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Analyss of SSN on the Power/ Ground Fanesin High speed
MCM Based on PEEC Combined with Block Reduction
Algorithm and Recursve Convolution Formula
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Abgract: A rove method is proposed to andyze smultaneous savitching noise on the conductive planes in high- peed MCM
layout sygem which is based on PEEC combined with block reduction agorithm and the recursve convol ution formulation. Its advanr
tages are snple parameter extraction ,high dficiency and high precison. Meanwhile ,a hierarchical nodding way is proposed to nodel
big sze power/ ground planes by cascading macronmode sdf amdl sze power/ ground planes. The Smultaneous saitching noi ses are di-
rectly andyzed in time domain. At lag ,the precison is ot only verified by the plane circuit formulation ,but d < two exanyplesfurther
indicate that the method gves high accuracy and high ficiency for time-domain smulaion of smutaneous switching noise on the
conductive planes in high- peed MCM.

Key words: highr peed MCM ; PEEC ; Smultaneous saitching moise; hierarchica nodding way

1
(Mawm) , /
[2,3]

(Driver) , / , '

. (Smultaneous Switching , (PEEC)
Noise) | , , , MOV /

, , . PEEC (41 1974  Ruhi

, ,BELL ,

Rand / ; : , Ramd's  /

1D [ FDTD) ; FDTD

:1999-10-25; :2000-04-17

(No. 69931020) ;



11 : PEEC MCM 5
PEEC R.C 2.2 (M. PRIMA )
MCM / ,
(SI0) / N
/ : , / N
, (MIMO) , N /
, 1,02 , s
MPVL (Matrix Padé Via a Lanczostype pro- sCX = - GX + Bin s
cess) ,Block Arold  PRIMA!® (Passve Reducecrorder Intercon w = B™X 3
nect Macromodeling Al gorithm) PRIMA ) [ q,] _[ [P]* ‘-J ) [ g ETR-J
X = ,C= ,G= - )
: [ [L -E -
Zka/S- pi, / B :
: , Z(s) =BT (sC+ Q) "'B (4
PRIMA, Arroldi Vg,
[l ’ ’ VCI 1
Mav : [5]. PRIMA
/ s=0 , ,
, , PRIMA
MOM / M. PRIMA , s#0, C=
VaQVq, G = ViGVq,B = V4B, Z(s) Z(s)
5 ; Z(s) =BT(G+sC) 'B (5
21 MCM / M. PRIMA PRIMA
PEEC 2(b) 3 n q! q
Maxwell <n; n’ o
DD /
/ , .
: / Zj(s)=nzs—k’*“—_"p_ =1 N:j=1 N:n=1 q (6
PEEC / - " o
, DC / z
MQv
2.3
, ’ ’ 100 PEEC /
200 m RC
} ’ ’ Mav / . ,
’ 106G
, ; , /
d ‘ !
[RIIT+[LTG [+ [EI[®]=0 (1 , , /
v-J+(P)/(0t) =0, z , ,
, MNA
d
dt[<1>]=[P]{[E]T[I+[g][q’]]} 2 /
[R]I [L] [P] [4],09] /

[ E] [P]



6 2000
‘A mi+meemsem2 10 W = [ lnismesnsemeet
I+ mes g+ mzem] - Viv Iy Mo
Vi Zoixmi  Zmixme  Zmixns I
Vi| =| Zhexm  Zmaxme  Zm2xwa| | (7) tc
Vi Znsxm  Zmaxme  Zm3x I
Vi=[Vi V2 Vel T Vi = [Vis1  Vieo |:VVE| :|: Zogx e Zogxns |: IV] 9
Vs me] Vi = [ Vies mev1 Vi s m2s me Vi + e+ el |, Vv Zosxns  Znsx v
h=[li Iz [0 I PPIE (N P P lna+me] ' Vi = [ Vit + m2+ m3+ m2+ ma+1 Vit + 2+ nG+ m2+ i+ ma] |
I =[0I+ me+1 i+ m2+ me I+ mesna] Vil Vi = [ Vmi+m2+nseme+ms s+l
Vi Vi N Vit + o+ mg+me+mi+ma+ms] o M = [ lnis mos mas mee mav1
Imis mes masmesmeng ]y Wit = [ lois mes mas mes ms ma+1
‘B lmi+ me+ ma+ me+ msmgens] Vi v
Vvii v
[v.v} _[ Zooxme zﬁ,mj [ I.V} (7.8 (9,
= (8)
V. Zoaxme  Zmax Iv. ,
Viv = [ Vmi+nme+ma+1 Vs mermerme ] W = '
[Vii+ m2+ m3+ m2+1 Vigs mesma+merme] v = [ ot s mos mge1
B Vl_ _Z(Anl><ml 0 0 Z(Anlme Z&lxnﬁ 0 0 1r ||'
Vy 0 Zowx ma 0 0 0 Zowx 2 0 Iv
Vi 0 0 Zisx 6 0 0 0 Zrex s Ivii
v | © Znoxm 0 0 Znoxme  Zm2xns 0 0 l (10
Vi Znaxm 0 0 Znaxme  Zmaxmg 0 0 T
Viv 0 Zooxm 0 0 0 Zhoxme 0 hv
- Wi Lo 0 Zaxwl O 0 0 Zoaxmd M-
vl | Zaxm Zuxee  Zaxms O 0 I
Vi 2 me 0 0 0 Vi Vi Znoxm  Zm2xme  Zm2xns 0 0 I
Vi _ 0 Img x m3 0 0 Vvi (11) Vil =| Zoaxmi  Zoaxme  Znaxms 0 0 m
Ly 0 0 - lnewme 0 Iy v 0 AL £ o y
L 0 0 0 - lax I Yo . ) e e "
Imexme  lmexm3 m2xm2 m3xm3 -
(100 (11, \Y/ v, (12)
I
’V Znoxm  Zmexme* Zmoxme Zn2xns - Zo2xm 0 j IIH 0 (13)
Zhzem Zhsem Zysioat Zasw 0  Zoneaal |
o I‘IVI
z(i=1,2, ml+ md+ mb) 3
(120 (13 MNA ’ ’
- Zoew 1.25cm, 10¢m, 4.0,
0 Zoon| [V| Vie Vin W Mo Ly e Iy |VII]T: Es / , (]__ 5mm,
vizl 1N 2.25mm) (23]
(14 Si1, 50
Iq , Bs , , 1 , , )
7GHz



