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Gowin Customized PHY IP F P45 B ThRERI /. DhREHREE .
R EMSHZ R, BAERBAH P PE T ## Gowin Customized PHY IP
PIREME A 71k . ARF MR S R S5 1) & 1.9.9 Beta-5 ki,

1.

1.2 #5R 304

AR AT, S5 BRI 25, AR P BT 1015 209

B 5 o SR Mk www.gowinsemi.com.cn T UL R #L. BE LA

P CET

® SUG100, Gowin zJEH4H - 457

® DS981, GW5AT #7%1 FPGA ;™ i %4 T/t

® DS1104, GW5AST %41 FPGA 7= i $idis F it

1.3 Rig. 4akEiE

AT BRI SR AR L Gl 1 S AR OB XLk 1-1 P
& 1-1 RiE. FEIE

ARG 4i0giE | 20 Epd

AFE Analog Front End AL T 3y

FFE Feed-Forward Equalization k2

FPGA Field Programmable Gate Array 7RIk e
IP Intellectual Property HIR =R

PCS Physical Coding Sublayer YIERgwhL =
CDR Clock and Data Recovery N b it 2
RXEQ Receive Equalization Eedlvesli

IPUG1024-1.2

1(28)



http://www.gowinsemi.com.cn/
http://cdn.gowinsemi.com.cn/SUG100.pdf
http://cdn.gowinsemi.com.cn/DS981.pdf
http://cdn.gowinsemi.com.cn/DS1104.pdf

1 RTATF M 1.4 BORHr 5 &)t

14 BARXFHSRIG

ez PRSI T AL FEOR SCRE AR IR rh A A AR 58 ) w38
M EES A TR

WAk www.gowinsemi.com.cn

E-mail: support@gowinsemi.com
Tel: +86 755 8262 0391

IPUG1024-1.2 2(28)



http://www.gowinsemi.com.cn/
mailto:support@gowinsemi.com

=8
=

| 2.1 ik
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2 I

2 ThEERIIT

2.1 #iid

Gowin Customized PHY IP 32 H /7 RiEHC & Gowin SerDes HfE,
%40 Line Rate. Reference Clock. Data Width. 8B10B
Encoding/Decoding. Channel Bonding #1 RX Clock Correction % .

& 2-1 Gowin Customized PHY IP #iA

Gowin Customized IP

TR 2, 2.3 BRI A

AT A

Bk Verilog (encrypted)

EEaran Verilog

TestBench Verilog

bR e i

LEE AT GowinSynthesis®

IS FH 354 Gowin Software (V1.9.9 Beta-1 & DL F)
!

RIS s PR B R S T SCREE R

2.2 FEFY

TR EZERCE, JuR 1Gbps~12.5Gbps
SCRHOE R IE B E R, (KA % 25Mbps
XEFZHI PR ACE, JEH 50MHz~800MHz
SCHF PLL Ak CPLL B¢ QPLL

SCREH P R AL 5 AT ik 8/10/16/20/32/40/64/80
Y ¥F 8B10B Jmfiihd The

X FF Word Alignment g

S #F Channel Bonding Zjjfié
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® 7 ## RX Clock Correction Ijfig

2.3 HiEFIA
Gowin Customized PHY IP 1%} SerDes i#41THLE, A 5 H] Fabric %
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3.1 RGHEK

3 TN EE:

3.1 AAIEE

awiﬁ
H

Gowin SerDes 3t 2 /> Quad, /> Quad &% 4 M) Lane, 3£ 8

/™ Lane #ftH A H . 5 Quad .75 2 > QPLL 1 4 4~ CPLL.

e,

QPLL "] # AT 7E Quad 1Y 4 > Lane 3Lt =, CPLL {XAJ#%FT#EH) Lane £ .
A Quad BN SER B NG ], ISR B mT UAE R

QPLL #1 CPLL 1y #1845 . SerDes #E U1K 3-1 Fion.

3-1 AGIER
GW Serdes
Quad0 Quadl
QPLLO QPLL1 QPLLO QPLL1
CPLL CPLL CPLL CPLL CPLL CPLL CPLL CPLL
Lane0 Lanel Lane2 Lane3 Lane0 Lanel Lane2 Lane3d
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3 ThRefi

[

3.2 Thfets

3.2 ThEERRIR
3.2.1 k%
3-2 SerDes %% &84
i
QPLL/CPLL serbe
&, SerDes Kik#B4rH LAR 5 MR B Ak -
® TX Driver: @t &% EIERILER 7 110K ah, 0547 50ds e o 22 70 B ds

3.2.2 #IX

IPUG1024-1.2

RS 10
TX P2S: # PCS ) kKEHATEIR BN BT, W B TX
Driver, J{47%#% 32 ¥ 8/10/16/20 bits fi7 5

TX Manipulation: 7E%E kK i%2) TX P2S 2 #i, A F-47 Hdk 47 4k
B, a0 bit MU bit AL byte BUR IThEE, AT IE
¥ bypass

8B10B Encoding: 33 8B10B ZmfilThft, Zikthnik$E bypass

TX Buffer: SEHURIEEARE A W dE 3 DRE, CHFE 11, 1:20 1:4 Lhils%
P, [RIAAR B A5 AT H 21 Fabric B8 A5

[R 3|
3-3 SerDes 5
RX RX N RX .|| 8Bl0B Channel Clock N
EQ S2p Manipulatin [ | WordAlign Decoding Bonding Correction »| RXBuffer Fabric
RRRRR RXPCS
Serdes

in bK, SerDes 1% HE 7> HILL T 9 MEHLAL k-

RXEQ: BUCHMThas, XS4 SURIEAT 05 A3, 9 CDR Bk
B TR

CDR: I eh 8k ZIhfe, $RHCRCEIRE I B, JFX 55 Bl o o &

S2P: A AT BRI AT B, St 2 PCS M, JRATHUESC
£F 8/10/16/20 bits £ % -

RX Manipulation: 7E##E#EN PCS 2 J5, A AT HEseirab s,
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3 ThRefi

