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Simulation Program with Integrated
Circuit Emphasis (SPICE)

 SPICE was first released over 40 years ago!!!

 Virtually every EE student has to learn SPICE to
learn how to design integrated circuits (and to
graduate)

« SPICE is still around because it has evolved to
remain a vital and useful tool in the design
process

« How will the evolution of SPICE continue in the
next 40 years???
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Simulation Program with Integrated
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Circuit Emphasis (SPICE)

IEEE MILESTONB IN ELECTRICAL ENGINEERING
AND COMPUTING

SPICE (Simulation Program with Integrated Circnxt Emphasis),
1969-1970 5 =

SPICE (Simulation Program with Integrated Circuit
Emphasis) was created at UC Berkeley as a class project in
1969-1970. It evolved to become the worldwide standard

integrated circuit simulator. SPICE has been used to fraim
many students in the intricacies of circuit simulation.
SPICE and its descendants have become essential tools
employed by virtually all integrated circuit designers.
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The SPICE Era

1973 - SPICE1
1975 - SPICE2
1981 - HSPICE
1984 - PSPICE
1984 - Eldo

1986 - SPECTRE
1989 - SPICE3
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The Evolution of SPICE

 Began as a tool to aid in the understanding
and design of analog circuits (UA 741)

 |nvaluable tool for memory design

» As digital circuits entered the fray, became
the tool of choice to characterize digital cell
libraries (now the largest CPU consumer)

* As RF Integrated Circuits became feasible,
new algorithms were added for sinusoidal
steady-state analysis to assist RF design
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Why is SPICE Still Around?

» SPICE provides the capability to accurately
simulate the DC, AC, and transient
characteristics of a fairly large circuit at the
device level

 SPICE is in the public domain
* |t is taught at almost all universities
* |t clearly is the industry standard
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Advantages of Using SPICE

e Allowst
without

 Allows t

ne student to learn how circuits work
naving to build them

ne engineer to verify that a circuit works

properly without having to build it

» Allows the engineer to estimate circuit operation
over process, voltage, and temperature (PVT)

* Allows the engineer to evaluate the sensitivity of the
circuit to component variations

» Allows the engineer to evaluate design alternatives
prior to building anything

9/20/2013
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Disadvantages of Using SPICE

 SPICE doesn't always “work”

« Student/engineer spends too much time playing
with computers and not enough time thinking
about circuits

e Student/engineer puts too much trust in SPICE
and not enough trust in his or her thought
process

“but the circuit must work --- SPICE said it would!”
(disillusioned undergraduate student)
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How Will SPICE Evolve in the

Future?

1. SPICE will remain an Open Source tool

2. SPICE will take advantage of new hardware
(GPU's, Cloud Computing, even Smart Phones)

3. SPICE will include an advanced version of ADMS
to accommodate model development

SP
SP
SP
7. SP
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SPICE Will Remain an Open
Source Tool

Preaching to the Choir!!!

 SPICE has lasted as long as it has in part
because it is Open Source

* Being Open Source makes SPICE a far
better educational tool

* Being Open Source makes SPICE a far
better research tool
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SPICE Will Take Advantage of

e Paralle
e Specia

New Hardware

processing
purpose hardware such as GPUs

* Cloud computing

* Personal computing (tablets and smart
phones which run Android or i0OS)
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SPICE Will Take Advantage of
New Hardware

« Exploit the “obvious parallelism” in model
evaluation using Graphics Processing Units

» Exploit the “obvious latency” in large circuits

« Large systems need multiple copies of SPICE
simulating different portions of the circuit
simultaneously

 This is an important application of parallel
computing that requires effective interprocess
communication

9/20/2013
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XYCE — Parallel SPICE from
Sandia National Laboratories

« “"SPICE Compatible” circuit simulator that
exploits parallel processing hardware

* Developed at Sandia National Labs
* 14 Years in the making

* Will be released as an Open Source tool in
the very near future

http://xyce.sandia.gov
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G

raphics Processing Units
(GPUs)

» Originally designed for accelerating

grap

 Rea
sing

nics for really cool games

y a specialized processing tailored to
e-instruction multiple-data (SIMD)

e Aval
e Rick

able for any PC for about $300
Poore of Agilent first recognized that

GPU's would be wonderful for circuit
simulation
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GPU-Accelerated Circuit Simulation
8 | -

Transistor Count

R. E. Poore, “GPU-Accelerated Time-Domain
Circuit Simulation,” IEEE CICC, June 20089.
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SPICE on GPUs

* Rick Poore and | gave a seminar at nVidia
on Circuit Simulation in May, 2011

* That lead to nVidia gifting some hardware
to University of Rome

* Francesco Lannutti then worked at nVidia
In the summer of 2012

* Francesco made some progress, but there
Is still much to do
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SPICE on Cloud Computing from
DesignSoft

and mixed electronic
circuits including also SMPS, RF, communication, and optoelectronic circuits and test microcontroller applications in a mixed circuit environment. Electrical
arsE engineers will find TINACloud an ¥ igh performance tool. while Educators will welcome its unique features for the training environment and

Circuit Entry » distance education.
Components
Analysis »
Design
Optimization
Presentation
Education »
Documentation
TINA Circuits on Web

Circui o . Live
Simulation Window

Analysis | Tools | Help | Upgrade

D1 1H2E10

Click
the menus & button

ORDER *

Run the simulation now with TINACloud. embedded in the window above
or invoke TINACloud in a new Tab of your browser by clicking here

'ACloud runs on most OSs and computers, including PC . thin clie : n 4 sma readers. You can

find links to other websites with circuits and libraries which you can open and run directly from the web and then simulate with TINACloud online.

