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Active
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Terminology and guidelines

Field Description Values

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

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

FFF Program flash memory size

R Silicon revision

T Temperature range (°C) e V=-401t0 105
e C=-40t085
PP Package identifier FM =32 QFN (5 mm x 5 mm)

FT =48 QFN (7 mm x 7 mm)

LF =48 LQFP (7 mm x 7 mm)

LH = 64 LQFP (10 mm x 10 mm)

MP = 64 MAPBGA (5 mm x 5 mm)

LK =80 LQFP (12 mm x 12 mm)

LL =100 LQFP (14 mm x 14 mm)

MC = 121 MAPBGA (8 mm x 8 mm)
LQ = 144 LQFP (20 mm x 20 mm)

MD = 144 MAPBGA (13 mm x 13 mm)
MJ =256 MAPBGA (17 mm x 17 mm)

5 =50 MHz
7 =72 MHz
10 =100 MHz
12 =120 MHz
15 =150 MHz

R = Tape and reel
¢ (Blank) = Trays

CcC Maximum CPU frequency (MHz)

N Packaging type

2.4 Example
This is an example part number:

MKS51DN512ZVMD10

3 Terminology and guidelines

3.1 Definition: Operating requirement

An operating requirement is 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.

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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Terminology 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

€ 30
(=%
=
QE) /
= 90 The likelihood of permanent chip failure increases rapidly as
5, soon as a characteristic begins to exceed one of its operating ratings.
[l
E
£ 10 J

° —

Operating rating

Measured characteristic
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General
5.2.2 LVD and POR operating requirements
Table 2. Vpp supply LVD and POR operating requirements
Symbol | Description Min. Typ. Max. Unit Notes
Vpor Falling VDD POR detect voltage 0.8 1.1 1.5 Vv
VLvDH Falling low-voltage detect threshold — high 2.48 2.56 2.64 \'
range (LVDV=01)
Low-voltage warning thresholds — high range 1
VivwiH ¢ Level 1 falling (LVWV=00) 2.62 2.70 2.78 Vv
VivweH * Level 2 falling (LVWV=01) 2.72 2.80 2.88 \Y
Vi vw3H * Level 3 falling (LVWV=10) 2.82 2.90 2.98 \
VivwaH * Level 4 falling (LVWV=11) 2.92 3.00 3.08 \Y
Vuysn | Low-voltage inhibit reset/recover hysteresis — — +80 — mV
high range
VivpL Falling low-voltage detect threshold — low range 1.54 1.60 1.66 \'%
(LVDV=00)
Low-voltage warning thresholds — low range 1
VivwiL * Level 1 falling (LVWV=00) 1.74 1.80 1.86 \Y
VivwaL * Level 2 falling (LVWV=01) 1.84 1.90 1.96 \Y
VivwaL * Level 3 falling (LVWV=10) 1.94 2.00 2.06 \Y
VivwaL * Level 4 falling (LVWV=11) 2.04 2.10 2.16 \Y
Vuyse | Low-voltage inhibit reset/recover hysteresis — — +60 — mV
low range
Vgg Bandgap voltage reference 0.97 1.00 1.03 Vv
tLpo Internal low power oscillator period — factory 900 1000 1100 us
trimmed
1. Rising thresholds are falling threshold + hysteresis voltage
Table 3. VBAT power operating requirements
Symbol | Description Min. Typ. Max. Unit Notes

