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6. Abstrak Penyelidikan 
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Final Report Pf Short Term Research Project 

(Perlu disediakan di an tara 100 - 200 perkataan di dalam Bahasa Malaysia dan juga Bahasa Inggeris. 
Abstrak ini akan dimuatkan dalam Laporan Tahunan Bahagian Penyelidikan & Inovasi sebagai satu cara 
untuk menyampaikan dapatan projek tuan/puan kepada pihak Universiti & masyarakat luar). 

Abstract of Research 
(An abstract of between 100 and 200 words must be prepared in Bahasa Malaysia and in English). 
This abstract will be included in the Annual Report of the Research and Innovation Section at a later date as a 
means of presenting the project findings of the researcherls to the University and the community at large) 

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 bent uk seperti gandaan 
kuasa S21 , parameter pantulan masukan Sll, parameter pengasingan balikan S12, parameter pantulan keluaran S22, 
angka hingar dan kelinearan. Dalam projek ini, reka bentuk penguat hingar rendah kuasa rendah seperti topologi 
pemadanan masukan dan hingar serentak terkekang kuasa mudah, penggunaan semula arus, kaskod terlipat, berbilang 
piawai dan pemadanan masukan dan hingar serentak terkekang kuasa berpenimbal salir sepunya dikaji, dianalisis dan 
direkabentuk. Penguat hingar rendah kuasa rendah dengan topologi pemadanan masukan dan hingar serentak terkekang 
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 Sll, 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. 

7. Sila sediakan laporan teknikallengkap yang menerangkan keseluruhan projek ini. 
[SHa gunakan kertas berasingan] 
Applicant are required to prepare a Comprehensive Technical Report explaning the project. 
(This report must be appended separately) 

Please refer to Appendix A. 
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b. Penguat hingar rendah b. Low noise amplifier 

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 
salirsepunya 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 
0.18J.Lm CMOS LNA for ultra-wide-band 
(UWB) application. 

Date of Commencement 1112/2009 
Date of Completion 3011112011 
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 RMO.13 
(latest statement of accounts by March 2012) 

B. Gantt Chart 

M M M M M M M M M M M M M 
1- 3- 5- 7- 9- 11 - 13- 15- 17- 19- 21- 23- 25-
2 4 6 8 10 12 14 16 18 20 22 24 28 

Study and analyze the low 
power LNA topologies 

Design and simulation 

Design optimization 

Fabricate the design 

Characterization the 
developed chip 

Analyze the measurement 
results 

Evaluate the overall 
performance of the chip 

Report 
* * * * 

Achieved 

Expected outcome 
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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 1st January 2011 , Siltena 

had started to impose fabrication fees. The designs that we had sent to Siltena in September 2010 were 

not fabricated as Siltena had stopped all MPW (Multi-project wafer) fabrication until the finalized 

fabrication fees were determined. Since 1st January 2011, the fabrication fee is RM7000/design for 0.18-

p..m CMOS technology and RM11000/design for O.13-p..m 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 O.13 -p..m CMOS. Modifications to the design 

were made to meet the design specification for this new process. The O.13-p..m 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-p..m 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 Cgs , noise and input matching can still be achieved by manipulating the value of Cex. 

For Simple PCSNIM LNA, the cascode is having the luxury of consuming all the current. With higher 

cunent 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. 
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The schematic can be seen in the Figure 1. Width of M j is same as width of M2. A feedback technique 

is adopted by using a degeneration inductor, Ls. 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. 

VDD 

RFIN~ 

~RFOUT 
CC2 

Figure 1: Simple PCSNIM cascode LNA schematic 

II. PCSNIM LNA with CD buffer 

This teclmique 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. M4 is operating as cun-ent-source. Ld is 

to resonate with Cd,Cgs_M3,CO,Cgd_M4 and the bondpad capacitance to operate at 2.45 GHz. CC2 is the 

coupling capacitor, to isolate the biasing of the buffer from the cascode. To do that, the large capacitor (in 

pF) is needed. RD is to isolate the signal path from the current mirror. The transistor M2 width is half of 

the M j 's width. In terms of linearity performance, M2 has more influenced as compared to M j • Therefore, 
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if the linearity of the LNA needs to be enhanced, the M2 should be the one to be modified (Mohd . Noh, 

2009) . A PCSN IM cascode LNA with CD buffer is des igned to maintain the matched conventional 

PCSNIM NF with much less layout space consumed. The power gai ns 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. 

Rc 

M3 

VG M2 CC2 Ro RFOUT 

RFIN 0---1 
CDT 

Figure 2: PCSNIM LNA with CD buffer schematic 

Two des igns had been sent for fabrication to Si lterra (M) Sdn Bhd on 22"d February 201 2. 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. 

4 
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-- --I 
Figure 4: Layout des ign for the si mple PCSNIM cascade LNA 
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Figure 5: Schematic for the PCSNIM cascade LNA with Common Drain (CD) buffer. 
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Figure 6: Layout for the PCSN 1M cascode LNA with CD buffer. 

(a) Resu lts 

The des igns have to fulfill the required specification . The following Table 1 shows the RF 

performance ll1etrics for the mentioned LNA, 



Table 1. RF parameters and pre-layout results 

Desired Sim pIe 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 
IIP3 (dBm) -10 -10 -
PI dB (dBm) -20 - -
S2 1 (dB) > 22 20.98 16.30 
SII (dB) < -10 -14.69 -2 1.90 

S22 (dB) < -10 -13.95 -15. 10 

SI2 (dB) < -20 -35.77 -54.5 0 

Vdd (V) l.2 1.2 1.2 
Current 4 3.80 3.9 
consumption rd 
(mA) 

Once obtained, the measurement results will be compared to the post-layout sllTIU latlOn 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 proceed ing and the 2010 IEEE Sympos ium on Industrial Electroni cs & Applications 

(ISIEA20 11) conference while one journal paper was published in the Institution of Electronics and 

Te lecommunication Engineers (IETE) Journal of Education. These published papers can be referred to 

Appendix B, C and D. 

D. References 
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48(9): 835 - 84 1. 

Nguyen, T.-K. and Lee, S.-G. (2003). Noise and Gain Optimization Technique for RF-Integrated CMOS 
Low Noise Amp li fier. Proceedings of the 2003 IEEE Conference on Electron Devices and Solid-State 
Circuits. Hong Kong, December 16- 18. 22 1 - 224 

N.M. Noh, "Development of inductively-degenerated LNA for WCDMA app lication utilizing 0.18um 
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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 Malays ia (USM) 

Abstract 

This paper is on the des ign 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 lJm 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-C DMA requirement. 

