
M
icrostrip
m
atching
netw
orks

E
ase
of
fabrication:
printed
circuit
b
oards!
(�
g.
2.5.1)

S
ubstrates:
duroid,
quartz,
alum
ina,
silicon.

P
ropagation
only
quasi-T
E
M
since
not
all
E
-M
�
eld
lines
are
not

entirely
in
substrate;
problem
at
higher
freq.

P
hase
velocity
for
quasi-T
E
M
:
v
p
=
c= p
�
f
f .
c
is
sp
eed
of
light,

�
ef
f
=
e�
ective
relative
dielectric
constant
of
the
substrate.
(
n
o
t

=

to
�
r )

C
haracteristic
im
p
edance:
Z
0

=
1=(v
p C
),
w
ith
C
=
capacitance

p
er
unit
length
of
the
m
icrostrip.

W
avelength:
�
=
v
p =f
=
c=(f p
�
f
f )
=
�
0 = p
�
f
f

�
�
�
�

M
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e
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

H
ow
to
�
nd
�
ef
f
and
Z
0

?
P
referably
in
analytical
form
.

A
ssum
ing
zero
(negligible)
thickness
ofthe
strip
conductor
(t=h
<

0:005):

�
F
or
W
=h�
1:

Z
0

=

60
p
�
f
f
ln

0B@8
hW

+
0:25
Wh
375

(1)

w
here

�
f
f
=
�
r
+
1

2

+
�
r �
1

2

26664 0B@1
+
12
hW
1CA
�
1=
2

+
0:04

0B@1�
Wh
1CA
2 37775 (2)
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

�
F
or
W
=h�
1:

Z
0

=

120�
= p
�
f
f

W
=h
+
1:393
+
0:667
ln
(W
=h
+
1:444)

(3)

w
here�

f
f
=
�
r
+
1

2

+
�
r �
1

2

0B@1
+
12
hW
1CA
�
1=
2

(4)

�
F
or
W
=h�
0:6:

�
=

�
0

p
�
r

2664

�
r

1
+
0:63
(�
r �
1)
(W
=h
)
0:1
2
5
5 3775

1=
2

(5)

�
F
or
W
=h
<
0:6:

�
=

�
0

p
�
r

2664

�
r

1
+
0:6
(�
r �
1)
(W
=h
)
0:0
2
9
7 3775

1=
2

(6)
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

F
or
design:
eqs.
relating
Z
0

w
ith
�
r
and
W
=h
:

�
for
W
=h�
2:

Wh
=

8e
A

e
2A�
2

(7)

�
for
W
=h�
2:

Wh

=

2� fB
�
1�
ln
(2B
�
1)+

�
r �
1

2�
r

264ln
(B
�
1)
+
0:39�
0:61

�
r

375 9>=>;

(8)
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

w
hereA

=
Z
0

60
vuuuut

�
r
+
1

2

+
�
r �
1

�
r
+
1

0B@0:23
+
0:11

�
r

1CA

(9)

and
B
=
377�
=(2Z
0 p
�
r ).

N
on-negligible
thickness
of
conductor)
included
via
increased

capacitance)
replace
strip
w
idth
W
w
ith
W
ef
f ,
e.g.

W
ef
f

h

=
Wh

+

t�
h

0B@1
+
ln
2ht
1CA

(10)

for
W
=h�
1=2�
.
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

E
xam
ple
2.5.1;
see
table
2.5.4.
U
se
C
A
D
tools
(M
D
S
)!

H
igh
frequencies:
quasi-T
E
M

not
valid
and
�
f
f

and

Z
0

are

functions
of
freq.
v
p
decreases
w
ith
freq.)
�
f
f
increases.
A
lso

Z
0

increases
w
ith
freq.
w
hile
W
ef
f
decreases.

D
isp
ersion
neglected
b
elow

f
0 (G
H
z)
=
0:3

vuuuuut

Z
0

h
(cm
) p
�
r �
1

(11)

F
or
�
f
f
w
e
have:

�
f
f (f
(G
H
z))
=
�
r �
�
r �
�
f
f

1
+
G

0@
ff

p 1A
2 ;
f
p
=

Z
0

8�
h
(cm
)

(12)

H
igh
im
p
edance,
thin
substrates)
less
disp
ersion.

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

E
xpressions
for
disp
ersion
of
Z
0

are
also
available.
A
nother
prob-

lem
:
losses.
B
oth
dielectric
and
ohm
ic.
F
or
dielectric
substrates,

dielectric
losses
are
norm
ally
<
conductor
losses.

F
urther
com
plication:
quality
factor
Q
.
C
alculated
from
Q

=

�
=(2�
)
w
here
�
=
2�
=�
and
�
is
the
total
loss.

)
Q
=
�
=(�
�
),
or
Q
=
8:686=(�
�
)
(in
dB
),
or
Q
=
27:3=�
(in

dB
/�
).

