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-—((((‘ @ oy Y Manufacturing Steps:
N\ (primary wafer) 6~8 weeks involve 350-step

|
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Initial ox Initial ox Ini ox Int ox

Si substrate ' Si substrate Si sub ' Si sub i

Thin film module

— Diff module PHOTO module ETCH module
—— - Diff, PHOTO, ETCH, T/'Fl
— & 2, /‘[ ‘l ‘[\
[——
B (o ) - =

1% E
—. \ / ered Seae?
—;‘_.- - & = .—, ' r t!y (h
| — N | %
-_— ChlP Cutting — IC cross section
— Wafer Sorting WAT
et

Final Test

Bonﬂ\\\ Packaging

(T. S. Chao, Introduction To Semiconductor Manufacturing Technology )
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Pumping line=—— Local scrubber— SEX

Drain ( HE(D)IPA(D), THINNER(D).| |
H2S04(D).CuS04(D).CMP(D))

Exhaust(SEX.VEX.AEX)
drain (DIR,AOR.AWR,AWD)
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3.2. R(UPVWR

1 FA(= W IRR) A

B 5 & FH/H 7 A B 3 A4 JZ ZK ZKE
B b FE pH A& 707 &
+E F E ( Conductivity ) usS/cm 240-370
£5 85 ( Calcium ion > Ca”~ ) ppm as CaCOs; 80—-—90
4% 38 F ( Magnesium ion * Mg~ ) o 30-35
£33 8T ( Sodium ion > Na ) i 20—60™
£¥ B8E 5 ( Potassium ion > K ) B 24456
(85 8E T2 ( Total Cation ) L 132—-189
5 BE AR ( Carbonate > COs~ ) w 7090
ZR BEAR ( Sulfate ° SO4) v 45-64
FUBE-T ( Chloride > C1 ) % 1633
8 BE AR ( Nitrate > NO3 ) = == 2.0
(8 FEBE T2 ( Total Anion ) e 132189
SR BET (Iron ion > Fe© ) Ppm 0.05-0.5
&% B8E5- ( Manganese ion > Mn™ ) Ppm = 0.02
4857 & ( Total Silica > SiO->) pPpm 5.0—-10.0**
ZE AR — | Ak ss ( Dissolved CO-) PpPm 9512 6"
FAR > BEZF(CL ° O3 etc. ) pPpm 0.2—-1.2
&8 H A s 5 ¥ ( Total Organic Carbon > TOC ) PpPm 1.1~2_.5
75 JeF5 FL ( Slit Density Index °> SDI ) 6.0-6.7
= Z ( Temperature ) oG 1527

g

* T EH (4 - B T B5&-F = “F 47 ( calculated value for ion equilibrium )

#% fE2 2% {E ( assumed values )

i
pi
|k

\
[
Mt
b

FTE HZE€REEF8 21t - o ¥k HE ~ FECKH ~ A2 FE - BEAEK ... EFE - A S

%




3.2. PAkR ()
FR(UPW) 3 P "Hyind p ~ EUPW A
ol 5 2MGDH 5500 m Lu, oV 7l R | )
UPV\Ao & A a0 A Y _y1 Ywt
> zlaw & W 1+ YH MMk K 7 ® 3F H
i Y w yA 0 T o MY =
N uYbP viil

PA(UPW) quality standards for use in the semiconductor industry

Test Parameter
Resistivity(25°C)
Total Organic Carbo(on-line for <10 ppb)

On-line dissolved oxygen
On-line particles(>0.05>m)
Non-Volatile Residue
Silica(total and dissolved)
Metals/Boron (by ICP/M$

22 Most common elementsons(by 10

7 Major Anions and ammonium
Microbiological
Bacteria

Advanced Semiconductor UPW
>18.18 M €m

<1>g/L
10>g/L
<200 particles/L
0.1>g/L
0.5>g/L

<0.0010.01>g/L
0.05>g/L

<1 CFU100 mL

(httos://en.wikipedia.ora/wiki/Ultrapure water)



https://en.wikipedia.org/wiki/Conductivity_(electrolytic)
https://en.wikipedia.org/wiki/Total_organic_carbon
https://en.wikipedia.org/wiki/Inductively_coupled_plasma_mass_spectrometry
https://en.wikipedia.org/wiki/Ion_chromatography
https://en.wikipedia.org/wiki/Colony-forming_unit

n ASTM D5127 13(2018) ; W KRR " E
Parameter TypeEl TypeE1l.l TypeEl.2 TypeE1l.3 TyPeE2 TyPekE3 TyPek4
(>m)Linewidth 1.0-0.5 0.35-0.25 0.18-0.09 0.065-0.032 5 -1 >5 -
Resistivity 18.1 18.2 18.2 18.2 16.5 12 0.5
25 C é I+ hne)

