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Abstract

This paper presents a detailed study of on-chip spiral inductors with patterned ground shield (PGS) inserted
between the spiral inductorand the silicon substrate. This new design has been implemented in source
degeneration cascode lownoise amplifier (LNA) circuit to show how the PGS inductors improve the
performance of the circuit. An operation in 1.8V supply voltage, source degeneration cascode LNA structure
was studied with both technology and PGS inductors. In this paper, the Agilent ADS (Advanced Design
System) simulation software and TSMC 0.18um CMOS process parameters were adopted to achieve the
low-cost characteristics and high integration to fit the performance of 2.4 GHz LNA design under IEEE
802.11a specification.According to the co-simulation results, the forward gain (S21) improved from 13.432
to 21.474 dB, and the (S12)is below the typical value of -15dB. The input impedance (S11) and the output
impedance (S22) also represented good performance. In addition, the minimum noise figure was quite good.
Thus, the LNA circuit with PGS inductorswas better in the availability and the possibility of 802.11a
specification.
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1. Introduction intensively researched topic in RFICs. The Q-
Inductors are one of the key factors that factor of the inductor is limited by the resistive
determine the performance of RF-IC’s. Among losses in the spiral coil and by the substrate losses.
them, spiral inductors receive great attention due Previous works have been done for improving the
to their relatively high performance. It is Q-factor  of on-—chip inductors, layout
frequently used in voltage-controlled oscillators optimization, non-uniform metal width and non-
(VCO’s), low noise amplifiers (LNA’s), mixers, uniform coil spacing, parallel current path,
and intermediate frequency filters (IFF’s). There differential excitation, negative resistance, and a
are two types of on-chip inductor: bond wire- pattern ground shield (PGS) [1-6]. Because of the
wounded and planar spiral inductor. The planar advantages of the PGS, we will use it to enhance
spiral inductor has advantages of minimizing the the Q-factor of the three inductors.
chip size, reducing wiring requirement, and delay The LNA is a key component that is typically
time.Currently, there are many types of planner placed at the front end of a radio receiver circuit.
spiral inductors according to its geometry: square, By using a low noise amplifier, the effect of noise
hexagonal, octagonal and circle. from subsequent stages of the receiving chain is
The need for integrated circuits with high Q- diminished by the gain of the amplifier. The radio
factor’s inductors has been increasing recently. frequency receivers consider (LNA) as their
The spiral inductors on Si-based RFICs have backbone. In this work, it has been used as atest
suffered from low Q-factor due to their capacitive circuit.

and electromagnetic coupling with the substrate at
high frequencies. Therefore, it is one of the most
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2.Modeling of spiral inductor

A lumped circuit model of on-chip spiral inductor
grown on Si substrate is shown in Figure (1) [7].
L andrgare the series inductance and resistance
of the spiral respectively. Cgis the overlap
capacitance between the turns of spiral and the
cross-under layer. C,,is the oxide capacitance
between the spiral and the substrate.
Rg;andCg; are the parameters modeling substrate
losses and capacitive effects, respectively.
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Fig. 1: Lumped model of a spiral inductor

The inductance of a spiral is a complex function of
its geometry and includes both self and mutual
inductances. The expressions for on-chip spiral
inductor parameters are given by [7]:
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Cs; = Lw-Csup (6) between the spiral.
2

wherel is the wire length, w is the width of the
metal conductor, and t is the thickness of the
metal conductor.
There are basically three types of capacitances in
an on-chip inductor[8]:
(1) the series capacitance Cgbetween metal
lines, is given by:
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(2) the oxide capacitance C,, associated

with the oxide layer, is given by:
Cox:l'lt'w'gox (8)

2 tox

wheret,, is the oxide thickness underneath the
metal.
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(3) the coupling capacitance C,; associated
with the Si substrate, is given by:

)

1
Csi:E'lt'W'Csub

whereCy,,;, is the capacitance of the substrate.

