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High-level synthesis of translinear and log-domain circuits and systems
Floating-gate MOS (FGMOS) circuit design

Double-gate MOS (DGMOS) modeling and circuit design

Chemical sensing with chemoreceiptive neuron MOS (CvMOS) transistors

Electrochemical camera: amperometric study of exocytocis
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Low Voltage

: How Low Can We Go?
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The Ideal Multiple-Input Translinear Element

The ideal multiple-input translinear element (MITE) produces an

output current given by

I = M w1Vt +wiVi)/Ur

where
Vo M A
w —
I pre-exponential scaling current VQO% =
A dimensionless constant scaling I proportionally VKéUE
Vi kth control-gate voltage
Wi dimensionless positive weight scaling Vj,

Ur thermal voltage, kT'/q.
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Practical Floating-Gate MITE Implementations
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Basic MITE Circuit Stages

v,

e
Vo A,
W,
Vk;OL‘ —
I, o< eWniVi/Ur gwnk Vi /Ut Vi = Ut log I, — - --
W4

CIRCUITS &8 SYSTEMS LAB



Basic MITE Circuit Stages
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Elementary MITE Networks
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Elementary MITE Networks
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The Translinear Principle

In a closed loop of junctions comprising
an equal number of clockwise and
counterclockwise elements, the product
of the current densities flowing through
the counterclockwise elements is equal
to the product of the current densities
flowing through the clockwise elements.
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Static MITE Network Synthesis: Square-Root Circuit

Synthesize a square-root circuit described by

2 =+/x, where x> 0.
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Static MITE Network Synthesis: Square-Root Circuit

Synthesize a square-root circuit described by
2 =+/x, where x> 0.

We represent each signal as a ratio of a signal current to the unit current:
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Static MITE Network Synthesis: Square-Root Circuit

Synthesize a square-root circuit described by
2 =+/x, where x> 0.

We represent each signal as a ratio of a signal current to the unit current:

X

Il
i

I

=~ and =z
I
Substituting these into the relationship, we obtain

I, I,
L VI
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Static MITE Network Synthesis: Square-Root Circuit

Synthesize a square-root circuit described by
2 =+/x, where x> 0.

We represent each signal as a ratio of a signal current to the unit current:

X

Il
i

I

=~ and =z
I
Substituting these into the relationship, we obtain

. [
Z=1/F = L=VLI
n Vo
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Static MITE Network Synthesis: Square-Root Circuit

Synthesize a square-root circuit described by
2 =+/x, where x> 0.

We represent each signal as a ratio of a signal current to the unit current:

Substituting these into the relationship, we obtain

I, 1, /T
1 1
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Static MITE Network Synthesis: Square-Root Circuit
TLP: 12 = I,I,

MADBVLS
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Static MITE Network Synthesis: Square-Root Circuit
TLP: 12 =I,I,

I,y Vy Iy v, VL.
Ml Mx Mz
= L J’H iR
= = = - A=

MADBVLS
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Static MITE Network Synthesis: Square-Root Circuit
TLP: 12 = I,I,
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Experimental Measurements: Square-Root Circuit
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Static MITE Network Synthesis: Squaring Circuit

Synthesize a squaring circuit described by

= 2z° ~where x> 0.
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Static MITE Network Synthesis: Squaring Circuit

Synthesize a squaring circuit described by

= 2z° ~where x> 0.

We represent each signal as a ratio of a signal current to the unit current:
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Static MITE Network Synthesis: Squaring Circuit

Synthesize a squaring circuit described by

= 2z° ~where x> 0.

We represent each signal as a ratio of a signal current to the unit current:

X

Il
i

I
I—l and z

Substituting these into the relationship, we obtain
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Static MITE Network Synthesis: Squaring Circuit

Synthesize a squaring circuit described by

= 2z° ~where x> 0.

