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Introduction

Hereisacollection of equations useful for RF circuit desgn. If you have any suggestions or questions, please
send an emall to sage@xcir cuitsage.com.

Parameter Conversion

Y Parameter to S parameter conversion
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S Parameter to Y Parameter Conversion
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Sto ABCD Parameter Caculation
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ABCD to S Parameter Cdculation
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Y Parameter to ABCD Parameter Calculation ABCD Parameter to Y Parameter Caculation
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Z Parameter to ABCD Parameter Calculation
&1 1 ﬁ?

21 %o+

Z2ABCD(Z) = ¢ =
c 1 %22+

¢ =

ézz,l Z2,1 [}

S Parameter to H Parameter Calculation
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ABCD Parameter to Z Parameter Cdculation
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ABCD Parameters for Common Two-Port Circuits [1]
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S Parameter Routines

Here is an easy method for measuring small-sgnd 50 ohm S-parameters with SPICE. The dircuit isnicein that
no extra post caculation is necessary.
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Impedance Conversion from 50W S-Parameters [Gentili]
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Optimal Impedance Matching [Bowick]
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Optimal Impedance Matching [Pozar]
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Input Reflection Ceofficient. Test for stability with given source and load impedances. The input and output
reflection coefficients must be less than unity.

Z - Zp Zs- Zp
Gin(S.ZL,Z0) = |G - s Gout(S.Zs,Zg) = | Gs - 7o Ze
S1 25, 6L S1 25, 1°Cs

N S, ,GL

22" 1. S, ;Gs



-
gé1- (lod)’tt1- (loul)’t

€
& (1-|egAeL])?

Mismatch Loss Equation
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VSWRs(Gg) := 1+]Gs VSWR_(GL) = 1+ |G|  Voltage Standing Wave Ratio Equations
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Stability

Stability parameter functions given S parameters for the device. Note these are ameasure of conditiona
dability and not absolute stability. If K and u>1 then the device is stable independent of source and load impedance.
Maximum power transfer can be used here. If K or u<1 then the device is conditionally stable and a smultaneous input
and output match cannot be acheived, but alossy match can be used for a usable amplifier. Absolute sability isthen
determined when the input and outpuit reflection coefficients are lessthan one. The Rollet stability factor, K is
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The Linville Stability Fector, C, like the Rollet Stahility factor, K, is useful for finding stable trangstors, but not
gtable circuits, because it does not give you good indication of where the ingtability occurs. A C factor lessthan one
indicates the trangstor is unconditionally stable, while a C factor greater than one indicates the transistor may be

unstable for certain load and source impedances. [Bowick]. The Linville gahility factor isthe best equation to use for
hand calculations, because trangstor parameters are best represented in Y parameter format for physical reasons.
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The Stern Stability Factor, K, predicts the absolute stability of atransstor for given source and load
impedances. If K is greater than one, then the circuit is stable for that source and load impedance. If K islessthan
one, it may oscillate. [Bowick]
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Noise Figure of Passive Circuit
Noise Figure of a Passve Circuit given the Y-Parameters of the Circuit
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Power Gains

There are severd different equations for the gain of amplifier. The transducer gain, Gy, is the foundation for all
the gain equations given below GT isthe power gan of an amplifier with any source and load impedance.
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If the assumption that S;,=0 (i.e. the power gain in the transstor is unilatera or flows in one direction), the the
eguation can be smplified to the unilateral power gain, Gry.

Gr(Gg,GL,9) = Transducer Gain (Avallable
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For low noise amplifiers Gy, maximum avalable gain (k>1)or maximum stable gain (k<1), isusgful. The
equation changes dightly depending on whether the device is conditiondly or unconditiondly stable. For k>1
(unconditiondly stable) G4 refers to a smultaneous conjugate match at the input and output of the amplifier. For k<1,
there are avariety of impedances to provide maximum stable gain, but a smultaneous match is not possible without
ocillation
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To acheive minimum naseflgure low noise amplifiers often comprimise a conjugate match the input, which
reducesthe gain. The gain with a conjugate match a the output and any impedance a the source is the available power
gan, Gy.
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To prevent the output of a power aﬂpllfler or power ampllfler driver stagefrom saturating the output

HI PR PRI DI Ry [ I - P R P S R R R By

7

B B R | PR PR PR |



Hpeua ice 1S OIg 1 32 10we Uid 1S ueaied U a Sinuiid 1ie0us CUNHUYAE [Tidl 1, WIHE U e ITPUL IS Lypicaly Imiad ieu.
The gain under this circumstance is Smply called the power gain, G.
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The unilaterd gain, G, equation neglects the affects of Sy, but is useful for finding asmple equation for the
maximum frequency of osaillation by setting G to one and solving for frequency.
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Impedance Conversion Routines
Paralldl impedance and series impedance Q finding and conversion routines.
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