
C
onsider:
S
tability,
p
ow
er
gain,
bandw
idth,
noise,
dc
bias.
S
tart

w
ith
a
set
of
sp
eci�
cations
and
select
prop
er
transistor.
N
ext,

determ
ine
transistor
loading
(source
and
load
re
ection
coe�
.)

for
particular
stability
and
gain
criteria.

P
ow
er
gain
equations

see
�
g.
3.2.1
for
various
p
ow
ers.
G
ain
de�
nitions:

G
T
=

P
L

P
a
v
s
=

p
ow
er
delivered
to
load

p
ow
er
available
from
source
=

transducer
(1)

G
p
=
P
L

P
in
=
p
ow
er
delivered
to
load

p
ow
er
input
to
netw
ork
=

op
erating

(2)

G
A

=
P
a
v
n

P
a
v
s
=

p
ow
er
available
from
netw
ork

p
ow
er
available
from
source
=

available
(3)
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G
T
=

1�
j�
s j 2

j1�
�
I
N
�
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
S
22 �
L j 2

(4)

G
T
=

1�
j�
s j 2

j1�
S
11 �
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
�
O
U
T
�
L j 2

(5)

G
P

=

1

1�
j�
I
N j 2 jS
21 j 2
1�
j�
L j 2

j1�
S
22 �
L j 2
=
f
(�
L ;[S
])

(6)

G
A

=

1�
j�
s j 2

j1�
S
11 �
s j 2 jS

21 j 2
1

1�
j�
L j 2
=
f
(�
s ;[S
])

(7)

�
I
N

=
S
11
+
S
12 S
21 �
L

1�
S
22 �
L

�
O
U
T

=
S
22
+
S
12 S
21 �
s

1�
S
11 �
s

(8)
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�
S
ource
and
load
m
ism
atch
factors:

M
s

=

P
I
N

P
A
V
S

=
�1�

j�
s j 2 ��1�
j�
I
N j 2 �

j1�
�
s �
I
N j 2

0BB@ =
4R
s R
I
N

jZ
s
+
Z
I
N j 2 1CCA

M
L

=

P
L

P
A
V
N

=
�1�

j�
L j 2 ��1�
j�
O
U
T j 2 �

j1�
�
L �
O
U
T j 2

0BB@ =
4R
O
U
T
R
L

jZ
O
U
T
+
Z
L j 2 1CCA

U
se
M
s
and
M
L

to
relate
various
p
ow
ers
and
gains:

P
I
N

=
P
A
V
S M
s
=
P
A
V
S j�
I
N

=
�
�s

P
L

=
P
A
V
N
M
L
=
P
A
V
N j�
L
=
�
�O

U
T

G
T

=

P
L

P
A
V
S

=

P
L

P
I
N

P
I
N

P
A
V
S

=
G
p
P
I
N

P
A
V
S

=
G
p M
s

G
A

=

P
A
V
N

P
A
V
S

=

P
L

P
A
V
S

P
A
V
N

P
L

=
G
T

M
L

�
�
�
�
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S
tability

S
tability
=
resistance
to
\sp
ontaneous"
oscillations.
P
ossible
if

either
input
or
output
p
ort
has
negative
resistance,
i.e.j�
I
N j
>
1

orj�
O
U
T j
>
1.
F
or
unilateral
device
that
m
eansjS
11 j
>
1
and

jS
22 j
>
1.
S
ee
�
g.
3.3.1
.

U
n
c
o
n
d
itio
n
a
lly
sta
b
le
at
f
if
real
parts
of
Z
I
N

and
Z
O
U
T

are
greater
than
zero
for
all
passive
load
and
source
im
p
edances.

If
2-p
ort
is
n
o
t
u
n
c
o
n
d
itio
n
a
lly
sta
b
le
it
is
p
o
te
n
tia
lly

u
n
sta
b
le
,
i.e.
som
e
passive
load
and
source
term
inations
result

in
input
and
output
im
p
edances
w
ith
R
e(Z
)
<
0.

