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Design of High-Speed Adaptive SERDES Technology for
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LIU Ji, XU Pengfei, SUN Chuigiang , LI Xiongfei
(China Academy of Space Technology(Xi’an),Xi’an,710000,China)

Abstract: According to the characteristics of the rapid increase in the data processing for the satellite

borne processor, a new method based on SERDES technology for high-speed transmission is proposed.
Based on the principle of SERDES Serializer/Deserializer, the method adaptively adjusts the SERDES in-

put parameter, and solves the problem of phase shift inherent in high-speed serial data transmission be-

tween FPGAs at different temperatures. Experimental result shows that the method can achieve the reli-

able data transmission of 333 Mb/s of 78 channels at the temperature range of —25 °C to +60 °C, which

meets project requirement and is transplantable. The research in the paper provides a wide application

prospect in satellite high-speed data transmission.

Key words: satellite borne processor; high-speed SERDES transmission;phase shift;adaptive parameter-

adjustment

Bt v ] 2 ) g AR B PRl & e AR R SR Y
B, TR AL PR Y T RE AN EEOR H i g%
B A R 1 SRR I 3 ) BOHE AL B R 4
TR R,

H i T3 5 Ak B 2k my R 22 fdi Y I 3 nl 4
[T/ %] (Field programmable gate array, FPGA)
J 58 BB Ak B D) RE L 52 T AL R A 1 T RE 1 BR
il B2 22 MR F R BT e B 28 i AT UM 58
[ O B NS A ORI € L
e gt iy 75 2002 R AT 808k A i i ofs RS

Y75 B B9 :2018-03-23; 81T H#A:2018-05-30
J‘E{%'f’ﬁ%‘ iu?:l: 79%‘! 7]:*5%%] 9E’m21111]78821@163 com,

SR AR 10 B, 6l 2 7 R 51 Re Y §2
3100,

b EEH TG L M AE M BT AR
SERDES( Serializer/Deserializer, 8 1k /f# & #%) 1E
TR AR G2 19 T AT BV BR o 1R
(9 323 SERDES $ A S — B it 3 2 8% &2 - o5
X 50 A R R L AE R 2% v A A IR AT B
A0 Oy B AT R L T 2 A i A 1 B 4 A L AR
e Wi FRK BB AT A5 5 B B T AT R S X AR AT LA
SRR TR AR A= I A o e S G N (B N

SRR NI KL AN R, 5F. R HGR 3 B & N SERDES % fii 7 48 it L) 1. a5t 25 it K K47 4l , 2018, 50
(S1):28-32. LIU Ji, XU Pengfei, SUN Chuiqgiang,et al. Design of high-speed adaptive SERDES technology for satellite
borne processor[J]. Journal of Nanjing University of Aeronautics & Astronautics,2018,50(S1);:28-32.



B 1 XU AL 08 B SERDES &4 R 48 % it 29

TE 2 B0 i FPGA B — ik 3 1 BT, SER-
DES £ AR 5 fff P 2 280 v 18 2048 A% i i — PR
USRIEIE S

HY T T A AR B A R R
R EETE— 25~ +60 CHEMS IEH TAE. A
il TOL4Y FPGA S A [A] SERDES R i 84 14
Ui QU NS DR TR VA [ N e DR S T )
SERDES 77 % & 4 T I 1 IV A2 48130 o g 3 A% i 1Y)
ZORGA SO — FORI T A 38 )V 98 % SERDES i
ASH T5 i i U A A 3 R FPGA G 7 (8]
SERDES $ AR A% i [5 A7 19 A0 7 £% [ 8. %07 %
C e TR AR 2y B4R 3] T B .

