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e 32-40 kHz, or 3—-32 MHz crystal oscillator * Secure Real time clock
¢ 1 kHz LPO clock * 56-bit software time stamp timer at 1 MHz
¢ 8/2 MHz slow internal reference clock (SIRC)
 Peripheral Clock Control (PCC) module that Security and integrity modules
supports asynchronous clocking and clock divide ¢ 80-bit unique identification number per chip
options for peripherals. * MMCAU supports acceleration of the DES, 3DES,
AES, MD5, SHA-1, and SHA-256 algorithms
Human-machine interface e True Random Number Generator (TRNG)
* General-purpose input/output up to 97
* Low-power hardware touch sensor interface (TSI) Operating Characteristics

* Voltage range: 1.71t0 3.6 V
* Temperature range: —40 to 105 °C

NOTE

The 121-pin packages for this product is not yet available. However, it is included in a
Package Your Way program for Kinetis MCUs. Visit nxp.com/KPYW for more
details.

Ordering Information 1

Part Number Memory Package 10 and ADC channels
Flash (KB) | SRAM (KB) Pin count Package GPIOs GPIOs ADC
(INT/HD) channels
(SE/DP)
MKL28Z2512V 512 128 100 LQFP 82 82/8 27/4
LL7
MKL282512V 512 128 121 XFBGA 97 97/8 27/4
DC72

1. To confirm current availability of ordererable part numbers, go to http://www.nxp.com and perform a part number search.

2. Package Your Way.

Related Resources

Type Description Resource
Selector The NXP Solution Advisor is a web-based tool that features interactive | Solution Advisor
Guide application wizards and a dynamic product selector.

Product Brief |The Product Brief contains concise overview/summary information to KL2XPB!
enable quick evaluation of a device for design suitability.
Reference The Reference Manual contains a comprehensive description of the MKL28ZRM'
Manual structure and function (operation) of a device.
Data Sheet The Data Sheet includes electrical characteristics and signal MKL28Z512Vxx7?

connections.

Chip Errata The chip mask set Errata provides additional or corrective information for |KINETIS_L_1N52N'
a particular device mask set.

Package Package dimensions are provided in package drawings. * 121-XFBGA:
drawing 98ASA00595D"
e 100-LQFP:
98ASS23308W'*

1. To find the associated resource, go to http://www.nxp.com and perform a search using this term.
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General

1.4 Voltage and current operating ratings
Table 4. Voltage and current operating ratings

Symbol Description Min. Max. Unit
Vb Digital supply voltage -0.3 3.8 \Y
Ibp Digital supply current — 120 mA
Vio 10 pin input voltage -0.3 Vpp + 0.3 \'

Ip Instantaneous maximum current single pin limit (applies to -25 25 mA
all port pins)

Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \'
Vuse_pp USB_DP input voltage -0.3 3.63 \
VusB_ DM USB_DM input voltage -0.3 3.63 \
VREGIN USB regulator input -0.3 6.0 \Y

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

Input Signal Midpoint1

v
Fall Time —> F— E—— Rise Time

The mldpomt is V||_ + (V|H - V||_) /2
Figure 2. Input signal measurement reference

All digital I/O switching characteristics, unless otherwise specified, assume that the
output pins have the following characteristics.

* C; =30 pF loads

* Slew rate disabled

* Normal drive strength
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General

