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gmii_tx_er_1 [/ /f ﬁ / j‘]‘ \—
amii | 777077707 " e = - = 77777

& 3-15 10M/100M HERREY B K%
LTI W IR Sy S Y S Y S SR Sy (NN S N S Y S I Y Sy Y S SN /AN Y S SN Sy Y Sy A S ST S Y Sy
i

g b ; [ / i ) S

PR RiRIR&E

TR R RIE A E, 7824 gmii_tx_en_i 24 0, gmii_tx_er_i=1 i/,
gmii_txd_i Jefa i IES ) 8'hOf, Fida tHiZE£E1) 8'h1f. 1] 3-16 JE7~7E 1000M
@i?%/ﬂi?ﬁ%%mﬁ’]kfi S, B 3-17 FEoRTE 10M/100M 3R R #k

BRI ROEIEFE
& 3-16 1000M ERRF Y R RRIE

SR IY I /A e N ey AN I e Y S (Y /A Y s Y /AN e Y Sy Sy Y o O
gmii_x_en i /_// T J \ I i

gmii_tx_er_i /f ﬂ / fj’ ﬂ %
amii_txd_i W% A 3 g Tk =

f

& 3-17 10M/100M EZ R P B R K E
gmii_tx_ck o f |/ S I S Y S S S/ Y S T A S Y e Y S A SO Sy A ey A S SO S SO /Y Sy AN Sy A S A S
gmii_tx_en_i

gmii_tx_er i

FEMITRRE X

FEEX TS, RIERTZEHI gmii_crs_o F1 gmii_col_o {55, ##S
N0, FIZHRR DL B AT R IE R R 0% DKM, 75 k4225 RF; Wi k%
R, RIS gmii_crs_o N 1, TS F3E gmii_tx_en_i AT gmii_tx_er_i
B0, PSRRI LR MIWI &%, fF gmii_crs_o Fl gmii_col o &4 0
Je, FPRTLEATRE RS E AW . K 3-18 E/RTE 1000M 3 3 T2 X0 T
BRI RIEIEFE, B 3-19 FE/RTE 1000M SR T Rk RITITRE.
3-18 1000M HFE LW T AKX

gmixckod |4 ) & [ 4 J F [ 4 [ & 14 J ¥ 1+ [+ ]

gmii_tx_en_i // / jj /j \

gmii_tx_er_i // // //

ami_d_i| 0 i o e e ey
gmii_crs_o // / jj /j ;
gmii_col_o // // //
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& 3-19 1000M E & K& ik H5E
gmickof |4 ) & [ ¢ & | & & [ & J 4 [ F L+ 1+ ]

amii_tx_en_i // f( /] /} %
gmii_tx_er_i // // [/
omi_ot i 70N~ Jf S—— == st =77
gmii_crs_o // ,/ /f jj \—
gmii_col_o // // // L
3.24 MAC B#0
MAC izl

U MAC I8 & AT B e O P Bl i R . Bl 80U = A28

+ rx_mac_clk_o.

IE# MAC s

K 3-20 JE/~7E 1000M % R 1EH MAC Wi oL 2, K 3-21 B/RfE
10M/100M % 1EH MAC i IGL 2 -

% rx_mac_valid_o 4 1 1, FBILEM rx_mac_data_o X 4
rx_mac_valid_o 1 rx_mac_last_o [Fi N 1 i, &KL EHH rx_mac_data_o
AR H X — 1t MAC M & Ja — 11 2R IP HRCA buffer HIokZ:
AR MAC Mot, [R1IHFH P 2 £ 20 MAC nte 4t i) 25 — A= 15 JH 4
HIER PG, SRS uaEsil, BREAmEIGEE.

& 3-20 1000M &= IE ¥ MAC i
L N N /A S I S N AN N S SO NP AN N U N SO SO D AN D N A D N S O
rx_mac_valid_o ﬂ j]‘ ]] ]] ”
rx_mac_last_o ﬂ ﬂ [/ [/ ﬂ / \

5] 3-21 10M/100M FEZXIEE MAC Wi
wmmmmm

Vh‘ VY

o mac_ata o 77PN
_mac_valid_o / mmmﬂ I [\
n_mac_last_o f/ [[
f // // // !

H12 MAC it

2 rx_mac_error_o Jy 1 I, FoxHFrmia Feegtin, HAAR RIS
# it rx_statistics_valid_o 1 rx_statistics vector o & 5 & E .
rx_mac_error 01XAi rx_mac_last_o 4 1 B 487~ S HTmi A RS
3-22 FKE 3-23 53 HE7~1£E 1000M 1 10M/100M 3 K — M % MAC i)

FLRE

& 3-22 1000M JE KR MAC i
mmmmf_f—mm
x_mac_data_o Z%%ZZ%% AL I N\ ff
_mac_valid_o i ﬂ Vi Y/ ff
n_mac_last o ﬂ ﬂ ./l/{ ﬂ ﬂ
rX_mac_errol ﬂ /] j//f /] ﬂ
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& 3-23 10M/100M FEZ4E MAC MK
wmmmﬂm
m_mac_valid_o / /—\_/]ﬂ_/—\_/—\_/]]_\_/—\_/—\_/—\_/—\_/]ﬁ / [\

_mac_last_o ﬂ ﬂ ﬂ [[ [[
X_mac_error_o ﬂ ﬂ ﬂ [/ [/

2B NSRS, rx_mac_error_o £xfERN:
PR FCS AR
B F align i
RO AR, UieE) PHY 2820 gmii_rx_er_o ([ 562
XL, HBLR R

MK A iR, AMERE Jumbo THAERS, 4%UE VLAN Wi/ 64 35 ei kT
1518 F71, VLAN /N T 64 =58 KT 1522 F75; ff 58 Jumbo DJRERT,
BN T 64 75 .

YN MAC W1 FCS Forward

MH PR E IP AER FCS Forward BN, 1P <430k 31 FCS
&%%%FW WK 3-24 FP 3-27 Fian. B, 1P U398 B 356 FCS
B, Jf#id rx_mac_error_o F rx_statistics_vector_o f&7~.