1 SERDES [fi&

DI Xilinx FPGA 1y SERDES JEiE K 4] . 4> K
OSERDES #1 ISERDES'"'" , SERDES 4% Il {1 #j A
b S LM mE 1R,

OSERDES ISERDES

Data bits ®®® ©®®
@—p1 Q D QI—®
® —p2 Q—®
© —p3 QB—0O
© —p4 U—©
® — D5 B—®
® —Ds6 QW— @
CLKDIV_TX  CLK_TX CLK_RX  CLKDIV_RX

1 SERDES 2 [ iy A 5 58 B’
Fig. 1 Input and output signal of SERDES interface

OSERDES i 528 1 R A 42 CLKDIV_
TX AR 347 8080 % o AT 80 CLK_TX 1)
o R AT 5l . ISERDES J5i 15 528 1 SR A 1) B0 R
CLK_RX 1145 3 £f A7 80406 6 O SR AE ) 80 0 CLK-
DIV_RX PR E I AT 808 . 55 20 B0 Jf 5% |
B %M OSERDES i i 52 B 38 I 47 £ 48 3] i 3
AT R 0 B L AN T R N 1 S 8 R
I F ISERDES Ji 15 75 #22 Wi = 38 £ 47 308l i 7
TR A A T 0 R A B B L RN A L R AT RO 1 L
5 I FE A 6 AR UE B A9 1E 8 322 A, SR AR st 7 5 ey
2% IOBDELAY_VALUE(5 X fiifk VALUE) #
iR i i L R 0 B 2 %k BITSLIP 3 47 i
L S

2 RS

Bl 2 3 iy 7 il SERDES 4% 1 #) & &t fili 7
ML, RG M) FPGA It Fr ik A Xilinx 24 #] (1 Vir-
tex-4 R ¥ Fl Virtex-5 & 41|, ] l§ FPGA fy SER-
DES # S8 1 78 B 15 5 16 FPGA Z ) #E 47 %k

Wt . B A7 3R g 333 Mb/s. I 47 15 iy 3 R Ny
83.25 Mb/s, Jeihi 4 FPGA Z [ &4 39 #6455 -
¥ 4 bit 55 1 bit FEAT I/ /IR B . 39 A
S EAR R 1 4 bit I 4T 4SS 38 B IR

i,

333 MHz 333 MHz

FPGAL J%erc(]i;s:_ (398%) (398 ,ggg FPGA4
Virtex-4 e i —L Serdes Serdes r fFe I K Virtex-4
% 3 [ 1| FPGA3 [ 1 3] e

Serdes j %gk Virtex-3 %Eﬁ L Serdes

FPGA2 [ 13| | 2 1 ) FPGAS
Virtex-4 ifg % 71_‘- 333 MHz 333 MHz EJ{FE Virtex-4
2 1" Gow) (398%) 3

Bl 2 ARG A& i 1a

Fig. 2 Transmission flow of system signal

IfIe B & 6 BBl | OSERDES JiUiE , 52 BiL
83.25 Mb/s ) 4 bit F47 5% Jy 333 Mb/s iy 5
P88 AT A% e e O 2 WO Bl ] ISERDES
JEE . S B 333 Mb/s 1 HR AT BB 55 4 bit /9
83. 25 Mb/sfF AT KU AT 45

A R, 4 FPGA 2 i) ) 14 i BOiE 2 %
JHA KR B OS] 80 0 250 51 4
2,45 1y ISERDES J& 35 75 % f if 4 i B2 5 VAL-
UE {H . JF 47 FU 4 0Ty 4 % & BITSLIP {5 HAth %
P AL 4 6 TN 2R 1 9 2 800 B SERDES Ji i i
1808 1Y I R

3 HiER SERDES R @B %t

FP e T 422 WSORE B 5 2 A v R AT A T
R FEAT B AR MBI 15 5, PR 53 1 A7 8 s
Ll AR 5 35 B0 E AR 2 Uiy H Y (B 3) . o, il
B 55 50080 ) R A L B i o ISERDES (15 A 2
5 VALUE B 8 8, 47 8088 19 b Ry 0y 38
ISERDES ) % A 2 %t BITSLIP {8 % 5 #% ., — 4
BITSLIP fik i {5 47 £ #8 L 48 03 15 A8 — W, &)
T 1 % 4 () ISERDES Jii i . BITSLIP Jik () % &
A4 FORES . LGy Jr ek A E B VALUE {8
Y5 BITSLIP {f 5 #F 47 1F ff 2 05 . [ & 2 500 7
10 T 1 3 I e A I 72 A Sk B I b A A R RS . AR
SCHE T A S N S BB A O G R
IR EZN 7 R = R ST S N TN 2 i

