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BT CSPI fR#thil Y B & M & 2121t

Bl kA, OB, BMAE
(1. AHETAF B F5ERFK. K M 510640;
2. TCL&E e AHERAE, K EI 518107)

FEE O TR m A% i R T S 7E 15 1 A% i 38 3 Y s R R AR SO A — D DAETE 1.5 GHz &l R 22 [ A5 Y
Rx(Receiver) ¥iif [ i N ¥ 28 5 3. o di ST AT, B T 56 T 8 W5 5 AL R R ¥ i 8% . — dF I Bl ALY 51 (PRBS) 4E
R YNEREAE B 2 o A A U8 I 4 LA AR A5 = 00 45 S L SRS TE SRR 43 1 BT HCR A JF AR AR BE W 19 1 T R R RV e fS
AN ILBAR . GBS0 LA AR I TR [R] 3% LU B As B T 25 A7 & HDR ARt A 5 5 0 19 400 S8 L 0ol [l i 22
15 2 3 5k B2 ot e B T 4 2% R BEAT BRI R Wk AR AT R 4 25 1, DA IX 6 R] T AE T O L BOVE S A A . A TE TR AR
B 4G W25 0H B 1 & 2% 2% Tx(Transmitter) &5 (5 5 3% N HUINE 3 25 . 28 /5 B2 U028 Rx Wk HEAT [ 38 W 0. 5. 1
Tx R R, W MEE Y 1~16 dB, %M H CSPI BMYAY 165.1 em(65 in)8 K HLFN [ 505, 78 Tx 524K
MY REIESE 1Bt M A Rk . W AR TE = AL F R T Rx BERE N 2k 3R WOF I8 . CSPT B s il .

X 8 WRERMBERETAE; AELHHS

FESES TN XukARiIZED : A doi:10.37188/CJLCD.2020-0147

Adaptive equalizer design based on CSPI protocol
ZHAO Bin'?, ZHANG Yu-hua’, WANG Zhao®, XU Feng-cheng®”

(1. College of Electronic and Information Engineering » South China University of
Technology » Guangzhou 510640, China ;
2. TCL China Star Optoelectronics Technology Co., Ltd., Shenzhen 518107, China)

Abstract: In order to solve the signal attenuation through channel at high data rate, a 1.5 GHz adap-
tive equalizer using error feedback at Rx(Receiver) is introduced. An equalizer based on discrete signal
process is applied to reduce convergence time. Firstly, PRBS used as the training data will be trans-
ported to the equalizer filter for high frequency compensation. Then it is sampled and sliced by the S/
H circuit and slicer to obtain steep rising and falling characteristics. Finally, it is sent to a comparator
which is different with conventional comparator. There is an internal register in proposed comparator
to store input signal. Error between input and desired value will be fed back through the closed loop to
increase equalizer boosting gain. After several times iteration, useable gains are acquired and the medi-
an is selected as the optimal gain. If no suitable gain is found, Tx(Transmitter) will increase pre-em-
phasis setting and adaptive iteration progress at Rx repeats. Finally, the setting gain will be sent to in-

form Tx. The compensation range is from 1 to 16 dB. An experiment at 165.1 cm(65 in) 8 K module

W75 B H#5:2020-06-11; 13T B #3:2020-09-06.
* 18 {5 Bk & A\, E-mail : xufengcheng@tcl.com
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using CSPI protocol is carried out, where the validity of the proposed design is verified by feedback

setting at Tx. The requirement that CSPI protocol data could be received and recovered without dis-

tortion by Rx at high data rate is met.

Key words: error feedback; discrete signal process; adaptive equalizer
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Fig.6 Systematic structure based on CSPI
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Tab.1 Training code

Bit o] [1] (2] (3] [4] [5] (6] (7] [8]

CT 1 0 0 0 0 1 1 1 1
CMD_S 0 0 0 0 0 1 1 1 1
CMD_E 1 1 0 0 0 1 1 1 1
PRBS7  Prbs[0]  Prbs[1]  Prbs[2] 0 0 1 1 Prbs[3]  Prbs[4]
PRBS7  Prbs[5]  Prbs[6]  Prbs[7] 0 0 1 1 Prbs[8]  Prbs[9]
PRBS7 0 0 1 1

®2 lGEmR/NEEEX

Tab.2 Training code minimal time requirement

T NAME Period Note
T, CT =100 ps Training clock peroid
T, EQ_Training >300 ps (1/data rate) X 127 (sample) X 64 (cycle) X 16 (setting) X 9/5
T, Tcon setting time N/A Tx pre-emphasis setting time
T, FBD linking >100 ps One source feedback time
T, Fixed random data >10 ps
4.2.2 =P 3 3 Fi7R »header.data 5 end R & W1

