(high-k
SoC

100%

30%

/low-k )

300mm

/
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2.
157nm
3. 300mm
300mm 300mm
1) 200mm 2.25
( )100%
5)
2001 300mm
4, Bulk CMOS
300mm
Bulk CMOS
. —
1980 $50M 2003

$3B

Cu High Low K

2) 30%
AMHS Automatic Material Handling System,
4)
2003 2004
450mm )
300mm
2
86

2 grategiesfor determining or dealing with the upper limit of factory cost are beyond the scope of this chapter.
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65 ;
(singulation)
5
thrust 5
Factory Operations Production Equipment Materiad Handling
Factory Information and Control System Facilities
5 5

D
on” u:#@
1 o o«
Factory Production Factory Information Facilities
Operations Equipment & Control Systems y
4L L
Si Substrate |_ . 5
ity Wafer Chip Product| |5
Reticle |}, Mfg Mfg Mfg @
Mfg (@)
3 .
Increasing cost & « FEOL * Probe/Test » Packaging
Cycle time implications * BEOL « Singulation * Test
y A 4 A 4

Factory is driven by Cost, Productivity, and Speed:
= Reduce factory capital and operating costs per function
= Faster delivery of new and volume products to the end customer
= Efficient high volume production, high reliability, & high equipment reuse
= Enable rapid process technology shrinks and wafer size changes

65 Factory Integration Scope

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



84a Factory Integration

> 45 nm/ 2009

30
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84a

Factory Integration — continued

> 45 nm/ 2009
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34 Factory Integration —
>45 nnmy 2009
50 300mm
Extendibility Flexibility Scaability

200mm 300mm
65 45nm 65nm  45nm
2010 2018

CMOS CMOS
450mm
25
450mm
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WIP
ESH Environmentd, Safety and Health

X-factor

40K

OEE OEE

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



450mm

75

OTD;
On-Time-Delivery

AMHS AMHS

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



85a Factory Operations Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 20 80 70 65 55 50
MPU/AS C ¥z Pitch (hm) (Un-contacted Poly) 107 0 80 70 65 55 50
Wafer Diameter (mm) 300 300 300 300 300 300 300
Non-hot lot (average of 94% lots)

Cycletime per mask layer (days). 16 16 16 15 15 15 14

X-Factor [1] 3.2 32 32 31 31 31 3.05
Hot lot (average top 5% of lots)

Cycletime per mask layer (days) 0.62 0.62 0.62

X-Factor [1] 14 14 14

Super hot lot (average top 1% of lots)

Cycdletime per mask layer (days) 0.33 0.33 0.33
High-mix capacity degradation 15% 13.33% 11.67% 8.33% 6.67%
Bt ﬁlﬁ?;;j:'\pm (23] 90% 90% 90% 92% 92%
Avalability 92% 92% 92% 94% 94%
Wafer layers/day/head count 55 55 55 61 61 61 67

Number of lots per carrier (high mix) [4] Multiple Multiple Multiple Multiple

Fecilities cycle time (months)

18 tool to 1t full loop wafer out 4 35 35 25 25
Node -to-node change-over (weeks) 13 13 13
Floor space effectiveness 1x 1x 1x
Average number of wafers between reticle changes 50 45 40
*

85a and 85b
[1] X-factor X-Factor
(2
(3l
(4

= 1-10

=50 5
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85b Factory Operations Technology Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM Y2 Pitch (nm) 45 35 32 25 22 18
MPU/AS C %2 Pitch (nm) (Un-contacted Poly) 45 35 32 25 22 18
Wafer Diameter (mm) 300 450 450 450 450 450
Non-hot lot (average 100% lots)

Cycletime per mask layer (days)

X-Factor [1]

Hot lot (average top 5% of lots)

Cycletime per mask layer (days)
X-Factor [1]

Super hot lot (averagetop 1% of lots)
Cycletime per mask layer (days)

High-mix capacity degradation

Bottleneck equipment [2] [3]
Utilization
Availability

Wafer layers/day/head count 67 73 73 81 81 89

Number of lots per carrier (high mix) [4] Multiple Multiple Multiple Multiple Multiple Multiple

Facilities cycle time (months)
1<t tool to 1<t full loop wafer out 25 15 15

Node-to-node change-over (weeks)

Floor space effectiveness

Average number of wafers between reticle changes

25 20
15
20x 15 30

25
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X-factor[1] X-factor
(RPT 1 1
RPT 1
RPT RPT
RPT X-factor
RPTx X-factor
1.6 X-factor  80% 3.2
RPT=1.6/3.2=05
RPT X-factor
5% 1IFOUP 25 10
1 15 1FOUP 25
FOUP
1
(1-(IdleNo WIP))
Idle No WIP
WIP WIP
EMI E10° “
[2[3] "
SEMI E10 “
” 25
(4 25
1
5 1 50%

3 SEMI E10-0699E: Specification for Definition and Measurement of Equipment Reliability, Availability, and Maintainability (RAM).
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20%

EFEM
(runrate)
1.
2.
3.
4.
5.
6. “ “

COO Cost of Ownership
7.
(
)
In-situ
APC
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"Production Equipment Potential Solutions table’
Production Equipment technology requirements and potential solutions’

