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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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Field Description Values

R Silicon revision • (Blank) = Main
• A = Revision after main

T Temperature range (°C) • V = –40 to 105

PP Package identifier • FM = 32 QFN (5 mm x 5 mm)
• FT = 48 QFN (7 mm x 7 mm)
• LH = 64 LQFP (10 mm x 10 mm)
• LK = 80 LQFP (12 mm x 12 mm)

CC Maximum CPU frequency (MHz) • 4 = 48 MHz

N Packaging type • R = Tape and reel
• (Blank) = Trays

2.4 Example

This is an example part number:

MKL25Z64VLK4

3 Terminology and guidelines

3.1 Definition: Operating requirement

An operating requirement is 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.

3.1.1 Example

This is an example of an operating requirement, which you must meet for the
accompanying operating behaviors to be guaranteed:

Symbol Description Min. Max. Unit

VDD 1.0 V core supply
voltage

0.9 1.1 V

Terminology and guidelines
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3.2 Definition: Operating behavior

An operating behavior is 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.

3.2.1 Example

This is an example of an operating behavior, which is guaranteed if you meet the
accompanying operating requirements:

Symbol Description Min. Max. Unit

IWP Digital I/O weak pullup/
pulldown current

10 130 µA

3.3 Definition: Attribute

An attribute is a specified value or range of values for a technical characteristic that are
guaranteed, regardless of whether you meet the operating requirements.

3.3.1 Example

This is an example of an attribute:

Symbol Description Min. Max. Unit

CIN_D Input capacitance:
digital pins

— 7 pF

3.4 Definition: Rating

A rating is 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.

Terminology and guidelines
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3.9 Typical Value Conditions

Typical values assume you meet the following conditions (or other conditions as
specified):

Symbol Description Value Unit

TA Ambient temperature 25 °C

VDD 3.3 V supply voltage 3.3 V

4 Ratings

4.1 Thermal handling ratings

Symbol Description Min. Max. Unit Notes

TSTG Storage temperature –55 150 °C 1

TSDR Solder temperature, lead-free — 260 °C 2

1. Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.
2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic

Solid State Surface Mount Devices.

Ratings
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5.1 AC electrical characteristics

Unless otherwise specified, propagation delays are measured from the 50% to the 50%
point, and rise and fall times are measured at the 20% and 80% points, as shown in the
following figure.

Figure 1. Input signal measurement reference

All digital I/O switching characteristics, unless otherwise specified, assumes:
1. output pins

• have CL=30pF loads,
• are slew rate disabled, and
• are normal drive strength

5.2 Nonswitching electrical specifications

5.2.1 Voltage and current operating requirements
Table 1. Voltage and current operating requirements

Symbol Description Min. Max. Unit Notes

VDD Supply voltage 1.71 3.6 V

VDDA Analog supply voltage 1.71 3.6 V

VDD – VDDA VDD-to-VDDA differential voltage –0.1 0.1 V

VSS – VSSA VSS-to-VSSA differential voltage –0.1 0.1 V

VIH Input high voltage

• 2.7 V ≤ VDD ≤ 3.6 V

• 1.7 V ≤ VDD ≤ 2.7 V

 

0.7 × VDD

0.75 × VDD

 

—

—

 

V

V

VIL Input low voltage

• 2.7 V ≤ VDD ≤ 3.6 V

• 1.7 V ≤ VDD ≤ 2.7 V

 

—

—

 

0.35 × VDD

0.3 × VDD

 

V

V

Table continues on the next page...
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Table 3. Voltage and current operating behaviors (continued)

Symbol Description Min. Max. Unit Notes

RPU Internal pullup resistors 20 50 kΩ 3

RPD Internal pulldown resistors 20 50 kΩ 4

1. PTB0, PTB1, PTD6, and PTD7 I/O have both high drive and normal drive capability selected by the associated
PTx_PCRn[DSE] control bit. All other GPIOs are normal drive only.