Vpeor_vear | Falling VBAT supply POR detect voltage 0.8 1.1 1.5 Y

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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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
* 27V <=Vpps36V,loy=-9ImA Vpp - 0.5 — Vv
¢ 1.71V<Vpp=27V,loy=-3mA Vpp - 0.5 — \"
Output high voltage — low drive strength
* 27V=Vpp<s36V,lgy=-2mA Vpp — 0.5 — \
* 1.71V<Vpp=27V,loy=-0.6mA Vpp - 0.5 — \Y
loHT Output high current total for all ports — 100 mA
VoL Output low voltage — high drive strength
* 27V<=Vpps36V,lo.=9mA — 0.5 \Y
¢ 171V <Vpp=2.7V,lg.=3mA — 0.5
Output low voltage — low drive strength
¢ 27V <=Vpp<3.6V,lo.=2mA — 0.5 \Y
¢ 1.71V<Vpp=27V,lo.=0.6mA — 0.5 \
loLt Output low current total for all ports — 100 mA
Iin Input leakage current (per pin) for full temperature — 1 pA 1
range except TRIO_DM, TRIO_DP, TRI1_DM,
TRI1_DP
N Input leakage current (per pin) at 25°C except — 0.025 A 1
TRIO_DM, TRIO_DP, TRI1_DM, TRI1_DP
likG_A Input leakage current (per pin) for TRIO_DM, TRIO_DP, — 5 nA 1
TRI1_DM, TRI1_DP
loz Hi-Z (off-state) leakage current (per pin) — 1 A
Rpu Internal pullup resistors 20 50 kQ
Rpp Internal pulldown resistors 20 50 kQ

—_

Measured at VDD=3.6V

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

5.2.4 Power mode transition operating behaviors

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

* CPU and system clocks = 72 MHz
* Bus clock =36 MHz
e Flash clock = 24 MHz

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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Table 9. General switching specifications (continued)

Symbol | Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter 16 — ns 3
disabled, analog filter disabled) — Asynchronous path
External reset pulse width (digital glitch filter disabled) 100 — ns 3
Mode select (EZP_CS) hold time after reset 2 — Bus clock
deassertion cycles
Port rise and fall time (high drive strength) 4

¢ Slew disabled
e 1.71<Vpp <27V — 12 ns
e 2.7<Vpp=<3.6V — 6 ns
* Slew enabled
e 1.71<Vpp=c2.7V — 36 ns
e 2.7<Vpp=<3.6V — 24 ns
Port rise and fall time (low drive strength) 5
¢ Slew disabled
e 1.71<Vpp <27V — 12 ns
e 27<Vpp=<3.6V — 6 ns
¢ Slew enabled
* 1.71<Vpp<2.7V — 36 ns
e 27<Vpp=s3.6V — 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. 75pF load

5. 15pF load

5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 10. Thermal operating requirements

Symbol Description Min. Max. Unit
T, Die junction temperature -40 125 °C
Ta Ambient temperature -40 85 °C

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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Peripheral operating requirements and behaviors

6.1 Core modules

6.1.1 Debug trace timing specifications
Table 11. Debug trace operating behaviors

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

T, Clock and data rise time — 3 ns
Ts Clock and data fall time — 3 ns
Ts Data setup 3 — ns
Th Data hold 2 — ns
TRACECLK | : a
—»ieT, Ti—»iiia—
+ Twn > e Tw >
-+ Teye >

Figure 4. TRACE_CLKOUT specifications

TRACE_CLKOUT / X #

b, Ts—MM—Th = > Ts —Th

reace Dzl DD OGN @

Figure 5. Trace data specifications

6.1.2 JTAG electricals
Table 12. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit

Operating voltage 27 3.6 \

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

6.3.2.1 Oscillator DC electrical specifications
Table 15. Oscillator DC electrical specifications
Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.71 — 3.6 \
Ibobosc | Supply current — low-power mode (HGO=0) 1
e 32 kHz — 500 — nA
s 4 MHz — 200 — HA
* 8 MHz (RANGE=01) — 300 — pA
* 16 MHz — 950 — pA
* 24 MHz — 1.2 — mA
* 32 MHz — 1.5 — mA
Ibobosc | Supply current — high gain mode (HGO=1) 1
e 32 kHz — 25 — pA
e 4 MHz — 400 — HA
e 8 MHz (RANGE=01) — 500 — pA
e 16 MHz — 25 — mA
e 24 MHz — — mA
* 32 MHz — — mA
Cy EXTAL load capacitance — — — 2,3
Cy XTAL load capacitance — — — 2,3
Re Feedback resistor — low-frequency, low-power — — — MQ 2,4
mode (HGO=0)
Feedback resistor — low-frequency, high-gain — 10 — MQ
mode (HGO=1)
Feedback resistor — high-frequency, low-power — — — MQ
mode (HGO=0)
Feedback resistor — high-frequency, high-gain — 1 — MQ
mode (HGO=1)
Rs Series resistor — low-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — low-frequency, high-gain mode — 200 — kQ
(HGO=1)
Series resistor — high-frequency, low-power — — — kQ
mode (HGO=0)
Series resistor — high-frequency, high-gain
mode (HGO=1)
— 0 — kQ

Table continues on the next page...
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Table 15. Oscillator DC electrical specifications (continued)

Symbol

Description

Min.

