TWO-PORT NETWORKS INCLUDING

SCATTERING PARAMETERS
e Conventiona Two-Port Network Parameters.
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Several two ports, sources, and loads in different parameter systems with
corresponding quantities indicated.

ELEN 665 (ESS) Analog and Mixed-Signal Center
Texas A&M University



To demonstrate the expression forms independent of the particular two-port
parameters, two derivations are carried out.
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A similar derivation using the generalized k parameters gives
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Transducer (Power) Gain  G..
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Tabulation of Functions in Terms of General Parameters

And Variables
Independent input variable . .. ............. ... U;;
Independent output variable. . ................ Ui
SourceVariable............... ... ... ..., Us
Sourceimmittance . . .......... ... L Mg
Input immittance ... ........... ... .. ....... M,
Dependent input variable . . ................. Uiy
Dependent output variable. . ................ Uog
Load variable.............. ... ... .. ..... U,
Load immittance. ............ ... ... ... ... M,
Output immittance. . ...................... M,
Defining equations: Uig =Ujikip +U koo
Uog =Uiikap TUgKo2
Two-port parameters:
Port b Ky1Kio
K Ko1Koo K
M, =k - 1221 My = Ky, - 12121
Ko + M kg + Mg
Amplification 1
Uod — koM _kuyM,|

Us (ko + M)(kop + M) kioko D
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General Parameters (continues)

Amplification 2

Power gains:
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Sengtivitiesof U, /U or U,y /U, tochangesink's:
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Stability Conditions

For a two-port that is not potentially unstable the following inequalities must be
satisfied:

avg 1
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PPO :GT£GA:PaVO
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Transducer gain only equals the available gain when the output port is conjugate-
matched. It can be proved that the condition for potentially instability of the ports
with real parametersis
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Sability Summary of Results.

I;OC? iswithin 3dB of the maximum availablegain unless the port is potentially unstable
i

at thefrequencyin question.

The port is potentially unstableif I;Lg iIsnegativeor if thecritical factor C exceed unity
i
C = 2P,0|h,
Ro |hy;

When Cis less than 1, the maximum available gain is

KgPo,0 _ Ro (1 \1- CZ)
C2

Po Ro
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Where

I:)00 — ‘h21‘ ’

Ro  4hy hy,, - 2Re(hyhy)

q =arg(- hphyy) =- arg(- hohy)

_ o _€ hohyy CKg expjq d\J*
Lsoot = Lin=@&N1- - 1
s,opt in gll 2h22r gi 2 %

2h22r

Y =Y, =-h,,+
L.opt = To %27 1- CKgexpjq/2
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Scattering Parameters.

For very high-frequencies where short- or open-circuit conditions are not possible,
an alternative method of representing a linear time-invariant network is by means
of its scattering parameters, also known as S-Parameters.

One-Port Example

R Incident voltage v
TransTiss
V. y ﬁ] fliongl Reflectedvoltage v,
> . L Z characterist
O impedance.
V=V, +V,
I =0 -1,
| __(VI B Vr)
0]
Thus
Vr :_(V' Zo')
1 :
v =2+ 7)
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The reflection coefficient i< defined as:
_V, _V-Zj

V. V+Zi

Instant power p(t)isgiven by

p(t) = V(E)I(t) = o (v +v, )i - ) =

2 Z_];)(Viz' )

maximizing p(t)impliesminimizing v, andr
The scattering parameter of theone- portisdefinedas:

for the (lumped) caseof Z, becoming equal to R. Furthermore, the open circuit
Impedanceisrelatedas

v=Z_jori= V Analog and Mixed-Signal Center
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Example
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VAN L] | 1 1
: : ZOC = + l 1
Cl' Ve : : SC — 4+ —
| i R sl
r’: LB SR _SPRLC+s.+R
Lo | | Zoc - 2
| | ¢°LC +sRC
| :
_Zg.- R, _S’LC(R- R)+s(L- RRC)+R
Zoot R, SLC(R+R,)+s(L+RRC)+R
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L et us consider atwo-port network
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® b, b, a, a, have the dimensions of power. Next signal flow graph
representations are introduced.

s 3 2 by’ 2 2
J%\Sf 7 ] Pavs = ‘S‘ Zz‘b{ -\a\
\V/ T G 1- ‘GS‘
. b, = Vei/Z,
a Zs + Zo
_ Vq
b, =
A two-port with a source and aload. Zy / J Z,+ J Z,
by 1 a Sy b Using Mason's Rule

Gg% 3%311 %2%)/ GL
b _ Su(1- S»G ) +SxG Sy

bs  1- (S14Gs +SuG; + S$;1G S12Gs) + $11GsS»G.

d b, _ S
bs  1- (S11Gs + SuG +S,1G S56s) + S11GS1G
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GT:

For ideal amplifiers S, =0, then

o @S- lafk- 6 P)
(- 4G )2- S,G )

Also the total voltage gain is given by

2, b
A :az+b2:bs bs
Yoath oAb
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551G + 5y

N T 1 5,0)* Sull- $,G)+S5G
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Stability Considerations using S-Parameters

Max G; occurswhen G, = G, and G, = G,

Conditionally Stable if Re{Z;,} and Re{Z,,;} >O0for some specific positivereal load
and sourceimpedance at a specific frequency. If thiscondition issatisfied for all
positive real oad and sourceimpedancesthen thenetwork is  Unconditionally

stable. IGJE1 . |G|£1

For conjugately match theinput and output, the network will be stable if
K>1

K = 1+[81155 - 512521‘2 - ‘511‘2 - ‘522‘2
2812
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REFLECTION COEFFICIENTS

_b_ St S1912G

Ny M sq
b« . SnSuG
C';'Jut - a2 S22 + 1'18_;(‘%

If onesets|G,|=1 thesolutionsof G_lieonacircle. Theradius, and center aregiven by

. | Si2Sn
radius=r_=
" sl - o
D=S815;- S5,
_~ _(Sp-DSy)
center =C, =
T sl I

This circle can be plotted on aSmith Chart to determineall valuesof G_that make|G, | =1.
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