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+ Micron: More properly, micrometer; a length equal to one millionth of a meter, often
written B m.

WAk KES, FFaroZz—K, FApmEF.
s Angstrom (A): Unit of length, 1 A=1x10-10m, 10000 A=1 um
B(A): KE#EL4, 1H=1x1010%, 10000 H=11CK
+ HEPA Filter: Acronym for High Efficiency Particulate Air filter, typical filter
efficiencies for HEPA filters are 99.997% @ 0.3 1 m diameter
S AMALIL RS AR AE 5 99.997% @ 0.3 u mAE4LT
+ ULPA Filter: Acronym for Ultra-Low Particulate Air filter, typical efficiencies for

ULPA filters are 99.999997% @ 0.12 1 m diameter
RER T AR R, BmA R AE £ 99.999997% @ 0.12 u mA 24T

+ Particulate Contaminants: Solid particles in the 0.01 to 100 p m size range
FLE Fedh: Ko £0.01to 100 pm i8] 89 S ik,
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AMC: Acronym for Airborne Molecular Contamination, chemical contamination that
occurs upon exposure to airborne gases and vapors during product handling, storage
and transport.

EAMLEF LTI R T RS, AR i R T R B T A R A
AAT AT RO E T 3.

Ion: An atom or group of atoms carry a positive or negative charge as a result of
having gained or lost one or more electrons.

AT FERKRE—AR—A LR TFHF EGATR R LITHRT IR TEE,

FFU: Acronym for Fan Filter Unit, often with an HEPA/ULPA filter underneath.
RAL B H T BAHEPASRULPAILJE AL R 69 — AP Aok 2 MR A 4.
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Class: As defined in FED STD 209, international Standard ISO 14644 the number of
particles found per volume of air.

EA B Ao RIBRATAT £ 20040 B FRATEISO 146440 8, A5 A E A,
VERGECERTE 'S 3

Clean Zoom: A defined space in which the concentration of airborne particles is
controlled to met a specified airborne cleanliness class.

R AT AL B F A B EALT GG A RGO B A 694 XK

Cleanroom: An enclosed area with control over airborne particles as well as other
factors as needed (such as air velocity and direction, temperature, humidity, pressure,
molecular contamination)

EEE AREEFRATZANEEET AR AT (Fle AR A T
€. BE. RE. B 5TEEF) —AER R,
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As-Built Cleanroom: A cleanroom that is complete and ready for opration, with all
services connected and functional, but without equipment of operating personnel in the
facility.

TRESFE, CREETRITFTUBRANER G EET, ©RLEPTHAA LY,
B R E N AAT A IR & A AEA T

At-Rest Cleanroom: A cleanroom that is complete with all services connected
functioning and with equipment installed and operable or operating, as specified, but
without operating personnel in the facility.

HRESE: ERNEMREREZTE, TUMHENETNESFE. 2LZERIK
HBAEAN .

Operational Cleanroom: A cleanroom in normal operation with services functioning
and with equipment and personnel.

HERFZFE: A TEFHEAGERE, QLIEFAGXERBEARL,
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ISO TC209

+ 14644-1: Cleanrooms and Associated Controlled Environments

Part 1, Classification of air cleanliness.
FEFELAXGZELZ F—H BRARFFEASK,

+ 14644-2: Cleanrooms and Associated Controlled Environments
Part 2, Specifications for testing and monitoring to prove continued compliance
with ISO 14644-1.

AT HMEN TR B 34 PRIEISO14644-18 4 A 2 aq4m 5
WAL

+ 14644-3: Cleanrooms and Associated Controlled Environments
Part 3, Metrology and test methods.

EFE MR ZIEIRGE B ZFHy: t=HNRT k.
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+ 14644-4: Cleanrooms and Associated Controlled Environments
Part 4, Design, construction and start up.

EHET AN TR FOEy: kit B2t 5 BF).

+ 14644-5: Cleanrooms and Associated Controlled Environments
Part 5, Operations.

EHE SR ZIEIRGE F A 1BAT.

+ 14644-6: Cleanrooms and Associated Controlled Environments
Part 6, Terms and definitions.

EET SR ZTIEIRE BN KBS L,

v 14644-7: Cleanrooms and Associated Controlled Environments
Part 7, Minienvironments and isolators.

