FILM EVAPORAT
QURCE REFERENCE

THE R.D. MatTuis CoMPANY

PO Box 82916+ LONG BEACH, CA 90809-2916
AREA CODE (562) 426-7049
FAX (562) 555-0907
www.rdmathis.com



THIN FILM
EVAPORATION SOURCE REFERENCE

TEMPERATURE (°C)
MELTING | povcioy @ VAP, PRESS EVAPGRATION TECHNIQUER REMARKS
INT n = index
e i gom* | 10 | 10e | 10 ) ELECTRON | cpueipie | o | soaT of refraction
TORR | TORR | TORR BEAM
. TiB,-BN 3 Alloys and wets; tungsten-
Aluminum Al 660 2.70 677 821 1010 Xint. ZrBi, BN W TiB,, W stranded superior
Aluminum
Antimonide AlSb 1080 4.3 - - - - - - -
L AlAs 1600 37 — — J~1300f - — = -
Sminm AIBr, 97 3.01 - - ~50] — Graphite Mo —
AlUminum ALC, 1400 2.36 — | — | <800l rau - - e =27
Carbide
Aluminum 5 Wire feed and flash.
2% Copper Al2%Cu 640 2.82 - = \ - - - - Difficult from dual sources.
Al AIF, Lo/ 307 | 101 4901 700} poy Graphite Mo,W |n=138@ .55
Aluminum e : Decomposes.
Nitride AN Subl. 3.25 B ~1750 Fair - - - Reactive evaporate in 10-3 N, with glow discharge.
Aluminum Sapphire xint in EB, forms smooth
%ﬁhdnewi(r?a)\) Al,O, 2045 3:97 — - 1550 Xint. — w hard films. n = 1.66
Aluminum o Qi . Wire feed and flash.
2% Silicon AI2%S 640 E - - 1010 - TiB-BN - - Difficult from dual sources.
. \ 279 | 345 425 BN, C Mo | Mo, Ta | Toxic. Evaporates well. Film structure
Antimony sb 630 Qo8 Sublimes. .. .. o Poor ALO, Te élozgéd is rate-dep;ndenL
Antisio Sh,Te, 619 6.50 —= - 600| — Carbon — | Decomposes over 750°C
?zgﬂ‘ggv Sb,0, 656 55‘_272 Sublimes. .. =300 Good BN, ALLO, Pt Toxic. Decomposes on W. n = 2.05
IT\;};LT:r%e Sb,Se, 611 — — — — — Carbon Ta Stoichiometry variable.
e Sb.S, 550 464 - — | ~200| Good | ALO, - | n = 3.01 @ .55x. No decomposition.
107 1 150 210 A0, . ;
Arsenic As 814 5.73 Sublimes. .. . N Poor \?ﬁ.OCarbon — C Toxic. Sublimes rapidiy at low temperature.
Agic As.Se 360 475 = = = = Al — |n=241@3.8. VST 10, 748 (1973)
Selenide 2% : Quartz - L '
rsenic As.S 300 3.43 - — | ~ac0] rair Al,0, — Mo n = 2.8 WST 10, 748 (1973)
Trisutphide 2R : Quartz - !
A As,Te, 362 — = - = o Flash | JVST 10, 748 (1975)
W
Barium Ba 710 3.78 545 627 735 Fair Metals w rT\Aa Wets w/o alloying — reacts with ceramics.
o
(Bjﬁ{,i;;rge BaCi, 962 3.86 — — ~650 — — I/lao Use gentle preheat to outgas.
Barium — — ~700 n=129@ 5
Fluoride BaF. 1280 4.83 Sublimes. ......... Good - Mo Density Rate Dependent
Barium 5.72 or Decomposes slightly.
Oxide Ba0 1923 532 — — ~ 1300 Poor AlLO, — Pt n~ 1.98




TEMPERATURE (°C)

