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LCDs electromagnetic immunity based on signal integrity

SUN Yan-sheng, LEI Si-jun®, GAO Liang, GAO Xian-yong, ZHANG Zhi, LU Xu,
HOU Shuai, MA Tao, YU Qiang, GENG Yu-xu, ZHANG Ying

(Chongqing BOE Optoelectronics Technology Co.,Ltd., Chongqing 400714 ,China)

Abstract: Aiming at the LCDs’ abnormal display under electromagnetic interference, a comprehensive
method is proposed to improve LCDs electromagnetic immunity and display under complex electro-
magnetic environment based on the signal transmission integrity theory. Firstly, the abnormal display
mechanism under electromagnetic interference is analyzed based on signal integrity. Secondly, the
scheme of improving LCDs electromagnetic immunity performance is summarized based on the three
aspects of adaptive signal quality enhancement model, signal transmission path optimization and LLCDs
composite absorbing material. Finally, electromagnetic simulation and product testing results demon-
strate that the above proposed scheme can effectively improve LCDs anti-electromagnetic interference
and electromagnetic compatibility performance.

Key words: electromagnetic interference; adaptive signal quality enhancement model; composite ab-

sorbing material
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V5L FHLRE TP 45 . WA B R AR (LCDs) 7E R
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Tab.1 2G/4G mobile phone main band

B Wi /M Hz Y15 /dBm
GSM850 824.2;836.5;848.8 33
- GSM900 890.2;902.4;914.8 33
o DCS1800 171031 748;1 785 30
PCS1900 1 85031 8805 1910 30

704;7165777;787;
4G LTE 23
192031 98032 50032 700

2.2 HESH

VR A S 7 2 BIK B fL I A S A T B
il #F (T-COND 5 Y5 % 3K 8l #% (Source Driver) [A]
A ZRE 5 1 P, W A AR 25 4015 5 %
(Mini-LVDS) Fl 85 X} 5547 5 1% %t (Point to Point)
A5 H A i o R T G B LR 2, PR s
B 38 B 23 2R 75 BN TR] ™ i 5 3K 18 48 5% N A5 iy
B O WM AL f B L AR 22 0015 5 1L i e
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Tab.2 Comparison of mini-LVDS and point to point
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Fig.1 Eye pattern under different electromagnetic

interference. (a)Normal; (b) Abnormal.
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Fig.2 Schematic diagram of signal transmission
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3.2 mTFHeENEA
3.2.1 EFHEmssRmi

LCDs #1555 1% iy B 42 2« B Rl # (2% Ai
(PCB)-ZE 1% B[ hill % % F 2% (FPC) - 7 TH AR . 3
TR S MBI 5 5 76 A 1% 8L A7 & WK [F] 4 T

HEAEAL 25 kA RS IY BUE . 5 35 T A TR
LS 1172 1 2 R/ P B T I" a A A O
PCB il FPC i fb & £k, DA AR IIE GE 2k 3% 28 A %
ARU ARV R A 25 4 R 2R S HE N G TR
JE LT X 225 W8] 19 4 0GR R e JE r“uzfrz&ﬁ,/r
B % i /N2 4y R BT 5 AR L U AT Re CRGIEBH 47T T
B, W5 5 TEAG 2 b A S ek %%,zéﬁéﬁﬂ%
S s 5 BEAT N E AR L7, S LR e A8 O 1] I
{330F 1355 1 .

