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�»  1 �c
�B�î�"�d!�Â��È�q	I
n��

1.1 �È�q	I
n

1.1.1 �À•

6ÈJ|K�Y��gNi KinetisL—!³MCU F �œ�7_¶DÄB�/Ã�Å_u#†5ËRKAãB�/Ã$(!�''_��’!¹
)g"²F K�"ñ[•5ª�Å

:Î�"Y•6•(¶�}0��½[“#^e¡B�+6&��’F #^OŸ1ç!($(5�3
1ç!(�Å

1.1.2 �}
’�³�›

KinetisL—!³RKAã`™!!,è�" Flash$( SRAM *ô D&�DÄ�*5�3
*ô D$(I§.+2�Wè�Å;�(²�½
(²`„*ô D&�#‹_¶_c FlexBus(²`„/×N[3A#•[[eŠ�Å�•G•�û#‹_¶_c FlexBus2�Wè�Å�Ö+:
CL6œjt/ÃP™�½.–[J�j!!`„*ô D&�2�Wè�Å

1.1.3 �¯�Ê�„�„�•

.ï( C¢&�_œ!–(©�é5’�½+��j#akX��ëI— 0 #r/3!¹)g'¢7¤2£d$ (SP)�½.��j#akX��ëI—
4 #r/3I§.+[=5�&� (PC)�Å!¹)g#akX�/ah��é�* Flash*ô D&�F '–&Ì&Ü (0x0000_0000)
( �Å�â5Ë�½.±+˜_cI§No6û#ª�½#‹YbfœY�+¢#akX�ai+6�é!Ì SRAM�ÅKinetisRKAã�a4Ë
2•�j!!`„ Flash.±+˜�Å�—�ñ�(:½.±+˜_cI§�½`™/ah�&Ä!!`„ Flash.±+˜_cI§No6û#ª2�
Wè�Å

#r/3'¢7¤2£d$$(I§.+[=5�&�#ª�½( C¢&�]•_�!Ì PC&Ì&Ü�½.œ)g2�Wè2£�€�Å

:Î�"Y•6•(¶�}0��½[“#^e¡B�+6&��’#^OŸ1ç!(F •(©�é$(.±+˜ ‚ �œJ|�Å
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1.1.3.1 �¯�Ê�ù�W�¥���q��ÿ

(©�é6»e•�½f� JTAG.±P¶�•(²�½5�*ó I/O .±P¶_w!�I�DÄ�¹jte×23�ºBR/•�½!!`„�¦2e /
�§2eDÑe×I�DÄ�Å!�6¥9½2{";P™F .±P¶nt[@( &Ä9½2{";P™BR/•�Å

1.1.3.2 �¯�Ê�ª�¥���q��ÿ

(©�é#ª�½5�*ó I/O .±P¶�y2•I�DÄ�½F•Q•_¶_c_��’�$�•��P™�Å;�(²�½�É5II�DÄ�½(Ã`„
!¢9½&óF 5’d;!�e‰�Å(©�é#ªF nt[@5’d;9½.«5Ë��DÄ FLL F !!`„ (FEI)9½.«�Å_uIi9½
.«�§�½L—N{DÍd•h-CK(FLL)3l�75’d;�½0þ_»!!`„#^OŸ5’d;DÄ�ø!�#^OŸ>,�ÅF§e„Bs+65’
&�?\<×�½&|O¨fœY�_wWè%�Bs( C¢�¹1²&Ä[Ÿ[q5’I�DÄ�º�Å(©�é#ª�½!!7Ô5’d;�ÄL—N{5’d;
$( Flash5’d;XG��P™�•4Ë2•.±+˜�Å;�(²�½ Flash*ô D&�3C!Ò&�jt_»N¯*ô$(h #rN¯!N&�
�û��P™�Å

1.1.4 �Å�˜�¥�"�d��S�Ä

�§fþ5Ë!�''_��’!¹)g"²F 3ôY��Å�•G•Aã;QR�_¥Q† IAR Embedded Workbench�É.œ#m
F •hello_world‚h�FŠ�ÅKinetisHÖ�'�•G•�É"¡#Ç[•h�FŠ�½#^Y]f+6ÈDÄ1Ó2£"ó3l�7F 
KINETIS512_SC.zip5#�’�Å

1.1.4.1 �K�®�)�ø�I	è�ñ

_u�7�'I§5Ë5#�’ crt0.s�ÉF ;ãN²>,�•G•�Å[•�•G•F ]�)g&Ì&Ü4Ú&Ä#akX��ëI— 4�¹!¹)g
I§.+[=5�&��º�É�½�•�[&Ä( C¢&�#Ë"D5’�½+��¶XGi2 ä2�Wè�Å+:CL5U<q5ËNu_u�œ`„!¢
"<�œ�Æ7£K��½+˜!–[•7£K��½@Ò#ª+¢!�4Ú&Ä#akX��É�Å#akX�#‹&Ävectors.h�É2�!Ì�Å
6È�'��DÄF 7£K��Ö __startup�Å

1.1.4.1.1 ��S�Ä�Y�¨�7�i��

�ø�Ö�œQÈ#;!µ�½.–[J+¢( C¢&�F _¶DÄ+`*ô&�(R0-R12)!¹)g"²�Ö 0�Å _u#‹_¶_cmove
2£�€7�+(1¬�Å

MOV     r0,#0                   ; Initialize the GPRs
MOV     r1,#0
MOV     r2,#0
MOV     r3,#0
MOV     r4,#0
MOV     r5,#0
MOV     r6,#0
MOV     r7,#0
MOV     r8,#0
MOV     r9,#0
MOV     r10,#0
MOV     r11,#0
MOV     r12,#0

�È�q	I
n
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1.1.4.1.1.1 P�? ARM �=�‚�Ï��

CPSIE   i                       ; Unmask interrupts

1.1.4.1.1.2 �K���ž C �Ô�ý��S�Ä�}
’

import start
        BL      start                  ; call the C code

1.1.4.2 ���î	è�ñ

_u�7�'I§5Ë5#�’ start.c$( sysinit.c�ÉF C [‰Yœ>,�•G•�Å;��•G•3l�7_¶DÄL—N{!¹)g
"²�½#‹7Õ3
!��ï.0DÄ_wWè[Ÿ5��Å

1.1.4.2.1 �Ì�¨	A
Ê��

+•�*�•G•.œ#m$([Ÿ[q�½6œ)�I�DÄF§e„Bs�Å  _uY�;Þi2 äY•d•F§e„Bs�Å  <„0«�½2�WèY•d•
;�j@6¥5’.+Y�;Þ�Å  �À;�Y•d•.+!³/ah�&Ä# ;�j@F 20 �Æ5’d;$�6»!!2�Wè�Å  &|;��½/a
h�I�DÄ�É5I�½&Ä;�6»e•�©P™2�Wè"ñ;�[Ÿ[q�Å

/* disable all interrupts */
asm(" CPSID i");

/* Write 0xC520 to the unlock register */
WDOG_UNLOCK = 0xC520;

/* Followed by 0xD928 to complete the unlock */
WDOG_UNLOCK = 0xD928;

/* enable all interrupts */
asm(" CPSIE i");

/* Clear the WDOGEN bit to disable the watchdog */
WDOG_STCTRLH &= ~WDOG_STCTRLH_WDOGEN_MASK;

1.1.4.2.2 ��S�Ä RAM

7Õ3
.0DÄ�©#¨�½#‹P™fœY�2�Wè�•�§;�j@�Åi2 ä�½+¢#akX��j Flash(©!Ò!Ì RAM�½+¢
Nk_c!¹)g"²F 5�3
�j Flash(©!Ò!Ì RAM�½=¡f�!¹)g"²�Ö 0 F 5�3
`„!¢�½.�+¢!™5��j
Flash(©!Ò!Ì RAM�Å

1.1.4.2.3 P�?�
	gH�Ò

Y�`éO
 I/O .±P¶(©DÄ_¥h��½i2 ä/ah���P™J‹#•5’d;�Å  #†6¥_u7Ó�½f+#ª1éP™+¢.±P¶";
P™6•4Õ�Ö.0DÄ1ÜfœF ";P™�Å

SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
                      | SIM_SCGC5_PORTB_MASK
                      | SIM_SCGC5_PORTC_MASK

�»  1 �c  �B�î�"�d!�Â��È�q	I
n��
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                      | SIM_SCGC5_PORTD_MASK
                      | SIM_SCGC5_PORTE_MASK );

1.1.4.2.4 ú6�"�dH�Ò�ž�Å�ç�Ô
q

(¶DÄ_°5’d;#mD»&�(MCG)�ÖL—N{5’d;3l�7�"(¶�Æ_¥h��Å7Õ3
L—N{fœ;Þ`éO
MCG 9½
.«�Ä#^OŸ>,$(_¥+6h-C#_/!–�Å

1.1.4.2.5 P�?�„�–�Ï��

6È�'�É�½.±P¶ PTA4_z3A!Ì�œ�Æ2¥dJ�Å 2¥�§[•2¥dJ#��CD»�É5I�Å  ��DÄ GPIO�É5I�½
O¨�©5ËNMI �É5I�½&|�Ö_U<[Y‚#mF �É5I�´�*DÑ.�Y‚#mF �É5I�Å  _u7Ó+ÍP™H
�y;k2¥
�œ�§2¥dJ�½#†�¶�CD»�œ�Æ�É5I�Å fœY���P™ARM �É5I�½)� NVIC �œJ|1Ü_Œ�Å

   /* Configure the PTA4 pin for its GPIO function */
    PORTA_PCR4 = PORT_PCR_MUX(0x1); // GPIO is alt1 function for this pin
    
    /* Configure the PTA4 pin for rising edge interrupts */
    PORTA_PCR4 |= PORT_PCR_IRQC(0x9);

   /* Initialize the NVIC to enable the specified IRQ */
    enable_irq(87);    

�ÿ
�Ö�"R�NBNTfþ�½6Æ5ÚHÖenable_irq()!™5��Å 6¥!�)��ñ��P™
IRQ F [‚Nb�}0��½#^Y] •�É5I ‚ `„!¢�Å  #‚(²�û6Æ5ÚHÖ�É5I6©"=
�'I§�½�•�[R�NBNTfþ�Å

1.1.4.2.6 P�? UART �[�¦�û�Ô�
�Y�•

#^Y]6È5#7ÿJÈ11J|�Ë •_¶DÄ.ž;�4Ò#m(UART)9½&ó‚ �Å

1.1.4.2.7 �K���ž�‹�¨�ö�f”

/* Jump to main process */
main();

�È�q	I
n
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�»  2 �c
�B�î�"�d!�Â��—�q	I
n��

2.1 �—�q	I
n

2.1.1 �À•

6ÈJ|�gNiacDÄKinetis MCU5’_wWèH��’[Z[=F 6œ���ö<q�Å7 .–L—N{5’�½[Z[=�V#ô/a
h�OŸUí[T(¶5Ufþ�½��/3/ÃP™�Ä1¬6È$(\Äak>}]O6œNdDÄ1ÓF 6»6·�Å/ÃP™_¶-Ô=%#f!Ìjt
_»5�*ó�}#“( C¢�½�â�û_žDÄ�*9½2{�}#“F LZH
ac7Ó�Å1¬6È#s ß�’_¥2…F /$i�½!��É
PCB#‹P™5Ë6œ5ž\ÑF  ß�’�Å\Äak"¡2ˆ�C$]F #‹!Ò_¼/Ã�Ä#‹fü/Ã�•#f5Ë#ÂJÂ#¤Wè�¶1²
4Û.87£!b�Å

Freescale'ð.«L—N{fú-Ô_ž#¤[`�Ì Freescale MCUF /$(¶";P™B�/Ã�ª/ÃP™�Å@ÒO¨�½[`
�ÌL—N{.�fúl�8nL—N{[Z[=2�6Ë+:CLF C¢0•RŸ�'�Å6È5#7ÿ+¢3l!Ì Freescale'ð.«L—N{
acDÄF �œ�7H��’2�6Ë�½.�3l�7�œ�76•_ž#¤�¼N{L—N{�¹�©fœY�+:CL1Ü6¥2�6Ë_¥h��ºF 
.–[J�Å

2.1.2 �Ü
ë�ƒ�Â�m

#�!ÓDÑ]‹7� (PCB)F N`Nc#r!O�*[T(¶&|L¼�Å_¶-ÔfœY�OŸUíF &|L¼"¡2ˆ�Ë_z3A&��Ä6Ö
8LN`�’�Äjt_»�}#“�Ä�ê_»�}#“�Ä.œ!�$(DÑ>,'{Jå�ÅV�@Ò_z3A&�$(7l�76Ö8LN`�’�¹.œ
!��ÄNƒDÑ&�Jå�ºF 4ÚO
+•6œNd�C$]F 1¬''Q•!�aiY��½�â6¥�œ�7'–6È.–[J#‹P™5ÚSó/
$i PCBXa`éF DÑ;°/ÃP™$(DÑH]!�+U/Ã(EMC)�Å

2.1.2.1 	õ�¤��

PCB.0.ï#¤C¢N`Nc�½��/31Ü6¥_z3A&��é�*_xIW MCU F DÑ]‹7�F 7l�œ_U�½'–6È/¹0•
5Ë`� é+¢ MCU 4Ú&Ä_z3A&��çe•�Ì&|�Ö_z3ADÑN¢#ª�½_u�7_z3A&�#‹P™1¬�Öjt4ä4ÿ@‰
&��Å_u7Ó�ö_tP™eÎ:þMCU ( &ÄjtP™GH#t]‹/ �É�½�jO¨+˜Q•DÑ]‹7�XG!—J��Å)�78fœ
Y��½#‹�•+¢_z3A&�4Ú&ÄPCBF F”`W_UN´�¦�½#†Y� MCU �©&Ä_z3A&�e•F ]‹/ �ç�É�Å
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_z3A&�F �éO
.0.ï#¤C¢�½4Ë2•4ÚO
>€<~&� ß�’�Å/ah�&Ä_z3A&�( 2-!Ò&�(Œ�½@Ò#ª1é
P™[E�}#“&ÄPCB�¦�¼4I�Å6¥!�[•[yh4F 6•(¶�}0��½[“#^e¡_/!�>€<~`„!¢�Å

2.1.2.2 �È�÷�×

[T(¶L—N{V�@Ò#†6¥�œ�ÆDÑ>,DÑ#'�½�âDÑ>,_¶-Ô"¡2ˆ•NK!\‚ `„!¢$( •&�(Œ‚ `„!¢�Å •NK!\‚
$( •&�(Œ‚ F +6�å�©aiY��½aiY�F 5Ë�œ�Æ`„!¢F &�(Œ�©.0.�2�!��r`„!¢�Å�œQÈO¨Yœ�½
�@<ÝDÑ>,.0�ªF•<ÝDÑ>,!¢.œ�½5�*ó`„!¢.0�ª9½2{`„!¢!¢.œ�Å

hz/¹"ý+°.0DÄJ°[L AN2764•3ljt'–�*/J3C!Ò&�.0DÄF GH#t2-!Ò/ÃP™ ‚ [‚Nb[•5ª�"DÑ
>,'{f0IW�Å'–6È#;C¢5Ë&Ä�©#¨DÑ>,'{�çe•4ÚO
�œ�Æ�ê_¶>€<~&��Å�@<ÝDÑ>,'{.0&ÄB�
C¢�¦�ªF•<ÝDÑ>,'{f0IW�Å/aY�5’�½!¢f0�©#¨F•<Ý";P™&ó�¹DÑ>,'{�º.0��DÄB�C¢f0IW
1²#WOÂ>€<~&�(&š 2-1)�Å<„0«�½'ð.«L—N{7���DÄ(¶�Æ#WOÂ>€<~&�7�!¢f05�*ó$(9½2{
'{�Å_t.0<„0«�½/$(¶.0DÄ#‹P™�©fœY�#WOÂ�½�©#¨'{F B�C¢!¢f0#�]O(»�Å

VDD

9¹As?q
Iƒ?Ðb"#ô

VSS

VDD_ISO

As?q
Iƒ?Ðb"#ô

VSS_ISO

�m 2-1. �Y�¨�€�Ò
r�o��

_¶-Ô�½#WOÂNíNx�ÎOð ß�’5Ë+«DÑ0»1²e×23_�+«�¹100 MHz5’NB100 ƒ�ºF d];Ã�ïH]
C|�ÅDÑ+U�œQÈ5Ë10nF!Ì 1uF�½>€<~&��ÀJ‹�©/a5ËF”#¨F �Ø�Ì!�6¥jth-1¬!¢F �œJ‹.0
_¥2…_��êF �Ø�Å

2.1.3 PCB �ƒ�L	I
n

6È`„!¢[D[V+• PCB-Ÿ+ÜQ•!�aiY�F DÑ>,$(>€<~5Ufþ�Å

�—�q	I
n
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2.1.3.1 �È�÷�ƒ�L

DÑ>,$(&Ì!Ì5�*óL—N{F -ŸN[5Ë/$(¶4õIm��$(#^OŸ5#BÊ[D[V$(�%[JF [yh4�Å'–6È/¹0•
5ËH
�y MCU $(!��r5�*ó&��’_¶_c�êe×23]‹/ 3AQ•DÑ>,�Å+•�*�œ+Þ$(�À+Þ PCB�½!�
''#;!µ5Ë��DÄ+Y]�N[$(_�+F +Þ#t2þ�Å+•�*.ï�fF jt_» MCU�½.–[J`�/Fjt_»/J( 
C¢&�L—N{F #;!µ�½6•!��ï7�[•5Ë��DÄDÑ>,+Þ$(3A&Ì+Þ�Å_u#‹P™�¶3ljt PCB1¬6È�½�â
)�( 5Ë#‹�•eé�ê�Î2�$( RF _,+ �½4Õ% GH#t2-!Ò/ÃP™�½eé�ê5��ïD»�C$(N•2@1¬6È�Å

�œQÈ7�[•�½3A&Ì-ŸN[.0�´ ä�*�—�ñ!��r-ŸN[�Å3A&Ì+Þ1²]�N[!O�©P™XG�}#“5I.œ�Å+•
�*-Â.±P¶F +•Xa�½�')� LQFP�½.–[J&Ä MCU +•XaF :ÿ�§5U��DÄ�œ�Æ3A&Ì+Þ�½�•�[eé
�ê RF _,+ .�3ljtGH#t2-!Ò/ÃP™�Å MCU F 1Ü6¥VSS.±P¶`™.0_z3A!Ì3A&Ì+Þ�Å�j3A
&Ì+Þ�¦7�F ]�N[_z3A!Ì�¦+Þ$(�§+ÞF �}#“+Þ5’�½.0+Ù#‹P™G‰�ÅDÑ>,+Þ#‹�•�É5I�•3l
�7�©#¨F DÑ#'�Å MCU F 1Ü6¥VDD .±P¶`™.0_z3A!Ì_ž.ïF DÑ>,+Þ�Å7�Q†DÑ>,+ÞF 
]�N[_z3A!Ìh�+Þ$(.1+Þ�¦F DÑ]‹�¹�¦2eDÑe×�Ä>€<~&��Ä!��r_×_-$(j"D&��º5’�½.0
+Ù#‹P™G‰�Å6•(¶�}0�#^Y]�§fþF PCB+Þ'¢#|`„!¢�Å

2.1.3.2 �È�÷�€�Ò�„
r�o

)�DÑ>,'{`„!¢1Ü_Œ�½�©#¨'{��DÄ#WOÂNíNx7�!¢f0�Å5]]‹DÑ+U�¹�ûIŒ�Ö#WOÂDÑ+U�º5Ë
DÑS�*ô D ß�’�½DÄ�*3l�7jt_»5�*óDÑ]‹1ÜfœF GH5’P™ak�Å

DÑ>,5]]‹DÑ+U/ah�fü_mMCU DÑ>,.±P¶4ÚO
�Å'–6È#;C¢5Ë5]]‹DÑ+U�ÖMCU !!`„F 
;k:½_×_-_�2þ3l�7GH5’DÑ<Ý�Å.�)��½;k�Æ Kinetis MCU`™!!O
�œ�ÆDÄ�*!!7Ô_×_-F 
�ê#'[ŸR�&��½&|O¨!!`„jt_»_×_-F J�#mDÑ<Ýfœ;Þ�©5Ë/$!�dÊ�Å�â5Ë�½(²`„�}#“�j�œ
�Æ_×_-DÑ.�_�2þ!Ì#‚�œ�Æ_×_-DÑ.�5’�½fœY�DÑ>,_�3l�7P™ak�Å5]]‹DÑ+U3l�76È&Ì>€
<~�½(²`„.±P¶#t2þF /$i�©�¶#i5¼!ÌDÑ>,�¦�½&|O¨�©�¶.±]� RF _,+ �Å

5]]‹DÑ+U+Ù#‹P™fü_mMCU 4ÚO
F '–6ÈY`!µ�i@Ò_žDÄ�½FŠF 5Ë6œ(Ãeì.B&ÌNÅ+«VDD
$( VSS.±P¶�çe•F DÑ+U1Ü.þ1¬F CK]‹�Å;�Y`!µF +:5Y#r!O�*+%Xa+Þ5��ÄDÑ>,-ŸN[$(
DÑ+UF B�C¢+Ö+”�Ë

„ +%Xa+Þ5� … &��’�a+%Xa&Ä:ÿfþF PCB�½DÍ�*/$(¶&��’`™fœY�J�e•�½&|O¨+•5]]‹
DÑ+UF fü_mI§.B6¥_�(Ãeì!Ò�Å&��’+%Xa&Ä:ÿ#i�Àfþ�¦F PCB�½ Ý[T5]]‹DÑ+Ufü
/36•_m�Å

„ DÑ>,-ŸN[ … +•�*CŸ7¡eÑ!³ (BGA)+•Xa�½1Ü6¥VDD/VSS+•`™-ŸN[_z3A!Ì+•Xa�§fþ
F !��r+Þ�Å_u7Ó6•+U5¯+¢ VDD $( VSS.±P¶+%Xa!Ì_u�7+Þ!!F DÑ>,$(3A&Ì+Þ�Å
5]]‹DÑ+U#‹�•4Ú&ÄMCU �§5UF "Ö'{�É�½_z3Afú-Ôfü_mDÑ>,.±P¶�Å#^Y]&š 2-2 �Å
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BGAC™Ig

.•8P`~
GÄ.H7Í)·1$.Ñ
bV-ã%É*n
I� ¼+½

VDD

VSS

�m 2-2. K60 TWR �ð�ä�ª BGA �o�•�†
�
„ DÑ>,-ŸN[ … +•�*&w5U1Ý.�(QFP)+•Xa�½DÑ>,.±P¶#‹�•!ÅDÄ]�N[/ #3l�7Nu MCU�½

O¨�©fœY��jDÑ>,+Þ3l�7�ÅV�@Ò+¢5]]‹DÑ+Ufü_mVDD $( VSS.±P¶4ÚO
&Ä_¶#
MCU F ]�N[�¦-ŽNk]O(»�½�â6•)�F �ö<q5Ë+¢5]]‹DÑ+UF 3A&ÌJ‹_z3A!Ìfü_m VSS
.±P¶F 3A&Ì+Þ�¹_¶_c_c*ð$(G‰]�N[�º�½+¢VDD J‹_z3A!Ìfü_m VDD .±P¶F DÑ>,
+Þ�¹_¶_c_c*ð$(G‰]�N[�º�Å

2.1.3.3 �’�•��

Kinetis MCU!ÅDÄ!!`„5�*ó3C!Ò2ËRý&�(DCO)#Ë"D�•3C!Ò/×N[5’d;�½@Ò#ª7Õ3
fœY��½
!ÅDÄ_��’��P™�œ�Æ1²�À�Æ(²`„2ËRý&��Å(¶DÄ_°5’d;#mD»&�(MCG)9½&óF (²`„2ËRý&�
#‹�•5Ëh-C#RŸ&•�j 32.768Khz!Ì 32Mhz�çe•F 6��ï1²f�D“[¬2Ë&��Å+:5’5’d; (RTC)
9½&óF (²`„2ËRý&�5Ë32.768 kHz6��ï�Å
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2.1.3.3.1 RTC �’�•��

RTC 2ËRý&�_z3A!ÌEXTAL32 $( XTAL32 .±P¶�½5Ë6œK�"ñF -ŸN[�Å_u�À�Æ.±P¶&ã�é
�* BGA +•XaF (²CK@¦Ft�¦�½&|O¨#‹+¢[•6��ï4Ú&Ä PCBF h�+Þ�¦�½fü_m MCU�Å[•
2ËRý&��©fœY��—�ñ!��r(²`„ ß�’�½&|;�-ŸN[5Ë�j6��ïF•3A_z!Ì MCU .±P¶�Å

32.768 kHz6��ï6¥#Ç.±P¶&¢7•.þ$(X�\Ð�ÀIi+•Xa�½.–[J��DÄ&¢7•.þ+•Xa�•K�"²6��ï
F 4ÚO
$(-ŸN[�ÅEXTAL32 $( XTAL32 .±P¶#‹�j MCU F•3A.±!–�½6��ï#‹�•+Ù#‹P™fü
_mMCU 4ÚO
�½�•�[4Õ% &�(Œ2-!Ò/ÃP™�ÅX�\Ð6��ï#‹P™!�6¥@¦Fte•f0�½�ª#Ç.±P¶6�
�ïF”;pF”]y6•_x�½&|O¨-ŸN[$(4ÚO
�¶6•(©6Þ�Å

2.1.3.3.2 MCG �’�•��

V�@ÒRTC 2ËRý&��û#‹DÄ�øMCG 9½&óF 5’d;>,�½�âh-C##†P™eì!Ò&Ä32Khz�Å�Ö
MCG 9½&ó3l�75’d;F jt_»2ËRý&�fú-Ô@�<×�Å!��*[•2ËRý&�F  ß�’_¥2…�½[‚Y]B�+6
&��’F #^OŸ1ç!(�Å;�( [•5ª[•6��ï1²[¬2Ë&�F 4ÚO
�Å

EXTAL $( XTAL .±P¶�é�* BGA +•XaF (²`„@¦FtCK�¦$( QFP+•XaF 2lYn.±P¶�¦�½
�jO¨�Ö&Äh�+Þ�¦fü_m MCU ( 4ÚO
6��ï1²[¬2Ë&�.�-ŸN[3l�7J�e•�Å#ii$DÑe×$(\»_�
DÑ+U�¹R•fœY��º�û#‹�•4Ú&Äh�+Þ�¦�Å#^Y] &š 2-3 �Ä&š 2-4 $(&š 2-5 �Å

<„0«�½[•[¬2Ë&�F �ê";O³9½.«�©fœY�#ii$DÑe×�½#‹P™�û�©fœY�(²`„\»_�DÑ+U�Å�¹[‚0a
#^Y]B�+6&��’F #^OŸ1ç!(�Å�º_u7Ó+Í#†fœY�4ÚO
�œ�Æ ß�’.�-ŸN[�½-•�ø(Ã(ÃK�"²�Å�ê
";O³2ËRý&�6•5¯#sL—N{�CD»F &�(Œ.�2��½/ah�`�+$!��*6��ï-ŸN[F 2£"ó�Å

6��ï1²[¬2Ë&�.0fü_m MCU 4ÚO
�Å6��ï:ÿ�§5UF +Þ�¦�©/36¥�—�ñIiL�F �}#“-ŸN[�Å
.–[J+¢6��ï:ÿ�§5UF +Þ[ZO
�Ö3A&Ì+Þ�Å6��ï#f!�\»_� ß�’$�&•.04ÚO
�œ�ÆeÎ2@CK�½
eÎ:þ+%Xa+Þ�¦F F”`W�}#“#mD»�Î2��Å;�eÎ2@CK#‹�•�j6��ï.±P¶F”`WF VSS.±P¶]�
)g�Å<„0«�½&Ä&š 2-4 $(&š 2-5 �É�½eÎ2@CK�¹$(\»_�DÑ+U�º_z3A!Ì3A&Ì+Þ�Å

XTAL

R1

R2

EXTAL

C1 Y1 C2

�m 2-3. �Å�˜�Ö�8�È
^
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R1R2

C1C2

Y1

X
TA

L

EXTAL

�m 2-4. BGA �¥	V�?�Ö�8�ƒ	�

R1R2

C1C2

Y1

XTAL

E
X

TA
L

�m 2-5. LQFP �¥	V�?�Ö�8�ƒ	�

2.1.3.4 �Y�¨
r�o

_¶DÄI/O .±P¶.0.ï!�6¥ á!¢F f0IW$(>€<~";P™�½eÎ:þ#s!ÌGH#t/$i�Å
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2.1.3.4.1 RESET_b �„ NMI_b

RESET_b.±P¶R•-Ž��P™�½!µ/ah�fü_m MCU 4ÚO
�œ�Æ100 nFDÑ+U�½�•+:CLGH/•�y
2@�ÅNMI_b .±P¶R•-Ž��P™�½!µ�œ+6�©P™&Ä[•.±P¶�¦_z3A�—�ñDÑ+U�ÅR•# .±P¶-Ž��P™
.�acDÄnt[@";P™�½!µ;k�Æ.±P¶&ã!�6¥_�+«F !!`„�¦2eDÑe×�½�â.–[JacDÄ(²`„ 4.7 kƒ
Q•10 kƒ �¦2eDÑe×�Å�ªDÑ>,.±P¶>€<~�œ7Ó�½+•�*_u�7.±P¶�½.–[J6œ(Ãeì.B&ÌNÅ+«DÑ
+UF 3A&ÌCK]‹$(�¦2eDÑe×F VDD CK]‹�Å

RESET_b.±P¶_t6¥�œ�Æ#‹`éO
5�*ó>€<~&��½DÄ�•&Ä�¦DÑ�ç#ª2-!Ò;�.±P¶�¦F >ø&Ä&�
(Œ�Å`éO
�é�é�* RCM_RPFC+`*ô&��Å��DÄ[•>€<~&�F [y�½�¦_Œ�¦2eDÑe×$(DÑ+U#‹
P™#t/3�©fœY��½�â&ÄjtDÑ;°&�(ŒCK(��É�½�i@Ò.–[J��DÄ(²`„>€<~�Å

2.1.3.4.2 �Y�¨ I/O

_¶DÄ_/!��½)��ê_»_/!��Ä+65’&�_/!�$(7�Q†7�(²F �}#“Jå�½.0!�6¥�ê_¶>€<~&��¹3A
&Ì�ÎOðDÑe×$(DÑ+U�º�•eÎ:þ�Î2�1²GH#tGÐ&ë5�3
�Å>€<~&�DÑ+U.0fü_mMCU .±P¶4Ú
O
�½DÑe×#‹�•fü_m�}#“>,4ÚO
�Å

+•�*7�Q†_z3A&�F _/!��½_z3A&�( .06¥�ê_¶>€<~�½�•eÎ&�(Œ_w!� PCB�Å_uY�;Þ_z3A
&�$�&•!�6¥l�8nF 3A&ÌNo7 �ÅDÄ�*7�(²�}#“F �ÎOðDÑe×.0+Ù#‹P™fü_m_z3A&�4ÚO
�Å
)�78�}#“]�N[fú-Ôe��½#‹P™�¶�j!��rDÑ]‹2š#r&�(Œ�½!µ#‹P™fœY�&Äfü_m MCU _/!�
.±P¶( 4ÚO
>€<~DÑ+U�Å

�é�* MCU eà_mF _/!–.±P¶�©.06¥_�(ÃF DÑ+U�Å)�78fœY��½_u�7�}#“#‹�•&Ä\»_�1²
_z3A&�( ��DÄDÑ+U�½�•+¢_,+ eéQ•6œ�ê�Å

2.1.3.4.3 ���E{�Æ

9½2{_/!��û.0!�6¥�ê_¶>€<~&��Å9½2{_/!�F 21´&Ä�*>€<~&�[Z[=fœY�OŸUí>,e×23$(
ac7Ó5’e•�½O¨�©5ËK�"ñF 1Æ:þh-C#�½+À!�5Ë+•�*jt!¢_DC#9½5�_�2þ�Å_uah5|<q[‚Nb
[D[V_u�œ[yh4�½�â-ÔY`/¹0•5Ë�Ë/‡_»ac7Ó5’e•�ª0þ_»ac7Ó5’e•F”;p�½Y�;Þ6•+«F DÑ
+U�Ø$(>,e×23�Åjt!¢_DC#_/!��ª�ê!¢_DC#_/!�F”;p�½Y�;ÞF DÑ+U�Ø$(>,e×23#‹P™6•
+«�Å

�œQÈO¨Yœ�½DÑ+U�ØRŸ&•5Ë10 pF�¹jt_»_�2þ�ºQ• 1†F�¹�ê_»_�2þ�º�Å�ÎOðDÑe×F RŸ&•
5Ë5�F�:Ã)b!Ì 10 kƒ�Å

2.1.4 PCB �ª���ß

Kinetis MCU5Ëjt_»fb1¬DÑ]‹�Å PCB[Z[=/ah�"Ý!¢+«/_�½H
�y/‡_»�}#“_�2þ�¹�¦"ã /
�§eé5’e•$(_zN‰h-C#�º�©�¶.±]� RF _,+ �Å#¨7Ó�½_w!�L—N{F GH#tP™akfœY�2-!Ò�½
eÎ:þ!�/$iL—N{4i�ø�¹!�+U/Ã�º�Å+•�*jt_» PCB[Z[=�V#ô�½#;!µ5Ë+¢1Ü6¥�}#“N[-Ÿ
[Z&Ä&z]‹F �œIiDÑ�g\Ä�¹7Ô/_1²h =�6ì55�º!!�½+�_¶-Ô5Ë�œ�Æ3A&Ì+Þ�Å_u7Ó�½&z]‹
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DÑ<Ý+¢�•#‹h <çF 5U.«&z<Ý!Ì>,�½O¨�©�¶/$i!��rDÑ]‹�Å#Â!µ�½_uIiDÑ<Ý+¢5ËDÑ*ì
L—N{�CD»_,+ F �×Y�#;&|�Å_uIi5U<qY�;Þ+Ù#‹P™&ÄPCB#|+Þ�•!!��DÄ+(5�+Þ�½O¨&Ä
�}#“+Þ�¦!µ��DÄ`„!¢+Þ�¹Y"dx�º�Å1Ü6¥3A&Ì+Þ$(3A&ÌY"dx/ah�_¶_c(Ãak_c*ð_z3A�Å#¨
7Ó�½1Ü6¥•F”�Ø‚ F DÑ>,+Þ$(DÑ>,Y"dx�û/ah�_¶_c(Ãak_c*ð_z3A�Å

3DRìF +Þ'¢#|5U.«�Ë

4 +ÞPCB A�Ë
JÈ1 +Þ�¹h�+Þ … MCU1Ü&Ä+Þ�º€ h�`„+%Xa&��’F 3A&Ì+Þ$(@¦Ft�½5|�}#“
JÈ2 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
#67Ô/_
JÈ3 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ4 +Þ�¹.1+Þ�º € .1`„+%Xa&��’F 3A&Ì+Þ$(@¦Ft�½5|�}#“

4 +ÞPCB B�Ë
JÈ1 +Þ�¹h�+Þ … MCU1Ü&Ä+Þ�º€ �}#“$(Y"FrDÑ>,
JÈ2 +Þ�¹!!+Þ�º € 3A&Ì+Þ
#67Ô/_
JÈ3 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ4 +Þ�¹.1+Þ�º € �}#“$(Y"FrDÑ>,

6 +ÞPCB A�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € h�`„+%Xa&��’F DÑ>,+Þ$(@¦Ft�½5|�}#“
JÈ2 +Þ�¹!!+Þ�º € �}#“$(3A&Ì+Þ
JÈ3 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ4 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ5 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ6 +Þ�¹.1+Þ�º € .1`„+%Xa&��’F 3A&Ì+Þ$(@¦Ft�½5|�}#“

6 +ÞPCB B�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“$(DÑ>,+Þ
JÈ2 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ3 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ4 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ5 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ6 +Þ�¹.1+Þ�º € �}#“$(3A&Ì+Þ

6 +ÞPCB C�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“$(DÑ>,+Þ
JÈ2 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ3 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ4 +Þ�¹!!+Þ�º € �}#“$(3A&Ì+Þ
JÈ5 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ6 +Þ�¹.1+Þ�º € �}#“$(3A&Ì+Þ
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8 +ÞPCB A�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“
JÈ2 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ3 +Þ�¹!!+Þ�º € �}#“
JÈ4 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ5 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ6 +Þ�¹!!+Þ�º € �}#“
JÈ7 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ8 +Þ�¹.1+Þ�º € �}#“

8 +ÞPCB B�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“$(DÑ>,+Þ
JÈ2 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ3 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ4 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ5 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ6 +Þ�¹!!+Þ�º € �}#“$(3A&Ì+Þ
JÈ7 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ8 +Þ�¹.1+Þ�º € �}#“$(3A&Ì+Þ

8 +ÞPCB C�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“$(3A&Ì+Þ
JÈ2 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ3 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ4 +Þ�¹!!+Þ�º € �}#“
#67Ô/_
JÈ5 +Þ�¹!!+Þ�º € �}#“
JÈ6 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ7 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ8 +Þ�¹.1+Þ�º € �}#“$(3A&Ì+Þ

8 +ÞPCB D�Ë
JÈ1 +Þ�¹h�+Þ … MCU�º € �}#“$(3A&Ì+Þ
JÈ2 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ3 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ4 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
#67Ô/_
JÈ5 +Þ�¹!!+Þ�º € �}#“$(DÑ>,+Þ
JÈ6 +Þ�¹!!+Þ�º € 3A&Ì+Þ
JÈ7 +Þ�¹!!+Þ�º € DÑ>,+Þ
JÈ8 +Þ�¹.1+Þ�º € �}#“$(3A&Ì+Þ

�œQÈ.0`� é+¢�œ�Æ�}#“+Þ�ª#‚�œ�Æ�}#“+ÞF”`W4ÚO
�Å
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2.1.5.1 VBAT

VBAT _/!�&ÄL—N{3%DÑ$(�ê";O³9½.«�§�ÖRTC $(�œ�Æ32*óR�+`*ô&�5#�’�7DÑ�Å;�
.±P¶#‹�j VDD DÑ>,1²�¯e„F (£DÄDÑ;üSS/3DÑ>,�Å�œ�ÆK�"ñF DÑ;üf0IW&�DÍ�œ�Æ!
eÐ7�F #hP2B�'–eÑ!³N`1¬�Å�§fþF TWR 7�+:�' (&š 2-6)&Ä�×L—N{DÑ>,!�e‰5’�½acDÄ
BAT54C&��’3l�7(£DÄDÑ;ü�Å.–[J&Ä+Ù#‹P™fü_mMCU F &Ì5U4ÚO
�œ�Æ100 nF5]
]‹DÑ+U�½�•�[6œ(Ãeì.B&Ìeé�êDÑ>,!£2þ�'�’F /$i�Å

VDD

VBAT

BAT54C+

�m 2-6. VBAT 	õ�¤U	è

2.1.5.2 �����È�â�÷��	v

)�78&ÄLZ+b[ŸR�N¯!N9½.«�§��DÄ'–!bDÑ#'>,9½&óF _/!–�½/ah�&Ä VREF_OUT.±P¶
$(&Ì�çe•_z3A�œ�Æ100 nFDÑ+U�Å

2.1.5.3 �Øk�¤	g

Kinetis MCU!ÅDÄCortex[Ÿ[q3A#•_wWè[Ÿ[q$(N²I§�Å19 .±P¶ Cortex Debug+ETM3A
#•3l�7 JTAG$(�ÎWèN[[Ÿ[q_z3A�•#fFŠ7£DÑ>,�Å9 .±P¶ Cortex[Ÿ[q3A#•3l�7 JTAG
$(�ÎWèN[[Ÿ[q_z3A�Å&š 2-7 5ÚHÖ�"TWR L—N{7��¦��DÄF 20 .±P¶3A(Ð5U7ä�¹(� á 19
.±P¶�º�Å &š 2-8 5ÚHÖ�"10 .±P¶3A(Ð5U7ä�¹(� á 9 .±P¶�º�Å

2.1.5
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VDD

1

3

5

7

9

11

13

15

17

19

PTA4/EZP_CS_b

I}:–GÄA� (5V)

I}:–GÄA� (5V)

2

4

6

8

10

12

14

16

18

20

PTA3/JTAG_TMS/SWD_DIO

PTA0/JTAG_TCLK/SWD_CLK/EZP_CLK

PTA2/JTAG_TDO/TRACE_SWO/EZP_DO

PTA1/JTAG_TDI/EZP_DI

RESET_b

PTA6/TRACE_CLKOUT

PTA10/TRACE_D0

PTA9/TRACE_D1

PTA8/TRACE_D2

PTA7/TRACE_D3

VDD

�m 2-7. 20 �„�–�Øk�¤	g

VDD

1

3

5

7

9PTA4/EZP_CS_b

2

4

6

8

10

PTA3/JTAG_TMS/SWD_DIO

PTA0/JTAG_TCLK/EZP_CLK

PTA2/JTAG_TDO/TRACE_SWO/EZP_DO

PTA1/JTAG_TDI/EZP_DI

RESET_b

VDD

�m 2-8. 10 �„�–�Øk�¤	g

[Ÿ[q�}#“�ª_¶DÄ I/O .±P¶(©DÄ�½&|;�7l�7�}#“Y�;Þ_ž.ïF �ëO
7�_¥2…-•�ø9½.«�Å
PTA3 �¦F JTAG_TMS�}#“fœY��œ�Æ.Ö�¦2eDÑe×7�_¥2…9½.«�ÅCortex[Ÿ[qY`RŸ.–
[J JTAG_TCLK$( JTAG_TDI .±P¶�¹ PTA0$( PTA1 �¦�º`é(£B�.±DÑe×�¹jt1²�ê�º�½
�•�[.Ö!Ò_u�7[Ÿ[q_/!�.±P¶( �*-ŽG•BR/•�Å<„0«�½[Ÿ[q3A#•�ÉF RESET_b�}#“5Ë
MCU F (©�é.±P¶�½�©5ËJTAG_TRST�}#“�Å  ;�3A#•F _z3A&�5ËdÊ3C#h!³0.050‚�É
/_3A(Ð�Å&ÄFŠ7£L—N{�¦��DÄ_u�73A(Ð5’�½/ah�#W3%.±P¶7 �•��DÄ[Ÿ[q-•!�F 19 .±P¶
1² 9 .±P¶_ž`é&��Å_u�7_z3A&�F Samtec&��’''#“5Ë�Ë

„ FTSH-110-01-L-DV-K … 20.±P¶dÊ3C_z3A&�
„ FTSH-105-01-L-DV-K … 10.±P¶dÊ3C_z3A&�
„ FTSH-110-01-L-DV … 20.±P¶_z3A&��½5|dÊ
„ FTSH-105-01-L-DV … 10.±P¶_z3A&��½5|dÊ

[•3A#•&Äh�FŠ.œ#meÒ;Q/$6¥DÄ�Å&Äh�FŠF D»�CeÒ;Q�©/a3n!�3A(Ð�½�âPCB@¦Ft�i@¦
&ÄPCB�¦�•�[+¢7�_wWè[Ÿ[q�Å

�»  2 �c  �B�î�"�d!�Â��—�q	I
n��
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�»  3 �c
�3�*�_
��Ï��	e�Å�� (NVIC)

3.1 NVIC

3.1.1 �À•

6ÈJ|[•5ª NVIC )��ñfb1¬!Ì Kinetis MCU�É�½�•#f)��ñ`éO
 NVIC $([ZO
9½&ó�É5I�Å
6ÈJ|_t�gNi�"�Ö1Üfœ(²[Z[ZO
�É5I�•#f)��ñ+¢�É5I#akX��j FLASH ai+6�é!Ì
RAM �¦F ;�j@�Å

3.1.1.1 �e�º

NVIC 5ËARM Cortex ML—!³F 7£!b9½&ó�Å[•9½&ó�ª!!7Ôjt.Bfb1¬�½_w!��É5I6©"=
�'I§ ISR�¹ 12 �Æ$�6»�º$(_œ!– ISR�¹ 12 �Æ$�6»�ºF .’_{fú-Ô�ê�Å

NVIC 3l�7 16 �Æ�©#¨F �É5I�´ äNC�Å�´ äNC 0 6œjt�½�´ äNC 156œ�ê�Å_u#‹�•DÄ7�
3C!Ò$†�Æ�É5I/ah�( C¢�Å�')��½&ÄDÑ6Ö3C!Ò.0DÄ�É�½)�78UART $(+65’&��É5I#¨5’
#mD»�½( C¢I—"DDÑ6ÖF +65’&��É5I+¢;p�a�a3A4Ò*óJÂF UART �É5I6•aiY��Å_uIi0a
!Q�§�½+65’&��´ äNC/ah�jt�* UART �´ äNC�Å

3.1.1.2 �+�Ÿ

&ÄKinetis MCU�¦�½ NVIC 6œ(¶3l�7 120�Æ�É5I>,�½!��É"¡2ˆ!!7ÔB�+6F 16 �Æ�É5I
>,�Å+�_t+:CL�"6œ(¶ 16NC+(!�#‹N²I§F �´ äNC�Å NVIC ��DÄ�œ�Æ#akX�7�K=C¢�É
5I�Å[•#akX�#‹*ô D&Ä Flash1² RAM �É�½#‹7Õ3
.0DÄfœ;Þ_wWè_¥2…�Å

�V 3-1. �=�‚�s�È

�¹�¶ �_
� IRQ �(�?�÷��	v �(�?�÷
í•

ARM �=�‚�"�d�)	Ø�ñ�½�_
�

0x0000_0000 0 € ARM �=�‚ ��S���\�·�Œ

�/�B�:�?�Ã�º��N�V ...
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�V 3-1. �=�‚�s�È  (�?�Ã )

