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Employing 130-nm IBM CMOS model parameters, the design of a power-efficient single-stage
microwave amplifier is presented in this paper. An optimization technique for the amplifier
forward gain is proposed through careful selection of process elements without compromising the
architecture’s high degree of isolation and resistance to reflection-loss. A novel mechanism to
match port-impedances of the amplifier to characteristic impedance of microwave elements is
introduced. The amplifier operates at 20.6 GHz (suitable for an on-chip wideband transceiver)
and dissipates 13.7015 mW (dc) from a 1.2-V power rail. The forward gain of the proposed
design is 8.32 dB, supporting a 3-dB bandwidth of 5.4 GHz and a port-isolation figure (in the
reverse direction) which is better than 32 dB in the entire bandwidth. The imaginary
constituents of the port impedances are eliminated with the technique to obtain peak
input/output reflection parameters of -30 dB and -33 dB, respectively. Noise optimization
pushes the amplifier NF below 4.5 dB, allowing it to satisfy the criteria of a low noise, low
power microwave device suitable for radio-frequency wireless receivers. A figure-of-merit
parameter is established for the proposed technique and the simulated results are compared with
published amplifiers to illustrate their advantages.
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1. Introduction

Factors which influence ultra-large scale integrated circuit (ULSI) implementation of
communication circuits need to be  considered in  the  design of  on-chip wireless systems
for the transmission scheme to be practically realizable [1]. These standards achieve bit
rates in the gigabit range which allow the system to exploit the benefits of communication
in high frequency (e.g. higher achievable bandwidth, reduced attenuation, and as a
consequence, longer communication range) [2], [3], [4]. For incorporating a high-frequency
standard in on-chip transceivers, ultra wideband (UWB) communication has proved to be
one of the popular techniques as it offers some unique additional advantages like resistance
to interference, multiple access capability (MAC) and higher signal security [5], [6], [7].
When ULSI circuits are customized for radio frequency (RF) domain, some effects which
are deemed negligible in lower frequencies start to contribute parasitic factors, affecting the
overall performance of the architecture [8], [9]. Among the RF receiver front-end
components, the blueprint of the integrated microwave amplifier ultimately determines the
noise and power efficiency of the wideband transceiver. [10], [11]. So, issues related to
process selection need to be addressed for the amplifier circuit which influence choice of
topology and geometric dimensions of individual devices employed in the amplifier. As
design steps intended to improve the amplifier gain often prove degrading in terms of noise
contribution, following a gain optimization mechanism which will lower the minimum
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noise figure of the front-end becomes crucial from the designer’s perspective. In  this
paper, the  large-scale integrated system design considerations of a on-chip microwave
receiver architecture are presented through the design of a ∼14 mW microwave amplifier
(LNA) in 130-nm CMOS (IBM) technology, operating at a center-frequency of 20.6 GHz.
A gain-regulation mechanism allows the forward gain of the amplifier to be 8.32 dB,
supporting a 3-dB bandwidth of 5.4 GHz and greater than 32 dB port-isolation (reverse)
over the entire bandwidth. A selective employment of sub-micron process elements
optimizes the noise performance (4.3 dB) in the amplifier. After the real elements of the
port impedances are matched to a characteristic impedance of 50 Ω, input-output reflection
parameters are pushed below -25dB over the bandwidth. A thermal and shot noise
cancelation scheme results in a wide dynamic range where the amplifier behaves linearly up
to an input power of -5 dBm. The performance of the LNA is summarized and compared
with published standards to evaluate its merits in relation to realization of on-chip wireless
schemes.

The following paper is structured as follows. In section 2, the authors propose the
microwave wireless receiver configuration as the platform for the designed 0.13-µm
microwave amplifier. In section 3, the design objectives are specified with the help of
microwave parameters (noise and scattering-figures). In section 4, an efficient process, gain
and noise optimization technique for the proposed amplifier is explained with emphasis on
selection of process elements like RF transistors, MOS capacitors, and spiral inductors. The
results are discussed, tabulated, and compared with reported amplifiers in section 5,
summarizing the advantages of the proposed technique and its limitations.

