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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"
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1.71V ~ 3.6V

A/D 7x12b

Internal

-40°C ~ 85°C (TA)
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20-WLCSP (2x1.61)
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Ordering Information’

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
MKLO3Z8VFK4(R) 8 2 22
MKLO03Z16VFK4(R) 16 2 22
MKLO03Z32VFK4(R) 32 2 22

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

Related Resources

Type Description Resource

Selector Guide |The Freescale Solution Advisor is a web-based tool that features Solution Advisor
interactive 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 |KLO3P24M48SFORM!
Manual structure and function (operation) of a device.
Data Sheet The Data Sheet includes electrical characteristics and signal KLO3P24M48SFO0'
connections.
Chip Errata The chip mask set Errata provides additional or corrective KLO3Z_1N86K!
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'

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

Figure 1 shows the functional modules in the chip.
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Figure 1. Functional block diagram
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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 \'
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.
L >‘< High
Vi ow ZZL

Input Signal Midpoint1

v
Fall Time —> F— E—— 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

* Slew rate disabled

* Normal drive strength

2.2 Nonswitching electrical specifications

6 Kinetis KLO3 32 KB Flash, Rev4 08/2014.
Freescale Semiconductor, Inc.
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Table 9. KLO03 QFN packages power consumption operating behaviors (continued)

Symbol

Description

Min.

Typ.

Max.!

Unit

Notes

Ipp_RUN

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

* at25°C

e at105°C

6.43
6.56

6.69
6.82

mA

3

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 V
* at25°C

e at105°C

5.71
5.82

5.94
6.05

mA

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 V
* at25°C

e at105°C

3.3
3.4

3.43
3.54

mA

Ipp_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

e at105°C

2.28
2.38

2.37
2.48

mA

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

e at105°C

6.1
6.22

6.34
6.47

mA

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 =3.0 V
e at25°C

e at105°C

3.14
3.27

3.23
3.36

mA

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
e at25°C

e at105°C

3.54
3.67

3.63
3.76

mA

Ipb_vLPRCO

Very-low-power run While(1) loop in flash in
compute operation mode— 2 MHz LIRC mode,
2 MHz core/0.5 MHz flash, Vpp =3.0 V

e at25°C

500

750

HA

Ipp_vLPRCO

Very-low-power-run While(1) loop in SRAM in
compute operation mode— 8 MHz LIRC mode,
4 MHz core / 1 MHz flash, Vpp =3.0 V

e at25°C

188

217

UA

Table continues on the next page...
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Table 9. KL03 QFN packages power consumption operating behaviors (continued)

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

Ipb_viprco | Very-low-power run While(1) loop in SRAM in —
compute operation mode:—2 MHz LIRC mode,
2 MHz core / 0.5 MHz flash, Vpp = 3.0 V

* at25°C — 82 123 pA

Ibb vipr | Very-low-power run mode current— 2 MHz —
- LIRC mode, While(1) loop in flash all peripheral
clock disable, 2 MHz core / 0.5 MHz flash, Vpp
=3.0V — 503 754 pA

* at25°C

Iop_vipr |Very-low-power run mode current— 2 MHz —
LIRC mode, While(1) loop in flash all peripheral
clock disable, 125 kHz core / 31.25 kHz flash,
Vpp=3.0V — 60 20 MA
e at25°C

Ipb_vipr |Very-low-power run mode current— 2 MHz —
LIRC mode, While(1) loop in flash all peripheral
clock enable, 2 MHz core / 0.5 MHz flash, Vpp =
3.0V — 516 774 pA
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz —
LIRC mode, While(1) loop in SRAM in all
peripheral clock disable, 4 MHz core / 1 MHz
flash, Vpp =3.0 V — 209 350 pA
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz —
LIRC mode, While(1) loop in SRAM all
peripheral clock enable, 4 MHz core / 1 MHz
flash, Vpp =3.0V — 229 370 MA
e at25°C

Iop_vipr |Very-low-power run mode current—2 MHz LIRC —
mode, While(1) loop in SRAM in all peripheral
clock disable, 2 MHz core / 0.5 MHz flash, Vpp
=3.0V — 93 140 pA
e at25°C