Q
uality
factor
Q
also
a�
ected
by
radiation
losses,
so
that
the
total

can
b
e
expressed
as:

1Q

=

1Q
c
+

1Q
d
+

1Q
r

(13)

Q
c
=

��
�
c ;
Q
d
=

��
�
d ;
Q
r
=

Z
0

480�
h�

0 F

(14)

�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

U
ses
of
m
icrostrip
tr.
lines:

�
S
eries
tr.
lines

�
short
and
op
en
circuited
stubs

�
m
icrostrip
+
short/op
en
circuited
shunt
stub
can
transform

50
O
hm
resistor
into
any
value
of
im
p
edance

�
quarter-w
ave
m
icrostrip
can
transform
50
O
hm
resistor
to
any

value
of
resistance

�
quarter-w
ave
transform
er
+
one
of
the
stubs
=
any
value
of

im
p
edance

�
�
�
�

M
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

�
-strip
in
m
atching
netw
orks

U
sing
short/op
en-circuited
stubs
and
tr.
lines:
see
�
g.
2.5.6.

F
or
design
procedure,
see
�
g.
2.5.7.
G
eneralidea:
use
shunt
stub

to
get
onto
a
constant
S
W
R
circle
and
then
use
tr.
line
to
get
to

the
required
adm
ittance.

H
ow
to
get
the
lengths:
rem
em
b
er
w
hat
you
are
using,
O
-C
or

S
-C
stub;
that
determ
ines
the
starting
p
oint.
T
he
m
ovem
ent
on

the
O
-C
or
S
-C
stub
is
along
thej�j
=
1
circle
until
you
get

to
the
required
value
of
susceptance!.
T
ransm
ission
line
length

determ
ined
as
b
efore.

A
lternatively,
m
atch
any
load
to
50
O
hm
s!
S
ee
�
g.
2.5.6
for
pro-

cedure.
N
ow
use
tr.
line
to
get
onto
unity
constant
conductance

circle
and
then
use
shunt
stub
to
get
to
the
origin.

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

A
nother
option:
use
�
=4
transform
er
in
series
+
�
=8
or
3�
=8
S
-C

or
O
-C
stubs.

P
rocedure:
F
or
Y
in

=
G
in
+
jB
in
use
�
=4
transform
er
for
50

O
hm
)
R
in
=
1=G
in .
T
hen
add
appropriate
B
in
shunt
to
get

B
in
part.
(�
gs.
2.5.9)

U
se:
Z
0
1

=
p

Z
L R
in
=
p

50R
in .
S
ince
3�
=8
S
-C
stub
produces

Y
sc
=
jY
0
2

(�
g.
2.5.9),
use
Y
0
2

=
B
in
(or,
Z
0
2

=
1=B
in ).
S
am
e

B
produced
by
�
=8
of
O
-C
stub.

F
or
B
<
0,
use
�
=8
S
-C
stub
or
3�
=8
O
-C
stub.
(�
gs.
2.5.10).

V
ariation:
use
any
practical
value
of
Z
0
2

(i.e.
Y
0
2 6=
B
in ),
but

adjust
the
length
of
the
stub
to
get
the
�
nal
B
in .
(�
g.
2.5.11)

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

E
xam
ple
2.5.2
!!!

V
alues
for
source
and
load
�
-s
that
give
a
good
m
atch
are:
�
s
=

0:614
6
160
�,
�
L
=
0:682
6
97
�.
(�
g.
2.5.12)

�
y
s
and
z
s
corresp
onding
to
these
�
-s.
U
se
Z
Y
chart:
Y
s
=

2:8�
j1:9
and
Y
L
=
0:4�
j1:05

�
S
w
itch
to
Z
(or
Y
)
S
-chart
and
locate
Y
s
and
Y
L

�
do
source
side
�
rst:
�
g.
2.5.5
a)

�
start
from

�Y
=
1
(
Y
=
1/50
S
);
go
on
const.
conductance

circle
to
intersection
of
that
circle
w
ith
S
W
R
circle
for
Y
s )

p
oint
A
.

�
�
�
�

M
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

�
to
get
to
pt.
A
w
e
need
change
in
susceptance
of
+
j1:55)

shunt
capacitance

�
for
�
-strip
design,
read
o�
electrical
length
=
0:159�
(Y
oc
=

j
tan
(�
l)
=
j
tan
(2�
l=�
)
)

�
from
A
to
Y
s
?
G
o
on
const.j�j
circle
(S
W
R
circle),
i.e.
put

a
�
-strip
in
series.
L
ength
required?
R
ead
o�
directly
from

\w
avelength
tow
ard
generator"
chart)
l
=
0:099�

�
S
am
e
procedure
for
Y
L :
1.
intersection
of
S
W
R
circle
for

Y
L

w
ith
const.
conductance
circle
=
pt.
B
,
2.
for
that

l
=
0:077�
,
3.
follow
S
W
R
circle
to
Y
L )
�
l
=
0:051�

�
D
i�
erence?
S
usceptance
needed
is
inductive
�Y
=
�
j
cot
�
l

)
short
circuited
stub.
L
ast
part
is
again
series
tr.
line

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

S
hort-circuiting:
use
bypass
capacitors
C
B

(50
to
500
pF
).

