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1 PRODUCT OVERVIEW

The PAC55712/13 is a Power Application Controller® (PAC) product that is optimized for high-speed
BLDC motor control. The PAC55712/13 integrates a 150MHz Arm® Cortex®-M4F 32-bit microcontroller
core with Active-Semi’s proprietary and patent-pending Multi-Mode Power Manager™, Configurable
Analog Front-End™ and Application Specific Power Drivers™ to form the most compact microcontroller-
based power and motor control solution available.

The PAC55712/13 microcontroller features 128kB of embedded FLASH and 32kB of SRAM memory, a
2.5MSPS analog-to-digital converter (ADC) with programmable auto-sampling of up to 24 conversion
sequences, 3.3V IO, flexible clock control system, PWM and general-purpose timers and several serial
communications interfaces.

The Multi-Mode Power Manager (MMPM) provides “all-in-one” efficient power management solution for
multiple types of power sources. It features a configurable multi-mode switching supply controller capable
of operating a buck or SEPIC converter and up to four linear regulated voltage supplies. The Application
Specific Power Drivers (ASPD) are power drivers designed for half bridge, H-bridge, 3-phase, intelligent
power module (IPM), and general-purpose driving. The Configurable Analog Front End (CAFE) comprises
differential programmable gain amplifiers, single-ended programmable gain amplifiers, comparators,
digital-to-analog converters, and 1/Os for programmable and inter-connectible signal sampling, feedback
amplification, and sensor monitoring of multiple analog input signals.

2 APPLICATIONS

Power and Garden Tools
Electronic Speed Controllers (ESC)
e-Mobility — scooters, wheelchairs
Ceiling and standing fans
Warehouse and Industrial Robotics
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The PAC55712/13 is available in a 64-pin, 8x8 mm TQFN package. The PAC family includes a range of
part numbers optimized to work with different targeted primary applications.
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KEY FEATURES

Proprietary Multi-Mode Power Manager

o

Multi-mode switching supply controller
configurable for DC/DC Buck or SEPIC
topologies

Direct battery supply from 5V — 20V

4 Linear regulators with power and
hibernate management

Power and temperature monitor,
warning, fault detection

Proprietary Configurable Analog Front-
End

@)

o O O O

10 Analog Front-End 10 pins

3 Differential Programmable Gain
Amplifiers

4 Single-ended Programmable Gain
Amplifiers

Programmable Over-Current Protection
10 Comparators

2 DACs (10-bit and 8-bit)

Integrated BEMF comparator mode with
virtual center-tap

Proprietary Application Specific Power
Drivers

VDS Sensing

Configurable Cycle By Cycle (CBC)
PWM Truncation Engine

3 Low-side and 3 High-Side gate drivers
with 1.2A/1.8A gate driving capacity
Configurable propagation delay and fault
protection

2 modes of Cycle by Cycle PWM
truncation for current regulation
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=  150MHz Arm® Cortex®-M4F 32-bit
Microcontroller Core

o

Single-cycle 32-bit x 32-bit hardware
multiplier

32-bit hardware divider

DSP Instructions and Saturation
Arithmetic Support

o Integrated sleep and deep sleep modes

o Single-precision Floating Point Unit
(FPU)
8-region Memory Protection Unit (MPU)
Nested Vectored Interrupt Controller
(NVIC) with 32 Interrupts with 8 levels of
priority

o 24-Bit SysTick Timer
Wake-up Interrupt Controller (WIC)
allowing power-saving sleep modes

o Clock-gating allowing low-power
operation

o Embedded Trace Macrocell (ETM) for in-
system debugging at real-time without
breakpoints

=  Memory

128kB FLASH
32kB SRAM with ECC
2 x 1kB INFO FLASH area for
manufacturing information

o 1x1kB INFO FLASH area for user
parameter storage and application
configuration or code

o Code Protection
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= Analog to Digital Converter (ADC)

12-bit resolution

2.5MSPS

Programmable Dynamic Triggering and

Sampling Engine (DTSE)

= |/O
@)

@)
@)
O

3.3V Digital Input/Output or Analog Input
for ADC
Configurable weak pull-up and pull-down
Configurable drive strength (6mA to
25mA minimum)
Dedicated Integrated IO power supply
(3.3Vv)
Flexible peripheral MUX allowing each IO
pin to be configured with one of up to 8
peripheral functions
o Flexible Interrupt Controller
* Flexible Clock Control System (CCS)
300MHz PLL from internal 2% oscillator
20MHz Ring Oscillator
o 20MHz External Clock Input
= Timing Generators
Four 16-bit timers with up to 32 PWM/CC
blocks
= 16 Programmable Hardware Dead-
time generators
=  Up to 300MHz input clock for high-
resolution PWM
16-bit Windowed Watchdog Timer
(WWDT)
24-bit Real-time Clock (RTC) with
Calendar and Alarm Functions
24-bit SysTick Timer
2 X 24-bit General-purpose count-down
timers with interrupt
Wake-up timer for sleep modes from
0.125s to 8s

@)
@)

@)
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= Communication Peripherals

o

O O O O

3 X USART
= SPl or UART modes
= SPI Master/Slave, up to 25MHz
= UART, up to 1Mbps
I2C Master/Slave
CAN 2.0A/B Controller
Single Wire Debugger (SWD)/JTAG
Embedded Trace Macrocell (ETM)

= 4-Level User-Configurable Code
Protection

= 96-bit Unique ID

= CRC Engine

@)

Offloads software for communications
and safety protocol through hardware
acceleration

Configurable Polynomial (CRC-16 or
CRC-8)

Configurable Input Data Width, Input and
Output Reflection

Programmable Seed Value
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4 PRODUCT SELECTION SUMMARY

Table 4-1 Product Selection Summary

APPLICATION
POWER CONFIGURABLE
MANAGER ANALOG FRONT END SPE%|||;I|\C/:EPROSWER MICROCONTROLLER
PART | PIN | B | 2 x L x 4| PRIMARY
e L w Ll N — —
NUMBER | PKG |<£ w < = Z > % T ) o APPLICATION
s | S |%|s|2|elx|gl 5| = |2lz|s| & |27
> = L | Q| <| S| 5| o o & Q5|2 o e} E
— L LL o O > I L < < C} O x
= ) = (@) = w i o
Z 2 O < g a @
UART
3L SPI 3 half-bridge
64-pin 10@VSYS 12C 3 phase control
PACSS712 | 8@ | Joo | Y 3| 4 |0 | 2 |15 |ov | G SO |0 |28 | 32 | 3@ve | caN | N
TQFN (LoALER) 30@vccio | swp BEMF Trapezoidal
ITAG or FOC
ETM
UART
3L SPI 3 half-bridge
64-pin 10@VSYS 12C 3 phase control
PACS5713 | 8@ | 207 | Y 1| e |10 | 2 | s [rov | US| SOVE |0 | 128 | 32 | s@ve | can | N
TQFN (1.2A71.8) 30@VCCIO | SWD BEMF Trapezoidal
ITAG or FOC
ETM

Notes: DIFF-PGA = differential programmable gain amplifier; HS = high-side, LS = low-side, PGA = programmable
gain amplifier, VSRC = Bootstrap Voltage Source

5 ORDERING INFORMATION

Table 5-1 Ordering Information

PART NUMBER? HE st PACKAGE PINS PACKING
RANGE
PAC55712-T -40°C to 125°C TQFN88-64 | 64 + Exposed Pad Tape and Reel (3K Units)
PAC55712SR -40°C to 125°C TQFN88-64 | 64 + Exposed Pad Tape and Reel (100 Units)
PAC55713-T -40°C to 125°C TQFN88-64 | 64 + Exposed Pad Tape and Reel (3K Units)
PAC55713SR -40°C to 125°C TQFN88-64 | 64 + Exposed Pad Tape and Reel (100 Units)

1 See Product Selection Summary for product features for each part number
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6 ABSOLUTE MAXIMUM RATINGS

Table 6-1 Absolute Maximum Ratings?

PARAMETER VALUE UNIT

VBUS, VHM, DRM to VSSP -0.3t0 72 \Y,
VP to VSS -0.3t0 20 \Y,
CSM, REGO to VSS -0.3t0 Vp + 0.3 \Y,
VSYS, VCCIO, AIO6 to VSS -0.3to 6 \%
VCC33to VSS -0.3to4.1 \%
VCORE to VSS -0.3t01.44 \%
VCC18 to VSS -0.3t0 2.5 \%
AlO[0..5, 7..9] to VSS -0.310 Vsys + 0.3 Y
PCJ[0..7], PD|0..6], PE[0..7], PF[0..7], PGJ[0..3] to VSS -0.3t0 4.6 \Y,
PCI0..7], PD[0..6], PE[0..7], PF[0..7], PG[0..3] pin injection current 25 mA
PCI0..7], PD[0..6], PE[0..7], PF[0..7], PG[0..3] sum of all pin injection current 50 mA
DRLx to VSSP -0.3to VP +0.3 \Y
DRBXx to VSSP -0.3t0 84 \Y
DRSx to VSSP -6to 72 \Y,
DRSx allowable offset slew rate (dVDRSx/dt) 5 V/ns
DRBx, DRHXx to respective DRSx -0.3t0 20 \%
VSSP, VSSA to VSS -0.3100.3 \Y,
VSS, VSYS, DRLX, DRHx, VSYSSW RMS current® 0.2 Arwms
VSSP RMS current® 0.4 Arus
VP RMS current® 0.6 Arus
Operating temperature range -40 to 125 °C

Human body model (JEDEC) 2 kv
Electrostatic Discharge (ESD)

Charge device model (JEDEC) 1 kv

2 Do not exceed these limits to prevent damage to the device. Exposure to absolute maximum rating
conditions for long periods may affect device reliability.
3 Peak current can be 10 times higher than RMS value for pulses shorter than 10us
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7 ARCHITECTURAL BLOCK DIAGRAM

Figure 7-1 PAC55712 Architectural Block Diagram
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Figure 7-2 PAC55713 Architectural Block Diagram
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8 PIN CONFIGURATION

8.1 PAC55712
Figure 8-1 PAC55712 Pin Configuration (TQFN88-64 Package)

PAC55712/13 Data Sheet
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8.2 PAC55713
Figure 8-2 PAC55713 Pin Configuration (TQFN88-64 Package)
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Figure 8-3 PAC55712 and PAC55713 Function Differences (pin comparison)
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The differences between the PAC55712 and the PAC55713 devices are as detailed below:

1. Differential Amplifier 32 (AIO3 + AlO2) becomes analog input AIO3 and nBRAKE (formerly AlO2)
2. Differential Amplifier 54 (AIO5 + AlO4) becomes analog input AIO5 and nDRVDIS (formerly

AlO4)
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Table 9-1 Multi-Mode Power Manager (MMPM) and System Pin Description

PIN NAME

PIN
NUMBER

TYPE

DESCRIPTION

VCC33

4

Power

Internally generated 3.3V power supply. Connect to a 2.2uF or higher
value ceramic capacitor from Vccss to Vssa.

VSYS

19

Power

5V System power supply. Connect to a 6.8uF (20%) or higher
ceramic capacitor from Vsys to Vss.

REGO

20

Power

System regulator output. Connect to Vsys directly or through an
external power-dissipating resistor.

CSM

21

Power

Switching supply current sense input. Connect to the positive side of
the current sense resistor.

VP

22

Power

Main power supply. Provides power to the power drivers as well as
voltage feedback path for the switching supply. Connect a properly
sized supply bypass capacitor in parallel with a 0.1uF ceramic
capacitor from Vp to Vss for voltage loop stabilization. This pin
requires good capacitive bypassing to Vss, so the ceramic capacitor
must be connected with a shorter than 10mm trace from the pin.

VBUS

38

Power

High Side FET VDS Sensing connection. For RC filter from three
phase inverter VBUS, connect a 1 Ohm series resistor with a 0.01pF
value ceramic capacitor from VBUS to VSSA. See Figure 9-2. VBUS
RC Filter Connections below.

VHM

23

Power

Switching supply controller supply input. Connect a 1uF or higher
value ceramic capacitor, or a 0.1yF ceramic capacitor in parallel with
a 10pF or higher electrolytic capacitor from Vyy to Vssp. This pin
requires good capacitive bypassing to Vssp, SO the ceramic capacitor
must be connected with a shorter than 10mm trace from the pin.

DRM

24

Power

Switching supply driver output. Connect to the base or gate of the
external power NPN or n-channel MOSFET. See User Guide and
application notes.

VSS

25

Power

Ground.

VCC18

57

Power

Internally generated 1.8V power supply. Connect a 2.2uF or higher
value ceramic capacitor from Vccig t0 Vssa.

VCORE

58

Power

Internally generated 1.2V core power supply. Connect a 2.2uF or
higher value ceramic capacitor from Vcogre t0 Vssa.

VCCIO

59

Power

Internally generated digital 1/0 3.3V power supply. Connect a 4.7uF or
higher value ceramic capacitor from Vccio t0 Vssa.