Iop_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=3.0V — 31 81 pA
e at25°C

Iop_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 pA
* at25°C

Ipp_wair | 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

Table continues on the next page...
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Table 9. KLO03 QFN packages power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
Iop_wair | 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 =3.0 V — 1.02 1.24 mA
Ipp_vipw |Very-low-power run wait current, core disabled, — 121 181 HA —
4 MHz system/ 1 MHz bus and flash, all
peripheral clocks disabled, Vpp = 3.0 V
Ipp_vipw |Very-low-power run wait current, core disabled, — 59 97 A —
2 MHz system/ 0.5 MHz bus and flash, all
peripheral clocks disabled, Vpp = 3.0V
Ipp_vipw |Very-low-power run wait current, core disabled, — 28 42 A —
125 kHz system/ 31.25 kHz bus and flash, all
peripheral clocks disabled, Vpp = 3.0 V
Ipp_psTopz |Partial Stop 2, core and system clock disabled, —
12 MHz bus and flash, Vpp = 3.0 V
— 1.53 2.03 mA
Ipp_psTop2 | Partial Stop 2, core and system clock disabled, —
flash doze enabled, 12 MHz bus, Vpp =3.0V
— 0.881 1.18 mA
Ipp_stop |Stop mode current at 3.0 V —
e at 25 °C and below . 158 175.7
" ats0°c — 164 | 179.48
*atss e _ 187 199.54 uA
* a1 C — 219 236.43
Ipp_vips |Very-low-power stop mode current at 3.0 V —
e at 25 °C and below . 50 271
* as0°c — 3.9 6.63
* at8s°C — 13.9 18.25 uA
* at105°C — 28.4 36.59
Ipp_vips |Very-low-power stop mode current at 1.8 V —
e at 25 °C and below . 29 2 674
* as0°c — 3.8 6.44
* at85°C — 13.2 17.37 UA
* at105°C — 27.8 35.54
Ipp_viLss | Very-low-leakage stop mode 3 current, all —
peripheral disable, at 3.0 V . pA
e at 25 °C and below 1.08 117
. at50°C — 14 1.52
. at85°C — 3.45 3.96
. at105°C — 7.02 8.19
Table continues on the next page...
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Table 10. KL03 WLCSP package power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
* at25°C — 2.55 2.65
* at85°C

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

* 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
. at85°C

Ipb_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 — 3.3 3.43 mA

* at25°C — 3.37 3.50
e 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 = 3.0V

e at25°C — 2.28 2.37 mA

e 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

" at2sre — 6.19 6.44
* at85°C

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 = 3.0
v — 3.14 3.23 mA

© at25°C — 3.04 3.33
. at85°C

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

© at25°%C - 3.64 373
. at85°C

Table continues on the next page...
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Table 10. KL03 WLCSP package power consumption operating behaviors (continued)

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

Ipb_viLpRrco | Very-low-power run While(1) loop in flash in
compute operation mode— 2 MHz LIRC mode, —
2 MHz core/0.5 MHz flash, Vpp =3.0 V

* at25°C — 500 750 pA

Ibb_viLpRrco | Very-low-power-run While(1) loop in SRAM in —
compute operation mode— 8 MHz LIRC mode,
4 MHz core / 1 MHz flash, Vpp =3.0V

* at25°C — 188 217 pA

Ibb_viLprco | Very-low-power run While(1) loop in SRAM in —
compute operation mode:—2 MHz LIRC mode,
2 MHz core / 0.5 MHz flash, Vpp =3.0 V

* at25°C — 82 123 uA

Ibp_vipr | Very-low-power run mode current— 2 MHz —
LIRC mode, While(1) loop in flash all peripheral
clock disable, 2 MHz core / 0.5 MHz flash, Vpp
=3.0V — 503 754 A

e at25°C

Ibp_vipr | Very-low-power run mode current— 2 MHz —
LIRC mode, While(1) loop in flash all peripheral
clock disable, 125 kHz core / 31.25 kHz flash,
Vpp=3.0V — 60 90 A
e at25°C

