$01 % 6 KRN =ZE58BFEEFR Vol.21, No.6
2023 4 6 H Journal of Terahertz Science and Electronic Information Technology Jun., 2023

NEHS: 2095-4980(2023)06-0819-07

ETHl=5F S8 PCB & Tl

WEF, & ., Tl
(AeEhR K2 P TREARE, JEED 100876)

W E: MERTRAATEBMHS4RAENAARTURGTABN A LS, SRR AT
Bl B AR (PCB) I A RSk 0 B 8] R . B 2 v 7 E A B i3 A BB T — = BRI R
K, EXXEHRWGERNUMELFAENE., YREPCBEHL T My E, RE A THK
PCBW S — %M, 2WANTPCBEAERNEEZ, ZA AR EZAENLP)EAMET AT
PCBEH T MMy R4, RIGHEPCBER TNyt B B EHR, FHAT3.2% N EHFE,

KGR WRIEENR; RN HLEFT; NLPER

FESES: TN4] XEktRERD: A doi: 10.11805/TKYDA2020679

PCB crosstalk prediction based on machine learning

CHEN Xingyu, SHI Dan, WANG Yunpeng

(School of Electronic Engineering, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: With the rapid improvement of clock frequency in electronic system, crosstalk has
become one of the problems that Printed Circuit Board(PCB) designers must concern. Although the
design cost has been cut to a certain degree, it still takes a lot of time to simulate the crosstalk on PCB
even with the help of high—speed circuit simulation software. Aiming to improve the efficiency of PCB
crosstalk prediction, a new data structure is proposed to describe PCBs. The factors that cause crosstalk
on PCB are comprehensively analyzed, and a PCB crosstalk prediction system is built by using Natural
Language Processing(NLP), which reduces the time for crosstalk prediction to the magnitude of seconds
and achieves 73.2% accuracy.
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Fig.1 Framework of PCB crosstalk prediction system
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Fig.2 PCB sequence model
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Tablel Data structure of aP;

coordinate output impedance/(), input capacitance/pF rising/ps, falling time/ps
(2.305,2.371) 5/20 100/100
2) LIRS B , LB np,,, Hh B ICAE P, , AT R A IE -
nP, = [coordinate, type, value] 2)

Kb ope RoRZTLWEAFRIEEL, WAL ; value Rz TCIR R AFROME, T ICUR &% 1R 0045 i o 34 45 3 3
T 5 R T, DRI value AL TC s T 3R R AU (E . P, BOBCHE S5 #0 AN 3 2 TR o
2 TR E IR A

Table2 Data structure of nP;,

coordinate type value/()
(3.30, 3.50) resistance 50

nP AR T B REAE B, EAESEERH B PCB P IR, value AR X T 45 R 09 BUI S 2 1 3 R A9 1R,
XS P, BEAT RO AL B o A B — 25 PP 51 FP A ) ype (AT BT, AU nPy e s 1Py e T EZALE MR 340
347 B ki P R A A L R R . RS R 3 s .
3 LR RUEES

Table3 Data structure of nP,

in,value

terminating resistance/{) terminating capacitance/pF earth voltage/V
5 20 3

3) ML B G, IEE segs, B ARLKBUCIE seg. PCB AR LI iy 2, w2 il — Bt — By 4
B CPRHET ML, XL seg, T Q)RR

seg=[coodleﬂ,coodrigm,

e cood, KRz TFL LN R TR 5 cood,y, TR % T LA m I ABTR 5 layer 371 123 28 B 76 AR DL 19 2= 40 5 5
width R8I FLNATE . seg MEURE A5 W 4 iR .
K4 FLBHRL

Table4 Data structure of seg

layer,width] (3)

end points coordinates layer width/cm
{(1.65, 0.525), (1.55, 0.525)} 1 0.01

4) | J Deep First Search(DFS) 574 X%F LA I 3 MR G A7 [Ty, $2 B0 S 2% PCB IR 9 A, 12 AE model , T
(@) KR

model=[aP,,, aP,,, nP, ..., segs] 4)
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Y [F) LA R Sl A 1 B ) A T DA 4 o) AR A 2

