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— The Challenge of "Realizing a 45nm System on

Chip for Digital TV in the Age of Variability”

y

(Who are we? what do we do? What
is PNX855007? )

...of realising a very complex
Consumer SoC ASIC for DTV)

... managing the shrinking Design
space

Modes, Corners and Margins

Design for “Excellence”

Working smarter and harder!
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An R&D powerhouse

» NXP employs around 6,000 engineers to ensure
optimal product creation

» Investment of about $1.2 billion in R&D in 2008 *)
» 5,700+ patent families

» 20 R&D centers located in 14 countries

NXP is the Leader in Vibrant Media Technologies

» NXP Semiconductors is the leader in vibrant media technologies that help
engineers and designers develop products that deliver better sensory
experiences. We invest to extend our Philips heritage as innovators in
semiconductor solutions, from systems on a chip to single-function ICs and

software /’ N

Our vibrant media technologies make it easy to bring your product ideas tolife. s55 which was largely part o the ST-NXP Wireless JV in 2008

Creating better sensory experiences for consumers: brilliant images, crisp.clear —

sound, and easy sharing of information in homes, cars, and mobile devices. All

with exceptional effectiveness and-efficiency. With NXP, you'gain a competitive 8
advantage that can be seen, heard, and felt /

-

-

With NXP as a partner, you can be more successful by bringing products to life
that deliver better sensory experiences
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Home

Lead in focus areas

» Leading in picture quality developments for TV, Set-Top
Box (STB) and PC TV, with:

— Motion Accurate Picture Processing: first to remove all
artifacts from HDTV motion pictures

— Best digital natural motion
— Integrate MPEG4 decoding in TV IC

» Introduced the industry's first digital TV processor
manufactured in 45nm technology

» Top 3 player in digital video systems (incl. DTV and STB)
with the scale to establish a strong leadership position

» 1 out of 2 TVs worldwide contains NXP chip
» #1 in Silicon tuners

» #1in PC TV, with 1 in 2 PC TVs using our SOC, tuner can,
and silicon tuner chipsets
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Global single-chip HD LCD TV platform

Unparalleled picture quality on mid-range TVs due to NXPs
Motion Accurate Picture Processing (MAPP2) technology

MAPP2 dramatically removes the visible halo effect in motion
Plctures for a picture perfect |mg%e with technologies such as
rame rate conversion, movie judder cancellation, motion

sharpness and vivid color management.

«Combines industry-leading digital TV processing and picture
quality technology into one fully integrated single-chip

*TV550 features DVB-T, MPEG4/H.264 decode, HDMI reception and
decoding of digital SD and HD content. Supporting global digital TV
switchovers.

*Ethernet and Cl+ security features to for IP TV content, including
emerging on-demand TV services,from service providers straight to
the TV set.

*Provides high-end features including LED (2D) sectional
backlight dimming, for optimum contrast with 50% lower power.
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Most complex physical design challenge in NXP history

Most aggressive ASIC schedule in NXP history

Strong cost focus in incredibly competitive consumer
semi-conductor market

Success through “Global Partnership” — EDA and
manufacturing partners and expert groups throughout
NXP

-

biggest SoC, most IPs and fastest speed.
first 45nm — new variability effects

Low levels of replication

first SoC in flipchip

IP and SOC challenges handled concurrently
Predictable design closure
Right First Time...aggressive Time to Market

Dual core Itanium 2
1.7 billion transistors
but 1.5 billion are in
24MB L3 cache

Aggressive cost pressures...
“Plain vanilla” 45nm technology platform in TSMC

Developed new flows and new ways of working o
Addressing Potential Issues before they occurred Early $*‘~ \@
Analysis &\ @

Achieving Predictable Design Closure through appllcatlo 6\% 2
of technology driven but Pragmatic engineering solufléns ¥

to Val‘lablllty Issues. Year of Introduction * e
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PNX85500 Overview:

PNX85500 First Time Right
Functional 45nm CMOS Silicon

PHXB85500 the industry’s first digital TV
processorin 45nm CMOS

NXP’'s first product in 45 nm CMOS
— complex mixed signal SoC introduced

in a new node from scratch to first

gds product tape-out in 18 months

First Video Ouput from FPRAESS00

The first flip chip packaged samples arrived after 8 wks of total throughput
time in Southampton and are functional

Congratulations to all teams with this achievement, realized through
concurrent engineering of BU Home DTV, Operations Backend Innovation,

Corporate I1&T and TSMC

COmPAMNT COMFIDERNTLAL <7
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Moore’s law at work:

45nm

PN» 533 MHz(33% increase)

90nm

PN» 400 MHz(20% increase)

PN)» 333 MHz (24%increase)
PN» 266 MHz(33% increase)

100% increase!

200
MHz
200 MHz

digital video processing SoCs

200 MHz

S
c
o
(00)
—

v

Maximum distributed Clock Frequency
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2. The Complexity Challenge PNX85500 - lots of IP content:

_____ _— s

sng OININ — Ave~dlIln
sng OININ — dSLiV

}IOMISN VING

PNX85500
block diagram
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Concurrent Design

Deliveries into SOC Prolj_ect
Netlist IPs Netlist IPs Netlist IPs

QO @0 4

IP Design “Matures”
SR S S [ SR )

‘Canéuency

SoC Physical Design “Matures”
SOC PROJECT EXECUTION LIFE CYCLE

(Features, Area, schedule, performance, |

te Only fine grain optimisation of
. the SoC possible when IP fully
Project matured e out
u
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Predictable Convergence:

Must be able to predict that the design will converge within the committed design
limits (timing, DFX, IR etc)...

Cannot afford any big surprises during Closure Phase!

Early Analysis through prototyping all aspects of the design identifies what action
to take to determine convergence!

Strategy for “managing variability must be built in to the IP delivery model and SoC
design flows...not “post fix”

Explo désign margins and determine flow features and verify that

they workiNdard IP’s must be DFX compatlble variability tolerent !

Flows mu::«kt demo te repeatablllty for multlple scenarios.

NS-& gep 3
achieve a result! Design m tures down ored|ctable maturltv curve!
= 11
o = = = w
- 9 w [11] o
< = 0] = >
o = o w %)
o = L = Q
- LL > ™ |
o L = 1T} (3}
< Q o o
w O
V' Start Design Committed (Tape ogbNriDENTIAL 11

-
|
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On timing

In C045 the amount of drive
current for two identically

drawn minimum dimensioned —L |

transistors can be significantly
different...resulting in different
delays.

Some of the variation can be
due to systematic effects. The
variation can occur lot to lot,
wafer to wafer, die to die or
gate to gate!

Some of the variation can be
totally random due to dopant
fluctuations, line roughness, or
interface state issues in the
channel...due to very small
dimensions of the transistor
gate at 45nm and below...

Local (gate to gate) variations
(random and systematic) need
to be treated carefully since
they can result in timing
failures

|
P

Vgate > Vt

Gate

Gate Oxide

Vdd>>0 | -1 doping atom for 1074 atom of silicon/ cm3

- ~ 180 doping atoms for 10 millions Silicon atoms

digital design + variability = timing uncertainty

L )
| - 1 Q
10 — Jﬁ 7 —
“ 7
IS Al
okl o N -
P = o1 1=
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SoC Physical Design Sign-off

Ideally: Create a local and global conditions, so that every transistor sits in a
homogeneous environment and functions correctly within the characterised
performance range?

Practically: Minimise systematic variation as much as possible and margin design
(include random effects)

Physical Design Closure is like building a complex jigsaw puzzle with pieces
missing...! We need to start assembling the picture to see how it's going to
turn out...already with a few pieces in place we start to see the picture!

