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Compared to dominant waveguides oper atir.lg at the same freﬁu?ncy » Coaxial ljp,
breakdown power due to reduced separation distance between the inner and outer

4.2.3 Strip Lines

Strip lines are essentially modifications of the two wire line? and coaxial lineg. These Are by,
planar transmission lines that are widely used at frequencies from 100 MHz to 100 Gy, F§1caM5_
shows a cross-sectional view of the strip line structure. ig. g

/ Ground plane

Insulator ———

Insulator — Center t :|r E
conductor r

<

Fig. 4.2 Strip line transmission line.

Ground plane

As seen in Fig. 4.2, a strip line consists of a central thin conducting strip of width w whichis
greater than its thickness ¢, placed inside the low loss dielectric (€,) substrate of thickness bl
between two wide ground plates. Usually the thicknesses of the metallic central conductor and the
metallic ground planes are the same. The dominant mode for the strip line is a TEM mode show
in Fig. 4.3, and the fields are confined within the transmission line with no radiation losses. T
width <_)th9 ground planes is atleast five times greater than the spacing between the plates ther
by avoiding any vertical side walls at the two transverse ends. There are practically no fringit

fields aft(_er a certain distance from the edges of the centre conductor. For b < A/2, there willbe"
Propagation in the transverse direction |

Electric field lines

Magnetic field lines




LLE= A

Microwave 11l o
och aracteristic impedance of §trip line bas been analysed by a combination of analytical and
hniques by H. The design eguatlons are divided into high-impedance region and low-
gion determined b3'f the ratio of w to (b—t). The impedance of a strip line in inversally
he ratio of the width w of the inner conductor to the distance b between the ground

Th
enlpirical b

;mpedance r¢
pmportional tot

planes.

igh Impedance Region:

H

W 035 and £<0.25
b-t b

The characteristic impedance of a strip line in the high impedance region is given by
60 4b
= —In|— |Q
° T (’td) ..(4.9)

where d is the diameter of a circular conductor equivalent to the rectangular conductor of the stri
line with width w and thickness ¢ A p

2
t|:1+ln(4nW)+ 0.51n(iﬂ
d = % 1+ t w

W ' ...(4.10)

Low Impedance Region:

w
— >
57 >0.35

94.15
Here % = = (4.11)

(e

whereA=1-— % and

B=1(2n(1+1)-[L1-1|m[E 1
n|A A) (A A?
The velocity of propagation for the strip line transmission line is given by

¢ mls (4.12)
Jer '

and the wavelength of the electromagnetic signal on the strip line transmission line is given by

v =

..(4.13)

r=Y=—C% m
Agra h f €. f
etermirlzinOf c}mrafctel‘istic impedance (Z,) vs strip width ra
Computera,gd the width of the conductor for a strip line (as a tion
ided design tools are available for designing strip line circui

tio (w/b) is used as a design aid for

function of Zy, € ,, t/b). Nowadays,
ts and transmission lines.
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There are cortain advantages of microstrip ’ f lines -

vang au -
~ ot 1 Yy
has 1 thin conducting strip of cer
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Microstrip Line
nsymmetrical strip line that 1s nothing but 4 parallo]
y lime 18 an uns] IR TS ,
M“l ubstrate, the one face of which is metallised ground
Joctric substrate, ~ : . () ML .
» ain width ‘w"and thickness ‘t". Thig

Plag
nd the
S8 showy,, in
( present n a microstrip as compared to a strip line, Some ]

.« but it is kept much farther away than the
_—
ostrip field lines as shownn Fig. 4.5.
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Fig. 4.4 Microstrip line.
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Fig. 4.5 Microstrip line with a cover plate.

. bt
: : electric Sy
L. Complete condycto Pattern may be deposited and processed on a single diele wOllldh

hich 3 : . osts
which is supporteq by a single metal ground plane. Thus fabricatio? c

substantially lower th
Due to the

i

an strip line, coaxial or waveguide circuits. pﬂck*‘=

unl
. planar natyre of the microstrip structure, both paCkaged an(.i i
semiconductor chips can he conveniently attached to the microstrip eleme? sive 01..30::“
Also there is an eagy access to the top surface making it easy to mour® Pa:en e
discrete devices and gl for making minor adjustments after the circui® hos
This also allowg access for probing and measurement purposes.

strips havye some limitationg too.



Je openness of the microstrip structure, they have higher radiation losses or

to tl o \ : : :
Due ce due to nearby conductors. These can be reduced by choosing thin substrates

. rferell . N
mf;‘; high dielectric constants.
w1t

ause of the proximi.ty Olf tl.xe ail‘-dielec.tric air interface with the microstrip conductor at
the interface, & dis'contmfulty in the electric and_ magn.etic fields is generated. This results in
B microstrip configuration th.at becqmes a mixed dielectric transmission structure with
unpure TEM modes propagating. This makes the analysis complicated.

The approximate distribution of electric and magnetic field is shown in Fig. 4.6.
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Fig. 4.6 Approximate electric and magnetic field in a microstrip line.



gbelow the microstrip element, 7 "

170 . peentr’ tio! l illalthough apure TEM mode Canhot e ] tl"u ﬂ
We can see (¢ tho:i:bound*’“”y 198 h can be neglected. ds;,'
crossing the ;:e\:ﬁode does exist which ¢ rostri ¢ a function of the strip line width (,, |
deviation from “nc apedance ofa mlch grolzln dplane (h). In fact, the variatiop of thay hlck
Thmharactms cebetw the eand the Fig 4.1 %'
and the dista fwh at10 ig shownt m I'le: s

impedance In t€T

e

0 n t
* o) algg hag 5 ansmlssmn line),

6, < Mpirie "
Cotrigg, 5Er+o.67 Al relation given by (due to ngla“’(




wave Transmi>>= . ) . .
Micro section of microstrip line 1s rectangular, diameter (d) also has an empirical
Ccross- f i
gince gtil::n by (due to Spr mg'fleld), ‘
jon
. d =0.67 w(0.8+i) ..(4.16)
w

