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1 Introduction

The S32K3XX Microcontroller further extends the highly
scalable portfolio of Arm® Cortex® MCUs in the automotive
industry. It builds on the legacy of the S32K series, while
introducing higher memory options alongside a richer peripheral
set extending capability into a variety of automotive
applications.

With a +2.97V — +5.5V supply and focus on automotive
environment robustness, the S32K3 series devices are well
suited to a wide range of applications in electrical harsh
environments. These devices are optimized for cost-sensitive
applications offering low pin-count options.

The purpose of this application note is to describe possible
hardware considerations using the S32K3XX Microcontroller in
an automotive system. It covers the most important topics such
as the power considerations, Bulk/Bypass and decupling
capacitors required, reset, crystal, Ethernet and QSPI
configurations. Some PCB Layout recommendations are also
provided.

2 Power System

Subsequent sections describe the different options for power
supply configurations, as well as considerations to have for a
proper connection of supply and ground pins.

2.1 S32K3XX Power Domains and
Configurations

The S32K388 , S32K358 - 289MBGA and 172HDQFP+EP,
S32K344/24/14 - 257MBGA, S32K344/42/24/22/14 -
172HDQFP and S32K342/22 — 100HDQFP versions have two
important and flexible power domains, VDD_HV_A,VREFH and
VDD_HV_B that must be supplied externally at the same or
different voltage level if in the application is required, and a V15
domain to +1.5V that can be supplied using an external NPN
ballast transistor or externally supplied by an SBC. The
S32K312-172HDQFP and the S32K314 /12 /11-100HDQFP
versions have just a single power domain, VDD_HV_A. This
VDD_HV_A reference will be the voltage domain for their 10s
pins.

In the Table 1 is shown all positive power pins and domains that
must be supplied externally and the internal MCU references.
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Table 1. S32K3XX - Power supply pins and domains

Power supply pins and domains

S32K3

MCU VDD_HV_A VREFH VDD_HV_B V15 V25 Vi1
ve’.:Argiléln Package +3.3V +3.3V
vt <VDD_HV_A e ovtl +1.5V 1 +2.5V +1.1V
S32K388 289 Domain and ADC High Domain and Power Internal Power
MBGA Ref. voltage Reference Ref. voltage Supply MCU Supply
for 1/0O pins Voltage for 1/O pins Input Reference Input —
regulated
by external
NMOS
S32K328 289 Domain and ADC High Domain and Power Internal Internal
S32K338 MBGA Ref. voltage Reference Ref. voltage Supply MCU MCU
S32K348 for I/O pins Voltage for I/O pins Input Reference Reference
S32K358 172
HDQFP
+Exposed
Pad
S32K344 257 Domain and ADC High Domain and Power Internal Internal
S32K324 MBGA Ref. voltage Reference Ref. voltage Supply MCU MCU
S32K314 for 1/0O pins Voltage for /O pins Input Reference Reference

S32K344 [V1.1] | 172
S32K344 [V1.0] | HDQFP

S32K342
S32K324
S32K322
S32K314
S32K342 100
S32K322 HDQFP
S32K312 172 Domain and ADC High NA NA Internal Internal
HDQFP Ref. voltage Reference MCU MCU
S32K312 100 for 1/0O pins Voltage Reference Reference
S32K311 HDQFP
S32K311 48 Domain and ADC High NA NA Internal Internal
LQFP Ref. voltage Reference MCU MCU
for 1/0O pins Voltage Reference Reference

I'Normal Operation Voltage4tb fec
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e VDD HV_A=VREFH=VDD HV B =+5.0V or +3.3V and V15 = +1.5V with SPMS

/ ) [ )
+5.0/+33V > 3 VDD_HV_A
I—E— VREFH
J_ vii
I "l NMOS_CTRL
= —
+5.0V - +3.3V camily j: V15
® T
i PMOS_CTRL
VDD_DCDC
h V25
- J - J
Figure 1. Block Diagram - VDD_HV_A = VREFH = VDD_HV_B =+5.0V or +3.3V, and V15 = + 1.5V with SMPS. MCU
Power Configuration for S32K388 - 289MBGA and 172HDQFP

e VDD_HV_A=VREFH =VDD_HV_B = +5.0V or +3.3V and V15 = +1.5V by SBC

4 N N
+5.0/+33V VDD_HV_A
I—»— VREFH
+5.0/+33V VDD_HV_B
J_ vi1
I :D NMOS_CTRL
+15V V15
Nc[ PMOS_CTRL
& ) & )

Figure 2. Block Diagram - VDD_HV_A = VREFH = VDD_HV_B = +5.0V or +3.3V, and V15 = + 1.5V by SBC. MCU Power

Configuration for S32K388 - 289MBGA and 172HDQFP

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024

Application Note

3/85



NXP Semiconductors

PRELIMINARY INFORMATION

e VDD HV_A=VREFH =+5.0V, VDD _HV_B = +3.3V and V15 = + 1.5V with SMPS supplied by FS26

/ ) )
VREF 3> S0 VREFH
LDO1 — il VDD_HV_A
VPRE D02 ==l VDD_HV_B
VCORE - V15
NMOS_CTRL
BUCK vCore
" I
GPIO2 — E — PGOOD
MISO ) LSPIO SIN
MOSI € LSPIO SOUT
SCLK € LSPIO SCK
PCS € LSPIO PCSO
FCUUO 3 PTE15/PTE15/FCCU_ERO
FCUU1 = PTE16/PTE15/FCCU_ER1
FSO > > GPIO
FS1 > — GPIO
\ / ﬁ V25
- J
Figure 3. Block Diagram - VDD_HV_A connected to LDO1 in FS26, VDD_HV_B connected to LDO2 in FS26 and V15
is connected to VCORE +1.5V in FS26 output. MCU Power Configuration for S32K388 - 289MBGA

e VDD_HV_A=VREFH =+5.0V, VDD_HV_B = +3.3V and V15 = + 1.5V with SMPS supplied by SBC

.

~
+5.0/+33V

> VDD_HV_A
I%:— VREFH

+5.0/+33V

+5.0/+3.3V

VDD_HV_B

/

%

[500)
D L
)T

PMOS_CTRL

VDD_DCDC

-

/

Figure 4. Block Diagram - VDD_HV_A = VREFH = +5.0V, VDD_HV_B = +3.3V and V15 = + 1.5V with SMPS supplied by SBC.

MCU Power Configuration for S32K388 - 289MBGA and 172HDQFP
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VDD HV A =VREFH =VDD HV B =+5.0V or +3.3V and V15 = +1.5V with external NPN Ballast Transistor

VDD_HV_A

-
N J

VREFH
VDD_HV_B

NPN VRC
V15

S

~

J

Figure 5. Block Diagram - VDD_HV_A = VREFH = VDD_HV_B =+5.0V or +3.3V, and V15 = + 1.5V with external NPN Ballast Transistor.
MCU Power Configuration for S32K344/24/14 - 257TMBGA, S32K344/42/24/22/14 - 172HDQFP and S32K342/22 — 100HDQFP

VDD HV A =VREFH =+5.0V and VDD HV B = +3.3V and V15 = +1.5V with external NPN Ballast Transistor

/ N -
(+s0v VDD_HV_A
- % -

~

J

Figure 6. Block Diagram - VDD_HV_A = VREFH = +5.0V and VDD_HV_B = +3.3V and V15 = +1.5V with external NPN Ballast Transistor -
MCU Power Configuration for S32K344/24/14 - 257TMBGA, S32K344/42/24/22/14 - 172HDQFP, S32K342/22 — 100HDQFP and S32K358
- 280MBGA/172HDQFP
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e VDD_HV_A=VREFH =+5.0Vand VDD_HV_B = +3.3V and V15 = +1.5V

4 N /
+5.0V /+3.3V 3>— VDD_HV_A
I—»— VREFH
+5.0V /+3.3V — VDD_HV_B
+15V V15
- ) -

J

Figure 7. Block Diagram - VDD_HV_A = VREFH = +5.0V and VDD_HV_B = +3.3V and V15 = +1.5V - MCU Power Configuration for
S32K344/24/14 - 257TMBGA, S32K344/42/24/22/14 - 172HDQFP, S32K342/22 - 100HDQFP and S32K358 - 289MBGA/172HDQFP

For the S32K312 - 172HDQFP and the S32K312/11 - 100HDQFP, just the VDD_HV_A domain and VREFH are presented.

e VDD_HV_A=VREFH =+5.0V or +3.3V

. .
\ J \

J

Figure 8. Block Diagram - VDD_HV_A = VREFH = +5.0V. MCU Power Configuration for S32K312 - 172HDQFP, S32K314/12/11 -

100HDQFP and S32K311 — 48LQFP
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2.1.1 General view of the pinout and power domains for the S32K3 MCU family

In this section is shown an overview of the voltage domains for the different interfaces and 1/Os in the MCU. Please refer to the latest
version of the Datasheet and S32K3XX_IO_Signal_Description File for more details.

2.1.1.1 General view of the pinout and power domains for the S32K388 - 289MapBGA Package

A A
B B
c c
R VDD_HV R
A
VDD_HV
E E
F F
G Vss VDD_HV [y G
A
H vrern | VPPV s VDD_HY H
A A
, VSSDCD oo )
c
PMOS_C VDD_HV
L XTAL | PTA26 | PTE14 Vbb_be vss i VSs L
DC A
M PTE12 | PTA27 | PTA29 VS PTB22 | PTB23 M

N PTE3 PTA28 | PTD17

P PTA31 | PTD16 | PTA30

R PTB18 | PTB19 PTE9

T PTB20 PTC3

U PTB21 PTB5 PTB4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 10
I/Os pins on the VDD_HV_A Power Domain 182
[including JTAG(4) and RESET(1)]
VDD_HV_B Power Pin 3
I/Os pins on the VDD_HV_B Power Domain 52
XTAL/EXTAL 2
V25 Power Pin 1
V15 Power Pin 1
SMPS Interface for V15 2
V11 Power Pin 12
VSSx and VREFL — Ground pin 24
TOTAL of pins 289

Figure 9. General view of the pinout and power domains for the S32K388 - 289MapBGA Package
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2.1.1.2 General view of the pinout and power domains for the S32K358 - 289MapBGA Package

A A
B B
C C
D D
E E
F F
: - - :
VSS_DCD
J c VREFL - J
PMOS_C VDD HV_
VDD_DC
L XTAL PTA26 PTE14 DC VSS - L
M PTE12 | PTA27 | PTA29 vss M
N PTE3 | PTA28 | PTD17 N
P PTA31 | PTD16 | PTA30 P
R PTB18 | PTB19 | PTE9 R
T PTB20 PTC3 T
u PTB21 | PTBS | PTB4 u
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 10
I/Os pins on the VDD_HV_A Power Domain 183
[including JTAG(4) and RESET(1)]
VDD_HV_B Power Pin 3
1/Os pins on the VDD_HV_B Power Domain 52
XTAL/EXTAL 2
V25 Power Pin 1
V15 Power Pin 8
SMPS Interface for V15 2
V11 Power Pin 4
VSSx and VREFL — Ground pin 24
TOTAL of pins 289

Figure 10. General view of the pinout and power domains for the S32K358 - 289MapBGA Package
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2.1.1.3 General view of the pinout and power domains for the S32K358 - 172HDQFP Package

PTALS
PTALS
PTAZO
PTELG
PTELS
PTAZL
PTDL
PTDO
PTELL
PTELD
PTELS
PTES
PTES
PTAZ4
PTAZS
VREFH
VREFL
VDD_HV_A
V25
vis

vss

EXTAL

vss

XTAL
VS5_DCDC
PMOS_CTRL
VDD_DCDE
PTELZ
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PTDL7
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. s ad___ | FTAz
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] 15 1 115 [ s
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25 ! | 105 [ JET
. 1 104 N PTE?
] 27 1 ! 103 - e
- | ! 102 (D PTAE
[ | 29 1 101 [ =]
0 ! ' 100 PTa7
L] 3 1 o9 . oo
T 1 ! o [N PTCE
[ ] 33 | 1 o7 R o
N 3a 1 o5 (N PTC2E
[ ] 35 I ettt 95 LI
. s Exposed Pod - V55 s4 N PTEL
[ | 37 o3 [ W
Lt oz (N PTC10
[ ] 39 o1 N o
N a0 o0 (NN PTC11
[ ] a1 &9 R s
W 4 =z (S PTC24
] e &7 [
ERE SRR el e S R e el R R R R el
g g
MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 6
I/Os pins on the VDD_HV_A Power Domain 91
[including JTAG(4) and RESET(1)]
VDD_HV_B Power Pin 3
I/Os pins on the VDD_HV_B Power Domain 46
XTAL/EXTAL 2
V25 Power Pin 1
V15 Power Pin 6
SMPS Interface for V15 2
V11 Power Pin 4
VSSx and VREFL — Ground pin 11
TOTAL of pins 172

Figure 11. General view of the pinout and power domains for the S32K358 - 172HDQFP Package
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2.1.1.4 General view of the pinout and power domains for the S32K344/24/14 — 257MapBGA Package

VoS VoS m

G - E | G
] Vss VREFL Vil 5 Vil - ]
: e - -m - :
L - | - L
M PTAZS PTD14 PTB22 PTB23 - M
P PTA30 V55 PTD13 PTC16 PTB24 PTB25 PTB27 PTB28 PTC12 55 P
VDD_HV_ VDD_HV_
R 8 PTES 8 PTD12 PTC17 B PTD8 PTB26 B PTC13 R
T 55 PTC3 3 PTDE PTD10O V55 PTC1 PTC14 V55 PTB2 3 55 T
U PTB4 PTDS PTD11 PTCO PTDS PTC15 PTB3 PTC18 U
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MCU Pin Function #Pins

VDD_HV_A and VREFH Power Pin 6

1/Os pins on the VDD_HV_A Power Domain 166

[including JTAG(4) and RESET(1)]

VDD_HV_B Power Pin 3

1/Os pins on the VDD_HV_B Power Domain 52

XTAL/EXTAL 2

V25 Power Pin 1

V15 Power Pin 4

V11 Power Pin 4

VSS and VREFL = Ground pin 19

TOTAL of pins 257

Figure 12. General view of the pinout and power domains for the S32K344/24/14 — 257MapBGA Package
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2.1.1.5 General view of the pinout and power domains for the S32K344 /42 /24 /22 /14 - 172HDQFP Package
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B2
B3
B4
BS
BE

FTEL0
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vss

FTBLL
FTD24
FTAZ
FTA3
FTD23
FTD2
FTD3
FTD4
FTD22
FTBL2
FTBL3
FTD21
FTB14
FTELS
FTB16
FTD20
FTBLT
FTALT
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vss
Vil
vis
FTE7
PTCIL
FTAE
PTC30
FTAT
FTC29
FTCE
FTCS
FTC2E
FTEO
FTEL
FTC27
FTCLO0
FTC26
PTCLL
FTC25
PTC24
FTC23

MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 6
I/Os pins on the VDD_HV_A Power Domain 90
[including JTAG(4) and RESET(1)]
VDD_HV_B Power Pin 3
1/Os pins on the VDD_HV_B Power Domain 52
XTAL/EXTAL 2
V25 Power Pin 1
V15 Power Pin 4
V11 Power Pin 4
VSS and VREFL - Ground pin 10
TOTAL of pins 172

Figure 13. General view of the pinout and power domains for the S32K344 /42 /24 /22 /14 - 172HDQFP Package

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024

Application Note

11/85




NXP Semiconductors

PRELIMINARY INFORMATION

2.1.1.6 General view of the pinout and power domains for the S32K312 - 172HDQFP Package

I S P L P PE FEEEEE PEPEEEES
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PIELL R 9 121 T
PTELD - 0 120 m— PTD3
PIELY N 1 119 T
PTES - 115 PTDZZ
PTEY 13 117 BN FTELZ
PTA24 - i 116 PTB13
PTAZS 15 115 o e
VREFH FAA . 14— PTB14
VREFL 17 113 Sl el
VDD_HV_A rr R 117 —— PTB16
V25 O 111 . o2
vss . o 110 S PTB7
u 2 $32K312 10 - o
- _HV_
s = 172HDQFP e 2 N
vss . 106 viL
HTAL 25 105 B roiE
FIELS I e 104 NN FTE7
PTE R 27 103 . o
PTAZ7 [ 102 S FTAG
FICLZ R 25 101 B rrcio
PTAZE . o 100 D FTAT
P07 R 31 99 N oo
PTAZ9 . o= R FTCE
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PTDLS a5 a5 [t
PTE9 s o4 [N FTEL
VS . 37 o3 N o
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FIAL 39 o1 N e
PTD14 [ s0 (N FTC1L
P03 a ] [ D
FTE1S 42 = PTCZ4
PR a3 &7 N e
ERE AR R R Rl R R R RN g g R e R R O
4 t

MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 9
1/0s pins on the VDD_HV_A Power Domain 145
[including JTAG(4) and RESET(1)]
XTAL/EXTAL 2
V25 Power Pin 1
V11 Power Pin 4
VSS and VREFL - Ground pin 11

TOTAL of pins 172

Figure 14. General view of the pinout and power domains for the S32K312 - 172HDQFP Package
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2.1.1.7 General view of the pinout and power domains for the S32K342 /22 - 100HDQFP Package

PILLS 1 7 P70
PTELS [ P 74 [ ] PTB11
ol 3 Ll . 2
#T00 — 7 o PTA3
PICLL 5 71 [ s
PTELD I s ™ PTD3
PIEL 7 69 e
VREFH FFFds N ] PTB1Z
vRCFL &7 [ s
DO_HV_A [ SR o PTBL4
Vvii 65 PTB1S
— $32K344 /42 P e
Vil
v — B 100HDQFP 2 m— E;%L_}w_,:
EXT2 15 61 - s
s BT &0
KTAL 17 58 [ RtE
PTE3 18 58 _ PTAE
PTELZ 15 57 [ ey
PTDLT 20 56 N FTCE
PTID16 21 55 . o
PTDLS 23 54 N FTBO
PTES 1 53 B rieL
VS . o 52 . FTC10
VDD_HV_E 25 51 [_____Iar=t]
AL BARRNRRRARRRST Y3285 923
EEFEEEEEEE R R EEEERFEEE
MCU Pin Function #Pins
VDD_HV_A and VREFH Power Pin 4
1/0s pins on the VDD_HV_A Power Domain 50
[including JTAG(4) and RESET(1)]
VDD_HV_B Power Pin 2
1/0Os pins on the VDD_HV_B Power Domain 30
XTAL/EXTAL 2
V15 Power Pin 2
V25 Power Pin 1
V11 Power Pin 2
VSS and VREFL — Ground pin 7
TOTAL of pins 100

