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Year of Production
Wafer Diameter

Cleanrcom area as a % of total
site building area

Mifg {Cleanrcom) area/Wafer
starts per month (m2MWSPM)

Facility Service (system) Life
(modes)

Classification of Air Cleanliness
[Based on 150 14644)

Tool Maintenance Level

Facility'\Functional Level

Facility capital cost per wafer
starts (planned) (SKWSPM)

Tool Hookup (weeks)

Facility operating cost including
utilities as a % of total operating
cost

Uility cost per total factory
operating cost (%)

BT A B it R BE T K FS AR
A=Y X He 2z /K Ea/=+ =
2003 2004 2005 2006 2007 2008 2008 2012 2015 2018
S00rmim J00mm 300mm J0mm J00mm 300mm 300mim 430mm 430mim 430mm
- - - - - - - E“E
IS0 I5C IS0 I1SC I1SC E.‘Ils;s]s
Class 2 Class 1 Class 1 Class 1 Elas5 1 Class 1 1 Cla55 1 Cla55 1
IS0 IS0 150 150 IS0 150 IS0 IS0 IS0
Class4 Class4 Class 4 Class 4 Class4 Class 4 Class Class 4 Class 4
4
150 IS0 150 IS0 150 IS0 IS0 I1SC IS0 ISC
Class & Class 6 Class & Class & Class & Class B Class Class 7 Class8 Class 38
OO 14 | 14 | 12 | 12 | 10 | w0 | 8 [ & | 4 |
13% 13% 13% 13% 13% 13% 13% 13% 13% 13%
I 3% 3% 3% 3% 3% 3% 3% %% 3%
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Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 DRIVER
Technology Node hp30 hp&5
Dram ¥z Pitch {nm) 100 a0 a0 T 65 57 5O

Chemicals, Materials, and Equipment Management Technology Reguirements

Resouwrce Conservation Techrology Requirements

Energy Consumpifion

Sustainable
growth and
cost

Total Fab tools (KWhicm?)

0.5-0.7

Total Fab support systems 1kWhJ’cmz:|

0.5-0.7

Tool energy usage per wafer pass (300mm versus 200mm);
baseline 1939




Cleanroom Energy Use

Ol Water
5%

Support
3%

Process Water
Fumping
A%

Chillers and Pumps
21%

MNitrogen Plant
T%

Exhuast Fans
To%:

Average Fab Electric Load=348,905 kWh/Day

Recire and Make-up
Fans
19%

Process Tools

Source: Xu et al. 2002. Lawrence Berkeley
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OFFFICE )
3.0% Chiller
27.2%
TOOL
40.4% POW
i -OI!'IH
RCF/FFU
o
C/R LIGHTING ?'14 %
1.4% E-g;*
.8
WATER TREAT N2 VACCUM
l.:! Y ) 6.6% EF OAC LIPW 0.4%
o 3.5% gy, 30%
. e 2R o
Prof: SC Hu # 7 F#
Recirculation Airflow
800 ————— — 100
[ Cleanroom Air Change Rate (1/hr)
-l Cleanroom Average Air Velocity (m/s) 0.90 -
AﬁDD r 080 -.E
é Proposed minimal air 2
E 400 - Evisting IEST ;g;ﬁﬂg;gt;,ga; Proposed air velocity e E
] recommendad airflow airflow range for 0.60 ;
'3 range for IS0 Class-5 unidirectional airflow =
) ' <
| E
: :
< i
%)
2

FT FT FT

Dist. AHU  Dist. AHU FFU FFU

In-situ 1ISO Class 5 cleanroom air speeds and air change rates
Source: Xu 2004, Journal of the IEST
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Federal Standard 209 D class limits
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Class
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SO Standard — 14644-1

The IS0 classification is based on the following equation:

2 K
Cn = 10™ x [E}
D

—

where:

Cn is the maximum permitted concentration (in particles/m” of air) of air-
borne particles that are equal to, or larger, than the considered particle
517,

Cn is rounded to the nearest whole number, using no more than three sig-
nificant figures,

M 15 the ISO classification number, which shall not exceed the value of 9.
Intermediate [S0 classification numbers may be specified, with .1 the
smallest permitted increment of N.

