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Lfl'ieN1LF111~l1~1vn11LilV1L'U'lJi'.:Jitban'6 (X-ray Diffractometer, XRD) 
0 d 

'1'l'U1'U 1 Lfl"av-3 

1. f!N~1l~~1lu (General Properties) 

tf1 <di di ..Jq D Q.J Q ~ <di Q,J 1 Q.I ILi .H -.J ~ ' 

L u'ULFl'ieJ.:JlJ€J'YllJ6U.J'i'Hl'U~"'.:1"'1'Vl'i'Ufl1'n bfl'i1~'Vl"'1'i'Vl'ie:J'm~ ~EJB11'1EJ'Vl'1flfl 1'ib'1 EJ1L 'U'\J'lJeN'i.:JG'f LeJ fl'll " . 
'Vl1ti.:ifi'IJ'i~ml'\J'll'eN51~\Jl1.:i '] 1LFl':i1~\hvlG'!u."~~~fl'llB\IG'f1':i~\11m:ti.:i'\.J~mruLL"~fOlrum'l'l ~\l~LiJ'U~\I (Powder) 

LL"~L U'UYl"111u1.:i (Thin film) ~.:i 1'U'1'11'U~'lleJ\ILL ~\ILLG'l::'Uei\IL 'VIG'l1 LiJ'IJLFl~ei.:ii1B~i1m111'\.JG'1€llilJltJ~eim.ff.:i1'U 1-ff 
'U 

\11'U41mLG'l~':i1~L ~11otl~'U~~lil~'l1.ll111n LLG'l~ 1.ll'11 L tl'U~B\IU1':i\l-rfl~1 L tl'UYl Ll'I~ '11111'i'11.ff.:i1'U1.~fll1\l'U11\l~'l1 'U • 
LL'\J'\J OD, 1D bb&'l~ 20 ~qiqi1rumvi'iiF1111JF111i~LL'1~~fl~el\l~\I G'f1111'i'1vi1\11'1J1'UL'Vl111ilf11':i11ilvl1EJ~1bb'1\l'll'U1'U 

1 11 II ""111 .. "' ""111 V ol V <> <..le! cl (Parallel beam) lil 'UBl;JffVl lil'Vl':ieJG'fqjqj1f1.l'\11 lil'OJ1flfl1':i11il'OJ~~f1u':i~111'1~'11i11tJFleJ11Vl1Ll'leJ':i'\1111Fl1111L'1'1tJ':i 

bb'1djG'f1l'i'i'1'U~G'l.:ivi111w~e:i111 tl':i bLm111 LFl':i1~~vi"'1111 ':i'1Lotl\l1'U 1~41 tJ LLl'iiJtl'i~ ~'V15m'l'l 1~ tJ FlB11Vl1L111ei{~V1 
'U 

~\1€lVn'lll'i'1LFl~e:J\I XRD vl1'VIU1~Ltl'UV1'111t1tl'i~111'1~'1bL'1~Pl1tJfll.Jf11':ivl1\11'U'lJB.:!LFl~B\I 'Utlf1'0J1fl.Q'EJ\ILU'ULFl~e:J\I 
'U • 

~'11111':im ~ei111ci.:im'ivi1.:i1u nuF1eil.JVl1L111ei{~'U1vi'eitl1.:i&'l.:il'i'1 LR~ti.:i1LFl':i1~~~1tJ'Vl'1n fl1 ':iL~t11b uu-r.:iarnn~d 
L U'ULR~ eNi1ei~G'f1111':i'1vi 1.:i1'U 1~ei tl1.:i ~ei L ~ei.:i LliltJ hJiHl qJ'V11 fl1'jG'f ~G'l1l'lleJ\lm111fa'Um tJ 1 u~ei.:i LR~B\l'VI ~eii1 

II 111 ~ I d ~I .J .J .,! .. ti <.J .. v .J 
Fl111JG'f 1l.J1':i'1':i~'U1EJF1111J':i€J'U Vlb U'UBEJ 1\1(;) L u'UbR':ieJ\l'YlG'f1J.J1':im Wl.ILl'llJ B fl'i fl.lel'UVl':ieleJW bfl'iVILW €J'lltJ1EJ • 