5 AN[A PCB Ay A i)
Table5 Modeling time for different PCBs

number of segments number of pins number of nets modeling time/s
191 191 45 0.161
11 593 2174 407 1.845
66 428 2 065 385 7.124

1.3 PCB E#i A& F S =R

NLP 58510719 5 iy 32 2EH T AL BEIE 5 7 81, AT fg M it A5 B . PCB AL 285 SRy s Yl i, T fE 52 3] A
My EREYR T ETAE SR, LA SRR S BRI 8 2 8 0C FR X 5 NLP &AL L 31 41
o SRR — 30 o PR, AR SCfH F NLP AR A f Ak 35 AN I 25 PCB 31 A5 A

Bl ST R H AR 2 B PCB B & F SR AP AE A i, XE— M AZ LR R, X504



32 ABEH PSR TFERSRE 521 %

) T 75 2 2 PR A A FL R s, R e AR R Z AR S A EAE o SR T LA WIS, AR SO seq2seq AR TR
PEFT T, g B S 404 X K 4 90 12 (Bi-directional Long Short-Term Memory, Bi-LSTM) A T f# 5 % £
BERY 5 ff B A3 FH B ) LSTMIMR Y, JE 5] A 1 3 T (attention) ML il A £ 25 HE A5 91 5 #5328 17 50 04 AH SC 1
1.3.1 Hcd fii b 2

At SCAR TF HIAE R A0 g i A B, — B 25 e X e B v A AR AT R R A AR T, K IR — S R OR
T 3k 2 ) B 4 A OB BRCHE A A AR L DR IR L 45 R ) G SRR A B AR AR (1 R, B T R A 1A A
By, PCB R Al Ay “1d” J& b SO 457 1 model ,  HA B gt — A1) o X BT N TR E A7 A v ol om
W X3k, PCBJF A model H HCE & T A MAELE, v LK HEBIZEHIT T self-embedding (8], X 7E—
FE R B AL T O A EE 0 2 B (B DR S R i T R [ E R, T PCB AR AR AN E 1Y, PCB AR Y 4
WA AR, P ZE X EOE AT — R B A RIS, 8 04T 2500 100 4k B e SCan T i B

1) &3 PCB J7 AL RUAE & () 1 7 90 8 & PCB WY 2 & 54l . 4. PCBY RS, PCBJZ%(L) ) PCB % )2
R R

2) B A ¥ 5 B 45 R 0 4 R =X (4) B LR

3) B H PCB HiUFFI B BIAE & W R P F & — 2 0 )P, Rmiz A 8E 45 0

4) PCB M7 51 45 0 v A B 25 AH G TR 1, 75 BEAR I PCB 19 R ] HEA7 45 LU il 4, 52 PRBCHE 19 9 — Ak Ak 2

— AN m A n 2E model #9 PCB %045 7T FH 20 (5) % -

B b, - b

Xl X1 X,
pP=| =] - (5)

X, X © X

E 0 -« 0
K. BRRPCBRWZRGL; b WE2EBFEEKFE, WMPCBRHWER. EEEHFL; EXREZTFS, M
e X 55 A [v] 4k B 1) PCB M 854 5 X 78 78 PCB it | #2 LAY model ; x 78 model | AR —ASFBE, Wi i As A5 |

i 42 FELBEL(EL 55
1.3.2 L > W #2

KM seq2seq BERY | 43k d b RN AD 2 585y, St
o FHOBLT) LSTM B RS | fige A% fff FH 5 1] LSTM 455 54 3 5] A
attention FILiH| , A& A ) BAKEE R A& 3 TR .

