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Abstract— Low Noise Amplifiers (LNA's) have become im-
portant for wideband-ultrawideband radio, microwave and cell- R Req,
phone designers. In the design methodology, the LNA is composed Ay A, A,
by a nullor which represents an ideal active gain, i.e. the plant
to be controlled by the feedback network which is usually

constituted by passive components. ) _ Fig. 1. Cascade of multiple stages.
The paper shows that the noise calculation for these passive

components and the synthesis of the first stage of the nullor can

be automatically done. The automation is verified by means of a e .

program that designs the feedback network and selects the right Of the block combination is be given by

device to accomplish the noise specs provided by the designer. Reg, i Req, )

Reqr = Reg, + —5
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] o _ In fact, this means that the main noise contribution belongs
The low noise amplifier is a system where the noise levg] ihe first block of the design.

is carefully handled; it is usually the first block in a radio

receiver that amplifies the signal from the antenna with as Il. NULLOR-BASED AMPLIFIERS

little distortion and additional noise as possible to be suitablewithin the structured design methodology, the nullor cons-

for being processed by the first mixer [1]. titutes the active (ideal) block of the amplifier. The nullor is a
The design of analogue electronic circuits has often begto-port composed by two elementsie nullator connected

classified as an art under the assumption that no systemati¢he input port anthe norator connected at the output port.

procedures or methodologies have been developed. ExperieTige transmission matrix of the nullor is given as [6], [7]:

has been the major way to produce knowledge regarding

analogue design. The traditional way to obtain a new design

K= —| 00 2
is by carrying out some modifications on an already existing |, ~ 10 0 @)

circuit until it fulfils some specific features. Nevertheless this ¢

way of design results very cryptic and difficult to handle for ¢ clearly results that the nullor possesses infinite gains for

students and young designers. all four transfer relationships, voltagg)( current (), trans-
Structured design has raised as an alternative to accompbghductance~() and trans-impedance)(

the analogue design task. It is based on the concept that th$he basic one_|oop amp”ﬁers can be obtained when a

design must start from an ideal solution — which obviousliassive feedback network is connected with the nullor as

fulfils any set of specifications. The structured design Ehown in Figure 2. If the one-loop amplifiers are combined

oriented to optimise aspects such as noise, distortion aﬂ@n two basic two-|00p types of amp"ﬁers are generated as

bandwidth from a block point of view [2], [3]. This approachshown in Figure 3. The combination of voltage amplifier and

lets the designer to focus on only one design aspect at a tiﬂ'\Lﬁrent amp“fier are referred as th}go_|oop topo|ogy (A)

[4]. and the combination of transconductance and transimpedance
This work is focused on the first block to be designed whichmplifiers are denoted as tieo-loop topology (B) [3], [4].

is the noise block. The noise stage is always the first to beTopology (B) can achieve all four kinds of transfers (volt-

designed because main noise contributions come from thige, current, transconductance and transimpedance), while

block. If we consider the blocks of Figure 1; when a resistang@pology (A) can achieve all but the transconductance.

is reflected from the output to the input of the first block, the o .

resistance is diminished by a value equal to the square of fixeNoise in the Amplifier

gain. Then if a resistance is reflected from the output circuit In order to evaluate the noise in active devices the concept

of the second block to the input of the first block, then thef noise factor is still widely used. The noise factd¥) (is

resistance is diminished by the product of the squares of theguantity that compares the noise performance of a device

individual gains [5]. Therefore, the equivalent noise resistanagainst an ideal (noiseless) device. The noise power output

I. INTRODUCTION
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of an ideal device is due to the thermal noise power of the
source resistance [8]. Noise factor expressed in decibels is
called noise figureNF) and is expressed as:

NF = 10logioF (3

Noise can be regarded in terms of power spectral densities
originated from the passive network and the synthesised nullor.
Because structured design uses power spectral densities for
noise calculations then it is necessary to convert the noise
figure term for the active devices into a noise voltage and
current model, this method is explained in [8].

A high-performance feedback amplifier accomplishes a
specified transfer of a signal obtained from a signal source with
known impedance to the load, while preserving the quality of
the signal as much as possible. The feedback network affects
the noise contribution of the noise sources present in the
active circuit, usually increasing their contribution. The noise
introduced by the transistor stages can be represented by a
current and a voltage source placed at the input of the active
part.

The method to obtain the equivalent input noise sources for
the single-loop topologies is detailed in [9], for the two-loop
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Fig. 3. Two-loop Amplifiers.

topologies a similar approach is used although it results rath¢ & DESCAD - Structured Design Amplifier CAD Tool 2j=]12
cumbersome. The overall noise of the amplifier consists of twj Amplifier Specs -> Basic Data |

contributions. The first contribution comes from the feedbac

Amplifier Type
network, while the second contribution comes from the activ{ | [votage s
devices.

Because the structured design constitutes in fact the syst
matic synthesis of the nullor with active devices (BJT or MOS
transistors), noise design at the beginning of the process mu
perform a careful selection of the device which leads to a
adequate calculation of bias value.

