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Ma au
/& GRIOQFEW L

Séphat triQ nhanh @ cac hith @g thong tin vo tuyl, thiAbTy B tf
cong subcao, cong ngkradar, Internet ¥ v+ va cac nk t &g truyA thong
thAhEmRL OjP JLDWWmMAW YRic x¥yEti WURQJ &@¢Ilsdg/Um
P{L VidgJadng nghtp va cac hih @g kathu+[1, 2]. Nndg ti F Yg cé
WEaQW BLi SQK &Qd AQ P {Lawytamic khCH F R Qd IQahda ché
YAy D Q Jgigoan tam véhu hat nhidi nghién du trong tha gian g«Q y [BY
5]. Nhi EX ¥8Lt1 khong chi 8Q K #Qw A9 YUQ 1 K Vit cy cé thiAbl
yBth Pj FzQayéuoX QJj\ FjQ DFIxRe §ig§phap che chn,
h@thévaki®P VRIW Vi@ trorjoLc O - Qd din Hva qu® phong.
7URQJ Hlyb M@ thée VyQ B yiLymF [HP ORjgKMnch hilk qus
KkQ WBhexchh ph® x¥docékh8Q QJ FRXKyD Qc@J DyndaJ yL
t i thanh nhi h¥ ch2ph § x%h i ¢ ® va goép pha lam gign ti Adi B ph§ x ¥
radar[6-8].

V tli Bh@théVy Q I §iElectromagnetic Wave Absorbing Materials
- (0:$0 ym icrphat tri@ m¥hnhpP Vi $hg yéu cu ki @ soat nhig
YEBtIi WURQJ YeQJ YL VyQ JAchighQz K HOR $Pk V&G itm
chia thanh ba nhom chinh:i & h@ théy B méi, viliBEh@théWUrQaFk V
yEBEtrdd Q flvavtliBthaoti 7URQJtEX ¥R P {L aw Bom
m X ANSh Oh @ trakhang; vili Bd Q falco tUQ K DiERmih, khQ. @gn
riéng th@; con vEliBti QKm | HU U waHh @ KimRT @ BCyng tha
c§thiB phOh @ traANKiQJ Yj W QJ W LoQX) WM R{ Q YJThH® i
[9,10] &iF (0:$0 Oé&gpmsL Fy BFFR 3 Mh, rYig, nhvgta maQ J°
(h@thém¥Q K Vy Bt §g&h® théhi B qu§ Yg, trAQ J @ymh¥%a m@g)
[11]. Tuy nhién, cac EMWAM truyh thAQ J F EQ UYnAdhg giB h ¥ mang
tinh hBh 3D J N Khg tBmigthdl FiF W L r &g Frihte hi® thém ¥h-
d8rYQJ  +8EX ¥ELMOI thu«Q Wiig thiA kénh to hao fi nén hild qug
h ® thé 4GHz biph éthu¥ m¥h vao tO. mhxa ® cé&h g sOy B mdi( 0)Z
theo yYday; vt li k& cabon vliEd Q faltuy cotUQ KDRIRQ QK¥QJ O
dEUKL Y¥HRtHAIphdhtraNKiQJ NpP O |®xW A Ivaday 6
nhih thicSS GR Q q@bigh®d x¥ralyd P{Lay[an13] OoOvBi
nhom vt li | ti, cac hEn A Fe/kim lo¥t1 c6 thQcho h@ thémYQ K QKmQJ
W mg»S FiF (Kl QK mWHMIih, dER [\ Ky DYbj Eja trakhang



2

kh6phtt hg v Bkhong khi, dn t3d §h @ théh i hosF N Kgh @ thécao vi3
yYday m@g. @ §thi BQ #ilnay, cac nha nghién X WaigsidéQJ SKmkQJ
phap cgthi EQ ¥tithm va tW hao ficé vli B bmg thiAk Ac @ tric hinh
thai[14,15] SKmkQJ S MEESKAgvei EX §D W Ka@ i ligEikU
hp WA mX K@Dp$sEkhang[16, 17]
Nhu ¢ « hi & naykhong chiding 4h® thécao macon e tQ. m &

t @, gi §n nhy theo phan & vagoc tRL Yije hiElakh8§Q Q JAchhht @
sOh @ théchéyng. Trén nA t ig nhu X y y 2 1liYE bi & hoa (metamaterial
- 00 ymarR mYW BigrthiAk A £li B theo c@ tric, thay vi chid @ vao
thanh pha héa iF 7K BQRCJQ JK-D G Bxu@M YHRJ @ P 00 C
IpvliBnhan ® cothGQ¥R UD Fiil §iltiphitdnhién, tiF Fik y
W U m 3K hox khong th t¥trong vt li EX W K { Qalg (8K B1& ch®
caMMIlav+li b t¥ thanh At h cac pha ticeX W U RIF Enadng

WEQW cngNL Qhguyén finhan %~ 3¥x A theo quy lut tu @ hoan
theo 2D hoe 3D. MWph « tAho¥YWY® J W mknQtin ¥h cYQ J EBQn) &L
ti; nhathi Ak Ahinh hi¥ va quy lut s x A, cé thCy i khiQQ ¥ iiBg hil
dég céD P{La\y Windé hpg sOYyEQ P{LYtigh-m, raNKiQJ WmkQ.
YymkQJ« WatEWRNEGhg md. Viva W KINnk d¥QJ Nt HAXvAV Km
cach bOW U t rguljér finhan %~ F Kt Q Ka®jod 8 nén cac tinh c
ye biEc@aMM. Vivy, du nhiAXX KemgtA m X @vtiiickay £1i | tth @
¥y m gmphat triQ, bai toan can mg gi@t @ My QJ yhénvtjdrg vt li E
(PhOh @ traNKiQJ Y| Wém¥h\Wi® KWDR ty)lv n la rao & khi
calph@théem®@@JI QKmQ FHOjP WLE Xg.

V £ 1i EX aLhinhcé MM 1a v li B biA hoa hg thé Vy Q J ¥iL
(metamaterial absorbeMA  jygmLandy va ¢éng sé yA&xu@V YjR Q P
[19]. TicYm @ nay, nhili c@trich@thét Q. m X ymphiattri@, cho phép
3 WAMLAtheo yéu aX ™ FibF YWt QK @tKéwy DKE Q@thdd §r Wg,
gi 8 nhy theo phan & va géc i céD Vy QaltiwL S & vécac mé tiéu
khac nhau trong dan@va qu® phong[20-23]. 7UR QJ KHKIQp Ruqua,
CACMA ho YWY ti Y*QJ YL ¥Mwhg gpang hNF § mcR mixu ®va
ching minh bing th@ nghieP 7 X\ QKTh@ QY FiF &g WArthanh
gi 8 phap ing déng UQ tyh va kinh tAv n con nhing v@R Ac ®I6i c« gi §
quy A tiéu biQ g>m: tQ. m®& FW UikPY phic t¥ chAYR QKmmMJ Y
duy tri h@ th écao; nang cao tinh A v &g theo phan & va goc 13; m ar Yag
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d§ta lam viEF yBhyoxd§rYg) vaphat trigQ FiF R iiF khi @,
¥ i chhh ta sCh @ thétheo tac nhan bén ngoai.

Trong vung & sGGHz, nhu cu v Acac IH h® théche chih m@g, nhys
linh ho¥vah@théd§rYQJ QJj\ FjQib Mythach tHc IRQ Qv Rv +
i BbiAhéah@thé VyQE L GnarvQJd E QJ W Ki{ qyhienQiK L
ym W grnki&Kpha ticYQJ BEQn) WURQJ FndtH Ak @ tric
0% yOpohMt¥YR FiBh§gYQJ Egichng | @ [24]. Tuy nhién, cac cach
tidcxQ Qj\ AGHNOjP W Q JIRM {F K& thidirday c@ tric ho»F Y
phic t¥ chA Y, lam gign | ¢ th A3 P@Qg- nhY: B MA. M YW RBigrkhac la
sfidéglinhkiBngod YL QBN tEl BQ Gy i chhh trakhang va tham
sGYQJ Eg{25]. Du cho hila qu§y i chhh rd rE gi § phap nay ¥lam
W QJ yig@¥phNc tp chAtY, nh®la khi ca tich hgp sOOqy | linh
ki B vayOvBcacm X Fy NtRxqh@aing ta sGaa

kh < phé& cac v chAW U r @hg Hoimhg v 1i | c6 tw hao nYt ¥

vao c&X WU~F 0$ D Q JAWKXDKQ~ W k@K LZHIRG I 4 - W
v £ i | biA hoa h@ thé Vy Q Ja yil{Composite based anagneticmaterial
- metamaterial absorberCM-MA) K iftag tf3 kh & phé& cac v chAs Aich
W RFn Yphic t¥ cong ngtec & mY sCGhi Ak Ad § r Yag truy A th@g, via
mara kh§Q QR khi@Q W tinh h@ thé ®OvBtUhg vili B CM-MA
h ® théd §r Yig, hile nay, cac nghiénic trén thii B chéy A siid éng vt i
ti G Md¥g t@ phé cac vt li b tisfidég trong X WU~BJDQ&m V
carbonyl, ferrite, FeGE&, CoNi/epoxy« [26-30], tuy nhién,t . m Xday cé
c @ tric CMMA c«Q yamghién du vabén &Q K y y-MAsfid ég vli b
ti QK thic cYQJ EQn) F K ngnghién dur¥QJ UmL 1JRgL UD
nghién d X YiLlkhi @ phth @ théc & c@ tric CMMA chéy At¥S WUXRQJ yL
khi@teasCh@thé WURQ yyi WE@J {Lrefd ég la magie ferrite
va ytrium iron garnef27, 31, 32]M YsCh By £ |i | ti khac phu ItS @y i
khi @ tinh ch®h@ thé FzQ F K m Bghjém d X »§7bi Ecac nghién éu v A
v I khi@Q E LYQPihét ¥t @ sG Oyhhcon F K m B guan tamBén céh
vy QJKIilXr Gillkhi@ phth® théyDIQK FEQJ EMghBnyi &
yé

Trong Q R, trong vung & sGGHz, K fig nghiénduvtli Eti Yk Q@ O
hox c@ tric MA siid éng c@ tric cYQ J Egkim lo¥h @ thé Vy Q Ja il
¥ D Q Jeijgoan tam, phat t@ [33-36]. M YsOh B i E t1 Q K mZa territg
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hexaferrite hEv £ li & ti- y B moi«[37-39] y m §mghién du cho h@ thé
VyQEViLmYsOQuh anvAvtliEtih@théVyQJayiLy m g @
khai th@ hilhi Q KM JK L iQchiA ¥ mYsO i B h® thésong vi ba trén
FkaYUh @ v+ li EX JBLmMOi La S sNiO4 v B cac h¥ nano ti~ B NCS.
Chu ThiAnh Xuan Q P Y| 3*1JK LiuQigh vachk¥YR VK@ QJ
trang h@ thé Vy Q Ja §iLUD G D U \&ddly@e Bk chia ferocen va spinel
| HUASWCS Hoang AnhT@ Q P « [40, 41]va cac luh an nghién
ciuvAv i E biA hoa h@ thé VyQ B §iLG is6 K fag d céa GS.TS.
9E uQK vamf®m nghién & cé& Vil Khoa hid v 1i B, Vi B Han 1am
KH&CN Vi ENam y m grth@ hi k6 [42-45]. Tuy nhién, K ifig nghién du
vAlthpvtliBnAvtliEtivavli B biA hoacho i® théd §r Yag hox
c6 kh§Q Q JAkhi @ ¥ tinh h@ théthong quai W &Qw Q JRjIRQYj Wm
m (3, khndng co Htrung ¥ v I3 cac nghién ¢ X VRBR mkad hia h gép pha
chAYhE tli Bh@théVy QI §ilmB, hiEqusYj WK{QJ PLQK KkQ

Ti cac ly do trén, nghiénicX V L Q B chiXQ @ai 3Nghién ciu ch A
t¥R Y jAkhi @Qtinhch®h @ théVyQIayit¥vingta sOGHz d &
tréntth vl Eti(n A FeCova MFe.04) va metamaterials”. Lu 1 an
trinh bayk Aqugnghién c X YW @mAvi E thi Ak Ava chA ¥ mY sGCM-
MA sfidég vt li B tin A FeCo chdh @ thé Vy Q J& Vild § r Yig va CM-
MAsfdégvtli BtinA MFeO,;cokh8Q QJIAKh@ y¥1+S RMJI Yy
h® théhox ta sCh @ théb g ti W Slgmgoai éca CM-MA; FEQJ Wil
gias6yyQJ vy ®&itro o vtli B tivavtli B biA héa c@ thanh nén U
ho vl k.

