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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
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 -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Field Description Values

T Temperature range (°C) • V = –40 to 105
• C = –40 to 85

PP Package identifier • MJ = 256 MAPBGA (17 mm x 17 mm)

CC Maximum CPU frequency (MHz) • 12 = 120 MHz

N Packaging type • R = Tape and reel
• (Blank) = Trays

2.4 Example

This is an example part number:

MK61FN1M0VMJ12

3 Terminology and guidelines

3.1 Definitions

Key terms are defined in the following table:

Term Definition

Rating 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.

NOTE: The likelihood of permanent chip failure increases rapidly as soon as a characteristic
begins to exceed one of its operating ratings.

Operating requirement A specified value or range of values for a technical characteristic that you must guarantee during
operation to avoid incorrect operation and possibly decreasing the useful life of the chip

Operating behavior A specified value or range of values for a technical characteristic that are guaranteed during
operation if you meet the operating requirements and any other specified conditions

Typical value A specified value for a technical characteristic that:

• Lies within the range of values specified by the operating behavior
• Is representative of that characteristic during operation when you meet the typical-value

conditions or other specified conditions

NOTE: Typical values are provided as design guidelines and are neither tested nor guaranteed.
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5.2.7 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.”

5.2.8 Capacitance attributes
Table 8. Capacitance attributes

Symbol Description Min. Max. Unit

CIN_A Input capacitance: analog pins — 7 pF

CIN_D Input capacitance: digital pins — 7 pF

CIN_D_io60 Input capacitance: fast digital pins — 9 pF

5.3 Switching specifications

5.3.1 Device clock specifications
Table 9. Device clock specifications

Symbol Description Min. Max. Unit Notes

Normal run mode

fSYS System and core clock — 120 MHz

fSYS_USBFS System and core clock when Full Speed USB in
operation

20 — MHz

fSYS_USBHS System and core clock when High Speed USB in
operation

60 — MHz

fENET System and core clock when ethernet in operation

• 10 Mbps
• 100 Mbps

 

5

50

 

—

—

MHz

fBUS Bus clock — 60 MHz

FB_CLK FlexBus clock — 50 MHz

fFLASH Flash clock — 25 MHz

fDDR DDR clock — 150 MHz

fLPTMR LPTMR clock — 25 MHz

VLPR mode1

Table continues on the next page...
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7. 15 pF load

5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 11. Thermal operating requirements

Symbol Description Min. Max. Unit

TJ Die junction temperature –40 125 °C

TA Ambient temperature1 –40 105 °C

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

TJ = TA + RθJA x chip power dissipation

5.4.2 Thermal attributes

Board type Symbol Description 256 MAPBGA Unit Notes

Single-layer (1s) RθJA Thermal
resistance, junction
to ambient (natural
convection)

43 °C/W 1, 2

Four-layer (2s2p) RθJA Thermal
resistance, junction
to ambient (natural
convection)

28 °C/W 1,2, 3

Single-layer (1s) RθJMA Thermal
resistance, junction
to ambient (200 ft./
min. air speed)

36 °C/W 1,3

Four-layer (2s2p) RθJMA Thermal
resistance, junction
to ambient (200 ft./
min. air speed)

25 °C/W 1,3

— RθJB Thermal
resistance, junction
to board

17 °C/W 4

— RθJC Thermal
resistance, junction
to case

8 °C/W 5

— ΨJT Thermal
characterization
parameter, junction
to package top
outside center

2 °C/W 6
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Board type Symbol Description 256 MAPBGA Unit Notes
(natural
convection)

NOTES:
1. Junction temperature is a function of die size, on-chip power dissipation, package

thermal resistance, mounting site (board) temperature, ambient temperature, air flow,
power dissipation of other components on the board, and board thermal resistance.

2. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal
Test Method Environmental Conditions—Natural Convection (Still Air) with the
single layer board horizontal. Board meets JESD51-9 specification.

3. Determined according to JEDEC Standard JESD51-6, Integrated Circuit Thermal
Test Method Environmental Conditions—Forced Convection (Moving Air) with the
board horizontal.

4. Determined according to JEDEC Standard JESD51-8, Integrated Circuit Thermal
Test Method Environmental Conditions—Junction-to-Board. Board temperature is
measured on the top surface of the board near the package.

