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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
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Table 8. Power mode transition operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

• LLS → RUN
 

—

 

7.5

 

8

 

μs

• VLPS → RUN
 

—

 

7.5

 

8

 

μs

• STOP → RUN
 

—

 

7.5

 

8

 

μs

1. Normal boot (FTFA_FOPT[LPBOOT]=11)

2.2.5 Power consumption operating behaviors

The maximum values stated in the following table represent characterized results
equivalent to the mean plus three times the standard deviation (mean + 3 sigma).

NOTE
The while (1) test is executed with flash cache enabled.

Table 9. Power consumption operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

IDDA Analog supply current — — See note mA 1

IDD_RUNCO Running CoreMark in flash in compute operation
mode—48M HIRC mode, 48 MHz core / 24 MHz
flash, VDD = 3.0 V

• at 25 °C

• at 105 °C

 

 

—

—

 

 

5.76

6.04

 

 

6.40

6.68

 

 

mA

2

IDD_RUNCO Running While(1) loop in flash in compute
operation mode—48M HIRC mode, 48 MHz
core / 24 MHz flash, VDD = 3.0 V

• at 25 °C

• at 105 °C

 

 

—

—

 

 

3.21

3.49

 

 

3.85

4.13

 

 

mA

IDD_RUN Run mode current—48M HIRC mode, running
CoreMark in Flash all peripheral clock disable 48
MHz core/24 MHz flash, VDD = 3.0 V

• at 25 °C

• at 105 °C

 

 

—

—

 

 

6.45

6.75

 

 

7.09

7.39

 

 

mA

2

IDD_RUN Run mode current—48M HIRC mode, running
CoreMark in flash all peripheral clock disable, 24
MHz core/12 MHz flash, VDD = 3.0 V

 

 

—

—

 

 

3.95

4.23

 

 

4.59

4.87

 

 

 

mA

2

Table continues on the next page...
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Table 9. Power consumption operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

disable, 125 kHz core / 31.25 kHz flash, VDD =
3.0 V

• at 25 °C

— 50 131 μA

IDD_VLPR Very-low-power run mode current—2 MHz LIRC
mode, While(1) loop in SRAM all peripheral clock
enable, 2 MHz core / 0.5 MHz flash, VDD = 3.0 V

• at 25 °C

 

 

—

 

 

208

 

 

289

 

 

μA

IDD_WAIT Wait mode current—core disabled, 48 MHz
system/24 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,
MCG_Lite under HIRC mode, VDD = 3.0 V

 

 

—

 

 

1.81

 

 

1.89

 

 

mA

IDD_WAIT Wait mode current—core disabled, 24 MHz
system/12 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,
MCG_Lite under HIRC mode, VDD = 3.0 V

 

 

—

 

 

1.22

 

 

1.39

 

 

mA

IDD_VLPW Very-low-power wait mode current, core disabled,
4 MHz system/ 1 MHz bus and flash, all
peripheral clocks disabled, VDD = 3.0 V

— 172 182 μA

IDD_VLPW Very-low-power wait mode current, core disabled,
2 MHz system/ 0.5 MHz bus and flash, all
peripheral clocks disabled, VDD = 3.0 V

— 69 76 μA

IDD_VLPW Very-low-power wait mode current, core disabled,
125 kHz system/ 31.25 kHz bus and flash, all
peripheral clocks disabled, VDD = 3.0 V

— 36 40 μA

IDD_PSTOP2 Partial Stop 2, core and system clock disabled, 12
MHz bus and flash, VDD = 3.0 V

 

 

—

 

 

1.81

 

 

2.06

 

 

mA

IDD_PSTOP2 Partial Stop 2, core and system clock disabled,
flash doze enabled, 12 MHz bus, VDD = 3.0 V

 

 

—

 

 

1.00

 

 

1.25

 

 

mA

IDD_STOP Stop mode current at 3.0 V
• at 25 °C and below

• at 50 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

 

161.93

181.45

236.29

390.33

 

171.82

191.96

271.17

465.58

 

 

 

μA

IDD_VLPS Very-low-power stop mode current at 3.0 V
• at 25 °C and below

• at 50 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

 

3.31

10.43

34.14

104.38

 

5.14

17.68

61.06

164.44

 

 

 

