
B
roadband
A
m
pli�
er
D
esign

D
esign
const.
gain
am
p
over
a
broad
frequency
range;
usually
a

m
atter
of
prop
erly
designing
the
m
atching
netw
orks
or
feedback

netw
ork
to
com
p
ensate
for
variation
ofjS
2
1 j
w
ith
frequency.

S
ynthesis
procedure
can
b
ecom
e
quite
involved.

D
i�
culties:

1.jS
2
1 j
andjS
1
2 j
vary
w
ith
frequency
(sketch)

2.
S
1
1 ;S
2
2

also
vary
w
ith
freq.

3.
noise
�
gure
F
and
S
W
R
w
ill
degrade
in
som
e
region
of
freq.

in
a
broadband
am
p.

�
�
�
�

M
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e
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v
e
tr
a
n
sisto
r
a
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d
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n

T
echniques:
a)
com
p
ensated
M
N
,
b)
negative
feedback.

S
o
far
design
considered:
stability,
gain,
noise
�
gure,
S
W
R
.
N
ow

w
e
consider
their
freq.
variation.
W
e
need
com
puter
help
very

quickly!
S
om
e
initial
design
done
by
hand
and
then
sw
itch
to

C
A
D
.

D
esign
procedure
by
M
ellor
involves
the
use
of
an
interstage

m
atching
netw
ork.
F
ig.
4.4.1.

I/O
m
atching
netw
orks
designed
w
ith
const.
gain
over
the
band-

w
idth.
T
he
interstage
part
provides
\gain"
that
increases
over

the
B
W
to
com
p
ensate
forjS
2
1 j
decrease.)

at
gain.

E
xam
ple
of
sim
ple
broadband
design:
ex.
4.4.1.
S
-m
atrix
given,

design
am
p
w
ith
G
T

=
10
dB
over
300{700
M
H
z.
W
hat
ab
out

S
1
2 ?
A
ssum
ed
=
0.

�
�
�
�

M
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w
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e
C
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D
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n
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v
e
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a
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r
a
m
p
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e
r
d
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�
�
nd
the
\intrinsic
gain"
of
B
JT
:jS
2
1 j
2

=
13
dB
(300
M
H
z),

10
dB
(450),
6
dB
(700).
T
o

atten
the
gain:
m
atching

netw
orks
should
have
3
dB
decrease
at
300
M
H
z,
0
dB
at
450

M
H
z
and
4
dB
gain
at
700
M
H
z.

S
ince
transistor
is
unilateral)
indep
endent
optim
ization
of

input
and
output
m
atching

�
w
hat
is
the
m
ost
gain
w
e
can
get
from
I/O
M
N
?
C
alculate

G
s
;m
a
x
=

1

1�
jS
1
1 j
2

G
L
;m
a
x
=

1

1�
jS
1
1 j
2

(1)

F
or
G
s
;m
a
x
=
0:4;0:3;0:1
dB
)
not
w
orth
m
atching
the
in-

put!

�
on
output:
S
2
2 �
0:85
over
the
B
W
.)
G
L
;m
a
x

=
5:6
dB

w
hich
m
akes
4
dB
at
700
M
H
z
p
ossible.

�
�
�
�
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v
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a
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p
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�
construct
const.
gain
circles
for
-3
dB
,
0
and
4
dB
at
300,

450
and
700
M
H
z.
(rem
em
b
er
the
procedure?
is
this
uncond.

stable?

recall:

{
�
nd
S
�2

2

and
draw
line
from
origin
to
it.
A
t
S
�2

2

w
e
have

G
L
=
G
L
;m
a
x

{
�
nd
G
L -s
and
g
L -s

{
calculate
d
L ;R
L

0
dB
circle
goes
through
origin.
M
atching
netw
ork
should
trans-

form
50
O
hm
load
into
som
7 T
D


(into)T
j
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D
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D


(is)T
j

148-3, T
D


(50)T
j

2020002 0 T
D


(-3)T
j

2011 0 T
D


(83

(4)T
j

148.0001 0 S
)T
j

/T
3  0 T
D


(31rcle)T
j

404 09998 0 5nto

G
O
D


(through)T
jresent998 0 57

(and)T
j

/T

/T
12al T
f

132 -26.00339d

gain

it.8nto60r111(0)T
j

136 T
102T
11 1 T
f

-9 0 T
D


(S
7 T
D


29 T
70(0)T
j

136 266.0002 0 2D


(rigin.)T
j
0002 06)T
j

48 0 T
D


(vigin.)T
j
v T
D


[(

(it.)T
j

24eT
D


(a)

