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2 General

HF: BOOMhz —3GHz \:
A= ¢ =20
f verf

1m — Imm — distributed circuits

2.1 Skin effect

§s = é, o = conductivity = 1
Vrfuonro 4
Cylindrical conductor: Rpc = TTLQT‘, Rac = g,rrlsga
Rac _ r
Rpc — 2%
2.2 Ohm’s Law
‘What Symbol
Resistance R
Reactance X
Impedance Z=R+j X
— _ Re(z)
Conductance G = RE(Z)2+{'"‘L)(Z)2
- —Im(2) _
Susceptance B = Re(2)2+Tm(2)2
Admittance Y = % =G+j-B
‘ Imp.[Z] ‘ Adm.[Y] ‘ Differential ‘ Energy
Res R % U=R-1I -
. du(t
o | o | ge-e |- 20 | joue
) 1 _ i(t 1772
In jrw-L Jw L u(t) =L - dat QLI

2.3 Decibels & Neper
P%(dB) =10- mg(}%) =20- zog(vlo)

dB — Pp = 1W,dBm — Py = 1mW Neper: %(Np) =

boin(E)

1Np = 10loge? = 8.686dB

2.4 Power

Only real power is dissipated p(t) = u(t) - i(t)
Ppeak = Re(VI*) = VI*cos(6)
Pavg = $Re(VI*) = LVI*cos(0)

Maximum Power Transfer: Zp,,q = Zé;engrator

2.5 Loss in AC circuits

Insertion Loss: IL = lOlog(%) dB

_ Power—without—2—port p
- Power—with—2—port

Transducer Loss TL = 10 log(%) dB

— Maz.—Power—available ,p
— Power—with—2—port

Series: TL = |1 + %\2 Parallel: TL = |1 + 723;0 |2

2.6 Resonators

Resonance Frequency: Admittance equal zero.
A circuit with several L and C has several resonance freq.

normal: wg = el

2.7 Quality Factor

Q = _avergacenergystored  _ X
averageenergydissipated R
Q- Unloaded External and Loaded
R, R,
—"’“—t:l—“—i:% Qu = wo — 1
U RL+RC woC(Rp+R¢o)
Z, L C
2) Z,
Qp = wol — 1
o . E 220 woC(2Z0)
P —2
I - wol
QL= Rp+Rc+2Zq

-1 4 1
QLiQU+QE

2.7.1 Parallel Resonator

Q= WO% = ié.g same as serial, replace R = i, B =

2.7.2 Bandwidth

Q_Lof: 225 B = & for high Q only (B-Q = 1)!
higher Q means narrower Bandwidth!

2.7.3 Fano's Limit

Matching narrowband, only works for the designed fre-
quency. Fano’s limit calculates the minimum obtainable
T'prrn over the selected bandwith:

wo—w
wo = wiwz, fo = 52, Af = L2221

Pmin 2 ei(@)(m)

2.8 Series to parallel equivalent circuit

#jQRs Ap=Rs(1+Q%

. Rs(1+0?)
Q

Rp =Rs(1+Q?); Xp =
Z=Rs+jX =Rs(1+jQ)
1-jQ

— J
Rs(1+Q2)=G—jB

3 Q-Matching

To increase bandwith use multiple stages with lower Q use
n sections: 1+ Q2 = YR — do the transformation n times

3.1 Low to high Resistance

Rp = target Resistance; Rg = Ry,

1. Find target Q (Rp = Rg(1 4+ Q?)); Q = "L -1

2. Add L or C (X ¢) in series (Xg is the target reac-
tance and we want to archieve it with the help of the
series reactance)

& Xpo+ Xp =+Xg=+Q- Rg
If Xg = +X7, noL or C element has to be added.

2
3. Convert to parallel(Xp = %, keep sign)

4. Add C or L in parallel to cancel out (resonate) the
reactive part (Xp)

5. Check input impedance!
Z4

Z, @

3.2 High to low Resistance

XL .
— 2L . R. = target Resistz
QL Ry’ S arge esistance
1. Convert to parallel representation
RL(1+Q3) o
Rpr, = Rp(1 + Q%); Xpr LQiLL Sign of

imag. part stays the same!

