NXP USA Inc. - MKL24Z32VLHA4 Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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"

Active

ARM® Cortex®-M0+

32-Bit Single-Core

48MHz

12C, LINbus, SPI, UART/USART, USB, USB OTG
Brown-out Detect/Reset, DMA, LVD, POR, PWM, WDT
50

32KB (32K x 8)

FLASH

4K x 8

1.71V ~ 3.6V

A/D 14x12b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-LQFP

64-LQFP (10x10)

https://www.e-xfl.com/product-detail/nxp-semiconductors/mkl24z32vih4

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/mkl24z32vlh4-4383039
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

Table of Contents

T Ordering PartS......c.oceuiiiiuieieiie ettt 3 5.2.8 Capacitance attributes...........cccceeiiiiiiiiiiiines 21
1.1 Determining valid orderable parts...........cccccccevcviiiiinnnnnn. 3 5.3 Switching specifications...........cccceverrerinieeniieene e 21

2 Part identification............ceeeiiieree e 3 5.3.1 Device clock specifications...........ccccuveveeeeeicnnennn. 21
2.1 DeSCrIPON. .. .eiiiieiii it 3 5.3.2 General Switching Specifications.............ccccccvene 22
2.2 FOrmat. ... 3 5.4 Thermal specifications..........ccccoceiiiiiiiiiiiiiiiee 22
2.3 FIeldS. ..o 3 5.4.1 Thermal operating requirements.............c.ccoccuveeee. 22
2.4 EXAMPIE....coiiiiiiiiiiee 4 5.4.2 Thermal attributes............ccccceiiiiiiiiiniie 22

3 Terminology and guidelines............ccoooiiiiiiiiiiiiiie e, 4 6 Peripheral operating requirements and behaviors.................... 23
3.1 Definition: Operating requirement............c.cccecoeevenneenneens 4 6.1 COre MOAUIES.....ccceeiee et e e e 23
3.2 Definition: Operating behavior.............cccccccoiiiiiininnn. 4 6.1.1  SWD Electricals ...........ccooviiiiiiiiiiiiiciiccice 23
3.3 Definition: Attribute..........oocoiiiiiii 5 6.2 SyStem MOAUIES.......cceereiiirrieierie e 25
3.4 Definition: Rating.......ccooueiiieiiiieiieeeeeeeeee e 5 6.3 ClOCK MOUIES.......eiiiiiiiiieiee e 25
3.5 Result of exceeding a rating...........cccoceeeviiiiiiniiiinin, 6 6.3.1  MCG specifications............cccceeriiiiiiiiniiiniiiie 25
3.6 Relationship between ratings and operating 6.3.2 Oscillator electrical specifications...............ccccveue 27
FEQUITEMENTS.....iiiiiii it 6 6.4 Memories and memory interfaces...........cccceveeerieeineeenns 29

3.7 Guidelines for ratings and operating requirements............ 6 6.4.1  Flash electrical specifications.............ccccccociennennns 29
3.8 Definition: Typical value...........cccccceiiiiiiniiiiiiiiieee 7 6.5 Security and integrity modules..........c.cccooviiiiniinicniennn. 30
3.9 Typical Value Conditions..........ccccoueeiiiiiiieeiiieieeeieeeeene 8 6.6 ANAIOG. .. eiiiiiiiiieee e 31

4 RatiNgS.....ccoiiiiiii 8 6.6.1 ADC electrical specifications.............c.cccocueiininne 31
4.1 Thermal handling ratings.........ccccocciiiiiiiiniiiicee 8 6.6.2 CMP and 6-bit DAC electrical specifications......... 33
4.2 Moisture handling ratings..........cccceeerevieeeiiiiieeee e 9 B.7 TIMEIS. ittt e e 35
4.3 ESD handling ratings..........cccocevviiiiniiiiniiecce e 9 6.8 Communication interfaces............c.cccccoiiiiiiiiiiini, 35
4.4 Voltage and current operating ratings.............ccccceeeveeenne 9 6.8.1 USB electrical specifications.............c.cccoevvrcvrnnnnne 35

LI C 1Y o= = SRS 9 6.8.2 USB VREG electrical specifications...................... 35
5.1 AC electrical characteristics.............cccoccviviiiiiiiniiniinn, 10 6.8.3 SPI switching specifications............cc..ccoeviiiiie 36
5.2 Nonswitching electrical specifications...............cccceeeeeene 10 B.8.4 120 . i 40
5.2.1 Voltage and current operating requirements......... 10 6.8.5 UART ..o 40