T34k F LCDs U5 5 R 22 50 2L i
v 19 J2 T A2 i 2 Al % AR A B4 32 2 T e, Tk
P B A — B0 MG S5 RBIERE . 7 i T &
AT BR BELAT B TR L Al 22 43 4R A% B {5 5 A2 3
T Ve i P B HE T o PR E B2 U T O R IR
(] B T 42 AL AL B 14 7 BEL B DR A, Lt A BH 4t
A, A e, 22 40 4k W R D o 2 H AL W R
BN

[ B, Sy 388 fin A B 5t i v B L 2R T,
T 7 25 43 2 [R) 2 00 38 b L L AR TR B2
Ik L 2 b 3G b L L RTRE TP G D R
o B dc M RE AT T HRRE 0T . M E Tl g AL
B, o PR 3% 2k, & AR RS, 1 BB G T k.
M L AL S )L AT B SR AL (S TR R
PL14.0 7= i R WF g% 42, 58 T A BR oo f e
Z:7% H. PCB Ml FPC jE 4k . 0 52 b FL AR £k % 41 T

PERE S 2 M, 0 L4 2R WL 5. %)™ il i st
B R Ml B A 23 252 A 5% 728 R X R BELBE 1531

E LT H R A A I A I A R R . B
FOELE R A 5 Fim. ARG P4
FIe e B 5500 E S FPC fil PCB & 5 v & , H

+4.000E+01V/m
. +3.714E+01V/m
- +3.429E+01V/m
© +3.143E+01V/m
+2.857E+01V/m
+2.571E+01V/m
+2.286E+01V/m
. +2.000E+01V/m
= +1.714E+01V/m
+1.429E+01V/m

. J +1.143E+01V/m
+8.572E+00V/m
+5.714E+00V/m

. +2.857E+00V/m
- +1.107E+04V/m

®) At fE

K5 14.0 PCB &£k 0 E Xt kb
(b ks,

Fig.5 Electromagnetic simulation comparison before

(a) 1L T

(a) and after(b) PCB layout optimization



Bl

PN 55 R TR S 58 B Y LCDs P T PP BE $2 71 45

FEFH R IZ AL B PUARVCEL by 1 — A5 48 5 7=
ARG RE 1 A8 E 2 1 I Hb AL 28 0 B
b, HoA S G 08 B B 40 V/m B/ & 36.52
V/m, T 14.0 77 5 S50 56 E . PCB 4% 88 1 A8 X%
FoEL AL TR 13T 2 dB,
3.2.2 AALHMBLEERMA(FEA &R
kA

Bk e A H 6 326 750 R ERL - O A A ) i s B HL
T-HLh. S5, R F e mg Bf i A R 5 R G T
A8 1 Rl 85k v % 5 v H G R R R
FET AP 1k A T G T4, BAS 52 At 1%
£ TAE @ AR AR 6 e (g L § 3 &
PEASIE 4D, T3 W T LCDs 72 & L 1% B5f i .
BEE LCDs 7™ fil ) 6 8 4 745 S HE & Jé H T2+
WA T 12 o BT 7 R 1 /G T R, X F i o i A
R R oK L W Ak (0.03~0.05 mm) \FE
PEAL CAT 38 B 7= B ) VM BE (2 G~4 G)
R Wi, P IT & % 17758 L LCDs 7= 5 1 =
PERE S A 45 4 70 L % 5 A L Ry i ke v i D
VY R R

St W A B 3 B W AR S 6 R 1R
P 0 T Pt L 3 T 25 0 B0 e 4 RHUT 5% 0 R L B
R R EE R AL R AV A B R E R S
HL T 248 20 5 P90 Sy W % L S D b R 4
. ZEAERM U EE R . (1) T R
WeHRIE L )2 1 e 1k R D A KRR b R A B
WCRA AR N o B 2k 2 A AF A E 2 A T 1) IR
e HEA (0 A4 R 2 1 A A D BB AT A FR S TR 3k BE
PUVC L S0 > A G R . RS R
JH W e o Rk T e i 5, 3 N PN Y L T U8
Ak R PR Bt Y 2 RE R E AT 0 AR L GO BH
BN 23 B W A G iy 328 9T I K, 3 B R A 1Y
W PR BB s (2) TR M R AT AR
TR WU )2 T R RN R A IR S e T A
B DR B M, BT IR BB R B, Ak e R R
TR IS R IR T RA W S KR R
M) 77 i PE RE