Manufacturing and e-Manufacturing potential solutions’

13

" additional details on
" additional details on Agile

86a Production Equipment Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM Y2 Pitch (nm) 100 0 80 70 65 55 50
MPU/AS C %2 Pitch (nm) (Un-contacted Poly) 107 0 80 70 65 55 50
Wafer Diameter (mm) 300 300 300 300 300 300 300
Throughput improvement (run-rate) per year Base +4% New base +4% New base
New non-product wafers (NPW) as a % of wafer
starts per week <16% <15% <13% <12% <11%
O\(er_ai_l NPW activities versus production wafers 10% 10% 5%
activities
% capital equipment reused from previous node >90% >90% >90%
Wafer edge exclusion 3mm 2mm 2mm
Equipment lead time from setup to full throughput

e 4 wks 4 wks 4 wks
Process availability (Agp) >85% >88% >90% >92%
Metrology availability (Agp) >90% 92% 94% >95%
Intrinsic setup time reduction year to year Base 10% 10%
Ability to run different recipesand parametersfor Partial Partial Partial
each wafer
248 nm lithography scanner productivity (wafers
outs per wesk per t0ol) 7000 7400 7400 7700 7700 8000
193 nm lithography scanner productivity (wafers
outs per wesk per 100l) 5000 5300 5300 5600 5600 6000
Maximum allowed electrostatic field on wafer and

surfaces (V/am) 125 100 90 0]

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interimsolutionsareknown |4
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86b Production Equipment Technology Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥2Pitch (nm) 45 35 32 25 22 18
MPU/AS C %2 Pitch (nm) (Un-contacted Poly) 45 35 32 25 22 18
Wafer Diameter 300 450 450 450 450 450

Throughput improvement (run-rate) per year

New base

New non-product wafers (NPW) as a% of wafer arts per week

<11%

Overdl NPW activities versus production wafers activities

5%

% capital equipment reused from previous node

>90%

Wafer edge exclusion

+10to 12%
<10%

5%

>70%

+10to 12%
<10%

5%

>70%

+10to 12%

Limited

<9% <9%
5% 5%

+10to 12%

Limited

+10to 12%
<9%
5%
>70%

Equipment lead time from setup to full throughput capable

4 wks

Process availability (Agg)

>95%

Metrology availability (Agp)

>98%

Intringic setup time reduction year to year

15%

Ability to run different recipesand parameters for each wafer

Yes

248 nm lithography scanner productivity (wafers outs per week
per tool)

8000

193 nm lithography scanner productivity (wafers outs per week
per tool)

6000

Maximum allowed dectrostatic field on wafer and mask surfaces
(VIem)

4 wks
>95%
>98%

17%

Yes

8000

6000

4 wks
>95%
>98%

17%

Yes

8000

6000

4 wks
>95%
>98%

4 wks
>95%
>98%
17% 17%
Yes Yes

8300 8300

6300

4 wks
>95%
>98%

20%

Yes

8500

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known

4% 100
(100x 1.04)=104 (104x 1.04)=108
1
(non-product
wafers :NPW)
( )
( )
X
Y XY
( mm)
(A80) 100% Y%-
% % SEMI E10
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(A80) 100% %- %
% SEMI E10
248nm 248nm
193nm 193nm
(V/cm) SEMI E78" E43°
300 mm
(ROI; Return on Investment) 300 mm

87

(Work in Process)

4 SEMI E78: Electrostatic Compatibility — Guide to Assess and Control Electrostatic Discharge (ESD) and Electrostatic Attraction (ESA) for
Equipment.
5 SEMI E43: Guide for Measuring Satic Charge on Objects and Surfaces.
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WIP 300 mm

WIP

87a Material Handling Systems Technology Requirements—Near-term

2004-2006

SMIF Standard Mechanicd Interface

SMIF

Year of Production 2003 2004 2005 2006 2007 2008 2009

Technology Node hp90 hp65

DRAM Y2Pitch (nm) 100 90 80 70 65 55 50

MPU/AS C ¥2 Pitch (nm) (Un-contacted Poly) 107 20 80 70 65 55 50

Wafer Diameter (mm) 300 30 300

Trangport EEMTTR (minimum per SEMI E10) 15 12 10

Storage E-MTTR (minimum per SEMI E10) 30 25 25

Transport MMBF 5000 7000 8000 15000 25000 35000

Storage MCBF 22000 25000 30000 45000 55000 60000

Pesk system throughput (40K WSPM)
Interbay transport (moves/hour) 2075 2150 2250 2500 N/A N/A N/A
L’i‘gmotl:;‘]?u‘t’”b;m@h”)_ 190 200 210 230 N/A NIA N/A
Transport (moves/hour)—unified system N/A

Stocker cycletime (seconds) (100 bin capacity) 14

Average ddlivery time (minutes) 8

Pesk ddlivery time (minutes) 15

Hot lot average ddlivery time (minutes) 4

AMHS lead time (weeks) <12

AMHS ingd| time (weeks) <16

Dom{nti meto extend Q_/stem capacity when <90

previoudy planned (minutes)

