S.
N.

H.
N.

Crosstalk

Slmdl
Rm. 340, Department of Electrical Engineering
E-mail: rowu@ew.ee.ntu.edu.tw
url: cc.ee.ntu.edu.tw/~rbwu

Hall et al., High-Speed Digital Design, Chap.4
Rao, Elements of Engineering Electromagnetics, Sec. 6.7.

1



What will you learn
—_—

« Physical insight to inductive & capacitive coupling
« Definition of L and C matrices of multi-coupled tx-lines
 Electrical parameter extraction for coupled tx-lines

« Phenomenological description of crosstalk noise by
weakly coupling analysis
« Analytic derivation for crosstalk noise by model analysis

« Construction of equivalent SPICE circuit for transient
simulation of ideal coupled tx-lines

» Novel designs for minimization of crosstalk noise:
matched termination, guard trace, spiral delay line.
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I Contents
—_—

« Two mechanisms that Cause Crosstalk
« Crosstalk-induced Noise

« Even/Odd Mode Decomposition

« Modal Analysis

« Simulation in SPICE

 Design Issues
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MCM Structures
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Mutual Inductance and Capacitance
— -

= Crosstalk is caused by energy coupling from one
line to another via:
+ Mutual capacitance (electric field)
+ Mutual inductance (magnetic field)

Mutual Capacitance, Cm Mutual Inductance, Lm

Zo

PAS




Mutual Inductance
—_—

Mutual L induces current from a driven line onto a quiet line
by magnetic field -

Ground \V/ — L dldriver

noise =~ ™m dt




Mutual Capacitance
—_—

Mutual C is coupling of two conductors via electric field

Ground — 1

_ :C d\/driver
noise m dt




Crosstalk Model by “Equivalent Circuit”
—_— =
= Circuit is distributed into N segments

C12

Line 1 Line 2 I_12
K =
N

L, (1) L11(2) Line 1 L1u(N)
A YN vy —
T Cis(d) T Cis(2) < Cic(N)
::Clz(]_) ::Clz(z) ----------- ::Clz(n)
M Line 2 A% -
L,,(1) JT— C,o(1) L2(2) _IT_ C,s(2) L2o(N) - Cac(N)

R.B.Ww 9




I Inductance Matrix
— -

" Inductance matrix:
+ Lyn = self inductance of line N per unit length
+ Lyn = mutual inductance between lines M and N

Ly Lp oo Ly
L= e bl
[ NP — L

R. B.Ww 10



Capacitance Matrix

— -
" Capacitance matrix:

+ C\n = self capacitance of line N per unit length where:

Can =Cre + Z‘C‘mutuals

+ Cne = Capacitance between line N and ground
+ Cun = Mutual capacitance between lines M and N

i C11 _‘C12‘ _‘c_:lN ‘_
[C] — _‘(?21‘ C22 . :
(SN I Cw

" For example, for 2 line circuit:

C11:C16+‘C12‘ E—
K. b. Ww




Numerical Techniques
—_—

Geometry of lines:

width, separation, : :
thickness, height, CAP1 CAPZ2 - microstrip

_ substrate, etc. ) O D

c2D |

Electrical parameters:
capacitance matrix [C]
Inductance matrix [L]

« Based on IE formulation
and MoM

 Exact integration formulae
e Four versions are available

W. T. Weeks, “Calculation of coefficients of capacitance of multiconductor transmission
lines in the presence of a dielectric interface,” IEEE T-MTT, Jan. 1970. R. B. Ww 12




CHARGE DENSITY

CAP2 Example

# A ¥E < CAP2.DAT

2. 1.

0

3 &
-4t 1- "-.11- 1- _1
3 &

1. 1. 4, 1 4

- =

# E1, E2, H
# N, Print/no
# Conductor 1 :
# Polygen K, Len Div,

2. -4, 2. -4, 1.
# Conductor 2 ....

rectangular
N _Min Div

2. 1. 2. 1. l'I

#i L FE L CAP2.0UT

B C
CONTOUR COORDINATE

Matrix of Capacitance Coefficients: (pF/m)
93.4600 -8.5756
Matrix of Inductance Coefficients: (nH/m)
198.1587 30.1863
30.1863 198.1588
Approximate Characteristic Impedance: (ohm)
46,0462 46.0462
Approximate Saturated Near End Noise
| 1.0000 0.0610
A 0.0610 1.0000

