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fif£ Amazon FreeRTOS L# A\ PTPd, BLLInfiFIH] ENET 4 th LB iR EAT A o R DRSS o AT IR HiIAR
T AT A RIS AT IR

2 |EEE1588 J: A Mtk

IEEE 1588 #riH e — ARG I I B FS s, AR RS FIT | B (PTP) . IEEE 1588 PTP {5 8] G845 7 11
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o Dok gz pl, A B o A A ) WA 5% [F) A0 AR AR AT 4%, DA I BRI A
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R TT AL L PAEAT PR RE I e & R LS 5 5 TR E G & 1 ks FE [ 22 2% . |EEE 1588 PMSC ) o 32 E241L
AL

o WTEAARINE], 4 B2 FIRR E 1 1) 5749 3 A T & L RN AP R B 22, eSS0 [R) AN 31— 43
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System A

System B
(master) (slave)
t0_
t0 = timestamp /

of sync msg sent

\ t1 = timestamp
10 value / \

F?”Ow.up — of sync msg received
sent in follow-up msg (incluges to)g

Equation 1:
t1 - t0 = offset + delay

aaa-059507

KA. WA AER IR — FH R, JFEHE

L A 4 N P2 72 LR E WL 8] B0 26 AR i R PRI E 1 GEIBARSO) o SRJE, AALAT LI HE

BB N (KR Al ) (L EL2) . delay_req A1 delay_resp 7 i /&m0 UKD, {H2 H R AR
B, ENEA R R [ A0 .

System A System B

(master) (slave)

L 2

8 [ )

/ 2 = timestamp
of delay_req msg sent
' d?’a%resp . y_req msg
t3 = timestamp (’”ClUdes 3 S
of delay_req msg received )
Equation 2:

t3 - t2 = delay - offset

aaa-059508
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Master clock Slave clock
PTP Appl. G/MIl G/MIl PTP Appl.

100 T P P T 104
T 100 . T
102 100 iﬁA 106

\
101
1047 (101 106) 1108
1 \ Offset T
106 4 computation 1 41¢

w

108 - ,_ * 11 T+ 112

- Fl—
\ +114

108

10+ 108

110 —~ - 116

Key equations:

A =t1 - to = delay + offset
B = t3 - tp = delay - offset
Delay = (A+B) /2

Offset = (A-B) / 2

Example:
A=106-101=5
B=108-111=-3
Delay = (5-3) /2 =1
Offset = (5+3)/2=4

UDP port 319:
Delay_Req

UDP port 320:

Sync and

Follow_up,

Delay_Resp, and Mgmt

aaa-059509

K 3. IEEE 1588 [F5H B ¥ %1
HHE TR < IEEE 1588 trifEITE 2 (E 5,

1507 1) 36 [ B AR HER AT FTBE I T Chttps://www.nist.gov/)

2.2 IfEELd
P ARAE LUK RIEE, AT LAKS PTP st 5g e S BIER A F b o i T (e 85 S AE N R B, PRRAE B A A

B LB AT HER SN RIS IR B B RAEARIA IRIEE GES I B4 .

Master clock

Slave clock

9:28 !
Variable delay introduced
by the Network due to the
topology:
Milliseconds PTP PTP Milliseconds
* Hundreds of nanoseconds
of delay and ; of delay and
o UDP to microseconds for UDP L
variation . variation
. repeaters and switches .
introduced P P introduced
by protocol « Milliseconds for routers by protocol
stack MAC e | MAC stack
PHY PHY
| Network |
PTP packet | [ Now it's 9:28 | 200059510

Bl 4. B TR SR I
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Master clock Slave clock
OK, thanks
) 9:28 !
Now, it's
PTP PTP
\, : 4
< T 1
UDP 1| 1 UDP
1 1
P Lop
T
MAC | | MAC
PHY PHY
| Network |

~

PTP packet | | Now it's 9:28 | aaa-059511

& 5. REAFI S
I oA N (AR BT T ) B 1, AT DUBRORAR B Ml D P RSB IR IS G2 L 5) - BRI AIERTh RE R+ H
R T LG AR L

3 i.MXRT [ IEEE1588 Ujfi

i.MX RT10xx i/ MAC-NET #%.{> (55 10/100-Mbit/s MAC Z5-&-f8 FH D 22 & Fhis WL 2% il (43

IP, TCP, UDP I ICMP) , MIfi A% b R Pt T4k %S . ENET P uDMA Rl fiitk ENET M5
SoC Z [alfHdEfE4m, HINma X Mgt . v 7 s8Il IEEE 1588 (ERALF) B E [P HMY, MAC St
RS & /E—, SR E ENET ECR Hff EN1588 Lb4 5 ] 1588 S HF.

MAC with 1588

> 10/100 MAC - > PHY

Adjustable Events
timer > { > npulses/sec (pps)
Timing module generator

Control/status

| Data | | Control |
User application

Frame data
Control/status

K 6. |IEEE 1588 Ljfeiifit

3.1 R E I g

AR TS 28R (Adjustable Timer Module (TSM)) s281 T H 21748 (Free-Running Counter (FRC)), it
I 252 A2 BN TA) B . FRC A DAFEL AN [ 1] 52 BN AT R fE

R A I W] LU R I 85 DASEIL S @ R BN FE, JE AR RGHR LRI N P22 . 9 1 i &
FLAth 1) [ DHREMURI HEA T, AT LA IR 45 80 . o T )

TR S0 A B I 2 1 B, BRI, HETERR 0 3 (1 % 10%) - 1. SR T AL, 0T DR B R
FINEF B TRE (AN 25

AN12149_ZH All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.

