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Welcome to E-XFL.COM

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
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Table 2. SPC560B40x/50x and SPC560C40x/50x device comparison(1) 

Feature

Device

SPC560B

40L1

SPC560B

40L3

SPC560B

40L5

SPC560C

40L1

SPC560C

40L3

SPC560B

50L1

SPC560B

50L3

SPC560B

50L5

SPC560C

50L1

SPC560C

50L3

SPC560B

50B2

CPU e200z0h

Execution 
speed(2) Static – up to 64 MHz

Code Flash 256 KB 512 KB

Data Flash 64 KB (4 × 16 KB)

RAM 24 KB 32 KB 32 KB 48 KB

MPU 8-entry

ADC (10-bit) 12 ch 28 ch 36 ch 8 ch 28 ch 12 ch 28 ch 36 ch 8 ch 28 ch 36 ch

CTU Yes

Total timer I/O(3)

eMIOS

12 ch,

16-bit

28 ch,

16-bit

56 ch,

16-bit

12 ch,

16-bit

28 ch,

16-bit

12 ch,

16-bit

28 ch,

16-bit

56 ch,

16-bit

12 ch,

16-bit

28 ch,

16-bit

56 ch,

16-bit

– PWM + MC + 
IC/OC(4) 2 ch 5 ch 10 ch 2 ch 5 ch 2 ch 5 ch 10 ch 2 ch 5 ch 10 ch

– PWM + 
IC/OC(4) 10 ch 20 ch 40 ch 10 ch 20 ch 10 ch 20 ch 40 ch 10 ch 20 ch 40 ch

– IC/OC(4) — 3 ch 6 ch — 3 ch — 3 ch 6 ch — 3 ch 6 ch

SCI (LINFlex) 3(5) 4

SPI (DSPI) 2 3 2 3 2 3 2 3

CAN (FlexCAN) 2(6) 5 6 3(7) 5 6

I2C 1

32 kHz oscillator Yes

GPIO(8) 45 79 123 45 79 45 79 123 45 79 123
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Figure 1. SPC560B40x/50x and SPC560C40x/50x block diagram

Table 3 summarizes the functions of all blocks present in the SPC560B40x/50x and 
SPC560C40x/50x series of microcontrollers. Please note that the presence and number of 
blocks vary by device and package.
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ADC Analog-to-Digital Converter
BAM Boot Assist Module
FlexCAN Controller Area Network
CMU Clock Monitor Unit
CTU Cross Triggering Unit
DSPI Deserial Serial Peripheral Interface
eMIOS Enhanced Modular Input Output System
FMPLL Frequency-Modulated Phase-Locked Loop
I2C Inter-integrated Circuit Bus
IMUX Internal Multiplexer
INTC Interrupt Controller
JTAG JTAG controller
LINFlex Serial Communication Interface (LIN support)
ECSM Error Correction Status Module
MC_CGM Clock Generation Module

MC_ME Mode Entry Module
MC_PCU Power Control Unit
MC_RGM Reset Generation Module
MPU Memory Protection Unit
Nexus Nexus Development Interface (NDI) Level
NMI Non-Maskable Interrupt
PIT Periodic Interrupt Timer
RTC Real-Time Clock
SIUL System Integration Unit Lite
SRAM Static Random-Access Memory
SSCM System Status Configuration Module
STM System Timer Module
SWT Software Watchdog Timer
WKPU Wakeup Unit
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ECSM
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3.5 System pins

The system pins are listed in Table 5.

          

3.6 Functional ports

The functional port pins are listed in Table 6.

c. All medium and fast pads are in slow configuration by default at reset and can be configured as fast or medium 
(see PCR.SRC in section Pad Configuration Registers (PCR0–PCR122) in the device reference manual).