Keywords: Inductively-degenerated cascade LNA, simultaneous no ise 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 
.I"1good 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 de termining th e 
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 lo w 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 desig'n, PCSNIM with output buffer 
LNA provid es good gain and nois e performance 
without the need of external matching circuitries [8]. 

This paper discuss es on the design of all the 
mentioned topologies with detailed description on the 
functionality of each one of them. The descriptions are 
supported by re levant equations for bette r 
understanding. Designs for each 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 llsed in this paper is as 
shown in Table 1. 

SNIM LNA 

The SNIM LNA circuit is sho wn in Figure 1. 
Flow chart of th e design methodology of the 
topology is given in Figure ~ . 

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

The transconductance of the transistor, MI is 

w 
g = CXp C - V 

111 n (\\ L {I\' 
(1 ) 

Foundry specified electron mobility, "\" is 
given as 0.0:'39 m"/Vs. (,1.", 1 and Co, = ~).4 x JO' : FI 
111". V,,, i ' the overdrive voltage of the transistor. 
From the PCNO method, the quality factor of the 
input stage is WI. 
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RFou, 

r 
Zjll 

Figure 1 Inductively-degenerated cascode LNA [10] with input inductance, 
Lg. This is the SNIM topology 

CASCODE CIRCUT 

C-~~ 
~I---

----
Calculate W'T' afM , 

u;;ing rhe Pmyc:r consualllCd~ 
;\oi,e Optimization .\lcthod 

S Cl I(" ",, ,( Il l)! and " ,,\ ' 1 ' 

Calculate g",.\1 aud C",,\I 

I C"kulate L . Then I l cnlculate L. 

- -- . --
Set L~. CalculaL~ C.,: 

J3lAS I(\'G CIRCUlI 

~----.----~ 

C'akU);.H t.: ~izc ur\lr~ wi lh 1.:-1:; > 
21',,,;11' 1 ..•.. is th e min imum 

leng.lh {)rtral1 sist()r 

Figure 2 Flowchart of the LNA design methodology 
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Table 1 : List of symbols. 

0' Transconductance or the transistu r 
bnl 

a Nuise parameter, ex and ex = (T / rr 
b bl 

~l.", ~lp Mobili ty uf electron, ho le 

= x = x C C 
0.,\ 11 ' OX]) 

Oxide capacitance . Fur NMOS, C 9.4 
O"ll 

10';: F/lll ~ . Fur PMOS, C 8.9 10 ': F/m~ 
n.,<p 

W Transistor's width 

L Transistor's channel length 

V,," Overdrive voltage 

K Relative permillivity of silicon dioxide 

E) Permitti vit y of free space, Eo = 8.854 X 10, 12 F/m 

l 
'", 

o xide-thickn ess 

~:& Ouality factor in the form of the actual source (input) conductance 

C 
" 

Ga te-Source capacitance 

'1 Noise parameter, '1 = ~n for long-charmel 

0 Coefficient of gate noise, 0 = '2y = 4/3 for long-channel 

c Correlation coefficient, c = jO.395 for long-channel devices 

f. Transi tion frequency 

F Noise factor 

Cll. Transition angular frequency 

co Operating angular frequency 

X Noise parameter that includes 
gate noise 

c = ~WLC 
gs 3 'lX 

Therefore, 

Transition frequency, 

gm gil) 
COT "" -- "" --=-'-'-'----

C~:; 2 \lIT " 
- YY L"---3 ox 

both correlated and uncorrelated portions of the transistor's 

(~) 

(3) 

(4) 

(5) 

An optimum condition will occ ur when the 
quali ty factor of the source is at its optimum . The 
optimurn ~. 19, 101 

I ! f5Y[1 
QSOPl = I C ! ~ <5 + (til 

With 1 c 1= 0. 395 and r /o = 0 .5 , (). is calculated to 
l "<.s.qpl 

be 4 [91. The difference in the noise factor is not very 
significant when 0,. 1 is changed from 3.9 to 4.5 [11, 

v ......... ",Ofl \../ 
l ~] . Q~.UPI = 4.5 can be chosen to enable the value of 
smaller transistor a t the input. A smaller device 
consumes smaller current, and consequently, power. 
Based on Equation (4), O . = 4.5, when W = ~9o 

~.I)PI Opl 

pm. W I is the optimum width of the transistor a t th e up J 

lowest noise figure (NF) . For physical transistor design, 
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a multi-finger technique can be implemented for betler 
matching and reduced gate resistance [12]. If multi­
finger transistor is used, every Gnger needs to ha ve a 
consistent width. If 5 pm is used, the total width of 
the transistor must be in multiplication of 5 tim 1121. 
Hence 'vV can be take n as 290 11111 . Based on , opt r 
Equation (1) to Equatiun (5), calculated C", is O.:1::l 
pF, gin is 5D mA/V, 0\ is 1.787D rad/s, IT = 28.4 
GHz, 0)/(0 is 1:-3.:j at f = 2.14 G H z (the W-CDMA 
operating f;:equency). When Lg and gate resistance 
contributions to the noise are neglected, the noise 
factor is found to be [1:2]: 

(7) 

From Equation (7) , F is found to be 1.364. For 
the calc ulation above, V,,,. is 100 111 V. This is a 
reasonable estimation for a 0.18 pm design as it 
provides SCHne margin for process variation. 

(ti) Calculation of Land L 
s g 

The input impedance of the inductively­
degenerated LNA in Figure 1 is gIven in Equation 
(8) [10]. 

(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 matching [1]. 

R = Re[Z ]' = gl1l
L

s 
III III C 

gs 
(9) 

Also at resonance, 

(10) 

L should not be IarO'e as it can contribute to a g b 

higher NF. This is because [9] 

(11) 

where R Rand R are the L o-ate and input 
Lg' ~ s ~' b 

source resistances, respectively. Referring to Equation 
(10), the L can be made smaller if C and L can b e 

~ us s 

made larger. Referrin g to Equation (3), C~s is 

dependent on the width and length of the transistor. 
A small dev ice wi. ll need a large width in order tu 
increase its C . T h e trade-orr to fu lfil lin o this 

p b 

requirement is ill the higher current cunsum ed (hence, 
higher puwer consumptiun) as can be seen from 
Equalion (I~) , 

I = Pile <l" ( W ) (V _ V ) c 
I) '2 L gs Ih (l~ ) 

On th e other hand, if the L, is increased, lhe 
vo ltage gain will be degraded as shown by the open 
circuil voltage gain equation below [l~l . 