5.2.2 LVD and POR operating requirements................. 11 7 DIMENSIONS. ....utiiiiiiiiiie ittt e 40

5.2.3 Voltage and current operating behaviors.............. 12 7.1 Obtaining package dimensions...........cccocceeeeeveerienieennn. 40

5.2.4 Power mode transition operating behaviors.......... 13 8 PINOUL.....oieii e 41

5.2.5 Power consumption operating behaviors.............. 13 8.1 KL24 Signal Multiplexing and Pin Assignments................ 41

5.2.6 EMC radiated emissions operating behaviors....... 20 8.2 KL24 PINOULS.......oiiiiiiiiiiiiiieiiee e 43

5.2.7 Designing with radiated emissions in mind........... 21 9 ReViSion HISTOrY.....ccoiiiiiiec e 47

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.

2 Freescale Semiconductor, Inc.




General
Table 2. Vpp supply LVD and POR operating requirements (continued)
Symbol | Description Min. Typ. Max. Unit Notes
Low-voltage warning thresholds — low range 1
VivwiL ¢ Level 1 falling (LVWV=00) 1.74 1.80 1.86 \
VivweaL * Level 2 falling (LVWV=01) 1.84 1.90 1.96 \
VivwaL * Level 3 falling (LVWV=10) 1.94 2.00 2.06 \
VivwaL ¢ Level 4 falling (LVWV=11) 2.04 2.10 2.16 Vv
Vuvse | Low-voltage inhibit reset/recover hysteresis — — +40 — mV
low range
Vgg Bandgap voltage reference 0.97 1.00 1.08 \"
tLpo Internal low power oscillator period — factory 900 1000 1100 us
trimmed

1. Rising thresholds are falling threshold + hysteresis voltage

5.2.3 Voltage and current operating behaviors
Table 3. Voltage and current operating behaviors

Symbol Description Min. Max. Unit Notes
VoH Output high voltage — Normal drive pad 1
* 27V=sVpp<s36V,lpy=-5mA Vpp—0.5 — \Y
* 1.71V<sVpp=27V,lpy=-1.5mA Vpp — 0.5 — \Y
VoH Output high voltage — High drive pad 1
* 27V<Vpp<36V,lpy=-18 mA Vpp—-0.5 — \Y
* 171V <Vpp=27V,loy=-6 mA Vpp - 0.5 — \Y

loHT Output high current total for all ports — 100 mA
VoL Output low voltage — Normal drive pad 1
* 27V=Vpps36V,lg.=5mA — 0.5 \Y
¢ 1.71V<Vpp=27V,lg.=1.5mA — 0.5 \
VoL Output low voltage — High drive pad 1
* 27V=sVpps36V,lgp.=18mA — 0.5 \Y
* 171V <sVpp=s27V,lgp=6mA — 0.5 \Y
loLt Output low current total for all ports — 100 mA
Iin Input leakage current (per pin) for full temperature — 1 A 2
range
N Input leakage current (per pin) at 25 °C — 0.025 A
Iin Input leakage current (total all pins) for full temperature — 65 A
range
loz Hi-Z (off-state) leakage current (per pin) — 1 A

Table continues on the next page...
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General
Table 3. Voltage and current operating behaviors (continued)
Symbol | Description Min. Max. Unit Notes
Rpu Internal pullup resistors 20 50 kQ 3
Rpp Internal pulldown resistors 20 50 kQ 4

1. PTBO, 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 Vpp=3.6 V

Measured at Vpp supply voltage = Vpp min and Vinput = Vgg

Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

row

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
e Bus and flash clock = 24 MHz
* FEI clock mode

Table 4. Power mode transition operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
tror After a POR event, amount of time from the point — — 300 ys
Vpp reaches 1.8 V to execution of the first
instruction across the operating temperature
range of the chip.
e VLLSO ~ RUN
— 95 115 ps
e VLLS1 —~ RUN
— 93 115 ps
e VLLS3 — RUN
— 42 53 ps
e LLS -~ RUN
— 4 4.6 ps
e VLPS -~ RUN
— 4 4.4 ps
e STOP — RUN
— 4 4.4 ps

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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Table 6. Low power mode peripheral adders — typical value (continued)

General

Symbol

Description

Temperature (°C)

Unit

-40

25

50

70

85

105

|EREFSTEN32KHZ

External 32 kHz crystal clock adder by
means of the OSCO_CR[EREFSTEN
and EREFSTEN] bits. Measured by
entering all modes with the crystal
enabled.

