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Table 4. Voltage and current operating behaviors (continued)
Symbol | Description Min. Typ. Max. Unit Notes
linD Input leakage current, digital pins 2,3
* Ves=ViNsViL
» All digital pins — 0.002 0.5 pA
* Vin=Vop
« Al digital pins except PTD7 - 0.002 05 WA
e PTD7 — 0.004 1 HA
linD Input leakage current, digital pins 234
* ViL<Vin<Vpp
e Vpp=3.6V — 18 26 pA
e Vpp=3.0V — 12 19 A
. VDD =25V —_ 8 13 UA
e Vpp=17V — 3 6 pHA
linD Input leakage current, digital pins 2,3
L VDD < VlN <55V — 1 50 UA
Z\NnD Input impedance examples, digital pins 25
d VDD =36V — — 48 kQ
e Vpp=3.0V — — 55 kQ
hd VDD =25V —_— —_— 57 kQ
d VDD =17V — — 85 kQ
IIN_Tamper |INput leakage current (per Tamper pin) for full — — 1 A
temperature range
IIN_Tamper |INput leakage current (per Tamper pin) at 25°C — — 0.025 A
Rpy Internal pullup resistors (except Tamper pins) 20 — 50 kQ
Rpp Internal pulldown resistors (except Tamper pins) 20 — 50 kQ
1. Analog pins are defined as pins that do not have an associated general purpose 1/O port function.
2. Digital pins have an associated GPIO port function and have 5V tolerant inputs, except EXTAL and XTAL.
3. Internal pull-up/pull-down resistors disabled.
4. Characterized, not tested in production.
5. Examples calculated using V,,_relation, Vpp, and max lnp: Zinp=V/linp- This is the impedance needed to pull a high

signal to a level below V,_due to leakage when V) < V|y < Vpp. These examples assume signal source low = 0 V. See
Figure 2.

Measured at Vpp supply voltage = Vpp min and Vinput = Vgg

Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

No
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5.2.5 Power consumption operating behaviors
Table 6. Power consumption operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
lbpa Analog supply current — — See note mA 1
Ipb_run  |Run mode current — all peripheral clocks 2
disabled, code executing from flash
e @18V — 49.28 73.85 mA
e @ 3.0V — 49.08 73.93 mA
Ipb_run  |Run mode current — all peripheral clocks 3
enabled, code executing from flash
e @1.8V — 74.43 99.97 mA
s @3.0V — 74.28 100.41 mA
Ipp_wair  |Wait mode high frequency current at 3.0 V —all — 34.67 58.5 mA 2
peripheral clocks disabled
Ipb_wair | Wait mode reduced frequency current at 3.0 V — — 18.03 41.91 mA 4
all peripheral clocks disabled
Ipp_stop | Stop mode current at 3.0 V
* @ -40to025°C — 1.25 1.62 mA
* @70°C — 2.93 4.39 mA
e @ 105°C — 7.08 10.74 mA
Ipp_vipr | Very-low-power run mode current at 3.0 V — all — 1.03 4.48 mA 5
peripheral clocks disabled
Ipp_vipr | Very-low-power run mode current at 3.0 V — all — 1.58 4.96 mA 5
peripheral clocks enabled
Ipp_vipw | Very-low-power wait mode current at 3.0 V — 0.64 4.29 mA 5
Ipp_vips |Very-low-power stop mode current at 3.0 V
e @ —40to 25°C — 0.22 0.38 mA
e @70°C — 0.78 1.33 mA
* @ 105°C — 2.18 3.56 mA
Ibp_LLs |Low leakage stop mode current at 3.0 V
e @ -40to 25°C — 0.22 0.37 mA
e @70°C — 0.78 1.33 mA
* @ 105°C — 2.16 3.52 mA
Ipp_viss |Very low-leakage stop mode 3 current at 3.0 V
e @ -40to 25°C — 4.09 5.58 pA
e @70°C — 20.98 28.93 pA
e @ 105°C — 84.95 111.15 pA
Ipp_viLs2 |Very low-leakage stop mode 2 current at 3.0 V

Table continues on the next page...
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General

