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Presentation Overview

O

 Project Motivation/Background
o Importance to Micro-Electronics

* Project Description
o Multi-Phase Analysis
o Voltage Controlled Resistor (VCR) Substitution

» My Contribution
o Tool Flow and Process Design




Micro-Electronics

O

» Consumer Electronics Market is Growing
o Persistent demand for more gadgets
o More demand for performance
o More new technology required




Modern ICs Getting More Complex
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Added Complexities:
» More Transistors » Smaller Features
» Higher Frequencies » Lower Power




Non-ldeal = Decreased Circuit Performance

O

» Non-ldeal Power Supply
o Parasitic effects
o Ringing
o Noise

 Circuit Responds Negatively
o Effects timing
o Effects speed
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Circuit Complexity Challenges

O

» Requirement for SPICE Simulation
o Circuit size and complexity make behavior predictions impossible
o SPICE simulations can give insight as to circuit function

* Industry “Gold Standard’4 Insufficient
o Large/complex Hspice simulations unmanageable
o New simulation strategies must be employed




Attempts to Rectify the Problem

 Industrial Attempts
o HSIMPlus (Synopsis), Voltage Storm (Cadence), Totem (Apache) (3]
o All Sacrifice Some Accuracy for Speed/Lower Memory Demand

» Current Project
o Testing Simulation Methods for Viability
o Open Loop Methodology — Multi-Phase Analysis
o VCR Substitution Methodology




Project Proposal

Proposed Project
A Two Year Mission to
Evaluate Faster/More
Accurate SPICE Simulation
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A Description of Two-Phase Analysis

O

Phase 1. Phase 2:
Run time-domain simulation with all Apply extracted currents to full Power
circuitry in place and capture circuit- Delivery Network and capture static
specific currents into and out of the supplies  and dynamic voltage changes
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Multi-Phase Description

» Multi-Phase Analysis
o Extension of two-phase strategy to an open loop

Phase 1 Phase 2
Veo Vee Multi-Phase:
EI SN T Take measured
1 +Ckt ' |

voltages from applied

+ | :
§ § | circuitry currents to
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as the power supply

v RS 7 47 to the circuitry.
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Voltage Controlled Resistor

o Similar to Two-Phase As Well

o Rather than replace circuitry with current source, replace it with
VCR

Phase 1 — Collect Currents Phase 2 — VCR Subsitution
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Simulation Tool Flow and Process Design

Proposed Project
« ATwo Year Mission to
Evaluate Faster/More
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Initial Problems to Solve

» Tool Design

o Both VCR and Multi-Phase are new techniques
o Tools to perform these analyses need to be created

» Decisions to be Made
o Simulator for base simulations
o How the process should flow
o Which data is important
o How to implement the data as inputs




Base Simulator

O

* HSpice:
O Industry “Gold Standard”
o The simulator to use

o Why?
o Much more precise, but takes longer to run
o File outputs are much easier to work with

* Files:
o .lis: text output; can command to contain signal data
o .tr0: binary output; contains data for all signals




First Approach at Tool Flow

MATLAB
tr0 extraction Perl Format PWL

& VCR math 1/V controL Source

HSpice Die
Simulation

There are Open

_ Source MATLAB _
Write PWL Source Tools for tr0 Write PWL Source

to newdi-e.control Handling [6] to package.control
File File

N

Perl Format PWL MATLAB HSpice Package

Current Source tr0 extraction Multi-Phase Simulation

Processes Automated

by Perl Scripting . 'IQZ;II\U/IS;(;Od Failed — Poor/Uncontrollable Data




Second Approach at Tool Flow

Perl Data
Extraction VCR
From .lis File
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Summary of Results
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Review

O

New SPICE Simulation Strategies Beneficial to Circuit Design

New Simulation Strategies Require New Tool Designs to Work

HSpice Allows Tools to be Crafted Using its Outputs

My Contribution Was to Design and Create the Tools

Tools Created that Made Multi-Phase and VCR Analyses Possible




Questions?

