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Digital modeling systems under stress

* Higher data rate

e Fast edge rate
 Smaller noise margins

e Thinner and longer lines
e Clock distribution

e Differential systems

|¢}A£I__
 Impedance control, terminations P BN
N 7
« Imperfect power and ground i ﬁmjuvw
« High density connector and package AV
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What's in ADS for High Speed Digital
“Expands Sl Horizon”

1. Leading Simulation Technology
solves new problems and
gives you a design advantage

2. Accurate Models
conquer existing problems so
you are confident that designs
will work the first time

3. Accessibility & Flow Integration "
within your Design Flow puts Agilent ll
tools closer to the design problems

4. Usability and Quality
frees your creativity and makes the most of your effort

3DEM, Simulation and Measurement
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Distributed & EM models: Why you may
not have needed them before ?

Data Rate
R 0

Ohmic-R L,C.R RLGC TLINE [S-Y-Z] Antennas
Guided-waves

Lumped-element models for length << A

Quasi-static distributed element models for length > A/10

* Transmission line effects prevail at sub-nanosecond rise-times
— Impedance, delay, loss, dispersion, crosstalk, etc.
» Full-wave electromagnetic models for width > A/2

3DEM, Simulation and Measurement
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High Speed Digital Channel Design
Expands S| Horizon

Encoder, Decoder,
Serializer  Driver  Package Board Backplane  Board Package Receiver De-serializer

=2 ADS supports all implementation domains (IC, Module, Board)
=»ADS can analyze the full digital channel — data in to data out
=» Integrated data models and simulation technology

3DEM, Simulation and Measurement
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Combining Simulation Technologies

Harmonic Balance

Frequency
Domain | S_-Parameter
AC-Simulation Circuit Envelope
_ Verilog-A
Time Convolution
Domain High-Frequency SPICE
HDL
Numeric Ptolemy floating-point data flow Matab
Domain y gp o
3D (Finite-Element)
_ Advanced Model Composer
Electromagnet_lc 3D-Planar (Method-of-Moments)
Domain

3DEM, Simulation and Measurement
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Analog Design Flow within ADS

Measured
S-parameters
Layer . -
Length EM simulation
Width results ‘

Agilent S-parameter
Simulation
(frequency domain)

Height

I GESS Multilayer
Spacing Models 1

Permittivity

Conductivity Other physical
models

Lumped &
Active models

Agilent Hi-Freq SPICE
* with Convolution
(time domain )

\_
>| Your SPICE l

3DEM, Simulation and Measurement
Advances for 2006
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Measured vs. modeled for the
16-coupled line model
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weTL e FOR TOP-SI0E 16-COUPLED LINES

TL1
Gubal="Tuwo%| dedF R4 "

Lerglh=500 m. |
Wadl mi |

Lover=1

b WL1BCIL_E
2L in1
Subs1= "TwopSFdedFA4-
AR TRRLL LIS T Lerngih=C0d0 ™1
€1 Wadl mall
Yoeok=Z00 M Suill mll
Tilap=Rlae Layer=1
1 prgd b 50

parm
army

Hym= 3

Tm S0 Ohm

el
WLACTL &

E ';TEE: li%;ﬁﬂﬁdr g4 -

] e e T

45ps Voltage Step to match the 5 inches long, 10 mil wide, 10 mil spacing
measurement on topside FR4

1
IrgUp vF 1 gqmi U vT3] op lI:I'!.'El'lE.'DE'I:']-quEII.lﬂd

%5 Agilent Technologies o B s

Expands Sl Horizons



Measured vs. modeled for the

16-coupled line model
TRANSMI 5% TGN

MEASURED Time—Domain Thru ceoupling
va ., SIMULATED for 16—lines -10+
0.10 . MULTILAYER
0.08 L
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o 0,044 iz -4
3% E:
28 0.07- *2 _opd
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E? ~0.024 g
=
;IE el S 1£0 11D 3E1D
,92 -0.06+ lea, Hz
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- [a%] i o oo 3
. . 5 B : -3
= = 5 5 =) = »
o o a a o o ME ASURED
= = = 5 = < —
= E = 2 E E =, MUL T 1LAYER
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m A i i [a] w == an
Time-domain Thru ‘ S(1,1) and S(16,1) vs.
measurement vs. simulated frequency to 26 GHz. At 10
for the crosstalk between GHz, the measured device is

traces 1 & 16 (2% peak) about 6 wavelengths long! T
It's an antenna!
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High Speed Digital Design Using ADS

