-~

Chapter 3 Transmission Lines and Waveguides
3.1 General solutions for TEM, TE and TM waves
procedures, o,
3.5 Coaxial line (TEM line)
TEM mode, higher order mode effect
3.7 Stripline (TEM line)
conformal mapping solution, electrostatic solution
3.8 Microstrip (quasi-TEM line)
geff concept, conformal mapping solution, electrostatic
solution
3.11 Summary of transmission lines and waveguides
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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 d(x,y) =0
2) apply B.C. — D(xy)

3) 8(X, y) = -V, @(x,y) = E*(X,y,2) = &(x, y)e

h(x,y) =

_ = — — 6y
280X, Y), Zyey =25 =1 H (6 ¥,2) = h(x, y)e ¥
y

TEM

HV =0, ~D, = [ Eredl, 1"=§H" odl

N v ° 1 Yc C vC
r p p

* Procedure to analyze a TE (Ez=0) or TM (Hz=0) line

1) solve h, (x,y) from Helmholtz equation (5_+85y +kZ)h (x,y) =0:TE case

o2 2
solve ez (x,y) from Helmholtz equation (— +% +k&)ez(x,y) =0:TM case
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ﬂpply B.C. to find k.
3) H:(X1 y’ Z) = hz (X1 y)e_jBZ
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o ZBOMH e B, e —jondH, e JondH, e e
kX oox Y kP ey Y kP ooy Y kKX ox
EX(x,y,2)=e,(xy)e
HS = J(’zgaEz | ;:_J?‘C’GEZ ,E;:__JzBaEZ ,Hy+:__JZB8EZ : TM case
ki oy k; oX ki OX K;
Exv_ B _Bn Eyy_op_kn
NB=k?*-k?*Z. . (=—)="—=1Z (=—2)=—"X=
)B=4 ¢ 1L ( H;) T K e ( H;) 5
* Dielectric loss
2
yzocd+jB—>ocd=k tanS(NP/m):TEorTMcase
oLy = Ktans (NP/m): TEM case




ﬁderivation of the dielectric loss expression)

wave eq. V’E+k’E=0— (V% +V2)E+k’E=0— VL E+(y*+k*)E=0
VZE+KE =0,k =vy"+k’

—>y=o,+ jB= kK]

Ky = oyJpe = ofp(e'— je") = oyfue’(l— jtand) =k 1- jtand

Sl,k:o) pe'
€

tan o =

—y=1Jki—k*(L- jtan?) =\/k2—k2+ jk? tan 5

ez, L jk*tand _ . 1k2tan5_jB+a
2 Jkz—k? B i
2
:>ad=k tanS(NP/m):TEorTM case
oy = ktang(NP/m):TEM case -k, =0
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3.5 Coaxial line

Jo,
« TEM mode a ’
®(p,0) = DBy, ) ,
Inb/a b y
_ _ vV " P Vo
E (p,0,2) =V, D(p,Q)e = "o e il
Inb/a Yo, L
3 V, % -
H+(,O,9,Z)= Z><E+(p,49,z):—0 —jkz YV —
ZTEM 77|n b/a Yo,

b
V*(2) = _[ E*(p,0,2)edl =V e ' =V e ¢

— — 272V i ;

17(2) =OH (p,0,2)edl = =270 g ik = | +g-ik

(2) ® (v ) ninb/a °

V*(z) nlnb/a 60 b L

Z, = - = In=—=,/=,8=k=
T T 2r s Ma Vo ATk ek
L= 212 c2 278 (Taple 2.1, p.54)

27 a Inb/a
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/ * Higher order mode effect

1
TEumode (p.133Fig3.17) fmex < fo = o S

om 0

3-6




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

0.262)
+ Y Z-plane Z=X+]y
y leln Z_e:mpeje v 1 W-plane
er : p B nptFJ Vo 0
—U+ jv o) ]
a . —_—
g er
X
b >
In a Inb u
~ Inb—u
Inb—Ina °
2wt Inb 2
2 0 Ina ou oV In b/a 2

—~C 21e 7 1 :\/HSZ n InE,T]Z ¢&
e

Inb/a’° v.,.C C 21t a
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2. Reasons for selecting Zo=50Q2
Coaxial line has minimum attenuation as Zo=77Q (Prob. 2-27),
and maximum power capacity as Zo=30Q2 (Prob. 3-28).

15

14 attenuation is lowest
at 77 ohms

13 =

12 =

50 ohm standard

normalized values

0.7 power handling capacity
peaks at 30 ohms
0.6 =
05 1 1 1 111 1
10 20 30 40 50 60 70 80 90100

characteristic impedance
for coaxial airlines (ohms)

3. Types of coaxial connectors
type-N, SMA, APC3.5, APC24,..... (p.134, point of interest)
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3.7 Stripline | _ o=0 b
 Conformal mapping solution

(Collin’s book, p.265) ® =Vo B er
®=0] y =0 '
2 W‘plane A
®=0
. Vo W’-plane
D =\o er
dz
W=A +B ]
l Jm d=Vo 1
A &
Z-plane / “=y
d =Vo ®=0 W' = 0z B
: Aij\/Z(Z+XO)(Z+1)+ °
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 Electrostatic solution