U/mi 0.03 0.03 0.03 0.25 : :

(S2ER),
o e e 53 2 1 1 50 300 1000
<10 ppB)O%
1) On_"n? 9 25 10 3 10 - - -
L) On Llneg' 1 0.5 0.1 - - -
8m|cron range)

1§ 0.2 1000 1000 200
0.2y 0.5 500 500 100 3000
0.5 1.0 50 50 1 10000
10 : : : 100000
CFU/Volume
100ml Sample 5 1 N/A 10 50 100
Silica 5 1 0.5 10 50 1000
(>g/l)

(> (>g/%) 3 0.5 0.5 - - -
NH4 Ammonlum 0.1 0.1 0.05 0.05 - -
Br Bromide 0.1 0.05 0.02 0.05 - -
Cl Chloride 0.1 0.05 0.02 0.05 1 10 1000
F Fluoride 0.1 0.05 0.03 0.05 : : :
NO3 Nitrate 0.1 0.05 0.02 0.05 1 5 500



DRA R IE A AE (1996 er 1, 1999 er 2, 2000 er 3, 20 er £
E egratio ade dRA 6 / 6 64 5 4 D
% Design Rule Paramete ] 6
DRAM %% JE s A A2 S B 3 Iy
0 008 s

S Adintegration Grade) | DRAM| 256K | 1M | 4M | 16M | 64M | 256M |1G(Est)| Analytical Method
S £ DesionRuieParareterg) | UM 1520{10+2|  03~05 013~025 sawmen [ A EREHK 18.24Mem at25C
AR A8 LA B4 A2 ok Kk K KB ULSI &8 LCD %
APfResstivly 225°C)  |Mchmam >18 | >18 |>181| >181| >182| >182 | >182 | Resistvty Veter - ’ l'_“h 4~16Mp [16-64M G4~Z56Mp 25("\”T|(ih ,

_ B (MQom) [175510] 2180 | 2181 | >182 | >182 | >180
b FfEPartidle sze) um 01 | 01 | 008| 005| 005 | 005 | 005 | PaticeCounterar TR 3

e st = | VLM ~a N = o -
P T3 B(Paticle No) pes/ml | <50 | <10 | <10 [ <10 | <10 | <1 <1 Filtration SEM *Ar(" I 0 lﬁ}um ~ <0 & (l » N
mif{Live Bactera) | <@ | o | s ||l | | nteon fll|EM ("JAU.SIu T = | = | = | <0 < .
il Ui b | <B | <D | <M 5| 3| <t | <05 | ToCheher [ EEH ()| 1050 | <10 | < | @5 | @l | <0
465 3(Totd Silca » S02) pb | <10 | <10 | <5 | <3 | <1 | <05 | <01 |lonCrrometograpty T0C(ugll) [ 30550 | <10 | & Q i Ql
254#{Dissolved Oxygen > 02) pb | <10 | <@ | < | <0 | <5 | <2 | <1 DO Meter B (ugll) | 30850 | <50 | «I0 ) < <50
PEEFScdumicn » Nat) | <100 <50 | <100 | <50 | <0 | <5 | <3 | IcIHRICAMS B (ugl) ) <l < | <) <0.] <l
$785F(Potassiumion * K#) Mt | <1000 | <500 | <100 | <50 | <10 | <5 | <3 | IC/HRICAWS 'f‘”é (nglL) | 100~300 [ <100 | <10~50 | <S5 <l <100
BT (ngl) (100500 <100 | S0 | < | a2 | <00

RBEFChlorice * C1-) pt | <1000 | <500 | <100 | <30 | <10 <5 <3 IC/HRICPMS




A

UPW(ltra pure water ): A

(1). e 45 (Salts)

(2). keik4h (Particles)

(3). B% (Colloids)

(4). #4 4 4 (Micro-Organisms)
(5). .72 (Gases)

(6). & # 4% (Organic Materials)
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Al (SO Cationic . I
MSod pobymer Lme (R Wh &3 .
<
?( ‘)2 \ r 3 2 1
l I ] ' [ l
\Feed water l Sand l—o—.bﬂuni media)
i | 1 L
Raw water Clarifier Filtration o Filtration
Scale
inhibitor]
————— - | = /l R 1
s!:fca)ge e % = Su j=—j] Heat [ ——-——
Storage Reverse Reverse Filtration Heat
osmosis osmosis exchanger
-— a0 e uv MB -t UV ] =1
Vacuum TOC reduction Primary Bacterial Filtration
degasification UV irradiation ion exchange inactivation
mixed UV irradiation
NZ
uv e = 1 I‘—{L}*‘— DI storage |-
Bacterial Filtration Polishing TOC reduction
inactivation ion excha UV irradiation
UV irradiatson mixed <
Loop
a1 < 00211
Final 1
fltration Ozone