MHAZE L Rev. 2.0 — 202543 31H Document feedback
5/26



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN12149_ZH

NXP Semiconductors AN12149

{/ PTPd, FreeRTOS Al IWIPTCP/IP #}ii#%7E i.MX RT -5Z3 IEEE 1588 V2

A E I S ELAE — AN T AR TG — M IE T s . XSS R R S R AT DL i E, AT AT
LI TN A AT AE HORS AH R T HE

Adjustable timer

ENET_ATPER

_ To MAC
External free-running
counter

ENET_ATCR
[SLAVE]

Correction
counter

ENET ATCOR  ENET_ATINC  ENET_ATINC
[INC_CORR] [INC]

7. AT 2SI

THEES SR B AT 18] o FEREAS I R, #0218 (B RN 24 TR 8] o 220 BBk T 06 4 A R o 3
o Flan, wWRE TAELE 125 MHz, NI E5E N 8 £ox 8 ns.

f£ ENET_ATPER CEN %A WIZF A48 Hlc & A 52 ST T Es A s, AW s oL, I E N 1
x 10°, LMETHEREIIE. FrE M BIFR 1 ns WINGED . kBRI, THEE LR MR, &
%ﬁ?ﬁﬁ‘@:ﬁo BT AR —ENEFFE, WA E N 1 x 10%, {4 (Current + Inc - (1 x
10%).

RIETH RS R e &ML, JF HAEREN A I B S A I —. 78388 %) ENET_ATCOR CER L IEH 17
&) PECEMMER, TR E BRSO IR AR .

AN S IE R AL ENET_ATINC FPECE. ZNPRIHN S, iSRRI ERE e TIEF g EE. 2
RTINS E R, TR IR B B IR T I 2 AH

RAE TS DUE SR ISR RS, AR & AR AT AT AR RS G OB IE AT BEARSE 3 (FE 1 ns Vi

WD, TS P B e ok

3.2 KIS (A EX

Fhminy [H B 22 1588 MFHAFl. ) um M HIAEFF (Blln, MAC JRaifefy) Ml #)] 1588 M Fmi, Ji5
TxBD (35 RAR G X IR TT) PN TS HAF st i,

WARKHE T T=BD [TS], M MAC £ ENET_ATSTMP HHCFIZMIAI [AE. ENET EIR (WPErHMAFESR) T
TS_AVAIL {7 B R A B I ET .

76 TxBD 1, iZEAFIE I R I R B I A FIZE6F ENET EIR[TS AVAIL] FIEIN SKRLHHREF IR, A5 M
ENET_ATSTMP A fFas MU M@k, HAbAEH T<BD ) 2/ AL M A% 52 .

3.3 B [A]EL

L5 B RE FATEANEIN . MAC 2BUfFTHIN 830018, IFFE RxBD i BRI (8K, R X A e B i mte et
#iF.
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3.4 mE[FD

TR B SR AT P TR A M B 25 B AR L. ESEEL T [ BIEAT O 32 AR, A — AR IE
T

K TE RIS 8 I SN 28, TS T BN 28 R HEAT R RS A Tk, 9 L RSk T ARAIS I S8 3h 2.

JS2 R AE SEBLT 5 FOEE I R (EMRTT S ), B R IEERIRIE ARG 43 (05882, IR I 2o 80E B M 4%
IR S

T AT N I S (5 EUBERC B S5 T 1 AP IavAb . BRI, (VSRR 0 31 (1 x 10%) - 1. ZESLRIH
o, DT RORI R T DD RESEBLIG, R BT DI RETE VRS AR DA 1 x 10° HATREHUT

3.5 fay A AN Ayt LB AU B

B N AT S AN B 1 PSR T T D A A PSR RS B RO B AR IR P . IEEE 1588 THIN SR R A MU MEiE . B4
B AL 1588 T SCRFf A SRt LE A

FERNFE AT, SRR INBHEART, TCCRn CER S LB T FE, n=1. 2. 3. 4) BiFHH
H. XAHEMFLE 1588 _TMRn 5 5K ETHMEBUT FEAE . FAHEEMBE TCSRn [TF] CEM S2Hil RS A 47
) Hbsid, VWAL TN . WH TCSRn [TIE] FEUSH THR W, AT B R — AN

e H LT, TCCRn HUE A7 28 Inak 1 AR F 4 R AE R IA] . 24 ENET H HIZ4TiH 885 TCCRn #F
TR rh i B L S EUUEERT, W —FRiC (TCSRn [TF1) , Fon KA TR LR, T SEAE B (1) v i &
4z, M 1588 TMRn HrHES B,

4 i.MXRT ] IEEE1588 sZ3i

MIMXRT10xx % 7] LAZE IEEE 1588 V2 PTP W& F#AE. A7 R A1HE NXP ENET IRshfE >, PHY oK
AL, FreeRTOS Al EVK IwIP TCP/IP #riA%. IEEE1588 V2 PTP 1 PTP J& & N AL F S8, %N AL
FITUR) . &8 Som T 5 % B A Ak 2

+ Software

* Hardware

K 8. &M T i.MX RT10xx MCU [t IEEE 1588 fi ik J5 &
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4.1 TEES

i.MXRT10xx EVK ¥ FI1E 2 B RALFE 2% . i MXRT10xx EVK FF RN TRFF MR, 1T 55 Bl e 24 2% b 7 58
RIS E QR IEFE  1Z TR 3 B Ih REEE :

* i.MXRT10xx MCU.