Figure 15. General view of the pinout and power domains for the S32K342 /22 - 100HDQFP Package
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2.1.1.8 General view of the pinout and power domains for the S32K314 /12 /11 - 100HDQFP Package

PICLG 1 7 - FTELC
PTELS I 2 74 [ ] PTB11
oL 3 7 [
FTD0 — 72 — PTAZ
PICLL 5 71 o2
PTELD I s ™ PTD3
FICLS 7 69 -
VREFH U]j B N ] PTB1Z
VREFL 9 &7 [ s
VDD_HV_A FEFL 0 66 N FTB14
v o $32K312 /11 e o
s 13 100HDQFP &2 L SN
BRTAL [ %
vss Vil
KTAL [
PTE3 PTAE
PTEL2 [ By
PTD17 PTCE
PTDLE o
PTD1S PTBD
PTER N e
PTD14 PTC10
PTD13 N ol
MCU Pin Function #Pins
VDD _HV_A and VREFH Power Pin 5
I/Os pins on the VDD_HV_A Power Domain 83
[including JTAG(4) and RESET(1)]
XTAL/EXTAL 2
V25 Power Pin 1
V11 Power Pin 2
VSS and VREFL — Ground pin 7
TOTAL of pins 100

Figure 16. General view of the pinout and power domains for the S32K314 /12 /11 - 100HDQFP Package
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2.1.1.9 General view of the pinout and power domains for the S32K311 - 48LQFP Package
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_— TS
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-
-
s
. FTos

e
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| ot

2 % 9§ 9 3 2 ¢ 3 8 8 8 &
FToL (R 1 36 [ W
rroo 2 35  rra
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vrerl (R 4 33 . s
VDD_HV_a [ 5 32 N Fe13
vzs R 6 832K31 1 3 E Z 2 J VDD_HV_A
48LQFP
7 30 U
vss IR 8 29 . FTaT
EXTAL 9 28 R rrc:
HTAL 10 27 R o
pro1s 1 26 N FTe0
rrec R 12 25 I
MCU Pin Function #Pins
VDD _HV_A and VREF Power Pin 3
I/Os pins on the VDD_HV_A Power Domain 38
[including JTAG(4) and RESET(1)]
XTAL/EXTAL 2
V25 Power Pin 1
V11 Power Pin 1
VSS and VREFL — Ground pin 3
TOTAL of pins 48

Figure 17. General view of the pinout and power domains for the S32K311 - 48LQFP Package
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2.1.2 Bulk/Bypass and decoupling capacitors scheme for the S32K3 family

2.1.2.1 Bulk/Bypass and decoupling capacitors scheme for the S32K388 / 289MBGA

S$32K388
289MBGA

\
J

T 3> E9 Vi1
LCDEC LCDEC —LCDEC LCDEC LCDEC LCDEC LCDEC LCDEC LCDEC H9 Vil
T T T T T T T T T W0 | vi1
J_— 18 Vi1
110 Vi1
113 V11
K8 Vi1
K9 Vi1
vis vi1 K10 Vi1
T > % > T N6 Vil
J— COUT_V11_NFET N8 Vil
16
LAST MILE
REGULATOR —
EXTERNAL NFET =
F1 | NMOS_CTRL
vis - Vss B2
h Vss B16
CDEC

15
V25
I V25 VSS G11
COUT_V25 Vss i1

VSS J14

\/DDﬁTHviB N N2 VSS L7

_I_CBULKLCDEC LCDEC J_CDEC R7 ves ua

T—_—_T T T 10 e

- - Vss N7

= L5 VDD_DCDC ves o

NC K5 PMO; CTRL ves -

= VSs P14

\/DD;rH\L - VSS T2
+CBULK LCDEC LCDEC LCDEC _LCDEC LCDEC J_CDEC x:: :170
J_ VSS T16

VREFH

CDEC

I

Figure 18. Bulk/Bypass and decoupling capacitors scheme for the S32K388 /289MBGA
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2.1.2.2 Bulk/Bypass and decoupling capacitors scheme for the S32K388 /289MBGA

S32K388
289MBGA
Vi1

T > E9 \%ES
J—cosc J—cmc J—cnsc J—CDEc J—cnsc J—CDEc Lcr>Ec J—cnsc LCDEc H9 Vi1
TT——_T T T T T T T T Ho ) vit
J_— 18 Vi1
- 110 Vi1
113 Vi1
K8 Vi1
K9 Vi1
V15 Vi1 K10 V11
T 3 At > N6 Vi1
J COUT_V11_NFET NS V11

JT_
LAST MILE
REGULATOR _—

EXTERNAL NFET

SMPS option
VDD_HV_SMPS q s\ps [UZSU]L_SMPS V15

3 T 3
C) D_SMPS + COUT_V15_SMPS

G
VSS_DCDC J5

F1 | NMOS_CTRL

K5 | PMOS_CTRL
15 | vDD_DCDC

V25
COUT_V25

H7 | VDD_HV_A
H13 | VDD_HV_A
K11 | VDD_HV_A
18 | VDD_HV_A
N5 | VDD_HV_A
N9 | VDD_HV_A

VDD iFV-B
> N4 | VDD_HV_B
—I—CBU'—K LCDEC —]—CDEC R7 VDD_HV_B
R10 | VDD_HV_B

VDD, iFVJ\ =

> D14 | VDD_HV_A
J—CBULK J—coec J—CDEC J—cpgc J—CDEc J—CDE(: —I—CDEC E5 | VDD_HV_A
1— T— T T T T T 10 | VDD_HV_A

(s ) _veern )
I - J

Figure 19. Bulk/Bypass and decoupling capacitors scheme for the S32K388 /289MBGA
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2.1.2.3 Bulk/Bypass and decoupling capacitors scheme for the S32K358 /289MBGA

$32K358
$32K348
S$32K338
$32K328
289MBGA

~
J

T H9 Vi1
= couT_v11 + CDEC #CDEC CDEC 18 Vi1
[ J10 Vi1
JT— K9 Vi1
V15
T & Vi
—I—cosc J—CDEC J—cusc —I—CDEC J—CDEC H8 V15
H10 V15
I 1 '
—L 113 V15
K8 V15
K10 V15
vis N6 V15
T FARSG \ N8 V15
— COUT_VIS_NPN RBTC15
I Q_VI5_NPN : F1 | VRC_CTRL

VDD_HV_NPN

> BJT option

VDD ;FV_B
- N4 | VDD_HV_B
_I_CBULK‘J—CDEC J—CDEc J—cosc R7 | VDD_HV_B
-l_ -I_ -I_ -l_ R10 VDD_HV_B
JT— L5 | vbp_bcpc
NC K5 PMOS_CTRL
VDD EFVJ\
> D14 | VDD_HV_A
J—CBULK J—CDEC J—CDEC J—cosc J—CDEc J—cosc J—cosc E5 | VDD_HV_A
T—_T T T T T T G10 | VDD_HV_A
L H7 ] VDD_HV_A
- H13 | VDD_HV_A
K11 | VDD_HV_A
L8 VDD_HV_A _L
N5 VDD_HV_A -

N9 | VDD_HV_A

> (e ) e )

= - J

Figure 20. Bulk/Bypass and decoupling capacitors scheme for the S32K358 /289MBGA
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2.1.2.4 Bulk/Bypass and decoupling capacitors scheme for the S32K358 /289MBGA

S$32K358
289MBGA

J

<
=
s

x
+ COUT_V11
L
V15
T
i —
JT_ Vss B2
Vss B16
Vss D4
Vss D9
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VDD_HV_SMPS Q_sMmPs mL‘SMPS vis SMPS option Vss E13
T 5 - T VSS G7

- % N J_ Vss G11
@D D_SMPS COUT_V15_SMPS VSS J1

Vss 19
[ Pmos_cTRL Vss J14
VDD_DCDC Vvss L7
Vss 111
VDD_HV_B VSsS M5
T - N4 | VDD_HV_B
~ _HV_ Vss N7
-I-CBU'-K J—CDEc J—CDEc - R7 ) VDD_HV_B
. 4 VDD _HV_ vss N10
{ R10 | VDD_HV_B vss Y
= Vss P14
VDD_HV_A VSS T2
T N
D14 | VDD_HV_A
~ { ) vDD_HV_,
LCBULK LCDEC LCDEC LCDEC LCDEC LCDEC LCDEC B VDD_HV_A vss 17
- = - aniiin e - { ) VDD_HV_ s 0
G10 [ VDD_HV_A e 6
J_— ’ VDD_HV_A
H13 [ VDD_HV_A A
{ K11 | vbD_HV_A =
m’ VDD_HV_A
{ N5 | vop_Hv A
{ N9 [ vDD_HV_A

\_

Figure 21. Bulk/Bypass and decoupling capacitors scheme for the S32K358 /289MBGA
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2.1.2.5 Bulk/Bypass and decoupling capacitors scheme for the S32K358 /172HDQFP+EP

S$32K358
$32K348
$32K338
$32K328
172HDQFP_EP

V25
T 19 V25
I—I—courvzs
vil -
T 21 V11
+c0u1v11 +CDEC #cusc #cnsc 59 Vil
106 Vil
JT_ L—1 149 V11
V15
T 20 vis 7
—I—CDEC J—cDEc J—cusc LcoEc —]—cnsc 36 V15
T— G | vis
— 79 V15
105 V15
148 V15
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COUT V15_NPN RBTC15
I NPN 11 VRC_CTRL
VDD_HV_NPN
BJT option
VDD ‘ILWJ
> 38 | VDD_HV_B A
#CBU'—K +CDEC +CDEC =|I—_CDEC 57 | VDD_HV_B =
77 | VDD_HV_B
JT— 28 | vDD_DCDC
Nc[ 27 | PMOS_CTRL
VDD irHV7A
— 18 | VDD_HV_A
#CBU'—K J—CDEc J—CDEc J—CDE(: 108 | VDD_HV_A
I I 128 | VDD_HV_A
JT— 151 | VDD_HV_A
169 | VDD_HV_A
VREFH
T ’ 16 VREFH
=L coxc

\_ J

Figure 22. Bulk/Bypass and decoupling capacitors scheme for the S32K358 /172HDQFP+EP
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2.1.2.6 Bulk/Bypass and decoupling capacitors scheme for the S32K358 /172HDQFP+EP

S32K358
$32K348
S$32K338
S32K328
172HDQFP_EP
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Figure 23. Bulk/Bypass and decoupling capacitors scheme for the S32K358 /172HDQFP+EP
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2.1.2.7 Bulk/Bypass and decoupling capacitors scheme for the S32K344 /257TMBGA

S$32K344

$32K324

S$32K314
257MBGA

V15
T & A
—I—COUT_VISZNPN RBTC15
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Figure 24. Bulk/Bypass and decoupling capacitors scheme for the S32K344 /257TMBGA
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2.1.2.8 Bulk/Bypass and decoupling capacitors scheme for the S32K344 /42 /24 /22 /14 — 172HDQFP
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Figure 25. Bulk/Bypass and decoupling capacitors scheme for the S32K344 /42 /24 /22 /14 — 172HDQFP
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2.1.2.9 Bulk/Bypass and decoupling capacitors scheme for the S32K342 - 100HDQFP
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$32K322
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Figure 26. Bulk/Bypass and decoupling capacitors scheme for the S32K342 - 100HDQFP
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2.1.2.10 Bulk/Bypass and decoupling capacitors scheme for the S32K312 — 172HDQFP
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Figure 27. Bulk/Bypass and decoupling capacitors scheme for the S32K312 — 172HDQFP
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2.1.2.11 Bulk/Bypass and decoupling capacitors scheme for the S32K312 /11 - 100HDQFP
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V25
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Figure 28. Bulk/Bypass and decoupling capacitors scheme for the S32K312 /11 - 100HDQFP
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2.1.2.12 Bulk/Bypass and decoupling capacitors scheme for the S32K311 /48LQFP

S32K311
S32K310
48LQFP

\/-T-S

T COUT_V25

\/+1

T COUT_Vi1

VDD_HV_A

T :
J—Icw J—j_wac L {Gi ooy )
\/RTEFH
:
TCDEC

-

J

Figure 29. Bulk/Bypass and decoupling capacitors scheme for the S32K311 /48LQFP

Table 2. Components description and values
Symbol Characteristic Value Description
Cauik X7R Ceramic or Tantalum 4.7uF — 10uF Local Bulk/Bypass Capacitor for domain
Coec X7R Ceramic 100nF - 220nF Decoupling Capacitor
Cour vzs X7R Ceramic 220nF Decoupling Capacitor for V25
Cout vi1 X7R Ceramic or Tantalum 2.2uF Local Bulk/Bypass Capacitor for domain
Cout vis smps X7S Ceramic 20uF - 22uF Local Bulk/Bypass Capacitor for domain
Cout vi1 NFET X7R Ceramic 22uF Local Bulk/Bypass Capacitor for domain
Rect1s Metal Film Resistor 2.2kQ
Last mile regulator NMOS | N-Channel Mosfet External regulator NMOS
Qnpnis NPN Transistor NPN Ballast Transistor
P-Channel Mosfet

All VDD_HV_A pins must be shorted and connected externally together to a common and same reference on PCB.
All VDD_HV_B pins must be shorted and connected externally together to a common and same reference on PCB.

wn e

All V11 pins must be shorted and connected externally together to a common and same reference on PCB. This internal reference voltage

must not be used or connected to other interfaces in the application.

4. Al V15 pins must be shorted and connected externally together to a common and same reference on PCB. This internal reference voltage
must not be used or connected to other interfaces in the application.

5. The V25 is an MCU internal reference voltage that must not be used or connected to other interfaces in the application.

6. Ifthe VDD_HV_A and VDD_HV_B pins are connected to a single voltage reference, just one bulk capacitor is required
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2.2 VDD _HV_A - Main I/0O and Analog Supply Voltage

VDD_HV_A is the main I/O and analog supply voltage in the S32K3xx MCU. The VDD_HV_A domain must be connected to an external
power supply of +3.3 V or +5.0V. An off-chip local Bulk/bypass and decoupling capacitors between the VDD_HV_A pins and the VSS
reference are required. From the Figure 18 to Figure 29 are shown the recommended power supply decoupling schemes on the
VDD_HV_A domain for designs using the S32K3xx MCUs.

Table 3. VDD_HV_A - Main I/0 and Analog Supply pins

S32K3 MCU Package - Pin Number
S -
~d
MCU Normal N =
Pin Operating “ < 3 = o Comments
Name Voltage o 9> = o
& ~ S < +
¢ | SR | S8 TS« i < <
— N < < N < (o] [ee] (o]
I I I I I
N N o N o N N N N N~ o N N & N &
»% | 3S | 32 | 35 | 85 | 38 | 35 | 3& | 3&
VDD_HV +3.3V 5 10 10 18 18 D14 18 D14 D14 All VDD_HV_A pins must be shorted
_A or 31 62 62 108 108 G10 108 G10 G10 | and connected externally together to
+5.0V a common reference on the PCB. A
. 87 87 128 128 H7 128 H7 H7 decoupling capacitor can be used
- - 37 151 151 K11 151 K11 K11 per each Supp|y pin and a local
- - - 169 169 L8 169 L8 L8 Bulk/bypass capacitor just for the
; " ; " 38 " ; H13 H13 VDD_HV_A domain, in order to
increase the robustness and
B B B B 57 B B ES ES decoupling effect on this voltage
- - - - 77 - - N5 N5 reference of the MCU.
- - - - - - - N9 N9

2.3 VREFH - ADC High Reference Voltage

VREFH is the ADC High Reference Voltage. An off-chip decoupling capacitor between the VREFH pin and the VSS/VREFL reference
are required.

The VREFH is the ADC High Reference Voltage in the S32K3xx MCU. The VREFH pin must be connected to an external power supply
or a reference voltage < VDD_HV_A. An off-chip local decoupling capacitor between the VREFH pin and the VSS/VREFL reference is
required. From the Figure 18 to Figure 29 are shown the recommended power supply decoupling scheme on the VREFH pin for designs
using the S32K3xx MCUs.

Table 4. VREFH — ADC High Reference Voltage

S32K3 MCU Package - Pin Number

S =
~d
MCU Normal & g
Pin Operating g & ; g T Comments
Name Voltage o ~ N < +
L o t | S« & < <
- N < < N < [c) ) o)
O] ] ]
5k | 38 | 88| 28 g8 |32 |88 |82 | 8o
& 9 & 5 & 5 & & & & & E & & 8 oE-: 8 oE-:
w® | 3 | s | »5 | vS | o& | oS | & | 0&
VREFH <VDD_HV_ 3 8 8 16 16 H6 16 H6 H6 A decoupling capacitor must be used
A on the supply pin.
VREFL GND 4 9 9 17 17 J6 17 J6 J6 Refers the section VSS, VSS_DCDC
and VREFL — Ground and ADC
Reference Low.

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024

Application Note 28/85



NXP Semiconductors PRELIMINARY INFORMATION

2.4 VDD_HV_B - Secondary I/0O Supply Voltage

The VDD_HV_B is the secondary 1/0 Supply voltage in some versions of the S32K3xx MCU family. The VDD_HV_B domain must be
connected to an external power supply of +3.3 V or +5.0V. An off-chip local Bulk/bypass and decoupling capacitors between the
VDD_HV_B pins and the VSS reference are required. From the Figure 18 to Figure 26 are shown the recommended power supply
decoupling schemes on the VDD_HV_B domain for designs using the S32K3xx MCUs.

Table 5. VDD_HV_B - Secondary 1/O Supply Voltage

S32K3 MCU Package - Pin Number

<
=
N
IS ONS:;?tﬁ"Il § < o Comments
Pin Name p Y [ — o L
Voltage - P = +
N o N <
sS4 =8| 35> &) S & < <
do | §o| So| o2 S| J0 | 3o | B0 | R0
gE|cg g2 o5 Be og g g g
So | N3 85| 383 H3 | NE | 38| 32|82
0N < NA| NA| DA>S| N A n N N 4 0 N N N
VDD_HV_B +3.3V - 25 - 38 - N4 38 N4 N4 All VDD_HV_B pins must be shorted
or _ 37 _ 57 _ R7 57 R7 | R7 and connected externally together to
+5.0V . - - 77 - R10 77 R10 | R10 a common reference on the PCB. A

decoupling capacitor can be used
per each supply pin and a local
Bulk/bypass capacitor just for the
VDD_HV_B domain, in order to
increase the robustness and
decoupling effect on this voltage
reference of the MCU.