D 15 the considered particle size in pum.

().1 15 a constant with a dimension of pm.

2012/8/27 13



anaar

Selected [50 14644-1 airborne particulate cleanliness classes for
cleanrooms and clean zones

2012/8/27

ISO Classi- Maximum concentration limits (particles/m” of air) for particles egual
fication to and larger than the considered sizes shown below
e iser

=00, 1 g =0, 2um =0, 3pum =k Sium =1 pim =5.0hum
150 Class | 14 pr
ISO Class & 1m0 24 {1 4
IS Class 3 [RRELE 237 oz A5 s
IS0 Class 4 PLERELN 2370 1 e 552 H3
IS0 Class 5 10K 0D 23 00 I Cr 20000 X 520 B3z )
IS0 Class & 1 OHHD OO 23T (D 102 CHHCk 5 201 5 320 293
ISk Class 7 352 (M 53 200 2930
LS50y Class B 3 520 000 E3Z O 29 AH)
ISCr Classs @ 35 2040 (M B F20 O 2935 (0

14



1efP DR FF05 u mPL ED
5 FFDEMTOTARS T )

G35k | (Fed.std.209D)
1cf =0.028 m?
305
1 feet=30.5cm
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95X 10 D5 4
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Hitachi Plant,




SO Standard — 14644-1

Comparison between selected equivalent classes of FS 209 and IS0
14644-1

150 14644-1  Class 3 Class4  Class 5 Classh Class 7 Class 8

Classes
F5 209 Class Class Class Class Classy Class 6
Classes | 10 104 [04) 10 G0 100000

2012/8/27 16



Cleanroom Classes
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products

Maximum permitted number of particles per m’ equal to or greater

than the tabulated size

At rest In operation
Grade 0.5 um 5.0um 0.5 um 5.0um
A 3520 20 3520 20
B 3520 29 352 000 2900
C 352 000 2 900 3 520 000 29 000
D 3 520 000 29 000 Not defined Not defined
2012/8/27 18




areas during operation

Recommended limits for microbial contamination (a)

Grade | air sample settle plates contact plates glove print
cfu/m’ (diameter 90 mm) (diameter 55 mm) 5 fingers

cf/4 hours (b) cfu/plate ctu/glove

A <] =<1 <] <]

B 10 5 5 5

C 100 50 25 -

D 200 100 50 -

2012/8/27 19




Cleanroom Air Change Rate- Existing Guidelines

High volume airflows have been utilized to meet FS-209

standard, and IEST (RP) for decades

Classification Air Change IEST Recommended (RP-12)
Per Hour Air Change Rate For Cleanrooms
ISO Class | F5-209 Class Range
o | |

8 100,000 548 - o EL 5L
7 10,000 60 — 90 < o a2
6 1,000 150 — 240 -E-m-u
5 100 240 — 480 5 0 T—1— 1 = 20
4 10 300 — 540 o o =—]J
3 1 360 — 540 = T =
2 360 — 600 ’ 1 3 Y 4 E g8 '.r
.1 150 Cheanlinesas Class

IEST Recommended Practices RP-12

This practice was based on old experience, in which air
change rates were arbitrarily selected Solely based on
room cleanliness classes.
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Non-unidirectional CR A
ISO Class:6~8
T:23130C, Hu:50+5%

i/ RAG Pl\gegsgrg:+15Pa RAG }

i 3 AR A 4 ARG 1




Descriﬁtion of existinﬁ sxstem ‘FFU+DCC2

ﬁﬁ]ﬂ FFU: Fan Filter

Unit
FF77] DCC: Dry Cooling
MAU to handle outside air dew point Coil _
to maintain humidity of cleanroom E gﬁﬁe Return Air
@ H 1] MAU: Make Up Units