μA

IDD_VLPS Very-low-power stop mode current at 1.8 V
• at 25 °C and below

 

—

 

3.21

 

5.22

 

 

Table continues on the next page...
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Table 9. Power consumption operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

• at 50 °C

• at 85 °C

• at 105 °C

—

—

—

10.26

33.49

102.92

17.62

60.19

162.20

 

μA

IDD_LLS Low-leakage stop mode current, all peripheral
disable, at 3.0 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

2.06

4.72

8.13

13.34

41.08

 

3.33

6.85

13.30

24.70

52.43

μA

IDD_LLS Low-leakage stop mode current with RTC current,
at 3.0 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

2.46

5.12

8.53

13.74

41.48

 

3.73

7.25

11.78

18.91

52.83

μA

IDD_LLS Low-leakage stop mode current with RTC current,
at 1.8 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

2.35

4.91

8.32

13.44

40.47

 

2.70

6.75

11.78

18.21

51.85

μA
3

IDD_VLLS3 Very-low-leakage stop mode 3 current, all
peripheral disable, at 3.0 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

1.45

3.37

5.76

9.72

30.41

 

1.85

4.39

8.48

14.30

37.50

μA

IDD_VLLS3 Very-low-leakage stop mode 3 current with RTC
current, at 3.0 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

2.05

3.97

6.36

10.32

31.01

 

2.45

4.99

9.08

14.73

38.10

μA
3

Table continues on the next page...
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Table 9. Power consumption operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

IDD_VLLS3 Very-low-leakage stop mode 3 current with RTC
current, at 1.8 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

—

—

—

—

—

 

1.96

3.86

6.23

10.21

30.25

 

2.36

5.67

8.53

13.37

37.02

μA
3

IDD_VLLS1 Very-low-leakage stop mode 1 current all
peripheral disabled at 3.0 V

• at 25 °C and below

• at 50°C

• at 70°C

• at 85°C

• at 105 °C

 

—

—

—

—

—

 

0.66

1.78

2.55

4.83

16.42

 

0.80

3.87

4.26

6.64

20.49

 

 

 

μA

IDD_VLLS1 Very-low-leakage stop mode 1 current RTC
enabled at 3.0 V

• at 25 °C and below

• at 50°C

• at 70°C

• at 85°C

• at 105 °C

 

—

—

—

—

—

 

1.26

2.38

3.15

5.43

17.02

 

1.40

4.47

4.86

7.24

21.09

 

 

 

μA

3

IDD_VLLS1 Very-low-leakage stop mode 1 current RTC
enabled at 1.8 V

• at 25 °C and below

• at 50°C

• at 70°C

• at 85°C

• at 105 °C

 

—

—

—

—

—

 

1.16

1.96

2.78

4.85

15.78

 

1.30

2.28

3.37

6.88

18.81

 

 

 

μA

3

IDD_VLLS0 Very-low-leakage stop mode 0 current all
peripheral disabled (SMC_STOPCTRL[PORPO]
= 0) at 3.0 V

• at 25 °C and below

• at 50 °C

• at 70 °C

• at 85 °C

• at 105 °C

 

 

—

—

—

—

—

 

 

0.35

1.25

2.53

4.40

16.09

 

 

0.47

1.44

3.24

5.24

19.29

 

 

μA

IDD_VLLS0 Very-low-leakage stop mode 0 current all
peripheral disabled (SMC_STOPCTRL[PORPO]
= 1) at 3 V
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Figure 2. Run mode supply current vs. core frequency
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2.4.1 Thermal operating requirements
Table 15. Thermal operating requirements

Symbol Description Min. Max. Unit Notes

TJ Die junction temperature –40 125 °C

TA Ambient temperature –40 105 °C 1

1. Maximum TA can be exceeded only if the user ensures that TJ does not exceed the maximum. The simplest method to
determine TJ is: TJ = TA + RθJA × chip power dissipation.

