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Abstract 

A design of a wideband CMOS,lowcnoise amplifier for UHF applications is 

explored in this thesis, A single stage amplifier in inverter with resistive feedback , 
topology was found to be the most suitable cbnfiguratio~ to.achieve goals of low 

noise figure, high linearity, small size, and low cost. Two submicron silicon CMOS 

processes, AMIS 0.5 ~m and TSMC 0,25 ~m, were considered for fabrication of this 

amplifier. Active and passive device performance in these two processes were, 
. 

investigated to determine the feasibility of UHF amplifier implementation. Wide-

band LNAs were fabricated in both processes, and it was demonstrated that 0.25 /-1m 
" 

amplifier meets and exceeds the design specifications. This amplifier achieves a 

bandwidth of close to 600MHz, with gain of over 11 dB over the entire bandwidth, 

and noise figure lower than 2 dB in the frequency range of 240 MHz to 1.6 GHz. In 

addition, this amplifier exhibits good input and output matches of lower than -10dB 

including bond wires, and has better linearity and noise figure than other wide-band 

LNA's published to date. Finally the system level performance of a heterodyne 

receiver was evaluated with LNA behavioral model to show the feasibility of using 

this LNA for UHF communications and radar applications . 
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Chapter 1 Introduction 

The demand for a low cost and high performance low noise amplifier (LNA) 

continues to grow; especially driven by the increasing popularity of wide-band (0.3 -. , 

3 GHz) and ultra wide-band « 0.96 GHz and 3.1 - 10.6 GHz) applications. Wide-

band low. noise amplifiers are required in many RF frequency and high data rate 

.-
communication systems including optical sensors « 960 MHz) [I], pulsed radar 

< .. 
systems (300 - 1000 MHz, 1.2 GHz - 1.4 GHz, 2 GHz - 4 GHz) [2-3], analog cable 

systems (50 MHz - 850 MHz), satellite communications (950 - 2150 MHz), 

terrestrial digital video broadcasting (450 - 850 MHz), multi-band mobile terminals 

and base stations (900 MHz - 2.4 GHz), and software defined radios. A wide-band 

LNA can replace several LC-tuncd LNAs commonly used in multi-band and multi-

standard narrow. band receivers [4], thus eliminating the cost of extra LNAs and 

possible external tu!ling elements in the receiver chain, and _ reducing system 
_.-

complexity. If implemented in integrated circuits (IC) technology, a wide band 

amplifier also minimizes chip area m;d a number of inp~t and output (10) pins. 

Recent advances in silicon IC technology have enabled a successful LNA 

implementation in a low cost CMOS process. While it has been demonstrated that 

narrow-band CMOS LNA can achieve n<;>ise figure as low as 'ldB and very good 

linearity, [5], it is still a challenge to achieve such performance in a wide band 

topology. Unlike the traditional single stage wide-band low noise amplifiers that trade 

off input impe.dance match with noise figure, the inverter with shunt feedback resistor 

(IWSFR) topology with inductive source degeneration, explored in this thesis, is able 

to achieve good input impedance match and low noise figure simultaneously. This 
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amplifier was also shown to have better linearity and lower NF than other CMOS 

wide band LNAs reported to date. 

1.1 Background 

Most RF radios use an LNA in their receivers. Figure 1.1 shows the two most 

common types of receivers [6, 9]. Typical on-chip components include the low noise 

amplifiers LNAs, mixers, and the IF amplifiers. Other components are usually placed 

off the chip [7-8]. The main purpose of an LNA in the receiver path is to provide 

sufficient gain for the RF signal to overcome the noi~e of subsequent stages of the 

receiver [7], while generating the least amount of noise. 

Since an'LNA is typically the first block of the receiver chain, its gain and 

noise figure directly determine the sensitivity of the receiver [6], [9]. However, it is a 

challenge to achieve high gain and low noise figure due to differences III power 

matching and noise matching [10]. 
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Fig. 1.1 Heterodyne (a) and homodyne (b) receiver architectu""res 16]. 

Linearity is equally. important as sensitivity. Both or these parameters 

determine the dynamic range of a circuit. Linearity limits the maximum signal 

strength while sensitivity sets the minimum signal strength [7]. There is always a 

trade-off between linearity and gain. An LNA with very high gain is not always 

desirable, since it may jeopardize the dynamic range of the whole receiver [9]. In the 

case of base-band amp,lifiers, total harmonic distortion is often used to represent the 

linearity of an amplifier. For RF amplifiers third order intercept point (TOl), second 

order intercept point (SOl), and I dB compression point (PldB) are used to represent 

linearity instead [7], The first two terms are a measure of the large signal processing 

capability, while the last term determines the small signal handling capability of an 
• 

'LNA. 

The amplifier explored in this thesis was designed to meet the requirements of 

an UHF radar system. The following design specifications for this low noise amplifier 

were provided by Oceanit Laboratories: center frequency of 450MHz, NF < 3 dB, 
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Gain> 10 dB, bandwidth - 500 MHz, IPldB > -10 dBm, liP) > 0 dBm, input 

matching (S 11) < -10 dB, and output matching (S22) < -lOdE. 

1.2 CMOS Technology 

Compared to other existing technologies that are commonly used in making 

high frequency circuits, such as, GaAs and SiGe, CMOS and Bi-CMOS processes are 

the most cost effective ones because of their lower fabrication costs and wafer costs. 

Due to th: surge of faster digital processors, the gate length of a silicon device 

continues to decrease, making it possible to make small and high-speed RF circuits 

with CMOS and Bi-CMOS devices. Bi-CMOS process allows both bipolar and 

CMOS devices on the same fabrication run, but it requires more masks and more 

processing cycles, making it more expe~sive than pure CMOS process. On the other 

hand, CMOS devices are cheaper, have a lower minimum noise figure, and better 

linearity than bipolar devices implemented in Bi-CMOS process [11]. In addition, 

" since CMOS technology has dominated the digital world for more than a quarter 

c'entury and has achieved a very high level of integration, it has become an extremely 

attractive and cost effective candidate for' use in System-on-Chip (SoC) design. 

Moreover, the improvement in speed allows CMOS 'devices to compensate for most 

of their drawbacks. Table 1-1 shows the SIA roadmap of silicon technology. As the 

feature size gets smaller, the unity gain frequency (/,) and the maximum oscillation 

frequency (1m",) of a silicon device increase [7]. A recent LNA in 0.25Jl~ process 

has already proved that CMOS LNAs can achieve a noise figure of less than 1 dB and 

a high power gain, at the samepower consumption as commercially available GaAs 

4 



·' 
LNAs [5]. With its recent technological advances and its capability to be integrated 

with digital ICs in a System-on-Chip (SoC) system, CMOS technology is proven to 

be feasible for low cost and reliable RF front-end circuits. In this thesis, design of a 

wide-band LNA in the following two mature CMOS processes will be explored: 

AMIS 0.5).lm, and TSMC 0.25).lm. 

Table 1.1 Silicon Industry Association (SIA) roadmap for SI process [7[ 

Feature 250nm 180 nm 130 nm .10nm 70nm 50nm 

Size 

TXlRX 1.8-2.5 2.5-3.5 5.0-7.0 7.0-9.0 9.0-11.0 10.0-13.0 

[GHz] , 

lmax / IT 25/20 35/30 50/40 65/55 90/75 . 120/100 , 
[GHz] 

NF [dB] 2 1.5 1.2 <I <I <I 

1.3 Wide-band CMOS LNAs 

Wide-band LNA topologies include the Distributed LNAs (DAs), Wide-band 

LNAs with Noise Cancellation Technique, Wide-band LNAs with Matched Filter 

Approach, and Single Stage Wide-band LNAs. 

The idea of distributed amplifier was first introduced in 1940s, when it was 

used in broadband vacuum tube amplifiers [10]. Since then, DA's have been widely 

used in microwave applications. Figure 1.2 shows a typical CMOS distributed 

amplifier (DA) [12]. 
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Fig. 1.2 Four·section distributed amplifier including its m·derived half sections (121· 

This amplifier consists of 4 cascaded identical transistors separated by on-chip 

inductors at their drains and at their gates. These inductors will resonate with the 

parasitic capacitances of the transistors, creating two artificial lumped transmission 

lines. One e,nd of each artificial transmission line will be terminate-d by its chosen 

characteristic impedance. As an RF signal propagates along the artificial gate line, the 

traveling voltage waves will be amplified and will be transferred to the drain line by 

each transistor. There will always be an optimum number of cascaded sections to 

maximize its gain, due to the attenuation of traveling waves along the drain and the 

gate artificial transmission lines. The DA can be analyzed in terms ofthe loaded gate 

and drain lumped transmission lines. The phase velocities on both gate and drain lines 

are kept to be the same, so that signals on the drain line will add constructively and 

reach the output. Signals that 'are out of phase will propagate in reverse direction and 

will be absorbed by the characteristic impedance terminated at the end·of each line 

[3], [10], [12-16]. The L-C artificial transmission line will exhibit an input impedance 

that is quite different from the nominal impedance near the line's cutoff 
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frequency (j, = Jrc). Thus, conjugate matching is achieved indirectly by the m­
If Le 

derived half section that is inserted at each port [3], [12-15]. Compared to other wide- • 

band LNAs, distributed amplifiers are not cost effective and consume relatively high 

power due to large circuit area occupied by many on-chip passive components. In 

addition, they typically achieve low gain, and the noise figure is not opti:nized [10], 

[13-14]. Table 1-2 shows that most published CMOS DAs (amplifiers 1-8 in Tab~e 1-

2) have a gain below 10 dB, a NF above 4 dB, poor input impedance match, and 

relatively high power consumption. 

• 
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Table 1.2 
. 

