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120 MHz Cortex-M4 Based Microcontroller with FPU MK22FN512VLL12
MK22FN512VLH12

Ideal for low-power applications that require processing MK22FN512VMP12

efficiency. Shares the comprehensive enablement and scalability
of the Kinetis family.

This product offers: - : # #
* Run power consumption down to 180 pA/MHz. H

e Static power consumption down to 4.5 pA, full state 121 XFBGA (DC) 100 LQFP (LL)
retention and 6 pS wakeup. Lowest Static mode down to 8x8x0.5Pitch 065 14x14x1.4Pitch 0.5

180 nA. mm mm
¢ High Flash to RAM ratio, with 128 KB of embedded SRAM

to support wireless communication, RTOS and other

software stacks. - # #
e USB LS/FS OTG 2.0 with embedded 3.3 V, 120 mA LDO 64 MAPBGA (MP) 64 LQFP (LH)

voltage regulator. 5x5x1.2Pitch0.5 10x10x 1.4 Pitch 0.5

mm mm

Performance
e 120 MHz ARM Cortex-M4 core with DSP instructions
delivering 1.25 Dhrystone MIPS per MHz

Analog modules
e Two 16-bit SAR ADCs converting at 1.2 MS/s in
12bit mode
e Two 12-bit DACs
* Two analog comparators (CMP) with 6-bit DAC
¢ Accurate internal voltage reference

Memories and memory interfaces
* 512 KB of embedded flash and 128 KB of RAM
* FlexBus external bus interface
» Serial programming interface (EzPort) Communication interfaces
¢ USB full/low-speed On-the-Go controller with on-
chip transceiver with 120 mA USB LDO voltage

regulator

System peripherals
¢ Flexible low-power modes, multiple wake up sources

¢ 16-channel DMA controller e Two SPI modules
* Independent External and Software Watchdog monitor ¢ Three UART modules and one low-power UART
e Two 12C: Support for up to 400 Kbit/s operation
Clocks * 12S module
* Two crystal oscillators: 32 kHz (RTC) and 32-40 kHz or
3-32 MHz Timers
¢ Three internal oscillators: 32 kHz, 4 MHz, and 48 MHz ¢ Two 8-ch motor control/general purpose/PWM
* Multi-purpose clock generator with PLL and FLL timers

e Two 2-ch motor control/general purpose timers with
quadrature decoder functionality

Periodic interrupt timers

16-bit low-power timer

Real-time clock with independent power domain
Programmable delay block

Security and integrity modules
¢ Hardware CRC module
* 128-bit unique identification (ID) number per chip
* Flash access control to protect proprietary software

Human-machine interface

* Up to 81 general-purpose I/O Operating Characteristics

* Voltage range: 1.71t0 3.6 V
e Temperature range (ambient): -40 to 105°C
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Ordering Information

Part Number Memory Maximum number of I/O's
Flash (KB) SRAM (KB)
MK22FN512VDC12 512 128 81
MK22FN512VLL12 512 128 66
MK22FN512VLH12 512 128 40
MK22FN512VMP12 512 128 40
Related Resources
Type Description

Selector Guide

The Freescale Solution Advisor is a web-based tool that features interactive application wizards and

a dynamic product selector.

Product Brief

The Product Brief contains concise overview/summary information to enable quick evaluation of a

device for design suitability.

Reference Manual

The Reference Manual contains a comprehensive description of the structure and function

(operation) of a device.

Data Sheet

The Data Sheet includes electrical characteristics and signal connections.

Chip Errata

The chip mask set Errata provides additional or corrective information for a particular device mask

set.

Package drawing

Package dimensions are provided in package drawings.

Figure 1 shows the functional modules in the chip.
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Figure 1. Functional block diagram

Kinetis K22F 512KB Flash, Rev3 5/2014.
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Ratings

1 Ratings

1.1 Thermal handling ratings

Symbol | Description Min. Max. Unit Notes
Tsta Storage temperature -55 150 °C 1
Tspr Solder temperature, lead-free — 260 °C 2

—_

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.

1.2 Moisture handling ratings

Symbol | Description Min. Max. Unit Notes

MSL Moisture sensitivity level — 3 — 1

1. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.

1.3 ESD handling ratings

Symbol | Description Min. Max. Unit Notes
Vism Electrostatic discharge voltage, human body model -2000 +2000 \ 1
Veom Electrostatic discharge voltage, charged-device -500 +500 \ 2

model
AT Latch-up current at ambient temperature of 105°C -100 +100 mA 3

1. Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human
Body Model (HBM).

2. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.

3. Determined according to JEDEC Standard JESD78, /C Latch-Up Test.

1.4 Voltage and current operating ratings

Kinetis K22F 512KB Flash, Rev3 5/2014. 5
Freescale Semiconductor, Inc.



General

Symbol Description Min. Max. Unit
Vpp Digital supply voltage -0.3 3.8 \Y
lop Digital supply current — 169 mA
Vbio Digital input voltage -0.3 Vpp + 0.3 \
Vaio Analog’ -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 \
Vusgo_pp |USBO_DP input voltage -0.3 3.63 \"
Vuseo_pm |USBO_DM input voltage -0.3 3.63 Vv
VREGIN |USB regulator input -0.3 6.0 Vv
Vgar RTC battery supply voltage -0.3 3.8 Vv
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.

Input Signal

Low High
VIH
Midpoint1 f
: Vi —
Fall Time —> —> Rise Time

The midpointis Vi + (Viu - Vi) / 2

Figure 2. Input signal measurement reference

2.2 Nonswitching electrical specifications
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2.2.1 Voltage and current operating requirements

Table 1. Voltage and current operating requirements

General

Symbol | Description Min. Max. Unit Notes
Vbp Supply voltage 1.71 3.6 \
Vppa Analog supply voltage 1.71 3.6 Vv
Vpp — Vppa | Vpp-to-Vppa differential voltage -0.1 0.1 \
Vgs — Vssa | Vss-to-Vggp differential voltage -0.1 0.1 \
VgaT RTC battery supply voltage 1.71 3.6 \Y,
ViH Input high voltage
* 27V<Vpp<s36V 0.7 x Vpp — \
e 1.7V<sVpp=s27V 0.75 x Vpp — Vv
Vi Input low voltage
e 27V<sVpp<s36V — 0.35 x Vpp \
* 1.7VSVDD52.7V — O.SXVDD \Y
Vhys Input hysteresis 0.06 x Vpp — \Y,
licio Analog and 1/O pin DC injection current — single pin 1
* V|n < Vss-0.3V (Negative current injection) mA
* Vin > Vpp+0.3V (Positive current injection) 3 T
— +3
liccont Contiguous pin DC injection current —regional limit,
includes sum of negative injection currents or sum of
positive injection currents of 16 contiguous pins
. s -25 — mA
* Negative current injection
L L — +25
¢ Positive current injection
Vobpu Open drain pullup voltage level Vbp Vbp \ 2
VRam Vpp voltage required to retain RAM 1.2 — \"
VerveaT | VBaT Voltage required to retain the VBAT register file | Vpor veaT — V

1. All analog and /O pins are internally clamped to Vss and Vpp through ESD protection diodes. If V| is less than
Vio_wmin Or greater than Vig_max, a current limiting resistor is required. The negative DC injection current limiting
resistor is calculated as R=(V|g_min-ViN)/liciol. The positive injection current limiting resistor is calculated as R=(V y-
Vio_max)/lliciol. Select the larger of these two calculated resistances if the pin is exposed to positive and negative
injection currents.

2. Open drain outputs must be pulled to VDD.

2.2.2 LVD and POR operating requirements
Table 2. Vpp supply LVD and POR operating requirements

Symbol | Description Min. Typ. Max. Unit Notes
Vpor |Falling VDD POR detect voltage 0.8 1.1 1.5 Vv
Table continues on the next page...
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General

Table 2. Vpp supply LVD and POR operating requirements (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Vivoy | Falling low-voltage detect threshold — high 2.48 2.56 2.64 \
range (LVDV=01)
Low-voltage warning thresholds — high range 1
VivwiH * Level 1 falling (LVWV=00) 2.62 2.70 2.78 \Y
Vi vwaH * Level 2 falling (LVWV=01) 2.72 2.80 2.88 \
VivwaH ¢ Level 3 falling (LVWV=10) 2.82 2.90 2.98 \
VivwaH * Level 4 falling (LVWV=11) 2.92 3.00 3.08 Vv
Vuysy | Low-voltage inhibit reset/recover hysteresis — — 80 — mV
high range
VivpL |Falling low-voltage detect threshold — low 1.54 1.60 1.66 \Y,
range (LVDV=00)
Low-voltage warning thresholds — low range 1,
Vivwie * Level 1 falling (LVWV=00) 1.74 1.80 1.86 \
VivwaL ¢ Level 2 falling (LVWV=01) 1.84 1.90 1.96 \
VivwaL * Level 3 falling (LVWV=10) 1.94 2.00 2.06 \Y
Vivwar * Level 4 falling (LVWV=11) 2.04 2.10 2.16 \
VuysLe | Low-voltage inhibit reset/recover hysteresis — — 60 — mV
low range
Vgg Bandgap voltage reference 0.97 1.00 1.03 \
tLpo Internal low power oscillator period — factory 900 1000 1100 us
trimmed

1. Rising threshold is the sum of falling threshold and hysteresis voltage

Table 3. VBAT power operating requirements

Symbol | Description Min. Typ. Max. Unit Notes

Veor veat |Falling VBAT supply POR detect voltage 0.8 1.1 1.5 \

2.2.3 Voltage and current operating behaviors
Table 4. Voltage and current operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Von Output high voltage — Normal drive pad Vpp - 0.5 — — \Y, 1
e 27V<Vpp=<36V,lpy=-5mA Vpp — 0.5 — — \Y

¢ 1.71V < Vpp 2.7V, loy = -2.5 mA

VoH Output high voltage — High drive pad Vpp — 0.5 — — \Y, 1

Table continues on the next page...