EP (VSS)

EP

Power

Exposed pad. Must be connected to Vss in a star ground
configuration. Connect to a large PCB copper area for power
dissipation heat sinking.
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Table 9-2 Configurable Analog Front End (CAFE) Pin Description

PIN
PIN NAME NUMBER FUNCTION TYPE DESCRIPTION
AIOO 110 Analog front end I/O 0.
AIOO0 9
DAON Analog Differential PGA 0 negative input.
AlO1 110 Analog front end I/O 1.
AlO1 10
DAOP Analog Differential PGA 0 positive input.
PAC55712 (pins 11 through 14)
AlO2 110 Analog front end I/O 2.
AlO2 11 - - —
DAIN Analog Differential PGA 1 negative input.
AlO3 110 Analog front end I/O 3.
AlO3 12 - - —
DA1P Analog Differential PGA 1 positive input.
AlO4 110 Analog front end I/O 4.
AlO4 13
DA2N Analog Differential PGA 2 negative input.
AIO5 110 Analog front end I/O 5.
AIO5 14
DA2P Analog Differential PGA 2 positive input.
PAC55713 (pins 11 through 14)
nBrake 11 nBrake Input Provides braking support. Pull low to enter Braking Mode
AlO3 12 AlO3 1/0 Analog front end I/O 3.
nDRVDIS 13 nDRVDIS Input Disables the tri phase inverter power stage.
AlO5 14 AlO5 1/0 Analog front end I/O 5.
AlO6 110 Analog front end I/O 6.
AMP6 Analog PGA input 6.
AlO6 15 CMP6 Analog Comparator input 6.
BUF6 Analog Buffer output 6.
PBTN Analog Push button input.
AIO7 110 Analog front end I/O 7.
AMP7 Analog PGA input 7.
AlO7 16
CMP7 Analog Comparator input 7.
PHC7 Analog Phase comparator input 7.
AlO8 110 Analog front end I/O 8.
AMP8 Analog PGA input 8.
AIO8 17 .
CMP8 Analog Comparator input 8.
PHC8 Analog Phase comparator input 8.
AlO9 110 Analog front end I/O 9.
AMP9 Analog PGA input 9.
AlO9 18
CMP9 Analog Comparator input 9.
PHC9 Analog Phase comparator input 9.
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Table 9-3 Application Specific Power Drivers (ASPD) Pin Description

PIN NAME NUMBER TYPE DESCRIPTION

DRLO 26 Analog Low-side gate driver 0.

DRL1 27 Analog Low-side gate driver 1.

DRL2 28 Analog Low-side gate driver 2.

DRS3 29 Analog High-side gate driver source 3.
DRH3 30 Analog High-side gate driver 3.

DRB3 31 Analog High-side gate driver bootstrap 3.
DRS4 32 Analog High-side gate driver source 4.
DRH4 33 Analog High-side gate driver 4.

DRB4 34 Analog High-side gate driver bootstrap 4.
DRS5 35 Analog High-side gate driver source 5.
DRH5 36 Analog High-side gate driver 5.

DRB5 37 Analog High-side gate driver bootstrap 5.
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PIN 4
PIN NAME NUMBER FUNCTION TYPE DESCRIPTION

PF2 1 PF2 110 1/0O port PF2.

PF1 2 PF1 110 1/0O port PF1.

PFO 3 PFO 110 1/0O port PFO.

PGO 5 PGO 1’0 I/O port PGO.

PG1 6 PG1 1’0 /O port PGL.

PG2 7 PG2 1’0 /O port PG2.

PG3 8 PG3 1’0 /O port PG3.

PCO 38 PCO I{e] I/0 port PCO.

PC1 39 PC1 I{e] I/O port PC1.

PC2 40 PC2 110 1/O port PC2.

PC3 41 PC3 /0 I/O port PC3.

PC7 42 PC7 110 I/O port PC7.

PC4 43 PC4 110 1/O port PCA4.

PC5 44 PC5 /0 10 port PC5.

PC6 45 PC6 /0 I/O port PC6.

PD6 46 PD6 110 1/O port PD6.

PD5 47 PD5 110 1/O port PD5.

PD4 48 PD4 110 1/O port PDA4.
PD3 110 1/O port PD3.

PD3 49
AD1 Analog Input ADC channel ADC1
PD2 110 1/O port PD2.

PD2 50
AD2 Analog Input ADC channel ADC2
PD1 110 1/O port PD1.

PD1 51
AD3 Analog Input ADC channel ADC3
PDO 110 1/0O port PDO.

PDO 52
AD4 Analog Input ADC channel ADC4

PEO 53 PEO /10 I/O port PEO.

PE1 54 PE1 110 1/O port PE1.

PE2 55 PE2 110 1/O port PE2.

PE3 56 PE3 110 1/O port PE3.
PF7 110 1/O port PF7.

PF7 60
AD7 Analog Input ADC channel ADC7.
PF6 110 1/O port PF6.

PF6 61
AD6 Analog Input ADC channel ADC6.
PF5 110 1/0O port PF5.

PF5 62
AD5 Analog Input ADC channel ADC5.
PF4 110 1/O port PF4.

PF4 63
AD4 Analog Input ADC channel ADCA.

4 For a full description of all of the pin configurations for each digital /O, see the PAC55XX Family User
Guide for the Peripheral MUX.
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| ez | e | PF3 IIo | 10 port PF3. |

Figure 9-1 VBUS RC Filter Connections
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10 MULTI-MODE POWER MANAGER (MMPM)

10.1 Features

®  Multi-mode switching supply controller configurable as buck or SEPIC

®  DC supply up to 70V input

®  Direct DC input of up to 20V with no DC/DC

®  5linear regulators with power and hibernate management, including Vrer for ADC
®  Power and temperature monitor, warning, and fault detection

Figure 10-1 MMPM Block Diagram
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10.2 Functional Description

The Multi-Mode Power Manager (Figure 10-1) is optimized to efficiently provide “all-in-one” power
management required by the PAC and associated application circuitry. It incorporates a dedicated multi-
mode switching supply (MMSS) controller operable as a Buck or SEPIC converter to efficiently convert
power from a DC input source to generate a main supply output Vp. Five linear regulators provide Vccis,
Vsys, Vccio, Veess, and Vceore supplies for MCU FLASH, 5V system, 3.3V I/O, 3.3V mixed signal, and 1.2V
microcontroller core circuitry. The power manager also handles system functions including internal
reference generation, timers, hibernate mode management, and power and temperature monitoring.

10.3 Multi-Mode Switching Supply (MMSS) Controller

The MMSS controller drives an external power transistor for pulse-width modulation switching of an
inductor or transformer for power conversion. The DRM output drives the gate of the N-CH MOSFET or
the base of the NPN between the Vumon state and Vssp off state at proper duty cycle and switching
frequency to ensure that the main supply voltage Vris regulated. The Veregulation voltage is initially set
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to 15V during start up, and can be reconfigured to be 9V or 12V by the microcontroller after initialization.
When Vris lower than the target regulation voltage, the internal feedback control circuitry causes the
inductor current to increase to raise Ve. Conversely, when Vris higher than the regulation voltage, the
feedback loop control causes the inductor current to decrease to lower Ve. The feedback loop is internally
stabilized. The output current capability of the switching supply is determined by the external current
sense resistor. In the high-side current sense (buck mode), the inductor current signal is sensed
differentially between the CSM pin and Ve, and has a peak current limit threshold of 0.26V. In the low-side

current sense SEPIC mode, the inductor current signal is sensed differentially between the CSM pin and
Vssp, and has a peak current limit threshold of 1V

The MMSS controller is flexible and configurable as a buck or SEPIC converter. Input sources include
battery supply for buck mode (Figure 10-2) or SEPIC mode (Figure 10-3). The MMSS controller
operational mode is determined by external configuration and register settings from the microcontroller
after power up. It can operate in either high-side or low-side current sense mode, and does not require
external feedback loop compensation circuitry.

Figure 10-2 Buck Mode
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Figure 10-3 SEPIC Mode
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The MMSS detects and selects between high-side and low-side mode during start up based on the
placement of the current sense resistor and the CSM pin voltage. It employs a safe start up mode with a
11.4kHz switching frequency until Ve exceeds 4.3V under-voltage-lockout threshold, then transitions to
the 45kHz default switching frequency for at least 6ms to bring Ve close to the target voltage, before
enabling the linear regulators. Any extra load should only be applied after the supplies are available and
the microprocessor has initialized. The switching frequency can be reconfigured by the microprocessor to
be 181kHz to 500kHz in the high switching frequency mode for battery-based applications, and to be
45kHz to 125kHz in the low switching frequency mode. Upon initialization, the microcontroller must
reconfigure the MMSS to the desired settings for Ve regulation voltage, switching mode, switching
frequency, and Vum clamp. Refer to the PAC application notes and user guide for MMSS controller design
and programming.

If a stable external 5V to 20V power source is available, it can power the Ve main supply and all the linear
regulators directly without requiring the MMSS controller to operate. In such applications, Vuavcan be
connected directly to Ve and the microcontroller should disable the MMSS upon initialization to reduce
power loss.

Figure 10-4 Direct Battery Supply
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10.4 Linear Regulators

The MMPM includes four linear regulators. The system supply regulator (VSYS) is a medium voltage
regulator that takes the Vp supply and sources up to 200mA at REGO until Vsys, externally coupled to
REGO, reaches 5V. This allows a properly rated external resistor to be connected from REGO to Vsys to
close the loop and offload power dissipation between Vp and Vsys.

Once VSYS is above 4.3V, the four additional linear regulators for VCC18, VCCIO, VCC33, and VCORE
supplies sequentially power up. Figure 10-5 shows typical circuit connections for the linear regulators.
The VCC18 regulator generates a dedicated 1.8V supply for FLASH on the MCU. The VCCIO regulator
generates a dedicated 3.3V supply for 0. The VCC33 and VCORE regulators generate 3.3V and 1.2V,
respectively. When VSYS, VCCIO, VCC33, and VCORE are all above their respective power good
thresholds, and the configurable power on reset duration has expired, the microcontroller is initialized.

Figure 10-5 Linear Regulators
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10.5 Power-up Sequence

The MMPM follows a typical power up sequence as in the Figure 10-6 below. A typical sequence begins
with input power supply being applied, followed by the safe start up and start up durations to bring the
switching supply output Vrto 15V, before the linear regulators are enabled. When all the supplies are
ready, the internal clocks become available, and the microcontroller starts executing from the program
memory. During initialization, the microcontroller can reconfigure the switching supply to a different Ve
regulation voltage such as 9V or 12V and to an appropriate switching frequency and switching mode. The
total loading on the switching supply must be kept below 25% of the maximum output current until after
the reconfiguration of the switching supply is complete.

Figure 10-6 Power-Up Sequence
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10.6 Hibernate Mode

The IC can go into an ultra-low power hibernate mode via the microcontroller firmware (see device’s User
Guide for more information on how to enter hibernate mode). In hibernate mode, only a minimal amount
(typically 13pA) of current is used by Vum, and the MMSS controller and all internal regulators are shut
down to eliminate power drain from the output supplies. The system exits hibernate mode after a wake-up
timer duration (configurable from 125ms to 8s or infinite) has expired or, if push button enabled, after an
additional push button event has been detected. When exiting the hibernate mode, the power manager
goes through the start up cycle and the microcontroller is reinitialized. Only the persistent power manager
status bits (resets and faults) are retained during hibernation.
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10.7 Power and Temperature Monitor

Whenever any of the Vsys, Vccio, Veess, or Veore power supplies falls below their respective power good
threshold voltage, a fault event is detected and the microcontroller is reset. The microcontroller stays in
the reset state until Vsys, Vccio, Vecess, and Veore supply rails are all good again and the reset time has
expired. A microcontroller reset can also be initiated by a non-maskable temperature fault event that
occurs when the IC temperature reaches 170°C. The fault status bits are persistent during reset, and can
be read by the microcontroller upon re-initialization to determine the cause of previous reset.

A power monitoring signal Vmon is provided onto the ADC pre-multiplexer for monitoring various internal
power supplies. Vvon can be set to be Vcore, 0.4+Vccss, 0.4+Vecio, 0.4+Vsys, 0.1eVREGO, 0.1+Vp, or the
internal compensation voltage Vcowp for switching supply power monitoring.

For temperature warning, an IC temperature warning event at 140°C is provided as a maskable interrupt
to the microcontroller. This warning allows the microcontroller to safely power down the system.

In addition to the temperature warning interrupt and fault reset, a temperature monitor signal Vtemp = 1.5
+ 5.04e-3 « (T - 25°C) (V) is provided onto the ADC pre-multiplexer for IC temperature measurement.

10.8 Voltage Reference

The reference block includes a 2.5V high precision reference voltage that provides the 2.5V reference
voltage for the ADC, the DACs, and the 4-level programmable threshold voltage Vturer (0.1V, 0.2V, 0.5V,
and 1.25V).
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Table 10-1 Multi-Mode Switching Supply Controller Electrical Characteristics

(Vum = 24V, Vp = 12V and Ta = -40°C to 125°C unless otherwise specified)

