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Abstract—This paper addresses some on-chip EMC issues for
reducing power dissipation in the design of passive silicon-based
devices operating at high frequencies. It is demonstrated that the
implementation of patterned ground shields (PGS) together with
differential technique can enhance the performance of spiral
inductors, spiral transformers, and other devices effectively,
which is compatible with standard CMOS fabrication
technologies. However, the shielding effectiveness of a PGS is
very sensitive to its embedding depth which should be chosen
carefully. Some numerical results will be shown to demonstrate
inductive couplings in various PGS inductors and transformers
but are suppressed here.

[. INTRODUCTION

As a traditional but very effective method, electric or
magnetic shields have been widely used in various electrical
and electronic systems so as to improve overall
electromagnetic environments and reduce electromagnetic
interferences. With the rapid development of advanced high-
speed and radio frequency integrated circuits, both integration
density and interconnection complexity are increased
significantly. Under such circumstances, on-chip EMC
becomes a very challenging issue, including power dissipation
resulted from substrate loss, noise, coupling, crosstalk, and
attenuation efc. In particular at high frequencies, all silicon-
based passive as well as active devices suffer from serious
substrate losses. For example, as operating frequency
increases, the Q-factor of a spiral inductor or the maximum

available gain of a spiral transformer will be reduced seriously.

Further, it will result in degradation in performance of the
circuit or system in which spiral inductors or transformers are
employed.

In this paper, the implementations of various patterned
ground shields (PGS) together with differential technique in
the design of silicon-based passive devices will be
demonstrated experimentally. Due to the presence of PGS in
silicon-based inductors or transformers, electromagnetic fields
penetrated into silicon substrate are reduced, and therefore,
their performances will be improved. However, the shielding
effectiveness of a PGS is directly related to its embedding
depth in silicon oxide layer.

II. ON-CHIP PGS DEVICE DESIGNS

In the fabrication of silicon-based passive devices, such as
coplanar waveguides, microstrip transmission lines, spiral

inductors, and spiral transformers efc, a PGS can be easily
implemented into the structure with not much fabrication cost
increased. Figs. 1(a)-1(d) show some standard PGSs used
before, which can be designed into different patterns [1]-[5].
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Fig.1. Three PGS inductors and a PGS transformer on a
silicon substrate, respectively

(b)

Fig.2. Two coplanar waveguides with a patterned grid shield
(PGS) on a silicon substrate, respectively.

In Figs. 1(a)-1(d), the introduced PGS will prevent
electromagnetic energy to penetrate into silicon substrate.
Therefore, eddy current loss in silicon substrate, in particular
at high frequencies, will be reduced effectively. This means
that the Q-factor of the PGS spiral inductor, the maximum
available gain of the PGS transformer will be enhanced,
respectively. However, it should be mentioned that the PGS
will introduce additional parasitic capacitive coupling among
metal spiral, PGS, and substrate, which will cause decrease of
the self-resonance frequency of the inductor or transformer
slightly. Hence, the embedding depth of a PGS should be
chosen appropriately so as to suppress the effect of parasitic
capacitance.

On the other hand, it should be mentioned that for silicon-
based coplanar waveguides, we can take a similar way, as
shown in Figs. 2(a) and 2(b) , by implementing a patterned
grid shield (PGS) so as to reduce the substrate loss [6]-[9]. In
Fig.2 (b), the signal line is designed into a novel form so as to
increase its power handling capability and adjust its
characteristic impedance.

All these passive PGS devices can be easily fabricated
using standard CMOS technologies, and typically, their cross-
sectional view is shown in Fig.3. An appropriate choice of the
embedding depth of PGS, denoted by D, is very important in
the effective implementation of a PGS, because it will
introduce additional conductive power loss and capacitive
coupling with silicon substrate and metal tracks.

