NXP USA Inc. - MK12DN512VLH5 Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Active

ARM® Cortex®-M4

32-Bit Single-Core

50MHz

12C, IrDA, SPI, UART/USART
DMA, I2S, LVD, POR, PWM, WDT
44

512KB (512K x 8)

FLASH

64K x 8

1.71V ~ 3.6V

A/D 22x16b; D/A 1x12b
Internal

-40°C ~ 105°C (TA)
Surface Mount

64-LQFP

64-LQFP (10x10)

Welcome to E-XFL.COM

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"

https://www.e-xfl.com/product-detail/nxp-semiconductors/mk12dn512vih5

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong


https://www.e-xfl.com/product/pdf/mk12dn512vlh5-4420358
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

h o
g |

Table of Contents

1 Ordering Parts.........ccoceiiiii i 3
1.1 Determining valid orderable parts...........ccccccceviiiinnnnnnn. 3
2 Partidentification..........ccoooeiiiiii e 3
2.1 DeSCrIPON. .. .eiiiiiiii it 3
2.2 FOrmat. ... 3
2.3 FIelOS...eiiiiiecececec e 3
2.4 EXAMPIE.. ..ot 4
2.5 Small package marking..........cccecvrvverrerieneenienecseeeeees 4
3 Terminology and guidelines............ccccveveeiiieeeiiiieee e 5
3.1 Definition: Operating requirement..............cccccoeervinieennene 5
3.2 Definition: Operating behavior...........c.cccooveiiiiiriecieeneene. 5
3.3 Definition: Attribute..........ccoooiiiiii e 6
3.4 Definition: Rating..........cccoooiiiiiiiii, 6
3.5 Result of exceeding a rating...........ccccovviieiiiiiiiiiniiee 7

3.6 Relationship between ratings and operating

FEQUIFEMENTS. ..ottt 7

3.7 Guidelines for ratings and operating requirements............ 8

3.8 Definition: Typical value...........cccoceerieiiieniiiiic e 8

3.9 Typical value conditions...........ccccocveiriiiiniiiiiiic e 9

4 RatiNgS.....oiiiiiiiiec 9

4.1 Thermal handling ratings.........cccceveieeeiniieee e 9
4.2 Moisture handling ratings.............cccooiiiiiiiniiiiniee, 10
4.3 ESD handling ratings.........ccceevereeieneenenee e 10
4.4 Voltage and current operating ratings.............cccevveveernnne 10
5 GNEIAL....iiiiiiiiiee s 10
5.1 AC electrical characteristiCs...........c.ccevvvrriienieniecieeneenen 11
5.2 Nonswitching electrical specifications.............cccccceevineeene 11
5.2.1 Voltage and current operating requirements......... 11
5.2.2 LVD and POR operating requirements................. 12
5.2.3 Voltage and current operating behaviors.............. 13
5.2.4 Power mode transition operating behaviors.......... 13
5.2.5 Power consumption operating behaviors.............. 14
5.2.6 EMC radiated emissions operating behaviors....... 18
5.2.7 Designing with radiated emissions in mind........... 19
5.2.8 Capacitance attributes............ccccevviriiiniiiiiiiiene 19
5.3 Switching specifications............ccocoverieiieiniceee e 19
5.3.1 Device clock specifications............ccccovcueveiiiieennns 19
5.3.2 General switching specifications..............c.ccceeuveue 20

