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General

Symbol Description Min. Max. Unit
Vb Digital supply voltage -0.3 3.8 \Y
Ibp Digital supply current — 185 mA
Vbio Digital input voltage (except RESET, EXTAL, and XTAL) -0.3 5.5 \Y

Vprtc_wakeu |RTC Wakeup input voltage -0.3 Vgar + 0.3 \Y
P

Vaio Analog', RESET, EXTAL, and XTAL input voltage -0.3 Vpp + 0.3 \Y

Ip Maximum current single pin limit (applies to all digital pins) -25 25 mA
Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \
Vusso_pp |USBO_DP input voltage -0.3 3.63 \Y
Vuseo_pm |USBO_DM input voltage -0.3 3.63 \
VREGIN USB regulator input -0.3 6.0 \Y
Vgar RTC battery supply voltage -0.3 3.8 \

1. Analog pins are defined as pins that do not have an associated general purpose 1/O port function.

2 General

2.1 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.
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Figure 2. Input signal measurement reference

2.2 Nonswitching electrical specifications
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General

Table 4. Voltage and current operating behaviors (continued)

Symbol | Description Min. Max. Unit Notes
* 27V=Vpp=s36V,loy=-8mA Vpp - 0.5 — \Y
* 1.71V<Vpp<2.7V, oy =-3mA Vpp — 0.5 — \Y,
Output high voltage — low drive strength
¢ 27V=Vpp<s36V,loy=-2mA Vpp - 0.5 — Vv
¢ 1.71V<Vpp<2.7V, loy = -0.6mA Vpp—0.5 — Y%
lonT Output high current total for all ports — 100 mA
Von_rtc_wa | Output high voltage — high drive strength Vgar — 0.5 — \Y
KEUP * 27V <Vgar<3.6V, oy =-10mA VgaT — 0.5 — v
e 1.71V < Vgar 2.7V, loy = -3mA
Output high voltage — low drive strength Vear — 0.5 — \%
* 27V <=Vgar<3.6V,loy=-2mA Vgar— 0.5 — \Y
¢ 1.71V < Vgar 2.7V, loy = -0.6mA
lon_rTc_wak |Output high current total for RTC_WAKEUP pins — 100 mA
EUP
VoL Output low voltage — high drive strength
* 27V=Vpps36V,lg.=9mA — 0.5 \Y
e 1.71V<Vpp<2.7V,lg.=3mA — 0.5 \Y,
Output low voltage — low drive strength
* 27V=sVpp<s36V,lg.=2mA — 0.5 Vv
e 1.71V<Vpps27V, g =0.6mA — 0.5 \Y
loLt Output low current total for all ports — 100 mA
VoL_gtc_wa |Output low voltage — high drive strength — 0.5 \
KEUP * 27V <Vgar<3.6V,Ig =10mA — 0.5 Y
e 1.71V < Vgar <27V, gL =3mA
Output low voltage — low drive strength — 0.5 \Y
e 27V <sVgar<3.6V, oL =2mA — 0.5 \
e 1.71V < Vgar<2.7 V, lo = 0.6mA
loL_rTc_wak | Output low current total for RTC_WAKEUP pins — 100 mA
EUP
N Input leakage current (per pin) for full temperature — 1 pA 1
range
N Input leakage current (per pin) at 25°C — 0.025 A 1
Iin_rTc_wak |Input leakage current (per RTC_WAKEUP pin) for full — 1 A
EUP temperature range
Iin_rTc_wak |Input leakage current (per RTC_WAKEUP pin) at — 0.025 A
EUP 25°C
Table continues on the next page...
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General

Table 4. Voltage and current operating behaviors (continued)

Symbol | Description Min. Max. Unit Notes
loz Hi-Z (off-state) leakage current (per pin) — 0.25 A
loz_rtc_wak | HI-Z (off-state) leakage current (per RTC_WAKEUP — 0.25 A
EUP pin)
Rpy Internal pullup resistors (except RTC_WAKEUP pins) 20 50 kQ
Rpp Internal pulldown resistors (except RTC_WAKEUP 20 50 kQ
pins)

