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Abstract—In this paper, two new interconnect structures called
Multi-Segmented S-G-S (Signal-Ground-Signal) and S-O-S (Signal-
Open-Signal) interconnects are proposed and compared with the
conventional S-S-S interconnects. In these interconnect structures
a multi-segmented grounded or opened line is inserted between two
adjacent signal lines. The grounded (opened) lines have been grounded
(opened) not only in their terminals, but also in some places along their
length. The performances of these interconnects are studied via some
examples.
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1. INTRODUCTION

With the development of microwave VLSI circuits, there is a significant
interest in the design and manufacturing suitable interconnect
structures to reduce the crosstalk in the adjacent lines while maximize
the delivered power in the main line. An interconnect structure is a
multi-conductor coupled transmission line designed to transfer several
signals from the main die to the users d meters far from the die. Many
efforts have been done to design interconnects that have low crosstalk
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power while the delivered power in the main line has been maximized
[1-12]. Some of the important types of interconnects introduced are
denoted as S-G-S, G-S-G and S-G-G-S [8-11] where S represents the
signal traces and G represents additional ground traces. The ground
traces are additional lines that have been grounded in their two ends.
Usually the ground traces contain K = 1 segment (only two grounded
points in their terminals).

In this paper, we propose S-O-S type structure, in which O
represents open traces, which are opened or floated additional lines.
Also, the S-G-S and the proposed S-O-S structures are discussed in
a case that the ground or open traces have been made from several
segments, i.e., K > 1 segments (more than two grounded or opened
points along their length). Finally, using some examples some results
are given about wideband and efficient design of interconnects subject
to constant total width, Wrp.

2. INTERCONNECTS PERFORMANCE ANALYSIS

In the interconnects, the power transferred to the load of the excited
signal trace and the crosstalk power transferred to the loads of the other
idle signal traces are very important because they represent the overall
functional performance. Fig. 1 shows the cross section and longitudinal
view of a conventional microstrip interconnects, i.e., S-S-S type, with
N signal traces and total width of Wr. Figs. 2 and 3 show the cross
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Figure 1. Conventional S-S-S type microstrip interconnects a) The
cross section b) Longitudinal view.
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section b) Longitudinal view.
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Figure 3. The S-O-S type microstrip interconnects a) The cross

section b) Longitudinal view.
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section and longitudinal view of S-G-S and S-O-S types interconnects,
respectively. These interconnects contain N signal traces and N — 1
open or ground traces each with K segments. The thickness and the
relative electric permittivity of the substrate are h and &,., respectively.
The widths of all signal, ground and open traces are ws, wy and w,,
respectively and total width is Wrp. Also, the length of traces is d and
the distances between them are s. It is assumed all signal traces have
been loaded by resistor Ry, at their two-ends. The gap g between two
adjacent open segments should be as small as possible (¢ < d/K) to
reduce the crosstalk, while having very large capacitive impedance for
considering it as an open segment.

To study the performances of the above interconnects, it is needed
to analyze 2IN — 1 coupled transmission lines as shown in Fig. 3. First,
we define voltage, current and source voltage vectors, respectively as

V(z,w) = [Vi(z,w) Va(z,w) ... Van_i(zw)]" (1a)
I(z,w) = [L(z,w) D(z,w) ... In_i(zw)’ (1b)
VS:[V51 0 V5'2 0O ... 0 VSN}T (2)

The terminal conditions are as follows
V(va) = VS - ZSI(va) (3)
V(d,w) = ZI(d,w)

in which Z and Zg are two (2N — 1) x (2N — 1) diagonal matrices
as follows

7 g diag(Ry 0 Rop 0 ... 0 Rp) ; S-G-S type ()
L=4a5= diag(Ry oo Ry oo ... oo Rp) ; S-O-S type
On the other hand, one can write
V(dw) | V(0,w)
[ 1(d, w) ] =21 10,0 (5)
in which
P — P11 P12 (6)
P21 P22

is the chain parameter matrix of the interconnect. According to Fig. 3,
this matrix can be represented as

K-1
<I>:<I>L<H q>gO<I>L> (7)

k=1
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In (7), ®1 is the 2(2N — 1) x 2(2N — 1) chain parameter matrix of
each segment of the interconnect, as follows [13]