(shoul)T
j

-C
404uit)-(8n9 1D
E
T


q
-3839 1I
-38391I
995 0 T
D
D


(4)T
j

148.0001 0/T
8-25 T
D


a)T
1d



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

�
choose
pts
that
can
b
e
generated
by
som
e
sim
ple
circuit,
e.g.

e
ll

circuit.
O
ne
choice
is
hunt
and
series
inductor
added
to

50
O
hm
load.

�
shunt
inductor
m
oves
adm
ittance
along
the
const.
conduc-

tance
circle
(show
n
in
S
-chart)
but
w
e
have
three
di�
erent
pts

for
three
frequencies.
S
eries
L
then
m
oves
im
p
edance
to
the

pts
on
G
L

circles.

�
H
ow
to
pick
up
pts
A
,
B
,
C
?
T
rial
and
error
until
at
least
tw
o

freq.
(say,
low
est
and
highest)
w
ork
out.
F
or
L
1

at
300
M
H
z

w
e
have
50=j!
L
1

=
�
j1:2)
L
1

=
22:1n
H
.

F
or
L
2

use
the
highest
freq.:
j!
L
2 =50
=
j(3:2�
0:4))

L
2

=
31:8
nH
.
S
ee
�
g.
4.4.3.

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

�
on
input:
50
O
hm
source
directly
to
input
of
B
JT
)
G
s
=

dB
?
S
W
R
=
(1
+
jS
1
1 j)=(1�
jS
1
1 j)
=
1.86
w
hich
could
b
e

im
proved
but
it
has
little
in
uence
on
G
s .

�
N
o
guarantee
that
S
W
R
(m
ism
atch)
is
going
to
b
e
sm
all.

W
hat's
to
b
e
done?

B
alanced
am
ps

P
ractical
m
ethod
to
obtain
broadband
am
p
w
ith

at
gain
and

good
I/O
S
W
R
.
F
igs.
4.4.5.
V
arious
3-dB
couplers:
3-dB
L
ange

coupler
�
g.
4.4.6
and
3-dB
branch-line
coupler.
F
or
L
ange:
psec-

ify
freq.,
susbtrate,
spacing
d
and
w
.
O
utputs
at
2
and
3
are
90
�

out
of
phase.

�
�
�
�
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w
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e
C
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v
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p
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d
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50
O
hm
source
+
50
O
hm
loads)
incident
w
ave
on
1
app
ears

as
a
1 = p
2
exp
(�
j�
=2)
on
2
and
on
3
it
has
�
phase.
P
ow
er
on

input
p
ort
is
equally
divided
b
etw
een
p
orts
2
and
3
and
nothing

goes
to
p
ort
4.
T
he
input
is
m
atched
w
hen
allthe
other
p
orts
are

50
O
hm
s.

R
everse
the
op
eration:
put
tw
o
signals
w
ith
�
=2
di�
erence
on
2

and
3)
sum
m
app
ears
on
1,
i.e.
2x
p
ow
er.

�
�
�
�
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w
av
e
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D
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e
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a
n
sisto
r
a
m
p
li�
e
r
d
e
sig
n

R
e
ected
part
of
the
w
ave
on
input
is
coupled
to
p
ort
4
but
not

to
2.)
re
ected
signals
(due
to
m
ism
atch)
on
I/O
are
directed

into
50
O
hm
loads.

F
or
�
=4,
3-dB
L
ange
coupler:

jS
1
1 j
=
12 jS

1
1
a �
S
1
1
b j;
jS
1
2 j
=
12 jS

1
2
a
+
S
1
2
b j

(2)

jS
2
1 j
=
12 jS

2
1
a
+
S
2
1
b j;
jS
2
2 j
=
12 jS

2
2
a �
S
2
2
b j

(3)

F
or
identical
am
ps)
S
1
1

=
S
2
2

=
0.
A
lso,
S
2
1 ;S
1
2

are
equal
to

one
side
of
the
coupler.

B
W
lim
ited
by
the
coupler
|

ab
out
2
octaves.

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

A
dvantages:

�
N
o
w
orry
ab
out
individual
am
p's
S
W
R
;
concentrate
instead

on

at
gain,
F
,
gain
etc.
I/O
S
W
R
w
ill
b
e�
1
(ideal
case)

�
high
degree
of
stability

�
output
p
ow
er
2x
that
of
one
am
p

�
even
if
one
am
p
fails,
balanced
am
p
w
ill
still
op
erate
but
w
ith

reduced
gain

�
ease
of
cascading
|

each
unit
is
isolated!

