EM GUIDANCE AND FILTERING

Generic System Architecture:

Signal Amplificatida | Guide —{ Antenna
Processing
Microwave or optical
Signal —
Processing Detectign [~ Guide Antenna

N
1

T !
tuning) resonance /waveguides\ transitroRs

coupling matching
microwave integrated circuits
Systems fail at weakest link, so understand all parts
Communications, bi-static radar—separately located systems

Radar, lidar, data recording—co-located systems
Passive sensing—uses receiver side only

L13-1



MICROWAVE CIRCUITS

Printed Circuits :
“TEM” = EeZ=Hez=0

Difference Equations:
V(z+Az) - V(z) = -jo LAZ I(2)
(z+Az) - 1(z) = -jo CAZ V(2)

Limit as Az — O:

dv _ .
dz oL 1

dl _ .
E— J(DC\_/

d?V(z)
dz?

+®’LC V(z)=0 Wave Equation

—
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TEM PHASOR EQUATIONS
Wave Equation: (—+®2LC)V( z)=0

Voltage Solution:  V(z) = V,ed + V ez

Test solution: [(-K)2V, ek + (jk)2V _eik?] +
®?’LC[V,edk +V ek] =0
Passes test iff: k? = ©2LC

N =N
Current 1(2): Since: %(ZZ): —joL L(z
Therefore: 1(z)= ijij(\_/ﬁ—jkz —V etlkz)
— Yo(\_/+e—jk2 _ \_/_e+ij)

Line admittance: A
0]

TEM Equations:  V(z)=V,ei + Vel

(2) =Y (V,et -V eie)
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COMPLEX LINE IMPEDANCE Z(2)

Impedance: . 1(2)
20)-YD R+ ixz) . V@ 2,
Uz) ~~ = o - -0
Resistance Reactance —+—Z ?7(2)
Zo(Vie ™oy ) qipp) N
Z(z)= — 1z —fo1 T Equivalent
V,e *o-v € L) circuit
Complex Reflection Coefficient I'(z):
V e+jkz oi vV
£ —— — JkZ -
L(z)= iz =L e where | =L (z=0)= V.

V,e
Examples: T=0=>2(z)=2, I'=1=>Z=wo [=-1=2Z=0

Normalized Impedance Z.(z):

Definition: Z,(z) = z)_ [1+F(Z)] ‘ [Zn(Z

Zo [1-T(2)] [ Zn( z)+1]
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Z(z) TRANSFORMATIONS
Z(2) =f(Z,, Z,, k, 2):

Substituting: I'| = { = ; 0% into Z(z) = Z, [[11 +l£j((zz))]]
2 +24, =
Z| —]Z,tankz
©7Z,-iZ tankz

. L(2)=L1e7

Yields:  Z(z)=Z

Example: Open Circuit, Z, = c: |
Z(—()=—jZycotkl =—jZ, k¢ for ki <<1 ! o2
__jsic _ 1
oJLCl  JoCL Open | Short | Im{z

capacitor C,
=0 when z =-\/4, -3\/4,...
=oowhenz=0, -A/2,...
In general: -joo < Z(-/) < +joo

circuit circuit

(Yields ANY capacitance or inductance
at a SINGLE o)
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EXAMPLES: Z(z) TRANSFORMATIONS

Example—Inductive Load, Z, = oL, for z = -A/4:

. on O
Recall: Z(z) =2, %‘- Jéo J’:ankz ? —— Z, '_O% Lo
o —JZ| tankz

-— M4 — z

Since: kz = —k{ = L — L therefore tan(kz) = —o
L4 2
2
_ LS _LC _ 1 _
Therefore: Z(—{)= 7 Tl g, (C, = CLy/L)
Note: Z(z) = joLg if £=2/2, \,..[tan(-27¢/)) = O]
Example — Source Transformation: 5
5 Zs+iZtank! +] 7 o= o
£Th = <o ZO _st tank/ Ms MA Zo 7 g
ZA , ; - —Ql_—o>z
VA = Vs 7+ 2, where Z, =-jZ cot k/ : 7 0
=V, (e +e¥k') =2V, cos k¢ @ L [©
—~a—
Therefore: V. = 2V = VsZa/[(Zs+ Za)cos k] L 5




ALTERNATE APPROACH TO FINDING Z(z)
Algorithmic, rotate I'(z):

. . l(Z)—|—> |
Y, —jkz V. jkz o+ : Ho——
22)=VND)=Zo o~ vl z,c | [Z
M—|—e J _M—ej __ 'E I-(IP—I
(1) i —o -7
Z(z) =z, 1+ L(2) z2=- 17 o=
= < 1-L(2) (2) €2
L(z)= ¥ e+J.kZ = [ e2*?= [(2), where [|=[(z=0)=-t=
- Vvioelkz -7 B Vi
[Zn - 1] 2 £(2)
[@- @ 2225
I'-Plane Solution Method:
Z oI ©I(z2) & £(2)
@) (2 ()
(A2 = full rotation) <,
e-ak goes clockwise as /—x
(&) = cosd + jsind)




GAMMA PLANE = SMITH CHART

Gamma Plane:

r- J o I(Z)—|—> I
Re{Z.} =+] y(zﬁ Z,,C E Z
= O - I "(!\" !
e{Zn} 3 7 = (/?_l —O?—> Z
|£(2)]
O—nJ

‘ Z,
Toward generator (larger /)
(A2 = full rotation)
['(z)

/
1T r=-] I(z)= I 62k _ 1y o 2ik!

Smith Chart = Gamma Plane + Z_(2):

(Zn(2)-1] 2 2(z) [1+L(2)]
Zo@) 1] 5 &)=, f-r@)

Z <, o0 o(z2) = 4,(2) < 4(2)
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