& 3-24 1000M & Zf# B8 FCS Forward i IE# MAC ik

wmacckof | F J F L £ L fF £ L F L& fF L F L f s e e
wmac_cata_o T ; - : 7
o

re_imac_ast_o / /4 1 1 i I
! I ] ] / I

S

3-25 1000M & Zff f¢ FCS Forward B 45iR MAC Wiszik
mmacckof | f 1 L fF J F L fF L f j} fF 1L f 1 fF L fF 1 fF ] F s f Ly
. i
I I I I I I
I I I I I I

3-26 10M/100M 3EZ{# B FCS Forward i IER MAC ik
x_mac_ck_o WWWWWWWW

x_mac_data_o

o ) s,
n_mac_valid_o /M_/]/_\_/_\_/_\_/]/_\_/_\_/_\_/_\_/_\_/]/_\_/_\_/_\_/]/_\ //
_mac_last_o
I I I I I L

& 3-27 10M/100M i 2 f# #E FCS Forward Ff55i% MAC Mgzl

re_mac_ch_o wmmmmmwm
_mac_sate_o T
n_mac_valid_o | /\ /?/m_ﬁmm

_mac_last o
i /A I I i /A

FEI VLAN Tagged 1
2 IP #Y5 ®] VLAN Tagged Miiff, £>7E rx_statistics_vector_o $57x i
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rx_mac_clk_o § L4
_mac_data_o

4 VLAN Tagged fiii. VLAN Tagged WA MAC Hhhik 2 J5 9 =554 0x8100
frmii. 75 IEEE802.3 H5E L VLAN FEH 4 /N7, H A F #7454 0x8100,
JE WET N VLAN 4325, a1 3-28 Fiios.

/& 3-28 VLAN Tagged Wik

/ i T T \ I —\

il

rx_mac_clk_o +

I I

B MAC Control i

2 |P 53] MAC Control ii, 4>7F rx_statistics_vector_o $&755 It
A MAC Control it MAC Control i 4 L/T 7Bt A 0x8808 Frii . 71 IEEE802.3
g S LT 7Bl 0x8808 I, iy MAC Control i

RAK o 2k i S 8 B4R

FE VUK X 2 i85 I e B X T R AR ), 2R A AT Ao B A7
TR, bR, FH P MIEE D% — rx_mac_valid_o 1 rx_mac_last_o
S[FIT 1, BRI — AN fa, thmigh o P N AR P 75 A B b 5
LI R A .
gt

BRI 14515 S AE rx_statistics_vector o {55 %t . 4
rx_statistics_valid_o 4 1 i, 7~ rx_statistics_vector_o %4, ItHf

rx_statistics_vector_o #57~  NIHZ i S5 B . P& 3-29 Fiow,
rx_statistics_vector_o {758 X405k 3-3 flzw.

A 3-29 Blgeit
[ /A S I T Y S Y T T

rx_mac_valid_o /ﬂ( \ /'C'/
r_mac_last o ,'f)/ / \ /'C'f
r¥_statistics_valid o ,'f}/ / \ /'f/'f
rx_statistics wvector o %}% ﬁ }% %}W
2 3-3 rx_statistics_vector_o PLE X
frE | B ik
26 RX Alignment Error BRSO A R, B
25 RX Length Error WM BEANRF A bR, Bl
24 RX FCS Error AR RS FCSH R, Bl
23 RX_ER Error SRR R A BIPHY 242 M gmii_rx_er_o
B, 1
22 RX Collision Error FEAEXU TR, WG R h B R,
#1
21:6 | RX Frame Length PO, AIEFCSTB
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| B iR

5 RX Flow Control Frame FEAX TR, an R aomiy s m, &1
4 RX MAC Control Frame w2 WMAC Controlii, &1

3 RX VLAN Frame IR HUMCAVLANT, B

2 RX Multicast Frame R BRIy ZH iR, B

1 RX Broadcast Frame RO T R, B

0 RX Unicast Frame WUy Bk, E

MAC ik %

3% MAC W T P Bl e N sf AT HE i R . i kIR S S R

T tx_mac_clk_o.
IE'E MAC Wik i%

K 3-30 B/~ fE 1000M i# % T 1EH MAC WikixdfE, K 3-31 BRE
10M/100M 3# % K 1E % MAC il k& iE 1 F2 .

HAFIHZE T, tx_mac_clk_o # 125MHz; X HIE T,

10M T4 Z& [

tx_mac_ready_o & 100 & A 2—k: 100M #Z I tx_mac_ready_o %F

10 NEMER—%, 1000M #EFE K tx_mac_ready o &/ & HH#ESA %%
FEEEAM R IE T T, tx_mac_valid_i 2i— B4R N 1, ELFEX— Wi

SR A HEAE N 0. 24 tx_mac_ready_o Al tx_mac_last_i [FIf - 1 i, KB

MR tx_mac_data_i # k1% HoNIX—Mit MAC Ml G — 71 . 7d2yE
= P A buffer FH SR 2217 23% 1 MAC 157 o R 24 48— AN 35 TR K% IS
PP B I R 2277, {E tx_mac_ready o N 11, KRS
tx_mac_data_i. EF|EENWIRIETEE.

3-30 1000M R IEH MAC WK%

mmmmm

tx_mac_data_i Zm@m /\ /\ X
tx_mac_valid_i i J jj J
tx_mac_ready_o ﬂ ﬂ/ ﬂ ﬂ /j
tx_mac_last_i ﬂ [/ // [/ [/
tx_mac_error_i ﬂ ﬂ/ // ﬂ [[

A 3-31 10M/100M EZIEH MAC MR i%E
wmmmwmm

tx_mac_data i Z%%j%%%% i 1
tx_mac_valid_i ;C/ ﬂ ]] ﬂ //
x_mac_ready_ I i /N N/ N VY s S/ VY A U VA VO W/ VO W
o mac_fast_ i i ! I I/ \
b mac_error i i / I i
$HIR MAC &%

FERIELFEF, 24 tx_mac_error_i fl1 tx_mac_ready o [AiA 1 1, #
TN ETRIEME R IP &7 PHY F@DE% gmii_tx_er_i CRIZEFEIRHR
T80 B 3-32 JE7nAE 1000M 33K — iR MAC i) & ixid s, Kl 3-33
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J&7RAE 10M/100M 3 3 T —/ MR MAC Wi A0x S 2.

