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Memandangkan penguat hingar rendah adalah blok pertama dalam sistem penerima, penguat hingar rendah dianggap
sebagai salah satu daripada peringkat yang paling penting yang hendak direkabentuk. Cabaran besar dalam mencapai
matlamat penguat hingar rendah adalah untuk mengimbangi antara beberapa parameter reka bentuk seperti gandaan
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kuasa mudah dan pemadanan masukan dan hingar serentak terkekang kuasa berpenimbal salir sepunya telah dihantar
untuk fabrikasi. Perbandingan telah dibuat dan keunggulan satu terhadap yang lain ditentukan.

Since the low noise amplifier is the first block in a receiver system, the low noise amplifier is considered as one of the
most important stage to be designed. The great challenge in achieving the low noise amplifier goals is to balance the
trade-off between design parameters such as the power gain S21, input reflection coefficient S11, reverse isolation S12,
output reflection coefficient S22, noise figure and linearity. In this project, low power LNA designs such as the Simple
Power Constrained Simultaneous Noise and Input Matching, current reuse, folded cascode, multistandard and Power
Constrained Simultaneous Noise and Input Matching with Common Drain buffer topologies were studied, analyzed and
designed. The Simple Power Constrained Simultaneous Noise and Input Matching and the Power Constrained
Simultaneous Noise and Input Matching with Common Drain Buffer were sent for fabrication. Comparisons were made
and the superiority of one over the others were determined.
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c. Penguat hingar rendah pemadanan masukan dan c. Power constrained simultaneous noise and input
hingar serentak terkekang kuasa matching low noise amplifier

d. Penguat hingar rendah kaskod terlipat d. Folded cascode low noise amplifier

e. Penguat hingar rendah penggunaan semula arus e. Current reuse low noise amplifier

f.  Penguat hingar rendah berbilang piawai f. Multistandard low noise amplifier

g. Penguat hingar rendah pemadanan masukan dan g. Power constrained simultaneous noise and input

hingar serentak terkekang kuasa berpenimbal matching with common drain buffer low noise
salir sepunya amplifier
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A. Project Portfolio

Project Title Design of Low Power Low Noise Amplifier for RF
Application
Project Objective 1. To study and analyze low power low noise

amplifier (LNA) for RF application

2. To design and characterize LNAs for RF and
low power application

3. To design and characterize a low power
0.18um CMOS LNA for ultra-wide-band

(UWB) application.
Date of Commencement 1/12/2009
Date of Completion 30/11/2011
Amount of approved Grant RM 38,480.00
Amount for first distribution RM 22,430.00
Amount for second distribution RM 16,050.00
Balance of Grant RM 0.13

(latest statement of accounts by March 2012)

B. Gantt Chart

Study and analyze the low
power LNA topologies

Design and simulation

Design optimization

Fabricate the design

Characterization the
developed chip

results

Analyze the measurement

Evaluate the overall

performance of the chip

Report

5 Achieved
Expected outcome




C. Report summary

Based on the objectives and Gantt chart stated and shown in the project proposal, the project has
progressed well within 1 year from the date of commencement. Effective from 1% January 2011, Silterra
had started to impose fabrication fees. The designs that we had sent to Silterra in September 2010 were
not fabricated as Silterra had stopped all MPW (Multi-project wafer) fabrication until the finalized
fabrication fees were determined. Since 1* January 2011, the fabrication fee is RM7000/design for 0.18-
pm CMOS technology and RM11000/design for 0.13-um CMOS technology.

In February 2012, Silterra (M) Sdn Bhd had kindly offered to fabricate the LNAs in this project for
free. However, the process that was being offered is for the 0.13-um CMOS. Modifications to the design
were made to meet the design specification for this new process. The 0.13-um CMOS is a newer process,
having more options in setting value of components and suitable for low power design as the voltage
suppy is only 1.2 V (versus 1.8 V required in the 0.18-um process) . Hence, other low power topologies
have been studied and analysed to achieve those requirements. Simple PCSNIM cascode LNA and
PCSNIM LNA with Common Drain (CD) buffer design have been chosen to achieve the requirements set
by Silterra (M) Sdn Bhd.

I.  Simple Power Constrained Simultaneous Noise and Input Matching (PCSNIM) cascode LNA

PCSNIM technique enables simultaneous noise and input matching for low-power implementations
(Andreani & Sjoland, 2001; Nguyen & Lee, 2003). PCSNIM is especially suitable for low-power
implementation in mobile radio transceivers. In this technique, even if the transistor is small in size and
resulting in small C,,, noise and input matching can still be achieved by manipulating the value of Ce,.
For Simple PCSNIM LNA, the cascode is having the luxury of consuming all the current. With higher
current consumed, the noise figure (NF) becomes better. Hence, this topology is able to provide the best
NF. If NF is not a specification to be fulfilled, smaller current can be consumed with smaller size

transistors.



The schematic can be seen in the Figure 1. Width of M is same as width of M,. A feedback technique
is adopted by using a degeneration inductor, L. This type of input matching is suitable for narrow-band

applications and also for large transistor, thus high power dissipation, and high frequency of operation.

Figure 1: Simple PCSNIM cascode LINA schematic

II. ~ PCSNIM LNA with CD buffer

This technique is used to achieve an output matching at the output stage. The matching circuitry is
replaced with an output buffer. Instead of using L-C network that requires large space due to the inductors
being huge passives, there are two capacitors and transistors with a resistor to perform the task. Figure 2
shows the PCSNIM with output buffer LNA.

A common-drain transistor is used as the buffer, shown as M3. M, is operating as current-source. Ly is
to resonate with Cg,Cpys_m3,Co,Cga_ma and the bondpad capacitance to operate at 2.45 GHz. Cc; is the
coupling capacitor, to isolate the biasing of the buffer from the cascode. To do that, the large capacitor (in
pF) is needed. Ry, is to isolate the signal path from the current mirror. The transistor M, width is half of

the M;’s width. In terms of linearity performance, M, has more influenced as compared to M,. Therefore,



if the linearity of the LNA needs to be enhanced, the M, should be the one to be modified (Mohd. Noh,
2009). A PCSNIM cascode LNA with CD buffer is designed to maintain the matched conventional
PCSNIM NF with much less layout space consumed. The power gains of the LC-matched PCSNIM and
PCSNIM with CD buffer are comparable but both PCSNIM lost in term of linearity. However, this

method will be better for circuit integration as it requires less space.

RFour
Co

Figure 2: PCSNIM LNA with CD buffer schematic

Two designs had been sent for fabrication to Silterra (M) Sdn Bhd on 22" February 2012. Hence,
RM22000 has been saved due to free fabrication. That indicates that the expected outcomes for the first
twelve months had been achieved. Fabricated chips will be obtained in May. Hence, the characterization

will be performed in May.
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Figure 3: Simple PCSNIM cascode LNA
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Figure 5: Schematic for the PCSNIM cascode LNA with Common Drain (CD) buffer.
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Figure 6: Layout for the PCSNIM cascode LNA with CD buffer.

(a) Results
The designs have to fulfill the required specification. The following Table 1 shows the RF

performance metrics for the mentioned LNA.



Table 1. RF parameters and pre-layout results

Desired Simple PCSNIM PCSNIM cascode LNA with
Parameter Specs cascode LNA CD buffer
Frequency (GHz) 2.4-2.5 2.45 2.45
Bandwidth (MHz) 100 672 440
Noise Figure (dB) 2 1.684 3.08
[IP3 (dBm) -10 -10 -
P1dB (dBm) -20 - -
Sy (dB) >22 20.98 16.30
Si (dB) <-10 -14.69 -21.90
Sy, (dB) <-10 -13.95 -15.10
Si2 (dB) <-20 -35.77 -54.50
Vaa (V) 1.2 1.2 1.2
Current 4 3.80 3.9
consumption Iy
(mA)

Once obtained, the measurement results will be compared to the post-layout simulation results.