�
�
�
�

M
icro
w
av
e
C
ircu
it
D
esig
n
I

c
B
.
P
ejcin
ov
ic

4

��



M
ic
r
o
w
a
v
e
tr
a
n
sisto
r
a
m
p
li�
e
r
d
e
sig
n

C
onditions
for
unconditional
stability:

j�
s j
<
1;
j�
L j
<
1

(9)

j�
I
N j
=

������� S
11
+
S
12 S
21 �
L

1�
S
22 �
L ������� <
1

(10)

j�
O
U
T j
=

������� S
22
+
S
12 S
21 �
s

1�
S
22 �
s ������� <
1

(11)

F
rom
this
determ
ine
w
herej�
I
N j
=
j�
O
U
T j
=
1

�������� �
L �
(S
22 �
�
S
�11 ) �

jS
22 j 2�
j�j 2 �������� =

��������
S
12 S
21

jS
22 j 2�
j�j 2 ��������

(12)
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�������� �
s �
(S
11 �
�
S
�22 ) �

jS
11 j 2�
j�j 2 �������� =

��������
S
12 S
21

jS
11 j 2�
j�j 2 ��������

(13)

w
ith
�
=
S
11 S
22 �
S
12 S
21
is
S
-m
atrix
determ
inant.

G
eom
etrical
interpretation:
in
p
olar
coordinates
these
are
tw
o

circles
displaced
by
som
e
am
ount
from
origin.

F
orj�
I
N j
=
1,
�
L

values
satisfying
the
conditions
for
uncondi-

tional
stability
w
ill
b
e
on
one
side
of
the
circle
w
hich
has:

center:
C
L
=
(S
22 �
�
S
�11 ) �

jS
22 j 2�
j�j 2
radius:
r
L
=

��������
S
12 S
21

jS
22 j 2�
j�j 2 ��������

T
his
is
o
u
tp
u
t
sta
b
ility
c
ir
c
le

�
�
�
�
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F
igs.
3.3.2
and
3.3.3.
W
hich
side
of
the
circle
is
unconditionally

stable
(and
w
hich
one
is
not)?

O
bserve:
for
�
L

=
0;Z
L

=
Z
0 )
j�
I
N j
=
jS
11 j.
F
orjS
11 j
<
1

)
j�
I
N j
<
1
w
hen
Z
L
=
Z
0
(origin).

)
B
ased
on
value
of
S
11 ,
origin
is
either
in
stable
region
or

not.
F
orjS
11 j
<
1
it
is
part
of
the
stable
region.
C
onversely,
if

jS
11 j
>
1
then
origin
is
part
of
the
p
otentially
unstable
region.

(�
g.
3.3.3).

N
ote
thatj�
L j
<
1
is
required
in
the
ab
ove.

S
im
ilar
analysis
for
in
p
u
t
sta
b
ility
c
ir
c
le
(�
g.
3.3.4).

�
�
�
�
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p
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F
or
unconditional
stability
circles
do
not
cross
S
-chart)
for
no

value
of
Z
L

or
Z
s
w
ill
the
circuit
oscillate.
forjS
11 j
<
1
w
e
have

jjC
L �
r
L j
>
1
and
forjS
22 j
<
1
w
e
havejjC
s j�
r
s j
>
1.

N
ote
thatjS
11 j
>
1
and
jS
22 j
>
1
are
autom
atically
excluded

from
unconditional
stability
since
�
s
=
0
producesj�
O
U
T j
>
1

and
�
L
=
0
producesj�
I
N j
>
1

D
i�
erent
form
for
the
conditions
(for
unconditional
stability)

D
e�
ne
stability
factor
K

K
=
1�
jS
11 j 2�
jS
22 j 2
+
j�j 2

2jS
12 S
21 j

>
1

(14)

1�
jS
11 j 2
>
jS
12 S
21 j
1�
jS
22 j 2
>
jS
12 S
21 j

(15)

�
�
�
�
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v
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p
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w
ritten
di�
erently:

K
>
1
and
B
1
=
1
+
jS
11 j 2�
jS
22 j 2�
j�j 2
>
0

(16)

or
even
sim
pler

K
>
1
and
j�j
<
1
(�
=
S
11 S
22 �
S
12 S
21 )

(17)

E
x.
on
p.
223.
:
K
>
1
butj�j
>
1)
p
otentially
unstable.

