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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.
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providing the intelligence and control needed for a wide
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Active
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100
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64K x 8
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Surface Mount
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Communication interfaces

— Ethernet controller with MII and RMII interface to external PHY and hardware IEEE 1588 capability
— USB full-/low-speed On-the-Go controller with on-chip transceiver

— Two Controller Area Network (CAN) modules

— Three SPI modules

— Two I2C modules

— Five UART modules

— Secure Digital host controller (SDHC)

— 128 module
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rerminology and guidelines

3.4 Definition: Rating

A rating 1s a minimum or maximum value of a technical characteristic that, if exceeded,
may cause permanent chip failure:

* Operating ratings apply during operation of the chip.
* Handling ratings apply when the chip is not powered.

3.4.1 Example

This is an example of an operating rating:

Symbol Description Min. Max. Unit

Vpp 1.0 V core supply -0.3 1.2 \
voltage

3.5 Result of exceeding a rating

40
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R The likelihood of permanent chip failure increases rapidly as
5, soon as a characteristic begins to exceed one of its operating ratings.
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Operating rating

Measured characteristic
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General
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
Vpp Supply voltage 1.71 3.6 Vv
Vppa Analog supply voltage 1.71 3.6 Vv
Vob — Vopa | Vpp-to-Vppa differential voltage -0.1 0.1 \
Vgs — Vssa |Vss-to-Vssa differential voltage -0.1 0.1 \
VgaT RTC battery supply voltage 1.71 3.6 \'%
ViH Input high voltage
e 27V<Vpp=s36V 0.7 x Vpp — \'
e 1.7V=<sVpp=s27V 0.75 x Vpp — \Y
Vi Input low voltage
e 27V< VDD <36V —_— 0.35 x VDD \
e 1.7V=sVpp=s27V — 0.3 x Vpp \"
Vhys Input hysteresis 0.06 x Vpp — \'%
licoio Digital pin negative DC injection current — single pin 1
* Vi < Vgs-0.3V S - mA
licaio Analog?, EXTAL, and XTAL pin DC injection current — 3
single pin mA
* V)N < Vgs-0.3V (Negative current injection) -5 —
* VN > 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
. - -25 — mA
* Negative current injection
- S — +25
* Positive current injection
Voppu Open drain pullup voltage level Vpp Vpp \'% 4
VRam Vpp voltage required to retain RAM 1.2 — Vv
VeeveaT | VBaT Voltage required to retain the VBAT register file VPOR_VBAT — \'%

1. All 5V tolerant digital I/O pins are internally clamped to Vgg through an ESD protection diode. There is no diode
connection to Vpp. If V| is less than Vpo_win, @ current limiting resistor is required. The negative DC injection current
limiting resistor is calculated as R=(Vpio_min-Vin)/llicoiol-

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 Vy is less than Vo win Or greater
than Va0 max, @ current limiting resistor is required. The negative DC injection current limiting resistor is calculated as
R=(Vaio_min-Vin)/Ilicaiol- The positive injection current limiting resistor is calculated as R=(V|n-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.