MELTING ARSI @ VAP PRESS EVAPORATION TECHNIQUES REMARKS

e SO PR | g I | e | o | EECIRON | cRucipie | co | soar of fanto
gjﬁ)uh”[ée BasS 2200 4.25 = - 1100 — - — Mo n—2.16
?iat;irfa?ge BaTi0, Dec. 6.0 Decomposes - - - - E;S&?r?sgszsré\)‘/jeﬂgz;fLerecg?e\jgoprgr:itlgf]?o?UZF(;Z;Urces
Benyllium Be 1278 | 185 | 710 | 878 | 1000| Xint. \Siefcc_”bon wo ¥ e el tel ponderancionidesiatedonic.
el am BeCl, 440 1.90 — | = | ~130] - — - = =
Eegliym BeF. 800 | 199 | gmimes - 290 Good — - — | Toxic.
g;réllelium BeO 2530 301 _ _ 1900 Good _ _ _ rl?‘olvdler;Ztoxic. No decomposition from EB guns.
Bismuth Bi 271 9.80 330 | 410 520  xint. B0y on | W @Ia;ON!O mf’:gzg{g;%ﬁ‘g-a?;gg'%‘st”‘“~
P BiFs 722 875 | sptimes. 0| — Graphite - - Rp—;.lo-;’f B s 2%
Soqan Bi.0; 820 | 89 = | — |-1400|  Poor = - P DTS2 12 63 0979
Serenide Bi.Ses 70 | 766 | — | — | -650| Good | GERNe - — RN e
Fettorice BicTe, ss5 | 785 | — | — | -e00f — | Gupnee = e g, Wit e Sl
Fomte BizTi.0, - - Decomposes - = = s o S e 00,
?:fﬂﬁ;ﬁide Bi,Ss 685 7.39 — _ _ — — _ — fn=15
B ] 2100 236 lsiéﬁmeslmg s 1797 A, f/:it. Carbon - g é/l;t;;iilaf:g?égd;i):vict:ng;i)r:c;fooling.
ggr’gi”de B,C 2350 2.50 2500 | 2580 | 2650| Xint. — — — | Similar to chromium.
E%ﬁge BN 2300 2.20 Sanlimes.,_, B N 1600 Poor — — — Sputtering preferred; Decomposes.
8;’{5’2 B.0, 460 1.82 = — [~1400] Good = — {PL,Mo |n=146
?r?girllphlde B,Ss 310 1.55 - = 800 = Graphite — e =
Cadmium Ccd 321 8.64 64 120 180 Poor é‘\jgrztz — _I\,f\_\//labCb Poisons vacuum systems, low sticking coefficient.
saumiog, Cdsh 456 6.92 = - 2 h - - - =
Eadnilim CdaAs, 721 6.21 - - - - Quartz — — -
Cadmium CdBr, 567 5.19 — | = | -300} - — — _ _
gﬁ?o':‘ﬁem cdcl, 570 4.05 — — | ~a00 _ _ _ - -
Fadmid CdF, 1070 6.64 3 — | ~s00] — - - — |n=156
Cadii cd, 400 | 530 | — | — | -2s0] ~— — — — -
8?%”:“”1 Cdo 900 6.95 — — ~530 — — — — Disproportionates. n = 2.49
cadmin CdSe 1264 581 | suolimes. %401 aood g‘uzg;tz = | M Evaporates easily. n = 2.4 @ .64
SheT cdsio, — — — — | ~600 _ _ _ S
o | s | aw [T | e (A9 | - [l | SRR e
N care | ross | s20 | | | aso| - = [w B |pobme e am
Calcium Ca 842 1.55 Sﬁgﬁmes 357 o 459 Poor é'égéz W W Corrodes in air.
feicium CaF, 1360 3.18 — — f-1100] int. Quartz 1}9;0 gao ?o‘"’éifgéltf‘;' IMpOARt, s ERIEIEnERL
8)a<égieum ca0 2580 3.35 o o ~1700 o 710, o VI\Xo Eo;mi\g)éllat'rle oxides with W and Mo.
Sateium ca0-sio, | 1540 2.90 - - - Good Quartz — — |n=181
gilwgrﬁe CaS Subl. 2.18 — — 1100 — — — Mo Decomposes. n = 2.14
?ag;g CaTiO, 1975 4.10 1490 | 1600 1690 Poor — — — Disproportionates except in sputtering.
%fgig{‘;te Cawo, 1620 6.06 - - - Good - —w n=1.92




TEMPERETURE (°C) T
MPE[i].TING HENSITY @ VAP, PRESS EVAPORATION TECHNIQUES REH?RdKS
RAME SYMBOL INT 5 n = Index
o glem 10-° 10-° 10-* | ELECTROK CRUCIBLE colL BOAT of refraction
TORR | TORR | TORR BEAM
1657 | 1867 2137 . EB preferred. Arc evaporation. Poor film
Carbon e Subl. } 1.8-23 | g hiimes.......... Xint - - | adhesion. Vitreous carbon n = 1.47
: Alaos W & 4 #
Cerium Ce 795 8.23 970 | 1150 1380 Good \%OC b W T4 Fitms oxidize easily.
1t Larbon
Ceric 1890 | 2000 2310 Use 250—300 °C substrate temperature.
Oxide 0 2600 753 Sublimes. ... ... .. Gadd - - W n= 2.2—2.4. Reacts with W.
Cerium w
Eliioride CeF, 1418 6.16 — — ~900 Good — = 1Mao Use gentle preheat to outgas. n = 1.63 @ .55,
Cerium 2 Altoys with source; use .015-.020 W boat
Oxide Ce, 0, 1692 6.87 — — — Fair = — w ='1.95
Cesium Cs 28 1.87 -16 +22 +30 = Quartz — S5k —
Cesium
Sromide CsBr 636 4.44 — — ~400 — — — w n=170
gf(‘)‘;{ge CsCl 646 3.97 — —_ ~500 — — — |w n = 1.64 Hygroscopic
Cesium
Fluoride CsF 684 3.59 — = ~500 = = == w —
Cesium
Fiyaroxide CsOH 272 3.67 — — 550 — — — Pt —
Cesium Pt _
lodide Cs! 621 4.51 - — ~500 — Quartz — W, Pt il = 88O
: Mo B 3
Chiolote NagAlsF,, — 2.9 — — ~800 — — — W % 1.33
vr lated
Chromium Cr 1890 7.20 837 977 1157 Good Vit. Carbon W dpor Films very adherent. High rates possible.
Sublimes. . ........ >tr|p
Chromium
Boride CrB 2760 6.17 — — — — - — — -
i crer, gz | aze | — | — | s - = | = [mneonet | —
Chromium i
Carbide Cr.,C, 1890 6.68 — — ~ 2OOF) Fair — — w —
Chromium crol 824 2.75 - — 550|  — - = fiFe Sublimes easi
Chioride 2 . inconel ¥
Chromium . _ - y _ w Disproportionates to lower oxides,
Oxide Cra05 2435 5.21 2000 & Mo reoxidizes @ 600°Cinair.n = 2.4
Chromium :
Silicide CrsSi 1710 6.51 —_ — - — — — — —
Chromium
Silicon Cr-Si0 Infiuenced by composition. ... ... .. oL Good — — w Flash.
Monoxide
Cobait Co 1495 8.90 850 | 920 | 1200] it e - | & Alloys with refractory metals.
Cobalt — — 400
Bromide CoBr. 678 4.91 Sublimes. . .. ...... = — s Inconel —
Cobalt — I — I 472
Chioride GoCly 740 | 336 | gublimes. ... - - — | ingonel -
gngae't Co0 1935 568 — — — — — — —_— Sputtering preferred.
ALO Films do not adhere well. Use intermediate layer,
Copper Cu 1083 8.92 727 857 1017 Xint. Mo T W Mo e.g,, chromium. Evaporates from any source
0, ia material.
Copper _ - _
Chioride CuCl 422 3.53 — 600 — - - - n=1.93
Copper " — — ~600 Evaporate in 10-? - 10-* of G; 70.
Oxide Cuz0 1235 6.0 Sublimes. ......... Good Al-O, - Ta J. Electrochem. Soc. 110, 119 (1967)
Copper o 1 ] [ ~500 _
Sulfide R 1m3 6.75 Subfimes.......... - - - - n=145
. . w Lar%e chunks reduce spmmg
Cryolite Na,AiF, 1000 2.9 1020 | 1260 1480 Xint. Vit. Carbon — Mo Lrtte decomposition. n = 2 34 at 6330A
Ta App. Opt. 15, 1969 (1976)
Dysprosium Dy 1409 8.54 625 750 900 Good — — Ta =
Dysprosium — — ~ 800 . _
Fluoride DyF. 1360 - Subliimes. . ........ Good - - Ta
8;?;05"“”‘ Dy,0, 2340 7.81 — — ~ 1400 — — — Ir Loses oxygen.
: 650 T8 930 w
Erbium Er 1497 9.06 SUblites. Good — — 2 —
Erbium
Fluoride Erf; 1350 7.81 — — ~750 — — — Mo JVST A3 (6) 2320
Eibium En,0, 2400 8.64 — — |-1600 - — — |n Loses oxygen.
Europium Eu 822 5.26 Sigﬁmes,?éo_ o 480 Fair AlO4 — 'Y'\/a Low tantalum solubility.
Europium -
Elaorida Euf, 1380 6.5 - — ~950 — — = Mo —