Table 6. Vpp supply LVD, HVD, and POR operating requirements (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Vivon |Falling low-voltage detect threshold — high 2.48 2.56 2.64 \% —
range (LVDV = 01)
Low-voltage warning thresholds — high range 1
VLVW1H e Level 1 falllng (LVWV = 00) 262 2.70 278 v
VivwaH e Level 2 falllng (LVWV = 01) 279 2.80 288 v
Vi vwaH * Level 3 falling (LVWV = 10) > 80 290 598 Vv
VLVW4H e Level 4 falllng (LVWV = 11) 292 3.00 3.08 v
Vuysy | Low-voltage inhibit reset/recover hysteresis — — +60 — mV —
high range
VivoL |Falling low-voltage detect threshold — low 1.54 1.60 1.66 Vv —
range (LVDV=00)
Low-voltage warning thresholds — low range 1
VivwiL e Level 1 falllng (LVWV = 00) 1.74 1.80 1.86 v
VivwaL ¢ Level 2 falling (LVWV = 01) 184 1.90 1.96 Vv
VivwaL * Level 3 falling (LVWV = 10) 194 200 06 v
Vva4|_ e Level 4 falllng (LVWV =1 1) 204 210 216 v
Vhyse | Low-voltage inhibit reset/recover hysteresis — — +40 — mV —
low range
Veg Bandgap voltage reference 0.97 1.00 1.03 \ —
tLpo Internal low power oscillator period — factory 900 1000 1100 us —
trimmed
VuvpoL | High voltage detect threshold — low range 3.4 3.5 3.6 \ 2
(HVDV=0) — Rising
High voltage detect threshold — low range 3.35 3.45 3.55
(HVDV=0) — Falling
Vyvpy | High voltage detect threshold — high range 3.65 3.75 3.85 \ 2
(HVDV=1) — Rising
High voltage detect threshold — high range 3.6 3.7 3.8
(HVDV=1) — Falling
Vuysy  |High voltage detect hysteresis — low range — 50 — mV —
(HVDV=0)
High voltage detect hysteresis — high range — 50 —
(HVDV=1)
1. Rising thresholds are falling threshold + hysteresis voltage
2. The selection of high voltage detect trip voltage is controlled by PMC_HVDSC1[HVDV].
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General

2.2.3 Voltage and current operating behaviors
Table 7. Voltage and current operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Vou Output high voltage — Normal drive pad 1
e 27V<Vpp<s36V,lgg=—5mA Vpp — 0.5 . Vv
e 171V <Vpp <27V, loy=—2.5mA Voo — 0.5 . v
Vou Output high voltage — High drive pad 1
¢ 27V<Vpps36V,lpy=—20mA Vop — 0.5 i Vv
¢« 1.71V<Vpp<27V,lop=—10mA Vo — 0.5 . v

louT Output high current total for all ports — 100 mA
VoL Output low voltage — Normal drive pad 1
¢ 27V<=sVpp=s36V,lg.=5mA . 05 Vv
e 171V <Vpp<27V,lo.=25mA . 0.5 v
VoL Output low voltage — High drive pad 1
¢ 27V <=Vpp=3.6V,Ig. =20mA . 05 Vv
e 171V <Vpp<27V,lo =10 mA . 05 v
loLt Output low current total for all ports — 100 mA
Iin Input leakage current (per pin) for full — 1 A 2
temperature range
N Input leakage current (per pin) at 25 °C — 0.025 A
Iin Input leakage current (total all pins) for full — 41 A
temperature range
loz Hi-Z (off-state) leakage current (per pin) — 1 A
Rpy Internal pullup resistors 20 50 kQ 3

1. PTBO, PTB1, PTC3, PTC4, PTD4, PTD5, PTD6 and PTD7 I/O have both high drive and normal drive capability
selected by the associated PORTx_PCRnN[DSE] control bit. All other GPIOs are normal drive only. PTD4, PTD5,
PTD6, PTD7, PTE20, PTE21, PTE22, and PTE23 are also fast pins.

2. Measured at Vpp=3.6 V

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

2.2.4 Power mode transition operating behaviors
All specifications in the following table assume this clock configuration in Run mode:

* CPU and system clocks = 48 MHz

* Bus and flash clock = 24 MHz

* SCG configured in FIRC mode; peripheral functional clocks from
FIRCDIV3_CLK and USB clock from FIRCDIV1_CLK

Kinetis KL28Zxxx with 512 KB Flash and 128 KB SRAM, Rev. 2.1, 06/2016 9
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xxDIV3, xxDIV2, and xxDIV1 in SCG_SIRCDIV register. PLL, SOSC, and FIRC disabled by clearing
SCG_SPLLCSR[SPLLEN], SCG_SOSCCSR[SOSCEN], and SCG_FIRCCSRI[FIRCEN].

