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Ratings

Symbol Description Min. Max. Unit

Vpp_core' |Internal digital logic supply voltage -0.3 1.47 v
Vpp Digital supply voltage for Ports A, B,C,D -0.3 3.8 Vv
Vbopa Analog supply voltage -03 3.8 \Y
Vbpio_E Vbpio_E is an independent voltage supply for PORTE 2 -0.3 3.8 \Y
VeaT RTC supply voltage -0.3 3.8 \Y

lbp Digital supply current — 300 mA

Ip Maximum current single pin limit (digital output pins) -25 25 mA
VREGIN USB regulator input -0.3 6.0 \Y
Vuseo px |USBO_DP and USB_DM input voltage -0.3 3.63 \'%
Vusei_ppx |USB1_DP and USB1_DM input voltage -0.3 3.63 \Y

1. Vpp_core must not exceed Vpp on power up or power down

2. Vppio_g is independent of the Vpp domain and can operate at a voltage independent of Vpp.

1.4.1 Recommended Power-On-Reset (POR) Sequencing

* Vbpo/Vppio E and Vpp core

117V
1V

oV

VDD Operating 1.71V - 3.6V

VDD_CORE (1.17V-1.

700usS 700us
max max

VDD_CORE can be powered up either with VDD or after VDD.

VDD_CORE on power up at any time must not exceed VDD voltage
VDD_CORE mustrise from 1.0V to 1.17V at the rate of 242V/s (170mV/700uS) or faster.

Figure 2. Vpp core/ Vpp Powering sequence
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General

Table 5. Power mode transition operating behaviors (continued)

Symbol | Description Min. Max. Unit Notes
+ VLLS2 —> RUN _ 103 s
* VLLS3 —> RUN - 103 Hs
+ LLS2 —> RUN - 6.3 HS
« LLS3 > RUN - 6.3 bs
« VLPS —> RUN - 5.4 bs
« STOP —> RUN - 5.4 bs

2.2.5 Power consumption operating behaviors

VDD_CORE VDD VDDIO_E VBAT VDDA VREGINO VREGIN1

l IDDC _¢_ DD l IDDIO_E IDD_VBAT l DDA DD USB
4 h PortA,B,C.D - ) Y —> VREGOUT
o oAS.S U | | porte RTC | Analog |
Digital logic PMC,0SC, \ Y, ADC ‘
CMP.RCM | N/ __ | PLLDAC TN N
| A \_ [ LsiFs
N s HS USB
e PHY
AN
K28F ‘
VSS VSSA VSS VSS

Figure 4. Power Supplies of K28F

The K28F device has several power supplies and the total current consumption of the
device is the accumulative result of each individual power supplies’ current
consumption, dependent on the power mode of operation. (RUN, HSRUN, VLPR, Stop,
VLLS3 etc.).

IDD_MCU._total = IDDC + IDD + IDDIO_E + IDD_VBAT + IDDA + IDD_USB

When calculating the total MCU current consumption considerations to external loads
on the following should be made:

* On top of the device’s IDD current consumption, external loads applied to Ports
A,B,C and D need to be considered

12 Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017
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General

Table 6. Power consumption operating behaviors (through VDD_CORE) (continued)

Symbol Description Min. Typ. Max. Unit Notes
Ippc vips | Very-low-power stop mode current at 1.2 V
* @ 25°C — 0.452 1.2 mA
e @70°C — 2.2 4.9
* @85°C — 3.4 7.4
°© @105°C — 5.8 12.4
Ipbc_LLss |Low leakage stop mode current at 1.2 V
© @25°C — | 156 | 303 | MA
e @70°C
. @85°C — 129.0 189.5
e @ 105°C — 2449 347.8
— 535.0 737.3
Ipbc_LLs2  |Low leakage stop mode current at 1.2 V 8
. @25°C — 4.3 8.7 A
e @70°C — 33.8 57.3
* @ 85°C — 62.8 104.0
© @105°C — | 1356 | 2058
Ibbc_viLss | Very low-leakage stop mode 3 current at 1.2 V
. @25°C — 13.5 26.0 A
e @70°C — 112.1 159.7
e @ 85°C - 212.5 294.7
© @105°C . 460.2 621.6
Ipbc_viLs2 | Very low-leakage stop mode 2 current at 1.2 V 8
. @25°C — 0.552 0.9 A
e @70°C — 6.1 8.2
© @85C — 105 14.2
© @105°C — 24.7 32.3
Iob_veat |Average current with RTC and 32 kHz disabled @
3.0V — | 0266 | 0319 | pA
© @25°C — | 0595 | 0.750
e @70°C
. @85°C — 0.933 1.3
e @ 105°C — 2.2 2.8
Iop_veat |Average current when CPU is not accessing RTC 9
registers @ 1.8V UA