TEMPERATURE (°C)

EVAPORATION TECHNIQUES

MELTING DENSITY @ VAP PRESS REM?RE:(S
NA SYMBOL POINT n = Index
NE o gem® 102 10-° 10-¢ ELECTRON CRUCIBLE ColL BOAT of refraction
TORR | TORR | TORR BEAM
. Ir
ggi’gg‘“’“ Eu,0, 2056 7.42 — — |~1600] Good ThO, — 3/'\/3 Loses oxygen; films clear and hard.
Europium _
Sulphide Eus — 5.75 — — = Good = _ =
Gadolinium Gd 1312 7.89 760 900 1175 Xint. Al 0, — Ta High Ta solubility.
gt 64,0, 2310 7.41 = - = Fair — — Loses oxygen. n = 1.8 @ 554
AlLQ i
Gallium Ga 30 | 590 | 619 742 | 07| Good | BEO® - — | ety ek,
Quartz
T Gash 710 56 w | = Fair - — | Flash evaporate.
Sallium, Gahs 1238 5.3 = - = Good Carbon —~ X Flash evaporate. n = 5.64 @ 10.6,
Sallium GaN Subl. 6.1 — — | ~200f — Al,0, — — | Evaporate Ga in 10> N,
gii\(‘ji:r(?i) Ga,0; 1900 5.88 = = = e = = \7\; Loses oxygen
gﬁgé%?ide GaP 1540 4.1 — 770 920 — Quartz — ‘\Fva Decomposes vapor mostly P.
; Quartz w Excellent films from EB sources.
Germanium Ge 937 5.35 812 957 1167 Xint. ALLO, — %a Use D40 W. n = 4.01
G o | 450 | 52 | e | - = |- | [swerbepetero
Germaniim GeO, 1086 6.24 - — | ~625 Good | Suatz ™ K2 Similar to IO, film predominantly GeO.
2Va
Germanium Quartz W
Telluride GeTe 725 6.20 - - 38l - AlO, — Mo -
Glass, o o 220 _ _ o Xint N = o Evaporable alkali glass. Melt in air before
Schott 8329 ’ i evaporating. n = 1.47
ALO, W, Mo ’
Gold Au 1062 19,32 807 947 1132 Xint. ) w Coated Films soft, not very adherent.
Vit. Carbon AlLO
Hafnium Hf 2230 13.09 2160 | 2250 3090 Good — . = —
Hafnium
Boride HfB, 3250 10.5 — — — - — — — —
Hafnium i — — ~ 2600
Carbide RfC 4160 | 122 Sublimes . .. .. . N - - - -
Hafnium
Nitride HiN 2852 13.8 =— — — p— — — — —
Hafnium HIO, 2812 9.68 - — |~2500] rair — — lw Fitm HOn = 2.0 @ .5 App. Opt. Apr. 1977
Hafnium .
Silicide HfSi, 1750 7.2 — — — — — — — —
: 650 770 950 w
Holmium Ho 1470 8.80 Sublimes. . .. .. ... Good — W Ta —
Holmigm HoF, 1143 7.64 - — | ~800|] =~ Quartz - - =
gzi\(njneium Ho,0; 2370 8.41 — — — — — — Ir Loses oxygen.
N s o _ o Use fine wire pre-wrapped on W.
Inconel RuCdre 1425 85 00 - W w Low rate req’d. for smooth films.
XInt.; :
indium In 157 7.30 a87 | 597 | 742fMo Graphite wo| Wets W and Cu; use Mo liner in guns.
. 2Va
Indium v = o _ = . o Toxic, Decomposes; sputtering preferred; or
Antimonide 5t 535 58 500 400 w co-evaporate from 2 sources; flash. n = 4.3 @ 1y
Indium o _ o Toxic, Sputtering preferred; or co-evaporate from
Arsenide InkS 943 5.7 780 | 870 970 w 2 sources; flash. n = 4.5 @ 1p
Indium — — ~ 1200 W Film In,0; transparent conductor.
Oxide In:0, 1565 718 1 suplimes. .. ... ... Good | ALO, — rt WST 12,99 (1975)
L”hdgsgide InP 1058 48 = 630 | 730 — Graphite - ¥ Deposits P rich. Flash evaporate.
Indium o o o o _ o Sputtering preferred; or co-evaporate
Selenide In2Se, 890 5.7 - from 2 sources; flash.
Indium — — 850 :
Sesquisuiphide In2S, 1050 4.90 Sublimes. . ........ - Graphite - - Film In.S
'S”uf{;fhr}‘de in,S 653 5.87 = - 650 — Graphite - = -
indium . _ Sputtering preferred; or co-evaporate
Telluride In.Tes 687 58 - - - - - from 2 sources; flash.
Iridium Ir 2459 22.65 1850 | 2080 2380 Fair ThO, — — =
Al0 Attacks W. Films hard, smooth. Use gentle
Iron Fe 1635 7.86 858 998 1180 Xint. BeZOS W W preheat to outgas.