&

3.3 It

un bit MR . bit FRALAS I byte BURFITHAE, ZALHATEE
bypass-

® Word Align: X H IEEHR TSN, SCHNFF KIS ThRe, 15k
AJ 1 bypass

® 38B10B Decoding: SEILGH ISR 21T 8B10B RIS 1 Dhfe, 1B n]
%% bypass

® Channel Bonding: SEHLXS £ 18 iE U B A7 X SR DhRE, iZAHAT
%% bypass

® Clock Correction: 834 hn sl bk S Lo 7 By, SEEIL TS E L 11 st
IR, 1ZMEER NI $E bypass

® RX Buffer: SzIlNEIEAL e INRE, X HFF 1:1. 1:2. 1:4 L%
e, [H] AR B G5 AR5 HE 2 Fabric B8 AR

3.3 Bt§h

3.3.1 ZiERT#h

RILN B CPLL/QPLL A . H P ERLE A EIEE R, 7520 E K1k
WIERE R P ) PLL (CPLL/QPLL) F1Z 2 Bhi & AR . RIS
PLERCE, IPACE SerDes PLL ARl miidtnt &, HFHHEMIRIL. N,
SerDes MR HEH P ECE, KB Bh 4, Hid 3 Fabric, {E4 Fabric &
REI RS . 3 Fabric (&R SR E IR
® L EMIE M KiEIER =1Gbps, NI:

F=/ki% 1018 3 R/ Fabric BdE17 %

!
[1] %1 TX Line Rate % A\ ff.

i 4n P i B SR % N 1.25Gbps, it ® K% HATHURE A 5 40
bits, | Fabric K%K %14 1.25Gbps/40=31.25MHz.
® it E KIEHE<1Gbps, N:

F=/k 1% B8 3 KX Ratiol?/ Fabric 4 7 %

!
[1] % TX Line Rate i A\ 1f;
[2] iffi AN Ratio TR &, 5x=5, 10x=10, 20x=20, 40x=40.

it 7 G B S EE 1 % 0.5Gbps, Ratio Bt & 4 5x, At B Ki% I
1T HAR AL 58N 40 bits, | Fabric K151 #174(0.5Gbps X 5)/40=62.5MHz.

3.3.2 FEUTAT
P HERC B R OEIER, 2 B R CEE R
Wt ph iy CDR @I #di k&2, CDR i Yk 52 Jm 1) ef AT B i b it
RX S2P HibufgiH]. [FII SerDes sxiRHEH M BCE, TR AT Hdla it 4 0 4,
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3 Threhhik

an)
[a{ay

3.4 $ ¥

3.4 ¥

i B Fabric, {E°4 Fabric B2 #048 H . fr it 2] Fabric [E2U PR
THEWR:

F=45liC il 18 1 %/ Fabric H(dE 47 78

a0 P G B R R S R 1.25Gbps, At B ST T EBHE AL A 40
bits, U] Fabric #1544 1.25Gbps/40=31.25MHz.

3.4.1 ZiEHHE

TX Data Width

TX Data Width [ Internal Data Width 1 TX External Data Ratio P>
TR 7E

Internal Data Width it & SerDes N #%E L%, TX External Data
Ratio it & TX Buffer 38 NS84z e 4 N P 3 DAL se O bl . 29 P iR 2
BRI BN, FRELE Internal Data Width & k. B, 4H -
Tt B A% 40 i, FEEEE Internal Data Width=20, H TX External Data
Ratio=1: 2.

!
ST R IXZPANJ5 M, Internal Data Width 75 % —%.
8B10B Encoding

8B10B Encoding 58S & 15 24l 8B10B il ifit. 4 Internal
Data Width JETUAC & Ay 10/20 B, P alik M ae/28 b b Theg. 24
Internal Data Width i&Jific & v 8/16 i, P ASA]{# BE b oh &g .

M PR E S ThRERS, Fabric I &% % v Raw Data; 41 F {5
LEINRERS, Fabric )52 1% R & K 1548 7~ A 2w 5 i 58

Channel Bonding

Channel Bonding #58A] S & & £ # 2 1838 1) bonding 485 . 4 H P
ANE kRS, FEIEIhAE. M AR, SerDes FH TX Buffer SZELIL I
e, fEREILThAE S, T ACE Master Channel, —fIEHL T, A LLZERTIE
I ATk — BB A . B )5 it B Read Start Depth, % TX Buffer 2146
EAE BRI S

3.4.2 i iE

IPUG1024-1.2

RX Data Width
RX Data Width B Internal Data Width 1 RX External Data Ratio /)™
eI 52 -

Internal Data Width Bt & SerDes A% 147 %, RX External Data
Ratio Bt & RX Buffer & N AL 58 4 o8 FH P 42 DAL e i b el o, 24 H
FUECE AT N 40 B, FEELHE Internal Data Width=20, H RX External
Data Ratio=1: 2.
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an)
[a{ay

3.4 $ ¥
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!
X T EWANAIEPIATI ), Internal Data Width i 22—
Word Alignment

Word Alignment #HSCHLER I X 5 2hfig. =M AERELL T BERT
ISR YE S BCE ) Pattern, X FFESOHTEARIG S, A8 5 10F
TEEESPTCE M K% 2. S H £/ 8B10B Decoding Thfgl, %
fli e AR e

