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3.8.1 Example 1

Terminology and guidelines

This is an example of an operating behavior that includes a typical value:

Symbol Description Min.

Typ.

Max. Unit

Digital I/0 weak
pullup/pulldown
current

10 70

lwp

130

A

3.8.2 Example 2

This is an example of a chart that shows typical values for various voltage and

temperature conditions:
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3.9 Typical value conditions

X m > ¢

150 °C

105 °C

25°C

—40 °C

Typical values assume you meet the following conditions (or other conditions as

specified):

Symbol Description Value Unit
Ta Ambient temperature 25 °C
Vpp 3.3 V supply voltage 3.3 \
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General

Symbol Description Min. Max. Unit
Vpp Digital supply voltage -0.3 3.8 \

Ibp Digital supply current — 185 mA
Vbio Digital input voltage (except RESET, EXTAL, and XTAL) -0.3 5.5 Vv
Vaio Analog', RESET, EXTAL, and XTAL input voltage -0.3 Vpp + 0.3 \Y

Ip Maximum current single pin limit (applies to all digital pins) 25 25 mA
Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \%
Vuse_pp USB_DP input voltage -0.3 3.63 Vv
Vuss_bm USB_DM input voltage -0.3 3.63 \
VREGIN USB regulator input -0.3 6.0 \
Vgat RTC battery supply voltage -0.3 3.8 \

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

Viy Low High

Input Signal Midpoint1

Fall Time —m |e—

Vi — | [-— Rise Time

The midpaint is V) + (Mg — VL2
Figure 1. Input signal measurement reference

All digital I/O switching characteristics assume:
1. output pins
* have C; =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)
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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
Vpp — Vppa | Vpp-to-Vppa differential voltage -0.1 0.1 \Y
Vgs — Vssa |Vss-t0-Vssa differential voltage -0.1 0.1 \
VgaT RTC battery supply voltage 1.71 3.6 \'%
ViH Input high voltage
* 27V<Vpps36V 0.7 x Vpp — Vv
¢ 1.7V=sVpp=s27V 0.75 x Vpp — Vv
Vi Input low voltage
e 27V<Vpp<36V — 0.35 x Vpp Vv
e 1.7V<sVpp=27V — 0.3 x Vpp \"
Vhys Input hysteresis 0.06 x Vpp — \'%
licoio Digital pin negative DC injection current — single pin 1
* Vi < Vgg-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
* Negative current injection 25 o mA
¢ Positive current injection o +25
Voppu Open drain pullup voltage level Vpp Vpp \'% 4
VReam Vpp Vvoltage 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 Vaio_min Or greater
than Va0 max, @ current limiting resistor is required. The negative DC injection current limiting resistor is calculated as
R=(Vaio_min-Vin)/licaiol- The positive injection current limiting resistor is calculated as R=(V|y-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.
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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 \'%
Vivon |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 Vv
VivwaH * Level 3 falling (LVWV=10) 2.82 2.90 2.98 Vv
Vi vwaH * Level 4 falling (LVWV=11) 2.92 3.00 3.08 \
Vuysy | 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
Vivwear * Level 2 falling (LVWV=01) 1.84 1.90 1.96 \
VivwaL e Level 3 falling (LVWV=10) 1.94 2.00 2.06 Vv
VivwaL ¢ Level 4 falling (LVWV=11) 2.04 2.10 2.16 \Y
Vuvse | Low-voltage inhibit reset/recover hysteresis — — +60 — mV
low range
Vgg Bandgap voltage reference 0.97 1.00 1.08 \
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
Vpor_veat |Falling VBAT supply POR detect voltage 0.8 1.1 1.5 Vv
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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 -0.5 — — \
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 — — \
* 1.71V<Vpp=<27V,loy=-0.6mA Vpp — 0.5 — — \Y
lonT Output high current total for all ports — — 100 mA
VoL Output low voltage — high drive strength 2
e 27V< VDD <36V, |o|_ =9mA — — 0.5 \
* 1.71V<Vpp=<2.7V,lo.=3mA — — 0.5 \Y
Output low voltage — low drive strength
¢ 27V <Vpp<36V,Ilg.=2mA — — 0.5 \Y
e 171V < VDD <27V, IOL =0.6mA — — 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
e All pins except EXTAL32, XTAL32, -
EXTAL, XTAL 0.002 0.5 WA
e 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 HA
* Vin=Vop
« All digital pins except PTD7 - 0.002 05 WA
e PTD7 — 0.004 1 uA
linD Input leakage current, digital pins 4,5,6
* ViL<Vin<Vpp
e Vpp=36V — 18 26 A
e Vpp=3.0V — 12 49 A
e Vpp=25V — 8 13 A
L4 VDD =17V —_— 3 6 IJA

