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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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Symbol Description Min. Max. Unit

IDD Digital supply current — 185 mA

VDIO Digital input voltage (except RESET, EXTAL, and XTAL) –0.3 5.5 V

VAIO Analog1, RESET, EXTAL, and XTAL input voltage –0.3 VDD + 0.3 V

ID Maximum current single pin limit (applies to all digital pins) –25 25 mA

VDDA Analog supply voltage VDD – 0.3 VDD + 0.3 V

VUSB_DP USB_DP input voltage –0.3 3.63 V

VUSB_DM USB_DM input voltage –0.3 3.63 V

VREGIN USB regulator input –0.3 6.0 V

VBAT RTC battery supply voltage –0.3 3.8 V

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

5 General

5.1 AC electrical characteristics

Unless otherwise specified, propagation delays are measured from the 50% to the 50%
point, and rise and fall times are measured at the 20% and 80% points, as shown in the
following figure.

Figure 1. Input signal measurement reference

All digital I/O switching characteristics assume:
1. output pins

• have CL=30pF loads,
• are configured for fast slew rate (PORTx_PCRn[SRE]=0), and
• are configured for high drive strength (PORTx_PCRn[DSE]=1)

2. input pins
• have their passive filter disabled (PORTx_PCRn[PFE]=0)

5.2 Nonswitching electrical specifications

General
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5.2.3 Voltage and current operating behaviors
Table 4. Voltage and current operating behaviors

Symbol Description Min. Max. Unit Notes

VOH Output high voltage — high drive strength

• 2.7 V ≤ VDD ≤ 3.6 V, IOH = -9mA

• 1.71 V ≤ VDD ≤ 2.7 V, IOH = -3mA

 

VDD – 0.5

VDD – 0.5

 

—

—

 

V

V

Output high voltage — low drive strength

• 2.7 V ≤ VDD ≤ 3.6 V, IOH = -2mA

• 1.71 V ≤ VDD ≤ 2.7 V, IOH = -0.6mA

 

VDD – 0.5

VDD – 0.5

 

—

—

 

V

V

IOHT Output high current total for all ports — 100 mA

VOL Output low voltage — high drive strength

• 2.7 V ≤ VDD ≤ 3.6 V, IOL = 9mA

• 1.71 V ≤ VDD ≤ 2.7 V, IOL = 3mA

 

—

—

 

0.5

0.5

 

V

V

Output low voltage — low drive strength

• 2.7 V ≤ VDD ≤ 3.6 V, IOL = 2mA

• 1.71 V ≤ VDD ≤ 2.7 V, IOL = 0.6mA

 

—

—

 

0.5

0.5

 

V

V

IOLT Output low current total for all ports — 100 mA

IIN Input leakage current (per pin) for full temperature
range except TRI0_DM, TRI0_DP, TRI1_DM,
TRI1_DP

— 1 μA 1

IIN Input leakage current (per pin) at 25°C except
TRI0_DM, TRI0_DP, TRI1_DM, TRI1_DP

— 0.025 μA 1

IILKG_A Input leakage current (per pin) for TRI0_DM, TRI0_DP,
TRI1_DM, TRI1_DP

— 5 nA 1

IOZ Hi-Z (off-state) leakage current (per pin) — 1 μA

RPU Internal pullup resistors 20 50 kΩ 2

RPD Internal pulldown resistors 20 50 kΩ 3

1. Measured at VDD=3.6V
2. Measured at VDD supply voltage = VDD min and Vinput = VSS
3. Measured at VDD supply voltage = VDD min and Vinput = VDD

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 = 72 MHz
• Bus clock = 36 MHz
• Flash clock = 24 MHz

General
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Table 6. Power consumption operating behaviors (continued)

Symbol Description Min. Typ. Max. Unit Notes

IDD_VLPW Very-low-power wait mode current at 3.0 V — all
peripheral clocks disabled

— 0.61 — mA 8

IDD_STOP Stop mode current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

0.35

0.384

0.628

 