VLLS1
VLLS3
LLS
VLPS
STOP

440
440
490
510
510

490
490
490
560
560

540
540
540
560
560

560
560
560
560
560

570
570
570
610
610

580
580
680
680
680

nA

lemp

CMP peripheral adder measured by
placing the device in VLLS1 mode with
CMP enabled using the 6-bit DAC and a
single external input for compare.
Includes 6-bit DAC power consumption.

22

22

22

22

22

22

A

IrTC

RTC peripheral adder measured by
placing the device in VLLS1 mode with
external 32 kHz crystal enabled by
means of the RTC_CR[OSCE] bit and
the RTC ALARM set for 1 minute.
Includes ERCLK32K (32 kHz external
crystal) power consumption.

432

357

388

475

532

810

nA

luarT

UART peripheral adder measured by
placing the device in STOP or VLPS
mode with selected clock source waiting
for RX data at 115200 baud rate.
Includes selected clock source power
consumption.

MCGIRCLK (4MHz internal reference
clock)

OSCERCLK (4MHz external crystal)

66

214

66

237

66

246

66

254

66

260

66

268

A

Itpm

TPM peripheral adder measured by
placing the device in STOP or VLPS
mode with selected clock source
configured for output compare
generating 100Hz clock signal. No load
is placed on the I/O generating the clock
signal. Includes selected clock source
and I/O switching currents.

MCGIRCLK (4MHz internal reference
clock)

OSCERCLK (4MHz external crystal)

86

235

86

256

86

265

86

274

86

280

86

287

uA

Iz

Bandgap adder when BGEN bit is set
and device is placed in VLPx, LLS, or
VLLSx mode.

45

45

45

45

45

45

A

Table continues on the next page...
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General

Table 6. Low power mode peripheral adders — typical value (continued)

Symbol Description Temperature (°C) Unit
-40 25 50 70 85 105
lapc ADC peripheral adder combining the 366 366 366 366 366 366 UA

measured values at VDD and VDDA by
placing the device in STOP or VLPS
mode. ADC is configured for low power
mode using the internal clock and
continuous conversions.

5.2.5.1 Diagram: Typical IDD_RUN operating behavior
The following data was measured under these conditions:

e MCG in FBE for run mode, and BLPE for VLPR mode

» USB regulator disabled

* No GPIOs toggled

* Code execution from flash with cache enabled

» For the ALLOFF curve, all peripheral clocks are disabled except FTFA

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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General

2. Vpp=3.3V, Ta=25°C, fogc = 8 MHz (crystal), fsys = 48 MHz, fgyg = 48 MHz
3. Specified according to Annex D of IEC Standard 61967-2, Measurement of Radiated Emissions—TEM Cell and Wideband
TEM Cell Method

5.2.7 Designing with radiated emissions in mind

To find application notes that provide guidance on designing your system to minimize
interference from radiated emissions:

1. Go to www.freescale.com.

2. Perform a keyword search for “EMC design.”

5.2.8 Capacitance attributes
Table 8. Capacitance attributes

Symbol Description Min. Max. Unit
Cin A Input capacitance: analog pins — 7 pF
CinD Input capacitance: digital pins — 7 pF

5.3 Switching specifications
5.3.1 Device clock specifications
Symbol | Description Min. Max. Unit Notes
Normal run mode

fsys System and core clock — 48 MHz
faus Bus clock — 24 MHz

fELASH Flash clock — 24 MHz

fsys_ use | System and core clock when Full Speed USB in 20 — MHz
operation
fLPTMR LPTMR clock — 24 MHz
VLPR mode'

fsys System and core clock — 4 MHz
feus Bus clock — MHz

fELASH Flash clock — 1 MHz

fLPTMR LPTMR clock — 24 MHz

fErcLK External reference clock — 16 MHz

fiptmr_pin  |LPTMR clock — 24 MHz

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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Peripheral operating requirements and behaviors

5.4.2 Thermal attributes
Table 10. Thermal attributes

Board type Symbol Description 80 64 48 QFN | 32 QFN Unit Notes
LQFP LQFP
Single-layer (1S) Reya | Thermal resistance, junction 70 71 84 92 °C/W 1
to ambient (natural
convection)
Four-layer (2s2p) Resa | Thermal resistance, junction 53 52 28 33 °C/W
to ambient (natural
convection)
Single-layer (1S) Reyma | Thermal resistance, junction — 59 69 75 °C/W
to ambient (200 ft./min. air
speed)
Four-layer (2s2p) Rgyma | Thermal resistance, junction — 46 22 27 °C/W
to ambient (200 ft./min. air
speed)
— Ress | Thermal resistance, junction 34 34 10 12 °C/W 2
to board
— Rgyc | Thermal resistance, junction 15 20 2.0 1.8 °C/W 3
to case
— W,r | Thermal characterization 0.6 5 5.0 8 °C/W 4
parameter, junction to
package top outside center
(natural convection)

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.

4. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions
— Natural Convection (Still Air).

6 Peripheral operating requirements and behaviors

6.1 Core modules

6.1.1 SWD Electricals

Table 11. SWD full voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 1.71 3.6 \

Table continues on the next page...
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Peripheral operating requirements and behaviors

Table 11. SWD full voltage range electricals (continued)

Symbol Description Min. Max. Unit

Ji SWD_CLK frequency of operation

* Serial wire debug 0 25 MHz
J2 SWD_CLK cycle period 1/J1 — ns
J3 SWD_CLK clock pulse width

* Serial wire debug 20 — ns
J4 SWD_CLK rise and fall times — 3 ns
J9 SWD_DIO input data setup time to SWD_CLK rise 10 — ns
J10 SWD_DIO input data hold time after SWD_CLK rise 0 — ns
J11 SWD_CLK high to SWD_DIO data valid — 32 ns
J12 SWD_CLK high to SWD_DIO high-Z 5 — ns

(G2} q
SWD_CLK (input)
-« J

Figure 4. Serial wire clock input timing

SWD_CLK / \ /,
i . i
SWD_DIO E <: Input data valid )I—
< @ >
SWD_DIO i >'< Output data valid
< (12) >
SWD_DIO ; »
< @ p
SWD_DIO <' Output data valid

Figure 5. Serial wire data timing

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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Peripheral operating requirements and behaviors

Table 12. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
faco_t_bmxaz2 | DCO output Low range (DRS = 00) — 23.99 — MHz 5,6
frequency 732 x e
Mid range (DRS = 01) — 47.97 — MHz
1464 x fy et
Jeye_fi FLL period jitter — 180 — ps 7
* fyco =48 MHz
ti_acquire | FLL target frequency acquisition time — — 1 ms 8
PLL
fuco VCO operating frequency 48.0 — 100 MHz
o PLL-OE?_T tajlrt]%gun;lﬁrz]t(foSU,L1 =8 MHz, fg)_ref = 2 T 1060 T WA °
MHz, VDIV multiplier = 48)
e sz — | | — | w | °
MHz, VDIV multiplier = 24)
foil_ref PLL reference frequency range 2.0 — 4.0 MHz
Jeye_pn | PLL period jitter (RMS) 10
* fyeo =48 MHz — 120 — ps
* fyeo =100 MHz — 50 — ps
Jace_pil | PLL accumulated jitter over 1ps (RMS) 10
e fyeo =48 MHz — 1350 — ps
* fyeo = 100 MHz — 600 — ps
Diock Lock entry frequency tolerance +1.49 — +2.98 %
Duni Lock exit frequency tolerance +4.47 — +5.97 %
toi_lock | Lock detector detection time — — 150 x 1076 s 11
+1075(1/
foll_ref)

1. This parameter is measured with the internal reference (slow clock) being used as a reference to the FLL (FEI clock
mode).

2. The deviation is relative to the factory trimmed frequency at nominal Vpp and 25 °C, finis_tt.

3. These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32 = 0.

4. The resulting system clock frequencies must not exceed their maximum specified values. The DCO frequency deviation
(Afgco_t) Over voltage and temperature must be considered.

5. These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32 = 1.

6. The resulting clock frequency must not exceed the maximum specified clock frequency of the device.

7. This specification is based on standard deviation (RMS) of period or frequency.

8. This specification applies to any time the FLL reference source or reference divider is changed, trim value is changed,
DMX®32 bit is changed, DRS bits are changed, or changing from FLL disabled (BLPE, BLPI) to FLL enabled (FEI, FEE,
FBE, FBI). If a crystal/resonator is being used as the reference, this specification assumes it is already running.

9. Excludes any oscillator currents that are also consuming power while PLL is in operation.

10. This specification was obtained using a Freescale developed PCB. PLL jitter is dependent on the noise characteristics of

each PCB and results will vary.

11. This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL disabled
(BLPE, BLPI) to PLL enabled (PBE, PEE). If a crystal/resonator is being used as the reference, this specification assumes
it is already running.

