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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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• Communications interfaces
– Up to three Low Power Universal Asynchronous Receiver/Transmitter (LPUART/LIN) modules with DMA support

and low power availability
– Up to three Low Power Serial Peripheral Interface (LPSPI) modules with DMA support and low power availability
– Up to two Low Power Inter-Integrated Circuit (LPI2C) modules with DMA support and low power availability
– Up to three FlexCAN modules (with optional CAN-FD support)
– FlexIO module for emulation of communication protocols and peripherals (UART, I2C, SPI, I2S, LIN, PWM, etc).
– Up to one 10/100Mbps Ethernet with IEEE1588 support and two Synchronous Audio Interface (SAI) modules.

• Safety and Security
– Cryptographic Services Engine (CSEc) implements a comprehensive set of cryptographic functions as described in the

SHE (Secure Hardware Extension) Functional Specification. Note: CSEc (Security) or EEPROM writes/erase will
trigger error flags in HSRUN mode (112 MHz) because this use case is not allowed to execute simultaneously. The
device will need to switch to RUN mode (80 MHz) to execute CSEc (Security) or EEPROM writes/erase.

– 128-bit Unique Identification (ID) number
– Error-Correcting Code (ECC) on flash and SRAM memories
– System Memory Protection Unit (System MPU)
– Cyclic Redundancy Check (CRC) module
– Internal watchdog (WDOG)
– External Watchdog monitor (EWM) module

• Timing and control
– Up to eight independent 16-bit FlexTimers (FTM) modules, offering up to 64 standard channels (IC/OC/PWM)
– One 16-bit Low Power Timer (LPTMR) with flexible wake up control
– Two Programmable Delay Blocks (PDB) with flexible trigger system
– One 32-bit Low Power Interrupt Timer (LPIT) with 4 channels
– 32-bit Real Time Counter (RTC)

• Package
– 32-pin QFN, 48-pin LQFP, 64-pin LQFP, 100-pin LQFP, 100-pin MAPBGA, 144-pin LQFP, 176-pin LQFP package

options

• 16 channel DMA with up to 63 request sources using DMAMUX
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General

4.1 Absolute maximum ratings

NOTE
• Functional operating conditions appear in the DC electrical

characteristics. Absolute maximum ratings are stress
ratings only, and functional operation at the maximum
values is not guaranteed. See footnotes in the following
table for specific conditions.

• Stress beyond the listed maximum values may affect device
reliability or cause permanent damage to the device.

• All the limits defined in the datasheet specification must be
honored together and any violation to any one or more will
not guarantee desired operation.

• Unless otherwise specified, all maximum and minimum
values in the datasheet are across process, voltage, and
temperature.

Table 1. Absolute maximum ratings

Symbol Parameter Conditions1 Min Max Unit

VDD
2 2.7 V - 5. 5V input supply voltage — -0.3 5.8 3 V

VREFH 3.3 V / 5.0 V ADC high reference voltage — -0.3 5.8 3 V

IINJPAD_DC_ABS
4 Continuous DC input current (positive /

negative) that can be injected into an I/O
pin

— -3 +3 mA

VIN_DC Continuous DC Voltage on any I/O pin
with respect to VSS

— -0.8 5.85 V

IINJSUM_DC_ABS Sum of absolute value of injected currents
on all the pins (Continuous DC limit)

— — 30 mA

Tramp
6 ECU supply ramp rate — 0.5 V/min 500 V/ms —

Tramp_MCU
7 MCU supply ramp rate — 0.5 V/min 100 V/ms —

TA
8 Ambient temperature — -40 125 °C

TSTG Storage temperature — -55 165 °C

VIN_TRANSIENT Transient overshoot voltage allowed on
I/O pin beyond VIN_DC limit

— — 6.8 9 V

1. All voltages are referred to VSS unless otherwise specified.
2. As VDD varies between the minimum value and the absolute maximum value the analog characteristics of the I/O and the

ADC will both change. See section I/O parameters and ADC electrical specifications respectively for details.
3. 60 s lifetime – No restrictions i.e. The part can switch.

10 hours lifetime – Device in reset i.e. The part cannot switch.