Super-fast multi-core engine running on the server. Every year, electronic circuits become faster and more complex, and therefore require more and more
computational power to analyze their operats n ly popular scalable multi-thread
CPUs. Th realized on our powerful serv

Privacy Policy | Terms of U yrigh 1 i B wisa B = e

http://www.tina.com/English/tinacloud
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SPICE on Cloud Computing from
CircuitLab

circuitlab.com

CIRCUI Sesteh 3
-\ ——LAB My Workbench  Forums  Blog Sign in or create an account

Sketch, simulate, and share schematics.

B_u“d_and test circuits Getting Started with CircuitLab < @
right in your browser.

» Design with our easy-to-use schematic editor.
= Accurate analysis (DC, AC & more} in seconds.

= Beautiful printouts, images. and live links to share.
» No installation required — try it instantly.

or watch & quick demo —

New Public Circuits Latest Blog Posts

Easy-to-use Power Tools
Easy-wire mode let

http://www.circuitlab.com
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SPICE on a Smart Phone

For fun, Oregon State graduate, Igor Vytyaz, created an
Android app EveryCircuit for circuit simulation, but it
developed into a full-time job.

9/20/2013
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SPICE Will Include an
Advanced Version of ADMS

* The replacement for CMOS has not yet
been invented

* During the search, hundreds of “new”
device models will have to be added to
SPICE to try out new technology ideas

« ADMS was created to accommodate this
need

But
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The Present Problem with ADMS

Dear Simon

unfortunately adding BSIMCMG or BSIME is not like adding BSIM4. The new model
code 15 only published in Venlog A language. Integrating the code into ngspice requires
using a Verlog-to-C compiler like adms. The current adms however is not capable
translating the new Berkeley models (see hitps://saurceforge net/mailarchive
Imessage.php?maq id=30654036)

Holger Voot
2013-07-20

S0 we need sombody contributing to advance the adms code befare we can integrate
the new models!

Holger

We desperately need a Verilog-A ADMS!!!
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SPICE Will Accept Verilog-A as
Input

* |n the future, electronic circuits will be built with
radically different elements

« SPICE will need to accommodate new elements
with greater ease than is now possible

 SPICE needs to understand a circuit description
language such as Verilog-A or VHDL-A

» This will give circuit designers and model
developers the same flexibility that software
engineers have in a programming language

9/20/2013
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SPICE Will Accept Verilog-A as
Input

* Verilog-A compatibility will aid compact
model development by allowing full power
of Verliog-A language

* Verilog-A compatibility will allow noncritical
portions of the circuit to be described at the
behavioral level

» Partitioning the circuit into behavioral
(functional) blocks will aid parallelization

9/20/2013 27



SPICE Wil Include RF Analysis

* By the end of the 1980's, at around the
1um technology node, CMOS transistor ft
had extended well into the GHz region

* As transistors became faster, it became
possible to integrate RF circuits and the
wireless explosion was on

* This necessitated an entirely new line of
algorithms and simulators
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RF Simulation Programs

» 1988 - Microwave Design System (MDS)
1991 - Libra

e 1994 - ADS

* 1996 - SPECTRE RF

« 1998 - Eldo RF

» 2003 - Qucs

« 2004 - HSPICE RF

9/20/2013
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SPICE Wil Include RF Analysis

» Each simulator had different algorithms
that worked on some RF circuits but not
others

* The user interface and netlist description
varied from program

 With the exception of Qucs, none of the
programs were Open Source

 RF Simulators are only slowly working their
way into educational institutions
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SPICE Will Include Variational
Analysis

 Variational analysis in the past has been
added to SPICE almost as an afterthought

|t has been assumed that variations in
circuit components have been small

e 30 on the order of 10% or 20%

» For the last forty years, worst case corner
analysis has been used instead of
variational analysis
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SPICE Will Include Variational
Analysis

* Present FINFET Technology shows
tremendous variations in transistors

* Line edge roughness (LER)
« Random dopant (RDD)
* Metal gate granularity (MGG)

 The net result is a variation of six orders of
magnitude in off current (the simplest
device parameter!)
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SPICE Will Include Variational
Analysis

 As an educational tool, students now need
to learn variational analysis from the very
start

» Variational analysis is not an afterthought!

* New technologies now have to be specified
with random variations

 SPICE needs to have Variational Analysis
integrated into the basic framework
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SPICE Will Include Thermal
Analysis

* Devices are being placed closer and closer
to each other

* Devices are being placed on “substrates”
that are not good thermal conductors

* MOSFET models already include thermal
effects, but only “self heating”

 Thermal coupling between devices is or
will be significant in analog IC design
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SPICE Thermal Analysis

I0IANET  SUPERPLOT (ISAOrES)  11:06: 47--Plot of V(L) vs FV(D)
[C TRANSFER CURVE OF FAIRCHILD 741
1508 =~ — — + — + — + — + — + — 4

VOUT

12.88

3. 889

6090

H
|

3.860

0.800

|
|
1
Fedab-dobebehudapng=§

|

N I R R R R T
{

L T I SR S A et I
|

LR ek T S I S S A

|
|
|
|

—t—dt-d -t -t -t-t-t-t-+
|

-1, B90n 668, Bu

Figure 6: LM 741 Output Voltage vs. Differential
Input Voltage as computed by SPICE 2G.6
and Extended SPICE.

R. Vogelsong and C. Brzezinski, “Extending SPICE for
Electro-Thermal Simulation,” IEEE CICC, June 1989.
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How Will SPICE Evolve in the

Future?

1. SPICE will remain an Open Source tool

2. SPICE will take advantage of new hardware
(GPU's, Cloud Computing, even Smart Phones)

3. SPICE will include an advanced version of ADMS
to accommodate model development

SP
SP
SP
7. SP
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Thank You!!!
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