SYMBOL PARAMETER CONDITIONS MIN | TYP ‘ MAX | UNIT
Input Supply (Vim)
lniB:vHm Vuwm hibernate mode supply current | Vuu, hibernate mode 13 26 pA
Isu:vim Vuwm start-up supply current Vim < Vuvior:vim 75 120 HA
lop:vim Vum operating supply current DRM floating 0.3 0.5 mA
Vop:vhm Vum operating voltage range 5 70 Y
VUVLOR:VHM Vum under-voltage lockout rising 7 7.5 8 Y
VUvLoF:vHM Vum under-voltage lockout falling 6 6.5 7 Y,
VeLavpvim Vi clamp voltage ﬁfmp enabled, sink current =100 | 45 9 | 155 | 175 Vv
lcLamp:vim Vuwm clamp sink current limit Clamp enabled 4 mA
Output Supply and Feedback (V)
VRkecvp Ve output regulation voltage E;(;%rirgr?:l;lgotﬁ]zv, 12Vor1sy, -7 -1 5 %
Keok.vp Ve power OK threshold Vp rising, hysteresis = 10% 82 87 92 %
Koveuye Vp over-voltage protection Vp rising, hysteresis = 15%, 136 %
' threshold MMPM Controller enabled
Switching Control
fswmacc:DrRM Switching frequency accuracy -10 10 %
— Switching frequency High-frequency mode, 8 settings 181 500 kHz
' programmable range Low-frequency mode, 8 settings 45 125 kHz
fssu:prRMm Safe start-up switching frequency 11.4 kHz
tONMIN:DRM Minimum on-time 440 ns
hqo(\)/;/i guty-cycle and low-frequency o5 %
tOFFMIN.DRM Minimum off-time :‘_rz\gu%fg;%%geand high- 440 ns
High duty-cycle mode 820 ns
Current Sense (CSM pin)
VpET:csm CSM mode detection threshold Rising, hysteresis = 50mV 0.35 | 0.55 | 0.75 Y,
VhsLim:csm High-side current limit threshold 181kHz, duty = 25%, relativeto Vp | 0.17 | 0.26 | 0.35 Vv
VisLm:csm Low-side current limit threshold 45kHz, duty = 25% 0.7 1 1.48 Vv
tBLANK:CSM Current sense blanking time 200 ns
Verorcsu Low-siqle abnormal current sense Ve <4.3V 0.8 v
' protection threshold Vo> 4.3V 19
Gate Driver Output (DRM pin)
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VoH.prRM High-level output voltage 5% low, relative to VHM Vim —1 Y
VoL.prRM Low-level output voltage 5% lou 0.6 v
lom:pRM High-level output source current Vprm = Viam — 5V -0.3 A
loL:orRM Low-level output sink current Vprm = 5V 0.5 A
tpD:DRM Strong pull-down pulse width High-side current sense mode 240 ns
Table 10-2 Linear Regulators Electrical Characteristics
(Ve =12V and T = -40°C to 125°C unless otherwise specified)
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
Vopvp Vp operating voltage range 4.7 18 \%
Vuvioive Vp under-voltage lockout threshold Vp rising, hysteresis = 0.2V 4 4.3 4.7 \Y
loive Vp quiescent supply current E?\\;\’Si manager only, including 400 750 pA
lgivsys Vsys quiescent supply current ?J/rclﬁllo’ Veess and Veore regulators 350 | 600 pA
Vsys Vsys output voltage Load = 10pA to 200mA 4.8 5 5.18 \Y
Vceio Vceio output voltage Load = 10mA 3.152 | 3.3 | 3.398 Y,
Veess Vccss output voltage Load = 10mA 3.185 | 3.3 | 3.415 Vv
Vcore Vcore OUtput voltage Load = 10mA 1.14 1.2 1.26 \%
lLmvsys Vsys regulator current limit 220 330 mA
lumvecio Vceio regulator current limit 45 80 mA
lLmvecss Vccas regulator current limit 45 80 mA
ILim:veore Vcore regulator current limit 45 80 mA
Kscrs Short-circuit current fold-back 50 %
Vbovsys Vsys dropout voltage Vp =5V, Isys = 100mA 350 680 mV
Vuviowvsys | Vsys under-voltage lockout threshold | Vsys rising, hysteresis = 0.5V 4.1 4.3 4.5 \Y
kpok:vccio | Vecio power OK threshold Vccio rising, hysteresis = 10% 80 86 92 %
Kpok:vecss | Vecss power OK threshold Vccss rising, hysteresis = 10% 80 86 92 %
kpok:vcore | Vcore power OK threshold Vcore rising, hysteresis = 10% 80 86 92 %
trokvecis | Vecis power OK time Cvccis = 1pF 50 ps
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Ta=25°C 2.487 2.5 2.513 \%
Vrer Reference Voltage
Ta =-40°C to 125°C 2.463 2.5 2.537 \%
Vcore 0.92 1 1.02
Power monitoring voltage (Vvon) Vsvs, Veaio, Veoss 0.36 04 043
Kuon coefficient VIV
Ve, Vreco 0.09 0.1 0.11
Vim 0.03 | 0.0333 | 0.038
V1emp Temperature monitor voltage at 25°C | Ta = 25°C, at ADC 1.475 15 1.54 \Y
Kremp Temperature monitor coefficient At ADC 6 mV/K
Twarn Over-temperature warning threshold Hysteresis = 10°C 140 °C
TeauLt Over-temperature fault threshold Hysteresis = 10°C 170 °C
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10.10 Typical Performance Characteristics
(Ve =12V and Ta = 25°C unless otherwise specified)

Buck Mode Efficiency
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11 CONFIGURABLE ANALOG FRONT END (CAFE)

11.1 Block Diagram
Figure 11-1 PAC55712 Configurable Analog Front End
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Figure 11-2 PAC55712 Configurable Analog Front End
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11.2 Functional Description

The device includes a Configurable Analog Front End (CAFE, Figure 11-1) accessible through 10 analog
and 1/0O pins. These pins can be configured to form flexible interconnected circuitry made up of 3
differential programmable gain amplifiers, 4 single-ended programmable gain amplifiers, 4 general
purpose comparators, 3 phase comparators, 10 protection comparators, and one buffer output. These
pins can also be programmed as analog feed-through pins, or as analog front end 1/O pins that can
function as digital inputs or digital open-drain outputs. The PAC proprietary configurable analog signal
matrix (CASM) and configurable digital signal matrix (CDSM) allow real time asynchronous analog and
digital signals to be routed in flexible circuit connections for different applications. A push button function
is provided for optional push button on, hibernate, and off power management function.

11.3 Differential Programmable Gain Amplifier (DA)

The DAXP and DAXN pin pair are positive and negative inputs, respectively, to a differential
programmable gain amplifier. The differential gain can be programmable to be 1x, 2x, 4x, 8%, 16X, 32X,
and 48x for zero ohm signal source impedance. The differential programmable gain amplifier has -0.3V to
2.5V input common mode range, and its output can be configured for routing directly to the ADC pre-
multiplexer, or through a sample-and-hold circuit synchronized with the ADC auto-sampling mechanism.
Each differential amplifier is accompanied by offset calibration circuitry, and two protection comparators
for protection event monitoring. The programmable gain differential amplifier is optimized for use with
signal source impedance lower than 500Q and with matched source impedance on both positive and
negative inputs for minimal offset. The effective gain is scaled by 13.5k / (13.5k + Rsourcke), where
Rsource is the matched source impedance of each input.

Alternatively, and for applications employing the single shunt current sensing topology, differential
Amplifiers DA32 and DA54 can be configured as single-ended programmable gain amplifiers BUF3 and
BUF5. In this case, AlO3 feeds into BUF3 and AIOS5 feeds into BUF5, whereas AlO2 and AlO4 can be
utilized as conventional GPIO inputs or open drain outputs.

NOTE PAC55712 contains three differential amplifiers while PAC55713 contains one differential amplifier.

11.4 Single-Ended Programmable Gain Amplifier (AMP)

Each AMPXx input goes to a single-ended programmable gain amplifier with signal relative to Vssa. The
amplifier gain can be programmed to be 1x, 2x, 4x, 8%, 16x, 32X, and 48x, or as analog feed-through. The
programmable gain amplifier output is routed via a multiplexer to the configurable analog signal matrix
CASM.
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11.5 General Purpose Comparator (CMP)

The general purpose comparator takes the CMPx input and compares it to either the programmable
threshold voltage (Vtrrer) or a signal from the configurable analog signal matrix CASM. The comparator
has 0V to Vsys input common mode range, and its polarity-selectable output is routed via a multiplexer to
either a data input bit or the configurable digital signal matrix CDSM. Each general purpose comparator
has two mask bits to prevent or allow rising or falling edge of its output to trigger second microcontroller
interrupt INT2, where INT2 can be configured to active protection event PR1.

11.6 Phase Comparator (PHC)

The phase comparator takes the PHCx input and compares it to either the programmable threshold
voltage (VTHREF) or a signal from the configurable analog signal matrix CASM.

The comparison signal can be set to a phase reference signal generated by averaging the PHCx input
voltages. In a three-phase motor control application, the phase reference signal acts as a virtual center
tap for BEMF detection. The PHCx inputs are optionally fed through to the CASM. The PHC inputs can be
compared to the virtual center-tap, or phase to phase for the most efficient BEMF zero-cross detection.
The phase comparators have configurable asymmetric hysteresis.

The phase comparator has 0V to Vsys input common mode range, and its polarity-selectable output is
routed to a data input bit and to the phase/position multiplexer synchronized with the auto-sampling
sequencers.

11.7 Protection Comparator (PCMP)

Two protection comparators are provided in association with each differential programmable gain
amplifier, with outputs available to trigger protection events and accessible as read-back output bits. The
high-speed protection (HP) comparator compares the PCMPXx pin to the 8-bit HP DAC output voltage,
with full scale voltage of 2.5V. The limit protection (LP) comparator compares the differential
programmable gain amplifier output to the 10-bit LP DAC output voltage, with full scale voltage of 2.5V.

Each protection comparator has a mask bit to prevent or allow it to trigger the main microcontroller
interrupt INT1. Each protection comparator also has one mask bit to prevent or allow it to activate
protection event PR1, and another mask bit to prevent or allow it to activate protection event PR2. These
two protection events can be used directly by protection circuitry in the Application Specific Power Drivers
(ASPD) to protect devices being driven.

11.8 Analog Output Buffer (BUF)

A subset of the signals from the configurable analog signal matrix CASM can be multiplexed
to the BUF6 pin for external use. The buffer offset voltage can be minimized with the built-in swap
function.
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11.9 Analog Front End I/O (AIO)

Up to 10 AIOx pins are available in the device, depending on the product®. In the analog front end 1/O
mode, the pin can be configured to be a digital input or digital open-drain output. The AlOx input or output
signal can be set to a data input or output register bit, or multiplexed to one of the signals in the
configurable digital signal matrix CDSM. The signal can be set to active high (default) or active low, with
Vsvs supply rail. Where AlOe,7,8.9 supports microcontroller interrupt for external signals. Each has two
mask bits to prevent or allow rising or falling edge of its corresponding digital input to trigger second
microcontroller interrupt INT2.

11.10 Push Button (PBTN)

The push button PBTN, when enabled, can be used by the MCU to detect a user active-low push button
event. When the system is in hibernate mode, PBTN can be used to wake up the system.

In addition, PBTN can also be used as a hardware reset for the microcontroller when it is held low for
longer than 8s during normal operation. The PBTN input is active low and has a 55kQ pull-up resistor to
3V.

11.11 HP DAC and LP DAC

The 8-bit HP DAC can be used as the comparison voltage for the high-speed protection (HP)
comparators, or routed for general purpose use via the AB2 signal in the CASM. The HP DAC output full
scale voltage is 2.5V.

The 10-bit LP DAC can be used as the comparison voltage for the limit protection (LP) comparators, or
routed for general purpose use via the AB3 signal in the CASM. The LP DAC output full scale voltage is
2.5V.

11.12 ADC Pre-Multiplexer

The ADC pre-multiplexer is a 16-to-1 multiplexer that selects between the 3 differential programmable
gain amplifier outputs, AB1 through AB9, temperature monitor signal (Vtemp), power monitor signal
(Vmon), and offset calibration reference (Vrer / 2). The ADC pre-multiplexer can be directly controlled or
automatically scanned by the auto-sampling sequencer.

When the ADC pre-multiplexer is automatically scanned, the unbuffered or sensitive signals should be
masked by setting appropriate register bits.

5 See the pin configuration and description for specific information on which pins are available in this
product.
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11.13 Configurable Analog Signal Matrix (CASM)

The CASM has 12 general purpose analog signals labeled AB1 through AB12 that can be
used for:

®  Routing the single-ended programmable gain amplifier or analog feed-through output to AB1
through AB9

®  Routing an analog signal via AB1, AB2, or AB3 to the negative input of a general purpose
comparator or phase comparator

®  Routing the 8-bit HP DAC output to AB2
®  Routing the 10-bit LP DAC output to AB3
®  Routing analog signals via AB1 through AB12 to the ADC pre-multiplexer

®  Routing phase comparator feed-through signals to AB7, AB8, and AB9, and averaged voltage to
AB1

11.14 Configurable Digital Signal Matrix (CDSM)

The CDSM has 7 general purpose bi-directional digital signals labeled DB1 through DB7 that can be used
for:

®  Routing the AIOx input to or output signals from DB1 through DB7
®  Routing the general-purpose comparator output signals to DB1 through DB7

11.15 Dual Single Ended Programmable Gain Amplifiers (BUFx — Special Mode)

PAC55712, when compared to the PAC5524, introduces a special mode in which differential amplifiers
DA32 and DA54 can be repurposed as single ended amplifiers called BUF3 and BUF5, while AIO2 and
AlO4 maintain their GPIO functionality. Each BUFx input goes to a programmable gain amplifier with signal
relative to Vssa. The buffer output is routed via a multiplexer to the configurable analog signal matrix CASM.