akrx LML
Data_serial
BITSLIP 1

CLKDIV_RX I | [
Data_parallel <Z__ DABC __><__ ABCD _><<_ ABCD

3 AR RO s

Fig. 3 Receiving data with serial to parallel




30 &

2O o= At

PNEIPN ¥ 5% 50 %

MK 4 mT LU . SERDES & 47 14 iy 8 i i
# VALUE B {5 i B0 76 75 3 3l AR A5 d5c A 10 B4
KA AL E . VALUE B 1995 Bl o 0~ 63, &4
VALUE {4 /8 AP i i i SERDES Ji# (9 2 %
B 4 e 2 L ISERDES Ji i 225K 1) 2 25 i) B3 [ oy
200225 MHz!" o RIA R G R ], o o ef 47 450K
B4 CLK _ RX 2 333 MHz, & % i} 4 K
200 MHz, & —4> VALUE f{# n] 3 % 19 i % fi £
R 78 ps.iliid VALUE {8 55 K AT R & i ) o 5
BE 1 0r B AR 2928 5 ns, AT DL RE R 2 1.7
R ) 3T BN A0 L BT 4 rboxt S i XU T A4S
1) VAULE BUE 8 [ 76 B 80 i 2 J8 48 b e 28 —
MMEREEIR ) VALUE &4 FirstError /5 .55 1K
TE 1% i 9 550 SecondOK g

B i I Value
A
FirstError/,  SecondOK At
miraR < | v o | >
MidPoint 2
AR VALUEHUH B 84 SR A5 X [R)
4 VALUE {8 58 8 RE 19 X R
Fig.4 Relationship between VALUE and clock sampling

K5 gl T A& N % VALUE fH Y5 BITS-
LIP a5 B i 5k i A 18] B A R AR A

Begin
B3
: BN GEARR
G s
. BITSLIP{& Fir,stError)f—i
| | A% BITSLIP{E
JVALUE/&
= RENE W
BITS:,IP{E N SecondOK 2
VALUE=(FirstError+ N
SecondOK)/2-19 i
VALUE—(FirstErrort BIT{%LIP
SecondOK)/2+19 %
38EH 4R 1T VALUE
E5BITSLIPfE > fith
| #i i VALUE(H R

5BITSLIP{E End

5 F I AR R A R AR

Fig.5 Flow diagram of adaptive transmission algorithm

ST NS IR AT 3R 2,
WM FF 2 % VALUE {i & BITSLIP Ji 4 4 ;

.
$B 2 FsE% VALUE {8 & BITSLIP i
#o H BN W, 0 4 /T VALUE {24 FirstEr-
ror, % L9 35
3 fRLisE VALUE {8} BITSLIP
Heit 1 BT 50 B OR P B 2 2 BT VALUE
{5 SecondOK , #5418 4 ;
B4 ITRATEN VALUE EiHH,
WD B PR 55
$B 5 [ VALUE {4 F J8 % BITSLIP
4 BB 25 e 9 IE A $2 00 55 A 8 65
HE6 i 4T VALUE {5 BITSLIP i
B LR T
|7 32 B A EMA M VALUE
{E 5 BITSLIP {4 5 517 50 #2050 7% 20 3R 8
B8 YT 5 gk 2 kAT S5 B I 2k e
B Y25 50 I BB B 1,
VALUE {8 /1155 75158
VALUE = MidPoint + X, MidPoint < 32;
{VALUE:ﬂMMPmnr—X;AMdena>32
(D
it (FirstError+SecondOK) /2 = MidPoint, I
4 F7R o BIVEEAS 08 JA 0 R i A
(D S50 XA e = 3 ER AT A R
f)—2f:F1 SERDES J5 iF (1) 2 %5 i i Ji] B3 o - X
) R O R SR — 2 AR R X B 19, R
BEZN 1.5 ns, B0{H 32 IR BCH VALUE £ K
fHr—F.
4 EMHFIZIT
T S AR Y S L K B B A BT AR T SR AE
BRSO S B LI 3 S NE . URE RS
TAE R e
(1) % FPGA Z [a] F T 1% % )1l 2k 17 5 1) 5 4
&5 IEH B LT R SR B RIE I 257 5%
fi 2 1) A % R 28 5 HHE % i 4 ) A A% RS — 3G
(2) ISERDES Ji i (12 2% i} 5 2 B 80 5 %4
SR A AL B R R 17 5 9 B A SR B B R Oy 200 &
25 MHz, i B 8 5t &2 D s T 45088 A% i i R ok
WS 2 B B AL R VT v R Bl ST R B B A AR
B 5 b B2 R AM 4 i PR AR AR e i O =2
(3) X Frdfi# it FPGA B2 )3 % U5 &
G K] B8 BT B b A DK S R AE A [ 4 LR
T AT RE 23 R MR e B A R AR E L E R R
WP SERDES 422 11175 22 i) B B 55 JH: Al b 2
By IR,