Fig. 1. The wideband receiver configuration with the LNA in the front-end

2. Microwave Receiver Architecture

Microwave or radio-receivers have applications ranging from mobile communicating
stations for terrestrial/satellite systems to short distance intra and inter-chip transmission
blocks [12]. They are also integral parts of transceivers supporting cellular telecom and
application-specific encrypted schemes like Wi-Fi and Wimax [13]. A microwave amplifier
in the front-end of the receiver determines the effective noise and power efficiency of the
low-noise block (LNB) where the incoming signal is processed at the received frequency.
Fig. 1 portrays an ultra-wideband microwave receiver using the heterodyne topology (as
opposed to a direct conversion receiver) [10] which mixes the incoming signal (fo) with an
offset frequency (ftem), resulting in the production of two outputs: the sum frequency and
the difference frequency (IF=fo-ftem). Typically in an RF receiver, the upper sideband (sum
frequency) is filtered out to generate the intermediate frequency (IF) [14]. In Fig. 1, the
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Antenna receives a modulated microwave signal at center frequency (fo) and feeds it to a
low noise microwave amplifier (LNA) through a noise removing filter (BPF1). The LNA is
designed with its noise figure at the theoretical minimum to reduce peripheral noise
contributions of the front-end and the entire receiver chain. The processed response from
the amplifier is transferred after filtering (BPF2, to remove the white noise components) to
work as excitations to a microwave correlator (the mixer in the figure). The second
excitation for the mixer is a locally generated offset signal of frequency ftem, resulting in
mixed outputs of center frequencies fo ±ftem. The third fine tuned filter section (BPF3)
separates the intermediate frequency (fo-ftem) for the back-end and delivers it to an
intermediate IF amplifier, thus completing the down-conversion. Task of the demodulator is
to recover the baseband signal so that a baseband amplifier can process the output stream
and feed it to the load. The analog front-end can also be followed by a digital section (see
Fig. 2), converting the topology into a hybrid standard. The A/D converter in the digital
part is preceded by an automatic gain control (AGC) block to improve the receiver
tolerance with respect to incoming signal strength. In both Fig. 1 and 2, the antenna, BPF1

and the microwave amplifier (LNA) together constitute the receiver front-end where the
LNA plays the role of the dominant performance influencing element.

Fig. 2. The receiver configuration with automatic gain control (partial digital architecture)

3. Design Objectives for Microwave Parameters

The design of an UWB receiver would require optimization of microwave parameters
like scattering figures (s-parameters), noise (NFmin and NF), small signal forward gain,
measure of linear range, and power expenditure. Motivation behind employing s-
parameters for microwave frequencies stems from the difficulties of measuring lumped
parameters in giga-hertz domain. In case of GHz transceivers with integrated transmission
lines, s-parameter representation with a traveling wave as a variable (carrying small signal
power) is preferred over lumped π or T-shaped models [8]. This interpretation is presented
in Fig. 3 with four scattering parameters, where |ai|

2 is a measure of incident signal power
and |bi|

2 is proportionate to power reflected from the ports in a two-port network. The
matrix relationship for the 2-port scattering parameters will have the form
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In this relation, design criteria require the reflection losses (S11 and S22) and the reverse
isolation (S12 figure) to be minimized. At the same time, device dimensions should be set to
optimize the small signal forward gain (S21) [15]. Here, Zo stands for the characteristic
impedance of the component which may precede or follow the two-port network. Rs and RL
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are the resistances offered by the driving source and the equivalent load, respectively. With
this arrangement, incorporating an efficient matching network can force S11 and S22 down
to near zero and boosting of open-circuit (no-load) voltage gain can maximize the forward
gain parameter (S21). To include a noise cancelling mechanism in the amplifier, expression
of noise figure for the front-end [16] is investigated which takes the form of

front-endNF NF NF  
1 ( 1),amp rest
ampA

(2)

where NFfront−end, NFamp and NFrest are  noise figures for the overall receiver front-end, the
low  noise amplifier and the rest of the receiver circuit,  respectively, and Aamp is the gain
provided by the LNA. So, improving the core amplifier gain through optimization and
limiting the noise contribution of the amplifier itself would help improve noise and power
performance (reduce NF and Pdc) of the integrated front-end.