R. B.Ww 13



Crosstalk Induced Noise \
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I Mechanism of coupling
— -

= Circuit element representing transfer of energy
dl
v, =L, & o, =C, Y
" dt dt

= Mutual inductance induces current on victim line
opposite of driving current (Lenz's Law)

" Mutual capacitance passes current through mutual
capacitance that flows in both directions on the
victim line

R. B.Ww 16



Coupled Currents

_—
= Coupled currents on victim line sum to produce
near and far end crosstalk noise




Voltage Profile of Coupled Noise

e —
" Near end crosstalk is always positive

+ Currents from Lm and Cm always add & flow into the node.

" For PCB's, far end crosstalk is “usually” negative
+ Current due to Lm larger than current due to Cm
+ Note that far and crosstalk can be positive or nullified.

[ PRy, T oy, B
o o s — - - ~
l l Far End ~
l‘; Driven Line
A} Un-driven Line
N\ “victim” |
Near End = \'II I
Driver /i I
~_ 1P
N\



Graphical Explanation
—

T”’n:)/_ Near end crosstalk pulse at T=0 (I,5,) "
@_"WVJ_L 70 l L_:Tr Near end

crosstalk
_Ll_—>

Far end crosstalk pulse at T=0 (l;,,)

Time=1/2 TD _/_
— N
_/M/
e =R | \
$ - | )
U= far end
Time=TD crosstalk
_—
@_0 0 Far end of current
ll_“ZM_ Wﬁl terminated at T=TD
| U
Time = 2TD
@ J L —W 2 Near end current
I L | €

terminated at T=2TD
¥ 20 1 R.B. Ww 19



Crosstalk Equations

inated Victim Z0

Far End A= VinpUt LM CM
4 L C

Driven Line

Un-driven Line TD = X+ LC

“victim”

7s Near End 2T,

Driver Z0
TD
sy
Far End
Open Victim
Far End
Driven Line
Un-driven Line
“victim” . LAY
il
A
Near E
y 7S ear End JER N ==
river 70 T ~Tr i~Tr
C=-

21D

]
Tr ~Tr Tr
2TD
:Vinput I—M +C|v|
4 | L C
B=—C
2
Vinput TD|:LM _CM
T L _C
Iv. Lr} yv wv 20




Crosstalk Equations -2

TD

Near End Open Victim

Zo

Far End \ ]C
. . - A
Driven Line C - Vinput | Ly B Cy, lB
Un-driven Line 4 L C | T
“victim” ]
_ T Tr Tr
V. -TD[L  —
Zs Near End B=- Input l: M _ CM >TD
Driver 2Tr L C ]
3TD

" The Crosstalk noise characteristics are
dependent on the termination of the victim line

R. B.Ww 21




Example
— -

Calculate near and far end crosstalk-induced noise magnitudes and
sketch the waveforms of circuit: W

/VW_
ngV
R1 R2
Vsource=2V, Trise = 100ps.

Length of line is 2 inches. Assume all terminations are 70 Ohms.
Assume the following capacitance and inductance matrix:

9.869 2.103
L=12103 9.869

_ 2.051 -0.239
} nH/inch C= {

—0.239 2.051

Characteristic impedance is: Z, = L, _ [9.869nH _69.40
C, \2051pF

Therefore the system has matched termination. (Vinput = 1.0V),
crosstalk noise magnitudes can be calculated as follows:

R. B.Ww 22
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Example (cont.)

e —
Near end crosstalk voltage amplitude:

v Vi {Lﬂ N |clz|} W {2.103 N 0.239}

near ~ 20082\/
4 |L, C,| 419869 2051

Propagation delay of the 2 inch line is:

TD = X+/LC = 2inch*/(9.869nH *2.051pF = 0.28ns=280ps
Far end crosstalk voltage amplitude:

Vi TD( L, C,| _1v*280 ps[2.103 - 0.239
"2 T.\L, C,/) 2*100ps (9.869 2.051

rise

j =—-0.13%V

Thus,

200mV/div

23
100ps/div R.B. Ww




Even/Odd Mode Decomposition\




Coupling Effects on Tx-line Parameters
—_—

Key Topics:

v'Odd and Even Mode Characteristics
v'Microstrip vs. Stripline

v'"Modal Termination Techniques

v'"Modal Impedance’s for more than 2 lines
v Effect of Switching Patterns

v'Single Line Equivalent Model (SLEM)

R. B.Ww 25




Field Distribution

—_— =

 Differential and common mode signals have different field
distribution, impedance and propagation velocity.

