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Design of Current-Reused LNA for UWB,

9-26GHZ Wideband CMOS LNA

Student: Tsung-Ting Lin Advisor: Dr. Christan F. Jou

Department of Communication Engineering
Nation Chiao Tung University

ABSTRACT

In the first part of this thesis, an ultra-wideband (UWB) LNA is proposed. The
input matching of this circuit used a LC Ladder with current-reused so that this
topology is suitable for low voltage. Using current-reused to amplify RF signal.
Therefore, the proposed LNA can simultaneously achieve input impedance
matching and high gain. The simulated results:-10dB input and output return
loss, minimum noise figure of 3.3dB, and maximum gain of 14.3dB from
17.75mW.

In the second part, a 9-26GHz LNA using 0.18um technology different from
3.1-10.6 GHz (In general, the 0.18um CMOS LNA usually be designed for
3-10GHz operating range.) is proposed. The design of this circuit used L and
R-C matching to achieve wideband and low noise figure. The simulated
results:-10dB input and output return loss, low noise figure, and high gain at

different bias voltage.
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Chapter 1
Introduction

1.1 Background and motivation

The Federal Communications Commission (FCC) authorize the unlicensed use of
ultra-wideband(UWB) in 3.1-10.6 GHz in February 14 2002[1]. UWB is a technology that
can be used at very low energy levels for transmitting information spread over a large
bandwidth (>500 MHz). Beside, UWB communications transmit in a way that doesn't
interfere largely with other more traditional narrow band and continuous carrier wave uses in
the same frequency band. Direct sequence code division multiple access (DS-CDMA) and
multi-band orthogonal frequency division multiple access (MB-OFDM) are two mainly
modulation technologies for UWB communications. The DS-CDMA UWB supports two
independent operated bands. The lower band occupies the spectrum from 3.1-5.15 GHz and

the upper band occupies the spectrum from 5.825-9.7 GHz as shown in Fig.1.1

WLANM

P o o ]

Lower Band Upper Band

—— i — [

>
31 5.15 5.825 10.6 Frequency
(GHz)

Fig.1.1 DS-UWB spectrum allocation
The MB-OFDM UWB, the 7500-MHz bandwidth is divided into 5 major Band Groups which
are in turn sub-divided into 14 bands in total and each band is 528 MHz bandwidth and each

band includes 128 sub-channels, sub-channel is 4.125 MHz as shown in Fig.1.2.
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Fig.1.2 MB-OFDM UWRB spectrum allocation
The low-noise amplifier (LNA) is a key component in the front-end of a radio receiver circuit.
It is located after the antenna, so that losses in the feedline become less critical. The overall
noise figure of the receiver front-end is dominated by the first few stages. Using an LNA, the
noise of all the subsequent stages is reduced by the gain of the LNA, while the noise of the
LNA itself is injected directly into the received signal. Thus, it is necessary for an LNA to be

low noise and high gain.

1.2 Thesis organization

This thesis will discuss about the two kinds of circuit and implementation for ultra-wideband

applications. The contents consist of two major topics:” Design of current-reused LNA for
UWB ” and “ 9-26GHz Wideband CMOS LNA Design ” , respectively in chapter 2 and

chapter 3. In these chapters, we will propose the architecture and explain the circuit. The
circuit principles, design consideration and Layout consideration will be analyzed.
In chapter 2, we discuss several researches recently. By improving their drawback, we
proposed current-reused amplifier which stacking NMOS and PMOS. The input impedance
can be achieved 50Q over the frequency band of interest and the gain will not reduce due to

the enhancement of transconductance. The details will be explained in chapter2.

-



In chapter 3. Base on the technology of the narrowband LNA, we use the LC matching and
five-stage common source cascade architecture to achieve a wideband 9 — 26 GHz and low

noise circuit. The details will be explained in chapter 3.



Chapter 2
Design of Current-Reused LNA for UWB

2.1 Introduction

The ultra-wideband (UWB) system is a high data rate , low power consumption and for a
short range wireless personal area network technology [2][3]. Because it can handle the
requirement of high transmission speed for the multimedia material ( for example phantom
and sound ) , it becomes more and more popular for wireless system. The FCC has defined
7500 MHz bandwidth in 3.1 - 10.6 GHz frequency range ( lower band : 3.1 — 5 GHz ; upper
band : 6 — 10.6 GHz ) for the UWB standard IEEE 802.15.3a.

