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ABSTRACT

A procedure is the design and. analysis of a band notch low-noise amplifier
applied in the receiver of DS-UWB. The design in this thesis is based on a finished
circuit “Notch LNA” and then makes it tunable in virtue of the adding varactor.

The signal within the operation band of UWB (3.1 ~ 10.6GHz), includes not only
the signal of DS-UWB but the WLAN signal of IEEE 802.11a (5~ 6GHz). These
undesired signals will cause inter-modulation and hence interfere with the signal of
DS-UWB. Thus, the operation band of DS-UWB doesn’t include 5~6 GHz to prevent
interference. About circuit architecture in this thesis, transformer feedback is the first

stage for getting broadband input matching and low noise contribution. Tunable notch



filter is inserted in back of the first transistor, and then cascade another transistor to
increase gain. For getting lower power consumption, we use single transistor in each
stage so the applied voltage of amplifiers just 1 volt only. Finally, this LNA series
with a source follower for output matching.The simulation results are as follows:

The bandwidth is 3 ~ 10 GHz. The average gain is 12 dB. The noise figure is 2 ~
4 dB. The input return loss is lower than 10dB. The input Piggmin) IS -24dBm. The

11P3(min) IS -5dBm. The power consumption is 16.8 mW.
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Chapter 1 Introduction

1.1 Background and motivation

Ultra-wide-band (UWB) systems is an advanced indoor wireless technology
capable of transmitting data over a wide spectrum of frequency bands with very low
power and high data rates within 5 to 10 meters transmitted range. Its operation
frequency range is from 3.1GHz to 10.6GHz which was announced by Federal

Communications Commission (FCC) in 2002.

The definitions of UWB:

1. Any signal whose fractional bandwidth is equal to or greater than 20% of the
center frequency.

2. The occupied bandwidth of signal equals to or greater than SO0MHz.

In UWB systems, there are two major modulation technologies for use:

1) Direct-sequence UWB (DS-UWB):

It supports data communication using both BPSK and 4-BOK. The BPSK is
mandatory and 4-BOK modulation is optional. BPSK modulation is low complexity
and easy to implement. Every compliant device will be able to both transmit and
receive BPSK modulated signals. DS-UWB supports two independent bands of
operation. Fig.1.1, shows the reference spectral mask for DS-UWB scheme. The
lower band occupies the spectrum from 3.1-4.85GHz and the upper band occupies the
spectrum from 6.2-9.7GHz. The 5-6GHz band is dedicated to WLAN 802.11a

systems.

802.11b/g

Bluetooth

Microwave WiMax 802.11a
Ovens 3.4-3.8 &5.2-b.d 5.7-5.9

1 1 » »

DS-UWE DS-1WE
Low band High band

2.4 3.1 4.85 6.2 ' 9.7 Freq(GHz)

Fig. 1.1 DS-UWB allocation

2) Multi-band orthogonal frequency division multiplexing UWB (MB-OFDM
UWAB) proposal:



In Multi-Band-OFDM (MB-OFDM) UWB, frequency span is grouped into 5
major Band Groups which are in turn sub-divided into 14 bands in total, as shown in
Fig. 1.2. Each band is 528MHz bandwidth, and the center frequency of each band is
mx264 MHz, where m is from 13 to 39.

Signal
Band Group &
Band Group 1 Band Group 2 Band Group 3 Band Group 4  Band Group 5
| |
Band Band Band [Band Band Band [Band Band|Band [Band Band|Band [Band Band
#1 #F2OOH3 | #4 #5 #G | HT O O#2 |90 #1213 4

DD

= Fred

3432 3960 4488
MHz  MHz MHz
Lowe  mid High

S016 5544 6072
MHz MHZ MHz
Lowe  Mid  High

GEO0 7128 TESG
MHz MHz MHz
Lowe  hlid  High

8184 8712 QX0
MHz MHz MHz
Lowe Ml High

976S 10296
MHz  MHz
Lo hlicd

i

3.1 to 106 GHz (7500 MHz) ———————— =

Fig. 1.2 MB-OFDM UWRB allocation

The parameter that determines the hopping sequence of the six OFDM symbol
bursts is the Time-Frequency Code (TFC). For example, the hopping sequence for
TFC 1 in Band Group 1 is Band 1-2-3-1-2-3. Band Groups 2 - 4 and Band Group 6
follow the same sequences using- their respective- bands. Band Group 5 only hops

between two bands and thus has it's‘own sequence.