Differential mode common mode
+V l Cm I—

JAARNN AR

CISTT (e




Odd/Even Transmission Modes

— =
= EM Fields btw two coupled lines interacts with

each other. These interactions affect the
impedance and delay of tx-line

" A 2-conductor system has 2 propagation modes

+ Even Mode (Both lines driven in phase)

+ Odd Mode (Lines driven 180° out of phase)

I~ D
Even Mode D

I D>
Odd Mode 2\

" Field interaction causes the system electrical
characteristics to be dependent on the patterns.

R. B.Ww 27




Odd Mode Transmission
—

= Potential difference btw conductors lead to /ncrease of
effective C equal to Cm
+1 -1

+1 -1

/ \ quectric Field; M N
— Odd mode agggt'c Fdleld:
07@1 \

= Because currents flow in opposite directions, total L is
reduced by Lm

Drive (1) v di d(-1)
- V=L—+Lm———~
e ' ﬁ/vvv\ dt dt
Induced (-1 ) I dl
e Induced (I.)) | m =(L-Lm)—
- D> = U o dt

Drive (-1) | W
) R. B.Ww 28




Derivation of Odd Mode Inductance

. *
Mutual Inductance: ’ L.,
Consider the circuit; > Y Y Y
— +v:— N
dl, dl, L,
V=L, —2+L,—2 K=
dt dt I, + V, — vbLib,
di, dl, —— (Y Y Y/
V,=L,—2+L,—= L
dt dt 22
Since the signals for odd-mode switching are always opposite, 11 = -12 and
V1=-V2, s0 that: _
v—L—I L d( I1)=(Lo |_)OII
dt dt dt
dl, d(-1,) dl,
V,=L,—2+L (L. —L )—2
dt " dt (ko =Ln) dt

Thus, since Lo = L1 = Lo,
I-odd - Lll_Lm — L11_|—12

equivalent inductance seen in an odd-mode environment is reduced by
mutual inductance.

R. B.Ww 29




Derivation of Odd Mode Capacitance
V,  —

Mutual Capacitance: T
Consider the circuit: Cu—3- —cC
Ciyg=Cy=Co=Cu— |C12 | Cag % \%
S0, =g, Wiy V) o iy ¢ Ve
dt dt dt dt
,=Co W2y e V) _c o Do ¢ D
dt dt dt dt

And again, I1 = -12 and V1=-V2, so that:

dv, . dV, - (-V dv
,=Co iy g W dt( 1)):(clg+2cm)d—tl

dv dv, —(-V dv
IZZCOd—tZ_i_Cm (\/2 dt( 2)):(CO +2Cm)d—t2

Thus, | Coy =Cy, +2C, =C,, +C,

eq. capacitance for odd mode switching increases. R. B. Ww 30




Odd Mode Transmission Characteristics

—_— =
Impedance:
7 = ﬁ _ L, - L,
odd
\/ Coad Cp+ ‘CIZ‘
Note: Z, o oia =2Zyqq Explainwhy.

Propagation Delay:

Doy = \/ LoaiCosa = \// (L, — L,)(Cy +[C))

R. B.Ww 31




Even Mode Transmission

= Since conductors are at equal potential, effective C is

reduced by Cm
+1
/ Magnetic Field:
Even mode
T <\ ©

= Because currents flow in same direction, total L is
increased by Lm

Drive (1) i L—I+L d(l)
_’-D_ . 'I r’ dt dt
duced (1) =(L+ Lm)—
[T Lﬂm

Drive (1)

Electric Field:
Even mode

R. B.Ww 32



Even Mode Transmission Characteristics

—_—
Impedance:
Z — even L11 + L12
Ceven 11 ‘C12‘

Note: Z,., > 2,y

even

Propagation Delay:

TDyer = \/LovenCaven =/ (Lus + Lio)(Cyy —[Cpa)

Note:
TD,,., > TD,, for microstrip lines

even

TD,,., = TD,4 for strip lines

even

R. B.Ww 3



Variations in Impedance - microstip

100 — W s W
wid=1,152 -

Z Impedance (¢ )

20 T | T | ! | '
0] 1 2 3
s/d
Ref: SUBHL ~ BENEES o gt 3 48 4 714 RS HE 2 FUBLJE 4 AN 1T
LW B RO2E2 > 2w - R. B. Ww 3




Single-Line Eg. Model (SLEM)
— -

e Goal:

— Determine effective crosstalk-induced impedance & delay
variation for a multi-conductor system.