2. Aruin~CUZb1l'Vi1Z (Characteristics) • 
) d • ... ~-··-~ ., • ., ~ •... ~ d 2.1 Lfl':itl'ln1L'lJfl LTITI1LL ':i'lfl'lJ~'ILLa::ma~ LnTI1'tltl'ILfl':itl~ 

2.1.1) fi1'1\1'1\1'11il'll€l\ILF1~€l\I 300 W 'Vl~el'1\lf111 
'U • 'U 

2.i.2) '11m':imJ-rrnb':i\llii''W1vJvh1~"'.:i"'i;i 40 kV Vl~t1'1.:in11 
'U • 'U 

2.1.3) a1mwt1-rtJfi1m~Lb'11YlYl11.~a\laV1 7.5 mA V1~t1G'f\ln11 
'U • 'U 

2.1.4) iJ'i~'UtJ1'D"OJilt1nwYi1\11'U~a1m':imL'1.:i m1l.J~V1w'11V11'Wm'ivi1.:i1'W1~ 

2.2) ':i:l\J\JA1111tlaaf1Ji't1ua::vraafl;'.:iihantd 

2.2. 1) ii'i~'U'\J""qjqj1f1JL~el'UJltJ'Y11\11'\la~'11111':im .LJ11 '11~ LL'1~1lel\IL~'U 1~1iltJ41tJ 

2.2.2) ih~uum111'\.J"eii;intJm~1n111':i~1'UG'f1n" 11iltJi1'i::lii'u'lJei.:i m':i LL~-r.:i~1l.J Ln'W 1 1l.J 1Fl':i~YlL1{1P1~ei ... 
i11:w'I <µsv/h) 
2.2.3) ih ~rn.Ji1ei.:i n'Uf11'i~1 L Vl'1'll€l\l-r.:i ~L€l n'1111111JlJ11Pl'i:01'UFl11lJU" eJ(;)Jl EJ'\111\1-r .:!~ .. 
2.2.3) 'Vl'1€li;)1'\l~Lelf1"6LiJ'U"llU(;)G'fl.J':i':irl'U~'1\I~ 1i;imihvi1'0J1f1'\11B\ILLlil\I (Cu) ~11~1EJL61l':i1iJf1 (Ceramic 

~ . 



vl1'1.J'Yl1'1.Jn1'jfl~n~mJ1~LU'Ue:lV1\l~ a11J1'jf:la11il'li'j::Vl11\l point focus LL'1::: line focus 1~~1tJLL'1:: 

'S'J~L ~'J LL'1::LiJ1 .. dj1PJ'JntJ~~U'J~~fl1J 

2.2.4) LU'U'lliil'l Long fine focus ~~1'Ufl1'Jtl-rrnLm'11L~EJ1num11JLoU1J (Intensity) LL'1::m11J 

'1::LBEJ~ (Resolution) L U'UflV1~?!1Jl'l'1LLGi'1 • 
2 3) ti.cl ... 0 I "I .. ~ 

. "f~lfl'l'U~llnTn aEJ'U~11Vl'itl9l1UVl'U.:I ~'Un1'i1Lfl'i1::vt (Goniometer) 

) ;ii .Jo '1 :; .. .,,, 
2.3.1 Lum::UtJ'Vl'Vl1\l1'lJb'lJLL'lJ11Jl\l (Vertical Goniometer) LLtJU theta/theta 111w~m1 

2.3.2) ?11m"Jnri1111'lJ~1J1JL'Wfl1'JiLl'l'J1::1111mu'll1~ -3 n~ 140 e>~f'!1 (2 Theta) vr~e>n-~1~n-J1 • 
2.3.3) ?11m1cwh.:i1'U1'WitlLLUU (Geometry) LLUU Bragg-Brentano, Transmission LL'1:: Grazing 

Incidence 1~vV1\lLLVl'1~~ 

2.3.4) n~11'l111m:::LBt1~1un11LLEJmYcyqpru (Resolution) vr1ei Minimum peak width (FWHM) 
II I d Cit. ,.., I 4 1C1i1 I 

'lJt!EJFn1 0.04 tl\ll"\1 L1Jtl'JLl'l11::VllJ11€JEJ1~1J11'11,pu LaB6 Vl1€ll'lf1'J1 