U
nilateral
am
pli�
er:
K
!
1
and
for
unconditionally
stability
w
e

only
needjS
11 j
<
1
andjS
22 j
<
1.

It
is
alw
ays
p
ossible
to
m
ake
the
circuit
stable
if
the
total
input

and
output
loop
resistances
are
p
ositive
(�
g.
3.3.1)

�
�
�
�
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R
e(Z
s
+
Z
I
N
)
>
0

and

R
e(Z
L
+
Z
O
U
T
)
>
0

(18)

A
ccom
plished
by:

�
resistively
loading
the
transistor

�
adding
negative
feedback

N
ot
recom
m
ended
for
narrow
band
design.

E
xam
ple
3.3.2.

B
y
adding
resistances
w
e
change
�
s
and
�
L ,
but
loose
p
ow
er
too.

A
dded
resistance
can
b
e
absorb
ed
into
transistor
S
-m
atrix
(how
?)

N
egative
feedback
could
b
e
used
to
m
ake
S
12
=
0
to
stabilize

transistor;
not
com
m
only
done.

�
�
�
�
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U
nilateral
netw
ork:
S
12
=
0)
�
I
N

=
S
11 ,
�
O
U
T

=
S
22 .
In
that

case:
U
nilateral
transducer
p
ow
er
gain:

G
T
U

=

1�
j�
s j 2

j1�
S
11 �
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
S
22 �
L j 2

(19)

T
hink
of
it
as
a
product
of
three
com
p
onents:
G
T
U

=
G
S �G
0 �G
L .

see
�
g.
3.2.2.

G
s
a�
ects
the
degree
of
m
ism
atch
b
etw
een
�
s
and
S
11 .
It
is

passive,
but
can
have
gain
>
1.
S
ince
there
is
an
\intrinsic"

m
ism
atch
loss
b
etw
een
Z
0
and
S
11
(i.e.
b
etw
een
�
and
S
11 ))

decreasing
that
loss
provides
gain.
S
am
e
for
G
L .

�
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F
or
dB
-s:
G
T
U
(d
B
)
=
G
s (d
B
)
+
G
0 (d
B
)
+
G
L (d
B
).

O
ptim
ize
(m
atch)
�
s
and
�
L

for
m
ax.
G
s
and
G
L )
�
s
=
S
�11

and
�
L
=
S
�22
(jS
11 j
<
1;jS
22 j
<
1).

)
G
s
;m
a
x
=

1

1�
jS
11 j 2
G
L
;m
a
x
=

1

1�
jS
22 j 2

(20)

)
G
T
U
;m
a
x
=

1

1�
jS
11 j 2 jS
21 j 2

1

1�
jS
22 j 2

(21)
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v
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p
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C
onstant
gain
circles:
unilateral
case

G
T
U

=

1�
j�
s j 2

j1�
S
11 �
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
S
22 �
L j 2

(22)

or
G
T
U

=
G
S �
G
0 �G
L .
F
or
general
analysis
w
riteG
S ;G
L

as

G
i
=

1�
j�
i j 2

j1�
S
ii �
i j 2

(23)

T
w
o
cases:

1.
unconditionally
stable:jS
ii j
<
1

2.
p
otentially
unstable:jS
ii j
>
1

�
�
�
�
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C
ase
1.
M
ax.
value
of
G
i )
m
atch
�
i
and
S
ii ,
ie.
�
i
=
S
�ii

)
G
ii
=

1

1�
jS
ii j 2

(24)

T
erm
inations
that
produce
G
i;m
a
x

are
called
optim
um
term
ina-

tions.

F
rom
de�
nition
of
G
i ,
ifj�
i j
=
1)
G
i
=
0.
O
ther
values
ofj�
i j

produce
values
0�
G
i �
G
i;m
a
x .

A
nalysis
of
G
i
via
S
-chart
leads
to
constant
gain
circles.