MOSFET's are considered less suitable due to their larg

excess-noise contribution. For each transistor the voltage a

current noise contributions are determined by the paramete|| pep

and the bias current of the transistor [4]. The optimal first stage
of the active circuit can be found by determining the optimal
bias current. This is done by performing calculations that
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Fig. 4. Initial screen for NOMAD wizard.

involve the internal parameters of the devigsg, ( internal base

EO— o resistance, collector resistance), the source signal (internal
o - + + - resistance) and the supply source.
+ - An adequate bias value means that the noise contributed by
( @ the active device, the feedback-network and source complies
at least to the noise limit established by the designer.
© NULLOR-BASED CURRENT AMPLIFIEJ?r ONULLOR—BASED VOLTAGE TO CURRENT,&MWF\ER

PROGRAM STRUCTURE

A CAD tool — NOMAD (Noise Optimisation in Modern
Amplifier Design) — is aimed to simplify and automate
the design process of negative-feedback amplifiers based on
nullors. The designer provides a set of specifications such as
amplifier transfer, configuration, gain, bandwidth and maxi-

NULLOR-BASED CURRENT TO VOLTAGE AMF*O’,IFIER NULLOR-BASED VOLTAGE AMPLIFIER mum a”OWed nOise |eve| among Others-

The tool has been developed in C++ for the backend, while
the graphical user interface is programmed in Qt. The tool is

Fig. 2. Negative-feedback Amplifiers.
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Fig. 5. Second window for NOMAD wizard. Fig. 7. Active device noise calculation.
NOMAD - Low Noise Design Amplifier CAD Tool & (= 63
el vt i = [Vl = Sy L (common emitter, common base, common collector, differen-
~Feedback Network Values tial common emitter, differential common base, differential
R R = + common collector). By clicking th&€alculate button a bias
| e opyml_f,auon process is acpvated, and Fhe value for optimum
Ic is displayed. In case this process fails, a warning message
Calculate FB Noise .. . .
is issued and the design process restarted from the first screen.
~Noise Values For the noise calculations on resistors and active devices
Feedback Noise | SPICE-like calculations are performed [10]. The equations
SreNase | and thg valqes optalned using them were va_hdated after
: performing simulations on APLAC [11] which includes a
Required Nullor . Volage Amplifier ; -~
Synthesized Noise model that resembles the nullor behaviour. NOMAD finishes
after delivering the final result for the amplifier, i.e. the value
L= Back ) ﬂ Next > P I\ Cancel J . . . .
of the feedback resistors, the data regarding the active device

parameters and the required bias current.
Fig. 6. Feedback noise calculation.

IV. EXAMPLE

. . L . A design example is provided in order to show the function

aimed to run under Linux/Solaris without any constraints for o : :
i . of the tool. The amplifier to be designed must fulfil these

special libraries. specs:

The main idea about the program is to guide the designepr ' .
through the design process by means of a wizard approacht 1YPe = Voltage Amplifier
This wizard resorts to the use of windows as seen in Figure® Configuration = Single Loop
4. The initial window is devoted to introduce the amplifier * Gain = 17 dB
basic specs like the amplifier type, configuration, amplifier * Noise Figure = 2 dB
gain, source impedance, and load impedance. « BW =441 - 451 MHz

The second window, Figure 5, expects three values to be® SOurce Impedance= 100
specified: distortion, bandwidth, and noise constraints. NoiseThe calculated values for the feedback network are (Figure
value can be given in two different units. Noise figure value &)
given in decibel units while spectral density is given?lﬁlzz e« R1=250Q
or LH e R2 =1500

Once the basic specs have been provided, the prograniNoise figure for the feedback network and source is 0.84
performs the required calculations for the feedback networB. Next step is to select the active device, configuration and
This is displayed on a third window, entitleNoise, Step then calculate the appropriate bias current.
1 (Figure 6). In order to accomplish the maximum allowed The selected device is a BJT BFR520 [12] in common
noise level it is necessary to have a trade-off between tamitter configuration. This device has an excellent low-noise
noise contribution from the feedback network and the noifigure performance and is adequate for RF wideband applica-
contribution from the active device that synthesizes the nulleions. The selected bias current value is 3.4 mA. The noise

Figure 7 shows the window entitledoise, Step 2 Here figure for this bias value is 1.03dB. The total noise figure for
the designer can select between some transistor configuratithres amplifier is 1.7 dB, this means that the tool can compute
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Fig. 8. Schema to simulate the nullor implementation.
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Fig. 9. Noise figure versus collector current.

(3]

the adequate values for the resistors and bias value for tr[14e
active device. 5]
In order to verify if the design has fulfilled the specs, the®!
resulting amplifier is simulated in APLAC. The schema is[7]
shown in Figure 8. The nullor is replaced by an ideal op-
amp, though this element is not a nullor, its behaviour is thé!
closest to it. Figure 9 shows that the bias value for the BFR52(;
is the optimum to obtain the lowest noise figure. Figure 10
shows the noise behaviour against frequency. As we can
this amplifier is within limits for a low-noise amplifier and

accomplish the given specs. 1]

V. CONCLUSION [12]

It has been shown that it is possible to develop a CAD tool
oriented to automate the design of low noise amplifiers based
on a set of specifications provided by the designer. By means
of a wizard approach the tool guides the designer in entering
the amplifier specs in a step-by-step procedure. In case that
the specs can not be fulfilled, the design process is stopped
and taken to a previous step to modify one or more values.
The development of the tool is based entirely on structured
design, this shows that this design approach can speed up the
design process obtaining accurate results.
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