdog

WD is switched off

Figure 55 Watchdog disabling sequence in SBC Stop Mode

If a sequence error occurs, the bit WD_STM_ EN_1 will be cleared, and the watchdog disable

sequence must be restarted.

The watchdog can be re-enabled either by triggering the watchdog in SBC Stop Mode or by switching back to
SBC Normal Mode via a SPI command. In both cases, the watchdog starts with a long open window, and the
bits WD_STM_EN_1 and WD_STM_EN_0 are cleared. After the long open window, the watchdog must

be served according to the configuration defined in the WD_CTRL register.
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Note: The bitWD_STM_EN_0 is automatically cleared when the sequence is started, if it was previously
setto1.

15.25 Watchdog Start in SBC Stop Mode due to Bus Wake

In SBC Stop Mode, the watchdog can be disabled. Additionally, a BUS Wake feature is available that
allows the watchdog to start automatically upon any BUS wake event (either CAN or LIN) during

SBC Stop Mode. This feature is enabled by setting the bit WD_EN_WK_BUS = 1, which is the default value
after Power-On Reset (POR). The bit can only be modified in SBC Normal Mode and must be programmed
before initiating the watchdog disable sequence.

A wake-up event on the CAN or LINx bus generates an interrupt, and the respective RXD pin (for LINx or
CAN) is pulled low. These signals inform the microcontroller that the watchdog has been started with a
long open window. After this long open window, the watchdog must be served according to the
configuration defined in the WD_CTRL register.

To disable the watchdog again, the SBC must be switched back to Normal Mode, and the disable
sequence must be re-executed.

15.3 VS Power On Reset

At power-up of the device, the VS Power-On Reset is detected when VS > Vpor,, and the SPI bit POR is set
to indicate that all SPI registers are initialized to their POR default settings. During startup, VCC1 begins to rise,
while the RESET output is held LOW. It will only be released once VCC1 has exceeded Vrr1,r and the delay
time trpi1has elapsed.

If VS <Vpory, an internal device reset is generated, causing the SBC to be switched OFF. The device will then
restart in INIT Mode at the next rising edge of VS. This behavior is illustrated in Figure 56.

VS
A
Vpory | ———— —_——=
} | -t
I I
vccl | |
4 | |
| |
Verir M~ ——— L L !
RTLr I | The reset threshold can be | I
| | configured via SPI in SBC I _VRTx,f
I | Normal Mode, defaultis Vg1 I |
} ! ! - t
I I | I
I I | I
RO I | | |
A
I I | I
: : '
I l : SBC Restart Mode is
| I entered whenever the
| | | Reset is triggered
I I I
} T } » t
I |<—t>| | I
SBC Mode | I RO b
A I | I
I I I
SBC OFF SBC INIT MODE Any SBC MODE ST:r—t ‘ SBC OFF
t "

Figure 56 Ramp up /down example of Supply Voltage
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15.4 Undervoltage VS and VSHS

When the supply voltage VS reaches the undervoltage threshold ( Vs uv), the SBC performs the following
actions:

« The SPIbit VS_UV is set. No other error bits are affected. The bit can be cleared once the condition is
no longer present.

*+ VCC3is disabled (refer to Chapter 8.2), unless the control bit VCC3_VS_UV_OFF is set.

+  The VCC1 short-circuit protection becomes inactive (refer to Chapter 15.7), while the
thermal protection of the device remains active.

Once the undervoltage condition is recovered (i.e., VS rises above VS,UV), all functions are automatically re-
enabled.

When the supply voltage VSHS drops below the undervoltage threshold (g5 yyp), the SBC executes the
following measures:

+  HS1...HS4 operate according to the SPI configuration (refer to Chapter 9).

*  LINx: The transmitter and receiver are disabled during the VSHS undervoltage condition (refer to Chapter
11.2.7).

+ The SPIbit VSHS_UV is set. No other error bits are affected. The bit can be cleared once the condition is no
longer present.

+  VCC1,VCC2, WKx, and CAN are not affected by the VSHS undervoltage.

15.5 Overvoltage VSHS

When the supply voltage VSHS reaches the overvoltage threshold (Vshs ovp), the SBC triggers the following
actions:

+  HS1...HS4 operate according to the SPI configuration (refer to Chapter 9).

+ The SPIbitVSHS_OV is set. No other error bits are affected. The bit can be cleared once the condition is no
longer present.

+ VCC1,VCC2, VCC3, WKXx, LIN, and CAN are not affected by the VSHS overvoltage.

15.6 VCC1 Over-/ Undervoltage and Undervoltage Prewarning

15.6.1 VCC1 Undervoltage and Undervoltage Prewarning

A first-level voltage detection threshold is implemented as a prewarning for the microcontroller. The
prewarning event is signaled with the bit VCC1_ WARN. No other actions are taken.

As described in Chapter 15.1 and Figure 57, a reset will be triggered (RO pulled ‘low’) when the V., output
voltage falls below the selected undervoltage threshold (Vgr,). The bit VCC1_UV is set and the SBC will enter
SBC Restart Mode.

Note: The VCC1_WARN or VCC1_UV bits are not set in Sleep Mode as Vcci = 0V in this case
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Figure 57 VCC1 Undervoltage Timing Diagram

An additional safety mechanism is implemented to prevent repetitive VCC1 undervoltage resets caused by
high dynamic loads on VCC1. This mechanism operates through an internal event counter that monitors
consecutive undervoltage occurrences.

*  The counter is incremented for each consecutive VCC1 undervoltage event, regardless of the selected
reset threshold.

*  The counter remains active in SBC Init-, Normal-, and Stop Mode.

*  When VS < Vg , the counter operation is stopped in SBC Normal Mode (the VS UV comparator
remains enabled during this mode).

«  Upon the 4th consecutive VCC1 undervoltage event, the SBC will enter Fail-Safe Mode, and the bit
VCC1_UV _FS will be set.

*  The counter is cleared under the following conditions:
—when the SBC enters Fail-Safe Mode,
—when the bitVCC1_UV is cleared,

—or when a Soft Reset is triggered.
Note:  Itis recommended to clear the VCC1_UV bit once it has been set and detected to avoid unintended Fail

-Safe transitions.

15.6.2 VCC1 Overvoltage

For fail-safe reasons, a configurable VCC1 overvoltage detection feature is implemented for both

SBC Init Mode and SBC Normal Mode.

When the VCC1 output voltage exceeds the overvoltage threshold (Vcci,ov,r), the SBC executes the

following measures depending on the configuration:

*  The status bitVCC1_ QV is always set.

. If the bit vCC1_OV_RST is setand CFGP =1, the SBC will enter Restart Mode.

+  The FOxoutputs are activated, and after the reset delay time (;, ), the SBC Restart Mode is automatically left,
resuming Normal Mode operation even if the VCC1 overvoltage condition persists (refer to Figure 58). The
VCC1_OV_RST bit is cleared automatically after this sequence.

* Ifthe bitVCC1 OV_RST is set and CFGP =‘0’, the SBC will enter Fail-Safe Mode, and the FOx outputs are
activated accordingly.
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Note: Before entering SBC Stop Mode the bit VCC1_OV_RST must be set to ‘0’ to avoid unintentional SBC
Restart or Fail-Safe Mode entry. The status bit VCC1_OV could be set unintentionally. The reason is

that external noise could be coupled into the VCC1 supply line. Especially, in case the VCC1
output currentin SBC STOP Mode is below the active peak threshold (lvcci,ipeak)-

A
VCC1
— Veei,ov
>
tvceiov F
A —_— —
RO
trD1
>
SBC Normal ASBC Restart A SBC Normal
Figure 58 VCC1 Overvoltage Timing Diagram
15.7 VCC1 Short Circuit and VCC3 Diagnostics

The short-circuit protection for VCC1 is implemented under the condition that VS >y - The protection
operates as follows:

+ IfVCCL1 does not exceed the threshold VRTX within tycc; ¢

after device power-up or wake-up from SBC Sleep Mode,
the SPIbit VCC1_SC is set, VCC1 is turned OFF, the FOx pins are enabled, the FAILURE flag is set, and
the SBC enters Fail-Safe Mode. The SBC can be reactivated via wake-on CAN, LINX, or WKX.

*  The same reaction occurs if VCC1 falls below VRTx for a duration longer than tvcca,sc.

The VCC3 diagnostic functions operate differently depending on configuration:

*  Load-Sharing : The external PNP transistor is disabled when VS <Vgy if VCC3_VS_UV_OFF=‘0’, or
when in SBC Stop Mode if VCC3 LS STP_ON =‘0’. All other diagnostic features are disabled, as they are
provided through VCCL1.

«  Stand-Alone Configuration: The external PNP transistor is disabled when VS <V
sw ifVCC3_VS_UV_OFF =0". Overcurrent limitation is indicated by the bit VCC3_OC , depending on the
selected shunt resistor. Undervoltage/Overvoltage conditions are signaled via bits
VCC3_UV/VCC3_0V respectively. The regulator is disabled when VS undervoltage threshold is reached.

Note:  Neither VCC1_SC nor VCC3_UV/VCC3_O0V flags are set during power-up of V¢, or activation of V¢,
respectively.

15.8 VCC2 Under-/Over-voltage and VCAN Undervoltage

Under-voltage and over-voltage waming mechanisms are implemented for VCC2 and VCAN as described below:

« V¢ Under-/Over-Voltage Detection: When V., drops below the under-voltage threshold (Vc, 1), the
SPIbitVCC2_UV is set and can be cleared only via SPI. When V, rises above the over-
voltage threshold (V, oy ), the SPIbit VCC2_OV is set and can be cleared only via SPI.

o Vcany Undervoltage Detection: When the V¢, voltage drops below the undervoltage threshold (Vcan,uv),

the SPIbit VCAN_UV is set and can be cleared only via SPI.
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Note: TheVCC2_UV/VCC2_QV flag is not set during turn-on or turn-offof Ve,

15.9 Thermal Protection

Three independent thermal protection mechanisms are implemented in the SBC to safeguard against
temperature-related faults, each addressing a different level of system impact:

« Individual thermal shutdown of specific blocks
«  Temperature prewarning of main microcontroller supply VCC1
«  SBC thermal shutdown due to VCC1 overtemperature

15.9.1 Individual Thermal Shutdown

As a first-level protection measure, the output stages VCC2, VCC3, CAN, LINx, and HSx are independently
switched OFF when the respective block reaches the junction temperature threshold (Tjrsp1). Once this
condition is detected, the TSD1 bit is set. This bit can be cleared only via SPI after the overtemperature
condition is no longer present. The thermal shutdown protection is active only when the respective block is ON,
regardless of the current SBC Mode.

The respective modules behave as follows:
+  VCC2: When VCC2 reaches the Tjrsp1 threshold, it is switched OFF, and the control bits VCC2_ON are

cleared. The status bit VCC2_OT is set. After the temperature returns below the threshold, VCC2 must be re
-configured via SPI.

+  VCC3(Stand-Alone Regulator): The regulator is switched OFF, and the control bits VCC3_ON are cleared.
The status bit VCC3_OT is set. Once the temperature normalizes, VCC3 must be re-configured via SPI. It is
recommended to clear VCC3 OT before re-enabling the regulator.

*  VCC3(Load-Sharing Configuration): In case of overtemperature, the bit VCC3 OTis set, and VCC3 is
switched OFF. The regulator is automatically re-enabled once the overtemperature condition disappears. It
is also recommended to clear VCC3_OT immediately after recovery.

. CAN Transceiver: The CAN transmitter is disabled and remains in CAN Normal Mode, functioning as
Receive-Only Mode. The status bits CAN_FAIL =‘01’ are set. Once the temperature returns to normal, the
CAN transmitter is automatically re-enabled.

*  LINx Transceiver: The LIN transmitter is disabled and stays in LIN Normal Mode, operating as Receive-
Only Mode. The status bits LIN2 FAIL =01’ are set. When the temperature is back within limits, the
LIN transmitter is automatically re-enabled.

*  HSx Switches: If one or more HSx switches reach the Tjrsp1 threshold, all HSx switches are turned OFF, and
their control bits are cleared (see registers HS_CTRL1 and HS_CTRL2). The status bits HSx_OC_OT are
set (see register HS_OC_OT_STAT). After recovery, the HSx configuration must be restored via SPI.

Note: The diagnosis bits are not cleared automatically and have to be cleared via SPI once the
overtemperature condition is not present anymore.

15.9.2 Temperature Prewarning

As the second-level thermal protection, a temperature prewarning mechanism is implemented when the
main supply VCC1 reaches the thermal prewarning threshold (Tjpw). Once this threshold is reached, the
status bit TPW is set. This bit can be cleared only via SPI after the overtemperature condition is no longer

present. The temperature prewarning function is active only when VCC1 is ON, regardless of the current
SBC Mode.

15.9.3 SBC Thermal Shutdown

As the highest-level thermal protection, an SBC-level thermal shutdown is triggered when the main
supply VCC1 reaches the thermal shutdown threshold (Tjrsp2). Upon detection of a TSD2 event, the SBC
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enters Fail-Safe Mode for a duration of trspz, allowing the device to cool down. After this period expires, the
SBC automatically transitions through Restart Mode to Normal Mode (refer to Chapter 5.1.6).

When a TSD2event occurs, the statusbitTSD2 is set. This bit can be clearedonlyviaSPI in
SBC Normal Mode, once the overtemperature condition has been resolved. Similar to the prewarning
mechanism, the thermal shutdown is active only when VCC1 is ON, independent of the SBC Mode.

15.10 Electrical Characteristics

Table 35 Electrical Specification

Vs=5.5V1028V; T,=-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Noteor Note
Test Condition

Min. \Typ. ‘Max.

VCC1 Monitoring

Undervoltage Prewarning Vows (BVY) 46 47 4.85 \Y, VCC1 falling,
Threshold Voltage PW,f Vpy(3V3) 3.0 3.1 3.2 SPI bit is set
Undervoltage Prewarning Vo, (5Y) 4.65 4.80 490 \Y VCC1 rising
Threshold Voltage PW,r Voy(3V3) |31 3.2 3.28
Reset Threshold Verif5V) |45 4.6 475 |V default setting;
Voltage RT1,f Ve {3V3) |2.95 3.05 3.15 VCC1 falling
Reset Threshold Ve (5V) |46 4.7 485 |V default setting;
Voltage RT1,r Ve, (3V3) 3.0 31 3.2 VCCL1 rising
Reset Threshold Virr245VY) 3.75 39 4.05 \% VCC1 falling
Voltage RT2,f Vrro(3V3) |25 2.6 2.7
Reset Threshold Ve (5Y) 1385 4.0 415 |V VCC1 rising
Voltage RT2,r Vero 3V3) 255 265 275
Reset Threshold VirraA5Y) 3.15 3.3 3.45 \Y VS 24V,
Voltage RT3,f Vars(3V3) 2.2 23 2.4 VCC1 falling
Reset Threshold Vera5Y)  [3.25 34 3.55 \Y VS 24V,
Voltage RT3,r Vars(3V3) 225 235 2.45 VCC1 rising
Reset Threshold Vir14£(5V) 24 2.65 2.8 \Y VS 24V,
Voltage RT4,f Vera(3V3) 2.0 2.1 292 VCCl1 falling
Reset Threshold Virra,(5Y) 25 2.75 29 \ VS 24y,
Voltage RT4,r Vara,(3V3) | 2.05 2.15 2.25 VCCl1 rising
Reset Threshold Hysteresis | Vgrp,s(5V) |50 100 200 mv | _

Vrrhys(3V3) | 30 67 140
VCC1 OVerVOItage VCCl,OV,r(5V) 53 _ 5.6 \Y/ l)l‘ISIng VCC1
Detection Threshold Voltage | v, ., (3V3

Lo
VCC1 Overvoltage Vecrovi(BY) | 5.2 _ 55 vV falling VCC1
Detection Threshold Voltage | v, ;. (3V3

) CCeov
VCC1 OV Detection tycciov F |5 10 14 us |2
Filter Time
VCC1 Shortto GND tycersc 3.2 4 4.8 ms 3
Filter Time

Reset Generator; Pin RO

Reset Low OutputVoltage | Vgo, ‘ - ‘ 0.2 ‘ 0.4 ‘ \% ‘ lko =1 mA for
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Ve 21V&
Vs 2Vpor
Reset High Output Voltage | Vo 08x | _ Veart |V ko =-20 HA
Veer 0.3V
Table 35 Electrical Specification (cont’d)

Vs=5.5V1t028V; T;=-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current
defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Noteor Note
Min. Typ. Max. Test Condition
Reset Pull-up Resistor Rro 10 20 40 kQ Vpo =0V
Reset Filter Time toe 4 10 26 s NVew < Vi
to RO =L see also
Chapter 15.3
Reset Delay Time tro1 15 2 25 ms 23

VCC2 Monitoring

VCC2 Undervoltage Veea,uvs 4.5 _ 4.75 \Y VCC2 falling
Threshold Voltage (falling)

VCC2 Undervoltage Veeouvr 4.6 _ 4.9 \% VCC2 rising
Threshold Voltage (rising)

VCC2 Undervoltage Vecouvinys | 20 100 250 mv | _

detection hysteresis

VCC2 Overvoltage Veezovr 53 D 55 \ VCC2 rising
Detection Threshold

Voltage

VCC2 Overvoltage Veeiovs 5.2 _ 54 \Y VCC2 falling
Detection Threshold

Voltage

VCC3 Monitoring

VCC3 Undervoltage Vecsuv 4.0 425 |45 \% SV setting
Detection

VCC3 Undervoltage Veesuv 2.65 2.85 3.00 \Y, 3.3V setting
Detection

VCC3 Undervoltage Veeauy 14 1.52 1.65 |V 1.8V setting
Detection '

VCC3 Undervoltage Vecauvhys | 20 100 250 mv

Detection T

VCC3 Overvoltage Detection| Vees oy 53 555 |5.8 \% SV setting

VCC3 Overvoltage Detection| Vecs oy 35 365 [385 |V 3.3V setting

VCC3 Overvoltage Detection| Vs oy 195 [208 |22 \% 1.8V setting

VCC3 Overvoltage Detection | Vs oy hys | 20 100 250 mv

VCAN Monitoring
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CAN Supply Vean_ uv 445 | _ 485 |V CAN Normal

undervoltage detection Mode,

threshold hysteresis

included;

Watchdog Generator

Long Open Window tw 160 200  |240 ms |

Internal Oscillator feLksee 0.8 10 12 MHz |_

Minimum Waiting time during SBC Fail-Safe Mode

Min. waiting time Fail-Safe | teg i 80 100 120 |ms |

Power-on Reset, Over-/ Undervoltage Protection

VS Power on reset rising Vpor: _ 50 vV VS increasing

VS Power on reset falling Veors - 3.2 \ VS decreasing
Table 35 Electrical Specification (cont’d)

Vs=5.5V1t028V; T;=-40 °Cto +150 °C; SBC Normal Mode; all voltages with respect to ground; positive current

defined flowing into pin; unless otherwise specified.

Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition

VS Undervoltage Detection | Vsyy 5.3 _ 6.0 Vv Supply UV

Threshold threshold forVCC3
and VCC1 SC
detection;
hysteresis
included

VSHS Overvoltage Vshs.ovp 20 22 Y Supply OV

Detection Threshold supervision for
HSX;
hysteresis
included

VSHS Overvoltage Vsusovpnys | 100 500 _ mv |©

Detection hysteresis

VSHS Undervoltage Vshs.uvp 4.8 55 Y Supply UV

Detection Threshold supervision for
LINx, HSx, and
HS of GPIOx;
hysteresis
included

VSHS Undervoltage Vshsuvonys | 90 200 350 mv |9

Detection hysteresis

Overtemperature Shutdown®

Thermal Prewarning Tipw 135 145 155 °C

Temperature

Thermal Shutdown TSD1 | Trgpy 165 c

Thermal Shutdown TSD2 | Tirepy 165 c
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Thermal Shutdown Tirspnys 25 °C K

hysteresis

Deactivation time after trepp 0.8 1 12 s 9

thermal shutdown TSD2

1) Iltis ensured that the threshold Vceiov, is always higher than the highest regulated Vcci output voltage
Veei,outaz.

2) The reset delay time will start when VCC1 crosses above the selected Vrtx threshold

3) Not subject to production test, tolerance defined by internal oscillator tolerance.

4) An additional safety factor of 1.5 needs to be applied like shown in Figure 53.

5) This time applies for all failure entries except a device thermal shutdown (TSD2 has a typ. 1s waiting time
tTsp2)

6) Not subject to production test, specified by design.

7) Subject to change according to the final implementation.

114



€

GigaDevice GD33AP2361_AP2362_AP2363 Datasheet
16 Serial Peripheral Interface
16.1 SPI Block Description

The 16-bit Control Input Word is received through the data input pin SDI, synchronized with the clock signal
CLK generated by the microcontroller. The corresponding output word is transmitted simultaneously on the
SDO line (see Figure 59).

Communication starts when the device is activated by pulling the CSN (Chip Select Not) input low. Once CSN
returns high, the received word is processed according to its content. At this moment, the SDO output enters
a high-impedance (tristate) condition, freeing the bus for other devices.

During operation, the SDI data is loaded into the input register on each falling edge of CLK, while the SDO
data is shifted out from the output register on each rising edge. The SBC’s SPI interface does not support
daisy-chain configurations.

CSN high to low: SDO is enabled. Status information transferred to output shift register

v
CSN —| R

| A time

CSN low to high: data from shift register is transferred to output functions

ew (YO kil
0  time
I I Actual data New data
SDI WZ 3X4X5X6)X7X8X9X10)11X12X13)14X 15 (+) }_
I T timé
ISDI: will accept data on the falling edge of CLK signal
| Actual status New status
e 0, 0.0.0.0.0 000000000 S 0
- R N\+/\+ _
T time

SDO: will change state on the rising edge of CLK signal

Figure59 SPI Data Transfer Timing (note the reversed order of LSB and MSB shown in this figure compared to
the register description)
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16.2 Failure Indication on SPI Data Output

If the microcontroller issues an incorrect SPI command to the SBC, the SBC disregards the received data.
Invalid commands include unsupported mode selections or instructions blocked by the internal state
machine to prevent unintended device or system behavior (see below). In such cases, the diagnostic flag
‘SPI_FAIL’ is set, and the SPI Write operation is ignored—typically without any partial execution. This flag
can only be cleared explicitly through a dedicated SPI command.

nvalid SPI Commands Leading to SPI_FAIL:

+ lllegal state transitions: Attempting to switch directly from SBC Stop to SBC Sleep Mode will force the
SBC into Restart Mode.

Trying to enter SBC Stop or SBC Sleep Mode from SBC Init Mode results in a transition to Normal Mode
instead;

+  Parity errorinWD_CTRL register: If the data bit parity in WD_CTRL is invalid, the watchdog trigger or
updated watchdog configuration will be ignored;

*  SPI access in Stop Mode: Any attempt to modify SPI settings such as watchdog, PWM, or high-side
configuration while in SBC Stop Mode is ignored;

«  Only the following commands are accepted in this mode: watchdog trigger, return to Normal Mode,
initiate Soft Reset, and read & clear status registers;

*  Entering Stop Mode with uncleared wake flags: If WK_STAT_1 andWK_STAT_2 are not cleared before
entering Stop Mode, SPI_FAIL will not be set, but the INT pin will be activated.

*  Transition from Stop to Normal Mode: When switching from Stop to Normal Mode, any additional
modifications to the M_S_CTRL register are ignored;

+ Invalid Sleep Mode entry: Attempting to enter Sleep Mode while all bits in BUS_CTRL_1,BUS_CTRL_2,
and WK_CTRL_2 are cleared triggers SPI_FAIL, and the SBC enters Restart Mode. Although Sleep
Mode is not entered, other parts of the command (e.g., changes to VCC2 or VCC3) are executed, and
their values remain unchanged during Restart Mode. Note: At least one wake source must be enabled to
avoid a deadlock in Sleep Mode. If the only wake source is a timer and it is turned off, the SBC wiill
immediately exit Sleep Mode and enter Restart Mode. No failure handling occurs when entering Stop
Mode with all bits in BUS_CTRL_1,BUS_CTRL_2 andWK_CTRL_2 cleared, since the microcontroller can
still exit this mode via SPI.

* VCC3 load sharing: If VCC3 LS (load sharing) is active and the microcontroller attempts to clear this
bit, the rest of the command is executed, but VCC3 LS remains set.

+ Invalid wake configuration for Sleep Mode: If WK_MEAS is set to ‘1’ while only WK1_EN or WK2_EN
are enabled as wake sources, the SPI_FAIL bit is set and the SBC enters Restart Mode.

«  Timer configuration error: Setting an on-time equal to or longer than the corresponding timer period
will trigger SPI_FAIL.

*  SDl line stuck: If the SDI input remains constantly HIGH or LOW (receiving all ‘O’s or all ‘1’s), the
SPI_FAIL condition is set.

. Note: There is no SPI fail information for unused addresses.

SPI Error Detection and ERR Flag Behavior:

The ERR flag provides an additional diagnostic mechanism for monitoring the integrity of SPI
communication between the microcontroller and the SBC.

The flag is set under the following conditions:
*  The number of received SPI clock pulses is not equal to O or 16.

*  The RO pin is LOW while SPI frames are being transmitted.

Note: To ensure correct reading of the ERR flag, the CLK signal must be LOW when CSN is asserted.
The ERR bit is invalid if CLK is HIGH during the falling edge of CSN.

Invalid Number of SPI Clock Cycles:
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The SBC continuously monitors the number of SPI clock cycles received. Only 0 or 16 clock cycles are
considered valid.

« If the number of received clocks differs from 0 or 16, the input word is discarded.
* A 0-clock condition is used to enable ERR signalization.
+  The error logic additionally monitors whether CLK remains HIGH during CSN transitions.

If either of these conditions is detected—clock count mismatch or CLK HIGH during CSN edge—the SBC
indicates an error by driving the ERR bit (SDO pin) HIGH before the first rising edge of the next SPI clock.

In this case, the entire SPI command is ignored.
SPI Frames Sent While RO is LOW:

When the RO pin is LOW (indicating the SBC is in Restart Mode), and SPI frames are transmitted
simultaneously, the ERR flag will be set.

The error condition will be reported in the next SPI transaction under the following circumstances:
« ifthe command begins when RO is HIGH and it ends when RO is LOW,

. if a SPI command will be sent while RO is LOW,

« Ifa SPI command begins when RO is LOW and it ends when RO is
HIGH.

SDO Output Behavior:

« alwayswhen RO is LOW then SDO will be HIGH,

+ when a SPI command begins with RO is LOW and ends when RO is HIGH, then the SDO should be
ignored because wrong data will be sent.
Notes

1. ltispossible to quickly check forthe ERR flag withoutsending any data bits.i.e. only the CSN is pulled low and
SDO is observed- no SPI Clocks are sentin this case

2. The ERRflag could also be set after the SBC has entered SBC Fail-Safe Mode because the SPI
communication is stopped immediately.

16.3 SPI Programming

For the GD33AP236Xx, seven bits (BIT6...0) are used for address selection. Bit 7 defines the access type: for
status registers it selects between Read Only and Read & Clear, and for configuration registers it selects
between Write and Read Only. The actual configuration and status information is contained in eight data bits
(BIT15...8). All write, clear, and read operations are executed byte-wise. The SPI status bits are not cleared
automatically and must be cleared by the microcontroller, for example, if the TSD2 bit was set due to an
overtemperature condition. Configuration bits may be partially cleared automatically by the SBC; detailed
behavior is described in the individual register descriptions. During SBC Restart Mode, SPI communication is
ignored by the SBC and incoming SPI frames are not interpreted.

There are two types of SPI registers: control registers, which configure the SBC (e.g., SBC mode, watchdog
trigger), and status registers, which indicate the SBC status (e.g., wake events, warnings, failures). For status
registers, the requested information is returned in the same SPI command via the DO line. For control registers,
the status of the respective byte is also shown in the same SPI command; however, if a setting is changed, the
updated value is valid only after CSN returns high and is shown with the next SPI command to the same register.

The SBC status information from the SPI status registers is transmitted in a compressed format with each SPI
response on the SDO line, within the so-called Status Information Field register. The purpose of this register
is to provide the microcontroller with a fast indication whenever a change occurs in any of the SPI status
registers. This mechanism allows the microcontroller to avoid continuously reading all SPI status registers
and instead read only those registers that have changed. Each bit in the Status Information Field corresponds
to one SPI status register. When a bit in any of the status registers is set, the corresponding bit in the Status
Information Field register is also set. The register WK_LVL_STAT is not included in the Status Information
Field. For example, if bit 0 in the Status Information Field is set to 1, it indicates that one or more bits in the
register with address 1000001 (SUP_STAT _1) are set to 1, and this register should then be read in a
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subsequent SPI command. The respective bit in the Status Information Field will return to 0 once all bits in the
corresponding status register 1000001 are cleared.

Table 36 Status Information Field
Bit in Status Corresponding Status Register Description
Information Field Address Bit
0 100 0001 SUP_STAT_1: Supply Status - VSHS fail, VCCx fail, POR
1 100 0010 THERM_STAT: Thermal Protection Status
2 100 0011 DEV_STAT: Device Status - Mode before Wake, WD Fall,
SPI Fail, Failure, Reference fail
3 100 0100 BUS_STAT: Bus Failure Status: CAN, LINX;
BUS STAT 1 & BUS _STAT_2 are a combinational OR
4 1000110 WK_STAT_1,WK_STAT_2: Wake Source Status;
Status bit is set as combinational OR of both registers
100 0000 SUP_STAT_2:VCC1_WARN/OV,VCC3 Status
101 0100 HS_OC_OT_STAT: High-Side Over Load Status
101 0101 HS_OL_STAT: High-Side Open Load Status
LSB MSB

D |0O|1,2|3|4 5|6 |7|8|9]10(11|12|13|14|15

Address Bits R/W Data Bits

X X X X X X X X

Register content of
selected address

DO |0|1|2|3|4|5|6|7|8|9|10|11|12|13|14|15

Status Information Field Data Bits

X X X X X X X X

T time

LSB is sent first in SPI message
Figure 60 SPI Operation Mode

16.4 SPI Bit Mapping

The following figures illustrate the mapping of the registers and the corresponding SPI bits of each register.
The control registers, ranging from addresses ‘0000000’ to ‘0011110’, are Read/Write registers. The
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access type is defined by bit 7: when bit 7 is set to ‘0’, the register is read only; when bit 7 is set to ‘1’, the
register is written. The updated bit settings after a write operation can be verified with the next read or write
command. The registers from ‘1000000’ to ‘1111110’ are Status Registers and can either be read or read
with clearing, depending on bit 7. To clear a data byte in one of the status registers, bit 7 must be set to ‘1’.
Certain registers, including WK_LVL_STAT, and FAM_PROD_STAT, SWK_OSC_CAL_H STAT,
SWK_OSC_CAL_L_STAT, SWK_STAT, SWK_ECNT_STAT, SWK_CDR_STAT1, SWK_CDR_STATZ2, are
exceptions because they represent actual voltage levels at the respective wake pins (LOW/HIGH) or fixed
family and product identification values, and therefore cannot be cleared. For reliable diagnostics, it is
recommended to clear the relevant status bits associated with wake events or failures. However, in
general, it is still possible to enable drivers without clearing the corresponding failure flags.

When switching to a different SBC mode, certain configuration bits are automatically cleared or modified

according to the new operating state:

+  The SBC mode bits are updated to reflect the actual status, for example, when returning to Normal
Mode.

*  When transitioning to a low-power mode such as Stop or Sleep, the diagnostic bits of the switches
and transceivers are not cleared, and FOx remains active if it was previously triggered. In SBC Stop
Mode, the CAN and LIN control bits remain unchanged.

* In SBC Sleep Mode, the CAN and LIN control bits are modified if they were not previously set to OFF
or wake-capable.

*+ HSx, VCC2, and VCC3 remain active when entering Sleep or Stop Mode; their configuration can only
be adjusted in Normal Mode. Diagnosis functions (OC, OL, OT) remain active, and in case of a failure,
the corresponding switch is turned off without generating a wake-up signal.

*  The configuration bits for HSx and VCC2 in stand-alone configuration are cleared during SBC Restart
Mode, while FOx remains active if previously triggered. Depending on the configuration, CAN and LIN
transceivers may be turned off, awakened, or remain wake-capable.

*  The detailed behavior of the corresponding SPI bits and control functions is specified in Chapter 16.5,
Chapter 16.6, and in the respective module chapters. Bits that can be modified by the SBC itself are
marked as “rwh.”