One of the challenges is to design the front-end LNA. Because it is the first block in the radio
receiver, its performance will affect the sensitivity of the overall system. Thus, it is necessary
for an LNA to boost the desired signal power while adding as little noise and distortion as

possible so that the retrieval of this signal is possible in the later stages in the system.

2.2 Numerous topology of wideband LNA

Because of the input matching can directly affect the noise performance of an LNA.
Thus, there are some researches that can provide 50Q input impedance over a wide

bandwidth will be discussed as follow.
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Fig.2.1 (a) The transformer feedback amplifier
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(a) The transformer feedback amplifier[4][5]

The transformer feedback topology has good input matching entire frequency band of interest.
There is no input matching devices in the input gate of the purpose circuit, so that the LNA

can achieve lower NF. However, the transformer silicon set up is very sensitive to the

technology dispersions thus strengthening the design hardness.

RFE, I: M

Fig.2.1 (b) Resistive shunt-feedback amplifier
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(b) Resistive shunt-feedback amplifier[6]

The resistive shunt-feedback topology could have better bandwidth than conventional low
noise amplifier, but it has limited input matching or NF and vice versa. In other words, the
resistive shunt-feedback amplifier exhibits trades off in terms of bandwidth, input matching

and NF. Indeed, its lower voltage gain will cause the noise of next stage won’t be suppressed.

£ x,

_;l—lli A,
RF, [>—
i

Fig.2.1 (c) The common-gate amplifier

(¢) Common-Gate amplifier|[7]

The input impedance is approximately as Z, = ; In the low frequency, the input

g, + JWC

. . . 1 .
impedance is approximately as Z, =~ —. It is easy to be matched to the 50Q2. However,

m

with the increasing of the operating frequency, the parasitic transistor capacitance (C)

degrades the amplifier performance in the high frequency. In addition, its noise is also larger

than that of the other topologies.
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Fig.2.1 (d) The distributed amplifier

(d) Distributed amplifier[8]

The distributed amplifier that can provide wide bandwidth and relatively flat gain over entire
frequency band of interest. However, due to multiple transistor stages and much inductors are
used so that the drawback is large power consumption and occupies large die size,

respectively. In one word, it will make them unsuitable for integration.

Here, we proposed a LC ladder with current-reused topology for input matching as shown in
Fig.2.2. To combine a NMOS and a PMOS transistor using the same supply voltage allows

LC ladder technology to be low voltage compatible[9].



RE,D————{[ u,

C,= L, %LS-_

bias

R
T

Fig.2.2 The LC ladder with current-reused topology

2.3 Conventional current-reused amplifier

Fig.2.3 shows the topology of current-reused amplifier. The current reused configuration can
be considered as two-stage casade amplifier [10] [11], where the first stage M, and the

second stage M, are two common-source amplifiers. The function of L, and C, is to
perform a series-resonant with C,; of M, for a low impedance path, and the impedance of
L, is quite large to provide a high impedance path to block RF signal. Consequently, the RF

signal can be amplified twice by this co-current structure. Because the resonate circuit

-8-



composed of L, and C, presents a narrowband characteristic, the current reused topology is
designed to boost the gain at upper end of the required band. R, and L, is used to
compensate the high gain roll-off of the circuit. Due to the increased impedance of the L,
and C, path, the function of current reused amplification is degraded at lower end of the
designed band. However, by using LC ladder at input with current reused topology, an overall
wideband flat-gain performance can be achieve.

v,

i

&5, DL v,

Fig.2.3 The current-reused amplifier topology



2.4 Architecture

The proposed UWB LNA as shown in Fig.2.4 employs three stages. This circuit is designed to

require three bias voltage sources of 1.0V (Vy,), 0.7V (V) and 1.2V (V). The first input

bias

stage including LC ladder and M1p, M1n is current-reused configuration. It can provide
wideband matching. The second stage M2 and the third stage M3 are current-reused

configuration, too. A large resistor R, (5K Q) is employed in bias circuit to isolate noise of

voltage source from internal circuit. The function of C; in input stage is to make the gate

wideband flat-gain performance can be achieve.