3. LNA Circuit Structure

Figure 2(a) shows the complete schematic
circuit of 2.4 GHz cascode LNA. The method
employed here is inductive source degeneration.
The degeneration inductor (L2) enables more
flexibility in matching the input stage to 50Q. It is
also used to improve the stability and linearity of
the LNA. Inductive load (L3) at the drain of
cascading transistor compensates for the
degradation in gain at high frequency.
Thisinductor is used to set the resonant frequency.
The greater the value of L3, the greater will be the
gain. Nevertheless,it is not practical to make L3
very high, because high inductive values will
result in low self-resonant  frequency.
Accordingly, the nominal value of 4.1nH is
chosen for L3 [9]. Cascoding transistor is used to
reduce the interaction of the gate-drain
capacitance of lower transistor and also improves
the reverse isolation S12. This topology is one of

the most popular LNA topologies due to its merit
of low power consumption, high gain, and high
reverse isolation. In the design of low noise
amplifiers, there are several common goals. These
include noise figure (NF), Gain, linearity, input
and output matching, power consumption, and
stability. Figure 2(b) shows the same circuit, but
with PGS inductors instead of the technology
inductors, which will be discussed later.

In this section, three inductors have been
designed using Momentum optimization tool of
ADS2009, which exist in the previous LNA
circuit (see Fig.1(a)). Momentum is a three-
dimensional  planar electromagnetic (EM)
simulator that enables RF and microwave
designers to significantly expand the range and
accuracy of the passive circuits and circuit models
[10].Figure 3(a) shows the layout ofthe inductive
load (L3), which has 5.5 turns, a radius of 30 pum,
and width of 6 um on metal layer 6. Figure 3(b)
shows the layout of the matching inductor (L4),
which has 5.5 turns, a radius of 40 um, and width
of 6 um on layer 6. Figure 3(c) shows the layout
of The source degeneration inductor (L2), which
has half turn, a radius of 40 um, and width of 6
um on layer 6.
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Fig.2 : (a) LNA circuit, (b) the LNA circuit with PGS inductors.

There are other advantages of PGS such as; 1-
the behavior of the inductor, which is easier to
model, especially at differenttemperatures,2-
Inductor behavior is independent of variations in
substrateresistivity and type (e.g. bulk, epi and
SOI). [8].Figure 3(d) shows the inductive inductor
with PGS simulated with the momentum tool of

i 0mm m @ '
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ADS 2009. Note that the slots in the PGS are
orthogonal to the direction of current flow in the
spiral inductor to increase the resistance to the
image current [11]. Similar behavior is shown in
Fig.3(e) and 3(f)for the matching inductor with
PGS and the source degeneration inductor with
PGS, respectively.
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Fig.3: (a) layout of the The inductive load (L3), (b) layout of the The matching inductor (L4), (c):layout of The
source degeneration inductor (L2), (d): layout of the the inductive inductor with PGS, (e): layout of the matching

inductor with PGS, (f): layout of The source degeneration inductor with PGS.

4. Results and Discussion

4.1 Spiral inductor with and without shield:
The simulation results of the Q-factor with
frequency for the conventionalL2, L3 and L4 and
PGS inductorsare shown in Figures (4), (5), and
(6) respectively. It can be noticed that at 2.4 GHz,
the Q-factor of the PGSinductor wasenhanced by
approximately 65%.For the matching inductor,
theQ-factor enhanced by 60%. Regarding the
source degeneration inductor, it has a different
shape because it has a half turn, even though, the
enhancement percentage was 40.6%.
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Fig.4 : Comparison of the Q-factor versus frequency of inductive inductor with and without PGS.
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Fig.5 : Comparison of the Q-factor versus frequency of matching inductor with and without PGS.
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Fig.6 : Comparison of the Q-factor versus frequency of The source degeneration inductor with and without PGS.