5. 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.

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

5.5 Power sequencing

Voltage supplies must be sequenced in the proper order to avoid damaging internal
diodes. There is no limit on how long after one supply powers up before the next supply
must power up. Note that VDD and VDD_INT can use the same power source.

The power-up sequence is:

1. VDD/VDDA
2. VDD_INT
3. VDD_DDR

The power-down sequence is the reverse:

1. VDD_DDR
2. VDD_INT
3. VDD/VDDA

General
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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

Tcyc Clock period Frequency dependent MHz

Twl Low pulse width 2 — ns

Twh High pulse width 2 — ns

Tr Clock and data rise time — 3 ns

Tf Clock and data fall time — 3 ns

Ts Data setup 3 — ns

Th Data hold 2 — ns

TRACECLK

Tr

Twh

Tf

Tcyc

Twl

Figure 5. TRACE_CLKOUT specifications

ThTs Ts Th

TRACE_CLKOUT

TRACE_D[3:0]

Figure 6. Trace data specifications
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6.1.2 JTAG electricals
Table 13. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 2.7 3.6 V

J1 TCLK frequency of operation

• Boundary Scan

• JTAG and CJTAG

• Serial Wire Debug

 

0

0

0

 

10

25

50

MHz

J2 TCLK cycle period 1/J1 — ns

J3 TCLK clock pulse width

• Boundary Scan

• JTAG and CJTAG

• Serial Wire Debug

 

50

20

10

 

—

—

—

 

ns

ns

ns

J4 TCLK rise and fall times — 3 ns

J5 Boundary scan input data setup time to TCLK rise 20 — ns

J6 Boundary scan input data hold time after TCLK rise 2.4 — ns

J7 TCLK low to boundary scan output data valid — 25 ns

J8 TCLK low to boundary scan output high-Z — 25 ns

J9 TMS, TDI input data setup time to TCLK rise 8 — ns

J10 TMS, TDI input data hold time after TCLK rise 1 — ns

J11 TCLK low to TDO data valid — 17 ns

J12 TCLK low to TDO high-Z — 17 ns

J13 TRST assert time 100 — ns

J14 TRST setup time (negation) to TCLK high 8 — ns

Table 14. JTAG full voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 1.71 3.6 V

J1 TCLK frequency of operation

• Boundary Scan

• JTAG and CJTAG

• Serial Wire Debug

 

0

0

0

 

10

20

40

MHz

J2 TCLK cycle period 1/J1 — ns

J3 TCLK clock pulse width

• Boundary Scan

• JTAG and CJTAG

• Serial Wire Debug

 

50

25

12.5

 

—

—

—

 

ns

ns

ns

J4 TCLK rise and fall times — 3 ns

Table continues on the next page...
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Table 16. Oscillator DC electrical specifications (continued)

Symbol Description Min. Typ. Max. Unit Notes

Vpp
5 Peak-to-peak amplitude of oscillation (oscillator

mode) — low-frequency, low-power mode
(HGO=0)

— 0.6 — V

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

— VDD — V

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

— 0.6 — V

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

— VDD — V

1. VDD=3.3 V, Temperature =25 °C
2. See crystal or resonator manufacturer's recommendation
3. Cx and Cy can be provided by using either integrated capacitors or external components.
4. When low-power mode is selected, RF is integrated and must not be attached externally.
5. The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to any

other device.

6.3.2.2 Oscillator frequency specifications
Table 17. Oscillator frequency specifications

Symbol Description Min. Typ. Max. Unit Notes

fosc_lo Oscillator crystal or resonator frequency — low-
frequency mode (MCG_C2[RANGE]=00)

32 — 40 kHz

fosc_hi_1 Oscillator crystal or resonator frequency — high-
frequency mode (low range)
(MCG_C2[RANGE]=01)

3 — 8 MHz 1

fosc_hi_2 Oscillator crystal or resonator frequency — high
frequency mode (high range)
(MCG_C2[RANGE]=1x)

8 — 32 MHz

fec_extal Input clock frequency (external clock mode) — — 60 MHz 2, 3

tdc_extal Input clock duty cycle (external clock mode) 40 50 60 %

tcst Crystal startup time — 32 kHz low-frequency,
low-power mode (HGO=0)