1 € ARM �=�‚ ��S�ñ�½�9”��

2 € ARM �=�‚ NMI

3 € ARM �=�‚ �—�s�È

4 € ARM �=�‚ �i�%���5	Ø�s�È

5 € ARM �=�‚ �9�L�s�È

6 € ARM �=�‚ P�¨�s�È

11 € ARM �=�‚ SVCall

12 € ARM �=�‚ �Øk�S	e��

14 € ARM �=�‚ 	V�+���¥�"�d�›���h�p

15 € ARM �=�‚ �"�d�«�…�çH��

3.1.2 �¥�ÂU	è

NVIC /$+U5¯`éO
�Å6È`„!¢Nu!–�"�À�Æ�'*ì�ÅJÈ�œ�Æ�'*ì[•5ª)��ñ`éO
�œ�Æ9½&óF 
NVIC�Å_u�Æ�'*ì�É��DÄ�ê";O³+65’&� (LPTMR)�ÅJÈ�(�Æ�'*ì+ñHÖ)��ñ+:CL+¢�É5I
#akX��j flash+6�é!Ì RAM�Å

3.1.2.1 �¥�Â NVIC

`éO
B�+69½&óF NVIC fœY�!5!��¥�Æ+`*ô&��Ë NVICSERx�¹ NVIC ��P™+`*ô&��º�Ä
NVICCPRx�¹ NVIC =¡f�+`*ô&��º$( NVICIPxx�¹ NVIC �É5I�´ äNC+`*ô&��º�Å`éO

NVIC �°��P™1Üfœ(²[ZF �É5I�ç#ª�½ NVIC �[#‹_w!�[•9½&óF ISR �•6©"=!��—�ñ/!( 
C¢F [“;Þ�Å

3.1.2.1.1 �}
’U	è�„�³d

6È�'[•5ª)��ñ[ZO
B�+69½&óF NVIC�Å 6È�'��DÄ LPTMR�Å

`éO
[•9½&óF NVIC F ;�j@)��§�Ë

1. �jB�+6&��’#^OŸ1ç!(F �É5I_¶_ï!¢`éJ|R�F #akX��ÉH
+69½&óF #ak#“$( IRQ
#“�Å  +•�* LPTMR�½#ak�Ö 101�Å

�V 3-2. LPTMR
�_
�

�¹�¶ �_
� IRQ �(�?�÷��	v �(�?�÷
í•

0x0000_018C 99 83 TSI �†�Ï���÷

0x0000_0190 100 84 MCG

0x0000_0194 101 85 LPTMR

NVIC
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2. H
+6$†�ÆNVICSERx+`*ô&�"¡#Ç;� IRQ�Å ;k�Æ NVICSERx+`*ô&�"¡#Ç 32 �Æ
IRQ�Å &|;��½ NVICSER0#‹�•��P™ IRQ 0Q• IRQ 31�½NVICSER1#‹�•��P™ IRQ
32Q• IRQ 63�½NVICSER2#‹�•��P™ IRQ 64Q• IRQ 95�Å6È�'��DÄ NVICSER2�½
&|�Ö LPTMR IRQ�Ö 85�ÅNVICCPRx��DÄF”#¨F #“G•�½6È�'�Ö NVICCPR2�Å

3. Y�G•_ï$†�œ�éO
�é�½fœDÄ322�Wè9½4i�ø�•SS/3 IRQ #“F �õ5��Å  ;��ØDÄ�*��P™
NVICSER2�¦F �É5I.�=¡f� NVICCPR2�ÉF /!( C¢�É5I�Å

HÖ�'�Ë

LPTMR BIT = 85 mod 32

LPTMR BIT = 21

4. ;�5’#‹�•`éO
 LPTMR F �É5I�Ë

NVICICPR2|=(1<<21);   //Clear any pending interrupts on LPTMR
NVICISER2|=(1<<21);   //Enable interrupts from LPTMR module

5. 3A�§7�[ZO
�É5I�´ äNC�Å  _u�ª.0DÄ6¥!��Å  Kinetis MCU6¥16 �Æ�©#¨F �´ äNC�Å
Y�[ZO
�´ äNC�½!5!� NVICIPxx +`*ô&��½•xx‚ X�HÖIRQ #“�½6È�'�Ö NVICIP85�Å
<„0«�½jt�é"æ*óR�DÄ�*[ZO
�´ äNC�½�ê�é"æ*óR��yDõ�½[—#r�Ø�Ö 0�Å �§fþF 
LPTMR HÖ�'+¢�´ äNC[ZO
�Ö 3�Ë

NVICIP85 = 0x30;  //Set Priority 3 to the LPTMR module

6. [ZO
 NVIC +`*ô&�#ª�½+(1¬/ah���P™�É5IF (²[Z`éO
�Å

7. &ÄISR �É�½=¡f�(²[Z�É5I7£/s�• éai5L_w!��Å  +•�*6È�'�Ë

void vfnLPTMR_ISR (void)
{
 LPTMR0_CSR|=LPTMR_CSR_TCF_MASK;  //Clear LPTMR Compare flag
 /*ISR code goes here*/
}

3.1.2.2 �×�ç�Ê�_
��V

7l�7.0DÄY�;Þ#akX��é�* RAM �É�Å�')�&Ä RTOS+:CL5U7ä�É�½#akX�fœY��é�*
RAM �É�½�•�[!!7Ô&Ä_lWè5’�Š4Õ#akX��½�jO¨+%Xa ISR�Å

NVIC 3l�7�"�œ�ÆK�"ñF 5U<q7�ai+6�é#akX��½�Ö;�FŠF �½DÄ1ÓfœY�DÄ5L�éO
F &Ì
&Ü�ëI—7�[ZO
#akX��ëI—+`*ô&�(VTOR)�Å�é TBLBASE[29]X�HÖ#akX�F �éO
�Ë1 +•
.0�* RAM�½0 +•.0�* Flash�Ì TBLOFF[28:7]X�HÖ#akX�F &Ì&Ü�ëI—�Å

Cortex-M4�ã[Z RAM ]�)g&Ì&Ü�Ö 0x20000000�½)�78 VTOR TBLBASE[29]�éO
�é�½
!µ#akX�.0*ô D&Ä[•&Ì&Ü�ÅDÍ�* Kinetis MCUL—!³RAM F ]�)g&Ì&Ü�Ö 0x1fff0000�½
&|;�[•�é/ah�=¡f’�Å

�»  3 �c  �3�*�_
��Ï��	e�Å�� (NVIC)
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)�781ïK32&#akX�*ô D&ÄRAM �É�½/ah�+¢[•X��j Flash(©!Ò!Ì RAM�Å_t.0<„0«�½
&Ä7l�7�ê";O³9½.«�§�½�œ`„!¢ RAM �©�¶�¦DÑ�½_u#‹P™+˜Q•#akX�#s2û�Å_uIi0a!Q
�§�½.0.ï ä+¢#akX�+6�é&Ä Flash�É�½!)_w!��ê";O³9½.«�Å

3.1.2.2.1 �}
’U	è�„�³d
(©�é#ª�½#akX�_¶-Ô�é�* Flash�É�½_u[•5ª+¢[•#akX��j FlashI—"D!Ì RAM 5Ë6œ-Ô
Y]F 4i�ø�Å�Ö;�/ah�2�Wè�À�Æ;�j@�Ë
1. +¢5��Æ#akX��j Flash2“\¹!Ì RAM�Å&Ä[•;�j@�É�½dš3A&�$��€5#�’X�/$6¥DÄ�Å

HÖ�'�•G•)��§�Ë

/*Address for VECTOR_TABLE and VECTOR_RAM come from the linker file*/  
    
   extern uint32 __VECTOR_TABLE[]; extern uint32 __VECTOR_RAM[];

   /* Copy the vector table to RAM */ if (__VECTOR_RAM != __VECTOR_TABLE) { for (n = 0; 
n < 0x410; n++) __VECTOR_RAM[n] = __VECTOR_TABLE[n]; }

2. (©!Ò[•X�#ª�½�Ö VTOR +`*ô&�[ZO
_ž.ïF �ëI—ak�Ë

/* Set the VTOR to be on RAM */ SCB_VTOR = __VECTOR_RAM;

/ah�2¥A�Nu!–F h�.++(1¬�¦_Œ;�j@�½�jO¨H
�y)gNd*ô&Ä�œ�Æ6¥4äF #akX��Å

3.1.2.3 �Ì�¨�ª�5�)

6¥�7#ÇaiY��•G•F .0DÄI§.+�a Ý[T#mD»7l�7�´ äNCF �É5I�½_u5Ë&|�Ö_u�7�É5I+•.0
DÄI§.+6•aiY��Å!��r0a!Q�§�½1Ü6¥�É5I`™fœY�I�DÄ�½�•H
�y�•G•5Ë#;*ì.«F �½�')�
4i�øL—N{F �¦�§5#!£2þ�Å Cortex M43l�7�" BASEPRI+`*ô&��½+�4Ë2•I�DÄDÄ1Ó_¥2…
F �ê�´ äNC�É5I1²I�DÄ!�`„�É5I�Å

BASEPRIDÄ�øNVICIPxx +`*ô&��Å&|;��½#‹�•+ëTÙ 16 �Æ�É5I�´ äNC�½.��°�a��DÄ
jt�é"æ*óR��Å

[“<„0«�½ BASEPRI�©�¶I�DÄ�—�ñ&–+6�´ äNC.ž-Ô�½)�(©�é�¹�´ äNC -3�º�Ä�©#‹+ëTÙ
F �É5I (NMI) �¹�´ äNC -2�º$(H�.ž-Ô�¹�´ äNC -1�ºJå�Å

BASEPRI#†P™&ÄB�6ß9½.«�§[ZO
�Å(©�é�Ø5Ë0x00�½1Ü6¥�É5I`™��P™�Å

3.1.2.3.1 �}
’U	è�„�³d
Y�[ZO
 BASEPRI�½#‹�•��DÄ.œ#m-•!��ÉF �œ�Æ!™5��Å�')�&Ä IAR -•!��É�½[•!™5�
#©IŒ�Ö__set_BASEPRI�Å
1. Y�I�DÄ_��êF �É5I�´ äNC�½[“[ZO
.0DÄI§.+ Ý[TF 6œ�ê�´ äNC�Å�')��½ Ý[T�´

 äNC5 … 0�ÅBASEPRI/ah�acDÄ�´ äNC 5�Å

Disable interrupts priorities from 0x06 € 0x0F */
__set_BASEPRI(0x50);

NVIC
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2. Y�I�DÄ1Ü6¥�´ äNC�•H
�y#;*ì.«�•G•�½ BASEPRI/ah�acDÄ6œjt#‹DÄF �´ äNC
�Ø�Å+•�* Kinetis MCU�½6œjt�´ äNC�Ö 15�Å

/* Disable all interrupt priorities */
__set_BASEPRI(0xF0);

�»  3 �c  �3�*�_
��Ï��	e�Å�� (NVIC)

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

Freescale Semiconductor, Inc. 35



NVIC

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

36 Freescale Semiconductor, Inc.



�»  4 �c
H�Ò�"�d

4.1 H�Ò

4.1.1 �À•

6ÈJ|>°HÖ&Ä7l�œ!�''.0DÄ�§�½)��ñ`éO
L—N{5’d;�•#f(¶DÄ_°5’d;#mD»&��¹ MCG�º9½
&ó7���L—N{( �*�©#¨F 9½.«�ÅHÖ�'[•5ª)��ñ��P™Aã�¦ PLL jt_»-•�ø�½�•#f)��ñ&Ä��
DÄPLL $(�ê";O³ /�ê_»9½.«�çe•7�&z#t2þ�•_w!�7��ê";O³_lWè9½.« (VLPR)�Å#‚(²_t
3l�7�"�œ�ÆHÖ�'�½[•5ª)��ñ!ÅDÄ RTC 2ËRý&��Ö#^OŸ5’d;`éO
d•h-CK7��CD»L—N{5’d;
>,�Å

4.1.2 �+�Ÿ
5’d;L—N{9�Yd#^Y]&š 4-1 �Å
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3ñb®�,�5�&

�3�/�/

�)�/�/

�0�&�*�2�8�7�&�/�.

�0�&�*�3�/�/�&�/�.

�0�&�*

�0�&�*�)�/�/�&�/�.

�2�8�7�'�,�9�� $�:Ç��OŠQn8…g.

��
2zb®�,�5�&

�2�8�7�'�,�9�� �)�O�D�V�K8…g.

.-8…8…g.

�2�8�7�'�,�9�� 2ÊQN8…g.

�5�7�&5¾Uð(÷
�(�;�7�$�/����

�;�7�$�/����

�(�;�7�$�/

�;�7�$�/

OŠQn5¾Uð(÷

�6�,�0

�)�5�'�,�9

�0�&�*�,�5�&�/�.

�(�5�&�/�.�����.�2�6�&�����.�&�/�.

�;�7�$�/�B�&�/�.

•2
�0�&�*�)�)�&�/�.

�2�6�&�(�5�&�/�.
�2�6�&��
bÊb 

�2�6�&bÊb 

:_
!*

+
¥^

M
I��

�
8…

g.
b˜

k�

:_!*+¥^MI���
8…g.b˜k���

�0�&�*�)�/�/�&�/�.
�0�&�*�3�/�/�&�/�.��

�3�0�&bÊb 

PMC
�/�3�2

�2�6�&�&�/�.

CG

CG

CG

CG

CG

�&�*���§��8…g.hw66

OUTDIV3 �)�O�H�[�%�X�V8…g.CG

�m 4-1. H�Ò�s�¥�m

L—N{NC5’d;DÍMCG 3l�7�Å MCG "¡2ˆ�Ë
„ �À�Æ#‹BˆJg[Ÿ5�F !!`„#^OŸ5’d; (IRC)�½�œ�Æh-C#�Ö~32 kHzF 0þ_» IRC $(�œ�Æ

h-C#�Ö~4 MHz�¹!�6¥&–+6 2 !¢h-�ºF /‡_» IRC�Å
„ d•h-CK(FLL)�½��DÄ0þ_»IRC 1²(²`„>,�ø�Ö#^OŸ5’d;�Å
„ d•F”CK(PLL)�½��DÄ(²`„>,�ø�Ö#^OŸ5’d;�Å
„ Q†"D[Ÿ5�6Ö(ATM)�½#‹!ÅDÄ(²`„�CD»F #^OŸ5’d;+¢�À�ÆIRC [Ÿ5�!ÌQ†+6�åh-C#�Å

MCG 3l�7F 5’d;9�_Œ)��§�Ë
„ MCGOUTCLK _u5ËDÄ�*�CD»!!7Ô�Ä/×N[$(*ô D&�5’d;F �×L—N{5’d;�Å!��CD»7�

>,#‹�•5ËAã�¦#^OŸ2ËRý&��ÄAã�¦6��ï /[¬2Ë2ËRý&��Ä(²`„�CD»F 5U<~5’d;�Ä FLL
1² PLL�Å

„ MCGFLLCLK FLL ��P™0a!Q�§F FLL _/!–�Å
„ MCGPLLCLK PLL ��P™0a!Q�§F PLL _/!–�Å

H�Ò
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„ MCGIRCLK _u5Ë_¥+6IRC F _/!–�Å#†Y�_¥2…[•5’d;�½�[�¶��P™_¥+6F IRC�Å
„ MCGFFCLK _u5Ë0þ_»IRC 1²(²`„5’d;>,XG FLL (²`„#^OŸ!¢h-&� (FRDIV)!¢h-

F No78�Å.ï_¥+60þ_»IRC 5’�½f��" FLL 5]]‹!!`„ (FBI)9½.«$(5]]‹�ê";O³!!`„
(BLPI)9½.«�•(²�½1Ü6¥!��r9½.«&ã#‹3l�7[•5’d;�Å[•5’d;F 7�>,DÍ!!`„#^OŸ_¥
2…�é(IREFS)F �Ø!O+6�Å

f��" MCG 3l�7F 5’d;�•(²�½_t6¥!��r�¥�ÆL—N{NC5’d;>,#‹�7# Ii(²[Z9½&ó��DÄ�Ë
„ OSCERCLK _u5ËL—N{2ËRý&�3l�7F 5’d;�½.��°5Ë[•2ËRý&�1²(²`„5U<~5’d;>,F 

_/!–�Å
„ ERCLK32K _u5ËRTC 2ËRý&�1²L—N{2ËRý&��¹R•&Ä�ê";O³9½.«�§[ZO
�Ö3l�732

kHz 5’d;�ºF _/!–�Å
„ LPO _u5Ë�ê";O³2ËRý&�F _/!–�Å+�5Ë7��ê";O³F Aã�¦2ËRý&��½_/!–NB�Ö 1 kHz�½

#‹&Ä1Ü6¥_lWè9½.«$(�ê";O³9½.«�§3l�7�Å

4.1.3 �¥�ÂU	è

MCG #‹`éO
�Ö(¶Ii9½.«�½�•�[@�<×&Ì3l�7L—N{5’d;�½>}]O.�<w.0DÄF fœY��Å�•�§
`éO
HÖ�'[•5ª�"�œ�7_�-ÔDÄF 9½.«�Å

_œ!–(©�é1²�j7��ê<`>«BR/•/þ(©�ç#ª�½ MCG +¢( �*��DÄ FLL F !!`„ (FEI)9½.«�½
MCGCLKOUT _/!–h-C#�Ö 20.97 MHz�½�ã[Z-•#�[Ÿ5�0þ_» IRC h-C#�Ö32.768Khz�Å
R•fœ�©#¨F MCG 9½.«�½MCG #‹�•&Ä_��’3C!Ò�§_�2þ!Ì[•9½.«�Å

8\7• MCG !!`„F BR/•�é5’�½.0"¡2ˆ�œ�Æ •]!5’ ‚ 6Ö!Ò�½+ÙK=&ÄHÖ�'�•G•�É.�<=6¥"¡
2ˆ�Å6•4Õ5’d;_¥2…�é�ç#ª�½#ËDÄ2ËRý&�1²PLL�½NƒN‰!��r4i�ø�ç!é�½.07•[~F”.0F 
BR/•�é�Å)�78&|�Ö7lIi#;&|�½1Ü8\7•F �é6Æ6•5L�½ •while‚ /FCK+¢5|<q_œ!–�½f�fú��
DÄ�œ�Æ]!5’6Ö!Ò�Å]!5’[=5�&�.0&Ä8\7•BR/•�é�ç!é#Ë"D�Å@Ò#ª�½;�[=5�&�/ah��ø:þ�½
.�&Ä/FCK_œ!–#ª(©�é�Å)�78#mD»]!5’�'�’�½#‹�•�93
6ÆP™6•5LF BR/•�é!O+6)��ñ( 
C¢�Å�')��½R•2ËRý&�&|�Ö PCB]�N[2û&ëO¨6Æ#Ë"D�½#‹!O+6�aacDÄ!!`„5’d;9½.«Nƒ
N‰�½.�#DÄ1Ó1²�É(ÊFm3CJuNu!–_ž.ïF 3lHÖ�Å

4.1.3.1 ���Ð�žP�¨ PLL �¥�“�†��T

��DÄ PLL F (²`„9½.«+¢�œ�Æ7�Q†6��ï2ËRý&�1²P™�CD»5U<~�}#“F (²`„5’d;DÄ�øAã
�¦ PLL F #^OŸ�ÅAã�¦!¢h-&�#‹�•[E(²`„5’d;!¢h-!Ì PLL 1ÜfœY�F #^OŸ5’d;
2~4MhzRŸ&•!!�Å.ïh-C#(Ã�*(²`„>,1ÜP™�CD»F h-C#5’�½ PLL 3l�7LZ.B6œjtF 5’d;
>,�Å6È�'��DÄ 8 MHz 6��ï�CD» 96 MHzL—N{5’d;�ÅL—N{5’d;!¢h-&�[ZO
�Ö&Ä[•5’
d;>,�§�½L—N{+:CL6œjt/ÃP™�ÅPLL h-C##‹�•!¢h-�•3l�7 48 MHzF USB5’d;�Å
MCG `éO
�Ö6œ(ÃI§.B&Ìeé�ê PLL 22"D�¹6œ(ÃPLL h-C#�Ä6œ+«�©h-L—5��º�Å
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4.1.3.1.1 �}
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// If the internal load capacitors are being used, they should be selected 
// before enabling the oscillator. Application specific. 16 pF and 8 pF selected
// in this example
  OSC_CR = OSC_CR_SC16P_MASK | OSC_CR_SC8P_MASK;
// Enabling the oscillator for 8 MHz crystal
// RANGE=1, should be set to match the frequency of the crystal being used
// HGO=1, high gain is selected, provides better noise immunity but does draw
// higher current
// EREFS=1, enable the external oscillator
// LP=0, low power mode not selected (not actually part of osc setup)
// IRCS=0, slow internal ref clock selected (not actually part of osc setup)
  MCG_C2 = MCG_C2_RANGE(1) | MCG_C2_HGO_MASK | MCG_C2_EREFS_MASK;

// Select ext oscillator, reference divider and clear IREFS to start ext osc
// CLKS=2, select the external clock source 
// FRDIV=3, set the FLL ref divider to keep the ref clock in range 
//         (even if FLL is not being used) 8 MHz / 256 = 31.25 kHz         
// IREFS=0, select the external clock 
// IRCLKEN=0, disable IRCLK (can enable it if desired)
// IREFSTEN=0, disable IRC in stop mode (can keep it enabled in stop if desired)
  MCG_C1 = MCG_C1_CLKS(2) | MCG_C1_FRDIV(3);

// wait for oscillator to initialize
  while (!(MCG_S & MCG_S_OSCINIT_MASK)){}  

// wait for Reference clock to switch to external reference 
  while (MCG_S & MCG_S_IREFST_MASK){} 

// Wait for MCGOUT to switch over to the external reference clock 
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x2){}

// Now configure the PLL and move to PBE mode
// set the PRDIV field to generate a 4 MHz reference clock (8 MHz /2)
  MCG_C5 = MCG_C5_PRDIV(1); // PRDIV=1 selects a divide by 2

// set the VDIV field to 0, which is x24, giving 4 x 24  = 96 MHz
// the PLLS bit is set to enable the PLL
// the clock monitor is enabled, CME=1 to cause a reset if crystal fails  
// LOLIE can be optionally set to enable the loss of lock interrupt
  
  MCG_C6 = MCG_C6_CME_MASK | MCG_C6_PLLS_MASK;

// wait until the source of the PLLS clock has switched to the PLL  
  while (!(MCG_S & MCG_S_PLLST_MASK)){}
// wait until the PLL has achieved lock
  while (!(MCG_S & MCG_S_LOCK_MASK)){}
// set up the SIM clock dividers BEFORE switching to the PLL to ensure the
// system clock speeds are in spec.
// core = PLL (96 MHz), bus = PLL/2 (48 MHz), flexbus = PLL/2 (48 MHz), flash = PLL/4 (24 
MHz)  
  SIM_CLKDIV1 = SIM_CLKDIV1_OUTDIV1(0) | SIM_CLKDIV1_OUTDIV2(1) 
              | SIM_CLKDIV1_OUTDIV3(1) | SIM_CLKDIV1_OUTDIV4(3);
  
// Transition into PEE by setting CLKS to 0
// previous MCG_C1 settings remain the same, just need to set CLKS to 0
  MCG_C1 &= ~MCG_C1_CLKS_MASK;

// Wait for MCGOUT to switch over to the PLL
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x3){}

// The USB clock divider in the System Clock Divider Register 2 (SIM_CLKDIV2) 
// should be configured to generate the 48 MHz USB clock before configuring 
// the USB module.

    SIM_CLKDIV2 |= SIM_CLKDIV2_USBDIV(1); // sets USB divider to /2 assuming reset
                                      // state of the SIM_CLKDIV2 register
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4.1.3.2 P�¨ PLL �¥�“�†��T�Ð�•
^�®�ÿ�{�=�†��T�¥�M�º���Ð

�Ö�"P™[EMCU _w!� VLPR 9½.«�¹1²O¡Jå/!9½.«�º�½/ah�+¢ MCG [ZO
�Ö�ê";O³�Ä�ê
h-C#9½.«�½MCGCLKOUT <= 2 MHz�Å_uIi9½.«5Ë'–�* MCG _¥2…Fast IRC_w!�
BLPI 9½.«�Å6È�'[•5ª&Ä_w!� VLPR �ç!é�½)��ñ�j��DÄ PLL F (²`„9½.«_�!Ì_uIi5’
d;9½.«�½�•#f&Ä_œ!–VLPR �ç#ª�½)��ñ&z!Ì[•9½.«�Å&Ä VLPR 9½.«�§�½5|<q6•4ÕL—
N{5’d;!¢h-&��Å_u�7!¢h-&�.0&Ä MCG ( �* BLPI 9½.«5’�½MCU DÑ>,9½.«#t�Ö
VLPR �ç!é_wWè`éO
�Å

4.1.3.2.1 �}
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// Moving from PEE to BLPI  
// first move from PEE to PBE  
  MCG_C1 |= MCG_C1_CLKS(2); // select external reference clock as MCG_OUT
// Wait for clock status bits to update indicating clock has switched
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x2){} 
// now move to FBE mode
// make sure the FRDIV is configured to keep the FLL reference within spec.  
  MCG_C1 &= ~MCG_C1_FRDIV_MASK; // clear FRDIV field
  MCG_C1 |= MCG_C1_FRDIV(3); // set FLL ref divider to 256
  
  MCG_C6 &= ~MCG_C6_PLLS_MASK; // clear PLLS to select the FLL
  
  while (MCG_S & MCG_S_PLLST_MASK){} // Wait for PLLST status bit to clear to
                                     // indicate switch to FLL output
// now move to FBI mode
  MCG_C2 |= MCG_C2_IRCS_MASK; // set the IRCS bit to select the fast IRC
// set CLKS to 1 to select the internal reference clock
// keep FRDIV at existing value to keep FLL ref clock in spec.
// set IREFS to 1 to select internal reference clock  
  MCG_C1 = MCG_C1_CLKS(1) | MCG_C1_FRDIV(3) | MCG_C1_IREFS_MASK;
// wait for internal reference to be selected  
  while (!(MCG_S & MCG_S_IREFST_MASK)){} 
// wait for fast internal reference to be selected  
  while (!(MCG_S & MCG_S_IRCST_MASK)){} 
// wait for clock to switch to IRC 
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x1){} 
// now move to BLPI
  MCG_C2 |= MCG_C2_LP_MASK; // set the LP bit to enter BLPI

// set up the SIM clock dividers BEFORE switching to VLPR to ensure the
// system clock speeds are in spec. MCGCLKOUT = 2 MHz in BLPI mode
// core = 2 MHz, bus = 2 MHz, flexbus = 2 MHz, flash = 1 MHz  
  SIM_CLKDIV1 = SIM_CLKDIV1_OUTDIV1(0) | SIM_CLKDIV1_OUTDIV2(0) 
              | SIM_CLKDIV1_OUTDIV3(0) | SIM_CLKDIV1_OUTDIV4(1);

5~@ÒMCGCLKOUT �Ö 2 MHz�½�[#‹_¥2…_w!� MCU VLPR DÑ>,9½.«�Å[‚0a#^Y]DÑ>,
K=C¢3C!Ò&��Å.ïMCU &z!Ì6
_¶_lWè9½.«5’�½MCG �i+¢( �* BLPI 9½.«�Å@Ò#ª�½_¶
_c_��’+¢ MCG &z!Ì��DÄ PLL F (²`„9½.«�½)��§1ÜHÖ�Ë

// Moving from BLPI to PEE
// first move to FBI
  MCG_C2 &= ~MCG_C2_LP_MASK; // clear the LP bit to exit BLPI  
// move to FBE
// clear IREFS to select the external ref clock 
// set CLKS = 2 to select the ext ref clock as clk source
// it is assumed the oscillator parameters in MCG_C2 have not been changed
  MCG_C1 = MCG_C1_CLKS(2) | MCG_C1_FRDIV(3); 
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// wait for the oscillator to initialize again  
  while (!(MCG_S & MCG_S_OSCINIT_MASK)){} 
// wait for Reference clock to switch to external reference 
  while (MCG_S & MCG_S_IREFST_MASK){} 
// wait for MCGOUT to switch over to the external reference clock  
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x2){}
//configure PLL and system clock dividers as FEI to PEE example  
  MCG_C5 = MCG_C5_PRDIV(1);
  MCG_C6 = MCG_C6_PLLS_MASK;
  while (!(MCG_S & MCG_S_PLLST_MASK)){}
  while (!(MCG_S & MCG_S_LOCK_MASK)){}
// configure the clock dividers back again before switching to the PLL to ensure the system
// clock speeds are in spec.
// core = PLL (96 MHz), bus = PLL/2 (48 MHz), flexbus = PLL/2 (48 MHz), flash = PLL/4 (24 
MHz) 
  SIM_CLKDIV1 = SIM_CLKDIV1_OUTDIV1(0) | SIM_CLKDIV1_OUTDIV2(1) 
              | SIM_CLKDIV1_OUTDIV3(1) | SIM_CLKDIV1_OUTDIV4(3);  
  MCG_C1 &= ~MCG_C1_CLKS_MASK;
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x3){}

4.1.3.3 �¥�Â FLL P�¨ RTC �’�•���T�¹�•	I

+¢RTC 2ËRý&�DÄ�øFLL F #^OŸ5’�½MCG #‹�•!ÅDÄ FLL �CD»1Ü6¥L—N{5’d;�Å_u7Ó
�öF )�( 5Ë�½&Ä-ŽNk��DÄ RTC F .0DÄ�É�½5|fœ��DÄ!��r(²`„ ß�’�[#‹��DÄjtLZ.B#^
OŸ5’d;�Å

4.1.3.3.1 �}
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// Using the RTC OSC as Ref Clk
// Configure and enable the RTC OSC
// select the load caps (application dependent) and the oscillator enable bit
// note that other bits in this register may need to be set depending on the intended use of 
the RTC
  RTC_CR |= RTC_CR_SC16P_MASK | RTC_CR_SC8P_MASK | RTC_CR_OSCE_MASK;  

  time_delay_ms(1000); // wait for the RTC oscillator to initialize
// select the RTC oscillator as the MCG reference clock
  SIM_SOPT2 |= SIM_SOPT2_MCGCLKSEL_MASK;
  
// ensure MCG_C2 is in the reset state, key item is RANGE = 0 to select the correct FRDIV 
factor
  MCG_C2 = 0x0;
  
// Select the Reference Divider and clear IREFS to select the osc
// CLKS=0, select the FLL as the clock source for MCGOUTCLK
// FRDIV=0, set the FLL ref divider to divide by 1 
// IREFS=0, select the external clock 
// IRCLKEN=0, disable IRCLK (can enable if desired)
// IREFSTEN=0, disable IRC in stop mode (can keep it enabled in stop if desired)
  MCG_C1 = 0x0;
// wait for Reference clock to switch to external reference  
  while (MCG_S & MCG_S_IREFST_MASK){} 
// Wait for clock status bits to update    
  while (((MCG_S & MCG_S_CLKST_MASK) >> MCG_S_CLKST_SHIFT) != 0x0){} 
  
// Can select the FLL operating range/freq by means of the DRS and DMX32 bits
// Must first ensure the system clock dividers are set to keep the core and 
// bus clocks within spec.
// core = FLL (48 MHz), bus = FLL (48 MHz), flexbus = PLL (48 MHz), flash = PLL/2 (24 MHz)

  SIM_CLKDIV1 = SIM_CLKDIV1_OUTDIV1(0) | SIM_CLKDIV1_OUTDIV2(0) 
              | SIM_CLKDIV1_OUTDIV3(0) | SIM_CLKDIV1_OUTDIV4(1);
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// In this example DMX32 is set and DRS is set to 1 = 48 MHz from a 32.768 kHz 
// crystal
  MCG_C4 |= MCG_C4_DMX32_MASK | MCG_C4_DRST_DRS(1);

4.1.4 H�Ò�"�d���q�¥�—�qL�C

RKAã�j!!`„>,/3!Ì5��ÆL—N{NC5’d;5Ë#‹P™F �Å@ÒO¨�½R•Y���DÄPLL 1²fœY�jtLZ.B#^
OŸ5’d;�½!µ/ah�3l�7(²`„5’d;�Å+�#‹�•7�Q†�œ�Æ(²`„�CD»F 3l�75U<~5’d;F 5’d;>,�½
1²7�Q†�œ�Æ��DÄ(²`„6��ï1²[¬2Ë&�F !!`„2ËRý&��Å

6¥�À�ÆBˆJgF Aã�¦6��ï2ËRý&��½�œ�ÆDÄ�*RTC�½#‚�œ�ÆDÄ�*3l�7�×L—N{5’d;F #^OŸ
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�×L—N{5’d;#‹_¶_c�©#¨5U.«`éO
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4.1.5 �È�?�ƒ�L�„�ƒ	��ð�5
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4.1.6 �•	I�Ó�D

�§!³6��ï2ËRý&�F”!�F .0DÄJ°[L[D[V-ÔY]F 2ËRý&�B�/Ã�Ä>ø&ÄeŠh4$(4áf83.f�#;!µ�½
#‹&Ähz/¹"ý+°NíJu (www.freescale.com)�¦2�!Ì�Å

„ AN1706�Ë/J3C!Ò&�2ËRý&�DÑ]‹F [Z[=OŸUí&|L¼
„ AN1783�Ë)��ñH
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�»  5 �c
�È�÷�5	Ø	e�Å�� (PMC/MODECTL)

P�¨�È�÷�5	Ø	e�Å��

5.1.1 �À•

6È`„!¢>°HÖ)��ñ��DÄDÑ>,K=C¢3C!Ò&�(PMC)9½&ó7��y2@MCU �©#s0«(²�ê VDD �'�’
F /$i�Å#¨5’3l!Ì�"!��r�y2@_¥h��Å

5.1.1.1 �e�º

6ÈJ|K�Y�[•5ª Kinetis 32�é MCU F DÑ>,K=C¢B�/Ã�Å

6ÈJ|=%#f�¥�Æ9½&ó�Ë

„ DÑ>,K=C¢3C!Ò&�(PMC)
„ 9½.«3C!Ò&�(MC)
„ �ê<`>«$Àa."ñ ß (LLWU)

P�¨�®�â�_�©�"�d

5.1.2.1 �+�Ÿ

LVD B�/Ã"¡2ˆ�y2@*ô D&�!!+U�©#s3%DÑ/$i�½�•#f�y2@ MCU &Ä�ê�*h9+6 VDD F 
DÑ.��§-•�ø�ÅDÄ1Ó+•�À�Æ8\<çDÑ]‹F ]•#tDÑ#'2•6¥+(!�3C!Ò6ß�ÅJÈ�œ�Æ5Ë[�#æ8\<ç
DÑ]‹�½JÈ�(�Æ5Ë(©�é8\<çDÑ]‹�Å

5.1

5.1.2
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.ïDÑ#'eéQ•[�#æDÑ.��•�§5’�½ LVW DÑ]‹[ZO
[�#æ�'�’7£/s�½.��°Y‚#m�É5I�Å)�78
DÑ#'NƒN‰�§eé�½LVD DÑ]‹+¢[ZO
8\<ç�'�’7£/s�½.��°Y‚#m(©�é1²�É5I�ÅDÄ1Ó#‹�•&Ä
�É5I6©"=�'I§�É_¥2…ac#r�ñIi3F5Y�Å)�78Y‚#m�'�’DÄ7��CD»(©�é�½ LVD DÑ]‹+¢2&
MCU �y2•&Ä(©�éBR/•�½F•!ÌDÑ>,DÑ#'"ãQ•8\<çF e¤�Ø�•�¦�Å

MCU 6¥�À�ÆBˆJgF PORDÑ]‹�½�œ�ÆDÄ�*VDD�½#‚�œ�ÆDÄ�*VBAT�ÅMCU F POR
DÑ]‹7Õ3
VDD DÑ#'+¢MCU �y2•&Ä(©�éBR/•�Å VBAT F PORDÑ]‹(©�é RTC $(
OSC29½&ó�½�â�©�¶(©�éMCU�Å)�78 VBAT DÑ>,�©*ô&Ä�½`?�ä#‹P™�©�¶[[eŠRTC
+`*ô&��½+˜Q• MCU #mD»!!7Ôd•+6''(©�é�Å

5.1.2.2 �¥�ÂU	è

�§fþ5Ë LVD $( LVW !¹)g"²�•G•�Å  [“<„0«�½<„af[•5ª�"1Ü_¥F [ZO
�Å  DÄ1Ó.07Õ3

!��ï.0DÄ_¥2…(Œ5ª�Å NVIC #ak7£/s#‹�•O
�é�½.�P™(»=¡f��Å  &Ä[•!¹)g"²�É�½ NVIC
��P™�"�É5I�Å

void LVD_Init(void)
{ /* setup LVD
   Low-Voltage Detect Voltage Select
   Selects the LVD trip point voltage (VLVD).
     00 Low trip point selected (VLVD = VLVDL)
     01 High trip point selected (VLVD = VLVDH)
     10 Reserved
     11 Reserved
  */
/* Choose one of the following statements */
PMC_LVDSC1 |= PMC_LVDSC1_LVDRE_MASK ;   //Enable LVD Reset
// PMC_LVDSC1 &= ~PMC_LVDSC1_LVDRE_MASK ;   //Disable LVD Reset

/* Choose one of the following statements */
//PMC_LVDSC1 |= PMC_LVDSC1_LVDV_MASK & 0x01;  //High Trip point 2.48V
PMC_LVDSC1 &= PMC_LVDSC1_LVDV_MASK & 0x00;  //Low Trip point 1.54 V
 
/* Choose one of the following statements */
PMC_LVDSC2  = PMC_LVDSC2_LVWACK_MASK | PMC_LVDSC2_LVWV(0);
                                        //0b00 low trip point LVWV
//PMC_LVDSC2  = PMC_LVDSC2_LVWACK_MASK | PMC_LVDSC2_LVWV(1);
                                        //0b01 mid1 trip point LVWV
//PMC_LVDSC2  = PMC_LVDSC2_LVWACK_MASK | PMC_LVDSC2_LVWV(2);
                                        //0b01000010 mid2 trip point LVWV
//PMC_LVDSC2  = PMC_LVDSC2_LVWACK_MASK | PMC_LVDSC2_LVWV(3);
                                        //0b01000011 high trip point LVWV
// ack to clear initial flags
PMC_LVDSC1 |= PMC_LVDSC1_LVDACK_MASK; // clear detect flag if present
PMC_LVDSC2 |= PMC_LVDSC2_LVWACK_MASK; // clear warning flag if present

/* 
LVWV if LVDV high range selected
   Low trip point selected (VLVW = VLVW1)   - 2.62
   Mid 1 trip point selected (VLVW = VLVW2) - 2.72
   Mid 2 trip point selected (VLVW = VLVW3) - 2.82
   High trip point selected (VLVW = VLV4)   - 2.92
LVWV if LVDV low range selected
   Low trip point selected (VLVW = VLVW1)   - 1.74
   Mid 1 trip point selected (VLVW = VLVW2) - 1.84
   Mid 2 trip point selected (VLVW = VLVW3) - 1.94
   High trip point selected (VLVW = VLV4)   - 2.04
*/

P�¨�®�â�_�©�"�d
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NVICICPR0|=(1<<20);   //Clear any pending interrupts on LVD
NVICISER0|=(1<<20);   //Enable interrupts from LVD module
}

5.1.2.3 �Ï���}
’U	è�„�³d

#‹+• LVD DÑ]‹_wWèN²I§�•.±]��É5I�ÅDÄ1Ó.0!·.–�œ�Æ6©"=�'I§7�=¡f�7£/s.��ö!–
_ž.ïF #i.0�Å�§fþNu!–�"_uIi�É5I6©"=�'I§F �œ�Æ�'*ì�Å<„0«!��É.±DÄ�" NVIC 9½
&ó�Å)�789½&ó=¡f’-Ž:ÿH
+(1¬�½;�=¡f’4i�ø+¢5Ë(¶�õF �Å

void pmc_lvd_isr(void){
    printf("\rPMC_LVD ISR entered** ");
    if ( PMC_LVDSC2 & PMC_LVDSC2_LVWF_MASK)
       PMC_LVDSC2 |= PMC_LVDSC2_LVWACK_MASK;
    if ( PMC_LVDSC1 & PMC_LVDSC1_LVDF_MASK)
       PMC_LVDSC1 |= PMC_LVDSC1_LVDACK_MASK;
    NVICICPR0|=(1<<20);   //Clear any pending interrupts on LVD
}

5.1.2.4 �—�qL�C

(©�é.±P¶�Ë)�78!!`„DÑ]‹8\<ç!Ì(©�é�½+Í�¶j"D(©�é.±P¶�Å1Ü6¥(©�é`™5Ë)�;��½"¡
2ˆ�j VLLSx 9½.«/þ(©F (©�é�ÅDÍ�*_u�7#‹P™5Ë@‰#Ë"D�½�©0•(²`„DÑ]‹(©�éF DÄ1Ó�©
.0+¢(²`„DÑ]‹_z3A!Ì MC (©�é.±P¶�Å

VDD�ËVdd DÑ>,.±P¶#‹�•DÄ1.71 V!Ì 3.6 V DCF DÑ#'j"D�Å

VBAT �ËVBAT DÑ>,.±P¶#‹�•BˆJg�* VDD j"D�½�âDÑ#'�©P™�ê�* VBATmin�ÅDÍ�*
VBAT DÑ>,<=6¥Jå4äF LVD DÑ]‹�½&|;� VBAT 6œ+«�Ø+Í5ËPORaf4Ú@U[POR6œ(Ã
�Ø = 1.5 V]�Å.03l�7(²`„5]]‹DÑ+U�Å

XTAL32 $( EXTAL32 �Ë_z3A!Ì�œ�Æ_!"Ed;X�6��ï�½�•# RTC 9½&ó3l�75’d;�Å5|fœ
\»_�DÑ+U1²�ëO
DÑe×�½&|�Ö_u�7 ß�’-ŽNk!!O
�Å

P�¨��T	e�Å��

5.2.1 �À•

6È`„!¢>°HÖ)��ñ��DÄ9½.«3C!Ò&�(MC)�ÅMC \»\¿3C!Ò MCU 1Ü6¥_lWè�ÄJå/!$(�ø:þ
9½.«F _w!�$(_œ!–�Å[•9½&ó�ª PMC $( LLWU �œ]���DÄ7�$Àa. MCU�½.���!�&Ä�©
#¨DÑ>,9½.«e•_�2þ�Å
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5.2.1.1 �e�º

6¥10 IiDÑ>,9½.«�½[•5ª)��§�Å

1. _lWè € MCU (©�é#ªF nt[@-•�ø9½.«�½Aã�¦IÏ#'&�.œ#Ë�½!�";P™�Å
2. Jå/!  € ARM !!7Ô_w!�FýF¼9½.«�½NVIC �i@Ò+•P™(»/$i�É5I�½(²[ZF 5’d;P™(»

NƒN‰_lWè�Å
3. �ø:þ  € ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC I�DÄ�½WIC DÄ�*�j�É5I$Àa.�½(²

[Z5’d;�ø:þ�Å
4. ]!�ê";O³_lWè (VLPR) € Aã�¦IÏ#'&��a3l�7 MCU �êh-_lWè1ÜfœF DÑ#'�Å!!7Ô

$(/×N[h-C#eì!Ò&Ä2 Mhz�•!!�Å
5. ]!�ê";O³Jå/! (VLPW) € ARM !!7Ô_w!�FýF¼9½.«�½NVIC �i@ÒP™(»$i.0�É5I

(FCLK = ON)�½Aã�¦IÏ#'&��a3l�7 MCU �êh-_lWè1ÜfœF DÑ#'�Å
6. ]!�ê";O³�ø:þ (VLPS) € ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC I�DÄ(FCLK =

OFF)�½WIC DÄ�*�j�É5I$Àa.�½(²[Z5’d;�ø:þ�½Aã�¦IÏ#'&��a3l�7 MCU �êh-_l
Wè1ÜfœF DÑ#'�½1Ü6¥F SRAM "Ö'{:ÿ-Ô-•�ø�¹*ô D!!+U$( I/O BR/•P™(»�y*ô�º�Å

7. �ê>«DÑ�ø:þ(LLS) € ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC I�DÄ�½LLWU DÄ�*$À
a.�½(²[Z5’d;�ø:þ�½1Ü6¥F SRAM "Ö'{:ÿ-Ô-•�ø�¹*ô D!!+U$( I/O BR/•P™(»�y
*ô�º�½(Ã`„!¢(²[Z( �*BR/•�y2•9½.«�¹5|<q-•�ø�º�Å

8. ]!�ê>«DÑ�ø:þ 3(VLLS3) € ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC I�DÄ�½LLWU
DÄ�*$Àa.�½(²[Z5’d;�ø:þ�½1Ü6¥F SRAM "Ö'{:ÿ-Ô-•�ø�¹*ô D!!+U$( I/O BR/•
P™(»�y*ô�º�½(Ã`„!¢9½&óI�DÄ�Å

9. ]!�ê>«DÑ�ø:þ 2(VLLS2) € ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC I�DÄ�½LLWU
DÄ�*$Àa.�½(²[Z5’d;�ø:þ�½�a`„!¢ SRAM "Ö'{:ÿ-Ô-•�ø�¹*ô D!!+U$( I/O BR/•
P™(»�y*ô�º�½(Ã`„!¢9½&óI�DÄ�Å