2. Measured at VDD = 3.6 V
3. Measured at VDD supply voltage = VDD min and Vinput = VSS
4. Measured at VDD supply voltage = VDD min and Vinput = VDD

5.2.4 Power mode transition operating behaviors

All specifications except tPOR and VLLSx→RUN recovery times in the following table
assume this clock configuration:

• CPU and system clocks = 48 MHz
• Bus and flash clock = 24 MHz
• FEI clock mode

Table 4. Power mode transition operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

tPOR After a POR event, amount of time from the point
VDD reaches 1.8 V to execution of the first
instruction across the operating temperature
range of the chip.

— — 300 μs

• VLLS0 → RUN
 

—

 

95

 

115

 

μs

• VLLS1 → RUN
 

—

 

93

 

115

 

μs

• VLLS3 → RUN
 

—

 

42

 

53

 

μs

• LLS → RUN
 

—

 

4

 

4.6

 

μs

• VLPS → RUN
 

—

 

4

 

4.4

 

μs

• STOP → RUN
 

—

 

4

 

4.4

 

μs

General
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5.2.5 Power consumption operating behaviors
Table 5. Power consumption operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

IDDA Analog supply current — — See note mA 1

IDD_RUNCO_

CM

Run mode current in compute operation - 48
MHz core / 24 MHz flash/ bus disabled, LPTMR
running using 4MHz internal reference clock,
CoreMark® benchmark code executing from
flash

• at 3.0 V

 

 

—

 

 

6.4

 

 

—

 

 

mA

2

IDD_RUNCO Run mode current in compute operation - 48
MHz core / 24 MHz flash / bus clock disabled,
code of while(1) loop executing from flash

• at 3.0 V

 

 

—

 

 

4.1

 

 

5.2

 

 

mA

3

IDD_RUN Run mode current - 48 MHz core / 24 MHz bus
and flash, all peripheral clocks disabled, code of
while(1) loop executing from flash

• at 3.0 V

 

 

—

 

 

5.1

 

 

6.3

 

 

mA

3

IDD_RUN Run mode current - 48 MHz core / 24 MHz bus
and flash, all peripheral clocks enabled, code of
while(1) loop executing from flash

• at 3.0 V

• at 25 °C

• at 125 °C

 

 

 

—

—

 

 

 

6.4

6.8

 

 

 

7.8

8.3

 

 

 

mA

mA

3, 4,

IDD_WAIT Wait mode current - core disabled / 48 MHz
system / 24 MHz bus / flash disabled (flash doze
enabled), all peripheral clocks disabled

• at 3.0 V

— 3.7 5.0 mA
3

IDD_WAIT Wait mode current - core disabled / 24 MHz
system / 24 MHz bus / flash disabled (flash doze
enabled), all peripheral clocks disabled

• at 3.0 V

— 2.9 4.2 mA
3

IDD_PSTOP2 Stop mode current with partial stop 2 clocking
option - core and system disabled / 10.5 MHz
bus

• at 3.0 V

— 2.5 3.7 mA
3

IDD_VLPRCO Very low power run mode current in compute
operation - 4 MHz core / 0.8 MHz flash / bus
clock disabled, code of while(1) loop executing
from flash

• at 3.0 V

— 188 570 μA
5

IDD_VLPR Very low power run mode current - 4 MHz core /
0.8 MHz bus and flash, all peripheral clocks
disabled, code of while(1) loop executing from
flash

• at 3.0 V

— 224 613 μA
5

Table continues on the next page...
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Table 5. Power consumption operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

IDD_VLPR Very low power run mode current - 4 MHz core /
0.8 MHz bus and flash, all peripheral clocks
enabled, code of while(1) loop executing from
flash

• at 3.0 V

— 300 745 μA
5, 4

IDD_VLPW Very low power wait mode current - core
disabled / 4 MHz system / 0.8 MHz bus / flash
disabled (flash doze enabled), all peripheral
clocks disabled