FFU to provide driving force to keep

DCC to treat sensible OA N7 cleanroom positive pressure and
heat of process tools —> £3 é A g recirculation air to achieve
cleanness level in the room
‘ MAU P
/ / £
FFU Bec
(0] (o) (e oo (o]
DCt [ [ [ . b f 39-50pa
iy U L s
FFU Ext.Sp 100Pa Vf =0.3 ~0.5 m/s

Non-unidirectional CR
ISO Class: 6~8
T:23%+3°C, Hu:50+5%
Pressure:+15Pa




Problems In existinﬁ sxstem -1

External static pressure of A
FFU to be over 100Pa to
overcome pressure
resistance of RAG,RAS.DCC.
o
OA
—>

Air

infiltration

Moisture

invasion

FU DCC
00 0o 29 o > -
DCC il i i i O e Lol 30-50pPa
— vy
i R FFUExt.Sp 100Pa Vf=0.3~0.5 m/s t
q A

Non-unidirectional CR
ISO Class: 6~8
T:23%+3°C, Hu:501+5%
Pressure:+15Pa




Problems In existing system - 2

Downward cold supply air
from FFU to encounter
upward air current due to the
heat-load from process tools.

\_

T:10~36°C ]
OA  |Hu: 20%~90%
ADP:14.50C
|

E
2 2N 2 R N

AN
VvV

FF

o [ T i e S s O e i S
] ﬁ 3\ vy L vl ﬂ ﬂ — R

ﬁA 1 Yonpuni irecti@nal C8 Aﬂ
S ¢ 7 |SO Cl

I J I 23&33& Husbesoh 1 /ﬁ .
E ) - L ] Pregsurg: +15Pa) ) \3 vy 3




Problems In existinﬁ sxstem -3

Fixed position of return air
shaft and dry cooling coil,
which limits the space
utilization and flexibility.

AV
VvV
Y
| NNNRREN

v
bCC e mﬁﬂm mmm ﬁmor?mﬂ [ [  30-50Pa
|

FFU Ext.Sp 100Pa

Vf =0.3 ~0.5 m/s R.ﬁ

Non-unidirectional CR
ISO Class: 6~8
T:23%+3°C, Hu:501+5%
Pressure:+15Pa




MAU to handle outside air dew point
to maintain humidity of cleanroom

Low external pressure of FFU to
provide driving force to keep
cleanroom positive pressure and
recirculation air to achieve
cleanness level in the room

\

/"(A)—_>§§ GE

']]ﬁ]]]]?ﬂ?]ﬂ FFU: Fan Filter

Unit

% FDCU: Fan Dry Coil Units

g HG 1| MAU: Make Up Units

FDCU to treat sensible heat
of process tools and
overcome the pressure
drop of coiling coil

AN

ENEE 2K

oo
Wnlm |||Im %

FFU Ext.. Static
Pressure: 30P

<

1

Non-unidirectional CR
ISO Class: 6~8
T:2313°C, Hu:5015%
Pressure:+15Pa

« e




Existing system

Proposed system

OA: @ @ g Supply air chamber pressure to ]
be -85 Pa
v v ¥ v v ¥ v
FFU % L/ External static pressure of
_ lﬁfﬁ%ﬂ I%Ti‘r’nﬂ Iﬁwﬁ%ﬂ Frnﬁ'ﬁ I i~ FFU to be over100Pa to
0 o " lovercome pressure resistance
R
of RAG,RAS.DCC.
A @ y
r S +15Pa i 5[ 17 | i .
E RAG : C/R Pressure to maintain
O L +15Pa )

Supply air chamber pressure ]
down to -15 Pa

il External static pressure of
\LFFU can be under 30Pa
e

_ C/R Pressure to maintain
L +15Pa

Less negative pressure in the supply air chamber (from -85 Pa to -15 PHa)




Existing system

3 Alr

| Infiltration

=3600 a A V2.AP/p

a=0.8, p=1.2kg/m3, .AP: Pascal
IF A=10cmx10cmx10 =0.1 M?