10. ]!�ê>«DÑ�ø:þ 1(VLLS1) € 6œ�ê";O³9½.«�½ARM !!7Ô_w!�=•.BFýF¼9½.«�½NVIC
I�DÄ�½LLWU DÄ�*$Àa.�½(²[Z5’d;�ø:þ�½1Ü6¥ SRAM 3%DÑ�½.��° I/O BR/•XG�y
*ô�½(Ã`„!¢9½&óI�DÄ�½�a 2 �Æ32*óR�+`*ô&�9½&ó$(I/O BR/•XG�y*ô�Å

# IiDÑ>,9½.«�§#‹DÄF 9½&ó-Ž!³&Ä�œ.¼X�7Ø�¦�Å6¥!�# Ii�ê";O³9½.«�§9½&ó-•�øF 
[‚0a�½[“#^Y] �ê";O³9½.«�§F 9½&ó4i�ø  �Å

5.2.1.2 �+�Ÿ

•9½.«3C!Ò‚ 3C!Ò# IiDÑ>,9½.«F _w!�$(_œ!–�Å

5.2.2 �¥�ÂU	è

Y�!O+6&ÄDÄ1ÓY•!O5U7ä�É��DÄ$†�79½.«�½fœY�;p+•DÄ1ÓL—N{F Y�;Þ�½_¥2….0DÄF # 
Ii-•�ø9½.«fœY�$†�79½&ó�Å6œ��F [•5ª5U.«5ËG°J��œ�Æ+:�'�Å
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�')��½�•�œIifœY�+:5’5’d;5’'–F DÑ;ü�7DÑF �V6Ö3A#•[Z(£�ÖOŸUí+•[ý�Å+�;kIn$À
a.�œ:½�½6•5L5’e•�½.�8\7•5��Æ�¼0»&�F BR!Q�Å@Ò#ª�½+�7Õ3
BR/•ac#r3F5Y�ÌfœY�
5’�½+�_t�¶2�WèjtNC_lK3�•3C!Ò[Z(£F 4i�ø�Å8\7• �ê";O³9½.«�§F 9½&ó4i�ø  �ÉF DÑ
>,9½.«X�7Ø�ç#ª�½0D.0.ïP™(»H
+6# Ii�ê";O³9½.«�§6¥$†�79½&ó5Ë#‹�•:ÿ-Ô-•�øF �Å

+Í6È�'O¨Yœ�½;�5’.0<„0«!Ì�½ RTC�Ä;Q.« LCD�ÄTSI $(;p_�&�5Ë&Ä5�Ii6œ�ê";O³9½
.«�§�i@ÒP™!�";P™_lWèF !|�Æ9½&ó�Å

&Ä[•HÖ�'L—N{�É�½MCU (Ã`„!¢5’e•( �*7lIi6œ�ê";O³9½.«�½;kIn$Àa.�œ:½�½6•5L
5’e•#tak�Ä5ÚHÖ&�.�2�Wè!��rK=C¢�—"=�Å

DÄ1Ó_/!��û#‹$Àa. MCU�½�')�2¥�œ�ÆdÊ�ÄY‚4�DÑ+U.«�¼0»&��Ä�j�¼0»&�_/!�!Ì;p
_�&�F 9½2{�}#“F �¦"ã<[1²�§eé<[�ÅY���P™_u�7>,�½#^Y] LLWU JÈ3 `„!¢�•�"Y•`é
O
[‚0a�Å

MC F HÖ�'�•G•#‹�jhz/¹"ý+°NíJu (www.freescale.com)SS/3�Å

5.2.2.1 MC �}
’U	è�„�³d

9½.«3C!Ò&��É6¥�À�Æ+`*ô&��Ë PMPROT+`*ô&�$(DÑ>,K=C¢�y2@+`*ô&��Å (©�é#ª�½
_u5Ë#†P™!5!��œ:½F +`*ô&��½ 0«$�FÜ�œ5‚!5!��½!µ1Ü6¥#ªN‰!54i�ø`™�¶XG/™E��Å &Ä
�•�¦F L—N{HÖ�'�É�½�ÀIi'–6È-•�ø9½.«5Ë_lWè9½.«$( LLS 9½.«�Å )�78�©-¨6· MCU
( �*�—�ñ!��r�ê";O³9½.«�½!µfœY�!5!� PMPROT+`*ô&��ÉF ALLS �é�Å

MC_PMPROT = MC_PMPROT_ALLS_MASK;

;�!54i�ø�a Ý[T MCU _w!� LLS�Å ;�#ª!)�û5|<q_w!��—�ñ!��r�ê";O³9½.«�Å

!5!� PMPROT+`*ô&�#ª�½_¶_c!5 PMCTRL 3C!Ò+`*ô&�7�+:CL9½.«F _w!�$(_œ!–�Å
+•�*6È�'�½[•!54i�ø��P™L—N{_w!� LLS 9½.«�Å

MC_PMCTRL =  MC_PMCTRL_LPLLSM(0x3));     // set LPLLSM = 0b11

5.2.2.2 �É�Æ�®�„
P�T�¸ (LLS) ��T

�œ5‚+(1¬�•�¦�À�Æ[ZO
;�j@�½�[�¶!5!�!!7Ô3C!Ò_×_-�ÉF SCR+`*ô&��•+¢
SLEEPDEEP�éO
�é�½�jO¨_w!��ê";O³�ø:þ9½.«�Å

   SCB_SCR |= SCB_SCR_SLEEPDEEP_MASK;

2�WèWFI 2£�€#ª�½9½.«3C!Ò&�+¢_¬;�8\7•�ê";O³_w!�BR/•6Ö�½H
�y1Ü6¥9½&ó`™-Ž!b
(£)�_w!��ê";O³9½.«�Å  R•6¥�œ�Æ9½&ó6Æ+ÍN†�½�')�UART :ÿ&Ä+(1¬�ÎWè�¼_/�½�r�¶
.’_{Jå/!�½F•!Ì UART �¼_/+(1¬#ª!)_w!� LLS�Å &ÄC [‰Yœ�É�½2�Wè!!7Ô2£�€WFI
F [‰<q�Ö�Ë

asm("WFI");
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_u�œ(Œ5ª#‹4Ú&Ä�•G•�ÉF �—�ñ&Ì5U�½�œ5‚2�Wè�½MCU �[�¶_w!�1Ü_¥F �ê";O³9½.«�Å
_w!��ê";O³9½.«(ÃNBfœY� 1 /JIn�Å

5.2.2.3 �É�Æ�©�€��T

R•Y���DÄ WAIT 9½.«�½2�WèWFI 2£�€�ç!éfœY�+¢ SLEEPDEEP�é=¡f’�Å

SCB_SCR &= ~SCB_SCR_SLEEPDEEP_MASK;

5.2.2.4 �|���®�ÿ�{��T

;kIiDÑ>,9½.«`™6¥�œN`B�+6F _œ!–5U<q�Å�œQÈO¨Yœ�½�œ�Æ-Ž��P™F .±P¶�É5I�Ä-Ž��
P™F 9½&óY‚#m1²(©�é`™�¶+˜Q•&��’_œ!–�ê";O³9½.«�½_p&zRUN 1² VLPR 9½.«�Å_u
�7_œ!–5U<q&ÄLLWU F JÈ 3 `„!¢�É[D[V�Å

�j VLLSx /þ(©fœ_¶_c(©�é�'�’7�$Àa.�Å MCU _¶_c(©�é�Ä-Ž��P™.±P¶1²-Ž��P™9½&ó
�j VLLSx $Àa.�Å7�>,!³X�[“#^Y] LLWU `éO
`„!¢�ÉF X� 3-12•LLWU _/!� ‚ �Å�j
VLLS1�Ä2 $( 3 $Àa.F <ÝI§5Ë_¶_c(©�é�ÅSRS+`*ô&��ÉF $Àa.�éO
�é�½X�HÖ MCU
:ÿ�j�ê";O³9½.«/þ(©�Å�•G•2�Wè-Ž.œ)g�½�â I/O �i( �*_w!��ê";O³9½.«!éF BR/•�½
2ËRý&�I�DÄ�¹#���&Ä_w!� VLLSx �ç!é-Ž[ZO
 EREFSTEN�û5Ë)�;��º�ÅDÄ1ÓfœY�!5!�
LLWU_CS+`*ô&��ÉF ACKISO �é�•=¡f�_uIi�y2•BR/•�Å

_œ!–�y2•BR/•�ç!é�½DÄ1Ó/ah�ai5L!¹)g"² I/O Q•_w!��ê";O³9½.«!éF BR/•�½��/3_œ
!–�y2•BR/•5’ I/O �¦�©�¶#mD»�©fœY�F _�2þ�Å2ËRý&�5|<q&ÄACKISO �é=¡f’�ç!é
ai5L��P™�½/ah�&Ä+(1¬.0Jð!5!�#ªai5L`éO
�Å

P�¨�®
P�È�Ò�œ�†�í

5.3.1 �À•

6È`„!¢>°HÖ)��ñ��DÄ�ê<`>«$Àa."ñ ß (LLWU)�ÅLLWU DÄ�*_¥2…$(��P™[EMCU _œ
!–1Ü6¥�ê";O³9½.«F 7�>,�Å[•9½&ó�ª PMC $( MCU �œ]���DÄ7�$Àa. MCU�Å

5.3.1.1 ��T���Ð

_œ!–10 IiDÑ>,9½.«# 6¥B�;&Y�;Þ�Å!��*# Ii-•�ø9½.«F _�2þY�;Þ�½#^Y] 9½.«_�2þY�
;Þ `„!¢�ÉF X�7Ø�Å

5.3

P�¨�®
P�È�Ò�œ�†�í
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5.3.1.2 �Ò�œ�÷

_¶-Ô6¥16 �Æ.±P¶$(7 �Æ9½&ó#‹DÄ�ø$Àa.>,�Å$Àa.>, - .±P¶$(9½&ó `„!¢3l�7�"(²`„
.±P¶$Àa.>,$(9½&ó$Àa.>,F !³X��Å

5.3.2 �¥�ÂU	è

5 �Æ8 �é$Àa.>,��P™+`*ô&�DÄ�*_¥2….±P¶>,$(9½&ó>,�½3 �Æ8 �é$Àa.7£/s+`*ô&�DÄ�*
2£HÖ$†�Æ$Àa.>,XGY‚#m�½1 �Æ8 �éBR/•$(3C!Ò+`*ô&�DÄ�*3C!Ò(²`„.±P¶F 5�*ó>€<~
&���P™�½1 �Æ.0Jð�éDÄ�* Ý[T7l�7(²[Z$(@¦Ftaf4Ú!��ê<`>«BR/•�Å

5.3.2.1 ��	v�Ò�œ

Y�`éO
�œ�Æ9½&ó+¢MCU �j7lIi�ê";O³9½.«$Àa.�½fœY�G°J�# �ÆP™(»$Àa. MCU F 
9½&óF 3C!Ò$(";P™�Å RTC&Ä1Ü6¥�ê";O³9½.«�§`™#‹�•-•�ø�½&|;��½.ï!��É5I7£/sO

�é5’�½#‹�•`éO
 RTC 7�$Àa.L—N{�Å �Ö;��½fœY���P™ RTC 9½&ó7�Y‚#m�œ�Æ�É5I�½.�
[E[•�É5I7�$Àa.L—N{�Å  Y���P™ RTC 7�$Àa.L—N{�½+•.0F 9½&ó$Àa.�é/ah�O
�é�Å

LLWU_ME = LLWU_ME_WUME5_MASK; 
        // enable the RTC to wake up from low power modes

!��r9½&óF ��DÄ5U.«�ª;�F”#¨�Å  9½.«_�2þY�;Þ `„!¢�ÉF X�7Ø2¥�é#“!³!–�"+•# 9½
&ó/ah�O
�éF $Àa.��P™�é�Å

5.3.2.2 �„�–�Ò�œ

Y�`éO
�œ�Æ.±P¶+¢MCU �j�ê";O³9½.«$Àa.�½fœY�G°J�J‹#•`éO
+`*ô&�3C!Ò$( GPIO
";P™�Å

PCR+`*ô&�DÄ�*(¶]‹(©DÄ_¥2…�ÄB�.±��P™";P™$(�É5I_U<[_¥2…�Å R•Y�&Ä!¹)g"²5’+¢
JÈ�œ�Æ$Àa..±P¶PTE1[ZO
�Ö LLWU $Àa.��P™.±P¶�½fœY�

1. !¹)g"² PTE1F PCR+`*ô&��Å
2. H
�y[•.±P¶5Ë�œ�Æ_/!�.±P¶�Å
3. ��P™PTE1�ø�Ö LLWU F 6¥4ä$Àa.>,�Å

�¦_Œ4i�øF �•G•)��§�Å  +•;k�ÆY���P™�Ö$Àa.>,F .±P¶�½`™fœY�_u7Ó�ö�Å

PORTE_PCR1 = (PORT_PCR_ISF_MASK |    //  clear Flag if there
              PORT_PCR_MUX(01) |     //  GPIO
              PORT_PCR_IRQC(0x0A) |  //  falling edge enable
              PORT_PCR_PE_MASK |     //  Pull enable
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              PORT_PCR_PS_MASK);     //  pull up enable
GPIOE_POER &= 0xFFFFFFFD;            //  set Port E1 as input
LLWU_PE1   =  LLWU_PE1_WUPE0(0x02);  //  defining PORT E1 as a wakeup source for LLWU

5.3.2.3 LLWU �
	g�„��	v�Ï��

&Ä�ê";O³9½.«�§�½ARM !!7Ô�ø:þ�½ NVIC 6¥5’!�e‰�½WIC �y2•<×"D�½�•�[7�Q†.±P¶
1²9½&óF �É5IP™(»�¼_•!Ì9½.«3C!Ò&�.�#m]�$Àa.[“;Þ�Å  �Ö��P™LLWU �É5I�½1�ˆ
+¢acDÄ)��§_cI§�½DÄ#¤_žF LLWU �É5I( C¢�'I§6›2þnt[@F LLWU �É5I#akX�F 
�'I§�Å

// Enable LLWU Interrupt in NVIC
__VECTOR_RAM[37] = (uint32)llwu_handle; // Replace ISR
NVICICPR0|=(1<<21);   //Clear any pending interrupts on LLWU
NVICISER0|=(1<<21);   //Enable interrupts from LLWU module

+•�*6È�'�½1�ˆ Ý[T( C¢.±P¶ PTE1�½&|O¨(:"<�•�§!¹)g"²�•G•�Ë

__VECTOR_RAM[107] = (uint32)porte_isr; // Replace ISR
NVICICPR2|=(1<<27);   //Clear pending interrputs on Port E
NVICISER2|=(1<<27);   //Enable interrupts from Port E

@Ò#ª�½LLWU $(��P™�Ö$Àa.>,F J‹#•# fœY��œ�Æ�É5I6©"=�'I§�Å

5.3.2.4 �Ò�œ�V�ñ

+•�*7l�79½.«�½$Àa._cI§.��©5Ë5ÚO¨5¯Y]�Å  (¶5�Jå/!$(�ø:þ9½.«F �•G•2�Wè`�/F�œ
�Æ#‹h <çF <ÝI§�Å +•�*fœY� LLWU F LLS 9½.«�½LLWU #ak&Ä$Àa.�'�’#ªJg#�XG
SS#r$(��DÄ�Å )�78$Àa.>,F �É5I7£/s6ÆXGLLWU �É5I( C¢I§.+=¡f��½!µ+¢SS#r$À
a.>,F �§�œ�Æ�É5I#ak�½J‹#•1²9½&ó�ÉF 7£/s�[#‹=¡f��Å  @Ò#ª�½�•G•NƒN‰2�WèWFI
2£�€�¹�� MCU _w!��ê";O³9½.«�º�ç#ªF 2£�€�Å

+•�* VLLS1�ÄVLLS2 1² VLLS3�½_œ!–)gNd5Ë_¶_c(©�é#ak�½@Ò#ª_¶_cLLWU F �É
5I#ak7�+:CL�Å  SRS+`*ô&��É6¥�œ�ÆWAKEUP �é�½+�#‹#æ[eDÄ1Ó(©�é5Ë#Â5Ë&|�Ö
LLWU $Àa.�'�’�Å

�§fþ5Ë$Àa.<ç[q�•G•HÖ�'�Å

if (MC_SRSL & MC_SRSL_WAKEUP_MASK){
printf("[outSRS]Pin Reset wakeup from low power modes\n");
      //The state of PMCTRL[LPLLSM] prior to clearing due to update 
      // of PMPROT indicates which power mode was exited and should be 
      // used by initialization software for proper power mode recovery.
        if ((MC_PMCTRL & MC_PMCTRL_LPLLSM_MASK) == 0)
          printf("[outSRS]Pin Reset wakeup from Normal Stop\n");
  if ((MC_PMCTRL & MC_PMCTRL_LPLLSM_MASK) == 2)
          printf("[outSRS]Pin Reset wakeup from Very Low PowerStop(VLPS)\n");
        if ((MC_PMCTRL & MC_PMCTRL_LPLLSM_MASK) == 3)
          printf("[outSRS]Pin Reset wakeup from Low Leakage Stop (LLS)\n"); }

P�¨�®
P�È�Ò�œ�†�í
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)�78$Àa.�'�’7�Q† VLLS1�ÄVLLS2 1² VLLS3�½I/O BR/•$(2ËRý&�[ZO
+¢XG�y2•�Å DÄ
1ÓfœY�!5!� LLWU_CS+`*ô&��ÉF ACKISO �é�•=¡f�_uIi�y2•BR/•�Å  _œ!–�y2•BR
/•�ç!é�½DÄ1Ó/ah�ai5L!¹)g"² I/O Q•_w!��ê";O³9½.«!éF BR/•�½��/3_œ!–�y2•BR/•
5’ I/O �¦�©�¶#mD»�©fœY�F _�2þ�Å

if (( LLWU_CS & LLWU_CS_ACKISO_MASK) == 1) {
          //  RE-INITIALIZE MODULES and PORT OUTPUTS HERE         
    LLWU_CS != LLWU_CS_ACKISO_MASK;   }

RTC #‹DÍBˆJgDÑ>,�7DÑ�½&|;��©fœY�ai5L!¹)g"²�Å  K�"ñ&Ì8\7• RTC +`*ô&�F BR/•
�•7•F§!�5Ë#Â-ŽNk��P™#�#‹�Å

5.4 �®�ÿ�{��T�/�¥��	v� �T
�V 5-1. �®�ÿ�{��T�/�¥��	v� �T

��	v STOP VLPR VLPW VLPS LLS VLLSx

EzPort �Ì�¨ �Ì�¨ �Ì�¨ �Ì�¨ �Ì�¨ �Ì�¨

SDHC �Ò�œ�÷ �†�ÿ�? �†�ÿ�? �Ò�œ�÷ �T�Ì �1�>

GPIO �Ò�œ�÷ �†�ÿ�? �†�ÿ�? �Ò�œ�÷ �T�Ì���„�–í�i �1�>���„�–í�i

FlexBus �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

CRC �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

RNGB �T�Ì �†�ÿ�? �T�Ì �T�Ì �T�Ì �1�>

CMT �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

NVIC �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

��T	e�Å�� �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�?

LLWU �T�Ì �T�Ì �T�Ì �T�Ì �†�ÿ�? �†�ÿ�?

�×�â�� 	7�� �®�ÿ�{ �®�ÿ�{ �®�ÿ�{ �®�ÿ�{ �®�ÿ�{

LVD 	7�� �Ì�¨ �Ì�¨ �Ì�¨ �Ì�¨ �Ì�¨

LPO(KHz) 	7�� 	7�� 	7�� 	7�� 	7�� 	7��

�"�d�’�•�� ERCLK 	V�Ê ERCLK <4 MHz ERCLK <4 MHz ERCLK <4 MHz �Ç�K�®�S�¶ �Ç�K�®�S�¶

MCG �T�Ì IRCLK 	V
�Ê��	V�¦�û PLL

2 MHz IRC 2 MHz IRC �T�Ì -�íH�Ò �T�Ì -�íH�Ò �1�>

�=�‚H�Ò �1�> �K�v 2 MHz �1�> �1�> �1�> �1�>

�"�dH�Ò �1�> �K�v 2 MHz �K�v 2 MHz �1�> �1�> �1�>

�9�LH�Ò �1�> �K�v 2 MHz �K�v 2 MHz �1�> �1�> �1�>

FLASH ��È �K�v 1 MHz���í
�E�I�ñ /�ˆ�"

�®�ÿ�{ �®�ÿ�{ �1�> �1�>

SRAM_U �¥�B�†
�s

��È ��È ��È ��È ��È �� VLLS3 & 2 �Ï
��È

���Å SRAM_U
�„ SRAML

��È ��È ��È ��È ��È �� VLLS3 & 2 �Ï
��È

FlexMemory ��È ��È ��È ��È ��È �� VLLS3 �Ï�
�È

�"�d�7�i���Ó�q ��È ��È ��È ��È ��È ��È

�/�B�:�?�Ã�º��N�V ...

�»  5 �c  �È�÷�5	Ø	e�Å�� (PMC/MODECTL)
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�V 5-1. �®�ÿ�{��T�/�¥��	v� �T  (�?�Ã )

��	v STOP VLPR VLPW VLPS LLS VLLSx

VBAT �7�i���Ó
�q

VBAT ���È VBAT ���È VBAT ���È ��	v VBAT ���È VBAT ���È

DMA �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

UART �T�Ì�� WU 125 kbit/s 125 kbit/s �T�Ì WU �T�Ì �1�>

SPI �T�Ì 1 Mbit/s 1 Mbit/s �T�Ì �T�Ì �1�>

I2C �T�Ì���¹�¶ WU 100 kbit/s 100 kbit/s �T�Ì���¹�¶ WU �T�Ì �1�>

CAN �Ò�œ�÷ �†�ÿ�? �†�ÿ�? �Ò�œ�÷ �T�Ì �1�>

I2S �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

�T LCD �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? -RTC H
�Ò

�†�ÿ�? -RTC H
�Ò

TSI �Ò�œ�÷ �†�ÿ�? �†�ÿ�? �Ò�œ�÷ �Ò�œ�÷ - �B�ñ�„
�–

�Ò�œ�÷ - �B�ñ�„
�–

FTM �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

PIT �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

PDB �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

LPT �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�?

	A
Ê�� �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �T�Ì �1�>

EWM �T�Ì �†�ÿ�? �T�Ì �T�Ì �T�Ì �1�>

16 �Ê ADC ADC �=�†H�Ò �†�ÿ�? �†�ÿ�? ADC �=�†H�Ò �T�Ì �1�>

CAN �Ò�œ�÷ �†�ÿ�? �†�ÿ�? �Ò�œ�÷ �T�Ì �1�>

CMP HS �� LS �†�ÿ�? �†�ÿ�? HS �� LS LS LS

6 �Ê DAC �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �T�Ì

VREF �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �T�Ì �1�>

OPAMP �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �T�Ì �1�>

TRIAMP �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �T�Ì �1�>

12 �Ê DAC �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �T�Ì

USB-FS/LS �T�Ì �T�Ì �T�Ì �T�Ì �T�Ì �1�>

USB DCD �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

USB DCD �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �1�>

USB �Ø�«�� 	V�Ê 	V�Ê 	V�Ê 	V�Ê 	V�Ê 	V�Ê

�[þ�© �Ò�œ�÷ �T�Ì �T�Ì �T�Ì �T�Ì �1�>

RTC-Ext OSC2 �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�?

CMP HS �� LS �†�ÿ�? �†�ÿ�? HS �� LS LS LS

6 �Ê DAC �T�Ì �†�ÿ�? �†�ÿ�? �T�Ì �T�Ì �T�Ì

VREF �†�ÿ�? �†�ÿ�? �†�ÿ�? �†�ÿ�? �T�Ì �1�>

�®�ÿ�{��T�/�¥��	v� �T

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

54 Freescale Semiconductor, Inc.



5.5 ��T���Ð�1�p
�V 5-2. ��T���Ð�1�p

���Ð�I�| �V �ž �(�?�H�q

1 RUN WAIT �³�› WAIT()� �ƒ�i�Å�"�É�Æ	ë
�'¤
ä���|��H¤
ä��T��
SLEEPDEEP �b
,

WAIT RUN �Ï�����¯�Ê

2 RUN STOP �³�› STOP()� �ƒ�i�Å�"�É�Æ	ë
�'¤
ä���|��H¤
ä��T��
SLEEPDEEP �Â�Ê

STOP RUN �Ï�����¯�Ê  ‚ �Ï�����ž ISR
��í LLWU��

3 RUN VLPR* �"�d�9�L�„�=�‚�Ô
q�†�À 2 
MHz ���÷�®�� Flash �`�Ù�Ô

q�[ 1 MHz �¹�K�� AVLP = 
1��!�Â RUNM = 10���ÿ�i��
�5
}�Ø VLPRS �Ê���³�›
VLPR �+�ç�}
’��9	V�©�€
�ÿ 5 ƒs���}�9�©�€ VLPRS��

VLPR* RUN !�Â RUNM = 00 ���Ï���a
LPWUI = 1 ���¯�Ê���ÿ�i��
�5
}�Ø REGONS �Ê���4�Ú
�Ô
q�b

4 VLPR* VLPW �³�› WAIT()� 

VLPW VLPR* �Ï���a LPWUI = 0

5 VLPW RUN �Ï���a LPWUI = 1 ���¯�Ê

6 VLPR* VLPS LPLLSM = 000 �� 010���³�›
STOP()� 

VLPS VLPR* �Ï���a LPWUI = 0

7 RUN VLPS AVLP=1�� LPLLSM =010���³
�› STOP()� 

VLPS RUN �Ï���a LPWUI= 1 ���¯�Ê

8 RUN LLS !�Â PMPROT �Ï�¥ ALLS��
LPLLSM = 011���³�›
STOP()� 

LLS RUN �®P�?�¥ LLWU �„�–����	v�÷
�Ò�œ�����¯�Ê�„�–

9 VLPR LLS !�Â PMPROT �Ï�¥ ALLS��
LPLLSM = 011���³�›
STOP()� 

10 RUN VLLS (3,2,1) !�Â PMPROT �Ï�¥ AVLLSx��
LPLLSM = 101 (VLLS3)�a 110
(VLLS2)�a 111 (VLLS1)���³�›
STOP()� 

VLLS (3,2,1) RUN �®P�?�¥ LLWU {�Æ�÷�Ò�œ��
�¯�Ê�bî�µ�Ò�œ�û�ö�³�›�¯�Ê

�/�B�:�?�Ã�º��N�V ...

�»  5 �c  �È�÷�5	Ø	e�Å�� (PMC/MODECTL)
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�V 5-2. ��T���Ð�1�p  (�?�Ã )

���Ð�I�| �V �ž �(�?�H�q

�½
��b�_�° SRS �[�’�ç�Ò�œ
�÷�b�_�° LPLLSM �[�’�ç��T

11 VLPR VLLS (3,2,1) !�Â PMPROT �Ï�¥ AVLLSx��
LPLLSM = 101 (VLLS3)�a 110
(VLLS2)�a 111 (VLLS1)���³�›
STOP()� 

5.6 �Ò�œ�÷ - �„�–�„��	v
�V 5-3. �Ò�œ�÷ - �„�–�„��	v

LLWU �„�–�ÿ�?

LLWU_P0 LLWU_M0IF

LLWU_P1 PTE2/DSPI1_SCK/SDHC0_DCLK

LLWU_P2 PTE4/DSPI1_PCS0/SDHC0_D3

LLWU_P3 PTA4/FTM0_CH1/NMI

LLWU_P4 PTA13/CAN0_RX/FTM1_CH1 /FTM1_QD_PHB

LLWU_P5 PTB0/I2C0_SCL/FTM1_CH0 /FTM1_QD_PHA

LLWU_P6 PTC1/SCI1_RTS/FTM0_CH0

LLWU_P7 PTC3/SCI1_RX/FTM0_CH2

LLWU_P8 PTC4/DSPI0_PCS0/FTM0_CH3

LLWU_P9 PTC5/DSPI0_SCK

LLWU_P10 PTC6/PDB0_EXTRG

LLWU_P11 PTC11/SSI0_RXD

LLWU_P12 PTD0/DSPI0_PCS0/SCI2_RTS

LLWU_P13 PTD2/SCI2_RX

LLWU_P14 PTD4/SCI0_RTS/FTM0_CH4/EWM_IN

LLWU_P15 PTD6/SCI0_RX/FTM0_CH6/FTM0_FLT0

LLWU_M0IF LPT1

LLWU_M1IF CMP0

LLWU_M2IF CMP1

LLWU_M3IF CMP2

LLWU_M4IF TSI

LLWU_M5IF RTC

LLWU_M6IF ��
=

LLWU_M7IF �p���_�©  - �Ò�œ�÷�Ã�©

�Ò�œ�÷ - �„�–�„��	v
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�»  6 �c
�i�%�����¹�†�í (MPU)

P�¨�i�%�����¹�†�í��	v

6.1.1 �À•

6ÈJ|>°HÖ)��ñ��DÄ MPU 9½&ó�Å[•9½&ó#¨5’Fm3CL—N{/×N[<×"D#f!�+•!!`„RAM F 
[[eŠ6ßeì�Å�§�'[•5ª)��ñ[ZO
"Ö'{3k_ŒJÂ�•+6�å!!`„ RAM *ô DJ�e•#f!�[[eŠ6ß�Å

6.1.2 �e�º

MPU 5Ë�œ�ÆDÄ�*�y2@*ô D&�F Freescale Kinetis9½&ó�Å;�9½&ó�©.0�ªARM F 
MPU =“=b�ÅARM F MPU 6Æfb1¬!Ì Kinetis MCU�É�Å�â5Ë�½Freescale$( ARM MPU
F �øDÄF”# �̈Ë"Ö'{�y2@�Ä[[eŠ6ßeì$(ai#|"Ö'{�y2@�Å;�(²�½ Freescale MPU_t3l�7[[
eŠdµ[‹8\<ç$((¶/×N[�×6ÖFm3C�Å

6.1.3 �+�Ÿ

*ô D&�K=C¢"ñ ß(MMU)[Z[=DÄ�*DÄh�X�N¯*ô�½!¢h��½"D/•!¢`é�½[[eŠ�y2@$(Uö2{!!
*ô7�+:CL/J( C¢&��ÉF (©6Þ!!*ôK=C¢$(!!*ô�y2@�Å_uIi MMU +:CL5U7ä+•5��ÆL—N{
O¨Yœ5Ë6¥�•�“F �Ë(ÃF !!*ô+•Xa�½6•jtF ";O³�½h�fþ!¢"�$(+•�* Kinetis MCU6•(Ã
+Ö+”F 9½!��Å

MPU 9½&ó[Z[=DÄ�*�©(Æ(©6ÞF !!*ôK=C¢�½5|TLB�Ä!¢h��Ä"D/•!¢`é$(Uö2{!!*ô�Å
!�";O³6•�ê�½5|!¢h�!¢;Q�Å&|;��½ MPU 6•_ž#¤ MCU�Å

6.1
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�¥�ÂU	è

6.1.4.1 �u�×
í•�˜!�Â

HÖ�'�•G•�Ë

#define TCML_BASE 0x20000000// Upper SRAM bitband region
#define TCML_SIZE 0x00010000

/* MPU Configuration */
MPU_RGD0_WORD2 = 0;// Disable RGD0

// Set RGD1
MPU_RGD1_WORD0 = 0;// Start address
MPU_RGD1_WORD1 = (TCML_BASE + TCML_SIZE);// End Address
MPU_RGD1_WORD2 = 0x0061F7DF;(No magic #•s)// Bus master 3: SM all access (List what the Bus 
masters are in addition to #•s)
// Bus master 2: SM all access
// Bus master 2: UM all access
// Bus master 1: SM all access
// Bus master 1: UM all access
// Bus master 0: SM all access
// Bus master 0: UM all access
MPU_RGD1_WORD3 = 0x00000001;// region is valid

// Set RGD2
MPU_RGD2_WORD0 = (TCML_BASE + TCML_SIZE + 0x40);
MPU_RGD2_WORD1 = 0xFFFFFFFF;// End Address
MPU_RGD2_WORD2 = 0x0061F7DF;
MPU_RGD2_WORD3 = 0x00000001;// region is valid

// Enable MPU function
MPU_CESR = 0x00000001;

6.1.4

�¥�ÂU	è
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�»  7 �c
�9�<�˜�°�¤�i�%���`�Ù (eDMA)	e�Å��

7.1 eDMA

7.1.1 �À•

6ÈJ|5Ë�•G•HÖ�'$(/‡_»#^OŸ\à55F ;ãN²�½5„&Ä-Ê"E0D!ÅDÄKinetisL—!³F eDMA 9½
&ó"<_».0DÄ.œ#m�Å!��*B�+6&��’F �}0��½[“#^e¡B�+6&��’F #^OŸ1ç!(�Å

6ÈJ|>°HÖ)��ñ`éO
$(��DÄ eDMA 9½&ó�½�jO¨5|fœCPU.�h �[#‹&Ä�©#¨*ô D&��ª(²
[ZJ�e•�çe•�¼_/5�3
�Å

7.1.1.1 �e�º

DMA 3C!Ò&�P™(»+¢5�3
�j�œ�Æ*ô D&�5¼+ �éO
�¼_/!Ì#‚�œ�Æ�éO
�ÅNk_c`éO
$(!¹
)g"²#ª�½ DMA 3C!Ò&��ª!!7Ô.�Wè-•�ø�½2�Wè#;6ÈDÍ CPU( C¢F 5�3
�¼_/�Å_u��/3
CPU\»S�eé�ê�½L—N{/ÃP™f+�ç3ljt�Å &š 7-1 5ÚHÖ�"DMA 3C!Ò&�3l�7F ";P™�Å

 

0x11112222  

0x33334444  

0x55556666  

0x77778888  

0x9999AAAA  

0xBBBBCCCC
 

0xDDDDEEEE
 

DMA66$Å(÷  

0x9999AAAA  

DMA 
^Š&e 
A� 

7ÿ5ý  

DMA  
!¯b"^†>Ñ  

DMA$(#ô 
A� 
7ÿ5ýT‚ 

I}I�  

I}I�  

"�,� SPI TX.S-ç(÷  

0x9999AAAA  

A�  

"�,� RAM  

�m 7-1. DMA � �T�À	«
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7.1.2 eDMA �(�?��

Kinetis eDMA9½&óF ;k�Æ_¶_ï#‹�•_¶_c(²[Z1²O¡_��’Y‚#m_wWè(¶>, DMA �¼_/�Å
eDMA 9½&ófb1¬�"DMA (¶]‹(©DÄ&��½DÄ�•+¢�©#¨F Y‚#m>,_z3AQ•16 �Æ_¶_ï�Å!ÅDÄ
DMA (¶]‹(©DÄ&��½6œ(¶ Ý[T!��r(²[Z9½&ó�É#mD»F 63 �Æ�'�’?\<× eDMA �¼_/�Å[T
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7.1.2.1 DMA ��
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„ 6
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7.1.5.2 ��	v�¥�Â

�Ö+:CL6È�'�½fœY��À�ÆeDMA _¶_ï�Ë�œ�ÆDÄ�*�¼_/$��€*ó�½�œ�ÆDÄ�*�¼_/No78�Å$�
�€�¼_/[“;ÞfœY��œ�Æ 1 ms PITY‚#m&�$(�œ�Æ;Ô_x.œ#ËY‚#m&��ÅDMA MUX /ah�`é
O
�Ö PIT 3C!ÒF _¶_ï?\<×�Å_¶_ï 1 `éO
DÄ�*2�Wè[•�¼_/�Å

_¶_ï 0 DÄ�*+¢AD No78�¼_/!Ì RAM�Å;��¼_/&Ä AD No78+ÍN†7£/s#t�Ö6¥4ä5’?\<×�Å
nt[@_¶_ï�ŽX]5Ë[E_¶_ï 1 �´ ä�*_¶_ï 0�Å_uIi`éO
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No78F _¶_ï�´ äNC_��ê�Å#‹�•6•4Õ[ZO
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�y
SS#r;k�ÆNo78�Å_¶_ï0 $( 1 F DMA MUX `éO
�Ö�Ë

/* Configure DMAMux for Channel 0 */
DMAMUX_CHCONFIG0 = (0
| DMAMUX_ENABLE /* Enable routing of DMA request */
| DMAMUX_SOURCE(40)); /* Channel Activation Source: AD_A Result */
/* Configure DMAMux for Channel 1 */
DMAMUX_CHCONFIG1 = (0
| DMAMUX_ENABLE /* Enable routing of DMA request */
| DMAMUX_TRIG /* Trigger Mode: Periodic */
| DMAMUX_SOURCE(54)); /* Channel Activation Source: AD_A Command */

`éO
_¶_ï 1 ��DÄ$�6»Y‚#m&� ���� PIT1�ÅPIT19½&ó/ah���P™�½.��°`éO
1ÜfœF 5’e•e•
f0�Å

eDMA

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

64 Freescale Semiconductor, Inc.



.œ)gDMA �¼_/�¹��P™ PIT1�º�ç!é�½/ah�7Õ3
 AD $��€+`*ô&�F +6�å!b(£ AD 9½&ó
F $��€5�3
�Å6È�'�ÉF ;k�Æ_¶_ï!¢!Ç�ªfõ/•&Ì&Ü�Ä 32 �é+Y$��€1²No78+`*ô&�_wWè5�
3
�¼_/�Å&|;��½.ï�× /:½�¼_//FCK+(1¬5’�½/ah�/þ(© TCD �ÉF &Ì&Ü2£d$�Å6È�'<=6¥
5�3
X�Y��¼_/�½#†fœ�œ�Æ:½/FCK�[#‹+(1¬�œ�Æ�×/FCK�Å&|;��½>,$(FŠF &Ì&Ü&Ä�×/F
CK+(1¬5’/þ(©�Å_¶_ï 0 $( 1 F TCD `éO
�Ö�Ë

/* Configure DMA Channel 0 TCD */
EDMAC_TCD0_W0 = EDMAC_SADDR(0x4003B010);/* Source Address = AD Result Register
EDMAC_TCD0_W1 = (0
| EDMAC_SMOD(0x0) /* Source Modulo, feature disabled */
| EDMAC_SSIZE(0x2) /* Source Size = 0x2 -> 32-bit transfers */
| EDMAC_DMOD(0x0) /* Destination Modulo, feature disabled */
| EDMAC_DSIZE(0x2) /* Destination Size = 0x2 -> 32-bit transfers */
| EDMAC_SOFF(0x0)); /* Source addr offset = 0x0, do not increment */
EDMAC_TCD0_W2 = EDMAC_NBYTES(0x4); /* Transfer 4 bytes per channel activation */
EDMAC_TCD0_W3 = EDMAC_SLAST(0x0); /* Do not adjust SADDR upon channel completion */
EDMAC_TCD0_W4 = EDMAC_DADDR(0x1FFF9000); /* Destination Address = 0x500, Ext RAM */
EDMAC_TCD0_W5 = (0
/*| EDMAC_CITER_E_LINK /* Do not set ELINK bit, no channel linking */
| EDMAC_CITER(0x1) /* Current Iter Count -> 1 "NBYTES" transfer */
| EDMAC_DOFF(0x0)); /* Destination addr offset = 0x0, no increment */
EDMAC_TCD0_W6 = EDMAC_DLAST(0x0); /* Do not adjust DADDR upon channel completion */
EDMAC_TCD0_W7 = (0
| EDMAC_BITER(0x1) /* Beginning Iteration Count = 1 = CITER */
| EDMAC_BWC(0x0) /* Bandwidth control = 0 -> No eDMA stalls */
| EDMAC_MAJOR_LINKCH(0x0)); /* Ignored, no channel linking */

/* Configure DMA Channel 1 TCD */
EDMAC_TCD1_W0 = EDMAC_SADDR((uint32)&command);/* Source Addr = address of command var */
EDMAC_TCD1_W1 = (0
| EDMAC_SMOD(0x0) /* Source Modulo, feature disabled */
| EDMAC_SSIZE(0x2) /* Source Size = 0x2 -> 32-bit transfers */
| EDMAC_DMOD(0x0) /* Destination Modulo, feature disabled */
| EDMAC_DSIZE(0x2) /* Destination Size = 0x2 -> 32-bit transfers */
| EDMAC_SOFF(0x0)); /* Source addr offset = 0x0, do not increment */
EDMAC_TCD1_W2 = EDMAC_NBYTES(0x4); /* Transfer 4 bytes per channel activation */
EDMAC_TCD1_W3 = EDMAC_SLAST(0x0); /* Do not adjust SADDR upon channel completion */
EDMAC_TCD1_W4 = EDMAC_DADDR(0x4003B000);/* Dest Addr = ATD Command Word Register */
EDMAC_TCD1_W5 = (0
/*| EDMAC_CITER_E_LINK /* Do not set ELINK bit, no channel linking */
| EDMAC_CITER(0x1) /* Current Iter Count -> 1 "NBYTES" transfer */
| EDMAC_DOFF(0x0)); /* Destination addr offset = 0x0, no increment */
EDMAC_TCD1_W6 = EDMAC_DLAST(0x0); /* Do not adjust DADDR upon channel completion */
EDMAC_TCD1_W7 = (0
/*| EDMAC_BITER_E_LINK /* Do not set ELINK bit, no channel linking */
| EDMAC_BITER(0x1) /* Beginning Iteration Count = 1 = CITER */
| EDMAC_BWC(0x0) /* Bandwidth control = 0 -> No eDMA stalls */
| EDMAC_MAJOR_LINKCH(0x0)); /* Ignored, no channel linking */

acDÄ_u�7`éO
#‹�CD»6È�'1ÜfœF eDMA ";P™�Å
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�»  8 �c
P�¨ Flash �S���È�q�z�î�ñ�½

8.1 �À•
6ÈJ|�gNiDÄ�* 90 nmU Q8*ô DFlash (FTFx)WéD»�C$]�¹"¡2ˆ KinetisL—!³�ºF 7£!b_�
�’j"DI§.+ (SSD)�Å_u�7_��’j"DI§.+5Ë�œN`.0DÄI§.+N²I§3A#• (API)�½5„&Ä_¶_c�œ
N`!™5�3l�7N²I§$(4‚f�";P™�Ä+%!�F”!�$��€#f�É5I`éO
�½�•�[,è!�.«L—N{.œ#m�V#ô
$(JÈ�¥5UFlashN²I§-•!�.œ#m�V#ô��DÄ�Å FTFx SSD4Ë2•I§.+ Flash(P-Flash�º$(!�6¥
FlexMemoryF Kinetis �C$]�Å FTFx SSD4Ë2•�Ë

„ FlexNVM�½!�#‹!¢"Ö�Ö5�3
 Flash�¹ D-Flash�º$( /1²
„ E-Flash�¹DÄ�* EEPROM(£�™�º�•#f FlexRAM�½!�#‹DÄ�ø�¼N{ RAM�½1²DÄ�øjt

O¬�á/Ã(:.Ö'' EEPROM (EEE)*ô D&��Å

�§fþF �'*ì+¢.±DÄ7l�7 Kinetis �C$]3l�7F FTFL Flash�½�â+��ˆ#¨7Ó_žDÄ�*!��r-Š!Ç
�©(ÃF WéD»�C$]�Å:Î�"Y•6•(¶�}0��½[“#^Y]!��ï FTFx �C$]F SSD�Å

8.2 �/�� Flash �È�q�z�î�ñ�½
FTFL 7£!b_��’j"DI§.+#‹�j http://www.freescale.com �§_��½;�j@)��§�Ë

1. [[eŠ http://www.freescale.com/webapp/sps/site/homepage.jsp?code=KINETIS �Å
2. _¥2…�œ�ÆKinetis /J3C!Ò&�L—!³�Å
3. <ëYd•_��’$(-•!� ‚ _¥h�"ý�Å
4. _¥2…[Z(£j"DI§.+�Å
5. _¥2…5#�’C90TFS_FLASH_DRIVER�Å

#‚(²�½&Ä http://www.freescale.com F !�dÊ[i3¸L¾*ó;Q�ÉdÊ!�
C90TFS_FLASH_DRIVER�½�û#‹�•2�!Ì C90TFS Flash_��’j"DI§.+�Å

8.3 �+�Ÿ
FTFL SSD Ý[TDÄ1Ó+•Flash2�Wè�•�§�—"=�Ë
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„ Flash!¹)g"²
„ 4‚f� Flash�¹"ñ�œ5�3
&ó�Ä1Ü6¥5�3
&ó�Ä1ã"Ö�º
„ [—#r1�¹"ñ�œ5�3
&ó�Ä1Ü6¥5�3
&ó�Ä1ã"Ö�º
„ N²I§�¹e�*ó�Ä1ã"Ö�º
„ N²I§8\7•
„ [=K3 Flash7½j($(
„ !5!��}0�Wè
„ [—#r�}0�Wè�¹I§.+ Flash�Ä5�3
 Flash�º
„ [ZO
/SS#r�É5I��P™
„ SS#r+%!�BR/•
„ _¶_c#ªe„+bdANq_c+%!�8\7•
„ 2ž]� //þ(©4‚f� Flash1ã"Ö4i�ø
„ [ZO
/SS#rI§.+ Flash�y2@

+•�*!�6¥ FlexMemoryF &��’�½ FTFL SSD Ý[TDÄ1Ó2�Wè�•�§eà"<�—"=�Ë
„ NuFlexNVM !¢"Ö
„ [ZO
/SS#r5�3
 Flash�y2@
„ [ZO
/SS#rEERAM �y2@
„ [ZO
 EEE��P™
„ !5!� EEPROM