• at 3.0 V

— 135 496 μA 5

IDD_STOP Stop mode current at 3.0 V

at 25 °C

at 50 °C

at 70 °C

at 85 °C

at 105 °C

 

—

—

—

—

—

 

345

357

392

438

551

 

490

827

869

927

1065

 

 

μA

IDD_VLPS Very-low-power stop mode current at 3.0 V

at 25 °C

at 50 °C

at 70 °C

at 85 °C

at 105 °C

 

—

—

—

—

—

 

4.4

10

20

37

81

 

16

35

50

112

201

 

 

μA

IDD_LLS Low leakage stop mode current at 3.0 V

at 25 °C

at 50 °C

at 70 °C

at 85 °C

at 105 °C

 

—

—

—

—

—

 

1.9

3.6

6.5

13

30

 

3.7

39

43

49

69

μA

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

at 25 °C

at 50 °C

at 70 °C

at 85 °C

at 105 °C

 

—

—

—

—

—

 

1.4

2.5

5.1

9.2

21

 

3.2

19

21

26

38

μA

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

at 25°C

at 50°C

at 70°C

at 85°C

at 105°C

 

—

—

—

—

—

 

0.7

1.3

2.3

5.1

13

 

1.4

13

14

17

25

 

 

μA

Table continues on the next page...

General

KL25 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.

Freescale Semiconductor, Inc. 15



200.00E-06 

250.00E-06 

300.00E-06 

350.00E-06 

400.00E-06

VLPR Mode Current Vs Core Frequency

Temperature = 25, V     = 3, CACHE = Enable, Code Residence = Flash, Clocking Mode = BLPEDD

All Peripheral CLK Gates

000.00E+00 

50.00E-06 

100.00E-06 

150.00E-06

'1-1 '1-2 '1-2 '1-4

1 2 4

All Off

All On

CLK Ratio
Flash-Core
Core Freq (MHz)

C
ur

re
nt

 C
on

su
m

pt
io

n 
on

 V
D

D
 (

A
)

Figure 3. VLPR mode current vs. core frequency

5.2.6 EMC radiated emissions operating behaviors
Table 7. EMC radiated emissions operating behaviors for 64-pin LQFP

package

Symbol Description Frequency
band (MHz)

Typ. Unit Notes

VRE1 Radiated emissions voltage, band 1 0.15–50 13 dBμV 1, 2

VRE2 Radiated emissions voltage, band 2 50–150 15 dBμV

VRE3 Radiated emissions voltage, band 3 150–500 12 dBμV

VRE4 Radiated emissions voltage, band 4 500–1000 7 dBμV

VRE_IEC IEC level 0.15–1000 M — 2, 3

1. Determined according to IEC Standard 61967-1, Integrated Circuits - Measurement of Electromagnetic Emissions, 150
kHz to 1 GHz Part 1: General Conditions and Definitions and IEC Standard 61967-2, Integrated Circuits - Measurement of
Electromagnetic Emissions, 150 kHz to 1 GHz Part 2: Measurement of Radiated Emissions—TEM Cell and Wideband
TEM Cell Method. Measurements were made while the microcontroller was running basic application code. The reported
emission level is the value of the maximum measured emission, rounded up to the next whole number, from among the
measured orientations in each frequency range.

General
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Symbol Description Min. Max. Unit Notes

fLPTMR_ERCL

K

LPTMR external reference clock — 16 MHz

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

— 16 MHz

fTPM TPM asynchronous clock — 8 MHz

fUART0 UART0 asynchronous clock — 8 MHz

1. The frequency limitations in VLPR mode here override any frequency specification listed in the timing specification for any
other module.

5.3.2 General Switching Specifications

These general purpose specifications apply to all signals configured for GPIO, UART,
and I2C signals.

