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Abgtract—In this paper an efficient method for calcula- current source and a voltage source at the output for the
ting the noise behavior of active devices is described. This 2-port. Using the transformation matrix
method offersa general solution for alarge variety of tran-

sistor and other devices. The method can easily be imple- yoa) _ 0 _y_11
mented in any extraction and simulation software and al- [T] I < I @)
lows deter mination of LF aswell as RF noise behavior. The

functionality is demonstrated on a nonlinear FET model  the nojse matrix of currents can be calculated in a form
[1], [2]). Furthermore, verifications with HP series IV/ADS

[3] are given for different devices. Y,

I. INTRODUCTION v l l\_/z v, l a] @ ij

[,
The design of many circuits requires the extraction and
the simulation of noise parameters for quite different
noisy elements like FETs, BJTs or HBTSs. In the past,
several papers have been presented describing an extrac- .
tion process for different noise models [4], [5]. Many &fSiNd equation (2):
these methods are limited to special kinds of active de- (@) Ly
vices. Most CAD circuit simulation software does not Vi =[T]0=¥ l ’ @)
allow the extraction of parameters, although it has im- i io
plemented functions to calculate noise. For noise extrac-
tion exactly these functions must be known in orderW1ereby the indices and o describe input and output
fit e.g. noise function coefficients to measurements de@Its. For calculating noise power, the column vectors
ing an optimization process. Therefore, in this paper @& Multiplied with the conjugated row vectors of the
present an efficient method for calculating noise behB@ise source matrix and end up by division witiT4 f
ior of any device. Our proposed method is based uponiththe wellknown correlation matrix
Y-matrix of any equivalent circuit and a matrix contain- 1 v
ing the noise sources for that equivalent circuit. With that [Q](a) = AKTAT ([ ' } [ Vi ])
knowledge both LF as well as RF noise behavior can be 1 Vi
extracted and calculated. We describe how our proposed = — [ T_'\;,L e } . 3)
method can be used for extracting and simulating noisy AKTAT | L Ll
circuits. The method can be applied to any extraction and
simulation software. [1l. N OISE ANALYSIS

Fig. 1. Transforming noise sources to outer ports.

There are different ways of calculating noise. One way
is the division of a circuit into different sub-2-ports with
noise sources, that have been transformed as described
When simulating a circuit, noisy n-ports must be trarebove. Noise behavior for each 2-port can be easily cal-
formed into a non-noisy n-port and associated no@dated e.g. using node analysis. The separately calcu-
sources at outer ports. Fig. 1 shows an example of trdated 2-ports can be combined using the transformation
forming noisy networks to non-noisy ones includingraatrices.

Il. TRANSFORMING NOISE SOURCES



In this paper a different approach is used. Taking into &dered in order to determine the ¥@.0 Y-matrix. In cor-
count the Tellegen theorem, current and voltage sounespondence with the Y-matrix, a X010 noise matrix
can be transformed to the outer ports of a netwdrdo can be defined. The position of noise sources in that ma-
do this, the adjuncted netwoiX is required, which hastrix is given by the node numbers at the end of the noise
a definite reversible relation to the netwdk The Y- source. The direction of the current is defined in the way,
matrix of the adjuncted networl represents the transthat at matrix entryij x the noise current in the equiva-
posed Y-matrix of the networlN as well. With that lent circuits flows from node j into the direction of node
knowledge, a current source e.g. can be transformed.té\ll noise current sources have only positive entries.
the outer ports using just one node analysis for the atie factor,/4kTAT is placed outside the brackets. For
juncted network andk— 1 analysis for the networkl, the presented equivalent circuit the noise current matrix

is given to
i i i .
[in] = \/AKTAT-
N Mo N 00 0O 0O O OO O O0 O
Lik Vik 10 ‘ 00 0 0 O 00O O 0 O
00 0O O 0O 00 O O O
K 0 0 Vq=1V 00 0 0O O OO O O O
00 0 O 0O 0 Oisg isg O
Fig. 2. Circuitry of networks for using the Tellegen theorem. 0 0 igz O 0 00 O 0 O
0 0 0 izg iz5 00 0O 0 O
wherebyk gives the number of nodes in the netwdik 00 O O 0O 00 O O O
Using a circuitry as shown in fig. 2, the current transfor-f{ 0 0 0 O 0 00 O O O
mation functiona; is equal to the negative voltage trans-\ 0 0 0 0 s 0 0 O 0 O
formation function of the adjuncted netwokk (5)
i Vik with the resistive noise
Qjjk= = ——. (4)
58 = )
This fact can be used for calculating noise behavior as _ Fi
shown for an example in the next section. Is59 = +/Obs,
. 1
lg3 = Re’
IV. CALCULATING FET NOISE
. 1
174 = =
The applicability of the Tellegen theorem is shown for a Ro
FET equivalent circuit (fig. 3). The circuitry takes care of
different noise mechanisms in FETSs, like resistive noise .
and channel noise. Furthermorg,flnoise is taken into 175 = /Ui
account. The ten nodes of the equivalent circuit are num- . 1
l105 = =
Rs
gate drain including the channel noise
Le Lp
u »—-—@  Tem2 T 12f ©)
Gie = 75 39T ok, -

