SPIN rroL SPD1179/SPD1176 Datasheet
A
32-bit ARM® Cortex-M4F based auto-grade MCU with LDO,
integrated 2-phase/3-phase pre-driver with supply up to 28V
Features

- 32-bit ARM® Cortex-M4F CPU with FPU
» 100 MHz maximum frequency

- Memories
» Upto 128 KB embedded flash
» Upto1KBemulated EEPROM
» Up to 32 KB on-chip SRAM

- Power Management

» Single battery supply from 5.5V to 28V
(42V for load dump).

» Integrated 3.3V and 5V LDO for MCU
and main I/O supply

» Integrated 5V LDO for external sensor

» Sleep mode and stop mode for power
saving

» POR, Brown-out detector (BOD)

- Pre-Driver Module
» 2-Phase/3-Phase Pre-Driver for motor

control

» Integrated charge pump for 100% duty
cycle

» Programmable driving capability up to
290mA

» Programmable output swing from 8V
to 11V

» Four/Six external power FET Vps
monitors

- Clock

»  Crystal oscillator with both internal
oscillator and external clock input
support

» Internal 32MHz factory-trimmed
oscillator

» Internal 32MHz backup-safety
oscillator

» PLL for CPU clock, maximum up to
100MHz

—  8-channel DMA controller

QFN48 (7 x 7 mm, 0.5mm pitch)
QFN56 (8 x 8 mm, 0.5mm pitch)

13-bit A/D converter (up to 9 channels)

» As low as 200 ns conversion time

» Single-ended and differential sampling
» Open/short detection for safety

Three temperature sensor

» 1 xT-sensor for MCU

» 1xT-sensor for PMU

» 1 xT-sensor for LIN transceiver

Monitoring ADC (13-bit)
» Monitor critical voltages

Programmable gain amplifier (PGA)

» One single-ended PGA with gain
option:
1,2,4,8,16,32,48, 64

» One differential PGA with gain option:
2,4,8,16,24,32,48, 64

» Differential PGA supports -1.5V ~+2V
input

Analog comparator

» Two (one pair) high-speed comparators
with digital deglitch filter

Integrated phase voltage comparison

» 3-phase voltage sensing and 1-
reference sensing

» 3 dedicate phase comparator

Three 10-bit DACs and 1 DAC buffer

One D2S (Differential to single-ended)
buffer

LIN transceiver compatible with LIN spec 2.2
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- 1input with high voltage monitoring

-  PWM
» Four enhanced PWM modules
» 8 PWM outputs in total
» Flexible waveform generation with
phase lead/lag control
» All events can trigger ADC conversion

- Upto 27 GPIO Pins
» Configurable pull-up/pull-down
resistors
» Upto 9 GPIO with 3.3V
» Up to 18 GPIO with 5V
» Programmable digital input deglitch
filter

- Enhanced Capture Module (ECAP)
» Flexible input capture pin
» Four 32-bit capture registers
» Capture and APWM mode selection

- Debug mode
» Serial wire (SW) debug & JTAG
interfaces

6 Timers

» Three 32-bit general-purpose timers
» Two 32-bit watchdog timers

» Sy stick timer 24-bit down-counter

Communication interfaces

» UART (with LIN support) x 2, An
external LIN PHY required for UART1

» SPIx2

» 12Cx1

» CAN (with FDCAN support) x 1

Security Modules
» 64-bit unique ID, CRCx 1

Operating temperature

» SPD1179
Junction temperature: -40 to +150°C.
Ambient temperature: -40 to +125°C.
Automotive AEC-Q100 Grade 1 class

» SPD1176
Junction temperature: -40 to +125°C.
Ambient temperature: -40 to +105°C.
Industrial grade

Table 1-1: SPD1179/SPD1176 device features and peripheral counts
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Flash (KB) 128 64 64 128 64 128 128 128 64 128
Emulated EEPROM (KB) 1
SRAM (KB) 32 16 16 32 16 32 32 32 16 32
DMA (8-channel) 1
3.3V GPIOs 5 9 9 9 5 9
5V GPIO 14 18 18 18 14 18
13-bit ADC 1
Number of analog input 5 9 9 9 5 9
channels
Single-ended PGA 1
Differential PGA 1
Analog comparators 2

2 of 87

©2025 Spintrol Electronic Technology (Shanghai) Co., Ltd.




SPIN
TROL
| RC-031-2503001 SPD1179/SPD1176 Datasheet C/2

® | ¥ % | ¥ | B | B|8|l2| 8.
= | 32| 3| 3| 3|3 | =2|=2|23]| =
2 o o o o o g a o a
o =) [ 2 =) =) a < < <
pheral 2 o o o 3 [ ~ N = N
I N N N N N o s N -
- L | L | L | L | L | - - i -
a o a - ol - a a o a
< =) =) Q o Q = S o <
& o o o o o 7 o o o
n 7)) 7)) (7)) 7)) (7]
Phase comparators 3
DAC 3
PWM 4
Number of overall PWM 3 3 3 3 3 g 8 3 3 8
channels
Number of PWM channels
internally connected to pre- 6 6 6 6 6 6 6 6 6 6
driver
ECAP 1
General-purpose timers 3
Watchdog timers 2
CRC 1
CAN 1
UART 2
SPI 2
12C 1
Pre-driver 3-phase 2-phase 3-phase
LIN Transceiver 1 (connected with UART1 internally)
Maximum CPU frequency
100MH
(MHz) 00MHz
Junction temperature -40 ~ +150 °C -40 ~ +125 °C
Grade Automotive (AEC-Q100 Grade-1) Industrial
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Terms or abbreviations

Terms or abbreviations

Description

BEMF

Back Electro-Motive Force

DPGA Differential Programmable Gain Amplifier
SPGA Single-ended Programmable Gain Amplifier
D2S Differential to Single-ended
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1 Device overview

The SPD1179 device from Spintrol is a highly integrated system-on-chip (SoC) microcontroller. The
SPD1179/SPD1176 incorporates a 32-bit ARM® Cortex-M4F high-performance processor with a
software-programmable clock rate up to 100 MHz, 32 KB SRAM, 128 KB embedded flash with up to
1 KB EEPROM emulated by extra 12 KB flash, and an extensive range of enhanced I/Os and peripherals.
The device offers a 13-bit ADC, one differential PGA and one single-ended PGA, four enhanced PWMs,
three general-purpose 32-bit timers, as well as standard and advanced communication interface: two
UARTSs with LIN support, two SPIs, one 12C and one CAN.

The SPD1179/SPD1176 operates with a single power supply from 5.5V to 28V (42V for load dump)
and supports stop/sleep mode for power saving. It integrates two 5V LDOs for internal power system
and external sensor, and also integrates 3.3V and 1.2V LDOs for MCU operation. It supports 5V 1/0
for logic and 3.3V I/O for analog input channel. The junction temperature range is from -40 °C to +150
OC. The package type is 48-pin or 56-pin wettable flank QFN.

The SPD1179/SPD1176 employs function safety features such as backup clocking scheme, watchdog
timer interrupt and reset, open/short detection and background critical voltage monitoring. All these
features make the SPD1179/SPD1176 ideal for motor control in automotive application.

Figure 1-1 shows the functional block diagram for the SPD1179/SPD1176. Figure 1-2 shows the
application diagram. Figure 1-3 shows the clock tree information.

18 of 87 ©2025 Spintrol Electronic Technology (Shanghai) Co., Ltd.
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Figure 1-1: SPD1179/SPD1176 block diagram
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The W-phase control signals of the Pre-driver are not applicable for SPD1179X/ SPD1179Y.

©2025 Spintrol Electronic Technology (Shanghai) Co., Ltd.

19 of 87




SPIN rpoL
RC-031-2503001 SPD1179/SPD1176 Datasheet C/2 A

Figure 1-2: SPD1179/SPD1176 application diagram
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Figure 1-3: Clock tree
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2 Feature descriptions

2.1 ARM® Cortex-MA4F core

The ARM® Cortex-MA4F processor has been developed to provide a low-cost platform that meets the
needs of MCU implementation, with a reduced pin count and low-power consumption, while
delivering outstanding computational performance and an advanced system response to interrupts.

The SPD1179/SPD1176 integrates a full-feature ARM® Cortex-M4F core that can run up to 100MHz.
Therefore, it is compatible with all ARM tools and software.

2.2 Serial wire and JTAG debug port (SWJ-DP)

The embedded ARM® SWI-DP interface is combined by JTAG and serial wire debug port. They are
connected to the external I/O port as shown in Table 2-1. The debug port can be disabled when
enabling SPD1179/SPD1176 certain security feature.

Table 2-1: Debug interface definition

Pin Name Serial wire mode (Disable SWV) | Serial wire mode (Enable SWV) | JTAG mode
GPIO15 User specified function channel | User specified function channel TDI
GPIO16 User specified function channel SWV TDO
GPIO17 SWD SWD TMS
GPIO18 SWCK SWCK TCK

[1] The purpose of setting GPI016 through the 24™" bit of ARM® Cortex-M4F register (CoreDebug->DEMCR)
located at address OXEOOOEDFC: 1—SWYV output; 0—function specified by user through software.

Note: In debug mode, TRSTn must be tied to the logic high(5V).

2.3 Boot ROM

The Boot ROM contains boot code, Flash software library code and emulated EEPROM software
library code. User can call these software library to access the Flash memory and the emulated
EEPROM directly.

24 Embedded SRAM

The SPD1179/SPD1176 has implemented 32 KB SRAM memory for code and data. The SRAM can be
accessed (read/write) at CPU clock frequency with 0 wait states.

2.5 Embedded Flash memory

Up to 128 KB of embedded Flash memory is available for storing programs and data. To enhance the
lifetime and store critical data, another 12 KB Flash memory is used for EEPROM emulation to support
up to 1 KB effective capacity.
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2.6 Nested vectored interrupt controller (NVIC)

The SPD1179/SPD1176 embeds a nested vectored interrupt controller able to handle up to 54 mask-
able interrupt channels (not including the 16 interrupt lines of Cortex-M4F) and 16 programmable
priority levels.

- Closely coupled NVIC gives low-latency interrupt processing

- Interrupt entry vector table address passed directly to the core
- Processing of late arriving higher priority interrupts

- Support for tail-chaining

- Support for lazy-stacking

- Interrupt entry restored on interrupt exit with no instruction overhead

2.7 External interrupt/event controller

The SPD1179/SPD1176 provides a flexible external pin interrupt or event trigger mechanism. Any
GPIO pin can be programmed as an external interrupt or event trigger source. In addition, any GPIO
interrupt can be configured as edge-triggered or level-triggered.

2.8 Power supply and Reset

The SPD1179/SPD1176 supports single power supply (VBAT) from 5.5V to 28V, which powers internal
voltage regulators, analog circuitry on chip and the 10s. In addition, for 42V supply, chip will survive
for load dump. There are no special power-up sequence requirements for the SPD1179/SPD1176.

The SPD1179/SPD1176 supports 5V 1/O capability for GPIO5 ~ GPI018/GPI032 ~ GPIO35 and 3.3V
I/O capability for GPIOO ~ GP104//GP1028 ~ GPIO31.

The SPD1179/SPD1176 has a global reset pin as well as an integrated power-on reset (POR) circuitry.
The POR circuitry guarantees all power-up reset sequence requirements and makes the device easy
to use.

2.9 Brown-out detector

The device features an embedded brown-out detector (BOD) that monitors the power supply and
different domain power (VBAT/DVDD5/DVDD5EXT/DVDD33/VCAP12) and compare them to the
programmable threshold. An interrupt or reset can be generated when voltage of the power domain
is above the up-boundary or below the low-boundary. The interrupt service routine then generates
a warning message and/or put the MCU into a safe state.

2.10 Clocks

System clock selection is performed on startup. The internal 32 MHz factory-trimmed oscillator is
selected by default upon reset. External crystal with frequency from 4MHz to 32MHz can be attached
to GPIO3 and GPIO4, so as to generate high precision clock using on-chip crystal oscillation circuits.
User can also directly use external clock via GP103.
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The device implements a fractional phase-lock loop (PLL) for high frequency clock generation. The
PLL can take the internal 32MHz oscillator or external clock as the input reference. The output
frequency covers from 25MHz to 100MHz.

Several clock dividers allow the configuration of the AHB, and the peripherals frequency. The
maximum allowed frequency is 100MHz. See Figure 1-3 for details on the clock tree. Special clock
selection logic is designed so that the backup clock can take charge if current clock is missing. The
32MHz backup-safety oscillator makes the SPD1179/SPD1176 get rid of clock stuck.

2.11 Power management unit

The power management unit generates all the required supplies for the embedded MCU (DVDDS5,
DVDD33, VCAP12) and external supply (VDD5EXT). The power management system ensures safe
behavior of SPD1179/SPD1176, and has a state machine to control power modes transition. The
SPD1179/SPD1176 has implemented the power management module with following features:

- Support three power modes (active, stop and sleep)

» Active mode

The voltage regulators (DVDD5, DVDD33, VCAP12) are supplied by on-chip LDO with full current
driving capability. All clocks are enabled per user’s setup in register control bits.

» Stop mode

All clocks are stopped except for the 100 kHz clock for power mode state machine. DVDDS5,
DVDD33, VCAP12 are supplied by low-power LDO with limited current driving capability. VCAP12
can be configured to be below 1.2V to further reduce the static current. All registers and
memories retain the content. The system can be waken-up by different wake-up sources, like
XRSTn, LIN, MON, cyclic-wakeup and cyclic-sense-wakeup by any GPIO per user’s setup with
programmable input levels. The CPU will continue to run the instructions when it exit stop mode
(XRSTn wake-up will trigger system reset).

» Sleep mode

The voltage regulators (DVDD5, DVDD33, VCAP12) are totally shutdown. It can be waken-up by
LIN/MON/cyclic-wakeup and the whole system will go through a cold start-up.

- The voltage regulators (DVDD5, DVDD33, VCAP12 and VDD5EXT) supports over-current,
over/under-voltage protection

- Provide over-temperature protection
- Configurable wakeup sources (LIN, MON, cyclic wakeup, cyclic sense wakeup, GPIOs)

The power system diagram is shown in Figure 2-1.
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Figure 2-1: Power management unit
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The three power modes transition is shown in Figure 2-2.