—II: My [,

RE, Ay II: M, Jr_ o

c, == L, Eo
R, B

Fig.2.4 Schematic of the proposed UWB LNA
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2.5 Design Considerations

2.5.1 Input matching analysis

The proposed LNA use a fourth-order bandpass ladder filter to match 502 . The fourth-order

bandpass ladder filter is shown in Fig.2.5[12].

Fig.2.5 Fourth-order bandpass filter used for impedance matching

From the results of recent research, we can find that the input impedance of the fourth-order

bandpass ladder filter across the overall passband from W, to W, is equal to a constant

resistance R as shown in Fig.2.6.

Haal

= zin- n

.

-4
I fa 4N

Imaginan _,-' h,
iy

Fig.2.6 Input impedance of the bandpass filter versus frequency
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By means of a first approximation of the upper frequency (W, ) and the lower frequency (W, )

of this LC ladder filter is given by:W,, zL and W szE Obviously, the LC

RC, RC, L,
ladder filter can provide a real impedance over a frequency band of interest. Because of the
Fig.2.5 shows, the equivalent circuit of the inductively degenerated transistor in Fig.2.5 looks
like the right part of the bandpass filter. Therefore the overall input matching small signal

equivalent circuit is shown in Fig.2.7.

Zg
L. iy Codro C,
e .
r G == 3k us== o $., R
7 g

Fig.2.7. The overall input matching small signal equivalent circuit
According to the novel wideband feedback mechanism proposed by [13].C, and R, are the

parasitic capacitance and resistance which is contributed from the next stage. The capacitor

C, dominates at low frequency and the resistor R, dominates at high frequency. The LNA

input equivalent circuit at high frequency is shown in Fig.2.8.

-12-
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Fig.2.8 Input small signal equivalent circuit at high frequency

While we assume that WL, << ! WL

,WL;  <<R_ and we can find the input
gs,tot

impedance can be expression as following equation :

Z '~ (L jV\}C )+ R, l1Z, @-1)
it
C
where Zg = jwl, + (- Cl Sgtmm‘“)'[u Cg‘““ 1+ 9maR™] (2-2)
Jw gs,tot gs,tot gs, tot
7/ = rO = o
r-O + RL i JWLS,tot
Zg
O Codor Cr
e T I
: l I gm u.*I;E: l l
r G 3L, Guu3

N
:
)
]
AWV

& ror

Fig.2.9 Input small signal equivalent circuit at low frequency
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The LNA input equivalent circuit at low frequency is shown in Fig.2.9. In order to analysis

the input impedance, we apart this circuit into two branches. Therefore, we can find the input

impedance is Z;, = (jwL, +- 1 ) 1Zg. (2-3)
wC,

-1
where Z ;= jwL, J{Ya + ZL] : (2-4)
B

Y, 1s the impedance looking into the C,, and Z, is the impedance looking into the

a

Cstor - While we assume that the current flow through the capacitor C,,, and C ., is
smaller than the current source g,V . Thus
Y,=JWC o + (R, +- + jwL,)”! (2-5)
1 . | B
and Z,=—+(—+ JWC ;, + — ) i (2-6)
7 jwC 7wl
gs, tot B £
C . s
with sz = - Ca = Ot rocgd ot La = e (I+ O .ot ro) (2-7)
g m,tot C gd ,tot g m,tot r0C gd ,tot
Rﬂ — gm,tot LS,tot Cﬂ — Cgs,tot Lﬁ — LS,tot gm,tot rOCL (2-8)
C gs.tot g m,tot I’-o C gs.tot

Therefore, when the values of the inductors are designed properly, the input impedance will

approach the 50Q).

-14-



s(1,1)

&

freq (1.000GHz to 20.00GHz)

m1

freq=10.60GHz

S(1,1)=0.284 /-81.554
impedance = Z0 * (0.922 - j0.564)

m2

freq=3.100GHz
5(1,1)=0.191/-93.627
impedance = Z0 * (0.909 - j0.359)

Fig.2.10 Simulated input reflection coefficients

2

S(2.2)

freq (1.000GHz to 20.00GHz)

m
freq=10.60GHz
S(2,2)=0.197 /-102.699

impedance = Z0 * (0.854 - j0.341)

m2

freq=3.100GHz

S(2,2)=0.276 / 137.983
impedance = Z0 * (0.622 + j0.248)

Fig.2.11 Simulated input reflection coefficients

Fig.2.10 and Fig2.11 shows the simulated input reflection coefficients (S11) and the simulated
output reflection coefficients (S22), respectively. As can be seen, the curve is near by the

center of the Smith chart when frequency increases from 3.1GHz to 10.6GHz. In other words,

this design can achieve wideband input matching successfully.