Very Low Power Run (VLPR) Current vs Core Frequency

Temp (C)=25,VDD=3.6V,CACHE=ENABLE,Code Residence=Flash
2.50E-03

2.00E-03

1.30E-03

All Peripheral Clk Gates

Current Consumption on Vdd+vddint (&)

e ALLOFF
=l 5| L ON
1.00E-03 ./

500.00E-06
Clk Ratio
000.00E+00 Core-Bus-
1-1-1-2 1-2-2-4 1-1-1-4 1-2-3-8 1-1-1-8 FlexBus-Flash
1 2 4 Core Freq (Mhaz)

Figure 4. VLPR mode supply current vs. core frequency

5.2.6 EMC radiated emissions operating behaviors
Table 7. EMC radiated emissions operating behaviors for 256 MAPBGA

Symbol | Description Frequency Typ. Unit Notes
band (MHz)
VRE1 Radiated emissions voltage, band 1 0.15-50 21 dBuVv 1,2,3
VRe2 Radiated emissions voltage, band 2 50-150 24 dBuV
VRe3 Radiated emissions voltage, band 3 150-500 29 dBpVv
VREa Radiated emissions voltage, band 4 500-1000 28 dBuVv

1. Determined according to IEC Standard 61967-1, Integrated Circuits - Measurement of Electromagnetic Emissions, 150
kHz to 1 GHz Part 1: General Conditions and Definitions and IEC Standard 61967-2, Integrated Circuits - Measurement of
Electromagnetic Emissions, 150 kHz to 1 GHz Part 2: Measurement of Radiated Emissions—TEM Cell and Wideband
TEM Cell Method. Measurements were made while the microcontroller was running basic application code. The reported
emission level is the value of the maximum measured emission, rounded up to the next whole number, from among the
measured orientations in each frequency range.

2. VDD =33V, TA =25 °C, fOSC =12 MHz (crystal), fsys =72 MHz, fBUS =72 MHz

3. Determined according to IEC Standard JESD78, IC Latch-Up Test

K61 Sub-Family, Rev.6, 09/2015.
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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
CinoD Input capacitance: digital pins — 7 pF

Cinp_ioso |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_users | System and core clock when Full Speed USB in 20 — MHz
operation
favys_useHs | System and core clock when High Speed USB in 60 — MHz
operation
fENET System and core clock when ethernet in operation MHz
* 10 Mbps 5 —
e 100 Mbps 50 o
feus Bus clock — 60 MHz
FB_CLK FlexBus clock — 50 MHz
fELASH Flash clock — 25 MHz
fLpTMR LPTMR clock — 25 MHz
VLPR mode’
fsys System and core clock — 4 MHz

Table continues on the next page...
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Table 10. General switching specifications (continued)
Symbol | Description Min. Max. Unit Notes
tios0 Port rise and fall time (high drive strength) 6
¢ Slew disabled
e 1.71<Vpp 2.7V — 7 ns —
e 27<Vpp=3.6V — 3 ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 28 ns —
e 27<Vpp=3.6V — 14 ns —
tios0 Port rise and fall time (low drive strength) 7
¢ Slew disabled
e 1.71<Vpp 2.7V — 18 ns —
e 27<Vpp=3.6V — 9 ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 48 ns —
¢ 2.7 <Vpp<3.6V — 24 ns —
tioso Port rise and fall time (high drive strength) 6
¢ Slew disabled
e 1.71<Vpp 2.7V — ns —
e 27<Vpp=3.6V — ns —
¢ Slew enabled
e 1.71<Vpp 2.7V — 28 ns —
e 2.7 <Vpp<3.6V — 14 ns —
tios0 Port rise and fall time (low drive strength) 7
¢ Slew disabled
e 1.71<Vpp 2.7V — 18 ns —
e 27<Vpp=3.6V — 6 ns —
¢ Slew enabled
e 1.71<Vpp<2.7V — 48 ns —
e 27<Vpp=3.6V — 24 ns —

1. This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may or

may not be recognized. In Stop, VLPS, LLS, and VLLSx modes, the synchronizer is bypassed so shorter pulses can be
recognized in that case.

wn

The greater synchronous and asynchronous timing must be met.
This is the minimum pulse width that is guaranteed to be recognized as a pin interrupt request in Stop, VLPS, LLS, and

VLLSx modes.

75 pF load
15 pF load
25 pF load
15 pF load

No o

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

22

Freescale Semiconductor, Inc.




renpheral operating requirements and behaviors

NOTES:

6

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.
Determined according to JEDEC Standard JESDS51-2, Integrated Circuits Thermal
Test Method Environmental Conditions—Natural Convection (Still Air) with the
single layer board horizontal. Board meets JESD51-9 specification.

