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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"

Active

ARM® Cortex®-M4

32-Bit Single-Core

100MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, SD, SPI, UART/USART, USB, USB OTG
DMA, I2S, LVD, POR, PWM, WDT
100

512KB (512K x 8)

FLASH

128K x 8

1.71V ~ 3.6V

A/D 42x16b; D/A 2x12b
Internal

-40°C ~ 105°C (TA)

Surface Mount

144-LQFP

144-LQFP (20x20)
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Field Description Values

32 =32 KB
64 = 64 KB
128 = 128 KB
256 = 256 KB
512 =512 KB
1MO =1 MB
2M0 =2 MB

Z = Initial
e (Blank) = Main
¢ A = Revision after main

FFF Program flash memory size

R Silicon revision

T Temperature range (°C) e V=-40t0 105
e C=-401t085
PP Package identifier FM =32 QFN (5 mm x 5 mm)

FT =48 QFN (7 mm x 7 mm)

LF = 48 LQFP (7 mm x 7 mm)

LH =64 LQFP (10 mm x 10 mm)

MP = 64 MAPBGA (5 mm x 5 mm)

LK = 80 LQFP (12 mm x 12 mm)

LL =100 LQFP (14 mm x 14 mm)

MC = 121 MAPBGA (8 mm x 8 mm)
LQ = 144 LQFP (20 mm x 20 mm)

MD = 144 MAPBGA (13 mm x 13 mm)
MJ = 256 MAPBGA (17 mm x 17 mm)

5 =50 MHz
7 =72 MHz
10 =100 MHz
12 =120 MHz
15 =150 MHz

R = Tape and reel
¢ (Blank) = Trays

CcC Maximum CPU frequency (MHz)

N Packaging type

2.4 Example
This is an example part number:

MK60DN512ZVMD10

3 Terminology and guidelines

3.1 Definition: Operating requirement

An operating requirement is a specified value or range of values for a technical
characteristic that you must guarantee during operation to avoid incorrect operation and
possibly decreasing the useful life of the chip.

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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3.1.1 Example

This is an example of an operating requirement:

Symbol Description Min. Max. Unit

Vpp 1.0 V core supply 0.9 1.1 \
voltage

3.2 Definition: Operating behavior

An operating behavior is a specified value or range of values for a technical
characteristic that are guaranteed during operation if you meet the operating requirements
and any other specified conditions.

3.2.1 Example

This is an example of an operating behavior:

Symbol Description Min. Max. Unit
0 130 MA

—_

lwp Digital I/O weak pullup/
pulldown current

3.3 Definition: Attribute

An attribute is a specified value or range of values for a technical characteristic that are
guaranteed, regardless of whether you meet the operating requirements.

3.3.1 Example

This is an example of an attribute:

Symbol Description Min. Max. Unit

CIN_D Input capacitance: — 7 pF
digital pins

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 9. Device clock specifications (continued)

Symbol Description Min. Max. Unit Notes
faus Bus clock — 4 MHz
FB_CLK FlexBus clock — 4 MHz
frLASH Flash clock — 1 MHz
fERCLK External reference clock — 16 MHz
fietMR_pin | LPTMR clock — 25 MHz
fLprtMr_ERcLk | LPTMR external reference clock — 16 MHz
friexcan_eErcLk | FlexCAN external reference clock — 8 MHz
flas_ McLK I12S master clock — 12.5 MHz
fios_BoLK 128 bit clock — 4 MHz

1. The frequency limitations in VLPR mode here override any frequency specification listed in the timing specification for any
other module.

5.3.2 General switching specifications

These general purpose specifications apply to all signals configured for GPIO, UART,
CAN, CMT, IEEE 1588 timer, and IC signals.