] Air o =3600 x 0.8 X 0.1 ¥ 2X85/L.2
=3428 CMH

lIL Proposed system

} Air oo =3600 X 0.8 X o.n/ 2x15/1.2
=1440 CMH

Reduced air infiltration I




Large air Infiltration
Heat invasion

Existing system

(I

L Heat i,yasion =3428cmhx 1.2 x Ah (Kcal/kg)

AR = 3428x1.2x12
-85 Pa = ~
m%ﬁ%ﬂ ﬁ“ﬁ‘.ﬁ Fwﬁ.ﬁ Frn‘fl%ﬂ ﬁnﬁ'ﬁ ';T“fﬂ . 49,363Kcal/hr=16.3USRT
i 0 Moisture iyasion =3428cmhx 1.2 x A x (kg/kg
" @ @ 0 = 3428x1.2x0.0045
i A A i = 18.5Kg/h
rair
Infiltration AICPESEN SRiE
Heatinvasion = E3 ] ] Heat ., ..ion=1440cmhx 1.2 x Ah (Kcallkg)
S nvasi , = 1440x1.2x12
R AR U =20,736Kcal/hr=6.9USRT

-15 Pa
=

v
f f
e MOIStUre . yaion =1440cmhx 1.2 x A x (kg/kg)

= 1440x1.2x0.0045

t

=
=>

Reduced the energy consumption l




Existing system — B gl *
P 2 2 2 2 A

DCC
~%4 30~50 Pa

Proposed system

Uniform temperature distribution in the working area (BOF + O.9m~1.5nﬂ)




EXisting system E 3

ADP 14.5°C ,10% of Supply volume

g 14.5x0.1+18x0.9/1=17.65°C
o - To:18°C
v v v v v v v
FFU 0.3 M/S~0.5 M/S e bee o180 i
FFFF . I . o . T rJJAJ/ foee
1 4 ) ‘yu 7 J 1 U 4 U . DCC
Trl 0 ¢,/~ Y 0 [T1s:17.65°C ) |rT N Ti235°C ﬁ
7 = el [ N ~ % Ti:23.50C
E/ _ Ny g /H\% N = e j 123.
- 14.5x0.1+20~24x0.9/1=19~23 °C
Proposed system| E 3 F St T0:20~249C
B Il / ﬁ
Z
v v v v v v ) v oo
FFU FDCU Tp20~24 °C FocU bz
e [ o — e
800y 22088 480 30Wopg8 400 I
039 80 DTs:19.45-23° 1:126~30°C 7 g7 g Ti:26~30°C
RS ? &3 23 d heat-load of
According to heat-load of process
0 5% X J /i\ =y ¢ tools to design the dry coiling coil

Accuracy and high COP to treat heat of process tools ﬂ




. o —> P H
Existing system gl
DCC\ ' ¢FFU¢ vy \ Return Air Shaft ]

f ﬂ/
i @ cmmg@ 0 [ReturnAirGriIIe ]
12 1L/d A1l Ch.

|

Proposed system

Fan Dry Cooling Unit
to treat sensible heat
of process tools

l l Return air shaft
Clean Rgém cancelled to increase
@ @ production area

(| =T\

15% increased production area l




Existing system

p
Fixed DCC
location

p
Fixed RAS
location

Proposed system

relocated with the
process tools

C FDCU can be ~

k

p
Ball room system ]

N J T

X

™SI 1
= |y

fﬂﬂ

Vd

FDCU can be relocated with the process tools. n




FDCU can be relocated with the process tools

The advantage:

 When AMC released from process tools, the
current design of a wall-return recirculation air
system could cause AMC disperse to other
process tools and eventually to the entire fab

through supply plenum chamber.