2.3.5) 1 ~1"11m11lnn~e>~vr~e:im11JLL1lutl1'11e>~l'l1LL vru~w!'ltie:ivn11 ±o. 02 e>~f'f 1 vi~e:i~n11 
" 

2.3.6) 1"11m1:1.m::LBt.ll'lb'lJfl1'JLl'l~€J'lJ~ (Smallest addressable increment vi1e:i Minimum step 

size) Lvi1nu 0.001 eMl"\1 vr1e:i~n11 

2.4) 'fl'1\1'11'fili'.:i~han'lf (X-ray Detector) 

2.4.1) l-1111'1-r.:i~fauu Solid state l'l111JL~1?!\l ~ijl'l111J?l11J11Clvi1fl11ll'lb'ULLUU OD, 1D LL'1:: 2D 
" 

1~ vr~e:i~n11 

2.4.2) i111'1'1-r.:i~ihi1'U1'U'llt1.:i-ru'1cycy1ru~?111J11civi1.:i1'UL~ (No dead channels) ~1'U1'U'Wue:iEJn11 

256 'llei.:i 

2.4.3) 'lle:i.:ifo'1cycy1ruLL~'1::'llei.:in6U'U1l'l 'Wmnn11 5511ll'l1ffU "11ei~n11 

2.4.4) ijt11J111rn1-U'u'1qiqi1ru~.:i~~'WueiEJn11 30X109 cps 

2.4.5) '11'lJ1~1'U1~1 (Window size) 14 x 14 mm2 vr1v~n11 

2.4.6) "'qjqJ1ruJJllVl"'.:J111J (Overall Maximum Background) 11lmnn11 0.5 cps 'V!~fl~n11 

2.4. 7) L U'U,,r111'1~~1'Ufl11tlfotl1.:i LLm '11rl1 l'l111J'1::LBEJl'lV'l"'\l.:J1'U (Energy resolution) LL'11 
' 

2.5) LLvi'IJ11.:i~1av1.:i ilai1av1.:i (Sample Stage and Sample Holder) ua::'l::'U\Jn1'lilv'IJ 

Pi'1eiv1.:i (Sample handing) 

2.5.1) ijLLvJ'U11.:irl°1"11tJLlil1t11ll'11e:iv1\l1~uvEJn11 1 ~'U 
2.5 .2) "'11J11nil vu!Ji'1e:i v 1\l L ~vi Ll'l 11::'l-11Ji'1mh\l1~'11 nm EJ'lJ v n Ll'l EJ 1l.Jij fl11L tJ 1'1~1 l'l1£lULl'l~€J.:i 
2.5.3) LL vl'U11.:Jl'i'1£lV1.:J?f 11J11Cl'J1.:Jvlt~!Ji'1e:i V1.:J'11'U11'1 51.0 ll'1~ L1Jlil'JVl1€J~ fll1 LL'1::?!11J1'JCIVll~'U 

~1€! v1.:i6Uru::vi1 rn11 Ll'l11 ::"11vi 

2.5.4) ?111J11ci'Vi1J'U~1eiv1.:i1~6Uru::vi1rn11~ 11'1EJm~1J11eith.:in6lJ'U11'1 5 to iJ'1~L1Jlil1V11ei~n11 