06F WLrX QIXXLrQ F

- ThiAkAva chAvwtUh@ vtli B CM-MA siidég vEliE tinA
FeCoc6 kh§Q Q B téVy Q Ja §ild §r g trong ving & sGGHz

-ThiAkAva chAtytUh@ vt li B CM-MA siidég veli B tinA
MFe0, c6 kh§ Q Q JAitkhi @ tinh ch®h @ thé V y Q J& ¥ilthong qua i
W &gmgoal

M GXQJ QIXLrQ F
3KmkQJ SKiSi@IJKLrQ F

Lut an kAhcS FiF SKmkQJ SKKS QKIKIWOQK B®RIQ P

chA ¥ va y R ¥th & nghiln.
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Quy trinh nghién éu b3W «ib g vi E thi Ak Ac @ tric va mo pliag sO
FiF»y Wt@K (hao gmkh8Q Q ®Ké phd xWatruyA qua) cac@
tric h @ thétrén pha mAn chuyén dhg. Cac dli & mé ph@g nay Ay e
yOchi A v Bk Aqu &inh toan Iy thuyAWCyiQK JYRKtQK [iF RBtDX Em
mX KyD NEFHKUuBGMNMA Ve gia cong hng cac kithu+w  Qighid
Fk Q Qgig Gamquang kic va phétr & ti . Cu®cling tinh ch@V i L,
khn§Q QJAKhi @ tasOYj ELNMO@ithé VyQ Ja yilc & CM-MA sA
¥ e théa nghilin va ki@ ching thong qua cac Aqu §y Rh & nghifn.

A WQW Yj¥BKYL QJKKrQ F

-V tli B biA hoatichhp vli i tinA FeCoG fid ¥ig t@ phéhox
c@tric cYQJ Egro kh8§Q Q P KéVy Q Ja yild §r Yig.

-V £ 1i | biA hoatich hgp vt i i ti n A MFe,O, c6 kh§Q Q JAY L
khi @ V¥ 1S E L Y@ tim sCh @ théthdng qua i W Elgmgoai.

& kAW K R BF KY j O HEDLED AW jL

¢ QJK-D NKRD K

- GOp pha xay dang cac mo hinh ¢ li i bi A hod h® thé Vy Q Ja il
d&rvgsfidéng vtli Eticokh§Q Q JAkhi QQ #tinhh@théVyQJIayL
tithdéng qua i W &gmgoai

-Lam rd VAF k BIOYWYig, s6yyQJ d@Sacv £li Etitrong c@
tric v li & biA hoav AhSQ QP théd§r Vg, v i khi@ vAE L r Gy
tasphth@thé

é QJK -Dti B K

Céac kAqu&rong luxQ iQ yyQJ JyESsidiRyCM-MA ing dég
trongche chPQ Vy @Ity Ythu gi6 Q QJ@ men biA« SKEvémé&
ytFK T X40Q®@phongva dan sinh

16QJ yyQJ RyS P

-M&YQJ Y| WaQkhE@ Q P thécavli BtinA FeCdb g
céch tich hp vao c@ tric v i i bi A hoa.

- LAKhiQQ ELYQ K{QJ WKdIGYQJ Egvatash@thé
yDhircé v li Ebi A hoa Fidég v+ li | tin A MFe,Os b g ti W &gn
ngoai.

B&é&céalunan

Lu &1 &n g c6150trang, bao gm pha may«,4 F K m k ¥dur@ va
cac kAlu 1, bao gm:



M g y/u

&KATQJ Ingquanvit]hkpviliQ(ts-vili @bi@hoah-pthm
VyQlys

GiRthi i tWg quan VA £1i | t7, MA  F k ARdAWV Yig, MA h @ thé
d8rwg,vtliEbiAhtahpthéVyQ B filsidégvtlibEti Y| Wikhi @
kh§Q Qi®théVyQ J filb mg ti W &gmgoai.

&KATQJ 3KATIQJ SKig® QJKLrQ F

7UUQK Ej\ FIF SKmkQJ SKiS Oé y\W§ KK AVEY ¥Re\W K
Y+W QIREX¥F FiF WK{@dh OVWILEO@QUIWURQJ OX+Q i
CM-MA.

&KATQJILIKLIrQ WHXKkS YBEWS QIO VyQJ yLOQ W:
GyD WUrQ Y5W-®LYQ X W QH&OK ELGQ KyD

&KATQJILIKLrQ FgX yLIX NKLKQ ELrQ ya Yj W/Q
Ws FoD Y5W OLOX GyD WUrQ MqJ YWkB5W5 W LOIXOKL W |

.GW 0OX5Q

IX+Q iQ Qj\ Yym¢cFYWNKGFOWIQHQ WKLAW ET ymcF
3KzQJ 7Kt QJKLEPKK®RD+KIFFQUF@QIKHE FFQ .KRD KNF
OLEXLEQ +jQ OkP .KRD KNF Y| &{QN DX & FF LRV FEL
iQ ymcF F{QJ EOCEWUTX OVHEAMF W¥S FKtQBRFKA ymc
FOS EpnQJ yYF EXLARDR WUrQ W¥S FKt TXOF JLD yn
va02 EjL EiR WKXYF N0 \AX KYL QJKI TXOF WA
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&+1j1* 1* 48%1 B70+a3 97 /ES8
71 9°7 /E8 %A1 +1$ + 3 7611* ,E1 T

Trong nh6QJ Q & Iy k\ QuKpKatFri@ cac vt li i h@ thésong
y B ti Fygtinh mg, nhizh @ thém ¥ih vad §r Yig ngay cang tinén c®
thi AV WU R QJ @ the CIR@ HKaLLY, c8n biA, thu gid Q Q Jq® va ki
thu#W WjQJ &ijuiGQiKg cac yéu &X Qj\ Rig mghién du kAhg v+
iBtivivtliBbiAQ KyD ym WA X6dtarvanQritikh §Q Q Jngy
thacgthildh phOh raNKiQJ Wa@tlh Ran nYt ¥ va mar Yig kh§
QO QJAkhi@phth@thé 7UrQafk V&KmkQJ WG quandAEj\ w
Fk Bi@théVyQUIafilcéavtli b, cachEv tliBtih@théVy Q Ja ¥iL
vilibbiAhtahpthéVyQI YL FEQJ QKm FiK QLKQr®XM Q |
tCh vli Bti-v+li & biA hoa. Ti cac kAqusnghién o X W U REMA Q m
trénthAiR FKmkQJ Qj\ GltvalfFF K X3igmghién du va nhdng
va Acontntyd T X DIQ/K Bigrcho cac Y dung nghién ¢ X yaonitri @
khai trong lutx an.

&k FAKCS WYy Q E¥ivweD HMVEO L

KhimYW Vy@JdititruyAbAmsmYIpvli EX Q QugEm
songt B s Ay nr chia thanh ba thanh pit ph& x ¥ &m % phan cach, truk
qua Ifp vli | va pha suy gign bén trong \t li i (chuy@ hoa chéy A thanh
nhi. @xliEh®@théymr VyQ Ja §ilc«tho§P mQ KAK Eydhinh
sau: PrOh @ tr dkhang- tr akhang hilt déng t¥b Am s v £ 1i |5 nén cang e
tr akhang 8D P {L &\y khong khi cang®v NKL& xR Y| Q QJ
Oqrg ykauvao i EX W QJ WLrXc@dQ/ DXONKQnmym Y4R ErQ
i EX E LY$Png ca suy gign nhanh nfaFiF F Kt BX K DIR mpLhox
t W hao ti. NA chiw Qi h&é ma gua ph®h @ trkhang, Ip v i & co
thQraWKjQ Ky R8¥Q K~ YR duBh @ thétbgthG¥Y. NpP @l¥m
nA ph®h @ trakhang tOV QK im @ad WA WKu VyQJ yL [X\rQ TX
O J NK{@B WrhrX Wid26y41QJ N

Khi bi @ difa v+1i | bung hpng sOy B moi phic Q= 0 0K Y Wty
thm phic ;= « i Kl akhdng vao é& [ h@ thét¥ ms ti A xdc vid
khéng khi préthu¢ vao 9, ,, t« sOY | Yday d c&a v i . T W hao ph&
X ¥Reflection loss 5/ WaQrd icrtinh bpng [48]:



RL(dB 20log,

Zin ZO
Zin ZO ‘ ’ (11)

t r ongolalir-k h 8n g °mg khongd khivscon Z1a tr khang vao ca
| p hgb th . BiWi th ¢ nay cho thY RL ch nh (am | n vQL, | n) khi Zj, ti/h
ofn Zo;vivdyvaitroga € Nj v " it Kpar(g)kghan tmg khong kém
en v~ Udintac)hi ph

Trong cac e li ut (ferrite, sbt , ferrimagnetic va cat h p vd i u
ch aphat) , t thXnhi ud ngees(f) cOthAL ‘& Qidhn h” nd'th i hai
y/uf:phfnth ¢ . € th¥n (thoNgqua phih ptr khangvapdnloc a
Lt thdtn (Ehjdng qua t nfru©y SinWwhnkmchlcik €
vd liut sovinhiQ 8 mdithgn. Tuy nhién, phees(f) cavdli ut
t h g cé tinhtdn sb mthh theofns do c 8§ dcrcdh "meg® (v §ch
men,cng Mmg@bt é) , ncélmclvnih vd li uva kWh soat vi &l
tric tr thanh yu t quy/} nh[49].

VQbIn chH, s suy gim n & nrgg | s& mtgtroiigi] p hgp th
t heg ~ ¢aggy WQhai nhém chinh’tn  h aromdilva'tn haot. Trong \d
ifut thct] hai n/m-"m mwgho®thtidobdnckl La pha,
cac yu t khuysg td. Vi vdy , Wyili thich hdbfi  €uhbtpth, ofn phan
t 2 Cigthli:h?ag s L'in - mi it thXnh ‘M d"y @kinli
ph i h p[50].