11.16 Dual Single Ended Programmable Gain Amplifiers (BUF - PAC55713 only)

PAC55713 contains two single ended programmable gain amplifiers called BUF3 and BUF5. Each BUFx
input goes to a programmable gain amplifier with signal relative to Vssa. The buffer output is routed via a
multiplexer to the configurable analog signal matrix CASM.
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11.17 Electrical Characteristics

Table 11-1 Differential Programmable Gain Amplifier (DA) Electrical Characteristics

(Vsvs = 5V, Vceio = 3.3V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX UNIT
lccoa Operating supply current Each enabled amplifier 150 300 pA
Vicmr:0A Input common mode range -0.3 2.5 \%
VoLrDA Output linear range 0.1 Y%Yi \%
Vshr:pA Sample and hold range 0.1 3.5 Vv
Vospa Input offset voltage Ga_ln =048X’ Vore=Voan=0V, -8 8 mvV
Ta=25°C
Gain = 1x 1
Gain = 2x 2
Gain = 4x 4
A Differential amplifier gain Gain = 8x, Voaxe=Vpan=0V, Ta = 2 8 2 %
VZIDA (zero ohm source impedance) 25°C
Gain = 16x 16
Gain = 32x 32
Gain = 48x 48
kemrroa | Common mode rejection ratio Ssaol?:: 8%, Vore=Vor=0V, Ta = 55 dB
RinpiF:DA Differential input impedance 27 kQ
Slew rate® Gain = 8x 7 10 Vlps
tsT.pA Settling time® To 1% of final value 200 400 ns

Table 11-2 Single Ended Programmable Gain Amplifier (BUFx) Electrical Characteristics (PAC55713 Special
Mode or standard PAC55713)

(Vsys = Vccio = 5V, Veess = 3.3V, and Ta = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
lccisur Operating supply current No load 150 300 LA

VicMr:BUF Input common mode range 0 25 \%

VoLr:avP Output linear range 0.1 Vsys-0.1 \%
Vos:suF Offset voltage Veur = 2.5V, Ta = 25°C -10 10 mV
lin:amp Input current 0 1 A
tstamp Settling time @ To 1% of final value 150 300 ns

6 Guaranteed by design
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Table 11-3 Single-Ended Programmable Gain Amplifier (AMP) Electrical Characteristics

(Vsys =5V, Vceio = 3.3V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN [ TYP | MAX UNIT
lcc.amp Operating supply current Each enabled amplifier 80 140 pA
VicMRr:pA Input common mode range 0 Vsvs \%
VoLr:bA Output linear range 0.1 Véff’ \%
Vos.amp Input offset voltage Gain = 1x, Ta=25°C, Vawpx=2.5V -10 10 mv
Gain = 1x 1
Gain = 2x 2
Gain = 4x 4
Av.amp Amplifier gain Gain = 8x, Vawpx=125mV, T = 25°C -2 2 %
Gain = 16x 16
Gain = 32x 32
Gain = 48x 48
lin.avp Input current 0 1 pA
Slew rate® Gain = 8x 8 12 Vius
tsT.amp Settling time® To 1% of final value 150 300 ns

Table 11-4 General Purpose Comparator (CMP) Electrical Characteristics

(Vsvs = 5V, Vcess = 3.3V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNIT
lcciomp Operating supply current Each enabled amplifier 35 110 pA
Vicmr:cvp Input common mode range 0 Vsvs \%
Vos.cmp Input offset voltage VCMPx=2.5V, TA=25C -10 10 mV
Vhvs:cmp Hysteresis 23 mV
lin:cmp Input current 0 1 pA
toeL.cmp Comparator delay® 100 ns

Data Sheet v1.0, 2024-06-11
Subject to change without notice 40 of 101 Www.gorvo.com


http://www.qorvo.com/

Q 0 r\\[o PAC55712/13 Data Sheet

Power Application Controller®
Table 11-5 Phase Comparator (PHC) Electrical Characteristics

(Vsys =5V, Vceas = 3.3V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNIT
lecpre Operating supply current Each enabled amplifier 35 110 pA

ViemrpHC Input common mode range 0 Vsvs \%
Vos:pHe Input offset voltage Vecempsx=2.5V, Ta=25°C -10 10 mV
Vhys:prec Hysteresis 23 mV
lin:pHC Input current 0 1 pA
toELPHC Comparator delay® 100 ns

Table 11-6 Protection Comparator (PCMP) Electrical Characteristics

(Vsys = 5V, Vcess = 3.3V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
lcc.pemp Operating supply current Each enabled comparator 35 100 pA
Vicmrpcmp Input common mode range 0.3 Vsys-1 \%
Vos.pcmp Input offset voltage Vempx=2.5V, Ta=25°C -10 10 mV
Vhvs:pevp Hysteresis 20 mV
lin:pemp Input current 0 1 HA
toeL:pcmp Comparator delay® 100 ns

Table 11-7 Analog Output Buffer (BUF) Electrical Characteristics

(Vsys =5V, Vceio = 3.3V, and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNIT
lcc:sur Operating supply current No load 35 100 A
VicMRr:BUF Input common mode range 0 3.5 \%
VoLr:avP Output linear range 0.1 35 \%
Vos:BUr Offset voltage Veur = 2.5V, Ta = 25°C -18 18 mV
lomax Maximum output current C.=0.1nF 0.8 1.3 mA
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(Vsys =5V, Vceio = 3.3V, and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN | TYP MAX UNIT
Vaio Pin voltage range 0 5 \%
Va0 High-level input voltage 2.2 \%
ViLaio Low-level input voltage 0.8 \%
Rep:ai0 Pull-down resistance Input mode 0.5 1 1.8 MQ
VoLaio Low-level output voltage Z\E)Oé;gm} output mode 0.4 \%
loLaio Low-level output sink current \r;%?jxe: 0.4V, open-drain output 6 14 mA
ILk:a10 High-level output leakage current Vaiox = 5V, open-drain output mode 0 10 HA
Table 11-9 Push Button (PBTN) Electrical Characteristics
(Vsys = 5V, Vccio = 3.3V, and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNIT
VipeTn Input voltage range 0 5 \%
VTN High-level input voltage 2 \Y
ViLpeTN Low-level input voltage 0.35 \%
Reu.peTn Pull-up resistance To 3V, push-button input mode 30 50 70 kQ

Table 11-10 HP DAC and LP DAC Electrical Characteristics
(Vsvs = 5V, Vceio = 3.3V, and Ta = -40°C to 125°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
TA =25°C 2.48 2.5 2.52
VDACREF | DAC reference voltage \%
TA =-40°C to 125°C 2453 25 2.547
HP 8-bit DAC INL’ -1 1 LSB
HP 8-bit DAC DNL’ -0.5 0.5 LSB
LP 10-bit DAC INL’ -2 2 LSB
LP 10-bit DAC DNL" -1 1 LSB

7 Guaranteed by design and characterization
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11.18 Typical Performance Characteristics

Figure 11-3 PGA Typical Performance Characteristics

(Vsys = 5V and Ta = 25°C unless otherwise specified)
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12 APPLICATION SPECIFIC POWER DRIVERS
(ASPD)

12.1 Features

e 3 low-side and 3 high-side gate drivers

o 1.8A/1.2A Sink/Source gate driving capability

e Configurable delays and fast fault protection

e VDS Sensing for Over Current and Cycle By Cycle protection

12.2 Block Diagram
Figure 12-1 PAC55712 Application Specific Power Drivers

VBUS
DRBx
DRHXx

DRSx

FAULT
PROTECT

DRLx
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Figure 12-2 PAC55713 Application Specific Power Drivers

VBUS
DRBx
DRHx
DRSx
DRLx
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12.3 Functional Description

The Application Specific Power Drivers (ASPD, Figure 12-1) module handles power driving for power and
motor control applications. The ASPD contains three low-side gate drivers (DRLXx), three high-side gate
drivers (DRHXx). Each gate driver can drive an external MOSFET or IGBT switch in response to high-

speed control signals from the microcontroller ports, and a pair of high-side and low-side gate drivers can
form a half-bridge driver.

Figure 12-3 below shows typical gate driver connections and Table 12-1 shows the ASPD available
resources. The ASPD gate drivers support up to a 70V supply.

Figure 12-3 Typical Gate Driver Connections

PAC557 12/13 VBUS __lr_ Wy VIN
DRBX |— =
DRHx ) o

DRSx + ©
#—( ™
DRLx / K

7

Table 12-1 Power Driver Resources by Part Numbers

PART LOW-SIDE GATE DRIVER HIGH-SIDE GATE DRIVER
NUMBER SOURCE/SINK
DRLx CURRENT DRHXx MAX SUPPLY SOURCE/SINK CURRENT
PAC55712/13 3 1.2A/1.8A 3 70V 1.2A/1.8A

The ASPD includes built-in configurable fault protection for the internal gate drivers.

12.4 Low-Side Gate Driver

The DRLXx low-side gate driver drives the gate of an external MOSFET or IGBT switch between the low-
level VSSP power ground rail and high-level VP supply rail. The DRLx output pin has sink and source
output current capability of 1.8A and 1.2A respectively. Each low-side gate driver is controlled by a
microcontroller port signal with 4 configurable levels of propagation delay.

12.5 High-Side Gate Driver

The DRHx high-side gate driver drives the gate of an external MOSFET or IGBT switch between its low-
level DRSx driver source rail and its high-level DRBx bootstrap rail. The DRSx pin can go up to 70V
steady state. The DRHx output pin has sink and source output current capability of 1.8A and 1.2A
respectively. The DRBx bootstrap pin can have a maximum operating voltage of 16V relative to the DRSx
pin, and up to 82V steady state. The DRSx pin is designed to tolerate momentary switching negative
spikes down to -5V without affecting the DRHx output state. Each high-side gate driver is controlled by a
microcontroller port signal with 4 configurable levels of propagation delay.
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For bootstrapped high-side operation, connect an appropriate capacitor between DRBx and DRSx and a
properly rated bootstrap diode from Ve to DRBx. To operate the DRHx output as a low-side gate driver,
connect its DRBx pin to Vp and its DRSx pin to Vssp.

12.6 High-Side Switching Transients

Typical high-side switching transients are shown in Figure 12-4(a). To ensure functionality and reliability,
the DRSx and DRBXx pins must not exceed the peak and undershoot limit values shown. This should be
verified by probing the DRBx and DRSx pins directly relative to VSS pin. A small resistor and diode clamp
for the DRSx pin can be used to make sure that the pin voltage stays within the negative limit value. In
addition, the high-side slew rate dV/dt must be kept within £5V/ns for DRSx. This can be achieved by
adding a resistor-diode pair in series, and an optional capacitor in parallel with the power switch gate. The
parallel capacitor also provides a low impedance and close gate shunt against coupling from the switch
drain. These optional protection and slew rate controls are shown in Figure 12-4(b).

Figure 12-4 High-Side Switching Transients and Optional Circuitry

) < BN immes
Dxee =

DRBx

PAC55712/13

DRHx

DRSx

DRLx

(a) High-Side Switching Transients (b) Optional Transient Protection and Slew Rate Control

12.7 Power Drivers Control

All power drivers are initially disabled from power-on-reset. To enable the power drivers, the
microprocessor must first set the driver enable bit to '1'. The gate drivers are controlled by the
microcontroller ports and/or PWM signals as shown in SOC CONTROL SIGNALS.

The drivers have configurable delays as shown in Table 12-2 Power Driver Delay Configuration. Refer to
the PAC application notes and user guide for additional information on power drivers control
programming.

Table 12-2 Power Driver Delay Configuration

DELAY
SETTING DRLXx DRHx
00b ons
(default)
01b 50ns
10b 100ns
11b 200ns
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12.8 Gate Driver Fault Protection

The ASPD incorporates a configurable fault protection mechanism using protection signal from the
Configurable Analog Front End (CAFE), designated as protection event 1 (PR1) signal. The
DRLO/DRL1/DRL2 drivers are designated as low-side group 1. The DRH3/DRH4/DRH5 gate drivers are
designated as high-side group 1. The PR1 signal from the CAFE can be used to disable low-side group 1,
high-side group 1, or both depending on the PR1 mask bit settings.

12.9 VDS Sensing Protection

The ASPD adds a parallel protection mode which operates by sampling the external power switch’s Drain
To Source Resistance (RDSON). The VDS sensing block continuously monitors the FET’s or IGBT’s drain
to source voltage, and compares it against one of the eight selectable internal reference voltages, or trip
levels. When the external switch’s voltage exceed the trip level voltage, a VDS Sensing event is issued.
VDS Sense triggers can be used to generate interrupts or disable the tri phase inverter throughout a cycle
by cycle mechanism.

VBUS
DRBx
+
DRHx |
————— | ¢ VDS_H
DRSx -
FAULT
PROTECT
+
DRLx |
- | ¢ VDS_L
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12.10 Cycle By Cycle Regulation

The LPDAC and HPDAC comparators can be used to regulate current by setting the trip level at the
amplified current sense voltage at which the tri phase inverter is to be disabled. The tri phase inverter is
disabled on a cycle by cycle basis (CBC) as soon as any of the Half H Bridge with enabled CBC, are
triggered. The H Bridge leg will remain in disabled mode until a new PWM edge is detected in any of the
three Half H Bridge legs. Two modes of operation are provided: Disable All FETs and Recirculate
Through Low Side FETSs.

12.10.1 Cycle By Cycle Operation Modes

CBC operation can occur in one of two modes: Linked Mode and Independent Mode. In Linked mode, a
CBC event in any of the three Half H Bridges will result in the entire tri phase inverter being disable for the
remainder of the PWM cycle. Any High Side PWM rising edge will re enable the three phase inverter. In
Independent Mode, only the Half H Bridge experiencing a CBC event is disabled for the remainder of the
PWM cycle. Next rising on edge on the respective Half H Bridge PWM input will commence a new cycle.

Linked Mode

Normal Cycle . CBC Cycle . Restart Cycle .

" . . o

. —.-CBC Reengaged

oy L L

DRLV I A . 11 [
DRHW 1 — B f
DRLW L I I e F

—rt

CBC

All OFF
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Independent Mode

Normal Cycle . CBC Cycle . Restart Cycle .

e . . »

. —.-CBC Reengaged

PWMU_H . - :
PWMULL Tl 1 o
R e e T e B
PWMV L Tl T L L
PWMW_H & - Ca L :
PWMW_L

.CBC Triggered

DRHU I 1 T :
DRLU L 3 S —

DRHV L L il
DRV T L L oL

DRHW
DRLW

1 : L. @ 1
L : L L

CBC
OFF
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12.10.2 Cycle By Cycle Styles

When a CBC event is registered, current recirculation can happen in one of two ways:

1. All outputs off (asynchronous fast rectification). In this CBC style, the corresponding output is
disabled with both the high side and low side FETs being driven OFF. Current recirculates
through the body diode. This mode applied to both Linked and Independent Mode.

2. All outputs low (synchronous slow rectification). In this CBC style, the corresponding output is
driven low by disabling the high side FET and enabling the low side FET. Current recirculates
through all enabled low side FETs. This mode applied to both Linked and Independent Mode.