Timing Closure

Litho Power & IR-drop

compliance | .$2_ ‘ Analysis
Package power

-Cl;rc‘)?rl;m?;nce And Signal Integrity
| ] Q|
Physical
DeZign Design for
Compliance __ =oD Manufacturability
} Compliance and SY|e|d CONFIDENTIAL 13



Where Variability fits
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Variability is essentially managed in 2 ways:

1. Minimise systematic effects by homogenising
local environment that transistor/gate sits in. Trying
very hard to make every transistor sit in an
equivalent environment...

2. Margin for random effects and residual
systematic effects after (1).

:Drop in standard deviation as function of averaging

1

100.00% 14
90.00% 1 | 1
1

80.00% 1 | 1
1

Standard Deviation

30.00%

1
|
(
)
1
]
1
1
20.00% 1
]
T
1
1
1
1
|
:

10.00%
0.00%

10 20 30 40 50 60 70 80 90 100
Averages

0

o =+N-o (where N is the number of stages)

total — stage

Margin comes in the form of characterisation limits,
clock uncertainties (setup and Hold) and OCV.

Margining the design-has tendency-forpessimim::.

AV 4
ya

.
70.00% +$+ HH

i 2
60.00% c,, =0
50.00% -
40.00%

. Global :

Strategy for Managing Variability

. pessimis
e\
—
Q
N
Q
&
(e}
—
e}
a¥
global2 +O—loc ’ "
Parameter 1

A die can be anywhere in global region (Die-to-die, wafer-
to-wafer, lot-to-lot and mask-to-mask)

Spectre: “process”: “process” variation is the same
for all instances in a simulation

Local (Intra die):

Individual transistors then vary in their corresponding local

area

Within die variation obtained from mismatch data.
Spectre: “mismatch”: Mismatch variation is different
for each instance in a simulation
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One of the greatest challenges of SoC Design is

Timing Sign-off PVT:

Subject/Department, Author, MMMM dd

Timina Cl WCCOM | NCCOM | LTCOM | WCCOML | OCV
Imlng osure. cworst chest typical cworst chest cworst chest
Protecting the specification means identifying Application Mode (setup/hold)
modes and corners for optimisation and sign-off Scan Shift (setuphold) )
The library characterisation corners protect the Scan Capture (setupshold) :
scrap limits of the process -typical performance BIST
. (setup/hold)
parameter for speed is IDsat. Interconnect a2
parameters for wire RC delays increasingly 1 Jinfing
improtant Max Transitions Timing (clock) :
Multiple Modes and Corners identified to protegl/ Crosstalk (application mode)
the application “design space”...voltage, Critical 1O Timing -
temperature and frequency Critical Clock Paths (what-if ]
analysis, MSR analysis)
, " foat STa Corner Wollage (Vi Ternperdl ne Froces- Fxlr=: i
SLow
e ()
)\\ — : Proces", LTZZM 1.21 -40 rr Chest
X \ﬁk~\ X RIS 11 75 TT Typical
\_><\ o Scrap WCCIM 092 125 sS Owors25
N /)K seimihos Ilm |tS WCCTML 093 40 55 Dworsma)
\ / T-N45-CL-SP-012 Ver. 0.1 Pg 16 X
- o ‘ Comer viltage (V) Temperature (2) Pceess Extractior
X %
& >}\ ke Lmcom" 121 <0 i chest
; \\ LTZOmM 1.21 -£0] FF Ciworstm0
/ MZ Tk 1. 25 T Typical
X \ -\ WCCCM (.99 125 S5 Chest
\\ WCZ T 090 125 5= Ciwnotes
\ * WIZIZC ML 099 -0 == Chest
Fst WOCCNL” 0.99 <0 S5 Cwostme0
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MMMC

Chiplet Ux

/ \
¥ ¥

(610)