Fig. 3. Realization of scattering parameters for a 2-port network

4. Process Selection, Gain Optimization and Noise Matching for the Proposed
Amplifier

3.1. Selection of Process Elements

Choice of process elements for the proposed design was selected from a 130-nm 8RF
CMOS technology. Careful deliberation is necessary in this situation as employment of a
CMOS silicon process poses significant challenges for transistors operating in microwave
frequencies. Still, silicon technology is much cheaper than silicon-on-insulator or
compound semiconductor processes and offers fewer challenges during the fabrication
steps. The design goal of this paper is proposing an efficient CMOS amplifier architecture
operating at a sufficiently high (above 10 GHz) frequency and achieving reasonable noise
parameters while satisfying the typical 4x4 mm2 chip-area requirement. As provisions to
include ground-signal-ground (GSG) probes and on-chip spiral (hexagonal) inductors tend
to impose heavy area penalties on design, the circuit components were chosen judiciously
while avoiding transmission line based matching techniques at the same time. The predicted
housing for the ULSI circuit was a twenty pin integrated package. The following
subsections describe selection procedures for 130-nm process elements.

3.1.1. Radio-Frequency  Transistors: The  standard  library belonging  to 8RF  CMOS
technology offers  a  variety  of enhancement type transistors including typical 1.5 V MOS-
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FETs,  their 3.3  V  versions, zero-Vt (threshold  voltage) MOSFETs, double-gate devices,
triple-well  MOSFETs and RF (radio-frequency) transistors. Both n and p-type (channel)
enhancement transistors are available in the above categories. The choice for the proposed
microwave amplifier was 1.5 V devices for the current mirror circuit providing gate
voltages for correct biasing and 1.5 V RF-transistors (with  greater chip-area requirement
but  better microwave performance) as driving and insulating devices in the low-noise-and-
power amplifier core.

3.1.2. Octagonal Spiral Inductors: Models for inductors offered by the selected CMOS
process include normal single-level inductors, series, parallel or symmetrically stacked
inductors, and octagonal spiral layouts. Single-level octagonal spiral inductors are selected
for the input matching network, the resonance tank and the interfacing circuit at the load
port of the microwave amplifier as they occupy lower space and exhibit parasitic effect in
the form of unwanted capacitors (formed during the etching process) by a lesser amount.

3.1.3. Source-Drain Shorted Device Capacitors: Although vertical-natural (a capacitor with
multiple fingers formed by metal layers connected through via and separated by inter metal
dielectrics) and MOSFET (a transistor connected as a junction capacitor) capacitors are
available in 130-nm silicon technology, the use of metal-insulator-metal capacitors (MIM,
Dual-MIM, High-K (dielectric constant) MIM) is usually preferred from a point of view of
minimizing parasitic effects. But MIM capacitors in the sub-micron range can only deliver
a capacitance per unit area of 2 fF/μm2. To design capacitors smaller than 30 fF, gate-
substrate junction capacitance of an n-channel enhancement transistor is used because it not
only provides efficient performance for RF frequencies but also permits local substrate
connections through the device’s substrate-ring arrangements.

3.1.4. Polysilicon Resistors: Among the options of 130-nm resistors, a polysilicon resistor
(model: oprrpres) which has very high sheet resistivity (typically 1700 Ω per square) is
employed in the microwave amplifier, providing resistance in the order of ~5 kΩ to isolate
small signals from bias voltages. Low sheet-resistance (resistivity of 340 Ω per square)
doped polysilicon resistors (model: opppcres) are formed with unsilicided polysilicon lines
and integrated in the biasing circuit (providing resistance below 50 Ω) which solves its
start-up problem. The polysilicon resistor in the bias circuit also has lower temperature and
voltage sensitivity when compared to the isolating resistors in the amplifier core.

3.2. Gain Optimization in the Proposed Circuit

A basic microwave amplifier circuit built with two RF transistors (M1 and M2) is shown
in Fig. 4(a) where separate dc gate voltages will be needed to bias the transistors in
saturation. An RF excitation  drives  the  bottom transistor (M1) and a common-gate stage is
implemented by  the  isolating  device  on  the  top (M2).  The proposed cascode
microwave amplifier extended from this basic core architecture with the addition of
matching networks and bias circuit is the subject of Fig. 4(b). In the amplifier assembly, the
drain reactance Ld resonates with the drain-to-gate parasitic capacitance (Cgd) of the
isolating device (M2) and exhibits high impedance at the resonant frequency,
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Fig. 4. a) The basic cascode LNA b) The proposed low noise amplifier with matching circuits




1 .
2o

d gd
f

L C
(3)

This equation also defines the center-frequency for the low noise amplifier. So, the
operating frequency can be controlled by manipulating Ld or changing the dimension of M2