' ~ 
~ 1'~.i'/ 

~~~ ~'SJ 
\,0 ~ ' t7 
,~ 



2.5.5) ':ie:J'li'Un1'H~2.JL~1J~1'\.Jl'i'1mh-:i~6"!11J1':iC111'l~e:Jru'\lli1i36"!-:i6"!1>1 500 eNl"11L'116'1L611EJ6"! '\11~€l'\ll~e:J6"!'lffJ1 
dA , \J \I , "U 

h) 

2.5.6) ~1::uum1'11?1m':i~1ll'1'1~'111111'11LFl':i1t~Vl~1Ji.J1'1 (Thin film) 1 'ULLuu Grazing Incidence 

LL'1t Transmission 1~ 

2.5.7) vtl~~1mh-:it:-1-:i (Powder samples) vi1'11n1'1·m~HG1fa.JLLUU1'1n'11J ~1m'U'Wueit1n-)1 3 -B''U 

2.5.8) ~1~~1e:iel1-:i~1V1-S'u~1e:iel1-:i~ij"n~ru::~'\.J ~ ~11l'1-di:.J-:i vi1'11m V1~nn'11Haii1J ~1'U'J'ULlJue:ieJ 
" 

n11 3 '8'U 

2.5.9) ~1~~1eiel1-:itl~1J1ruueit1 LLuu1iJil&rriJ4J1W':i'l.Jn1'U (Zero background holder) ~vi1'11n 

~~nm.J (Silicon) ~1'U1'U1iJueitin11 2 ~'U 

2.s.10) vtl~l'l-rneJ1-:i~1'\11~·1.m11iLfl11::v1'lJei-:iL '\llff:i ~1um 'Wueit1n-i1 1 ~'U 

2.5.11) vtl~1'11eiel1.:i~TV!~Um1iLm1::viLLUu Transmission ~1'U1'U'Wueit1n-i1 1 ~'U 
2.5.12) ~-;ie:iel1-:i 1J1(J)1~1'U~1V1-S'U'u'S'rn VieJU1J1Jm1iLf'111::ihi1mu 1 ~-;ie:iel1-:iV1~e:imnn-:l1 

~ ' 
2.s.13) ep..Jmrumei-:i i'.:i~ vi1'11niimii'1 ~1u1u'WueieJn-:l1 2 ~'U 
2.5.14) Beam mark ~1'U1'U'Wueitin11 3 'll'U11'1 

2.5.15) Divergence -;i1m'U'Wii'eit1n-:l1 3 'll'U1\?\ 

2.5.16) Soller slits ~1m'W'Wii'eieJn11 1 'llt.!11?\ 

2.5.17) Beam knife ~1mtJ1iJueieJn11 1 ~'U zj'lf'1':ieJUf'1'11Jn1':iloH-:i1u~1J:t.J~11.L'1::1J1JG'l'I , , , \.I 

2.5.18) 11 Parallel plate collimator 0.28 eJ'll"!1 'Vl1ei~n11 

2.5.19) l1n~eN~1V1-S'rnfiu Optic parts ~1m'U 1 tu 'Vl~e:imnn11 

2.6) ':i::\Ju':i::\J1Vfl113Jiv'IJ (Cooling System) 

2.6.1) 1lJilm11 off1::urn::u1t1f'1111J~eJ'U~~l?l~'lil1CJ'Uvn (External cooling system) 

2.6.2) a111::u1t1m111~ei'U'111J1':iC'ILoHtl1n"''U (Distilled water) V!~titl1tJ111"!'11n1eieiei'U (DI-Water) 

1~ 
., .QI .., 'l d 1" ' "" 2.6.3) 1::uu1::U1EJf'1111J':itl'U1Jf'1111J6"!11J1':im::u1EJf'1111J':ieJ'U ~ '\.JW'l.J'l.J'lleJ'ILf'l':ie:J'I XRD l'l€JEJ1'11J 

tJ1::avi5mYl 

2.7} ii'tlv.:ia1wfoL~v3J9ivn\J LAN, USS 3.0, LLa:: HDMI LA 'lll'ivf1ni1 

2.8) J1'U.UviJae1'1.:i~.:i'lcum':i1Lfl':i1::\1Na 

l1~1'U'1i'ti1J'1 COD ~'ULV1lJ~1a~ V!~ei~n11 
d.t 'U " , 

2.9) li..hLLn':i3J1bfl':i1::~Na 