BV E A A TR E AR R T RS
B R Y R /DN, 5 ME AE S A% 9 L P [] B R
RELT D Fie A5 W AT . AR SCAE 43 5310000 3K 40 9 L 4 9
RS 2 ARk S o 27 R D b R E 3 )2
T B T FL AT A WL S HL AT AR R A S Y
W BRI A 2 . A SN AT AL, 3 SR HEAS A 0

S HLZF AL BT A T AR B L ST A2 A
I, LR I A ) 0 5 2 RO L O S AT A, O
BT 22 R W AT AT s e, ELAT R S W e RE . Y
G, A B B AR R AE I RE BE S =1 - A HL LA
WSO i s AR R A v P BRI, 7 Ah R A AR
HLRE S VE TR S T KE H R I 1) 358 43 BE % 78 O 34
RETH AR

W R e R ER 1 MR 2 X b FE T LI I
RECH 2 GIESHMMEBD, LCDs X 53 0 & 5
WS TR sl 15 R 58 (GSM) W 28 475 32 41 3T
5 5 FHUGS KRR RO, DR, Wk b ek 5k 75
FEIT 2 G WA B AT .

W 1 A 25 Ay AL 5 bk T AR 4T LR
LR R LR 6, T, 3 SR LS AR A5 0.03
mm FH A5 0.03 mm WM ENE A BT
) fe P S RE 5 B 40 V/m BN E 34,29 V/
m., S54RI, bR EE St 25 dB 2T
33 dB,

AR SCAR 8 H R O LRSS L 2 A S
e S A 5 F 22 P T Rl R R 8 A R 5 K ) R o e
PEBESE ML A R UETF & T Wl T LCDs 7= i I &
B HL B R R RE s Ry T R AR R T L R T Y
oy s v G 5 A ORL R B TR A R TR
s

+2.571E+01V/m
+2.286E+01V/m

. +2.000E+01V/m
= +1.714E+01V/m

+1.429E+01V/m

e ————

1T
e

e

+1.143E+01V/m
+8.572E+00V/m
+5.714E+00V/m
+2.857E+00V/m
+1.107E+04V/m

(b) S:H14(0.03 mm)+I i b1 (0.03 mm)

6 AR TR JE B 5l 40 9 () R B R RE AL B (b) He
0 415 ELXT HE

Fig.6 Electromagnetic simulation comparison before

(a) and after(b) EMI shielding materials

AR SCEF R LTI LCDs Wil 7R 5 3 ) &, 5
TAG S e B IIE R T 2T A @ A i
B s O 5 S i AR AL 1 LCDs & I &
LER TN A RE 3 BT B iR LCDs LRGSR



46

W5 B % 35 %

I3l BT L B O LA S S A SGE XS 6~8 dB, TR & s L G BT T P RE T A4 3K
PEATHAE . D EASCIMEE REW] R A GRS S Ko S350 BRI RSR T 11 3 BL A5 il T 8 5 A6 25 A
ol S SR AR R MR A Bk A Ak 7R 0T (& o e AR A T vk 3l o i A2 A B R
E AR R AR A L e LT RE AR T AR SR PTTUERE I $E T 8~10 dB,

o

=z

[1]

[2]

[3]

[4]

(5]

[6]