— 1000 — ms 4, 5

Crystal startup time — 32 kHz low-frequency,
high-gain mode (HGO=1)

— 500 — ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), low-power mode
(HGO=0)

— 0.6 — ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), high-gain mode
(HGO=1)

— 1 — ms

1. Frequencies less than 8 MHz are not in the PLL range.
2. Other frequency limits may apply when external clock is being used as a reference for the FLL or PLL.
3. 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.
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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 20. NVM program/erase timing specifications

Symbol Description Min. Typ. Max. Unit Notes

thvpgm8 Program Phrase high-voltage time — 7.5 18 μs

thversscr Erase Flash Sector high-voltage time — 13 113 ms 1

thversblk128k Erase Flash Block high-voltage time for 128 KB — 104 1808 ms 1

thversblk256k Erase Flash Block high-voltage time for 256 KB — 208 3616 ms 1

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

6.4.1.2 Flash timing specifications — commands
Table 21. Flash command timing specifications

Symbol Description Min. Typ. Max. Unit Notes

 

trd1blk128k

trd1blk256k

Read 1s Block execution time

• 128 KB data flash

• 256 KB program flash

256 KB data flash

 

—

—

 

—

—

 

0.5

1.0

 

ms

ms

trd1sec4k Read 1s Section execution time (4 KB flash) — — 100 μs 1

tpgmchk Program Check execution time — — 80 μs 1

trdrsrc Read Resource execution time — — 40 μs 1

tpgm8 Program Phrase execution time — 70 150 μs

 

tersblk128k

tersblk256k

Erase Flash Block execution time

• 128 KB data flash

• 256 KB program flash

256 KB data flash

 

—

—

 

110

220

 

925

1850

 

ms

ms

2

tersscr Erase Flash Sector execution time — 15 115 ms 2

tpgmsec4k Program Section execution time (4KB flash) — 20 — ms

 

trd1allx

trd1alln

Read 1s All Blocks execution time

• FlexNVM devices

• Program flash only devices

 

—

—

 

—

—

 

3.4

3.4

 

ms

ms

trdonce Read Once execution time — — 30 μs 1

tpgmonce Program Once execution time — 70 — μs

tersall Erase All Blocks execution time — 650 5600 ms 2

tvfykey Verify Backdoor Access Key execution time — — 30 μs 1

 Swap Control execution time     

Table continues on the next page...
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Figure 11. EEPROM backup writes to FlexRAM

6.4.2 EzPort switching specifications
Table 24. EzPort switching specifications

Num Description Min. Max. Unit

Operating voltage 1.71 3.6 V

EP1 EZP_CK frequency of operation (all commands except
READ)

— fSYS/2 MHz

EP1a EZP_CK frequency of operation (READ command) — fSYS/8 MHz

EP2 EZP_CS negation to next EZP_CS assertion 2 x tEZP_CK — ns

EP3 EZP_CS input valid to EZP_CK high (setup) 5 — ns

EP4 EZP_CK high to EZP_CS input invalid (hold) 5 — ns

EP5 EZP_D input valid to EZP_CK high (setup) 2 — ns

EP6 EZP_CK high to EZP_D input invalid (hold) 5 — ns

EP7 EZP_CK low to EZP_Q output valid — 16 ns

EP8 EZP_CK low to EZP_Q output invalid (hold) 0 — ns

EP9 EZP_CS negation to EZP_Q tri-state — 12 ns

Peripheral operating requirements and behaviors
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tCH

tRP

data data data

tRC

tREH

tIS

tRR

NFC_CEn

NFC_RE

NFC_IOn

NFC_RB

Figure 16. Read data latch cycle timing in non-fast mode

tCH

tRP

data data data

tRC

tREH

tIS

tRR

NFC_CEn

NFC_RE

NFC_IOn

NFC_RB

Figure 17. Read data latch cycle timing in fast mode

6.4.4 DDR controller specifications

The following timing numbers must be followed to properly latch or drive data onto the
DDR memory bus. All timing numbers are relative to the DQS byte lanes.