E-MTTR—mean timeto repair equipment-related failures

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

MMBF—mean move between failure

Interimsolutionsareknown |4

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003
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87b Material Handling Systems Technol ogy Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM ¥:Pitch (nm) 45 35 2 25 2 18
MPU/ASIC ¥z Pitch (nm) (Un-contacted Poly) 45 35 2 25 2 18
Wafer Diameter 300 450 450 450 450 450
Transport E-MTTR (minimum per SEMI E10) 8

Storage E-MTTR (minimum per SEMI E10) 20

Transport MMBF (mean move between failure) 35000 45000 | 45,000 55,000 55,000 65,000
Storage MCBFF (mean cycle between failure) 60,000 70,000 70,000 80,000 80,000 100,000
Peak system throughput (40K WSPM)
Interbay transport (moveshour) N/A N/A N/A N/A N/A N/A
Intrabay transport (moves’hour)—high throughput bay N/A N/A N/A N/A N/A N/A

Transport (moves/hour)—unified system

Stocker cycletime (seconds) (100 bin capacity)

Average ddlivery time (minutes)

Pegk ddlivery time (minutes)

Hot lot average ddlivery time (minutes)

AMHS lead time (weeks)

AMHS install time (weeks)

Downtime to extend system capacity when previoudy planned
(minutes)

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known

E-MTTR(SEMI E10 AMHS

AMHS
FOUP MES

E-MTTR E10 AMHS

FOUP MES
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MMBF AMHS
A B
CBF AMHS
A B
100
1
MCS
1
2
MCS
1 2
MCS
MCS
100
MES
AMHS
AMHS

20mx80m 1520
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HCS, Factory Information and Control System

FICS
FICS FICS
(MTBF; Mean Time between Failures) (MTTR; Mean Time to Repair)
e-diagnogtic
e-manufacturing
MTTR
MTBF
FICS
/
(MES, manufacturing execution system)
1
(PM; Predicted
Maintenance)
AMHS
e-diagnostic PM
PM
AMHS
AMHS
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FICS FICS
advanced process control system
FICS
(FDC; fault detection and classification) run-to-run
control  integrated metrology (EES; equipment engineering
system)
(OPC; optical proximity correction)
OPC
FICS
2004
OPC
2
FICS
FICS
IC FICS
Agile
manufacturing SEMI
IC FICS

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



21

FICS
FICS FICS
ITRS
IC
AMHS
APC 300 mm
FICS
FICS
XML
extendable markup language
88
MTBF 6 2
(MES) 40K  WSPM (25 FOUP ) 40,000 ( into
out )
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88a Factory Information and Control Systems Technol ogy Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM %:Pitch (nm) 100 %0 80 70 65 55 50
MPU/ASIC ¥ Pitch (nm) (Un-contacted Poly) 107 %0 80 70 65 55 50
Wefer Diameter (mm) 300 300 300 300 300 300 300
Availability of mission critical application

o per year 977 . . . 987 . 991
% ) 99.9 99.980 99.986 99.986 99.98 99.990 99.99
Downtime of mission critica application (minutes
per year) 120 min 105 min 75 min 75 min 68 min 53 min 45 min
Mean time to recover for mission critical
goplications (minutes down per year) 60 45 30 15 <15 <15 <15
@)gﬁ 'e';y)"f thetotal factory system 99.909 99.920 99.943 99.943 99.949 99.960 99.966
zlf%%f’g‘g”(‘r&ﬁ;“ggg'ed FICSdowntime | o/ min | 180min | 120min | 120min | 90min 90 min 60 min
Fﬁﬂgﬁggg;‘;m” eduled FICS downtime 240min | 240min | 180min | 180min | 180min | 120min | 120min
t"r/'CSd?r?;&S‘(Jnﬂg’;pﬁg‘ number of AMHS 12K 12.3K 12.7 14.2 14.7 15K 15K
;'&Sif;m ?&pgt(ﬁ&rm)ber of AMHS NIA NIA 1270 1420 1470 1500 1500
;gfégtg‘;ﬁ zﬁzg‘mm datainto mask 510 6-12 6-12 6-12 6-12 6-12 6-12
Timefor OPC calculaions and data preparation
for ek (g 2555 48 48 48 48 48 48
Timefor OPC calculations only (days) 24 36 3-6 3-6 3-6 3-6 3-6
- . :
r/gu ':;:g%‘r”fngg‘:ggg and control systems >93% >93% >93% >93% >93% >93% >93%
Qﬁﬁ:ﬁ’;‘gﬁ”’a‘j‘“ﬂ different recipes/parameters Partial Partial Partial Partial Yes Yes Yes

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interimsolutionsareknown |4
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88b Factory Information and Control Systems Technology Requirements—Long-term
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM ¥2Pitch (nm) 45 35 32 25 2 18
MPU/AS C %2 Pitch (nm) (Un-contacted Poly) 45 35 32 25 2 18
Wafer Diameter (mm) 300 450 450 450 450 450
Availahility of mission critical application (% per yesar) 99.991 99.994 99.994
Downtime of mission critical application (minutes per year) 45 min 30 min 30 min
Mean timeto recover for mission critical gpplications (minutes) <15 <15 <15
Availability of thetotal factory system (% per year) 99.966 99.977 99.977
Factory down due to unscheduled FICS (minutes per year) 60 min 60 min 60 min
Factory down due to scheduled FICS downtime (minutes per year) 120 min 60 min 60 min
?:Irgvs ec;eﬁr?n to support pesk number of AMHS transport moves 15K 15K 15K
FICS design to support peak number of AMHS direct transport moves
(moveshn) 1500

