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Ordering Information1

Part Number Memory Maximum number of NO's
Flash (KB) SRAM (KB)
MKLO03Z8VFG4(R) 8 2 14
MKL03Z16VFG4(R) 16 2 14
MKLO03Z32VFG4(R) 32 2 14
MKL03Z32CAF4R 32 2 18
MKL03Z32CBF4R 32 2 18
MKLO3Z8VFK4(R) 8 2 22
MKL03Z16VFK4(R) 16 2 22
MKLO3Z32VFK4(R) 32 2 22

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

Related Resources

Type Description Resource

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

Product Brief The Product Brief contains concise overview/summary information to | KLO3PB
enable quick evaluation of a device for design suitability.

Reference The Reference Manual contains a comprehensive description of the |KL03P24M48SFORM!
Manual structure and function (operation) of a device.
Data Sheet The Data Sheet includes electrical characteristics and signal KLO3P24M48SF0'
connections.
Chip Errata The chip mask set Errata provides additional or corrective KL0O3Z_xN86K?
information for a particular device mask set.
Package Package dimensions are provided in package drawings. QFN 16-pin: 98ASA00525D
drawing QFN 24-pin: 98ASA00602D'

WLCSP 20-pin: 98ASA00676D'

WLCSP 20-pin (ultra thin):
98ASA00964D'

1. To find the associated resource, go to http://www.nxp.com and perform a search using this term.
2. To find the associated resource, go to http://www.nxp.com and perform a search using this term with the “x” replaced by
the revision of the device you are using.

Figure 1 shows the functional modules in the chip.
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General

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, IC Latch-Up Test.

1.4 Voltage and current operating ratings
Table 5. 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 \'
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.

Low High
VIH
Input Signal Midpoint1 ;
_ Vi o
Fall Time —> —> Rise Time

The midpointis Vi + (Viu - Vi) / 2

Figure 2. Input signal measurement reference

All digital I/O switching characteristics, unless otherwise specified, assume the output

pins have the following characteristics.
* C; =30 pF loads
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General

2.2.2 LVD and POR operating requirements
Table 7. Vpp supply LVD and POR operating requirements

Symbol | Description Min. Typ. Max. Unit Notes
VpoRr Falling Vpp POR detect voltage 0.8 1.1 1.5 V —
Vivpn | Falling low-voltage detect threshold — high 2.48 2.56 2.64 \ —

range (LVDV = 01)
Low-voltage warning thresholds — high range 1
VivWiH e Level 1 falling (LVWV = 00) 262 270 278 Vv
VivwoH e Level 2 falling (LVWV = 01) 272 580 > 88 Vv
VivwaH * Level 3 falling (LVWV = 10) 282 290 208 v
Vi vwaH * Level 4 falling (LVWV = 11) 292 3.00 3.08 Vv
Vuysy | Low-voltage inhibit reset/recover hysteresis — — +60 — 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

VivwiL * Level 1 falling (LVWV = 00) 174 180 1.86 Vv

VivweaL * Level 2 falling (LVWV = 01) 1.84 1.90 1.96 Vv

VivwaL * Level 3 falling (LVWV = 10) 1.94 200 .06 Vv

VivwaL * Level 4 falling (LVWV = 11) 204 510 516 Vv
Vuyse | Low-voltage inhibit reset/recover hysteresis — — +40 — mV —

low range
Vga Bandgap voltage reference 0.97 1.00 1.03 \Y —
tLpo Internal low power oscillator period — factory 900 1000 1100 us —
trimmed

1. Rising thresholds are falling threshold + hysteresis voltage

2.2.3 Voltage and current operating behaviors
Table 8. Voltage and current operating behaviors

Symbol | Description Min. Max. Unit Notes
Vou Output high voltage — Normal drive pad (except 1,2
RESET)
e 27V <Vpp<36V,loy=-5mA Voo - 0.5 - v
¢« 1.71V<Vpp <27V, lgy=—25mA Voo 05 o v
VoH Output high voltage — High drive pad (except 1,2
RESET)
Vpp — 0.5 — \%
Vpp — 0.5 — \
Table continues on the next page...
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General