C v,C cC
3-10

— Cz%...(3.192), z = -1t A&

bl Y
Vib(x,y)=0 |x|<a/2, O0<y<b W
B.C. CD(xy)—O x=+a/2, y=0,b ‘ er
ZAncos—xsmh—y 0<y<b/2 -a/2 a/? X'
q)(X,y)_ odd
LZ:Ancos?”xsinh’%‘T(b—y) b/2<y<b
odd
— D7y cos % x cosh 2% 0<y<b/2
. oo %An( ) . 3 Y y<b/
y
o ZAh( )cos xcosh—(b y) b/2<y<b
L odd
1 |x<w/2
=D, (x,y=b"/2)—-D, (x,y=b"/2) = A ...(3.189
p(x) =D, (x,y=b"/2)=D, (x,y =b"/2) {o x| >W/2 .--(3.189)
b/2 W/2
——jE(x_o y)dy = ZZAnsmh—b Q= [ p.(x)dx=
odd -w/2
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Discussion
1. analysiseq.(3.179) W ,b,e — Z,
synthesis eq.(3.180) Z.be W

ktan o

oy = , a, eq.(3.181)
180
160}
Zo\/;r 140
120

100

80 l l l L1 l l

02 03 04 05 0.60.71.0 2.0
W /b
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/3.8 Microstrip

» Characteristics q
fabrication by printed circuit
devices can be bonded to strip
component are accessible
In-circuit characterization of devices is straightforward to implement
dc as well as ac signals can be transmitted
large variation in Zo
oc > od
monolithic applications
structure is 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

|

er
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/ . &, CONCept

€
gr eff
: L C A
TEMline Z, =,|=, Vv, =——=,f =o\ue =k, je, , A =—2
- : : : L 1
air filled microstrip (TEM line) Z , = |— =—
C, cC,

L 1
microstrip (quasi-TEM line) Z = = ,B=K, /€t »
P (9 ) 1/ c %= B f

A / C
7L = 0 —_— = = 8
’ € o / C, (Vp)
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/ er er

E.opt —)%(Sr +1) €t —> €,

%(8r +1) <ey <t

filling factor ¢ ¢, =0e, +(1-0q)L=1+q(e, -1), %sqﬂ

geﬁ +

E, [T
1
—(¢. +1
2(r )
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lines and slotlines, p.9)

/  Conformal mapping solution (Gupta, Garg and Bahl, Microstrip
y
d

R S,'S” vs
A y A S
/2 Z-plane - //
cr
. x R
a? g3 X,
n S—=S"
_ 7' S=5"+
I Z=J7r+dtanh2—Z'/ l g,
'—a'+Ss
s 4= : g'
y S , vyt 2
N Z’-plane
a) g) X) a’ g9
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« Electrostatic solution ty
VIO(x,y)=0 [X<a/2, 0<y<w W q
B.C. ®(xy)—0 x=+a/2, y=0,00 or 1

Zchos—xsmh—y 0<y<d _a/? a/? X
q)(x’y)_ odd -
3" A, cos— xsinh 2= e (-2 d<y<oo
Kodd a a
B Ah(—)cos—xcosh—y 0<y<d
E -_90_ ; a
Yoy
th(—)COS—XSInh d e mOy-o)a d<y<o
L odd
. ) N ) x| <W/2
ps(x)=D,(x,y=d")-D,(x,y=d ) =¢,E (x,y=d")—ggE (xy=d")= 0 |\>W/2 — 4,

w/2

V_—_[E(x 0,y)dy = ZAnsmh—d Q= | pi(x)dx=

odd W /2

= C==, ¢ L
o C vC cC
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/ Discussion

1. analysis eg.(3.196,195) W.d,e — Z,,&x4
synthesis eq.(3.197,195) Z,,d,e —>W , g

K,e, (& —1)tand .

o 3.198), o, =---(3.199)
d Jea (g, —1) ( W
2. R
10Q
5 10 20 =\/V/d
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/ (derivation of eq.(3.198))

kKtand k(ﬂ/(c,r tan o

TEM line a, = >
microstrip line:

Eer —1
(Des =qe, +(1-aq)=q(e, - D +1—>qg=— e —1

@) e, > Jeur

8"
(3)tand — tan s, = —",g" . =qge"+0(1—q) =qe"
8eff
oL — ko Eeff tan 8eff B ko et e k CIS k Ne| 8"
i 2 2 gy 2«/ off 2«/
€. —1 =1
_ K, off tan Se. = K.g, tan O &
2\ &~ 2\/€ & —1




4. substrate material

Er tano(@10GHz
GaAs 12.9 0.002
Al203(99.5%) 10.1+0.25 0.0002
quartz 3.8 0.0001

RT/duroid 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

"SisN4 7.6 (vapor phase)

6.5 (sputtering)

*. MIM capacitor
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conductor material

R, (Q/sqx107Vf) &, (um)@2GHz

Ag 2.5 1.4
Cu 2.6 1.5
Au 3.0 1.7
Al 3.3 1.9
Cr 4.7 2.7
Ta 7.2 4.0

10z Cu—1.4mil (35um) thickness

skindepthd, = |——

wUo




ﬂ.li Summary of transmission lines and waveguides

« comparison of coaxial line, stripline and microstrip, (p.158,
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)

« Wwww.appwave.com for computer assisted transmission line
analysis

cr
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Solved Problems
Prob. 3.28 Find Zo of a coaxial line to have maximum power

capacity
breakdown field strength of air Eq =3x10°V /m = Ve 5 —>Vmax = EdalnE
pln— a
a
2 2 2

maximum power capacity Pmax _ 1 Vi Zo 002 p = 2B R
Zo 27 a o a

P o 2ol 7,200 R 371 500

da a 2 2r a 27 2

ADS examples: Ch3_prj
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