1) &4 14k B [ B (data preprocess)

PR AL BB B, R HEAT PSR donoiine B

a) R4 PCB i R, X3 2 A5 78 o oy A3 19 A6 B £ —
B T — b ab

b) Xf model Y £ & #E 17 45 7 . & e PCB 42 Ui 1y
model Hi AN S AHE P AE SO 25 2 i 7% 226 X (5) R
P 4R B e B AH TR 2 B . 4 D7k . #E PCB M JR attention
WimaE . Ko HE PCBF 4 4 4 DL &% [ 1
Jp g AR, A R R R Ty 2Ok A SR Y TR A AR
fA] 5

2) %t &8 43 (encoding)

encoding

Vi=fram G0

Yo =fistm (xt’y;;l ) (6)
= [y/‘vJ’b:| o
. . - N . preprocess |
ey RN IE 17 LSTM 9 R 802 4 th s ) Rom I ml —

LSTM {4 B 5802 4 5y, Sy My, B9 B B i o W] LU
oy T PCB R A1 M 0 2 ¢ i 20 0 77 5045 B (GE ),y

Fig.3 Seq2Seg model
0.3 1 PCB M I 31 M SR J5 B 0B 1 8 20 6005 1 £ . 13 Seq2Ses B



46 PREFE: ETHISRFIHPCBEHTN 823
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Table6 The impact of dataset segmentation on accuracy/(%)

@)

training data validation data test data accuracy
70 15 15 73.2
60 20 20 61.1
50 25 25 54.7
40 30 30 55.4

AR A R 70% H T IR, 15% TR IEA 15% T . 0 T RORE A U0 43 T s, nl LAAE B o
PAF 73.2% WHERYE . BEAL, BE XA TR B 3 E D7 SR EEAT T SEER . AN B 2 O 40% BEAT ISR, 30% HEAT B IE A
30% FEAT IR E, I HCHE o A HE B ARG B 55.4% 0 ATLAE Y, R 8 B AR 1Y 70% I, SSOCR R IR A .
JE PR AE T PCB AR Fy 81 A5 I8 14 F500 % A3 (9 25 A ARPEAR K, 5 5 7 AR AR S0 P SR AR S5 R o — B, R 2
FPOITE R b S B B, HARR R AR FE IR Sy RS TR SR TE 6 1 BT o DA I A B 1k
SHMET BETERT, UIZREEE NS IR ES 2 L, JEPLER S I BT DU AL T SCHE R 2K A

H7 B SRS 5 1
Table7 The accuracy versus ratio of machine learning

ACC P R F,
73.2% 70.8% 71.0% 70.9%

HER R et I, HALES 2 D VRN A8 bR a6 7 iR . ACC MR HERG R, P RAEHRR, R ABEIR, F Ak

WA R A, SRR pe T ke TP KD g o st o i ok

TP+FP’"~ TP+FN’
MR, FP OB T ES TR A0 L B, FN BT R S0 1) &8 LB .
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22 LIWE R

R B UE ML g 2 )RR Y R R L RS B 9 25 SR 55 Graphis HyperLynx Fl Cadence Sigrity P K 3 3t i 17 .
A BAE R BEAT WX o (5 B X Rk B — e DDR3 A7 45 Ha i, 7 B0l 0~2 GHz. It DDR3 A7 45 91 A
89 927 MBI 7 780 A5 o b N A7 AR 4 B i e K, AT A ELAB I 4G, RO B0 L eb mT e s B R AR
5] R 1 25 A5k F X 26 64T T 5 Lo 7E HyperLynx HY, 36 HUHE 73 W 2 SF A7 4ib oAb B0 3, %8 HUR R {H R 150 mV,
TR E A5 RN 8 fr /R o #E Cadence Sigrity W, & HCRIFE B P4 FE 7705 B, & 25 M4 A0 T & B — 4> 5w 11 k)
2 kA B T, B A B A s T, B R R R S T (B AY 10% , WU A A AE HR R 1) (Samplitude
>-10 dB). &5 WA 14 Z06 H AE S 4R & T 10 dB, I IEA 7 % W48 (1 45 W 45 2 /> vt 1) ez 00 1 B 48 [m) A8