12. No brownout

Table 10. Low power mode peripheral adders — typical value

General

Symbol

Description

Temperature (°C)

Unit

25

50

70

85

105

|[EREFSTENSMHZ

External 8 MHz crystal clock adder with
System OSC. Measured by entering
VLPS mode with the crystal enabled
(SCG_SOSCCFG[RANGE] = 10,
SCG_SOSCCFG[HGO] =0,
SCG_SOSCCFG[EREFS] =1, and
SC2P/SC4P/SC8P = 0).

402.9

462.1

477.5

492

506.2

530.4

uA

|EREFSTEN32KHzZ

External 32 kHz crystal clock adder
with System OSC by means of
SCG_SOSCCFG[RANGE] = 01,
SCG_SOSCCFG[HGO] =0,
SCG_SOSCCFG[EREFS] =1, and
SC2P/SC4P/SC8P = 0. Measured by
entering all the following modes with
the crystal enabled:

e VLLS1

e VLLS3
e LLS3
* VLPS
e STOP

373.9
568.4
582.8
472.4
528.0

539.2
552.6
565.0
635.2
534.1

612.3
650.8
615.5
776.9
636.6

644.9
757.9
7971
425.6
9600

523.7
995.6
968.5
1500
20300

1000
1400
1700
2800
40900

nA

lLPTMR

LPTMR peripheral adder measured by
placing the device in VLLS1 mode with
LPTMR enabled using LPO clock.

151.0

7.7

21.8

7.6

174.0

31.0

nA

lemp

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

18.8

19.6

19.9

20.0

20.4

20.5

A

lrTC

RTC peripheral adder measured by
placing the device in VLLS1 mode and
the RTC ALARM set for 1 minute.
Includes selected clock source power
consumption.
e OSC32KCLK (32KHz external
crystal)
e LPO (internal 1K Hz Low Power
Oscillator)

116.0

35.0

1400

1400

1400

1400

1500

1600

1500

1400

120.0

120.0

nA

ILPUART

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

Table continues on the next page...
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Table 10. Low power mode peripheral adders — typical value (continued)

General

Symbol

Description

Temperature (°C)

Unit

25

50 70 85

105

lwboa

WDOG peripheral adder measured by
placing the device in STOP mode,
WDOG is configured to time out at 1
second. Includes selected clock source
power consumption.
¢ Slow IRC clock from SCG (8
MHz internal reference clock)

e OSCERCLK (8 MHz external
crystal)

¢ LPO (internal 1 kHz Lower
Power Oscillator)

68.8

56.0

68.5

10.1

57.1

69.2 | 69.9 | 71.7

10.1 102 | 10.5

58.6 | 58.5 | 58.6

72.6

10.7

60.0

A

IsiRc_sMHz

SIRC adder when SIRC is configured
to 8 MHz. Measured by entering VLPS
mode with 8 MHz IRC enabled, and
SIRCDIV1, SIRCDIV2, SIRCDIV3
=000.

67.2

63.0

63.3 | 63.2 | 63.3

63.6

A

IsiRc_2MHz

SIRC adder when SIRC is configured
to 2 MHz. Measured by entering STOP
or VLPS mode with 2 MHz IRC
enabled, and SIRCDIV1, SIRCDIV2,
SIRCDIV3 =000.

22.3

21.2

214 | 215 | 217

214

A

2.2.5.1 Diagram: Typical IDD_RUN operating behavior

The following data was measured under these conditions:

* SCG is configured as SPLL mode with SOSC as the clock source for RUN mode
current measurement, and as SIRC mode for VLPR mode current measurement

USB regulator disabled
No GPIOs toggled
Code execution from flash with cache enabled
For the ALLOFF curve, all peripheral clocks are disabled except FTFA

For the ALLON curve, all peripheral clocks are enabled as specified in notes of

Power consumption operating behaviors.