&i GMQ KDBR W
n, t thngawdliu ‘L@ b i . tthX¥n ph c[51]:
RY ®)zZj "(P), (12)

tan Gz —Z , (13)

tr ongadldpHnthcga , t thynbiwWith kh[n £ n g _tn2tonhgngtl re

t tTng cond'fapdnfoca  t thyn,| "4 Chebl t r€khf c¢ hc
ntrnd °u t &ngtnirng@gahdd uKhi s -nrtgantiuyQ
trongvd li' u, cdng stllt n hao ph thu ¢ | nvao gia fr¢ a &"."T n hao't

gm c8c nhJfchinhicch g ¢ hg@bt,cng ‘Mg vE&ch L1t
(domainwall resonanceDWR),t nhaot tr ,f n hao do dong xo&yac ng

h@rg t i @bothwthiatn haot thanh hainguyén nharchinh t n hao

n itdlién quanyh bin chEdlvd i uvatnhaong8l s i nh Jhihikhn g u
dhg, kz2cch "t m@ifnhaot@ | = dthn haomitd chi/m
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‘€u Jjbdinglint g u § tlochi@uhp I'c a cac mdmen td @ tac ¢ ng
¢ at t T n@ngodibinthién,dh /s h3 nh t hgcongt tl v@lam
ti°u t&mgpbiidrttrégcacdliusbt .Bénéhh L., s
k h 1 nmg nH trong i trdc vi md, bao gn cac khuy} td tinh thvw bién
giihdvas phanbp ha k'hnigglcotWentr s dch chuyd ¢ a
cacmit, qua L- | tim ghao trmg M€ ] c § C
n itd, t n hao ngél sinh (extrinsic) chy/ulatn hao doxchy, ng |
phat sinh khi_t théng bip thiendm n g ¢ § ¢’ né&quaagt trangat li' u
6 "B dmayphhhucmthh v d@ Bichpk d~“y ching n
tric hinh hc ¢ avd li' u[52] [53].

T ]n haot str M

T nhaot tr xuHiphatt tinh khdng theh nghchga q u 8§ [otwéack® n h
LT men v~  q.ukhywdIlnd anetn§ chg ¢at t T ng bih thién.
n ‘ng cong.t tr tiéu bW ¢ a vt Ii u sbt L ‘& trinh bay trong Hinh 1.1.
Trong vangfns thtp, n £ ngd n hadtén mt chu KBb3ag di n tich vong
tr B-H. Tuy nhi°n, Hthorg sc §at, p @Kichl d h
thichHst h g nh, nénl ckhangt Hc.t h g nh,di ntichl “égt tr nh
v L - nogtr tghe® khbng con chi ph nhiQi so v i c8cJcagh ch
hang Jobiltlacng "tg&bt (ferromagnetic resonanceFMR). Céc
nghiencugn L ©yarrRaghtg th visongcawdliut,f nhaot tr
t heeg " dxémlathy/y t r Qkig 5i- ng v i nbs,trongkhibi ° n
c § ¢ Jichm gc hg@ dong xody quy nlif n haotrong di GHz[53, 54]

n"iv ivdli uhgdth cfn gifm Hc (I ¢ khangt) gitp gim t n hao
tr v~ " nge&lichocac Id] t n hao khac hay con glaf L §ng mQno
Thct] min t thhth trong GHz thi €n i eu c §Engch c
( DWR/ F MR/ E R nhao dongxaafelg

TInhao dochuykQ dQJ YiFK y{P&) ¥W@B YiFK y{PHQ

n“iv ivdli usbt m@n, . iki€hthicht t T n@ xoay chi, vach
L 1 me n Wbch chiyi niRn tai phan bchllitricll  men  tngglim h €
ntngngt ®0. Qué& tr3nh “ngdgmasatéob ichiBWM n £ n
Lngca v§8&ch Lt dfe; ghintvéch (pigningitb b i khuys} td,
tchH, ngsH dadmagnonrphonon v~ _ibid@Hnhg t 8&c

Khitthst tng, Vv &8ch L ! memnggkh?ingk@hthicm t h
mt c8chkhttfidcng me8&ch Lt ndfn,bng "tnr o
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mtmiQufns nhil ‘nlh “(nglkt€’ B @fns t MH z Jh kangvai GHz,
ph thu ¢ mthh vao &l tricvimdd a ongtheott Tney ngo “rihao t £ n
do ma saval c khangt ¢ awdtli u). Cac\w li ut néichungvad i u
ferrite noirieng,cng "M v § ¢ N - Intgmeg@ PLi ntao ving
tfn's thed, ¢ MH z /Jhkai GHz[53]. . hnga L *[mé n mg®ikich
t hehd, hdl nd hinhthanhnt@u L* mén £-ng g-p v§8ch
hnh (it mach L hn L fuefm) cv Schty L! madirng ™ ¢ h
tam t n hao sang quay mémen (spin rotation) vd g * g€ nhién[55, 56]
Béndh h lién Htvébkhuyltd | ° mnhaddo ga satmtd trong vt
i u(cé thiwt £ @' miQn thgp). Tuy nhiénn h €In@g khuy} td qua | n
sclam gim &Va giim tinh nQn t , gay rabkil i chophih ptr khéang trong
hEp th [6].

Trongvungfns GHz,cng Mg@bt L - ng g - mgnjdichon t r
a'd@anhuvdliut.VQec h Jjenbmentt ngc ng(t L, Mg ph thu c
L | ngiatrthiudngHgs(@m tmge ngorgkht,t rngdd g
tinhthW triaédd ,L v~ t i hgthdohg§ua hs kuy gim Gibert
U rong ph<ehibg. tQrki mchn gL @Ay ra khi fn s kich
thichtrang vitfn s d a ongtiéngg acacmdément k haf 4 ¢ 4r
(hgpth n £ ngng g nitl); &% hay K hanrm gwmicng * g€
ph thu cgiatr Uvan £ ngngd leehgt c avdliuu. Ph<€hng tr 3
t heeg dWiemgh fhs cng "mg@i ¢ §$mghitug @&. M t dthg
hay dung choad liu ¢ > ngtd h g H Vv ", tlhéa bdo hoa WM ‘&
trinh baytheo cong thc [58]:

J
f Zs\/Hk(Hk 43). (1.4)

vakhicot t T n@ngoai, HL ‘& thay Bag cac thanh gim ¢ a Her. Khin £ n g
| “@gd heglnHcc - xogX¥yEléncaotl - ° mmghgd th 1én
vingfns cao .KhhMst £t n g Wc™ mttht th¥n vB fns ¢ ng
h‘ewgsbt ¢cawliu

CaQJ K@J WUDR §

Heb th visongdocng e tiad i L fhcaquwa mgel
trongwt li u ,Folitlacact h pvdli ustt vaphinsbt, trong L
ghépni trigi@ca Ipt tinhlam dch chumd fns FMR. Vi ct £ n g
cagkintnigthhs - n‘nt g iavd li ubag cachb ra cac i hip
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th rng hhiM.Qchn ht'k € hing qua c8&rmpht€hng
thh fn h aroméiltitinh, phih ptr kh&§ng) . Jchfkbacdm c h
phan cc giao din, tan ¥InhiQu fn, t nhao & ", d , n gn xday, H c
LQ ‘lc€  €u b céeh tith cimh &l tracvimé (giaodin, k2ac h t |
h&, chitrac rn g W iL° u  t §mg hiulguy, g *thir@y trong cac d
i ut h pferrite/carbor{6].
Ch JJoh y ckhEphibis truyr nit'mggi he@c bt va
cac vung ®mHuphan cach_ @ ching,’gm: | mhty vi cBll trdchbp th vi
songdocng me tirAohyl i  KF tinh whiKéngh t |
vdliuht nano, kehlygim, k 2gch® fdtgita®aa pha tmQn va
t ¢ ng hdbgi a cac Bt kQnhau tr nénchiphi ; Timg tgrae
dng:S ghépnaybramt “thrget imiad bl sung, cng thém vao
t Tn@dheg:*p, Yifns cng “mg@)lénv 2ng c adgtehhn ,
nh<€ btngl8&Hz).Trohgcachvdliuf hpcng M t'i ao L
t heghdt  nig”ndithiv iR iph cphancc ' timéivaphanccgi a
caclmHy, quank- L &afiegnhk th hi uqul[55, 59]
T Jn hao dong xoay
nivivdliut c -, d¥ Htéao (Fe, Co, Ni, tpkim, kimldd é) ,
t t rm@bihthiendm ng d . mxpaylgdyf n haol @gdnd
dthg nhitJ o u | ‘eng thilantbih dthg phan bt t T n@trong v Ii" u.
Ch' Igthuyfvadinglivd | T W\Qhrhhad.ddong xody trongds
i usbt L ‘& h th nghdab i Bertotti (1985) Trong th ¢ tJnghién cu vd
i uhgp th visong, mttiéuchicbh Lo&n hag ChABAIng |~ h
c, 'e)2P. (15)
NuCGogfn n h€ “ktheb fing trdingmtmiQntEl ‘nlh , " itag €
co thAk/T luchrag t nhaot trong miv L - y/odddong xodyN/u Gy bi/h
thiennth h, k'hhicnly - tglEb ra khdong chdo t n hao dong xody ma
condocng Mgt ,cng M vE8&ch I'nog nmhe@d tw[elloc L
Gi d h )n Snoek
Trongw i udthgkhi,gi ihth S n o el thi 8ag ham's [62]:

(R LF, g a5, (1.6)

tronglafns,cnfg Mmg&bt; o SIRichuywd v "~ sl 4 tM
héa bdo hoavi ¢ “rgthi G IEYHI nvafns ¢ n g * mg€ao l&khokhl
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thi do rang buc gi at L, b&do hoa, dh &hgt vab[n chHit tinh ¢a wdt
i u. Cac nghién cu va phan tichthc nghimLl'iv. if er r i t eWclioba t i
thby gi ihthSnoekll - ng wquanfrntgriwivdli ut khihot  ngy’
tfns c a oW tm g th¥nlénvingfns GHz c¢ a ot lituh it ny €
ph[i QUdhnhLH t rcBBirig hinh thd  d ohi ninay,nhiu  md
nghién ¢ u chuyw sangphat trid chil tric d thwhh3m  t £ h §hg O vavd
i'uf h pnhAan  k h a 1" ngtthi §rchadt:cn g " hg&bt ,cn g * Mge
t r diovatlh haodongxodayvatn ham niWii L€uh pth khang
vat nhao trong @i 1 - 18 GHz[63, 64]
&i FBM KDEDyR{L
nto t ZmmMdiclaidliu trhge ¢n® b ihag s L'in moi
ph c[51]:
Ky '‘H4g"(H (1.7)

tan G, 7/17/, (1.8)

tr o n gYlapHnth ccahungs L'inméi,phnanhkiffn £t ng _thnZmig t
| @ g nL i'tng,€n Y A pnlo ¢ aag s L'in méi,biwi th m c tiéu

t §n n ho\dOblh el Yiffongwd li uhgpth s - n'ont Lt ih g 1a

f nghpcgatnhaodo#h " Hvatnhaodophana-ph cfi(polarization
relaxation).n Ho tinhhB th vi séngkhdng chph thu cvi ¢t ¥ihageon

gda chtbv i ¢ fphdm bc™ nhiQu thang (hguyén t- khuy/} td - vi chi

t r YMtDt nhao nth h  n hX@duy tri phih p tr khangphu h p [65,

66].S t h aic allRag $ L'in mdi phctheofns t T n&y " nlt iLHvao

I ‘& ch ra trong Hinh 2.