(for influencing its contributed parasitic capacitance). To optimize small signal forward
gain and amplifier noise figure, point of center-frequency is set around 20.6 GHz for the
proposed design. The dc bias current flowing through the amplifier tree determines its
voltage gain but at the same time is responsible for adding shot noise to the circuit. To keep
the noise added by the amplifier itself below 5 dB, the bias current is set to 6.19 mA by the
driving transistor. On the other hand, to influence the effective small signal gain through
effective load impedance, the bank inductor (Ld) needs to have values higher than 2 nH.
But, Ld is  set around the 1 nH mark to maintain a high quality factor for the spiral inductor
and push the operating point above 20 GHz. Dimensions are selected to minimize the
parasitic resistance contributed by the resonant inductor as it is also responsible for
lowering  the  position  of  the  amplifier  bandwidth  in the microwave spectrum. The
overall  current drawn from the 1.2-V  power  rail is 11.4 mA  which  results  in  a  dc
power consumption of 13.7 mW. The input impedance of the amplifier [8] with the passive
input matching network (inductors Lg and Ls) can be expressed as:

    

1 ( ),m s

in s g
par par

g L
Z j L L

C j C
(4)

where Cpar is  a  very  small  port  matching  capacitor intended to adjust the impedance
looking into the RF port. In this design, Cpar is modeled by the parasitic junction (gate-
source) capacitance of M1. Equation (4) shows that Zin is a function of the degeneration
inductance Ls , which  controls  the  real  element  of  the  port  impedance and matches it
with the real part of the source impedance (around 50 Ω). At the same time, Ls is
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responsible for reduction of amplifier gain if the voltage drop across it is significant. In this
situation, Cpar assists in input matching while ensuring simultaneous low power
consumption following the power constrained simultaneous noise input matching technique
(PCSNIM). The gate reactance Lg, on the other hand, cancels out the capacitive part of the
input impedance of the core amplifier. Cin and Cout work as coupling capacitors and Cin is
also a member of the input matching network. The W/L ratio of M1 should be  large enough
(90µm/.13µm) to minimize shot-noise contributions and increase transconductance (gm),
which in turn increases the forward gain at the expense of raising the power penalty.
Therefore,  a compromise between noise,  gain and power ceilings  of  the  driving
transistor  is  achieved  during  the design of the amplifier. The second device (M2) isolates
the output port from the RF excitation so that the input port remains independent from
reverse interference. Setting its aspect ratio to 45µm/.13µm minimizes the reverse-
insulation parameter for better isolation with a small rise in noise (M2 contributes about
19% of the overall noise). To push the driving transistor into saturation the gate voltage for
M1 (Vb=0.61 V) is set through an impedance Rb, which is large enough (4.81 kΩ, model:
oprrpres) to isolate the bias arrangement from the input excitation. Six transistors (T3-T8,
nominal 1.5 V) and a small bootstrap resistor (Rstrap, 18 Ω, model: opppcres) will be needed
to configure the gate bias supply. A passive wye-shaped circuit (made with L1, C1, and C2)
intended for output matching is also presented in the figure which acts as a ‘resistance
mirror’ and forces Zout1 to equate the complex conjugate form of Zout. In addition, the real
element of Zout2 is made equal to the load impedance RL. Small imaginary parts in the
expressions of port impedances (Zin and Zout2) bears a good indication of the extent of
achieved port-matching. Therefore, it can be concluded that the two networks appended at
the amplifier ports are able to provide efficient port-matching for microwave frequencies
[17]. After relative noise contribution of the elements in the low noise amplifier is
evaluated, results suggest that the bias resistance (Rb) is large enough for the RF noise-
current leaking through it to be negligible. Among the active devices, M1 can be held
responsible for a higher percentage contribution of relative noise accumulation when
compared with the insulating transistor M2. To emphasize this point, noise generated by the
cascode device (M2) and passive elements are considered insignificant and noise factor
(NFdrive) is defined for induced noise [18] from gate and drain terminals of the driving
transistor (M1). The expression is defined in terms of center frequency (ωo), unity-gain
transit frequency (ωT), and effective quality factor (Qinp) of the input stage

     
   

   