[ wecom [ necom [ Ltcom [ ocv |

wccom [ NecoM | LTcom | ocv |

[ wocom | Nccom | Ltcom | ocv |

Static Timing Analysis

aints

Timing “closed” when all timing

‘V\llCCOM ‘NCCOM‘ L‘TCOM ‘ ?cv th f . " m d nd rner
A [ wecom ‘N(‘DCOM‘ Ltcom | ocv | pa si1or a odes a corners
5 g “aceou [neeon] rcom | oev IMeet specified Performance
sSia~ | Dayn . |
7 S [ o Requirement!
| S E Application Mode (setup/hold) v v v 8%
p, ey <] Scan Shift (setupthold) v | 20
Wl BlE Scan dkp o d) P n| tomtp -
o BIST (sefuphiold) b ;I}J .
M - ] ] I . §
*E o imiIiNnA FUN — =
C_r ax Tra“siﬂd@ﬂn!r’g !cw() L2 = I ff,
] Crogst: ﬂliﬁtio‘)od’) Id/n L L
afl I Critcal oy, = \MMICGAIT Iq ) ot
an| CriticalgCigek Paghe @vhaki .y Gk~ © >
| analysig 2y flis) ; in=105“-

Endpoint Slack
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C e e
110000
100000
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70000

Humber of Paths

50000

50000

40000

30000

20000

10000

— Apply-timing ECOs to correct

Hald constraint can be expressad as follows: Lo+lp 2t +1y

Setup constraint can be expresses as follows:

te
CLK
t, t
A l \ |
L Ay il
D |
T L3 |

r

violations
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Consequences of Margining

Achieving Timing Closure is increasingly difficult at 45nm and beyond...!

The range of possible path delays (fastest to slowest) for All corners is much
greater than previous process generations...due to systematic and random
delay variation factors...

If we apply conservative margins...as for earlier technologies, designs become
“unclosable”...we must take specific action to reduce the spread...

Management of systematic variability effects allow some margin
reduction...performance spread is still large though - design window is reduced!

MMMC optimisation techniques can cope better with performance spread —
automatically working within the design window. Expect longer run times.

Result: <2% increase in post route optimisation utilisation — acceptable.

Conclusion: Overal timing closure task is significantly more difficult than it was
for early process generations, but tools — if used correctly — offer significant
mitigation.
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Power/static/dynamic IR-drop/thermal

» Target IR
— 55mV total static IR-drop

— 100-150mA max bump current T :
 Achieved IR Very few instances E
. — with drop more than =
— 46mV total static IR-drop - | 5'?,,“\, £
— Most of chip <10mV drop 1
— Dynamic - most of chip < 50mV - Lﬁ N
X FLJV‘\ m] AL

: L] .
» Thermal Gradient <10degC i DK B

Net domains:

o
P
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Apply DFX strategy

100%
90%
80% 1
70% 1 /
T 60%]
@ o,
S 50%
40% 1
30% 1
20%
- = 10% 1
Yield Loss Contributors 0%
DfM in Phase1: DfM in Phase2:
. _ * P R Desensitize to systematic yield loss Desensitize to random defects
» Yield = Yrandom * Ysystematic * Yparametric * Ytest . ) L
- Time-to-Market - Die price

b

Critical Area Analysis (CAA)

— DfM reduces the critical area by wire widening, wire spreading, via doubling and
therefore the sensitivity for random defectivity. Based on defect models validated by
fab with process monitors.

Represents Yrandom

w

Lithography Analysis (Litho)
— Litho requirements are part of DRM. Level-1 Litho hotspots are yieldkillers.
Part of Ysystematic
— The electrical effect of litho CD variations can be extracted for gates and
interconnect.
Part of Yparametric

b

Chemical Mechanical Polishing Analysis (CMP)
— Density and density gradient requirements are part of DRM. CMP adds a model-
based simulation to detect yieldkillers hotspots.
Part of Ysystematic
— Extraction of thickness variations can highlight parametric effects due to CMP.
Part of Yparametric

‘ ’ CONFIDENTIAL 20
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IP DFX screening:
Results — CFA, 1 cell sample

» “Standard” IP delivered variability
aware by foundary:

Recommended rules
Could be applied at no
Area penalty

mamh_c045_audio_6i_top:Aorg

mamh_c045_audio_6i_top:Bnew

Aorg = original compliance

Bnew = possible compliance

L

L LY N N I S . )
B IS A P
& o ELIE R L e

»  Custom IP goes through rigorous i e
IP “screening” process...checked T RS i
“Early” — pre-completion and \L_ v §“

again for IP sign-off. S i

0.4 En
» DFX checks include Litho, CAA, ... (Good Bad —ine

MEi.OPEN
M7i.SHORT

CFA, GMP (small components R P PR PE TR PR
create array) SIS T

» For CAA Look for outliers...

—— single VIATi
— single VIAZi
— single VIASi
—— single VIALi
= single VIASi
—— single VIAGi
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Litho issue avoidance during
routing prevents 80% of the
potential errors

Hierarchical sign-off Litho analysis
is a must due to huge demands on
memory and cpu time

Blocks/chiplets are checked post-
route — 10 hours 24cpu

Litho issues very short range effect
<lum

Only Block/chiplet boundaries are
checked at top level...very fast —
2hours

Final “Full Flat” check carried out
only as sanity check — initiated at
TO — 5days 32cpu concurrent with
mask-making.

AV 4
ya

DFM Aware Place and Route and sign-off

Litho Prevention with NanoRoute

SoC Encounter GXL
Litho hotspot prevention with
NanoRoute

— Via/Wire Optimization
— Swap Via (Remaster

Via)
Signoff Litho — Reduce Via
Verification with — Spread Wire
Litho Physical — Widen Wire
Analyzer (inShape) — Remove Jog
~ _ Widen Jog
Hotspots &

Guidelines

SoC Encounter GXL ‘

Litho hotspot correction

setNanoRouteMode -
routeWithLithoDriven true

|ejuaWBIaU|

Hierarachy Lithography Checks

IP boundary

Check area

. areaofvalid

I errors
Area checked at

Block/Chiplet Level

CONFIDENTIAL 22
Subject/Department, Author, MMMM dd, yyyy



Litho Error Classification:

Sources of Lithographic Variability

— > Two main sources of

lithographic variability

Exposure dose: variation in
intensity

Photomask

Focus: variation of wafer in z
axis

Both define the “process
window”: How far can you get
from nominal processing, and
still meet tolerances

Semiconductor
Wafer
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Litho Analysis and fixing

M5 Level-1 repair

Pre-repair Post-repair
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CMP - Density/Gradient Analysis:

CMP Process Variability

0 5 1
» Rule based Density and density gradient analysis

I LLLL (DRC) is augmented by Model Based sign-off
¢ CMP Analysis in pre-TO check.

I 1y ' X

Step 3: Copper Clear or Touchd

» Rule based “Density Fill”

Fill patterns adjusted with different tile geometries

WU el TN Lha nat |

o Step 4: Barrier Removal. i e
Dishing Erosion Dishing

» Dishing & Erosion add up from layer to layer => transfer to layers above

Metal 2 (Density) Metal 2 (Gradient)

{0FH revieu} gradient plot of H2_Haszk for TPHXESSHEHE

{0FH review!) densitu plot of H2_Hask for TPHES5S66HE oI 1 B denzitusd6. 6L o
sssssss CLR45 densil 6% window=50+50 H T T T I 1 I T T L
- o Liram 8AAA | o -
8000 — =
! 7000 [— =
= . | 0,8
7AR8 : : 8.8
- - o
GARA — = 8.7 6088 .
- || .65 = E
1 5000 9.6 ]
5000 — — - ]
- ) : &
E 3 & S -
= 1 - qpoa — =
. TR =
- 4008 = 7 T
3 [ §
me - 0
3000 e | 5 3008 — — 5
A = L2 a5
2008 = 2088 = 1l o
B - 8.2 .
| =+ 8.5
ik 1 E 1008 |- e
1808 — § | — -
; s 8.1 9.1
; ] I
o Eimcis|peliliie I I o o ] L L L L L L L L =L 1y