Table 26. DDR controller — AC timing specifications

Symbol Description Min. Max. Unit Notes

Frequency of operation

• DDR1

• DDR2

• LPDDR

 

83.3

1251

50

 

150

150

150

 

MHz

MHz

MHz

2

tDDRCK Clock period

• DDR1

 

6.6

6.6

 

12

8

 

ns

ns

Table continues on the next page...
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1 2 3 4 5 6 7 8 9 10

CMD CMD

COLROW

WD1 WD2 WD3 WD4

tDDRCK tDDRCKH tDDRCKL

tCMV tCMH

tQHtQS

tDQSS

DDR_CLK

DDR__CLK

DDR_CSn, DDR_WE 

DDR_CAS, DDR_RAS

DDR_An

DDR_DQSn

DDR_DMn

DDR_DQn

Figure 18. DDR write timing

1 2 3 4 5 6 7 8 9 10 11 12

RD3RD4

RD1

RD2RD3RD4

tDDRCK tDDRCHH tDDRCKL

CL=3.0

tCMV

CL=2.5

tCMH

DDR_CLK

DDR__CLK

DDR_CSn, DDR_WE 

DDR_CAS, DDR_RAS

DDR_An

DDR_DQS

DDR_DQn

DDR_DQS

DDR_DQn

RD4

1 2 3 4 5 6 7 8 9 10 11 12

RD1 RD2 RD3

CMD

ROW COL

CMD

DQS read preamble

DQS read preamble

RD3

RD4RD1 RD2 RD3

(CL=3.0 )

(CL=2.5 )

Figure 19. DDR read timing
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6.6 Analog

6.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 29 and Table 30 are achievable on the
differential pins ADCx_DP0, ADCx_DM0.

The ADCx_DP2 and ADCx_DM2 ADC inputs are connected to the PGA outputs and are
not direct device pins. Accuracy specifications for these pins are defined in Table 31 and
Table 32.

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

6.6.1.1 16-bit ADC operating conditions
Table 29. 16-bit ADC operating conditions

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

VDDA Supply voltage Absolute 1.71 — 3.6 V

ΔVDDA Supply voltage Delta to VDD (VDD – VDDA) -100 0 +100 mV 2

ΔVSSA Ground voltage Delta to VSS (VSS – VSSA) -100 0 +100 mV 2

VREFH ADC reference
voltage high

1.13 VDDA VDDA V

VREFL ADC reference
voltage low

VSSA VSSA VSSA V

VADIN Input voltage • 16-bit differential mode

• All other modes

VREFL

VREFL

—

—

31/32 ×
VREFH

VREFH

V

CADIN Input capacitance • 16-bit mode

• 8-bit / 10-bit / 12-bit
modes

—

—

8

4

10

5

pF

RADIN Input series
resistance

— 2 5 kΩ

RAS Analog source
resistance
(external)

13-bit / 12-bit modes

fADCK < 4 MHz

  

—

 

—

 

 

5

 

  

kΩ

3

fADCK ADC conversion
clock frequency

≤ 13-bit mode 1.0 — 18.0 MHz 4

fADCK ADC conversion
clock frequency

16-bit mode 2.0 — 12.0 MHz 4

Crate ADC conversion
rate

≤ 13-bit modes     5

Table continues on the next page...
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Table 31. 16-bit ADC with PGA operating conditions

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

No ADC hardware
averaging

Continuous conversions
enabled

Peripheral clock = 50
MHz

1. Typical values assume VDDA = 3.0 V, Temp = 25°C, fADCK = 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 RPGAD/2
5. The analog source resistance (RAS), external to MCU, should be kept as minimum as possible. Increased RAS 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 1.25µs

time should be allowed for Fin=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
Table 32. 16-bit ADC with PGA characteristics

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

IDDA_PGA Supply current Low power
(ADC_PGA[PGALPb]=0)

— 420 644 μA 2

IDC_PGA Input DC current A 3

Gain =1, VREFPGA=1.2V,
VCM=0.5V

— 1.54 — μA

Gain =64, VREFPGA=1.2V,
VCM=0.1V

— 0.57 — μA

G Gain4 • PGAG=0

• PGAG=1

• PGAG=2

• PGAG=3

• PGAG=4

• PGAG=5

• PGAG=6

0.95

1.9

3.8

7.6

15.2

30.0

58.8

1

2

4

8

16

31.6

63.3

1.05

2.1

4.2

8.4

16.6

33.2

67.8

RAS < 100Ω

BW Input signal
bandwidth

• 16-bit modes
• < 16-bit modes

—

—

—

—

4

40

kHz

kHz

PSRR Power supply
rejection ratio

Gain=1 — -84 — dB VDDA= 3V
±100mV,

Table continues on the next page...
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Table 33. Comparator and 6-bit DAC electrical specifications (continued)