g Hién tugng phan cuc - phuc hdi
va cac hién tugng lién quan

! 1 | L ! | I 4—’T/
0 10° 10° 10° 10' 10%
| SN I, S I W S
Visong Visong Hong Anh sang Tir ngoai
milimét  ngoai  khakién
Tén s6 (Hz)

Hinh 11. PhYh' ng XL M moi A thui ¢ £ n sX[66]
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T ]n hao do d3Q YOL
Khivdliu ¢ d¥ L' 8 Pthanh phn dong d¢h tb ra cong skil Joule,
L - ng g fimfogao timpdéitheodhgdn L §B6H:g
. 4
cond?) | a (1.9
t r onglldpnlo t ©hng ¥ €M bididiché n hdo nhit Joule
d@dhgin hamomdéldquan h ndychotty Wy égfin nh+€ kht! ng
theofns,thi Y1 ¢c,- x ngghnm@heos Akhithst tng | °n v %n
Tuy nhién, trong & li' u khéng tett ,vali uf h pnhiQ pha héb cé nthg
dhcch, &Mt h@tuantheoquyttk ml  J, eédfSscph ehu ¢
theofn s ¢ a , tHh xoay chi trong nhQi vd li' u & di, ban d (g m
ferrite, perovskite, polymer,drliu  vA h Lh 3 nHbet) , k Li/Jjddd h ¢ h
chiphib idchchuwc ahttfi:

(¥ ¥ A= (0<s<l) (1.10)
tronge)l-", ding tfns gocy; Y. | ~, dd¥h m tchiQi, khdng
ph thucvaofns. T L - | " ‘'m chamomdilththi n dchgtan sbtheo

tfn S thayvisuydgm L hn.Chicsa L 8 @ nlmdi- L, d theo fn
s L ‘& Jonscher chhat rHis m v /h naly v la khung din gili ph bi/h
khi phan tichés ¢ Y1 Y& a vd Ii" u hi th /che cleb songl ‘it [68].

Trong thifk/jvad i uhipth ,d "Hi t tng fgnh&pe Y hogg
nhenjgéqna)n<gaylichphih ptr khang (tr khang \d Ii" u khac
xasovitr khAngcak h* ng k h2)[nxUdtdb@mHiviging rpthn g
|1'®@g Li v~ o &  thg@kglat LVl wadco kih soat
k/th pviphanccliéendin WZ a t ttnmap v a Hh chphln x4[69].

T ]n hao do phén cyc - pha hi

Tr ongngroay€Qu, c §Bphambc chij i onmggccl €
I'n h _ ig:@han cc khong gian) khong gin_ ngtcthimatntd
pha, tb Y'¥ im tquatrintph chiDe by e ng[i0]: t €

MY WA 2 M (L11)
tr ong LU s phJcAli,” #ldhags L'inmdifns cao (Zo f)va Ha
h3ag s L'inmoikhi zoo. YTGc c Ylgfn fii Ns Th c t]vd li' u h&p
th, t h @ conhiQuh s ph c i i do nhiQu nguyén nhan gaghan cc L’ ng
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th i (khuy/} td, nhém chc, lién din, bien Kt é) , dy,pF Y'¥ h g xudd

hin ¢ ®lchdtidiphchir ng. Caccong trinf hg quan §n L ©y h
th’ ng hda rd caclhg phan ccch b tronggdth s - n'ont §im: phan

c ¢ _hge c, phan cc khong gian (Maxwelt Wagner- Sillars- MWS) va

phan c c khuy} td [71].

&1 FK]Q KD®njyitrongviliQts

Trongving fn s viséng,tn h aroméigcia ferritekd I uf h p
cha fermigt ¢ @dole kt r Yac Wkhay]tdi vanitbphah cach
gi acaphaVdliu ferrihg odyfEt he®n Gkémb °n |
hhn.i Di€i'tngx@aychu, nl it 2 ¢ h ngtich ixtt vahg®ém
dX (bién M), ttb phancc khl ng gi an vihges thiBo- L -
trung binh,Yva Y@ thWW. n ;  k hfin S t Lrttigh kliéng kp d ch chuy
-tich § , nén xud hi ntan sbL'in méi (gim Y' t hiaf)’ n [ nay phu
hpvi m! h3nh Koo pHtichaigp Udeé rhién t eachn h €
L''in o ,[ithigh ph L'in mdi ph thu c n s ¢ a ferrite[72].

Trong spi nelldafEinr imt éng liéh kv icshdch
chuywi electron gi a cac t¥hg thai hoa tr( i hinh F&/Fe** v tri bat din)
va/hdb d ch chuy ¢ al, tr ng gi a cac cationhinh thanh gb _Ing&: ¢
L'in v™ L - non dhapo nk harg@ BhiQu. Cac khuyt td (thi/l
Oxi), bi/h dthg dall triic nthg tinh thWWtth chill é tbs phan c ¢ do khuy}
tdgayra, goppfnm rngdiphchi v~ t tphFglogahgd r
I "in méi Y' 73, 74]

Khi f e cghéptyicariorgraphene/carbon nardng” ng) hdb
polymer a6, S | “@gliéndin t tthhgoxide- carbon, oxide polymer),
| "m ttng MW&pthimthg dh ttb kénhi n hao trugh d6. Tuy
nhién, ¢n can Ba gWrnh qua #n L'in khihph[n xdmthh, do L/} ¢ §¢c
kMhiugut hreeg . mg@h& phihp “ngthi:liendin dFoy (Lt £ng
phchRiphancc) d ‘HincvapHi ( &g idgph vh p tr
khang)vathémtnhaot I\t t ng suongy hao t

12C8cC vdh U _ihbp _tsh- ngn _Lti

Vd i u hg th s - n gnt L(Electromagnetic wave EMW) v, i cac
LHb tinh m ng, ntG dli tfnr, ng va tgh th mthh ngay cang dn - “Lc€© chd
yvikh['n £ nng d ng th ¢ U] nWeo thwphat trd v |i” um i higb th EMW,
cac thongsk h § ¢ n b & d nglitréhg thif k/jvd Ii' u c6 vai trd quan
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tr ng[75, 76] Nh ng vd li' u nay co6 ti\eung ¢ ¢ I tinh b th mthh,
diitfn s r ng, md | thhb va m ng. Ngay cang c6 n@i nha nghién au ki}

h pcacw i ukhac nhau, mtva li ut h pm icé thAL ‘& thilf k/]cé hi u
siHlhgpth s - n'ont tuy tv i difnGHz. Vicl achnvdliu cb L
tihhdov nhiu s - 'mg (Electromagnetic InterferenceEMI) t" t ph,

thy cvao mts théong s, chighith  n ko€ tlZ2m hmYibh B va
tinh chait [77]. Bagcach kK h pl p "' ‘lhimdivat tinh, kin £ ndp d
tb daa@ nitigasongti khi L dliviagcodh® ce di
thin W& “E<€hgpth i L a “mignrti[fT8ie

Hinh 12.  C’Ec¢inh tlnong m¥n cva vot liMi I p thhA EMW [79]

Ch o/phnay,vic Gl "E#icc § ¢btith mongmungawdli u
hgp th E MW "Llc€Whi n trong Hinh 12, L ©gcoilla@t thach thc
| n Wighién cu cac I¢d vd li" u trong céac ng d ng hep th vi s6ng[79, 80}
M ts nghiéncugn L ©y L « dtph ehthaclEcap, Fikhi cac nha
nghiéncu L « k h'&thilpJcd ciligbth m ik/ph pv icacw
liut tinhmth h n h € Iiedt §inhgra ferfite va cacali u - o
n h @ liw g ccabonvapolyme¥h ~H,id Jithi uqu hot | nfg nang
cao v Ii' u higp th EMW.

Cacw lfuhgpth L'in m! i Hhbhn@clh ™ oxiwhlac -
h3ag $ L'in méi thgy, phiih ptr khangtt nh €n g nk hrgh@ot t
thip [69, 81] HFu Wivd li uhgpth vi s 7~ ochjtdbtebtt t 2 nh n h <
ferrite, niken coban va caca li ut nh a on L' m? i’ ngmdneceon va
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polyme a1~ H[B2]. NhiQu nghiéncu  L/dudkrag vd |i" u cabon la I
vdliuhgpth s - nqnt i ¢ - t 2nnMa Ii @ &abdn tinh khif co
tinh cHdihtp th y/ dos f nhaot tinhthgh va h s phin xUcao[83]. Wh
gilm Q t khuy} Wh hay, cac nha nghiéne L «dng phehnyy ph
Lin, K} t a hdb ph 1én OmHuvd i ucab o Mhtdicac lktt t 2 n h cbn h €
carbonyl, FeO,, Niva FeConfRm t ' nngg Hetiéh Hp th ¢ avd li u
[84-86]

Vdliutnhaot nhf€errite (spi netlsdscarbohye x a f
(CIP), h p kim Fe/Co/Ni, vt i ut d¥h xudid a trén khung hu € Kim
lodé c - JJ@bienjt HnWc rkg mgEMR, t n hao dong xoay, h hao
v 8 c hmetf tfn S thp h hn é) , . trq gilan chiQu dayr Tuy nhién
¢ h Y4n’gng ¢Hhhé@ chlkh i ° hg@®éng cao, oxy héah "nh nhit, va rang
bu ¢ Snoek lam suy gin t th¥n™~ miQv GHz nu khong cé thit k/Jvi chi
trac phu hp.Vithjvdliu | ‘@amdidti L& x e mndch Ldb oW
Shiuntng c&dnhhg B@@EMLDb v " Qilchinhtr khang
théng qua thif k/Jthanhpfin La pha',n. La gi ao di

nivivdliu c- keé cma n dbemi®tEeimid vahinh thai
L- ng vai ngtrong cgcuimhndlictarvd li' u[87]. Cac Kt c6 hinh
thai khac nhau co'di tichQmHs  r i ® mg@ h @1g,rv.@ khac nhau
I'/h s khéac bit vOhi u_ng giao din , ° rig kh€t va céac thdng skhac.
Khi k2cct GtlUml¥@ang nanomet, né gy ra cacthin g = ng €©c6
thwidh Ji's phantachcacnt n £ mg  nif i s€hinh thanh mtm c
ntngngme, QL in"y %c Ifsgt hdd y HL t r KB thgn thn g
| “@gvisongcavdli u ; ngthi khivdliu c- keénaro métkie
hi n cac khuyj td trong i tric mthg tinh tAWWvd i u cé thAb t h & ykh[L
ntng @xh@m omg ¢ meycotigoppin t £ mgkHa €n g
hgpbth s - n'ont [8B,89]1S t h a iycaclthéngsh3 nh t h§ic v "
cawdliu g ©y  ngauah #ncg JiLLAc tinh clihEpth s - n'gnt L i
¢ ano.Ch o ay, mts chl tric hinh théi cacd li uhgpbth s - non L i
t n h @4 tric 16i- v, [90], chl tric r ng[91-93], chli triic bt X p [94, 95]
hinh qu Ldu [96]...