-g f<) , sL, +R , 

A"' = [ S,' 2 C~> (O,, 2 ] , "['~ .. "(R'+R')] , [S2L;Cd"] (13' ) + S()l - 0 " .. , + (0 - . . 

(L, +L, ) "+g",L, " +sC"RI." + 1 

where Rand R are the internal resistances of L Ld Lg d 

and Lg, respectively. In SNIM, the problems a.rise in 
achieving high gain and good noise performance when 
the device is small. 

Assuming 0: as equals to J, and 1\" is 50 n, L, 
can then be calculated. From Equation (9), L, = O.:2H 
nH "" 0.3 nH. How eve r, th e small est inductor 
available from the Silterra 0.18 pm CMOS model 
o 
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 th e 1.65 nH 
connected in pa.rallel. L" can be calculated by using 
Equation (10) and with \he mentioned values, Lg is 
16.2 nH. The nearest inductance value from the 
Silterra model libraries is 15.8 nH. 

(iii) Ld and Cd 

Cd can be calculated from Equation (14) with 
the operating frequency of 2.14 GHz [13] and Ld se t 
to a certain value. 

(14) 

If l--'d is set at 15.8 nH, Cd is calculated to be 0.35 
pF. 

(iv) Biasing Circuit 

The biasing circuit has M:l which forms a current­
mirror with MI' 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:l can be in hundreds 
of pi\ since a too high of a current for the biasing 
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circuitry wi ll on ly increase the overall current 
consumption of the LNA. The equation relaLing the 
transistors of the current mirror with their associated 
currents are shown below. 

W~'ll " 

,'. LMI IIH II 

W~p lo.M, 
. L M3 

( 1.5) 

Since M:\ should not be large to prevent large 
current consumption by the biasing circuit, a 20 pm 
width transistor is capable of carrying the amount of 
estimated curren t. T he length of M:] should not be aL 
its minimum and, hence, was se t to 0.36 pm. Since 
Vov•M1 = 0.1 V, VGS.M I can be determined from Vu".lvll 
= V GS•MI - V til.MI • VUS,MI = V GS,1vW = VDs,lvn. Once V DS,1v1:: 

is known, 1\ can be calculated from (VDD - VDS.M:Y 
1BI1\s' The value of ~, 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. ~ can be 2.5 kQ. 

(v) Cc 

Cc is the coupling capacitor and the capacitance 
can be any large value such as 75 pF. 

1.2 PCSNIM LNA 

The difference between the SNIM and P CSN1M 
is the additional C

ex 
in parallel with C,. , The 

schematic of PCSN1M is shown in Figure 3. Ccx can 
be obtained from 

c =C-C e, I g' (Hi) 

T he inpu t res istan ce at reso n an ce now 
b ecomes 

R = glll L s 
III C 

I 

(17) 

(18) 

From Equation (HI), L" can be made small er by 
increasing C t' In order 'Lo achie ve better noi se 
performance (by having a smaller L), Lg can be set 
at 7.00 nH (based on the available inductors from the 
foundry'S model library). Referring to Equation (17), 
if the transistor's width is to be maintained at 290 

I-ll11 the R can be fixed at its 50 n if L IC = H47 HI 
, III ~ l 

F. Using simple mathematics, when Lg = 7.60 nH, Ls 
can be calculated to be 0 .57 nH. Based on the 
available Silterra 0.18 pm CMOS model libraries, 
the smallest inductor is 1.65 nH. To obtain a 0.57 
nH, three of the HiS nH were connecled in parall el 
resulting in a 0.55 nH of induclance. I-1ence, C, 
0.6 .5 pF and Ce, = 0.32 pF. 

Cump are d with SN IM, PCSN IM is able to 
provide good noise an d input matching even when 
the transistor is small by manipulating the value of 
C ex. 

1.3 CR 

In th e CR topology, M , is repl ace d by th e 
inverter like combination of the PMOS and NMOS. 
This is to reduce power consumption but at the same 
tim e maintaining the transconductance so that the 
gain will not be reduced [0] . Figure 4- shows the CR 
LNA. The advantage of having the inverter connection 
instead of jusL one NMOS can be explained by 
analyzing Figure 5 . Besides Equation (1) , 
tran sconductance for a transistor such as in Figure .5 
(a.) can also be represented by 

(19) 

For the circuit in Figure 5 (b): 

(20) 

. = 2 C -- -1 = - 2ll C - 1 (I WJ(l J 1 , W 
g m2 fJ. p O.' p 2 L 2 I) 4 '" 0.' " L D (21) 

'with the assumption that Jl = Jl /4 and C "" C p n 0 .'-: 11 oxp 

l )' and ()' are th e transconductances for M and M 
bm! bm~ I 2' 

respectively. H ence, glllT = 3/4 go, Although If) is 
halved du e to halved transistor size, gm is :1/4 of its 
original value. We can say that to produce a similar 
gm' th e current flowing through this in verter is half of 
that flowing through the MI in SNIM and PCS NIM. 

(i) Calculation of transistor size 

Ves.lvI l = V,;,1vl1 = V,;.1vl ~ = 0.75 V to ensure that 
both M, and M~ are in saturation . This will provide 
about 0.25 V of overdrive voltage as Vtil "" 0.5 V If 
the total current flowing through the W-CDMA LNA 
is expecled io be 4 mA and allocating a few hundred 
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Figure 3 : The PCSNIM cascode LNA with additional capacitor across the input transistor 

~ Co'" I 
C ll rrcnl-n.\ II~r '- - - - -

ICchlJi(IUl' to 

.. cp l a~c nlUU~ 

Figure 4 The CR LNA 

In goo, 

V,ooo----j lVI, (Wil) 

(a) (b) 

Figure 5 (a) Single NMOS. (b) NMOS and PMOS in inverter connection [6],[16] 
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pA for the biasing circuil, lhen M, (in the convenlional 
cascode like in SNIM and PCSNIM) of 60 pill is 
sufficienl to lel this value of current flow (refer lo 
Equation (1:2)). Si nce M

f 
in Figure" is operating th e 

same way as the cascode lransistor in the conventional 
cascode circui t (like in SNIM and PCSNIM), it will 
have the same size as the MI' Since the same g from 

"-' 111 

M, in the conventional cascade (like in SNIM and 
PCSNIM) can be obtained with only approximately 
h alf the current (i.e. 1.9 IllA) from the in verter NMOS 
and PMOS in CR, the size of the PMOS and NMOS 
in the inverter can be halved . 

(ti) Determining the passive components at the 
input stage 

C"x l and Cex~ were implem ented to enab le a 
smaller L" to be used (as discussed uncler PCSNIM). 