Iop vipr | Very-low-power run mode current— 2 MHz —
- LIRC mode, While(1) loop in flash all peripheral
clock enable, 2 MHz core / 0.5 MHz flash, Vpp
=30V — 516 774 A
* at25°C

Ibp_vipr | Very-low-power run mode current— 8 MHz —
LIRC mode, While(1) loop in SRAM in all
peripheral clock disable, 4 MHz core / 1 MHz
flash, Vpp =3.0 V — 209 350 pA
* at25°C

Ibp_vipr | Very-low-power run mode current— 8 MHz —
LIRC mode, While(1) loop in SRAM all
peripheral clock enable, 4 MHz core / 1 MHz
flash, Vpp =3.0V — 229 370 A
e at25°C

Ibp_vipr | Very-low-power run mode current—2 MHz —
LIRC mode, While(1) loop in SRAM in all
peripheral clock disable, 2 MHz core / 0.5 MHz
flash, Vpp =3.0 V — 93 140 A
e at25°C

Ibb_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 A
e at25°C

Ibp_vipr | Very-low-power run mode current—2 MHz —
LIRC mode, While(1) loop in SRAM all

Table continues on the next page...
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Table 10. KL03 WLCSP package power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max.! Unit Notes
peripheral clock enable, 2 MHz core / 0.5 MHz — 103 154 A
flash, VDD =3.0V
e at25°C
Ipo_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
Ipp_wair | 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 run wait current, core disabled, — 121 181 A —
4 MHz system/ 1 MHz bus and flash, all
peripheral clocks disabled, Vpp =3.0 V
Ipp_vipw | Very-low-power run wait current, core disabled, — 59 97 A —
2 MHz system/ 0.5 MHz bus and flash, all
peripheral clocks disabled, Vpp = 3.0V
Ipp_vipw | Very-low-power run wait current, core disabled, — 28 42 pA —
125 kHz system/ 31.25 kHz bus and flash, all
peripheral clocks disabled, Vpp = 3.0 V
Ipp_psTopz | Partial Stop 2, core and system clock disabled, —
12 MHz bus and flash, Vpp = 3.0 V
— 1.53 2.03 mA
Ipb_pstop2 | Partial Stop 2, core and system clock disabled, —
flash doze enabled, 12 MHz bus, Vpp =3.0V
— 0.881 1.18 mA
Ipbp_stop |Stop mode current at 3.0 V —
e at 25 °C and below . 158 175.7
" atso°c — 164 | 179.48
* atss — 187 199.54 LA
Ipp_vips | Very-low-power stop mode current at 3.0 V —
* at 25 °C and below . 55 2 71
* as0°c — 3.9 6.63
* at85°C — 13.9 18.25 uA
Ipp_vips | Very-low-power stop mode current at 1.8 V —
e at25 °C and below . 20 674
° as0°C — 3.8 6.44
° at8s — 13.2 17.37 bA
Ipp_viLss |Very-low-leakage stop mode 3 current, all —
peripheral disable, at 3.0 V pA
* at 25 °C and below — 1.08 1.17
— 14 1.52
Table continues on the next page...
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VLPRMode Qurrent vs Core Frequency
Temperature=25, VDD=3, MOG=LIRC8M, while loop in SRAM
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Figure 5. VLPR mode current vs. core frequency (loop in SRAM)
2.2.6 EMC radiated emissions operating behaviors
Table 12. EMC radiated emissions operating behaviors for 24-pin QFN
package
Symbol | Description Frequency Typ. Unit Notes
band
(MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 5 dBuVv 1,2
VRe2 Radiated emissions voltage, band 2 50-150 7 dBuV
VREe3 Radiated emissions voltage, band 3 150-500 5 dBuV
VRE4 Radiated emissions voltage, band 4 500-1000 5 dBpV
Vge ec  |IEC/SAE level 0.15-1000 N — 2,3

1. Determined according to IEC 61967-2 (and SAE J1752/3) radiated radio frequency (RF) emissions measurement
standard. Typical Configuration: Appendix B: DUT Software Configuration—2. Typical Configuration.
2. VDD =33V, TA =25°C, firc48m =48 MHz, fSYS =48 MHz, fBUS =24 MHz

24 Kinetis KL0O3 32 KB Flash, Rev4 08/2014.
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3. IEC/SAE Level Maximums: N<12 dBpV, M<18 dBpV, L<24 dBpV, K<30 dBuV, | < 36 dBpV, H < 42 dBpV, G<48

dBpV.