Table 10. General switching specifications

Symbol | Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter 1.5 — Bus clock 1,2
disabled) — Synchronous path cycles
GPIO pin interrupt pulse width (digital glitch filter 100 — ns 3
disabled, analog filter enabled) — Asynchronous path
GPIO pin interrupt pulse width (digital glitch filter 16 — ns 3
disabled, analog filter disabled) — Asynchronous path
External reset pulse width (digital glitch filter disabled) 100 — ns 3
Mode select (EZP_CS) hold time after reset 2 — Bus clock
deassertion cycles
Port rise and fall time (high drive strength) 4

¢ Slew disabled
e 1.71<Vpp=2.7V — 12 ns
e 27<Vpp=<3.6V — 6 ns
¢ Slew enabled
e 1.71<Vpp 2.7V — 36 ns
e 27<Vpp=<3.6V — 24 ns

Table continues on the next page...
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6.3.1 MCG specifications
Table 15. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fints_ft Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal VDD and 25 °C
fints_t Internal reference frequency (slow clock) — user 31.25 — 39.0625 kHz
trimmed
Dvtgco_res_t | Resolution of trimmed average DCO output — +0.3 +0.6 Y%fdco 1
frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM
Afyeo_res t | Resolution of timmed average DCO output — +0.2 +0.5 Yofgco 1
frequency at fixed voltage and temperature —
using SCTRIM only
Afyeo t | Total deviation of trimmed average DCO output — +0.5/-0.7 +3 Yofgco 1,
frequency over voltage and temperature
Afgeo + | Total deviation of trimmed average DCO output — +0.3 +3 Yofdco 1
frequency over fixed voltage and temperature
range of 0-70°C
fintf_tt Internal reference frequency (fast clock) — — 4 — MHz
factory trimmed at nominal VDD and 25°C
fintf_t Internal reference frequency (fast clock) — user 3 — 5 MHz
trimmed at nominal VDD and 25 °C
floc_low | LOss of external clock minimum frequency — (3/5) x — — kHz
RANGE = 00 fints_t
fioc_nigh | Loss of external clock minimum frequency — (16/5) x — — kHz
RANGE = 01, 10, or 11 fints_t
FLL
fl_ret FLL reference frequency range 31.25 — 39.0625 kHz
fdco DCO output Low range (DRS=00) 20 20.97 25 MHz 2,3
frequency range
quency rang 640 X fo_re
Mid range (DRS=01) 40 41.94 50 MHz
1280 x ffILref
Mid-high range (DRS=10) 60 62.91 75 MHz
1920 x ff"_ref
High range (DRS=11) 80 83.89 100 MHz
2560 x ff"_ref
faco_t_DMx32 | DCO output Low range (DRS=00) — 23.99 — MHz 4,5
frequenc
quency 732 X f_ef
Mid range (DRS=01) — 47.97 — MHz
1464 x ff"_ref
Mid-high range (DRS=10) — 71.99 — MHz
2197 x ff"_ref
High range (DRS=11) — 95.98 — MHz
2929 x ff||_ref

Table continues on the next page...

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.

Freescale Semiconductor, Inc.

29



g |

Peripheral operating requirements and behaviors

6.3.2.1 Oscillator DC electrical specifications
Table 16. Oscillator DC electrical specifications
Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.71 — 3.6 \"
Ibbosc | Supply current — low-power mode (HGO=0) 1
e 32 kHz — 500 — nA
s 4 MHz — 200 — HA
* 8 MHz (RANGE=01) — 300 — pA
* 16 MHz — 950 — pA
* 24 MHz — 1.2 — mA
* 32 MHz — 1.5 — mA
Ibbosc | Supply current — high gain mode (HGO=1) 1
e 32 kHz — 25 — pA
e 4 MHz — 400 — HA
e 8 MHz (RANGE=01) — 500 — pA
e 16 MHz — 25 — mA
e 24 MHz — — mA
* 32 MHz — — mA
Cy EXTAL load capacitance — — — 2,3
Cy XTAL load capacitance — — — 2,3
Re Feedback resistor — low-frequency, low-power — — — MQ 2,4
mode (HGO=0)
Feedback resistor — low-frequency, high-gain — 10 — MQ
mode (HGO=1)
Feedback resistor — high-frequency, low-power — — — MQ
mode (HGO=0)
Feedback resistor — high-frequency, high-gain — 1 — MQ
mode (HGO=1)
Rs Series resistor — low-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — low-frequency, high-gain mode — 200 — kQ
(HGO=1)
Series resistor — high-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — high-frequency, high-gain
mode (HGO=1)
— 0 — kQ

Table continues on the next page...
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1. Assumes 25 MHz flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.
3. For byte-writes to an erased FlexRAM location, the aligned word containing the byte must be erased.

