32 PRI 2%

HC32F4A0 RFHILAKM LWIP Hristk:
E2E

ASFH SRR Fr R840

|

F&R%| HC32F4A0




FDSC EAES#R

K SRR 3
2 LWIP IR oottt 3
2.1 LWIP H SEAER ettt ettt ettt e et neeaens 4
211 FRELLWIP JEARED Lot 4

21,2 LWIP SZAF BB oottt e 5

2.2 = A R T e - OO URRRRRRR 6
2.2.1  Call-baCk/RAWAP ... e aaa 6

2.2.2 LT 0] AN = PP 6

N T o o1 (=1 7 A\ = 6

I = 1 11 RO 7
3.1 FEARAE ] ettt 8

N 1 20111 TSROSO 9
4.1 BT ettt 9

4.2 FEARHE B .ttt ettt re ettt aereanis 10
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1

AT N B0 F A 2H HC32F4A0 R ALK LwIP B RE A, JHiss3E T wip [ http AR

Fas e

2 LwlIP Witk

LwIP N % %% TCP/IP ks, H1 AdamDunkels 7E 3 St B MR 2% (SICS) Frk, HIEIEMR
BSD ¥R 4% AL . LwiIP SEHL A & 25O 7E A AR F TCPIP Bk I IFIN, R ATRERII /> RAM
P . XS LwIP FERIE AR IR AR R G o

LwiP BA F 2L

o IPv4 F1IPV6 (IBREM v4 FiT v6)

o ICMP (HBEMZEHIE B0 , T M dEd AL
* IGMP CHEXMAFEUO , T2 HRErEH
« UDP (H FHER IO

«  TCP (fEE#=HITIO

e DNS (H#AMRE2

*  SNMP (i o 25 5 B PO

*  DHCP (#h&EHACE MO

e PPP (RIZISHIO

e ARP (Huhtf@#r 0
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21 LwlIP H 45

2.1.1 FREL LwlIP JEACHY

IR T A BERESTIT LwiIP [0 H 0L

http://savannah.nongnu.org/projects/Iwip/

FIXT LwIP 34T T R4, B2 T LwiP (48 B B3 IF 20 X N R B A .
Forfr “Project Homepage” %2237 JF—> LwiP FITEAH U HISCRS, 10 “Download Area” 4%
SHTHF— LwiP BT i AR AR HS 6 28

| Quick Overview

|O Project Homepage |

| E] Download Area |

q_’, Project Memberlist (35 members)

@ Project Member GPG Keyring

Rl “Download Area” #E NJEAAS G ZEW 5T,  FEAGIE 7~ 8 A /2 Iwip-2.0.3 FRA HYEACHS,  m
i “Iwip-2.0.3.zip” N EIZRUAIEACAD ;TR A 7 L B contrib LI L8R, T DL EX R
i “contrib-2.0.1.zip” N EGZIMAMIEARS, A

B 8| v et sty x|+ v = @ =
& ST Soumioad ssiaena rangruceg e x = L@

Index of /releases/lwip/
File Size 1 Date 1

- 17-Dec-2012 2106
454K 06-May-2011 09:03

72 06-May-2011 09.03
430K 17-Dec-2012 20:54
287 17-Dec-2012 20'54
737K 03-Aug-2016 12:02
287 03-Aug-2016 12.02
533K 10-Nov-2016 09:16
287 10-Jan-2017 0925
532K 10-Jan-2017 09:25
287 10-Jan-2017 0925
614K 26-5ep-2018 19:14
287 26-5ep-2018 1914
600K 06-May-2011 09-03
72 06-May-2011 09.03
595K 17-Dec-2012 20-54
287 17-Dec-2012 20:54
m 03-Aug-2016 12:01
287 03-Aug-2016 12.01
£ 10-Nov-2016 09:17
287 10-Jan-2017 0925
E 10-Jan-2017 09:26
287 10-Jan-2017 03 26
£l 13-Mar-2017 12:32
287 13-Mar-2017 12:32
m 16-Sep-2017 06:49
287 16-Sep-2017 0651
i 26-5ep-2018 19-24
287 26-5ep-2018 19:24
M 08-Nov-2018 21:26

287 08-Nov-2018 21:26

Hor lwip-2.0.3.zip He 460 2202 LwiP A% BIURRS ST, 17 contrib-2.0.1.zip He 4 b = 22
FE RIS ] LwIP ) —2& example, ASJ& T LwIP P — #5493

37 238 Page 4 of 44
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2.1.2 LwIP SCAFBH

fRJE RPN E4E 0 Iwip-2.0.3.zip F1 contrib-2.0.1.zip, 15ZXF NI SCHEIE, FTHF “Iwip-
2.0.37 3B, AN EFR:

S

MName Date modified Type Size
doc 1/6/2021 3:32 PM File folder
sre File folder
test File folder
| | CHANGELOG File 177 KB
| | COPYING File 2 KB
| | FILES File 1KB
| | README File 4 KB
| | UPGRADING File 10 KB
Iwip-2.0.3 SRR R SR D REfa i T
1) doc 3Cfk: LwiIP I I A HE 45 B
2) src XfFk: IWIP Fp S0k YA LHD
3) test Ak —SE SRR LwIP P AZ P B I RS
4) CHANGELOG: id3% LwlIP fER A g F8 sy AR A AE 1) A8 4k,
5) COPYING: LwlIP 1] license
6) FILES: NAAUTTHX THHRE R
7) README: LwiIP & 5448

8) UPGRADING:  its% LwIP &M RRA K SEEr, o FH - 3 FHANFS HE LwiIP 38 B 50
FTIF sre S0k (LwiIP YRS SO FREERI B i N EI R

.

MName Date modified Type Size
api File folder
apps File folder
core File folder
include File folder
netif File folder
B Filelists.mk Makefile 6 KB
|| FILES File 1KBE
VSRR ST IR
1) api XXk 2 (Netconn A1 Socket) API A, A EENE RS HIAEF

AR IRk, [EHLZ (Call-back/Raw) API, NIASTHEEL,

2) apps X%k A5 K (Call-back/Raw) APl 2 i 2 N FE R, B985 WA
N AFERS, 0 httpd. matt. thtp %5,

3) core X143k e TCPNP Pl AR HIAZ o IFARED . PSR E . WAFRIZE PP X B 2. K
2% (Call-back/Raw) API.

4) include 3 fFIE: A LwlIP i ARt B Sk S
5)  netif 1% 550 FH R 28 1 T U 2 DR BN AR 7, B -R RS AR R ST AR

IV ES TN Page 5 of 44
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2.2

2.2.1

2.2.2

2.2.3

LwIP ft) = 5 FH 2 FE 2 1

LwiIP $2 4t 7 =Ff N FH 4282 11, 4351124 Call-back/RawAPI. NetconnAPl. SocketAPl. ‘&1
S PR NE BRI B T, T BT ORI ZE BRI B, P AT DR 4 S Bn i i, BT A
B, BEPEAIEI APL AT L% N AR A .

Call-back/RawAPI

Call-back/RawAPI M 4511 LWIPAPL, ‘&t H AR RIENLE T IR, 1% APLERHE T i 4F
(R BE AN AL ARG B, (B8 T B2 T R 24

NetconnAPI

NetconnAPI i 2 7 APL, 5 ZESEI#RAE R4t (RTOS) [3CfF (BRALBERERIE I U7
%0, HPUTHEAEE T I AL () B 28 AT T -3- 5 X IR 35 BAEH AR, W AP T2
ZRE TAERER, 2008 LWIPTCP/IP ARSIl L HIZRE,  JR/EONR SR 2 R

SocketAPI

SocketAPI 221l Berkeley &+ API, BE&A 7 API, fENHMIE T NetconnAPl 2 .
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3 ETHT#EY

DA MAC #2il %5 (ETHMAC) FT-7E LUK M ¥ 2% Hh 4 B IEEEB02.3-2002 F i 2 1 A
B, 2R, AL, MZE RS, % MAC & 28 S0 FF 5 /M H 2
(PHY) HFHEEM A TOARHERE T A BSZE T (MID (FE |IEEE802.3 #yE H & L) Ff]
WA FMSLE T (RMID .