EFEHARNZIEIRS HLIEa MIREEEE.
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1ISO TC209

14698-1: Cleanrooms and Associated Controlled Environments, Biocontamination control

N
Part 1, General principles.
FFEHMRNOZIRINE, AT EES, e B,
+ 14698-2: Cleanrooms and Associated Controlled Environments, Biocontamination control
Part 2, Evaluation and interpretation of biocontamination data.
EFE ARG ZIIASE, AT RS, B30 AT EEEENIT
& 5 ks,
+ 14698-3: Cleanrooms and Associated Controlled Environments, Biocontamination control

Part 3, Metrology for measuring the efficiency of processes of cleaning and
disinfection of insert surfaces bearing biocontaminated wet soiling or biofilms.
EEFE MG IR, AT EES, B RN E| AN TR
0 IR 7T Fe AW R TE Fe il Ay iR AR RO
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ISO 14644-1
CLASS Number of Particles per Cubic Meter by Micrometer Size ik %/ 3777 K)
0.1 um 0.2 um 0.3 um 0.5um 1um S5 um

ISO 1 10 2
ISO 2 100 24 10 4
ISO 3 1,000 237 102 35 8
ISO 4 10,000 2,370 1,020 352 83
ISO5 100,000 23,700 10,200 3,520 832 29
ISO 6 1,000,000 237,000 102,000 35,200 8,320 293
ISO 7 352,000 83,200 2,930
ISO 8 3,520,000 832,000 29,300
ISO 9 35,200,000 | 8,320,000 293,000
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Compare FED STD 209E to ISO 14644-1

ISO 14644-1 FED STD 209E

Class English Metric
ISO 1

ISO 2

ISO 3 1 M1.5
ISO 4 10 M2.5
ISO 5 100 M3.5
ISO 6 1,000 M4.5
ISO 7 10,000 M5.5
ISO 8 100,000 MG6.5
ISO 9
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ISO 14644-2 (Required Test)

Schedule of Tests to Demonstrate Continuing Compliance

Test Parameter Class Maximum Time | Test Procedure
Interval
Particle Count Test <=1SO5 6 Months ISO 14644-1 Annex A
>1SO 5 12 Months
Air Pressure Difference | All Classes 12 Months ISO 14644-1 Annex B5
Airflow All Classes 12 Months ISO 14644-1 Annex B4
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1ISO 14644-2 (Optional Testing)

Schedule of Additional Optional Tests
Test Parameter Class Maximum Test Procedure

Time Interval
Installed Filter All Classes 24 Months ISO 14644-3 Annex B6
Leakage
Containment Leakage | All Classes 24 Months ISO 14644-3 Annex B4
Recovery All Classes 24 Months ISO 14644-3 Annex B13
Airflow Visualization All Classes 24 Months ISO 14644-3 Annex B7
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What does 1t take to make a cleanroom work?

7w % ol TAERY?

<+ Air Filtration
= AR

+ Control over airflow
AR

Laminar flow cleanroom
BRELE

Conventional (mixed flow) cleanroom
WAL CRER) FFE
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Filtration Mechanisms 1T JEHU4H|

v

Gravity: large particles simply fall out of the air stream

T KRB ABENZATRE.

Direct interception: A particle follows the upstream flow is collected when it collides
with or touches the filter fiber. For very large particles sieving occurs when the
collected particles are large than the filter opemngs

ELJ%LEX E&F&mmuﬁy@f]éﬁfﬁ'iﬁﬁ@ﬁﬁi TR I RSO E, Sk K TFitk
Reg3LARRT, N A4 06 o

Inertial impaction: The inertia of the particle caused it to deviate from its initial
streamline and collide with the fiber of the filter

RIS 5 A ey I EARE 1R B R PE, 5iTiRA 4Em ik Aol .

Diffusion: Particles<0.5um have a small enough mass that their trajectories are altered
by collision with gas molecules

Fc N TF0Sumbg ki e 5 AR T ARSI IR E ShAE, (A BEF) )

Electrostatic mechanisms: Electrical charges on the either the particle or the fiber or
both create attractive forces between particle and the filter or particle to particle

R AE]: fok R IE A 4 b G AT AR R A ] Sk b fkor R AR 5] )
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How do HEPA and ULPA filters work?
HEPA#F=ULPALJE 25 & 4ofeT TAE 492
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Laminar flow cleanroom
EREET
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Conventional (mixed flow) cleanroom
T CRAR) FHE
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Cleanroom performance /& /3% P48

% Mixed flow rooms RARESHE
Class 100K - less than 20 air changes/hr
+ 7 REF T - B ARICN T 20K/
Class 10K - 20 to 60 air changes/hr
T REHE — PAIKRIL20E 604/ B
Class 1K = 60 to 150 air changes/hr
TREEE - BARIO0E 150K/ /10

% Laminar air flow rooms E &%
Class 100,10,1 =200 to 600 air changes/hr
1002, 102, 145% 4 = AR HAE2002) 6004 Z 18]
80 to 100% ceiling coverage by filters
/u o éﬁ4‘%m$74&%80 %

+ Mini-enviroments {357
Sub-class 1 capable
TR T 1AM




Contamination control in cleanroom
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What 1s contamination?

2 0= 3
WY REY
+ Definition: Any foreign material or energy that has a detrimental effect on a product or
process.