8B10B Decoding

8B10B Decoding fik SEIFE U 4l 8B10B fi#tdIife. 4 Internal
Data Width ZETfACE v 10 5 20 B, P el #efdiae/aE b b oige. 4
Internal Data Width &AL & Ny 8/16 i, P ASAT AL LTI RE

M PR E R ThRERT, Fabric filE2U 2 %4y Raw Data; 45 H P {#
Re b ThiEERS, Fabric M3z 2 £ 2 K A48 2~ FNAEAD 5 B 50dE

Channel Bonding

Channel Bonding ik n] s 25 s 2 @18 1) bonding ThRE. 4 H 7
i F None B, 2R kb ThaE. 4 1E#E One Word/Two Words/Four
Words I, IP HahffigesbThag, FIRTECE T X155 Pattern %0E . fERELTY
ReJ5, i ZfCE Master Channel, — MBS, AT DAYEFTidkidE A ATE—
BRI, H 5D B X 5% Pattern. Max Skew Al Read Start Depth. X 5%
Pattern 1 Max Skew 75 Z AR 4 HARYMYACE . %I 5% Pattern £ KSZHF 4
bytes, HZZ—> Pattern 412 K 15,

P EREIL DI RERT, 2420k ffiBE 8B10B Decoding A Word
Alignment.

Clock Correction

Clock Correction A3 ] S 2 SCE Iy Bhisk i e 4 . 24 FH P e+
None i, ZEHILINRE. M H P %+ One Word/Two Words i, 1P H 2h{#
RelbThEe, [FINECE Correction Pattern % & . fHREM IR S, FEAE
Master Channel, — {00 T, FTLAFE FrikidiE N ARE — B R AT . A a i
& Correction Pattern 1 Read Start Depth. Correction Pattern 7 Z#E4 H.
AEHMYACE . Correction Pattern 5 K #F 2 bytes, H.%— Pattern (47
& K g,

F e BLidid RX Clock Correction #3571 i Clock Source #%£77i, # &
BRSO BRI, BTSN b 1 A B WA B B L. User IETRR B
Clock Source 4 Fabric i A8 (541 q0_In0_cc_clk_i), TX &I~k
E Clock Source Jy TX IH4h. Hr1 g0 _In0_cc_clk_i i AN Eh %y

F=42 5038 14 3 %/ Internal Data Width

9(28)




3 DyRedd 35 O
3.5 APEO
SerDes H /' # H°4 FIFO £, HiZE#4/ES FIFO 55 #HAEELL,
3.5.1 RixHIE
EHE>1Gbps

& 3-4 &% >1Gbps X EHUIBEORE

q0_In0_tx_pcs_clkout_o
q0_In0_tx_clk_i

q0_In0_tx_fifo_full_o

q0_In0_tx_fifo_afull_o

q0_In0_tx_fifo_wren_i f
q0_In0_tx_data_i[79:0] Do not care ¥ TXData  TXData } TXData ) TXData § TXData } TXData } TX Data §_TX Data | TX Data } TXData }_TX Data }_

q0_In0_ready_o / ﬂ

Wk 3-4 fizs, L QuadO Lane0 Sy
® 0 _In0_tx_pcs_clkout_o &y SerDes PCS kiR 4f, 1A TX Buffer 1]
BB

® q0_In0_tx_clk_i NI A&, {EN TX Buffer S8, XANEATLLE
FEi%E$#2 q0_In0_tx_pcs_clkout_o, =ZEL TX Buffer 525 i 4 [F] 4 .

q0_In0_tx_fifo_full_o Jy TX Buffer iif= =, 1 #mif, 0 Fmdki.
q0_In0_tx_fifo_afull_o & TX Buffer JL-Filif5 5, 1 FaxJLFi, 0%
AR L -

® (0 _In0_tx fifo_wren_i & TX Buffer 5{fift, 1 XREHK, 0 KRS
TER

® (0 In0_tx data_ iy TX Buffer 5%#&, 24 q0_In0_tx_fifo_wren_ i~ 1

7, q0_In0_tx data i 5 A\ TX Buffer. 34 q0_In0_tx_fifo_wren_i 4 0
¥, q0_In0_tx_data_i N5 A\ TX Buffer.

® (0_In0_tx_fifo_wrusewd_o #57~7E TX Buffer B¢ A\ 2 /D Hf

WE R, 24 TX Buffer 525 IS [F 45, q0_In0_tx_fifo_full_o Al
q0_In0_tx_fifo_afull_o Jy# 0, s~ TX Buffer — B %l 43 125 Al L4 5
Ao BB, AL q0_InO_tx_fifo wren i B 1, q0_In0_tx_data i /E Ni&E4E:
s NEpa]

EFE<1Gbps

MBCE TX Line Rate<<1Gbps i}, < i F S I0AH N[ Ratio Bt & %

Wi, FPFHEH{E TX Line Rate X Ratiol''=1Gbps.
!
()5 A6 B2 Ratio 10 &, 5x=5, 10x=10, 20x=20, 40x=40.