TEMPERATURE (°0)

MELTING BERSITY @ VAF PRESS EVAPORATION TECHRIQUES REHARKS
NAME SYMBOL POIKT n = Index
' o glem® 10- 10-¢ 10- ELECTROK CRUCIBLE coiL BOAT ufl refraction
TORR | TORR | TORR BEAM
L - FeBr, 689 464 | — - 561 — Fe — - -
iron — — 300
Chloride FeCl, 670 2.98 Sublimes. .. ....... - Fe - - -
I Fel, 592 531 | — - a00|  — Fe -~ - —
IOrginde FeO 1425 5.7 — — — Poor s - o Decomposes; sputtering preferred.
Iron _ _ Disproportionates to Fe;O, at 1530°C,
Oxide Fe,04 1565 5.24 — Good — — W n=30 e
iron FeS 1195 4.84 AlLG
Sulphide ¢ : - - - - 2Us = = Decomposes.
Kanthal FeCrAl 1500 7.1 — — ~1150 — — W W JVST 7, 739 (1980)
Lanthanum La 920 6.17 990 | 1212 1388 Xint. AlLG, — '\?{a Films will burn in air if scraped.
Senthanum LaB, 2210 261 | — — — Good — - — —
E?Qﬁ:‘ﬁ%”m LaBry 783 5.06 — — — — — — — = 1.94 Hygroscopic
h _ _ i
'%Iaunot”ggum LaF, 1490 6.0 Sublimes. . .. .. .. 900 Good — — .ll\—/lao No decomposition. n = 1.59 @ .55
santhanum 12,0, 2250 584 | — — 1400]  Good - e Loses oxygen. n = 1.9 @ 5
AlLO w Toxic. Carefully controlled rates req’d.
Lead Pb 328 11.34 342 427 497 Xint. Qéarftz W Mo for superconductors.
bead PbBr, 373 6.66 | — — | ~300{ - [ — ~ -
fead POC] 501 5.85 325 A i iti 2.2
Chiloride 2 7 — -t ~ — 1,05 — Pt Little decomposition. n = 2.2
Lead — — ~400 W g
Fliorias PbF, 822 8.24 SiBlmes. . .. — BeO — Pt, Mo Toxic.n = 1.75 @ .3p
Lead =27
fodide Pbl, 502 6.16 — — ~500 — Quartz — Pt O t Soci. 65, 914
Lead PbO 890 953 | — ~ | ~ss0} — CA’;:%“:Z — |rt No decomposition. n = 2.55
LeEd e PbSNO; 1115 8.1 670 | 780 | 905| Poor AlLO, — ipt Disproportionates.
Lead — — ~500 Graphite W
Selenide PbSe 1065 8.10 Sublimes. .. ....... - AlLO, - Mo -
Lead — l ~N [ 550 Quartz ; .
Sulphide PbS 1114 7.5 Subiif 0 . . O 4 — ALO, — w Little decomposttion. n = 3.91
M % 1 Di its T h. Sputt
“Ifglalﬂride PbTe 917 8.16 780 910 1050 — élrzaopzhi’le — _}I-'j;o ﬁ?e?%?r%gx@?s(’:‘oeg\?aségra’?er;{r:om s%ﬂrcgeréng
ke PBTIO, — 752 | — _ _ - - — |Ta —
Lithium L 179 053 | 227 | 307 | 407 Good Blz0s = |12, Metal reacts violently in air.
Lithiiim LiBr 547 346 | — — | ~s00] - - L n=178
Lithium 5 . . Use gentle preheat for outgas.
Chloride LiCt 613 2.07 — 400 — — — Ni n= 166
Lithium LE 470 5 60 875 020 — m, Ta Sate coqltrol m?]po??nt for Op'[lcaF films.
3 L = [¢] se gentie preneat 1or oU
Fluoride ' A 180 Goodt | Al L B b bt 15 3245 (1972)
Lithium . Mo
Tsdide Lit 446 4.06 — — 400 — — — W —
Lithium ; Pt
Oxide Li,0 1427 2.01 — — 850 —_ — — iy =164
Lutetium Lu 1652 9.84 — — 1300 Xint. Al,0, - Ta —
gg}imm Lu,0, 2489 9.41 —_ — 1400 — —_ — ir Decompaoses,
W
. 47 . . :
Magnesium Mg 651 1.74 Slugﬁmes 2 ______ 327 Good C;Itz.oéarbon W _’?AEC? b Extremely high rates possible.
Macwoim MgALO, 2135 3.6 - - - Good _ _ — | Natural spinel.
Il\g/\%gnr:iedseium MgBr, 700 372 — — ~450 — — — Ni Decomposes.
Yagnes um MgCl, 708 2.32 — - 400 - — — N Decomposes. n = 1.6
i Rate control and substrate heat important for
Magnesium ~ . _ Mo tical fil 1
Fluoride MgF, 1266 2.9-3.2 1000 Xint. Al O, — Ta OpAlggl IOrBtS e 2245 (1972)
Magngsir: Ml 700 424 | — — 200  — - — i -