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 13. Capacitance attributes

Symbol Description Min. Max. Unit

Cin Input capacitance — 7 pF
2.3 Switching specifications
2.3.1 Device clock specifications
Table 14. Device clock specifications
Symbol | Description | Min. Max. Unit
Normal run mode

fsys System and core clock — 48 MHz

feus Bus clock — 24 MHz

fELASH Flash clock — 24 MHz

fiermr |LPTMR clock — 24 MHz

VLPR and VLPS modes'

fsys System and core clock — 4 MHz

feus Bus clock — MHz

feLASH Flash clock — 1 MHz

fiermr |LPTMR clock? — 24 MHz

fERCLK External reference clock — 16 MHz

fLetMr_ERcLk |LPTMR external reference clock — 16 MHz

frem TPM asynchronous clock — 8 MHz

fuarTo UARTO asynchronous clock — 8 MHz

Kinetis KL0O3 32 KB Flash, Rev4 08/2014.
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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 15. 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 16. Thermal operating requirements of WLCSP package
Symbol Description Min Max. Unit
Ty Die junction temperature -40 95 °C
Ta Ambient temperature —40 85 °C
Table 17. Thermal operating requirements of other packages
Symbol Description Min Max. Unit
Ty Die junction temperature -40 125 °C
Ta Ambient temperature —40 105 °C

26
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Peripheral operating requirements and behaviors

Table 29. 12-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions’. Min. Typ.2 Max. Unit Notes
DNL Differential non- * 12-bit modes — +0.9 -1.1to LSB* 5
linearity +1.9
* <12-bit modes — 104 |031005
INL Integral non- ¢ 12-bit modes — + -2.7to LSB* 5
linearity +1.9
* <12-bit modes — +0.5 —0.710
+0.5
Ers |Full-scale error * 12-bit modes — — LSB* VaDIN =
5
* <12-bit modes — Vooa
Eq Quantization * 12-bit modes — — +0.5 LsSB*
error
EiL 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
V1empos | Temp sensor 25°C 706 716 726 mV 6
voltage

—_

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

2. Typical values assume Vppa = 3.0V, 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.

ok

1 LSB = (Vrern - VReru)/2N
ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)

6. ADC conversion clock < 3 MHz

Table 30. 12-bit ADC characteristics (VRerH = VREFOs VREFL = Vssa)

Symbol | Description Conditions’. Min. Typ.2 Max. Unit Notes
Ibba_apc |Supply current 0.215 — 1.7 mA 3
ADC * ADLPC =1, ADHSC =0 1.2 2.4 3.9 MHz | tapack =
asynchronous * ADLPC = 1, ADHSC = 1 2.4 4.0 6.1 Mz | ApAck
f clock source
ADACK + ADLPC =0, ADHSC =0 3.0 5.2 7.3 MHz
* ADLPC = 0, ADHSC = 1 4.4 6.2 9.5 MHz
Table continues on the next page...
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Peripheral operating requirements and behaviors

Typical ADC 12-bit Single Ended ENOB vs ADC Clock

100Hz, 90% FS Sine Input
11.9

11.8
17 I —
11.6
1.5
1.4
11.3
1.2
111

11
10.9
10.8
10.7
10.6
10.5
10.4
10.3
10.2 —— Hardware Averaging Disabled
10.1 —— Averaging of 8 samples

10 —— Averaging of 32 samples

0 2 4 6 8 10 12 14 16 18 20 22

ADC Clock Frequency (MHz)