/ah�i2 ä[ŸDÄ2�Wè Flash!¹)g"²F !™5� FlashInit() �½�•�[#_��’j"DI§.+3l�7�•�§�}
0��Ë

„ !��* FlashF �}0�
„ !�6¥ FlexMemoryF &��’F 5�3
 Flash$( EEPROM(Ã+«

8.4 �¥�Â�•”

8.4.1 SSD �¥�Â�²��
FTFL _��’j"DI§.+��DÄ�œ�ÆNo7 (FLASH_SSD_CONFIG)�½+�"¡2ˆDÄ�* FTFL F B�+6RKAãfõ
/•#^5��Å  [•No7 F L�''+6�å)��§1ÜHÖ�½#‹&Ä SSD_FTFL.h�É2�!Ì�Ë

/*---------------- Flash SSD Configuration Structure -------------------*/
typedef struct _ssd_config
{
    UINT32 ftflRegBase;        /* FTFL control register base */
    UINT32 PFlashBlockBase;    /* base address of PFlash block */
    UINT32 PFlashBlockSize;    /* size of PFlash block */
    UINT32 DFlashBlockBase;    /* base address of DFlash block */
    UINT32 DFlashBlockSize;    /* size of DFlash block */
    UINT32 EERAMBlockBase;     /* base address of EERAM block */
    UINT32 EERAMBlockSize;     /* size of EERAM block */
    UINT32 EEEBlockSize;       /* size of EEE block */

�¥�Â�•”
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    BOOL   DebugEnable;        /* debug mode enable bit */
    PCALLBACK     CallBack;           /* pointer to callback function */
} FLASH_SSD_CONFIG, *PFLASH_SSD_CONFIG;

.ïDÄ1Ó�ÖSSD_FTFL.h�ÉF +6�å FLASH_DERIVATIVE _¥2…�œ�Æ�Ø5’�½_u�7No7 1¬#ôF �Ø
�[/3�•+6�å�Å+•�*!�6¥ FlexMemoryF &��’�½#^5� DFlashBlockSize $( EFlashBlockSize 5Ë
&ÄFlashInit() !™5��É7Õ3
D-Flash�}0�Wè(IFR)�ÉF �ØO¨!¹)g"²�Å

CallBack 5Ë�œ�Æ!™5�2£d$�½ Ý[TDÄ1Ó2£+6�œ�Æ[ŸDÄ!™5�7�( C¢5’.+Y�;Þ�Á7ØF �'�’�Å
F§e„Bs6©"=�'I§�[+ú�*;�L��'�’�½�â)�78 Flash$��€4i�øF 2•N‰5’e•]!_c�œ+6F ]!
5’5’e•�½#‹�•[ŸDÄ!��rL�''F !™5��Å

8.4.2 SSD ��3�´
SSD_FTFL.h�ÉF +6�å FLASH_DERIVATIVE F �Ø_¥2…!��r+6�å�½�•�[+¢F”.0F �Ø\çNuI§.+
Flash&ó(Ã+«�Ä5�3
 Flash&ó(Ã+«�Ä5�3
 Flash&ó'–&Ì&Ü$(FTFL +`*ô&�'–&Ì&Ü�Å

„ TWR-K60N512'ð.«9½&ó!�6¥ 512 KBF I§.+ Flash�½FLASH_DERIVATIVE F _ž.ï�Ø5Ë
FTFL_KX_512K_0K_0K�Å

„ TWR-K40X256'ð.«9½&ó!�6¥ 256 KBF I§.+ Flash�Ä256 KBF FlexNVM $( 4
KB F FlexRAM�½FLASH_DERIVATIVE F _ž.ï�Ø5Ë FTFL_KX_256K_256K_4K �Å

8.5 ��U�}
’
�Þ�á

Y�+• Flash*ô D&��éO
_wWèN²I§�½!�/ah�( �*-Ž4‚f�BR/•�Å
+• Flash*ô D&��éO
!!F �é_wWè5|4‚f�4i�ø�g!�F PhfüPhN²
I§4i�ø�½5Ë�© Ý[TF �Å+¢CL6¥F 0 ai5LN²I§�Ö 0 �û5Ë�© Ý[T
F �½&|�Ö_u�¶��&��’_c_��Å

FTFL SSD�§_�"¡2ˆ#‹�j SRAM 2�WèF HÖ�'h�FŠ�½DÄ�*>°HÖ+•FlashF N²I§$(4‚f�
P™"7�Ä+%!�F”!�$��€#f�É5I`éO
�Å_u�7h�FŠ_žDÄ�* TWR-K60N512'ð.«9½&ó�¹!�6¥
512 KBF I§.+ Flash�º$( TWR-K40X256'ð.«9½&ó�¹!�6¥ FlexMemory$( 256 KBF 
I§.+ Flash�º�Å

_u�7h�FŠ#‹DÄIAR Embedded Workbench IDE1ï.œ$(N²[m�Å

No7 2£d$flashSSDConfig �¹L�''�Ö FLASH_SSD_CONFIG�º5ËDÄ+6�å!·.–F �½_u�7+6�åF �Ø#r
!O�* FLASH_DERIVATIVE F +6�å�Å

�•�§�•G•R�_¥Q† NormalDemo.c�½+�-Ž"¡2ˆ&Ä FTFL SSD�§_��É�Å

FLASH_SSD_CONFIG flashSSDConfig =
    {
        FTFx_REG_BASE,          /* FTFx control register base */
        PFLASH_BLOCK_BASE,      /* base address of PFlash block */
        PBLOCK_SIZE,            /* size of PFlash block */
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        DEFLASH_BLOCK_BASE,     /* base address of DFlash block */
        0,                      /* size of DFlash block */
        EERAM_BLOCK_BASE,       /* base address of EERAM block */
        EERAM_BLOCK_SIZE,       /* size of EERAM block */
        0,                      /* size of EEE block */
        DEBUGENABLE,            /* background debug mode enable bit */
        NULL_CALLBACK           /* pointer to callback function */

+6�å#ª�½No7 2£d$flashSSDConfig #�XG�¼_®!ÌSSD!™5��•DÄ�* Flash4i�ø�Å D-Flash5�
3
&ó$( EEE5�3
&óF (Ã+«!¹)g"²�Ö 0�½�â�¶&Ä FlashInit() !™5�2�Wè6»e•6•5L�½[•!™
5�_¶_c[—#rD-Flash IFR7�H
+6 D-Flash$( EEE5�3
&óF (Ã+«�Å

_p&z�ØXG�¼&z[ŸDÄ!™5��½2£HÖAPI 2�Wè5Ë#Â1¬";�Å1¬";+(1¬5’�½_p&z�¼_®�Ø
FTFL_OK�¹\ç�Ø 0x0�º�Å

/**************************************************************************
* FlashInit() *
***************************************************************************/
returnCode = pFlashInit(&flashSSDConfig);
if (FTFL_OK != returnCode)
{
ErrorTrap(returnCode);
}

4‚f�1ã"Ö

�§�'[•5ª)��ñ4‚f�I§.+ Flash�ÉF �œ�Æ1ã"Ö�Ë

    /*************************************************************************
    *                           FlashEraseSector()                            *
    ***************************************************************************/
    /* Erase the last sector of PFLASH */
    size = FTFL_SECTOR_SIZE;
    destination = PFLASH_BLOCK_BASE + PBLOCK_SIZE - size;
    returnCode = pFlashEraseSector(&flashSSDConfig, destination, size, \
                                   pFlashCommandSequence);
    if (FTFL_OK != returnCode)
    {
        ErrorTrap(returnCode);
    }

Kinetis+¢�œ�Æ1ã"Ö+6�å�Ö2 KB (0x800)�Å
„ TWR-K60N512'ð.«9½&ó!�6¥ 512 KBF I§.+ Flash�½&Ì&Ü�Ö0x0000_0000…

0x0007_FFFF�½�¦�'+¢4‚f�&Ì&ÜRŸ&• 0x0007_F800…0x0007_FFFFF Flash1ã"Ö�Å
„ TWR-K40X256'ð.«9½&ó!�6¥ 256 KBF I§.+ Flash�½&Ì&Ü�Ö0x0000_0000…

0x0003_FFFF�½�¦�'+¢4‚f�&Ì&ÜRŸ&• 0x0003_F800€0x0003_FFFFF Flash1ã"Ö�Å

2�WèN²I§4i�ø

�§�'[•5ª)��ñ!ÅDÄ Program Section$��€2�WèN²I§4i�ø�Å  �ã[Z-ŽNk+•Y�N²I§F "Ö'{
2�Wè_c4‚f�4i�ø�Å

/**************************************************************************
* FlashProgramSection() *
***************************************************************************/
/* Write some values to EERAM */
for (i=0;i<0x10;i+=4)
{
WRITE32(flashSSDConfig.EERAMBlockBase + i,0x11223344);
}

��U�}
’
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/* Program the values to PFLASH */
phraseNumber = 0x2;
destination = PFLASH_BLOCK_BASE + PBLOCK_SIZE - phraseNumber*FTFL_PHRASE_SIZE;
returnCode = pFlashProgramSection(&flashSSDConfig, destination, \
phraseNumber, pFlashCommandSequence);
if (FTFL_OK != returnCode)
{
ErrorTrap(returnCode);
}

Program Section$��€��DÄ,è!�F K3<q+¢1ã"ÖN²I§N¯!N&��É*ô DF 5�3
!5!� Flash*ô
 D&��É ä!é-Ž4‚f�F �éO
�ÅY�N²I§F 5�3
_¶_c!5!�N²I§"<_» RAM�¹�a#ÇI§.+ Flash
F &��’�º1² FlexRAM�¹!�6¥ FlexMemoryF &��’�ºO¨h _�!�1ã"ÖN²I§N¯!N&��½fœY�
`éO
_u�7 RAM DÄ�ø�¼N{RAM�Å

�¦_Œ�'*ì�Ë
1. +¢32 �é�Ø 0x11223344_zN‰&w:½!5!�&Ì&Ü0x1400_0000…0x1400_000F�Å
2. #m!–Program Section$��€�½�•+¢ 0x1400_0000…0x1400_000F�É*ô DF �Ø_�!�1ã

"ÖN²I§N¯!N&��½.�+¢!�!5!�I§.+ FlashF 6œ#ª16*óR��¹&Ì&Ü 0x0003_FFF0…
0x0003_FFFF�º�Å

#ÇFlexMemory &��’F FlexNVM !¢"Ö

+•�*!�6¥ FlexMemoryF &��’�½�§�'[•5ª)��ñ+¢ FlexRAM `éO
�Ö 2048*óR�F 
EEPROM�½.�+¢ FlexNVM !¢"Ö�Ö 128 KBF D-Flash$( 128 KBF E-Flash

�¹ EEPROM(£�™J�e•�º�Ë

    /**************************************************************************
    *                            DEFlashPartition()                           *
    ***************************************************************************/
    EEEDataSizeCode = 0x03; // set EEPROM size for 2048 bytes
    DEPartitionCode = 0x05; // set FlexNVM for 128 KB of D-Flash, 128 KB for EE backup
    returnCode = pDEFlashPartition(&flashSSDConfig, \
                                    EEEDataSizeCode, \
                                    DEPartitionCode, \
                                    pFlashCommandSequence);
    if (FTFL_OK != returnCode)
    {
        ErrorTrap(returnCode);
    }  
    
    /* Call FlashInit again to get the new Flash configuration */
    returnCode = pFlashInit(&flashSSDConfig);
    if (FTFL_OK != returnCode)
    {
        ErrorTrap(returnCode);
    }

!��r�'*ì#^Y] Normal.c�½!��*#  SSD APIF [‚Nb[•5ª#^Y]�Ê FTFL SSDDÄ1Ó1ç!(�Ë�Å

8.6 ��ð�'�÷
f��"�Ê Kinetis#^OŸ1ç!(�ËF •Flash*ô D&�9½&ó‚ J|R��•(²�½ http://www.freescale.com 
�¦F �•�§5#�’�û6¥!��* FTFL F �}0��Ë
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„ FTFL 7£!b_��’j"DI§.+DÄ1Ó1ç!(�¹"¡#Ç&Ä FTFL SSD�§_��É�º
„ AN4282�Ë��DÄ KinetisL—!³(:.Ö EEPROM";P™�Å

��ð�'�÷
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�»  9 �c
P�¨ FlexMemory

P�¨ FlexNVM

9.1.1 �À•

6È/‡_»!�e„2£"ó[•5ª)��ñ`éO
!�6¥ FlexMemoryF &��’�Å

9.1.1.1 �e�º
Flash*ô D&�9½&ó(FTFL)"¡#Ç(¶�Æ#‹[[eŠF *ô D"Ö'{�½!��ï0a!Q#r!O�*&��’`éO
�Å

„ I§.+ Flash€ fú5¯(Í/Ã Flash*ô D&��½#‹*ô DI§.+�•G•$(5�3

„ FlexNVM€ fú5¯(Í/Ã Flash*ô D&��½#‹*ô DI§.+�•G•�Ä5�3
$((£�™ EEPROM5�

3

„ FlexRAM€ 4Ë2•*óR�!54i�øF RAM *ô D&��½#‹DÄ�ø�¼N{RAM 1²jtO¬�á/Ã

EEPROM*ô D&��Å

�a#ÇI§.+ FlashF &��’!�6¥�À�Æ Flash"Ö&ó�½1ã"Ö(Ã+«�Ö2 KB�½.�!�(£�@2þ";P™�Å
4Ë2•FlexMemoryF &��’!�6¥�œ�ÆI§.+ Flash"Ö&ó�¹2 KB 1ã"Ö�º�Ä�œ�ÆFlexNVM "Ö
&ó�¹ 2 KB 1ã"Ö�º$(�œ�ÆFlexRAM "Ö&ó�½�â�©!�(£�@2þ";P™�Å

9.1.1.2 �+�Ÿ

nt[@0a!Q�§�½DÄ1Ó5|fœ`éO
FTFL�Ånt[@`éO
 Ý[T Flash*ô D&�3C!Ò&�(FMC)"<_»
Flash�¼_/�Å+•�*4Ë2• FlexMemoryF &��’�½ FlexNVM `éO
�ÖI§.+ /5�3
 Flash�½
FlexRAM `éO
�Ö_¶DÄRAM�Å+%!�3F5YI�DÄ�ÅDÍ�* Flash( �*-Ž4‚f�BR/•�½I§.+
Flash�Ä5�3
 Flash$( EEPROM�y2@-ŽI�DÄ�½&|;�#‹�•+•_u�7"Ö'{_wWèN²I§1²4‚f��Å

9.1

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

Freescale Semiconductor, Inc. 73



9.1.2 �¥�ÂU	è
DÄ1Ó#‹+¢4Ë2•FlexMemoryF &��’`éO
�Ö�Ë

„ FlexNVM DÄ�ø5�3
 Flash�½FlexRAM DÄ�ø�¼N{RAM
„ FlexNVM DÄ�øEEPROM Flash[L.ñ�•4Ë2•!!O
 EEPROMB�/Ã�½FlexRAM DÄ�ø

EEPROM
„ 1²�•�¦�ÀO¡F N`#¤

9.1.2.1 ���'”	� Flash

&Ä_uIiB�;&`éO
�É�½ FlexNVM #‹DÄ�øfú5¯(Í/Ã Flash*ô D&��½#‹�•2�WèI§.+�•G•1²
*ô D5�3
�Å FlexRAM #‹DÄ�ø�¼N{RAM�Å_u5Ë•I§.+!¢"Ö$��€ ‚ 2�Wè�ç!éF nt[@`é
O
�Å

9.1.2.1.1 �}
’U	è�„�³d

_u5Ë-Â6¥FlexMemoryF &��’F nt[@`éO
�Å6È�'�É5|fœNu&��’!¢"Ö�Å

9.1.2.2 EEPROM Flash �:
c

&Ä_uIiB�;&`éO
�É�½ FlexNVM �¯e„DÄ�* EEPROM(£�™J�e•�ÅY�`éO
[•&��’�½DÄ1Ó
/ah���DÄ Flash_¶DÄ$��€+•[ý (FCCOB)+`*ô&�+¢•I§.+!¢"Ö$��€ ‚ $(F”!�#^5��¼_®Q•
FTFL 9½&ó�ÉF *ô D3C!Ò&��Å�Ö�"2�Wè;�$��€�½ FCCOBY�;Þ)��§�Ë

�V 9-1. �ñ�½�s�u��
7 FCCOB �1�p

FCCOB �I�| FCCOB �=�¸ [7:0]

0 0x80 (PGMART)

1 �ÃP�¨

2 �ÃP�¨

3 �ÃP�¨

4 EEPROM ”	��v�l�}
’

5 FlexNVM �s�u�}
’

9.1.2.2.1 �}
’U	è�„�³d

�§�'��DÄ�œ�Æ!�6¥ 256 KB FlexNVM$( 4 KB FlexRAMF &��’�Å

P�¨ FlexNVM
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6È�'�ã[Z&��’-ŽXG4‚f��½.��° Flash*ô D&�5’d;-Ž&ÄL—N{fb1¬9½&ó(SIM)�É��P™�Å
SIM �ÉF nt[@BR/•5ËFlash5’d;-Ž��P™�Å

!��* EEPROM5�3
(Ã+«�•G•$( FlexNVM !¢"Ö�•G•F +(5�!³X��½[“#^Y]B�+6&��’F 
#^OŸ1ç!(�Å

6È�'�É�½ FlexNVM +¢1Ü6¥#‹DÄF 256 KB*ô D&�`éO
�Ö EEPROM(£�™*ô D&��Å4
KB #‹DÄF FlexRAM `éO
�Ö EEPROM�ÅFlexRAM `éO
�Ö EEPROM5’�½�¶!·.– 2 �Æ
*ìL—N{�½�—�ñ6Æ`éO
�ÖEEPROMF FlexRAM +¢�©#‹DÄ�Å1ÜDÄF EEPROM5�3
(Ã
+«�•G•�Ö 0x32�½+�_¥2…*ìL—N{A F (Ã+« = *ìL—N{B F (Ã+« = 2 KB�Å1ÜDÄF 
FlexNVM !¢"Ö�•G•�Ö 0x08�½X�HÖ5�3
!¢"ÖF (Ã+«�Ö0 KB�½EEPROM(£�™*ô D&�F 
(Ã+«�Ö256 KB�Å_u+¢!·.– 2 �Æ(Ã+«�Ö2 KB F EEPROM*ìL—N{�½# *ìL—N{DÍ128
KB F EEPROM(£�™*ô D&�(£�™�Å

HÖ�'�•G•�Ë

/* Write the FCCOB registers */
FTFL_FCCOB0 = FTFL_FCCOB0_CCOBn(0x80);      // Selects the PGMPART command
FTFL_FCCOB1 = 0x00;
FTFL_FCCOB2 = 0x00;
FTFL_FCCOB3 = 0x00; 
FTFL_FCCOB4 = 0x32;                         // Subsystem A and B are both 2 KB
FTFL_FCCOB5 = 0x08;                         // Data flash size = 0 KB
                                            // EEPROM backup size = 256 KB
FTFL_FSTAT = FTFL_FSTAT_CCIF_MASK;          // Launch command sequence

while(!(FTFL_FSTAT & FTFL_FSTAT_CCIF_MASK)) // Wait for command completion

9.1.2.3 �F�†

&Ä6È`éO
�É�½FlexNVM XG!¢"Ö�½�œ`„!¢#‹DÄ*ô D&�DÄ�ø5�3
Flash�½�œ`„!¢DÄ�ø
EEPROM(£�™J�e•�Å!¢"Ö�Ö EEPROMF FlexRAM (Ã+«#‹�•5Ë 32*óR�!Ì
FlexRAM F 6œ(Ã(Ã+«�Ì0 *óR�_¥2…5|EEPROMF `éO
�Å EEPROM(£�™J�e•F (Ã+«
Q•+�Ö 16 KB�Å

9.1.2.3.1 �}
’U	è�„�³d

�§�'��DÄ�œ�Æ!�6¥ 256 KB FlexNVM$( 4 KB FlexRAMF &��’�Å

6È�'�ã[Z&��’-ŽXG4‚f��½.��° Flash*ô D&�5’d;-Ž&ÄL—N{fb1¬9½&ó(SIM)�É��P™�Å
SIM �ÉF nt[@BR/•5ËFlash5’d;-Ž��P™�Å

6È�'�É�½1ÜDÄF EEPROM5�3
(Ã+«�•G•�Ö 0x32�½+�_¥2…*ìL—N{A F (Ã+« = *ìL—N{
B F (Ã+« = 2 KB�Å1ÜDÄF FlexNVM !¢"Ö�•G•�Ö 0x05�½X�HÖ5�3
!¢"ÖF (Ã+«�Ö128
KB�½EEPROM(£�™*ô D&�F (Ã+«�Ö 128 KB�Å1Ü!·.–F L—N{!�6¥ 128 KBF I§.+ /5�
3
 Flash$( 2 �Æ2 KB EEPROM*ìL—N{�½# *ìL—N{DÍ64 KB F EEPROM(£�™*ô D&�
(£�™�Å
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HÖ�'�•G•�Ë

/* Write the FCCOB registers */
FTFL_FCCOB0 = FTFL_FCCOB0_CCOBn(0x80);      // Selects the PGMPART command
FTFL_FCCOB1 = 0x00;
FTFL_FCCOB2 = 0x00;
FTFL_FCCOB3 = 0x00; 
FTFL_FCCOB4 = 0x32;                         // Subsystem A and B are both 2 KB
FTFL_FCCOB5 = 0x05;                         // Data flash size = 128 KB
// EEPROM backup size = 128 KB
FTFL_FSTAT = FTFL_FSTAT_CCIF_MASK;          // Launch command sequence

while(!(FTFL_FSTAT & FTFL_FSTAT_CCIF_MASK)) // Wait for command completion

9.1.3 �0�ò�Ÿ

V�@ÒFlexNVM #‹2¥�©#¨5U.«!¢"Ö�½�â&ÄNu+6.0DÄF 5��Æ+›$�6»e•�½#†.0��DÄ�œ�Æ
FlexNVM !¢"Ö�•G•$( EEPROM5�3
fb(Ã+«�Å FlexNVM !¢"Ö_¥2…/$i&��’F O¬�á
/Ã$(5�3
�yDõB�/Ã�Å

6Æ_¶_cFlexNVM !¢"Ö�•G•!¢`é�Ö5�3
 FlashF *óR�DÍ FTFL ��DÄ�½�•�[6¥4ä3ljt
EEPROM5�3
F O¬�á/Ã�Å!!O
 EEPROM[L.ñK=C¢L—N{+¢EEPROM5�3
&Ä_�(ÃF 
EEPROM NVM*ô DJ�e•�É/FCK�½�jO¨(:"<&��’DÄ&ë!é#‹+:CLF N²I§ /4‚f�$�6»5��Å

+•�*�œ�Æ!¢"Ö&��’�½*ìL—N{F O¬�áL—5�#‹_¶_c�§.«[=K3�Ë
Endurance_Subsystem = ((E-Flash-2*EEESPLIT*EEESIZE)/
(EEESPLIT*EEESIZE)) *Record_Efficiency*Endurance_Factor

!��É�Ë

Endurance_Subsystem = Nu+6*ìL—N{F 6œ(¶EERAM !54i�ø:½5�

E-Flash = �Ö# *ìL—N{!¢`éF EEPROM(£�™J�e•�¹6œ+« 16 KB�½6œ(Ã128 KB�º

EEESPLIT = *ìL—N{F !¢"�L—5��¹ A/B=0.5/0.5�Ä0.25/0.751² 0.125/0.875�º

EEESIZE = �Ö EEE!¢`éF RAM�¹6œ+«32*óR��½6œ(Ã4 KB�º

Record_Efficiency = 0.5�¹ 16 �é$( 32 �é!54i�ø�º�Ä 0.25�¹ 8 �é!54i�ø�º

Endurance_Factor = 10000&–6¥$�6»

HÖ�' 1�Ë

�œ�Æ)��' 2 1Ü`éO
F Kinetis&��’!�6¥ 2 �Æ2 KB EERAM*ìL—N{�½DÍ128 KB E-
Flash(£�™�½# *ìL—N{3l�7 310,000$�6»�¹ 16 �é1² 32 �é!54i�ø�º�Å

Endurance_subsystem = ((E-Flash-2*EEESPLIT*EEESIZE)/(EEESPLIT*EEESIZE)) *
Record_Efficiency*Endurance_Factor

Endurance_subsystem = ((128 KB-2(.5)(4 KB))/(.5(4 KB))*.5*10,000
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Endurance_subsystem = ((124 KB)/2 KB)*5000

Endurance_subsystem = (62*5000)

Endurance_subsystem = 310,000

HÖ�' 2�Ë

�œ�Æ)��' 3 1Ü`éO
F Kinetis&��’!�6¥�œ�Æ 2 KB EE*ìL—N{�½DÍ64 KB E-Flash(£�™�½
3l�7 150,000$�6»�¹ 16 �é1² 32 �é!54i�ø�º�Å

Endurance_subsystem = ((E-Flash-2*EEESPLIT*EEESIZE)/(EEESPLIT*EEESIZE)) *
Record_Efficiency*Endurance_Factor

Endurance_subsystem = ((64 KB-2(.5)(4 KB))/(.5(4 KB))*.5*10,000

Endurance_subsystem = ((60 KB)/2 KB)*5000

Endurance_subsystem = (30*5000)

Endurance_subsystem = 150000
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�»  10 �c
EzPort ��	v

P�¨ EzPort ��	v

10.1.1 �À•

6È`„!¢>°HÖ)��ñ��DÄ Ezport9½&ó+•KinetisAã�¦ Flash*ô D&�_wWè&ÄL—N{N²I§(ISP)�Å

10.1.1.1 �e�º

Ezport9½&ó3l�7�"�œ�Æ�ÎWèN²I§3A#•�½+�P™�•�ª[T(¶BˆJg Flash*ô D&�RKAã!�+UF 
7Ø.«[—#r�Ä4‚f��Ä!5!� KinetisAã�¦ Flash*ô D&��Å Kinetis6¥�ÀIi-•�ø9½.«�Ë"ñRKAã
9½.«�¹nt[@�º$( Ezport9½.«�¹DÄ�* ISPN²I§�º�Å_w!��ñIi9½.«#r!O�*(©�é6»e•F 
EZPCSBR/•$( FOPT+`*ô&��ÉF EzportI�DÄ�é�½)�X� 1 1ÜHÖ�Å

�V 10-1. �¯�Ê�ù�W�¥��T�Ê�4

�¯�Ê�ù�W�¥�“�†�H�q �É�Æ�¥��T

/EZPCS = 1 �†�‰�Ë��T

/EZPCS = 0 && FOPT[EZPORT_DIS] = 0 �†�‰�Ë��T

/EZPCS = 0 && FOPT[EZPORT_DIS] = 1 Ezport ��T

10.1.1.2 �+�Ÿ
Ezport9½&ó!�6¥)��§B�/Ã�Ë

„ +:CL�" SPI7Ø.«F �œ�Æ*ìfb�½4Ë2•�•�§�ÀIi9½.«�Ë CPOL=0�ÄCPHA=01²
CPOL=1�ÄCPHA=1

„ P™(»[—#r�Ä4‚f��Ä!5!�Aã�¦ Flash*ô D&�
„ P™(»(©�éKinetis�½6•5L&–�’#ª�½ Ý[T!��j Flash*ô D&�.±+˜

10.1
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10.1.1.3 ��
7
í•

&ÄEzport9½.«�§�½Kinetis �ø�Ö SPI�j6Ö�½�j(²`„ SPI�×6Ö3A4Ò$��€�½.�+¢_u�7$��€
_�2þ�Ö Flash*ô D&�[[eŠ�Å X� 10-2 5ËEzport9½&ó4Ë2•F $��€F +(5�!³X��Å

�V 10-2. Ezport ��
7

��
7 
í• �}
’ �¹�¶�3�« 	b�3�« ”	��3�«

WREN �•�ÆP�? 0x06 0 0 0

WRDI �•�Æ�Ì�¨ 0x04 0 0 0

RDSR ���|��ÿ�7�i�� 0x05 0 0 1

READ Flash ���|”	� 0x03 3 0 1+

FAST_READ Flash �ÚÎ���|”	� 0x0b 3 1 1+

SP Flash ��u�I�ñ 0x02 3 0 8‚ �œ�ñ��u

SE Flash ��u�ˆ�" 0xd8 3 0 0

BE Flash 	v�ˆ�" 0xc7 0 0 0

RESET �¯�Ê�‰�Ë 0xb9 0 0 0

WRFCCOB �•�Æ FCCOB �7�i�� 0xba 0 0 12

FAST_RDFCCOB �ÚÎ���| FCCOB �7�i�� 0xbb 0 1 1‚12

WRFLEXRAM �•�Æ FlexRAM 0xbc 3 0 4

RDFLEXRAM ���| FlexRAM 0xbd 3 0 1+

FAST_RDFLEXRAM �ÚÎ���| FlexRAM 0xbe 3 1 1+

�ÿ
5�3
*óR�7«�ÉF •1+‚ X�HÖSPI�×6Ö#‹�•�j Ezport9½&ó_zN‰
[—#r5�3
�Å�j�œ�Æ*óR�.œ)g�½[—#r&Ì&Ü+¢&Ä[—#r6»e•Q†"D_®
(:�Å_u7Ó�½DÄ�œ�Æ$��€+ÍP™[—#r5��ÆFlash*ô D&��Å

10.1.1.3.1 ��
7�ìT

)� X� 10-2 1ÜHÖ�½Ezport9½&ó[b!ÇF ;k�Æ$��€`™.0.ï�•�œ�Æ$��€*óR�.œ)g�½_u5Ë.Ö!Ò
Y�;Þ�½�ç#ª]{f+#‹_¥F &Ì&Ü*óR��ÄJ�*óR�1²5�3
*óR��Å�§fþ5Ë!�7Ø.«�Å5U2ˆ#“�ÉF 
h�FŠ5Ë#‹_¥h��Å

$��€ [&Ì&Ü][J�*óR� ][ [—#r1²!5!�5�3
*óR� ]

�')��½ WREN $( WRDI �çL�F $��€�afœ#m_•$��€*óR��½O¨!��r$��€#‹P™!�6¥#‹_¥
h��ÅJ�*óR�DÄ�*"Ö!¢6
_¶_».B[—#r�ª/‡_»[—#r4i�ø�Å+•�*/‡_»4i�ø�½(²`„�×6Ö.0.ï
 äI—!��œ�ÆJ�*óR��½!)I—!–6¥4ä5�3
�Å FAST_READ$( FAST_RDFCCOB$��€+Í5Ë
fœY�#m_•J�*óR�F �'*ì�Å
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10.1.1.3.2 ��
7H�½

&š 10-1 $(&š 10-2 5ËREAD $( FAST READ$��€F 5’.+�Å_uah�ã[Z CPOL=1�°
CPHA=1�Å

'�!s   24!Ü)¿)Ï  

3 2 1 0 23  22  21  

7 6 5 4 3 2 1 0 7 

EZPCK  

EZPD  

EZPQ  

 

mghÊ 
7ÿ5ý1  7ÿ5ý2

EXPCS

�m 10-1. READ ��
7H�½

'�!s  24!Ü)¿)Ï  

3 2 1 0 23  22  21  

7 6 5 4 3 2 1 0 

EZPCK  

EZPD  

EZPQ  

 

mghÊ 

7ÿ5ý1  7ÿ5ý2  

7 6 5 4 3 2 1 0 

7 6 5 4 3 2 1 0 

M	-æU�  

EZPCK  

EZPD  

EZPQ  

 

EXPCS

 
EXPCS

�m 10-2. FAST READ ��
7H�½
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10.1.1.4 ��ÿ�7�i��

Ezport9½&ó3l�7�"�œ�ÆBR/•+`*ô&�DÄ�*#i5¼7l�7(©�é_/!– FlashBR/•$(!5!�_w.B7£
/s�Å FS�ÄFLEXRAM $( BEDIS �é!¢!Ç#i5¼ Flash+%!��ÄFlexRAM `éO
�•#f&Ä+%!�
9½.«�§5Ë#Â4Ë2•&ó4‚f��ÅBR/•+`*ô&�#‹!ÅDÄ RDSR$��€[—#r�½�•�[8\7•(©�é_/!–BR
/•�•#f!5!�$��€5Ë#Â+(1¬�Å

�V 10-3. Ezport ��ÿ�7�i��

7 6 5 4 3 2 1 0

FS WEF FLEXRAM BEDIS WEN WIP

10.1.2 �¥�ÂU	è

10.1.2.1 �—�q	õ�¤

#‹+¢�—�ñ SPI�×6Ö_z3A!Ì Ezport9½&ó�•_wWèFlashN²I§�Å6È�'#‹�•��DÄCL6¥
Coldfire&��’�¦F QSPI1² DSPI9½&ó�Å&š 10-3 5ÚHÖ�"MCF5282�¦F QSPI9½&ó�ª
Kinetis �çe•F _z3A�Å_uah�½QSPI_CS1$( QSPI_CS2DÄ�øGPIO�•3C!Ò Kinetis1ç"D
(©�é�ª /EZPCSac7Ó�çe•F 5’.+�Å

 

 

 

MCF5282  

 

 

 

Kinetis  

 
 
QSPI_CS0 

QSPI_DIN 

QSPI_DOUT 

EZPQ 

 

EZPD 

QSPI_CLK EZPCK 

QSPI_CS2 /RSTIN 

/RSTOUT QSPI_CS1 

EZPCS

�m 10-3. MCF5282 �Ð Kinetis ��W�¥	õ�¤

set_to_ezp_modeF HÖ�'�•G•�Ë

// Configure as GPIO pins to monitor RSTOUT pins and assert RCON
MCF5282_GPIO_PQSPAR = 0x0; // GPIO function
MCF5282_GPIO_DDRQS = 0x08; // CS0 as output
MCF5282_GPIO_PORTQS = 0x08; // Drive CS0 HIGH

/* set up wrap register for  a single 8-bit transfer */
MCF5282_QSPI_QWR = MCF5282_QSPI_QWR_CSIV;

P�¨ EzPort ��	v
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/* Enable QSPI Pins */
MCF5282_GPIO_PQSPAR |= 0x7F;

// Configure as GPIO pins to monitor RSTOUT pins and assert RCON
MCF5282_GPIO_PQSPAR = 0x0; // GPIO function
MCF5282_GPIO_DDRQS = 0x28; // CS0 and CS2 as output
MCF5282_GPIO_PORTQS = 0x28; // Drive RCON  HIGH & RSTIN HIGH

MCF5282_GPIO_PORTQS = 0x08; // Drive RCON HIGH & RSTIN LOW

while ((data_in & 0x10))//wait till RSTOUT LOW
{
data_in = MCF5282_GPIO_PORTQSP;
} 

MCF5282_GPIO_PORTQS = 0x20; // Drive RCON LOW & RSTIN HIGH

while (!(data_in & 0x10))//wait till RSTOUT HIGH
{
data_in = MCF5282_GPIO_PORTQSP;
}

//Exiting reset and entering EZPORT mode
MCF5282_GPIO_PORTQS = 0x28; // Drive RCON HIGH again

10.1.2.2 �•�ÆP�?�„�Ì�¨

&ÄEzport9½&ó�É�½#m!–!5!�$��€�¹ SP�ÄSE�ÄBE�ÄWRFCCOB1² WRFLEXRAM�º
�ç!é�½.0 äDÄ WREN $��€��P™BR/•+`*ô&��ÉF WEN �é�Å+(1¬_u�7$��€#ª�½ WEN
�éQ†"D=¡f’�½�§�œ:½#m!–!5!�$��€5’�½.0.ï!):½#m!– WREN$��€�Å

HÖ�'�•G•�Ë

//ezp_wren_cmd
ezp_write_byte(EZPORT_WREN);
while (!(MCF5282_QSPI_QIR & MCF5282_QSPI_QIR_SPIF));
//ezp_wrdi_cmd
ezp_write_byte(EZPORT_WRDI);
while (!(MCF5282_QSPI_QIR & MCF5282_QSPI_QIR_SPIF));

�ÿ
�•�¦�•G•�ã[Z QSPIF �ê�é*óR�#m_•-ŽNk!ÅDÄ
ezp_write_byte+:CL�Å#‹�•/$+U5¯+:CL_u�œY�;Þ.�+¢!�I—8©
!Ì DSPIJå!��r SPI9½&ó�Å

10.1.2.3 ��u�ˆ�"�„�I�ñ

_¶_cSE$��€4‚f� Flash*ô D&�#ª�½SP$��€6œ(¶#‹+• Flash*ô D&�F �œ�Æ1ã"Ö_wWèN²
I§�Å_u�À�Æ$��€F ]�)g&Ì&Ü&ã.05Ë 64 �é+•nì�¹�¥�Æ LSB �Ö 0�º�Å Ezport9½&óN¯*ô ä
3A4ÒFlexRAM/N²I§"<_» RAM �ÉF N²I§5�3
�½!)2�Wè SP$��€�½&|;��½;k:½Y�N²I§
F *óR�5�.05Ë 8 F �©5��½6œ(¶�Ö�œ�Æ1ã"Ö�Å

HÖ�'�•G•�Ë
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set_to_ezp_mode();
ezp_spi_init(0,6,0,0);  /* max permitted clock speed for read */

// 1. Boot-up from reset with EZPORT enabled.      
ezp_wren_cmd();  

// 2. Verify WEN flag is set.   
sr = ezp_rdsr_cmd();
   if (sr != EP_SR_WEN)
{
      printf("Failure in SR value: WEN not set\n");  
error_count++;
}

//3. Sector erase
ezp_se_cmd(sector_addr);
  //Loop till command has completed
   sr = EP_SR_WIP;
// Poll SR  until WIP goes low 
  while ((sr & EP_SR_WIP) == EP_SR_WIP)
sr = ezp_rdsr_cmd();

ezp_wren_cmd();  
//4. Sector program
  ezp_pp_cmd(sector_addr,64, pg_buffer);  
  //Loop till command has completed
   sr = EP_SR_WIP;
// Poll SR  until WIP goes low 
  while ((sr & EP_SR_WIP) == EP_SR_WIP)
sr = ezp_rdsr_cmd();

10.1.2.4 �•�Æ�„���| FCCOB �7�i��

Flash$��€+•[ý+`*ô&�DÍ 12 �Æ+`*ô&�N`1¬�½;k�Æ+`*ô&��Ö1 *óR�+Y�Å_u�7+`*ô&�DÄ
�*+¢2£�€G•$(5�3
#m_•!Ì*ô D3C!Ò&��Å

FCCOB �I�| ��
7�•”�=�¸

0 FCMD��ç�l FTFL ��
7�¥�}
’��

1~3 Flash �¹�¶ [23:0]

4~B ”	��3�« [0:7]

WRFCCOB$��€#‹_¶_c Ezport9½&ó!5!� Flash_¶DÄ$��€+•[ý+`*ô&��½.�2�Wè Flash
 Ý[TF �—�ñ$��€�Å4Ò!Ì 12 *óR�F 5�3
#ª�½ Ezport+¢5�3
!5!� FCCOB+`*ô&��½@Ò#ª
Q†"D#Ë"DFlash!!F $��€�Å

DÄ1Ó#‹!ÅDÄFAST_RDFCCOB$��€[—#r Flash_¶DÄ$��€+•[ý+`*ô&�F !!+U�Å

�ÿ
)�78 WRFCCOB$��€4Ò!ÌF 5�3
�©5Ë 12*óR��½No78+¢5|<q
h 55�Å#‚(²�½&Ä Ezport9½.«�§�½Flash( �* NVM B�;&9½.«�½
+%!�9½.«�§#‹2�WèF $��€�¶#s!Ìeì!Ò�Å

HÖ�'�•G•�Ë
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ezp_wren_cmd();
fccob[0] = 0x06;//program longword command
   fccob[1] = 0x00;//flash address is 0x00040c
  fccob[2] = 0x04;
   fccob[3] = 0x0c;
   fccob[4] = 0xff;//program data is 0xfffffffe
   fccob[5] = 0xff;
   fccob[6] = 0xff;
   fccob[7] = 0xfe;
ezp_wrfccob_cmd(fccob);
//Loop until command has completed
   sr = EP_SR_WIP;
// Poll SR  until WIP goes low 
  while ((sr & EP_SR_WIP) == EP_SR_WIP)
sr = ezp_rdsr_cmd();

10.1.2.5 �•�Æ�„���| FlexRAM

WRFLEXRAM $��€#‹+¢ 4 *óR�5�3
!5!� FlexRAM�Å)�78 FlexRAM `éO
�Ö
EEPROM�½WRFLEXRAM $��€�[#‹6¥4ä&ÌDÄ7�&Ä EEPROM Flash*ô D&��É!·.–5�
3
[L.ñ�Å FlexRAM �éO
F &Ì&Ü.0�Ö 32 �é+•nì�Å)�784Ò!ÌF 5�3
�©5Ë 4 *óR��½;�$�
�€F No78+¢5|<qh 55�Å

RDFLEXRAM $��€DÄ�*�j FlexRAM _p&z5�3
�Å+�_t6¥�œ�Æ/‡_»Aä$��€
FAST_RDFLEXRAM�½#ªO¡"¡#ÇJ�*óR��½6œjt-•�ø_».B�Ö!!`„L—N{5’d;h-C#F �œ
"æ�Å

HÖ�'�•G•�Ë

ezp_wren_cmd();
ezp_wrflexram_cmd(address, buffer);
//Loop till command has completed
   sr = EP_SR_WIP;
// Poll SR  until WIP goes low 
  while ((sr & EP_SR_WIP) == EP_SR_WIP)
sr = ezp_rdsr_cmd();
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�»  11 �c
Flexbus ��	v

P�¨ Flexbus ��	v

11.1.1 �À•

Flexbus5Ë�œ�Æ(¶";P™(²`„/×N[3A#•�½+�F '–6È";P™5Ë3l�7d$+•�j[Z(£F F [[eŠ3A
#•�Å��DÄ Flexbus�½#‹�•&Ä#†fœY�=—"</$+�½D¶Q•5|fœ=—"<h9(²DÑ]‹F 0a!Q�§�½+:CL
�ª.ž;�1²O¡#¨;�[Z(£F F•3A�._z�½;p)��Ë(²`„ ROM�ÄFlash *ô D&��Ä#‹N²I§_×_-&�
�’1²!��rK�"ñF FŠ7£�¹�j�º&��’�Å

11.1.1.1 �e�º

FlexBus3l�7(¶_Z 6 �ÆBˆJgF DÄ1Ó#‹N²I§Aã_¥�}#“(FB_CS[5:0])�½J‹#•�é+Y�Ö 8 �é�Ä
16 �é$( 32 �é�½#‹`éO
�Ö(©DÄ1²fú(©DÄF &Ì&Ü�ª5�3
/×N[�Å#‹`éO
F �¼_/�é+Y�¹ 8
�é�Ä 16 �é�Ä 32 �é�º�Å

+•�*O
�é_¥�ÉF Aã_¥�½3l�7�"#‹N²I§F 5�3
B¹#m5’e•�½B¹#mI�:þ5’e•�½�•#f&Ì&Ü.–
Jg5’e•�Å+•�*O
�é#r=$F Aã_¥�½3l�7�"#‹N²I§F &Ì&Ü�y2•5’e•�Å5�3
F �¼_/5U#�û
5Ë#‹N²I§F �Å

2�+ñ&Ì&Üd•*ô��P™";P™6¥"E�*5|N¹_z3A#¨;�$(.ž;�*ô D[Z(£�Å

11.1.1.2 �+�Ÿ

11.1.1.2.1 �•�|
í•

FB_A[31:0] € &Äfú.±P¶(©DÄ`éO
�§�½_u5Ë&Ì&Ü/×N[�Å

11.1
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FB_AD[31:0] € &Äfú.±P¶(©DÄ9½.«�§�½_u5Ë5�3
/×N[�Å&Ä.±P¶(©DÄ9½.«�§�½
FB_AD[31:0]/×N[�¼_/&Ì&Ü$(5�3
�Å�¼_/5�3
F *óR�_¶_ï5�DÍJ‹#•�é+Y!O+6�Å

FB_CS [5:0] € X�HÖXG_¥�É[Z(£F Aã_¥�}#“�Å.ï�¼_/&Ì&Ü&Ä[•[Z(£F &Ì&ÜJ�e•!!
5’�½B�+6Aã_¥�}#“DÑ.�#t�Ö6¥4ä�Ø�Å3A�§7�F �À.¼X�5ÚHÖ�©#¨.±P¶`éO
3l�7F Aã_¥
�}#“5��Å

FB_BE/BWE[3:0] € �êDÑ.�5’�½X�HÖ6¥5�3
XGd•*ô�½1²O¡5�3
/×N[�¦6¥5�3
&Ä�¼_/�Å

FB_OE € _/!–��P™�}#“5ËDÄ7�#m_•Nu*ô D&�3A#•�•��P™�œ:½5�3
[—#r�ÅFB_OE�a
&Ä.ïXG_¥�É[Z(£F &Ì&Ü$(.ï!é&Ì&Ü�œQ•F [—[[eŠ4i�ø�É�½#t�Ö6¥4ä�Ø�Å