22 2 (1 )1 11 [ 2 ] ,
5 5

inp o
drive gd
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Q
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where σ is a device-channel Niquist noise factor, δ is a factor related to induced noise at
gate terminal, cogd is a correlation factor between drain and gate noise and ξ  is defined as a
ratio:
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Here, the microwave amplifier is assumed to have matched input impedance. The
expression for noise factor in equation (5) has components accounting for drain noise, gate
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noise and a term correlating gate and drain noises of the driving transistor (M1). The
opposing polarities of different components in this equation are exploited to cancel out the
factors during optimization of quality factor for the input stage. Including the influence of
port matching inductors and source impedance (Rs), the input quality factor is defined as
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To establish an optimum quality factor with the device parameters of equation (5), the
matched load impedance is termed as Rload and the Q-factor is expressed by
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Typical values for these characteristic parameters can be found in [19] with σ=0.667,
δ=1.33, ξ=1, cogd =-.39j for long channel devices and σ=2.5, δ=5, ξ=1, cogd =-.4j for short
channel devices. After canceling the extra elements in equation (5) with an optimization
process, minimum noise figure for a fixed power requirement (Pdiss) is given as
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An alternate version for equation (9) [20] can have the form
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Now, without considering the influence of induced noise in RF  transistors,  noise  figure of
the proposed structure can also be  approximated as  a  function of  the matching reactances
(covering losses in inductors),

 .
21 ( ).
3
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In this way, dimensions of active transistors, incorporated spiral inductors and their quality
factors control the noise figure of the proposed amplifier. Keeping these factors under
consideration, a systematic approach to reduce achieved noise factor through manipulation
of device dimensions and tail current is described in the next subsection.

3.3. Noise Reduction Mechanism

Generation of noise is inevitable for processing blocks like a microwave amplifier with
passive circuit parts containing resistive elements. Three prominent sources of noise can be
identified among various sources of interference for the proposed amplifier which
ultimately determine the achievable SNR (Signal to Noise Ratio) for the design.
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3.3.1. Niquist Noise: Niquist or thermal noise in the amplifier is influenced by the overall
impedance offered by the resistive branch in the circuit and the effective bandwidth of the
signal. Mean square value of the noise voltage accounting for Niquist noise has the
expression [21]:

 2 4 ,
thermal

V kT R f (12)

Fig. 5. No-load voltage gain and forward gain for the proposed amplifier

Fig. 6. Reflection parameters and extent of reverse isolation

where k, T, R and ∆f are Boltzman constant, absolute ambient temperature (Kelvin), dc path
resistance and effective signal bandwidth (in Hz), respectively. So to maintain a wide
bandwidth, use of on-chip poly-silicon resistors is minimized, wide dimensions are set for
active transistors (90 µm for M1 and 45 µm for M2), and reactive elements are designed to
contribute minimal parasitic resistances. Here, equivalent resistance offered by the devices
in the dc path is inversely proportional to their width and their length is usually kept at the
minimum process limit (100 nm for a typical 90-nm technology and 130 nm for a .13-µm
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technology). After adding the matching circuits, the dc resistance as seen from the bias rail
(Vdd) settles to 105.3 Ω for the designed amplifier tree.

3.3.2. Shot Noise: Shot noise is an integral part of active diodes and transistors due to the
presence of junctions in the device architecture. It is usually characterized by a noise
current [21] with a mean square value (MSV) given by:

 2 2 ,
shot DCI qI f (13)

where q and IDC are the quantum charge of  electrons and the bias current through the DC
branch, respectively. Minimizing the overall shot noise requires setting IDC at a
predetermined level (6.2 mA for the core tree and 5.2 mA for the bias circuit), which may
reduce the driving transconductance (gm) and the overall gain of the proposed LNA. So, the
bias current is carefully selected so as to keep the forward gain above 8 dB.

3.3.3. Pink Noise: Pink or flicker noise is termed as 1/f noise as it has an inverse relation
with the operating frequency. It is the only noise parameter which can be made insignificant
by placing the amplifier in a particular operating domain without manipulating the device
parameters. It is also expressed by a noise current with a MSV of

 2
ker

,
flic DC

o

fI K I
f

(14)

where K and α are constants defined by the nature of the 130-nm active device with fo

indicating the operating frequency. When the amplifier is occupying the upper bands of
microwave frequency (X, Ku, K, Ka and Q bands), flicker noise can be deemed
insignificant for  the design procedure (as for this K band LNA).