2.4.2 Thermal attributes
Table 16. Thermal attributes

Board type Symbol Description 48 QFN 32 QFN 64
LQFP

64
MAPBG

A

Unit Notes

Single-layer (1S) RθJA Thermal resistance, junction
to ambient (natural
convection)

86 101 70 50.3 °C/W 1

Four-layer (2s2p) RθJA Thermal resistance, junction
to ambient (natural
convection)

29 33 51 42.9 °C/W

Single-layer (1S) RθJMA Thermal resistance, junction
to ambient (200 ft./min. air
speed)

71 84 58 41.4 °C/W

Four-layer (2s2p) RθJMA Thermal resistance, junction
to ambient (200 ft./min. air
speed)

24 28 45 38.0 °C/W

— RθJB Thermal resistance, junction
to board

12 13 33 39.6 °C/W 2

— RθJC Thermal resistance, junction
to case

1.7 1.7 20 27.3 °C/W 3

— ΨJT Thermal characterization
parameter, junction to
package top outside center
(natural convection)

2 3 4 0.4 °C/W 4

— ΨJB Thermal characterization
parameter, junction to
package bottom (natural
convection)

- - - 12.6 °C/W 5

1. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions—Natural Convection (Still Air), or EIA/JEDEC Standard JESD51-6, Integrated Circuit Thermal Test
Method Environmental Conditions—Forced Convection (Moving Air).

2. Determined according to JEDEC Standard JESD51-8, Integrated Circuit Thermal Test Method Environmental
Conditions—Junction-to-Board.

3. Determined according to Method 1012.1 of MIL-STD 883, Test Method Standard, Microcircuits, with the cold plate
temperature used for the case temperature. The value includes the thermal resistance of the interface material
between the top of the package and the cold plate.

General
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3. Cx,Cy can be provided by using the integrated capacitors when the low frequency oscillator (RANGE = 00) is used. For
all other cases external capacitors must be used.

4. When low power mode is selected, RF is integrated and must not be attached externally.
5. The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to

any other devices.

3.3.2.2 Oscillator frequency specifications
Table 21. Oscillator frequency specifications

Symbol Description Min. Typ. Max. Unit Notes

fosc_lo Oscillator crystal or resonator frequency — low-
frequency mode (MCG_C2[RANGE]=00)

32 — 40 kHz

fosc_hi_1 Oscillator crystal or resonator frequency —
high-frequency mode (low range)
(MCG_C2[RANGE]=01)

3 — 8 MHz

fosc_hi_2 Oscillator crystal or resonator frequency —
high frequency mode (high range)
(MCG_C2[RANGE]=1x)

8 — 32 MHz

fec_extal Input clock frequency (external clock mode) — — 48 MHz 1, 2

tdc_extal Input clock duty cycle (external clock mode) 40 50 60 %

tcst Crystal startup time — 32 kHz low-frequency,
low-power mode (HGO=0)

— 750 — ms 3, 4

Crystal startup time — 32 kHz low-frequency,
high-gain mode (HGO=1)

— 250 — ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), low-power mode
(HGO=0)

— 0.6 — ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), high-gain mode
(HGO=1)

— 1 — ms

1. Other frequency limits may apply when external clock is being used as a reference for the FLL
2. When transitioning from FEI or FBI to FBE mode, restrict the frequency of the input clock so that, when it is divided by

FRDIV, it remains within the limits of the DCO input clock frequency.
3. Proper PC board layout procedures must be followed to achieve specifications.
4. Crystal startup time is defined as the time between the oscillator being enabled and the OSCINIT bit in the MCG_S

register being set.

3.4 Memories and memory interfaces

3.4.1 Flash electrical specifications

This section describes the electrical characteristics of the flash memory module.

Peripheral operating requirements and behaviors
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Figure 7. ADC input impedance equivalency diagram

3.6.1.2 16-bit ADC electrical characteristics

Table 27. 16-bit ADC characteristics (VREFH = VDDA, VREFL = VSSA)

Symbol Description Conditions1 Min. Typ.2 Max. Unit Notes

IDDA_ADC Supply current 0.215 — 1.7 mA 3

fADACK

ADC
asynchronous
clock source

• ADLPC = 1, ADHSC = 0

• ADLPC = 1, ADHSC = 1

• ADLPC = 0, ADHSC = 0

• ADLPC = 0, ADHSC = 1

1.2

2.4

3.0

4.4

2.4

4.0

5.2

6.2

3.9

6.1

7.3

9.5

MHz

MHz

MHz

MHz

tADACK =
1/fADACK

Sample Time See Reference Manual chapter for sample times

TUE Total
unadjusted
error

• 12-bit modes

• <12-bit modes

—

—

±4

±1.4

±6.8

±2.1

LSB4 5

DNL Differential non-
linearity

• 12-bit modes

• <12-bit modes

—

—

±0.7

±0.2

–1.1 to
+1.9

–0.3 to
0.5

LSB4 5

INL Integral non-
linearity

• 12-bit modes — ±1.0 –2.7 to
+1.9

LSB4 5

Table continues on the next page...
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Figure 10. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 0)
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Figure 11. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 1)

