ECE 344

MICROWAVE FUNDAMENTALS
PARTI1-Lecture 5

Dr. Gehan Sami

Many Slides from: ECE 5317 6351 Microwave Engineering  Prof. David R. Jackson




USE ADS to:

-draw magnitude voltage across the line fl=2m or { =4

-draw magnitude current across the line

-draw impedance across the line

observe mag(V),mag(l),Z every {= 1/2
-Compute magnitude of voltage, current at load.
-verify input impedance at load from voltage/current

Equals load impedance.

-find max voltage value and its position
-find min voltage value and its position
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A 2cm lossless TL has V=10 volt, 2,60 Q, Z,=100+j80 Q and Z,=40 Q, A=10cm
Find the input impedance Z, ,and V,,

2cm

Z + JZ,tan Sl

Z. =2, : — Z, =12.2-)j21.175
Z,+ JZ tan Sl

Vi, =V, Zin —>V, =235-j2.24
L, +Z,

-compute incident voltage at load. (Ans: 3.75L-77.75)



Value of Z Term does not affect Zin

+¥ Term T i I - +._.j__. _ _|@|_S__PARAMETERS.I.
% Termf o TLIN e

Num=1 7L . zPEq | sgeEm
7550 Ohm 7=40.0 Ohm Z1P1 Start=3 GHz
= E=0.4*180 Z[1,1]=100+j*80 Stop=3 GHz
—— - -~ F=3GHz - - - Egn Based Linear- ' Step=3 GHz
. . S . o S o
- Zin . . . . . .
Zin
Zin1

Zin1=zin(S11,Portz1)

< e VWAV Y T A |
f/L_ sﬁf\:{; ] _21 . TuNn o — = .. ACt
TL2 Z1P_Eqgn =
M) Vac=polar(10,0) V. - R=60 Ohm 7=40.0 Ohm Z1P2 gtzrt:g 83;
;\l'/. Freq:freq . E=04*180 . 2[11_1]:1 00+j*80 L . Sfeg=3 GHz

freq Zin1 Vin
3.000 GHz 12.208 - j21.177 2.349 - j2.244




|+ -
20,8 V(-1) Z,
- - —
Z(—() o) |

@ Matched load: (Z,=2,)
_4i=4o _ 0

L +Z, \

|(_€)_V_O+e+jﬂf :>Z(—€):ZO
For any ./

I,

No reflection from the load



Short circuit load: (Z, = 0)

0-Z
M o=— -1 :
- O+ ZO ZO!ﬂ :
= Z(~{)= jZ,tan(BY) x ‘ -
/
Note: [l =27m— ,\
/Ig Always imaginary! — 7 (_g) = jX
XSC 4 XSC :ZO tan(ﬂf)
inductive
A
‘ ‘ s
0 s /iR 4 9
\ :
capacitive S.C. can become an O.C. with
a Agl4 trans. line
10




@ Open circuit load: (ZL = o)

| | (- |
o227 i 1(=0) i
L
L +Z, = '
Tvee
1_‘L:OO—ZO : : —_ 7
0 +Z, Z(—d) ‘ l z=—d 1 2=0
[ =+1

o (z+izytan(Bd)) o o (1+§(Z4Z,)tn(pd)
Z(_d)_zo[zo+;ZLtan(,Bd)j Z d)‘ZO[(zoyzL)utan(ﬂd)

VA (—d) =—]Z, COt(,Bd) Always imaginary!
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Open-Circuit Load (Z,=x)

Z(-d)=-jZ,cot(pd)
Z(-d)= X

X, =—Z,cot(Ad)

d
Note: pfd=27r—
ﬂ@
Inductive
A
d/ 2,
\J
Capacitive

O.C. can become a S.C. with a 19/4
transmission line.