F2 BEEAE LA T P ORI -

e |EEE802.3-2002, fT-LAAKM MAC

»  |EEE1588-2008 #5ifk, FHT-Hl e BRI o [F] 0
s AMBA2.0, T AHB /M

e RMIEHTE
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31 HEAHEH

ETHMAC 5] % 51 #

Tx FIFO Rx FIFO

1 11

™
Z
E s X x \
ey | 3 oy VR o B R R N e ()
£ V]
L MAC ] 2 ; -
~ 10 0 17 i
-\
< r\i/l |\ CSR /1_|\ l/ RMII IF <:>
l/ i \I / (Control & Status Register) \J_l/ /
H
L

B 1 LUK MAC il 4
MR AR i, PUKIM MAC #2545 B9 N A% 587> 6175 AHBMaster % 1. AHBSlave #211.
RXFIFO. TxFIFO A1 DMA =il %% . MAC 4. % M1IZH]12 5% . DMA 481 AHB
FMFZE K MAC A% FI R GiA7ik s A% . AHBMaster 42 1 T34 &%, AHBSlave #2211 ]
TAZAE BRI AR A ARV 0 A
TERIEBIERS, B N RS 4% H DMA 156 2315 2 TXFIFO #ET4 0, 4 MAC %
HZH— RPIALFE (COE ##. PTP 1. MMC #4125 JFilid MII £ 18 RMIN B 3% &
SRR PHY o

TERCEAERE, 2k M2 DB RMIN 32 B2k s, 248 MAC #5851 — R 1AL
(COE ##l. PTP #%#l. MMC ##145) J5i% % RxFIFO, DMA #5448 ¥ RxFIFO [¥iE 1%
EF| RGNS
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4.1

54

/‘v‘/r‘
PHY Ta]J]
RTL8201F-VB-CG. RTL8201FL-VB-CG 1 RTL8201FN-VB-CG /& Bl 1/ 23 1 10/100Mbps
LK PHY, 7.
o MII CEBEARIRST D)
e RMII CHEfaIA Sz 11)

RTL8201F/FL/FN sSZHLATA 10/100M PLUK M ELEThRE, EIEYHE 4L 1= (PCS). YIHA i
FH-(PMA). WY T A % T )2 (TP-PMD).  10BASE-TX Zfil &3/ 15 2% FIXL L 284 Ji 1
] B 75 (TPMAU) . RTL8201F/FL/FN 325 [ % MDIX.

WHF PECL(Dh & S 28 H8 438 552 11 5 4M 58 100BASE-FX e 4T R S ft . %5 Fr SR F SE ki
CMOS T2, Bhifi R EA RSNk . 6t SR Fr b DSPCBUFA B AL BER , ERT
A TAE A T AR S M PERE

F BRI

e ¥ FF IEEE802.3az-2010(EEE)

e ff%r 10BASE-TIEEE802.3 fr

o SCREMINEEEUHT RMIN AR

o NLLREOELTHE

o CFFHEBIME

o SCREhWIThAE

o SCHFJRIERMNE (WOL)

« SRR 25MHz 41 R EL OSC

* SRR 50MHz #hE OSC B4 A

e N MAC £t 50MHz &5
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42 FAHEH

I HZE D

Main/Aux. Power

Switching
Regulator

RJ-45

-

Magnetics

Power 3.3V
25/50MHz Clock
LED Power 3.3V
MI/RMII
(M—
RTL8201F/FL/IFN-VB [N
: MDC
MDIo

K2 MR RKERE

MAC
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5.1

oz H]

LwIP #2 8

LWIP MY BEFEBNL BT, WREEEAE RGHE: NigtT, mHEBREREHE T, HF R
F] NetconnAPI 5 SocketAPI 4m#2, #HLEL Call-back/RawAPI & FE2 5 N f&i{i o

ARBSEEID R T RN IREL F B IFIZ T LwIP Bl .
i LwliP 3 TF%

F77F DDL # “..\example\eth\eth_loopback” F£47l, 7t TREE:AL Easim LwiP 4044, FFEek
main BRI E I FH R R AT .

1) R LwiP JES AR “Iwip-2.0.37 AN E i 3 DDL AR H &5 F 1) “midware” SCF3
I, FHESCCERAY “lwip” , R

= | wip
Home Share View
« v A « midware » lwip v O £ Search lwip
Mame Date modified Type Size

doc File folder

srC File folder

test File folder

[7] cHaNGELOG File 177 KB
[7] copving File 2KB
[ FILES File 1KB
[} README File 4KB
[7] upGRADING File 10KB

Zid Page 11 of 44



FOSC EAES#R

2) HEH IAR BAFFT T TRESCAE(.\eth_loopback\EWARM\eth_loopback.eww), F£5111 Iwip ZH Al
AT, A RERY R () SO A AR R, G

Workspace x
Debug ~
Files fnoomg
B (Jeth_loopback-D... v
[Dhsp x
I comman x
[ driver x

L— [ netif
[Jsource .
— B Readme.txt

3 Output

3) [n) api 7 HEA N “. Nwip\sre\api” SCAFIR TR AT ) C SO, s In o Bs an s 1A

Wor x
Lo ~1 | ¥% Add Files - api
Files ooy
B (Feth_loopback-D_. v « A <« midware » lwip > src > api
= bsp
&= [(Jcommon . Organize v New folder
8 [ driver B A .
=03 bwip MName
[ api_lib.c
——
M api_msg.c
—
[ err.c
Q{ netbuf.c
netdh.c & netdb.c
netifapi.c . = L
SDCk;S c . Q{ netifapi.c
[Etcpip.c . [ sockets.c
— Ldapps [ tepip.c
F— Cdcore .
— [ netif
HBE [ source
— B Readme bt
= [ Output

N2 Page 12 of 44
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4) [ core 7NN . \lwip\src\core” SCAEJEAT “ Nwip\src\core\ipva” SCAJE R IHFTA 1 C
A, s B I B

Workspace

(ki 1| 3 add Files - core & Add Files - core
Files £ m
& Feth_loopback-D... v « v 4 [« midware > lwip » s 2 core A < midware > hwip » sic > core > ipvh
@ CIbsp .
@03 comman N Organize v New folder Organize v Newfolder
e . ~ ~
be D\v;;y !‘ Name !A Name
(e [ api . E ipud v [ autoip.c
:Sapps ipus & dhep.c
[ def.c & etharp.c
[ dns.c & iemp.c
[& inet_chksum.c & igmp.c
[& init.c (& ipc
B x
[ ipc [ ip4_addrec
[&f mem.c & ip4 frag.c
[ memp
I._‘i{ netif.
[ pbu.
& raw.
[ stat:
-
e
[& tep
B [ tepin.c
[ tep_out.
[ timeout
+
| [ vap.c v A
Eltcp_outc
Eltimsouts.c
Bludp.c - ]
— DOnetf i
@ source
F— Bl Peadme.td
@03 Output

5)  I7) netif 7> 20 . \lwip\src\netif” SC{FJ& R (B ethernetif.c 48) FrA i C S, @i
SE RS W

%
Dty ¥ | ¥ Add Files - netif

Files FEC

B (Jeth_loopback-D... v + <« midware » lwip » src » netif »
[dhbsp .

= CJ cammaon B Organize « Mew folder

Cadriver B N ~

-2 Ca wip = Name

ot :
Clcore . ] %{ ethernet.c
loCmm—— ;L chonec
ethernetc . (& towpané.c
Iowpank o “ & stipit.c
slipif “
[ source
— B Readme.txt
C10utput

NIREAGELMET ethernetif.c, HFFZAMRYE “. \lwip\src\netif\ethernetif.c” {4 1)
P& bRUEXS CF [ ethernetif.c XU/ A BT 1B

N2 Page 13 of 44
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6) WSO LwiIP S 42 B AR include i Tieh, 4k ]

Options for node "eth_loopback" X
Cefezrs Factom Settings
General Options A [ Muiti-file: Compilation
Static Analysis Discard Unused Publics
Runtime Checking

++ Compiler Language 2 Code  Optimizations Output List Preprocessor | 4 [+

Assembler

Output Canverter [ lgnore standard include directories
Custom Build Addttional include directories: (one per ling)
Buid Actions SPROJ_DIRS". \source ~
Linker SPROJ_DIRS\. A\ N driverine
Debugger SPROJ_DIRS .\ bsphev_hc34al lafp176

i':gﬂf"” [SPROJDIRS. -\ \mdware wip\srcinclude | v
CADI Preinclude file:

CMSIS DAP

GDEB Server

AR ROM-monitor Defined symbols: {one per ling)

Liet/TTAGIEt _ DEBUG [ Preprocessor output to file

. HC3I2F4AD Preserve comments

JHink/J-Trace =

T St:;laris USE_DDL_DRIVER Generate Hine directives
Macraigor

PE micro

RDI

ST-LINK

Third-Party Driver  w

T

Nl Page 14 of 44
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5.2 WINER S
TERTTH CAEM A B, B m e MR, IO 7 B — eSO S RE, 70l 2 Iwipopts.h.
cc.h. perf.h. bpstruct.h. epstruct.h %5, A lwipopts.h I FHACE LwIP AR S5,

1) H4fE DDL H 45 i . \midware\lwip” S5 R SoE e “port” , SRIGTE
“port” SCHFIEFOIE LA “arch” , WITR A

= | wip

= | port
Home Share View Home Share View
<« v o <« midware > lwip > v O <« v o <« midware ¥ lwip » port v O
Name Date modified MName . Date modified
doc 17772021927 AM
port
()
test
[ cHANGELOG
[ copving
[ FILES
| README
[ upGRADING

2) FIHZ IR SCHYE “contrib-2.0.17 , FF¥KF “contrib-2.0.1\ports\win32\include\arch” H

3% N H ce.h. perf.h. bpstruct.h. epstruct.h S04 415 DLL H 45 #yH i
“_\midware\lwip\port\arch” {32, i F K.

e | = | arch
Home Share View Home Share View
« v o < contrib-2.0.1 » ports » win32 » include » arch “~ -