Table continues on the next page...
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Table 6. Power consumption operating behaviors (continued)
Symbol | Description Min. Typ. Max. Unit Notes
Ipp_vipr | Very-low-power run mode current at 3.0 V — all — N/A — mA 7
peripheral clocks enabled
Ipp_vipw | Very-low-power wait mode current at 3.0 V — all — N/A — mA 8
peripheral clocks disabled
Ipp_stop |Stop mode current at 3.0 V
e @ -40to 25°C — 0.59 1.4 mA
* @70°C — 2.26 7.9 mA
* @ 105°C — 5.94 19.2 mA
Ipp_vips | Very-low-power stop mode current at 3.0 V
* @ -40to025°C — 93 435 pA
e @70°C — 520 2000 pA
* @ 105°C — 1350 4000 pA
Ipp_LLs |Low leakage stop mode current at 3.0 V 9
* @ -40to025°C — 4.8 20 pA
e @70°C — 28 68 pA
* @ 105°C — 126 270 pA
Ipp_viiss |Very low-leakage stop mode 3 current at 3.0 V 9
* @ -40to025°C — 3.1 8.9 pA
e @70°C — 17 35 pA
e @ 105°C — 82 148 pA
Ipp_viise |Very low-leakage stop mode 2 current at 3.0 V
* @ —40t0 25°C — 2.2 5.4 A
* @70°C — 71 12.5 pA
e @ 105°C — 41 125 pA
Ipp_viist |Very low-leakage stop mode 1 current at 3.0 V
* @ —40to 25°C — 21 7.6 pA
* @70°C — 6.2 13.5 pA
e @ 105°C — 30 46 pA
Ipp_veaT |Average current with RTC and 32kHz disabled at
3.0V
* @-401025°C — 0.33 0.39 uA
© @70°C — 0.60 0.78 LA
* @105°C — 1.97 2.9 7y
Table continues on the next page...
K51 Sub-Family Data Sheet Data Sheet, Rev. 7, 02/2013.
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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
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
T; Clock and data fall time — 3 ns
Ts Data setup 3 — ns
Th Data hold 2 — ns
TRACECLK i
— T, Ti—»i—
- Tun > - T >
- TE&-'E >

Figure 3. TRACE_CLKOUT specifications

TRACE_CLKOUT / X #
¥ Ts —Th - —p Ts M-Th
Trace Dol Y (Y amm

Figure 4. Trace data specifications
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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
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Peripheral operating requirements and behaviors

6.4.1.5 Write endurance to FlexRAM for EEPROM

When the FlexNVM partition code is not set to full data flash, the EEPROM data set size
can be set to any of several non-zero values.

The bytes not assigned to data flash via the FlexXNVM partition code are used by the flash
memory module to obtain an effective endurance increase for the EEPROM data. The
built-in EEPROM record management system raises the number of program/erase cycles
that can be attained prior to device wear-out by cycling the EEPROM data through a
larger EEPROM NVM storage space.

While different partitions of the FlexXNVM are available, the intention is that a single
choice for the FlexNVM partition code and EEPROM data set size is used throughout the
entire lifetime of a given application. The EEPROM endurance equation and graph
shown below assume that only one configuration is ever used.