— Eestimate worst-case crosstalk effects during a bus design
prior to actual layout

« SLEM
t 2 - L22+L21+L23 .
. ZZ,eff.: C C C.|
‘ 22_‘ 12‘_‘ 23‘
Ground plane TDZ,eff. = \/( L22 + L21 + L23)'(C22 _‘Clz‘ _‘C23‘) A
)
1 2 ‘2 7 _\/ L22_|-21_|—23 .
2.eff. = ’
C,, +|C| +|Cps

- ==

I

TDz,eff. = \/( L, — Ly - L23) ' (sz + ‘C12‘ + ‘Czs‘) L

R. B.Ww 37
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Effects on SI & Velocity - on microstrip

2.5
. Input Waveform (True)

ST O _
e

£ 7 @ brobe
) Odd Mode (v2 47 Frobe Folnt
10°
a (v3)
: \ /7
I ¥i V2 y3
0.5 Mode -—— = = L8
P Bven o LT Y
N T Y 18
0.0 N ~ 'I . ; ; ! 1 -I—I—{}dll + —— " r - -+t - 1— - *u'n F 1
[} L} o m
‘ = =1 o o 3 f.' : E E :
Time, ns

Rem: No velocity variations due to crosstalk in striplines.

R. B.Ww 38



Modal Analysis \
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Model Decomposition Theory

e ——
« For coupled lines, 5 o. O. O
—V=-L—I;, —I1=-C—vVv
0z ot oz ot

Transformation: v=M,,v, ., 1=Mi

m?

Imyv. =-LIMi =%y oL 9§ L MM,
0z ot 0z ot
gM,im:—Cngvm :gim:—cmivm; C,. =M;'CM,
0z ot 0z ot

L, C. both diagonal;
- L,.C., = My (LC)M,, = M,, is eigenmatrix of LC

modal impedance Z,,; = \/Lm,ii /Coi;

velocity vy, =1//L,;i -Cyi R.B. Ww 4




I Modal Analysis Procedure
—_—

« Find M,,, eigenvectors of LC (fairs if LC is diagonal)
 Find M,, eigenvectors of CL,
— usually take M, = (M;,l)T st.vi=v.M{M,i_=Vvli_

« Use M,, and M, to calculate modal inductance,
capacitance, voltages, and currents

 Calculate modal impedances and velocities
 Carry out traditional tx-line analysis for each mode
« Convert modal quantities back into line quantities.

R. B.Ww 4




Odd/Even Mode Comparison for Coupled Microstrips

A

Input waveforms /

—_— =

Even mode (as seen on line 1)
Impedance difference

/ ]l . Odd mode (Line 1)

Line 1 ,— Probe point

6’WV_ Line2 'W\q

R. B.Ww #



Symmetric Coupled Lines

— =
1 k L f Edge of driving signal
L 1 / Near end crosstalk pulse

M L

Cl=C 1 o kC Near endl_ mn_ - Far end
[ ] - Y11 k N
— Ke 1 Far end crosstalk pulse

b=l o el

L, =MILM,

modal characteristics: (1: odd; 2: even)

1-k, 0
=L1{ . 1+k} 2,0 =ZoEs 0,y =0,/ K )L ko)
L

C,, =M;'CM, Znz = Zof¥isi Onz =0/ 14K~k );
_c {1+kc 0 WhereZO:\/%; v, =1/ JL;Cy,
S0 1-k,

note: Z ,<Z,<Z,,R.B. Ww 43



Equivalent Tx-Lines for Modes

e —
» Modal decomposition

o v (5}

« Equivalent tx-line

o

—

I
65¢ N

N
61.25 €2, 1.873 x 108 m/s, 10in
1.414 V 85 ()
ZL - Zm,i T Zs T Zm,i

F' ’ S,
S Z+Z,, Y z+Z,,

« Modal voltages at both ends:

near end: v,, (0,t) = - Zm’iz °|:Vm,in(t)+FL,i (L4 Fs,i)Vm,in(t—A)];