16
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General

Table 7. Power consumption operating behaviors (through VDD) (continued)

Symbol | Description Min. Typ. Max. Unit Notes
* @85°C — 39.6 84.3
* @105°C — 63.9 157.5
Iob_stop | Stop mode current at 3.0 V
e @25°C — 159.3 279.3 pA
*erc — | 1738 | 3418
e @ 85°C
. @ 105°C — 181.4 358.4
— 251.2 735.0
Ibp_vips | Very-low-power stop mode current at 3.0 V
e @ 25°C — 3.1 5.6 pA
© e — 8.5 12.0
* @85°C
e @ 105°C — 15.2 19.4
— 36.9 43.9
Ipp LLss |Low leakage stop mode current at 3.0 V
e @ 25°C — 2.9 4.7 pA
© e — 7.2 9.2
* @85°C
. @105°C — 13.2 16.1
— 33.4 39.4
Ipp_LLse |Low leakage stop mode current at 3.0 V 7
* @ 25°C — 2.9 4.7 HA
e @70°C — 7.2 9.2
e @ 85°C — 13.2 16.1
e @ 105°C — 33.4 39.4
Ipp_viss | Very low-leakage stop mode 3 current at 3.0 V
e @ 25°C — 2.2 34 pA
© e — 4.7 6.4
* @85°C
. @105°C — 8.1 10.6
— 18.8 23.8
Ipp_viLse |Very low-leakage stop mode 2 current at 3.0 V 7
© @25°C — 2.2 33 uA
e @70°C
— 4.5 6.1

20
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General

Table 7. Power consumption operating behaviors (through VDD)

Symbol | Description Min. Typ. Max. Unit Notes
* @85°C — 7.7 10.0
* @105°C — 175 22.0

1. 120 MHz core and system clock, 60 MHz bus and FlexBus clock, and 24 MHz flash clock. MCG configured for PEE
mode.

2. MCG configured for PEE mode.

3. 150 MHz core and system clock, 50 MHz bus and FlexBus clock, and 25 MHz flash clock. MCG configured for PEE
mode.

4. 25 MHz core and system clock, 25 MHz bus and FlexBus clock, and 25 MHz flash clock. MCG configured for FEI
mode.

5. 4 MHz core, system, FlexBus, and bus clock and 1 MHz flash clock. MCG configured for BLPE mode. Code executing
from flash.

6. MCG configured for BLPE mode.

7. By default, this mode has only 32K of SRAM enabled.

Below table list the current consumption adders for different SRAM configurations
from the LLS2/VLLS2 (TYP) IDD values using a 32 KB SRAM retention referenced
in Table 6.

Table 8. LLS2/VLLS2 additional Typical IDDC current consumption Adders

RAM array retained @ 25°C @ 85°C @ 105°C Unit
LLS2 RAM2: 32 KB 0.5 10.8 21.3 A
RAM3: 32 KB 0.5 11.0 215 pA
RAM4: 32 KB 0.4 10.7 21.0 pA
RAMS5: 128 KB 1.4 28.1 57.6 A
RAM6: 64 KB 0.6 15.2 30.5 pA
RAM7: 192 KB 2.1 41.1 85.1 A
RAMS: 256 KB 2.8 53.0 109.9 pA
RAM9: 256 KB 2.3 53.5 110.9 A
VLLS2 RAM2: 32 KB 0.5 9.1 19.7 LA
RAM3: 32 KB 0.5 8.5 18.0 pA
RAM4: 32 KB 0.5 8.1 16.8 HA
RAM5: 128 KB 1.5 26.6 57.1 pA
RAM®6: 64 KB 0.8 12.9 271 A
RAM7: 192 KB 2.3 40.2 86.6 HA
RAMS: 256 KB 3.0 52.9 114.3 pA
RAM9: 256 KB 3.0 53.1 114.8 A
Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017 21