T BE BRI WATIN R R b2

Particles ks

Tons 5T

Molecular contamination T iER

Vibration Rk

Electromagnetic radiation W, B 5 4

Electrostatic charge i, fT
And more......

Comparision of particle 7ok 4 A B
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Sources of contamination

7

<

R b R

Personal—Skin, Hair, human oils, skin flakes, bacteria, fibers from clothing.

AR - BB, K. BIE. RGTFHE. Rt~

Processes--lonic contaminants from acids, bases, plating processes. Organic
contaminants from photoresist residues, process chambers residues, greases. Spores,
viruses. S102 from silicon films.

TERAE - B R, BB I EW RGBT RY, AT R, hEF R
HIT R, F0TH. R,

Tools and Materials—Powders and liquids in pharmaceutical environments. Residues in
vacuum chambers. Residual contaminants from plating process and equipment.
Inorganic contaminants from silicone dust, silicone carbine and nitride.

I HAnAH - MRS T e R RN, AZENGEEY, REILREN
KRG TR, L. BRI R AT Y.,
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Particle adhesion mechanisms
VoA ol Qe

There are four mechanisms that hold particles to a surface:

1855 F W £ & 0 Loy BA w /s

+  Gravity: Adhesion force from gravity depends only on the mass of the particle.

) RATETORE.

v Electrostatic forces: Can both attract and hold a particle forces to a surface.

B A HERF TR TR AR,

+ Van der waals (atomic) forces: The intermolecular forces come into play when
the particle is very near the surface.

Seiade . XARTREMER J1, BT R@mAFFEL A AR .

» Hydroscopic, or capillary force: Caused by thin liquid layer between a particle
and a surface. Adhesion increases with humidity and contact area of particle.

Emy ) T RBEENREMIIAR, 5IRE D RREL,
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<+ Particles are held to surfaces by a variety of forces.

#o TS BAYEAE WA AT L,

<+ These forces vary according to many factors inculding particle size and shape
and shape, surface texture, and humidity.

T A HRFHRIAFAVR, REOHR, BEFEEA X

<+ Small particles are more tightly held than large particles.
BONEALT IR R A AL TR M 6 2K,

<+ Removal of small particles requires force greater than that holding the
particles.

HRBON R TE R LRI A KA.
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The most
effective
method

77 e b TR

The most common methods used for general cleaning arg:
RF R 6 E ik
+  Air blow-off

ek A FAREA Z 3T, SR RETA R, (B2 REHIEFTEYBIE, G
HIRERE Y,

» Vacuum O
AZBLE: — A THEREKRAT, THabFEMBINE, RAFERRERAGN.
Tack roller
FRRE: REAZFREATE, REFRABH, TRAH LT EDHILL.
+  Dry wiping

T KA RFREAT, TTAFIRIEEREGY, TRELE LT Y AU,
+  Wet wiping/mopping®

R A RFREBEN T ARG Y, TEBRE, REXAW LT EMBEIRE,

Contaminant removal

i+
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The enviroment to clean 77 7% & &7

ERE Al *=ThHk®@ K RE PR B E
Cleanroom class | Tables & surfaces Walls Floors Equipment
14 HE HE HE H
Class 1 Shift Shift Shift Day
1044 2 ] 2 /2]
Class 10 Day Week Day Week
10048 2 A 2K/ 2
Class 100 Day Month 2/Week Week
10004 I FE A A
Class 1000 Week Quarter Month Month
100002% b A A A
Class 10000 Week Month Month Month
>10000%% 2%/ A FR FR Fl
>(Class 10000 2/Month Quarter Quarter Week




Contamination control in cleanroom
EFE T LA

o)

Choosing the right tools & #F4-i& #9 T H
+ Vacuum _
75\- "i""ﬂ\i‘t az ] Fé Sterile Products

+ Tack roller
L AEH

+  Wipers/Swabs
PP AR LA

+» Mopping system
IR

*+ Solvents/Solutions
BT R

+ Sticky mat
Fok i

and more......
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Air Shower Tunnel

Rt A 8

Pass Through
it %

Air Shower
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Cleanbooth
Al TAE &
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Clean Bench

N I~
HATAES Fan Filter Unit (FFU)
AT 8 33 35T



THE END
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% .Mm "I, AR Spray
1B¥E Smog W Cloud Fog #8FE Mizze 7§ Rain
[ - - -
Typical particles AR Oil mist
AR |
i@ Cigaret smoke
P [ —

&N Cfrhon black

—

|
0EE Paint
e ————e
BE Virus #H[EE Bacterium ANZEE Human hair
S s— 1 1
Range of Removal of AR RN 3% Common Air Filter

Particles by Air Filter
TRBRRTEENEY U
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§oE
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== LIRS EFEMSOES ErEMEREl ErssanTe ERETUFE
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