3.6.2 CMP and 6-bit DAC electrical specifications
Table 31. Comparator and 6-bit DAC electrical specifications

Figure 9. Typical ENOB vs. ADC_CLK for 12-bit single-ended mode

Symbol | Description Min. Typ. Max. Unit
Vb Supply voltage 1.71 — 3.6 \Y
IbpHS Supply current, High-speed mode (EN=1, — — 200 A
PMODE=1)
IbbLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 MA
Vain Analog input voltage Vgs—0.3 — Vbp \
Vaio Analog input offset voltage — — 20 mV
Vy 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
Vewpon | Output high Vpp — 0.5 — — \Y
Vempor | Output low — — 0.5 \Y,
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 ps
Table continues on the next page...
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Table 31. Comparator and 6-bit DAC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit
Ibaceb 6-bit DAC current adder (enabled) — 7 — A

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.

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

3. 1 LSB = Vigference/64

N —

0.08
0.06 \ /
— HYSTCTR
S 0.05 Setting
L
’é =—00
3 0.04 —=-01
° 10
o \\(_)‘\K\_A /1
o =11
= 003 MW
O I\.\\
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 10. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 0)
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Figure 11. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 1)

3.6.3 Voltage reference electrical specifications

Table 32. VREF full-range operating requirements

Symbol | Description Min. Max. Unit Notes
Vppa Supply voltage 1.71 3.6 \ —
Ta Temperature Operating temperature °C —

range of the device

C. Output load capacitance 100 nF 1,2

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

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

Table 33 is tested under the condition of setting VREF_TRM[CHOPEN],
VREF_SC[REGEN] and VREF_SC[ICOMPEN] bits to 1.

Kinetis KLO3 32 KB Flash, Rev4 08/2014. 39
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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 36. 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 37. 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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Table 37. SPI master mode timing on slew rate enabled pads (continued)

Num. Symbol | Description Min. Max. Unit Note
5 twspsck | Clock (SPSCK) high or low time toeriph —30 | 1024 x ns —
tperiph

6 tsu Data setup time (inputs) 96 — ns —

7 th Data hold time (inputs) 0 — ns —

8 ty Data valid (after SPSCK edge) — 52 ns —

9 tho Data hold time (outputs) 0 — ns —

10 tRi Rise time input — toeriph — 25 ns —
tr Fall time input

11 tro Rise time output — 36 ns —
tro Fall time output

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

ss!
(OUTPUT) \
\ \
~(Dr——A— - (<1
SPSCK < : jm— N
(CPOL=0) /R /
(OUTPUT) 7 N . F N
SPSCK S — . =~ _>_ 4_@
(CPOL=1) \ \ N \
(OUTPUT) N S
MISO
INPUT) | MSB IN2 BITG... 1\,\’:> LSB IN
MOSI 5 \ ®
(OUTPUT) >< MSB OUT BITG. .. ,1\ >< LSB OUT 7><

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

Figure 12. SPI master mode timing (CPHA = 0)
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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 freescale.com and perform a part number search for the
following device numbers:

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.

50 Kinetis KLO3 32 KB Flash, Rev4 08/2014.
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8.5 Result of exceeding a rating

40

. l
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= 90 The likelihood of permanent chip failure increases rapidly as
E soon as a characteristic begins to exceed one of its operating ratings.
[
E
g 10 J

° —

Operating rating

Measured characteristic

8.6 Relationship between ratings and operating requirements

o '8““
™ “\\‘“\ e“\@ oA
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Gy < © e
‘0%(\9 ‘Q@\Q ‘a%“g 0«@
o¥® o¥® o¥® o
Fatal range Degraded operating range Normal operating range Degraded operating range Fatal range

Expected permanent failure

- No permanent failure
- Possible decreased life
- Possible incorrect operation

- No permanent failure
- Correct operation

- No permanent failure
- Possible decreased life
- Paossible incorrect operation

Expected permanent failure

Operating (power on)

Fatal range

Expected permanent failure

Handling range

No permanent failure

Fatal range

Expected permanent failure

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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