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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor e200z0h

Core Size 32-Bit Single-Core

Speed 64MHz

Connectivity CANbus, I²C, LINbus, SCI, SPI, UART/USART

Peripherals DMA, LVD, POR, PWM, WDT

Number of I/O 121

Program Memory Size 1MB (1M x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 80K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 5.5V

Data Converters A/D 53x10/12b

Oscillator Type Internal

Operating Temperature -40°C ~ 105°C (TA)

Mounting Type Surface Mount

Package / Case 144-LQFP

Supplier Device Package 144-LQFP (20x20)

Purchase URL https://www.e-xfl.com/product-detail/stmicroelectronics/spc560b60l5b6e0y

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/spc560b60l5b6e0y-4414499
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


Contents SPC560B54x/6x

2/133 DocID15131 Rev 9

Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.1 Document overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.2 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 Block diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 Package pinouts and signal descriptions . . . . . . . . . . . . . . . . . . . . . . . 13

3.1 Package pinouts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2 Pad configuration during reset phases . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.3 Pad configuration during standby mode exit  . . . . . . . . . . . . . . . . . . . . . . 17

3.4 Voltage supply pins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3.5 Pad types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.6 System pins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.7 Functional port pins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.8 Nexus 2+ pins  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4 Electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.1 Parameter classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.2 NVUSRO register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.2.1 NVUSRO[PAD3V5V] field description  . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.2.2 NVUSRO[OSCILLATOR_MARGIN] field description . . . . . . . . . . . . . . . 57

4.2.3 NVUSRO[WATCHDOG_EN] field description . . . . . . . . . . . . . . . . . . . . 57

4.3 Absolute maximum ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.4 Recommended operating conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.5 Thermal characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.5.1 External ballast resistor recommendations  . . . . . . . . . . . . . . . . . . . . . . 61

4.5.2 Package thermal characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.5.3 Power considerations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.6 I/O pad electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.6.1 I/O pad types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.6.2 I/O input DC characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.6.3 I/O output DC characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.6.4 Output pin transition times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67



DocID15131 Rev 9 3/133

SPC560B54x/6x Contents

4

4.6.5 I/O pad current specification  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

4.7 RESET electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.8 Power management electrical characteristics  . . . . . . . . . . . . . . . . . . . . . 79

4.8.1 Voltage regulator electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . 79

4.8.2 Low voltage detector electrical characteristics  . . . . . . . . . . . . . . . . . . . 81

4.9 Power consumption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

4.10 Flash memory electrical characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . 84

4.10.1 Program/erase characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

4.10.2 Flash power supply DC characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . 85

4.10.3 Start-up/Switch-off timings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

4.11 Electromagnetic compatibility (EMC) characteristics . . . . . . . . . . . . . . . . 86

4.11.1 Designing hardened software to avoid noise problems . . . . . . . . . . . . . 86

4.11.2 Electromagnetic interference (EMI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

4.11.3 Absolute maximum ratings (electrical sensitivity)  . . . . . . . . . . . . . . . . . 87

4.12 Fast external crystal oscillator (4 to 16 MHz) electrical characteristics  . . 88

4.13 Slow external crystal oscillator (32 kHz) electrical characteristics . . . . . . 91

4.14 FMPLL electrical characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.15 Fast internal RC oscillator (16 MHz) electrical characteristics . . . . . . . . . 94

4.16 Slow internal RC oscillator (128 kHz) electrical characteristics  . . . . . . . . 95

4.17 ADC electrical characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.17.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.17.2 Input impedance and ADC accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

4.17.3 ADC electrical characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

4.18 On-chip peripherals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

4.18.1 Current consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

4.18.2 DSPI characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

4.18.3 Nexus characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

4.18.4 JTAG characteristics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

5 Package characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

5.1 ECOPACK® . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118

5.2 Package mechanical data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118

5.2.1 LQFP176 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

5.2.2 LQFP144 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

5.2.3 LQFP100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122



Introduction SPC560B54x/6x

8/133 DocID15131 Rev 9

1 Introduction

1.1 Document overview

This document describes the features of the family and options available within the family 
members, and highlights important electrical and physical characteristics of the device.

