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Selection of MuUnEDA Customer Teétimonials

Giinter Kornmann, Director Analog Mixed Signal Designflows, Infineon Technologies AG
"WiCkeD is Infineons state of the art DFM-DFY tool in front-end design and fully integrated into
Infineons Communication, Automotive and Memory Designflow. It is used since 2002 in more than
300 design and tape-out projects with Infineon in RF Design, High-Speed Analog, High-Speed Digital,
Automotive Power, Embedded Memory, Enhanced Digital Cell Library Modeling, and other
applications."

Carlo Roma, CAD Engineer, STMicroelectronics

"This analysis has been useful to demonstrate that the yield loss for the first topology was due to
mismatch components, due to the need to generate constant differences and ratios of currents with
transistor pairs. The yield has been increased reducing the relevant mismatch pairs after design
centering with WiCkeD (Bandgap-Optimization Project from ISQED2005)."

Thomas Hoétzel, Chief Technology Officer, ZMD AG, Dresden

"After testing MunEDAs design and yield optimization tool WiCkeD in some very successful pilot
projects, we chose it for analysis and optimization of analog and mixed-signal circuits and towards
increased yield and robustness of our golden IP library."

Thomas Hsieh, R&D Associate Vice President, Faraday Technology Corporation

"MunEDAs WiCkeD showed the capability as an optimization tool in the key role of our IP porting
project. The capacity is a general issue for the simulation-based optimization tool. We successfully
could demonstrate the circuit optimization process through the comprehensive GUI and script based
flow."

Thomas Ramsch, director of design support at X-FAB
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University Program

The MunEDA University & Research Program provides easy and cost effective access to MunEDA’s software
tools and solutions for universities and research organisations and institutes to be used for non-commercial
teaching and research activities. This service is available to academic institutions and publicly funded research
laboratories worldwide and requires a special check-up by MunEDA if you fulfil these conditions. Apart to other

of such programs there is no membership fee required to participate in this program.

For further information please contact us directly.
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Design for quufactuga@ﬂity & Yield

Application Case: Hierarchical Simulation and Optimization of a PLL

Circuit & Application
The circuit is a phase locked loop with the following PLL
Performance criteria: PLL lock time, attenuation factor f
f
and natural frequency. Process technology used was e £ =nf
130nm —>»| Phase Loop Current |Tou=NT ¢
’ Detector | [ Filter | yf Controlled >

. (digital) (analog) el
Problem Formulation and Goals (analog)
The hierarchical simulation was used, but serious
compute resource problems arose as well as data
inconsistency. f, Divide by n

GO Counter
Design Problems without WiCkeD™: (digital)
N Required memory too large: 2900 MB

N Simulation time too high: 191 min
N Data consistency not guaranteed.

Solution using WiCkeD™

It was necessary to increase the resource efficiency. Using WiCkeD™, the problem was solved within three
design steps:

Step 1 — Improvement of Step 2 — Improvement of Modeling

sequence control By s.hifting t.he borders fr_om analog .modeling to digital model!ng

By using WiCkeD's database the within the single blocks, it was possible to reduce the simulation
y time. Also, the memory consumption was further decreased.

consistency of data was guaranteed.

The  hierarchical ~ simulation  was Step 3 — Improvement of feature extraction

correctly controlled with the help of The frequency of a rectangular signal was extracted by just
WiCkeD's script control. The memory reading the times of the rising slope. Therefore, the amount of
requirement was halved. data was reduced which reduced the memory consumption.

WiCkeD™ Results

Without WiCkeD™ Using WiCkeD™
s, BT

1600 \_/\jJ CxaD 1) 1600
) . )
£ 1200 | Provi ded 2 1200 ]
oy >
g 800 g 800 |
2 7}
= w00 7 Minimized memory = 00

2 Reduced CPU time oo e o

T 2004 7 Consistent data = 200
E E
o 150 2 150
E £
100 00
2 . Sequence Control 2
3 504 . . 2 50 |
o [l Feature Extraction o

Results - BMASO05, Fast Autom. Sizing of a Charge-Pump Phase-Locked Loop (Infineon Technologies)
published: - DAC 2006, A CPPLL Hierarchical Optimization Methodology (Qimonda - TUM)

(i||-|.-l:['|]'|
See also: - Customer Reference Cases: www.muneda.com/Customers Customer-Cases S
- Publications: www.muneda.com/Applicatons Publications Gimendo
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Application Case: Mismatch of Sense-Ampllflers in SRAM- CeIIs

Circuit & Application

Highly sensitive sense-amps used for charge
detection in SRAM memories. Such memories require
6 sigma design for each cell. Process technologies
used were 180nm, 130nm, 90nm, 65nm.