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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General
5.2.3 Voltage and current operating behaviors
Table 4. Voltage and current operating behaviors
Symbol | Description Min. Typ.! Max. Unit Notes
Vou Output high voltage — high drive strength
e 27V< VDD <36V, IOH =-9mA VDD -05 — — \
e 1.71V<Vpp=s27V,loy=-3mA Vpp — 0.5 — — \'
Output high voltage — low drive strength
e 27V< VDD <36V, |o|_| =-2mA VDD -0.5 — — \
e 1.71V<Vpp<2.7V, lgy=-0.6mA Vpp — 0.5 — — \
lonT Output high current total for all ports — — 100 mA
Voo Output low voltage — high drive strength 2
e 27V< VDD <36V, |o|_ =10mA — — 0.5 \%
¢ 1.71V<Vpp=<2.7V,lg.=5mA — — 0.5 \Y
Output low voltage — low drive strength
e 27V <Vpp<36V,lg.=2mA — — 0.5 \Y
e 1.71 VSVDDS2.7 V, IOL= 1mA — — 0.5 \%
loLt Output low current total for all ports — — 100 mA
lINA Input leakage current, analog pins and digital 3,4
pins configured as analog inputs
* Vss=Vin=Vpp
¢ All pins except EXTAL32, XTAL32, -
EXTAL, XTAL 0.002 0.5 WA
* EXTAL (PTA18) and XTAL (PTA19) o 0.004 15 WA
« EXTAL32, XTAL32 - 0.075 10 HA
linD Input leakage current, digital pins 4,5
* Ves=ViN=ViL
* All digital pins — 0.002 0.5 A
* Vin=Vop
« Al digital pins except PTD7 - 0.002 05 WA
« PTD7 — 0.004 1 pA
linD Input leakage current, digital pins 4,5,6
* ViL<Vin<Vpp
e Vpp=3.6V — 18 26 pA
e Vpp=3.0V — 12 49 pA
e Vpp=25V — 8 13 A
L4 VDD =17V —_— 3 6 IJA
Table continues on the next page...
K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
Freescale Semiconductor, Inc. 15



g |

weneral
Table 4. Voltage and current operating behaviors (continued)
Symbol | Description Min. Typ.! Max. Unit Notes
linD Input leakage current, digital pins 4,5
° VDD < VlN <55V — 1 50 lJA
ZiND Input impedance examples, digital pins 4,7
e Vpp=3.6V — — 48 kQ
b VDD =3.0V —_— —_— 55 kQ
. VDD =25V —_ —_ 57 kQ
e Vpp=1.7V — — 85 kQ
Rpy Internal pullup resistors 20 35 50 kQ
Rpp Internal pulldown resistors 20 35 50 kQ
1. Typical values characterized at 25°C and VDD = 3.6 V unless otherwise noted.
2. Open drain outputs must be pulled to Vpp.
3. Analog pins are defined as pins that do not have an associated general purpose I/O port function.
4. Digital pins have an associated GPIO port function and have 5V tolerant inputs, except EXTAL and XTAL.
5. Internal pull-up/pull-down resistors disabled.
6. Characterized, not tested in production.
7. Examples calculated using V,_relation, Vpp, and max linp: Zinp=V/Iinp- 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.
Measured at Vpp supply voltage = Vpp min and Vinput = Vgg
Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

© ®

| IND

—
A Digital input
z IND f

Source

5.2.4 Power mode transition operating behaviors

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

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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General
Table 6. Power consumption operating behaviors (continued)
Symbol | Description Min. Typ. Max. Unit Notes
Ipp_veat |Average current when CPU is not accessing RTC 10
registers
. @1.8V
* @-401025°C — 0.57 0.67 uA
© @ — 0.90 12 uA
" @105°C — 2.4 35 bA
. @3.0V
* @-40t025°C — 0.67 0.94 uA
©@rc — 1.0 1.4 bA
* @105°C — 27 3.9 bA

8.

9

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.

100MHz core and system clock, 50MHz bus and FlexBus clock, and 25MHz flash clock . MCG configured for FEI mode.
All peripheral clocks disabled.

100MHz core and system clock, 50MHz bus and FlexBus clock, and 25MHz flash clock. MCG configured for FEI mode. All
peripheral clocks enabled.

Max values are measured with CPU executing DSP instructions.

25MHz core and system clock, 25MHz bus clock, and 12.5MHz FlexBus and flash clock. MCG configured for FEI mode.
4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral clocks
disabled. Code executing from flash.

4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral clocks
enabled but peripherals are not in active operation. Code executing from flash.

4 MHz core, system, FlexBus, and bus clock and 1MHz flash clock. MCG configured for BLPE mode. All peripheral clocks
disabled.

Data reflects devices with 128 KB of RAM. For devices with 64 KB of RAM, power consumption is reduced by 2 pA.

10. 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.