& 3-32 1000M #E &KX MAC BiKIE

g mmmmmm
< sa | ZHATT, [

tx_mac_valid_i [/ / _[/ J_l/ J_l/ ]] \—
tx_mac_ready_o [[ ﬂ ﬂ ﬂ ﬂ
tx_mac_last i [[ ﬂ /] // ﬂ
tx_mac_error_i [/ ﬂ ﬂ // ﬂ

A 3-33 10M/100M 48R MAC iK%

%&31% MAC i FCS Forward

MH PR E IP k1% FCS Forward B30, 1P A4 EH 3N FCS #
BY, HEKRi%5¢ DATA 7B G, T8 HH TN FCS 7B, WK 3-34
F& 3-35

Kl 3-35 AT/
& 3-34 1000M JEZf# 8 FCS Forward B MAC i &%

(x_r;ac_r;ady_o // // // // // /7
x_mac_smor / / / 1 1 1

3-35 10M/100M £ Z{FfE FCS Forward it MAC i & i%
_ck_o WWWWWWWW

= i D
tx_mac_valid_i
EMTERNELE
EEWNTAEAT, i tx_collision_o Fl tx_retransmit_o 1 545/~ K

BRA . ﬁn%‘%@iaﬁﬂﬂ ﬁﬁFfE?l‘"uﬂ B, AR DL B XU TRIE
AR IE MAC Mie iR kit fede, H PRI R 5= 4, TR,

PURIEBOE B ERaAL . 24 P #63) tx_collision_o A 1 B, 15 B i 28 %
EHMWSE. P AHER IR tx_collision_o v 1 1, & EH" tx_mac_valid_i
B0, FREEHRILIR MAC M Ki%. {ERIE] tx_collision_o A 1 K [H KT,
W tx_retransmit_o 4 1, UK P RAEGEVEE A, H AT LLEAT I E
e E UL, R P AR E A S, 1E/E 5 N AE tx_mac_valid_i
B, AES UL E R Ak WA A A T, TEAE 5 MR
Ja FHE tx_mac_valid_i & 1, #E#& T~ —Mif) KI5, fER0 2] tx_collision_o N
1 FERS, W% tx_retransmit_o N 0, BEAHHIRHRAESFIEE N (H—
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T RIS 16 BT R AEAE CKIE 64 752 50, BB H - /5 0 i
A% . &l 3-36 JEs A i R I LA L A, & 3-37 AT 3-38 73l 7™

AP R IS AN B ) A
B 3-36 HRINE K
WLWM _FI_F!JU‘U‘I_FI_H_F m [y I A I I I m_wm
tx_mac_data_i i — T o PR s s X ) Y
wmacvaidi _ ff 0 ] I I~ (A T : b : i |
X y.o IL I A W/ W B W A W/ I W B | I I LY/ W A VY A W/ A VY A W
ik I I I I\ I I i i
1L i I L /N I I / L
I i I I I I I /Y A W
ik I I I I I i I

E 3-37 Y*%Hﬂ‘ﬁflﬁiﬁ (Elzidﬂ‘ﬁﬁ)

_mac_clk_

I X ff X X r/ X A IFf- e X X X {f X =
” yi Vi \ I Vi
i 1 /—\Q,F\_/—\_/—\_, ! I i ﬁ_ﬂ/_\_/_‘gfﬁ;ﬂ_u_\_
L I I 1L \ I I I
r [ I I i T\ I I I If
™ i 1 i I I ik I o

I I I

I

Vi

I

&l 3-38 PFRITHFELR (B

v _mac_ck_o wuwmum I_f U Lf U UIMMJMWM

f;f 7 / (SR A I/ i j;' |

L JA N/ N A W A W/ [ W I I AR/ B N B W B N/ W A W

i Y — Wi S\ I I i . v/
x_retransmit_o ! I I / I i /
tx_mac_last_ L I I I I I L /A L W
tx_mac_err I I I I [ I i 1

A \
Kixgit

RIKWI) G115 BAE tx_statistics_vector o (5 5%t . 4
tx_statistics_valid_o & 1 Itf, I~ tx_statistics vector o H#L, I}
tx_statistics_vector_o 57~ T HIKIEM KIS THE S . B WK 3-39 i,
tx_statistics_vector_o i & X 41 3-4 Fiix.

A 3-39 Kix4it

tx_mac_ck o WM_U_U_{}(M_
tx_mac_valid_i jf \‘1

tx_mac_last_i f)f /—\ {f
tx_statistics_valid_o f)f [;{ /',—\\

tx_statistics _vector o ﬁ% %%( %

2 3-4 tx_statistics_vector_o fL5E X

(A=Y R Eiip
28 TX Collision A TR, T R i A S e e A
5, B 1
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(A= SR ik

27:24 TX Attempts A TALT, i 2k 2 IR B
0 fREFBEE 1 IRKRI%E; 110K 2 IRKIE;
15 fE 5 16 K%,

23 Excessive Collision TR TR, S bmirfEss 16 X
SRR IER PR AR, B 1

22 Late Collision MRMREAEDKIE 64 T2 )G,
H1

21:6 TX Frame Length RILEMKE, A FCS B

5 TX Flow Control Frame EAW TR, FES A E 1P kK%
mEm, B

4 TX MAC Control Frame B 3%y MAC Control i, & 1

3 TX VLAN Frame S %W VLAN I, & 1

2 TX Multicast Frame R RIEWON A RE W, E A1

1 TX Broadcast Frame SR A EWCNT i, B

0 TX Unicast Frame WS RIE WO R, B

Flow Control IhfE

IP S #r4 W TAE R R Y Flow Control ZhAg . fE4X TR T, H ) albd
HALCE 1P KL UL Pause i, SZILIETIAE
%1% Pause M
F AT LB tx_pause req i85 & 1, KKk —4 pause .
tx_pause_val_i f{E#H N\ £ pause Wift) parameter #E, FIkit-% pause i
. tx_pause_source_addr_i /£~ pause Wiff])J§ MAC itk &%, KiXF