Kinetis KL28Zxxx with 512 KB Flash and 128 KB SRAM, Rev. 2.1, 06/2016
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System Clock Generation (SCG) specifications

Table 20. System PLL Specifications
(continued)

Symbol | Description Min. Typ. Max. Unit Notes
Jace_pll PLL accumilated jitter over 1 ps (RMS) 2

* fueo = 180 MHz — 600 — ps

* fueo = 288 MHz — 300 —

Duni Lock exit frequency tolerance +4.47 — +5.97 %
toil_lock Lock detector detection time — — 150 x 106 S 3
+1075(1/
foi_ref )

—_

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

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

3. This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL

disabled to PLL enabled. If a crystal/resonator is being used as the reference, this specification assumes it is already

running.

3.3.2 Oscillator electrical specifications

3.3.2.1 Oscillator DC electrical specifications
Table 21. Oscillator DC electrical specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.71 — 3.6 \
Ipbosc | Supply current — low-power mode (HGO=0) 1
e 32 kHz — 500 — nA
* 4 MHz — 200 — A
* 8 MHz (RANGE=01) — 300 — pA
e 16 MHz — 950 — pA
* 24 MHz — 1.2 — mA
e 32 MHz — 1.5 — mA
Ipbosc | Supply current — high gain mode (HGO=1) 1
e 32 kHz — 25 — A
* 4 MHz — 400 — pA
* 8 MHz (RANGE=01) — 500 — pA
* 16 MHz — 2.5 — mA
* 24 MHz — 3 — mA
e 32 MHz — 4 — mA

Table continues on the next page...
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System Clock Generation (SCG) specifications

3.3.2.2 Oscillator frequency specifications
Table 22. Oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes

fosc_lo | Oscillator crystal or resonator frequency — low- 32 — 40 kHz
frequency range
(SCG_SOSCCFG[RANGE]=01)

fosc_ni 1 | Oscillator crystal or resonator frequency — 1 — 8 MHz
medium frequency range
(SCG_SOSCCFG[RANGE]=10)

fosc_ni_2 | Oscillator crystal or resonator frequency — high 8 — 32 MHz
frequency range
(SCG_SOSCCFG[RANGE]=11)

fec_exta | INput clock frequency (external clock mode) — — 48 MHz 1,2
tac_extat | INput clock duty cycle (external clock mode) 40 50 60 %
test Crystal startup time — 32 kHz low-frequency, — 750 — ms 3,4,5
low-power mode (HGO=0)
Crystal startup time — 32 kHz low-frequency, — 250 — ms
high-gain mode (HGO=1)
Crystal startup time — 8 MHz medium — 0.6 — ms

frequency (SCG_SOSCCFG[RANGE]=11), low-
power mode (HGO=0)

Crystal startup time — 8 MHz medium — 1 — ms
frequency (SCG_SOSCCFG[RANGE]=10),
high-gain mode (HGO=1)

—_

. Other frequency limits may apply when external clock is being used as a reference for the PLL.

2. When transitioning to system PLL mode, restrict the frequency of the input clock so that, when it is divided by PREDIV, it
remains within the limits of the PLL reference 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 SCG_SOSCCSR[SOSCVLD]
being set.

5. Crystal startup time is dependent on external crystal and/or resonator and loading capacitance as well as series

resistance.

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.

30 Kinetis KL28Zxxx with 512 KB Flash and 128 KB SRAM, Rev. 2.1, 06/2016
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ADC electrical specifications

3.4.1.4 Reliability specifications
Table 26. NVM reliability specifications

Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash
thvmretptok | Data retention after up to 10 K cycles 5 50 — years —
tmretp1k | Data retention after up to 1 K cycles 20 100 — years —
Nrvmeyep | 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 < Tj < 125 °C.