3.6.4 12-bit DAC electrical characteristics

3.6.4.1 12-bit DAC operating requirements
Table 33. 12-bit DAC operating requirements

Symbol Desciption Min. Max. Unit Notes

VDDA Supply voltage 3.6 V

VDACR Reference voltage 1.13 3.6 V 1

CL Output load capacitance — 100 pF 2

IL Output load current — 1 mA

1. The DAC reference can be selected to be VDDA or VREFH.
2. A small load capacitance (47 pF) can improve the bandwidth performance of the DAC.

Peripheral operating requirements and behaviors
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3.6.4.2 12-bit DAC operating behaviors
Table 34. 12-bit DAC operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

IDDA_DACL

P

Supply current — low-power mode — — 250 μA

IDDA_DACH

P

Supply current — high-speed mode — — 900 μA

tDACLP Full-scale settling time (0x080 to 0xF7F) —
low-power mode

— 100 200 μs 1

tDACHP Full-scale settling time (0x080 to 0xF7F) —
high-power mode

— 15 30 μs 1

tCCDACLP Code-to-code settling time (0xBF8 to
0xC08) — low-power mode and high-speed
mode

— 0.7 1 μs 1

Vdacoutl DAC output voltage range low — high-
speed mode, no load, DAC set to 0x000

— — 100 mV

Vdacouth DAC output voltage range high — high-
speed mode, no load, DAC set to 0xFFF

VDACR
−100

— VDACR mV

INL Integral non-linearity error — high speed
mode

— — ±8 LSB 2

DNL Differential non-linearity error — VDACR > 2
V

— — ±1 LSB 3

DNL Differential non-linearity error — VDACR =
VREF_OUT

— — ±1 LSB 4

VOFFSET Offset error — ±0.4 ±0.8 %FSR 5

EG Gain error — ±0.1 ±0.6 %FSR 5

PSRR Power supply rejection ratio, VDDA ≥ 2.4 V 60 — 90 dB

TCO Temperature coefficient offset voltage — 3.7 — μV/C 6

TGE Temperature coefficient gain error — 0.000421 — %FSR/C

Rop Output resistance (load = 3 kΩ) — — 250 Ω

SR Slew rate -80h→ F7Fh→ 80h

• High power (SPHP)

• Low power (SPLP)

 

1.2

0.05

 

1.7

0.12

 

—

—

V/μs

BW 3dB bandwidth

• High power (SPHP)

• Low power (SPLP)

 

550

40

 

—

—

 

—

—

kHz

1. Settling within ±1 LSB
2. The INL is measured for 0 + 100 mV to VDACR −100 mV
3. The DNL is measured for 0 + 100 mV to VDACR −100 mV
4. The DNL is measured for 0 + 100 mV to VDACR −100 mV with VDDA > 2.4 V
5. Calculated by a best fit curve from VSS + 100 mV to VDACR − 100 mV
6. VDDA = 3.0 V, reference select set for VDDA (DACx_CO:DACRFS = 1), high power mode (DACx_C0:LPEN = 0), DAC set

to 0x800, temperature range is across the full range of the device
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Figure 12. Typical INL error vs. digital code
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Figure 13. Offset at half scale vs. temperature

3.7 Timers

See General switching specifications.