2.8.1) G'l1111'rnlbFl':i1::Vl1fl':i.:J'1~1'1t.J~n (Phase identification) 1'UL'8.:iFlrumYl L'li'U fn':iA'U'\111 
' 

(Search-Match) bl'lt1n1':iLU~CJULVitJut:-1'1tl'l.J~1'\.J'li'ua.i'1 (Reference database) 
~ " 

2.8.2) a1m1rii1.f'111::v1'll'U1\?\'lleJ.:Jt:-1~n (Crystal size) 1~ 



2.8.3) G'f1:1J1'i'11Lfl'i1::.:,,;L:a.:immru 1vi'mi RIR, DOM U.fl::.: Rietveld 1ru'ULtl'ibbn'il.JL~CJ1 

2.8.4) 6'f1m-sniLf'l-S1::.:~tJ'1LL'U'Un~lJ1li'1eJ~1\IL~ (Cluster analysis) 

2.8.5) '11l.J1'i'1lLrl'n::.:,,;~'1'11fl.fl1'Wci1t111ii' (Bitmap converter) 

2.8.6) 'ifl.:J1''Ufl1'i1Lfl'i1::.:,,;c..ifl'llfl:1Jfl~ih.11:1JG'fflfl XRDML, CIF, RAS Lrn::.: RAW 1vi'LU'UeJcl1.:iiJeJt1 
'U ' 

2.8. 7) 1tl'iLLm:1.1G'f1:1J1'i'1fl1'Ufl:1Jfl1'ivJ1.:i1'U'lJfl\ILfl~fl\lllfl~\l'i::.:uu1vi'eJcl1-:iilLa~mrn'W 11'lm U'U 
' 

3. vtln~ahh::nm.J , 
3.1) '1ll'lflfl:IJYl1Ll"lfl1~1vtfofl1'iU'i::.::1.J1flc.Jf!Lbfl::.:m'Ufl:l.lfl1'ivl1\11'U'lJeJ\ILfl~fl\1'1'1'W1'U 1 'lll'l 'Vl~fl:IJ1flfli1 

' ' ' 
3.1.1) ilvt't.i1t1tl'i::.::1.J1flc.Jflm'rn (CPU) '!!UV! Intel Core i7 GenlO+ ~i1fl11:1.JL~1\i1'U 3.5 GHz vt~fl ... 

.. I 

Vlfl11 

3.1.2) iivrt.i1eJf'l11l.J~1 (RAM) 'llUl'l DDR4 'V!~ti~ni1 ~ii'll'U1V1fl11l.J~LlhJtieJf111 8 GB 

3.1.3) lJ'VltJ1eJ~l'lLnu-U'til.Jfl~.:J'llUV1 HOD SATA ~lJf'l'".nm11llumm11 1 TB 'Vl~Cl~f111 bbfl::.: SSD PCIE 
'U ' 

M.2 'Vl~eJ~n11 ~lJfl11:1Ji.'11l.J1'i'11'Ufl1'iel1'ULbfl:::L~eJ'U1ml.l-ff1ni1 3500 Lbfl::.: 2500 MB/s 1'11:1J"1~U 'Vl~fl 
~ni1 f'l11:1J1i11l.li!eit1ni1 500 GB V1~ei:1J1nni1 

' 
) 

O _,.. d I V I d Q ' *"' d .,,j 
3.1.4 G'f 1tlG'f1'Vl'iUb 'llfl:IJl"lfl'llfl:l.lfl'i::.:V111.:i Lf'l'ifl\11Lf'l'i1::.:vt"1 flUbf'l'ifl.:Ju'i::.:mf!e.m 

'U 

3.1.5) ~vi~.:i'i::.:'U'UU~'U°1ifl1'i Windows 10 64 Bit 'V!~fl~fli1 ~lJ~'ll~'Vl~~ntli'tJ.:i 
3.1.6) 'llV1LLU'U'~:i.rvfof!::.:Lm~'lliil'lHi.'l1eJ'1'1'U1'U 1 'lll'l 

' ' 
3.1.7) lileJ.fl1WLLi.'ll'l.:Je..J~ LED 'lliil'l IPS, HDMI 'll'U11'11l.JUfltlfll1 23.0 ti1 ~i1fl11l.Jfl:::LBtlV1Lbfl::.:Bl"l'i1fl1'i 

~Lvi'i'll11lii'flt1ni1 1920 x 1080 LL~::: 75 Hz 'Vl~fl~ni1 ~1'U1'U 1 lileJ 'Wfa:IJG'f1tl HDMI LL'UUffo'U~ilfl11l.J 

t1111l.JiJ'eitifll1 10 L:IJl"l'i "iJ1'U1'U 1 LG1'U 