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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Peripheral operating requirements and behaviors

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
Vpp Supply voltage 1.71 — 3.6 Vv
Ibbosc | Supply current — low-power mode (HGO=0) 1
e 32 kHz — 500 — nA
s 4 MHz — 200 — HA
* 8 MHz (RANGE=01) — 300 — pA
* 16 MHz — 950 — HA
* 24 MHz — 1.2 — mA
* 32 MHz — 1.5 — mA
Ibbosc | Supply current — high gain mode (HGO=1) 1
e 32 kHz — 25 — pA
e 4 MHz — 400 — HA
e 8 MHz (RANGE=01) — 500 — pA
e 16 MHz — 25 — mA
e 24 MHz — 3 — mA
* 32 MHz — 4 — mA
Cy EXTAL load capacitance — — — 2,3
Cy XTAL load capacitance — — — 2,3
Re Feedback resistor — low-frequency, low-power — — — MQ 2,4
mode (HGO=0)
Feedback resistor — low-frequency, high-gain — 10 — MQ
mode (HGO=1)
Feedback resistor — high-frequency, low-power — — — MQ
mode (HGO=0)
Feedback resistor — high-frequency, high-gain — 1 — MQ
mode (HGO=1)

Table continues on the next page...
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Peripheral operating requirements and behaviors

Table 13. Oscillator DC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Rs Series resistor — low-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — low-frequency, high-gain mode — 200 — kQ
(HGO=1)
Series resistor — high-frequency, low-power — — — kQ

mode (HGO=0)

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

Vpp5 Peak-to-peak amplitude of oscillation (oscillator — 0.6 — \Y
mode) — low-frequency, low-power mode
(HGO=0)

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

Peak-to-peak amplitude of oscillation (oscillator — 0.6 — \'%
mode) — high-frequency, low-power mode
(HGO=0)

Peak-to-peak amplitude of oscillation (oscillator — Vop — \"

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

—

Vpp=3.3 V, Temperature =25 °C

2. See crystal or resonator manufacturer's recommendation

3. C,,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..

When low power mode is selected, R 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.

P

6.3.2.2 Oscillator frequency specifications
Table 14. Oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosc o |Oscillator crystal or resonator frequency — low 32 — 40 kHz
frequency mode (MCG_C2[RANGE]=00)
fosc_ni 1 |Oscillator crystal or resonator frequency — high 3 — 8 MHz

frequency mode (low range)
(MCG_C2[RANGE]=01)

fosc_ni 2 | Oscillator crystal or resonator frequency — high 8 — 32 MHz
frequency mode (high range)
(MCG_C2[RANGE]=1x)

fec_extar  |INpPUt clock frequency (external clock mode) — — 48 MHz 1,2

tac_extat  |INput clock duty cycle (external clock mode) 40 50 60 %

Table continues on the next page...
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4
Peripheral operating requirements and behaviors

6.5 Security and integrity modules

There are no specifications necessary for the device's security and integrity modules.

6.6 Analog

6.6.1 ADC electrical specifications

All ADC channels meet the 12-bit single-ended accuracy specifications.

6.6.1.1 12-bit ADC operating conditions
Table 19. 12-bit ADC operating conditions

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vopa  |Supply voltage  |Absolute 1.71 — 3.6 \Y
AVppa Supply voltage Delta to Vpp (Vbp-Vppa) -100 0 +100 mV
AVgsp |Ground voltage |Delta to Vgg (Vss - Vssa) -100 0 +100 mV
VREFH ADC reference 1.13 VDDA VDDA \'%
voltage high
VREFL ADC reference VSSA VSSA VSSA \Y 3
voltage low
Vapin | Input voltage VREFL — VREFH \Y
Capin | Input capacitance e 8-/10-/12-bit modes — 4 5 pF
Rapin Input resistance — 2 5 kQ
Ras Analog source 12-bit modes 4
resistance fapck < 4 MHz . . 5 KO
fapck  |ADC conversion |< 12-bit mode 1.0 — 18.0 MHz 5
clock frequency
Crate ADC conversion |< 12 bit modes 6
rate No ADC hardware averaging 20.000 — 818.330 Ksps
Continuous conversions
enabled, subsequent
conversion time

1. Typical values assume Vppa = 3.0 V, Temp = 25 °C, fapck = 1.0 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

2. DC potential difference.

3. For packages without dedicated VREFH and VREFL pins, Vgery is internally tied to Vppa, and Vgep, is internally tied to
Vssa.