AEL1002 Packet
Generator PRBS
& Checker Verifier
8BI10B L
4x3125 |  HSRXDATA
RXDATA '
3425 Gops &1 Transmit Encode i vewn
PRBS
(enerator
— HSTXDATA
mm_ﬂm.us BBI10B —‘:')-» 6481668 10 Ghps et
FIFO - 10 G bt
3.125 Gbps™ COR Decode 1 Encode Trans:l?t P HSTXCLK
Packet 5 ety
PR_BS Generator GEPRBS
Verifies & Checker nerator
MDIO e | |pooct
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Serial Link System Level Modeling
A new challenge for Signal Integrity Engineer

R g

SRR

 High data rate
« Electrically long Backplane and Cables
 Eye pattern closed at receive end

n|
{ &4

-
il & 5 6 8 8w a ol
LR RRT L L

Design Requirements
 Decision Feedback Equalizer
« Feed Forward Equalizer
 Clock and Data Recovery

« Gain Controls

 Integrate SERDES models provided by IC vendors

Is time domain simulator sufficient?
SERDES model availability & format?

3DEM, Simulation and Measurement

Agilent Technologies A dvances for 2006
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Analog Components of a Channel

Transmission Lines

Via Holes (659‘;:66
High Speed Connectors eg,\fei‘\we(\ox;
Package \((: @Q\\)e 20
/0 — IBIS models and Transistor level model$)®
Behavior Components in a Channel o0
Decision Feedback Equalizer (856('1’;
Feed Forward Equalizer egx‘ei\)@ei(\
Clock and Data Recovery AN (\o“\a

Gain Controls
SERDES Models

."'. - = 3DEM, Simulation and Measurement
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ADS Co-Simulation Design Flow with High
Frequency SPICE

Agilent Ptolemy

(Digital Signal Processing

Floating point Simulator)
components

Fixed Point
Components

Measured
S-parameters
L i Agilent S-parameter
ayer ; ; Simulation
. Length EM simulation
Timed Components Width

(frequency domain )

Height
\ Thickness Multilayer
Spacing Models _.
Permittivity
Conductivity Other sical
MATLAB, HDL moders

Agilent Hi-Freq SPICE

with Convolution
(time domain )

Your SPICE I

Lumped &
Active models

S-parameters to
SPICE Models

C, C++

3DEM, Simulation and Measurement
Advances for 2006
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Matlab Co-simulation in ADS

+

MATLAB Co-simulation is increasingly becoming | s+ | w3
Important for SI design community because:

¥

« Fast implementation of behavioral models .

* Integrate existing IP
L
|
ER

¥

e Familiarity with the tool and comfort zone Matlah :at.abp

« SERDES models - available as MATLAB models

E
+
=
+*

| o

Oeinkrly | Inkrly

==
D

(X - - 3DEM, Simulation and Measurement
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MATLAB Import Wizard in ADS2006A

# [ Test1_prj ] untitled2 {Schematic):1

Tools  Layout

File Edit Select Wiew Insert Options

Add? Add
:’@: % " Modi
Bitz OF
Description
Jrmpart a M
Delay | DrEmpl interpretec

‘what would you like to da?
|mpart MATLAE function

{* Built-in or custorn function

" Compiled function

«Add input/output ports

*Create symbol, palettes, and bitmaps..
*Auto-generate ADS library components
sAutomatically setup Multi-rate operations

Allow iterative update of generated MATLAB model
*Compiled MATLAB model support

3DEM, Simulation and Measurement

Agilent Technologies o worati Lo
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ADS High F.requer?cy Gives you confidence that your
SPICE Simulation design will work right, the first

Technology iime

."'. - = 3DEM, Simulation and Measurement
%2 Agilent Technologies A dvances for 2006

Expands Sl Horizons



Passivity and Causality

Passive System — A Passive system is the one which can not

produce energy
Insufficient attention to measurements or calibration
Interconnects do not amplify signals

Even if individual measurements are passive, combined
system measurements can be non passive

Causal System — A Causal system in the one whose output at
any time depends upon the past inputs and not on future

iInputs - -
Lack of Passivity Produces Oscillations

Passive system needs to be Causal. If
a system is non-Causal, it can not be

paSSive
courtesy: M Instébiliityisn i |

T vy bagthing!