Table 9. Power mode transition operating behaviors

Symbol | Description Min. Typ. Max. Unit Note
tPor After a POR event, amount of time from the — — 300 us 1
point Vpp reaches 1.8 V to execution of the first
instruction across the operating temperature
range of the chip.
e VLLSO > RUN o
— 152 166 us
e VLLS1 > RUN o
— 152 166 ps
¢ VLLS3 > RUN o
— 93 104 ps
e VLPS > RUN o
— 7.5 8 ys
¢ STOP —~ RUN o
— 7.5 8 us
1. Normal boot (FTFA_FOPT[LPBOOT]=11).
2.2.5 Power consumption operating behaviors
Table 10. KLO3 QFN packages power consumption operating behaviors
Symbol | Description Min. Typ. Max.! Unit Notes
lbpa Analog supply current — — See note mA 2
Iob_runco |Running CoreMark in flash in compute operation 3
mode—48M HIRC mode, 48 MHz core / 24 MHz
flash, VDD =30V
* at25°C — 5.49 5.71 mA
e at105°C — 5.62 5.84
Iob_runco |Running While(1) loop in flash in compute 3
operation mode—48M HIRC mode, 48 MHz
core / 24 MHz flash, Vpp = 3.0 V
* at25°C — 5.16 5.37 mA
e at105°C — 5.27 5.48
Ipb_run | Run mode current—48M HIRC mode, running 3
CoreMark in Flash all peripheral clock disable
48 MHz core/24 MHz flash, Vpp =3.0 V
* at25°C — 6.03 6.27 mA
e at105°C — 6.16 6.41
Ipb_run | Run mode current—48M HIRC mode, running 3
CoreMark in flash all peripheral clock disable,
24 MHz core/12 MHz flash, Vpp = 3.0 V
Table continues on the next page...
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General

Table 10. KLO03 QFN packages power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
* at25°C — 3.71 3.86 mA
e at105°C — 3.81 3.96

Ipp_run | Run mode current—48M HIRC mode, running 3

CoreMark in Flash all peripheral clock disable
12 MHz core/6 MHz flash, Vpp = 3.0 V

e at25°C — 2.47 2.57 mA
e at105°C — 2.58 2.68
Ipp_run | Run mode current—48M HIRC mode, running 3

CoreMark in Flash all peripheral clock enable 48
MHz core/24 MHz flash, Vpp = 3.0 V
* at25°C — 6.43 6.69 mA

e at105°C — 6.56 6.82

Ipb_run | Run mode current—48M HIRC mode, running
While(1) loop in flash all peripheral clock —
disable, 48 MHz core/24 MHz flash, Vpp = 3.0 V

* at25°C — 5.71 5.94 mA

e at105°C — 5.82 6.05

Ipo_run | Run mode current—48M HIRC mode, running
While(1) loop in Flash all peripheral clock —
disable, 24 MHz core/12 MHz flash, Vpp = 3.0 V

* at25°C — 3.3 3.43 mA

e at105°C — 3.4 3.54

Ipb_run | Run mode current—48M HIRC mode, Running
While(1) loop in Flash all peripheral clock —
disable, 12 MHz core/6 MHz flash, Vpp = 3.0 V

e at25°C — 2.28 2.37 mA

e at105°C — 2.38 2.48

Ipp_run | Run mode current—48M HIRC mode, Running
While(1) loop in Flash all peripheral clock —
enable, 48 MHz core/24 MHz flash, Vpp = 3.0 V

* at25°C — 6.1 6.34 mA

e at105°C — 6.22 6.47

Ipp_run | Run mode current—48M HIRC mode, running
While(1) loop in SRAM all peripheral clock —
disable, 48 MHz core/24 MHz flash, Vpp = 3.0V

e at25°C — 3.14 3.23 mA

e at105°C — 3.27 3.36

Ipp_run | Run mode current—48M HIRC mode, running
While(1) loop in SRAM all peripheral clock —
enable, 48 MHz core/24 MHz flash, Vpp = 3.0V
— 3.54 3.63 mA

— 3.67 3.76

Table continues on the next page...
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General