Assum e ( I ~ Ls~ . CII = Cgsl + C"' I and C,2= C gS2 + Cc, 2' 

C ~ C , as W = W. and C "" C (re fer to 
g!'i l g~~ I 2 u x l U'lC2 

Equation (3)). Taking C", I = Cex" will r esult in CII = 
C 12 • T h e input impedance of the circuit in Figure " 
is as shown in Equation (22) . A t resonance l~n 
R [Z ] = 50 n. 

e I II 

(22) 

By usino' C = 0.0341 pF and" = 15.25 mAl 
b ~rs l b ill ! 

V for the 30 pnl M, of the CR LNA, Ls '= O.:) nH. To 
determine Lg. the total imaginary part of Equation 
(22) is O. It is calculated that L, is 40 nH IB]. This is 
a very large inductor connected at the input and can 
contribute to a very high noise performance. As Ls2 
is connected to V DD and a bondwire inductance to 
other than gTfJUnd is 1.2 nH, the total inductance 
b etween the drain of M2 and the external V DD source 
is 1.5 nH. 

Optimization of LI( and L, can be performed to 
obtain goo d performanc e in gain and noise. 
Optimization may result in L, to be 0.55 nE (a parallel 
of three Ui5 nH) and L" = 1 ~.9 nl-! (which will give 
better noise performance). 

(iii) Ld and Cd 

Since th e Ld is to resonate with Cd ' td can be 
set to 1:2.9 nH and Cd is then calculated to be 0.4:1 
pF (using Equation (14)). 

(iv) Biasing circuit 

Since V,,, 'I I = V"S'I' = VDS"I·.1 = 0.75 V , the V ' I'.' V,),J.V v, ,1'11 " • ,1\. O\;. lV. ' 

will b e laro'e as V ~ 0 5 V To prevent a laro'e b lh.M:l • . , t> 

current from flowing thro ugh M ) as this transistor is 
just for biasing, its width needs to be made small er. 
Hence, M:I can have a width of 10 pm with length of 
0.36 pm, making ]2 as the ratio of the mirrored current 
to the bias current (using Equation (15)) . T hus, the 
current in th e biasing circui t ,vas estimated to be 0.3:2 
mA. W'ith the drain vo ltage of M el kno wn, 1\ can be 
calculated. R , = (1.8-0,75) V / 0.3~ m A == 3.3 kn. 

(v) Determining the size of Ms 

With a current of 1.58 mA Oowing through M .. 
(i. e. :H rnA - (U :Z rnA - 1.9 rnA), M e was added to 

.J 

the circuit to ael as the current source. V GS of the M" 
was set to 0.75 V and with this biasing condition, a 
20 11m by 0.18 /J.m is sufficient to perform the task 
(using Equation (12)). 

(vi) C
e l 

For the Cel' the capacitor's function is to isolate 
the de flowing through M -I from the biasing through 
the inverter pair. A capacitance of O.9~ pF can be 
implemented to perform this task. 

1.4 FC 

T he fo lded-cascode LNA is shown in Figure I). 

M, is to amplify the sigmll and Mo acts as the current 
buffe r. The supply voltage is close- to the bias voltage 
and thus the output swing is limited. T he folding of 
M~ helps to eliminate the parasitic capacitances at 
the drain of M, by resonating with Ld. It also helps 
to suppress the noise contribution of a common gate 
transistor like M~ at the output [17]. L" is to resonate 
with the output capacitance at the operating frequency. 

T he width of M , is determined from Equation 
(4) with th e parameter values as specified for SNIM 
and PCSNIM . Sin ce th e imp e d ance of FC is 
approxim ately th e same as the input impedance of 
PCSNIM, L

g
, C," an d L, can be determin ed by the 

same way. 

Current that is expected to flo w through M, can 
b e calculated from Equation (1:2) and found to be 
Ul9 mA when V = 80 mV (the overdrive vo llage 

(1\ ....... 
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needs to be small as V Dn is close to the bias voltage). 
The total current supplied to the LNA was set at II 

mA If the bias current through lVLl' In,M:)' is se t at 0.1 
mA the current through M 2, In.fvI2, will be 4- mA -
Ul9 mA - 0.1 rnA = 2 rnA RI = (0.6 - 0.5B) V I 0.1 
mA = 0.2 kQ. 

1.5 PCSNIM with output buffer 

Referring to Figure 7, th e input stage of this 
topolugy is th e same with the PCSNIM shown in 
Figlue 3. T he buffer is implemented as a cascude on 
its own has very high output imped ance . If the 
PCSNIM is connecLed direc tly to a load with low 

The width of M" can be calculated from Equation impedance, the gain will drop drastically. Hence, the 
(12). V ov,M2 "" 0.2 V (V:G•M2 = 0.6 V and threshold voltage buffer, which is acLuall y the source follower M,p acLs 
of PMOS is about 0.4 V for a 0.18 11m process). as an impedance transform er to avoid the loading 
Hence, W M:!. '" 180 pm. By using Equation (3), Cs« lVI') effect. M:, is operating as a current-source. Ld is to 
is 0.2 pF. Ld is to resonate with C,«,M2 to tune to [ 14 resonate with Cd' C~s.fvI-l' Co and C gd.M:, to provide 
GHz. Using Equation (14) , Ld = 2~ nH, T h e highes t tuning at th e 2.ltl· Glh. C

el 
is the coupling capacitor 

available inductor with the Silterra O.lB pm CMOS that will isolate the biasing of the buffer fro m the 
model libraries is 22 .0 nH. Equation (14) can be used cascode. R is to function the same way as Ro. The 
again to determine Co' If Lo is set at 10.7 nH, Co is width of 1('go, and C", can be maintained at 2~fo ~lm, 
calculated to be approximately 0.52 pF. 0.33 pF and 59 mAN, respeclively. L~, L, and C., 

,--------------------------------------------------, 

-= 

Figure 6 : The FC LNA 

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 (GRz) 2.14 

L(J.lm) 0.18 

toxn ' toxp (nm) 3.65, 3.88 

Com, Coxp (mF/nl) 9.45,8.9 

RS (Q) 50 

2 J.ln ' flp (m N s ) 0.039,0.01 

R1 , ~ (kQ) 9, 2.5 9,2.5 3.3,10 0.2,10 9, 2.5 

Ro (ill ) na na na na 2.5 

Cc (pF) 75 75 75 1 75 
Cel (pF) na na 0.92 na 10 

Cgs,Ml (pF) 0.33 0.33 0.03 0.33 0.33 

Cex (pF) 0.32 
0.18 for 

0.32 0.32 na 
both 

Cd (pF) 0.35 0.35 0.43 na 0.35 
Co (pF) na na na 0.52 0.13 
Lg (nR) 15.8 7.66 12.9 7.66 7.66 
Ld (nR) 15.8 15.8 12.9 22.9 15.8 
Ls (nR) 0.55 0.55 na 0.55 0.55 
Ls1 ,Ls2 (nR) na na 0.55 na na 
Lo (nR) na na na 10.7 na 