Time to send and load tape-out datainto mask shop data system (hours)

Timefor OPC calculations and data preparation for mask writer (days)

Timefor OPC calculationsonly (days)

% Factory information and control systems reusable for next node

48

36
>80%

48

36
>80%

48
36

>80% >80%

Ability to run/adjust different recipes/parameterswithin arun

Yes Yes Yes

Yes

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known

Manufacturable solutionsare NOT known

(A)  100% %ot %
) SEMI E10
(7 )
MES /
MCS SPC
(
MTBF )
(A)  100%
0%/ Yot % SEMI
E10
/ = AIxA2xA3xA4
FICS
/
(MCS) (MCS)
AMHS x15 /
/ x2 FICS
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FICS
/
10%
OPC
OPC OPC OPC +
OPC OPC OPC
OPC
(%)
/ /
ESH
SMIF FOUP
ESH
89289
IC IC
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ESH ESD EMI
ESH
99
CMOS 450
89%a Facilities Technology Requirements—Near-term
Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM %2Pitch (nm) 100 90 80 70 65 55 50
MPU/AS C %2 Pitch (nm) (Un-contacted Poly) 107 o) 80 70 65 55 50
Wafer Diameter (mm) 300 300 300 300 300 300 300
Cleanroom areaas a% of total site building area 15% 15% 15% 15% 15% 15% 15%
Manufacturing (dleanroom) areaiwefer starts per 0.34 0.34 0.34 0.34 0.34 0.34 0.34
month (MPWSPM) (low mix only) : : : : : : :
Facility life (in three-year nodes) 3 3 3 3 3 3 3
Tool manienence dleanlinesslevel Class 4 Class 4 Class 4 Class 5 Class 5 Class 5 Class 5
(150 14644)°
Fecility cleanlinesslevel (1SO 14644) Class 5 Class 5 Class 5 Class 6 Class 6 Class 6 Class 6
Production equipment install and qualification cost 10%
asa% of capital cost °
;ﬂ;@ggg'ﬂ”j’g (inclucing utlities) asa% 13% 13% 13% 13% 13% 13% 13%
Utility cost per total factory operating cost (%) 3% 3% 3% 3% 3% 3% 3%
Utility utilization (demand/installed) 60% 70% 70% 70% 80% 80% 80%
Fecility critical vibration areas
(lithography, metrology, other) (micro inches per 250 (VC D) | 250 (VC D) | 250 (VC D) | 250 (VC D) | 250 (VC D) | 250 (VC D) | 250 (VC D)

6 190 14644; Cleanrooms and Controlled Environments.
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second)
Fagility non-gitical vibration aress 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A)
(micro inches per second)
Fab to sub-Fabratio 1 1 1 1 1 1 1
Maximum allowable eectrogtatic field on facility 125 100 9 80 70 60 50
surfaces (V/cm)
Factory construction time from groundbreaking to
first tool move-in (months) 10 10 10 & & & [
Gas, water, chemica purity Discussed in Yield Enhancement Chapter
Power, water, and chemical consumption Discussed in ESH Chapter
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interimsolutionsareknown |4
Manufacturable solutions are NOT known _

89b Facilities Technology Requirements—Long-term
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM %2 Pitch (nm) 45 35 32 25 22 18
MPU/AS C ¥z Pitch (nm) (Un-contacted Poly) 45 35 32 25 2 18
Wafer Diameter (mm) 300 450 450 450 450 450

Cleanroom areaasa % of tota site building area

Manufacturing (cleanroom) arealwafer starts per month
(MPWSPM) (Ilow mix only)

Facility life (in three-year nodes)

Tool maintenance cleanliness level (1SO 14644)

Facility dleanlinesslevel (1SO 14644)

Production equipment install and qualification cost asa % of capitd
cost

Fecility operating cost (including utilities) as a% of total operating
cost

13%

0.34

Class 6

0.34

Class 6

15%

0.34

Class 6

0.34

Class 6

15%

0.34

Class 6

13%

13%

13%

13%

13%

Utility cost per total factory operating cost (%)

3%

3%

3%

3%

3%

3%

Utility utilization (demand/installed) 80% 70% 70% 70% 70% 80%
Facility critical vibration arees (lithography, metrology, other)

(micro inches per sacond) 250 (VC D) | 450 (VC D) | 450 (VC D) | 450 (VC D) | 450 (VC D) | 450 (VC D)
Facility non-critical vibration areas (micro inches per second) 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A) | 2000 (VC A)

Fab to sub-Fab ratio

Maximum allowable eectrostatic field on facility surfaces (V/cm)

Factory congtruction time from groundbresking to first tool
move-in (months)