8 Kinetis K22F 512KB Flash, Rev3 5/2014.
Freescale Semiconductor, Inc.



Table 4. Voltage and current operating behaviors (continued)

General

Symbol | Description Min. Typ. Max. Unit Notes
e 27V <Vpp<36V,lpy=-20mA Vpp - 0.5 — — \
e 1.71V<Vpp<27V,lon=-10mA
louT Output high current total for all ports — — 100 mA
VoL Output low voltage — Normal drive pad — — 0.5 \ 1
* 27V=sVpps36V,lg.=5mA — — 0.5 \Y
e 171V <Vpp<27V,lo.=25mA
VoL Output low voltage — High drive pad — — 0.5 \Y 1
¢ 27V<Vpp<s36V,lg.=20mA — — 0.5 \
e 171V <Vpp <27V, lo. =10 mA
loLt Output low current total for all ports — — 100 mA
Iin Input leakage current (per pin) for full pA 1,2
temperature range
* All pins other than high drive port pins — 0.002 0.5
¢ High drive port pins — 0.004 0.5
N Input leakage current (total all pins) for full — — 1.0 MA 2
temperature range
Rpy Internal pullup resistors 20 — 50 kQ
Rpp Internal pulldown resistors 20 — 50 kQ

1. PTBO, PTB1, PTC3, PTC4, PTD4, PTD5, 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.
Measured at VDD=3.6V
Measured at Vpp supply voltage = Vpp min and Vinput = Vgg
Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

rwObd

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 = 80 MHz

Bus clock = 40 MHz
FlexBus clock = 20 MHz
Flash clock = 20 MHz
MCG mode: FEI

Kinetis K22F 512KB Flash, Rev3 5/2014.
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General

Table 5. Power mode transition operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
troR After a POR event, amount of time from the — — 300 us 1
point Vpp reaches 1.71 V to execution of the
first instruction across the operating temperature
range of the chip.
* VLLSO —» RUN
— — 140 ps
* VLLS1 ~ RUN
— — 140 ps
e VLLS2 - RUN
— — 80 us
e VLLS3 —» RUN
— — 80 us
e LLS2 —~ RUN 6
e LLS3 —~ RUN 6
* VLPS —> RUN
— — 5.7 us
e STOP —~ RUN
— — 5.7 us
1. Normal boot (FTFA_OPT[LPBOOT]=1)
2.2.5 Power consumption operating behaviors
Table 6. Power consumption operating behaviors
Symbol | Description Min. Typ. Max. Unit Notes
Ibpa Analog supply current — — See note mA 1
Ipb_nsrun |High Speed Run mode current — all peripheral 2
clocks disabled, code executing from flash
. @18V — 25.6 — mA
. @30V — 25.7 — mA
Ipp_nsrun |High Speed Run mode current — all peripherall 3
clocks enabled, code executing from flash
. @18V — 35.5 — mA
. @30V — 35.6 — mA
Ipb_run | Run mode current — all peripheral clocks 4
disabled, code executing from flash
Table continues on the next page...
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Table 6. Power consumption operating behaviors (continued)

General

Symbol | Description Min. Typ. Max. Unit Notes
Tetsv — 16.6 — mA
© @30V — 16.8 — mA
Ipb_run | Run mode current — all peripheral clocks 5
enabled, code executing from flash
e @18V — 22.8 — mA
e @ 3.0V
* @25°C — 22.9 — mA
e @ 125°C — 241 — mA
Ibb_gun | Run mode current — Compute Operation, code 6
executing from flash
e @1.8V — 15.1 — mA
e @ 3.0V
* @25°C — 15.1 — mA
e @125°C — 16.3 — mA
Ipp_wair | Wait mode high frequency current at 3.0 V — all — 9.3 — mA 4
peripheral clocks disabled
Ippo_warr | Wait mode reduced frequency current at 3.0 V — 5.4 — mA 7
— all peripheral clocks disabled
Ipp_vipr |Very-low-power run mode current at 3.0 V — all — 0.80 — mA 8
peripheral clocks disabled
Ipp_vipr |Very-low-power run mode current at 3.0 V — all — 1.3 — mA 9
peripheral clocks enabled
Ipp_vipr |Very-low-power run mode current at 3.0 V. — — 0.72 — mA 10
Compute Operation
Ipp_vipw | Very-low-power wait mode current at 3.0 V — all — 0.45 — mA 11
peripheral clocks disabled
Ipp_stop |Stop mode current at 3.0 V
* @ -40to025°C — 0.28 0.46 mA
e @70°C — 0.34 0.68 mA
* @ 105°C — 0.50 1.1 mA
Ipp_vips | Very-low-power stop mode current at 3.0 V
* @ -40to025°C — 9.0 27.5 HA
e @70°C — 31.1 128 HA
* @ 105°C — 98.6 378 pA
Ipp_LLss |Low leakage stop mode 3 current at 3.0 V
* @ —40to25°C — 4.5 7.5 pA
— 12,5 45 pA
Table continues on the next page...
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General

Table 6. Power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max. Unit Notes
e @70°C — 39.5 143 pA
e @ 105°C
Ipp_LLse |Low leakage stop mode 2 current at 3.0 V
e @ —-40to 25°C — 3.7 5.2 pA
e @70°C — 7.8 25 pA
e @ 105°C — 23.6 87 pA
Ipp_viLss | Very low-leakage stop mode 3 current at 3.0 V
e @ -40to 25°C — 3.0 5.1 pA
e @70°C — 9.5 33 pA
e @ 105°C — 30.1 102 pA
Ipp_viLse | Very low-leakage stop mode 2 current at 3.0 V
* @ -40to 25°C — 2.3 3 pA
e @70°C — 4.5 12.5 pA
*« @ 105°C — 13 38 HA
Ipp_viLst | Very low-leakage stop mode 1 current at 3.0 V
* @ —40to 25°C — 0.86 21 pA
e @70°C — 1.7 6 pA
e @ 105°C — 5.9 15.7 pA
Ipp_viLso |Very low-leakage stop mode O current at 3.0 V
with POR detect circuit enabled
. @ —40 10 25°C — 0.50 0.675 pA
. @ 70°C — 1.4 3.5 PA
. @ 105°C — 5.4 13.2 HA
Ipp_viLso |Very low-leakage stop mode O current at 3.0 V
with POR detect circuit disabled
. @ —40 10 25°C — 0.18 0.33 pA
. @70°C — 1.1 3.2 pA
. @ 105°C — 5.1 12.9 PA
Ipp_veaT |Average current with RTC and 32kHz disabled
ar3.ov — 0.19 0.22 uA
* @-401025°C — 0.49 0.64 uA
© e — 2.2 3.2 bA
e @ 105°C
Iop_veaT |Average current when CPU is not accessing 12
RTC registers
— 0.57 0.67 pA
12 Kinetis K22F 512KB Flash, Rev3 5/2014.
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General

Table 6. Power consumption operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
e @1.8V — 0.90 1.2 HA
* @ -40t025°C — 24 35 MA
T errc — 0.67 0.94 uA
© @105°C — 1.0 1.4 uA
T esw — 2.7 3.9 HA
* @ —40to025°C
* @70°C
e @ 105°C

9.

. The analog supply current is the sum of the active or disabled current for each of the analog modules on the device.

See each module's specification for its supply current.

120MHz core and system clock, 60MHz bus clock, 24MHz FlexBus clock, and 24MHz flash clock. MCG configured for
PEE mode. All peripheral clocks disabled.

120MHz core and system clock, 60MHz bus clock, 24MHz FlexBus clock, and 24MHz flash clock. MCG configured for
PEE mode. All peripheral clocks enabled.

80MHz core and system clock, 40MHz bus clock, 20MHz FlexBus clock, and 26.67MHz flash clock. MCG configured
for FEI mode. All peripheral clocks disabled.

80MHz core and system clock, 40MHz bus clock, 20MHz FlexBus clock, and 26.67MHz flash clock. MCG configured
for FEI mode. All peripheral clocks enabled.

80MHz core and system clock, 40MHz bus clock, and 26.67MHz flash clock. MCG configured for FEI mode. Compute
Operation.

25MHz core and system clock, 25MHz bus clock, and 25MHz FlexBus and flash clock. MCG configured for FEI mode.
4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral
clocks disabled. Code executing from flash.

4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral
clocks enabled but peripherals are not in active operation. Code executing from flash.

10. 4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. Compute

Operation. Code executing from flash.

11. 4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral

clocks disabled.

12. Includes 32kHz oscillator current and RTC operation.

2.2.5.1 Diagram: Typical IDD_RUN operating behavior

The following data was measured under these conditions:

* MCG in FBE mode for 50 MHz and lower frequencies. MCG in FEE mode at
frequencies between 50 MHz and 100MHz. MCG in PEE mode at frequencies
greater than 100 MHz.

USB regulator disabled

No GPIOs toggled

Code execution from flash with cache enabled

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

Kinetis K22F 512KB Flash, Rev3 5/2014. 13
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General
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Figure 3. Run mode supply current vs. core frequency
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General
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Figure 4. VLPR mode supply current vs. core frequency

2.2.6 EMC radiated emissions operating behaviors
Table 7. EMC radiated emissions operating behaviors for 64 LQFP package

Symbol | Description Frequency Typ. Unit Notes
band
(MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 14 dBuVv 1,2
VRe2 Radiated emissions voltage, band 2 50-150 23 dBuV
VREs Radiated emissions voltage, band 3 150-500 23 dBuVv
VRE4 Radiated emissions voltage, band 4 500-1000 9 dBuVv
Vee_iec  |IEC level 0.15-1000 — 234

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

Kinetis K22F 512KB Flash, Rev3 5/2014.
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General

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.

o

Vpp = 3.3V, Ta = 25 °C, fosc = 8 MHz (crystal), fsys = 120 MHz, fgys = 60MHz

3. Specified according to Annex D of IEC Standard 61967-2, Measurement of Radiated Emissions—TEM Cell and

Wideband TEM Cell Method.
4. |EC Level Maximums: M < 18dBmV, L < 24dBmV, K < 30dBmV, | < 36dBmV, H < 42dBmV

2.2.7 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.”

2.2.8 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

2.3 Switching specifications
2.3.1 Device clock specifications
Table 9. Device clock specifications
Symbol | Description | Min. | Max. Unit Notes
High Speed run mode
fsvys System and core clock — 120 MHz
feus Bus clock — 60 MHz
Normal run mode (and High Speed run mode unless otherwise specified above)
fsvs System and core clock — 80 MHz
fsvys_use System and core clock when Full Speed USB in 20 — MHz
operation
feus Bus clock — 50 MHz

FB_CLK FlexBus clock — 30 MHz

fFLASH Flash clock — 26.67 MHz
Table continues on the next page...
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Table 9. Device clock specifications (continued)

General

Symbol Description Min. Max. Unit Notes

fLPTMR LPTMR clock — 25 MHz
VLPR mode'

fsys System and core clock — 4 MHz
feus Bus clock — 4 MHz
FB_CLK FlexBus clock — 4 MHz
frLASH Flash clock — 1 MHz
fERCLK External reference clock — 16 MHz
fiptmR_pin - |LPTMR clock — 25 MHz
fietmr_ercLk |LPTMR external reference clock — 16 MHz
flos MoLK I2S master clock — 12.5 MHz
flos_BCLK I2S bit clock — 4 MHz

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

2.3.2 General switching specifications

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

and timers.
Table 10. General switching specifications
Symbol | Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter 1.5 — Bus clock 1,2
disabled) — Synchronous path cycles
External RESET and NMI pin interrupt pulse width — 100 — ns 3
Asynchronous path
GPIO pin interrupt pulse width (digital glitch filter 50 — ns 4
disabled, passive filter disabled) — Asynchronous
path
Mode select (EZP_CS) hold time after reset 2 — Bus clock
deassertion cycles
Port rise and fall time 5
* Slew disabled —
e 1.71<Vpp<2.7V — 10 ns
e 27<Vpp=3.6V 5 ns
* Slew enabled —
e 1.71<Vpp<2.7V — 30 ns
e 27<Vpp=3.6V 16 ns

Kinetis K22F 512KB Flash, Rev3 5/2014.
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General

1. This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may

or may not be recognized. In Stop, VLPS, LLS, and VLLSx modes, the synchronizer is bypassed so shorter pulses can

be recognized in that case.

The greater of synchronous and asynchronous timing must be met.

These pins have a passive filter enabled on the inputs. This is the shortest pulse width that is guaranteed to be

recognized.

4. These pins do not have a passive filter on the inputs. This is the shortest pulse width that is guaranteed to be
recognized.

