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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
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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.
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Active
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Communication interfaces

— Ethernet controller with MIl and RMII interface to external PHY and hardware IEEE 1588 capability
USB high-/full-/low-speed On-the-Go controller with ULPI interface
USB full-/low-speed On-the-Go controller with on-chip transceiver
USB Device Charger detect (USBDCD)

Two Controller Area Network (CAN) modules

— Three SPI modules

— Two 12C modules

— Six UART modules

— Secure Digital Host Controller (SDHC)

— Two I12S modules
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3.4 Relationship between ratings and operating requirements
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3.5 Guidelines for ratings and operating requirements

Follow these guidelines for ratings and operating requirements:

* Never exceed any of the chip’s ratings.

* During normal operation, don’t exceed any of the chip’s operating requirements.
* If you must exceed an operating requirement at times other than during normal
operation (for example, during power sequencing), limit the duration as much as

possible.

4 Ratings

4.1 Thermal handling ratings

Symbol | Description Min Max. Unit Notes
Tsta Storage temperature -55 150 °C
Tspr Solder temperature, lead-free — 260 °C 2

1. Determined according to JEDEC Standard JESD22-A103, High Temperature Storage Life.

2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic

Solid State Surface Mount Devices.

K60 Sub-Family, Rev.6, 09/2015.
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General
Table 5. Power mode transition operating behaviors
Symbol | Description Min. Max. Unit Notes
tror After a POR event, amount of time from the point Vpp 1
reaches 1.71 V to execution of the first instruction
across the operating temperature range of the chip.
— 300 WS
* Vpp slew rate > 5.7 kV/s
e Vpp slew rate < 5.7 kV/s o 1.7V/ (Voo
slew rate)
« VLLS1 > RUN - 160 us
* VLLS2 — RUN - 114 Hs
* VLLS3 > RUN - 114 Hs
« LLS > RUN - 50 bs
* VLPS - RUN - 5 Hs
« STOP > RUN - 48 b
1. Normal boot (FTFE_FOPT[LPBOOT]=1)
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 @1.8V — 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
* @ 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
Ipo_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
e @ -40to 25°C — 1.25 1.62 mA
— 2.93 4.39 mA
Table continues on the next page...
K60 Sub-Family, Rev.6, 09/2015.
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Table 9. Device clock specifications (continued)
Symbol Description Min. Max. Unit Notes
feus Bus clock — 4 MHz
FB_CLK FlexBus clock — 4 MHz
fELASH Flash clock — 0.5 MHz
fLPTMR LPTMR clock _— 4 MHz

1. The frequency limitations in VLPR mode here override any frequency specification listed in the timing specification for any
other module.

5.3.2 General switching specifications

These general purpose specifications apply to all pins configured for:
* GPIO signaling
 Other peripheral module signaling not explicitly stated elsewhere

Table 10. General switching specifications

Symbol | Description Min. Max. Unit Notes
GPIO pin interrupt pulse width (digital glitch filter 1.5 — Bus clock 1,2
disabled) — Synchronous path cycles
GPIO pin interrupt pulse width (digital glitch filter 100 — ns 3
disabled, analog filter enabled) — Asynchronous path
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
* 171 <Vpp 2.7V — 14 ns
e 27<Vpp=3.6V — 8 ns
¢ Slew enabled
e 1.71<Vpp 2.7V — 36 ns
e 27<Vpp=3.6V — 24 ns
Port rise and fall time (low drive strength) 5

¢ Slew disabled

e 1.71<Vpp 2.7V — 14 ns

e 27<Vpp=3.6V — 8 ns
¢ Slew enabled

e 1.71<Vpp 2.7V — 36 ns

e 27<Vpp<3.6V — 24 ns

Table continues on the next page...
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5.4 Thermal specifications

5.4.1 Thermal operating requirements
Table 11. Thermal operating requirements

Symbol Description Min Max. Unit
T, Die junction temperature -40 125 °C
Ta Ambient temperature’ -40 105 °C

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

Ty =Ta + Rgya x chip power dissipation

5.4.2 Thermal attributes

Board type

Symbol

Description

144 LQFP

144 MAPBGA

Unit

Notes

Single-layer

(1s)

Reua

Thermal
resistance,
junction to
ambient (natural
convection)

45

50

°C/W

Four-layer
(2s2p)

Reua

Thermal
resistance,
junction to
ambient (natural
convection)

36

30

°C/W

Single-layer

(1s)

Resma

Thermal
resistance,
junction to
ambient (200 ft./
min. air speed)

36

41

°C/W

13

Four-layer
(2s2p)

Reuma

Thermal
resistance,
junction to
ambient (200 ft./
min. air speed)

30

27

°C/W

13

Ress

Thermal
resistance,
junction to
board

24

17

°C/W

Resc

Thermal
resistance,
junction to case

10

°C/W

Yor

Thermal
characterization

K60 Sub-Family, Rev.6, 09/2015.