Comparison of different published CMOS distributed (1-8) and two stages wide-
band low noise amplifiers (9-12) 

· Technology Bandwidth Gain NF SII 
CMOS GHz 'dB dB dB 

I. '[12] 0.6).Lm 0.5-4.0 6.5+1-1.2 5.3 - So < -7 
2.'[17 ] 0.6~m 05-7.5 5.5+/-1.5 8.7-13 < -6 
3.'[ IS ] O.S /.1m 0.3-3.0 5.0+/-1.2 5.1-7.0 <-6 
4'[15 J 0.25)lm I - 11.4 5.0+/-1 4.4-5.6 < -10 

5'[16] o.ls~m - 5.0 - <-14 

6.'[19J O.18)lm 1-10 S.O+/-I - -
7'[14] o.ls)lm 0.6-22 7.3+/-0.S 4.3-6.1 < -S 
S.'[141 O.ls~m 0.5-14 10.6+/-0.9 3A-5A < -ll 

9."[4] 0.25 ).Lm 0.002-1.6 13.7*H 0.16<f<1.6 <-10 

GHz, NF is 

1.9-2.4 
1O"[20J o.ls)lm 1-4.2 13.1 3.3-6.5 <-10 

4.2-7 <-5 
11.**STD o.lsllm 2.3-9.2 9.3 4.0-7.7 <-9.9 

LNA[2IJ 
12.**TW o.ls)lm 2.4-9.5 10.4 4.2-7.5 <-9.4 

LNA [21] 

• 
• 

(1 data was taken between 500 MHz and 2 GHz instead of the entire bandwidth 
~ external de biasing 

• v external_ caps 

• ., CMOS distributed amplifiers 
( 

• *"'CMOS two stages wide-band low noise amplifiers 

• .. >to VOltage gain instead of power gain 

S22 Power 

dB mW 

< -10 S3.4 
< -9.5 216 
< -9 54 
< ·15 -

- 90 
- -

< -9 52 
<-12 52 
<·12 35-

<-12.2 75-
<-9.6 

<-13 9 

<-13 9 

Wide-band LNAs with Noise Cancellation Technique achieve a NF < 3 dB 

and good input impedance match without applying any global feedback n~tworks. 

Figure 1.3 shows the implementation of'the circuit reported in [4J, and performance 

of this circuit is sun,unarized in Table 1-2 (amplifier 9). The shunt feedback resistor R 

provides a feed forward path that inverts the signal from node X. The signal at node 

Y is opposite in sign from that at node X. The second stage has been scaled and it 

behaves like an adder which adds the two signals from node X and node Y together, 

canceling the thermal noise generated from the input matching device [4J, [13]. 

" 8 
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Noise cancellation and input impedance matching can also be achieved 

simultaneously by employing a common drain feedback stage [20]. Figure 1.4 shows 

the implementation of this circuit, and performance of this circuit is summarized in 

Table 1-2 (amplifier 10). The input impedance is controlled by the feedback stage 

which also cancels part of the thermal noise generated from the input stage. This 

circuit lowers the dependency of input impedance. on device transconductance, 

allowing for a'higher degree of freedom in optimization [13]. 

Fig. 1.3 Wide-band LNA with noise canceling technique [41. 

f-"'-+-.... 
L, L, . 

... •• "JI----+""-
R, 

• I-w. 
~ 

(a) Input stage (b) Output stage 

• Fig. 1.4 Input stage (8) output stage (b) of the common drain feedback amplifier 1201. 
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Fig. 1.5 Wide-band LNA with matched filter approach 121). 

Wide-band LNAs with Matched Filter Approach shown in Figure 1.5, consists 

L 

of an inductively degenerated cascode amplifier and a three-section band-pass 
. 

Chebychev filter. This design employs a cascode with inductive degeneration to 

achieve a low noise figure and input impedance match simultaneously. Then the 

. 
multi-section filter is used to resopatewith the input reactance of the device over a 

wider bandwidth [13], [21]. The performance of this amplifier is summarized in Table 

1-2 (ainplifiers 11-12). 

Single Stage Wide-band LNAs will be discussed in more details in Chapter 2. , 

These amplifiers combine a shnple- design with good performance. Due to a smaller 
. •. 

,number of transistors, they achieve better linearity than other wide band LNAs 

discussed above. The inverter with shunt feedback resistor IWSFR with inductive 

source degeneration is a single stage topology proposed in this thesis to achieve 

design goals outlined in Section 1.1. 
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1.4 Objective and Organization of the Thesis 

The main objective of this thesis'is to design a low cost and high performance 

wide-band LNA for UHF applications. 

Chapter 2 presents the goals, the analysis of passive and active components 

fabricated in AMIS O.5flm process, the design process which leads to the 

development of the Inverter with Shunt Feedback Resistor IWSFR topology, and 

conclusions on the feasibility of using AMIS O.Sflm process for RF front-end circuits. 

Simulations, fabrication and measurement results of this LNA in O.5flm process are 

shown. 

Chapter 3 presents the analysis of the passive and active components 

fabricated in TSMC O.2Sflm process, and the design of IWSFR LNA in TSMC 

O.25flm THK TOP Metal process. The simulation and measurement results for two 

LNA's implemented in this process are included, demonstrating that this process is 

suitable for meeting the design goals. 

Chapter 4 presents the development of the behavior model of the IWSFR 

LNA using Agilent ADS software, the comparison of the behavior model and 

measured data, and the simulations of a receiver chain using TSMC O.25flm LNAs as 

RF and IF amplifier stages, demonstrating that this LNA is suitable for • 

communications and radar applications .. 

Finally, Chapter 5 summarizes the major work of this thesis and provides 
, 

suggestions for future work. 
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Chapter 2 Development ofIWSFR LNA Topology in 0.5 Ilm 
Process 

This chapter presents the goals and the design process which le~ds to the 

development of the Inverter with Shunt Feedback Resistor IWSFR LNA topology. To 

study the feasibility of the AMIS 0.5 ~m process in making RF front-end circuits, 

several passive and active components, and an amplifier prototype in IWSFR 

topology are designe?, fabricated, and tested. 

2.1 Goals 

The main goal of this project is to design a CMOS wide-band LNA for UHF 

applications. Besides meeting the design specifications from the Introduction, this 

LNA has to be cost effective. Although CMOS technology is cheaper than other 

technologies like OaAs, SiOe~ and BiCMOS technologies, this does not guarantee 

that the LNA fabricated through MOSIS is the most cost effective one. With four 

different foundries and more than 10 different CMOS processes available from 

Mosis, further analysis is required to detennine which CMOS process is appropriate 

for fabricating the LNA. Table 2.1 shows all the foundries and CMOS processes 

available from MOSIS [22]. Each CMOS process has its own target applications, 

layout rules, and design models; but they all have one thing in common. As feature 

size goes down; the unity gain frequency (/,), maximum oscillation frequency 

(1m,,)' trans- conductance (gm), and noise figure all become better [7]. The :nain 

trade-off will be higher fabrication cost. Thus, several questions need to be addressed 

before designing this LNA in Chapter 3. Which CMOS process should be chosen to 

12 
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design this LNA? What wide-band topology should be employed? To find the 

answers to these questions will be thee main focus of this chapter. 

• 

Table 2J 

Different foundries and CMOS processes available from MOSIS r221 
Foundry Names CMOS Processes . 

Feature Size Voltage Applications 

I.S~m SV Mixed 

AMIS O.S ~m SV Mixed 
. .. 

O.3S~m 3.3 V Mixed . 
. 

O.3S ~m S.OVf3.3V Mixed 

" . 
TSMC 0.2S ~m 3.3Vf2.5V Mixed 

• 
0.18 ~m 3.3Vf1.8V Mixed 

0.25 ~m 33V/2.5V Mixed 
. 

IBM O.IS ~m 2.5V/I.SV Mixed 

0.13 ~m 2.5V/1.2V Mixed 

0.8 ~m SOV High Power 

Austriamicrosystems 0.35~m SV/3.3V Optical , 
~. 

SOV High Power 
;;-, 

, 
Notes - 'MIXed" refers to mIxed SIgnal applicatIOns 

• 

Among all the CMOS processes shown in Table 2.1, the AMIS O.S ~m 

process provides reasonable performance at a low cost. The AMIS 0.5 ~m process 

will be analyzed in this chapter to see if it is suitable for fabricating the LNA. Several 
, 
; 
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passive components have been fabricated and will be analyzed in Section 2.2. The 

quality of these passive components is one of the factors that determine.the feasibility 

of this process for high frequency circuits. Then different single stage wide-band 

'topologies are compared in Section 2.3, These wide-band LNAs are simulated with 

the AMIS 0.5 !-Lm models obtained from MOSIS. The topology which has the best 

performance will be employed for this project. Finally, a prototype designed and 

fabricated in AMIS 0.5 !-Lm CMOS process is analyzed in Section 2.4. 

2.2 Analysis of Passive and Active Components in AMIS 0.5 !lm Process 

Passives 

Most RF circuits do not only consist of active devices, but also use passive 

components such as capacitors and planar inductors. In many' situations, the overall 

performance of the circuit is determined by the parasitic behavior of the passives. 

This means that the choice of technology is critically dependent on the performance 

of the passive components [23]. 

Inductors are commonly used in RFIC design for the following reasons: 

• Inductors are often employed as impedance matching networks at high 

frequency to ensure maximum power transfer between two RF blocks. 

[7], [l0]. 

• Inductive peaking techniques are also very popular among wideband 

amplifiers to achieve bandwidth extension [24]. , 

14 



• Inductors can be used as source degeneration for improving linearity 

and impedance matching and as LC resonators for RF filters and 

oscillators. 

• They can also be used as RF bias chokes [25]. 

The two cOJ!lmonly used inductors in Ie design are spiral inductors and 

bonding wires. Due to the conductor loss and the substrate loss at high frequency, on-

chip spiral inductors are very lossy and have a Q value of typically less than 10 [II]. 

Figure 2.1 shows a typical spiral inductor and its high frequency model. On the other 

hand, bond wires have a lower conductor loss and a higher Q (20-50) due to their 

larger effective area and low parasitics: Unfortunately, the inductance value is 

constrained by the chip size, typically (2 - 7 mm) and the value is not easily 

controlled [7], [26]. Figure 2.2 shows a'typical high frequency model for a bond wire 

[27]. 

d Top O---rl,-', "-="-'INH..l.-.r1----10 Bottom ,--

~J 
dCOII Ls !tCo12 

Csubl I !tubl CSUbl! !tubl 

. 