With a local-return air system anc
installing the FFU with chemical fi

leaked AMC from the process too
Isolated within a certain area.

properly
ters, the
S can be



OD-TYPE R-TYPE

Before
P

Il Tocooler | |Tocoaterf:

Before

— —— n

Before After
Yield 95~98 95.3~98.4
Temperature +0.28°C +0.2°C
Humidify +2.66% +0.2%
Equip. Occupant 4.23m 2.16m 49% |
Power Consump. 439kw.hr/day 20kw.hr/day 95% |
Equip. Price 50% |




Control of Reduction of ||Sequence control| |Free cooling

exhaust air Reduction of| |pump head of pumps system
volume clean area ’ oe oe /
H | _EE]
.I ' Cooling Lowsr

hi led water pumg

Review of
operating method
(night, holiday)

Improvement \m
of clean air == =

circulation

Glean room
Glass 7 - B

Clesn room
Clase 7 - B

|~
i

Inverter W ” s e—u—y Y . =
& f Badb b P hRRNNd £ 44 bLRRRN
. ]+ GO0 oon a0 00kabay i lar Wt matar tark
Cﬂntlﬂl h“"‘:]_ :l: \ & | Clean rooms r Rt Clean room * k|
AiF handling unit /3 class 1-2 5. Clazs 3-4 /5
i o pet u= wins g
>< \Egl i R SRR S e A— S
AN VO = [/ oe|R

‘,.-"' o | led watar Eshawst air = Rir eondit i lad sator g Cooling wyber o

ir oonditiones
for isterior sk load i lling uait

Control of . . o
) . Review of design condition :
intake air Reduction of power

volume Heat recovery High efficiency machines| |for convevance

2007 International Symposium on “Advanced Clean Room Technology™

Hitachi Plant Technologies, Lid.




Challenges

- “Stability” is the 1st concern

« Design criterion (spec)
- value and fluctuation values
- 1SO class. ACH, Noise, static charge etc.

* Rule of thumb of design
- eg. For ISO class 6 require 60 ACH 1/h

« The difficulty on evaluation and verification of the effect
of energy conservation facilitated. Many factors influence
the energy conservation of a fab



4.2 UPW: Closed Loop VS. Open Loop

General system

Chilled
supply

Chilled
water

Cooling water

25deg
q

water 20deg
Heat
\ exchanger
return \exchang

Filter

Pump

Cooling Water Tank

o

2007 International Symposium on “Advanced Clean Room Technology™

Hitachi Plant Technologies, Lid.

Closed type
cooling tower

Energy saving svstem

!

_l 37deg

L\

[anu gq

32deg

Filter

Pump

. \
Expansion tank",




—_ ) ) S » 2 /-
& > e ?)% Ie
4. 3 B ﬂ L Vg ) ¥ T ev FH
b 4, 78 58 2 2 3 48 (PAHU) RN PORT B I o e B
A M T - High speed air washer ] ]
| | H T - o 1=
Outside Air PIREE RN =B ' 5l
5 |2 =) > = z
I:> :EJ #’ 5 E;;’ JIJ
ﬂ:l/ II E = E
I S ] oL - . —— |

Supply [Ql

Water

CHWR

Spray
Pump

§ :
CHWS 4@—1:9@ %

Heat exchanger

2011.10.11

Exhaust
Water

Supply Air

—>
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2

4680L/h
g
6205x1060x1305mm
5hp
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1.5
2.0
2.5
3.0
4.0
5.0

|2

0.43
0.51
0.57
0.62
0.71
0.80

R AR R

135
140
145
145
148
150
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SRR
High Speed Make Up Unit System
84.9% 96.7%

(ﬁ Tﬁﬂ) 264°C 2350C Ombar Ombar 207mbar Ombar 23.5C 21.3C
— _l_

'

i o - ! . Fé:‘\
") | » 1 N\

- INV L

EN

T e

ECOA TECHNOLOGIES CORP.
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CHD TECH"‘”
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44 FERzAFITHHRENEREEAETE
(SBIR Awarded Project)

5 AR A PR 5]
CHD TECH CO. LTD.
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