1. Measured at VDD=3.6V
2. Measured at Vpp supply voltage = Vpp min and Vinput = Vgg
3. Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

2.2.4 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 = 100 MHz
Bus clock = 50 MHz

FlexBus clock = 50 MHz

Flash clock = 25 MHz

Table 5. Power mode transition operating behaviors

Symbol | Description Min. Max. Unit Notes
tPor After a POR event, amount of time from the point Vpp — 300 us
reaches 1.71 V to execution of the first instruction
across the operating temperature range of the chip.
e VLLSO > RUN - 156 hs
« VLLS1 > RUN - 156 hs
« VLLS2 > RUN - 8 hs
« VLLS3 > RUN - 8 hs
« LLS > RUN - 4.8 Hs
« VLPS > RUN - 4.5 hs
« STOP - RUN - 45 Hs
10 Kinetis K24F Sub-Family Data Sheet, Rev. 7, 10/2016
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General

1. Maximum T, can be exceeded only if the user ensures that T, does not exceed maximum T,. The simplest method to
determine T, is:

T, = Ta + Rgya X chip power dissipation

2.4.2 Thermal attributes

Table 13. Thermal attributes

Board type

Symbol

Description

144 LQFP

121 XFBGA

100 LQFP

Unit

Notes

Single-layer
(1s)

Reua

Thermal
resistance,
junction to
ambient
(natural
convection)

51

33.3

51

°C/W

Four-layer
(2s2p)

Reua

Thermal
resistance,
junction to
ambient
(natural
convection)

43

39

°C/W

Single-layer

(1s)

Resma

Thermal
resistance,
junction to
ambient (200
ft./min. air
speed)

42

26.2

41

°C/W

Four-layer
(2s2p)

Resma

Thermal
resistance,
junction to
ambient (200
ft./min. air
speed)

36

17.8

32

°C/W

Ress

Thermal
resistance,
junction to
board

30

16.3

24

°C/W

Resc

Thermal
resistance,
junction to
case

12

11

°C/W

Thermal
characterizati
on parameter,
junction to
package top
outside center
(natural
convection)

0.2

°C/W
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Peripheral operating requirements and behaviors
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Figure 6. Trace data specifications

3.1.2 JTAG electricals
Table 15. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit
Operating voltage 2.7 3.6 \

Ji TCLK frequency of operation MHz

¢ Boundary Scan 0 10

e JTAG and CJTAG 0 25

* Serial Wire Debug 0 50
J2 TCLK cycle period 1/J1 — ns
J3 TCLK clock pulse width

* Boundary Scan 50 — ns

e JTAG and CJTAG 20 — ns

¢ Serial Wire Debug 10 — ns
J4 TCLK rise and fall times — 3 ns
J5 Boundary scan input data setup time to TCLK rise 20 — ns
J6 Boundary scan input data hold time after TCLK rise 2.6 — ns
J7 TCLK low to boundary scan output data valid — 25 ns
J8 TCLK low to boundary scan output high-Z — 25 ns
J9 TMS, TDI input data setup time to TCLK rise 8 — ns
J10 TMS, TDI input data hold time after TCLK rise 1 — ns
J11 TCLK low to TDO data valid — 17 ns
J12 TCLK low to TDO high-Z — 17 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

Table 16. JTAG full voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 1.71 3.6 \'%

Table continues on the next page...