MJ (J.lm/J.lm) 29010.18 29010.18 30/0.18 29010.18 290/0_18 

M2 (J.lnllflm) 29010.18 29010.18 30/0.18 18010.18 145/0.18 

M3 (J.lm/flm) 2010.36 20/0.36 10/0.36 40/0.36 20/0.36 

M4 (flm/flm) na na 6010.18 na 100/0.18 

Ms (fll1l1flm) na na 20/0.18 na 100/0.18 

* na means "not applicable". 
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LNA Topology 

SNIM 

PCSNIM 

CR 

F C 

P CSNIM with 
output buffer 

Table 3 : Summary of the comparison between the different 
modified inductively-degenerated cascode LNA. 

Features 

T his is the conven tional inductively -degeneraLed CS with L. as its degeneration inductor. 

Con tains L, and an additional capacitor, C,." across the G-S of the input transistor. This 
configuration IS to ob tain noise input impedance that closely match es the circuit input 
impedan ce. 

An NMOS and a PMOS in a C MOS in verter confit,'luation replaces the input N M OS 
transistor in the SN IM. This configuration enables lower current consumption withouL 
deteriorating the transconductance mu ch . 

The N MOS and PMOS in a fojded-cascode configuration . T he supply voltage is slightly 
more than th e biasing vollage. This configuration IS suitable for low-volla rre t> operation . 

The buffer transforms the high output impedance of the cascode to a value equals to 
the 50 W required . The buffer 1S a common-drain with a COnl1TIOn-SOurce current 

source. The output impedance of the common-drain determines the output impedance 
of this LNA and can b e made to equal 50 W by setting the size of M 4 With the 
improvement in the output matching, gain and NF 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.b 17.1 13.8 IS± l 

S (dB) -10.2 -l b. [ - LO.9 -11.:3 -lOA <-10 

SO? (dB) -1.0 -O.b -13.4- -22.0 -1O.b <-10 

S <, (dB) <1H.9 <17.7 -44.H -!i 1.6 -4:-3.:1 <-20 

NF (dB) 2.8 1.8 1.7 2.2 1.9 < 2.5 

IIP. (dBm) - 1.9 1.::l -9.9 -:1.4 -1.9 -3 

IDe (mA) 3.7 3.7 3.9 3 ,.. .0 3.9 il* 
{casco de) 

Vdd (V) 1.8 1.8 1.8 1.8 O.b 1.8* 

Power 6.7 6.7 7.0 6.:1 2.:1 7.2 
consumption(m W) 

' I· V;/d and I{)C were set at 7.B V and 4 mA, respectively, due to O.78J1m CMOS technology used and the estimated 9 
to 78 dB of gain for an LNA of this technology {74}. 

are maintained at the calculated values obtained from 
the PCSNIM design . 

If Ld is fixed at 15.8 nH, Cd is calculated to b e 
0.:)5 pF from Equation (14). The output resistance of 
a source follower like M.I is lIg

ll1
• To transform the 

output impedance of the cascode to !i0 n, the ouput 

resistance of MI should be 50 n. Hence, g =O.c)2 S. 
From Equation '(1) with a = ! and an overdri~~ voltage 
of 0.1 V, W ~l:' = W M4 will be approximately 100 ~tm. 
Expected current to flow can be ca lculated from 
Equation (12) and found to be 1 mAo A large 
capacitance can be used for C

el 
while Ro is equals to 

the value of R2 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 th e distinct featur es thal 
differentiate the fi ve modified inductively-d egenerated 
cascode LNA topologies discussed in this paper. The 
SNIM is the conventional inductively-d egen erated 
cascod e LNA. 

3. RESULTS AND DISCUSSIONS 

T h e sim ul ati un perfurmed on al l fi ve 
configurations showed results that con form ed to the 
theory as shown in Table 4. T he S]] in SNIM and 
PCSNIM show a mu ch better performance as 
compared to th e S22 because o f the degeneration 
inductor, L,. The inducti ve l y-degenerated topology 
helps in providing input matching on-chip. Th e S2~ 
results also show the difficulty in matching the output 
stage of both SNIM and PCSNIM to 50 Q . This is 
b ecause 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 b du e to th e 
implementation of a smaller L . Small er L possessed 

" g 
smaller series resistance and tl1is is the reason for the 
better NF in the PCSNIM. Smaller L can b e utilized 

g 
because of the existence of C ex between the gate and 
source of M] in PCSNIM. 

The PCSNIM with output buffer provides 011 -

chip output matching which gTeatly improves the S22' 
Due to th e matched output, the PCSNIM wilh output 
buffer provides the best gain amongs t the three 
topologies. 

T he CR was found to be ab le to maintain a 
comparable gain with th e PCSNIM wilh output buffer 
although it consumed a lesser current of :).5 mA as 
compared to the 3.9 mA consumed by th e la tter. The 
power consumption of these two topologies were 
compared as they both have on-chip m atching circuitry 
and supplied by the same amount of V Dfl' Hence, it 
is con firm ed that the CR can reduce the amuunt of 
current but still maintaining the desired gain. 

T he FC, which was suppli ed by th e O.t) V, is 
not only suitable for low-power desig11s but achieved 
a very good NF of 1.9 dB . 

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

4. CONCLUSION 

D etailed description on the design and analysis 
of the inductively-degen erated based LNAs are given. 
The described LNA lopulogies are the SNIM , 
PCSNIM, CR, FC and PCSNIM with buffer. T he 
designs were using th e parameters specified by the 
Si lterra foundry for th e ().l~ flm CMOS process. 
Simulation resu lts show th a t a ll th e topol ogies are 
ab le to fulfill the desired W-CD MA specifications. 
T h e SNIM and PCSNIM are ab le to provide 
simultaneous input and noise matching, the CR 
consume the least curren t, the FC enables very good 
noise p erformance and comparable gain at a much 
reduced supply voltage and finall y, the PCSNIM 
with output buffer can provide on-chip output 
matching. 
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1.575 GHz to 2.48 GHz Mlliti-standard Low Noise 
Amplifier using O.18-l.ln1 CMOS with On-Chip 
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Abslracl- A wideband Low Noise Amplifier (LNA) is 
demonstrated by using the inductively degenerated LNA 
architecture. This wideba nd operates in range of 1.575 CHz 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 S2! at 13.7 dB to 10.3 dB, input 
reflection coetl1cient S II at -7.2 dB to -9.5 dB, output 
reflection coefficient S22 at - 17 dB to - I I) dB, reverse isolation 
S !2 at -54.4 dB to -52. 1 dB and noise tigure (NF) at 2.3\ dB to 
3.12 dB in the frequency ran ge. Linearity r es ult is based on the 
Input Third-Order I ntercept Point (II 1'3) is -5.48 dBm. The 
design draws and obtained at low total power consumption at 
14.4 mW and all results met specitication. The design was 
implemented in 0.18 " .m CMOS technology. The performances 
obtained arc from the LNA with on-chip matc hing circuitries. 