D
isadvantages:
a)
tw
o
am
ps
needed,
b)
dc
p
ow
er
consum
ption,

c
)
bulk.
E
x.
4.4.1.

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

W
ilkinson
3-dB
coupler,
�
g.
4.4.8.
D
ivides
equally
input
p
ow
er

on
1
b
etw
een
2
and
3,
w
hen
p
orts
m
atch
term
inated.
S
ignals
on

2
and
3
are
of
equal
m
agnitude
and
phase.

Idea:
F
or
2
and
3
term
inated
in
50
O
hm
s,
1
should
see
50
O
hm
s

)
each
�
=4
line
should
transform
50
to
100
O
hm
(w
hy?).
U
se

70.7
O
hm
s
line
for
this
purp
ose.
If
equal
loads
are
on
2
and

3,
nothing
goes
through
100
O
hm
resistor.
W
hen
m
ism
atch
is

present,
cancellation
occurs
at
the
other
output
p
ort.
A
lso
used

as
p
ow
er
com
biner.

�
�
�
�
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v
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p
li�
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N
egative
feedback

P
rovides

at
gain
and
reduces
I/O
S
W
R
;
also
controls
variations

due
to
transistors.
It
has
w
ide
B
W
(>
2
decades)
but
degrades

noise
�
gure
F
and
G
-s.

F
ig.
4.4.7,
8
and
9.
W
hat
are
the
new
S
-param
eters
for
the

circuit?
S
1
1

=
S
2
2

=
1D

2664 1�

g
m
Z
20

R
2 (1
+
g
m
R
1 ) 3775

(4)

S
2
1

=
1D

2664 �
2g
m
Z
0

1
+
g
m
R
1

+
2Z
0

R
2

3775

(5)

S
1
2

=

2Z
0

D
R
2 ;
D
=
1
+
2Z
0

R
2

+

g
m
Z
0

R
2 (1
+
g
m
R
1 )

(6)

�
�
�
�
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v
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r
a
m
p
li�
e
r
d
e
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F
or
I/O
S
W
R
=
1
w
e
need
S
1
1

=
S
2
2

=
0)
1+
g
m
R
1

=
f
m
Z
20 =R

2

)
R
1

=
Z
20 =R

2 �
1=g
m
.

T
his
produces
S
2
1

=
(Z
0 �
R
2 )=Z
0

and
S
1
2

=
Z
0 =(R
2
+
Z
0 ).

A
n
interval
for
R
1 ;R
2

can
b
e
determ
ined
that
w
ill
give
S
1
1

=

S
2
2

=
0
w
ith
p
ositive
values.
T
ake
exam
ple
ofjS
2
1 j
2

=
10
dB
in

50
O
hm
system

g
m
;m
in (R
1

=
0)
=
1�
S
2
1

Z
0

=
1�
(�
3:16)

50

=
83m
S

(7)

(-
sign
for
180
�
phase).
T
hen
for
R
1

=
0
)
R
2

=
g
m
Z
20

=

208O
hm
s.

If
b
oth
resistors
are
used,
then
m
inim
um
I/O
S
W
R
is
for
R
1 R
2 �

Z
20

but
w
e
need
high
g
m

for
that
w
ork
out!
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v
e
tr
a
n
sisto
r
a
m
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e
r
d
e
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n

W
hat
ab
out
phase
of
S
2
1 ?
F
or
negative
feedback
it
should
b
e

�
180
�
or
at
least
it
should
not
b
e
less
than
90
�
(otherw
ise?).

M
ost
transistors
have
6
S
2
1

that
is
180
�
and
stays
const.
but
then

falls
o�
tow
ard
or
through
90
�.

N
eed
som
e
com
p
ensation
to
increase
the
phase;
say,
series
L
w
ith

R
2

reduces
feedback
at
higher
frequencies.

E
ventually,
w
e
need
C
A
D
tools.

