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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,
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range of applications.
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Active
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General
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 \'%

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

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

Model (HBM).
2. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for

Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.
3. Determined according to JEDEC Standard JESD78, IC Latch-Up Test.

4.4 Voltage and current operating ratings

Symbol Description Min. Max. Unit
Vpp Digital supply voltage1 -0.3 3.8 \
Ibp Digital supply current — 300 mA
Vbio Digital input voltage (except RESET, EXTALO/XTALO, and -0.3 5.5 Vv
EXTAL1/XTAL1) 2
Vaio Analog®, RESET, EXTALO/XTALO, and EXTAL1/XTAL1 input -0.3 Vpp + 0.3 \
voltage
Ip Maximum current single pin limit (applies to all digital pins) —-25 25 mA
Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \%
VeaT RTC battery supply voltage -0.3 3.8 \Y,

1. It applies for all port pins.
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
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Table 4. Voltage and current operating behaviors (continued)
Symbol | Description Min. Typ. Max. Unit Notes
hd VDD =36V —_— —_— 55 kQ
e Vpp=3.0V — — 57 kQ
e Vpp=25V — — 85 kQ
. VDD =17V
Rpu Internal pullup resistors 20 — 50 kQ
Rpp Internal pulldown resistors 20 — 50 kQ
1. Analog pins are defined as pins that do not have an associated general purpose 1/O port function.
2. Digital pins have an associated GPIO port function and have 5V tolerant inputs, except EXTAL and XTAL.
3. Internal pull-up/pull-down resistors disabled.
4. Characterized, not tested in production.
5. Examples calculated using V,_relation, Vpp, and max linp: Zino=V/linp- This is the impedance needed to pull a high

signal to a level below V|_due to leakage when V)< V|y < Vpp. These examples assume signal source low = 0 V. See

Figure 2.
Measured at Vpp supply voltage = Vpp min and Vinput = Vgg
7. Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

o

5.2.4 Power mode transition operating behaviors

IIND

AAY

ZIND

Source

Digital
Input

Figure 2. 5 V Tolerant Input IIND Parameter

All specifications except tpor, and VLLSx—>RUN recovery times in the following table

assume this clock configuration:

* CPU and system clocks = 100 MHz

Bus clock = 50 MHz
FlexBus clock = 50 MHz
Flash clock = 25 MHz
MCG mode: FEI

K10 Sub-Family, Rev.6, 09/2015.
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Table 6. Power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max. Unit Notes
* @70°C — 7.08 10.74 mA
e @ 105°C

Ipp_vipr | Very-low-power run mode current at 3.0 V — all — 1.03 4.48 mA 5

peripheral clocks disabled

Ipp_vipr | Very-low-power run mode current at 3.0 V — all — 1.58 4.96 mA 5
peripheral clocks enabled

Ipp_vipw | Very-low-power wait mode current at 3.0 V — 0.64 4.29 mA 5

Ipp_vips |Very-low-power stop mode current at 3.0 V

e @ —-40to 25°C — 0.22 0.38 mA
e @70°C — 0.78 1.33 mA
e @ 105°C — 2.18 3.56 mA

Ibp_LLs |Low leakage stop mode current at 3.0 V

* @ —40to 25°C — 0.22 0.37 mA
e @70°C — 0.78 1.33 mA
* @ 105°C — 2.16 3.52 mA

Ipp_viss |Very low-leakage stop mode 3 current at 3.0 V

* @ —40to 25°C — 4.09 5.58 A
e @70°C — 20.98 28.93 pA
e @105°C — 84.95 111.15 A

Ipp_vise |Very low-leakage stop mode 2 current at 3.0 V

¢ @ -40t025°C — 2.68 4.22 HA
+ @70°C — 8.8 10.74 HA
« @ 105°C — 37.28 43.61 pA

Ipp_vist |Very low-leakage stop mode 1 current at 3.0 V

e @ -40to 25°C — 2.46 4.02 pA
* @70°C — 7.04 8.99 pA
e @ 105°C — 30.68 37.04 pA
Ipp_veaT |Average current when CPU is not accessing 6
RTC registers at 3.0 V
e @ -40to025°C — 0.89 1.10 pA
* @70°C — 1.28 1.85 pA
e @105°C — 3.10 4.30 pA

1. The analog supply current is the sum of the active or disabled current for each of the analog modules on the device. See
each module's specification for its supply current.