4
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4.4 Power and ground pins
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Figure 5. Pinout decoupling
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Figure 6. Power diagram

4.5 LVR, LVD and POR operating requirements
Table 5. VDD supply LVR, LVD and POR operating requirements

Symbol Description Min. Typ. Max. Unit Notes

VPOR Rising and falling VDD POR detect voltage 1.1 1.6 2.0 V

VLVR LVR falling threshold (RUN, HSRUN, and
STOP modes)

2.50 2.58 2.7 V

VLVR_HYST
LVR hysteresis — 45 — mV 1

VLVR_LP LVR falling threshold (VLPS/VLPR modes) 1.97 2.22 2.44 V

VLVD Falling low-voltage detect threshold 2.8 2.875 3 V

VLVD_HYST
LVD hysteresis — 50 — mV 1

Table continues on the next page...
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Table 7. Power consumption (Typicals unless stated otherwise) 1 (continued)
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Max 1637 1694 3.1 3.21 NA 12.7 13.7 25 32.9 30.7 38.8 36 43.8 NA 450

S32K144 25 Typ 29.8 42 1.48 1.50 2.91 7 7.7 19.7 26.9 25.1 33.3 30.2 39.6 43.3 55.6 378

85 Typ 150 159 1.72 1.85 3.08 7.2 8.1 20.4 27.1 26.1 33.5 30.5 40 43.9 56.1 381

Max 359 384 2.60 2.65 NA 9.2 9.9 23.2 29.6 29.3 36.2 34.8 42.1 46.3 59.7 435

105 Typ 256 273 1.80 2.10 3.23 7.8 8.5 20.6 27.4 26.6 33.8 31.2 40.5 44.8 57.1 390

Max 850 900 2.65 2.70 NA 10.3 11.1 23.9 30.6 30.3 37.3 35.6 43.5 47.9 61.3 445

125 Typ NA NA NA NA 3.65 NA NA NA NA NA NA NA NA NA NA

Max 1960 1998 3.18 3.25 NA 12.9 13.8 26.9 33.6 35 40.3 38.7 46.8 NA 484

S32K146 25 Typ 37 47 1.57 1.61 3.3 8 9.2 23.4 31.4 30.5 40.2 36.2 47.6 52 68.3 452

85 Typ 207 209 1.79 1.83 3.54 8.9 10.1 24.4 32.4 31.5 41.3 37.2 48.7 53.3 69.8 465

Max 974 981 3.32 3.38 NA 12.7 13.9 29.3 37.9 36.7 47 42.4 54.4 60.3 78 530

105 Typ 419 422 1.99 2.04 3.78 9.8 11 25.3 33.4 32.5 42.2 38.1 49.6 54.4 70.8 477

Max 2004 2017 4.06 4.13 NA 17.1 18.3 34.1 42.6 41.3 51.4 46.9 58.8 65.7 82.8 587

125 Typ NA NA NA NA 4.44 NA NA NA NA NA NA NA NA NA NA

Max 3358 3380 5.28 5.38 NA 22.6 23.7 40.2 48.8 47.3 57.4 52.8 64.8 NA 660

S32K1488 25 Typ 38 54 2.17 2.20 3.45 8.5 9.6 27.6 34.9 35.5 45.3 42.1 57.7 60.3 83.3 526

85 Typ 336 357 2.30 2.35 3.74 10.1 11.1 29.1 37.0 36.8 46.6 43.4 59.9 62.9 88.7 543

Table continues on the next page...
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The following table shows the power consumption targets for S32K148 in various mode
of operations measure at 3.3 V.

Table 9. Power consumption at 3.3 V

Chip/Device Ambient
Temperature

(°C)

RUN@80 MHz (mA) HSRUN@112 MHz (mA)1

Peripherals
enabled +

QSPI

Peripherals
enabled +

ENET + SAI

Peripherals
enabled +

QSPI

Peripherals
enabled +

ENET + SAI

S32K148 25 Typ 67.3 79.1 89.8 105.5

85 Typ 67.4 79.2 95.6 105.9

Max 82.5 88.2 109.7 117.4

105 Typ 68.0 79.8 96.6 106.7

Max 80.3 89.1 109.0 119.0

125 Max 83.5 94.7 NA

1. HSRUN mode must not be used at 125°C. Max ambient temperature for HSRUN mode is 105°C.

4.8 ESD handling ratings

Symbol Description Min. Max. Unit Notes

VHBM Electrostatic discharge voltage, human body model − 4000 4000 V 1

VCDM Electrostatic discharge voltage, charged-device model 2

All pins except the corner pins − 500 500 V

Corner pins only − 750 750 V

ILAT Latch-up current at ambient temperature of 125 °C − 100 100 mA 3

1. Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human Body
Model (HBM).

2. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.

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

4.9 EMC radiated emissions operating behaviors

EMC measurements to IC-level IEC standards are available from NXP on request.

General
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5.3 DC electrical specifications at 3.3 V Range

NOTE
For details on the pad types defined in Table 11 and Table 12,
see Reference Manual section IO Signal Table and IO Signal
Description Input Multiplexing sheet(s) attached with
Reference Manual.

Table 11. DC electrical specifications at 3.3 V Range

Symbol Parameter Value Unit Notes

Min. Typ. Max.

VDD I/O Supply Voltage 2.7 3.3 4 V 1

Vih Input Buffer High Voltage 0.7 × VDD — VDD + 0.3 V 2

Vil Input Buffer Low Voltage VSS − 0.3 — 0.3 × VDD V 3

Vhys Input Buffer Hysteresis 0.06 × VDD — — V

IohGPIO

IohGPIO-HD_DSE_0

I/O current source capability measured when
pad Voh = (VDD − 0.8 V)

3.5 — — mA

IolGPIO

IolGPIO-HD_DSE_0

I/O current sink capability measured when
pad Vol = 0.8 V

3 — — mA

IohGPIO-HD_DSE_1 I/O current source capability measured when
pad Voh = (VDD − 0.8 V)

14 — — mA 4

IolGPIO-HD_DSE_1 I/O current sink capability measured when
pad Vol = 0.8 V

12 — — mA 4

IohGPIO-FAST_DSE_0 I/O current sink capability measured when
pad Voh=VDD-0.8 V

9.5 — — mA 5

IolGPIO-FAST_DSE_0 I/O current sink capability measured when
pad Vol = 0.8 V

10 — — mA 5

IohGPIO-FAST_DSE_1 I/O current sink capability measured when
pad Voh=VDD-0.8 V

16 — — mA 5

IolGPIO-FAST_DSE_1 I/O current sink capability measured when
pad Vol = 0.8 V

15.5 — — mA 5

IOHT Output high current total for all ports — — 100 mA

IIN Input leakage current (per pin) for full temperature range at VDD = 3.3 V 6

All pins other than high drive port pins 0.005 0.5 μA

High drive port pins 7 0.010 0.5 μA

RPU Internal pullup resistors 20 60 kΩ 8

RPD Internal pulldown resistors 20 60 kΩ 9

1. S32K148 will operate from 2.7 V when executing from internal FIRC. When the PLL is engaged S32K148 is guaranteed to
operate from 2.97 V. All other S32K family devices operate from 2.7 V in all modes.

2. For reset pads, same Vih levels are applicable
3. For reset pads, same Vil levels are applicable
4. The value given is measured at high drive strength mode. For value at low drive strength mode see the Ioh_Standard

value given above.
5. For refernce only. Run simulations with the IBIS model and custom board for accurate results.

I/O parameters
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Table 14. AC electrical specifications at 5 V Range (continued)

Symbol DSE Rise time (nS)1 Fall time (nS) 1 Capacitance (pF) 2

Min. Max . Min. Max.

17.3 54.8 17.6 59.7 200

1 1.1 4.6 1.1 5.0 25

2.0 5.7 2.0 5.8 50

5.4 16.0 5.0 16.0 200

tRFGPIO-FAST 0 0.42 2.2 0.37 2.2 25

2.0 5.0 1.9 5.2 50

9.3 18.8 8.5 19.3 200

1 0.37 0.9 0.35 0.9 25

1.2 2.7 1.2 2.9 50

6.0 11.8 6.0 12.3 200

1. For reference only. Run simulations with the IBIS model and your custom board for accurate results.
2. Maximum capacitances supported on Standard IOs. However interface or protocol specific specifications might be

different, for example for ENET, QSPI etc. . For protocol specific AC specifications, see respective sections.