USB regulator disabled

No GPIOs toggled

Code execution from flash with cache enabled

For the ALLOFF curve, all peripheral clocks are disabled except FTFL

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 10. General switching specifications (continued)
Symbol | Description Min. Max. Unit Notes
Port rise and fall time (low drive strength) 5

¢ Slew disabled
e 1.71<Vpp2.7V — 12 ns
e 27<Vpp=3.6V — 6 ns

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

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. 75 pF load

5. 15 pF load

5.4 Thermal specifications

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

5.4.2 Thermal attributes

Board type Symbol Description 100 LQFP Unit Notes

Single-layer (1s) Regua Thermal 47 °C/W 1
resistance, junction
to ambient (natural
convection)

Four-layer (2s2p) | Rgya Thermal 35 °C/W 1
resistance, junction
to ambient (natural

convection)

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

Board type Symbol Description 100 LQFP Unit Notes

Single-layer (1s) Reuma Thermal 37 °C/W 1
resistance, junction
to ambient (200 ft./
min. air speed)

Four-layer (2s2p) | Reyma Thermal 29 °C/W 1
resistance, junction
to ambient (200 ft./
min. air speed)

— Ress Thermal 20 °C/W 2
resistance, junction
to board

— Reuc Thermal 9 °C/W 3
resistance, junction
to case

— WYr Thermal 2 °C/W 4
characterization
parameter, junction
to package top
outside center
(natural
convection)

1. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions — Natural Convection (Still Air), or EIA/JJEDEC Standard JESD51-6, Integrated Circuit Thermal Test Method
Environmental Conditions — Forced Convection (Moving Air).

2. Determined according to JEDEC Standard JESD51-8, Integrated Circuit Thermal Test Method Environmental
Conditions —Junction-to-Board.
3. Determined according to Method 1012.1 of MIL-STD 883, Test Method Standard, Microcircuits, with the cold plate

temperature used for the case temperature. The value includes the thermal resistance of the interface material
between the top of the package and the cold plate.

4. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions — Natural Convection (Still Air).

6 Peripheral operating requirements and behaviors

6.1 Core modules

6.1.1 Debug trace timing specifications
Table 12. Debug trace operating behaviors

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

T, Clock and data rise time — 3 ns

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

TCLK  / \ /:

E . Q10—
TDI/TMS : <: Input data valid 57
TDO i >'< Output data valid
TDO ! );
TDO <' Output data valid

Figure 7. Test Access Port timing

TCLK / \ / \ / \ /
:

TRST \L J'[

Figure 8. TRST timing

6.2 System modules

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

6.3 Clock modules

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 15. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Jeye_fi FLL period jitter . 180 . ps
i fDCO =48 MHz _ _
i cho =98 MHz 150
ti_acquire | FLL target frequency acquisition time — — 1 ms 6
PLL
fuco VCO operating frequency 48.0 — 100 MHz
Lo PLL operating current - 1060 - uA 7

e PLL @ 96 MHz (foscfhij =8 MHZ, prLref =
2 MHz, VDIV multiplier = 48)

o PLL operating current 7

e PLL @ 48 MHz (foso i 1 = 8 MHZ, foy et = - 600 - HA
2 MHz, VDIV multiplier = 24)
foll_ref PLL reference frequency range 2.0 — 4.0 MHz
Jeye_pn | PLL period jitter (RMS) 8
* fueo = 48 MHz — 120 — ps
* fyeo = 100 MHz — 50 — ps
Jace_pil | PLL accumulated jitter over 1pys (RMS) 8
* fueo = 48 MHz — 1350 — ps
* 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 1076 s 9
+1075(1/

fpII_ref)

oo

N

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

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

The resulting system clock frequencies should not exceed their maximum specified values. The DCO frequency deviation
(Afgco_t) Over voltage and temperature should be considered.

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

The resulting clock frequency must not exceed the maximum specified clock frequency of the device.

This specification applies to any time the FLL reference source or reference divider is changed, trim value is changed,
DMX®32 bit is changed, DRS bits are changed, or changing from FLL disabled (BLPE, BLPI) to FLL enabled (FEI, FEE,
FBE, FBI). If a crystal/resonator is being used as the reference, this specification assumes it is already running.

Excludes any oscillator currents that are also consuming power while PLL is in operation.