Gas, water, chemical purity

Discussed in Yield Enhancement Chapter

Power, water, and chemical consumption

Discussed in ESH Chapter

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interimsolutionsareknown |4
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CMP

@ )

(1S014644 1S014644-1
(1S014644) 1S014644-1

VC- A E

|IEST-RP-DTE012.17

VC-

IEST-RP-DTEO12.1

" |EST-RP-DTE012.1; Handbook for Dynamic Data Acquisition and Analysis.
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Vicm SEMI E129° E78° E43Y
1)
2) 3) 4)
5) 6)65nm 45nm
7 8) CMOS
9)
IC
( )

8 SEMI E129: Guide to Assess and Control Electrostatic Chargein A Semiconductor Manufacturing Facility.

9 SEMI E78: Electrostatic Compatibility — Guide to Assessand Control Electrostatic Discharge (ESD) and Electrostatic Attraction (ESA) for
Equipment.

10 =M1 E43: Guidefor Measuring Static Charge on Objects and Surfaces.
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2004
2003

2007 2010 2013 2016 2019
2005 2006 2008 2009 2011 2012 2014 2015 2017 2018

Technology Node

hp90

hp65 hp45 hp32 hp22 hp16

DECISION SUPPORT TOOLS FOR
OPERATIONAL IMPROVEMENT

Tools for understanding components of
cycle time and trade-off between cycle time
and equipment utilization and hot lots

Tools/algorithms/models for wafer release
(start) policies based on bottleneck
monitoring and high mix

Tools/algorithms/models for forecasting
demand and capacity-demand integration

Tools to accurately predict and analyze
individual lot cycle times to ensure On-
Time-Delivery (OTD)

Tools/algorithms/models for optimized
operator and technician staffing levels and
developing optimal training/cross-training
plans

Integrated techniques for coordination with
supply chain management and optimization
(fab/sort/assy/test/distribution)

Tools for determining optimum quantities
and timings of operations resources (such
as reticle and spares quantities)

Tools for determining optimal non-product
walfer plans

Tools/algorithms/models to measure actual
capacity loss components due to
operators/technicians, hot lots and new
product introductions (NPI)

Advanced data analysis tools including data
mining for factory operations decision
making

EXECUTION TOOLS FOR
OPERATIONAL IMPROVEMENT

Real-time scheduling and dispatching
algorithms integrated with AMHS - must
consider operations resources, labor, non
product wafer, status of equipment (PM)
and factory

Planning systems integrated with real-time
scheduling and dispatching systems for
high mix

Real-time optimization of operator and
technician activities

Spares usage optimization and tracking and
control capability

Real-time factory supply chain management
and real-time control capability

300
mm

300
mm

300
mm

Applies for 450 mm

300 mm

300 mm

450 mm

Applies for 450 mm

450 mm

450 mm

66

I Rescarch Required [N Development Underway [ ] Qualification/Pre-Production V7777772 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Factory Operations Potential Solutions
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018
Technology Node hpgo hp6s hpds hp32 hp22 hp16
COST REDUCTION BY
STANDARDS AND

INTEROPERABILITY

Standard interfaces for wafer and carrier
handling, communications interfaces,
material handling, facilities systems
(utilities, drains and exhaust), operations
and equipment maintenance.

Equipment manuals, schematics, drawings,
and specifications accessible and
browseable using mainstream Internet
technology, internet standards, and user-
interfaces.

UTILIZATION AND
AVAILABILITY IMPROVEMENT

Proliferation of in-situ monitoring and recipe -:
adjustable parameters.

Statistical analysis including DM and
feedback control improvements, enable all
logs and parameter related data to leave
tool in an orderly manner; permit controlled
remote interruption of processes at a
step/recipe level; allow remote systems to
take chambers in the middle of lot
processing without impacting other
chamber’s process.

Smarter embedded tool controller, precise
wafer handling and particulate control,
eliminate dwell-time between wafer
handling moves and increase processing
wafer/hour rate.

Self-diagnostic and remote diagnostic
supported by fault detection/classification,
run to run control and integrated metrology

Single-wafer level tracking and control
Quick configurable setup and qualification

PM prediction (extendable PM using in-situ 4
- . 50 mm
monitoring and PM forecasting models

MORE EFFICIENT EQUIPMENT
DESIGNS

Recycle/re-use more water 450 mm

Separate waste streams at the tool I o [ ]

Heat load removal from tool by usage of ----

process cooling water versus HVAC 450 mm
systems

High efficiency power distributions systems

in the tool (use higher voltage, not current) 450 mm

Efficient and accurate equipment models 300 B o [ ]

I Rescarch Required [N Development Underway [ Qualification/Pre-Production V777777 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

67 Production Equipment Potential Solutions
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2004 2007 2010 2013 2016 2019
2003 | 20052006 | 20082009 | 20112012 | 20142015 | 2017 2018

Technology Node hp9o hp65 hp45 hp32 hp22 hp16

SPARES REDUCTION

Increased modularization, permit change
out and remote service to minimize
downtime, optimized PM frequency,
consumables modular system
components

RAMP-UP TIME REDUCTION

Qualification period reduction (more pre-
qualification at supplier site)