5.7 Standard input pin capacitance
Table 15. Standard input pin capacitance

Symbol Description Min. Max. Unit

CIN_D Input capacitance: digital pins — 7 pF

NOTE
Please refer to External System Oscillator electrical
specifications for EXTAL/XTAL pins.

5.8 Device clock specifications
Table 16. Device clock specifications 1

Symbol Description Min. Max. Unit

High Speed run mode2

fSYS System and core clock — 112 MHz

fBUS Bus clock — 56 MHz

fFLASH Flash clock — 28 MHz

Normal run mode (S32K11x series)

fSYS System and core clock — 48 MHz

fBUS Bus clock — 48 MHz

Table continues on the next page...

I/O parameters
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Single input comparator
(EXTAL WAVE) Mux

ref_clk

Differential input comparator
(HG/LP mode)

Peak detector
   LP mode

    Driver
(HG/LP mode)

Pull down resistor (OFF)

ESD PAD
280 ohms

ESD PAD
40 ohms

EXTAL pin XTAL pin

Series resistor for current 
limitation

Crystal or resonatorC1 C2

1M ohms Feedback Resistor

Figure 8. Oscillator connections scheme

Table 17. External System Oscillator electrical specifications

Symbol Description Min. Typ. Max. Unit Notes

gmXOSC Crystal oscillator transconductance

SCG_SOSCCFG[RANGE]=2'b10 for 4-8 MHz 2.2 — 13.7 mA/V

SCG_SOSCCFG[RANGE]=2'b11 for 8-40 MHz 16 — 47 mA/V

VIL Input low voltage — EXTAL pin in external clock mode VSS — 1.15 V

VIH Input high voltage — EXTAL pin in external clock
mode

0.7 * VDD — VDD V

C1 EXTAL load capacitance — — — 1

C2 XTAL load capacitance — — — 1

RF Feedback resistor 2

Low-gain mode (HGO=0) — — — MΩ

Table continues on the next page...

Clock interface modules
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6.3.1.1 Flash timing specifications — commands
Table 23. Flash command timing specifications for S32K14x

Symbol Description1 S32K142 S32K144 S32K146 S32K148

Typ Max Typ Max Typ Max Typ Max Unit Notes

trd1blk Read 1 Block
execution time

32 KB flash — — — — — — — — ms

64 KB flash — 0.5 — 0.5 — 0.5 — —

128 KB flash — — — — — — — —

256 KB flash — 2 — — — — — —

512 KB flash — — — 1.8 — 2 — 2

trd1sec Read 1 Section
execution time

2 KB flash — 75 — 75 — 75 — 75 µs

4 KB flash — 100 — 100 — 100 — 100

tpgmchk Program Check
execution time

— — 95 — 95 — 95 — 100 µs

tpgm8 Program Phrase
execution time

— 90 225 90 225 90 225 90 225 µs

tersblk Erase Flash
Block execution
time

32 KB flash — — — — — — — — ms 2

64 KB flash 30 550 30 550 30 550 — —

128 KB flash — — — — — — — —

256 KB flash 250 2125 — — — — — —

512 KB flash — — 250 4250 250 4250 250 4250

tersscr Erase Flash
Sector execution
time

— 12 130 12 130 12 130 12 130 ms 2

tpgmsec1k Program Section
execution time
(1KB flash)

— 5 — 5 — 5 — 5 — ms

trd1all Read 1s All
Block execution
time

— — 2.8 — 2.3 — 5.2 — 8.2 ms

trdonce Read Once
execution time

— — 30 — 30 — 30 — 30 µs

tpgmonce Program Once
execution time

— 90 — 90 — 90 — 90 — µs

tersall Erase All Blocks
execution time

— 250 2800 400 4900 700 10000 1400 17000 ms 2

tvfykey Verify Backdoor
Access Key
execution time

— — 35 — 35 — 35 — 35 µs

tersallu Erase All Blocks
Unsecure
execution time

— 250 2800 400 4900 700 10000 1400 17000 ms 2

tpgmpart Program
Partition for
EEPROM
execution time

32 KB
EEPROM
backup

70 — 70 — 70 — — — ms 3

64 KB
EEPROM
backup

71 — 71 — 71 — 150 —

Table continues on the next page...