0.567

0.793

1.2

 

mA

mA

mA

IDD_VLPS Very-low-power stop mode current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

5.9

26.1

98.1

 

32.7

59.8

188

 

μA

μA

μA

IDD_LLS Low leakage stop mode current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

2.6

10.3

42.5

 

8.6

29.1

92.5

 

μA

μA

μA

9

IDD_VLLS3 Very low-leakage stop mode 3 current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

1.9

6.9

28.1

 

5.8

12.1

41.9

 

μA

μA

μA

9

IDD_VLLS2 Very low-leakage stop mode 2 current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

1.59

4.3

17.5

 

5.5

9.5

34

 

μA

μA

μA

IDD_VLLS1 Very low-leakage stop mode 1 current at 3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

—

—

—

 

1.47

2.97

12.41

 

5.4

8.1

32

 

μA

μA

μA

IDD_VBAT Average current with RTC and 32kHz disabled at
3.0 V

• @ –40 to 25°C

• @ 70°C

• @ 105°C

 

 

—

—

—

 

 

0.19

0.49

2.2

 

 

0.22

0.64

3.2

 

 

μA

μA

μA

Table continues on the next page...
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6.1.2 JTAG electricals
Table 12. 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 0 — 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 13. 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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6.3.1 MCG specifications
Table 14. MCG specifications

Symbol Description Min. Typ. Max. Unit Notes

fints_ft Internal reference frequency (slow clock) —
factory trimmed at nominal VDD and 25 °C

— 32.768 — kHz

fints_t Internal reference frequency (slow clock) — user
trimmed

31.25 — 39.0625 kHz

Δfdco_res_t Resolution of trimmed average DCO output
frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

— ± 0.3 ± 0.6 %fdco 1

Δfdco_res_t Resolution of trimmed average DCO output
frequency at fixed voltage and temperature —
using SCTRIM only

— ± 0.2 ± 0.5 %fdco 1

Δfdco_t Total deviation of trimmed average DCO output
frequency over voltage and temperature

— +0.5/-0.7 — %fdco 1

Δfdco_t Total deviation of trimmed average DCO output
frequency over fixed voltage and temperature
range of 0–70°C

— ± 0.3 ± 0.3 %fdco 1

fintf_ft Internal reference frequency (fast clock) —
factory trimmed at nominal VDD and 25°C

— 4 — MHz

fintf_t Internal reference frequency (fast clock) — user
trimmed at nominal VDD and 25 °C

3 — 5 MHz

floc_low Loss of external clock minimum frequency —
RANGE = 00

(3/5) x
fints_t

— — kHz

floc_high Loss of external clock minimum frequency —
RANGE = 01, 10, or 11

(16/5) x
fints_t

— — kHz

FLL

ffll_ref FLL reference frequency range 31.25 — 39.0625 kHz

fdco DCO output
frequency range

Low range (DRS=00)

640 × ffll_ref

20 20.97 25 MHz 2, 3

Mid range (DRS=01)

1280 × ffll_ref

40 41.94 50 MHz

Mid-high range (DRS=10)

1920 × ffll_ref

60 62.91 75 MHz

High range (DRS=11)

2560 × ffll_ref

80 83.89 100 MHz

fdco_t_DMX32 DCO output
frequency

Low range (DRS=00)

732 × ffll_ref

— 23.99 — MHz 4, 5

Mid range (DRS=01)

1464 × ffll_ref

— 47.97 — MHz

Mid-high range (DRS=10)

2197 × ffll_ref

— 71.99 — MHz

High range (DRS=11)

2929 × ffll_ref

— 95.98 — MHz

Table continues on the next page...
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Table 14. MCG specifications (continued)