2. Find target Q: Q = % -1

3. Add L or C (X ¢) in parallel, Xp has sign of Xpp,

_ BRpr L XprLXrc
Xp=—(g—> Xp= XprL+tXLc

XpX
Xy = XPXPL
LC = Xpr—-Xp
4. Convert to series representation Xg
the sign)

= Q- Rs (keep

5. Add L or C in series to cancel out (resonate) the re-
active part (Xg)

6. Check input impedance!

22
Zy 2

4 Transmission Line
o Device/circuit dimensions are in the same order as A
()

Lumped Elements are not used at HF because of par-
asitic behaviour

o One piece of transmission line with length Az can be
modeled as a lumped element circuit — TL = periodic
circuit of infinitely many of those elements

i(z, )

i(z +Az, 1)

= CAz  v(z+Az i)

Characteristics:

1. Uniform Crosssection

2. Separation between the two conductors << A

3. Characteristic Impedance Zy (= voltage to current
ratio traveling in a direction)

4. distributed behaviour

Zy
Ao

e % 0

2 L2 L2 L L L
0o B Ol S e e O
C T

ot A _
o L L L L g Lo T T 3T

4.1 Telegraphers equations & some formulas

Voltage and Current are not constant, it is a superposition
of a forward — and reflected < wave. We get a stand-
ing wave pattern. For Az — 0: %—‘z/ = —(R + jwL) - I;
M= —(@+jw0o)-V

Current: [ = Ije” 7% — Ige’? =— 4 «+

Voltage: V = Vye 7% 4+ Vige?® =— + +

propagation const: v = \/W =a+jpB

Phase constant: 8 = 222, )\ = 2"7"; Bz = wt

m

attenuation constant: o = 2P low loss — a &

R
2Zq
The attenuation const. « defines the loss of the TL often

given in dB.

_ Vi _Vr _ R4jwL _ [RFjwL |
Zg = T =18 = = = CtijwC complex!

‘Wavelength: \ = 7"'

4.2 Lossless Line

B=wVIC a=0,20=/5&

Incident + Reflected wave:

Current: I = I;e 8% — [pelP? = [;e=9B%[1 — [ 2IP7)
Voltage: V = Vie 98?4 VRelP? = Ve 9B2[14T [ e?78%]
Phase caused by a TL: 0 = Bl = 2| = 27 = &l

vp vp
if lossy, replace 8 with =y
4.3 Phase & Group Velocities
ity w =% - _1
phase velocity: vy, = 5= Af = & = JIo

oI (wt—B2) _ giw(t—z/vp)

group velocity: vg = d—‘za’ =

—(= ><"’;§5’>

4.4 Reflection Coefficient

__ Vi(z), Iz) — I
Z.8 n

|
! 0
I =|T|£p =|T]eI?
Derivation at z=0 (load):
V(0) = Vi(0) + VR(0) = I(0) - Z,
1(0) = 11(0) = Ir(0) = 45 (VI(0) = VR(0))
Vr(0) + Vr(0) = Z%J(VI(O) - Vr(0)) - Z,

= Vr(0) = ZE578 Vi (0)

+Z0
I'(z) = “//1;((;)) = IIII{((ZZ)) = T1'(0)e2PZ (lossless)
rp = ZE378
i = ;Zzlgg = FLefz'Yl —— FLE*ZL(OH'J'Q)

No reflection - I" =0



V(z)

= Vi(2)(1+T(2))

() = I; (2)(1 — T(2))

V|2
Pavg = $ 7285 1 - L))
Return Loss RL = —101log(|T'|?)

dB , ||

=10

(the fraction of power reflected from the load)

Mismatch loss = —101log(1 — |T'|2)

aB

(the fraction of power absorbed at the load)

4.5 Voltage Standing Wave Ratio (VSWR)

RL
20

Max. Voltage of standing wave: Vipqz = |V7|(1 4+ |T])
Min. Voltage of standing wave: Vj,in = |V[(1 — |T|)

_ Vmaz _ 14T
VSWR = Ymaz —
=
_ VSWR—-1 _ —
I'=<Vswryr =10 20

e Distance between maxima (minima) is

e Distance between maxima and minima is

Just for lossless:

N>

>

Because voltage and current on the line aren’t con-
stant, impedance looking into the transmission line

will vary with position x: Z(z) = ‘I/((f; = ZO%
. z —Z Zy —Z
e Since I'(z) = % and I'y, = ﬁ we get
_ Zy+ijZgtanBx
Z(x) = Zo Zo+iZ tanBz
4.6 Input Impedance
e At input z = -1 we get: Z;, = ZO%LO;Z:Z

with loss: Z;,, = Zo

Special Cases (lossless):