We represent each signal as a ratio of a signal current to the unit current:

X

Il
i

I

=~ and =z
I
Substituting these into the relationship, we obtain

I IL\?
- — I°=1.1.
I (Il) © '
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Static MITE Network Synthesis: Squaring Circuit
TLP: 12 = I,I,
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Static MITE Network Synthesis: Squaring Circuit
TLP: 12 =I,I,
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Static MITE Network Synthesis: Squaring Circuit
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Static MITE Network Synthesis: Squaring Circuit
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Static MITE Network Synthesis: Squaring Circuit
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Static MITE Network Synthesis: Squaring Circuit
TLP: 12 = I,I,
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Experimental Measurements: Squaring Circuit
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Static MITE Network Synthesis: Consolidation
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Static MITE Network Synthesis: Consolidation
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Static MITE Network Synthesis: Vector Magnitude

Synthesize a two-dimensional vector-magnitude circuit implementing

r=+/x2+vy? where x>0 and y > 0.
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We represent each signal as a ratio of a signal current to the unit current:
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Static MITE Network Synthesis: Vector Magnitude

Synthesize a two-dimensional vector-magnitude circuit implementing

r=+/x2+vy? where x>0 and y > 0.

We represent each signal as a ratio of a signal current to the unit current:

We substitute these into the original equation and rearrange to obtain

I, L\° (L)’
L — i 4+ [ =2
I I I
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Static MITE Network Synthesis: Vector Magnitude

Synthesize a two-dimensional vector-magnitude circuit implementing

r=+/x2+vy? where x>0 and y > 0.

We represent each signal as a ratio of a signal current to the unit current:

We substitute these into the original equation and rearrange to obtain

I L\° (L)’
LAY (e’ Y — I?=1%247?
L \/<11> +<11) P
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Static MITE Network Synthesis: Vector Magnitude

Synthesize a two-dimensional vector-magnitude circuit implementing

r=+/x2+vy? where x>0 and y > 0.

We represent each signal as a ratio of a signal current to the unit current:

We substitute these into the original equation and rearrange to obtain

I L\° (L)’ 2 I
L =4/[F - — I’=I’+]7 — [ =24+ X
\/<Il> N (Il) " al Y I " I

CIRCUITS &8 SYSTEMS LAB



13

Static MITE Network Synthesis: Vector Magnitude

Synthesize a two-dimensional vector-magnitude circuit implementing

r=+/x2+vy? where x>0 and y > 0.

We represent each signal as a ratio of a signal current to the unit current:

We substitute these into the original equation and rearrange to obtain

I L\° (L)’ 2 I

L =4/[F - — I’=I’+]7 — [ =24+ X

I \/<Il> i (Il) ' e I, i I,
N
Irl I’r2
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = Iy +1p
Lol = I?

MADBVLS
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Static MITE Network Synthesis: Vector Magnitude

TLP: I,1, = I?

Lol = I
Ir Y \éZ va Vl ylrl
ri X T I\/Irl
B I o S I Lo O
= = | =

KCL: Ir — Ir1+Ir2
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Static MITE Network Synthesis: Vector Magnitude

TLP: [qI.=1I? KCL: I, = I,1+1,9
Lol = I?
Ir \C{Z |x¢ Vl Irl |r2v V4 Y Iy \és Y Ir
Mrl Ile T I\/Irl |\/|r2 T I\/Iy |\/Iro
Lo L o L
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- - - : [ \ : :

MADBVLS

CIRCUITS &8 SYSTEMS LAB




13

Static MITE Network Synthesis: Vector Magnitude

TLP: @I, = I? KCL: I, = I1+1,9
Iyl = I?
Ir \C{Z |x¢ Vl Irl Ir2¢ V4 ¢Iy V3 ¢|r
I\/Iri Ile T I\/Irl Mrz
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Static MITE Network Synthesis: Vector Magnitude

TLP: @I, = I? KCL: I, = I1+19
Iyl = I?
Ir Y V2 |x¢ Vl Irl Ir2¢ V4 ¢ Iy \C{S Y Ir
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Static MITE Network Synthesis: Vector Magnitude

TLP: @I, = I? KCL: I, = I1+19
Lol = I?
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Static MITE Network Synthesis: Vector Magnitude

TLP: @I, = I? KCL: I, = I1+1,9
Lol = I?
Ir Y \éZ |x¢ Vl Irl Ir2¢ V4 ¢ Iy
ri Ile T I\/Irl Mrz T y
e — I ® ° I

MADBVLS

CIRCUITS &8 SYSTEMS LAB




13

Static MITE Network Synthesis: Vector Magnitude

TLP: @I, = I? KCL: I, = I1+1,9
Iyl = I?
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = Iy +1p
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = I,y +1p
Lol = I?
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = Iy +1p
Lol = I?
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = Iy +1p
Lol = I?
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Static MITE Network Synthesis: Vector Magnitude

TLP: Il = I? KCL: I, = Iy +1p
Lol = I?