5.4 Thermal specifications..........cccoovveiiiiiiiiiiiieiiecic e 20
5.4.1 Thermal operating requirements.............cccccceeenne 21
5.4.2 Thermal attributes.............ccccoociiiiiiiis 21
6 Peripheral operating requirements and behaviors.................... 22
6.1 COre MOAUIES......c.eeriieiieiicee e 22
6.1.1 JTAG electricals...........cccorvineiiiiiieiieeceeceeee 22
6.2 System MOdUIES..........cociiiiiiiiieeiec e 25
6.3 ClOCK MOAUIES......cceeiiiieiiiiiieceereee e 25
6.3.1  MCG specifications.........ccccueveeeiiiiieee e 25
6.3.2 Oscillator electrical specifications.............cccccc.. 27
6.3.3 32 kHz oscillator electrical characteristics............. 29
6.4 Memories and memory interfaces...........ccccovveeirieeinieenns 30
6.4.1  Flash electrical specifications.............cccccevcieinenns 30
6.4.2 EzPort switching specifications...............ccccceeeene 33
6.5 Security and integrity modules............ccccoviiiiiiiiiiiiiiiees 34
6.6 ANAIOG.......coiiiiiiiiii 34
6.6.1 ADC electrical specifications..........ccccecvrvereeninnne 34
6.6.2 CMP and 6-bit DAC electrical specifications......... 38
6.6.3 12-bit DAC electrical characteristics..................... 41
6.6.4 Voltage reference electrical specifications............ 44
6.7 TIMEIS. .ot 45
6.8 Communication interfaces...........ccccocevriiiiiiciiiiiiiceeee 45

6.8.1 DSPI switching specifications (limited voltage
=T a o [ SR O PR PRROPRPI 45
6.8.2 DSPI switching specifications (full voltage range).47
6.8.3  12C switching specifications...........cccccceeeieiiecrnenne 49
6.8.4 UART switching specifications.............ccoccevevieenne 49

6.8.5 Normal Run, Wait and Stop mode performance

over the full operating voltage range..................... 49

6.8.6 VLPR, VLPW, and VLPS mode performance
over the full operating voltage range..................... 51
7 DIMENSIONS......iiiiiiiiiiie st 53
7.1 Obtaining package dimensions...........ccccvveriuieeiieeensineenne 53
8 PINOUL......eiiiiiei e 53
8.1 K12 Signal Multiplexing and Pin Assignments.................. 53
8.2 K12 PiNOULS......ceiiiiiiiiii e 56
9 ReViSion HiStOry........cocuiiiiiiiiiiieiieee e 57

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.

Freescale Semiconductor, Inc.



rerminology and guidelines

3.7 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.

3.8 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.

3.8.1 Example 1

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

Symbol Description Min. Typ. Max. Unit

lwp Digital /0 weak 10 70 130 A
pullup/pulldown
current

3.8.2 Example 2

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

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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4.2 Moisture handling ratings

Symbol | Description Min. Max. Unit Notes

MSL Moisture sensitivity level

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

4.3 ESD handling ratings

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

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

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.

4.4 Voltage and current operating ratings

Symbol Description Min. Max. Unit
Vpp Digital supply voltage -0.3 3.8 \Y
Ibp Digital supply current — 155 mA
Vbio Digital input voltage (except RESET, EXTAL, and XTAL) -0.3 \Y
Vaio Analog', RESET, EXTAL, and XTAL input voltage -0.3 Vpp + 0.3 Vv

Ip Maximum current single pin limit (applies to all digital pins) -25 25 mA
Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \
VREGIN USB regulator input -0.3 6.0 \
VeaT RTC battery supply voltage -0.3 3.8 \Y,

1. Analog pins are defined as pins that do not have an associated general purpose 1/O port function.

5 General

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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Very Low Power Run (VLPR) Current vs Core Frequency
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Figure 3. VLPR mode supply current vs. core frequency
5.2.6 EMC radiated emissions operating behaviors
Table 7. EMC radiated emissions operating behaviors 1
Symbol | Description Frequency Typ. Unit Notes
band (MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 19 dBuV 2,3
VRe2 Radiated emissions voltage, band 2 50-150 21 dBuVv
VREes Radiated emissions voltage, band 3 150-500 19 dBuV
VREs Radiated emissions voltage, band 4 500-1000 11 dBpVv
VRE_IEC IEC level 0.15-1000 L — 3,4

—_

This data was collected on a MK20DN128VLHS5 64pin LQFP device.

Determined according to IEC Standard 61967-1, Integrated Circuits - Measurement of Electromagnetic Emissions, 150
kHz to 1 GHz Part 1: General Conditions and Definitions and IEC Standard 61967-2, Integrated Circuits - Measurement of
Electromagnetic Emissions, 150 kHz to 1 GHz Part 2: Measurement of Radiated Emissions—TEM Cell and Wideband
TEM Cell Method. Measurements were made while the microcontroller was running basic application code. The reported
emission level is the value of the maximum measured emission, rounded up to the next whole number, from among the
measured orientations in each frequency range.