The next calculation steps are converting the Y-matrix

C =—C
PG PD into an Z-matrix, and re-calculating thex22 Y-matrix
Rs in because of the examined 2-port and computing the trans-
portl @ POM2  hosed Y-matrix
b source el =" (7)

The adjuncted network shown in fig. 4 is used in order
Fig. 3. Noisy equivalent circuit for a FET. to calculate a voltage transformation function. The volt-



1] I 2 and the optimum reflection coefficient is
* l‘rfl,o Vik l l\_/jk \_/2,01 ‘ _ 1- XGO,,[ZO
rGOm = m . (14)
V=1V g k k 0 Vg=1V Gopt

The 1/f noise can be calculated using the following
equation:

age sourceg can be transformed into a current source as

Fig. 4. Using the Tellegon theorem for noisy circuits.

shown in equation (8) Vnr[dBm/vHz] =
Tsi 50Q
. Vq 20log( /2™ i4is -1000]) . (15)
o, = y , ( To 005095(22X222)+1
IT2x211

. Vq

io, = . (8)

Q

2 Y7 242, V. VERIFICATIONS

Using the Gaul3 algorithm, the equation system contadinthis section some verifications of the proposed method
ing the transposed Y—matri@g_/T] can be solved for thefor calculating and extracting noise are presented. Fig. 5
voltages:
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The result delivers a voltage transformation factor, thatgs -100

equal to the negative current transformation factor. Now, :105

for each noise source the influence at the inputand output . | : :

port of the example 2-port can be calculated. Taking care .19 s : s s s : :

of the correlation of the noise sources, the influences of %% 00t 01 1 10 100 1000 kz 100000
K . . . frequency f —»

the single noise sources can be added to one single noise

sour_ce at the input a_'s well as the O.Utpm' At this pO'_Ji‘B. 5. Comparison of calculated 1/ f noisefor a4-finger 50 ypn HEMT

a noise free 2-port with two outer noise current sourcgshias point of Vs = —0.2 V and Vbs = 2 V.

in Y representation has been determined. With the two

noise sources, the correlation matrix can be calculategramsvs the 1/ f noise for a 4-finger 50 ym HEMT &t a

described in equation (11). With the help of the trarsias point of Vgs = —0.2V and Vps = 2 V. The cacula-

formation matrix[T]¥~@, the correlation matrix can be

changed into the following representation: ; ; f ! !
dB |- - calculated —— - -io---- TR AT
0 —lez T series IV - — — : : -
[T](yaa) = 1 _szzi ) (10) oL R S AU
Yax2y1 s
C® = [murACWTV-AT. (11) BLBF e T
B B ki
Now, the noise figure can be calculated to € P Tl
v 2c® 1 c® L opgy c® 055 5 10 15 20 GHz %
F=1+ @ |¥G| 1 +C2 {3_/(3—12 }, (12) frequency f —p

0 dc

. . . Fig. 6. Comparison of noise figure for a4-finger 50 ym HEMT at abias
wherebyTsm is the simulation temperature agcgj the point of Vias = 0V and Vps = 2 V.

generator admittance. The noise resistor is equal to
tion with our proposed method is compared to the one of
R, = @C(a) (13) the circuit simulation HP series 1V internal model. Both
To M calculation results are identical. In fig. 6 calculations for



the same device can be seen for the noise figure at abias
point of Vgs =0V andVps = 2V. Again, both resultsare
in excellent agreement. The comparison with measure-
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Fig. 7. Comparison of simulated and measured 1/ f noise for a4-finger
50 um HEMT device at abias point of \gs =0V and Vps = 1.5 V.

ments can be seen in the next two plots (fig. 7 and fig. 8).
The same proposed algorithm was used to extract param-
etersfor the 1/ f noise as described in equation (16)

af

. I

for a 4-finger 50 um HEMT device at a bias point of
Ves =0V andVps = 1.5 V. The extracted parameters are
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Fig. 8. Comparison of measured and simulated minimum noise figure
for a4-finger 40 ym HEMT at abias point of \gs = —0.2V and Vgs = 2
V.

ki =1.3e 12 af = 0.9 and b= 1.05. Fig. 8 shows the
comparison of the simulated and measured noise figure
for a4-finger 40 ymHEMT at abias point of Vgs = —0.2
V and Vs = 2 V. All simulations are in excellent agree-
ment with measurements.

V1. CONCLUSIONS

In our paper an effective method for calculating both
LF as well as RF noise of active devices has been

demonstrated. The method was compared with the one
used by HP-EEsof libra series IV circuit simulation
software. It has been shown that both methods lead to
nearly the same results. Furthermore, the method we
used can easily be applied to any extraction software
in order to extract e.g. coefficients for the 1/f noise
behavior. Also, simulation resultsin excellent agreement
to measurements have been shown.

We like to acknowledge UMS for supplying their
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