Time-Frequency Codes (TFC)
TFC Band Band Hopping Sequence
group
1 1 2 3 1 2 3
2 1 3 2 1 3
3 1 1 2 2 3 3
4 1 1 3 3 2 2
5 . 1 1 1 1 1 1
6 2 2 2 2 2 2
7 3 3 3 3 3 3
8 1 2 1 2 1 2
9 1 3 1 3 1 3
10 2 3 2 3 2 3




Band Groups 2 to 4 and Band Group 6 follow the same sequences using
their respective bands
5 13 13 13 13 13 13
6 5 14 14 14 14 14 14
8 13 14 13 14 13 14

Table 1.1 Time-Frequency Codes (TFC)
Data rates of UWB:

The UWB system provides a wireless PAN with data payload communication
capabilities of 53.3, 55, 80, 106.67, 110, 160, 200,320, and 480 Mb/s.

MB-OFDM uses a total of 122 sub-carriers that are modulated using quadrature
phase shift keying (QPSK).Forward error correction coding (convolutional coding) is
used with a coding rate of 1/2 > 1/3 > 3/4 > 5/8 » 11/32.

MB-OFDM Data Rate Parameters
Data Rate
(Mbised) Modulation Type || Coding Rate
53.3 QPSK 1/3
80 QPSK 12
106.7 QPSK 173
160 QPSK 12
200 QPSK 5/8
320 DCM 172
400 DCM 5/8
430 DCM 3/4

Table 1.2 MB-OFDM Data Rate Parameters

1.2 Thesis organization

This thesis discusses about the circuit design and implementation of Band-notch
Low-Noise Amplifier for UWB. In chapter 2, we will review diverse topologies of
notch LNA, and present our design with simulated results in TSMC 0.18 um CMOS
process. Finally, an improved circuit will be discussed in chapter 3, and then make a

conclusion in chapter 4.



Chapter 2
Tunable CMOS Band-notch LNA

Low-noise amplifier (LNA) is a critical device since it’s typically the first stage
in receiver. The common goals in design are:
1. Low noise figure (NF)
2. Sufficient linearity
3. Input and output matching
4. Low power consumption.
5. Gain flatness
6. Stability

2.1 The general topologies of 1% stage in LNA

In a communication system, in order to make LNA connect to an antenna, the

first problem facing is wide-band input matching.

The general topologies of 1* stage in LNA are-shown in Fig. 2.1

o
(a) Resistive termination (b) Shunt-series feedback
o ] I o
(c) 1/gm termination (d) Inductive degeneration

Fig. 2.1 The general topologies for 1* stage of LNA



1. Resistive termination

Adding a 50ohm resistor to the input node of a common source amplifier, as
shown in Fig. 2.1 (a). Such topology is rarely used in the LNA design since the real
resistor will contribute noise and cause an unacceptable high noise figure. But the
noise contribution of the terminating resistors can be neglected when an antenna is

mounted directly on the amplifier.

2. Shunt-series feedback

A LNA with the shunt-series feedback topology as Fig. 2.1(b), often have high
power dissipation. The cause is the bias point of input fastened with the output

voltage, and hence the biasing point of system can’t be set at the optimal bias point.

In addition, the shunt series feedback topology has a stability problem in high
frequency. The root cause is related to source resistance Rs, it can’t be negative, or the
system will oscillate. But the parasitic component of transistor can’t be neglected in
high frequency so the feedback effect would make the stability of system drop to

unstable region.

3. 1/g,, termination

This topology seems like a good choice for wide bandwidth system because the
transistor’s g, is merely affected in the frequency range of UWB system. In order to
make 1/ g, equal to 500, g, has to be fixed at 20mS. This means the transistor size
must be fixed, and it will affect the noise figure of system. Rather than other
topologies, the gain of such LNA is rarely small. Therefore, there will be more than

one stage in back of this topology for enhancing the overall gain.

In common gate configuration, the noise figure and matching circuits totally

depend on the transistor. The (2.1) shows the noise factor of the single transistor [1].

F=1+Z 2.1)
(04

where v is the coefficient of channel thermal noise and a is

g=3n 2.2)
G40



where g, is the trans-conductance and 940 is the zero-bias drain conductance.