T ul
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Static MITE Network Synthesis: Vector Normalizer

Synthesize a two-dimensional vector-normalization circuit implementing

u = - and v = Y , where >0 and y > 0.

/$2+y2 $2+y2
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Static MITE Network Synthesis: Vector Normalizer

Synthesize a two-dimensional vector-normalization circuit implementing

and v = where o >0 and y > 0.

u

_ L Y

Each equation shares » = \/x? + y2, which we can use to decompose the system as

y, and r=+/2?2+wy? where x>0 and y > 0.

’ U= —
r
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Static MITE Network Synthesis: Vector Normalizer

Synthesize a two-dimensional vector-normalization circuit implementing

U and v = where = >0 and y > 0.

_ L Y

Each equation shares » = \/x? + y2, which we can use to decompose the system as

: v:g, and r=+/2?2+wy? where x>0 and y > 0.
r

We represent each signal as a ratio of a signal current to the unit current:

~
I~

I,
, and r=—

Iy

U _
1

Y ou
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Y
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

L. IL.JI
L I./I

I, I,/L
L I/

and
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

L. IL.JI
L I./I

I, I,/L
L I/

and

— L, =11y and I,I,=1,I;
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

I, I./L
I, I/

I, I,/I
L, I/

and

— L, =11y and I,I,=1,I;

and
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

I, I./L
I, I/

I, I,/I
L, I/

and

— L, =11y and I,I,=1,I;

and
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

I _L/L Lo L/L

_ _ — I =1I and I, =I,I
LI/ L /1 Lo y-l

and

MADRBVLS
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Static MITE Network Synthesis: Vector Normalizer

We substitute these into the original equations and rearrange to obtain

I _L/L Lo L/L

_ _ — I =1I and I, =I,I
LI/ L /1 Lo y-l

and

~

Ifr Iw 2 I 2 2 I2
_—\/(_> _|_(_y> — ]3:]§+[§ — .= :r:_|_I_y

OIS
Irl I’r2
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
Lol = Ij L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: [,41, = I:% 1,1, = 1.1 KCL: I, = 1,1+1,9
1,51, 212 L1, = 1,1
VA vV,
. 5 i I i
L g

CIRCUITS &8 SYSTEMS LAB




14

Static MITE Network Synthesis: Vector Normalizer

TLP: IHIT:IC?: L, 1. = 1,14 KCL: I, = I1+1,9
I.o1, = Ij L1, = 1,1
\ Vi
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, 1. = 1.1 KCL: I, = I1+19
101, = Ij L1, = 1,1
Irl

AR AR
1= 1 =hpe
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Static MITE Network Synthesis: Vector Normalizer

TLP: 1.1, = 1323 L, 1. = 1,14 KCL: I, = I1+1,9
I.o1, = IS I, = 1,1,
\Z Vi \%
| T a1 I
M, M, M, M,
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, 1. = 1.1 KCL: I, =11+19
101, = IS L1, = 1,1
Vs Vp V7 Ve
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Static MITE Network Synthesis: Vector Normalizer

TLP: 1.1, = If: L, 1. = 1,14 KCL: I, = I1+1,9
I.o1, = Ij L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? 1,1, =1.1 KCL: I, =11+19
Lol = Ij I,I, =1,I;
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Static MITE Network Synthesis: Vector Normalizer

TLP: 1.1, = 1323 L, 1. = 1,14 KCL: I, = I1+1,9
M,
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Static MITE Network Synthesis: Vector Normalizer
TLP: @I, = I? I, 1. = 1.1 KCL: I, = I1+1,9
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Static MITE Network Synthesis: Vector Normalizer
TLP: @I, = I? I, 1. = 1.1 KCL: I, = I1+1,9
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Static MITE Network Synthesis: Vector Normalizer

TLP: I, =12  I,1, = LI KCL: I, = Iy+1,9
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
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Static MITE Network Synthesis: Vector Normalizer
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
Lol = Ij L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
Lol = Ij L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
Lol = Ij L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
Lol = IS L1, = 1,1
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Static MITE Network Synthesis: Vector Normalizer