IPUG1024-1.2 10(28)




3 Threhhik

3.5 HP#N

[ 3-5 IFFE <1Gbps X EHEREORF

T L L O L L O o O e O ) ) sy s oy o [y B
C S N WU [ U Y Y Y G

{_TX Data Da nat care X_TX Data { Do not care { X Data Da not care N TX Data [

IPUG1024-1.2

K 3-5 fras, LA Quad0 Lane0, Ratio=5x Afl:

® 0 _In0_tx_pcs_clkout_o &y SerDes PCS kiR 4f, 1A TX Buffer [
TR B

® 0_In0_tx_clk_i MR &, {ER TX Buffer Sif#h, X AME A DLE
F2i%+#z: q0_In0_tx_pcs_clkout_o, SZHL TX Buffer 1325 i £ [7] 4l .

q0_In0_tx_fifo_full_o > TX Buffer jili{5 5, 1 Fxi, 0 FnAEi.

q0_In0_tx_fifo_afull_o & TX Buffer /L {55, 1 FxJLFi, 0%
ANAEJ L -

® (0 In0_tx fifo_wren_ i & TX Buffer 5{#ifig, 1 X RnEHN, 0FKRE
T

® 0 _In0_tx data_i 2y TX Buffer 5%#%, 4 q0_In0_tx_fifo_wren_i 4 1
¥, q0_In0_tx_data_i 5 A\ TX Buffer. 24 q0_In0_tx_fifo_wren_i ¥ 0
7, q0_In0_tx _data_i A5 A TX Buffer.

® (0_In0_tx_fifo_wrusewd_o #57~7E TX Buffer BL47 A 2 /D3

WEAT~, 24 TX Buffer 525 B0 RIS, A4AE 5 AN PR IS AN —Ik
g, N q0_In0_tx_fifo_full o #1 q0_In0_tx_fifo_afull o N 0, Fon
TX Buffer — B A Fl R 12 AL EHE S A .

PLEHE, 4 Ratio=10x, W& 10 N4 IS AN — R EHE; Y4
Ratio=20x, I4&E 20 AN 8B IS N — Ik EdE; 24 Ratio=40x, I4%&E 40 4
B B S N — R EdE . i B #RAE AT LRAE TX Buffer 525 # 4 #% B8 AR [F) T5 41
AT, HASEA 5,

B EiRERAE T 4N, PR &SR, BTSN FIFO R 5 A
B, a4k 2] TX Buffer e, BRI 5 A4 .

q0_In0_tx_data_i AykiZEdEsm A, 3t 80 bits, fRArsk. AR K
GmA AL RSN, BTN E UAE, ATS%K 3-1. & 3-2,
* 3-3 R,

% 3-1 21k 8B10B 4#3, BLEIE x8 i3

g0_In0_tx_data i bit[n] | width=8 | width=16 width=32 width=64
7~0 7~0 7~0 7~0 7~0

8 N/A N/A N/A N/A

9 N/A N/A N/A N/A
17~10 N/A 15~8 15~8 15~8

18 N/A N/A N/A N/A

11(28)




3 Threhhik 3.5 HHn
g0_In0_tx_data i bit[n] | width=8 | width=16 width=32 width=64
19 N/A N/A N/A
27~20 N/A N/A 23~16 23~16
28 N/A N/A N/A
29 N/A N/A N/A
37~30 N/A N/A 31~-24 31~24
38 N/A N/A N/A
39 N/A N/A N/A
47~40 N/A N/A N/A 39~32
48 N/A N/A N/A
49 N/A N/A N/A
57~50 N/A N/A N/A 47~40
58 N/A N/A N/A
59 N/A N/A N/A
67~60 N/A N/A N/A 55~48
68 N/A N/A N/A
69 N/A N/A N/A
77~70 N/A N/A N/A 63~56
78 N/A N/A N/A
79 N/A N/A N/A

!

FEFERAL TR T, R SO AU Bit BT,

7 3-2 B1F 8B10B 4w#8, ELEF[E] x10 iL3E
g0_InO_tx_data_i bit[n] width=10 | width=20 width=40 width=80
9~0 9~0 9~0 9~0 9~0
19~10 N/A 19~10 19~10 19~10
29~20 N/A N/A 29~20 29~20
39~30 N/A N/A 39~30 39~30
49~40 N/A N/A N/A 49~40
59~50 N/A N/A N/A 59~50
69~60 N/A N/A N/A 69~60
79~70 N/A N/A N/A 79~70

E!

FERAPAL SR, AR o0 AU Bit RIH] .

3 3-3 f£4E 8B10B W3, BLETFE x10 L3
g0_In0_tx_data_i bit[n] width=10 | width=20 width=40 width=80
7~0 Code Code Code Code
8 K K K K
9 N/A N/A N/A N/A

IPUG1024-1.2 12(28)




3 Threhhik 3.5 HHn
g0_In0_tx_data_i bit[n] width=10 | width=20 width=40 width=80
17~10 N/A Code Code Code
18 N/A K K K
19 N/A N/A N/A N/A
27~20 N/A N/A Code Code
28 N/A N/A K K
29 N/A N/A N/A N/A
37~30 N/A N/A Code Code
38 N/A N/A K K
39 N/A N/A N/A N/A
47~40 N/A N/A N/A Code
48 N/A N/A N/A K
49 N/A N/A N/A N/A
57~50 N/A N/A N/A Code
58 N/A N/A N/A K
59 N/A N/A N/A N/A
67~60 N/A N/A N/A Code
68 N/A N/A N/A K
69 N/A N/A N/A N/A
77~70 N/A N/A N/A Code
78 N/A N/A N/A K
79 N/A N/A N/A N/A

E!
FEFFP AL N, WFR 2O AU Bit BIH] .

3.5.2 N E1E

3-6 BRI ORI

wwompesckono [ || L_ L L L L L L L L L L l—’ I [ Y U [y N [ B

i Do not care J RX Data ) RXData j(_RX Data §_RX Data } RXData ) RX Data ) RXData }

1 6 frn, LL QuadO Lane0 Jyfil, 4 HH /= i 5|
q0_In0_rx_cdr_lock_o 2y 1 i}, #iiE:IL CDR C& it lock tR7

® 0 In0 rx_pcs_clkout o & SerDes PCS H:litit 4, £y RX Buffer i
B

® 0_In0_rx_clk_i Af B2, 1A RX Buffer 52hf %, XANK8har LLE
FEi%E#E q0_In0_rx_pcs_clkout_o, Sl RX Buffer 3 5 i b [F] 47 .