Figure 2-2: Power modes transition
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2.12 DVDD5LDO

The DVDD5 LDO provides power for 5V domain functions. The SPD1179/SPD1176 has implemented
a DVDD5 LDO module with following features:

- 5V LDO with 80mA driving ability
- Overcurrent monitoring and self-shutdown
- Pre-regulator for DVDD33 LDO

- Pull down current source (typically 5mA) at the output for sleep mode only

2.13 DVDD33 LDO

The DVDD33 LDO provides power for 3.3V domain functions. The SPD1179/SPD1176 has
implemented a DVDD33 LDO module with following features:

3.3V LDO with 50mA driving ability

Overcurrent monitoring and self-shutdown

Pre-regulator for VCAP12 LDO

Pull down current source (typically 100uA) at the output for sleep mode only

2.14 DVDDS5EXT LDO

The DVDD5EXT LDO provides power for external circuits. The SPD1179/SPD1176 has implemented a
DVDD5EXT LDO module with following features:

- 5V LDO with 40mA driving ability
- Overcurrent monitoring and self-shutdown

—  Pull down current source(typically 100uA) at the output for sleep mode only

2.15 VCAP12LDO

The VCAP12 LDO provides power for the embedded MCU. The SPD1179/SPD1176 has implemented
a VCAP12 LDO module with following features:

- 1.2V LDO with 40mA driving ability

2.16  Power tracking amplifier

Power tracking amplifier buffers critical power signals to the 13-bit Monitoring ADC, to monitor
power status. The critical power signals sent to the 13-bit Monitoring ADC are VBAT, VCP, VMON,
VDD5, power bandgap, PMU temperature sensor voltage and LIN temperature sensor voltage.
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2.17 Boot mode

The boot code is located in on-chip ROM memory. After reset, the ARM processor starts code
execution from the ROM.

If GPIOS is high upon power-on reset, XRSTn pin reset or the system reset request from the ARM®
Cortex-M4F, ISP boot mode is entered. The boot loader reprograms the embedded Flash by using
UART or LIN interface. When UART interface is used, GPIO10 is configured as UARTO_TXD and
the GPI011 is configured as UARTO_RXD.

For all other cases, the boot loader jumps to the embedded Flash and runs from the address at
0x1000 0000.

2.18 General-purpose I10s (GPIOs)

The SPD1179/SPD1176 can be configured to support as many as 27 multi-purpose GPIO pins. Each
GPIO pin can be configured by software as input, as output or as peripheral alternate function. It
features:

Each GPIO pin has configurable internal pull-up and pull-down resistors

Each GPIO pin has a programmable digital input deglitch filter

Pure 3.3V I/0O capability multiplexed with ADC input channel for GPIO0~GPI0O4, GP1028 ~ GPIO31
Full 5V I/0 capability for GPIO5 ~ GP1018, GPIO32 ~ GPIO35

2.19 General Purpose Timers

The SPD1179/SPD1176 includes three identical general-purpose timers, which features:

Independent clock enable control
32-bit auto-reload down-counter
Generate interrupt request, ADCSOC event and PWMSYNC event when the counter reaches zero

Support 4 modes

» General timer: Periodic down-counter

» Gated timer: Down-counter enabled by external input level

» Event counter: Down-counter upon external input edge

» Event capture: Down-counter with timestamp latched upon external input edge

2.20 Watchdog timer
The SPD1179/SPD1176 implements two identical watchdogs, which features:

Independent clock source, clock dividing and clock enable control

32-bit auto-reload down-counter

Generate interrupt request when the counter reaches zero

Generate reset request when the counter reaches zero and the interrupt flag is already set

Can be frozen or free-running in debug mode
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2.21  SysTick timer

There is a SysTick timer embedded in the ARM® Cortex-M4F. It is dedicated for OS, but could also be
used as a standard down-counter. It features:

- A 24-bit down-counter with auto-reload capability

- Maskable system interrupt generation when the counter reaches 0

2.22 UART
The SPD1179/SPD1176 has two UART modules. They features:

- Ability to add or delete standard asynchronous communication bits (start, stop and parity) in the
serial data

- 5-8data bits

- Even, odd or no parity detection

- One, one-and-a-half, or two stop bits generation
- Baud-rate generation up to 6.25 Mbps

- 64-byte transmit FIFO

- 64-byte receive FIFO

- Auto baud-rate detection

Specific hardware is also implemented to enable LIN features:
- Compatibility with LIN 2.2 protocol.

- Configurable baud rate up to 20 kbps

- Identification masks for message filtering

- Hardware processing on break field, sync byte field, protected ID field, data field and checksum
field

- Response length can be defined by bit 5 and bit 4 of protected ID field, or by register control

- Programmable classic checksum mode or enhanced checksum mode

223 I

The I12C bus interface complies with the common I2C protocol. It features:

- Four speeds: Standard mode (100 Kb/s), Fast mode (400 Kb/s), Fast mode plus (1 Mb/s) and
High-Speed mode (3.4 Mb/s)

- Clock synchronization

- Master or slave I1°C operation

- 7-or 10-bit addressing

- 7-or 10-bit combined format transfers

- 16 x 32-bit deep transmit and receive buffers, respectively

©2025 Spintrol Electronic Technology (Shanghai) Co., Ltd. 27 of 87



RC-031-2503001 SPD1179/SPD1176 Datasheet C/2

SPIN rpor
A

2.24  SPI

SPD1179/SPD1176 includes two SPI modules, which allow half/full-duplex, synchronous, serial
communication with external devices. They features:

Full-duplex synchronous transfers

Master or slave operation

1 to 32-bit transfer frame format selection

Local clock divider for flexible communication speed control, with up to 50 Mbps capability
MSB-first data order

Programmable clock polarity and phase

16 x 32-bit deep transmit and receive FIFOs, respectively

2.25 CAN

The SPD1179/SPD1176 has implemented one CAN module. It is used for communication based on
CAN protocol. An external CAN transceiver is required for the connection to the physical layer (CAN
bus). The CAN module features:

Compatible with ISO-11898-1:2015 specification, whose frame format is called classical CAN and
ISO-FDCAN.

Compatible with Bosch CAN2.0B specification.

Compatible with Bosch FDCAN V1.0 specification, whose frame format is called NONISO-FDCAN.
Support Bus-Off recovery.

Support automatic message re-transmission after transmission failure.

Support restricted mode.

Support monitor mode.

Support test mode.

Support 64 mailboxes with independent message identifier mask for each mailbox.
Support automatic remote frame handling.

Support CAN bus error recording.

Support 32-bit timestamp.

Note: The CAN module of SPD1179/SPD1176 does not support wake-up function, users need

to select a CAN PHY that supports wake-up function and connect the CAN PHY wake-up
signal to the MON pin or GPIO pin of SPD1179/SPD1176 to realize the CAN wake-up
function.
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226 ADC

One 13-bit analog-to-digital convert is embedded into SPD1179/SPD1176 and has up to nine external
channels. The temperature sensor, internal powers and PGA outputs can be selected as ADC input
channels. These inputs are multiplexed. The ADC core has built-in sample-and-hold (S/H) with two
input channels, which is suitable for differential sampling. The start of sample and conversion can be
triggered by the software, the internally connected hardware event signals from the general-purpose
timers and the PWM outputs, or from the external pin input.

The 13-bit ADC features:

- 200 ns minimum conversion time and independent configurable sampling time

- Support single-ended or differential sampling

- Full range analog input: 0 Vto 3.65V

- Input open and short detection for safety

Another 13-bit ADC (Monitoring ADC) is provided to routinely check critical voltages below per user’s

request for system safety concern. An interrupt can be generated if the monitoring item is out of the
pre-defined range.

Please see Table 5-19 for 13-bit ADC characteristics and Table 5-20 for Monitoring ADC characteristics.

2.27 Temperature sensor

SPD1179/SPD1176 includes three temperature sensors. One for MCU, one for PMU in high voltage
and one for LIN transceiver. Their sensing voltages vary linearly with temperature. These sensing
signals are internally connected to the input channel of monitoring ADC, which is used to convert the
sensor output voltage into a digital value.

2.28 PGAs

SPD1179/SPD1176 includes a differential programmable gain amplifier (DPGA) with two dedicated
pins. It features:

- Programmable gains: 2, 4, 8, 16, 24, 32, 48 and 64

- Differential input voltage: +2.7/PGA_Gain

- Wide common mode input range: -1.5V ~ 2V with Gain 2x

- Settling time: 250 ns to 1.4 us

A single-ended PGA (SPGA) is also implemented in SPD1179/SPD1176. The four external ADC input

channels (ANA_INO~ANA_IN3), the temperature sensor output, and internal 1.2V power can be
selected as the SPGA input. It features:

- Programmable gains: 1, 2, 4, 8, 16, 32, 48 and 64
- Settling time: 300 ns to 2 us
Both the outputs from the differential PGA (DPGA) and the single-ended PGA (SPGA) can be selected

as the 13-bit ADC input. Please see Table 5-22 for DPGA characteristics and Table 5-23 for SPGA
characteristics.
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2.29 Analog comparators

The SPD1179/SPD1176 has two high-speed comparators. They are used with two internal 10-bit DAC
as reference for monitoring PGA inputs or outputs to check whether the voltage is too high or too
low. The comparator output is routed to the PWM Trip-Zone modules.

- 50 ns typical response

- Programmable hysteresis

- Output with digital deglitch filter

Please see Table 5-24 and Table 5-26 for analog comparator and DAC characteristics.

2.30 Phase comparators

SPD1179/SPD1176 include 3 high speed rail-to-rail phase comparators, which can compare three
phases voltage (PHU/PHV/PHW) to the common mode voltage (PHC). Phase comparator has 8-to-1
input mux, it can also used as normal comparator to compare analog ADC input to reference voltage
(ADC input or DAC output).

Based on the intrinsic characteristic of motor operation, hardware post-processing is implemented
to the comparator output as below, so as to simplify user’s software.

- Blanking with programmable window size

- Filtering with programmable window size

- Finite state machine (FSM) to ignore the systematic false alarm due to the large interferences via

motor toggling. The FSM can be reset to initial state per user’s software. The first zero-crossing
event after the FSM reset is ignored.

2.31 DAC and DAC buffer

The SPD1179/SPD1176 has three 10-bit DAC, which can generate a voltage from 0 to VDDA. DACO
and DAC1 can be used as too high or too low reference for comparators. DAC2 can be used as the
reference of phase comparator. A DAC can be used to generate a static voltage as a threshold for the
somparator, but does not guarantee the performance of the waveform.

The SPD1179/SPD1176 has one DAC buffer, it can select DACO or DAC1 as its input, and send output
through ANA_IN2 pin.

2.32  D2S buffer

The SPD1179/SPD1176 integrates one D2S (differential to single-ended) buffer, which can convert
DPGA’s differential output voltage to single-ended output voltage and sent it to ANA_IN4 pin.
Through external RC filter (typically, R = 1kQ, C = 1uF), the single-ended output voltage can be sent
back to ANA_INx (x = 0~ 3) pin and measured by 13-bit ADC. D2S buffer gain is fixed at 0.5.
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233 PWMs

The SPD1179/SPD1176 integrates four PWM modules and supports six PWM channels. Without
much involvement of processor core, the PWMs can generate complex pulse width waveforms.

Each PWM module supports the following features:

- Dedicated 16-bit time-base counter with period and frequency control

- Each PWM module can generate two outputs with single-edge operation, dual-edge symmetric
operation or dual-edge asymmetric operation

- All events can trigger both CPU interrupts and ADC start of conversion

- Programmable phase-control support for lag or lead operation relative to other PWM modules

- Dead-band generation with independent rising and falling edge delay control

- Programmable trip zone allocation of both cycle-by-cycle trip and one-shot trip on fault
conditions

- Atrip condition can force either high, low, or high-impedance state logic levels at PWM outputs

- Comparator module outputs and trip zone inputs can generate events, filtered events, or trip
conditions

2.34  ECAP

The enhanced capture (ECAP) module is essential in systems where accurate timing of external events
is important. The SPD1179/SPD1176 has implemented an ECAP module with following features:

- Flexible input capture pin: each GPIO can be configured as capture pin

- 32-bit time base counter

- 4 x 32-bit time-stamp capture registers

- 4-stage sequencer that is synchronized to external events

- Independent edge polarity (rising/falling edge) selection for all 4 events

- Interrupt capabilities on any of the 4 capture events

2.35  Cyclic redundancy check (CRC)

The SPD1179/SPD1176 has a hardware CRC calculation unit. The CRC module is used to verify data
transmission or storage integrity. It features:

- 32-bit parallel bit stream input, and up to 32-bit CRC output

- Supports up to 232 byte length for CRC calculation

- Eight CRC standard polynomials supported

2.36 Pre-Driver System

Pre-Driver system consists of a two/three low-side and high-side pre-drivers which can drive the
two/three phases of low-side and high-side external power NFET’s. The SPD1179/SPD1176 has
implemented this Pre-Driver system with following features:

- Embedded dual charge pump guarantees 100% duty cycle

- High performance down to 5.5V supply

- Builtin non-overlap time to prevent craw-bar current even in case of input PWM overlapping
- Dynamically adjustable Pre-Driver charge/discharge strength to optimize switching and EMI
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— VDS monitors for short circuit detection in on- and off-state

2.37 LIN transceiver

The local interconnect network (LIN) module is a serial communication protocol designed to support
automotive networks in conjunction with controller area network (CAN). As the lowest level of a
hierarchical network, LIN enables cost-effective communication with sensors and actuators when all
the features of CAN are not required.

The SPD1179/SPD1176 has implemented an LIN module (connected to UART1 internally) with
following features:

- Operational with VBAT 7.0 to 18 V DC, functional up to 28 V and down to 5.5V. For load dump,
VBAT can survive up to 42V.