TLP: I I, = I?
Lol = I
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Static MITE Network Synthesis: Vector Normalizer

TLP: @I, = I? I, = 1.1, KCL: I, = I1+19
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Static MITE Network Synthesis: Vector Normalizer
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Static MITE Network Synthesis: Vector Normalizer
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Dynamic MITE Network Synthesis: Output Structures

o1 ol
M, M,
Vo | Vo
Icn . — Icn —
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In X e’lUVn/UT In xX € ’lUVn/UT
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Dynamic MITE Network Synthesis: First-Order LPF
Synthesize a first-order low-pass filter described by

dy

T%—Fy:x, where x > 0.
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Dynamic MITE Network Synthesis: First-Order LPF
Synthesize a first-order low-pass filter described by

d
Td—i—kyzx, where x > 0.

We represent each signal as a ratio of a signal current to the unit current:

I I
=z d =Y
€T 7, and vy I,
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Dynamic MITE Network Synthesis: First-Order LPF
Synthesize a first-order low-pass filter described by

d
Td_i/“/:x’ where x > 0.

We represent each signal as a ratio of a signal current to the unit current:

~

Y
I

Substituting these into the ODE, we obtain

d (I,\ 1, I,
r—(Z|+HE =2
dt \ 1 1 1 1 I 1
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Dynamic MITE Network Synthesis: First-Order LPF
Synthesize a first-order low-pass filter described by

d
Td_i/“/:x’ where x > 0.

We represent each signal as a ratio of a signal current to the unit current:

~

Y
I

Substituting these into the ODE, we obtain

d (I,\ I, I, dI,
e I e N
"t (11) LT T
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Dynamic MITE Network Synthesis: First-Order LPF

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

a1, dv,
oV, dt

+1,=1,
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Dynamic MITE Network Synthesis: First-Order LPF

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

o1, av, av,
I, =1, W I, =1,
v, a Tl :>T(UT)dt+y
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Dynamic MITE Network Synthesis: First-Order LPF

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

I, d d
AN S T(——I) Yy p -1,

0V dt Ur Y/ dt
wt  dV), I,
. e
7 TUr dt I,
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Dynamic MITE Network Synthesis: First-Order LPF

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as
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Dynamic MITE Network Synthesis: First-Order LPF

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as
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Dynamic MITE Network Synthesis: First-Order LPF
TLP: LI, =10,  KCL: I,+I,=I,
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Dynamic MITE Network Synthesis: First-Order LPF
TLP: I,I,=1,I,  KCL: I,+I,=I,
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Dynamic MITE Network Synthesis: First-Order LPF
TLP: LI, =10,  KCL: I,+I,=I,
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Dynamic MITE Network Synthesis: First-Order LPF
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Dynamic MITE Network Synthesis: First-Order LPF
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Dynamic MITE Network Synthesis: First-Order LPF
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Dynamic MITE Network Synthesis: First-Order LPF

TLP: I,I,=1IJ1.  KCL: I,+I.=I,
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Dynamic MITE Network Synthesis: First-Order LPF
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Dynamic MITE Network Synthesis: First-Order LPF
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Dynamic MITE Network Synthesis: First-Order LPF

TLP: I,I,=1IJ1.  KCL: I,+I.=I,
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Dynamic MITE Network Synthesis: Second-Order LPF

Synthesize a second-order low-pass filter described by

d? d
TQd_£+%-d—?z+y::v, where x > 0.
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Dynamic MITE Network Synthesis: Second-Order LPF

Synthesize a second-order low-pass filter described by

d? d
7—2d_£+%-d—zz—|—y:x, where x > 0.

We can decompose this second-order ODE into two coupled first-order ODEs as

d dy vy B
Tdt<7'dt—|—Q>—|—y—x
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Dynamic MITE Network Synthesis: Second-Order LPF

Synthesize a second-order low-pass filter described by

d? d
7—2d_£2/+%-d—zz+y:x, where x > 0.

