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Stability

Instability : non - zero output with zero mput.

Stability theory : many equivalent versions :

Classical control systemtheory

Bode & Nyquist methods : find phase margin.

Find real part of closed - loop poles.

Do any lie in right half of s-plane ?
Network theory :

Analyze circuit by nodal analysis.

Find polesm V,, (s)/V,,,(s).

Do any lie in right half of s-plane ?
Impedance viewpoint

Does Z, (jw) have a negative real part ?

Reflection (S) viewpoint

[s the magnitude of I’ greater than 1?
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Physical system(circuits, etc.) in small - signal limit — transfer function.
V) 0 B8) TS o ey

Vgen(S) Ca(s) 1,(9)

1+bs+bs’+... (S S S =8,)(8—=5_3)...

2
l+as+a,s™ +.. (S S, (8 —=8,,)(S =8 ,3)-..

H(s)=c

Impulse response :
h(t) =k exp(s 1)+ k, exp(s 1) + ks exp(s,5f) + ...

Poles are (generally ) complex :

S, =0,+]jo,

If any poles lie in right half of s - plane (o, positive)
then k; exp(s,t) will grow without limit.

— unstable system.



class notes, M. Rodwell, copyrighted 2009

S, =0, t jo,;negtive o, S, =0, 1t ]w,;positive o,
—> exp(s,;t) decays. —> exp(s,;f) Zows.
— stable system. — unstable system.
30 4
20— |
—] 2_
> > _
c 10— =
=] i = 0
S 7 S A
-10— 27
RSUSUURUSUULUURIUUR AT T T T T T T
000102030405060.708091.0 000102030405060708091.0

time, nsec time, nsec



Stahility from Network Viewpoint

Impedances

I(t)=Ie"
Vt)=rve"

This assumes zero 1nitial conditions

/Z =1/sC

I(s) . V(S)_
T
A
C
I(s) . V(S)_
. -
L
Its) V)
_ "
R



class notes, M. Rodwell, cop,
- 1 ]
I | I I |

Consider a1 - port device having i DE‘” ° E
a negative real part toZ, (jo) i B i
I; i % Rm<0 i
H’Il I
| |
| |
| I
.
I Device |
L

We connect an external load

I |

| |

| |

i |

to consider stability of AN |
R , V;n: Rr’f?<0 :

h : :

| |

| |

1 |

the combined system.
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Nodal analysis : Vi Vi _ o

+ =
R +1/sC R, +sL
1 1
+ =
R +1/5,C R, +s,L

R +1/s,C+R,+s,L=0 — sSLC+s(R,+R)C+1=0

R +R. R +RY 1
Spi2 =~ * -
2L 2L LC

(R, + R,) positive > Re{s, ,} <0—>stable

Hence V, = 0 (stable) or 0

(R, + R,) negative —> Re{s, ,}>0—> unstable
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(R, + R,) positive—> Re{s, ,} <0—>stable

1 |

C i

1

| ST i

(R, + R,) negative — Re{s, ,}>0— unstable %R po % R <01
A _ : :

1 |

1 |

1 |

If R, 1spositive, no (positive) value of R, produces an unstable system

— device is unconditio nally stable.

If R, 1snegative, some (positive) values of R, produces an unstable system

— device 1s potentially unstable
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Z (o)
Fromimpedanceviewpoint: Lo—

one-port
device

—

A one - port 1s unconditio nally stable if :

Re {Z o a))} > (0 for all frequencie s.

Alternatively, a one - port is unconditionally stable if :

Re{ - (J a))} >( for all frequencie s.

If Re {Zm (j a))} <0 for some frequencie s,

then the device is potentially unstable.

s, M. Rodwell, copyrighted 2009
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Fromreflection viewpoint: L) ——
5— device
L, (jo) = : y

Zin (]a)) + ZO

A one - port is unconditio nally stable if :

L, (j a))H <1 for all frequencie s.

It

then the device 1s potentially unstable.

[, (jw)|>1 forsome frequencie s,



Stability of a Two-Port: Look at I,
Z,,(j)

There are two degrees of freedom :

|_>A
[, and T, . @ ’ Cl'::

two-port
device

L

Thinkof'it asal-port:

rin :S11+FL

fo m—
I
S50, ’”001)’.1

1- Szer

two-port
device

L

L,(jo) <1

The device 1s unconditio nally stable if

for all load reflection coefficien ts T, such that |[, [ <1

Whydowe notconsider HFLH > 17
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There are two degrees of freedom :
[y and T, .

Thinkof'it asal-port:

S21S12

I =5,+T
out 22 Sl—SUFS

The device 1s unconditio nally stable if

Zz' n 0 (D)

oF

two-port
device

L

two-port

S
a,

device

L

by

L.(jo) <1

for all load reflection coefficien ts Iy such that |[;[ <1

Whydowenotconsider HFSH >1?
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valuesof Iy whichgive|l' |I=1
1_‘out = S22 + 1_1S S21S12 /
=5k [ -plane
Y
X
\

I, =0sol .=5,

out

v

\/

If |S,,| < 1, thenthecenterof theSmith chartis stable.

If |S,,| > 1, thenthecenterof theSmith chartis unstable



Output Stability Circle
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g ¢ e I, -plane
r =S +T, 21912 // \(
1-8,,I

F OsoF =S,

)

out

=1

valuesof I, whichgive
If ||S,,| <1, thenthecenterof theSmith chartis stable.

If |S,,| > 1, thenthecenterof theSmith chartis unstable



Sourcestabilitycircle Loadstabilitycircle
I - plane [, -plane
el \(
X
IS, <1
5. @
L=

Thisis a testat onespecificfrequencymust testat all frequenciss.
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I -plane

/\\(

f
\ s <1 )

out

Loadstabilitycircle

I, -plane

/’\\(
\

IS, <1

~_ 1| —
7

Thisis a testat onespecificfrequencymust testat all frequenciss.
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We need check only one stahbility circle

two-port
devii

O evice
gRaks

(T,

IR

If there is no I', for which

b

&

two-port
devi

1

IZD

N>1,

rD ,
N

I' (o)

then no combination of Iy and I, can cause oscillatio n.

If there 1s no I'y for which

1ﬂout

> 1,

then no combination of I and I, can cause oscillatio n.

If onestablitycircle passeshestablity €st,thensomust theother.

two-port
dovh

1
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I'; outside the shaded region gives <1, cannot oscillate with any I .

I'; inside in the shaded region gives > 1, might oscillate given with wrong I .
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two-port
device

L

Loadstabilitycircle

I

rin :S11+FL

I', outside the shaded region gives

[', mside n the shaded region gives

I, -plane

%)
1

55151,
1-8,,I

IS <1

|
lh\

L,
L,

<1, cannot oscillate with any I5.

> 1, might oscillate given with wrong I'.
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If eitherIy orlI; lies outsidethedangerzones,thecircuit will bestable.



Stability Factors

A Y S S
=5, +I, —1 I =S 4+ 22101
' 1=551 our T2 Sl—SUFS

If thereis nol; for which (I
If thereis nol for which HFMH > 1, thenetworkis unconditimally stable.

> 1, thenetworkis unconditimally stable.

A 2-port is unconditionally stable if the Rollet stability factor K >1, where
I- ”Sn”2 } ”Szzn2 + ”SllSzz B 512521”2

HK =
2 ”512521 ”

and

2a) ||S11S22 - S12521|| <l.

An alternative 2™ condition is that

2b) B, > 0...this 1s graphed in ADS, but the B, definition given in ADS 1s wrong