O

» Contact:
e.michal.peterson@utah.edu

» References:
[1] MMX, “Motorola Xoom Tablet | Uncrate”, http://www.uncrate.com/men/gear/laptops/motorola-xoom-tablet/
- accessed 3/2011

[2] Ziff Davis Inc., “Verizon removes Skype http://www.geek.com/articles/mobile/verizon-removes-skype-
video-from-htc-thunderbolt-20110218/ - accessed 3/2011

[3] Hollis, T., "University of Utah Senior Clinic 2009-2010". [PowerPoint Presentation]. April 10, 2009.

[4] Synopsis Corporation, “HSPICE”,
http://www.synopsys.com/Tools/Verification/AMSVerification/CircuitSimulation/HSPICE/Pages/default.aspx
- accessed 3/2011

[5] 2009-2010 Micron Clinic Team, “Evaluation of Integrated Circuit Power Supply Noise with Two-Phase
Analysis”, April 2009

[6] Perrott, M.H. “CAD Tools of Michael H. Perrott and former students”,
http://www.cppsim.com/download_hspice_tools.html, accessed 3/2011




Multi-Phase Measurements and Analysis
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Goals for Multi-Phase Approach

O

» Separation of Single Simulation Original Simulation Setup
o Replace internal die with varying S I
current source Iain j: aaaaaa L
o Less Accuracy/Shorter Run Times " 77 .,
. . . Nps I I‘l:}O |
o Single iteration A L
» More Accuracy/Longer Run Times B S 0 A
o Multiple iterations —
W W J? J7

VS5 oV

o Determine if converging [1]

» Simple Circuits Combine to Form Larger




Multi-Phase Method Introduction

O

o HSIMPIus yersus HSpice

o HSIMPlus: faster run times [y

o HSpice: more accuracy, industry standard 1
» HSpice for All Multi-Phase Simulations
e Circuits Simulated 1

o Four-Inverter Circuit

o 16-bit Adder

o 8-bit Multiplier

o 4-stage, 8-stage, 16-stage Fibonacci Sequence




Multi-Phase Implementation

* First Phase Captures Rail * From: Ideal Current Source

Currents ICC POWER © PULSE(O 50U 1N 2N)
1SS GNDO IDEAL PULSE(O 5U IN 2N)

VCC L2V

Vigasire Cirats Herg e To: PWL Current Source
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Multi-Phase Implementation

O

» Second Phase » Third Phase Replaces First

VCC 1.2V
‘ l Varying VL_:C{frcu_m:' v oV
I I package sn‘nulatm?} Measure Currents Here
Measure Voltage Here P ----------
e g | > I
' | ifjvd:' icC [ Hom—— — [~
I | irying |
{f?om die —,—I—,_ L/>C I
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Original Combined Circuit Setup

» Baseline Circuit Problems
o Mutual inductances [2]
o Floating nodes
o Modeling signals difficult
o Signal voltage levels too low
o Power voltage levels too low

o Power voltage nodes vary

O

Original Simulation Setup

VCC Lav
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Revised Baseline HSpice Circuit

O

o Inputs/outputs to capacitance loads

» Baseline Circuit Changes

Ve 12v

o Power nodes connected together Measre VCCHare
=t =
o Ground nodes connected together | | | | 17 = =L
: : : T —
o Signals inputs internal S SN |
o Signal outputs to capacitance loads = T P ian f S

v Y =AY v

Vss oV Measure VSS Here

VS5 oV




4-Inverter Original Circuit vs. Revised Circuit

Original HSpice Baseline Simulation (Orange)
Original Circuit Multi-Phase 1st Iteration (Green)

Revised HSpice Baseline Simulation (Blue)




Multi-Phase Intermediate Results

O

o Current Source Not Suitable vee 12v

Circuit Replacement L
» Second Phase Modification Needed: mEasur!vunagelHere

o Capacitor load for power node it - S?Ffawmg.cc A e —
o Capacitor load for ground Node | et g o vy M Ly
e — i | ot

Varying 155
| et T &medie | H— | —

i I simulation)

5 . Yo N




4-Inverter Multi-Phase Results

Revised HSpice Baseline Simulation (Orange)