- Support 2 transmission modes 10.4KBaud/20KBaud, functional download with 115.2KBaud
- Integrated 30kQ termination resistor for slave applications

- Compatible with LIN protocol specification 2.2

- Low standby current in Sleep mode

- Over-temperature protection

- TxD timeout feature (optional, enabled by default)

- Very high immunity against electromagnetic interference

2.38 High voltage monitor

The high voltage monitor (MON) module is dedicated to monitor external high voltage levels above
or below a specified threshold (normally is VBAT/2). Its output can be used as an digital level from
high voltage pin or used to detect a wake-up event at the high-voltage MON pin in low-power mode.
The SPD1179/SPD1176 has implemented an MON module with following features:

- High voltage input with VBAT/2 threshold voltage

- Integrated pull-up and pull-down current sources with automatic selectable capability

- Wake-up event for power saving modes

- Level shift from high voltage pin to low voltage domain

2.39 BEMF sensing

The back electromotive force (BEMF) sensing module is used to detect zero crossing events, which
can be used as a commutation trigger for BLDC applications.

The SPD1179/SPD1176 has implemented a BEMF sensing module with following features:

- Implement U/V/W phase zero crossing detect

- BEMF detection scheme with the virtual neutral point
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3 Pinout and pin description

3.1 QFN48

Figure 3-1: SPD1179(Z)/SPD1176 QFN48 pinout
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[1] The figure above shows top view for the package.

[2] When TRSTn is high, GPI015 ~ GPI018 may be used for debug interface as shown in Table 2-1.
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Figure 3-2: SPD1179X/SPD1179Y QFN48 pinout
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[1] The figure above shows top view for the package.

[2] When TRSTn is high, GPIO15 ~ GPIO18 may be used for debug interface as shown in Table 2-1.

Table 3-1: SPD1179/SPD1176 QFN48 pin definitions

Pin Type Signal Sub-Typel! Description
GPIO3 I/0 General-purpose input/output 3
1 3.3v ANA_IN3 Al Analog input channel 3
I/0 XIN Al External oscillator input
COMP_MONO 0 Comparator output monitor 0
GP104 I/0 General-purpose input/output 4
5 3.3V ANA_IN4 Al Analog input channel 4
I/0 XOUT 0] External oscillator output
COMP_MON1 ) Comparator output monitor 1
GPIO5 (BOOT) I/O General-purpose input/output 5 (BOOT)
3 5V1/0 EPWRTZ output for monitoring
EPWRTZO 0 It is the logic OR of EPWRTZ0O or EPWRTZ10.
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PWMSOC output for monitoring
PWMSOCO 0 It is the logic OR of PWMSOCAO, PWMSOCBO
and PWMSOCCO

ECAP_APWMO 0 APWM mode output of the ECAP

GPIO6 I/0 General-purpose input/output 6
4 5V 1/0 SPI0_SCLK I/0 SPI0 clock input/output

UART1_TXD 0 UART1 transmitted data

COMP_MON2 @) Comparator output monitor 2

GPIO7 I/O General-purpose input/output 7
c 5V 1/0 SPI0_SFRM I/O SP10 frame signal input/output

UART1_RXD I UART1 received data

COMP_MONS3 0 Comparator output monitor 3

GPIO8 I/0 General-purpose input/output 8
6 5V 1/0 SPI0_MOSI I/0 SP10 master output, slave input

CAN_TXD I/0 SPI0 master input, slave output

COMP_MON4 0 Comparator output monitor 4

GPIO9 I/0 General-purpose input/output 9
7 5V 1/0 SPI0_MISO I/0 SPI0 master input, slave output

CAN_RXD I/0 SPI0 master output, slave input

COMP_MONS5 0 Comparator output monitor 5

GPIO10 I/0 General-purpose input/output 10
8 5V 1/0 UARTO_TXD 0] UARTO transmitted data

PWMOA 0 PWMO output A

12C_SCL I/O 12C clock

GPIO11 I/O General-purpose input/output 11
9 5V 1/0 UARTO_RXD I UARTO received data

PWMOB 0] PWMO output B

12C_SDA I/O I12C data

GPIO12 I/0 General-purpose input/output 12
10 5V 1/0 SPI1_SCLK I/0 SPI1 clock input/output

PWM1A @) PWM1 output A

PWM3A @) PWM3 output A

GPIO13 I/O General-purpose input/output 13
1 5V 1/0 SPI1_SFRM I/0 SPI1 frame signal input/output

PWM1B 0] PWM1 output B

PWM3B 0] PWM3 output B

GPIO14 I/O General-purpose input/output 14
12 5V 1/0 SPI1_MOSI I/0 SPI1 master output, slave input

PWM2A 0 PWM2 output A

12C_SCL I/O 12C clock

GPIO15 I/0 General-purpose input/output 15

SPI1_MISO I/0 SPI1 master input, slave output

PWM2B 0] PWM2 output B
13 SVI/0 12C_SDA I/O I2C data

TDI I JTAG data input

Note: When TRSTn is high, the pin function is defined in Table 2-1.
14 5V 1/0 | GPIO16 ‘ I/O ‘ General-purpose input/output 16
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UART1_TXD 0 UART1 transmitted data

CAN_TXD 0 CAN transmitted data

SPI1_SFRM I/0 SPI1 frame signal input/output

TDO/SWO 0 JTAG data output or Asynchronous TRACE

output

Note: When TRSTn is high, the

pin function is defined in Table 2-1.

GPI1017 I/0 General-purpose input/output 17
UART1_RXD I UART1 received data
CAN_RXD I CAN received data
15 SVI/0 SPI1_SCLK I/0 SPI1 clock input/output
TMS/SWD I/O JTAG mode select or SWD data
Note: When TRSTn is high, the pin function is defined in Table 2-1.
GPIO18 I/0 General-purpose input/output 18
PWMSOC output for monitoring
PWMSOCO 0 It is the logic OR of PWMSOCAO, PWMSOCBO
and PWMSOCCO
16 SVI/0 PWMSYNCO 0 PWMSYNC output
ECAP_APWMO 0 APWM mode output of the ECAP
TCK/SWCK | JTAG clock or SWD clock
Note: When TRSTn is high, the pin function is defined in Table 2-1.
17 5V1/O | TRSTn | JTAG reset pin, reset the JTAG when low
1.9V 1.2 V power
18 VCAP12 P Add 2.2uF and 0.1uF bypass ceramic cap to
Power
GND
5V digital power
19 >V DVDD5 P Add 2.2uF and 0.1uF bypass ceramic cap to
Power
GND
5y 5V power for external loading
20 DVDD5EXT P Add 2.2uF and 0.1uF bypass ceramic cap to
Power
GND
ny High voltage power from 5.5V to 42V
21 VBAT P Add 2.2uF and 0.1uF bypass ceramic cap to
Power
GND
High voltage power for vds monitor from 5.5V
ny to 42V
22 Power VBATM P Add 0.1uF bypass ceramic cap to GND. Series
33 Ohm resistor from VBAT_D (VBAT for
driver).
High voltage power for charge-pump from 5.5V
HV to 42V
23 Power VBATCP P Add 2.2uF bypass ceramic cap to GND. Series 2
Ohm resistor from VBAT_D (VBAT for driver).
Charge-pump output voltage, maximum up to
HV 48V.
24 Power vee P Add 2.2uF ceramic cap to VBAT_D (VBAT for
driver).
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Charge pump flying capacitor 0 top plate
HV voltage
25 Power CFTOPO P Add 220nF ceramic cap as flying capacitor 0
between CFTOPO and CFBOTO
Charge pump flying capacitor 0 bottom plate
HV voltage
26 Power CFBOTO P Add 220nF ceramic cap as flying capacitor 0
between CFTOPO and CFBOTO
Charge pump flying capacitor 1 top plate
HV voltage
27 Power CFTOPL P Add 220nF ceramic cap as flying capacitor 1
between CFTOP1 and CFBOT1
Charge pump flying capacitor 1 bottom plate
HV voltage
28 Power CFBOTL P Add 220nF ceramic cap as flying capacitor 1
between CFTOP1 and CFBOT1
Pre-Driver W-Phase low side FET gate drive
59 HVIO | OUTL W 0 Only applicable in SPD1179(Z)/SPD1176
i NC i Not connected
Only applicable in SPD1179X/SPD1179Y
HV Pre-Driver W-Phase power FET switching node
VPX_W P . .
30 Power - Only applicable in SPD1179(Z)/SPD1176
] NC ) Not connected
Only applicable in SPD1179X/SPD1179Y
Pre-Driver W-Phase high side FET gate drive
31 HVIO | OUTH W 0 Only applicable in SPD1179(Z)/SPD1176
) NC Not connected
Only applicable in SPD1179X/SPD1179Y
32 HVIO | OUTL V 0 Pre-Driver V-Phase low side FET gate drive
33 HV VPX_V P Pre-Driver V-Phase power FET switching node
Power
34 HVIO | OUTH_V 0 Pre-Driver V-Phase high side FET gate drive
35 HVIO | OUTL_U 0] Pre-Driver U-Phase low side FET gate drive
36 HV VPX_U P Pre-Driver U-Phase power FET switching node
Power
37 HVIO | OUTH_U 0] Pre-Driver U-Phase high side FET gate drive
38 HVIO | MON I High voltage input for level monitor
39 HVIO | LIN I/0 LIN bus interface, can be set as input or output.
40 HV LIN_GND P LIN bus ground
Power
41 5V 1/O | XRSTn | Device reset pin, reset the device when low
3.3 V digital power
42 3.3V DVDD33 P Add 4.7uF and 0.1uF bypass ceramic cap to
Power
GND
43 Ground | GND G Ground
-2V~
44 3.3V | PGAIN Al Differential PGA negative input
input
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-2V~
45 3.3V | PGAIP Al Differential PGA positive input
input
GPIOO I/0 General-purpose input/output 0
16 3.3V | ANA_INO Al Analog input channel 0
I/0 PWMSOCAO 0 PWMSOCA output
PWMSOCCO 0 PWMSOCC output
GPIO1 I/0 General-purpose input/output 1
47 3.3V | ANA_IN1 Al Analog input channel 1
I/0 PWMSOCB 0 PWMSOCB output
ECAP_APWMO 0 APWM mode output of the ECAP
GPI102 I/0 General-purpose input/output 2
ANA IN2 Al Analog input channel 2
48 3.3v DELK 0 CIocIf gutput from CLKDET module for
1/O monitoring
EPWRTZ output for monitoring
EPWRTZO 0 It is the logic OR of EPWRTZ0O or EPWRTZ10.
EPAD | Ground | GND G Exposed pad, connect to ground
[1] | = digital input, O = digital output or High-Voltage module output, Al = analog input, AO = analog output, P

= power supply, G = ground.
[2] All GPIO pins can be configured as ECAP input.
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Figure 3-3: SPD1179 QFN56 pinout
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When TRSTn is high, GPIO15 ~ GPI018 may be used for debug interface as shown in Table 2-1.

The figure above shows top view for the package.
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SPD1179X/SPD1179Y QFN56 pinout

Figure 3-4
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The figure above shows top view for the package.

[1]
(2]

When TRSTn is high, GPI015 ~ GPI018 may be used for debug interface as shown in Table 2-1.
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Table 3-2: SPD1179 QFN56 pin definitions