. Determined according to JEDEC Standard JESDS51-6, Integrated Circuit Thermal

Test Method Environmental Conditions—Forced Convection (Moving Air) with the
board horizontal.

Determined according to JEDEC Standard JESDS51-8, Integrated Circuit Thermal
Test Method Environmental Conditions—Junction-to-Board. Board temperature is
measured on the top surface of the board near the package.

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.

Determined according to JEDEC Standard JESDS51-2, Integrated Circuits Thermal
Test Method Environmental Conditions—Natural Convection (Still Air).

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

K61 Sub-Family, Rev.6, 09/2015.
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renpheral operating requirements and behaviors
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Figure 10. TRST timing

6.2 System modules

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

6.3 Clock modules

6.3.1 MCG specifications
Table 15. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fints_t Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal VDD and 25 °C
fints_t Internal reference frequency (slow clock) — user 31.25 — 39.0625 kHz
trimmed
DA¢geo_res t | Resolution of timmed average DCO output — +0.3 +0.6 Yofgco 1

frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

Afyeo_res t | Resolution of trimmed average DCO output — +0.2 +0.5 %faco 1
frequency at fixed voltage and temperature —
using SCTRIM only

Afyeo + | Total deviation of trimmed average DCO output — +4.5 — Y%fdco 1
frequency over fixed voltage and temperature
range of 0—70°C

fintf_tt Internal reference frequency (fast clock) — — 4 — MHz
factory trimmed at nominal VDD and 25°C

fintf_t Internal reference frequency (fast clock) — user 3 — 5 MHz
trimmed at nominal VDD and 25 °C
floc_low | LOSs of external clock minimum frequency — (3/5) x — — kHz
RANGE = 00 fints_t
fioc_nigh | Loss of external clock minimum frequency — (16/5) x — — kHz
RANGE = 01, 10, or 11 fints_t
FLL
fo_ret FLL reference frequency range 31.25 — 39.0625 kHz

Table continues on the next page...
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Table 21. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
trd1blk128k ¢ 128 KB data flash — _ 05 ms
trd1blko56k e 256 KB program flash - _ 1.0 ms

256 KB data flash

tra1secak | Read 1s Section execution time (4 KB flash) — — 100 us 1
togmenk | Program Check execution time — — 80 us 1
trdrsre Read Resource execution time — — 40 us 1
tpgms Program Phrase execution time — 70 150 us
Erase Flash Block execution time 2
tersblki28k * 128 KB data flash — 110 925 ms
tersbik256k e 256 KB program flash — 220 1850 ms

256 KB data flash

tersser Erase Flash Sector execution time — 15 115 ms 2

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

Read 1s All Blocks execution time

trd1alx ¢ FlexNVM devices — — 3.4 ms

trd1alin * Program flash only devices — — 3.4 ms

trdonce | R€ad Once execution time — — 30 us 1
tpgmonce | Program Once execution time — 70 — us

tersall Erase All Blocks execution time — 650 5600 ms 2

tuykey | Verify Backdoor Access Key execution time — — 30 us 1

Swap Control execution time

tswapxo1 ¢ control code 0x01 — 200 — [VE
tswapxo2 e control code 0x02 — 70 150 us
tswapxo4 ¢ control code 0x04 — 70 150 us
tswapxos ¢ control code 0x08 — — 30 ps

Program Partition for EEPROM execution time
togmparteak * 64 KB EEPROM backup — 235 — ms
tpgmpart256k * 256 KB EEPROM backup — 240 — ms

Set FlexRAM Function execution time:

tsetramit ¢ Control Code OxFF — 205 — us
tsetram64k * 64 KB EEPROM backup — 1.6 2.5 ms
tsetrami28k * 128 KB EEPROM backup — 27 3.8 ms
tsetram256k * 256 KB EEPROM backup — 4.8 6.2 ms
t eewrsbers | Byte-write to erased FlexRAM location execution — 140 225 ys 3
time

Byte-write to FlexRAM execution time:
teewrsbeak — 400 1700 us

Table continues on the next page...
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6.4.2 EzPort switching specifications