°C/W
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renpheral operating requirements and behaviors

Table 12. Debug trace operating behaviors (continued)

Symbol Description Min. Max. Unit
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

4 Tcyc >
Figure 5. TRACE_CLKOUT specifications
TRACE_CLKOUT / X #

race oo N OGN @

Figure 6. Trace data specifications

6.1.2 JTAG electricals

Table 13. JTAG limited voltage range electricals

Symbol Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Ji TCLK frequency of operation MHz
¢ Boundary Scan 0 10
e JTAG and CJTAG 0 25
¢ Serial Wire Debug 0 50
J2 TCLK cycle period 1/J1 — ns
J3 TCLK clock pulse width
¢ Boundary Scan 50 — ns
¢ JTAG and CJTAG 20 — ns
* Serial Wire Debug 10 — ns

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

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 Yofdco 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
fil_ret FLL reference frequency range 31.25 — 39.0625 kHz
faco DCO output Low range (DRS=00) 20 20.97 25 MHz 2,3
frequency range
quencyrang 640 X foy_re
Mid range (DRS=01) 40 41.94 50 MHz
1280 x ffILref
Mid-high range (DRS=10) 60 62.91 75 MHz
1920 x ffILref
High range (DRS=11) 80 83.89 100 MHz
2560 x ffILref
faco_t_pmxaz2 | DCO output Low range (DRS=00) — 23.99 — MHz 4,5
frequenc
g y 732 X fi1_ref
Mid range (DRS=01) — 47.97 — MHz
1464 x ff"_ref
Mid-high range (DRS=10) — 71.99 — MHz
2197 x ff"_ref
High range (DRS=11) — 95.98 — MHz
2929 x ff"_ref
Jeye s |FLL period jitter . 180 . ps

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

6.3.2 Oscillator electrical specifications

6.3.2.1 Oscillator DC electrical specifications
Table 16. Oscillator DC electrical specifications

Symbol | Description Min. Typ. Max. Unit Notes
Vpp Supply voltage 1.71 — 3.6 Vv
loposc | Supply current — low-power mode (HGO=0) 1
e 32kHz — 500 — nA
e 4 MHz — 200 — HA
¢ 8 MHz (RANGE=01) — 300 — pA
* 16 MHz — 950 — pA
* 24 MHz — 1.2 — mA
e 32 MHz — 1.5 — mA
Iobosc | Supply current — high-gain mode (HGO=1) 1
e 32 kHz — 25 — pA
* 4 MHz — 400 — A
* 8 MHz (RANGE=01) — 500 — pA
* 16 MHz — 25 — mA
* 24 MHz — 3 — mA
* 32 MHz — 4 — 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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Peripheral operating requirements and behaviors

6.4.1.3 Flash high voltage current behaviors

Table 22. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit
Ipp_paM Average current — 3.5 7.5 mA
adder during high
voltage flash
programming
operation
Ibp_ERS Average current — 1.5 4.0 mA
adder during high
voltage flash erase
operation
6.4.1.4 Reliability specifications
Table 23. NVM reliability specifications
Symbol | Description | Min. | Typ.! Max. | Unit | Notes
Program Flash
thvmretpiok | Data retention after up to 10 K cycles 5 50 — years
tmretptk | Data retention after up to 1 K cycles 20 100 — years
Nvmeyep | CYcling endurance 10K 50 K — cycles 2
Data Flash
thmretdiok | Data retention after up to 10 K cycles 5 50 — years
twmretdik | Data retention after up to 1 K cycles 20 100 — years
Nrvmeyed | CYcling endurance 10K 50 K — cycles 2
FlexRAM as EEPROM
thvmretee100 | Data retention up to 100% of write endurance 5 50 — years
thmretee1o | Data retention up to 10% of write endurance 20 100 — years
Nnvmeycee | CYcling endurance for EEPROM backup 20K 50 K — cycles
Write endurance
Nnvmwree16 ¢ EEPROM backup to FlexRAM ratio = 16 70 K 175 K — writes
Nnvmwree128 e EEPROM backup to FlexRAM ratio = 128 630 K 1.6 M — writes
Nnvmwree512 ¢ EEPROM backup to FlexRAM ratio = 512 25M 6.4 M — writes
Nnvmwree2k ¢ EEPROM backup to FlexRAM ratio = 2,048 10M 25 M — writes

1. Typical data retention values are based on measured response accelerated at high temperature and derated to a constant
25°C use profile. Engineering Bulletin EB618 does not apply to this technology. Typical endurance defined in Engineering
Bulletin EB619.

2. Cycling endurance represents number of program/erase cycles at -40°C < T; < 125°C.
Write endurance represents the number of writes to each FlexRAM location at -40°C <Tj < 125°C influenced by the cycling

endurance of the FlexNVM and the allocated EEPROM backup per subsystem. Minimum and typical values assume all 16-

bit or 32-bit writes to FlexRAM; all 8-bit writes result in 50% less endurance.