Fig. 2.1 A typical spiral inductor and its high frequency model [271. 
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Bond wire 
....--- Bond pad 

.-r:::=:=1~~~~,,-, Oxide c..--,r:::::=¢Z~O---, .. 

Substrate 

, 
Fig. 2.2 Typical bond-wire inductor with parasitics 171. 

Capacitors are often used as DC blocking capacitors and as RF matching 

networks at high frequency. Integrated capacitors are often'realized using poly-silicon 

and active layers. Figure 2J shows the top view and the cross-section view of a poly-

poly capacitor. These capacitors have large series resistances and parasitic 

capacitances. The large series resistances are due to the high sheet resistances of the 

materials. Poly-silicon and active are the two lowest fabrication layers; so the 

separations between these two layers and the substrate are small, creating large 
I 

parasitic capacitances. At low frequency, these capacitors have very high impedances 

and do not affect the core circuits veri much. However, at high frequency, the large 

losses and parasitic capacitances cannot be tolerated. Therefore, in more advanced 

CMOS processes, suitable for RFIC's, a special type of capacitor is provided. These ~ 

-
are called the Metal-Iqsulator-Metal (MIM) capacitors. Figure 2.4 shows the top and 

cross-section views of a typical Metal-Insulator-Metal (MIM) capacitor [7]. Figure 

2,5 shows the high frequency equivalent model a (MIM) capacitor [27]. Usually, a 

special layer (M4P) is inserted between the top two metal layers where this special 
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layer will be contacted together with the top most metal layer. With the special layer; 

the separation between the top two metal layers is reduced, significantly increasing 

the capacitance between those two top metal layers. The performance of these Metal-

Insulator-Metal (MIM) capacitors is significantly better than for poly-poly and active 

capacitors. One reason is'that conductor loss from metal is always lower than that 

from poly-silicon and active. In addition, the separation between the bottom plate of 

the (MIM) capacitor'and the substrate is always larger than that found in poly-poly or 

active capacitors. 

Fi.g. 2.3 Top vie.w and cross-section vi~w of a poly-poly capacitor. 

Fig. 2.4 Top view and cross-section view of a MIM capacitor 17). 
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Rs Cs Ls 

Top ~~YY1· Bottom 

Cp 

Rp 

Fig. 2.5 MIM capacitor equivalent model [271. 

To study the qualities of the passive components in AMIS O.51lm process, an 

inductor and a poly-poly capacitor have been fabricated, tested, and modeled. Table 

• 
2.2 and Table 2.3 display the'dimensions and calculated values of those passives. 

Figure 2.6 and Figure 2.7 present their layouts. The layouts are created by Cadence 

software. 

Table 2.2 

Dimensions of the inductor 

L (calculated) . 

L "" f.lon'r [28] 1.25 nH 

No ofturns, n 3 

Line spacing, s 6.3 11m 

Outer diameter, 2r 231 11m 

Line width, W 21 11m 
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Table 2.3 

Dimensions of the poly-poly capacitor 

C (calculated) 

C-Axp 43.6 pF 

Area of the capacitor, A 223.25 x 223.25 f.1Jn' 

Capacitance per unit area, p [22] . 87SaF I f.1Jn' . 
, 

Fig. 2.6 Layout of the J .25 oR inductor. 
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Fig. 2.7 Layout of Poly-poly capacitor. 

Those passives are tested' after being fabricated through MOSIS. An 

HP8720ES vector network analyzer and a Cascade probe station are used to measure 

for their two,port S-parameters. The 1.25 nH inductor and the poly-poly capacitor are 

then modeled, based on the measured, results, for their actual inductance and 

capacitance values. Figure 2.8 shows the modeled two port S-parameters for the 1.25 

nH inductor (this value is calculated by equation found in [28]). 

Figure 2.9 presents _the modeled two port S-parameters for the poly-poly 

capacitor. The calculated and modeled 'values for all these passive compof\ents are 

shown in Table 2.4 and Table 2.5. 
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Term 
Term3 
Num=3 
Z=5Q Ohm 

+ Term 
Term3 
Num=3 
Z=50 Ohm 

• ,A 

L R '. 

L1 R3 
L=2.4997942824573 nH 
R= 

R=11.51760h 

~ Term 
Term4 
Num=4 
Z=50 Ohm 

C 
C4 

::.~ C=O.33368036021197 pF 

R 
R4 

•. .j-

.. R=1.2055328909165 Ohm 

Fig. 2.8 Model ror the 1.250H inductor. 

C 
C1 

R 
R1 

c, ~~ 
C3 -

:::.~ C=O.2906172742144 pF 

R 
> R5 :> R=1.565722923456 Ohm 

~ 

Term 
Term4 

C=49.617778781998 pF R=156.2994 130779 Ohm 
C 

Num=4 
Z=50 Ohm 

• Fig. 2.9 Model for the poly-poly capacitor. 
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Fig. 2.10 Comparison"between measured and simulation'~f a 49.6 pF poly-poly capacitor (8) ideal (b) with a series 168 {} 

resistor. 
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Table 2.4 

Measured insertion loss of the inductor at 450 MHz 

Inductance, L Measured Estimated Q Estimated 
, 

Calculated Modeled Insertion Value at Resonant 

from Loss at 450 450 MHz Frequency 

Measureme MHz [Q= wL] I 
[fres = .jLC; ] 

R 2" LCp 
nts 

(R.-IO.80) 
, 

(C p - 0.334 pF) 

1.25 nH 2.5 nH -0.92 dB 0.653 5.51 GHz 

Table 2.5 

Measured insertion loss of the poly-poly capacitor at 450 MHz 

Capacitance, C Measured Simulated Estimated Q Value 

Calculated Modeled Insertion Insertion at 450 MHz 

from Loss at Loss of the 1 
[Q=-] 

wCR 
Measureme 450 MHz 49.6 pF Cap 

at 450 MHz 
(R-168 0) 

nts 

Figure 2.10 (a) 

48pF 49.6 pF -8.597 dB -0.022 dB 0.042 

Figure 2.10 (b) 

-8.597 dB 
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The measured insertion loss of the inductor at 450 MHz is shown in Table 2.4. 

Insertion loss is still high for such small inductor; especially the width of the 

conductor is made very wide (over 20' flm), and the substrate loss is negligible at this 

frequency. Table 2.5 shows the measured insertion loss of the poly-poly capacitor, 

and simulated insertion loss for an ideal capacitor of the same capacitance value. The 

difference between simulated and measures insertion loss is due to the high resistance 

of the poly layers, which can be modeled as a series resistor of about 168 Q. With a· 

capacitance value of 49.6 pF, the insertion loss due to this resistance is about -8.6 dB, 

resulting in a Q value of 0.042 at 450 MHz. 

Active Devices 

To further investigate the performance of the AMIS process, an NMOS device 

with a size of 900 flm is. fabricated and tested. The minimum noise figure and the S­

parameters of the device have been measured and evaluated. 

(a) Minimum Noise Figure Measurement 

The minimum noise figure versus frequency of this device with different bias 

currents have been measured by using ATN Microwave's tuner system and Maury's 

ATS software. The drain to source voltage (Vds) is fixe~ at (a) 3 V (b) 2.5 V (c) 2 V 

and the bias current is then varied by adjusting the gate to source voltage between 1.6 

V and 2.3 V. 

Due to the limitation of tuners, the minimum noise figure of a device cannot 

be measured below 300 MHz. The minimum noise figure was measured at 13 
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frequency points between 300 MHz and 6 GHz that tuner was characterized at. The 

'increment between 300 MHz and I GHz is 0.1 GHz, and the frequency step between 

I GHz and 6 GHz is I GHz, Figure 2.11 (a) - (c) shows Fmin versus frequency for, 

the frequency range of. 300 MHz to 2 GHz, All three plots look very similar, 
, .~ 

suggesting that the Fmin curves for this large device are independent of bias currents 

and drain to source voltages (Vds), The optimum Fmin of this d~vice occurs 

somewhere between 0.4 GHz and 0.5 GHz at a value of about 1.5 dB. The noise 

figure of an amplifier made from such device is expected to be at least 1 dB higher 

than Fmin, 

• 
, 

, Fmin versus Frequency 

3.5 

3 .~d; 

/' 2.5 ,-+-lds=42,6 rnA ~ 

Iii' ~ / :Eo 2 
r- ~i~j~~ ___ lds=30 rnA .,' A" 

t: 
1.5 -,o-·lds=20,1 rnA 

E ............ 
II. 

1 --><-lds=14,7 rnA r-- . --.- . 
0,5 -

• 0 
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•• 
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Fmin vs Frequency 
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• 
Fig. 2.11 Fmin vs frequency for (a) Vds=3V (b) Vds=2.SV (e) Vds=2V. 
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. 
(b) S-Parameters Measurement 

The two port .S-paranieters of this NMOS device at different bias currents 

have been measured and are compared with their simulation results shown in Figure 

2.12 (a) -(d). The supplied bias currents are (a) lOrnA (b) 20 inA (c) 30 rnA (d) 40 

rnA, and they are varied by adjusting the gate to source voltage between 1.35 V and 

2.36 V. The drain to source voltage of the transistods fixed at 5 V. • 

• Iraq, GHz 

Simulations Measurements 

(oj 

• • 

• 
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Fig. 2.12 Measured vs simulated S-parameters for supplied Ids (8) lOrnA (b) 20mA (c) 30mA (d) 40mA. 