ISWOOMPIP KS WKy Q JayswW

Vdliut mQn LceHt t r Elncgkhabgt Henh,d t hoava

kh t d@ticdngcatt rngngoaiyu , nolthicothMluy t ng L §
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t L § n\Wrong vingfns c ao’iv imgpth s - ngnt Wiang GHz,
L\Wh ¢ avd li ut mQnkhong chn3m® kh[ n £ nty f nthao t thédng qua
cng mgebt ,cng M trhchomilihg vE&ch Hinhhaen hoc
dong xody, ma conkh['n £ n @ cnih tLthXn nfRn dithi nphih p
tr khang Tuy nhién, oy ch t £ nmhad ma khong Kih soét tr khang, vt
i u cé thAph x8mthh 9 bQmHy, 1am gim hi u qu hi th t ng thw Vi
vdy ,  xngndhi€cuhinnaylathifkvdli ut m@n di€hgt h p
t -Lin mti, tr_olfngnhilm vaiprdtan haot, ¢, n npha
moi/dh "t i ‘lc€ d n gWLQ chnhCN[hjt £ ng [ gid@din¢afi
€u h - a’ nngt nligivad bén tronga li' u [97- 106].

Trong céc ferrite spinel, Ni - Zn (Niy.xZnFe0,) 1a m t trong nh ng
h vd i u ‘lc€ic nhanghién cuquan tanchomc L ity vi bong
nh : MsvaeNj €h nigagtfns ¢ n g * g€ nhién rRm trong viing GHz
L'intr sudlcaovatinh ctdic avdli u t hidinh hotttheot I' Ni/Zn va
chiipha tr n [97-99]. Vd Ii u Ni-Zn la ferrite spinel colal triic ABO,, trong
L - 2*Nzn?* va Fé* phan b trén cac vtri bat din (B) vat di n (A), trong
L. 2Zu t i/jhinti(Ah NiZ*€u tittA ¢(B). T¥®ky v~ o
fnghp(sol-gelngklta, -ktha (mechanical all o)\
glycine-ni t r at e Q kivnxvly nhi tyvs  phah b ion cation trén cac
natmthg cott h ay , L k ®o ‘'ti MieH vae h[aop]. L

Cac nghién cutrénth]gi i gfn L' ©na rag,Herrite t mQn co6 thArd
RLmint -2 0/h460dB v ichiQuday] pph t 1-5mm trong @i tfn 218 GHz
khi’cti€© €uhlh -ta Yec ,chkvaphih pwni€ p hnandibdo
carbon & [53]. Aher r ao " nghp&it mggiean daeferrte spinel
dthg nano, cho t§ vi c gfm k 2 ¢ dth4 kuhngy _ idl@® nm va ¥ hinh
thadirng, Xpgoppn | ~ m rticm@mHd,i { L @gtansan sb,
"ng thi QUdhnheNEnjt h e ong bo®i cho Hp th vi song[101]. Céac
ferritet h pv ipolymerhddb car bon ( gr &phmgmirh giapCNT )
m r ngdlitfnhgyth nA k/fh pt nhaot vatn h aroméil58].

Clng ¢t vdoinug mnhipth s - n’'ont Kiing GHz, hp kim
FeCo nh L, t héa bdo hoa cagj i hth Snoek.In,gi Yp duygtt r 3 |1
tt"v¥%ng vi s-ng; tuy ~migdgpbul i:pei®@tril hn
khang kémdotfiy ¢ At nbila on L m? i o ¢ao day pfn xUmthh;
d oxy hdéa;mt  IIn,t L -lamgim t i ° u nge hh&-r fignhbb th
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mth h 0 . dy V 2 ng¥p och hi u qu 1a lai hda FeCo M pha carbon (C vo
L" nh hinh/ graphitized carbon/ graphite/graphene, graphenetoxgjtkth ), ttb
nénht -L'in méi co tWhA [Qi chn h dngtthi 8va %t L -"i t @b h
th, trong di C - X - Ku (xHb X 4 -18 GHz)[102]. VQhinh thaig ah vd Ii' u
FeCoC,cac &l t r vag gptghmeht I16i -v, FECo@CFe Co t T °n
graphene/rGOFeCobc g r a p h, @;fFeCo ttanqitri darbon graphitized
dthg vi Fu/khung xp 3D;vah L a p h_ an hf€rite/FeCoC nanosheets)
LW 1. ngdli tfn va giim bQday | p hb th [103].

C8c L-ng X¥4iikh[ohhiphhhgdah vd li unay 1a do
f n hao & 4, igraphene/graphitized carboi tmthg o, chuyd  nt n g
| “@g EMW thanh nhit (Joule)104: h L a g in&e&Co/@, FeCol/graphene,
C/khuyl td é Cbticht L'intichtt  bi ° ni p thegxeay ¢, sinh
Y'T § nWkhugy] td, bién K, nhomchc HoBit r GO) | ['nm ntgk n
ph chi,goppfnm rng b Kithg[10B, 104]Béné¢h h In-g ‘dage
st v cng tH i@ang FdCo la ngun suy hao t quan frng trong
ving GHz. FeCox¥h ' i mthh tb t n hao dong xoay, vcarbon/graphene c6
thw. a g iQhgin i f ngrg€b, v ath A p Frd o mi dWkilh
sodthiu ng n ngthitlk n fn tkgplgi b p tr khang[105, 106]

T. cAc phan tich trén, hai nhonati’ u FeCoC va MFeO, L ‘& | a
chn W4 ° & K& m c tiéu khac nhau. HFeCoC Tc€®achnchomec
titum rng v~ ° hgthghdh odfiengnh s kifhpgiatnhaot
mthh ¢ aFeCovadtn h aromoéilgia pha carbon. Bérte h [ MFe;0Oh
tiéu bW l1a NiosZnosFeOsva MgFeO,, ~“El@chnchomec t iQPkiivd L i
L+ tinh Hp th bagt t T n@ ngodi nh tinht mQn, nltfi suHcao, tn
hao dong xoay t v 't th¥m ph thu c vao tthg thait hoa

95WO0 $¥qQ J -B WKy Q JIW4W

Vd li ut ¢ ng (permanent magnets) céclkhang t I n (H. cao),
g tr r ng, thichhpchocacngdng nam c¢ hwmivvigich ¢
tieuhbpth s - n'gnt i @hgdvdliut cnglafns cng *hgeb
t cOthAMM r nglénvangfin S rlicao (tihangchc-h " ng trtm GH:
t Tng@dh gl n[107].

Céac h hexaferrite Mt y p e n hGp, SBFa.B.e La- Sr-Mé | -
lGdin Vhinhcawtliut cngtrén oxi de; ¢ h¥nhg c-
cao, Hcln v “n lnbh hoéahc, nhitcao, phohp cho " nokhb t r €
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nghit(nhit . ,Bbcxd t n [9% Namaivacngs L « ngth p ORhFe,
xOs-mtferritet ¢ ng cé Hti31kOe, biM hi n hip th séng fn s
millimet (Ién§ i ~209 GHz), mr a . ng@gdngmichocachvdli ut
¢ ng trong vungfin s cao[107].
dli tfn 8- 18 GHz, cac nghién @ vQBaFe:019, SrFe-019cho th}
k hiQichlin h Kk 2, c I, hinh t&i dthg tin, dthg iy) vat | trongvd
i ut h pv ipolymer hdbferritet mQn, va li' u c6 tA'S RLyind € - 30
dB v i bt ng -3 GHz mogg kBi chu day | p hap th kholng 1,5- 3
mm [108]. Tuy nhién, vics d ngvdli ut ¢ ngthdn 't ngy §b hch ch]
vQph ih ptr khangé Np - n hU®thg ng th@®Bng cX ng hgeh € |
ri °ng 't €hag. L Daghinnaylapbattdedli uf h pt
c ng-t mQnod ik p pha hexaferrite v ferritet m@n (Ni-Zn,Co-Z n é)
I'Wch dn g ngthi ©ahcghd hai phapphacngvit Tng@dh ehg
| n,f nhaot mthhva phanind L @ chnh[98, 109]
I5SWOOM FQ J WPIP

Vdliut cng-t m@nlahvdliu La  “mbhatc rg(céd
hehgt tinhthW. n,| c khdngt Hccao) Kt h pv iphat mgn (ct L
héabdohdabt ao nhnBhg Hr ong "kt chacSthanpnarm L €
nhan h3nh t h” nh'itdEénmhel10]§Tongvd liaud Hipt
c ng-t m@Qn,mémentgaphandn ¢c- _RQg h®ay digrdeg
ca tnrg€éngo i, nh<engilahphan@®b ramg bucSuway t r a
dfn theo pha ong. Cac h BaFea;0:1¢/NigsZng sFe04,
BaFa,019/NigeZNnoFe0s SrFe;01d CoFeQs CoFeOsFe08 L« c L€
nghiéncur ngrai, chothy t ©hn g ~itgiS8achai pha adaml r ng
ph cng Mmg@atidiitfnhgpth rng h h N & gida®RMh h hn
[111, 112]

Tuy nhién, Bhch]l"iv. ih vd i unaylakho% phih ptr khang,
L, d¥ Hcaod JppHn xUdmthh, t n hao dong xoay h, dt i | day
| n vad[i tfn hG [113].

13.Va ‘U i/pi h Hm _tish- ngn Lt

+10) WQHE KL KS YWNKiQJ

tacgiahin "hg&ng Mme nltic*a g, choval @kinti €u h - ¢
tr khang trong cackl tric nhant. Théng qua vic b tri tuFn hoancac phn
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t kimlo4, tr k h § fugvadicawd li u ‘lc€@i ¢hnhtimah v itr

khang ca khong khi, #h JJivi ctrittitugn nh<€ ho” ninxth ~ n

nWb Qikinxuwdhincaccng Mme nlvacn g * g€, MA

t heg °~ ¢t} k]d @ dthg di tric ba lp kW fi s a n d, viiWaenht o .

lp "Bi mticchénegi ahailpkimlod v~ L. pm rilap
kimlod ph?2 actibb Pcacpfn€ ¢ n g * ige tri tufn hoan, phia
d @, | pkimlod co thMa m t tbin kim loY liént ¢ Weu t Hb ) nthed
mt . hgehdb ‘lt#bhinhtheomdiptufn h o " n, [tp@&nl\h ct
hinc h Jjebghth t heo _hgai h€

——— Phén thye(Z)
- = = Phin do(2)

Trd khang hiéu dung
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Hinh 13. PhX hi p tre khangva phY i p thA cva vot liMi bitn héa
[114]
Tr ong UMAhg®Esth t heg * ¢bBdintheolfo t o~ n
| “@g[115]:
Agd 1 R(F T(Z, (1.12)

trong md phn g ° ¢ t@h toan Bag cac tham 'stan »& R( ) |S£ ) va
T() |S£), v icHltric c6 B kim lod nQv Jtay, truy@ quagn  n hte
ieuT(3 10, da&)L|s). N-i c 8\ h héphhstay,t LU

t ¢ , HEpth gfn 100 % thi pfin xXAcfntrit ti °u ho”" n [fyo~

raphih ptr khang trén @mHuvd li' u MA. Trong di tfn' s GHz, khim t
song ping t i vubng goc mrbvd |i u/chl trac Hgp th , m ¢ pHn x4t4

S

C
r 5

nt
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bi °ncqluy® ntibi  Ilchtr khdng gia mt ing tti r € righae
khong khi).
nWm r ngdfi tfn hip th ma wa [ bfo Z, ti m och v i Zo, Cac
h ng thit kJhay d¢b g m: dung nh@u piFnt k 2 ¢ h ¢ khac €hau h
chh  t r Wb nhi@ii bl th ( LEn) rilamchngchd ¢ @lct L
L - h 3 nHirnd) TUnchuyati/p tr khangt khong khi vao trongat
li" u (gifm phn xYkiWi birh ap tr khang). Hinh B biWi th ph phih ptr
k h 8§ ng hiyth t l&h mgyg a dil tric MA trong vingfin S GHz.
Trong °m1g°fng’_nrﬁsﬂ,~ayfh t 23mdy , M, sntlgn Li
truyQr ‘lced t r @an ghary €(J) [116];

Z(4 F (1.13

trongP)id ) I ~ tlh¥nvatags L'inméi(cotW "4 [ hge
phc "il ivdliucotn h aio.i kh@ing khi/ khéng gian tdo, tr khang
ZoxHp X ¥& Y,bag 37 7 dygph i hVp3tr khang 1a 1am cho Z~ Z,,
hay pin th ¢ xbb X Zo va ptfn [o xg X 0.

