ECE 580 — Network Theory Sensitivity Calculation for 121
Nonlinear Networks

Noise analyisis of MOSFET IC:
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Sensitivity Calculations (DC) for Nonlinear Networks

. . AB
Consider a nonlinear conductance: —e—*\w-‘-- o]

where i = ig(V3, Py, Pa, ...). + M -

Here the P; may be time (¢), temperature (T), a, I, etc.

Then Aip = 22 AVp + 3 a‘B AP,
B

The contribution to A is [diff. Tellegen theorem A= ¥, (V}, Aij, — 1, AV},) = 0]
o _ i\ _ O 0ip WVoue . 0ig
Vghip — igAVy = |V (ﬁ) — g | AV + Uy ) a—PkAPk - 6;1,: =Ps5p-

0

The first term is eliminated if in N

9

P = (ai) Vg
B ovg/ bias point

Incremental linear resistor

This represents a linear time-variable conductance § in N. (Time-variable, since dig/dVp varies
in N in time, even if the ig- V5 characteristic is time-invariant, except of course for DC circuits.)
Or for small signals!

Ton=22
Example: C*?_D*—Q kT
pS
"’- v == sat. current /
& %
n or a: production variable, 1~2. i=1Is ( - ) - 1)
-
Hence, g———/l(l+ls) = =

i aqls aq aq(i+15)
1S 0% v s

Pi=lyP=TP=a =5 =37 KT

= A3 + 1)

The contribution to A is ﬁZk;TiAPk =7 [ILAIS WAT +——= qv(lﬂs) Aa] + = Av,
k s
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Example: Find the temperature sensitivity of i in the circuit:

R T

Temp. sensor R is negligibly
temp. sensitive

8
Al—aTAT

i
v

L

Solution: now N is

[i7] [avi]  [97] [2iy)

This gives 7] v~ [27) 18l = Ai on the LHS of the diff. Tellegen’s Theorem.

6i/aT
If only T varies, the RHS is 2= AT = —, 1720H2 AT
h 17_+1/g_ L L so that
where ¥p = R+1/5 " Rg+1  RA(i+Ig)+1’ ai
ar

VpA(i + 1 AT

A= G I+ 1T

Homework: find ai/als and ai/aR :
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Let a nonlinear internal twoport (e.g., a transistor) inside N be described by

[?] =i=h(V,P,P,,..), where h is a non linear vector function of ¥ and P;. For example,
2

G : -

e ‘LC Nonlinear DC
+ =2 ;

Ve

= B

transistor model.

e
VC.

5 -0

i Lg(ete —1) — aI (e — 1
Using the Ebers-Moll equations (for pnp transistor)«— [le] = [ es( v ) " CS( v )
L —alys(eMe — 1) + I5(e?Ve — 1)

c

corresponding to the model:

[ V. .
Herei = [ie] Ve [I;]’ P, =\, P, =L, P; = ar, etc., whichever can vary.
c

c

i 2 ] As ;—y2_ 0L o
iz [ic] As in the scalar case, Al = Y-, 3o Av, + Y 37, Ap;
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Defining the Jacobian matrix

2iy 2y
avl avZ
A ai A aﬁ . H -
Ul£5, 2 PR 2 x 2 for transistor

g
av'g ®

[ail/av 61'1/ 'I
1

A 1]
di di Av
l lz/avl lz/asz ’

. i
Ai = [J,]Av + Z a—piApi

Hence, in DL Aig — i5Avg , we get DT ([],,]Av + Ziaa—iApi) —iTAv
The factor of Av (which is unknown and unwanted) is
?T[J,] —iT => 0 fori = [JI]D.
2] =vaz)
%) ()
Hence, the nonlinear twoport in N becomes in N a linear (time-varying) twoport given by a

[?B] = Ug]
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. . P o ai o .
This choice for N leaves 97 Y); a—;Api as contribution of the nonlinear twoport to A.
L

For the example on p. 337, ifi; =i, i>=1i.

2l
’Bt '--...._

vzu- o
] = Ies)le’h’e —a:TICS}leA”C
o —aplpshe?e I Aetve

So, denoting I,se*ve = I}, I.;e*c = I,

=2l L ]l

This represents the linear (time-varying) twoport:

4 A
14, 1
)
het, L ¢
T e 3%
- | “)‘“rxcou_ S —

Since I', = fi(v,) & [I'c = f,(v.), the elements in this linear twoport vary with the voltages
in N. Hence, N must be analyzed before N: then N is easy to analyze, since it is linear.

The contribution to A is, with

= hi=ly p2= @& , p3=T, Pa=a, ps =1, Pe=ay:
prod. paramter
6
[~ oi, Ap]
" di,

Homework: calculate the terms under the summation signs.

Sensitivity Analysis of Dynamic Linear Active Circuits in the Frequency Domain

v(0),j(0) = V(w),J(w)

v(t) =V, cos(wt + ¢p) - Vel®, V =1V,e/®