_ EEPROM -2 x EEESPLIT x EEESIZE _ .
Writes_subsystem = x Write_efficiency x npymeycd

EEESPLIT x EEESIZE

where

* Writes_subsystem — minimum number of writes to each FlexRAM location for
subsystem (each subsystem can have different endurance)
» EEPROM — allocated FlexXNVM for each EEPROM subsystem based on DEPART;
entered with the Program Partition command
* EEESPLIT — FlexRAM split factor for subsystem; entered with the Program
Partition command
» EEESIZE — allocated FlexRAM based on DEPART; entered with the Program
Partition command
» Write_efficiency —
* (.25 for 8-bit writes to FlexRAM
* 0.50 for 16-bit or 32-bit writes to FlexRAM
* Nyymeyed — data flash cycling endurance (the following graph assumes 10,000
cycles)
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SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Zon
Toad |~ > SIMPLIFIED
L | leakage | CHANNEL SELECT
< _I due:o I : — _CE‘CEIT_ _ ADC SAR
inpu
Ras | I protection | | | iA/DI\N/\/_O/ | ENGINE
A% | T I T | | o—1—4¢
| Vi : ' | | :
= | |
|
Vas Cas | | | : | |
| ' T |
= = | = | = | | |
o - EZ}_ o I f{\A/Dl\N/\/—O/ |
t o—l ¢
| |
INPUT PIN
| Raon I
|E Ao~ 04
INPUT PIN | '
| Ruow [
|E I ’\/\/\,—o/o—|—0
INPUT PIN L G

Figure 11. ADC input impedance equivalency diagram

6.6.1.2 16-bit ADC electrical characteristics

Table 26. 16-bit ADC characteristics (VREFH = VDDA! VREFL = VSSA)
Symbol | Description Conditions! Min. Typ.2 Max. Unit Notes
Iopa_apc | Supply current 0.215 — 1.7 mA 3
ADC « ADLPC=1,ADHSC=0| 1.2 2.4 3.9 MHz | taback =1/
asynchronous « ADLPC=1,ADHSC=1| 24 4.0 6.1 MHz TapACK
FADAGK clock source
« ADLPC=0,ADHSC=0| 3.0 5.2 7.3 MHz
* ADLPC =0, ADHSC = 1 4.4 6.2 9.5 MHz
Sample Time See Reference Manual chapter for sample times
TUE Total unadjusted  12-bit modes — +4 +6.8 LSB4 5
error * <12-bit modes — +1.4 +2.1
DNL Differential non- * 12-bit modes — +0.7 -1.1to +1.9 LSB* 5
linearity 031005
* <12-bit modes — +0.2
INL Integral non- ¢ 12-bit modes — +1.0 -2.7t0+1.9 LSB* 5
linearity 0710405
¢ <12-bit modes — +0.5
Ers Full-scale error e 12-bit modes — -4 -5.4 LSB* VaDIN =
e <12-bit modes — 1.4 1.8 Vooa
5

Table continues on the next page...
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Table 26. 16-bit ADC characteristics (VrRern = Vbpa, VRerL = Vssa) (continued)

Symbol | Description Conditions! Min. Typ.2 Max. Unit Notes
Eq Quantization * 16-bit modes — -1t00 — LSB*
error ¢ <13-bit modes — — +0.5
ENOB |Effective number |16-bit differential mode 6
of bits .« Avg=32 12.8 145 — bits
e Avg=4 11.9 13.8 — bits
16-bit single-ended mode
e Avg =32
vg =3 12.2 13.9 — bits
" Avg=4 11.4 13.1 — bits
siNap |Signatto-noise ) See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
THD Total harmonic 16-bit differential mode 7
distortion . Avg=32 . _94 . dB
16-bit single-ended mode . -85 . 4B
e Avg=32
SFDR | Spurious free 16-bit differential mode 7
dynamic range . Avg=32 82 95 . dB
16-bit single-ended mode 78 90 . 4B
e Avg=32
EL Input leakage lin X Ras mV lin =
error leakage
current
(refer to
the MCU's
voltage
and current
operating
ratings)
Temp sensor Across the full temperature 1.55 1.62 1.69 mV/°C
slope range of the device
Viemp2s | Temp sensor 25°C 706 716 726 mV
voltage

—_

All accuracy numbers assume the ADC is calibrated with Vrgry = Vppa

2. Typical values assume Vppa = 3.0 V, Temp = 25°C, fapck = 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.

1LSB = (VRerH - VrerL)/2\

ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)

Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.

Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

No o s
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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 14. Typical hysteresis vs. Vin level (VDD=3.3V, PMODE=0)
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6.6.3.2 12-bit DAC operating behaviors
Table 31. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pacL | Supply current — low-power mode — — 150 HA
P
Ipba_pacH | Supply current — high-speed mode — — 700 A
P
tpacLp | Full-scale settling time (0x080 to OxF7F) — — 100 200 us 1
low-power mode
tpacup | Full-scale settling time (0x080 to OxF7F) — — 15 30 ps 1
high-power mode
tccpacLp | Code-to-code settling time (OxBF8 to 0xC08) — 0.7 1 us 1
— low-power mode and high-speed mode
Vaacoutt | DAC output voltage range low — high-speed — — 100 mV
mode, no load, DAC set to 0x000
Vgacouth | DAC output voltage range high — high- VpacRr — VpacRr mV
speed mode, no load, DAC set to OxFFF -100
INL Integral non-linearity error — high speed — — +8 LSB 2
mode
DNL Differential non-linearity error — Vpacgr > 2 — — +1 LSB 3
\
DNL Differential non-linearity error — Vpacr = — — +1 LSB 4
VREF_OUT
VorrseT | Offset error — +0.4 +0.8 %FSR
Eg Gain error — +0.1 +0.6 %FSR
PSRR |Power supply rejection ratio, Vppa = 2.4 V 60 — 90 dB
Tco Temperature coefficient offset voltage — 3.7 — puVv/C 6
Tee Temperature coefficient gain error — 0.000421 — %FSR/C
Rop Output resistance load = 3 kQ — — 250 Q
SR Slew rate -80h— F7Fh— 80h V/us
* High power (SPyp) 1.2 1.7 —
* Low power (SPp) 0.05 0.12 —
CT Channel to channel cross talk — — -80 dB
BW 3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SPp) 40 — —
1. Settling within +1 LSB
2. The INL is measured for 0 + 100 mV to Vpacr —100 mV
3. The DNL is measured for 0 + 100 mV to Vpacr —100 mV
4. The DNL is measured for 0 + 100 mV to Vpacr —100 mV with Vppa > 2.4V
5. Calculated by a best fit curve from Vgg + 100 mV to Vpacgr — 100 mV
6. Vppa =3.0V, reference select set for Vppa (DACx_CO:DACRFS = 1), high power mode (DACx_CO:LPEN = 0), DAC set to

0x800, temperature range is across the full range of the device
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Table 34. TRIAMP full range operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
IsuppLY Supply current (Ioyt=0mA, CL=0) — Low-power |— 60 80 pA
mode
IsuppLY Supply current (loyt=0mA, CL=0) — High-speed |— 280 450 A
mode
Vos Input offset voltage — +3 +5 mV
avos Input offset voltage temperature coefficient — 4.8 — pVv/C
los Input offset current — +0.3 +5 nA
Isias Input bias current — +0.3 +5 nA
Rin Input resistance 500 — — MQ
Cin Input capacitance — 17 — pF
Rout Output AC impedance — — 1500 Q @ 100kHz,
High speed
mode
XNl AC input impedance (f;y=100kHz) — 159 — kQ
CMRR Input common mode rejection ratio 60 — — dB
PSRR Power supply rejection ratio 60 — — dB
SR Slew rate (AV,y=100mV) — Low-power mode 0.1 — — V/us
SR Slew rate (AV;y=100mV) — High speed mode 1 — — V/us
GBW Unity gain bandwidth — Low-power mode 50pF |0.15 — — MHz
GBW Unity gain bandwidth — High speed mode 50pF |1 — — MHz
Ay DC open-loop voltage gain 80 — — dB
VOUT Output voltage range 0.15 — Vpp-0.15 |V
lout 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/JHz
Vn Voltage noise density (noise floor) 10kHz — 100 — nV/{Hz

6.6.6 Transimpedance amplifier electrical specifications — limited
range
Table 35. TRIAMP limited range operating requirements

Symbol | Description Min. Max. Unit Notes
Vbpa Supply voltage 24 3.3 \Y
ViN Input voltage range 0.1 Vppa-1.4 Vv
Ta Temperature 0 50 C
C. Output load capacitance — 100 pf