Table 10. KLO03 QFN packages power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
* at85°C — 13.2 17.37 MA
e at105°C — 27.8 35.54
Ipbp_viLss | Very-low-leakage stop mode 3 current, all —
peripheral disable, at 3.0 V . HA
* at 25 °C and below 1.08 117
. 2150 °C — 1.4 1.52
. 285 °C — 3.45 3.96
. at105°C — 7.02 8.19
Ipp_viLss | Very-low-leakage stop mode 3 current with RTC —
current, at 3.0 V A
* at 25 °C and below 1.47 1.56
. at50 °C — 1.82 1.94
. at85°C — 3.93 4.44
. at105°C — 7.6 8.77
Ipp_viLss | Very-low-leakage stop mode 3 current with RTC —
current, at 1.8 V A
* at 25 °C and below o 1.33 142
. at50 °C — 1.65 1.77
. at85°C — 3.56 4.07
. at105°C — 6.92 8.09
Ipp_viLst | Very-low-leakage stop mode 1 current all —
peripheral disabled at 3.0 V .
e at 25 °C and below 566 690
. at50°C — 788 839
. a185°C — 2270 2600 nA
. at105°C — 4980 5820
Iop_viLst1 | Very-low-leakage stop mode 1 current RTC —
enabled at 3.0 V
* at 25 °C and below T 969 1059
. a1 50°C — 1200 1251
. at85°C — 2740 3070 nA
. at105°C — 5610 6450
Ipp_viLst | Very-low-leakage stop mode 1 current RTC —
enabled at 1.8 V
* at 25 °C and below o 826 916
. at50°C — 1040 1091
. a185°C — 2400 2730 nA
. at105°C — 4910 5750
Table continues on the next page...
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General

Table 10. KLO03 QFN packages power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Ipp_viLso |Very-low-leakage stop mode O current all —
peripheral disabled (SMC_STOPCTRL[PORPOQ]
=0)at3.0V .
¢ at 25 °C and below 265 373
. at50°C — 467 512.9 nA
. at85°C — 1920 2256
. at105°C — 4540 5395
Ipp_viLso |Very-low-leakage stop mode O current all 4
peripheral disabled (SMC_STOPCTRL[PORPOQ]
=1)at3V
e at 25 °C and below 7 350
. at50°C — 255 465.70 nA
. at85°C — 1640 1994
. at105°C — 4080 4956

1. The maximum values represent characterized results equivalent to the mean plus three times the standard deviation
(mean + 3 sigma).
2. 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.
3. MCG_Lite configured for HIRC mode. CoreMark benchmark compiled using IAR 7.10 with optimization level high,
optimized for balanced.
4. No brownout

Table 11. KL03 WLCSP package power consumption operating behaviors

Symbol | Description Min. Typ. Max.! Unit Notes
Ibpa Analog supply current — — See note mA 2
Iop_runco | Running CoreMark in flash in compute 3
operation mode—48M HIRC mode, 48 MHz
core / 24 MHz flash, Vpp = 3.0 V
* at25°C — 5.49 5.71 mA
e at85°C — 5.59 5.81
Ipp_runco | Running While(1) loop in flash in compute 3
operation mode—48M HIRC mode, 48 MHz
core / 24 MHz flash, Vpp = 3.0 V
* at25°C — 5.16 5.37 mA
e at85°C — 5.24 5.45
Ipb_run | Run mode current—48M HIRC mode, running 3
CoreMark in Flash all peripheral clock disable
48 MHz core/24 MHz flash, Vpp =3.0 V
* at25°C — 6.03 6.27 mA
e at85°C — 6.13 6.38
Table continues on the next page...
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General

Table 11. KL03 WLCSP package power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes

Ipp_run | Run mode current—48M HIRC mode, running 3
CoreMark in flash all peripheral clock disable,
24 MHz core/12 MHz flash, Vpp = 3.0 V

e at25°C
e at85°C

— 3.71 3.86 mA
— 3.78 3.93

Ipb_run | Run mode current—48M HIRC mode, running 3
CoreMark in Flash all peripheral clock disable
12 MHz core/6 MHz flash, Vpp = 3.0 V

e at25°C — 2.47 2.57 mA

e at85°C — 2.55 2.65

Ipp_run | Run mode current—48M HIRC mode, running 3
CoreMark in Flash all peripheral clock enable
48 MHz core/24 MHz flash, Vpp =3.0 V

e at25°C — 6.43 6.69 mA

e at85°C — 6.53 6.79

Ipp_run | Run mode current—48M HIRC mode, running
While(1) loop in flash all peripheral clock —
disable, 48 MHz core/24 MHz flash, Vpp = 3.0
\% — 5.71 5.94 mA