Symbol Description Min. Typ. Max. Unit

INL 6-bit DAC integral non-linearity –0.5 — 0.5 LSB3

DNL 6-bit DAC differential non-linearity –0.3 — 0.3 LSB

1. Typical hysteresis is measured with input voltage range limited to 0.6 to VDD–0.6 V.
2. Comparator initialization delay is defined as the time between software writes to change control inputs (Writes to

CMP_DACCR[DACEN], CMP_DACCR[VRSEL], CMP_DACCR[VOSEL], CMP_MUXCR[PSEL], and
CMP_MUXCR[MSEL]) and the comparator output settling to a stable level.

3. 1 LSB = Vreference/64
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Figure 26. Typical hysteresis vs. Vin level (VDD = 3.3 V, PMODE = 0)
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Figure 29. Offset at half scale vs. temperature

6.6.4 Voltage reference electrical specifications

Table 36. VREF full-range operating requirements

Symbol Description Min. Max. Unit Notes

VDDA Supply voltage 1.71 3.6 V

TA Temperature Operating temperature
range of the device

°C

CL Output load capacitance 100 nF 1, 2

1. CL must be connected to VREF_OUT if the VREF_OUT functionality is being used for either an internal or external
reference.

2. The load capacitance should not exceed +/-25% of the nominal specified CL value over the operating temperature range of
the device.

Peripheral operating requirements and behaviors

K61 Sub-Family, Rev.6, 09/2015.

Freescale Semiconductor, Inc. 61



Table 37. VREF full-range operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

Vout Voltage reference output with factory trim at
nominal VDDA and temperature=25C

1.1915 1.195 1.1977 V 1

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

Vout Voltage reference output — user trim 1.193 — 1.197 V 1

Vstep Voltage reference trim step — 0.5 — mV 1

Vtdrift Temperature drift (Vmax -Vmin across the full
temperature range)

— — 80 mV 1

Ibg Bandgap only current — — 80 µA 1

Ihp High-power buffer current — — 1 mA 1

ΔVLOAD Load regulation

• current = + 1.0 mA

• current = - 1.0 mA

 

—

—

 

2

5

 

—

—

mV 1, 2

Tstup Buffer startup time — — 100 µs

Vvdrift Voltage drift (Vmax -Vmin across the full voltage
range)

— 2 — mV 1

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 38. VREF limited-range operating requirements

Symbol Description Min. Max. Unit Notes

TA Temperature 0 50 °C

Table 39. VREF limited-range operating behaviors

Symbol Description Min. Max. Unit Notes

Vout Voltage reference output with factory trim 1.173 1.225 V

6.7 Timers

See General switching specifications.

6.8 Communication interfaces
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6.8.1 Ethernet switching specifications

The following timing specs are defined at the chip I/O pin and must be translated
appropriately to arrive at timing specs/constraints for the physical interface.

6.8.1.1 MII signal switching specifications

The following timing specs meet the requirements for MII style interfaces for a range of
transceiver devices.

Table 40. MII signal switching specifications

Symbol Description Min. Max. Unit

— RXCLK frequency — 25 MHz

MII1 RXCLK pulse width high 35% 65% RXCLK

period

MII2 RXCLK pulse width low 35% 65% RXCLK

period

MII3 RXD[3:0], RXDV, RXER to RXCLK setup 5 — ns

MII4 RXCLK to RXD[3:0], RXDV, RXER hold 5 — ns

— TXCLK frequency — 25 MHz

MII5 TXCLK pulse width high 35% 65% TXCLK

period

MII6 TXCLK pulse width low 35% 65% TXCLK

period

MII7 TXCLK to TXD[3:0], TXEN, TXER invalid 2 — ns

MII8 TXCLK to TXD[3:0], TXEN, TXER valid — 25 ns

MII7MII8

Valid data

Valid data

Valid data

MII6 MII5

TXCLK (input)

TXD[n:0]

TXEN

TXER

Figure 30. RMII/MII transmit signal timing diagram

Peripheral operating requirements and behaviors

K61 Sub-Family, Rev.6, 09/2015.