Typ.

Max.

Unit

Notes

5
VPP

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

0.6

\

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

Vbp

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

0.6

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

Vbp

Vpp=3.3 V, Temperature =25 °C
See crystal or resonator manufacturer's recommendation

C,,Cy can be provided by using either the integrated capacitors or by using external components.

When low power mode is selected, Rg is integrated and must not be attached externally.

The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to any
other devices.

akrwh=

6.3.2.2 Oscillator frequency specifications
Table 16. 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)

MHz

foscfhifz

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

32

MHz

fecﬁextal

Input clock frequency (external clock mode)

50

MHz

1,2

tdcﬁextal

Input clock duty cycle (external clock mode)

50

60

%

test

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

750

ms

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

250

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)

ms

3,4

—

Other frequency limits may apply when external clock is being used as a reference for the FLL or PLL.

2. When transitioning from FBE to FEI 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.

3. Proper PC board layout procedures must be followed to achieve specifications.

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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Table 27. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. | Typ.! | Max. Unit Notes
Veppirr | Maximum (min(V Vppa—Vx-0.2x4 v 6
differential input ( Gain )
signal swing
where Vy = Vgerpga % 0.583
SNR Signal-to-noise e Gain=1 80 90 — dB 16-bit
ratio . Gain=64 52 66 . dB differential
mode,
Average=32
THD Total harmonic e Gain=1 85 100 — dB 16-bit
distortion . Gain=64 49 95 . 4B differential
mode,
Average=32,
fi»=100Hz
SFDR Spurious free e Gain=1 85 105 — dB 16-bit
dynamic range . Gain=64 53 88 . 4B differential
mode,
Average=32,
fin=100Hz
ENOB Effective number e Gain=1, Average=4 11.6 134 — bits 16-bit
of bits . . differential
Gain=64, Average=4 7.2 9.6 — bits modef,,=100Hz
e Gain=1, Average=32 12.8 14.5 — bits
e Gain=2, Average=32 11.0 14.3 — bits
* Gain=4, Average=32 7.9 13.8 — bits
* Gain=8, Average=32 7.3 13.1 — bits
* Gain=16, Average=32 6.8 12.5 — bits
* Gain=32, Average=32 6.8 11.5 — bits
¢ Gain=64, Average=32 7.5 10.6 — bits
SINAD |Signal-to-noise See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
ratio

Typical values assume Vppp =3.0V, Temp=25°C, foApck=6MHz unless otherwise stated.

This current is a PGA module adder, in addition to ADC conversion currents.

Between IN+ and IN-. The PGA draws a DC current from the input terminals. The magnitude of the DC current is a strong
function of input common mode voltage (Vcu) and the PGA gain.

Gain = 2PGAG

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

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.

W=

o g M

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

Vpp Supply voltage 1.71 — 3.6 \"

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

Table 28. Comparator and 6-bit DAC electrical specifications (continued)

Symbol | Description Min. Typ. Max. Unit
IbpHs Supply current, High-speed mode (EN=1, PMODE=1) — — 200 A
IbbLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 A
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

Veompon | Output high Vpp—0.5 — — \

Veompor  |Output low — — 0.5 \
toHs Propagation delay, high-speed mode (EN=1, 20 50 200 ns

PMODE=1)
toLs Propagation delay, low-speed mode (EN=1, 80 250 600 ns
PMODE=0)
Analog comparator initialization delay? — — 40 ps
Ibacsb 6-bit DAC current adder (enabled) — 7 — A
INL 6-bit DAC integral non-linearity -0.5 — 0.5 LSBs
DNL 6-bit DAC differential non-linearity -0.3 — 0.3 LSB

—_

Typical hysteresis is measured with input voltage range limited to 0.6 to Vpp-0.6V.