Zp+Zgtanhyl
Zo+Zp tanh~l

impedance matched: Zy = Zg — Z;,, = Zp

lambda half: I =n3 — Z;,

lambda quarter: | = % — Z

shorted TL: Z;,, = jZotanf — inductive for § <

capacitive for 90 < 6 < 180

=2z

2
Zq

in =z,

90,

open TL: Z;, = —jZgcotd — capacitive for § < 90,

inductive for 90 < 6 < 180

5 Smith Chart

I'(z) =

Addmitance Smith chart: I' =

2(2) -2y _ _z-t _2() _ R+X _
z—(znzﬁ—z;iﬂ = wherezfz—u—z—“—r+x
o
imag (z)
Z-plane

real (z)

imag(I'(2))

o At a fixed frequency, movement from the load toward
the generator results in a clockwise rotation on the
Smith Chart.

o As frequency increases, reflection coefficients always
rotate clockwise

5.1 Matching
o There are two types:
1. impedance matching (no reflection)

2. complex conjugate matching (max power is de-
livered to the load)

e Matching can be done with:
— Lumped LC elements

— Sections of Transmission line (stub with open or
short circuit, series TL)

— Mix of both

o Matching narrowband, only works for the designed
frequency. Fano’s limit calculates the minimum ob-
tainable I'j;r v over the selected bandwith:

r > ’(%)(%‘)
MIN Z €

5.2 LC Matching

High to Low:
Low to High:

first Parallel (stub) then Serial
first Serial then Parallel (stub)

5.3 Transmission Line (TL) Matching

5.3.1 Serial TL

e Making TL to the load longer — rotate around center
point in clockwise direction on const. I' (radius) —
lossless.

e If Loss is respected the line spirals towards center
(matched point) of the smith chart.

e Zo =V ZmazZmin

Match any complex load to any complex generator:
Zy,+jZgtané
ZotiZp tand
for complex Zg; often 6 = Bl (lossless)

!
We want: Z;, = Rg — jXg = Zo — solve

5.3.2 Stub TL

theoratically both (open or short) can be used as cap/induc.
but the TL would have to be > w/2 and therefor it takes
more area

— 27
B=5
‘ open circuit ‘ short ciruit
Impedance Z = —j3ZgcotBl Z = jZptanpl
. _ jtanpl _ —jcot(Bl)
Admittance Yy = Jtanee Yy = ===
Zo Zo

Serial Stub (impedance) Shunt Stub (admittance)

5.4 Quarter wave transformer

TL with a length of % and a characteristic impedance which

has to be defined.

(;érlviatzlor%L +jZgtanpl
in = 40 ZyFjZ tanpl

VZinZL
to make the transformation more wideband by doing the
ZL

in

Zo
ZL

for | = 2

= 2 2

22
= Zin =z = Zo=

n

transformation in n% steps, each providing a trans-

formation.

6 Matrix Network Analysis

o—— —o
Linear
Vi T Network TVZ
o— f——0

Vi =Ziuly + Zi2l2
Vo = Zo111 + Zgol2
1 Z11 Z12) (Il)
Impedance: =
P <V2> (le Zao I
\% %
Zn =Y Zip = YL
I3=0 I;=0
\% \%
Zo1 = 72 Zao = 52
Lly=o0 215 =0
. Iy Y1 Yio <Vl
Admittance: =
(12> (Y12 Yoz ) \ V2
I I
Yii = - Yi2 = *1‘
V1ly,—o V2 ly, —o
1 1
Y21 = 721 Ya2 = 722‘
Vo =0 Vi =0
6.1 Serial and Parallel

Serial

T 1

Z
: — "
1

Zp =21 + Z>

6.2 Special Networks
6.2.1 Reciprocal Network

Its elements are bilateral and linear (not containing any ac-
tive devices, ferrites, plasma..) Z19 = Z21; Y12 = Yo1

6.2.2 Symmetric Network

Zy1 = Za2; Z12 = Z21

6.3 ABCD (transmission) Matrix

I L
z, Ty 2y
AB i V2
ZVGT(:LF; co vt g sy
A=V B=Y1
V2 T Iz
I3=0 Vo=0
c=14 =n
2l,=0 2 lvy=o0