Note: The bittype be marked as ‘rwh’in case the SBC will modify respective control bits. The detailed
behavior of the corresponding SPI bits and control functions is specified in Chapter 16.5,
Chapter 16.6, and in the respective module chapters. Bits that can be modified by the SBC itself
are marked as “rwh.
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MSB LSB
15114 |13 (12|11 | 10| 9 8 7 6 5 4 3 2 1 0

8 Data Bits [bits 8... 15] Reg- 7 Address Bits [bits 0... 6]

for Configuration & Status Information Type for Register Selection
M_S_CTRL rw 000 0001
HW_CTRL rw 000 0010
WD_CTRL rw 000 0011
BUS_CTRL_1 rw 000 0100
BUS_CTRL_2 rw 000 0101
2 WK_CTRL_1 w 000 0110
9 WK _CTRL_2 w 000 0111
@2 WK_PUPD_CTRL rw 000 1000
5 WK_FLT_CTRL w 000 1001
x TIMER1_CTRL rw 000 1100
re) TIMER2_CTRL rw 000 1101
= SW_SD_CTRL rw 001 0000
c HS_CTRL_1 rw 001 0100
8 HS_CTRL_2 rw 001 0101
GPIO_CTRL rw 001 0111
PWM1_CTRL rw 001 1000
PWM2_CTRL rw 001 1001
PWM_FREQ CTRL rw 001 1100
SYS_STAT_CTRL rw 001 1110
SWK_CTRL rw 010 0000
SWK_BTL1_CTRL rw 010 0001
SWK_BTL2_CTRL rw 010 0010
SWK_ID3_CTRL rw 010 0011
SWK_ID2_CTRL rw 010 0100
0 SWK_ID1_CTRL rw 010 0101
o SWK_IDO_CTRL rw 010 0110
i SWK_MASK_ID3_CTRL rw 010 0111
= SWK_MASK_ID2_CTRL rw 010 1000
() SWK_MASK_ID1_CTRL rw 010 1001
@ SWK_MASK_IDO_CTRL rw 010 1010
© SWK_DLC_CTRL rw 010 1011
= SWK_DATA7_CTRL rw 010 1100
g SWK_DATA6_CTRL rw 010 1101
(&) SWK_DATA5_CTRL rw 010 1110
(0] SWK_DATA4 _CTRL rw 010 1111
< SWK_DATA3_CTRL w 011 0000
= SWK_DATA2_CTRL rw 011 0001
© SWK_DATA1_CTRL rw 011 0010
> SWK_DATAO_CTRL rw 011 0011
o SWK_CAN_FD_CTRL rw 011 0100
@ SWK_OSC_TRIM_CTRL rw 011 1000
O] SWK_OPT_CTRL rw 011 1001
= SWK_OSC_CAL _H_STAT r 011 1010
SWK_OSC_CAL L STAT r 011 1011
SWK_CDR_CTRL1L w 011 1100
SWK_CDR_CTRL2 rw 011 1101
SWK_CER_LIMIT_H CTRL rw 011 1110
SWK_CER_LIMIT_L_CTRL rw 011 1111

SUP_STAT 2 rc 100 0000 5

SUP_STAT_1 rc 100 0001 0

THERM_STAT rc 100 0010 1

DEV_STAT rc 100 0011 2

BUS_STAT 1 rc 100 0100 3

BUS_STAT 2 rc 100 0101 3

WK_STAT_1 rc 100 0110 4

WK_STAT 2 rc 100 0111 4

WK_LVL_STAT r 100 1000 .

HS OC_OT STAT rc 101 0100 6

HS_OL_STAT rc 101 0101 7
SWK_STAT r 111 0000
SWK_ECNT_STAT r 111 0001
SWK_CDR_STAT1 r 111 0010
SWK_CDR_STAT2 r 111 0011
FAM_PROD_STAT r 111 1110

Figure 61 SPI Register Mapping including Selective Wake
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15 I 14 | 13 | 12 | 11 | 10 | 9 | 8 7 6..0
Register Short Name Data Bit 15...8 Access Address
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Mode A6...A0
CONTROL REGISTERS
M_S_CTRL MODE_1 MODE_0 VCC3_ON VCC2_ON_1 VCC2_ON_0 VCC1 _OV_RST VCC1 RT_1 VCC1 RT_O read/write 0000001
HW_CTRL VCC3_V_CFG |[SOFT_RESET_RO FO_ON VCC3_VS_UV_OFH VCC3_LS VCC3_OV_EN CC3_LS_STP_ON CFG read/write 0000010
WD_CTRL CHECKSUM WD_STM_EN_0 WD_WIN D_EN_WK_BUS reserved WD_TIMER_2 WD_TIMER_1 WD_TIMER_0 read/write 0000011
BUS_CTRL_1 LIN_FLASH LIN_LSM LIN_TXD_TO LINT_1 LINL_O CAN_2 CAN_1 CAN_0 read/write | 0000100
BUS_CTRL_2 reserved reserved |_PEAK_TH reserved reserved reserved LIN2_1 LIN2_0 read/write 0000101
WK_CTRL_1 TIMER2_WK_EN | TIMERT_WK_EN reserved reserved reserved WD_STM EN_1 reserved reserved read/write | 0000110
WK_CTRL_2 INT_GLOBAL reserved WK_MEAS reserved reserved WK3_EN WK2_EN WK1 EN read/write | 0000111
WK_PUPD_CTRL reserved reserved WK3_PUPD_1 WK3 PUPD_ 0 | WK2 PUPD 1 [ WK2 PUPD_0 WK1 _PUPD_1 | WK1_PUPD 0 read/write | 0001000
WK_FLT_CTRL reserved reserved WK3_FLT_1 WK3_FLT_0 WK2_FLT_1 WK2_FLT_0 WK1 _FLT_ 1 WK1 _FLT_0 read/write | 0001001
TIMER1 CTRL reserved TIMER1 ON_2 TIMER1 ON_1 TIMER1 ON_0O reserved TIMER1 PER_2 | TIMER1 PER_1 | TIMER1_PER 0 read/write 0001100
TIMER2_CTRL reserved TIMER2_ON_2 | TIMER2_ ON_1 | TIMER2_ON_O reserved TIMER2_PER_2 | TIMER2_PER 1 | TIMER2_PER 0 | read/write | 0001101
SW_SD_CTRL reserved HS_OV_SD_EN | HS_UV_SD_EN | HS_OV_UV_REC reserved reserved reserved reserved read/write 0010000
HS_CTRL_1 reserved HS2_2 HS2_1 HS2_0 reserved HS1_2 HS1_1 HS1_0 read/write 0010100
HS_CTRL_2 reserved HS4 2 HS4_1 HS4_0 reserved HS3_2 HS3_1 HS3 0 read/write | 0010101
GPIO_CTRL FO_DC_1 FO_DC_0 GPI02_2 GPI02_1 GPI02_0 GPIOL 2 GPIOL 1 GPIO1_0 read/write | 0010111
PWM1 _CTRL PWM1_DC_7 PWM1_DC_6 PWM1_DC 5 PWM1_DC_4 PWM1_DC_3 PWM1_DC_2 PWM1_DC_1 PWM1 DC 0 read/write 0011000
PWM2_CTRL PWM2_DC_7 PWM2_DC_6 PWM2_DC_5 PWM2_DC_4 PWM2_DC_3 PWM2_DC_2 PWM2_DC_1 PWM2_DC_0 read/write | 0011001
PWM_FREQ_CTRL reserved reserved reserved reserved reserved PWM2_FREQ_0 reserved PWM1_FREQ 0 read/write | 0011100
SYS_STAT_CTRL SYS_STAT_7 SYS_STAT_6 SYS_STAT_5 SYS_STAT_4 SYS_STAT_3 SYS_STAT_2 SYS_STAT_1 SYS_STAT_O read/write | 0011110
SELECTIVE WAKE REGISTERS
SWK_CTRL 0OSC_CAL TRIM_EN_1 TRIM_EN_0 CANTO_MASK reserved reserved reserved CFG_VAL read/write | 0100000
SWK_BTL1_CTRL TBIT 7 TBIT 6 TBIT_5 TBIT 4 TBIT_3 TBIT_2 TBIT_1 TBIT O read/write 0100001
SWK_BTL2 CTRL reserved reserved SP_5 SP_4 SP_3 SP_2 SP_1 SP_0 read/write 0100010
SWK_ID3_CTRL 1D28 1D27 1D26 1D25 1D24 1D23 1D22 1D21 read/write 0100011
SWK_ID2_CTRL 1D20 ID19 ID18 ID17 ID16 ID15 ID14 1D13 read/write 0100100
SWK_ID1_CTRL 1D12 ID11 1D10 1D9 1D8 1D7 1D6 ID5 read/write 0100101
SWK_IDO_CTRL reserved 1D4. 1D3 1D2 ID1 1D0 RTR IDE read/write | 0100110
SWK_MASK ID3 CTRL MASK_1D28 MASK_ID27 MASK_I1D26 MASK_ID25 MASK_I1D24 MASK_ID23 MASK_ID22 MASK_ID21 read/write 0100111
SWK_MASK_ID2_CTRL MASK_I1D20 MASK_ID19 MASK_ID18 MASK_ID17 MASK_ID16 MASK_ID15 MASK_ID14 MASK_I1D13 read/write 0101000
SWK_MASK_ID1_CTRL MASK_1D12 MASK_ID11 MASK_ID10 MASK_ID9 MASK_ID8 MASK_ID7 MASK_ID6 MASK_ID5 read/write 0101001
SWK_MASK_IDO_CTRL reserved MASK_ID4 MASK_ID3 MASK_ID2 MASK_ID1 MASK_IDO reserved reserved read/write 0101010
SWK_DLC_CTRL reserved reserved reserved reserved DLC 3 DLC_2 DLC 1 DLC 0 read/write 0101011
SWK_DATA7 CTRL DATA7 7 DATA7 6 DATA7 5 DATA7 4 DATAT7 3 DATAT7 2 DATA7_1 DATA7 0 read/write 0101100
SWK_DATA6_CTRL DATAG6_7 DATAG6_6 DATA6_5 DATAG_4 DATAG6_3 DATAG6_2 DATAG6_1 DATAG6_0 read/write 0101101
SWK_DATA5_CTRL DATAS5_7 DATA5_6 DATAS5_5 DATA5 4 DATA5_3 DATAS5_2 DATAS5_1 DATA5_0 read/write 0101110
SWK_DATA4 CTRL DATA4 7 DATA4 6 DATA4 5 DATA4 4 DATA4_3 DATA4_2 DATA4_1 DATA4 0 read/write 0101111
SWK_DATA3 CTRL DATA3 7 DATA3 6 DATA3_5 DATA3 4 DATA3_3 DATA3 2 DATA3_1 DATA3 0 read/write 0110000
SWK_DATA2_CTRL DATA2_ 7 DATA2_6 DATA2_5 DATA2 4 DATA2_ 3 DATA2 2 DATA2_1 DATA2 0 read/write 0110001
SWK_DATA1_CTRL DATAL 7 DATAL 6 DATAL 5 DATAL 4 DATAL 3 DATAL 2 DATAL_1 DATAL 0 read/write | 0110010
SWK_DATAO0_CTRL DATAO0_7 DATAO_6 DATAO_5 DATAO0_4 DATAO_3 DATAO_2 DATAO_1 DATA0_0 read/write 0110011
SWK_CAN_FD_CTRL reserved reserved DIS ERR_CNT | RX_FILT BYP | FD_FILTER 2 FD_FILTER 1 FD_FILTER 0 CAN_FD_EN read/write | 0110100
SELECTIVE WAKE TRIM & CONFIGURATIONS REGISTERS
SWK_OSC_TRIM_CTRL TRIM_OSC_7 TRIM_OSC_6 TRIM_OSC_5 TRIM_OSC_4 TRIM_OSC_3 TRIM_OSC_2 TRIM_OSC_1 TRIM_OSC_0 read/write | 0111000
SWK_OPT_CTRL RX_WK_SEL reserved reserved TRIM_OSC 12 | TRIM_OSC_11 | TRIM_OSC_10 TRIM_OSC_9 TRIM_OSC_8 read/write | 0111001
SWK_OSC_CAL_H_STAT OSC CAL H 7 | OSC_CAL H 6 | OSC_ CAL H 5 | OSC_ CAL H 4 | OSC CAL_H_3 | OSC CAL H 2 | OSC_CAL H 1 | OSC_CAL_H_0 read 0111010
SWK_OSC_CAL_L_STAT OSC_CAL L 7 | OSC CAL L 6 | OSC CAL L5 | OSC CAL L 4 | OSC CAL L 3| OSCCALL 2 | OSCCALL 1 | OSC_CAL L 0 read 0111011
SWK _CDR CTRL1 reserved reserved reserved reserved SELFILT_1 SELFILT_0 reserved CDR_EN read/write 0111100
SWK_CDR_CTRL2 reserved reserved reserved reserved reserved reserved SEL_OSC_CLK_1|SEL_OSC_CLK_0| read/write 0111101
SWK_CDR_LIMIT_HIGH CDR_LIM H 7 | COR_LIM_H 6 | CDR_LIM H5 | CDR_LIMH 4 | CDR_LIM H 3 | COR LIM H 2 | CDR_LIM H_1 | COR_LIM_H 0 | readmwrite | 0111110
SWK_CDR_LIMIT_LOW CDR LIM L 7 | COR LIM L 6 | COR_LIM L5 | COR LIML 4 | COR_LIM L 3 | COR LIM L 2 | COR_LIML L | COR_LIM L 0 | read/write | 0111111
STATUS REGISTERS
SUP_STAT_2 VCC2_0OV VS_UV VCC3_0oV VCC3_0C VCC3_UV VCC3_OT VCC1_ OV VCC1_WARN read/clear 1000000
SUP_STAT_1 POR VSHS_UV VSHS_OV VCC2_OT VCC2_UV VCC1_SC VCC1_UV_FS VCC1_uv read/clear 1000001
THERM_STAT reserved reserved reserved reserved reserved TSD2 TSD1 TPW read/clear 1000010
DEV_STAT DEV_STAT_1 DEV_STAT_0 reserved REF_FAIL WD_FAIL_1 WD_FAIL 0 SPI_FAIL FAILURE read/clear 1000011
BUS_STAT_1 reserved LIN1_FAIL 1 LIN1_FAIL O CANTO SYSERR CAN FAIL 1 CAN_FAIL_0 VCAN_UV read/clear 1000100
BUS_STAT 2 reserved reserved reserved reserved reserved LIN2 FAIL 1 LIN2_FAIL 0 reserved read/clear 1000101
WK_STAT 1 LIN2_WU LIN1_WU CAN_WU TIMER_WU reserved WK3 WU WK2_ WU WK1 WU read/clear 1000110
WK_STAT 2 reserved reserved GP102_LVL GPIO1 WU reserved reserved reserved reserved read/clear 1000111
WK_LVL_STAT SBC_DEV_LVL CFGP GPI02_LVL GPIO1_LVL reserved WK3_LVL WK2_LVL WK1 LVL read 1001000
HS_OC_OT_STAT reserved reserved reserved reserved HS4_OC_OT HS3_OC_OT HS2_OC_OT HS1_OC _OT read/clear 1010100
HS_OL_STAT reserved reserved HS4_OL HS3 OL HS2_OL HS1 OL read/clear 1010101
SELECTIVE WAKE STATUS REGISTERS
SWK_STAT reserved SYNC reserved reserved CANSIL SWK_SET WupP WUF read 1110000
SWK_ECNT_STAT reserved reserved ECNT_5 ECNT_4 ECNT_3 ECNT 2 ECNT 1 ECNT_0 read 1110001
SWK_CDR_STAT1 N_AVG_11 N_AVG_10 N_AVG_9 N_AVG_8 N_AVG_7 N_AVG_6 N_AVG_5 N_AVG_4 read 1110010
SWK_CDR_STAT?2 N_AVG_3 N_AVG_2 N_AVG_1 N_AVG_0 reserved reserved reserved reserved read 1110011
FAMILY AND PRODUCT REGISTERS
FAM_PROD_STAT | FAM3 [ FAaM2 ] FAM1 | FAMo | prob3 | pProb2 | ProD.1 |  PROD.O read 1111110

Figure 62 GD33AP236x SPI Bit Mapping including Selective Wake

16.5 SPI Control Registers

READ/WRITE Operation (see also Chapter 16.3):
« The ‘POR/ Soft Reset Value’ defines the register content after POR or SBC Reset.
« The ‘Restart Value’ defines the register content after SBC Restart, where ‘X’ means the bit is unchanged.

«  One 16-bit SPI command consist of two bytes:
- the 7-bit address and one additional bit for the register access mode and
- following the data byte
The numbering of following bit definitions refers to the data byte and correspond to the bits DO...D7 and to
the SPI bits 8...15 (see also figure before).
«  There are three different bit types:
- 'r = READ: read only bits (or reserved bits)
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- ‘rw’ = READ/WRITE: readable and writable bits
- ‘rwh’ = READ/WRITE/Hardware: readable/writable bits, which can also be modified by the SBC hardware

* Reserved bits are marked as “Reserved” and always read as “0”. The respective bits shall also
be programmed as “0”.

« Reading a register is done byte wise by setting the SPI bit 7 to “0” (= Read Only).
« Writing to a register is done byte wise by setting the SPI bit 7 to “1”.

«  SPI control bits are in general not cleared or changed automatically. This must be done by the
microcontroller via SPI programming. Exceptions to this behavior are stated at the respective
register description and the respective bit type is marked with a ‘h’ meaning that the SBC is able to
change the register content.