3.5 Security and integrity modules

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

3.6 Analog

3.6.1 ADC electrical specifications

3.6.1.1 16-bit ADC operating conditions
Table 27. 16-bit ADC operating conditions

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vppa Supply voltage  |Absolute 1.71 — 3.6 \Y —
AVppa |Supply voltage |Delta to Vpp (Vpp — Vopa) -100 0 +100 mV 2
AVgsp |Ground voltage |Delta to Vgg (Vss — Vssa) -100 0 +100 mV 2
VaDIN Input voltage ¢ 16-bit differential mode | VREFL — 31/32 x \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 16-bit modes 3,4
resistance e fapck > 8 MHz — — 0.5 kQ

Table continues on the next page...

32 Kinetis KL28Zxxx with 512 KB Flash and 128 KB SRAM, Rev. 2.1, 06/2016
NXP Semiconductors




ADC electrical specifications

1LSB = (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 ]
o)
> 13.50
w
13.20
12.90
12.60
Hardware Averaging Disabled
12.30 —— Averaging of 4 samples
. —— Averaging of 8 samples
12.00 —— Averaging of 32 samples

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

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

Typical ADC 16-bit Single-Ended ENOB vs ADC Clock

100Hz, 90% FS Sine Input
14.00

13.75

13.50

13.25

13.00

12.75

12.50

ENOB

12.25

12.00

11.75

11.50

11.25

—— Averaging of 4 samples
—— Averaging of 32 samples

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

11.00

Figure 9. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode

3.6.2 Voltage reference electrical specifications
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ADC electrical specifications

3.6.4.2 12-bit DAC operating behaviors
Table 35. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pact | Supply current — low-power mode — — 250 A
P
Ippa_pacH | Supply current — high-speed mode — — 900 MA
P
tpacLp | Full-scale settling time (0x080 to OxF7F) — — 100 200 ps 1
low-power mode
toacHp | Full-scale settling time (0x080 to OxF7F) — — 15 30 ys 1
high-power mode
tcepacLp |Code-to-code settling time (OxBF8 to — 0.7 1 ps 1
0xC08) — low-power mode and high-
speed mode
Vgacoutt |DAC output voltage range low — high- — — 100 mV
speed mode, no load, DAC set to 0x000
Vdacouth |DAC output voltage range high — high- VpacRr — VpaCR mV
speed mode, no load, DAC set to OxFFF -100
INL Integral non-linearity error — high speed — — +8 LSB 2
mode
DNL |Differential non-linearity error — Vpacgr > 2 — — +1 LSB 3
\Y
DNL |Differential non-linearity error — Vpacgr = — — +1 LSB 4
VREF_OUT
VorrseT |Offset error — +0.4 .8 %FSR
Eg Gain error — +0.1 +0.6 %FSR
PSRR |Power supply rejection ratio, Vppa = 2.4V 60 — 90 dB
Tco |Temperature coefficient offset voltage — 3.7 — pv/C 6
Tce Temperature coefficient gain error — 0.000421 — %FSR/C
Rop  |Output resistance (load = 3 kQ) — — 250 Q
SR Slew rate -80h— F7Fh— 80h V/us
* High power (SPyp) 1.2 1.7 —
* Low power (SP_p) 0.05 0.12 —
BW 3dB bandwidth kHz
¢ High power (SPyp) 550 — —
* Low power (SPp) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to 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 Vpacgr — 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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ADC electrical specifications

The interface is designed to be used with synchronous Smart cards, meaning the EMV
SIM module provides the clock used by the Smart card. The clock frequency is
typically 372 times the Tx/Rx data rate; however, the EMV SIM module can also work
with CLK frequencies of 16 times the Tx/Rx data rate.

There is no timing relationship between the clock and the data. The clock that the EMV
SIM module provides to the Smart card is used by the Smart card to recover the clock
from the data in the same manner as standard UART data exchanges. All five signals of
the EMV SIM module are asynchronous with each other.