2 journal publications were promised to be published in the project proposal. Upon the completion of
this project, 2 papers have been published in conference proceedings and 1 in an international journal.
The two papers were published in the Asia Pacific Conference on Circuit and Systems (APCCAS) 2010
conference proceeding and the 2010 IEEE Symposium on Industrial Electronics & Applications
(ISIEA2011) conference while one journal paper was published in the Institution of Electronics and
Telecommunication Engineers (IETE) Journal of Education. These published papers can be referred to

Appendix B, C and D.
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Design and Analysis of Monolithic Inductively-
Degenerated Cascode Based Low Noise Amplifiers
Norlaili Mohd. Noh

School of Electrical and Electronic Engineering, USM

Awatif Hashim
Pursuing Postgraduate study in Universiti Sains Malaysia (USM)
Abstract

This paper is on the design and analysis of the five types of inductively-degenerated cascode LNA topologies.
The topologies are Simultaneous Noise and Input Matching (SNIM), Power-constrained Simultaneous Noise and
Input Matching (PCSNIM), Current-reuse (CR), Folded-cascode (FC) and PCSNIM with output buffer. For each
topology, the functionality and design are discussed. Equations are given to enable better understanding on how
the circuits perform. The characteristics that distinguish one topology from the others are highlighted. These LNAs
were simulated using Silterra’s 0.18 pm CMOS technology and the designs were based on a common current
consumption of 4 mA to enable comparative analysis. The results obtained conformed to the theories presented.

The performances of the LNAs are within the desired range and in accordance to the W-CDMA requirement.

Keywords

: Inductively-degenerated cascode LNA, simultaneous noise and input matching, power-constrained

simultaneous noise and input matching, current-reuse, folded-cascode, power-constrained simultaneous noise and

input matching with output buffer.

1. INTRODUCTION
A_ mongst the design goals of an LNA are to achieve

good noise figure (NF), gain, power consumption
and linearity performances in accordance to the targeted
application. Hence, the choice of LNA topology for a
specific application is crucial in determining the
achievement of the expected performance. Five LNA
topologies based on the inductively-degenerated cascode
structure were studied and analyzed for the W-CDMA
application. The SNIM has high input resistance and
transconductance, similar to that of a common-source
(CS), and a good frequency response such that can be
provided by a common gate (CG) [1, 2]. The PCSNIM
enables simultaneous noise and input matching even
for small devices and low power operations [3-5]. In
the CR, the input transistor of a cascode is replaced
with an inverter-like combination of PMOS and NMOS
to reduce power consumption but is still able to
maintain the transconductance and consequently the
gain [6]. The FC LNA was not only designed for low
voltage operation but also for good noise performance
[7]. For monolithic design, PCSNIM with output buffer
LNA provides good gain and noise performance
without the need of external matching circuitries [8].

This paper discusses on the design of all the
mentioned topologies with detailed description on the
functionality of each one of them. The descriptions are
supported by relevant equations for better
understanding. Designs for cach topology were based
on a common current consumption of 4 mA, which is

an estimated value for a single-ended 0.18 pm LNA
for W-CDMA application. A common current was
set to enable comparative analysis amongst the
topologies.

1.1 Design of the Inductively Degenerated
Based LNAs

The list of symbols used in this paper is as
shown in Table L.

SNIM LNA

The SNIM LNA circuit is shown in Figure 1.
Flow chart of the design methodology of the
topology is given in Figure 2.

(i) Calculation of transistor size based on the
Power Constrained Noise Optimization
(PCNO) Technique

The transconductance of the transistor, M, is

l]l oV

W
g, =ou C —V (1)
L

Foundry specified electron mobility, p , is
given as 0.039 m*/Vs. o=l and C_ = 9.4 x 107 F/
m*. V _is the overdrive voltage uf the transistor.
From the PCNO method, the quallty factor of the
input stage is [8].

IETE JOURNAL OF EDUCATION | VOL 52 | ISSUE 2 | JULY-DECEMBER 2011 7l



Norlaili Mohd. Noh et al., : Design and Analysis of Monolithic Inductively-Degenerated Cascode Based Low Noise Amplifiers

=
=}

IT()TAI,

[(v\:‘(‘()l)l'

L,
C.
[=—20 RE,
Cd
R,
R I-:Iin

Figure 1 : Inductively-degenerated cascode LNA [10] with input inductance,
Lg. This is the SNIM topology
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Figure 2 : Flowchart of the LNA design methodology

IETE JOURNAL OF EDUCATION | VOL 52 | ISSUE 2 [ JULY-DECEMBER 2011



Norlaili Mohd. Noh et al., . Design and Analysis of Monolithic Inductively-Degenerated Cascode Based Low Noise Amplifiers

Table 1 : List of symbols.

g Transconductance of the transistor
a Noise parameler, oo and o0 = g/ g
My Hyp Mobility of electron, hole
oa? o Oxide capacitance. For NMOS, C__ = 9.4 x 10" F/m*. For PMOS, COW: 8.9 x 10° F/m*
A Transistor’s width
L Transistor’s channel length
. Overdrive voltage
K. Relative permittivily of silicon dioxide
€, Permittivity of free space, €, = 8.854 x 10" I/m
. Oxide-thickness
A Quality factor in the form of the actual source (input) conductance
C, Gale-Source capacitance
Y Noise parameter, y = 2/3 for long-channel
) Coellicient ol gate noise, 6 = 2y = 4/3 [or long-channel
8 B 8
c Correlation coellicient, ¢ = j0.395 for long-channel devices
I Transition [requency
F Noise factor
o, Transition angular frequency
A Operating angular frequency
Noise parameter that includes both correlated and uncorrelated portions of the transistor’s
gale noise
| An optimum condition will occur when the
Qy=——— ) quality factor of the source is at its optimum. The
o,RsC,, optimum Q, (9, 10]
C ) WLC
s =7 ) 3) ol [ :
B3 Quen =[cly g | 1+ [1+ (6)
Therefore,
3 Withl ¢ |= 0.395 and y,o =0.5, Qs,, 1s calculated to
- : e he difference in the noise factor is not ver
2Cwo, QR LC (4)  be 4 [9]. The dilf tl fact t y
TS significant when Qy _ is changed from 3.9 to 4.5 [11,
Transition frequency, lZI Qg = 4:5 can be dwsen to enable the value ()f
smaller transistor at the input. A smaller device
g g consumes smaller current, and consequently, power.
Oy = C—'“ 2 e Based on Equation (4), Q. o = 45, when W =293

o
%5
2

2 WLC,, Hm. W s the optimum width of the tr msxstor al the
3 lowest noise figure (NF). For physical transistor design,
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a multi-finger technique can be implemented for better
malching and reduced gale resistance [12]. I[ multi-
finger transistor is used, every finger needs to have a
consistent width, If 5 pm is used, the total width of
the transistor must be in multiplication of 5 pm [12].
Hence, W _  can be laken as 290 pm. Based on
Equation (1) to Equation (5), calculated C_is 0.33
pE, g is 59 mA/V, o, is 1.7879 rad/s, [, = 28.4
GHz, o/o, is 13.3 at [= 2.14 GHz (the W-CDMA
operaling [requency). When L, and gale resistance
contributions to the noise are neOlected the noise
factor is found to be [12]:

F=1+4.84 (o /). (7)

From Equation (7), F is found to be 1.364. For
the calculation above, V_ is 100 mV. This is a
reasonable estimation for a 0.18 pm design as it
provides some margin for process variation.

(i) Calculation of L, and L,
The input impedance of the inductively-
degenerated LNA in Figure 1 is given in Equalion

(8) [10].