6.4.1.3 Flash high voltage current behaviors
Table 22. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit

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

Ibb_ERS Average current adder during high voltage — 15 4.0 mA
flash erase operation

6.4.1.4 Reliability specifications
Table 23. NVM reliability specifications

Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash
tvmretptok | Data retention after up to 10 K cycles 5 50 — years
tmretp1k | Data retention after up to 1 K cycles 20 100 — years
Nnvmeyep | Cycling endurance 10K 50 K — cycles 2
Data Flash
thmretdiok | Data retention after up to 10 K cycles 5 50 — years
twmretdik | Data retention after up to 1 K cycles 20 100 — years
Nnvmeyed | Cycling endurance 10K 50 K — cycles 2
FlexRAM as EEPROM
thwmretee100 | Data retention up to 100% of write endurance 5 50 — years
thmretee1o |Data retention up to 10% of write endurance 20 100 — years
Write endurance 3
Nnvmwree16 e EEPROM backup to FlexRAM ratio = 16 35K 175 K — writes
Nnvmwree128 ¢ EEPROM backup to FlexRAM ratio = 128 315K 1.6 M — writes
Nnvmwree512 * EEPROM backup to FlexRAM ratio = 512 1.27 M 6.4 M — writes
Nnvmwree4k e EEPROM backup to FlexRAM ratio = 4096 10M 50 M — writes
Nnymwree32k * EEPROM backup to FlexRAM ratio = 80 M 400 M — writes
32,768

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.

3. Write endurance represents the number of writes to each FlexRAM location at -40°C <Tj < 125°C influenced by the cycling
endurance of the FlexNVM (same value as data flash) and the allocated EEPROM backup per subsystem. Minimum and
typical values assume all byte-writes to FlexRAM.

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Figure 9. EEPROM backup writes to FlexRAM
6.4.2 EzPort switching specifications
Table 24. EzPort switching specifications
Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \
EP1 EZP_CK frequency of operation (all commands except — fsys/2 MHz
READ)
EP1a EZP_CK frequency of operation (READ command) — fsys/8 MHz
EP2 EZP_CS negation to next EZP_CS assertion 2 Xtezp ck — ns
EP3 EZP_CS input valid to EZP_CK high (setup) 5 — ns
EP4 EZP_CK high to EZP_CS input invalid (hold) 5 — ns
EP5 EZP_D input valid to EZP_CK high (setup) 2 — ns
EP6 EZP_CK high to EZP_D input invalid (hold) 5 — ns
EP7 EZP_CK low to EZP_Q output valid — 16 ns
EP8 EZP_CK low to EZP_Q output invalid (hold) 0 — ns
EP9 EZP_CS negation to EZP_Q tri-state — 12 ns

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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2. Specification is valid for all FB_AD[31:0] and FB_TA.

Table 26. Flexbus full voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \Y
Frequency of operation — FB_CLK MHz
FB1 Clock period 1/FB_CLK — ns
FB2 Address, data, and control output valid — 13.5 ns 1
FB3 Address, data, and control output hold 0 — ns 1
FB4 Data and FB_TA input setup 13.7 — ns 2
FB5 Data and FB_TA input hold 0.5 — ns 2

1. Specification is valid for all FB_AD[31:0], FB_BE/BWEn, FB_CSn, FB_OE, FB_R/W,FB_TBST, FB_TSIZ[1:0], FB_ALE,
and FB_TS.

2. Specification is valid for all FB_AD[31:0] and FB_TA.

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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FB1
—
FB_CLK L+ [+ L _f FB3| |
| @
FB_A[Y] ¥ Address D,
¢ FB FB :
2 4H :
FB_DIX] DX e
FB_RW / \
FB_TS \ / \\
FB_ALE / \ /
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FB_CSn \ Y=
FB_OEn \ / /
, FB47,
FB_BEn N L/ /
i ¢ > FB5
P AA= '
FB_TA % AA=O »
FB_TSIZ[1:0] X TSIZ X

Figure 11. FlexBus read timing diagram
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Table 27. 16-bit ADC operating conditions (continued)

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

2. DC potential difference.

3. This resistance is external to MCU. To achieve the best results, the analog source resistance must be kept as low as
possible. The results in this data sheet were derived from a system that had < 8 Q analog source resistance. The Rag/Cas
time constant should be kept to < 1 ns.