1.2 Description

This family of 32-bit system-on-chip (SoC) microcontrollers is the latest achievement in 
integrated automotive application controllers. It belongs to an expanding family of 
automotive-focused products designed to address the next wave of body electronics 
applications within the vehicle.

The advanced and cost-efficient e200z0h host processor core of this automotive controller 
family complies with the Power Architecture technology and only implements the VLE 
(variable-length encoding) APU (Auxiliary Processor Unit), providing improved code density. 
It operates at speeds of up to 64 MHz and offers high performance processing optimized for 
low power consumption. It capitalizes on the available development infrastructure of current 
Power Architecture devices and is supported with software drivers, operating systems and 
configuration code to assist with users implementations.

          

Table 2. SPC560B54/6x family comparison(1) 

Feature SPC560B54 SPC560B60 SPC560B64

CPU e200z0h

Execution speed(2) Up to 64 MHz

Code flash memory 768 KB 1 MB 1.5 MB

Data flash memory 64 (4  16) KB

SRAM 64 KB 80 KB 96 KB

MPU 8-entry

eDMA 16 ch

10-bit ADC Yes

dedicated(3) 7 ch 15 ch 7 ch 15 ch 29 ch 7 ch 15 ch 29 ch 29 ch

shared with 12-bit ADC 19 ch

12-bit ADC Yes

dedicated(4) 5 ch

shared with 10-bit ADC 19 ch

Total timer I/O(5) eMIOS
37 ch,

16-bit

64 ch,

16-bit

37 ch,

16-bit

64 ch,

16-bit

64 ch,

16-bit

37 ch,

16-bit
64 ch,1

6-bit
64 ch,

16-bit

64 ch,

16-bit

Counter / OPWM / ICOC(6) 10 ch

O(I)PWM / OPWFMB / 
OPWMCB / ICOC(7) 7 ch

O(I)PWM / ICOC(8) 7 ch 14 ch 7 ch 14 ch 14 ch 7 ch 14 ch 14 ch 14 ch
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3.7 Functional port pins

The functional port pins are listed in Table 6.

          

Table 5. System pin descriptions 

Port pin Function

I/O
 d

ir
ec

ti
o

n

P
ad

 t
yp

e

RESET

configuration

Pin number

LQFP
100

LQFP
144

LQFP
176

LBGA
208(1)

RESET
Bidirectional reset with Schmitt-
Trigger characteristics and noise 
filter.

I/O M

Input weak 
pull-up after 

RGM PHASE2 
and 40 FIRC 

cycles

17 21 29 J1

EXTAL

Analog output of the oscillator 
amplifier circuit, when the oscillator is 
not in bypass mode. 
Analog input for the clock generator 
when the oscillator is in bypass 
mode.

I/O X Tristate 36 50 58 N8

XTAL
Analog input of the oscillator amplifier 
circuit. Needs to be grounded if 
oscillator bypass mode is used.

I X Tristate 34 48 56 P8

1. LBGA208 available only as development package for Nexus2+.
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Table 6. Functional port pin descriptions 

Port pin PCR

A
lt

er
n

at
e 

fu
n

ct
io

n
(1

)

Function Peripheral

I/O
 d

ir
ec

ti
o

n
(2

)

P
ad

 t
yp

e

R
E

S
E

T

c
o

n
fi

g
u

ra
ti

o
n

(3
) Pin number

LQFP
100

LQFP
144

LQFP
176

LBGA
208(4)

Port A

PA[0] PCR[0]

AF0

AF1

AF2

AF3

—

GPIO[0]

E0UC[0]

CLKOUT

E0UC[13]

WKPU[19](5)

SIUL

eMIOS_0

MC_CGM

eMIOS_0

WKPU

I/O

I/O

O

I/O

I

M Tristate 12 16 24 G4

PA[1] PCR[1]

AF0

AF1

AF2

AF3

—

GPIO[1]