Keyword.\'- Mll lti-stlllldard LNA; Il1dllctive~r degellerated 
topology; Low power desigll 

1. iNTRODUCT'IO N 

Wireless communi cation has evolved into fulfilling thc 
needs of Illulti -standard app li cat ions. Thi s is to sat isfy the 
customers and economic requirement. More benelits can be 
obtained by having more standards in one systcm. r II . As 
sLlch, we Illay have a reception unit operat ing at frequencies 
of 1.575 GHz for GPS, 2. 11 - 2. 17 GHz for UMTS and 2.4 
- 2.48 GI-lz for Biue\ooth and WLAN [21. 

The primary chall enge in des igning multi standard 
rece ivers is increasi ng functionally hardware LNA [2J. LNA 
is commonly used as the firsl stage in the receiver front-encl . 
l-Ience, having a good LNA is crucial for the suitable 
performance of the rece iver III the communication 
environments. The performance requirements of RF 
receivers can be quite tough, when requiring good 
sensitivity, high ga in and exce llent NF at one time l3]. The 
multi-standard LNA presented in this paper is based on the 
technique proposed in 141- Table I shows the req uirement 
performance metric of multi standard LNA . 

07i'L 1_11 1';77 _11117 _ 7 Iii I<t:')~ nn 0.\')n11 11=1=1= inn 

'1' /\ 13 L.I ~ 1 
MI JLTI STAN DARD LN/\ SPECIFICATIONS [41 

Performllll cc Metri cs Multi -standard LNA 
(GPS, UMTS, B1l1 ctooth, WLAN ) 

I S ~ IIJlm > 13.5dl3 

NF""" (in 3dH bandwidth ) J2dll 

II P3 (worsl case) - 4. 5d13 111 

Band width (IS, d< - I OdHl 1.5-2.65G I-I 7 

l3andwidth (IS ~, I< - I Od8) > 2.55GI-I;: 

Handwidth (IS",< -50dB) 1-2.6 GHz 

-3d8 l3a ndwidl h (IS 2, 1) 1-2.6 GH;: 

Section II gives the theory behind work. Section Lli 
explores LNA design. Section IV describes the results 
achi eved by proposed work. Last but not least, conclusion 
given in Section V. 

II. PROPOSI :\) LNA A I~U-I ITI :CTUR I: 

Cascode ampli fiers to pology combines the hi gh input 
resistance and large transconductance offered by a Co mmon 
Source (CS) amplifier with the current-b uffering capability 
and good high-frequency response of a Common Gate (CG) 
amplifier. Although the cascode is actuall y a cascade of a 
CS with a CG, it is normally treated as a single-stage 
amplifier [5].The advantages of this method arc the Miller 
eHects can be reduced and able to improve the performance 
metric such as the reverse isolation [6]. 

A. peNQ Technique 

in peNO technique, simultaneo us gall1 and noise 
n18l ching is possible at any amount of power dissipation. 
This is achieved by proper selecti on of the degeneration 



indu~tor, Ls at any gi ven transistor size [7]. Under fixed 
drain current, there exists a transistor 's width which can 
result in a low NF. The width of the op ti mum dev ice is 
written as follows [8 , 9] 

( I) 

where Q I' is the qualitv factor of the input circ uit of the 
S,\)pl, n 01 

LNA that leads to the power-constrained min imum NF [8, 

9]: 

Q".,,, =,' fl[l+ I + i~' hOy)] (2) 

where Icl=O.395 and y/o= 0. 5 to give Qs.opt . r" "" 4 18]. 

The relationship between the power diss ipation, Pl), and 
F is as follows [5] : 

From the graph plotted fo r Pl) vs Qs at different steps of 
F, given in [5] , it can be seen that a small NF can be obtained 
at the expense of a highcr PI). A decrease in power causes a 
decrease in ga in and no ise t~l etor. Accord ing to Table I , the 
required NF and gain should be below 3 dB and above 13 
dB, respeetivc ly; so a trade-off betwcen N F, power ga in and 
power consumption is to be considered 'when designing the 
LNA. 

B. Input Impedal7ce Matching 

For impedance matching at the input of the LNA as 
shown in Fig. 1, the fo llowing equation yields the input 
impedance of the design. At resonance, input impedance is: 

Zill = Rill + jX in (4) 

where the resistive part of input impedance is: 

B 
R. = B~-A2 

III (B/~2A2-r -(wei + (8-~~~A2 )J 
(5) 

A = wL" + wL, - - ' -'. - wCt!' 

B = g",Ls 

c.' 

Rill is the rea l pati' of lin and it should be set to 50 Q. The 
reactance part of impedance is: 

X, ,, = 00.[ L, + F' _O;~:~!E )i l (6) 

E = _.-f. .- and F = .-~ -
B2_A2 B2_A ~ 

Un i ver~ il i Sains Malays ia Short Term Grant & Incent ive Granl 

where (6) is the imaginary part of lin and must bc set to zero . 
From (5) , gnl> L2• Ls and Cgs l are the transconductance. 
inductor at the gate M I, source degenerat ive inductor and 
externa l gate-source capacitance, respectively. 

C. Outplll impedancc Matching 

For impedance match ing at the output of the LNA as 
shown in Fig. I , the fo llowing eq uation yields the output 
admittance ofthe des ign [10] : 

Y _·,c I 1 1 _ _ 1 
L - S d - l' -\- sL 1) L 

\.<1 -\- S. d 
(7) 

where r is the series resistance of Lo. Cd , Ld ' Land RI are 
the load capacitor, load inductors and load resistor, 
respectively. At resonance, Cd, Ld, and L will be eliminated 
and leaving the real impedance into play. 

ilL LNA DES IGN 

A. Circ1fit Implementation 

The design starts with the determination of the optimum 
width, WOI'I> of the input transistor, M I , in Fig. 1 by using 
the rCNO 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, thc resultant circ uit's NF will be 
close to the mi nimum NF, NFmin . 