TEMPERATURE (°C)

EVAPORATION TECHN!QUES

NAME srgoL | TFOWT. | DENSITY Clo e i
v | g | a0e ) t0e | 10 | ELECRON | opueipie | coil | BoaT of refraction
TORR | TORR | TORR BEAM
ggg’;esmm MO 2800 3.58 - — 1300|  Good %’fct;fn - - HL"ST’?&V Tf?ilzezslxéd(elsé;z)z 7
wognse [0 | a2 | r0 [ L] o] e [me W [ | -
Mingapese MnBr, 695 438 | — - 5001 — e — | Inconei -
yha\r;%adneese MnCl, 650 298 - - 450 = — - Inconel ==
Manganese Mn.0, 1705 48 | — — - - - — |w =
g/lua[r;)%ﬁgsse MnS 1615 3.99 - - 1300 = — — | Mo Decomposes. n = 2.7
Mercury Hg -39 13:55 -68 —42 -6 — = . = =
ms | s | 810 [ ] = Jme [ ] - oo
Molybdenum Mo 2610 10.22 1592 | 1822 2117 Xint. — — — Films smooth, hard. Careful degas req’d.
Molvhdenurm MoB, 2100 712 | — — - Poor - - - -
ga"r‘g}’d":”“m Mo,C 2687 9.18 - — - Fair - — — | Evaporation of Mo(CO), yields Mo,C.
B o Mos, 1185 480 | — — -s0| — - - -~ N
Molyedentm MoSi, 2050 6.3 - - — - - — W Decomposes
?Ar?gi?éj;num MoO, 795 4.70 _ _ ~900 — gkloz — ’;A!O Slight O, loss.n = 1.9
Neodymium Nd 1024 7.00 731 871 1062 Xint. Al O, — Ta Low Ta solubility.
Neadymi NdF, 1410 6.5 — — | ~900] Good AlLO, g | Mo Very little decomposition. n = 1.61 @ .55
Neodynium Nd,0, 2272 724 | — | — |-~1400| Goed | ThO, = [ E&%E;é{éé:@mn;imf P varel Wi
Nichrome IV Ni/Cr 1395 8.50 847 987 1217 Xint. \Aél\igéarbon W ék\g’ed Aljoys with refractory metals.
Nickel Ni 1453 890 | 927 | 1072 | 1262] xint. CB:e:?éarbon woo|w SR O ORI SlATs. dRis iy
Broncide NiBr; 963 464 | Sublimes........ 3621 - - = {jinconel -
gri\clgre}lde NiCl, 1001 3.55 Saﬂimes 7 . D . - - - Inconel -
Nicke! NiO 1990 7{45 N — |~1470 — ALLO, — — | Dissociates upon heating. n = 2.18
E“égfﬂ;’gium) Nb 2468 8.55 | 1728 | 1977 | 2287{ xint. -~ — |w Attacks W source.
Nighiim NbB, 3050 6.97 | — — - — = — - —
Niopiun NbC 3800 7.82 = — - Fair - — — —
Ml NbN 2573 8.4 - — — — — — — | Reactive, evaporate Nb in 10-° N,.
Diebim NbO — 627 | — = 1100 — - — |rt —
Hiobfum, Nb.0, 1530 447 | — | = | — - — - |w n=23
?eiﬁt\)‘lil’lilgwe NbTe, _ 7.6 — _ — - - — — Composition variabte.
Niobium-Tin NbsSn — — — — — Xint. — — — Co-evaporate from 2 sources.
W) Ay Nb,0, 1780 7.5 — — — — - — W —
Osmium 0s 1700 225 | 2170 | 2430 | 2760|  Fair — — - -
Palladium Pa 1550 | 1240 | saz | 992 | 1192| xint. | §kOs wo|w i‘vlfggr‘;’t‘g‘nfﬂ’ggcég{gd'fest;i‘fs; repid
Calladium PdO 870 8.31 — — 575 — ALO, — — | Decomposes.
fl?rrxfnngarblde) CeHas 2887 11 - — - — = — — Vapor depositable plastic.
Permalloy NifFe 1395 87 947 | 1047 | 1307| Good | 4O | — [w e T s
Phosphorus P 41.4 1.82 327 361 402 — Al 0, — — Metal reacts violently in air.