There are no required timing relationships between signals in normal mode. The smart
card is initiated by the interface device; the Smart card responds with Answer to Reset.
Although the EMV SIM interface has no defined requirements, the ISO/IEC 7816

defines reset and power-down sequences (for detailed information see ISO/IEC 7816).

I Si10
-

|
| |
EMVSIMn_PD X

|

| |

| |
EMVSIMn_RST |

JTUUUU T

EMVSIMn_CLK

EMVSIMn_IO

|
|
|
|
|
|
|
|
|
|
i
|
|
|
i
|
SI9 |

EMVSIMn_VCCEN

-t -

Figure 14. EMV SIM Clock Timing Diagram
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ADC electrical specifications

ss!
(OUTPUT)
\
4—@—»
SPSCK @ ~ ™ :
— — |

(CPOL=0)
(OUTPUT) —/ \ Y N\ \ / \

SPSCK <> <5~ 0> j=— - =19
(CPOL=1) 3\ /‘ \ : 3 I
(OUTPUT) ! ] ! \ / \

(Il\l\/llllDSL?r) - MSB IN2 / BIT6...1 LSBIN

|

—> —
MOSI
outpur) PORT DATAXMASTER MSB OUT{( BIT6.. . 1

>< MASTER LSB OUT>< PORT DATA ><

17U

1.If configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 19. LPSPI master mode timing (CPHA = 1)

Table 43. LPSPI slave mode timing on slew rate disabled pads

Num Symbol | Description Min. Max. Unit Note
1 fop Frequency of operation 0 foeripn/4 Hz 1
2 tspsck | SPSCK period 4 X tperiph — ns 2
3 tLead Enable lead time 1 — toeriph —
4 tLag Enable lag time 1 — tperiph —
5 twspsck | Clock (SPSCK) high or low time tperiph - 30 — ns —
6 tsu Data setup time (inputs) 25 — ns —
7 th Data hold time (inputs) 3.5 — ns —
8 ta Slave access time — tperiph ns 3
9 tais Slave MISO disable time — tperiph ns 4
10 ty Data valid (after SPSCK edge) — 31 ns —
11 tho Data hold time (outputs) 0 — ns —
12 tRi Rise time input — tperiph - 25 ns —

e Fall time input
13 tro Rise time output — 25 ns —
tro Fall time output

foeriph is the LPSPI peripheral functional clock
tperiph = 1/fperiph

Time to data active from high-impedance state
Hold time to high-impedance state

PN
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ADC electrical specifications
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Figure 23. 12S/SAl timing — slave modes

3.8.7.2 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 48. 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 \

S 12S_MCLK cycle time 62.5 — ns

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 12S_TX_FS/ — 45 ns
12S_RX_FS output valid

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

S7 12S_TX_BCLK to 12S_TXD valid — 45 ns

S8 12S_TX_BCLK to I12S_TXD invalid — ns

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

S10 12S_RXD/12S_RX_FS input hold after 0 — ns
12S_RX_BCLK
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Design considerations

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 nxp.com and perform a part number search for the
following device numbers: PK1.28Z and MKL.287Z

7 Design considerations

7.1 Hardware design considerations

This device contains protective circuitry to guard against damage due to high static
voltage or electric fields. However, take normal precautions to avoid application of any
voltages higher than maximum-rated voltages to this high-impedance circuit.

7.1.1 Printed circuit board recommendations

* Place connectors or cables on one edge of the board and do not place digital circuits
between connectors.

* Drivers and filters for I/O functions must be placed as close to the connectors as
possible. Connect TVS devices at the connector to a good ground. Connect filter
capacitors at the connector to a good ground.

* Physically isolate analog circuits from digital circuits if possible.

* Place input filter capacitors as close to the MCU as possible.

* For best EMC performance, route signals as transmission lines; use a ground plane
directly under LQFP/MAPBGA packages.