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 11. Thermal operating requirements

Symbol Description Min. Max. Unit

Ty Die junction temperature -40 125 °C
Ta Ambient temperature —40 105 °C

5.4.2 Thermal attributes

Board type Symbol Description 64 LQFP Unit Notes

Single-layer (1s) Regua Thermal 65 °C/W 1,2
resistance, junction
to ambient (natural
convection)

Four-layer (2s2p) | Rgya Thermal 46 °C/W 1,3
resistance, junction
to ambient (natural
convection)

Single-layer (1s) Resma Thermal 53 °C/W 1,3
resistance, junction
to ambient (200 ft./
min. air speed)

Four-layer (2s2p) | Rgyma Thermal 40 °C/W 1,3
resistance, junction
to ambient (200 ft./
min. air speed)

— ReJs Thermal 28 °C/W 4
resistance, junction
to board

— ReJc Thermal 15 °C/W 5
resistance, junction
to case

— Y Thermal 3 °C/W 6
characterization
parameter, junction
to package top
outside center
(natural
convection)

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board
thermal resistance.

2. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions— Natural Convection (Still Air) with the single layer board horizontal. For the LQFP, the board meets the
JESD51-3 specification. For the MAPBGA, the board meets the JESD51-9 specification.

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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3. Determined according to JEDEC Standard JESD51-6, Integrated Circuits Thermal Test Method Environmental
Conditions — Forced Convection (Moving Air) with the board horizontal.
4, Determined according to JEDEC Standard JESD51-8, Integrated Circuit Thermal Test Method Environmental
Conditions —Junction-to-Board. Board temperature is measured on the top surface of the board near the package.
5. Determined according to Method 1012.1 of MIL-STD 883, Test Method Standard, Microcircuits, with the cold plate

temperature used for the case temperature. The value includes the thermal resistance of the interface material
between the top of the package and the cold plate.

6. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions— Natural Convection (Still Air).

6 Peripheral operating requirements and behaviors

6.1 Core modules

6.1.1 JTAG electricals

Table 12. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit
Operating voltage 2.7 3.6 \

Ji TCLK frequency of operation MHz

e Boundary Scan 0 10

e JTAG and CJTAG 0 25

¢ Serial Wire Debug 0 50
J2 TCLK cycle period 1/J1 — ns
J3 TCLK clock pulse width

* Boundary Scan 50 — ns

e JTAG and CJTAG 20 — ns

¢ Serial Wire Debug 10 — 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 0 — ns
J7 TCLK low to boundary scan output data valid — 25 ns
J8 TCLK low to boundary scan output high-Z — 25 ns
J9 TMS, TDI input data setup time to TCLK rise 8 — ns
J10 TMS, TDI input data hold time after TCLK rise 1 — ns
J11 TCLK low to TDO data valid — 17 ns
J12 TCLK low to TDO high-Z — 17 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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Table 14. MCG specifications (continued)

Symbol | Description | Min Typ. | Max. | Unit | Notes
FLL
fo_ref FLL reference frequency range 31.25 — 39.0625 kHz
fdco DCO output Low range (DRS=00) 20 20.97 25 MHz 3,4
frequency range 640 x e
Mid range (DRS=01) 40 41.94 50 MHz
1280 x fy|_ref
Mid-high range (DRS=10) 60 62.91 75 MHz
1920 x fyy_ref
High range (DRS=11) 80 83.89 100 MHz
2560 X f_ref
faco_t_pmxaz2 | DCO output Low range (DRS=00) — 23.99 — MHz 5,6
frequency 732 X fyt_ref
Mid range (DRS=01) — 47.97 — MHz
1464 x Ty ref
Mid-high range (DRS=10) — 71.99 — MHz
2197 X ret
High range (DRS=11) — 95.98 — MHz
2929 x fy_ref
Jeye_m |FLL period jitter — 180 — ps
oot - | w | -
ta_acquire | FLL target frequency acquisition time — — 1 ms 7
PLL
fuco VCO operating frequency 48.0 — 100 MHz
2 MHz, VDIV multiplier = 48)
2 MHz, VDIV multiplier = 24)
foll_ref PLL reference frequency range 2.0 — 4.0 MHz
Jeye_pii | PLL period jitter (RMS) 9
o fyeo = 48 MHz — 120 — ps
* fyeo = 100 MHz — 50 — ps
Jace_pii | PLL accumulated jitter over 1pys (RMS) 9
¢ fueo = 48 MHz — 1350 — ps
* fyeo = 100 MHz — 600 — ps
Diock Lock entry frequency tolerance +1.49 — +2.98 %
Duyni Lock exit frequency tolerance +4.47 — +5.97 %