This specification was obtained using a Freescale developed PCB. PLL jitter is dependent on the noise characteristics of
each PCB and results will vary.

This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL disabled
(BLPE, BLPI) to PLL enabled (PBE, PEE). If a crystal/resonator is being used as the reference, this specification assumes
it is already running.

6.3.2 Oscillator electrical specifications

This section provides the electrical characteristics of the module.

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Peripheral operating requirements and behaviors

EP4 E EP2
B
EZP_CS \ s \
R i
EZP_Q (output) 4 \
EP5 ¢—) EP6

Figure 10. EzPort Timing Diagram

6.4.3 Flexbus switching specifications

All processor bus timings are synchronous; input setup/hold and output delay are given in
respect to the rising edge of a reference clock, FB_CLK. The FB_CLK frequency may be
the same as the internal system bus frequency or an integer divider of that frequency.

The following timing numbers indicate when data is latched or driven onto the external
bus, relative to the Flexbus output clock (FB_CLK). All other timing relationships can be
derived from these values.

Table 25. Flexbus limited voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 Vv
Frequency of operation — FB_CLK MHz
FB1 Clock period 20 — ns
FB2 Address, data, and control output valid — 115 ns 1
FB3 Address, data, and control output hold 0.5 — ns 1
FB4 Data and FB_TA input setup 8.5 — ns 2
FB5 Data and FB_TA input hold 0.5 — ns 2

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

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Figure 12. FlexBus write timing diagram

6.5 Security and integrity modules

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

6.6 Analog

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 29. 16-bit ADC with PGA operating conditions (continued)

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

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

rate No ADC hardware
averaging

Continuous conversions
enabled

Peripheral clock = 50
MHz

16 bit modes 37.037 — 250 Ksps 8

No ADC hardware
averaging

Continuous conversions
enabled

Peripheral clock = 50
MHz

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

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

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

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

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

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

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

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

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

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

Table continues on the next page...
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Figure 17. 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 32. 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

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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Table 44. Master mode DSPI timing (full voltage range) (continued)

Num Description Min. Max. Unit Notes
DS2 DSPI_SCK output high/low time (tsck/2) - 4 | (tsckz) + 4 ns
DS3 DSPI_PCSn valid to DSPI_SCK delay (tgus x 2) — — ns 2
4
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus x 2) — — ns 3
4
DS5 DSPI_SCK to DSPI_SOUT valid — 8.5 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -1.2 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 19.1 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

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

range the maximum frequency of operation is reduced.

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

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

Figure 24. DSPI classic SPI timing — master mode

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

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

DS9 DSPI_SCK input cycle time 8 x tgus — ns

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

DS11 DSPI_SCK to DSPI_SOUT valid — 24 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 3.2 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 19 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 19 ns

K60 Sub-Family Data Sheet, Rev. 3, 6/2013.
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DSPI_SS \ “ /\/7
} DS10 v DS9 }
! \' '\ ’—h !
DSPI_SCK / ‘ S \ / \__
(CPOL=0) | DS15 E H DS12 : , DS11 Ds16 i' >
DSPI_SOUT >—< | First data X Data ’\g X Last data D—
DS13 Y ! DS14 "
DSPI_SIN >—< First data X Dalagl\ X Last data >7

Figure 25. DSPI classic SPI timing — slave mode

6.8.8 Inter-Integrated Circuit Interface (12C) timing
Table 46. 12C timing

Characteristic Symbol Standard Mode Fast Mode Unit
Minimum Maximum Minimum Maximum
SCL Clock Frequency fscL 0 100 0 400 kHz
Hold time (repeated) START condition. thp; STA 4 — 0.6 — us
After this period, the first clock pulse is
generated.
LOW period of the SCL clock tLow 4.7 — 1.3 — us
HIGH period of the SCL clock tHigH 4 — 0.6 — ys
Set-up time for a repeated START tsy; STA 4.7 — 0.6 — ps
condition
Data hold time for I,C bus devices typ; DAT 0! 3.452 03 0.91 us
Data set-up time tsu; DAT 2504 — 10025 — ns
Rise time of SDA and SCL signals t — 1000 20 +0.1C,° 300 ns
Fall time of SDA and SCL signals t — 300 20 +0.1Cp° 300 ns
Set-up time for STOP condition tsy; STO 4 — 0.6 — ps
Bus free time between STOP and tsur 4.7 — 1.3 — us
START condition
Pulse width of spikes that must be tsp N/A N/A 0 50 ns
suppressed by the input filter

1. The master mode I2C deasserts ACK of an address byte simultaneously with the falling edge of SCL. If no slaves
acknowledge this address byte, then a negative hold time can result, depending on the edge rates of the SDA and SCL
lines.

