g sa Y lia

9N Gliuwuli OA aylods ol pul Scal puus aalilensd

o 9 Ul 33y g Pow yais (o BLSN O 3l
SN i LSl b (Seol g S g 9

* o> | s

Ol e oS5, olSimgy «(5)3ldgil g gl g 09,5

s Dl mhaw Vb Gl Caslie b co ola by Olsis 4 03,28 Job 4 coy i (Sl So sy 207
¢ H ¢ . - K . . ¢ - . & e ..
QuJIJ{.quTIN uﬁx‘j\ai}{d‘w ;_';'.'.J‘u-"’l-“'-"\-‘Iw;J‘J’“L‘:*A-’J}"g‘-’Jg“}g‘J‘. ‘sl.a_)l‘}..»‘j:b
s Ko caslie o SolSe ol Jals & sl 0L 1) GleaWIds ol iy cal (il 3 4 S 4l
mls il Ll b iy ol 5 Slee 35 stns 55 (63b5 b Dl 0T 51 ey 50 ol S o lul
Gty 09y Dlakss 5 5VG Jhey oK 5 see dob olls (2iig opl bodd esls 2y Olakas esls LS sdaze Dli s
Ol Jole gl 5 458 ,S 15 a5 3,50 ZN 5 AN OIN olis (25 (Sl sla iy ale (siber (il 3 it
ssbte e 3 TIN 2t b alie s a0l g SO Solgt 5 5V Saie VL 2 LST conglin goins
0 sl 6 @Lm{.\s,\.: Blol b 2l g @la.:;jl::‘u‘sjl.:ﬂ’ﬁl:& (G S é:ﬁl,n 1Y L:,;_IH.;:JSL..;
ol gatlia 5l Coiia by 5 etals Sk oy 15 Gl b da g il s laibg ol 5 Shes 3 5g
ol e 5 Sy o il olis 058 GLal S1SE 5 gy 23 (Sl S ¢l et i (2
-\.ﬁb‘ju =l gb ‘suut.::.x

e ol e Wl bk 5 sl m (Sl b b el LS

doddo —)

Slagide ( SlSe Clabad 5 Sloe 90 jobate 4 Cow s yidy ) ekl (sojs> )
5 09y ol unino dy Ll (Bymo o 4y g A8 0 Wil ) (slong G35 syt (Seel s
5 A dy50 )d oko LSS Ianl 13 008 s 0g3 w1y (0L dn g bbb (sla yidig
2 m g 89y » Slaiod e o cBlite g 3 ptzie TN (sla iy g0l 398 Lolss
B9 a2ge 45 (Sgdge Sl 5> [1-10] iy plosl layidgy (ul )Sles i
o iy b ol 00> yidgy lalad aS 3yl M 0j> ! )d Gl b yiuS 4 ks
3p0)LS Az 3 g by (g Slabad I YL s (2l 5 pee Jsbo )b TIN
Jsb il carge il 118 4 lwd )l elos )0 TN (Seolyus i3 Logil (slo sty
Lol o8l (oS gl 5753 slod S & g0 & b0 (SHlSe lebad (LS 5 poe
W52)S o 1) SElSe e MSUe I ()l TN (Solps slo gy o ol o jule

22315 1, LT 3,8 U bl ey ol 45 Cals g 5MSuiie o Lo
ecdypin plogl o a5 (Seelpw S idy Garog Caa & i Sladod )
2 A ol Lo iy (g Jus (Sl Caz olse plo g (cwdine gojg> Gliie il
2i8)S )48 da g5 350 ZIN g AIN CIN yula alwly l3ls slay yis plo 31 ol yiidgy o
2 el yig (Sl (olgs g 5V cunsls (Sajiy 5V Gialus) Cuglis ] cle a5
o=l oy Sles 5 (ola 3 3oty jalaie A ¢ puruw 90 TIN i by b dwslio 0 YU slaled
oS ol ploml (505l 85as dBlol s> g0 (o 55 Sl Jidy & (5500 polis dasidy,
4 o glito 0dlo 93 gredS AgS (o0 &S 29 (2 jorslS Blge (059> 13 29290 (s laS



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

Al dled Bl g0 Cuwliel olgd 4 b > cuib waled 1y oole yo 5l oles o yine oS - oo slodle 4y (oliwd
Yo b glaJlw 4l TIC (Sl (i > Glos TI(CN) (aiidgy pi (gl (263 4 1ol lon jd 4 la5 -yl
o siedy plye 4 TIN (Seolyw by Jlle )3 b oo 4Ll 55 sl Jlo (e )3 9 SO sl (S 5 Olgis
Sl 2 0> (6355 (claaY ) v (093 sl (e 9 4Bl 03l 595 CnSd (Kol oS 298 o0 wS LD
2o o Stz g ool o8 s (Sojiy b o (i THCN) (im ol Sy 5l ool (25550 g
G AL TIN cla yidg 53,8 5WT caa 1y (oYU o5l olgs cdlasMo bl 390 ol asldl )5 [11] ol 5V g3 e
©$35lg 5 o)1 5 ool 4o (3 g canl oS (LS LioluST coglio IS TN idg Jlie olgie 40 [12-21] 3,91 39390 Zr
o) 0955 L] e cslio (YL oo (o2 sl o) s o 3Kl a3 o iy 4y sl 55 (gl oS
5L aT)6 oS asdly s pubisce 0gMe a4y .093,5 3,5 ilo a0 Yer U ol ialaST Caglio ialdl el Zr g Al L idg
2 35 e oS (S 5 (s i iy ol (S Gl 5 (S g Sl Z 9 ATLTIN 8
ol Ol .ed)S anled Jh8 g 3)90 sy (Sl )i Lagll lagiide el g b ) pole sdllie
o590 Slallls plio pliy 85 Anlss )15 )y 3y90 I idsy ol (Sle olss g sl by 2 cilises (3Ll
VAV (sloog)S jl dawly polic wlord BLSI (o 5t (Seolyw Sl fidgr 4 (olsd S90 polate 4 & (5 polis (p yiogs