The comparisons between simulations and measurements for this NMOS 

device at 450 MHz are summarized in Table 2.6. The large discrepancies between the 

measured and the simulated two port S-parameters suggest that RF models for the 

device are not included in the simulations. Meanwhile, the simulated bias currents are 

very different from the actual supplied bias currents. Since this device is very large, 

the DC models from MOSIS cannot be used to model this none linear device 

accurately. The DC models from MOSIS are characterized for transistors with small 

device sizes where non-linear effects are less significant than transistors with larger 

device sizes. 
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Table 2.6 

Comparisons between simulated and measured S-parameters and bias currents for an 
NMOS . . h . f900 450 MH transIstor WIt a sIze 0 'I-lmat z 

Simulations Measurements 

[V) [dB) [dB) [dB) [dB) [rnA] [dB] [dB] IdB] [dB] [rnA] 

Vgs S21 Sl1 S22 S12 1ds S21 S11 S22 S12 lds 

1.35 17.4 -0.07 -4.39 -28.6 52.5 8.74 -0.31 -0.49 -25.4 10 

1.66 17.7 -0.07 -5.46 -29.0 82.9 11.3 -0.37 -0.75 -25.5 20 

1.92 17.7 -0.07 -6.10 -29.2 110 12.3 -0.37 -0.88 -25.4 30 

2.16 17.7 -0.06 -6.50 -29.4 136 12.8 -0.40 -0.92 -25.3 40 
, 

The measured S-parameters also reveal that this device has a low peak gain. 

The gain and -3dB band~idth of this device at different bias currents are summarized 

in Table 2.7. 

Table 2.7 

Gain and -3dB bandwidth of the device at different bias currents 

Ids Peak Gain Bandwidth 
, 

[rnA] [dB] [MHz] 

10 9.10 50 - 1350 
. 

20 11.7 50 - 1300 

30 12.7 50 - 1250 

40 13.2 50 - 1200 
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2.3 Single Stage Wide-band LNAs 

This section continues the discussion on single stage wide-band LNA which 

was first introduced in Chapter I. Most wide-band topologies are based on these 

single stage topologies. Single stage wide-band LNAs are simple to design and are 

suitable for matching our goal of being cost effective and more linear. The most 

widely used wide-band amplifier topologies are the conimon source amplifier with a . . 
resistor terminate'd at the input port, resistive shunt-feedback amplifier, common gate 

amplifier, and common source with active load amplifier. These four configurations 

are shown in Figure 2.13. 

A common source amplifier with a resistor terminated at the input port has to 

trade-off the noise figure for good input impedance matching. To achieve a high gain 

and a low noise figure, the input resistance of this amplifier has to be fairly large .. 

However, an amplifier with a large input resistance gives poor input impedance 

• match. The noise figure for the resistive-shunt feedback amplifier, the common gate 

amP.iifier, and the common source with active load amplifier is shown in the equation 

below. 

IN 

(a) (b) 

• 
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\, 
RfrrOUT IH2 
IN-Y~ IN~lr OUT 

(c) (d) 

Fig. 2.13 Traditional wide band amplifiers (a) common source amplifier (b).common gate amplifier (c) shunt feedback 

amplifier (d) common source wi.th a('tive load 119\. 

r 1 F<:l+---. 
a gmRs 

, 

Rs is the source resistance. a is gmlgdo, and y is 2/3 in long channel device. The input 

impedance for these amplifier topologies is (neglecting the capacitance): 

Z
. 1 
m<:-. 

gm 

For a noise figure less than 3 dB, there will be a mismatch between the source 

resistance an'd the input impedance of the amplifier. In addition, the trans-

conductance of the common gate amplifier is small, making it harder to; achieve a 

high gain and low noise figure at the same time [1], [4],,[29], The common source 
• 

with active load has the highest trans-conductance shown'in Figure 2.13, but with 

degradation in bandwidth, 
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2.4 IWSFR Circuit Design 

Unlike traditional wide-band CMOS low-noise amplifiers that trade off noise 

figure for input matching, the amplifier presented in this project is able to achieve a 

good input impedance matching and noise,figure simultaneously. Additionally, this 

topology achieves good linearity. Figure 2.14 shows the amplifier topology. A PMOS 

transistor is made stacking on top of a NMOS transistor to boost up the overall tran-

conductance. The effective trans-conductance of this amplifier at low frequency is 

5V 

Input 

oc • 

3800h 
CJ----~~~-----4CJ 

Output 

,. 

Fig. 2.14 The schematic of the LNA. The width of the NMOS device is 600 J.lm, and the width of '-he PMOS device is 570 

~m 1291. 

and the overall voltage gain is 

I 
Gm=----~ 

gmp+gmn 
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Avj=-GmR j . 

With a higher effective trans-conductance, the noise figure drops. Another 

advantage of this topology is that no large inductors or large resistors are needed for 

biasing at the drain and at the gate of both transistors. This is a self-biased LNA. 

Moreover, the effective tr~s-conductance of the amplifier and the shunt feedback 

resistor improve the realpart of the input impedance of the LNA making broad-band 

matching possible. The above equations show that the gain, noise figure, and input 

match are all controlled by the device size of the transistors and the feedback resistor. 

2.,4.1 Simulation Results of IWSFR LNA in AMIS 0.5 11m Process 

Table 2.8 shows the performance comparis.on for the IWSFR LNA and other 

single stage wide-band topologies. The simulation was performed using Agilent 

" 
(ADS) Design Software. All ~mplifiers were implemented in 0.5 11m process with 5 V 

power supply, using the same NMOS device,width of 600 11m. The PMOS device 

width in inverter configurations was 570 11m, and shunt resistor in feedback 

configurations was 380 Q. T~e inverter with shunt feedback resistor is able to achieve 

a very wide bandwidth of 1.78 GHz. The peak gain is 12.9 dB at 50 MHz, and the 3-

dB bandwidth is between 50 MHz and 1.83 GHz. This bandwidth is wide enough for 

many applications. This LNA has good input matching and output matching over a 

wide range of frequencies. The values for S 11 are better than -10 dB over a 400 MHz 

bandwidth, the maximum NF is only 1.8~ dB over the entire bandwidth. In addition, 

this amplifier has a good linearity. Its input 1 dB compression is at 0 dBm. Compared 
, f 

., 
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the other three topologies shown in Table 2.8, the common source amplifier and the 

common source with shunt feedback resistor amplifier are very similar. Both have the 

largest unity gain frequencies (f,) which provide the largest bandwidths, except that 

the second topology has an additional resistor which further enhances the bandwidth. 

On the other hand, the inverter has the best gain and noise figure. The IWSFR LNA 

has combined the benefits from the other wideband topologies and achieves the best 

overall perfonnances. Therefore, this topology will be employed in designing the 

LNA [29]. 

2.4.2 lWSFR Prototype Fabricated in AMlS 0.5 11m Process 

To study the quality of AMIS 0.5 11m process. a prototype realized in IWSFR 

topology is designed, fabricated, and tested. Figure 2.15 shows the schematic of this 

LNA. The size of the PMOS transistor is 720 11m, and that of the NMOS transistor is 

900 11m. The feedback resistor value is 1 kQ. 
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Table 2.8 

Comparison of simulated wide-band topologies 

Common Inverter with 
Common Source Inverter Shunt Feedback 
Source with Resistor 
Amplifier Resistive (This work) 

Feedback 
Amplifier 

Bandwidth 50 MHz- 50 MHz- 50 MHz- 50 MHz-1S30 
2520 MHz 4070 MHz 1040 MHz 

MHz 

Peak Gain 15.3 dB 10.6 dB 'IS dB 12.9 dB 

• 
NF 1.2 dB 2.6 dB 0.73 dB I.S5 dB 

S11 -0.5 dB -3.2 dB -0.6 dB -3.S dB 
(max) (max) (max) (max) 

--- --- --- < -10 dB « 410 
MHz) 

--- --- --- < -9 dB « 560 
MHz) 

- -- <-SdB « --- < -S dB « 
700 MHz) 710 MHz) 

" 
S22 -6 dB -14.7 dB -7.6 dB -16.1 dB (max) 

(max) (max) (max) . 
PldB (pin - -15 4dBm 3dBm -4.5 dBm OdBm 

dBm) 

HP3 (pin - -15 19.1 dBm 14.6 dBm 13.4 dBm 14.2 dBm 
dBm) 

Unconditionally . -- < 3.17 GHz -- < 1.09 GHz 
Stable 

(ADS-Mu or 
MuPrime => 1) 
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Fig. 2.15 The schematic of the prototype LNA. The. width of the NMOS device is 900 Jim, and,the width of the PMOS 

device is 720 Jim. 
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Fig. 2.16 The simulated 2 port S-parameters of the prototype. 
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Fig. 2.17 The simulated noise figure oCthe prototype. 
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Fig. 2.18 The simulated PldB compression point ortheprototype. 
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Figure 2.16 - Figure 2.18 show the simulated results of this prototype. Figure 

2.16 shows that this amplifier can achieve a bandwidth of 880 MHz and a peak gain 

(S21) of 17.55 dB at 50 MHz. The noise figure is shown in Figure 2.17; the NF is 

lower than 0.9 dB below 930 MHz. However, since !If noise is not included in the 

models, it is expected that measured NF will be significantly higher, especially at low. 

frequencies. In addition, this topology is very linear. Its PldB compression point is at 

-4.5 dBm as shown in Figure 2.18 

-, 

Fig. 2.19 The layout of the prototype. 

Figure 2.19 displays the layout of the prototype implemented with AMlS 0.5 

.)lm process. This non-silicided CMOS process offers 2 poly-silicon layers and 3 

metal layers, and a high resistance layer. Only poly-poly capacitors are available in 

this process [22]. The p-channe1 mosfet and the n-channel' mosfet are both 
. 

implemented in multFfingered gate arrays to reduce gate resistances and drain 

parasitic capacitances. The shunt feedback resistor is made with poly-silicon layer. , . 

• 
,. 

39 



• 

• 

The size of the whole LNA is approximately 220 11m by 220 11m. The layout is then 

sent to MOSIS for fabrication. The photo of this prototype is shown in Figure 2.20 . 

