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DEVELOPMENT OF NOISE SOURCES IN VERILOG-A 

Elissaveta GADJEVA* and Georgi VALKOV** 

* Technical University of Sofia, Department of Electronics, 1156 Sofia, Bulgaria, 8 

Kl. Ohridski Blvd., Bl. 1, E-mail: egadjeva@tu-sofia.bg 

** Technical University of Sofia, Department of Electronics, 1156 Sofia, Bulgaria, 8 

Kl. Ohridski Blvd., Bl. 1, E-mail: gvalkov@abv.bg 

Резюме.  Разработени са шумови източници на езика Verilog-A. 

Моделите са проверени спрямо Spice еквивалентите си. Времената за 

симулация също са сравнени, с цел се оцени ефективността на 

моделите. 

Ключови думи: поведенчески модели, сравнение на ефективност, 

шумови модели, Spice, Verilog-A. 

INTRODUCTION 

For RF communication circuits, non-linearity and noise are key figures of merit 

that are to be simulated, and recently there has been significant effort to improve 

models and simulation algorithms for such analysis types. A number of computer 

models are proposed for computer-aided noise analysis of active linear circuits and 

for noise behavior description of passive and active components at RF [1-5]. User-

defined parameterized computer macromodels are proposed in [4] which extend the 

possibilities for the noise simulation of standard circuit simulators such as Cadence 

PSpice. 

Noise modeling and simulation are important for analogue and mixed-signal 

ICs. With the growth and increasing complexity of the designs and with the 

requirement to predict the behavior of mixed signal designs in RF domain, comes the 

need to develop Verilog-A models that consider the noise performance of the devices. 

Hence the need to develop, noise macromodels of the basic noise source types. 

In the present paper behavioral models of noise sources are developed in the 

Verilog-A language. Effectiveness assessment is performed for various models of 

white noise sources in different simulators, languages and implementations, in a 

circuit with a very sparse matrix. 

STANDARD PSPICE IMPLEMENTATION OF NOISE SOURCES 

There are different types of noise, depending on the physical phenomenon 

producing them, but from the modeling side of view, there are: thermal (white) noise 
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– where the power is constant in the whole frequency range, flicker (pink) noise – 

where the power decreases with the frequency as
1

FAf
, where AF is the frequency 

exponent, and also the table noise – where the magnitude of the noise is described as 

a frequency table. 

White noise modeling 

Cadence PSpice [6] lacks the models of noise sources. It is however possible to 

use a resistor with a specific value in a combination with a dependent voltage or 

current source to develop parameterized noise sources. The schematic 

implementation of a white noise voltage source with magnitude of EN is shown in 

Fig. 1a [3]. The Spice code is presented in Fig. 1b. 

n1

n3

n2

0

IN+

IN-

OUT+

OUT-

E1

{V(%IN+, %IN-)*(1e9)*En}
EVALUE

Rn

60.328

 

.SUBCKT v_white_noise_rv n1 n2 
+   PARAMS: En=1 
Rn  n3  0   R=60.328 
E1  n1  n2  VALUE={V(n3)*(1e9)*En} 
.ENDS 

a) b) 

Fig.1. RV model, schematic (a) and Spice code (b) of a white noise voltage source. 
 

The relationship between noise voltage and resistance value is given by the 

following expression: 

(1) 
2

4
N

U
R

kT
 . 

The resistance value required to produce a noise voltage of 1nV at temperature 

27° C is 60.328Ω. 

Alternative PSpice implementation of white noise source 

It is also possible to use the noise current across RN as a reference for the 

output noise voltage. The results are equivalent, with the only difference that the 

matrix order is increased by 1. This decreases the simulation speed hence this 

implementation is not preferred. The schematic implementation of a voltage noise 

source with magnitude of EN is shown in Fig. 2a [3]. The Spice code is shown in 

Fig. 2b. The relationship between noise current and resistance value is given by the 

following expression: 

(2) 
2

4
N

kT
R

I


 . 

The resistance value required to produce a noise current of 1pA at temperature 

27° C is 16576Ω. 
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n3

n1
n2

0

V1
0

0Vdc

IN+

IN-

OUT+
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E1

{I(V1)*(1e12)*En}
EVALUE

R1

16576

 

.SUBCKT v_white_noise_ri n1 n2 
+   PARAMS: En=1 
Rn  n3  0   R=16576 
Vn  n3  0   DC=0 
E1  n1  n2  VALUE={I(Vn)*(1e12)*En} 
.ENDS 

a) b) 

Fig.2. RI model, schematic (a) and Spice code (b) of a white noise voltage source. 
 

Flicker noise modeling 

In PSpice the flicker noise sources are implemented using a reference noise 

resistor and an ELAPLACE source [3]. 

The schematic implementation of a voltage noise source with magnitude of EN 

at 1Hz and frequency exponent of AF is shown in Fig. 3a. The Spice code is shown in 

Fig. 3b. 

n3

n1
n2

0

IN-

OUT+

OUT-

IN+

E1

V(%IN+, %IN-)
ELAPLACE

XFORM = (1e9)*En/(abs(s/(2*pi))**AF)

R1

60.328

 

.SUBCKT v_flicker_noise_rv n1 n2 
+   PARAMS: En=1 AF=1 
Rn  n3  0   R=60.328 
E1  n1  n2  LAPLACE 
+   {V(n3)}={(1e9)*En/(abs(s/(2*pi))**AF)} 
.ENDS 

a) b) 

Fig.3. Schematic (a) and Spice code (b) of a flicker noise voltage source. 
 