5. 25 pF load

wn

2.4 Thermal specifications

2.4.1 Thermal operating requirements
Table 11. Thermal operating requirements

Symbol Description Min Max. Unit
Ty Die junction temperature -40 125 °C
Ta Ambient temperature —40 105 °C
2.4.2 Thermal attributes
Board Symbol | Descripti 121 100 LQFP | 64 LQFP 64 Unit Notes
type on XFBGA MAPBGA
Single-layer | Rgya Thermal 44.4 61 67 TBD °C/W 1
(1s) resistance,
junction to
ambient
(natural
convection)
Four-layer | Rgya Thermal 27.0 48 48 TBD °C/W 2
(2s2p) resistance,
junction to
ambient
(natural
convection)
Single-layer | Rgyma Thermal 37.2 51 55 TBD °C/W 3
(1s) resistance,
junction to
ambient
(200 ft./min.
air speed)
Four-layer | Rgyma Thermal 23.7 42 42 TBD °C/W 3
(2s2p) resistance,

Table continues on the next page...
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Board
type

Symbol

Descripti
on

121
XFBGA

100 LQFP

64 LQFP

64
MAPBGA

Unit

Notes

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

Thermal 23.5 34 31 TBD °C/W 4
resistance,
junction to

board

Ress

Thermal 17.4 16 16 TBD °C/W 5
resistance,
junction to

case

Resc

Yir Thermal 0.2 3 3 TBD °C/W 6
characteriz
ation
parameter,
junction to
package
top outside
center
(natural

convection)

NOTES:

1.

Determined according to JEDEC Standard JESDS51-2, Integrated Circuits
Thermal Test Method Environmental Conditions—Natural Convection (Still Air)
with the single layer board horizontal. Board meets JESD51-9 specification.
Determined according to JEDEC Standard JESDS51-2, Integrated Circuits
Thermal Test Method Environmental Conditions—Natural Convection (Still Air).
Determined according to JEDEC Standard JESD51-6, Integrated Circuits Thermal
Test Method Environmental Conditions—Forced Convection (Moving Air) with
the board horizontal.

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

Thermal resistance between the die and the case top surface as measured by the
cold plate method (MIL SPEC-883 Method 1012.1).

Thermal characterization parameter indicating the temperature difference between
package top and the junction temperature per JEDEC JESD51-2.

Peripheral operating requirements and behaviors
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3.1 Core modules

3.1.1 SWD electricals

Table 12. SWD full voltage range electricals

Symbol Description Min. Max. Unit
Operating voltage 1.71 3.6 Vv
S1 SWD_CLK frequency of operation
* Serial wire debug 0 33 MHz
S2 SWD_CLK cycle period 1/81 — ns
S3 SWD_CLK clock pulse width
* Serial wire debug 15 — ns
S4 SWD_CLK rise and fall times — 3 ns
S9 SWD_DIO input data setup time to SWD_CLK rise 8 — ns
S10 SWD_DIO input data hold time after SWD_CLK rise 1.4 — ns
S11 SWD_CLK high to SWD_DIO data valid — 25 ns
S12 SWD_CLK high to SWD_DIO high-Z 5 — ns

SWD_CLK (input)

Figure 5. Serial wire clock input timing
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SWD_CLK / \ /,
i —E10—»
SWD_DIO E <: Input data valid )I—
:4 G >
SWD_DIO >'< Output data valid
54 (812 p
SWD_DIO ! »
¢ 'GP >
SWD _DIO <' Output data valid
Figure 6. Serial wire data timing
3.1.2 JTAG electricals
Table 13. 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 20
J2 TCLK cycle period 1/d1 — ns
J3 TCLK clock pulse width
* Boundary Scan 50 — ns
e JTAG and CJTAG 25 — 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 1 — 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

Table continues on the next page...
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Table 13. JTAG limited voltage range electricals (continued)

Symbol Description Min. Max. Unit
J10 TMS, TDI input data hold time after TCLK rise 1 — ns
J11 TCLK low to TDO data valid — 19 ns
J12 TCLK low to TDO high-Z — 19 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

Table 14. JTAG full voltage range electricals

Symbol Description Min. Max. Unit
Operating voltage 1.71 3.6 Vv

Ji TCLK frequency of operation MHz

e Boundary Scan 0 10

e JTAG and CJTAG 0 15
J2 TCLK cycle period 1/J1 — ns
J3 TCLK clock pulse width

¢ Boundary Scan 50 — ns

e JTAG and CJTAG 33 — 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 1.4 — ns
J7 TCLK low to boundary scan output data valid — 27 ns
J8 TCLK low to boundary scan output high-Z — 27 ns
J9 TMS, TDI input data setup time to TCLK rise 8 — ns
J10 TMS, TDI input data hold time after TCLK rise 1.4 — ns
J11 TCLK low to TDO data valid — 26.2 ns
J12 TCLK low to TDO high-Z — 26.2 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

@ >

<J

TCLK (input) )’L
e 5

Figure 7. Test clock input timing
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TCLK / \ /
i

Data inputs E <: Input data valid 57
D

Data outputs ; X Output data valid

Data outputs : »

Data outputs ¢ Output data valid

Figure 8. Boundary scan (JTAG) timing

TCLK  / \ /

i ; ;
TDI/TMS : <' Input data valid 57
TDO X Output data valid
TDO i )
TDO <' Output data valid

Figure 9. Test Access Port timing
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TCLK / \ / \ / \ /

;

o
LN

TRST

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 15. 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

Afins + | Total deviation of internal reference frequency — +0.5/-0.7 +2 %o
(slow clock) over voltage and temperature

fints_t Internal reference frequency (slow clock) — 31.25 — 39.0625 kHz
user trimmed

Avgco_res_t | Resolution of trimmed average DCO output — +0.3 +0.6 Yofaco 1
frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

Afyeo + | Total deviation of trimmed average DCO output — +0.5/-0.7 +2 Yofdco 2
frequency over voltage and temperature

Afgeo « | Total deviation of trimmed average DCO output — +0.3 +1.5 Yofaco 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

Afis ¢ |Frequency deviation of internal reference clock — +1/-2 +5 Yofintt_ft
(fast clock) over temperature and voltage —
factory trimmed at nominal VDD and 25 °C

fintf_t Internal reference frequency (fast clock) — user 3 — 5 MHz
trimmed at nominal VDD and 25 °C

Table continues on the next page...
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Table 15. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
floc_low | LOss of external clock minimum frequency — (3/5) x — — kHz
RANGE = 00 fints_t
fioc_nigh  |Loss of external clock minimum frequency — (16/5) x — — kHz
RANGE = 01, 10, or 11 fints t
FLL
fil_ret FLL reference frequency range 31.25 — 39.0625 kHz
faco DCO output Low range (DRS=00) 20 20.97 25 MHz 3,4
frequency range 640 X Ty ref
Mid range (DRS=01) 40 41.94 50 MHz
1280 x f_ref
Mid-high range (DRS=10) 60 62.91 75 MHz
1920 x f1_ref
High range (DRS=11) 80 83.89 100 MHz
2560 X ff|_ref
faco_t DMx3 | DCO output Low range (DRS=00) — 23.99 — MHz 56
2 frequency 732 x fy e
Mid range (DRS=01) — 47.97 — MHz
1464 x fy_ref
Mid-high range (DRS=10) — 71.99 — MHz
2197 x fy_ref
High range (DRS=11) — 95.98 — MHz
2929 x fy_ref
Jeye_m |FLL period jitter . — . ps
* fyco =48 MHz . 180 .
¢ fyco =98 MHz 150
ta_acquire |FLL target frequency acquisition time — — 1 ms 7
PLL
fuco VCO operating frequency 48.0 — 100 MHz
2 MHz, VDIV multiplier = 48)
o PLL-ole’?f g%ﬂﬁ? (fosc_ni 1 =8 MHz, fo) ref = o 600 o WA °
2 MHz, VDIV multiplier = 24)
foll_ref PLL reference frequency range 2.0 — 4.0 MHz
Jeye_pn |PLL period jitter (RMS) . 120 . ps 9
* fyeo =48 MHz . 75 . ps
* fyco = 100 MHz
Jace_pil |PLL accumulated jitter over 1us (RMS) 9
Table continues on the next page...
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Table 15. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
e fyco =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 106 S 10
+1075(1/
fpll_ref)

10.

3.

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

mode).

20V<=VDD<=3.6V.

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

The resulting system clock frequencies should not exceed their maximum specified values. The DCO frequency
deviation (Afgye, ) Over voltage and temperature should be considered.

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

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

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

This specification was obtained using a Freescale developed PCB. PLL jitter is dependent on the noise characteristics of
each PCB and results will vary.

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.

3.2 IRC48M specifications
Table 16. IRC48M specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.71 — 3.6 \
Ibpasm Supply current — 400 500 MA
fircasm Internal reference frequency — 48 — MHz

Afircasm_ol v | Open loop total deviation of IRC48M frequency at low

voltage (VDD=1.71V-1.89V) over temperature
¢ Regulator disable
(USB_CLK_RECOVER_IRC_EN[REG_EN]=0)
* Regulator enable
(USB_CLK_RECOVER_IRC_EN[REG_EN]=1)

—_— +0.5 +1.0 %firc48m

Afircasm_ol_hv | Open loop total deviation of IRC48M frequency at

high voltage (VDD=1.89V-3.6V) over temperature
¢ Regulator enable
(USB_CLK_RECOVER_IRC_EN[REG_EN]=1)

—_— +0.5 +1.0 %firc48m

Aficasm_ o | Closed loop total deviation of IRC48M frequency over — — +0.1 Yofhost 1

voltage and temperature

Table continues on the next page...
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Table 16. IRC48M specifications (continued)

Peripheral operating requirements and behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Jeye_ircasm | Period Jitter (RMS) — 35 150 ps
tircasmst | Startup time — 2 3 us 2

1. Closed loop operation of the IRC48M is only feasible for USB device operation; it is not usable for USB host operation.
It is enabled by configuring for USB Device, selecting IRC48M as USB clock source, and enabling the clock recover

function (USB_CLK_RECOVER_IRC_CTRL[CLOCK_RECOVER_EN]=1,

USB_CLK_RECOVER_IRC_EN[IRC_EN]=1).

2. IRC48M startup time is defined as the time between clock enablement and clock availability for system use. Enable
the clock by one of the following settings:

¢ USB_CLK_RECOVER_IRC_EN[IRC_EN]=1, or

* MCG operating in an external clocking mode and MCG_C7[OSCSEL]=10, or

e SIM_SOPT2[PLLFLLSEL]=11

3.3.3 Oscillator electrical specifications

3.3.3.1 Oscillator DC electrical specifications
Table 17. Oscillator DC electrical specifications
Symbol | Description Min. Typ. Max. Unit Notes
Vbp Supply voltage 1.71 — 3.6 Vv
Ipposc | Supply current — low-power mode (HGO=0) 1
e 32 kHz — 500 — nA
e 4 MHz — 200 — MA
» 8 MHz (RANGE=01) — 300 — HA
e 16 MHz — 950 — HA
e 24 MHz — 1.2 — mA
e 32 MHz — 15 — mA
Ipbosc | Supply current — high-gain mode (HGO=1) 1
* 32 kHz — 25 — pA
e 4 MHz — 400 — MA
+ 8 MHz (RANGE=01) — 500 — HA
e 16 MHz — 2.5 — mA
e 24 MHz — — 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)
Table continues on the next page...
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Table 17. Oscillator DC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Feedback resistor — low-frequency, high-gain — 10 — MQ
mode (HGO=1)

Feedback resistor — high-frequency, low- — — — MQ
power mode (HGO=0)
Feedback resistor — high-frequency, high-gain — 1 — MQ
mode (HGO=1)

Rs Series resistor — low-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — low-frequency, high-gain — 200 — kQ
mode (HGO=1)
Series resistor — high-frequency, low-power — — — kQ

mode (HGO=0)

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

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

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

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

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

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

Vpp=3.3 V, Temperature =25 °C

See crystal or resonator manufacturer's recommendation

Cy and C, can be provided by using either integrated capacitors or external components.

When low-power mode is selected, R is integrated and must not be attached externally.