Manufacturing

yav)

UPW water system process flow abstracted from Sematech guidelines
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1). uuF%ﬁiesi % (Sedimentation & Flocculation) : SF ~ MMF....etc. % &
B8 2% (Depth Filter) -

25 —i—%ﬁ%ﬂ:(De -ionization > DI) : /& - &k X s 2
3). B & (De-gasification) : De-carbonator - N.DG - VDG - Catalysis
De-Oxygen -
4). &g #% #ir(Filtration Technology) : 4 =i&/g(Dead End Filtration) --
- &F g Filter & 3% &% (Cross-Flow Filtration) --- MF ~ UF ~
NF ~ RO -

5). # i (Sterilization) : AughA i ~ KB4 - UF ~ AL R IZ R Fhw
RE - HAK - BRATILONME




3
2

-

355 R K Ol

— KRR

|
5% AR

v i5HEE

—

- 5
WERE g UF
— — HERS
1 |
- ‘_$D .f E'f— | |
v B
"""" - DIR I
__________________ a 1
—ABIEIT K 5 [ !
- AWD
= r AWD BB |4====| AawD S [
_wbD
: s I { OWD RIESH (¢ ==—=|cwD WES G |l
|~ | RESG | R |
> -| cvmPEEZ% ——=| cMP IS4
i e Sl
J : I_. Cu CMPERIE S5 (€= —=| Ccu CMPUEE R e
- ]
: | BSHER |+--- soli®asi |«
[ A o 1 - AOR
| Local Scrubber *--: : ' AORERFEZGE | === AoRIE 4 [+
.
,M\"'Z""'l'*?',. """""" e Ty
<ok |e-¥- REAK | €-- % |- REEEK | HFD
| : e bwsd [
FRERAEE | :
centra) Scrubber I —.
HFERIES 5 («— HFEEREE
EEFHK » | M
. ] v + WW Drair
- ROGGH | €1 SR e BFHS  (e---1 PRI e —REKUEE
BEHIK =m=m=me BEKEE === BEEHKOIN =————- upw B




3.4.0 a -

- - —
)
RANGES OF ION PR S
AT R 1 | A S
[ MICROFILTRATION ] CLOTH & DEPTH FILTERS
|
MEMBRANE RO/NF | [ meumanon | [ screens & sTRanERS
s MF/UF
ke REVERSE FILTRATION } \'_/ Wf\_y
OSMOSIS
\‘ P
— | ,,I—gimutsmus ]
[X o emusions J ] RED 8L00D
| virus |
/'\ PAINT PIGMENT |
R(EFL%T(;\I(«EMSO%E u%ge&:s) P =] | | —— |
MATERIALS < P [ coiomaL sitica |
RADII MW
[ PYROGEN |
E _ _ YEAST CELL
Ag, £, Co, Cr, Cs, Fe, Min, Na, Co-58, Cr-51f Mn-54Y [Co-Bo¥—T— [
N|, A u, Rb, Sb, Sr, U ESUG““S I Fe-59 -110. SiO?2 @@\
P

PARTICLE SIZE 1.0 10 102 10%
(Microns)

PARTICLE SIZE 6 '
| 1 10 100 1,000 10,000 100,000 10 10
APPROXIMATE 100 200 20,000 100,000 500,000

MOLECULAR WEIGHT

ELECTRON MICROSCOPY

2N,

OPTICAL MICROSCOPY < VISIBLE TO NAKED EYE

20N




O LUSERIALIE 748 -

> £ ; Nanofiltration -
y Microfiltration Ultrafiltration Reverse Osmosis
Membrane Technology: 05 0.1- 0,01 mm &2‘! 0,001 < 0,001 mm

zooplankton O
} ! Organic
P aigae macromolekules compounds
Retained Water * . [ | o
ingredents: . turbidity | * s
5 bacteria % Monovalent ions
Suspended o colloids Multi valent ions
particles
Needed pressure - ~ -
Aiffarance: 0,2 - 3 bar 0,5 - 5 bar 5 - 10 bar 10 - 150

Molecular weight cur-off, MWCO

Source: Chriwa Wasseraufbereitungstechnik GmbH
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O LUsENEAR R (geometry) 248 . O EREAVMEREL A (morphology)