2. 120 MHz core and system clock, 60 MHz bus, 30 MHz FlexBus clock, and 20 MHz flash clock. MCG configured for PEE
mode. All peripheral clocks disabled.

3. 120 MHz core and system clock, 60 MHz bus, 30 MHz FlexBus clock, and 20 MHz flash clock. MCG configured for PEE
mode. All peripheral clocks enabled, but peripherals are not in active operation.

4. 25 MHz core and system clock, 25 MHz bus clock, and 12.5 MHz FlexBus and flash clock. MCG configured for FEI mode.

K10 Sub-Family, Rev.6, 09/2015.
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5. 4 MHz core, system, 2 MHz FlexBus, and 2 MHz bus clock and 0.5 MHz flash clock. MCG configured for BLPE mode. All
peripheral clocks disabled.
6. Includes 32kHz oscillator current and RTC operation.

5.2.5.1 Diagram: Typical IDD_RUN operating behavior
The following data was measured under these conditions:

* MCG in FBE mode for 50 MHz and lower frequencies. MCG in FEE mode at greater
than 50 MHz frequencies. MCG in PEE mode at greater than 100 MHz frequencies.

* No GPIOs toggled

* Code execution from flash with cache enabled

* For the ALLOFF curve, all peripheral clocks are disabled except FTFE

Run Mode Current Consumption vs Core Frequency

Temp (C)=25,VDD=3.6V,CACHE=ENABLE,Code Residence=Flash

90.00E-03

£0.00E-03
70.00E-03 /
50.00E-03
50.00E-03
AIIPerlpheraI Clk Gates
= ALLOFF
40.00E-03

30.00E-03 /4/

o .——F==='¢‘.:’/

10.00E-03

Current Consumption on YDD+YDDINT (&)

Clk Ratio
Core-Bus-
FlexBus-Flash

000.00E+00

1-1-1-1 1-1-1-1 1-2-2-4 1-2-4-6

2 4 £.25 12.5 25 75 100 Core Freq (Mhz)

1-1-1-1 ‘ 1-1-1-1 ‘ 1-1-1-1 ‘ 1-1-1-1 ‘ 1-2-2-3

Figure 3. Run mode supply current vs. core frequency
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Peripheral operating requirements and behaviors

TCLK / \ / \ / \ /

TRST \ [

Figure 10. TRST timing

6.2 System modules

There are no specifications necessary for the device's system modules.

6.3 Clock modules

6.3.1 MCG specifications
Table 15. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fints_t 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
DA¢geo_res t | Resolution of timmed average DCO output — +0.3 +0.6 Yofgco 1

frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

Afyeo_res t | Resolution of trimmed average DCO output — +0.2 +0.5 %faco 1
frequency at fixed voltage and temperature —
using SCTRIM only

Afyeo + | Total deviation of trimmed average DCO output — +4.5 — Y%fdco 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
fo_ret FLL reference frequency range 31.25 — 39.0625 kHz

Table continues on the next page...

K10 Sub-Family, Rev.6, 09/2015.

Freescale Semiconductor, Inc. 25




r
4\ |

renpheral operating requirements and behaviors

Table 15. MCG specifications (continued)

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

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

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

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

K10 Sub-Family, Rev.6, 09/2015.
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renpheral operating requirements and behaviors
* Ty is the flash clock high time and
» T is flash clock low time,

which are defined as:

T input clock

Taee = TL + Ty =
NFC = TL ¥ TH = “SCALER

The SCALER value is derived from the fractional divider specified in the SIM's
CLKDIV4 register:

SIM_CLKDIV4[NFCFRAC] + 1

SCALER = SIM_CLKDIV4[NFCDIV] + 1

In case the reciprocal of SCALER is an integer, the duty cycle of NFC clock is 50%,
means Ty = TL. In case the reciprocal of SCALER is not an integer:

TNFc

TL = (1 + SCALER/2) x

T
Ty = (1 - SCALER/2) x —¥¢

For example, if SCALER is 0.2, then Ty = T}, = Tngc/2.

Tnre
TH TL

I

However, if SCALER is 0.667, then T} = 2/3 x Tygc and Ty = 1/3 X Tnge.

Tnre
Ty T,

-

NOTE
The reciprocal of SCALER must be a multiple of 0.5. For
example, 1, 1.5, 2, 2.5, etc.