*+ 32MB @ 166 MHz SDRAM.

* 512 Mb 8B INTFF (1EH T i.MXRT1050) , 64 Mbit [P0 SPI [NFEF TF K 46H#E,
* 15 KSZ8081RNBPHY f#) 10/100 Mbit/s LA M2 4% .

* USB2.0 OTG/FHLiERE%S .

« 3.5 Z RV E I ENIGFL, 2250 KR4 75 2 e 8s

o WINIEREARA CMOS L EH:11 (F8 .MXRT1020 EARTHAD &

« CAN MiZki&degs, 14 DAP-link ) OpenSDA #1 Arduino #%1.

« ALK 5V DC L.

MX RT1050 s& Mk 5t 56 — 3k AL HL S, X2 — A EEgs R4, KA 7 B #% ArmCortex-M7 WAZ =
PSE. B B v R AR R A e A ME DL MCU 25 ] PR S T — AR SRR . B DA

600 MHz{E FizfT, LAFRAtEA RESRR IAERI = CPU HAE. i.MX RT 1050 24t &R fFRe 0, W4
SDRAM, J5#4H NAND [A17, NOR [Af7, SD/eMMC, VU SPI, HyperBus, VLR &FiHAbEED, T ZE#I
¥, filtn WLAN, Bluetooth, GPS, ZR#:LLJ camera f&/&#8 ., 5HAh i MX AbFE88—FE, i.MX RT1050 &4
BT EE RS MR RS, 45 LCD EorBF, A 2D K, cameradi [ LA SPDIFAII2S & 454 M.

MX RT1020 RFME A LQFP $#3E3 4t 7 e tEaeshabsE, Mt — B 7 BRI T AR R . 1A EE 25 )
BT Z AR, FHE KA N A A ESRAM UM F] 256 KB. i.MX RT1020 LL 500 MHz iz1T -

HRELZER, 20 www.nxp.com FHIHINZ% Tt .

4.2 B

IEEE 1588 #f4-szFl 6145 F T i.MX RT10xx EVB Al PTP sF# #2 % #) MCUXpresso SDK IDE. MCUXpresso
SDK IDE & — MM P A, HIT7E NXP MCU I AN TR, EIESNE AR, HrafE A sem#4E 248,

4.2.1 FreeRTOS

FreeRTOS J&—/NSEWf W% (BRSEiAFERET) , 18] DATE L2 b Mg S 2 bt S Ay B2 3R )k N =0 FH 2
J¥. FreeRTOS $2ft 7 ZFL5, HFMR, F5 BRI 28177k BB RIIFERS it . ZF%
A ik e NAZPATIHRAN 262 . MCUXpresso SDK IDE AT AR IR L FreeRTOS IR AZ 10.0.1, SEAE
MCUXpresso IDE 1] FreeRTOS #4410 B A5 LL T ThAE:

* MR T 5 SDK ANHKISCH:, 10 FreeRTOS 4 €44 (CLI, FAT SL M uDP) MR, BiltniE s Cff
P ESPE LT

* ¥ systemCoreClock 4R m¥NIN%E] FreeRTOS OS port.c 1 FreeRTOSConfig.h St 4+,

s AT BN, AXREZELE, ViR www.nxp.com/freertos.

* JAfH7 KDSTask Aware Debugger, MW7 FreeRTOS #h ] LU H
configRECORD STACK HIGH ADDRESS %o

* MBI N vTaskSwitchContext ¥l attribute (EfFH) £ GCC FEf 7T -flto ifb. HK
FreeRTOS KL RATHUIMELN(E S, 15V i https://www.freertos.org/.
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4.2.2 \wlIP TCP/IP i34k

IWIP 5& TCP/IP Bl (2 e SeBl, v UALE C YA H 4283815, FHH T UAMIF A ML R E. Bt e el
B, I H RN NI AN R RSGH RAM & . #ZO0 U 2IP, £ a] DURE 75 2 A A F B N A7k
U1 TCP, UDP, DHCP FI¥F 2 HAR M. 48 7 #EA ¢ WP B 25 5., 15151 http://www.nongnu.org/
Iwip/2_1_x/index.html.

EVK-MIMXRT1050 f#) MCUXpresso SDK IDE 1% T IwIP TCP/IPHRYE:, %Pk {E MCUXpresso SDK IDE
11217, SDKIDE H1 T i.MXRT10xx EVB R [f] IWIP R4 N 2.15.x. #AE TEREZFELR, ES L
(IwIP TCP/IP #Ef& 1 MCUXpresso SDK R F#8/ ) (3CRY MCUXSDKLWIPUG)

4.2.3 PTP 56

PTPH24E T 5 LAN SEZ ST H BN BRI T P, 2 BN 2B AR 24, PTPE
& (PTPd) &ZIEEE Std 1588-20087E X 1] PTP JitA< 2 IS H .