2. Comparator initialization delay is defined as the time between software writes to change control inputs (Writes to DACEN,
VRSEL, PSEL, MSEL, VOSEL) and the comparator output settling to a stable level.
3. 1LSB = Vi gference/64

K51 Sub-Family Data Sheet, Rev. 3, 11/2012.
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0.08

N _
\\ /
RN [~
RN /f

Nt /

0.01

CMP Hystereris (V)
o
R

o
3

0.1 0.4 0.7 1 1.3 1.6 1.9 2.2 25 2.8 3.1
Vinlevel (V)

Figure 15. Typical hysteresis vs. Vin level (VDD=3.3V, PMODE=0)
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Peripheral operating requirements and behaviors

6.8.2 USB DCD electrical specifications
Table 40. USB DCD electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vpp src | USB_DP source voltage (up to 250 pA) 0.5 — 0.7 \Y
Viae Threshold voltage for logic high 0.8 — 2.0 \
Ipp_ src  |USB_DP source current 7 10 13 A
Ipm_sink  |USB_DM sink current 50 100 150 A
Rpm pwn | D- pulldown resistance for data pin contact detect 14.25 — 24.8 kQ
VpaT Rer |Data detect voltage 0.25 0.33 0.4 \

6.8.3 USB VREG electrical specifications
Table 41. USB VREG electrical specifications

Symbol | Description Min. Typ.! Max. Unit Notes
VREGIN |Input supply voltage 2.7 — 55 Vv
IbDon Quiescent current — Run mode, load current — 120 186 A
equal zero, input supply (VREGIN) > 3.6 V
Ippstoy | Quiescent current — Standby mode, load current — 1.1 10 A
equal zero
IbDoff Quiescent current — Shutdown mode
« VREGIN = 5.0 V and temperature=25C - 650 - nA
* Across operating voltage and temperature o o 4 WA
lLoaprun | Maximum load current — Run mode — — 120 mA
lLoaDstoy |Maximum load current — Standby mode — — 1 mA
VReg33out | R€gulator output voltage — Input supply
(VREGIN) > 3.6 V
* Run mode 3 33 36 Vv
* Standby mode 2.1 28 36 v
VRegasout | Regulator output voltage — Input supply 2.1 — 3.6 \" 2
(VREGIN) < 3.6 V, pass-through mode
Cout External output capacitor 1.76 2.2 8.16 uF
ESR External output capacitor equivalent series 1 — 100 mQ
resistance
ILim Short circuit current — 290 — mA

1. Typical values assume VREGIN = 5.0 V, Temp = 25 °C unless otherwise stated.
2. Operating in pass-through mode: regulator output voltage equal to the input voltage minus a drop proportional to I 4.
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6.8.4 DSPI switching specifications (limited voltage range)

The DMA Serial Peripheral Interface (DSPI) provides a synchronous serial bus with
master and slave operations. Many of the transfer attributes are programmable. The tables
below provide DSPI timing characteristics for classic SPI timing modes. Refer to the
DSPI chapter of the Reference Manual for information on the modified transfer formats
used for communicating with slower peripheral devices.

Table 42. Master mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \'%
Frequency of operation — 25 MHz
DS1 DSPI_SCK output cycle time 2 xtgys — ns
DS2 DSPI_SCK output high/low time (tsck/2) — 2 | (tsck/2) + 2 ns
DS3 DSPI_PCSn valid to DSPI_SCK delay (taus X 2) — — ns 1
2
DS4 DSPI_SCK to DSPI_PCSn invalid delay (tgus x 2) — — ns 2
2
DS5 DSPI_SCK to DSPI_SOUT valid — 8.5 ns
DS6 DSPI_SCK to DSPI_SOUT invalid -2 — ns
DS7 DSPI_SIN to DSPI_SCK input setup 15 — ns
DS8 DSPI_SCK to DSPI_SIN input hold 0 — ns