710N

permeate

spacer Outer Surface Skin

Macroporous
retentate Support Layers

: Inner Surface Skin
\ (a) Plate-and-frame
permeate Dense
Support Layer
central membrane ;
permeate Symmetric structures

module
housing

permeate Cylindrical pores+ Porous-

membrane (b) Sp al‘WOUﬂd

Asymmetnc structures
Feed solution Capillary membrane Shell tube

il

Ogncentrate

I Finger-like: Sponge-likes Composites
{ Firtrate (c) Capillary
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OL>qg>" MF/UF
2. X 'Q SMQ a+Uy MBR.J

3. =( =) > FAY %
4. ~> 0 y UY A
5 > y L

TL>q «" ¢tey>" >y #u

7. | = > eynu

8.3 ~“>SMQ aVYL 0

y 2 Pts

26




RO W ugp A
, CODY NQKu uNKu MY 'Qz
BODY UTQKu Nx "Qz
TOCY X 1Q A YC w WX 1Q Z

5 £ CODA 3V
Ok t©>99%

~Aa>FZ>0S>  =J>QN>] >S

Q ,
LWONQ> %> ONsS|” ( 4y Qu vy
+ CQ(g))

EWTNN WE X Qz u Z (v A )
->M>a®560DI >PgqgMeE->kE>
Z = | + | &z >TDS¢ Silica

NRE !

y YyX QY NQ¢o3 ¢L
=, NTUDSS, mg/Lh n WD
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1. K
2. ¢ TWNLRS>PKR YON = ltT"H E¢ R "H
1 Ml MK
3. + RO =M Y1 dSDI<3

SDIr = %P30/T = (1 -tilth*100/ T

%P3 . | Y%@30psi x 2
T 1 , 5/10/15 mins
ti bo@® | 500mIitR% "H M=
tf b= T L(z t) Y | 500mia "H T

@ SDhst WY Z €1+ ONN>M> OSYs 6»15 iiksL y /]
10 CnQNte>UWS>»C B SDhoor s

Y
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RON > (> ) JU"E
A >
1. &y _ LA™ 7K
2. 0t V (Polypropylene, PP) n (Melt - Blown)
3. 1 M Silica < 1.0 VihHO>PYX /
4. € 0 ¢ >5eM
A 10 ,MMF+ 5 1f ,ACF
OL>kkdS§ adk SS,
2. MMEbEH Yy Y =+¥
3.ACFbEH Yy b0 )
4, Ko> GO I ( Okae'H H ¢ )
5. ZPs viar @ 7 RY 9L ql W
y
6.|/|QB \1
A w o
1LYy o i R
A>>>X>5> k  Silica A E n uyMMF a
2. o)
A>>>>Wo>AyqWl Mgosd ¢l
3. FBC
A>>>8>>2Ayphegq¢g
A MF/UF
1. MFcbporeS|zelo -5¢ 1007m 2. UFdopore size 10 -7 10-8 m
3. MWW G¢yuyulr . ROx» EyXI RO y

P EHy Fo0oXx2N

¢LLad ¢

29




>, O( 'OsxiorPass-2 ROR
kK =~ >/ A
. RN kK "> a
PR JIR™ > %3 ROIE@®




A A

A Q a)
1. OWMx™Q i 2Ha((@ 2Y 1 )
2. Wi ¢ KW  x1.2 + 81
3. W 2db¢ 9 ¢ >8barY t2Hxx ~H ¢ Yo €
W 2 <4bar
Size ROR flow per vessel, CMH Max ROR flow per vessel, CMH
8040 z > U LgP 22 z>0U
4040 z>0LgVv 25 2>QLT
1E5% - @ ivou
influent ROR
membrane
A o |
b J|If £ 7 / <
2%y /0.5%
o Q/ 0Q 2%y /0.5%y SBS/1%
X b jt o /0.1% y STPP/2%+NBDTA/0.8%
NQp 3r o /0.1% + SDS/0.03%
Silica o /0.1%
1.SBSh A
2. STPRb
3. EDTAbX )
4.SDSh | Y9 b 31







< UF (hollow fiber — mside-out)
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(Ultrafiltration) n£€n-MBR )
nt >E u b >  MN'Qu (MBR)
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nEn
OERRADD
nD
mli DN -
DN
Tubular: 1 >§090 D0 H3 ¢
X-flow s > -
! (Hollow fiber) ~ Flat plate: Hollow fiber: AREIAERER |y 5 o & f
GE/Zenon Kubota KOCH £ >0 Y, n
Mitsubishi .
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Hbraktss BEF) | (@) On-Line Sample
FilgER 3 % P.F. T.0..SD.
iy & i P. SD.
RO j& & & & 4 & % PF.C. TD.PAS.0.
iR ? ? 4 & |P. OX.
BT (- (- & (- (-) PFR 0.S.PA
1~5 um #EEes & 4 P. PA
254 nm UV.£5 1B R B.
185 nm U.V.4& & & R 0.
BRI & & () OXB.O.
0.1 ~0.3 um #)Ees & & % P. PA.
UF & & & & & PFRT.  |OXO.PAS.

