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/3.1 General solutions for TEM, TE and TM waves

 Procedure to analyze a TEM (Ez, Hz=0) line

1) solve ®(x,y) from Laplace’s equation V ®(x,y) =0
2)apply B.C. — d(x,y)

3)e(x,y)=-V,®(x,y) > E(x,y,z) = e(x,y)e

h(x,y) =

A — E — - iy
2Xe(x, ), Zypy = - =n > H(x,y,2) = h(x, y)e i

TEM y

+ 2 = 7 + 7 7
WV =@, -0, = [ Eedl, I'=§Hedl
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 Procedure to analyze a TE (Ez=0) or TM (Hz=0) line

2 2

1) solve h_(x, y) from Helmholtz equation (6_ + aa— +kZ)h.(x,y)=0:TE case
y

2

2
K solve ez(x, y) from Helmholtz equation (— + o +k2)ez(x,y)=0:TM case
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/2) apply B.C. to find £, \

3)H (x,,2)=h_(x,y)e "
_-JjpeH. . _-jBeH. . _—jondH. . _ joudH

2. TE case

A R ) D ) A S
E.(x,yz)=e.(x,y)e ™
H = JOC OF, H _ —Jog O, E _ /B 2L, H _—JB aEZ:TMcase

R ey Tk e T Yk ax Tk oy

_ [r2_ 2 :Ex :ﬂzﬁ_n :Ex :Q)M:kﬂ
Y B=k" =kl Zy, ( Hy) . k,ZTE( H) 5B

Y

* Dielectric loss

2
y=0o,+ j > a, =k ;EHS(NP/m):TE or TM case

_ ktand

o, (NP /m):TEM case

K . ek & ﬁf;;ﬁay




/(derivatzbn of the dielectric loss expression) \

wave eq. VE+Kk*E=0—> (Viy +V§)E+ kK*E =0—> Viyf+(y2 +k2)fz 0
V2E+K E=0,k =y +k°
> y=a,+ =k —k;

vk, = o4pe = w\/u(a'— je") = co\/ps'(l—jtanfi) = k\/l—jtanfi

tanSEg—',k:w ue'
€

— Y:\/kcz— k*(1- jtand) =\/kz—kz+jk2 tan &

e 1 jk*tand tand _ B lkztané_ Bt o
2 ik g T
k*tan §

= o, =

2P (NP/m):TE or TM case

k tan o

o, = (NP/m):TEM case. k, =0
K 2 » Heik ?,ﬁ’é?-;&/




/3 .5 Coaxial line y

Hon b 0= 278 (Table 2.1, p.55)

L=ar C= b o P
e no 3.5 M T B

« TEM mode
Inb/p 30
(D(,an): Vo da >
Inb/a b X
_ y : Vo
E(p,@)z):_vtcp(p,g)e—jkz: o ik P
Inb/a D
ﬁ(paeaz): ! ZAXE_(p,e,Z):V—Oe_iji —
ZTEM nlnb/a Yo
b
V+(Z) = J‘E_v(p,H,Z).dl_: Voe_jkz = Vo+e_jkz
73 2V,
1" =P H(p,0,z)ed]l =——""2 ¢/ = ]+e—1kz
= CJS (v ?) Ulnb/a
ZOZV(Z):nlnb/a:6O 1/ P =k=wJus
1" (z) 2
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 Higher order mode effect

1
TEn mode (p.129 Fig3.17) Ju < /e =2

ol e

v
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% Discussion \
1. Conformal mapping solution (Collin, Field theory of guided waves,

p.262)

Y Z-plane Z=Xx+Jy

W =InZ =Inpe” s W-plane

v

=Inp+ jO

=u+jv 2n
 —

Ina Inb u

_ Inb-wu
Inb —1Ina
2w Inb 2
e I e R e R e Y
2 4 Ou ov Inb/a 2
= C = 2me Z = ! _ VHE 1‘llné,n:,/&

CInb/a’ ¢ v, C C 2T a €
\\¥ . %%?&ﬁi//
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/Z. Reasons for selecting Zo=50€2

Coaxial line has minimum attenuation as Zo=77€2 (Prob. 2-28),
and maximum power capacity as Zo=30€2 (Prob. 3-28).
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3. Types of coaxial connectors
type-N, SMA, APC3.5, APC2.4,..... (p.130, point of interest)

Vi) S ﬁ*’é’{ziy
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/ 3.7 Stripline
* Conformal mapping solution

(Collin’s book, p.265)

=4, az +B _de , _ue
V2(Z+x,)(Z+1) v e




/  Electrostatic solution y \
b

ViO(x,y)=0 |x|<a/2, 0<y<b
B.C. ®(x,y)=0 x=%a/2, y=0,b

ZAn cosn—nxsinhn—ny 0<y<b/2 ~a/?2 al?2 x
D(x,y) =9 odd a a
ZA cos—xsmh—(b y) b/2<y<b

L odd

—ZA (—)cos—xcoshn—ny 0<y<b/2
E = 15L0)) ) odd a a
y_——:
% ZA(—)cos—xcosh—(b ) b/2<y<b
L odd a

) i 1 ‘x‘<W/2
p,(x)=D (x,y=b"/2)-D (x,y=b"/2)= 0 |x[>w/2

b/2 w2

_—jE (x=0,y)dy =2 4, s1nh—b 0= j p.(x)dx =W

odd -w/2

_ 1 e

=~ c=2 319, z :\E_ _
V c v,C cC
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/ Discussion \