The registers are addressed wordwise.
16.5.1 General Control Registers
M_S CTRL

Mode-and Supply Control (Address 000 0001;)
POR / Soft Reset Value: 0000 00005;  Restart Value: 00x0 00xxg

7 6 5 4 3 2 1 0
MODE 1 MODE 0 VCC3 ON | VCC2 ON_1 | VCC2 ON_ 0 VCC1—$V—RS VCCLRT 1 | VCCL RT 0
rwh rwh rwh rwh rwh rwh rw rw
Field Bits Type Description
MODE 7:6 rwh SBC Mode Control

00z  SBC Normal Mode

01y  SBC Sleep Mode

10  SBC Stop Mode

11;  SBC Reset: Soft Reset is executed (configuration of RO
triggering in bit SOFT_ RESET_RO)

VCC3 ON 5 rwh VCC3 Mode Control

(08 , VCC3 OFF

1; , VCC3 is enabled (as independent voltage regulator)
VCC2_ON 4:3 rwh VCC2 Mode Control

005 ,VCC2 off

01; ,VCC2onin Normal Mode

103 ,VCC2 onin Normal and Stop Mode

11, ,VCC2 always on (except in SBC Fail-Safe Mode)

VCC1 OV R |2 rwh VCC1 Overvoltage leading to Restart / Fail-Safe Mode enable
sT 0s ,VCC1_OVissetin case of VCC1_OV; no SBC Restart or
Fail- Safe is entered for VCC1_OV
1 ,VCC1 OV issetin case of VCC1 _OV; depending on the

device configuration SBC Restart or SBC Fail-Safe
Mode is entered (see Chapter 5.1.1);

VCCL RT 1.0 w VCC1 Reset Threshold Control

00z ,Vrtlselected (highest threshold)
01y ,Vrt2selected

105 , Vrt3 selected

11, ,Vrt4 selected
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Notes

1. ltisnotpossible to change from Stop to Sleep Mode via SPI Command. See also the State Machine Chapter

2. Afterentering SBC Restart Mode, the MODE bits will be automatically set to SBC Normal Mode. The
VCC2_ON bits will be automatically set to OFF after entering SBC Restart Mode and after OT.

3. The SPI output will always show the previously written state with a Write Command (what has been

programmed before)

HW_CTRL

Mode-and Supply Control (Address 000 0010g)
POR / Soft Reset Value: y000 y000Qg;

Restart Value: xx0x x00xg

7 6 5 4 3 2 1 0
SOFT_RESET VCC3_VS_UV VCC3 LS _ST
VCC3_V_CFG ‘RO FO_ON “OFF VCC3_LS VCC3_OV_E " oN CFG
w rw rwh rw rw rw rw rw
Field Bits Type Description
VCC3_ 7 w VCC3 Output Voltage Configuration (if configured as
V_CFG independent voltage regulator)
(08 , VCC3 has same output voltage as VCC1
1 , VCC3iis configured to either 3.3V or 1.8V (depending on
VCC1 derivative)
SOFT_ 6 w Soft Reset Configuration
RESET_RO Og , RO will be triggered (pulled low) during a Soft
Reset 1 , No RO triggering during a Soft Reset
FO_ON 5 rwh Failure Output Activation (FO1..3)
05 , FOx not activated by software, FO can be activated
by defined failures (see Chapter 14)
1 , FOx activated by software (via SPI)
VCC3_VS_ |4 w VCC3VS_UV shutdown configuration
UV_OFF Og , VCC3 will be disabled automatically at VS_UV
1 , VCC3 will stay enabled even below VS_UV
VCC3_LS 3 w VCC3 Configuration
(08 , VCC3 operating as a stand-alone regulator
1; , VCC3 in load sharing operation with VCC1
VCC3 OV_EN |2 rw VCC3 overvoltage detection control
0g , VCC3 overvoltage detection disabled
1s » VCC3 overvoltage detection enabled
VCC3 LS 1 w VCC3 Load Sharing in SBC Stop Mode configuration
STP_ON 05 , VCC3 in LS configuration during SBC Stop Mode and
high- power mode: disabled
1 , VCC3 in LS configuration during SBC Stop Mode and
high- power mode: enabled
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Configuration Select (see also Table 5)
05 , Depending on hardware configuration, SBC Restart or

Fail- Safe Mode is reached after the 2. watchdog trigger

failure (=default) - Config 3/4
15 , Depending on hardware configuration, SBC Restart or

Fail- Safe Mode is reached after the 1. watchdog trigger

failure -  Config 1/2

Notes

1. Clearingthe FO_ON bhitwill notdisable the FOx outputs for the case afailure occurred which triggered the
FOx outputs. In this case the FOx outputs have to be disabled by clearing the FAILURE bit.

If the FO_ON bitis set by the software then it will be cleared by the SBC after SBC Restart Mode was
entered and the FOx outputs will be disabled. See also Chapter 14 for FOx activation and deactivation.

2. Aftertriggering a SBC Soft Reset the bits VCC3_V_CFG and VCC3_LS are notresetifthey were set
before,i.e. it stays unchanged, which is stated by the ‘y’ in the POR/Soft Reset Value. POR value: 0000 0000
and Soft Reset value: xx00 x00x

3. VCC3_LS_STP_ON: Is a combination of load sharing and VCC1 active peak in Stop mode

WD_CTRL
Watchdog Control (Address 000 0011g)

POR / Soft Reset Value: 0001 0100;;  Restart Value: xOxx 01005

7 6 5 4 3 2 1 0
WD_STM WD_EN
CHECKSUM ENO WD_WIN WK BUS Reserved |WD TIMER 2 |WD_TIMER 1 |WD_TIMER_ O
rw rwh rw rw r rwh rwh rwh
Field Bits Type Description
CHECKSUM |7 w Watchdog Setting Check Sum Bit
The sum of bits 7:0 needs to have even parity (see Chapter 15.2.3)
05 , Counts as 0 for checksum calculation
1 , Counts as 1 for checksum calculation
WD_STM_ 6 rwh Watchdog Deactivation during Stop Mode, bit 0
EN O (Chapter 15.2.4)
05 , Watchdog is active in Stop Mode
1 , Watchdog is deactivated in Stop Mode
WD_WIN 5 rw Watchdog Type Selection
05 , Watchdog works as a Time-Out watchdog
1 , Watchdog works as a Window watchdog
WD _EN_ 4 w Watchdog Enable after Bus (CAN/LIN) Wake in SBC Stop Mode
WK_BUS 05 , Watchdog will not start after a CAN/LINX wake
1; , Watchdog starts with a long open window after
CAN/LINx Wake
Reserved 3 r Reserved, always reads as 0
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WD_TIMER

2:0

rwh

Watchdog Timer Period
0005 ,10ms

001 ,20ms

0105 ,50ms

011; ,100ms

100; ,200ms

101; ,500ms

110; , 1000ms

1115 , reserved

Notes

1. See also Chapter 15.2.4 for more information on disabling the watchdog in SBC Stop Mode.
2. See Chapter 15.2.5 for more information on the effect of the bit WD_EN_WK_BUS.
3. See Chapter 15.2.3 for calculation of checksum.

BUS CTRL 1

Bus Control (Address 000 0100g)
POR / Soft Reset Value: 0010 0000g; Restart Value: Xxxyyyyyg

7 6 5 4 3 2 1 0
LIN_FLASH LINLSM | LIN_TXD_TO LINL 1 LINL O CAN 2 CAN_1 CAN_0
rw rw w rwh rwh rwh rwh rwh
Field Bits Type Description
LIN FLASH |7 w LIN Flash Programming Mode (GD33AP2361: Reserved)
(08 , Slope control mechanism active
1 , Deactivation of slope control for baud rates up to 115kBaud
LIN_LSM 6 rw LIN Low-Slope ModeSelection (GD33AP2361: Reserved)
(08 , LIN Normal-Mode is activated
1 , LIN Low-Slope Mode (10.4kBaud) activated
LIN_TXD_ 5 rw LIN TXD Time-Out Control (GD33AP2361: Reserved)
TO (08 , TXD Time-Out feature disabled
15 , TXD Time-Out feature enabled
LIN 4:3 rwh LIN-Module Modes (GD33AP2361: Reserved)
00; ,LINOFF
01; ,LINis wake capable
103, LIN Receive Only Mode
11, , LIN Normal Mode
CAN 2:0 rwh HS-CAN Module Modes
000; , CAN OFF
001; , CAN iswake capable (no SWK)

0105 , CAN Receive Only Mode (no SWK)

011; , CAN Normal Mode (no SWK)

100; , CAN OFF

101; , CAN is wake capable with SWK
110; , CAN Receive Only Mode with SWK
111; , CAN Normal Mode with SWK
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Notes

1.
2.

3.

Changes in the bits LIN_FLASH and LIN_LSM will be effective immediately once CSN goes to ‘1'."’

The reset values for the LIN and CAN transceivers are marked with ‘y’ because they will vary depending
on the cause of change- see below.

see Figure 31 and Figure 38 for detailed state changes of LIN and CAN Transceiver for different SBC
modes.

The bit CAN_2 is not modified by the SBC but can only be changed by the user. Therefore, the access
type is ‘rw’ compared to bits CAN_0 and CAN_1.

In case SYSERR = 0 and the CAN transceiver is configured to ‘x11’ while going to SBC Sleep Mode, it
will be

automatically set to wake capable (‘’x01’). The SPI bits will be changed to wake capable. If configured to
‘x10’ and SBC Sleep Mode is entered, then the transceiver is set to wake capable, while it will stay in
Receive Only Mode when it had been configured to ‘x10’ when going to SBC Stop Mode. If it had been
configured to wake capable or OFF then the mode will remain unchanged.The Receive Only Mode has to
be selected by the user before entering SBC Stop Mode. Please refer to Chapter 5.4.4 for detailed information
on the Selective Wake mode changes.

Failure Handling Mechanism: When the device enters Fail-Safe Mode due to a failure (TSD2, WD -

Failure,...), then the wake registersBUS_CTRL_1,BUS_CTRL_2 andWK_CTRL_2 are reset to following

values (=wake sources) ‘xxx0 1001’, ‘0000 0001’ and ‘x0x0 0111’ in order to ensure that the device can be

woken again.

BUS_CTRL_2
Bus Control (Address 000 0101;)

POR / Soft Reset Value: 0000 0000g; Restart Value: 00x0 00yyg

7 6 5 4 3 2 1 0
Reserved Reserved |_PEAK_TH Reserved Reserved Reserved LIN2_1 LIN2_O
r r w r r r rwh rwh
Field Bits Type Description
Reserved 7:6 r Reserved, always reads as 0
_PEAK_TH |5 w VCC1 Active Peak Threshold Selection
(08 , low VCC1 active peak threshold selected (ICC1,peak_1)
1 , higher VCC1 active peak threshold selected (ICC1,peak_2)
Reserved 4:2 r Reserved, always reads as 0
LIN2 1.0 rwh LIN2-Module Modes (GD33AP2361/GD33AP2362: Reserved)
005 ,LIN2 OFF
01; ,LIN2is wake capable
103, LIN2 Receive Only Mode
11, , LIN2 Normal Mode
Notes

1. The bitl_PEAK_TH can be modified in SBC Init and Normal Mode. In SBC Stop Mode this bit is
Read only but SPI_FAIL will not be set when trying to modify the bitin SBC STOP Mode and no INT is
triggeredin case INT_GLOBAL is set.

2. see Figure 31 and Figure 38 for detailed state changes of LIN and CAN Transceiver for different SBC
modes
3. Failure Handling Mechanism: When the device enters Fail-Safe Mode due to a failure (TSD2, WD- Failure,...),

then the wake registers BUS_CTRL_1, andWK_CTRL 2 are reset to following values (=wake sources) ‘xxx0
1001°, and ‘x0x0 0111’ in order to ensure that the device can be woken again.
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WK_CTRL_1

Internal Wake Input Control (Address 000 0110g)
POR / Soft Reset Value: 0000 0000y;

Restart Value: xx00 0000g

7 6 5 4 3 2 1 0
TIMERENWK— TIMERéNWK— Reserved Reserved Reserved WDEI\?_T{A— Reserved Reserved
rw rw r r r rwh r r
Field Bits Type Description
TIMER2 WK |7 w Timer2 Wake Source Control (for cyclic wake)
_EN 0g , Timer2 wake disabled
1 , Timer2 is enabled as a wake source
TIMER1 WK |6 w Timer1 Wake Source Control (for cyclic wake)
_EN 0g , Timerl wake disabled
1 , Timerl is enabled as a wake source
Reserved 5.3 r Reserved, always reads as 0
WD_STM_ rwh Watchdog Deactivation during Stop Mode, bit 1
EN_1 (Chapter 15.2.4)
0g , Watchdog is active in Stop Mode
1; , Watchdog is deactivated in Stop Mode
Reserved 1.0 r Reserved, always reads as 0
WK_CTRL_2

External Wake Source Control (Address 000 0111g)

POR / Soft Reset Value: 0000 0111;

Restart Value: xOx0 Oxxxg

7 6 5 4 3 2 1 0
INT_GLOBAL Reserved WK_MEAS Reserved Reserved WK3_EN WK2_EN WK1_EN
'w r 'w r r 'w 'w 'w
Field Bits Type Description
INT_ 7 W Global Interrupt Configuration (see also Chapter 13.1)
GLOBAL Og , Only wake sources trigger INT (default)
1 , All status information register bits will trigger INT (including
all wake sources)
Reserved r Reserved, always reads as 0
WK_MEAS w WK / Measurement selection (see also Chapter 12.2.2)
0g , WK functionality enabled for WK1 and WK2
1; , Measurement functionality enabled; WK1 & WK2 are
disabled as wake sources, i.e. bits WK1/2_EN bits are
ignored
Reserved 4:3 r Reserved, always reads as 0
WK3_EN 2 w WK3 Wake Source Control
(08 , WK3 wake disabled
1 , WK3 is enabled as a wake source
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WK2_EN 1 rw WK2 Wake Source Control
Og , WK2 wake disabled
1 , WK2 is enabled as a wake source
WK1 EN 0 w WK1 Wake Source Control
0g , WK1 wake disabled
1 , WK1 is enabled as a wake source
Notes

1. WK _MEAS is by default configured for standard WK functionality (WK1 and WK2). The bits WK1_EN and
WK2_EN are ignored in case WK_MEAS is activated. Ifthe bitis set to ‘1’ then the measurement function is
enabled during Normal Mode & the bits WK1_EN and WK2_EN areignored. The bits WK1/”_LVL bits need to
be ignored as well.

2.  The wake sources LINxand CAN are selected in the registerBUS_CTRL_1 and BUS_CTRL_2 bysetting
the respective bits to ‘wake capable’

3. Failure Handling Mechanism: When the device enters Fail-Safe Mode due to a failure (TSD2, WD-
Failure,...), then the wake registersBUS_CTRL_1, BUS_CTRL_2 andWK_CTRL 2are reset to following
values (=wake sources) ‘xxx0 1001’, ‘0000 0001’ and ‘x0x0 0111’ in order to ensure that the device can be
woken again.

WK_PUPD_CTRL
Wake Input Level Control (Address 000 1000g)

POR / Soft Reset Value: 0000 0000g; Restart Value: 00xx XXXXg
7 6 5 4 3 2 1 0

Reserved Reserved |\WK3_PUPD 1 |WK3_PUPD 0 | WK2 PUPD_1 WK2 PUPD 0 WK1 PUPD 1WK1 PUPD 0

r r w w w w w w

Field Bits Type Description
Reserved 7:6 r Reserved, always reads as 0
WK3 PUPD |54 w WK3 Pull-Up / Pull-Down Configuration

005 , No pull-up/ pull-down selected

01y , Pull-down resistor selected

103, Pull-up resistor selected

11, , Automatic switching to pull-up or pull-down
WK2_PUPD |3:2 w WK2 Pull-Up / Pull-Down Configuration

005 , No pull-up/ pull-down selected

01; , Pull-down resistor selected

105 , Pull-up resistor selected

11, , Automatic switching to pull-up or pull-down
WK1 _PUPD |10 w WK1 Pull-Up / Pull-Down Configuration

005 , No pull-up/ pull-down selected

01y , Pull-down resistor selected

10, Pull-up resistor selected

11, , Automatic switching to pull-up or pull-down

WK_FLT_CTRL
Wake Input Filter Time Control (Address 000 1001;)

POR/ Soft Reset Value: 0000 0000g; Restart Value: 00xx XXXXg
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7 6 5 4 3 2 1 0
Reserved Reserved | WK3 FLT 1 | WK3 FLT 0 | WK2 FLT 1 | WK2 FLT 0 | WK1 FLT 1 | WK1_FLT O
r r 'w W W W 'w W
Field Bits Type Description
Reserved 7:6 r Reserved, always reads as 0
WK3_FLT 54 w WK3 Filter Time Configuration
005 , Configuration A: Filter with 16ys filter time (static sensing)
01g , Configuration B: Filter with 64psfilter time (static sensing)
10z , Configuration C: Filtering atthe end of the on-time;
a filter time of 16ps (cyclic sensing) is selected,
Timerl 11; , Configuration D: Filtering at the end of the on-
time;
a filter time of 16us (cyclic sensing) is selected, Timer2
WK2_FLT 3.2 w WK2 Filter Time Configuration
005 , Configuration A: Filter with 16ys filter time (static sensing)
01g , Configuration B: Filter with 64psfilter time (static sensing)
105 , Configuration C: Filtering at the end of the on-time;
a filter time of 16us (cyclic sensing) is selected,
Timerl 11; ~ , Configuration D: Filtering at the end of the on-
time;
a filter time of 16us (cyclic sensing) is selected, Timer2
WK1 FLT 1.0 w WK1 Filter Time Configuration
005 , Configuration A: Filter with 16ys filter time (static sensing)
01g , Configuration B: Filter with 64psfilter time (static sensing)
10 , Configuration C: Filtering at the end of the on-time;
a filter time of 16us (cyclic sensing) is selected,
Timerl 11;  , Configuration D: Filtering at the end of the on-
time;
a filter time of 16us (cyclic sensing) is selected, Timer2
Note: When selecting a filter time configuration, the user must make sure to also assign the respective
timer to at least one HS switch during cyclic sense operation
TIMERL1_CTRL

Timer1 Control and Selection (Address 000 1100g)

POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 00005

7 6 5 4 3 2 1 0
TIMER1 TIMER1 TIMER1 TIMER1 TIMER1 TIMER1
Reserved ON 2~ ON 1~ ON O~ Reserved PER 2 PER 1 PER O
r rwh rwh rwh r rwh rwh rwh
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
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TIMERL 6:4 rwh Timer1 On-Time Configuration
ON 000 , OFF/Low (timer not running, HSx output is low)
001; ,0.1mson-time
0105 , 0.3mson-time
011; ,1.0ms on-time
1005 , 10ms on-time
1015 ,20ms on-time
1105 , OFF/HIGH (timer not running, HSx output is high)
111; , reserved
Reserved r Reserved, always reads as 0
TIMERL 2.0 rwh Timerl Period Configuration
PER 000; ,10ms
001 ,20ms
010 ,50ms
011; ,100ms
1005 ,200ms
101; ,1s
1105 ,2s
1115 , reserved
Notes

1. Atimermust be firstassigned and is then automatically activated as soon as the on-time is configured.

settings (period and on-time) are cleared to avoid incorrect switch detection.
3. Incase the timer are set as wake sources and cyclic sense is running, then both cyclic sense and cyclic

wake will be active at the same time.