Memory and memory interfaces
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Table 25. NVM reliability specifications (continued)

Symbol Description Min. Typ. Max. Unit Notes

When using FlexMemory feature : FlexRAM as Emulated EEPROM

tnvmretee Data retention 5 — — years 4

nnvmwree16

nnvmwree256

Write endurance
• EEPROM backup to FlexRAM ratio = 16
• EEPROM backup to FlexRAM ratio = 256

100 K

1.6 M

—

—

—

—

writes

writes

5, 6, 7

1. Data retention period per block begins upon initial user factory programming or after each subsequent erase.
2. Program and Erase for PFlash and DFlash are supported across product temperature specification in Normal Mode (not

supported in HSRUN mode).
3. Cycling endurance is per DFlash or PFlash Sector.
4. Data retention period per block begins upon initial user factory programming or after each subsequent erase. Background

maintenance operations during normal FlexRAM usage extend effective data retention life beyond 5 years.
5. FlexMemory write endurance specified for 16-bit and/or 32-bit writes to FlexRAM and is supported across product

temperature specification in Normal Mode (not supported in HSRUN mode). Greater write endurance may be achieved
with larger ratios of EEPROM backup to FlexRAM.

6. For usage of any EEE driver other than the FlexMemory feature, the endurance spec will fall back to the specified
endurance value of the D-Flash specification (1K).

7. FlexMemory calculator tool is available at NXP web site for help in estimation of the maximum write endurance achievable
at specific EEPROM/FlexRAM ratios. The “In Spec” portions of the online calculator refer to the NVM reliability
specifications section of data sheet. This calculator is only applies to the FlexMemory feature.

6.3.2 QuadSPI AC specifications

The following table describes the QuadSPI electrical characteristics.

• Measurements are with maximum output load of 25 pF, input transition of 1 ns and
pad configured with fastest slew settings (DSE = 1'b1).

• I/O operating voltage ranges from 2.97 V to 3.6 V
• While doing the mode transition (RUN -> HSRUN or HSRUN -> RUN ), the

interface should be OFF.
• Add 50 ohm series termination on board in QuadSPI SCK for Flash A to avoid loop

back reflection when using in Internal DQS (PAD Loopback) mode.
• QuadSPI trace length should be 3 inches.
• For non-Quad mode of operation if external device doesn’t have pull-up feature,

external pull-up needs to be added at board level for non-used pads.
• With external pull-up, performance of the interface may degrade based on load

associated with external pull-up.

Memory and memory interfaces
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Table 32. LPSPI electrical specifications1 (continued)

Num Symbol Description Conditions Run Mode2 HSRUN Mode2 VLPR Mode Unit

5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

8 ta Slave access
time

Slave - 50 - 50 - 50 - 50 - 100 - 100 ns

9 tdis Slave MISO
(SOUT)
disable time

Slave - 50 - 50 - 50 - 50 - 100 - 100 ns

10 tv Data valid
(after SPSCK
edge)

Slave - 30 - 39 - 26 - 36 11

31 12

- 92 - 96 ns

Master - 12 - 16 - 11 - 15 - 47 - 48

Master
Loopback5

- 12 - 16 - 11 - 15 - 47 - 48

Master
Loopback(slow)6

- 8 - 10 - 7 - 9 - 44 - 44

11 tHO Data hold
time(outputs)

Slave 4 - 4 - 4 - 4 - 4 - 4 - ns

Master -15 - -22 - -15 - -23 - -22 - -29 -

Master
Loopback5

-10 - -14 - -10 - -14 - -14 - -19 -

Master
Loopback(slow)6

-15 - -22 - -15 - -22 - -21 - -27 -

12 tRI/FI Rise/Fall time
input

Slave - 1 - 1 - 1 - 1 - 1 - 1 ns

Master - - - - - -

Master
Loopback5

- - - - - -

Master
Loopback(slow)6

- - - - - -

13 tRO/FO Rise/Fall time
output

Slave - 25 - 25 - 25 - 25 - 25 - 25 ns

Master - - - - - -

Master
Loopback 5

- - - - - -

Table continues on the next page...
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Table 32. LPSPI electrical specifications1 (continued)