W38 o 418wy y 3y50 dobd] yd &S AL 0 Al g Ag Cu Si VI

Sl pimdigy A VIV AV laog o5 5l dawly ol (43,5 a8lS] Oyl owy o - Y
S (Sl g

48 Am3 e s limg S ob slady 5 4 (VI gV V) (gloeg S 51 (3T polie (0,8 dilal gaie; o chlieo i s
AV (sloog)S 5l (536 (slosy pi & Sloj S ooyl iy (85d yielly 9 Loy )3 d9290 (3954 eblamy AT 3lie
A 545 oLy g o ST (VI g V V) 068 09,5 o polis S (S b L5 &Y oy )3 doe (gpghy JiB8Lo L VI 5V
Fahly @yt g Lnog, S ol 5l Cilisn puolic b s SLITCIN (g8 yiably lyuss amd oo (i 1y (a3 s 5 b
VAV clamog,S clild 19,8 adlsl b aS w8’ o ol zuls ol [22-25] ol o o3l (lis V JSKi )3 Zr b os SWITIN (oS
) a8 pelily g 0dd S 5 3 39290 (s (sabanly 18 (530l 0l LS WIS TIN 5 ONN iy (slapiss 2 VI
Lo iy 5o Slowy (15 292 31 ke 95 g0 005 T clo iy (545 srally s sl & (6)S00 Jolge im0 ydd
Gl ey STy Al &) do g b it o0 ASLS] (gelanly 518 £o) & dtuly Jelge (nl 393 o5 gl (555 jlade yusd
S (o s Sy oo AL osas 4y 85T cagd 318 55 a2 L ] 13 09290 ()55 (ime el gl 59 2 b elandly
Lo 6518 9 2S5 s (AlgtS dlaione 13 (95550 (s Ui g Nigd durs (BLgiS” ) 4 Waytude ST Jbe lgis 4 cplple
29290 (359 e (S BLAITIN 4 W Jlie lgie ) 398 28Ll Jlai 3590 4y 4y 19 b pteS oy ST
A VY INITIHW) Cons o=+ /EY 5T WITE G iol381 L TIWN (Lo gy 53 0gMe &y .l salgs ials (ides
2 s 85 SIS i Calag 53 e il G a5 Gy (el 5 4l I s 3 GRS 5 il falS
oS ey s ol W polio b (oo slanly 18 (30l 515 iy 5 S92 g0 (135 g Slamy G5 palie
126] 395 00 b sidey

9V AV glaog S 5l (g5 polie (yad BLBI 31 ) (g yid (Suslpo slagsiidyy (saSud yiall i cacl & ()50 Jolo
by el otnlie B Y SIS 3 48 yobo et anl 005 45L5] 536 puate o] glasd 9 gl lislu 4 VI
e s b aSed glossl liee 9 205 3929 (I pate 5 lije 5318 pte (il lad g 4K el e O silate
ol daaly ST 3 5 (s 5B il Elad Cles e 4 0 4y (3T i

B 290 1) 4B dowr (g i Sy (5w VI g VAV (slaog S 5l g puaie (13,8 a8l 150 el
a0 gl (6 i Sl (D g 4 i (5318 pats 0D ALSl AS o3l LI VL > &S ek plan e e

9N Gliuwuli OA a,lodis ol il Scal juus aalilend



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

9N Gliuwli OA aylods ol il Ssal puus aalilensd

polis 53,8 aLal ) TIN (el jtibsy 5w &y Y S D9 oo 45 s20lly s g dols Jsloeo (65 IS5
S VI gV AV claog )3 5l Caliso (o6 polic LTI o0l canliy JSK5 5148 job olon ams o i 1) ciliseo (65U
Ngome Ti Jolid (00 i (Lbrpianw 3 [25, 27-29] 34 o0 TIN gy (5w Liol33l el 15)ls olite ol glasd

el 49> ey 55 5l SV ojlgen 45w (glady yis s polie o 5WT paie g9 5l i Gy S

' m Ti, # W, A Nb, ¥ TiN2Zr |

I L] ]
Yow Ta Ts ¥ S T W oa LY q. Yaa 1Y

d.":u.ﬂj _)J!l __;l."i«n}' {ITIG|%:I
[22-25] Zr L oo 5T TIN 6K ol ly ol ponis g cilizen polic b ot ST OIN iy (5 45t el e —) S

L

| m 7, ® Zr A Cr, w Nb

adacd g 3l lade [ (mol%)
125291 ,T 1o 5250 T e yeais b TiTiN clo yiudigy (i S penis =¥ S
oo (M 98 b walisce (5T polie yas aslsl 51 aSs sl )b @l pis a5 ol pule CrTu-N piww )90 5
cilisee yolie p3U Y JSo ] atanly (Th) (W1 paie 95 a4 s 4 b iy (5w @l s ol 8 a5 )3 ol
sabaly 395 o oanlive & job o [30-35] amd oo L |y Cr-TuN (sla iy (5w » VI gV dV (claog,S 5l (5L
i3l b Tu=W,Ta 390 50 a5 o il (W paie o5 4 i b idey (5w g 4slh dgzg i ymi b g asuie
Lr::éB D o0 L)L“‘" &S .))‘.) S99 u.g‘lmu»)l)f JJLO.A 29wy o0 TuN u.,..’x.w 49 4.;..9‘.3‘ wl)S] Alw g )9.\@ u.ow Tm )‘J.B.p
[36] 25 salgs (CIN) ailS'9d L s 51 ieS (Cr-Tw-N) &l dw W 25 e b Ti g Mo (T



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

alaudly 3B 43s f (mol%)
133-37] b, T )5 S5750 T ylaie i b CH-TuN slojiodigy e ol pis =Y S
racis g5 & dluly (g yi (lbey Sl 09,5 (nl (B yu p3lSe & sy e Hla 4 VL 53 0 () S 4 g L
=y cidite Y Le ) osd )] calisce (clap jlSo ) claoMs il cglite Klgs o )] Hlilo 4 o adla) (5L
1wl ool
SilS oy L5 3l e 4 395 e Sl candl Lol slacSy 0 5 g el OIN 4 Ta 13,5 ablal —)
1831 355 g ~ Wb (sl (shio a5 GRaI3 & yoxie 5 A3k Ln sty (sl (sosl
oW lade Gialidl L Laicds (5w (il 8l p g6 (piia & duy oo a3 4 Cr-WN iy w3 =Y
Ao W Liali 8l bl o)lislo (sl el Wlgs o ige Jole opdgl [34,35] aiil anils p3l CIN  oidgy wiamses
Sl b ide (gaiwdld o ioli8l olid (il ials ald gojlul cwl 03,8y gylid e Jole pdin cpiuw
Bame Loy, (i d3ite 3 Jolse ol stom 5 ool 4y G314 st o 3| 5595890 a5
aSgn Copple yud W il3 81 5155 (5w 390 Jolo ofng yob 4 Cr I (8 o s gl wiload anuils
S L 2 35290 (g VS sloign s il 8y (5 il 35050 500 Sl &l 02 el
Slaadls Ll W osgag 150 b jiidgs
L il e asgn (cwsVlgsS comle a0l o5 (S lapjslSe Cr Jolds oidgy slapiun plo 3590 ;> =Y
lalayly €r-Nb-N 4 Cr-Ti-N Cr-Mo-N (slapiws ;0 Jlio flote an iwy o i & (opdy bl (63505
a0 Sglds ol el odcel Cowds 39508 ¢ H8 d sla bl (cXgm (655 gl 5 (S pdlie o aSuie
Ol > sl oad 03l G bakigy Sor Cunle I3 9 BT g9 jlibl 5 (fgyis 4 (3 pate I )L Jli]
oiblS el busisn (Jeu oo iulidl o)l (S badisn wd¥leS Conle 4y il 4y oy i olgd a5
1371 395 dlge (SHe plSottnl ialS g (o3l (o Slrg