7.1.2 Power delivery system

Consider the following items in the power delivery system:

* Use a plane for ground.

* Use a plane for MCU VDD supply if possible.

* Always route ground first, as a plane or continuous surface, and never as sequential
segments.

* Route power next, as a plane or traces that are parallel to ground traces.

* Place bulk capacitance, 10 puF or more, at the entrance of the power plane.

* Place bypass capacitors for MCU power domain as close as possible to each
VDD/VSS pair, including VDDA/VSSA and VREFH/VREFL.

68 Kinetis KL28Zxxx with 512 KB Flash and 128 KB SRAM, Rev. 2.1, 06/2016
NXP Semiconductors


http://www.nxp.com

Design considerations

e The minimum bypass requirement is to place 0.1 uF capacitors positioned as near
as possible to the package supply pins.

» The VREG_IN voltage range is 2.7 V to 5.5 V. Typically, 5.0V is applied here. If
USB module is used, this pin must be powered to make the USB transceiver also
powered. It is recommended to include a filter circuit with one bulk capacitor (no
less than 2.2 uF) and one 0.1 pF capacitor to VREG_IN at this pin to improve
USB performance. Total capacitors on VBUS should be less than 10 pF.

» Take special care to minimize noise levels on the VREFH/VREFL inputs. An
option is to use the internal reference voltage (output 1.2 V or 2.1 V typically) as
the ADC reference.

NOTE
The internal reference voltage output (VREF_OUT) is
bonded to the VREFH pin. When the VREF_OUT output is
used, a 0.1 pF capacitor is required as a filter. Do not
connect any other supply voltage to the pin that has

VREF_OUT activated.

7.1.3 Analog design

Each ADC input must have an RC filter as shown in the following figure. The
maximum value of R must be smaller than RAS max if high resolution is required.
The value of C must be chosen to ensure that the RC time constant is very small
compared to the sample period. See AN4373: Cookbook for SAR ADC
Measurements for how to select proper RC values.

MCU

Input signal 1 2 o ADCx

us)
| 2);1—

Figure 28. RC circuit for ADC input

High voltage measurement circuits require voltage division, current limiting, and
overvoltage protection as shown the following figure. The voltage divider formed by
R1 — R4 must yield a voltage less than or equal to VREFH. Typically, VREFH is
connected to VDDA. The current must be limited to less than the negative injection
current limit. Since the ADC pins do not have diodes to VDD, external clamp diodes
must be included to protect against transient over-voltages.
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Design considerations

The RESET_b pin is an open-drain I/O pin that has an internal pullup resistor. An
external RC circuit is recommended to filter noise as shown in the following
figure. The resistor value must be in the range of 4.7 kQ) to 10 kQ); the

recommended capacitance value is 0.1 uF. The RESET_b pin also has a selectable
digital filter to reject spurious noise.

VDD MCU

10k

RESET_b

RESET_b

0.1uF

I||2 I‘I 2

Figure 30. Reset circuit

When an external supervisor chip is connected to the RESET_b pin, a series
resistor must be used to avoid damaging the supervisor chip or the RESET_b pin,
as shown 1n the following figure. The series resistor value (RS below) must be in
the range of 100 ( to 1 kQ depending on the external reset chip drive strength.
The supervisor chip must have an active high, open-drain output.

Supervisor Chip VDD MCU
% 10k
ouT 12 RESET_b
Active high, RS :L
open drain 0.1uF
[aV]

Figure 31. Reset signal connection to external reset chip
e NMI pin
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Design considerations

Connect the pull up resistor to VDD_MCU for the pins like RESET and NMI. For
other pull up resistor, do not use VDD_MCU.

7.1.5 Crystal oscillator

When using an external crystal or ceramic resonator as the frequency reference for the
MCU clock system, refer to the following table and diagrams.