Unmii

m,i S

Z .
far end: v, (£,8) = ——"—+ (14T ) Vi (=55
SORES T R.B.Ww 4




Line Voltages at Both Ends
e —
 Line voltages at both ends

_ Vl(t) _ 1 1 l Vm,l(t)
V= I\/IVVm atz:0>or£|:v2 (t):|(t) o ﬁ|:—1 1:| |:Vm,2 (t):|

 Near end crosstalk

Z Z
v,(0,1) = me__ ML y(t) forO<t<2T
Zm,2 + Zs Zm,l + S
n Zm,ZFL,Z (1+ Fs,z) . U(t . UM ) . Zm,1FL,1 (1+ 1_‘s,l) . U(t . Uz_g)
Z,,+Z, m?2 2, +Z, "
e Far end crosstalk
22,72, ,-u(t—-* 22,7, -u(t—*

Um,2

(Zm,Z + Zs)(zm,Z + ZL) ) (Zm,l + Zs)(zm,l _:lZL) for Tetedt

R. B.Ww 4
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I Exact Crosstalk at Matched Load
—_—

« Zero far end noise ==>

(1) Uni =Uno < ke =k, Zeq B \/Zm’lzm 2 =4

()Z,.2,,=4,Z = chooseZ, =27 =27,

» Crosstalk noise (with matched load)
27
v, (6,) = L u(t- ) - u(t-55) |

(VZnz +\/Z01)
l[u(t——) u(t——)]

V,(0,1) = ygmnieet. [u(t)—(ﬁ+qﬁ) {u(t—%)+u(t—%)}}

= [u® -ut-2) |

R. B.Ww 46




Far End Crosstalk Noise - short Line
—_—
Vz(&t)z%[ Uml ]

= -t _ L
Az-_Teven Codd = Un2  Uni

:%(\/(1+kL)(1—kC) —\/(1—kL)(1+kc))
EUL()'(kL B kc)

« Case 1: |At| <<t;
V(60 ~3ut-5)| (t-55) - (-5 |

~_A (K k)
= —SPU(t—) = ——5 = u(t—<)

a pulse of value —*->*<.T.u_, width t
' R. B. Ww 47




I Far End Crosstalk NOISe - Long Line
—_—

v, (0,0) ~ 3 u(t-5) —u(t—5) |

Todd_% uil ui(k —ke)

Ar= Toven —

« Case2: |At|>1,
(long line or short risetime)

v, ({,t) : a pulse of value *3u,
and width |A7]

R. B.Ww 48




Remarks
e —
* NEN occurs because odd (even) mode has smaller (larger)
launched voltage and positive (negative) reflected wave.

« FEN occurs because even and odd modes arrives at a
different time.

« Under matched load, modal analysis yields same results
with weakly coupling analysis at near end.

At far end, weakly coupling analysis fails for long line or
shorter risetime, while modal analysis is still applicable and
yield correct results.

« Modal analysis can apply to more complicated cases, i.e.,
asymmetric, multiple, lossy coupled lines, etc.

R. B.Ww 49




Simulation in SPICE \
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I Eg-ckt Model in SPICE @)
—_—

La{1) La{N)

N
Gg T l Ga(1) G‘g T Ga(N)
T . :
\ A= em1) \ = Cm(N)
RB(1) AbB{N
Lb(1} “nen Lb{N}

ch(1) ° Gb(1) C"‘"”l‘ GB(N)
T | e -

Ex. : length =5in, t. =100ps
21 -01 9 0.7
C= F/in); L= nH/In
{ 1 }(p ) {0_7 9 }( )

TD=,/L,,C,, =134ps/in - 670ps

#segments > 1O(TD] =67 »>#SPICE elements > 67 *2*"3"

R. B.Ww 51
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Eg. ckt by Even/Odd Decomposition

—— -
V=MV, I=M,I_;

Coupled lines U Mvzi 1 1; Mlzi 1 1
Line 1 ﬁ -1 1 ﬁ 1 1

Via 0—] —o V;
vV, —%(V +V,) = (1——)v +fv +V,

Line 2

V.
a ey, =L (v, +V,) = —(1- L)V, — LV, +V,
Eq circuit De-coupled lines
[1_%)%% %V&A Vo Zon(jdeT];dd Vos %V&B (1_%}/03
VlA(:_):@_@ O—{_)i : _)FC <+>_<> _)0 Vie
Sl O P Pha |
oA 0 \/[1_23 : C)z_ﬂ . T{C# %(1\/1) & I_°>v
7z Vz V3" 72



I Crosstalk Simulation in SPICE
_— =

T 1 Parameters
[C], [L]
D2 L - R2
TRANS
Ground A\ 4
SPICE
subcircuit

Driver, Receiver
circuits SPICE )

[a
\Li V

ol

v

R. B.Ww 53




Equivalent SPICE Subcircuit )

*

. . . ®

Ii_cmmlgd_tmnmmsﬁmmles_(kf-n&h-d .