MR TS B 575
3-40 /3% Pause M
tx_mac _ck o + + )‘f + | + | + )‘f + I_
tx_pause_req_i f;r l{—\\ f;'(
_pause_val_i %V %{ }% %y
_pause_source_addr_i %V %{ }% %V
IR pause Mo

2 IP #U 3 —A pause J5, 2t rx_pause_req o 55 HE 1.
rx_pause_val_o [ NI F pause Mift] parameter £, FHKit4 pause
IS 5] o
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& 3-41 B2 pause i

mmacckof | & 1 &L L&) 1

X_pause_req_o

r<_pause val_o

IPUG1021-1.0

/ / \ /
2% 2 % 21%
FCS Forward IhgE
IP SCHF R IEFE 7 HIBC & FCS Forward g
U FCS Forward ThiE

2 F Ak 12U FCS Forward ThAERT, FCS 7 B2 il 0 31 A
IP & HBhRH: FCS 7B, FHIERL 25 Rk H 31 rx_statistics_vector_o #13
T B M R B2 FCS Forward Zhfight, FCS B4 4 2 F 70
IP 52> B35 FCS 7B, JHERER &5 %t 2 rx_statistics_vector_o #H
B

%&i% FCS Forward IhgE

M P22 1E k% FCS Forward Thael, F P Bt H IR &% FCS 7B
IP 2 H3hiH5 FCS 7B, FEEshRmME LUK, 4 P {fiFeki% FCS
Forward ThAEER, F 114 FCS FE, FEEH P MIKIES 1P,

PAD Ik

M P2k i% FCS Forward Zhgghs, #H 7 &i£3] IP #bi/hT 60
FH OMEHE FCS), IP 2 HBhh 0 2 60 775, FHHIM FCS 7B, LMRIE
KA DA AT & B s 64 75K 24 ] P g E k1% FCS Forward ZhAERT,
IP AN HEENT 64 771, SEFR R EBHE K 5 e A PR E .

%1% IFG 2B IhiE

2P TARERXN TN, M LIS E UKL /N IFG. 2 1P
TARAEA R T, BB R RN IFG #2ms, &/ IFG U580y
12 F75.

M AR IFG Zhaert, IP Rikf/N IFG Jy 12 2741, B 96bit. 4 H -
ffigE IFG ZhEelt, 1P HRIEAH P& B e s/ IFG. £ B &/ IFG /T
8 F1, IP bR/ IFG N 8 s AH B/ IFG KT T 8 %7,
IP SzPrfe/N IFG NP B IE . B/ IFG i KAJ &% B N 255 F 15,
Jumbo ¥ EIHEE

IP 3 #F Jumbo Zhfit. 24 H 251k Jumbo ZhAERT, 1P 3K IE 8 LA KA i
KRN 64 F71~1518 FF1 (E VLAN )5 64 “F151~1522 1 (VLAN i)
RN ORI IAE_EIRTEFEIA B, rx_mac_error_o 287 i £ %,
H. rx_statistics_vector_o ' RX Length Error & 1. 4 ' ffifig Jumbo Ik
i, HAE BRI R LUKt NT 64 715, 1P A 2 AW AR
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Management I gE

IP $&AEAH F 424t MIIM #2100, J7 {8 7 i@k MDC #1 MDIO B & PHY
AR .

MDC H}%h 1 miim_hs_clk_i fii NB8hor45im ok,  F P AR
miim_hs_clk_i #i N8 RECE 704528, 18 MDC 4R 55 & PHY S A &
R, BB HEIESHEE 5-1 i, MDC. MDIO &K 3-42 fix.

& 3-42 MDC. MDIO &E#R~EE

FPGA
PHY IC
IP
mdc o> mdc
mdio] ¢ A& I~ mdio
mdc_o
MAC mdio_oen_o |L >
(optional) ["mdio_out_o PHYIC
mdio_in_i [«
> mdc
mdio

MDIO ##:Z% verilog 41T :

assign mdio_in_i = mdio;

assign mdio = (Imdio_oen_o) ? mdio_out_o : 1'bz;

FirA miim #2045 5 [ T miim_hs_clk_i B4,

LTS, P FEIE mim_wren_i B 1 —NEM. IP£&iE
miim_busy_o $i5, Ui miim SZIEEH T IR S EAE. 24 miim_busy_o
PN 0, R GRS, P AT T — IR e 5 # k.
miim_phyad_i. miim_regad_i 1 miim_wrdata_i 1557 miim_wren_i } 1
i T e A2k EuE R, FLYE miim_busy_o N 1 FHEFEAZE . miim S 5
Kl 3-43 i~
3-43 miim BHF

miim_hs_clk_if f f f f f H f f f f f f f f f f

miim_phyad_i %{ ff ){7/
miim_regad _i %( 4':" )‘&7/
miim_wrdata_i ﬁ ff W
miim_wren_|I /—\ 4'/4'/
miim_rden | ff
miim_rddata_o A’V
miim_rddata_valid_o }C'/
miim_busy_o f /ﬂ'f \
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[

AT EAERE, P FEIE mim_rden i B 1 —NEB. 1P &30

miim_busy_o $i /&, Uil miim & 2R IEAE AT LRI EEME . 24 miim_busy_o
RN 0, FoRILIEERIEL A, P AT T T — el 584k .
miim_phyad_i A1 miim_regad_i {55 7E miim_rden_i & 1 B f7E A28 e+
4, HAE miim_busy_o & 1 I {RFFAZE . FERed fEr, FH - il
miim_rddata_valid_o {55 . 24 miim_rddata_valid_o A 1 i, F/ Al DIfE
miim_rddata_o {5 ‘5 RAFE L ERAE RO . miim B2 a0 3-44 .
B 3-44 miim $EHF

mim hs ek f L AL LA LA L A LFLfLfLfLfL

miim_phyad_i %{ H W

miim_regad | % ﬂ W

miim_wrdata_| %( ﬂ W
miim_wren_i f;{ ff
miim_rden_i f_\ f;( frfr

miim_rddata_o 4% %( ){V/ ﬂ!‘y

miim_rddata_valid_o f;( xf—\ Jff
miim_busy o f jjf ﬂ_\
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im 151 3%