. .)+f+w,rlﬂ

Z (L. -i-]_,g (8)

At resonance, only the real part of Equation (8)
exists. The input resistance is given by (9) indicating
that the combination of the transistor with the
degeneration inductor provides input malching [1].

g.L

<Imn S

C,

&

R =Re [Zm J (9)

Also al resonance,
(10)

L, should not be large as it can contribute to a

higher NT. This is because [9]

R,

F=1+ (11)

s Ry
where R R and R are the L, gate and input
source resmtcmces 1espe(,uvely Referl ring to Equation
(10), the L, can be made smaller il C_ and I, can be
made larger. Referring to Equation (3), C  is
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dependent on the width and length of the transistor.
A small device will need a large width in order to
increase its C . The trade- off to fulfilling this
requirement is in the higher current consumed (hcncc,
higher power consumption) as can be seen from
Equation (12),

Ll 11CK)X W § 2
Il‘: :T[—fj(vgs_\/m) 1\12)
On the other hand, if the L is incr eased, the

voltage gain will be degraded as shown by the open
circuit voltage gain equation below [12].

A élnmuz SL" G R'-.‘
R R, +R, 371Gy .
+s0,” ( ) +o, I (13)
(L_n_ +L‘) +g L, +sC .1R| +1
where R | and R,, are the internal resistances of L

and L 1espect1vely In SNIM, the problems arise m
d(_.hlBVll]O high gain and good noise performance when
the devxce is small.

Assuming o as equals to I, and R is 50 Q, L
can then be calculdted From Equation (Q) L =0. 98
nH = 0.3 nH. However, the smallest inductor
”w'uhble from the Silterra 0.18 pm CMOS model
libraries is 1.65 nH. Hence, the smallest inductance
that can be used (with size of design taken into
consideration) is 0.55 nH from three of the 1.65 nH
connected in parallel. L can be calculated by using
Equation (10) and with “the mentioned values, 1. is
16.2 nH. The nearest inductance value from the
Silterra model libraries is 15.8 nH.

(iii) L, and C,

C, can be calculated from Equation (14) with
the operating frequency of 2.14 GHz [13] and L set
lo a cerlain value.

= J
m” /\/ CLI Ld

If I‘u is set al 15.8 nH, C(I is calculated (0 be 0.35

(14)

pl.
(iv) Biasing Circuit

The biasing circuit has M, which forms a current-
mirror with M. For a W-CDMA application 0.18 pm
LNA design, a total current of 4 mA is expected [14,

15]. Thus, the current through M, can be in hundreds
of UA since a too high of a current for the biasing
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circuitry will only increase the overall current
consumption of the LNA. The equation relating the
transistors of the current mirror with their associated
currenis are shown below.

\

M,
' LM] _ Il)..\'ll

WMT‘ I

M3

DM3

Since M, should not be large to prevent large
current umsumptmn by the bmsmo circuit, a 20 pm
width transistor is capable of carrying the amount of
estimated current. The length of M, should not be at
its minimum and, hence, was set to 0.36 pm. Since
Vv =01 V, V can be determined from V

ov,MI GSMI ; VM |

GSMI Vth MI* v(; S,MI . V( S, M3 ) VI)S\‘l’ Once VU\M
is known R, can be calculated from (Vop - vu.s,M\-,)/
Lo The leue of R,, on the other hand, is not very
critical as long as it is much greater than the
impedance at the gate of M, but small enough to be
contributing insignificantly to the noise performance
of the LNA. R, can be 2.5 kQ.

v) C

c

CC is the coupling capacitor and the capacitance
can be any large value such as 75 pl.

1.2 PCSNIM LNA
The difference between the SNIM and PCSNIM

is the additional C_in parallel with C . The
schematic of I’LSNIM is shown in Figure 3. C_ can
be obtained from
o =, =€y, (16)
The input resistance at resonance now
becomes
o |,
R- — ©m S
m (:l (17)
j 5 ————l 1.
and e (DO’:CI s (18)

From Equation (18), L can be made smaller by
increasing C. In order lo achieve belter noise
pelfolmdnce (by having a smaller L), L can be set
at 7.66 nH (based on th(, available inductors from the
foundry’s model library). Referring to Equation (17),
il the transistor’s width is to be maintained al 290
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pm, the R, can be fixed at its 50 Q il L/C = 847 H/
F. Using 51mplo mathemaltics, when I,g = 7()() nH, L,
can be calculated to be 0.57 nH. Based on Lhe
available Silterra 0.18 pm CMOS model libraries,
the smallest inductor is 1.65 nH. To obtain a 0.57
nH, three of the 1.65 nH were connecled in parallel
resulting in a 0.55 nH of inductance. Hence, C =

0.65 pF and C_ = 0.32 pF.
Compared with SNIM, PCSNIM is able to

provide good noise and input matching even when
the transistor is small by manipulating the value of
G |

C/ex,

1.3 CR

In the CR topology, M, is replaced by the
inverter like combination of the PMOS and NMOS.
This is to reduce power consumption bul at the same
time maintaining the transconductance so that the
gain will not be reduced [6]. Figure 4 shows the CR
LNA. The advantage of having the inverter connection
instead of just one NMOS can be explained by
analyzing Figure 5. Besides Equation (1),
transconductance for a transistor such as in Figure 5
(a) can also be represented by

W
gm = zuncox (f)(ll))

For the circuit in Figure 5 (b):

I W1 | W
Emi \/an(’uxn [2TJ(E lI’?J _—2—\]“}"’0((“ L D (20)
I WH(I 1 W
5 = 12 G o | 2u C
g‘“‘- \/ H oxp [2 L. J( 2 DJ 4 \/ n XN

with the assumption that p =p /4 and C = C
P n oxn

g, and g . are the transconductances for M, and M,,

respectively. Hence, g .= 3/4 g = Although I, is

halved due (o halved transistor size, g is % ol its

original value. We can say that to produce a similar

g, the current flowing through this inverter is hall of

that flowing through the MI in SNIM and PCSNIM.

(19)

(21)

oxp’

(i) Calculation of transistor size

Vosmi = Vo = Youe = 075 V to ensure that
both M, and M, are in saturation. This will provide
about 0.25 V of overdrive voltage as V= 0.5 V. If
the total current flowing through the W-CDMA LNA

is expecled to be 4 mA and allocating a few hundred
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Biasing
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e i
|
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lu, | |
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m i |7 e IJ} O_I Cascode
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technique to "sl
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Figure 4 : The CR LNA

"’!)[1

Iz ID

—1 M, (2 WiL)
o 01 = Emi 1 Sm2
\o——«l M, (W/L) V,0—@ 0 Vi
EeR 0
—| M, (% WAL)
—_— 1/3 lD
(a) (b)

Figure 5 : (a) Single NMOS. (b) NMOS and PMOS in inverter connection [6],[16]
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pA for the biasing circuit, then M, (in the conventional
cascode like in SNIM and PCSNIM) of 60 pm is
sufficient to let this value of current flow (refer to
Equation (12)). Since M, in Figure 4 is operaling the
same way as the cascode transistor in the conventional
cascode circuil (like in SNIM and PCSNIM), il will
have the same size as the M. Since the same g [rom
M, in the conventional cascode (like in SNIM and
PCSNIM) can be obtained with only approximately
hall the current (i.e. 1.9 mA) from the inverler NMOS
and PMOS in CR, the size of the PMOS and NMOS

in the inverler can be halved.