Symbol Description Min. Typ. Max. Unit Notes

Jcyc_fll FLL period jitter

• fVCO = 48 MHz
• fVCO = 98 MHz

—

—

180

150

—

—

ps

tfll_acquire FLL target frequency acquisition time — — 1 ms 6

PLL

fvco VCO operating frequency 48.0 — 100 MHz

Ipll PLL operating current
• PLL @ 96 MHz (fosc_hi_1 = 8 MHz, fpll_ref =

2 MHz, VDIV multiplier = 48)

— 1060 — µA
7

Ipll PLL operating current
• PLL @ 48 MHz (fosc_hi_1 = 8 MHz, fpll_ref =

2 MHz, VDIV multiplier = 24)

— 600 — µA
7

fpll_ref PLL reference frequency range 2.0 — 4.0 MHz

Jcyc_pll PLL period jitter (RMS)

• fvco = 48 MHz

• fvco = 100 MHz

 

—

—

 

120

50

 

—

—

 

ps

ps

8

Jacc_pll PLL accumulated jitter over 1µs (RMS)

• fvco = 48 MHz

• fvco = 100 MHz

 

—

—

 

1350

600

 

—

—

 

ps

ps

8

Dlock Lock entry frequency tolerance ± 1.49 — ± 2.98 %

Dunl Lock exit frequency tolerance ± 4.47 — ± 5.97 %

tpll_lock Lock detector detection time — — 150 × 10-6

+ 1075(1/
fpll_ref)

s 9

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

(Δfdco_t) over voltage and temperature should be considered.
4. 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.
6. This specification applies to any time the FLL reference source or reference divider is changed, trim value is changed,

DMX32 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.

7. Excludes any oscillator currents that are also consuming power while PLL is in operation.
8. This specification was obtained using a Freescale developed PCB. PLL jitter is dependent on the noise characteristics of

each PCB and results will vary.
9. 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.
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6.3.2.1 Oscillator DC electrical specifications
Table 15. Oscillator DC electrical specifications

Symbol Description Min. Typ. Max. Unit Notes

VDD Supply voltage 1.71 — 3.6 V

IDDOSC Supply current — low-power mode (HGO=0)

• 32 kHz

• 4 MHz

• 8 MHz (RANGE=01)

• 16 MHz

• 24 MHz

• 32 MHz

 

—

—

—

—

—

—

 

500

200

300

950

1.2

1.5

 

—

—

—

—

—

—

 

nA

μA

μA

μA

mA

mA

1

IDDOSC Supply current — high gain mode (HGO=1)

• 32 kHz

• 4 MHz

• 8 MHz (RANGE=01)

• 16 MHz

• 24 MHz

• 32 MHz

 

—

—

—

—

—

—

 

25

400

500

2.5

3

4

 

—

—

—

—

—

—

 

μA

μA

μA

mA

mA

mA

1

Cx EXTAL load capacitance — — — 2, 3

Cy XTAL load capacitance — — — 2, 3

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

— — — MΩ 2, 4

Feedback resistor — low-frequency, high-gain
mode (HGO=1)

— 10 — MΩ

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

— — — MΩ

Feedback resistor — high-frequency, high-gain
mode (HGO=1)

— 1 — MΩ

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

— — — kΩ

Series resistor — low-frequency, high-gain mode
(HGO=1)

— 200 — kΩ

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

— — — kΩ

Series resistor — high-frequency, high-gain
mode (HGO=1)

 

 

—

 

 

0

 

 

—

 

 

kΩ

Table continues on the next page...
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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 19. NVM program/erase timing specifications

Symbol Description Min. Typ. Max. Unit Notes

thvpgm4 Longword Program high-voltage time — 7.5 18 μs

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

thversblk32k Erase Block high-voltage time for 32 KB — 52 452 ms 1

thversblk256k Erase Block high-voltage time for 256 KB — 104 904 ms 1

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

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

Symbol Description Min. Typ. Max. Unit Notes

 

trd1blk32k

trd1blk256k

Read 1s Block execution time

• 32 KB data flash

• 256 KB program flash

 

—

—

 

—

—

 

0.5

1.7

 

ms

ms

trd1sec1k Read 1s Section execution time (data flash
sector)

— — 60 μs 1

trd1sec2k Read 1s Section execution time (program flash
sector)