E0UC[1]

NMI(6)

—

WKPU[2](5)

SIUL

eMIOS_0

WKPU

—

WKPU

I/O

I/O

I

—

I

S Tristate 7 11 19 F3

PA[2] PCR[2]

AF0

AF1

AF2

AF3

—

GPIO[2]

E0UC[2]

—

MA[2]

WKPU[3](5)

SIUL

eMIOS_0

—

ADC_0

WKPU

I/O

I/O

—

O

I

S Tristate 5 9 17 F2

PA[3] PCR[3]

AF0

AF1

AF2

AF3

—

—

GPIO[3]

E0UC[3]

LIN5TX

CS4_1

EIRQ[0]

ADC1_S[0]

SIUL

eMIOS_0

LINFlex_5

DSPI_1

SIUL

ADC_1

I/O

I/O

O

O

I

I

J Tristate 68 90 114 K15



P
a

c
ka

g
e p

in
o

u
ts

 a
n

d
 s

ig
n

a
l d

e
s

crip
tio

n
s

S
P

C
5

60
B

5
4

x/6
x

2
2/1

33
D

o
cID

1
513

1 R
ev 9

PA[8] PCR[8]

AF0

AF1

AF2

AF3

—

N/A(7)

—

GPIO[8]

E0UC[8]

E0UC[14]

—

EIRQ[3]

ABS[0]

LIN3RX

SIUL

eMIOS_0

eMIOS_0

—

SIUL

BAM

LINFlex_3

I/O

I/O

I/O

—

I

I

I

S
Input, 

weak pull-
up

72 105 129 C16

PA[9] PCR[9]

AF0

AF1

AF2

AF3

N/A(7)

GPIO[9]

E0UC[9]

—

CS2_1

FAB

SIUL

eMIOS_0

—

DSPI_1

BAM

I/O

I/O

—

O

I

S
Pull-
down

73 106 130 C15

PA[10] PCR[10]

AF0

AF1

AF2

AF3

—

GPIO[10]

E0UC[10]

SDA

LIN2TX

ADC1_S[2]

SIUL

eMIOS_0

I2C_0

LINFlex_2

ADC_1

I/O

I/O

I/O

O

I

J Tristate 74 107 131 B16

PA[11] PCR[11]

AF0

AF1

AF2

AF3

—

—

—

GPIO[11]

E0UC[11]

SCL

—

EIRQ[16]

LIN2RX

ADC1_S[3]

SIUL

eMIOS_0

I2C_0

—

SIUL

LINFlex_2

ADC_1

I/O

I/O

I/O

—

I

I

I

J Tristate 75 108 132 B15

Table 6. Functional port pin descriptions (continued)

Port pin PCR

A
lt

er
n

at
e 

fu
n

ct
io

n
(1

)

Function Peripheral

I/O
 d

ir
ec

ti
o

n
(2

)

P
a

d
 t

yp
e

R
E

S
E

T

co
n

fi
g

u
ra

ti
o

n
(3

) Pin number

LQFP
100

LQFP
144

LQFP
176

LBGA
208(4)
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PH[10](10) PCR[122]

AF0

AF1

AF2

AF3

GPIO[122]

—

TMS

—

SIUL

—

JTAGC

—

I/O

—

I

—

M
Input, 

weak pull-
up

81 120 148 B9

PH[11] PCR[123]

AF0

AF1

AF2

AF3

GPIO[123]

SOUT_3

CS0_4

E1UC[5]

SIUL

DSPI_3

DSPI_4

eMIOS_1

I/O

O

I/O

I/O

M Tristate — — 140 A14

PH[12] PCR[124]

AF0

AF1

AF2

AF3

GPIO[124]

SCK_3

CS1_4

E1UC[25]

SIUL

DSPI_3

DSPI_4

eMIOS_1

I/O

I/O

O

I/O

M Tristate — — 141 D12

PH[13] PCR[125]

AF0

AF1

AF2

AF3

GPIO[125]

SOUT_4

CS0_3

E1UC[26]