P; = exp (—jw% [ g f)l ]) (8)

and ®, is the chain parameter matrix of grounded or opened points
along the length of interconnects. In (8), L and C are the per-
unit-length inductance and capacitance matrices, respectively. The
chain parameter matrix in (8) can be calculated using eigen-value
decomposition or the modal decomposition methods [13]. Also, the
matrix ®4, can be represented as

%:[Z Z] 9)

in which its sub-matrices are (2N — 1) x (2N — 1) diagonal matrices
as follows

a =d=dag(... 1+z/2, ...) (10a)
b =diag(... —zs ...) (10b)
c =diag(... — (24 2zs/2p)/2p ...) (10c)

In (10), zs and z, are respectively the series and parallel impedances of
II type circuit model of the discontinuities at the ends of each segment,
given by

0 ; for the signal traces
zg=24 0 ; for the ground traces (11)
1/(jwCy) ; for the open traces
and
o0 ; for the signal traces
zp = 2Ry ;  for the ground traces (12)

1/(jwCy) ; for the open traces

In (11) and (12), Ry is the small resistance of the grounded vias and
Cy and C), are the small capacitances in the circuit model of the gaps,
both have been shown in Fig. 4.

Incorporating (3) and (5), leads to far-end terminal voltages of
the lines as follows

V(dw)=FVg (13)
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Figure 4. The circuit model of the vias (left hand) and the gaps (right
hand), respectively in S-G-S and S-O-S type interconnects.

in which F'is an N x N matrix as follows

F =Z1py — Z1(poy —P1Zs)
$(Pro— 011 25— Z1Pr+Z19nZs) (p11—Zrpy) (14)

After finding terminal voltages of interconnects, we can study
their performances. In order to study the overall performance of
interconnects; we define the following performance factors as a function
of the frequency f.

ma(h) = 1010g (P20 fapy (152)
neats) = 1010g () ap (150)

in which P4, Pr, and Pgo are the total available power, total power
delivered to the far-end loads and total far-end crosstalk power
delivered to the loads, when all NV sources are applied separately. These
powers can be obtained using the matrix F' defined in (14) as follows

Py = 8—]]\;) (16a)
1 2N—-1 )
Puf) = 5gy 2 (1FG.5 0 (16D)
i=odd

1 2N—-1 2N-1

Polh) = gy 2 ; (1FG.j: 1)) (16¢)
i=odd o
Jﬁgd
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3. EXAMPLES AND RESULTS

As an example, an S-G-S type and an S-O-S type microstrip
interconnect are analyzed and compared with an S-S-S type microstrip
interconnect while all have the same total width Wyp. Consider an S-
G-S or S-O-S interconnect with N = 5 signal traces, ¢, = 10, ws/h =
wg/h = wo/h = s/h = 0.529 (Wr = 9h) and the loads Ry = 502.
Assume the length of this interconnect to be d = 10cm and the
ground and open traces have K = 1, 2, 3 and 4 segments. Figs. 5
and 6 show the performance factors np4 and nc 4, respectively for the
S-G-S type interconnect. Also, Figs. 7 and 8 show the performance
factors npa and meoa, respectively for the S-O-S type interconnect.
In these four figures, the performance factors of these two types
interconnects are compared with those of a S-S-S type interconnect
with ws/h = s/h =1 (Wp = 9h).

The width of the strips and the distances between them can be
chosen arbitrary so to have an optimum design for S-S-S, S-G-S and
S-O-S types interconnects. To get to the optimum design for the above
example, Figs. 9 and 10 show the contours of minimum values of 14
in frequencies from zero to 500 MHz (near the first null in 7z 4) for
S-G-S and S-O-S types interconnects, respectively. Also, Figs. 11 and
12 show the contours of maximum values of ¢4 over frequencies from
zero to 500 MHz for S-G-S and S-O-S types interconnects, respectively.
In Figs. 9-12, the relative distance between the strips, s/h, are chosen
so that the total width of the interconnects to be fixed as W = 9h.