Table 24. EzPort switching specifications

Num Description Min. Max. Unit
Operating voltage 1.71 3.6 \
EP1 EZP_CK frequency of operation (all commands except — fsys/2 MHz
READ)

EP1a EZP_CK frequency of operation (READ command) — fsys/8 MHz
EP2 EZP_CS negation to next EZP_CS assertion 2 Xtezp 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

i EP3 EP4 E EP2

: H l 1 l ! l I |

EZP_CS N s \
i E <P EpPo
EP7 P — P Eps
S au
EZP_Q (output) y y
EP5 ¢— PP EP6

2o I/ @

Figure 12. EzPort Timing Diagram

6.4.3 NFC specifications

The NAND flash controller (NFC) implements the interface to standard NAND flash
memory devices. This section describes the timing parameters of the NFC.

In the following table:

K61 Sub-Family, Rev.6, 09/2015.
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Table 25. NFC specifications (continued)

Num Description Min. Max. Unit
twp NFC_WP pulse width T -1 — ns
taLs NFC_ALE setup time 2T+ T — ns
taLH NFC_ALE hold time Th+TL — ns
tps Data setup time T -1 — ns
toy Data hold time Th-1 — ns
twe Write cycle time T+ T -1 — ns
twh NFC_WE hold time Ty—1 — ns
tRR Ready to NFC_RE low 4Ty + 3T +90 — ns
trp NFC_RE pulse width T +1 — ns
trc Read cycle time T +Ty-1 — ns
tREH NFC_RE high hold time Ty—1 — ns
tis Data input setup time 11 — ns
NFC_CLE A~ N
s o
NFC_CEn X P A
DI WP
NFC_WE \k_,gé
NFC_IOn T

Figure 13. Command latch cycle timing

NFC_ALE i .
: tALS . . tALH :
NFC_CEn N A
: tCS : tWP tCH :
NFC_WE X ¥
NFC_IOn e ————

Figure 14. Address latch cycle timing
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Peripheral operating requirements and behaviors

6.6 Analog

6.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 28 and Table 29 are achievable on the
differential pins ADCx_DP0, ADCx_DMO.

The ADCx_DP2 and ADCx_DM?2 ADC inputs are connected to the PGA outputs and are
not direct device pins. Accuracy specifications for these pins are defined in Table 30 and

Table 31.
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 28. 16-bit ADC operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vopa |Supply voltage  |Absolute 1.71 — 3.6 \Y
AVppa Supply voltage Delta to Vpp (Vpbp — Vppa) -100 0 +100 mV
AVgsp |Ground voltage |Delta to Vgg (Vss — Vssa) -100 0 +100 mV
VREFH ADC reference 1.18 VDDA VDDA \'
voltage high
VREFL ADC reference VSSA VSSA VSSA \%
voltage low
VapIN Input voltage ¢ 16-bit differential mode VREFL — 31/32 x \'%
VREFH
¢ All other modes VREFL — VREFH
CaDIN Input capacitance * 16-bit mode — 10 pF
* 8-bit/ 10-bit / 12-bit — 5
modes
Rapin Input series — 2 5 kQ
resistance
Ras Analog source 13-bit / 12-bit modes 3
resistance
(external) fADCK <4 MHz — — 5 kQ
fapck ADC conversion |< 13-bit mode 1.0 — 18.0 MHz 4
clock frequency
faDCK ADC conversion |16-bit mode 2.0 — 12.0 MHz 4
clock frequency
Crate ADC conversion |< 13-bit modes 5
rate
Table continues on the next page...
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Table 28. 16-bit ADC operating conditions (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
No ADC hardware averaging 20.000 — 818.330 ksps
Continuous conversions

enabled, subsequent
conversion time

Crate ADC conversion |16-bit mode 5
rate No ADC hardware averaging 37.037 — 461.467 ksps

Continuous conversions
enabled, subsequent
conversion time

1. Typical values assume Vppa = 3.0 V, Temp = 25 °C, fapck = 1.0 MHz, unless otherwise stated. Typical values are for
reference only, and are not tested in production.

2. DC potential difference.

3. This resistance is external to MCU. To achieve the best results, the analog source resistance must be kept as low as
possible. The results in this data sheet were derived from a system that had < 8 Q analog source resistance. The Ras/Cas
time constant should be keptto < 1 ns.