3.8 Communication interfaces

3.8.1 USB electrical specifications
The USB electricals for the USB On-the-Go module conform to the standards
documented by the Universal Serial Bus Implementers Forum. For the most up-to-date
standards, visit usb.org .
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Table 39. SPI slave mode timing on slew rate enabled pads

Num. Symbol Description Min. Max. Unit Note

1 fop Frequency of operation 0 fperiph/4 Hz 1

2 tSPSCK SPSCK period 4 x tperiph — ns 2

3 tLead Enable lead time 1 — tperiph —

4 tLag Enable lag time 1 — tperiph —

5 tWSPSCK Clock (SPSCK) high or low time tperiph - 30 — ns —

6 tSU Data setup time (inputs) 2 — ns —

7 tHI Data hold time (inputs) 7 — ns —

8 ta Slave access time — tperiph ns 3

9 tdis Slave MISO disable time — tperiph ns 4

10 tv Data valid (after SPSCK edge) — 122 ns —

11 tHO Data hold time (outputs) 0 — ns —

12 tRI Rise time input — tperiph - 25 ns —

tFI Fall time input

13 tRO Rise time output — 36 ns —

tFO Fall time output

1. For SPI0 fperiph is the bus clock (fBUS). For SPI1 fperiph is the system clock (fSYS).
2. tperiph = 1/fperiph
3. Time to data active from high-impedance state
4. Hold time to high-impedance state

2

10

6 7

MSB IN

BIT 6 . . . 1 SLAVE MSB SLAVE LSB OUT 

11

553

8

4

13

NOTE: Not defined

12

12

11

SEE 
NOTE

13

9

see 
note

(INPUT)

(CPOL=0)
SPSCK

SPSCK
(CPOL=1)

SS

(INPUT)

(INPUT)

MOSI
(INPUT)

MISO
(OUTPUT)

LSB INBIT 6 . . . 1

Figure 16. SPI slave mode timing (CPHA = 0)
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SDA

HD; STA
tHD; DAT

tLOW

tSU; DAT

tHIGH
tSU; STA

SR P SS

tHD; STA tSP

tSU; STO

tBUFtf tr
tf

tr

SCL

Figure 18. Timing definition for devices on the I2C bus

3.8.5 UART

See General switching specifications.

3.8.6 I2S/SAI switching specifications

This section provides the AC timing for the I2S/SAI module in master mode (clocks are
driven) and slave mode (clocks are input). All timing is given for noninverted serial
clock polarity (TCR2[BCP] is 0, RCR2[BCP] is 0) and a noninverted frame sync
(TCR4[FSP] is 0, RCR4[FSP] is 0). If the polarity of the clock and/or the frame sync
have been inverted, all the timing remains valid by inverting the bit clock signal
(BCLK) and/or the frame sync (FS) signal shown in the following figures.

3.8.6.1 Normal Run, Wait and Stop mode performance over the full
operating voltage range

This section provides the operating performance over the full operating voltage for the
device in Normal Run, Wait and Stop modes.

Table 42. I2S/SAI master mode timing

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 V

S1 I2S_MCLK cycle time 40 — ns

S2 I2S_MCLK (as an input) pulse width high/low 45% 55% MCLK period

S3 I2S_TX_BCLK/I2S_RX_BCLK cycle time (output) 80 — ns

S4 I2S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% BCLK period

S5 I2S_TX_BCLK/I2S_RX_BCLK to I2S_TX_FS/
I2S_RX_FS output valid

— 15.5 ns

Table continues on the next page...
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Table 44. I2S/SAI master mode timing in VLPR, VLPW, and VLPS modes (full voltage range)
(continued)

Num. Characteristic Min. Max. Unit

S8 I2S_TX_BCLK to I2S_TXD invalid 0 — ns

S9 I2S_RXD/I2S_RX_FS input setup before
I2S_RX_BCLK

— ns

S10 I2S_RXD/I2S_RX_FS input hold after I2S_RX_BCLK 0 — ns

S1 S2 S2

S3

S4
S4

S5

S9

S7

S9 S10

S7

S8

S6

S10

S8

I2S_MCLK (output)

I2S_TX_BCLK/ 
I2S_RX_BCLK (output)

I2S_TX_FS/ 
I2S_RX_FS (output)

I2S_TX_FS/ 
I2S_RX_FS (input)

I2S_TXD

I2S_RXD

Figure 21. I2S/SAI timing — master modes

Table 45. I2S/SAI slave mode timing in VLPR, VLPW, and VLPS modes (full
voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 V

S11 I2S_TX_BCLK/I2S_RX_BCLK cycle time (input) 250 — ns

S12 I2S_TX_BCLK/I2S_RX_BCLK pulse width high/low
(input)