5 XBWEREHH

R E SR A 2 frs . i FPGATL,



BT 1 XA B A IS B SERDES & i R 558001 31

2,4,5 B 5 Virtex-4 &%), FPGA3 %l 5 % Vir-
tex-5 FRA . SLI 43 0 1% 45 [ S 800 SERDES
e B 7 vk RAR AR Y B 3 N 2 BRRT AR Y A e T
AE—25,25,60 Cil BN AT T & 5 ik, 2
Virtex-4 FPGA 4L B 39 §%{5 5, Virtex-5 FP-
GA U AbHE 78 B 155 .

FPGA1.FPGA2 #|JH] OSERDES J§ii5 & & 1%
39 B FE R 545 IR AT Ry 83. 25 Mb/s,
F73% K 333 Mb/s, B — K523 4 bit # 1 bit
45, FPGA3 F| ] ISERDES J§iiE £ it FPGAI1,
FPGA2 3t 78 P B IR 915 5 SE L 1 bit 2l 5
FTBR % 4 bic IE 1780 1 400 FPGAS
P2 S BOHE 0 17 52 e 4k B 75 8] FE OSERDES Jit
AT IF % B W R 3% FPGA4, FPGAS i A
ISERDES Jii5 45 17 39 #% 55 % I 1 R 20l

ey i FPGAL, FPGA2 %k 3% O H1 0% ¥ 19 51
i - M AT ISE 9 Chipscope 3 T WL 78 % %4k
P H2 WO B0, T FPGA4LFPGAS hyfie g — 2%
P, T BN K S 2 I A 5 S kT
DA B A R G L ROIRAS .
5.1 REBEESEMNEE

15 75 ¥ % F e i VALUE {f 45 BITSLIP {4
2 EE — >3 1 2 80k 17 ISERDES Ji 15 2
BB E SR IR E S IR Rk, (HAERE Y
AT I5F 3 WO B AT B T B R AT 9 D IR E s
S5

Kl 6 R T FPGA4 WL 3 — I 15 5 76 % il
25 “C RO B $ G 0, 3 2o 3 Dy P A B B VAL-
UE B Fl BITSLIP 4% &t n] D432 50 1E 1 1% i .

K6 FR(25 TR AR 585 12k i i HR I

Fig. 6 Receiving data with traditional method at normal

temperature(25 C)

B 7 H RS E 6 AR A S5 U R — B A5
SOl ARG ST 2N BRI S, YRR
et ad f b BRI . X R TR R A AR AL R
TR B b R AR A A R IR TR B VALUE
(BTG 325 DR o 3R T B A . A% e ik 1 2 28K
1) T 2 TG 15 46 o7 1 AR Ak ok B A AV D A
5.2 HBIEMNiFE SERDES i\ SH M HiE

B 8 WR T FPGA4 w2 0 I AF & — 8% 19 5k

Bl 7 R C60 C) T AL 88 7 vk M S Bk
Fig. 7 Receiving data with traditional method at high tem-

perature(60 C)

B8 R (—25 C) H R (25 C) ik (60 C)F [l L
VR S 8007 125 0B A%
Fig. 8 Receiving data with adaptive transmission method

at different temperature(—25,25,60 ‘C)

it ZEARIR (—25 °C) VER (25 C) i (60 'CHAN
[Fi) Y5k 85 91 B 30 e A B ] g ORI K5 AR S RT DA I
O e ML A 0. AR SCHR MR Y 3 A N R SER-
DES 281 Jr i ok 7 FPGA i R [ A [ i B
ORI BB AR 7 A A% 1Y 0] A G L SR Ml i
VALUE {H fil BITSLIP &% i % £ UE 5085 1 F
Bl