22 Kinetis K24F Sub-Family Data Sheet, Rev. 7, 10/2016
NXP Semiconductors



TCLK

T\ g

, :
(D

Peripheral operating requirements and behaviors
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Figure 10. TRST timing

3.2 System modules

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

3.3 Clock modules

3.3.1 MCG specifications
Table 17. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fints_ft Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal VDD and 25 °C
fints_t Internal reference frequency (slow clock) — 31.25 — 39.0625 kHz
user trimmed
lints Internal reference (slow clock) current — 20 — A
Avgeo_res_t |Resolution of trimmed average DCO output — +0.3 +0.6 Yofdco 1
frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM
Afyco_res t | Resolution of trimmed average DCO output — +0.2 +0.5 Y%ofdco 1
frequency at fixed voltage and temperature —
using SCTRIM only
Mfgeo + | Total deviation of trimmed average DCO output — +0.5 +2 Yofaco 12
frequency over voltage and temperature
Afyeo + | Total deviation of trimmed average DCO output — +0.3 +1 Yofgco 1
frequency over fixed voltage and temperature
range of 0-70°C
fintf_t Internal reference frequency (fast clock) — — 4 — MHz
factory trimmed at nominal VDD and 25°C
fintf_t Internal reference frequency (fast clock) — 3 — 5 MHz
user trimmed at nominal VDD and 25 °C
lintf Internal reference (fast clock) current — 25 — A
Table continues on the next page...
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Peripheral operating requirements and behaviors

3.3.3.2 Oscillator frequency specifications
Table 20. Oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosc_lo | 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 | INput clock frequency (external clock mode) — — 50 MHz 1,2
tac_extar | INput clock duty cycle (external clock mode) 40 50 60 %
test Crystal startup time — 32 kHz low-frequency, — 750 — ms 3,4

low-power mode (HGO=0)
Crystal startup time — 32 kHz low-frequency, — 250 — ms
high-gain mode (HGO=1)
Crystal startup time — 8 MHz high-frequency — 0.6 — ms
(MCG_C2[RANGE]=01), low-power mode
(HGO=0)
Crystal startup time — 8 MHz high-frequency — 1 — ms
(MCG_C2[RANGE]=01), high-gain mode
(HGO=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.

NOTE
The 32 kHz oscillator works in low power mode by default
and cannot be moved into high power/gain mode.

3.3.4 32 kHz oscillator electrical characteristics

3.3.4.1 32 kHz oscillator DC electrical specifications
Table 21. 32kHz oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit
Vear Supply voltage 1.71 — 3.6 \
Re Internal feedback resistor — 100 — MQ

Table continues on the next page...
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3.4.1.4 Reliability specifications
Table 26. NVM reliability specifications

Peripheral operating requirements and behaviors

Symbol | Description | Min. | Typ.! | Max. | Unit | Notes
Program Flash
tovmretpiok | Data retention after up to 10 K cycles 5 50 years
tvmretptk | Data retention after up to 1 K cycles 20 100 years
Nrvmeyep | CYcCling endurance 10K 50 K cycles 2

1. Typical data retention values are based on measured response accelerated at high temperature and derated to a
constant 25°C use profile. Engineering Bulletin EB618 does not apply to this technology. Typical endurance defined in
Engineering Bulletin EB619.

2. Cycling endurance represents number of program/erase cycles at -40°C < T; < 125°C.

3.4.2 EzPort switching specifications

Table 27. EzPort switching specifications

Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \Y
EP1 EZP_CK frequency of operation (all commands except — fsys/2 MHz
READ)
EP1a EZP_CK frequency of operation (READ command) — fsys/8 MHz
EP2 EZP_CS negation to next EZP_CS assertion 2 X tezp_ck — ns
EP3 EZP_CS input valid to EZP_CK high (setup) 5 — ns
EP4 EZP_CK high to EZP_CS input invalid (hold) 5 — ns
EP5 EZP_D input valid to EZP_CK high (setup) 2 — ns
EP6 EZP_CK high to EZP_D input invalid (hold) 5 — ns
EP7 EZP_CK low to EZP_Q output valid — 18 ns
EP8 EZP_CK low to EZP_Q output invalid (hold) 0 — ns
EP9 EZP_CS negation to EZP_Q tri-state — 12 ns

Kinetis K24F Sub-Family Data Sheet, Rev. 7, 10/2016
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Peripheral operating requirements and behaviors

EZP_CK

EZP_CS

EZP_Q (output)
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Figure 11. EzPort Timing Diagram

3.4.3 Flexbus switching specifications

All processor bus timings are synchronous; input setup/hold and output delay are given
in respect to the rising edge of a reference clock, FB_CLK. The FB_CLK frequency
may be the same as the internal system bus frequency or an integer divider of that

frequency.

