QUALCOMM CDMA TECHNOLOGIES

QUALCOMM PUBLIC

Integrated Fabless Manufacturing

“The” technical and business

model for the future.

Michael Campbell
QUALCOMM CDMA Technologies



Business and Technology Trends

“The five "megatrends" that are shaping the industry are:
— Continued integration due to Moore’s Law,

From: Electronic News June 8th, 2006
Turbulent Times Ahead, Gartner Says
By Ann Steffora Mutschler
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— Continued integration leads to increasing complexity of devices

— Escalating design costs will force companies to amortize those costs across more end users
— single customer chips are dinosaurs. Killer apps harder to find

« “Fabs are getting bigger and more expensive,

— Chip makers will either get bigger through mergers as more IDM become fabless or share
manufacturing facilities;

— Economies of operations will favor chip standardization leading to fewer chip manufacturers
and more commoditization of silicon. (Gartner believes competition will prevail in any case,
so that chip prices can remain low)

 Meeting consumer demand is tough, unpredictable and driven by fads and
fashions that require fast time to market




(SM)

Rapid Growth of the Fabless Industry




Who is Qualcomm CDMA Technologies?

Mkt Share




Data from May 4t Qualcomm CDMA

Analyst Meeting Technologies
2004 2005 June
2006
159M*
145M 47
Dec qtr 39

40
Sep qtr 39 /
Jun qtr \\

Mar qtr 32 37 M 49
. o Qﬁ .

2004 2005 2006

CDMA and WCDMA QUALCOMM MSM Shipments Accelerating

(Calendar Year, Millions)

*Sum of quarterly amounts do not equal total due to rounding.
**Guidance as of May 3, 2006



Leading WCDMA with Cost Effectiveness and
Advanced Technology

First Commercial HSDPA Devices

First HSDPA
for Europe [

First HSDPA in US ]

ZTE MF330 Sierra Wireless
1st MSM6280 AirCard 860

Option Wireless Novatel Samsung Z560 LGE CU320 Samsung ZX20
Globe Trotter Merlin U740 16mm thin HEDGE Cingular HEDGE1.8 Cingular

Feature-Rich Devices

Toshiba V903T Samsung Z150 Huawei U636 LGE U900 ZTE F608 Sanyo SA800i
AGPS 9.8 mm thin Entry Level UMTS + DVB-H Low Cost Leader AGPS Kid Phone



Data from May 4t Qualcomm CDMA
Analyst Meeting Technologies

QUALCOMM Execution Continues to Generate Strong Results

Semi-Annual MSM Shipments Semi-Annual QCT Revenue Trend
(Millions) (Millions)

$1,644 ¢$1,611 $1,679

$1,467

1H-FY’04 2H-FY’'04/ 1H-FY’'05 2H-FY’'05 1H-FY’'06 1H-FY’04 2H-FY'04 1H-FY’05 2HFY’05 1H-FY’06

Three consecutive quarters of
record MSM shipments

Two consecutive quarters
of $1B+ revenue




Who is Qualcomm CDMA Technologies?

Leader in the CDMA / WCDMA / UMTS wireless and in

tho fahlace maniifactiirina wnrlde

We are an “Integrated Fabless Manufacturer”

Partnering with EDA, Foundries and Assembly / Test companies
to drive Process-Design Integration and a product delivery
system fueled by each partner’s expertise and that delivers value

to all partners,

Including the end customer.

2005 Shipped our 2nd billionth chip

57,000 every hour and
Accelerating



What is the
The Integrated Fabless Manufacturing Model....
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Integrated Fabless Manufacturing —

A Collaborative Effort

Selecting, Evaluating, Qualifying, & Managing
EDA, Foundries, and SATS is a collaborative
effort

QCT owns the design and implementation

» Catalyst for change and cooperation

EDA companies provide the tools for leveraged
success

Foundries develop the process

» Provide capacity and quality
SATS - Assembly and Test - vehicle for customer
delivery

» Assembly — packaging growing in complexity

» Test — leverages industry platforms for low cost and
high quality

The Integrated
Fabless company

F@ndry
“ \\
«*
\ S
»y S
>

Assy/ Te‘S:E \\s\

For Success we all must work together




Collaboration in the supply chain

Design Silicon Silicon
r\\ \ Creation Aanufacture Assembly

EDA Tool ig -

Prxovid

W, .

IP
Providers

Silicon
Probe

Package

Library



Leveraging our supply chain:

At Qualcomm the Integrated Fabless Manufacturing
business model drives excellence in supply chain
management:

» Digital foundries — 5 Die sizes-
e IP providers — 5+

« Analog foundries — 4

* RF foundries — 5

» Assembly suppliers — 3
e Test providers -7

» ATE platforms - 3

« EDA companies — 15+
* Fabs — USA, Taiwan, Korea, China, Singapore

» Assembly — Korea, Philippines, Singapore, Taiwan, China,
Malaysia

1x2 to 22x 21






Test helps enhance value In the chain

Shipped Product
Quality/Customer

Returns




Maximizing Value of Test

Foundry

vertically I
Integrated Ragzinelue o
Companies Equipment L from disze greg 14

BRiErsities | [NroUgrn 9ol

ISIESS: Ifl[:ﬂf&l&thfl

Courtesy of Cadence - Sanjiv Taneja



Business and Test




Test and Business

e Solutions from system models to silicon test must be
automated.