-15-



2.5.2 Gain analysis
Because of the current-reused configuration, the stacking NMOS and PMOS increase
transconductance from g, to approximately 2 g, .In addition, by using L, and C, is to

perform a series-resonant with C,; of M, for a low impedance path, and the impedance of

L, is quite large to provide a high impedance path to block RF signal. Consequently, the RF

signal can be amplified twice by two current-reused configuration, respectively.

2.6 Chip implementation and simulated result

2.6.1 Layout considerations

The chip layout of the proposed LNA is shown in Fig.2.12, The skill of layout is very
important for radio frequency circuit design, because high frequency will make more coupling
and parasitic effects occur to influence performances. To get the high speed that the 0.18 #m
gate length was chosen. All elements with guard-rings can prevent noise and interference
from substrate. Because the RF pad has parasitic capacitance that will degraded the RF signal,
the RF pad with its size is 50 x 50 zm’> will be used. The smaller pad size can lead to a
smaller parasitic capacitance. The bypass capacitors are used between each voltage source
node and ground node to ensure voltage working like ground in AC and filter out noise. All

connection wires are simulated by ADS momentum to extract parasitical effect.

-16-



S e e b e e | : z e B
52 S e e O e AR A [ O o 8 5
35 e i e e R SO I O R R || [maﬂammamma;;__

#

e 8 Bl | B2 8 R R A T MR R B N M
E A R b

(Y TR ST PO

o]
)
&
]
b
b
-
B
o
]
%
=
]
-1
&
B
=
i

1 8 4 B O S O P

E]

il 5 B O B P
7 R 1 A R A A e
o5 i B B 10 o g e s e R

A ! Iﬁﬁ
i 5 45 2 P B

EE

i35 B B

:
& R S O
-
A R R S i R
£
kil

P i) 55 T \BE: cB] £ 39016 LB S

CEEED

T 3 E ; s [ 1] ] ] v |
' e e T R O O 0 [ | s B v i B

W [ E ke
3 0 s 5 10 o s o o o s R e - Lol b been] oo bt b b b e e b b

&
3l
B 1

Fig.2.12 Chip layout of the UWB LNA.

2.6.2 Simulated result

The chip size of the proposed LNA is 0.969x0.895mm* and it is fabricated using TSMC
0.18 #m mixed-signal/RF CMOS 1P6M technology. The total consumption is 17.758mW
with bias voltage source of 1.0V and 1.2V. The simulated result of the input return loss (S11)
and the output return loss (S22) in Fig2.13 and Fig2.14 is lower than -10 dB, respectively. The
gain (S21) in Fig2.15 is 13dB~14.3dB over 3.1 ~10.6 GHz. The noise figure (NF)
performance is shown in Fig.2.17. The simulated NF has maximum 4.65dB and minimum
3.34dB. The simulated input-referred third-order intercept point (IIP3) at three frequency
points are shown in Fig.2.18 (a) ~ (c). The simulated IIP3 shows -9dB at 3.1GHz, -7dB at
6.8GHz, -6.2dB at 10.6GHz. The simulated input-referred 1dB compression point (P1dB) are

-17-



shown in Fig.2.19 (a) ~ (c¢). The simulated P1dB shows -23.4dB at 3.1GHz, -21.2dB at

6.8GHz, -20.3dB at 10.6GHz. The performance summary is listed in table 2.1.

The performances of the proposed UWB LNA are compared with other works for UWB band

listed in Table2.2.