3.3.4. Dimensions for Noise Constraints: Among the various sources which contribute to
the proposed amplifier’s noise figure, resistive noise appears as the dominant source of
spurious components and is dependent on the dimensions of the driving transistor. Because
of this reason, reducing the width of the input device is prohibitive as it raises its effective
equivalent resistance, leading to increments in the overall thermal noise. Other factors for
consideration (like shot noise and power consumption) are dependent on the overall bias or
tail current, parasitic components donated by the reactive elements and the transistors in the
bias circuit. Therefore, a balancing act is performed in selecting the width of the driving
transistor (N1, 90µm), the insulating device (N2, 45µm), and the bias transistors (width 18-
40 µm). As a result, all three parameters (shot noise, thermal interference and bias current)
remain within acceptable limits and are consistent with the constraints imposed by required
gain (∼9 dB) and power consumption (below 20 mW) for the 130-nm low noise amplifier.
The overall gain and other figures of merit derived for the proposed amplifier are explained
and compared with published results in the next section.

4. Results and Discussion

The proposed design employing the optimization and matching techniques in discussion
is simulated with an RF simulator supported by IBM 130nm CMOS silicon process. Results
indicating amplifier forward gain and scattering parameters are plotted in groups in Fig. 5
and 6, respectively. Fig. 5 shows the voltage gain attaining its peak value of 15.7 dB with a
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Fig. 7. Noise parameters for the amplifier

Fig. 8. Measure of linearity by 1dB compression point

right shift (1.5 G) from the designed center frequency at 20.6 GHz. A second curve in the
same frame shows the peak optimized small signal forward gain (S21) as 8.32 dB at the
center-frequency with a 3-dB bandwidth of >5 GHz. Insulation in the reverse direction
(S12), judged from Fig. 6, is better than 32 dB in the entire bandwidth and the peak
operating reflection parameters at the interfacing ports (S11 and S22) are -30 dB and -33 dB,
respectively. The minimum peak of overall noise figure is 4.3 dB coinciding with the
theoretical NFmin curve near the operating point because of the contribution of passive
matching networks (Fig. 7).  Fig. 8 measures the linear range of the amplifier with respect
to the power injected at the amplifier input which reaches an upper limit of -5.3 dBm.
Correspondingly, the amplifier will start to behave in a non-linear fashion when the power
received by the matched load exceeds 0.6 dBm. An assessment of the Rollet stability factor
(Kf) finds that the factor is greater than 7.7 during the entire microwave (K) band and hence
is indicative of absence of undesirable oscillations. Fig. 9 documents the three power gains
(Available Gain GA, Transducer Gain GT, and Power Gain GP) coinciding at the center
frequency in the K band. These power gains are approximately equal to |S21|

2 at the center
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point indicating the effectiveness of the proposed matching process. The circuit, while
driven by a 1.2-V power supply, consumes 13.7 mW through the amplifier core and the
bias arrangements. Therefore, the simulated results (tabulated in detail in Table I) prove
that the proposed design has achieved its design objectives. To define the relative merits of
the microwave amplifier, it is compared with published wideband amplifiers in Table II
where FOM indicates a figure of merit defined by the equation

 21( ) .( )
.

( ) ( )

S dB Freq GHz
FOM

Power mW NF dB
(15)

This expression can be used to judge the advantages of the optimization technique over its
counterparts in the context of the 130-nm CMOS amplifier.

Fig. 9. Available, average and transducer power gains
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5. Conclusions

In this paper, a robust and efficient gain optimization and noise canceling mechanism is
discussed for a proposed receiver architecture for microwave wideband transceivers. The
techniques are explained in the context of a 130-nm 20.6 GHz CMOS low noise amplifier
with an emphasis on the selection of process parameters to optimize network elements.
Analyzed performance of the design exhibits a forward gain in the order of 8.3 dB at 20.6
GHz with the bandwidth covering a span greater than 5 GHz (18.4-23.8 GHz). Minima in
input and output matching figures stand at -30 and -33 dB, respectively, near the center
frequency. Reverse insulation is always better than a margin of 32 dB and no-load voltage
gain without the matching networks is 15.7 dB at 22 GHz. The design consumes 13.7 mw
and an overall dc current of 11.4 mA when biased by a 1.2-V power rail. When compared
with published wideband amplifiers, the results indicate a better high-frequency
performance for the proposed design and verify the effectiveness of the optimization
technique for chip-scale wireless schemes.
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