FB_R/W € ( C¢&�j"D;��}#“�•2£HÖ.ï!é/×N[4i�ø�½ 1 X�HÖ[—$�6»�½0 X�HÖ!5$�6»�Å

FB_ALE € ;��}#“DÑ.�#t�Ö6¥4ä�ØX�HÖ&��’-Ž.œ)g/×N[�¼_/�½.��°&Ì&Ü$(�¼_/+ú/Ã
6¥4ä�Å

FB_TSIZ[1:0] € _u�7�}#“�ª FB_TBST�œ]�X�HÖ.ï!é/×N[4i�øF 5�3
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Flexbus
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�m 11-4. H�Ò�m

11.1.1.3 �¥�ÂU	è

6È�'�É�½ FlexBus_z3A!Ì TWR-MEM 7�F MRAM *ô D&��Å

11.1.1.3.1 �}
’U	è�„�³d

&š 11-4 5ÚHÖ�jMCGOUTCLK SS/3F FlexBus#^OŸ5’d;�Å_��’fœY�`éO
�œ�ÆIÏ+6F 
5’d;�Å6È�'`éO
 96 MHzF !!7Ôh-C#�Å

HÖ�'�•G•�Ë

/* Code Snippet */
int MRAM_START_ADDRESS = 0x60000000;
    uint8 wdata8 = 0x00;
    uint8 rdata8 = 0x00;
    uint16 wdata16 = 0x00;
    uint16 rdata16 = 0x00;
    uint32 wdata32 = 0x00;
    uint32 rdata32 = 0x00;

/* Set Base address */
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 FB_CSAR0 = MRAM_START_ADDRESS ;
 

/* Enable CS signal */
 FB_CSMR0 |= FB_CSMR_V_MASK;
 
 FB_CSCR0 |=   FB_CSCR_BLS_MASK    // right justified mode
              | FB_CSCR_PS(1)      // 8-bit port
              | FB_CSCR_AA_MASK    // auto-acknowledge
              | FB_CSCR_ASET(0x1)  // assert chip select on second clock edge after address 
is asserted
             // | FB_CSCR_WS(0x1)  // 1 wait state - may need a wait state depending on the 
bus speed 
              ;

/* Set base address mask for 512 KB address space */
  FB_CSMR0 |= FB_CSMR_BAM(0x7);

 /* Set BE0/1 to MRAM */
 FB_CSPMCR |= 0x02200000;

/* Reference clock divided by 3 */
SIM_CLKDIV1 &= ~SIM_CLKDIV1_OUTDIV3(0xF);
SIM_CLKDIV1 |= SIM_CLKDIV1_OUTDIV3(0x3);

  /* Configure the pins needed to FlexBus Function (Alt 5) */
  /* this example uses low drive strength settings         */
  //address/Data
  PORTA_PCR7=PORT_PCR_MUX(5);           //fb_ad[18]
  PORTA_PCR8=PORT_PCR_MUX(5);           //fb_ad[17]
  PORTA_PCR9=PORT_PCR_MUX(5);           //fb_ad[16]
  PORTA_PCR10=PORT_PCR_MUX(5);          //fb_ad[15]
  PORTA_PCR24=PORT_PCR_MUX(5);          //fb_ad[14]
  PORTA_PCR25=PORT_PCR_MUX(5);          //fb_ad[13]
  PORTA_PCR26=PORT_PCR_MUX(5);          //fb_ad[12]
  PORTA_PCR27=PORT_PCR_MUX(5);          //fb_ad[11]
  PORTA_PCR28=PORT_PCR_MUX(5);          //fb_ad[10]
  PORTD_PCR10=PORT_PCR_MUX(5);          //fb_ad[9]
  PORTD_PCR11=PORT_PCR_MUX(5);          //fb_ad[8]
  PORTD_PCR12=PORT_PCR_MUX(5);          //fb_ad[7]
  PORTD_PCR13=PORT_PCR_MUX(5);          //fb_ad[6]
  PORTD_PCR14=PORT_PCR_MUX(5);          //fb_ad[5]
  PORTE_PCR8=PORT_PCR_MUX(5);           //fb_ad[4]
  PORTE_PCR9=PORT_PCR_MUX(5);           //fb_ad[3]
  PORTE_PCR10=PORT_PCR_MUX(5);          //fb_ad[2]
  PORTE_PCR11=PORT_PCR_MUX(5);          //fb_ad[1]
  PORTE_PCR12=PORT_PCR_MUX(5);          //fb_ad[0]
  //control signals
  PORTA_PCR11=PORT_PCR_MUX(5);          //fb_oe_b
  PORTD_PCR15=PORT_PCR_MUX(5);          //fb_rw_b
  PORTE_PCR7=PORT_PCR_MUX(5);           //fb_cs0_b
  PORTE_PCR6=PORT_PCR_MUX(5);           //fb_ale 

/* 8 bit write */ 
*(vuint8*)(MRAM_START_ADDRESS + n) = 0xAC;         // n=offset 
/* 8 bit read */
rdata8=(*(vuint8*)(&MRAM_START_ADDRESS + n));      // n = offset

/* 16 bit write */ 
*(vuint16*)(MRAM_START_ADDRESS + n) = 0x1234;      // n=offset 
/* 16 bit read */
rdata16=(*(vuint16*)(&MRAM_START_ADDRESS + n));     // n = offset

/* 32 bit write */ 
*(vuint32*)(MRAM_START_ADDRESS + n) = 0x87654321;   // n = offset 
/* 32 bit read */
rdata32=(*(vuint32*)(&MRAM_START_ADDRESS + n));     // n = offset
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�»  12 �c
�Y�¨�s�„l�? (UART)��	v

12.1 �À•
KinetisL—!³&��’F UART 9½&ó4Ë2•�ª(²[Z1²!��r CPU_wWè.ž;�!�#h-•�ÎWè_¶�}�Å
UART 9½&ó6¥�¥Ii�×Y�-•�ø9½.«�Ë UART�ÄIrDA $( ISO-78169½.«�Å

�•�§`„!¢[D[V UART F B�/Ã�•#f&Ä UART 9½.«�§)��ñ��DÄ UART�Å6•!��ï7�[•�½�§
fþ+¢[•5ª)��ñ2& UART DÄ�øRS-232�ÎWè_¶�}J‹#•�Å6¥!� UART 9½&óF [‚Nb�}0��½
"¡2ˆ1Ü6¥B�/Ã$(-•�ø9½.«�½[“#^e¡B�+6&��’F #^OŸ1ç!(�Å

12.2 �+�Ÿ
UART 3l�7F B�/ÃN`#¤&| UART O¨.ž�Å1Ü6¥UART `™3l�7'–6È UART ";P™�½�â[•
9½&óF 5’d;>,$(4Ò#mFIFO(Ã+«!µ�©#¨�Å�§X�!³!–�"�©#¨ UART 9½&ó+:�'F UART
B�/Ã�Å

�V 12-1. Kinetis �¥ UART L
	è
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12.3 �¥�ÂU	è
�•�§`„!¢�gNi�œ�Æ+¢ UART DÄ�øRS-232_¶�}J‹#•_z3A!Ì 8-N-1 PCNdJ‹F _��’HÖ
�'�Å[•_��’!¢�Ö!¹)g"²�Ä#m_•$(3A4Ò�¥`„!¢�ÅHÖ�'�•K�"ñ_
[~`éO
��DÄ UART�½�©
_c5#�É[D[V�")��ñ&Ä�É5I9½.«�§��DÄ UART�½1²`é#¤ DMA ��DÄ�•-Ê"E!k_� CPU\»
2a�Å

12.3.1 UART ��S�ÄU	è

�§fþF !¹)g"²�•G•#‹�•�� UART `éO
1¬ 8-N-19½.«�¹ 8 �Æ5�3
�é�Ä5|(ã �7½j(�Ä 1
�Æ�ø:þ�é�º.�I�:þ�É5I$(H��’<Ýak3C!Ò�Å  �¼_®Nu[•!™5�F #^5�5ËY�!¹)g"²F UART
_¶_ï(uartch)�ÄDÄ�* UART F 9½&ó5’d;h-C#�¹"ñ�é�Ö kHz�½sysclk�º�•#f_¶�}1ÜfœF 
<~B�C#(baud)�Å

�ÿ
UART 9½&óF .±P¶5Ë(¶]‹(©DÄF �½&|;��§fþF !¹)g"²!™5��©
G•_ïY���P™$†�7 UART .±P¶�Å 1ÜfœF UART .±P¶.0&Ä[ŸDÄ
;�!¹)g"²!™5��ç!é��P™�Å

void uart_init (UART_MemMapPtr uartch, int sysclk, int baud)
{
    register uint16 ubd, brfa;
    uint8 temp;
    
    /* Enable the clock to the selected UART */    
    if(uartch == UART0_BASE_PTR)
        SIM_SCGC4 |= SIM_SCGC4_UART0_MASK;
    else
        if (uartch == UART1_BASE_PTR)
            SIM_SCGC4 |= SIM_SCGC4_UART1_MASK;
        else
            if (uartch == UART2_BASE_PTR)
                SIM_SCGC4 |= SIM_SCGC4_UART2_MASK;
            else
                if(uartch == UART3_BASE_PTR)
                    SIM_SCGC4 |= SIM_SCGC4_UART3_MASK;
                else
                    if(uartch == UART4_BASE_PTR)
                        SIM_SCGC1 |= SIM_SCGC1_UART4_MASK;
                    else
                        SIM_SCGC1 |= SIM_SCGC1_UART5_MASK;
                                
    /* Make sure that the transmitter and receiver are disabled while we 
     * change settings.
     */
    UART_C2_REG(uartch) &= ~(UART_C2_TE_MASK | UART_C2_RE_MASK );

    /* Configure the UART for 8-bit mode, no parity */
    /* We need all default settings, so entire register is cleared */
    UART_C1_REG(uartch) = 0;
    
    /* Calculate baud settings */
    ubd = (uint16)((sysclk*1000)/(baud * 16));
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    /* Save off the current value of the UARTx_BDH except for the SBR */
    temp = UART_BDH_REG(uartch) & ~(UART_BDH_SBR(0x1F));
    
    UART_BDH_REG(uartch) = temp |  UART_BDH_SBR(((ubd & 0x1F00) >> 8));
    UART_BDL_REG(uartch) = (uint8)(ubd & UART_BDL_SBR_MASK);
    
    /* Determine if a fractional divider is needed to get closer to the baud rate */
    brfa = (((sysclk*32000)/(baud * 16)) - (ubd * 32));
    
    /* Save off the current value of the UARTx_C4 register except for the BRFA */
    temp = UART_C4_REG(uartch) & ~(UART_C4_BRFA(0x1F));
    
    UART_C4_REG(uartch) = temp |  UART_C4_BRFA(brfa);    

    /* Enable receiver and transmitter */
    UART_C2_REG(uartch) |= (UART_C2_TE_MASK | UART_C2_RE_MASK );
}

�¦_Œ!¹)g"²#‹K�"²�Ö�•�§!|;��Ë
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2. ��P™UART 9½&óF 5’d;�Å
3. I�DÄ#m_•&�$(3A4Ò&��Å 2�Wè;�;�j@F FŠF 5ËH
�y UART &Ä`éO
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4. +¢UART 3C!Ò+`*ô&�`éO
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�—�ñ UART +`*ô&��¹nt[@+`*ô&�[ZO
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12.3.2 UART �¤lU	è
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char uart_getchar (UART_MemMapPtr channel)
{
    /* Wait until character has been received */
    while (!(UART_S1_REG(channel) & UART_S1_RDRF_MASK));
    
    /* Return the 8-bit data from the receiver */
    return UART_D_REG(channel);
}

_u5Ë�œ�Æ_
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int uart_getchar_present (UART_MemMapPtr channel)
{
    return (UART_S1_REG(channel) & UART_S1_RDRF_MASK);
}

12.3.3 UART �?ÂU	è

�§fþF !™5�+:CL�"K�"ñ_
[~ UART #m_•";P™�Å�¼_®Nu;�!™5�F #^5�5ËDÄ�*#m_•F 
UART _¶_ï(uartch)$(Y�#m_•F *óJÂ(ch)�Å

void uart_putchar (UART_MemMapPtr channel, char ch)
{
    /* Wait until space is available in the FIFO */
    while(!(UART_S1_REG(channel) & UART_S1_TDRE_MASK));
    
    /* Send the character */
    UART_D_REG(channel) = (uint8)ch;
 }
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 ENET3A#•1ÜfœF �œL—!³;�j@�Å
1. ��P™ENET5’d;.�I�DÄ MPU
2. �•�ê*óR�h�.+ (little endian)̀éO
N¯!N3k_Œ(BD)
3. (©�é MAC 3C!Ò&�
4. `éO
.±P¶�Ö MII 1² RMII 9½.«
5. =¡f�.�#r=$+ëTÙ ENET xmit�Ärx $(dµ[‹�É5I�Å[ZO
�É5INC!Ç$(�´ äNC
6. �j PHY SS/3NíNx_».B$(#h-•�}0��½@Ò#ª`éO
F”.0F ENET#^5�
7. `éO
 MAC &Ì&Ü4Ë2•4ÿ!³
8. +¢MAC-ENET 2£# xmit $( Rx BD�Å`éO
6œ(Ã5�3
"¡(Ã+«
9. #Ë"DMAC-ENET 3C!Ò&�

10. [ZO
 ENET !b(£3A4Ò

HÖ�'�•G•�Ë

/* Buffer Descriptor Format */
#ifdef ENHANCED_BD
  typedef struct
  {
  uint16_t status;     /* control and status */
  uint16_t length;     /* transfer length */
  uint8_t  *data;      /* buffer address */
  uint32_t ebd_status;
  uint16_t length_proto_type;
  uint16_t payload_checksum;
  uint32_t bdu;
  uint32_t timestamp;
  uint32_t reserverd_word1;
  uint32_t reserverd_word2;
  } NBUF;
#else
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  typedef struct
  {
  uint16_t status;  /* control and status */
  uint16_t length;  /* transfer length */
  uint8_t  *data;   /* buffer address */
  } NBUF;
#endif /* ENHANCED_BD */

static void enet_init()
{
int usData;
const unsigned portCHAR ucMACAddress[6] = 
{
  configMAC_ADDR0, 
configMAC_ADDR1,configMAC_ADDR2,configMAC_ADDR3,configMAC_ADDR4,configMAC_ADDR5
}; 
  
  /* Enable the ENET clock. */
  SIM_SCGC2 |= SIM_SCGC2_ENET_MASK;

  /*FSL: allow concurrent access to MPU controller. Example: ENET uDMA to SRAM, otherwise 
bus error*/
  MPU_CESR = 0;         
        
  prvInitialiseENETBuffers();
  
  /* Set the Reset bit and clear the Enable bit */
  ENET_ECR = ENET_ECR_RESET_MASK;

  /* Wait at least 8 clock cycles */
  for( usData = 0; usData < 10; usData++ )
  {
  asm( "NOP" );
  }
    
  /*FSL: start MII interface*/
  mii_init(0, periph_clk_khz/1000/*MHz*/);       
        
  //enet_interrupt_routine
  set_irq_priority (76, 6);
  enable_irq(76);//ENET xmit interrupt
  //enet_interrupt_routine
  set_irq_priority (77, 6);
  enable_irq(77);//ENET rx interrupt
  //enet_interrupt_routine
  set_irq_priority (78, 6);
  enable_irq(78);//ENET error and misc interrupts       
        
  /*
   * Make sure the external interface signals are enabled
   */
  PORTB_PCR0  = PORT_PCR_MUX(4);//GPIO;//RMII0_MDIO/MII0_MDIO
  PORTB_PCR1  = PORT_PCR_MUX(4);//GPIO;//RMII0_MDC/MII0_MDC    

#if configUSE_MII_MODE
  PORTA_PCR14 = PORT_PCR_MUX(4);//RMII0_CRS_DV/MII0_RXDV
  PORTA_PCR5  = PORT_PCR_MUX(4);//RMII0_RXER/MII0_RXER
  PORTA_PCR12 = PORT_PCR_MUX(4);//RMII0_RXD1/MII0_RXD1
  PORTA_PCR13 = PORT_PCR_MUX(4);//RMII0_RXD0/MII0_RXD0
  PORTA_PCR15 = PORT_PCR_MUX(4);//RMII0_TXEN/MII0_TXEN
  PORTA_PCR16 = PORT_PCR_MUX(4);//RMII0_TXD0/MII0_TXD0
  PORTA_PCR17 = PORT_PCR_MUX(4);//RMII0_TXD1/MII0_TXD1
  PORTA_PCR11 = PORT_PCR_MUX(4);//MII0_RXCLK
  PORTA_PCR25 = PORT_PCR_MUX(4);//MII0_TXCLK
  PORTA_PCR9  = PORT_PCR_MUX(4);//MII0_RXD3
  PORTA_PCR10 = PORT_PCR_MUX(4);//MII0_RXD2  
  PORTA_PCR28 = PORT_PCR_MUX(4);//MII0_TXER
  PORTA_PCR24 = PORT_PCR_MUX(4);//MII0_TXD2
  PORTA_PCR26 = PORT_PCR_MUX(4);//MII0_TXD3
  PORTA_PCR27 = PORT_PCR_MUX(4);//MII0_CRS
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  PORTA_PCR29 = PORT_PCR_MUX(4);//MII0_COL
#else
  PORTA_PCR14 = PORT_PCR_MUX(4);//RMII0_CRS_DV/MII0_RXDV
  PORTA_PCR5  = PORT_PCR_MUX(4);//RMII0_RXER/MII0_RXER
  PORTA_PCR12 = PORT_PCR_MUX(4);//RMII0_RXD1/MII0_RXD1
  PORTA_PCR13 = PORT_PCR_MUX(4);//RMII0_RXD0/MII0_RXD0
  PORTA_PCR15 = PORT_PCR_MUX(4);//RMII0_TXEN/MII0_TXEN
  PORTA_PCR16 = PORT_PCR_MUX(4);//RMII0_TXD0/MII0_TXD0
  PORTA_PCR17 = PORT_PCR_MUX(4);//RMII0_TXD1/MII0_TXD1
#endif   
    
  /* Can we talk to the PHY? */
  do
  {
    RTOS_DELAY( netifLINK_DELAY );
    usData = 0xffff;
    mii_read( 0, configPHY_ADDRESS, PHY_PHYIDR1, &usData );
        
  } while( usData == 0xffff );

  /* Start auto negotiate. */
  mii_write( 0, configPHY_ADDRESS, PHY_BMCR, ( PHY_BMCR_AN_RESTART | PHY_BMCR_AN_ENABLE ) );

  /* Wait for auto negotiate to complete. */
  do
  {
    RTOS_DELAY( netifLINK_DELAY );
    mii_read( 0, configPHY_ADDRESS, PHY_BMSR, &usData );

  } while( !( usData & PHY_BMSR_AN_COMPLETE ) );

  /* When we get here we have a link - find out what has been negotiated. */
  usData = 0;
  mii_read( 0, configPHY_ADDRESS, PHY_STATUS, &usData );  

  /* Clear the Individual and Group Address Hash registers */
  ENET_IALR = 0;
  ENET_IAUR = 0;
  ENET_GALR = 0;
  ENET_GAUR = 0;
  
  /* Set the Physical Address for the selected ENET */
  enet_set_address( 0, ucMACAddress );
        
#if configUSE_MII_MODE        
  /* Various mode/status setup. */
  ENET_RCR = ENET_RCR_MAX_FL(configENET_RX_BUFFER_SIZE) | ENET_RCR_MII_MODE_MASK | 
ENET_RCR_CRCFWD_MASK;
#else
  ENET_RCR = ENET_RCR_MAX_FL(configENET_RX_BUFFER_SIZE) | ENET_RCR_MII_MODE_MASK | 
ENET_RCR_CRCFWD_MASK | ENET_RCR_RMII_MODE_MASK;
#endif

  /*FSL: clear rx/tx control registers*/
  ENET_TCR = 0;
        
  /* Setup half or full duplex. */
  if( usData & PHY_DUPLEX_STATUS )
  {
    /*Full duplex*/
    ENET_RCR &= (unsigned portLONG)~ENET_RCR_DRT_MASK;
    ENET_TCR |= ENET_TCR_FDEN_MASK;
  }
  else
  {
    /*half duplex*/
    ENET_RCR |= ENET_RCR_DRT_MASK;
    ENET_TCR &= (unsigned portLONG)~ENET_TCR_FDEN_MASK;
  }
  /* Setup speed */
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  if( usData & PHY_SPEED_STATUS )
  {
    /*10Mbps*/
    ENET_RCR |= ENET_RCR_RMII_10T_MASK;
  }

  #if( configUSE_PROMISCUOUS_MODE == 1 )
  {
    ENET_RCR |= ENET_RCR_PROM_MASK;
  }
  #endif

  #ifdef ENHANCED_BD
    ENET_ECR = ENET_ECR_EN1588_MASK;
  #else
    ENET_ECR = 0;
  #endif
  
  /* Set Rx Buffer Size */
  ENET_MRBR = (unsigned portSHORT) configENET_RX_BUFFER_SIZE;

  /* Point to the start of the circular Rx buffer descriptor queue */
  ENET_RDSR = ( unsigned portLONG ) &( xENETRxDescriptors[ 0 ] );

  /* Point to the start of the circular Tx buffer descriptor queue */
  ENET_TDSR = ( unsigned portLONG ) xENETTxDescriptors;

  /* Clear all ENET interrupt events */
  ENET_EIR = ( unsigned portLONG ) -1;

  /* Enable interrupts */
  ENET_EIMR = ENET_EIR_TXF_MASK | ENET_EIMR_RXF_MASK | ENET_EIMR_RXB_MASK | 
ENET_EIMR_UN_MASK | ENET_EIMR_RL_MASK | ENET_EIMR_LC_MASK | ENET_EIMR_BABT_MASK | 
ENET_EIMR_BABR_MASK | ENET_EIMR_EBERR_MASK;

  /* Create the task that handles the MAC ENET RX */
  /* RTOS + TCP/IP stack dependent */
  
  /* Enable the MAC itself. */
  ENET_ECR |= ENET_ECR_ETHEREN_MASK;

  /* Indicate that there have been empty receive buffers produced */
  ENET_RDAR = ENET_RDAR_RDAR_MASK;
}
static void prvInitialiseENETBuffers( void )
{
unsigned portBASE_TYPE ux;
unsigned char *pcBufPointer;

  pcBufPointer = &( xENETTxDescriptors_unaligned[ 0 ] );
  while( ( ( unsigned long ) pcBufPointer & 0x0fUL ) != 0 )
  {
    pcBufPointer++;
  }
  
  xENETTxDescriptors = ( NBUF * ) pcBufPointer;
  
  pcBufPointer = &( xENETRxDescriptors_unaligned[ 0 ] );
  while( ( ( unsigned long ) pcBufPointer & 0x0fUL ) != 0 )
  {
    pcBufPointer++;
  }
  
  xENETRxDescriptors = ( NBUF * ) pcBufPointer;

  /* Setup the buffers and descriptors. */
  pcBufPointer = &( ucENETTxBuffers[ 0 ] );
  while( ( ( unsigned long ) pcBufPointer & 0x0fUL ) != 0 )
  {
    pcBufPointer++;
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  }

  for( ux = 0; ux < configNUM_ENET_TX_BUFFERS; ux++ )
  {
    xENETTxDescriptors[ ux ].status = TX_BD_TC;
    #ifdef NBUF_LITTLE_ENDIAN
    xENETTxDescriptors[ ux ].data = (uint8_t *)__REV((uint32_t)pcBufPointer);
    #else
    xENETTxDescriptors[ ux ].data = pcBufPointer;
    #endif
    pcBufPointer += configENET_TX_BUFFER_SIZE;
    xENETTxDescriptors[ ux ].length = 0;
    #ifdef ENHANCED_BD
    xENETTxDescriptors[ ux ].ebd_status = TX_BD_IINS | TX_BD_PINS;
    #endif
  }

  pcBufPointer = &( ucENETRxBuffers[ 0 ] );
  while( ( ( unsigned long ) pcBufPointer & 0x0fUL ) != 0 )
  {
    pcBufPointer++;
  }
  
  for( ux = 0; ux < configNUM_ENET_RX_BUFFERS; ux++ )
  {
      xENETRxDescriptors[ ux ].status = RX_BD_E;
      xENETRxDescriptors[ ux ].length = 0;
      #ifdef NBUF_LITTLE_ENDIAN
      xENETRxDescriptors[ ux ].data = (uint8_t *)__REV((uint32_t)pcBufPointer);
      #else
      xENETRxDescriptors[ ux ].data = pcBufPointer;
      #endif
      pcBufPointer += configENET_RX_BUFFER_SIZE;
      #ifdef ENHANCED_BD
      xENETRxDescriptors[ ux ].bdu = 0x00000000;
      xENETRxDescriptors[ ux ].ebd_status = RX_BD_INT;
      #endif    
  }

  /* Set the wrap bit in the last descriptors to form a ring. */
  xENETTxDescriptors[ configNUM_ENET_TX_BUFFERS - 1 ].status |= TX_BD_W;
  xENETRxDescriptors[ configNUM_ENET_RX_BUFFERS - 1 ].status |= RX_BD_W;

  uxNextRxBuffer = 0;
  uxNextTxBuffer = 0;
}

13.3 PHY �5	Ø�¤	g
PHY K=C¢3A#•5Ë�ªPHY 3C!Ò/BR/•+`*ô&�_¶�}F _°/ �½DÄ�*3k_ŒNíNx�Å MAC-NET
�ª PHY �çe•F _¶�}DÍ 2 �Æ�}#“+:CL�Ë

„ �œ�Æ5’d;�}#“�½+��j PHY F ENET3A#•�CD»�Å5’d;h-C#�©P™(Ã�*2.5 MHz�½#s
+`*ô&� ENET_MSCR[MII_SPEED]!¢h-&�3C!Ò�½#ªO¡��DÄ(²[Z5’d;�ø�Ö#^OŸ�Å

„ �œ�Æ#h#�}#“�½DÄ�*4Ò#mPHY F 5�3
�Å

13.3.1 �}
’U	è�„�³d

�§fþF HÖ�'�•G•#‹#Ë"D PHY K=C¢3A#•�½�jO¨#Ë"D�j PHY !ÌNíNxF Q†"D"ë$â_cI§�Å
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void
enet_start_mii(void)
{
  PORTB_PCR0  = PORT_PCR_MUX(4);//GPIO;//RMII0_MDIO/MII0_MDIO
  PORTB_PCR1  = PORT_PCR_MUX(4);//GPIO;//RMII0_MDC/MII0_MDC    

/*FSL: start MII interface*/
  mii_init(0, periph_clk_khz/1000/*MHz*/); 

  /* Can we talk to the PHY? */
  do
  {
    vTaskDelay( netifLINK_DELAY );
    usData = 0xffff;
    mii_read( 0, configPHY_ADDRESS, PHY_PHYIDR1, &usData );
        
  } while( usData == 0xffff );

  /* Start auto negotiate. */
  mii_write( 0, configPHY_ADDRESS, PHY_BMCR, ( PHY_BMCR_AN_RESTART | PHY_BMCR_AN_ENABLE ) );
}

void
mii_init(int ch, int sys_clk_mhz)
{
    ENET_MSCR/*(ch)*/ = 0
#ifdef TSIEVB/*TSI EVB requires a longer hold time than default 10 ns*/
                      | ENET_MSCR_HOLDTIME(2) 
#endif                      
                      | ENET_MSCR_MII_SPEED((2*sys_clk_mhz/5)+1)
                      ;
}

int 
mii_write(int ch, int phy_addr, int reg_addr, int data)
{
int timeout;

/* Clear the MII interrupt bit */
ENET_EIR/*(ch)*/ = ENET_EIR_MII_MASK;

/* Initiatate the MII Management write */
ENET_MMFR/*(ch)*/ = 0
| ENET_MMFR_ST(0x01)
| ENET_MMFR_OP(0x01)
| ENET_MMFR_PA(phy_addr)
| ENET_MMFR_RA(reg_addr)
| ENET_MMFR_TA(0x02)
| ENET_MMFR_DATA(data);

/* Poll for the MII interrupt (interrupt should be masked) */
        for (timeout = 0; timeout < MII_TIMEOUT; timeout++)
{
if (ENET_EIR/*(ch)*/ & ENET_EIR_MII_MASK)
break;
}

if(timeout == MII_TIMEOUT) 
return 1;

/* Clear the MII interrupt bit */
ENET_EIR/*(ch)*/ = ENET_EIR_MII_MASK;

return 0;
}
/********************************************************************/
int 
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mii_read(int ch, int phy_addr, int reg_addr, int *data)
{
int timeout;

/* Clear the MII interrupt bit */
ENET_EIR/*(ch)*/ = ENET_EIR_MII_MASK;

/* Initiatate the MII Management read */
ENET_MMFR/*(ch)*/ = 0
| ENET_MMFR_ST(0x01)
| ENET_MMFR_OP(0x2)
| ENET_MMFR_PA(phy_addr)
| ENET_MMFR_RA(reg_addr)
| ENET_MMFR_TA(0x02);

/* Poll for the MII interrupt (interrupt should be masked) */
for (timeout = 0; timeout < MII_TIMEOUT; timeout++)
{
if (ENET_EIR/*(ch)*/ & ENET_EIR_MII_MASK)
break;
}
    
if(timeout == MII_TIMEOUT) 
return 1;

/* Clear the MII interrupt bit */
ENET_EIR/*(ch)*/ = ENET_EIR_MII_MASK;

*data = ENET_MMFR/*(ch)*/ & 0x0000FFFF;

return 0;
}

13.4 MII ��T
*.�ïBˆJg3A#• (MII) 5Ë�œIi`éO
9½.«�½fœY���DÄ18 �Æ�}#“7��ª_¶DÄ PHY _¶�}�Å MII
F -•�øh-C#5Ë 25 MHz�Å#¨;��}#“5Ë�•(ÆNí PHY 3l�7F MII (²`„�}#“F �œ`„!¢�Å

13.4.1 �}
’U	è�„�³d

�•�§HÖ�'�•G•5ÚHÖ�" MAC-NET 3C!Ò&�`éO
�ÖMII 9½.«1ÜfœF +`*ô&��Å

PORTA_PCR14 = PORT_PCR_MUX(4);//RMII0_CRS_DV/MII0_RXDV
  PORTA_PCR5  = PORT_PCR_MUX(4);//RMII0_RXER/MII0_RXER
  PORTA_PCR12 = PORT_PCR_MUX(4);//RMII0_RXD1/MII0_RXD1
  PORTA_PCR13 = PORT_PCR_MUX(4);//RMII0_RXD0/MII0_RXD0
  PORTA_PCR15 = PORT_PCR_MUX(4);//RMII0_TXEN/MII0_TXEN
  PORTA_PCR16 = PORT_PCR_MUX(4);//RMII0_TXD0/MII0_TXD0
  PORTA_PCR17 = PORT_PCR_MUX(4);//RMII0_TXD1/MII0_TXD1
  PORTA_PCR11 = PORT_PCR_MUX(4);//MII0_RXCLK
  PORTA_PCR25 = PORT_PCR_MUX(4);//MII0_TXCLK
  PORTA_PCR9  = PORT_PCR_MUX(4);//MII0_RXD3
  PORTA_PCR10 = PORT_PCR_MUX(4);//MII0_RXD2  
  PORTA_PCR28 = PORT_PCR_MUX(4);//MII0_TXER
  PORTA_PCR24 = PORT_PCR_MUX(4);//MII0_TXD2
  PORTA_PCR26 = PORT_PCR_MUX(4);//MII0_TXD3
  PORTA_PCR27 = PORT_PCR_MUX(4);//MII0_CRS
  PORTA_PCR29 = PORT_PCR_MUX(4);//MII0_COL
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  ENET_RCR = ENET_RCR_MAX_FL(configENET_RX_BUFFER_SIZE) | ENET_RCR_MII_MODE_MASK | 
ENET_RCR_CRCFWD_MASK;

13.4.1.1 �—�qL�C

�§&š5ÚHÖ�"MII 9½.«�§�j MAC-NET .±P¶!Ì_¶DÄ�•(ÆNí PHY 1ÜfœF _z3A�Å

&ÄMII 9½.«�§�½Rx $( Tx !¢!Ç�ª MII0_RXCLK $( MII0_TXCLK #¨;��Å MAC-NET
+• PHY !Ì MII/RMII 3A#•F #¨;�5|!��rY�;Þ�Å1Ü6¥DÑ;°Y�;Þ/ah�`�/F PHY 5�3
1ç
!(�Å

MDC

X0

MII0_MDC/RMII0_MDC
MDIO

RXD[3:2]

RXERR
RXCLK
RXDV/CRSDV*
RXD[1:0]

TXCLK

CRS*
TXD[1:0]
TXD[3:2]
TXEN

COL
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Rx
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N0F•

RX‚
RX+

RSTINT XI VDD GND

TX‚
TX+

0}$•
Tx

T‚
LED

N/C
RSTIN
1¤S©

N/C
25MHz
5¾Uð(÷

2

MII0_RXDV/RMII0_CRS_DV

MII0_MDIO/RMII0_MDIO

MII0_RXD[1:0]/RMII0_RXD[1:0]

MII0_RXER/RMII0_RXER

MII0_TXEN/RMII0_TXEN

MII0_TXD[1:0]/RMII0_TXD[1:0]

Kinetis MII/RMII
64&r�ö17 ¹"p&†

2

2
2

MII0_RXD[3:2]

MII0_RXCLK

MII0_TXCLK

MII0_TXD[3:2]

MII0_CRS
MII0_COL

�m 13-3. MII 	õ�¤

�ÿ
•* ‚ X�HÖ+•�*# B�+6�•(ÆNí PHY !Ò_¼$â/ah�ac#rF B�!Ç3F
5Y�ÅCRSDV";P™#‹�•�é�*�—�œ.±P¶�Å

�ÿ
6È�'�©fœY� TXER �}#“�½&|;�#†6¥ 17 �Æ�}#“�½O¨fú 18 �Æ�Å

13.5 RMII ��T
K�"²*.�ïBˆJg3A#• (RMII)5Ë�œIi`éO
9½.«�½fœY���DÄ9 �Æ�}#“7��ª_¶DÄ PHY _¶�}�Å
RMII -•�øh-C#�Ö 50 MHz�½PHY �ª ENET RMII 3A#•5’d;_/!� (EXTAL)/ah�#¨;��Å
7Õ3
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„ PHY 5’d;_/!�
„ PHY 5’d;_/!–�¹)�6¥3l�7�º

13.5.1 �}
’U	è�„�³d

�•�§HÖ�'�•G•5ÚHÖ�" MAC-NET 3C!Ò&�`éO
�ÖRMII 9½.«1ÜfœF +`*ô&��Å

HÖ�'�•G•�Ë

  PORTA_PCR14 = PORT_PCR_MUX(4);//RMII0_CRS_DV/MII0_RXDV
  PORTA_PCR5  = PORT_PCR_MUX(4);//RMII0_RXER/MII0_RXER
  PORTA_PCR12 = PORT_PCR_MUX(4);//RMII0_RXD1/MII0_RXD1
  PORTA_PCR13 = PORT_PCR_MUX(4);//RMII0_RXD0/MII0_RXD0
  PORTA_PCR15 = PORT_PCR_MUX(4);//RMII0_TXEN/MII0_TXEN
  PORTA_PCR16 = PORT_PCR_MUX(4);//RMII0_TXD0/MII0_TXD0
  PORTA_PCR17 = PORT_PCR_MUX(4);//RMII0_TXD1/MII0_TXD1

  ENET_RCR = ENET_RCR_MAX_FL(configENET_RX_BUFFER_SIZE) | ENET_RCR_MII_MODE_MASK | 
ENET_RCR_CRCFWD_MASK | ENET_RCR_RMII_MODE_MASK;

13.5.1.1 �—�qL�C

�•�§�À-á&š5ÚHÖ�" RMII 9½.«�§�j MAC-NET .±P¶!Ì�—�ñ_¶DÄ�•(ÆNí PHY 1ÜfœF 
_z3A�Å
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MII0_TXD[1:0]/RMII0_TXD[1:0]
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RMII0_CRS_DV_z3A!Ì CRS/CRSDV�Å;�( H��’[Z[=fœY�7Õ3
1ÜDÄF !��ï PHY�½�ö
!��ï!¢7,�Å

MDC

X0

MII0_MDC/RMII0_MDC
MDIO

RXD[3:2]

RXERR
RXCLK
RXDV*
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TXCLK
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MII0_TXD[1:0]/RMII0_TXD[1:0]
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64&r�ö9 ¹"p&†

2

MII0_RXDV/RMII0_CRS_DV

�m 13-5. RMII ��T	õ�¤U	è 2

�ÿ
•* ‚ X�HÖ+•�*# B�+6�•(ÆNí PHY !Ò_¼$â/ah�ac#rF B�!Ç3F
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13.6 PCB !�9�y�p
ENET3A#•�}#“F -•�øh-C#�Ö 251² 50 MHz�Å/ah�`�+$[Z[=#;!µ�Å

13.6.1 �ƒ	��ð�5
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F PHY -•�ø9½.«�Å
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„ �ÎOðNdJ‹/ah�+Ù#‹P™fü_m�}#“>,�Å!�#ª/ah�5Ë PHY $( ENET_/!–�Å

„ &ÄRMII 9½.«�§-•�ø5’�½/ah�+¢�œ�Æ 50 MHz(²`„#^OŸ5’d;_z3A!Ì EXTAL .±
P¶�Å@Ò#ª�½MII/RMII 3A#•+¢P™�ªPHY _¶�}�½+���DÄ#¨�œ5’d;�Å)�78 PHY 5’d;
6¥�œ�Æ_/!–.’_{�¹F”;p�*_/!�5’d;�º�½;�.’_{/ah��ª EXTAL .±P¶_ž.ï"Õ`é�¹h-
C#$(F”�é�º�½#Â!µ5�3
+Í�¶XGGÐ&ë�Å7l�7 PHY _/!–�œ�Æ50 MHz5’d;�½/ah�+¢
!�DÄ�* MCU EXTAL .±P¶�Å+•�* RMII 9½.«�½[“`��j0DF PHY Y`RŸ$(OŸUí�Å
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�»  14 �c
USB !�!�	�È���_�© (USBDCD)��	v

14.1 �À•
6ÈJ|5„&Ä[•5ª�½�Ö�"P™(»8\<ç�×6ÖL�''$(_z3A!Ì USB9½&óF  áDÑ&��½fœY��ñIi�œQÈ
`éO
.+!³$(6©"=�'I§�Å

14.1.1 �e�º

USBDÑ;ü áDÑ&�Y`RŸ+6�å�"eì!Ò�Ä8\<ç�Ä3C!Ò$(2A#æ6Ö!Ò�½ Ý[T[Z(£#Ô4Ò]!_cUSB
2.0Y`RŸF DÑ<Ý�½[Z(£#‹�j�¯DÄ áDÑ&��Ä�×6Ö�ÄfbN[&�$( áDÑ�§WèJ‹#• áDÑ1²�7DÑ�Å
_u�76Ö!Ò#�§!�+UJÂ#¤USB 2.0Y`RŸF �×6Ö$((²[Z�Å!ÅDÄ�Æ�V[=K36Ö�¦F USBJ‹
#•�Ö�[3Ö[Z(£F DÑ;ü áDÑfú-Ô5U�[�Å_uIi�[!Å/Ã HD»�" USB  áDÑ&��½+�3l�7 USB
7£!b A ''3n.C�Å_u7Ó�½�[3Ö[Z(£!ÅDÄ#¨�œ USBDÑN¢5~#‹�jPC áDÑ�½�û#‹�j USB
 áDÑ&� áDÑ�ÅFreescale Kinetis/J( C¢&�"¡#Ç[Z(£ áDÑ&�8\<ç (DCD)9½&ó�½+�P™[b!Ç
[Z(£5Ë_z3A!Ì PC�×6Ö_t5ËUSB �¯DÄ áDÑ&��Å

14.1.2 �+�Ÿ
USBDCD9½&ó�ªUSB4Ò#m&��œ]�-•�ø�½8\<ç USB[Z(£5Ë#Â_z3A!Ì áDÑJ‹#•�¹�¯DÄ
 áDÑJ‹#•1² áDÑ�×6Ö�º�ÅL—N{_��’"ë[Ÿ[•9½&óF 8\<ç<×"D�½.�3C!Ò2�WèDÑ;ü áDÑF Aã
(²fb1¬DÑ]‹�Å DCD 9½&óF �×Y�B�/Ã)��§�Ë

„ !�+U USBDÑ;ü áDÑ&�Y`RŸ�¹1.1Aä�º
„ #‹N²I§5’.+#^5�
„ ��DÄ�ª USB9½&óF”#¨F D+$( D-�}#“
„ 4Ë2•#‹ áDÑDÑ;ü
„ �ê";O³_lWè
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14.1.3 �È�ý�	�È���?�S

USBDÑ;ü áDÑ&�Y`RŸH
+6�"�¥Ii�©#¨L�''F �§WèJ‹#•�Ë

„ 7£!b�§WèJ‹#•

2£JÂ#¤USB 2.0�×6Ö1²fbN[&�+6�åF [Z(£�¦F �§WèJ‹#•�Å7£!b�§WèJ‹#•h 6»�§
Wè[Z(£�Ë

„ 5I.œ1²2ž]�5’�½#Ô4ÒF .�&ãDÑ<Ý+«�*2.5 mA
„ _z3A�°6Æ2ž]�5’�½6œ(¶#Ô4Ò100 mADÑ<Ý
„ `éO
�°6Æ2ž]�5’�½6œ(¶#Ô4Ò500 mADÑ<Ý

„  áDÑ�§WèJ‹#•

 áDÑ�§WèJ‹#•5Ë2£JÂ#¤USB 2.0�×6Ö1²fbN[&�+6�åF [Z(£�¦F �§WèJ‹#•�Å+�P™
#�ê_» /!�_»J‹#•3l�76œ(Ã 1.5 ADÑ<Ý�½#jt_»J‹#•3l�7 900 mADÑ<Ý�Å

„ �¯DÄ áDÑ&�

�¯DÄ áDÑJ‹#•5Ë2£_¶_cUSB_z3A&�_/!–";C#�½�â5|<q76�Ú�§Wè[Z(£�¦F �§WèJ‹
#•�Å�¯DÄ áDÑJ‹#•P™(»3l�76œ(Ã1.8 ADÑ<Ý�Å �¯DÄ áDÑJ‹#•fœY�+¢D+N[G‰]‹
_z3A!Ì D-N[�Å

2þYœ�ç�½[Z(£P™(»#Ô4Ò�•�[NuL—N{DÑ;ü áDÑF DÑ<Ýak#r!O�*+�1Ü_z3AF �§WèJ‹#•F 
L�''�Å

��	v�¥�Â

14.2.1 ��	v�M�1�Ÿ

DCD 9½&ó�9\ò!��r9½&ó1éP™:ÿ-Ô-•�ø�Ë

5’d;>,

DCD 9½&ófœY�48 MHz5’d;�Å[•5’d;�ª5Y"<�* USB9½&óF 5’d;F”#¨�½�â DCD 6¥!�
Q†-•F 5’d;e„3C�é�½�é�* SIM_SCGC6+`*ô&��É�ÅH
�y USBDCD�é�•��P™ DCD 9½
&óF 5’d;>,�Å

I/O �}#“

DCD 9½&ófœY�G•_ïUSB_z3A&��ñ5’3n!��½_u#‹_¶_c�œ�Æ I/O �}#“<çak USB _z3A&�
VBUS N[F BR/•7�+:CL�Å.ï VBUS N[#t�ÖjtDÑ.�5’�½_��’/ah�[ŸDÄ DCD 9½&óF #Ë
"D.+!³�'I§�Å�¹.±P¶`éO
[‚Nb�}0�#^Y] I/O `„!¢�Å�º

USB9½&ó

14.2

��	v�¥�Â
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D+�}#“��P™�¦2eDÑe×#ª�½�×6Ö8\<ç.+!³No6û�Å#†6¥ USB9½&óP™(»��P™[•�¦2eDÑe×�Å
fœY�5’�½USB9½&ó/ah�h !¹)g"²�•��P™[•�¦2eDÑe×.�#Ë"D USB76�Ú_cI§�¹�a.ï8\
<çNo78�Ö7£!b�×6Ö1² áDÑ�×6ÖL�''�º�Å

IÏ#'&�

USB4Ò#m&�DÑ>,N[F•3A7�Q†VOUT33�¹IÏ#'&�_/!–�º�Å&|;��½/ah���P™IÏ#'&��•H

�y�¦2eDÑe×&ÄfœY�5’*ô&Ä�Å

14.3 DCD �—�qL�C
��DÄ DCD 9½&óF '–6È_z3A5Ë+¢-Š!¢N[]‹_z3A!ÌUSB_z3A&��½��DÄ_ž.ïF OÂ#¤DÑ
e×�½.�_¶_c�œ�ÆI/O �}#“8\<ç VBUS .±P¶�Å<„0«�ËKinetisL—!³!�6¥!�+U 5 V F .±
P¶�½&|;�5|fœ=—"<DÑ.�_�2þ&�1²DÑe×!¢#'&�7�8\<ç VBUS N[�Å