Fig. 2.20 The photograph of the prototype . 
. , 

An HP8510C vector network analyzer, WinCal software, and a Cascade , 
Summit 11000 series probe station were used to measure the two port S-parameters of , 

this LNA. The bandwidth is between 50 MHz and 700 MHz, with a peak gain of 12.6 

dB as indicated in Figure 2.21'. Noise figure is measured by Agilent N8973A Noise 

Figure Analyzer. Noise figure' below 300MHz is likely high due to !If noise. The 

noise figure between 300 MHz and 930 MHz varies between 4.6 - 7 dB; above I 

GHz NF is around 4 dB and is' shown in Figure 2.22. A one tone test is used to 

measure the PldB compression point. This experimental set-up is shown in Figure 

2.23. Cable loss and connector loss before and after the LNA have been measured and 

compensated for. This amplifier exhibits good linearity" with the input PldB 

compression point at -5 dBmas displayed in Figure 2.24. The whole LNA draws a 

current of 42 rnA. 

Table 2.9 shows that" there are" significant discrepancies between the 

simulations and measurements of this prototype. The large difference between the 

40 
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simulated and measured noise figure is due to the lack of noise models. The 

discrepancy between the measured and simulated gain is due to the lack of RF models 

and inaccuracy of DC models for large device sizes. 
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Fig. 2.21 Measured two port S-parameters of the prototype. 
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Fig. 2.22 Measured NF or the prototype. 
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Fig. 2.24 Measured PldB compression of the prototype. 

Table 2.9 

.. 

Comparisons between measurements and simulations ofLNA in AMIS process 

BW 

Peak G 

NF (0.3<f<0.93 GHz) 

P1dB 

Measurements 

50 -700 MHz 

12.6 dB 

> 4.6 dB 

-5 dBm 

42 

Simulations 

50 - 830 MHz 

17.55 dB 

< 0.9 dB 

-4.5 dBm 



The measured nOise figure of this prototype shown in Figure 2.22 is 
! • 

-
significantly higher than predicted, especially at 16w frequency due to the l/f noise. 

Between 300 MHz and 930 MHz, the noise figure varies between 7 dB and 4:6 dB. 

Meanwhile, the performances of the passive and active devices n:-ade from this 

process are poor. Thus, .the "AMIS 0.5 11m process was found not to be suitable for 

implementing an LNA to meet the specifications outlined in Chapter 1. 

In conclusion, the IWSFR topology is selected due to its superior performance 
,. 

over other single stage wideband topologies. The AMIS 0.5 11m process is proven to 
,~. 

be unsuitable for making high frequency circuits and another process will be explored 
I 

in the following chapter. 

, 
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Chapter 3 Development of IWSFR LNA in 0.25 11m Process 
• 

Wide-band LNA designed in 0.25 !-1m process will be explored in this chapter. 

Both passives and active devices have been designed, fabricated, and tested to verify 

that their performance is suitable to meet the LNA design specifications. Finally, the 

IWSFR LNA with inductive degeneration is designed and implemented in TSMC 

0.25 !-1m Thick Top Metal process. 

Unlike the AMIS 0.5 !-1m process, the TSMC 0.25 !-1m process has 5 metal 

layers and 1 poly layer. The option of silicide block for making highly resistive layers 

is offered. The process is for either 2.5 V or 3.3 V applications, and provides 

fabrication options for eitlier digital, or mixed-signallRF applications. The CL025 

process is for digital applications, and offers epitaxial wafers to reduce the risk of 

latch-up. The CR025 process is for mixed-signal and RF applications. It offers . . 
ThickTopMetal inductors, Metal-Insulator-Metal (MIM) capacitors, and non-epitaxial 

wafers options. The CR025 option will be used for this project. ." 

3.1 Analysis of Passives and Actives Made by TSMC 0.25 I'm Process 

Before the IWSFR LNA is implemented with the TSMC 0.25 !-1m process, 

several passive and active devices were .fabricated and their high frequency 

performance was tested. 

Passives 
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. 
One inductor and two Metal-Insulator-Metal (MIM) capacitors were designed 

and tested. Table 3.1 and Table 3.2 present the dimensions and calculated values of 

the passive components. 

Table 3.1 

Dimensions of Thick Top Metal inductor 

• 
At 450 MHz , L (calculated) L (Measured) 

L '" f.Jon2r [28] 0.877 nH 1.145 nH 

No oftums;n 2.85 

Line spacing, s 5.4 Ilm 

Outer diameter, 2r 180 Ilm 

Line width, w 181lm 

, 
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Table 3.2 

Dimensions of the two Metal-Insulator-Metal (MIM) capacitors 

C (calculated) . C (Measured) 
. 

C=Axp 

P = 975aF /;..un' [22] 
". _. 

Area of capacitor C I 30 x 30 ;..un' 

CI 0.88 pF 0.9pF , 

Area of capacitor C2 4 x 30 x 30 jim' 

C2 3.52 pF 3.62 pF 
.. 

Figure 3.1 and Figure 3.2 show the layout of these. passive components - '. 

created by using Cadence design software. Only the layout of capacitor C2 is shown 

• 
in Figure 3.2, because C2 simply consists offour CI in parallel. 

An HP8?20ES vector network analyzer and a Cascade. probe station were 

, used to measure passive element two port S-parameters. Figure 3.3 shows the 

modeled two port Scparameters for the ThickTopMetal inductor (this value is 

calculated by equation from [28], predicting accuracy within 30%). The calculated ., 

inductance value is 0.877 nH and the modeled value is 1.14 nH. There is a 23 % 

difference in inductance value. The measured values for all these passive components 

are shown in Figure 3.4, Figure 3.5, and Figure 3.6. 
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Fig. 3.1 Layout or the ThickTopMetal inductor. 

Fig. 3.2 Layout ore2, the 3.52 pF (MIM) capacitor. 
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L R 
L1 , R3 

Term 
Term3 
Num=3 
Z=50 Ohm L=1.1449057813654 nH 

R= 
R=6.6111024 hm 

Term 
Term4 
Num=4 
Z=SO Ohm 

C 
C4 
C=O.078081204289601 pF 

R 
R4 
R=D.29415002538363 Ohm 

Fig. 3.3 ThickTopMetal inductor model. 

C 
C3, 
C=O.030805431066726 pF 

R 
R5 
R=0.48224266042445 Ohm 

The ThickTopMetal inductor (1.14 nH) in Figure 3.4 has an insertion loss of-

0.605 dB at 450 MHz. On the other hand, the inductor made from AMIS process (2.5 

nH) has a loss of only -0.92 dB. It seems that the difference in insertion loss between 

these two inductors is not very significant. Actually, there are significant differences 

between the two inductors. The width of the conductor for the AMIS inductor is 5/lm 

::--TTI---r 
30 I I I 1L-' ---+1 __ 1 

~o-~I-I-I I 
I I I I 

0,0 0.2 0.4 0.6 0.8 1.0 

freq, GHz 

mS 
fr~9,~ ,~S?:~MHz 
dB\St2,1 ))=-0 60S 

Fig. 3.4 Measu.-ed S-parameters of the ThickTopMdal inductor. 
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, .. 

wider than that of the TSMC inductor. After taking into the account of larger size and 

larger line width for the AMIS inductor, the Q and the resonant frequency of the 

TSMC inductor are significantly improved over,those of the AMIS inductor, 

Figure 3.5 shows the measured and simulate.d S-parameters of an ideal CI 

(0.88 pF), The insertion loss (S21) at 450 MHz ru:d I GHz are -12.26 dB and -6.273 

dB, Figure 3,6 shows the measured and simulated S-parameters of an ideal C2 (3.52 
, 

pF), Compared to the insertion loss of ideal capacitors at those frequencies, MIM 

capacitors introduce additional loss ofless than 0.2 dB'. 
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Fig. 3.5 Measured vs simulated S-parameters of Cl (8) schematic (b) results. 
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Fig. 3.6 Measured vs simulated S-parameters of C2 (a) schematic (b) rest Its. 

Active devices 

To further test the performance of the TSMC process, an NMOS device with a 

size of 504 J1m was fabricated and tested. A rather large size is, chosen for this 

analysis because the ultimate goals are to achieve sufficient gain, low noise figure, 

and good linearity for the LNA. The minimum noise figure and the two port S-

parameters 0 f this devi ce have been measured and evaluated. 

(a) Minimum Noise Figure Measurement 

The minimum noise figure of this device at different bias currents was 

measured by using ATN's tuner systems and Maury's ATS software, Again, all 

minimum 'noise figure measurements have to start from 300 MHz due to the 

limitation of the tuners. The drain to source voltage (Vds )is fixed at (a) 2.5 V (b) 2 V 

(c) 1.5 V (d) 1 V and the bias current is then varied by adjusting the gate to source 
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voltage between 0.76 V and 1.3 V. This is shown in Figure 3.7 (a) - (d). For this '3.3 

V TSMC process, the most possible swing for the drain to source voltage (Vds) of 

this NMOS device is between 2 V and 1 V because two devices biased with one 

supply are needed during implementation of the IWSFR LNA. At each V ds, there is 

an optimum bias current (Ids) which achieves the lowest Fmin curve. Table 3.3 

summarizes the optimum bias current (Ids) at each drain to source voltage (Vds) . 
• 

Fmin vs Frequency 
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Fig. 3.7 Fmin versus Ids where Vds is at (9) l.S V (b) 2 V (c) 1.5 V (d) 1 V. 

Table 3.3 

Summary of optimum bias currents at different drain to source voltage 

Vds Ids (optimum) Fmin [dB] Fmin [dB] 

f< I GHz f<2GHz 

2.5 V 40.6 rnA < 1.25 < 1.62 

2.0 V 27.4 rnA <0.9 < 1.0 

1.5 V 38.8 rnA 
. 

<1.1 <1.3 

1.0 V 26.0 rnA <1.3 < 1.7 
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Between 300 MHz and 500 MHz, most of the Fmin curves from plots (a) - (d) 

stay below'l dB. Thus, it is feasible to.make LNAs with NF below 2dB· with 

transistors fabricated in TSMC 0.25 !lm process. 