The following timing numbers indicate when data is latched or driven onto the external
bus, relative to the Flexbus output clock (FB_CLK). All other timing relationships can
be derived from these values.

Table 28. Flexbus limited voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 27 3.6 \"
Frequency of operation — FB_CLK MHz
FB1 Clock period 20 — ns
FB2 Address, data, and control output valid — 115 ns 1
FB3 Address, data, and control output hold 0.5 — ns 1
FB4 Data and FB_TA input setup 8.5 — ns 2
FB5 Data and FB_TA input hold 0.5 — ns 2

1. Specification is valid for all FB_AD[31:0], FB_BE/BWEn, FB_CSn, FB_OE, FB_R/W,FB_TBST, FB_TSIZ[1:0], FB_ALE,
and FB_TS.

34
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Peripheral operating requirements and behaviors

3.6.3.2 12-bit DAC operating behaviors
Table 34. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pact | Supply current — low-power mode — — 150 A
P
Ippa_pacH | Supply current — high-speed mode — — 700 MA
P
tpacLp | Full-scale settling time (0x080 to OxF7F) — — 100 200 ps 1
low-power mode
toacHp | Full-scale settling time (0x080 to OxF7F) — — 15 30 ys 1
high-power mode
tcepacLp |Code-to-code settling time (OxBF8 to — 0.7 1 ps 1
0xC08) — low-power mode and high-
speed mode
Vgacoutt |DAC output voltage range low — high- — — 100 mV
speed mode, no load, DAC set to 0x000
Vdacouth |DAC output voltage range high — high- VpacRr — Vpacr mV
speed mode, no load, DAC set to OxFFF -100
INL Integral non-linearity error — high speed — — +8 LSB 2
mode
DNL |Differential non-linearity error — Vpacgr > 2 — — +1 LSB 3
\Y
DNL |Differential non-linearity error — Vpacgr = — — +1 LSB 4
VREF_OUT
VorrseT |Offset error — +0.4 .8 %FSR
Eg Gain error — +0.1 +0.6 %FSR
PSRR |Power supply rejection ratio, Vppa = 2.4V 60 — 90 dB
Tco |Temperature coefficient offset voltage — 3.7 — pv/C 6
Tce Temperature coefficient gain error — 0.000421 — %FSR/C
Ac Offset aging coefficient — — 100 pV/iyr
Rop |Output resistance (load = 3 kQ) — — 250 Q
SR Slew rate -80h— F7Fh— 80h V/us
¢ High power (SPyp) 1.2 1.7 —
* Low power (SP_p) 0.05 0.12 —
CT Channel to channel cross talk — — -80 dB
BW 3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SPp) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to Vpacr =100 mV
3. The DNL is measured for 0 + 100 mV to Vpacr =100 mV
4. The DNL is measured for 0 + 100 mV to Vpacr —100 mV with Vppa > 2.4V
5. Calculated by a best fit curve from Vgg + 100 mV to Vpacr — 100 mV
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Figure 20. Offset at half scale vs. temperature
3.6.4 Voltage reference electrical specifications
Table 35. VREF full-range operating requirements
Symbol | Description Min. Max. Unit Notes
Vppa Supply voltage 1.71 3.6 \ —
Ta Temperature Operating temperature °C —
range of the device
C. Output load capacitance 100 nF 1,2

1. C_ must be connected to VREF_OUT if the VREF_OUT functionality is being used for either an internal or external

reference.

2. The load capacitance should not exceed +/-25% of the nominal specified C value over the operating temperature
range of the device.
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3.8.1

Peripheral operating requirements and behaviors

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.

NOTE

The MCGPLLCLK meets the USB jitter and signaling rate
specifications for certification with the use of an external
clock/crystal for both Device and Host modes.