The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to
any other device.

oMo~

3.3.3.2 Oscillator frequency specifications
Table 18. 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)

Table continues on the next page...
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Table 18. Oscillator frequency specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
fosc_ni_2 | Oscillator crystal or resonator frequency — high 8 — 32 MHz
frequency mode (high range)
(MCG_C2[RANGE]=1x)
foc_extat | INput clock frequency (external clock mode) — — 50 MHz 1,2
tac_extar |INput clock duty cycle (external clock mode) 40 50 60 %
tost 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 or PLL.

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.

3.3.4 32 kHz oscillator electrical characteristics

3.3.4.1 32 kHz oscillator DC electrical specifications
Table 19. 32kHz oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit
VgaT Supply voltage 1.71 — 3.6 \Y,
Re Internal feedback resistor —_ 100 —_ MQ
Cpara Parasitical capacitance of EXTAL32 and — 5 7 pF
XTAL32
Vpp1 Peak-to-peak amplitude of oscillation — 0.6 — \

1. When a crystal is being used with the 32 kHz oscillator, the EXTAL32 and XTAL32 pins should only be connected to

required oscillator components and must not be connected to any other devices.

Kinetis K22F 512KB Flash, Rev3 5/2014.
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3.3.4.2 32 kHz oscillator frequency specifications
Table 20. 32 kHz oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosc 1o |Oscillator crystal — 32.768 — kHz
tstart Crystal start-up time — 1000 — ms 1
fec_extaizz | Externally provided input clock frequency — 32.768 — kHz 2
Vec extaiz2 | Externally provided input clock amplitude 700 — Vgar mV 2,3

—_

Proper PC board layout procedures must be followed to achieve specifications.

2. This specification is for an externally supplied clock driven to EXTAL32 and does not apply to any other clock input. The
oscillator remains enabled and XTAL32 must be left unconnected.

3. The parameter specified is a peak-to-peak value and V|4 and V,_ specifications do not apply. The voltage of the applied

clock must be within the range of Vgg to Vgar.

3.4 Memories and memory interfaces

3.4.1 Flash electrical specifications

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

3.4.1.1 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 21. NVM program/erase timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
thypgms | LONgword Program high-voltage time — 7.5 18 us

thversser | Sector Erase high-voltage time — 13 113 ms 1
thversal | Erase All high-voltage time — 52 452 ms 1

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

3.4.1.2 Flash timing specifications — commands
Table 22. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
ta1secok | Read 1s Section execution time (flash sector) — — 60 us 1
togmenk | Program Check execution time — — 45 us 1

Table continues on the next page...
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Table 22. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
trdrsre Read Resource execution time — — 30 us 1
thgma Program Longword execution time — 65 145 us
tersser | Erase Flash Sector execution time — 14 114 ms 2
trdtal Read 1s All Blocks execution time — — 1.8 ms
tdonce | Read Once execution time — — 30 us 1

togmonce | Program Once execution time — 100 — us
tersall Erase All Blocks execution time — 500 3000 ms 2
tiykey | Verify Backdoor Access Key execution time — — 30 ps

1. Assumes 25 MHz flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.
3.4.1.3 Flash high voltage current behaviors
Table 23. Flash high voltage current behaviors
Symbol Description Min. Typ. Max. Unit
Ipb_PGM Average current adder during high voltage — 25 6.0 mA
flash programming operation
Ipb_ERs Average current adder during high voltage — 15 4.0 mA
flash erase operation
3.4.1.4 Reliability specifications
Table 24. NVM reliability specifications
Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash

tvmretptok | Data retention after up to 10 K cycles 5 50 — years

tvmretp1k | Data retention after up to 1 K cycles 20 100 — years

Nnvmeyep | CYcling 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.
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3.4.2 EzPort switching specifications
Table 25. EzPort switching specifications

Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \'%
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 — 25 ns
EP8 EZP_CK low to EZP_Q output invalid (hold) 0 — ns
EP9 EZP_CS negation to EZP_Q tri-state — 12 ns

i EP3 EP4 E EF2
B S 1 I e <)
EZP_CS 1\ 4 \
i E <P Er
EP7 : . 4—)}' EP8
|
EZP_Q (output) ¢ \ {
EPS EP6

20 o) Y@

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.
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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 26. Flexbus limited voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \Y,
Frequency of operation — 30 MHz

FB1 Clock period 33.3 — ns

FB2 Address, data, and control output valid — 15 ns

FB3 Address, data, and control output hold 0.5 — ns 1

FB4 Data and FB_TA input setup 14.5 — ns

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.

2. Specification is valid for all FB_AD[31:0] and FB_TA.

Table 27. Flexbus full voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \Y
Frequency of operation — 30 MHz

FB1 Clock period 33.3 — ns

FB2 Address, data, and control output valid — 21.5 ns

FB3 Address, data, and control output hold -1.0 — ns 1

FB4 Data and FB_TA input setup 20.0 — ns

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.

2. Specification is valid for all FB_AD[31:0] and FB_TA.

Kinetis K22F 512KB Flash, Rev3 5/2014.
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Figure 12. FlexBus read timing diagram
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Figure 13. FlexBus write timing diagram

3.5 Security and integrity modules

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

3.6 Analog
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3.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 28 and Table 29 are achievable on the
differential pins ADCx_DPx, ADCx_DMXx.

All other ADC channels meet the 13-bit differential/12-bit single-ended accuracy

specifications.
3.6.1.1 16-bit ADC operating conditions
Table 28. 16-bit ADC operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vppa Supply voltage |Absolute 1.71 — 3.6 \
AVppa Supply voltage Delta to Vpp (Vpp — Vppa) -100 0 +100 mV
AVgsp |Ground voltage |Delta to Vgg (Vss— Vssa) -100 0 +100 mV
VREFH ADC reference 1.13 Vbpa Vppa V
voltage high
VREFL ADC reference VSSA VSSA VSSA \Y
voltage low
VaDIN Input voltage ¢ 16-bit differential mode | VREFL — 31/32 * \Y,
VREFH
* All other modes VREFL — VREFH
Capin | Input * 16-bit mode — 8 10 pF
capacitance « 8-bit/ 10-bit / 12-bit — 4 5
modes
Rapin | Input series — 2 5 kQ
resistance
Ras Analog source 13-bit / 12-bit modes 3
resistance
(external) fADCK <4 MHz —_— —_ 5 kQ
faock  |ADC conversion |< 13-bit mode 1.0 — 24.0 MHz 4
clock frequency
fanck |ADC conversion |16-bit mode 2.0 — 12.0 MHz 4
clock frequency
Crate ADC conversion |< 13-bit modes 5
rate No ADC hardware averaging 20 — 1200 Ksps
Continuous conversions
enabled, subsequent
conversion time
Crate ADC conversion |16-bit mode 5
rate No ADC hardware averaging 37 — 461 Ksps
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Table 28. 16-bit ADC operating conditions

Symbol

Description

Conditions

Min.

Typ.! Max.

Unit

Notes

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

P

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

VAs

3.6.1.2 16-bit ADC electrical characteristics

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT ZADIN
Tpaa LT > SIMPLIFIED
ZAS | leakage | | CHANNEL SELECT
< - | due to | CIRCUIT
| input [ i
Ras | I protection | | | RADIN |
AN | — —— e
| VaoiN ! I | | |
— B |
Cas | | N : | I |
| ||
I | ' | - |
= = | = I = = I | I
<= b— = |X} ____ - | RADIN '
i |
INPUT PIN I |
| RaDIN
|E T o——4
INPUT PIN | '
| RADIN |
X . —
INPUTPN 7 T 7 = _

ADC SAR

[ ENGINE

Figure 14. ADC input impedance equivalency diagram

Table 29. 16-bit ADC characteristics (Vrern = Vbpas VREFL = VSSA)

To use the maximum ADC conversion clock frequency, CFG2[ADHSC] must be set and CFG1[ADLPC] must be clear.

Symbol | Description Conditions’ Min. Typ.2 Max. Unit Notes
Ioba_apc | Supply current 0.215 — 1.7 mA 3
Table continues on the next page...
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Table 29. 16-bit ADC characteristics (VrRern = Vbpa, VRerL = Vssa) (continued)

Symbol | Description Conditions! Min. Typ.2 Max. Unit Notes
ADC e ADLPC =1, ADHSC = 1.2 2.4 3.9 MHz tapack = 1/
2;3;1‘32;3’:8:3 0 24 4.0 6.1 MHz fapack

: /:‘DLPC =1LADHSC=1 4, 5.2 7.3 MHz
fanack - ADLPC=0,ADHSC=| ** 62 95 MHz
0
e ADLPC =0, ADHSC =
1
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- e 12-bit modes — +0.7 -1.1to LSB* 5
linearity +1.9
* <12-bit modes — +0.2 031005
INL Integral non- * 12-bit modes — +1.0 -2.710 LsB* 5
linearity +1.9
¢ <12-bit modes — +0.5 _0.7 1o
+0.5
Ers Full-scale error ¢ 12-bit modes — -4 5.4 LSB* VaDIN =
5
* <12-bit modes — -1.4 -1.8 Vooa
Eq Quantization * 16-bit modes — -1t00 — LSB*
error e <13-bit modes — — +0.5
ENOB Effe.ctlve number | 16-bit differential mode 128 145 . bits 6
of bits « Avg=32
9= 11.9 13.8 — bits
e Avg=4
12.2 13.9 — bits
16-bit single-ended mode 114 13.1 o bits
* Avg =32
e Avg=4
sINAD  |Signato-noise | See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
THD Total harmonic | 16-bit differential mode 7
distortion - 94 - dB
* Avg =32
— -85 — dB
16-bit single-ended mode
* Avg =32
SFDR jp::r(r)mlifr:iee 16-bit differential mode 82 95 . dB 7
y 9 « Avg=32
78 90 — dB
Table continues on the next page...
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Table 29. 16-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions'’ Min. Typ.2 Max. Unit Notes
16-bit single-ended mode
e Avg=32
EL Input leakage lin x Ras mV lin =
error leakage
current
(refer to
the MCU's
voltage
and
current
operating
ratings)
Temp sensor Across the full temperature 1.55 1.62 1.69 mV/°C 8
slope range of the device
Vtempes | Temp sensor 25°C 706 716 726 mV 8
voltage

—_

All accuracy numbers assume the ADC is calibrated with Vrgry = Vppa

2. Typical values assume Vppa = 3.0 V, Temp = 25 °C, fapck = 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 ADC_CFG1[ADLPC] (low

power). For lowest power operation, ADC_CFG1[ADLPC] must be set, the ADC_CFG2[ADHSC] bit must be clear with

1 MHz ADC conversion clock speed.

1 LSB = (VRerH - Vreru)/2N

ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)

Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.

Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

ADC conversion clock < 3 MHz

© N oA

Typical ADC 16-bit Differential ENOB vs ADC Clock

100Hz, 90% FS Sine Input
15.00

14.70

14.40

14.10

13.80

13.50

ENOB

13.20

12.90

12.60

Hardware Averaging Disabled
12.30 —— Averaging of 4 samples

—— Averaging of 8 samples

—— Averaging of 32 samples

1 2 3 4 5 6 7 8 9 10 11 12
ADC Clock Frequency (MHz)

12.00

Figure 15. Typical ENOB vs. ADC_CLK for 16-bit differential mode
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ENOB

Typical ADC 16-bit Single-Ended ENOB vs ADC Clock
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13.25 ——
13.00 —
12.75 —
12.50
—
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12.00
11.75
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112 —— Averaging of 4 samples
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1 2 3 4 5 6 7 8 9 10 11 12

ADC Clock Frequency (MHz)

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

3.6.2 CMP and 6-bit DAC electrical specifications

Table 30. Comparator and 6-bit DAC electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vpp Supply voltage 1.71 — 3.6 \
IbbHs Supply current, High-speed mode (EN=1, PMODE=1) — — 200 MA
IboLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 pA
VAN Analog input voltage Vgs—0.3 — Vpp \Y
Vaio Analog input offset voltage — — 20 mV

VH Analog comparator hysteresis'
e CRO[HYSTCTR] =00 — 5 — mV
e CRO[HYSTCTR] = 01 — 10 — mV
e CRO[HYSTCTR] =10 — 20 — mV
e CRO[HYSTCTR] = 11 — 30 — mV

Veowpon | Output high Vpp—0.5 — — \

Vempor | Output low — — 0.5 \
tbHs Propagation delay, high-speed mode (EN=1, 20 50 200 ns

PMODE=1)
toLs Propagation delay, low-speed mode (EN=1, 80 250 600 ns
PMODE=0)
Analog comparator initialization delay? — — 40 us
Ibaceb 6-bit DAC current adder (enabled) — 7 — pA
Table continues on the next page...
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Table 30. Comparator and 6-bit DAC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit
INL 6-bit DAC integral non-linearity -0.5 — 0.5 LSB?
DNL 6-bit DAC differential non-linearity -0.3 — 0.3 LSB

—_

Typical hysteresis is measured with input voltage range limited to 0.6 to Vpp—0.6 V.

2. Comparator initialization delay is defined as the time between software writes to change control inputs (Writes to
CMP_DACCR[DACEN], CMP_DACCRI[VRSEL], CMP_DACCR[VOSEL], CMP_MUXCRI[PSEL], and
CMP_MUXCR[MSEL]) and the comparator output settling to a stable level.

3. 1LSB = Vigference/64

0.08

oo \\ [H

0.06 \ /
— HYSTCTR
S 0.05 Setting
2]
5 ——00
E’ 0.04 =01
2
T \\<—4\A /l .
n =11
= 003 WHHW@(
O l\-\\

0.02

0.01

0
0.1 0.4 0.7 1 1.3 1.6 1.9 2.2 25 2.8 3.1
Vin level (V)
Figure 17. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 0)
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Figure 18. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 1)

3.6.3 12-bit DAC electrical characteristics

3.6.3.1 12-bit DAC operating requirements
Table 31. 12-bit DAC operating requirements

Symbol | Desciption Min. Max. Unit Notes
Vbpa Supply voltage 1.71 3.6 \
VpacRr Reference voltage 1.13 3.6 \Y 1
CL Output load capacitance — 100 pF 2
I Output load current — 1 mA

1. The DAC reference can be selected to be Vppa or VRerh-
2. A small load capacitance (47 pF) can improve the bandwidth performance of the DAC.
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3.6.3.2 12-bit DAC operating behaviors
Table 32. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ipba_pacL | Supply current — low-power mode — — 330 MA
P
Ippa_pacH | Supply current — high-speed mode — — 1200 A
P
toacLp | Full-scale settling time (0x080 to OXF7F) — — 100 200 us 1
low-power mode
tpacHp | Full-scale settling time (0x080 to OxF7F) — — 15 30 us 1
high-power mode
tcepacLp | Code-to-code settling time (OxBF8 to — 0.7 1 us 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
Vgacouth |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 — Vpacr > 2 — — +1 LSB 3
\
DNL |Differential non-linearity error — Vpacr = — — +1 LSB 4
VREF_OUT
Vorrser |Offset error — +0.4 .8 %FSR
Eg Gain error — +0.1 +0.6 %FSR
PSRR |Power supply rejection ratio, Vppa = 2.4 V 60 — 90 dB
Tco |Temperature coefficient offset voltage — 3.7 — pv/C 6
Tge |Temperature coefficient gain error — 0.000421 — %FSR/C
Rop  |Output resistance (load = 3 kQ) — — 250 Q
SR Slew rate -80h— F7Fh— 80h V/us
* High power (SPyp) 1.2 1.7 —
e Low power (SP;p) 0.05 0.12 —
BW  |3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SP_p) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to Vpacgr =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
6. Vppa = 3.0V, reference select set for Vppa (DACx_CO:DACRFS = 1), high power mode (DACx_CO:LPEN = 0), DAC

set to 0x800, temperature range is across the full range of the device
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Figure 19. Typical INL error vs. digital code
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Figure 20. Offset at half scale vs. temperature
3.6.4 Voltage reference electrical specifications
Table 33. VREF full-range operating requirements
Symbol | Description Min. Max. Unit Notes
Vbopa Supply voltage 1.71 3.6 \Y
Ta Temperature Operating temperature °C
range of the device
CL 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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Table 34. VREF full-range operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Vout Voltage reference output with factory trim at 1.1920 1.1950 1.1980 \ 1
nominal Vppa and temperature=25°C
Vout Voltage reference output with user trim at 1.1945 1.1950 1.1955 \ 1
nominal Vppa and temperature=25°C
Vstep Voltage reference trim step — 0.5 — mV 1
Vidrift Temperature drift (Vmax -Vmin across the full — — 15 mV 1
temperature range)
Ibg Bandgap only current — — 80 pA
lip Low-power buffer current — — 360 uA 1
Ihp High-power buffer current — — 1 mA 1
AV oap | Load regulation pv 12
e current == 1.0 mA — 200 —
Tstup Buffer startup time — — 100 ps
Tenop_osc_st | Internal bandgap start-up delay with chop — — 35 ms
up oscillator enabled
Vydritt Voltage drift (Vmax -Vmin across the full voltage — 2 — mV 1
range)

1. See the chip's Reference Manual for the appropriate settings of the VREF Status and Control register.
2. Load regulation voltage is the difference between the VREF_OUT voltage with no load vs. voltage with defined load

Table 35. VREF limited-range operating requirements

Symbol | Description Min. Max. Unit Notes
Ta Temperature 0 70 °C
Table 36. VREF limited-range operating behaviors
Symbol | Description Min. Max. Unit Notes
Vidritt Temperature drift (Vmax -Vmin @cross the limited — 10 mV
temperature range)

3.7 Timers

See General switching specifications.

3.8 Communication interfaces
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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.

NOTE

The MCGFLLCLK and IRC48M do not meet the USB jitter
specifications for certification for Host mode operation.

3.8.2 USB VREG electrical specifications
Table 37. USB VREG electrical specifications

Symbol | Description Min. Typ.! Max. Unit Notes
VREGIN |Input supply voltage 2.7 — 5.5 \Y
Ibpon  |Quiescent current — Run mode, load current — 125 186 MA
equal zero, input supply (VREGIN) > 3.6 V
Ippstoy | Quiescent current — Standby mode, load — 1.1 10 MA
current equal zero
IbDoff Quiescent current — Shutdown mode
* VREGIN = 5.0 V and temperature=25 °C T 650 T nA
* Across operating voltage and o - 4 HA
temperature
lLoaDrun  |Maximum load current — Run mode — — 120 mA
ILoaDstoy |Maximum load current — Standby mode — — 1 mA
VRegasout | Regulator output voltage — Input supply
(VREGIN) > 3.6 V
¢ Run mode 3 33 36 Vv
¢ Standby mode 51 o8 36 Vv
VRegasout | Regulator output voltage — Input supply 2.1 — 3.6 \Y 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
ILm Short circuit current — 290 — mA

—_

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 || o44-
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3.8.3 DSPI switching specifications (limited voltage range)

The Deserial Serial Peripheral Interface (DSPI) provides a synchronous serial bus with
master and slave operations. Many of the transfer attributes are programmable. The
tables below provide DSPI timing characteristics for classic SPI timing modes. Refer to

the SPI chapter of the Reference Manual for information on the modified transfer

formats used for communicating with slower peripheral devices.

Table 38. Master mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \Y
Frequency of operation — 30 MHz
DS1 DSPI_SCK output cycle time 2 xtgys — ns
DS2 DSPI_SCK output high/low time (tsck/2) — 2 | (tsck/2) + 2 ns
DS3 DSPI_PCSn valid to DSPI_SCK delay (tgus x 2) — — ns 1
2
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tsus x 2) — — ns 2
2
DS5 DSPI_SCK to DSPI_SOUT valid — 8.5 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -2 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 16.2 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns
1. The delay is programmable in SPIx_CTARN[PSSCK] and SPIx_CTARN[CSSCK].
2. The delay is programmable in SPIx_CTARN[PASC] and SPIx_CTARN[ASC].
DSPI_PCSn X X
‘l DS3 I : :' DS2 '\ :‘ DSI '\' DS4 I‘
DSPI_SCK / \ / Sm—\
, DS8 | l
(CPOL=0) D57y —p ! !
DSPI_SIN ) (it aan Y- { B_()
‘: Ds3 " : DS6
DSPI_SOUT X First data >‘<3’ Data X Last data X
Figure 21. DSPI classic SPI timing — master mode
Table 39. Slave mode DSPI timing (limited voltage range)
Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \Y
Frequency of operation — 15 MHz
Table continues on the next page...
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Table 39. Slave mode DSPI timing (limited voltage range) (continued)

Num Description Min. Max. Unit
DS9 DSPI_SCK input cycle time 4 x tgys — ns
DS10 DSPI_SCK input high/low time (tsck/2) - 2 (tsck/2) + 2 ns
DS11 DSPI_SCK to DSPI_SOUT valid — 214 ns
DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns
DS13 DSPI_SIN to DSPI_SCK input setup 2.6 — ns
DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns
DS15 DSPI_SS active to DSPI_SOUT driven — 17 ns
DS16 DSPI_SS inactive to DSPI_SOUT not driven — 17 ns

DsPLss —\ 0 o

(CPOL=0) E‘DSL-”‘ E :q_y‘ DS12 : y DSII Ds16 H

DSPI_SOUT )—( | Fintdes X Data \\ X Letaw X:}—

DS13 ! DS14
DSPI_SIN >—< First data X Datagg X Last data >7

Figure 22. DSPI classic SPI timing — slave mode

3.8.4 DSPI switching specifications (full voltage range)

The Deserial Serial Peripheral Interface (DSPI) provides a synchronous serial bus
with master and slave operations. Many of the transfer attributes are programmable.
The tables below provides DSPI timing characteristics for classic SPI timing modes.
Refer to the SPI chapter of the Reference Manual for information on the modified
transfer formats used for communicating with slower peripheral devices.

Table 40. Master mode DSPI timing (full voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \Y, 1
Frequency of operation — 15 MHz

DSH1 DSPI_SCK output cycle time 4 x tgys — ns

DS2 DSPI_SCK output high/low time (tsck/2) - 4 | (tsckp) + 4 ns

Table continues on the next page...
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Table 40. Master mode DSPI timing (full voltage range) (continued)

Num Description Min. Max. Unit Notes
DS3 DSPI_PCSn valid to DSPI_SCK delay (taus x 2) — — ns 2
4
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus x 2) — — ns 3
4
DS5 DSPI_SCK to DSPI_SOUT valid — 10 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -4.5 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 24.6 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

1. The DSPI module can operate across the entire operating voltage for the processor, but to run across the full voltage
range the maximum frequency of operation is reduced.