ABCD matric of the cascade connection of several two
port network can be found just by multiplying the ABCD
matrices of individual two ports:
A Br _ Aq B Ao Bo
<CT DT) B (Cl Dl) (02 D2>
<(A1A2 + B1C2) (A1Bz + BlD2)>
(C1A2 + D1C2) (C1B2 + D1D3)
Reciprocal: AD — BC =1
Symmetrical: A = D

Lossless: [S11|2 4 [S21]|2 =1 and [S21|%2 4 |S22]?2 =1

ABCD Parameters

Circuit

bW oUW
i i
-0 -

B = jZysinpt
D= cos Bt

Input Impedance:
Vi = AVs + Bly; Iy = CVa + DI,
5. _ AVo4BIy _ A(Vo/Ip)+B'_ AZp+B
in = OV,¥DIy — C(Va/Io)+D — CZL+D
Insertion Loss: IL = 1]A + Z% +CZo+ D|? (21, = Zo =

real)




6.4 Scattering Matrix (S-Parameters)

S;; is the reflection coefficient seen looking into port i when
all other ports are terminated in matched loads

S;j is the transmission coefficient from port j to port i when
all other ports are matched loads

Instead of measuring voltages and currents at the ports (for
Z,Y, ABCD), S parameters are obtained by measuring in-
tensities of the incident and reflected waves (at certain con-
ditions: matching is achieved!)

Reciprocal: [S] = [S]T — symmetric

Lossless: [Sq; |2 + |S21 \2 = 1, transmitted power:
[S12]% = [S21?

dissipated power = 1 - transmitted power

REFERENCE
/ PLANES
e N
| |
N — a
Tl s 2 | )
by $ % b,
| 1
| |
PORT 1 PORT 2
b;: reflected wave, a;: incident wave
b1) _ (S11 Si2) (a1
b2 Sa21 S22 az
ar = Vi1 _ VR
v Zo1 v Zo1
Via VR2
ag = by =
V' Zo2 V' Zo2
Reflection:
b V,
S11 = % = VII%I =1,
ag=0 Llvig=0 Vig=0
b V,
a1=0 Vi1=0 Vi1=0
Transmission:
b Vv,
e B
ag=0 Vio=0
b V,
$12= 0, o~ Vie
a1=0 2 vy =0

Even though Z, Y, and ABCD parameters cannot be prac-
tically measured at RF frequencies they can be obtained by
conversion from the measured S parameters

Determining o _ Ve _ _Zn—Z
Sy T, Viz=0 Hvp=o ~ Zin +72,
2-port
2% V=0
n " \‘/: Network ARG Z,
Ve < @ is] XV
Zm
Determining  ; _Vez _ _ Zin=Z
Sy 2 V. Wm0 Zm+Zo
2-port
V=0 » NV,
Z, 1 Network \ 2 T
0 Var < 8] 7@”\/ Vo g
Z,
Determining Vrz 2V,
S, = B2 =M
Sy 2 Vily,,=0 Ve
2-port -
Network :\ﬁ ::’?70 Zo| |V,
i8] =

S12 is similar to S21
2

V.

22 2

S21 = o7 ‘

ag=0 V1+ Zgatport2

often: V,~ = V3 when the load is matched; V1+ =V —

S11 V1+ — solve for V1+

6.4.1 S parameters of a TL
S11 S12) _ 0 e~
S21 S22)  \e ! 0

6.4.2 Problems when determining S parameters

Measurements of individual circuits, components or
devices often cannot be done directly at individual
ports

e As a result, the actual measurement at reference
planes are different from those of the interested RF
device under test (DUT)

e However, S parameters of a DUT can be obtained
from the measured S parameters with a simple cal-
culation: shifting of the reference planes

reference plane
a,~> a, i~ - a, -a,
1 i Two-port L
@ z, OfFRFcrcuit |@ 2z @
(DUT) :
by byiem iw b, i~ b
-/, O |y, 0=
\ @l )
Y
(8]
S11 S12) _ Silej291 5125.7‘(31-%—92) hen
So1  Soo) Sélej(91+92) Sézej292

load is mismatched:

! I, Tl 11,
ol Ve Z-Z b Ve 1wl
Fohy Vo, ZitZg M Tay Vi R ZewtZo
riauiVﬂiZs—Zn r by VT 1 Zw—2Zy
$Th VT L+, "Ta TVH L Znt 2o
" S8l
Vo= Sul+ Sply = Sulit 4+ Surcvy, T = VT B ow
- + o ptas ~ _
V= Sul + SV = Su V4 Sl Vi s, SSals
o A 2T T=Suls

L=G=0

1f Z, = Zy and Zs = ZU—»{
Toue = Spz and Iy = Sy

6.4.3 S parameters

TL: Gjé) = (ere e*03'9> (“Z;)

7 Amplifier Design

7.1 Stability

R S12S21Tp, _ S128210g ;
Tin = S11 + T-555T7 Tout = S22 + T-5:.T% Oscilla-
tion is possible if either the input or output port reflection
coefficient has a magnitude larger than 1

7.1.1 Types of stability

unconditional stability:

The network is unconditionally stable if |I';,,| < 1 and
[Cout| < 1 for all passive source and load impedances
(s < 1| and |I'p| < 1)

conditional stability:

The network is conditionally stable if |I';,| < 1 and
[Tout| < 1 only for a certain range of passive source and
load impedances. This case is also referred to as potentially
unstable

7.1.2 Determining Stability

[s]
(Zo)
- S12521T1 |}
Tin|=1S11 + WI <1
_ S12821Tg !
Tout| = [S22 + 11*2312111—‘5‘ <1

7.1.3 Stability Circles

Output Stability circle: (Tt = 1)
Soo—AST)*
Center: Cp, = %ﬁf

Saz|
fus: — S125921
Radius: Ry, = S92l 1A

Input Stability circle: (I';, = 1)
(511 —-AS83)*
[S1112—1A[2
512521
S1112-1A12
Analyzing stability circles:

Center: Cg =

Radius: Rg =

o We find the output stability circle
e The center of the Smith Chart is Zg

e Consider the load to be Zy, = Zg - T', =0

7.1.4 Test for unconditional Stability (K-A Test)

1-1S111%—1Sp01% 4142

K =
2[S12S21]

>1

[A] =[S11S22 — S12821| <1

both have to be satisfied simultaneously, if the condition is
not satisfied, stability circles should be constructed for the
designed frequency and input and output matching network
should be designed away from the unstable regions

7.2 Gain

For a two-port network characterized by its S parameter
matrix and source and load impedances Zg and Zj, we can
define three types of gain:

So1Tp,+521

* Voltage Gain: 4, = T=SooT 1 +S11(1=Sa2l ) +S211 1 S12
e Power gain is the ratio of power dissipated in the
load to the power delivered to the input of the two-
Pp _ _ 1S:12(-r1?)
Pin (1=IT;p 2)[1—S22T 1|2

port network Gp =

e Available power gain is the ratio of the power
Pgyn  _

available from the two-port G4 = F& =
avs

1S2112(1-ITg1%)
(1= ITout|®)[1-S11Tg |2

7.2.1 Transducer Power Gain

G is the ratio of the power delivered to the load to the

power available from the source

Gp = PL_ IsmiPa-irgHa-iry %)
[1-T;, T g|?|1—SpoT |2

PG/’US

2
a-rgl®)

e Input matching gain: Gg = s
[1-TjpTg]
transistor is unilateral then Sja = 0 and Gg =
(a-|rsl®
[1-S11Tg|?
e Transistor gain: Gg = \5'21|2
: : 1-rp1?)
e Output matchin ain: Gy = HELY AN
P ee L= Ti=sgarp |2
For unilateral transistor: G
e} = 1 I's =S} = -5
Smazx W (T's 11), gs TSmax
G
el = -—21 - (I'p =83 = —L
Lmax 1- 152212 (Tr 52) gL GlLmax
95511

Constant input gain circle:

Rg = Y1I=9s0=IS111%)
1-(1-gg5)[S11l

Constant output gain circle: Cp =

Ry = YI=9L(=1522]%)

1—(1—gp)|S2212

Csg = — 2520,
o 1-(1-g5)[S1112

9L 532
1-(1—gr)[S2212’

\Z
Case 1: if |S31] < 1 then from Iy, = %_*_ =
vy
S12521 01
S11 + W’ ‘anl <1
. Vi
Case 2: if |S11] > 1 then from T, % =
Vi
S1252101 .
S11 + T—S55Tp ITin| >1
Case 1 Case 2
<1
|l Il > 1

