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(T. S. Chao, Introduction To Semiconductor Manufacturing Technology   )

Manufacturing Steps:

6~8 weeks involve 350-step
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ҙ ₤

300mm

CMP

81

https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
https://www.google.com/url?sa=i&url=https://www.accretech.jp/tw/product/semicon/cmp/cmp300.html&psig=AOvVaw0jVjT5VH77JUbLKwj9u3mL&ust=1631957406417000&source=images&cd=vfe&ved=2ahUKEwjLw6Cd2YXzAhWcx4sBHV4QCAcQr4kDegUIARC0AQ
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ϡ. вҙ ᾓ



3.1. ☼

῁ Ӱ ῁ֵ
(polycrystalline silicon)
᾿ẞ (wafer) ҏȲױⱢ
ҙ Пϱ ȴױ ῁
ѱԛ שׁ ҒЏцֵװ

(Epitaxial reactor) Ҡ
שׁכ Ɫכ כ Ȳ
Ẕӣ ḆⱢ Ȳ ѹ Ғ

῁

Ӱ

ῴ₇כ
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Ϯ. ☼ ế Ѭ о



3.1. Ю ( )

Ẕװ П
Ȳ⁄Ӧ

֢ Ȳ
Ӧ ȳԏ

ȳ ẘȳ
ȲӢ ֢

ӣ П Ȳ Ɫױ
М

ῴ₇כ

₇כ
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Ӧ
װֵ ♃ᵂ



3.1. Ю ( )

й ȳ
… ᶙכᾼ Ȳ
й ѱᾭᾼכ
(dice) Ȳԛ ȳ

ȳҔ ц ∟ᵛ
Ɫҙ І₇כȲ
Ɫϯױ

ҙ І₇כ

₇כ
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4 ₇Пйכ ᶧ
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3.2. Ѭ(UPW)Ѭ

Ѭ(ᴞẃѬ)Ѭ
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3.2. ѬѬ ( )

Ѭ(UPW)֯ ҙ ᴩ ᾛṿӣȸ ᴩ ḖUPW₇ ᾼ ȴ
Ϛ Џ פּ 2 MGD Ἠ 5500 m3/щᾼ ⇔ṿӣ Ѭ ȴ
UPW ᾼѻ ế ᾼ ӣ╥֯ ∂ ᾼ Ɏ ɏ ȲẁⱢ

› Џẓȴӣᵂ ế ẘ ȲӇ ѬМҟ Ҡ ₇ᴆ╬Ἠ
Џ Ɏֽ ẘ ɏᾼ ȴ֯о Ἱԏ МȲ Ϡ ế
ҵȲϷ ṿӣȴ

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

Test Parameter Advanced Semiconductor UPW

Resistivity(25°C) >18.18 Mʍϊcm

Total Organic Carbon(on-line for <10 ppb) <1 g˃/L

On-line dissolved oxygen 10 g˃/L

On-line particles(>0.05 ˃ m) <200 particles/L

Non-Volatile Residue 0.1 g˃/L

Silica(total and dissolved) 0.5 g˃/L

Metals/Boron (byICP/MS)

22 Most common elementsIons(by IC) <0.001-0.01 g˃/L

7 Major Anions and ammonium 0.05 g˃/L

Microbiological

Bacteria <1CFU/100 mL

(https://en.wikipedia.org/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


Parameter TypeE- 1 TypeE- 1.1 TypeE- 1.2 TypeE- 1.3 TyPeE- 2 TyPeE- 3 TyPeE- 4

( m˃)Linewidth 1.0- 0.5 0.35- 0.25 0.18- 0.09 0.065- 0.032 5 - 1 >5 -

 
Resistivity, 
25ïC (On- line)

18.1 18.2 18.2 18.2 16.5 12 0.5

(EU/ml) 0.03 0.03 0.03 0.25 - -
rmaFΡ¦ˍL) 
TOCFΡ¦MjG>
(on- line for 
<10 ppb)

5 2 1 1 50 300 1000

DO(˃ gˍ
L) On- line  25 10 3 10 - - -

( g˃ˍ
L) On- Line 1 0.5 0.1 - - -

( m˃) 
(micron range)
0.1ɉ0.2 1000 1000 200
0.2ɉ0.5 500 500 l00 3000
0.5ɉ1.0 50 50 1 10000
10 - - - 100000