(i)

Determining the passive components at the
input stage

C . and (,

o ., were implemented to enable a
smaller I, 1o bc used (as discussed under PCSNIM).
Assume I‘_ = s'.Z. ClI — Cgsl -+ Cm and CIQZ ngz + chz'
C =C =

as W=W, and C_ = C_, (refer Lo

gsl gs2 x! ux2

Equatmn 3)). Tdklll" C(“ = C_, will result in C

X

C, The inpul lmp(,dan(o ol Lh(’ circuil in Fluurc £
is as shown in Equation (22). At resonance Rm =
R [Zm] =50 Q.
[%L 3sLi.l]_ 1
2[ ‘IC’ +5°L .]+ s¢t - G
s°C 1 i 'L,).)z :
4(3(/ +$L-.|)(CI Zmi
+%( 7] 2 +S1L1\'l)(lcl;il )(sull +3(I_KJ oml
B(L ) ) (22)
= Zm
Z, =sL, + b, .
4l 1y 2La g2 |9 b)o
4(5 + C. +5L‘..J 4((‘.‘ Smi
By using C_, = 0.0341 pI and g, = 15.25 mA/

V for the 3() pm M, of the CR LNA L —() 3 nH To
determine Lg, the totdl imaginary pdrt of Equation
(22) is 0. It is calculated that I, is 40 nH [8]. This is
a very large inductor connected at the input and can
contribute to a very high noise performance. As L,
is connected to V=~ and a bondwire inductance to
other than ground is 1.2 nH, the total inductance

between the drain of M, and the external V source
is 1.5 nH.

Optimization of L, and L can be performed to
obtain good pelfmmdnce in gain and noise.
OptlllllZdthI] may result in L to be () 55 nH (a parallel
of three 1.65 nH) and L_= 12.9 nH (which will give
better noise puformcmce)
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(ii) L, and C,

Since the Ld is Lo resonate with C,, [, can be
set to 12.9 nH and C(J is then calculated to be 0.43
pF (using Equation (14)).

(iv) Biasing circuit

Since Vo = Vs = Vosan = 075 V, the V
Y dovas og N s 7 -
will be large as V, .. = 0.5 V. To prevent a large

current from [lowing through M, as this transistor is
just for biasing, its width needs to be made smaller,
Hence, M, can have a width of 10 pm with length of
0.36 pm, making 12 as the ratio of the mirrored current
to the bias current (using Equation (15)). Thus, the
current in the biasing circuil was estimated to be 0.32
mA. With the drain voltaoe of M, known, R, can be
calculated. R, = (1.8-0. 7J) V / 0.32 mA = 3 3 kQ.

(v)

Determining the size of M,

With a current of 1.58 mA flowing through M,
(ie. 3.8 mA - 0.32 mA - L9 mA), M, was added to
the circuit to act as the current source. V of the M,
was set to 0.75 V and with this biasing condition, a
20 pm by 0.18 pm is sufficient to perform the task
(using Equation (12)).

(vi) C

For the C, the capacitor’s function is to isolate
the dc flowing through M, from the biasing through
the inverter pair. A capacitance of 0.92 pF can be
implemented to perform this task.

14 FC

The folded-cascode LNA is shown in Figure 6.
M, is to amplify the signal and M, acts as the current
buffer. The supply voltdve is close to the bias voltage
and thus the output swing is limited. The folding of
M, helps to eliminate the parasitic capacitances at
the drain of M, by resonating with L. It also helps
to suppress the noise contrlbutlun of d common gate
transistor like M, at the output [17]. L_is to resonate
with the output capacitance at the operating frequency.

cl

The width of M, is determined from Equation
(4) with the parameler values as specified for SNIM
and PCSNIM. Since the impedance ol FC is
approximalely the same as the inpul impedance of
PCSNIM, LU‘, C,, and L, can be determined by the

same way.
Current that is expected to flow through M, can

be calculated from Equation (12) and found to be
.89 mA when V= 80 mV (the overdrive voltage
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needs to be small as V_ is close to the bias voltage).
The total current supplied o the LNA was sel al 4
mA. If the bias current through M,, ID ses 18 Set at 0.1
mA, the current through M,, - will be 4 mA -
[.89 mA - 0.1 mA = 2 mA. R = (0.6 - 0.58) V/ 0.1
mA = 0.2 kQ.

The width of M, can be calculated from Equation
(12). VOV)M,‘* 02V (VS( o= 0.6 V and threshold voltage
of PMOS is about 0.4 V for a 0.18 pm process).
Hence, Wy, = 180 pm. By using Equation (3), C,,
is 0.2 pF. L is to resonate w1Lll C e L0 tune to 9.14
GHz. Using Fquallon (14), = 99 nH. The highest
available mdugtor with the bllterm 0.18 pm CMOS
model libraries is 22.9 nH. Equation (14) can be used
again to determine C . If L is set at 10.7 nH, C_is
calculated (o be approximately 0.52 pF.

: Design and Analysis of Monolithic Inductively-Degenerated Cascode Based Low Noise Amplifiers

5

L5 PCSNIM with output buffer

Referring to Figure 7, the input stage of this
topology is the same with the PCSNIM shown in
Figure 3. The buller is implemented as a cascode on
its own has very high output impedance. If the
PCSNIM is connected directly to a load with low
impedance, the gain will drop drastically. Hence, the
bulfer, which is actually the source follower M,, acts
as an impedance transformer to avoid the loading
effecl. M, is operating as a current-source. L, is to
resonate with Cs C, o017 C, and C .. to provide
tuning at the 2. M GH/ Gy is the Luuplm0 capacitor
that w111 isolate the biasing of the buffer from the

cascode. R is to function thc same way as R,. The
width of M, g and C can be maintained at 290 pm,
0.33 pF ¢nd 59 mA/V respectively. L, L, and C_

R,
RFin
Figure 6 : The FC LNA
Vi
R, 3[_(‘ R,
'4
4 I uul
L m\so‘_”;'\ 1
RFin

Figure 7 : The modified PCSNIM with output buffer LNA
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Table 2 : Design parameters and optimized component values used in the
SNIM, PCSNIM, CR, FC and PCSNIM with output buffer.

SNIM PCSNIM CR FC PCSNIM
with
buffer
fo (GHz) 2.14
L (pm) 0.18
Loxn > toxp (nm) 3.65, 3.88
Coxn» Coxp (MF/m”) 9.45, 8.9
Rg () 50
My My (0%/Vs) 0.039, 0.01
R, ., R, (kQ) 9,2.5 9,2.5 33,10 0.2, 10 9,2.5
Ro (k) na na na na 2.5
C. (pF) 75 75 75 1 75
C.a (pF) na na 0.92 na 10
Cosi01 (OF) 0.33 0.33 0.03 0.33 0.33
0.18 for
Cex (PF) na 0.32 both 0.32 0.32
Cq (pF) 0.35 0.35 0.43 na 0.35
C, (pF) na na na 0.52 0.13
L, (nH) 15.8 7.66 12.9 7.66 7.66
Ly (nH) 15.8 15.8 12.9 22.9 15.8
L (nH) 0.55 0.55 na 0.55 0.55
L1, Lo (nH) na na 0.55 na na
L, (nH) na na na 10.7 na
M, (pm/pm) 290/0.18 290/0.18 30/0.18 | 290/0.18 | 290/0.18
M, (um/pm) 290/0.18 290/0.18 | 30/0.18 | 180/0.18 | 145/0.18
M; (pm/pm) 20/0.36 20/0.36 10/0.36 | 40/0.36 20/0.36
M, (um/pm) na na 60/0.18 na 100/0.18
Ms (pm/pm) na na 20/0.18 na 100/0.18

* na means “not applicable”.
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Table 3 : Summary of the comparison between the different
modified inductively-degenerated cascode LNA.

LNA Topology | Features
SNIM This is the conventional inductively —degenerated CS with L as its degeneration inductor.
PCSNIM Contains L and an additional capacitor, C_, across the G-S of the input transistor. This
configuration is lo obtain noise input impedance that closely matches the circuil input
impedance.