PTPd #pifd — 4L 2 R T L 8h . BIEAEA RSP & L, el LSl g it i . PTP £E C J54X
e, R HTRLE S HTE FreeRTOS FRMH TMAR RS . KEH S R4 H KLFMRILTE <install_dir> /src/
dep X, AR K PTPd #AFERA N 2.3.1. A M github.com/ptpd/ptpd/releases 3K 15 .

5 |EEE1588 i/~ 4 14 i BH

IR AUE T MCUXpresso IDE v11.9.0 47 4m A1 SDK 4N 2.15.x, PTPd kx4l 2.3.1. i.MX
RT10xx ENET 3¢5 A i LFi [ ER ) IEEE1588. 74 2 j5 FAE AR A (R #K D AE IF-7E i.MX RT10xx EVB R iz 178
T, WA S IWIP TCP/IP i TAH S R 4548 .

5.1 i.MX RT SDK IDE ENET ZRZhF2/F 5 5T

ENET 1588 i} 2% B A VU @IS, X E0i@IE i 1588 iH A s dh T N e i bb s . A T MMAEIB 1T
i 2E IR AN S b 2 TRl R 25, 6408 B ENET %t EEEThfe, IXFREIs4T i B E S b i S 5 (E UL id
A AR Bk (PPS) (55 . R T afah AN #h BRI EE, I B 3B odoRn D s it H Eb i S 25 (8 3 BN
[, DU R] DA FH 75 95 28 0 %2 3 i b AL b [ 25 1) 1588 eI 8% i 5.

RSO A fsl_enet.h 4 H ELEL, U3 struct enet handle KA FIPNEA .

FEAR A AR I A K o

struct enet handle
{
#ifdef ENET ENHANCEDBUFFERDESCRIPTOR MODE
enet ptp time data ring t txPtpTsDataRing;
enet ptp timer channel t mPtpTmrChannel; /*!< PTP 1588 timer channel. */

uint32_t ptpNe;tCounter; /*!< PTP 1588 next output compare counter
value */
#endif /* ENET ENHANCEDBUFFERDESCRIPTOR MODE
*/

17

A |IEEE1588 T & bR e LEALThBE, WAJIFE ENET_Ptpl588Configure
ENET TimeStampIRQHandler BRALHRIMBUE R AIRAD .

void ENET Ptpl588Configure (ENET Type *base, enet handle t *handle, enet ptp config t
*ptpConfig)
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handle->msTimerSecond = 0;
handle->mPtpTmrChannel = ptpConfig->channel;

else if (base->CHANNEL|[handle->mPtpTmrChannel].TCSR & ENET TCSR_TF MASK)

{

ENET Ptpl588SetChannelCmpValue (base, handle->mPtpTmrChannel, handle-

>ptpNextCounEer);
do {

ENET_Ptpl588ClearChannelStatus (base, handle->mPtpTmrChannel) ;

} while (true == ENET_Ptpl588GetChannelStatus(base, handle->mPtpTmrChannel)) ;

DM RRCA ) SDK F RS B 1= BBl B I TRIER 0 DR A7 R, A I TR 8Kk 7 22 AL R0 5e it a B MK I% 1) BD
HHEREL. £ 1588 Pl , R4 event FEAIHIEMIH Z RGN [RIEL, FrLAE ENET_SendFrame () B{¥CHigiN

T AR I BAEFH — AN 4R AR R ROA R . BRI s iE 255 AN12149SW.,

5.2 IwlP TCP/IP #1537

AR TIWIPE AR B0, PLSCHE PTP R, X <sdk_install_dir>/middleware/lwip/port LA 111

Iwipopts.h, ethernetif.h, # ethernetif.c (14

PTP sF# 27~ SO_REUSEADDR ETUH TE#H:7, DNS (4 R4 WA IGMP (Internet 2H % # )

VO Wil EAMERW AR IP HhkF DHCP (B ENEE D .

T3 SDK #2545 7 I TR BRI R ShAE, AT LR E i Bt pbuf custom data structure JAF i 122 SCECHE ot (1 Bt 7]

Iwipopts.h H ) AR 20 200 XA AH M. I 4E -

/* SO_REUSE ==1: Enable SO _REUSEADDR option */
#define SO REUSE 1

#define LWIP PBUF CUSTOM DATA \
u6d t t sec; \
u32 t t nsec;

#ifndef LWIP DHCP
#define LWIP DHCP 0
#endif

J¥ smmmmmmmms DNS options -—--------- */
#ifndef LWIP DNS

#define LWIP DNS 1

#endif

J% secmescmss IGMP options —-—-—------- =
/* LWIP_IGMP==1: Turn on IGMP module. */
#ifndef LWIP IGMP

#define LWIP IGMP 1

AN12149_ZH All information provided in this document is subject to legal disclaimers.
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#endif

SDK IDE fil At IERA IWIP AR 33 PTP. ENET UL hREA I KATAT 1588 i 25 1fE. ethernetif.h
Hl enet_ethernetif _kinetis.c AACHY 537 - K o5 ENET 1588 it 28 f%, #lunw)ta1k 1588 it &%, JoHHT
TR T 2% S PR T e, BB SREUTE], % 1588 TN 2RATR DL K FREN KIS e TR R . #if
LWIP_TPT Al #endif XI55 PTP AR FTA ARG .