(b) S-Parameters Measurement 

The two port S-parameters of this NMOS device at different bias currents 

have been measured and are compared with their sim'ulation results shown in Figure 

3.8 (a) :... (d). The supplied bias currents are (a) 10 rnA (b) 20 rnA (c) 30 rnA (d) 40 

rnA, and they are varied byadj~sting the gate to source voltage between 0.686 V and 

1.098 V. The drain to source voltage ofthe transistor is fixed at 3.3 V . 

• 
The simulated and measured S-parameters and bias currents show a lot better . 

. -
agreement for this device in TSMC process than for a similar device in AMIS 

process. The simulated and measured results are surnmariz~d in Table 3.4 
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Fig. 3.8 Simulated vs measured S-parameters at supplied Ids (a) lOrnA (b) 20rnA (e) 30rnA (d) 40mA. 

, 

Table 3.4 

Comparisons between simulated and measured S-parameters and bias currents for an 
NMOS t t·th f 504 t 450 MH ransls or WI a size 0 I-lm a z 

Simulations Measurements 

[V] [dB] [dB] [dB] [dB] [rnA] [dB] [dB] [dB] [dB] [rnA] 

Vgs S21 Sll S22 S12 Ids S21 Sll S22 S12 Ids 

0.69 13.3 -0.17 -1.15 -22.9 9.1 13.5- -0.55 -1.44 -20.6 10 . 
0.84 14.9 -0.18 -1.41 -23.0 18 15.5 -0.67 -2.13 -21.0 20 . . 
0.98 15.6 -0.19 -1.56 -23.0 26.6 16.3 -0.74 -2.54 -21.1 30 

1.10 16.1 -0.19 -1.68 -23.1 35.2 16.7 -0.73 -2.78 -21.3 40 

• 
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• 

The. measured S-parameters also reveal that this device has higher gm and 

higher unity gain frequency than the AMIS process. The gain and -3dB bandwidth of 

this device at different bias currents are summarized in Table 3.5 . 

Table 3.5 
• 

Gain and -3dB bandwidth of the device at different bias currents 
Ids Peak Gain Bandwidth 

[rnA] [dB] [MHz] 

10 14.3 50 - 1000 

20 16.5 
. 

50 - 900 
! 

30 17.3 50 - 850 

40 17.8 50 - 830 

3.2 Design of the IWSFR LNA in TSMC 0.25 I'm Process 

Two different IWSFR LNAs have been designed; fabricated, and tested. 

These two LNA.s have the same basic configuration"except that the second one has a 

source degeneration inductor to improve impedance match and linearity. The p-

channel mosfet of the inverter and the shunt feedback resistor are also different. 
./ 

Section 3.3 will show the simulations and measured results of the first IWSFR LNA; 

section 3.4 will present the simulations and measured results. of the second IWSFR 

LNA . 
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3.3 Simulations and Measurements of the IWSFR LNA 

Simulations 

The device sizes of the inverter and the shunt feedback resistor value are 

shown in Table 3.6. A large feedback resistor value is chosen in an attempt to achieve 

high gain. 

Table 3.6 

Transistor size for inverter and resistor value for feedback resistor 

PMOS transistor 

504~m 

NMOS transistor Feedback resistor 

504 ~m 870 n 
, 

...-"1"'"----' V_DC 

S 

MO FEr_PMOS 
MO FET31 

+ SRC1 1 Vdc·3.3V 

--c"""!""1'1'C=--+i-H-+-......,I---.'"""M_---+---"""-II-+--...lV~O!!!"t""To. Tenn 

Nuin=1 
Z=50 Ohm 
P=polar(dbmtow(Pin),O) 
Freq=450 MHz 

R 
R75 
R:::870 Ohm 

Fig. 3.9 Schematic of TSMC IWSFR LNA. 
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The schematic of the LNA is shown in Figure 3.9. Figure 3.10 shows that this LNA 

has a bandwidth of 620 MHz, a peak gain of 18.2 dB at 50 MHz. S22 is better than -
• 

9.6 dB over the entire bandwidth. However, Sll is only slightly better than -3.3 dB . 

• .,. This mismatch is due to the'large transistor sizes and the large feedback resistor. To 

improve S II, the device sizes have to be reduced. The noise figure shown in Figure 

. 
3.11 is less than 1 dB below 1 GHz and IIf noise model is not included in the 

~ , 
simulation. Figure 3.12 displays the impedance matching'of this LNA between 50 

MHz and 1 GHz. The linearity of this LNA is not as good as the ~MIS one due to the 

high small signal gain. The simulated IPldB shown in Figure 3.13 is at 450 MHz is -8 

dBm. The layout is shown in figure 3. I'I. The LNA was then fabricated through 

Mosis. The photo of this LNA is shown in Figure 3.15 . 
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Fig:'3.l0 Simulated 2 port S-parameters ofTSMC IWSFR LNA. 
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Fig. 3.11 Simulated NF of TSMC lWSFR LNA. 
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Fig. 3.12 Simulated input and output impedance ofTSMC IWSFR LNA . 

.. 

61 



..... 

c:: 
rr: , 

j 

.' 

18 
'~ ~ 

16 

14 - -

12 -

10 -

8 

-20 

m5 
Pin=-20,OOO 
dBm(HB.Vout[1 ]) - Pin=16.613 

m7 
Pin=-8.000 
dBm(H BVout[1]) - Pin=15,510 

I m7 l -- ~ 
, I .-j "" ---_7"""__ ; 

--f_o ----------~~-'" t- -

I '-_~ 

[ -----,,-""---------'""- '"'-..... --
I ""'" 

I 
I I I , I 

-15 -10 -5 o 5 

Pin 

Fig. 3.13 Simulated input PldB ofTSMC IWSFR LNA . 
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Fig. 3.15 Photograph orTSMC IWSFR LNA. 
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Measurements 

The following parameters of the IWSFR LNA have been measured: 

- Two port S-parameters 

- Noise figure 

- Input PIdB 

- IIP2 and IIP3 versus frequency 

- 2 tone small signal gain 

, 

An HP851 OC network analyzer, Cascade Summit 11000 Series probe station, 

and WinCal software are employed to measure the two port S-parameters. The results 

are displayed in Figure 3.16. The measured peak gainat 50 MHz is 15.4 dB, about 

3dB lower than 18.2 dB predicted from the simulation. At 450 MHz, the gain is 12.8 

dB. The 3dB bandwidth is between 50 MHz and 480 MHz. The measured S11 is 2 dB 

better than the simulated S 11 at 450 MHz. However, the measured S22 is around 4 

• dB higher than the simulations at 450 MHz as indicated in Figure 3.16. 

Noise figure is also measured using probe station and' an Agilent N8973A 

Noise Figure Analyzer. Cable loss an~ connector loss before and after the amplifier 

have been compensated for. 
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Fig. 3.16 Measured 2 port S-par-ameters ofTSMC IWSI'R LNA. 
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Fig. 3.17 Measured NF of TSMC IWSFR LNA. 
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The overall noise figure curve for the TSMC IWSFR LNA is lower than that for the 

AMIS LNA. The noise figure varies bet:yeen.4 dB and 2.3 dB between 250 MHz and 

2 GHz. This is shown in Figure 3.17. On the other hand the noise figure is 7 - 3.6 dB 

between 300 MHz and 2 GHz for AMIS IWSFR LNA. 

One Tone test has been setup to measure the input P I dB compression point at 

450 MHz, using the set-up shown in Figure 2.22. Cable loss and connector loss 

before the OUT and that after the OUT were measured and compensated for in the 

final results. The input PldB is at -5.365 dBm as shown in Figure 3.18. 

The 2 tone small signal gain, the IIP2 and IIP3 are determined using the set-up 

shown in Fig. 3.19. HP E4433B and HP 83640B signal generators, a Narda 2-1 power 

combiner, two Mini-circuits 0.0 I - 6 GHz bias tees, and Cascade Summit 11000 
~~ 

series probe station, and a spectrum analyzer have been used to collect data from 50 

MHz to 650 MHz with a step of 50 MHz. Loss before and after the OUT have been 

compensated for. The ~easured IIP2 and IIP3 are displayed in Figure 3.20, indicating 

that this LNA is very linear. Its IIP2 achieves maximum value of 37.1 dBm at 450 

MHz. The IIP3 at 450 MHz is 7 dBm, and it achieves maximum value of 8.6dBin at 

600 MHz. The two tone small signal gain is 12.6 dB at 450 MHz and is shown in 

Figure 3.21. This is only 0.2 dB different from the measured 2 port S-parameters in 

Figure 3.16. The overall measured performance is improved over that of the AMIS 

IWSFR prototype. Similarly to what was found out for AMIS LNA, the discrepancies 

between simulated and peasured NF and S-parameters are due to the lack of RF and 

noise models. 
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Fig. 3.ts Measure~ inpu. PfdB ofTSMC lWSFR LNA . 
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Fig. 3.19 E."perimental set-up for measuring 2toneJsin t UPl and IIP2 vs frequency . 
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IIP3 & IIP2 vs Frequency 
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Fig. 3.20 Measured UP3 and HP2 of TSMC IWSFR LNA. 
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Fig. 3.21 Measured 2 tone gain of TSMC IWSFR LNA. 

68 



. 

Table 3.7 

Comparisons between measurements and simulations ofIWSFR in TSMC process 

'Measurements Simulatio'ns 

BW 50 - 480 MHz 50 - 670 MHz 

PeakG 15.4 dB 18.2 dB 

G at450 MHz 12.8 dB 17.5 dB 

NF (0.25<f<1.6GHz) < 4 dB < 1 dB 

P1dB vs Pin at 0.45 GHz -5.4 dBm -8 dBm 

IlP2 (over BW) > 24 dBm NA 

IIP3 (over BW) > 3.3 dBm NA 

S11 (over BW) < -5.7 dB < -3.3 dB 

S22 (over BW) < -8 dB < -9.6 dB 

3.4 Simulations and Measurements of the IWSFR LNA with Inductive 

Source Degeneration 

Simulations 

The transistor sizes of the inverter and the shunt feedback resistor are shown 

in Table 3-8. The size of the p-channel mosfet and the resistor are smaller than for the 

previous LNA described in Section 3.31. The schematic of the LNA is shown in 

Figure 3.22. Figure 3.23 shows that this LNA has a bandwidth of 740 MHz, between 

50 MHz and 790 MHz. The peak gain is 16.2 dB at 50 MHz; exactly 2 dB below the 

previous LNA. S22 is better than -14.44 dB over the entire bandwidth. Similarly, S II 

is better than -6.4 dB. Both S II and S22 are better than those of the TSMC IWSFR 

LNA shown in previous section. The trade-off between S22, SII, and S21 are due to 

smaller p-channel device size and smaller feedback resistor. The noise figure shown 
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in Figure 3.24 is less than 1.2 dB below 1 GHz; 0.2 dB higher than the previous LNA: 

Figure 3.25 displays the S 11 and S22 of this LNA between 50 MHz and 1 GHz. The 

linearity of this LNA is slightly better than the first LNA due to reduction of S21. The 

simulated IPldB shown in Figure 3.26 is at 450 MHz is -7 dBm. The layout is shown 

in Figure 3.27. 