< midware > lwip » port » arch

F =

Date modified Type

Name Date modified
| bpstruct.h 12/18/2012 2:03 AM HFil | & bpstructh 12/18/2012 2:03 AM
[& cch 1/2/2017 10:18 PM HEil | & cch 1/2/2017 10:18 PM
[ epstructh 12/18/2012 2:03 AM HFil | [& epstructh 12/18/2012 2:03 AM
[ perfh 10/7/2015 3:14 AM HEil | pertn 10/7/2015 3:14 AM
[ sys_archh 5 2:05 AM H il

3) ¥ “contrib-2.0.1\ports\unix\minimal” H 3%~ K Iwipopts.h SCH-5 1 31 24 57 L2
“ \eth\eth_loopback\source” f 3R, Wi FE:

| = | source

Share View Home Share View
&« v « contrib-2.0.1 » ports » wnix > minimal “ v <« eth » eth_loopback » source v
~ #
Name Date modified MName
Q{ lwipopts.h Q{ ddl_config.h
IQ{ main.c Q{ ethemnetif.c
[7] Makefile [ ethernetif.h
[7] rEADME [ wipopts.h
o main.c

Nl Page 15 of 44
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4) f§ “port” SCHFICEREE TREMY include I, 11 F

Options for node "eth_loopback” *
General Options -~ [ Muli-file Compilation
Static Analysis Discard Unused Publics
Runtime Checking
Language 1 Language 2 Code  Optimizations Output List flefr
Assembler
Qutput Converter
Custom Build
Build Actions [ Ignore standard include directories
Linker Additional include directories: (one per ling)
Debugger —
I SPROJ_DIRS vering Al
Simulator SPROJ_DIRS prev_hc32da0 lqfp176
Angel SPROJ_DIRS' pcomponents‘tcad539
CADIL |SPROJ DIRS' dware Iwip'srchinclude
CMSIS DAP hd
GDE Server Preinclude file:
IAR. ROM-monitor
Iet/TTAGjet
JdLink/3-Trace Defined symbols: (one per line)
TI Stellaris _ DEBUG [] Preprocessor output to file
Macraigor HC32F4AD Preserve comments
PE micro USE_DDL_DRIVER Gererate Hine directives
RDI
ST-LIMK
Third-Party Driver

T

5) [FgmBFEAE T LwIP PIIREEANE, B PARR BB U ORI S04 ¥ “bpstruct.h” SCARHEEL
NUR

#if defined(__IAR_SYSTEMS_ICC_ )
#pragma pack(1)
#endif

6) Bt “epstruct.h” CHAESCHUNTE

#if defined(__IAR_SYSTEMS_ICC_ )
#pragma pack()
#endif

7) ¥ “cch” SCHAEESCNIR:

#ifndef CC H
#define  CC H

#include <stdlib.h>
#include <stdio.h>

typedef int sys_prot_t;
#define LWIP_PROVIDE_ERRNO

#if defined (__GNUC__) & !defined (__ CC_ARM)

#define LWIP_TIMEVAL_PRIVATE 0

N2 Page 16 of 44
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#include <sys/time.h>
#endif

#ifndef BYTE_ORDER
#define BYTE_ORDER LITTLE_ENDIAN
#endif

/* define compiler specific symbols */
#if defined (__ ICCARM_ )

#define PACK_STRUCT_BEGIN

#define PACK_STRUCT_STRUCT

#define PACK_STRUCT_END

#define PACK_STRUCT _FIELD(x) X
#define PACK_STRUCT _USE_INCLUDES

#elif defined (__CC_ARM)

#define PACK_STRUCT BEGIN __ packed
#define PACK_STRUCT_STRUCT

#define PACK_STRUCT_END

#define PACK_STRUCT _FIELD(x) X

#elif defined (__ GNUC_ )

#define PACK_STRUCT_BEGIN

#define PACK_STRUCT _STRUCT __attribute_ ((__packed_))
#define PACK_STRUCT_END

#define PACK_STRUCT _FIELD(x) X

#endif

#define LWIP_PLATFORM_ASSERT(X) \
do{ \
printf("Assertion \"%s\" failed at line %d in %s\n", x, LINE_, FILE );
} while(0)

/* Define random number generator function */
#define LWIP_RAND() ((u32_tyrand())

#endif /* _CC_H__*

\

8) Zubt, LwIP RIS CABETER, FTLMA g1k, HEIERIZTIET

I HZE D

TERAE MR IK )

Page 17 of 44
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5.3 MK

FRHE . Mwip\src\netif\ethernetif.c” A H 1 bR £ 11 ] 0 - DX B B 32 22 1A il 2 AR i A () 0 i
T SELX AN 5 AN EREL,  DAK I R e U B R 3R

BRH T BA
low_level_init W LUK 3K R, W86 40 DIOK N A1
low_level output WA FH LUK R 31X 5 o 4 DA 32 DAOK Y 6,
low_level_input W CAK P BX 51 58 £ LB DA K Y £
W low_level_input BUCEHEEL, SR JEH HIRHt4h
ethernetif_input
LwIP #ri30k%
WIUEA X 2% D S5 1) - - low_level init PARTUR1L
ethernetif _init
- DA X 4R 15

BEL LWIP IER TR A — ML, (RGN SEIREN 1, DUALTE Py ik rh 44 Pl 008, 1
ARP SIS, TCP et 4, DA 75 EAR P A 1 S PRzl — A sys_now() BR BRI EL R G i 8t
=S X

5.3.1 &4 ethernetif.c SC1F

AR PR Bk TAEIUA 1 “ethernetif.c” SC#HT 1M, BEUE W :

#include "hc32_ddl.h"
#include "lwip/timeouts.h™"
#include "netif/etharp.h"
#include "ethernetif.h"

/* Define those to better describe your network interface. */
#define IFNAMEO '
#define IFNAMEL1 '

/* Global Ethernet handle*/
static stc_eth_handle_t EthHandle;

/* Ethernet Tx DMA Descriptor */

__ALIGN_BEGIN static stc_eth_dma_desc_t EthDmaTxDscrTab[ETH_TXBUF_NUMBER];

/* Ethernet Rx DMA Descriptor */

__ALIGN_BEGIN static stc_eth_dma_desc_t EthDmaRxDscrTab[ETH_RXBUF_NUMBERY];

/* Ethernet Transmit Buffer */

__ALIGN_BEGIN static uint8_t EthTxBufffETH_TXBUF_NUMBER][ETH_TXBUF_SIZE];
/* Ethernet Receive Buffer */

__ALIGN_BEGIN static uint8_t EthRxBuff[ETH_RXBUF_NUMBER][ETH_RXBUF_SIZE];

/**
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W FH

* @brief Initializes the Ethernet GPIO.

* @param None

* @retval None

*/

static void Ethernet_Gpiolnit(void)

{
/*ETH_RST */
BSP_IO_ConfigPortPin(EIO_PORT1, EIO_ETH_RST, EIO_DIR_OUT);
BSP_IO_WritePortPin(EIO_PORT1, EIO_ETH_RST, (uint8_t)Disable);
SysTick_Delay(PHY_HW_RESET_DELAY);
BSP_IO_WritePortPin(EIO_PORT1, EIO_ETH_RST, (uint8_t)Enable);
SysTick Delay(PHY_HW_RESET_DELAY);

/* Configure MII/RMII selection 1O for ETH */
#ifdef ETH_INTERFACE_RMII
/* Ethernet RMII pins configuration */

/*
ETH_SMI_MDIQ ---rmenmemenev > PA2
ETH_SMI_MDC ----rmeemmmmee >PC1
ETH_RMII_TX_EN --rmemmemenv > PG11
ETH_RMII_TXDO --r-enmemenev > PG13
ETH_RMII_TXD1 =--rmenmemenev > PG14
ETH_RMII_REF_CLK --enmeenen- > PAL
ETH_RMII_CRS_DV =--nnexnenev > PA7
ETH_RMII_RXDO -------enennen > PC4
ETH_RMII_RXD1 ----enmemeenmee > PC5
ETH_RMII_RX_ER =--sncnneenen- > P110

*/

/* Configure PA1, PA2 and PA7 */

GPIO_SetFunc(GPIO_PORT_A, (GPIO_PIN_01 | GPIO_PIN_02 | GPIO_PIN_07),
GPIO_FUNC 11 ETH ,PIN_SUBFUNC _DISABLE);

/* Configure PC1, PC4 and PC5 */

GPIO_SetFunc(GPIO_PORT_C, (GPIO_PIN_01 | GPIO_PIN_04 | GPIO_PIN_05),
GPIO_FUNC 11 ETH ,PIN_SUBFUNC _DISABLE);

/* Configure PG11, PG13 and PG14 */

GPIO_SetFunc(GPIO_PORT_G, (GPIO_PIN_11|GPIO_PIN_13 | GPIO_PIN_14),
GPIO_FUNC 11 ETH ,PIN_SUBFUNC DISABLE);

/* Configure P110 */

GPIO_SetFunc(GPIO_PORT I, GPIO_PIN_10,
GPIO_FUNC 11 ETH ,PIN_SUBFUNC DISABLE);