CFU/Volume
100ml Sample 5 3 1 N/A 10 50 100
῁

Silica ɇ
( g˃/L)

5 3 1 0.5 10 50 1000

῁( g˃/L) 3 1 0.5 0.5 - - -
І( g˃ˍL)

NH4 Ammonium 0.1 0.1 0.05 0.05 - -
Br Bromide 0.1 0.05 0.02 0.05 - -
Cl Chloride 0.l 0.05 0.02 0.05 1 10 1000
F Fluoride 0.1 0.05 0.03 0.05 - - -
N03 Nitrate 0.1 0.05 0.02 0.05 1 5 500
N02 Nitrite 0.l 0.05 0.02 0.05 - - -

רּ ASTM D5127- - 13(2018) Іцҙ ₇ ӣ ѬѬ Ḗ



Л֝ (DRAM) ѬѬ Ḗ



Ѭ ( )о ѻ Ḗ

UPW(ultra pure water ): Ѭ

3.3. Ѭ о Ṇ
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UPW water system process flow abstracted from Sematech guidelines

Ѭ Ѭ ҙ

UPW 

ẕ₤ Ѭ ( )о ☼
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Ѭᴃ

ֵ RO
UV ᶩ

( )

UF



GA

R

и ᶧ

Co-58̡Cr-51ȲMn-54ȲCo-60Ȳ
Fe-59 ̡Ag-110̡SiO2

Ag, C, Co, Cr, Cs,  Fe,  Mn, Na, 

Ni, Pu, Rb, Sb, Sr, U

MF/UF
RO/NF

SF/AC

-- ( ) 23

3.4. ѻ а
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ROUF
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RO ѬѬ ἤ › Ḗ

OL>qq>ˆ› MF/UF

צ .2 ᾬˆ>Ӣᾬ а+UFȳMBRȳ
3. ⇔( ⇔) ˆ> Ѭȳ ☼ ȳᶼ₧
4. ˆ> Ѭ+Ṹ ȳUVȳḀ

5. ˆ> ȳ∟
TL>q¨«¨¢ >ˆ>ḛȳ ȳи ȳ
7.   Іˆ> ḛȳи
8. ᶟ ˆ>Ӣᾬ аȲ∟ о о

WL>ȼ¤³¢L
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RO ѬѬ ц╓ ἤ

Å צ ᾬ
1. о , CODȲҔᵶӢᾬҠи цЛҠи Пצ ᾬᵶ
2. Ӣо , BODȲӢᾬҠи Пצ ᾬᵶ
צ .3 , TOCȲ צ ᾬ ֥ᾼ ȲϚ щ Ѭ צ ᾬ ᵶ

ⱢCOD ᾼ3פּ
4. RO иІ > 100Пצ ᾬҟ ʨ>99 %
5. Ϛ ȸ

_L>amb>ʧ>V>¯¯¬>FZ>OS>¯¯¬J>QN>]>SN>]>ONN>]G
`L>`mb>ʧ>S>¯¯¬
aL>rma>ʧ>Q>¯¯¬

Å ⇔, Conductivity
1. Ѭ ᵒ
2. ѬМ І( ἤ ) ἤᾼ ֥
QL>PS˘ϯ Ѭ ⇔[>NLNSS>ΡqM¢¬>[>OVLP>kΕȵcm

Å Ệ ᾬ, TDS
1. Ѭ ᵒ
2. ѬМ ἤ ҵἬצ ᾬ ᾼ ֥
3. ứѠהȸѬ ∟ѿONQ>½>ONS˘ᴟ⌡ ( ҷȸצ ᾬи ȳ

2HCO3  CO3- - 2Ÿ H2O + CO2(g))
4. Ἥ2.ȲҠ ϚḔѿTNNḲ̆ ѿḖ צ ᾬᵶ ц ᵶ (ᵛ ἤ )
SL>rbqJ>¯¯¬>M>a®­£LJ>ΡqM¢¬>ʫ>0.5 ~ 0.9 