Table 3.8 

Transistor sizes of inverter and shunt feedback resistor 

PMOS transistor 

432 !-1m 

_ one 
PORT3 
Num;t 
Z;50 Ohm 

.. P"polar{dbmlow(Pin).O) 
Freq"'450 MHz 

= 

NMOS transistor 

504 !!ill 

R 

R75 
R:507 Ohm 

Feedback resistor 

507 Ohm. 

$ 

MO FET_PMOS 
MO FET31 

NMOS 
MOSFE :t 

L48 

DC_Block. 
DC_Block2 

l~.877 nH 
R· 

Fig. 3:22 Sthematic of TSMC IWSFR LNA with inductive degenel'ation. 
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Fig. 3.25 Simulated 811 and 822 of IWSFR LNA with inductive degeneration. 
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Fig. 3.26 Simulated PtdB ~rTSMC IWSFR LNA with inductive degeneration. 
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Fig. 3.27 Layout ofTSMC IWSFR LNA with inductive degeneration. 

Fig. 3.28 Photograph of TSMC IWSFR LNA with inductive degeneration. 
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The LNA was then fabricated through MOSTS. A' photograph of the TWSFR LNA 

with inductive degeneration is shown in Figure 3.28. 

Measurements 

The following parameters of the TWSFR LNA are measured: 

- Two port S-parameters 

- Noise figure 

- Input PldB 

- IP I dB, IIP2, and IIP3 versus frequency 

- 2 tone small signal gain 

An HP8510C network analyzer, Cascade Summit 11 000 Series probe station, 

and WinCal software are employed to measure the two port S-parameters. The results 

are displayed in figure 3.29. The measured peak gain at 120 MHz is 13.9 dB instead 

of 16.2 dB at 50 MHz from the simulation. At 450 MHz, its gain is 12.8 dB. The 3dB 

bandwidth is between 50 MHz and 610 MHz. The measured SII is almost the same 

as the simulated S II at 450 MHz. However, the measured S22 is around 7 dB higher 

than the simulations at 450 MHz as indicated in Figure 3.29. 

Noise figure.is measured using probe station and an 'Agilent N8973A Noise 

Figure Analyzer. Cable loss and connector loss before and after the amplifier have 

been compensated for. Figure 3.30 shows that the 
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Fig. 3.29 Measured S-parameters ofTSMC [WSFR LNA with inductive degeneration. 
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Fig. 3.30 Measured NF of TSMC IWSFR LNA with inductive degeneration . 
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NF of this TSMC IWSFR with inductive degeneration LNA is 2.64- I.S3 dB above 

240 MHz. On the other hand, the measured NF of the previous TSMC IWSFR LNA 

is 4 - 2.3 dB above 2S0 MHz. The significant improvement in NF is due to the 

reduction of the feedback resistor which helps to cut down the contribution of thermal 

• noise to the amplifier. 

A one tone test has been setup to measure the input PldB compression point. 

The input PldB is at -S.S7 dBm from Figure 3.31. Input PldB versus frequency is 

also measured and is shown in Figure 3.32. 

The measured IIP2 and IIP3 are also displayed in Figure 3.32. This LNA is 

also very linear. The IIP2 and IIP3 both achieve maximum values at 6S0 MHz, with 

IIP2 of 40.S8 dBm and IIP3 of 9.465 dBm. The IIP3 and IIP2 at 4S0 MHz are 6.3 

dBm and 31.4 dBm respectively. The IPldB also achieves its maximum value of -5.\ 

dBm at 650 MHz. The IPldB at 450 MHz is -5.83 dBm. The two tone small signal 

gain shown in Figure 3.33 is 12.4 dB, which is also very close to the measured S2l at 

that frequency. 

The measured versus simulated performances of this prototype is summarized 

in Table 3.9. The measured results indicate that this TSMC IWSFR LNA with 

inductive degeneration has achieved and exceeded the design specifications outlined 

in Chapter I. 

I 
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Fig. 3.31 "'leasured input PJdB of TSMC lWSFR LNA with inductive degeneration. 
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Fig. ~.32 Measured lIP2. UP3. and IPldB ofTSMC IWSFR LNA with inductive degeneration. 
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2Tone Small Signal Gain 
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• Fig. J.JJ Measured 2 tone gain ofTSMC IWSFR LNA with inductive degeneration. 

Table 3.9 

Comparisons between measurements and simulations ofIWSFR with inductive 
degeneration in TSMC process 

Measurements Simulations 

BW 50-610MHz 50 - 790 MHz 

Peak G (521) 14 dB 16.2 dB 

Gat 450 MHz (521) 12.8 dB 16 dB 

f where G >"10 dB 50 -700 MHz 50 - 1400 MHz 
.. 

"NF (0.24<f<1.6 GHz) < 2 dB < 1.5 dB 

P1dB vs Pin at 0.45 GHz -5.6 dBm -7 dBm 

'P1dB (over BW) > -9.4 dBm NA 

IIP3 (over BW) > 4 dBm NA 

IIP2 (over BW) > 26.8 dBm NA 

S11'(over BW) < -8 dB < -6.4 dB 

522 (over BW) < -10 dB < -14.4 dB 
., 
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Although the S 11 is' not less than -10 dB, it is still acceptable. Most RF 

applications still accept S 11 < -8 dB: Bond-wires can be used to improve the S 11, but 

the performances of these bond-wires are hard to control. .. 
The IWSFR LNA with inductive degeneration performance was also 

simulated including a 3nH bond-wire at its input and output ports, and the results are 

shown in Figure 3.34. The' performance of this LNA is compared with other 

published LNAs·in Table 3-10. This table includes the various wide-band LNA 

. .' topologies introduced in Chapter I. The only LNAs that meet the specifications are 

this TSMC IWSFR inductively degenerated LNA and the work by Bruccoleri et al 
, 

[3]. This LNA has the best linearity and noise figure among the LNAs in Table 3.10 .. 

. -
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Table 3.10 

Comparison of dif erent publishe WI e- an d d 'b d I rfi ow nOise amph lers 
Technology -3dB BW Gmax NF 811 822 IPldB Power 

• . 
CMOS GRz dB dB dB dB dBm mW 

[30J 0.50 urn 0.1-0.7 14.80 2.3-3.3 - - -9.6@0.7 10.2 

GHz 

[31] OAOum 0.42-l.I8 240 2.3-3.0 - - 0.18@ I GRz 35. 

[32J OJ5um 0.05 - 0.9 110 4.3-4.4 - - -6 (a) 0.45 GHz 5 

[4J ~ 0.25 urn 0.002 -1.6 13.70 0.16 <f< < -10 < -12 -9@0.9GHz 35' 

. 1.6 GHz, 

NFisl.9-

2.4 

STDLNA 0.18 urn 2.3 - 9.2 9.3 4.0-7.7 < -9.9 <-13 -15@6GHz 9 

[21] 

TWLNA a.18um 2.4 - 9.5 10.4 4.2-7.5 < -9.4 <-13 -18@6GHz 9 

[21J 

[20J 0.18 urn 1-4.2 13.1 3.3-6.5 <-10 < -12.2 -15@2.45 75"'" 
• 4.2-7 < -5 <-9.6 GHz 

[33J 0.18 urn 0.8-1 26 4.1 < -15 - -II (a) 0.9 GHz 36 

[IJ 0.13 urn 0.1-0.93 13 4.0-4.3 < -10 < -10 -18@0.4GHz 0.72 

This work 0.50 urn 0.05 - 0.7 12.6 0.30 <f< <-1.9 -::=-3.9 -5 @0.45 GHz 167>10 
~ 

0.70 GRz, 

NF is 6.0-

7.0 

This work 0.25 urn 0.05 - 0.45 16.4 0.34 <f< < -5.2 < -7.5 -5@0.45GHz 138.6' 

0.52 GHz, 

NF is 3.6-

4.0 

This work 0.25 urn 0.05 - 0.48 15.4 0.25 <f< < -5.7 < -8 -5.4@0.45 133.3' 

1.6 GHz, GHz 

NF is 2.3-

4.0 

This work 0.25 urn 0.05 - 0.37 14 0.24 <f< < -8 < -12 -5.6@0.45 110'" 
1.6 GHz, GHz 

0.37 - 0.6 NF is 1.53- < -10 

2.0 

• data from [32] and this work was measured at 450 MHz, the rest was taken at 900 MHz 

; [32] input is matched to 75 ohm and Sit is not specified; and output is a capacitive load 

• >10 external caps 
• *'" external de biasing 

• 0 voltage gain instead of power gain 
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Fig. 3.34 Simulated overall performance ofLNA including bond-wire. 

After including bond-wires and external capacitors to the circuit, the LNA is 

then re-simulated again and the S II is below -1 0 dB for frequency higher than 300 

MHz. The gain at 300 MHz is reduced slightly to 12.2 dB. 

81 



Chapter 4 Receiver Modeling in ADS 

This chapter introduces a way to model the low noise amplifier and to'test its 

performance on a system leveL LNA was implemented in a heterodyne receiver, and 

the receiver chain performance was simulated using Agilent Design System (ADS) 

software, This method takes into the account of the mismatches between the adjacent 

RF block within the receiver chain. The performance of the whole receiver is 

'modeled to verify if it meets system specifications. 