?  fRAVE(E Decarbonator IR HIZ Air Blower &5 VOC K7 fiifil T~ 5858

* () R3S Negative effect) - f4114f#be Decomposed)
* P :Pressure, F:Flow, T : Temperature, R : Resistivity , C : Conductivity, O : TOC, S : Silica, B : Bacteria, SD : Silt Density Index
TD : Total Disslove Solid , OX : Oxygen , PA : Particle Count
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1. Backwash (fz /i )-
2. Aspiration HCI / NaOH (3 %2).

3. Displacement (j5 2/ [ulff{ B2 i)
4. Rinse (&%)

5. Regeneration Control
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1) Bt BELERENS RABZHIRELE  REBEHEEH  BEEH
Z AR KA RAEEA T A BBERFN -

2) Baft HEZRERL FEIHER (Redundancy) WiE-%—F
# (One by one Replace) # (%55 - #—EaPxir—4 (Set) B4 8
BB 4% BN B2 ETHERZIEAR | HNRH S gE |

3) it ZRIZRIEHA: THMARRRI > TREHBHEEH  LH
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4) Bt BRNFAENBEZFILRIE | B AN KL EZEHREE
(Polishing Loop) » 4# % # % z XM e & 1 4 (Leaching) &2V - &b
B4 %y (Start up) 2% %850 (Rinsing time) » xR K EZ &K o

5) £ A LdN Azt L LSRR ERENERX » HTHE
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1). SF & MMF vs. MF & UF
2). N,DG & VDG VS. MDG

3). DI vs. CEDI

Mechanisms of Filtration
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DIRECT INERTIAL DIFFUSIONAL
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1). SF & MMF vs. MF & UF :

20270—73 3 Cross-flow fitration system 2B 585X Dead end fitration system

MF & UF SF & MMF
S JeE
373.17@/@{27}(5\ Fouling Index (F1) Stable at < 3 FI Not stable, Al or Fe increase
(Quality of permeate)
¥5%8 RO FE T 2% ] ; : .
= Careful tion, Shorter lif
(Sucteedng RO.6tc ) Stable operation, Longer life areful operation, Shorter life
REG N d Indispensable
(Coagulant) i P
REPRFT S Te 2 B =
roduced
(Sludge caused by coagulant) Not produced
PRfEEdEE Euge Complicated
(Operal]'on and Maintenance) y (Control of coagulant according to the fluctuation of feed)
THLERR o——
(Space for installation) Small b



). N,DG & VDG vs. MDG :




3). DI vs. CEDI :
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Sulfate Radical-Based AOPs
S20s8 2 1 itself is a strong oxidant with a standard oxidation potential (E o) of
2.01 V. Once activated by heat, ultraviolet (UV) irradiation, transitional metals, or

V) to initiate sulfate radical-based advanced oxidation processes.

UV-Based AOPs

Hydroxyl radicals can be initiated by photons in the presence of catalysts or
oxidants. The most common catalyst is titanium dioxide (TiO2), a RO-type
semiconductor. TiO2 particles are excited to produce positive holes in the valence
band (hv + vb) with an oxidative capacity, and negative electrons at the
conduction band (e 1T c¢cb) with a reduc

elevated pH,S208 217 can form more powed#dalfiu,l B uc

)
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(1. IC
Y, MODG AE oK wut MuzOo WRZE o
(A) % bz X H2SO# HA@ HNOB HY H3PO# NaOH NH4F
H202 NH4QH HCy 36" > GYp 3 + pH COPSS
L =
(B)z O Hadbz ~HFV 3 + pH COPF
(2). IC (%)
Vodduyu W vty Ky KRy Ry o0'Q Ry
) B X
(A) Y Rz ” Aned t SS
(B) M > t pYz SYN ycowuy .
(C) R > t  p Yz H2SOAHCY NaOHY o 4= + pH
y COP SS

(D) 0'Q Ko + CNy pH
(E)” b t pYHB7AD py pY~ dKRa Y
b3 pH Zry Pb
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NH,OH = CMPA

Chemical y 4
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