6 ZERIF

XA OB A B AR S R () B R A
%5 K A SCH A FPGA R 1 SERDES $ 11, 38
1 S R A SR PR T — Bl B IS R A R
B A Bt 7 ik i Bk 7 FPGA B (8] A A
T 2 % SERDES $2 4%y [ 4 (9 AH A7 % 7]
R IR 5 3 B Y g e A A e 58 R LA
PRAIE 2 2B A 1R R 1 — 25~ +60 °C i B Bl N
] SERGE b HEAT RO AL, SCP 4 A SR A SR
1% 05 ik A R

S 3
(1 dRfe. ok fE RN R REH] fE5.2014
(9):3-28.

LIU Zhenhua. The development trend of future com-
munication satellite[ J]. Silicon Valley, 2014(9); 3-
28.

(2] X754 BRAR BB . 45, R ol g TR B ey 4t



32

Moa Mo M

PPN

¥ oF

5% 50 %

[3]

(4]

(5]

[6]

LA SR AT 5 5 R[] i KA Efk . 2011
(3):13-17.

LIU Naijin, CHEN Dong, LIANG Zongchuang, et
al. Demand analysis and scheme design of mobile
communication satellite digital processor[ J]. Space
Standardization, 2011(3) :13-17.

XN, 5K, g, B3 3 SERDES i #% 1) i it
HzE[)]. zs i T4 AR ,2014,4(13) 1 55-59.

LIU Junfeng, ZHANG Yan, MA Ting. The design
and application of high-speed serdes circuit for satel-
lite borne processor[J]. Space Electronic Technolo-
gy, 2014, 4(13):55-59.

A R e, B4 %, 3 F FPGA (1) SERDES #
A3 5 IMICT/ b EAE =28 AR 2
[S. 1. ]:CST, 2008.

LI Youxing, ZHOU Xianmin, LV Hongjun. Design
and realization of SERDES interface base on FPGA
[C]. The 5th Annual Academic Conference of China
Communication Association. [S.1]:CST, 2008.
STAUFFER D R, MECHLER J T, SOMA M A.
High-speed serdes devices and applications M]. [S.
1. 7: Springer Science & Business Media, 2008.
LEWIS D. SERDES architectures and applications
[C] // Proceedings of Euro Design Con.
USA:[s.n. |, 2004.

EiKH. w3 SERDES #% H Y G H s i 31D, &
JE < 3 Tolk R 2, 201 2.

Chicago,

[8]

(9]

[10]

[11]

(12]

WANG Zhangmeng. The key circuits design of hign-
speed SERDES interface[ D]. Hefei: Hefei University
of Technology.2012.

KA. i SERDES # 15 v 8L 3 ff 8 AR 1Y
WrFE DI JRHR i TRHE R . 2013,

ZHANG Yadong. Research on jitter simulation tech-
nology applied in high-speed SERDES chip [ D].
Chengdu: University of Electronic Science and Tech-
nology of China, 2013

ZHANG W, HU W, DING R. Research on high-
speed asynchronous serial transmission based on
8b10b[M]. [S. 1. ]:Spring Berlin Heidelberg, 2011.
B sE. TR SAHLA RS BT 05 B 5 IR BF 5 (D). E
1« RS K24, 2008,

HU Mingliang. Research about the thermal simula-
tion and infrared temperature measurement of satel-
lite instruments [ D]. Shanghai: Shanghai Jiaotong
University, 2008.

XI LINX CORPORATION. Virtex-4 FPGA user
guide[ R]. [S. L. ]:Xilinx Inc,2008.
XUTEAR 22 RAR A3 ZE NI —FloAR (8] 05 B AL i R ST
BT ST TRSCER S D AR 2011, 37(4)
53-55.

LIU Lige, LI Tianbao, SHI Xingang. Design and
implementation of a high-speed board-to-board trans-
mission system[ J]. Engineering Practice and Appli-

cation Technology, 2011,37(4) :53-55.

CE R K9]