— — 60 μs 1

tpgmchk Program Check execution time — — 45 μs 1

trdrsrc Read Resource execution time — — 30 μs 1

tpgm4 Program Longword execution time — 65 145 μs

 

tersblk32k

tersblk256k

Erase Flash Block execution time

• 32 KB data flash

• 256 KB program flash

 

—

—

 

55

122

 

465

985

 

ms

ms

2

tersscr Erase Flash Sector execution time — 14 114 ms 2

 

tpgmsec512p

tpgmsec512d

tpgmsec1kp

tpgmsec1kd

Program Section execution time

• 512 B program flash

• 512 B data flash

• 1 KB program flash

• 1 KB data flash

 

—

—

—

—

 

2.4

4.7

4.7

9.3

 

—

—

—

—

 

ms

ms

ms

ms

trd1all Read 1s All Blocks execution time — — 1.8 ms

trdonce Read Once execution time — — 25 μs 1

tpgmonce Program Once execution time — 65 — μs

tersall Erase All Blocks execution time — 175 1500 ms 2

Table continues on the next page...
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EP2EP3 EP4

EP5 EP6

EP7
EP8

EP9

EZP_CK

EZP_CS

EZP_Q (output)

EZP_D (input)

Figure 11. EzPort Timing Diagram

6.5 Security and integrity modules

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

6.6 Analog

6.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 24 and Table 25 are achievable on the
differential pins ADCx_DP0, ADCx_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 26 and
Table 27.

All other ADC channels meet the 13-bit differential/12-bit single-ended accuracy
specifications.
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Table 25. 16-bit ADC characteristics (VREFH = VDDA, VREFL = VSSA) (continued)

Symbol Description Conditions1 Min. Typ.2 Max. Unit Notes

EQ Quantization
error

• 16-bit modes

• ≤13-bit modes

—

—

-1 to 0

—

—

±0.5

LSB4

ENOB Effective number
of bits

16-bit differential mode

• Avg = 32

• Avg = 4

16-bit single-ended mode

• Avg = 32

• Avg = 4

 

12.8

11.9

 

 

12.2

11.4

 

14.5

13.8

 

 

13.9

13.1

 

—

—

 

 

—

—

 

bits

bits

 

 

bits

bits

6

SINAD
Signal-to-noise
plus distortion

See ENOB
6.02 × ENOB + 1.76 dB

THD Total harmonic
distortion

16-bit differential mode

• Avg = 32

16-bit single-ended mode

• Avg = 32

 

—

 

—

 

–94

 

-85

 

—

 

—

 

dB

 

dB

7

SFDR Spurious free
dynamic range

16-bit differential mode

• Avg = 32

16-bit single-ended mode

• Avg = 32

 

82

 

78

 

95

 

90

 

—

 

—

 

dB

 

dB

7

EIL Input leakage
error

IIn × RAS mV IIn =
leakage
current

(refer to
the MCU's

voltage
and current
operating
ratings)

 Temp sensor
slope

Across the full temperature
range of the device

— 1.715 — mV/°C

VTEMP25 Temp sensor
voltage

25 °C — 719 — mV

1. All accuracy numbers assume the ADC is calibrated with VREFH = VDDA
2. Typical values assume VDDA = 3.0 V, Temp = 25°C, fADCK = 2.0 MHz unless otherwise stated. Typical values are for

reference only and are not tested in production.
3. The ADC supply current depends on the ADC conversion clock speed, conversion rate and the ADLPC bit (low power).

For lowest power operation the ADLPC bit must be set, the HSC bit must be clear with 1 MHz ADC conversion clock
speed.