AR B N RN 3 ethernetif.n 77, DA EA 1588 1B 2% HIFIFE

#if LWIP_PTP
#include "lwip ptp.h"

#define ENET NANOSECOND_ ONE_SECOND 1000000000U
#define PTP AT INC (ENET NANOSECOND ONE_SECOND/PTP CLOCK FRE RT)

void ethernet ptptime settime (enet ptp time t *timestamp) ;
void ethernet ptptime gettime (enet ptp time t *timestamp) ;
void ethernet ptptime adjfreq(int32 t ppb);

err t enet get rxframe time(enet ptp time data t *ptpTimeData);
err t enet get txframe time (enet ptp time data t *ptpTimeData);
#endif

LA_ET)fEAE enet_ethernetif_kinetis.c SCHFHSEHLl. M enet init () BECREIZ AT, K9z IFM A ENET 1588
T 28 4) U61L K%L ethernet ptptime init (). ethernet ptptime enablepps () R T /8 HiHHf
RIETE Y LR T R AT I,  FFARIE AL IE I S HAE ethernet ptptime init () ERECHIHA.

N

IX/& ethernet ptptime enablepps () FREHIMAS:

static void ethernet ptptime enablepps (struct ethernetif *ethernetif,
enet ptp timer channel t tmr ch)
{
uint32 t next counter = 0;
uint32 t tmp val = 0;

/* clear capture or output compare interrupt status if have. */
ENET Ptpl588ClearChannelStatus (ethernetif->base, tmr ch);

/* It is recommended to double check the TMODE field in the
* TCSR register to be cleared before the first compare counter
* is written into TCCR register. Just add a double check. */
tmp val = ethernetif->base->CHANNEL [tmr ch].TCSR;
do {
tmp val &= ~(ENET TCSR TMODE MASK) ;
ethernetif—>base—>CHANNEL[tmr_ch].TCSR = tmp val;
tmp val = ethernetif->base->CHANNEL [tmr ch].TCSR;
} while (tmp val & ENET TCSR TMODE MASK) ;

tmp _val = (ENET NANOSECOND ONE SECOND >> 1);
ENET Ptpl588SetChannelCmpValue (ethernetif->base, tmr ch, tmp val);

/* Calculate the second the compare event timestamp */
next counter = tmp val;

/* Compare channel setting. */
ENET Ptpl588ClearChannelStatus (ethernetif->base, tmr ch);

ENET Ptpl588SetChannelOutputPulseWidth (ethernetif->base, tmr ch, false, 4, true);

/* Write the second compare event timestamp and calculate

* the third timestamp. Refer the TCCR register detail in the spec.*/
ENET Ptpl588SetChannelCmpValue (ethernetif->base, tmr ch, next counter);
/* Update next counter */
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ethernetif->handle.ptpNextCounter = next counter;

KB AREY & ENET 1588 iHET #5 W) UG LK% ethernet ptptime init () RHFHKHFIHNAE:

static struct ethernetif * ptp ethernetif = NULL;

/* Buffers for store receive and transmit timestamp. */
enet ptp time data t g rxPtpTsBuff [ENET RXBD NUM] ;
enet ptp time data t g txPtpTsBuff [ENET TXBD NUM]

static void ethernet ptptime init (struct ethernetif *ethernetif, uint32 t ptp clk freq,
bool pps en, enet ptp timer channel t tmr ch)
{
enet ptp config t ptp cfg;

assert (ethernetif) ;
ptp ethernetif = ethernetif;

/* Config 1588 */

memset (&ptp cfg, 0, sizeof (enet ptp config t));

ptp cfg.channel = tmr ch; ptp cfg.ptpl588ClockSrc Hz = ptp clk freqg;

ENET Ptpl588Configure (ptp ethernetif->base, &ptp ethernetif->handle, &ptp cfg);

if (true == pps en)
{
ethernet ptptime enablepps (ptp ethernetif, tmr ch);
}
else
{
ENET Ptpl588SetChannelMode (ptp ethernetif->base, tmr ch, kENET PtpChannelDisable,
false) ;

}

AL T enet init () BEH ) ethernet ptptime init () K

static void enet init(struct netif *netif, struct ethernetif *ethernetif,
B const ethernetif config t *ethernetifConfig)

{
#if LWIP_PTP

/* It's time to initialize the IE1588 function of ethernet */

ethernet ptptime_init(ethernetif, PTP_CLOCK FRE RT, PTP_TEST APP ENABLE,

PTP_TEST APP_CHANNEL) ;

#endif

ENET ActiveRead (ethernetif->base);
}

ethernet ptptime adjfreq() E¥UBIIAE ENET ATCOR P17 a8 P % B AR KL IE [0 Sl K 8 SURL IE 1 4%
b A 4, A% 1588 THif &% . RIEMGE{HAE ENET ATINC Ff7##H) INC_CORR FEIHIXE. W

B INC_CORR MMEKT INC B, NNtk 1588 T a5 fid & . 1 INC_CORR AR T INC FEBH 1)
fE, NS 1588 it #5 i5H T .

ethernet ptptime adjfreq() ERELRSLIT:

void ethernet ptptime adjfreq(int32 t incps)

{
int32 t neg adj = 0;
uint32 t corr inc, corr period;

assert (ptp ethernetif);
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/%
* incps means the increment rate (nanseconds per second)by which to

* slow down or speed up the slave timer.

* Positive ppb need to speed up and negative value need to slow down.