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

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

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Zon
Tpad T SIMPLIFIED
Lis | leakage | I CHANNEL SELECT
< - | dueto ;! CIRCUIT ADC SAR
I |nput | — = = = = —
Ras | | protection | | | t‘\»\/DI\N/\/_O/ | ENGINE
| + | |
| Vaow : ' | | |
i | |
G5 | |
t I * :[ ' b |
—>
I [ | [
|
= = | = | = | | [
ST b ! I Ruow !
% AN —— o— ¢
|
INPUT PIN I
| Raon |
& T W\/—O/C)—H
INPUT PIN | '
|
|

B

INPUT PIN —— Caon

—_— —_ —_ — =

Figure 13. ADC input impedance equivalency diagram

6.6.1.2 16-bit ADC electrical characteristics
Table 28. 16-bit ADC characteristics (VRerH = Vbobpas VRerL = Vssa)

Symbol | Description Conditions’. Min. Typ.2 Max. Unit Notes

Iopa_apc | Supply current 0.215 — 1.7 mA 3

Table continues on the next page...

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.

44 Freescale Semiconductor, Inc.



http://cache.freescale.com/files/soft_dev_tools/software/app_software/converters/ADC_CALCULATOR_CNV.zip?fpsp=1

g |

Peripheral operating requirements and behaviors

Table 28. 16-bit ADC characteristics (VrRern = Vbpa, VRerL = Vssa) (continued)

Symbol | Description Conditions’. Min. Typ.2 Max. Unit Notes
ADC e ADLPC =1, ADHSC =0 1.2 2.4 3.9 MHz | tapack =1/
asynchronous « ADLPC=1,ADHSC=1| 24 4.0 6.1 MHz | TApAcK

FADAGK clock source

« ADLPC=0,ADHSC=0| 3.0 5.2 7.3 MHz
* ADLPC =0, ADHSC = 1 4.4 6.2 9.5 MHz
Sample Time See Reference Manual chapter for sample times
TUE Total unadjusted ¢ 12-bit modes — +4 +6.8 LSB* 5
error * <12-bit modes — +1.4 +2.1
DNL Differential non- ¢ 12-bit modes — +0.7 -1.1to+1.9 LSB* 5
linearity 0.3100.5

* <12-bit modes —

INL Integral non- * 12-bit modes — +1.0 -2.7t0o +1.9 LSB* 5
linearity -0.71t0+0.5
* <12-bit modes — +0.5
Ers Full-scale error e 12-bit modes — -4 -5.4 LSB* VADIN =
* <12-bit modes — -1.4 -1.8 Vooa
5
Eq Quantization * 16-bit modes — -1t00 — LSB*
error * <13-bit modes — — +0.5
ENOB |Effective number |16-bit differential mode 6
of bits « Avg=32 12.8 145 — bits
* Avg=4 11.9 13.8 — bits

16-bit single-ended mode
e Avg =32

12.2 13.9 — bits
* Avg=4 11.4 13.1 — bits
SINAD | Signal-to-noise | See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
THD Total harmonic 16-bit differential mode 7
distortion . Avg=32 - —94 - dB
16-bit single-ended mode . -85 . 4B
* Avg =32
SFDR | Spurious free 16-bit differential mode 7
dynamic range . Avg=32 82 05 . dB
16-bit single-ended mode 78 90 . 4B
e Avg=32

Table continues on the next page...
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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
1275
9
= 12.50 \
L
12.25
12.00
11.75
11.50
11.25 Averaging of 4 Samples
Averaging of 32 Samples
11.00
1 2 3 4 5 B 7 ] 10 11 12
ADC Clock Frequency (MHz)
Figure 15. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode
6.6.1.3 16-bit ADC with PGA operating conditions
Table 29. 16-bit ADC with PGA operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vppa Supply voltage Absolute 1.71 — 3.6 \'%
Vrerpga |PGA ref voltage VREF_OU | VREF_OU | VREF_OU \Y 2,3
T T T
VaDIN Input voltage Vssa - Vbba v
Vewu Input Common Vssa — Vbba \Y,
Mode range
Rpgap |Differential input |Gain=1,2,4,8 — 128 — kQ IN+ to IN-4
impedance Gain = 16, 32 — 64 —
Gain = 64 — 32 —
Ras Analog source — 100 — Q 5
resistance
Ts ADC sampling 1.25 — — ps 6
time

Table continues on the next page...
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Table 29. 16-bit ADC with PGA operating conditions (continued)

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

Crate ADC conversion |< 13 bit modes 18.484 — 450 Ksps 7

rate No ADC hardware
averaging

Continuous conversions
enabled

Peripheral clock = 50
MHz

16 bit modes 37.037 — 250 Ksps 8

No ADC hardware
averaging

Continuous conversions
enabled

Peripheral clock = 50
MHz

1. Typical values assume Vppa = 3.0 V, Temp = 25°C, fapck = 6 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

2. ADC must be configured to use the internal voltage reference (VREF_OUT)

3. PGA reference is internally connected to the VREF_OUT pin. If the user wishes to drive VREF_OUT with a voltage other
than the output of the VREF module, the VREF module must be disabled.

4. For single ended configurations the input impedance of the driven input is Rpgap/2

5. The analog source resistance (Ras), external to MCU, should be kept as minimum as possible. Increased Rag causes drop
in PGA gain without affecting other performances. This is not dependent on ADC clock frequency.

6. The minimum sampling time is dependent on input signal frequency and ADC mode of operation. A minimum of 1.25us
time should be allowed for Fi,=4 kHz at 16-bit differential mode. Recommended ADC setting is: ADLSMP=1, ADLSTS=2 at
8 MHz ADC clock.

7. ADC clock = 18 MHz, ADLSMP = 1, ADLST = 00, ADHSC =1

8. ADC clock = 12 MHz, ADLSMP = 1, ADLST = 01, ADHSC =1

6.6.1.4 16-bit ADC with PGA characteristics with Chop enabled
(ADC_PGA[PGACHPb] =0)
Table 30. 16-bit ADC with PGA characteristics

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Ibba_pca | Supply current Low power — 420 644 A 2
(ADC_PGA[PGALPb]=0)
Ibc_pea |Input DC current > ((VRERPGAX0383-Vey A 3
RpGAD (Gain+1)
Gain =1 y VREFPGA=1 2V, —_— 1.54 — IJA
Ven=0.5V
Gain =64, VF\’EFPGA=1 2V, — 0.57 —_— |JA
Ven=0.1V

Table continues on the next page...
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6.8.1 Ethernet switching specifications

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

6.8.1.1 MIl signal switching specifications

The following timing specs meet the requirements for MII style interfaces for a range of
transceiver devices.

Table 38. MiIl signal switching specifications

Symbol Description Min. Max. Unit
— RXCLK frequency — 25 MHz
Mil RXCLK pulse width high 35% 65% RXCLK

period
Mi2 RXCLK pulse width low 35% 65% RXCLK
period
MII3 RXD[3:0], RXDV, RXER to RXCLK setup — ns
Mil4 RXCLK to RXD[3:0], RXDV, RXER hold — ns
— TXCLK frequency — 25 MHz
MII5 TXCLK pulse width high 35% 65% TXCLK
period
MIl6 TXCLK pulse width low 35% 65% TXCLK
period
Mi7 TXCLK to TXD[3:0], TXEN, TXER invalid 2 — ns
MII8 TXCLK to TXD[3:0], TXEN, TXER valid — 25 ns
I MII6 I I MIIS I
TXCLK (input) /S /S /S
‘l MII8 ) ‘I MII7 N
TXD[n:O] X Valid data X
TXEN X Valid data X
TXER X Valid data X

Figure 20. MIl transmit signal timing diagram
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Table 44. Master mode DSPI timing (full voltage range) (continued)

Num Description Min. Max. Unit Notes
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
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus x 2) — — ns 3
4
DS5 DSPI_SCK to DSPI_SOUT valid — 8.5 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -1.2 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 19.1 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

1. The DSPI module can operate across the entire operating voltage for the processor, but to run across the full voltage

range the maximum frequency of operation is reduced.

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

DSPI_PCSn X N X
o5 '; :‘ DS2 ’1 fﬁ»
DSPI_SCK /—\_/Sm
| DSs8 | l
(CPOL=0) ST g ! |
| DS5 |
<“—) 14 DS6
DSPI_SOUT X First data ><3 Data X Last data X

Figure 24. DSPI classic SPI timing — master mode

Table 45. Slave mode DSPI timing (full voltage range)

Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \
Frequency of operation — 6.25 MHz

DS9 DSPI_SCK input cycle time 8 x tgus — ns

DS10 DSPI_SCK input high/low time (tsck/2) - 4 (tsckr) + 4 ns

DS11 DSPI_SCK to DSPI_SOUT valid — 24 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 3.2 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 19 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 19 ns

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 49. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes (limited voltage
range) (continued)

Num. Characteristic Min. Max. Unit
S16 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output invalid |0 — ns
S17 I12S_RXD setup before 12S_RX_BCLK 4.5 — ns
S18 12S_RXD hold after 2S_RX_BCLK — ns
S19 I2S_TX_FS input assertion to 12S_TXD output valid'  |— 25 ns
1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Figure 29. 12S/SAl timing — slave modes

6.8.11.2 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 50. 12S/SAl master mode timing in Normal Run, Wait and Stop modes

(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y
S1 12S_MCLK cycle time 40 — ns
S2 I12S_MCLK pulse width high/low 45% 55% MCLK period
S3 12S_TX_BCLK/I2S_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

12S_RX_FS output valid
S6 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ -1.0 — ns

12S_RX_FS output invalid

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

Table 52. 12S/SAI master mode timing in VLPR, VLPW, and VLPS modes (full voltage range)

(continued)

Num. Characteristic Min. Max. Unit
S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns
S9 12S_RXD/I12S_RX_FS input setup before 45 — ns
12S_RX_BCLK
S10 12S_RXD/I2S_RX_FS input hold after 2S_RX_BCLK |0 — ns
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Figure 32. 12S/SAl timing — master modes

Table 53. 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 Vv

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/I2S_RX_FS input setup before 30 — ns
12S_TX_BCLK/I2S_RX_BCLK

S14 I12S_TX_FS/12S_RX_FS input hold after 3 — ns
12S_TX_BCLK/I2S_RX_BCLK

S15 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output valid — 63 ns

S16 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output invalid |0 — ns

S17 12S_RXD setup before 12S_RX_BCLK 30 — ns

S18 I12S_RXD hold after 12S_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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8.1 K60 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.

144 | 144 | PinName Default ALTO ALTH ALT2 ALTS ALT4 ALTS ALT6 ALT7 EzPort
LQFP| MAP
BGA
— | L5 | RTC RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B
— | M5 |NC NC NC
— | MO | NC NC NC
— | Bi0 | NC NC NC
— | C10|NC NC NC
1 D3 | PTEO ADC1_SE4a | ADC1_SE4a | PTED SPH_PCSt | UARTI_TX | SDHCO_D1 2C1_SDA RTC_CLKOUT
2 | D2 | PTEN ADC1_SE5a | ADC1_SE5a | PTEY/ SPH_SOUT | UART1_RX | SDHC0_DO 2C1_SCL SPI1_SIN
LLWU_PO LLWU_PO
3 | D1 | PTEY ADC1_SE6a | ADC1_SE6a | PTEY/ SPH_SCK | UART1_CTS_ | SDHCO_DCLK
LLWU_P1 LLWU_P1 b
4 | E4 | PTES ADC1_SE7a | ADC1_SE7a | PTE3 SPI1_SIN UART1_RTS_ | SDHCO_CMD SPI_SouT
b
5 E5 | VDD VDD VDD
6 F6 | VSS VSS VSS
7 | E3 | PTR4 DISABLED PTE4/ SPH_PCS0 | UART3_TX | SDHC0_D3
LLWU_P2 LLWU_P2
8 E2 | PTES DISABLED PTES SPH_PCS2 | UART3_RX | SDHC0_D2
9 E1 | PTES DISABLED PTES SPI_PCS3 | UART3_CTS_ | [230_MCLK USB_SOF_
b out
10 | F4 |PTE7 DISABLED PTE7 UARTS_RTS_ | 1250_RXD0
b
11| F3 | PTES DISABLED PTES [2S0_RXD1 | UARTS_TX | I250_RX_FS
12 | F2 | PTE9 DISABLED PTE9 [250_TXD1 | UARTS_RX | I280_RX_
BOLK
18| F | PTE10 DISABLED PTE10 UART5_CTS_ | 1250_TXD0
b
14 | G4 | PTEM DISABLED PTE UART5_RTS_ | 1280_TX_FS
b
15 | G3 | PTER2 DISABLED PTEf2 250_TX_
BOLK
16 | E6 | VDD VDD VDD
17 | F7 | VSS (B8 V88
18 | H3 | VSS VSS V88
19 | Ht | USBO_DP USB0_DP USB0_DP
20 | H2 | USBO_DM USB0_DM USB0_DM
20 | G | VOUT33 VOUT33 VOUT33
2 | G2 | VREGIN VREGIN VREGIN
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144 | 144 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP | MAP
BGA
48 J4 | PTE27 DISABLED PTE27 UART4_RTS_
b
49 H4 | PTE28 DISABLED PTE28
50 J5 | PTAO JTAG_TCLK/ | TSI0_CH1 PTAO UART0_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ bl SWD_CLK
EZP CLK UART0_COL_
b
51 J6 | PTAT1 JTAG_TDI/ TSI0_CH2 PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI EZP DI
EZP DI
52 K6 | PTA2 JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX FTMO0_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
53 K7 | PTA3 JTAG_TMS/ | TSI0_CH4 PTA3 UARTO_RTS_ | FTM0_CHO JTAG_TMS/
SWD_DIO b SWD_DIO
54 L7 | PTA4 NMI_b/ TS10_CH5 PTA4 FTMO_CH{ NMI_b EZP CS.b
LLWU_P3 EZP_CS_ b LLWU_P3
55 M8 | PTAS DISABLED PTA5 USB_CLKIN | FTMO_CH2 | RMIIO_RXER/ | CMP2_OUT | 12S0_TX_ JTAG_TRST_
MIIO_RXER BOLK b
56 E7 | VDD VDD VDD
5 | G7 | VSS VSS VS
58 J7 | PTAG DISABLED PTA6 FTMO0_CH3 TRACE_
CLKouT
59 J8 | PTA7 ADC0_SE10 | ADCO_SE10 | PTA7 FTMO_CH4 TRACE_D3
60 K8 | PTAS ADCO_SE11 | ADCO_SE11 | PTA8 FTM1_CHO FIMI_QD_ | TRACE_D2
PHA
61 L8 | PTA9 DISABLED PTA9 FTM1_CH{ MII0_RXD3 FIM_QD_ | TRACE_D1
PHB
62 | M9 | PTA10 DISABLED PTA10 FTM2_CHO | MIl0_RXD2 FTM2_.QD_ | TRACE_DO
PHA
63 L9 | PTAM1 DISABLED PTA11 FTM2_CH{ MII0_RXCLK FTM2_QD_
PHB
64 K9 | PTA12 CMP2_IN0 CMP2_INO PTA12 CANO_TX FTM1_CHO | RMIIO_RXD1/ [250_TXDO | FTM1_QD_
MII0_RXD1 PHA
65 J9 | PTA1Y CMP2_IN1 CMP2_IN1 PTA1Y CANO_RX FTM1_CH{ RMIIO_RXDO/ 1250_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 MII0_RXDO PHB
66 | L10 | PTA14 DISABLED PTA14 SPI0_PCSO | UARTO_TX RMII0_CRS_ 1250_RX_ [250_TXD1
DV/ BOLK
MIIO_RXDV
67 | L11 | PTA15 DISABLED PTA15 SPI0_SCK UARTO_RX | RMIIO_TXEN/ [250_RXD0
MIO_TXEN
68 | K10 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_CTS_ | RMIIO_TXDO/ 1250_RX_FS | 1250_RXD1
b/ MII0_TXDO
UARTO_COL_
b
69 | K11 | PTA17 ADC1_SE17 | ADC1_SE17 | PTA17 SPI0_SIN UARTO_RTS_ | RMIIO_TXD1/ 1250_MCLK
b MII0_TXD1
70 E8 | VDD VDD VDD
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