12




openmieque | Example 3 Open end and short end TL equivalent elements

| @ | S-PARAMETERS. I

S Param
“SP1 - o
" Start=1.0GHz - o IS ’le“m1'
- Stop=10GHz - c1 - : g ’Nﬁ?’:ﬁ-i :
Steps1QMHz . . : C=3.183- pF : - — >
| e
Zin . .
i - o o o
Zin1 . ++ [erm . D
Zin1=zin(S11, Portzn <. | Term2 CTLIN
Mum=2 TL1
S "] [ Z=5060hm ~ * Z=50.0 Chm
, = Y =
B T A
- Zin-
Zin2 - -
Zin2=zin(S22, PortZ2)
shortTLequivL
freq Zin1 Zin2
1.000 GHz 20.014 /90.000 20.000 / 30.000

fraq Zinl Zin2
1.000 GHz §0.002 /.90.000 50,000 ¢ .90,000
openTLequivC
Iﬁwﬂwmﬁ.‘.‘..H,.{E[‘...‘_.
S_Param - - - - 20 leem e e e e e
sp1”...‘..‘L.H..lz,n”...”.
 Stat=10GHz e L1 o Zinl - - o
Stop=1.0 GHz efm L=7.96 nH =
. SeomiDGHE S e . T Zin=zinS11Perzl) .
o - o+ - S I Nm= -
|7 |z=s00OOWMW
B 3
L | wm §. .- . . .
________ e
. Zin2 - - - . .
. TLIN Zin2=zin($22,PortZ2)
TLA1
""" Z=50.0 Ohm
""" E=45

F=1GHz -




I(-1)
+——O—I

|

Z,.p (-1 V4
| _ I
(= N/2 -

Z, + JZ,tan
" Z,+ jZ, tan gl

Zin :Z

atl=1/2 =tanpl=0->2Z_ =27,

So any line( no matter its characteristic impedance) of length A/2 or multiple of A/2 ,
will look to (or have Z;, ) Z, directly; (as if T.L. does not exist, i.e. T.L. does not
transform Z,_ at its input)




> _7 Z, cos [l + JZ sin fl
" T Z cosBl+jz, sinAl’ match pure resistive
1 L
load impedance

2
atl=Al4, A=r1l2>2Z, =§—1:zo

L

Z, =2 Z, soinputimpedance at input of transformer look as Z,



Given a 50 Q transmission line that 15 0.25 £ long excited by a 1 V voltage source at 300 MHz

frequency with an internal impedance of 100 €, and the llne I termmated by a load
Z,=100-j40Q, determmne I' ,Z , V. AN

r=2r"% _ 2080166
L= 7, + Z_ —J

Zi = Z, % 7,/ Z,=21.55+]8.62
Zin

Vm — VTH = 0. 1814+JO 058

Zint ZTH

_ Vin
e/PL(1 + [ e~2/BY)

= 0.0144 — j0.295



Verify by ADS

a Term T
Term 1
Num=1 - C Z1P_Eqmn— . .
Z=50 Ohm Z1P1
- Z[1,1]=100-40%
1
| I

Term

Term2 o
Num=2

Z=50 Ohm

+ -
TL1 Z1P_Eqn L

Z=50.0 Ohm Z1P2 -
E=90 Z[1,1]=100-407%
- F=300 MHz - o o
AN vin 1 I .
+ V_1Tone R TLIN
Vepolar OV Rei00 Ohm L e " l
D - 12
=300 Mz
freq S(1,1) 5(2,2) Zin1 Zin2 vin
300.0 MHz 0.378-]0.166 -0.378 +j0.166 | 107.703/-21.801

21.552 +8.621

0.181 +0.058




Match a 100 Q2 load to a 50 Q transmission Line at a given frequency.