Linked Mode

. Normal Cycle B CBC Cycle : Restart Cycle :

i i - . —.CBC Reengaged
PWMU_H I L RN I
PWMU_L N i S
PWMV_H ._3l___l_._|—|_._|_—|_.
PWMV_L ]
PWMW_H . - -
PAWMW_L . 30 _+__.CBCTriggered .
DRHU I g SR g
PRI T L

DRHV 1 ¢ 51 ‘1 :

DRLV I - i .
DRHW — —— S
DRLW L1 I o I e H

—t

CBC

All OFF

All FETs are disabled during CBC event
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Linked Mode

Normal Cycle . CBC Cycle . Restart Cycle .

. . . ~,-CBC Reengaged
PWMU_H T ) I___I ]

*

PWMU_L | T | N
PWMV_H _ 1 1. @ 1 L . 1.
PWMV L T L T
PWMW H . . R o s
PWMW_L o

. 00t \CBC Triggered
DRHU T~ g B I Pl
DRLU L | L il
DRHV 1 1 & ‘1
DRLV A IS e e SO P B
DRHW [ | |
DRLW ! LI f LI LI

CBC
All LOW

High side FETs are disabled and low side FETs are enabled
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12.11 Drive Disable (nDRVDIS - PAC55713 only)

The nDRVDIS signal provides access to externally driven tri phase inverter power stage disable. This
feature has been put in place to allow a secondary and redundant external control unit, to determine when
the system is to be allowed to function, while following safety guidelines. Pulling the nDRVDIS line low
disables the pre drive power stage. nDRVDIS is also employed to exit Brake Mode. The gate drivers cannot
be enabled/disabled in FW.

When an nDRVDIS transition to low assertion is registered, the three phase inverters are immediately
disabled. An interrupt at nNIRQ1 can be generated if enabled. (For more information refer to the PROTINTEN
and PROTSTAT registers detailed within the PAC55712/13 Users Guide document)

12.12 Brake (hBRAKE - PAC55713 only)

The nBRAKE signal provides access to externally driven tri phase inverter braking operation. This function
has been put in place to allow a secondary and redundant external controller unit, to determine when the
system must supply a braking force into the motor drive, to safely stop a motor. Pulling the nBRAKE line
low enters Brake Mode. Once in brake mode, the tri phase inverter disables all high side gate drive outputs
and only allows low side gate driving. A low level at the nBRAKE input signals that all low side gate drivers
must enable their corresponding FETs (slow decay synchronous rectification across the low side FETS).

Every time the nBRAKE signal becomes asserted low, the system can generate an nIRQ1 interrupt, if
enabled. (For more information refer to the PROTINTEN and PROTSTAT registers detailed within the
PAC55712/13 Users Guide document)

12.13 nDRVDIS, nBRAKE - Hibernate Mode ( PAC55713 only)

On PAC55713 it is not possible to enter Hibernate mode in firmware, by writing to the HIB bit as with the
PAC55712 and other PAC55xx devices. This feature has been put in place to ensure the braking
mechanism is preserved under all circumstances. Hibernate mode is still available, but in order to enter this
mode, a special hardware based sequence has been introduced. In order to enter hibernate mode, both
the nDRVDIS and nBRAKE signal must be pulled low for the blanking period. Once this time is met, the
device enters hibernate mode with the AlO6 push button feature enabled. Alternatively, the firmware can
enable the Wake Up Timer to have periodic wake up events.
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Figure 12-5 Entering/exiting Brake Mode

Enter Braking Mode

Exit Braking Mode

Figure 12-6 External Power Stage Disablement

Inverter is Disabled
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Figure 12-7 Braking Force With PWM Action

As per PWM

Figure 12-8 Entering Hibernate Mode (PAC55713 only)

Enter Hibernate

Hibernate MODE — No Braking
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12.14 Electrical Characteristics

Table 12-3 Gate Driver Electrical Characteristics

(Ve =12V, Vsys = 5V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER ‘ CONDITIONS | MIN | TYP | MAX UNIT
Low-Side Gate Drivers (DRLx pins)
VoH:pRL High-level output voltage Iorix = -50mMA Vp-0.3 \%
VoL.porL Low-level output voltage Iorix = 50mMA 0.2 \%
High-level pulsed peak source )
lomPK;DRL current 10us pulse 1.2 A
Low-level pulsed peak sink
loLpk;DRL current 10us pulse 1.8 A
High-Side Gate Drivers (DRHx, DRBx and DRSx pins)
Repetitve, 10us pulse -5 71 \%
Level-shift driver source voltage P Hsp
Vbrs ran
ge
Steady state 0 70 \%
Repetitive, 10us pulse 3 83 \%
Vbrs Bootstrap pin voltage range
Steady state 5.2 82 \%
Vas:ore Bootstrap supply voltage range xDRBx' relative to respective 5.2 16 \%
DRSx
Vprex rising, relative to
Vyvio:pre Bootstrap UVLO threshold respective Vprsy, hysteresis = 35 4.6 \%
0.5V
Gate Driver Disabled 27 50
Iss:oRB Bootstrap circuit supply current pA
Gate Driver Enabled 38 60
Gate Driver Disabled 0.5 10
los;prB Offset supply current WA
Gate Driver Enabled 0.5 10
: _ Vbrex-
VoH:DRH High-Level output voltage Iprix = -50MA 03 \%
VoL:pRH Low-level output voltage Iprix = 50MA Vprsx+0.2 V;
High-level pulsed peak source
lorpK;DRH current 10us pulse 1.2 A
Low-level pulsed peak sink
loLpi;oRL current P P 10us pulse 1.8 A
High-Side and Low-Side Gate Driver Propagation Delay
Delay setting 00b 0 ns
Delay setting 01b 50 ns
tep Propagation Delay
Delay setting 10b 100 ns
Delay setting 11b 200 ns
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Table 12-4 VDS Comparator Electrical Characteristics
(Vsys = Vecio = 5V, Veess = 3.3V, and Ta = -40°C to 105°C unless otherwise specified.)

‘ SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT ‘
VoFrseT Input Offset Voltage Ta=25C -10 0 10 mV
‘ TrEsP Response Time +/- 100 mV 100 nS ’
CMRR Common Mode Rejection Ratio 70 dB
PSRR Power Supply Rejection Ratio 75 dB
VDSBLNK = 0x00 250 ns
VDSBLNK = 0x01 500 nS
VDSBLNK = 0x02 750 nS
VDSBLNK = 0x03 1000 ns
VDSBLNK = 0x04 1250 nS
VDSBLNK = 0x05 1500 nS
VDSBLNK = 0x06 1750 nS
VDSBLNK = 0x07 2000 nS

Vps sink | VDS Blanking Time
VDSBLNK = 0x08 2250 ns
VDSBLNK = 0x09 2500 ns
VDSBLNK = Ox0A 2750 nsS
VDSBLNK = 0x0B 3000 ns
VDSBLNK = 0x0C 3250 nS
VDSBLNK = 0x0D 3500 nS
VDSBLNK = 0x0E 3750 nS
VDSBLNK = 0x0F 4000 nS
VDSTTL = 0x00 64 80 96 mV
VDSTTL = 0x01 96 120 144 mV
VDSTTL = 0x02 128 160 192 mV
VDSTTL = 0x03 170 200 230 mV
VDSTTL = 0x04 204 240 276 mV
VDSTTL = 0x05 238 280 322 mV
Vbs TLL VDS Trip Voltage Low Side VDSTTL = 0x06 272 320 368 mV
VDSTTL = 0x07 306 360 414 mV
VDSTTL = 0x08 340 400 460 mV
VDSTTL = 0x09 450 500 550 mV
VDSTTL = Ox0A 540 600 660 mV
VDSTTL = 0x0B 630 700 770 mV
VDSTTL = 0x0c 720 800 880 mV
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VDSTTL = 0x0D 810 900 990 mV
VDSTTL = OxOE 900 1000 | 1100 | MV
VDSTTL = OxOF 990 1100 | 1210 | MV
VDSTLH = 0x00 60 80 100 mv
VDSTLH = 0x01 90 120 150 mVv
VDSTLH = 0x02 120 160 200 mVv
VDSTLH = 0x03 160 200 240 mVv
VDSTLH = 0x04 192 240 288 mVv
VDSTLH = 0x05 224 280 336 mV
VDSTLH = 0x06 256 320 384 mV
VDs TLH VDS Trip Voltage Level High side zzz:t: z ziZ; jjs jgg 32(2) ::
VDSTLH = 0x09 425 500 575 mV
VDSTLH = 0x0A 510 600 690 mv
VDSTLH = 0x0B 595 700 805 mv
VDSTLH = 0x0C 680 800 920 mV
VDSTLH = 0xOD 765 900 1035 | mV
VDSTLH = OxOE 850 1000 | 1150 | mV
VDSTLH = Ox0F 935 1100 1265 mV

(1) Guaranteed by design.

Table 12-5 nDRVDIS and nBRAKE Electrical Characteristics (PAC55713 only)
(Vsys = Vccio = 5V, and Ta = -40°C to 105°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
Vaio Pin voltage range 0 5 \%
ViH:Al0 High-level input voltage 2.2 \%
ViLaio Low-level input voltage 0.8 \%
teLank:nerake | NBRAKE blanking time 20 50 80 ps
teLank:norvpis | NDRVDIS blanking time 20 50 80 ps

Data Sheet v1.0, 2024-06-11
Subject to change without notice 59 of 101 Www.gorvo.com


http://www.qorvo.com/

Q 0 r\\[o PAC55712/13 Data Sheet

Power Application Controller®
12.15 Typical Performance Characteristics

(Ve =12V, Vsys = 5V and Ta = 25°C unless otherwise specified.)

Low-Side Gate Driver (DRLX) Low-Side Gate Driver (DRLx)
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12.16 Typical Performance Characteristics (Continued)

(Ve =12V, Vsys = 5V and Ta = 25°C unless otherwise specified.)

High-Side Gate Driver (DRHx)
Turn-On Delay vs. Temperature

High-Side Gate Driver (DRHx)
Turn-Off Delay vs. Temperature

500 500
I I
g g
. z &
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13 SOC CONTROL SIGNALS

The MCU has access to the Analog Sub-system on the PAC55712/13 through certain digital peripherals.
The functions that the MCU may access from the Analog Sub-System are:

e High-side and Low-side Gate Drivers

e SPI Interface for Analog Register Access
¢ ADC EMUX

¢ Analog Sub-system Interrupts

13.1 High-side and Low-Side Gate Drivers

The high-side and low-side gate drivers on the PAC55712/13 are controlled by PWM outputs of the timer
peripherals on the MCU. The timer peripheral generates the PWM output. The PWM timer may be
configured to generate a complementary PWM output (high-side and low-side gate drive signals) with
hardware controlled dead-time.

These signals are sent to the gate drivers in the Analog Sub-system that create the high and low side
gate drivers for the external inverter.

The user may choose to enable or not enable the DTG (Dead-time Generator). The diagram below shows
the block diagram of the PWM timer, DTG and ASPD gate drivers.

Figure 13-1 SOC Signals for Gate Drivers

PWM Timers/Gate Drivers

A 4

TXPWM<n+4>
TXPWM<n+4> Dead-Time

DRBx
DRHx DRHx
DTGx-H DRSX
Generator

PWM DTGx-L
Timer

A 4

DRLx ————X—> DRLx

TXPWM<n> TXxPWM<n>

Each timer peripheral that drives the DTG and ASPD Gate Drivers has two PWM outputs that are
connected to the gate drivers: TXPWM<n> and TxPWM<n+4>. If the Dead-Time Generator is disabled
TxPWM<n> is connected to the DRLXx gate driver output and TxPWM<n+4> is connected to the DRHx
gate driver output.

If the DTG is enabled, the TXPWM<n+4> is used to generate the complementary high-side and low-side
output (DTGx-H and DTGx-L). DTGx-H is connected to the DRHx output and DTGx-L is connected to the
DRLXx output.

The MCU allows flexibility the assignment of PWM outputs to ASPD gate drivers. The tables below shows
which PWM outputs are available for each gate driver.
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For applications that drive half-bridge or full-bridge topologies, the DTG will be enabled to allow a
complementary output with dead-time insertion.

Table 13-1 PWM to ASPD Gate Driver Options (DTG Enabled)

Gate Driver PWM Input Options

TAPWM4
TBPWM4
TCPWMO
TCPWM4
TDPWM4

DRH3/
DRLO

TAPWMS
TBPWMS
TCPWM1
TCPWM5
TDPWM5

DRH4/
DRL1

TAPWMG6
TBPWM6
TCPWM2
TCPWM6
TDPWM6

DRH5/
DRLO

For applications that are not driving half-bridge topologies, the DTG is disabled and the PWM outputs are
directly connected to the gate drivers.

Table 13-2 PWM to ASPD Gate Driver Options (DTG Disabled)

Gate Driver PWM Input Options

TAPWM4
TBPWM4
DRH3 TCPWMO
TCPWM4
TDPWM4

TAPWM5S
TBPWM5
DRH4 TCPWM1
TCPWM5
TDPWM5

TAPWMG6
TBPWM6
DRH5 TCPWM2
TCPWM6
TDPWM6

TAPWMO
DRLO TBPWMO
TCPWMO
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TDPWMO

DRL1

TAPWM1
TBPWM1
TCPWM1
TDPWM1

DRL2

TAPWM2
TBPWM2
TCPWM2
TDPWM2

13.2 SPI SOC Bus

The SPI SOC bus is used for reading and writing registers in the Analog Sub-System. The PAC55712/13
allows both USARTA and USARTB to be used as the SPI master to read and write registers in the Analog

Sub-System.

PAC55712/13 Data Sheet
Power Application Controller®

The table below shows which peripherals and which 10 pins should be used for this interface.

Table 13-3 SPI SOC Bus Connections

SPI Signal USART Signal IO Pin
USASCLK PA3

SCLK
USBSCLK PA3
USAMOSI PA4

MOSI
USBMOSI PA4
USAMISO PA5

MISO
USBMISO PA5
USASS PA6

SS
USBSS PA6

13.3 ADC EMUX

The ADC EMUX is a write-only serial bus that the ADC DTSE uses for instructing the CAFE to perform

MUX changes, activate Sample and Hold, etc.