Introduce
norm
alized
gain
factor:

g
i
=

G
i

G
i;m
a
x
=
G
i (1�
jS
ii j 2);
and
0�
g
i �
1

(25)
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p
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A
lso
de�
ne
�
i
=
U
i
+
jV
i
and
S
ii
=
A
ii +
jB
ii
and
plug
it
into

eq.
25.
M
any
m
anipulations
later...

"U
i �

g
i A
ii

1�jS
ii j
2(1�
g
i ) #2
+

"V
i �

g
i B
ii

1�jS
ii j 2(1�
g
i ) #
=

24 p
1�
g
i (1�jS
ii j 2)

1�jS
ii j 2(1�
g
i ) 35 2

T
hese
are
circles
w
ith
g
i
as
param
eter.
C
enters
are
at:

U
c
=

g
i A
ii

1�
jS
ii j 2(1�
g
i ) ;
V
c
=
�

g
i B
ii

1�
jS
ii j 2(1�
g
i )

(26)

w
ith
radius
R
i
=
p

1�
g
i (1�
jS
ii j 2)

1�
jS
ii j 2(1�
g
i )

(27)
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W
riting
di�
erently,
distance
from
origin

d
i
=

rU
2c
+
V
2c
=

g
i jS
ii j

1�
jS
ii j 2(1�
g
i )

(28)

and
angle

tan
�
=
V
c

U
c )
�
i
=
tan �
1 �
B
ii

A
ii

(29)

C
onst.
gain
circles
located
at
distance
d
i
along
the
line
draw
n

from
origin
to
p
oint
S
�ii
(
=
A
ii �
jB
ii ).

�
�
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P
rocedure
for
const.
gain
circle(s)
construction:

�
L
ocate
S
�11
and
draw
line
from
origin
to
it.
A
t
S
�ii
gain
is

G
i;m
a
x
=
1=(1�
jS
ii j 2),
and
the
radius
is
R
i;m
a
x
=
0
(p
oint).

�
�
nd
values
for
0�
G
i �
G
i;m
a
x
(using
G
i
=
(1�
j�
i j 2)=j1�

S
ii �
i j 2),
and
calculate
g
i
=
G
i =G
i;m
a
x .

�
determ
ine
d
i ,
R
i
for
each
g
i
(eqs.
28
and
27
)

�
0
dB
circle
(G
i
=
1)
alw
ays
goes
through
origin,
or
for
G
i
=
1

)
�
i
=
0
so
that

g
i;0dB
=
1�
jS
ii j 2
and
R
i;0dB
=
d
i;0dB
=

jS
ii j

1
+
jS
ii j 2 (30)
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E
xam
ple
3.4.1
show
s
calculation
of
optim
um
term
inations,
various

gains,
construction
of
const.
gain
circles
and
design
based
on

those
circles.

�
determ
ine
im
p
edances
for
optim
um
term
inations

�
�
nd
G
s
;m
a
x
=
1=(1�
jS
11 j 2)
=
2:141
(
=
3.31
dB
)

�
�
nd
G
L
;m
a
x
=
1=(1�
jS
22 j 2)
=
1:046
(
=
0.19
dB
)

�
�
nd
G
0
=
jS
21 j 2
=
19:8
(
=
12.97
dB
);
for
total
sum
them

up.

�
construct
table
of
g
s ;d
s ;R
s
for
various
G
i -s
(�
g.
3.4.4)
(w
hy

no
m
atching
for
output?)

�
construct
m
atching
netw
ork
for
given
gain
(�
g.
3.4.5)

�
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P
otentially
unstable
case
(case
2)

U
nilateral
netw
ork:
jS
ii j
>
1
(i.e.
negative
input
resistance
is

present).
L
ook
at
expr.
23;
for
�
i !
1=S
ii )
G
i !
1
.
T
he

critical
value
is
�
i;c
=
1=S
ii .

U
nder
\norm
al"
circum
stances
(jS
11 j
<
1)
ab
ove
condition
can-

not
b
e
satis�
ed
by
passive
term
inations.

F
or
�
i;c
=
1=S
ii
realparts
of
im
p
edances
associated
w
ith
�
i;c
and

S
ii
cancel)
no
resistance
in
the
circuit!!
O
scillations
follow
.