ᵶ = І+ Іʫ>TDS ɇ Silica
Å ⇔, Turbidity

1. Ѭ ᵒ
2. ẃ Ҕᵶ‍ ἤ ȳ ȳצ ᾬȳ Ӣᾬȼ¤³¢L
3. Ҡ ỆứѬ ∂Ӵɦ ⇔, NTUȸSS, mg/LɧѩẂפ
4. Ϛ RO ʤ 1.0 NTU
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Å ᴆᾇ ⇔╓ , SDI
1.   ᴷ╓
2. ứ ϯѿNLRS>ΡkѬ ȲὑЛ֝ ϯἬ ỆứѬ Ἤ

П ᴍиѩ
3. ⱢRO ☼П ȸSDI < 3

SDIT = %P30 / T = (1 - ti/tf)*100 / T
%P30 ȸ  ֪ІȲ%@30 psi ☼ ϩ

Tȸ , 5/10/15 mins
ti ȸῴỞ ן 500 mlѬ Ἤ П
tf ȸ═ T ∟(ᵶti) Ȳ ן 500 mlѬ Ἤ П

¸ѿSDI15ⱢẂȲẔ Є ⱢONN>M>OS>ʫ>TLUȲ҅ῶ15 mins∟ᶙԓ  Ȳ
∂ױ֪ CnQNʨ>US>CȲ ᴕ Ḃ SDI10 or 5ȴ

RO ѬѬ ц╓ ἤ( )
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Å ›
1. ♣ц ∟ᾼׂ ῏Ⱥ
2. ṓⱢ Ѷ (Polypropylene, PP) Melt)ה - Blown) ї
3. ѬМSilica ⇔ ∂ ṿӣO>ΡkȲ /
4. Ϛ ∂ ʧ>5 ɛM

Å ֵЮ , MMF + ♄ἤ , ACF
OL>kkdˆҟ SSȷ_adҟ̂ SS, 
2. MMFȸЄЊ ӰȳӰ +ȳ
3. ACFȸЄЊ Ӱȳ♄ἤ
4. Ҡὑ›Ѡ ( ӦѬ♣Ἠ Ἧ ᶶ ֥)
5. ᶼ₧ ṿӣ ᾃ ₇ ἤȲ ᵍ∟ ԛװ Ӣ

ч
6. Ӣᾬᴆ╬

Å Ѭ ᶧ
1. Ӱᴊ о

À>>>>>>>Ҡ֝ ҟ Silica Á Ệ и цMMF а
2. о

À>>>>>>>ᵂכӐȳԛӢ Ѭȼ¤³¢L
3. FBC

À>>>>>>>∂ ӐȳҏѬqqȼכ
Å MF/UF

1. MFȸpore size 10 - 5 ɇ 10- 7 m 2. UFȸpore size 10 - 7 ɇ 10- 8 m
3. ѬѬ ứȳᶙּר ֥RO ☼ Ḗȳצ RO ц Ễȳ

ᴾ֮ ḖЊȳ оצᵓṆ ȼLL¤³¢

RO Ṇ › (› ) Ԉ Ḗ
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ṓRO ה

ἮѬ

ἮѬ

Ѭҟ ?

1. ֥ Ὅ ˆ>̓ Ὅ
2. Ϛ ֥ Ὅ ˆ> ֥ Ὅ( Ὅ☼Ѭor Pass- 2 ROR)
3. ӭҠ Ӧ ѬṆ ҟ ˆ> / ֫ Ѭ
4. ӭ ᾎ Ӧ ѬṆ ҟ ˆ>ҫ а
5. Ṇ Ѭ☼ ЛṜˆ> ☼ᴟROϤЀȹ
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ᾼ ♃

Å ᾬ ♃
1. ӦѬ☼ᾬ ἤ ϩḤẚ(ᵅ ϩȲ ☼ )
2. ᵂ☼ ȸϚ Ҡѿ ☼ x1.2 Ɫ ᴕ
3. ᵂ ϩȸϚ ∂ ʧ>3 bar ȲֽⱢϠἮ☼ ᴖӇ с Ȳ∂ Є