dlansly 1315 g0y GBS g0 oo 45 81 (33,5 3L 51l oawy 9T
)‘ L;Iw)b Tw-Si-N ‘_,’.;.Zlmy LSLQW Lg\fb Mlb‘ «.A.Q('> LY ol M)f )l).‘) W) .))940 u‘; 4 Tw-Si-N Lglmw
o |y TSN s 4y i 510 48l et @l acalisen Lty 135 0l s (Tw) dbausly 1316 5| S5 luas o
4s ..\_’]u._.o Cwdy (Sloj b yiudgy (Bww e wols)ls Oy u»l.wl » [38-44] Wlosls ol b yibg t;iu&o 001?
&S Cuwl 0l )l daus (pl sy jskaie 4y alisee (slaplSe [41] Abl ol Mo yd £V 039z ;3 dgrge SiHlade

9N Gliuwuli OA a,lodis ol il Scal juus aalilend

Ssgsa Cilflia



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

9N Gliuwli OA aylods ol il Ssal puus aalilensd

L8 81 ol e 3 i3S ] slin ol iy i 33 (2ilS 5 5L 5 Wl 005 5 6
ol s oalsgyo o8 6ok 35 o )5 Goysel 56 ol 51 0 TarN 36 (sl Jh S b 5 3565 oo JSCB SitNs )
s il 5 4,55 S il 50 L jeselS il il 45 ) 393 5 (6)Sed ©lylE Lol g se ablal G )sel ;6
[40, 43, Cuwl o 00> s gy (J3I> (55 g ails ojll clyoms judai (g)ldle (gl yiolyl yomi (slue o TM-Si-N (gla iy
Ot osiins (gadaly (Gilize by TM) calises (calaly 38 53 (gl g o0 sanlite ¥ S5 )3 a5 ysb lon 45-47]
= B RS i Cuenl p aS W55 3959 (6l Sl 15T 0,00 3959 TH-SIEN (sl yidgy e o JS b (i Ol
Lo iisg ol 3 yidbas (oS 55 939 45 Wlools (L5 calises @l yl38 5103, 0S5 s (ol iy (i Ll

145-47] 3935 0 o3l 5Vl (s &y ooyl (5)LtE S5 29y 9 ] a8 (s 4 oo

= ZrSiN, ® TiSIN |

L
"

-
I

U
I

-«
I

S 55 [ (GPa)

-
i

-
I

s [ (GPa)
140-47) TM-SI-N - b itg L3l 25 5 (e o (s abal, —F S5

9 Soug bl (0 JS) (e Jb salal)) cusl oads 031> Cans aily (gojl0l yialS 4y sww ioli8l Ti-Si-N- sla yidey )
e Olyaw gl o b galaly dad o LS a5 Wled S 51l W-SIEN (sl iy 5590 o 1) (5,155 [48] ) )SKe
Gl il 8l cde 4 jlade ol 5l 1S polde j3 g Cunl 3ol gl Vo 5l 5555 (gaihy ol gl (ola sy
e gy s 4251 39)5 1 53 4K i3S S5 8 1550 oy nl s Syt g2 5,503 ol Lol o
48, 49] cul Ll |

PatiE 3g)9 il B s )3 43,5 JSE (4SS oS daplidgy (s ojlal g (S (i s 0gMle
TM- (pigy (Sl )3 350 s (JSIS ST 115 9 4503 glagel Cols Wlgi o o ol Jolore Sy (58S & g
g 3595 TM-N )3 TM (bl 2 350l 35155 o cpoiansen 4 05 48L1 Si (slaesl 48" w30y ()L XRD ¢ EXAFS lalllae Si-N
[49] Wil o 5 Jeize Cawl yi0S (adatom mobility) aeslol <8 > ol & Slis Y byl il o s ol £484 Jlois
Sl Y e 0 Gide pdaw ot slaws! 8 > culld o (655l (adatom mobility) lapilsl ¢S s ol 5l jslaie
sla i bg da yide cpl yoles g dlui, » (adatom mobility) byl 8> culild @l 36 o)y jslaie 4 A5l 0
ol [49] 0lsd S (115 )y 3590 lodds dus calises (bias) wsSiae (sjly coti ( [BLgS whuw 5> S Ti-Si-N
3L Oyeo 4 Si-N LS il Lap sl gV e8> cublB (slize 4 a5 5YL yosSae (slaildy j3 a8 sl lis ol
Sylailil palde ay S5 dwslas (o0 5o TIN 51 oSl jiolyb cdls cpl )0 g o0 JuSis TIN 51 LS (5 ailSlas
Ol A 4SS samliie (651 ol g Bl bl Sl €8 2 bl sline 4 &S 05 (woSine 3y )3 092
ol gls s 4 a8 el )b LialS ] cames g Ll TIN Hlisbes 5 Ti slas] o350l Si slaws] 45 w5b o lixs
ol 48,5 )18 40l 3 )90 XAFS )0 Ti-Si sladisn (somlin b 4y ylas pl g Ti b awslie 3 Si xS oS