7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

% X M

X E S A B TFT-LCD R R A HEM[J ).k d 5 27 .2018.33(6) :457-463.
LIUS, WANG D, YANG Z K, et al. Key technology trends analysis of TFT-LCD [J]. Chinese Journal of Liquid
Crystals and Displays, 2018, 33(6): 457-463.
OO AL 5. 28 RE AU AP RL RGBT T 3k O B LT 3t FE ALy A, 2019,36(3) 1 422-425.
ZHENG M J, LI Y. Multi-intelligent instrument anti-electromagnetic mutual interference method simulation [J].
Com puter Simulation, 2019, 36(3): 422-425. (in Chinese)
HSIAO C Y, CHENG C H, WU T L. A new broadband common-mode noise absorption circuit for high-speed dif-
ferential digital systems [J]. IEEE Transactions on Microwave Theory and Techniques, 2015, 63(6): 1894-1901.
SRINIVASAN T S, UMA J, PRABHU V. Signal integrity analysis in PCB for high speed digital circuit design [J].
International Journal of Pure and Applied Mathematics, 2018, 119(15) . 3321-3328.
MULLER S, REUSCHEL T, RIMOLO-DONADIO R, et al. Energy-aware signal integrity analysis for high-speed
PCB links [J]. IEEE Transactions on Electromagnetic Com patibility , 2015, 57(5); 1226-1234.
SHAHPARNIA S, RAMAHI O M. Electromagnetic interference (EMID) reduction from printed circuit boards
(PCB) using electromagnetic bandgap structures [ J]. IEEE Transactions on Electromagnetic Com patibility ,
2004, 46(4): 580-587.
FEI Y C, JAMBEK A B, AL-HADI A A. Enhancing high speed signal integrity with optimized board level power
network design [J]. Advanced Science Letters, 2017, 23(6): 5019-5023.
ZHUO R ], HAO Y Y, HU J S. Quick system-level DDR3 signal integrity simulation research [J]. Journal of E-
lectronic Science and Technology of China, 2013, 11(3): 286-290.
& A3 PCB it i s 5 se Bk e A 50T 5 [ D], Bl . 52 B %, 2012,
BAI J. Signal integrity analysis and research on high-speed PCB design [ D]. Shanghai: Fudan University, 2012. (in
Chinese)
B B B RGO G VORI T B R AE EMC R TR A LD SR < U1K, 2001,
GUAN D G. The study and the engineering application in EMC of the electromagnetic shielding composite based
Ni coating [D]. Chengdu: Sichuan University, 2001. (in Chinese)
D'ALOIA A G, MARRA F, TAMBURRANO A. et al. Electromagnetic absorbing properties of graphene-
polymer composite shields [J]. Carbon, 2014, 73. 175-184.
AL IR F KBRS WO R BT ST HERE L) ] AR A 4 & M # 5 T 42,2008,37(8S4) :504-508.
ZHANG J, ZHANG W Y, XI Z P. Development of stealth radarwave absorbing materials [ J]. Rare Metal Mate-
rials and Engineering , 2008, 37(S4) . 504-508.
BB TR K INAF LRI JER R A B B S S R RSS2 R F- 4. 2017(1) 1 66-68.
FAN W, MENG ] G, SUN R J, et al. Development in the research of hybrid fiber reinforced structural absorbing
composites [ J]. China Textile Leader, 2017(1); 66-68.
AT F o TRAD L R BT AE B A5 R PR RE (D). &5 R F R, 2013,34(1) 1 16-19.
WEIS N, LIR Z,CHEN L, et al. Microstructure and properties of radar absorbing iron fibers [J]. Journal of
Textile Research, 2013, 34(1): 16-19.
M S, e 2RI MR S5 st ]. 245 A4, 2018,46(6) : 6-10.
YANG Q Q, LIU H W, MA X H. Designing on multi-layer wave absorbing woven structures [ J]. Wool Textile
Jouwrnal , 2018, 46(6): 6-10.



Bl

PN 55 R TR S 58 B Y LCDs P T PP BE $2 71 47

EERE I

- . 7 v u‘,é ’
MBEAS827) 2 MIELEF=A TEIE (1985 ). 5 1 7 MO AL B

W1 2008 4 F R T b2 B 7% 13 B = B
;w\‘gjgiaﬁ%?Zi:% STV 2010 TR B
ESRES W rm S 7N 15 ZH BT W \ R . — g oy

i R B = BTG R B T A, E-
& T. Y, E-mail: sunyansheng @ boe. -

. ) mail; leisijunboe@ gmail.com
com.cn
Py