#else

/* Ethernet MII pins configuration */

/*
ETH_SMI_MDIQ ---------------- > PA2
ETH_SMI_MDC ----------------- > PC1
ETH_MI_TX _CLK -------------- > PB6
ETH_MI_TX_EN --------------- > PG11
ETH_MII_TXDO ---------------- >PG13
ETH_MII_TXD1 ---------------- >PGl4
ETH_MII_TXD2 ---------------- > PB9
ETH_MII_TXD3 ---------------- > PB8
ETH_MII_RX_CLK -------------- > PAl
ETH_MII_RX DV --------------- > PA7
ETH_MII_RXDOQ ---------------- > PC4
ETH_MII_RXD1 ---------------- > PC5
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ETH_MII_RXD2 ------emmmeemen > PBO
SR (o) J—— > PB1
ETH_MII_RX_ER -----rm-rcmeev > P10
ETH_MII_CRS ------enmmecmeev > PH2
ETH_MII_COL -----mremmeemenev > PH3

*/

/* Configure PAL, PA2 and PA7 */

GPIO_SetFunc(GPIO_PORT_A, (GPIO_PIN_01 | GPIO_PIN_02 | GPIO_PIN_07),
GPIO_FUNC_11 ETH ,PIN_SUBFUNC_DISABLE);

/* Configure PBO, PB1, PB6, PB8 and PB9 */

GPIO_SetFunc(GPIO_PORT_B, (GPIO_PIN_00 | GPIO_PIN_01 | GPIO_PIN_06 |
GPIO_PIN_08 | GPIO_PIN_09), GPIO_FUNC_11_ETH ,PIN_SUBFUNC_DISABLE);

/* Configure PC1, PC4 and PC5 */

GPIO_SetFunc(GPIO_PORT_C, (GPIO_PIN_01 | GPIO_PIN_04 | GPIO_PIN_05),
GPIO_FUNC_11_ETH ,PIN_SUBFUNC_DISABLE);

/* Configure PG11, PG13 and PG14 */

GPIO_SetFunc(GPIO_PORT_G, (GPIO_PIN_11|GPIO_PIN_13 | GPIO_PIN_14),
GPIO_FUNC_11_ETH ,PIN_SUBFUNC_DISABLE);

/* Configure PH2, PH3 */

GPIO_SetFunc(GPIO_PORT_H, (GPIO_PIN_02 | GPIO_PIN_03),
GPIO_FUNC_11_ETH ,PIN_SUBFUNC_DISABLE);

I* Configure P110 */

GPIO_SetFunc(GPIO_PORT_I, GPIO_PIN_10,
GPIO_FUNC_11 ETH ,PIN_SUBFUNC_DISABLE);
#endif

}

/ **

* @brief In this function, the hardware should be initialized.
* Called from ethernetif_init().
*
* @param netif the already initialized Iwip network interface structure
* for this ethernetif
*/
static void low_level_init(struct netif *netif)
{
stc_eth_init_t stcEthinit;
uintl6_t ul6RegVal;

/* Init Ethernet GPIO */

Ethernet_Gpiolnit();

/* Enable ETH clock */
PWC_FcglPeriphClockCmd(PWC_FCG1_ETHER, Enable);

/* Reset ETHERNET */

(void)ETH_Delnit();

/* Configure structure initialization */

(void)ETH_CommStructlInit(&EthHandle.stcComminit);

(void)ETH_Structlnit(&stcEthlInit);
#ifdef ETH_INTERFACE_RMII

EthHandle.stcCommlnit.u32Medialnterface = ETH_MAC_MEDIA INTERFACE_RMII;
#else

EthHandle.stcCommlnit.u32Medialnterface = ETH_MAC_MEDIA _ INTERFACE_MIlI;
#endif
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[* Configure ethernet peripheral */
if (Ok == ETH_Init(&EthHandle, &stcEthinit))
{
/* Set netif link flag */
netif->flags |= NETIF_FLAG_LINK_UP;
}

/* Initialize Tx Descriptors list: Chain Mode */

(void)ETH_DMA_TxDescL istInit(&EthHandle, EthDmaTxDscrTab, &EthTxBuff[0][0],
ETH_TXBUF_NUMBER);

/* Initialize Rx Descriptors list: Chain Mode */

(void)ETH_DMA _RxDescListInit(&EthHandle, EthDmaRxDscrTab, &EthRxBuff[0][0],
ETH_RXBUF_NUMBER);

/* set MAC hardware address length */
netif->hwaddr_len = (u8_t)ETH_HWADDR_LEN;

/* set MAC hardware address */

netif->hwaddr[0] = (EthHandle.stcComminit).au8MACAddr[0];
netif->hwaddr[1] = (EthHandle.stcComminit).au8MACAddr[1];
netif->hwaddr[2] = (EthHandle.stcCommiInit).au8MACAddr[2];
netif->hwaddr[3] = (EthHandle.stcComminit).au8MACAddr[3];
netif->hwaddr[4] = (EthHandle.stcCommlnit).au8MACAddr[4];
netif->hwaddr[5] = (EthHandle.stcCommlnit).au8MACAddr[5];

/* maximum transfer unit */
netif->mtu = 1500U;

/* device capabilities */
/* don't set NETIF_FLAG_ETHARRP if this device is not an ethernet one */
netif->flags |= NETIF_FLAG_BROADCAST | NETIF_FLAG_ETHARP;

/* Enable MAC and DMA transmission and reception */
(void)ETH_Start();

/* Configure PHY LED mode */

ul6RegVal = PHY_PAGE_ADDR 7;
(void)ETH_PHY_WriteRegister(&EthHandle, PHY PSR, ul6RegVal);
(void)ETH_PHY_ReadRegister(&EthHandle, PHY P7 IWLFR, &ul6RegVal);
MODIFY_REG16(ul6RegVal, PHY_LED_SELECT, PHY_LED_SELECT_10);
(void)ETH_PHY_WriteRegister(&EthHandle, PHY _P7_IWLFR, ul6RegVal);
ul6RegVal = PHY_PAGE_ADDR _0;
(void)ETH_PHY_WriteRegister(&EthHandle, PHY PSR, ul6RegVal);

#ifdef ETH_INTERFACE_RMII
/* Disable Power Saving Mode */
(void)ETH_PHY_ReadRegister(&EthHandle, PHY PSMR, &ul6RegVal);
CLEAR_REG16_BIT(ul6RegVal, PHY_EN_PWR_SAVE);
(void)ETH_PHY_WriteRegister(&EthHandle, PHY_PSMR, ul6RegVal);

/* Configure PHY to generate an interrupt when Eth Link state changes */
ul6RegVal = PHY_PAGE_ADDR_7;
(void)ETH_PHY_WriteRegister(&EthHandle, PHY_ PSR, ul6RegVal);
/* Enable Interrupt on change of link status */

(void)ETH_PHY_ReadRegister(&EthHandle, PHY_P7_IWLFR, &ul6RegVal);
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SET_REG16_BIT(ul6RegVal, PHY_INT_LINK_CHANGE);

(void)ETH_PHY_WriteRegister(&EthHandle, PHY_P7_IWLFR, ul6RegVal);

ul6RegVal = PHY_PAGE_ADDR_0;

(void)ETH_PHY_WriteRegister(&EthHandle, PHY_PSR, ul6RegVal);
#endif

¥

/ **

* @brief This function should do the actual transmission of the packet. The packet is
* contained in the pbuf that is passed to the function. This pbuf
* might be chained.
*
* @param netif the Iwip network interface structure for this ethernetif
* @param p the MAC packet to send (e.g. IP packet including MAC addresses and type)
* @return ERR_OK if the packet could be sent
* an err_t value if the packet couldn't be sent
*
* @note Returning ERR_MEM here if a DMA queue of your MAC is full can lead to
*  strange results. You might consider waiting for space in the DMA queue
*  to become available since the stack doesn't retry to send a packet
*  dropped because of memory failure (except for the TCP timers).
*/
static err_t low_level _output(struct netif *netif, struct pbuf *p)
{
err_t errval;
struct pbuf *g;
uint8_t *txBuffer;
__1O stc_eth_dma_desc_t *DmaTxDesc;
uint32_t byteCnt;
uint32_t frameLength = QUL
uint32_t bufferOffset;
uint32_t payloadOffset;

DmaTxDesc = EthHandle.stcTxDesc;
txBuffer = (uint8_t *)((EthHandle.stcTxDesc)->u32Buffer1Addr);
bufferOffset = OUL;

/* Copy frame from pbufs to driver buffers */
for (q=p; g != NULL; q = g->next)
{

/* If this buffer isn't available, goto error */
if (OUL '= (DmaTxDesc->u32ControlStatus & ETH_DMATXDESC_OWN))

errval = (err_t)ERR_USE;
goto error;

}

/* Get bytes in current IwlP buffer */

byteCnt = g->len;

payloadOffset = OUL;

/* Check if the length of data to copy is bigger than Tx buffer size */
while ((byteCnt + bufferOffset) > ETH_TXBUF_SIZE)

/* Copy data to Tx buffer*/
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(void)memcpy((uint8_t *)&(txBuffer[bufferOffset]), (uint8_t *)&(((uint8_t *)q-
>payload)[payloadOffset]), (ETH_TXBUF_SIZE - bufferOffset));

