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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 -
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Active

ARM® Cortex®-M4

32-Bit Single-Core
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CANbus, I2C, IrDA, SPI, UART/USART, USB, USB OTG
DMA, I2S, LCD, LVD, POR, PWM, WDT
52

64KB (64K x 8)

FLASH

2Kx 8

16K x 8

1.71V ~ 3.6V

A/D 27x16b; D/A 1x12b

Internal

-40°C ~ 105°C (TA)

Surface Mount

80-LQFP

80-FQFP (12x12)
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Ratings

4 Ratings

4.1 Thermal handling ratings

Symbol | Description Min Max. Unit Notes
Tsta Storage temperature -55 150 °C 1
Tspr Solder temperature, lead-free — 260 °C 2

—_

Solid State Surface Mount Devices.

4.2 Moisture handling ratings

Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.
Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic

Notes

Symbol

Description

Min.

Max.

Unit

MSL

Moisture sensitivity level

1.

Solid State Surface Mount Devices.

4.3 ESD handling ratings

Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic

Symbol Description Min. Max. Unit Notes
Vism Electrostatic discharge voltage, human body model -2000 +2000 Vv 1
Veom Electrostatic discharge voltage, charged-device model -500 +500 \ 2

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

Model (HBM,).

4.4 Voltage and current operating ratings

Max.

Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human Body

Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.

Unit

Symbol

Description

Min.

3.8

Vbp

Digital supply voltage

-0.3

Table continues on the next page...
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General
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 \'%
Vbpa Analog supply voltage 1.71 3.6 \
Vpp — Vppa | Vpp-to-Vppa differential voltage -0.1 0.1 \'%
Vgs — Vssa |Vss-to-Vssa differential voltage -0.1 0.1 \
Veat RTC battery supply voltage 1.71 3.6 Vv
ViH Input high voltage
* 27V<=sVpp=s36V 0.7 x Vpp — Vv
e 1.7V<Vpp<27V 0.75 x Vpp — Vv
ViL Input low voltage
e 27V<=sVpp=s36V — 0.35 x Vpp Vv
e 1.7V<sVpp=s27V — 0.3 x Vpp Vv
Vuys Input hysteresis 0.06 x Vpp — \
licoio Digital pin negative DC injection current — single pin 1
e Vjy < Vgg-0.3V N - mA
licaio Analog?, EXTAL, and XTAL pin DC injection current — 3
single pin mA
* V|n < Vss-0.3V (Negative current injection) -5 —
¢ Vv > Vpp+0.3V (Positive current injection) — +5
liccont Contiguous pin DC injection current —regional limit,
includes sum of negative injection currents or sum of
positive injection currents of 16 contiguous pins
* Negative current injection 25 o mA
* Positive current injection o 25
VRam Vpp voltage required to retain RAM 1.2 — \'%
VgrrveaT | Veat voltage required to retain the VBAT register file VPOR_VBAT — \'

1. Al 5V tolerant digital I/O pins are internally clamped to Vgg through a ESD protection diode. There is no diode connection
to Vpp. If V| greater than Vpio_min (=Vss-0.3V) is observed, then there is no need to provide current limiting resistors at
the pads. If this limit cannot be observed then a current limiting resistor is required. The negative DC injection current
limiting resistor is calculated as R=(Vpjo_min-ViN)/Ilicl-

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

3. All analog pins are internally clamped to Vgg and Vpp through ESD protection diodes. If V|y is greater than Va0 min
(=Vss-0.3V) and V) is less than Va0 max(=Vpp+0.3V) is observed, then there is no need to provide current limiting
resistors at the pads. If these limits cannot be observed then a current limiting resistor is required. The negative DC
injection current limiting resistor is calculated as R=(Vai0_min-Vin)/llicl. The positive injection current limiting resistor is
calculated as R=(V|y-Vaio_max)/llicl. Select the larger of these two calculated resistances.
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General

Run Mode Current vs Core Frequency

Temp (C)=25,VDD=3.6V,CACHE=ENABLE,Code Residence=Flash
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30.00E-03 ’

25.00E-03

20.00E-03 /

All Peripheral Clk Gates

=== ALLOFF
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Figure 2. Run mode supply current vs. core frequency
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Very Low Power Run (VLPR) Current vs Core Frequency

Temp (C)=25,VDD=3.6V,CACHE=ENABLE,Code Residence=Flash
1.60E-03

1.40E-03 /

1.20E-03

1.00E-03 L

‘// //Au Peripheral Clk Gates
800.00E-06
== ALLOFF
== ALLON
600.00E-06 .—////——
400.00E-06

200.00E-06

Current Consumption on VDD {A)

000.00E+00

Core-Bus-Flash

1-1-1-2 1111 ‘ 1224 1-1-1-4 11-1-2 ‘ 1-2-2-4 1-1-1-4 Clk Ratio

1 4 Core Freq (Mhz)

Figure 3. VLPR mode supply current vs. core frequency

5.2.6 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.”

5.2.7 Capacitance attributes
Table 7. Capacitance attributes

Symbol Description Min. Max. Unit
Cin A Input capacitance: analog pins — 7 pF
CinoD Input capacitance: digital pins — 7 pF

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.

18 Freescale Semiconductor, Inc.



http://www.freescale.com

A 4
4\ |

ueneral
Table 9. General switching specifications (continued)

Symbol | Description Min. Max. Unit Notes
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 2.7<Vpp=<3.6V — 6 ns
* Slew enabled
e 1.71<Vpp=c2.7V — 36 ns
e 2.7<Vpp=<3.6V — 24 ns
Port rise and fall time (low drive strength) 5

¢ Slew disabled

e 1.71<Vpp 2.7V — 12 ns

e 27<Vpp=<3.6V — 6 ns
¢ Slew enabled

* 1.71<Vpp<2.7V — 36 ns

e 27<Vpp=s3.6V — 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.

2. The greater synchronous and asynchronous timing must be met.

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

4. 75pF load

5. 15pF load

5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 10. Thermal operating requirements

Symbol Description Min. Max. Unit
T, Die junction temperature -40 125 °C
Ta Ambient temperature -40 105 °C

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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renpheral operating requirements and behaviors

6.1 Core modules

6.1.1 Debug trace timing specifications
Table 11. Debug trace operating behaviors

Symbol Description Min. | Max. Unit
Teye Clock period Frequency dependent MHz
Twi Low pulse width 2 — ns
Twh High pulse width 2 — ns

T, Clock and data rise time — 3 ns
Ts Clock and data fall time — 3 ns
Ts Data setup 3 — ns
Th Data hold 2 — ns
TRACECLK | : a
—»ieT, Ti—»iiia—
+ Twn > e Tw >
-+ Teye >

Figure 4. TRACE_CLKOUT specifications

TRACE_CLKOUT / X #

b, Ts—MM—Th = > Ts —Th

reace Dzl DD OGN @

Figure 5. Trace data specifications

6.1.2 JTAG electricals
Table 12. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 27 3.6 \

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

4. 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
This section describes the module electrical characteristics.

6.3.3.1 32 kHz oscillator DC electrical specifications
Table 17. 32kHz oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit
Vgar Supply voltage 1.71 — 3.6 \
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

1. When a crystal is being used with the 32 kHz oscillator, the EXTAL32 and XTAL32 pins should only be connected to
required oscillator components and must not be connected to any other devices.

6.3.3.2 32kHz oscillator frequency specifications
Table 18. 32kHz oscillator frequency specifications

Symbol | Description Min. Typ. Max. Unit Notes
fosc o |Oscillator crystal — 32.768 — kHz
tstart Crystal start-up time — 1000 — ms 1
Vec extais2 | Externally provided input clock amplitude 700 — VeaT mV 2,3

—

Proper PC board layout procedures must be followed to achieve specifications.
2. This specification is for an externally supplied clock driven to EXTAL32 and does not apply to any other clock input. The

oscillator remains enabled and XTAL32 must be left unconnected.
3. The parameter specified is a peak-to-peak value and V|4 and V,_specifications do not apply. The voltage of the applied

clock must be within the range of Vgg to Vgar.

6.4 Memories and memory interfaces

6.4.1 Flash electrical specifications

This section describes the electrical characteristics of the flash memory module.

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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Peripheral operating requirements and behaviors
6.4.1.1 Flash timing specifications — program and erase

The following specifications represent the amount of time the internal charge pumps are
active and do not include command overhead.

Table 19. NVM program/erase timing specifications

Symbol | Description Min. Typ. Max. Unit Notes

thvpgma  |Longword Program high-voltage time — 7.5 18 us

thversser | Sector Erase high-voltage time — 13 113 ms 1
thversbika2k | Erase Block high-voltage time for 32 KB — 52 452 ms 1
thversbikesek | Erase Block high-voltage time for 256 KB — 104 904 ms 1

1. Maximum time based on expectations at cycling end-of-life.

6.4.1.2 Flash timing specifications — commands
Table 20. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
Read 1s Block execution time
trd1blkazk * 32 KB data flash — — 05 ms
trd1blkos6k e 256 KB program flash — — 1.7 ms
ta1secik | R€ad 1s Section execution time (data flash — — 60 us 1
sector)
ta1secok | Read 1s Section execution time (program flash — — 60 us 1
sector)
togmenk | Program Check execution time — — 45 us 1
trdrsre Read Resource execution time — — 30 us 1
thgma Program Longword execution time — 65 145 us
Erase Flash Block execution time 2
tersblkazk * 32 KB data flash — 55 465 ms
tersbik256k * 256 KB program flash — 122 985 ms
tersser Erase Flash Sector execution time — 14 114 ms 2

Program Section execution time

thgmsecs12p * 512 B program flash — 24 — ms
togmsecs12d * 512 B data flash — 4.7 — ms
tpgmsectkp * 1 KB program flash — 4.7 — ms
tpgmsecikd * 1 KB data flash — 9.3 — ms
trg1al Read 1s All Blocks execution time — — 1.8 ms
trdonce Read Once execution time — — 25 us 1
togmonce | Program Once execution time — 65 — us
tersall Erase All Blocks execution time — 175 1500 ms 2

Table continues on the next page...
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Table 20. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes

tuykey | Verify Backdoor Access Key execution time — — 30 ys 1

Swap Control execution time

tswapxo1 ¢ control code 0x01 — 200 — ps
tswapxo2 e control code 0x02 — 70 150 us
tswapxo4 e control code 0x04 — 70 150 us
tswapxos ¢ control code 0x08 — — 30 [VE

Program Partition for EEPROM execution time
tpgmpart32k e 32 KB FlexNVM J— 70 _ ms

Set FlexRAM Function execution time:

tsetramif ¢ Control Code OxFF — 50 _ us
tsetramsk * 8 KB EEPROM backup — 0.3 0.5 ms
tsetramazk * 32 KB EEPROM backup — 0.7 1.0 ms

Byte-write to FlexRAM for EEPROM operation

teewrsbers | Byte-write to erased FlexRAM location execution — 175 260 us 3
time

Byte-write to FlexRAM execution time:

teewrabsk * 8 KB EEPROM backup — 340 1700 ps
teewrbiek * 16 KB EEPROM backup — 385 1800 s
teewrabazk * 32 KB EEPROM backup — 475 2000 Hs

Word-write to FlexRAM for EEPROM operation

teewriepers | Word-write to erased FlexRAM location — 175 260 ys
execution time

Word-write to FlexRAM execution time:

teewr16bsk ¢ 8 KB EEPROM backup — 340 1700 us
teewr16b16k * 16 KB EEPROM backup J— 385 1800 us
teewr16b3azk e 32 KB EEPROM backup — 475 2000 us

Longword-write to FlexRAM for EEPROM operation

teewrsopers | LONgword-write to erased FlexRAM location — 360 540 us
execution time

Longword-write to FlexRAM execution time:

toewrazbsk + 8 KB EEPROM backup — 545 1950 ps
toewraobisk | 16 KB EEPROM backup — 630 2050 us
teewrazbazk | * 32 KB EEPROM backup — 810 2250 us

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.

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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The bytes not assigned to data flash via the FlexXNVM partition code are used by the flash
memory module 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 npymeycq

EEESPLIT x EEESIZE

where

* Writes_subsystem — minimum number of writes to each FlexRAM location for
subsystem (each subsystem can have different endurance)
 EEPROM — allocated FlexNVM for each EEPROM subsystem based on DEPART;
entered with the Program Partition command
* EEESPLIT — FlexRAM split factor for subsystem; entered with the Program
Partition command
* EEESIZE — allocated FlexRAM based on DEPART; entered with the Program
Partition command
» Write_efficiency —
* (.25 for 8-bit writes to FlexRAM
* 0.50 for 16-bit or 32-bit writes to FlexRAM
* Nyymeyed — data flash cycling endurance (the following graph assumes 10,000
cycles)

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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EP3 EP4 E EP2
EZP_CS : \ : / EP9 \—

[

EZP_Q (output) {

0w N @

Figure 11. EzPort Timing Diagram

6.5 Security and integrity modules

There are no specifications necessary for the device's security and integrity modules.

6.6 Analog

6.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 24 and Table 25 are achievable on the
differential pins ADCx_DP0, ADCx_DMO.

The ADCx_DP2 and ADCx_DM?2 ADC inputs are connected to the PGA outputs and are
not direct device pins. Accuracy specifications for these pins are defined in Table 26 and
Table 27.

All other ADC channels meet the 13-bit differential/12-bit single-ended accuracy
specifications.

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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ENOB

ENOB

Typical ADC 16-bit Differential ENOB vs ADC Clock
100Hz, 90% FS Sine Input
15.00

14.70

14,80 |t ——
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13.80 |
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;__
13.20 \
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1270 — A\rerag?ng of 4 samples
— Ayeraging of 8 samples
m— Ayeraging of 32 samples

12.00
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ADC Clock Frequency (MHz)
Figure 13. 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
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13.25
13.00
12,75
1280 \
12.25
12.00
11.75
11.50
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11.00
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Figure 14. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode
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6.6.1.4 16-bit ADC with PGA characteristics with Chop enabled
(ADC_PGA[PGACHPDb] =0)
Table 27. 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[PGALPDb]=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
G Gain* * PGAG=0 0.95 1 1.05 Ras < 100Q
* PGAG=1 1.9 2 2.1
* PGAG=2 3.8 4 4.2
* PGAG=3 7.6 8 8.4
* PGAG=4 15.2 16 16.6
* PGAG=5 30.0 31.6 33.2
* PGAG=6 58.8 63.3 67.8
BW Input signal ¢ 16-bit modes — — 4 kHz
bandwidth * < 16-bit modes . . 40 KkHz
PSRR Power supply Gain=1 — -84 — dB Vppa= 3V
rejection ratio +100mV,
fVDDA= 50HZ,
60Hz
CMRR |[Common mode e Gain=1 — -84 — dB Vem=
rejection ratio . - . i . 500mVpp,
Gain=64 85 dB fyom= 50Hz,
100Hz
Vors Input offset — 0.2 — mV Output offset =
voltage Vors*(Gain+1)
Tasw Gain switching — — 10 ps 5
settling time
dG/dT  |Gain drift over full e Gain=1 — 6 10 ppm/°C
temperature range ¢ Gain=64 . 31 42 ppm/°C
dG/dVppa |Gain drift over ¢ Gain=1 — 0.07 0.21 %/ | Vppa from 1.71
supply voltage ¢ Gain=64 . 0.14 0.31 oV to 3.6V
E Input leakage All modes lin x Ras mV Iin = leakage
error current
(refer to the
MCU's voltage
and current
operating
ratings)

Table continues on the next page...
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Figure 16. Typical hysteresis vs. Vin level (VDD=3.3V, PMODE=1)

6.6.3 12-bit DAC electrical characteristics

6.6.3.1 12-bit DAC operating requirements
Table 29. 12-bit DAC operating requirements

Symbol | Desciption Min. Max. Unit Notes
Vppa Supply voltage 1.71 3.6 \Y
Vpacr Reference voltage 1.13 3.6 \'% 1
Ta Temperature Operating temperature °C
range of the device
C. Output load capacitance — 100 pF 2
I Output load current — 1 mA

1. The DAC reference can be selected to be Vppa or the voltage output of the VREF module (VREF_OUT)
2. A small load capacitance (47 pF) can improve the bandwidth performance of the DAC

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.
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6.6.3.2 12-bit DAC operating behaviors
Table 30. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pacL | Supply current — low-power mode — — 150 HA
P
Ipba_pacH | Supply current — high-speed mode — — 700 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 (SPp) 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
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Table 32. 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 Vv
nominal Vppa and temperature=25C
Vout Voltage reference output — factory trim 1.1584 — 1.2376 \
Vout Voltage reference output — user trim 1.193 — 1.197 Vv
Vstep Voltage reference trim step — 0.5 — mV
Vigritt Temperature drift (Vmax -Vmin across the full — — 80 mV
temperature range)
lhg Bandgap only current — — 80 pA 1
lp Low-power buffer current — — 360 uA 1
Ihp High-power buffer current — — 1 mA 1
AV oap |Load regulation A% 1,2
e current=+= 1.0 mA — 200 —
Tstup Buffer startup time — — 100 ps
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 33. VREF limited-range operating requirements

Symbol | Description Min. Max. Unit Notes
Ta Temperature 0 50 °C
Table 34. 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
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Peripheral operating requirements and behaviors

DSPI_PCSn X Y X
\< DS3 l: :' DS2 ': :‘ DSI ’:‘ DS4 "
DSPI_SCK /—\_/_SS \ / \
, DS8 . |
(CPOL=0) D57 g— P! !
:‘ DS " : DS6
DSPI_SOUT X First data Xj’ Data X Last data X
Figure 19. DSPI classic SPI timing — master mode
Table 38. Slave mode DSPI timing (limited voltage range)
Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Frequency of operation 125 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
DSPI_SS \ “ /
DSPI_SCK / ‘ S \ / \
(CPOL=0) <D “«» , DS12 | : DSI1 DSI6 ¢ ),
DSPI_SOUT >—< ! First data X Data \\ X Last data D—
DS13 : DS14 v
DSPI_SIN >—< First data X Dma\\ X Last data >7

Figure 20. DSPI classic SPI timing — slave mode
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renpheral operating requirements and behaviors

p sil .
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) ! B
12S_TX_FS/ o ! ~
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‘i p si W lk | o b
12S_TXD ) m— DE I N

Figure 26. 12S/SAIl timing — slave modes

6.9 Human-machine interfaces (HMI)

6.9.1 TSI electrical specifications
Table 45. 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
frRermax | Reference oscillator frequency — 8 15 MHz 2,3
feLemax | Electrode oscillator frequency — 1 1.8 MHz 2,4

CRer Internal reference capacitor — 1 — pF
VpeLta | Oscillator delta voltage — 500 — mV 2,5

IREF Reference oscilllator current source base current . 5 3 pA 2,6

e 2 pA setting (REFCHRG = 0)
e 32 pA setting (REFCHRG = 15) — 36 50
leLe Electrode oscil!ator current source base current . 5 3 A 2,7
e 2 pA setting (EXTCHRG = 0)
* 32 pA setting (EXTCHRG = 15) — 36 50

Pres5 |Electrode capacitance measurement precision — 8.3333 38400 fF/count 8
Pres20 |Electrode capacitance measurement precision — 8.3333 38400 fF/count 9
Pres100 |Electrode capacitance measurement precision — 8.3333 38400 fF/count 10

MaxSens |Maximum sensitivity 0.008 1.46 — fF/count 11

Res Resolution — — 16 bits
Tcon2o | Response time @ 20 pF 8 15 25 us 12
Itsi_ run | Current added in run mode — 55 — A
ltsi Lp |Low power mode current adder — 1.3 25 A 13

K40 Sub-Family Data Sheet, Rev. 3, 11/2012.

60

Freescale Semiconductor, Inc.




}{ |

rimout
80 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP
28 | PTA2 JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX FTMO0_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
29 | PTA3 JTAG_TMS/ | TSI0_CH4 PTA3 UARTO_RTS_b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO
30 | PTAY NMI_b/ TS10_CH5 PTA4 FTM0_CH{ NMI_b EZP CS b
LLWU_P3 EZP CS.b LLWU_P3
31 | PTAS DISABLED PTAS USB_CLKIN | FTM0_CH2 CMP2_OUT [250_TX_BCLK | JTAG_TRST b
32 | PTA12 CMP2_INO CMP2_INO PTA12 CANO_TX FTM1_CHO [250_TXD0 FTM1_QD_
PHA
33 | PTA1Y CMP2_IN1 CMP2_IN1 PTA1Y/ CANO_RX FTM1_CH{ [250_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 PHB
34 | PTA14 DISABLED PTA14 SPI0_PCSO UARTO_TX [250_RX_BCLK | 1250_TXD1
35 | PTA15 DISABLED PTA15 SPI0_SCK UARTO_RX [250_RXD0
36 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_CTS_ [250_RX_FS | 1250_RXD1
b/
UARTO_COL_b
37 | PTA17 ADC1_SE17 | ADC1_SE17 | PTA17 SPI0_SIN UARTO_RTS_b [250_MCLK
38 | VDD VDD VDD
39 | VSS VSS VSS
40 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 FTM_CLKINO
41 | PTA19 XTALO XTALO PTA19 FTM1_FLTO FTM_CLKIN1 LPTMRO_ALTA
42 | RESET b RESET b RESET b
43 | PTBO/ LCD_PO/ LCD_PO/ PTBO/ [260_SCL FTM1_CHO FTM1_QD_ LCD_PO
LLWU_P5 ADCO_SE8/ ADCO_SE8/ LLWU_P5 PHA
ADC1_SE8/ ADC1_SE8/
TS10_CHO TSI0_CHO
44 | PTBI LCD_P1/ LCD_P1/ PTB1 [20_SDA FTM1_CH{ FTM1_QD_ LCD_P1
ADCO_SEY ADCO_SEY PHB
ADC1_SEY ADC1_SEY
TS10_CH6 TS10_CH6
45 | PTB2 LCD_P2 LCD_P2/ PTB2 [260_SCL UARTO_RTS_b FTMO_FLT3 LCD_P2
ADCO_SE12/ | ADCO_SE12/
TSI0_CH7 TSI0_CH7
46 | PTB3 LCD_PY/ LCD_Py/ PTB3 1260_SDA UART0_CTS_ FTMO_FLTO LCD_P3
ADCO_SE13/ | ADCO_SE13/ b/
TS10_CH8 TSI0_CH8 UART0_COL_b
47 | PTB8 LCD_P8 LCD_P8 PTB8 UART3_RTS_b LCD_P8
48 | PTB9 LCD_P9 LCD_P9 PTB9 SPI_PCST UART3_CTS_b LCD_P9
49 | PTB10 LCD_P10/ LCD_P10/ PTB10 SPI_PCSO UART3_RX FTMO_FLT LCD_P10
ADC1_SE14 | ADC1_SE14
50 | PTB11 LCD_P11/ LCD_P11/ PTB11 SPI_SCK UART3_TX FTMO_FLT2 LCD_PH1
ADC1_SE15 | ADC1_SE15
51 | PTB16 LCD_P12 LCD_P12/ PTB16 SPH_SOUT | UARTO_RX EWM_IN LCD_P12
TS10_CHY TSI0_CHY
52 | PTB17 LCD_P1Yy LCD_P1Y/ PTB17 SPH_SIN UART0_TX EWM_OUT b | LCD_P13
TSI0_CH10 TSI0_CH10
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