3.1.8) ii:atJtJ'i::.:l.11flc.J~.fl1'W~ii6'1:1J'i'i'1'U::.:6'1 \I LL 'UU ~vivY-:im ti 1 'U'Vf~eJJl1 tl'Utl mw fllil1 fl LLC-J\11\llil 'i'Vf~fl~ii 
'U 

'V!tJ1eJfl11l.J~1 'llUl'l GDDRS 'll'U1V1f'l11l.J~1~ueJt1n11 4 GB 'V!~fl~n-:11 

3.1.9) L U'U'lll'lf'ltJ:wVl1L1J1fli~iJm1ma~t1'i1 'Ufl1'ivl1.:J1'Ui.'1.:J 
' 'U 

.fJ .es., '.deii .d I .cril I qq qq!:_l'1 II 

3.1.10) b u'U'lll'lf'lfl:IJ'l"l1L!Jlfl'i'V1:1JLfl'ifl\lfl1'UU.fl:::L 'lltl'ULLe..J'U'lll'lLLn:::l'l11'l bVl 

3.2) Lfl~€l\1"1'ieJ\11vi~1'llUVI True online UPS 'lJ'U11'l 3 kVA 'Vf~€l~ni1 "1'Vf-rrnfl~eJ\I XRD "i!1'U1'U 1 Lfl~eJ\I 
"" I d ,.,\' 1••1 V ,.,\' 1••11 " ~ d .. ') 'Vf'iell.J1flfl11 (Lfl'ieJ\li;i1'itl\I l'11'1€l\16'11l.J1'i'1i;i1'ifl\I 11 l'l'Vl.:!Lfl'itl.:! XRD Lbn:::~VlfltllJ'l"l1Ll"ltl'i 

3.3) Ui:::"1'Vlfo11\1Lfl~f).:j XRD '1'1'U1'U 1 'l!V1 'Vf~fllJ1flfl11 
' 

3.4) U\'::.:~1'Vf1''U11\ILfl~f).:jf')f):IJW1Ll'leJi "il1'U1'U 1 'lll'l 'Vf~fl:l.J1flf111 
' 

3.5) Lrl1~ft1'Uf1.:!1'U~lJfl11:1.JLL~\ILL 'i.:! 'Vl'U'V11'ULLfl:::i.'11:1.J1'i'1Ufo'i:::i;i''U 1vi' ~1'U1'U 1l.liJeJt1n-:J1 2 ~1 
d A ,.,..,j.,. '°' 1 .. ~ IV I d I 1" 1" ~ 3.6) Lfl'ifl.:J'l"llJ'Wi.'IVllJf'l11lJn:::Lfltll'l 'Ufl1'i'WlJW blJ'Utltlf\11 600 dpi i.'11l.J1'im'll€llJl'lflLLtJU 'ii.'11tl l'lLLfl::.:Lu'U 



ell "I .J 0"' ... "' 4. L.:lv'U t1mcw1~ ~un11~umu n11u11.:i1m11LLa~n11u1n11V1a.:in11<t11v 
' 

4.1) u~,;'VlcJ ~~~1vrthe.i(I] €l'1'Vi1 tl1'j"Ufoth -n~€J'1'V1~€J G'lmu~1 ~ilm1m m.J1:: G'llJ L 'l.f tl1'j ~~~'1LFl~€J'1il€J u.ft:: OJ , 

~€J'1~~~'1bi'l~€J'1U-r'l.Je)1tl1i'f~lJ'U'U1~ 18,000 uVie.ivr~€J~tll1 '"ii1'W1'U€JV1'1U€JeJ 1 Li'l~eN 'Y'l1€JlJ-vr..,~~~'1 W'\.J'\.J 
OJ 

mul'llJn1'j'Yi1'11'W'U€J.:i bl'l~EJ"u-rummi'f mi::: L~'U'j:::uu 1Ylvh1 ~iiF1111J L vrm:::"11J LL'1:::iim11JU'1€J~fie.i • 
4.2) ~eNri'lmru bl'l~v\11vr~~l.mnn11'1\ll'U~t:.i~ IJl 1~EJ!Jl1\lu.ci:::~v\l 1~iirn1~~LL uci\1"1mw~~~ 1 u-;;i1nob'vn1'Vl'U~ 

" 
'U€J'1 L 'j'1'11'!.f~e.i~"' L ll'WLl'l~€J'1~hJ Lfle.i~1u111'j 1-ti'11'W'Vl~€J 1-ti~1vr-ru111'jmGl'llJ1rl€J'W 
4.3) L ll'WLl'l~€J'1~e.i~i;iliJ1nu~,;'Vlvi'l~Wun1'jfow.:imi;mnu 1so 9001 1~ci~ti'1LL'1~'11 ufo'jEJ'1 Certificated ... 
1 un1'ja.:ilJeiu~1e.i 
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