Pin Type Signal Sub-Typel! Description
GPI1028 I/0 General-purpose input/output 28
ANA_IN5 Al Analog input channel 5
1 3:3V1/0 SPI1_SCLK I/O SPI1 clock input/output
PWMSOCAO 0 PWMSOCA output
GPI1029 I/O General-purpose input/output 29
5 3.3V 1/0 ANA_IN6 Al Analog input. chan.nel 6
SPI11_SFRM I/0 SPI1 frame signal input/output
PWMSOCBO 0 PWMSOCB output
GPIO30 I/0 General-purpose input/output 30
3 3.3V 1/0 ANA_IN7 Al Analog input channel 7 _
SPI1_MOSI I/O SPI1 master output, slave input
PWMSOCCO 0 PWMSOCC output
GPIO31 I/0 General-purpose input/output 31
4 3.3V 1/0 ANA _IN8 Al Analog input. channel 8
SPI1_MISO I/0 SPI1 master input, slave output
PWMSYNCO 0 PWMSYNC output
GPIO5 (BOOT) I/0 General-purpose input/output 5 (BOOT)
EPWRTZ output for monitoring
EPWRTZO 0 It is the logic OR of EPWRTZ0OO or
EPWRTZ10.
> SVI/0 PWMSOC output for monitoring
PWMSOCO 0 It is the logic OR of PWMSOCAO,
PWMSOCBO and PWMSOCCO
ECAP_APWMO 0 APWM mode output of the ECAP
GPIO6 I/0 General-purpose input/output 6
6 5V 1/0 SPI0_SCLK I/O SPI10 clock input/output
UART1_TXD 0 UART1 transmitted data
COMP_MON2 0 Comparator output monitor 2
GPIO7 I/0 General-purpose input/output 7
7 5V 1/0 SPI0_SFRM I/O SP10 frame signal input/output
UART1_RXD I UART1 received data
COMP_MONS3 @) Comparator output monitor 3
GPIO8 I/0 General-purpose input/output 8
3 5V 1/0 SPI0_MOSI I/O SPIO master output, slave input
CAN_TXD 0 SPIO master input, slave output
COMP_MON4 0 Comparator output monitor 4
GPIO9 I/0 General-purpose input/output 9
9 5V 1/0 SPI0_MISO I/O SPIO master input, slave output
CAN_RXD I SPIO master output, slave input
COMP_MONS5 0 Comparator output monitor 5
GPIO10 I/0 General-purpose input/output 10
10 5V 1/0 UARTO_TXD 0] UARTO transmitted data
PWMOA @) PWMO output A
12C_SCL I/O 12C clock
11 5V 1/0 GPIO11 I/O General-purpose input/output 11
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UARTO_RXD I UARTO received data
PWMOB 0 PWMO output B
12C_SDA 1/0 I2C data
GPI1012 I/0 General-purpose input/output 12
12 5V 1/0 SPI1_SCLK I/0 SPI1 clock input/output
PWM1A 0 PWM1 output A
PWM3A 0 PWM3 output A
GPIO13 I/0 General-purpose input/output 13
13 5V 1/0 SPI11_SFRM I/0 SPI1 frame signal input/output
PWM1B 0 PWM1 output B
PWM3B 0 PWM3 output B
GPI014 I/0 General-purpose input/output 14
14 5V 1/0 SPI1_MOSI I/0 SPI1 master output, slave input
PWM2A 0 PWM2 output A
12C_SCL 1/0 12C clock
GPIO15 I/0 General-purpose input/output 15
SPI1_MISO I/0 SPI1 master input, slave output
PWM2B o PWM?2 output B
15 SVI/o 12C_SDA 1/0 I12C data
TDI [ JTAG data input
Note: When TRSTn is high, the pin function is defined in Table 2-1.
GPIO16 I/0 General-purpose input/output 16
UART1_TXD 0 UART1 transmitted data
CAN_TXD 0 CAN transmitted data
16 5V1/0 SPI11_SFRM I/O SPI1 frame signal input/output
TDO/SWO 0 JTAG data output or Asynchronous TRACE
output
Note: When TRSTn is high, the pin function is defined in Table 2-1.
GPI017 I/0 General-purpose input/output 17
UART1_RXD I UART1 received data
CAN_RXD I CAN received data
17 SVI/0 SPI1_SCLK I/0 SPI1 clock input/output
TMS/SWD I/O JTAG mode select or SWD data
Note: When TRSTn is high, the pin function is defined in Table 2-1.
GPIO18 I/O General-purpose input/output 18
PWMSOC output for monitoring
PWMSOCO 0o It is the logic OR of PWMSOCADO,
PWMSOCBO and PWMSOCCO
18 5V1/0
PWMSYNCO 0 PWMSYNC output
ECAP_APWMO 0 APWM mode output of the ECAP
TCK/SWCK I JTAG clock or SWD clock
Note: When TRSTn is high, the pin function is defined in Table 2-1.
19 5V 1/0 TRSTn [ JTAG reset pin, reset the JTAG when low
1.2 V power
20 1.2V Power | VCAP12 P Add 2.2uF and 0.1uF bypass ceramic cap to
GND
21 5V 1/0 GPI032 I/O General-purpose input/output 32
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UART1_TXD 0 UART1 transmitted data
12C_SCL I/0 12C clock
COMP_MON6 0 Comparator output monitor 6
GPIO33 I/0 General-purpose input/output 33
UART1_RXD I UART1 received data
22 PVI/0 12C_SDA I/O I12C data
COMP_MON7 0 Comparator output monitor 7
GPI034 I/0 General-purpose input/output 34
CAN_TXD 0 CAN transmitted data
23 SVI/0 12C_SCL I/0 12C clock
EPWRTZ0O 0 EPWRTZO0 output for monitoring
GPIO35 I/0 General-purpose input/output 35
CAN_RXD I CAN received data
24 SVI/0 12C_SDA I/O 12C data
EPWRTZ10 0 EPWRTZ1 output for monitoring
5 V digital power
25 5V Power | DVDD5 P Add 2.2uF and 0.1uF bypass ceramic cap to
GND
5V power for external loading
26 5V Power | DVDD5EXT P Add 2.2uF and 100nF bypass ceramic cap to
GND
High voltage power from 5.5V to 42V
27 HV Power | VBAT P Add 2.2uF and 0.1uF bypass ceramic cap to
GND
High voltage power for vds monitor from
5.5V to 42V
28 HV Power | VBATM P Add 0.1uF bypass ceramic cap to GND.
Series 33 Ohm resistor from VBAT_D (VBAT
for driver).
High voltage power for charge-pump from
5.5V to 42V
29 HV Power | VBATCP P Add 2.2uF bypass ceramic cap to GND.
Series 2 Ohm resistor from VBAT_D (VBAT
for driver).
Charge-pump output voltage, maximum up
to 48V.
30 HV Power | VCP P Add 2.2uF ceramic cap to VBAT_D (VBAT for
driver).
Charge pump flying capacitor 0 top plate
voltage
31 HV Power | CFTOPO P Add ;gZOnF ceramic cap as flying capacitor 0
between CFTOPO and CFBOTO
Charge pump flying capacitor 0 bottom plate
voltage
32 HV Power | CFBOTO P Add 220nF ceramic cap as flying capacitor 0
between CFTOPO and CFBOTO
33 HV Power | CETOP1 p Charge pump flying capacitor 1 top plate

voltage
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Add 220nF ceramic cap as flying capacitor 1
between CFTOP1 and CFBOT1
Charge pump flying capacitor 1 bottom plate
voltage
34 HV P CFBOT1 P . . .
ower Add 220nF ceramic cap as flying capacitor 1
between CFTOP1 and CFBOT1
Pre-Driver W-Phase low side FET gate drive
35 HVIo OUTL. W 0 Only applicable in SPD1179
i NC i Not connected
Only applicable in SPD1179X/SPD1179Y
Pre-Driver W-Phase power FET switching
HV Power | VPX_W P node
36 Only applicable in SPD1179
Not connected
- NC - . .
Only applicable in SPD1179X/SPD1179Y
Pre-Driver W-Phase high side FET gate drive
HV I TH W
37 © OUTH_ 0 Only applicable in SPD1179
i NC Not connected
Only applicable in SPD1179X/SPD1179Y
38 HV IO OUTL_V 0 Pre-Driver V-Phase low side FET gate drive
39 HV Power | VPX V p Pre-Driver V-Phase power FET switching
- node
40 HV IO OUTH_V 0 Pre-Driver V-Phase high side FET gate drive
41 HV 10 OouTL_U 0 Pre-Driver U-Phase low side FET gate drive
42 HV Power | VPX U p Pre-Driver U-Phase power FET switching
- node
43 HV 10 OUTH_U 0 Pre-Driver U-Phase high side FET gate drive
44 HV 10 MON [ High voltage input for level monitor
45 HV 10 LIN /0 LIN bus interface, can be set as input or
output.
46 HV Power | LIN_GND P LIN bus ground
47 5V 1/0 XRSTn [ Device reset pin, reset the device when low
3.3 V digital power
48 3.3VP DVDD33 P
ower Add 4.7uF and 0.1uF bypass cap to GND
49 Ground | GND G Ground
50 _2anifv PGAIN Al Differential PGA negative input
51 _2an3£3\/ PGAIP Al Differential PGA positive input
GPIOO I/0 General-purpose input/output 0
59 3.3V 1/0 ANA_INO Al Analog input channel 0
PWMSOCAO 0 PWMSOCA output
PWMSOCCO 0 PWMSOCC output
GPIO1 I/O General-purpose input/output 1
ANA _IN1 Al Analog input channel 1
>3 3:3v1/0 PWMSOCB 0 PWMSOCB output
ECAP_APWMO 0 APWM mode output of the ECAP
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GPI102 I/O General-purpose input/output 2
ANA_IN2 Al Analog input channel 2
DCLK 0 Clocl.< qutput from CLKDET module for
54 3.3V1I/0 monitoring
EPWRTZ output for monitoring
EPWRTZO 0 It is the logic OR of EPWRTZOO or
EPWRTZ10.
GPIO3 I/0 General-purpose input/output 3
ANA_IN3 Al Analog input channel 3
>> 3:3v1/0 XIN Al External oscillator input
COMP_MONO 0 Comparator output monitor 0
GPIO4 I/O General-purpose input/output 4
ANA_IN4 Al Analog input channel 4
>6 3:3V1/0 XOUT 0 External oscillator output
COMP_MON1 0 Comparator output monitor 1
EPAD Ground | GND G Exposed pad, connect to ground
[1] | = digital input, O = digital output or High-Voltage module output, Al = analog input, AO = analog output, P
= power supply, G = ground.
[2] All GPIO pins can be configured as ECAP input.
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3.3 GPIO pin function and state after reset
Table 3-3: GPIO pin function and state after reset
Pin Name Default Function Default State
GPIOO ANA_INO Floating
GPIO1 ANA _IN1 Floating
GPIO2 ANA_IN2 Floating
GPIO3 ANA_IN3 Floating
GPIO4 ANA_IN4 Floating
GPIO5 GPIO5/BOOT Pull down
GPIO6 GPIO6 Pull up
GPI1O7 GPIO7 Pull up
GPIO8 GPIO8 Pull up
GPIO9 GPIO9 Pull up
GPI010 GPI1010 Pull up
GPIO11 GPIO11 Pull up
GPIO12 GPIO12 Floating
GPIO13 GPIO13 Floating
GPIO14 GPIO14 Pull up
GPIO15 GPI1015 Pull up
GPIO16 GPI016 Pull up
GPI1017 GPI1017 Pull up
GP1O018 GP1018 Pull down
GPIO19 GPI019 Floating
GPI020 GPIO20 Floating
GPIO21 GPIO21 Floating
GPIO22 GPIO22 Floating
GPIO23 GPIO23 Floating
GPI024 GPIO24 Floating
GP1025 GP1025 Pull up
GP1026 GP1026 Pull up
GPI1027 GPI1027 Pull down
GPIO28 ANA_INS Floating
GPIO29 ANA_IN6 Floating
GPIO30 ANA_IN7 Floating
GPIO31 ANA_INS8 Floating
GPI032 GPI1032 Pull up
GPIO33 GPIO33 Pull up
GPIO34 GPIO34 Pull up
GPIO35 GPIO35 Pull up
[1] In SPD1179/SPD1176, GPIO19 ~ GPI027 are internally connected to the High Voltage module as shown in
Figure 1-1, and not bonded out to the external pin. GPIO19 ~ GP1024 are internally connected to the Pre-
Driver module; GPI025/GP1026 are internally connected to LIN transceiver; GP1027 is internally connected
to the MON module.
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4 Memory mapping

The memory map of SPD1179/SPD1176 is shown in Figure 4-1.

Figure 4-1: Memory map

— Ox4000_5FFF
CAN
0x4000_4000
Reserved
0x4000_3700
CRC
0x4000_3600
12C
0x4000_3500
ECAP
0x4000_3400
ADC/PGA/COMP/DAC
0x4000_3000
PWMCFG
0x4000_2F00
Reserved
0x4000_2400
PWM3
0x4000_2300
PWM2
0x4000_2200
OXFFFF_FFFF PWM1
- 0x4000_2100
Reserved PWMO
0xE010_0000 0x4000_2000
Private Peripheral Bus DMA Controller
0x4000_1C00
0xE000_0000 FLASH Controller
0x4000_1B00
Reserved Timer2
0x4000_1A00
Timerl
Ox1FFF_FFFF — 0xC000_0000 0x4000_1900
SRAML (16 KB) Timer0
0x4000_1800
Ox1FFF_C000 Reserved SPI1
SRAMO (16 KB) € — — - 0x4000_1700
OX1FFF_8000 | 0xA000_0000 UARTL
: 0x4000_1600
Reserved | SPIO
| Reserved 0x4000_1500
| UARTO
Dedicated 1ks | 0X1100_5000 | 0x4000_1400
i | 0x8000_0000 -
EEPROM Emulation 0x1100_2000 | _
| GPIO
Reserved | Reserved
| 0x4000_1200
0x1002_0000 | WDT1
Flash M : 0x6000_0000 0x4000_1100
as emory | WDTO
Reserved
(128 KB) | 0x4000_1000
| 0x4000_6000 Reserved
0x1000_0000 : Peripherals :|—> 0x4000_0600
| 0x4000_0000 PHCOMP
| 0x4000_0500
: Reserved EPWR
; d I 0x4000_0400
eserve
| 0x2000_4000 PINMUX
| 0x4000_0300
——————— > SRAMO (16 KB) CLOCK
0x2000_0000 0x4000_0200
0x0000_7FFF POWER
- Code 0x4000_0100
Boot ROM (32 KB) SYSTEM
0x0000_0000 — 0x0000_0000 — 0x4000_0000
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5 Electrical characteristics

5.1 Absolute maximum ratings

Table 5-1: Absolute maximum ratings!(2]

Symbol Parameter Min Max Unit
Vyaarl? SB;:::;:/ asEdppl)-Ilyll\lv;)Ltsage for internal power 0.3 47 v
Vveatm!”) Monitor pin for external supply of power MOS -0.3 42 Y,
Vvasrcpl?! Ss';ti:\é_s;rri)\s)g voltage for internal charge-pump 03 47 y
Vun LIN bus interface, with respect to Vun_ano -28 42
Vmon High voltage input for level monitor -28 42
Vvep Charge-pump voltage -0.3 48 Vv
eV | el e gy | 03| 18 |V
Vypx x4 Pre-driver floating ground -10 42 Y,
Voutn x4 Pre-driver high side output -10 48
V(\)/L;;H;ﬁ;/s Pre-driver high side versus floating ground -0.3 110! Y,
Vour x4 Pre-driver low side output -0.3 1106 Y%
Vovbos DVDDS5 voltage range for internal block -0.3 6.5 Vv
VovDD5EXT VDDS5EXT voltage range for external circuit -0.3 6.5 Vv
Vbvpp33 DVDD33 voltage range for internal MCU -0.3 4.6 Vv
Vvear12 VCAP12 voltage range for internal MCU core -0.3 1.5 Vv
Vin_sv 5V IO input voltage -0.3 Vpvops+0.3 Vv
Vin_3v 3.3V 10 input voltage -0.3 Vovop33+0.3 | 'V
Vin_np® LIN bus ground. -0.3 0.3 Y
lic Input clamp current -20 +20 mA
loc Output clamp current -20 +20 mA
SPD1179 -40 +150 °C
T Junction temperaturel3!
SPD1176 -40 +125 °C
1150 Er:nle;ﬁét the SPD1179 can run continuously at 2000 i h
Tste Storage temperaturel3! -65 +150 °C
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[1]

[2]
3]

[4]
5]
[6]
(7]

Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these is not implied.

All voltage values are with respect to Venp, unless otherwise noted.

Long-term high-temperature storage or extended use at maximum temperature conditions may result in a
reduction of overall device life.

X=UorVorW.

Limited by design, internal circuit will turn on to clamp this voltage level.

Short LIN_GND and GND on PCB board.