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

\Y
® Ti-Ei-N, e Ti-5i-N
L
\ R
E
E .
= F 4 [ ]
5
Ty b \\\ .
LR
-1 =
7 ™ ~—— =
¥ T
T L
.. ""-.___ \\ ™
.-
T T T T T T |\\\\ T
r. s ¥. €4 A 33 F

i/ (GPa)
[48] TM-Si-N sla iy ails o3l 5 sidees o csalasd, —8 JSUS
Sl 3959 31 3 TIN (a8 glagel (o8 S L TSN s 3 (5w (ol Clde &5 065,87 (B)155 oS 9 503 )le
alausly l3ls (ol 15 iy oo 45 job ot J50] sl 4Sd (s (o (slaunBsn 1 Wil (6ol 9 TIN (54Suid & S
ot 9 w3 o0 |y (i ) (648 50 (e o SlaumBge )3 (58,5 )8 sojlel (ST 5B (sl ) paseiio s 4,
ol s adal 55 45l e dlaaly 3l cloy i (545 4 Si 355 51 36 zlagel [51] il o 5 glel b & o 51
9 ol g e glodl 4 ot Slon do SO 1 VL Gl 42 Si )9 45 8L TMSIN (sl il wiasas 5> i
oL 4 s oxie TMSIN by S L 4y Si g5 51 b grlosel 39 s SisNa 5| Gygal 6 S, 68 S
23 odpdy ) 3,5 oo el Sl (655 IS 5 )3 ol JialS sl gy Oygo 4 oS 290 &b S
38-47] cal 0 135 Ciliseo (sla TM L TM-SIN I (g3aste (sl
2 gy (Saolyw g gy (S polie Ol st s cclisie WYs ) s )l Calisee (slap IS I glaoMs
1wl ool daldl (3 Si paie 3,8 aslsl il
BU1 5L8 plis 81l (ol e )3 epilSe ol (sl ol iy s 53 (22jpalS b LS Lo S5 -
48 (ygdar 158 o )15 GBygel 5Bl 31 3 TMAN 5B (gl Sl ST g 3,8 o JSUb SiaNa B g0l 516 g 0oL
oolie Lials8l &y ot 5 il | slails; e sty oy Sl ol Wgd o dblsl Gygal 5B ol gy Laails; e
2 Lapdl S o el (hl8l w8 e S8 (556 Glalix cpl bl 4 a8 Llelse 1 (S 09 o0 iy (s
b oo SUES Y piaw
ool 00 555 TM-SIN (gl jidy 5w 5 515 L5 Olyid s Lsosiins gabal, -V
P SlaSs (15,5 g 4 glagel 4 ot (TIN e lgie ) ot (Selpw Jidy 699k sl L Sing)9 =V
A o e T (s g 4Ll 56 oty s (BI (105 Jlo 1 Coled )3 &S 39 g0 ol Jslore (565 S

SLR gy 4 (359 b oS Gy OISTy b polie (3,5 LS OISl (o0 -F
S 7 (Sl g

(539300 SliliS 615 bl 4y i 4 wll e e ol (s (0598 b oS Gy LESTg L polis I polate Lxl

F U5 [62-58] 315 392 dlawly ©l3 L8 slay i 4 5955 b o8 sy GBSy b polie (93,8 LS Ll 390

o3 o LS |y bty ool (e 2b5) b

9N Gliuwuli OA a,lodis ol il Scal juus aalilend



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

9N Gliuwli OA aylods ol il Ssal puus aalilensd

| ® ZrCu-N, ® CrCu-N 4 TiCu-N

(=
]

i
)

Y

\"\.
Y
.

] .
. - A "
AN

: | (GPa)

oo
“~

I|

[

\ T T ¥ &

G eaie 2a 50/ (al%)

[562-58] Tu-N (sla gy ;o (o) 5T yaie jlabie g B fyw (5 o) -7 JSC&

atlio 53 00 aslllas 3)l0 Lo aliio dahidsy (Do g S3W] paie Judo o (g abaly 29 0 odalite &5 b lon
Lo icdg o «s3WI paie (VL polio ;5 Lol b o il 31 1l 1> 5w o o5WT puaie jlade ial8l b ool pols
51 58] U1 i 3 28 ol 5 (s 510 o8 el ) LS (Sl b Lot (ol 5085 Ll 95 o5
5 = Jlie lasie dy ilodly musgr Lalisie lapusdlSo by clyuss opl calises xalye .l Sliws BB (o5l duo
b )] el dlanoly 318 0 15 a4 CU D99 yil 45 aSid zlogel gzt s Lyiulisl opl &8 263,87 leal [59] ), Ken
aS Jb 50 10,8 O3l (et 4 CU S pdlde D)9 5l 0 XRD Sy (galan Mo LB oluls S by HLis by Lol oyl
(i & CU 399 y31 )0 4l zlogel ok (gdlai (bl 3955 Cu (SYL polie gl)b sla e o «So ool oyl
cle dy TuwCuN (Lo jicse a5 glogel [52] pa o) Kad g oo gl jibgy (ot ol el gabi b sl
4 CU 2955 31 0 Wlgs o glagel cpl a8 20,8 leal Jg aiidld b yidgy o Lyiul38l g i jd (31 i sl
Sy i CU I o5 uolin (sl cslo g csals (503l & o 55 2, o3 il daly Jgloea JSL25 5 g
ol 8l e (ob Slddllas jl (golawd 3 .cdl gals cud 4 b yide 4l golul Cu YL polie o oS Jbs o cuils
ol de gu— b sonny b (28L5 (0 MalS aS” oledl o colyg o [56-58] ilaiwily (2 japelS il Hlidle JSis |y e
=S Canr sy 1 ZIN 5L aS &l (o518l 55550 syl gy Zr-CU-N iaas )3 45 L3l L5 [60] ] Ko
) 1y (B YL Al o (VW) (e
2y (Suelpw o yide B walie Glpusd Caa walisie Y lEe ) ol il calisee (slap p0lSe I slaoMS
e ol ol > 3055 b oS (s STy b polic 8 2Ll
2 ol i slonl g dawly 518 A i e 4 (950 b oS Sl STy b pate 399 1 )3 oSl glogel )

gy
oly Jglomo S5 g bjee 20555 (6ol Sl 4 (5950 b oS dy (2S5 b (g5UIT i gy Y
15 )18 0gh aBlal 318 51 gl (gt 5 4 (i (slayshigil ol jopels U sl JSts ¥
sty s 4 W pals 3909 B 3 (2 655 s —F

S0 (Sl (S sy 4 el (33,5 LS Ol Sl oy 52 -0
A5l a5 e > ol oas 8L dlawly SIS claiy i d j99g 4 45 ol (6,503 i pais paine]
9 u,ulm_ﬂ cu,ulw L walﬁ.o 9 u9> LS)}J}‘:’.)S uo‘9> cu9> u.iu&n uo‘9> d‘)lb Cr-Al-N 9 Ti-Al-N u&wy Lgl.mw