3DEM, Simulation and Measurement
Advances for 2006

-3 Agilent Technologies
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S-Parameters and many SPICE Simulators
« Difficult simulation setup
« Convergence issues
 Questionable accuracy
e Passivity issues
o Causality issues

ADS High-Frequency SPICE with Convolution

 SPICE developed as an internal tool since 1970 (date)
 High-Frequency SPICE commercialized in 1983 (date)

e Convolution simulator commercialized in 1992

« Fast and Accurate time-domain simulation of S-parameters

Agilent Technologies

3DEM, Simulation and Measu
Advances for 2006

rement
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Convolution Simulator in ADS

Allows high-frequency models to
be used directly in transient
simulations

EEsof R&D focus for 2006

* Speed improvements
« Convergence improvements
* Increase simulation capacity

* Enhance Passivity and Causality pre-
conditioner

S-parameter frequency response S(f)

AN

{

Impulse Response Y(t)

AN~ —

Input voltages
at all nodes

S\

ey ¥ ey

l

Convolution

Instantaneous
output current

J\N

3DEM, Simulation and Measurement

Agilent Technologies
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Strong focus on High-Frequency SPICE ﬁ

High-Frequency SPICE is slower than
H-SPICE and SPECTRE

The October release Is 30% faster

» Early Access Code available

. . . Transient Speed-up
— Algorithmic improvements
1.50
1.40 - * . .
1.30 | NN

1.20 e * o — .

110 { o, * o 3
1.00 *> * 0 o o
0.90 - *
0.80
0.70 A o
0.60 -
0.50

— Device optimization

— Code optimization

Speed-up

3DEM, Simulation and Measurement
Advances for 2006
Expands Sl Horizons
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Convolution Technology Advances

New engine for robust handling of S-parameter data In
the time domain, employing:

e Break-through technoloqy for built-in causality
correction
» Optional passivity correction

3DEM, Simulation and Measurement
Advances for 2006
Expands Sl Horizons




Convolution Technology Improvements
High Accuracy

Example:

Low impedance power/ground plane( mOhms) into 50
Ohm reference impedance

Reference Results  Existing Engine Reference Results New Engine
1.2 i 1.2
1.0 N 10
> 9] % \ Jf > %) | MW
; N > i
w|>. 0.6_ w . 06—
23 o4 2'S |
58 ] £3 04—
> 02— i i
0— 0.0 —
-0.20,...5|....l|0.|||l|5||||2|0||||2|5111130 '0-2_III||||||||||||IIII|IIII|IIII
0 5 10 15 20 25 30
time, nsec time, nsec

.."°.'i'.':.. - = 3DEM, Simulation and Measurement
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Convolution Technology Improvements
Robustness

Example:
« 200 identical, 4-port s-parameter devices in cascade

- Each s-parameter file slightly non-passive

Existing Engine New Engine
60 3
40— o]
> ] —
20— =
Hl ] \—|I 1—
Dl 0 DI _|
. = 04
= a
O -20—
= ] =
40 1
I L I ) I T T T I I T T T T
0 20 40 60 80 100 120 0O 20 40 60 80 100 120 140 160 180 200
time, nsec time, nsec

3DEM, Simulation and Measurement
Advances for 2006
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Why Digital Designer needs Electromagnetic
Simulator?

«Convenient and inexpensive way to evaluate arbitrary structure
performance.

*\What if analysis is possible with inexpensive iterations
*Expands varieties and range of analytical models

*Overcome limitation of analytical models

Two personas

Signal integrity gurus who creates design rule
* Requires simulation tool flexibility and power

» Accurate EM simulation

* Requirement to model electrically small structures
Post layout design verification

* Requires high capacity EM solver

» Approximate EM solutions

* Single click button operations

3DEM, Simulation and Measurement

Agilent Technologies o worati Lo
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Electromagnetic Simulation

EM Engine

Physical Drawing

|
|
1
|
1 I |1 [
I| Project/Session | | Model - I :
R | R . 1, .
l EM Engines —-1 Post-Processin
1| Management SetUp | | & - & :
|
1 |1 |
| Frequency Plan
- I q y I Tables I
: Projects Draw Iy Solution Accuracy : I Presentations | I
: Printers Import/Export | | , Solve P Visualization |
| Job Control Materials 1 | I
: Boundaries I 1| '
| Ports/Sources : I (. :
1 |