* at25°C — 5.79 6.02
e at85°C

Ipp_run | Run mode current—48M HIRC mode, running
While(1) loop in Flash all peripheral clock —
disable, 24 MHz core/12 MHz flash, Vpp = 3.0
\ — 3.3 3.43 mA

° at25°C — 3.37 3.50
. at85°C

Ipb_run | Run mode current—48M HIRC mode, Running
While(1) loop in Flash all peripheral clock —
disable, 12 MHz core/6 MHz flash, Vpp = 3.0 V

e at25°C — 2.28 2.37 mA

* at85°C — 2.35 2.44

Ipb_run | Run mode current—48M HIRC mode, Running
While(1) loop in Flash all peripheral clock —
enable, 48 MHz core/24 MHz flash, Vpp = 3.0
\ — 6.1 6.34 mA

" at2ste — 6.19 6.44
e at85°C

Ipb_run | Run mode current—48M HIRC mode, running
While(1) loop in SRAM all peripheral clock —
disable, 48 MHz core/24 MHz flash, Vpp = 3.0
\ — 3.14 3.23 mA

— 3.24 3.33

Table continues on the next page...
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Table 11. KL03 WLCSP package power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
peripheral clock disable, 2 MHz core / 0.5 MHz — 93 140 A
flash, VDD =3.0V
e at25°C

Ipb_vipr | Very-low-power run mode current—2 MHz —
LIRC mode, While(1) loop in SRAM all
peripheral clock disable, 125 kHz core / 31.25
kHz flash, Vpp =3.0 V — 31 81 pA
* at25°C

Ipp_vipr | Very-low-power run mode current—2 MHz —
LIRC mode, While(1) loop in SRAM all
peripheral clock enable, 2 MHz core / 0.5 MHz
flash, Vpp =3.0V — 103 154 A
e at25°C

Ipp_warr | Wait mode current—core disabled, 48 MHz —
system/24 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,

MCG_Lite under HIRC mode, Vpp =3.0V — 1.4 1.94 mA

Ipo_warr | Wait mode current—core disabled, 24 MHz —
system/12 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,

MCG_Lite under HIRC mode, Vpp =3.0V — 1.02 1.24 mA

Ipp_vipw | Very-low-power wait mode current, core — 121 181 A —
disabled, 4 MHz system/ 1 MHz bus and flash,
all peripheral clocks disabled, Vpp =3.0 V

Ipp_vipw | Very-low-power wait mode current, core — 59 97 A —
disabled, 2 MHz system/ 0.5 MHz bus and
flash, all peripheral clocks disabled, Vpp = 3.0
\Y

Ipp_vipw | Very-low-power wait mode current, core — 28 42 A —
disabled, 125 kHz system/ 31.25 kHz bus and
flash, all peripheral clocks disabled, Vpp = 3.0
\Y

Ipb_pstop2 | Partial Stop 2, core and system clock disabled, —
12 MHz bus and flash, Vpp =3.0V

— 1.53 2.03 mA
Ipb_pstop2 | Partial Stop 2, core and system clock disabled, —
flash doze enabled, 12 MHz bus, Vpp = 3.0 V
— 0.881 1.18 mA
Ibp_stop |Stop mode current at 3.0 V —
e at 25 °C and below . 158 175.7
* as0°c — 164 179.48
e at85°C — 187 199.54 pA
Ipp_vips | Very-low-power stop mode current at 3.0 V —
e at 25 °C and below - 50 5 71
— 3.9 6.63

Table continues on the next page...
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Table 11. KL03 WLCSP package power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
* at 25 °C and below — 467 512.9
e at50°C — 1920 2256 nA
* at85°C
Ipp_viLso |Very-low-leakage stop mode O current all 4
peripheral disabled
(SMC_STOPCTRL[PORPO]=1) at3V . 77 350
e at 25 °C and below
. at50°C — 255 465.70 nA
. at85°C — 1640 1994

1. The maximum values represent characterized results equivalent to the mean plus three times the standard deviation

(mean + 3 sigma).

2. 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.
3. MCG_Lite configured for HIRC mode. CoreMark benchmark compiled using IAR 7.10 with optimization level high,
optimized for balanced.

4. No brownout

Table 12. Low power mode peripheral adders — typical value

Symbol

Description

Temperature (°C) Unit

25 50 70 85 105!