Table continues on the next page...

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.

26

Freescale Semiconductor, Inc.




g |

Peripheral operating requirements and behaviors

Table 24. 16-bit ADC operating conditions (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
VREFH ADC reference 1.13 VDDA VDDA \%
voltage high
VREFL ADC reference VSSA VSSA VSSA \Y
voltage low
VaDIN Input voltage ¢ 16-bit differential mode VREFL — 31/32* \'%
VREFH
¢ All other modes VREFL — VREEH
CapIN Input capacitance ¢ 16-bit mode — 10 pF
* 8-bit/ 10-bit / 12-bit — 5
modes
Rapin Input resistance — 2 5 kQ
Ras Analog source 13-bit / 12-bit modes 3
resistance fapcK < 4 MHZ . . 5 KQ
faDcK ADC conversion |< 13-bit mode 1.0 — 18.0 MHz 4
clock frequency
fapck  |ADC conversion |16-bit mode 2.0 — 12.0 MHz 4
clock frequency
Crate ADC conversion |< 13-bit modes 5
rate No ADC hardware averaging 20.000 — 818.330 Ksps
Continuous conversions
enabled, subsequent
conversion time
Crate ADC conversion |16-bit mode 5
rate No ADC hardware averaging 37.037 — 461.467 Ksps

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.

DC potential difference.
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 Ryg/Cas
time constant should be keptto < 1 ns.

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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8. ADC conversion clock < 3 MHz

Typical ADC 16-bit Differential ENOB vs ADC Clock
100Hz, 90% FS Sine Input

15.00

14.70

14,40 | ——————

14.10 \
13.80 |

&
= 1350
I-IJ f_
13.20 \
12.90
12,60
Hardware Averaging Disabled
1230 Averaging of 4 samples
' Averaging of 8 samples
Averaging of 32 samples
12.00
1 2 3 4 5 B 7 8 g 10 11 12
ADC Clock Frequency (MHz)
Figure 10. 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
1326
13.00
1275
5
= 12.50 \
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Figure 11. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode
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6.6.3.2 12-bit DAC operating behaviors
Table 28. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pacL | Supply current — low-power mode — — 330 HA
P
Ipba_pacH | Supply current — high-speed mode — — 1200 A
P
tpacLp | Full-scale settling time (0x080 to OxF7F) — — 100 200 us 1
low-power mode
tpacup | Full-scale settling time (0x080 to OxF7F) — — 15 30 ps 1
high-power mode
tccpacLp | Code-to-code settling time (OxBF8 to 0xC08) — 0.7 1 us 1
— low-power mode and high-speed mode
Vaacoutt | DAC output voltage range low — high-speed — — 100 mV
mode, no load, DAC set to 0x000
Vgacouth | DAC output voltage range high — high- VpacRr — VpacRr 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
\
DNL Differential non-linearity error — Vpacr = — — +1 LSB 4
VREF_OUT
VorrseT | Offset error — +0.4 +0.8 %FSR
Eg Gain error — +0.1 +0.6 %FSR
PSRR |Power supply rejection ratio, Vppa = 2.4 V 60 — 90 dB
Tco Temperature coefficient offset voltage — 3.7 — puVv/C 6
Tee 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 (SPp) 0.05 0.12 —
CT Channel to channel cross talk — — -80 dB
BW 3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SP_p) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to Vpacr —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

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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Figure 14. Typical INL error vs. digital code
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Figure 15. Offset at half scale vs. temperature