Freescale Semiconductor, Inc. 63



MII2 MII1

MII4MII3

Valid data

Valid data

Valid data

RXCLK (input)

RXD[n:0]

RXDV

RXER

Figure 31. RMII/MII receive signal timing diagram

6.8.1.2 RMII signal switching specifications

The following timing specs meet the requirements for RMII style interfaces for a range of
transceiver devices.

Table 41. RMII signal switching specifications

Num Description Min. Max. Unit

— EXTAL frequency (RMII input clock RMII_CLK) — 50 MHz

RMII1 RMII_CLK pulse width high 35% 65% RMII_CLK
period

RMII2 RMII_CLK pulse width low 35% 65% RMII_CLK
period

RMII3 RXD[1:0], CRS_DV, RXER to RMII_CLK setup 4 — ns

RMII4 RMII_CLK to RXD[1:0], CRS_DV, RXER hold 2 — ns

RMII7 RMII_CLK to TXD[1:0], TXEN invalid 4 — ns

RMII8 RMII_CLK to TXD[1:0], TXEN valid — 15 ns

6.8.2 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 usb.org.

NOTE

The MCGPLLCLK meets the USB jitter specifications for
certification with the use of an external clock/crystal for both
Device and Host modes.
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Table 47. Master mode DSPI timing (full voltage range) (continued)

Num Description Min. Max. Unit Notes

DS2 DSPI_SCK output high/low time (tSCK/2) - 4 (tSCK/2) + 4 ns

DS3 DSPI_PCSn valid to DSPI_SCK delay (tBUS x 2) −
4

— ns 2

DS4 DSPI_SCK to DSPI_PCSn invalid delay (tBUS x 2) −
4

— ns 3

DS5 DSPI_SCK to DSPI_SOUT valid — 10 ns

DS6 DSPI_SCK to DSPI_SOUT invalid -4.5 — ns

DS7 DSPI_SIN to DSPI_SCK input setup 20.5 — ns

DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

1. The DSPI module can operate across the entire operating voltage for the processor, but to run across the full voltage
range the maximum frequency of operation is reduced.

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

DS3 DS4DS1DS2

DS7
DS8

First data Last data
DS5

First data Data Last data

DS6

Data

DSPI_PCSn

DSPI_SCK 

(CPOL=0)

DSPI_SIN

DSPI_SOUT

Figure 35. DSPI classic SPI timing — master mode

Table 48. Slave mode DSPI timing (full voltage range)

Num Description Min. Max. Unit

Operating voltage 1.71 3.6 V

Frequency of operation — 7.5 MHz

DS9 DSPI_SCK input cycle time 8 x tBUS — ns

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

DS11 DSPI_SCK to DSPI_SOUT valid — 20 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 2 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 19 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 19 ns
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256
MAP
BGA

Pin Name Default ALT0 ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7 EzPort

C12 DDR_A3 DISABLED DDR_A3

E10 DDR_VDD DDR_VDD DDR_VDD

D12 DDR_VSS DDR_VSS DDR_VSS

C10 DDR_A4 DISABLED DDR_A4

A13 DDR_A5 DISABLED DDR_A5

A14 DDR_A6 DISABLED DDR_A6

D11 DDR_A7 DISABLED DDR_A7

A15 DDR_A8 DISABLED DDR_A8

E12 DDR_VDD DDR_VDD DDR_VDD

E3 DDR_VSS DDR_VSS DDR_VSS

B16 DDR_CKE DISABLED DDR_CKE

B15 DDR_A9 DISABLED DDR_A9

B13 DDR_A10 DISABLED DDR_A10

B14 DDR_A11 DISABLED DDR_A11

C15 DDR_A12 DISABLED DDR_A12

D16 DDR_A13 DISABLED DDR_A13

D15 DDR_A14 DISABLED DDR_A14

E16 DDR_RAS_B DISABLED DDR_RAS_B

C13 DDR_CAS_B DISABLED DDR_CAS_B

D14 DDR_CS_B DISABLED DDR_CS_B

D13 DDR_WE_B DISABLED DDR_WE_B

8.3 K61 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.

Pinout
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