Installation period reduction (quicker
assembly on-site)

MULTIPLE-GENERATION
(NODE) UPGRADEABILITY

High exchangeability of chamber
modules, parts and fittings

Common equipment base, frame and
modules, Modular equipment control
systems

CARRIER LEVEL AND WAFER
LEVEL INTEGRATED FLOW
AND CONTROLS

Typel: Sorter and Metrology integrated 300
with Stockers i}

Type 2-1: Connected EFEM type

equipment mm
Type 2-2: Expanded EFEM type )
equipment mm

Type 2-3: Continuous EFEM type

equipment 450 mm

I Recscarch Required [N Development Underway [ ] Qualification/Pre-Production V777222 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

67 Production Equipment Potential Solutions (continued)
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2004 2007 2010 2013 2016 2019
2003 | 20052006 | 20082000 | 20112012 | 20142015 | 2017 2018 |

Technology Node hp9o hp65 hp4s hp32 hp22 hp16

EASE OF IMPLEMENTATION

/QUICK RAMPUP /
MAINTENANCE
Simple system component modules with
automated or zero field hardware
alignment and positioning capabili
(cleanroom support structure, teaching,
and adjustment not required)

Easily extended transport system rail

Automated software confié;uration (HW
independent structure and parameter
setting)

Automated preventive/predictive
maintenance, calibration, fine tuning,
software upgrade (uninterrupted) and e-
diagnostics

300 mm

MATERIAL TRANSPORT
SYSTEM CONFIGURATIONS

High throughput vehicle based direct
transport system with by-pass capability

Large scale, high throughput conveyors
and next generation vehicles

MATERIAL HANDLING
STORAGE SYSTEM
CONFIGURATIONS
Central storage systems for low use non-
production lots using zero fab floor
space.

300 mm

300 mm

Conveyor based storage system for using
zero fab floor space.

Modular field upgradeable stockers which
are expandable to very large capacity

Under track storage

Inert gas purge of FOUP at stocker shelf
(AMC)

3rd Part Buffer on Tool

TRANSPORT LOAD
IDENTIFICATION AND
TRACKING METHODS

Wafer ID reading to support 450mm
waler racking _’j

I Resecarch Required [N Development Underway [ ] Qualification/Pre-Production V7777772 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

68 Material Handling Systems Potential Solutions
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018

Technology Node

hp90 hp65 hp45 hp32 hp22 hp16

MATERIAL HANDLING
CONTROL CAPABILITY

Integrated material control system for interbay and
intrabay control

Intelligent vehicle traffic management control for
direct transport system and advanced reticle
transportation integration (Calculate alternate path
to destination considering traffic jam,
Balance/Optimize empty vehicles throughout the
fab, Ability to accept a stage command - warning of
upcoming transfer command)

Logic to handle anomalies from staging vehicles
prior to lots being ready.

Capability to transfer between transport systems
(SEM standards exist but enhancements can be
pursued).

Flexible lot size transport, capable of handling split
and merge. (Note: same size carrier with variety of
multiple fots)

INTEGRATED FLOW AND
CONTROL SYSTEMS [1]

Carrier Level (Stocker, Sorter, and
Metrology Integration)
Integrated stocker, sorter, and metrology
equipment into single unit with standard intrabay
operational model including exception handling
and standard interfaces for easy equipment add-on§
capability

Wafer Level (Connected EFEMs
(Equipment Front-End Modules))
EFEMs with standard hardware and software
interfaces
Integrated operational model; using connected

EFEMSs and including wafer staging and exception
handling

Wafer Level (Extended EFEMS)
Extended EFEMs with high-speed wafer transfer
robot and standard equipment hardware and
software interfaces for easy equipment and load
port add-ons

Integrated operational model; using equipment
throughput matching algorithms and including
robust wafer dispatcher and exception handling

Wafer Level (Continuous EFEMs)
Ultra high speed wafer transport system and
stockers with high speed wafer sorting capability
(lot to wafer transition between stocker and
transport) and standard interfaces

System level controller with wafer level dispatcher

450 mm INTERFACE
STANDARDS
DEVELOPMENT

Interface standards development for storage,
transport, carriers, and equipment

]

XN

mm

450 mm

450 mm

I Resecarch Required [T Development Underway [ ] Qualification/Pre-Production V7777777 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

68 Material Handling Systems Potential Solutions (continued)
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2004 2007 2010 2013 2016 2019
2003 | 2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 |

Technology Node hp9o hp65 hp45 hp32 hp22 hp16

IMPROVE FACTORY

EFFECTIVENESS

Cycle Time and Throughput
FICS to support AMHS direct transport 300 mm

300 mm

300'mm

mm

FICS to support conveyer-based storage

mm
systems

FICS that ensure no idle equip when
material available

FICS that support multiple recipes/lots

per carrier 300 mm

E-Diagnostics to support automated
preventative/predictive maintenance,
calibration, fine tuning, software
upgrades for production and AMHS

equipment
Engineering Chain
Dat_a rovy/mterfa_ce model for integrating 300 mm :l
engineering chain partners
Hierarchical data format/interface __
standards for sending/loading mask 300 mm ]
Automated design rule checking to
ensure masks are designed for 300 mm ]
manufacturability -
FICS to support improved forecasting,
scheduling, execution, process control, 300 mm |
material management in mask operations _ | |
FICS to_suppon improved, faster OPC 300 mm |
calculations