Symbol Description Min. Max. Unit Notes

GPIO pin interrupt pulse width (digital glitch filter
disabled) — Synchronous path

1.5 — Bus clock
cycles

1

External RESET and NMI pin interrupt pulse width —
Asynchronous path

100 — ns 2

GPIO pin interrupt pulse width — Asynchronous path 16 — ns 2

Port rise and fall time  

—

 

36

 

ns

3

1. The greater synchronous and asynchronous timing must be met.
2. This is the shortest pulse that is guaranteed to be recognized.
3. 75 pF load

5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 9. Thermal operating requirements

Symbol Description Min. Max. Unit

TJ Die junction temperature –40 125 °C

TA Ambient temperature –40 105 °C

General
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6.2 System modules

There are no specifications necessary for the device's system modules.

6.3 Clock modules

6.3.1 MCG specifications
Table 12. MCG specifications

Symbol Description Min. Typ. Max. Unit Notes

fints_ft Internal reference frequency (slow clock) —
factory trimmed at nominal VDD and 25 °C

— 32.768 — kHz

fints_t Internal reference frequency (slow clock) — user
trimmed

31.25 — 39.0625 kHz

Δfdco_res_t Resolution of trimmed average DCO output
frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

— ± 0.3 ± 0.6 %fdco 1

Δfdco_t Total deviation of trimmed average DCO output
frequency over voltage and temperature

— +0.5/-0.7 ± 3 %fdco 1, 2

Δfdco_t Total deviation of trimmed average DCO output
frequency over fixed voltage and temperature
range of 0 - 70 °C

— ± 0.4 ± 1.5 %fdco 1, 2

fintf_ft Internal reference frequency (fast clock) —
factory trimmed at nominal VDD and 25 °C

— 4 — MHz

Δfintf_ft Frequency deviation of internal reference clock
(fast clock) over temperature and voltage ---
factory trimmed at nominal VDD and 25 °C

— +1/-2 ± 3 %f
intf_ft

2

fintf_t Internal reference frequency (fast clock) — user
trimmed at nominal VDD and 25 °C

3 — 5 MHz

floc_low Loss of external clock minimum frequency —
RANGE = 00

(3/5) x
fints_t

— — kHz

floc_high Loss of external clock minimum frequency —
RANGE = 01, 10, or 11

(16/5) x
fints_t

— — kHz

FLL

ffll_ref FLL reference frequency range 31.25 — 39.0625 kHz

fdco DCO output
frequency range

Low range (DRS = 00)

640 × ffll_ref

20 20.97 25 MHz 3, 4

Mid range (DRS = 01)

1280 × ffll_ref

40 41.94 48 MHz

Table continues on the next page...
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6.3.2 Oscillator electrical specifications

This section provides the electrical characteristics of the module.

6.3.2.1 Oscillator DC electrical specifications
Table 13. Oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit Notes

VDD Supply voltage 1.71 — 3.6 V

IDDOSC Supply current — low-power mode (HGO=0)

• 32 kHz

• 4 MHz

• 8 MHz (RANGE=01)

• 16 MHz

• 24 MHz

• 32 MHz

 

—

—

—

—

—

—

 

500

200

300

950

1.2

1.5

 

—

—

—

—

—

—

 

nA

μA

μA

μA

mA

mA

1

IDDOSC Supply current — high gain mode (HGO=1)

• 32 kHz

• 4 MHz

• 8 MHz (RANGE=01)

• 16 MHz

• 24 MHz

• 32 MHz

 

—

—

—

—

—

—

 

25

400

500

2.5

3

4

 

—

—

—

—

—

—

 

μA

μA

μA

mA

mA

mA

1

Cx EXTAL load capacitance — — — 2, 3

Cy XTAL load capacitance — — — 2, 3

RF Feedback resistor — low-frequency, low-power
mode (HGO=0)

— — — MΩ 2, 4

Feedback resistor — low-frequency, high-gain
mode (HGO=1)

— 10 — MΩ

Feedback resistor — high-frequency, low-power
mode (HGO=0)