For an on-chip PGS inductor, its performance can be
described by its inductance L, Q-factor, and self-resonance

frequency f,,, given by:

»

Proceedings, 18th Int. Zurich Symposium on EMC, Munich 2007

, _Imil/y, ] O
w
and
= Im[Z, ] )
Re[Z,,]

M6

cY

[ 4 D

M1 or poly strip

silicon substrate F “

Fig.3. The implementation of a PGS in the design of an
inductor or a transformer on a silicon substrate.

where Y,

impedance which can be obtained from the measured two-port
S-parameters. In the following section, it will be shown that
the introduction of a PGS can increase the maximum Q-factor
significantly, which is represented by O The shielding

max "

and 7, are one of the Y-parameters and input

effectiveness of a PGS can be defined by:

(PGS)
Qmax

(NPGS)
max

In the design of a PGS transformer, there are multiple
choices in its configuration, such as interleaved, centre-tapped
interleaved, and even stacked geometries. The performance
parameters of a PGS transformer, such as maximum available
gain (G, ), self-resonance frequency, minimum noise figure

(NF,

min

(€)

S,(dB) =10log

), and power losses ( Py, ) are directly related to its
configuration. The G, is defined by:
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where T stands for the operating temperature, and we have
taken the effects of possible rise in temperature into account
on the performance of a PGS transformer.




The minimum noise figure NF,, of a transformer is

determined by
NFmin = 10 log(l / Gmax ) (7)
and the shielding effectiveness can be calculated by:
(PGS)
S, (dB) = 10log "X (G} ®)

max {G .}

On the other hand, it should be emphasized that
differential techniques have been also used in the design of
passive and active devices so as to suppress some
electromagnetic  interferences. More recently, some
differential devices, such as differential coupled transmission
lines (Figs.4(a) and 4(b)), differential inductors, and
differential transformers have been proposed by some
researchers [10].

(b) A pair of differential coupled transmission lines

Fig.4. Differential coupled transmission lines

Here, the author would like to firstly demonstrate the
geometry of one novel PGS differential spiral-stacked
inductor fabricated using 0.18 gm CMOS technology, as

shown in Fig. 5.

(a) Three-dimensional view without PGS
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(b) Top view

Fig.5. Geometries of (a) no PGS and (b) PGS differential
spiral-stacked inductor.

1. SIMULATION METHODOLOGIES

In order to fast and accurate capture frequency-dependent
characteristics of the above on-chip PGS devices, circuit-
oriented simulation method can be employed based on
equivalent lumped-element circuit model, as shown in Fig. 6,
for a square PGS transformer in Fig. 1(d)

=

Fig.6. Equivalent of a

transformer

lumped-element circuit model

The values of most elements in Fig.6 can be obtained
using some hybrid methods or extracted from the measured
two-port S-parameters. For example, partial element
equivalent circuit (PEEC) method can be used to calculate DC
and AC resistances, or inductances of the spiral part, as shown
in Figs. 7(a) and 7(b) briefly.

(a) Segmentation of a N-side regular polygon
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(b) PEEC model

Fig.7. PEEC method used to calculate series resistance and
inductance of a metal spiral.

In the PEEC method, the series resistance and inductance
of the spiral part are calculated by a set of equations as
follows:
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IV. EXPERIMENTAL RESULTS AND DISCUSSION

As an example, Fig. 8 shows the Q-factor of a spiral-
stacked inductor (Fig.5) as a function of frequency. In Fig.(8),
empty square dotted line represents that both PGS and
differential interconnect are implemented; and solid square
dotted line corresponds to the case of non-PGS but with
differential interconnect between two neighbouring stacked-
spirals. It is evident that the combination of PGS and
differential interconnect is a very effective way to improve the
performance of a silicon-based on-chip inductor. For silicon-
based transformers, similar conclusions can be drawn.

2-diff
104
2-diff-PGS

Frequency (GHz)

Fig. 8. The Q-factor of a spiral-stacked inductor as a function
of frequency
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V. CONCLUSIONS

In this paper, the author has addressed the method using
patterned ground shields combined with differential
interconnect to enhance the performance of silicon passive
devices, which is completely compatible with CMOS
fabrication technologies. Hence, this is an effective way to
suppress on-chip electromagnetic interference and improve
electromagnetic compatibility in the world of system-on-chip.
Some numerical results will be demonstrated to show the
effects of geometrical and physical parameters, efc on
inductive and capacitive couplings in various PGS inductors
and transformers.
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