The table below shows the MCU pins that are used by the ADC EMUX in the PAC55712/13.

Table 13-4 SPI SOC Bus Connections

EMUX Signal

Description

10 Pin
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EMUXC

EMUX Clock PA2

EMUXD

EMUX Data PA1

13.4 Analog Interrupts

The Analog sub-system has two interrupts that it can generate for different conditions. The table below
shows the two different interrupts, the interrupt conditions and the 10 pin that the interrupts are connected

to.

Table 13-5 Analog Interrupts

Analog IRQ Interrupt Conditions IO Pin
HPCOMP/LPCOMP Comparator Protection
niRQ1 for Over-current and Over-Voltage events PAT
BEMF and Special Mode Comparator,
nIRQ2 including phase to phase comparator, PAO
AIO6/AIO7/AIO8/AIOY interrupt
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14 ADC/DTSE

14.1 ADC Block Diagram
Figure 14-1 ADC with DTSE

REGISTER ‘

12-bit
ADC

STATE MACHINE

XNW-3dd 0av

14.2 Functional Description

14.2.1 ADC

The analog-to-digital converter (ADC) is a 12-bit successive approximation register (SAR) ADC with
400ns conversion time and up to 2.5 MSPS capability. The integrated analog multiplexer allows selection
from up to 8 direct ADx inputs, and from up to 10 analog inputs signals in the Configurable Analog Front
End (CAFE), including up to 3 differential input pairs as well as temperature and Vrer / 2.

The ADC contains a power down mode, and the user may configure the ADC to interrupt the MCU for the
completion of a conversion when in manual mode. The ADC may be configured for either repeating or
non-repeating conversions or conversion sequences.
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14.2.2 ADC Conversion Timing

The ADC supports two modes for individual conversions: standard and enhanced?. The timing diagrams

for each of these modes is shown below.

Figure 14-2 ADC Conversion Timing Diagram (standard)

ADCCTL.START

ADCCTL.ADBUSY

- [JUULTUUTUUUUUUUUYL
o []

SH
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EOC
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Figure 14-3 ADC Conversion Timing Diagram (enhanced)
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— |
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14.2.3 Dynamic Triggering and Sample Engine

The Dynamic Triggering and Sample Engine (DTSE) is a highly-configurable automatic sequencer that
allows the user to configure automatic sampling of their application-specific analog signals without any

8 Enhanced ADC conversion mode is not available in VER1 of the PAC55XX MCU.
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interaction from the micro-controller core. The DTSE also contains a pseudo-DMA engine that copies

each of up to 24 conversion results to dedicated memory space and can interrupt the MCU when
complete.

The DTSE has up to 32 input triggers, from PWM Timers A, B, C and D for either the rising, falling or
rising and falling PWM edges. The user may also force any trigger sequence by writing a register via
firmware. The user can configure the DTSE to chain from 1 to 24 conversions to any PWM trigger.

The DTSE has a flexible interrupt structure that allows up to 24 interrupts to be configured at the
completion of any individual conversion. The user may configure one of four different IRQ signals when
generating an interrupt during sequence conversions. The IRQ may be generated at the end of a
conversion sequence, or at the end of a series of conversions. The user may select one of four IRQs for
conversions, and each may be assigned a different interrupt priority.

Each of the 24 conversions has dedicated results registers, so that the pseudo-DMA engine has
dedicated storage for each of the conversion results.

14.2.4 EMUX Control

A dedicated low latency interface controllable by the DTSE or register control allows changing the ADC
pre-multiplexer and asserting/de-asserting the S/H circuit in the Configurable Analog Front-End (CAFE),
allowing back to back conversions of multiple analog inputs without microcontroller interaction.

For more information on the ADC and DTSE, see the PAC55XX Family User Guide.
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14.3 Electrical Characteristics

Table 14-1 ADC and DTSE Electrical Characteristics

(Ve =12V, Vsys = 5V and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL ‘ PARAMETER ‘ CONDITIONS | MIN | TYP | MAX | UNIT
ADC
fabccik ADC conversion clock input 40 MHz
Enhanced accuracy mode disabled 16 ADCCLK
Enhanced accuracy mode enabled 20 ADCCLK
fabcconv ADC conversion time frocor = 40MHZ. 200 .
PCx, PDx, PEX, PFx, PGx pins
fADCCLK = 40MHz; AlO[9:0] pins;
VER1 MCU 800 ns
fADCCLK = 40MHz; AlO[9:0] pins;
VER2 MCU 400 ns
fapccik = 40MHz 100 ns
tapcsH ADC sample and hold time
4 ADCCLK
Chocic ADC input capacitance ADC MUX input 1 pF
ADC resolution 12 bits
ADC effective resolution 10.5 bits
Fapccik = 25MHz +0.5 LSB
ADC differential non-linearity (DNL)
Fapccik = 40MHz +0.75 LSB
Fapccik = 25MHz +0.5 LSB
ADC integral non-linearity (INL)
FapccLk = 40MHz +0.75 LSB
ADC offset error 5 LSB
ADC gain error 0.5 %
REFERENCE VOLTAGE
VREFADC ADC reference input voltage VREF = 2.5V 25 \%
EMUX CLOCK SPEED
femuxcik EMUX gine clock input 50 MHz
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15

MEMORY SYSTEM

15.1 Features

128kB Embedded FLASH
o 30,000 program/erase cycles
o 10 years data retention
o FLASH look-ahead buffer for optimizing access

1kB INFO-1 Embedded FLASH
1kB INFO-2 Embedded FLASH
o Device ID, Unique ID, trim and manufacturing data

1kB INFO-3 Embedded FLASH
o User data storage, configuration or parameter storage
o Data or code

32kB SRAM
o 150MHz access for code or data
o SECDED for read/write operations

User-configurable code protection

15.2 Memory System Block Diagram

Figure 15-1 Memory System

1kB INFO FLASH
1"EAFGL€SSH FLASH 32kB SRAM Read
PAGES Cache
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Encoder
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15.3 Functional Description

The PAC55XX has multiple banks of embedded FLASH memory, SRAM memory as well as peripheral
control registers that are program-accessible in a flat memory map.

15.4 Program FLASH

The PAC55XX Memory Controller provides access to 128 1kB pages of main program FLASH for a total
of 128kB of FLASH through the system AHB bus. Each page may be individually erased or written while
the MCU is executing instructions from SRAM.

The PAC55XX Memory Controller provides a FLASH read buffer that optimizes access from the MCU to
the FLASH memory. This look ahead buffer monitors the program execution and fetches instructions from
FLASH before they are needed to optimize access to this memory.

15.5 INFO FLASH

The PAC55XX Memory Controller provides access to the INFO-1, INFO-2 and INFO-3 FLASH memories,
which are each a single 1kB page for a total of 3kB of memory.

INFO-1 and INFO-2 are read-only memories that contains device-specific information such as the device
ID, a unique ID, trimming and calibration data that may be used by programs executing on the PAC55XX.

INFO-3 is available to the user for data or program storage.

15.6 SRAM

The PAC55XX Memory Controller provides access to the 32kB SRAM for non-persistent data storage.
The SRAM memory supports word (4B), half-word (2B) and byte addresses.

The PAC55XX Memory Controller can read or write data from RAM up to 150MHz. This can be a benefit
for time-critical applications. This memory can also be used for program execution when modifying the
contents of FLASH, INFO-1 or INFO-2 FLASH.

The PAC55XX Memory Controller also has an SECDED encoder, capable of detecting and correcting
single-bit errors, and detecting double-bit errors. The user may read the status of

the encoder, to see if a single-bit error has occurred. The user may also enable an interrupt upon
detection of single-bit errors. Dual-bit errors can be configured to generate an interrupt in the PAC55XX.°

For more information on the PAC55XX Memory Controller, see the PAC55XX Family User Guide.

15.7 Code Protection

The PAC55XX allows user configurable code protection, to secure code from being read from the device.
There are four levels of code protection available as shown in the table below.

Table 15-1 Code Protection Level Description

° Note that when writing half-word or single bytes to SRAM, the memory controller must perform a read-
modify write to memory to perform the SECDED calculation. These operations will take more than one
clock cycle to perform for this reason.
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LEVEL NAME FEATURES

0 UNLOCKED . No restrictions

e  SWD/JTAG enabled
1 RW PROTECTION . Programmable protection of up to 128 regions of FLASH
e  User-specified Read or Write protection per region

e  SWD/JTAG disabled
2 SWD DISABLED . Programmable protection of up to 128 regions of FLASH
User-specified Read or Write protection per region

e  SWD/JTAG disabled
3 SWD/JTAG PERMANENTLY . Programmable protection of up to 128 regions of FLASH
DISABLED e  User-specified Read or Write protection per region
. No recovery
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15.8 Electrical Characteristics

Table 15-2 Memory System Electrical Characteristics

(Ta = -40°C to 125°C unless otherwise specified.)
SYMBOL ‘ PARAMETER CONDITIONS | MIN | TYP ‘ MAX | UNIT
Embedded FLASH
tREAD;FLASH FLASH read time 40 ns
tWRITE;FLASH FLASH write time 30 us
tpERASEFLASH FLASH page erase time 2 ms
tMERASE;FLASH FLASH full erase time 10 ms
NpERASE:FLASH FLASH program/erase cycles 30k cycles
toR:FLASH FLASH data retention 10 Years
SRAM
HCLK = 150MHz;
Word (32-bits), aligned 6.67 ns
tacc:sram SRAM access time HCLK = 150MHz;
Half-word (16-bits), byte (8- 6.67 ns
bits), aligned
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16 SYSTEM AND CLOCK CONTROL

16.1 Features

®  20MHz Ring Oscillator

®  High accuracy 2% trimmed 4MHz RC oscillator

®  External Clock Input for External Clocks up to 20MHz

®  PLL with 1IMHz to 50MHz input, 62.5MHz to 300MHz output

®  Clock dividers for all system clocks

®  Clock gating for power conservation during low-power operation

16.2 Block Diagram
Figure 16-1 Clock Control System
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16.3 Clock Sources
16.3.1 Ring Oscillator

The Ring Oscillator (ROSC) is an integrated 20MHz clock oscillator that is the default system clock, and is
available by default when the PAC55XX comes out of reset. The output of the ROSC is the ROSCCLK
clock. The ROSCLK may be selected as the FRCLK clock and may supply the WWDT, for applications
that need an independent clock source or need to continue to be clocked when the system is in a low-
power mode.

The ROSC may be disabled by the user by a configuration register.

16.3.2 Reference Clock

The Reference Clock (REFCLK) is an integrated 2% trimmed 4MHz RC clock. This clock is suitable for
many applications. This clock may be selected as the FRCLK and can be used as the input to the PLL
and is used to derive the clock for the MMPM.

16.3.3 External Clock Input

The External Clock Input (EXTCLK) is a clock input available through the digital peripheral MUX, and
allows the drive the clock system by a 50% duty cycle clock of up to 20MHz. This clock may be selected
as FRCLK and can be used as the input the PLL (as long as the accuracy is better than +/- 2%).

16.4 PLL

The PAC55XX contains a Phase Lock Loop (PLL) that can generate very high clock frequencies up to
300MHz for the peripherals and timers in the device. The input to the PLL is the FRCLK and must be
from the EXTCLK or REFCLK clock sources

The input to the PLL must be between 1MHz — 50MHz and the output can be configured to be from
62.5MHz to 300MHz. The user can configure the PLL to generate the desired clock output based on a set
of configuration registers in the CCS. The output of the PLL is the PLLCLK clock. The user may configure
a MUX to generate the SCLK clock from PLLCLK or from FRCLK.

In addition to configuring the PLL output frequency, the PLL may be enabled, disabled and bypassed
through a set of configuration registers in the CCS.

16.5 Clock Tree

The following are the system clocks available in the clock tree. See the section below to see which clocks
are available for each of the digital peripherals in the system.

16.5.1 FRCLK

The free-running clock (FRCLK) is generated from one of the four clock sources (ROSCCLK, EXTCLK or
REFCLK). This clock may be used by the WWDT and the RTC, for configurations that turn off all other
system clocks during low power operation.

The FRCLK or PLLCLK is selected via a MUX and the output becomes SCLK.

16.5.2 SCLK

The System Clock (SCLK) generates two system clocks: ACLK and HCLK. Each of these system clocks
has their own 3b clock divider and is described below.
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16.5.3 PCLK

The Peripheral Clock (PCLK) is used by most of the digital peripherals in the PAC55XX. This clock has a
3b clock divider and also has clock gating support, which allows this clock output
to be disabled before the system is put into the Arm® Cortex®-M4'’s deep sleep mode to conserve energy.

As shown above, most of the peripherals that use PCLK also have their own clock dividers so that this
clock can be further divided down to meet the application’s needs.

16.5.4 ACLK

The Auxiliary Clock (ACLK) may be optionally used by the PWM timer block in the PAC55XX in order to
generate a very fast clock for PWM output to generate the best possible accuracy and edge generation.

This clock has a 3b clock divider and also has clock gating support, which disables this clock output when
the system is put into the Arm® Cortex®-M4’s deep sleep mode to conserve energy.

As shown above, the ACLK is an optional input for just the PWM timer block in the PAC55XX.

16.5.5 HCLK

The AHB Clock (HCLK) is used by the Arm® Cortex®-M4 MCU and Memory Controller peripheral. This
clock has a 3b divider and also has clock gating support, which allows this clock output to be disabled
before the system is put into the Arm® Cortex®-M4’s deep sleep mode to conserve energy.

HCLK supplies PCLK with its clock source.