4. This resistance is external to MCU. The analog source resistance must be kept as low as possible to achieve the best
results. The results in this data sheet were derived from a system which has < 8 Q analog source resistance. The Rag/Cas
time constant should be kept to < 1ns.

5. To use the maximum ADC conversion clock frequency, the ADHSC bit must be set and the ADLPC bit must be clear.

6. For guidelines and examples of conversion rate calculation, download the ADC calculator tool

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.
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Peripheral operating requirements and behaviors

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Ly
Tpag | - > SIMPLIFIED
ad |
Zss | leakage | CHANNEL SELECT
< X | dueto | : _ _cReur ADC SAR
Ras Il?rr:)ltjectlon I | Fion | S
AMA— : o— | : | ’\/\/\/—O/O—|—0—D
l I Vaow : : | | :
Y |
Vis Gs : | | : | |
I | | | - |
< - b === = - I Ruy I
|E AN~ oo
INPUT PIN ' !
| Raon '
< Ao o
INPUT IN I !
| Ruow |
X Ao ot
wotRN -~ T T T T 77 == Cuon
I
Figure 6. ADC input impedance equivalency diagram
6.6.1.2 12-bit ADC electrical characteristics
Table 20. 12-bit ADC characteristics (VREFH = Vppa, VREFL = VSSA)
Symbol | Description Conditions! Min. Typ.2 Max. Unit Notes
Iopa_apc | Supply current 0.215 — 1.7 mA 3
ADC « ADLPC=1,ADHSC=0| 1.2 2.4 3.9 MHz | taback =1/
asynchronous « ADLPC=1,ADHSC=1| 24 4.0 6.1 MHz TapACK
f clock source
ADACK e ADLPC=0,ADHSC=0| 3.0 5.2 7.3 MHz
« ADLPC=0,ADHSC=1| 44 6.2 9.5 MHz
Sample Time See Reference Manual chapter for sample times
TUE Total unadjusted  12-bit modes — +4 +6.8 LSB* 5
error « <12-bit modes — +1.4 +2.1
DNL Differential non- ¢ 12-bit modes — +0.7 -1.1to +1.9 LSB* 5
linearity 031005
* <12-bit modes — +0.2
INL Integral non- ¢ 12-bit modes — +1.0 -2.7t0+1.9 LSB* 5
linearity 0.7 10 +0.5
¢ <12-bit modes — +0.5
Ers Full-scale error e 12-bit modes — -4 -5.4 LSB4 VaDIN =
« <12-bit modes — 1.4 1.8 Vooa
5

Table continues on the next page...
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Peripheral operating requirements and behaviors

6.7 Timers

See General switching specifications.

6.8 Communication interfaces

6.8.1 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 http://www.usb.org.

6.8.2 USB VREG electrical specifications
Table 22. USB VREG electrical specifications

Symbol | Description Min. Typ.! Max. Unit Notes
VREGIN |Input supply voltage 2.7 — 55 Vv
Ibbon Quiescent current — Run mode, load current — 120 186 A
equal zero, input supply (VREGIN) > 3.6 V
Ippstoy | Quiescent current — Standby mode, load current — 1.1 10 A
equal zero
IbDoff Quiescent current — Shutdown mode
* VREGIN = 5.0 V and temperature=25C - 650 - nA
« Across operating voltage and temperature o o 4 WA
lLoaprun | Maximum load current — Run mode — — 120 mA
ILoADsty |Maximum load current — Standby mode — — 1 mA
VRegazout | R€gulator output voltage — Input supply
(VREGIN) > 3.6 V
* Run mode 3 33 36 Y
» Standby mode 2 1 o8 36 Y
VReg33out | R€gulator output voltage — Input supply 21 — 3.6 Vv 2
(VREGIN) < 3.6 V, pass-through mode
Cout External output capacitor 1.76 2.2 8.16 uF
ESR External output capacitor equivalent series 1 — 100 mQ
resistance
ILim Short circuit current — 290 — mA

1. Typical values assume VREGIN = 5.0 V, Temp = 25 °C unless otherwise stated.

2. Operating in pass-through mode: regulator output voltage equal to the input voltage minus a drop proportional to I gaq-
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Peripheral operating requirements and behaviors

Table 26. SPI slave mode timing on slew rate enabled pads (continued)