« Momentum Simulator
« EMDS ( Electromagnetic Design System)

."'. - = 3DEM, Simulation and Measurement
Agilent Technologies A dvances for 2006
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Momentum 3D Planar Electromagnetic
Simulator

Momentum is a 3-D planar fullwave electromagnetic solver
based on Method-of-Moments

« “3-D planar” because it assumes metal lies in distinct planes between
slabs of dielectric, possibly connected with vias

Calculates S-parameters for metallization on PCB’s, MCM’s,

IC’s and Package

o S-parameters are then used directly in circuit simulations or to create an
equivalent circuit model

» Can handle imperfect ground planes, vias, semiconductors, lossy
dielectrics, skin effect losses, dispersion, radiation and surface-wave
effects

» Static solvers are faster but miss many fullwave effects

3DEM, Simulation and Measurement

Agilent Technologies o worati Lo
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Electromagnetic Simulation Flow

Allegro/Gerber/Mentor/GDSII/Mask... .sat File Import
. (To be relc‘e'ased in Oct’2006)

L4

'y 3 v
ADS Layout EMDS Interface
Momentum EMDS
Agilent Broadband
S-Parameters -.-.-.- » SPICE Model
Generator
v

—— Enhancements in ADS2006A Lumped Equivalent

3.3 Agilent Technologies o B s
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Agilent’s Broadband Solves new challenges
SPICE Model Generator “Expands Sl Horizon”

.:::. Agilent Technologies 3DEM, Simulation and Measuremen



Preview: Agilent Broadband SPICE Model
Generator (January 2007)

 Takes an S-parameter frequency response and outputs a lumped
equivalent SPICE netlist fragment

e S-parameters can come from simulations, EM, or measurements

* Helps you to export models for connectors, packages, and
Interconnects to your customers and other designers

* You can continue to work at higher frequencies with deeper
understanding

» Helps extend the simulation frequency range for band limited data
Typical applications:

* RFIC: data for spiral inductors, IC packages, DUT boards
» Signal integrity and high-speed interconnect applications
* Wideband physical structures, and connectors

3.3 Agilent Technologies o B s
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Preview: the E4687 Agilent’s Broadband SPICE
Model Generator (January 2007)

What it does: FiIit Vist Marker Page Options Tools Help ;Iglll
_ _ Ole|@(s] 1] @] 9 4@ ala/a ] ] x|
« Takes in frequency-domain e R R E R _
S/Y[IZ-parameters s |E2 O
@S
e Outputs a fast, well-behaved |= 2 -
SPICE equivalent circuit \| 528G - .
. O|0 5558 ]
» Berkeley Spice 2G6 & 3, Ol 82 e o
rational polynomials, and other| E5 0]
nativeformats '120_IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 & B
freq, GHz
| . uiF

3DEM, Simulation and Measurement
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Design Flow Integration Solves new challenges
Allegro=> ADS “Expands Sl Horizon”

3DEM, Simulation and Measurement
Advances for 2006
Expands Sl Horizons
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Allegro export interface
IS

Menu pick to start

= . Allegro PCB Design 610: cds_routed.brd Project: Coyrclark’PSD_Daka’
File Edit Wiew &dd Display Setup Shape Logic Place Route  Analyze Manufacture  Topfs

j Select All |
Unzelect Al |

A0S Export Help

s | e |2<] =fe | (x| = | =]| alalalalx|®||
’|.|.|R§|.|ﬂ|ﬂ|ﬂ|!|ﬂ|
Jf Tslmme \‘ f Fird \‘ f Wisibility \,‘

Active Class and Subclazs:

|Etch
(] ||:| Gind : —— _,,lll
Option to set
up for Create layer mapping file
MO m entu m =" List all nets in design

Uze Regular Expression filker

Filter: I

Other ways to
select nets

i Add nets ko list with Select

................