Table 5. System pin descriptions 

S
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I/O
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ad

 t
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e

R
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L
Q

F
P

64

L
Q

F
P

10
0

L
Q

F
P

14
4

L
B

G
A

2
08

(1
)

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

I/O M
Input, weak 
pull-up only 

after PHASE2
9 17 21 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.(2)

I/O X Tristate 27 36 50 N8

XTAL
Analog input of the oscillator amplifier circuit. Needs to 
be grounded if oscillator is used in bypass mode.(2) I X Tristate 25 34 48 P8

1. LBGA208 available only as development package for Nexus2+

2. See the relevant section of the datasheet 
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PB[5] PCR[21]

AF0

AF1

AF2

AF3

—

GPIO[21]

—

—

—

GPI[1]

SIUL

—

—

—

ADC

I

—

—

—

I

I Tristate 35 53 75 R16

PB[6] PCR[22]

AF0

AF1

AF2

AF3

—

GPIO[22]

—

—

—

GPI[2]

SIUL

—

—

—

ADC

I

—

—

—

I

I Tristate 36 54 76 P15

PB[7] PCR[23]

AF0

AF1

AF2

AF3

—

GPIO[23]

—

—

—

GPI[3]

SIUL

—

—

—

ADC

I

—

—

—

I

I Tristate 37 55 77 P16

PB[8] PCR[24]

AF0

AF1

AF2

AF3

—

—

GPIO[24]

—

—

—

ANS[0]

OSC32K_XTAL(7)

SIUL

—

—

—

ADC

SXOSC

I

—

—

—

I

I/O

I Tristate 30 39 53 R9

PB[9] PCR[25]

AF0

AF1

AF2

AF3

—

—

GPIO[25]

—

—

—

ANS[1]

OSC32K_EXTAL(

7)

SIUL

—

—

—

ADC

SXOSC

I

—

—

—

I

I/O

I Tristate 29 38 52 T9

PB[10] PCR[26]

AF0

AF1

AF2

AF3

—

—

GPIO[26]

—

—

—

ANS[2]

WKPU[8](4)

SIUL

—

—

—

ADC

WKPU

I/O

—

—

—

I

I

J Tristate 31 40 54 P9

Table 6. Functional port pin descriptions (continued)
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PC[8] PCR[40]

AF0

AF1

AF2

AF3

GPIO[40]

LIN2TX

—

—

SIUL

LINFlex_2

—

—

I/O

O

—

—

S Tristate 63 99 143 A1

PC[9] PCR[41]

AF0

AF1

AF2

AF3

—

—

GPIO[41]

—

—

—

LIN2RX

WKPU[13](4)

SIUL

—

—

—

LINFlex_2

WKPU

I/O

—

—

—

I

I

S Tristate 2 2 2 B1

PC[10] PCR[42]

AF0

AF1

AF2

AF3

GPIO[42]

CAN1TX

CAN4TX(11)

MA[1]

SIUL

FlexCAN_1

FlexCAN_4

ADC

I/O

O

O

O

M Tristate 13 22 28 M3

PC[11] PCR[43]

AF0

AF1

AF2

AF3

—

—

—

GPIO[43]

—

—

—

CAN1RX

CAN4RX(11)

WKPU[5](4)

SIUL

—

—

—

FlexCAN_1

FlexCAN_4

WKPU

I/O

—

—

—

I

I

I

S Tristate — 21 27 M4

PC[12] PCR[44]

AF0

AF1

AF2

AF3

—

GPIO[44]

E0UC[12]

—

—

SIN_2

SIUL

eMIOS_0

—

—

DSPI_2

I/O

I/O

—

—

I

M Tristate — 97 141 B4

PC[13] PCR[45]

AF0

AF1

AF2

AF3

GPIO[45]

E0UC[13]

SOUT_2

—

SIUL

eMIOS_0

DSPI_2

—

I/O

I/O

O

—

S Tristate — 98 142 A2

PC[14] PCR[46]

AF0

AF1

AF2

AF3

—

GPIO[46]

E0UC[14]