E
xam
ple
4.4.2
(�
gs.
4.4.11
and
12).
G
ain
is
required
to
b
e

G
T

=
10
dB
from
10
to
1500
M
H
z.
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v
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�
lots
of
p
ow
er
available,
certainly
at
L
F
but
it
is
p
otentially

unstable
(k
<
1)

�
for
f
>
1250
M
H
z)
6
S
2
1

<
90
�

�
look
at
the
frequency
stability
table

�
300
O
hm
in
shunt
on
output
provides
unconditional
stability

(except
at
250
M
H
z).
P
ow
er
gain
reduced,
but
still
O
K

�
S
1
1 ;S
2
2

still
large)
I/O
S
W
R
p
oor;
also,
6
S
2
1

<
90
�
ab
ove

1250
M
H
z.

�
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�
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v
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a
m
p
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r
d
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�
U
sing
R
1

=
0)
R
2

=
Z
0 (1
+
jS
2
1 j)
=
208
O
hm
s.

�
�
x
the
phase
of
S
2
1

by
adding
L
in
series
w
ith
R
2 .
T
ake

the
corner
frequency
to
b
e
1250
M
H
z,
i.e.
R
2

=
!
L
)

L
2

=
28n
H
.
F
igs.
4.4.13
and
14.

�
m
atch
really
attained
only
at
one
frequency
and
m
ism
atch

elsew
here.

F
ano
derived
a
set
of
integrals
that
predict
the
gain-B
W
restric-

tions
for
a
set
of
lossless
m
atching
netw
orks,
w
hich
can
b
e
used

to
optim
ize
the
m
atching
across
the
B
W
.
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v
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p
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e
r
d
e
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H
igh
P
ow
er
A
m
pli�
er
D
esign

S
o
far:
everything
based
on
sm
a
ll
sig
n
a
l
S
-p
a
r
a
m
e
te
r
s.
N
ot

very
useful
for
high
p
ow
er
design
due
to
non-linearities.
O
K
for

class
A
,
but
not
for
A
B
,
B
or
C
.

P
roblem
:
large
signal
S
-param
eters
not
w
ell
de�
ned
and
not
easy

to
m
easure.
C
haracterization
done
by
source
and
load
re
ection

coe�
.
as
a
function
of
output
p
ow
er
and
gain.

S
p
ecial
case:
m
easurem
ent
of
�
s
and
�
L

together
w
ith
output

p
ow
er
w
hen
transistor
is
op
erated
at
its
1-dB
com
pression
p
oint.

D
e�
nition
of
1-dB
com
pression
p
oint
(�
1d
b):
P
ow
er
gain
w
here

the
nonlinearities
of
the
transistor
reduce
its
p
ow
er
gain
by
1
dB

over
the
sm
all
signal
p
ow
er
gain:
�
1d
b
=
G
0 (dB
)�
1
.

�
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v
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p
li�
e
r
d
e
sig
n

G
p
=
P
o
u
t

P
in

)
P
o
u
t (dB
m
)
=
G
p (dB
)
+
P
in (dB
m
)

(8)

so
that
w
hen
output
p
ow
er
is
at
1
dB
com
pression
p
oint:

P
o
u
t (1dB
)
=
�
1d
b(dB
)+
P
in (dB
m
)
=
G
0 (dB
)�
1+
P
in (dB
m
)(9)

)
P

1dB
(dB
m
)�
P
in (dB
m
)
=
G
0 (dB
)�
1

(10)

i.e.
1
dB
com
p.
pt.
is
that
p
oint
at
w
hich
the
output
p
ow
er
m
inus

the
input
p
ow
er
(in
dB
m
)
is
equal
to
the
sm
all
signal
p
ow
er
gain

m
inus
1
dB
.
(sketch)
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v
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p
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P
o
;m
d
s
=
m
inim
um
detectable
signal
p
ow
er
(noise
lim
ited).
Input

signal
(P
i;m
d
s )detectable
only
if
its
output
p
ow
er
level
(P
o
;m
d
s )
is

ab
ove
noise
p
ow
er
level.

R
ecal
the
therm
al
noise
p
ow
er
of
tw
o
p
ort
w
ith
noise
�
gure
F
:

F
=

P
N
o

P
N
i G
A
;
P
N
i
=
k
T
B
;)
P
N
o
=
k
T
B
G
A
F

(11)

k
T
=
�
174dB
m
;
m
in.
detectable
signalon
input
is
som
e
num
b
er

(X
=
typically
3)
dB
-s
ab
ove
therm
al
noise,
then

P
i;m
d
s
=
�
174(dB
m
)
+
10log
B
+
F
(dB
)
+
X
(dB
)

(12)

P
o
;m
d
s
=
P
i;m
d
s
+
G
A
dB
)

(13)

D
ynam
ic
range
=
w
here
am
pli�
er
has
linear
p
ow
er
gain.
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