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

DSPI_PCSn X N X
* o5 '; :‘ DS2 ’1 ﬁT’}‘W"
DSPI_SCK /—\_/SM
| Dss | l
(CPOL=0) ST g ! |
I DS5 ‘
<“—) 14 DS6
DSPI_SOUT X First data ><3 Data X Last data X

Figure 19. DSPI classic SPI timing — master mode

Table 43. Slave mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Frequency of operation 12.5 MHz

DS9 DSPI_SCK input cycle time 4 x tgys — ns

Table continues on the next page...
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DSPI_SS \‘ “ /‘

} DS10 v DS9 }

! \' '\ ’—h !
DSPI_SCK -/ \ / SS \ / \ !
(CPOL=0) < DSISV E H DS12 “ DSI1 DSIO gy
DSPI_SOUT >—< | First data X Data ’\l\ X Last data D—

DS13 Y ! DS14 ”

DSPI_SIN >—< First data X Dalagl\ X Last data >7

Figure 22. DSPI classic SPI timing — slave mode

6.8.6 12C switching specifications

See General switching specifications.

6.8.7 UART switching specifications

See General switching specifications.

6.8.8 [12S/SAIl Switching Specifications

This section provides the AC timing for the 12S/SAI module in master mode (clocks are
driven) and slave mode (clocks are input). All timing is given for noninverted serial clock
polarity (TCR2[BCP] is 0, RCR2[BCP] is 0) and a noninverted frame sync (TCR4[FSP]
is 0, RCR4[FSP] is 0). If the polarity of the clock and/or the frame sync have been
inverted, all the timing remains valid by inverting the bit clock signal (BCLK) and/or the
frame sync (FS) signal shown in the following figures.

6.8.8.1 Normal Run, Wait and Stop mode performance over the full
operating voltage range

This section provides the operating performance over the full operating voltage for the
device in Normal Run, Wait and Stop modes.
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Table 49. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full voltage range)
(continued)

Num. Characteristic Min. Max. Unit
S17 12S_RXD setup before 12S_RX_BCLK 30 — ns
S18 12S_RXD hold after I25_RX_BCLK 6.5 — 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

- S11 <

) |4

: S12 | I
12S_TX_BCLK/ si2 \ '/ \ S\ /
125_RX_BCLK (input) ) » : '

s » | M
125_TX_FS/ / ! H TN
12S_RX_FS (output) } s13 ' Si4 \

B : A
12S_TX_FS/ L ! | N\
12S_RX_FS (input) ‘ 4 F S19 ‘: S15 ’: \ $ :

5P sie M 1k ; ) <., >
12S_TXD ) — DE I N

Figure 26. 12S/SAl timing — slave modes

6.9 Human-machine interfaces (HMI)

6.9.1 TSI electrical specifications
Table 50. TSI electrical specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vpprs) | Operating voltage 1.71 — 3.6 \Y
CeLe Target electrode capacitance range 1 20 500 pF 1
frRermax | Reference oscillator frequency — 8 15 MHz 2,3
feLemax | Electrode oscillator frequency — 1 1.8 MHz 2,4
CRer Internal reference capacitor — 1 — pF
VpeLta | Oscillator delta voltage — 500 — mV 2,5
IReF Reference osci.llator current source base current . 5 3 pHA 2,6
¢ 2 pA setting (REFCHRG = 0)
e 32 pA setting (REFCHRG = 15) — 36 50

Table continues on the next page...
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8 Pinout

8.1 K51 Signal Multiplexing and Pin Assighments

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.

80 Pin Name Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP

1 | VoD VDD VDD

2 | VS§ VSS VSS

3 | USB0_DP USB0_DP USB0_DP

4 | USBO_DM USB0_DM USBO_DM

5 | VOUT33 VOUT33 VOUT33

6 | VREGIN VREGIN VREGIN

7 | ADCO_DP1/ | ADCO_DP1/ | ADCO_DP1/

QOP0_DPO OP0_DPO OP0_DPO

8 | ADCO_DM1/ | ADCO_DM1/ | ADCO_DM1/
0P0_DMo QOP0_DMo OP0_DM0

9 | ADC1_DP1/ | ADC1_DP1/ | ADC1_DP1/
OP1_DPO/ OP1_DPO/ OP1_DPO/
OP1_DM1 OP1_DM1 OP1_DMt

10 | ADC1_DM1/ | ADG1_DM1/ | ADC1_DM1/
OP1_DMO OP1_DMO OP1_DMo

11| PGAO_DP/ PGAO_DP/ PGAO_DP/
ADCO_DPO/ | ADCO_DPO/ | ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