NXP Semiconductors



Peripheral operating requirements and behaviors

Table 18. JTAG full voltage range electricals (continued)

Symbol Description Min. Max. Unit

* JTAG and CJTAG 25 — ns

* Serial Wire Debug 12.5 — ns
J4 TCLK rise and fall times — 3 ns
J5 Boundary scan input data setup time to TCLK rise 20 — ns
J6 Boundary scan input data hold time after TCLK rise 2.0 — ns
J7 TCLK low to boundary scan output data valid — 30.6 ns
J8 TCLK low to boundary scan output high-Z — 25 ns
J9 TMS, TDI input data setup time to TCLK rise 8 — ns
J10 TMS, TDI input data hold time after TCLK rise 1.0 — ns
J11 TCLK low to TDO data valid — 19.0 ns
J12 TCLK low to TDO high-Z — 17.0 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

(2) >
TCLK (input)
—» ¢+ —»

Figure 7. Test clock input timing

Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017

29

NXP Semiconductors



Peripheral operating requirements and behaviors

TCLK / \ / \ / \ /

, :
(D
TRST —\ e

Figure 10. TRST timing

3.2 Clock modules

3.2.1 MCG specifications
Table 19. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fins_tt | Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal VDD and 25 °C
fints_t Internal reference frequency (slow clock) — 31.25 — 39.0625 kHz
user trimmed
lints Internal reference (slow clock) current — 20 — A
tirefsts [O: ] Internal reference (slow clock) startup time — 32 — ys
Afyco_res t | Resolution of trimmed average DCO output — +0.3 +0.6 Y%ofdco 1

frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

Afyeo_res t | Resolution of timmed average DCO output — +0.2 +0.5 Yofaco 1
frequency at fixed voltage and temperature —
using SCTRIM only

Af4eo t | Total deviation of trimmed average DCO output — +1 +2 Yofaco 1
frequency over voltage and temperature

Afgeo t | Total deviation of trimmed average DCO output — +0.5 +1 Yofdco 1
frequency over fixed voltage and temperature
range of 0-70°C

fintf_tt Internal reference frequency (fast clock) — — 4 — MHz
factory trimmed at nominal VDD and 25°C

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

lintf Internal reference (fast clock) current — 25 — A

tirefsts [L: ] Internal reference startup time (fast clock) — 10 15 us

floc_low |LOss of external clock minimum frequency — (3/5) x — — kHz
RANGE = 00 fints_t

ext clk freq: above (3/5)fi,; never reset

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

2. Crystal startup time is defined as the time between the oscillator being enabled and the OSCINIT bit in the MCG_S
register being set.

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

3.2.4 32 kHz oscillator electrical characteristics

3.2.4.1 32 kHz oscillator DC electrical specifications
Table 23. 32kHz oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit
Veat Supply voltage 1.71 — 3.6 \
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 XTALS32 pins should only be connected to
required oscillator components and must not be connected to any other devices.

3.2.4.2 32 kHz oscillator frequency specifications
Table 24. 32 kHz oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosclo | Oscillator crystal — 32.768 — kHz
tstart Crystal start-up time — 1000 — ms 1
foc_extaizz | Externally provided input clock frequency — 32.768 — kHz 2
Vec extaiz2 | Externally provided input clock amplitude 700 — VeaT 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 VgaT-

—

3.3 Memories and memory interfaces
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Peripheral operating requirements and behaviors

3.3.1 QuadSPI AC specifications
» All data is based on a negative edge data launch from the device and a positive
edge data capture, as shown in the timing diagrams in this section.
* Measurements are with a load of 15 pf (1.8 V) and 35 pf (3 V) on output pins. Input

slew: 1 ns
* Timings assume a setting of 0x0000_000x for QuadSPI _SMPR register (see the

reference manual for details).

The following table lists the QuadSPI delay chain read/write settings. Refer the device
reference manual for register and bit descriptions.