Problem Formulation and Goals

Predicting and improving the design quality in terms of
performance, yield and robustness in the range of 6 to
7 sigma are a central concern in designing sense-
amplifiers for use in SRAM cells. Many sense-
amplifiers are on one die and therefore the yield of
each has to be very high. All units of one chip have to
work in order to make the whole chip work. A single
failing sense-amp means the whole memory fails
hence yield loss.

MEMORY
ARRAY

| Address Decoder |

R/W Sense Amps

Word select MUX

1]

Solution using WiCkeD™

Step 1 - Feasibility Optimization

Using automated structure recognition, sizing rules
were detected and met automatically in order to find a
feasible solution as a starting point.

Step 2 - Nominal Optimization

Using WiCkeD's DFM Optimization all circuit
performance specifications were fulfilled. As a result,
yield analyses showed increased robustness and
yield. However, statistical optimization was still
necessary to get to the desired level of 6 sigma and a
design yield of 99.9997%.

Step 3 - Yield Optimization

Using WiCkeD's Worst-Case Analysis the worst-case
points were found. The worst-case point marks the
region in the space of process parameters, where
parametric faults are most likely to occur. Also,
Mismatch Analysis showed the relevant mismatch
pairs for the performances. Using WiCkeD's Yield
Optimization functionality the worst-case
performances were increased to a level of about 6
sigma and the existing mismatch effects were
reduced to an acceptable minimum.

WiCkeD™ Results

Without WiCkeD™ Using WiCkeD™ | WiCkeDT.M achieved 6 sigma robustness for each
cell, starting from a conventional process corner
optimized level of 3 sigma.

2 After WiCkeD™ optimization the read-
. . amplification sensitivity to the process variations
T$ti:: dD_eso'g" 1;?‘:'30:_0‘33; was dramatically reduced.
R Wigkapy : ° 7 The SRAM-cells were sized to produce a total
design yield of more than 90% as compared to a
yield of close to 0% when using conventional
30 Y >60 process corner optimization.
Robust Robust
Results - MUGM 2006, 6T for embedded SRAM - 60 design with WiCkeD™ (Infineon Technologies)
published - Advanvanced Radio Science 2006, Modelling of the parametric yield (InfineonTechnologies)
See also... Customer Reference Cases: www.muneda.com/Customers Customer-Cases (ifineon

Publications:

www.muneda.com/Applications Publications
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Application Case: Sizing and Design Centering of Operatlonal Ampllfler

Circuit & Application

Operational Amplifier connected with biasing block
generating all required bias voltages/currents. The
circuit was designed for use in a Flash Memory.
Process technology used was 500nm.

Problem Formulation and Goals

Particularly power consumption was too high and
phase margin too low. In the required operating range
the circuit did not work as specified, especially with
respect to temperature and voltage. The yield of first
silicon (done without WiCkeD™) was close to 0%.

Design Problems without WiCkeD™:
N Power consumption was too high.
N Phase Margin was too low.
N Design robustness was too low.
N First silicon yield was ~0%.

Solution using WiCkeD™

Step 1 - Adaptation of the component values Step 4 - Tolerance Analysis and

By adjusting the component values, internal constraints met \Worst-Case Diagnosis

their goals with respect to the saturation reserve and minimum 15 iarance Analysis quantified the influence of
area. Thus, functionality over the entire operating range was process variations on the circuit. Using this
improved and robustness of the circuit increased. information  together  with .Worst-Case

Diagnosis the designers were able to adapt
the components to maximize robustness
versus the process variations.

Step 2 - Nominal Diagnosis

Utilizing WiCkeD's visualization of the dependencies between
component values and quality, the developers modified the
circuit interactively. )
y Step 5 - Monte Carlo Analysis

Step 3 - Automatic Nominal Sizing Monte Carlo analysis validated the expected
Devices were sized with WiCkeD™ in a way that the circuit met ~Parametric yield the designers achieved with
the required specifications for the entire operating range. interactive design centering.

WiCkeD™ Results

Initial Design Nominal Design Finished Design
100% 1 100% 1 100% 1
T
2
>
50% - Total yield 54, Increased all Worst- 5qc;, -
improved to Case Distances 2
| 78% from 2.80
initial total resulted in total
% - yield of 0% o - yield of >99.5% .
(@ Power B Noise O Phase Margin ]
Results - MUGM 2004, OPV and TIA Optimization (IMMS gGmbH, X-Fab) " FAB
published PX

See also... Customer Reference Cases: www.muneda.com/Customers Customer-Cases ﬁ
n a = 3 a g =l
Publications: www.muneda.com/Applications Publications ot
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Application Case: Power and Yield Optimization of Adiabatic Logic-Gates

Circuit & Application
Adiabatic logic gates for very low power applications.
Process technology used was 180nm

Problem Formulation and Goals

Energy dissipation was increasing dynamic power and
leakage current because of the growing number of
transistors on a chip. However, the capacity of
batteries did not increase in the same way. Energy
dissipation of the adiabatic circuits relied on analog
properties of the transistors. The design goal was to
reduce power and increase robustness and yield.

wr SA .
> Total dissipated
g energ‘y per cycle
o . .
Adiabatic
—o/ @ 4_ loss
o I;Ii out 5 —los
in°" in & | Leakage =Y Non-adiabatic
7 F E loss ynamic loss
N-tree N-tree 3
®
5 »
>
Frequency

Design Problems without WiCkeD™:
N High power consumption
N Low robustness
N Low yield (40%)

Solution using WiCkeD™

Step 1 - Nominal Diagnosis

The impact of device W/L ratio on energy dissipation
showed different trends for each source of dissipation.
Using WiCkeD's DFM Diagnosis the performance
dependency and parameter redundancies were
identified and clearly visualized. The designers were
able to analyze the link between component values
and power dissipation to modify the circuit interactively
with WiCkeD™,

Step 2- Nominal Optimization

Circuit devices were sized by WiCkeD™ such that the
power dissipation was as low as possible without
lowering the frequency. The input signals were shifted
by —90°.

Step 3 - Tolerance Analysis and Worst-
Case Diagnosis

The Tolerance Analysis measured the influences of
the process variation of the circuit. Using this
information together with the Worst-Case Diagnosis,
designers were able to size the devices to maximize
robustness with respect to the process variations.

Step 4 - Monte Carlo Analysis

Monte Carlo analysis validated the expected
parametric yield the designers achieved with
interactive design centering.

WiCkeD™ Results

o
o
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Value added of using WiCkeD™
2 Power dissipation reduced 50%
2 Crossover frequency over 1GHz
7 Increased yield to ~97%

4
v

WiCkeD™
Analysis and
Optirnization

Design before using WiCkeD™:
N High power consumption
N Low robustness
N Low yield (40%)

Results

- LNCS (Lecture Notes in Computer Science, Reduction of the Energy Consumption in
published Adiabatic Gates by Optimal Transistor Sizing, Springer Berlin (TUM)

See also... Customer Reference Cases: www.muneda.com/Customers Customer-Cases Tl"l

Publications:

www.muneda.com/Applications Publications
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Application Case: Folded Cascode Operational Amplifier, Design Reuse & Process Migration

Circuit & Application

Folded Cascode Operational Amplifier with 22
transistors for which designer selected to allow 44
design parameters to be sized. There were 9 process
variation parameters and 4 operating condition
parameters. Process technologies used were 180nm,
130nm, 90nm and 65nm.

Problem Formulation and Goals

The original circuit had been produced in 0.18um
technology. The devices needed to be resized to be
reused for each of the smaller geometry processes
(130nm, 90nm and 65nm). The designer‘s goal was to
quickly find a feasible solution with optimal yield.

Main tasks of process migration:
= Meeting sizing rule constraints
= Resizing for design reuse to meet specs
= Yield Optimization for all process variations

Solution using WiCkeD™

Based on specifications for each new process technology, the topology was analyzed with the initial sizing as
start values. As expected, this resulted in 0% total yield and the circuit was not robust enough for the new
process technology. WiCkeD™ used three steps to size the circuit for each new technology and achieved

maximum yield each time.

Step 1 - Feasibility Optimization

Using WiCkeD's topology analysis and automated
structure  recognition, 190 sizing rules were
automatically  detected. WiCkeD's Feasibility
Optimization aided the designer to match these rules
and reach a feasible solution as starting point for the
following performance and yield optimization steps.

Step 2 - Nominal Optimization

WiCkeD's DFM Optimization brought all circuit
performances to specification in 10 minutes of
simulation using a deterministic optimization algorithm.
Yield analysis of this performance optimized design
showed an 83% increase in yield from the initial
design.

Step 3 - Yield Optimization (Design
Centering)

Using WiCkeD's Worst-Case Analysis, the designer
was able to detect significant differences in robustness
of the circuit performances. The partial yields of gain,
power and phase margin were low. Using WiCkeD's
Yield Optimization functionality, these performances
were increased to a level of around 4 sigma. Because
of topology specific trade offs, the high partial yielding
transit-frequency was decreased to around 4 sigma.
The overall total design yield of the circuit for the new
process technology was increased to 99.99% (4
sigma). Simulation effort for this task was 16 min.

WiCkeD™ Results

Feasibility Optimization

Nominal Diagnosis & Optimization

Yield Analysis & Optimization

Partial

Yield

Total Yield
increased from
98%

99.997%

Total Yield |
increased from |

0% to 83%

Worst-Case
ADiStancedy ~ © ®

Initial Design

2% —_—
Performance Optimized

83% to >99°/i §

e ——
Design Centered

EGain B Transit-Frequency
Power

OOPhase-Margin O

Results

See also:

- MEDEA+ Forum 2004, Yield Optim. of Analog Circuits with WiCkeD™ (Bosch - Infineon)
published - EKOMPASS04, Systematic Analog/Mixed-Signal Desing...(Infineon Technologies - TUM

- Customer Ref. Cases: www.muneda.com/Customers Customer-Cases

Thiineon BOSCH

- Publications:

www.muneda.com/Applications Publications
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Application Case: Trans-impedance Amplifier, Feasibility and Performance Optimization

Circuit & Application

Folded Cascode trans-impedance amplifier used as IP
in various other circuits with an open-loop testbench.
Process technology used was 350nm.

Problem Formulation and Goals

The operating requirements for the circuit were to
have a high bandwidth while maintaining a minimum
of 60dB gain. Furthermore, the value for the second
pole had to be high to increase stability.

Design Problems without WiCkeD™:
N Increase bandwidth substantially
A Keep the gain at or above 60dB
N Shift second pole further right

'l% = "

L ﬁ%ﬂ%g

i B

Solution using WiCkeD™

This design challenge included the frequent analog design problem of maximizing key performances while trying
to minimize adverse impacts to other performances. The design flow using WiCkeD™ included 3 steps: circuit
preparation utilizing automatic constraint analysis, achieving a feasible topology & optimizing performances.

Step 1 - Analysis:
Circuit Preparation and Setup

WiCkeD's automatic constraint generation made it
possible to quickly identify the current mirrors and
level shifters. Additionally, the constraint analysis
revealed that an auxiliary voltage source was needed.
Furthermore, all design parameters (widths and
lengths) for the devices the designer desired to be
sized were identified as well as all performance
parameters were defined at this step.

Step 2 - Feasibility Optimization

WiCkeD's Feasibility Optimization ensured all sizing
rules were fulfilled. Additionally, the auxiliary voltage
source was set in order to fulfill all constraints.

Step 3 - Nominal Optimization

By using WiCkeD's DFM Optimization, all circuit
performances surpassed their specifications over the
entire operating range. This improved the circuit
characteristics and resulted in higher vyield.
Optimization time was minimized by using WiCkeD's
parallel simulation capability distributing simulations
onto various CPUs across the network.

WiCkeD™ Results

Previously | \ickep™ | WiCkeD™
Start Sized
Manually | (1-5MH2) (4 MHz)
Design Time 4 weeks <<= 1 day 1 day
Bandwidtht
. 1. 1. 4.
(MHz) 0.38 5 5 0
2nd Pole
(MHz) 83 250 500 457

T Bandwidth optimized while maintaining a minimum gain of 60dB

Benefits of using WiCkeD™:

2 Significant design time savings
Design time reduced from 4 weeks to 1 day

2 Noteworthy performance gains
Bandwidth increased from 0.38 to 4.0 MHz

# Dramatic robustness improvement
Second pole raised from 83 to 457 MHz

Results - MUGM 2004, OPV and TIA Optimization (IMMS gGmbH)

published - EUROSOI 05, Linear Regulators for High Temperature Applications (IMMS gGmbH)

See also... Customer Reference Cases: www.muneda.com/Customers Customer-Cases =
Publications: www.muneda.com/Applications Publications -
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MunEDA References by Industry

MunEDA DFM/DFY
Circuit Sizing Examples

Adiabatic Logic Gate
Bandgap

Buffer chain

Bypass Filters
Cascode Gain Stage

Ccco
Automotive & Consumer Electronic Memory Charge Pump
Industrial & Standard IC’s CML Converter
Comparator

Constant Voltage Source
Current Mirror

Current Source

Current Mirror OpAmp
Differential Amplifier
Filter

Folded-Cascode OpAmp
Fully Differential OpAmp

- Wireless HF Circuit
Sensors Wirebound Communication High Voltage Circuits
Communication Latch
Level Shifter
Interfaces / Platform Support: Low Voltage
# SUN-Solaris®, Linux Operational Amplifier
2 Full Graphical User Interface PLL
# Documented API (C++, Tcl/Tk, Phyton, etc.) Receiver
# Parallel Simulator Interface (LSF, SGE, rlogin, ssh) RF-Circuits
2 Export Interfaces (Matlab, R, SPlus) Ring Oscillator
7 WiCkeD-Simulator and Framework-Interfaces: Sense Amplifier
= Mentor Graphics-ELDO® ELDO-RF®, DesignArchitectlC® Sensor Circuit
* Synopsys HSpice®, HSIM® Single-Stage Amplifier
* Inhouse Simulators (Qimonda-TITAN, etc.) Transistor
? Supporting industrial standard pdk (Process Design Kit) Transceiver
2 And customized to your environment! VCO
Contact us for more examples &
information

Selection of MUnEDA Reference Customers
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