12| PGAO_DW/ PGAO_DMY PGAO_DM/
ADCO_DMO/ | ADCO_DMO/ | ADCO_DMO/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

13 | PGA1_DP/ PGA1_DP/ PGA1_DP/
ADC1_DPO/ | ADC1_DPO/ | ADC1_DPO/
ADCO_DP3 | ADCO_DP3 | ADC0_DP3

14 | PGAI_DW/ PGA1_DW/ PGA1_DW/
ADC1_DMO/ | ADC1_DMO/ | ADC1_DMO/
ADCO_DM3 | ADCO_DM3 | ADCO_DM3

15 | VDDA VDDA VDDA
16 | VREFH VREFH VREFH
17 | VREFL VREFL VREFL
18 | VSSA VSSA VSSA

19 | ADC1_SE16/ | ADC1_SE16/ | ADC1_SE16/
OP1_0UT/ OP1_0UT/ OP1_0UT/
CMP2_IN2/ | CMP2_IN2/ | CMP2_IN2/
ADCO_SE22/ | ADCO_SE22/ | ADCO_SE22/
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80 Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP
0P0_DP2/ 0P0_DP2/ 0P0_DP2/
OP1_DP2 OP1_DP2 OP1_DP2
20 | ADCO_SE16/ | ADCO_SE16/ | ADCO_SE16/
0P0_OUT/ 0PO_OUT/ Q0PO_OUT/
CMP1_IN/ CMP1_IN2/ CMP1_IN2/
ADCO_SE21/ | ADCO_SE21/ | ADCO_SE21/
0P0_DP1/ OP0_DP1/ QOPO_DP1/
OP1_DP1 OP1_DP1 OP1_DP1
21 | VREF_OUT/ | VREF_OUT/ | VREF_OUT/
CMP1_INs/ CMP1_INS/ CMP1_INS/
CMPO_IN5/ CMPO_INS/ CMPO_INS/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18
22 | TRio_ouT/ TRIO_OUT/ TRI0_oUT/
OP1_DM2 OP1_DM2 OP1_DM2
23 | TRIO_DM TRIO_DM TRIO_DM
24 | TRI0_DP TRI0_DP TRIO_DP
25 | NC NC NC
2% | NC NC NC
27 | CMP2_IN5/ CMP2_IN5/ CMP2_IN5/
ADC1_SE22 | ADC1_SE22 | ADC1_SE22
28 | DACO_OUT/ | DACO_OUT/ | DACO_OUT/
CMP1_INg/ CMP1_INg/ CMP1_IN3/
ADC0_SE23/ | ADCO_SE23/ | ADCO_SE23/
OP0_DP4/ OP0_DP4/ OPO_DP4/
OP1_DP4 (OP1_DP4 OP1_DP4
29 | CMPO_IN4/ CMPO_IN4/ CMPQ_IN4/
CMP2_IN3/ CMP2_IN3/ CMP2_IN3/
ADC1_SE23/ | ADC1_SE23/ | ADC1_SE23/
0P0_DP5/ OP0_DP5/ OP0_DP5/
OP1_DP5 OP1_DP5 OP1_DP5
30 | XTALR XTAL32 XTAL32
31 | EXTAL32 EXTAL3? EXTAL3?
32 | VBAT VBAT VBAT
33 | PTAO JTAG_TCLK/ | TSI0_CH1 PTAO UART0_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ bl SWD_CLK
EZP _CLK UART0_COL b
34 | PTAT JTAG_TDV/ TSI0_CH2 PTA1 UARTO_RX FTM0_CH6é JTAG_TDI EZP DI
EZP DI
35 | PTA2 JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX FTM0_CH? JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
36 | PTA3 JTAG_TMS/ | TSI0_CH4 PTA3 UARTO_RTS_b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO
37 | PTA4 NMI_b/ TSI0_CH5 PTAY/ FTMO_CHT NMIb EZP_CS_b
LLWU_P3 EZP CS.b LLWU_P3
3 | VDD VDD VDD
39 | VSS VS VSS
40 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
41 | PTA19 XTALO XTALO PTA19 FTMI_FLTO | FTM_CLKIN{ LPTMRO_ALT{
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80 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP
42 | RESET b RESET b RESET b
43 | PTBO/ LCD_PO/ LCD_PO/ PTBO/ [260_SCL FTM1_CHO FTM1_QD_ LCD_PO
LLWU_P5 ADCO_SE8/ | ADCO_SE§/ LLWU_P5 PHA
ADC1_SE8/ ADC1_SE8/
TS10_CHO TS10_CHO
44 | PTBI LCD_P1/ LCD_P1/ PTB1 [2C0_SDA FTM1_CH{ FTM1_QD_ LCD_P1