4. 1 LSB = (VREFH - VREFL)/2N

5. ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)
6. Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.
7. Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

Peripheral operating requirements and behaviors
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Table 27. 16-bit ADC with PGA characteristics (continued)

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

VPP,DIFF Maximum
differential input
signal swing

where VX = VREFPGA × 0.583

V 6

SNR Signal-to-noise
ratio

• Gain=1

• Gain=64

80

52

90

66

—

—

dB

dB

16-bit
differential

mode,
Average=32

THD Total harmonic
distortion

• Gain=1

• Gain=64

85

49

100

95

—

—

dB

dB

16-bit
differential

mode,
Average=32,

fin=100Hz

SFDR Spurious free
dynamic range

• Gain=1

• Gain=64

85

53

105

88

—

—

dB

dB

16-bit
differential

mode,
Average=32,

fin=100Hz

ENOB Effective number
of bits

• Gain=1, Average=4

• Gain=64, Average=4

• Gain=1, Average=32

• Gain=2, Average=32

• Gain=4, Average=32

• Gain=8, Average=32

• Gain=16, Average=32

• Gain=32, Average=32

• Gain=64, Average=32

11.6

7.2

12.8

11.0

7.9

7.3

6.8

6.8

7.5

13.4

9.6

14.5

14.3

13.8

13.1

12.5

11.5

10.6

—

—

—

—

—

—

—

—

—

bits

bits

bits

bits

bits

bits

bits

bits

bits

16-bit
differential

mode,fin=100Hz

SINAD Signal-to-noise
plus distortion
ratio

See ENOB 6.02 × ENOB + 1.76 dB

1. Typical values assume VDDA =3.0V, Temp=25°C, fADCK=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 (VCM) 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 28. Comparator and 6-bit DAC electrical specifications

Symbol Description Min. Typ. Max. Unit

VDD Supply voltage 1.71 — 3.6 V

Table continues on the next page...
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Table 31. Op-amp electrical specifications (continued)

Symbol Description Min. Typ. Max. Unit

IBIAS Typical input bias current across the following temp
range (0–50°C)

— ±500 — pA

IBIAS Typical input bias current across the following temp
range (-40–105°C)

— ±4 — nA

VCML Input common mode voltage low 0 — — V

VCMH Input common mode voltage high — — VDD V

RIN Input resistance — 500 — MΩ

CIN Input capacitance — 171 — pF

|XIN| AC input impedance (fIN=100kHz) — 50 — MΩ

CMRR Input common mode rejection ratio 60 — — dB

PSRR Power supply rejection ratio 60 — — dB

SR Slew rate (ΔVIN=500mV), low-power mode 0.1 — — V/μs

SR Slew rate (ΔVIN=500mV), high-speed mode 1.5 4 — V/μs

GBW Unity gain bandwidth, low-power mode 0.15 — — MHz

GBW Unity gain bandwidth, high-speed mode 1 — — MHz

AV DC open-loop voltage gain 80 90 — dB

CL(max) Load capacitance driving capability — 100 — pF

ROUT Output resistance @ 100 kHz, high speed mode — 1500 — Ω

VOUT Output voltage range 0.12 — VDD - 0.12 V

IOUT Output load current — ±0.5 — mA

GM Gain margin — 20 — dB

PM Phase margin 45 56 — deg

Tsettle Settling time2 (Buffer mode, low-power mode)
(To<0.1%, Vin=1.65V)

— 5.7 — μs

Tsettle Settling time2 (Buffer mode, high-speed mode)
(To<0.1%, Vin=1.65V)

— 3.0 — μs

Vn Voltage noise density (noise floor) 1kHz — 350 — nV/√Hz

Vn Voltage noise density (noise floor) 10kHz — 90 — nV/√Hz

1. The input capacitance is dependant on the package type used.
2. Settling time is measured from the time the Op-amp is enabled until the output settles to within 0.1% of final value. This

time includes Op-amp startup time, output slew, and settle time.