From Figs. 5-12 one may conclude the following results:

1. One can find some optimum values for the width of signal, ground
and open traces to get to arbitrary large nr 4 and arbitrary small
Nca. So, the performance factors of the S-G-S and S-O-S types
interconnects can be much better than those of the conventional
S-S-S type interconnects. Thus the width of signal and ground
or open traces of the S-G-S and S-O-S types interconnects can be
selected to get to more better values for ;4 and nca than S-S-S
type interconnects.

2. The S-G-S type interconnects can be designed to have more better
performance factors than the S-O-S type interconnects. Of course,
the fabrication process of the S-O-S type interconnects is much
more simpler than the S-G-S type interconnects. So, it is better to
use S-G-S type rather than S-O-S type interconnect in the expense
of more fabrication cost for grounded vias.

3. Both performance factors of S-G-S and S-O-S types interconnects

become undesirable in some frequencies. These undesirable
frequencies are the same as the resonance frequencies of the
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Figure 5. The delivered power performance factor nr 4 for the S-G-S
(the full lines) and S-S-S (the dotted lines) structures a) K = 1 b)
K =2c) K =3d) K =4 segments.
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Figure 6. The crosstalk power performance factor nc4 for the S-G-S
(the full lines) and S-S-S (the dotted lines) structures a) K = 1 b)
K =2c) K =3d) K =4 segments.
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Figure 7. The delivered power performance factor n 4 for the S-O-S
(the full lines) and S-S-S (the dotted lines) structures a) K = 1 b)
K =2c) K =3d) K =4 segments.
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Figure 8. The crosstalk power performance factor nc4 for the S-O-S
(the full lines) and S-S-S (the dotted lines) structures a) K = 1 b)
K =2c) K =3d) K =4 segments.
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Figure 9. Contours of minimum values of ny4 over frequencies from
zero to 500 MHz for S-G-S interconnect.
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Figure 10. Contours of minimum values of 1y 4 over frequencies from
zero to 500 MHz for S-O-S interconnect.



Progress In Electromagnetics Research, PIER 55, 2005

C T T T T
2 fs
1.8
26

1.6

1.4+ /—\

1.2} o
k3
2 11 272

&
0.8} © <
3 /)“‘Q
0.6} e 20
04r &
[\ ]
0.2 / v
AD
- &
L L / 1 /I L k—//_/\“l\
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

w_/h
S

43

Figure 11. Contours of maximum values of nc 4 over frequencies from

zero to 500 MHz for S-G-S interconnect.
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zero to 500 MHz for S-O-S interconnect.
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grounded or opened lines. This resonance phenomenon occurs
in frequencies that the length of the grounded or opened lines
becomes multiple of a half of the effective wavelength. In fact,

(&
2d\/zre

in which ¢ is the velocity of the light and &, is the effective
permittivity of the loaded microstrip lines (in this example
6.5). The frequency bandwidth of S-G-S and S-O-S types of
interconnects is from zero to the first undesirable frequency. From
(17), it is resulted that if the number of segments K along the
length of S-G-S and S-O-S types of interconnects increases (using
grounded vias in ground traces or simple gaps in open traces),
the position of the first undesirable frequency will be increased.
So, getting the length of each segment smaller and smaller, the
frequency bandwidth of interconnects becomes wider and wider.

Jundesirable = nK n=12,3,... (17)

It is worthy to mention that, although the width of signal traces of
S-G-S and S-O-S types of interconnects is narrower than that of S-S-S
type interconnects, the characteristic impedance of S-G-S and S-O-S
types can be very near the characteristic impedance of S-S-S types.
This is because the distance between two adjacent traces in S-G-S and
S-O-S types is smaller than those of S-S-S types.

4. CONCLUSION

Two new Multi-Segmented S-G-S and S-O-S interconnect structures
are proposed. Two performance factors have been defined and
obtained for a S-G-S and a S-O-S interconnect with K = 1,2, 3
and 4 segments in the ground or open traces. The results show that
these structures have very better performance factors than those of
the simple conventional S-S-S structures for the same total width.
The frequency bandwidth of S-G-S and S-O-S interconnects will be
magnified if the number of the line segments in ground or open traces
is increased.
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