6.6.4 Voltage reference electrical specifications

Table 29. VREF full-range operating requirements

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

range of the device

C. Output load capacitance 100 nF 1,2

1. Cp 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.

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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6.8.1 DSPI switching specifications (limited voltage range)

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

Table 33. Master mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \'%
Frequency of operation — 25 MHz
DS1 DSPI_SCK output cycle time 2 xtgys — ns
DS2 DSPI_SCK output high/low time (tsck/2) — 2 | (tsck/2) + 2 ns
DS3 DSPI_PCSn valid to DSPI_SCK delay (taus X 2) — — ns 1
2
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus x 2) — — ns 2
2
DS5 DSPI_SCK to DSPI_SOUT valid — 8.5 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -2 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 15 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

1. The delay is programmable in SPIx_CTARNn[PSSCK] and SPIx_CTARN[CSSCK].
2. The delay is programmable in SPIx_CTARN[PASC] and SPIx_CTARN[ASC].

DSPI_PCSn X N X
* o5 '; :‘ DS2 ’1 ﬁT’}‘W"
DSPI_SCK /—\_/SM
| Dss | l
(CPOL=0) ST g ! |
I DS5 ‘
<“—) 14 DS6
DSPI_SOUT X First data ><3 Data X Last data X

Figure 16. DSPI classic SPI timing — master mode

Table 34. Slave mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Frequency of operation 12.5 MHz

DS9 DSPI_SCK input cycle time 4 x tgys — ns

Table continues on the next page...
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Table 34. Slave mode DSPI timing (limited voltage range) (continued)

Num Description Min. Max. Unit
DS10 DSPI_SCK input high/low time (tsck/2) - 2 (tsck/2) + 2 ns
DS11 DSPI_SCK to DSPI_SOUT valid — 10 ns
DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns
DS13 DSPI_SIN to DSPI_SCK input setup 2 — ns
DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns
DS15 DSPI_SS active to DSPI_SOUT driven — 14 ns
DS16 DSPI_SS inactive to DSPI_SOUT not driven — 14 ns

bsPiss —\ \ o

i ‘ DS10 ‘ ‘ DS9 ‘ i
(CPOL=0) "35_‘5, «pn € DSt DSI6 4_,
DSPI_SOUT )—( First data X Data \\ X Lestdaa )C}—
DS13 4" : DS14 ‘
DSPI_SIN >—< First data X Datasg X Last data >7

Figure 17. DSPI classic SPI timing — slave mode

6.8.2 DSPI switching specifications (full voltage range)

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

Table 35. Master mode DSPI timing (full voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \Y 1
Frequency of operation — 12.5 MHz

DS1 DSPI_SCK output cycle time 4 x tgys — ns

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

DS3 DSPI_PCSn valid to DSPI_SCK delay (tgus x 2) — — ns 2

4

Table continues on the next page...

K12 Sub-Family Data Sheet, Rev. 4, 08/2013.

Freescale Semiconductor, Inc. 47




Peripheral operating requirements and behaviors

DSPI_SS \ “ /\/7
} DS10 v DS9 }
! \' '\ ’—h !
DSPI_SCK -/ \ / SS \ / \ !
(CPOL=0) < DSISV E HDS'Z : , DSI1 DSIO gy
DSPI_SOUT >—< | First data X Data ’\l\ X Last data D—
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Figure 19. DSPI classic SPI timing — slave mode

6.8.3 12C switching specifications

See General switching specifications.

6.8.4 UART switching specifications

See General switching specifications.

6.8.5 Normal Run, Wait and Stop mode performance over the full
operating voltage range

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

Table 37. 12S/SAI master mode timing

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \"

Si 12S_MCLK cycle time 40 — ns

S2 I12S_MCLK (as an input) pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I12S_RX_BCLK cycle time (output) 80 — ns

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

S5 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ — 15 ns
I12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ 0 — ns
12S_RX_FS output invalid

S7 12S_TX_BCLK to [12S_TXD valid — 15 ns

Table continues on the next page...
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Table 37. 12S/SAl master mode timing (continued)

Num. Characteristic Min. Max. Unit
S8 12S_TX_BCLK to 12S_TXD invalid 0 — ns
S9 12S_RXD/I2S_RX_FS input setup before 25 — ns
12S_RX_BCLK
S10 12S_RXD/I12S_RX_FS input hold after 2S_RX_BCLK |0 — ns