Table 25. QuadSPI delay chain read/write settings

Mode QuadsSPI registers Notes
QuadSPI_MCR[DQ | QuadSPI_SOCCR[ | QuadSPI_MCR[SC | QuadSPI_FLSHCR[
S_EN] SOCCFG] LKCFG] TDH]
SDR Yes 3Fh 5 No Delay of 63
buffer and 64
mux
DDR Yes 3Fh 1 2 Delay of 63
buffer and 64
mux
Hyperflash RDS driven from Oh No 2 Delay of 1 mux
Flash
SDR mode
1 2 3
Clock S Y AT S ST S Y S SNY S ST S ST S B\ S A
.< Tck #
SFCK £ | £ W
y Tcss ’: :‘Tcsh’
cs \ (( z
Tis IE’
Data in - '
Figure 11. QuadSPI input timing (SDR mode) diagram
NOTE
* The below timing values are with default settings for
sampling registers like QuadSPI_SMPR.
38 Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017
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1 2 3
Clock L S Y Y S S R S AT S R S ST Sy 1 G
.< Tck #
SFCK +— | 4 SS T
¢ Tcss ': :‘Tcsh'
cs . () £
< Tov > SS
dohy
Data out ) ( XA ) G
Figure 14. QuadSPI output timing (DDR mode) diagram
Table 29. QuadSPI output timing (DDR mode) specifications
Symbol Parameter Value Unit
Min Max

Tov Output Data Valid - 45 ns

Toh Output Data Hold 1.5 - ns

Tex SCK clock period - 75 (with learning) MHz

- 45 (without learning)
Tess Chip select output setup time 2 - Clk(sck)
Tesh Chip select output hold time -1 - Clk(sck)
Hyperflash mode
Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017 41
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Read Timing Parameters
St S2 S3 S0

FB_CLK

FB_A[Y]

B ! . FB4
'FB2 - I

IR

.
| AA=1

FB_CSn \ [ w0 /

FB_OEnE \ / : 7

__\___ ___
¢}

FB_BEn \ L/

[}
electricals_read.sv!

FBTA | 1 1 N

FB_TSIZ[1:0] X - TSIz, : : ' X
S0 ' s s - s3 S0

Figure 17. FlexBus read timing diagram
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Peripheral operating requirements and behaviors

3.4.1.1 ADC operating conditions
Table 40. ADC operating conditions

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vopa |Supply voltage |Absolute 1.71 — 3.6 \'
AVppa Supply voltage Delta to Vpp (Vpp — Vbpa) -100 0 +100 mV
AVggp Ground voltage Delta to Vgg (Vss— Vssa) -100 0 +100 mV
VREFH ADC reference 1.13 VDDA VDDA \Y
voltage high
VREFL ADC reference VSSA VSSA VSSA \Y
voltage low
Vapin | Input voltage ¢ 16-bit differential mode | VREFL — 31/32 x \Y
VREFH
¢ All other modes VREFL — VREFH
CADIN Input e 8-bit / 10-bit / 12-bit — 4 5 pF
capacitance modes
Rapin | Input series — 2 5 kQ
resistance
Ras Analog source  |13-bit/ 12-bit modes 3
resistance
(external) fADCK <4 MHz —_— _— 5 kQ
fapck |ADC conversion |< 13-bit mode 1.0 — 18.0 MHz 4
clock frequency
Crate ADC conversion |< 13-bit modes 5
rate No ADC hardware averaging | 20.000 — 818.330 | KkS/s
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.

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

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

N
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Figure 24. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 1)

3.4.3 12-bit DAC electrical characteristics

3.4.3.1 12-bit DAC operating requirements
Table 43. 12-bit DAC operating requirements

Symbol | Desciption Min. Max. Unit Notes
Vbpa Supply voltage 3.6 \'
Vpacr 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 VRepn-
2. A small load capacitance (47 pF) can improve the bandwidth performance of the DAC.

56 Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017
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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

DAC12 INL (LSB)
o

2

-4

-6

-8

0 500 1000 1500 2000 2500 3000 3500 4000
Digital Code
Figure 25. Typical INL error vs. digital code
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©
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>
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D 14975
3
z
s
N
3)
<
O 1497
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-40 25 55 85 105 125
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Figure 26. Offset at half scale vs. temperature
3.4.4 Voltage reference electrical specifications
Table 45. VREF full-range operating requirements
Symbol | Description Min. Max. Unit Notes
Vppa Supply voltage 3.6 \
Ta Temperature Operating temperature °C
range of the device
C. Output load capacitance 100 nF 1,2

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

reference.