CR An NMOS and a PMOS in a CMOS inverler configuration replaces the input NMOS
transistor in the SNIM. This conliguration enables lower current consumption without
deteriorating the (ransconduclance much.

FC The NMOS and PMOS in a [olded-cascode configuration. The supply voltage is slightly

more than the biasing vollage. This confliguration is suitable for low-voltage operation.

PCSNIM with
output bulfer

The buffer transforms the high output impedance of the cascode to a value equals to
the 50 W required. The bulfer is a common-drain with a common-source current
source. The output impedance of the common-drain determines the output impedance
of this LNA and can be made Lo equal 50 W by selting the size of M, . With the

improvement in the output matching, gain and NI also improve.

Table 4

: Post-layout simulated performance metrics of the 5 LNAs with the
W-CDMA requirements at 2.14 GHz.

Performance SNIM PCSNIM PCSNIM CR FC W-CDMA
Metrics with buffer (Reynolds, 2003b)
S,, (dB) 11.0 8.1 19.6 17.1 13.8 1541
S, (dB) -10.2 -16.1 -10.9 -11.3 -10.4 <-10
S,, (dB) -1.0 -0.6 -13.4 -22.0 -10.6 <-10
S, (dB) -38.9 -37.7 -44.8 -51.6 -43.3 <20
NF (dB) 2.8 1.8 1.7 2.2 1.9 <2.5
IIP, (dBm) -1.9 1.3 -9.9 -3.4 -1.9 -3
I, (mA) 3.7 3.7 39 35 3.9 4%
(cascode)
V,, (V) 1.8 1.8 1.8 1.8 0.6 1.8%
Power 6.7 6.7 7.0 6.3 238 72
consumption(mW)
¥, and L, were set at 1.8 V and 4 mA, respectively, due to 0.18um CMOS technology used and the estimated 9

lo 18 dB of gain for an LNA of this technology [74].

are maintained at the calculated values obtained from

the PCSNIM design.

If L, is fixed at 15.8 nH, C is calculated to be
0.35 pF from Equation (14). The output resistance of
a source follower like M, is /g . To transform the
output impedance of the cascode to 50 Q, the ouput

80

resistance of M| should be 50 Q. Hence, g =0.02 S.
Irom Equation (1) with o=1 and an overdrive voltage
of 0.1 V, W .= W will be approximately 100 pm.
Expected current to flow can be calculated from
Equation (12) and found to be | mA. A large
capacitance can be used for C_ while R is equals to
the value of R, of the biasing circuit.
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Design parameters and optimized component
values used in the SNIM, PCSNIM, CR, FC and
PCSNIM with output buffer is shown in Table 2.
2. COMPARISON ON THE INDUCTIVELY-

DEGENERATED CASCODE LNA

Table 3 summarizes the distinct features that
differentiate the five modified inductively-degenerated
cascode LNA topologies discussed in this paper. The
SNIM is the conventional inductively-degenerated
cascode LNA.

3. RESULTS AND DISCUSSIONS

The simulation performed on all [five
configurations showed results that conformed to the
theory as shown in Table 4. The S, in SNIM and
PCSNIM show a much better performance as
compared to the 5,, because ol the degeneralion
inductor, L. The inductively-degenerated topology
helps in providing input matching on-chip. The §,,
results also show the difficulty in matching the output
stage of both SNIM and PCSNIM to 50 Q. This is
because of the very high output impedance of the
cascode network in these two topologies.

Both SNIM and PCSNIM can achieve input
and noise matching simullaneously, but the PCSNIM
has better noise performance as the L contribution
to the overall noise was reduced due to the
implementation of a smaller L. Smaller L, possessed
smaller series resistance and this is the reason for the
better NF in the PCSNIM. Smaller Lg can be utilized
because of the existence of C_ between the gate and
source of M, in PCSNIM.

The PCSNIM with output buffer provides on-
chip output matching which greatly improves the S,,.
Due to the matched oulput, the PCSNIM with ouLth
buffer provides the best gain amongst the three
topologies.

The CR was found to be able to maintain a
comparable gain with the PCSNIM with oulput buffer
although it consumed a lesser current of 3.5 mA as
compared Lo the 3.9 mA consumed by the laller. The
power consumption of these two topologies were
compared as they both have on-chip matching circuitry
and supplied by the same amount of V. Hence, it
is confirmed that the CR can reduce the amount of
current but still maintaining the desired gain.

The FC, which was supplied by the 0.6 V| is
not only suitable for low-power designs but achieved
a very good NF of L9 dB.

The overall results obtained show that the
PCSNIM with output buffer can provide good gain

Design and Analysis of Monolithic Inductively-Degenerated Cascode Based Low Noise Amplifiers

and noise performance, but at the expense of the
linearily and power consumption. However, this is
acceptable if the linearity and power consumption
are still within the requirements of the W-CDMA.

4. CONCLUSION

Detailed description on the design and analysis
of the inductively-degenerated based LNAs are given.
The described LNA topologies are the SNIM,
PCSNIM, CR, FC and PCSNIM with buffer. The
designs were using the parameters specilied by the
Silterra foundry for the 0.18 pm CMOS process.
Simulation results show that all the lopologies are
able to fulfill the desired W-CDMA specifications.
The SNIM and PCSNIM are able o provide
simultaneous input and noise matching, the CR
consume the least current, the FC enables very good
noise performance and comparable gain at a much
reduced supply voltage and finally, the PCSNIM
with output buffer can provide on-chip output
malching.
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Abstract—A  wideband Low Noise Amplifier (LNA) is
demonstrated by using the inductively degenerated LNA
architecture. This wideband operates in range of 1.575 GHz to
2.48 GHz frequency band. The design of the LNA utilizes the
Power Constraint Noise Optimization (PCNO) technique in
determining the device size. The simulation results achieved
the maximum power gain Sy at 13.7 dB to 10.3 dB, input
reflection coefficient S11 at 7.2 dB to —9.5 dB, output
reflection coefficient Sy, at =17 dB to —10 dB, reverse isolation
Sy, at —=54.4 dB to —52.1 dB and noise figure (NF) at 2.31 dB to
3.12 dB in the frequency range. Linearity result is based on the
Input Third-Order Intercept Point (ITP3) is —5.48 dBm. The
design draws and obtained at low total power consumption at
14.4 mW and all results met specification. The design was
implemented in 0.18 pm CMOS technology. The performances
obtained are from the LNA with on-chip matching circuitries.

Keywords- Multi-standard LNA; I[nductively degenerated
topology; Low power design

)if INTRODUCTION

Wireless communication has cvolved into fulfilling the
needs of multi-standard applications. This is to satisfy the
customers and economic requirement. More benefits can be
obtained by having more standards in one system. [1]. As
such, we may have a reception unit operating at frequencies
of 1.575 GHz for GPS, 2.11 — 2.17 GHz for UMTS and 2.4
= 2.48 GHz for Bluctooth and WLAN [2].

The primary challenge in designing multi  standard
receivers is increasing functionally hardware LNA [2]. LNA
is commonly used as the first stage in the receiver front-end.
Hence, having a good LNA is crucial for the suitable

performance of the receiver in the communication
environments. The performance requirements of RF
receivers can be quite tough, when requiring good

sensitivity, high gain and excellent NF at one time [3]. The
multi-standard LNA presented in this paper is based on the
technique proposed in [4]. Table 1 shows the requirement
performance metric of multi standard LNA.
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TABLE
MULTI STANDARD LNA SPECIFICATIONS [4]

Multi-standard LNA
(GPS, UMTS, Bluetooth, WLAN)

Performance Metrics

[S2 1l > 13.5dB
NFax (in 3dB bandwidth) 3.2dB
1IP3 (worst casc) —4.5dBm

Bandwidth (|Sy < —=10dB) 1.5-2.65GH7

Bandwidth (|S»,|< —10dB) > 2.55GHz

Bandwidth (|S2]< =50dB) 1-2.6 GHz

-3dB Bandwidth (S )) 1-2.6 GHz

Section 11 gives the theory behind work. Section 111
explores LNA design. Section 1V describes the results
achieved by proposed work. Last but not least, conclusion
given in Scction V.