We can decompose this second-order ODE into two coupled first-order ODEs as

[ dz r oy
d( dy vy B Tat T
zZ | dt Q
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Dynamic MITE Network Synthesis: Second-Order LPF

We represent each signal as a ratio of a signal current to the unit current:

I, 1 I,
r=—, yzl—‘?, and zzl—l.
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Dynamic MITE Network Synthesis: Second-Order LPF

We represent each signal as a ratio of a signal current to the unit current:

1
oo = and z=iZ
x I Y , and =z

Substituting these into the pair of ODESs, we obtain
([ d [T, I, 1,
Tt \ T, n L

\ a/L\ L 11,
C'a\,) T L Q'L
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Dynamic MITE Network Synthesis: Second-Order LPF

We represent each signal as a ratio of a signal current to the unit current:

1
oo = and z=iZ
x I Y , and =z

Substituting these into the pair of ODESs, we obtain

,
d (I I, I (

—(Z)] = =-< lez = I,—1

dt \ I I L ) e !

d (I, I, 1 I, Sy

T— —_— —_— _ . = _— p— y T T

At \ I, L Q I [ dt Q
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Dynamic MITE Network Synthesis: Second-Order LPF

To implement the time derivatives, we introduce log-compressed voltage state variables, V,
and V},. Using the chain rule, we can express the preceding pair of equations as

(9L dv,
- — -1
"oV, at Y
| on, v,
. oV, dt ©Q
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Dynamic MITE Network Synthesis: Second-Order LPF

To implement the time derivatives, we introduce log-compressed voltage state variables, V,
and V},. Using the chain rule, we can express the preceding pair of equations as

(9l dV ( w dV.
c * i p— i _—IZ ad — Ix_I
< "oV, Tt fo =1y < T( U )dt y
Taly dVy _ 7 Iy w T dVy 7 Iy
: — z AN T —— e = > T T
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Dynamic MITE Network Synthesis: Second-Order LPF

To implement the time derivatives, we introduce log-compressed voltage state variables, V,
and V},. Using the chain rule, we can express the preceding pair of equations as

(oI, dV, ( w _\ dV,

AR o= hy o T<_U—TIZ> @ - T

Taly.dvy _ ]Z_& T(_ﬂ]>% _ I L

. aV, dt Q \ Ur V) dt S Q
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B Ur dt I, 1,
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Dynamic MITE Network Synthesis: Second-Order LPF

To implement the time derivatives, we introduce log-compressed voltage state variables, V,
and V},. Using the chain rule, we can express the preceding pair of equations as

(oI, dV, ( w Y dV;

AR b — T<_U—TIZ> T
Taly.dvy _ ]Z_& T(_ﬂ]>% _ I L

. oV, dt Q \ Ur Y) dt T Q
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) Ur dt I, 1, ) CUr dt I, I,
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Dynamic MITE Network Synthesis: Second-Order LPF

By introducing

[ = CUT’ I = CdVZ
WT dt

we can express this pair of equations as

d
and Iy = C%,

Y

y
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Dynamic MITE Network Synthesis: Second-Order LPF

By introducing

[ = CUT’ I = CdVZ
WT dt

we can express this pair of equations as

d
and Iy = C%,

Y

(1. I, I, (. _ LL LL
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Dynamic MITE Network Synthesis: Second-Order LPF

By introducing

CUr dV, dV,
I = l.,=C—=, d I.,=C—L,
wr e
we can express this pair of equations as
(1., L, I, ( 1,1 1.1,
— — _— — — ICZ — J - cz — w z
I, I, 1, I, I, I I Iy
< Icy _ 1 Iz — < I L I’T IZIT — Icy = ﬁ — Ipyy
QT T QT “
where we have further introduced
I,I; 1.1, 1.1,

o
=
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,@'\4
<
1]
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Dynamic MITE Network Synthesis: Second-Order LPF

TLP: ILI,,=1IJI. I, =LI KCL: I, + I, = I,
LI, =I,I, Iy + 1Ly, =1./Q
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Dynamic MITE Network Synthesis: Second-Order LPF

TLP: I.I,. =11, I, =1I1I, KCL: I, + I.. = I,
L0y = Iyl- Ipy + 1y = 1;/Q
Iyl Vs Lyl Vo Iyl Vi 1.
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Vo
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: Second-Order LPF
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Dynamic MITE Network Synthesis: RMS-to-DC Converter
Synthesize an RMS-to-DC converter described by

d
T = w?, Td—?z—ky:x, and 2z = /y.
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

Synthesize an RMS-to-DC converter described by

d
2 Td—?ery:x, and 2z = /y.