Command > | Ecmd: Ide
Pl _&l4192 00, 282,00

Arc Reszolution [deqg): |1 5.0

E =port All | E=port Selected I E'Canc:el

Sty

| |Se|ec:t nets for export to ADS

: H H 3DEM, Simulation and Measurement
Agilent Technologies A dvances for 2006
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ADS import interface
B IOl x]

|@| 9l.s Y
= ﬂlﬂlll\liv-sm JITFH -l @l

I-I'

— L T
e
E F . Look in: | 3 allegro_import_dema .
! Identify
Zigridise, run
u:ds_ru:-uted.brd board fo r

import

Perform
the
import

File name: chs_rc-uted.brd

Filez of type: I".brd

b & . _ . :
-¢.3 Agilent Technologies o B s
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User loads exported Momentum substrate
Information

f=| [ cds_routed_prj ] cds_routed * {Layout):9
Filz Edit Select Miew Insert Options Tools Schematic | Momentum Window DesignGuide  Allegro Tools  Help

Enable RF Mode
D@ b mlem] o). ek
e v i
4
Delete. ..
=t Open a supplied substrate? — . p—
Maclin
] Simulation » Update From Schematic
Optimization I —
IHEAE) bt Procescinn b FTOCOMRLER.

Create/Modify Substrate:9 |

MEstub | Mefil
—h

o
Helin_| Moorn

cds_routed.sm

Substrate Layers | Metallization Layers I

Moroso | Mourve

Mame: cds_routed

L O
Meurve | MGap
B2 Select a substias layer to ecit OR e[ EiSARM O St T x|
=l
MIGAP3 | MICAP4 | = Substrate Layers  Metalization Lapers |
Select a layout layer to map az a stip or glot to an interface plane [dashed ling]
pbsiEg Layers i -
File name: I
RlsaiEs | — = — Layout Layer
— Substrate Layers: \ Hame
MR D [ETCH_TOP E
------- Stip ETCH_TOP
FR-4_1  “iaDRILL_1_2 DRILL_THRU Hpe ISheet Conductor j
------- Slat ETCH_GMD
. I . I FR-4_ 2 “iaDRILL_THRU DRILL_2_ 3 hickness [z Imil j
------- Slat ETCH_VCC :
D| e ectr IC ayers Add | Cut | Faste | FR-4_3  Via DRILL_THRU DRILL_3_4 el [Signa (fe, ) =]
H [ W | B Strip ETCH_BOTTOM igrma [Re, Im i
automatically defined R4 /o _
6 IESDDD? ISlemens.-’m j
N
Imag jo ISiemens.u’m j
Far a perfect sheet conductar, the simulator ighares thickhess.
/
EK | — Owverlap Precedence
Drawing layer mapped, / G| St || i || U |

including vias

Ok | Cancell Help |

' : H H 3DEM, Simulation and Measurement
- Agilent Technologies A dvances for 2006

Expands Sl Horizons




Extended Performance . conquers existing problems faster

In 2006 and more effectively
 Gives you confidence that your
design will work right, the first time.

Simulator Improvements

: H 4 3DEM, Simulation and Measurement
Agilent Technologies Advances for 2006
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Momentum —

Continued enhancements for complex metallization
Improved Via modeling

. Lumped via model

« 2D via model (pre-ADS2006A model)
. 3D distributed model

64-bits solver handles larger problems
Enhanced port editing

Ground reference pin optional for layout look alike components

3DEM, Simulation and Measurement

Agilent Technologies A dvances for 2006
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Layout — Performance gains with
the new Physical Connectivity Engine (PCE)

Significant performance gain for PCE for large designs.

ADS 2005A could be slow when opening a large design for the first time -
2006A: almost no overhead for the connectivity engine

2005A User Interface to disable the connectivity engine was difficult
- 2006A: easy “Preference” setting, but not necessary to disable

el -

& [ test1_prj]m3265A * Layout):5 M=
File Edt Select View Insert OCptions

Tools Schematic  Momentum Window DesignGuide  Help

e ] AR lelal.
j O‘ = ‘ﬂ-‘l“%‘ |V.S cond j K"_

Jeléla] 11| sl 9|
k||

+
+in
+*

‘DemuKit

v e 4
S (o
cap | DIODE
2 [

Ht; T

| ] FET | THD

e v .