ILIRC8MHzZ

8 MHz internal reference clock (LIRC)
adder. Measured by entering STOP or
VLPS mode with 8 MHz LIRC enabled,
MCG_SC[FCRDIV]=000b,
MCG_MCILIRC_DIV2]=000b.

68

68 68 68 68 68 A

ILIRC2MHZ

2 MHz internal reference clock (LIRC)
adder. Measured by entering STOP
mode with the 2 MHz LIRC enabled,
MCG_SC[FCRDIV]=000b,
MCG_MCILIRC_DIV2]=000b.

27

27 27 27 27 27 A

|[EREFSTEN32KHzZ

External 32 kHz crystal clock adder by
means of the OSCO0_CR[EREFSTEN
and EREFSTEN] bits. Measured by
entering all modes with the crystal
enabled.

e VLLS1

e VLLS3

e VLPS

e STOP

340
340
340
340

410 460 470 480 600
410 460 490 530 600
420 480 570 610 850
420 480 570 610 850 nA

ILPTMR

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

30

nA
30 30 85 100 200

Table continues on the next page...
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General

2.2.7 EMC Radiated Emissions Web Search Procedure boilerplate

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

1. Go to www.nxp.com.

2. Perform a keyword search for "EMC design"

2.2.8 Capacitance attributes
Table 14. Capacitance attributes

Symbol Description Min. Max. Unit

Cin Input capacitance — 7 pF

2.3 Switching specifications

2.3.1 Device clock specifications
Table 15. Device clock specifications

Symbol | Description | Min. Max. Unit
Normal run mode
fsys System and core clock — 48 MHz
feus Bus clock — 24 MHz
frLASH Flash clock — 24 MHz
fLPTMR LPTMR clock — 24 MHz
VLPR and VLPS modes'
fsys System and core clock — 4 MHz
feus Bus clock — 1 MHz
fELASH Flash clock — 1 MHz
fLPTMR LPTMR clock? — 24 MHz
fERCLK External reference clock — 16 MHz
fERCLK External reference clock — 32.768 kHz
fLetMr_ERcLk |LPTMR external reference clock — 16 MHz
frem TPM asynchronous clock — 8 MHz
fuaRTO UARTO asynchronous clock — 8 MHz
Kinetis KLO3 32 KB Flash, Rev. 5.1 08/2017 25
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General

1. The frequency limitations in VLPR and VLPS modes here override any frequency specification listed in the timing
specification for any other module. These same frequency limits apply to VLPS, whether VLPS was entered from RUN
or from VLPR.

2. The LPTMR can be clocked at this speed in VLPR or VLPS only when the source is an external pin.

2.3.2 General switching specifications

These general-purpose specifications apply to all signals configured for GPIO and
UART signals.

Table 16. General switching specifications

Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter disabled) — 15 — Bus clock 1
Synchronous path cycles

External RESET and NMI pin interrupt pulse width — 100 — ns 2
Asynchronous path

GPIO pin interrupt pulse width — Asynchronous path 16 — ns

Port rise and fall time — 36 ns

1. The greater synchronous and asynchronous timing must be met.
2. This is the shortest pulse that is guaranteed to be recognized.
3. 75pF load

2.4 Thermal specifications

2.4.1 Thermal operating requirements
Table 17. Thermal operating requirements of WLCSP package

Symbol | Description Min. Max. Unit Note
Ty Die junction temperature —40 95 °C
Ta Ambient temperature —40 85 °C 1

1. Maximum T, can be exceeded only if the user ensures that T; does not exceed the maximum. The simplest method to
determine T, is: Ty = Ta + Rgya % chip power dissipation.

Table 18. Thermal operating requirements of other packages

Symbol | Description Min. Max. Unit Note
Ty Die junction temperature -40 125 °C
Ta Ambient temperature —40 105 °C 1

1. Maximum T, can be exceeded only if the user ensures that T; does not exceed the maximum. The simplest method to
determine T is: Ty = Ta + Rgya x chip power dissipation.
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Peripheral operating requirements and behaviors