*/

if (0 == incps)
{
ptp ethernetif->base->ATCOR &= ~ENET ATCOR COR MASK; /* Reset PTP
frequency */
return;

}

if (incps < 0)

{
incps = - incps;
neg adj = 1;

}

corr period = (uint32 t)PTP _CLOCK FRE RT / incps;
/* neg adj = 1, slow down timer, neg adj = 0, speed up timer */
corr inc = (neg _adj) ? (PTP_AT INC - 1) : (PTP_AT INC + 1);

ENET Ptpl588AdjustTimer (ptp ethernetif->base, corr inc, corr period);
}

S

ethernet ptptime settime(), ethernet ptptime gettime(), enet get rxframe time(), M
enet get txframe time () FEUK{IEE enet_ethernetif_kinetis.c SCAFH (1)

ENET Ptpl588GetTimer (), ENET Ptpl588SetTimer (), ENET GetRxFrameTime ()

MENET GetTxFrameTime () BR%{.

5.3 FreeRTOS L f] PTPd # 14

BRI PTPd JEACILIE H T FreeBSD, NetBSD, Mac OS X #1 Linux #:/E £4i. 1§ H IwIP 1 SDKIKE %7
HIRIE RS, ARSI SEIE RGAH RIS, 55 WL A S ARRD AR I (R B ARAS . FEME R TAE G4
FreeRTOS T PTPd 1155, RGN AIFIRE, RAMRS, WA A, SWEERFIAZ T LI PTP Pl
BAMEM. AR AR MCUXpresso IDE 78 4 12 A 32 3 18] 335 4T (1) fai S AR AT 24

ptpd/src S BLAACRS A& F PTPd M. PTPd LR SCA-IL i SE B 4 BEAE FreeRTOS %4t LA#iH]. ptpd.c
A JESE main () BRBCESCN ptpd_thread (), ZEHUEE)Y FreeRTOS AR5 8. Fr 7 T EHLEL
HMHLIAE RS, HAb i AT S ER T EMER . 8 RGUES RN, XA E 20l ZHORLE

PTPd jl FRAS ) 5 — A EEAE U AE protocol.c SCIFH . ERIAKT PTP B2 FH AR P BA— > B SE A R 54

fE UNIX RGHIEAT. W& DRI E SRIEHE, BN EATR{EH UDP/IP 281 B RIEM . B
RS H B I MAH R Sync ¥ E.5¢ Pdelay_Resp F{4iH 55, K Ki% Follow Up B¢

Pdelay Resp Follow Up WHE . BT HER @ S SERETN, BZsa AW HE S RIENE
HHE . RIEMEBFEAEEE, LIAESARY DUREIX AN G A S . R O R, 8 s e 1
FJE R netSelect () BEL, B¥EIHAT NULL (GHER) , AW NULL (CGHEERY) 2 FHIE select () B
H 0 R 1 S5 A SO AR AT

ptpd/src/dep H ) SCAF R E T o RS SO, I HEGR TH#ME RS, TCP/IP hiieMtift 1 &, F2H
M & net.c, startup.c, sys.c, Ftimer.c Xf. EANWNATHEA mcu G4, LAX AT RLE M.
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£ FreeRTOSConfig.h S {06 configUSE TIMERS ¥ E N 11, FreeRTOS At I A LhaE. Xt
eventtimer_itimer.c SCF M EFE DL AN D) RE -

void startEventTimers (void)

{

TimerHandle t xptpTimer;

xptpTimer = xTimerCreate ("ptp timer", pdMS TO TICKS (MS TIMER INTERVAL), pdTRUE,
NULL, timerSignalHandler);

if (xptpTimer != NULL)
{
xTimerStart (xptpTimer, portMAX DELAY) ;
}
}

static void timerSignalHandler (TimerHandle t xTimer)

{

(void) xTimer;

elapsed++;
/* be sure to NOT call DBG in asynchronous handlers! */
}

sys_mcu.c XfFRA LS R RBIRE, PUIRGESH0R P R R GAE L T 88 03 1. XL RE R 2 4
#RUR A AT 5.2 A D fE

adjFreq () BREARHLMIR:

Boolean adjFreqg(Integer32 adj)
{
if (adj > ADJ FREQ MAX)
adj = ADJ FREQ MAX;
else if (adj < -ADJ FREQ MAX)
adj = -ADJ FREQ MAX;
ethernet ptptime adjfreq(adj);
return TRUE;
}

A AR B 2T ] FreeRTOS vTaskDelay () BRACK HATZFEE TRMRIRAS . FLAYI S SO OUMI B A5 B 5 o
A/ H SR

Boolean nanoSleep (TimeInternal * t)

{
TickType t time;

time = pdMS TO TICKS (t->seconds * 1000 + t->nanoseconds / 1000000) ;
vTaskDelay (time) ;
return TRUE;

}

void milliSleep (int milli seconds)