[* Point to next descriptor */

DmaTxDesc = (stc_eth_dma_desc_t *)(DmaTxDesc->u32Buffer2NextDescAddr);

[* Check if the buffer is available */

if (OUL != (DmaTxDesc->u32ControlStatus & ETH_DMATXDESC_OWN))

errval = (err_t)ERR_USE;
goto error;

¥

txBuffer = (uint8_t *)(DmaTxDesc->u32Buffer1Addr);

byteCnt = byteCnt - (ETH_TXBUF_SIZE - bufferOffset);
payloadOffset = payloadOffset + (ETH_TXBUF_SIZE - bufferOffset);
frameLength = frameLength + (ETH_TXBUF_SIZE - bufferOffset);
bufferOffset = OUL;

¥

/* Copy the remaining bytes */
(void)memcpy((uint8_t *)&(txBuffer[bufferOffset]), (uint8_t *)&(((uint8_t *)g-
>payload)[payloadOffset]), byteCnt);
bufferOffset = bufferOffset + byteCnt;
frameLength = frameLength + byteCnt;
}
/* Prepare transmit descriptors to give to DMA */
(void)ETH_DMA_SetTransmitFrame(&EthHandle, frameLength);
errval = (err_t)ERR_OK;

error:
/* When Transmit Underflow flag is set, clear it and issue a Transmit Poll Demand to resume
transmission */
if (OUL !'= (READ_REG32_BIT(M4_ETH->DMA DMASTSR, ETH_DMA _FLAG_UNYS)))
{
/* Clear DMA UNS flag */
WRITE_REG32(M4_ETH->DMA _DMASTSR, ETH_DMA _FLAG_UNS);
/* Resume DMA transmission */
WRITE_REG32(M4 _ETH->DMA_TXPOLLR, 0UL);

}

return errval;

}

/ **

* @brief Should allocate a pbuf and transfer the bytes of the incoming
* packet from the interface into the pbuf.
*
* @param netif the lwip network interface structure for this ethernetif
* @return a pbuf filled with the received packet (including MAC header)
* NULL on memory error
*/
static struct pbuf *low_level input(struct netif *netif)
{

struct pbuf *p = NULL,;

struct pbuf *g;

uint32_t len;
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uint8_t *rxBuffer;

__1O stc_eth_dma_desc_t *DmaRxDesc;
uint32_t byteCnt;

uint32_t bufferOffset;

uint32_t payloadOffset;

uint32_t i;

/* Get received frame */
if (Ok '= ETH_DMA_GetReceiveFrame(&EthHandle))

{
return NULL;

¥

/* Obtain the size of the packet */

len = (EthHandle.stcRxFrame).u32Length;

rxBuffer = (uint8_t *)(EthHandle.stcRxFrame).u32Buffer;
if (len > 0UL)

/* Allocate a pbuf chain of pbufs from the Lwip buffer pool */
p = pbuf_alloc(PBUF_RAW, (uint16_t)len, PBUF_POOL);

if (p != NULL)
{

DmaRxDesc = (EthHandle.stcRxFrame).pstcFSDesc;
bufferOffset = OUL;

for (9 =p; g != NULL; g = g->next)

{

byteCnt = g->len;
payloadOffset = QUL;

/* Check if the length of bytes to copy in current pbuf is bigger than Rx buffer size */
while ((byteCnt + bufferOffset) > ETH_RXBUF_SIZE)
{
/* Copy data to pbuf */
(void)memcpy((uint8_t *)&(((uint8_t *)g->payload)[payloadOffset]), (uint8_t
*)&(rxBuffer[bufferOffset]), (ETH_RXBUF_SIZE - bufferOffset));
/* Point to next descriptor */
DmaRxDesc = (stc_eth_dma_desc_t *)(DmaRxDesc->u32Buffer2NextDescAddr);
rxBuffer = (uint8_t *)(DmaRxDesc->u32BufferlAddr);
byteCnt = byteCnt - (ETH_RXBUF_SIZE - bufferOffset);
payloadOffset = payloadOffset + (ETH_RXBUF_SIZE - bufferOffset);
bufferOffset = OUL;

}

/* Copy remaining data in pbuf */

(void)memcpy/((uint8_t *)&(((uint8_t *)g->payload)[payloadOffset]), (uint8_t
*)&(rxBuffer[bufferOffset]), byteCnt);

bufferOffset = bufferOffset + byteCnt;

¥
¥

/* Release descriptors to DMA */
/* Point to first descriptor */
DmaRxDesc = (EthHandle.stcRxFrame).pstcFSDesc;
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for (i = OUL; i < (EthHandle.stcRxFrame).u32SegCount; i++)

DmaRxDesc->u32ControlStatus |= ETH_DMARXDESC_OWN;

DmaRxDesc = (stc_eth_dma_desc_t *)(DmaRxDesc->u32Buffer2NextDescAddr);
}
/* Clear Segment_Count */
(EthHandle.stcRxFrame).u32SegCount = OUL;

/* When Rx Buffer unavailable flag is set, clear it and resume reception */
if (OUL != (READ_REG32_BIT(M4_ETH->DMA_DMASTSR, ETH_DMA_FLAG_RUS)))

/* Clear DMA RUS flag */

WRITE_REG32(M4_ETH->DMA _DMASTSR, ETH_DMA_FLAG_RUS);
/* Resume DMA reception */
WRITE_REG32(M4_ETH->DMA_RXPOLLR, OUL);

¥

return p;

¥

/ **

* @brief This function should be called when a packet is ready to be read
* from the interface. It uses the function low_level input() that
* should handle the actual reception of bytes from the network
* interface. Then the type of the received packet is determined and
* the appropriate input function is called.
*
* @param netif the Iwip network interface structure for this ethernetif
*/
void ethernetif_input(struct netif *netif)
{
err_terr;
struct pbuf *p;

/* Move received packet into a new pbuf */

p = low_level_input(netif);

/* No packet could be read, silently ignore this */
if (p == NULL)

return;

}

/* Entry point to the LwIP stack */

err = netif->input(p, netif);

if (err != (err_t)ERR_OK)

{
LWIP_DEBUGF(NETIF_DEBUG, (“ethernetif _input: IP input error\n™));
(void)pbuf_free(p);

¥

/ **

* @brief Should be called at the beginning of the program to set up the
* network interface. It calls the function low_level init() to do the

* actual setup of the hardware.
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*

* This function should be passed as a parameter to netif_add().
*

* @param netif the lwip network interface structure for this ethernetif
* @return ERR_OK if the IF is initialized

* ERR_MEM if private data couldn't be allocated
* any other err_t on error

*/

err_t ethernetif_init(struct netif *netif)

{

#if LWIP_NETIF_ HOSTNAME

/* Initialize interface hostname */

netif->hostname = "lwip";

#endif /* LWIP_NETIF_ HOSTNAME */

netif->name[0] = IFNAMEDQO;
netif->name[1] = IFNAMEL;

/* We directly use etharp_output() here to save a function call.
*You can instead declare your own function an call etharp_output()
*from it if you have to do some checks before sending (e.g. if link
*is available...) */
netif->output = &etharp_output;
netif->linkoutput = &low_level output;

/* initialize the hardware */
low_level init(netif);

return (err_t)ERR_OK;
}

/**
* @brief Returns the current time in milliseconds when LWIP_TIMERS == 1 and NO_SYS

* @param None
* @retval Current Time value
*/
u32_t sys_now(void)
{
return SysTick GetTick();

}

/**

* @brief Check the netif link status.

* @param netif the network interface

* @retval None

*/

void EthernetlF_CheckLink(struct netif *netif)

{
static uint8_t u8PreStatus = 0U;
uintl6_t ul6RegVal = OU;

/* Read PHY_BSR */
(void)ETH_PHY_ReadRegister(&EthHandle, PHY_BSR, &ul6RegVal);

/* Check whether the link is up or down*/
if ((0x0000U != ul6RegVal) && (OXFFFFU != ul6RegVal))
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if (OU = (u16RegVal & PHY_LINK_STATUS)) && (0U == u8PreStatus))
{

netif_set_link_up(netif);
u8PreStatus = 1U;
}

if ((OU == (u16RegVal & PHY_LINK_STATUS)) && (1U == u8PreStatus))

netif_set_link_down(netif);
u8PreStatus = 0U;
}
}
}

/**

* @brief Update the netif link status.