— — — MΩ

Feedback resistor — high-frequency, high-gain
mode (HGO=1)

— 1 — MΩ

Table continues on the next page...
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Table 13. Oscillator DC electrical specifications (continued)

Symbol Description Min. Typ. Max. Unit Notes

RS Series resistor — low-frequency, low-power
mode (HGO=0)

— — — kΩ

Series resistor — low-frequency, high-gain mode
(HGO=1)

— 200 — kΩ

Series resistor — high-frequency, low-power
mode (HGO=0)

— — — kΩ

Series resistor — high-frequency, high-gain
mode (HGO=1)

 

 

—

 

 

0

 

 

—

 

 

kΩ

Vpp
5 Peak-to-peak amplitude of oscillation (oscillator

mode) — low-frequency, low-power mode
(HGO=0)

— 0.6 — V

Peak-to-peak amplitude of oscillation (oscillator
mode) — low-frequency, high-gain mode
(HGO=1)

— VDD — V

Peak-to-peak amplitude of oscillation (oscillator
mode) — high-frequency, low-power mode
(HGO=0)

— 0.6 — V

Peak-to-peak amplitude of oscillation (oscillator
mode) — high-frequency, high-gain mode
(HGO=1)

— VDD — V

1. VDD=3.3 V, Temperature =25 °C
2. See crystal or resonator manufacturer's recommendation
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.

6.3.2.2 Oscillator frequency specifications
Table 14. 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 %

Table continues on the next page...
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Table 14. Oscillator frequency specifications (continued)

Symbol Description Min. Typ. Max. Unit Notes

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 or PLL.
2. When transitioning from FBE to FEI 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.

6.4 Memories and memory interfaces

6.4.1 Flash electrical specifications

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

6.4.1.1 Flash timing specifications — program and erase

The following specifications represent the amount of time the internal charge pumps are
active and do not include command overhead.

Table 15. NVM program/erase timing specifications

Symbol Description Min. Typ. Max. Unit Notes

thvpgm4 Longword Program high-voltage time — 7.5 18 μs

thversscr Sector Erase high-voltage time — 13 113 ms 1

thversall Erase All high-voltage time — 52 452 ms 1

1. Maximum time based on expectations at cycling end-of-life.

Peripheral operating requirements and behaviors
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Table 20. 16-bit ADC characteristics (VREFH = VDDA, VREFL = VSSA) (continued)

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

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

 

• <12-bit modes

—

 

—

±1.0

 

±0.5

-2.7 to +1.9

-0.7 to +0.5

LSB4 5

EFS Full-scale error • 12-bit modes

• <12-bit modes

—

—

-4

-1.4

-5.4

-1.8

LSB4 VADIN =
VDDA

5

EQ Quantization
error

• 16-bit modes

• ≤13-bit modes

—

—

-1 to 0

—

—

±0.5

LSB4

ENOB Effective number
of bits

16-bit differential mode

• Avg = 32

• Avg = 4

16-bit single-ended mode

• Avg = 32

• Avg = 4

 

12.8

11.9

 

 

12.2

11.4

 

14.5

13.8

 

 

13.9

13.1

 

—

—

 

 

—

—

 

bits

bits

 

 

bits

bits

6

SINAD
Signal-to-noise
plus distortion

See ENOB
6.02 × ENOB + 1.76 dB

THD Total harmonic
distortion

16-bit differential mode

• Avg = 32

16-bit single-ended mode

• Avg = 32

 

—

 

—

 

–94

 

-85

 

—

 

—

 

dB

 

dB

7

SFDR Spurious free
dynamic range

16-bit differential mode

• Avg = 32

16-bit single-ended mode

• Avg = 32

 

82

 

78

 

95

 

90

 

—

 

—

 

dB

 

dB

7

Table continues on the next page...

Peripheral operating requirements and behaviors

KL25 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.