{
TickType t time;

time = pdMS TO TICKS (milli seconds) ;
vTaskDelay (time) ;
}

startup_mcu.c XAEEMERFTA 5 OSHI KIS S IREM T 2T SEENTRD . WD T ptpd init () BRECEN
PTPd M FFE 7% FreeRTOS 1155,
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JRUEARHG (AL i R ) TR R RS HR6t, IF HAE R recvmsg () B2 G, T LLFEUS S () E0dE Hh $2HL
BB a8k, AyE R {E ] ENET 1588 11 i 25 fH AU F i (e Bk D A . X LeARAS A ZNAZHE B i.MX RT10xx MCU
) FreeRTOS il ENET 1588 i #% . net_mcu.c 3CfEr FACHS R AL T B ME A ThAE

getInterfaceAddress () R EEIRE] WIP F B IBAM 2 E: 0, SEBL7 T

static int getInterfaceAddress (char* ifaceName, int family, struct sockaddr* addr) {
int ret;
(void) family;
struct ifaddrs *ifaddr, *ifa;

struct netif * iface;
iface = netGetDefaultNetif ();

memcpy (& ( (struct sockaddr in*)addr)->sin addr, &iface->ip addr, sizeof (iface-
>ip addr));

ret = 1;

return ret;

}

H TS AEH recvmsg () BREUS N EIEL, B netInit () RECPARIAH
netInitTimestamping () EAEL, WEA LI AR TRUE PG K%,

i.MXRT10xx MCU L) ENET X202 7 H B A ELZEE 1 API SKi2H event Bl a8k, a0z grde 2|,
F— N4 R AR B SRARATE Tx BD I H N FR B A G I T 8RR i i B} 1) BRARAFAE LWIP B UAR & LA pbuf
ik, ptpd ATLAEBAEE. N T IRIGE A1, NN & SRR e RIS FHRE B Zrh X 146 ENET PTP
HEHIEA enet ptp time data t KAE MR AIBEHE . AMALS BN T netPackPtpbata () K%L, FF
E LA R B A T %R A

static void netPackPtpData (Octet * buf, enet ptp time data t *pptpTimeData)
{
pptpTimeData->messageType = (* (Enumerationd4 *) (buf + 0)) & OxO0F;
pptpTimeData->sequenceld = flipl6 (* (UIntegerl6 *) (buf + 30));
pptpTimeData->version = (* (UIntegerd4d *) (buf + 1)) & O0x0F;
memcpy (pptpTimeData->sourcePortId, (buf + 20), 10);
}

recv () BETHREEH T netRecvGeneral () BRETH recvmsg () BREL, DAERHUCHE BLE S B, X2
netRecvGeneral () EAECELILIAHT:

ssize t netRecvGeneral (Octet * buf, TimeInternal * time, NetPath * netPath)

{

ssize t ret;

ret = recv(netPath->generalSock, buf, PACKET SIZE, MSG DONTWAIT) ;
if (ret <= 0) {
if (errno == EAGAIN || errno == EINTR)
return 0;
return ret;

}

return ret;

}

netRecvEvent () BHEEEEEA B AWIIEIR E LWIP B84 pbuf rh$ At fm Al k. X2 H e il s .

ssize t netRecvEvent (Octet * buf, TimeInternal * time, NetPath * netPath)
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ssize t ret = 0;
enet ptp time data t ptpTimeData;
struct lwip sock *sock;

getTime (time); /* Read the current time used for timestame in case of reading from
driver failed. */
ret = recv(netPath->eventSock, buf, PACKET SIZE, MSG PEEK) ;
if (ret <= 0) {
if (errno == EAGAIN || errno == EINTR)
return 0;

return ret;

}

/* get time stamp of packet */

if ('time) {
ERROR ("null receive time stamp argument\n") ;
return 0;

}
netPackPtpData (buf, &ptpTimeData) ;
sock = lwip socket dbg get socket (netPath->eventSock) ;

time->nanoseconds = sock->lastdata.netbuf->p->t nsec;
time->seconds = (Integer32)sock->lastdata.netbuf->p->t sec;

ret = recv(netPath->eventSock, buf, PACKET SIZE, MSG DONTWAIT) ;
if (ret <= 0) {
if (errno == EAGAIN || errno == EINTR)
return 0;

return ret;

}

return ret;

netSentEvent () fl netSentPeerEvent () BREIA KA N FAFTHE B AR [FHZ MW A TR #K . BRIASEBIAN
TR R . AT S A (A, netSentEvent () flnetSentPeerEvent () ERECKHIEE T A — A
NS ES RS IR 5] 5 s ) B A 22 i X .

ARG DAHAR 7R INE] netSentEvent () fl netSentPeerEvent () BREH LD

ssize t netSendEvent (Octet * buf, UlIntegerl6 length, TimeInternal * time, NetPath *
netPath, Integer32 alt dst)

getTime (tim) ; /* Read the current time used for timestame in case of reading from
driver failed. */

netPackPtpData (buf, &ptpTimeData) ;

if ('enet_get txframe time (&ptpTimeData)) {

/* return the timestamp gotten from driver */
tim->nanoseconds = ptpTimeData.timeStamp.nanosecond;
tim->seconds = (Integer32)ptpTimeData.timeStamp.second;
}

return ret;
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5.4 FreeRTOS #/E RF LA AR RACE

FEVH 7~ N FE 7 T8 FreeRTOS @@ T =/ MESLHE .