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

L AN cla jidy (Suo ol &lpss gaslllas [61,62] 35)05)55 5 (oY (ko Cuedl jl g Aiilb o 295 (55,55
OialS 15 e g Bl iali 8l aasuie Hlade b lajiudgr (5w Al Hlde il b aS canl odls LES Al ke s
sk Len [62, B3] Cl o 3155 Cr-AN (sla jidgy 5w Olyusi )90 55 (ol L9, [61,62] (V JS5) b oo
s ind i | s Loglh slo sy (s yolie 8515 o oloj o b 5 it JS5 4 a3 (s30050 oy e o5
s ol L g 55 4,8 IS S 5 o by csysh 65 St 5 S Lo & e e e
aS Col 03y jlis daxie lidss gl 0,8 o Ll s yide 4 (oW polie 3959 51 55 dols Jolome oSt ¢ la sy
ol a3l o Ll Sty )S 5L s b olyon Al (YL p3lie b CrAIN § TAN  oiubey (sbypiame (5t inlS
Ll Al 5l La i bgy Al sV polis ) .aitws foe-NaCl- TiN, CrN'  Jliw S sl lyls Al 5l 87 polde )0 b yidsy
odimm g iy Ly .Amd o hop-wurtzite- AIN 51 LSis byl )3 dg3g0 Al 9 39, 00 oy 5l (JbiwsyS Hlibo ol g o
catoioeo )Lid) ol (Blgd S pla 0 LS @Y il byld Cod 4 CraIN Co jlilugl sl il 59 2
ol 3 as Jls 35,5 o JSG fee-NaCl —CrN B Al 5l Caolio palie jd dgy 0ads ad (b (sliag 5 (wolS)
bl Lo iy (S 5 Db oo o 456 B lgie 4 hop-wurtzite-AIN 6 4 ous glusl Al I CN sl Al Gl 5YL

162, 63] LS oo I (g0

L
%
4 v 4
=
[ -
v
+F T T T = T I
Y. ¥ ¢ A

AIN Jlaie / (mol%)
[61-63] Lo jiiigy 1> S5 g0 AN e oss olul 5y TIFARN (sla gy sew -V JSi

Gl L b by cnl (648 pel)l unl 4SS yiall s )15 (Ti/ CII-ARN (sl iy Jlisbofo) p Al &S (65503 1
dols Joloe JuSuis g Al i8S (clail L foc aSs )3 Cr o Ti clacusdae o350l o] e oS Wb o ialS Al lado
Lo iy (e g 4l o3lal (B JES gy 0 1) Al Hlade 15U il Sen ¢ (sl [19, 20, 61-68] (A JSC3) Al e
g9 5 9 JECWLIES +/0 )] jlade o 5YL) 39 o5 (L3 55 slyls b gy des [63] 253,S" wyp (Ti oF Cr)-Al-N
Bl i Sl ol by i S Bb s by (SIS A 9 Al ke (g (patiiie sdlally g g (392 (yliS (A
AL 015 055 slankd qon ol o3lil Jai a3l by (e Gl geds ly g Sl Cedlyioad Lo
o8l s plpls e g Jle galaly b olas jd &S Wdgy (6435550 aild o1l glyls (Ti/ Cr) -N b dwolio )
3 9 sy ol Lasl aly ojlusl g (BN (i pess slue p Al ylade il 31 L (Ti or Cr)-AN cla iy 5w
4 [68, B9] b 03> Cuus dol> Jobro (6,8 S iU (oSl glagsl 4 o iidgy cpl (B il (S sl
2 Bdgn (uiVlgeS 6551 Gl 4 ]y W idey ol w42 Al Dgy9 31 55 (5ew (il (il g 57 ¢ Jlte lois
S5k 9 5§95 (o3l O b Sl el (VIS ladign SYL (6551 1701 L0y Cond o3l (g Jeolsd S ]

235 o by (S5

9N Gliuwuli OA a,lodis ol il Scal juus aalilend

Ssgsa Cilflia



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

9N Gliuwli OA aylods ol il Ssal puus aalilensd

\ n ref-21
144 - KH_H * ref18
A 4 ref-18
= 14F | =y =
% N\
=3 | A
g, aar s \ \:“\
- I| oy
\3' [ — \L.h_
o AAMN e—— - Y
4 Nel ™
S
g ]
1, 9AY o )
e
A o
T T T T T T T
. 1 T T ¥ & F

AIN laie / (mol%)
119, 20, 61-68] LT ;o 09240 AIN laie yuss bl ,» Cr-AIN g TIFAIN (gla jidg aSd ol )b ol s —A S5

aS job len .m0 WS TiN B Hlade sluop ) AIN JUsSTiS 6 slyc ga saSus sl yiol )l clpuss & S
iele lae ool cle b o pials © Cua 53 9 Gl a ) S prall TN jlude (1381 L 398 o odaliv
AN (sas0s L anslio (o Lo yicdg o g 03kdl 3] aSud zlogel clls cpl o cnl Ti 35,5 slaps! LAl slay]
a5 IS 5 Ui i, ) e oL i L) el 53 45 050 33 LSS (8 JSL0) 39 s ol
3 iy, (s yolia e sy a5 gy IS 53 Jlio ol & 3905 a1nlie JUgSI3Sa 5 oo (slasl
el yialS Lo yidbg oo hep-AIN & foo-TiN i e jiidey jlid b yusi b aS (g)ekay Al odalie AIN 5B jlade yuss
S S polie jd a8 55,8 leal g Wald Cos o yidgy 50 (055008l HLd e (608 US|y (e Clyuss 09,5 (] [58]
5L I YL palie jo a8 Jloyd canl 03,5 ablsl | TIN (ol ygligil g 3,05 3939 oy yiudig ;> B)yg0] & ygum B ol AIN 5l
939 {711 o)) en 5 Soug (695 wll i cawl 03,8 ablsl ) AN (clayohigil 5 3,15 3439 <390l S5 4 TIN ;5 AIN

A e ua.ul)ﬁl ‘) odlo L;Du» 9 (W) d‘djlb)’).o L)")’J @Lo LQA.?‘J)')A 0 d)}bi )13

—&— ¢ CralN
T o e TiAIN P
| —a—acrmn 7
—w—a TiAlN o
PR ~ =
7 — A
o o L
“3\ y _,-"’ A
:3 o
i. -
: T
N \- ._—_—_
|
T Ll T T T T T Ll T
a Ve ) Y A\ T

CrN L TiN s / (mol%)

o g 4o 3990 fCC-CrN L foe-TiN 56 jlade sl o (Ti/ Cr)-AlN sla g (a5 el s galal, =8 JSC&

119, 20, 61-68]