U 1udd  YHHY  3HHY  AUBY  DUYY  BUYY /UMY Y
® {un}

o 1600 2000 3000 4000 SOGE 6000 FOOD 8000
% {un)
I

CONFIDENTIAL 25
Subject/Department, Author, MMMM dd, yyyy

-
P



CAA : examples of ‘random’ defects

— Often randomly distributed across wafers
— Easy to characterize and model

—Yield loss is “design dependent” : Some designs are more sensitive then others

DB nap For TPHHESSBEHE (PcCLN45.BE} (sanple window=d6.B+BE.0}
HESUFEN IWSH_ HHS 4 representing 11 rdh of overall Ud

BEEE
0,614

7088
[ ¥
GHEE
[N
SH88

5 B.BBE 5
- 3
=808

0,606
ECLL

oBaa 0.604

1666 8,882

©  16BB 2068 9600 49PE  TOOD GOOD 7000 8GO
# {un)

Observation: Sensitivity to ME3 opens and shorts => nothing really special (Homogeneous
density everywhere on the routing)
Recommendation: NA

Critical Area/Feature Analysis:

» Random routing defects addressed by
DFM aware routing: via doubling
medium effort, wire spreading.

» Augmented by CAA “sanity checks” at
pre-TO check. Little scope to make
significant changes...

M2 Open

DB nap For TPHEESSBEHA LBE} {zample windowsd6, Ge66,0%
L IFEM D=0, 0E0E C 1E 2% of overa Dy

0014
0,012
LX:}}
0.880 o
0,806

o, B0

.86z

a8 1BBA PAGA J0BD 4ARA  SOBB GRAA FE80 GHBA
® {un}

Observation: Sensitivity to ME2 opens and shorts => nothing really
density everywhere on the routing)Recommendation: NA

PR {
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Summary:

» In advanced process nodes like 45nm susceptability to systematic and
random process variation is minimised by use of advanced DFM
techniques.

» Strategies must be deployed early...in IP creation and before and
during place and route phase.

» Timing is then margined to “achievable limits”...

» Fixing issues outside P&R is avoided due to impact on timing closure
and cycle time.

» Sign-off is accelerated by using concurrent hierarchical approach.

» A holistic DFX approach is deployed using Litho prevention and fixing,
via doubling, wire spreading density fill and local fine tuning of
density/density-gradient.

CONFIDENTIAL 27
Subject/Department, Author, MMMM dd, yyyy

-
P



The Result — The Product!

» The TV550 System Board with the Worlds first fully integrated one chip Digital
TV Processor with Full Picture Enhancement - MAPP_

=
AT R ey N\
}‘i- - z .“-'ro

Success! From packaged parts received to
System bring up in less than 10days...very
High level of functionality and performance...
Unprecedented for this complexity point!
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Summary

» Variability is now a key factor in SoC Realisation.

» Strategies must take a holistic view of managing the issues...must be
embedded transparently into flows and deployed “Early” in IP creation,
Place and Route, and Timing Optimisation Cycle...

» Don't start thinking about variability and how to manage it in Design
Closure Phase! Cannot afford any surprises that late... iterating the
design could lose a market window!

» Tools work well, but are now quite complex...essential to work closely
with EDA partners to get the best from them!

» Be pragmatic...you don’t have to use every feature...it's about getting
the job done.

» Be prepared to work even harder than you already are...!
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What would | like to see next?

Statistical Timing Sign-off...gain confidence in capability to support sign-off! What about
IP statistical timing models?

Initially would expect to be used to manage sign-off risk of “stubborn violators”...later full
sign-off! (maybe derivative designs?)...more robust sign-off!

Statistical Multi mode Multi corner (V,T) optimisation...”harvest silicon”

Acknowledgements and Thanks!
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Any Questions?
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