Power ramp-up speed must be less than 0.1V/us, otherwise the device may be damaged permanently.
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5.2 Recommended operating conditions

Table 5-2: Recommended operating conditions

Symbol Parameter Conditions Min Nom Max Unit
Battery supply voltage for
y internal power system and - 5.5 - 28 Vv
VBAT 1 LIN bus
Extend range!® for Vypar 28 40 Y,
.Battery supply.voltage for i 55 i )8 y
Vyeatm | internal pre-driver
Extend range!® for Vysatm 28 40 Y%
.Battery supply voltage for i 55 i )8 y
Vyeatce | internal charge-pump
Extend range!® for Vygarce 28 40 Y%
Vovoos DVDDS5 voltage range for i 45 50 55 y

internal block

VDDS5SEXT vol f
VDvDDsEXT > VO ’Fage range tor - 4.5 5.0 5.5 \Y;
external loading

DVDD33 voltage range for

Vbvops3 internal MCU - 2.97 3.3 3.63 \Y
VCAP12 vol f
Vvear12 | . ¢ voltage range for - 1.08 1.2 1.32 v
internal MCU core
Venp Supply ground - - 0 - \
Vin_sv | 5V high-level input voltage Vbovops =5 V - 3.5 | Vovoos+0.3 | V
ViL_sv 5V low-level input voltage Vpvops =5V Veno-0.3 1.5 - \Y
| e | e ot |,
OH_5V oH=4.0V, - -
- STRENGTH=1 7.3
Vovops=4.5V
o | oo | s |
OL_5V oL= V. ’ - -
- STRENGTH=1 26.1
VDVDD5=4.5V
3.3V high-level input
Vin_sv PR P Vovooss = 3.3 V 2.0 = | Vowos+03 | V
voltage
ViLsv 3.3V low-level input voltage | Vovop3z=3.3V | Venp-0.3 - 0.8 Vv
. STRENGTH=0 5
R oo ML S R
on-sv v o7 | STRENGTH=2 15
o) STRENGTH=3 20
STRENGTH=0 5
3.3V low-level output sink STRENGTH=1 10
loL_3v - - mA
current when VoL = Vopmax) STRENGTH=2 15
STRENGTH=3 20
. SPD1179 -40 - +150 °C
T) Junction temperature 5
SPD1176 -40 - +125 C
[1] This extend voltage range is only allowed for a short duration: tmax<<400 ms and with parameter

deviation for function. Continuous operation at this extend voltage range is not allowed. This feature is
not specifically stated in the subsequent tables, and it has this meaning.
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5.3 I/0 Electrical characteristics

Table 5-3: 5V 10 Electrical characteristics (Vpvops = 5V)

Symbol Parameter Conditions Min Typ Max Unit
VoH High-level output voltage lon = lon MAX | Vpvpps-0.5 - - \Y
Vol Low-level output voltage loL = lo. MAX - - 0.5 \"
ViH High-level input voltage - 3.5 - Vpovops+0.3 | V
ViL Low-level input voltage - Venp-0.3 - 1.5 \"
lon High-level output source | STRENGTH=0 i i 0.4 A
current when Von = Vormin STRENGTH=1 7.3

lo Low-level  output sink | STRENGTH=0 i i 1.74 A
current when VoL = Vormax) STRENGTH=1 26.1
Low-level input current

i (Pin with pull-up and pull- V=0V - - 10 uA
down both disabled)
High-level input current

liH (Pin with pull-up and pull- ViH = Vpvbbs - = 10 uA
down both disabled)

Reu Input pull-up resistor Vio=0V - 50 - kQ

Rep Input pull-down resistor Vio = Vbvoos - 50 - kQ

Table 5-4: 3.3V 10 Electrical characteristics (Vpovop3s = 3.3V)

Symbol Parameter Conditions Min Typ Max Unit
Von High-level output voltage loH = lon MAX | Vovop3s-0.4 - - \Y
Voo Low-level output voltage loL = lo. MAX - - 0.4 Vv
Viu High-level input voltage - 2.0 - Vovop33+0.3 | V
Vi Low-level input voltage - Venp-0.3 - 0.8 \

STRENGTH=0 5

low High-level output source STRENGTH=1 i i 10 mA
current when Von = Voumminy | STRENGTH=2 15
STRENGTH=3 20
STRENGTH=0 5

ot Low-level output sink STRENGTH=1 i i 10 mA
current when Vo = Vormax) STRENGTH=2 15
STRENGTH=3 20

Low-level input current y _33v
e (Pin with pull-up and pull- pvbp3s = =24 - - 10 uA
down both disabled) Vin=0V
High-level input current

Vbvop3s = 3.3V,

liH (Pin with pull-up and pull- Vir = - - 10 uA
down both disabled) "= TOVDD33

Reu Input pull-up resistor Vio=0V - 41 - kQ

Rep Input pull-down resistor Vio = Vbvpp33 - 42 - kQ
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5.4 Power mode transition time

Table 5-5: Power mode transition time

Symbol Parameter Conditions | Min Typ Max | Unit
tstopentry | Stop mode entry time - - 25 - us
tstopexit | Stop mode exit time (to user’s code) - - 1 - ms
tsieep,entry | Sleep mode entry time - - 25 - us
tsieepexitt) | Sleep mode exit time (to user’s code) - - 7.4 - ms
tpower-upl? | Cold power-up time (to user’s code) - - 9.1 - ms
[1] It contain ~5.63ms for the RAM self-test.
[2] Compared with sleep mode exit time, it contain extra ~1.7ms POR time for VBAT.

Figure 5-1: Cold power-up transition time

4.8V
VBAT :
: av
DVDD5 I
T
I
DVDD33 !
I 0.8\1
I | 6ms bootcode |
VCAP12 I » yo
T 5.6ms ramscan maincode star
I l< N —
[ 3.1ms | |
PORn R > I I
I I I
5.5 Power consumption

Typical current consumption

In active mode, the SPD1179/SPD1176 is placed under the following conditions:

- AllI/0 pins are in input mode and left unconnected;

- All peripherals (including analog module) are enabled;

- All peripheral clocks are as fast as HCLK (frequency division is 1), except DGCLK (Max 50 MHz);
- All clock modules are enabled;

- Select PLL clock as system clock source.

- Charge pump enable, Pre-driver toggle and no external driver MOS.

- GPIOS5 is connected to GND

In stop mode, the SPD1179/SPD1176 is placed under the following conditions:
- All1/0O pins are in input mode and left unconnected;

- All peripherals (including analog module) are clocked off or disabled;

- Clock modules (PLL, RCO, ROSC and XO) are disabled;

- 5V/3.3V/1.2V LDOs are in low power mode;

- GPIO5 is connected to GND

In sleep mode, the SPD1179/SPD1176 is placed under the following conditions:
- All1/0O pins are in input mode and left unconnected;
- All peripherals (including analog module) are disabled;
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- Clock modules (PLL, RCO, ROSC and XO) are disabled;
- 5V/3.3V/1.2V LDOs are shut down to 0V;
— GPIOS5 is connected to GND

The typical operational current consumption over various HCLK frequency is shown in Figure 5-2.

Figure 5-2: Typical operational current versus frequency
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~
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Table 5-6: SPD1179/SPD1176 current consumption (Vygar= 18V)

Junction Temperature T, (°C)
25 85 105 125 150 175

Conditions

Unit

Active mode
(frck = fr= 100 MHz)
Active mode
(frcik = fr= 32 MHz)

68.000 66.600 67.100 68.700 71.200 75.500 | mA

51.300 51.800 52.500 53.900 56.800 61.200 | mA

Stop modelll 0.180 1.070 1.830 - - - mA
Sleep mode 0.038 0.046 0.049 0.058 0.095 0.264 mA
[1] Stop mode support T, from -40°C to 105°C.

Table 5-7: SPD1179/SPD1176 active current consumption (Vygar = 28V)

Junction Temperature T, (°C)
25 85 105 125 150 175

Conditions Unit

Active mode
(frck = fr= 100 MHz)
Active mode
(frck = fri= 32 MHz)

Stop modell 0.190 1.080 1.840 - - - mA

Sleep mode 0.045 0.056 0.063 0.073 0.117 0.279 mA
[1] Stop mode support T, from -40°C to 105°C.

68.620 66.900 67.300 68.500 71.100 75.200 | mA

51.900 52.400 52.700 53.700 56.470 61.100 | mA
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 5-8. The MCU is placed under
the following conditions:

All I/0 pins are in input mode and left unconnected;
All peripherals(including analog module, RCO and XO) are disabled unless otherwise mentioned;
The given value is calculated by measuring the current consumption
» With all peripherals clocked disabled

» With only one peripheral enabled

Table 5-8: Peripheral current consumption

Peripherals!!! Conditions Typ!? Unit
BOD Select RCO a_s system cIoFk source; . 106.0 A
All other peripherals are in default settings
ADCB! 8854.0 uA
Monitoring ADCE! 2989.0 uA
T-Sensor 157.0 uA
DPGAM Select PLL clock as system clock source; 1106.0 uA
SPGAM All peripheral clocks are as fast as HCLK; 156.0 uA
DAC buffer frcik = 100 MHz, fei = 100 MHz 274.0 uA
DAC 327.0 uA
Phase Comparator 126.0 uA
Comparator 105.0 uA
UART UART clock 100MHz, 512000 bps 383.0 uA
SPI SPI clock 100MHz, 20Mbps 284.0 uA
12C 12C clock 100MHz, 100Kbps 436.0 uA
CAN CAN clock 100MHz, 1Mbps + 8Mbps 3526.0 uA
PWM (W.IthOUt PWM clock 100MHz and toggle frequency 15kHz 302.5 uA
Pre-Driver)
PWM (Wlth PWM clock 100MHz, PWM toggle frequency 15kHz 6064.0 uA
Pre-Driver)
ECAP ECAP clock 100MHz 324.0 uA
WDT WDT clock 100MHz 220.0 uA
TIMER TIMER clock 100MHz 144.0 uA
FLASH HCLK clock 100MHz 306.0 uA
X0 HCLK is from 100MHz PLL, which takes RCO as input 736.0 uA
RCO HCLK is from 100MHz PLL, which takes XO (32MHz) as 254.0 A
input
PLL X0 (32MHz) as HCLK source, feiL = 100 MHz 961.0 uA
LIN transceiver UART clock 100MHz, 19200bps 480.0 uA
DVDD5EXT - 42.4 uA
[1] For peripherals with multiple instances, the current quoted is for single modules (result of average).
[2] Typical values are measured at Ta = 25 °C, Vypar = 12 V.
[3] ADC analog current contain ADC analog module, bandgap and ADC reference buffer.
[4] The Bandgap must be enabled when enabling ADC (Analog Part), T-sensor, PGA, DAC and comparator.
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5.6 BOD characteristics
Table 5-9: VCAP12 BOD characteristics
Symbol Parameter Conditions | Min Typ Max | Unit
Vini(vcapri2ov) | VCAP12 over-voltage assert threshold - - 1.33 - \Y
Vino(vcap12ov) | VCAP12 over-voltage release threshold - - 1.31 - \Y
Vin1(vcap12uyv) | VCAP12 under-voltage assert threshold - - 1.1 - \
Vinovcap12uyv) | VCAP12 under-voltage release threshold - - 1.14 - \
Table 5-10: DVDD33 BODO!*! characteristics
Symbol Parameter Conditions | Min Typ Max | Unit
Vin1(pvpp3sov) | DVDD33 over-voltage assert threshold - - 424 - V
Vino(ovbp3sov) | DVDD33 over-voltage release threshold - - 4.08 - Vv
Vih1(pvopasuy) | DVDD33 under-voltage assert threshold - - 2.58 - \Y
Viho(pvop3suy) | DVDD33 under-voltage release threshold - - 2.65 - \Y
[1] Brown-out detector for DVDD33 in MCU.
Table 5-11: DVDD33 BOD1[1] characteristics
Symbol Parameter Conditions | Min Typ Max | Unit
Vih1(pvbp3sov) | DVDD33 over-voltage assert threshold - - 422 - \Y
Viho(pvbp3sov) | DVDD33 over-voltage release threshold - - 4.06 - \Y
Vih1(pvop3suv) | DVDD33 under-voltage assert threshold - - 2.64 - \Y
Viho(pvop3suy) | DVDD33 under-voltage release threshold - - 2.70 - \Y
[1] Brown-out detector for DVDD33 in high voltage.
Table 5-12: VBAT BOD characteristics
Symbol Parameter Conditions | Min Typ Max | Unit
Viniveatov) | VBAT over-voltage assert threshold - - 44.7 - \
Vinoveatov) | VBAT over-voltage release threshold - - 38.9 - \Y
Viniveatuy) | VBAT under-voltage assert threshold - - 4.95 - \
Vinorveatuy) | VBAT under-voltage release threshold - - 5.13 - Vv
Table 5-13: DVDD5 BOD characteristics
Symbol Parameter Conditions | Min Typ Max | Unit
Vin1(pvobsov) | DVDDS over-voltage assert threshold - - 5.92 - \
Vino(pvopsov) | DVDD5 over-voltage release threshold - - 5.84 - Vv
Vin1(pvopsuy) | DVDD5 under-voltage assert threshold - - 4.41 - Vv
Vinopvopsuy) | DVDD5 under-voltage release threshold - - 4,50 - \Y
Table 5-14: DVDD5EXT BOD characteristics
Symbol Parameter Conditions | Min | Typ | Max | Unit
Vin1(pvopsextov) | DVDDSEXT over-voltage assert threshold - - 5.89 - \Y
Vino(pvopsextov) | DVDDSEXT over-voltage release threshold - - 5.81 - \Y
Vih1(pvopsextuv) | DVDDSEXT under-voltage assert threshold - - 3.77 - \Y
Vino(pvopsextuy) | DVDDSEXT under-voltage release threshold - - 3.91 - \Y
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Table 5-15: (VCP — VBAT) BOD characteristics