S11(dB)

S22(dB)

10 /

'25 I | I | I | I | I | I | I | I | I |I
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Fig.2.16 Simulated result of S12
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Fig.2.18 Simulated results of IIP3 at (a) 3.1GHz. (b) 6.8GHz. (c) 10.6GHz.
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Specification Post Simulated
Input Return Loss (dB) -20.9 ~-10.9
Output Return Loss (dB) -17.4 ~-11.1
Gain (dB) 13~14.3
Isolation (dB) -34.7 ~-80.0
I1P3 (dB) -9~-6.2
P1dB (dB) -23.4~-20.3
NF (dB) 3.34~4.65
Via (V) 1.0V
Power Consumption 17.75mW

Table 2.1 Performance summary of the proposed LNA
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BW S11 S22 Gain NF Power
Ref. Process I1P3
(GHz) (dB) (dB) ave.(dB) | (dB) (mW)

This
0.18um

work 3.1~10.6 | <-109 | <-11.1 | 13.5 3.3~4.7 9.0 |17.5
CMOS

(Sim.)

[8]
0.18um

2004 3.1~10.6 | <-10 |<-9 18 5~7 N/A |54
CMOS

(Sim.)

[16]
0.18um

2005 3.1~10.6 | <-11 <-14 | 8.85 4.5~5.1 -6.2% 120
CMOS

(Meas.)

[17]
0.18um

2007 3.1~10.6 | <-9.7 |<-84 |11.4 4.12~5.16 [ 0.72# [ 22.7
CMOS

(Meas.)

[18]
0.13um

2008 3.1~10.6 | <-17.5 | <-144 [ 7.92 2.5~4.56 | -4* 10.68
CMOS

(Meas.)

[19]
0.13um

2006 3.1~10.6 | <-9.5 |N/A 94 3.6~495 |-7.2*% |19
CMOS

(Meas.)

Table 2.2 Comparison of UWB LNA
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Chapter 3
9-26GHz Wideband CMOS LNA Design

3.1 Introduction

Square Kilometer Array (SKA) is one the most advanced radio telescope technology. Its
observation and operation frequencies are 100MHz - 25GHz. The Square Kilometre Array
(SKA) is a radio telescope in development which will have a total collecting area of
approximately one square kilometre. It will operate over a wide range of frequencies and its
size will make it 50 times more sensitive than any other radio instrument. By utilizing
advanced processing technology it will be able to survey the sky more than ten thousand
times faster than ever before.In the outer space communication aspect, in NASA Space
Communication and Navigation Architecture Recommendations for in 2005-2030 of Space
Communication Architecture Working Group (SCAWG) has the very clear introduction to the
future outer space communication construction[14]. It divides SCA into approximately four
regions : earth, moon, mars vicinity and deep space. And it uses the frequency of UHF, S, L,
K, Ku and Ka frequency bands. For example, Ground-based Earth Element to Near-Earth
Relay Element is use 13 ~ 15 GHz and Launch Vehicles ~ Earth Orbital User ~ Lunar Surface
and Orbital User is use 22 ~ 27 GHz. Therefore, that is the reason we chose 9 — 25 GHz
frequency band to design LNA. The table.3.1 shows the used frequency band of the

applications.
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Application Frequency Band
Astronomy SKA 100MHz — 25GHz
Military EW/ECM 9—-26 GHz
Satellite Communication | Lower Ka-band 17.7-21.2 GHz
Space Communication Ground to Space 13-15GHz
Space Communication Space to space 22 -27 GHz

Table.3.1 The used frequency band of the applications

3.2 The principles of narrowband LNA

l iOur R.'.' ;'H fuﬂ
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| —W\
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(I:I L | |: [I]rf,_|
R ' L 1 F'l @ r
i

i

L

Fig.3.1 (a) The input part of a typical narrowband LNA Fig.3.1 (b) The small signal equivalent circuit

The input part of a typical narrowband LNA is shown as Fig.3.1 (a). The inductor L is

added for the simultaneous input matching and low NF [15]. Fig.3.1 (b) shows the small

signal equivalent circuit for the input part of the narrowband LNA, where C is the

gate-source capacitance of the transistor M. The input impedance of the narrowband LNA

can be represented as Z; = jw(L, + L5)+_;+WT L (3-1), where w; is the cutoff
JW gs

frequency of M,. The reactive element can be designed to resonate at the interest frequency
such that Z, becomes a real value with w; Ly being to Rg. Therefore, we can match the
input impedance to 50Q).
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3.3 Architecture

The schematic of the proposed LNA is shown in Fug.2.2. This circuit uses two bias voltage
sources of Vy, and V . It employs five-stage common source cascade architecture to
enhance the gain. The inductors which are inserted between each stage are to boost the gain

and to match the circuit. The capacitances which are inserted between each stage are to block