Table 25. NFC specifications

Num Description Min. Max. Unit
tels NFC_CLE setup time 2T+ T -1 — ns
toLH NFC_CLE hold time Ty+T -1 — ns
tcs NFC_CERn setup time 2T+ T -1 — ns
tch NFC_CERn hold time Th+TL — ns

Table continues on the next page...
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renpheral operating requirements and behaviors
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s sy
FB_AIY] B Address - XX
¢ FB2 FB4 :
© <« !

FB_RW /

FB_TS \ /

FB_DX DX e
\
\
/

FB_ALE / \

FB_CSn \ / om0/
FB_OEn \ / /
FB_BEn N /
i i ¢ ) FB5
' AA=1 :
FB_TA N ¥
FB_TSIZ[1:0] X TSIZ X

Figure 18. FlexBus read timing diagram
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renpheral operating requirements and behaviors

Table 31. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
fyppa= 50Hz,
60Hz
CMRR |[Common mode e Gain=1 — -84 — dB Veu=
rejection ratio . Gain=64 . -85 . dB 500mVpp,
fVCM= 50HZ,
100Hz
Vors Input offset ¢ Chopping disabled — 24 — mV Output offset =
voltage (ADC_PGA[PGACHPDb] Vors*(Gain+1)
=1) — 0.2 — mV
¢ Chopping enabled
(ADC_PGA[PGACHPD]
=0)
Tesw Gain switching — — 10 us 5
settling time
dG/dT  |Gain drift over full ¢ 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 %IV Vppa from 1.71
supply voltage ¢ Gain=64 . 014 0.31 oW/ to 3.6V
E.L Input leakage All modes lin X Ras mV Iin = leakage
error current
(refer to the
MCU's voltage
and current
operating
ratings)
VeppiFr  |Maximum (min(V,Vppa—Vx-0.2x4 \% 6
differential input ( Gain
signal swing
where VX = VREFPGA x 0.583
SNR Signal-to-noise * Gain=1 80 90 — dB 16-bit
ratio . Gain=64 52 66 . dB differential
mode,
Average=32
THD Total harmonic ¢ Gain=1 85 100 — dB 16-bit
distortion . Gain=64 49 95 . dB differential
mode,
Average=32,
fin=100Hz
SFDR | Spurious free * Gain=1 85 105 — dB 16-bit
dynamic range . Gain=64 53 88 . dB differential
mode,
Average=32,
fin=100Hz
ENOB Effective number ¢ Gain=1, Average=4 11.6 13.4 — bits 16-bit
of bits . . differential
Gain=1, Average=8 8.0 13.6 — bits mode.f,,=100Hz
¢ Gain=64, Average=4 7.2 9.6 — bits
¢ Gain=64, Average=8 6.3 9.6 — bits
12.8 14.5 — bits

Table continues on the next page...
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Table 31. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
* Gain=1, Average=32 11.0 14.3 — bits
e Gain=2, Average=32 7.9 13.8 — bits
¢ Gain=4, Average=32 7.3 13.1 — bits
* Gain=8, Average=32 6.8 12.5 — bits
* Gain=16, Average=32 6.8 115 — bits
¢ Gain=32, Average=32 7.5 10.6 — bits
* Gain=64, Average=32
SINAD |Signal-to-noise See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
ratio

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

function of input common mode voltage (Vcum) and the PGA gain.
4, Gain = 2PGAG

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

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.

6.6.2 CMP and 6-bit DAC electrical specifications

Table 32. Comparator and 6-bit DAC electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vbp Supply voltage 1.71 — 3.6 \
IbpHs Supply current, High-speed mode (EN=1, PMODE=1) — — 200 pA
IbpLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 MA
Vain Analog input voltage Vgs—0.3 — Vpp \
Vaio Analog input offset voltage — — 20 mV

Vy Analog comparator hysteresis'
e CRO[HYSTCTR] =00 — 5 — mV
e CRO[HYSTCTR] = 01 — 10 — mV
e CRO[HYSTCTR] =10 — 20 — mV
e CRO[HYSTCTR] = 11 — 30 — mV

Vempon | Output high Vpp - 0.5 — — \Y

Vempol Output low — — 0.5 \Y
tbHs Propagation delay, high-speed mode (EN=1, PMODE=1) 20 50 200 ns
toLs Propagation delay, low-speed mode (EN=1, PMODE=0) 80 250 600 ns

Analog comparator initialization delay? — — 40 ys

Ibaceb 6-bit DAC current adder (enabled) — 7 — MA

Table continues on the next page...
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Peripheral operating requirements and behaviors
0.18
0.16
0.14 /Q—X
. 012 HYSTCTR
b Setting
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§ 0.1 ——00
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o / —=<11
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0
0.1 04 0.7 1 1.3 1.6 1.9 2.2 25 2.8 3.1
Vin level (V)
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.