[ ] i |

w FES | GHD

ol |E
E HiH2 | HEHE

;
s
=+

N . A h i i s
I &1 @ )
oot - S | pE T
L th Rl o
== =
= e

Select: Enter the starting point 0 items rond -31130,000, -52670,000

tgoe” - - 3DEM, Simulation and Measurement
- Agilent Technologies A dvances for 2006
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Layout — Performance gains with connectivity

Flatten design
2006A Load time: 1.5sec (0.5sec if PCE OFF)
2005A Load time: 5sec

BGA Package
Load time : 8X faster in
ADS2006A as compared to

ADS2005A
Design| Connectivity | Connectivity on, | Connectivity on, 2005A
off (load time) 2006A
1 <1]1sec < 1sec, 52MB 2.3sec, 69MB
2 4 sec Ssec, 52MB 20sec, 216MB
3 30 sec 35sec, 67MB load failed
z 4 5 sec 6sec, 55MB 16sec, 110MB
5 12 sec 12sec, 53MB 15sec, 69MB
6 22 sec 23sec, 54MB >>120 sec, 300MB
7 72 sec 78sec, 130MB 1200sec, 630MB
8 9 sec 12sec, 13MB 17sec, 40MB

3DEM, Simulation and Measurement
Advances for 2006
Expands Sl Horizons
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Electromagnetic Design System (EMDS)

For engineers designing:

Page 40

Vias

Packages

Wire-bonds

Transitions to connectors
High-frequency interconnects
Un-intentional antennas

.."°.'i'.':.. - = 3DEM, Simulation and Measurement
%2 Agilent Technologies A dvances for 2006
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EMDS - Agilent’s 3D Full Wave EM simulator

Fast and accurate electromagnetic
simulation of arbitrary 3D passive
components using FEM

. =y J 7_77-77-7_"""'*-—-,,_,,_77_77_7_77_77_7_77- l

Initial Mesh 3rd Refinement

Simulated data

e S-parameters
» Electric and magnetic fields

e Multi-mode impedance and
propagation constants

Y ——
e - ]
e, T

| S

5th Refinement 7th Refinement

ey - = 3DEM, Simulation and Measurement
:-:.:'.- Agllent Technologles e Advances for 2006
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Differential Via Modeling Using EMDS

LI+

Dynamic rotation
B ~3F

of selected objects

-

3.3 Agilent Technologies o B s
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Sectional View with Dielectric Layers

Defined

Cross

7]
-
(=1}
>
(-]
=
= —
>
[
pree
=
=
>
<t
.||.m.-..
L] .
....-




Data Visualization

Legend
SIS 4).(5 1(bga_via_B_ffs_2)

Advances for 2006

R . . DEM, Simulati M
.,:..,'. Agllent TBChﬂUlOngS 3 , Simulation and Measurement
: Expands Sl Horizons
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HyperBGA Differential Trace Analysis using
EMDS

. . DEM, Simulati M t
-¢.3-- Agilent Technologies S 'S'm”a"°”:;jan§ee‘ss;’gfr2"oeo”6
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Where you need Momentum and where EMDS?

Continuum of Speed vs. Accuracy

A

Accuracy
(independence from
assumptions)

EMDS
(3D Full-wave)

Momentum
(3D planar Full-wave)

. Optional
Circuit Models Multilayer
Transmission-line
— models
Built-in
( Transmission-

Lumped line models
element Resources
models (time, RAM, disk)

-

3DEM, Simulation and Measurement

':::' Aglle“t Technologies Advances for 2006
o Expands S| Horizons
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What's in ADS for High Speed Digital
“Expands Sl Horizon”

1. Leading Simulation Technology
solves new problems and
gives you a design advantage

2. Accurate Models
conquer existing problems so
you are confident that designs
will work the first time.

3. Accessibility & Flow Integration "
within your Design Flow puts Agilent I
tools closer to the design problems

4. Usability and Quality
frees your creativity and makes the most of your effort

3DEM, Simulation and Measurement

Agilent Technologies o worati Lo
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DesignCon 2007

Subject to approval

 Calibration Techniques for 4-port and 12-port Differential PCB
Structures by Heidi Barnes et el.- Verigy Inc.

 DDJ(Data Dependent Jitter) Predictor Implemented on Agilent
ADS(Advanced Design System) by LEO Li - Agilent Technologies

* Dynamic Transient Load Emulator: The Power Validation of a
Network Processor Package by Straty Argyrakis- CISCO

* Determining Jitter and Voltage Margin Compliance in Equalized
High-Loss Systems using S-parameter, Behavioral, and Circuit-Level
Models by Tom Dagostino et el.— Teraspeed Consulting Group LLC
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