Py (Suelpw glayide B palie Olpsd Cas walisie Y lEe ) ol il Calisee (slap i0lSe I slaoMs

il ool asdl )3 sl 4 Al 3,8 a3ls] 3]

c s gy s )d (JB1 ii Dol g dlawly 18 0 1S e 45 Al 3959 S 40 4SS glagel )



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

gy i 4 S5 paie 3959 10 (5 (68 g s -F

(S 5 dod =
W 9 )Lo‘.ua);) » Al 9 Cu Si VIV 4V leboa)f )‘ 4\]94»'9 )AoL..C JALVJ Pow pais UJ‘”" FEIY u‘)»b ‘).Apl> o 2
A i e ol 53 od putiie dasie SVle () I Jole ol (85 )5 a0y )90 S8 (Sl laidg
Cily anlgs Laide jl 09,5 ol (Solse Lolss g kslugy 1y slie sl wilises (o3WI polie yas aslsl a8
2,5 a0 5 el 4 plgion |y (it (Seelp lopidy (B g e (sl (gl el
53 ool Lo Ygane W iiss il 0,5 ol = abasly clise i b yidsy &l o)l L2als 51 5 s iglsdl )
glosel Lo gan 5 4 polis ol glad glis g (bjee (5518 2y ()5 sl & (S3UT aie 2909 51,0 Y
WS 0 dgader 1y gy (B (B (AT ek g 0dds gy )0 (B i bl 4y e gl gl (pl 05 e
Ladg Cpmle 5 00l 0025 LS 518 ol elojue St 55k sl 4y (3T 518 395 L iy ol 51 (g0l o =Y
ol 4 sk w3 o0 B0l 5 Sy S5 (U e tidgy o 42 S5UIT polis 299 b Byl a5 ¥
Db e il 4 e g ool GialS ) clailn;pe dnsls g 03,8 ablsl 1y (o s <l 3g5l By g0l L8
D9 50
@l s (B (Rl Al VIV AV (slaog )3 1 (g5l6 ol b ord 5L (o308 w25 sl jtidgy o Jle lsie &
Soly Jodoe (65 S8 515 a3 S (1355 (V) (B i s (V) 92 4l G 3 pj ()lis by Slyess
B Gl 8l Lol Jole Cu g 8i Ly ons ST (6316 0y 2 (slaidy )5 T jhde (I3l L (shig Cunlo i (Y)
Loty 31095 el i GBS 35108 3)l9m 13 392 iajseelS b sl (68 U5l 1t (slo iy
D9 oy b Slowy s g 4l o3Il caSid ol )l Ol sl edliinl b o2

J=B LS gyt (Seel s Sy 4 pgw paie (135 L3I Sl )3 ()l Lafy) Slpss o €5 (e coled
ol pdy Sl gy 4 (asudio

&y

[1 http://www.sciencedirect.com/science/article/pii/0921509389906825 Dapor, Girardi, Giacomozzi, Cavalleri,
" Physical properties of TiN thin films", Mater. Sci. Eng. A. vol. 115, pp. 217-221, 1989.

[2] Logothetidis, Meletis, Stergioudis, Adjaottor, " Room temperature oxidation behavior of TiN thin films", Thin
Solid Films. vol. 338, pp.304-313, 1999.

[3] Sundgren, "Structure and properties of TiN coatings", Thin Solid Films. vol. 128, pp. 21-44, 1985.

[4] Wu, Chou, Mishra, Anderson, Lampert, "Characterization of titanium nitride thin films", Thin Solid Films.
vol. 191, pp. 55-67, 1990.

[5] Tarniowy, Mania, Rekas, "The effect of thermal treatment on the structure, optical and electrical properties
of amorphous titanium nitride thin films", Thin Solid Films. vol. 311, pp. 93-100, 1997.

[6] Sundgren, Johansson, Karlsson, Hentzell, "Mechanisms of reactive sputtering of titanium nitride and
titanium carbide Il Morphology  and structure", Thin Solid Films. vol. 105
http://www.sciencedirect.com/science/journal/00406090/105/4, pp. 367-384, 1983.

[71 Kurtz, Gordon, "Chemical vapor deposition of titanium nitride at low temperatures”, Thin Solid Films. vol.
140, pp. 277-290, 1986.

[8] Ting, "TiN formed by evaporation as a diffusion barrier between Al and Si", J. Vac. Sci. Technol. Vol. 21,
pp. 14-18, 1982.

[9] Cheung,von Seefeld, Nicolet," Thermal stability of titanium nitride for shallow junction solar cell contacts ",
J. Appl. Phys. Vol. 52, pp. 4297-4298, 1981.

9N Gliuwuli OA a,lodis ol il Scal juus aalilend



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

9N Gliuwli OA aylods ol il Ssal puus aalilensd

[10]

(1]

[12]

[13]

[14]

(18]
[16]
[17]
(18]
[19]

(20]

[21]
(22]
(23]
(24]
(25]

(26]

(27]
(28]
[29]
(30]
[31]
[32]
(33]
[34]
[39]
(36]

(371

(38]

(39]

Suni, Blomberg, Saarilahti, "Performance of titanium nitride diffusion barriers in aluminum—titanium
metallization schemes for integrated circuits”, J. Vac. Sci. Technol. A: Vac. Surf. Film. Vol. 3, pp.2233-
2238, 1985.

Bressan, Hesse, Silva Jr," Abrasive wear behavior of high speed steel and hard metal coated with TiAIN
and TiCN", Wear. Vol. 250, pp. 561-568, 2001.

Jehn, Hofmann, Riickborn, "Morphology and properties of sputtered (Ti, Al)N layers on high-speed steel
substrate as a function of deposition temperature and sputtering stmosphere”, J. Vac. Sci. Technol. A. vol.
4, pp. 2701-2705, 1986.

Minz, "Titanium aluminum nitride films: A new alternative to TiN coatings”, J. Vac. Sci. Technol. A. vol. 4,
pp. 2717-2721, 1986.

Knotek, Elsing, Atzor, Prengel, "The influence of the composition and coating parameters of PVD Ti-Al-
V(C.N) films on abrasive and adhesive wear of coated cemented carbides", Wear. Vol. 133, pp. 189-198,
1989.

Knotek, Leyendecker, "On the structure of (Ti, AI)N-PVD coatings", J. Solid State Chem. Vol. 70, pp. 318-
322, 1987.

Knotek, Miinz, Leyendecker, "Industrial deposition of binary, ternary, and quaternary nitrides of titanium,
zirconium, and aluminum", J. Vac. Sci. Technol. A. vol. 5, pp. 2173-2179, 1987.

