* Notes Set 17: Approximations to
Bipolar minimum noise figure

derivation of (long) expression for noise figure vs source impedance
derivation of approximate expressions for MINIMUM noise figure
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The Noise Performance of Microwave Transistors
H. FUKII

Abstroct—Expressions for the noise parameters of microwave
fransistors are derived. The theory iz based om a small-signal
rommop-emitter equivalent circuit which includes a new basic
goisa equivalent circuit and the dominanting header parasitics.
The theory is verified experimentally in the L-band (I to 2 Ge/5)
frequency range using Ge and 5i microwave transistors. It iz found
that the beader parasitice have little influence on the minimum
poise fignre, but do have large effects on the equivalent moise
resistance and the optimum source admittance in the frequency
mgion above sbout one-half of the series-resonant frequency
resaiting from the parasifics in conjunction with wafer parameters.
For 2 quick evaleation of the noise performance, new approximate
erpresgions are also given for the neise figure and for the optimem
tarrent which produces the lowest value.

PRINCIPAL SyMBOLS

4,B,C, D = Noise parameters

t = Drift potential

B, = Optimum source susceptance

B, = Bource susceptance

Cap = Base-emitter header stray capacitance

Ces = Collector-base header stray capacitance
Cox = Collector-emitter header stray capacitance
C. =C..+C.,

%i.t:‘-usm‘ipt received August 11, 1965.
T, i Ejnl:unr is with Bell Telephone Laboratories, Inc., Murmay
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= Inmer collector-base capacitance

= ci‘.. + Gﬂ.

= QOuter collector-base capacitance

= Cr..

= Collector diffusion capacitance

= Emitter diffusion capacitance

1/ar,

Cr, + Cae

Co, + Cr,

Inner collector-base transition region

capacitance

= Outer collector-base transition region
capacitance

= BEmitter-base transition region capacitance

= Diffusion constant of the minority ecarrier

in the base region

Built-in field strength in the base region

Thermal noise voltage of the base resistancs

Noise figure

Minimum noise figure

= Approximate high-frequency minimum

noize figure

Narrow frequency interval

Optimum gource conductance

= Source conductance

= Real part of y,
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Reprinted from /EEE Trans. Electron Devices, vol. ED-13, pp. 329-341, Mar. 1966.
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