— Structural test has an almost direct link from the EDA tools to
test and yield

— Linkage must be driven into the fab’s automated defect detection
systems.

— Data sets optimized for statistical process / decision making

* Functional test have a poor correlation path to the ATE

— Improve modeling capabilities to achieve the reliability and
predictability.

 Advancements have been made; however, for full
optimization of test cost:

— EDA tools and ATE correlation must come together to reduce
time to market and cost.



The industry is a buzz with the implications of test




Issues In the Real world




Business Realities
Yield and Business Realities

Return on the _(deS|gn & Product
development) investment comes -
: end-of-life
when there is volume
: : profit 4
» Accelerated yield learning $ ;

a) Decreases the investment and profit
Shortens the investment period

b) Increases and Prolongs the return
period
* Product life, and ASP, are driven break
by market conditions | B e

W V- - g_._.
<Qiagnostics i7

break-even 4
Diagnostics
* Yield Learning Goes Straight to the
Bottom Line

— Anything that can be done to improve
yield and yield learning is good for the
business

Product
sampling



Yield - Yesterday & Today

100 - ‘ —_ Design-related
Yield-Loss

vout Toc _q—v

I
80 b | «  DSM Defects dominated
Process i ssues/ | rocess Rul | by “Dirt” and “Process
Mask Rules : Machines”

70

particles

! d Cells/IP Cor i
| |

| . Defects dominated by *“
out Struc | —— Design marginality” and

[]:M 5 DESI G\I “Process Variation”

I

I I

I I

| | e

| | ) process variatian e Careful planning with

O & D 1 O O O DFM, DFT, and statistical
design models now key

5u .35u 25u  180nm_130nm 90nm  65nm for success

60

50

Parametric Measurements are

Almost all of the new Yield-Loss issues The Stuck-At Test Fault more effective for
can be related back to Systematic ~ Model is less effective for DFM-driven loss
Design-based loss mechanisms & DFM-driven loss

drivers



Modern Test Is.

—&—DFT @Nom

—l—DFT A@Nom w
V+/-

—&—DFT @speed
w+/-Vand T

=l = Functional
@nom

=l — Functional @
Nom w V+/-

—@ — Functional
@speed w+/-V
and T







Making Sense of it All

The task is to put the proper class of fails into the proper
analysis group — not to put the wrong type of failure into
the wrong analysis group

Initial screening Detailed Screening Comparison Analysis




Driving yield with wafer level bit map sharing

Memory failures and ATPG failures

Product: Memory Map Info [ 2o | *-ﬁﬂ?ﬁ- B27.2281] | Memery Orientation ‘
Lats: starces: HA [ CRight (B Op il
ATt : Tope: Ha MMenuory Fresendation
Drie: Desizn:  HA m PEI] EH [P tmery ]
Tests: Eit Sime: Ha
Tilemories : Sime: Ha Hﬂﬂﬂ nqmmunme
Elocks: 63 loaded Buswidth: HA Blocks:  HA [Fail Pattemns =]
e Fail Scale
rafer Dofap i B e pr—
I || ” | P !L-:-g 1"'— Bine: 3 =
Togsk |H¢m I iafer Type b
PRI =
[Fait Pattems |
Waker Dptions
[® Zhomr Beticles
[T Shome Die Frmes
[T Shomr Memory Details
[T Shome Fail Comits

[T Shomr Zories
[T Shomr Zoval Chart

Tone Type

[ =]

Facmue Coum §1,; il
ey

¥ Shomr Rlacks
¥ Shiomr Mrid
X Shemr T Bramadam

bbb L[ E

¥ Shomr Mrisvtatinm
Shomr Hear Coordinates

Pattern Dabail
lE-:-na;u:-s:it.e Chatlives Tl
Expand Pahtemns fpixds]

EEEH EHTE D EH B B |
Fli R T G

[attem Vieibility Preference. |
| AdderMiss g sradysis... |

Y .

Wafer map showing locations of all
memory failures / ATPG - color coded by

type

Fail Count per type |




Comparing Wafer Level Bitmaps to KLA Results

CP bit map Inline defect map ,
oe -3 3
________________________________________ 2_. 1
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Yield Leaning and Tool development

 Test, Debug & FA Infrastructure
— Excellent skill mix, people & tools Significant Improvement from Node to Node
— Structured procedures
v Accelerated feedback
v Start low volume early to learn yield
» Partnering Relationship
— Very tight coupling with foundries
— Aggressive goals
v Accelerated learning cycles and

Yield Only Driven Respins per Design

SUds pEZIBALIgN

ED

Looking
good so far
[—

180 130 90 65

Technology Node

corrective action

. Hard DO for Successive Technology Nodes
. Good Design

— Extensive use of DFM Guidelines

= it I *;”’ —180nm | ]
— Internal tools and utilities B el NN . —1300m | |
‘/ . . N —90nm
Conservative Lay Out practices E O A\ N —esom ||
S
Z 40% -/ N Tr——

\\
Target ~

20% - _—
@ looking good T
so far 1 ‘

It Worked for us .... So Far Y ee992999299929¢9

Time from Characterization




THE END GAME

The TEST business must help drive ON TIME, high
guality, cost effective products to the markets:
— We have the tools, the testers and the knowledge to do so.

We must drive yield so that we deliver additional free
cash is the system is the solution.

Results:

— Industry innovation accelerated. Competition based on Quality
and time to market

— More designs willing in the market drives more silicon in Fabs —
everybody wins.

— More business for us...