The MCGFLLCLK does not meet the USB jitter or
signaling rate specifications for certification.

The IRC48M meets the USB jitter and signaling rate
specifications for certification in Device mode when the
USB clock recovery mode 1s enabled. It does not meet the
USB signaling rate specifications for certification in Host
mode operation.

3.8.2 USB DCD electrical specifications

Table 39. USBO0 DCD electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vpbp src |USB_DP source voltage (up to 250 pA) 0.5 — 0.7 \Y
Vige Threshold voltage for logic high 0.8 — 2.0 \
Ipp_src |USB_DP source current 7 10 13 MA
Iom_sink | USB_DM sink current 50 100 150 HA
Rpom_pwn | D- pulldown resistance for data pin contact detect 14.25 — 24.8 kQ
VpaT rer | Data detect voltage 0.25 0.33 0.4 \Y
3.8.3 USB VREG electrical specifications
Table 40. USB VREG electrical specifications

Symbol | Description Min. Typ.! Max. Unit Notes
VREGIN |Input supply voltage 2.7 — 5.5 \

Table continues on the next page...
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Peripheral operating requirements and behaviors
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Figure 24. DSPI classic SPI timing — slave mode
3.8.7 Inter-Integrated Circuit Interface (12C) timing
Table 45. 12C timing
Characteristic Symbol Standard Mode Fast Mode Unit
Minimum | Maximum | Minimum | Maximum
SCL Clock Frequency fsoL 0 100 0 400! kHz
Hold time (repeated) START condition. | typ; STA 4 — 0.6 — us
After this period, the first clock pulse is
generated.
LOW period of the SCL clock tLow 4.7 — 1.25 — ps
HIGH period of the SCL clock tHigH 4 — 0.6 — us
Set-up time for a repeated START tsy; STA 47 — 0.6 — ps
condition
Data hold time for I2C bus devices typ; DAT 02 3.458 04 0.92 us
Data set-up time tsu; DAT 2505 — 10036 — ns
Rise time of SDA and SCL signals t, — 1000 20 +0.1C,’ 300 ns
Fall time of SDA and SCL signals t — 300 20 +0.1C° 300 ns
Set-up time for STOP condition tsy; STO 4 — 0.6 — ps
Bus free time between STOP and taur 4.7 — 1.3 — us
START condition
Pulse width of spikes that must be tsp N/A N/A 0 50 ns
suppressed by the input filter

1. The maximum SCL Clock Frequency in Fast mode with maximum bus loading can only be achieved when using the
High drive pins across the full voltage range and when using the Normal drive pins and VDD = 2.7 V.

2. The master mode I2C deasserts ACK of an address byte simultaneously with the falling edge of SCL. If no slaves
acknowledge this address byte, then a negative hold time can result, depending on the edge rates of the SDA and SCL

lines.

. The maximum tHD; DAT must be met only if the device does not stretch the LOW period (tLOW) of the SCL signal.

3
4. Input signal Slew = 10 ns and Output Load = 50 pF

5. Set-up time in slave-transmitter mode is 1 IPBus clock period, if the TX FIFO is empty.

54
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Peripheral operating requirements and behaviors

6. A Fast mode I2C bus device can be used in a Standard mode I12C bus system, but the requirement tsy. pat = 250 ns
must then be met. This is automatically the case if the device does not stretch the LOW period of the SCL signal. If
such a device does stretch the LOW period of the SCL signal, then it must output the next data bit to the SDA line t;max
+ tsy: pat = 1000 + 250 = 1250 ns (according to the Standard mode I°C bus specification) before the SCL line is
released.