SIUL

DSPI_4

DSPI_3

eMIOS_1

I/O

O

I/O

I/O

M Tristate — — 9 B3

PH[14] PCR[126]

AF0

AF1

AF2

AF3

GPIO[126]

SCK_4

CS1_3

E1UC[27]

SIUL

DSPI_4

DSPI_3

eMIOS_1

I/O

I/O

O

I/O

M Tristate — — 10 D1

PH[15] PCR[127]

AF0

AF1

AF2

AF3

GPIO[127]

SOUT_5

—

E1UC[17]

SIUL

DSPI_5

—

eMIOS_1

I/O

O

—

I/O

M Tristate — — 8 A3

Port I

Table 6. Functional port pin descriptions (continued)

Port pin PCR

A
lt

er
n

at
e 

fu
n

ct
io

n
(1

)

Function Peripheral

I/O
 d

ir
ec

ti
o

n
(2

)

P
a

d
 t

yp
e

R
E

S
E

T

co
n

fi
g

u
ra

ti
o

n
(3

) Pin number

LQFP
100

LQFP
144

LQFP
176

LBGA
208(4)
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PI[0] PCR[128]

AF0

AF1

AF2

AF3

GPIO[128]

E0UC[28]

LIN8TX

—

SIUL

eMIOS_0

LINFlex_8

—

I/O

I/O

O

—

S Tristate — — 172 A9

PI[1] PCR[129]

AF0

AF1

AF2

AF3

—

—

GPIO[129]

E0UC[29]

—

—

WKPU[24](5)

LIN8RX

SIUL

eMIOS_0

—

—

WKPU

LINFlex_8

I/O

I/O

—

—

I

I

S Tristate — — 171 A10

PI[2] PCR[130]

AF0

AF1

AF2

AF3

GPIO[130]

E0UC[30]

LIN9TX

—

SIUL

eMIOS_0

LINFlex_9

—

I/O

I/O

O

—

S Tristate — — 170 B10

PI[3] PCR[131]

AF0

AF1

AF2

AF3

—

—

GPIO[131]

E0UC[31]

—

—

WKPU[23](5)

LIN9RX

SIUL

eMIOS_0

—

—

WKPU

LINFlex_9

I/O

I/O

—

—

I

I

S Tristate — — 169 C10

PI[4] PCR[132]

AF0

AF1

AF2

AF3

GPIO[132]

E1UC[28]

SOUT_4

—

SIUL

eMIOS_1

DSPI_4

—

I/O

I/O

O

—

S Tristate — — 143 A12

Table 6. Functional port pin descriptions (continued)

Port pin PCR

A
lt

er
n

at
e 

fu
n

ct
io
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) Pin number

LQFP
100

LQFP
144

LQFP
176

LBGA
208(4)
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4 Electrical characteristics

This section contains electrical characteristics of the device as well as temperature and 
power considerations.

This product contains devices to protect the inputs against damage due to high static 
voltages. However, it is advisable to take precautions to avoid application of any voltage 
higher than the specified maximum rated voltages.

To enhance reliability, unused inputs can be driven to an appropriate logic voltage level (VDD 
or VSS). This could be done by the internal pull-up and pull-down, which is provided by the 
product for most general purpose pins.

The parameters listed in the following tables represent the characteristics of the device and 
its demands on the system.

In the tables where the device logic provides signals with their respective timing 
characteristics, the symbol “CC” for Controller Characteristics is included in the Symbol 
column.

In the tables where the external system must provide signals with their respective timing 
characteristics to the device, the symbol “SR” for System Requirement is included in the 
Symbol column.

4.1 Parameter classification

The electrical parameters shown in this supplement are guaranteed by various methods. To 
give the customer a better understanding, the classifications listed in Table 8 are used and 
the parameters are tagged accordingly in the tables where appropriate.

          

Note: The classification is shown in the column labeled “C” in the parameter tables where 
appropriate.

4.2 NVUSRO register

Bit values in the Non-Volatile User Options (NVUSRO) Register control portions of the 
device configuration, namely electrical parameters such as high voltage supply and 
oscillator margin, as well as digital functionality (watchdog enable/disable after reset).