DC signal and to match the circuit, too.
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|
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Fig.3.2 The schematic of the proposed LNA
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3.4 Design Considerations

o]

"':'r)
|
|
¥
S
A
=

Fig.3.3 The overall input matching small signal equivalent circuit
The overall input matching small signal equivalent circuit is shown in Fig.2.2.
According to the novel wideband feedback mechanism proposed by [13].C, and R, are the
parasitic capacitance and resistance which is contributed from the next stage. The capacitor
C, dominates at low frequency and the resistor R, dominates at high frequency. Therefore,
the wideband circuit can be divided into two parts. The LNA input equivalent circuit at high

frequency is shown in Fig.2.6

o
f- I I ke
Cee = Q §F'ﬁ R;
2 2
L, =

Fig.3.4. Input small signal equivalent circuit at high frequency
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While we assume that WL << , WLy <<R, and we can find the input

gs

impedance can be expression as following equation where

1 L./ Cy _
Z = S2Emy .+ —2(1 R)'T, 3-2
in (ij+C )[+C(+7@m O] (3-2)

gs gs gs

f'o

= _ 3-3
4 r, + R+ Jwlg (3-3)

I
L_ Cga' CL

[ [

% I o I
om gs
Zs 1= )

= £
Z, f'

[
l|=

Fig.3.5. Input small signal equivalent circuit at low frequency
The LNA input equivalent circuit at low frequency is shown in Fig.2.3. In order to analysis

the input impedance, we apart this circuit into two branches. Therefore, we
can find the input impedance is Zm=(Ya +Zﬂ)_1. (3-4)
Y, is the impedance looking into the C ., and Z, is the impedance looking into the

C

g0t - While we assume that the current flow through the capacitor C ., and C ., is

smaller than the current source g,V - Thus



+ jwL, )™ (3-5)

and Z,=- L d jwC, +- ! ). (3-6)
wC, Ry wL,
with R, = C, C,= erng L, =£(1+ gnl) (3-7)
m™~gd m ocgd
L C
Rﬂ: gm, S C/; — gs Lﬂ — LS gerCL (3-8)
Cgs g.r, Cgs

Fig.3.6 and Fig3.7 shows the simulated input reflection coefficients (S11) and the simulated
output reflection coefficients (S22), respectively. As can be seen, the curve is near by the
center of the Smith chart when frequency increases from 9GHz to 26GHz. In other words, this

design can achieve wideband input matching successfully.

mi

freq=26.00GH=z

1 S(1,1)=0.135/178.847

m impedance = Z0 * (0.762 +j0.004)

m2

2 freq=9.000GHz

5(1,1)=0.300 /-96.56
|mpedance Z0 ¥ (0. ?86 j0.514)

SH)

freq {100.0MHzZ to 40.00GHz)

Fig 3.6 Simulated input reflection coefficients

m1

freq=26.00GHz
S5(2,2)=0.199/-120.933
impedance = Z0 * (0.772 - j0.274)

S2.2)

m’ m2
freq=9.000GHz
S(2,2)=0.113/44.728

impedance =70 * (1.159 +j0.187)

freq (100.0MHZ to 40 00GHZ)

Fig 3.7 Simulated output reflection coefficients
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Insert the power trace into layer2 and layer 4 ground rings. It will be equal an inductance to

avoid signals feedback as Fig3.8 shows.

layer 6

layer 1

2nd-sta ge
bias

) }- e

g 4th-5tageI
bias —

Fig.3.8 The power line of the proposed LNA
In order to achieve high gain, we use five-stage common source cascade architecture.
Therefore, the RF signal can be amplified by five common source amplifiers.
Unlike other complex LC matching network, this proposed LNA uses only one inductor in the
input stage. Therefore, the proposed LNA will achieve low noise figure over the frequency

band of interest.

3.5 Chip implementation and simulated result

The chip size is 0.974 X 1.294 (mm?*) and is fabricated on TSMC 0.18 zm mixed-signal/RF
CMOS 1P6M technology as shown in Fig.3.9. Complete simulated results were simulated by

ADS momentum. We will present two different biases voltages condition. The total power

consumption is 100 mW at V, =08V , V; =2.0V and the other one is 64.8 mW at

V, =0.8V, V, =1.4V . The total performance summary will show in table3.2 and table3.3,

respectively.