Gowin 1G Serial Ethernet IP 1#] 10 i H & 4-1 s
B 4-1 Gowin 1G Serial Ethernet IP IO ¥ O~ & &

—»
—»

clk_in_i

rstn_i

signal_detect_i
basex_link_timer_i[8:0]

sgmii_link_timer_i[8:0]
basex_or_sgmii_i
sgmii_mode_i
repeater_mode_i
rx_jumbo_ena_i
rx_fes_fwd_ena_i
tx_mac_valid_i
tx_mac_data_i[7:0]
tx_mac_last i
tx_mac_error_i
tx_pause_req_i
tx_pause_val_i[15:0]
tx_pause_source_addr_i[47:0]
tx_ifg_delay_ena_i
tx_ifg_delay_i[7:0]
tx_fcs_fwd_ena_i
miim_hs_clk_i
miim_phyad_i[4:0]
miim_regad_i[4:0]
miim_wrdata_i[15:0]
miim_wren_j
miim_rden_i
mdio_in_i
configuration_vector_i[14:0]
gmii_tx_en_i
gmii_tx_er_i
gmii_txd_i[7:0]
phy_addr_i[4:0]
mdio_rstn_i

mdc_i
phy_reg2_i[15:0]
phy_reg3_i[15:0]

rx_mac_clk_o
rx_mac_valid_o
rx_mac_data_o[7:0]
rx_mac_last o
rx_mac_error_o
rx_pause_req_o
rx_pause_val_o[15:0]
rx_statistics_valid_o
rx_statistics_vector_o[26:0]
tx_mac_clk_o
tx_mac_ready_o
tx_collision_o
tx_retransmit_o
tx_statistics_valid_o
tx_statistics_vector_o0[28:0]
miim_rddata_o[15:0]
miim_rddata_valid_o
miim_busy_o

mdc_o

mdio_out_o
mdio_oen_o
gmii_rx_clk_o
gmii_rx_dv_o
gmii_rx_er_o
gmii_rxd_o[7:0]
gmii_tx_clk_o
gmii_col_o
gmii_crs_o
gmii_isolate_o
status_vector_o[10:0]

link_partner_ability_base_o[15:0]
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3 4-1 Gowin 1G Serial Ethernet IP 10 ¥z H

59 J7 1A frge | ik
Clock Input
clk_in_i input 1 HELEIIN BE 5, SEEA S T 50MHz
Reset
rstn_i input 1 BAfES, KA
IP Configuration
signal_detect i input 1 SERIMThEERCE , Mconfiguration_vector i[1])414 % i 3k
5 [F) 25 D e -
1. ffiRefE SRl ohne
0: ZH{E Sl Thae
basex_link_timer_i input 9 1000BASE-X /33 LinkH] [d]
sgmii_link_timer_i input SGMITCT Linki 8]
basex_or_sgmii_i input PR M B BSUE S 5 -
1: SGMIIkrHE
0: 1000BASE-Xtxif
sgmii_mode_i input 1 SGMIE LA 5
1: Media Mode
0: System Mode
repeater_mode_i input 1 gk 2 IR S 5
1: fiferh gk as Bt
0: ZEH ka5
configuration_vector_i | input 15 REELEE S
IP Status
status_vector_o output 11 RN SE BB R
link_partner_ability ba | output | 16 X7 E A AR AE B AR
se o
GMII Interface
gmii_rx_clk_o output |1 GMIHZ Y
gmii_rx_dv_o output |1 GMIlFZ I e
gmii_rxd_o output | 8 GMIF R 4
gmii_rx_er_o output |1 GMIZ Sk
gmii_tx_clk_o output |1 GMIIR &
gmii_tx_en_i input 1 GMIIK L RE
gmii_txd_i input 8 GMIIR % H
gmii_tx_er_i input 1 GMIEIEH %
gmii_col_o output |1 GMIMRAE S, G SINAEF R TA
gmii_crs_o output |1 GMIIE IS5, G FIAE X TA &K
gmii_isolate_o output 1 GMIE kR 2

MAC Layer Interface

IPUG1021-1.0
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(%) 77 18] frge | #k

rx_mac_clk_o output 1 E2Al g

rx_mac_valid_o output 1 Bl fdige

rx_mac_data_o output 8 s

rx_mac_last o output 1 B EF e

rx_mac_error_o output 1 Al g S TR =PI

rx_statistics_valid_o output |1 £ S NAR SRV E =PI

rx_statistics_vector_o | output 27 BRgitE R

tx_mac_clk_o output 1 RIEIS

tx_mac_valid_i input 1 KILfHRE

tx_mac_data_i input 8 RIEER

tx_mac_last_i input 1 RiER G FHTERN

tx_mac_error _i input 1 RILEER TS 7~

tx_mac_ready o output 1 KIEEFES, AN1FRtX_mac_data i 4% UL

tx_collision_o output 1 RIZLIE PRI RE T, ALIRRIIORIE A B %,
R RV 3 8- K =R E o oY N R

tx_retransmit_o output |1 RIEERIERES, 555t _collision_ofFif HEL, A1
TN T BRI I fE S AE UL 2%

tx_statistics_valid_o output 1 RIBGHE e

tx_statistics_vector_ o | output | 29 RIEGHE R

MAC Layer Configuration

rx_fcs_fwd_ena i input 1 FZURFCS Forward D gE :

1: ffifEBFCS Forward)jfg
0: 213X FCS ForwardZfg

rx_jumbo_ena_i input 1 Bt Jumbo Iy fE
1: {HREFEIIumbolfE
0: 2% ib#20Iumbolfi gt

rX_pause_req_o output |1 Bltpauseifi i~ s =
rx_pause_val_o output | 16 it pauseiiparameter-Bt, ARFRATT 7528 {5 ) [H]
tx_fcs fwd_ena_i input 1 K I%(FCS Forward it :