[I.  PRrROPOSED LNA ARCHITECTURE

Cascode amplifiers topology combines the high input
resistance and large transconductance offered by a Common
Source (CS) amplifier with the current-buffering capability
and good high-frequency response of a Common Gate (CG)
amplifier. Although the cascode is actually a cascade of a
CS with a CG, it is normally treated as a single-stage
amplifier [5].The advantages of this method are the Miller
effects can be reduced and able to improve the performance
metric such as the reverse isolation [6].

A PCNO Technique

In PCNO technique, simultancous gain and noise
matching is possible at any amount of power dissipation.
This 1s achieved by proper selection of the degeneration



indu'ctor, L, at any given transistor size [7]. Under fixed
drain current, therc exists a transistor’s width which can
" result in a low NF. The width of the optimum device is
written as follows [8, 9]

. !
Wup(.l‘n - j Gm—:(j:,]“_p” ( | )

where Q.

>
s.0pLP,

is the quality factor of the input circuit of the

LNA that leads to the power-constrained minimum NF [8,
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where [e}=0.395 and /6= 0.5 to give Qo p = 4 [8].

The relationship between the power dissipation, Py, and
F is as follows [5] :

2 |
_|  yooL P(,J 8} o, 8 L 3
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From the graph plotted for Py, vs Qq at different steps of
F, given in [5], it can be seen that a small NF can be obtained
at the expense of a higher Pp. A decrease in power causes a
decrease in gain and noise factor. According to Table I, the
required NF and gain should be below 3 dB and above 13
dB, respectively; so a trade-off between NF, power gain and
power consumption is to be considered when designing the
LNA.

B, Input Impedance Matching

For impedance matching at the input of the LNA as
shown in Fig. |, the following equation yields the input
impedance of the design. At resonance, input impedance is:

Zin = Rin + inn (4)
where the resistive part of input impedance is:
B
Rin: N . ; 2 (5)

0C g

R;, is the real part of Z;, and it should be set to 50 Q. The
reactance part of impedance 1s:

Xin = Ll+ (J)C|+>E i
Fz—'((J.)Cri‘E)_ (6)
L= ,A ~ and F=—; -
B —A*- B -—A-
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where (6) is the imaginary part of Z;, and must be set to zero.
From (5), gm, L. Lg and Cy are the transconductance.
inductor at the gate M,, source degenerative inductor and
external gate-source capacitance, respectively.

C. OQuiput Impedance Matching

For impedance matching at the output of the LNA as
shown in Fig. 1, the following equation yields the output
admittance of the design [10]:

| |
r+sL | Ry+sLy
where r is the series resistance of Ly. Cy, Ly, L and Ry are
the load capacitor, load inductors and load resistor,
respectively. At resonance, Cgy, Ly, and L will be eliminated
and leaving the real impedance into play.

Y, =sCy (7)

III.  LNA DESIGN

A.  Circuit Implementation

The design starts with the determination of the optimum
width, W, of the input transistor, M, in Fig. 1 by using
the PCNO technique. Optimum width means the width of
the input transistor that can provide the circuit input
impedance to be very close to the value of the noise input
impedance. In this way, the resultant circuit’s NF will be
close to the minimum NF, NF ;..

Voo
L

l Ry
s (T

RFout

Figure 1. Proposed inductively degenerated cascode LNA for multi-
g &
standard applications

The cquation used to determine Wy, is given in (1)
resulting [5],[8]:
1
Wom = S 0LCocRs L)
where W, is the optimum width and L is the cffective
channel length of the M, transistor. C, is the oxide
capacitance and the input circuit quality factor, Q,, is sel
equal to 4.5.

Schematic design of LNA is shown in Fig. 1. In this
figure, a current mirror is formed by the transistor M;, M;
and the resistor of Ry, for the purpose of DC biasing to the



inpt& transistor. The ratio of M; and M, determines the
current flowing through the cascode branch. Proper
selection of M,’s width determines the voltage across G-S
of M. The width of M, is calculated to be 290 pm. Besides,
the smaller width of transistor M; is preferred so that the
power headroom of the bias circuitry can be minimized. A
T-matching network is designed to obtain the desired
bandwidth [4]. At biasing circuit, a large resistor value of
Ry, is chosen to avoid noise performance degradation [4] as
well as minimizing the coupling capacitance and load
capacitance value.

L and Cy function as tuned load at the output. Ly is added
to the circuit in scries with resistive load, Ry in terms of gain
control and get a good output matching with no output
buffer [10]. Duc to the inductive naturc of this load
compensates the gain roll-off of LNA at high frequencies
[4]. Degeneration inductor, Ly, enables more (lexibility in
matching the input stage to 50 Q. It also influences the gain
of the LNA. Combination of L, and L, will tune the input to
the desired frequency.

From (10), the optimum width of transistor M, was
obtained equal to 280 pm. The width of cascode transistor
M, was set equivalent to width of M,; hence, gate-drain
overlap can reduce impedance looking into gate and drain of
M,. However, this will degrade both noise performance and
input matching,.

This is to accomplish a better 1IP3 based on the study by
[8]. Mj has more influence on the linearity performance of
the cascode as compared to M. In the study performed by
[8], it was found that the 1IP3 of M, improves with the
increase of DC biasing of M,. While Ly cnables node
capacitance at the drain of M; to resonate with it to tunc the
output to the resonating frequency and provide additional
band-pass filtering. To give more flexibility in tuning the
output to the desired frequency and additional filtering, C is
included in the circuit. Hence, Ly let only a very small
voltage across it duc to its series resistance which is
beneficial for low power design. The size of L can, in fact,
be made smaller to generate a better gain and NF. NF can be
improved by lowering L, because the series resistance
grows with the value of inductance and the noise factor is
proportional to this series resistance.

B. Layout Implementation

Using a standard CMOS 0.18 pm technology, the multi-
standard LNA is implemented for 1.575 GHz, 2.11 to 2.17
GHz and 2.4 to 2.48 GHz frequency bands. For circuit
verification, Calibre was used to  obtain  post-layout
simulation results. Fig. 2 shows the layout of the LNA.

IV, EXPERIMENTAL RESULT

A.  S-Parameters

The The proposed design LNA achieved input reflection
coefficient, S;y of —7.2dB to —9.5dB and output reflection
cocfficient, Sy of —=17dB to —10dB in the frequency range of
1.575GHz — 2.48GHz.

Figure 2. Layout of LNA for multi-standard application

Fig. 3 shows the S-parameter results. The required gain,
Sy for the wideband LNA application is 13.7 dB to 10.3 dB
while the reverse isolation, S;» with value of —54.4 dB to
—=52.1 dB in the required frequency bands. It is observed that
LNA exhibits good reserve isolation.

B.  Noise Figure

The NF is about 2.31 dB to 3.12 dB in the frequency
range of 1.575 — 2.48 GHz as can be seen in Fig. 4.

C.  Linearity
Fig. 5 shows the 1IP3 of post-layout result. The result has

met the specification of the wideband design, i.e. 1IP3 > -3
dBm.

D.  Results Comparison

Table 1T gives the summary performance of the LNA
achieved in the post-layout simulation in this work in
comparison with previous work by [4]. It is found that the
gain and the NF performances are slightly worse than the
ones obtained by [4]. This is due to the cffects by the on-
chip matching implemented in this work. The work in [4]
has its matching circuitries performed off-chip.