Highly Reliable Systems
Fault tolerant computer systems with
transparent hardware switching for 300 mm
failures (minimal to no impact)

Software application fault detection and

L 300 mm
monitoring
Low Maintenance Systems
Software applications capable of dynamic
upgrades (minimal to no impact) 300 mm
Databases capable of dynamic upgrades 200

(minimal to no impact)

Automatic/dynamic AMHS software

(MCS) reconfiguration 500 (il

Integration testing and volume testing of
overall factory systems (including AMHS) 300 mm
through simulators or emulators

Flexible Manufacturing Systems
Scalable system performance 300 rm

I Rescarch Required [N Development Underway [ ] Qualification/Pre-Production V777772 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

69 Factory Information and Control Systems Potential Solutions
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018

Technology Node hp9o hp65 hp45 hp32 hp22 hp16

IMPROVE FACTORY YIELD
Real-time yield management systems to
correlate test/probe and process data to
automatically determine process 300 mm :l
problems
Modular process control applications with
open interfaces*

Standards-based data collection via EE
interface*

Equipment Engineering Fault Detection
and Control (FDC)
Historical and summary data
storage/analysis products

Detailed wafer-level and chamber-level
data tracking

Configurable/downloadable FDC models

Standards-based host-issued FDC
control commands to enable within-run
equipment control

Equipment Engineering (EE) Run-to-Run
Control

Within-run standardized recipe/parameter m:
adjustment

Equipment Engineering (EE) Integrated
Metrology
Standards-based recipe and model

selection/download for integrated _

process/metrology

ACCOMMODATE PROCESS AND

PRODUCT COMPLEXITY
Integrated FICS to facilitate data

searches and information correlation on
process and operational data

Integrated MCS for interbay/intrabay

control |300 mm 450 mm _

Integrated FICS to support cross-site

N mm |
processing
Business-level software systems
integrated with FICS
FACTORY SYSTEMS (FS) REUSE
Collaboration/prototyping to decrease 300 mm

standards cycle time

INCREASING PURITY
REQUIREMENTS FOR PROCESS
AND MATERIAL

Improve systems to monitor and control
chemical, safety and environmental items

I Rescarch Required  [IIIN] Development Underway [ ] Qualification/Pre-Production V7777777) Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

69 Factory Information and Control Systems Potential Solutions (continued)
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2004
2003 |

2005 2006

2007
|

2008 2009 |

2010

2011 2012

2013
|

2014 2015 |

2016

2017 2018

2019
|

Technology Node

hp90

hp65

hp45

hp32

hp22

hp16

FACILITY COST REDUCTION

Use benchmarking to develop standard
performance metrics and best practices for
facility construction, operation, reliability
and equipment installation

Develop standard facility concepts and
system designs that reduce unique custom
factory designs allowing earlier design
packages for construction

Develop more robust design and factory
modeling tools to support cost effective
construction and tool installation

Develop factory models to determine the
impact of flexibility, scalability, and
extendibility on facility cost and PE
installation

Provide measured utility loads for
production equipment operating
requirements for factory modeling tools

Design production equipment for clean
maintenance to ensure isolation is
maintained during routine maintenance
operations

Develop power and water reduction
protocols in conjunction with production
equipment manufacturers

Reduce move-in size of production
equipment to minimize aisle widths

Improve factory PE layout density/ vertical
layout optimization

Standardize measuring and reporting of
utility loading at production equipment to
develop utilization parameters

Develop more accurate factory and utility
models

300

300

300

3

3

3

300 mm

__300mm [
EETIUEN T
BETIUEN |

450 mm

mm

00 mm

00 mm

00 mm

450 mm

. oo
. o

]
[ 450 mm_ N

Uou Uy i

I Rescarch Required

[ Development Underway

70 Facilities Potential Solutions
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[ Qualification/Pre-Production

V777777 Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
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2004
2003 |

2007 20
2005 2006 | 2008 2009

| 2011 2012

10 2013 2016

| 2014 2015

| 2017 2018

2019

Technology Node

hp90 hp65

hp45

hp32 hp22

hpl6

EFFICIENT PRODUCTION
EQUIPMENT INSTALLATION

Develop production equipment Installation
standards using predictable/consistent tool
connection for utilities, drains, exhaust and
interconnects

Ensure early and accurate identification of
production equipment installation demand
requirements (eg. pressure, loads, flows,
connection size)

Design production equipment to operate
within facility infrastructure systems
capabilities

Design support equipment to fit production
equipment footprint determined by prime
manufacturing area

Improve production equipment
documentation and change management

Reduce equipment exhaust

FACILITY SOLUTIONS FOR
ESH REQUIREMENTS

Reduce overall factory make-up air and
exhaust requirements

Transition to higher efficiency (voltage)
power distribution

Maintain or reduce radiation exposure in the
facility (EUV Impact)