TEMPERATURE (°C)

EVAPORATIOR TECHNIQUES .
NAME svitsoL | BT | DENSITY g R
i gont 10 100 | 00 | EECTRON | coueiaie | coi | poar of refraction
TORR | TORR | TORR BEAM
Platinum Pt 1769 21.45 1282 | 1492 1747 Xint. %hO W w Alloys with metals. Films soft, poor adhesion.
2
Plutonium Pu 635 19 — — — — — — w Toxic, radioactive.
Polonium Po 254 9.4 117 170 244 — Quartz — — Radioactive
. = _ Metal reacts violently in air. Use gentle
Potassium K 64 0.86 23 60 125 Quartz Mo preheat o outgas.
Potassium = Ta Use gentle preheat to outgas.
Bisiide KBr 730 2.25 — — ~450 — Quartz — Mo n= 356
Potassium . _ . Ta Use gentle preheat to outgas.
Chloride KCi 776 1.98 — 510 Good Ni n=149
Potassium Use gentie preheat to outgas.
Flictide KF 880 2.48 — —_ ~500 Poor Quartz — — = 1.35
Rotassiumy KOH 360 204 | — — | ~a00] = s — e Use gentie preheat to outgas.
Hydroxide
Potassium - Use gentle preheat to outgas.
lodide Kl 723 313 — — 500 — — — Ta n= 168
Praseodymium Pr 931 6.78 800 950 1150 Good — — Ta -
Si?giodymium Pr,0, 2125 6.88 — — 1400 Good ThO, — ir Loses oxygen. n = 2.0
Radium Ra 700 5.0 246 320 416 — — — — —
Rhenium Re 3180 20.53 1928 | 2207 2571 Poor — — — Fine wire will self-evaporate.
Rhenium
Oxide Re,0, 297 8.2 — — ~100 — — — — —
Rhodium Rh 1966 | 1241 | 1277 | 1472 | 1707| Good | ¢M% ol w  fw EB gun preferred.
Rubidium Rb 38.5 1.47 -3 37 131 — Quartz — — —
Busitium RbCI 715 276 | — — | -850 — Quartz - — {n=-149
Rubidium
lodide Rbi 642 3.55 = as ~400 ==X Quartz — 525 ==
Ruthentum Ru 2700 12.45 1780 | 1990 2260 Poor — — w Spits violently in EB. Requires degas.
Samarium Sm 1072 7.54 373 460 e Good AlLO, — Ta —
Simg(ium Sm,0, 2350 7.43 — — — Good ThQ, — ir Loses O,. Films smooth, clear.
Samarium AIP Conf. Proc. on Mag. & Mag. Mat. B,
Sulphide Sma.S, #5900, - = = = Good = & — | ’5,860(1971)
Scandium sc 1539 299 | 714 | 837 | 1002] Xint 205 — |w Alloys with Ta
Scandium Sc,05 2300 386 | — — | ~a00| Fair - — — | Losesoxygen.n = 1.88 @ .5
. AlLO W W Toxic. Poisons vacuum systems.
Selenium S8 217 T 89 | 1251 170f Good | vitCamon | Mo | Mo WST 9, 387 (1972); 12, 573 & 807 (1975)
?eO W Akljloys l/lvithl\é\/;s%se heavy W boat. Si0 produced
il i i a — above 4 x 10-° Torr. est.
Silicon Si 1410 2.42 992 | 1147 1337 Fair VA Carbon Ta 32855 App. Opt. 13, 5348 (1976)
Silicon .
Boride SiBs - 2.47 e - — Poor - — _ _
SHicon, sic 2700 322 | — = 00|  — - = — | sputtering preferred.
Silicon . 1610— — = ~1025 : _
Dioxide Si0, 1710 2227 influenced by composition Xint. Al2Os - - Quartzxintin EB. n = 1.47
Silicon p — I — 850 . Baffle box source best for resistance evaporation.
Monoxide Si0 1702 2.1 Sublimes. .. ....... Fair Ta w Ta Low rate suggested. n = 1.6
Silcag SN, Subl. 344 | — — | -800] - - - — |n=21
en sise — — - - 550 — Quartz - - —
Selenide
Silicon 5 o
Sulphide Sis Subl. 1.85 — — 450 — Quartz s st
Silicon : i - _
Teliuride SiTe; — 4.39 - - 550 — Quartz =
Silver Ag 961 1049 | 847 | 958 | 1105| Xt et W T Evaporates well from any source.
g‘r‘gﬁ“ide AgBr 432 6.47 - — | ~380 - Quartz — |1a =225
Silver Mo
Chioride AgCH 455 5.56 — — ~520 — Quartz 2, Pt n=207




TEMPERATURE (°C)