Freescale Semiconductor, Inc. 33



Table 20. 16-bit ADC characteristics (VREFH = VDDA, VREFL = VSSA) (continued)

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

EIL Input leakage
error

IIn × RAS mV IIn =
leakage
current

(refer to
the MCU's

voltage
and current
operating
ratings)

 Temp sensor
slope

Across the full temperature
range of the device

— 1.715 — mV/°C

VTEMP25 Temp sensor
voltage

25 °C — 719 — mV

1. All accuracy numbers assume the ADC is calibrated with VREFH = VDDA
2. Typical values assume VDDA = 3.0 V, Temp = 25°C, fADCK = 2.0 MHz unless otherwise stated. Typical values are for

reference only and are not tested in production.
3. The ADC supply current depends on the ADC conversion clock speed, conversion rate and the ADLPC bit (low power).

For lowest power operation the ADLPC bit must be set, the HSC bit must be clear with 1 MHz ADC conversion clock
speed.

4. 1 LSB = (VREFH - VREFL)/2N

5. ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)
6. Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.
7. Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

Figure 7. Typical ENOB vs. ADC_CLK for 16-bit differential mode
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Figure 8. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode

6.6.2 CMP and 6-bit DAC electrical specifications
Table 21. Comparator and 6-bit DAC electrical specifications

Symbol Description Min. Typ. Max. Unit

VDD Supply voltage 1.71 — 3.6 V

IDDHS Supply current, high-speed mode (EN = 1, PMODE =
1)

— — 200 μA

IDDLS Supply current, low-speed mode (EN = 1, PMODE = 0) — — 20 μA

VAIN Analog input voltage VSS — VDD V

VAIO Analog input offset voltage — — 20 mV

VH Analog comparator hysteresis1

• CR0[HYSTCTR] = 00

• CR0[HYSTCTR] = 01

• CR0[HYSTCTR] = 10

• CR0[HYSTCTR] = 11

 

—

—

—

—

 

5

10

20

30

 

—

—

—

—

 

mV

mV

mV

mV

VCMPOh Output high VDD – 0.5 — — V

VCMPOl Output low — — 0.5 V

tDHS Propagation delay, high-speed mode (EN = 1, PMODE
= 1)

20 50 200 ns

tDLS Propagation delay, low-speed mode (EN = 1, PMODE
= 0)

80 250 600 ns

Table continues on the next page...
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Figure 13. SPI master mode timing (CPHA = 0)
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Figure 14. SPI master mode timing (CPHA = 1)

Table 27. SPI slave mode timing on slew rate disabled 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 —

Table continues on the next page...
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Table 27. SPI slave mode timing on slew rate disabled pads (continued)

Num. Symbol Description Min. Max. Unit Note

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) — 22 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 — 25 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

Table 28. 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
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8.1 KL25 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