The maximum tHD; DAT must be met only if the device does not stretch the LOW period (tLOW) of the SCL signal.

Input signal Slew = 10 ns and Output Load = 50 pF

Set-up time in slave-transmitter mode is 1 IPBus clock period, if the TX FIFO is empty.

A Fast mode I12C bus device can be used in a Standard mode 12C bus system, but the requirement tsu: paT = 250 ns must
then be met. This is automatically the case if the device does not stretch the LOW period of the SCL signal. If such a
device does stretch the LOW period of the SCL signal, then it must output the next data bit to the SDA line tmax + tsu. paT
=1000 + 250 = 1250 ns (according to the Standard mode I2C bus specification) before the SCL line is released.

akrwd
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Peripheral operating requirements and behaviors

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

(continued)

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

e e
< $3 >
12S_TX_BCLK/ i/ AN 4 \ S\ /
125_RX_BCLK (output) « 54 4 : e
K S5 " 1 1 S6
12S_TX_FS/ | / ! A N
12S_RX_FS (output) ! ! ! «
| ¢———> ! 810
12S_TX_FS/ Y ' O\
I12S_RX_FS (input) \ :‘ S7 ’: ” 3 \—
R < 4’\58:‘7 | ) 4t
12S_TXD < X H p

Figure 32. 12S/SAl timing — master modes

Table 53. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full

voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 Vv

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

S12 12S_TX_BCLK/I12S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)

S13 12S_TX_FS/I2S_RX_FS input setup before 30 — ns
12S_TX_BCLK/I2S_RX_BCLK

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

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

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

S17 12S_RXD setup before 12S_RX_BCLK 30 — ns

S18 I12S_RXD hold after 12S_RX_BCLK 2 — ns

S19 I2S_TX_FS input assertion to 12S_TXD output valid'  |— 72 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Dimensions

The TSI module is functional with capacitance values outside this range. However, optimal performance is not guaranteed.

Fixed external capacitance of 20 pF.

REFCHRG = 2, EXTCHRG=0.

REFCHRG = 0, EXTCHRG = 10.

Vpp=3.0V.

The programmable current source value is generated by multiplying the SCANC[REFCHRG] value and the base current.

The programmable current source value is generated by multiplying the SCANC[EXTCHRG] value and the base current.

Measured with a 5 pF electrode, reference oscillator frequency of 10 MHz, PS = 128, NSCN = 8; lext = 16.

Measured with a 20 pF electrode, reference oscillator frequency of 10 MHz, PS = 128, NSCN = 2; lext = 16.

0. Measured with a 20 pF electrode, reference oscillator frequency of 10 MHz, PS = 16, NSCN = 3; lext = 16.

1. Sensitivity defines the minimum capacitance change when a single count from the TSI module changes. Sensitivity
depends on the configuration used. The documented values are provided as examples calculated for a specific
configuration of operating conditions using the following equation: (Cef * lext)/( lret * PS * NSCN)

S2oeNoaRrwN =

The typical value is calculated with the following configuration:

lext = 6 A (EXTCHRG = 2), PS = 128, NSCN = 2, |,; = 16 pA (REFCHRG = 7), C,; = 1.0 pF
The minimum value is calculated with the following configuration:

lext = 2 A (EXTCHRG = 0), PS = 128, NSCN = 32, |, = 32 yA (REFCHRG = 15), C,¢; = 0.5 pF

The highest possible sensitivity is the minimum value because it represents the smallest possible capacitance that can be
measured by a single count.

