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SIGNAL INTEGRITY ANALYSISBASED ON MODEL
ORDER REDUCTION

ABSTRACT

Deep submicron IC design will bring many new challenges. Under such
background, this paper first introduces the principles of model order
reduction and the significance of signal integrity analysis. Severa classical
model order reducion algorithms are introduced, and their advantages and
disadvantages are compared. In this paper, a new algorithm based on
observability canonical form is proposed. It has a simple structure and is
easy to check the stability of reduced model. In the third part of this paper,
model order reductions are performed on several interconnect models using
various kinds of algorithms. The results prove that model order reduction
techniques can obtain a much smaller model than the original circuit without
losing much accuracy. Signal integrity analysis based on this technique is
feasible and effective.

KEY WORDS: Model Order Reduction, Moment Matching, Signal
Integrity
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nxgq X G

X nx2q
colspan(X) o colspan(X)
(80)
PRIMA
PRIMA
3.4.2 SPRIM
PRIMA
Krylov PRIMA
SO AP
Z(S):BlT(SC1+G1+; 2T 21G2)l 1
Gl'GZ’él’GZ’Bl
PRIMA
3.5
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Krylov
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SPICE

TICER Time Constant Equilibration Reduction [10]

RC
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TICER

TICER
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Y1k

Y13

Y12
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TICER RC
RCLK [16] YA [17] [18]
3.6

MNA
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%x(l) = Ax(t) + Bu(t)

y(t) = Cx(t) + Du(t)

MNA C

3.6.2

(0,4)

Laplace

Y(s)=Y,(s)+Y, (s)=C(s] — A u(07)+[C(sI — 4)" B+ D]U(s)

y(t) = Ce™x(07) +[Ce™ B+ DS (t)] *u(t)

u(®)=0
y(t) = Ce™u(07)

(88)

(89)

(90)

(91)
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y(t) = C(ay] +a,A+---+a, ;A )u(07) (92)

CorCrr 1€y A
C
CA -
y(t):[ao a. - ak—l] . u(07) (93)
cA
»(2)
u(07)
C
CA
N = : (94)
CA."‘l
N
Krylov
AWE k
N
3.6.3
n X P nxn
z=Tx



P'z=AP x+ Bu

(95)
y=CP'z+Du
P
> =(PAP ™)z +(PB
z=( )z +(PB)u (96)
y=(CPY)z+Du
A=PAP,B=PB
. A (97)
C=CP*'D=D
40y = Az(0) + Bu(t)
dt (98)
(1) = Cz(£) + Du(t)
P
S _
1
A=PAP* = - ,
0 1
| ¢ —o @, —Q, |
CB
. CAB .
B=pPB=| . |, C=CP"=[1 0 - O] (99)
CA""'B
Aos Gy &y A
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Model Order Reduction using Observability Canonical form

1 Arnoldi Krylov
Kq (AT ’ l) = Spal’l [l, ATl, cee, (AT)KZ*ll:I
2 o=[ao a ag-1]
(A")Tl ~—al —alATl_. . ._aq_l(AT)qfll
3
"o . )
1 1'r
1" Ar
Aq = rq = : lq = [1 0
1 :
lTAq_lr
__ O!o - al - a2 — aq_l |
3.6.5
MOROC
Aq 1
MOROC
k =0’1"' '(]—1

Laplace
(100)
(101)
0 =e,(102)



q q9 49
_ k+1
0 1 -+ 0]
0 1
—¢/ | (103)
* m,
I 1
:mk
366 a
(A1 Krylov (A1 (i=01,...,q-1)
Krylov Arnoldi [5] Al
i w, =1 Al (A
Wq =[w, w, w,] Arnoldi
W, =WH, (104)
H‘I
Arnoldi H, Hessenberg H,
AW, =WH +h, w,e (105)
Hq Hq ]21721“ ,C]



[EEN

s =Pl

H Hessenberg

HWY ﬁ j

]

k=l,2,-~,j

(106)
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(109)

_ 7 (9)
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q
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3.6.7
AWE
Aq Aq
A(]
f(A)=x +aq_1/1q_l +"'+061/1+a0
(@ ¢
Hurwitz 28]
B(S) = bnsn +bn_ls"_l + ...+b0
M(s) N(s
M(S) = bnS" + bniZSH—Z + bn74Sn_4 ..
N(S) = bn—1Sn71 +bn_3S”*3 +bn_5Sn75 e
M(s) 1
S
N(s) G5t 11
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Hurwitz B(9)=0 S
q; i=12,--.n
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CPU AMD Athlon 3000+ 2.0GHz
512Mb DDR400
WindowsXP Service Pack 2
Matlab 7.1
Hspice Ver. 2003.09
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(a) MOROC 10

i qi i qi
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