* stack_init fE55 — AT REBPEIE. ARSI IWIPTCP/IP ik DAL RS IP MU &, 2%
BCE, PICHBMERCE, MAC HihbBeE A LUK 4IaaE. 25, € s PTPd /255, &a, (LSRRI
IwIP A1 PTPd 155 )5, LI vTaskDelete () BHBORMIER & -

* tcpip thread {E% — W stack init {454 TCP/IP ¥liGAL A Gl aE . 8IS AT IwIP FAES K5 i) IwlP
L IIfE

* ptpd thread — Histack init fE56IE. MWAESIET PTPd MR . OIEAE S5 AL S 1 S8R R FHLEL
ML

R JE T 1588 T 4% ) S fa Y LR T RE o A LSRR A I, HL A H A SR AR e LR E

1588 1 % {IEIE 3 T 7E kiR ol i.MX RT1050 A1 i.MX RT1060 MCU 4 st LA 4.
HE S ZE GPTo AD B1 02 5. P RIEVETE pin_mux.c X% GPTO AD B1 02 FLE N
ENET 1588 EVNT2 OUT CJ@i¥ 3 fihifE5) »

/* GPIO _AD Bl 02 is configured as 1588 EVENT2 OUT */
IOMUXC_SetPinMux (IOMUXC GPIO AD Bl 02 ENET 1588 EVENT2 OUT, OU);

/* GPIO AD BO 12 PAD functional properties */
TOMUXC SetPinConfig (IOMUXC GPIO AD Bl 02 ENET 1588 EVENT2 OUT, 0x10BOu);

1588 i1 45 fIEIE 2 AT 76Uk 1A iMX RT1020 MCU A fedin it Lbae 4. (s S ik i &
GPIO SD Bl 02 5lfl. BIEETE pin_mux.c S{H# GPIO sD Bl 02 FLE N ENET 1588 EVNT1 OUT Gl
82 W hfES) -

/* GPIO_SD Bl 02 is configured as 1588 EVENT1 OUT */
IOMUXC_SetPinMux (IOMUXC GPIO SD Bl 02 ENET 1588 EVENT1 OUT, O0U);

/* GPIO_SD BO 12 PAD functional properties */
IOMUXC_SetPinConfig (IOMUXC_GPIO_SD Bl 02 ENET 1588 EVENT1 OUT, 0x10BOu);

1588 EM &5 HH ref enetpll2 (HLAKIM PLL A/ $REEE B, 54015 HiZEr &5 . LLIKMPLL MlaA6 T

void BOARD InitModuleClock (void)

{
const clock enet pll config t config = {true, true, 1, 0};
CLOCK InitEnetPll (&config);

}

HoAl R 2 TR AR E646 88 5 <sdk_install_dir/boards/evkmimxrt1050/driver_examples/enet/
txrx_ptp1588_transfer L4 H11] enet txrx ptpl588 /nHilAH[FE .
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6 iz1r IEEE1588 /<15l

R E AT E ] . MXRT10xx EVK AR _FIR &5 F firid s 8- K B 1588 TR .

6.1 TELFXE

WE PSR 1.MX RT10xx EVK HOE¥ B AT B ER AR BB E . 2R BA S SR E, AP s
FHAZ AR W 2 L e o 0 (o — P ] PR 228, I8 FH T R G HERf 1 A PR R . (E
S .MX RT10xx EVK #f fist Sle B a0 B9 From. MR 7 B4 2 Ik i E .

K 9. RIS e E
B R E A .MXRT10xx EVK i f1# B Bk EE S, 1EZH  MIMXRT10xXEVK $RAE 1 P Her )

6.2 M ppED &

N VA SRR KR (PPS) {55, AR NI MANLZ (B B (R 25 . 5+ i.MX RT1050 AT i.MX
RT1060 MCU, PPS {55 E#%M 1588 i 2% fiMiE 3 £k, HAlE Nilid cpTo AD B1 02 5IfifHH . XA
GPIO 155 #4121 Arduino #2111 J22-7 5|, %FF i.MX RT1020 MCU, PPS {55 E#: M 1588 i} &% i idiE
2 4R, FFRCE M cpTo AD B1 02 SIMfIH . 1% GPIO {55 4 #% f £ Arduino #1111 J19-10 5] .

T E A LR H LR PPS 155, WK AN RISk 4 Al H2 2] i.MX RT1050 A1/5§ i.MX RT1060 EVK
B i J22-7 S1H, F1/88 i.MX RT1020 EVK # 1 J19-10 51, ek, Rt — Bt e . ik o
R MPPSIE SOk AL £ PPS 55, FEHARBILSE] 1588 11 &% 1 IU /i #h i #A 2 18] 484k
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T T | B e s T
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|
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I ! ! 1 I ! ! !
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9 Note about the source code in the document

The example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2025 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Legal information

Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

AN12149_ZH

All information provided in this document is subject to legal disclaimers.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

HTML publications — An HTML version, if available, of this document is
provided as a courtesy. Definitive information is contained in the applicable
document in PDF format. If there is a discrepancy between the HTML
document and the PDF document, the PDF document has priority.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks

Notice: All referenced brands, product names, service names, and

trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.

© 2025 NXP B.V. All rights reserved.
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Amazon Web Services, AWS, the Powered by AWS logo, and FreeRTOS Bluetooth — the Bluetooth wordmark and logos are registered trademarks
— are trademarks of Amazon.com, Inc. or its affiliates. owned by Bluetooth SIG, Inc. and any use of such marks by NXP
AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Semiconductors is under license.

Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamiQ, Jazelle,
Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-
PLUS, ULINKpro, pVision, Versatile — are trademarks and/or registered
trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere. The related technology may be protected by any or all of patents,
copyrights, designs and trade secrets. All rights reserved.
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Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.
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