ADCO_SE9/ | ADCO_SEY/ PHB
ADC1_SEY | ADC1_SEY
T810_CHe T310_CHe

45 | PTB2 LCD_P/ LCD_P/ PTB2 1200_SCL UARTO_RTS b FTMO_FLT3 | LCD_P2
ADCO_SE12/ | ADCO_SE12/
T810_CH7 T810_CH?

46 | PTBS LCD_PY/ LCD_PY/ PTB3 12C0_SDA UART0_CTS_ FTMO_FLTO | LCD_P3
ADCO_SE13/ | ADCO_SE13/ bf
T810_CH8 T810_CH8 UART0_COL b

47 | PTB8 LCD_P8 LCD_P8 PTBS UART3_RTS b LCD_P8

48 | PTBY LCD_P9 LCD_P9 PTB9 SPI1_PCS1 | UART3_CTS.b LCD_P9

49 | PTB10 LCD_P10/ LCD_P10/ PTB10 SPI1_PCS0 | UART3_RX FTMO_FLTt | LCD_P10
ADC1_SEt4 | ADC1_SE14

50 | PTB1 LCD_P11/ LCD_P11/ PTB1 SPI1_SCK UARTS_TX FTMO_FLT2 | LCD_P11
ADC1_SE15 | ADC1_SE15

51 | PTB16 LCD_P12/ LCD_P12/ PTB16 SPI1_SOUT | UARTO_RX EWM_IN LCD_P12
T810_CH9 TS10_CHI

5 | PTB17 LCD_P13/ LCD_P13/ PTB17 SPI1_SIN UARTO_TX EWM_OUT b | LCD_P13
TSI0_CH10 | TSI0_CH10

53 | PTB18 LCD_P14/ LCD_P14/ PTB18 FTM2_CHO | 1250_TX_BCLK FTM2.QD_ | LCD_P14
TSI0_CHI1 | TSI0_CH11 PHA

54 | PTB19 LCD_P15/ LCD_P15/ PTB19 FTM2_CH! 280_TX_FS FIM2.QD_ | LCD_P15
TSI0_CH12 | TSI0_CH12 PHB

55 | PTCO LCD_P20/ LCD_P20/ PTCO SPI0_PCS4 | PDB0_EXTRG 280_TXD1 LCD_P20

ADCO_SE14/ | ADCO_SE14/
TSI0_CH13 | TSI0_CH13

5 | PTCY/ LCD_P21/ LCD_P21/ PTC1/ SPI0_PCS3 | UART1_RTS_b | FTM0_CHO [280_TXD0O | LCD_P2t
LLWU_P6 ADCO_SE15/ | ADCO_SE18/ | LLWU_P6
TSI0_CH14 | TSI0_CH14

57 | PTC2 LCD_P22/ LCD_P22/ PTC2 SPI0_PCS2 | UART1_CTS b | FTM0_CH1 [280_TX_FS | LCD_P22
ADCO_SE4b/ | ADCO_SE4b/
CMP1_IN/ | CMP1_INO/
TSI0_CH15 | TSI0_CH15

58 | PTCY LCD_P23/ LCD_P23/ PTCY SPIO_PCSt | UARTI_RX | FTMO_CH2 | CLKOUT [280_TX_BCLK | LCD_P23
LLWU_P7 CMP1_IN1 CMP1_IN1 LLWU_P7

59 | VSS V&S V8S

60 | VLL3 VLL3 VLL3

61 | VL2 VLL2 VL2

62 | VLLI VLU VLU

63 | VCAP2 VCAP2 VCAP2

64 | VCAP1 VCAP1 VCAP1
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voo [_|

vss [
usso_op [_|
usso_om [_|
voutss [
vrReGIN [_|

ADCO_DP1/0P0_DPO [_|
ADCO_DM1/0P0_DM0 [_|
ADC1_DP1/0P1_DPO/OP1_DM1 [_|
ADC1_DM1/0P1_DMo [_|
PGAO_DP/ADCO_DPO/ADC1_DP3 [_|
PGA0_DM/ADCO_DMO/ADC1_DM3 ||
PGA1_DP/ADC1_DPO/ADCO_DP3 [_|

PGAT_DM/ADC1_DM0/ADCO_DM ||

vopa [_|
VREFH [_|
vRerL [
vssa [

ADC1_SE16/0P1_OUT/CMP2_IN2/ADCO_SE22/0P0_DP2/0OP1_DP2 I:

ADCO_SE16/0P0_OUT/CMP1_IN2/ADC0_SE21/0OP0_DP1/OP1_DP1 I:

8o [_] pro7

79 [_] pTD6ILLWU_P15

78 | ] pTos

77 [ ] pToanLwu_p14

76| | PTDs

75 || PTD21LWU_P13

74 [ ] pTD1

73 || PTDOLLWU_P12

72 || PTCi1Lwu_p11

71| ] prcto

70 || prce

69 [ ] prcs

68 || prc7

67 |_| PTce/LLWU_P10

66 | _| PTCSLLWU_PS

65 |_| PTcarLwu_ps

64 | | veapt

63| | vcap2

56

55

54

53

52

50

49

48

47

46

45

41

[ ] vus
[ ] vss

| ] PTCaILLWU_P?

[ ] pTC2

|| PTC1LLWU_PS
[ ] PTco

[ ] pTBI19

[ ] pTBI18

[ ] PTBI7

[ ] PTBI6

] pTR11

[ ] P8I0

[ ] PTBO

[ ] B8

| ] PTB3

[ ] PTB2

|| T8I

[ ] PTBOLLWU_PS
|| RESETb

[ ] Prato

Figure 27. K51 80 LQFP P

9 Revision History

The following table provides a revision history for this document.

K

VREF_OUT/CMP1_IN5/CMPO_IN5/ADC1_SE18

om2 [ 22

TRIO_OUT/OP1_DM2

2

TRIO_DM

] 2=
Ne [ 2s
Ne [ 26

TRIO_DP

=

CMP2_IN5/ADC1_SE22

] 2e

DACO_OUT/CMP1_IN3/ADCO_SE23/0OP0_DP4/OP1_DP4

K | ops [_| 20
xtALz2 [_] 30

CMPO_IN4/CMP2_IN3/ADC1_SE23/0P0_DP5/0OP1_DP5

ExTALs2 [_| 31

veat [ a2
prao [| 33
PTat [] 34
Praz | 35

Table 52. Revision History

nout Diagram

PTAs ] 36
[
vop [_] 38

PTA4/LLWU_P3

vss [] 39
prats [ 40

Rev. No. Date

Substantial Changes

1 3/2012

Initial public release

Table continues on the next page...
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Revision History

Table 52. Revision History (continued)

Rev. No. Date Substantial Changes

2 4/2012 Replaced TBDs throughout.

Updated "Power consumption operating behaviors" table.
Updated "ADC electrical specifications" section.

Updated "VREF full-range operating behaviors" table.
Updated "I12S/SAl Switching Specifications" section.

Updated "TSI electrical specifications” table.

3 11/2012

Updated orderable part numbers.

¢ Updated the maximum input voltage (Vapn) specification in the "16-bit ADC operating
conditions" section.

* Updated the maximum Ippgy,y Specification in the "USB VREG electrical specifications"

section.
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