K10 Sub-Family, Rev.6, 09/2015.
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6.6.3.2 12-bit DAC operating behaviors
Table 34. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pacL | Supply current — low-power mode — — 150 A
P
Ipba_pacH | Supply current — high-speed mode — — 700 A
P
tpacLp |Full-scale settling time (0x080 to OxF7F) — — 100 200 ys 1
low-power mode
toacHp | Full-scale settling time (0x080 to OxF7F) — — 15 30 us 1
high-power mode
tcepacLp | Code-to-code settling time (OxBF8 to 0xC08) — 0.7 1 ys 1
— low-power mode and high-speed mode
Vidacoutt | DAC output voltage range low — high-speed — — 100 mV
mode, no load, DAC set to 0x000
Vdacouth | DAC output voltage range high — high- Vbacr — Vpacr 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 — Vpacr > 2 — — +1 LSB 3
\
DNL Differential non-linearity error — Vpacr = — — +1 LSB 4
VREF_OUT
Vorrset | Offset error — +0.4 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 — pVv/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 —
e Low power (SP;p) 0.05 0.12 —
CT Channel to channel cross talk — — -80 dB
BW 3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SP_p) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to Vpacr —100 mV
3. The DNL is measured for 0 + 100 mV to Vpacgr =100 mV
4. The DNL is measured for 0 + 100 mV to Vpacr —100 mV with Vppa > 2.4 V
5. Calculated by a best fit curve from Vgg + 100 mV to Vpacr — 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

K10 Sub-Family, Rev.6, 09/2015.
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Table 36. VREF full-range operating behaviors

Peripheral operating requirements and 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)

—_

Table 37. VREF limited-range operating requirements

See the chip's Reference Manual for the appropriate settings of the VREF Status and Control register.
Load regulation voltage is the difference between the VREF_OUT voltage with no load vs. voltage with defined load

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

K10 Sub-Family, Rev.6, 09/2015.
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Table 40. 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

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

Figure 28. DSPI classic SPI timing — slave mode

6.8.3 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 41. Master mode DSPI timing (full voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 1.71 3.6 \'% 1
Frequency of operation — 15 MHz
DS1 DSPI_SCK output cycle time 4 X tgus — ns
Table continues on the next page...
K10 Sub-Family, Rev.6, 09/2015.
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e
12S_MCLK (output)

< 53 g
125_TX_BCLK/ : ‘4—84—’:/ \ g\ /
125_RX_BCLK (output) ‘: — 0 4 €
128_TX_FS/ / H \_
125_RX_FS (output) ‘ %510 «
:gg:gi((iiz/(input) _;_/ ;‘_57—’1 H i \—
128_TXD ) —— X ) —

Figure 35. I12S/SAl timing — master modes

(full voltage range)

Table 49. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes

Num. Characteristic Min. Max. Unit
Operating voltage 1.71 3.6 \'
S11 12S_TX_BCLK/12S_RX_BCLK cycle time (input) 80 — 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 5.8 — ns
12S_TX_BCLK/I2S_RX_BCLK
S14 12S_TX_FS/12S_RX_FS input hold after 2 — ns
12S_TX_BCLK/I2S_RX_BCLK
S15 12S_TX_BCLK to 12S_TXD/I12S_TX_FS output valid ns
* Multiple SAI Synchronous mode o 24
¢ All other modes — 20.6
S16 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output invalid |0 — ns
S17 12S_RXD setup before 12S_RX_BCLK 5.8 — ns
S18 I12S_RXD hold after 12S_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

K10 Sub-Family, Rev.6, 09/2015.
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p s11 .

v s12 ¢ .
12S_TX_BCLK/ i/ s12 \ \ /4 H\ /
12S_RX_BCLK (input) i * Pl

5P | ' 516 |
12S_TX_FS/ ‘ : H LN
12S_RX_FS (output) ! s13 ! S14 !

