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Mixed-Signal Technology
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Component Models

E 1 80 A
- - rfl > - ff’l - -
DetectArray]

+ 3
CSEL dea]tns.é-rray dea]t;ns.é-.rray

H

!
\ *Derived models
Empirical models ‘ - Parametric

- Experimental _
data fitting *Analytic models
16 - Physics based
214 2.5V
1,12
%180 A4V
i - 1(r,2) =1 —Wo DZexp%— 2r® B
=P ] ,Z) =1 .
© 0075 1015 20 25 30 35 40 45 50 %E 0 W(2)Q

Input Power(mw)

= URRA:
@=101 Vin)

(Bn = lthVin)

oise N@
H‘%‘c: =

models extracted

from or verified by

lower level tools

)

La%ﬁ'_

T AN

Ry
Vo(§)=—F5 ~— DPoptic(S')

iy




Chatoyant’s Libraries

Spherical Mirror

Lehis Lenslet Defing

{ B
I::::nIF'I!1 A tfay Flan/Cory _SFray

Optical Library

SLMiens

A

ey Change

Mechanical Library

m 1

5 018

input
|n|:|f;’fa\
inputz
v
inputys
. A
input+

—

inpu’r:jl‘?_-:-/;'

Optoelectronic Library
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 Heterogeneous interface for transmission of data
iInformation between components

e Supports electrical & optical signals aAddime
between particles

e Electrical

— Voltage and impedance matching parametefsai@ g,
e Opticat

- X, Y,p, 0, A, intensity, z0, zwO, phase

— gridded diffractive wavefront




Plecewise Solver

T
Modified Nodal Analysis /

Linear solver
(s domain)

* Out

= MNA composition

\
Non-linear Piecewise mode




MNA Composition

Modified Nodal Matrix representation:

[SIIX'] = -[GIIx] + [BI[ul; [1]=[B'][X]

S| Storage element matrix
[S] 'G] Conductance matrix
X] State variables
nodes= N 'B] Connectivity matrix
f u] Excitation vector
C ________ 1] Current vector.

T Template from a
O I_ | e bounded non-linear
"""" element (i.e., nodes <N)




Templatefor aMOSFET

—Cyq —Cys E Egds gm (—gds—gm)a 0 O OE
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e gdsis the conductance at the output port
e gm s the transconductance
¢ CyCys & Cys are the parasitic capacitances in the MC
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Dynamic Sampling Control

Can undersample

| steady state

fast transition

Out A




PWL Simulations
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M echanical Modeling

« Same PWL technigue as in electrical modeling
e General motion equation for a mechanical structure;f

F =[K][U]+[B][U] +[M][U]
 Reduction to standard ODE form:
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M echanical Modeling

 Templates for every basic element (e.g. beam)

* Translation from local to global reference:
W2

Wi

S=ATSA

y A = Trand ation matrix
S =Global Matrix (M, K)
\ _
X v S =Loca Matrix (M, K)

¢

* Piecewise linear solver over global MNA representats
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E is Young’s modulus

| IS the Inertia momentum in z
A Is the area of the beam

| Is the length

p s the density of the material

o
[ G 1]

O Is the viscosity factor acting over x and y componeé




v Frequency and Transient Response (¢)
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4f Free Space Optoelectronic Link
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Performance Analysis

BER vs Frequency at VCSEL Temperatures BER vs Frequency at Various Current Bias
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Beam Steering with Scanning Mirror
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Conclusions

rrs

 CAD is needed for modeling mixed-domain systems

 PWL technigue & matrix representation
— Effective alternative to costly numerical integration
— Integration in a multi-domain environment
— Accuracy vs. speed trade-off
— 1to 2 orders of magnitude improvement on performance

|t is both desirable and possible to have device leve
behavior included in component models

« Allows the designer to use system-level modeling
and perform technology vs. architecture trade-offs