MCU

I/OM~&r DCD

USB 2.0
#÷b®

VBUS;O?Ú

USB DP

USB DM

USB
bm64(÷

�m 14-1. DCD �—�q�m

14.4 U	è�}
’
DCD HÖ�'�•G•#�œ�ÆNdJ‹#m_•�œ6ý=$0��½5ÚHÖ�ñIiL�''F �×6Ö_z3A!Ì USB9½&ó�Å
�Ö�"P™(»<ç[q�¥Ii�©#¨L�''F �×6Ö�½6¥/aY���DÄB�;&-•!��Å  _u5Ë�œ�Æ5L''7£!b�½FŠ
!é�a6¥!|+R!�#”4Ë2•+��Å  Freescale��DÄF -•!�5Ë Allion USBDÑ;ü áDÑ<ç[q�Å ��DÄ
[•-•!�$(�œ#Œ6
_¶ PC#�]O�•�›F»�—�ñ�×6Ö.�<ç[q DCD 9½&ó�Å 6¥!� •Allion USB
DÑ;ü áDÑ<ç[q‚ B�/ÃF 6•(¶�}0��½[“!é/��Ë  http://www.allion.com/TestTool/
USB_Charging.pdf

�•G•Jå!Ì USB DÑN¢_z3A#ª�½#m_•5 V Q•PTB0�Å _��’8\<ç!Ì VBUS �}#“F �¦"ã<[
#ª�½.œ)gDCD 8\<ç.+!³.�Jå/!�½F•!Ì[•.+!³+(1¬1²9½&ó#m_•dµ[‹_¶G•�Å
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�§fþF �¥�ÆJ3#•5ÚHÖ�"# L��×6ÖF No78�Å

�m 14-2. DCD ��U�²�T

_��’Y•af € [•_��’/$K�"ñ�Å  6È`„!¢+¢[‚Nb[•5ª)��ñ[ZO
5’d;�Ä USB$( I/O .±P¶�•_l
WèDCD HÖ�'�Å

1. i2 ä�½+¢�œ�ÆI/O .±P¶`éO
�Ö_/!��Å  6È�'��DÄ PTB08\<ç VBUS�Å

   FLAG_SET(SIM_SCGC5_PORTB_SHIFT,SIM_SCGC5);// Enable clock for PTB
   PORTB_PCR0=(0|PORT_PCR_MUX(1));// configure PTB0 as I/O pin

2. 3A�§7��½��P™ SIM �ÉF USB$( DCD 5’d;e„3C�é�Å

    /* SIM Configuration */   
    SIM_SCGC4|=(SIM_SCGC4_USBOTG_MASK);             // USB Clock Gating
    SIM_SCGC6|=(SIM_SCGC6_USBDCD_MASK);             // USB Clock Gating

3. h !¹)g"² USB�Å _u5Ë�Ö�"��P™DÍUSB9½&ó3C!ÒF �¦2eDÑe×�Å

    // USB pre-initialization 
    USBOTG_USBTRC0|=USBOTG_USBTRC0_USBRESET_MASK;
    while(FLAG_CHK(USBOTG_USBTRC0_USBRESET_SHIFT,USBOTG_USBTRC0)){};
    FLAG_SET(USBOTG_ISTAT_USBRST_MASK,USBOTG_ISTAT);

    // Enable USB Reset Interrupt
    FLAG_SET(USBOTG_INTEN_USBRSTEN_SHIFT,USBOTG_INTEN);
    USBOTG_USBCTRL=0x00;
    USBOTG_USBTRC0|=0x40;
    USBOTG_CTL|=0x01;

4. `éO
 DCD 5’d;+`*ô&��Å

    USBDCD_CLOCK=(DCD_TIME_BASE<<2)|1;

5. ;�5’�½.0DÄ_
[~ PTB0.±P¶�•8\<ç VBUS�½�â�û#‹�•DÄJ‹#•�É5I�•6›_
[~5U<q�Å

U	è�}
’
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        // Waiting for VBUS 
        if(FLAG_CHK(0,GPIOB_PDIR) && !FLAG_CHK(VBUS_Flag,gu8InterruptFlags))
        {
            USBDCD_CONTROL=USBDCD_CONTROL_IE_MASK  | USBDCD_CONTROL_IACK_MASK;          
            FLAG_SET(USBDCD_CONTROL_START_SHIFT,USBDCD_CONTROL);
            FLAG_SET(VBUS_Flag,gu8InterruptFlags);
        }

6. 6œ#ª�½.ï8\<ç.+!³+(1¬5’�½.0DÄfœY�[—#r DCD +`*ô&��ÉF No78�½.�+¢!�#m_•Q•
NdJ‹�Å

       // DCD results
        if(FLAG_CHK(DCD_Flag,gu8InterruptFlags))
        {
            u8Error=DCD_GetChargerType();

            if((u8Error&0xF0))
                printf("Oooooops DCD Error");
            else
            {     
                if((u8Error&0x0F)==STANDARD_HOST)
                    printf("Connected to a Standard Host");
                if((u8Error&0x0F)==CHARGING_HOST)
                    printf("Connected to a Charging Host");
                if((u8Error&0x0F)==DEDICATED_CHARGER)
                    printf("Connected to a Dedicated Charger");
            }

_p&z áDÑ&�L�''No78F !™5�5Ë�Ë

UINT8 DCD_GetChargerType(void)
{
    UINT8 u8ChargerType;
    u8ChargerType = (UINT8)((USBDCD_STATUS & USBDCD_STATUS_SEQ_RES_MASK)>>16);
    u8ChargerType|= (UINT8)((USBDCD_STATUS & USBDCD_STATUS_FLAGS_MASK)>>16);
    return(u8ChargerType);
}

DCD �É5I6©"=�'I§�Ë

void DCD_ISR(void)
{
    USBDCD_CONTROL|= USBDCD_CONTROL_IACK_MASK;  // ackowledge
    
    if((USBDCD_STATUS&0x000C0000) == 0x00080000)
        FLAG_SET(USBOTG_CONTROL_DPPULLUPNONOTG_SHIFT,USBOTG_CONTROL); // enable pullup

    if((!(USBDCD_STATUS & 0x00400000)) || (USBDCD_STATUS & 0x00300000))
        FLAG_SET(DCD_Flag,gu8InterruptFlags);        // charger detection completed
}

�ÿ
6ÈDÄ1Ó2£"ó"¡#ÇF HÖ�'�•G•�aDÄ�*>°HÖ�Å d$+•_¶DÄ.0DÄ�½
[“�§_�4Ë2• PHDCF Freescale USB"ë[J7¤1² Freescale
MQX _��’Y•!O5U7ä�Ë http://www.freescale.com/usb �Å
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�»  15 �c
�Y�¨�1�›�9�L OTG ��	v

15.1 �e�º
_¶DÄ�ÎWè/×N[(USB)5Ë�œIiDÄ�*&Ä�×6Ö3C!Ò&��ª�©#¨L�''[Z(£�çe•_¶�}F �ÎWè/×N[
7£!b�ÅUSB-Ž1¬�ÖPC�ÄPDA $(=Ô1«6ÖF 7£!b_z3A�½6œ_m_tXGDÄ&ÄDÑ>,N[�¦�Å_u5Ë
&|�Ö USBP™(»_z3A1ï#�6Ö�ÄdÊFt�Än¼7£�Ä=Ô1«[Z(£�Ä_¶�}[Z(£�Ä*ô D[Z(£$(+6!Ò[Z
(£�Å USB 2.0!�_»7£!b4Ë2•�×6Ö3C!Ò&��ª[Z(£�çe•�• 12 Mbit/sF _»C#_¶�}�Å

15.2 �+�Ÿ
„ !�+U USB!�_» 2.07£!b(12 Mbit/s)
„ #haiYnR�4i�ø
„ 16 �Æ#hN¯!N#h#J‹@U
„ Aã�¦ USB !�_» PHY
„ �ª[Z(£ áDÑ&�8\<ç (DCD)9½&ófb1¬�Ö�œ�ï
„ 120 mAAã�¦IÏ#'&�DÄ�* MCU $((²`„ ß�’

15.3 USB �ý�T��T
[Z(£9½.«

USB`éO
�Ö$i.0(²`„�×6Ö[“;Þ�Å_uIi9½.«�§�½ MCU 5|<q3C!ÒUSB/×N[�Å1Ü6¥�¼_/
`™5ËDÍ�×6Ö3C!Ò&�#m]��½+�#¨5’3l�7 VBUS DÑ#'�ÅDCD [Z[=DÄ7�&Ä[• USB 9½.«�§
_lWè�Åi2 ä�½DCD 8\<ç�×6ÖL�''�Ì@Ò#ª�½ USB.œ)g3C!ÒD+$( D-�}#“�Å
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^M+–
 Ê9É

�m 15-1. USB !�!��T

�×6Ö9½.«

_uIi9½.«�§�½[•9½&óDÄ�øUSB �×6Ö�½+(!�3C!Ò USB/×N[�Å�ÎWè3A#•.±4j\»\¿( C¢
5’.+$(5�3
-Ã�Å_��’"ë[J7¤\»\¿/×N[F �¼_/K=C¢�Å�×6Ö_tfœY�3l�7 5 V (VBUS)DÑ
>,N[�•�[�Ö_xI§[Z(£�7DÑ�¹R•fœY��º�Å

 Ê9É

�m 15-2. USB �ö����T

15.4 �×�â���ý�T��T
IÏ#'&�DÍ�À�Æ�©#¨F IÏ#'&�N`1¬�ËFýF¼IÏ#'&�$(_lWèIÏ#'&��Å!ÅDÄL—N{fb1¬9½&ó�É
F standby�é�½#‹�•_¥2…Y���DÄ$†�œ�ÆIÏ#'&��ÅIÏ#'&�F _/!�.±P¶IŒ�Ö VREGIN�½
_/!–.±P¶IŒ�Ö VOUT33�Å

_lWè9½.«

_lWèIÏ#'&�$(FýF¼IÏ#'&�F [ŸR�CK]‹( �*-•�øBR/•�½�â+¢FýF¼IÏ#'&�_/!–_z3A!Ì(²
`„.±P¶F .œ!�5I.œ�Å

�×�â���ý�T��T
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FýF¼9½.«

_lWèIÏ#'&�F [ŸR�CK]‹I�DÄ�½FýF¼IÏ#'&�F [ŸR�CK]‹( �*-•�øBR/•�Å+¢FýF¼IÏ#'&�
_/!–_z3A!Ì(²`„.±P¶F .œ!�e‰#¤�Å

!�5I

[•9½&óI�DÄ�Å

GÄ
A�

IðI¯LÂ&�(÷

b_ZÛLÂ&�(÷
reg33_in

8¾
&µ

IðI¯

reg33_out

LÂ&�(÷

$�!e<°)æ

U>DÖ

^’U�b"$‰GÄ&�

ESR�ö 5m -> 100m=¶,U

+¥cwGÄ.H
$�*�"Ë  = 2.2…f

�m 15-3. �×�â��	•�m

.ï_/!�DÑ>,�ê�* 3.6 V5’�½IÏ#'&�_w!�F•_¶9½.«�Å�§&š5ÚHÖ�"IÏ#'&�_/!–�ª_/!�DÑ
>,F C¢0•!�L—�Å

b"$‰
(V)

3.3

2.7

2.4

2.7 3.0 3.6 5.5
b"#ô(V)

�m 15-4. �×�â��{��
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��	v�¥�Â

15.5.1 ��	v�M�1�Ÿ

5’d;>,

USB9½&ófœY�48 MHz5’d;1éP™-•�ø�Å USB5’d;F #‹P™7�>,6¥�¥�Æ�Ë PLL�ÄFLL $(
�œ�ÆIŒ�ÖUSB_CLKIN F (²`„.±P¶�Å��DÄ PLL 1² FLL 5’�½MUX �ç#ª6¥�œ�Æ+«5�!¢
h-&��Å+�+¢ PLL 1² FLL F h-C#!¢h-�½�� MCU P™�•jt�* 48 MHzF h-C#-•�ø�Å+«5�
!¢h-&�F _/!–_•Q• MUX�½@Ò#ª&Ä[•�}#“�ª USB_CLKIN .±P¶�çe•_¥2…�Å+«5�!¢h-
&��Ø#‹&ÄL—N{fb1¬9½&ó(SIM)!!`„F SIM_CLKDIV2 +`*ô&��É`éO
�Å

SIM_SOPT2 SIM_CLKDIV2

SIM_SOPT2 SIM_SCGC4

USB 48MHz
CG

USB_CLKIN
PTE26

USBFRAC
USBDIV

MCGFLLCLK

MCGPLLCLK

�m 15-5. USB H�Ò�m

IÏ#'&�

USB4Ò#m&�DÑ>,F•3A7�Q†VOUT33�¹IÏ#'&�_/!–�º�Å&|;��½/ah���P™IÏ#'&��•#4Ò
#m&�3l�7 3.3 VDÑ>,�Å

15.5.2 USB ��S�Ä�V�ñ

USB9½&ó#‹&Ä[Z(£1²�×6Ö9½.«�§-•�ø�Å!¹)g"²_cI§�É�½_u�ÀIi9½.«F”�Ø�½�â6¥Nb/J
F "Ö!Ç�Å

[Z(£9½.«!¹)g"²

&Ä[Z(£9½.«�§�½USB9½&ó&Ä!¹)g"²+(1¬#ª?\<×�¦2eDÑe×�½�•�[DÍ_xI§�×6Ö8\<ç�Å

15.5

��	v�¥�Â
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USB$¬,Z%¥

b˜5x8…g.A�

USB8…g.hw66

+œ!ÜUSB<°)æ
�äaþ!…�å

^MQýBDT*‰)Ï
.S-ç(÷

@”hó4Ï9 ŨSB ISR
:–2f1�"�SŒ
1À š5XGÄhÊ

"�SŒUSB+œ!Ü
 ¼8<

"�SŒ ™5X
GÄhÊ

MØ2�
 Ê9É
bm64

OŠQn
iU4Ÿ
<°)æ

OŠQn
iU4Ÿ
<°)æ

USB+œ!ÜISR

+œ!Ü4Ï9ẼP

cÜQýEP0

@”hó4Ï9 ŨSB:–2f

"�SŒUSB
 ¼8<A�

USB ISR

USB%Þ^=:—

$¬,Z%¥ 9œ%0"�Lš

�m 15-6. !�!��T��S�Ä
@�ñ

�×6Ö9½.«!¹)g"²

�Ö�"��P™�×6Ö4Ë2•�½fœY�[ZO
�œ�é�½�jO¨&ÄUSB9½&ó�É�CD»1-ms SOF�¹-Ã]�)g�º�Å
&ÄD+1² D-�}#“�É8\<ç!Ì�¦2eDÑe×5’�½[•9½&ó�CD»_z3A�É5I�½X�HÖ6¥�œ#Œ[Z(£_z3A
!Ì/×N[�½76�Ú_cI§/ah�#Ë"D�Å

�»  15 �c  �Y�¨�1�›�9�L OTG ��	v
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USB$¬,Z%¥

b˜5x8…g.A�

USB8…g.hw66

+œ!ÜUSB<°)æ
�äaþ!…�å

^MQýBDT*‰)Ï
.S-ç(÷

@”hó4Ï9 ŨSB ISR
:–2f1�"�SŒ
1À š5XGÄhÊ

"�SŒUSBbm64
 ¼8<

"�SŒUSB Ê9É
<°1ž7¾5•

MØ
2�

^M+–

OŠQn
iU4Ÿ
<°)æ

OŠQn
iU4Ÿ
<°)æ

USBbm64ISR

&`b•+œ!Ü"p&†

\u&` SOF
7ÿ5ý%”

 Ê9É^’15Lš1�

&`b•^†>Ñ
T‚^M+–

$¬,Z%¥ 9œ%0"�Lš

�m 15-7. �ö����T��S�Ä
@�ñ

15.5.3 �×�â����S�Ä

USBIÏ#'&�nt[@��P™�½&|O¨5|fœ!¹)g"²�½f�fú�¦:½ POR�ç#ª_��’I�DÄ�"IÏ#'&��Å

�—�qL�C

15.6.1 	õ�¤�m

USB 2.0fœY�D+$( D-�}#“�Ä VBUS�¹ 5 V DÑ>,N[�º�Ä3A&Ì�½7l�70a!Q�§_tfœY� ID .±
P¶�Å;� ID .±P¶-Ž"¡2ˆ&Ä OTGY`RŸ�É�½DÄ�*�œ#Œ[Z(£5~#‹ á.ï�×6Ö#d#‹ á.ï[Z(£F 
0a!Q�¹#r!O�*$†�œ�Æ3n(Ð_z3A!Ì7�_z3A&��º�Å mini-A 3n(ÐF ID .±P¶3A&Ì�½X�HÖ[•&�
�’�Ö�×6Ö�Ì mini-B 3n(ÐF ID .±P¶!µ=
J��½X�HÖ[•&��’ á.ï[Z(£�Å

�a�×6Ö

15.6

�—�qL�C
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)�78.0DÄ�a4Ë2•�×6Ö9½.«�½!µ�©/a&ÄH��’�É"¡2ˆ ID N[�Å@ÒO¨�½DÍ�*+�5Ë�×6Ö�½H�
�’/ah��Ö 5 V �}#“3l�7]O(»(ÃF DÑ<Ý�½�•�[�Ö[Z(£�C�¹3n!�5’�º�7DÑ�Å;�DÑ#'_¶-Ô
DÍ MCU 3C!ÒF (²`„ IC 3l�7�Å

VregIN

I/O

USB_DM

USB_DP

5V

IN

OUT

ENABLE

FLAG

cÜGÄ
IC4¥GÄ`~

VBUS

D-

D+

GND

I/O

�m 15-8. �Ç�ö���m

�a[Z(£

/$(¶0a!Q�§�½.0DÄ#†fœ�ª PC�¦_lWèF .0DÄI§.+_¶�}�Å_uIi0a!Q�§�½ MCU �¦_lWèF 
.0DÄ�a4Ë2•[Z(£9½.«�Å[•.0DÄ#‹�•!ÅDÄ(²`„DÑ>,Q†1�7DÑ1²_¶_c/×N[�¹7�Q†�×6ÖF 
5 V DÑ#'�º�7DÑ�Å�ÀIi0a!Q�§�½ USBIÏ#'&�&ã/ah���P™�•�[�Ö USB4Ò#m&��7DÑ�Å#‚
(²�½_uIi0a.þ�û�©fœY� ID N[�Å

�»  15 �c  �Y�¨�1�›�9�L OTG ��	v
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VREG_33

USB_DM

USB_DP

5v
VBUS

D-

D+

GND

MCU_VDD

3.3v

VREG_IN

�m 15-9. �Ç!�!�m

#haiYnR�

.ï.0DÄ#‹�•_z3A!Ì PC�½1²P™(»( C¢(²`„ USB [Z(£�½)�2£NUe¡[—&��Än¼7£�ÄU FtJå�½
!µ��DÄ_uIi9½.«�Å MCU �¦_lWèF .0DÄ`éO
�Ö[Z(£9½.«�¹�©# VBUS N[5Y"<5 V DÑ
#'�º�½F•!Ì ID �}#“#t�Ö�êDÑ.��½_uX�HÖfœY�ai5L`éO
�Ö�×6Ö9½.«�½@Ò#ª!ÅDÄ(²`„IC
+¢5 V DÑ#'5Y"<�* VBUS �}#“�Å

I/O

USB_DM

USB_DP

5V

IN

OUT

ENABLE

FLAG

cÜGÄ
IC4¥GÄ`~

VBUS

D-

D+

GND

I/O

IDI/O

�m 15-10.  �×�˜�ä�m
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15.6.2 �í�q�„�ƒ�L�y�p
„ MCU �©"¡2ˆ�Ö USB 3l�7 5 V VBUSDÑ>,F �}#“�Å�×6Ö4i�øfœY�(²`„DÑ>,K=C¢

RKAã1²!¢Jg_×_-7���P™VBUS�Å
„ DÑ>,!¢`éDÑ]‹/ah�!�6¥_c<Ý�y2@";P™�½�•�[JÂ#¤ USB7£!b�Å
„ FS$( LS USB4Ò#m&�.–[J��DÄ33 ‡ �ÎOðJ‹3ADÑe×�Å_u�7�ÎOðJ‹3ADÑe×/ah�+Ù

#‹P™fü_m4Ò#m&�4ÚO
�½��5�3
N[F FØ&š6œ(Ã�Å

USB_DM

USB_DP

5V

IN

OUTENABLE

FLAG

cÜGÄU>DÖ4¥GÄ`~

1 - VBUS

2 - D-

3 - D+

4 - GND

33 †

33 †

GÄhÊiïb`
+“F•(÷7ÍQý

&~b ẼSDGÄ`~

FB

&~b˜
gP>¶!âKPFo

�m 15-11. �í�q�„�ƒ�L

15.6.3 �ƒ�L�y�p
„ +¢USB D+$( D-�}#“-ŸN[�Ö.�WèF 90 ƒ -Š!¢+•�Å
„ ]�N[e�.B.0+Ù#‹P™�œQ•�Å�œQÈY�;Þ"Õ`éLZ.B&Ä150 +bOÏRŸ&•!!�Å
„ .0��DÄ_�G‰F ]�N[�½�©e��* 15 cm�Å
„ !£"›+¢ USB-Š!¢+•4Ú&Ä5’d;�}#“�Ä$�6»/Ã�}#“$( I/O _z3A&�eà_m�½`� é.±]�.�

2��Å
„ +Ùak!k+_c*ð$(2lYn�Å
„ &Ä�ª3A&Ì+ÞF”`WF �}#“+Þ�¦�Ö-Š!¢+•-ŸN[�Å
„ =$f��}#“78�

�»  15 �c  �Y�¨�1�›�9�L OTG ��	v
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D-

D+

+“F•(÷1¤S©

USB_DM

USB_DP 33=¶,U
GÄhÊ

 ³9ð_ÿQN"l5• 90=¶,U
0}$•hƒ`l

�m 15-12. USB �ƒ�L�y�p

15.7 U	è�}
’
�ÿ

6ÈDÄ1Ó2£"ó"¡#ÇF HÖ�'�•G•�aDÄ�*>°HÖ�Åd$+•_¶DÄ.0DÄ�½[“
�§_�4Ë2• PHDCF Freescale USB"ë[J7¤1² Freescale MQX
_��’Y•!O5U7ä�Ë http://www.freescale.com/usb �Å

15.7.1 !�!�}
’

;�>°HÖ5Ë�œ�Æ��DÄ_¶�}[Z(£L�F K�"ñ&z5ÚNdJ‹�ÅUSBXGYb�Ö7£!bCOM J‹#•�½#‹DÄ
�*]!NCNdJ‹1²�—�ñ��DÄ�ÎWèJ‹#•F I§.+�Å

Y�_lWè;�>°HÖ�½fœY���DÄUSB5’d;3l�7F 48 MHzh-C#�Å_z3A)�DÑ]‹7��ç#ª�½ PC
fœY��œ�Æj"DI§.+�Å[“2�!Ì Freescale_CDC_Driver_kinetis.inf5#�’�•&Ä[=K36Ö�¦+%
Xa[•[Z(£�Å76�Ú_cI§+(1¬#ª�½ •[Z(£K=C¢&�‚ J3#•�É�¶!–CL Freescale CDC[Z(£�Å

�m 15-13. Windows !�!�5	Ø��

U	è�}
’
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@Ò#ª1ï.œ]!NCNdJ‹�½2£#8 �é5�3
�é�Ä 1 �Æ�ø:þ�é�Ä5|<Ýak3C!Ò�Ä9600<~B�C#F 
COMx [Z(£�¹6È�'�Ö COM4)�½.œ)g&ÄNdJ‹�ÉdÊ!��}0��Å MCU �É_lWèF _��’+¢_p&z
F”#¨F *óJÂ�Å

�m 15-14. �Ñ�)�Ô�
�3	g

15.7.2 �ö���}
’

+Í_��’"ë[J7¤$(�—"=( C¢O¨Yœ�½�×6Ö4i�ø;p[Z(£4i�ø(©6Þ�Å�â5Ë�½&|�Ö MCU �É_l
WèF .0DÄ#‹�•3C!Ò5��Æ/×N[�½&|;�+�+•5’e•F �9\òI§.BY��ê�Å

6ÈHÖ�'�•G•F �×Y��øDÄ5Ë76�Ú HID USB n¼7£�½.�!ÅDÄ�ÎWèJ‹#•+¢[•�}0�#m_•!Ì�œ�Æ
NdJ‹�Å+�_t&ÄNdJ‹�ÉF•3A2A#æ1Ü6¥n¼7£I—"D$(2¥dÊ#t"²F �}0��Å

_lWè;�>°HÖF ;�j@)��§�Ë

1. DÄ�œ6ý�ÎWèDÑN¢_z3ADÑ]‹7�$(PC�Å
2. 1ï.œNdJ‹3C!Ò#Œ�¹8 �é5�3
�é�Ä 1 �Æ�ø:þ�é�Ä5|<Ýak3C!Ò�Ä115200<~B�C#�º�Å
3. H
�y]•N[`éO
_ž.ï�½�•�[_¶_c USBJ‹#•3l�7 5 V DÑ#'�Å
4. _lWè.0DÄ�Å

.0DÄ+¢#m_•�œ6ý=$0��½5ÚHÖ+�:ÿ&ÄJå/!HID USB n¼7£_z3A�Å

�»  15 �c  �Y�¨�1�›�9�L OTG ��	v
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�m 15-15. 	õ�¤ USB Š�S�-�¥�ö����ÿ

!–CL;�=$0�#ª�½+¢ USBn¼7£_z3A!Ì_z3A&��ÅNdJ‹Q†"D!–CL�œ6ý=$0��½[•5ª-Ž_z3A�œ
#Œ[Z(£�½.�5ÚHÖ[Z(£F L�''�Å

�m 15-16. �î�ÿ
»	� USB Š�S

6œ#ª�½I—"Dn¼7£�¹1²!��r+6�é[Z(£�º1²2¥�§�—�ñdÊ�½NdJ‹+ë-ñ�¦+¢5ÚHÖBR/•�}0��Å

U	è�}
’
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�m 15-17. Š�SY�q

�•G•Y•af

+•�* USB �×6ÖF .0DÄ�½fœY��ÖUSB/×N[�¦F 1Ü6¥#‹DÄ[Z(£!¢`é •/×N[ ‚ 5’e•�Å[•�•
G•&Ä6È5#7ÿ�ÉY•af]�7�6¥@U(©6Þ�½�©_c6ÈHÖ�'�•G•5Ë'–�*4Ë2•�Æ�V"×E3�y �[Z(£L�
(PHDC)F Freescale USB"ë[J7¤�Å

:Î�"Y•F”!�5#7ÿ$( API �}0��½[“[[eŠ FreescaleNíJu�Å[•"ë[J7¤ é\Õ3l�7.�!�+U
MQX�¹ Freescale+:5’4i�øL—N{�º�Å

6¥!�6È>°HÖF 6•(¶�}0��½[“[[eŠ�Ë www.freescale.com/medicalusb�Å

�»  15 �c  �Y�¨�1�›�9�L OTG ��	v
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�»  16 �c
FlexCAN ��	v

16.1 �À•
6ÈJ|[•5ª)��ñ/‡_»#Ë"D Kinetis MCUF FlexCAN9½&ó�Å

16.1.1 �e�º

CAN "ë[J�×Y��¹�âfú$Ë�œ�º[Z[=DÄ�ø_�_��ÎWè5�3
/×N[�½>}]O[•h"'{F B�+6Y�;Þ�Ë

„ +:5’( C¢
„ &Ä_�_" EMI CK(��§#‹fü&Ì-•�ø
„ jt/Ã�“;p
„ fœY�F -Â+Y

FlexCAN9½&ó5Ë�œIijtNCCAN "ë[J3C!Ò&��½+(!�JÂ#¤ CAN 2.0BY`RŸ�Å+�_t3l�7�Ë

„ .Ö(ÃF =$0�_c>€6Ö!Ò
„ @�<×F =$0�*ô D$(�¼_/5U7ä
„ Q†"D$i.0_xI§-Ã
„ @�<×F #m_•�´ äNC5U7ä
„ !�+Ü+65’&�#¨;�
„ �Ì+hF dµ[‹2£HÖ
„ (¶Ii�ê";O³9½.«
„ _xI§$Àa.";P™

+�4Ë2• CAN /×N[�¦F +:5’_¶�}�½#¨5’6œ(Ãeì.B&Ì!k+( C¢&�.�h �Å

16.1.2 �+�Ÿ

&ÄFlexCAN 9½&ó�É�½# `JKM(MB)`éO
�Ö Rx 1² Tx�½4Ë2•7£!b$(2�+ñ=$0��Å MB F `é
O
.œ)g�* Tx MB F #m_•_cI§1² Rx MB F 3A4Ò_cI§�Å
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.ï CPU+•# 3A4Ò=$0�F $i.05’e•_�0þ5’�½#‹�•#ËDÄ"¡#Ç!	NC MB F Rx FIFO�ÅID
_c>€X� ßL¼#‹�•d$+• Rx FIFO_wWè`éO
�½�a3A4ÒfœY�F =$0��Å

FlexCAN_t4Ë2•'–�*`JKM1² Rx FIFO ID_c>€X� ßL¼O¨`éO
F �Æ!ÇRx +ëTÙ�Å&Ä��
P™+65’&�#¨;�B�/ÃF 0a!Q�§�½!�+ÜNíNx5’e•#‹_¶_cB�+6=$0�#¨;��Å.ï6¥(¶�Æ=$0�Jå
/!�¼_/5’�½_¥2…�´ äNC6œjtF =$0�i2 ä_wWè�¼_/�Å_¶_c�¥L��¼_/�´ äNC5U7ä>}]O1Ü
6¥.0DÄfœ;Þ�Ë

„ 6œ�êID
„ 6œ�êN¯!N&�N²#“
„ 6œjt6È&Ì�´ äNC

=$0��¼_/#‹�•'–�*[“;ÞO¨�É:þ�½�•�[#m_•�´ äNC6œjtF =$0��Å_xI§[“;Þ-Ã#‹DÍ
FlexCAN1²_��’Q†"D( C¢�Å#¨5’4Ë2•�ê";O³9½.«�Å_t6¥!��rB�/Ã#‹DÄ�½[‚0a#^Y]B�
+6&��’F #^OŸ1ç!(�Å

16.2 �¥�ÂU	è
SCI2CAN>°HÖ5ÚHÖ)��ñ�Ë

„ !¹)g"² FlexCAN9½&ó
„ `éO
DÄ�*#m_•$(/1²3A4ÒF =$0�N¯!N&�
„ [—#r�É5I6©"=�'I§4Ò!ÌF =$0�

>°HÖ�•G•"¡2ˆ SCI2CAN8�3A>°HÖ$(Rx FIFO>°HÖ�Å6È&ÌR�@U�ÉF 8�3A>°HÖ+¢2&6È
&Ì]!NCNdJ‹�É_/!�F *óJÂ#m_•!Ì CAN &zCKR�@U�½#ªO¡+¢#¨7ÓF *óJÂ_•&z6È&ÌR�@U�Å
Rx FIFO>°HÖ+¢�•7Ø.«A `éO
 Rx FIFO ID_c>€X� ßL¼�½�jO¨3A4Ò8 6ý#Ç2£+67£[bJÂ
F =$0��½+¢�œ�ÆMB `éO
�Ö Rx MB�½.�#m_• 9 6ý=$0�!Ì CAN &zCKR�@U�Å6È&ÌR�@U
+¢&Ä]!NCNdJ‹�¦5ÚHÖ3A4Ò!ÌF =$0�$(3A4ÒO¡�}0��ÅCAN &zCKR�@Unt[@5Ë6È&ÌR�@U
6È^G�½#‹_¶_c++`éO
�Ö_xI§R�@U�ÅCAN ;pB�C#nt[@�Ø�Ö83.33k�Å

UART3 DÄ�ø�ÎWèJ‹#•�ª]!NCNdJ‹3A#•�½CAN1 DÄ�*�ª CAN /×N[3A#•�Å]!NCNdJ‹_¶
�}[ZO
)��§�Ë

„ <~B�C#�Ë115200
„ 5�3
�Ë 8 �é
„ (ã �7½j(�Ë5|
„ �ø:þ�Ë 1 �é
„ <Ýak3C!Ò�Ë5|

SCI2CANF HÖ�'�•G•#‹�jhz/¹"ý+°NíJu (www.freescale.com)SS/3�Å

�¥�ÂU	è
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16.2.1 FlexCAN ��S�Ä

[[eŠ FlexCAN9½&óF +`*ô&��ç!é�½.0��P™!�5’d;�Å

!¹)g"² FlexCAN 9½&ó�ç!é�½.02�Wè�•�§;�j@�Ë
1. !¹)g"² MCG $( OSC�•��P™ PLL $( ERCLK�Å
2. !¹)g"² SIM �ÉF e„3C5’d;�•��P™ FlexCAN9½&óF 5’d;$(`?�7DÄ�ø FlexCAN.±

P¶F F”.0J‹#•�Å
3. _¶_cJ‹#•3C!Ò`éO
FlexCANF +•.0J‹#•.±P¶�Å

16.2.1.1 �}
’U	è�„�³d

�•�§�•G•Aã;Q[•5ª)��ñ��P™ ERCLK 5’d;�Ë

// Must enable ERCLK         
OSC_CR |= OSC_CR_ERCLKEN_MASK;  

1Ü6¥J‹#•$( FlexCANF e„3C5’d;�•G•�Ë

// Enable clocks to all ports for pin muxing configuration later
SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK
                      | SIM_SCGC5_PORTB_MASK
                      | SIM_SCGC5_PORTC_MASK
                      | SIM_SCGC5_PORTD_MASK
                      | SIM_SCGC5_PORTE_MASK );
      if(isCAN0)
      {
        SIM_SCGC6 |=  SIM_SCGC6_FLEXCAN0_MASK;
      }
      else
      {
        SIM_SCGC3 |= SIM_SCGC3_FLEXCAN1_MASK;
      }

`éO
 NVIC �•��P™ FlexCANF +•.0�É5I�Ë

 // Configure NVIC to enable interrupts
if(isCAN0)
{
         NVICICPR0     =  (NVICICPR0 & ~(0x07<<29)) | (0x07<<29);      // Clear any pending 
interrupts on  FLEXCAN0    
         NVICISER0     =  (NVICISER0 & ~(0x07<<29))  | (0x07<<29);    // Enable interrupts 
for FLEXCAN0              
         NVICICPR1    =   (NVICICPR1 & ~(0x1F<<0)) | (0x1F);        // Clear any pending 
interrupts on  FLEXCAN0    
         NVICISER1     =  (NVICISER1 & ~(0x1F<<0))  | (0x1F);        // Enable interrupts 
for FLEXCAN0              
 }
 else
{
          NVICICPR1     = (NVICICPR1 & ~(0xFF<<5)) | (0xFF<<5);        // Clear any pending 
interrupts on  FLEXCAN1    
          NVICISER1      = (NVICISER1  & ~(0xFF<<5)) | (0xFF<<5);        // Enable 
interrupts for FLEXCAN1                
 }

CL&Ä`éO
FlexCANF .±P¶�Ë

�»  16 �c  FlexCAN ��	v
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// Configure CAN_RX/TX pins muxed with PTE24/25 for FlexCAN1
PORTE_PCR24 = PORT_PCR_MUX(2) | PORT_PCR_PE_MASK | PORT_PCR_PS_MASK;         PORTE_PCR25 = 
PORT_PCR_MUX(2) | PORT_PCR_PE_MASK | PORT_PCR_PS_MASK; 

�œ!£+ÍN†#ª�½�[#‹2¥A��§fþF ;�j@!¹)g"² FlexCAN�Ë

1. H
�y FlexCAN 9½&ó-ŽI�DÄ�¹(©�é#ª!�( �*I�DÄBR/•�º�Å
2. _¶_c[ZO
/=¡f� CTRL1[CLK_SRC]�é7�_¥2…FlexCANF 5’d;>,�Å
3. =¡f� MCR[MDIS]�é�•��P™ FlexCAN9½&ó�Å
4. Jå!Ì FlexCAN9½&ó_œ!–�ê";O³9½.«(MCR[LPM_ACK] = 0)�Å
5. Jå!Ì FlexCAN _w!�!WNo9½.«(MCR[FRZ_ACK] = 1)�Å
6. 7Õ3
fœY�!¹)g"²!��r MCR �é�Ë

a. [ZO
 MCR[IRMQ]�é�•��P™'–�* MB F BˆJg_c>€B�/Ã$(3A4Òe»!³B�/Ã�Å
b. [ZO
 MCR[WRN_EN]�é�•��P™[�#æ�É5I�Å
c. [ZO
 MCR[SRX_DIS]�é�•I�DÄQ†3A4Ò�Å
d. [ZO
 MCR[RFEN]�é�•��P™ RxFIFO�Å
e. [ZO
 MCR[AEN]�é�•��P™�É:þ6Ö!Ò�Å
f. [ZO
 MCR[LPRIO_EN]�é�•��P™6È&Ì�´ äNCB�/Ã�Å

7. 7Õ3
fœY�`éO
<~B�C#.�!¹)g"² CTRL1$( CTRL2 �é�Å
a. H
+6�é5’.+#^5��Ë  PROPSEG�ÄPSEG1�ÄPSEG2�ÄRJW�Å
b. +• PRESDIV*ó;QN²I§�•H
+6;pB�C#�Å
c. H
+6!!`„�ŽX]9½.«�¹ LBUF �é�º�Å

8. 2�WèTx MB F #m_•_cI§$( Rx MB F 3A4Ò_cI§�½�•�[!¹)g"²=$0�N¯!N&� (MB)�Å
9. )�78 Rx FIFO-Ž��P™�½!µ!¹)g"² ID _c>€X��Å

10. )�78�Æ!Ç Rx +ëTÙ$(e»!³-Ž��P™(MCR[IRMQ]=1)�½!µ!¹)g"² Rx �Æ!Ç+ëTÙ+`*ô&�
(RXIMRn)�Å

11. &ÄIMASKn +`*ô&��¹DÄ�*1Ü6¥ MB �É5I�º�Ä CTRLn +`*ô&��¹DÄ�*/×N[!�e‰$(dµ
[‹�É5I�º$( MCR +`*ô&��¹DÄ�*$Àa.�É5I�º�É[ZO
1ÜfœF �É5I+ëTÙ�é�•��P™F”.0
F �É5I�Å

12. 5|4ä MCR[HALT] �éF �Ø�Å
13. Jå!Ì FlexCAN_œ!–!WNo9½.«(MCR[FRZ_ACK] = 0)�Å

16.2.2 �¤l�V�ñ

FlexCANfœY�_¶_c�¥;�7�+¢�œ�Æ MB `éO
�Ö Rx MB�½�•!¹)g"²3A4Ò_cI§�Å

16.2.2.1 �}
’U	è�„�³d

Rx MB 3A4Ò_cI§!b(£)��§�Ë

   // Deactivate the rx MB for cpu write 
        pFlexCANReg->MB[iMB].CS = LEXCAN_MB_CS_CODE(FLEXCAN_MB_CODE_RX_INACTIVE);     
 // Write ID
        id2 = id & ~(CAN_MSG_IDE_MASK | CAN_MSG_TYPE_MASK);

�¥�ÂU	è

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

138 Freescale Semiconductor, Inc.



        if(id & CAN_MSG_IDE_MASK)
        {
           pFlexCANReg->MB[iMB].ID = id2;
        }
        else
        {
           pFlexCANReg->MB[iMB].ID = id2<<FLEXCAN_MB_ID_STD_BIT_NO;          
        }
        // Activate the MB for rx 
        pFlexCANReg->MB[iMB].CS = FLEXCAN_MB_CS_CODE(FLEXCAN_MB_CODE_RX_EMPTY);       

16.2.3 �?Â�V�ñ

FlexCANfœY�_¶_c&w;�7�+¢�œ�ÆMB `éO
�Ö Tx MB�½�•!¹)g"²#m_•_cI§�Å

16.2.3.1 �}
’U	è�„�³d

!b(£.�#Ë"D Tx MB F #m_•_cI§)��§�Ë

// Follow 4 steps for Transmit Process
pFlexCANReg->MB[iTxMBNo].CS = FLEXCAN_MB_CS_CODE(FLEXCAN_MB_CODE_TX_INACTIVE)   
// write inactive code
 | (wno<<FLEXCAN_MB_CS_IDE_BIT_NO)
 | (bno<<FLEXCAN_MB_CS_RTR_BIT_NO)
 ;
pFlexCANReg->MB[iTxMBNo].ID = (prio << FLEXCAN_MB_ID_PRIO_BIT_NO) 
  | ((msgID & ~(CAN_MSG_IDE_MASK|CAN_MSG_TYPE_MASK))<<i);    
pFlexCANReg->MB[iTxMBNo].WORD0 = word[0];
pFlexCANReg->MB[iTxMBNo].WORD1 = word[1];  
// Start transmit with specified tx code
pFlexCANReg->MB[iTxMBNo].CS = (pFlexCANReg->MB[iTxMBNo].CS 
  & ~(FLEXCAN_MB_CS_CODE_MASK)) 
  | FLEXCAN_MB_CS_CODE(txCode) // write activate code
  |  FLEXCAN_MB_CS_LENGTH(iNoBytes);   

16.2.4 ���|�h��

[—#r=$0�!!+U�ç!é�½fœY�d•+6 Rx MB�Å[—#r=$0�!!+U�ç#ª�½Y•d• Rx MB�Å#‹��DÄ_

[~1²�É5I5U<q7�8\7• Rx MB�½F§5Ë#Â4Ò!Ì=$0��Å

16.2.4.1 �}
’U	è�„�³d

�§fþ5ËDÄ�*8\7• IFLAG1[MB] .��j Rx MB [—#r=$0�F HÖ�'�•G•�Ë

if(pFlexCANReg->IFLAG1 & (1<<iMB))
 {
   // Read the Message content information                         
   // clear flag
    pFlexCANReg->IFLAG1 = (1<<iMB); 
 }

6È�•G•DÄ�*[—#r=$0�!!+U�Ë
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      // Lock the MB
      code = FLEXCAN_get_code(pFlexCANReg->MB[iMB].CS);
 
length = FLEXCAN_get_length(pFlexCANReg->MB[iMB].CS);       
      // 
      format = (pFlexCANReg->MB[iMB].CS & FLEXCAN_MB_CS_IDE)? 1:0;
*id = (pFlexCANReg->MB[iMB].ID & FLEXCAN_MB_ID_EXT_MASK);
      if(!format)  
      {
          // standard ID
          *id >>= FLEXCAN_MB_ID_STD_BIT_NO;         
      }
      else
      { 
          *id |= CAN_MSG_IDE_MASK;          // flag extended ID
      }
      format = (pFlexCANReg->MB[iMB].CS & FLEXCAN_MB_CS_RTR)? 1:0;  
      if(format)
      {
          *id |= CAN_MSG_TYPE_MASK;         // flag Remote Frame type
      }
      // Read message bytes
      wno = (length-1)>>2;
      bno = length-1;
      if(wno>0)
      {
            //
            (*(uint32*)pBytes) = pFlexCANReg->MB[iMB].WORD0;
            swap_4bytes(pBytes);
            bno -= 4;
            pMBData = (uint8*)&pFlexCANReg->MB[iMB].WORD1+3;
        }
        else
        {
            pMBData = (uint8*)&pFlexCANReg->MB[iMB].WORD0+3;
        }
for(i=0; i <= bno; i++)
{
          pBytes[i+(wno<<2)] = *pMBData--;
        }
       
       // Read time stamp
       *timeStamp = pFlexCANReg->MB[iMB].CS & FLEXCAN_MB_CS_TIMESTAMP_MASK ;
    
        // Unlock the MB
code = pFlexCANReg->TIMER;

16.2.5 Rx FIFO ID �V
r�V�íÍ�¥�¥�Â

Rx FIFO IDX�1² ID _c>€X� ßL¼DÄ�ø=$0�3A4Ò_c>€&��½!�ID *ó;QDÄ�ø3A4ÒID �•G•�Å
Rx FIFO ID_c>€X� ßL¼fœY�&Ä!WNo9½.«�§`éO
�Å

Kinetis6œ(¶4Ë2•40 .¼ ID X��½&|;��½ CTRL2[RFFN]6œ(Ã�Ø�Ö4�ÅID X�F No7 7Ø.«6¥
�¥L��Ë

�¥�ÂU	è

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

140 Freescale Semiconductor, Inc.



:Ë1ž 31 30 29 24 23 16 15 13 8 7 1 0

A

B

C

RTR

RTR

IDE

IDE

RXIDA

�ä:–$U = 29-19�è4ø.ä  = 29-1�å

RXIDB_0 RXIDB_1

RXIDC_0 RXIDC_1 RXIDC_2 RXIDC_3

�ä:–$U = 29-19�è4ø.ä  = 29-16�å
RTR IDE �ä:–$U = 13-3�è4ø.ä  = 13-0�å

(:–$U/4ø.ä = 31-24) (:–$U/4ø.ä = 23-16) (:–$U/4ø.ä = 15-8) (:–$U/4ø.ä = 7-0)

16.2.5.1 �}
’U	è�„�³d

�•7Ø.« A `éO
 ID X�F HÖ�'�•G•�Ë

if(bIsExtID)
{   // Format A with extended ID
   *pIDTabElement = (id<<1) |  (bIsExtID<<30) | (bIsRTR<<31);    // 
            // single ID acceptance codes          
}
else
{   // Format A with standard ID
     *pIDTabElement = (id<<19)  |  (bIsRTR<<31);    // single ID 
              // acceptance codes                     