’S—l’w 4’\52 w‘i 4’\52 \47
I2S_MCLK (output)
% S3 >\
12S_TX_BCLK/ / \¢ s4 /4 \ S\ /
12S_RX_BCLK (output) < 54 ’ I I
:‘T’\ E 4: se &
12S_TX_FS/ ‘ : I AN
I2S_RX_FS (output) 1 | ;
| D L X 510 k
12S_TX_FS/ y ' N
125_RX_FS (input) _J AR ) | po—
25.7XD — DE | -
P
Figure 20. 12S/SAl timing — master modes
Table 38. 12S/SAIl slave mode timing
Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \'
S11 12S_TX_BCLK/I2S_RX_BCLK cycle time (input) 80 — ns
S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)
S13 12S_TX_FS/I12S_RX_FS input setup before 10 — ns
12S_TX_BCLK/I2S5_RX_BCLK
S14 12S_TX_FS/I2S_RX_FS input hold after 2 — ns
12S_TX_BCLK/I2S_RX_BCLK
S15 12S_TX_BCLK to 12S_TXD/I12S_TX_FS output valid — 29 ns
S16 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output invalid |0 — ns
S17 12S_RXD setup before 12S_RX_BCLK 10 — ns
sS18 I12S_RXD hold after I2S_RX_BCLK 2 — ns
S19 I2S_TX_FS input assertion to I12S_TXD output valid! |— 21 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Figure 22. 12S/SAl timing — master modes

Table 40. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full
voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y

S11 12S_TX_BCLK/12S_RX_BCLK cycle time (input) 250 — ns

S12 12S_TX_BCLK/I12S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)

S13 12S_TX_FS/I12S_RX_FS input setup before 30 — ns
12S_TX_BCLK/I12S_RX_BCLK

S14 12S_TX_FS/I2S_RX_FS input hold after 2 — ns
12S_TX_BCLK/12S_RX_BCLK

S15 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output valid — 87 ns

S16 12S_TX_BCLK to 12S_TXD/I12S_TX_FS output invalid |0 — ns

S17 12S_RXD setup before 12S_RX_BCLK 30 — ns

S18 12S_RXD hold after 2S_RX_BCLK 2 — ns

S19 I2S_TX_FS input assertion to 12S_TXD output valid! |— 72 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Figure 23. 12S/SAl timing — slave modes

7 Dimensions

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

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

If you want the drawing for this package Then use this document number
64-pin LQFP 98ASS23234W
8 Pinout