45% 55% MCLK period

S13 I2S_TX_FS/I2S_RX_FS input setup before
I2S_TX_BCLK/I2S_RX_BCLK

30 — ns

S14 I2S_TX_FS/I2S_RX_FS input hold after
I2S_TX_BCLK/I2S_RX_BCLK

2 — ns

S15 I2S_TX_BCLK to I2S_TXD/I2S_TX_FS output valid — 87 ns

S16 I2S_TX_BCLK to I2S_TXD/I2S_TX_FS output
invalid

0 — ns

S17 I2S_RXD setup before I2S_RX_BCLK 30 — ns

S18 I2S_RXD hold after I2S_RX_BCLK 2 — ns

S19 I2S_TX_FS input assertion to I2S_TXD output valid1 — 72 ns
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8 Terminology and guidelines

8.1 Definitions

Key terms are defined in the following table:

Term Definition

Rating A minimum or maximum value of a technical characteristic that, if exceeded, may cause
permanent chip failure:

• Operating ratings apply during operation of the chip.
• Handling ratings apply when the chip is not powered.

NOTE: The likelihood of permanent chip failure increases rapidly as soon as a characteristic
begins to exceed one of its operating ratings.

Operating requirement A specified value or range of values for a technical characteristic that you must guarantee during
operation to avoid incorrect operation and possibly decreasing the useful life of the chip

Operating behavior A specified value or range of values for a technical characteristic that are guaranteed during
operation if you meet the operating requirements and any other specified conditions

Typical value A specified value for a technical characteristic that:

• Lies within the range of values specified by the operating behavior
• Is representative of that characteristic during operation when you meet the typical-value

conditions or other specified conditions

NOTE: Typical values are provided as design guidelines and are neither tested nor
guaranteed.
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Table 47. Revision History (continued)

Rev. No. Date Substantial Changes

• Updated Related Resources table to include Chip Errata resource name and
Package Drawing part numbers in the respective rows. Also updated Product Brief
resource references.

• Updated Table 7. Voltage and current operating behaviors.
• Specified correct max. value for IIN.

• Updated Table - 9 Power consumption operating behaviors.
• Rows added for IDD for reset pin hold low (IDD_RESET_LOW) at 1.7V and 3V.
• Measurement unit updated for IDD_VLLS1 from nA to μA.
• Footnote 1 was moved in the beginning of the table as text.

• Added Table - 11 EMC radiated emissions operating behaviors for 64-pin LQFP
package under section 2.2.6.

• Updated Table - 18 (IRC48M specification) and Table - 19 (IRC8M/2M specification)
under section 3.3.1 - 'MCG-Lite specifications'.

• Removed supply voltage (VDD), temperature range (T), untrimmed (fIRC_UT),
trim function (ΔfIRC_C, ΔfIRC_F) data from Table - 18 (IRC48M specification).

• Removed supply voltage (VDD), temperature range (T) data from Table - 19
(IRC8M/2M specification).

• Added Figure 6. IRC8M Frequency Drift vs Temperature curve after Table - 19
(IRC8M/2M specification).

• Updated Table 29. VREF full-range operating behaviors.
• Removed Ac(Aging coefficient) row.
• Added Tchop_osc_stup parameter.

• Added tables: "I2C timing" and "I2C 1Mbit/s timing" under section - I2C.
• Added VREF specifications (VREFH and VREFL) to Table 26. 16-bit ADC operating

conditions.
• Removed note: “This device does not have the USB_CLKIN signal available.”

5 12 August
2015

• In Table 9. Power consumption operating behaviors:
• Updated Max. values of IDD_WAIT, IDD_VLPW, IDD_STOP, IDD_VLPS, IDD_LLS,

IDD_VLLS3, IDD_VLLS1, IDD_VLLS0.
• Modified unit of IDD_VLLS0 from nA to μA.
• Removed IDD_RESET_LOW information.

• In Table 13. Device clock specifications, added a footnote for normal run mode.
• In Table 15. Thermal operating requirements, modified the footnote for Ambient

temperature.
• In Table 18. IRC48M specification, removed fIRC_T data and added Δfirc48m_of_lv and

Δfirc48m_of_hv specifications.
• In Table 26. 16-bit ADC operating conditions, updated Max. value of fADCK and Crate.
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