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

Kinetis K28F MCU Sub-Family, Rev. 4, 03/2017

59

NXP Semiconductors



Peripheral operating requirements and behaviors

DSPI_PCSn )( N X
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Figure 27. DSPI classic SPI timing — master mode

Table 52. Slave mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \'
Frequency of operation — 151 MHz

DS9 DSPI_SCK input cycle time 4 x tgys — ns

DS10 DSPI_SCK input high/low time (tsck/2) -2 | (tgck/2) +2 ns

DS11 DSPI_SCK to DSPI_SOUT valid — 23.0 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 2.7 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7.0 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 13 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 13 ns

1. The maximum operating frequency is measured with non-continuous CS and SCK. When DSPI is configured with
continuous CS and SCK, there is a constraint that SPI clock should not be greater than 1/6 of bus clock, for example,
when bus clock is 60MHz, SPI clock should not be greater than 10MHz.
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Table 60. 12C 1 Mbps timing (continued)

Characteristic Symbol Minimum Maximum Unit
Set-up time for STOP condition tsy; STO 0.26 — ps
Bus free time between STOP and START tBUF 0.5 — us
condition
Pulse width of spikes that must be suppressed by tsp 0 50 ns
the input filter

1. The maximum SCL clock frequency of 1 Mbps can support maximum bus loading when using the High drive pins across

the full voltage range.
2. Cy = total capacitance of the one bus line in pF.

tsu; pam-| <t

R - >
tHp; DAT thicH

Figure 31. Timing definition for devices on the I°C bus

3.6.7 LPUART switching specifications

See General switching specifications.

3.6.8 SDHC specifications

The following timing specs are defined at the chip I/O pin and must be translated
appropriately to arrive at timing specs/constraints for the physical interface.

Table 61. SDHC full voltage range switching specifications

Num Symbol | Description Min. Max. Unit
Operating voltage 1.71 3.6 \
Card input clock
SD1 fpp Clock frequency (low speed) 0 400 kHz
fpp Clock frequency (SD\SDIO full speed\high speed) 0 25/45 MHz
fpp Clock frequency (MMC full speed\high speed) 0 25/45 MHz
fop Clock frequency (identification mode) 0 400 kHz

Table continues on the next page...
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Figure 38. 12S/SAl timing — slave modes

4 Dimensions

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

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

If you want the drawing for this package Then use this document number
169-pin MAPBGA 98ASA00628D
210-pin WLCSP 98ASA01002D

For additional packaging assembly information on MAPBGA, refer to applications note
AN4982.

For additional packaging assembly information on WLCSP, refer to applications note
AN3846.

5 Pinout
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Table 69. Recommended connection for unused analog interfaces (continued)

potential

Pin Type K28F Short recommendation Detailed recommendation

uSB USB0_DM Float Float

uUsB VREG_OUT Tie to input and ground Tie to input and ground
through 10 kQ through 10 kQ

uUSB VREG_INO Tie to output and ground Tie to output and ground
through 10 kQ through 10 kQ

USB VREG_IN1 Tie to output and ground Tie to output and ground
through 10 kQ through 10 kQ

USB USB1VSS Always connect to VSS Always connect to VSS

uSB USB1_DP Float Float

uSB USB1_DM Float Float

uSB USB_VBUS Float Float

VBAT VBAT Float Float

VDDA VDDA Always connect to VDD Always connect to VDD
potential potential

VREFH VREFH Always connect to VDD Always connect to VDD
potential potential

VREFL VREFL Always connect to VSS Always connect to VSS
potential potential

VSSA VSSA Always connect to VSS Always connect to VSS

potential

5.3 K28F Pinouts

The pinout diagrams are provided in an Excel file attached to this document:
1. Click the paperclip symbol on the left side of the PDF window.
2. Double-click on the Excel file to open it.

3. Select the respective package tab.

Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.

6 Ordering parts
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