K51 Sub-Family Data Sheet Data Sheet, Rev. 7, 02/2013.
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aadin Rl Sl
ﬁ S3 E
12S_BCLK (output) J%‘ﬂ \ S\ (
s i RIS
12S_FS (output) / ! \ 3 L\
D I I I i“’t
12S_FS (input) L g » H N
o Rehal \ T
12S_TXD ) —— X ) p
Figure 24. I2S timing — master mode
Table 50. I2S slave mode timing (limited voltage range)
Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
S11 12S_BCLK cycle time (input) 8 X tgys — ns
S12 12S_BCLK pulse width high/low (input) 45% 55% MCLK period
S13 12S_FS input setup before 12S_BCLK 10 — ns
S14 I12S_FS input hold after 12S_BCLK 3 — ns
S15 I12S_BCLK to 12S_TXD/I2S_FS output valid — 20 ns
S16 I12S_BCLK to 12S_TXD/I2S_FS output invalid — ns
S17 12S_RXD setup before 12S_BCLK 10 — ns
S18 12S_RXD hold after 12S_BCLK — ns
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6.9.2 LCD electrical characteristics
Table 54. LCD electricals

Symbol | Description Min. Typ. Max. Unit Notes
fErame LCD frame frequency 28 30 58 Hz
CrLcp LCD charge pump capacitance — nominal value — 100 — nF 1
CgyLcp |LCD bypass capacitance — nominal value — 100 — nF 1
Caglass | LCD glass capacitance — 2000 8000 pF 2
Virec |ViRreG 3
¢ HREFSEL=0, RVTRIM=1111 — 1.11 — Vv
e HREFSEL=0, RVTRIM=1000 — 1.01 — Vv
¢ HREFSEL=0, RVTRIM=0000 — 0.91 — Vv
— 1.84 — Vv
e HREFSEL=1, RVTRIM=1111 . 1.69 . v
e HREFSEL=1, RVTRIM=1000 . 154 . v
¢ HREFSEL=1, RVTRIM=0000
ArtriM | Vireg TRIM resolution — — 3.0 % VIReG
— Virea ripple
e HREFSEL =0 — — 30 mV
e HREFSEL =1 — — 50 mV
lvireg | Vireg current adder — RVEN =1 — 1 — HA 4
IRBIAS RBIAS current adder . 10 . uA
e LADJ =10 or 11 — High load (LCD glass
capacitance < 8000 pF) — 1 — A
e LADJ =00 or 01 — Low load (LCD glass
capacitance < 2000 pF)

Rgreias | RBIAS resistor values

e LADJ =10 or 11 — High load (LCD glass — 0.28 — MQ
capacitance < 8000 pF)

e LADJ =00 or 01 — Low load (LCD glass

capacitance < 2000 pF) o 298 o MQ
VLL2 VLL2 voltage
e HREFSEL=0 2.0 -5% 2.0 — \'
e HREFSEL =1 3.3-5% 3.3 — \'
VLL3 VLLS3 voltage
e HREFSEL =0 3.0 -5% 3.0 — \'
e HREFSEL =1 5-5% 5 — \Y,