4. To use the maximum ADC conversion clock frequency, CFG2[ADHSC] must be set and CFG1[ADLPC] must be clear.

5. For guidelines and examples of conversion rate calculation, download the ADC calculator tool.

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT ZADIN
Tpas |~ > SIMPLIFIED
Zas | leakage | | CHANNEL SELECT
< - | due to | CIRCUIT ADC SAR
| input | - — = = - —
Ras | I protection | | | RADIN | ENGINE
AA——8 AMA—— 0
| + I T | | O—:—(
| Vaoin | | | |
s | | | |
Vas Cas : | | : | |
| ! T !
= = | = I = = | | |
<= b === N | RADIN '
|E f o—e
|
INPUT PIN I |
| RADIN
|E T o—e
INPUT PIN | '
| RADIN |
|X} ] o—e
INPUTPN T T T = -4 cron

Figure 20. ADC input impedance equivalency diagram

6.6.1.2 16-bit ADC electrical characteristics
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Table 29. 16-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions! Min. Typ.2 Max. Unit Notes
* Avg=32
EL Input leakage error lin x Ras mV lin = leakage
current

(refer to the

MCU's voltage
and current
operating
ratings)
Temp sensor slope | Across the full temperature 1.55 1.62 1.69 mV/°C 8
range of the device
Vtemp2s | Temp sensor voltage |25 °C 706 716 726 mV 8

—

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 ADC_CFG1[ADLPC] (low

power). For lowest power operation, ADC_CFG1[ADLPC] must be set, the ADC_CFG2[ADHSC] bit must be clear with 1

MHz ADC conversion clock speed.

1LSB = (VRrerH - VrerD)/2V

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.

ADC conversion clock < 3 MHz

© N oA

Typical ADC 16-bit Differential ENOB vs ADC Clock
100Hz, 90% FS Sine Input

15.00
14.70
14.40 — |
14.10 — —
——— —_— ]
13.80 ]
o0
CZD 13.50
|
w | —— | — |
13.20
12.90
12.60
—— Hardware Averaging Disabled
12.30 —— Averaging of 4 samples
—— Averaging of 8 samples
12.00 —— Averaging of 32 samples

1 2 3 4 5 6 7 8 9 10 1 12
ADC Clock Frequency (MHz)

Figure 21. Typical ENOB vs. ADC_CLK for 16-bit differential mode
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Table 31. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
* Gain=1, Average=32 11.0 14.3 — bits
e Gain=2, Average=32 7.9 13.8 — bits
¢ Gain=4, Average=32 7.3 13.1 — bits
* Gain=8, Average=32 6.8 12.5 — bits
* Gain=16, Average=32 6.8 115 — bits
¢ Gain=32, Average=32 7.5 10.6 — bits
* Gain=64, Average=32
SINAD |Signal-to-noise See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
ratio

1. Typical values assume Vppp =3.0V, Temp=25°C, fapck=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 (Vcum) 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 32. Comparator and 6-bit DAC electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vbp Supply voltage 1.71 — 3.6 \
IbpHs Supply current, High-speed mode (EN=1, PMODE=1) — — 200 pA
IbpLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 MA
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

Vempon | Output high Vpp - 0.5 — — \Y

Vempol Output low — — 0.5 \Y
tbHs Propagation delay, high-speed mode (EN=1, PMODE=1) 20 50 200 ns
toLs Propagation delay, low-speed mode (EN=1, PMODE=0) 80 250 600 ns