We can eliminate & and y from the system description by substituting

into the linear ODE describing the low-pass filter, obtaining a first-order nonlinear ODE

describing the system given by

d
ZTZ—Z + 22 = w?.

dt
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

The input signal, w, can be positive or negative. To remedy this situation, we can offset w by

defining u = w + v, such that © > 0 and v > 0. Substituting w = w — v into the nonlinear
ODE, we obtain

d
27‘2—2 + 22 = u? — 2uv + 02

dt
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

The input signal, w, can be positive or negative. To remedy this situation, we can offset w by

defining u = w + v, such that © > 0 and v > 0. Substituting w = w — v into the nonlinear
ODE, we obtain

dz

27‘2% + 2% = u® — 2uv + v2
We represent each signal as a ratio of a signal current to the unit current:
I, I, q L,
u=—, v=—, and z=—.
P I’ I
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

The input signal, w, can be positive or negative. To remedy this situation, we can offset w by

defining u = w + v, such that © > 0 and v > 0. Substituting w = w — v into the nonlinear
ODE, we obtain

d
27'z—z+z — u? — 2uu + v°.

dt

We represent each signal as a ratio of a signal current to the unit current:

~

1
d =2z
, and =z 7

u

I_lv

u V =

ol

Substituting these into the nonlinear ODE, we obtain

5 L d IZ+IZ2_ Iu2211+1v2
'Ta\n)\1,) ~\& L L\

CORNELL
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

The input signal, w, can be positive or negative. To remedy this situation, we can offset w by

defining u = w + v, such that © > 0 and v > 0. Substituting w = w — v into the nonlinear
ODE, we obtain

d
QTZd—i+Z = u? — 2uv + v
We represent each signal as a ratio of a signal current to the unit current:
I, I, q L,
uU=—, v=—, and z=-—
I’ I’ I
Substituting these into the nonlinear ODE, we obtain
I d (I L\? (IL\® LI, (L)’ dI
27— - =) =) 2= =4 = ot 12 = 1221, 1,+12.
T, at (11>+(11> (11> I, 11+<11> at 7 T

CORNELL
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

IZ z
0] oI, dV,

s : I?=1%>-2I,,+I?
oV, dt+z u thy
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

IZ z
0] oI, dV,

dV,
T +I2=12-2I,1,+I — zﬂz( - IZ> + 12 =12-2I,1,+1I>

- Up dt
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

ol. dV. w dV.
ol —= 24?2 =1*-9[,I,+I° — 27, |——1I, E4 12 =1*-2I,0,+ 1"
Mgy g e T th 4 Ur? ) ar T T 1
2wr dV, 2 21,1, I?

Oy dt T2 I? +I§
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

To implement the time derivative, we introduce a log-compressed voltage state variable, V.
Using the chain rule, we can express the preceding equation as

ol. dV. w av.
ol —= 24?2 =1*-9[,I,+I° — 27, |——1I, E4 12 =1*-2I,0,+ 1"
Mgy g e T thy 4 Ur? ) ar T T thy
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

TLP: I,1%=I.I? LI2=TI1T1%  KCL: L+I+1,=I+I,
1,12 =I,1,D5,
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Dynamic MITE Network Synthesis: RMS-to-DC Converter

TLP: Iplf — 1715 LJE = ITIS KCL: Ip+Ir+IC = IT+Iq
I I2 =1.1,15,

l, ¢i|

1

) .5 ] '5 -
HIH W"

MADBVL

CIRCUITS &8 SYSTEMS LAB



18

Dynamic MITE Network Synthesis: RMS-to-DC Converter

TLP: I,1%=I.I? LLI2=11%  KCL: L+I+1,=I+I,
1,12 =I,1,D5,

I, Voo, V2o, Vi Wzl Vs .| Ve V? W

AR ZICATE
\ FF \ F

11 TR TFRT Th|Th|TFEAT

Vao—r }T Vgo——o }T

MADRVL

CIRCUITS &8 SYSTEMS LAB




18

Dynamic MITE Network Synthesis: RMS-to-DC Converter
TLP: I,I2 = I,I2 LI2=TI.1>  KCL: L,+I+1 =I.+1I,
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Dynamic MITE Network Synthesis: RMS-to-DC Converter
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Dynamic MITE Network Synthesis: RMS-to-DC Converter
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