Data Sheet v1.0, 2024-06-11
Subject to change without notice 76 of 101 Www.gorvo.com


http://www.qorvo.com/

Qorvo

PAC55712/13 Datasheet

Power Application Controller®\

16.6 Electrical Characteristics

Table 16-1 CCS Electrical Characteristics

(Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS | MIN | TYP | MAX | UNIT
Clock Tree (FRCLK, FCLK, PCLK, ACLK, HCLK)
frreLk Free-running clock frequency 25 MHz
fscik System clock frequency 300 MHz
feck Peripheral clock frequency After divider 150 MHz
facLk Auxiliary clock frequency After divider 300 MHz
froix High-speed clock frequency After divider 150 MHz
Internal Oscillators
frosceLk Ring oscillator frequency 20 MHz
¢ Trimmed RC oscillator Ta=25°C -2% 4 2% MHz
TRIM;REFCLK
frequency Tp = -40°C to 125°C 3% 4 3%
fymreRREroL j‘l’itrtl(;r:med RC oscillator clock Ta = -40°C to 85°C 05 %
External Clock Input (EXTCLK)
External Clock Input
fexreLk Frequency 20 MHz
External Clock Input Duty 20 60 %
Cycle
External Clock Input high-
Vinexreik level input voltage 21 v
External Clock Input low-
Vivexeuc level input voltage 0.825 v
PLL
finzpLL PLL input frequency range 1 50 MHz
fourpL PLL output frequency range 62.5 300 MHz
Ta =25°C, PLL settled 15 ps
tseTTLEPLL PLL setting time
Ta=25°C, PLLLOCK =1 200 500 us
RMS 25 ps
trTeRPLL PLL period jitter
Peak to peak 100 ps
PLL duty cycle 40 50 60 %

Data Sheet v1.0, 2024-06-11
Subject to change without notice

77 of 101

www.gorvo.com


http://www.qorvo.com/

PAC55712/13 Datasheet

QONrvo

Power Application Controller®\

17 ARM® CORTEX®-M4F MCU CORE

17.1 Features

" Arm® Cortex®-M4F core
®  SWD or JTAG Debug
®  SWD/JTAG code security

®  Embedded Trace Module (ETM) for instruction tracing

®  Memory Protection Unit (MPU)

®  Nested Vectored Interrupt Controller (NVIC) with 29 user interrupts and 8 levels of priority

®  Floating Point Unit (FPU)

®  Wakeup Interrupt Controller (WIC)
®  24-bit SysTick Count-down Timer
®  Hardware Multiply and Divide Instructions

17.2 Block Diagram

Figure 17-1 Arm® Cortex®-M4F Microcontroller Core
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17.3 Functional Description

The Arm® Cortex®-M4F microcontroller core is configured for little endian operation and includes
hardware support for multiplication and division, DSP instructions as well as an IEEE754 single-precision
Floating Point Unit (FPU).

The MCU also contains an 8-region Memory Protection Unit (MPU), as well as a Nested Vector Interrupt
Controller (NVIC) that supports 29 user interrupts with 8 levels of priority. There is a 24-bit SysTick count-
down timer.

The Arm® Cortex®-M4F supports sleep and deep sleep modes for low power operation. In sleep mode,
the Arm® Cortex®-M4F is disabled. In deep sleep mode, the MCU as well as many peripherals are
disabled. The Wakeup Interrupt Controller (WIC) can wake up the MCU when in deep sleep mode by
using any GPIO interrupt, the Real-Time Clock (RTC) or Windowed Watchdog Timer (WWDT). The
PAC55XX also supports clock gating to reduce power during deep sleep operation.

The debugger supports 4 breakpoint and 2 watch-point unit comparators using the SWD or JTAG
protocols. The debug serial interfaces may be disabled to prevent memory access to the firmware during
customer production.

For more information on the detailed operation of the Microcontroller Core in the PAC55XX, see the
PAC55XX Family User Guide.
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17.4 Application Typical Current Consumption

The MCU clock configuration and peripheral configuration have a large influence on the amount of load
that the power supplies in the PAC55XX will have.

The table below shows a number of popular configurations and what the typical power consumption will
be on the VSYS and VCORE power supplies in the PAC55XX.

Table 17-1 PAC55XX Application Typical Current Consumption

CLOCK CONFIGURATION

MCU PERIPHERALS

MCU STATE lvsys lvcore lvceas

CLKREF = 4MHz
PLL Disabled

ROSCCLK Enabled
FRCLK MUX = ROSCCLK

ACLK=HCLK=PCLK=SCLK=MCLK = 16MHz

All peripherals disabled

Halted 9.5mA 2.3mA n/a

CLKREF = 4MHz
PLLCLK = 30MHz
ACLK=HCLK=PCLK=SCLK= 16MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF

All peripherals disabled

Halted 10.5mA 3.5mA n/a

CLKREF = 4MHz
PLLCLK = 150MHz
ACLK=HCLK=PCLK=SCLK= 150MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF

All peripherals disabled

Halted 20mA 13.5mA n/a

CLKREF = 4MHz
PLLCLK = 300MHz
ACLK=HCLK=PCLK=SCLK= 150MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF

All peripherals disabled

Halted 22mA 15mA n/a

CLKREF = 4MHz
PLLCLK = 300MHz
ACLK=HCLK=PCLK=SCLK= 150MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF
ADCCLK = 40MHz

ADC enabled (repeated
conversions)

Halted 36mA 16mA 13.5mA

CLKREF = 4MHz
PLLCLK = 300MHz
ACLK=HCLK=PCLK=SCLK= 150MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF

All peripherals disabled

CPU
Executes
instructions
from FLASH

8.5mA 2.2mA n/a

CLKREF = 4MHz
PLLCLK = 300MHz
ACLK=HCLK=PCLK=SCLK= 150MHz
MCLK = 30MHz
ROSCCLK Enabled
FRCLK MUX = CLKREF

Timer A enabled;
TAPWM([7:0] enabled,;
Fs = 100kHz; 50% duty

cycle

Halted 22mA 15mA n/a

17.5 Electrical Characteristics

Table 17-2 MCU and Clock Control System Electrical Characteristics
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(Ta =-40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
frck Microcontroller Clock 150 MHz
Arm® Cortex®-M4F Sleep/Deep Sleep Modes 2 mA
lo:vcore Vcore quiescent current
PAC55712/13 Hibernate Mode 0 mA
Arm® Cortex®-M4F Sleep/Deep Sleep Modes 8 mA
lovsys Vsys quiescent current
PAC55712/13 Hibernate Mode 15 pA
® ®
| VCCIO quiescent Arm® Cortex®-M4F Sleep/Deep Sleep Modes 0.15 mA
Q;vCcClo
current PAC55712/13 Hibernate Mode 0 mA
® ®_
VCC33 quiescent Arm® Cortex®-M4F Sleep/Deep Sleep Modes 0.4 mA
lovecss current .
PAC55712/13 Hibernate Mode 0 mA
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18 10 CONTROLLER

18.1 Features

® 3.3V Input/Output, 4.6V input tolerant

®  Push-Pull Output, Open-Drain Output or High-Impedance Input for each 10
®  Configurable Pull-up and Pull-down for each 10 (60k)

®  Configurable Drive Strength for each IO (up to 24mA)

®  Analog Input for some IOs

®  Edge-sensitive or level-sensitive interrupts

® Rising edge, falling edge or both edge interrupts

®  Peripheral MUX allowing up to 8 peripheral selections for each 10

®  Configurable De-bouncing Circuit for each 10

18.2 Block Diagram
Figure 18-1 10 Controller Block Diagram

l _’
4 Z_ ADC Input
MUX
PX.Y 10
Controller
ya Digital
4 Peripherals
5
-] B S
I
<510
a
<

Data Sheet v1.0, 2024-06-11
Subject to change without notice 82 of 101 www.gorvo.com


http://www.qorvo.com/

‘QO{‘\IQ PAC55712/13 Datasheet

Power Application Controller®\

18.3 Functional Description

The PAC55XX 10O cells can be used for digital input/output and analog input for the ADC. All IOs are
supplied by the Vccio (3.3V) power supply.

Each 10 can be configured for digital push-pull output, open-drain output or high-impedance input. Each
IO also has a configurable 60k weak pull-up or weak pull-down that can be enabled.

NOTE: Configuring both pull-up and pull-down at the same time may cause device damage and
should be avoided.

Each 10 has a configurable de-bouncing filter that can be enabled or disabled, to help filter out noise.

All 10 have interrupt capability. Each pin can be configured for either level or edge sensitive interrupts,
and can select between rising edge, falling edge and both edges for interrupts. Each pin has a separate
interrupt enable and interrupt flag.

Some of the 10 on the PAC55712/13 can be configured as an analog input to the ADC.

18.4 GPIO Current Injection

Under normal operation, there should not be current injected into the GPIOs on the device due to the
GPIO voltage below ground or above the GPIO supply (VCCIO). Current will be injected into the GPIO
when the GPIO pin voltage is less than -0.3V or when greater than GPIO supply + 0.3V.

In order provide a robust solution when this situation occurs, the PAC55XX family of products allows a
small amount of injected current into the GPIO pins, to avoid excessive leakage or device damage.

For information on the GPIO current injection thresholds, see the absolute maximum parameters for this
device.

Sustained operation with the GPIO pin voltage greater than the GPIO supply or when the GPIO pin
voltage is less than -0.3V may result in reduced lifetime of the device. GPIO current injection should only
be a temporary condition.
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18.5 Peripheral MUX

The following table shows the available pin MUX options for this device. Note that if the pin is configured
for analog input, the peripheral MUX is bypassed.

Table 18-1 PAC55712/13 Peripheral Pin MUX

PIN PERIPHERAL MUX SETTINGS ADC CH
) S1 S2 S3 sS4 S5 S6 S7

PC1 GPIOC1 TBPWM1 TCPWM1 TBQEPPHA USBMISO USCSS CANTXD 12CSDA

PC2 GPIOC2 TBPWM2 TCPWM2 TBQEPPHB USBSCLK USCMOSI EMUXD

PC3 GPIOC3 TBPWM3 TCPWM3 USBSS USCMISO EMUXC

PC4 GPIOC4 TBPWM4 TCPWM4 TCQEPIDX USBMOSI USCSCLK CANRXD 12CSDL

PC5 GPIOC5 TBPWMS TCPWM5 TCQEPPHA USBMISO USCSS CANTXD 12CSDA

PC6 GPIOC6 TBPWM6 TCPWM6 TCQEPPHB USBSCLK USCMOSI EMUXD

PC7 GPIOC7 TBPWM? TCPWM7 USBSS USCMISO FRCLK EMUXC

PDO GPIODO TBPWMO TCPWMO TDQEPIDX USCSCLK CANTXD EMUXD AD4

PD1 GPIOD1 TBPWM1 TCPWM1 TDQEPPHA USCSS CANRXD EMUXC AD3

PD2 GPIOD2 TBPWM2 TCPWM2 TDQEPPHB USCMOSI AD2

PD3 GPIOD3 TBPWM3 TCPWM3 USCMISO FRCLK TRACED3 AD1

PD4 GPIOD4 TBPWM4 TCPWM4 TDQEPIDX TBQEPIDX USDSCLK TRACED3 USDMOSI

PD5 GPIODS TBPWMS TCPWM5 TDQEPPHA TBQEPPHA USDSS CANRXD USDMISO

PD6 GPIOD6 TBPWM6 TCPWM6 TDQEPPHB TBQEPPHB USDMOSI CANTXD 12CSDA

PEO GPIOEO TCPWM4 TDPWMO TAQEPIDX TBQEPIDX USCCLK 12CSCL EMUXC

PE1 GPIOE1 TCPWM5 TDPWM1 TAQEPPHA TBQEPPHA USCSS 12CSDA EMUXD

PE2 GPIOE2 TCPWM6 TDPWM2 TAQEPPHB TBQEPPHB USCMOSI CANRXD EXTCLK

PE3 GPIOE3 TCPWM7 TDPWM3 FRCLK USCMISO CANTXD

PFO GPIOFO TCPWMO TDPWMO TCK/SWDCL TBQEPIDX USBSCLK TRACED2 TRACECLK

PF1 GPIOF1 TCPWM1 TDPWM1 TMS/SWDIO TBQEPPHA USBSS TRACED1 TRACEDO

PF2 GPIOF2 TCPWM2 TDPWM2 TDI TBQEPPHB USBMOSI TRACEDO TRACED1

PF3 GPIOF3 TCPWM3 TDPWM3 TDO FRCLK USBMISO TRACECLK TRACED2

PF4 GPIOF4 TCPWM4 TDPWM4 TCQEPIDX USDSCLK TRACED3 EMUXC AD4

PF5 GPIOF5 TCPWM5 TDPWM5 TCQEPPHA USDSS EMUXD AD5

PF6 GPIOF6 TCPWM6 TDPWM6 TCQEPPHB USDMOSI CANRXD 12CSCL AD6

PF7 GPIOF7 TCPWM7 TDPWM7 USDMISO CANTXD I12CSDA AD7

PGO GPIOGO TCPWMO TDPWMO EMUXC USDSCLK TRACECLK TCQEPIDX

PG1 GPIOG1 TCPWM1 TDPWM1 EMUXD USDSS TRACEDO TCQEPPHA

PG2 GPIOG2 TCPWM2 TDPWM2 FRCLK USDMOSI TRACED1 TCQEPPHB

PG3 GPIOG3 TCPWM3 TDPWM3 USDMISO TRACED2
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18.6 Electrical Characteristics

Table 18-2 10 Controller Electrical Characteristics

(Vccio = 3.3V, Vsys = 5V, Veore = 1.2V, and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP | MAX | UNIT
Viy High-level input voltage 2.1 \%
Vi Low-level input voltage 0.825 \%

DS = 6mA 6
DS = 8mA 8
DS =11mA 11
o, Lo_W-_IeveI output sink current Vo = 0.4V DS = 14mA 14 mA
(Limited by Ivsys and lvccio) DS = 17mA 17
DS = 20mA 20
DS = 22mA 22
DS = 25mA 25
DS = 6mA -6
DS = 8mA -8
DS =11mA -11
High-level output source DS = 14mA -14
lon current (Limited by lysys and Von = 2.4V mA
Iveeio) DS =17mA -17
DS = 20mA -20
DS = 22mA -22
DS = 25mA -25
I Input leakage current -2 0.95 A
Reu Weak pull-up resistance When pull-up enabled 45 60 100 kQ
Rep Weak pull-down resistance When pull-down enabled 45 60 115 kQ
ling:ePio GPIO pin current injection Vapio < -0.3V or Vgpio > VCCIO + 0.3V -15 15 mA
Shserio i;‘e”gtgna" GPIO pin current Vapio < 0.3V 0 Vepio > VCCIO + 0.3V -40 40 | mA
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19 SERIAL INTERFACE

19.1 Block Diagram

Figure 19-1 Serial Interface Block Diagram
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19.2 Functional Description
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The PAC55XX has three types of serial interfaces: 1°C, USART and CAN. The PAC55XX has one I12C
controller, one CAN controller and up to 3 USARTS.