2.5 V11 - Core logic voltage supply (+1.1V)

V11 is the internally generated core logic voltage supply, except for the S32K388 version. And an off-chip Bulk/bypass, decoupling and
filter capacitors between the V11 pins and the VSS reference is highly recommended. From the Figure 18 to Figure 29 are shown the
recommended power supply decoupling schemes on the V11 pin for designs using the S32K3xx MCUSs. This reference voltage must not
be used or connected to other interfaces in the application.

2.5.1 Last Mile Regulator External NFET V11 supply for K388 version

For the K388 version, the V11 must be externally generated for core supply by an NMOS at the output of the V15 supply, additionally
must connect an stability and decoupling capacitors between the V11 pin and the VSS reference are required. This reference voltage
must not be used or connected to other interfaces in the application.

V15
LAST MILE
REGULATOR
EXTERNAL NFET

i

NMOS_CTRL

Vil

COUT_V11_NFET

N

Figure 30. V11 — Last mile regulator NFET only for the S32K388
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Table 6. V11 - Core logic voltage supply (+1.1 V)

S32K3 MCU Package - Pin Number
<
:i
N
MCU Normal «
Pin Operating pa 3 S o Comments
Name Voltage N N N < +
rp e B il i < <
da | o | 32/ Jo2| do | JO0 | B | R0 | 80
08 92 |g2/g25 g2 g8 ge gg gt
N 2 NS NS NN N~ o= o N NS NS
3% | 32 | 63 35S | 35 | 38 | 35 | B8 | 3&
V11l +1.1V 7 13 13 21 21 H9 21 H9 E9 All V11 pins must be shorted and
Internal 60 60 59 59 38 59 38 H9 connected externally together to a
voltage . - 106 106 310 106 310 H1o | common reference on the PCB. A
reference decoupling capacitor can be used per
- - 149 149 K9 149 K9 J8 each supply pin and a local
= 2 = = = 2 = J10 | Bulk/bypass capacitor just for the
R - R - = = = J13 V11 domain, in order to increase the
- - - - - - _ K8 robustness and decoupling effect on
- - - - - - - K9 this voltage reference of the MCU. 41
- - . - - - . - K10
- - - - - - - - N6
- - - - - - - - N8
Last Mile NMOS - - - - - - - - F1 Control base pin for the external Last
Regulator Gate Mile Regulator NFET for V11,2
NFET Control for
- Supply V11 supply
Option W2
1. This internal reference voltage must not be used or connected to other interfaces in the application.
2. For K388 only
2.5.1.1 Selecting the N-Channel Mosfet for V11

The maximum V11 current capability using an N-Channel Mosfet [Last Mile Regulator NMOS] just for K388 devices, is determined by the
allowed maximum power of the device. The designer should consider that the maximum power dissipation of the mosfet will depend
mainly on the following factors:

e Package type
e Dissipation mounting pad area on the PCB
e  Ambient temperature

Like the maximum power supply potentials, maximum junction temperature is a worst-case limitation which shouldn’t be exceeded. This
is a critical point, since the lifetime of all semiconductors is inversely related to their operating junction temperature. For almost all
transistors packages, the maximum power dissipation is specified to +25°C; and above this temperature, the power derates to the
maximum Junction Temperature (+150°C typically). The Rthya depends considerably on the package transistor and the PCB mounting
pad area. The final product thermal limits should be tested and qualified in order to ensure acceptable performance and reliability.

Table 7. Recommended N-channel Mosfet

Part Number Package Type Manufacturer
SQA410EJ-T1_GE3 SC-70 VISHAY
PMPB10XNEA SOT1220 NEXPERIA
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2.6 V25 -Flash memory supply (+2.5V)

V25 is the internally generated Flash memory supply. And an off-chip filtering and decoupling capacitor between the V25 pin and the VSS
reference are required. This reference voltage must not be used or connected to other interfaces in the application.

Table 8. V25 - Flash memory supply (+2.5 V)

S32K3 MCU Package - Pin Number
<
=
a
MCU Normal =
. . — < < o
Pin Operating o Qo o w Comments
Name Voltage N N N < +
St SRk IaY B S« i < <
da | §o | 32| 322 S0 | JO0 | B0 | R0 | 80
06|22 22 geFfPe g g ge o8
53| N5 | N5 | N3 N3 | 86|88 |83 |83
Bw® | w3 | 3 | oS 0SS | v | ovs | o0& | v&

V2514 +2.5V 6 11 11 19 19 J7 19 J7 J7 This internal reference voltage must
Internal not be used or connected to other
voltage interfaces in the application.

reference
1. This internal reference voltage must not be used or connected to other interfaces in the application.

2.7 V15 - High-current logic supply voltage (+1.5V)

V15 is the high-current logic supply voltage for some MCU versions of the K3 family. The S32K3 MCU has the option to supply voltage
reference using an external NPN ballast transistor and a stability ceramic capacitor or supplied externally by an SBC to +1.5V. An off-
chip bulk/bypass capacitor and a decoupling capacitor between each V15 pin and the VSS reference are required for both configurations.
This MCU reference voltage must not be used or connected to other interfaces in the application. From the Figure 18 to Figure 26 are
shown the recommended power supply decoupling schemes on the V15 domain for designs using the S32K3xx MCUs.

Table 9. V15 — High Current Logic Supply Voltage

S32K3 MCU Package - Pin Number
<
=
q
Normal d
el Operating b N 3 ] Comments
Pin Name = ~ 9 =
Voltage N N N < +
Sk SR 32y B S< i < | 85
Ja | 90| 30| 302 S0 | J0 | Bo | BY | 82
Ch | 22| Eg | ge3 e | B2 fo fo ks
S| =) =) AN NN A~ o N AN o ™M ©
0
3% | B33 | S | 35S 35 | 38 | 535 | 3& o
V15 +1.5V - 12 - 20 - H8 20 E9 H8 | All V15 pins must be shorted and
High- R 59 B 60 B H10 36 H8 R connected externally together to a
gurrent . n n 105 a K8 60 H10 . common referencg on the PCB. A
logic supply decoupling capacitor can be used per
voltage - - - 148 - K10 79 J13 - each supply pin and a local
- - - - - - 105 K8 - Bulk/bypass capacitor just for the
R B B B B B 148 K10 R V15 domain, in order to increase the
. N N N N N N NG . robustness and decoupling effect on
NG this voltage reference of the MCU. 14!

1. This internal reference voltage must not be used or connected to other interfaces in the application.
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2.7.1 V15 - Supplying with the NPN Ballast Transistor option

BT option

-

VDD_HV_NPN

PTE13 | VRC_CTRL

- J

Figure 31. V15 - Supplying with the NPN Ballast Transistor option

Table 10. V15 - Supplying with the NPN Ballast Transistor option

S32K3 MCU Package - Pin Number Comments
<
=
N
MC.:U . — ; < o
Module Pin Function i g = i L
N o N i < +
name 8o 9g| 225 a|d | 8| <l .«
dol| §0| 30| Joz| So| JO0| 30| Bo| R0
°h 22/ ol go5 | Ba 22 g0 Ce) 08
N3 N5 55| HR3| 58| SR N8| 8| 5B
0| el el vaS| S| vl vSl vl &
INPN PTE13 VRC_CTRL - 7 - 11 - F1 11 F1 - Control base pin for the external
Ballast 4 NPN Ballast transistor for V15. [l
Transisto
r
Interface
- Supply
Option ™

1. This internal function for the External NPN ballast transistor option must not be used or connected to other interfaces in the
application.

Table 11. V15 - Component description and values for the external NPN Ballast transistor option

Symbol Characteristic Value
Q_V15 NPN NPN Ballast Transistor -
Recris Metal Film Resistor 2.2kQ
Court vis Stability Capacitor. X7R Ceramic or Tantalum 2.2uF
Coec™ Decoupling Capacitor 100nF — 220nF

1. A decoupling capacitor can be used per each supply pin and a local Bulk/bypass capacitor just for the V15 domain, in order to
increase the robustness and decoupling effect on this voltage reference of the MCU.

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024

Application Note 32/85



NXP Semiconductors PRELIMINARY INFORMATION

2.7.1.1 Selecting the NPN external ballast transistor

The maximum V15 current capability using an NPN External Ballast transistor [Qnpnis), is determined by the allowed maximum power of
the device. The designer should consider that the maximum power dissipation of the transistor will depend mainly on the following factors:

e Package type
e Dissipation mounting pad area on the PCB
e  Ambient temperature

Like the maximum power supply potentials, maximum junction temperature is a worst-case limitation which shouldn’t be exceeded. This
is a critical point, since the lifetime of all semiconductors is inversely related to their operating junction temperature. For almost all
transistors packages, the maximum power dissipation is specified to +25°C; and above this temperature, the power derates to the
maximum Junction Temperature (+150°C). The Rthsa depends considerably on the package transistor and the PCB mounting pad area.
The final product thermal limits should be tested and qualified in order to ensure acceptable performance and reliability.

POWER

Device mounted on Printed-Circuit Board
[WATTS] A (PCB), with a with a mounting area pad A2.
PWR_A2
Device mounted on Printed-Circuit
PWR_a1 Board (PCB), with amounting area
pad A1
PWR_aA0

Device mounted on Printed-Circuit
Board (PCB), with a standard
footprint, AD

AD <A1<A2
’ Mounting pad area

+25°C TJmax  TEMPERATURE [°C]

Figure 32. Typical Maximum power dissipation versus temperature for BJT transistors

The maximum power dissipation PWRwmax by the device is given by:

Tjmax — Tambyax
PWRyax = T

where Tamby4x iS maximum ambient temperature, Tjyax iS maximum junction temperature and Rthsa is the Junction to
Ambient Thermal Resistance of the Ballast transistor mounted on the specific PCB.

2.7.1.2 Recommended NPN Ballast transistors

Transistor specifications give the minimum and maximum gain. The worst case is usually significantly lower than the nominal figure on
the transistor datasheet cover page. Furthermore, the datasheet values are usually given at room temperature (+25 °C). The required
gain should be calculated at cold temperature, because a NPN transistor has minimum gain at low temperature. The worst-case gain at
cold temperature can be obtained from the transistor supplier or can be estimated using the graphs given in the transistor datasheet. The
hfe of the external BJT transistor should be = 75. Darlington devices are not permitted.

The designer must follow and verify all Layout/soldering footprint recommendations of the transistor supplier in order to reach a good
performance transistor.
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Table 12. Recommended NPN Transistors

Part Number Package Type Manufacturer
BCP56-16TX SOT-223-3 Nexperia
DSS60601MZ4Q-13 SOT-223-3 Diodes Incorporated

2.7.2 V15 - Supplying with the SMPS Interface for the S32K358 and S32K388
Table 13. V15 - Supplying with the SMPS Interface

S32K3 MCU Package - Pin Number
<
:!
N
MCU =
i — < <t (oL
Module Pin Name Function pa - S ] Comments
N N [N < +
SEI SR IR B Sl o o2l o<
Ja| 2| 3o o2 Jo| Jo| Bo| 80| 30
0k 22 C2| S8 22 g2 e g g
N | NS o | dNC|l AN AR AN NS NS
62 33| 32| H55 35| 68| K5 88| B
SMPS PMOS PMOS Gate - - - - - - 27 K5 K5
Interface? _CTRL Control for
- Supply the SMPS
Option option
VDD_DCDC? - - - - - 28 L5 L5
VSS_DCDC VSS/GND - - - - - - 26 J5 J5 | Refers the section VSS,
VSS _DCDC and VREFL —
Ground and ADC Reference
Low.

These internal functions/pins must not be used or connected to other interfaces in the application.
The pin with the VDD_DCDC function must be connected to VDD_HV_B domain if the SMPS option is not used only. The
VDD_DCDC power pin should not be left unconnected. Only for S32K358 and S32K388 versions.

VDD_HV_SMPS

w«

Qswmps

m Lsmps V1!

)

H
1S
-

-
High-current |
G D Dswes ;;gs(vjupply Cout_vis_swps
VDD_DCDC T

N
Comocoeme
e

Y,

VSS_DCDC

Figure 33. V15 - Supplying with the SMPS Interface option

Table 14. V15 - Component description and values for the SMPS option

Symbol

Characteristic Value

QSMPS

P-Channel Mosfet -
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Dswps Schottky Diode -
Lsves Inductor 4.7uH - 5.6uH
Court vi1 swps Stability Capacitor. X7R Ceramic or Tantalum 20uF - 22uF

1. A decoupling capacitor can be used per each supply pin of the V15 domain, in order to increase the robustness and decoupling effect
on this voltage reference of the MCU.

2. The input value of VDD_DCDC must be lower voltage than VDD_HV_A and this value must be in range between 3.3 and 5.0 Volts as
shown in the Figure 4.

2.7.2.1 Selecting the power MOSFET

When determining the gate drive requirements for the switching device, the dynamic characteristics determine the performance of the
device. The total gate charge [QG], is one of most important parameters which define the selection of the right MOSFET. The charge on
the gate terminal of the MOSFET as determined by its gate-to-source capacitance. The lower the gate charge, the easier it is to drive the
MOSFET. Total gate charge, [QG], affects the highest reliable switching frequency of the MOSFET. The lower the gate charge, the higher
the frequency. Operation at higher frequencies allows use of lower value, smaller size capacitors and inductors, which can be significant
factors in system cost. A low gate charge also makes it easier to drive the MOSFET, however, designers sometimes need to trade-off
switching frequency with EMI considerations.

The amount of charge necessary to switch the MOSFET can be determined from its data sheet by knowing the intended gate-to-source
voltage, drain current and drain-to-source voltage. The number can be taken from the characteristic curve for gate charge or taken directly
from the electrical characteristics section of the MOSFET data sheet. The gate charge number will give the total gate charge necessary
to switch the device.

The amount of current required to switch a MOSFET is directly related to the gate charge and can be determined using the next equation:
Equation 3. QG = Ixt

Where:
QG = total gate charge number | = gate current t = device switching time

2.7.2.2 Switching process of the power MOSFET

The turn-on transition is broken down into three phases, refer to Figure 34. These phases will be briefly explained. The Figure 35 shows
the transition through these regions in terms of output characteristics. Gate charge can be derived from the non-linear capacitance curves.

In the stage-1 [S1], from tO to t1, the MOSFET is OFF, gate-to-source voltage [VGS] rises from 0 V to its plateau voltage [VGP]. Once
VGS reaches the threshold voltage [VTH], the MOSFET starts conducting and ID rises. In this phase, the gate current charges the input
capacitance (CISS) with its VDS being clamped. MOSFET starts to conduct, and the turn-on process enters the second stage.

In the stage-2 [S2], from t1 to t2, the drain current finally reaches the level of the total load current. VGS is clamped at VGP and remains
relatively flat, during this region, the gate current is used to charge the reverse transfer capacitance (CRSS) and the MOSFET operates
in the linear region. After the MOSFET takes over all the load current, the drain to source voltage VDS starts to drop, and the circuit
enters the third stage.

Switching losses occur between the phase where the VG reaches the VTH, in the stagel to t2. The minimum turn-on time is usually
governed by the dv/dt capability of the system. Reducing the turn-on time increases the amount of diode reverse recovery current and
hence increases the peak power dissipation, however the total power dissipated tends to reduce.

In the stage-3 [S2], from t2 to t3, the MOSFET enters into Ohmic mode operation. VGS rises from VGP to driver supply voltage (VGDR).
Both ID and VDS remain relatively constant.

Several of the dynamic parameters are highly dependent on the measurement conditions. Consequently, understand the dynamic
characteristics before comparing data sheets from suppliers with different standard conditions.
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Viarte - source [V]

|
|
|
1
|

Time | |
Turn-On Transient of the MOSFET

Figure 34. Gate-to-Source voltage and switching versus total charge
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Figure 35. On-Region characteristics for different Gate-to-Source voltages
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2.7.2.3 Circuit layout considerations
The optimum performance of the SMPS interface cannot be achieved without taking due considerations on the circuit board design and

layout. The precautions which must be taken to minimize the amount of stray inductance in the circuit include:

. Positioning the MOSFET and the stability capacitor as close as possible to the MCU.
. Reducing circuit board track lengths to a minimum and using twisted pairs for all interconnections.
. For paralleled devices, keeping all connections short and symmetrical.

2.7.2.4 Recommended PMOS for SMPS Interface

Table 15. Recommended P-channel Mosfet

Part Number Package Type Manufacturer
PXP020-20QX MLPAKS3 Nexperia
BUK4D110-20PX MLPAK33 Nexperia
PMV48XPA SOT23 Nexperia

The designer must follow and verify all Layout/soldering footprint recommendations of the MOSFET supplier in order to reach a good
performance transistor.

2.8 VSS, VSS DCDC and VREFL — Ground and ADC Reference Low
All VSS pins and VREFL pin of the MCU must be externally connected together in a continuous and single solid GND plane.