Symbol Parameter Conditions | Min | Typ Max | Unit
Vih1((VCP-VBAT)OV) (VCP — VBAT) over-voltage i i 14.81 i vV
assert threshold
Viho((vcP-vBAT)OV) (VCP —VBAT) over-voltage ) ) 14.57 ) Vv
release threshold
V X VCP -VBAT -vol
th1((VCP-VBAT)UV) (vC ) under-voltage ) ] 6.097 ) y
assert threshold
V X VCP -VBAT -vol
thO((VCP-VBAT)UV) (vC ) under-voltage ) ] 6.206 ) y
release threshold
5.7 RCO characteristics
Table 5-16: RCO characteristics
Symbol Parameter Conditions Min Typ Max Unit
RCOf
frco CO frequency at room T, = 25°C 31.936 | 32.00 | 32.064 | MHz
temperature
RCO frequency error (RCO
Erco frequency variation versus T,=-40~150°C -1.5 - 1.5 %
temperature)
tsettle RCO frequency ready time Erco < 1% - 4.2 - us
Figure 5-3: RCO frequency with temperature
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5.8 PLL characteristics
Table 5-17: PLL characteristics
Symbol Parameter Conditions Min Typ Max Unit
fuco VCO frequency T, =-40~150 °C 400 500 600 MHz
Phase-F D PFD
Foroll . ase-Frequency Detector (PFD) ) 4 ) 8 MHz
input frequency
tiock™ Locking time T)=25°C - 10 15 us
tjitter PLL output clock jitter T,=25°C - 40 - ps
[1] Not subject to production test, guaranteed by design.
5.9 XO characteristics
Table 5-18: XO characteristics
Symbol Parameter Conditions Min Typ Max Unit
fxo XO frequency T,=-40~150°C 4 - 32 MHz
5.10 13-bit ADC characteristics
Table 5-19: ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Nr Resolution No gsing code, 13 - - bits
Monotonic
fs Conversion speed!!! - - - 2.5 MSPS
Vin Input voltage range - 0 Vbpa Vv
Vief Reference voltage - 1.194 1.2 1.206 Vv
lon Operational current Vpvop3zz =3.3V - 8.5 11.5 mA
INL Integral linearity error - -3.0 - 3.0 LSB
DNL Differential linearity - -1.0 - 1.5 LSB
Eoffset Offset errorl? With calibration -4 +2 4 LSB
Egain Gain error!? With calibration -40 +4 40 LSB
ADC temperature
Teoef coefficient with internal - - 30 - ppm/°C
reference
tsettle[3] Power-up time - - - 100 us
ENOBpc DC Noise Floor - - 11.5 - bits
SNR Signal-to-noise ratio - 71 - dBFS
THD Total harmonic distortion fin = 100kHz, - -84 - dBFS
ENOB Effective number of bits Vin = 0.94FS, - 114 - bits
i i N =8192
SEDR Spurious  free  dynamic i 80 i dBES
range
[1] Sampling time = 200ns, conversion time = 200ns
[2] Offset and gain can be calibrated automatically by hardware.
[3] Not subject to production test, guaranteed by design.
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5.11 Monitoring ADC characteristics
Table 5-20: Monitoring ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
No missing
Nr Resolution code. 13 - - bits
Monotonic
fs Conversion speed!! - - - 500 KSPS
Vin Input voltage range - 0 Vbvbp33 \Y
Vief Reference voltage - 1.19 1.2 1.21 \
lon Operational current Vpvpp3z =3.3V - 2.8 3.6 mA
INL Integral linearity error - -3.0 - 3.0 LSB
DNL Differential linearity - -1.0 - 1.0 LSB
Eoffset Offset error With calibration -4 +2 4 LSB
Egain Gain error With calibration -40 +4 40 LSB
ENOBpc | DC Noise Floor - - 11.5 - bits
SNR Signal-to-noise ratio - 71 - dBFS
THD Total harmonic distortion fin = 50kHz, - -84 - dBFS
ENOB Effective number of bits Vin = 0.94FS, - 11.4 - bits
i i N = 4096
SEDR Spurious free dynamic i 80 i dBES
range
[1] Sampling time = 1us, conversion time = 1us.
5.12 Temperature sensor characteristics
Table 5-21: Temperature sensor characteristics
Symbol Parameter Conditions | Min Typ Max Unit
TMCUsiope When the temperature sensor is } ) 3.7 ) °C/LSB
measured by the ADC, for each
TPMUsiope | increase of 1 LSB in the ADC - - -0.48 - °C/LSB
output code, the corresponding .
TLINstope temperature value changes. ) ) -0.48 ) C/LsB
TMCUoftset | The code obtained by ADC - -81 - LSB
TPMUofiset | measuring the temperature T,=25°C - -772.8 - LSB
TLINoffset | S€NSOT. - -772.8 - LSB
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5.13  DPGA characteristics
Table 5-22: DPGA characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vin Differential input range -2.7/G - +2.7/G V
Vout Output voltage range - 0.3 - VDBD;B- \Y
Rin Input impedance - - 4 - kQ
G Gain Differential 2,4,8,16, 24, 32,48, 64 -
Differential Gain = 2 -1.5 - 1.5 %
Egain Gain error Differential Gain = 16 -1 - 1 %
Differential Gain = 64 -1 - 1 %
Differential Gain=2 -3 - 9 mV
Voffset Offset Differential Gain=16 -2 4 mV
Differential Gain=64 -2 4 mV
Differential gain = 2 -1.5 - 2 \Y
Differential gain = 4 -0.9 - 2 \Y
Differential gain =8 -0.75 - 2 \Y
Vou Common mode input voltage | Differential gain = 16 -0.6 - 2 Vv
range Differential gain=24 | -0.57 - 2 \Y
Differential gain = 32 -0.55 - 2 \
Differential gain = 48 -0.52 - 2 Vv
Differential gain = 64 -0.5 - 2 \
Differential gain = 2 - 313.7 441.6 ns
Differential gain =4 - 303.1 425.5 ns
Differential gain = 8 - 268.4 423.8 ns
) Differential gain = 16 - 376.7 604.7 ns
Lsettle Settle time Differential gain = 24 - 355.8 598.9 ns
Differential gain = 32 - 442.9 742.3 ns
Differential gain = 48 - 628.0 | 1061.0 ns
Differential gain = 64 - 813.3 | 1378.0 ns
Differential gain = 2 6 9.68 - MHz
Differential gain =4 3.8 6.07 - MHz
Differential gain =8 2.56 3.45 - MHz
. . Differential gain = 16 1.37 1.85 - MHz
GBW Gain bandwitdth' Differential gain = 24 1.23 1.63 - MHz
Differential gain = 32 0.93 1.23 - MHz
Differential gain = 48 0.63 0.83 - MHz
Differential gain = 64 0.4 0.63 - MHz
Differential gain = 2 15 21 30 V/us
Differential gain = 4 15 21 30 V/us
Differential gain = 8 14.5 21 30 V/us
SR Slew ratel3 Differential gain = 16 11.2 18.9 29.7 V/us
Differential gain=24 | 12.57 21 334 V/us
Differential gain = 32 9.25 18.4 31.8 V/us
Differential gain = 48 6.1 11.5 25 V/us
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Symbol Parameter Conditions Min Typ Max Unit
Differential gain = 64 4.6 8.6 17.6 V/us

Differential Gain = 2 - 11.93 - bits

ENOBpc | Effective number of bits Differential Gain = 16 - 11.57 - bits
Differential Gain = 64 - 10.94 - bits

. . . Differential Gain = 2 - 72.2 - dBFS

SNR iSrI];gor;il-to-nmse ratio at 10kHz Differential Gain = 16 - 71.1 - dBFS
Differential Gain = 64 - 64.8 - dBFS

o . Differential Gain =2 - 79.59 - dBFS

THD Igi?_:;;i;nljfmc distortion at Differential Gain = 16 - 81.29 - dBFS
Differential Gain = 64 - 78.47 - dBFS

o Differential Gain =2 - -59.7 - dBFS

CMRRoc | D€ common mode rejection Feer e oin= 16 52,6 - dBFS
Ratio Differential Gain = 64 - -61 - dBFS

Differential Gain = 2 - -72.8 - dBFS

PSRRoc | Power Supply Rejection Ratio | Differential Gain = 16 - -84.9 - dBFS
Differential Gain = 64 - -93.4 - dBFS

Differential Gain=2 - 1.215 - mA

lon Current consumption Differential Gain=16 - 1.096 - mA
Differential Gain=64 - 1.152 - mA

[1] Settle time is measured by step input, and differential output change from -2.7V to 2.7V (Vovop33=3.3V), the
time for output to be settled to 98%, guarantee by design.

[2] GBW data is guaranteed by design.

[3] Slew rate data is from 10% to 90% of output signal, guaranteed by design.

Figure 5-4: Settling time with different gain
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Figure 5-5: ENOB_DC with different gain
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Figure 5-6: SNR with different gain
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Figure 5-7: THD with different gain
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Figure 5-8: CMRR_DC with different gain
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Figure 5-9: PSRR_DC with different gain

-65
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5.14 SPGA characteristics

Table 5-23: SPGA characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vin Input range - 0.3 - Vopa-1.3 | V
Vout Output voltage range - 0.3 - Vooa-0.3 | V
Rin Input impedance - - High-Z - Q

G Gain Single-ended 1,2,4,8, 16, 32,48, 64 -
Gain=2 -1 - 1 %
Egain Gain error Gain =32 -1.2 - 1.2 %
Gain =64 -2 - 2 %
Voftset | Offset - -10 - 5 mV
Gain=2 - 300 - ns
teettle | Settle time Gain =32 1000 - ns
Gain = 64 - 2000 - ns
Gain=2 - 11 - bits
ENOB | Effective number of bits Gain =32 - 9 - bits
Gain =64 - 8 - bits
lon Current consumption - - 0.5 - mA

Figure 5-10: Settling time with different gain
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Figure 5-11: ENOB_DC with different gain
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5.15 Analog comparator characteristics

Table 5-24: Analog comparator characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vin Input voltage range - 0 - Vbvbb33 \Y
Offset voltage
Voffset (Hysteresis voltage option = -10 - 10 mV
0)
Hysteresis voltage option =0 0 mV
Y Hysteresis voltage option = 1 Vpvopss = 3.3V, - 13 - mV
st Hysteresis voltage option=2 | T, = 250C, - 25 - mV
Hysteresis voltage option=3 | \/;,,= 1.65V - 37 - mV
Delay time — comparator
ty response time to PWM i 50 i ns
shunt down
(Asynchronous)
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5.16 Phase comparator characteristics

Table 5-25: Phase comparator characteristics

Symbol Parameter Conditions Min | Typ Max Unit
Vin Input voltage range - 0 - VbvbD33 Vv
Offset voltage
Vv . -3.5 - 3.5 mV
offset (Hysteresis voltage=0)
Hysteresis voltage option =0 0 mV
Hysteresis voltage option = 1 - 13 - mV
Vhyst Y , B2OP ; Vbvop3s = 3.3V,
Hysteresis voltage option = 2 _ 950C - 25 - mV
Hysterefls voltage option = 3 Ve = 1.65V - 37 - mV
Delay time — comparator
i PWM
t response time to 4 250 \ ns
shunt down
(Asynchronous)

5.17 Internal 10-bit DAC characteristics

Table 5-26: DAC characteristics

Symbol Parameter Conditions Min Typ Max Unit
N Resolution Monotonic 10 - - bit
Ves Full scale value - 0 - Vbvbp33 \Y
DNL Differential linearity - -0.5 - 0.5 LSB
INL Integral linearity - -1 - 1 LSB
Eoftset | Offset error - - 5 _ mv
teetwel! | DAC settling time - ; i 1 us
[1] Guaranteed by design.
[2] The DAC is used to generate a static voltage as a threshold for the comparator and does not guarantee the

performance of the waveform produced by dynamically changing the code value.

Figure 5-12: DNL curve

DAC nonlinearity test
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Figure 5-13: INL curve

DAC nonlinearity test
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5.18 DAC buffer characteristics

Table 5-27: DAC buffer characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vout | Output voltage range - 0.3 - Vovpp33-0.4 V

tsettlel] | Settling time - R 1 _ us
Eoftset | Offset error - - 5 B mv
c ! | Capacitor load - - _ 50 oF
R!Y | Resistor load ; 5K } ] Q

[1] Not subject to production test, guanranteed by design.

Figure 5-14: DAC buffer offset over Input voltage
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5.19 D2S buffer characteristics
Table 5-28: D2S buffer characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vout Output voltage range - 0.3 - Vbvpp33-0.3 Vv
tsettle Settling timelll - - 10 - ms
Eoffset Offset error - - 10 - mV
Egain Gain error - - 1 - %
C Capacitor load - - 1 - uF
lon Current consumption - - 1 - mA
[1] Settling time is measured by adding external RC filter, typical value is R=1kQ, C=1uF.
5.20 Pre-Driver characteristics
Table 5-29: Pre-Driver characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
Vveatm, Input supply voltage - 5.5 - 28 \
Vveatcp Extend supply range 28 - 40 Y
VPX=VBAT 6750 | 9 4l] ] Y
Pre-driver high side versus Max driving capability
OUTH-VPX .
floating ground VPX=0
10t | 100 - Vv
Max driving capability
VPXEVBAT | qqm | qom | .|
OUTL-GND Pre-driver low side output, Max driving capability
with respect to Veno VPX=0 101 | 10w i N
Max driving capability
Maxi ted dut
Duax aximum supported duty ) 100 ) %
cycle
Low-side propagation delay, .
toL,miNe < 1nF Capacitor as load - 1150 - ns
min current strength code
High-side propagation
toH,mINC delay, min current strength | 1nF Capacitor as load - 1150 - ns
code
Low-side propagation delay, .
toL,maxc 1nF Capacitor as load - 170 - ns
max current strength code
High-side propagation
toH,mAxC delay, max current strength | 1nF Capacitor as load - 170 - ns
code
At ngh/Low side delay ) ) 30 | 180 | ns
mismatch
tr MmN Rise time, min code 1nF Capacitor as load - 1100 - ns
temine Fall time, min code 1nF Capacitor as load - 900 - ns
tr, maxc Rise time, max code 1nF Capacitor as load - 52 - ns
e maxc Fall time, max code 1nF Capacitor as load - 48 - ns
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Symbol Parameter Conditions Min | Typ | Max | Unit
o Min voltage where
VPXmIN ngh. side return ground high side signal still -10 - - Vv
Minimum
propagates
Vth,ds_mon Threshold for drain vs Threshold option=1 | 0.24 | 0.3 | 0.36 Vv

source voltage monitor

Source current - Charge

current - High Side Driver 227 | 285 | 330 | mA

ISource_Max_HS

Sink current - Discharge

237 | 294 | 345 A
current-High Side Driver Vveatm = Vvsatce = 8V m

Isink_Max_Hs

Source current - Charge maximum strength

current - Low Side Driver 223 286 | 336 mA

ISource_Max_LS

Sink current - Discharge

current-Low Side Driver 238 | 294 | 344 | mA

|Sink_Max_LS

[1] Minimum value when Vygarm = Vvearce = 5.5V. Typical value when Vygarm = Vearce = 12V.