1: ffifE K I1XFCS Forwardfg
0: %1 Ki%FCS ForwardZffg

tx_ifg_delay_ena_i input 1 Rik e/ NFGHC B AH fE -
1: fERER/NFGICE
0: ZEIEE/NFGRLE, BRINR/NFG 127

tx_ifg_delay i input 8 RILEENFG:

Mtx_ifg_delay_ena i N1}, IPRIEHR/NFGH
tx_ifg_delay itk . 2tx_ifg_delay i’ T8, &/NMFGH8;
Htx_ifg_delay ik T80, #/NMFGHH % B .
Htx_ifg_delay_ena_i N0, I E TR
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59 J7 1A frge | ik
tx_pause_req_i input 1 Kikpauseliff gEf5 5
tx_pause_val_i input 16 Kikpauseliiparameter-B, X7 75 L8 15 I [A]
tx_pause_source_add | input 48 R i%pauseyiyi ikl
ri
Management Interface
miim_hs_clk_i input Managementf&ELi £ 5 N (MACJZE)
miim_phyad_i input 5 PHYHuHE (MACE)
miim_regad_i input | 5 17 S (MACEE)
miim_wrdata_i input 16 ¥ (MACE)
miim_wren_i input 1 Effige (MACE)
miim_rden_i input 1 2ffge (MACE)
miim_rddata_o output | 16 R (MACE)
miim_rddata_valid_o output 1 HHIEH R, MACE
miim_busy_o output |1 MIIM$EE FRESTER (MACER) -

1: IEEES

0: TH
mdc_o output |1 MDCH #i4ith (MACE)
mdio_in_i input 1 MDIO#iI A (MACZ. PHYE)
mdio_out_o output |1 MDIO#iH (MAC/Z. PHYZ)
mdio_oen_o output |1 MDIO#Hi i it (MACJZ. PHYZ)
phy_addr i input 5 PHY il (PHYZ)
mdio_rstn_i input 1 MIME AL (PHYE)
mdc_i input 1 MDCH#ig A (PHY)Z)
phy_reg2_i input 16 HihkOx2 2 A7 2 5l (PHY )
phy_reg3 i input 16 HihEOX3M ZF A7 2 EdlE (PHY )
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5 SYECE

P EE 151 2R E Gowin 1G Serial Ethernet IP [H& NS S
HSHEE 5-1 iR,

2 5-1 Gowin 1G Serial Ethernet IP #4523

2R iR bl
Channel Selection Lane i%&#% QO Lane0, Q0 Lane1, Q0 Lane2, Q0

Lane3, Q1 Lane0, Q1 Lane1, Q1
Lane2, Q1 Lane3

Loopback Mode Lane [A]3fAR ik OFF, LB_NES, LB_FES, LB_ENC
Reference Clock Source S PP R Q0 REFCLKO, Q0 REFCLK1,Q1
REFCLKO0,Q1 REFCLK1
Reference Clock Frequency | &%nehHiE %8 FH P&\
PLL Selection PLL & QPLLO,QPLL1,CPLL
Enable MAC PR MAC JZZhREAf RE ik, Aok
Enable PHY MIIM PLRK PHY JZ MIIM 4 1§ RE, Rik, Aok
FTHCE PHY 2517 5%
MIIM Clock Divider miim_hs_clk_i S AR 800508, | FLPHIN, il 0~255

Sy s BRI B 1 2 mdc_o, 1F
NE B N B, AT RE
LK MAC JZZBERT o 27 R T
NT 2, WISEPRIUE N 2; Fitt
IR T2 T 2, WSEER7UE
b NAH
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Target Device:

6 FHEE

F A 7E IDE i@ i IP Core Generator T2 I & Gowin 1G
Serial Ethernet IP. Az 5 LLEFEH MAC 280 861, WA T EERE N
T P B AR DL S ST B T X

1. #TJT IP Core Generator

P s TR A, Hudi A2 b £ Tools ik Tk, FHi#d5 IP Core Generator
W, AT Gowin 1 IP #7724 T H, WK 6-1 .

B 6-11P =4 T A

GWSAST-LV13BFPGETGAES

Version serdes

BandGap Information

MIPI_DPHY
Memory
SeMI

Vendor: GOWIN Semiconductor

2. FTHF Serdes IP Fit & 51

The Gowin Serdes IP is a comprehensive IP base on Gowin Serdes. It includes various high speed protocol, such as SGMII, CPRI,
JESD2048B, etc. It also provides a Customized PHY configuration to configure Gowin Serdes flexibly.

7E IP Core Generator 11i%#% “Serdes”, FJJT Serdes IP it & A if, 0

Kl 6-2 firs:

IPUG1021-1.0
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K 6-2 Serdes IP fit & 5 1H

L Dialog 7 x

General

Device: |GW5AST-133 | Device Version: ‘B

Part Number: | GWSAST-LV138FPG676AES | Language: Verilog -

File Name: |serdes | Module Name: ‘Serdes_Tup

Create Im: |E:\Pruject\Serdes\]G_Serial_Ethernet\1G-5Brial-Ethemet—Over—Serdes_Encrypted_gui_test\project\src\serdes |

Protocol ‘ 5 1G Serial Ethernet j Create -
1G Serial Ethernet
Information
Type: 1G Serial Ethernet
Vendor: GOWIN Semiconductor
Quad0 Quad1
Summary
The Gowin 1G Serial Ethernet IP provides customers with
QPLLO QPLLT QPLLO QR a 1G Serial Ethernet solution that supports the
1000BASE-X protocol in the IEEE802.3 Standard and the
SGMII protocol and implements Ethernet MAC layer
function.
CPLL CPLL CPLL CPLL CPLL CPLL CPLL CPLL
Reference
» Reference documents(CN) - IP reference designs and
Lane0 Lanel Lane2 Lane3 Lane0 Lanel Lane2 Lane3 user guide
» Reference documents(EN) - IP reference designs and
user guide