80
LQFP

64
LQFP

48
QFN

32
QFN

Pin Name Default ALT0 ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7

1 1 — 1 PTE0 DISABLED PTE0 UART1_TX RTC_CLKOUT CMP0_OUT I2C1_SDA

2 2 — — PTE1 DISABLED PTE1 SPI1_MOSI UART1_RX SPI1_MISO I2C1_SCL

3 — — — PTE2 DISABLED PTE2 SPI1_SCK

4 — — — PTE3 DISABLED PTE3 SPI1_MISO SPI1_MOSI

5 — — — PTE4 DISABLED PTE4 SPI1_PCS0

6 — — — PTE5 DISABLED PTE5

7 3 1 — VDD VDD VDD

8 4 2 2 VSS VSS VSS

9 5 3 3 USB0_DP USB0_DP USB0_DP

10 6 4 4 USB0_DM USB0_DM USB0_DM

11 7 5 5 VOUT33 VOUT33 VOUT33

12 8 6 6 VREGIN VREGIN VREGIN

13 9 7 — PTE20 ADC0_DP0/
ADC0_SE0

ADC0_DP0/
ADC0_SE0

PTE20 TPM1_CH0 UART0_TX

14 10 8 — PTE21 ADC0_DM0/
ADC0_SE4a

ADC0_DM0/
ADC0_SE4a

PTE21 TPM1_CH1 UART0_RX

15 11 — — PTE22 ADC0_DP3/
ADC0_SE3

ADC0_DP3/
ADC0_SE3

PTE22 TPM2_CH0 UART2_TX

16 12 — — PTE23 ADC0_DM3/
ADC0_SE7a

ADC0_DM3/
ADC0_SE7a

PTE23 TPM2_CH1 UART2_RX

17 13 9 7 VDDA VDDA VDDA

18 14 10 — VREFH VREFH VREFH

19 15 11 — VREFL VREFL VREFL

20 16 12 8 VSSA VSSA VSSA

21 17 13 — PTE29 CMP0_IN5/
ADC0_SE4b

CMP0_IN5/
ADC0_SE4b

PTE29 TPM0_CH2 TPM_CLKIN0

22 18 14 9 PTE30 DAC0_OUT/
ADC0_SE23/
CMP0_IN4

DAC0_OUT/
ADC0_SE23/
CMP0_IN4

PTE30 TPM0_CH3 TPM_CLKIN1

23 19 — — PTE31 DISABLED PTE31 TPM0_CH4

24 20 15 — PTE24 DISABLED PTE24 TPM0_CH0 I2C0_SCL

25 21 16 — PTE25 DISABLED PTE25 TPM0_CH1 I2C0_SDA

26 22 17 10 PTA0 SWD_CLK TSI0_CH1 PTA0 TPM0_CH5 SWD_CLK

27 23 18 11 PTA1 DISABLED TSI0_CH2 PTA1 UART0_RX TPM2_CH0

28 24 19 12 PTA2 DISABLED TSI0_CH3 PTA2 UART0_TX TPM2_CH1

29 25 20 13 PTA3 SWD_DIO TSI0_CH4 PTA3 I2C1_SCL TPM0_CH0 SWD_DIO

30 26 21 14 PTA4 NMI_b TSI0_CH5 PTA4 I2C1_SDA TPM0_CH1 NMI_b

31 27 — — PTA5 DISABLED PTA5 USB_CLKIN TPM0_CH2

Pinout

KL25 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.

46 Freescale Semiconductor, Inc.



60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

4039383736353433323130292827262524232221

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

VSSA

VREFL

VREFH

VDDA

PTE23

PTE22

PTE21

PTE20

VREGIN

VOUT33

USB0_DM

USB0_DP

VSS

VDD

PTE5

PTE4

PTE3

PTE2

PTE1

PTE0

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61

P
T

D
7

P
T

D
6/

LL
W

U
_P

15

P
T

D
5

P
T

D
4/

LL
W

U
_P

14

P
T

D
3

P
T

D
2

P
T

D
1

P
T

D
0

P
T

C
17

P
T

C
16

P
T

C
13

P
T

C
12

P
T

C
11

P
T

C
10

P
T

C
9

P
T

C
8

P
T

C
7

P
T

C
6/

LL
W

U
_P

10

P
T

C
5/

LL
W

U
_P

9

P
T

C
4/

LL
W

U
_P

8

VDD

VSS

PTC3/LLWU_P7

PTC2

PTC1/LLWU_P6/RTC_CLKIN

PTC0

PTB19

PTB18

PTB17

PTB16

PTB11

PTB10

PTB9

PTB8

PTB3

PTB2

PTB1

PTB0/LLWU_P5

RESET_b

PTA19

P
T

A
18

V
S

S

V
D

D

P
T

A
17

P
T

A
16

P
T

A
15

P
T

A
14

P
T

A
13

P
T

A
12

P
T

A
5

P
T

A
4

P
T

A
3

P
T

A
2

P
T

A
1

P
T

A
0

P
T

E
25

P
T

E
24

P
T

E
31

P
T

E
30

P
T

E
29

Figure 17. KL25 80-pin LQFP pinout diagram
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