19.3 12C Controller

The PAC55XX contains one I2C controller. This is a configurable APB peripheral and the clock input is
PCLK. This peripheral has an input clock divider that can be used to generate various master clock
frequencies. The I2C controller can support various modes of operation:

®  |2C master operation

Standard (100kHz), full-speed (400kHz), fast (LMHz) or high-speed modes (3.4MHz)
Single and multi-master

Synchronization (multi-master)

Arbitration (multi-master)

o  7-bit or 10-bit slave addressing

O O O O

®  |2C slave operation
o  Standard (100kHz), full-speed (400kHz), fast (LMHz) or high-speed modes (3.4MHz)
o  Clock stretching
o  7-bit or 10-bit slave addressing

The 12C peripheral may operate either by polling, or can be configured to be interrupt driven for both
receive and transmit operations.

19.4 USART

The PAC55XX contains up to 2 Universal Synchronous Receive Transmit (USART) peripherals. Each
USART is a configurable APB bus client and input clock is PCLK. These peripherals have a configurable
clock divider that can be used to produce various frequencies for the UART or SPI master peripheral.

The number of these peripherals depends on the peripheral MUX configuration. See the IO Controller
section on information on how to configure the peripheral MUX with the USART peripheral.

The USART peripheral supports two main modes: SPI mode and UART mode.

19.4.1 USART SPI Mode

® Master or slave mode operation

®  8-bit, 16-bit or 32-bit word transfers

®  Configurable clock polarity (active high or active low)

®  Configurable data phase (setup/sample or sample/setup)
® Interrupts and status flags for RX and TX operations

®  Support for up to 25MHz SPI clock

19.4.2 USART UART Mode

®  8-bit data

® Programmable data bit rate

®  Maximum baud rate of 1Mbaud
® RXand TX FIFOs
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Configurable stop bits (1 or 2)
Configurable parity: even, odd, none

o Mark/space support for 9-bit addressing protocols

Interrupt and status flags for RX and TX operations

19.5 CAN

The PAC55XX contains one Controller Area Network (CAN) peripheral. The CAN peripheral is a
configurable APB bus client and input clock is PCLK. This peripheral has a configurable clock divider that

can be used to produce various frequencies for the CAN peripheral.

CAN 2.0B support

1Mb/s data rate

64-byte receive FIFO

16-byte transmit buffer

Standard and extended frame support

Arbitration

Overload frame generated on FIFO overflow
Normal and Listen Only modes supported

Interrupt and status flags for RX and TX operations
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19.6 Dynamic Characteristics

Table 19-1 Serial Interface Dynamic Characteristics

(Vccio = 3.3V, Vsys = 5V, Veore = 1.2V, and Ta = -40°C to 125°C unless otherwise specified.)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
12C
Standard mode (100kHz) 2.8 MHz
Full-speed mode (400kHz) 2.8 MHz
fizccik I2C input clock frequency
Fast mode (1MHz) 6.14 MHz
High-speed mode (3.4MHz) 20.88 MHz
USART (UART mode)
fuarTcLK USART input clock frequency fecLk/16 MHz
fuarTBAUD UART baud rate fusarTcLk = 7.1825MHz 1 Mbps
USART (SPI mode)
Master mode 50 MHz
fspicii USART input clock frequency
Slave mode 50 MHz
Master mode 25 MHz
fusarTspicLk USART SPI clock frequency
Slave mode 25 MHz
CAN
feancix CAN input clock frequency 50 MHz
feanTx CAN transmit clock frequency 1 Mbps
feanrx CAN receive clock frequency 1 Mbps
Table 19-2 I°C Dynamic Characteristics
(Vecio = 3.3V, Vsys = 5V, Veore = 1.2V, and Ta = -40°C to 125°C unless otherwise specified.)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Standard mode 0 100 kHz
fscL SCL clock frequency Full-speed mode 0 400 kHz
Fast mode 0 1 MHz
Standard mode 4.7 us
tLow SCL clock low Full-speed mode 1.3 us
Fast mode 0.5 us
Standard mode 4.0 us
thicH SCL clock high Full-speed mode 0.6 us
Fast mode 0.26 us
thp:sTA Standard mode 4.0 us
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Hold time for a repeated START Full-speed mode 06 HS
condition Fast mode 0.26 us
Standard mode 4.7 us
tsusTa fgrt]ajigotinme for a repeated START Full-speed mode 06 us
Fast mode 0.26 us
Standard mode 0 3.45 us
thp:pAT Data hold time Full-speed mode 0 0.9 us
Fast mode 0 us
Standard mode 250 ns
tsu:pat Data setup time Full-speed mode 100 ns
Fast mode 50 ns
Standard mode 4.0 us
tsu:sTo Set-up time for STOP condition Full-speed mode 0.6 us
Fast mode 0.26 us
Standard mode 4.7 us
tur grl:s g?ig?i:ﬁémiin asTopP Full-speed mode 1.3 us
Fast mode 0.5 us
Standard mode 1000 ns
tr Rise time for SDA and SCL Full-speed mode 20 300 ns
Fast mode 120 ns
Standard mode 300 ns
t Fall time for SDA and SCL Full-speed mode 300 ns
Fast mode 120 ns
Standard mode, full-speed 400 bF

Cp Capacitive load for each bus line mode
Fast mode 550 pF

Figure 19-2 I2C Timing Diagram
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20 PWM TIMERS

20.1 Block Diagram
Figure 20-1 PWM Timers Block Diagram
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20.2 Timer Features
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®  Configurable input clock source: PCLK or ACLK
®  Up to 300MHz input clock
®  3-bit Input clock divider

®  Timer counting modes

o up, up/down and asymmetric
" Timer latch modes

o Latch when counter =0

o Latch when counter = period

o Latch when CCR value written

o Latch all CCR values at same time
®  Base timer interrupts

®  Single shot or auto-reload

20.2.1 CCR/PWM Timer

"  PWM output or capture input
®  CCR interrupt enable

® CCR interrupt skips

®  SW force CCR interrupt

®  CCR interrupt type
o Rising, falling or both

®  CCR compare latch modes
o Latch when counter =0
o Latch when counter = period
o Latch immediate

®  CCR capture latch modes
o Latch on rising edge
o Latch on falling edge
o Latch on both rising and falling edges

Invert CCR output
®  CCR phase delay for phase shifted drive topologies

® ADC trigger outputs
o PWM rising edge or falling edge

20.2.2 Dead-time Generators (DTG)

® DTG enabled
®  12-bit rising edge delay
= 12-bit falling edge delay

20.2.3 QEP Decoder

®  QEP encoder enabled
®  Direction status
®  Configurable Interrupts:
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Phase A rising edge
Phase B rising edge
Index event
Counter wrap

O O O O

4 different counting modes for best resolution, range and speed performance
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21 GENERAL PURPOSE TIMERS

21.1 Block Diagram
Figure 21-1 SOC Bus Watchdog and Wake-up Timer
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Figure 21-2 General Purpose Timers
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21.2 Functional Description
21.2.1 SOC Bus Watchdog Timer

The SOC Bus Watchdog Timer is used to monitor internal SOC Bus communication. It will trigger a
device reset if there is no SOC Bus communication to the AFE for 4s or 8s.
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21.2.2 Wake-up Timer

The wake-up timer can be used for very low power hibernate and sleep modes to wake up the micro
controller periodically. It can be configured to be 125ms, 250ms, 500ms, 1s, 2s, 4, or 8s.

21.2.3 Real-time Clock with Calendar (RTC)

The 24-bit real-time clock with calendar (RTC) is an AHB bus client and may also be used to measure

long time periods and periodic wake up from sleep mode.

The RTC uses FRCLK as its clock source and has a divider that can be configured up to a /65536 input
clock divider. In order to count accurately, the input clock divider must be configured to generate a 1MHz
clock to the RTC.

The RTC counts the time (seconds, minutes, hours, days) since enabled. It also allows the user to set a
calendar date to set an alarm function that can be configured to generate an interrupt to the NVIC when it
counts to that value.

21.2.4 Windowed Watchdog Timer (WWDT)

The 24-bit windowed watchdog timer (WWDT) is an AHB bus client and can be used for long time period
measurements or periodic wake up from sleep mode. Its primary use is to reset the system via a POR if it
is not reset at a certain periodic interval.

The WWDT can be configured to use FRCLK or ROSCCLK as its clock source and has a divider that be
configured up to a /65536 input clock divider.

The WWDT can be configured to allow only a small window when it is valid to reset the timer, to maximize
application security and catch any stray code operating on the MCU.

The WWDT may be configured to enable an interrupt for the MCU, and the timer can be disabled when
unused to save energy for low power operations.

21.2.5 GP Timer (GPT)
The PAC55XX contains two General Purpose (GP) Timers.

These timers are 24-bit timers and are both APB bus clients. These count-down timers use PCLK as their
input clock and have a configurable divider of up to /32768. Each of the GPT can be configured to
interrupt the MCU when they count down to 0.

22 CRC

22.1 Block Diagram
Figure 22-1 CRC Block Diagram
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22.2 Functional Description

The CRC peripheral can perform CRC calculation on data through registers from the MCU to accelerate
the calculation or validation of a CRC for communications protocols or data integrity checks.

The CRC peripheral allows the calculation of both CRC-8 and CRC-16 on data. The CRC peripheral also
allows the user to specify a seed value, select the data input to be 8b or 32b and to reflect the final output
for firmware efficiency.

The CRC peripheral is an AHB slave and has the following features:

®  Polynomial selection via configuration register:
o CCITT CRC-16 (0x1021)
o IBM/ANSI CRC-16 (0x8005)
o Dallas/Maxim CRC-8 (0x31)

® Input data width: 8b, 32b
®  Reflect input

® Reflect output

®  Specify seed value
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23 THERMAL CHARACTERISTICS

Table 23-1 Thermal Characteristics

PARAMETER VALUE UNIT
Operating ambient temperature range -40 to 125 °C
Operating junction temperature range -40 to 150 °C
Storage temperature range -55 to 150 °C
Lead temperature (Soldering, 10 seconds) 300 °C
Junction-to-case thermal resistance (9;c) 2.897 °C/W
Junction-to-ambient thermal resistance (©ja) 23.36 °C/IW
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24 APPLICATION EXAMPLES

The following simplified diagram shows an example of a single-motor, low-voltage application using the

PAC55712/13 device.

Figure 24-1 Sensorless FOC/BEMF Motor Drive Using PAC55712 (Simplified Diagram)
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Figure 24-2 Sensorless FOC/BEMF Motor Drive Using PAC55713 (Simplified Diagram)
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25 MECHANICAL INFORMATION

Package Marking and Dimensions

Marking: Part number — PAC55712/13
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26 HANDLING PRECAUTIONS

PARAMETER RATING STANDARD

ESD — Human Body Model (HBM) Class 1A ESDA/JEDEC JS-001-2012 Caution!

ESD — Charged Device Model (CDM) Class C3 JEDEC JESD22-C101F ‘SE'\ ESD sensitive device
MSL — Moisture Sensitivity Level Level 3 IPC/JEDEC J-STD-020

27 SOLDERABILITY

Compatible with both lead-free (260 °C max. reflow temperature) and tin/lead (245 °C max. reflow temperature)
soldering processes.

Package lead plating -Matte Sn

28 PRODUCT COMPLIANCE

This part complies with RoHS directive 2011/65/EU as amended by (EU) 2015/863.

This part also has the following attributes:

e Lead Free @
e Halogen Free (Chlorine, Bromine)

e Antimony Free

e PFOS Free

e SVHC Free

29 CONTACT INFORMATION

For the latest specifications, additional product information, worldwide sales and distribution locations:

Web: www.gorvo.com
Tel: 1-844-890-8163

Email: customer.support@gqorvo.com

30 IMPORTANT NOTICE

The information contained herein is believed to be reliable; however, Qorvo makes no warranties regarding the information contained herein and
assumes no responsibility or liability whatsoever for the use of the information contained herein. All information contained herein is subject to change
without notice. Customers should obtain and verify the latest relevant information before placing orders for Qorvo products. The information contained
herein or any use of such information does not grant, explicitly or implicitly, to any party any patent rights, licenses, or any other intellectual property
rights, whether with regard to such information itself or anything described by such information. THIS INFORMATION DOES NOT CONSTITUTE A
WARRANTY WITH RESPECT TO THE PRODUCTS DESCRIBED HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES
WITH RESPECT TO SUCH PRODUCTS WHETHER EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE,
USAGE OF TRADE OR OTHERWISE, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

Without limiting the generality of the foregoing, Qorvo products are not warranted or authorized for use as critical components in medical, life-saving, or
life-sustaining applications, or other applications where a failure would reasonably be expected to cause severe personal injury or death.

Copyright 2020-2024 © Qorvo, Inc. | Qorvo is a registered trademark of Qorvo, Inc.
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