7. Cp = total capacitance of the one bus line in pF.

Table 46. 12C 1 Mbps timing

Characteristic Symbol Minimum Maximum Unit
SCL Clock Frequency fscL 0 11 MHz
Hold time (repeated) START condition. After this tup; STA 0.26 — ps
period, the first clock pulse is generated.
LOW period of the SCL clock tLow 0.5 — us
HIGH period of the SCL clock thigH 0.26 — ps
Set-up time for a repeated START condition tsy; STA 0.26 — us
Data hold time for I,C bus devices typ; DAT 0 — ys
Data set-up time tsu; DAT 50 — ns
Rise time of SDA and SCL signals te 20 +0.1Cy 2 120 ns
Fall time of SDA and SCL signals t 20 +0.1Cp2 120 ns
Set-up time for STOP condition tsy; STO 0.26 — us
Bus free time between STOP and START tsur 0.5 — ps
condition
Pulse width of spikes that must be suppressed by tsp 0 50 ns
the input filter

1. The maximum SCL clock frequency of 1 Mbps can support maximum bus loading when using the High drive pins
across the full voltage range.
2. Cy, = total capacitance of the one bus line in pF.

-

tsu; pam| =<t

E

> ‘ -

tHp; DAT >t|-||GH4 vt > ;R fsuisto = P - S
Figure 25. Timing definition for devices on the I12C bus
3.8.8 UART switching specifications
See General switching specifications.
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Table 50. 12S/SAlI master mode timing (continued)

Num. Characteristic Min. Max. Unit

S3 12S_TX_BCLK/I12S_RX_BCLK cycle time (output) 80 — ns

S4 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low |45% 55% BCLK period

S5 12S_TX_BCLK/I2S_RX_BCLK to 12S_TX_FS/ — 15 ns
12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to 12S_TX_FS/ -1 — ns
12S_RX_FS output invalid

S7 12S_TX_BCLK to 12S_TXD valid — 15 ns

S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns

S9 12S_RXD/I12S_RX_FS input setup before 22.5 — ns
12S_RX_BCLK

S10 12S_RXD/I12S_RX_FS input hold after I2S_RX_BCLK |0 — ns

12S_MCLK (output)

G ut et

ANTA
[}
&

12S_TX_BCLK/ / AN ‘ i\ /
12S_RX_BCLK (output) b s4 4 i i
AR E 4: se
128_TX_FS/ / ; \ N
128_RX_FS t ! ! !

_RX_FS (output) 3 ‘ E %10‘%
12S_TX_FS/ y P ) \f T\
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Figure 29. 12S/SAl timing — master modes
Table 51. 12S/SAl slave mode timing
Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \Y
S11 12S_TX_BCLK/12S_RX_BCLK cycle time (input) 80 — ns
S12 12S_TX_BCLK/I12S_RX_BCLK pulse width high/low |45% 55% MCLK period
(input)
S13 12S_TX_FS/I2S_RX_FS input setup before 7 — ns
12S_TX_BCLK/I2S_RX_BCLK
S14 12S_TX_FS/I2S_RX_FS input hold after 2 — ns
12S_TX_BCLK/I2S_RX_BCLK

Table continues on the next page...
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Table 53. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full voltage range)
(continued)

Num. Characteristic Min. Max. Unit
S18 12S_RXD hold after 12S_RX_BCLK 11 — ns
S19 I12S_TX_FS input assertion to 12S_TXD output valid! |— 72 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear

P S11 a

:‘ S12 ':
12S_TX_BCLK/ i/ 12 ¢ '/ ‘ [\ /
12S_RX_BCLK (input) < q * Pl

|‘ 515 ’\ | 1 S16
12S_TX_FS/ / } i L\
12S_RX_FS (output) ! s13 ! S14 '

A L« ! e
12S_TX_FS/ ) - I ™\
12S_RX_FS (input) —ﬁ/ « st s H ” | AN

o oM o
12S_TXD >—< DG I N

Figure 32. 12S/SAl timing — slave modes

4 Dimensions

4.1 Obtaining package dimensions
Package dimensions are provided in package drawings.

To find a package drawing, go to nxp.com and perform a keyword search for the
drawing’s document number:

If you want the drawing for this package Then use this document number
100-pin LQFP 98ASS23308W
121-pin XFBGA 98ASA00595D
144-pin LQFP 98ASS23177W
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Pinout