Table 16. VSS pins — MCU Ground reference

S32K3 MCU Package - Pin Number
3
Normal g
s (23] 3| |z | s
Voltage 8o | 90 | Sa = o o | & ;-

S0 96| 36| 362|356 | N5 |33 (86|33 |83

°& £2 8 geE g2 e gg e oL ol

52|38 [ 8S| BN | S| 85 | BE |85 | 58| 3

VSS 0V-GND 8 14 12 22 22 20 B2 22 B2 B2 All VSSx/VSS_DCDC pins and

30 | 16 | 14 24 37 | 22 | Bi6 | 24 | B16 | B1e | the VREFL pin of the MCU must
~ |26 |36 | a [ se | 24 | 04 | & | ba | D4 | gunidd UEE R eno
- 38 38 58 78 37 D9 58 D9 D9 p|ane as mandatory.
- 61 61 78 107 58 G7 78 E13 E13
- 86 86 107 127 78 G11 107 G7 G7
- - - 127 150 | 107 Ji 127 | G11 | Gl11
c - . 150 168 | 127 | J4 | 150 | J1 J1
s - . 168 - 150 | J9 168 | J4 J4
s - . . - 168 | J14 - J9 J9
- - - - c - L7 - Jia | J14
- - . . - . L11 . L7 L7
- - - - - - P4 - L11 | L11
- - - - - - P14 - M5 M5
- - - - - - T2 - N7 N7
- - - - - - T7 - N10 | N10
- - - - - - T10 - P4 P4
- - - - - - T16 - P14 | P14
- - - - - - - - T2 T2
- - T7 T7
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S32K3 MCU Package - Pin Number
<
o
Normal N
_MCU Operatin < s : 3 = & COTETS
Pin Name g J SSo S d "
Voltage Nag | Sa | §ad o o | & o
oo 95| 35| 353 |35 9533|8583 88
gL go|fe (e fe |l B2 B0 Bo) 8
I I ITo I I I
N N O AN o N N AN N AN N AN N~ (SN N o N o
bR | B3| B3| B55 | 35| 35| 38| 35| 3& | &
- - - - - - - - T10 | T10
- - - - - - - - T16 T16
VREFL VSS 4 9 9 17 17 17 J6 17 J6 J6
VSS(_:DCD VSS ) ) ) ) ) ) ) 26 35 35
Exposed VSS The Exposed pad must be
Pad - - - - - - - EP - - externally connected to VSS/GND
reference of the MCU.
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2.8.1 Suggestions for the PCB layout and connection of the exposed-pad in the S32K358-172HDQFP

GND Shape/Plane “

GND via

Figure 36. Suggestions for the PCB layout and connection of the exposed-pad in the S32K358-172HDQFP

2.9 Bulk and decoupling capacitors

The effectiveness of the bulk/bypass and the decoupling capacitors depends on the optimum placement and connection type. The bulk
capacitor acts as a local power supply to the power pin, near the decoupling capacitors and close as possible to the assigned reference
voltage pin. Decoupling capacitors make the current loop between supply, MCU, and ground reference as short as possible for high
frequency transients and noise. Therefore, all decoupling capacitors should be placed as close as possible to each of their respective
power supply pin; the ground side of the decoupling capacitor should have a via to the pad which goes directly down to the ground plane.
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TOP VIEW
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SIDE VIEW
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plane Capacitor / plane
| A ]
| ¢ GND
| e vis
L I |

Local
Current
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Figure 37. Bulk and decoupling capacitor Connections

2.10 Power considerations

The S32K3XX has great versatility in its power supply due to the fact that in some models (S32K342,5S32K344,5S32K358,532K388) it
integrates three external power domains (VDD_HV_A, VDD_HV_B and V15), as well as being able to generate other voltages using
some special pins such as VRC_CTRL and PMOS_CTRL (only available in some models). These special pins have the ability to be
activated or deactivated, this also applies to V25, however it should be noted that domain A and domain B cannot be deactivated by any
Software command. In the event that the power of the B domain is removed externally, it will cause the microprocessor to RESET as it
has voltage sensors and indicator flags to detect power issues with which the micro will be protected. Whereas if you externally remove
power from domain A it will shut down the entire S32K3.

To connect a SMPS from SBC to the S32K3X8 or S32K388 is important follow the considerations and values that are shown in the Figure
4 and Figure 33, besides is important to supply the VDD_DCDC with a lower voltage that VDD_HV_A and this value must be in range
between 3.3 and 5.0 Volts.
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2.10.1 MCU Power Supply Ramp rate

In the S32K3XX datasheet, there is a parameter called "MCU supply ramp rate" with a maximum and a minimum limit. During

the power-on of MCU, the power supply must assure a ramp-rate within this range from VDD_OFF=0.1V to the voltage operating level of
VDD_HV_A, VDD_HV_B and V15. The outcome of violating the specification causes unexpected behavior, stuck operation or damage
in the MCU.

;I—RAM P_MAX TRAM P_MIN
Voo_nva Voo
Voo e Voo s
Vig Vis
CORRECT o NOT CORRECT
Non strictly rising ramp
- Out of Range
Voo_oer Voo_oer
Voo Voo
Voo s, Voo s
Vis Vi
Residualand/or NOT CORRECT Stepramp NOT CORRECT
Low Voltage - Outof Range
- Out of Range
Voo oer Voo_oer
Figure 38. MCU Power Supply Ramp rate
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2.11 Pinout differences between S32K344/42/24/22/14 -172HDQFP and S32K312-172HDQFP

Table 17. Pinout differences between S32K344/42/24/22/14 -172HDQFP and S32K312-172HDQFP

172

HDOEP S32K312 @ S32K344/42/24/22/14®
MC(l?J Topology Recommended for a drop-in replacement between a
Pin Pin Pin FI>/c())wer Pin Pin S32K312 and a S32K344/42/24/22 on a 172HDQFP package
Number Name Function ) Name Function
11 PTE13 0@ VDD_HV_ | PTE13 ¥ VRC_CTRL
Al .
PMC _\ﬁ_ V15
Voltage
Regulator 1 |
Control NPN Ballast
Output “
Rsc
H) PTE13
See note [1], [2], [3] and [4].
20 VSS Supply - V15 ¥ +1.5V -
GND High- V45
current Rpe
logic supply
voltage 20 m
CDEC
RSC
WA
See note [1], [2], [3] and [4].
60 PTB30 10 @l VDD_HV_ | V15 H +1.5V -
AB High- V15
current Rpe
logic supply =
voltage o “A
CDEC
RSC
H) PTB30
See note [1], [2], [3] and [4].
105 PTD18 0@ VDD _HV_ | V154 +1.5V -
AB High- V15
current Rpe
logic supply =
voltage 105 4 “A
CDEC
RSC
H) PTD18
See note [1], [2], [3] and [4].
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%2 o S32K312 @ S32K344/42/24/22/1419
MC(l?J Topology Recommended for a drop-in replacement between a
Pin Pin Pin I:I!c())wer Pin Pin S32K312 and a S32K344/42/24/22 on a 172HDQFP package
Number Name Function ) Name Function
148 PTE19 0@ VDD_HV_ | V15 H +1.5V -
AD High- V15
current Rpc
logic supply =
voltage wH m
CDEC
RSC
H) PTE19
See note [1], [2], [3] and [4].
38 VDD_HV_ | VDD_HV | - VDD_HV_ | VDD_HV_B
A A- B - r VDD_HV_B VDD_HV_A
Main I/O Secondary oc
and 1/O Supply 1 R m -I-
Analog Voltage [ o
Supp|y Coec
Voltage
I5] ‘ Rsc
See note [1], [2], [3], [5] and [6].
57 VDD_HV_ | VDD_HV | - VDD_HV_ | VDD_HV_B
A A- B® - R VDD_HV_B VDD_HV_A
Main I/O Secondary oc
and 1/O Supply 57 m |
Analog Voltage ©
Supp|y CDEC
Voltage —
(5] Rsc
See note [1], [2], [3], [5] and [6].
77 VDD_HV_ | VDD_HV | - VDD_HV_ | VDD _HV B
A _A- B - VDD_HV_B VDD_HV_A
Main I/0 Secondary Roc
and I/0 Supply 77 “ h |
Analog Voltage ©
Supp|y CDEC
Voltage
I5] g Rsc
See note [1], [2], [3], [5] and [6].
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2 S32K312 @ S32K344/42/24/22/1419

HDQFP )

MCU Topology Recommended for a drop-in replacement between a
Pin Pin Pin I:I!c())wer Pin Pin S32K312 and a S32K344/42/24/22 on a 172HDQFP package
Number Name Function ) Name Function

N =

o

RDC = Rsc =0 Ohms

Rpc must be used just for S32K344/42/24/22 ¥, and Rsc should be removed

Rsc must be used just for S32K3128¥, and Rpc should be removed

The V15 reference for the S32K344/42/24/22 ® should have all considerations mentioned on the section V15 - High-current logic
supply voltage.

The VDD_HV_A reference for the S32K312[ should have all considerations mentioned on the VDD_HV_A - Main /O and Analog
Supply Voltage

The VDD_HV_B reference for the S32K344/42/24/22 © should have all considerations mentioned on the section VDD_HV_B -
Secondary 1/0 Supply Voltage.

Customer must evaluate the differences between a S32K344/42/24/22 1® and a S32K312®! for a replacement in the application.
Refers the Reference Manual and the latest version of S32K3-MCU Pinout file for more details

2.12 Pinout differences between S32K342/22-100HDQFP and S32K312/11-100HDQFP

Table 18. Pinout differences between S32K342/22-100HDQFP and S32K312/11-100HDQFP

100 S32K312/11 S32K342/22
100HDQFP 100HDQFP
HDQFP T .
MCU opology Recommended for a drop-in replacement between a
: ; . 110 . : S32K312/11 and a S32K342/220n a 100HDQFP package
Pin Pin Pin Pin Pin
Number Name Function PEITE Name Function
Domain
7 PTE13 0@ VDD _HV_ | PTE13 ¥ VRC_CTRL
A -
PMC
Voltage } E | I V15
Regulator
Control 1 |
Output ™ NPN Ballast
Rsc
H) PTE13
See note [1], [2], [3] and [4].
12 VSS Supply - V15 [ +1.5V - V15
GND High- Roc
current » m
logic supply - c
voltage DEE
Rsc
WA
See note [1], [2], [3] and [4].
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100 S32K312/11 18 S32K342/22 1B
HDQFP 100HDQFP 100HDQFP
MCU Topology Recommended for a drop-in replacement between a
) . . 110 . . S32K312/11 and a S32K342/220n a 100HDQFP package
Pin Pin Pin Power Pin Pin
Number Name Function Domain Name Function
25 PTD13 1O @l VDD_HV VDD_HV VDD_HV_B
Al T | gl T T T Roc VDD_HV_B
Secondary
1/0 Supply e m
Voltage © Coec
Rsc
H) PTD13
See note [1], [2], [3] and [4].
24 PTD14 IO ® VDD_HV_ | VSS Supply
A GND Rpc
» B W |
GND
Rsc =
H) PTD14
See note [1], [2], [3] and [4].
37 VDD_HV_ | VDD_HV | - VDD_HV_ | VDD_HV_B VDD HY B VDD HV A
Al _A-Main B - Roc - .
/O and Secondary 37 M |
Analog 1/O Supply
Supply Voltage © Coec
Voltage —
5] Rsc
See note [1], [2], [3] and [4].
59 PTE7 0@ VDD_HV_ | vis# +1.5V - VA5
Al High- Roc
current - m
; 59
logic supply - c
voltage DEC
Rsc
\AAH) PTE7
See note [1], [2], [3] and [4].

RDC = RSC =0 Ohms

Rpc must be used just for S32K42/221, and Rsc should be removed

Rsc must be used just for S32K312/11%), and Rpc should be removed

The V15 reference for the S32K42/2218, should have all considerations mentioned on the section V15 - High-current logic supply
voltage.

PoONPE
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100 S32K312/11 18 S32K342/22 1B
HDQFP 100HDQFP 100HDQFP ;
MCU Topology Recommended for a drop-in replacement between a
Pin Pin Pin 110 Pin Pin S32K312/11 and a S32K342/220n a 100HDQFP package
. Power .
Number Name Function Domain Name Function
5. The VDD_HV_A reference for the S32K312/111, should have all considerations mentioned on the VDD_HV_A - Main I/0 and Analog
Supply Voltage
6. The VDD_HV_B reference for the S32K42/2218,! should have all considerations mentioned on the section VDD_HV_B - Secondary
1/0 Supply Voltage.
7. Customer must evaluate the differences between a S32K42/22[%, and a S32K312/118, for a replacement in the application.
8. Refers the Reference Manual and the latest version of S32K3-MCU Pinout file for more details
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2.13 Pinout differences between S32K358-MapBGA289 and S32K388-MapBGA289

Between the S32K358 and the S32K388 version there are some differences on the pinout, these differences are shown in the Figure 39.

The principal differences between the pinout of K358 and K388 is the supply to V11, the S32K358 generates the V11 internally through the V15 supply,
but the S32K388 need to be generated externally (See Figure 1-Figure 3) using the NMOS_CTRL pin which is responsible for voltage regulation using an
external N channel Mosfet QNMOS (Last Mile Regulator NFET)) lowering the voltage from +1.5V to +1.1V.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
A PTG10 | PTAB PTAS PTE30 PTE1 PTFO PTA12 | PTE24 | PTA13 | PTAl4 | PTALS | PTAlG PTAD PTBE | PTD27 | PTD26 | PTG11 A
B PTALS VSS PTA9 PTE31 PTED PTF1 PTALl PTE25 PTE22 PTE2 PTEG PTC7 PTD28 PTA1l PTFS /S5 PTF10 B
C PTALS | PTEL6 | PTA22 | PTE28 | PTE29 PTF2 PTF4 PTFS PTF7 PTE20 | PTE19 PTC6 | PTD31 | PTD29 | PTBY | PTD25 | PTBI1
D PTA21 | PTELS | PTA23 Vss PTE26 | PTF3 PTF6 PTE23 VSS PTFS pTEls | PTEL7 | PTD30 | = | PTB10 | PTD22 | PTA2
_ VDD_HV -
E PTELL | PTELO | PTD1 | PTA20 7| pTG21 | PTHO PTHL vii PTH2 PTH3 PTH4 vss PTF13 | PTF12 | PTAZ | PTD23 E
- NMOS_C -
F = | PTES PTDO PTGE | PTG30 | PTA4 PTC4 PTCS PTE2Z1 | PTG27 | PTG26 | PTG25 | PTHS PTF15 | PTF14 | PTD2 PTD3 F
TRL
- . . _ . . - |voo_Rv_| ) N I R (S . -
G PTA24 | PTGY | PTG13 | PTG4 | PTG29 | PTE4 Vss PTAL0 | PTE27 - wes PTG24 | PTH6 | PTF17 | PTF16 | PTD4 | PTD22 G
_ ~ . VDD_HV ~ _ _ |vDD_HV _ o ,
H PTA25 PTG1 PTG14 PTGS PTG28 VREFH L V15 V1l Vil PTF11 PTG23 ~ T| PTF18 PTD21 PTB13 PTB12 H
5 DCD| ) : . . . . .
VsS PTGO PTG2 S5 E RE V25 11 55 Vi1 PTF19 | PTG22 Vi1l VSS PTF20 | PTB15 | PTB14
) . . . o |PmOsC _ ) . VDD_HV_ ~ . o o )
K EXTAL PTG3 PTF30 PTF29 TR PTGT7 PTGGO Vil Vil Vi1 . PTG21 PTH7 PTF21 PTD20 PTB17 FTBl6 K
. ) . | vop_DC ] VDD_HV _ . : .
L XTAL PTA26 PTE14 PTD15 e PTG15 VsS — 7| PTF31 PTF28 VssS PTG20 PTHB PTC31 | PTD19 | PTD18 | PTALT L
M PTEL2 | PTA27 | PTA29 | PTD14 vss PTB22 | PTB23 | PTG16 | PTGL7 | PTG18 | PTG19 | PTF24 | PTHY | PTF23 | PTAS PTA7 PTE?
N . _ |VDD_HV_|VDD_HV VDD_HV
\ PTE3 PTA28 PTD17 -7 T V11 V5SS V1l T 5SS PTH12 PTH11 PTH10 PTC9 PTC8 PTC29 PTC30 |
B A A
P PTA31 | PTD16 | PTA30 VSS PTD13 | PTC16 | PTB24 | PTB25 | PTB27 | PTB28 | PTC12 | PTF25 | PTF27 55 PTC26 PTBO | PTC28 P
_ VDD _H\ VDD_HV -~
R PTB18 | PTB19 | PTES PTES | PTD12 | PTCL7 - | pTp8 | PTB26 < 7| PTC13 | PTF26 | PTC21 | PTC25 | PTC24 | PTC27 | PTBL R
B
T PTB20 V5SS PTC3 PTC2 PTD6 PTD10 V55 PTC1 PTC14 V55 PTB2 PTC19 PTC20 PTB31 PTC11 55 PTC10 T
PTB21 | PTES PTB4 PTD7 PTD5 | PTD11 | PTCO PTD9 | PTC15 | PTB3 | PTC18 | PTB29 | PTB30 | PTC23 | PTC22 | PTF22 | PTGI12
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
MCU S32K388 S32K358
Pin# _289bga _289bga
E9 V1l V15
H10 V11l V15
N6 V11 V15
J13 V1l V15
K10 V11l V15
K8 V1l V15
N8 V11 V15
Fl NMOS _CTRL PTE13

Figure 39. General view of the pinout and power domains for the S32K388 - 289MapBGA Package

In the Table 19 describes the differences of pinout between K358 and K388 between V15 and V11 and also suggests components for each pin in different
cases. For the S32K358 components in blue are mandatory but components in green color should not be populated, however in the case S32K388
components in green color should be populated but components in blue color no.
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Table 19. Pinout differences between S32K358 289BGA and S32K388 289BGA

Pin #
MCcuU

$32K388
_289bga

$32K358
_289bga

E9

N6

H10

J13

K10

N8

K8

18

J10

H9

K9

V11

V15

V11

H8

V15

V15

F1

NMOS_CTRL

PTE13

V15

NMOS_CTL /PTE13 &€&

L ——

Only for K358 and K344

Qumos_vi1

Only for S32K388

Vi1

-

Y
Ilcnur_wusvﬂ
-

! X
] *
et ———

T
L

1 Only for K358
and K344

V15 V15
Vi1 V15
Vi1 V15
Vi1 V15
Vil V15
Vi1 V15
Vi1 V15
Vi1 V15

Vi1 v
Vi1 v
Vi1 v
Vi Vit

K358 and K344

Ra = 0 Ohms/0603, must be populated for the K388 only.
Rg = 0 Ohms/0603, must be populated for the K358 only.

arpONE

CDEC = 100nF-220nF
Cout nvosvii = 22uF, must be populated for the K388 only.
Cout vi1 = 2.2uF, must be populated for the K358 only.
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3 Clock circuitry
The S32K3xx MCU has the following clock sources:

e 8 -40 MHz Fast External Oscillator (FXOSC)

e 48 MHz Fast Internal RC oscillator (FIRC)

e 32 kHz Low Power Oscillator (SIRC)

e 32 kHz Slow External Oscillator (SXOSC)

e Up to 320 MHz System Phased Lock Loop (SPLL)

FIRC, SIRC are internal and does not have to be considered from the hardware design perspective. The external oscillator works with a
range from 8-40 MHz It provides an output clock that can be provided to the PLL or used as clock source for some peripherals. When
using the external oscillator as input source for the PLL, the frequency range of the external oscillator should be 8—-40 MHz.