6.6.5 Transimpedance amplifier electrical specifications — full range
Table 32. TRIAMP full range operating requirements

Symbol Description Min. Max. Unit Notes

VDDA Supply voltage 1.71 3.6 V

VIN Input voltage range -0.1 VDDA-1.4 V

CL Output load capacitance — 100 pf

Peripheral operating requirements and behaviors
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Table 33. TRIAMP full range operating behaviors

Symbol Description Min. Typ. Max. Unit Notes

ISUPPLY Supply current (IOUT=0mA, CL=0) — Low-power
mode

— 60 80 μA

ISUPPLY Supply current (IOUT=0mA, CL=0) — High-speed
mode

— 280 450 μA

VOS Input offset voltage — ±3 ±5 mV

αVOS Input offset voltage temperature coefficient — 4.8 — μV/C

IOS Input offset current — ±0.3 ±5 nA

IBIAS Input bias current — ±0.3 ±5 nA

RIN Input resistance 500 — — MΩ

CIN Input capacitance — 17 — pF

ROUT Output AC impedance — — 1500 Ω @ 100kHz,
High speed
mode

|XIN| AC input impedance (fIN=100kHz) — 159 — kΩ

CMRR Input common mode rejection ratio 60 — — dB

PSRR Power supply rejection ratio 60 — — dB

SR Slew rate (ΔVIN=100mV) — Low-power mode 0.1 — — V/μs

SR Slew rate (ΔVIN=100mV) — High speed mode 1 — — V/μs

GBW Unity gain bandwidth — Low-power mode 50pF 0.15 — — MHz

GBW Unity gain bandwidth — High speed mode 50pF 1 — — MHz

AV DC open-loop voltage gain 80 — — dB

VOUT Output voltage range 0.15 — VDD-0.15 V

IOUT Output load current — ±0.5 — mA

GM Gain margin — 20 — dB

PM Phase margin 50 60 — deg

Vn Voltage noise density (noise floor) 1kHz — 280 — nV/√Hz

Vn Voltage noise density (noise floor) 10kHz — 100 — nV/√Hz

6.6.6 Transimpedance amplifier electrical specifications — limited
range

Table 34. TRIAMP limited range operating requirements

Symbol Description Min. Max. Unit Notes

VDDA Supply voltage 2.4 3.3 V

VIN Input voltage range 0.1 VDDA-1.4 V

TA Temperature 0 50 C

CL Output load capacitance — 100 pf

Peripheral operating requirements and behaviors
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Table 46. I2S/SAI master mode timing in Normal Run, Wait and Stop modes
(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 V

S1 I2S_MCLK cycle time 40 — ns

S2 I2S_MCLK pulse width high/low 45% 55% MCLK period

S3 I2S_TX_BCLK/I2S_RX_BCLK cycle time (output) 80 — ns

S4 I2S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% BCLK period

S5 I2S_TX_BCLK/I2S_RX_BCLK to I2S_TX_FS/
I2S_RX_FS output valid

— 15 ns

S6 I2S_TX_BCLK/I2S_RX_BCLK to I2S_TX_FS/
I2S_RX_FS output invalid

-1.0 — ns

S7 I2S_TX_BCLK to I2S_TXD valid — 15 ns

S8 I2S_TX_BCLK to I2S_TXD invalid 0 — ns

S9 I2S_RXD/I2S_RX_FS input setup before
I2S_RX_BCLK

20.5 — ns

S10 I2S_RXD/I2S_RX_FS input hold after I2S_RX_BCLK 0 — ns

S1 S2 S2

S3

S4

S4

S5

S9

S7

S9 S10

S7

S8

S6

S10

S8

I2S_MCLK (output)

I2S_TX_BCLK/ 
I2S_RX_BCLK (output)

I2S_TX_FS/ 
I2S_RX_FS (output)

I2S_TX_FS/ 
I2S_RX_FS (input)

I2S_TXD

I2S_RXD

Figure 23. I2S/SAI timing — master modes

Table 47. I2S/SAI slave mode timing in Normal Run, Wait and Stop modes
(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 V

S11 I2S_TX_BCLK/I2S_RX_BCLK cycle time (input) 80 — ns

S12 I2S_TX_BCLK/I2S_RX_BCLK pulse width high/low
(input)

45% 55% MCLK period

Table continues on the next page...
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Table 51. LCD electricals (continued)