Figure 5-15: Pre-Driver maximum sourcing/sinking current measurement (low side)

[1] C1 channel — Pre-Driver output voltage, C4 channel — Current measured (scaled as 1A/1V, or 100mA/div).
[2] Pre-driver output charging 47nF capacitor.

Figure 5-16: Pre-Driver maximum sourcing/sinking current measurement (high side)

500 Vidiv

-20.00'V ofst|

10.00 V|

[1] C1 channel — Pre-Driver output voltage, C4 channel — Current measured (scaled as 1A/1V, or 100mA/div).
[2] Pre-driver output discharging 47nF capacitor.
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Figure 5-17: Pre-Driver minimum sourcing/sinking current measurement (low side)

[1] C1 channel — Pre-Driver output voltage, C4 channel — Current measured (scaled as 1A/1V, or 10mA/div).
[2] Pre-driver output discharging 10nF capacitor.

Figure 5-18: Pre-Driver minimum sourcing/sinking current measurement (high side)

[1] C1 channel — Pre-Driver output voltage, C4 channel — Current measured (scaled as 1A/1V, or 10mA/div).
[2] Pre-driver output discharging 10nF capacitor.
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Figure 5-19: Pre-Driver toggling at Vyear =40V

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

L : : 1 : H
Yy
F1 (C3-C2 imebase -8 Hs|
10.0 Vidiv) 10.0 Vidiv) 5.00 Widiv 10.0 Vidi 50.0 psidiv] Auto 132V
-30.000 V| -30.00 V ofst] -15.00 V ofst 50.0 ps/di 250MS 50GS/is|Edge MNegativel

LeCroy 1M14/2003 11:26:22 PM

[1] C1 channel—VCP, C2 channel — VPX, C3 channel — high-side gate output (OUT_HS), C4 channel — low-side gate
output (OUT_LS), Function channel — VPX subtracted from high-side gate output (VGS of high-side FET).
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Figure 5-20: Pre-Driver toggling at Vygar=5.5V

File Verical Timebase Trigger Display Cursors MWeasure Math Analysis Utilities Help

. N n b A A e )
.
: I H
F1 {C3-C2 imebase  -2.4 ps|
5.00 Vidiv 5.00 Vidiv 5.00 Vidiv 5.00Vidi 10.0 psidiv] Auto 1055
-15.000V -15.000 V -15.00 V ofst] 10.0 psidi 500 kS 50 G5/s]Edge MNegati

LeCroy 141412003 11:29:02 PW

[1] C1 channel—VCP, C2 channel — VPX, C3 channel — high-side gate output (OUT_HS), C4 channel — low-side gate
output (OUT_LS), Function channel — VPX subtracted from high-side gate output (VGS of high-side FET).

Figure 5-21: Low-side propagation delay measurements (rising edge)

File Vertical Timebase Trigger Display Cursors Measure Maih Analysis Utiiies Help File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiiies Help

o . |

5.00 Vidiv| 5.00 Vidiv| S e 5.00 Vidiv| 5.00 Vidiv] 1.00 Vidiv] 500 nsidiv] Stop 4380V
-15.000 V| -15.000 V| 3 UU_U_VU'S‘ 0Sis| Edg -15.000 V| -15.000 V| -3.000 V ofstf 2.50 kS, 5.0 GS/isjEdge  Positive]
1 -8 mv]y R 223mY| L eamv|, 1eamv]y -220mV| X1= 1480ns AX= 145805
1 QLI i} Ly sz X2=  -14ns 1AX= 6196 MHz t 6.036 V| 64 mv] ¢ 73 mv| X2=  22ns UAX= 6.850 MHZ
Ay 6.195 VIAy -163 mVj Ay 267mV] Ay 6.134 Vi oy -247 mV] Ay 303mV]

LeCroy 11712002 12:45:27 AW LeCroy 111742003 12:52:31 AW

P M—

[1] VBAT=12V. C4 channel - PWM command; C1 channel — low-side gate output.
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Figure 5-22: Low-side propagation delay measurements (falling edge)

File

Vertical Timebase Trigger Displ

ursors  Measure Math Anal

Utilies  Help

Utities  Help

s S N N S

.00 Vidiv]

50.0 ns/div|
2 5.0 G

X2= -60ns TAX= T15MHz

Xe=  -54ns 1AX= 710MHz

1712003 12:52:14 AM

[1] VBAT=12V. C4 channel - PWM command; C1 channel — low-side gate output.

Figure 5-23: High-side propagation delay measurements (rising edge)

File

Vertical Timebase Trigger Display Cur:

Utilities

Help

ikt Sl

lities Help

LeCroy

50

P
e Positive]

1536 ns 154.2ns
600 ps 1iAX= 6.485 MHz

111742003 12:45:52 AM

Tigger
440V
e Positive]

1496 ns

6.684 MHz

111742003 12:51:22 AW

[1] VBAT=12V. C3 channel - PWM command; C2 channel — high-side gate output.

Figure 5-24: High-side propagation delay measurements (falling edge)

File

Veriical Timebase Trigger Display

leasure Math

s Utilies Help

File

Vertical Timebase Trigger Display Cl

Utiities  Help

/1772003 12:46:08 AM

LeCroy

Tiggs GIED)

Xe=  -92ns 1iAX= 6.803 MHz

1172003 1250:53 AW

[1] VBAT=12V. C3 channel — PWM command; C2 channel — high-side gate output.
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Figure 5-25: Demonstration of -10V support for all phases toggling in-phase

Measure Math Analysis Utilities Help

File Vertical Timebase Trigger Display Cursors

Measure F1top(C1) F2:base(C1) F3:1op(C3) F4:base(C3) F5:- F&:
value 481 mv -9.557TV 404 mv -9.645V
status ' ' '
T
-10.000 V] -10.000 V| -10.00 V ofst] 25 MS/s| Edge
LeCroy 3/3/2003 9:31:50 PM

[1] C€1/C2/C3 channel - high-side output for phases U/V/W toggling between -10V and approximately 0.5V; C4
channel - VCP.

Figure 5-26: Pre-Driver system response during VBAT power step (from 17V to 40V)

;] 2
-182.768ms
-6.54583 Hz

K= 351.880ms &M=
K2= 188111 ms 1K=

[1] C1 channel - VPX, C2 channel - VCP, C3 channel - VBAT, C4 channel - DVDD.
[2] All phases are toggling in phase. The power is switched between 17V to 40V with 1.2MV/s slew rate.
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Figure 5-27: Pre-Driver system response during VBAT power step (from 40V to 17V)

LeCroy

C3

SRR IR IHRHBHURERIA

351, m fide 52.768 ms
2= 199111 ms 1/iAx= -B6.54583 Hz

[1] C1 channel - VPX, C2 channel - VCP, C3 channel - VBAT, C4 channel - DVDD.
[2] All phases are toggling in phase. The power is switched between 17V to 40V with 1.2MV/s slew rate.

Figure 5-28: Pre-Driver system response during VBAT/VBATCP power step (from 12V to 24V)

0.0 00
LeCroy B201911:18:10 PM

[1] C€1/2/3 channel — VPX_U/V/W, C4 channel - VBATCP.
[2] All phases are toggling in phase. The power is switched between 12V to 24V with about 1MV/s slew rate.
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Figure 5-29: H-bridge switching (using IRF640N FET’s) when Pre-driver uses max current setting
for each time segment

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help File Vertical Timebase Trigger Display

Cursors Measure Math Analysis Utiities Help

o t\m. “ E /

Vi
1 (0302 rigbass 30073 -- 1 (Cac2 firigbase 30018
5.00 Vi 500 Vid 500 Vidi 5.00 Vidi 100 nsidivf AUt 230V B 500 Vidiy 5.00 Viciv| 5,00 Vi 100 nsianfaco 280
55000V 1500vors] 500 vofrse] 100 nsii 500ks  50Gs/s|Edge  Postivel S5000V]  4500Vorsi] 500 Voffse] 100 nsra 500k 500G56|Edge  Positv
LeCroy 152003 34430 AN LECrOY 1812003 4-15:51 Al

[1] C1-VCP, C2-VPX, C3—0OUT_HS, C4—OUT_LS, F1 — OUT_HS-VPX, i.e. Vgs of high-side FET.

Figure 5-30: H-bridge switching (using IRF640N FET’s) when Pre-driver uses min current setting for
each time segment

File Veriical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help File Verical Timebase Trigger Display Cursors Measure Math Analysis Utiities Help

\ [
/

2
H —
F1 (C3-Co) imebase 0.0 3] F1 (c3C2 imebase -6.00 3
5.00 Vidiy| 5.00 Vidiv| 5.00 Vidiv| 5.00 Vdi 200 ps/div|Auto 640V, 5.00 Viciv| 5.00 Vidiv| 5.00 Vidiv| 5.00Vidi 200psidvfAuto 280V
~15.000 V] -15.000v]  -15.00 v ofs] 2.00 ps/di 100kS 5.0 GSis|Edge  Positive] -15.000v]  -15.00Vofsi]  5.00 Voffsef 2.00 s/ 100kS 5.0 6Sis) Edge _Positivel
LeCroy 115200330028 AM  LeCroy 111512003 4:17:22 AW

[1] C1-VCP, C2-VPX, C3 —0OUT_HS, C4 —OUT_LS, F1 — OUT_HS-VPX, i.e. Vgs of high-side FET.
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5.21 LIN transceiver characteristics
Table 5-30: LIN receiver characteristics
Symbol Parameter Conditions Min Typ | Max Unit
Power supply - 5.5 - 28 \
Vvear
Extend power supply range 28 - 40 Vv
Veus_rec | Receiver recessive state LIN SPEC 2.2 (Par. 18) 0.6 - - Vveat
Veus_pom | Receiver dominant state | LIN SPEC 2.2 (Par. 17) - - 0.4 Vveat
Veus_cnt | Receiver center voltage LIN SPEC 2.2 (Par.19) | 0475 | 0.5 | 0.525 Vveat
Vhys Receiver hysteresis LIN SPEC 2.2 (Par. 20) 0.07 | 0.12 | 0.175 Vveat
Propagation delay
trx_po(y | bus dominant to RxD LIN Spec 2.2 (Par. 31) 0.1 - 6.0 us
Low
Propagation delay
trx_pp(H) | bus recessive to RxD LIN Spec 2.2 (Par. 31) 0.1 - 6.0 us
HIGH
Receiver dela trx_sym = trx_pp(L)- tRx_PD(H
tRx_svm symmetry ! LI_N Spec 2_.2((I)3ar. 52)( ) -2.0 ) 2.0 us
Table 5-31: LIN wake-up characteristics
Symbol Parameter Conditions Min Typ | Max Unit
Power supply - 5.5 - 28 \
Vvear
Extend power supply range 28 - 40 Vv
VTH_wk Wake-up threshold Ty=-40~ 150 °C 0.475 | 0.52 | 0.55 VyBaT
V1 wk_nyst | Wake-up hysteresis T,=-40~ 150 °C 0.04 | 0.07 | 0.10 VyveaT
Wake-up filter time
twi_rr analt! | (internal  analog  filter - - 3.83 - us
delay)
[1] The total dominant time for LIN wake-up is twk_rir_ana plus digital filter time (>100us).
Table 5-32: LIN transmitter characteristics
Symbol Parameter Conditions Min Typ Max | Unit
Power supply - 5.5 - 28 Vv
Vveat
Extend power supply range - 28 - 40 \
Vaus sec_our [mioreooe OUtpLt 55V<Viewr<28V | 08 | - | - | Vvew
voltage
Vaus oom out Bus dominant output 7V £ Vygar £ 28V - - 0.2 | Vvsar
- voltage 5.5V < Vypar< 7V - - 0.223 | Vygat
lgus_Lim Bus short circuit current LIN Spec 2.2 (Par. 12) | 40.0 - 150.0 | mA
Bus short circuit filter
tBus_short_filt . - - 9 - us
time
Leakage current (loss of
lsus_no_cnpt LIN Spec 2.2 (Par. 15) | -1000 | -425.8 | 1000 | uA
ground)
lsus_no BaT | Leakage current LIN Spec 2.2 (Par. 16) - 9.36 23.0 uA
lsus_pas_dom | Leakage current LIN Spec 2.2 (Par. 13) -1.0 | -0.545 - mA
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Symbol Parameter Conditions Min Typ Max | Unit
lsus_pas rec | Leakage current LIN Spec 2.2 (Par. 14) - 6.23 20.0 uA
Rslave Bus pull-up resistance LIN Spec 2.2 (Par. 26) | 20.0 32.3 47.0 kQ
Duty cycle D1 LIN Spec 2.2 (Pafr. 27)
Normal Slope Mode 1K pull-up resistor
D12 1nF load cap or 0.396 - - -
(for worst case at 20 .
kbit/s) 0.5K pull-up resistor
10nF load cap
Duty cycle D2 LIN Spec 2.2 (Pafr. 28)
Normal Slope Mode 1K pull-up resistor
D28 1nF load cap or - - 0.581 -
(for worst case at 20 .
Kkbit/s) 0.5K pull-up resistor
10nF load cap
LIN Spec 2.2 (Par. 29)
Duty cycle D3 1K pull-up resistor
D3l (for worst case at 10.4 1nF load cap or 0.417 - - -
kbit/s) 0.5K pull-up resistor
10nF load cap
LIN Spec 2.2 (Par. 30)
Duty cycle D4 1K pull-up resistor
D4BI (for worst case at 10.4 1nF load cap or - - 0.590 -
kbit/s) 0.5K pull-up resistor
10nF load cap
Duty cycle D5
for worst case at 115 .
D5[LIElE (kbit/s) O.5K1ptlilll—ur()j resistor 0.390 i i i
for +1 us Receiver delay ntload cap
symmetry
Duty cycle D6 (for worst
Dl | caseat 115 kbit/s) 0.5K pull-up resistor i i 0.610 i
for +1 us Receiver delay 1nF load cap
symmetry
Cun_In LIN input capacity - - 15 30.0 pF
Ttimeout TxD dominant time out Vixp=0V - 12.4 - ms
Tj_spt Thermal shutdown temp - 140 160 180 °C
DTl Thermal shutdown i i 10 i oc

hysteresis

[1]
(2]
3]
[4]
[5]
[6]
[7]
[8]

Not subject to production test, guaranteed by design.
THRec(max) = 0.744 xVS; THDom(max) = 0.581 xVS; Vyear = 5.5 ~ 18 V; thit = 50 us; D1 = tbus_rec(min)/2 tbit;
THRec(min) = 0.422 xVS; THDom(min) = 0.284 xVS; Vygar = 5.5 ~ 18 V; tbit = 50 us; D1 = tbus_rec(max)/2 tbit;
THRec(max) = 0.778 xVS; THDom(max) = 0.616 xVS; Vyear = 5.5 ~ 18 V; thit = 96 us; D1 = tbus_rec(min)/2 tbit;
THRec(min) = 0.389 xVS; THDom(min) = 0.251 xVS; Vygar = 5.5 ~ 18 V; thit = 96 us; D1 = tbus_rec(max)/2 tbit;
THRec(max) = 0.744 xVS; THDom(max) = 0.581 xVS; Vyear = 13.5 V; thit = 8.7 us; D1 = tbus_rec(min)/2 tbit;

THRec(min) = 0.422 xVS; THDom(min) = 0.284 xVS; Vyear = 13.5 V; tbit = 8.7 us; D1 = tbus_rec(max)/2 tbit.