Table 8. Parameter classifications

Classification tag Tag description

P Those parameters are guaranteed during production testing on each individual device.

C
Those parameters are achieved by the design characterization by measuring a statistically 
relevant sample size across process variations.

T
Those parameters are achieved by design characterization on a small sample size from 
typical devices under typical conditions unless otherwise noted. All values shown in the typical 
column are within this category.

D Those parameters are derived mainly from simulations.
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4.5.3 Power considerations

The average chip-junction temperature, TJ, in degrees Celsius, may be calculated using 
Equation 1:

Equation 1 TJ = TA + (PD x RJA)

Where:

TA is the ambient temperature in °C.

RJA is the package junction-to-ambient thermal resistance, in °C/W.

PD is the sum of PINT and PI/O (PD = PINT + PI/O).

PINT is the product of IDD and VDD, expressed in watts. This is the chip internal 
power.

PI/O represents the power dissipation on input and output pins; user determined.

Most of the time for the applications, PI/O < PINT and may be neglected. On the other hand, 
PI/O may be significant, if the device is configured to continuously drive external modules 
and/or memories.

An approximate relationship between PD and TJ (if PI/O is neglected) is given by:

          

          

RJB CC
Thermal resistance, junction-to-
board(4)

Single-layer board — 1s

100 — — 36

°C/W

144 — — 38

176 — — 38

Four-layer board — 2s2p

100 — — 33.6

144 — — 33.4

176 — — 33.4

RJC CC
Thermal resistance, junction-to-
case(5)

Single-layer board — 1s

100 — — 23

°C/W

144 — — 23

176 — — 23

Four-layer board — 2s2p

100 — — 19.8

144 — — 19.2

176 — — 18.8

1. Thermal characteristics are targets based on simulation.

2. VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = 40 to 125 °C.

3. Junction-to-ambient thermal resistance determined per JEDEC JESD51-3 and JESD51-6. Thermal test board meets 
JEDEC specification for this package. When Greek letters are not available, the symbols are typed as RthJA and RthJMA.

4. Junction-to-board thermal resistance determined per JEDEC JESD51-8. Thermal test board meets JEDEC specification for 
the specified package. When Greek letters are not available, the symbols are typed as RthJB.

5. Junction-to-case at the top of the package determined using MIL-STD 883 Method 1012.1. The cold plate temperature is 
used for the case temperature. Reported value includes the thermal resistance of the interface layer. When Greek letters 
are not available, the symbols are typed as RthJC.

Table 15. LQFP thermal characteristics(1) (continued)

Symbol C Parameter Conditions(2) Pin count
Value

Unit
Min Typ Max
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The internal voltage regulator requires external capacitance (CREGn) to be connected to the 
device in order to provide a stable low voltage digital supply to the device. Capacitances 
should be placed on the board as near as possible to the associated pins. Care should also 
be taken to limit the serial inductance of the board to less than 5 nH.

Each decoupling capacitor must be placed between each of the three VDD_LV/VSS_LV supply 
pairs to ensure stable voltage (see Section 4.4: Recommended operating conditions).

          

Table 26. Voltage regulator electrical characteristics 

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max

CREGn SR —
Internal voltage regulator external 
capacitance

— 200 — 500 nF

RREG SR —
Stability capacitor equivalent serial 
resistance

Range:

10 kHz to 20 MHz
— — 0.2 W

CDEC1 SR — Decoupling capacitance(2) ballast

VDD_BV/VSS_LV pair: 
VDD_BV = 4.5 V to 5.5 V

100(3)

470(4)

—

nF
VDD_BV/VSS_LV pair: 
VDD_BV = 3 V to 3.6 V

400 —

CDEC2 SR —
Decoupling capacitance regulator 
supply

VDD/VSS pair 10 100 — nF

VMREG CC
T

Main regulator output voltage
Before exiting from reset — 1.32 —

V
P After trimming 1.16 1.28 —

IMREG SR —
Main regulator current provided to 
VDD_LV domain

— — — 150 mA

IMREGINT CC D
Main regulator module current 
consumption

IMREG = 200 mA — — 2
mA

IMREG = 0 mA — — 1

VLPREG CC P Low-power regulator output voltage After trimming 1.16 1.28 — V

ILPREG SR —
Low-power regulator current 
provided to VDD_LV domain

— — — 15 mA

ILPREGINT CC

D
Low-power regulator module current 
consumption

ILPREG = 15 mA;
TA = 55 °C

— — 600

µA

—
ILPREG = 0 mA;
TA = 55 °C

— 5 —

VULPREG CC P
Ultra low power regulator output 
voltage

After trimming 1.16 1.28 — V

IULPREG SR —
Ultra low power regulator current 
provided to VDD_LV domain

— — — 5 mA

IULPREGINT CC D
Ultra low power regulator module 
current consumption

IULPREG = 5 mA;
TA = 55 °C

— — 100

µA
IULPREG = 0 mA;
TA = 55 °C

— 2 —

IDD_BV CC D
In-rush average current on VDD_BV 
during power-up(5) — — — 300(6) mA
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Therefore it is recommended that the user apply EMC software optimization and 
prequalification tests in relation with the EMC level requested for the application.

 Software recommendations The software flowchart must include the management of 
runaway conditions such as:

– Corrupted program counter

– Unexpected reset

– Critical data corruption (control registers...)

 Prequalification trials Most of the common failures (unexpected reset and program 
counter corruption) can be reproduced by manually forcing a low state on the reset pin 
or the oscillator pins for 1 second.

To complete these trials, ESD stress can be applied directly on the device. When 
unexpected behavior is detected, the software can be hardened to prevent 
unrecoverable errors occurring (see application note Software Techniques For 
Improving Microcontroller EMC Performance (AN1015)).

4.11.2 Electromagnetic interference (EMI)

The product is monitored in terms of emission based on a typical application. This emission 
test conforms to the IEC61967-1 standard, which specifies the general conditions for EMI 
measurements.

          

4.11.3 Absolute maximum ratings (electrical sensitivity)

Based on two different tests (ESD and LU) using specific measurement methods, the 
product is stressed in order to determine its performance in terms of electrical sensitivity.

Table 34. EMI radiated emission measurement(1)(2)

Symbol C Parameter Conditions
Value

Unit
Min Typ Max

— SR — Scan range —
0.15

0
1000 MHz

fCPU SR — Operating frequency — — 64 — MHz

VDD_LV SR —
LV operating 
voltages

— — 1.28 — V

SEMI CC T Peak level

VDD =  5 V, 
TA = 25 °C,
LQFP144 package

Test conforming to 
IEC 61967-2,

fOSC = 8 MHz/fCPU = 
64 MHz

No PLL frequency 
modulation

— — 18
dBµ

V

± 2% PLL frequency

modulation
— — 14

dBµ
V

1. EMI testing and I/O port waveforms per IEC 61967-1, -2, -4.

2. For information on conducted emission and susceptibility measurement (norm IEC 61967-4), please contact your local 
marketing representative.
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4.16 Slow internal RC oscillator (128 kHz) electrical 
characteristics

The device provides a 128 kHz low power internal RC oscillator. This can be used as the 
reference clock for the RTC module.

          

IFIRCSTOP CC T
Fast internal RC oscillator high 
frequency and system clock 
current in stop mode

TA = 25 °C

sysclk = off — 500 —

µA

sysclk = 2 MHz — 600 —

sysclk = 4 MHz — 700 —

sysclk = 8 MHz — 900 —

sysclk = 16 MHz — 1250 —

tFIRCSU CC C
Fast internal RC oscillator start-
up time

VDD = 5.0 V ± 10% — 1.1 2.0 µs

FIRCPRE CC C
Fast internal RC oscillator 
precision after software 
trimming of fFIRC