2. The delay is programmable in SPIx_CTARN[PSSCK] and SPIx_CTARn[CSSCK].

3. The delay is programmable in SPIx_CTARN[PASC] and SPIx_CTARN[ASC].

DSPI_PCSn X N X
€ o5 '; 1‘ DS2 ’: ﬁT’}‘W’
DSPI_SCK / \ / Sm
| DS§ | 1
(CPOL=0) D57 —p ! !
\ T\ 1
DSPI_SIN First d: Q Last data
i > G Sy G ——
“«—> 14 DS6
DSPI_SOUT X First data )q Data X Last data X

Figure 23. DSPI classic SPI timing — master mode

Table 41. Slave mode DSPI timing (full voltage range)

Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \'
Frequency of operation — 7.5 MHz

DS9 DSPI_SCK input cycle time 8 X tgus — ns

DS10 DSPI_SCK input high/low time (tsck/2) - 4 (tsckr) + 4 ns

DS11 DSPI_SCK to DSPI_SOUT valid — 29.5 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 3.2 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 25 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 25 ns
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DSPI_SS \ “ /\/7
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DS13 Y ! DS14 '

DSPI_SIN >—< First data X Datagl\ X Last data >7

Figure 24. DSPI classic SPI timing — slave mode

3.8.5 Inter-Integrated Circuit Interface (12C) timing

Table 42. 12C timing

Characteristic Symbol Standard Mode Fast Mode Unit
Minimum | Maximum | Minimum | Maximum
SCL Clock Frequency fscL 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 — 1.3 — us
HIGH period of the SCL clock thigH 4 — 0.6 — ys
Set-up time for a repeated START tsy; STA 4.7 — 0.6 — ps
condition
Data hold time for 12C bus devices typ; DAT o' 3.452 03 0.9 us
Data set-up time tsu; DAT 2504 — 1002, 5 — 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 tsur 4.7 — 1.3 — ps
START condition
Pulse width of spikes that must be tsp N/A N/A 0 50 ns
suppressed by the input filter

1. The master mode 12C 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.

akrwd

The maximum tHD; DAT must be met only if the device does not stretch the LOW period (tLOW) of the SCL signal.
Input signal Slew = 10 ns and Output Load = 50 pF

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

A Fast mode I2C bus device can be used in a Standard mode 12C bus system, but the requirement tgy. 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
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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
+ tgy. paT = 1000 + 250 = 1250 ns (according to the Standard mode I2C bus specification) before the SCL line is

HRras|

6. C, = total capacitance of the one bus line in pF.
P =tup;sTa > |=tsp t 4

| A

tsu; par>| <t

-« =<toy > <t >

' I« tHp; sTA »‘ -< » - tsu;sTA >l I tsu: sTo > ' -
! tHD; DAT tHiGH 'SR ‘ ‘

P

Figure 25. Timing definition for fast and standard mode devices on the I12C bus

3.8.6 UART switching specifications

See General switching specifications.

3.8.7 12S/SAl 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] 1s 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.

3.8.7.1 Normal Run, Wait and Stop mode performance over a limited
operating voltage range

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

Table 43. 12S/SAl master mode timing in Normal Run, Wait and Stop modes
(limited voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 2.7 3.6 \
S1 12S_MCLK cycle time 40 — ns

Table continues on the next page...
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Table 43. 12S/SAl master mode timing in Normal Run, Wait and Stop modes (limited voltage

range) (continued)

Peripheral operating requirements and behaviors

Num. Characteristic Min. Max. Unit

S2 I12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I2S_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 I12S_TX_FS/ — 15 ns
12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to 12S_TX_FS/ 0 — 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 18 — ns
12S_RX_BCLK

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

R Th S

‘4 S3 >\
125_TX_BCLK/ A A\ ‘ Y\ /
12S_RX_BCLK (output) D 4 4 i ,

e s e
12S_TX_FS/ / f ) AN
12S_RX_FS (output) ! ! ! «

| > ! S10
12S_TX_FS/ L : ~
I2S_RX_FS (input) ‘ :' §7 ': H ! \—

I < ‘Sst ‘ o P
12S_TXD  — X \ N

W‘T’l

Figure 26. 12S/SAl timing — master modes

Table 44. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes
(limited voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 2.7 3.6 \Y
S11 12S_TX_BCLK/I12S_RX_BCLK cycle time (input) 80 — ns
S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low |45% 55% MCLK period
(input)

Table continues on the next page...
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Table 44. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes (limited voltage
range) (continued)

Num. Characteristic Min. Max. Unit

S13 12S_TX_FS/12S_RX_FS input setup before 4.5 — 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

S15 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output valid |— 20 ns

S16 12S_TX_BCLK to I12S_TXD/I12S_TX_FS output 0 — ns
invalid

S17 12S_RXD setup before 12S5_RX_BCLK 4.5 — ns

S18 12S_RXD hold after 2S_RX_BCLK 2 — ns

S19 I12S_TX_FS input assertion to 12S_TXD output valid! |— 25 ns

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

p st1 .

:‘ S12 ': |
12S_TX_BCLK/ i/ s12 \ '/ ‘ {\ /
12S_RX_BCLK (input) < g : e

|' S15 '\ 1 1 S16
12S_TX_FS/ ‘ ! I AN
12S_RX_FS (output) . Si13 ! Si4 !

A L« ! »
125_TX_FS/ L - { N
12S_RX_FS (input) _{j/ Fsm ‘: S15 ’: H ! \—

o5 ste ™ f | R g
12S_TXD h —4 X I -

Figure 27. 12S/SAl timing — slave modes

3.8.7.2 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 45. 12S/SAl master mode timing in Normal Run, Wait and Stop modes
(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y
S1 12S_MCLK cycle time 40 — ns

Table continues on the next page...
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Table 45. 12S/SAl master mode timing in Normal Run, Wait and Stop modes (full voltage

range) (continued)

Num. Characteristic Min. Max. Unit

S2 I12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I2S_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 I12S_TX_FS/ — 15 ns
12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to 12S_TX_FS/ -1.0 — 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 27 — ns
12S_RX_BCLK

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

4sTV %szf %szf

< 53 >
125_TX_BCLK/ ‘ A\ ‘ Y\ /
12S_RX_BCLK (output) D 4 4 i ,

e s e
12S_TX_FS/ / ! \ TN\
12S_RX_FS (output) ! ! ! «

| > ! S10
12S_TX_FS/ L : ~
I2S_RX_FS (input) ‘ :' §7 ': H ! \—

I < ‘Sst ‘ . o P
12S_TXD  — X \ N

W‘T’l

Figure 28. 12S/SAl timing — master modes

Table 46. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes

(full voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \Y
S11 12S_TX_BCLK/I12S_RX_BCLK cycle time (input) 80 — ns
S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low |45% 55% MCLK period
(input)

Table continues on the next page...
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Table 46. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes (full voltage
range) (continued)

Num. Characteristic Min. Max. Unit
S13 12S_TX_FS/12S_RX_FS input setup before 5.8 — 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
S15 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output valid |— 28.5 ns
S16 12S_TX_BCLK to I12S_TXD/I12S_TX_FS output 0 — ns
invalid
S17 12S_RXD setup before 12S_RX_BCLK 5.8 — ns
S18 12S_RXD hold after I2S_RX_BCLK — ns
S19 I12S_TX_FS input assertion to 12S_TXD output valid! |— 26.3 ns
1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
) Si1 <
hl Vi
| « Sy ,
12S_TX_BCLK/ si2 74 ‘ {\ /
125_RX_BCLK (input) < » : '
s h : “Psie &
12S_TX_FS/ / ! ) T\
12S_RX_FS (output) ‘ s13 % «
128_TX_FS/ L : { ~
12S_RX_FS (input) T p s :‘ SI5 '; H !
5 sie M4 : y R g
125.7XD — DE | -

Figure 29. 12S/SAl timing — slave modes

3.8.7.3 VLPR, VLPW, and VLPS mode performance over the full

operating voltage range

This section provides the operating performance over the full operating voltage for the
device in VLPR, VLPW, and VLPS modes.

Table 47. 12S/SAl master mode timing in VLPR, VLPW, and VLPS modes

(full voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \Y
S1 12S_MCLK cycle time 62.5 — ns
Table continues on the next page...
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Table 47. 12S/SAl master mode timing in VLPR, VLPW, and VLPS modes (full voltage range)

Peripheral operating requirements and behaviors

(continued)
Num. Characteristic Min. Max. Unit

S2 I12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I2S_RX_BCLK cycle time (output) 250 — ns

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

S5 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ — 45 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 — 45 ns

S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns

S9 12S_RXD/I12S_RX_FS input setup before 45 — ns
12S_RX_BCLK

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

R Th S
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125_TX_BCLK/ A A\ ‘ Y\ /
12S_RX_BCLK (output) D 4 4 i ,

e s e
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Figure 30. I12S/SAl timing — master modes

Table 48. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full
voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \Y
S11 12S_TX_BCLK/I12S_RX_BCLK cycle time (input) 250 — ns
S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low |45% 55% MCLK period
(input)

Table continues on the next page...
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Table 48. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full voltage range)
(continued)

Num. Characteristic Min. Max. Unit

S13 12S_TX_FS/12S_RX_FS input setup before 30 — ns
12S_TX_BCLK/I2S_RX_BCLK

S14 12S_TX_FS/I2S_RX_FS input hold after 7 — ns
12S_TX_BCLK/I2S_RX_BCLK

S15 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output valid |— 63 ns

S16 12S_TX_BCLK to I12S_TXD/I12S_TX_FS output 0 — ns
invalid

S17 12S_RXD setup before 12S_RX_BCLK 30 — ns

S18 12S_RXD hold after 2S_RX_BCLK 4 — 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

V) S11 A

:‘ S12 ': |
12S_TX_BCLK/ [ s12 ¢ '/ ‘ {\ /
12S_RX_BCLK (input) h 4 : e

|‘ S15 ’\ | 1 S16
12S_TX_FS/ / ! ‘ ‘ AN
[2S_RX_FS (output) ; i3 : S g

L ) ! L
12S_TX_FS/ L ! (! ™
125_RX_FS (input) —j/ “« s s I | | —

‘515 I: St ™ t : < —~15 P
12S_TXD h —4 X I -

Figure 31. 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 freescale.com and perform a keyword search for the
drawing’s document number:
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Pinout

If you want the drawing for this package Then use this document number
64-pin LQFP 98ASS23234W
64-pin MAPBGA 98ASA00420D
100-pin LQFP 98ASS23308W
121-pin XFBGA 98ASA00595D

5 Pinout

5.1 K22F Signal Multiplexing and Pin Assighnments

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.