ᵂ ϩ < 4 bar
Size ROR flow per vessel, CMH Max ROR flow per vessel, CMH
8040 ʫ>ULP>ɇ 12 ʫ>OU
4040 ʫ>OLV>ɇ 2.5 ʫ>QLT

Å о ♃
ᴆ╬ ₤ ₇/ ⇔

/2%ȳ /0.5%
  оᾬ/ оᾬ /2%ȳ /0.5%ȳSBS/1%
צ ᴆ╬ о /0.1% ȳSTPP/2%+Na- EDTA/0.8%
Ӣᾬᴆ╬ о /0.1% + SDS/0.03%
Silica о /0.1%

1. SBSȸ
2. STPPȸ ֥
3. EDTAȸצ ֥
4. SDSȸ Іꜜ ♄ἤ



-- ( )
32

RO Ṇ Ԓ
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(Ultrafiltration) ӣ₤ה- MBR( ӣ)
ӣȶ>Ệ и ȶ> Ӣᾬч (MBR)
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ӣ₤ה

ӣḊ
¸ иІḊ

Ḋ
ȶ>ῶ ᶮכ Њэ♂
ȶ> ⇔
ȶ> ⇔ ứἤ
ȶ>о ứἤ
¸ иІḊ Ɫѻ
- polyvinylidene 
diflouride (PVDF) ȳ
polysulphone (PSf) ȳ
polyethersulfone(PES
)ȳpolyethylene (PE)

polypropylene (PP)



╦ ừ
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MBR ᶾ

ᶾצ П MBR Пᶾ

ᾎᶴắыЄП о ᴆᾇ ⇔ ȲҠ ⇔ о
ч ᴆᾇ ⇔ Ȳ Ṇ ᴯ♄ἤ Ғ
Лὔи ֵ ᴆ╬ᾬ ** ᴆᾇ ɎSRTɏҠד  Ȳ

Ӣ  ᾼ Ӣᾬ ѿ
Ȳצᵓὑ Ἠ и ᴆ╬ᾬ

ᾼҟ ȴ
** и П иІᾬ Ȳ Ғ

ȴ
ӢЄ ᴆᾇ ═ᵅdˏk>ѩȲ ю ᴆᾇ ȴ
ѬѬ Л ứ ** Biomass Ҡᶙԓ Ȳḥצ

ᶧᴆᾇи ᾼ ȴ
** Ҡҟ ế ◖Ȳᵓὑ Ѭ

ԛᵓӣᾼѬן֫ Ḗȴ
Ὲ ḖЄ ** Ṇ Л Ḛ аȲҠЄ

Ὲע ȴ
** ᴆᾇ ⇔ Ȳ Ṇ ᴯ♄ἤ

ҒȲ ᴖ ю ȴ

ֽᴶ ᵅ   ᶮȲ Ғ ỄȲⱢ ЭMBRʒ П ȴ
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UPW о ѿ оѠה Б╥Ӈ !

І
ӻ

(Micro-Filtration M) (M De-Gasifier) (Continue Electro-De-Ionization)

3.5.UPW о Ṇ ᶾ













48

ṿӣԛӢѬᾼ╚ ֯ὑẔצ ᴆ╬ᾬᵶ Ȳ ᵑ╥ᶟ Њ
иІצ ᴆ╬ᾬȲ ṷᴆ╬ᾬ− ᾼUPWӢ Џ ҟ ȴ֪ױȲ
Ḃ ᾼUPWӢצ Џ ѿ Ṝҙ ᴩ Ἤ ᾼѬ ᴟ ȴ

ӭ› ѬӢ Мҟ צ ᾬᾼЏ ȲҔ╗ Іӻ ɎIXɏᵮ ȳ
♄ἤⱦɎGACɏᵮ ȳч ɎROɏế ҵɎUVɏ ȴ ṿӣԛӢ

ѬᵂⱢ Ѭ Ȳ ứ֯ UPWӢ Мᾼ ֯ ȴ
ṅשӭ›Бׁ,ױ֪ ҏ оЏ ɎAOP, e.g. SR- AOPs, and 

UV- AOPsɏᵂⱢ ҉ а ӣὑUPWӢ ᾼ Ȳѿ’ UPW₇ ȴ

Sulfate Radical-Based AOPs

S2O8 2īitself 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 

elevated pH, S2O8 2ī can form more powerful sulfate radicals (SO4Ŀī, E o = 2.6 

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 ī cb) with a reductive capacity.