�•7Ø.« B `éO
 ID X�F HÖ�'�•G•�Ë

// Format B two IDs
 *pIDTabElement = ((id & 0x03fff)<< (16+ (1-bIsExtID)*3)) 
 | (bIsExtID<<30) | (bIsRTR<<31);                // RXIDB_0  
 i++;
 if(i < nIDTab)
 {
           id = idList[i] & ~(CAN_MSG_IDE_MASK |CAN_MSG_TYPE_MASK);
           bIsExtID = (idList[i] & 
               CAN_MSG_IDE_MASK)>>CAN_MSG_IDE_BIT_NO;
           bIsRTR = (idList[i] & 
               CAN_MSG_TYPE_MASK)>>CAN_MSG_TYPE_BIT_NO;
           *pIDTabElement |= ((id & 0x03fff)<< ((1-bIsExtID)*3)) 
               | (bIsExtID<<14) | (bIsRTR<<15);    // RXIDB_1     
           i++;
  }              

�•7Ø.« C `éO
 ID X�F HÖ�'�•G•�Ë

j = 0;
    *pIDTabElement = (id & 0x00ff) << (24-(j<<3));// RXIDC_0
    i++;j++;
    do{
        if(i < nIDTab)
        {
          id = idList[i] & ~(CAN_MSG_IDE_MASK |CAN_MSG_TYPE_MASK);
          bIsExtID = (idList[i] &  CAN_MSG_IDE_MASK)>>CAN_MSG_IDE_BIT_NO;
          bIsRTR = (idList[i] &  CAN_MSG_TYPE_MASK)>>CAN_MSG_TYPE_BIT_NO;
          *pIDTabElement |= ((id & 0x00ff) << (24-(j<<3)));
//  RXIDC_1 .. RXIDC_3
          j++; i++;

�»  16 �c  FlexCAN ��	v
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        }
        Else
        {
          break;
        }
    }while(j<3);
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�»  17 �c
�T LCD 	e�Å��

17.1 �À•
6È5#[•5ª)��ñ��DÄ KinetisL—!³F ;Q.« LCD 3C!Ò&�(SLCD)�½"¡2ˆ9½&ó!¹)g"²�ÄDÑ
>,�Ä5’d;>,�Ä\»_�[Ÿ5��Ä-Ãh-C#�Ä�É5I�Ìe†@]�Ä(£_¥5ÚHÖ&��Ä;Q4áf88\<çJåB�/ÃF 
��DÄ�½�•#f&Ä�ê";O³9½.«�§��DÄ[•9½&ó�Å

17.1.1 �e�º

;Q.« LCD 9½&ó(SLCD)�CD»LCD 1ÜfœF !�`„<~.þ�Å SLCD9½&ó6œ(¶4Ë2•64 �Æ.±
P¶�ÅK40 L—!³6œ(¶+:CL�"48 �ÆLCD .±P¶�Å!��É 8 �Æ#‹`éO
�Ö COM 1²#ª.�fþ�½6œ
(¶3C!Ò8 x 40 = 320;Q�Å

LCD F DÑ>,6¥(¶Ii_¥2…�½#r!O�* LCD fþ7�DÑ#'�Ä.0DÄCK(�$(+•;p.B3C!Ò5U.«�Å
SLCD6¥�œ�ÆDÑS�<‘�½4Ë2•3C!Ò3 V $( 5 V LCD fþ7��Å

+�3l�7Q†"De†@]";P™�½&Ä(£_¥9½.«�§#‹5ÚHÖ�À6ý=$0�O¨5|fœ!Ó5L# ;Q�¹��DÄ+�*5
�Æ#ª.�fþ5’�º�Å#‹!ÅDÄ_u�7B�/Ã7�K�"²�•G•�½eé�ê�ê";O³9½.«�§F ";O³�Å

CL&Ä#‹�•_¶_c<çakLCD # .±P¶F DÑ+U�½+:CL;Q4áf88\<ç�Å[•9½&ó<çak# .±P¶F DÑ
+U�½"¡2ˆDÑN¢�Ä_z3A&�$(LCD fþ7��Å.ï LCD :ÿ-Ô-•�ø5’�½/ah�H
+6�œ�Æ'–!bDÑ+U
.�+¢!�*ô D&Ä*ô D&��É�Å�C$]-•�ø5’�½#‹�•+66»;p_�DÑ+U�½8\7•5Ë#Â6¥.œ]‹�ÄG‰]‹
1²'–!bDÑ+U5Ë#Â6¥5ÚSó#t"²�¹X�HÖ#mD»4áf8�º�Å

17.2 �È�÷
X� 17-1 5ÚHÖ�"DÑ>,9½.«�½.�7Õ3
CK(�$(+•;p.B3C!ÒY�;ÞNu!–�"��DÄ.–[J�Å
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�V 17-1. SLCD �È�÷�Ê�[

�¥�Â LCD �È�÷��T LCD �S�ë
�È�â

�Ú�.2�Ì
�â

���1��	e
�Å

�ª�Ä �Œ�Ä

0 VLL1 �À VIREG �È�â�=
�†�×�â�� (VIREG = 1.0
V ) HREFSEL=0�b�È�€
�,�Á3 VLL2 �„ VLL3

3 V �‚�w�i �K�´�¤�w�i ���“	z�¥ VDD {�Æ�È�â
�S�¶�=�� VLLx �È�â^�%
�ç�´�b	V�Ø�œ�×�â���È
�â�[L�C�È�q���1��	e
�Å

�‚�w�i�¨�¿�Ú�.2�‹�¨

1 VLL1 �À VIREG
HREFSEL=1 VIREG =
1.67V�b�È�€�,�Á3
VLL2 �„ VLL3

5 V �‚�w�i �K�´�¤�w�i ���“	z�¥ VDD {�Æ�È�â
�S�¶�=�� VLLx �È�â^�%
�ç�´�b	V�Ø�œ�×�â���È
�â�[L�C�È�q���1��	e
�Å

�‚�w�i�¨�¿�Ú�.2�‹�¨

2 VLL3 �À VDD��=�†	õ
�¤���b�È�€�,�Á3 VLL2
�„ VLL1

3 V �K�´�¤�w�i �‚�w�i �ƒ�Õ�¥�Â	V�[a�†�Ú�.
2�‹�¨

�í�E	e�Å���1��

3 �“�†�z�î VLL3��È�€�,
P�?���b�È�€�,�Á3
VLL2 �„ VLL1�� VDD �A
�¶^ 3V

3 V �K�´�¤�w�i �w�i �¦�û�“�†���1��	e�Å �ƒ�Õ�¥�Â�‚a�† 5 V
LCD

4 �“�†�z�î VLL3��s�â��
P�?���b�È�E�Ê�Â�©
Ž�Á
3 VLL2 �„ VLL1�b
VLL3 	õ�¤�ž�“�†�È�â
=3 V�b�È�€�,�Ì�¨�b

3 V �K�´�¤�w�i �w�i �¦�û�“�†���1��	e�Å�b
�®�¿�È�€�,�Ì�¨���ÿ�{�¤
�[�†�®

�³�1�“�†�È�÷���7�Oñ�A
�¶^	V�M�È�÷�b�³�1��
�1��	e�Å�b�‚a�† 5 V
LCD

5 VLL2 �À VDD��=�†	õ
�¤�� VDD=2.0 V�b�È�€�,
�Á3 VLL3 �„ VLL1

3 V �‚�w�i ���¿ 3 V LCD�� VDD �È
�â�A�¶�)�¿�†a�¥�S�¶

6 VLL2 �À VDD��=�†	õ
�¤�� VDD= 3.33 V�b�È�€
�,�Á3 VLL3 �„ VLL1

5 V �‚�w�i ���¿ 5 V LCD�� VDD �È
�â�A�¶�)�¿�†a�¥�S�¶

17.3 �®�ÿ�{��T
SLCD9½&ó#‹&ÄKinetisL—!³3l�7F �—�ñ�ê";O³9½.«�§-•�ø�Å

RUN�ÄVLPR�ÄSTOP�ÄVLPW�ÄVLPS�ÄLLS*�ÄVLLSx*

�ÿ
* LLS $( VLLSx 9½.«�©4Ë2•-ÃNo6û$Àa.�Å

17.4 H�Ò�÷
SLCD9½&ó4Ë2•&w�Æ�©#¨F 5’d;>,�Å#^Y]�§fþF X� 17-2 $(&š 17-1 �Å

�®�ÿ�{��T
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RTC OSC
RTC_CR_OSCE = 1
RTC_CR_CLKO = 1;

OŠQnOSC

$�cw&QR’
3ñb®8…g.(32KHz)

SCTRIM

MCG_C1_IRCLKEN = 1

$�cw&QR’
2zb®8…g.(2MHz)

FCTRIM

MCG_C1_IRCLKEN = 1

0

1

MCG_C2_IRCS

MCGIRCLK LCD_GCR_ALTDIV
%1, 2, 64, 512

LCD_SOURCE

LCDCLK

1

0

SOPT1_OSC32KSEL

XTAL32

EXTAL32

XTAL

EXTAL

�m 17-1. K40 �"
��¥ SLCD H�Ò�÷�Ê�[

�V 17-2. K40 �"
��¥ LCD H�Ò�÷�Ê�[

LCD H�Ò�÷ LCD �„�"�d�¥�Â �ÿd

32 kHz �=�†�•	I SOURCE=1 ALTDIV=0 (%1)
MCG_C1_IRCLKEN=1
MCG_C2_IRCS=0 MCG_IREFSTEN =
1* MCG_C3_SCTRIM

�Ê�4
¤Î�=�†�•	IH�Ò�b�÷���•���•�n��
�¨�oH�Ò�?3�� (MCG)�b

2 MHz �=�†�•	I SOURCE =1 ALTDIV = 2(2 MHz%64)
MCG_C1_IRCLKEN=1
MCG_C2_IRCS=1 MCG_IREFSTEN =
1* MCG_C4_FCTRIM

�Ê�4	yÎ�=�†�•	IH�Ò�b�÷���•���•�n��
�¨�oH�Ò�?3�� (MCG)�b

�"�dH�Ò SOURCE=0 SOPT1[OSC32KSEL] = 0; �Ö�8�A�¶�� 32 kHz �S�¶�=�b�"�d�’�•��
�| 32 kHz H�Ò�z�î�ž SLCD�a TSI �„
LPT�b

RTC �’�•�� /H�Ò SOURCE=0 SOPT1 [OSC32KSEL] = 1�b
RTC_CR_OSCE = 1� RTC_CR_CLKO =
1� 

RTC �’�•���| 32 kHz H�Ò�z�î�ž
SLCD�aTSI �„ LPT�b�•�n ‡RTC�’�•�� ˆ�B
�c�„ RTC H�Ò��	v�b
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�—�q	I
n

17.5.1 �È�?�ƒ�L�„�ƒ	�

+ÙakNÅG‰]�N[e�.B�Å!ÅDÄ�—�ñ#‹`éO
�ÖFP1² BPF LCD .±P¶NÅG‰]�N[e�.B$(
LCD F -ŸN[�Å  DÑS�<‘�ÄVLL1�ÄVLL2 $( VLL3 F DÑ+U+Ù#‹P™fü_mMCU 4ÚO
�Å

17.6 EMC �„ ESD 	I
n
&Äjt&�(ŒCK(��§�½DÑS�<‘5¯#s/$i�Å&|;��½ LCD '–!bDÑ#'.0��DÄ(²`„DÑ#'�¹ VLL3
Q•EXT V�º�Å

.ï VLL3 _z3A!Ì 3.3 V5’�½DÑS�<‘1²�ëO
DÑe×NíNx#‹�CD»VLL1 $( VLL2�Å

17.6.1 �}
’U	è�„�³d
Y�!¹)g"² LCD .���DÄ SLCD9½&ó�½/ah�2�Wè�•�§;�j@�Ë
1. ��P™SCLD 5’d;e„3C SCGC3[SLCD] = 1�¹ LCD 5’d;e„3C��P™�º
2. 1Ü6¥��DÄF LCD .±P¶F LCD 9½2{4i�ø�½PORTx_PCRn[MUX] = 0
3. !b(£.�H
�y LCD 5’d;>,#‹DÄ�Å
4. `éO
 NVIC�Å K40 �ÉF SLCD�É5I#ak�Ö 102�½NVIC /ah�`éO
)��§�Ë

NVICISER2 |= (1<<22)�Ì
NVICICPR2|= (1<<22)�Ì

5. LCD _¶DÄ3C!Ò+`*ô&�(GCR)
a. `éO
 LCD 5’d;>,�¹ SOURCE�é�º�Å
b. +• 3 V 1² 5 V CWD�DÑ�g\Ä�½_¥2…1.0 V1² 1.67 V (HREFSEL)�Å
c. ��P™[ŸR�DÑ#'(RVEN)�Å
d. [Ÿ5�[ŸR�DÑ#' (RVTRIM)�Å
e. ��P™DÑS�<‘�¹CPSEL�é�º�Å
f. `éO
DÑS�<‘5’d; (LADJ[1:0])�Å
g. `éO
 LCD DÑ>,(VSUPPLY[1:0])�Å
h. `éO
 LCD -Ãh-C#�É5I�¹ LCDIEN �é�º�Å
i. `éO
�ê";O³9½.«�§F LCD Wè�Ö�¹LCDWAIT $( LCDSTP�é�º�Å
j. `éO
 LCD "üJ�;p (DUTY[2:0])�Å
k. _¥2….�`éO
LCD -Ãh-C#(LCLK[2:0]) �Å

6. ��P™Y���DÄF .±P¶�Ë
LCD_PENH�ÄLCD_PENL

17.5

�—�q	I
n
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7. ��P™Y�DÄ�ø#ª.�fþF LCD .±P¶�Ë
LCD_BPENH�ÄLCD_BPENL

8. `éO
#ª.�fþF F”�é�Ë
LCD_WFxTOy�¹DÄ�ø#ª.�fþ�º

9. `éO
 AR +`*ô&�
10. ��P™LCD 9½&ó

�§fþ5Ë SLCD!¹)g"²F �•G•Aã;Q�Ë

/* Code Snippet  SLCD Initialization */     
 //enable clock gate for Ports     
SIM_SCGC5 |= ( !SIM_SCGC5_LPTIMER_MASK 
             | !SIM_SCGC5_REGFILE_MASK 
             | !SIM_SCGC5_TSI_MASK     
             |  SIM_SCGC5_PORTA_MASK   
             |  SIM_SCGC5_PORTB_MASK   
             |  SIM_SCGC5_PORTC_MASK   
             |  SIM_SCGC5_PORTD_MASK   
             |  SIM_SCGC5_PORTE_MASK   
             );

   //Master General Purpose Control Register   -  Set mux to LCD analog operation.  
   // After RESET these register are configured as 0 but indicated here for reference
       PORTB_PCR0 = PORT_PCR_MUX(0);   //LCD_P0
       PORTB_PCR1 = PORT_PCR_MUX(0);   //LCD_P1
       PORTB_PCR2 = PORT_PCR_MUX(0);   //LCD_P2
//      Complete for all used pins       
   

 // Configure NVIC for SLCD interrupt  SLCD interrupt vector = 102
    NVICICPR2|=(1<<22);    //Clear any pending interrupts on LCD
    NVICISER2|=(1<<22);    //Enable interrupts from LCD interrupt

 // SLCD clock gate on    
    SIM_SCGC3 |= SIM_SCGC3_SLCD_MASK;

// Disable LCD 
     LCD_GCR&= ~LCD_GCR_LCDEN_MASK;

      
// Configure LCD Control Register      
        
      LCD_GCR =  (  !LCD_GCR_RVEN_MASK
                   |LCD_GCR_RVTRIM(8)    //0-15
                   | LCD_GCR_CPSEL_MASK 
                   | !LCD_GCR_HREFSEL_MASK  
                   | LCD_GCR_LADJ(3)     //0-3
                   | mBIT18  
                   | LCD_GCR_VSUPPLY(1)  //0-3
                   | LCD_GCR_LCDIEN_MASK 
                   |!LCD_GCR_FDCIEN_MASK
                   | LCD_GCR_ALTDIV(0)  //0-3
                   |!LCD_GCR_LCDWAIT_MASK  
                   |!LCD_GCR_LCDSTP_MASK
                   |!LCD_GCR_LCDEN_MASK 
                   | LCD_GCR_SOURCE_MASK
                   | LCD_GCR_LCLK(3)   //0-3
                   | LCD_GCR_DUTY(7)   //0-3
                 );    

      
  // Enable LCD pins 0-32
      LCD_PENH = 0x00000001;
      LCD_PENL = 0xFFFFFFFF;

�»  17 �c  �T LCD 	e�Å��
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 // Enable LCD pins used as Backplanes    0-7
      LCD_BPENH = 0x00000000;
      LCD_BPENL = 0x000000FF;

// Configure backplane phase
      LCD_WF3TO0 = 0x08040201;
      LCD_WF7TO4 = 0x80402010;      

      
// Fill information on what segments are going to be turned on.  Front Plane information
     LCD_WF11TO8 = 0xFFFFFFFF;
     LCD_WF15TO12= 0xFFFFFFFF;
     // Complete information of all Front planes
     
// Enable LCD module      
      LCD_GCR|= LCD_GCR_LCDEN_MASK;
   
   

17.7 ��U�}
’
>°HÖ�•G• Ý[TDÄ1Ó+:5’<ç[qSLCD9½&ó�½!5!�Q†-•F =$0��½3C!Ò+•;p.B�Äe†@]�Ä'�
F•>v"D�½<ç[q5LLCD ;QB�/Ã�¹4áf88\<ç�º�½_¥2…9½&óF 5’d;>,�½��DÄ LCD �ê";O³9½
.«�½6•4Õ-•�øh-C#Jå�Å

>°HÖ�•G•d$+•TWR-K40�ÄTWRPI-SLCD$(_¶�}7�O¨N²!5�Å

�m 17-2. �•�¨ TWR-K40x256 �„ TWRPI_SLCD �¥óT�"�d

TWRPI-SLCD"¡#ÇF ;Q.« LCD !�6¥ 3…7;Q*óJÂ�Ä7 �ÆB�;&JÂ#“�½.���DÄ 4 �Æ#ª.�fþ
$( 7 �Æ!é.�fþ�Å

Y���DÄ;�>°HÖ�½/ah�+¢ TWR _z3A!Ì�ÎWèJ‹#•�½.�+¢NdJ‹I§.+`éO
�Ö 115200,n,8,1�Å
$��€�Ö ASCII *óJÂ�Å�§X�!³!–�"$��€$([‰<q�Å

��U�}
’
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�V 17-3. ��
7
��V

��
7 
í• �Ô�E

print �� LCD ��AU�B�H�h�� <message>

msgmode �Ê�4�h����T���¨�¼�a�9”���aH�W�a�Ñ
���„�ä�s�1

<cmd> user/counter/time/
percentage

vScroll P�?�<�°�O�î <val> 0= :ÿ-Ô�½+N=#�§>v"D�½€N=#�¦
>v"D(N=1€5) �Ì+• 7 ;Qfþ7��©]��øDÄ

symbol 	7���„�1�>  ‡x �̂˜�| <val>:1(FSL) 2(:) 3(‚) 4(%)
5(AM) 6(PM) <cmd>:=on/off

segtest �_ LCD �?Â�B�ñ�ç�ç�l��T <>

faultDetect P�?�„�Ì�¨ LCD �#�p�_�© <cmd> enable/disable/setref/
status/measureall

trim ���|�„!�Â�×�â���È�â�Ø�œ�´ <val> 0€15

blink 	7���„�1�>�ú�bP�?�!�Ê��T�b <cmd> on/off/alt/norm

blinkrate ���|�„!�Â�úÎ
q <val> 0€6

ladj LCD �µ���Ø�œ <val> 0€3

lclk �÷�¿ LCD H�Ò�ç�s�Ô�� <val> 0€7 �¹1Ü/3h-C#/ah�&Ä 28€58 Hz
RŸ&•!!�º

pinmux �Ê�4 MUX 0����E���„ 7��
	g PAD P
�?��

<val> 0, 7

PowerMode �Ê�4�È�÷�ý�T��T <val> 0 Run, 1 wait, 2 stop

ClockSource !�Â LCD H�Ò�÷ <val> 0=System Osc, 1=Def.
RTC, 2 =ALT Int(32 kHz), 3=
Int(2 MHz)

powersel LCD �È�÷�Ê�4 <mode> VLL1_VIREG_HREF0,
VLL1_VIREG_HREF1, VLL3_VDD,
VLL3_EXT_CP, VLL3_EXT_BR,
VLL2_VDD

help �AU	V�¨��
7�#���Ô�E�b <>

4áf88\<çHÖ�'

Y���P™4áf88\<ç�½[“dÊ!��•�§$��€�Ë
1. faultDetect setref
2. faultDetect enable
3. Y�&Ä�—�ñLCD .±P¶�¦�CD»�œ�Æ4áf8�½DÄ]•N[_z3A&Ì$([• LCD .±P¶
4. 8\<ç!Ì4áf85’�½+�+¢2A#æNuNdJ‹�Å

(£_¥HÖ�'�Ë

Y���P™(£_¥";P™�½[“dÊ!��•�§$��€�Ë
1. printalt 1234
2. print 1789
3. blink on
4. blink alt

�»  17 �c  �T LCD 	e�Å��
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�»  18 �c
�(���Ë�‹{�Æ (TSI)��	v

18.1 �À•
Y‚4�0».0_/!� (TSI)9½&ó!ÅDÄDÑ+U.«Y‚4�0».0DÑ7��ªMCU F”_z3A�½�jO¨_�7�+:CLjt
NCDÄ1Ó_/!�3C!Ò�ÅTSI 9½&ó"¡#ÇF H��’P™(»j"DY‚4�0».0DÑ7��¹1²1Ý.�+˜DÑ"Ö'{1Ü
�CD»F DÑ+U�º�½!�<çak#‹fü/Ãjt�*�¼N{F GPIO RC<çak5U<q�ÅTSI 9½&ó"¡#ÇF _×_-
!µP™Q†"D2�3k6œ(¶16 �ÆDÑ7��½<çak.�_/!–No78�½�•#f# CPU�CD»�É5I�}#“�Å

18.2 �e�º
DÑ+U.«Y‚4�8\<ç-Ž1¬�Ö�V6Ö3A#•(HMI) �É�'+:�¦_¶WèF DÄ1Ó_/!�2�6Ë�Å+�&Ä# L�-ž
&Ö�É`™6¥�œ-É�ç&Ì�½�j-•�¶3C!Òfþ7�!Ì�[3Ö.«=$\ÕDÑ*ì[Z(£�ÅDÑ+U.«Y‚4�8\<çV�@Ò
�©5Ë$Ë�œF Y‚4�8\<ç5U<q�½�â#�5Ë6œ-ÔDÄ�°6œ!£+:#‹WèF 5U<q�ç�œ�Å

DÑ+U.«Y‚4�8\<çF '–6È ß�’5ËDÑ7��Å_uIi0a!Q�§�½DÑ7�5ËDÍ+˜DÑ6ì557 1¬F �œ�Æ"Ö
'{�½�¦fþ5ËDÑ�g\Ä6ì55�½_¶-Ô�Ö'í551²CWD��½_u+Í5ËDÄ1ÓY‚4�F &Ì5U�Å[•+˜DÑ"Ö'{
�ªDÑ�g\Ä6ì556¥4ä&Ì.þ1¬�œ�Æ�•L—N{&Ì�Ö'–!bF DÑ+U�Å_¶_cY‚4�DÑ7��¦5UF DÑ�g
\Ä�½�jO¨(:"<JÈ�(�Æ3A&Ì+˜DÑ"Ö'{�¹1ç2£F +˜DÑ`„!¢�º.�3ljt#;DÑ+UF DÑ�g\Äak�½
DÄ1Ó+ÍP™6¥4ä4Õ#tDÑ7�DÑ+U�Å�¼0»&��¹6È�'�É�ÖTSI 9½&ó�º!ÅDÄDÑ+U.«8\<ç5U<q<ç
akDÑ7�DÑ+UF #t"²�Å
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Xé5n)¿

GÄ!Z_·

GÄ:�

�m 18-1. �È�¸T�(���_�©�È�����˜

DÑ+U.«Y‚4�8\<çF -ÔDÄ<çak5U<q5ËRC 5U<q�Å_uIi5U<q+¢�œ�Æ(Ã�¦2eDÑe×�¹NB1
M‡ �º_z3A!Ì# DÑ7��Å( C¢&�1²8\<ç ASIC <çakDÑ7��¹1²DÑ+U�º áDÑ1ÜfœF 5’e•�½.ï
1ç2£3A_mDÑ7�5’�½DÑ+U#t(Ã�½&|O¨ áDÑ5’e•#te��½ áDÑ5’e•F _uIi#t"²XGYb�ÖY‚4��Å
_uIi5U<qF eŠh45Ë�¦2eDÑe×�Å+�5Ë�œ�Æ.Í�¦2eDÑe×�½&|O¨5¯#s(²`„&�(Œ/$i�Å

TSI acDÄ�©#¨F <çak5U<q�Å+�6¥�À�Æ/î<Ý>,�½�œ�ÆDÄ�*DÑ7� áDÑ�½#‚�œ�ÆDÄ�*4ÚDÑ�Å
_u+¢�CD»�œ�Æ�¥Yn<~�½[•<~!�6¥#‹`éO
F ,Œ,Œ�ØDÑ#'�½1²IŒ(:akDÑ#'�Å[“7•F§&š
18-2 �Å+�5ÚHÖ�"DÑ7�DÑ<Ý>,F 2ËRý&�No7 �Å

+¥cw
GÄ:�

GÄ:�
#ÔGÄGÄ?Ð

(EXTCHRG)

+-d^GÄ&�
(DELVOL)

�m 18-2. TSI �È���È
@�÷�’�•��

DÑ7� áDÑ5’e•�ªDÑ<Ý>,_/!–$(DÑ+U(Ã+«1¬:ÿ;p�½!�L—.«)��§�Ë

�e�º
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Felec
I

2  Celec  V
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�m 18-3. TSI �È���Ô
q��T

TSI DÄ�œ�Æ#^OŸ2ËRý&�<çak áDÑ5’e��Å�Ö�"3ljt<çakF #‹fü/Ã�½TSI �»"E�œ�Æ�ª�¦fþ
1ÜHÖF”�ØF !!`„2ËRý&��½�â+�DÄ!!`„DÑ+U�•6›�"(²`„DÑ7��Å_u7Ó�ö�¹O¨fú[=5�/×N[
5’d;$�6»�ºF #;&|5Ë�½!!`„2ËRý&��ÉF DÑ<Ý>,5Ë�ª(²`„DÑ7�2ËRý&�`™5Ë�ø�ÖRKAãF 
�œ`„!¢�Å.ï_/!–&|�Ö=Å.B1²DÑ#'#t"²O¨>žI—5’�½�À�Æ2ËRý&�&ã�¶4Õ#t�½��6œNdY‚4�
8\<ç/3!ÌX� ��Å`éO
5’�½ TSI DÄ1Ó/ah�[E#^OŸ2ËRý&�2ËRý/3;p(²`„2ËRý&�/‡�½�•�[
(:"<;k:½DÑ7�2ËRýF #^OŸ[=5��Å6•(¶[=5��¹1²6•jt!¢_DC#�º0«$�FÜY‚4�8\<ç$(&�(Œ
2-!ÒF Xqak6•(Ã�Å&š 18-4 5ÚHÖ�"Y‚4�1²�©Y‚4�5’!!`„2ËRý&��ª(²`„2ËRý&�F !�L—�Å

\u7�

�m 18-4. �=�†�•	I�’�•�Ð�“�†�•	I�’�•�¥�1�"

<„0«.ï1ç2£Y‚4�DÑ7�5’�½h-C#)��ñ#t0þ�½�•#f�œ:½DÑ7�2ËRý$�6»�¹nmR��º#‹�•+UNO
6•(¶F #^OŸ2ËRý$�6»�Å

18.3 �+�Ÿ
TSI 9½&ó6¥(¶IiB�/Ã#‹K�"²Y‚4�8\<ç�½3ljt@�<×/Ã$(/ÃP™�Ë

„ 1Ü6¥�ê";O³9½.«&ã4Ë2•DÑ+U.«Y‚4��¼0»8\<ç
„ Q†"D$�6»/Ã2�3k1²_��’Y‚#mF "ñ:½2�3k�Å
„ �ê";O³9½.«�§(:"<F DÑ<Ý#‹+«�* 1 †A�Å
„ 16 �Æ_/!�DÑ+U.«Y‚4�8\<ç.±P¶�½;k�Æ`™6¥+•.0F No78+`*ô&��Å
„ Q†"D8\<çDÑ7�DÑ+U#t"²�½# DÑ7�F �¦�§e¤�Ø&ã#‹N²I§�Å
„ TSI �É5I2�3kNo6û€ 2�3k1Ü6¥DÑ7��œ:½#ª�É5I�Å
„ DÑ7�G‰]‹€ 8\<çDÑ7�5Ë#ÂG‰]‹_z3A!ÌVDD 1² VSS�Å
„ _�2þ>>!–€ )�78DÑ7�F _�2þ5’e•]!_c2�3k$�6»�Å

�ÿ
;�B�/Ã&Ä TSI F JÈ�(Aä�É#‹DÄ�Å

�•�¦B�/Ã-Â7��")��§)�( �Ë
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„ 5|fœ(²`„ ß�’�½.±P¶#‹F•3A_z!ÌDÑ7��¹#‹��DÄ�ÎOðDÑe×7�eì!Ò ESD�'�’5’<Ý!�
.±P¶F DÑ<Ý�½�â.�fú/aY��º�Å

„ ;kDÑ7�+•.0�œ�Æ.±P¶F 7R7 �Å
„ _lWè9½.«�§16 �ÆDÑ7�-•�ø�½1Ü6¥�ê";O³9½.«�§`™6¥1 �Æ$Àa.DÑ7�
„ �—�ñDÑ7�&ã#‹&Ä#mD»Y‚4��'�’5’Q†"D�É5I�Å
„ (²`„$(#^OŸ2ËRý&�Nk#sF”#¨F =Å.B#t"²�½7½!be¤�Ø/3�•X� ��½5��Æ=Å.BRŸ&•!!

5|Y‚4�8\<ç#t"²�Å
„ #‹�•`éO
2�3k:½5��•3l�76•/‡F $i.05’e•1²6•jtF !¢_DC#�Å
„ DÑ<Ý>,F #‹fü/Ã_x�´�*�¼N{ GPIO<çak5U<q1ÜDÄF (²`„.Í�¦2eDÑe×�Å

18.4 TSI �¥�Â
TSI 9½&óF 1Ü6¥��DÄ7ä�'`™��DÄDÑ+U.«DÑ7��ø�ÖY‚4��¼0»&��Å 6¥!���DÄY‚4��¼0»&�
$( HMI F 6•(¶�}0��½#^Y]�•�§.0DÄJ°[L�Ë)��ñ!ÅDÄY‚4�8\<ç_��’./+:CL�V6Ö3A#•

�¹5#7ÿN²#“ AN3934�º$([Z[=Y‚4�8\<çDÑ7��¹5#7ÿN²#“ AN3863�º�Å_u�7.0DÄJ°[L�é�*
FreescaleNíh� www.freescale.com/touchsensing �Å

`éO
 TSI 5’�½6¥�¥Ii-•�ø9½.«/ah�OŸUí�Å  _u�¥Ii9½.«_žDÄ�*(Ã`„!¢.0DÄ�Ë

„ _zN‰<×"D9½.«
„ _zN‰2�3k1Ü6¥-Ž��P™F DÑ7�
„ 2�3k$�6»DÍ SMOD+`*ô&�H
+6
„ fú-Ô_ž#¤&Ä_lWè9½.«5’2�3kF .0DÄ

„ _��’Y‚#mF <×"D9½.«
„ 1Ü6¥-Ž��P™F DÑ7�`™2�3k�œ:½
„ 2�3k�a_lWè�œ:½�½&|O¨5|2�3k$�6»
„ fú-Ô_ž#¤!¹)g2�3k�Å  �')��½H
+6DÑ7�F !¹)g'–N[�Ø5’�Å

„ _zN‰�ê";O³9½.«
„ �a_zN‰2�3k�œ�ÆDÑ7��Å
„ "ñ�Æ��P™F DÑ7�#‹DÄ7�+¢L—N{�j�ê";O³9½.«$Àa.�Å
„ 2�3k$�6»�ª<×"D9½.«2�3k$�6»5|!��Å
„ ��P™.ï STPE�éO
�é5’ MCU _w!��ê";O³9½.«�Å
„ �ê";O³9½.«�§_¶-Ô��DÄ6•0þF 2�3k$�6»�½�jO¨_w�œ;�eé�ê";O³�Å

`éO
.–[J�Ë

„ [—#r1²!5!� TSI +`*ô&��ç!é�½��P™ TSI 5’d;e„3C�Å
„ &ÄI�DÄ[•9½&ó(TSIEN = 0)F 0a!Q�§!¹)g"²�Å
„ fœY�#t6•`éO
5’�½H
�y[•9½&ó�©&Ä2�Wè2�3k(SCNIP = 0)�Å 5|/aY�I�DÄ[•9½&ó�½

#†fœ_w!�_��’Y‚#m9½.«�½Jå/!.ï!é2�3k+(1¬�Å
„ ��P™�É5I�ç!é�½=¡f��—�ñ/!( C¢F 7£/s�¹dµ[‹�Ä>>!–�Ä]!RŸ&•1²2�3kNo6û�º�Å
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�§fþ5Ë!�''F TSI !¹)g"²�•G•�Ë

  //Enable clock gates
  SIM_SCGC5 |= (SIM_SCGC5_TSI_MASK);
  SIM_SCGC5 |= (SIM_SCGC5_PORTA_MASK);
  PORTA_PCR4 = PORT_PCR_MUX(0);         //Enable ALT0 for portA4

  //Configure the number of scans and enable the interrupt
  TSI_GENCS |= ((TSI_GENCS_NSCN(10))|(TSI_GENCS_TSIIE_MASK)|(TSI_GENCS_PS(3)));
  TSI_SCANC |= ((TSI_SCANC_EXTCHRG(3))|(TSI_SCANC_REFCHRG(31))|
               (TSI_SCANC_DELVOL(7))|(TSI_SCANC_SMOD(0))|(TSI_SCANC_AMPSC(0)));
  
  //Enable the channels desired
  TSI_PEN   |= (TSI_PEN_PEN5_MASK|TSI_PEN_PEN7_MASK|
                TSI_PEN_PEN8_MASK|TSI_PEN_PEN9_MASK); 
  TSI_THRESHLD5 = (uint32)((TSI_CHAN5_OFFSET));
  TSI_THRESHLD7 = (uint32)((TSI_CHAN7_OFFSET));
  TSI_THRESHLD8 = (uint32)((TSI_CHAN8_OFFSET));
  TSI_THRESHLD9 = (uint32)((TSI_CHAN9_OFFSET));
  
  //Enable TSI module
  TSI_GENCS |= (TSI_GENCS_TSIEN_MASK);  //Enables TSI

��P™[•9½&óF ;�j@)��§�Ë

1. ��P™5’d;e„3C€TSI $( PORTA5’d;e„3C&ã��P™�Å ��P™PORTA5’d;e„3C5Ë&|
�Ö TSI _¶_ï 5 5Ë�ª PORTA 4!�G�Å  [•.±P¶�©5Ë+¢ TSI DÄ�ø�×Y�";P™�½ fœY�!Å
DÄPORTA.±P¶3C!Ò+`*ô&�(PCR)�ÉF (©DÄ�é�½+¢[•.±P¶F ";P™6•4Õ�ÖTSI�Å 1Ü
6¥!��r TSI .±P¶nt[@��P™�Å

2. `éO
_¶DÄ3C!Ò$(BR/•+`*ô&�(GENCS)€ `éO
2�3k:½5��Äh !¢h-&��¹+•�*2�3k:½
5��½+�5Ë�œ�Æ�ô<q&��º�Å  ;�(²�½#‹�•��P™_zN‰2�3k9½.«�¹ STM �é�º�Ä TSI �É5I�Ä
dµ[‹8\<ç�Ä�ê";O³9½.«�½�•#f5Ë#Â[“;Þ2�3kNo6û1²]!RŸ&•�É5I�Å  ��DÄ�ê";O³9½
.«5’�½_t/ah�H
+6��DÄ�ñIi�ê";O³#^OŸ5’d; (LPCLKS)�½�•#f�ê";O³9½.«F 2�3k
e•f0 (LPSCNITV)�Å

3. `éO
2�3k3C!Ò+`*ô&�(SCANC)€ +6�åNuDÑ7�$(!!`„'–!b>,�¹ EXTCHRG$(
REFCHRG�º áDÑF DÑ<Ý�½�•#f5Y"<�*DÑ7�$(!!`„'–!b>,F (:akDÑ#' (DELVOL)�Å
SCANCF #‚�œ�Æ!�dÊ`éO
5Ë2�3k$�6»�½+�#r!O�*<×"D9½.«5’d; (AMCLKCS)�Ä
5’d;h !¢h-&� (AMPSC)$(5’d;9½5� (SMOD)�Å #^OŸ5’d;�jh !¢h-&�_/!–5’�½!!
`„[=5�&�[=5�#^OŸ5’d;$�6»5��½�œF•!Ì SMOD�Ø�Å )�78 SMOD`éO
�Ö 0�½!µ[•
9½&ó_zN‰�©�ø&Ì2�3k�Å

4. `éO
.±P¶��P™+`*ô&�(PEN)€ &Ä<×"D9½.«�§�½[•32 �é+`*ô&�F �ê 16 �é��P™# DÑ
7��Å  �ê";O³9½.«2�3kDÑ7�_¶_c�é 16Q•19 `éO
�Å

5. `éO
e¤�Ø(THRESHLDx)€ _u�7+`*ô&�`éO
 16 �ÆDÑ7�F 16 �éjt�êe¤�Ø�Å  �ê 16
�é`éO
jte¤�Ø�½jt 16 �é`éO
�êe¤�Ø�Å  .ïDÑ+U<çakNo78jt�*jte¤�Ø5’�½1²�ê�*�ê
e¤�Ø5’�½OUTRGF�éO
�é�Å  6œ-ÔY]F ��DÄ7ä�'5Ë+¢!�DÄ�øX�HÖDÑ+U/Á"�#t"²F 
[�2A�½1²+¢[•9½&ó�j�ê";O³9½.«$Àa.�Å

6. ��P™TSI 9½&ó(TSIEN)€ !��r�œ!£+ÍN†#ª�½&Ä`éO
F 6œ#ª��P™[•9½&ó�Å
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18.4.1 �¥�ÂU	è

�§�'��DÄ Kinetis 'ð7�F &w�ÆDÑ7��Å[•.0DÄ#‹8\<çY‚4�4i�ø�ÅY‚4�4i�ø.œ#Ë$(!�e‰
DÑ7��§fþF LED�Å'–N[<=6¥XG]{]Æ�½#†5Ë&Ä!¹)geÒ;Q<çak�½.��ã[Z�y2•�©#t�Å&ÄCK
(�+U5¯4Õ#tF .0DÄ�É�½'–N[]{]Æ"Ý!¢aiY��ÅDÍ�*6È�'�•K�"ñ5¯1^�ÖFŠF �½&|;�6Æ+:
CL'–N[]{]Æ�Å

!¹)g"²�É6œ!�dÊF `„!¢5Ë&Ä`éO
#ª��P™[•9½&ó�Å6È.0DÄ�É�½+(1¬!¹)g`éO
#ª[ŸDÄ
TSI_SelfCalibration()�Å[•!™5�&ÄI§.+.œ)g5’2�Wè"ñ:½2�3k�½H
+6DÑ7�F '–N[1² •6ÆY‚
4� ‚ �Ø�Å6È.0DÄ+¢'–N[�Ø$(Y‚4��Ø*ô D&Ä�©#¨F 5�3
eÑ!³�É�ÅY‚4��ØJå�*# DÑ7�F 
'–N[�Ø"<�¦�œ�Æ(:ak�Ø�Å[•(:ak�Ø/ah��ê�*Y‚4��Ø�½�âjt�*6ÆY‚4�DÑ7�F &�(ŒDÑ.��Å
_¶_c[Ÿ[q#‹H
+6C¢0•F (:ak�Ø�Å6œ��F (:ak�Ø5Ë+Ù#‹P™jt�½#¨5’�ê!Ì]O�•8\<ç1Ü6¥
Y‚4�4i�ø�Å

<„0«�½TSI_SelfCalibration()!™5�2�Wè"ñ:½2�3k�½Jå/!2�3k+(1¬�½@Ò#ª6•5L+`*ô&��É
F �Ø�Å7½!b!™5�f+#ª�û�¶I�DÄ TSI 9½&ó�½�ç#ªF �•G•7Õ3
fœY���P™[•9½&ó�Å&Ä.0DÄ
6»e•�½TSI DÍ�É5Ij"D�Å#^Y] &š 18-5 �Ë

�7�6�,$¬,Z%¥

�7�6�,Ty:°$U

1•,ZbmQ|
4ú6^

"�SŒ4ú6^
Qb9î ¼8<

"�SŒ�7�6�,
<°)æ

�m 18-5. �‹�¨���î�ñ�½

[•.0DÄ�¯e„[Z[=DÄ7�[•5ª�½#†fœ+ak�•G•$( CPU\à>,�[P™!ÅDÄTSI ]{]ÆY‚4�4i�ø�Å
)�fœjtNC HMI ";P™�½Freescale é\Õ3l�7Y‚4�8\<ç_��’ (TSS)./�Å[•./3l�7'–6ÈY‚4�
8\<ç�ÄDÄ�*(¶dÊ8\<çJå HMI ";P™F jtNCAPI�½�•#fdÊFt�Ä>m"D6ý$(5g_�Jå3C�’N`�Å
+�_t+:CL�"jtNC>€<~$(Q†"D'–N[]{]Æ�½��<çak6•"<#‹fü�Å;�(²�½+�_t"¡2ˆ7£!b GPIO
8\<ç5U<q�½)�7816 �ÆDÑ7��©(»DÄ�½#‹��DÄGPIO.±P¶7�3l�76•(¶F Y‚4��¼0»&��Å6¥
!� TSS./$(�§_�F 6•(¶�}0��½[“[[eŠ�Ë www.freescale.com/touchsensing �Å

18.4.1.1 �}
’U	è�„�³d

!¹)g"²�ç#ª�½ TSI `éO
 F �§�œ;�5Ë8\<çY‚4��Å)�&š1ÜHÖ�½��DÄ2�3kNo6û�É5I�Å;k:½
2�3kNo6û5’�½TSI 9½&ó[ŸDÄ�É5I*ì�'I§�½1Ü6¥#ª( C¢`™&ÄISR �É+(1¬�Å5|'–N[]{]Æ�½
'–N[�ã[Z�y2•�©#t�½&|;�Y�+:CLF �×K3<q5Ë#W22�Å#W225Ëj([]2¥dÊ4i�ø�¹6È�'�É�Ö
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1. ]�N[+Y.B € ]�N[.0+Ù#‹P™Nb�Å.–[J��DÄ 5-7+bOÏ]�N[�Å]�N[]&+Y�½'–6ÈDÑ+U]&
(Ã�Å
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�»  19 �c
P�¨�“!�ü�þ��	v (PDB)	Ÿ�Ø��”�����Ð��	v

19.1 �À•
6ÈJ|+¢>°HÖ)��ñ��DÄ PDB9½&ó7�[Ÿ.B.�2�WèADC +•7��¦>°HÖDÑ�é[=3l�7F 9½2{
DÑ#'F _�2þ�Å.0DÄ+¢8\<çDÑ�é[=DÑ#'�½.�_¶_c�ÎWèJ‹#•2A#æ�Å

HÖ�'�•G•[•5ª)��ñ�Ë
„ N²!5 ADC F �êNCj"D�•G•
„ `éO
 ADC ;Þ#r"ñJ‹DÑ#'_�2þNo78F &ã�Ø
„ ��DÄ/×N[5’d;�Ö ADC 3l�75’d;
„ &Ä&ã�ØNo78�¦��DÄK�"ñF 2£5�>€<~&�
„ [Ÿ.B ADC �• PDB9½&ó`éO
F 5’e•e•f0_wWè_�2þ

#¨5’_t[•5ª�" ADC F 7½!b�Å

19.1.1 �e�º

ADC _�2þF”+•�*L—N{�'�’F 5’.++•DÑ6Ö3C!Ò$([=akJå.0DÄ"Ý!¢aiY��½Y�;Þ ADC _�
2þ&Ä6œ��5’e•#mD»�•�[eé�ê&�(Œ�½SS/3LZH
F [—5��Å

Kinetis MCUDÄ�ø3C!Ò&�5’�½�¶�©5’&Ì_/!–3C!Ò#t"²�Å/ah�&•Nq_u�7#t"²�¹#‹P™Nu
L—N{-Â7�GH5’.�2��º+%3. ADC _�2þF 5’e•�Å

+%3.ADC &Ä�¦:½3C!Ò#t"²F GH/•4ä.0�ç#ªF 5’e•_wWè_�2þ�½#‹�•��3C!ÒCK]‹+:CL
.�IÏF 4i�ø�Å!ÅDÄ PDB#‹_�7�[Ÿ.B�œ�Æ1²�À�Æ ADC F (²[Z_�2þ5’e•�Å

6È�'[Ÿ.B�À�Æ ADC 9½&ó�½�â�a��DÄADC1�¹_z3A!Ì_¶_ï 20 �¦F 7��¦DÑ�é[=�ºF No
787�2A#æ3C!Ò_/!��Å