Fig.3.9 Chip layout of the UWB LNA

3.51 When v, =08V and Vv, =2.0V

The simulated result of the input return loss (S11) and the output return loss (S22) in Fig.3.10
and Fig.3.11 is lower than -10 dB, respectively. The gain (S21) in Fig.3.12 is 20dB~21.2dB
over 9 ~ 26GHz. The maximum variation of power gain is about 1dB.
The noise figure is between 2.4dB ~ 5.4dB as shown in Fig.3.14. The simulated input-referred
third-order intercept point (IIP3) at three frequency points are shown in Fig.3.15 (a) ~ (c). The
simulated IIP3 shows -17dB at 9 GHz, -11dB at 18 GHz, -8dB at 26 GHz. Fig.3.16 presents
stable factor K, Mu, and B. When Mu > 1, K >1, and B >0, the proposed circuit will
be unconditional stable. The performance summary is listed in table 3.2.
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Fig.3.15 Simulated results of IIP3 at (a) 9 GHz.
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Specification Post Simulated
Input Return Loss (dB) -10.4 ~-29.9
Output Return Loss (dB) -10.0 ~-18.9
Gain (dB) 20~21.2
Isolation (dB) -68.5~-91.1
IIP3 (dB) -17 ~-8
Max. NF (dB) 54
Min. NF (dB) 2.4
' 2.0V
Power Consumption 100 mW

Table3.2 Performance summary of the proposed LNA




3.5.2 When v, =08V and V, =14V

The simulated result of the input return loss (S11) and the output return loss (S22) in Fig.3.16
and Fig.3.17 is lower than -10 dB, respectively. The gain (S21) in Fig.3.18 is 17.8dB~18.3dB
over 9 ~ 26GHz. The maximum variation of power gain is less than 1dB. The noise figure is
between 2.7dB ~ 5.8dB as shown in Fig.3.20. The simulated input-referred third-order
intercept point (IIP3) at three frequency points are shown in Fig.3.21 (a) ~ (c). The simulated
IIP3 shows -16dB at 9 GHz, -10dB at 18 GHz, -9dB at 26 GHz. Fig.3.22 presents stable

factor K, Mu, and B. When Mu > 1, K >1, and B >0, the proposed circuit will be

unconditional stable. The performance summary is listed in table 3.3.
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Specification

Post Simulated

Input Return Loss (dB) -10.3 ~-36.4
Output Return Loss (dB) -10.6 ~-19.9
Gain (dB) 17.8 ~18.3
Isolation (dB) -65.7 ~-89.6
IIP3 (dB) -16 ~-9
Max. NF (dB) 5.8
Min. NF (dB) 2.7
Via 1.4V
Power Consumption 64.8 mW

Table3.3 Performance summary of the proposed LNA




Chapter 4

Conclusion and Future Work

4.1 Conclusion and Future Work

This thesis contains two studies: the low noise amplifier with current reused topology, and the
9 — 26GHz CMOS ultra-wideband low noise amplifier. For the first circuit, the LC ladder
current reused configuration is used as input matching with low voltage. The current reused
configuration can be considered as two-stage casade amplifier. Therefore, the RF signal can
be amplified twice by this co-current structure to achieve high gain. The simulated result
shows the good input and output matching will be achieved and maximum 14.3dB power gain
is attained. The simulated noise figure is between 3.134 ~ 4.65dB within the wideband.
For the second circuit, we propose a 9 - 26 GHz wide band 0.18um MOS low noise amplifier.
It is five-stage cascade circuit topology and match input impedance by output RC loading and

source inductance. This amplifier achieves a 20.6 £ 0.5 dB power gain, 2.4 ~ 5.4dB noise

figure, and good input * output matching at V; =0.8V and V, =2.0V . Indeed, the other

bias voltage condition V, =0.8V and V,; =1.4V , this amplifier achieves a 18 + 0.2 dB

power gain, 2.7 ~ 5.8dB noise figure, and good input ~ output matching .Obviously, the design
of this circuit can tolerate the large variation of bias voltage. The result indicates that the
amplifier has lower noise figure by using output RC loading and source inductance to match
impedance, and standard 0.18um MOS process can work for millimeter-wave wideband

applications.
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