Symbol Description Min. Typ. Max. Unit Notes

VIREG VIREG     3

ΔRTRIM VIREG TRIM resolution — — 3.0 % VIREG

— VIREG ripple     

IVIREG VIREG current adder — RVEN = 1 — 1 — µA 4

IRBIAS RBIAS current adder

• LADJ = 10 or 11 — High load (LCD glass
capacitance ≤ 8000 pF)

• LADJ = 00 or 01 — Low load (LCD glass
capacitance ≤ 2000 pF)

—

—

10

1

—

—

µA

µA

RRBIAS RBIAS resistor values

• LADJ = 10 or 11 — High load (LCD glass
capacitance ≤ 8000 pF)

• LADJ = 00 or 01 — Low load (LCD glass
capacitance ≤ 2000 pF)

 

—

 

—

 

0.28

 

2.98

 

—

 

—

 

MΩ

 

MΩ

VLL2 VLL2 voltage     

VLL3 VLL3 voltage     

1. The actual value used could vary with tolerance.
2. For highest glass capacitance values, LCD_GCR[LADJ] should be configured as specified in the LCD Controller chapter

within the device's reference manual.
3. VIREG maximum should never be externally driven to any level other than VDD - 0.15 V
4. 2000 pF load LCD, 32 Hz frame frequency

7 Dimensions

7.1 Obtaining package dimensions

Package dimensions are provided in package drawings.

To find a package drawing, go to www.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