TIMER2_CTRL

Timer2 Control and selection (Address 000 1101)
POR / Soft Reset Value: 0000 0000g;

7

6

5

4 3

2

If cyclic sense is selected and the HS switches are cleared during SBC Restart Mode, then also the timer

Restart Value: 0000 00005

1

0

Reserved

TIMER2__
ON 2

TIMER2_
ON 1

TIMER2_

ON_0 Reserved

TIMER2_
PER 2

TIMER2_
PER I

TIMER2_
PER 0

rwh

rwh

rwh r

rwh

rwh

rwh

Field

Bits

Type

Description

Reserved

Reserved, always reads as 0

TIMER2_
ON

6:4

rwh

Timer2 On-Time Configuration

000,
001,
010,
011,
100,
101,
110,
111,

, 0.1ms on-time
, 0.3ms on-time
, 1.0ms on-time
, 10ms on-time
, 20ms on-time

, reserved

, OFF / Low (timer not running, HSx output is low)

, OFF/ HIGH (timer not running, HSx output is high)

Reserved

Reserved, always reads as 0
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TIMER2_ 2.0 rwh Timer2 Period Configuration
PER 000; ,10ms

001g ,20ms

010 ,50ms

011; ,100ms

1005 ,200ms

101; ,1s

110; ,2s

1115 , reserved

Notes

1. Atimermust be firstassigned and is then automatically activated as soon as the on-time is configured.
2. Ifcyclicsense is selected and the HS switches are cleared during SBC Restart Mode, then also the timer

settings (period and on-time) are cleared to avoid incorrect switch detection.

SW_SD_CTRL
Switch Shutdown Control (Address 001 0000g)
POR / Soft Reset Value: 0000 0000g; Restart Value: Oxxx 00005
7 6 5 4 3 2 1 0
Reserved HS_OV'\TSD_E HS—UVN—SD—E HS—O\(E—C[:JV—R Reserved Reserved Reserved Reserved
r w w w r r r r
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
HS OV SD 6 w Shutdown Disabling of HS1...4 in case of VSHS OV
EN (08 , shutdown enabled in case of VSHS OV
15 , shutdown disabled in case of VSHS OV
HS UV SD 5 w Shutdown Disabling of HS1...4 in case of VSHS UV
EN (08 , shutdown enabled in case of VSHS UV
1 , shutdown disabled in case of VSHS UV
HS OV UV |4 w Switch Recovery after Removal of VSHS OV/UV for HS1...4
REC 0 , Switch recovery is disabled
1 , Previous state before VSHS OV/UV is enabled after
OV/UV condition is removed
Reserved 3.0 r Reserved, always reads as 0
HS_CTRL1
High-Side Switch Control 1 (Address 001 0100g)
POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 00005
7 6 5 4 3 2 1 0
Reserved HS2_2 HS2 1 HS2 0 Reserved HS1 2 HS1 1 HS1 0
rw rwh rwh rwh r rwh rwh rwh

131



€

GigaDevice GD33AP2361_AP2362_ AP2363 Datasheet
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
HS2 6:4 rwh HS2 Configuration
0005 , Off
001; ,On
0105 , Controlled by Timerl
011, , Controlled by Timer2
1005 , Controlled by PWM1
101; , Controlled by PWM2
1105 , Reserved
1115 , Reserved
Reserved r Reserved, always reads as 0
HS1 20 rwh HS1 Configuration
0005 , Off
001z ,On
0105 , Controlled by Timerl
011, , Controlled by Timer2
1005 , Controlled by PWM1
1015 , Controlled by PWM2
110; , Reserved
111; , Reserved
Note: The bits for the switches are also resetin case ofovercurrent and overtemperature.
HS_CTRL2

High-Side Switch Control 2 (Address 001 0101;)
POR / Soft Reset Value: 0000 0000g;

7

6

1

Restart VValue: 0000 00005

0

Reserved

HS4 2

HS4 1

HS4 0 Reserved

HS3 2

HS3 1

HS3 0

rwh

rwh

rwh r

rwh

rwh

rwh

Field

Bits

Type

Description

Reserved

Reserved, always reads as 0

HS4

6:4

rwh

HS4 Configuration

0005 , Off

001z ,On

0105 , Controlled by Timerl
011; , Controlled by Timer2
100; , Controlled by PWM1
101; , Controlled by PWM2
110; , Reserved

111; , Reserved

Reserved

Reserved, always reads as 0
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HS3 2.0 rwh HS3 Configuration

0005 , Off

001z ,On

0105 , Controlled by Timerl

011; , Controlled by Timer2

100; , Controlled by PWM1

101; , Controlled by PWM2

110z , Reserved

111; , Reserved
Note: The bits for the switches are also resetin case ofovercurrent and overtemperature.
GPIO_CTRL

GPIO Configuration Control (Address 001 0111;)

POR / Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
FO_DC 1 FO_DC 0 GPIO2_2 GPIO2_1 GPIO2_0 GPIO1_2 GPIO1_1 GPIO1_0
w w w w w w w r
Field Bits Type Description
FO DC 7:6 w Duty Cycle Configuration of FO3 (if selected)
005 ,20%
01y ,10%
10 ,5%
11,  ,25%
GPIO2 53 rw GPIO2 Configuration
000 , FO3selected
001; , FO3selected
010 , FO3selected
011; , FO3selected
100, , OFF
101; , Wake input enabled (16us static filter)
1105 , Low-Side Switch ON
111; , High-Side Switch ON
GPIO1 2.0 rw GPIO1 Configuration
0005 , FO2 selected
001; , FO2 selected
0105 , FO2 selected
011, , FO2 selected
100, , OFF
101; , Wake input enabled (16us static filter)
110; , Low-Side Switch ON
111, , High-Side Switch ON
Note: When selecting a filter time configuration, the user must make sure to also assign the respective

timer to at least one HS switch during cyclic sense operation
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PWM1_CTRL

PWML1 Configuration Control (Address 001 1000g)
POR / Soft Reset Value: 0000 0000g;

Restart Value: Xxxxx XXxXg

7 6 5 4 3 2 1 0
PWM1 DC 7 | PWM1 DC 6 | PWM1 DC5 | PWM1 DC 4 | PWM1 DC3 | PWM1 DC2 |PWM1DC1 |PWM1DCO
w nw w w w w nw nw
Field Bits Type Description
PWM1 DC 70 w PWM1 Duty Cycle (bitO=LSB; bit7=MSB)
0000 00005, 100% OFF
XXXX XXXX g, ON with DC fraction of 255
1111 1111, 100% ON
Note: The min. On-time during PWM is limited by the actual Ton and Toff time of the respective
HS switch, e.g. the PWM setting ‘000 0001’ could not be realized.
PWM2_CTRL

PWM2 Configuration Control (Address 001 1001;)
POR/ Soft Reset Value: 0000 0000g;

Restart Value: XXxX XXxXg

7 6 5 4 3 2 1 0
PWM2 DC 7 | PWM2. DC 6 |PWM2 DC5 |PWM2DC 4 |PWM2DC 3 |PWM2DC2 |PWM2DC1 | PWM2 DC O
w w w w w w nw nw

Field Bits Type Description
PWM2_DC 70 w PWM2 Duty Cycle (bitO=LSB; bit7=MSB)
0000 00005, 100% OFF
Xxxx xxxxg, ON with DC fraction of 255
1111 1111, 100% ON
Note: The min. On-time during PWM is limited by the actual Ton and Toff time of the respective HS

switch, e.g. the PWM setting ‘000 0001’ could not be realized.

PWM_FREQ CTRL
PWM Frequency Configuration Control (Address 001 11003)

POR / Soft Reset Value: 0000 0000g;

Restart Value: 0000 0x0xg

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved Reserved PWM2_FREQ Reserved PWML1 FREQ
r r r r r w r w
Field Bits Type Description
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Reserved 73 r Reserved, always reads as 0
PWM2_ rw PWM2 Frequency Selection
FREQ Os , 200Hz configuration
1; , 400Hz configuration
Reserved r Reserved, always reads as 0
PWML1_ rw PWML1 Frequency Selection
FREQ 0Os , 200Hz configuration
1 , 400Hz configuration
Notes

1. The min. On-time during PWM is limited by the actual Ton and Toff time of the respective HS switch, e.g.
the PWM setting ‘000 0001’ could not be realized.
2. The actual PWM frequency correlates with the internal clock tolerance as specified in parameter fcikssc.

SYS_STATUS_CTRL
System Status Control (Address 001 1110g)

POR Value: 0000 0000g; Reset Value/Soft Reset Value: XXXX XXXXg

7 6 5 4 3 2 1 0
SYS_STAT 7 | SYS_STAT 6 | SYS_STAT 5 | SYS_STAT 4 | SYS_STAT_3 | SYS_STAT_2 | SYS_STAT_1 | SYS_STAT O
w w w w w w w w

Field Bits Type Description

SYS STAT |70 w System Status Control Byte (bitO=LSB; bit7=MSB)
Dedicated byte for system configuration, access only by
microcontroller. Cleared after power up and Soft Reset

Notes

1. TheSYS_STATUS_CTRL registeris an exception forthe default values, i.e. it will keep its configured value also
after a Soft Reset.

2. Thisbyteisintended forstoring system configurations ofthe ECU by the microcontrollerandis only accessible
in SBC Normal Mode. The byte is not accessible by the SBC and is also not cleared after Fail-Safe or SBC
Restart Mode. It allows the microcontroller to quickly store system configuration without losing the data

16.5.2

SWK_CTRL
CAN Selective Wake Control (Address 010 0000g)

Selective Wake Control Registers

POR / Soft Reset Value: 0000 0000g;

Restart Value: xxxx 00005

7 6 5 4 3 2 1 0
CANTO
OSC _CAL TRIM_EN_1 TRIM_EN O MASK Reserved Reserved Reserved CFG_VAL
rw rw rw rw r r r rwh
Field Bits Type Description
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OSC_CAL 7 rw Oscillator Calibration Mode
05 , Oscillator Calibration is disabled
1. , Oscillator Calibration is enabled
TRIM EN 6:5 w (Un)locking mechanism of oscillator recalibration
00; ,locked
01y ,locked
103 , locked
11; , unlocked
CANTO_ 4 rw CAN Time Out Masking
MASK 0g , CAN time-out is masked - no interrupt (on pin INT) is
triggered
1. , CAN time-out is signaled on INT
Reserved 31 r Reserved, always reads as 0
CFG_VAL rwh SWK Configuration valid
05 , Configuration is not valid (SWK not possible)
1 , SWK configuration valid, needs to be setto enable SWK
Notes

1. TRIM_EN unlocks the oscillation calibration mode. Only the bit combination ‘11’ is the valid unlock. The
pin TXDCAN is used for oscillator synchronisation (trimming).

2. The microcontroller needs to validate the SWK configurationandset ‘CFG_VAL’to ‘“1’. The SBC will only
enable SWK if CFG_VAL' to ‘1’. The bit will be cleared automatically by the SBC after a wake up or POR or if
a SWK configuration data is changed by the microcontroller.

3. CANTO bit will only be updated inside BUS_STAT while CAN_2 is set. Therefore, an interruptis only
signaled upon occurrence of CANTO while CAN_2 (SWK s enabled) is setin SBC Normal and Stop Mode.

4. TRIM_EN also unlocks the writing to the SWK_OPT_CTRL registerin order to enable the alternate low-
power Receiver for Selective wake to optimize the quiescent current consumption. Only the bit
combination ‘11’
unlocks the calibrations/configurations.

5. In SBC stop-mode, any write command to a CAN or SWK configuration register will lead to CFG_VAL be set
to ‘0’ (SWK becomes invalid).

SWK_BTL1 CTRL
SWK Bit Timing Logic Control1 (Address 010 0001;)

POR / Soft Reset Value: 1010 00005;  Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
TBIT 7 TBIT_6 TBIT 5 TBIT 4 TBIT 3 TBIT 2 TBIT 1 TBIT_O
w w w w w w nw nw
Field Bits Type Description
TBIT 7:0 w Number of Time Quanta in a Bit Time
Represents the number of time quanta in a bit time.
Quanta is depending on SEL_OSC_CLK<1:0>from the
SWK_CDR_CTRL2 register.
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SWK_BTL2_CTRL
SWK Bit Timing Control2 (Address 010 0010;)

POR/ Soft Reset Value: 0011 00115; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
reserved reserved SP 5 SP 4 SP 3 SP 2 SP 1 SP 0O
r r w rw rw rw w w
Field Bits Type Description
Reserved 7.6 r Reserved, always reads as 0
SP 5.0 rw Sampling Point Position
Represents the sampling point position (fractional number < 1).
Example: 0011 0011 = 0.796875 (~80%)
SWK_ID3_CTRL

SWK WUF Identifier bits 28...21 (Address 010 0011g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0

ID28 D27 ID26 ID25 ID24 D23 D22 D21

w w w w w w w w
Field Bits Type Description
ID28 21 7.0 rw WUF Identifier Bits 28...21
Note: Please note the configuration of the standard identifier and extended identifier. The standard

identifieris configured to the bits ID18...1D28

SWK_ID2_CTRL

SWK WUF Identifier bits 20...13 (Address 010 0100g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
ID20 D19 D18 D17 D16 ID15 D14 D13
w w w w w w nw w
Field Bits Type Description
ID20_13 7.0 rw WUF Identifier Bits 20...13
SWK_ID1_CTRL

SWK WUF Identifier bits 12...5 (Address 010 0101;)
POR / Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7

6

5

4 3 2 1 0
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D12 D11 ID10 ID9 ID8 ID7 ID6 ID5
w w w w w w nw w
Field Bits Type Description
D12 5 70 w WUF Identifier Bits 12...5
SWK_IDO_CTRL

SWKWUF Identifier bits 4...0 (Address 010 0110g)
POR / Soft Reset Value: 0000 0000g; Restart Value: 0xxx XxxXg

7 6 5 4 3 2 1 0
reserved ID4 ID3 ID2 ID1 IDO RTR IDE
w w w w w w w w
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
ID4 0 6:2 w WUF Identifier Bits 4..0
RTR 1 w Remote Transmission Request Field (acc. ISO 11898-1)
(08 , Normal Data Frame
1 , Remote Transmission Request
IDE 0 w Identifier Extension Bit
(08 , Standard Identifier Length (11 bit)
1; , Extended Identifier Length (29 bit)
Note: The setting RTR =1 is not allowed for wake-up frames according to the 1SO11898-2:2016

SWK_MASK_ID3 CTRL
SWKWUF Identifier Mask bits 28...21 (Address 010 0111;)

POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
MASK_ID28 MASK_ID27 MASK_ID26 MASK_ID25 MASK_ID24 MASK_ID23 MASK_ID22 MASK_ID21
w w w w w w nw w
Field Bits Type Description
MASK_ID28 | 7.0 w WUF Identifier Mask Bits 28...21
21 0g , Unmasked - bit is ignored
15 , Masked - bit is compared in CAN frame
Note: Masking WUF bits is done by setting the respective MASK bit to ‘1’
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SWK_MASK_ID2_CTRL
SWKWUF Identifier Mask bits 20...13 (Address 010 1000g)

POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
MASK_ID20 | MASK_ID19 | MASK_ID18 | MASK ID17 | MASK ID16 | MASK ID15 | MASK ID14 | MASK_ ID13
w w w w w w nw w
Field Bits Type Description
MASK_ID20 | 7:0 w WUF Identifier Mask Bits 20...13
_13 0g , Unmasked - bit is ignored
1 , Masked - bit is compared in CAN frame
SWK_MASK_ID1_CTRL
SWKWUF Identifier Mask bits 12...5 (Address 010 1001;)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
MASK_ID12 MASK_ID11 MASK_ID10 MASK_ID9 MASK_ID8 MASK_ID7 MASK_ID6 MASK_ID5
w w w w w w nw nw
Field Bits Type Description
MASK_ID12 | 7:0 w WUF Identifier Mask Bits 12..5
5 Og , Unmasked - bit is ignored
15 , Masked - bit is compared in CAN frame
SWK_MASK_IDO_CTRL
SWKWUF Identifier bits 4...0 (Address 010 1010g)
POR / Soft Reset Value: 0000 00005; Restart Value: Oxxxxx00g
7 6 5 4 3 2 1 0
Reserved MASK_ID4 MASK_ID3 MASK_ID2 MASK_ID1 MASK _IDO Reserved Reserved
w w w 'w w w r r
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
MASK _ 6:2 w WUF Identifier MASK Bits 4..0
ID4 0 (08 , Unmasked - bit is ignored
15 , Masked - bit is compared in CAN frame
Reserved 1.0 r Reserved, always reads as 0
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SWK_DLC_CTRL
SWK Frame Data Length Code Control (Address 010 1011)

POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 XXXXg

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved DLC 3 DLC 2 DLC 1 DLC O
r r r r w w w w
Field Bits Type Description
Reserved 74 r Reserved, always reads as 0
DLC 3.0 w Payload length in number of bytes
0000g, Frame Data Length = 0 or cleared
0001g, Frame Data Length =1
0010g, Frame Data Length =2
0011g, Frame Data Length =3
0100g, Frame Data Length =4
0101g, Frame Data Length =5
0110g, Frame Data Length =6
0111g, Frame Data Length =7
from 1000B to 1111B Frame Data Length =8
Note: The number ofbytes in the data field has to be indicated by the DLC. The DLC consists offour bits.