8.1 K12 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

NOTE
* The analog input signals ADCO_SE10, ADCO_SE11,
ADCO0_DP1, and ADCO_DM1 are available only for K11,
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Pinout
64 Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP
18 | DACO_OUT/ DACO_OUT/
CMP1_IN3/ CMP1_IN3/
ADCO_SE23 ADC0_SE23
19 | XTAL32 XTAL32
20 | EXTAL32 EXTAL3?
21 | VBAT VBAT
22 | JTAG_TCLK/ PTAO UART0_CTS_b/ | FTM0_CH5 JTAG_TCLK/ EZP_CLK
SWD_CLK/ UARTO_COL_b SWD_CLK
EZP_CLK
23 | JTAG_TDI/ PTA1 UARTO_RX FTM0_CH6 JTAG_TDI EZP DI
EZP DI
24 | JTAG_TDO/ PTA2 UARTO_TX FTM0_CH7 JTAG_TDO/ EZP DO
TRACE_SWO/ TRACE_SWO
EZP DO
25 | JTAG_TMS/ PTA3 UARTO_RTS_b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO
26 | NMILb/ PTA4/ FTM0_CH1 NMILb EZP CS_b
EZP CS b LLWU_P3
27 | DISABLED PTAS FTM0_CH2 [250_TX_BCLK | JTAG_TRST b
28 | DISABLED PTA12 FTM1_CHO 1250_TXDO FTM1_QD_PHA
29 | DISABLED PTA13/ FTM1_CH1 [250_TX_FS FTM1_QD_PHB
LLWU_P4
30 | VDD VDD
31 | VSS VS
32 | EXTALO EXTALO PTA18 FTMO_FLT2 FTM_CLKINO
33 | XTALO XTALO PTA19 FTM1_FLTO FTM_CLKIN1 LPTMRO_ALTY
34 | RESET b RESET b
35 | ADCO_SE8 ADCO0_SE8 PTBO/ 12C0_SCL FTM1_CHO FTM1_QD_PHA
LLWU_P5
36 | ADCO_SE9 ADC0_SE9 PTB1 [200_SDA FTM1_CH1 FTM1_QD_PHB
37 | ADCO_SE12 ADCO_SE12 PTB? 12C0_SCL UARTO_RTS_b FTMO_FLT3
38 | ADCO_SE13 ADCO_SE13 PTB3 12C0_SDA UART0_CTS_b/ FTMO_FLTO
UART0_COL_b
39 | DISABLED PTB16 UART0_RX EWM_IN FTM_CLKINO
40 | DISABLED PTB17 UARTO_TX EWM_OUT b | FTM_CLKIN1
41 | DISABLED PTB18 FTM2_CHO [250_TX_BCLK
42 | DISABLED PTB19 FTM2_CH1 [250_TX_FS
43 | ADCO_SE14 ADCO_SE14 PTCO SPI0_PCS4 PDB0_EXTRG 250_TXD1
44 | ADCO_SE15 ADCO_SE15 PTC1/ SPI0_PCS3 UART1_RTS_b | FTM0_CHO 250_TXDO
LLWU_P6
45 | ADCO_SE4b/ ADCO_SE4b/ PTC2 SPI0_PCS2 UART1_CTS b | FTM0_CH1 [250_TX_FS
CMP1_INO CMP1_INO
46 | CMP1_IN1 CMP1_IN1 PTCY/ SPI0_PCSt UART1_RX FTM0_CH2 CLKOUT [250_TX_BCLK
LLWU_P7
47 | VSS VS
K12 Sub-Family Data Sheet, Rev. 4, 08/2013.
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64 Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP

48 | VDD VDD

49 | DISABLED PTC4/ SPI0_PCSO UART1_TX FTMO0_CH3 CMP1_OUT
LLWU_P8

50 | DISABLED PTCS/ SPI0_SCK LPTMRO_ALT2 | 1250_RXD0O CMPO_OUT FTMO0_CH2
LLWU_P9

51 | CMPO_INO CMPO_INO PTC6/ SPI0_SOUT PDBO_EXTRG | 1250_RX_BCLK 1250_MCLK
LLWU_P10

52 | CMPO_IN1 CMPO_IN1 PTC7 SPI0_SIN 1250_RX_FS

53 | CMPO_IN2 CMPO_IN2 PTC8 1250_MCLK

54 | CMPO_IN3 CMPO_IN3 PTCY 1250_RX_BCLK FTM2_FLTO

55 | DISABLED PTC10 [2C1_SCL 1250_RX_FS

56 | DISABLED PTC11/ 12C1_SDA 1250_RXD1
LLWU_P11

57 | DISABLED PTDO/ SPI0_PCSO UART2_RTS_b
LLWU_P12

58 | ADCO_SE5b ADCO_SE5b PTD1 SPI0_SCK UART2_CTS_b

59 | DISABLED PTDY SPI0_SOUT UART2_RX 12C0_SCL
LLWU_P13

60 | DISABLED PTD3 SPI0_SIN UART2_TX 12C0_SDA

61 | ADCO_SE21 ADCO_SE21 PTDY/ SPI0_PCST UARTO_RTS_b | FTM0_CH4 EWM_IN
LLWU_P14

62 | ADCO_SE6b ADCO_SE6b PTD5 SPI0_PCS2 UARTO_CTS_b/ | FTM0_CH5 EWM_OUT_b

UARTO_COL_b

63 | ADCO_SE7b ADCO_SE7h PTD6/ SPI0_PCS3 UART0_RX FTMO_CH6 FTMO_FLTO
LLWU_P15

64 | ADCO_SE22 ADCO_SE22 PTD7 CMT_IRO UART0_TX FTM0_CH7 FTMO_FLT

8.2 K12 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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