WK 9 7~ . source IC i 1d FBD-LINK {55
Zim Tcon [l £ 4 i EQ ¥t & M HL . FBD-
LINK [H & 3 B idle. preamble. header, data.
end 2 A,

e L UL UL

State idle preamblel jeader ; data I end
m ] TUUUU L UL

K 9 FBD-LINK [a]{% #L

Fig.9 FBD-LINK feedback mechanism
*3 E&EB
Tab.3 Feedback code

state Length/bit value | Manchester coding
Idle X 1 NO
Preamble 8 0 NO
Header 8 0 YES
Data 32 DO0~D31 YES
end 4 0 YES

Fegnts gy =X, BT X 3 AN E8 4 nl AE A7 A K B[R]
AR A5 O, il BA B E B D) REny 2
00357 % 2 % 1T LA B 1k 8] 25 i 4 1) 2% 2R LA B IR A
LIRS Y F R A R . Data 350 N & B 2
EQi% 5. 7E 32 fif Data W1, Hij 16 £ H] T m Al
HEQ&E,17~20 i H TR mA K EQ %
FE L HARNL TN, BN 0, FH Tl & FBD i
ANEF TR EESR e Ab  FRATIE R T EQ & E
B HP E BOE O die R o, TR R MG 25 505 5 o
B0V B 2 ZR AT ARE 5 B R 0 AR Bk B R eR
B 30N 0T T A RO A R T P A, TR
AN EAE S EQ H # hy 55 KAEATI A g il 2 %
SRS CRPJE A & A4 A7 AT 38 L source 1C ¥ 2R IA &
BN 8 R, MR R WA AT 5 A B AT
CE YR T L R i i DR R N N o
MEAEE . Wk 4 R, Data (9 0~ 15 fif

g — 57 X i EQiﬁéE@—/l\f%i{ﬁo 0 A AN il i
(FaiD) ,1 My i (Pass) .
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R4 Data 5 EQE R
Tab.4 Relation between Data and EQ

EQ gain level PRBS check result

0 dB D, =0(FaiD) ,1(Pass)
1 dB D, =0(FaiD) ,1(Pass)
2 dB D, =0(Fail) ,1(Pass)
3 dB D,;=0(Fail) ,1(Pass)
4 dB D, =0(Fail),1(Pass)
5dB D;=0(Fail) ,1(Pass)
6 dB D¢ =0(Fail) ,1(Pass)
7 dB D, =0(Fail) ,1(Pass)
8 dB Dy =0(FaiD) ,1(Pass)
9 dB D, =0(FaiD) ,1(Pass)
10 dB D1, =0(Fail) , 1(Pass)
11 dB D, =0(Fail) ,1(Pass)
12 dB D, =0(Fail) ,1(Pass)
13 dB D3 =0(Fail) ,1(Pass)
14 dB D, =0(Fail) ,1(Pass)
15 dB D,; =0(Fail) ,1(Pass)

FBD-LINK £ ¥ A~ 16 H - (1) #5 B 4 W0 [ 8
N AL IER TAE. SRR G, Tk X IC
R Rx 5%t 285t AEQ J5 B 15 5 HE 47 0 4,
IRt 5 i B FBD-LINK (4 [0 4% #L i ok 31 7 &
SV A R . A Tx i O 2 18] 4% (8
YR 1 AL (5 9 28 A5 A BT E B R, R
ARGV RRL. (2) F— D-IC A I 857 1)
flige. LS HZFHLE M. AR —R LS 554
B source 1C Joik R #E4T EQ Y 2k, 5 W 7775 &
L, I, Xt F one-by-one Il 4 1) £ 4t 3k
¥6, FBD-LINK #2245 41 Tx 477 IC & 58 Bl 4
TR — W 1C IR mPEH .
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Fig.10 Measurement on PCB
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Tab.5 EQ setting & state at A B 37 e s e
Bt s 5 D, _—
D, Pass D, Pass
D, Pass D. Pass
D, Pass D, Pass
D, Pass D. Pass
D, Pass Dq Pass
D; Pass D, Pass N
Ds Pass D Pass
D, Pass D, Pass
Dy Pass N D, Pass
D, Pass D, Pass
D Pass Dy, Pass
Dy Pass Di; Pass
D, Pass
D, Pass
Dy, Pass 6 éé{ i/a
D Pass
AR SCHE HH—Fh LT CSPI BRI By B 3E 1 14 1l
L NI p R A T
Tab.6 EQ setting & state at B FE AT R B B R, B EUAE S A Y Ay s T
e . . FB G A G B ROV . FE R SE)ZE T L in A FBD-
(=LA KA e E R, e o 3 g <5 1
o w LINK HLH LA PR T 5 5 2R A IR SR A IR 400 8 1
' By IR) A, e J 78 S92 56 ol i K A Tx i 1Y 9] 32 {H
D NG N 5 2 LA 3 ks e [ e
] N WEM T REE R AR . ZBTHAME T B S S
NG e s v g 5
D. B % T Rx dndfE K A S A EEE X,
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