SMASH SPICE IMPLEMENTATION OF NOISE SOURCES 

In Dolphin SMASH [7], the Spice language is extended and offers built-in 

support for noise sources. It is possible to combine DC, AC, transient, and noise 

signals into the same source. A lowpass filter may also be applied to the noise 

signals. SMASH Spice allows the noise sources to be activated during a transient 

analysis. An example of a voltage noise source is shown in Fig. 4. 
 

V1  n1  n2  DC=0 AC=0 NOISE 
+   THN={Ewn*Ewn} FLN={Efn*Efn} ALPHA={AF*2} FC={Fcut} N={Forder} 
+   FILE="noise.dat" SIGNAL="TABLE1" XSCALE="LIN" YSCALE="LIN" GNOISE=1 

Fig.4. Noise voltage source in SMASH Spice. 
 

THN specifies the white noise level. FLN is the flicker noise level at 1Hz. Both 

are in
2V

Hz
. The coefficient ALPHA specifies the flicker exponent. FILE specifies the 
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input file for the table defined source. Supported formats are ICD, DAT and NMF. 

The parameter SIGNAL specifies which signal should be used from the table. 

XSCALE and YSCALE specify the interpolation type for x and y, supported values are 

lin for linear and log for logarithmic. GNOISE is a scaling coefficient for the noise. 

FC and N specify the cut-off frequency and filter order of the lowpass filter that is 

applied to the noise signal. The equation for noise power has the form: 

(3) 

 
2

2

1

ALPHA

X N

FLN
power spectrum fromFILE THN

f
S GNOISE

f

FC

 


  
     

. 

VERILOG-A IMPLEMENTATION OF NOISE SOURCES 

Verilog-A has built-in support for noise signals. It is possible to combine DC, 

AC, transient, and noise signals into the same source. For example, the description of 

a noise voltage source is shown in Fig. 5. 
 

module v_noise(n1, n2); 
    inout n1, n2; 
    electrical n1, n2; 
    parameter real Ewn = 1  from (0:inf); 
    parameter real Efn = 1  from (0:inf); 
    parameter real AF  = 1  from (0:inf); 
    parameter real NT[0:5] = '{1k, 2.5m, 10k, 0.4m, 100k, 0.9m}; 
analog begin 
    V(n1, n2)   <+ white_noise(Ewn*Ewn) + flicker_noise(Efn*Efn, AF*2) 
                 + noise_table(NT); 
end 
endmodule 

Fig.5. Noise voltage source in Verilog-A. 
 

The parameter of the white_noise function specifies the noise level. The first 

parameter of the flicker_noise function is the noise level at 1Hz. The second 

parameter is the frequency exponent. The parameter passed to the noise_table 

function defines the noise levels for a number of frequency points, using the 

following form: ‘{f1, v1, f2, v2…, fn, vn}. For some simulators, a file name can be 

specified as the parameter for noise_table. Each line of the file should contain a pair 

of frequency point and noise level. All noise levels described above are in
2V

Hz
. 

EFFECTIVENESS ASSESSMENT 

The noise models based on behavioral modeling using Verilog-A are 

characterized with the highest efficiency, due to the fact that they do not increase the 
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order of circuit matrix. The model implemented in SMASH Spice is also built into 

the source and does not increase the matrix order. The RV model increases the matrix 

order by 1, while the RI model increases it by 2, resulting in decreased efficiency. 

This is supported by experimental data, which shows that: 

The RI model from Fig. 2 performs worse than the RV model from Fig. 1. In 

SMASH the RV model requires only 53% of the time to simulate the RI model, which 

is nearly twice as fast. And in Cadence PSpice the RV model uses 84% of the time 

required by the RI model. 

The noise model built-into the SMASH Spice simulator takes only 67% of the 

time required to simulate the RV model in the same simulator. 

The Verilog-A model is the best for noise modeling, taking only 33% from the 

RV model’s time and 50% of the SMASH Spice model’s time. 

To assess the effectiveness of the different simulators, languages and model 

implementations, the following variants are simulated: Cadence PSpice RI and 

SMASH Spice RI model from Fig. 2, Cadence PSpice RV and SMASH Spice RV 

model from Fig. 1, SMASH Spice model from Fig. 4 (white noise only), Verilog-A 

model from Fig. 5 (white noise only). The simulated circuit is characterized with a 

very sparse matrix (number of nodes 1000). The following analysis settings are used: 

AC interval [10Hz-1GHz], 1000 points/decade, and Print interval for noise 

contribution table: every 5
th

 point. 

For the Cadence PSpice simulator, the .ACCT Spice directive is specified to 

print detailed summary and simulation time statistics in the output file. For the 

SMASH simulator, the time is measured using a custom plugin, which hooks the 

simulation start and end events, and reports the time difference. The plugin uses the 

RDTSC processor instruction and enables very-high precision time measurements. 

This results in a very low time deviation between multiple simulation runs. 

Each variant is simulated 12 times. The best 8 times with minimal deviation 

from the mean value are selected and averaged. The others are discarded. Finally the 

normalized times are calculated relatively to the maximum value of 1000. Lower 

values are better. The results are shown in Fig. 6. 

CONCLUSIONS 

Noise models are developed in the Verilog-A language for the following noise 

voltage sources: white, flicker and table. The models are verified against their Spice 

equivalents. Effectiveness assessment is performed for various models of white noise 

sources in different simulators, languages and implementations, in a circuit with a 

very sparse matrix. 
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