144 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT7 ALT8 ALT9
QFP | LQFP
68 | 46 | DISABLED PTA16 SPI0_ UARTO_ | RMIIO_ [280_RX_ | 1280_RXD1
SouT CTS_b/ TXDO/ FS
UARTO_ | MIlo_TXDO
COL_b
69 | 47 | ADCI_ ADC1_ PTA17 SPIO_SIN | UARTO_ | RMIlO_ 280_MCLK
SE17 SE17 RTS b TXD1/
MII0_TXD1
70 | 48 | VDD VDD
| 49 |VSS VSS
72 | 50 | EXTALO | EXTALO | PTA18 FTMO_ FTM_ EXTALO
FLT2 CLKINO
73 | 51 | XTALO XTALO PTA19 FTM1_ FTM_ LPTMRO_ LPTMRO_
FLTO CLKIN1 ALT1 ALT1
74 | 52 | RESETb | RESET.b RESET_b
75 | — | DISABLED PTA24 Milo_TXD2 FB_A29
76 | — | DISABLED PTA25 Milo_ FB_A28
TXCLK
77 | — | DISABLED PTA26 MIl0_TXD3 FB_A27
78 | — | DISABLED PTA27 Mil0_CRS FB_A26
79 | — | DISABLED PTA28 MIIO_TXER FB_A25
80 | — | DISABLED PTA29 Milo_COL FB_A24
81 | 53 | ADCO_SES8/| ADCO_SES/| PTBO/ [2C0_SCL | FTM1_CHO | RMIIO_ FTM1_QD_ LLWU_P5
ADC1_SE8 | ADC1_SE8 | LLWU_P5 MDIO/ PHA
Milo_MDIO
82 | 54 | ADCO_SE9/| ADCO_SEY/| PTB1 [2C0_SDA | FTM1_CH1 | RMII0_ FTM1_QD_
ADC1_SE9 | ADC1_SE9 MDC/ PHB
Milo_MDC
83 | 55 | ADCO_ ADCO_ PTB2 [2C0_SCL | UARTO_ | ENETO_ FTMO_
SE12 SE12 RTS_b 1588_ FLT3
TMRO
84 | 56 | ADCO_ ADCO_ PTB3 [2C0_SDA | UARTO_ | ENETO_ FTMO_
SE13 SE13 CTS b/ 1588_ FLTO
UARTO_ | TMRt
COL_b
85 | — [ ADCI_ ADC1_ PTB4 ENET0_ FTM1_
SE10 SE10 1588_ FLTO
TMR2
8 | — |ADCI_ ADC1_ PTBS ENETO_ FTM2_
SE11 SE11 1588_ FLTO
TMR3
87 | — [ ADCI_ ADC1_ PTB6 FB_AD23
SE12 SE12
88 | — |[ADCI_ ADC1_ PTB7 FB_AD22
SE13 SE13
89 | — | DISABLED PTB8 UART3_ FB_AD21
RTS_b
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144 | 100 | PinName | Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7 ALTS ALT9
QFP | LQFP
UARTO_
COLb
133 | 99 | ADCO_ ADCO_ PTD6/ SPI0_PCS3 | UARTO_RX | FTM0_CH6 | FB_ADO | FTMO_ SPI1_ LLWU_P15
SE7b SE7b LLWU_P15 FLTO SouT
134 | — | VSS VSS
135 | — | VDD VDD

5.2 Unused analog interfaces
Table 54. Unused analog interfaces

Module name Pins Recommendation if unused

ADC ADCO0_DP1, ADCO_DM1, ADC1_DP1, |Ground
ADC1_DM1, ADCO_DP0/ADC1_DP3,
ADCO_DMO0/ADC1_DM3, ADC1_DP0/
ADCO0_DP3, ADC1_DMO0/ADCO_DMS,
ADC1_SE16/ADCO_SE22,
ADCO_SE16/ADCO_SE21,

ADC1_SE18
DAC' DACO_OUT, DAC1_OuUT Float
uUSB VREGIN, USBO_GND, VOUT332 Connect VREGIN and VOUT33
together and tie to ground through a 10
kQ resistor. Do not tie directly to
ground, as this causes a latch-up risk.
USB0_DM, USB0O_DP Float

1. Unused DAC signals do not apply to all parts. See the Pinout section for details.
2. USBO0_VBUS and USB0_GND are board level signals

5.3 K24 Pinouts

The below figure shows the pinout diagram 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.