SCK_2

—

EIRQ[8]

SIUL

eMIOS_0

DSPI_2

—

SIUL

I/O

I/O

I/O

—

I

S Tristate — 3 3 C1

Table 6. Functional port pin descriptions (continued)
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PF[9] PCR[89]

AF0

AF1

AF2

AF3

—

—

GPIO[89]

—

CS5_0

—

CAN2RX(15)

CAN3RX(14)

SIUL

—

DSPI_0

—

FlexCAN_2

FlexCAN_3

I/O

—

O

—

I

I

S Tristate — — 33 N2

PF[10] PCR[90]

AF0

AF1

AF2

AF3

GPIO[90]

—

—

—

SIUL

—

—

—

I/O

—

—

—

M Tristate — — 38 R3

PF[11] PCR[91]

AF0

AF1

AF2

AF3

—

GPIO[91]

—

—

—

WKPU[15](4)

SIUL

—

—

—

WKPU

I/O

—

—

—

I

S Tristate — — 39 R4

PF[12] PCR[92]

AF0

AF1

AF2

AF3

GPIO[92]

E1UC[25]

—

—

SIUL

eMIOS_1

—

—

I/O

I/O

—

—

M Tristate — — 35 R1

PF[13] PCR[93]

AF0

AF1

AF2

AF3

—

GPIO[93]

E1UC[26]

—

—

WKPU[16](4)

SIUL

eMIOS_1

—

—

WKPU

I/O

I/O

—

—

I

S Tristate — — 41 T6

PF[14] PCR[94]

AF0

AF1

AF2

AF3

GPIO[94]

CAN4TX(11)

E1UC[27]

CAN1TX

SIUL

FlexCAN_4

eMIOS_1

FlexCAN_4

I/O

O

I/O

O

M Tristate — — 102 D14

PF[15] PCR[95]

AF0

AF1

AF2

AF3

—

—

—

GPIO[95]

—

—

—

CAN1RX

CAN4RX(11)

EIRQ[13]

SIUL

—

—

—

FlexCAN_1

FlexCAN_4

SIUL

I/O

—

—

—

I

I

I

S Tristate — — 101 E15

Table 6. Functional port pin descriptions (continued)
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PG[15] PCR[111]

AF0

AF1

AF2

AF3

GPIO[111]

E1UC[1]

—

—

SIUL

eMIOS_1

—

—

I/O

I/O

—

—

M Tristate — — 111 B13

PH[0] PCR[112]

AF0

AF1

AF2

AF3

—

GPIO[112]

E1UC[2]

—

—

SIN1

SIUL

eMIOS_1

—

—

DSPI_1

I/O

I/O

—

—

I

M Tristate — — 93 F13

PH[1] PCR[113]

AF0

AF1

AF2

AF3

GPIO[113]

E1UC[3]

SOUT1

—

SIUL

eMIOS_1

DSPI_1

—

I/O

I/O

O

—

M Tristate — — 94 F14

PH[2] PCR[114]

AF0

AF1

AF2

AF3

GPIO[114]

E1UC[4]

SCK_1

—

SIUL

eMIOS_1

DSPI_1

—

I/O

I/O

I/O

—

M Tristate — — 95 F16

PH[3] PCR[115]

AF0

AF1

AF2

AF3

GPIO[115]

E1UC[5]

CS0_1

—

SIUL

eMIOS_1

DSPI_1

—

I/O

I/O

I/O

—

M Tristate — — 96 F15

PH[4] PCR[116]

AF0

AF1

AF2

AF3

GPIO[116]

E1UC[6]

—

—

SIUL

eMIOS_1

—

—

I/O

I/O

—

—

M Tristate — — 134 A6

PH[5] PCR[117]

AF0

AF1

AF2

AF3

GPIO[117]

E1UC[7]

—

—

SIUL

eMIOS_1

—

—

I/O

I/O

—

—

S Tristate — — 135 B6

PH[6] PCR[118]