3.1 EXTAL and XTAL pins

These pins provide the interface for a crystal to control the internal clock generator circuitry. EXTAL is the input to the crystal oscillator
amplifier. XTAL is the output of the crystal oscillator amplifier. The pierce oscillator provides a robust, low-noise and low power external
clock source. It is designed for optimal start-up margin with typical crystal oscillators. S32K3XX MCU supports crystals or resonators from
8 MHz to 40 MHz The Input Capacitance of the EXTAL, XTAL pins is 7pF.

Table 20. S32K3xx - EXTAL and XTAL pins

S32K3 MCU Package
- Pin Number Comments
N
&
. U S}
NFI)Ci:nU Signal s & J o S i
Description o o~ o 2. ® = < +
Name N dao | ¥ o 3 a a9 o < <
= NS <Ll g K gl A oL [ o ®
Q Q Q
okl of | g8 ¢ g g8 |28 38 88| e ee
FIREEREERE R R ERE
NS | O Da| WG| o NAa| D] D] O] B
XTAL External Crystal 10 17 17 25 24 25 L1 25 L1 L1
Output
EXTAL External Crystal 9 15 15 23 23 23 K1 23 K1 K1
Input

1. The S32K344-172HDQFP [V1.0] is a predecessor version of the S32K344 /42 /24 /22 /14-172HDQFP [V1.1] versions.

2. The S32K344-172HDQFP [V1.0] version is used just for prototypes and initial hardware and software enablement purposes, not for high
production or new designs.

3. The hardware differences between S32K344-172HDQFP [V1.0] and S32K344 /42 /24 /22 [14-172HDQFP [V1.1] are clearly mentioned in
the Pinout differences between S32K344-172HDQFP V1.0 and S32K344-172HDQFP V1.1 section

e A
Rsex CXTAL

' XTAL 1

]

X1

CEXTAL

' EXTAL

S32K3XX
Mmcu _

Figure 40. Reference oscillator circuit
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Table 21. Components of the oscillator circuit

Symbol Description

Rsexr Series resistor for current limitation

X1 Quartz Crystal / Ceramic Resonator

CxraL External load capacitor on XTAL pin.

CexTaL External load capacitor on EXTAL pin.

1. The Rs and load capacitors values are dependent on the specifications of the crystal and on the board capacitance. It is
recommended the customer develops evaluation and characterization of the crystal on their PCB with the part manufacturer.
3.2 Suggestions for the PCB layout of oscillator circuit

The crystal oscillator is an analog circuit and must be designed carefully and according to the analog-board layout rules:

It is recommended to send the PCB to the crystal manufacturer to determine the negative oscillation margin as well as the
optimum regarding Rs, CxtaL and CextaL capacitors. The data sheet includes recommendations for the tank capacitors CxraL
and CextaL. These values together with the expected PCB, pin, etc. stray capacity values should be used as a starting point.
Signal traces between the XTAL/EXTAL pins, the crystal and the external capacitors must be as short as possible, without using
any via, these traces pins should only be connected to required oscillator components and must not be connected to any other
devices or components. This minimizes parasitic capacitance and sensitivity to crosstalk and EMI.

Keep other digital signal lines, especially clock lines, analog and frequently switching signal lines, as far away from the crystal
connections as possible. Crosstalk from the digital activities may affect the small amplitude of the oscillator signal.

A ground area should be placed under the crystal oscillator area. This ground plane must be clean ground connected to the
VSSx/GND reference of the S32K3XX.

The main oscillation loop current is flowing between the crystal and the load capacitors. This signal path (crystal to CexraL to
CxraL to crystal) should be kept as short as possible and should have a symmetric layout. Hence, both capacitor’'s ground
connections should always be as close together as possible.

The following Figure 41 and Figure 42 show the recommended placement and routing for the oscillator layout.

All VS5 pins should be
connected to common
GROUND at the PCB level
GROUND plane Crystal / Oscillator
-2nd Layer - 1st Layer

Cxm
S32K344 MCU
25TBGA
- 1st Layer
Cexrar

GROUND via GROUND Ring
- 1st Layer

Figure 41. Suggested crystal layout for 257MBGA package
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GROUND plane I
-2nd Layer All VSS pins should be
connected to common

I GROUND at the PCE level
mmsiS 0

$32K3xx
M72MaxQFP- 1st Layer
100MaxQFP- 1st Layer

GROUND via

Crystal | Oscillator
- 1st Layer

!

(o]

/ Cexrar Cxrar

Figure 42. Suggested crystal layout for the 172HDQFP and 100HDQFP package

GROUND Ring
- 1st Layer

To improve the FXOSC jitter performance, the functionality of the pin next to the Oscillator (PTA26 in the172HDQFP package) must be
limited to static GPIO operation.

Crystal oscillator circuit provides a very-safe stable oscillation when the GM > 5 X gycric- The gmerie 1S defined as:

2
Gmerit = 4 X (ESRosc + Rsgxr) X (21 X Fosc)? X (Co_osc + Croan)

where:
Table 22. Transconductance Equation — Parameters
Parameter Description
GM Transconductance of the MCU internal oscillator circuit
Fosc Frequency of the external crystal oscillation.

ESRysc Equivalent series resistance of the external crystal

Co osc Shunt capacitance of the external crystal

CrLoap Total load capacitance on the external crystal

[Cxra X CEXTAL])
Cromp =Cs + |7
Loap $ ([CXTAL + CEXTAL]
For the frequency to be accurate, the oscillator circuit must show the same load capacitance to the crystal as the one the crystal
was adjusted for. Frequency stability mainly requires that the load capacitance be constant. The external capacitors Cy;,, and
Crxra, @re used to tune the desired value of C,,4p to reach the value specified by the crystal manufacturer.
Cs Stray or parasitic capacitance on the pin due to any PCB traces, 5pF~7pF.

CexraL External load capacitor on EXTAL pin.

CyraL External load capacitor on XTAL pin.

Rg pxr External series resistance connected between XTAL pin and external crystal for current limitation, Rsgy; should be selected
carefully to have appropriate oscillation amplitude for both protecting crystal or resonator device and satisfying proper oscillation
startup condition and prevents the oscillator from vibrating at the odd harmonics of the fundamental frequency
If the power dissipation in the selected crystal or oscillator is lower than the drive level (uW) specified by the crystal supplier, the
insertion of Rsgyr is not recommended and its value is then 0Q. An approximation for the initial value of Rs;y; can be obtained by
considering the voltage divider formed by Rsgyr and Cyr,.. Thus, the value of Rsgyris equal to the reactance of Cyy,,. Then
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Parameter Description

1
27 X Foee X Cyray,

Rspxr =

For example, to design the oscillation loop in a S32K3xx microcontroller with a maximum Amplifier Transconductance value gm0SCX =

18.5 mA/V for a frequency range 8MHz-40MHz, and it is selected the crystal AT-16.000MAGE-x - 16MHz /TXC crystal, with the following
characteristics:

Table 23. Example — Pierce Oscillator Design

Parameter Value Value Units

Fosc Frequency of the external crystal oscillation. 16 MHZ
ESRysc Equivalent series resistance of the external crystal 60 Q
RSgxr Series resistor for current limitation 100 Q
Co osc Shunt capacitance of the external crystal 12 pF
Croap Total load capacitance on the external crystal 8 pF
C Stray or parasitic capacitance on the pin due to any PCB traces 3 pF
CexralL External load capacitor on EXTAL pin. 10 pF
CxraL External load capacitor on XTAL pin. 10 pF

Calculating gmcrit
Gmerie = 4 X (60 +100) x (27 X [16 x 106])2 x ([12 x 10712] + [8 x 10712])2
Gmeric = 25874/,
o 5X Gmerie = 12-935mA/V

Due to the Crystal oscillator transconductance (18.5 mA/V) is higher than 5 X gncrie, The estimation of the gain margin is sufficient to
start the oscillation and the oscillator is expected to reach a stable oscillation after a typical delay specified in the datasheet.

Based on the analysis and characterization of the oscillator manufacturer, the Rsgzyy and the values for
Cexrar @nd Cyra; can be adjusted or redefined in order to assure a safe oscillation margin. In order to check and measure the crystal
oscillation or any other signal characteristics, a frequency counter equipment is useful. Oscilloscopes and spectrum analyzers are
generally not recommended because these types of equipment are usually not able to distinguish main oscillation from spurious), and
the other hand, if the probes of the oscilloscope (despite that some probes are of low impedance) are connected directly to the oscillation
circuit, it will stop and may affect or attenuate the crystal’s oscillations.
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3.3 Pinout differences between S32K344-172HDQFP V1.0 and S32K344-172HDQFP V1.1

Table 24.Pinout differences between S32K344-172HDQFP V1.0 and S32K344-172HDQFP V1.1

"F{'iﬁu $32K344 - 172HDQFP V1.0 S$32K344 - 172HDQFP V1.1
Number Pin Name Pin Function Pin Name Pin Function

23 EXTAL External Crystal Input EXTAL External Crystal Input

24 XTAL External Crystal Output GND External Crystal Output

25 PTA26 GPIO XTAL External Crystal Output

1. The S32K344-172HDQFP [V1.0] is a predecessor version of the S32K344 /42 /24 /22 /14-172HDQFP [V1.1] versions.

2. The S32K344-172HDQFP [V1.0] version is used just for prototypes and initial hardware and software enablement purposes, not for high

production or new designs.

3.3.1 Topology Recommended for a drop-in replacement between a S32K344-172HDQFP/V1.0 and
S32K344 -172HDQFP/V1.1

24 25 |

T S32K344 /172HDQFP V1.0
RA - DNP
RA RB RC RB — Populated / 0 Ohms
RC - DNP

CXIAI

S32K344 /172HDQFP V1.1
RA — Populated / 0 Ohms
RB — DNP

RC — Populated / 0 Ohms

Figure 43. Topology Recommended for a drop-in replacement between a S32K344-172HDQFP/V1.0 and S32K344 -172HDQFP/V1.1
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Table 25. Topology Recommended for a drop-in replacement between a S32K344-172HDQFP/V1.0 and S32K344 -172HDQFP/V1.1

MCU
Pin Topology Recommended for a drop-in replacement between a S32K344-172HDQFP/V1.0 and S32K344 -172HDQFP/V1.1
Number
S32K344
172HDQFP
Vl' o GROUND plane
-2nd Layer AllVSS pins should be
\ + connecied to common
— GROUND at the PCB level
""" $32K3xx MCU
172MaxQFP
1st Layer
GROUND via
Crystal / Oscillator
~1st Layer
S532K344 /172MaxQFP V1.0
- RA-DNP
GROUND Ring *  RB-Populated /0 Ohms
- 1st Layer RC-DNP
S32K344
172HDQFP
V1.1

GROUND plane
-2nd Layer All'VSS pins should be

connected to common

\ " GROUND at the PCB level
=0
EXTAL I

O
1

-1t Layer
GROUND via

Crystal / Oscillator
- Tst Layer

$32K344 A72MaxQFP V1.01
- RA-Populated/0 Ohms
GROUND Ring RB-DNP
- st Layer + RC-Populated/0 Ohms

1. The S32K344-172HDQFP [V1.0] is a predecessor version of the S32K344 /42 [24 /22 /14-172HDQFP [V1.1] versions.
2. The S32K344-172HDQFP [V1.0] version is used just for prototypes and initial hardware and software enablement purposes, not for high
production or new designs.
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4 Debug and programing interface
4.1 RESET system

Resetting the MCU provides a way to start processing from a known set of initial conditions. System reset begins with the on-chip regulator
in full regulation and system clocking generation from an internal reference.

4.1.1 External pin RESET

For all reset sources, the RESET_B pin is driven low by the MCU for at least 128 bus clock cycles and until flash memory initialization
has completed. After flash memory initialization has completed, the RESET_B pin is released and the internal chip reset desserts. Keeping
the RESET_B pin asserted externally delays the negation of the internal chip reset. The RESET pin is the same as the standard
SIUL2_GPIO/eMIOS_GPIO. It can operate as a pseudo-open-drain output because there is also a PMOS device in the output stage.

The reset pin, similar to some other GPIO has a weak internal pull-up. If the environment and the customer application is noisy, an
external pull up resistor to VDD_HV_A must be added directly to the reset pin in order to avoid a sporadic or unintended reset occurs.
Refer to the device datasheet for the levels of voltage and current allowed in the pin. Despite a capacitor in the reset line is not directly
required for the MCU. In some cases, in order to add a further ESD protection, an external capacitor is added between the RESET pin to
ground and this capacitor must be place as close as possible and directly to the debug interface or connector. The values of the pull up
resistor and the capacitor must be selected according to the design requirements of the application. Refer to the device datasheet for the
minimum RESET pulse value that can be detected for the MCU.

4.2 JTAG and TRACE interface

A number of commonly used debug connectors are shown here. Most of the Arm® development tools uses one of these pins. When
developing your Arm® circuit board, it is recommended to use a standard debug signal arrangement to make connection to debugger
easier:

Table 26. JTAG signal description

S32K3 MCU Package
- Pin Number
<
<
a
Signal Signal L= — = < a Recomme 1o
L Pin o N & w . Power
Name Description = = o = ndation .
Name o~ ~ ~ L < + Domain
R I I B Bt R P R
gdo | Yo Jo| oz Yo Jo| o | B0 | 0
C&ICE L2 LR LR ggicR ce e
NS | NS | NS | N ANl ARl AN | NS | NS
R | B3| B3| B5S| K5 B8 G5 | 38| B
JTAG_TDO | JTAG Test PTA10 44 92 92 161 161 | G8 161 G8 G8 Pull-Up VDD_HV_A
Data Output
JTAG_TDI JTAG Test PTC5 45 95 95 165 165 F8 165 F8 F8 Pull-Up
Data Input
JTAG_TCK | Clock into the PTC4 46 96 96 166 166 F7 166 F7 F7 Pull-Down
/ core
SWD_CLK
JTAG_TMS | JTAG Test PTA4 48 98 98 170 170 F6 170 F6 F6 Pull-Up
/ SWD_DIO | Mode Select
RESET Reset MCU PTA5 a7 97 97 167 167 | A3 167 A3 A3 Pull-Up
External pull up/down resistors for the JTAG signals can be added to increase debugger connection robustness.
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VDD_HV_A

Reu ﬁ Reu Reu Reu

O )
T™S T™S
TCLK TCLK
TDO TDO
DI DI
(_/RsT JRST )

GND VSS
JTAG/SWD Debug
Connector S32K3XX
\ J = = = mcu

[

Figure 44. JTAG Pin Connections

Table 27. JTAG connector — Component description

Typ
Symbol Parameter Value Units
Range
Rpy Pull up Resistor 4.7k-10k Q
Rpp Pull down Resistor 4.7k-10k Q

4.3 Debug connector pinouts

4.3.1 20-pin Cortex® Debug-D ETM connector

Some newer ARM® microcontroller board use a 0.05” 20-pin header (Samtec FTSH-110) for both debug and trace. (The 20-pin Cortex®
Debug D ETM connector support both JTAG and Serial Wire debug protocols. When the Serial debug protocol is used, the TDO signal
can be used for Serial Wire Viewer output for trace capture. The connector also provides a 4-bit wide trace port for capturing of trace that
require a higher trace bandwidth (example, when ETM trace is enabled).

VTref 1 D D 2 TMS/SWIO
GND 3 D D 4 TCK/SWCLK
GND 5 D D 6 TDO /SWO / TRACECTL / EXTa
KEY 7 D D 8 TDI / EXTb /NC
GNDDetect 9 D D 10 nRESET

GND/TgtPwr+Cap 11 D D 12 TRACECLK

GND/TgtPwr+Cap 13 D D 14 TRACEDATAO
GND 15 D D 16 TRACEDATA1
GND 17 D D 18 TRACEDATA2
GND 19 D D 20 TRACEDATA3

Figure 45. 20-pin Cortex® Debug D ETM connector pin layout
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4.3.2 10-pin Cortex® Debug connector

For device without ETM, you can use an even smaller 0.05” 10-pin connector (Samtec FTSH-105) for debug. Similar to the 20pin Cortex®
Debug D ETM connector, both JTAG and Serial-Wire debug protocols are supported in the 10-pin version.

VTref 1 D D 2 TMS/SWIO
GND 3 D D 4 TCK/SWCLK
GND 5 D D 6 TDO/SWO / TRACECTL / EXTa
KEY 7 D D 8 TDI /EXTb /NC
GNDDetect 9 D D 10 NRESET

Figure 46. 10-pin Cortex® Debug connector pin layout

4.3.3 Legacy 20-pin IDC connector

A common debug connector used in Arm® development boards is the 20-pin IDC connector. The 20-pin IDC connector arrange support
JTAG debug, Serial Wire debug (SWIO and SWCLK), Serial Wire Output (SWO). The nICEDETECT pin allows the target system to
detect if a debugger is connected. When no debugger is attached, this pin is pulled high. A debugger connection connects this pin to
ground. This is used in some development boards that support multiple JTAG configurations. The nSRST connection is optional;
debugger can reset a Cortex®-M system via the System Control Block (SCB), so this connection is often omitted from the top level of
microcontroller designs.

3v3 1 D D 2 3v3i
Ntrst 3 D D 4 GND
TDI/EXTb /NC 5 D D 6 GND
TMS/SWIO 7 D D 8 GND
TCK/SWCLK 9 D D 10 GND
RTCK 11 D D 12 GND
TDO/SWO / TRACECTL / EXTa 13 D D 14 GND
nc / NSRST 15 D D 16 GND
NC 17 D D 18 GND

NC 19 D D 20 nICEDETECT

Figure 47. 20-pin IDC connector
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4.3.4 38-pin Mictor connector

In some ARM® system designs, Mictor connector is used when trace port is required (example, for instruction trace with ETM). It can
also be used for JTAG/SWD connection. The 38-pin IDC connector can be connected in parallel with the Mictor connector (only one is
use at a time).