/\‘

g < 1
(stable)

7.3 Noise

e Unbiased resistor generates a random thermal noise

2
voltage P, = (¥2)%R = Y& — kTB; V, =

V4kTBR

T <1
(stable) ¢ The measure of signal degradation in the signal-to-

noise ration between input and output is called the
Sp/Nyp
So/No

e Noise figure of the cascaded system is determined by

the Friis formula: F = F] + Fé;1 + reyen

noise figure: F =




e The noise figure of a two port amplifier can be ex-

R
pressed as: F = Fppipn + %|YS = Ys, optl

— source admittance: Ys = Gg + jBg

— source admittance that results in the minimum
noise figureYs opt

minimum noise figure when admittance is Ys opt:

Frpin

— equivalent noise resistance: R

instead of Ys, Ys,opt we can use I's, I'g op¢:
2
4R ITs—Ts,optl
F=F,;, + >N o __sopt] _
min T T Z0 (1-[Ts12) 14T, opt |2
e We can define a noise figure parameter N:
ITs—Ts,optl? F—F,,; 2
N = 5,0pt = min || .
[N Ry /2o |1 T Terontl

e circle solution:

VNN +1-Topt 2)

r
Cr = 31 Rr = N+1

N+1°

7.4 Amplifier Design Techniques
7.4.1 Design for specific gain and best possible noise
1. Draw noise circles for several noise figures F' close to

Frin

2. Find the sum of the gains for the input and output
matching networks

3. Take into account that maximum gain you can get
1

from the output is lOZOgW
—1e22

4. Draw several Gg and choose which input matching
intersects with the smallest noise circle

5. For a fixed Gg now you can calculate Gy and then
draw G, circle

6. Choose I'g and I';, where G g and G, circles intersect

the least noise figure circle and are close as possible
to center of the Smith chart

7.4.2 Design for specific noise and best possible gain

1. 'y = F:ut we can maximize it because noise figure
does not depend on output. If unilateral : I'y, = S5,

2. Draw the noise circle for desired F

3. Find maximum input matching circuit gain Gg for
which the noise circle and input gain circle have 1

7.4.3 Design for minimum noise and best possible gain
1. T'p = qut if unilateral: 'y, = S;Z
2. Minimum noise occurs for I's = T's opt

3. Amplifier gain is now:

2 1-|rg|?

Gr(dB) = 10log|S21|® + 10log————2—5 +

[1-T;nTgl
1-|rg |2
10log ———+—
91— 890 |2

if unliteral:

Gru(dB) = 10log|Sa1|? + 1l0log—=ITsl®
[1-S11Tgl?

1
10109 5551

7.5 Signal Flow Graphs (SFG)

e A SFG is a directed graph in which nodes represent
system variables, and branches (edges, arcs, or ar-
rows) represent functional connections between pairs
of nodes.

o SFGs are used to represent the signal flow in elec-
tronic networks.

e The SFG here
parameters!

is used in association with our S-

e cach variable (a1, ag, by, ba) is marked at a node

e S-Params are marked as branches

a, > b,

for ex: by = a1S21 + a2822; b1 = a1511 + a2512

Mason’s Rule states:

by _ T= (P[1-2 LD+ L@V - LB)D..]+P,[1-L L)@+ ]+-)
bs 1-X L)+ LR)-Z LB)+
Where:

« Y L(1)D is the sum of all first order loops that do not touch the first path between
the variables

* Y L(2)™M is the sum of all second order loops that do not touch the first path
between the variables

+ Y L(1)® is the sum of all first order loops that do not touch the second path
between the variables

+ The denominator is 1 — the sum of all first order loops, plus the sum of all second
order loops, minus the third order loops, and so on...

b, 1 a S, b, b 1 AN S b, b 1 a S.y b
common point. That point will be the desired I'g -
s Su Su Ty
4. Amplifier gain is now:
2
1—|T 2 2
Gr(dB) = 10log|S21|? + 10log——Tsl” 4 EEE
[1-TjpTgl
10lo 1—-|Tp, |2 « First Order Loop: is defined as the product of the branches encountered in a
9 [1—SooT |§ journey starting from a node and moving in the direction of the arrows
if unilateral: back to that original node.
1-|rg|? '
e} dB) = 10log|S21|®> + 10lo S Starting at node a;: Sy Ty S;1TSizly
TU (dB) 91521 g|1*5'111—‘$\2 Starting at : Syl

1
100955012

Any of the other loops we encounter includes one of these three first order loops!

Second Order Loop: is defined as the product of any two non-touching first
order loops. Of the three first order loops just found only S;; T and S,,T; do not
touch.

Third Order Loop: is the product of any three non-touching first order loops.
(no third order loop for this example)

Let's find the value of b;. Since by is the only
independent variable, its value will determine
the value of all other variables in the network.

b, 1 a, Sz b,

To determine b,, we first have to identify
the paths leading to /, from bg:

© Su
¢ SauliSi

Let’s identify the non-touching loops with respect to the paths just found:

* §14 — Firstorder loop S,,I}, have no nodes or branches in common
* S1I.S12 touches all of the network’s first order loop — no non-touching loops

Itis now time to use Mason’s Rule to determine the ratio of the variables b, and
bs.
Let’s apply this rule to our case:

b (S13[1=S5 T 1+55,T1 51,11
bs 1= (S1aTs S22 L +551TLS12Ts)+ 511 TsS22TL

Although the example exploits a rather simple network, the expressions can
become complicate.

Mason's Rule provides a systematic approach to determine various transfer

functions (usable for far more complex systems, as the error correction model for a
VNA seen during the lecture).

Power Available from the Source

Power available from the source is the power delivered to a conjugate-
matched load (I, =T).

b, 1 b 1
T, r*

a 1

Pays = |bI* ~ lal?

Applying Mason’s Rule: So:
=2 =Bl bsl*(1 = IG1») _ Ibsl?
bh=—= = -Dsls _ lbs 519 lbs
1-TsT; =1 Poys = 7(1 AT T 1——“}\2

“Voltage Gain
For a two-port network:
Recalling the total voltage on a Tline is V 2 Vr+vT:
a 1[1 = ST,
— 5 "I +522FL[+ SZJZFZLSL]]ZFS) FSalSat,
S1a[1 = Spol] + S51 11 S12(1]

~ Transducer Power Gain

The Transducer power gain is defined as the power delivered to a load
divided by the power i from a source.

¢ = P _ (PG =) Paet = P;

Prest

- 2
Pus 16512/ (1= LD lal — 1b

by _ Sull]
By~ 1= Gunlls + Saaly + S21Ti352Ts) + Sulsszaly

LIP) _a-In®

_U-IP _a-ILfb
10 =SuT)F 1A = ST P

12121 = I (A = N1 $12%9

= 22 Gy = 1S
o = A= Sl = S22l = Saal Sl e

8 Apendix

8.1 Designing Components
Spiral Coil:
—0—

NTURNS

2,2 2 .
" L= geyrorwH] = L= g, if U= 27, for
higher Q
Wire Inductance:

l / L=
ground plane
Plate Capacitor:

c = i p

%lnﬁ[ﬂ] — set & = 50 = distant
S alm a

8.2 Slotted T-line

1. A known load e.g. Short is connected:

— Zr—%0 _ _ . —
a) I' = 770 = 1, here: Z;, =0
S 1
b) SWR = o] =
c) Distance between 2 minima = 2

2
2. The unknown load is connected:

1 1N
a) SWR = 1j“r‘| — |
b) dOL=28D = 1,1 = Lyinshort—lmintoad > 0

c) I'y = |T|edoL

14T
) Zp, = Zo(7r&)

You can also solve from 2.a) with the help of the smith
chart: just move ”1” towards load.

8.3 Critical Length for Digital Interconnects

le = trév, t, = rise time, v = wave speed
tr-v

also used: l. = 1775

8.4 Tr matrix

by~ T=(Suals + Spali + 1108010 + S350

> Szl [1]
by 1= uls + Szl + SaaliSizly) + S1alsSzal,
by _ Sa[1]
by 1= (Suals + Sgalt + SaalSi2Te) + S1aTsS22 T,
a4 by %+ S0+ Sl
M T T e b T TSt T 5l Sl Sl
s ' bs

The T-matrices are multiplied in the same way as the
ABCD parameters when networks are cascaded.

(171) _ (Tu T12> ) (a2>
ay To1  Ta2 b2

512521 =S11522 S11

Ty Ti2) _ s§1 So1
To1 Tao =522 1
21 21

reciprocal: S19 = So1 — T117T22 — T12721 =1