Develop and improve recycle/retreat water
and waste streams

Investigate ROI and incentives for
alternative power solutions

Transition from air to more efficient liquid
cooling systems in cooperation with
production equipment manufactures

Develop risk assessment tools for
understanding economic impact to ESH
design and measurement incentives

Provide cost effective point of use and/or
factory wide abatement technologies

U

300 mm

300 mm

— EEIET
— EEEETT
| es0mm _ I
250 mm [

450 mm

450 mm

UoUod L

450 mm

450 mm

450 mm

300 mm

450 mm

I Rescarch Required

[ Development Underway

70
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[ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Facilities Potential Solutions (continued)

V777777 Continuous Improvement
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ESH
ESH
200 mm 300 mm
Cu 1
Fab fabrication;

Fab Fab Fab

ESH
ESH
ESH ESH
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90  Assembly and Packaging Potential Solutions

Key Issues

Potential Solutions

Materid Handling Costs

Carrier and media standards
Production equipment load/unload interface standards

Equipment Communication Costs Adherence to existing proven standards

Standard behaviora models across equipment types
Use of mainstream computing standards for equipment to host

communication to reduce cost and complexity

91

(YMS; Yidd Management System)
YMS
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YMS
91 Yield Management Potential Solutions
Key Issues Potential Solutions
Tolerance \ariations for Critical Process
Parameters
Process control enablers and extendibility Experimental mapping of the parameter space for each process and
Root cause andysis of performance detractors correlation to device performance

Process I nteractions

Wefer sate analysis Short loop modeling and experimental mapping of parameter state
Initial equipment state consistency variations

Impact of contamination on eguipment output Component wear and lifetime studies

Process Critical Fluids and Materials Purity

Requirements

Point-of-use contamination monitoring Industry test structure for each node on roadmap

Materids rdiability and consistency Process parameter studies

Reduce End-of-line Inspection and Monitor

Wafers

Non-visua defect detection

In situ process control
Metrology for <.08 um defects P

Yield Management System Flexihility
Interoperability of equipment and data sources

Standards for equipment dataformats

withYMS

Rapid Yield Ramp

Process specific yield models Inline inspection metrology

Process control Correlation of parameter space variation and defects

Facilities Impact to Yield

Electromagnetic interference
Vibration
Molecular contamination

Short loop models
Data/metrics standards

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003
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IC APC
Advanced Process Control

3

(IM: Integrated Measurement)
APC
1
( )
( )
300 mm
IM IC
300 mm
(IM: Integrated Measurement)
IM
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(ESA; dectrodtatic attracted)

(ESD; dectrostatic discharge)

ESD (EMI; dectromagnetic interference)
CPU
3
ESD
300 mm IC
71 300 mm
4 -
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Production Equipment

Enhanced parallel I/0
standard for ceiling based
transporters

Buffering standards
for continuous
operation

Wafer & carrier

Integrated
mini-environment
standards

Reticle carrier &
loadport standards

standards
Carrier
environment Rear user-
standards ] interface
) standards
Carrier ID Production
standards Equipment
(side view) Standards for
Loadport safety counter-
standards ‘ \ measures

PGV docking
standards

Enhanced parallel
1/0 standard for ground

- \

Isolation standards for
equipment maintenance

Equipment footprint
& height management

based transporters standards

Facilities Systems

Work access
standards to eliminate
Ergo issues

Ceiling level  Environment/
stds
Cleanroom height

standards

AN

Rear of production
equipment

G

Vibration stds

Cleanroom Noise
Criteria standards

Cleanroom

Temperature
& RH ranges

/
Wall interface
standards

/ —

Standards for install

—pedestals, jigs/fixture

for alignment

Raised floor Fab levels
height standards
Max Maximum Global
weight move-in Construction
standard sjze stds Codes
Sub-fab standards Sub-fab level

Standards for facilities systems
safety counter-measures

Facility electrostatic
levels stds

LA

Materials supply
container standards

71
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Factory Information and
Control Systems

Manufacturing AP(S:'P'E\DC’ Decision
Execution Support
Systems \ / \ Systems

Process Control

Data formats
- System (PCS)

Standard
Use of Mainstream Computer Communications standards
Process Job,
Control Job [
standards bquipment Utilization tracking
standard
Carrier mgt
standard —— SECS-lI
GEM, HSMS L
/ '______'_ ______ Factory
_j: Network

/

Carrier
ID standard

Enhanced parallel Equipment Data
I/0 standards Acquisition (EDA) -
. Standards for Process
Wafer level tracking & Control and Remote User ’II
control standards Diagnostics Interfaces

Material Handling Systems

Standards for integrated transport
systems that perform both interbay

and intrabay transport functions Stocker
E SEM
Reticle transport T ©
ransport
systems SEM P % _/
Bay ceiling E
uuuuuuuuu /

Stocker to transporter
interface standards

Transporter to loadport
interface standards

Deep Stocker

Standards for safety
counter-measures

Fab level

A\

\

Floor running
transport systems

Stocker

Sub-fab level

Legend:

-> Standards Exist
-> Standards Are Under Development
-> Standards Are Needed

Integrated Factory Interface Sandards