1F Serdes IP FLHH E AL E “General” &4 -

® Device. Device Version. Part Number i&10: RS E, HY4H T
RPN M S e, AP JCiERE
® language i&Mi: SHF Verilog A1 VHDL Pifhik %, MR E & 5Bk 5Ent
R 2R AL, BRIAE$E Verilog;
® File Name. Module Name. Create In i%Tji: Serdes [{] /4. fHH4
RSO R AR R B
SRIGARYE B & T Zk £, HA “Protocol” &I A] DLk £& 7 Z 1) )
W, AN “Create” FZEHRTFT WM BCE FL1fi; 7 “Protocol” I
T B4 Serdes IP B4 SCRFI MRS M) Quad. PLL. Lane {#H
500, A MR 7R 2487 Protocol 1E LR PN A 15 B, &5 “Information”.
“Summary” il “Reference” =& 515,

3. fTJF 1G Serial Ethernet IP 1AL B

7f Serdes IP Bt & FL1H i “ Protocol 7 i 1 1% ¥ “ 1G Serial Ethernet”,
Eidi A “Create” #4HFTJF 1G Serial Ethernet IP it & i, & 6-3 fif

7N o
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& 6-3 PHY Configuration &3

Wy IP Customization ? *
1G Serial Ethernet o
General
Device: | GWSAST-138 | Device Version: | B |
Part Number: | GWSAST-LV138FPG676AES | Language: Verilog
File Name: giga_serial_ethernet Maodule Mame: La_SeriaI_Ethernet_Top|
Create In: al Ethernet RefDesign\project\src\serdes\giga_serial ethernet

PHY Configuration ~ Mac Configuration

Channel Selection | Q1 Lane3 -
Loopback Mode: |LB_NES -
Line Rate: 1.2500 (Gbps)

Refclk Selection

Reference Clock Source: Q1 REFCLKD -
Reference Clock Frequency: 100 (MHz)
PLL Selection: QPLL1 -

Calculate

TSRO S N N N T N N T N N A N BT Y O O AR O A A O A
| BN TR T S S S N B SN S R S S R S S S S S B R

Bt & ST A& 1G Serial Ethernet IP i3 LR =K, 42 1G Serial
Ethernet IP 2%l & ik, H 454 PHY Configuration % 71 f1 MAC
Configuration 31 11 .

fic & PHY Configuration &I 7, 1K 6-3 fins:

® Channel Selection i%&3ii: 7F T HiHE AL FE TR EREE, 55 Q0 Lane0.
QO Lane1. QO Lane2. QO Lane3. Q1 Lane0O. Q1 Lane1. Q1 Lane2
1 Q1 Lane3 X 8 FilIE, HH —HECOHMH, WASER;

® Loopback Mode #£Ti: ¥[E#E, w#k#$E OFF. LB_NES. LB_FES flI
LB_ENC iX 4 Fif5isl;

Line Rate 1&1i: @iEHEKERIN 1.25Gbps, Tkt & ;

Reference Clock Source i1 : 22 i £, 1] £ #¢ QuadO 1) REFCLKO
1 REFCLK1, I LLi%#: Quad1 ) REFCLKO 1 REFCLK1, H /iR
PE S BRI I AT IR B

® Reference Clock Frequency i£Tji: SR HIR, FHikESENEED
AR, U ok Ak S5 7= 40t A FH s AR AR A

IPUG1021-1.0 30(37)




6 S &

® PLL Selection 17i: PLL i, ®Ji% QPLLO. QPLL1 #1 CPLL.

YEI

LR MBI bl 2 B A BRFISCR, 5500 E M %5 5 I phaes ALl Eid g%, th @it

“Calculate” $Z4LHEATRM o

fic & Mac Configuration i£5i 7T, ] 6-4 fis:

Enable MAC i&Ti: f#ifE MAC ZIhAE;

Enable PHY MIIM i£3i: {58 PHY MIIM Djg8, KA EZERH MAC 2T

REl A AT ARC &

® MIIM Clock Divider ¥ fid & MIIM Clock 114540 & %, Y5 H Xy 0~255,

MR REBUNT 2 B, SEFRDFIEN 2.
& 6-4 MAC Configuration 33

Wy IP Customization ? >
. R
1G Serial Ethernet 37
General
i ™ Device: |GW5AST—138 | Device Version: |B |
B L Part Number: | GWSAST-LV138FPG676AES | Language: Verilog |
= T™ File Name: giga_serial_ethernet Module Name: ba_SeriaI_Ethernet_Top|
== L. Create In: al Ethernet RefDesign\project\src\serdes\giga serial_ethernet| | ...
-.: - PHY Configuration ~ Mac Configuration
- . Enable MAC
. - ™ Enable PHY MIIM
N L MIIM Clack Divider: (0~255)
.. L b
. N i
-1 . |
. [

IPUG1021-1.0

4. HRIP

5&i% 1G Serial Ethernet IP FL AL & o, Adi LA N AR OK”#4,
Al A kY, 1G Serial Ethernet IP #2530, FFiR R3] Serdes IP BCE 5, Bt
i Serdes IP Bt B 5L 1f 4 Ton 24151 B4 45 i 1G Serial Ethernet IP 2% M.

] Quad. PLL #l Lane f#if1&M, WK 6-5 Frs.
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K 6-5 Serdes IP Bt B LM &7~ 1G Serial Ethernet IP

W Dialog 7 x
General
Device: [GwsAsT-138 | Device Version: [B |
Part Number: | GWSAST-LV1 38FPG67GAES | Language: Verilog
File Name: ‘serdes | Madule Name: |Serdes_Top
Create In: E\IP_Release\1G_Serial_Ethernet Over_Serdes\1.0\ref_design\Gowin_1G_Serial_Ethernet_RefDesign\project\src\serdes

Protocol | &% 1G Serial Ethernet

| EEE 1G Serial Ethernet

giga_serial_ethernet:Giga_Serial_Ethernet_Top In fo rmat i on
Type: 1G Serial Ethernet
Vendor: GOWIN Semiconductor
Quad0 Quadi
Summary
The Gowin 1G Serial Ethernet IP provides customers with
apLLo QoL QLo QpLLt a 1G Serial Ethernet solution that supports the
1000BASE-X protocol in the IEEE802.3 Standard and the
SGMII protocol and implements Ethernet MAC layer
function.
CPLL CPLL CPLL CPLL CPLL CPLL CPLL CPLL
Reference
» Reference documents(CN) - IP reference designs and
Lane0 Lanel Lane2 Lane3 Lanel Lanel Lane2 Lane3 user guide
» Reference documents(EN) - IP reference designs and
i user guide
=gl