3.1.1 SWD electricals
Table 20. SWD full voltage range electricals
Symbol Description Min. Max. Unit
Operating voltage 1.71 3.6 \"
Ji SWD_CLK frequency of operation
¢ Serial wire debug 0 25 MHz
J2 SWD_CLK cycle period 1/J1 — ns
J3 SWD_CLK clock pulse width
¢ Serial wire debug 20 — ns
J4 SWD_CLK rise and fall times — 3 ns
J9 SWD_DIO input data setup time to SWD_CLK rise 10 — ns
J10 SWD_DIO input data hold time after SWD_CLK rise — ns
J11 SWD_CLK high to SWD_DIO data valid — 32 ns
J12 SWD_CLK high to SWD_DIO high-Z 5 — ns

SWD_CLK (input)

Figure 6. Serial wire clock input timing
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Peripheral operating requirements and behaviors

Table 21. HIRC48M specification (continued)

Symbol | Description Min. Typ. Max. Unit Notes

Afircasm_ol_nv |total deviation of IRC48M frequency at high voltage —
(VDD=1.89V-3.6V) over temperature

—_— + 05 +1 0 oA)firC48m
Jeye_ircasm | Period Jitter (RMS) — 35 150 ps —
tirca8mst Startup time _ 2 3 us 1

1. IRC48M startup time is defined as the time between clock enablement and clock availability for system use. Enable the
clock by setting MCG_MC[HIRCEN] = 1. See reference manual for details.

Table 22. LIRC8M/2M specification

Symbol Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.08 — 1.47 \ —

T Temperature range -40 — 125 °C —
Ipp_om Supply current in 2 MHz mode — 14 17 A —
Ipp_sm Supply current in 8 MHz mode — 30 35 A —
firc_om Output frequency — 2 — MHz —
firc_sm Output frequency — 8 — MHz —

firc T 2m Output frequency range (trimmed) — — +3 %firc Vpp=1.89 V

fiRc_T_sm Output frequency range (trimmed) — — +3 Y%firc Vpp=1.89 V
Tsu_om Startup time — — 125 us —
Tsu_sm Startup time — — 125 ys —

3.3.2 Oscillator electrical specifications

3.3.2.1 Oscillator DC electrical specifications
Table 23. Oscillator DC electrical specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vop Supply voltage 1.71 — 3.6 \Y, —
Ipbosc | Supply current — low-power mode 1
e 32 kHz — 500 — nA
Cy EXTAL load capacitance — — — 2,3
Cy XTAL load capacitance — — — 2,3
Re Feedback resistor — low-frequency, low-power — — — MQ 2,4
mode
Rs Series resistor — low-frequency, low-power — — — kQ —
mode

Table continues on the next page...
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1. Maximum time based on expectations at cycling end-of-life.

3.4.1.2 Flash timing specifications — commands
Table 26. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
ta1secik | Read 1s Section execution time (flash sector) — — 60 us 1
togmenk | Program Check execution time — — 45 us 1
trdrsre Read Resource execution time — — 30 us 1
tpgma Program Longword execution time — 65 145 us —
tersscr Erase Flash Sector execution time — 14 114 ms 2
trd1all Read 1s All Blocks execution time — — 0.5 ms —
trgonce | Read Once execution time — — 25 ps 1
togmonce | Program Once execution time — 65 — us —
tersall Erase All Blocks execution time — 61 500 ms 2
tviykey | Verify Backdoor Access Key execution time — — 30 ys 1

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 27. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit

Ibb_pem Average current adder during high voltage — 25 6.0 mA
flash programming operation

Ipb_ERS Average current adder during high voltage — 1.5 4.0 mA
flash erase operation

3.4.1.4 Reliability specifications
Table 28. NVM reliability specifications

Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash
thvmretptok | Data retention after up to 10 K cycles 5 50 — years —
tvmretp1k | Data retention after up to 1 K cycles 20 100 — years —
Nvmeyep | 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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Table 31. 12-bit ADC characteristics (VrRern = VReros VRerL = Vssa) (continued)

Symbol | Description Conditions’. | Min. | Typ.2 | Max. | Unit | Notes
Sample Time See Reference Manual chapter for sample times
TUE |Total * 12-bit modes — +4 +6.8 LSB4 5
unadjusted « <12-bit modes — 14 | 21
error
DNL Differential non- e 12-bit modes — +0.7 -1.1to LSB* 5
linearity +1.9
. -0.3to
<12-bit modes — +0.2 05
INL Integral non- * 12-bit modes — +1.0 -2.710 LsB* 5
linearity +1.9
« <12-bit modes — w05 | 07t
+0.5
Ers Full-scale error ¢ 12-bit modes — —4 5.4 LSB* VADIN =
5
e <12-bit modes — -1.4 -1.8 Vooa
Eq Quantization * 12-bit modes — — +0.5 LsB*
error
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 range 1.55 1.62 1.69 mV/°C 6
slope of the device
Vtempos | Temp sensor 25°C 706 716 726 mV 6
voltage