For the long channel device, y equals to 2/3 and a equals to 1. For the short channel
device, the value of y is greater than 2/3. Based on these data, the best noise figure of

this topology tends to be more than 2.2dB.
Consequently, this topology can afford quite wide bandwidth impedance

matching but bring a large noise figure and is difficult to achieve high gain

performance.

4. Inductive degeneration

From the small signal model shown as Fig. 2.2(b), the input impedance of this

architecture can be calculated as

1 g
Z =s(L,+L,)+—— )L 2.3
in S( s T g)+SC +(C ) s ( )

gs gs

At the resonant frequency, the input impedance is purely real and proportional to
L. Therefore, this system don’t have to add additional any resistive components and it
can reach the input impedance matching by choosing appropriate value of the L. This
leads to a very good noise figure and impedance matching for a narrow bandwidth
system.

However, since this topology utilizes resonance at the desired frequency, it can
be used only for narrow bandwidth signals and it is not suitable for wide bandwidth

applications.

Transformer feedback

Transformer feedback is the commendable topology of input matching, and it has
been reported in [2], as shown in Fig. 2.2. The causes are its noise contribution (refer
to T in Fig. 2.2) in transformer winds is relatively small, and the response of an
on-chip transformer can allow the realization of an absolutely stable band-pass
feedback network. Moreover, such topology can replace the multi-inductor network to
get broadband input matching, and hence the additional noise and more chip area due
to multi-inductor will be prevented. By the way, the input impedance with feedback is
determined by the effective turns ratio of T1 (72/4) and the trans-conductance (g») of

Ql
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Fig. 2.2 Transformer feedback

According to (2.4), the 3dB bandwidth of transformer is limited by the magnetic
coupling (k) between windings. Thus, we can get kK = 0.6 is required for full
bandwidth of UWB.

(2.4)

The high-k transformer design 1s good for reducing the pass band attenuation.
The highest magnetic coupling can'achieve in virtue of overlaying transformer
windings. Such technology has another advance that the chip can hence be save

more.[3]

Note that the bandwidth defined by (2.4) does not account for capacitive
parasites which impair the higher-frequency response. The limitation of bandwidth
caused by inter-winding capacitance will be mitigated by using the transformer in the

inverting configuration where each winding has one terminal at AC ground.

The trans-conductance of Q1 defines the input stage loop gain and is selected in
conjunction with the effective turns ratio (i.e., n’k ~ 5.25) of T1. The magnetizing
inductance of T1 matches the input impedance to 50Q2 and provides a noise figure less

than 3dB at the lower edge of the amplifier pass-band.



2.2 Notch filter

The notch filter is a filter that passes all frequencies except those in a stop band
centered on a center frequency. Here, Fig. 2.3 (a) and (b), show the general two LC
tanks of notch filter. Fig. 2.3 (¢) is part of the proposed topologies of notch filter in
this thesis.

O Input Input
Gl
L Ci—==
— Output
(a) (b)
Input C
C1
L1 ﬂ_au‘asilic
— 1
I
L2 |
Output O Output
(©) (d)

Fig. 2.3 Notch filter topologies

Fig. 2.3 (d), shows the notch filter of Fig. 2.3 (c¢) with the parasitic capacitor

from transistor. Its impedance is given by (2.5), and the series resonance frequency is

17274(L [ L,)C, . [4]

Z(S) _ S(Ll + Lz)(l + Sle ” L2C1)

PCTY) (2.5)
s [s"LL,CC, +(LC, +LC, +L,C,))]+1




Tunable notch filter

Fig. 2.4 shows the proposed notch filter composed of Fig.2.3 (b) and (c). Rather
than narrowband rejection of WLAN signal, we aim at filtering out all WLAN signals
(i.e. 5.1-5.9GHz), as show in Fig. 2.5

Notch
Filter 2

Notch Filter 1
L2

Output

D
Input

Fig. 2.4 Proposed notch filter

LN s s e B S S S e S B e S B S S B S e e e s
3 4 5 & 7 L L]

Fig. 2.5 Band notch response

The notch filter 1 in Fig. 2.3, is a simple parallel circuit and its resonant
frequency is given by (2.6). At its resonant frequency, the input signal will be rejected

so we’ll see a notch frequency f, as marked in Fig. 2.5.