R
em
em
b
er
that
for
negative
resistances
w
e
plot
the
inverse,
com
-

plex
conjugate
of
the
originalvalue;
here
w
e
plot
1=S
�ii
on
S
-chart

and
read
resistance
circles
as
negative
and
reactances
as
given.
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N
orm
alized
gain
g
i
=
G
i (1�
jS
ii j 2)
can
b
e
negative!
H
ow
ever,

the
sam
e
form
ulas
for
R
i
and
d
i
hold
(see
eqs.
27,
28),
except

the
centers
are
located
along
the
origin
-
1=S
ii
line.

N
eed
to
determ
ine
stable
region:
use
conditions:

R
e(Z
s )
>
jR
e(Z
in )j
and
R
e(Z
L )
>
jR
e(Z
o
u
t )j

(31)

i.e.,
the
total
resistance
in
the
circuit
is
still
p
ositive.

E
xam
ple
3.4.2
(�
g.
3.4.6).

�
locate
1=S
�11
to
�
nd
Z
in

�
�
nd
1=S
11
for
line
on
w
hich
centers
of
const.
gain
circles
w
ill

b
e

�
�
�
�
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�
S
table
region
is
w
here
total
resistance
is
p
ositive,
i.e.
inside

the
shaded
const.
resistance
circle

�
optim
um
output
term
ination
from
�
L
=
S
�22
=
0:6 6
80 �.
A
fter

�
nding
�
L

on
S
-chart,
read
o�
the
Z
L

value.

�
G
s
=
5dB
=
3:16)
g
s
=
3:16[1�
(2:27)
2]
=
�
13:123

�
plug
g
s
into
form
ulas
for
R
s
and
d
s :
R
s
=
0:217,
d
s
=
0:415

�
for
largest
stability
pick
up
�
s
that
has
largest
R
e(�
s )
on
any

given
const.
gain
circle
(pt.
A
).
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U
nilateral
�
gure
of
m
erit

W
hen
is
it
p
erm
issible
to
take
S
12
=
0
(unilateral
device)?

G
T

G
T
U

=

1

j1�
X
j 2 ;
X
=

S
12 S
21 �
s �
L

(1�
S
11 �
s )(1�
S
22 �
L )

(32)

b
ounded
by

1

(1
+
jX
j)
2
<

G
T

G
T
U

<

1

(1�
jX
j)
2

(33)

G
T
U

m
ax
w
hen
conj.
m
atching
provided:
�
s
=
S
�11
etc.
giving

m
ax
error
introduced
by
S
12
=
0.

1

(1
+
U
)
2
<

G
T

G
T
U

<

1

(1�
U
)
2 )

(34)

unilateral
�
gure
of
m
erit
U
=

jS
12 jjS
21 jjS
11 jjS
22 j

(1�
jS
11 j 2)(1�
jS
22 j 2)
(35)
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S
im
ultaneous
conjugate
m
atch:
B
ilateral
case

W
hat
to
do
if
S
12 6=
0
(or,
U
is
not
sm
all)?

M
ost
general
expressions
for
�
I
N

and
�
O
U
T

still
hold:

�
I
N

=
S
11
+
S
12 S
21 �
L

1�
S
22 �
L

(=
� �s )

(36)

�
O
U
T

=
S
22
+
S
12 S
21 �
s

1�
S
11 �
s

(=
� �L )

(37)

F
or
m
ax.
p
ow
er
transfer
�
I
N

=
� �s
and
�
O
U
T

=
� �L .
�
g.
to

illustrate.

S
olve
tw
o
eqs.
w
ith
tw
o
unknow
ns:
�
L ,
�
s .
C
allthe
solution
�
M
s

and
�
M
L

(for
sim
ultaneously
m
atched
case).
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S
olution:

�
M
s
=
B
1 �

rB
21 �
4jC
1 j 2

2C
1

�
M
L
=
B
2 �

rB
22 �
4jC
2 j 2

2C
2

(38)

C
1
=
S
11 �
�
S
�22

B
1
=
1
+
jS
11 j 2�
jS
22 j 2�
j�j 2

(39)

C
2
=
S
22 �
�
S
�11

B
2
=
1
+
jS
22 j 2�
jS
11 j 2�
j�j 2

(40)

W
hich
sign
to
use
ab
ove?
F
irst,j�
M
s j;
�
M
L
<
1
is
necessary
for

unconditional
stability.