D5~D6 bus load condition is 0.5K pull-up resistor and 1nF load cap.
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5.22  SPI characteristics
Table 5-33: SPI characteristics

Symbol Parameter Conditions Min Typ Max Unit

fscik SCLK clock frequency - - - 50 MHz
tscik(n) SCLK clock high time 10 - - ns
Tscik() SCLK clock low time 10 - - ns

SPI master mode
tvimo) Data output valid time - - - 9.5 ns
tH(mo) Data output hold time - 3.9 - - ns
tsu(mi Data input setup time - 6 - - ns
thv) Data input hold time - 2 - - ns
SPI slave mode
tsusrrm) | SFRM enable setup time - 5.6 - - ns
TH(sFRM) SFRM enable hold time - 1.5 - - ns
taso) Data output access time - 4 - 10 ns
tois(so) Data output disable time - 4 - 10 ns
tv(so) Data output valid time - . - 9.5 ns
tH(so) Data output hold time - 3.9 - - ns
Tsu(s) Data input setup time - 6 - - ns
th(s)) Data input hold time - 2 - - ns
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5.23 MON characteristics
Table 5-34: MON characteristics
Symbol Parameter Conditions Min Typ Max Unit
Power supply - 5.5 - 28 Vv
Vvear
Extend power supply range - 28 - 40 Vv
Vit | Wake-up/monitoring - 0.48 | 050 | 053 | Ve
threshold voltage
Vru_nvstl | Threshold hysteresis - 0.04 | 0.065 | 0.08 Vvear
lpy Pull-up current 0.4 * Vypar -20 -10 -1 uA
) Pull-down current 0.6 * Vygar 1 10 20 uA
0V < Vmon < 28V
lik Input leakage current 5.5V < Vygat< -2 - 2 uA
28V
lon Operation current Ty;=-40~ 150 °C - 1.7 4 uA
lofel?! Off current - - 10 300 nA
Wake-up filter time
twi_rir anal®! | (internal  analog  filter - - 3.55 - us
delay)
[1] Without external serial resistor Rs (with Rs: AV = IPD * Rs or AV=IPU*Rs).
[2] Not subject to production test, guaranteed by design.
[3] The minimal time for MON wake-up is twk_rir_ana plus digital filter time (>50us).
5.24 DVDD5 characteristics
Table 5-35: DVDD5 characteristics
Symbol Parameter Conditions Min Typ Max | Unit
Power supply - 5.5 - 28 Vv
Vvsat
Extend power supply range - 28 - 40 Vv
Cioad!! Load capacitor - 2.2 - 4.7 uF
lload Load current @ active mode - - - 80 mA
Vout trim | Trim step @ active mode - - 66.67 - mV
Vout Output voltage @ active mode - - 5 - \"
dv_joad Load regulation @ active mode - - 68 250 mV
e Overcurrent threshold @ active i 31 151 312 A
mode
Vout!?! Output voltage @ stop mode - - 4.45 - v
lioadstop’) | Drive capability (stop mode) \\//BBA:\TT;ig\\// 186 22
[1] Not subject to production test, guaranteed by design.

(2]

Only drive internal loading.
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Figure 5-31: DVDD5 load regulation
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5.25 DVDD33 characteristics
Table 5-36: DVDD33 characteristics
Symbol Parameter Conditions Min Typ Max | Unit
Power supply - 5.5 - 28 \"
Vvsat
Extend power supply range - 28 - 40 Vv
Cioad!™ | Load capacitor - 2.2 - 4.7 uF
load Load current @ active mode - - - 50 mA
Vout trim | Trim step @ active mode 3 - 44 - mV
Vout Output voltage @ active mode - - 33 - Vv
dv ioad | Load regulation @ active mode - - 38.65 66 mV
hreshol i
lo. Overcurrent threshold @ active i 53 100 211 mA
mode
Vout?! | Output voltage @ stop mode - - 2.88 - v
lioad,stop'?) | Drive capability (stop mode) - 257 | 405 | 6.57 | mA
[1] Not subject to production test, guaranteed by design.
[2] Only internal current.
Figure 5-32: DVDD33 load regulation
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5.26 VCAP12 characteristics

Table 5-37: VCAP12 characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Power supply - 5.5 - 28 Vv
Vvsat
Extend power supply range - 28 - 40 Vv
Cioad!™ | Load capacitor - 1 2.2 4.7 uF
lload Load current @ active mode - - - 40 mA
Vout_trim | Trim step @ active mode - - 20 - mV
Vout Output voltage @ active mode - - 1.2 - Vv
dv_joad Load regulation @ active mode - - 14 40 mV
loc Overcurrent threshold @ active i 60 815 107 mA
mode
Vout?l | Output voltage @ stop mode - - 1.025 - \Y;

[1] Not subject to production test, guaranteed by design.
[2] Only internal current.

Figure 5-33: VCAP12 load regulation
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5.27 DVDD5EXT characteristics
Table 5-38: DVDD5EXT characteristics
Symbol Parameter Conditions Min Typ Max | Unit
VyvBaT Power supply - 5.5 - 28 \"
Cioad! | Load capacitor - 1 2.2 4.7 uF
lload Load current @ active mode - - - 40 mA
Vout_trim | Trim step @ active mode - - 66.67 - mV
Vout Output voltage @ active mode - - 5 - Vv
dv_joad Load regulation @ active mode - - 69.7 123 mV
loc Overcurrent threshold @ active i 45 7733 170 A
mode
[1] Not subject to production test, guaranteed by design.
Figure 5-34: DVDD5EXT load regulation
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VDDSEXT current load (mA)
5.28 Flash memory characteristics
The characteristics are given at T, = -40 to 150 °C unless otherwise specified.
Table 5-39: Flash memory characteristics
Symbol Parameter Conditions Min Max Unit
tro Read access time - 35 - ns
trroG Word (64-bit) program time - 8 10 us
tse Sector erase time 3.2 4 ms
tce Chip erase time - 16 20 ms
Nenp Endurance (erase/program cycle) T,=85°C 100000 - cycles
treT Data retention duration T,=85°C 20 - years
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5.29  Electrical sensitivity characteristics

Table 5-40: ESD absolute maximum ratings

Symbol Parameter Conditions Max Unit
LIN Pin 8000 V
. VBAT Pin
v Electrostatic discharge tAenr]anZ:;ture Tas= VBATM Pin 4000 Y
ESOHEM) | \oltage (Human Body Model) o 02 A= | VBATCP Pin
MON Pin
Other Pins 2000 Vv
Electrostatic discharge Ambient - 500 Vv
Vespcom) | voltage (Charge Device temperature Ta = ,
Model) 25 oC Corner Pins 750 \"

Table 5-41: Electrical sensitivities

Symbol Parameter Conditions Max Unit
Ambient temperature Ta =125 °C
Vvear=Vveatm=Vvearcp=40V,

LU Static latch-u 100 mA
P Vbvobs = 5.5V, Vbvopss = 3.63V,
Vvecap12 = 1.32V
5.30 Moisture Sensitivity Level characteristics
Table 5-42: Thermal resistance characteristics (QFN48 package)
Symbol Parameter Conditions Max Unit
MSL Moisture Sensitivity Level - 3 -
5.31 Thermal resistance characteristics
Table 5-43: Thermal resistance characteristics (QFN48 package)
Symbol Parameter Conditions Typ Unit
Bic Junction-to-case thermal resistance - 5.5 °C/W
Pt AL ; 2-layer PCBI
On Jun.ctlon to-ambient thermal 2B Copper content (Top layer = 60%, 34.0 oc/w
resistance Bottom layer = 80%)
[1] The size of PCB test board is 110mm x 110mm x 1.6mm.
Table 5-44: Thermal resistance characteristics (QFN56 package)
Symbol Parameter Conditions Typ Unit
Oic Junction-to-case thermal resistance - 6.6 o°c/w
] ti t bient th | 4-layer PCBY
unction-to-ampilen erma PCB Copper content (Top layer = 20%,
eJA resistance Second/Third layer = 100%, Bottom 28.0 OC/W
layer = 5%)

[1] The size of PCB test board is 76.2mm x 114.3mm x 1.6mm.
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6 Package information

The package type of SPD1179/SPD1176 is 48-pin Wettable Flank QFN or 56-pin QFN. The detail
information is as follows:

6.1 QFN48 (Wettable Flank)

Figure 6-1: QFN48 - 48 pin, 7 x 7 mm wettable flank quad flat no-lead package outline

PIN 1 DOT D Ll —=] |=—
BY MARKING D1
\ 1 o PIN #1 ID
N NOUDTUOUTUTR L tose x 4
o LJ ‘
45 SLP E = ~y
25 I
C/x /mm) J B o
‘ l;l\ —~—A3
2 = 1 0.04-016
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L = - T
T0P VIEW ) oie-gio | |-
SECTION A-A
BOTTOM VIEW (scale 21D
| (% Sh PLATING AREA
N
fJ }
Al SIDE VIEW

[1] Drawing is not to scale.

Table 6-1: QFN48 — 48 pin, 7 x 7 mm wettable flank quad flat no-lead package mechanical data

Symbol Millimeter
Min Typ Max
A 0.80 0.85 0.90
Al 0.00 - 0.05
A3 0.203REF
6.95 700 0
E 6.95 7.00 705
D1 5.15 5.20 5 o5
E1l 5.15 5.20 5 o5
b 0.20 0.25 0.30
L 0.50 0.55 0.60
L1 0.43 0.48 053
© 0.50BSC
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Figure 6-2: QFN48 - 48 pin, 7 x 7 mm wettable flank quad flat no-lead package
recommended footprint
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( Top & top solder) ( Bottom & bottom solder )
[1] Unit: mm

[2] Region A, B, C and D should be covered by solder paste, while region E has no special request.
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6.2 QFN56 (Wettable Flank)

Figure 6-3: QFN56 - 56 pin, 8 x 8 mm wettable flank quad flat no-lead package outline
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[1] Drawing is not to scale.

[2] The package mechanical data may be adjusted in future.

Table 6-2: QFN56 - 56 pin, 8 x 8 mm wettable flank quad flat no-lead package mechanical data

Symbol Millimeter
Min Typ Max
A 0.80 0.85 0.90
Al 0 0.02 0.05
b 0.18 0.25 0.30
c 0.18 0.20 0.25
D 7.90 8.00 310
D2 6.55 6.65 6.75
< 0.50BSC
Ne 6.50BSC
Nd 6.50BSC
E 7.90 8.00 310
E2 6.55 6.65 6.75
L 0.35 0.40 0.45
h 0.30 0.35 0.40
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Figure 6-4: QFN56 - 56 pin, 8 x 8 mm wettable flank quad flat no-lead package recommended

footprint
00000000000000 .
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( Top & top solder) ( Bottom & bottom solder )
[1] Unit: mm
[2] Region A, B, C and D should be covered by solder paste, while region E has no special request.
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7 Ordering information

Table 7-1: Ordering information

Ordering Flash | SRAM Max CPU Pre-Driver | Package Grade SPQY! | Packing
Number Frequency

Automotive

SPD1179DPW48 128KB | 32KB 100MHz 3 Phase QFN48 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179ZDPW48 | 64KB 16KB 100MHz 3 Phase QFN48 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179YDPW48 | 64KB 16KB 100MHz 2 Phase QFN48 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179XDPW48 | 128KB | 32KB 100MHz 2 Phase QFN48 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179DPW56 128KB | 32KB 100MHz 3 Phase QFN56 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179YDPW56 | 64KB 16KB 100MHz 2 Phase QFN56 AEC-Q100 Grade 1 3000 Reel
Automotive

SPD1179XDPW56 | 128KB | 32KB 100MHz 2 Phase QFN56 AEC-Q100 Grade 1 3000 Reel

SPD1176APW48 128KB | 32KB 100MHz 3 Phase QFN48 Industrial 3000 Reel

SPD1176ZAPWA48 | 64KB 16KB 100MHz 3 Phase QFN48 Industrial 3000 Reel

SPD1176APW56 128KB | 32KB 100MHz 3 Phase QFN56 Industrial 3000 Reel

[1] SPQ = Standard Pack Quantity.
7.1 Rule of ordering number
Figure 7-1: Rule of ordering number
S P D117 9 X DPW 4 8
Chip type: Controller + Driver Pin count: 48

Number of CPU core: 1

Platform: ARM® Cortex-M4(F)

Product number

Auto-grade if last digit is 9

Optional code for product

derivative

— |

Package type

W: Wettable flank QFN

I:  Normal QFN

Package material: Plastic

A: -40 ~ 125°C
D: -40 ~ 150°C

Junction temperature
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