1 1
f = = =
2zyJLC  27z,LC,

f, (2.6)



The notch filter 2 in Fig. 2.3, tends to be a simple series circuit at high frequency.
As the tank tends to be resonant at f,, its low impedance will short the signal to
ground, thus there is a notch point in Fig. 2.6. Additionally, the notch filter 2 tends to
be a parallel circuit at low frequency, which is set to equal to f;. In virtue of such
topology, we can get the wide band rejection nature as shown in Fig. 2.3.5. Finally,

we use varactor to fulfill tunable function, as show in Fig 2.8.

There is some confusion when it comes to the derivations of the resonant
frequencies of the notch filter, hence the derivations of the relevant equations for the

filter is also included later.

Band notch filter

-20
-30
_an—]

50—

UB(S(2,1))

60—

-70—

a0
Fr s

w0 b 2
9 O

freq, GHz

Fig. 2.6 The spectrum of band notch filter with ideal LC components

Input port Output port

Fig. 2.7 Tunable notch filter
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(a) Tuning voltage = 0V (b) Tuning voltage =1V
Fig. 2.8 The spectrum of tunable band notch filter

Related equation derivation:

3 2
2.(8)=(SL |-+ 5L, = Sb g - Sht(S'LLC +SL) _SE'LLC L +Ly)
sC, S2LC, +1 S’LC, +1 S2LC, +1

Z,(S)=o when S’LC,+1=0

—> f:; (Parallel resonant) 2.7)
27,/LC,

Z,(S)=0 when:
1.5=0 [—=> f=0=DC
2. S°LLC +L+L,=0

I::> g2 _ L +L,

Ll L2C1

—> f N R f, (Series resonant) (2.8)
27\ LLC,

11



2.3 UWB LNA Review

In this section, we’ll discuss some diverse topologies of UWB LNA. Then, the

characteristic of our design will be indicated in next section.

c2
gl.s
R2
Vee cs c7
I
T
L6 =—c3

L10 } C6
_L Cc1 L7 T
T —1

L9
R1 312 © CGT
Vs
|
l

Fig. 2.9

Fig. 2.9 shows a LNA structure in [5], fabricated in 0.13um® CMOS process,
using cascode configuration and without notch characteristic. Cascode configuration
is a typical technology in high gain, and broadband amplifier design since it can
reduce the effective input capacitor and ‘increase the output loading. In addition, the
cascode structure also has good properties of reverse isolation and such characteristic
is useful for broadband matching. However, it’s not good to noise figure due to the

noise contribution from trans-conductance of additional transistor.

20 20
0
0 0 '
—_ T -~ 20 F
B 0% ¥ s
= = 0 N5
Q a =" 20 = <= -40 e
i % o % E 24 \B\L\E,A;
Z ~ 3z ~ o E
5 - 60 32
) o
40 ol 0 .
) - 2 4 6 8 10
t 1IPs=3.5dBm  * frequency (GHa)
0 3 3 3 [l -14 -60 _100 tas sl s aasdaaasbi s alaaastl anai oy
2 4 6 8 10 12 25 20 45 40 5 0 5 10
Frequency (GHz) Frequency (GHz) Pin (dBm)

Fig. 2.10
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Fig. 2.11

Fig. 2.11 shows a notch LNA structure in [6], fabricated in 0.35um’ SiGe
BiCMOS technology ,consisting of the cascode configuration, active notch filter, and
emitter follower. The notch filter sketched in Fig. 2.11(b) is reported in [7]. It

synthesizes impedance that combines —a: series resonance, at frequency

1/[27r\/ L,(C,+C, || C,,)], and with a-parallel one , at frequency 1/(27,/L,C,||C.,.).

When the frequency is at series resonant frequency, the input impedance of the
notch filter will greatly deteriorate the voltage gain of the LNA, thus the rejection of
WLAN signal is obtained, which can be manipulated by the varactor.