F
urther
analysis
show
s
the
necessary
condition
to
b
e
K
>
1
w
here

K
is
stability
factor!
F
rom
b
efore
w
e
know
the
additional
require-

m
ent:j�j
<
1)
B
1
>
0
and
B
2
>
0

�
�
�
�
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A
llof
this)
negative
signs
(-)
should
b
e
used
in
�
M
s ;�
M
L
w
hen

calculating
the
sim
ultaneous
con.
m
atch
for
unconditionally
sta-

ble
tw
o-p
ort
netw
ork.

P
otentially
unstable
case:
analysis
done
in
term
s
of
G
P
;G
A

(but

see
recent
literature).

W
hat
is
the
m
ax.
G
T

associated
w
ith
�
M
s ;�
M
L ?

G
T
;m
a
x

=

(1�
j�
M
s j 2)jS
21 j 2(1�
j�
M
L j 2)

j(1�
S
11 �
M
s )(1�
S
22 �
M
L )�
S
12 S
21 �
M
s �
M
L j 2

=

1

1�
j�
M
s j 2 jS
21 j 2
1�
j�
M
L j 2

j1�
S
22 �
M
L j 2

(41)

(see
eq.
3.2.1
|

no
�
I
N

or
�
O
U
T

present
there).
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F
urther
m
anipulation:

G
T
;m
a
x
=
jS
21 j

jS
12 j (K
�
p

K
2�
1)

(42)

note:
G
T
;m
a
x
dep
ends
only
on
transistor
param
eters
(S
-m
atrix).

�
M
s ;�
M
L
don't
enter
the
picture
b
ecause
they
are
determ
ined
by

conjugate
m
atching
requirem
ent.

If
w
e
had
som
e
controlof
[S
],
w
hat
w
ould
m
ax.
G
T
;m
a
x
b
e?
S
ince

K
�
p

K
2�
1
falls
m
onotonically
to
0,
m
ax
value
is
for
K

=

1.
T
he
value
of
G
T
;m
a
x
for
K
=
1
is
called
m
axim
um
stable
gain

(M
S
G
),
G
M
S
G

=
jS
21 j=jS
12 j.
C
ondition
K
=
1
can
b
e
achieved
by

resistive
loading
or
by
feedback
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C
onstant
gain
circles:
bilateral
case

C
onditions:
K
>
1
andj�j
<
1.

D
esign
m
ay
callfor
G
T 6=
G
T
;m
a
x
(produced
by
conjugate
m
atch-

ing);
w
hat
to
do
then?
N
eed
to
choose
�
s ;�
L

di�
erently.
S
tart

w
ith:G

T

=

1�
j�
s j 2

j1�
�
I
N
�
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
S
22 �
L j 2

=

1�
j�
s j 2

j1�
S
11 �
s j 2 jS

21 j 2
1�
j�
L j 2

j1�
�
O
U
T
�
L j 2
=
G

0s
G
0
G
L

(43)

G
0s

=

1�
j�
s j 2

j1�
�
I
N
�
s j 2
G
0
=
jS
21 j 2
G
L
=

1�
j�
L j 2

j1�
S
22 �
L j 2
(44)

�
�
�
�

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

c
B
.
P
ejcin
o
v
ic

2
7

��



M
ic
r
o
w
a
v
e
tr
a
n
sisto
r
a
m
p
li�
e
r
d
e
sig
n

C
om
pare
this
w
ith
expressions
in
unilateral
case

G
s
=

1�
j�
s j 2

j1�
S
11 �
s j 2
G
L
=

1�
j�
L j 2

j1�
S
22 �
L j 2

(45)

)
�
I
N

replaced
S
11

G
eneral
procedure
follow
s
unilateral
case,
but
it
is
iterative
b
e-

cause
�
I
N

dep
ends
on
choice
of
�
L .