1. The actual value used could vary with tolerance.
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Pinout
100 Pin Name Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP
5 | PTB2 LCD_PY LCD_P/ PTB2 [2C0_SCL UARTO_RTS_b FTMO_FLT3 | LCD_P2
ADC0_SE12/ | ADCO_SE12/
TS10_CH7 TSI0_CH7
5 | PTB3 LCD_PY/ LCD_PY/ PTB3 [2C0_SDA UART0_CTS_ b FTMO_FLTO | LCD_P3
ADCO_SE13/ | ADCO_SE13/
TS10_CH8 TSI0_CH8
57 | PTB7 LCD_P7/ LCD_P7/ PTB7 LCD_P7
ADC1_SE13 | ADC1_SE13
58 | PTBS LCD_P8 LCD_P8 PTBS UART3_RTS_ b LCD_P8
59 | PTBY LCD_P9 LCD_P9 PTB9 SPI1_PCS1 UART3_CTS_b LCD_P9
60 | PTB10 LCD_P10/ LCD_P10/ PTB10 SPI1_PCS0 | UART3_RX FTMO_FLT1 | LCD_P10
ADC1_SE14 | ADC1_SE14
61 | PTB11 LCD_P11/ LCD_P11/ PTB11 SPI1_SCK UART3_TX FTMO_FLT2 | LCD_P11
ADC1_SEt5 | ADC1_SE15
62 | PTB16 LCD_P12/ LCD_P12/ PTB16 SPI1_SOUT | UARTO_RX EWM_IN LCD_P12
TS10_CH9 TSI0_CH9
63 | PTB17 LCD_P13/ LCD_P13/ PTB17 SPI_SIN UARTO_TX EWM_OUT b | LCD_P13
TSI0_CHI0 | TSI0_CH10
64 | PTB18 LCD_P14/ LCD_P14/ PTB18 FTM2_CHO 250_TX_BCLK FTM2_QD_ LCD_P14
TSI0_CH11 TSI0_CH11 PHA
65 | PTB19 LCD_P15/ LCD_P15/ PTB19 FTM2_CH1 1250_TX_FS FTM2_QD_ LCD_P15
TSI0_CHi2 | TSI0_CHI2 PHB
66 | PTB20 LCD_P16 LCD_P16 PTB20 SPI2_PCS0 CMPO_OUT | LCD_P16
67 | PTB21 LCD_P17 LCD_P17 PTB21 SPI2_SCK CMP1_OUT | LCD_P17
68 | PTB22 LCD_P18 LCD_P18 PTB22 SPI2_SouT CMP2_OUT | LCD_P18
69 | PTB23 LCD_P19 LCD_P19 PTB23 SPI2_SIN SPI0_PCS5 LCD_P19
70 | PTCO LCD_P20/ LCD_P20/ PTCO SPI0_PCS4 | PDBO_EXTRG | 12S0_TXD LCD_P20
ADCO_SE14/ | ADCO_SE14/
TSI0_CH13 | TSI0_CH13
71 | PTCY LCD_P21/ LCD_P21/ PTCY/ SPI0_PCS3 | UART1_RTS_b | FTM0_CHO LCD_P21
LLWU_P6 ADCO_SE15/ | ADCO_SE15/ | LLWU_P6
TSI0_CH14 | TSI0_CH14
72 | PTC2 LCD_P22/ LCD_P22/ PTC2 SPI0_PCS2 | UART1_CTS_b | FTMO0_CH! LCD_P22
ADCO_SE4b/ | ADCO_SE4b/
CMP1_IN/ CMP1_INO/
TSI0_CHi5 | TSI0_CH15
73 | PTCY LCD_P23/ LCD_P23/ PTCY/ SPI0_PCSt UART1_RX FTM0_CH2 LCD_P23
LLWU_P7 CMP1_IN1 CMP1_IN1 LLWU_P7
74 | VSS VSS VSS
75 | VLL3 VLL3 VLL3
76 | VLL2 VLL2 VLL2
77 | VLU VLI VL1
78 | VCAP2 VCAP2 VCAP2
79 | VCAP1 VCAP1 VCAP1
80 | PTC4/ LCD_P24 LCD_P24 PTC4/ SPIO_PCS0 | UARTI_TX FTM0_CH3 CMP1_OUT | LCD_P24
LLWU_P8 LLWU_P8
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rimout
100 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
LQFP
81 | PTCA/ LCD_P25 LCD_P25 PTCS/ SPI0_SCK LPTO_ALT2 CMPO_OUT LCD_P25

LLWU_P9 LLWU_P9
82 | PTCe/ LCD_P26/ LCD_P26/ PTCH/ SPI0_SOUT | PDB0_EXTRG LCD_P26

LLWU_P10 CMPO_INO CMPO_INO LLWU_P10
83 | PTC7 LCD_P27/ LCD_P27/ PTC7 SPI0_SIN LCD_P27

CMPO_IN1 CMPO_IN1

84 | PTC8 LCD_P2g/ LCD_P28/ PTC8 [250_MCLK 1250_CLKIN LCD_P28

ADC1_SE4b/ | ADC1_SE4b/
CMPO_IN2 CMPO_IN2

85 | PTCY LCD_P29/ LCD_P29/ PTCY 250_RX_BCLK FIM2_FLTO | LCD_P29
ADC1_SESb/ | ADC1_SESb/
CMPO_IN3 CMPO_IN3

8 | PTC10 LCD_P30/ LCD_P30/ PTC10 [261_SCL [2S0_RX_FS LCD_P30
ADC1_SE6b/ | ADC1_SE6b/
CMPO_IN4 CMPO_IN4

87 | PTC1Y/ LCD_P31/ LCD_P31/ PTCH1/ [2C1_SDA [250_RXD LCD_P31
LLWU_P11 ADC1_SE7b | ADC1_SE7b | LLWU_P11

8 | VSS V88 (B8

89 | VDD VDD VDD

9 | PTC16 LCD_P36 LCD_P36 PTC16 UART3_RX LCD_P36

91 | PTC17 LCD_P37 LCD_P37 PTC17 UART3_TX LCD_P37

92 | PTC18 LCD_P38 LCD_P38 PTC18 UARTS_RTS b LCD_P38

93 | PTDO/ LCD_P40 LCD_P40 PTDO/ SPIO_PCS0 | UART2_RTS_b LCD_P40
LLWU_P12 LLWU_P12

9 | PTD1 LCD_P41/ LCD_P41/ PTD1 SPI0_SCK UART2_CTS b LCD_P41

ADCO_SESb | ADCO_SESb

9 | PTDY LCD_P42 LCD_P42 PTD/ SPI0_SOUT | UART2_RX LCD_P42
LLWU_P13 LLWU_P13

9% | PTD3 LCD_P43 LCD_P43 PTD3 SPI0_SIN UART2_TX LCD_P43

97 | PTD4 LCD_P44 LCD_P44 PTD4/ SPIO_PCS1 | UARTO_RTS_b | FTM0_CH4 EWM_IN LCD_P44
LLWU_P14 LLWU_P14

9 | PTD5 LCD_P45/ LCD_P45/ PTD5 SPI0_PCS2 | UARTO_CTS_b | FTM0_CH5 EWM_OUT b | LCD_P45

ADCO_SE6b | ADCO_SE6b

99 | PTDG/ LCD_P46/ LCD_P46/ PTG/ SPIO_PCS3 | UARTO_RX | FTM0_CH6 FTMO_FLTO | LCD_P46
LLWU_P15 | ADCO_SE7b | ADCO_SE7b | LLWU_P15

100 | PTD7 LCD_P47 LCD_P47 PTD7 CMT_IRO UARTO_TX FTM0_CH7 FIMO_FLTt | LCD_P47

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.
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Revision History

Table 55. Revision History (continued)

Rev. No. Date Substantial Changes
6 01/2012 * Added AC electrical specifications.
* Replaced TBDs with silicon data throughout.
* In "Power mode transition operating behaviors" table, removed entry times.

Updated "EMC radiated emissions operating behaviors" to remove SAE level and also

added data for 144LQFP.

* Clarified "EP7" in "EzPort switching specifications" table and "EzPort Timing Diagram"”.

¢ Added "ENOB vs. ADC_CLK for 16-bit differential and 16-bit single-ended modes"
figures.

* Updated Ipp_gyn Numbers in 'Power consumption operating behaviors' section.

 Clarified 'Diagram: Typical IDD_RUN operating behavior' section and updated 'Run
mode supply current vs. core frequency — all peripheral clocks disabled' figure.

* In 'Voltage reference electrical specifications' section, updated C,, Vigritt, and Vygritt
values.

* In'USB electrical specifications' section, updated Vpp_gRrc, |bpstby: @nd 'VRegasout

values.

In 'LCD electrical characteristics' section, updated V|geg and Agtrim values.

7 02/2013 In "ESD handling ratings", added a note for I aT.

Updated "Voltage and current operating requirements".

Updated "Voltage and current operating behaviors".

Updated "Power mode transition operating behaviors".

Updated "EMC radiated emissions operating behaviors" to add MAPBGA data.

In "MCG specifications", updated the description of fins .

In "16-bit ADC operating conditions", updated the max spec of Vapn:-

In "16-bit ADC electrical characteristics", updated the temp sensor slope and voltage

specs.

* Updated "I12C switching specifications".

* In "SDHC specifications", removed the operating voltage limits and updated the SD1
and SD6 specs.

* In "I2S switching specifications", added separate specification tables for the full
operating voltage range.
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