121 ] 100 | 64 | 64 | PinName | Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
BGA | LQFP| LQFP | MAP
BGA
E4 1 1 Al | PTEO/ ADC1_SE4a | ADC1_SEda | PTE0/ SPH_PCS1 | UART1_TX [2C1_SDA | RTC_
CLKOUT32 CLKOUT32 CLKouT
K K
E3 2 2 Bt | PTEY/ ADC1_SE5a | ADC1_SE5a | PTE1/ SPI1_SOUT | UART1_RX [2C1.SCL | SPH_SIN
LLWU_PO LLWU_PO
E2 3 — | — |PTEY ADC1_SE6a | ADC1_SEfa | PTE2/ SPH_SCK | UARTI_
LLWU_P1 LLWU_P1 CTS.b
F4 4 — | — |[PTES ADC1_SE7a | ADC1_SE7a| PTE3 SPH_SIN | UARTI_ SPIH_SOUT
RTS b
H7 5 — | — | PTE4 DISABLED PTE4/ SPI{_PCS0 | LPUARTO_
LLWU_P2 LLWU_P2 X
G4 6 — | — |[PTES DISABLED PTES SPI{_PCS2 | LPUARTO_ FTM3_CHo
RX
F3 7 — | — | PTES DISABLED PTE6 SPI1_PCS3 | LPUART0_ | 12S0_MCLK FTM3_CH1 | USB_SOF_
CTS.b ouT
E6 8 3 C5 | VDD VDD VDD
a7 9 4 C4 | VSS VSS VS
6| — | — | — |VSS VSS VSS
F1 10 5 Et | USBODP | USBO_DP | USBO_DP
F | 1 6 D1 | USBO_DM | USBO_DM | USBO_DM
G1 12 7 E2 | VOUT33 | VOUT33 | VOUT33
G| 1 8 D2 | VREGIN VREGIN VREGIN
H1 14 | = | — | ADCO_DP1 | ADCO_DP1 | ADCO_DP1
H | 15| = | — | ADCO_DM1 | ADCO_DM1 | ADCO_DM1
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120 | 100 | 64 | 64 | PinName | Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT? EzPort
BGA | LQFP | LQFP| MAP

BGA
J| 16 | — | — | ADCI_DP1/ | ADC1_DP1/ | ADC1_DP1/
ADCO_DP2 | ADCO_DP2 | ADCO_DP2
2| 17 | — | — |ADCI_DMI/| ADC1_DM1/ | ADC1_DM1/

ADCO_DM2 | ADCO_DM2 | ADCO_DM2

Kt | 18 | 9 | GI |ADCODPO/ | ADCO_DPO/ | ADCO_DPU/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

K2 | 19 | 10 | Ft | ADCO_DMO/| ADCO_DMO/ | ADCO_DMO/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

Lt | 20| 11 | G2 | ADC1_DPo/ | ADC1_DPO/ | ADC1_DPO/
ADCO_DP3 | ADCO_DP3 | ADCO_DP3

L2 | 21| 12| F2 | ADCI_DMO/| ADC1_DM0/| ADC1_DMO/
ADCO_DM3 | ADCO_DM3 | ADCO_DM3

Fo | 22| 13| F4 | VDDA VDDA VDDA
G5 | 28 | 14| G4 | VREFH VREFH VREFH
G6 | 24| 15 | G3 | VREFL VREFL VREFL
F6 | 25| 16 | F3 | VSSA VSSA VSSA

B = = | — |ADCL ADC1_ ADCI_
SE16/ SE16/ SE16/
ADCO_SE22 | ADC0_SE22 | ADCO_SE22

W[ = | — [ — |ADCO ADCO_ ADCO_
SE16/ SE16/ SE16/
CMP1_INZ/ | CMP1_IN2/ | CMP1_IN2/
ADCO_SE21 | ADCO_SE21 | ADCO_SE21

L3 | 2 | 17 | Ht | VREF_OUT/| VREF_OUT/| VREF_OUT/
CMP1_INS/ | CMP1_IN5/ | CMP1_INS/
CMPO_IN5/ | CMPO_INS/ | CMPO_INS/
ADC1_SE18| ADC1_SE18 | ADC1_SE18

Ko | 27 | 18 | H2 | DACO_OUT/| DACO_OUT/ | DACO_OUT/
CMP1_IN3/ | CMP1_IN3/ | CMP1_INY/
ADCO_SE23 | ADCO_SE23 | ADCO_SE23

Ké | — | — | — | DACI_OUT/| DAC1_OUT/ | DAC1_OUT/
CMPO_IN4/ | CMPO_IN4/ | CMPO_IN4/
ADC1_SE23 | ADC1_SE23 | ADC1_SE23

V| —| = | — |RIC RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B

L4 | 28| 19 | H3 | XTAL® XTAL32 XTAL32
L5 29 | 20 | H4 | EXTAL32 | EXTAL32 | EXTAL3®
K6 | 30 | 21 | Ho | VBAT VBAT VBAT

H5 | 31 — | — | PTEM4 ADCO_SE17 | ADCO_SE17 | PTE24 [20_SCL | EWM_OUT_
b
5| 2| = | — |PTES ADCO_SE18 | ADCO_SE18 | PTE25 [2C0_SDA | EWM_IN
Ho | 3 | — | — | PTE26/ DISABLED PTE26/ RTC_ USB_CLKIN
CLKOUT32 CLKOUT32 CLKouT
K K
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121 ] 100 | 64 | 64 | PinName | Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
BGA | LQFP | LQFP | MAP
BGA
6| 3 | 22 | D3 |PTA0 JTAG_ PTAO UARTO_ FTM0_CH5 JTAG_ E7P CLK
TCLK/ CTS.b TCLK/
SWD_CLK/ SWD_CLK
EZP_CLK
H8 | 3 | 23 | D4 | PTA! JTAG_TDI/ PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI | EZP_DI
EZP DI
J| % | 24| E5 | PTA2 JTAG_TDO/ PTA2 UARTO_TX | FTM0_CH7 JTAG_TDO/ | EZP_DO
TRACE_ TRACE_
SWO/ SWo
EZP DO
HO | 37| 25 | D5 | PTA3 JTAG_TMS/ PTA3 UARTO_ FTM0_CHO JTAG_TMS/
SWD_DIO RTS b SWD_DIO
B | 38| 26 | G5 | PTAY NMI_b/ PTA4/ FTMO0_CH1 NMI_b EZP CS.b
LLWU_P3 | EZP_CS_b LLWU_P3
KT | 39| 27 | F5 | PTAS DISABLED PTA5 USB_CLKIN | FTM0_CH2 [250_TX_ | JTAG_
BCLK TRST b
E5 | 40| = — | VDD VDD \VDD
G| 4 — | = | VsS VSS VS
O =] = — | PTAI0 DISABLED PTA10 FTM2_CHo FTM2_QD_
PHA
Bl =1 =1 — | PTAHH DISABLED PTA1 FTM2_CH1 FTM2_QD_
PHB
K8 | 42 | 28 | H6 | PTA12 DISABLED PTA12 FTM1_CHo [280_TXDO | FTM1_QD_
PHA
8| 43| 29 | G6 | PTA1Y DISABLED PTA13/ FTM1_CH1 [250_TX_FS| FTM1_QD_
LLWU_P4 LLWU_P4 PHB
K9 | 44| = | — |PTAH4 DISABLED PTA14 SPI0_PCSO | UART0_TX [250_RX_
BCLK
| 4 = | — |PTA5 DISABLED PTA15 SPI0_SCK | UART0_RX [250_RXD0
JO| 46 | — | — | PTAl6 DISABLED PTA16 SPI0_SOUT | UARTO_ [250_RX_
CTS.b FS
HIO | 47 | = | — | PTA17 ADC1_SE17 | ADC1_SE17| PTA17 SPIO_SIN | UARTO_ [250_MCLK
RTS b
L10 | 48 | 30 | G7 [ VDD VDD VDD
Kio| 49 | 31 H7 | VSS VSS VSS
11| 5 | 3% | H8 [PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_
CLKINO
Kit | 51 33 | G8 | PTA19 XTALO XTALO PTA19 FTM1_FLTO | FTM_ LPTMRO_
CLKIN ALTH
Jt| 5 | 34 | F8 | RESET b | RESETb | RESET b
Hi| = | = | — | PTA2 DISABLED PTA29 FB_A24
G| 5 | 3% | F7 | PTBU ADC0_SE8/ | ADCO_SE8/ | PTBU/ [260_SCL | FTM1_CHO FTM1_QD_
LLWU_P5 | ADC1_SE8 | ADC1_SE8 | LLWU_P5 PHA
GIo| 5 | 3 | F6 | PTBI ADCO_SEY/ | ADCO_SEY | PTB1 [2C0_SDA | FTM1_CH1 FTM1_QD_
ADC1_SE9 | ADC1_SE9 PHB
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Pinout

121 | 100 | 64 | 64 | PinName | Default ALTO ALTY ALT2 ALT3 ALT4 ALT5 ALT6 ALT7 EzPort
BGA | LQFP | LQFP | MAP
BGA
GO | 5 | 3 | E7 |PTB2 ADC0_SE12 | ADCO_SE12 | PTB2 [20_SCL | UARTO_ FTMO_FLT3
RTS b
G8 | 5 | 3 | E8 |PTB3 ADCO_SE13 | ADCO_SE13| PTB3 [2C0_SDA | UARTO_ FTMO_FLTO
CTS.b
] = — | — |PTB6 ADC1_SE12 | ADC1_SE12 | PTB6 FB_AD23
| = | = | — |PTB7 ADC1_SE13 | ADC1_SE13| PTB7 FB_AD22
DH| — | = | — |PTBS8 DISABLED PTB8 LPUART0_ FB_AD21
RTS b
E0| 57| — | — |PTBY DISABLED PTBY SPI1_PCS1 | LPUARTO_ FB_AD20
CTS.b
DIO| 5 | — | — |PTBI0 ADC1_SE14 | ADC1_SE14 | PTB10 SPI_PCSO | LPUARTO_ FB_AD19 | FTMO_FLT1
RX
Clo| 5 | — | — |PTBH ADC1_SE15 | ADC1_SE15| PTB11 SPI1_SCK | LPUARTO_ FB_AD18 | FTMO_FLT2
X
— | 60| — | — |VSS VS VS
— | 6t — | — | VDD VDD VDD
B0 | 62 | 39 | E6 | PTBi6 DISABLED PTB16 SPIH_SOUT | UARTO_RX | FTM_ FB_AD17 | EWM_IN
CLKINO
E9 | 63 | 40 | D7 | PTBI7 DISABLED PTB17 SPI1_SIN | UARTO_TX | FTM_ FB_AD16 | EWM_OUT_
CLKIN b
D9 | 64 | 41 | D6 | PTBI8 DISABLED PTB18 FTM2_CHO | 1280_TX_ | FB_AD15 | FTM2_QD_
BCLK PHA
Co | 65 | 42 | C7 |PTBI9 DISABLED PTB19 FTM2_CH1 | 1280_TX_FS| FBLOE b | FTM2_QD_
PHB
FIo| 66 [ — | — | PTB DISABLED PTB20 FB_AD31 | CMPO_OUT
FO| 67| — | — |PTBA DISABLED PTB21 FB_AD30 | CMP1_OUT
F8 | 68 | — | — |PTB2 DISABLED PTB22 FB_AD29
B8 | 69 | — | — |PTB23 DISABLED PTB23 SPI0_PCS5 FB_AD28
B9 | 70 | 43 | D8 |PTCO ADCO_SE14 | ADCO_SE14 | PTCO SPI0_PCS4 | PDBO_ USB_SOF_ | FB_AD14
EXTRG out
Dg | M 44 | C6 | PTCI/ ADCO_SE15 | ADC0_SE15| PTCH/ SPI0_PCS3 | UART1_ FTMO_CHO | FB_AD13 | I250_TXDO | LPUARTO_
LLWU_P6 LLWU_P6 RTS_b RTS b
C8 | 72| 4 | B7 |PTC2 ADCO_ ADCO_ PTC2 SPI0_PCS2 | UART1_ FTMO_CH1 | FB_AD12 | I2S0_TX_FS| LPUART0_
SEdb/ SEdb/ CTS.b CTS.b
CMP1_INO | CMP1_INO
B8 | 73| 4 | C8 |PTCY CMP1_IN1 | CMP1_INT | PTCY SPI0_PCS1 | UARTI_RX | FTMO_CH2 | CLKOUT | 1280_TX_ | LPUARTO_
LLWU_P7 LLWU_P7 BCLK RX
— | 74| 47| E3 |VSS VS VSS
— | 75| 4 | E4 [VDD VDD \VDD
A8 | 76 | 49 | B8 | PTC4 DISABLED PTC4/ SPI0_PCSO | UARTI_TX | FTMO_CH3 | FB_AD1 | CMP1_OUT | LPUARTO_
LLWU_P8 LLWU_P8 X
D7 | 77| 50 | A8 |PTCH DISABLED PTCH/ SPI0_SCK | LPTMRO_ | 12S0_RXD0 | FB_AD10 | CMPO_OUT | FTM0_CH2
LLWU_P9 LLWU_P9 ALT2
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Pinout

