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Ratings

3.4 Relationship between ratings and operating requirements
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3.5 Guidelines for ratings and operating requirements

Follow these guidelines for ratings and operating requirements:

* Never exceed any of the chip’s ratings.

* During normal operation, don’t exceed any of the chip’s operating requirements.
* If you must exceed an operating requirement at times other than during normal
operation (for example, during power sequencing), limit the duration as much as

possible.

4 Ratings

4.1 Thermal handling ratings

Symbol | Description Min Max. Unit Notes
Tsta Storage temperature -55 150 °C
Tspr Solder temperature, lead-free — 260 °C 2

1. Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.
2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.
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General

2. It covers digital pins.
3. Analog pins are defined as pins that do not have an associated general purpose I/O port function.

5 General

5.1 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
Vi ZZ‘

Input Signal Midpoint1

Vv
Fall Time —> F— e Rise Time

The mldeInt isV, + (V|H - V||_) /2
Figure 1. Input signal measurement reference

All digital I/O switching characteristics assume:
1. output pins
* have C; =30pF loads,
» are configured for fast slew rate (PORTx_PCRn[SRE]=0), and
* are configured for high drive strength (PORTx_PCRn[DSE]=1)
2. input pins
* have their passive filter disabled (PORTx_PCRn[PFE]=0)

5.2 Nonswitching electrical specifications

5.2.1 Voltage and current operating requirements
Table 1. Voltage and current operating requirements

Symbol | Description Min. Max. Unit Notes
Vop Supply voltage 1.71 3.6 \Y
Vppa Analog supply voltage 1.71 3.6 \

Table continues on the next page...

K20 Sub-Family, Rev.6, 09/2015.
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Table 1. Voltage and current operating requirements (continued)
Symbol | Description Min. Max. Unit Notes
Vob — Vopa | Vpp-to-Vppa differential voltage -0.1 0.1 V
VSS - VSSA VSS'tO'VSSA differential voltage -0.1 0.1 \Y
VeaT RTC battery supply voltage 1.71 3.6 \
Viy Input high voltage (digital pins)
e 27V<=sVpp<s36V 0.7 x Vpp — \
e 1.7V<sVpp=27V 0.75 x Vpp — \
Vi Input low voltage (digital pins)
e 27V< VDD <36V —_— 0.35 x VDD \'
e 1.7V=sVpp=s27V — 0.3 x Vpp \
Vhys Input hysteresis (digital pins) 0.06 x Vpp — \
licoio Digital pin negative DC injection current — 1
single pin -5 — mA
* Vy < Vgs-0.3V
licaio Analog?, EXTALO/XTALO, and EXTAL1/ 3
XTALT1 pin DC injection current — single pin mA
* V)N < Vgs-0.3V (Negative current
injection) -5 —
e V\y > Vpp+0.3V (Positive current — +5
injection)
liccont Contiguous pin DC injection current —
regional limit, includes sum of negative
injection currents or sum of positive injection 25 o
currents of 16 contiguous pins mA
. C — +25
* Negative current injection
* Positive current injection
Vobpu Open drain pullup voltage level Vbp Vpp \ 4
VReam Vpp voltage required to retain RAM 1.2 — V
VRFVBAT VBAT voltage required to retain the VBAT VPOFLVBAT — \

register file

All 5V tolerant digital I/0 pins are internally clamped to Vggs through an ESD protection diode. There is no diode
connection to Vpp. If V| is less than Vp o min, @ current limiting resistor is required. If V| greater than Vpio_min
(=VSS-0.3V) is observed, then there is no need to provide current limiting resistors at the pads. The negative DC injection
current limiting resistor is calculated as R=(Vpio_min-Vin)/licoiol-

2. Analog pins are defined as pins that do not have an associated general purpose 1/O port function. Additionally, EXTAL and
XTAL are analog pins.

3. All analog pins are internally clamped to Vgg and Vpp through ESD protection diodes. If V| is less than Vo vy OF greater
than Va0 max, @ current limiting resistor is required. The negative DC injection current limiting resistor is calculated as
R=(Vaio_min-Vin)/licaiol- The positive injection current limiting resistor is calculated as R=(V|y-Vaio_max)/llicaiol. Select the
larger of these two calculated resistances if the pin is exposed to positive and negative injection currents.

4. Open drain outputs must be pulled to VDD.

K20 Sub-Family, Rev.6, 09/2015.
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General

Very Low Power Run (VLPR) Current vs Core Frequency

Temp (C)=25,VDD=3.6V,CACHE=ENABLE,Code Residence=Flash
2.50E-03

2.00E-03

1.30E-03

All Peripheral Clk Gates

Current Consumption on Vdd+vddint (&)

e ALLOFF
=l 5| L ON
1.00E-03 ./

500.00E-06
Clk Ratio
000.00E+00 Core-Bus-
1-1-1-2 1-2-2-4 1-1-1-4 1-2-3-8 1-1-1-8 FlexBus-Flash
1 2 4 Core Freq (Mhaz)

Figure 4. VLPR mode supply current vs. core frequency

5.2.6 EMC radiated emissions operating behaviors
Table 7. EMC radiated emissions operating behaviors for 256 MAPBGA

Symbol | Description Frequency Typ. Unit Notes
band (MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 21 dBuVv 1,2,3
VRe2 Radiated emissions voltage, band 2 50-150 24 dBuV
VRe3 Radiated emissions voltage, band 3 150-500 29 dBpVv
VREa Radiated emissions voltage, band 4 500-1000 28 dBuVv

1. 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.

2. VDD =33V, TA =25 °C, fOSC =12 MHz (crystal), fsys =72 MHz, fBUS =72 MHz

3. Determined according to IEC Standard JESD78, IC Latch-Up Test

K20 Sub-Family, Rev.6, 09/2015.
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Table 10. General switching specifications (continued)
Symbol | Description Min. Max. Unit Notes
tios0 Port rise and fall time (low drive strength) 7
¢ Slew disabled
e 1.71<Vpp 2.7V — 18 ns —
e 27<Vpp=3.6V — 9 ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 48 ns —
e 27<Vpp=3.6V — 24 ns —
tios0 Port rise and fall time (high drive strength) 6
¢ Slew disabled
e 1.71<Vpp 2.7V — 6 ns —
e 27<Vpp=3.6V — 3 ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 28 ns —
¢ 2.7 <Vpp<3.6V — 14 ns —
tios0 Port rise and fall time (low drive strength) 7
¢ Slew disabled
e 1.71<Vpp 2.7V — 18 ns —
e 27<Vpp=3.6V — 6 ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 48 ns —
e 2.7 <Vpp<3.6V — 24 ns —

1. This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may or
may not be recognized. In Stop, VLPS, LLS, and VLLSx modes, the synchronizer is bypassed so shorter pulses can be
recognized in that case.

The greater synchronous and asynchronous timing must be met.

This is the minimum pulse width that is guaranteed to be recognized as a pin interrupt request in Stop, VLPS, LLS, and
VLLSx modes.

75 pF load

15 pF load

25 pF load

15 pF load

wn

No ok

5.4 Thermal specifications

K20 Sub-Family, Rev.6, 09/2015.
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General
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

1. Maximum T, can be exceeded only if the user ensures that T; does not exceed maximum T,. The simplest method to
determine T, is:

Ty = Ta + Rgya X chip power dissipation

5.4.2 Thermal attributes

Board type Symbol Description 144 LQFP | 144 MAPBGA Unit Notes
Single-layer Raua Thermal 45 50 °C/W 1,2
(1s) resistance,
junction to

ambient (natural
convection)

Four-layer Reua Thermal 36 30 °C/W 12,8
(2s2p) resistance,

junction to

ambient (natural

convection)
Single-layer Rauma Thermal 36 41 °C/W 18
(1s) resistance,

junction to

ambient (200 ft./
min. air speed)

Four-layer Reuma Thermal 30 27 °C/W 13
(2s2p) resistance,
junction to

ambient (200 ft./
min. air speed)

— Ress Thermal 24 17 °C/W 4
resistance,
junction to
board

— ReJc Thermal 9 10 °C/W 5
resistance,
junction to case

— WY Thermal 2 2 °C/W 6
characterization
parameter,
junction to
package top
outside center
(natural
convection)

K20 Sub-Family, Rev.6, 09/2015.
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Table 13. JTAG limited voltage range electricals (continued)

Symbol Description Min. Max. Unit
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

Table 14. JTAG full voltage range electricals
Symbol Description Min. Max. Unit
Operating voltage 1.71 3.6 \

Ji TCLK frequency of operation MHz

* Boundary Scan 10

e JTAG and CJTAG 20

* Serial Wire Debug 0 40
J2 TCLK cycle period 1/J1 — ns
J3 TCLK clock pulse width

¢ Boundary Scan 50 — ns

e JTAG and CJTAG 25 — ns

¢ Serial Wire Debug 125 — 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 2.4 — 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 1.4 — ns
J11 TCLK low to TDO data valid — 22.1 ns
J12 TCLK low to TDO high-Z — 22.1 ns
J13 TRST assert time 100 — ns
J14 TRST setup time (negation) to TCLK high 8 — ns

TCLK (input)

Figure 7. Test clock input timing

K20 Sub-Family, Rev.6, 09/2015.
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Peripheral operating requirements and behaviors

Table 15. MCG specifications (continued)

Table continues on the next page...

K20 Sub-Family, Rev.6, 09/2015.

Symbol | Description Min. Typ. Max. Unit Notes
faco DCO output Low range (DRS=00) 20 20.97 25 MHz 2,3
frequency range
quency rang 640 x fo_ref
Mid range (DRS=01) 40 41.94 50 MHz
1280 x ff"_ref
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_bmxaz2 | DCO output Low range (DRS=00) — 23.99 — MHz 4,5
frequenc
q y 732 x ffll_ref
Mid range (DRS=01) — 47.97 — MHz
1464 X ffILref
Mid-high range (DRS=10) — 71.99 — MHz
21 97 X ffILref
High range (DRS=11) — 95.98 — MHz
2929 x ffILref
Jeye_fi | FLL period jitter — 180 — ps
L fVCO =48 MHz _ J—
hd fVCO =98 MHz 150
ta_acquire | FLL target frequency acquisition time — — 1 ms 6
PLLO,1
foll_ref PLL reference frequency range 8 — 16 MHz
fucocik_2x | VCO output frequency 180 — 360 MHz
fucoclk PLL output frequency 9 — 180 MHz
fucocik 90 | PLL quadrature output frequency 9 — 180 MHz
i PLLO operating current . o8 . mA
e VCO @ 184 MHz (foscfhij =32 MHZ, prLref
= 8 MHz, VDIV multiplier = 23)
ol PLLO operating current - 47 . mA 7
e VCO @ 360 MHz (fosc_hi_1 =32 MHz, fp"_ref
=8 MHz, VDIV multiplier = 45)
ol PLL1 operating current . 53 . mA 7
e VCO @ 184 MHz (fosc_hi_1 = 32 MHz, fp"_ref
=8 MHz, VDIV multiplier = 23)
Loi PLL1 operating current . 36 . mA 7
e VCO @ 360 MHz (foscfhij =32 MHZ, prLref
= 8 MHz, VDIV multiplier = 45)
toiiock | Lock detector detection time — — 100 x 1076 S 8
+1075(1/
fpILref)
Jeye_pn | PLL period jitter (RMS) 9

Freescale Semiconductor, Inc.
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Peripheral operating requirements and behaviors

Table 16. Oscillator DC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
* 4 MHz — 500 — pA
* 8 MHz (RANGE=01) — 25 — mA
* 16 MHz — 3 — mA
e 24 MHz — 4 — mA
e 32 MHz
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)

Vpp® Peak-to-peak amplitude of oscillation (oscillator — 0.6 — Vv
mode) — low-frequency, low-power mode
(HGO=0)

Peak-to-peak amplitude of oscillation (oscillator — Voo — \'%
mode) — low-frequency, high-gain mode
(HGO=1)

Peak-to-peak amplitude of oscillation (oscillator — 0.6 — \Y
mode) — high-frequency, low-power mode
(HGO=0)

Peak-to-peak amplitude of oscillation (oscillator — Vpp — \Y
mode) — high-frequency, high-gain mode
(HGO=1)

Vpp=3.3 V, Temperature =25 °C

See crystal or resonator manufacturer's recommendation

Cyx and C, can be provided by using either integrated capacitors or external components.

When low-power mode is selected, Rg is integrated and must not be attached externally.

The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to any
other device.

akrwh=

K20 Sub-Family, Rev.6, 09/2015.
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6.3.2.2 Oscillator frequency specifications

Table 17. Oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosc o |Oscillator crystal or resonator frequency — low- 32 — 40 kHz
frequency mode (MCG_C2[RANGE]=00)
fosc_ni_1 | Oscillator crystal or resonator frequency — high- 3 — 8 MHz 1

frequency mode (low range)
(MCG_C2[RANGE]=01)

fosc_ni_2 |Oscillator crystal or resonator frequency — high 8 — 32 MHz
frequency mode (high range)
(MCG_C2[RANGE]=1x)

fec_extar  |INput clock frequency (external clock mode) — — 60 MHz 2,3
tac_extar |INput clock duty cycle (external clock mode) 40 50 60 %
test Crystal startup time — 32 kHz low-frequency, — 1000 — ms 4,5

low-power mode (HGO=0)
Crystal startup time — 32 kHz low-frequency, — 500 — ms
high-gain mode (HGO=1)
Crystal startup time — 8 MHz high-frequency — 0.6 — ms
(MCG_C2[RANGE]=01), low-power mode
(HGO=0)
Crystal startup time — 8 MHz high-frequency — 1 — ms
(MCG_C2[RANGE]=01), high-gain mode
(HGO=1)

—

P

Frequencies less than 8 MHz are not in the PLL range.

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

When transitioning from FEI or FBI to FBE mode, restrict the frequency of the input clock so that, when it is divided by
FRDIV, it remains within the limits of the DCO input clock frequency.

Proper PC board layout procedures must be followed to achieve specifications.

Crystal startup time is defined as the time between the oscillator being enabled and the OSCINIT bit in the MCG_S register
being set.

NOTE
The 32 kHz oscillator works in low power mode by default and
cannot be moved into high power/gain mode.

6.3.3 32 kHz oscillator electrical characteristics

6.3.3.1 32 kHz oscillator DC electrical specifications

Table 18. 32kHz oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit
Vgar Supply voltage 1.71 — 3.6 \Y
Re Internal feedback resistor — 100 — MQ
Cpara Parasitical capacitance of EXTAL32 and XTAL32 — 5 7 pF
Vpp1 Peak-to-peak amplitude of oscillation — 0.6 — Vv

K20 Sub-Family, Rev.6, 09/2015.
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Table 23. NVM reliability specifications (continued)

Symbol | Description Min. Typ.! Max. Unit Notes
twmretp1k | Data retention after up to 1 K cycles 20 100 — years
Nrvmeyep | CYcling endurance 10K 50 K — cycles 2
Data Flash
tmretdiok | Data retention after up to 10 K cycles 5 50 — years
twmretdik | Data retention after up to 1 K cycles 20 100 — years
Nrvmeyed | CYcling endurance 10K 50K — cycles 2
FlexRAM as EEPROM
thvmretee10o | Data retention up to 100% of write endurance 5 50 — years
tmretee1o | Data retention up to 10% of write endurance 20 100 — years
Nnvmeycee | CYcling endurance for EEPROM backup 20K 50 K — cycles
Write endurance
Nhvmwree16 ¢ EEPROM backup to FlexRAM ratio = 16 70K 175 K — writes
Nnvmwree128 o EEPROM backup to FlexRAM ratio = 128 630 K 1.6 M — writes
Nnvmwree512 ¢ EEPROM backup to FlexRAM ratio = 512 25M 6.4 M — writes
Nnvmwree2k ¢ EEPROM backup to FlexRAM ratio = 2,048 10M 25M — writes

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 and the allocated EEPROM backup per subsystem. Minimum and typical values assume all 16-
bit or 32-bit writes to FlexRAM; all 8-bit writes result in 50% less endurance.

6.4.1.5 Write endurance to FlexRAM for EEPROM

When the FlexXNVM partition code is not set to full data flash, the EEPROM data set size
can be set to any of several non-zero values.

The bytes not assigned to data flash via the FlexXNVM partition code are used by the
FTFE to obtain an effective endurance increase for the EEPROM data. The built-in
EEPROM record management system raises the number of program/erase cycles that can
be attained prior to device wear-out by cycling the EEPROM data through a larger
EEPROM NVM storage space.

While different partitions of the FlexXNVM are available, the intention is that a single
choice for the FlexNVM partition code and EEPROM data set size is used throughout the
entire lifetime of a given application. The EEPROM endurance equation and graph
shown below assume that only one configuration is ever used.

, EEPROM — 2 x EEESPLIT x EEESIZE _ .
Writes_subsystem = x Write_efficiency x Nymeycee

EEESPLIT x EEESIZE

K20 Sub-Family, Rev.6, 09/2015.
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Table 29. 16-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions! Min. | Typ.2 | Max. Unit Notes
(refer to the
MCU's voltage
and current
operating
ratings)
Temp sensor slope | Across the full temperature 1.55 1.62 1.69 mV/°C 8
range of the device
Vtemp2s | Temp sensor voltage (25 °C 706 716 726 mV 8

—_

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

2. Typical values assume Vppa = 3.0 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.

1 LSB = (Vrern - VReru)/2N

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

Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.

Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

ADC conversion clock < 3 MHz

© N oA

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

15.00
14.70
| — |
14.40
14.10 — —
——" \\ ]
13.80 —_—
om
CZD 13.50
L | — | I e
13.20
12.90
12.60
—— Hardware Averaging Disabled
12.30 —— Averaging of 4 samples
—— Averaging of 8 samples
12.00 —— Averaging of 32 samples

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

Figure 21. Typical ENOB vs. ADC_CLK for 16-bit differential mode
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Figure 24. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 1)
6.6.3 12-bit DAC electrical characteristics
6.6.3.1 12-bit DAC operating requirements
Table 33. 12-bit DAC operating requirements
Symbol | Desciption Min. Max. Unit Notes
Vppa Supply voltage 1.71 3.6 \Y
VbacRr Reference voltage 1.13 3.6 \'% 1
CL Output load capacitance — 100 pF 2
I Output load current — 1 mA

1. The DAC reference can be selected to be Vppa or VRern-
2. A small load capacitance (47 pF) can improve the bandwidth performance of the DAC.

K20 Sub-Family, Rev.6, 09/2015.
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Table 36. VREF full-range operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes

Vout Voltage reference output with factory trim at 1.1915 1.195 1.1977 \Y 1
nominal Vppa and temperature=25C

Vout Voltage reference output — factory trim 1.1584 — 1.2376 Vv 1

Vout Voltage reference output — user trim 1.193 — 1.197 \'% 1

Vstep Voltage reference trim step — 0.5 — mV 1

Vidritt Temperature drift (Vmax -Vmin across the full — — 80 mV 1
temperature range)

Ihg Bandgap only current — — 80 A 1
Ihp High-power buffer current — — 1 mA 1
AV poap |Load regulation mV 1,2

e current=+ 1.0 mA — 2 —
e current=-1.0 mA — 5 —
Tstup Buffer startup time — — 100 ys
Vyarit Voltage drift (Vmax -Vmin across the full voltage — 2 — mV 1
range)
1. See the chip's Reference Manual for the appropriate settings of the VREF Status and Control register.
2. Load regulation voltage is the difference between the VREF_OUT voltage with no load vs. voltage with defined load
Table 37. VREF limited-range operating requirements
Symbol | Description Min. Max. Unit Notes
Ta Temperature 0 50 °C
Table 38. VREF limited-range operating behaviors
Symbol | Description Min. Max. Unit Notes

Vout Voltage reference output with factory trim 1.173 1.225 Vv

6.7 Timers

See General switching specifications.

6.8 Communication interfaces

K20 Sub-Family, Rev.6, 09/2015.
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Table 42. Master mode DSPI timing (limited voltage range) (continued)

Num Description Min. Max. Unit Notes
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_CTARN[PSSCK] and SPIx_CTARN[CSSCK].
2. The delay is programmable in SPIx_CTARN[PASC] and SPIx_CTARN[ASC].

DSPI_PCSn )( § X
*os3 ’; 1‘ Ds2 ’1 :‘—DS1—’:‘WN
DSPI_SCK mm
, Dsg 1
(CPOL=0) e e |
| DS5 ‘
“— ) ' DS
DSPI_SOUT X First data ><3 Data X Last data X

Figure 28. DSPI classic SPI timing — master mode

Table 43. Slave mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Frequency of operation 15 MHz

DS9 DSPI_SCK input cycle time 4 x tgys — ns

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

K20 Sub-Family, Rev.6, 09/2015.
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Figure 29. DSPI classic SPI timing — slave mode

6.8.7 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 44. Master mode DSPI timing (full voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \Y 1
Frequency of operation — 15 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
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus X 2) — — ns 3
4

DS5 DSPI_SCK to DSPI_SOUT valid — 10 ns

DS6 DSPI_SCK to DSPI_SOUT invalid -4.5 — ns

DS7 DSPI_SIN to DSPI_SCK input setup 20.5 — 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].
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Figure 30. 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 — 7.5 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 — 20 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 — 19 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 19 ns

bsPiss \ i a
| =y =
DSPI_SCK / : 3_\—/—\—
(CPOL=0) i‘Dﬂsﬂ E H DS12 H DS11 DS16 H
DSPI_SOUT >—< ! First data X Data% X Last data D_
DS134" : DS14 ‘
DSPI_SIN >—< First data X Datagg X Last data —

Figure 31. DSPI classic SPI timing — slave mode
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Table 51. 12S/SAI master mode timing in Normal Run, Wait and Stop modes (full voltage

range) (continued)

Num. Characteristic Min. Max. Unit

S1 12S_MCLK cycle time 40 — ns

S2 12S_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/I12S_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 12S_TX_FS/ -1.0 — ns
12S_RX_FS output invalid

S7 12S_TX_BCLK to 12S_TXD valid — 15 ns

S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns

S9 12S_RXD/I12S_RX_FS input setup before 20.5 — ns
12S_RX_BCLK

S10 12S_RXD/I2S_RX_FS input hold after 2S_RX_BCLK |0 — ns

12S_MCLK (output)

G dat ut

d [
) S3 | 4
oo /S — — N /
_RX_| put) ! | 4' <«
l‘ S5 '\ | 1 S6
12S_TX_FS/ / } \ AN
I2S_RX_FS (output) 1 | |
L s ! Bclh
12S_TX_FS/ o « R It T\
12S_RX_FS (input) | | : ‘ ‘ |
s> W‘ssf | Ny LI
128 TXD ) —— X ) —

Figure 36. I12S/SAl timing — master modes

Table 52. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes

(full voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 Vv
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)

Table continues on the next page...
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Table 54. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full voltage range)
(continued)

Num. Characteristic Min. Max. Unit

S13 12S_TX_FS/12S_RX_FS input setup before 30 — ns
12S_TX_BCLK/I2S_RX_BCLK

S14 12S_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 I2S_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

< S11 >

! S12 | .
12S_TX_BCLK/ I s12 \ ¢ b/ ”\ /
12S_RX_BCLK (input) i :

Sts ! Psie
12S_TX_FS/ ‘ H AN
12S_RX_FS (output) ; s13 : s14

) : b
125_TX_FS/ L - N\
12S_RX_FS (input) T ¢ s s H ! | _—

ts5 ste ¥ f : it g
125,70 — X I -

Figure 39. 12S/SAl timing — slave modes

6.9 Human-machine interfaces (HMI)

6.9.1 TSI electrical specifications
Table 55. TSI electrical specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vppts) | Operating voltage 1.71 — 3.6 \

CeLE Target electrode capacitance range 1 20 500 pF 1
frermax | Reference oscillator frequency — 8 15 MHz 23
feLemax | Electrode oscillator frequency — 1 1.8 MHz 24

Table continues on the next page...
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Pinout
144 | 144 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP| MAP
BGA
71 | G8 | VSS VSS V§S
72 | Mi2 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
73 | Mi1 | PTA19 XTALO XTALO PTA19 FTM1_FLTO | FTM_CLKIN1 LPTMRO_
ALT1
74 | L12 | RESET_b RESET b RESET b
75 | K12 | PTA24 CMP3_IN4 | CMP3_IN4 | PTA24 ULPI_DATA2 FB_A29
76 | J12 | PTA25 CMP3_IN5 | CMP3_IN5 | PTA25 ULPI_DATA3 FB_A28
77 | J11 | PTA% ADC2_SE15 | ADC2_SE15 | PTA26 ULPI_DATA4 FB_A27
78 | J10 | PTA27 ADC2_SE14 | ADC2_SE14 | PTA27 ULPI_DATA5 FB_A26
79 | H12 | PTA28 ADC2_SE13 | ADC2_SE13 | PTA28 ULPI_DATAG FB_A25
80 | H11 | PTA29 ADC2_SE12 | ADC2_SE12 | PTA29 ULPI_DATA7 FB_A24
81 | H10 | PTBO/ ADCO_SE8/ | ADCO_SE8/ | PTBO/ [260_SCL | FTMi_CHoO FTM1_QD_
LLWU_P5 | ADC1_SE8/ | ADC1_SE8/ | LLWU_P5 PHA
ADC2_SE8/ | ADC2_SE8/
ADC3_SE8/ | ADC3_SE8/
TSI0_CHO | TSI0_CHO
82 | H9 | PTBi ADCO_SE9/ | ADCO_SEY | PTBi [200_SDA | FTMi_CH1 FTM1_QD_
ADC1_SE9/ | ADC1_SEY/ PHB
ADC2_SE9/ | ADC2_SEY/
ADC3_SE9/ | ADC3_SEY
TSI0_CH6 | TSI0_CH6
83 | G12 | PTB2 ADCO_SE12/ | ADCO_SE12/ | PTB2 [200_SCL | UARTO_ FTMO_FLT3
TSI0_CH7 | TSI0_CH7 RTS_b
84 | Gi1 | PTB3 ADCO_SE13/ | ADCO_SE13/ | PTB3 1200_SDA | UARTO_ FTMO_FLTO
TSI0_CH8 | TSI0_CH8 CTS b/
UARTO_
COL b
85 | G10 | PTB4 ADC1_SE10 | ADC1_SE10 | PTB4 FTM1_FLTO
86 | G9 | PTBS ADC1_SE11 | ADC1_SE11 | PTB5 FTM2_FLTO
87 | F12 | PTB6 ADC1_SE12 | ADC1_SE12 | PTB6 FB_AD23
88 | Fi1 | PTB7 ADC1_SE13 | ADC1_SE13 | PTB7 FB_AD22
89 | F10 | PTB8 DISABLED PTB8 UART3_ FB_AD21
RTS_b
9 | F9 | PTBY DISABLED PTB9 SPI1_PCS1 | UART3_ FB_AD20
CTS_b
91 | E12 | PTB10 ADC1_SE14 | ADC1_SE14 | PTB10 SPI1_PCSO | UART3_RX | I2S1_TX_ FB_AD19 FTMO_FLT{
BCLK
% | Ef1 | PTBi1 ADC1_SE15 | ADC1_SE15 | PTB11 SPI1_SCK | UART3_TX | I2S1_TX_FS | FB_AD18 FTMO_FLT2
93 | H7 | VSS VSS VSS
9 | F5 | VDD VDD VDD
9% | E10 | PTB16 TSIO_CH9 | TSIO_CH9 | PTB16 SPI1_SOUT | UARTO_RX | I2S1_TXD0 | FB_AD17 EWM_IN
% | E9 | PTBI7 TSI0_CH10 | TSI0_CH10 | PTB17 SPI1_SIN UARTO_TX | 281_TXD1 | FB_AD16 EWM_OUT_b
97 | D12 | PTB18 TSIO_CH11 | TSI0O_CHi1 | PTB18 CANO_TX FTM2_CHO | 1280_TX_ FB_AD15 FTM2_QD_
BCLK PHA
98 | D11 | PTB19 TSIO_CH12 | TSI0O_CH12 | PTB19 CANO_RX | FTM2_CH1 | I2S0_TX_FS | FB_OE_b FTM2_QD_
PHB
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