20 - : 20
Notch Filter OFF--.___
15F T : -
10} 10
0) (0] TCCTIIIITNT: FONPITSRIISRITSesrst) If SO SmrmmeTs o) 0
_5 Lo, |
10} R [T T TSSO —10 'Vb‘\k'ei'r'(\/):"{i'.g”‘"'1.'0‘""?'.'1 12 .................
_15 : : : ; ; ;
4.5 5 5.5 6 6.5 4.5 5 55 6 6.5
Frequency [GHz] Frequency [GHZ]
(a) Spectrum (b) Tuning result
Fig. 2.12
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Fig 2.13

Fig. 2.13 shows another notch LNA structure in [4], fabricated in 0.13um’
CMOS process, using passive LC tanks to achieve the notch characteristic. Such LC
tank, which will be elaborated later, has not only a series resonance but a parallel

resonance. However, its gain flatness isn’t good enough, as shown in Fig 2.13 (c).
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2.4 Circuit implement

There are four core topologies in this thesis as list below:

1. Transformer feedback for input matching
2. Tunable notch filter for wide band rejection with tuning function
3. Cascade topology for gain improvement

4. Source follower for output matching

Furthermore, the design in this thesis is based on a finished circuit “Notch LNA”

in our lab and then makes it tunable in virtue of the adding varactor.

The prototypes and layouts of both “Notch LNA” and “Tunable band notch
LNA” are shown in Fig. 2.14 and Fig. 2.15.

vdd vd

N
<

Trans-
former

Fig 2.14 (a) The prototype of band notch LNA
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Fig. 2.15(a) The prototype of tunable band notch LNA
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Fig. 2.15(b) The layout of tunable band notch LNA



2.5 Simulation result

In this section, the measured results are shown below.

1. TT corner
Freq. range (GHz) 3~10
S11(dB) <8
S22(dB) <8
S21(dB) 12
S12(dB) <-50
NF(dB) 24~32
5GHz Notch(dB) -8
Power(mW) 15.8
P1dB(dBm) 24
[IP3(dBm) 3
Table 2.1 TT Corner post-simulation summary

20 0

15—

10— —-50
== 57 —-100
om0
ogm 5 —-150
TO T T

10— = 200
o] n
20 — -250
0 3 6 9 12 15
freq, GHz

Fig. 2.16 (a) S-parameter under TT corner
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Fig. 2.16 (b) Noise Figure under TT corner
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2. SScorner
Freq. range (GHz) 3~10
S11(dB) <38
S22(dB) <9
S21(dB) 10
S12(dB) <50
NF(dB) 2.9-3.5
5GHz Notch (dB) -8
Power(mw) 15.8
P1dB (dBm) 24
IIP3 (dBm) 0.5
Table 2.2 SS Corner post-simulation summary
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Fig. 2.17 (a) S-parameter under SS corner

20

((z'1)s)ap



3.5

3.3;
. 3.1;
N |
S 20
2.7—7
25 T T
0 3 6 9 12 15
freq, GHz
Fig. 2.17 (b) N.F under SS corner
m-1
m2
10 A 4
< °7
m
()]
S | |RFpower=-40.000
o -5— transducer_gain=9.980
E10 m2
| RFpower=-24.000
- transducer_gain=9.052
- IIII|III\|IIII|IIII|IIII
-50 -40 -30 -20 -10 0

RF power
Fig. 2.17 (c¢) P1dB under SS corner

- 1 40 T T 7 ‘ T 1T ‘ T T T | T T 1 | T T T e
-50 -40 -30 -20 -10 0
RF Input Power

Fig. 2.17 (d) IP3 under SS corner

21



StabFact1

3.FF corner
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Fig. 2.17 (e) stability under SS corner
Freq range(GHz) 3~10
S11(dB) <7
$22(dB) <7
S21(dB) 13
S12(dB) <50
NF(dB) 23~32
5GHz Notch(dB) -10
Power(mW) 15.8
P1dB(dBm) 24
IIP3(dB) -5
Table 2.3 FF Corner post-simulation summary
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Comparison of UWB LNA

12

15

This [4] [6]
Spec. [8] [9] [10]
work (Front end)|(Front end)
0.35u
0.18u || 0.18u 0:18u 0.18u 0.18u ]
Tech SiGe
CMOS | CMOS [ CMOS CMOS CMOS )
BiCMOS
S11 (dB) <-11 <-8 <-10 <-11 <-8 <7
Supply V 1 1.8 1.5 1.5 1.8 1.8
Gain (dB) 11 9.2 10.8~12 |[13.7~16.5 20 15
S12 (dB) <-55 -35 - <-30 - -
NF 3~35 || 3.1~6 4.3~5.3 4.7~5.6 5.2~7.7 5~11
BW 3~10 |[3.1~10.6| 3.1~10.6 || 3.1~10.6 3~8 3~8
Pdiss (mw) 15.8 11.9 4.5 10.6 18 49
Area 085 1.2 mm? 2 2 2 2
5 2mm°| 1.0 mm~ || 0.66 mm 1.7 mm 3.57 mm
mm
Narrow Narrow
5.1-5.9GHz
-8 dB - - - Band notch: | Band notch:
notch (dB)
-10dB -8 dB
P1dB(dBm) | -21.6 - - -24 -12 -16 ~-11