—_

. All accuracy numbers assume the ADC is calibrated with Vrgry = VRero

2. Typical values assume Vgerg = 1.2 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.
4. 1LSB = (VgrerH - Vrer)/2V

o

6. ADC conversion clock < 3 MHz

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

Peripheral operating requirements and behaviors

The Serial Peripheral Interface (SPI) provides a synchronous serial bus with master
and slave operations. Many of the transfer attributes are programmable. The following
tables provide timing characteristics for classic SPI timing modes. See the SPI chapter
of the chip's Reference Manual for information about the modified transfer formats
used for communicating with slower peripheral devices.

All timing is shown with respect to 20% Vpp and 80% Vpp thresholds, unless noted,
as well as input signal transitions of 3 ns and a 30 pF maximum load on all SPI pins.

Table 37. SPI master mode timing on slew rate disabled pads

Num. Symbol | Description Min. Max. Unit Note
1 fop Frequency of operation foeripn/2048 | fperiph/2 Hz 1
2 tspsck | SPSCK period 2 X tperiph 2048 x ns 2

tperiph
tLead Enable lead time 1/2 — tspsck —
tLag Enable lag time 1/2 — tspsck —
twspsck | Clock (SPSCK) high or low time tperiph —30 | 1024 x ns —

tperiph
6 tsu Data setup time (inputs) 22 — ns —
7 th Data hold time (inputs) 0 — ns —
8 ty Data valid (after SPSCK edge) — 10 ns —
9 tho Data hold time (outputs) 0 — ns —
10 tri Rise time input — tperiph — 25 ns —

te Fall time input
11 tro Rise time output — 25 ns —
tro Fall time output

1. For SPIO, fyeriph is the bus clock (fgys)-
2. tperiph = 1/fperiph

Table 38. SPI master mode timing on slew rate enabled pads

Num. Symbol | Description Min. Max. Unit Note
1 fop Frequency of operation foeripn/2048 | fperipn/2 Hz 1
2 tspsck | SPSCK period 2 X tperiph 2048 x ns 2
tperiph
tLead Enable lead time 1/2 —_— tSPSCK —
tLag Enable lag time 1/2 — tspsck —
Table continues on the next page...
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Figure 19. KL03 16-pin QFN 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 nxp.com and perform a part number search.

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.
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8.5 Result of exceeding a rating
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/ The likelihood of permanent chip failure increases rapidly as
/ soon as a characteristic begins to exceed one of its operating ratings.
l— Operating rating

Measured characteristic

8.6 Relationship between ratings and operating requirements
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o®
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range
Expected permanent failure - No permanent failure - No permanent failure - No permanent failure Expected permanent failure
- Possible decreased life - Correct operation - Possible decreased life
- Possible incorrect operation - Possible incorrect operation
-0 o0
Operating (power on)
™ >
a@‘?@ a@‘?\
a‘\6\\(\9 a‘\é\\‘\g
Ay Ay
Fatal range Handling range Fatal range
Expected permanent failure No permanent failure Expected permanent failure
—0 [«
Handling (power off)
8.7 Guidelines for ratings and operating requirements
Follow these guidelines for ratings and operating requirements:
* Never exceed any of the chip’s ratings.
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* 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.

8.8 Definition: Typical value

A typical value is a specified value for a technical characteristic that:
* Lies within the range of values specified by the operating behavior
* Given the typical manufacturing process, is representative of that characteristic
during operation when you meet the typical-value conditions or other specified
conditions

Typical values are provided as design guidelines and are neither tested nor guaranteed.

8.8.1 Example 1

This is an example of an operating behavior that includes a typical value:

Symbol Description Min. Typ. Max. Unit

Iwp Digital I/0 weak 10 70 130 pA
pullup/pulldown
current

8.8.2 Example 2

This is an example of a chart that shows typical values for various voltage and
temperature conditions:
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