V. CONCLUSION

A wideband LNA is demonstrated by using the
inductively degencrated LNA architecture. The designed
LNA demonstrated a gain of 13.7 dB, 13.5 dB to 12.6 dB
and 2.98 dB to 3.12 dB for the operating frequencies 1.575
GHz, 2.11 GHz to 2.17 GHz and 2.4 GHz to 2.48 Glz,
respeetively. The minimum gain achicved in this large of
frequencies is of 10.3 dB while the maximum NF is 3.12 dB.
Total power consumption is 14.4 mW.
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TABLE 11
RESULTS COMPARISON

Parameters Proposed | Previous

design work [4]
krequency (GHz) 1.575-2.4 | 1.5-2.6
[Sai] (dB) 139 15.4
NE e (dB) 3.12 0.9
11P3 (dBm) -3.01 -2.5
Bandwidth (IS, |< 1.7-2.3 1.5-2.6
—10dB) GHz GHz
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Abstract— Two LNA topologies were implemented to study on
the performance of the post-layout simulation with lumped and
distributed parasitic. The performance of the post-layout
simulation with different types of parasitic is benchmarked
against the measurement results for both topologies previously
designed using the post-layout simulation with lumped parasitic.
The LNA topologies are the Current Reuse Technique (CRT)
Power Constrained Simultaneous Noise and Input Matching
(PCSNIM) and the Folded Cascode (FC) PCSNIM. These designs
were implemented on Silterra’s 0.18um CMOS process. It is
found that the post-layout simulations with distributed parasitic
better resemble the measurement results. Based on this finding,
the optimization of the CRT and FC PCSNIM LNAs were
performed. The S;;, S;; and S, are -14.48dB, 17.44dB and -
18.48dB, respectively, for the CRT and -20.52dB, 16.39dB and -
22.88dB, respectively, for the FC. The results show that both
LNAs are able to comply to the requirements of the WCDMA
application.

Keywords— Lumped parasitic, distributed parasitic, Current
Reuse Technique, Folded Cascode, PCSNIM.

I. INTRODUCTION

The common objectives in designing a low noise amplifier
(LNA) are to provide high gain, to achieve as minimum noise
figure (NF) as possible, to minimize the nonlinearities and
finally to have good input and output impedance matching as
this will ensure maximum power transfer and optimized gain
and noise performances [1]. For wireless applications,
additional objectives are to achieve low power consumption
and good reverse isolation. These performance metrics are
interdependent and not always work in each other’s favor. In
practice, most of these metrics trade with each other, making
the design of the LNA a multi-dimensional optimization
problem. Thus, although the LNA circuit is relatively small in

978-1-4244-7456-1/10/$26.00 ©2010 IEEE

size (requiring only a few devices), the optimization of the
performance metrics requires intuition and experience to
arrive at an acceptable compromise amongst the trade-off.

II. CIRCUIT DESIGN

The LNA design in this work is for the W-CDMA
application. TABLE 1 shows some typical performance
requirements for the LNA in such a system.

TABLEI
TYPICAL PERFORMANCE REQUIREMENTS FOR LNA IN A W-CDMA SYSTEM

Parameters Specifications
Frequency bandwidth 2110 MHz -2170 MHz
Power gain, S, >15dB
Input/OQutput matching, S, and S,, <-10dB
Noise Figure, NF <2.5dB
3" _order Input Intercept Point, [IP; | > -3 dBm

Two designs have been considered in this work. First
design is a Current Reuse Technique (CRT) Power-
constrained Simultaneously Noise and Input Matching
(PCSNIM) LNA. The second design is a folded-cascode (FC)
PCSNIM LNA. The schematics of the CRT and FC topologies
are shown in Fig. 1 and Fig. 2, respectively.

PCSNIM is a technique that combines the Simultaneous
Noise and Input Matching (SNIM) and Power-constrained
Noise Optimization (PCNO) techniques for simultaneous
noise and input match and for low power implementation [2],
[3]. The input impedance (Z;,) and input noise (Z,y) equations
for this topology are as shown below [4]:

o B 1
w =——+sL, +——+sL, +
Zi, S sL, el sLs

Zuls

C M
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where C; =Cg +Ce, Cys is the gate-source capacitance for M,
gm is the transconductance of M;, w, is the operating angular
frequency, @, 8, and y are the noise parameters and ¢ is the
noise correlation coefficient. Refer to Fig. 1 and Fig. 2 for Ly,
L; and C;.

A. CRT PCSNIM LNA.

Figure 1 shows the schematic of CRT PCSNIM [5].
\

Yoo

—

exl

Fig. 1 The CRT PCSNIM LN,‘; schematic [5].

The LNA first stage is an inverter nMOS (M,) and pMOS
(M,) [6]. The current flowing through M, is the same with the
current flowing through M, because they shared the same
supply voltage.

The key of this design is that given the same bias current,
the effective transconductance of the coupled transistors is gy
+ gz versus simply g,; for the case when only M, exists [4].

gmlﬁzéz n OL%DZP‘# n JX%D (3)

1| W
gmzw%——g T st~ m (4)

guT = Eml +Zm2 =1.58m (5)

The result is the transconductance of the single stage is 1.5
times more without having to increase the bias current. The
second stage is followed by transistor M; configured as a
common-gate device. The main purpose of this device is to
increase the overall gain of the LNA. Transistor M,, and
resistors Ry, and Ry,, set the dc bias for M, and M,. Transistor

B 18 ] 5 )
©oCys {?(Hcl )&(%%Jr \/%] }

’jDJ—/s (2)

M, essentially forms a current mirror with transistors M, and
Ms. Ry sets the current of the bias circuitry, which generates
the bias voltage at the gate of transistor M; and M,. Resistor
Ry, provides large resistance to the bias circuitry for the input
signal. Ly and L, are used to provide simultaneous noise and
input matching. Inductor, L4 is to resonate with the output
capacitance for output matching.

It is found that to match the input to 50€2, L, has to be very
large and therefore occupying more die area. Unfortunately,
large value of L, will also contribute to the increase in NF. To
overcome this problem, two C, are added to the gate of the
coupled transistor to reduce the value of L,. The equation for
the input impedance is [4]:

Z. = ‘I’ = SL, + Zoa//Zus (6)
4

Optimizing the values for L and Ly, will result in optimum
gain and low noise figure of the LNA.

B. FC PCSNIM LNA.

The idea behind the conventional cascode amplifier is to
convert the input voltage to a current and apply the current to

DD

Fig. 2 The FC PCSNIM LNA schematic [7].

a common gate stage [7]. However the input and cascode
devices need not be of the same type [6]. For example, a
PMOS and NMOS combination can be used to perform the
same function. In order for this type of amplifier to operate
properly, a current source is needed to bias both transistors.
Fig. 2 shows the configuration for the folded cascode LNA. In
contrast to the conventional cascode amplifier which requires
larger voltage headroom for its operation, the folded-cascode
amplifier requires supply voltage close to the bias voltage, V,
of M, [7] making it suitable for low power application
especially in wireless application. However, one disadvantage
of this topology is that it consumes a total bias current which

293
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is higher than that of the conventional cascode in order to
achieve a comparable performance [7].

The operation of the circuit in Fig. 2 is as follows. M, acts
as an amplifier for the incoming signal and converts the
voltage change at the gate to current change in the drain while
M, act as a current buffer. The folding of the M, helps to
eliminate the parasitic capacitance at the drain node of the M,
by resonance with the inductance at the supply pin Lq. This
will help suppress the noise contribution of the M, at the
output and hence avoiding the signal loss into the silicon
substrate.