Js have their usual significance.
0lS

hase velocity of & microstrip line is given by
The phas
e ..(4.17)

— velocity of electromagnetic waves.

whel’e Sylllb

where, X c s given by an empirical relation (due to Schmeiter)
re .
~1/2
e, +1 g —-1(. 10h
IS - + 1 + — eoe 4. 1 8)
re 2 2 w (
Hence design of microstrip is quite complex as it has to take care of so many factors discussed

above like W, A, €, Ere:Eeff etc.
Taking into account the relationships for €,, and d (from Egs. 4.15 and 4.16), Z, can be written

as,
87 5.98h
Z, Je +1a1 [O.8w+tjl for h < 0.8 w ( )
Ifw>> h, i.e., for a wide microstrip line, Z, is given by (as per Assadourian)
377 h _ ..(4.20)

7 =—.=

o ’8’_ w
The microstrip lines have a power handling capacity of a few watts which is quite adequate for
most microwave circuits. Microstrip lines offer advantage of miniaturization but for long
transmission lengths, they suffer from excessive attenuation per unit length. The attenuation of a

microstrip depends upon the electric properties of the substrate and the conductors and also on the
frequency. The attenuation constant a, is given by
: o =oy+o, --(4.21)
where, o, = dielectric attenuation constant (due to dielectric in substrate)
@, =ohmic attenuation constant (due to ohmic skin losses in conductor and the ground plane)

w f‘adlétion loss of a microstrip line depends on the substrate thickness and dielectric constant as
?llasits geometry. :
Th . . i
‘IUalit(;(iuahty factor @ of a microstrip line is very high which may be the requirement for high
ielectri:SOnant MICs. It is however limited by the radiation losses of the substrate and with low
constant. The Q of a microstrip line is given by

1
...(4.22
tan@ ( )

Qd =

Where g < 1.
0= dielectyic loss tangent.
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ic in practi :
» 5 Types of Micr at have been used in p ce such

! a8 ¢
4.2.5 _ Jp lines th . _ 1A ey
arioties of microstl l_P ended microstrip and slotted Fransml_ Sion | .
There are many \RI].O orted microstrlp, suSp 8 In addition to all these hnes, Some JnQ'T‘.
macrostrip. ® ”md.ﬂ N m{\t(]:oqo are shownin ¥ 18- 4: . s also have been used for M1 (v Oth‘f"l‘}.
crass-sectional ‘”Wl‘l"h] 04 rip iines, coplanar strip e
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Fig. 4.8 Varicus types of microstrip lines (a) embedded microstrip,
10} inverted icrostrip (c) suspended microstrip, and (d) slotted microstrip.
Paralle] Strip Lineg
A paralle] strip Jj : ) ‘ . . i
Fi:g) 4.9 rip line consists of two perfect dielectric slabs of uniform thickness, as sho¥

y
0
\\
z \\‘
N X
Fig. 4.9

Parallg| Strip line.
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Fig. 4.19 Coplanar strip line.

The coplanar strip line has advantages over the conventional parallel strip line because its two

stripsare on the same substrate surface for convenient connections.

Slot Line and Coplanar Waveguide
Tw o : -
"oother types of transmission lines are used in MICs. These are known as slot line and coplanar

Wave guide,
Sshown in Fig. 4.11q, a slot line consists of a slot or gap in a conducting coating on a dielectric

Subgt . . ) . . v
tate. The fabrication process is identical to that of microstrip lines.

Metallization
oW N -
—— e
> L Dielectric substrate
Fig. 4.11 (a) Slotline |
hin metallic film deposited

djacent and parallel to the

As sh
oWn in T .
0 i
S?Fhe Su acen Elg' 4.11b a coplanar wave guide consists of a StriP of t

K *ta dielectric slah with two ground electrodes running a

On the &

ame Surfa(:e.
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(b) Coplanar waveguide.
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nsmission Lines ’ I v

Mwwave " s with arange of 0 to 15 dB similar to flap attenuator. Variation of attenuation

/Attgngzt&lysl;tation of the flap which adjusts the length of the dielectric run with respect

;s obtainea

o étvnplhrjﬁlel’s, filter elements and antennas can also be fabricated.
; o Ic'eceivers with noise figures better than 16 dB and very little conversion losses
: I\fxfll;oe‘;:;:icated in one price.

c

trip Lines Advantages anda Disadvantages
P s "1
Microstt

. ostrip lines can be used at microwaves particularly in those applications where the more
Thﬁ\ m;c;d expensive to manufacture conventional plumbingis at a disadvantage.
bulky

However there are a number of limitations to microstrips.
ow

1. Open structure of microstrip leads to a somewhat greater coupling between side-by-side

configurations as compared to waveguide or coaxial system. The absolute value of coupling
is however small. A

9. Higher attenuation compared to waveguide structures. Hence cannot be used in systems
where extremely low loss is the requirement. For example, in microwave receivers where
line length are smaller, the insertion loss can be made negligible compared to other losses.

Low resonant impedance is inherent in microstrip structures which limit the magnitude of
the obtainable Q.

Apractical compromise between the extremes of maximum in electrical performance and optimum
physical realisation can be made.

Design Considerations of a Microstrip Line
The design parameters are

L Characteristic impedance

Z=Zl[e
A=A fey

onent is a function of w/h, €, and frequency. (Refer Fig. 4.12).

2 Guide wavelength

3' . .
Effectlve dielectric comp

th

w _IAA

Fig. 4.12 Designing microstrip line.
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