18 20

Voo

16

e S Rervofyot ol

MQM

1S

18 20

PEEC
10 12 14 18
S /GHz

6

11
o3
H
)

i /GHz

,(b) Sp

.(a)S;U_

398

2(b) (o)

MNA

2(a)

MQM

4.0cm,

PRIMA

M. PRIMA

4.0,

150. @ m,

MQM

PEEC
PRIMA

3(a)

M. PRIMA

I ——M PRIMA({S=1 2210
| ====FRIMA(S=0 0)

=— Exaci

]
o

M FRIMA4T=1 3 10)

mme PRIMAG—0.0)
6

3 (5_)

1 1
o =
[+ —

(g1Z)or1 Jof

00 |

## /GHz

, ()

. (b)

3.0cm,

PEEC

6.0cm,

4.0,

3(a)

3.0cm,

3

I5)
-
™

PEEC

25 30

0.5 10 1.5 2.0
Il /ns
,(b)

0.0

MQM

(a)



y 4

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

8 2000
; , / [ 6] ShenLinand BEneg S. Kuh. Trandent dmulaion of lossy interconnects
, based on the recurdve comvolution formulation [J]. IEEE Trans on
MCM CAS1.1992,39(11) :879 - 891.
, ( avios)
) MQV
/ 1972 1995 7
) ;1998 2
[1] ; : : GaAs
[J1. ,1997 ,19(4) :510 - 515.
[2] QungTsi. Le , Robet W. Techentin, Paul R. Hayes, Danid J.
Schwab and Barry K. Glbert. Wave modd ol ution to the ground/ pow-
er plane moise problem [J]. IEEE Transon Ingrumentation and Mear 1958
surement.. 1995 ,44(2) :300 - 303. 1981 1983 ‘
[3] QuengTsa Le ,Robert W. Techertin and Barry K. Glbert. Highfre-
quency characterizetion of power/ ground-plane gructures [J]. IEEE
Trans on MTT. 1999 ,47(5) :562 - 569. CAD
[4] A.E. Ruehi ,Equivdent circuit mode sfor three-dimengona multicon- 40
ductor systems [J]. |IEEE Trans.on MTT. 1974 ,22(3) :216 - 221. 0
[ 5] Altan Odabasogu,Mudda Cdik ,and Lanrence T. Flegg. PRIMA :
passve reducedrorder interconnect mecronrodeling dgorithm [J] . IEEE
Transon CAD o IC and sydems. 1998 ,17(8) :645 - 653.
( 3 )
[4] Yang Hui ,Liang Junwu,et d.in The Ig Pacific Rm Int. Qorf. . on
Adv. Materids and Processng. Eds. Shi ,C. D. ;Sott ,A. TMS, ;541 -
[1] WenRund e d.journd of Environmentd Sciences, 1994 ,6(1) :123 545,
127 [5] ) ,1994 ,2(4) 282 - 287.
(2] ' 1995 16(3) 188 - 194 [6] Wen Rume & d.ACTA Hectrorica Srica,1995 4(4) :93- 95.
[3] ' 1597 25&2) 6. 7;3 [ 7] Wen Rums . d.Journd of Environmentd Sdences,1994 6(1) :123

- 127.

http://www.cnki.net