4.2 Co-simulation results:

S-Parameter simulation is used to describe
thesignal characteristics including the amplitude,
phase andfrequency distribution is a more
pertinent expression. Thescattering parameters
usually have four part two-portnetwork
system: input return loss(S11), output return
loss(S22),reverse isolation(S12) and forward
voltage gain(S21),as shown in Figure (7).There
are the import voltage signal (al), thereflected
signal (b1), and the transmitted signal into the
network through amplification or attenuation after
the output signal (b2) to the load. If the
impedance of output port will not fully match the
load, some output signal will be reflected into the
network system as voltage signal (a2)
generation[12].

- 166 -

Input port Output port
a
+e—2 1 5 Sp ——e+t
H %
v, S-parameters V3
— .:b Sat S22 b:. —
1 2

Fig.7 : Schematic block of a two-port network
system.

The LNA circuit with PGS conductors has
been simulated with inductive load, matching,
and source degeneration, which has been
designed using TSMC 0.18um technology, and
simulated by Advanced Design System
(ADS2009) at 2.4GHz.

Adopting the ADS simulation software and
device and process models in simulation with
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TSMC 0.18um CMOS process, the cascode LNA
exhibited good performance. The circuit
performance is more impressive. Here, the
operating voltage of this 2.4 GHz LNA was a
1.8V supply voltage. The final simulation results
show that the gain of the LNA circuit with PGS

25

conductors enhanced from 13.14 dB to 21.474 dB
as shown in Figure (6). In the PGS LNA circuit,
the reverse isolation (S11) is smaller than that
appear in the LNA circuit using technology
inductors as shown in Figure(8).
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Fig.8 : Comparison of the Gain (S21) versus frequency of LNA circuit with and without PGS.
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Fig.9 : Comparison of the reverse isolation (S12) versus frequency of LNA circuit with and without PGS.

The input return loss (S11) improvedfrom -4.489
to -7.556 dB and the output return loss (Sx,) also
improved from -16.866 to -11.794 dB, as shown
Figure (9) and (10) respectively. They have good

performance. Finally, minimum noise figure
performance is quite good, as shown in
Figure(11).
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Fig.10 :Comparison of the input returns loss (511) versus frequency of LNA circuit with and without PGS.
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Fig.11 :Comparison of the output return loss (S22) versus frequency of LNA circuit with and without PGS.
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Fig.12 :Comparison of the minimum noise figure nf(2) versus frequency of LNA circuit with and without PGS.
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5. Comparison Between the proposed LNA
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With Other LNAEs.

Table 1 shows a comparison between the
simulation results of LNA with and without
PGS. It be noticeable thatthe inductors with
PGS improve the performance of the circuit

Table 1: Summary of simulation results

.Table 2 shows the comparison of the proposed

LNA with PGS inductors with the other works

of LNA . It shows how the proposed LNA with
PGS inductors exhibits a high impedance
matching, high gain and low noise figure as
compared to the other reported LNA.

Parameters LNA with technology inductors LNA with PGS
inductors
S11 -4.489 dB -7.556dB
S12 -23.162 dB -32.559dB
Gain (S21) 13.432 dB 21.474dB
S22 -16.866 dB -11.794dB
Noise figure NF(2) 3.501dB 2.118dB

Table 2: Comparison between the proposed LNA with PGS inductors and other works

Parameters [9] [13] [14] [15] Proposed
LNA with PGS
inductors
RF freq.( GHz) 2.4 2.4 3.7-4.2 5.8 2.4
S11(dB) -17.052 -12.21 -23.8 -18.9 -7.556
S12 (dB) -13.029 -39.31 -43.5 -22.1 -32.559
Gain S21(dB) 11.352 16.64 25.4 195 21.474
S22(dB) -21.956 -12.995 -17.5 -20.0 -11.794
Noise figure NF(2) 0.216 4.262 1.06 12 2.118

6. Conclusion and Contribution
In this work, a detailed study of a spiral inductor
on silicon with a patterned ground shield has been
presented. The effects of pattern have been
demonstrated. simulated results show that the new
design improves Q-factor and inductance.Upon
using LNA circuit, we show that the inductors
with PGS improve the performance of the circuit.
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