+•�*6È>°HÖ�½PDB +65’&�[ZO
F e•f0]O(»e��½�•�[_�7�Y^+{7��¦ LED F 5’.+�½�ç
#ª+¢5ÚHÖ�œ6ý[—5�;ã/×=$0��Å)�78DÑ�é[=<=6¥#mD»5ª5Ú#t"²�½!µ�¶XG_c>€�©�ö2A#æ�Å
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19.1.2 �+�Ÿ

adc_demoHÖ�'�•G•>°HÖF ADC B�/Ã"¡2ˆ�Ë

„ K�"ñ7½!b ADC�Ë

adc_demoHÖ�'�•G•�É"¡#Ç�œ�ÆK�"ñF ADC j"D�•G•�½��DÄ�À�Æ ADC�½+��•6œ
+F �•G•+(1¬7½!b�Å2�WèJÈ�œ:½<çak�ç!é�½&Ä>°HÖh�FŠ!¹)g"²6»e•�½ADC +¢XG
7½!b�Å��DÄ ADC j"D�•G•#‹K�"²[•4i�ø�ÅV�@Ò ADC 5|fœ7½!b�[#‹DÄ7�2�Wè_�
2þ�½�â7½!b6¥"E�*>}]O2�6ËY`7ØY�;Þ�Å

„ +• 1/4/8/16/32�Æ�Ø;Þ&ã�Ø�Ë

No6û_�2þ_cI§.��CD»No78�ç!é�½ADC 6œ(¶P™(»+•32 �Æ_�2þ�Ø;Þ.�&ã�Ø�Å;�B�
/Ã#‹!k_� CPU\»2a�½_tP™eé�ê&�(Œ+²,Œ+•[—5�F /$i�Å+�+• 32�¹1²6•+�½�93

`éO
�º�Æ ADC _�2þNo78_wWèK�"ñF K36Ë.�&ã�Å_u�7_�2þNo785Ë&ÄPDBY‚#m
ADC 5’SS#r�Å

„ ADC �É5I�Ë

HÖ�'_t��DÄ�" ADC F �É5IB�/Ã�Å ADC1 F �É5I6©"=�'I§ (ISR)�É4ÚO
�"�œ�Æ5�
*ó>€<~&��Å;k�ÆPDB$�6»�½+�`™�¶+• ADC1 F �À]‹_/!�_wWè>€<~�½�À]‹_/!�

�¹Y]�§�œ`„!¢�º&ã_z3A!Ì POT�Å_u�œfú-Ô/‡_»�°K�"ñF 2£5�>€<~&�"¡2ˆ&Ä ADC1
F �É5I6©"=�'I§�É�½DÄ�*[•5ª)��ñDÄ7�+F MCU $�6»��[—5�#t/3.�>m�Å+��aDÄ
2 WèC [‰Yœ�•G•+:CL�½5|/FCK�Å;�>€<~&�5Ë#‹_¥h��½ADC 6È^GF &ã�ØB�/Ã#‹�•
�œ]���DÄ�½�û#‹�•�©��DÄ�Å�Ö�"3ljtNo78F .�>m/Ã�½HÖ�'�É#¨5’��DÄ�"_u�À�Æ
B�/Ã�Å

„ DÄPDBH��’Y‚#m ADC�Ë

ADC 9½&ó!ÅDÄPDB7�Y‚#m ADC _�2þ�Å ADC _�2þY‚#m�}#“5Ë#‹`éF �Å6È�'�É�½
ADC `éO
�Ö�aDÍ PDBY‚#m�ÅPDBDÍ.0DÄ_��’Y‚#m�½_¶_c2£�€#Ë"D!�+65’_�2þ
5’.+�Å�œ5‚_u7Ó�ö�½+��[7Õ3
!�`éO
F +65’&��½Y‚#m.+!³�ÉF ;k�Æ_�2þ�Å;k:½
[=5�&�&z!Ì]�)g�Ø�½+��[ai(©�½#Ë"D ADC0 $( ADC1 F �§�œ�Æ_�2þ$�6»�Å�a+•
ADC1 F [—5�_wWè>€<~�½.�5ÚHÖ�ÖPOT�Å

„ 16 �é!¢_DC#�Ë

6È�'�ÉF _�2þNo78�Ö 16 �é5|JÂ#“5��Å

„ -Š!¢1²"ñJ‹�Ë

6È�'>°HÖ"ñJ‹9½.«�Å

�À•
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19.2 �¥�ÂU	è
6È�'�É�½ ADC �a`éO
DÄ7�[—#r"ñJ‹_/!�.�;Þ&ã�Ø�Å;�>°HÖ�É�½ ADC0 _/!�6Æ_z3A!Ì
�—�ñ6¥0«�åF _/!�>,�½�aDÄ7�[]5ª!�#‹�•-•�ø�Å ADC1 &Ä��DÄ•A‚ +`*ô&�$(��DÄ •B‚
+`*ô&��ÀIi0a!Q�§�½&ã`éO
�Ö_¶_ï 20�½�ª7��¦DÑ�é[="Õ`é�Å_u0«$�FÜ�½&Ä[=!®2�Wè
F 4 :½_�2þ�É�½6¥2 :½��DÄ ADC1�ÅADC1 F �À:½_�2þ&ã&Ä_¶_ï20 �¦2�Wè�½�œ:½_z
3A!Ì K2�½�œ:½_z3A!ÌPOT�ÅADC `éO
�ÖDÍ PDBY‚#m�Ì;k�Æ PDB$�6»�½PDB _/!–
4 �ÆY‚#m�}#“�ÅADC0 &Ä_uIi0a!Q�§?\<×�½�©_c#¨7Ó6Æ_z3A!ÌPOT�Å+��û5ËDÍ PDB
Y‚#m�½�©_c!�[—5�+•�CD»>°HÖI§.+JÈ�0:½_/!–�¹ POT[—5��ºF 5�*ó>€<~&�5|/$i�Å

19.2.1 PDB �(�?�¥�†�
 ADC ���Ð
2�Wè6È>°HÖfœY�+(1¬(¶�Æ;�j@�½"¡2ˆ[ZO
(²[Z�Å!��*_u�7;�j@F _w�œ;��}0�$(Y•af�½
#^Y] adc_demoh�FŠ�ÉF �•G•$(#ªN‰`„!¢�½�§fþ2¥h�.+!³!–_u�7;�j@�Ë
1. ��DÄ SIM 9½&ó.œ#ËADC $( PDB9½&óF 5’d;�Å
2. Q•�* ADC�½`éO
L—N{fb1¬9½&ó�Önt[@�Ø�Å
3. `éO
(²[Z.’_{&ó (PDB)�Å
4. H
+6ADC F `éO
�½��DÄ�œ�ÆNo7 *ô D1ÜfœF `éO
�Å
5. ��DÄ ADC j"D�•G•`éO
 ADC�Å
6. ��DÄ ADC 7½!bF `éO
7½!bADC�½@Ò#ª/þ(©1ÜfœF `éO
�Å
7. ��P™NVIC �ÉF ADC $( PDB �É5I�Å
8. _��’Y‚#m PDB�ÅNk_c[Z+6F 5’e•e•f0#ª�½ PDBY‚#mADC�Å
9. ( C¢ PDB�ÄADC0 $( ADC1 �É5I�Å

19.2.1.1 	7�� ADC �„ PDB H�Ò

adc_demoh�FŠF HÖ�'�•G•�Ë

fœY���DÄ SIM 9½&ó.œ#ËADC $( PDBF 5’d;�Ë

// Turn on the ADC0 and ADC1 clocks as well as the PDB clocks to test ADC triggered by PDB
 SIM_SCGC6 |= (SIM_SCGC6_ADC0_MASK );
 SIM_SCGC3 |= (SIM_SCGC3_ADC1_MASK );  
 SIM_SCGC6 |= SIM_SCGC6_PDB_MASK ;   

19.2.1.2 �¥�Â SIM ��	v�[�ë�¯ ADC ���ª�´

 SIM_SOPT7 &= ~(SIM_SOPT7_ADC1ALTTRGEN_MASK  | // selects PDB not ALT trigger
                SIM_SOPT7_ADC1PRETRGSEL_MASK |
                SIM_SOPT7_ADC0ALTTRGEN_MASK  | // selects PDB not ALT trigger
                SIM_SOPT7_ADC0ALTTRGEN_MASK) ;
 SIM_SOPT7 = SIM_SOPT7_ADC0TRGSEL(0);       // applies only in case of ALT trigger, in which 
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case 
                                             // PDB external pin input trigger for ADC
 SIM_SOPT7 = SIM_SOPT7_ADC1TRGSEL(0);       // same for both ADCs   

19.2.1.3 �¥�Â�“!�ü�þ	v (PDB)

// Configure the Peripheral Delay Block (PDB): 
// enable PDB, pdb counter clock = busclock / 20 , continuous triggers, sw trigger , and use 
prescaler too
 PDB_SC =  PDB_SC_CONT_MASK       // Continuous, rather than one-shot, mode
         | PDB_SC_PDBEN_MASK      // PDB enabled
         | PDB_SC_PDBIE_MASK      // PDB Interrupt Enable
         | PDB_SC_PRESCALER(0x5)  // Slow down the period of the PDB for testing 
         | PDB_SC_TRGSEL(0xf)     // Trigger source is Software Trigger to be invoked in 
this file
         | PDB_SC_MULT(2);        // Multiplication factor 20 for the prescale divider for 
the counter clock
                                  // the software trigger, PDB_SC_SWTRIG_MASK is not 
triggered at this time.  
  
 PDB_IDLY = 0x0000;   // need to trigger interrupt every counter reset which happens when 
modulus reached

 PDB_MOD = 0xffff;    // largest period possible with the selections above, so slow you can 
see each conversion. 

// channel 0 pretrigger 0 and 1 enabled and delayed
 PDB_CH0C1 = PDB_CH0C1_EN(0x01) 
           | PDB_CH0C1_TOS(0x01) 
           | PDB_CH0C1_EN(0x02) 
           | PDB_CH0C1_TOS(0x02) ; 
 
 PDB_CH0DLY0 = ADC0_DLYA ; 
 PDB_CH0DLY1 = ADC0_DLYB ; 
  
// channel 1 pretrigger 0 and 1 enabled and delayed
 PDB_CH1C1 = PDB_CH1C1_EN(0x01) 
           | PDB_CH1C1_TOS(0x01) 
           | PDB_CH1C1_EN(0x02) 
           | PDB_CH1C1_TOS(0x02) ;
  
 PDB_CH1DLY0 = ADC1_DLYA ; 
 PDB_CH1DLY1 = ADC1_DLYB ; 
  
 PDB_SC =  PDB_SC_CONT_MASK        // Continuous, rather than one-shot, mode
         | PDB_SC_PDBEN_MASK       // PDB enabled
         | PDB_SC_PDBIE_MASK       // PDB Interrupt Enable
         | PDB_SC_PRESCALER(0x5)   // Slow down the period of the PDB for testing 
         | PDB_SC_TRGSEL(0xf)      // Trigger source is Software Trigger to be invoked in 
this file
         | PDB_SC_MULT(2)          // Multiplication factor 20 for the prescale divider for 
the counter clock
         | PDB_SC_LDOK_MASK;       // Need to ok the loading or it will not load certain 
registers!
                                   // the software trigger, PDB_SC_SWTRIG_MASK is not 
triggered at this time.

19.2.1.4 �’�ç ADC �¥�Â

[ZO
!¹)g ADC nt[@`éO
�Å ;�`éO
�y*ô&Ä�œ�ÆNo7 �É�½�•�[&Ä�—�œ ADC 7½!b!é$(7½
!b#ª�½7Õ3
fœY�#‹(©DÄ�Å

�¥�ÂU	è
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 Master_Adc_Config.CONFIG1  = ADLPC_NORMAL 
                            | ADC_CFG1_ADIV(ADIV_4) 
                            | ADLSMP_LONG 
                            | ADC_CFG1_MODE(MODE_16)
                            | ADC_CFG1_ADICLK(ADICLK_BUS); 
 Master_Adc_Config.CONFIG2  = MUXSEL_ADCA 
                            | ADACKEN_DISABLED 
                            | ADHSC_HISPEED 
                            | ADC_CFG2_ADLSTS(ADLSTS_20) ;
 Master_Adc_Config.COMPARE1 = 0x1234u ;                 // can be anything
 Master_Adc_Config.COMPARE2 = 0x5678u ;                 // can be anything
                                                        // since not using 
                                                        // compare feature
 Master_Adc_Config.STATUS2  = ADTRG_HW 
                            | ACFE_DISABLED 
                            | ACFGT_GREATER 
                            | ACREN_ENABLED 
                            | DMAEN_DISABLED 
                            | ADC_SC2_REFSEL(REFSEL_EXT);  
  
 Master_Adc_Config.STATUS3  = CAL_OFF 
                            | ADCO_SINGLE 
                            | AVGE_ENABLED 
                            | ADC_SC3_AVGS(AVGS_32);
  
 Master_Adc_Config.PGA      = PGAEN_DISABLED 
                            | PGACHP_NOCHOP 
                            | PGALP_NORMAL 
                            | ADC_PGA_PGAG(PGAG_64);
 Master_Adc_Config.STATUS1A = AIEN_OFF | DIFF_SINGLE | ADC_SC1_ADCH(31);       
 Master_Adc_Config.STATUS1B = AIEN_OFF | DIFF_SINGLE | ADC_SC1_ADCH(31);  

19.2.1.5 P�¨ ADC �z�î

7Õ3
��DÄ0a!Q`éO
ADC�½�â&|�Ö ADC_SC1_ADCH�Ö 31�½1Ü�• ADC 5|4ä�Å  _¶_ï
315Ë�œ�ÆI�DÄ";P™�Å

+:eá�¦.�<=6¥_¶_ï 31�Å

 ADC_Config_Alt(ADC0_BASE_PTR, &Master_Adc_Config);  // config ADC

19.2.1.6 �n�� ADC

��DÄ ADC 7½!bF `éO
7½!bADC�½@Ò#ª/þ(©1ÜfœF `éO
�Ë

 ADC_Cal(ADC0_BASE_PTR);                    // do the calibration

[•No7 �i@Ò!�6¥1ÜfœF `éO
�½ &|;�/þ(©`éO
�Å  �Ö�ñY�/þ(©�Ð  7½!b+•ADC F `éO
_w
Wè�"�œ�7[Ÿ5��Å  CL&Ä#r=$_u�7[Ÿ5��Ë

// config the ADC again to desired conditions 
 ADC_Config_Alt(ADC0_BASE_PTR, &Master_Adc_Config);  

+•�À�Æ ADC ai(©[•4i�ø�Å�©_c�½1�ˆ�a��DÄ ADC1 F No78�½!�_z3A!Ì Kinetis 'ð.«
"ý�¦F DÑ�é[=�Å
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// Repeating for ADC1: 
  ADC_Config_Alt(ADC1_BASE_PTR, &Master_Adc_Config);  // config ADC
  ADC_Cal(ADC1_BASE_PTR);                    // do the calibration

!):½`éO
 ADC �•/þ(©nt[@6ý�’

 ADC_Config_Alt(ADC1_BASE_PTR, &Master_Adc_Config);  

19.2.1.7 P�? ADC �„ PDB �Ï��

��P™NVIC �ÉF ADC $( PDB �É5I�Å

enable_irq(ADC0_irq_no) ;   // ready for this interrupt. 
enable_irq(ADC1_irq_no) ;   // ready for this interrupt. 
enable_irq(PDB_irq_no) ;    // ready for this interrupt.

)�78!é�œ>°HÖNo6û5’6Æ��P™�É5I�½[“��P™1ÜDÄF �É5I�Å

EnableInterrupts ;

19.2.1.8 �È�q�(�? PDB

_��’Y‚#m PDB�Ë

  PDB_SC |= PDB_SC_SWTRIG_MASK ;    // kick off the PDB  - just once

L—N{.œ)g-•�ø�ÅPDB_zN‰Y‚#mADC _�2þ�ÅCL&Ä5ÚHÖNo78�Å�¦�œWè5ËSOFTWARE
TRIGGER...

19.2.1.9 �)	Ø ADC �„ PDB �Ï��

�É5I( C¢fú-ÔK�"ñ�½#��[5�*ó>€<~&��û#†6¥�ÀWè C [‰Yœ�•G•�Å+�4ÚO
&ÄISRF 
ADC1A $( ADC1B `„!¢�É�Å

/******************************************************************************
* adc1_isr(void)
*
* use to signal ADC1 end of conversion 
* In:  n/a
* Out: exponentially filtered potentiometer reading!
* The ADC1 is used to sample the potentiometer on the A side and the B side:
* ping-pong.  That reading is filtered for an aggregate of ADC1 readings: 
exponentially_filtered_result1
* thus the filtered POT output is available for display.
******************************************************************************/
void adc1_isr(void)
{
  if (( ADC1_SC1A & ADC_SC1_COCO_MASK ) == ADC_SC1_COCO_MASK) {  // check which of the two 
conversions just triggered 
    PIN2_HIGH                     // do this asap
    result1A = ADC1_RA;           // this will clear the COCO bit that is also the interrupt 
flag

�¥�ÂU	è
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_u5ËADC1A F 2£5�>€<~&�`„!¢�Ë

    // Begin exponential filter code for Potentiometer setting for demonstration of filter 
effect
    exponentially_filtered_result1 += result1A;
    exponentially_filtered_result1 /= 2 ;
    // Spikes are attenuated 6 dB, 12 dB, 24 dB, .. and so on until they die out.
    // End exponential filter code..  add f*sample, divide by (f+1).. f is 1 for this case.

_u�7$�6»7£/sDÄ�*[L.ñ$†�7No78&ÄI§.+NC#‹DÄ�Å

     cycle_flags |= ADC1A_DONE ;   // mark this step done 
    } 
  else if (( ADC1_SC1B & ADC_SC1_COCO_MASK ) == ADC_SC1_COCO_MASK) {
    PIN2_LOW  
    result1B = ADC1_RB;  

_u5ËADC1B F 2£5�>€<~&�`„!¢�Ë

    // Begin exponential filter code for Potentiometer setting for demonstration of filter 
effect
    exponentially_filtered_result1 += result1B;
    exponentially_filtered_result1 /= 2 ;
    // Spikes are attenuated 6 dB, 12 dB, 18 dB, .. and so on until they die out.
    // End exponential filter code..  add f*sample, divide by (f+1).. f is 1 for this case.
     
    cycle_flags |= ADC1B_DONE ; 
    }  
  return;
}

19.2.2 ADC �¥�—�qL�C

ADC _/!�.±P¶�œQÈ`é6¥�œ�Æ+«''.e�“F RC >€<~&��ÅR �Ø_¶-Ô�Ö100:Ã)b�½C �ØF 
_¥2….0H
�y(ä(ê5KB�h-C#�¹ac7Óh-C#f��• 2�º�•�¦F h-C# á!¢>veé�Å

Kinetis ADC PDBN`#¤4Ë2•jtac7Ó_»C#�½!��´"[5Ë#‹�•��DÄ_�+« RC �ØF >€<~DÑ+U
7�+:CL23=“#|.ñ<~&��Å

19.2.3 PDB �¥�—�qL�C

PDB6È^G#‹DÍH��’Y‚#m�Å6¥�À�Æ.±P¶�éO
#‹DÄ�øPDBF (²`„Y‚#m&��Å+•;�5|�—�ñ
B�!ÇOŸUí�½�©_c.–[J�a��DÄ!��É�œ�Æ�¹O¨�©5Ë�À�Æ�º.±P¶�ø�Ö PDBF H��’Y‚#m&��Å
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PCB !�9�y�p

�ƒ	��ð�5

19.3.1.1 �È�?�ƒ�L�„�ƒ	�

5L[Z[=-Ÿ+Ü5’�½`�/F�•�§-ÔY`-ŸN[$(-Ÿ+Ü#;!µ�Å_u�7#;!µ6¥"E�*6œ(ÃI§.B&Ì=$f��}
#“\ÄakeŠh4�ÅADC j([]-•�øQ•"7�*3l�7fú-ÔIÏ+6F '–!bDÑ#'+Þ$(3A&Ì+Þ�Å

1. 23=“#|>€<~&�.0��DÄjt\Äak RC  ß�’�Å[• RC >€<~&�.0+Ù#‹P™fü_mADC _/!�.±
P¶4ÚO
�½�•�[=$f�(Ã`„!¢&�(Œ�Å

2. )�78Y�;Þ ADC +:CL6œjtLZ.B�½.0�Ö9½2{DÑ>,$('–!bDÑ#'>,3l�7fú-ÔIÏ+6F 9½2{
3A&Ì$(DÑ#'+Þ�Å

3. )�78Y�;Þ ADC +:CL6œjtLZ.B�½.0�Ö9½2{DÑ>,$('–!bDÑ#'>,3l�7fú-ÔIÏ+6F 9½2{
3A&Ì$(DÑ#'+Þ�Å

19.3.2 ESD/EMI 	I
n

RC 23=“#|>€<~&�5Ë(:.Ö ESD�y2@1ÜfœF !�`„&��’�Å EMI .�2�#¨7Ó5Ë!ÅDÄ_uIi.e
�“>€<~&�( C¢�Å+•�*�—�ñ RF RŸ&•!!F �}#“�½6œ(Ãeì.B&ÌNÅ+«CK]‹fþI‹�û/$aiY��Å

19.3

19.3.1

PCB !�9�y�p

Kinetis 	yÎ�•	I�¨�¼�·�2 , Rev. 3, 05/2014

168 Freescale Semiconductor, Inc.



�»  20 �c
P�¨ Kinetis �±	e�Å���¥ OPAMP

20.1 �À•
6ÈJ|+¢>°HÖ&Ä!�''.0DÄ#‹P™fœY�F # Ii9½.«�§)��ñ`éO
_lK34Ú(Ã&� (OPAMP)�½.��g
Ni�"�œ�ÆRŸ�'�Å

20.2 �e�º
OPAMP9½&ófb1¬&ÄCL6¥Kinetis K50L—!³&��’�¦�Å!�#¨F”J‹_/!��Ä#iF”J‹_/!�$(_/
!–#‹_¶_c(²`„.±P¶[[eŠ�½.��°#‹�ª(²`„DÑ]‹N`#¤��DÄ�Å

FŠ!é�½Kinetis K50L—!³�¹"¡2ˆ K50�ÄK51�ÄK52 $( K53 L—!³&��’�º3l�7fb1¬
OPAMP�Å!��r Kinetis&��’+¢7��û#‹P™�¶!!O
 OPAMP�Å

7Õ3
+•XaL�''�©#¨�½7l�7&��’!�6¥ 2 �ÆOPAMP9½&ó�½!��r&��’!µ�a6¥ 1 �Æ
OPAMP�Å6ÈJ|��DÄ K53 144.±P¶+•Xa�ø�ÖRŸ�'�Å K53 144.±P¶+•Xa"¡#ÇOPAMP0
$( OPAMP1�Å

20.3 �+�Ÿ
#  OPAMP!�6¥�•�§B�/Ã�Ë

„ 5 Ii#‹N²I§ OPAMP9½.«
„ _¶DÄ9½.«
„ N¯!N9½.«
„ #‹N²I§(:Ff9½.«
„ �ê";O³9½.«
„ jt_»9½.«

„ #‹N²I§_/!��}#“_z3A
„ ADC #‹[—#r OPAMP_/!–O¨5|fœ(²`„-ŸN[
„ _¶_c(²`„.±P¶[[eŠ#¨F”J‹_/!��Ä#iF”J‹_/!�$(_/!–
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20.4 �����E
OPAMP#‹�•_¶_c(²`„.±P¶[[eŠ�½.±P¶#©IŒ)��§�Ë

„ OP0_DP0 = OPAMP9½&ó0 -Š!¢#¨F”_/!� 0
„ OP0_DM0 = OPAMP9½&ó0 -Š!¢#iF”_/!� 0
„ OP0_OUT = OPAMP9½&ó0 _/!–
„ OP1_DP0 = OPAMP9½&ó1 -Š!¢#¨F”_/!� 0
„ OP1_DM0 = OPAMP9½&ó1 -Š!¢#iF”_/!� 0
„ OP1_OUT = OPAMP9½&ó1 _/!–

20.5 �¨�¼�Ã	è
+•�*�§fþ3l!ÌF 1Ü6¥9½.«�Ë

„ Vp = #¨F”J‹
„ Vn = #iF”J‹
„ Vout = _/!–J‹

N¯!N9½.«

OPAMPx_C0+`*ô&�'{ MODE[1:0] = 0b00

�m 20-1. �Ï�
��T�/�¥ OPAMP

[•9½.«�§�½ OPAMPDÄ�øDÑ#']{f+&��Å OPAMPF _/!–�ª Vp _¥2…F _/!��}#“F”#¨�Å
OPAMP&ÄMCU (©�é#ªI�DÄ�Å��P™#ª�½+�nt[@( �*N¯!N9½.«�½ Vn &ÄMCU !!`„_z
3A!Ì Vout�Å

_¶DÄ9½.«

OPAMPx_C0+`*ô&�'{ MODE[1:0] = 0b10�Ì

�����E
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�m 20-2. �Y�¨��T�/�¥ OPAMP

[•9½.«�§�½ OPAMPDÄ�ø_¶DÄ_lK34Ú(Ã&��Ånt[@0a!Q�§�½Vn�ÄVp $( Vout F•3A_z!Ì
MCU (²`„.±P¶�Å Vn $( Vp �û#‹�•_¥2…_z3A!Ì_/!��}#“_¥2…X��¹Y]#^OŸ1ç!(F •RKAã
`éO
‚ �œJ|�º�É!³!–F !��r_/!��}#“�Å

OPAMP #‹N²I§(:Ff9½.«

OPAMPx_C0+`*ô&�'{ MODE[1:0] = 0bx1�Ì

�m 20-3. 	V�I�ñ�9�m��T�/�¥ OPAMP

fb1¬ OPAMP5Ë"ñDÑ>,OPAMP�½&|;��œ�Æ_/!�J‹DÄ�ø'–!bDÑ#'7��ëO
_•Q•#‚�œJ‹
F _/!��}#“�Å

DÄ1Ó�œQÈ+¢[•#‹N²I§(:FfB�/ÃDÄ�*#¨F”1²#iF”.0DÄ�Å

#‹N²I§(:FfF #¨F”.0DÄ

&Ä#¨F”.0DÄ�É�½DÄ1Ó+¢_/!��}#“�¹�œQÈ5ËF•<Ý$(�@<Ý=“#¤�}#“�º_z3A!Ì Vin2�½DÄ1Ó
+6�åF F•<Ý'–!bDÑ#'!µ_z3A!Ì Vin1�Å

#‹N²I§(:Ff_¥h�6¥�Ë 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,13, 14, 15, 16, 17, 18

Vout = (Vin2 … Vin1) * Gain + Vin1

#‹N²I§(:FfF #iF”.0DÄ
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&Ä#iF”.0DÄ�É�½DÄ1Ó+¢_/!��}#“�¹�œQÈ5ËF•<Ý$(�@<Ý=“#¤�}#“�º_z3A!Ì Vin1�½DÄ1Ó
+6�åF F•<Ý'–!bDÑ#'!µ_z3A!Ì Vin2�Å

#‹N²I§(:Ff_¥h�6¥�Ë -1,-2,-3,-4,-5,-6,-7 -8,-9,-10,-11,-12,-13,-14,-15,-16,-17

Vout = (Vin1 … Vin2) * Gain + Vin2

�ÿ
&š 20-3 �É5ÚHÖF Rf $( Ri 5ËAã�¦!!`„DÑe×NíNx�½!��Ø-ŽH

+6�ÅDÄ1Ó�©.0!ÅDÄ(²`„DÑe×7�+¹[q�CD»!��r(:FfDÑ#'�Å)�
78DÄ1ÓfœY�!��r(:Ff_¥h��½.0+¢ OPAMP`éO
�Ö_¶DÄ9½.«�½
.���DÄ(²`„(:FfDÑe×NíNx7�SS/31ÜfœF (:Ff`éO
�Å

20.5.1 �Ë��"�î

OPAMP0$( OPAMP1F #‹N²I§_/!�_¥2…�Ë

nt[@0a!Q�§�½OPAMP0$( OPAMP1F _/!�_z3AQ•(²`„.±P¶�}#“�Å

#‚(²�½DÄ1Ó�û#‹�•�j!��rAã�¦9½&ó_¥2…_/!��}#“�Å &š 20-4 5ÚHÖ�"OPAMP0$(
OPAMP1#¨F”$(#iF”_/!�J‹#‹DÄF 1Ü6¥_/!��}#“�Å�')��½#‹�•&Ä!!`„_¥2…Aã�¦ 12
�é DAC �ø�Ö OPAMPF _/!��½_u7Ó+Í5|fœ(²`„DÑ]‹-ŸN[�Å

�¨�¼�Ã	è
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&›I‡b"#ô
"p&†b˜5x

"p&†bm64

OPAMP0 OPAMP1

0

1

2

3

4

5

6

7

OP1_DP0/OP1_DM1b"#ô"p&†OP0_DP0b"#ô"p&†

OPAMP 0b"$‰

OPAMP 1b"$‰

CMP0 6!ÜDACb"$‰

12!ÜDAC0b"$‰

12!ÜDAC1b"$‰

VDD

VSS

OPAMP 0b"$‰

OPAMP 1b"$‰

CMP0 6!ÜDACb"$‰

12!ÜDAC0b"$‰

12!ÜDAC1b"$‰

VDD

VSS

&\I‡b"#ô
"p&†b˜5x

"p&†bm64

OPAMP0 OPAMP1

0

1

2

3

4

5

6

7

OP1_DM0b"#ô"p&†OP0_DM0b"#ô"p&†

"lGè�äbm64$¿VSS�å

OPAMP 1b"$‰

CMP0 6!ÜDACb"$‰

12!ÜDAC0b"$‰

12!ÜDAC1b"$‰

VDD

VSS

OPAMP 0b"$‰

OP1_DP0/OP1_DM1b"#ô"p&†

CMP0 6!ÜDACb"$‰

12!ÜDAC0b"$‰

TRIAMP0b"$‰

VDD

VSS

+¥cw1¤S©"p&†

DÖ ™$�cw"p&†

+¥cw1¤S©"p&†

DÖ ™$�cw"p&†

�m 20-4. OPAMP0 �„ OPAMP1 �]�M{�Æ�•�|�„�Q�M{�Æ�•�|�Ê�4

_/!–_z3A�Ë

f��"_/!–!Ì(²`„.±P¶�•(²�½ OPAMPF _/!–_t#‹�7 MCU !!`„F !��r9½&ó��DÄ�½O¨5|
fœ(²`„-ŸN[�Å�• &š 20-5 �Ö�'�½ OPAMPF _/!–_t!!`„_z3AQ• ADC0 _¶_ï$(9½2{;p_�
&�(CMP)F _/!�J‹�Å

0

0

0

1

1

1

CMP1b"#ô

ADC0b©bâ

OP0_OUTb"$‰"p&†

CMP2b"#ô

ADC0b©bâ

OP1_OUTb"$‰"p&†

b"$‰T‚$�cw<°)æ

b"$‰T‚+¥cw1¤S©

b"$‰T‚$�cw<°)æ

b"$‰T‚+¥cw1¤S©

OPAMPQ¥&† OPAMPb"$‰"p&†bm64

�m 20-5. OPAMP0 �„ OPAMP1 {��	õ�¤
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20.5.2 ���q�—�qL�C

&��’H��’+:CL.–[Jac#r�•�§3F5Y�Ë

„ ��DÄ(²`„�ê_¶�Äjt_¶1²-Â_¶>€<~DÑ]‹-Ê"Eeé�ê.�2�&�(Œ�Å
„ ��DÄ 1%+U-Š(²`„DÑe×$(DÑ+U�½O¨�©Y���DÄ7£!b5%+U-ŠF �C$]�Å
„ OPAMP�©��DÄ5’�½.0+¢!�I�DÄ�•R�F• VddaDÑ<Ý=$O³�Å

-ŸN[2£"ó

5L[Z[=-Ÿ+Ü5’�½`�/F�•�§-ÔY`-Ÿ+Ü$(-ŸN[#;!µ�Å_u�7#;!µ6¥"E�*6œ(ÃI§.B&Ì=$f��}
#“\Äak$(DÑH].�2� (EMI)eŠh4�Å

�Ö�"+Ùak!k++`D»#^5��½/ah�+Ù#‹P™��DÄX�\Ð&��’�Å
„ 1Ü6¥&��’`™.0+Ù#‹P™fü_mIC 4ÚO
�Å
„ &��’.02¥A��•�§h�.++Ù#‹P™fü_m IC 4ÚO
�Ë

„ i2 ä4ÚO
#ii$DÑe×(Rf)�¹R•fœY��º�Å
„ !�:½4ÚO
�ÎOðDÑe×(Rs)�¹R•fœY��º�Å
„ 3AFÜ4ÚO
(²`„\»_�DÑ+U�¹R•fœY��º�Å
„ 6œ#ª4ÚO
�¼0»&�Jå_/!�>,�Å

„ R•fœY�(²`„\»_�DÑ+U�½_u�7DÑ+U.0��DÄ�Ée•!�GF !�!&Ì_z3A�Å
„ R•_/!�>,6¥3A&Ì_z3A�½.0+¢!�_z3A!Ì\»_�DÑ+UF !�!&Ì�Å
„ +Ù#‹P™�ö!Ì�•�§!|@U�Ë

„ jt_» I/O �}#“+Ù#‹P™_xIWOPMAP�}#“�Å
„ !k+fü_m OPAMP_/!�$(_/!–J‹F .±P¶F K=P¶DÑ.�O—_��½�jO¨eé�ê<„!�&�

(Œ�Å

20.5.3 P�¨ DAC �¥ OPAMP ��U
6È�'>°HÖ)��ñ��DÄ#‹_¥ OPAMP!!`„(:Ff�½�•#f[Ÿ5�DÑ#'�ëI—�•3l�7#¤_žF 4Ú(Ã�"
_/!–�}#“�Å  _/!��}#“DÍfb1¬F Aã�¦ 12 �é DAC 9½&ó�CD»�Å
1. [•h�FŠ$�#©�Ö analog_labs.eww�Å
2. &Äanalog_lab.c�É�½2¥A��•�§1ÜHÖ+•�•G•_wWè<„af�Ë

//vfnLab1();
//vfnLab2();
vfnLab3();

3. &Älab3.c�É�½2�!Ì[•<„af.�#r=$<„af�•�§�•G•�Å

vfnOPAMPConfig(LAB3a); //Non inverting OPAMP0 positive selects DAC0, negative selects 
DAC1
// vfnOPAMPConfig(LAB3b); //Inverting OPAMP0 positive selects DAC1, negative selects 
DAC0
// vfnOPAMPConfig(LAB3c); //Non inverting OPAMP0 positive selects DAC0, negative 
selects DAC1

�¨�¼�Ã	è
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4. &Äcommon.h5#�’�É�½#r=$<„af�•�§�•G•�Å

#define LAB3

5. N²[m[•h�FŠ�½)��§1ÜHÖ�Å

6. "ñ!—N›R�4I4Ú2¥dJ�•�§_�[•�•G•�½)��§1ÜHÖ�Å

7. 1ï.œ Serial Grapher Utility�½)��§1ÜHÖ�Å

8. &ÄP&E Serial Grapher�É�½+¢�ÎWè_¶�}J‹#•`éO
�Ö USBCOM�½<~B�C#�Ö
115,200�Å

9. "ñ!—•1ï.œ�ÎWèJ‹#•#Ë"D>°HÖ‚ �Å

10. &Ä�§fþ1ÜHÖF IAR [Ÿ[qSx"ñ�É�½2¥•_lWè‚ 2¥dJ�•_lWè�•G•�Å

11. ;�5’�½DÄ1Ó.0.ïP™(»F§!Ì)��§F :ÿ.Â<~�Å  )�78<=6¥�½[“_¢5’d$5g_�DÑ�é[=�½F•
Q•Y^+{!Ì[•<~.þ�Å
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12. &ÄTWR-K53N5127��¦�½2¥ IRQ02¥dJ#‹3ljt(:Ff�½  2¥SW22¥dJ#‹eé�ê(:Ff�Å
:ÿ.Â<~F -á.B+¢f+�ç4Õ#t�Å

13. �ø:þ[Ÿ[q�¶[y�Å

14. &Älab3.c�É�½2�!Ì[•<„af.�#r=$<„af�•�§�•G•�Å

// vfnOPAMPConfig(LAB3a); //Non inverting OPAMP0 positive selects DAC0, negative 
selects DAC1
// vfnOPAMPConfig(LAB3b); //Inverting OPAMP0 positive selects DAC1, negative selects 
DAC0
vfnOPAMPConfig(LAB3c); //Non inverting OPAMP0 positive selects DAC0, negative selects 
DAC1

15. N²[m�Ä�§_�.�_lWè[•h�FŠ�Å
16. <[�—�œ5U#5g_�DÑ�é[=�½Y^+{:ÿ.Â<~F•<ÝDÑ.�F #t"²�Å _u5Ë�œ�Æ��DÄOPAMP

[Ÿ5��ëI—DÑ#'F �'*ì�Å
17. 2•N‰3ljt OPAMPF (:Ff�¹Y]JÈ 12 ;��º�½ OPAMPF _/!–6œNd+¢i$(�Å  DÄ1Ó#‹

I—"DDÑ�é[=�•eé�êF•<ÝDÑ.��½!):½Y^+{,Œ�Ø�Å
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A.1 �À•
6ÈJ|[•5ª)��ñ"<_�$(_lWè�Ê Kinetis /‡_»#^OŸDÄ1Ó2£"ó�ËF !��r`„!¢1Ü_ŒF HÖ�'�•
G•�Å6ÈJ|+¢_¬;�[•5ªH
�y'ð.«L—N{_z3A:ÿH
F I§.+�½.�e¬af)��ñ"<_�HÖ�'h�FŠ�Å

A.2 �È�q�¥�Â
i2 ä2¥A� •/‡_»!�e„2£"ó ‚ 1Ü_Œ�½+%Xa6œ5LP&E Micro Kinetis Tower Toolkit�Å[•_��’
#‹�•&ÄNíJu�¦1²f+'ð7�3l�7F DVD �¦2�!Ì�Å+�+¢+%XaDÄ�*_¶_c OSJTAG+¢_��’�§
_�!Ì Kinetis 'ð7�F /aY�j"DI§.+�ÄUö2{�ÎWèJ‹#•j"DI§.+$( P&E NdJ‹I§.+�Å

+•�* ARM 6.101²6•jtAä6È�½0D_tfœY�+%XaIAR�Å+�4Ë2• OSJTAG€€ �é�* Kinetis
'ð7��¦F &–�’�½��0D#†fœ!ÅDÄ mini-B USBN[N¢�[#‹!Ó5L$([Ÿ[q�•G•�Å

A.3 �—�q�¥�Â
+•�*��DÄ�•(ÆNí�Ä FlexCAN1² USBF HÖ�'�½fœY�+¢'ð.«(ó�’N`#¤]�7��Å_lWè!��r
HÖ�'5’�½ Kinetis /J3C!Ò&�9½&ó#‹�•( �*BˆJg9½.«�Å

�Ö�"N`Xa'ð.«L—N{�½[“+¢# 'ð7�F �×�C�¹(¶5�9½&óF _u�œ�C�¦7£6¥F�6ýNU�º3n!�!�
6¥F�R�_z3A&�F �×�C7��É�½@Ò#ª+¢!��r�C7�_z3A!Ì9½&óF #‚�œ�C�Å TWR-ELEV Fn*ì
�¦�û6¥'ð.«L—N{F N`Xa[•5ª�Å

6œ#ª�½+¢�œ6ýUSBN[N¢_z3A!ÌKinetis 'ð.«9½&óF mini-USB J‹#•�Å TWR-K40X256
�¦5Ë J16�½TWR-K60N512�¦5Ë J13�Å+¢ USBN[N¢3n!�7�5’�½.0.ïP™F§!Ì1Ü6¥'ð7��¦
`™6¥�œ�7LED @�@U�J�Å_u[•5ª0DF 'ð.«L—N{N`Xa:ÿH
�Å
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A.4 �Ô�
�¥�Â
Kinetis 'ð7��¦F OSJTAGB�/Ã#‹!·.–�œ�ÆUö2{�ÎWèJ‹#•�½�jO¨_¶_c_z3A!Ì!é�œ`„!¢
F USBN[N¢7��ª[=K36Ö_¶�}�Å[•Uö2{�ÎWèJ‹#•_z3A!Ì TWR-K40X256�¦F UART0
$( TWR-K60N512�¦F UART5�Å

@Ò#ª�½�j• .œ)g‚ Sx"ñ_�!Ì •P&E Multilink Embedded Toolkit->+:DÄ-•!� ->NdJ‹+:DÄ-•
!� ‚ �½�•1ï.œ •NdJ‹+:DÄ-•!� ‚ �Å

`éO
NdJ‹+>1ÓJ‹��DÄUSB COM�Ä<~B�C#115200�Ä8 �Æ5�3
�é�Ä 1 �Æ�ø:þ�é�Ä5|(ã �
7½j(�Å@Ò#ª�½"ñ!—•1ï.œ�ÎWèJ‹#• ‚ �•#Ë"D_z3A�Å

A.5 �/��U	è�}
’
1. [“�j�•�§Ní&Ü�§_�'ð.«9½&óF 6œ5LHÖ�'�•G•./�Ë http://freescale.com/twr-k40x256

$( ://freescale.com/twr-k60n512�Å
2. +¢KINETIS512_SC.zip5#�’Y•#'NÅ!Ì�—�ñFŠ.ñ�Å
3. _�!Ì \kinetis-sc\build\iar\�[#‹F§!Ì1Ü6¥�©#¨F #‹DÄh�FŠ�Å
4. �§�œR�[•5ª)��ñ_lWè'–6ÈHÖ�' •Hello World‚ �½#¨7ÓF 4i�ø�û#‹DÄ�*!��rh�FŠ�Å

A.6 ���› •Hello World‚ ��U
1. 1ï.œ IAR�½&ÄSx"ñ7«�É_�!Ì •5#�’  -> 1ï.œ -> -•�ø"Ö ‚ �Å
2. 1ï.œ\kinetis-sc\build\iar\hello_world\�ÉF hello_world.eww-•�ø"Ö�Å
3. 1ï.œF -•�ø"Ö"¡#Ç�œ�ÆDÄ�* TWR-K40X256$( TWR-K60N512F •Hello World‚

h�FŠ�Å
4. KinetisL—!³3l�7[T(¶�©#¨F RAM $( FlashN`#¤�½6Èh�FŠ&ã#‹4Ë2•�Å@ÒO¨�½d$+•

0DF 'ð7��¦F ( C¢&��½.0.ï_¥2…�•�§FŠ7£�ç�œ�½��/3dš3A&��ÖRKAã3l�7F *ô D
J�e•6œ(Ã�Å
TWR-K40X256�Ë

�Ô�
�¥�Â
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„ RAM_64KB
„ FLASH_256KB_PFLASH_256KB_DFLASH

TWR-K60N512�Ë
„ RAM_128KB
„ FLASH_512KB_PFLASH

5. �jN>R�&¤1ÜHÖF �§2e7â�É_¥2…0DY�_lWèF h�FŠ$(`éO
�Å�û#‹�•#•dÊ"ñ!—�œ�Æh�
FŠ.�_¥2…•[Z�Ö<×"D‚ �ÅY�.œ)g_lWè�½[“7Õ3
0DF 7�_¥2…_ž.ïF FlashFŠ7£�¹)��¦
�œ;�1Ü!³�º�Å

6. _¥�ÉF h�FŠ�•L3�ï5ÚHÖ�Å
7. �Ö�"H
�y!�5L.œ)g�½i2 äY�#•dÊ"ñ!—[•h�FŠ.�_¥2… •=¡<• ‚ �½��h�FŠ/þ(©6È7�fþ

FŠ�Å
8. "ñ!—•N²[m‚ &š7£�¹1²#•dÊ"ñ!—h�FŠ.�_¥2…•N²[m‚ �º�•N²[mh�FŠ�Å
9. &Ä.1`„F N²[m+•[y7â�É�½0D�¶F§!Ìdµ[‹1²[�#æ�¹)�6¥�º�Å)�78N²[m1¬";�½<=6¥dµ

[‹�¹#‹P™6¥�œ�7[�#æ�½Yb�•G•O¨+6�º�½0D�¶F§!ÌL��Ø�§&šF �}0��Ë

10. CL&Ä2¥•�§_�.�[Ÿ[q ‚ 2¥dJ�½+¢�•G•�§_�!Ì7�.�#Ë"D[Ÿ[q&��Å
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11. �•G•+¢�§_�!Ì RAM 1² Flash�¹#r!O�*h�FŠ[ZO
�º�½[Ÿ[q&�J3#•+¢!–CL.�6��ø&ÄJÈ
�œ6ý2£�€( �Å"ñ!—•_lWè‚ 2¥dJ�•.œ)g_lWè�Å

12. _¥�É•_lWè‚ #ª�½_��’�¶5ÚHÖ�œ�7'–6ÈRKAã�}0��½@Ò#ª&ÄNdJ‹�¦5ÚHÖ•Hello
World‚ �Å;�#ª�½+�+¢ai(©dÊ!�NdJ‹+ë-ñF �—�ñ�}0��Å

13. 2¥•�É5I ‚ 2¥dJ�•6��ø[Ÿ[q&��Å@Ò#ª�½0D#‹�•2¥ •"ñ;�2�Wè ‚ 2¥dJ�½��!��œWè�œWè&Ì
2�Wè�•G•�Ì2¥ •"ñ;�_w!� ‚ 2¥dJ!µ#‹_w!�!™5�[ŸDÄ�Å

14. 2¥•�ø:þ ‚ 2¥dJ�•No6û[Ÿ[q�¶[y�Å
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