1.
coupling
capacitors
C
A

to
prevent
D
C
from
going
to
source

and
load
(200
to
1000
pF
).
50
O
hm
lines
for
soldering.

2.
providing
D
C
bias
to
base
and
collector.
F
or
collector
biasing

sim
ple
R
F
choke
w
ill
do
(0:077�
line
is
S
-C
).
F
or
base
D
C

goes
directly
to
base
term
inal
and
needs
to
present
an
O
-C

to
A
C
signal
from
source.
A
ccom
plished
w
ith
S
-C
,
quarter-

w
avelength
transform
er
w
ith
high
Z
0

(narrow
est
p
ossible
line

should
b
e
used)

M
odi�
cation:
sym
m
etrize
the
stubs.
T
w
o
O
-C
or
S
-C
stubs
in

shunt
m
ust
give
the
sam
e
susceptance)
divide
the
original
by

tw
o,
e.g.
for
�
L
use
Y
=
�
j0:95
instead
of
Y
=
�
j1:9
.
F
rom

S
-chart:
l
=
0:13�
.
S
eries
�
-strip
stays
the
sam
e.

�
�
�
�

M
icro
w
a
v
e
C
ircu
it
D
esig
n
I

c
B
.
P
ejcin
o
v
ic

1
3

��



M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

G
eom
etry
of
�
-strip
:

�
use
duroid:
�
r
=
2:23;h
=
0:7874m
m

�
from
�
g.
2.5.2,
for
Z
0

=
50
O
hm
)
W
=h�
3

�
use
eq.
2.5.11
for
m
ore
accurate
calculation
of
W
/h

�
for
�
f
f
use
eq.
2.5.7
(w
hy
do
w
e
need
it
?)

F
inal
result:
W
=
2.42
m
m
,
�
f
f
=
1.91.
T
o
�
nd
physical
length

from
electrical
length,
�
=
�
0 = p
�
f
f
is
needed.
F
or
f=
1
G
H
z)

�
0

=
30
cm
)
�
=
21:71
cm
.
(Q
uick
estim
ate
of
�
from
�
g.

2.53
w
hich
gives
�
=
21:6
cm
)

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

D
esign
no.
2:
use
�
-strip
lines
w
ith
di�
erent
Z
0

.

T
ransform
50
O
hm
to
Y
s
=
(2:8�
j1:9)=50
=
0:056�
j0:038
[S
].

U
se
�
=4
transform
er
to
transform
50
O
hm
to
1=0:056
=
17:86

O
hm
.

Z
�
=
4

=
Z
20 =Z

L
)
Z
0

=
p

Z
�Z
L
=
p

17:86�
50
=
29:9
O
hm
.

T
his
provides
the
r
e
a
l
part
of
the
required
�
nal
Y
s .

F
or
im
aginary
part:
use
O
-C
stub)
Y
oc
=
jY
0
tan
�
l

R
em
inder:

Z
in (O
�
C
)
=
�
jZ
0
cot
�
l;
Y
in (O
�
C
)
=
jY
0
tan
�
l
(15)

Z
in (S
�
C
)
=
jZ
0
tan
�
l;
Y
in (S
�
C
)
=
�
jY
0
cot
�
l
(16)

�
�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

W
e
need
negative
im
ag.
part
of
Y
in
b
oth
cases.
F
rom
ab
ove
eqs.

w
e
can
use
O
-C
stub
w
ith
l
=
3�
=8,
or
S
-C
stub
w
ith
l
=
�
=8.

B
oth
look
like
a
shunt
inductor
w
ith
Y
in
=
�
jY
0

F
or
O
-C
:
Z
0

=
1=
Y
0

=
1=Im
(Y
s )
=
1=0:038
=
26:32
O
hm
.

S
am
e
procedure
for
load
Y
L
=
0:008�
j0:021
[S
].

�
�
=4
transform
er
on
50
O
hm
load)
Z
0

=
79:1

.

�
A
nother
O
-C
stub
w
ith
3�
=8
and
Z
0

=
1=
Y
0

=
1=0:021
=

47:6

produces
required
susceptance�
j0:021

M
odi�
cation:
use
balanced
stubs.
K
eep
the
length
the
sam
e

(3�
=8)
but
double
the
Z
0

so
that
parallel
com
bination
produces

26.32
and
47.6
O
hm
.

�
�
�
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M
ic
r
o
str
ip
m
a
tc
h
in
g
n
e
tw
o
r
k
s

M
ore
exam
ples:

�
2.5.3
-
using
di�
erent
Z
0

and
general
load;

�
2.5.4
-
using
�
=4
+
transm
ission
line
(�
g.
2.5.18):
note
that

quarter-w
avelength
transform
er
w
orks
only
w
ith
r
e
a
l
loads,

i.e.
don't
use
it
for
general
loads.

�
2.5.5
-
reverse
engineering:
�
nd
�
for
given
circuit.
N
ote
on

changing
the
substrate:
l 0
=
l= p
�
f
f ,
w
here
�
f
f
dep
ends
on

substrate
�
and
W
/h
.

�
�
�
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