Multi-Phase 1st Iteration (Green)
Single Coupling capacitor of 100pF




4-Inverter Multi-Phase Results

Revised HSpice Baseline Simulation (Orange)

Multi-Phase 1st Iteration (Green) , Single 100pF Capacitor

Multi-Phase 2nd Iteration (Blue) , Single 100pF Capacitor




Simulation Times for 4-Inverter Circuit

O

» With Single Capacitor

Inverter (in seconds)
REAL TIME USER TIME SYSTEM TIME LEVEL

HSImples e 430 | W - | -
HSpice Package + Die 20.77 19.29 0.08 10
End of Iteration 1 16.32 15.21 0.09 10
End of Iteration 2 23.05 22.66 0.07 10
End of Iteration 3 21.46 21.06 0.12 10
End of Iteration 4 22.18 21.76 0.1 10
End of Iteration 5 24.66 23 0.11 10
End of Iteration 6 24.85 24.4 0.1 10
End of Iteration 7 25.9 24.37 0.1 10
End of Iteration 8 25.17 24.74 0.1 10
End of Iteration 9 27.14 25.68 0.1 10
End of Iteration 10 29 28.53 0.11 10




16-bit Adder Circuit

Revised HSpice Baseline Simulation (Orange)

Multi-Phase 1st Iteration with Capacitor (Green)

Multi-Phase 1st Iteration with Circuit (Blue)




4-Stage Fibonacci Circuit

Revised HSpice Baseline Simulation (Orange)
Multi-Phase 1st Iteration (Green) with Circuit
Multi-Phase 1st Iteration (Blue) with Capacitor




Revised Second Phase Circuit

O

* Problem:
- Large Circuits Do Not Simplify =7
o SOIUtion: I Measure VCC Here
. A N () veyingiee o ot -
o Replace single cap for e | (romde
entire circuit T i et
_|I I‘/>[(-:; 1
- - | p— | | | |H—— | —
» Predictions: i ﬁ; |
_ | et | [ L1 o =
o Longer run times, v v 12y vss ov
V5SS 0V k¢ ; Varying 1S5
more to calculate (e
———
o Waveforms Closer to | Messure VSS Here
Baseline Values T

W55 0V




Multi-Phase Results with Capacitance Circuit

Revised HSpice Baseline 4-Inverter Simulation (Orange)
Revised 4-Inverter Multi-Phase 1st Iteration (Green)

Circuit included in second phase




Multi-Phase Results with Capacitance Circuit

Revised HSpice Baseline 4-Inverter Simulation (Orange)
4-Inverter Multi-Phase 1st Iteration (Green) with Circuit

4-Inverter Multi-Phase 10th Iteration (Blue) , with Circuit




HSPICE, HSIMPUs and Multi-Phase Comparison

Revised HSpice Baseline Simulation (Orange)
Multi-Phase 1st Iteration with Circuit (Green)

HSIMPlus Revised Baseline Simulation(Blue)




Simulation Times for 4-Inverter Circuit

O

» With Capacitance Network

Inverter (in seconds)
REAL TIME USER TIME SYSTEM TIME INTERVAL (ps)
HSIMPYs ] e 4430 | @@ @ - | e
HSpice Package + Die 20.77 19.29 0.08 10
End of Iteration 1 38.06 36.68 0.1 10
End of Iteration 2 49 .35 47.12 0.09 10
End of Iteration 3 46.1 45.34 0.08 10
End of Iteration 4 49.76 45.36 0.11 10
End of Iteration 5 53.89 46.57 0.07 10
End of Iteration 6 47.23 46.37 0.06 10
End of Iteration 7 47.93 46.4 0.08 10
End of Iteration 8 47.93 46.4 0.08 10
End of Iteration 9 49.52 45.48 0.07 10
End of Iteration 10 46.01 45.07 0.05 10




» With capacitance network

Simulation Times for Other Circuits

O

Adder (in seconds)

REALTIME | USERTIME | SYSTEM TIME | INTERVAL (ps)
HSIMPS | e 164.07 | - 10
HSpice Package + Die 78.05 76.7 1.13 10
Capacitive Circuit 1 153.2 145.57 0.44 10
Icapacitive Circuit 2 198.65 193.3 1.6 10
ICapacitive Circuit 3 221.96 218.34 1.83 10

Multiplier (in seconds)

REALTIME | USERTIME | SYSTEM TIME | INTERVAL (ps)
HSIMPM | e 158.92 | @ - 10
HSpice Package + Die 132.14 131.08 0.87 10
Capacitive Circuit 1 166.88 160.81 0.89 10
lcapacitive Circuit 2 189.54 186.52 1.64 10
Icapacitive Circuit 3 196.1 193.39 1.36 10




» With capacitance network

Simulation Times for Other Circuits

Q

Fibonacci 4-sta

ge (in seconds)

REAL TIME USER TIME SYSTEM TIME INTERVAL (ps)
HSIMPY | 1618 | @ - 10
HSpice Package + Die 117.83 117.05 1.1 10
Capacitive Circuit 1 222.62 209.28 1.8 10
Capacitive Circuit 2 218.26 218.26 1.17 10
Capacitive Circuit 3 240.19 236.9 1.35 10
Fibonacci 8-stage (in seconds)
REAL TIME USER TIME SYSTEM TIME INTERVAL (ps)
HSIMP™ ] e 23544 | @ 10
HSpice Package + Die 200.4 199.5 0.45 10
Capacitive Circuit 1 344.65 342.28 1.48 10
Capacitive Circuit 2 654.23 632.29 2.65 10
Fibonacci 16-stage (in seconds)
REAL TIME USER TIME SYSTEM TIME INTERVAL (ps)
HSIMPY ] e 40847 | @@ - 10
HSpice Package + Die 321.16 314.21 1.2 10
Capacitive Circuit 1 1142.47 1138.84 1.23 10
Capacitive Circuit 2 2848.44 2839.49 6.22 10




Baseline Simulations Time Comparison

Q

4-INVERTER
HSIMplus Precision | Level 0 Level 1 Level 2 Level 3 Level 4 HSpice
MOS evaluations 18,176 18,208 18,208 18,208 21,632
Time (in seconds) 20.696 20.684 20.706 20.766 43.958 19.29

16-BIT ADDER
HSIMplus Precision | Level 0 Level 1 Level 2 Level 3 Level 4 HSpice
MOS evaluations | 488,008 | 485,562 | 544,118 | 543,272 | 1,959,856
Time (in seconds) 164.43 164.32 168.47 164.53 343.5 76.7

8-BIT MULTIPLIER
HSIMplus Precision | Level 0 Level 1 Level 2 Level 3 Level 4 HSpice

MOS evaluations | 7,447,602 |7,450,026|7,526,926 |7,461,290| 10,113,416
Time (in seconds) | 298.03 294.91 303.61 294.08 621.24 131.08




Baseline Simulations Time Comparison

@,

4-STAGE FIBONACCI

HSIMplus Precision| Level 0 Level 1 Level 2 Level 3 Level 4 HSpice
MOS evaluations | 2,115,926 | 2,121,662 | 2,193,106 | 2,233,582 | 7,450,784
Time (in seconds) 161.33 163.87 164.3 160.91 350.48 117.05
8-STAGE FIBONACCI
HSIMplus Precision| Level 0 Level 1 Level 2 Level 3 Level 4 HSpice
MOS evaluations | 5,801,828 | 5,794,150 | 5,926,943 | 6,006,732 | 20,997,664
Time (in seconds) 227.73 226.36 230.58 227.69 495.74 199.5
16-STAGE FIBONACCI
HSIMplus Precision| Level 0 Level 1 Level 2 Level 3 Level 4 HSpice
MOS evaluations | 22,216,158 | 22,667,222 | 22,017,499 | 22,584,616 | 74,063,680
Time (in seconds) 405.72 408.4 409.02 407.29 940.17 314.21




Conclusions

O

» Current Source Not a Simple Circuit Drop-in Replacement

» Single Capacitance:
o Time decreased for single iteration
o Multiple iterations converged to HSIMP!Us values
o Multiple iterations for larger circuits diverged
» Capactance Network:
o Time increased dramatically for single iteration

o Performance increased compared to single capacitance




Questions?

O

o Contact:
thomas.white@utah.edu

» References:

[1] 2009-2010 Micron Clinic Team, “Evaluation of Integrated Circuit Power Supply Noise with Two-Phase
Analysis”, April 2009
[2] Hollis, Tim, "University of Utah Senior Clinic 2009-2010". [PowerPoint Presentation]. April 10, 2009.
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Overview

O

Two-Phase Model

\Voltage-Controlled Resistor (VCR)

Current Generating Circuit

Simulation Results




Two-Phase Analysis

O

W

Phas._e- 1: | -

Run time-domain T  Shorter Simulation Time

simulation with all '

circuitry in place and

capture circuit-specific I:>

currents into and out of

the supplies ® Reasonably AcCcurate

\"
Gnd
» Overestimation of Power
Ve I .
Phase 2: T T SUpp Yy Noise
Apply extracted currents | i !
to full Power Delivery + ! I
Network and capture i ;
static and dynamic av @'9 Lou i i Zoon :
voltage changes ) ! |
:x W y 4’
Gnd




Voltage-Controlled Resistor

O

Resistance changes with an
applied Control Voltage (Vc)

Transistors are too

Control complicated

Voltage




VCR Model

O

WCR Subcincuit

_________________________

Voltage-Controlled Voltage

—+ (4 S Source
: Contral I {3}5
— (5) VEENSE () Vver = 1 - RRES - Vc
' Yl
(B) '

FCOPY ; REES

1 1
e mmmmmmemme-- ' http://www.ecircuitcenter.com/circuits/vc_resistorl/vc_resistorl.htm




Current Generation Circuit

O

VCC

VCC

VC VCR

Rs




Circuit Test

A | |

Orange = Control Voltage
Green = Current




Model Problem

WiSR Subcircuit

_________________________

O

(3!

(|

_ (4} ERES |

g ()
Control

_ (5) usEHsE(:D

: o

()]

FCOPY RRE
D

5

» Dependent Source
oVver =1-R - Vc

» Vver =V - Ve

Set FCOPY = 1A
o RRES=1Q

» Vver = 1 - Vc




Current Translation Equation

O

0] = Vce —Vvcer
VCC Rs
ol=1Id
|V [ o — VCR o Vver = Ve

» Ve = Vec- (Id - Rs)

Rs




Test 1: Inverter Circuit

VCC

=

D T B R D T i




Inverter Ilcc Waveforms

Orange = Inverter current Max percentage error: 8.5%
Green = VCR current Average percentage error: 0.15%




Test 2: 8-bit Multiplier

Orange = Multiplier current Max percentage error: 71%
Green = VCR current Average percentage error: 0.18%




Test 3: Fibonaccl 16

Orange = Fibonacci current Max percentage error: 285%
Green = VCR current Average percentage error: 1.2%




Inverter test 2




Inverter Test 2 Results

(A st

(il=we rilwss nse ) +xwC 1 (v e nsel] +xve rilv sense)) +xve riilv s2 nsed)

filitve ) +itwe ) +ifvcc 1l +ilvc o))

Orange = Inverter current Max percentage error: 5.5%
Green = VCR current Average percentage error: 0.14%




Timing Comparison
Circuit | Circuit | VCR | Current Source

CPU Time | Total Time | CPU Time | Total Time | CPU Time | Total Time
Inverter 76S 1.08s .07s 273S .07s .256's
16-bit 7.97s 8.31s .08s 347s .08s 2735
Adder
16-bit 27.8s 28.89 s A137s 44 s .08s 3275
Multiplier
Fibonacci 40.64 s 41.69s 107 s .353s 077s 293 s
4
Fibonacci 91.65s 95.46 s 1s .363s .08s .305s
8
Fibonacci 229.5s 231.7s A2s 393 s .08s 3135
16




Conclusion

O

Replace current source with VCR

Designed Current Generation Circuit

VCR accurate for simple waveforms

Further experimentation is required




Questions?

O

Contact Information:

Travis.Fiehler@utah.edu

References:

[1] T. Hollis, “University of Utah Senior Clinic 2010-2011,”
Micron Technology, Boise, lIdaho, 2010.

[2] “Voltage-Controlled Resistor,”

http://www.ecircuitcenter.com/circuits/vc_resistorl/vc_resistorl.ht
m. Accessed: 3/28/2011




Alternate Two Phase Model Using VCR
Measurements and Analysis
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* VCR Current Reproduction

« Multi-Phase Simulation ey « VCR Circuit Simulation
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Overview

O

Alternate Two-Phase VCR Method
Simulation Flow

Initial Configuration
Sensitivity of Varying Resistance And Capacitance
Results

Revised Configuration
Results

Practical Configuration
Results

Comparison with Multi-Phase Results
Simulations Runtimes

Future Considerations

Conclusion




Two-Phase VCR Introduction

O

Use the VCR In Two-Phase Method

Compare with HSPICE
o Simulation Runtimes
o Accuracy

Circuits created by last year’s Micron Team: pi
o Four-Inverter

o 16-Bit Adder

o 8-Bit Multiplier

o 4-Stage Fibonacci

o 8-Stage Fibonacci

o 16-Stage Fibonacci




Baseline HSPICE Simulation

O

Provides the standard for
comparisons

Reduce mutual inductance =

by placing capacitors at all aiminln (‘,I AL

pins excluding power and - L

ground pins Ll T o % min
L] o] LI
v - ] 1 4 v




VCR Two-Phase Simulation Flow

O

Ideal 1.2V

' Capture i(vce)

Circuit

’ Capture i(vss)

N

PERL Script

Convert currents to control
voltages using current
translation equation

Vcontroll = Vdd - (i(vee)*R)
Vcontrol2 = Vdd - (i(vss)*R)

Creates a control file
that runs the new
control voltages
through VCR circuit




VCR Two-Phase Simulation Flow Continued

O

< Measure Power

VCR

>
>

Vcontroll

Vcontrol2

VCR

PERL Script @re Ground

[3]




Initial Configuration

O

Ideal 1.2V

< Measure Power

=

| [ Vcontroll e

+—
VCR1
ey
— — Ideal 1.2V - -
%:{
Vcontrol2 > —— = 1 .
& & VCR2+ —|—
g «<_ Measure Ground Vv 4

4

R - -




Sensitivity to Varying Resistance

Green- 100 ohms Purple- 1k ohms  Blue-3k ohms




Sensitivity to Varying Capacitance

Green- 1fF Purple- 100 pF Pink- 1 mF




Inverter Results

Yellow- HSPICE Simulation Blue- Inverter Simulation




16-Stage Fibonacci Results

A

,‘.""‘ "‘ 'u“,al‘,”“",’ ‘ f}"' l‘

Yellow- Baseline HSPICE Simulation Green — 16 Stage Fibonacci Simulation




Problems with Initial Setup

O

Power and Ground Rails are too messy

No single capacitor value to correctly model circuit’s capacitance

Most circuits modeled required modification to VCRS




Inverter Modifications

O

» Both polarities of VCR1 and VCR2 are swapped

Power Side e :: — = 1
VCR1 W = VCR1+ = C
§R §R
Ideal 1.2 V Ideal 1.2 V
%:* ;

Ground Side = | T L C
VCR2 = ¢ :> VERe [
& v

-~

Vv Vv




» Polarity of VCR2 Is swapped

Power Side — +
VCR —_—C
R
Ideal 1.2V
R
Ground Side = —— 11— |

=T

O

RN

Adder & Fibonacci Modifications

Ideal 1.2V

R

VCR

+—' L

\all

e




Revised Configuration

O

Ideal 1.2V




Inverter Revised Results

Yellow- Inverter HSPICE Simulation Blue- Inverter Revised Simulation




16-Stage Fibonacci Revised Results

Yellow- HSPICE Simulation Blue- 16 Stage Fibonacci Revised




Revised Configuration Results

O

Cleaner Power and Ground voltage waveforms

Pretty accurate compared to HSPICE results

Still required circuit modifications




Comparison With Multi-Phase Results

2N /\'1\_,_,;‘,\/-\45-\_',/}5\/“\}.\/\%& P i —J\'/"'\J"-\_/Jiu\/—\ﬁ.vdl /\_ﬁ.\_/""‘flr e

N #

Blue- End of 1%t Iteration 4-Stage Fibonacci Purple-Revised 4-Stage Fibonacci Results




Inverter Comparison

Blue— Revised Green- End of 15t Iteration Results Yellow- HSPICE Results




Practical Configuration

(V) 1s)

VIVCTss)

vivecree)




Practical Configuration

O

» Determined that VCRCC voltage was effecting the voltage
swings
o Switched Polarity of VCR1

ldeal 1.2V

;{
Power Side —_— Ground Side ZF_

A » i | c
VCR1 s — C VCR2 - 2

§7R v




Inverter Practical Results

Green- Universal Results Yellow- HSPICE Results




4-Stage Fibonacci Practical Results

Yellow- 4-Stage Fibonacci Universal Results Green- HSPICE Results




Practical Configuration Results

O

No modifications were needed from circuit to circuit

Still some inconsistency remained with Inverter results
o Phase shifts at the from 0 to 400 ps
o Can not match voltage swings throughout the simulation

Not as accurate and slower than HSPICE baseline

Simulation runtimes were same to the initial configuration




O

Initial Configuration

Real User Sys

Inverter | 15.52 15.1 0.07
Adder | 78.61 78.13 0.11
Fib 4 95.67 44.92 0.1
Fib 8 115.41 | 114.73 0.1
Fib16 | 161.75 | 161.19 0.14
Multi 53.88 53.39 0.09

Simulation Runtimes

Revised Configuration

Real User Sys

Inverter | 21.69 20.58 0.1
Adder | 110.2 | 109.14 0.7
Fib 4 135.9 135.9 0.44
Fib 8 692.75 | 690.62 0.73
Fib16 | 549.17 | 548.17 0.63
Multi | 149.53 | 148.17 0.83




Comparison with Multi-Phase Results

Revised Configuration

End of 1st Iteration of

Real User Sys

Inverter | 21.69 20.58 0.1
Adder 110.2 | 109.14 0.7
Fib 4 135.9 135.9 0.44
Fib 8 298.33 | 300.29 0.73
Fib 16 | 549.17 | 548.17 0.63
Multi | 149.53 | 148.17 0.83

Multi-Phase

Real User Sys

Inverter | 38.06 36.68 0.1
Adder 153.2 | 145.57 0.44
Fib4 | 472.62 | 469.28 1.8
Fib 8 344.65 | 342.28 1.48
Fib16 | 654.89 | 612.88 4.6
Multi | 254.66 | 236.15 0.83




Comparison with HSPICE Runtimes

Revised Configuration

HSPICE Simulation

Package + Die

Real User Sys

Inverter | 21.69 20.58 0.1
Adder | 110.2 | 109.14 0.7
Fib 4 135.9 135.9 0.44
Fib8 | 298.33 | 300.29 | 0.73
Fib16 | 549.17 | 548.17 | 0.63
Multi | 149.53 | 148.17 | 0.83

Real User Sys

Inverter | 20.77 19.29 0.08
Adder | 78.05 76.7 1.13
Fib4 | 117.83 | 117.05 1.1
Fib 8 200.4 199.5 0.45
Fib16 | 321.16 | 314.21 1.2
Multi | 132.14 | 131.08 | 0.87




Future Considerations

O

* Integrating the VCR model into the Multi-Phase simulation
method

» Work on replacing each transistor within each circuit with a VCR
and analyze the effects

» Run our work through HSIMPUs and compare with results taken
with HSPICE




Group Conclusions

O

Successful Scripting for accurate data points

Multi-Phase Conclusions:

o Complicated capacitance values = much slower run-times
o Multiple iterations resolved to the wrong values

VCR Creation Conclusions:

o Able to reproduce simple currents
o Able to replace current source

Two-Phase VCR Method

o Accurate but not as fast as HSPICE

o Required circuit modifications

o Despite universal configuration, still failed




Any Questions?
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