® (0 _In0_rx_fifo_empty o & RX Buffer {55, 1 £/x%, 0% R~IE

IPUG1024-1.2 13(28)




3 Dhhediik 3.5 HHn
® 0 _In0_rx_fifo_aempty oy RX Buffer JL’FEES, 1 #RJLFSE, O
ForAE LIPS
® (0 In0 rx_fifo_rden_i & RX Buffer iffifig, 1 £itfhik, 0 FKnNiL
TR
® 0_In0_rx_data_o &y RX Buffer Z24i#%, 4 q0_In0_rx_fifo_rden_i 4 1
i, B RX Buffer i . 24 q0_In0_rx_fifo_rden_i &y 0 I}, ANi
RX Buffer %4k .
® 0 _In0_rx valid_o #87~ q0_In0_rx_data_o AX. 4
q0_In0_rx_fifo_rden_i 4 1 B, dos2Emf 3 N A Bt 2
q0_In0_rx_data_o. F /" AJ LA qO_In0_rx_valid_o Fi| i
q0_In0_rx_data_o ZEH . %4 q0_In0_rx_valid_o A 1 i,
q0_In0_rx_data_o A%%. 4 q0_In0_rx_valid_o & 0 i/,
q0_In0_rx_data_o T4k
® 0_In0_rx_fifo_rdusewd_o #8/~7E RX Buffer B.H £ /s R ph 1 th
WEfrR, 24 RX Buffer 525 i g [ 55, AT BLE
q0_In0_rx_fifo_aempty_o HUx/EN q0_In0_rx_fifo_rden_i. BEtHY,
q0_In0_rx_fifo_aempty o &=—H N 0, q0_In0_rx_data_o EAZELEE IR
e HEpE]
q0_In0_rx_data_o M4, 3L 88 bits, fKArseil. fEAIRIM
G AAr A, HS— M IrRRE AR, %K 34, K35, &
3-6.
3% 3-4 B\ 8B10B 4#5, BLETE] x8 I
q0_In0_rx_data_o bit[n] width=8 | width=16 width=32 width=64
7~0 7~0 7~0 7~0 7~0
8 N/A N/A N/A N/A
9 N/A N/A N/A N/A
17~10 N/A 15~8 15~8 15~8
18 N/A N/A N/A N/A
19 N/A N/A N/A N/A
27~20 N/A N/A 23~16 23~16
28 N/A N/A N/A N/A
29 N/A N/A N/A N/A
37~30 N/A N/A 31~24 31~24
38 N/A N/A N/A N/A
39 N/A N/A N/A N/A
47~40 N/A N/A N/A 39~32
48 N/A N/A N/A N/A
49 N/A N/A N/A N/A
IPUG1024-1.2 14(28)




3 Threhhik 3.5 Hy#n
q0_In0_rx_data_o bit[n] width=8 | width=16 width=32 width=64
57~50 N/A N/A N/A 47~40
58 N/A N/A N/A N/A
59 N/A N/A N/A N/A
67~60 N/A N/A N/A 55~48
68 N/A N/A N/A N/A
69 N/A N/A N/A N/A
77~70 N/A N/A N/A 63~56
78 N/A N/A N/A N/A
79 N/A N/A N/A N/A
87~80 N/A N/A N/A N/A

3!

FERMAL G, R REA KA Bit I

% 3-5 Bk 8B10B 4L, BLEAE x10 L3
gq0_In0_rx_data_o bit[n] width=10 | width=20 width=40 width=80
9~0 9~0 9~0 9~0 9~0
19~10 N/A 19~10 19~10 19~10
29~20 N/A N/A 29~20 29~20
39~30 N/A N/A 39~30 39~30
49~40 N/A N/A N/A 49~40
59~50 N/A N/A N/A 59~50
69~60 N/A N/A N/A 69~60
79~70 N/A N/A N/A 79~70
87~80 N/A N/A N/A N/A

!

TERMAL GRS, R REA KA Bit RI7] .

% 3-6 fi£6E 8B10B RS, BLETE x10 fi3E
g0_In0_rx_data_o bit[n] width=10 | width=20 width=40 width=80
7~0 Code Code Code Code
8 K K K K
9 Disparity | Disparity Disparity Disparity

Error Error Error Error
80 Decoder | Decoder Decoder Decoder
Error Error Error Error
17~10 N/A Code Code Code
18 N/A K K K
1 NA_ | Dereny | Dipay | lparty
o wa | Becoder " |Decoder | Decoder
27~20 N/A N/A Code Code
28 N/A N/A K K
IPUG1024-1.2 15(28)




3 ThagHiid 3.6AFE
q0_In0_rx_data_o bit[n] width=10 | width=20 width=40 width=80
29 N/A N/A Disparity Disparity
Error Error
82 N/A N/A Decoder Decoder
Error Error
37~30 N/A N/A Code Code
38 N/A N/A K K
39 N/A N/A Disparity Disparity
Error Error
83 N/A N/A Decoder Decoder
Error Error
47~40 N/A N/A N/A Code
48 N/A N/A N/A K
49 N/A N/A N/A Dl i
Error
84 N/A N/A N/A Dl
Error
57~50 N/A N/A N/A Code
58 N/A N/A N/A K
59 N/A N/A N/A DI
Error
85 N/A N/A N/A Dl
Error
67~60 N/A N/A N/A Code
68 N/A N/A N/A K
69 N/A N/A N/A Lkt
Error
86 N/A N/A N/A Dl
Error
77~70 N/A N/A N/A Code
78 N/A N/A N/A K
79 N/A N/A N/A Diisierzl ity
Error
87 N/A N/A N/A DEceeEr
Error
E!
TERMA TR, AFRESGEA KA Bit Bin],
3.5.3 R&TEO
IP A H R4 TOIRSE D, H{EH L BEIEERES, LK 4-1,
3.6 AFE
AFE AB R, P aldd S ihc & SerDes FIFRILS L.
3.6.1 RiX
TERIEM, F P i & K IEE 5 E S BIEM FFE 24,
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3 ThRefi