Hermann, Siegfried, Wolf-Dieter, "Surface and interface characterization of heat- treated (Ti, Al)N coatings
on high speed steel substrates”, Thin Solid Films. vol. 153, pp. 45-53, 1987.

Hakansson, Sundgren, Mcintyre, "Microstructure and physical properties of polycrystalline metastable
Tio.sAlo.sN alloys grown by d.c. magnetron sputter deposition"”, Thin Solid Films. vol. 153, pp. 55-65, 1987.
Chen, Yang, Wu, Xu, Du, "Correlation between arc evaporation of Ti—-Al-N coatings and corresponding
Tios0Alo.50 target types", Surf. Coat. Techno. Vol. 275, pp.309-315, 2015.

Li, Chen, Zou, Ma, Li, Li, "Effects of Al concentrations on the microstructure and mechanical properties of
Ti—AI-N films deposited by RF-ICPIS enhanced magnetron sputtering”, J. Alloy. Comp. vol. 609, pp. 239-
243, 2014.

Yang, Chen, Xu, Peng, "Effect of Zr on structure and properties of Ti—-Al-N coatings with varied bias", Int.
J.Ref. Met. Hard. Mater. Vol. 38, pp.81-86, 2013.

Chen,. Cheng, Chang, Lee, "Chemical inertness of Cr—W-N coatings in glass molding", Thin Solid Films.
vol. 593, pp.102-109, 2015.

Zhang, Yan, Wang, Chen, "The structure and tribological behaviors of CrN and Cr-Ti—N coatings", Appl
Surf. Sci. vol. 253, pp.7353-7359, 2007.

Hones, Sanijinés, Lévy, "Sputter deposited chromium nitride based ternary compounds for hard coatings",
Thin Solid Films. vol. 332, pp. 240-246, 1998.

Tung, Wu, Yu, Huang, "Microstructures, mechanical properties and oxidation behavior of vacuum annealed
TiZrN thin films", Vacuum. Vol. 115, pp. 12-18, 2015.

Moser, Tian, Haller, Bergstrom," Single-phase polycrystalline Ti1xWxN alloys (0=x<0.7) grown by UHV
reactive magnetron sputtering: microstructure and physical properties”, Thin Solid Films. vol. 253, pp. 445-
450, 1994.

Escobar, Ospina, Gomez, Restrepo-Parra,"Microstructure, residual stress and hardness study of
nanocrystalline titanium—zirconium nitride thin films", Ceram. Int. vol. 4, pp. 947-952, 2015.

Hsu, Lin, Huang, Ou, "Improvement on hardness and corrosion resistance of ferritic stainless steel via
PVD-(Ti,Cr)N coatings", Surf. Coat. Technol. Vol. 231,pp . 380-384, 2013.

Grimberg, Zhitomirsky, Boxman, "Multicomponent Ti—-Zr-N and Ti—Nb—N coatings deposited by vacuum
arc", Surf. Coat. Technol. Vol. 108-109, pp. 154-159, 1998.

Qi, Lei, Wang, Pei, Gong, Sun, "Mechanical, Microstructural and Tribological Properties of Reactive
Magnetron Sputtered Cr-Mo-N Films", J. Mater. Sci. Technol. Vol. 31, pp. 55-64, 2015.

Choi, Kang, Kwon, "Comparative studies on microstructure and mechanical properties of CrN, Cr—-C-N and
Cr—Mo-N coatings", J. Mater. Proc. Technol. Vol. 187-188, pp. 566-570, 2007.

Wang, Zhou, Yan, "Evaluating mechanical properties and crack resistance of CrN, CrTiN, CrAIN and
CrTiAIN coatings by nanoindentation and scratch tests", Surf. Coat. Technol. Vol. 285, pp. 203-213, 2016.
Saha, Inturi, Barnard, "Structural and mechanical characterization of Cr-Ta-N hard coatings prepared by
reactive magnetron sputtering", Surf. Coat. Technol. Vol. 82, pp. 42-47, 1996.

Wu, Wu, Xiao, Yang, Lin, "Microstructure, mechanical and tribological properties of CrWN films deposited
by DC magnetron sputtering”, Vacuum. Vol. 87, pp. 209-212, 2013.

Wu, Tien, Lee, Duh, "Comparison in microstructure and mechanical properties of nanocomposite CrWWN
and nanolayered CrN/WN coatings", Surf. Coat. Technol. Vol. 200, pp. 3194-3198, 2006.

Pierson, "Handbook of Refractory Carbides and Nitrides-Properties, Characteristics, Processing and
Applications”, (Noyes Publications, Westwood. NJ, 1996), Chaps.9-13.

Zhang, Yang, Zhai, Zhang, Appl. Surf. Sci. "Effect of negative substrate bias on the microstructure and
mechanical properties of Ti—Si—N films deposited by a hybrid filtered cathodic arc and ion beam sputtering
technique”, vol. 258, pp. 6897-6901, 2012.

Zhang, Sun, Fu, Du, "Effect of sputtering target power on microstructure and mechanical properties of
nanocomposite nc-TiN/a-SiNy thin films", Thin Solid Films. vol. 447—-448, pp. 462-467, 2004.

Choi, Jang, Zhang, Kim, Park, "Effect of Si addition on the microstructure, mechanical properties and
tribological properties of Zr-Si—N nanocomposite coatings deposited by a hybrid coating system", Surf.
Coat. Technol. Vol. 259, pp. 707-713, 2014.



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html

[ Downloaded from jicers.ir on 2025-10-16 ]

[ DOR: 20.1001.1.17353351.1398.2.58.2.4 ]

[40]

[41]

[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]

[64]

[65]
[66]
[67]
[68]
[69]
[70]

[71]

Veprek, Argon, "Towards the understanding of mechanical properties of super- and ultrahard
nanocomposites"”, J. Vac. Sci. Technol. B. vol. 20, pp. 650-657, 2002.

Chung, Chang, Chang, Liao, "Evolution of enhanced crystallinity and mechanical property of
nanocomposite Ti—Si—N thin films using magnetron reactive co-sputtering", J. Alloy. Comp. vol. 537, pp.
318-322, 2012.