The L,, L, and C,, are to provide input matching of the
LNA to the source while the L, provide output matching to
the load. The C; and C, act as DC block to prevent the leakage
of DC voltage to the subsequent stages.

[II. EXPERIMENTAL RESULTS

The CRT PCSNIM LNA shown in Figure 1 are having
component values of Ry=3.4 kQ, Ri,=10 k2, L=L=0.55
nH, C=29 pF, C=915 fF, C;=310 fF, Cei=Cs0=175 fF,
Lg=Ld=10.7 nH, WM1=WM2=3O pm, WM3=60 pm, WM4=10pm
and Wys=20pum. While FC PCSNIM LNA shown in Figure 2
are having component values of R,=200 Q, R ,,=10 K2,
L=0.55 nH, C;=20 pF, C,=360 fF, C.=386 fF, L,=5.35 nH,
Ls=6.94 nH, L,=10.7 nH, Wy,=400 pm, Wy;»,=160 pm, and
Ws=40 pm.

There were 2 types of post-layout simulation performed in
this work; one is using the lumped parasitic and the second is
by using the distributed parasitic. The differences in both
types of parasitic are shown in Fig. 3. In this work, the lumped
is of the C+CC (capacitors and coupling capacitors) type and
the distributed is of the R+C+CC (parasitic resistors,
capacitors and coupling capacitors) type.

|"W L
R I i

a) N'th segment

V'"W Vi
C/N C/N i N

b)

Fig. 3(a) Lumped parasitic and (b) distributed parasitic (N = no. of segments)

By using lumped parasitic, the results will not be as close to
the measured results as that can be contributed by the
simulation using the distributed parasitic. This is because the
lump parasitic will not be able to provide more realistic
parasitic as it only considers capacitors in its analysis as
compared to the distributed R+C+CC; i.e. resistive and
capacitive parasitic [1].

TABLE Il

A. CRT PCSNIM LNA.

TABLE II
COMPARISON ON LUMPED AND DISTRIBUTED POST-LAYOUT SIMULATION
WITH MEASUREMENT RESULTS FOR THE CRT PCSNIM LNA

Analyses Su Siz Sy Ss
(dB) | (dB) [ (dB) | (dB)
Lumped Optimum | -1848 | -51.07 | 17.02 | -19.49
post-layout | value (dB)
simulation [ Freciency (206 | 206 | 205 | 2.06
results (GHz)
Distributed | Optimum | -21.53 | -51.33 | 17.20 | -21.30
p_ost-la){out value (dB)
simulation “Erecvency [ 218 | 2.23 | 219 | 2.24
results (GHz)
Measured | Optimum | -22.26 | -19.07 | 6.241 | -15.43
results value (dB)
Frequency | 2.30 2.46 2.56 | 2.52
(GHz)

TABLE II shows the difference between the post-layout
simulations with lumped parasitic, distributed parasitic and the
measured results performed on the CRT PCSNIM LNA.
When post-layout simulation was performed with the lumped
parasitic, the optimum frequencies of the S-parameters had
shifted to left of the desired 2.14 GHz. Hence, to optimize the
design, the designer will naturally try to move the optimum
frequencies to the right. In contrast, the distributed post-layout
simulation results show that the optimum frequencies of the
same S-parameters had shifted to the right and therefore, the
optimization of the design will be to move it to the left.
Therefore, the optimization of the lumped simulation will not
be accurate since shifting frequency to the right will make the
optimum frequency of all S-parameters shifted more to the
right when the design comes back from fabrication.

It is seen that post-layout simulations with distributed
parasitic give closer readings to the measured results. The
measurement plots indicate that the S;, and S,, are not tuned
to the desired 2.14 GHz but differ from it by 7.5% and 17.8%,
respectively. In addition, the measured S;, and S,, are tuned at
2.46 GHz and 2.56 GHz, which are 15% and 19.6% away
from the frequency of interest, respectively. This shows that
although the lumped post-layout simulation has shown that the
optimum frequencies for S-parameters are quite close to 2.14
GHz, the measured results had shown that the frequencies
have moved far to the right.

B. FC PCSNIM LNA.

TABLE III shows the difference between the post-layout
simulations with lumped parasitic, distributed parasitic and the
measured results performed on the FC PCSNIM LNA. It is
seen that the post-layout simulations with distributed parasitic
give closer readings to the measured results which is similar to
the findings found for the CRT PCSNIM LNA.

COMPARISON ON LUMPED AND DISTRIBUTED POST-LAYOUT SIMULATION
WITH MEASUREMENT RESULTS FOR THE FC PCSNIM LNA
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Analyses Su SlZ Sn Szz
(dB) (dB) | (dB) | (dB)
Lumped Optimum | -35.41 | -41.73 | 17.08 | -13.42
post-la)fout value (dB)
simulation  "Freqiency [ 2.08 | 2.02 | 1.96 | 1.96
results (GHZ)
Distributed | Optimum | -25.14 | -44.39 | 16.1 | -17.63
p'ost-la}fout value (dB)
simulation  Erequency | 2.14 | 226 | 2.23 | 2.29
results (GHZ)
Measured Optimum | -8.52 -29.30 | 8.37 | -8.06
results value (dB)
Frequency | 3.06 3.94 2.08 | 220
(GHz)

The measurement plots indicate that the S;; and S,; are not
tuned to the desired 2.14 GHz but differ from it by 43% and
2.8%, respectively. In addition, the measured S,; and S, are
tuned at 3.94 GHz and 2.08 GHz, which are 84% and 2.8%
away from the frequency of interest, respectively. This shows
that although the lumped post-layout simulation has shown
that the optimum frequencies for S-parameters are quite close
to 2.14 GHz, the measured results had shown that the
frequencies have moved far to the right.

C. The design optimization of the CRT and FC PCSNIM
LNA4s.

Based on the finding obtained from the experiments, the
design of CRT AND FC PCSNIM LNAs was optimized to
conform to the requirements of the WCDMA application. For
an optimized CRT PCSNIM LNA, grounded capacitor, C,=32
pF and C,=1.57 nF is connected to Ry, and L, respectively.
TABLE IV shows the performance of both topologies after
the optimization. For CRT PCSNIM LNA, the changes to the
components’ values are C,=370 fF, Wp,=Wp,=40 pm and
Wnm3=80 pum. For FC PCSNIM LNA design, the changes to
the components’ values are C;=4 pF, C,=410 fF, C.=350 fF,
L,=7.66 nH, Ls~6.94 nH, L,=10.7 nH, W\;=320 pm,
Wnz=200 pm, and Wy;=15 pm.

TABLE IV
OPTIMIZED DISTRIBUTED POST-LAYOUT SIMULATION RESULTS OF CRT AND
FC PCSNIM LNA

Analyses CRT FC

Sy (dB) -14.48 -20.52

Sy; (dB) -51.40 -44.58

Sy (dB) 17.44 16.39

S22 (dB) -18.48 -22.88

The results displayed are fulfilling the requirements set by
the W-CDMA standard. The S-parameters are all tuned to the
desired 2.14 GHz.

D. The photomicrograph of CRT and FC PCSNIM LNA
Fig. 4 shows the photomicrograph of CRT and FC

(a)
PCSNIM LNA.
Fig. 4(a) Photomicrograph of CRT PCSNIM LNA (b) Photomicrograph of FC
PCSNIM LNA

IV.CONCLUSIONS

A study on the post-layout with lumped and distributed
simulation versus measurement results are shown for two
LNA topologies, the CRT PCSNIM LNA and the FC
PCSNIM LNA. 1t is found that the post-layout simulation with
distributed parasitic are closely resembling the measured
performance. The optimized design post-layout simulation
results show that they are closely meeting the specifications of
the W-CDMA system desired.
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