צ ᴆ╬ᾬҟ ᾼ╚



4.1. ᴆ╬ᾬ цẔẃ

ҙ ἬṿӣП ȳצ ȳ
Ḋ П ц Лᵀᴆ╬ ⇔ЄȲѹᴆ╬ ἤ

₇ ᾼװ ὡᴖ ὑ Ȳᴖ ṷ Є Ԍ
ẓצ◖ἤȲἬѿ ᵑᾃ ṳҒѿṮ ạȴ

4.2. ᴆ╬ ἤ

1). Ѭᴆ╬ẃ ᴆ╬ ἤ

вҙ Ѭᴆ╬ иⱢ IC ц
⅔( ) ᵂ Ȳ֢צЛ֝Ȳ Ὑֽϯ:

(1). IC Ѭẃ ֵѹ ᴆ╬Поכ ᾬ ד
Ȳ Ѭѻ Ɫ Ѭ ♃ ѱȳҟԏ ц

ẘ ᶧἬ ҏП Ѭȴ

49
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ҙ Ѭᴆ╬ ἤ
ҠӦ IC ц ᵂ П Ѭ ẃ Ὑ:

(1). IC 
Ṽ ѬכԌ ἤЄ ϱҠ иⱢ Ѭцᵶ◘ ѬẒЄ ȸ
(A) Ѭ ȸᵶצH2SO4ȳHACȳHNO3ȳHFȳH3PO4ȳNaOH ȳNH4Fȳ

H2O2ȳNH4OHȳ HClȳϡӧ ╬ԌȲᴆכ ⱢpHȳCODȳSS
ц F-

(B)ᵶ◘ Ѭȸᵶ ⇔HFȲᴆ╬ ⱢpHȳCODȳF-

(2). IC (⅔)

Ṽᴆ╬ἤц Ѭẃ иⱢׁש Ѭȳ Ѭȳ Ѭȳ оᾬ Ѭȳ
  Ѭ Х :

(A)ׁש Ѭȸᵶ῁ Ӓȵᴆ╬ Ɫ SS
(B) Ѭȸ › ᶧ ҏȲᵶ SSȳᾒ ȳCOD ѿц ֥
(C) Ѭȸ › ᶧ ҏȲᵶH2SO4ȳHClȳNaOHȲ ᴆ╬ ⱢpH

ȳCODȳSS
(D) оᾬ Ѭȸᴆ╬ ⱢCN-ȳpH
(E)   Ѭȸ ᶧ ҏȲҔ╗ἉḊ ҏȳ ҏȲᴖ ϤѬ♃ѬȲ

Ҕ╗ pHȳZnȳPb  
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IC ֢ῖ Ѭẃ цẔἬҔᵶᾼо ᾬ ֽϯ Ὑȸ

(A) ѱ ♃ ѬȸH2SO4ȳH2O2ȳ
HFȳNH4OHȳHCl

(B)ҟԏ  Ѭȸϡӧ ȳϛ Ϝ
ȳӧ ȳABS

(C) ה ẘ ѬȸHFȳNH4FȳHNO3
ȳH2O2ȳHClȳH2SO4ȳ

HACȳH3PO4ȳHBrȳ
AlȳSi

(D)♃ ѬȸHF
(E) Ѭ ԛӢ ѬȸNaOHȳHCl

ȳH2SO4
(F) ♃ה Ѭȸ♃ Ἤᵶ

Пᴆ╬

5   IC М Ѭᴆ╬ᾬ Ӣ

ῴ₇כ

₇כ
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IPA:CH3CHOHCH3( )
UPW:



о שׁ (CMP) ☼

ȶ>о שׁ ӂ оɎCMPɏ ╥Ἱԏ ҏῶטּ
ϯῶ ẃ ᾼṿӣ

ȶ>һ ֥о ẘế שׁ Ȳѿ ῶ