121 ] 100 | 64 | 64 | PinName | Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
BGA | LQFP | LQFP | MAP
BGA
Cr | 78| 51 | A7 |PTCH CMPO_INO | CMPO_IN0 | PTCE/ SPI0_SOUT | PDBO_ [250_RX_ | FB_AD9 [250_MCLK
LLWU_P10 LLWU_P10 EXTRG BCLK
B7 | 79| 5 | B | PTC7 CMPO_IN1 | CMPO_INt | PTC7 SPI0_SIN | USB_SOF_ | 2S0_RX_ | FB_AD8
out FS
A7 | 8 | 5 | A6 | PTC8 ADC1_ ADC1_ PTC8 FTM3_CH4 | 1250 MCLK | FB_AD7
SEdb/ SEdb/
CMPO_IN2 | CMPO_IN2
D6 | 81 5 | B5 | PTCY ADC1_ ADC1_ PTCY FTM3_CH5 | 1250_RX_ | FB_AD6 FTM2_FLT0
SESh/ SESb/ BCLK
CMPO_IN3 | CMPO_IN3
C6 | 8 | 5 | B4 [PTCI0 ADC1_SE6b | ADC1_SE6b | PTC10 [2C1_.SCL | FTM3_CH6 | I2S0_RX_ | FB_AD5
FS
Co | 8 | 5 | A5 |PTCH/ ADC1_SE7h | ADC1_SE7h | PTC11/ [2C1_SDA | FTM3_CH7 FB_RW b
LLWU_P11 LLWU_P11
B6 | 8 | — | — |PICI2 DISABLED PTC12 FB_AD27 | FTM3_FLTO
M| 8 | = | — [PTCI3 DISABLED PTC13 FB_AD26
A5 8 | — | — |PTCH4 DISABLED PTC14 FB_AD25
B5 | 87 | = | — | PTCI5 DISABLED PTC15 FB_AD24
— | 8| — | — |VSS VSS VSS
— | 89| — | — | VDD VDD VDD
D5 9 | = | — [PTCI6 DISABLED PTC16 LPUART0_ FB_CS5_b/
RX FB_TSIZ1/
FB_BE23_
16_BLS15_
8.b
C4 | 9 — | = | PTC17 DISABLED PTC17 LPUART0_ FB_CS4_b/
X FB_TSIZ0/
FB_BE31_
24 BLST_
0b
B4 | | = | — |PTCI8 DISABLED PTC18 LPUART0_ FB_TBST_
RTS b b/
FB_CS2_ b/
FB_BE15_
8 BLS23_
16.b
M| = | = | — |PTC1H9 DISABLED PTC19 LPUARTO_ FB.CS3.b/ | FB_TA D
CTS.b FB BE7 0_
BLS31.24_
b
D4 | 9| 57| C3 |PTDY DISABLED PTDO/ SPI0_PCS0 | UART2_ FTM3_CHO | FB_ALE/ | LPUARTO_
LLWU_P12 LLWU_P12 RTS b FB_CS1_b/ | RTS.b
FB_TS.b
D3 | 9% | 5 | A |PTD ADCO_SE5b | ADCO_SE5b | PTD1 SPI0_SCK | UART2_ FTM3_CH1 | FB_CS0_b | LPUARTO_
CTS.b CTS.b
C3 | % | 5 | C2 |PTDY DISABLED PTD2/ SPI0_SOUT | UART2_RX | FTM3_CH2 | FB_AD4 LPUART0_ | 12C0_SCL
LLWU_P13 [LWU_P13 RX
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Pinout

120 | 100 | 64 | 64 | PinName | Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT? EzPort
BGA | LQFP | LQFP| MAP
BGA
B3 | 9% | 60 | B3 |PID3 DISABLED PTD3 SPIO_SIN | UART2_TX | FTM3_CH3 | FBLAD3 | LPUARTO_ | [2C0_SDA
X
A3 | 97 | 61 | A3 |PTD4 DISABLED PTD4/ SPIO_PCS1 | UARTO_ | FTMO_CH4 | FBLAD2 | EWM_IN | SPI1_PCS0
LLWU_P14 LLWU_P14 RTS_b
A2 | 98 | 62| Cl [PTD5 ADCO_SE8b | ADCO_SE6b | PTD5 SPIO_PCS2 | UARTO_ | FTM0_CH5 | FB_ADT EWM_OUT_ | SPI1_SCK
CTSb b
FTl = | = | — |VSS V8S V88
Bl =1 =1 — |VOD VDD VDD
B2 | 9 | 63| B2 |PTD6/ ADCO_SE7b | ADCO_SE7b | PTD6/ SPI0_PCS3 | UARTO_RX | FTMO_CHE | FBLADO | FTMO_FLTO | SPH_SOUT
LLWU_P15 LLWU_P15
At | 100 | 64 | A2 |PTD7 DISABLED PTD7 UARTO_TX | FTM0_CH7 FTMO_FLT1 | SPI1_SIN
MOl — | — | — |PID8 DISABLED PTD8 2C0_SCL LPUARTO_ | FB_A16
RX
A = | = | — |PTD9 DISABLED PTD9 2C0_SDA LPUARTO_ | FB_A17
X
Bt | = | = | — | PID10 DISABLED PTD10 LPUARTO_ | FB_A18
RTS_b
| —| — | — [P DISABLED PTD11 LPUARTO_ | FB_A19
CTS b
b —| — | — |PDI2 DISABLED PTD12 FTM3_FLT0 FB_A20
D2 —| — | — |PD DISABLED PTD13 FB_A21
DI | — | — | — |PTDH4 DISABLED PTD14 FB_A2
Bl —| — | — |PIDI5 DISABLED PTD15 FB_A23
Ml = | — | — |NC NC NC
K| —| =—| —|NC NC NC
Bl — | = | = [NC NC NC
Bt | —| = | — |NC NC NC
] = | = | — |NC NC NC

5.2 K22 Pinouts

The following 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.
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Figure 32. K22F 64 LQFP Pinout Diagram
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Pinout

1 2 3 4 5 6 7 8
PTEO/ PTD4/ PTC11/ PTC6/ PTC5/
A CLKOUT32K PTD7 LLWU_P14 PTD1 LLWU_P11 PTC8 LLWU_P10| LLWU_P9 A
PTE1/ PTD6/ PTC4/
B LLWU_PO |LLWU_P15 PTD3 PTC10 PTC9 PTC7 PTC2 LLWU_P8 B
PTD2/ PTDO/ PTC1/ PTC3/
¢ PTD5 LLWU_P13|LLWU_P12 ves vbD LLWU_P6 PTBI19 LLWU_P7 ¢
D | USBO_DM | VREGIN PTAO PTA1 PTA3 PTB18 PTB17 PTCO D
E USBO_DP | VOUT33 VSS VDD PTA2 PTB16 PTB2 PTB3 E
JADCO_DMOJADC1_DMO; PTBO/
F ADC1_DM3|ADCO_DM3 VSSA VDDA PTA5 PTB1 LLWU_P5 RESET b | F
[ADCO_DP0/|ADC1_DPO/| PTA4/ PTA13/
G ADC1_DP3|ADCO_DP3 VREFL VREFH LLWU_P3 | LLWU_P4 vbb PTA19 G
oo o our
H —IN5 CMP1_IN3/| XTAL32 EXTAL32 VBAT PTA12 VSS PTA18 H
CMPO_INS/{s 5o _sE2g)
IADC1_SE1§ -
1 2 3 4 5 6 7 8
Figure 33. K22 64 MAPBGA Pinout Diagram
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Pinout
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Figure 34. K22F 100 LQFP Pinout Diagram
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Ordering parts

1 2 3 4 5 6 7 8 9 10 1
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A | prD7 PTDS || vy pia| PTC1e | PTC14 | PTCta | pros | FUCAL | PTDS PTDS NC A
PTD6/ PTC3/
B [ PTDI0 | 0 os| P8 | PTOI8 | PTCts | prote | pror | (UCSL | PTOO | PTBIS NC B
PTD2/ PTC11/ PTCS/
c | P2 | pron | OB porr | ISR PTO10 | Wk PTC2 | PTBIS | PN NC c
PTDO/ pTCS | PTCY/
D | po1a | pro1s | pror [ B9 f prote | prce | WSOt WIS | PTB1s | PTBIO | PTEE | D
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Figure 35. K22F 121 XFBGA Pinout Diagram

6 Ordering parts

6.1 Determining valid orderable parts

Valid orderable part numbers are provided on the web. To determine the orderable part

numbers for this device, go to freescale.com and perform a part number search for the
following device numbers: PK22 and MK22 .
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Part identification

7 Part identification

7.1 Description

Part numbers for the chip have fields that identify the specific part. You can use the
values of these fields to determine the specific part you have received.

7.2 Format
Part numbers for this device have the following format:

QK# AMFFFRTPPCCN

7.3 Fields

This table lists the possible values for each field in the part number (not all
combinations are valid):

Field Description Values

Q Qualification status * M = Fully qualified, general market flow, full
reel

¢ P = Prequalification

¢ K= Fully qualified, general market flow, 100

piece reel

K## Kinetis family o K22
A Key attribute * D = Cortex-M4 w/ DSP

* F = Cortex-M4 w/ DSP and FPU
M Flash memory type * N = Program flash only

* X = Program flash and FlexMemory
FFF Program flash memory size e 128 = 128 KB

* 256 = 256 KB

* 512=512KB
R Silicon revision e Z =|nitial

¢ (Blank) = Main
¢ A = Revision after main

T Temperature range (°C) e V=-401t0 105
e C=-401t085
PP Package identifier * LH =64 LQFP (10 mm x 10 mm)

¢ MP =64 MAPBGA (5 mm x 5 mm)
e LL =100 LQFP (14 mm x 14 mm)

Table continues on the next page...
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Part identification

Field Description Values

MC = 121 XFBGA (8 mm x 8 mm)
DC =121 XFBGA (8 mm x 8 mm x 0.5 mm)

5 =50 MHz
7 =72 MHz
10 = 100 MHz
12 =120 MHz
15 =150 MHz

N Packaging type * R =Tape and reel

CC Maximum CPU frequency (MHz)

7.4 Example
This is an example part number:

MK22FN512VDCI12

7.5 121-pin XFBGA part marking

The 121-pin XFBGA package parts follow the part-marking scheme in the following
table.

Table 49. 121-pin XFBGA part marking

PK Parthumber MK Partnumber PK Part Marking MK Part Marking

PK22FN512VDC12 MK22FN512VDC12 P22J9VDC M22J9VDC

7.6 64-pin MAPBGA part marking

The 64-pin MAPBGA package parts follow the part-marking scheme in the following
table.

Table 50. 64-pin MAPBGA part marking

PK Partnumber

MK Partnumber

PK Part Marking

MK Part Marking

PK22FN512VMP12

MK22FN512VMP12

P22J9VMP

M22J9VMP
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Revision History

8 Revision History
The following table provides a revision history for this document.

Table 51. Revision History

Rev. No. Date Substantial Changes

3 5/2014 * In "Voltage and current operating ratings" table, updated maximum digital supply
current

Updated "Voltage and current operating behaviors" table

Updated "Power mode transition operating behaviors" table

Updated "Power consumption operating behaviors" table

Updated "EMC radiated emissions operating behaviors for 64 MAPBGA package"
table

e Updated "Thermal attributes" table

¢ Updated "MCG specifications" table

* Updated "IRC48M specifications" table

¢ Updated "16-bit ADC operating conditions" table

Updated "Voltage reference electrical specifications" section
Added "64-pin MAPBGA part marking" table

2 3/2014 Initial public release
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