EVAPORATION TECHNIQUES

NAME spoL | PONT. | DEASITY g T e ndox
oo | gem | d0e ) 100 ) 10 ) ELECTRON | ppyeime | cow | sowr of refraction
TORR | TORR | TORR BEAM
plluer Agl 558 567 | — — | ~s00[ ~ - — | n=221
Sodium Na 97 0.97 74| 124 | 192 — Quartz - | ﬁiﬁa%igggtgﬁg,e:gtw outgas.
acel, NaBr 755 320 | — — | ~400| — Quartz - = | Hseeenieprenestiaodtoss
Sg!doi:ji?e NaCl 801 2.16 _ - 530 Good Quartz o TK/!vao g)uxg;s;: Irittzle ?ecomposit:on. Use gentie preheat
(S:;:gri]‘fg; NaCN 563 o _ o 550 o . . Ag Es:e g]eArit:_l)e preheat to outgas.
v | s | zo9 | |~ | 7o) ews | eeo — |F [t o
iiggir‘é:i'de NaOH 318 2.13 o . 470 o . o ot h)s: %?gtée preheat to outgas.
Spinel gAAgI?E), — 8.0 — — — Good — — — n = 1.72
Strontium sr 769 2.6 239 | 309 | 403| Poor vit. Carbon | W f:ao ‘R’A"gﬂg‘a‘ét"j’ifje?ﬁfyai’fayi yith refractory metals.
Sirantiim SIF, 1190 424 | — — |-1w000| — ALO, - — |n=14a
SHsntim S0 2460 a7 | e ! WL o AL,O; — | Reacts with Mo and Ws n = 1.87
gg&';t;gg" SrS ég%vs 3.70 — — — — — — Mo Decomposes. n = 2.11
Sulphur Ss 115 2.0 13 19 57 Poor Quartz — W Poisons vacuum system.
Supermalloy Ni/Fe/Mo 1410 8.9 o _ o Good 4 o o fSputtering preferred; or co-evaporate
rom 2 sources, Permalloy and Mo.
Tantalum Ta 2996 16.6 1960 | 2240 2590 Xint. — — — Forms good films.
Jantalm TaB, 3000 12.38 - - — - o _ = —
el TaC 3880 | 1465 | — | — [-2500] — — - — | wsT12,81102975)
Lait”rfg‘;m TaN 3360 16.30 — — - - — — — Reactive; evaporate Ta in 10-° N,.
Jantalun Ta,0, 1800 8.74 | 1550 | 1780 | 1920| Good Vit. Carbon | W [Te gi‘?;“ geg%mg’?ifé‘;”;\;‘f%"ggtelg il N
o [ [ [ - [ - -
Technetium Te 2200 115 |} 1570 | 1800 | 2090 - - - — -
Teflon PTFE 330 2.9 - — — — — W Baffled source. Film structure doubtful.
Tellurium Te 452 6.25 157 207 277 Poor gljgﬁtz W wa Wets w/o alloying. Toxic.
Terbium ™ 1357 827 | soo | 950 | 1150 xint. ALO, — | -
Fhrorn TbF, 1176 - — | — | ~80] — _ _ _ _
b h,0, 2387 7.87 - = 1300  — - — | Partially decomposes.
"(f)i:g;um Tb.0, = —_ — — — — s — Ta Films ThO.
Thallium 7 302 1185 | 280 | 360 | 470| Poor é'ﬁgéz — | Wets freely, very toxic.
Tansmn TIBr 480 7868 | gpioie 0 20l Quartz — |1a Toxicn = 2.3
ER%:"%’; TICI 430 7.00 SE)Hmles.._. ) | ~150 — Quartz — Ta Toxicn = 2.25
AR i 440 | 7.09 S@,imsz A .]. s Quartz = — | Toxicn =278
R 1,0, 717 9.65 - - 350] — - — — | Toxic, Goes to T1,0 @ 850°C.
Thorium Th 1875 11.7 1430 | 1660 1925 Xint. — W ﬁ% Toxic, radioactive.
Ltodum ThBr, - 567 | soolimes. . = — — | Mo Toxicn = 2.47 @ 5u
32361‘(;? ThC, 2773 8.96 = — |~2300 — Carbon — — | Radioactive.
Therduen ThO, 3050 1003 | — — |-2100| Good — - lw Radioactive. n = 1.86 at 2.2 microns
herum ThF. 1110 6.3 - — | ~750| Fair Vit Carbon | — | Mo ?gg‘?g?tj\v/‘g#lz 19~15921 e st TAowe




TEMPERATURE (°C)