S . ! DN
12S_TX_FS/ Ny : ™
12S_RX_FS (input) —ﬁ/ « s Esish I | AN

tsis ) sie ¥ & Csie P
12S_TXD < X I\ -

Figure 38. 12S/SAIl timing — slave modes

6.9 Human-machine interfaces (HMI)

6.9.1 TSI electrical specifications
Table 52. TSI electrical specifications

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

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

Cgrer Internal reference capacitor — 1 — pF
VpeLta | Oscillator delta voltage — 600 — mvV 25

IReF Reference osci!lator current source base current . 5 3 A 2,6

* 2 pA setting (REFCHRG = 0)
¢ 32 pA setting (REFCHRG = 15) — 36 50
leLe Electrode oscillgtor 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
Tconoo | Response time @ 20 pF 8 15 25 us 12
Itsi run | Current added in run mode — 55 — A
ltsi tp |Low power mode current adder — 1.3 2.5 A 13

K10 Sub-Family, Rev.6, 09/2015.
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Pinout
144 | 144 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP| MAP
BGA
105 | A12 | PTC2 ADCO_SE4b/ | ADCO_SE4b/ | PTC2 SPI0_PCS2 | UART1_ FTMO_CH1 | FB_AD12/ | 1280_TX_FS
CMP1_INO/ | CMP1_INO/ CTS_b NFC_DATA9
TSI0_CH15 | TSI0_CH15
106 | At1 | PTCY CMP1_INT | CMP1_IN1 | PTC3/ SPI0_PCS1 | UART1_RX | FTMO_CH2 | CLKOUT 1280_TX_
LLWU_P7 LLWU_P7 BCLK
107 | H8 | VSS VSS VSS
108 | — | VDD VDD VDD
109 | A9 | PTC4/ DISABLED PTC4/ SPI0_PCSO | UART1_TX | FTMO_CH3 | FB_AD11/ | CMP1_OUT | I281_TX_
LLWU_P8 LLWU_P8 NFC_DATAS BCLK
110 | D8 | PTCa/ DISABLED PTCS/ SPI0_SCK | LPTMRO_ [250_RXD0 | FB_AD10/ | CMPO_OUT | 1281_TX_FS
LLWU_P9 LLWU_P9 ALT2 NFC_DATA7
11| C8 | PTCO/ CMPO_INO | CMPO_INO | PTC6/ SPI0_SOUT | PDB0_ [250_RX_ | FB_ADY [250_MCLK
LLWU_P10 LLWU_P10 EXTRG BCLK NFC_DATA6
112 | B8 | PTC7 CMPO_IN1 | CMPO_INT | PTC7 SPI0_SIN [250_RX_FS | FB_AD8/
NFC_DATA5
113 | A8 | PTC8 ADGC1_SEdb/ | ADC1_SE4b/ | PTCS8 FTM3_CH4 | 1280_MCLK | FB_AD7/
CMPO_IN2 | CMPO_IN2 NFC_DATA4
114 | D7 | PTC9 ADC1_SE5b/ | ADC1_SE5b/ | PTC9 FTM3_CH5 | I2S0_RX_ | FB_AD6/ FTM2_FLTO
CMPO_IN3 | CMPO_IN3 BCLK NFC_DATA3
115 | G7 | PTC10 ADGC1_SE6b | ADC1_SE6b | PTC10 [2C1_SCL | FTM3_CH6 | 12S0_RX_FS | FB_ADS/ [281_MCLK
NFC_DATA2
116 | B7 | PTC11/ ADC1_SE7b | ADC1_SE7b | PTC11/ [2C1_SDA | FTM3_CH7 | 12S0_RXD1 | FB_RW_b/
LLWU_P11 LLWU_P11 NFC_WE
117 | A7 | PTC12 DISABLED PTC12 UART4_ FB_AD27 FTM3_FLTO
RTS_b
118 | D6 | PTC13 DISABLED PTC13 UART4_ FB_AD26
CTS_b
119 | C6 | PTC14 DISABLED PTC14 UART4_RX FB_AD25
120 | B6 | PTC15 DISABLED PTC15 UART4_TX FB_AD24
21| — | VSS VSS VSS
122 | — | VDD VDD VDD
123 | A6 | PTC16 DISABLED PTC16 CAN1_RX | UART3_RX FB_CS5_b/ | NFC_RB
FB_TSIZ1/
FB_BE23_
16_b
124 | D5 | PTC17 DISABLED PTC17 CAN1_TX UART3_TX FB_CS4. b/ | NFC_CE0_b
FB_TSIZ0/
FB_BE31_
24 b
125 | G5 | PTC18 DISABLED PTC18 UART3_ FB_TBST_b/ | NFC_CE1_b
RTS_b FB_CS2_b/
FB_BE15_8_
b
126 | B5 | PTC19 DISABLED PTC19 UART3_ FB_.CS3 b/ | FB_TALb
CTS_b FB_BE7_0_b
127 | A5 | PTDO/ DISABLED PTDO/ SPIO_PCSO | UART2_ FTM3_CHO | FB_ALE/ 1251_RXD1
LLWU_P12 LLWU_P12 RTS_b FB_CS1_b/
FB_TS_b
K10 Sub-Family, Rev.6, 09/2015.
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PTEO []
PTE1/LLWU_PO []
PTE2/LLWU_P1 []

