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ABSTRACT 2. NOISE AND NOISE FIGURE

A novel technique oriented to compute Noise Figure (NF) Noise can be defined as any interference unrelated to the
for MOS Transistor (MOST) circuits, is presented. The pro- signal of interest [1, 2]. Noise is characterized by a proba-
posed method uses the features of symbolic analysis. In orbility density function (PDF), and a power spectral density
der to improve the computation time, a pure-nodal-analysis (PSD). The PSD of a signal(¢) is denoted by5,(f), and
(PNA) method is applied by modeling all elements using it shows how much power the signal carries in a unit band-
the nullor. Two illustrative examples are given where the width around frequency, which is defined as the average
NF is computed using the proposed method and comparechormalized noise power over a 1Hz bandwidth, and it is a
with HSPICE simulations, the results demonstrates the suit-positive real valued function. The most commonly accepted
ability of the proposed method. definition for NF is given by equation (1), whereNV R;,,
andSNR,,; are the signal-to-noise ratios measured at the
input and the output, respectively.
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Numerical circuit-simulators have been very useful to com- SN Rout | 7—3000 i

pute the figures of merit such as: noise [1, 2], distortion [3], NF s a measure of the degradation of the SNR as the sig-
and stability [4], in order to improve a design. However, na| passes through a system [7]. For a noiseless circuit
symbolic computing is making significantimpactinanalog gy R, = SNR,... Therefore, regardless of the gain, NF

design, since a symbolic-expression helps to gain insightequals to the unity. However, in real systems the inner noise

about the behavior of a circuit. In this manner, a CAD- gegrades the SNR, yielding N&. According to Fig. 1, NF
oriented method focused on the symbolic computation of for circuits working in voltage-mode becomes [7]:

NF for MOST circuits, using the nullor concept [5, 6], is )

described. The nullor is used to model the behavior of a NF — Vi out @)

MOST, and all non-NA-compatible elements [3, 7], in or- A2Ngs

der to avoid the handling of stamps. That way, it is shown

that by using the PNA method, both the computation time

and the handling of symbolic expressions being improved.

It is worth to mention that the proposed model for a MOST

includes the effect of the most significant noise-sources [8],

the technology dependence and the biasing region [9]. v,
The concepts of noise and NF are described in section 2,

where it is assumed that noise sources are uncorrelated, as it

is used in most of the circuit simulators. Section 3 is devoted

to consider the relevant noise sources of a MOST. The pro-

posed method is described in section 4. Several examples

are given in section 5, where the proposed method is com- Figure 1: Circuit representation to compute NF

pared with the simulation results using HSPICE. Finally,

the conclusions are listed in section 6. For current-mode circuits NF becomes:
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whereV2

n,out —

voltage of the total output—noiséﬁyout =

current of the total output-noisel,, = voltage gain,A; =
current gain, andVgs = noise of the resistance of a source. associated with the parasitic drain and source series resis-

3. TRANSISTOR NOISE SOURCES

In HSPICE a MOST is modeled with four noise current-
generators [8, 9]. Two of these represent the thermal noise

tances. The other two are modeled as current sources from
drain to source. One of them represents white shot noise
and the other flicker noise. All these noise sources are

The three most important types of noise in analog circuits characterized in the saturation region by their PSD. How-
are the shot, thermal and flicker noise [1, 2].
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Figure 2: Circuit elements and its noise circuit models

Hspice Models Flicker Noise Thermal Noise
DT
- — Kelps
NLEV =0 Sp CLt
8kTg
Scharmcl - 3
Kl (Also for NLEV =2)
= S, = -
NLEV =1 T wW, L,
8kT l+a+a’
Shamne™ 5~ BVgs - V) ————GDSNOI
K.g: 3 1+a
NLEV =23 Sp = £
CoWep Loy f Vas s :
a:l-v— Lineal a=0 Saturacion
st
BSIM3v3 Manual BSIM3v3 Chapter 8, http://www.device.eecs.berkeley.edu/~bsim3/get.html

Figure 3: Noise models implemented in HSPICE

ever, in MOSTs the shot noise is very small. The flicker
noise is present in all active devices and in some passive ele-
ments. Besides we are interested in compute NF of a MOST,
the noise models for resistors, junction diodes, BJTs and
MOSTs are shown in Fig. 2. Fig. 3 shows the models im-
plemented in HSPICE according to the level of simulation
and technology dependence. The proposed noise-models of
the MOST as a three and four terminals device are shown in
Fig. 4 and Fig. 5.
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Figure 4: Noise model of a MOST with three terminals
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Figure 5: Noise model of a MOST with four terminals

4. COMPUTING THE NF

The first step of the proposed technique is the formulation
of a data-structure from a net-list in an HSPICE format.
Second, the program transforms the file *.cir into a nullor-
based circuit, where the noise sources associated to a MOST
are added according to either Fig. 4 or Fig. 5. Third, the



program computes the small-signal circuit equivalent from
which the formulation of equation (4) is done.

i =Ynav (4)

wherei=vector of independent current sourcEg,4 =linear
admittance matrix, and=node voltage-variables.

Using the nullor properties|[5, 6], equation (4) is reduced
in one order for each nullor, leading to equation (5), from
which the solutiono¥’2_ ,, I? A,, andA; can be com-

n,out’ “n,out’

puted by handling Ohm’s law, in order to satisfy (2) and (3).
i=YpNav (5)

The proposed technique can be summarized as shown by
the flowchart depicted in Fig. 6.

Data-structure of an HSPICE file (*.cir)

+ Nullor models
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Figure 6: Flow-chart of the proposed method

5. EXAMPLES

In order to demonstrate the suitability of the proposed tech-
nigue, two illustrative examples have been selected.

5.1. The cascode current mirror

The first example is a cascode current mirror, which is show
in Fig. 7. Its corresponding nullor circuit equivalent is

Figure 7: Cascode current mirror

Figure 8: Nullor circuit equivalent of Fig. 7.
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5.2. Afeedback amplifier

shown in Fig. 8. The NF of this circuit, computed by using The second example is a feedback amplif ier, which is shown
the proposed method is given by equation (6). A numerical in Fig. 10. Basically, the circuit consist of a common-source
comparison between equation (6) and HSPICE is shown inamplifier which uses an active device as a feedback ele-

Fig. 9.

ment. Its nullor circuit equivalent is shown in Fig. 11. The
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Figure 11: Nullor circuit equivalent of Fig. 11.
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Figure 9: Numerical comparison using the proposed method 4
and HSPICE, for the cascode current mirror.
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NF of this circuit, computed by using the proposed method
is given by equation (7). A numerical comparison between s
equation (7) and HSPICE is shown in Fig. 12.
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Vin Figure 12: Numerical comparison using the proposed
method and HSPICE, for the feedback amplifier.

Figure 10: Feedback amplifier.

5.3. Noise Analysis in Translinear Circuits

ng2 2 R592
NF — 1 + m2 _|_ 3 m2 _|_ ) 3 . . .
| Rug? K eIAF g1 Bp . 3 912 . For MOSTSs biased in weak-inversion, as the example given
i ggan?zcmFL%lff + Rog? B T 3 Rogmm + ) in Fig. 13 [10], the NF can also be computed with the pro-
1 Krla¥ 2R g+ 1 R.KrIAY posed method. The resulting NF of the normalized gaussian
A Rog7 KTCou L7, f 0 37089m2 T ARTCou L7 f function is given in Fig. 14
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Figure 13: CMOS normalized gaussian-function 13.
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Figure 14: Nullor circuit equivalent of Fig. 11. [8]
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