NC 1 I:I I:I 2 NC
NC 3 D D 4 NC
GND 5 D D 6 TRACECLK
Pulldown 7 D D 8 Pulldown
NC/ nSRST 9 I:I I:I 10 Pulidown
TDO/SWO 11 I:I I:I 12 Pullup (Vref)
RTCK 13 D D 14 Vsupply
TCK/SWCLK 15 D D 16 0/ TRACEDATA[7]
TMS/SWI0 17 I:I D 18 0/ TRACEDATA[6]
TDI 19 I:I I:I 20 0/ TRACEDATA[S5]
nTRST 21 D D 22 0/ TRACEDATA[4)
0 / TRACEDATA[15] 23 I:I I:I 24 TRACEDATA[3]
0/ TRACEDATA[14] 25 D D 26 TRACEDATA[2]
0/ TRACEDATA[13] 27 I:I I:I 28 TRACEDATA[1]
0/ TRACEDATA[12] 29 D D 30 o
0/ TRACEDATA[11] 31 D D 32 o
0/ TRACEDATA[10] 33 I:I I:I 34 1
0/ TRACEDATA[9] 35 D D 36 0/ TRACECTRL
0/ TRACEDATA[8] 37 I:I I:I 38 TRACEDATA[0]
Figure 48. 38-pin IDC connector

Typically, a Cortex®-M3 or Cortex®-M4 microcontroller only has 4-bit of trace data signals, so most of the trace data pins on the Mictor
connectors are not used. The Mictor connector is used mostly in other ARM® Cortex® processors (Cortex®A8/A9, Cortex®-R4) or in
some multiprocessor systems the trace system might require a wider trace port. In such cases, some of the other unused pins on the
connector will also be used. For a typical Cortex®-M3 or Cortex®-M4 system, the Cortex® Debug D ETM connector is recommended.
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Table 28. TRACE signal description

S32K3 MCU Package
- Pin Number
!
. MCU q I/0
ﬁfmnil Pin - § < a Power Comment
Name = & S L Domain
N o~ N < +
il I i S« & < <
da |0 | 232 | J2o | S0 30 | B | B3y | 80
0|22 82 |g2 82 g2 gg ge g
N N o N o AN N AN N AN N~ AN N N o N o
2 | B3S | 3| B35 | G5 | 38 | 85 | $& | H&
TRACE_ETM_CLKOUT PTC2 - - - 50 50 T4 50 T4 T4 VDD_HV_B See
note [1]
PTC1 - - - - - - 61 T8 T8 VDD_HV_B
PTG6 - - - - - K7 - K7 K7 VDD_HV_A See
note [2]
PTH4 - - - - - - - E12 E12 VDD _HV_A
TRACE_ETM_DO PTD7 - - - 51 51 u4 51 u4 u4 VDD_HV_B See
note [1]
PTCO - - - - - K6 62 u7 u7 VDD _HV B
PTG7 - - - - - K6 - K6 K6 VDD_HV_A See
note [2]
PTG28 - - - - - - - H5 H5 VDD _HV_A
TRACE_ETM_D1 PTD12 - - - 54 54 R5 54 R5 R5 VDD_HV_B See
note [1]
PTD9 - - - - - - 63 us us VDD_HV_B
PTG15 - - - - - L6 - L6 L6 VDD_HV_A See
note [2]
PTG29 - - - - - - - G5 G5 VDD_HV_A
TRACE_ETM_D2 PTD11 - - - 55 55 ué 55 ué ué VDD_HV_B See
note [1]
PTD8 - - - - - - 64 R8 R8 VDD _HV_A
PTG16 - - - - - M8 - M8 M8 VDD_HV_A See
note [2]
PTG30 - - - - - - - F5 F5 VDD _HV_A
TRACE_ETM_D3 PTD10 - - - 56 56 T6 56 T6 T6 VDD_HV_B See
note [1]
PTC17 - - - - - - 65 R6 R6 VDD_HV_B
PTF31 - - - - - L9 - L9 L9 VDD_HV_A See
note [2]
PTG31 - - - - - - - E6 E6 VDD_HV_A
TRACE_ETM_D4 PTG17 - - - - - M9 - M9 M9 VDD_HV_A
PTHO - - - - - - - E7 E7 VDD_HV_A
TRACE_ETM_D5 PTF28 - - - - - L10 - L10 L10 VDD _HV_A
PTH1 - - - - - - - E8 E8 VDD_HV_A
TRACE_ETM_D6 PTG18 - - - - - M10 - M10 | M10 VDD_HV_A
PTH2 - - - - - - - E10 E10 VDD _HV_A
TRACE_ETM_D7 PTG19 - - - - - M11 - M11 M11 VDD _HV_A
PTH3 - - - - - - - E11 E11 VDD _HV_A
TRACE_ETM_D8 PTG20 - - - - - L12 - L12 L12 VDD _HV_A
PTH5 - - - - - - - F13 F13 VDD _HV_A
TRACE_ETM_D9 PTG21 - - - - - K12 - K12 K12 VDD _HV_A
PTH6 - - - - - - - G13 G13 VDD_HV_A
TRACE_ETM_D10 PTG22 - - - - - J12 - J12 J12 VDD _HV_A
PTH7 - - - - - - - K13 K13 VDD_HV_A
TRACE_ETM_D11 PTG23 - - - - - H12 - H12 H12 VDD_HV_A
PTH8 - - - - - - - L13 L13 VDD _HV_A
TRACE_ETM_D12 PTG24 - - - - - G12 - G12 G12 VDD _HV_A
PTH9 - - - - - - - M13 | M13 VDD HV A
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S32K3 MCU Package
- Pin Number
<
=
. MCU IN] 1/0
S/ Pin — - a Power Comment
Name S S ;
Name <! &l <l w Domain
N o~ N < +
| e | S« y < <
dao | S0 | 3o | 3o | Yo | Jo | B | 30 | 30
°E| 2282 |g2 82 g2 gg ge g
N [N [N N N N N N~ o N N o N &
BR | 33 | BS | 35 | 35 | B8 | 35| 38| 3&
TRACE_ETM_D13 PTG25 - - - - - F12 - F12 F12 VDD_HV_A
PTH10 - - - - - - - N13 N13 VDD HV_A
TRACE_ETM_D14 PTG26 - - - - - F11 - F11 F11 VDD HV_A
PTH11 - - - - - - - N12 N12 VDD HV_A
TRACE_ETM_D15 PTG27 - - - - - F10 - F10 F10 VDD_HV_A
PTH12 - - - - - - - N11 N11 VDD HV A

1. Fora?257bga version. If QSPIA and/or Ethernet functions are required in the customer application, then the TRACE function must be selected
just on the VDD_HV_A domain.

2.  Forthe S32K344 /42 /24 /22 /14 - 172HDQFP versions. The user should select one function between TRACE or QSPIA on the VDD_HV_B
domain for the application.

5 Communication modules

NOTE

In the applications where the user/customer is using different voltage levels in the MCU domains (for example VDD_HV_A
=+5.0 and VDD_HV_B = +3.3V). The user must select that the:
. FlexCAN,
LPUART,
LPI2C,
LPSPI,
QSPI,
Ethernet MAC,
SAl, or
SDHC data lines have the same voltage domain, VDD_HV_A or VDD_HV_B, and data lines are within the voltage
range allowed for that communication (for example VDD_HV_B = +3.3V in the case of Ethernet MAC, SAI, QSPI,
or SDHC).

A cross-combination of voltage domains for communication interfaces is not allowed (for example, the Tx data line with
VDD_HV_A and the Rx data line with VDD_HV_B).
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5.1 LIN interface

The Local Interconnect Network (LIN) is a serial communication protocol, designed to support automotive networks. As the lowest level
of a hierarchical network, LIN enables cost-effective communication with sensors and actuators when all the features of CAN are not
required. The LIN bus topology utilizes a single master and multiple nodes, as shown below. Connecting application modules to the
vehicle network makes them accessible for diagnostics and service.

LIN MASTER Slave Node Slave Node Slave Node
NODE ECU Device 1 Device 1 Device 1

VBAT

p -y N p N p N

LIN BUS | |

GND
\ g \ g

Figure 49. LIN bus topology

The LIN physical layer has is a low-side MOSFET with a current limitation and overcurrent transmitter shutdown. A selectable internal
pullup resistor with a serial diode structure is integrated, so no external pull-up components are required for the application in a slave
node. To be used as a master node, an external resistor of 1 kQ in series with a diode must be placed in parallel between VBAT [Battery
Voltage] and the LIN Bus line. The fall time from recessive to dominant and the rise time from dominant to recessive is selectable and
controlled to guarantee communication quality and reduce EMC emissions.

Dwmu

( ) VBAT

-
LIN BUS
: LIN_ouT ) : :

| ECU

| P LPUART_TX — TXD Connector

I (— | }

I

l—— —1 LPUART RX |—— RXD -|_
' LIN_GND ®

\ =

S32K3XX LIN
LPUART TRANSIVER

= ESD: Coec

Figure 50. Block diagram for LIN interface

NOTE
In the applications where the user/customer is using different voltage levels in the MCU domains (for example VDD_HV_A
=+5.0and VDD_HV_B = +3.3V). The user must select that the LPUARTx_TX/RX data lines have the same voltage domain,
VDD_HV_A or VDD_HV_B; and are within the range allowed for communication with the LIN Physical layer.

5.1.1 LIN components data
Table 29. LIN components

Reference Part Mounting Remark
DML1 Diode Mandatory only for Reverse Polarity protection from LIN to Battery Voltage.
master ECU
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Reference Part Mounting Remark

RML1 Resistor: 2 kQ Mandatory only for |For Master ECU

and RmL2 Power Loss: 250 mW Master ECU If more than 2 resistors are used in parallel, the values must be chosen in a way
Tolerance: 1% that the overall resistance RM of 1 kQ and the minimum power loss of the complete
Package Size: 1206 master termination must be fulfilled.
Requirement: Min Power rating
of the complete master For Slave ECU
termination must be 2500nW RMLIN1 and RMLIN2 are not needed on the PCB layout

CDEC Capacitor: Mandatory The value of the master node must be chosen in a way that the LIN specification
Slave ECU: typically, 220 pF is fulfilled.

Master ECU: from 560 pF up to
approximately ten times that
value in the slave node
[CSLAVE], so that the total line
capacitance is less dependent
on the number of slave nodes.
Tolerance: 10%

Package Size: 0805

oltage: 250 V
C1 Capacitor: Optional Mounting of the optional part only allowed if there is an explicit written permission
Package Size: 0805 of the respective OEM available.
Place close to the connector.
ESD1 ESD Protection Optional Layout pad for an additional ESD protection part.
Package Size: 0603-0805 Mounting of the optional part only allowed if there is an explicit written permission

of the respective OEM available.
Place close to the connector.

5.2 CAN interface

The physical layer characteristics for CAN are specified in 1ISO-11898-2. This standard specifies the use of cable comprising parallel
wires with an impedance of nominally 120 Q (95 Q as minimum and 140 Q as maximum). The use of shielded twisted pair cables is
generally necessary for electromagnetic compatibility (EMC) reasons, although 1SO-11898-2 also allows for unshielded cable. A
maximum line length of 40 meters is specified for CAN at a data rate of 1 Mb. However, at lower data rates, potentially much longer lines
are possible. ISO-11898-2 specifies a line topology, with individual nodes connected using short stubs.

Though not exclusively intended for automotive applications, CAN protocol is designed to meet the specific requirements of a vehicle
serial data bus: real-time processing, reliable operation in the EMI environment of a vehicle, cost-effectiveness, and required bandwidth.
Each CAN station is connected physically to the CAN bus lines through a transceiver device. The transceiver is capable of driving the
large current needed for the CAN bus and has current protection against defective CAN or defective stations. A typical CAN system with
an S32K3XX microcontroller is shown in Figure 51.

— —

High-Speed

1200
CAN Bus lines 1200

Node 2 Node X
CAN
TRANSCEIVER

S32K3XX

Figure 51. CAN system
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The CAN module is a full implementation of the CAN protocol specification, the CAN with Flexible Data rate (CAN FD) protocol and the
CAN 2.0 version B protocol, which supports both standard and extended message frames and long payloads up to 64 bytes transferred
at faster rates up to 8 Mbps. The message buffers are stored in an embedded RAM dedicated to the CAN module. See the chip
configuration details in the Reference Manual for the number of message buffers configured in the chip.

Like most others CAN physical transceivers, the CANH, CANL and SPLIT pins are available for the designer to terminate bus depending
on the application. The Figure 52 and Figure 53 show examples of the CAN node terminations.

NOTE
In the applications where the user/customer is using different voltage levels in the MCU domains (for example
VDD_HV_A = +5.0 and VDD_HV_B = +3.3V). The user must select that the CANx_TX/RX data lines have the same
voltage domain, VDD_HV_A or VDD_HV_B; and are within the range allowed for communication with the CAN
Physical layer.

CANH_OUT

TRANSIVER

|
I
I
I
|
|
I
.
I
loss LPUART_RX
_ CANL_OUT

w H
S32K3XX 7 !
. J j_
Ceom Z Z Caust
39n av | 2w 100p

Cavs
100p

Figure 52. CAN physical transceiver circuit

CANH_OUT

i
|

|

|

i

i

i

d—— LPUART_TX

|

|

C.ANI.,OUT
S32K3XX
(. J

L
T

L
27v I 100p 100p

Figure 53. CAN Physical transceiver circuit with common mode choke

5.2.1 CAN components data

Table 30. CAN components

Reference Description

CBUS1 and CBUS2 | The Capacitors CBUS1 and CBUS2 are not specifically required. They may be added for EMC reasons, in which case the
maximum capacitance from either bus wire to ground must not exceed 300 pF total. If Zener stacks are also needed, the parasitic
capacitance of the Zener stacks must also be included in the total capacitance budget.

Z1 and Z2 The Zener stacks Z1 and Z2 could be required to satisfy Automotive EMC requirements (ESD in particular). These devices
should be placed close to the connector.
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Reference Description
RTERML1, Depending on the position of the node within the CAN network it might need a specific termination. RTERM1, RTERM2 and
RTERM2 and CCOM1 must be that they assist in having an overall cable impedance. On a bus implementation of a CAN network only the two
CCoM1 nodes on the two ends of the bus have terminator resistors. The nodes not placed on the end of the CAN bus do not have

termination. A thorough analysis is required to maintain this requirement of the CAN networks.
The SPLIT pin on the transceiver is optional and the designer might choose not to use it. This pin helps stabilize the recessive
state of the CAN bus and can be enabled or disabled by software when required.

LBUS1-Common A common mode choke on the CANH and CANL lines can help reduce coupled electromagnetic interference and needed to
mode choke satisfy Automotive EMC requirements. This choke, together with transient suppressors on the transceiver pins can greatly reduce
coupled electromagnetic noise, and high frequency transients. LBUS1 is not specifically required.

5.2.2 CAN termination

In a transmission line, there are two current paths, one to carry the currents from the driver to the receiver and another to provide the
return path back to the driver. In the CAN transmission lines is more complex because there are two signals that are sharing a common
termination as well as a ground return path. For reliable CAN communications, it is essential that the reflections in the transmission line
be kept as small as possible. This can only be done by proper cable termination. Figure 54 and Figure 55 demonstrate two CAN
termination schemes.

Reflections happen very quickly during and just after signal transitions. On a long line, the reflections are more likely to continue long
enough to cause the receiver to misread logic levels. On short lines, the reflections occur much sooner and have no effect on the received
logic levels.

5.2.2.1 Parallel termination

In CAN applications, both ends of the bus must be terminated because any node on the bus may transmit/receive data. Each end of the
link has a termination resistor equal to the characteristic impedance of the cable, although the recommended value for the termination
resistors is nominally 120 Q (100 Q as minimum and 130 Q as maximum).

There should be no more than two terminating resistors in the network, regardless of how many nodes are connected, because additional
terminations place extra load on the drivers. 1ISO-11898-2 recommends not integrating a terminating resistor into a node, but rather
attaching standalone termination resistors at the furthest ends of the bus. This is to avoid a loss of a termination resistor if a node
containing that resistor is disconnected. The concept also applies to avoiding the connection of more than two termination resistors to
the bus or locating termination resistors at other points in the bus rather than at the two ends.

[ e Can B lnes [ v

Figure 54. CAN Bus - parallel termination
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5.2.2.2 Parallel termination with common-mode filtering

To further enhance signal quality, split the terminating resistors at each end in two and place a filter capacitor, CSPLIT, between the two
resistors. This filters unwanted high frequency noise from the bus lines and reduces common-mode emissions.

—1= -
Rrerm/2 Rrerm/2
High-Speed
CAN Bus lines
—— —
Rrerw/z Rrerw/2 J

I Crerm | Crerm

Figure 55. CAN Bus — parallel transmission with common-mode filtering
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5.3 Ethernet MAC Interface

MII/RMII Interface signal can be directly routed to the MAC-NET interface, however series termination resistors may be considerate on
RXCLK, TXCLK and all RX/TX signals for EMI suppression. MII/RMII series termination should be placed within 100 of the Ethernet
Physical Interface and routed to an uninterrupted reference plane. 33-50 Ohms series termination resistors have been to be good
recommended value for improving EMI.

Although RMII and MII are synchronous bus architectures, there are a number of factors limiting signal trace lengths. With a longer trace,
the signal becomes more attenuated at the destination and thus more susceptible to noise interference. Longer traces also act as
antennas, and if run on the surface layer, can increase EMI radiation. If a long trace is running near and adjacent to a noisy signal, the
unwanted signals could be coupled in as cross talk. It is recommended to keep the signal trace lengths as short as possible. Ideally, keep
the traces under 6 inches. Trace length matching, to within 2.0 inches on the Mll or RMII bus is also recommended. Significant differences
in the trace lengths can cause data timing issues. Minimize the use of vias throughout the design. Vias add capacitance to signal traces.
As with any high-speed data signal, good design practices dictate that impedance should be maintained and stubs should be avoided
throughout the entire data path.

