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Problematika
stopové a ultrastopové prvkové analyzy

* hlavni a minoritni sloZky 10°- 102 %
+ stopové primési =104 % (ppm)
* ultrastopové pfimési <107 % (ppb)

Zdroje kontaminace a ztraty analytu
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Zastoupeni prvkii v zemské kure
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R. S, Taylor, Geochim. Cosmochim. Acia 28, 1273 (1964)
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Tridy cistoty dle norem US Federal Standard 209b a VDI 2083, list |

Die Reinheitsklassen gemdss den Festlegungen des US Federal
— e

9h sowie vor VDI 2083, Biatt |,
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n und den voraussehbaren Bedvirfnissen der Reinraumtechnik entsprechen-
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Rezim proudéni vzduchu v Cistych prostorech
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filtry umistény ve sténé, vzduch filtry umistény ve stropu, vzduch
vymeériovan neturbulentnim plstem vymeérioval $i netur
pres dér pr sténu sprchou a in dér P

Prarez ¢istym prostorem a jeho vybavenim / pracovisti
Schéma proudéni vzduchu

HEPA Modular Blower
f Filter Assembly

Koncepce cistého prostoru

« ucel (pro jaké operace ?, ochrana vyrobku/vzorku, ochrana
personadlu, resp. oboji — provoz mikroelektronického, farmaceutického
prumyslu, specialni laboratore pro stopovou analyzu a klinickou
biochemii, operacni saly)

B w =P " = Retum Air %
* A e = - - gm * « operace (vaZeni, pfiprava vzorku, rozklad vzorku, méreni, chirurgicky
“‘D rnp" False Celling = f zakrok ...... )
______ —Plexiglas or & « jednotliva pracovisté (tfida cistoty, priorita operaci, GLP/GMP,
tional % .‘. Glass Canopy ocenéni rizika kontaminace/ohroZeni obsluhy ....... )
Class 100, * * 'False
or other L3 Wall « hospodadrnost provozu (spotreba energie na topeni/chlazeni,
Exhaust &= 2 Z a ™ -5 zvlhéovani, recyklace vzduchu, odvod balastniho tepla a toxickych
3"’ - o - "’ 2 vypart/zplodin .......... )
A « technologie (Cistota vzduchu, poéet vymén vzduchu v mistnosti za
~ s Storage Cabinets uré&itou dobu, filtrace vzduchu, Fizeni teploty/vihkosti vzduchu, odvod
Nr—=T= T - - | =7 balastniho tepla z technologii, odtah nebezpec¢nych zplodin,
] prostorové moznosti, servisni prostory, mezioperacni sklady,
Class 100 M*”'W pretlakovy rezim a tlakovy spad mezi jednotlivymi soucdstmi éistych
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Aerodynamické poméry v proudicim vzduchu Laminarni boxy /digestore (flow box, clean bench)
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Cisté prostory

Cisté prostory, operaéni saly, laboratore
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Rheumatism Foundation Hespital, Heinsla, Finkand

Vzduchotechnicka zafizeni a servisni prostory

Vzduchotechnicka zafizeni —
filtrace, regulace teploty a vihkosti vzduchu

Vzduchotechnicka zarizeni —

ventilace

filtrace

regulace teploty a
vihkosti vzduchu

Vzduchotechnicka zarizeni — filtrace
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Filtrace vzduchu Eis
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Filtrace vzduchu (absolutni filtry HEPA — 99.99%, ULPA — 99.9999%)
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Pracovni odévy, navleky, rukavice, ¢epice, rousky
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CLEANTEX

CLEANTEX a.s

Zdroje kontaminace a ztraty analytu
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Microelectronic cell and its materials
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Capacitor Tum

6N Titanium sputtering target for VLSI-technology

534 £0.76 uglg

5.18 £ 0.53 pgig 540 +0.58 ug/g

30 cm

Example

refractory metals in VLSI-technology (gate material)
6N high purity grade molybdenum (99.9999 %)
(sputtering targets for plasma technology)

requirements:

 heavy metals (cu, Fe, Mn, Ni, Pb, zn ...) - max. 102 ppb
(juction leaks)

* mobile ions (Li, Na, K, Mg, Ca ...) - max. 107 ppb
(additional doping effects)

« radioactive species (U, Th.)- below 10° ppb
(ionization effects)

Example - determination of Mg in hp Mo, hp MO,
wet decomposition in HNO, + H,0, under clean-bench conditions -
class 100, n=5

[ blanks
W blank sverage + 3 x n.d
[ sampie
LODs (ppb) e T
Ca 500
K 200 2% |
o
Mg 100 3
Na 200
°

sequence




Materialy - odolnost, viastnosti
Eﬂhi‘ﬂ! materials eemnmu used n Emlc trace lﬂa]:ﬁ!.