M t cAch md hinh héa tc quanMA la coih n h €t mti o’ lhg
truyQr (I p "B indi) b kipthacbil pkimlod nQ ,“nglthi "E®©b i
m ttr khang QmHudo LQmHuvd Ii u bih héa tb ra. BQmHuvd li” u bi/h
héacd thA. ‘& mé hinhBagnit h  t ©h n §hg RL€Hplfrgt kin loY
t% rac[m khang (L), khe 'ht%b radung khang (C), con h hao ohmic_ca kim
lodvatn h aroméill r&quychol’'intr t €hng L€hng (R).
tfhs cng “mg@, Ns % %tr khang QmHuco dhg[117];

. 1
Zsurface( ) |R JZ L E)l (114)

t r ong, I8t khang QmkHuchl trict phia songti.
V. i chll tric MA c6 &in pin xUkimlodvalp "fi m! i dayd L
co tr khang:
Z,() jZycoZ d), (1.15)

trong, E E Z £ Khi kHangyvaot khong khi:

Zsurface( )ZQ‘Z )
Zi”(Z) Zsurface( ) Zdz ) . (116)
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Ch /bHyth ¢ ¢ UL “tnhg€ ¢tec hi n bag cach. a ch n hinh
hcvawli u Whanh pfinTo ¢ aZg azZin( ¥L)*& kh ofn vQO va pin
th ct/hvQ<, Khi “md nly« |HEIrGc, ¥ oh adon <Tm blo
n t ngng b t@u tanbén trong vt i u .d d8hg t n haol’'in méiva ohmic
[118]

T n hao Ohmic phat sinh trong cac thanfipkimlod do 'ch, ng
cm nggayra, cotiénh viphfn nt'mgbtl i€ u t §mtr t r ° n
t €ehng L&Eththgiowg cig€n g mg€C.. dlitfnt vai THz tr
xu ng, kim 09 “tnhg€ ¢ ©c o i Hdh En clhing, ¥i & phfn | n
ntngngtne hadoghinghch yJutrong)p i m? i’ cldNg€
cac MAlamvic® tfns cao,tn h aroméilva'tn hao d trong kim I
(biwihin _dd8hgnhitJoule)trt h” nh Hai ° ¢ hig &y & L
ph i.

nWehng minhhnge fipmtr Kh&8ngo, "mafdyh v3
tinh theo 5 5 nhiQu nghién cu truy A itr ¢ t/p tr khang chdf hoa<:fi: L
<iifi; <t 55855 Congthctruy i ° & @nith vacng s phat trvd,
t rongill'® x 8ht cdictham'sphin xtva truyQr quacamd h u
hth [119].

H

1a si() sSk). 11
(9 \/a () S£) (17

Khi cBl trac ¢6 Bin nQh kim 104 lién t ¢, S;rHinh , phHih ptr khang
khi phFn th ¢ Z( ¥ b XXL va p§n [o gfn b?ag 0.

T. cac phan tich trén coMkh3n g'n b *iv [chl trdc Hp th MA co
thin NQh kim 104 lién t ¢ , Qu kiin hib th cao trong @i GHz vQbln chHl &
L' @ ki n gifm pHn x5tY mHvao thong qua phih ptr khang, tc <g:fi; \
<. L pkimlodtufnhoancng “me L - ng Qwlanih tInggp nk i
t (hotb tr khang Qmkibhi u d ng) nfAm L €fn thicly a tr khang
lutimoh 377q vapfnfotimoah 0, trongJfkhhao8§¢Llc
moi/t / o h mfmcbjo Inh £’'mgy * IhgB@Eu tan thay vi tai bc x4 Vi ¢
truy Al <At S5é5aconge 'n h ™ ng antrn gWeki ng minh phi
hptr khangvadi t hrehc/hb Hinhgc ahdil tric.

+10D) WQEIUDLDR WG@®\R BV W X L

CHI tricMA ¢ -, hpth ¢ a o ntgh @ n® { theo hai cach: ph

h p tr khang va giao thoa tti ti€u pHn x4 Ly thuy/} giao thoa nah mthh
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r3ag, pHn x4t ng t4 mHuvao dili tric khong chla pHn xdm tIfn mala‘tng
ch' ng chdp ¢ anhiuthanhphnpinxdp h 8t s i Amxdtbrg kidbreg  p h
gian gi a lQmiuchl trdc ¢n g * tg@ | p kim 104 phln xdp h 2 ai. Xdt€
s - nqt £ ivudng goct khong khi vao BmHuvd li' u b hoa (nbphan
cach khong khi L 'in moi).BQmHwd i ubip h-a L - ng, tv aimtr
phin xdm tphfn 0 Ko Lt r Bgdgh sbtan xdph c:h s phn xAri( ¥)
va truyQn quatyy( rtheoch@t kht ng km2 m¢'iq ,khi®bngg t
quay tr 19t p h 2 @ mdira khong khi, ®@mHuvd |i' u bijh héa co h s
ro YAty %) Tr o n gbhkih iod lién-t ¢ cothAkem la plfn xUgfn
nh€ tfmy n, ghllnxUgfnblg-1,tc b i XX 1L v =~ [oil8Ca L
(tr omghpg rl€hg).M&hinh piyn xUva giao thoa trongh tric MA
I ‘& bW th trong Hinh 1.4.

Xét MA c6 dil tric g m: chl trac tfn hoan phia trén c¢d 15 phln x4
L p "Hi m? i L cdayduatsh pinxdp h 2 aiclhgekh i hing §
truyQn lan phc “lci@W th: o=Ub, t r olladirags- pha vaUmod
fnhao t momg ildy, N& i@ntuyrm tchiQitronglp ~ Hmoi
la A %, vataipfinxdq u ay lc bii th [168]:

e?! e?fel? ¢ (1.18)

t rong SLA®* guyl nii pha giao thoa, com’® * quy/l 'nhi suy
gilm b i, %@ pHh xUbL cao.

PHN x4l o °~ &tmHbvao 1a'tng ¢ a: pHn xdtr ¢ ti/p t9 bOmHuvd
li'" u bi/h héa va cac dim xdth ¢ (do hi n * hg@Hn xUnhiQi Ifn bén trong
vd Ii uri thoat ra ngoai qua@mtbvd li' u). T ng ch ng chp nay cé thv
L ‘ebWthnh€ sau:

=

(1.19)

Hinh 14.PH n % va giao thoa trongrau tric i p thA MA [118]
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C6 thAnoi rag, giao thoa trit tiéu ch L[m b[o pHin xingoainh, n h€ng
IWhEb th th cs cao t h3n gn Elimag| plveEi uphHi & t#Bu tan
bi ¢ § d]f rchho (tanhao ohmictrénkimid,f n  h aromdithdbt n
haot).T nh a o’ c pH@ anh bi Uthéng quaA’® *: khit nh a o | n cac
phin xdth cHdb suy gim nhanh, lam quéa trinh'ttitiéu” n 'nth  h hn v~ |
| “@g chuyM hoa thanh nht thay vi quay¥ thoat ra ngoai.

&i FBRQJ K@J W URKQW UBWFOOAR) Ky D

CaQJ kg yd-tstrong c-u trac MA

Cng ‘e nixid hi n khi thanh pfin " H i "tng B¢ a song_ti
kichthichméhh cacpfint ¢cng "mg€adl t r ¥%c MA ntickl@i L -
mHutich lu mthh® cackhehvath "'Hi dung t €hlhmgthli€hng
d, ngndimi ngchHydc “lhggdth "Hdm t €hn gL dEHN g
hinh thanh cn g * mg®W mth LC, vitFn s xHb X [120]:

f |ﬁ, (1.20)

Ch Jlnay b r a_ nd Kdp Lorentz/DrudeLorentz cho Y :fi;.
C ng ‘& nlgidp tb f n hao Joule (chijt thanh nhit  n " mgthi L
khin ¢ IQoki iphiih ptr k h § n"gthla®@ant L -d Jphip th
S - n ot lfrong di trac[121, 122]Vid, vQc n g ¢ nlvat biwi th
phan b d , n gn tréniQmkuchl tric cn g * MgVRag kim 04 hep th L a
dli tFn va mHbsau ca t5in pHn x4L & trinh bay trong Hinh 5.[123]. T4
tfns 15 GHzva105GH, d ‘ngsthg songg, on'g ayerg |
L'in g ©nhHpah Mat15964GHz, dnngotdg somg ng-€
cng thg€g ©y 'nhldg th .

R O T R AT W .
“-(’."1
. 4 ':',
Tam kim loai 5 A
It 2 ANy
phia trén RN i Max
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.;c_‘,.
t 4 1
tofs 3 ’g?f'm fﬁ'fﬂ
O AN & Tty H‘r t4e7 4 l )
Yy ‘@ G {; ,‘efﬂ : ﬂ< Min
g ¥ W . 1t R
Mt sau ; B! DA A B FERAR
v (AT v in L Pl Baatut
A LR &tf f } ; s *;ﬁ s 4l 4 11 fw:
oy, o L 1t g
g i;‘o*‘t 4 é‘ *t‘; % o I a3 1&1‘ ff”f Wt ',;,’
st N ute ; statfa d 0wty

Hinh 15. Phan BXd | n h trénikZmlt @ u trdc va Mt saut m pH n
% ticactnsXkhacnhauca Db dn g emg123]
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Cng ‘my® x[yrakhithanh pfnt t r n@ H kich thich pfn €
cng  g@ongd&ltric.Cn g Mgt h @ hinh thanh do dongdmHy
nge€chugialpcng °mg@hia trén vakin pHn xdp h 2 ai, té €
momentv " In§pn g mg€ goppfnh 3 n h tnHHdrtbh [124),
Cng g€ L@ chnhtr khang ¢ca dal traclW. € &yvQofn 1 (Fn v i
tr khang ca khéng khi), nphl. - nimg L Mutwic d@Qc hhr t r €
khi b phln xd[121].