1. analysis eq.(3.179) W, b,e — Z,
synthesis q.(3.180) 7 p o W

_ktano

a, , a, €q.(3.181)

02 03 0405 0.60.71.0 20 3.04.0

Wb )
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/ 3.8 Microstrip W
* Characteristics —
fabrication by printed circuit

devices can be bonded to strip

component are accessible

in-circuit characterization of devices 1s straightforward to implement
dc as well as ac signals can be transmitted

large variation in Zo

Olc > aud

monolithic applications

structure 1s rugged and can withstand high voltages and power levels
power handling is best with BeO substrate

used up to 300GHz or more

quasi-TEM mode for d<< A

~




/ * & concept

: L A
TEM line Z, = ,|=, v, =——, = onfue = k,f6, , A = -2
N 3
air filled microstrip (TEM line) Z_, = L_ 1
C, cC,
: : : : L 1 | C
microstrip (quasi-TEM line) Z = \/: =——, Vv = = ,B=
C vC " JLC \/ Eefr
A Z C 1 C c
A :—/O— = === > _:(_)2Egeff
: geff Zoa C 8eff Ca vp
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5(8r+1)ﬁ86ﬁ,£8r
: 1
filling factor ¢ ¢, =qg¢, +(1—-g)l=1+q(e,. -1), Eﬁqgl
geﬂ A
g, [Tt e
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« Conformal mapping solution (see Gupta, Garg and Bahl,

Microstrip lines and slotlines, p 9)

W/2

|

I

Z=j7z+dtanh7—Z'

Z’-plane
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Z-plane
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/ » Electrostatic solution

ViO(x,y)=0 |x]<a/2, 0<y<ow

d
B.C. ®(x,y)=0 x=xa/2, y=0,0
ZA cos—xsmh—y 0<y<d ~al? al?
q)(x,y)z odd a
D A, cos = x sinh 2= de e d<y<o
L odd a a
. —ZA (—)cos—xcosh—y 0<y<d
E =9 _ odd a
g ay —nn(y—d)/a
ZA (—)cos—xsmh Tdem d<y<ow
L odd a a
L |x|<w/2
p,(x)=D, (x,y= d)D(xy d)=¢,E (xy= d')—ee E (x,y=d )= —> 4
g 0 |x|>w/2

w2

:-jE (x=0,p)dy=Y 4, smh—d 0= [ p,(x)dx=

odd —W/ 2

0

= C==

e .
gej}’ = N Zo = £ = 1 = ejf
v, 7 ; ¢ v,C cC ’

<
C




Discussion
1. analysis eq.(3.196,195) W.d,e — Z, ¢,

synthesis eq.(3.197,195) Z,.d.e —> W, ¢,

ke (e, —1)tan d
o, =2 (B ~1) (3.198) , a, = R, (3.199)
2‘\/8eff (8r _1) ZOW
2. A
16
QN 30 20Q2 10Q2
10
er >
2
| | | |

05 1 2 5 10 20 W/d
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(derivation of eq.(3.198))

k \Je tand
TEM line o, = £1300 _ % Ve,
2 2
microstrip line:

aeﬁ,—l
(e, =qe, +(01-g)=q(e, -D+1—>¢g = 1
(2) \lgr — Vgeff
(3)tan8:8——> gtand'=gq ¢ :qg— or =g tand er
o off & Copr Eepr
o _ko‘\/'geffqtan6 €, _koartanf) geﬁ_l
L= —
2 € oy 2 € ofr e, —1




/ 4. substrate material

o

6.5 (sputterin g)

€, tand @10GHz
GaAs 12.9 0.002
Al,0,(99.5%) 10.1+£0.25 0.0002
quartz 3.8 0.0001
RT/duriod 5880 2.2+0.02 0.0009
RT/duroid 6006 6.15+£0.15 0.0027
BeO 6.8 0.0003
FR4 (G -10) 4-4.6 0.018-0.025
Si 11.7 0.005
"SiO, 4
"Si,N, 7.6 (vapor phase)

*: MIM capacitor .

3-19

conductor material \

R, (Vsqx107+f) & (um)@2GHz

Ag
Cu
Au
Al
Cr
Ta

loz Cu—1.4mil (35um) thickness

skin depth o0, =

2.5
2.6
3.0
3.3
4.7
7.2

1.4
1.5
1.7
1.9
2.7
4.0

2

WUo




/ 3.11 Summary of transmission lines and waveguides

» comparison of coaxial line, stripline and microstrip, (p.154,
Table 3.6) W
 CPW (coplanar waveguide) — S S +—

fabrication easy
quasi-TEM operation
radiation problem when gap width approaches A/2
monolithic applications
less radiation than microstrip if well-balanced
higher order modes (coupled slot mode)

« www.appwave.com for computer assisted transmission line

analysis
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/ Solved Problems

Prob. 3.28 Find Zo of a coaxial line to have maximum power
capacity

Suggested homework (due 2 weeks): 5, 22
ADS examples: Ch3 prj
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breakdown field strength of air £, =3x10°V /m = 4 5 L =E dalné
pln— 4
a
. . 1 ’E,
maximum power capacity P, = Vm‘éx Z, = Zné —>P = 4 Zd lné
2 Z; 21 a n, a
LT AL LS A P ML Yo
da a 2 2 a 2n 2