The admissible number ofdata bytes for a data frame ranges from zero to eight. DLCs in the range
ofzero to seven shall indicate data fields oflength ofzero to seven bytes. DLCs in the range from
eightto fifteen indicate data fields oflength ofeightbyte. The configured DLC value has to match bit
by bit with the DLC in the received wake-up frame (refer also to Chapter 5.4.2.3).

SWK_DATA7_CTRL
SWK Data7 Register (Address 010 1100g)

POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
DATA7_7 DATA7_6 DATA7_ 5 DATA7_4 DATA7 3 DATA7_2 DATA7_1 DATA7_0
w w w w w w nw w
Field Bits Type Description
DATA7 70 w Data? byte content(bitO=LSB; bit7=MSB)
SWK_DATA6_CTRL
SWK Data6 Register (Address 010 1101;)
POR / Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
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DATA6_7 DATA6_6 DATA6 5 DATA6 4 DATA6_3 DATA6_2 DATA6_1 DATA6_0
w w w w w w nw nw
Field Bits Type Description
DATAG6 7.0 w Data6 byte content (bitO=LSB; bit7=MSB)
SWK_DATA5_CTRL
SWK Data5 Register (Address 010 1110g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
DATAS5_7 DATAS5_6 DATA5_5 DATAS_4 DATAS5_3 DATAS5_2 DATAS5_1 DATA5_0
w w w w w w w nw
Field Bits Type Description
DATAS 70 w Data5 byte content (bit0=LSB; bit7=MSB)
SWK_DATA4_CTRL
SWK Data4 Register (Address 010 1111;)
POR / Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
DATA4 7 DATA4 6 DATA4 5 DATA4 4 DATA4_3 DATA4 2 DATA4_1 DATA4_0
w w w w w w w w
Field Bits Type Description
DATA4 70 w Data4 byte content (bitO=LSB; bit7=MSB)
SWK_DATA3_CTRL
SWK Data3 Register (Address 011 0000;)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
DATA3_7 DATA3_6 DATA3 5 DATA3 4 DATA3_3 DATA3_2 DATA3 1 DATA3 0
w w w w w w w w
Field Bits Type Description
DATA3 70 w Data3 byte content (bitO=LSB; bit7=MSB)
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SWK_DATA2_CTRL
SWK Data2 Register (Address 011 0001;)

POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
DATA2_7 DATA2_6 DATA2 5 DATA2 4 DATA2_3 DATA2 2 DATA2_1 DATA2 0
w w w w w w nw w
Field Bits Type Description
DATA2 7:0 w Data2 byte content (bitO=LSB; bit7=MSB)
SWK_DATA1_CTRL
SWK Datal Register (Address 011 0010;)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXx XXXXg
7 6 5 4 3 2 1 0
DATAL 7 DATAL 6 DATAL 5 DATAL 4 DATAL 3 DATAL 2 DATAL 1 DATAL 0
w w w w w w 1\ w
Field Bits Type Description
DATA1L 7.0 w Datal byte content (bitO=LSB; bit7=MSB)
SWK_DATAO_CTRL
SWK Data0 Register (Address 011 0011;)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXx XXXXg
7 6 5 4 3 2 1 0
DATAQ_7 DATAO_6 DATAO_5 DATAQ_4 DATAO_3 DATAOQ_2 DATAQ_1 DATA0_0
w w w w w w nw w
Field Bits Type Description
DATAO 70 w Data0 byte content (bitO=LSB; bit7=MSB)
SWK_CAN_FD_CTRL
CAN FD Configuration Control Register (Address 011 0100g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: 00XX XXXXg
7 6 5 4 3 2 1 0
Reserved | Reserved D'Sc—;ﬁlFer— RX_FILT BYP |FD_FILTER 2 |FD FILTER 1 |FD_FILTER 0 | CAN_FD_EN
r r rwh w w w w w
Field Bits Type Description
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Reserved 7.6 r Reserved, always reads as 0
DIS_ ERR_ 5 rwh Error Counter Disable Function
CNT 05 , Error Counter is enabled during SWK
1. , Error counter is disabled during SWK only if CAN_FD_EN =
£1 b
RX_FILT 4 w RX Receiver Filter Bypass
BYP Og , RX Filter not bypassed
1. , RX Filter bypassed
FD_FILTER |31 rw CAN FD Dominant Filter Time
0005 ,50ns
001; ,100ns
0105 ,150ns
011; ,200ns
100; ,250ns
101; ,300ns
110; ,350ns
111; ,775ns
CAN_FD_ 0 w Enable CAN FD Tolerant Mode
EN 05 , CAN FD Tolerant Mode disabled
1 , CAN FD Tolerant Mode enabled
Note: The bit RX_FILT_BYP is bypassing the analog filterin the CAN receiverpath; The FD_FILTER is
not in the analog path ofthe CAN receiver and is not bypassed.
Note: DIS_ERR_ CNT is cleared by the SBC at tsilence expiration.
16.5.3 Selective Wake Trimming and Calibration Control Registers

SWK_0OSC _TRIM_CTRL
SWK Oscillator Trimming Register (Address 011 1000g)

POR/ Soft Reset Value: xxxx xxxXg; Restart Value: XXxx XXxXg

7 6 5 4 3 2 1 0
TRIM_OSC 7 |TRIM_OSC_6 |TRIM_OSC 5 |TRIM_OSC 4 |TRIM_OSC 3 |TRIM_OSC 2 |TRIM_OSC 1 |TRIM_OSC 0
w w w w w w w w

Field Bits Type Description
TRIM_OSC 7.0 w Oscillator trimming (bitO=LSB; bit7=MSB);
(only writable if TRIM_EN =“11")

Note:

TRIM_OSC][0:4] represent the 32-steps fine trimming range with amonotonous behavior from slower
to faster frequency. The step width is ~0.25MHz.
TRIM_OSCJ[5:7] are modifying the oscillator temperature coefficient. Itis strongly recommended to
not change these values.
Due to CDR functionality, itis not required to change these values.
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SWK_OPT_CTRL
Selective Wake Options Register (Address 011 1001g)

POR / Soft Reset Value: 000X XXXXg;

Restart Value: x00x XXXXg

7 6 5 4 3 2 1 0
RX_WK_SEL Reserved Reserved TRIM—gSC—l TRIM_?SC_l TRIM_%)SC_l TRIM_OSC 9 |TRIM_OSC 8
w r w w w w w w
Field Bits Type Description
RX_WK_ 7 w SWK Receiver selection (only accessible if TRIM_EN =“11’)
SEL Og , Low-Power Receiver selected during SWK
1. , Standard Receiver selected during SWK
Reserved 6:5 r Reserved, always reads as 0
TRIM_OSC 4.0 W Oscillator trimming (bit8=LSB; bit12=MSB);
(only writable if TRIM_EN =“11’)

Important: If the RX_WK_SEL bitis changed, then it must be ensured that the values of TRIM_OSC [8:12] bits
remain unchanged to avoid a change ofoscillator frequency.

TRIM_OSC[8:12] represent the 32-steps coarse trimming range, which is not

monotonous. It is not recommended to change these values.

SWK_OSC_CAL_H_STAT
SWK Oscillator Calibration High Register (Address 011 1010g)

POR / Soft Reset Value: 0000 0000g; Restart Value: XXxX XXXXg

7 6 5 4 3 2 1 0
OSC_CAL OSC_CAL OSC_ CAL_ | OSC CAL_ | OSC CAL_ | OSC_ CAL_ | OSC_CAL_ | OSC_CAL
H_7 H_6 H.5 H_4 H.3 H.2 H 1 H.0
r r r r r r r r
Field Bits Type Description
OSC_CAL_ |70 r Oscillator Calibration High Register
H

SWK_OSC_CAL_L_STAT
SWK Oscillator Calibration Low Register (Address 011 1011;)

POR/ Soft Reset Value: 0000 0000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
OSC CAL_ | OSC_CAL_ | OSC CAL_ | OSC CAL_ | OSC CAL_ | OSC_CAL OSC_CAL_ | OSC_CAL
L7 L6 L5 L4 L3 L2 L1 Lo
r r r r r r r r
Field Bits Type Description
OSC_CAL_L |70 r Oscillator Calibration Low Register
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SWK_CDR_CTRL1
CDR Control 1 Register (Address 011 1100g)

POR/ Soft Reset Value: 0000 0100g; Restart Value: 0000 xx0xg

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved SEL FILT 1 | SEL FILT O Reserved CDR_EN
r r r r w w r w
Field Bits Type Description
Reserved 74 r Reserved, always reads as 0
SEL_FILT 3.2 rw Select Time Constant of Filter
00y ,Time constant8
01; ,Time constant 16 (default)
10 , Time constant 32
11; , adapt
distance between falling edges 2, 3 bit: Time constant 32
distance betweenf. edges 4,5, 6, 7, 8 bit: Time constant 16
distance between falling edges 9, 10 bit: Time constant 8
Reserved 1 r Reserved, always reads as 0
CDR_EN w Enable CDR
05 , CDR disabled
1 , CDR enabled

SWK_CDR_CTRL2
CDR Control 2Register (Address 011 1101;)

POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 00xxg

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved Reserved Reserved SEL—P? SlC—CL SEL—}? SOC—CL

r r r r r r w w
Field Bits Type Description
Reserved 72 r Reserved, always reads as 0
SEL OSC C | 1.0 w Input Frequency for CDR module
LK See Table 37 and Table 38.

Table 37 Frequency Settings of Internal Clock for the CDR
SEL_OSC_CLK[L:Q] int. Clock for CDR
00 80 MHz
01 40 MHz
10 20 MHz
11 10 MHz
Table 38 Recommended CDR Settings for Different Baud Rates
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SEL_OSC CLK | Baudrate |SWK_BTL1 CTRLValue |SWK_CDR_LIMIT HIGH | SWK_CDR_LIMIT_LOW
[1:0] _CTRLValue _ CTRLValue
00 500k 1010 0000 1010 1000 1001 1000
01 500k 0101 0000 0101 0100 0100 1100
10 500k CDR Setting not recommended for this baudrate due to insufficient precision
Table 38 Recommended CDR Settings for Different Baud Rates (cont’d)
SEL_OSC_CLK | Baudrate |SWK_BTL1 CTRL Value |SWK_CDR_LIMIT_HIGH SWK_CDR_LIMIT_LOW_
[1:0] _CTRL Value CTRL Value
11 500k CDR Setting not recommended for this baudrate due to insufficient precision
00 250k CDR Setting not to be used due to excessive time quanta (counter overflow)
01 250k 1010 0000 1010 1000 1001 1000
10 250k 0101 0000 0101 0100 0100 1100
11 250k CDR Setting not recommended for this baudrate due to insufficient precision
00 125k CDR Setting not to be used due to excessive time quanta (counter overflow)
01 125k CDR Setting not to be used due to excessive time quanta (counter overflow)
10 125k 1010 0000 1010 1000 1001 1000
11 125k 0101 0000 0101 0100 0100 1100
SWK_CDR_LIMIT_HIGH_CTRL
SWK CDR Upper Limit Control (Address 011 1110g)
POR / Soft Reset Value: 1010 1000g; Restart Value: XXXX XXXXg
7 6 5 4 3 2 1 0
CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM
H7 H_6 H5 H 4 H 3 H_2 H_1 H.O
w w w w w w w w

Field Bits Type Description
CDR LM H |70 w Upper Bit Time Detection Range of Clock and Data Recovery

SWK_BTL1 CTRL values >+ 5% will be clamped

SWK_CDR_LIMIT_LOW_CTRL
SWK CDR Lower Limit Control (Address 011 1111;)

POR / Soft Reset Value: 1001 1000g; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
CDR_LIM CDR_LIM_ CDR_LIM_ CDR_LIM_ CDR_LIM CDR_LIM CDR_LIM CDR_LIM
L7 L6 L5 L4 L3 L2 L1 Lo
w w w w w w w w
Field Bits Type Description
CODR LML |70 w Lower Bit Time Detection Range of Clock and Data Recovery
SWK_BTL1 CTRL values < - 5% will be clamped
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16.6 SPI Status Information Registers

READ/CLEAR Operation (see also Chapter 16.3):
«  One 16-bit SPI command consist of two bytes:
- the 7-bit address and one additional bit for the register access mode and
- following the data byte
The numbering of following bit definitions refers to the data byte and correspond to the bits DO...D7 and to
the SPI bits 8...15 (see also figure).

«  There are two different bit types:
- ‘r = READ: read only bits (or reserved bits)
- ‘rc’ = READ/CLEAR: readable and clearable bits

« Reading a register is done byte wise by setting the SPI bit 7 to “0” (= Read Only)
« Clearing a register is done byte wise by setting the SPI bit 7 to “1”

+  SPI status registers are in general not cleared or changed automatically (an exception are the WD_FAIL
bits). This must be done by the microcontroller via SPI command

The registers are addressed wordwise

16.6.1 General Status Registers
SUP_STAT_2
Supply Voltage Fail Status (Address 100 0000g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: XXxx XXXXg
7 6 5 4 3 2 1 0
VCC2_ OV VS_UV VCC3 OV | VCC3 0C VCC3_UV VCC3 OT VCC1 OV | VCC1 WARN
rc rc rc rc Ic Ic Ic Ic
Field Bits Type Description
VCC2 oV 7 rc VCC2 Overvoltage Detection
Og , No VCC2 overvoltage warning
1 , VCC2 overvoltage detected
VS UV 6 rc VS Undervoltage Detection (Vsuv)
05 , No VS undervoltage detected
15 , VS undervoltage detected
VCC3 oV 5 re VCC3 Overvoltage Detection
Og , No VCC3 overvoltage warning
1 , VCC3 overvoltage detected
VCC3 OC 4 rc VCC3 Overcurrent Detection
05 ,NoOC
1 , OC detected
VCC3_UV 3 rc VCC3 Undervoltage Detection
05 , No VCC3 UV detection
15 , VCC3 UV Fail detected
VCC3_OT 2 rc VCC3 Overtemperature Detection
Og , No overtemperature
15 , VCC3 overtemperature detected
VCC1_ 1 rc VCC1 Overvoltage Detection (\/cciovy)
oV 05 , No VCC1 overvoltage warning
1z , VCC1 overvoltage detected
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VCC1_ 0 rc VCC1 Undervoltage Prewarning (\Vews)
WARN Og , No VCC1 undervoltage prewarning
1 , VCC1 undervoltage prewarning detected
Notes

1. The VCC1 undervoltage prewarning threshold Vews My is a fixed threshold and independent ofthe VCC1
undervoltage reset thresholds.