Num Symbol Description Conditions Run Mode2 HSRUN Mode2 VLPR Mode Unit

5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Master
Loopback(slow)
6

- - - - - -

1. Trace length should not exceed 11 inches for SCK pad when used in Master loopback mode.
2. While transitioning from HSRUN mode to RUN mode, LPSPI output clock should not be more than 14 MHz.
3. fperiph = LPSPI peripheral clock
4. tperiph = 1/fperiph
5. Master Loopback mode - In this mode LPSPI_SCK clock is delayed for sampling the input data which is enabled by setting LPSPI_CFGR1[SAMPLE] bit as 1.

Clock pads used are PTD15 and PTE0. Applicable only for LPSPI0.
6. Master Loopback (slow) - In this mode LPSPI_SCK clock is delayed for sampling the input data which is enabled by setting LPSPI_CFGR1[SAMPLE] bit as 1.

Clock pad used is PTB2. Applicable only for LPSPI0.
7. This is the maximum operating frequency (fop) for LPSPI0 with medium PAD type only. Otherwise, the maximum operating frequency (fop) is 12 Mhz.
8. Set the PCSSCK configuration bit as 0, for a minimum of 1 delay cycle of LPSPI baud rate clock, where PCSSCK ranges from 0 to 255.
9. Set the SCKPCS configuration bit as 0, for a minimum of 1 delay cycle of LPSPI baud rate clock, where SCKPCS ranges from 0 to 255.
10. While selecting odd dividers, ensure Duty Cycle is meeting this parameter.
11. Maximum operating frequency (fop ) is 12 MHz irrespective of PAD type and LPSPI instance.
12. Applicable for LPSPI0 only with medium PAD type, with maximum operating frequency (fop) as 14 MHz.
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S21

S19

S17

S15 S16

S17

S18

S22

S20

S18

S13

S14

S14

SAI_BCLK (input)

SAI_FS (output)

SAI_FS (input)

SAI_TXD

SAI_RXD

Figure 23. SAI Timing — Slave modes

6.5.6 Ethernet AC 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.

The following table describes the MII electrical characteristics.

• Measurements are with maximum output load of 25 pF, input transition of 1 ns and
pad configured with fastest slew settings (DSE = 1'b1).

• I/O operating voltage ranges from 2.97 V to 3.6 V
• While doing the mode transition (RUN -> HSRUN or HSRUN -> RUN ), the

interface should be OFF.

Table 35. MII signal switching specifications

Symbol Description Min. Max. Unit

— RXCLK frequency — 25 MHz

MII1 RXCLK pulse width high 35% 65% RXCLK period

MII2 RXCLK pulse width low 35% 65% RXCLK period

MII3 RXD[3:0], RXDV, RXER to RXCLK setup 5 — ns

MII4 RXCLK to RXD[3:0], RXDV, RXER hold 5 — ns

— TXCLK frequency — 25 MHz

MII5 TXCLK pulse width high 35% 65% TXCLK period

MII6 TXCLK pulse width low 35% 65% TXCLK period

MII7 TXCLK to TXD[3:0], TXEN, TXER invalid 2 — ns

MII8 TXCLK to TXD[3:0], TXEN, TXER valid — 25 ns

Communication modules

S32K1xx Data Sheet, Rev. 8, 06/2018

NXP Semiconductors 59



Table 38. SWD electrical specifications

Symbol Description Run Mode HSRUN Mode VLPR Mode Unit

5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO 5.0 V IO 3.3 V IO

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

S1 SWD_CLK frequency of
operation

- 25 - 25 - 25 - 25 - 10 - 10 MHz

S2 SWD_CLK cycle period 1/S1 - 1/S1 - 1/S1 - 1/S1 - 1/S1 - 1/S1 - ns

S3 SWD_CLK clock pulse width
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2 
- 

