
N
egative
resistance
oscillators

T
erm
inology:

�
load
m
atching
netw
ork
(or
resonant
m
atching
netw
ork)
deter-

m
ines
the
frequency
of
oscillation

�
term
inating
netw
ork
is
used
to
provide
prop
er
m
atching

O
ne
p
ort
negative
resistance
oscillators
(�
g.
5.2.1)

N
egative
resistance
device
represented
by
am
plitude
and
frequency

dep
endent
im
p
edance
Z
I
N
(V
;!
)
=
R
I
N
(V
;!
)
+
jX
I
N
(V
;!
).

R
I
N
(V
;!
)
<
0
for
som
e
V
and
som
e
!
.

O
scillator
constructed
by
connecting
the
neg.
resistance
device

to
a
passive
load
im
p
edance
Z
L

=
R
L
+
jX
L
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R
ecall
stability
conditions
of
tw
o-p
orts.
T
o
m
ake
devices
uncon-

ditionally
stable
w
e
used
resistive
loading.
Just
b
ecause
device
is

not
unconditionally
stable
does
not
m
ean
it
is
actually
going
to

oscillate
|

total
resistance
in
the
loop
m
ust
b
e
negative.

B
y
analogy:
1-p
ort
is
stable
if
R
e[Z
I
N
(V
;!
)
+
Z
L (!
)
>
0.

F
or
netw
ork
to
actually
oscillate
the
requirem
ent
is:

�
I
N
(V
;!
)�
L (!
)
=
1

(1)

E
xplain
in
term
s
of
re
ected/incident
w
aves.
j�
j
>
1
m
eans
that

there
is
an
am
pli�
cation
of
re
ected
signal.

E
q.
1
can
b
e
broken
into
tw
o
parts:

R
I
N
(V
;!
)
+
R
L

=
0

and

X
I
N
(V
;!
)
+
X
L (!
)
=
0

(2)
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Instability
vs.
oscillation:
instability
results
in
an
uncontrolled

increase
of
voltage
and
current
and
it
has
no
steady
state.
O
s-

cillation
is
a
\stable"
state
(steady
state),
i.e.
the
am
plitudes
do

not
grow
uncontrollably.

D
e�
ne
device
as
unstable
over
som
e
freq.
range
(!
1 ;!
2 )
if
R
I
N

<

0
on
that
range.

O
ne
p
ort
netw
ork
is
unstable
for
som
e
!
0

on
(!
1 ;!
2 )
if
the
net

resistance
of
the
netw
ork
is
negative,
i.e.
jR
I
N
(V
;!
)j
>
R
L .
A
ny

excitation
or
noise
can
initiate
such
netw
ork
to
oscillate
w
ith
!
0

for
w
hich
the
net
reactance
of
the
netw
ork
is
equal
to
zero,
i.e.

X
L (!
0 )
=
X
I
N
(V
;!
0 )
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A
t
!
0

a
grow
ing
sinusoidal
current
w
ill

ow
through
the
cir-

cuit.
G
row
th
continues
for
as
long
as
the
resistance
is
negative

(j�
j
>

1).
T
his
cannot
go
on
forever
and
som
e
non-linearity

m
ust
bring
ab
out
change
in
jR
I
N
j
so
that
w
hen
voltage
V
across

it
reaches
som
e
level
(V
=
V
0 )
the
net
resistance
reaches
zero

value
R
I
N
(V
0 ;!
0 )
+
R
L

=
0.

P
roblem
:
oscillation
frequency
is
not
stable.
It
is
determ
ined

from
the
condition
on
reactance
X
I
N
(V
;!
)
w
hich
changes
as
V

increases.
F
or
stable
oscillation
an
additional
condition
is
needed.

K
urokaw
a
cam
e
up
w
ith
it
for
Z
I
N
(V
;!
)
that
is
essentially
con-

stant
in
!
around
!
0 :

@
R
I
N
(V
;!
)

@
V

��������V
=
V
0

@
X
L (!
)

@
!

��������!
=
!
0 �

@
X
I
N
(V
;!
)

@
V

��������V
=
V
0

@
R
L (!
)

@
!

��������!
=
!
0

>
0(3)
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3
requirem
ents
for
stable
oscillations.
S
ince
@
R
L (!
)=@
!
=
0,
eq.

3
can
b
e
sim
pli�
ed.

E
xam
ple
5.2.1.
D
evice
is
m
odeled
as
a
parallel
com
bination
of

G
and
C
,
G
(V
)
=
G
M
(1
�
V
=V
m
).
F
ind
a
load
circuit
(Z
L )
to

provide
oscillation
at
!
0

and
calculate
output
p
ow
er.

�

Z
in (V
;!
)
=
R
in +
jX
in
=
�

G
(V
)

G
2(V
)
+
!
2C
2 +
j

�
!
C

G
2(V
)
+
!
2C
2 (4)

�
1st
condition:

R
L

=

G
(V
)

(G
2(V
)
+
!
2C
2

��������!
=
!
0
;V
=
V
0

(5)

(note:
this
does
not
m
ean
R
L

is
freq.
dep
endent!)
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�
for
X
w
e
have

X
L (!
)
=

!
C

(G
2(V
)
+
!
2C
2

��������!
=
!
0
;V
=
V
0

(6)

�
3rd
condition:

@
R
I
N

@
V

�������V
=
V
0

@
X
L

@
!

�������!
=
!
0

>
0

(7)
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