AF0

AF1

AF2

AF3

GPIO[118]

E1UC[8]

—

MA[2]

SIUL

eMIOS_1

—

ADC

I/O

I/O

—

O

M Tristate — — 136 D5

Table 6. Functional port pin descriptions (continued)
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Figure 6. I/O input DC electrical characteristics definition

          

VIL

VIN

VIH

PDIx = ‘1’

VDD

VHYS

(GPDI register of SIUL)

PDIx = ‘0’

Table 16. I/O input DC electrical characteristics 

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max

VIH SR P
Input high level CMOS 
(Schmitt Trigger)

— 0.65VDD — VDD+0.4

VVIL SR P
Input low level CMOS 
(Schmitt Trigger)

— 0.4 — 0.35VDD

VHYS CC C
Input hysteresis CMOS 
(Schmitt Trigger)

— 0.1VDD — —

ILKG CC

D

Digital input leakage
No injection 
on adjacent 
pin

TA = 40 °C — 2 200

nA

D TA = 25 °C — 2 200

D TA = 85 °C — 5 300

D TA = 105 °C — 12 500

P TA = 125 °C — 70 1000

WFI
(2) SR P Wakeup input filtered pulse — — — 40 ns

WNFI
(2) SR P

Wakeup input not filtered 
pulse

— 1000 — — ns

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

2. In the range from 40 to 1000 ns, pulses can be filtered or not filtered, according to operating temperature and voltage.
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VHYS CC C
Input hysteresis CMOS 
(Schmitt Trigger)

— 0.1VDD — — V

VOL CC

P

Output low level

Push Pull, IOL = 2mA,
VDD = 5.0 V ± 10%, PAD3V5V = 0
(recommended)

— — 0.1VDD

VC
Push Pull, IOL = 1mA,
VDD = 5.0 V ± 10%, PAD3V5V = 1(2) — — 0.1VDD

C
Push Pull, IOL = 1mA,
VDD = 3.3 V ± 10%, PAD3V5V = 1 
(recommended)

— — 0.5

ttr CC D
Output transition time 
output pin(3)

CL = 25pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 10

ns

CL = 50pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 20

CL = 100pF,
VDD = 5.0 V ± 10%, PAD3V5V = 0

— — 40

CL = 25pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 12

CL = 50pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 25

CL = 100pF,
VDD = 3.3 V ± 10%, PAD3V5V = 1

— — 40

WFRST SR P
RESET input filtered 
pulse

— — — 40 ns

WNFRST SR P
RESET input not filtered 
pulse

— 1000 — — ns

|IWPU| CC

P
Weak pull-up current 
absolute value

VDD = 3.3 V ± 10%, PAD3V5V = 1 10 — 150

µAD VDD = 5.0 V ± 10%, PAD3V5V = 0 10 — 150

P VDD = 5.0 V ± 10%, PAD3V5V = 1(2) 10 — 250

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

2. This transient configuration does not occurs when device is used in the VDD = 3.3 V ± 10% range.

3. CL includes device and package capacitance (CPKG < 5 pF).

Table 25. Reset electrical characteristics (continued)

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max
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IDDSTOP CC

P

STOP mode current(7) Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 180 700(8)

µA
D TA = 55 °C — 500 —

D TA = 85 °C — 1 6(8)

mAD TA = 105 °C — 2 9(8)

P TA = 125 °C — 4.5 12(8)

IDDSTDBY2 CC

P

STANDBY2 mode 
current(9)

Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 30 100

µA

D TA = 55 °C — 75 —

D TA = 85 °C — 180 700

D TA = 105 °C — 315 1000

P TA = 125 °C — 560 1700

IDDSTDBY1 CC

T

STANDBY1 mode 
current(10)

Slow internal RC oscillator 
(128 kHz) running

TA = 25 °C — 20 60

µA

D TA = 55 °C — 45 —

D TA = 85 °C — 100 350

D TA = 105 °C — 165 500

D TA = 125 °C — 280 900

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

2. IDDMAX is drawn only from the VDD_BV pin. Running consumption does not include I/Os toggling which is highly dependent 
on the application. The given value is thought to be a worst case value with all peripherals running, and code fetched from 
code flash while modify operation ongoing on data flash. Notice that this value can be significantly reduced by application: 
switch off not used peripherals (default), reduce peripheral frequency through internal prescaler, fetch from RAM most used 
functions, use low power mode when possible.