5

S
2/

2 
+

 5

ns

S4 SWD_CLK rise and fall times - 1 - 1 - 1 - 1 - 1 - 1 ns

S9 SWD_DIO input data setup time
to SWD_CLK rise

4 - 4 - 4 - 4 - 16 - 16 - ns

S10 SWD_DIO input data hold time
after SWD_CLK rise

3 - 3 - 3 - 3 - 10 - 10 - ns

S11 SWD_CLK high to SWD_DIO
data valid

- 28 - 38 - 28 - 38 - 70 - 77 ns

S12 SWD_CLK high to SWD_DIO
high-Z

- 28 - 38 - 28 - 38 - 70 - 77 ns

S13 SWD_CLK high to SWD_DIO
data invalid

0 - 0 - 0 - 0 - 0 - 0 - ns

D
eb

u
g

 m
o

d
u

les

S
32K

1xx D
ata S

h
eet, R

ev. 8, 06/2018

N
X

P
 S

em
iconductors

63



Table 41. Thermal characteristics for 32-pin QFN and 48/64/100/144/176-pin LQFP package

Rating Conditions Symbol Package Values Unit

S32K116 S32K118 S32K142 S32K144 S32K146 S32K148

Thermal resistance, Junction to Ambient
(Natural Convection)1, 2

Single layer
board (1s)

RθJA 32 93 NA NA NA NA NA °C/W

48 79 71 NA NA NA NA

64 NA 62 61 61 59 NA

100 NA NA 53 52 51 NA

144 NA NA NA NA 51 44

176 NA NA NA NA NA 42

Thermal resistance, Junction to Ambient
(Natural Convection)1

Two layer
board (1s1p)

RθJA 32 50 NA NA NA NA NA

48 58 50 NA NA NA NA

64 NA 46 45 45 44 NA

100 NA NA 42 42 40 NA

144 NA NA NA NA 44 37

176 NA NA NA NA NA 36

Thermal resistance, Junction to Ambient
(Natural Convection)1, 2

Four layer
board (2s2p)

RθJA 32 32 NA NA NA NA NA

48 55 47 NA NA NA NA

64 NA 44 43 43 41 NA

100 NA NA 40 40 39 NA

144 NA NA NA NA 42 36

176 NA NA NA NA NA 35

Thermal resistance, Junction to Ambient
(@200 ft/min)1, 3

Single layer
board (1s)

RθJMA 32 77 NA NA NA NA NA

48 66 58 NA NA NA NA

64 NA 50 49 49 48 NA

100 NA NA 43 42 41 NA

144 NA NA NA NA 42 36

176 NA NA NA NA NA 34

Thermal resistance, Junction to Ambient
(@200 ft/min)1

Two layer
board (1s1p)

RθJMA 32 43 NA NA NA NA NA

48 51 43 NA NA NA NA

64 NA 39 38 38 37 NA

100 NA NA 35 35 34 NA

Table continues on the next page...
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Table 41. Thermal characteristics for 32-pin QFN and 48/64/100/144/176-pin LQFP package
(continued)

Rating Conditions Symbol Package Values Unit

S32K116 S32K118 S32K142 S32K144 S32K146 S32K148

Thermal resistance, Junction to Package
Top7

Natural
Convection

ψJT 32 1 NA NA NA NA NA

48 4 2 NA NA NA NA

64 NA 2 2 2 2 NA

100 NA NA 2 2 2 NA

144 NA NA NA NA 2 1

176 NA NA NA NA NA 1

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.

2. Per JEDEC JESD51-2 with natural convection for horizontally oriented board. Board meets JESD51-9 specification for 1s or 2s2p board, respectively.
3. Per JEDEC JESD51-6 with forced convection for horizontally oriented board. Board meets JESD51-9 specification for 1s or 2s2p board, respectively.
4. Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface of the board near the

package.
5. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).
6. Thermal resistance between the die and the solder pad on the bottom of the package. Interface resistance is ignored.
7. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC JESD51-2. When Greek

letters are not available, the thermal characterization parameter is written as Psi-JT.
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To determine the junction temperature of the device in the application when heat sinks
are not used, the Thermal Characterization Parameter (ΨJT) can be used to determine the
junction temperature with a measurement of the temperature at the top center of the
package case using this equation:

where:
• TT = thermocouple temperature on top of the package (°C)
• ΨJT = thermal characterization parameter (°C/W)
• PD = power dissipation in the package (W)

The thermal characterization parameter is measured per JESD51-2 specification using a
40 gauge type T thermocouple epoxied to the top center of the package case. The
thermocouple should be positioned so that the thermocouple junction rests on the
package. A small amount of epoxy is placed over the thermocouple junction and over
about 1 mm of wire extending from the junction. The thermocouple wire is placed flat
against the package case to avoid measurement errors caused by cooling effects of the
thermocouple wire.