* @param netif the network interface

* @retval None

*/

void EthernetlF_UpdateLink(struct netif *netif)

{
uintl6_t ul6RegVal;

ul6RegVal = PHY PAGE_ADDR_0;

(void)ETH_PHY_WriteRegister(&EthHandle, PHY PSR, ul6RegVal);

/* Read PHY_IISDR */

(void)ETH_PHY_ReadRegister(&EthHandle, PHY _IISDR, &ul6RegVal);

/* Check whether the link interrupt has occurred or not */

if (OU != (u16RegVal & PHY_FLAG_LINK_STATUS_CHANGE))

{
/* Read PHY_BSR */

(void)ETH_PHY_ReadRegister(&EthHandle, PHY_ BSR, &ul6RegVal);

if ((0x0000U != ul6RegVal) && (0XFFFFU != ul6RegVal))

if ('netif_is_link_up(netif))
{

/* Wait until the auto-negotiation will be completed */
SysTick Delay(2U);

}

/* Check whether the link is up or down*/
if (OU = (ul6RegVal & PHY_LINK_STATUS))

(void)ETH_PHY_ReadRegister(&EthHandle, PHY BSR, &ul6RegVal);

netif_set link_up(netif);

}
else
{
netif_set_link_down(netif);
}
}
}
}
it
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/**

* @brief Link callback function

* @note This function is called on change of link status to update low level
* driver configuration.

* @param netif The network interface

* @retval None

*/

void EthernetlF_LinkCallback(struct netif *netif)

__10 uint32_t tickStart = OUL;
uintl6_t ul6RegVal = 0U;
__10 en_result_t negoResult = Error;

if (netif_is_link_up(netif))
{
/* Restart the auto-negotiation */
if ETH_AUTO_NEGOTIATION_DISABLE !=
(EthHandle.stcComminit).ul6 AutoNegotiation)
{
/* Enable Auto-Negotiation */
(void)ETH_PHY_ReadRegister(&EthHandle, PHY_BCR, &ul6RegVal);
uléRegVal |- PHY_AUTONEGOTIATION;
(void)ETH_PHY_WriteRegister(&EthHandle, PHY_ BCR, ul6RegVal);

/* Wait until the auto-negotiation will be completed */
tickStart = SysTick_GetTick();
do

(void)ETH_PHY _ReadRegister(&EthHandle, PHY BSR, &ul6RegVal);
if (PHY_AUTONEGO_COMPLETE == (ul6RegVal &
PHY_AUTONEGO_COMPLETE))

{
break;

}
/* Check for the Timeout (3s) */
} while ((SysTick GetTick() - tickStart) <= 3000U);

if PHY_AUTONEGO_COMPLETE == (ul6RegVal &
PHY_AUTONEGO_COMPLETE))
{
negoResult = OKk;
/* Configure ETH duplex mode according to the result of automatic negotiation */
if (OU != (ul6RegVal & (PHY_100BASE_TX_FD |PHY_10BASE_T_FD)))

(EthHandle.stcCommlnit).u32DuplexMode =
ETH_MAC_MODE_FULLDUPLEX;

}

else

(EthHandle.stcCommlnit).u32DuplexMode =
ETH_MAC_MODE_HALFDUPLEX;

¥

/* Configure ETH speed according to the result of automatic negotiation */
if (OU = (ul6RegVal & (PHY_100BASE_TX_FD | PHY_100BASE_TX_HD)))
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(EthHandle.stcComminit).u32Speed = ETH_MAC_SPEED_100M;
}

else

(EthHandle.stcComminit).u32Speed = ETH_MAC_SPEED_10M;

¥
¥
¥

/* AutoNegotiation disable or failed*/
if (Error == negoResult)

(void)ETH_PHY_ReadRegister(&EthHandle, PHY_BCR, &ul6RegVal);

ul6RegVal &= ~0x2100;

/* Set MAC Speed and Duplex Mode to PHY */

(void)ETH_PHY_WriteRegister(&EthHandle, PHY_BCR,
((uint16_t)((EthHandle.stcComminit).u32DuplexMode >> 3U) |
(uint16_t)((EthHandle.stcCommlnit).u32Speed >> 1U) | ul6RegVal));

¥

/* ETH MAC Re-Configuration */
ETH_MAC_SetDuplexSpeed((EthHandle.stcComminit).u32DuplexMode,
(EthHandle.stcComminit).u32Speed);
/* Restart MAC interface */
(Void)ETH_Start();
}

else

{
/* Stop MAC interface */
(void)ETH_Stop();

}

/* Notify link status change */
EthernetlF_NotifyLinkChange(netif);
}

/**

* @brief Notify link status change.

* @param netif the network interface

* @retval None

*/

__ WEAKDEF void EthernetlF_NotifyLinkChange(struct netif *netif)

/* This is function could be implemented in user file
when the callback is needed */
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5.3.2 &4 ethernetif.h C 4}

#ifndef _ ETHERNETIF_H__
#define_ ETHERNETIF_H__

/* C binding of definitions if building with C++ compiler */
#ifdef _ cplusplus
extern "C"

{
#endif

#include "lwip/err.h"
#include "lwip/netif.h"

/* Ethernet PHY interface */
/I #define ETH_INTERFACE_RMII

/* Extended PHY Registers */

#define PHY_PSMR (0x18U) /*!< Power Saving Mode Register */
#define PHY_IISDR (OX1EU) /*!< Interrupt Indicators and SNR Display
Register */

#define PHY_PSR (Ox1FU) /*I< Page Select Register */

#define PHY_P7_RMSR (0x10U) /*!'< RMII Mode Setting Register */
#define PHY_P7_IWLFR (0x13U) /*I< Interrupt, WOL Enable, and LED

Function Registers */

/* The following parameters will return to default values after a software reset */

#define PHY_EN_PWR_SAVE (0x8000U) /*I1< Enable Power Saving Mode /
#define PHY_FLAG_AUTO_NEGO_ERROR (0x8000U) /*1< Auto-Negotiation
Error Interrupt Flag */

#define PHY_FLAG_SPEED_MODE_CHANGE (0x4000U) /*!< Speed Mode
Change Interrupt Flag */

#define PHY_FLAG_DUPLEX_MODE_CHANGE (0x2000U) /*!< Duplex Mode
Change Interrupt Flag */

#define PHY_FLAG_LINK_STATUS_CHANGE (0x0800U) /*!< Link Status Change
Interrupt Flag */

#define PHY_PAGE_ADDR_0 (0x0000U) [*I< Page Address 0 (default) */
#define PHY_PAGE_ADDR_7 (0x0007V) [*I< Page Address 7 */

#define PHY_RMII_CLK DIR (0x1000U) /*!'< TXC direction in RMII Mode */
#define PHY_RMII_MODE (0x0008U) /*I< RMII Mode or M1l Mode */
#define PHY_RMII_RXDV_CRSDV (0x0004U) /*'< CRS_DV or RXDV select */
#define PHY _INT_LINK_CHANGE (0x2000U) [*I< Link Change Interrupt
Mask */

#define PHY_INT_DUPLEX_ CHANGE (0x1000U) [*I< Duplex Change Interrupt
Mask */

#define PHY INT_AUTO_NEGO_ERROR (0x0800U) /*I< Auto-Negotiation Error

Interrupt Mask */
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#define PHY_LED_WOL_SELECT (0x0400U) /*I< LED and Wake-On-LAN
Function Selection */

#define PHY_LED_SELECT (0x0030UV) /*I< Traditional LED Function
Selection. */

#define PHY_LED_SELECT_00 (0x0000U) /*I< LEDO: ACT(all) LED1:
LINK(100) */

#define PHY_LED_SELECT 01 (0x0010U) /*!I< LEDO: LINK(ALL)/ACT(all)
LED1: LINK(100) */

#define PHY_LED_SELECT_10 (0x0020U) /*I< LEDO: LINK(10)/ACT (all)
LED1: LINK(100) */

#define PHY_LED_SELECT 11 (0x0030U) /*!I< LEDO: LINK(10)/ACT(10)
LED1: LINK(100)/ACT(100) */

#define PHY_EN_10M_LED_FUNC (0x0001U) /*I< Enable 10M LPI LED

Function */

err_t ethernetif_init(struct netif *netif);
void ethernetif_input(struct netif *netif);

void EthernetlF_CheckLink(struct netif *netif);

void EthernetlF_UpdateLink(struct netif *netif);

void EthernetlF_LinkCallback(struct netif *netif);

void EthernetlF_NotifyLinkChange(struct netif *netif);

#ifdef _ cplusplus

}
#endif

#endif /* _ETHERNETIF_H__*/
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[ ddi_cenfig.h
H ethernetif.c
w ethernetif.h
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Q{ main.c
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Files oy
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= [ driver
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5.4.2 VNI HTTP k5% 2% 343 T2
FEBIE R I/ — http RS 2%, FTLATR Z “. \lwip\src\apps\httpd” H 5% 1 fs.c F1 httpd.c ¥
MBI TRE, @i -

- = = % Add Files - apps

Debug -

Files g B + < |lwip » src > apps » httpd » v
=] th_| back-D... v

E b_spl:lclp ae Organize + Mew folder

g ;qmmon B~ MName Date modified

rver

= (O bwip £ fs

O spi makefsdata

Bifs.c o
httpd.c %' fedata.c
dcore g fsdata.h
[T netif &/ htepdc
Foures J httpd_structs.h
— B Readme.bt
3 Output

5.4.3 #wi#H app_ethernet.c ({4

AR RE T

#include "hc32_ddl.h"
#include "app_ethernet.h"
#include "ethernetif.h"

#ifndef ETH_INTERFACE_RMII
static uint32_t u32LinkTimer = OUL;
#endif

/ **

* @brief Notify network connect status of Ethernet.