~(" RF in! --, Lc 

Figure I. Proposed induct ive ly degenerated cascode LN A for Illu lti ­
standard applications 

The eq uat ion lIsed to determine Wl'!'t is given in (I) 
resulting 15 ],[8]: 

WOPI ~ 3 ·LC
I
. R ( I 0) 

- (0 -' 0 .'1\ .s 
where Wopt is the optimum width ancl L is the effeeti ve 
channel length of the M I transistor. Co., is the oxidc 
capacitance and the input circuit quality factor, Qin, is set 
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 I, M] 
and the resistor of RB I for the purpose of DC biasing to the 



· input transistor. The ralio of M.l and MI determines the 
current flo wing through the cascode branch. Proper 
selection of MI's width determines the voltage across G-S 
of MI. The width ofM I is ca lculated to be 290 ~lm . Besides, 
the smaller width of transistor M3 is preferred so that the 
power headroom of the bias circuitry can be minimi zed. A 
T-matching network is designed to obta in the desired 
bandwidth [4]. At biasing circuit, a large res istor va lue of 
R132 is chosen to avoid noi se performance degradation [4] as 
well as minimizing the coupling capacitancc and load 
capacitance value. 

L and Cd function as tuned load at the output. Ld is added 
to the circuit in se ri es with rcs istive load , Rd ill terms of gai n 
control and get a good outpu t matc hing wi th no ou tpu t 
buffer [10]. Due to the inductive nature of thi s load 
compensates the gain roll -off of LNA at high frequencies 
[4]. Degeneration inductor, L" enables more l1ex ibility in 
matching the input stage to 50 n. It also intluences the ga in 
of the LNA. Combination of L, and Lg will tune the input to 
the desired frequenc y. 

From (10) , the optimum width of transistor MI was 
obtained equal to n o ~lIn . The width of cascode transi stor 
M2 was set equivalent to width of MI; hence, gate-drain 
overl ap can reduce impedance looki ng into gate and drain of 
M I. However, this will degrade both noise performance and 
input matching. 

This is to accomplish a bctter lIP3 based on the stud y by 
[8]. M2 has more intlucnce on the linea ri ty pcrformancc of 
the cascode as compared to MI . In the stud y performed by 
[8] , it was found that thc LIP3 of M2 improves with the 
increase of DC biasing of Me· While Ld enab les node 
capacitancc at the drain of M2 to resonate wi th it to tunc the 
output to the resonating freq uency and prov ide additional 
band-pass filtering. To give more tlexibilily in tuning the 
output to the desired frequ ency and additional filtering, Cd is 
included in the circuit. Hence, Ltl let only a very small 
voltage across it due to its series res istance 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 se ri es res istance 
grows with the va lue of inductance and the noise t~lctor is 
proportional to thi s series res istance. 

B. Layoullmplemenloliol1 

Using a standard CMOS 0.1 8 ~lm tec hnology, the l11ulti ­
standard LNA is implemented for 1.575 GHz, 2.11 to 2. 17 
GHz and 2.4 to 2.4~ GI-Iz frcqucncy bands. For circuit 
verification, Calibrc was used to ob tain post-layo ut 
simulation results. Fig. 2 shows the layout of the LN A. 

IV. EXPERtM CNTAl .R cSULT 

A. S-Parameters 

The The proposed design LNA achieved input refl ecti on 
coeflicient, SI I of - 7.2clB to - 9.5dB and output re l1ection 
coefficient, S22 of - 17dB to - I OdB in the frcquency range of 
I .575GHz - 2.48GHz. 

F.1 '~ P"1·'···-·· ···-~~· 

L:!J L...J 

Figure 2. Layout of LNA for mutti-standa rd apptication 

Fig. 3 shows the S-parameter rcsults. The required gain, 
S21 for the wic1eband LNA application is 13.7 dB to 10.3 dB 
while the reverse isolation, SI2 with va lue of - 54.4 dB to 
-52. 1 dB in the rcq uired freq uency bands. It is observed that 
LNA exhibits good reserve isolation. 

B. Noise Figure 

The NF is about 2.3 I dB to 3. 12 dB in the frequency 
range of 1.575 - 2.48 GHz as can be scen in Fig. 4. 

C. Li l1eori Iv 

Fig. 5 shows the 111'3 of post-layout resul t. The result bas 
mel the specifieation of the wideband design, i. c. LIP3 > - 3 
dBm. 

D. Results Comparisol1 

Table IT gives the summary performance of the LNA 
achi eved in the post-Iayollt si mulation in thi s work in 
comparison with previous work by [4]. I t is found that the 
gain and the NF performances arc sli ghtly worse than the 
ones obtained by [4]. This is due to the cffeets by the on­
chip matching implemcnted in this work. The work in [4] 
has its matching circuitries performed off-chip. 

V. CONCl.US ION 

A wideband LNA is demonstrated by usi ng the 
inducti ve ly degenerated LNA arc hi tecture. The dcs igned 
LNA demonstrated a gain of 13.7 dB , 13. 5 dB to 12.6 dB 
and 2.9R dB to 3. 12 dB for thc operating freq uencies 1.575 
Gllz, 2. 1 I GHz to 2. 17 GHz and 2.4 Gllz to 2.4R GHz, 
respectively. The minimuill gain ac hieved in thi s large of 
freq ucneies is of 10 .3 dB while the ma ximuill NF is 3. 12 dB. 
Total power consumption is 14.4 mW. 
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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 
(pCSNlM) and the Folded Cascode (FC) PCSNIM. These designs 
were implemented on Silterra's O.181lm 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 SIl, SZI and S22 are -14.48dB, 17.44dB and -
18.48dB, respectively, for the CRT and -20.52dB, 16.39dB and -
22.88dB, respectively, for the Fe. 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. 

1. 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 

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 I shows some typical performance 
requirements for the LNA in such a system. 

TABLE! 
TYPICAL PERFORMANCE REQUffiEMENTS FOR LNA IN A W -COMA SYSTEM 

Parameters Specifications 
Frequency bandwidth 2110 MHz -2170 MHz 
Power gain, S2 1 > 15 dB 
Input/Output matching, SII and S22 < -10 dB 
Noise Figure, NF < 2.5 dB 
3 ra - order Input Intercept Point, lIP 3 > -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 (Zin) and input noise (Zopt) equations 
for this topology are as shown below [4] : 

l in == _1_+sLg + _ I_+sLs + gmLs 
sC sC t Ct 

(1) 
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where Ct =C!!,+Cex, Cgs is the gate-source capacitance for M" 
gm is the transconductance of M" (00 is the operating angular 
frequency, a, 0, and 'Yare the noise parameters and c is the 
noise correlation coefficient. Refer to Fig. 1 and Fig. 2 for Lg, 
Ls and Cj • 

A. CRT PCSNIM LNA. 

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

~RF"", 
C" 

M] 

M, 

Fig. 1 The CRT PCSNIM LNA schematic [5]. 