/1:27222%: 27 Ao

N AN

500 Zor Z, =100[Q]

A
v

A, 14

Z, =~100x50
=70.7 Zy =70.7Q2



Shunt Loads
A. Parallel Loads

(, . (, R
Zi—nl =
O— 0 —0—
Dins = Z 90 Py Z, Z P 2
O— O >—O—‘
r=—l, =1 z=-(, r=0
Determine Z_, = Z, (—(1 — [.2):

Solution Procedure:
1) Apply mmpedance match at x=0

2) Determine Z_
3) combine Zg_ﬂ_] with Z, (How do we do this?)

4) Determine Z_|

Solution:
7 -z 2, + 32, te1.11(ﬁ(])= 7= 220, _, Z + j?G tan(/(,)
o Z,+jZ tan(pL) ' Z,+Z "2 Z,+i%, tan(5(,)




I .

|y P PO B ‘@‘ S-PARAMETERS I
+2  Term TLIN o o JTLIN _ — 1 _ _ o
Term1 L2 o TL1 Z1P_Eqn= gﬁiaram
g Num=1 Z=5000hm ——(C=22pF  Z=500hm Z1P1 ' Start=1.0 GHz
7=500hm ~ E=25 T R (] ok R b p e
_ R F=1 GHz F=1GHz |  Step=10GHz
B
Zin
Zin
Zin1
Zin1=zin(S11,PortZ1)
freq Zin1 S(1,1)

1.000 GHz

10.437 -j10.794

0.668 / -154.614




.\ —T——\—(
:50 N Zo = 5+
Sc\u\-’,\:f\ \ ZL 9 JSO
 —— ,\ (
g— B cz2apf
(35*,50)-‘-. 4 y Z_\ : /ge -2579 /962456 f
2,z 50 J J 50 1an s P-1GMz

R —

50 +)(95+¢j50) fanus

ZI: 52.6-)So —4, = o.oj_—»jo-omaq
JWCL = § 2%wx \oﬁyz.zx\o"‘__JO o\3%

\'{7_ =Y, ~ JwC =o '°1“'J'O'O7‘3 <>, = 15-9-)36.6

. N,,f{xac(
__S (‘5% )5<Q) JSO ‘\'Gan \0"6"\)“ “‘,h’pp'ﬂ’ﬁ( /l

actosg 5o lation

2 -
50 *\)(\5‘3—)5( £) ‘ran15 ~ lo.y -J 0.5

M, = 27— % - _o.55¢-y029 = 0.66/=127
4A +50



Parallel Lines:

C—

1 Determine Zm :

Solution Procedure:

1) Determine Z oflines I and 2

2) Determine effective load (how do they combine?)
3) Determine Z_

Solution:
— ZLI T jZol tan'(lylfl) — ZLQ T jZoQ tan(ﬁQCﬂ)
" ! Z,+iZ, ta'n(ﬁlfl), " ” 2yt 2y, tan(ﬁzfz)
- Z 7, - Z” + jZ, tan( ()
+Z, " "Z,+jZtan(p0)

A
I~z

inl




L 1L P
. + ¥ Term . . Tl—.lN . (S .TL,lN . - - " .
Term1 TL2 C1 TL1 Z1P_Eqn—
1< | Num=1 'Z=50.00hm ' ——¢=p2pF  Z=500hm ° Z1P1
= | = @ - S-PARAMETERS .
Zin ' S_IPaIrar*h
: o 'SP1
Z
S A  Start=1.0 GHz -
' Zin1=zin($11,Port21) 72500 Ohm -g:op=1.gg:z |
L e . Step=1. 1z .
E=3465
F=1 GHz
Term CTLN oo L
Term2 TL4 TL3 Z1P_Egn=
| Num=2" Z=50.0 0hm ' Z=50 Ohm Z1P2 -
| Z=50 Ohm - E=25 - “E=45 Z[1,1]=95+j*50
Al
Zin . o
Zin - o
Zin2=zin(S22 PortZ2)
freq Zin1 S(1,1) Zin2 S(2,2)
1.000 GHz 10.437 -j10.794 0.668 /-154.614 10.437 -j10.794 0.668 / -154.614
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