&

3.6AFE

KREENEE

W7 Fiw, KiEESENBERN VAiff=(V+)-(V-), KikZENES51EEN
Vdiffpp=2xVdiff. i/ rl@id Fmec & Vdiffpp, JEHEA 180mV~900mV.
3-7 XX E T ES1BIE Vdiffpp

V+

TXP
| T
TXM

V-

TX FFE

FFE N1 (Feed-Forward Equalization), SerDes ¢ #Ff H i f1F
A% TX FFE £%0. 4 M EE FFE Mode & Auto i}, SerDes R4
IR B 3% FFE &%, i Cm, COMC1EE L. JHEE
FFE Mode “4 Manual if, F 7 o] F3hA% 3-tap 2%, HEAKEETHE
TNERES

8 frn, Y4 Sl E FFE Mode 2y Manual I, 3@ % Cm,
CO A1 C1 #f&, iM% Va, Vb fl Ve KHEIEE . itHE AR T

Va=Vdiffpp *(-Cm+C0+C1)/40

Vb=Vdiffpp *(-Cm+C0-C1)/40

Ve=Vdiffpp *(Cm+C0-C1)/40

3-SFFETX BJEENX
AT
V. Vo V, Vg
JAA A
3.6.2 ELBC
EWESMESITIR

R, F AT LLEE A E SD Threshold &1, Skl EE 5H
R TIR . 243040 5 KT SD Threshold I, SerDes H Wiz 3|
BRCBHE: AR ZE S5 /N T SD Threshold I, SerDes #2215 5
HRCBHE, 3 Electrical Idle JR7 .
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4 S OHE

i 1 513=

Gowin Customized PHY IP )4l 5 R Uk 4-1 fras, R LA
Quado0 Lane0 1, HAh Lane &)+ 5 Bim].

& 4-1 Gowin Customized PHY IP i%[O%3&

Uity 1 44 FK I/O (AT 5%
(NEZ
q0_In0_rx_pcs_clkout_o | output | 1 Quad0 Lane0 PCS Ut #h 4
Quad0 Lane0 RX Buffer iz &, ] B {54 H:
q0_In0_rx_clk_i input 1 q0_In0_rx_pcs_clkout_o, fF| RX Buffer i35 i} 4[]
At
q0_In0_tx_pcs_clkout_ o | output | 1 Quad0 Lane0 PCS i &hii H
Quad0 Lane0 TX Buffer Sl 4f, n] H %R
q0_In0_tx_clk_i input 1 q0_In0_tx_pcs_clkout_o, %] TX Buffer 1325 i & [F]
A
4 RX Clock Correction i1 71 f#] Clock Source i Tilik
q0_In0_cc_clk_i input 1 £ User i), H 7 75 Z5@ad teog DB B, /B8 RX
Clock Correction A i Bt 4 i) H ft e g
=X
q0_In0_pma_rstn_i input 1 PMA SN, AL
q0_In0_pcs_rx_rst_i input 1 BCT7 1R PCS AN, ARk
q0_In0_pcs_tx_rst_i input 1 Ki&T7In) PCS EAEAN, =&
Bl H 0
0_In0_rx_data_o output | 88 QuadO Lane0 RX Buffer 5%, 14
qo_nt_rx_data_| P q0_In0_rx_clk_i , 4 q0_In0_rx_valid_o Jy 1 A%k
Quad0 Lane0 #£AFRE, 75T q0_In0_rx_clk_i
q0_In0_rx_fifo_rden_i input 1 1: AR
0: BRI
gO_InO_rx_fifo_rdusewd_ output |5 Quad0 Lane0 RX Buffer Flx##z 57~
Quad0 Lane0 RX Buffer JL %487~
q0_In0_rx_fifo_aempty o | output 1 1: RX Buffer JL°F-%

0: RX Buffer 3£ JL =

IPUG1024-1.2
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4 S OHE

(o)