121-pin MAPBGA 98ASA00344D

Dimensions
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8 Pinout

8.1 K51 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

121
MAP
BGA

100
LQFP

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

E4 1 PTE0 ADC1_SE4a ADC1_SE4a PTE0 SPI1_PCS1 UART1_TX I2C1_SDA RTC_CLKOUT

E3 2 PTE1/
LLWU_P0

ADC1_SE5a ADC1_SE5a PTE1/
LLWU_P0

SPI1_SOUT UART1_RX I2C1_SCL SPI1_SIN

E2 3 PTE2/
LLWU_P1

ADC1_SE6a ADC1_SE6a PTE2/
LLWU_P1

SPI1_SCK UART1_CTS_
b

F4 4 PTE3 ADC1_SE7a ADC1_SE7a PTE3 SPI1_SIN UART1_RTS_
b

SPI1_SOUT

E7 — VDD VDD VDD

F7 — VSS VSS VSS

H7 5 PTE4/
LLWU_P2

DISABLED PTE4/
LLWU_P2

SPI1_PCS0 UART3_TX

G4 6 PTE5 DISABLED PTE5 SPI1_PCS2 UART3_RX

E6 7 VDD VDD VDD

G7 8 VSS VSS VSS

L6 — VSS VSS VSS

F1 9 USB0_DP USB0_DP USB0_DP

F2 10 USB0_DM USB0_DM USB0_DM

G1 11 VOUT33 VOUT33 VOUT33

G2 12 VREGIN VREGIN VREGIN

H1 13 ADC0_DP1/
OP0_DP0

ADC0_DP1/
OP0_DP0

ADC0_DP1/
OP0_DP0

H2 14 ADC0_DM1/
OP0_DM0

ADC0_DM1/
OP0_DM0

ADC0_DM1/
OP0_DM0

J1 15 ADC1_DP1/
OP1_DP0/
OP1_DM1

ADC1_DP1/
OP1_DP0/
OP1_DM1

ADC1_DP1/
OP1_DP0/
OP1_DM1

J2 16 ADC1_DM1/
OP1_DM0

ADC1_DM1/
OP1_DM0

ADC1_DM1/
OP1_DM0

K1 17 PGA0_DP/
ADC0_DP0/
ADC1_DP3

PGA0_DP/
ADC0_DP0/
ADC1_DP3

PGA0_DP/
ADC0_DP0/
ADC1_DP3

K2 18 PGA0_DM/
ADC0_DM0/
ADC1_DM3

PGA0_DM/
ADC0_DM0/
ADC1_DM3

PGA0_DM/
ADC0_DM0/
ADC1_DM3

Pinout
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121
MAP
BGA

100
LQFP

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

K6 38 VBAT VBAT VBAT

J6 39 PTA0 JTAG_TCLK/
SWD_CLK/
EZP_CLK

TSI0_CH1 PTA0 UART0_CTS_
b/
UART0_COL_
b

FTM0_CH5 JTAG_TCLK/
SWD_CLK

EZP_CLK

H8 40 PTA1 JTAG_TDI/
EZP_DI

TSI0_CH2 PTA1 UART0_RX FTM0_CH6 JTAG_TDI EZP_DI

J7 41 PTA2 JTAG_TDO/
TRACE_SWO/
EZP_DO

TSI0_CH3 PTA2 UART0_TX FTM0_CH7 JTAG_TDO/
TRACE_SWO

EZP_DO

H9 42 PTA3 JTAG_TMS/
SWD_DIO

TSI0_CH4 PTA3 UART0_RTS_
b

FTM0_CH0 JTAG_TMS/
SWD_DIO

J8 43 PTA4/
LLWU_P3

NMI_b/
EZP_CS_b

TSI0_CH5 PTA4/
LLWU_P3

FTM0_CH1 NMI_b EZP_CS_b

E5 — VDD VDD VDD

G3 — VSS VSS VSS

K8 44 PTA12 CMP2_IN0 CMP2_IN0 PTA12 FTM1_CH0 I2S0_TXD0 FTM1_QD_
PHA

L8 45 PTA13/
LLWU_P4

CMP2_IN1 CMP2_IN1 PTA13/
LLWU_P4

FTM1_CH1 I2S0_TX_FS FTM1_QD_
PHB

K9 46 PTA14 DISABLED PTA14 SPI0_PCS0 UART0_TX I2S0_RX_
BCLK

I2S0_TXD1

L9 47 PTA15 DISABLED PTA15 SPI0_SCK UART0_RX I2S0_RXD0

L10 48 VDD VDD VDD

K10 49 VSS VSS VSS

L11 50 PTA18 EXTAL0 EXTAL0 PTA18 FTM0_FLT2 FTM_CLKIN0

K11 51 PTA19 XTAL0 XTAL0 PTA19 FTM1_FLT0 FTM_CLKIN1 LPTMR0_
ALT1

J11 52 RESET_b RESET_b RESET_b

G11 53 PTB0/
LLWU_P5

LCD_P0/
ADC0_SE8/
ADC1_SE8/
TSI0_CH0

LCD_P0/
ADC0_SE8/
ADC1_SE8/
TSI0_CH0

PTB0/
LLWU_P5

I2C0_SCL FTM1_CH0 FTM1_QD_
PHA

LCD_P0

G10 54 PTB1 LCD_P1/
ADC0_SE9/
ADC1_SE9/
TSI0_CH6

LCD_P1/
ADC0_SE9/
ADC1_SE9/
TSI0_CH6

PTB1 I2C0_SDA FTM1_CH1 FTM1_QD_
PHB

LCD_P1

G9 55 PTB2 LCD_P2/
ADC0_SE12/
TSI0_CH7

LCD_P2/
ADC0_SE12/
TSI0_CH7

PTB2 I2C0_SCL UART0_RTS_
b

FTM0_FLT3 LCD_P2

G8 56 PTB3 LCD_P3/
ADC0_SE13/
TSI0_CH8

LCD_P3/
ADC0_SE13/
TSI0_CH8

PTB3 I2C0_SDA UART0_CTS_
b/
UART0_COL_
b

FTM0_FLT0 LCD_P3

E11 57 PTB7 LCD_P7/
ADC1_SE13

LCD_P7/
ADC1_SE13

PTB7 LCD_P7

D11 58 PTB8 LCD_P8 LCD_P8 PTB8 UART3_RTS_
b

LCD_P8

Pinout
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121
MAP
BGA

100
LQFP

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

B5 — NC NC NC

B1 — NC NC NC

C2 — NC NC NC

C1 — NC NC NC

D2 — NC NC NC

D1 — NC NC NC

E1 — NC NC NC

8.2 K51 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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Figure 27. K51 100 LQFP Pinout Diagram
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