TA = 25 °C 1 — 1 %

FIRCTRIM CC C
Fast internal RC oscillator 
trimming step

TA = 25 °C — 1.6 %

FIRCVAR CC C

Fast internal RC oscillator 
variation over temperature and 
supply with respect to fFIRC at 
TA = 25 °C in high-frequency 
configuration

— 5 — 5 %

1. VDD = 3.3 V ± 10% / 5.0 V ± 10%, TA = 40 to 125 °C, unless otherwise specified.

2. This does not include consumption linked to clock tree toggling and peripherals consumption when RC oscillator is ON. 

Table 42. Fast internal RC oscillator (16 MHz) electrical characteristics (continued)

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max

Table 43. Slow internal RC oscillator (128 kHz) electrical characteristics 

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max

fSIRC

CC P Slow internal RC oscillator low 
frequency

TA = 25 °C, trimmed — 128 —
kHz

SR — — 100 — 150

ISIRC
(2) CC C

Slow internal RC oscillator low 
frequency current

TA = 25 °C, trimmed — — 5 µA

tSIRCSU CC P
Slow internal RC oscillator start-up 
time

TA = 25 °C, VDD = 5.0 V ± 10% — 8 12 µs
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Equation 11

The two transients above are not influenced by the voltage source that, due to the presence 
of the RFCF filter, is not able to provide the extra charge to compensate the voltage drop on 
CS with respect to the ideal source VA; the time constant RFCF of the filter is very high with 
respect to the sampling time (ts). The filter is typically designed to act as antialiasing.

Figure 20. Spectral representation of input signal

Calling f0 the bandwidth of the source signal (and as a consequence the cut-off frequency of 
the antialiasing filter, fF), according to the Nyquist theorem the conversion rate fC must be at 
least 2f0; it means that the constant time of the filter is greater than or at least equal to twice 
the conversion period (tc). Again the conversion period tc is longer than the sampling time ts, 
which is just a portion of it, even when fixed channel continuous conversion mode is 
selected (fastest conversion rate at a specific channel): in conclusion it is evident that the 
time constant of the filter RFCF is definitively much higher than the sampling time ts, so the 
charge level on CS cannot be modified by the analog signal source during the time in which 
the sampling switch is closed.

The considerations above lead to impose new constraints on the external circuit, to reduce 
the accuracy error due to the voltage drop on CS; from the two charge balance equations 
above, it is simple to derive Equation 12 between the ideal and real sampled voltage on CS:

Equation 12

From this formula, in the worst case (when VA is maximum, that is for instance 5 V), 
assuming to accept a maximum error of half a count, a constraint is evident on CF value:

Equation 13 ADC_0 (10-bit)

VA2 CS CP1 CP2 CF+ + +  VA CF VA1+ CP1 CP2+ CS+ =

f0 f

Analog source bandwidth (VA)

f0 f

Sampled signal spectrum (fC = Conversion rate)

fCf

Anti-aliasing filter (fF = RC filter pole)

fF

2 f0 < fC (Nyquist)

fF = f0 (Anti-aliasing filtering condition)

tc < 2 RFCF (Conversion rate vs. filter pole) 

Noise

VA2
VA

------------
CP1 CP2+ CF+

CP1 CP2+ CF CS+ +
--------------------------------------------------------=

CF 2048 CS
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Figure 29. DSPI modified transfer format timing — slave, CPHA = 1

Figure 30. DSPI PCS strobe (PCSS) timing

4.18.3 Nexus characteristics

          

5  6

9

12

11

10

Last Data

Last DataSIN

SOUT

SS

First Data

First Data

Data

Data

SCK Input 

SCK Input 

(CPOL = 0)

(CPOL = 1)

Note: Numbers shown reference Table 47.

PCSx

7 8

PCSS

Note: Numbers shown reference Table 47.

Table 49. Nexus characteristics 

No. Symbol C Parameter
Value

Unit
Min Typ Max

1 tTCYC CC D TCK cycle time 64 — — ns

2 tMCYC CC D MCKO cycle time 32 — — ns

3 tMDOV CC D MCKO low to MDO data valid — — 8 ns

4 tMSEOV CC D MCKO low to MSEO_b data valid — — 8 ns
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4.18.4 JTAG characteristics

          

Figure 32. Timing diagram — JTAG boundary scan

Table 50. JTAG characteristics 

No. Symbol C Parameter
Value

Unit
Min Typ Max

1 tJCYC CC D TCK cycle time 64 — — ns

2 tTDIS CC D TDI setup time 15 — — ns

3 tTDIH CC D TDI hold time 5 — — ns

4 tTMSS CC D TMS setup time 15 — — ns

5 tTMSH CC D TMS hold time 5 — — ns

6 tTDOV CC D TCK low to TDO valid — — 33 ns

7 tTDOI CC D TCK low to TDO invalid 6 — — ns

INPUT DATA VALID

OUTPUT DATA VALID

DATA INPUTS

DATA OUTPUTS

DATA OUTPUTS

TCK

Note: Numbers shown reference Table 50.

3/52/4

7

6
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5.2.2 LQFP144

           

Figure 34. LQFP144 package mechanical drawing

          

Table 52. LQFP144 mechanical data 

Symbol
mm inches(1)

Min Typ Max Min Typ Max

A — — 1.600 — — 0.0630

A1 0.050 — 0.150 0.0020 — 0.0059

A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

c 0.090 — 0.200 0.0035 — 0.0079

D 21.800 22.000 22.200 0.8583 0.8661 0.8740
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5.2.4 LBGA208

Figure 36. LBGA208 package mechanical drawing

1. The terminal A1 corner must be identified on the top surface by using a corner chamfer, ink or metalized 
markings, or other feature of package body or integral heatslug.
A distinguishing feature is allowable on the bottom surface of the package to identify the terminal A1 
corner. Exact shape of each corner is optional.
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Table 54. LBGA208 mechanical data 

Symbol
mm inches(1)

Notes
Min Typ Max Min Typ Max

A — — 1.70 — — 0.0669 (2)

A1 0.30 — — 0.0118 — — —

A2 — 1.085 — — 0.0427 — —

A3 — 0.30 — — 0.0118 — —

A4 — — 0.80 — — 0.0315 —

b 0.50 0.60 0.70 0.0197 0.0236 0.0276 (3)
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Revision history

Table 56 summarizes revisions to this document.

          

Table 56. Revision history 

Date Revision Changes

12-Jan-2009 1 Initial release

07-Dec-2009 2 

Updated Device Summary-added LBGA208 Part number

Updated Features

Replaced 27 IRQs in place of 23

ADC features

External Ballast resistor support conditions

Updated device summary-added 208 BGA details

Updated block diagram to include WKUP

Updated block diagram to include 5 ch ADC 12 -bit

Updated Block summary table

Updated LQFP 144, 176 and 100 pinouts. Applied new naming convention for ADC 
signals as ADCx_P[x] and ADCx_S[x]

Section 1, “General description

Updated SPC560B54/60/64 device comparison table

Updated block diagram-aligned with 512k

Updated block summary-aligned with 512k

Section 2, “Package pinouts

Updated 100,144,176,208 packages according to cut2.0 changes

Added Section 3.5.1, “External ballast resistor recommendations

Added NVUSRO [WATCHDOG_EN] field description

Updated Absolute maximum ratings

Updated LQFP thermal characteristics

Updated I/O supply segments

Updated Voltage regulator capacitance connection

Updated Low voltage monitor electrical characteristics

Updated Low voltage power domain electrical characteristics

Updated DC electrical characteristics

Updated Program/Erase specifications

Updated Conversion characteristics (10 bit ADC)

Updated FMPLL electrical characteristics

Updated Fast RC oscillator electrical characteristics-aligned with 
SPC560B4x/B5x/C4x/C5x

Updated On-chip peripherals current consumption

Updated ADC characteristics and error definitions diagram

Updated ADC conversion characteristics (10 bit and 12 bit)

Added ADC characteristics and error definitions diagram for 12 bit ADC
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IMPORTANT NOTICE – PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and 
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on 
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order 
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or 
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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