4.1 Modeling of the LNA Fabricated with TSMC 0.25 ).1m Process 

This section shows how the lWSFR with inductive degeneration LNA model 

is created based on actual measurements. The measured data are stored in a text file 

J 

called the mdf file and is employed by the DATA ACCESS COMPONENT in ADS 

during simulation or modeling. The parameters we model include the two port s-

parameters, noise figures, output 1 dB compression points, the third order intercept 

Vin 
_n one 

PORT1 
Num=1 
Z=50 Ohm 

Amplifier2 
AMP9 

Vout 
Term 
Term3 
Num=2 
Z=50 Ohm 

Freq(1J=Fin 521 =file{DAC3, "821 "} 
Freq[2]=Fin+O.2 MHz S11 =file{DAC3, "S11"} 
P[1]=dbmtow(pwUn) S22=file{DAC3, "S22"} 

- P[2J=dbmtow(pwUn) S12=file{OAC3, "S12"} 

§ 
~~l:cm~ 

~c 
F .... ·C"I['.c:Qrnenls om ~"""lW<_NF _OAT /I,_P,<IB md/" 
T)'IF'oacm.. 
lrt.pModFlrdN ~ 

NF=file{DAC3, "NF"}d8 
GainCompFreq=Fin 
TOI=file{OAC3, "TO I"} 

E.II1IpModo~I""""""""" Modo .... .,~1 

Psat=file{DAC3, "Psat"} 
GainCompSat=file{OAC3, "GainCompSat"} 
GainCompPower=file{DAC3, "GainCompPowe('} 
GainComp=1 dB 

Figure 4.1 Schematic of modeling of the LNA in ADS. 
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points, and the second order intercept points between 50 MHz and 650 MHz at a step 

of 50 MHz. Each frequency point is selected by adjusting the index value, and each 

simulation shows the results of I frequency point. There are 13 indexe's correspond to 

13 frequency points between 50 MHz and 650 MHz. The following sections will only 

focus on simulations of LNNreceiver at 450 MH~. Figure 4.1 shows how the third 

order intercept point (TOI) and the I dB compression point of the LNA at 450 MHz 

• • are being modeled. The results are shown in Figure 4.2 and Figure 4.3. The actual 

measured Tor is 18.76 dBm and the modeled Tor shown in Figure 4.2 is 18.763 

dBm. The measured output PldB is 5.605 dBm, and the modeled output PldB shown 

in Figure 4.3 is 5.456 dBm . 

• freq TOI 

<invalid>Hz 18.763 

100 
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S -100 0 
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E -200 <D 
"0 . 
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freq, GHz ~ 

Figure 4.2 Modeled TOI of the LNA. 
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Figure 4.3 Modeled output 1 dB compression point of the LNA. 

Figure 4.4 shows the modeled noise figure of this LNA at 450 MHz, The 

measured noise figure and the modeled noise figure below are exactly the same, 

Figure 4,5 shows the schematic and the modeled input third order intercept point 
• 

(UP3) and input second order intercept point (IIP2) at 450 MHz. Since second-order 
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distortion does not affect the perfonnance of a heterodyne receiver, it will not be 

considered further. 
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Figure 4.4 Modeled noise figure of the LNA at4S0 MHz. 
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Figure 4.5 Modeled IIP2, 0lP2, IIP3, OlP3, and Gain of the LNA at 450 MHz . 
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Gain In dB 

12.269 

12.269 
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Table 4.1 compares the measurements and the modeled lIP2, OIP2, lIP3, and 

OIP3 at 450 MHz. 

Table 4.1 

c ompanson 0 f measure d d did IIP2 OIP2 IIP3 OIP3 450 MH an mo e e , , at z 
IIP2 OIP2 IIP3 OIP3 

Units [dBm] [dBm] [dBm] [dBm] 

Measured 31.383 43.818 6325 18.76 

Values 

Modeled 31.157 43.427 6.197 18.467 

Values 

By using the same method, we can make measurements of individual RF 

components, such as mixer and IF amplifier, and model them like this LNA, and then 

connect them together to model a whole receiver. This is employed to evaluate the 

receiver performance. 

4.2 Modeling of the Heterodyne Receiver with (IWSFR) LNA 

This section shows how this modeling technique applies to the whole 

heterodyne receiver. The RF frequency at the. antenna is 450 MHz and the IF 
, 

frequency is 170 MHz~ The modeled (IWSFR) with inductive degeneration LNA will 

be employed with other modeled RF components in this simulation. Figure 4.6 
• • 

shows the schematic and the modeled 1 dB compression point of a heterodyne 
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receiver. This receiver consists of a ldB attenuator, a pre-select filter, two (IWSFR) 

LNAs, an image rejection filter, a mixer, an IF select filter, and two IF amplifiers. 
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Figure 4.6 Modeled PldB of the heterodyne receiver. 

The passive mixer chosen for the receiver has a conversion loss of -6.5 dB and a 

noise figure of 6.46 dB at 450 MHz [34]. The third order intercept point is 12.14 

dBm, and the output 1 dB compression point at 450 MHz is 3.54 dBm [34]. The 
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TSMC IWSFR LNA with inductive degeneration is reused as the IF amplifier in this 

case. The IF amplifier has a power gain of 13.76 dB, a noise figure of 4.8 dB, a third 

order intercept point of 18.714 dBm, and an output IdB compression point of 6.763 

dBm at 170 MHz. Figure 4.6 shows that the input 1 dB compression point is -24 
• 

dBm. 

Figure 4.7 shows the schematic and the results of noise figure simulation of 

the receiver. Unlike the previous setup, the base-band/demodulator block is inserted 

after the two IF amplifiers. The base-band/demodulator block has a noise figure of 20 

dB. The overall noise figure is close to 6 dB.. The specifications of the other RF 

blocks within the receiver can be commercial products or iliey can be modeled from 

actual measurements just like the IWSFR LNA. 

Figure 4.8 presents the schematic and the results of modeled lIP3, and OIP3 

of this heterodyne receiver. The modeled IlP3 is -15.4 dBm and OIP3 is 17.41 dBm 

" 
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Figure 4.8 Modeled Gain, HPJ, and OIPl of the heterodyne receiver. 
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, 
Chapter 5 Conclusions and Suggestions for Future Work 

~ single stage CMOS wide-band LNA design for-UHF applications was 

explored in this- thesis_ It was demonstrated that inverter with resistive feedback 

topology was suitable for _meeting the design goals of low noise 'figure, high linearity, 

small size and low cost The design of this topology in two silicon CMOS processes, 

AMIS 0.5 !lm and TSMC 0.25 !lm, was investigated in detail. A number of passive 

and active devices were fabricated in each process to evaluate the quality of 

capacitors and inductors, as well as transistor minimum noise figure and RF and DC 

model accuracy. Due to the dedicated metal layers incorporated in 0.25 !lm process to 

lower the losses of passive elements, it was found tha~ this process is more suitable 

for UHF amplifier design. Additionally, due to smaller device size, this process also 

offers faster transistors with minimum noise figure of below IdB. 

Wide-band LNAs were designed and fabricated in both technologies. While 

0.5 !lmLNA achieved a wide bandwidth of almost 800 MHz, and very good linearity 

with the input PldB compression point of -5 dBm and an average value of 14 dBm 

for lIP3 over its entire bandwidth,)t was not possible to achieve a very low noise 

figure, especially at low frequencies, due to the high transistor IIf noise. The NF 

above 300 MHz was between 4 - 6 dB. Even though an LNA with a NF below 6 dB is 

acceptable in some system configurations, most communications and radar systems 

require LNA NF lower than 3dB. Therefore a similar design was pursued in 0.25 !lm 

process to further reduce NF. A source degeneration inductor was added in this 

design to also improve the input and output matches. This 0.25 !lm amplifier achieved 
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a gain of 11 dB and a bandwidth of 560 MHz (50 MHz - 610 MHz), with noise figure 

lower than 2 dB between 240 MHz and 1.6 GHz, and close the 1.5dB at 450MHz. 

This LNA also has good input and output matches of close to -IOdB, and good 

linearity, with the input 1 dB compression point higher than -9.4 dBm (50 MHz - 650 

MHz), and the input third order intercept point higher than 4 dBm. This LNA 

achieved higher linearity and lower noise figure than other wide-band LNA's 

reported to date. 

Finally, a performance of a heterodyne receiver with 0.25 J.lm wide-band LNA 
• 

was evaluated using LNA behavioral model implemented in Agilent ADS software. It .• 
was fdund that using two cascaded LNA's at the front-end, and two LNAs at the IF 

stage, systen: NF of about 6dB can be achieved with input PldB point at -15dBm, 
, 

and input IP3 of -8.5dBm, demonstrating that LNA is suitable for mobile 

communications and radar applications. 

While this LNA meets the design goals outlined in Chapter I, its power 

consumption might be high for some applications, and the design can be further 

optimized to reduce it. Additionally, a further investigation is required to attempt to 

reduce somewhat high NF at low frequencies. After tHese issues are addressed, the 

next step would be to integrate this LNA with othe; receiver components, such as , 
high linearity mixer, on a single chip . 
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Appendix A 

Explanations of A TN microwave system for measuring noise parameters. 

a) Block diagram of the A TN microwave system: 

b) Explanations on setup for this A TN microwave system: 
The equipment named Electronic Mainframe shown in the block diagram is 
the NP5B controller, which is used to control the Mismatch Noise Source 
(MNS) and Remote Receiver Module (RRM). The (MNS) block is a solid 
state tuner where the (RRM) is a 17 dB gain amplifier. This is a solid state 
tuner based, computerized system for complete small signal device 
characterization. When used in conjunction with Maury's MT993B NP Test 
System software kit (0.3 - 6 GHz), network analyzer, and noise figure 
analyzer; this system can be employed to measure noise parameters (both 
Fmin and 50 n noise figure), S-parameters, and full device characterization 
versus bias . 
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