SUP STAT 1

Supply Voltage Fail Status (Address 100 0001)
POR / Soft Reset Value: y000 0000g;

Restart Value: xxxx xx0xg

7 6 5 4 3 2 1 0
POR VSHS_UV VSHS OV VCC2_OT VCC2_UV VCC1_SC |VCC1 UV FS | VCCl UV
rc rc rc rc Ic Ic Ic rc
Field Bits Type Description
POR 7 rc Power-On Reset Detection
(08 , No POR
1 , POR occurred
VSHS UV 6 rc VSHS Undervoltage Detection (Vshsuvp)
05 , No VSHS-UV
1 , VSHS-UV detected
VSHS OV 5 rc VSHS Overvoltage Detection (\spsovp)
05 , NoOVSHS-0OV
1 , VSHS-OV detected
VCC2_OT 4 rc VCC2 Overtemperature Detection
O , No overtemperature
1 , VCC2 overtemperature detected
VCC2_UV 3 rc VCC2 Undervoltage Detection (\/ccouvy)
05 , No VCC2 undervoltage
1 , VCC2 undervoltage detected
VCC1 SC 2 rc VCC1 Short to GND Detection (<Vrtx fort>4ms after switch on)
05 , No short
15 , VCC1 shortto GND detected
VCC1_UuV 1 rc VCC1 UV-Detection (due to Vrtx reset)
_FS (08 , No Fail-Safe Mode entry due to 4th consecutive
VCC1 UV 1 , Fail-Safe Mode entry due to 4th consecutive
VCC1 UV
VCC1 UV 0 rc VCC1 UV-Detection (due to Vrtx reset)
05 , No VCC1_UV detection
1 , VCC1 UV-Fail detected
Notes

1. The MSB ofthe POR/Soft Reset value is marked as ‘y’: the default value ofthe POR bit is set after Power-on
reset (POR value = 1000 0000). However it will be cleared after a SBC Soft Reset command (Soft Reset value =
0000 0000).

2. During Sleep Mode, the bits VCC1_SC,VCC1_OVand VCC1_UV will not be set when VCCL1 is off
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3. The VCC1_UV bitis never updated in SBC Restart Mode, in SBC Init Mode itis only updated after RO was
released for the first time, itis always updated in SBC Normal and Stop Mode, and itis always updated in
any SBC modesina VCC1_SC condition (after VCC1_UV =1 for >4ms).

THERM_STAT
Thermal Protection Status (Address 100 0010g)

POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 Oxxxg

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved Reserved TSD2 TSD1 TPW
r r r r r rc rc rc
Field Bits Type Description
Reserved 73 r Reserved, always reads as 0
TSD2 2 rc TSD2 Thermal Shut-Down Detection
Og , No TSD2 event
1 , TSD2 OT detected - leading to SBC Fail-Safe Mode
TSD1 1 rc TSD1 Thermal Shut-Down Detection
05 , No TSD1 fail
1 , TSD1 OT detected
TPW 0 rc Thermal Pre Warning
05 , No Thermal Pre warning
1 , Thermal Pre warning detected
Note: TSD1 and TSD2 are not reset automatically, even if the temperature pre warning or TSD1 OT

condition is not present anymore. Also TSD2 is not reset.

DEV_STAT
Device Information Status (Address 100 0011g)
POR/ Soft Reset Value: 0000 0000g; Restart Value: xx0x XXXXg
7 6 5 4 3 2 1 0
DEV_STAT_ 1 | DEV_STAT 0 | Reserved REF_FAIL | WD FAIL_ 1 | WD_FAIL_ 0 SPI_FAIL FAILURE
rc rc r rc rh rh rc rc
Field Bits Type Description
DEV_STAT |76 rc Device Status before Restart Mode
005 , Cleared (Register must be actively cleared)
01; , Restart due to failure (WD fail, TSD2,VCC1_UV); also after
a wake from Fail-Safe Mode
105 , Sleep Mode
11; , Reserved
Reserved 5 r Reserved, always reads as 0
REE FAIL 4 rc Internal Reference Fail
- Os, No internal reference fail
1s, Internal reference fail detected
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WD_FAIL 3:2 rh Number of WD-Failure Events (1/2 WD failures depending on CFG)
00; , No WD Fail
01y , 1xWD Fail, FOx activation - Config 2 selected
10; , 2x WD Fail, FOx activation - Config 1/3/4 selected
11,  , Reserved (never reached)
SPI_FAIL 1 rc SPI Fail Information
0g , No SPI fail
1 , Invalid SPI command detected
FAILURE 0 rc Activation of Fail Output FO
0g , No Failure
1 , Failure occurred
Notes

1. The bits DEV_STAT show the status of the device before it went through Restart. Either the device came
from regular Sleep Mode (‘10’) or a failure (‘01’ - SBC Restart or SBC Fail-Safe Mode: WD fail, TSD2 falil,
VCC_UV fail or VCC1_OV if bit VCC1_OV_RST is set) occurred. Failure is also an illegal command from
SBC Stop to SBC Sleep Mode or going to SBC Sleep Mode without activation of any wake source.
Coming from SBC Sleep Mode (‘10’) will also be shown if there was a trial to enter SBC Sleep Mode
without having cleared all wake flags before.

2. The WD_FAIL bits are configured as a counter and are the only status bits, which are cleared
automatically by the SBC. They are cleared after a successful watchdog trigger and when the watchdog
is stopped (also in SBC Sleep and Fail-Safe Mode unless it was reached due to a watchdog failure). See
also Chapter 14.1.

3. The SPI_FAIL bit is cleared only by SPI command

4. In case of Config 2/4 the WD_Fail counter is frozen in case of WD trigger failure until a successful WD
trigger.

5 If CFG =0 then a 1st watchdog failure will not trigger the FO outputs or the FAILURE bit but only force
the SBC into SBC Restart Mode.

6. In case any internal reference fails, REF_FAIL will be set and SBC will go to Fail-Safe Mode.

BUS_STAT_1
Bus Communication Status (Address 100 0100g)

POR / Soft Reset Value: 0000 0000g;

Restart Value: OXxXx XXXXg

7 6 5 4 3 2 1 0
Reserved | LIN1 FAIL 1 | LIN1_FAIL O CANTO SYSERR | CAN_FAIL_1 | CAN_FAIL 0 | VCAN UV
r rc rc Ic rc rc Ic Ic
Field Bits Type Description
Reserved 7 r Reserved, always reads as 0
LINL_FAIL 6:5 rc LIN1 Failure Status (GD33AP2361: Reserved)
00g , Noerror
01; ,LIN1ITSD
10; , LIN1_TXD_DOM: TXD dominanttime outfor more than 20ms
11, , LIN1_BUS_DOM: BUS dominant time out for more
than 20ms
CANTO 4 rc CAN Time Out Detection
(08 , Normal operation
1; , CAN Time Out detected
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SYSERR 3 rc SWK System Error
Og , Selective Wake Mode is possible
1 , System Error detected, SWK enabling not possible
CAN_FAIL 2:1 rc CAN Failure Status
00z , Noerror
01y , CANTSD shutdown
10, , CAN_TXD_DOM: TXD dominant time out for longer than
tTxD_CAN_TO
11, , CAN_BUS_DOM: BUS dominant time out for longer than
tTxD_CAN_TO
VCAN_UV 0 rc Undervoltage CAN Bus Supply
0g , Normal operation
1; , CAN Supply undervoltage detected. Transmitter disabled
Notes

1. CAN and LIN Recovery Conditions:
1) TXD Time Out: TXD goes HIGH or transmitter is set to wake capable or switched off;
2) Bus dominant time out: Bus will become recessive or transceiver is set to wake capable or switched
off.
3) Supply undervoltage: as soon as the threshold is crossed again,i.e. VSHS>VS_UV for LIN and VCAN
> VCAN_UV for CAN
4) In all cases (also for TSD shutdown): to enable the Bus transmission again, TXD needs to be HIGH for
a certain time (transmitter enable time).

2. The VCAN_UV comparator is enabled if the mode bit CAN_1 = ‘1’,i.e. in CAN Normal or CAN Receive
Only Mode.

3. CANTO willbe setonlyif CAN2 =1 (=SWK Mode enabled). It will be set as soon as CANSIL was set and will stay
setevenin CANSIL itisreset. Aninterruptisissuedin SBC Stop- and SBC Normal Mode as soonas CANTO is
set and the interrupt is not masked out,i.e. CANTO_MASK mustbe setto 1.

4. The SYSERR Flagis setin case ofa configuration error and in case ofan error counter overflow
(n>32). Itis only updated ifSWK s enabled (CAN_2 = ‘1’). See also Chapter 5.4.3.

5. CANTO issetasynchronously to the INT pulse. In order to prevent undesired clearing of CANTO and thus
possibly missing this interrupt, the bit will be prevented from clearing (i.e. cannot be cleared) until the next
falling edge of INT.

BUS_STAT 2
Bus Communication Status (Address 100 0101;)

POR / Soft Reset VValue: 0000 0000g; Restart Value: 0000 0xx0g

7 6 5 4 3 2 1 0
Reserved Reserved Reserved Reserved Reserved LIN2_FAIL_1 | LIN2_FAIL_O Reserved
r r r r r Ic Ic r
Field Bits Type Description
Reserved 73 r Reserved, always reads as 0
LIN2_FAIL 2:1 rc LIN2 Failure Status (GD33AP2361/GD33AP2362: Reserved)
005 , Noerror
01; , LIN2 TSD shutdown
10 , LIN2_TXD_DOM: TXD dominant time out for more than 20ms
11, , LIN2_BUS_DOM: BUS dominant time out for more than
20ms
Reserved 0 r Reserved, always reads as 0
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Note: CAN and LINx Recovery Conditions:

1) TXD Time Out: TXD goes High or transmitter is set to wake capable or switched off;

2) Bus dominant time out: Bus will become recessive or transceiver is set to wake capable

or switched off.

3) Supply undervoltage: as soon as the threshold is crossed again,i.e. VSHS > VS _UV for LINx

and VCAN >VCAN_UV for CAN

4) In all cases (also for TSD shutdown): to enable the Bus transmission again, TXD needs to be HIGH

for a certain time (transmitter enable time).

WK_STAT 1
Wake-up Source and Information Status (Address 100 0110g)

POR/ Soft Reset Value: 0000 0000g;

Restart Value: xxxx 0xxxg

7 6 5 4 3 2 1 0
LIN2_ WU LINL WU CAN_ WU TIMER_WU Reserved WK3 WU WK2_ WU WK1 WU
rc Ic Ic rc r Ic Ic c
Field Bits Type Description
LIN2_ WU 7 rc Wake up via LIN2 Bus (GD33AP2361/GD33AP2362; Reserved)
0g , No Wake up
15 , Wake up
LINL WU 6 rc Wake up via LIN1 Bus (GD33AP2361: Reserved)
0g , No Wake up
1 , Wake up
CAN_WU 5 rc Wake up via CAN Bus
0g , No Wake up
15 , Wake up
TIMER WU |4 rc Wake up via TimerX
(08 , No Wake up
15 , Wake up
Reserved 3 r Reserved, always reads as 0
WK3 WU 2 rc Wake up viaWK3
0g , No Wake up
1 , Wake up
WK2_WU 1 rc Wake up via WK2
(08 , No Wake up
1 , Wake up
WK1 WU 0 rc Wake up via WK1
(08 , No Wake up
1 , Wake up
Note: The respective wake source bit will also be set when the device is woken from SBC Fail-Safe
Mode
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WK_STAT 2

Wake-up Source and Information Status (Address 100 0111;)
POR/ Soft Reset Value: 0000 0000g;

Restart Value: 00xx 0000

7 6 5 4 3 2 1 0
Reserved Reserved GPIO2_ WU GPIO1 WU Reserved Reserved Reserved Reserved
r r rc rc r r r r
Field Bits Type Description
Reserved 7.6 r Reserved, always reads as 0
GPIO2Z WU |5 rc Wake up via GPIO2
(08 , No Wake up
1 , Wake up
GPIOL WU |4 rc Wake up via GPIO1
0g , No Wake up
15 , Wake up
Reserved 3.0 r Reserved, always reads as 0
WK_LVL_STAT

WK Input Level (Address 100 1000;)
POR / Soft Reset Value: xx00 OxXXg;

Restart Value: xxxx 0xxXg

7 6 5 4 3 2 1 0
SBCDEV CFGP GPIO2 LVL | GPIOL LVL | Reserved | WK3LVL | WK2 LVL | WKL _LVL
r r r r r r r r
Field Bits Type Description
SBC DEV 7 r Status of SBC Operating Mode at FO3/TEST Pin
_LVL Og , User Mode activated
15 , SBC Development Mode activated
CFGP 6 r Device Configuration Status
05 , No external pull-up resistor connected on INT (Config 2/4)
1 , External pull-up resistor connected on INT (Config 1/3)
GPIO2 LVL |5 r Status of GPIO2 (if selected as GPIO)
Og , Low Level (=0)
1 , High Level (=1)
GPIO1 LVL |4 r Status of GPIOL1 (if selected as GPIO)
0g , Low Level (=0)
1; , High Level (=1)
Reserved r Reserved, always reads as 0
WK3_LVL r Status of WK3
Og , Low Level (=0)
1 , High Level (=1)
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WK2_LVL 1 r Status of WK2
Og , Low Level (=0)
1; , High Level (=1)
WK1_LVL 0 r Status of WK1
0g , Low Level (=0)
1; , High Level (=1)
Note: GPIOx_LVL is updated in SBC Normal and Stop Mode ifconfigured as wake input, low-side switch

or high-side switch.

In cyclic sense or wake mode, the registers contain the sampled level,i.e. the registers are updated
after every sampling. The GPIOs are not capable ofcyclic sensing.

If selected as GPIO then the respective level is shown even ifconfigured as low-side or high-side.

HS_OC_OT_STAT
High-Side Switch Overload Status (Address 101 0100g)
POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 xxxXg

7 6 5 4 3 2 1 0

Reserved Reserved Reserved Reserved HS4 OC OT | HS3 OC OT | HS2_ OC_OT | HS1 OC_OT

r r r r rc Ic rc rc

Field Bits Type Description

Reserved 74 r Reserved, always reads as 0

HS4 OC OT |3 rc Overcurrent & Overtemperature Detection HS4
Og ,NoOCorOT
1; , OC or OT detected

HS3 OC _OT |2 rc Overcurrent & Overtemperature Detection HS3
Og ,NoOCorOT
1; , OC or OT detected

HS2 OC OT |1 rc Overcurrent & Overtemperature Detection HS2
O ,NoOCorOT
1; , OC or OT detected

HS1 OC OT |0 rc Overcurrent & Overtemperature Detection HS1
Og ,NoOCorOT
1 , OC or OT detected

Note: The OC/OT bit might be set for Vpor < VS < 5.5V (see also Chapter 4.2)

HS OL _STAT

High-Side Switch Open-Load Status (Address 101 0101;)
POR / Soft Reset Value: 0000 0000g; Restart Value: 0000 XXxXg

7 6 5 4 3 2 1 0

Reserved Reserved Reserved Reserved HS4 OL HS3 OL HS2_OL HS1 OL
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Field Bits Type Description
Reserved 74 r Reserved, always reads as 0
HS4 OL 3 rc Open-Load Detection HS4
(08 , No OL
15 , OL detected
HS3 OL 2 rc Open-Load Detection HS3
Og , No OL
1 , OL detected
HS2 OL 1 rc Open-Load Detection HS2
(08 , No OL
1 , OL detected
HS1 OL 0 rc Open-Load Detection HS1
(08 , No OL
1 , OL detected
16.6.2 Selective Wake Status Registers
SWK_STAT

Selective Wake Status (Address 111 0000g)
POR / Soft Reset Value: 0000 0000g; Restart Value: 0x00 XxxXg

7 6 5 4 3 2 1 0
Reserved SYNC Reserved Reserved CANSIL SWK_SET WUP WUF
r r r r r r r r

Field Bits Type Description

Reserved 7 r Reserved, always reads as 0

SYNC 6 r Synchronisation (at least one CAN frame without fail must have been
received)
(08 , SWK function not working or not synchronous to CAN bus
1 , Valid CAN frame received, SWK function is synchronous

to CAN bus

Reserved 54 r Reserved, always reads as 0

CANSIL r CAN Silent Time during SWK operation
0g , tsilence not exceeded
1 , set iftsilence is exceeded.