MELTIKG p— @ VAP PRESS EVAPORATION TECHKIQUES REMARKS
e SRR | e [Twe T e Tine [ EECRON | oy | con | g oFvaesction
TORR | TGRR | TORR BEAN
b, THOF, 900 9.1 - - | = = — = 14 Radioactive. n = 1.52
gz%kige Ths, _ 6.80 _ _ _ _ _ _ _ fsrgumttgrégﬁr:éveesfferred; or co-evaporate
Thufium Tm 1545 932 | gb1 | 8541 880} goeg ALLO, — a -
Soulim Tm.0s = 890 | — = 1500)  — — — Decomposes.
Tin Sn 232 7.75 682 807 997 Xint. Al,0, W Mo Wets Mo; use Ta liner in EB guns.
gixnide S$no, 1127 6.05 Saﬂimes..ﬁ. N » 1(?(?0 Xint. %:g:tz W W E}I;nsz%om W oxygen deficient, oxidize in air.
gi:lenide SnSe 861 6.18 — — ~400| Good Quartz - — | VST 12,110(1975)
-gunlphide SnS 882 5.08 — — ~450 — Quartz - . _
wmriae SnTe 780 6.44 = . ~450 = Quartz — - =
Titanium Ti 1675 450 | 1067 | 1235 | 1453] Xt Tic — iw g;‘s"(y)sn"f“l‘}; fg;‘g;}g’y =als; evolves
Titanium TiB, 2980 450 | — _ _ poi _ _ _ '\
ianitim Tic 3140 493 | — | — l-2300] — = - - | JvsT 12,851, (1975)
-IIZ—)iitoaxri‘;l‘Ji”(]rutile) Ti0; 1640 4.29 - - ~1300 Fair - y \IOI/o Evipgfiti;)np.lggt?flgf ggt§63(51%"756&;bstrates.
xim, ro | s | ass | = |~ |ousool ees [vecwen | [l | U mmeparemoates Fims T, ¢
e e | osas | o | o | < | e | D | - fue | e pretered Oscompses i
gzsgti;ij&ide Ti, 04 2130 4.6 — — — Good — — W Decomposes.
Tungsten W 3410 19.3 2117 | 2407 2757 Good — — — Forms volatile oxides. Films hard & adherent.
Tunesten wa, 2000 | 1275 | — s - Paor - — = —
E‘;;‘bgif}sn W,C 2860 17.15 | 1480 | 1720 | 2120| Xint. — —~ |¢ —
pellr?Lglflt:g WTe, — 9.49 — — — — Quartz = = e
T wo, | s | 116 | g NSP s |~ | [N | prerents e wishce
Uranium U 1132 19.07 1192 132% 1582 Good — w Vbco Films oxidize.
Cranium uc, 2260 | 1128 | — — | 2100 — Carbon - — | Decomposes.
g{gﬂz"em uo, 2176 10.9 — — — — — — w Ta causes decomposition.
pianim UF. ~1000 = - - s00] — - — | Ni —
8;?5‘;“'” U0, dec 8.30 — - — — — - W Decomposes at 1300 °C to UO,.
g;zzg—‘hri”de ue, = 8.57 — — 1200 — — = [T Decomposes.
g;?grl]l'lg; 0,5, _ _ — — 1400 — — — w Slight decomposition.
Vanadium v 1890 5.96 1162 | 1332 1547 Xint. — — tho Wets Mo. EB evaporated films preferred.
ranadily VE, 2400 510 | — - - - - — - —
5 ve 2810 577 | — | — l-oign] — — - - —
k)?cnigletjm VG, 1967 4.34 Sl?blirnes __ ..... N 575 - - - - ?\?g'?sll\tZTZe)th? (ll)éég;zoz
van.tham N 2320 6.13 " — = — — — - -
Yanadium v,0. 690 3.36 - — | -s00 — Quartz - - -
Yonadivm VSi, 1700 442 | — — — — - s - —
Ytterbium Vb 824 698 | 201 8901 6301 Gooq — — |7a -
XHerbium YbF, 1157 817 | — | — | -so0f — — ~ |mo n=157 @38




TEMPERATURE (°C)

EVAPORATION TECHNIQUES

NAME sgoL | TROIT | DENSITY g e e s
| e [k [ | "o [ oo [ con | oan
étxtgsium ¥b,0, 2346 997 | wupiimes. 1500 £ = — |ir Loses oxygen.
Yttrium Y 1509 4.48 830 973 1157 Xint. AlLLO, W ¥Va High Ta solubility.
YU oxide | VA0 1990 = - = Good - w — | Films not ferroelectric.
piath YF, 1387 4.01 - - - - - — =
: ALO Mo .
Zinc n 4138 7.14 127 177 250 Xint. Qﬁa;tz W \1'% Evaporates well under wide range of conditions.
%\innt?monlde Zn3Sb, 46 6.3 - - - - - - -
Zgi,%cm - ZnBr, 394 4.22 — ~300 = Carbon — |w Decomposes.
E;G(C)nde Inf, 872 4.84 = ~800 — Quartz — E _
ﬁiir;fide Zn;N, — 6.22 — — — — — Mo Decomposes.
B, wo | | ser | = | = || e | - |- | - [asmassggsees
mse | o | s — oo~ Jawe MW O] s peetiogyes
e N P o D T
Zircon ZrSi0, 2550 4.56 — - — - = — — _
Zirconium Zr 1852 6.40 1477 | 1702 1987 Xint. — — W Alloys with W. Films oxidize readily.
Zireomum 78, 3040 608 | — - - Good — — - -
S reoam 7c 3540 673 | — | — |-2s00| - _ _ _ _
rzwiirti?;;”m ZrN 2980 7.09 — — — — — — — Reactively evaporate in 10-* N, atmosphere.
éi;}c(;)g\ium 710, 2700 5.49 _ - 2200 Good _ _ W Eil:s‘zéaségg fj7e5filcient, clear and hard.
Zlconim zsi, 1700 ass | — | — | — = = = = -

10




[NTHE PREPARATION OF THIS GUIDE, EVERY EFFORT HAS
BEEN MADE TO ENSURE ACCURACY. HOWEVER, ERRORS
ARE PROBABLE. EDWARD GRAPER, LEBOW CO. AND R.D.
MATHIS CO. DO NOT ASSUME RESPONSIBILITY FOR
CORRECTNESS OF THE INFORMATION AND FOR THE
RESULTS OF ANY APPLICATION.

COMPOSED BY EDWARD GRAPER, LEBOW CO., GOLETA,
CA. USED WITH PERMISSION.

APRIL, 2004