CaQJ K@J ®@Indi trongMA

Khac vi MA d. a trén kim |84, MA L’'in méi khai thac dong dh
chuywi trong caphfnt c n g " mgEinmdicochisudl cao (®i , T
L'in mti, ferroelectr|cpotetr@mng éllaeh Kd
LQkincongltv i o $8ngtrongd li' u, cac mode Mie Xl hi n, trong
L - hai Bymaid énhger | ngc d Al (ElectricDipoleeED) wg | €
c ct (Magnetic Dipole MD) . M®tb B i@ldng dch chuyM tuFn hoan,
con ED gh v i phan b L’in tich dch chuyd  t h_eng kich #®ichTrong
mts diitfh, MAmaith rmgthl  Winth¥ncogiatramv = L
t th¥yn o giatramt L -h 3 nh t h'dhridp th c[%F). Vild, vQc ng
he g nimditbcng "¢ nlvat ¢ aditric hinhir dG ° £ t8nh
bay trong Hinh B.

Lwdng cuc

Ludng cuc
tlr

Hinh 16.Cin g €t g MLmM6i trongm®u tric MA[125].
CaQJ kg bk cao trongMA
Trongmt h t €hngnl®ma, mE Ctdtidpbi i i
cm v'n Ldung, chonggh®pEentemy tb®€u L - t |
thdngquatn  h amtr Wi nlmbi’ tfns ¢ n g * mg®@=0g cach'sd. ng
cacdl t r ¥hg, mta nghiéncu L « g behnn sSti@bpth i a
dii tfnd atrén cng h ‘@g bt cao[126]. Hinh 17 trinh bay ph hib th chi
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trdccn g g€t caovaphanb'in ‘tngw@tt rney t ‘@ftH gic
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(e) H=3.36 0] H=3.64 (@)

Hinh 17. PhY W p thA cva @ u tric MA én g eiig loc caovaphan
bXLN yng Evapt ryngHtrén®utrict i  c3Bhdp thh [126]
&iF-K W UBWOXVED Ky DS KKy Q JIydw

Vdli uhgpth EMIanhdmwt li u  “Llc¥a ch n hab thilp kijco ch
L2 cAnlamsuygm nthnggd € - nigk Kii t €hHbQ@nHt §c
théng qua vic gifm pHn x4° mrbvao va kh chjtruyQr qua r aWp h 2 ¢
ntngngti€’ k&uwd héathanh nht (harbcacdh g n £ mgdhad) €
trong v li u/cll t r “%Qcdp Rihvdt Ii” whigh th EMW, khai ni m nay
t he® g liQh v i cac. ng d ng giim kh n £ n gohabhin , Ho i t trong
cachthngquans. T nhng ‘Tn gt @faxEinvaonhng ntm 5(
c athAk XX,congnght " ng h3 nW Ln< apnhegrivid khar tié@
nhiQutrang thifb quans hin Yh h€© m8y bay trintt s§t
c h v Jntt Lu Yathy@u Eu ngay cang cao cho hadar trong vic phat
hi nva nkth dhg m c tiéu.

Tuy nhién, khdng cit r o n g chuamsh quvc phongma d trong
dan dng (checeb nhjus - n‘gnt i t €hn gntt, bié c thi/} b);
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mtvdliuhgpth 't 6 nd Stk ngQ L hpth ¢ a ongthi

duy tridlitfnr n g . n©y I ji kihv iv&liut nhién, bicéac
ch/lshy h agpghtyht®hchnl ctheofns v Qlkiinphih p

tr k h § n"gv, i caechl trichbd th truyrth ngkiMi L p " HBtF LHL tcr €
thin kim lod, thif KTk i nW [ thge L i chiQu tay | p h th xtp X
mtphn t @ bsewty QUK ntri tphinxd Khilamvi ¢® céac dico
b& s- ngMhnhiavisongjyduddu @1 c bse ng o . khigho t
th, day va mbg, khong phu’hp v i xu th/jm ng - nhG- thu nh ¢ a céac h
thhnghin YT r. €hnggjihth L - HitcicHsd thed atrénMA L «

tr thanh mt _Ing@ip och quanirng., g i a%h fi @hiQ nghién cu

tdp trungvao mc t iQPchn MidH®S hgpth , m r ngditFnva hinh

t h” n Hithdray qua thif kphFnt ¢ n g  g@a &l hinh[127-130].
Trong MALaclBkmg " the8th c blag cach's d ng nhiu
phfnt ¢ n g “mg@dbnhiuécn g * tg€hac nhau) va th p theo dhg

' ng piin gWwdb ranh@ucng “mgbl t r ©n g ng hpdhanh gh-  t
hip th cé nhiu ¢ ¢ Y1[131-134]. Tuy theo kif n £ nlgh thh MA c6 thw
L' chia th” nh bahnphnbwhth dmrhng. L hn L
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) 72 12

10 1‘1 34
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Hinh1.8. K& utilic MAvaphYmpth\,tYn hao imgtng |
Lhhdn g emg[19]

MA ‘lc@hb JJrngriaibkbngint ¢ ® ng ©xuH gahLanty
vacngs (2008)[19] (Hinh18) t r oHi g t £’ %ihif K€ a trén &l
triccn g *Mmg@mMIcdtrén g Hindivath kimlod phfnxdp h 2 ai d €
LW ttiéu truyQ quava'ti  €fin xgpdimHivao. T nitfn g [Rag cachb
t hay k2 cchinhthe©apdfnt ¢cng " mg@ hinh&h g'/i X ng



28

¢ al p kimlo4 trén, co thieh L n g Quikiaivi v tri va s | “@g di hibp th
xuHi hi n trong ph. Song songvicacthitk/jJl a bitng, w§8clmgh
chuyw mthh sang MAd[i tfnr n g , v 3 Lf@then cht trogg°nbi ¢
.ngdngthcty) Wm rngditfns hipth, h arg thif €]t h g
L&s dng.Th nhl |, hgth@ * g ptRng: nhiQu mX4 kim [o%/phfn
t ¢cng Mg d&betri trong cung mt mrbphang, £b racaccn g * g€
ogfn nhauva co Meh ng 16, t L' - h 3 n Hihtpth rmnb v idn c hg
th cao. Th hai . Ihgxplhhgtheochidc:nhiul pcng ‘g€
L&xp theo ph@mntbyanpth §Gikinhanyg M v J] ¢ch
ghép ni khac nhau'dc theo I)day, nh L' - ° nmg d[i hip th hi u qu”. Hai
T ‘n€ n nyphaglvaxp ch ng) la m ting ¢ a nhiu thilp K/JMA d[i
rng ~ &céng b trong cac nghién w kWt r *“mgthil cl ng W™ c |
luch &n | a ch n va phéat thd cdli trac pho hp v im, c tiéu i th v = QL i
khivt ph * dli GHz.

Trong nh ng nghién cu ti/p theq Ghosh va cng s [133] LOxuHi MA
t cac vong lién g (Hinh 19). Hutinh hgdth ¢ achitricl ‘& L €& r a
mo hinhmc h RLC t<€hagni€hnhgetg tL- L& |~ d
phih ptr khdng gay ra. Shipth bt n@ & p hinh@anh do c6
nhiQi b vong. Xét toan bchli tric, mc hgb th ¢ ¢ Y196% va 92,8% Ifn
| “@x[yra” 9,66 va 10,26 GHz.

100

80

60

Do hip thu (%)

40

20

Tén s6 (GHz) — © ‘ )
Hinh1.9. @ u trdccin g eng fp cac vong lién & va phan iXdong
LM bzmltei cBhadnly eig[133].
Phan tich phan'bd , n gn b@nikb tFn S hby th 9,66 va 10,26 GHz
¢ additricchotBrcg ¢ d . m glcghan b trong th h p bén ngoai.ca
phfnt vong tron tfn s 9,66 GHz, trong khi tths cao hhn 10, 2
c§c dnmgt Likdmhp b°n tr on'gnbQmEb8ongsdngn g
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ng€ tr °n. iwndytbdh@h mtvong tfn hoan xung quanh t T n@
tivagayracng g€, tronggknhi “rHeEKIv il pkim
loY tufn hoan tréncing. fns ¢ng ‘Mmy&cng "M nvat LQ
L- ng g®Hpth.cho h

M tvid L\ hinh cho Bl trc MA hgd th L a 'nhlco tH)n - ih L
nghién cu ¢ aGarg va cong s[119 L' « QxuHichh trdcc - n hhne nd’
hangvikh[nt ngthth hn 9 0 % thh vi todfi gfn P Ad[i tfn Ku
'Wgilm ti/} di n radar va cacng d ng trén khong khac. t rigthipl €
kQtrén M FR4 giac - dl"y 1 mm t €hnegy/ L7eymly oho
chHisitumngca n - . iXTAgeHhb Mlfn ¢ athitk/Jd¥ Jji2 Khong
nhty phan ccvacung g . I'n 'nhgdéclénti6®. CHbc t 2 dfitFn L a
t hu cliRp@cachkth pbadiitricecn g * g€ hinh &hg hinh hc khac
nhautrong m t chll tric duy nkil (Hinh 1.10). Hi u stHl¢ aMA L ‘& nghién
c uvQL hhpth , cac théng'svd li u, phih ptr k h § n gkhénglhity
phan cc va goc_ ti xién.

Wnck 86
o,

1 1 !
8 10 12 14 16
Tan s6 [GHz]

(a)

Hinh1.10. (a-b ) S ¢ u tiiic ot liMi bitn héa va(c) phYm p thh L a

LBh[129].

C § ¢ . nh r’ghién cu nian di thi n LHo tinhhep th Fng thim
rngdiitfnlamviccaMA L « " &t khai Wgh&i L ®&ud h3 n
hecpifnt Whlachnvdli unrvavd i’ ud ~ H mdi. Chng Ko, Lé
Vin Lomgs [35]Lle p Wd§nttFBMA ba] pt m cind¥ " H |
graphene (dung thayfficho dali traickimlddcng "M t hlny)gl pt h €
I “in moiva tah kim loY phfn x4 KJ1 gqul nghién cu ttb ra di trdc coph
higpth dlitfnr ng,vidlittns t 7, 8/B L 8, 01 L Kghth trén- L
90%; tn@hrbgng tt'hi*t Aag, 18y GHzt @hnighWwag t |
I'G 78,25%KJt qul't © h ning valnd quan gia mé phng va th ¢ nghi m,
ch ngt mo hinhthif k/jvathamsvdli us d n g ctin cdfcao.Ngoai
trthg thai pting, cong b con ko sat ki n tgrduy tri b th khimdXu b u' n
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cong, piin anh tinh ng d ng trong cac @mkucong(l. p ph linh hod). V. i

ban kinh G4n 40 mm, ph hgb th m6 ph ng ¥ duy tri m ¢ trén90% trong
kholng 6,0-19,90GHz , tn§hifFBWIa98,88%. K} qul'th ¢ nghi m

t r ookiniin cong cl nmgphahp wu khKEKHgwri€hng
kffgur mdéphng, dditricwh gi L&hiugqigh ®p nhaggv 1€ h

t n haotrén dir, ng ngay § khi chu bi/h dthg hinh hc [Hinh 1.11(b)].

(a) [l Mvecin dén dién graphen H /I\E (b)
B Folyimide k

(d) 10
0.8+ s MO phéng
Mb phéng e Thirc nghiém
s Thirc nghiém
= i o - =.
5 0.6 8 0.6
Q
~« “%
£ 04 £ 044
<O «O-
Q @
0.2 0.2
0 T T 0 T T
5 10 15 20 5 10 15 20
A A A
Tan s6 (GHz) Tan sb (GHz)

Hinh1.11l (a-c ) @S¢ u tric FBVIA so dAng nmxc in graphewe, bXtri
hML. ova (d-e) phY I p thh mo phng va thxc nghiMin cva @ u trdce tr ng
thai pHAng va ¢ cong[135].