Because the TX and RX data signals are triggered by the rising edge of the clock, communication in MIl and RMII is synchronous.
Therefore, the length of the EMAC data lines and the clock line between the K3 Microcontroller and the PHY must be matched. The
allowed deviation in length matching depends on the rise/fall time for digital signals between these two elements, although it is generally
recommended that any deviation be less than 10 mm as Mll and RMII

MII signaling: Figure 56 shows the PHY-MAC and MAC-MAC connections in an Ml interface. Data is exchanged via 4-bit wide data
nibbles TXD[3:0] and RXD[3:0]. Data transmission is synchronous with the transmit (TX_CLK) and receive (RX_CLK) clocks. For the
PHY-MAC interface, both clock signals are provided by the PHY and are typically derived from an external crystal running at a nominal
25 MHz or from the CLK_OUT signal on the switch. When the Ethernet Switch is configured for MAC-MAC communication, the switch
provides the clocks and acts like a PHY.

S32K3XX Ethernet S32K3XX Ethernet
Ethernet MAC Physical Layer Ethernet MAC Switch (MAC)
O . O
433V 433V
(Cvoonvs vooo ) VDD_HV_B VDDIO
MDC —} MDC MpC —3 MDC
MDIO ) — MDIO MDIO —1 MDIO
TX_CIK — TX_CLK TX_CLK — RX_CLK
([ — e ) [ — RCEN )
TXD[0:3] — TXD[0:3] TXD[0:3] — RXD[0:3]
RX_CLK —t RX_CLK RX_CLK —i TX_CIK
RX_DV ) — RX_DV RX_DV | m— ™X_DV
RXD[0:3] — RXD[0:3] RXD[0:3] —1 TXD[0:3]
RX_ER — RX_ER RX_ER — X R
~— ~— ~— ~—

Figure 56. Mll interface connections — Block Diagram

RMIl signaling: RMII data is exchanged via 2-bit data signals TXD[1:0] and RXD[1:0] as shown in Figure 57. Transmit and receive signals
are synchronous with the shared reference clock, REF_CLK.

S32K3XX Ethernet S32K3XX Ethernet
Ethernet MAC Physical Layer Ethernet MAC Switch (MAC)
. !
+3.3v 433V
(voo_hvs voolo ) VDD_HV_B VDDIO
mpC —1 MDC MDC —3 MDC
mpIo —3 mbIo MDIO ) — MDIo
TX_EN  — TX_EN TX_EN  — RX_EN
T™XD[0:1]  — TXD[0:1] ™*D[0:1] — RXD[0:1]
TX_CIK — REF_CLK TX_CIK — REF_CLK
RX_DV — RX_DV RX_DV — ™DV
RXD[0:1] —3 RXD[0:1] RXD[0:1] — TXD[0:1]
RX_ER — RX_ER RX_ER — TX_ER
| — | — | — | —

Figure 57. RMIl interface connections — Block Diagram
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RGMII signaling Diagram shows the PHY-MAC and MAC-MAC connections on the RGMII interface. Data is exchanged via 4-bit wide
TXD[3:0] and RXDJ[3:0] data nibbles. Data transmission is synchronous with the transmit (TX_CLK) and receive (RX_CLK) clocks. For
the PHY-MAC interface, both clock signals are provided by the PHY and are usually derived from an external oscillator. RGMII is the
most common interface because it supports connection speeds of 10, 100, and 1000 Mbps (1 Gbps) at the PHY layer. For a speed of
1000 Mbps, both TX_CLK and RX_CLK run at 125 MHz and must be Dual Data Rate (DDR). However, for all other speeds Single Data
Rate (SDR) with a 25 MHz or 2.5 MHz oscillator is used for 100 Mbps and 10 Mbps respectively.

S32K3XX Ethernet S32K3XX Ethernet
Ethernet GMAC Physical Layer Ethernet GMAC Switch (MAC)
 EEEEEE—— Y  EEEEEEE———
+3.3v 3.3V
VDD_HV_B VDDIO VDD_HV_B VDDIO
MDC  — MDC mDC  — MDC
MDIO | — MDIO MDIO —} MDIO
TX_CLK 3 TX_CLK TX_CLK — RX_CLK
(@ — ™1 (e — RX_CTL
TXD[0:3] 1 TXD[0:3] TXD[0:3] 1 RXD[0:3]
RX_CLK ! — RX_CLK RX_CLK —} TX_CLK
RX_CTL —} RX_CTL RX_CTL —} ™_CTL
( RXD[0:3] 3 RXD[0:3] RXD[0:3]  — TXD[0:3]
~——— ~——— ~——— ~———
Figure 58. RGMll interface connections — Block Diagram

NOTE
All signals of the Ethernet MAC module of the S32K3XX Microcontroller are in the VDD_HV_B domain. A
method for voltage level translation is not required in the Ethernet Physical layer or MAC interface since the
VDD_HV_B domain should be connected to +3.3V.
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6 Quad Serial Peripheral Interface

The S32K3XX MCU has one instance of QuadSPI. The Quad Serial Peripheral Interface (QuadSPI) block acts as an interface to an
external serial flash device. It supports SDR mode up to 4 bidirectional data lines respectively. The QuadSPI supports an A-side. As such
the following external memory options can be supported:

« Single Quad Flash on the A-side

S32K3XX SerialFlash
QuadsP! QSPIA
)
+3.3V
VDD_HV_B VDDIO
QuadsSPI_IOFAQ ! — sI00
QuadSPI_IOFA1 ! — sio1
QuadSPI_IOFA2 —3 5102
QuadSPI_IOFA3 —1 s103
QuadSPI_PCSFA ) — RXD[0:3]
QuadSPI_SCKFA — TX_CLK

Figure 59. Block Diagram - Single Quad serial Flash

NOTE
All signals of the QSPI module of the S32K3XX Microcontroller are in the VDD_HV_B domain. A
method for voltage level translation is not required in the QSPI Memory interface since the
VDD_HV_B domain should be connected to +3.3V.

Table 31. QSPI signal description

S32K3 MCU Package
- Pin Number
<
=
N
Signal MCU & 110
Pin — < < Power Comment
Name — [ — — .
Name ~ ~ 9 -~ Domain
N80 | Y2 [Sag| o |3
o~ L T T o S < <
da | S22 |29 | Jo2 o [JO | Q9
08 g2 | g2 225 e g2 gt
I NS NS ANC| NN N = NS
8% | BS | BS | 35S 85 |5 | B&
QuadSPI_PCSFA PTC3 - - - 49 - T3 T3 VDD_HV_B
QuadSPI_IOFA3 PTC2 - - - 50 - T4 T4 VDD_HV_B
QuadSPI_IOFA2 PTD12 - - - 54 - R5 U4 VDD_HV_B
QuadSPI_IOFA1 PTD7 - - - 51 - U4 R5 VDD_HV_B
QuadSPI_IOFAO0 PTD11 - - - 55 - U6 U6 VDD_HV_B
QuadSPI_SCKFA PTD10 - - - 56 - T6 T6 VDD_HV_B

e  Forthe S32K344 /42 /24 /22 /14 - 172HDQFP versions. The user should select just one function between TRACE or
QSPIA for their application.

e  For the S32K388 — 289BGA version. The user should select just one function between GMACL1 or QSPIA for their
application.
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Data and Clock Signal Termination: Clock generation and distribution becomes more difficult as the speed and performance of
microprocessors increase to higher limits. Controlled and precise clocking distribution techniques are needed to maintain a synchronous
system. Clock signal quality and skew are the two major problems with distributing clock signals. With higher frequencies, and the
associated fast edge rates, long traces behave like transmission lines. Ring back, overshoot, and undershoot occur as a result of poor
termination of transmission lines. They contribute to bad signal quality, false switching, and they can cause damage in extreme cases.

Given the effective output driver strength of 22-33 Ohms and the transmission line characteristic impedance of 50 Ohms, one should add
the termination resistor close to the output driver, to minimize the reflection as shown below.

)

DRIVER RECEIVER

Figure 60. Point-To-Point transmission line

Data Signal Routing: In order to keep the correct timing for the data transfer from the Microcontroller to the IC Memory, the PCB data
traces should be the same length and time delay as the clock trace from Microcontroller to the IC Memory. Data signals should be routed
with controlled impedance traces to reduce signal reflections. Avoid routing traces with 90 ° angle corners. The recommendation is to cut
the corner and smooth the trace when a trace route needs to change direction. To further improve the signal integrity, avoid using multiple
signal layers for data signal routing. All signal traces should have a continuous and solid GND reference plane.

Clock Signal Routing: In high-speed synchronous data transfer, good signal integrity in a PCB design is of critical importance,
especially for the clock signals, SCLK and DQS. When routing the clock signal, special cares should be taken. The following practices
are recommended.

e Run the clock signal at least 3W of the trace width away from all other signal traces. This helps keep the clock signal clean from
crosstalk noise.

e Use as few via(s) as possible for the whole signal path, each signal via should have a ground transition via next to them; without
this, the signal routing could have an impedance change and to cause a signal reflection.

e All signal traces should go with a solid GND reference plane.

¢ Run the clock trace as straight as possible and avoid using serpentine routing.

e Keep a continuous ground in the next layer as reference plane.

e Keep as much space between high-speed routing (differential pairs, clock routing, etc.) and other routing. The general principle
here is by spacing out traces at three times their line width, measured center to center, 70% of their electrical field can be stopped
from mutual interference.
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Figure 61. Recommended clock signal routing

7 Unused pins

The following table describes the options and configurations for the unused pins and the considerations for other modules and

sections of the MCU.

Table 32. Unused pins configuration

Module Pin Function Recommendation
Name
GPIO PTx @ ENETx The unused GPIO should be left unconnected or can be externally connected to VSS/GND
reference. M
FTMx
FlexIOx
CANXx
LPUARTX
LPI2Cx
ADCx
CMPx
Others
External XTAL XTAL The pins with the XTAL and EXTAL functions must be left unconnected if are not used.
Clock
EXTAL EXTAL
JTAG PTA4 JTAG_TMS Since these pins have either internal weak pull-ups (TDI, TDO and TMS) or pull-down
(TCK) it is ok to add external pull resistors in parallel to the internal ones in order to
PTA10 JTAG_TDO increase debugger connection robustness. Refer to the chapter of the Debug and
programing interface
PTC5 JTAG_TDI

Hardware Desi
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Module Pin Function Recommendation
Name
PTC4 JTAG_TCK
RESET PTA5 PTAS/TCLK1/RESET_b | Reset pin cannot be left unconnected. This must be pulled up to VDD_HV_A with an external
resistor directly to the RESET pin. Refer to the chapter of RESET system.
Power VDD_HV_A Main I/O and Analog No VDD_HV_A, VREFH and VDD_HV_B power pin should be left unconnected or
Supply Voltage unpowered. All power pins must be shorted together externally on their voltage domain.
Appropriate bulk/bypass and decoupling capacitors should be used to filter noise on the
VDD_HV_B Secondary I/O Supply | supplies respectively. Refer to their chapters in this document.
Voltage
VREFH ADC High Reference
Voltage
V15 High-current logic No V15 power pin should be left unconnected or unpowered. All V15 power pins must be
supply voltage (+1.5V) | shorted together externally on their voltage domain. Appropriate bulk/bypass and
decoupling capacitors should be used to filter noise on the supply. Refer to the chapter in
this document. The V15 domain must not be used or connected to other interfaces in the
application.
Vil Core logic voltage No V11 power pin should be left unconnected. All V11 power pins must be shorted together
supply (+1.1V) externally on their voltage domain. Appropriate bulk/bypass and decoupling capacitors
should be used to filter noise on the supply. Refer to the chapter in this document. The V11
domain must not be used or connected to other interfaces in the application.
V25 Flash memory supply The V25 power pin should not be left unconnected; the decoupling capacitor should be used
(+2.5V) to filter noise on the supply. Refer to the chapter in this document. The V25 domain must
not be used or connected to other interfaces in the application.
NMOS_CTRL NMOS Gate Control for | The pin with NMOS_CTRL function should not be left floating, there should always be an
V11 supply external N-channel MOSFET for K388 and K358.
PMOS_CTRLH¥ | PMOS Gate Control for | The pin with the PMOS_CTRL function must be left unconnected if the SMPS options is not
the SMPS option used only.H
VDD_DCDC The VDD_DCDC power pin must be connected to VDD_HV_B domain if the SMPS option
is not used only. The VDD_DCDC power pin should not be left unconnected
Ground VSSx VSSx No VSSx/VREFL pin should be left unconnected. All VSSx/VSS_DCDC and VREFL must
be shorted together externally to GND.
VREFL ADC Low Reference
Voltage
VSS_DCDC VSS/Ground Reference
of the SMPS
Interface.”
1. The DISABLED function is default state for all pins not initialized. For digital and analog pins, this means that the corresponding
SSS, IBE and OBE bhits, in the SIUL_MSCR register should not modified for that particular pin.
2. Pins bonded and not bonded out.
3. If the unused pin is connected to VSS, and the pin is unintentionally configured to output with a different state (high), then there
could be a path that can increase current drastically and causes major damage in the MCU.
4. For S32K358 and S32K388 versions only.
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8 General board layout guidelines

8.1 Traces recommendations

Aright angle in a trace can causes more radiation. The capacitance increases in the region of the corner and the characteristic impedance
changes. This impedance change causes reflections. Avoid right-angle bends in a trace and try to route them with at least two 45° corners.
To minimize any impedance change, the best routing would be a round bend, as shown in the Figure 62.

CORRECT
Smooth Corner

NOT CORRECT
Sharp corner causes

more reflection Reduces reflections

Figure 62. Poor and correct way of bending traces in right angles

In a PCB stack-up, If two signal layers (Ln and Ln+1) are adjacent, the routing must be configured in order to the board layers so that these
adjacent signal layers will have routing directions that cross each other instead of running parallel to each other. If layer Ln has a routing
direction “north-to-south,” then make sure that Ln+1 has a routing direction “east-to-west.” In this way, you can minimize the possibility of
broadside coupling.

8.2 Grounding

Grounding techniques are a critical consideration when designing both single-layer and multi-layer PCBs. In order to achieve optimal
functioning, it is essential to minimize ground impedance and reduce the potential for ground loops from the circuit back to the power
supply. In order to minimize crosstalk, it is recommended to use ground planes between adjacent signal layers. This reduces the chance
of broadside coupling even further and increases the physical distance between layers, resulting in a better return path through the ground
plane.

¢ Route high-speed signals above a solid and unbroken ground plane.

o if high-speed signals require a change of layer by a via, a ground via should also be utilized next to the signal via. This allows
the return current to flow near the signal current flow and minimize that the trace changes their impedance.

e Do not split the ground plane into separate planes for analog, digital, and power pins. A single and continuous ground plane is
recommended.

e There should be no floating metal/shape of any kind near any area close to the microcontroller pins. Fill copper in the unused
area of signal planes and connect these coppers to the ground plane through vias.
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Figure 63. Eliminating floating metal/shape

8.3 EMI/EMC and ESD considerations for layout

These considerations are important for all system and board designs. Though the theory behind this is well explained, each board and
system experiences this in its own way. There are many PCB and component related variables involved.

This application note does not go into the electromagnetic theory or explain the whys of different techniques used to combat the effects,
but it considers the effects and solutions most recommended as applied to CMOS circuits. EMI is radio frequency energy that interferes
with the operation of an electronic device. This radio frequency energy can be produced by the device itself or by other devices nearby.
Studying EMC for your system allows testing the ability of your system to operate successfully counteracting the effects of unplanned
electromagnetic disturbances coming from the devices and systems around it. The electromagnetic noise or disturbances travels via two
media: Conduction and Radiation.

NOISE A o NOISE

GENERATING RECEIVING
CIRCUIT A CIRCUIT B

Ly
IR conductor

e w

_ Air to Conductor
— Conductor to Air

Figure 64. Electromagnetic noise propagation
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The design considerations narrow down to:

e The radiated & conducted EMI from the board should be lower than the allowed levels by the standards you are following.
e The ability of the board to operate successfully counteracting the radiated & conducted electromagnetic energy (EMC)from other
systems around it.

The EMI sources for a system consists of several components such as PCB, connectors, cables and so on. The PCB plays a major role
in radiating the high frequency noise. At higher frequencies and fast-switching currents and voltages, the PCB traces become effective
antennas radiating electromagnetic energy, e.g., a large loop of signal and corresponding ground. The five main sources of radiation are:
digital signals propagating on traces, current return loop areas, inadequate power supply filtering or decoupling, transmission line effects,
and lack of power and ground planes. Fast switching clocks, external buses and PWM signals are used as control outputs and in switching
power supplies. The power supply is another major contributor to EMI. RF signals can propagate from one section of the board to another
building up EMI. Switching power supplies radiate the energy which can fail the EMI test. This is a huge subject and there are many
books, articles and white papers detailing the theory behind it and the design criteria to combat its effects.

Every board or system is different as far as EMI/EMC and ESD issues are concerned, requiring its own solution.
However, the common guidelines to reduce an unwanted generation of electromagnetic energy are as shown below:

e Ensure that the power supply is rated for the application and optimized with decoupling capacitors.

e Provide adequate filter capacitors on the power supply source. The bulk/bypass and decoupling capacitors should have low
equivalent series inductance (ESL).

e Create ground planes if there are spaces available on the routing layers. Connect these ground areas to the ground plane with
vias.

e Keep the current loops as small as possible. Add as many decoupling capacitors as possible. Always apply current return rules
to reduce loop areas.

¢ Keep high-speed signals away from other signals and especially away from input and output ports or connectors.

9 CADI/CAE Schematic Symbols and PCB Footprints.

Microcontroller symbols and PCB footprints for the 289MBGA, 172HDQFP, 172HDQFP+EP, 100HDQFP and 48LQFP packages are
available in CADENCE format. Please find the source files attached to this S32K3XX - HW Package.

10 Package drawings

Package dimensions are provided in the package drawings. To find a package drawing, go to nxp.com and perform a keyword
search for the drawing’s document number:

Table 33. Package drawings

Package option Document Number
289-ball MAPBGA 98ASA01216D
257-ball MAPBGA 98ASA01483D
172-pin HDQFP 98ASA01107D
172-pin HDQFP + Exposed pad 98ASA01667D
100-pin HDQFP 98ASA01570D
48-pin LQFP 98ASHO00962A
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11 PCB stackup design

. The following layer stack-ups are recommended from six to sixteen-layer boards, although other options are feasible.