* @param [in] netif Pointer to a struct netif structure
* @retval None

*/

void Ethernet_NotifyConnStatus(struct netif *netif)

if (netif_is_up(netif))

{
/* Turn On LED BULE to indicate ETH and LwIP init success*/
BSP_LED On(LED_BLUE);

}

else

{
/* Turn On LED RED to indicate ETH and LwIP init error */
BSP_LED On(LED_RED);

}
}
/**
* @brief Notify link status change.
* @param [in] netif Pointer to a struct netif structure

* @retval None
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*/
void EthernetlF_NotifyLinkChange(struct netif *netif)
{

ip_addr_t ipaddr;

ip_addr_t netmask;

ip_addr_t gw;

if (netif_is_link_up(netif))

IP_ADDRA4(&ipaddr, IP_ADDRO, IP_ADDR1, IP_ADDR2, IP_ADDR3);

IP_ADDR4(&netmask, NETMASK_ADDRO, NETMASK_ADDR1,
NETMASK_ADDR2, NETMASK_ADDR3);

IP_ADDR4(&gw, GW_ADDRO, GW_ADDR1, GW_ADDR2, GW_ADDR3);

netif_set_addr(netif, &ipaddr, &netmask, &gw);

/* When the netif is fully configured this function must be called. */

netif_set_up(netif);

BSP_LED_Off(LED_RED);
BSP_LED_On(LED_BLUE);
¥

else

/* When the netif link is down this function must be called. */
netif_set_down(netif);

BSP_LED_Off(LED_BLUE);
BSP_LED_On(LED_RED);
}
}

/ **

* @brief LwlIP periodic handle
* @param [in] netif Pointer to a struct netif structure
* @retval None
*/
void LwlIP_PeriodicHandle(struct netif *netif)
{
#ifndef ETH_INTERFACE_RMII
uint32_t curTick;

curTick = SysTick GetTick();
/* Check link status periodically */
if ((curTick - u32LinkTimer) >= LINK_TIMER_INTERVAL)
{
u32LinkTimer = curTick;
EthernetlF_CheckLink(netif);

¥
#endif /* ETH_INTERFACE_RMII */

¥
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5.4.4 %% app_ethernet.h SC {4

W FH

Y.

AR IR

#ifndef __ APP_ETHERNET_H__
#define _ APP_ETHERNET_H__

/* C binding of definitions if building with C++ compiler */
#ifdef _ cplusplus
extern "C"

{
#endif

#include "lwip/netif.h"

/* Number of milliseconds when to check for link status from PHY */
#ifndef LINK_TIMER_INTERVAL

#define LINK_TIMER_INTERVAL (1000V)
#endif
/* Static IP Address */
#define IP_ADDRO (192V)
#define IP_ADDRL1 (168U)
#define IP_ADDR2 (1V)
#define IP_ADDRS3 (20V)
/* Static Netmask */
#define NETMASK_ADDRO (255V)
#define NETMASK_ADDR1 (255V)
#define NETMASK_ADDR2 (255V)
#define NETMASK_ADDR3 (oV)
/* Static Gateway Address*/
#define GW_ADDRO (192VL)
#define GW_ADDR1 (168U)
#define GW_ADDR?2 (1V)
#define GW_ADDR3 (1v)

void Ethernet_NotifyConnStatus(struct netif *netif);
void LwIP_PeriodicHandle(struct netif *netif);

#ifdef _ cplusplus

}
#endif

#endif /* _APP_ETHERNET H__*/

Zid
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5.4.5 1524 lwipopts.h 3044

W FH

#ifndef __ LWIPOPTS_H__
#define__ LWIPOPTS H__

/**

* NO_SYS==1: Provides VERY minimal functionality. Otherwise,
* use IwlP facilities.

*/

#define NO_SYS 1

/**

*SYS_LIGHTWEIGHT_PROT==1: if you want inter-task protection for certain
* critical regions during buffer allocation, deallocation and memory

* allocation and deallocation.

*/

#define SYS_LIGHTWEIGHT_PROT 0

[* eemeeeeee- Memory options ---------- */

/* MEM_ALIGNMENT: should be set to the alignment of the CPU for which
IwlP is compiled. 4 byte alignment -> define MEM_ALIGNMENT to 4, 2
byte alignment -> define MEM_ALIGNMENT to 2. */

#define MEM_ALIGNMENT 4

/* MEM_SIZE: the size of the heap memory. If the application will send
a lot of data that needs to be copied, this should be set high. */
#define MEM_SIZE (10*1024)

/* MEMP_NUM_PBUF: the number of memp struct pbufs. If the application
sends a lot of data out of ROM (or other static memory), this
should be set high. */

#define MEMP_NUM_PBUF 10

/* MEMP_NUM_UDP_PCB: the number of UDP protocol control blocks. One
per active UDP "connection”. */

#define MEMP_NUM_UDP_PCB 6

/* MEMP_NUM_TCP_PCB: the number of simulatenously active TCP
connections. */

#define MEMP_NUM_TCP_PCB 10

/* MEMP_NUM_TCP_PCB_LISTEN: the number of listening TCP
connections. */

#define MEMP_NUM_TCP_PCB_LISTEN 6

/* MEMP_NUM_TCP_SEG: the number of simultaneously queued TCP
segments. */

#define MEMP_NUM_TCP_SEG 8

/* MEMP_NUM_SYS TIMEOUT: the number of simulateously active
timeouts. */

#define MEMP_NUM_SYS_TIMEOUT 10

[* e Pbuf options ---------- */
/* PBUF_POOL_SIZE: the number of buffers in the pbuf pool. */
#define PBUF_POOL_SIZE 8

/* PBUF_POOL_BUFSIZE: the size of each pbuf in the pbuf pool. */

Zid
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#define PBUF_POOL_BUFSIZE 1524

[* emeeeee- TCP options ---------- */
#define LWIP_TCP 1
#define TCP_TTL 255

/* Controls if TCP should queue segments that arrive out of
order. Define to O if your device is low on memory. */
#define TCP_QUEUE_OOSEQ 0

/* TCP Maximum segment size. */
#define TCP_MSS (1500 - 40) /* TCP_MSS = (Ethernet MTU - IP header size - TCP
header size) */

/* TCP sender buffer space (bytes). */
#define TCP_SND_BUF (4*TCP_MSS)

/* TCP_SND_QUEUELEN: TCP sender buffer space (pbufs). This must be at least
as much as (2 * TCP_SND_BUF/TCP_MSS) for things to work. */

#define TCP_SND_QUEUELEN  (2* TCP_SND_BUF/TCP_MSS)

/* TCP receive window. */

#define TCP_WND (2*TCP_MSS)
[* e IPv4 options ---------- */
#define LWIP_IPV4 1

[* oo ICMP options ---------- */
#define LWIP_ICMP 1

[* oo DHCP options ---------- */
#define LWIP_DHCP 1

I UDP options ---------- */
#define LWIP_UDP 1
#define UDP_TTL 255

[* e Statistics options ---------- */

#define LWIP_STATS 0

[* e link callback options ---------- */

/* LWIP_NETIF_LINK CALLBACK==1: Support a callback function from an interface
* whenever the link changes (i.e., link down)

*/

#define LWIP_NETIF_LINK_CALLBACK 1

/*
The chip allows computing and verifying the IP, UDP, TCP and ICMP checksums by hardware:
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- To use this feature let the following define uncommented.
- To disable it and process by CPU comment the checksum.
*/

#define CHECKSUM_BY_HARDWARE

#ifdef CHECKSUM_BY_HARDWARE
/* CHECKSUM_GEN_IP==0: Generate checksums by hardware for outgoing IP packets.*/
#define CHECKSUM_GEN_IP 0
/* CHECKSUM_GEN_UDP==0: Generate checksums by hardware for outgoing UDP

packets.*/

#define CHECKSUM_GEN_UDP 0

/* CHECKSUM_GEN_TCP==0: Generate checksums by hardware for outgoing TCP
packets.*/

#define CHECKSUM_GEN_TCP 0

/* CHECKSUM_CHECK_IP==0: Check checksums by hardware for incoming IP packets.*/
#define CHECKSUM_CHECK_IP 0
/* CHECKSUM_CHECK _UDP==0: Check checksums by hardware for incoming UDP

packets.*/

#define CHECKSUM_CHECK_UDP 0

/* CHECKSUM_CHECK_TCP==0: Check checksums by hardware for incoming TCP
packets.*/

#define CHECKSUM_CHECK_TCP 0

/* CHECKSUM_CHECK _ICMP==0: Check checksums by hardware for incoming ICMP
packets.*/

#define CHECKSUM_GEN_ICMP 0
#else

/* CHECKSUM_GEN_IP==1: Generate checksums in software for outgoing IP packets.*/
#define CHECKSUM_GEN_IP 1
/* CHECKSUM_GEN_UDP==1: Generate checksums in software for outgoing UDP

packets.*/

#define CHECKSUM_GEN_UDP 1

/* CHECKSUM_GEN_TCP==1: Generate checksums in software for outgoing TCP
packets.*/