The LNA first stage is an inverter nMOS (M,) and pMOS 
(M2) [6]. The current flowing through M, is the same with the 
current flowing through M2 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 ~, 
+ gm2 versus simply gm' for the case when only M, exists [4). 

gm' fF 42 n oIn ~ D2 4 n Jx 'Z: D (3) 

ml (4) 

(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 M3 configured as a 
common-gate device. The main purpose of this device is to 
increase the overall gain of the LNA. Transistor M4, and 
resistors Rt" and Rb2, set the dc bias for M, and M2. Transistor 

(2) 

M4 essentially forms a current mirror with transistors Ml and 
Mj • Rt" sets the current of the bias circuitry, which generates 
the bias voltage at the gate of transistor M, and M2• Resistor 
Rb2 provides large resistance to the bias circuitry for the input 
signal. Lg and Ls are used to provide simultaneous noise and 
input matching. Inductor, Ld is to resonate with the output 
capacitance for output matching. 

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

Zin = iiO = sLg + Z M1 IIZM2 (6) 
g 

Optimizing the values for Lg and LsI 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 

VDD 

RI~" -----1 

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 g 

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 
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is hig her 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. Ml acts 
as an amplifier for the incoming signal and converts the 
voltage change at the gate to current change in the drain while 
M2 act as a current buffer. The folding of the M2 helps to 
eliminate the parasitic capacitance at the drain node of the MI 
by resonance with the inductance at the supply pin Ld. This 
will help suppress the noise contribution of the M2 at the 
output and hence avoiding the signal loss into the silicon 
substrate. 

The Lg, Ls and Cex are to provide input matching of the 
LNA to the source while the Lo provide output matching to 
the load. The Cj and Co act as DC block to prevent the leakage 
of DC voltage to the subsequent stages. 

III. EXPERIMENTAL RESULTS 

The CRT PCSNIM LNA shown in Figure 1 are having 
component values of Rbl=3.4 kn, R b2=IO kn, LsI=Ls2=O.55 
nH, Cj=2.9 pF, Cp=9l5 iF, Co=3l0 iF, Cexl=Cex2=175 iF, 
Lg=Ld=lO.7 nH, WMI=WM2=30 ~Im , Wtv13=60 f.lm , WM4=1Of.lm 
and WM5=20f.lm. While FC PCSNIM LNA shown in Figure 2 
are having component values of Rbl=200 n, R b2=IO In, 
Ls=O.55 nH, Cj=20 pF, Co=360 fF, Cex=386 fF, Lg=5.35 nH, 
Ld=6.94 nH, Lo=lO.7 nH, WM1=400 f.lm , WM2=160 f.lm, and 
WM3=40 f.lm . 

There were 2 types of post-layout simulation performed in 
this work; one is using the lwnped 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. 

RIN 

I Il~V()J1I 
R ...Lc 

I 
RIN 

a) 

RfN 

b) 

N'th segment 

R/N 

L __ _ __ .J 

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 III 

A. CRT PCSNIM I NA. 

TABLE II 

COMPARISON ON LUMPED AND DlSTRIDUTED POST-LAYOUT SIMULATION 

WITH MEASUREMENT RESULTS FOR THE CRT PCSNIM LNA 

Analyses Sl1 SI2 S2I S22 
(dB) (dB) (dB) (dB) 

Lumped Optimum -18.48 -5 1.07 17.02 -19.49 

post-layout value (dB) 
simulation Frequency 2.06 2.06 2.05 2.06 
results (GI-Iz) 
Distributed Optimum -21.53 -51.33 17.20 -21.30 
post-layout value (dB) 
simulation Frequency 2.18 2.23 2.19 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 optimmll 
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 SII and S22 are not tuned 
to the desired 2.14 GHz but differ from it by 7.5% and 17.8%, 
respectively. In addition, the measured SI2 and S21 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 INA. 

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 DlSTRIDUTED POST-LAYOUT SIMULATION 

WITH MEASUREMENT RESULTS FOR THE FC PCSNIM LNA 
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- 4' 
Analyses 811 81Z 821 822 

(dB) (dB) (dB) (dB) 

Lumped Optimum -35.41 -41.73 17.08 -13.42 
post-layout value (dB) 
simulation Frequency 2.08 2.02 1.96 1.96 
results (GHz) 
Distributed Optimum -25. 14 -44 .39 16.1 - 17.63 
post-layout value (dB) 
simulation Frequency 2.14 2.26 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 2.20 
(GHz) 

The measurement plots indicate that the SI1 and S22 are not 
tuned to the desired 2.14 GHz but differ from it by 43% and 
2.8%, respectively. In addition, the measured SI2 and S21 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 Jumped post-layout simulation has shown 
that the optimum frequencies for S-parameters are quite close 
to 2.14 GHz, the measured resul ts had shown that the 
frequencies have moved far to the right. 

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

Based on the finding obtained fi'om 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, C1=32 
pF and C2=1.57 nF is connected to Rb2 and Ld, respectively. 
TABLE IV shows the performance of both topo logies after 
the optimization. For CRT PCSNIM LNA, the changes to the 
components' values are Co=370 iF, WM1 =WM2=40 ).lm and 
WM3=80 ).lm. For FC PCSNIM LNA design, the changes to 
the components' values are C j=4 pF, Co=4 10 iF, Cex=350 iF, 
Lg=7.66 nH, Ld=6.94 nH, Lo= 10.7 nH, WM1 =320 ).lm, 
WM2=200 /lm, and WM3=15 ).lm. 

TABLE IV 
OPTIMIZED DISTRIBUTED POST -LA YOUT SIMULATION RESULTS OF CRT AND 

FC PCSNIM LNA 

Analyses CRT FC 
811 (dB) -14.48 -20.52 
8 12 (dB) -51.40 -44.58 
S21 (dB) 17.44 16.39 
Sn (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 Fe PCSNIM LNA 

Fig. 4 shows the photomicrograph of CRT and FC 

(a) 
PCSNIMLNA. 

(b) 

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

IV. C ONCLUSIONS 

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. It 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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