[A] [B] [C [0] € [A e}
1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR
2 (S 2 [ 2 [EB 2 [EB) 2 [ 2 [ 2 [
3 SIGNALS/VPWR 3 3 SIGNALS 3 SIGNALS 3 3 SIGNALS 3
4+ [ 4 SIGNALS/VPWR P GND P GND 4 SIGNALS/GND 4 4 SIGNALS
5 5 5 SIGNALS/GND 5 5
6 SIGNALS/GND 6 SIGNALS 6 6 SIGNALS/GND 6
rA[GN\D 7 7 SIGNALS / GND 7 SIGNALS
8 SIGNALS/VPWR 8 SIGNALS / GND 8 8
9 9
10 SIGNALS/GND 10 SIGNALS / GND
[H U] 8} [K] [ ™M
1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR 1 SIGNALS/VPWR
2 [ECI 2 2 ([ 2 2 2
3 SIGNALS 3 3 SIGNALS 3 SIGNALS 3 SIGNALS 3
4 [N 4 SIGNALS 4 4 4 4 SIGNALS/GND
5 5 X8 5 5 5 5 SIGNALS/GND
6 SIGNALS/GND 6 6 SIGNALS 6 SIGNALS 6 SIGNALS/GND 6
7 SIGNALS/GND 7 SIGNALS 7 7 7 SIGNALS/GND 7
8 [EE 8 8 8 SIGNALS 8 8 SIGNALS/GND
9 9 9 SIGNALS 9 SIGNALS 9 9 SIGNALS/GND
10 SIGNALS 10 SIGNALS 10 [END) 10 10 SIGNALS / GND 10
11 [EE 1 1 11 SIGNALS 11 SIGNALS / GND 1
12 SIGNALS/VPWR 12 SIGNALS 12 SIGNALS 12 12 12 SIGNALS/GND
13 13 13 13 SIGNALS / GND
14 SIGNALS / VPWR 14 SIGNALS 14 SIGNALS 14
15 15 15
16 SIGNALS/VPWR 16 SIGNALS / VPWR 16 SIGNALS / GND
Figure 65. Recommended PCB layer stack-up

12 Injection current

The injection current damage in a microcontroller unit (MCU) port can occur when a pin is exposed to a high-current or a high-voltage
signal. The consequences of injection current damage can range from temporary malfunctions to permanent MCU failure. Symptoms
may include unpredictable behavior, data corruption, or system crashes. In the most severe cases, the MCU may become completely
unusable, requiring replacement. To prevent injection current damage, it is essential to take protective measures, such as using
appropriate grounding techniques and protective components like TVS diodes, EMI filters, and decoupling capacitors. These measures
ensure the reliable operation of the circuit and minimize the risk of injection current damage

All pins implement protection diodes that protect against electrostatic discharge (ESD). These internal ESD diodes of the microcontroller
are designed just for short discharge pulses only, and these do not sustain a constant current over time. Therefore, the maximum
continuous voltage that drops over them is specified in the DC electrical parameters and the maximum high input voltage should not be
higher than VDD_HVx + 0.3 V, and the current injection also should be limited as defined in the device datasheet. In other words, the
voltage and current of an input signal must be within the electrical parameter allowed. The outcome of violating these specifications
causes unexpected behavior, stuck operation or damage in the MCU.

When the MCU is in an unpowered state, current injected through the chip pins may bias internal chip structures (for example, ESD
diodes) and incorrectly power up these internal structures through inadvertent paths. The presence of such residual voltage may influence
different chip-internal blocks in an unpredictable manner and may ultimately result in unpredictable chip behavior (for example, POR flag
not set). Once in the illegal state, powering up the chip further and then applying reset will clear the illegal state. Injection current specified
for the chip under the aspect of absolute maximum ratings represent the capability of the internal circuitry to withstand such condition
without causing physical damage.
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12.1 Input circuits for automotive applications

The signal conditioning circuits are the one of most important sections of an electronic design, especially when it comes to safeguarding
microcontrollers interfacing through their digital and analog ports with external signals. These circuits must be designed carefully, ensuring
that signals are pristine, noise-free, compatible, and within the normal operation limits of the microcontroller. The vital role of the signal
conditioning circuits for the microcontroller extends beyond signal enhancement, serving as a shield and protection against injection
current damage and Electrostatic Overstress (EOS). In the next sections, it will be detailed some common circuit topologies used in
automotive applications.

12.1.1 High Side switch - Level Shifter with Passive Resistors

A significant challenge is protecting the microcontroller from voltage spikes and injection current, specifically in scenarios where the input
port is connected to a battery voltage. To address this challenge, the initial circuit integrates a combination of resistors, capacitors, and
a Zener diode to offer protection against overvoltage and injection current.

)
SW
N M = M
L ! g ! ' 1] GPIO
High-side E
VBAT ' C1 R1 R3 Cc2
: I I !
' —
Figure 66. Input Circuit - High-side switch circuit with Passive Resistors
Table 34. Component description for the High-side switch circuit with Passive Resistors
Symbol Description
C1 ESD protection and EMC filter
C2 EMC filter and low-pass filter in conjunction with R2||R3 to filter input noise
R1 Primary load for the source switching device to provide wetting current for contacts and
connectors. A low impedance also helps to reduce cross-talk
R2 Forms a voltage divider with R3. Limits current into the load and with R3, forms a low-pass filter with C2.
R3 Forms a voltage divider with R2
Z1 Zener diode to provide a protection against overvoltage

This circuit starts with an ESD/EMC protection capacitor at the input to prevent any high-voltage spikes from reaching the microcontroller's
1/0 pin. The voltage divider network with resistors is then used to lower the input voltage to a safe level for the microcontroller. The filtering
capacitor after the voltage divider network further smooths the input signal, ensuring that any remaining noise or high-frequency signal is
removed. Finally, the Zener diode provides a stable reference voltage to prevent any voltage spikes or any other voltage levels that
exceeds the maximum normal operating voltage of the GPIO. The combination of the ESD/EMC protection capacitor, the voltage divider
network with resistors, the filtering capacitor, and the Zener diode provide a robust protection mechanism for the microcontroller, ensuring
safe and reliable operation in scenarios where a battery voltage is connected to its input port. This circuit provides a cost-effective solution
to protect microcontrollers from overvoltage and injection current and can be implemented in a wide range of applications.

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024

Application Note 76 /85



NXP Semiconductors PRELIMINARY INFORMATION

Overall, by utilizing these components, the circuit can effectively prevent injection current, voltage spikes, and other potentially harmful
electrical events that could damage the microcontroller. As a result, this protection circuit is an essential element in ensuring the longevity
and reliability of any electronic system incorporating a microcontroller.

12.1.2 High Side Switch - Level Shifter with a NPN Common Emitter Transistor

The circuit must be designed to protect a microcontroller port from injection current when a battery-level voltage is applied. It consists of
a voltage divider using resistors, an ESD and EMC capacitor at the input, and a filtering capacitor after the voltage divider. Additionally,
a diode is included to protect against reverse battery connection. The output of this circuit is connected to the base of a transistor in
common emitter configuration, acting as a digital buffer switch.

)
VDD_HV_x
i R4
5 GPIO
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: R2
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High-side E
switch ' e e
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Figure 67. Input Circuit - High-side switch circuit with a NPN Transistor
Table 35. Component description for the High-side switch circuit with a NPN Transistor
Symbol Description
C1 ESD protection and EMC filter
C2 EMC filter and low-pass filter in conjunction with R2||R3 to filter input noise
R1 Primary load for the source switching device to provide wetting current for contacts and
connectors. A low impedance also helps to reduce cross-talk
R2 Forms a voltage divider with R3. Limits current into the load and with R3, forms a low-pass filter with C2.
R3 Base-emitter bias resistor for Q1. Forms a voltage divider with R2. The resistor helps to keep the transistor off by shunting
collector-base junction leakage current to ground.

D1 Reverse voltage protection for Q1’s base-emitter junction.
Q1 Small-signal transistor to buffer the input and act as a digital switch.
R4 Load resistor for Q1.

The voltage divider circuit is used to reduce the battery voltage to a suitable level for the transistor's base. The ESD and EMC capacitor
protects the circuit from electrostatic discharge and electromagnetic interference. The filtering capacitor removes any high-frequency
noise from the input voltage, ensuring a clean DC signal for the transistor.

The transistor in common emitter configuration provides a high gain and a high input impedance, making it an ideal choice for buffering

digital signals. The transistor is connected as an inverter, so when the input signal is high, the output is low, and vice versa. This
arrangement ensures that the microcontroller's port is protected from any injection current that might be present in the input voltage.
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12.1.3 Low Side Switch - Level Shifter with passive Resistors

To ensure the longevity and reliability of an automotive electronics system, it is essential to protect the input pin of an MCU from injection
current and overvoltage. The following multi-stage protection circuit can be implemented to achieve this goal. The following circuit is
designed to connect a switch to GND as the input and includes several stages. At the input, an EMI/ESD capacitor is used, followed by
a pull-up resistor. This resistor is the primary load for the source switching device and provides wetting current for contacts and
connectors, while also reducing cross-talk. Typically, the pull-up resistor is connected to a battery-protected voltage source. A voltage
divider is used next to reduce the voltage to a suitable level for the MCU. This voltage divider consists of two resistors and is used to
lower the voltage to a level that is appropriate for the MCU. Following the voltage divider, a filtering capacitor is used for EMC protection.
Finally, a Zener diode is used for overvoltage protection.

Protecting the input pin of an MCU in automotive electronics is crucial as any damage or failure could lead to severe consequences. A
well-designed protection circuit provides a reliable and robust solution to protect against various threats, such as electromagnetic
interference, electrostatic discharge, and voltage spikes. By implementing a multi-stage protection circuit that includes an EMI/ESD
capacitor, pull-up resistor, voltage divider, filtering capacitor, and Zener diode, designers can ensure the longevity and reliability of their
circuits, even in harsh environments.
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Figure 68. Input Circuit - Low-side switch circuit with passive resistors
Table 36. Component description for the Low-side switch circuit with passive resistors
Symbol Description
C1 ESD protection and EMC filter
C2 EMC filter and low-pass filter in conjunction with R2||R3 to filter input noise
R1 Primary load for the source switching device to provide wetting current for contacts and
connectors. A low impedance also helps to reduce cross-talk
R2 Forms a voltage divider with R3. Limits current into the load and with R3, forms a low-pass filter with C2.
R3 Forms a voltage divider with R2
Z1 Zener diode to provide a protection against overvoltage
The Zener diode should be selected based on upper limit of thee normal voltage operation. This ensures protection against
overvoltage conditions.
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12.1.4 Low Side Switch — Level Shifter with a NPN Common Emitter Transistor

This circuit serves the crucial function of interfacing a microcontroller (MCU) with an external Low-side switch, in other words, specifically
a switch that connects to ground when closed. The primary component of this circuit is an NPN transistor (Q1), acts as a logical switch,
ensuring safe voltage and current levels for the MCU's GPIO pin.

To protect the MCU against injection current and other potential issues, the circuit incorporates several elements. First, an input capacitor
(C1) will provide an ESD protection and EMI filtering. Connected to this node is a pull-up resistor (R1) that ties the input to a positive
voltage source with reverse battery protection. R1 ensures that Q1 remains in saturation mode and maintains a high logic level at the
MCU's GPIO pin when the external low-side switch is open. Additionally, two resistors (R2 and R3) are linked to the base of Q1, forming
a voltage divider. This divider restricts the base current to Q1, helping to control its operational mode effectively. The base of the NPN
transistor also includes a capacitor (C2), which, together with R2 and R3, forms a low-pass filter. This filter assists in reducing noise and
ensuring stable transistor switching. Finally, at the collector of Q1, a load resistor (R4) connects to the MCU's logic voltage level. This
resistor acts as a current limiter, preventing excessive current from flowing into the GPIO pin.

In summary, this circuit provides a comprehensive solution to safely interface an external low-side switch with an MCU, ensuring reliable
and protected operation.
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Figure 69. Input Circuit - Low-side switch circuit with a NPN Common Emitter Transistor
Table 37. Component description for the Low-side switch circuit with a NPN Common Emitter Transistor
Symbol Description
C1 ESD protection and EMC filter
[e%) EMC filter and low-pass filter in conjunction with R2 || R3 to filter input noise
R1 Primary load for the source switching device to provide wetting current for contacts and
connectors. A low impedance also helps to reduce cross-talk
R2 Forms a voltage divider with R3. Limits current into the load and with R3, forms a low-pass filter with C2.
R3 Base-emitter bias resistor for Q1. Forms a voltage divider with R2. The resistor helps to keep the transistor off by shunting
collector-base junction leakage current to ground.
D1 Reverse voltage protection for Q1’s base-emitter junction.
Q1 Small-signal transistor to buffer the input and act as a digital switch.
R4 Load resistor for Q1.
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12.1.5 Analog Voltage sense

Within the realm of automotive electronics, the development of an input conditioning circuit takes on paramount importance when dealing
with a high-voltage analog signal that needs to interface with a microcontroller's ADC port. This circuit has a singular mission: the precise
measurement of high-voltage at battery levels. The linchpin of this circuit is undoubtedly the voltage divider [R1 and R2]. This
indispensable section has a dual purpose. Firstly, it scales down the high input voltage to a level that's compatible with the
microcontroller's ADC. Secondly, it acts as a barrier, limiting the input current, and ensuring the microcontroller remains unscathed and
within its operational limits.

The Zener diode plays a pivotal role in safeguarding the entire system. It's the first line of defense against voltage transients that may
occur in the battery voltage, effectively clamping down on voltage spikes and protecting the microcontroller from potential damage. Last
but not least, we have capacitor C2, working with resistors R2 and R3. Together, they constitute a low-pass filter. This filter is instrumental
in removing high-frequency noise from the analog signal, ensuring that the microcontroller receives a clean and accurate representation
of the battery voltage.

This circuit offers robust protection against two critical risks: "injection current," which poses a threat to the microcontroller, and "electrical
over-stress" (EOS), which could undermine its long-term reliability of the MCU.
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Figure 70. Input Circuit - Analog Voltage sense
Table 38. Component description for the Analog Voltage sense circuit
Symbol Description
C1 ESD protection and EMC filter
Cc2 EMC filter and low-pass filter in conjunction with R1|| R2 to filter input noise. C2 also acts as a charge reservoir to maintain a
constant voltage when the output is sampled by the ADC port.
R1 Forms a voltage divider with R2. Limits the current into the load and with R2 forms a low-pass filter with C2.
R2 Forms a voltage divider with R1
Z1 Zener diode to provide a protection against overvoltage
The Zener diode should be selected based on upper limit of thee normal voltage operation. This ensures protection against
overvoltage conditions.
D1 Reverse voltage protection
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D4 2/2024 Figure 4 fixed block name “S32K3X8” for “S32K388” Jesus Sanchez
Figure 37 fixed via label “Via to V15” instead of “Via to V25” on the top Efren Diaz
view Luis Manuel Rico

D5 4/2024 Figures 11, 13, 14, 15,16 updated with the correct name label instead of Efren Diaz
MaxQFP.

D6 5/2024 Figure 16 fixed wrong pin 50, changed PTC1 for the correct PTC12 pin Efren Diaz
Figure 37 fixed via label “Via to V15” instead of “Via to VDD” on the side
view
Added a cross-combination of voltage domain for communication
interfaces noted in chapter 5.

Hardware Design Guidelines for S32K3 Microcontrollers, Rev. D6, May 2024
Application Note 84 /85




How To Reach
Us Home Page:
nxp.com Web
Support:

nxp.com/support

arm

Information in this
document is
provided solely to
enable system and
software
implementers to
use NXP products.
There are no

Information in this document is provided solely to enable system and software implementers
to use NXP products. There are no express or implied copyright licenses granted hereunder
to design or fabricate any integrated circuits based on the information in this document. NXP
reserves the right to make changes without further notice to any products herein.

NXP makes no warranty, representation, or guarantee regarding the suitability of its products
for any particular purpose, nor does NXP assume any liability arising out of the application

or use of any product or circuit, and specifically disclaims any and all liability, including
without limitation consequential or incidental damages. “Typical” parameters that may be
provided in NXP data sheets and/or specifications can and do vary in different applications,
and actual performance may vary over time. All operating parameters, including “typicals,”
must be validated for each customer application by customer's technical experts. NXP does
not convey any license under its patent rights nor the rights of others. NXP sells products
pursuant to standard terms and conditions of sale, which can be found at the following address:
nxp.com/SalesTermsandConditions.

While NXP has implemented advanced security features, all products may be subject to
unidentified vulnerabilities. Customers are responsible for the design and operation of their
applications and products to reduce the effect of these vulnerabilities on customer’ s applications
and products, and NXP accepts no liability for any vulnerability that is discovered. Customers
should implement appropriate design and operating safeguards to minimize the risks associated
with their applications and products.

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD, COOLFLUX,
EMBRACE, GREENCHIP, HITAG, I12C BUS, ICODE, JCOP, LIFE VIBES, MIFARE, MIFARE
CLASSIC, MIFARE DESFire, MIFARE PLUS, MIFARE FLEX, MANTIS, MIFARE ULTRALIGHT,
MIFARE4MOBILE, MIGLO, NTAG, ROADLINK, SMARTLX, SMARTMX, STARPLUG, TOPFET,
TRENCHMOS, UCODE, Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior,
ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, Layerscape, MagniV,
mobileGT, PEG, PowerQUICC, Processor Expert, QorlQ, QorlQ Qonverge, Ready Play,
SafeAssure, the SafeAssure logo, StarCore, Symphony, VortiQa, Vybrid, Airfast, BeeKit,
BeeStack, CoreNet, Flexis, MXC, Platform in a Package, QUICC Engine, SMARTMOS, Tower,
TurboLink, and UMEMS are trademarks of NXP B.V. All other product or service names

are the property of their respective owners. AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11,
Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex®, DesignStart, DynamIQ, Jazelle, Kell,
Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb, TrustZone,
ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, u Vision, Versatile are trademarks or
registered trademarks of Arm® Limited (or its subsidiaries) in the US and/or elsewhere. The
related

technology may be protected by any or all of patents, copyrights, designs and trade secrets. All
rights reserved. Oracle and Java are registered trademarks of Oracle and/or its affiliates. The
Power Architecture and Power.org word marks and the Power and Power.org logos and related
marks are trademarks and service marks licensed by Power.org.

© NXP B.V. 2021. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: January 2022


http://www.nxp.com/
http://www.nxp.com/support
https://www.nxp.com/company/about-nxp/our-terms-and-conditions-of-commercial-sale:TERMSCONDITIONSSALE
mailto:salesaddresses@nxp.com