#define CHECKSUM_GEN_TCP 1

/* CHECKSUM_CHECK IP==1: Check checksums in software for incoming IP packets.*/

#define CHECKSUM_CHECK _IP 1

/* CHECKSUM_CHECK UDP==1: Check checksums in software for incoming UDP
packets.*/

#define CHECKSUM_CHECK_UDP 1

/* CHECKSUM_CHECK_TCP==1: Check checksums in software for incoming TCP
packets.*/

#define CHECKSUM_CHECK_TCP 1

/* CHECKSUM_CHECK _ICMP==1: Check checksums by hardware for incoming ICMP
packets.*/

#define CHECKSUM_GEN_ICMP 1
#endif

/**

* LWIP_NETCONN==1: Enable Netconn API (require to use api_lib.c)
*/

#define LWIP_NETCONN 0
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[* emeeeeee- Socket options ---------- */

/**

* LWIP_SOCKET==1: Enable Socket API (require to use sockets.c)
*/

#define LWIP_SOCKET 0

#endif /* __ LWIPOPTS H__ */

5.4.6 &2 main.c A

#include "hc32_ddl.h"
#include "lwip/init.n"
#include "lwip/netif.h"
#include "lwip/timeouts.h"
#include "netif/etharp.h"
#include "ethernetif.h"
#include "app_ethernet.h"
#include "lwip/debug.h"
#include "lwip/tcp.h"
#include "lwip/apps/httpd.h"

#ifdef ETH_INTERFACE_RMII

/* RMII_INTB */
#define ETH_RMII_INTB_PORT (GPIO_PORT_B)
#define ETH_RMII_INTB_PIN (GPIO_PIN_00)
#define ETH_RMII_INTB_EXINT_CH (EXINT_CHO00)
#define ETH_RMII_INTB_INT_SRC (INT_PORT_EIRQO)
#define ETH_RMII_INTB_IRQn (Int037_IRQn)

#endif

static struct netif gnetif;

/**

* @brief SysTick interrupt callback function.
* @param None

* @retval None

*/

void SysTick IrgHandler(void)

{

}

/ **

* @brief MCU Peripheral registers write unprotected.

* @param None

* @retval None

* @note Comment/uncomment each API depending on APP requires.
*/

static void Peripheral _WE(void)

{

SysTick _IncTick();

/* Unlock GPIO register: PSPCR, PCCR, PINAER, PCRxy, PFSRxy */
GPIO_Unlock();
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/* Unlock PWC register: FCGO */

PWC_FCGO0_Unlock();

/* Unlock PWC, CLK, PVD registers, @ref PWC_REG_Write_Unlock_Code for details */
PWC_Unlock(PWC_UNLOCK_CODE_0 | PWC_UNLOCK_CODE_1);
/* Unlock SRAM register: WTCR */

SRAM_WTCR_Unlock();

/* Unlock SRAM register: CKCR */

/I SRAM_CKCR_Unlock();

/* Unlock all EFM registers */

EFM_Unlock();

/* Unlock EFM register: FWMC */

/I EFM_FWMC_Unlock();

/* Unlock EFM OTP write protect registers */

[l EFM_OTP_WP_Unlock();

/* Unlock all MPU registers */

/I MPU_Unlock();

}
/**
* @brief MCU Peripheral registers write protected.
* @param None
* @retval None
* @note Comment/uncomment each API depending on APP requires.
*/
static void Peripheral_WP(void)
{
/* Lock GPIO register: PSPCR, PCCR, PINAER, PCRxy, PFSRxy */
/I GP10_Lock();
/* Lock PWC register: FCGO */
PWC_FCGO_Lock();
/* Lock PWC, CLK, PVD registers, @ref PWC_REG_Write_Unlock_Code for details */
/I PWC_Lock(PWC_UNLOCK_CODE_0 | PWC_UNLOCK_CODE_1 |
PWC_UNLOCK_CODE_2);
/* Lock SRAM register: WTCR */
SRAM_WTCR_Lock();
/* Lock SRAM register: CKCR */
/I SRAM_CKCR_Lock();
/* Lock EFM OTP write protect registers */
/[ EFM_OTP_WP_Lock();
/* Lock EFM register: FWMC */
/I EFM_FWMC_Lock();
/* Lock all EFM registers */
EFM_Lock();
/* Lock all MPU registers */
/I MPU__Lock();

¥
#ifdef ETH_INTERFACE_RMII

/**

* @brief ETH RMII interrupt callback function.
* @param None

* @retval None

*/

static void ETH_RMII_LinklIrqCallback(void)

{
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if (Set == EXINT_GetExIntSrc(ETH_RMII_INTB_EXINT_CH))

EthernetlF_UpdateLink(&gnetif);
EXINT_CIrExIntSrc(ETH_RMII_INTB_EXINT_CH);
}
}

/ **

* @brief ETH RMII link interrupt configuration.

* @param None

* @retval None

*/

static void ETH_RMII_LinkIntConfig(void)

{
stc_exint_init_t stcExintlnit;
stc_irg_signin_config_t stclrgSignConfig;
stc_gpio_init_t stcGpiolnit;

/* GPIO config */

(void)GPIO_StructInit(&stcGpiolnit);

stcGpiolnit.ul6ExInt = PIN_EXINT_ON;

stcGpiolnit.ul6PullUp = PIN_PU_ON;

(void)GPIO_Init(ETH_RMII_INTB_PORT, ETH_RMII_INTB_PIN, &stcGpiolnit);

/* Exint config */

(Void)EXINT _Structlnit(&stcExintInit);
stcExintInit.u32ExIntCh = ETH_RMII_INTB_EXINT_CH;
stcExintInit.u32ExIntLvl = EXINT_TRIGGER_FALLING;
(VOId)EXINT _Init(&stcExintInit);

/* IRQ sign-in */

stclrgSignConfig.enintSrc = ETH_RMII_INTB_INT_SRC;
stclrgSignConfig.enlRQn = ETH_RMII_INTB_IRQn;
stclrgSignConfig.pfnCallback = &ETH_RMII_LinkIrgCallback;
(void)INTC _IrgSignin(&stclrgSignConfig);

/* NVIC config */

NVIC_ClearPendinglRQ(stclrgSignConfig.enlRQn);
NVIC_SetPriority(stclrgSignConfig.enlRQn, DDL_IRQ_PRIORITY_DEFAULT);
NVIC_EnablelRQ(stclrgSignConfig.enIRQn);

¥
#endif /* ETH_INTERFACE_RMII */

/ **

* @brief Configurate the BSP.
* @param None
* @retval None
*/
static void BSP_Config(void)
{
/* Configure BSP */
BSP_10_Init();
BSP_LED_Init();
/* Configure UART */
(void)DDL_Printfinit();
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/* SysTick configuration */
(void)SysTick_Init(1000U);
/* Set Systick Interrupt to the highest priority */
NVIC_SetPriority(SysTick_IRQn, DDL_IRQ_PRIORITY_00);
/* Configure link interrupt 10 for ETH RMII */

#ifdef ETH_INTERFACE_RMII
ETH_RMII_LinkIntConfig();

#endif

¥

/**
* @brief Configurate the network interface
* @param None
* @retval None
*/
static void Netif_Config(void)
{
ip_addr_t ipaddr;
ip_addr_t netmask;
ip_addr_t gw;

IP_ADDR4(&ipaddr, IP_ADDRO, IP_ADDRL, IP_ADDR?2, IP_ADDR3);

IP_ADDR4(&netmask, NETMASK_ADDRO, NETMASK_ADDR1, NETMASK_ADDR?,
NETMASK_ADDR3);

IP_ADDR4(&gw, GW_ADDRO, GW_ADDR1, GW_ADDR2, GW_ADDRS3);

/* Add the network interface */

(void)netif_add(&gnetif, &ipaddr, &netmask, &gw, NULL, &ethernetif _init,
&ethernet_input);

/* Registers the default network interface */

netif_set default(&gnetif);

if (netif_is_link_up(&gnetif))

/* When the netif is fully configured this function must be called */
netif_set up(&gnetif);
}

else

/* When the netif link is down this function must be called */
netif_set_down(&gnetif);

/* Set the link callback function, this function is called on change of link status*/
netif_set link_callback(&gnetif, EthernetlF_LinkCallback);

}

/**

* @brief Main function of ETH LWIP_HTTP_Server RAW.
* @param None

* @retval int32_t return value, if needed

*/

int32_t main(void)

{

/* Peripheral registers write unprotected */

Peripheral _WE();
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/* Configure clock */

BSP_CLK_Init();

/* Configure the BSP */

BSP_Config();

/* Initialize the LwIP stack */
Iwip_init();

/* Configure the Network interface */
Netif_Config();

/* Http webserver Init */

httpd_init();

/* Notify user about the network interface config */
Ethernet_NotifyConnStatus(&gnetif);
/* Peripheral registers write protected */
Peripheral_WP();

for (;;)
{
/* Read a received packet from the ETH buffers and send it
to the IwlIP for handling */
ethernetif_input(&gnetif);

/* Handle timeouts */
sys_check_timeouts();

/* Handle periodic timers */
LwlIP_PeriodicHandle(&gnetif);

5.4.7 IGUFEIhREE
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