PTE3 []

voD [}

vss [
PTE4/LLWU_P2 [}

PTES5 []

PTE6 []

PTE7 [

PTES []

PTES []

PTE10 []
PTE1 [
PTE12 []
voD [}
vss [

PTE16 []

PTE17 []

PTE18 []

PTE19 ]

vss [}
PGA2_DP/ADC2_DPO/ADC3_DP3/ADCO_DP1 [}
PGA2_DM/ADC2_DMO/ADC3_DM3/ADCO_DM1 []
PGA3_DP/ADC3_DPO/ADC2_DP3/ADC1_DP1 []
PGA3_DM/ADC3_DMO/ADC2_DM3/ADC1_DM1 []
PGAO_DP/ADCO_DPO/ADC1_DP3 [
PGAO_DM/ADCO_DMO/ADC1_DM3 [}
PGA1_DP/ADC1_DPO/ADCO_DP3 [
PGA1_DM/ADC1_DMO/ADCO_DM3 [}

VDDA []

VREFH [}

VREFL []

vssA [

ADC1_SE16/CMP2_IN2/ADCO_SE22 []|
ADCO_SE16/CMP1_IN2/ADCO_SE21 []

T ge@NoaswN g

144 [] PTD15
143 [] PTD14

131 ] PTD4/LLWU_P14

130 [] PTD3
127 [] PTDO/LLWU_P12

129 [7] PTD2/LLWU_P13
126 [ ] PTC19

142 [] PTD13
141[] PTD12
140 [] PTD11
139 [] PTD10
138 [ ] PTD9
137 [] PTD8
136 [ ] PTD7
135 [] vDD
134 [] vss
133 | ] PTD6/LLWU_P15
132 [] PTD5
128 [] PTD1
125 [] PTC18
124 [] pPTC17
123 [] PTC16
122 [] vbD
121[] vss
120 [] PTC15
119 [] PTC14
118 [] PTC13
17 [] pTC12

116 [ ] PTCT/LLWU_P11

115 [] PTC10

114 [7] pTCY

113 [] pTcs

112 [] PTC7

111 [] PTC6/LLWU_P10
110 [ 7] PTCS/LLWU_P9
_109 [] PTC4/LLWU_P8

o
=3

N N N S O O N N O )

07
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O s

O ss

O a9
xTAL32 [ 40
EXTAL32 [] 41
VBAT [ 42
voD [] 43
vss [ 44
PTE24 [] 45
PTE25 [] 46
PTE26 [ 47
PTE27 [] 48
PTE28 [] 49
PTAO [] 50
PTA1 [ 51
PTA2 [ 52
PTA3 [] 53
_P3[] 54
PTA5 [] 55
voD [ 56
vss [] 57
PTA6 [] 58
PTA7 [] 59
PTA8 [] 60
PTA9 [] 61
PTA10 [] 62
PTA11 [] 63
PTA12 [] 64

DACO_OUT/CMP1_IN3/ADCO_SE23

DAC1_OUT/CMPO_IN4/CMP2_IN3/ADC1_SE23

PTA4/LLWU_P3

VREF_OUT/CMP1_IN5/CMPO_IN5/ADC1_SE18

Figure 39. K10 144 LQFP Pinout Diagram
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PTA14 [] 66
PTA15 [] 67
PTA16 [] 68
PTA17 [] 69

vop [] 70

PTA13/LLWU_P4

vss[] 71
PTA18 [ 72

Pinout

VDD
VSss

PTC3/LLWU_P7

PTC2

PTC1/LLWU_P6

PTCO
PTB23
PTB22
PTB21
PTB20
PTB19
PTB18
PTB17
PTB16
VDD
vss
PTB11
PTB10
PTB9
PTB8
PTB7
PTB6
PTB5
PTB4
PTB3
PTB2
PTB1

PTBO/LLWU_P5

PTA29
PTA28
PTA27
PTA26
PTA25
PTA24
RESET_b
PTA19
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