70 Kinetis K24F Sub-Family Data Sheet, Rev. 7, 10/2016

NXP Semiconductors



Pinout

0 < [} o = =}
o a o o & a & ®
Dl D‘ D‘ D‘ 2 D‘ D‘ DI
s = 2 = 5 I
N Do ¥ o N -5 2 RE A A A
o000 00 a0 a0 o0 0 o089 0 o0 o0 0 0 o0 o0 o0 O o o O o
EEEEEEEEEEREESSREEREEREERE EE EE B
HimiEEEnE R EEnEEEnEE
. o D @ ~ © [te] < s o - (=3 [} @ ~ © [fe) < @ o - (=] o «© ~ ©o
l=] (=) o o (=) (= (= (=] o o o © @ © © © © © © © © ~ ~ ~ ~
preo[ |1 7s[ ] voo
PTE1LLWU_PO [ |2 | ] vss
PTE2LLWU_P1 [ |3 73| prcaLLwu_p7
PTE [ |4 72| ] prc2
prEawu_P2 [ |5 7| ] preinwu_pe

pres [ |s 70| ] prco
pres [ |7 6o | | prB2s
voo[_|s es| | PrB22
vss[_|e o7 | ] prB21
usBo_bP [_| 10 e | | PTB20
usso_om[_| 11 es| | prBi9
vouTas [_| e | | pTBI8
vReGIN [ |13 ea| | PTBI7
ADCO_DP1 [ |14 e2| | pBi6
ADCo_DM1 [ 15 61| | vop
ADC1_DP1 [_| 16 6o | ] vss
ADC1_DM1 [_| so || PrBi

N

3

ADCO_DPO/ADC1_DP3 [__| 18 ss || PTBI10
ADCO_DM0/ADC1_DM3 [_| 10 s7|_] prBo
ADC1_DPO/ADCO_DP3 [_| 20 s || PTB3
ADC1_DMO/ADCO_DM3 [_| 21 ss || PTB2

vDDA [ 22 se || PTBI

vReFH [ 2 s3 || PTBOLLWU_PS

vrerL [ 2 s2 || RESETLb
vssa [ |25 o5t ] prate

Lo e e e e e
22 98k YL 82z IR LLYYTFTITLELETQge
5 3 ] 3 3

< 2 3 2

o o

= =

SR®

25

'—I O|

Figure 35. 100 LQFP Pinout Diagram
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Terminology and guidelines

8.3 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
Vpp Supply voltage 3.3 Vv

8.4 Relationship between ratings and operating requirements

o ot
o “\@ eﬂ‘\\«\ ot
3 Q'\«\ ¢ \;\‘e«\ . g\‘(\
& @ @ &
w2 ) R «9
o of® el o
o° oe o° o°
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range
Expected permanent failure - No permanent failure - No permanent failure - No permanent failure Expected permanent failure

- Possible decreased life - Correct operation - Possible decreased life

- Possible incorrect operation - Possible incorrect operation

—0 0
Operating (power on)
o) D
« «@*
"0&\(\% ‘3&\(\9
6\\(\@ 6\\‘@
we® oo
Fatal range Handling range Fatal range
Expected permanent failure No permanent failure Expected permanent failure
—0 0

Handling (power off)

8.5 Guidelines for ratings and operating requirements
Follow these guidelines for ratings and operating requirements:

* Never exceed any of the chip’s ratings.
* During normal operation, don’t exceed any of the chip’s operating requirements.
* If you must exceed an operating requirement at times other than during normal

operation (for example, during power sequencing), limit the duration as much as
possible.
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