3. Higher current may be sinked by device during power-up and standby exit. Please refer to in rush current on Table 26.

4. IDDRUN is drawn only from the VDD_BV pin. RUN current measured with typical application with accesses on both flash and 
RAM.

5. Only for the “P” classification: Data and Code Flash in Normal Power. Code fetched from RAM: Serial IPs CAN and LIN in 
loop back mode, DSPI as Master, PLL as system Clock (4 x Multiplier) peripherals on (eMIOS/CTU/ADC) and running at 
max frequency, periodic SW/WDG timer reset enabled.

6. Data Flash Power Down. Code Flash in Low Power. SIRC (128 kHz) and FIRC (16 MHz) on. 10 MHz XTAL clock. 
FlexCAN: instances: 0, 1, 2 ON (clocked but not reception or transmission), instances: 4, 5, 6 clock gated. LINFlex: 
instances: 0, 1, 2 ON (clocked but not reception or transmission), instance: 3 clock gated. eMIOS: instance: 0 ON (16 
channels on PA[0]–PA[11] and PC[12]–PC[15]) with PWM 20 kHz, instance: 1 clock gated. DSPI: instance: 0 (clocked but 
no communication). RTC/API ON. PIT ON. STM ON. ADC ON but not conversion except 2 analog watchdog.

7. Only for the “P” classification: No clock, FIRC (16 MHz) off, SIRC (128 kHz) on, PLL off, HPvreg off, ULPVreg/LPVreg on. 
All possible peripherals off and clock gated. Flash in power down mode.

8. When going from RUN to STOP mode and the core consumption is > 6 mA, it is normal operation for the main regulator 
module to be kept on by the on-chip current monitoring circuit. This is most likely to occur with junction temperatures 
exceeding 125 °C and under these circumstances, it is possible for the current to initially exceed the maximum STOP 
specification by up to 2 mA. After entering stop, the application junction temperature will reduce to the ambient level and 
the main regulator will be automatically switched off when the load current is below 6 mA.

9. Only for the “P” classification: ULPreg on, HP/LPVreg off, 32 KB RAM on, device configured for minimum consumption, all 
possible modules switched off.

10. ULPreg on, HP/LPVreg off, 8 KB RAM on, device configured for minimum consumption, all possible modules switched off.

Table 28. Power consumption on VDD_BV and VDD_HV (continued)

Symbol C Parameter Conditions(1)
Value

Unit
Min Typ Max
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3.20.3.2 Static latch-up (LU)

Two complementary static tests are required on six parts to assess the latch-up 
performance:

 A supply overvoltage is applied to each power supply pin.

 A current injection is applied to each input, output and configurable I/O pin.

These tests are compliant with the EIA/JESD 78 IC latch-up standard.

          

3.21 Fast external crystal oscillator (4 to 16 MHz) electrical 
characteristics

The device provides an oscillator/resonator driver. Figure 13 describes a simple model of 
the internal oscillator driver and provides an example of a connection for an oscillator or a 
resonator.

Table 37 provides the parameter description of 4 MHz to 16 MHz crystals used for the 
design simulations.

2. A device will be defined as a failure if after exposure to ESD pulses the device no longer meets the device specification 
requirements. Complete DC parametric and functional testing shall be performed per applicable device specification at 
room temperature followed by hot temperature, unless specified otherwise in the device specification.