14T hp dv u(ti -vd "d i/pi hhbh) tsh- ngn _Lti

MA t h mgcophh8dth L hnnhbdd L'rh, pi hip th
hG dodnchHlicn g " mg@®C ¢acac &l tric kimIdH. Béndh h 14 , v
iiutt hecoétnhaodirng, tuy nh'ice ifpkhhcaomuhu L
I, daymng. TrEn, ct8s nth L « gihvdi®irt Vo di
t r Yac Wi&hi ivam rngph hadth t r ° n cotly * $g€a dil
trac MAvatnhaocawdliut.Vdli ut tich h pvao MA €giip CM-
MAphih ptf khangtt h hn[irtng, thay vidchph i h ptr khang
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xung quanhfins cng "y€a MA TBémdhlh L -, H8ik MA
kim [o49 i Li' n m6ii kim loY truyQ th ng v n cOLHb tinh W th ¢ L nh,
vi ctichhpthémcacdliu t ht ng ¢l mchuydpghewdli uco
thong § Li' nt bi/h L' i, mang H kh[ nkng LiQu chinh ch L ng.nko bi t,
khis d ngwdliut,ph hbdth ¢ a MA co thAL ‘& kiwh soat thong qua
t tr€ngngodiNg uy ° ukhdd &tiénc s L, t th¥nhi ud ngg a
vdliut cOthM hay 8 €t Bgegcat t rn@ khi/hchofns hotb
L hhb th ¢ a CM-MA c6 thwbi/h ~iLKh[ 'n £ n Qu khivit ch L, ng bag
t t Tn@<tbras linh hottt i@ cho cac ng d ngtrongth c ti n.

Cac nghién cu nifm m r ngdfitfnho%  ngvagim  lday ¢ awd
i ut tY cacvungtfn S L (1-2 GHz) S(2-4 GHz) C(4-8 GHz) X (8- 12
GHz), Ku (12- 18 GHz)l' « ° d'nghién cu,bao g m cac nghiénaus d ng
phfnt linh ki nngd vi, cbl t r Ypd13d][237][138].

SIS

OING,
DU'@*

S e

z1

CIP
Bt sét carbonyl

Vit ligu HM-MA
Vit ligu tir thong
thudmg

Tan sé (GHz)
Hinh 1.12. (a-c) @ u tric CMMA (d) phYtYn haoptf n ¥ cva & u tricso
vaivotliMe CI P tyhgfl89y t h_

Chohdayyvic “dgthiti <€©mnlg vrngdihgth ¢a
cac & tric CM-MA hhp th EMW trong viing GHz ¥ 1a bai toan khé va con
nhiQu thach thc. Trong mtcongtrinhgn  Lv©@yo n b ma \Rahdad vac
c ng s [139] L « QxlKi thi/t k/jchl tricCM-MA s d. ngvd li ut scb
carbony| kip qul chodli tfnhgp th r ng 13,4 GHz, d agt 4160 1Jh 18
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GHzvi , day|pvdli uCIPla3,®mm,dithi n L 8Mog i &IP thong
t heg khichc - bt n g th B2NnGHz (h 3,50 - 5,70 GHz) (Hinh
112). CHf nbdopinxtc I n gc pha@tichBags phanbd . ngn L i
bQmH ~ " nl Ttng ©nhao plin xdg adal  t £320dB € tfn S 6,10
GHz va-16,0 dB t1 10,80 GHz. il t £tvack Kdu sudihid th dri tfn
rngbags kihpecng meE nciavdliuvacng ‘tg€a c8c L h
vV chl trdc.

NE m 2 SHbdvacngs [140]L «QxtHl chl trac s d ng vd Ii u
t L echttbt scbcarbonyltrny icao sutheotphfnphiahp ¢ dayl
mnghgpth s - n'gnt trang vangfn s S-band(Hinh 1.13). CHl tric g m
3lpvil ptréncongladli ut,| pgi agm vong tron va cackd tric
hinhch LtYcacédh h “titrénBnvd liu "Hmdi FR4va]p .d€
cung la b pin xdt ng. Gl t r Yadip th-t rl°n 90%ts - ng
trongditfns t 1,73-4,04 GHz. Tn g, day ¢cal p hgb th kho[nhg 340

mm, t 64002 t r ordaychl pCIPchlal5mm
(a) (b)

- D
w
w
<«— L6p kim loai tuan hoan
HI FR4
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..::" 0.6 = =50 ) PP < o x
E. ! 7 1 =
-] b ’ 10 =
< ] \ * N s wn
@ 0.4 | - . T
!
N 15
0 |
'
0.0 .
1 3 1 €
Tan s6/GHz

Hinh 113.a) S Qi u traicCM-MA, b) ®utraicdn g ergva(c)
phY I p thA cva @ u trdc trong vung tn sXS-band[140].
Hfu T cac nghién cu VQCM-MA cho hgp th dlli r, ng hi n nay ch
y/u khaithac et li ut d @dthg tiin ph bén trén MA " iv. i chl tric dhg
thin ph, cllitricgn g ~ mg®m Icd ¢ hhep th cao, ph hbb th hGp,
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vad li ut tich h p vao &l tric gop pfin  t hiary khdng va b sungtn

hao cho Blitractngtiwy qua L ngtHinty ¢avali uvam
rngditfns hgbth ¢ additric.M, t  ©&h quanm trng ¢ a dill tric s
dngvdliut d@dthg tah ph la tinh ki thi cao trong qua trinh ¢Jtth

v " L & n ltnghi m&uytniént k/I qul ¢ a cac nghién a co thathby,

I daytngthw additracwhconln. Do cti- ,€w i[m- #Way gi
c addtric wh | "'ng figkeén cu "l 8hiQu nha nghién cu quan tam.
Béncdh h ,H @hgnghiéncu CM-MAs d ngwdli ut d @dthg dal tric
cng gay vi kimIdH LU nay wh con thch] ¢ h €au nghién n h i
cuKhi L - akbadthac'tn kab nitd, vd li ut = dthg dal trac €

si nh mkac ncg8 ag@hg Mie, ma khongfn Jlddlitricen g = g€
kim loY. niQu nay ha hG gép pffn m r. ng ving g th ¢ a CM-MA so
vivdliut Lhiv |

Ngoai ra,h @hg nghiencus dng trogdlvi, trontg L -
t T n@ngoai vao cadd tricCM-MA ¢ | i @ n g c chc@ha khoa ft quan
tamman rkifn £ n Q ki ditfns hgb th . Cac\d li ut (ferrite
spinel, hexaferrite, YIG,'lp ki m Fe Céb tvr, @g gfg&bt L
FMR khichutac dngcat t rn@ngoditfns ¢ n g “Mg€h a ythed
ham § [141]:

I’N"FMRNL}*4E*ani;’so (1-21)
t r ongatls Kichuit ,Holat t T n@ ngodi, Hhsolat t T NG d
h egnitd.

Quanhfns FMR,pHnloca . t th¥nedt £ nWbh, whi ntn
haot L nlamt QUK nthuh [ icho Hpth visong, dfil-18 GHz,
nhiQu loY ferrite truyhthng ¢ - F MR r € X, 90'tHal @ochmhg S
bag H LW a ch n d[i hgh th mong man[142].

Khi nghién cu vd Ii ubih héacétichhpvdliut, b j vamgn L
s hbbth ¢ adili tricCM-MA ph thu cl” § n\Waoks bi/pL i | L thX¥n
hiudngcawdliut.n ivitnghvdliut,  tthinhiudng<
c- c8&c hrighhaani@pviggl’iv ivdli uferritemagiel, t thXn
hi ugngeertheo fn S vagiatrt t T n@L ‘& biw dj n blag cong thc
sau[32]:
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B 1 — = , (122)
| Dg——- 1
z z 2P 77

Loy, ZHy la¢gn s cng ‘mg&bt vih s Richup t

J 175%10's ' T fns LHo  t r, &wtl uferrite 4, 4 1, vas suygim
catu]saisbt DO H/2 : oH rihgcnlg * Mge

Céac nghién cu &p dngt t r n@ ngoai lén CMMA b fult n £ m
2008, khi Kang31] L «QxliHivd li ubin h - at thX¥n [© mu kb
L ‘& bagt t T n@ (Hinh 1.14). Trong th} k/]ndy, cac thanh ferrite YIG
(yttrium i rcdiah hmwirchl &dcn d Ehgedng h. Bag
cach khaithacan g " tg@bt ¢a Y WS LW'n g Qlchin h, tLthXn
hiugngca mYingtmdEi t €hn g.pdp@tbntmgicecn g * g€
vong h c6 thM> ‘& Q@ichnhliéntc, t L - & L° & dh fn theo ¢ hai
chiQu, lién § ¢ va thuh nghch. G thwkhit t T n@ ngoai &p_dng c6 gia fr
0-2000 Oe,fin$ ¢ ng ' hg@ch chupi t 10,71 GHz Ién 11,06 GHz va
trong khdng 32006000 Oe,fins ¢ n g mg@chchuydt 10, 42 JnGHz
10,86 GHz.
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v"\o‘ W .
5 \ \ ‘r
v )
A-10q \‘.!'/ "
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s \ "I [— -10000e R
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Hinh 114. K¢ u tiic MA & .dAng ot liMi YIGva phYcin g eig.
diéh chuy theo hai ctidu t i cac pt ryng khac nhayg31].



0 R
it
— I :
G A . 2L 1600 0e
~ \ .- 2 28 e
_ 20k el " i 1! — —17000e
0" N % Wi i - 21800 0e
= | I Wi il =--1900Oe
3 ! i ¢ & 2000 Oe
|l e ¢ & ===:21000e
g 40 - { : 1] :: i i o 2200 Oe
- " . $ i | --—-23000e
©- { i
Q
_60 1 1 1
8 9 10 11 12
Tan so (GHz)

Hinh 115. R u ttic CM-MA o dAng wt liMi YIGva phY ci ng

h engecva®u t r Yac YkgraitrTiptt hya g 1431

T/p L-, nktm 2 0@I[143]T kg tk p ca¢ thaah ferrite
YIGv iday kimldd, hi nth chéakifnt n @ kit fnsS ¢cn g ‘g€
bgt t Tn&y n When ttomg Hinh 1.15. Tronghh tric nay, khi mt t
ttTneg ¢€8p theo pheEhngs§ s otntya rsto nEGROrvr i t
Oe |én 2300 Oefh s ¢c n g * mg@ch chuy t 8,20 GHz I1én 10,70 GHz,
t €ehmgyit c , L@ chnh 3,50 GHz/kOe.

Hinh 1.16 trinh bay cadkqul nghiéncu Qikhivitfns hepth ¢ a
chl traic CMMA, trong L ngsHu2athb4 n hpwa thc
nghimmtchltric CMMAs dng f er r i tmagiet(TT380) a@h s
khfntn@chnhfns hod  ngtrongdlitfn X [32]. Khi o triing H
hgd th tdtfns gfn 10 GHz dch§nrért | nglthi | Hhy th 1G4 0,98
nhiQu giatr HHk h8c nhau. Ntm 2060 chiLtiGc vt ~ ¢t
i ubp hoatgpth s - nont hekt  nktrong vangfins t 0,20- 7,60
GHz, s d ng th ferrite YIG lam Ip nQr. