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Terminology and guidelines

Field Description Values

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

FFF Program flash memory size

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

R Silicon revision

T Temperature range (°C) e V=-40to0 105
e C=-40t085
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)

MB = 81 MAPBGA (8 mm x 8 mm)

LL =100 LQFP (14 mm x 14 mm)

ML = 104 MAPBGA (8 mm x 8 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

CcC Maximum CPU frequency (MHz)

N Packaging type R = Tape and reel

e (Blank) = Trays

2.4 Example
This is an example part number:

MK20DN512ZVMD10

3 Terminology and guidelines
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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

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.

4.2 Moisture handling ratings

Symbol | Description Min. Max. Unit Notes

MSL Moisture sensitivity level — 3 — 1

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
Vusm Electrostatic discharge voltage, human body model -2000 +2000 \Y 1
Veom Electrostatic discharge voltage, charged-device model -500 +500 \ 2

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.

4.4 Voltage and current operating ratings

Symbol Description Min. Max. Unit

Vpp Digital supply voltage -0.3 3.8 \Y,

Table continues on the next page...
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General
5.2.3 Voltage and current operating behaviors
Table 4. Voltage and current operating behaviors
Symbol | Description Min. Max. Unit Notes
Von Output high voltage — high drive strength
* 27V <=Vpps36V,lgy=-9ImA Vpp — 0.5 — \
* 1.71V<Vpp<27V,loy=-3mA Vpp — 0.5 — \
Output high voltage — low drive strength
* 27V <=Vpp<s36V,lgy=-2mA Vpp—0.5 — Vv
¢ 1.71V<Vpp=27V,loy=-0.6mA Vpp - 0.5 — \
lonT Output high current total for all ports — 100 mA
VoL Output low voltage — high drive strength
* 27V <sVpp<s36V,lg.=9mA — 0.5 \
¢ 1.71V<Vpp <27V, lg.=3mA — 0.5 \"
Output low voltage — low drive strength
e 27V <Vpp<3.6V,lg.=2mA — 0.5 \
¢ 171V <Vpp <27V, lo = 0.6mA — 0.5 \%
loLt Output low current total for all ports — 100 mA
Iin Input leakage current (per pin) for full temperature — 1 A 1
range
Iin Input leakage current (per pin) at 25°C — 0.025 pA 1
loz Hi-Z (off-state) leakage current (per pin) — 1 pA
Rpu Internal pullup resistors 20 50 kQ 2
Rpp Internal pulldown resistors 20 50 kQ 3

1. Measured at VDD=3.6V
2. Measured at Vpp supply voltage = Vpp min and Vinput = Vgg

3. Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

5.2.4 Power mode transition operating behaviors

All specifications except tpogr, and VLLSx—>RUN recovery times in the following table
assume this clock configuration:

* CPU and system clocks = 72 MHz
* Bus clock = 36 MHz

e FlexBus clock = 36 MHz

e Flash clock = 24 MHz

K20 Sub-Family Data Sheet, Rev. 2, 4/2012.
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General
Table 7. Capacitance attributes (continued)
Symbol Description Min. Max. Unit
Cin oD Input capacitance: digital pins — 7 pF
5.3 Switching specifications
5.3.1 Device clock specifications
Table 8. Device clock specifications
Symbol | Description | Min. | Max. Unit Notes
Normal run mode
fsvys System and core clock — 72 MHz
fsys_uss System and core clock when Full Speed USB in 20 — MHz
operation
feus Bus clock — 50 MHz
FB_CLK FlexBus clock — 50 MHz
fELASH Flash clock — 25 MHz
fLPTMR LPTMR clock — 25 MHz
VLPR mode'
fsys System and core clock — 4 MHz
faus Bus clock — 4 MHz
FB_CLK FlexBus clock — 4 MHz
feLASH Flash clock — 1 MHz
fERCLK External reference clock — 16 MHz
fiptmR pin | LPTMR clock — 25 MHz
fietmr_ercLk | LPTMR external reference clock — 16 MHz
friexcan_ercik | FIlexCAN external reference clock — 8 MHz
flas_McLK I12S master clock — 12.5 MHz
flos_BCLK I2S 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.

K20 Sub-Family Data Sheet, Rev. 2, 4/2012.
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Peripheral operating requirements and behaviors

Table 13. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
faco_t_pmxs | DCO output Low range (DRS=00) — 23.99 — MHz 4,5
frequency 732 x e
Mid range (DRS=01) — 47.97 — MHz
1464 x Ty ref
Mid-high range (DRS=10) — 71.99 — MHz
2197 x fy_ret
High range (DRS=11) — 95.98 — MHz
2929 X fy_ret
Jeye_fi FLL period jitter . 180 . ps
* fyco =48 MHz . 150 .
* fyco =98 MHz
ti_acquire | FLL target frequency acquisition time — — 1 ms 6
PLL
fyeo 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_pn | PLL period jitter (RMS) 8
* fuco =48 MHz — 120 — ps
e fueo =100 MHz — 50 — ps
Jace_pll PLL accumulated jitter over 1us (RMS) 8
* fyeo =48 MHz — 1350 — ps
e fueo =100 MHz — 600 — ps
Diock Lock entry frequency tolerance +1.49 — +2.98 %
Duni Lock exit frequency tolerance +4.47 — +5.97 %
toi_lock Lock detector detection time — — 150 x 106 s 9
+1075(1/
foll_ref)

1. This parameter is measured with the internal reference (slow clock) being used as a reference to the FLL (FEI clock

mode).

2. These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32=0.

(Afgeo_t) Over voltage and temperature should be considered.

The resulting system clock frequencies should not exceed their maximum specified values. The DCO frequency deviation

These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32=1.

5. The resulting clock frequency must not exceed the maximum specified clock frequency of the device.
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Peripheral operating requirements and behaviors

Table 19. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Byte-write to FlexRAM execution time:

teewrsbsk * 8 KB EEPROM backup — 340 1700 ys

teewrsbi6k * 16 KB EEPROM backup — 385 1800 ys

toowrab32k ¢ 32 KB EEPROM backup — 475 2000 us

Word-write to FlexRAM for EEPROM operation

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

Word-write to FlexRAM execution time:

teewr16b8k ¢ 8 KB EEPROM backup f— 340 1700 us
toewrtopiok | * 16 KB EEPROM backup — 385 1800 bs
teowr16b32k e 32 KB EEPROM backup — 475 2000 us

Longword-write to FlexRAM for EEPROM operation

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

Longword-write to FlexRAM execution time:

teewraznek * 8 KB EEPROM backup — 545 1950 us
teewra2b16k * 16 KB EEPROM backup — 630 2050 ys
teowrazbazk e 32 KB EEPROM backup — 810 2950 us

1. Assumes 25MHz 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 current and power specfications
Table 20. Flash current and power specfications

Symbol Description Typ. Unit

Ipp_pPaMm Worst case programming current in program flash 10 mA

6.4.1.4 Reliability specifications
Table 21. NVM reliability specifications

Symbol | Description Min. Typ.1 Max. Unit Notes

Program Flash

tovmretptok | Data retention after up to 10 K cycles 5 50 — years
tomretptk | Data retention after up to 1 K cycles 20 100 — years
Nnvmeyep | Cycling endurance 10K 50 K — cycles 2

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

* 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 Program Partition command

* EEESPLIT — FlexRAM split factor for subsystem; entered with the Program
Partition command

* EEESIZE — allocated FlexRAM based on DEPART; entered with Program Partition

command

» Write_efficiency —

e (.25 for 8-bi

t writes to FlexRAM

* 0.50 for 16-bit or 32-bit writes to FlexRAM
® Npymeyed — data flash cycling endurance

100,000,000 -

10,000,000

1,000,000

Minimum Writes to FlexRAM

100,000 ~

10,000
16

»16/32-bit
s B- bt

64 256 1,024 4,096

Ratio of EEPROM Backup to FlexRAM

Figure 10. EEPROM backup writes to FlexRAM
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Peripheral operating requirements and behaviors

6.6.1.2 16-bit ADC electrical characteristics

Table 26. 16-bit ADC characteristics (VrRern = Vopas VRerL = Vssa)

Symbol | Description Conditions’ Min. Typ.2 Max. Unit Notes
Ippa_apc | Supply current 0.215 — 1.7 mA 3
ADC e ADLPC=1 , ADHSC=0 1.2 2.4 3.9 MHz tADACK =1/
asynchronous « ADLPC=1, ADHSC=1 3.0 4.0 7.3 MHp | fADAcK
fADACK clock source
e ADLPC=0, ADHSC=0 24 5.2 6.1 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 LSB4 5
error + <12 bit modes — +1.4 +2.1
DNL Differential non- ¢ 12 bit modes — +0.7 -1.1to LSB4 5
linearity +1.9
« <12 bit modes — 02 |031005
INL Integral non- ¢ 12 bit modes — +1.0 -2.7 to LSB4 5
linearity +1.9
¢ <12 bit modes — +0.5 -0.710
+0.5
Ers Full-scale error ¢ 12 bit modes — -4 -5.4 LSB4 VADIN =
« <12 bit modes — 1.4 1.8 Vooa
5
Eq Quantization ¢ 16 bit modes — -1t00 — LSB4
error + <13 bit modes — — +0.5
ENOB Effective number | 16 bit differential mode 6
of bits . Avg=32 12.8 14.5 — bits
e Avg=4 11.9 13.8 — bits
16 bit single-ended mode
e Avg=32
vg=3 12.2 13.9 — bits
* Avg=4
Vo 11.4 13.1 — bits
sINAD | Signa-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 . dB
* Avg=32

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

6.6.1.3 16-bit ADC with PGA operating conditions
Table 27. 16-bit ADC with PGA operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vbpa Supply voltage | Absolute 1.71 — 3.6 \Y
VRrerpga | PGA ref voltage VREF_OU | VREF_OU | VREF_OU \Y 2,3
T T T
VADlN Input voltage VSSA —_— VDDA
VCM Input Common VSSA — VDDA
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 — — us 6
time
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 1.25ps

time should be allowed for Fj,=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
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A
Peripheral operating requirements and behaviors
6.6.1.4 16-bit ADC with PGA characteristics with Chop enabled

(ADC_PGA[PGACHPb] =0)
Table 28. 16-bit ADC with PGA characteristics

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Ibba_paa | Supply current Low power — 420 644 A 2
(ADC_PGA[PGALPb]=0)
loc_paa | Input DC current > ((VRerpGAX0583-Vey A 3
RpGAD (Gain+1)
Gain =1, VRerpga=1.2V, — 1.54 — HA
Ven=0.5V
Gain =64, VREFPGA=1 .2V, — 0.57 — |JA
Ven=0.1V
G Gain* * PGAG=0 0.95 1 1.05 Ras < 100Q
e PGAG=1 1.9 2 2.1
* PGAG=2 3.8 4 4.2
e 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 . Gain=64 . -85 . dB 500mVpp,
fvcm= 50Hz,
100Hz
Vors Input offset — 0.2 — mV Output offset =
voltage Vors*(Gain+1)
Tasw Gain switching — — 10 ys 5
settling time
dG/dT Gain drift over full e Gain=1 — 6 10 ppm/°C
temperature e Gain=64 . 31 42 ppm/°C
range
dG/dVppa | Gain drift over * Gain=1 — 0.07 0.21 %/N | Vppa from 1.71
supply voltage * Gain=64 . 0.14 0.31 oV to 3.6V

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

Table 28. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
EiL Input leakage All modes lin X Ras mV lin = leakage
error current
(refer to the
MCU's voltage
and current
operating
ratings)
Veppirr | Maximum (min(V,Vppa—Vx-0.2x4 v 6
differential input ( Gain
signal swing
where Vx = Vrgppga X 0.583
SNR Signal-to-noise e Gain=1 80 90 — dB 16-bit
ratio . Gain=64 50 66 . dB differential
mode,
Average=32
THD Total harmonic e Gain=1 85 100 — dB 16-bit
distortion . Gain=64 49 95 . 4B differential
mode,
Average=32,
fin=100Hz
SFDR Spurious free e Gain=1 85 105 — dB 16-bit
dynamic range . Gain=64 53 88 . dB differential
mode,
Average=32,
fin=100Hz
ENOB Effective number e Gain=1, Average=4 11.6 134 — bits 16-bit
of bits . . differential
Gain=64, Average=4 7.2 9.6 — bits mode. f, =100H
e Gain=1, Average=32 12.8 14.5 — bits z
e Gain=2, Average=32 11.0 14.3 — bits
e Gain=4, Average=32 7.9 13.8 — bits
¢ Gain=8, Average=32 7.3 13.1 — bits
* Gain=16, Average=32 6.8 12.5 — bits
* Gain=32, Average=32 6.8 11.5 — bits
¢ Gain=64, Average=32 7.5 10.6 — bits
SINAD | Signal-to-noise See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
ratio

wh =

function of input common mode voltage (Vcy) and the PGA gain.

o s

Gain = 2PGAG
After changing the PGA gain setting, a minimum of 2 ADC+PGA conversions should be ignored.

Typical values assume Vppa =3.0V, Temp=25°C, fapck=6MHz unless otherwise stated.
This current is a PGA module adder, in addition to ADC conversion currents.
Between IN+ and IN-. The PGA draws a DC current from the input terminals. The magnitude of the DC current is a strong

6. Limit the input signal swing so that the PGA does not saturate during operation. Input signal swing is dependent on the
PGA reference voltage and gain setting.
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6.7 Timers

See General switching specifications.

6.8 Communication interfaces

6.8.1 USB electrical specifications

The USB electricals for the USB On-the-Go module conform to the standards
documented by the Universal Serial Bus Implementers Forum. For the most up-to-date
standards, visit http://www.usb.org.

6.8.2 USB DCD electrical specifications
Table 37. USB DCD electrical specifications

Peripheral operating requirements and behaviors

Symbol | Description Min. Typ. Max. Unit
Vpp src | USB_DP source voltage (up to 250 pA) 0.5 — 0.7 \Y
Vige Threshold voltage for logic high 0.8 — 2.0 \
Ipp_src USB_DP source current 7 10 13 A
Ipm_sink | USB_DM sink current 50 100 150 HA
Rom_pwn | D- pulldown resistance for data pin contact detect 14.25 — 24.8 kQ
VpaT rer | Data detect voltage 0.25 0.33 0.4 \
6.8.3 USB VREG electrical specifications
Table 38. USB VREG electrical specifications
Symbol | Description Min. Typ.! Max. Unit Notes
VREGIN | Input supply voltage 2.7 — 55 \
Ibpon Quiescent current — Run mode, load current — 120 186 A
equal zero, input supply (VREGIN) > 3.6 V
Ippstoy | Quiescent current — Standby mode, load — 1.1 1.54 A
current equal zero
IbDoff Quiescent current — Shutdown mode
* VREGIN = 5.0 V and temperature=25C o 650 o nA
* Across operating voltage and temperature o o 4 WA
lLoaDrun | Maximum load current — Run mode — — 120 mA

Table continues on the next page...
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Table 38. USB VREG electrical specifications
(continued)

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

lLoADstby | Maximum load current — Standby mode — — 1 mA

VRegazout | Regulator output voltage — Input supply
(VREGIN) > 3.6 V

* Run mode 3 33 36 Y
¢ Standby mode 2 1 o8 36
VRegazout | Regulator output voltage — Input supply 21 — 3.6 \Y 2
(VREGIN) < 3.6 V, pass-through mode
Cout External output capacitor 1.76 2.2 8.16 uF
ESR External output capacitor equivalent series 1 — 100 mQ
resistance
ILim Short circuit current — 290 — mA

1. Typical values assume VREGIN = 5.0 V, Temp = 25 °C unless otherwise stated.
2. Operating in pass-through mode: regulator output voltage equal to the input voltage minus a drop proportional to I aq-

6.8.4 CAN switching specifications

See General switching specifications.

6.8.5 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 39. Master mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \'%
Frequency of operation — 25 MHz
DSH1 DSPI_SCK output cycle time 2 x tgys — 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

Table continues on the next page...
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Figure 26. 12S/SAIl timing — slave modes

6.8.9.2 VLPR, VLPW, and VLPS mode performance over the full operating
voltage range

This section provides the operating performance over the full operating voltage for the
device in VLPR, VLPW, and VLPS modes.

Table 45. 12S/SAl master mode timing in VLPR, VLPW, and VLPS modes
(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \

S1 12S_MCLK cycle time 62.5 — ns

S2 12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I12S_RX_BCLK cycle time (output) 250 — 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/ — 45 ns
12S_RX_FS output valid

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

S7 12S_TX_BCLK to I12S_TXD valid — 45 ns

S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns

S9 12S_RXD/I2S_RX_FS input setup before 53 — ns
12S_RX_BCLK

S10 12S_RXD/I12S_RX_FS input hold after 2S_RX_BCLK |0 — ns
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Figure 27. 12S/SAl timing — master modes

voltage range)

Table 46. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y

S11 12S_TX_BCLK/I12S_RX_BCLK cycle time (input) 250 — ns

S12 12S_TX_BCLK/I2S_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 12S_TX_FS/12S_RX_FS input hold after 7.6 — ns
12S_TX_BCLK/I2S_RX_BCLK

S15 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output valid — 67 ns

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

S17 12S_RXD setup before 12S5_RX_BCLK 30 — ns

S18 12S_RXD hold after 12S_RX_BCLK 6.5 — ns

8§19 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 28. 12S/SAIl timing — slave modes

6.9 Human-machine interfaces (HMI)

6.9.1 TSI electrical specifications
Table 47. 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

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

IRerF Reference oscilllator current source base current . 5 3 A 2,6

* 2 pA setting (REFCHRG = 0)
¢ 32 pA setting (REFCHRG = 15) — 36 50
leLE Electrode oscill_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 0.003 125 — fF/count 11

Res Resolution — — 16 bits

Table continues on the next page...
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Pinout
81 80 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
MAP | LQFP
BGA
G0 | 44 | PTB ADCO_SEY | ADCO_SEY | PTB1 [2C0_SDA FTM1_CHf FTM1_QD_
ADC1_SEY | ADC1_SEY/ PHB
TSI0_CH6 TS10_CH6
G | 45 | PTB2 ADCO_SE12/ | ADCO_SE12/ | PTB2 12C0_SCL UART0_RTS_ FTMO_FLT3
TSI0_CH7 TS10_CH7 b
G8 | 46 | PTB3 ADCO_SE13/ | ADCO_SE13/ | PTB3 12C0_SDA UARTO_CTS_ FTMO_FLT0
TSI0_CH8 TS10_CH8 b
UART0_COL_
b
D10 | 47 | PTB10 ADC1_SE14 | ADC1_SE14 | PTB10 SPI{_PCSO | UART3_RX FB_AD19 FTMO_FLT1
C10 | 48 | PTBH ADC1_SE15 | ADC1_SE15 | PTB11 SPI1_SCK UART3_TX FB_AD18 FTMO_FLT2
— | 49 | VSS VSS VS
— | 50 | VDD VDD VDD
Bi0 | 51 | PTB16 TSI0_CH9 TS10_CH9 PTB16 SPI1_SOUT | UARTO_RX FB_AD17 EWM_IN
B9 | 52 | PTBI7 TSI0_CH10 | TSIO_CH10 | PTB17 SPI_SIN UARTO_TX FB_AD16 EWM_OUT_b
D9 | 53 | PTBI8 TSI0_CH11 | TSIO_CHi1 | PTB18 CANO_TX FTM2_CHO | 1250_TX_ FB_AD15 FTM2_QD_
BCLK PHA
C9 | 54 | PTB19 TSI0_CH12 | TSI0_CH12 | PTB19 CANO_RX FTM2_CH1 | 1280_TX_FS | FB_OE.b FTM2_QD_
PHB
B9 | 55 | PTCO ADCO_SE14/ | ADCO_SE14/ | PTCO SPI0_PCS4 | PDBO_EXTRG FB_AD14 1250_TXD1
TSI0_CH13 | TSI0_CH13
D8 | 56 | PTCI/ ADCO_SE15/ | ADCO_SE15/ | PTCH/ SPI0_PCS3 | UART1_RTS_ | FTM0_CH0O | FB_AD13 1250_TXDO
LLWU_P6 TSI0_CH14 | TSI0O_CHi4 | LLWU_P6 b
C8 | 57 | PTC2 ADCO_SE4b/ | ADCO_SE4b/ | PTC2 SPI0_PCS2 | UART1_CTS_ | FTM0_CH1 | FB_AD12 [250_TX_FS
CMP1_INO/ | CMP1_INO/ b
TSI0_CH15 | TSI0_CH15
B8 | 58 | PTC3 CMP1_IN1 CMP1_IN1 PTCY SPI0_PCS | UARTI_RX | FTMO_CH2 | CLKOUT 1250_TX_
LLWU_P7 LLWU_P7 BCLK
— | 59 | VSS VSS VSS
— | 60 [ VDD \VDD VDD
A8 | 61 | PTC4 DISABLED PTC4/ SPIO_PCSO | UART1_TX | FTMO_CH3 | FB_AD11 CMP1_OUT
LLWU_P8 LLWU_P8
D7 | 62 | PTCH DISABLED PTCH SPI0_SCK LPTMRO_ 1250_RXD0 | FB_AD10 CMPo_OUT
LLWU_P9 LLWU_P9 ALT2
C7 | 63 | PTCe/ CMPO_INO CMPO_INO PTCH/ SPI0_SOUT | PDBO_EXTRG | I2S0_RX_ FB_AD9 1250_MCLK
LLWU_P10 LLWU_P10 BOLK
B7 | 64 | PTC7 CMPO_IN1 CMPO_IN1 PTC7 SPI0_SIN USB_SOF_ | 12S0_RX_FS | FB_AD8
out
A7 | 65 | PTC8 ADC1_SEdb/ | ADC1_SE4b/ | PTC8 1250_MCLK | FB_AD7
CMPO_IN2 CMPO_IN2
D6 | 66 | PTCI ADC1_SESb/ | ADG1_SESb/ | PTCY 1250_RX_ FB_AD6 FTM2_FLT0
CMPO_IN3 CMPO_IN3 BOLK
C6 | 67 | PTC10 ADC1_SE6b | ADC1_SE6b | PTC10 12C1_SCL 1250_RX_FS | FB_ADS
C5 | 68 | PTC1Y/ ADC1_SE7b | ADC1_SE7b | PTC11/ [2C1_SDA [250_RXD1 | FB_RW_b
LLWU_P11 LLWU_PH1
— | 69 | VSS VSS VS
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Pinout
81 80 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
MAP | LQFP
BGA
— | 70 | VDD \DD \VDD
D5 | 71 | PTC16 DISABLED PTC16 UART3_RX FB_CS5_b/
FB_TSIZ1/
FB_BE23 16_
BLS15.8 b
C4 | 72 | PTCI7 DISABLED PTC17 UART3_TX FB_CS4_b/
FB_TSIZ0/
FB_BE31_24_
BLS7 0b
D4 | 73 | PTDO/ DISABLED PTDO/ SPI0_PCSO | UART2_RTS_ FB_ALE/
LLWU_P12 LLWU_P12 b FB_CS1 b/
FB_TS.b
D3 | 74 | PTD1 ADC0_SE5b | ADCO_SE5b | PTD1 SPI0_SCK UART2_CTS_ FB_CS0b
b
G3 | 75 | PTD2 DISABLED PTDY/ SPI0_SOUT | UART2_RX FB_AD4
LLWU_P13 LLWU_P13
B3 | 76 | PTD3 DISABLED PTD3 SPI0_SIN UART2_TX FB_AD3
A3 | 77 | PTD4 DISABLED PTD4/ SPI0_PCST | UARTO_RTS_ | FTM0_CH4 | FB_AD2 EWM_IN
LLWU_P14 LLWU_P14 b
A2 | 78 | PTD5 ADC0_SE6b | ADCO_SE6b | PTD5 SPI0_PCS2 | UARTO_CTS_ | FTM0_CH5 | FB_ADT EWM_OUT b
bl
UART0_COL_
b
B2 | 79 | PTD6/ ADCO_SE7b | ADCO_SE7b | PTDS/ SPIO_PCS3 | UARTO_RX | FTM0_CH6 | FB_ADO FTMO_FLT0
LLWU_P15 LLWU_P15
M 80 | PTD7 DISABLED PTD7 CMT_IRO UARTO_TX | FTMO_CH7 FTMO_FLT1
At | — | NC NC NG
Bit| — | NC NC NC
Cit| = |NC NC NC
K3 | — | NC NC NG
Hi | — | NC NC NC
F3 | = | NC NC NG
H | — | NC NC NC
H | — |NC NC NG
i) — | NC NC NC
21 = |NC NC NC
B = |NC NC NC
H3 | — |NC NC NC
K& | — | NC NC NG
Hs | — | NC NC NC
5| = |NC NC NC
Ho | — | NC NC NG
B = |NC NC NC
B = | NC NC NG
Hit | = | NC NC NC
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1 2 3 4 5 6 7 8 9 10 11
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Figure 30. K20 81 MAPBGA Pinout Diagram

9 Revision History

The following table provides a revision history for this document.

Table 48. Revision History

Rev. No. Date Substantial Changes

1 3/2012 Initial public release

Table continues on the next page...
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