Table 36. Latch-up results

Symbol C Parameter Conditions Class

LU CC T Static latch-up class
TA = 125 °C
conforming to JESD 78

II level A
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3.25 Slow internal RC oscillator (128 kHz) electrical 
characteristics

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

          

tFIRCSU CC C
Fast internal RC oscillator start-up 
time

VDD = 5.0 V ± 10% — 1.1 2.0 µs

FIRCPRE CC T
Fast internal RC oscillator precision

after software trimming of fFIRC
TA = 25 °C 1 — +1 %

FIRCTRIM CC T
Fast internal RC oscillator trimming 
step

TA = 25 °C — 1.6 %

FIRCVAR CC P

Fast internal RC oscillator variation 
in 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

SIRCPRE CC C
Slow internal RC oscillator 
precision after software trimming of 
fSIRC

TA = 25 °C 2 — +2

%

SIRCTRIM CC C
Slow internal RC oscillator trimming 
step

— — 2.7 —

SIRCVAR CC C

Slow internal RC oscillator variation 
in temperature and supply with 
respect to fSIRC at TA = 55 °C in 
high frequency configuration

High frequency configuration 10 — +10 %

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.
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To preserve the accuracy of the A/D converter, it is necessary that analog input pins have 
low AC impedance. Placing a capacitor with good high frequency characteristics at the input 
pin of the device can be effective: the capacitor should be as large as possible, ideally 
infinite. This capacitor contributes to attenuating the noise present on the input pin; 
furthermore, it sources charge during the sampling phase, when the analog signal source is 
a high-impedance source.

A real filter can typically be obtained by using a series resistance with a capacitor on the 
input pin (simple RC filter). The RC filtering may be limited according to the value of source 
impedance of the transducer or circuit supplying the analog signal to be measured. The filter 
at the input pins must be designed taking into account the dynamic characteristics of the 
input signal (bandwidth) and the equivalent input impedance of the ADC itself.

In fact a current sink contributor is represented by the charge sharing effects with the 
sampling capacitance: being CS and Cp2 substantially two switched capacitances, with a 
frequency equal to the conversion rate of the ADC, it can be seen as a resistive path to 
ground. For instance, assuming a conversion rate of 1 MHz, with CS+Cp2 equal to 3 pF, a 
resistance of 330 k is obtained (REQ = 1 / (fc × (CS+Cp2)), where fc represents the 
conversion rate at the considered channel). To minimize the error induced by the voltage 
partitioning between this resistance (sampled voltage on CS+Cp2) and the sum of RS + RF, 
the external circuit must be designed to respect the Equation 4:

Equation 4

          

Equation 4 generates a constraint for external network design, in particular on a resistive 
path.

VA

RS RF+

REQ
--------------------- 1

2
--- LSB
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Figure 23. DSPI classic SPI timing – master, CPHA = 0
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Figure 28. DSPI modified transfer format timing – master, CPHA = 1

Figure 29. DSPI modified transfer format timing – slave, CPHA = 0
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4 Package characteristics

4.1 ECOPACK®

In order to meet environmental requirements, ST offers these devices in different grades of 
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK® 
specifications, grade definitions and product status are available at: www.st.com. 
ECOPACK® is an ST trademark.

4.2 Package mechanical data

4.2.1 LQFP64

Figure 34. LQFP64 package mechanical drawing
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32
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64

1
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Table 50. LQFP64 mechanical data 

Symbol
mm inches(1)

Min Typ Max Min Typ Max

A — — 1.6 — — 0.063

A1 0.05 — 0.15 0.002 — 0.0059

A2 1.35 1.4 1.45 0.0531 0.0551 0.0571

b 0.17 0.22 0.27 0.0067 0.0087 0.0106

c 0.09 — 0.2 0.0035 — 0.0079

D 11.8 12 12.2 0.4646 0.4724 0.4803

http://www.st.com
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06-Mar-2009
2

(continued)

Updated tables:

– “I/O input DC electrical characteristics”

– “I/O pull-up/pull-down DC electrical characteristics”

– “SLOW configuration output buffer electrical characteristics”

– “MEDIUM configuration output buffer electrical characteristics”

– “FAST configuration output buffer electrical characteristics”

Added “Output pin transition times” section

Updated “I/O consumption” table

Updated “Start-up reset requirements” figure

Updated “Reset electrical characteristics” table

“Voltage regulator electrical characteristics” section:

– Amended description of LV_PLL

“Voltage regulator capacitance connection” figure:

– Exchanged position of symbols CDEC1 and CDEC2

Updated tables”

– “Voltage regulator electrical characteristics”

– “Low voltage monitor electrical characteristics”

– “Low voltage power domain electrical characteristics”

Added “Low voltage monitor vs reset” figure

Updated “Flash memory electrical characteristics” section

Added “Electromagnetic compatibility (EMC) characteristics” section

Updated “Fast external crystal oscillator (4 to 16 MHz) electrical characteristics” 
section

Updated “Slow external crystal oscillator (32 kHz) electrical characteristics” section

Updated tables:

– “FMPLL electrical characteristics”

– “Fast internal RC oscillator (16 MHz) electrical characteristics”

– “Slow internal RC oscillator (128 kHz) electrical characteristics”

Added “On-chip peripherals” section

Added “ADC input leakage current” table

Updated “ADC conversion characteristics” table

Updated “ECOPACK®” section

Corrected inverted column headings for typical and minimum dimensions in “LQFP64 
mechanical data” and “LQFP100 mechanical data” tables

Added “Abbrevation” appendix

03-Jun-2009 3 Corrected “Commercial product code structure” figure

Table 55. Document revision history (continued)

Date Revision Changes
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22-Jul-2010
7

(continued)

Table “Start-up time/Switch-off time“

– Entirely updated

Figures “Crystal oscillator and resonator connection scheme“ 

– Relocated a note

Table ”Slow external crystal oscillator (32 kHz) electrical characteristics”

– Removed gmSXOSC row

– Inserted values of ISXOSCBIAS

Table ”FMPLL electrical characteristics”

– Rounded the values of fVCO

Table “Fast internal RC oscillator (16 MHz) electrical characteristics“

– Entirely updated.

Table “ADC conversion characteristics”

– Updated the description of the conditions of tADC_PU and tADC_S.

– Added “IADCPWD” and “IADCRUN” rows

Table “DSPI characteristics“

– Entirely updated.

Updated “Order codes” table.

Figure “Commercial product code structure”

– Replaced PowerPC with “Power Architecture™“ in the product identifier

– Removed the note about the condition from “Flash read access timing“ table

– Removed the notes that assert the values need to be confirmed before validation

– Exchanged the order of “LQFP 100-pin configuration” and “LQFP 144-pin 
configuration”

– Exchanged the order of “LQFP 100-pin package mechanical drawing” and “LQFP 
144-pin package mechanical drawing”

25-Nov-2010 8

Editorial changes and improvements.
In the “SPC560B40x/50x and SPC560C40x/50x device comparison” table, changed 

the temperature value from 105 to 125 °C, in the footnote regarding “Execution 
speed”.

In the “LQFP thermal characteristics” table, added values concerning LQFP64 
package.

In the “MEDIUM configuration output buffer electrical characteristics” table: fixed a typo 
in last row of conditions column, there was IOH that now is IOL.

In the “Reset electrical characteristics” table, changed the parameter classification tag 
for VOL and |IWPU|.

In the “Low voltage monitor electrical characteristics” table, changed the max value of 
VLVDLVCORL from 1.5V to 1.15V.

In the “Program and erase specifications” table, replaced “Teslat” with “Tesus”.

In the “FMPLL electrical characteristics” table, changed the parameter classification 
tag for fVCO.

Table 55. Document revision history (continued)

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