12. Time to do one complete measurement of the electrode. Sensitivity resolution of 0.0133 pF, PS =0, NSCN =0, 1
electrode, EXTCHRG = 7.

13. REFCHRG=0, EXTCHRG=4, PS=7, NSCN=0F, LPSCNITV=F, LPO is selected (1 kHz), and fixed external capacitance of
20 pF. Data is captured with an average of 7 periods window.

7 Dimensions

7.1 Obtaining package dimensions
Package dimensions are provided in package drawings.

To find a package drawing, go to freescale.com and perform a keyword search for the
drawing’s document number:

If you want the drawing for this package Then use this document number
100-pin LQFP 98ASS23308W
104-pin MAPBGA 98ASA00344D
8 Pinout
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Pinout
100 Pin Name Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP
CMPO_IN5/ CMPO_IN5/ CMPO_INS/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18
27 | DACO_OUT/ | DACO_OUT/ | DACO_OUT/
CMP1_INg/ CMP1_INg/ CMP1_IN3/
ADCO_SE23 | ADCO_SE23 | ADCO_SE23
28 | XTAL® XTAL32 XTAL32
29 | EXTAL® EXTAL32 EXTAL3?
30 | VBAT VBAT VBAT
31 | PTE24 ADCO_SE17 | ADCO_SE17 | PTE24 CAN1_TX UART4_TX EWM_OUT b
32 | PTE2S ADCO_SE18 | ADCO_SE18 | PTE25 CAN1_RX UART4_RX EWM_IN
33 | PTE26 DISABLED PTE26 ENET_1588_ | UART4_CTS_b RTC_CLKOUT | USB_CLKIN
CLKIN
34 | PTAO JTAG_TCLK/ | TSI0_CH1 PTAO UARTO_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ bl SWD_CLK
EZP_CLK UARTO_COL_b
35 | PTAT JTAG_TDV/ TSI0_CH2 PTA1 UARTO_RX FTM0_CH6 JTAG_TDI EZPDI
EZP DI
36 | PTA JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX FTM0_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
37 | PTA3 JTAG_TMS/ | TSI0_CH4 PTA3 UARTO_RTS_b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO
38 | PTA4/ NMI_b/ TSI0_CH5 PTAY/ FTMO_CHT NMI_b EZP_CS_b
LLWU_P3 EZP_CS_b LLWU_P3
39 | PTAS DISABLED PTAS USB_CLKIN | FTM0_CH2 RMIIO_RXER/ | CMP2_OUT | 12S0_TX_BCLK | JTAG_TRST_b
MIl0_RXER
40 | VDD VDD VDD
41 | VSS VS VSS
42 | PTA12 CMP2_INO CMP2_INO PTA12 CANO_TX FTM1_CHO RMII0_RXD1/ [250_TXD0 FTM1_QD_
Mil0_RXD1 PHA
43 | PTA1Y CMP2_IN1 CMP2_IN1 PTA1Y CANO_RX FTM1_CHf RMIIO_RXDO/ [250_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 MIl0_RXD0 PHB
44 | PTA14 DISABLED PTA14 SPI0_PCSO | UARTO_TX RMII0_CRS_ [250_RX_BCLK | 1250_TXD1
Dv/
MIl0_RXDV
45 | PTA15 DISABLED PTA15 SPI0_SCK UARTO_RX RMIIO_TXEN/ [250_RXD0
MIO_TXEN
46 | PTA16 DISABLED PTA16 SPI0_SOUT | UARTO_CTS_ | RMI0_TXDO/ [250_RX_FS | 1250_RXD1
bl MIl0_TXDO
UART0_COL_b
47 | PTA17 ADC1_SE17 | ADC1_SE17 | PTA17 SPI0_SIN UARTO_RTS_b | RMIl0_TXD1/ [250_MCLK
MIl0_TXD1
48 | VDD VDD VDD
49 | VSS VS VSS
50 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
51 | PTA19 XTALO XTALO PTA19 FIMI_FLTO | FTM_CLKIN{ LPTMRO_ALT{
52 | RESET b RESET b RESET b
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