Table 2.4 Comparison of Ultra Wide-band LNA
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Chapter 3 Improvement

In previous design, the band notch LNA generates a flatness response in stop
band to reject the WLAN signal of IEEE 802.11a in 5 to 6GHz. However, we found
there was other WLAN applications exist in the band group2 as shown in Fig. 3.1, it

is the HipLAN?2 of ETSI.

Moreover, we also concern the interference from GSM signal since its power is

relative strong to UWB. Hence, we make an improvement in previous design

regarding these considerations and the circuit as show in Fig. 3.2.

WLAN bands

Group #3

Group #4

Group #5

| /_\ ,/(_\'\ |

| J &) .
\. | l'\ \ 1 \ ! |
I1|| J‘l IIII/ \' I/ \ IIIIII \.:IJI/ II]II f “II

L /ZEE)

B

V i \If \J i ! \ll -

& 8 8 ¥ ¥ R 8 %8 8 3 & § 8 3 fMHz

< ()] < o Te] o (o] — © — M~ o M~ o™

o) o < o o w (o] M~ M~ o0 =] (o)} (®)] 9

Fig. 3.1 WLAN signals allocation
Stand Area Low Band (GHz) | High Band(GHz)

IEEE 802.11a North America 5.15-5.35 5.725-5.825
ETSI HiperLAN2 Europe 5.15-5.35 5.47-5.725
MMAC HiSWANa Japan 4.9-5.0 5.15-5.25

Table 3.1
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3.1 Circuit analysis

In this improvement, the core what we modify are adding one more notch filter
(C13 L8) and tee type matching circuit. The additional notch filter is used to reject the
GSM signal (1.8GHz to 1.9GHz), and the tee type matching circuit is added to help

lowering Si; of the LNA.

Trans-
former

Vs

Fig. 3.2 Improved circuit structure
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3.2 Simulation result

Freq range(GHz) 3~10

S11(dB) <-10
S$22(dB) <10
S21(dB) 12
S12(dB) <50
NF(dB) 3.3~3.9

5GHz Notch(dB) <-8

Power (mW) 31.5
P1dB (dBm) -24
ITP3(dB) -5

Table 3.2 SS Corner pre-simulation summary

freg, GHz

Fig. 3.3 (a) S-parameter under SS corner
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Chapter 4 Conclusion and future work

4.1 Conclusion

This thesis presents two tunable band notch UWB LNA’s based on the finished
circuit “Notch LNA”. One is to reject the WLAN (5.1-5.9GHz) interference and
another one is with the additional rejection aimed at GSM signal (1.8G ~1.9GHz).
According to the simulated results, the feasibility of such band notch technique is

confirmed.

In addition, we’ll also discuss another topology, such as Fig 4.1. The major
difference is the placement of primary winding of transformer. According to its
simulation result, we can know the noise figure and gain flatness will get better, but

the return loss is hard to cover full band. The root causes are:

Vdd vV dd Vdd

f cio
R4
A
1Al

Cll

RS RL

Fig. 4.1 Tunable notch filter with topology of inductive degeneration

aH-

Trans-

Vs former o |
—_— Co
Veg I Vil l Veg
L —-—
- -

1. Both of the inductance and size of primary winding are decrease. So the noise

figure can get better.

2. The placement of transformer is similar to the topology shown in Fig 2.1(d), which
is jut suitable for the device with narrow bandwidth but without mutual inductance.
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Fig. 4.3 Noise figure
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4.2 Future Work

In this thesis, we have finished the design of UWB LNA’s. However, in ultra
wide-band receiver architecture, there are still many important blocks needed to be
implemented, such as Mixer, Synthesizer, etc. Besides forgoing, the ESD protection
must be designed within the thinner gate oxide process. Finally, the EM EDA tool
must be used accurately and all parasitic effects including parasitic capacitance,

resistance and inductance must be considered carefully.
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