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Overview

• Simulation of noisy n-ports

• Separation of the noise sources

• FET example

• Application example

• Conclusion
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Noisy 2-ports

[ ]( ) [ ]

















∆
=

**

4
1

ii
i

ia iv
i

v

fkT
C

Transformation matrix Noise matrix

Correlation matrix, calculation of noise power
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Fig.: Transformation of noise sources.
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Separation of noise sources
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Fig.: Calculation of transformation functions.
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FET example

[ ]







































⋅∆=

000000000

0000000000

0000000000

00000000

000000000

00000000

0000000000

0000000000

0000000000

0000000000

4

5,10

5,74,7

3,6

9,58,5

i

ii

i

ii

fkTiN

ir
i

1
8,5 =

DS9,5 gi =

G
3,6

1
R

i =
D

4,7
1

R
i =

C5,7 igi =

S
5,10

1
R

i =

0
m

0

sim

43

2
C kTf

I
kg

T

T
g

b

af
c

fi +=

Noise current matrix

Channel noise

1/f-noise

Fig.: TOPAS equivalent circuit.



rf, d:\dev_sim_workshop.ppt, 6

Tellegen Theorem 1
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Fig.: Tellegen theorem for noisy circuits.
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Tellegen Theorem 2
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Correlation matrix
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Verification 1

Fig.: Calculation of noise figure F. Comparison of
proposed algorithm versus series IV simulation.

Fig.: Calculation for 1/f-noise. Comparison of
proposed algorithm versus series IV simulation.
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Verification 2

Fig.: Simulation and measurement of
minimum noise figure.

Fig.: Simulation and measurement of 1/f-noise.
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Verification 2
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Fig.: Chip photography of the X-band LNA.

Fig.: Minimum noise figure. Measurement versus simulation.
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Conclusion

• Fast noise calculation method

• Excellent comparison to

commercial available methods (ADS)

• Allows simulation as well as extraction

• LF and RF noise behaviour