Analog comparator initialization delay? — — 40 ys

Ibaceb 6-bit DAC current adder (enabled) — 7 — MA

Table continues on the next page...
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6.6.3.2 12-bit DAC operating behaviors
Table 34. 12-bit DAC operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa_pacL | Supply current — low-power mode — — 150 A
P
Ipba_pacH | Supply current — high-speed mode — — 700 A
P
tpacLp |Full-scale settling time (0x080 to OxF7F) — — 100 200 ys 1
low-power mode
toacHp | Full-scale settling time (0x080 to OxF7F) — — 15 30 us 1
high-power mode
tcepacLp | Code-to-code settling time (OxBF8 to 0xC08) — 0.7 1 ys 1
— low-power mode and high-speed mode
Vidacoutt | DAC output voltage range low — high-speed — — 100 mV
mode, no load, DAC set to 0x000
Vdacouth | DAC output voltage range high — high- Vbacr — Vpacr 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 — Vpacr > 2 — — +1 LSB 3
\
DNL Differential non-linearity error — Vpacr = — — +1 LSB 4
VREF_OUT
Vorrset | Offset error — +0.4 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 — pVv/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 —
e Low power (SP;p) 0.05 0.12 —
CT Channel to channel cross talk — — -80 dB
BW 3dB bandwidth kHz
* High power (SPyp) 550 — —
* Low power (SP_p) 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 Vpacgr =100 mV
4. The DNL is measured for 0 + 100 mV to Vpacr —100 mV with Vppa > 2.4 V
5. Calculated by a best fit curve from Vgg + 100 mV to Vpacr — 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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device does stretch the LOW period of the SCL signal, then it must output the next data bit to the SDA line tymax + tsu: pat
=1000 + 250 = 1250 ns (according to the Standard mode 12C bus specification) before the SCL line is released.
7. Cy = total capacitance of the one bus line in pF.

C C

tsu; paT™| < ff

»

J - > < tsu; sTA »
tHp; DAT tHiGH

Figure 34. Timing definition for fast and standard mode devices on the I°C bus

6.8.10 UART switching specifications

See General switching specifications.

6.8.11 SDHC 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.

Table 49. SDHC switching specifications over a limited operating voltage

range
Num Symbol | Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Card input clock
SD1 fpp Clock frequency (low speed) 0 400 kHz
fpp Clock frequency (SD\SDIO full speed\high speed) 0 25\50 MHz
fpp Clock frequency (MMC full speed\high speed) 0 20\50 MHz
fop Clock frequency (identification mode) 0 400 kHz
SD2 twi Clock low time 7 — ns
SD3 twH Clock high time 7 — ns
SD4 trLH Clock rise time — 3 ns
SD5 true Clock fall time — 3 ns
SDHC output / card inputs SDHC_CMD, SDHC_DAT (reference to SDHC_CLK)
SD6 top SDHC output delay (output valid) | -5 6.5 | ns
SDHC input / card inputs SDHC_CMD, SDHC_DAT (reference to SDHC_CLK)
SD7 tisu SDHC input setup time 5 — ns
SD8 tiy SDHC input hold time 0 — ns
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Figure 36. 12S/SAl timing — master modes

Table 52. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes
(limited voltage range)

Num. Characteristic Min. Max. Unit
Operating voltage 2.7 3.6 \'
S11 12S_TX_BCLK/12S_RX_BCLK cycle time (input) 80 — ns
S12 12S_TX_BCLK/I12S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)
S13 12S_TX_FS/I2S_RX_FS input setup before 4.5 — ns
12S_TX_BCLK/I2S_RX_BCLK
S14 12S_TX_FS/12S_RX_FS input hold after 2 — ns
12S_TX_BCLK/I2S_RX_BCLK
S15 12S_TX_BCLK to 12S_TXD/I12S_TX_FS output valid ns
* Multiple SAI Synchronous mode o 21
¢ All other modes — 15
S16 12S_TX_BCLK to 12S_TXD/I2S_TX_FS output invalid |0 — ns
S17 12S_RXD setup before 12S_RX_BCLK 4.5 — ns
S18 I12S_RXD hold after 12S_RX_BCLK 2 — ns
S19 I2S_TX_FS input assertion to 12S_TXD output valid! |— 25 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Figure 39. 12S/SAIl timing — slave modes

6.8.12.3 VLPR, VLPW, and VLPS mode performance over the full
operating voltage range

This section provides the operating performance over the full operating voltage for the
device in VLPR, VLPW, and VLPS modes.

Table 55. 12S/SAlI master mode timing in VLPR, VLPW, and VLPS modes
(full voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \"

S1 12S_MCLK cycle time 62.5 — ns

S2 I12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I2S_RX_BCLK cycle time (output) 250 — ns

S4 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% BCLK period

S5 12S_TX_BCLK/I2S_RX_BCLK to 12S_TX_FS/ — 45 ns
12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ 0 — ns
12S_RX_FS output invalid

S7 12S_TX_BCLK to I125_TXD valid — 45 ns

S8 12S_TX_BCLK to I12S_TXD invalid -1.6 — ns

S9 12S_RXD/I2S_RX_FS input setup before 45 — ns
12S_RX_BCLK

S10 12S_RXD/I12S_RX_FS input hold after 2S_RX_BCLK |0 — ns
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Figure 40. 12S/SAl timing — master modes

voltage range)