Num Symbol | Description Min. Max. Unit Note
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 th Data hold time (inputs) 7 — ns —
8 ta Slave access time — toeriph ns 3
9 tais Slave MISO disable time — toeriph ns 4
10 ty Data valid (after SPSCK edge) — 122 ns —
11 tho Data hold time (outputs) 0 — ns —
12 tRi Rise time input — tperiph - 25 ns —

tr Fall time input
13 tro Rise time output — 36 ns —
tro Fall time output

1. For SPIO fyeripn is the bus clock (fgys). For SPI1 fyeiph 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
SS
(INPUT) /|
\ 1
4—@—» @—» —>» <—@ 4 -—>
SPSCK
(CPOL=0) / /_l\,—k - / )
(INPUT)— 71 N L s
SPSCK _—AC_ {_XC_ (12> -~ ™ -3 |
(CPOL =1) N ] N
(INPUT) 1 Kk 7 |
- ~® @ (=
MISO \
(OUTPU SLAVE MSBY| BIT6... r{{ SLAVE LsB OUTIX  GGE:
I
MOSI : >
(INPUT) { MSB IN BIT6...1 LSBIN
|

NOTE: Not defined!

Figure 11. SPI slave mode timing (CPHA = 0)

KL24 Sub-Family Data Sheet Data Sheet, Rev. 3, 9/19/2012.

Freescale Semiconductor, Inc.

39



Pinout

8 Pinout

8.1 KL24 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 | 64 | 48 | 3 | PinName Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7
LQFP | LQFP | QFN | QFN
1 1 = 1 | PTEO DISABLED PTEO UART1_TX | RTC_CLKOUT | CMPO_OUT | 2C1_SDA
2 2 - | — |PTES DISABLED PTEA SPI1_MOSI | UART1_RX SPI_MISO | 12C1_SCL
3| = | = | — [PIE2 DISABLED PTE2 SPI1_SCK
4 | = | = | — [PTES DISABLED PTE3 SPI1_MISO SPI1_MOS!
5 - | — | — |PH4 DISABLED PTE4 SPI1_PCS0
6 - | = | — |PTE5 DISABLED PTES
7 3 1 — | VDD VDD VDD
8 4 2 2 | VSS V8S V88
9 5 3 3 | USBO_DP USB0_DP USB0_DP
0] 6 4 4 | USBO_DM USB0_DM USB0_DM
1 7 5 5 | VOUT33 VOUTS3 VOUTS3
12 8 6 6 | VREGIN VREGIN VREGIN
18] 9 7 | — | PTE2 ADCO_SEO | ADCO_SE0 | PTE20 TPMI_CHO | UARTO_TX
“] 10| 8 — | PTE2 ADCO_SE4a | ADCO_SE4a | PTE21 TPMI_CH! | UARTO_RX
B 1] = | — |PTE2 ADCO_SE3 | ADCO_SE3 | PTE22 TPM2_CHO | UART2_TX
%] 12 = | — |PTEA ADCO_SE7a | ADCO_SE7a | PTE23 TPM2_CH1 | UART2_RX
7] 18] 9 7 | VDDA VDDA VDDA
8| 14| 10 | — |VREFH VREFH VREFH
9] 15| 11| — |VREFL VREFL VREFL
0| 16| 12 8 | VSSA VSSA VSSA
A | 17| 18| — |PTEW CMPO_INS/ | CMPO_INS/ | PTE29 TPMO_CH2 | TPM_CLKINO
ADCO_SE4b | ADCO_SE4b
2 | 18| 4| 9 |PTEN ADCO_SE23/ | ADCO_SE23/ | PTE30 TPMO_CH3 | TPM_CLKIN{
CMPO_IN4 | CMPO_IN4
B 19| = | — |PEA DISABLED PTE3 TPM0_CH4
A4 | 20 | 15| — |PTEA DISABLED PTE24 TPMO_CHO 2C0_SCL
%5 | 21| 16| — |PTE® DISABLED PTE2S TPMO_CH! 2C0_SDA
6 | 2 | 17| 10 |PTAD SWD_CLK PTAO TPM0_CH5 SWD_CLK
a | 23 | 18| 1 |PTA DISABLED PTA1 UARTO_RX | TPM2_CHO
B | 4| 19| 12 |PTR DISABLED PTA2 UARTO_TX | TPM2_CH1
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80 | 64 | 48 | 32 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTE ALT7
LQFP | LQFP | QFN | QFN
64 | 52 | 40 | 28 |PIC7 CMPO_INt | CMPO_IN1 | PTC7 SPI0_MISO SPI0_MoS|
65 | 83 | — | — |PTC8 CMPO_IN2 | CMPO_IN2 | PTC8 200_SCL TPMO_CH4
66 | 54 | — | — |PTCY CMPO_IN3 | CMPO_IN3 | PTC9 [2C0_SDA | TPM0_CH5
67 | %5 | — | = |PTCI0 DISABLED PTC10 [2C1_SCL
68 | % [ — | — |PTCH DISABLED PTCH 2C1_SDA
6| — | — | — |PTCI2 DISABLED PTC12 TPM_CLKINO
0| =1 —=1] = |PTCB DISABLED PTC13 TPM_CLKIN1
n|y -=1| =1 — |PiCie DISABLED PTC16
| =1 —=1| = |PICI7 DISABLED PTC17
B 5T 4 — |PDO DISABLED PTDO SPI0_PCS0 TPM0_CHO
4| 8 | & | — |PID ADCO_SESh | ADCO_SEsb | PTD! SPI0_SCK TPMO_CH1
75| 59 | 4| — | P2 DISABLED PTD2 SPIO_MOSI | UART2_RX | TPM0_CH2 | SPIO_MISO
76| 60 | 4 | — |PD3 DISABLED PTD3 SPIO_MISO | UART2_TX | TPMO_CH3 | SPIo_MOSI
77| 61| 45 | 29 |PTD4 DISABLED PTD4/ SPI_PCS0 | UART2_RX | TPMO0_CH4
LLWU_P14 LLWU_P14
78| 62| 46 | 30 |PD5 ADCO_SE6b | ADCO_SEEb | PTD5 SPH_SCK | UART2_TX | TPMO_CH5
79 | 63 | 47 | 31 | PTDG/ ADCO_SE7b | ADCO_SE7b | PTD6/ SPI_MOSI | UARTO_RX SPI_MISO
LLWU_P15 LLWU_P15
80 | 64 | 48 | & |PID7 DISABLED PTD7 SPI_MISO | UARTO_TX SPI1_MOS|