Material Maximum service Poor chemical Permeability
temperature {*C) resistance |16] to

Pyrex* 600 Hydroflueric acid, None
(borosilicate glass) Cone. phospharic acid,
. Sodium hydroxide solution

Vycor®® 500 Hydrofluoric agid, HNone
(high-silica glass) Cone. phosphoric acid,

Sodium hydroxide solution
Vitreous silica 1100 Hydroflueric acid, None

Cone, phosphoric acid,

Sodium hydroxide solution
Platinum 1500 Aqua regia None
Glassy carbon [17] 600 None None
Polyethylene B0 (High-pressure Organic solvents, Permeable

proces) Conc. nitric acid,
110 {Low-pressure Cone. sulfuric acd
process)

Polypropylene 130 Organic salvents, Permeable

Cone. nitric add,

Conc. phosphoric acid,

Sodium hydroxide solution
Teflon 150 None Permeable
(polyflucrocarbon)

* Si0, 81,B,0, 13, N2,04,K,00.5, AL, 0, 2 (wi%)
96,8.0

Materialy - obsah necistot

mm'lipi in mawis Soliaiger materials - cxamples

Concentration Pyrex Vycor Vitreous silica Platinum Glassy carbon
level (ug/g) [18] 118] 18] 2] 1
10°-10° Ca, Q1 As, Fe,
Fe, Mg, Mg, Na,
Zr Ti, Zr
10-10° F, Ga, Ca, Cl, Ca, Fe, Mg, Zn Au, Pd Ca, Si,Sn, Ti
Hf, Li, HE, K, Zn
Mn, Ni, S,
5T,V
1-10 As, Ba, Ag, Cu, Ag, AL CL Cu, F, Ag, Cu, Fe, Rh, ALFe, V

Bi,Cr,Cu, F,Ga,Li, . Ga Hf, K,Li,Na, Ti
P,Pb,§b, Mn,Ni,§, Ni,Ti, Zr
Se,Y,Zn Sb,Sn

Materialy - ¢isténi nadobek
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Tlakové rozklady vzorku

klasickeé autoklavy
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Mikrovinné systémy
Theory

Microwaves are electromagnetic encrgy. Microwave energy is a nonionizing
radiation that causes molecular motion by migration of ions and rotation of
dipoles, but does not cause changes in molecular structure. Microwave energy
has a frequency range from 300 o 300,000 MH: (Figure 2.1). Four fre-
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Mikrovinné systémy

absorpce MW
Dissipation Factor of Different Materials
Material Temperature (°C) Tungent” a (% 10)
Water 25 1570.0
Fused Quartz 25 0.6
Ceramic F-66 25 5.5
Porcelain No. 4462 25 11.0
Phosphate Glass 25 46.0
Borosilicate Glass 25 10.6
Corning Glass No. 0080 25 126.0
Plexiglass 17 57.0
Nylon 66 25 128.0
Polyvinyl Chloride 20 55.0
Polyethylene 15 3.1
Polystyrene 15 33
Teflon PFA 25 1.5

"Measurements made ar 3000 MHz.

Mikrovinné systémy

ohrev klasicky vs. MW
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Schematic of smmple henting by comcbucrion. Schermaic of semple heting by macromeone energy

Mikrovinné systémy
Uniclever microwave digestion unit Plazmatronika,
(Wroclaw, Poland )

(max.power 100 W, 4.5 MPa, 250°C)

T, p, P - chart
|

fokusované pole

Mikrovinné systémy Multiwave (Anton Paar)




Mikrovinné systémy

Mikrovinné systémy

MultiWave (Anton Paar) nadObk‘:
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High Pressure Asher (Anton Paar) High Pressure Asher (Anton Paar)
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