Ui 1 44 FR 110 e | ik
Quad0 Lane0 RX Buffer &5 f57<
q0_In0_rx_fifo_empty_o | output 1 1: RX Buffer =¥
0: RX Buffer JE=%
QuadO Lane0 RX Buffer 5254 &t v, $Em
_ q0_In0_rx_data_o /2 A%k
g0 _In0_rx_valid o output 1 1. HH
0: TRk
RIEF RN
Quad0 Lane0 TX Buffer 544, [T
q0_In0_tx_data_i input 80 q0_In0_tx_clk_i , 4 q0_In0_tx_fifo_wren_i A 1 i,
55 N\ TX Buffer
Quad0 Lane0 51fifig, [F*PT q0_In0_tx_clk_i
g0_In0_tx_fifo_wren_i input 1 1: 5HN
0: 5
qg_InO_tx_fifo_wrusewd output 5 QuadO0 Lane0 TX Buffer &£ a7~
Quad0 Lane0 TX Buffer JL it~
q0_In0_tx_fifo_afull_o output 1 1. TX Buffer JL -3
0: TX Buffer 3£ JL i
QuadO0 Lane0 TX Buffer ji#$5 7/~
q0_In0_tx_fifo_full_o output | 1 1: TX Buffer jif
0: TX Buffer ki
il 1
2 |P i fE 205 Channel Bonding I, B ARG, 24
P fis b )5, SerDes P B Channel Bonding
q0_In0_cb_start i input 1 BT 60 55 Hm 3 E . P /R B4 Pl T (1)
word_align_link_o 3374 1 J5, A Ge[RIN 7 = Fride i i
=g
RasHH
B 5 5 IRESHR R
q0_In0_signal_detect o | output | 1 1. KRG G SHA
0: AREMHEAIETHA, HEHIAE Electrical Idle 1RA&
FZ5t CDR lock #E7R~
q0_In0_rx_cdr_lock_o output | 1 1: CDR 8%
0: CDR &4
F2Y word align BEH 8 & F 7~
q0_In0_k_lock o output | 1 1: Word align it N Fiei e s
0: Word align A N HUEH IR A&
q0_In0_word_align_link_ output | 1 Fli word align BEHUE TR

1: Word align Bt N8 iR

IPUG1024-1.2
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4 S OHE

i 44 7K /0 (AT 5%
0: Word align fE A& E A8 RES
K% PLL BlUE R
q0_In0_pll_lock_o output | 1 1: K% PLLBUE
0: Ki% PLL A8

IPUG1024-1.2 20(28)




5 F i fc E

5 FHECE

F PRl LS IDE F i 1P N A% AR ks 1 ELE FH AEC & Gowin

Customized IP.
1. ¥TJF SerDes IP

AP @S TG, B/ B “Tools” &I, FHiE G “IP Core
Generator” £, #TJF Gowin IP Core Generator, X377 “SerDes
IP”,

2. 77T Customized IP

FHF4TH SerDes IP J&, # “Protocol” FHi513 F14k )
“Customized”, Hiili “Create” El7[$TJT Customized IP Py fit & FL1H .

3. [t & Customized IP

Customized IP fit & Fitn & 5-1. & 5-2. K& 5-3. & 5-4. & 5-5.
fiion, 23N “Channel,Line Rate,Refclk Selection”, “Data
Width,Encoding,RX Word Alignment”, “Channel Bonding”, “RX Clock
Correction” 1 “AFE”, H 7 {EIX Lk 101 51k £ Customized IP #1515
o BANSEE LW 5-1 fios o
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5 F i fc E

[# 5-1 Channel,Line Rate,Refclk Selection fig & & H
Channel Line Rate Refclk Selection Data Width,Encoding,RX Word Alignment Channel B

Channel Selection

[] Q0 Laned []Q0Lanel [ ] QO Lane2 [ ] Q0 Lane3
[]Q1 Lane0d [ ] Q1 Lanel [ ] Q1 Lane2 Q1 Lane3

Line Rate

TX Line Rate |1.25 | Gbps  Ratio: NA -

RX Line Rate |1.25 | Gbps

Refclk Selection

Reference Clock Source Q0 REFCLKD -

Reference Clock Frequency | 100 MHz

PLL Selection CPLL -

Loopback

Loopback Mode: | OFF -

Calculate

IPUG1024-1.2 22(28)




5 F i fc E

IPUG1024-1.2

[# 5-2 Data Width,Encoding,RX Word Alignment Bt E A E
Channel Line Rate Refclk Selection  Data Width,Encoding,RX Word Alignment

Data Width
Internal Data Width 10 v
TX External Data Ratio  1:1 ¥ RX External Data Ratio 1:1 v

Encoding and Decoding

[[] Enable 8B/10B Encoding [] Enable 88/10B Decoding

RX Word Alignment
[] wWord Alignment

Pattern: K285 ¥ Mask: 1111111111

[# 5-3 Channel Bonding B0 & & H
Channel,Line Rate,Refclk Selection Data Width,Encoding,R¥ Word Alignment = Channel Bonding

RX Cle

RX Channel Bonding TX Channel Bonding

Channel Bonding MNone - [] Channel Bonding

Master Channel Selection r Master Channel Selection
Pattern 0 7C Pattern 0 must be K Character Read Start Depth 16
Pattern 1 7C K Character

Pattern 2 7C K Character

Pattern 3 7C K Character

Max Skew 8 -

Read Start Depth 16 ™

23(28)




5 F i fc E

IPUG1024-1.2

& 5-4 RX Clock Correction Bt B R H

rd Alignment  Channel Bonding  RX Clock Correction  Interface Buffer |4

Clock Correction |MNone -

Clack Source User -

Master Channel Selection

Pattern 0 7C Pattern 0 must be K Character
Pattern 1 7C K Character

Read Start Depth 16

5-5 AFE BLER A
ding,RX Word Alignment  Channel Bonding RX Clock Correction ~ AFE |4

TX Rx

Differential Swing: | 300my SO Threshold: | 100mVY =

FFE Mode

FFE Mode: |Auto -

Cm 0 (0~19)

Co: 40 (21-~40)
C1: 0 (0~19)

&£ 52 Customized IP %5, A “OK” ¥4, Rpaf4E e
Customized IP #HCHACE .