SWK_SET 2 r Selective Wake Activity
0g , Selective Wake is not active
15 , Selective Wake is activated

WUP 1 r Wake-up Pattern Detection
(08 , No WUP
1 , WUP detected

WUF 0 r SWK Wake-up Frame Detection (acc. ISO 11898-2:2016)
(08 , No WUF
1; , WUF detected
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Note:

SWK_SET is set to flag that the selective wake functionality is activated (SYSERR =0, CFG_VAL =
1, CAN_2 =1). The selective wake function is activated via a CAN mode change, except if CAN =
100

SWK_ECNT_STAT
SWK Status (Address 111 0001g)

POR / Soft Reset Value: 0000 0000g; Restart Value: 00xx XXXXg

7 6 5 4 3 2 1 0
Reserved Reserved ECNT_5 ECNT_4 ECNT_3 ECNT_2 ECNT_1 ECNT_O
r r r r r r r r
Field Bits Type Description
Reserved 7:6 r Reserved, always reads as 0
ECNT 5:0 r SWK CAN Frame Error Counter
00 0000, No Frame Error
011111, 31 Frame Errors have been counted
10 0000g, Error counter overflow - SWK function will be disabled
Note: If a frame has been received thatis valid according to ISO 11898-1 and the counter is not zero,

then the counter shall be decremented. Ifthe counter has reached a value 0f32, the following
actions shall be performed: Selective Wake function shall be disabled,SYSERR shall be set
and CAN wake capable function shall be enabled, which leads to a wake with the next WUP.

SWK_CDR_STAT1
CDR Status 1 Register (Address 111 0010g)

POR Value: 1010 0000g/ Soft Reset Value: yyyy yyyyg; Restart Value: XXXX XXXXg

7 6 5 4 3 2 1 0
N_AVG 11 N_AVG_10 N_AVG 9 N_AVG 8 N_AVG_7 N_AVG 6 N_AVG 5 N_AVG 4
r r r r r r r r
Field Bits Type Description
NAVG_SAT |70 r Output Value from Filter Block
N_AVG is representing the integer part of the number of selected
input clock frequency per CAN bus bit.
N_AVG[11:4] e.9.160.75

SWK_CDR_STAT2
CDR Status 2 Register (Address 111 0011g)

POR Value: 0000 00005 / Soft Reset Value: yyyy yyyyg; Restart Value: XXXX XXXXg

7

6

5

4

3

2

N_AVG_3

N_AVG 2

N_AVG_1

N_AVG_0

reserved

reserved

reserved

reserved
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Field Bits Type Description
NAVG_SAT |74 r Output Value from Filter Block
N_AVG is representing the fractional part ofthe number of selected
input clock frequency per CAN bus bit.
N_AVG[3:0] e.9.160.75
Reserved 3.0 r Reserved, always reads as 0
16.6.3 Family and Product Information Register

FAM_PROD_STAT
Family and Product Identification Register (Address 111 1110g)

POR / Soft Reset Value: 1011 yyyy g;

7

6

5

Restart Value: 1011 yyyyg

4 3 2 1 0

FAM_3

FAM 2

FAM 1

FAM_O PROD_3 PROD_2 PROD_1 PROD_0

Field

Bits

Type

Description

FAM

74

SBC Family Identifier (bit4=LSB; bit7=MSB)
1001, Basic SBC Family

1011, Mid SBC Family

XXXXg, reserved for future products

PROD

3.0

SBC Product Identifier (bitO=LSB; bit3=MSB)

0001, GD33AP2363QV (VCC1=5V, 2 LIN, no SWK)

0010, GD33AP2363-3QV (VCC1 =5V, 2 LIN, with SWK)
0011, GD33AP2363QVV33 (VCC1 =33V, 2LIN, no SWK)
0100;, GD33AP2363-3QVV33 (VCC1 =33V, 2 LIN, with SWK)
0101, GD33AP2362QV (VCC1=5V, 1 LIN, no SWK)

0110, GD33AP2362-3QV (VCC1 =5V, 1 LIN, with SWK)
0111, GD33AP2362QVV33 (VCC1 =33V, 1LIN, no SWK)
1000,, GD33AP2362-3QVV33 (VCC1 =33V, 1 LIN, with SWK)
1001, GD33AP2361QV (VCC1=5V, 0 LIN, no SWK)

1010, GD33AP2361-3QV (VCC1 =5V, 0 LIN, with SWK)
1011, GD33AP2361QVV33 (VCC1 =33V, 0 LIN, no SWK)
1100,, GD33AP2361-3QVV33 (VCC1 =33V, 0 LIN, with SWK)

Notes

1. The actual default register value after POR, Soft Reset or Restart of PROD will depend on the respective
product. Therefore the value ‘y’ is specified.
2. SWK=Selective Wake feature in CAN Partial Networking standard
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16.7 Electrical Characteristics

Table 39 Electrical Characteristics

Vs=5.5V1028YV, T;=-40 °Cto +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Test Condition

Min. ‘Typ. ‘Max.

SPI frequency

Maximum SPI frequency fsprmax _ _ 4.0 MHz |?
SPI Interface; Logic Inputs SDI, CLK and CSN
H-input Voltage Threshold Vi _ _ 0.7 \Y% -
VCCl

L-input Voltage Threshold A 0.3* _ - \ -

VCCl
Hysteresis of input Voltage Vigy 008x 1012x |05x |V Y

VCCl VCCl VCCl
Pull-up Resistance at pin CSN| R,y 20 40 80 kQ Vesn =0.7X Ve
Pull-down Resistance at pin | R, spi 20 40 80 kQ Vspicik =
SDl and CLK 0.2XVeer
Input Capacitance at pin C _ 10 4 pF|?

CSN, SDlor CLK

Logic Output SDO

H-output Voltage Level Vspon Veer- | Vear- |- \% loon =-1.6 MA
0.4 0.2
L-output Voltage Level VspoL - 0.2 04 Y loo. =1.6 MA
Tristate Leakage Current lspoLk -10 _ 10 A Vesn = Veer,
0V <Vpo <Vcei
Tristate Input Capacitance Cspo _ 10 15 pF Y
Data Input Timing?
Clock Period tocik 250 _ - ns -
Clock High Time teLkn 125 _ - ns -
Clock Low Time teke 125 _ - ns -
Clock Low before CSN Low |ty 125 _ - ns -
CSN Setup Time tiead 250 _ - ns -
CLK Setup Time tiag 250 _ - ns -
Clock Low after CSN High toen 125 - - ns -
SDI Set-up Time toisu 100 _ - ns -
SDI Hold Time toHo 50 _ - ns -
Input Signal Rise Time at pin |t _ _ 50 ns _
SDI, CLK and CSN
Table 39 Electrical Characteristics (cont'd)
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Vs=5.5V1028V, T;=-40 °Cto +150 °C, all voltages with respect to ground, positive current flowing into pin
(unless otherwise specified)

Parameter Symbol Values Unit | Note or Note
Min. Typ. Max. Test Condition
Input Signal Fall Time at pin | tg, _ - 50 ns -
SDI, CLK and CSN
Delay Time for Mode toel Mode _ _ 6 us includes internal
Changes? oscillator
tolerance
CSN High Time tesnhigh) 3 - _ us -
Data Output Timing?
SDO Rise Time tspo _ 30 80 ns C_ =100 pF
SDO Fall Time tspo - 30 80 ns C, =100 pF
SDO Enable Time tensoo - - 50 ns low impedance
SDO Disable Time toisspo - - 50 ns high impedance
SDO Valid Time tyaspo _ _ 50 ns C_ =100 pF
1) Not subject to production test; specified by design
2) Applies to all mode changes triggered via SPI commands
24
CSN P /_ :l
15— le—16—3p| |———13—3p| |——14— 3 » 17—>»l«—18—>
CLK ’47 /_
' «—19—>| |«—20—p] »
SDI not defined LSB :><MSB
PYARS 29>, @ <28,
SDO Flag i Lse X ii:X MSB —
Figure 63 SPI Timing Diagram

Note: Numbers in drawing correlate to the last 2 digits ofthe Numberfield in the Electrical Characteristics

table.
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GigaDevice

17 Application Information

17.1 Application Diagram

Note: For GD33AP2362 LIN2/TXDLIN2/RXDLIN2 shall be left open.
For GD33AP2361 LIN1/TXDLIN1/RXDLIN1/LIN2/TXDLIN2/RXDLINZ shall be left open.
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VBAT VS R T, Vecs
-|- D, - 12 -
VBAT ™
D, gz _El C, %9 __C13
T T T ICloz
Cs +—m—mVee
—_! - — cu GND Q2
—_ 1)
Rs - - I
VSHS VS VCC3sH VvCC3B VCC3REF Veer
SHS S
D, 'D/ 'I'—l veell y T . J_
C —_ L CC2 CS
71 HS1 L v I vCce2 L Ce I
1 VSHS — _‘ l
C
1i L -Llhi CSN f CSN  Vpp
Ry . -HSZ |—' _‘ CLK me CLK
J_ SDI B« SDI C
Dal . c t’SHS SDO soo M
18
CsI I — TXDLIN1 W< TxD LIN1
HS3 RxD LIN1 RxD LIN1
Other loads,e.g. TxD LIN2 M« TxD LIN2
I_sensornpﬁnp; RxD LIN2 RxD LIN2
| LOGIC TXD CAN M« TxD CAN
State RXD CAN RxD CAN
| | .li/SHS Machine INT INT
- J_ - RO Reset
.HS4 |—'|_ Halll
Hall2
R VSHS S5
3 D5
GD33AP236x
1 WK1 R
S3 LIN cell h
VeaT ,J LINl. _LC LIN1
15
-|- WK2 Jj_ I
VCCZ
WK3 VCANT
]
== | canm
i » CANH
CAN cell R1o
R C12
14
LIN2 LIN cell 'J
[LINZ +— ) _Ir_"l— Ru
Cis T
—i it CANL| v,
f T
GND[ L FOx
B i
1 Note: The external capacitance on FO3/TEST must be
<=10nF in oder to ensure proper detection of SBC
Development Mode und SBC user mode operation

Figure64  Simplified Application Diagram
1) It is highly recommended to add a typ. 200Q series resistor at the pin VCC3SH (if VCC3 is used) to prevent
any damage of the SBC in case a short failure of the external PNP (T2) occurs.
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Note:  Unused outputs are recommended to be left unconnected on the application board. If unused
output pins are routed to an external connector which leaves the ECU, then these pins should have
provision for a zero ohm jumper (depopulated if unused) or ESD protection.

Table 40 Bill of Material for Simplified Application Diagram

Ref. Typical Value Purpose / Comment

Capacitances

C1 68uF Buffering capacitor to cut off battery spikes, depending on application

C2 100nF EMC, blocking capacitor

C3 22uF Buffering capacitor to cutoff battery spikes from VSHS as separate supply
input; Depending on application, only needed if VSHS is not connected to
VS;

C4 2.2uF low ESR As required by application, min. 470nF for stability and max. 68uF
recommended

C5 100nF ceramic Spike filtering, improve stability of supply for microcontroller;
not needed for SBC

C6 2.2uF low ESR Blocking capacitor, min. 470nF for stability;

if used for CAN supply place a 100nF ceramic capacitor in addition very
close to VCAN pin for optimum EMC behavior

C7 33nF As required by application, mandatory protection for off-board
connections

C8 33nF As required by application, mandatory protection for off-board
connections

C17 47pF Only required in case of off-board connection to optimize EMC behavior,
place close to pin

C18 47pF Only required in case of off-board connection to optimize EMC behavior,
place close to pin

C9 10nF Spike filtering, as required by application, mandatory protection for off-
board connections (see also Simplified Application Diagram with the
Alternate Measurement Function)

C10 10nF Spike filtering, as required by application, mandatory protection for off-
board connections

C11 10nF Spike filtering, as required by application, mandatory protection for off-
board connections

Ci12 4.7nF / OEM dependent | Split termination stability

C13 10pFlow ESR Stability of VCC3, ceramic capacitor, e.g. Murata 10 pF/10 V
GCM31CR71A106K64L or 2x 4.7 uF/10V

C14 47nF Only required in case of off-board connection to optimize EMC behavior,
place close to connector

Ci15 1nF/ OEM dependent LIN master termination
Cil6 1nF/ OEM dependent LIN master termination

Resistances

R1 10kQ Wetting current of the switch, as required by application
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Table 40 Bill of Material for Simplified Application Diagram (cont’d)
Ref. | Typical Value Purpose / Comment
R2  [10kQ Limit the WK pin current,e.g. for ISO pulses
R3  [10kQ Wetting current of the switch,as required by application
R4 [10kQ Limit the WK pin current,e.g. for ISO pulses
R5  10kQ Wetting current of the switch,as required by application
R6  10kQ Limit the WK pin current, e.g. for ISO pulses
R7  |dependingon LED config. |LED current limitation, as required by application
RS depending on LED config. |LED current limitation, as required by application
R9 ATpF Selection of hardware configuration 1/3, i.e. in case of WD failure SBC
Restart Mode is entered.
If not connected, then hardware configuration 2/4 is selected
R10 60Q / OEM dependent CAN bus termination
R11 |60Q / OEM dependent CAN bus termination
R12 [1Q shunt, depending on  Sense shunt for ICC3 current limitation (configured to typ. 235mA with 1Q
required current shunt) for stand-alone configuration;
limitation or load sharing  |Setting of load sharing ratio (here ICC3/ICC1 = 1) in load sharing
ratio configuration.
R13 [1kQ/OEM dependent LIN master termination (if configured as a LIN master)
R14 1kQ/OEM dependent LIN master termination (if configured as a LIN master)
R15 MOKQ WK1 pin current limitation, e.g. for ISO pulses, for alternate measurement
function (see also Simplified Application Diagram with the Alternate
Measurement Function)
R16 |depending on \Voltage Divider resistor to adjust measurement voltage to
A microcontroller ADC input range (see also Simplified Application Diagram
appllcatlon and with the Alternate Measurement Function)
microcontroller
R17 |depending on Voltage Divider resistor to adjust measurement voltage to

application and

microcontroller

microcontroller ADC input range (see also Simplified Application Diagram
with the Alternate Measurement Function)

Active Components

D1 e.g. BAS 3010A Reverse polarity protection for VS supply pins

D2 e.g. BAS 3010A Reverse polarity protection for VSHS supply pin; if separate supplies are
not needed, then connectVSHS to VS pins

D3 LED As required by application, configure series resistor accordingly

D4 LED As required by application, configure series resistor accordingly

D5 e.g. BAS70 Requested by LIN standard; reverse polarity protection of network

D6 e.g. BAS70 Requested by LIN standard; reverse polarity protection of network

T1 e.g. BCR191W High active FO control

T2 BCP 52-16, Power element of VCC3, current limit or load sharing ratio to be
configured via shunt

MJD 253, ON Semi Alternative power element of VCC3
pcC e.g. TC2xxx Microcontroller

163



€

GigaDevice GD33AP2361_AP2362_AP2363 Datasheet
Note: This is a simplified example ofan application circuit. The function must be verified in the real
application.
VBAT Vs
— D1 —
VBAT -
SZD2 C, C,
e.g.
470uF
VS VCC].
veell _T_ T
Cs
: T
CSN g
il CLK m
SDI g
SDO »>
TxD LIN1 g
RxD LIN1 >
LOGIC TxD LIN2 m<
State RxD LIN2 >
Machine TxD CAN g«
RxD CAN >
INT >
RO >
e, GD33AP236x
500UA R, |wki
1SO Pulse Izg =10k
protection Iglon
S1

Note:

Max. WK1 input current shall be
Be limited to 500 1 A to ensure
Accuracy and proper operation;

Figure65  Simplified Application Diagram with the Alternate Measurement Function viaWK1 and WK?2

Note: Thisis a verysimplified example ofan application circuit. The function must be verified in the real
application.WK1 must be connected to signal to be measured and WK2 is the output to the
microcontroller supervision function. The maximum currentinto WK1 mustbe <500uA. The minimum
currentinto WK1 should be >5uA to ensure proper operation. For GD33AP2362 LIN2/TXDLIN2/RXDLIN2
shall be left open. For GD33AP2361 LIN1I/TXDLIN1/RXDLINL/LIN2/TXDLIN2/RXDLINZ2 shall be left open.
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g 5V_int
SBC Init —||i Tiest
Mode
RTEST
Connector/
\/ FO3/TEST Jumper
~ — T~ N
o—o B — 1 Y
\ ~ 7~ /
_ _ T ro pL Rext B
Failure Logic —"; 7

Figure 66 Hint for Increasing the Robustness of pinFO3/TEST during Debugging or Programming
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18 Package Outlines
: : 48x L1 ) K, ,48xL
PIN1 CORNER | 48 I? ﬂ“._ |
1 e : Bi 3 [[UUUUUTUUUUUP
i T = : d
i = ! =
| = I =0
s Formses - o S P =7
i ) ! d
1 =) : (e
| -] i g
| LBl 1§,
| - | g
: 4 naoannannnan Il fasxo
: D2 °
Top View Bottom View

Side View
dimensions in millimeters
Symbol Min Nominal Max

A 0.80 0.85 0.90

Al 0.00 - 0.05

A2 0.203 REF.

A3 0.08 - 0.18
D 6.90 7.00 7.10
E 6.90 7.00 7.10
D2 5.10 5.20 5.30
E2 5.10 5.20 5.30
b 0.18 0.23 0.28
e 0.50 BSC
L 0.40 0.50 0.60
L1 0.01 -— 0.11
k 0.35 REF

Figure 69 VQFN-48 Package Information
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19 Revision History
Revision | Date Changes

V1.0 2026/3 Released Version V1.0.
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