K60 Sub-Family, Rev.6, 09/2015.
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Peripheral operating requirements and behaviors

T
Ty = (1 - SCALER/2) x —¥¢

For example, if SCALER is 0.2, then Ty = Ty, = Tngc/2.

Trc
Ty, T

L

However, if SCALER is 0.667, then T} = 2/3 X Tygc and Ty = 1/3 x Tnge.

Tnre
TH TL

I

NOTE
The reciprocal of SCALER must be a multiple of 0.5. For
example, 1, 1.5, 2, 2.5, etc.

Table 25. NFC specifications

Num Description Min. Max. Unit
toLs NFC_CLE setup time 2Ty + T -1 — ns
toLH NFC_CLE hold time T+ T -1 — ns
tcs NFC_CERn setup time 2T+ T -1 — ns
tcH NFC_CERn hold time Th+TL — ns
twp NFC_WP pulse width T -1 — ns
taLs NFC_ALE setup time 2Ty + T — ns
tALH NFC_ALE hold time Th+TL — ns
tbs Data setup time T -1 — ns
toH Data hold time Ty-1 — ns
twe Write cycle time Th+ 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

K60 Sub-Family, Rev.6, 09/2015.
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Peripheral operating requirements and behaviors

NFC_CEn \ ;' e '; \ ;' = b/
: tRP . tREH : i
NFC_RE A X T\
:q—y'tls
NFC_IOn ; S data / ()w
L
NFC_RB Y

NFC_CEn \ ;' e '; \ ;' . "
: tRP . tREH : i
NFC_RE \_NS_/ \_#
i H tIS
NFC_IOn @ data )>——_data )
< tRR >
NFC_RB Y

Figure 17. Read data latch cycle timing in fast mode

6.4.4 Flexbus switching specifications

All processor bus timings are synchronous; input setup/hold and output delay are given in
respect to the rising edge of a reference clock, FB_CLK. The FB_CLK frequency may be
the same as the internal system bus frequency or an integer divider of that frequency.

The following timing numbers indicate when data is latched or driven onto the external
bus, relative to the Flexbus output clock (FB_CLK). All other timing relationships can be
derived from these values.

Table 26. Flexbus limited voltage range switching specifications

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \'%
Frequency of operation — FB_CLK MHz

FB1 Clock period 20 — ns

Table continues on the next page...
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Table 29. 16-bit ADC characteristics (VrRern = Vbpas VRerL = Vssa) (continued)

Symbol | Description Conditions! Min. | Typ.2 | Max. Unit Notes
(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.

1 LSB = (Vrern - VReru)/2N

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 —_—
om
CZD 13.50
L | — | I e
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 11 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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DAC12 INL (LSB)
o
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Digital Code

Figure 25. Typical INL error vs. digital code
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6.8.6 CAN switching specifications

See General switching specifications.

6.8.7 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 44. Master mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit Notes
Operating voltage 2.7 3.6 \Y
Frequency of operation — 30 MHz
DSH DSPI_SCK output cycle time 2 x tgus — ns
DS2 DSPI_SCK output high/low time (tsck/2) — 2 | (tsck/2) + 2 ns
DS3 DSPI_PCSn valid to DSPI_SCK delay (tsus 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_PCSh X N X
:l DS3 I: :' DS2 ': :' DS ':‘ DS4 '
DSPI_SCK /—\_/Sm
| DS8 | l

(cPOL=0) Ty :
ospLSIN (e

1 DS5 |

“—’ ' DS6
DSPI_SOUT X First data Xj Data X Last data X

Figure 30. DSPI classic SPI timing — master mode
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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

K60 Sub-Family, Rev.6, 09/2015.
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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.

6.8.12.1 Normal Run, Wait and Stop mode performance over a limited
operating voltage range

This section provides the operating performance over a limited operating voltage for the
device in Normal Run, Wait and Stop modes.

Table 51. 12S/SAl master mode timing in Normal Run, Wait and Stop modes
(limited voltage range)

Num. Characteristic Min. Max. Unit

Operating voltage 2.7 3.6 Vv

S 12S_MCLK cycle time 40 — ns

S2 12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/12S_RX_BCLK cycle time (output) 80 — 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/ — 15 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 12S_TXD valid — 15 ns

S8 12S_TX_BCLK to 12S_TXD invalid 0 — ns

S9 12S_RXD/I2S_RX_FS input setup before 15 — ns
12S_RX_BCLK

S10 12S_RXD/I12S_RX_FS input hold after 2S_RX_BCLK |0 — ns

K60 Sub-Family, Rev.6, 09/2015.
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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

K60 Sub-Family, Rev.6, 09/2015.
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