Karlsson, Hultman, Sundgren, "Influence of residual stresses on the mechanical properties of TiCxN1
(x=0, 0.15, 0.45) thin films deposited by arc evaporation”, Thin Solid Films. vol. 371, pp. 167-177, 2000.
Yalamanchili, Forsén, Jiménez-Piqué, Johansson Jéesaar, Roa, Ghafoor, Odén, "Structure, deformation
and fracture of arc evaporated Zr—Si—N hard films", Surf. Coat. Technol. Vol. 258, pp. 1100-1107, 2014.
Nose, Deguchi, Mae, Honbo, Surf. Coat. Technol. "Influence of sputtering conditions on the structure and
properties of Ti—Si—N thin films prepared by r.f.-reactive sputtering", vol. 174-175, pp. 261-265, 2003.
Watanabe, Sato, Nie, Ando, "The mechanical properties and microstructure of Ti—Si—N nanocomposite
films by ion plating", Surf. Coat. Technol. Vol. 169-170, pp.452-455, 2003.

Ma, Ma, Xu, Surf. Coat. Technol. "Influence of Si content on Nano-structured Ti—Si—N films coated by
pulsed-d.c. plasma enhanced CVD", vol. 184, pp. 182, 2004.

Veprek, Reiprich, "A concept for the design of novel superhard coatings", Thin Solid Films. vol. 268, pp.
64-71, 1995.

Vepiek, Haussmann, Reiprich, "Novel thermodynamically stable and oxidation resistant superhard coating
materials", Surf. Coat. Technol. Vol. 86-87, pp. 394-401, 1996.

Vaz, Rebouta, Goudeau, Surf. Coat. Technol. "Structural transitions in hard Si-based TiN coatings: the
effect of bias voltage and temperature", vol. 146—147, pp. 274-279, 2001.

Martinez, Sanjinés, Banakh, Lévy, "Electrical, optical and mechanical properties of sputtered CrN, and
Cr1-xSixN1 02 thin films", Thin Solid Films. vol. 447-448, pp. 332-336, 2004.

Goldfarb, Pelleg, Zevin, Croitoru, "Lattice distortion in thin films of IVB metal (Ti, Zr, Hr) nitrides", Thin Solid
Films. vol. 200, pp. 117-127, 1991.

Han, Myung, Lee, "Microstructure and mechanical properties of Ti-Ag—N and Ti—-Cr—-N superhard
nanostructured coatings", Surf. Coat. Technol. Vol. 174-175, pp. 738-743, 2003.

Wang, Shu, Guo, Huang, "Structural, tribological and antibacterial activities of Ti—-Cu—N hard coatings
prepared by plasma surface alloying technique", Surf. Coat. Technol. Vol. 235, pp. 235-240, 2013.

de los Arcos, Oelhafen, Aebi, Hefti, Dliiggelin, "Preparation and characterization of TiIN-Ag nanocomposite
films", Vacuum. Vol. 67, pp. 463-470, 2002.

Ivanov, Koval, Krysina, "Superhard nanocrystalline Ti—Cu—-N coatings deposited by vacuum arc
evaporation of a sintered cathode", Surf. Coat. Technol. Vol. 207, pp. 430-434, 2012.

Wang, Zhao, Yu, Xiao, Li, "Deposition, structure and hardness of Ti—-Cu—N hard films prepared by pulse
biased arc ion plating", Vacuum. Vol. 86, pp. 415-421, 2011.

Rahmati, "Reactive DC magnetron sputter deposited Ti-Cu—N nano-composite thin films at nitrogen
ambient", Vacuum. Vol. 85,http://www.sciencedirect.com/science/journal/0042207X/85/9 pp.853, 2011.
Tian, Zhang, Ma, Zhu, Tang, "Influence of substrate rotation speed on the structure and mechanical
properties of AITiIN/CrN coatings", Surf. Coat. Technol. Vol. 228, pp. S228-S232, 2013.

He, Setsuhara, Shimizu, Miyake, "Structure refinement and hardness enhancement of titanium nitride films
by addition of copper", Surf. Coat. Technol. Vol. 137, pp. 38-42, 2011.

Zeman, Cerstvy, Mayrhofer, "Structure and properties of hard and superhard Zr-Cu-N nanocomposite
coatings", Mater. Sci. Eng. A. vol. 289, pp. 189-197, 2000.

Khamseh, Nose, Kawabata, Saiki, "Effect of Deposition Conditions on the Structure and Properties of
CrAIN Films Prepared by Pulsed DC Reactive Sputtering in FTS Mode at High Al Content", Mater. Trans.
Vol. 49, pp. 2082-2090, 2008.

Khamseh, PhD thesis, University of Toyama (JAPAN) (2009)

Hirai, Suzuki, Suematsu, "Mechanism of hardening in Cr-Al-N-O thin films prepared by pulsed laser
deposition”, J. Vac. Sci. Technol. A. vol. 21, pp. 947-954, 2003.

Wahlstrom, Hultman, Sundgren, Adibi, "Crystal growth and microstructure of polycrystalline Ti1-xAlkN alloy
films deposited by ultra-high-vacuum dual-target magnetron sputtering"”, Thin Solid Films. vol. 235, pp. 62-
70, 1993.

lkeda, Satoh, "Phase formation and characterization of hard coatings in the Ti-Al-N system prepared by the
cathodic arc ion plating method", Thin Solid Films, vol. 195, pp.99-110, 1991.

Kimura, Hasegawa, Yamada, Suzuki, "Effects of Al content on hardness, lattice parameter and
microstructure of Ti1-xAlxN films", Surf. Coat. Technol. Vol. 120, pp. 438-441, 1999.

Matsui, Hiratani, Nakamura, "Formation and oxidation properties of (Ti,Al)N thin films prepared by DC
reactive sputtering”, J. Vac. Sci. Technol. A.vol. 20,pp. 605-611, 2002.

Kimura, Kawate, Hasegawa, Suzuki, "Anisotropic lattice expansion and shrinkage of hexagonal TiAIN and
CrAlN films", Surf. Coat.Technol. vol. 169, pp. 367-371, 2003.

Barshilia, Selvakumar, "A comparative study of reactive direct current magnetron sputtered CrAIN and CrN
coatings", Surf. Coat. Technol. Vol. 201, pp. 2193-2201, 2006.

Zhou, Makino, Nose, Nogi, "Phase transition and properties of Ti—Al-N thin films prepared by r.f.-plasma
assisted magnetron sputtering”, Thin Solid Films. vol. 339, pp. 203-209, 1999.

Veprek, Reiprich, Shizhi, "Superhard nanocrystalline composite materials: The TiN/SisNs system”,
Appl.Phys.Lett. vol. 66, pp. 2640-2642, 1995.

90 Glivli OM aylodis ol ol Ssal puus aalilemd

Sed s CilJlda



https://dor.isc.ac/dor/20.1001.1.17353351.1398.2.58.2.4
http://jicers.ir/article-1-269-fa.html
http://www.tcpdf.org