IPUG1021-1.0

¢

WRia, M AHA TAK “OK” 4, nI4mk Serdes IP A< CF, 58
¥4 1G Serial Ethernet IP 14 a7 .
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7 %%t 7.1 W&

7 St

VEA(E BiES ILE = 8 5™ 1G Serial Ethernet IP =%t

7.1 BEEE

-5k 7-1 s
& 71 S

0oSscC 210M
FPGA

Giga Serial Ethernet

H 100M

mac_tx_model <:>
<— >

mac_rx_model

(0]
serdes ¢— S
C
GW5AT * ip_complete *Ql * o1
Board
Lane3 Lane3
rx_error_all X tx

£ GWSBAT H R ESEIl— D255, AR AR

1. SerDes 5 £ b E SR~ 4, B8N 100MHz, fiT Quadi1
i) Refclk0;

2. SerDes f#i [l Quad1 i Lane3 k47 5k 1% % s

3. KHTmAEK A NSIR, WA 210MHz, 317 4 24 1E N 1G
Serial Ethernet IP [1%5 N\ B 44

4. 4 SWAMEAENAES rstn ], XS EBEHT B AT HAE, (K
SRR A
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7 2% 7.2 SEHER]

5. LED 4T D1 /EN155 ip_complete FIRAS ion, Fn4THT 1G Serial
Ethernet IP f] H t i 1510 ;

6. LED 4T D2 /EN155 rx_error_all (FPIRZS BN, FRH4HT 1G Serial

Ethernet IP 135 B2 5170 -
7.2 SEIIERE
E 7-2 W T SEBAER

mac_tx_model <>

Giga Serial Ethemet <:> SerDes Loopback

mac_rx_model <>

+# SerDes &4l iE k& N A0, Giga Serial Ethernet £k B
F mac_tx_model FfE5i%dE, it SerDes [ TX #1345 %] Serdes 1]
RX #10, % Giga Serial Ethernet F-I5 34 [n] i 55 1% 25 mac_rx_model.
FERERANT -

® mac_tx_model #H: 52 B4R VLAN WAl Pause M, i P #icifs i & ;

® mac_rx_model fbt: — B LUK RIEE, It Al BUR R S 2
HIEH, BHFE RN KERD. CRC B4

® Giga Serial Ethernet #t: %Kl 6-3 K] 6-4 FEATHELE
7.3 HRE M
7.3.1 #4EULRA

2B TR & 7E DK_START _GWS5AT-LV138FPG676A V2.0 Jf & #k L
SEEE . R F RRE IR, NARBIT S E R TR, T ERER
K2R 104 1G Serial Ethernet IP f#) Channel Selection. Reference
Clock Source. Reference Clock Frequency. PLL Selection i&£5i, FH¥% &
FLAE 5 FEUSCE R AR S 5 A TP 3 Wi 58 b RS 5 (10 5| IV E 3 25 FC B o]
T

e s, AR Bit SCIF, T EE FPGA HRIRT 46 .
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7 2% 7.3 MK

732 BELE

BRI B AE 20 R

1. Bit X F#.2 FPGA;

2. BF IP B A iR1E S (ip_complete) X B[ LED 4T, 2 5a %
7~ 1G Serial Ethernet IP 52 H i idFE, 5587~ 1G Serial Ethernet
IP AP em, IPIsiT R,

3. fFHiE 8RS, BEEZIGE RS E S (rx_error_all) XTR ) LED
1T, EH=E 7~ 1G Serial Ethernet IP AR A%, SRR 1G
Serial Ethernet IP {&%—1] 1IE % .
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8 AT 8.1 X HY

SCH3Z 1S

Gowin 1G Serial Ethernet |P 224 SCAF 2 EALE =AN 0, Al X
= NIR an ARV E o= i

8.1 3C#4

SRR EAE R R PDF SCRS

R 8-1 TR

B Eiipa

IPUG1021, Gowin 1G Serial Ethernet IP fi] | =iz 1G Serial Ethernet IP [ J* Fiit,
Jaki1:2] RIA Tt

RN1021, Gowin 1G Serial Ethernet IP &4} | =iz 1G Serial Ethernet IP A7 1571
L/L Hﬂ

8.2 iR ()

bﬂ%ﬁﬁfﬁiﬁi’% 4 Gowin 1G Serial Ethernet IP [f] RTL a5 fChg, fit
GUI R, V& z#?ﬁizﬂ?@’ﬂ#ﬁiﬁﬁ)jﬁﬁﬁﬁﬁﬁ IP 4.

2 8-2 Gowin 1G Serial Ethernet IP iR LEFFE

K ik

ge_pcs_wrap.v PRSP OISR,
ge_pcs.v IP #% RTL #it3CfF, ne

ge_constants.v KA SRR E M, N
static_macro_define.v ARHEASSEECE O, A

define.vh IP o B S0, 2 GUI AR

parameter.vh IP FCE SO, 2 GUI A

8.3 &E it

Gowin 1G Serial Ethernet IP RefDesign X {43¢ 3= E 414 Gowin 1G
Serial Ethernet IP IR, H P ZHE0E, QR0 TR U R T
PELS
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8 JLAFALAS 8.3 ZH it

# 8-3 Gowin 1G Serial Ethernet IP RefDesign (A A SR

ZFK i34

top.v ZZ AT T Zmodule

fpga_project.cst TREVIB L RS

fpga_project.sdc TRERS 7 29

giga_serial_ethernet.v 4% 1G Serial Ethernet IPTIZ 30, %
serdes.v SerDesJii1% PL & 1G Serial Ethernet IPTiijZ F11 4L
mac_rx_model.v MAC ZRX (55 & il i

mac_tx_model.v MACJZTX/E 5 2 il f e
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