4. 5¢rk SerDes IP it &

H 1t SerDes IP Ftifi, SERPTA NG E S, i “OK” %4,
52 SerDes IP 4. SerDes IP T =09, % IP Al FH K15 5 HogT
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5 F i fc E

2% 5 Customized PHY IP %1 Module Name —%{.
& 5-1 Customized IP EE BE R EEH

ST ARVFEH Eia
Channel,Line Rate,Refclk Selection
QO Lane0
QO Lane1
QO Lane2 P AR B — A8 £ Lane;
- QO Lane3 W R /A% —A Lane, T2 J& FOHC B 831X
Channel Selection | a1 | aneo A Lane: HIHUH S AES A Lane, T2 R EIRR R ET
Q1 Lane1 XTT/AIERIFTA Lane.
Q1 Lane2
Q1 Lane3
TX Line Rate 0.025Gbps~12.5Gbps | It & & i% Kid s %
NA
Ratio ?gx 4 TX Line Rate<1Gbps i, i H %% ¥ it [t
20x %o TFILEE <1Gbps
40x
RX Line Rate 1Gbps~12.5Gbps Hic B S i 2
Q0 REFCLKO
0 REFCLK1 ‘ .
eene otk | etk S5 8 B 61 U
Q1 REFCLK1
Reference Clock 50~800MHz i B 52 I bl i
Frequency
CPLL EF PLL
PLL Selection QPLLO ! WRZBA lane #EF A CPLL; WIREZ£ZA
QPLL1 lane FEM QPLL.
OFF OFF: AR, IE# AR
Loopback Mode LB_NES LB_NES: 4L [ py 24
LB_FES LB_FES: A4l 43
LB_ENC

LB_ENC: %=l i py3f

Calculate

KB S5 W R SERE R R A ILEL, A ULES, T
. “Succeed”.

Data Width,Encoding,RX Word Alignment

8
Internal Data Width 12 SerDes W #BEHE AL T
20
1:1 > % VA |
TX External Data . POBTET VA B ) .
Ratio 1:2 L T B[ 55 = Internal Data Width* TX
1:4 External Data Ratio
1:1 YR 5 H
RX External Data : %WJ%D%&TE{% ;ﬂ Et A1 |
Ratio 1:2 BakcB: B3R A7 55 = Internal Data Width* RX
1:4 External Data Ratio

IPUG1024-1.2
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5 F i fc E

SR AR SRV o
Enable 8B/10B (apris )i JfERE K I% 8B/10B i Ihfe
Encoding ANr ik ANejid: AR 9% 8B/10B Jwht Lfe
Enable 8B/10B (Apiis Aifk: MEREREL 8B/10B ffhY HHE
Decoding ANr) ik ANr)ife: WAE IR 8B/10B fi#hS T fE
. (apris ik N REREIR Word Alignment I &
Word Alignment . . )
Na)ik ANE) ik NZE 0% Word Alignment I g
Pattern %28'0’ K28.5 SHHIRK %&£ Word Alignment 5 55575,
Mask 0000000000~ Pattern #44 . Sengs TEM% Word Align ), LEHE
111111111 B 1 1 bit, AR Z 0 1Y bit.
RX Channel Bonding
#%U& Channel Bonding f#ifit :
None: 4 f#if& Channel Bonding
None One Word: {#ifig 1 /> Word [¥J Channel Bonding )
Channel Bonding One Word i
Two Words Two Words: f#14E 2 /> Word [#) Channel Bonding T}
Four Words Bt
Four Words: fiifit 4 4~ Word ] Channel Bonding
it
Master Channel firik Lane %420 Channel Bonding :ifiiE
Selection
Pattern0 0x00~0xFF AN, BAUE K.
Pattern1/2/3 0x00~0xFF 5 2/3/4 ANXFFERY, wiEE SR K.
ik B B S 2 TS A2 K G
K Character Tk Bk K
ANey ik Hl
Max Skew 0~31 Hic B S A8 (A K skew
Read Start Depth 0~31 BARIE G, BoEZBEI T RIR L .
TX Channel Bonding
ik 1% Channel Bonding f# ¢
Channel Bonding ik nli%: MIfFFERI%E Channel Bonding
Ar)if: WAk 1Lk I% Channel Bonding
g/lealztcetirocr:]hannel fitik Lane %% %1% Channel Bonding J:iiiE
Read Start Depth 0~31 fLE B Eg e )5, AlE TX Buffer M URTARE
RX Clock Correction
#2U5 Clock Correction {#ifE:
None None: AfiifE Clock Correction
Clock Correction One Word (ane Word: {#i§E 1 4> Word ] Clock Correction JJj
Two Words He

Two Words: 1{#fE 2 4~ Word [ Clock Correction Ijj

[
Ae

IPUG1024-1.2
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5 F i fc E

ST VR g
BN Clock Correction 7 2 [F]25 111 H IF B £ :
User User: & Clock Source 4 Fabric i A\ #h (51l
Clock Source Quad g0_In0_cc_clk_i»
X TX: Wi <1%HE Clock Source Jy TX Iif4f
Quad: &
Master Channel firik Lane 1 HH2IX Clock Correction Fif1E
Selection
Pattern0 0x00~0xFF AR, DR K.
Pattern1 0x00~0xFF 2 AN, RS E K.
, Hic B R A 2 5 2 K A
(Apud ,
K Character ik Ak K
ANey ik Kl
Read Start Depth 0~31 iR RS, BB BT RIRE .

AFE

Differential Swing

100mV~900mV

fic & K% 22405 T 42 R Vdiffpp, Vdiffop=2xVdiff

Mo B 1% FFE #3(.

FFE Mode Auto Auto: 1R

Manual R

Manual: FahEi=
Cm 0~19 & i% FFE pre-cursor
Cco 21~40 X i% FFE main-cursor
C1 0~19 & i% FFE post-cursor
SD Threshold 25mV~200mV B E=71ES SD 'R
IPUG1024-1.2 27(28)
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VLIS B2 W E &3 31K B /W Customized PHY tHx &% ¥t
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