8.2 KL24 Pinouts

The below figures show the pinout diagrams for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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8o | | prD7
79 | ] pTDBILLWU_P15
78| ] p1os
77 | ] pTDarLwu_P14
76 || pTD3
75 || pTD2
74| ] PO
73| ] poo
72| ] prC17
71| ] prcie
70| | prci3
69 | | prCi2
68 | | prCi1
67 |_] prci0
66 | | prco
65| | prcs
64 | | prc7
63 || PTCBILLWU_P10
62 | | pTCsiLwu_pg
61| | prcarLwu_ps

pTEO [ ] voo
prE1 [ ] 2 so| | vss

(=2}
o

pre2[ | 3 58 | | PTC3LLWU_P7
PTEs [ | 4 57| ] prcz
prea [ 5 56 || PTCILLWU_PE/RTC_CI

PTEs | 6 55 ] PrCo
voo [_| 7 54| | PTB19
vss | 8 53| | pTB18
useo_opP [ 9 s2| | PTB17
useo_bm [_|| 10 51| ] praie
voutas[_| 11 so[ ] P11
vreain [_] 12 a9 ] PBI0
prezo | 18 48| | PTBo
pre21 [ | 14 a7| ] P88
prE22 [ | 15 46| | PTB3
PTE23 | 16 as| | PTB2
vopa [ 17 4| ] P8I

vRerH [_| 18 43| | PTBOLLWU_PS

vrerL [ 19 42| ]| RESETb

VSSA 20 PTA19
L] ]

pTE29 [ 2t
pTE30 [ ] 22
PTEst [ ] 23
PTE24 [ | 24
pTE2s [ 25
pTa0 | 26
prat [ 27
pra2 [ | 28
pTA3 | 29
pTas | 30
pras | 3t
prat2 [ a2
pTats [ 33
prata [ 34
pTats [ | 35
pTate | 36
prat7 [ 37
vop || s8

vss [_] 30
prats [ 40 .

Figure 13. KL24 80-pin LQFP pinout diagram
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Figure 14. KL24 64-pin LQFP pinout diagram
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Revision History

PTC3/LLWU_P7

PTC2
PTC1/LLWU_P6/RTC_CLKIN
PTB1

PTBO/LLWU_P5

RESET_b

PTA19

PTA18

Figure 16. KL24 32-pin QFN pinout diagram

9 Revision History

The following table provides a revision history for this document.

Table 27. Revision History

Rev. No. Date Substantial Changes
1 7/2012 Initial NDA release.
2 9/2012 Completed all the TBDs, initial public release.
3 9/2012 Updated Signal Multiplexing and Pin Assignments table to add UART2
signals.
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