The feedback resistor, RF, is incorporated internally with the low power oscillators. An
external feedback is required when using high gain (HGO=1) mode. In harsh EMC
environment, it is recommended to use high gain mode. For low frequency (32 to 40
kHz), switching between high gain and low power is not supported.

The series resistor, RS, is used to limit current to external crystal or resonator to avoid
overdrive, and is required in high gain (HGO=1) mode when the crystal or resonator
frequency is below 2 MHz. The low power oscillator (HGO=0) must not have any
series resistor RS.

Internal load capacitors (Cx, Cy) are provided in the low frequency (32.786kHz) mode.
Use the SCxP bits in the SCG_SOSCCEFG register to adjust the load capacitance for the
crystal. Typically, values of 10 pf to 16 pF are sufficient for 32.768 kHz crystals that
have a 12.5 pF CL specification. The internal load capacitor selection must not be used
for high frequency crystals and resonators. See crystal or resonator manufacturer's
recommendation for parameters about load capacitance and RF.

Table 51. External crystal/resonator connections

Oscillator mode Diagram
Low frequency (32 kHz-40 kHz), low power Diagram 1
Low frequency (32 kHz-40 kHz), high gain Diagram 2, Diagram 4
High/Medium frequency (1-32 MHz), low power Diagram 3
High/Medium frequency (1-32MHz), high gain Diagram 4
OSCILLATOR
EXTAL XTAL
1 M2 |
Ll

CRYSTAL

Figure 35. Crystal connection — Diagram 1
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Terminology and guidelines

9.3 Typical-value conditions

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

Symbol Description Value Unit
Ta Ambient temperature 25 °C
Vpp Supply voltage 3.3 \

9.4 Relationship between ratings and operating requirements

\«(\‘\N \((\’2»*)
N ot ot o
. g\“\ N e . g\“\
NN "\ “\ NN
@ & & @
9 50 0 309
o o o o
oe o° oe o®
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range
Expected permanent failure - No permanent failure - No permanent failure - No permanent failure Expected permanent failure

- Possible decreased life - Correct operation - Possible decreased life

- Possible incorrect operation - Possible incorrect operation

—c0 0
Operating (power on)
) D
«" «"
&’5‘“\9 &’5&\%
o o
we® we®
Fatal range Handling range Fatal range
Expected permanent failure No permanent failure Expected permanent failure
—0 0

Handling (power off)

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

* Never exceed any of the chip’s ratings.

* During normal operation, don’t exceed any of the chip’s operating requirements.

* If you must exceed an operating requirement at times other than during normal
operation (for example, during power sequencing), limit the duration as much as
possible.
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Revision History

10 Revision History

The following table provides a revision history for this document.

Table 53. Revision History

Rev. No. Date Substantial Changes
0 08/2015 Initial release
1 10/2015 * Removed "Ready Play module (RPM)" from the features list

* Added "96 MHz high speed mode" to the features list under "Core"
* Updated the values in the following sections:
Voltage and current operating requirements
Power mode transition operating behaviors
EMC radiated emissions operating behaviors
General switching specifications
Oscillator frequency specifications
16-bit ADC operating conditions
LPSPI switching specifications
* LPI2C specifications
* Created new table for topic "Power consumption operating behaviors"
¢ Updated the pinouts
* Updated the "Terminology and guidelines" section to a new format

2 04/2016 * Removed 64-pin package information and marked 121-pin package information as
"Package Your Way"
¢ Updated the values in Power mode transition operating behaviors
* Updated values and resolved TBDs in Power consumption operating behaviors
* In section Diagram: Typical IDD_RUN operating behavior :
¢ Added "For the ALLON curve, all peripheral clocks are enabled as specified in
notes of Table 9."
¢ Updated figures
¢ Updated table in Slow IRC (SIRC) specifications
* Removed section "Specification Test Methods"
* In table VREF full-range operating behaviors, removed the user trim values and
updated the factory trim values

2.1 06/2016 ¢ |n table Table 10 Low power mode peripheral adders — typical value, removed
lusB_alive
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