Table 56. 12S/SAl slave mode timing in VLPR, VLPW, and VLPS modes (full

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \'

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

S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)

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

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

S15 12S_TX_BCLK to 12S_TXD/I12S_TX_FS output valid — 63 ns

S16 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output invalid |0 — ns

S17 12S_RXD setup before 12S_RX_BCLK 30 — ns

S18 I12S_RXD hold after I2S_RX_BCLK 2 — ns

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

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Pinout
144 |  PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
MAP
BGA
L3 | DACO_OUT/ | DACO_OUT/ | DACo_OUT/
CMP1_IN3/ | CMP1_IN3/ | CMP1_IN3/
ADC0_SE23 | ADC0_SE23 | ADCO_SE23
L4 | DAC1_OUT/ | DAC1_OUT/ | DACi_OUT/
CMPO_IN4/ | CMPO_IN4/ | CMPOQ_IN4/
CMP2_IN3/ | CMP2_IN3/ | CMP2_IN3/
ADC1_SE23 | ADC1_SE23 | ADC1_SE23
L5 | TAMPERO/ | TAMPERO/ | TAMPERO/
RTC_ RTC_ RTC_
WAKEUP_B | WAKEUP_B | WAKEUP_B
K5 | TAMPER1 TAMPERT TAMPERT
K4 | TAMPER? TAMPER?2 TAMPER2
J4 | TAMPER3 TAMPER3 TAMPER3
H4 | TAMPER4 TAMPER4 TAMPER4
M4 | TAMPER5 TAMPERS TAMPER5S
M7 | XTAL32 XTAL32 XTAL32
M6 | EXTAL32 EXTAL32 EXTAL32
L6 | VBAT VBAT VBAT
J5 | PTAO JTAG_TCLK/ | TSI0_CH1 PTAO UART0_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ b/ SWD_CLK
EZP_CLK UARTO0_COL_
b
J6 | PTA1 JTAG_TDI/ | TSI0_CH2 PTA1 UARTO_RX | FTMO_CHS JTAG_TDI EZP DI
EZP DI
K6 | PTA2 JTAG_TDO/ | TSI0_CH3 PTA2 UARTO_TX | FTMO_CH7 JTAG_TDO/ | EZP_DO
TRACE_SWO/ TRACE_SWO
EZP DO
K7 | PTA3 JTAG_TMS/ | TSI0_CH4 PTA3 UART0_RTS_ | FTM0_CHO JTAG_TMS/
SWD_DIO b SWD_DIO
L7 | PTA4/ NMI_b/ TSI0_CH5 PTA4/ FTM0_CH1 NMI_b EZP CS b
LLWU_P3 EZP CS b LLWU_P3
M8 | PTA5 DISABLED PTAS USB_CLKIN | FTMO_CH2 | RMIIO_RXER/ | CMP2_OUT | 1250_TX_ JTAG_TRST_
MIIO_RXER BCLK b
E7 | VDD VDD VDD
G7 | VSS VSS VSS
J7 | PTA6 ADC3_SE6a | ADC3_SE6a | PTA6 ULPI_CLK FTM0_CH3 | 1251_RXD0 TRACE_
CLKOUT
J8 | PTA7 ADC0_SE10 | ADCO_SE10 | PTA7 ULPI_DIR FTMO_CH4 | 1251_RX_ TRACE_D3
BCLK
K8 | PTA8 ADCO_SE11 | ADCO_SE11 | PTA8 ULPILNXT FTM1_CHO | 12S1_RX_FS FTM1_QD_ | TRACE_D?
PHA
L8 | PTA9 ADC3_SE5a | ADC3_SE5a | PTA9 ULPI_STP FTM1_CH1 | MII0_RXD3 FTM1_QD_ | TRACE_D1
PHB
M9 | PTA10 ADC3_SE4a | ADC3_SE4a | PTA10 ULPI_DATAO | FTM2_CHO | MIlo_RXD2 FTM2_QD_ | TRACE_DO
PHA
L9 | PTAN ADC3_SE15 | ADC3_SE15 | PTA11 ULPI_DATAT | FTM2_CH1 | MIIO_RXCLK FTM2_QD_
PHB
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