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Our Motivation

“~As computer clock times become shorter,
circuit connections behave more and more
like transmission lines.

Length of device

n~~

A clock time

W av Cl en gth o f S 1 gn al distribution network in

a computer chip

“ Theoretical framework needed to
complement the experimental project of
Professor Steven Anlage with the help of
graduate student Anand Banerjee
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Model for Nonlinear Capacitor

Capacitance

C;
5<C/C, <1000

Voltage
Vi

% By making the capacitance dependent on the
voltage, nonlinear effects are introduced into
the circuit.




The Delay Differential Equation

Our system is described by a delay
differential equation of the form...

%"iﬂjt} — C V() + C,V(t-2T) + EE%"F(LET:I + C4Va(t-T))

...where T 1s the time 1t takes for a signal to
propagate across the length of the
transmission line.

*We solved the differential equation using Matlab with Runge-Kutta 4.
*Our program’s solutions were verified by comparing them with phasor
solutions in the linear case of the capacitor.
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Bifurcation Diagram

0.5

LI Y
L L T T * . ‘e + . e L A R
il + + + + + A bR 4
e LR * 4+ + - + +4 * + 4 #* ok e
-8 LA B g
+ *
S * - +* LA Y L2 ST I
* »
Rl 2L + + + + 4 4 b b e s
+* -
HE o + + + + + - 8+ + 4+ 4
L T A + + + 4 L ] LRI Y Y
HEBE + + * € 8 L 2 S N A
Bttt * + + B R BE B
il e b - * - LB B 2 LR IR B —
A . + LI I L X " rEH
HE * + + T Y LT R
A N + + + 4 LR LR A R 4 AR A
i W b * +* + L I # A
- LR TI LT ST T ] e
L L 2 8] + + * L I B B SN I LRSI .
LA 1] - + L R LR ] + Ra st is]
- e 4 . . 4 R - L
- e + " . X R * -
A + + + 4 LR R L 4 LR 2
- e 4 + + * 44 4 - Ll
LY + LA P R - £z
- e + - L T T * “» e
- L A R ] i Rl
L d - a8
* + —
+ +
L T L2 R T s
* -e - -
+ ++ 4 12
+* Rad Rad -
+ + + +
+ * * +
+ * + +
+ + + +
+ + + *
+ + * +
- as
. . * *
* *
+ +
| o + + + +
-+ -
L * +
-» - -
+ +
+* +
- Bl
- -
+* -
+ +*
+ +*
+ +
+ -
+ +*
+ *
* +
fe * * -
* +
+ +*
+ *
* +
+ +
+ *
* *
- .
+ +
+ +
+ +
* +
+ *
+ +
+ +
i * + —
* *
* +
-
+
+
+
+
+
+
+
+
+
*
+
¢ | | | | |
o n _._I 0 ?,_ 10 /
i % o

(SOA) s1UI0d 20N S

Vg (Volts)



Bifurcation Diagram
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Challenges for the Future

Ten parameters to explore:
Cn C. 0,4, Ry, Vg, 0, T, Vi, Vi

Experimental verification of numerical results
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