P
rocedure:

�
P
ick
�
L
for
given
G
L
gain
(see
eq.
ab
ove).
C
onst.
gain
circles

can
b
e
draw
n
using
unilateral
gain
form
ulas

g
L
=
G
L =G
L
;m
a
x
=
G
L (1�
jS
22 j 2)

(46)
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R
L
=
p

1�
g
L (1�
jS
22 j 2)

1�
jS
22 j 2(1�
g
L )

(47)

d
L
=

g
L jS
22 j

1�
jS
22 j 2(1�
g
L )

(48)

angle
determ
ined
by
S
�22 :
line
connecting
the
origin
w
ith
S
22
w
ill

have
centers
of
circles
on
it.

�
C
alculate
�
I
N

from
�
I
N

=
S
11
+
S
12 S
21 �
L =(1�
S
22 �
L )

�
G

0s
const.
gain
circles
draw
n
using
the
sam
e
eqs.
(
46,
47,

48)
but
�
I
N

goes
w
here
S
11
w
ould
norm
ally
go:

g
s
=
G

0s =G
s
;m
a
x
=
G

0s (1�
j�
I
N j 2)

(49)
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�

R
s
=
p

1�
g
s (1�
j�
I
N j 2)

1�
j�
I
N j 2(1�
g
s )

(50)

d
s
=

g
s j�
I
N j

1�
j�
I
N j 2(1�
g
s )

(51)

angle
determ
ined
by
� �I
N

(instead
of
S
�11 )

S
elect
the
desired
�
s
for
a
given
G

0s
gain.
T
he
available
values

of
G

0s
m
ay
not
b
e
satisfactory,
e.g.
G
s
;m
a
x
=
1=(1�
j�
I
N j 2)

m
ay
b
e
too
sm
all,
or
values
of
p
ossible
�
s
m
ay
not
b
e
good

etc)
go
back
to
start
and
choose
di�
erent
�
L

and
rep
eat

the
procedure.

�
O
nce
�
s
and
�
L

are
picked
up,
design
m
atching
netw
orks
as

b
efore.

E
xam
ple
3.6.1.
O
p
erate
at
6
G
H
z
w
ith
G
T
;m
a
x .
F
ig.
3.6.3.
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�
calc.
K
andj�j
for
stability:
K
=
1:504,
�
=
0:301 6
109 �
(is

it
unconditionally
stable?)

�
is
F
E
T
unilateral?
calculate
U
=
0:1085
so
that

�
0:89
dB
�
G
T

G
T
U

<
1
dB
)
S
12 6=
0

(52)

�
calc.
sim
ultaneous
conjugate
m
atch
(need
B
1 ;B
2 ,
C
1 ;C
2 ))

�
M
s
=
0:76 6
177 �,
�
M
L
=
0:71 6
103 �

�
from
K
;S
21 ;S
12 )
G
T
;m
a
x
=
11:3
dB
.

�
given
�
M
s ;�
M
L

�
nd
m
atching
netw
orks.
F
rom
S
-chart:
Y
M
s

=
7:2�
j1:23=
0:144�
j0:0246
S
,
and
Y
M
L
=
0:414�
j1:19,

=
0:0083�
j0:0238
S
.
S
ee
�
g.
3.6.3
and
3.6.4
for
design.
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�
calc.
real
lengths
for
given
m
aterial
(say,
D
uroid)

�
check
other
frequencies
to
m
ake
sure
that
chosen
�
-s
provide

stable
op
eration.

H
ow
ab
out
p
otentially
unstable
bilateral
case
(K

<
1
orj�j
>

1)?
T
urns
out
that
design
procedure
based
on
G
T

is
not
good
and
is

b
etter
done
based
on
op
erating
p
ow
er
gain
equation.

C
onclusion
on
bilateral
case:
anything
but
design
for
G
T
;m
a
x
is

tedious
(and
b
etter
alternative
exists);
if
transistor
is
uncondition-

ally
stable
sim
ultaneous
conjugate
m
atch
can
b
e
found
resulting

in
G
T
;m
a
x .

�
�
�
�

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

c
B
.
P
ejcin
o
v
ic

3
2

��


