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Abstract

Over the past decades perpetual shrinking of devices and circuits has led to
semiconductor product improvements. A paralleling trend is that process vari-
ations and intra-die variability increase with each technology node and control-
ling the manufacturing process is very difficult. these fluctuations cause device
and circuit characteristics to deviate from design goals and introduce significant
device-to-device variability. The decrease in size of CMOS transistors leads to
miniaturization of wires connecting these devices. However, there is a steep rise
in the current density across integrated circuit. The increased current density
eventually raises concern that VLSI chip reliability may be adversely impacted
due to EM induced failures in the interconnects.Also,increasing design com-
plexity, tighter design cycle time and performance requirements of advanced
nanometer VLSI designs have made power/performance/area estimations at an
early design phase critical design steps. So, accurate modelling of these early
estimations, process variations and reliability issues has become critical to both
foundries and circuit designers that seek optimal PPA balance.

To address time to market issue FOM (figure of merit ) analysis is performed on
different CMOS process which gives performance and leakage estimations at
different PVT’s ,VT/CL’s very early in the design cycle. The impact of process
and voltage variations has been analysed by running monte-carlo simulations
on different technology nodes. Also, cell level variation is performed using re-
gressive hspice simulations which gives us a estimate of manufacturing yield.
Reliability analysis of different cells is performed with emphasis on electro-
migration estimation in power and signal lines. EM checks are performed to

identify which cells satisfy the foundry EM and power on hours requirement.






Contents

Certificate 2
Declaration . . . . .. ... ... .. .. ... ... . 4
Acknowledgment . . . . . ... ... L L oL 6
Abstract . . . . . . . .. e 8

Index 11
List of Figures 11

1 Introduction 14
2 Early Estimations 16
2.1 FOM(Figure Of Merit Analysis) . . .. .. ... ... .... 16
2.2 Deliverables . . . . . ... .. ... oo 17

23 FOMProcedure . . . .. .. .. .. ... ... ... 19
2.3.1 Parasitic Extraction . . . . ... ... ... ...... 21

232 ExtractionFlow . . . ... ... ... ......... 22

2.3.3 Overlay Analysis . . . ... ... ... ........ 23

2.3.4 Layout Proximity Effects . . . . . ... ... ..... 23

24 FOM SampleResults . . . . ... ... ... ... ...... 25

2.5 Early Benchmarking . . ... ... ... ........... 26

10



2.5.1 Early Benchmarking Results . . . . . ... ... ...

3 Variation Analysis

3.1 Typesof Variations . . . . . ... ... ... ... ......
3.1.1 Environmental, Temporal and Spatial . . . . . . .. ..

3.1.2 Systematic And Random Variations . . . . ... ...

3.2 Common Sources Of Process Variations . . . . .. ... ...
3.2.1 Lithographic variations . . . . . . ... ... ... ..

3.2.2 Random dopant fluctuation . . . . .. ... ... ...

3.2.3 Well-proximityeffect . . . . .. ... ... ......

3.3 Variation Analysis Procedure . . . . . .. ... ... .....
3.3.1 Vt(Effective Threshold) Calculation . . . . ... . ..

3.3.2 Sample VteffResults . . . . . ... ... ... ....

3.3.3 Variation Between Different Domains . . . . . . . ..

3.3.4 Cell Level Variation Using Solido . . . . . .. .. ..
334.1 HSMC ... ... ..............

4 Reliabilty Analysis
4.1 Electromigration(EM). . . . . . . ... ... ... ......
4.1.1 Electromigration Flow . . . .. ... ... ......

4.1.2 Electromigration Sample Results . . . . . . ... ...

5 Conclusion And Future Work
5.1 Conclusion . . . . . . . . . .

5.2 Future Work . . . . . . . . . ..

11



List of Figures

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11

3.1
3.2
3.3

34
3.5
3.6
3.7

Trend Across Different Architectures . . . . . . .. ... ... 18
FOM Procedure . . . . . .. ... ... ... ... .. ... . 19
Table of expected characteristics of cells after analysis . . . . 20
Types Of Parasitics . . . . . ... ... ... ... ...... 21
ExtractionFlow . . . . . .. ... ... ... . .. 22
LODeffect . .. ... . .. . . ... . . ... 23
ExtractionFlow . . . . . .. ... ... ... ... ... 24
Sample Overlay Results . . . . . . .. ... ... ... .... 24
FOMResults . . . ... ... ... ... ... 25
Early Benchmarking Flow . . . . ... ... ... ...... 26
Early Benchmarking Results . . . . . ... .. ... ..... 27
[llustration Of Different Process Variations. . . . . . ... .. 29
Random Dopant Fluctuation. . . . . . .. ... ... ... .. 31

Well Proximity Effect.High-energy dopant ions scatter at the

well photoresist edge during well ion implantation and are re-

flected into the channel before the gate is formed . . . . . . . 32
Threshold Voltage Calculation. . . . . . ... ... ...... 33
Vtefft Flow . . . . . . . . . .. 34
Sample VtResults . . . . . ... ... ... ... ..., 34
Voltage Domain Variation. . . . . . . ... ... ....... 35



3.8 SigmaCoverage . . . . . . . . . ... 37

39 SolidoFlow . . . ... ... .. ... o 39
3.10 HSMCResults . . . . ... .. .. oo 39
4.1 Thermal Acceleration Loop During Electromigration . . . . . 42
4.2 Electromigration Flow . . . . . ... ... ... ... .... 43
43 EM SampleResults . . . .. ... ... oo 44

13



Chapter 1

Introduction

Power consumption, delay and yield are on a top priority in modern integrated
circuit (IC) design industry. A very good solution has been provided by the
scaling to obtain low power dissipation, high packing density, reduced delay
factor scaling had proved to be absolutely better and full proof method, scal-
ing also provide better option for the performance improvement in the circuits.
So, the major challenges become the function of gate oxide thickness, channel
resistance, effective channel length and width of channel and threshold volt-
age for process variation. The continuous technology scaling gives tremendous
performance enhancement but on the other hand, process variability in device
parameters like channel length, channel width, threshold voltage, gate-oxide
thickness and source-drain resistance has became major challenge.

Also ,the scaling down of the fabrication technology along with the race to
meet time-to-market constraint results in hiccups in design and also suscepti-
bility levels that reduce process yield and reliability.

The fixes required will again consume a lot of time.For this early PPA estima-
tions during inital design phase can help to diagnose hiccups and will enable

designers to meet the TTM.

14



Chapter 2 introduces two methodologies used for early estimations of PPA
of particular process,the first is called FOM analysis and the second is Early
Benchmarking.

Chapter 3 covers the impact of process and voltage variations on performance.Also
cell level variation is analysed with the hrlp of solido tool which performs re-
gressive monte-carlo simulations to estimate yield.

Chapter 4 covers the reliability analyses.EM checks are performed on different

cells to identify whether they can pass the foundry EM requirements.

15



Chapter 2

Early Estimations

This chapter includes the methodology for early analysis of different CMOS

process which effectively helps to reduce the design cycle time.

2.1 FOM(Figure Of Merit Analysis)

FOM analysis includes the following :

* Quantifying performance vs leakage tradeoff’s without having resort to

design cross sections.

* Calculation of average performance and leakage of different processes be-
tween same or different foundries:
— Cell Level
— Device Level

* Early estimation of the behavior of a particular process under different

operation conditions

* Analysis of advantages and shortcomings of a process during early stages

of design flow.

16



* Reduces debugging time.

* Benchmarking is generally used to deliver the actual results.

2.2 Deliverables

* Pre-library analysis and correlation with final implementation.
» Within process trend checks :

- VT’s

- CL’s

— Voltage

— Temperature

— Architecture(Track,9Track)

— Process Corners
* Between process trend checks.

* Autogenerate and validate FOM input data.

17
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Figure 2.1: Trend Across Different Architectures
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2.3 FOM Procedure

Below is the block diagram that depicts how the FOM analysis is carried out :

Extracted Netlists Metal Stack RC Foundry Models
(differentVT’s CL’s) Values o

Spectre or Hspice
Leakage and Delay Decks
(cell or device level)

Forward the
Report to Performance and Leakage resultsirelated
concerned Data

e e concerns/improvement

Passed
Errors Check

Find the cause Plot and compare

Trends

Figure 2.2: FOM Procedure
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The general trend for expected characteristics of the cells after FOM analy-

sis is given below

Characteristic Performance Leakage
Supply voltage

Decreases Decreases
Decreases
Channel length

Decreases Decreases
increases
Delay temperature

Increases Constant
increases
Leak temperature

Constant Increases
increases
Threshold voltage

Decreases Decreases
increases
Cornertype (corner,

Increases Decreases
global, typical)
Operating
temperature Decreases Decreases
decreases

Figure 2.3: Table of expected characteristics of cells after analysis
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2.3.1 Parasitic Extraction

This section covers the flow for parasitic extraction to obtain the netlists used
in the FOM flow. Parasitics give rise to a whole set of signal integrity issues as
their scaling behavior differs from the active devices.

The major purpose of parasitic extraction is to create an accurate model of the

circuit, so that detailed simulations can emulate actual digital and analog circuit

responses.
Definition of Capacitance Types with Vias
. Cross-section view
= Types of Parasitics: b e
2 linig
= Resistance: er =
| Metarz agfutiell [P o
fringe
coupling: = via to via
_pL  pL ﬁ::;’tféay
P cupin
HI :mrinsn: Intrinsic Metalt T-layer nearbody peraty
. ey piate I Intrinsic I Intrinsic
W plate plate
. Substrate
= Capacitance
(i)Parallel plate (i) Fringing
s,
C:frz le.:
" log,/H)

/
t H Dielectric
o Al Substrate

Figure 2.4: Types Of Parasitics
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2.3.2 Extraction Flow

The below block diagram shows the Parasitic Extraction Flow:

Configuration Files
Foundry Decks (Cells info,path Overlay Scripts
(for DRC,LVS) details,run,view gen
Foundry Models swithes.commands.Metal

Stack)

StarRC/XRC

ARM

Calibre/Hercules Specific Tool

DRC.LVS reports

Spice

Qveriays netlist

To account for layout
proximity effects

Figure 2.5: Extraction Flow

The netlists obtained from extraction are used as inputs to FOM analysis.
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2.3.3 Overlay Analysis

This section will cover how the layout proximity effects (LPE) impact the per-
formance and leakage of a design.Overlay analysis is done to account for these
impacts of LPE on the actual silicon.

2.3.4 Layout Proximity Effects

* Unexpected mobility/Id/Vt variations making the circuit performance un-

predictable.
« LOD
" LOD 5
SA, SB,
Active W Active
Area 5B, Area
STIW STIw
L
Figure 2.6: LOD effect
» Effects:

— Can effect drive currents by 10

— Compressive stress:NMOS mobility decreases with decrease in SA/SB

ratio.

* WPE(well proximity effect)
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WPE(well proximity effect)

well ion implant

B} gato gnta
‘.i-uu'-_-nlvg \Q-I—IAJ -
devios well device
(5 closcst o WEPE) (I3 closest v WPE)
Figure 2.7: Extraction Flow
» Effects:Can shift Vt value in tens of mV.
0D Spacing

Idsat Dummy OD  |Min{mA/um)|Max{mA/um) |Variation %
NMOS With 0.4852 0.51371 3.88

wW/0 0.47707 0.50599 6.06
BMOS With 0.20345 0.22089 8.57

wW/0 0.20663 0.22479 8.79

Overall Impact
Process Vih % Idsat % loff % Delay % |Leakage %

40nm 2.88 8.3 20 15.39 30.48
28nm 3.91 11.5 2.18 3.73 0.163

Figure 2.8: Sample Overlay Results
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2.4 FOM Sample Results

The below Table shows the comparison between 2 processes X and Y for dif-
ferent voltage domains ,channel lengths and different implants.

It can be observed that process X is around 7%-17% better in performance and

1.06x-2.00x leaky than process Y.

1.17

1.58

1.11

1.92

VT Cl4
0.6V Cle 1.17 1.62 1.11 1.99
RVT Cl4 1.12 1.57 1.08 1.1
Cle 1.12 1.61 1.08 1.98
VT Cl4 1.09 1.56 1.06 1.89
0.8V Cle 1.09 1.61 1.06 1.96
RVT Cl4 1.07 1.55 1.05 1.87
Cle 1.07 1.6 1.05 1.95

Figure 2.9: FOM Results
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2.5 Early Benchmarking

In this section a improved methodology for perfomance estimates of a particular
process is shown.It includes sequential elements such as flops and a combina-
tional circuit between them derived from the becnchmarking result for a partic-
ular controller/processor core.The aim is to calculate the maximum frequency a
process can support at different VT/CL/Arch/PVT’s. The flow is shown in the
following 2 figure :

Netlists Freq.
@PVTIVTICL Sweep Range

Measurement
Deck

Hspice
Simulations

Freqis Supported
Supported freq=previous run

Sweep freq

Again

Figure 2.10: Early Benchmarking Flow
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2.5.1 Early Benchmarking Results

The table below shows the results between actual and early benchmarking.By
further improvements in combinational circuit choice we may see much better

resemblance with the actual results .

40nm M-Core Results @TT/vnom/85c
vT/cL Track Freq @Actual Freq @Early Ratio
Benchmarking | Benchmarking | Early/Actual
VT 40 T 398 Mhz 445 Mhz 1.12
- =11 514 Mhz 550 Mhz 1.07
RVT €40 T 314 Mhz 360 Mhz 1.15
- =11 363 Mhz 392 Mhz 1.08

Figure 2.11: Early Benchmarking Results
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Chapter 3

Variation Analysis

This chaper will highlight how different kinds of variations effect the perfor-
mance and yield of a CMOS process. A methodology is explained to account
for the effect of these variations using monte-carlo simulations on different
cells. Cell level variations are also analysed using high sigma monte carlo sim-

ulation which give a estimation of yield .

3.1 Types of Variations

3.1.1 Environmental,Temporal and Spatial

Environmental variations consist of variability in the surrounding tempera-
ture, power supply voltage, and even cosmic radiation.

Temporal variations as the name suggests, refer to device performance change
over periods of time ranging from nanoseconds, for self-heating effect, to sec-
onds or hours, for the negative bias temperatureinstability (NBTI), to years, for
dielectric material deterioration after repeated programming and erasing oper-
ations in flash memories.

Spatial variations,are performance differences among devices that depend on

28



the distances between the devices or the locations of the devices on a chip.
Typical spatial variations, such as line width or film thickness non-uniformity,
universally exist across lots, across wafers, across chips and dies, and between
circuit blocks and devices. As a result, the circuit performance of chips from
wafers produced with the same design and process over a period of manufac-

turing time will never be the same.

a) Lot-to-lot variation
b) Wafer-to-wafer variation

¢) Chip-to-chip or across-wafer variation
d) Within-chip variation

Figure 3.1: Illustration Of Different Process Variations.

3.1.2 Systematic And Random Variations

Systematic variations, also called deterministic variations, are repeatable de-
viations from nominal device characteristics depending on the device’s spa-
tial position on the die and on the wafer and/or the layout context surrounding
the device being tested. Common sources of systematic variability include the
non-ideality of the lithographic system, such as defocus, misalignment, and
line-width roughness and various layout-dependent effects, such as WPE, opti-

cal proximity effects, strained silicon effects.
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Random variations, or stochastic variations, are unpredictable components of
device variability, such as non-uniformities resulting from random fluctuations
in the fabrication process, microscopic fluctuations of the number and location
of dopant atoms in the transistor channel,LER due to photoresist granularity,
and atomic-scale oxide-thickness variation.

Systematic and random variations differ in how they impact device and circuit
performance. Systematic spatial variation can cause large differences in per-
formance among devices that are far apart on the die. From a modeling point
of view, such an effect in the chips may directly contribute to the spatial cor-
relation among transistors. Random variations, however, are usually treated as
independent fluctuations at their corresponding spatial hierarchy level (lot level,

wafer level, chip level, etc.).

3.2 Common Sources Of Process Variations

3.2.1 Lithographic variations

The uniformity of the printed feature sizes depends heavily on the control of the
lithographic imaging system. It affects the two key requirements in integrated
circuit manufacturing: the critical dimension (CD) and the overlay control. In a
typical stepand- scan lithography stepper,the mask reticle and the wafer are si-
multaneously moving in opposite directions while a slit of light scans the whole
mask and projects the image onto the wafer. Even tiny vibrations in the scan-
ner system and variations of the movement speed of the wafer and reticle stage
may lead to significant non-uniformities in the depth of focus (DOF) and the
light-exposure dose. This can lead to non-uniformity of the critical dimension

(CD) of printed lines and may vastly change the speed and leakage of CMOS

30



transistors.

3.2.2 Random dopant fluctuation

Random dopant fluctuation (RDF) refers to the random microscopic fluctuation
of the number and location of dopant atoms in the MOSFET channel region. It
causes fluctuations of the transistor electric parameters, such as the threshold
voltage (Vt), short channel effect, and drain-induced barrier lowering (DIBL).
With the gate CD scaling down to sub-100nm, the total number of dopant atoms
under the gate is reduced to thousands or even hundreds,leading to significant

variations in the threshold voltage and drive current.

donoys Ir: w. acgeptors

." L '- g .t. .
o ".r':»‘-' Y g :
*o 3, o HE M e ¥ ="
- te ';'}*_}_O%J‘-T’ LA g
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. ".t;'-- i

Figure 3.2: Random Dopant Fluctuation.

3.2.3 Well-proximity effect

The well-proximity effect is an important layout-dependent effect in the deep
submicron manufacturing process. It originates from the lateral scattering of

implantation ions during the well-implantation step. The incoming high-energy
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ions collide with the edge of the photoresist on top of the shallow trench isola-
tion (STI), and they get reflected into the channel area before the poly-silicon
gate is actually formed. The closer the transistor gate is to the edge of the well,
the higher the dopant concentration inside the channel. As a result, transistors

with a smaller gate-to-STI distance will have higher threshold voltages.

High-energy ions

Figure 3.3: Well Proximity Effect.High-energy dopant ions scatter at the well photoresist edge
during well ion implantation and are reflected into the channel before the gate is formed
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3.3 Variation Analysis Procedure

This section covers the methodology for calculation of Vt and Variation be-

tween different domains.

3.3.1 Vt(Effective Threshold) Calculation

There are a number of methods to calculate the Vt out of which second deriva-
tive method is used here

Second derivative method is the most pessismistic method to calculate Vteff.
It determines Vt as the gate voltage at which second derivative of current is
maximum.

The method can we understood in the following figure :

Level=1 SPICE model:
I=0for V <V,
I=K(V;-V])for V. >V,

—

v, Vv,
o Step function
-]
‘_!'_‘n
-

Ve Vs
“:‘.55' Dirac delta function
-
___‘E
h -]

Figure 3.4: Threshold Voltage Calculation.

33



PVT(worst case)

Vo =Vx -10mVY ¢

Voltage Sweep
xV toVnom

Spectre/Hspice

Figure 3.5: Vteff Flow

3.3.2 Sample Vteff Results

Measure
Statements for Vth
(2™ derivative

method)

?%

vsupply | processcorner | temperature | channellength |threshold| idsatnfet | idsatpfet| ioffnfet | ioffpfet |vtlingmnfet|vtlingmpfet
021 55 -40 9.47E-06 | 6.15E-06 | 1.16E-09 | 7.28E-10 0.31 -0.31
0.32 S5 -40 1.17E-05 | 7.95E-06 | 1.22E-09 | 7.92E-10 0.32 -0.32
0.33 S5 -40 1.43E-05 | 1.01E-05 | 1.29E-09 | 8.60E-10 0.33 -0.23
0.34 S5 -40 1.72E-05 | 1.27E-05 | 1.35E-09 | 9.34E-10 0.34 -0.34
0.35 55 -40 c30 ULVT 2.05E-05 | 1.57E-05 | 1.42€-09 | 1.01E-09 0.34 -0.35
0.36 S5 -40 2.43E-05 | 1.92E-05 | 1.49E-09 | 1.10E-09 0.34 -0.36
0.37 55 =40 2.83E-05 | 2.32E-05 | 1.56E-09 | 1.19E-09 0.34 -0.37
0.38 55 -40 3.28E-05 | 2.77E-05 | 1.64E-09 | 1.29E-09 0.34 -0.38
0.39 S5 -40 3.77E-05 | 3.27E-05 | 1.72E-09 | 1.40E-09 0.34 -0.29
0.4 S5 -40 4.29E-05 | 3.81E-05 | 1.81E-09 | 1.51E-09 0.34 -0.392

= 0.34V is the Vteff value for
ULVT so supported domain
can be ~0.40V.

Figure 3.6: Sample Vt Results
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3.3.3 Variation Between Different Domains

For the variation between different domains monte-carlo simulations are per-
formed at worst PVT on different cells at different voltage domains.The ratio
of sigma values is taken.If the lower domain has not much increase in sigma

then that domain can be used for that process thus saving the power.

The Voltage Variation tables is shown below :

Foundry X (w.r.t 0.90V Domain) (o)

Domain | Vjunc. VT INV NAND NOR
1.10v 0.99 0.56 0.54 0.54
1.00v 09 0.72 0y 0.71
0.90V 081 ULVT 1 1 1
08B0V 072 159 164 163
0.70V 063 3.19 3.47 3.41
110 099 0.57 0.56 0.52
1.00vV 09 0.71 07 0.68
0.90V 081 VT 1 1 1
08B0V 072 174 178 18
0.70V 0.63 428 46 473
1.10v 0.99 0.41 0.4 0.41
1.00v 09 0.6 0.59 0.59
0.90V 081 SNT 1 1 1
08B0V 072 2.13 2.19 223
0.70V 063 .66 7.29 7.81
110 099 0.31 0.3 0.32
1.00vV 09 0.51 05 0.51
0.90V 081 HVT 1 1 1
08B0V 072 261 276 273
0.70V 0.63 1091 13.14 1279

Figure 3.7: Voltage Domain Variation

It can be observed from the below table that 0.7V and 0.8V domain suffers
the highest variation.The domain that shows high sigma ratios will suffer very
high delays and thus not recommended to be charcterized.So,a tradeoff between
power and speed can be observed here.Using lower domain will help in power

saving but will cause highest variation.
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3.3.4 Cell Level Variation Using Solido

At advanced processes and low voltage, statistical variation has a big impact
on standard cell delays and transition times — distributions skew from well-
behaved Gaussian to extremely long tails. It is simply not sufficient to add a bit
of margin for statistical variation or to use sloppy, inaccurate Monte Carlo tech-
niques. To make libraries that are suited for low power design, it is essential to
verify them thoroughly, and often to high-sigma, as many instances are placed
on chips and they all need to work for a chip to work. Given the massive scope
of standard cell verification and already exhausted CPUs and tool licenses, it is
simply not feasible to do proper brute-force statistical analysis and meet pro-
duction schedules.

Solido tool has effective and production-proven technology for accelerating sta-
tistical verification of standard cells .It is way faster, more accurate, and more
resilient than traditional methods.

For example, a slow-slow global (SSG) corner typically bounds 3-sigma global
variation for delays for nmos and pmos devices.. So what we really should be
doing, if simulation were free, is running global and local statistical variation
with 5K samples, and doing it at every PVT corner. That would actually be
perfect information for 3-sigma designs, but it would take way too long to run.
When targeting 4-sigma, as we often do for automotive parts or medical de-
vices, it becomes even more impossible to do the right thing, as we need to run

on the order of 1M samples to verify to 4-sigma correctly.

Solido Variation Designer delivers full statistical and PVT coverage with

design-specific corners in just hundreds of simulations.
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The main problems addressed by solido are :

* Non-Gaussian Distributions can be evaluated which are not practical with

traditional monte-carlo simuations
¢ Provides estimate of full distribution

* Provides verifiable brute-force accurate high sigma results in just 1000’s
of simulations
-4 sigma results are equivalent to 1 million simulations

-6 sigma results are equivalent to 10 billion simulations

iM ioM 100M 1G 10G

Practical with Solido
High-Sigma Monte Carlo

Figure 3.8: Sigma Coverage

Solido analysis is carried out in two stages :
* Worst PVT is found

* Regressive HSMC simulations are performed on worst PVT
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3.34.1 HSMC

High-sigma parts are inherently difficult to verify because it is difficult to mea-
sure the effects of variation on high-sigma designs quickly and accurately. With
only a few defects in a very large number of samples, Monte Carlo (MC) sam-
pling takes prohibitively long to obtain accurate information in the extreme tail
of the distribution where the defects occur. Other methods, such as extrapo-
lating from fewer MC samples or importance sampling, have other drawbacks,
such as long runtimes, poor accuracy, or that they are only effective for trivial
examples and do not scale to the needs of production designs.

The result is that the actual sigma of high-sigma designs is often unknown, so
designers add additional margin to compensate for this uncertainty. This in turn
sacrifices power, performance, and area. Still, some designs may fail to meet

their high-sigma goals, resulting in poor yields and expensive re-spins.

High-Sigma Monte Carlo (HSMC) is a advanced and production-proven tech-
nology for high-sigma analysis. HSMC includes technology that can do things

we previously thought to be impossible like:

* Support trillions of samples: This gives HSMC the ability to deliver per-
fect Monte Carlo and SPICE verification to 7 sigma and beyond. Yes, it

actually generates trillions of samples. And yes, it’s still fast.

* Generate full PDFs: A single HSMC run can find not just the tail of the
distribution with perfect Monte Carlo and SPICE accuracy, but the entire

distribution, just as you would if you ran millions or billions of Monte

Carlo samples in SPICE.
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HSMC can be run for any measurement deck e.g delay , flop-margining etc.Below

18 the solido flow :

Measurement Decks

PDK,PVYT,Netlists,
Target Sigma

Identify pvt with worst yield for given
measurement

Run HSMC at worst pvt

Is worst
case yield
Yield csv file better
than target
yield

Figure 3.9: Solido Flow

H5MC
FLOP pvt ofyield | Pass/Fail
SDFF_flopl| fsg_cworst_Op6v_125c 4.1 Pass
SDFF_flop2| sfg_cworst_Op6v_125c 3.2 Fail
SDFF_flop3| sfg_cworst Opbv_125c 4.3 Pass

Figure 3.10: HSMC Results
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Chapter 4
Reliabilty Analysis

Reliability verification is a category of physical verification that helps ensure
the robustness of a design by considering the context of schematic and lay-
out information to perform user-definable checks against various electrical and
physical design rules that reduce susceptibility to premature or catastrophic
electrical failures, usually over time.

This chapter will focus on EM analysis which if not addressed properly can to

reliability issues in a circuit.

4.1 Electromigration(EM)

Electromigration (EM) is a critical problem for interconnect reliability in ad-
vanced VLSI design. Because EM is a strong function of current density, a
smaller cross-sectional area of interconnects can degrade the EM-related life-
time of IC, which is expected to become more severe in future technology
nodes. Moreover, as EM is governed by various factors such as temperature,
material property, geometrical shape, and mechanical stress, different inter-
connect structures can have distinct EM issues and solutions to mitigate them.

Electromigration is generally considered to be the result of momentum transfer
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from the electrons, which move in the applied electric field, to the ions which
make up the lattice of the interconnect material. Modern semiconducting chips
include a dense array of narrow, thin-film metallic conductors that serve to
transport current between the various devises on the chip.

Electromigration causes several different kinds of failure in narrow intercon-
nect. The most familiar are void failures along the length of the line (called
internal failures) and diffusive displacements at the terminals of the line that
destroy electrical contact. Recent research has shown that both of these failure
modes are strongly affected by the microstructure of the line and can, therefore

be delayed or overcome by metallurgical changes that alter the microstructure.

As integrated circuits become progressively more complex, the individual com-
ponents must become increasingly more reliable if the reliability of the whole
is to be acceptable. However, due to continuing miniaturization of very large
scale integrated (VLSI) circuits, thin-film metallic conductors or interconnects
are subject to increasingly high current densities. Under these conditions, elec-
tromigration can lead to the electrical failure of interconnects in relatively short
times, reducing the circuit lifetime to an unacceptable level . It is therefore
of great technological importance to understand and control electromigration

failure in thin film interconnects.
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Growth of voids

— i ——

Increase of Increase of local
temperature current density

Increase of
Joule heating %

Figure 4.1: Thermal Acceleration Loop During Electromigration
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4.1.1 Electromigration Flow
 Calculate the edge rates and load at worst pvt corner
* Create hit points on metal nets

* Calculate the currents(avg,peak,rms) at best pvt corner

» Compare the currents with the foundry limits

EM Equations from Metal min and max Extracted netlists of
found width cells to be tested
ARM internal
tool

Edge rate
and max load
/ at worst corner
HSPICE DECKS Create

Hitpoints

Current
calc.(avg,rms)
at best corner

Metal width needs

to be modified to Existing metal

meet current T width can be used
B limit

Figure 4.2: Electromigration Flow
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4.1.2 Electromigration Sample Results

Power Bus Width Determination

INV Cell M1 Data
Max(l -
Current| |- | - Max(] - o
parameter | Limit | VDD | vss \VOD,1-vss)YPP! - V58  gptio | %Ratio{with
(mA) |(mA)|(mA)  (mA) (mA) CDF=0.471)
CDF=0.471
lavg 0.0977 |0.1480.148 0.148 0.069 151% ~70%
Irms 0.8061 |0.426/0.499 0.499 - 62% -

= Existing metal width = 50nm
» Required metal width=(50+50*51/100)=~75nm

Figure 4.3: EM Sample Results
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Chapter 5

Conclusion And Future Work

5.1 Conclusion

Variation analysis accounts for all the variations that impact all level of de-
signers directly or indirectly.The results obtained are useful to determine the
appropriate voltage domain for a particular process.We can also observe how
a process will behave at different domains.The variation values can be added
to the standard cell libraries so that the libraries correlate with the silicon envi-
ronment.This is done so that the circuit works regardless of where it falls in the

process window.

FOM analysis gives us an early estimate of how the design will perform on
the silicon.The leakage and performance values can be comapred across dif-
ferent processes or within the same process as well.It reduces the design cycle
time as the bugs and discrepancies can be resolved at a very early stage of de-
sign.Overlay Analysis helps us to model the Layout Dependent Effects into out

design so that it can correlate better with actual silicon environment.

Reliability Analysis helps us to check whether the cells created pass the relia-

bility parameters like EM on actual silicon or not to ensure minimum failures.
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5.2 Future Work

Future work consists of further improving the early benchmarking method for
lower process nodes which will enable the designers to estimate how the pro-
cess will behave and how can it be improved to achieve better performance.The

ultimate goal will be to make the design better and reduce the TTM.
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