Dimensions

8.1 Obtaining package dimensions

Package dimensions are provided in the package drawings.

To find a package drawing, go to http://www.nxp.com and perform a keyword search for
the drawing’s document number:

Package option Document Number

32-pin QFN SOT617-3 1

48-pin LQFP 98ASH00962A

64-pin LQFP 98ASS23234W

100-pin LQFP 98ASS23308W

100-pin MAPBGA 98ASA00802D

144-pin LQFP 98ASS23177W

176-pin LQFP 98ASS23479W

1. 5x5 mm package

8

Dimensions
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Table 43. Revision History (continued)

Rev. No. Date Substantial Changes

• Updated 3.3 V numbers and added footnote against fop, tSU, ans tV in
HSRUN Mode

• Added footnote to 'tWSPSCK'
• Updated Thermal characteristics for S32K11x

6 31 Jan 2018 • Changed the representation of ARM trademark throughout.
• Removed S32K142 from 'Caution'
• In 'Key features', added the following note under 'Power management',

'Memory and memory interfaces', and 'Reliability, safety and security':
• No write or erase access to ...

• In High-level architecture diagram for the S32K14x family, added the
following footnote:

• No write or erase access to ...
• In High-level architecture diagram for the S32K11x family :

• Minor editorial update: Fixed the placement of SRAM, under 'Flash
memory controller' block

• Updated figure: S32K1xx product series comparison :
• Updated footnote 1, and added against 'HSRUN' in addition to 'HW

security module (CSEc)' and 'EEPROM emulated by FlexRAM'.
• Updated 'System RAM (including FlexRAM and MTB)' row for

S32K144, S32K146, and S32K148.
• Updated channel count for S32K116 in row '12-bit SAR ADC (1 MSPS

each)'.
• Updated Ordering information
• Updated Flash timing specifications — commands for S32K148, S32K142,

S32K146, S32K116, and S32K118.

7 19 April 2018 • Changed Caution to Notes
• Updated the wordings of Notes and removed S32K146
• Added 'Following two are the available ...'

• In 'Key features' :
• Editorial updates
• Updated the note under Power management, Memory and memory

interfaces, and Safety and security.
• Updated FlexIO under Communications interfaces
• Added ENET and SAI under Communications interfaces
• Updated Cryptographic Services Engine (CSEc) under 'Safety and

security'
• In High-level architecture diagram for the S32K14x family :

• Minor editorial updates
• Updated note 3

• In High-level architecture diagram for the S32K11x family :
• Minor editorial updates

• In figure: S32K1xx product series comparison :
• Editorial updates
• Updated Frequency for S32K14x
• Updated footnote 4
• Added footnote 5

• In Ordering information :
• Renamed section, updated the starting paragraph
• Updated the figure

• In Voltage and current operating requirements, updated the note
• In Power consumption :

• Updated specs for S32K146
• Removed section 'Modes configuration', amd moved its content under

the fisrt paragraph.
• In 12-bit ADC operating conditions :

Table continues on the next page...
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Table 43. Revision History

Rev. No. Date Substantial Changes

• Updated specs for TJIT Cycle-to-Cycle jitter to 300 ps
• In QuadSPI AC specifications :

• Updated specs for Tiv Data Output In-Valid Time
• In figure 'QuadSPI output timing (SDR mode) diagram', marked Invalid

area
• In CMP with 8-bit DAC electrical specifications :

• Removed '(VAIO)' from decription of VHYST0
• In LPSPI electrical specifications :

• Added note 'Undefined' in figures 'LPSPI slave mode timing (CPHA =
0)' and 'LPSPI slave mode timing (CPHA = 1)'
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