%8 HyperLynx f/j EL45 R
Table8 Simulation results of HyperLynx

No. filter quick analysis crosstalk/mV No. filter quick analysis crosstalk/mV
1 HSMA_RX_D_P6 pass 14 HSMA_RX_D_P0 pass
2 DDR3TOP_DQO pass 15 HSMA_RX D _NO pass
3 DDR3TOP_DQI1 pass 16 HSMA _RX D P3 pass
4 DDR3TOP_DQ2 pass 17 HSMA RX D N3 pass
5 DDR3TOP_DQ3 pass 18 HSMA_RX N3 208
6 DDR3TOP_DQ4 pass 19 HSMA RX_P3 208
7 HSMA RX D N4 pass 20 HSMA_RX_NO 184
8 HSMA RX D N6 pass 21 HSMA_RX_P0 184
9 HSMA RX D N7 pass 22 HSMA RX N4 156
10 HSMA RX D P4 pass 23 HSMA_RX_P4 156
11 HSMA RX D P7 pass 24 HSMA_TX_P6, HSMA TX_CP6 151
12 HSMA _RX D N6 pass 25 HSMA_TX_N6, HSMA_TX_CN6 151
13 HSMA RX D P6 pass

TELL F RO B o, HyperLynx £ 4 8 4% X 4% - ——
FEAE BRI, Cadence K5 I Hi 1 7 4% W 2% A7 7 £ 4L 1) — ]

Ny b | L
@, H. ™ HyperLynx F1 Cadence £ il Hi T 7 2% A [6] i) % T T o s s
‘_{::;—--c‘“_\\_‘
% . iy Cadence Sigrity fff | 7 4 ¥ {5 B 5%, 1M e i ' — e
Hyperlynx ffi 1 T 37 & 25 & # 5B3% , r LA Cadence Sigrity o 8.8 ::>Zix\_%
> v 2 hE Vi N [N = — H — ]
7 0 HOBE N, (LR B B AR . IR g R s
Cadence T I 1 7 46 o3 10 4 W 350 e 83 e
N - N L —
AT, HyperLynx th 2K W th 1) — & W 2, Fo e 4 (1 e
I T HyperLynx 8220 % i (08, {H Ik i5 %] Cadence o ]
Sigrity [ F1 Wi b 7 . -100}..... . =]
> " " Vi 4y et L —

A5 8BTS I 26 4 30 5 ABLAR 5 ST B o 47 o s e
ORI F PR . WL R W IRH, Wi e =
UL 18 477 5L A X 85 /0 1) 0 2 5 AR 9 T LB 2 I ) MHz
52, LS > 88 7 e T 45 B AE R g Fig.4 Simulation results of Cadence Sigrity
N [€] 4 Cadence Sigrity /5 HL.45 7

RO Ml SRR oyl 0 ELAR 5 R0 HE

Tabel9 Comparison of crosstalk prediction between machine learning model and high—speed circuit simulation software

HyperLynx Cadence Sigrity machine learning (the whole board) ~ machine learning (critical network)
computing time/s 390 653 5.367 1.421
number of nets 23 23 317 23
number of problematic nets 8 7 11 9

AR I, LR BRI Y 11 SR R 2%, Horb 6 25 5 Cadence Sigirity B FRINZE R —2, 655
HyperLynx B9 S0 45 2 — 30, B BIR S8 75% . 18 UAS R B A AH 5 0 J5 I E 28 AE T . MLan o ) 1 A 3 g =
A O HIEECE A P R 7 U, PRI S 22 A6 0 JFC At 191 v D R e 456 A ) A ) 2%

T8 5B I 25 6 00N v, LA o ) AL B T O A% A IR ARG R 4%, Horh 6 45 5 Cadence 455 — B, T4 Y
HyperLynx i —2, #3735 5535 87.5%
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TE Ty AT AT AR 9 0 58 F A, l RUAR K s 20> PCB i L W e 28 e i h By i ] o [R) I, 32005 ikt H A AR 98 1 3 1k
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