Capacitance matrix ~ Inductance matrix 1 (’dt))

[CI]NKN H [Ljﬂxﬂ Vi(lt)

| | ®

=

@ o——o _ —— 8
0——— . f er——0

@ I;(o.t) Transform Igi(o,)!' del*_’ct)‘ff’;;‘ed g(at) Transiorm I;{a .t&)
Q| k - i . a0

o Networl "Vlod) txdines - [ *y 00t Netwc_ark v, (41

© o= ‘ - ree——0

J _ o : Ay -.I.

F. Romeo and M. Santomauro, “Time-domain simulation of n coupled transmission lines,”

IEEE Trans. Microwave Theory Tech., vol. 35, pp. 131-136, Feb. 1987. R. B. Ww 54




TRANS Example
—_—

....................................

...................................

219.02 -12.19 -0.865

[C]=| ~12.19 219.76 -12.19 | pF/m,

-0.865 —-12.19 219.02

2.28
26.70 | nH/m

1r AL 479.08  26.70
7 ' 3 ' 15 ! ar= 9.5 [L] = 26.70 478.88
‘ 2.28 26.70 479.03
unit = mil
-SUBCKT X33 SF1 SB1 SF2 SB2 SF3 SB3 PARAMS: LENGTH=100
* three ideal de-coupled transmission lines for normal modes
Tl TF1 O TB1l 0 . ZO=46.62 To={10.277NS*LENGTH} '
tx. ling {'1'2 T2 ¢ TB2 O Z20=49.01 7TD={10.277NS*LENGTH}
T3 TF3 0 TB3I O 20=44.388 TD={10.277NS*LENGTH}
* three voltage controlled voltage source at sending end _
EFl SF1 MF1 POLY(3) TF1 ©0 TF2 0 TF3 0 0.0 -0.2929 -0.6727 =0.1736
W:;t- EF2 SF2 MF2 POLY(3) TF1 O TF2 0 TF3 0 0.0 0.0000 -1.3082 0.9634
led | EF3 SF3 MF2 POLY(3) TF1L 0 TF2 0 TF3 0 0.0 -0.7071 -0.6727 -1.1736
"'““a‘ * three voltage controlled voltage source at recaiving end ’
EB1 SBl MB1 PQLY(3) TB1l 0 TB2 0 TB3 0 0.0 -0.2929 -0.6727 -0.1736
Sexrce EB2 SB2 MB2 POLY(3) TB1 O TB2 ¢ TB3 0 0.0 0.0000 -1.3082 0.9694
EB3 SB3 MB3 POLY(3) TBL O TB2 0 TB3 0 0.0 -0.7071 -0.6727 =1.1736
* three current controlled current source at sending end
FF1 MF1 0 POLY (3} VF1 VF2 VF3 0.0 -0.2929 ~-0.6869,-0,2184
¢ '. F¥2 MF2 0 POLY(3) VF1l VF2 VF3 0.0 0.0000 -1.2460 0.9534
wrenl= 1 FF3 MF3 0 POLY(3) VF1 VF2 VF3 0.0 -0.7071 -0.6869 -1.2184
Cartroled | VF1 MF1 TF1 0
+ VF2 MF2 TF2 0
rren VF3 MF3 TF3 0 . -
Seurce | * three current controlled current source at receiving end
FE1L MB1 0 POLY(3) VB1 VB2 VB3 0.0 -0.2929 =0.6869 -0.2184
FB2 MBZ 0 POLY(3) VBl VB2 VB3 0.0 0.0000 -1.2460 0.9534
PE3 MB3 0 POLY(3) VBl VB2 VB3 0.0 ~0.7071 -0.6869 -1.2184
VBl MBl1 TB1 0
kVBZ MB2 TB2 ©
VB3 MB3 TE3 0O

+ENDS
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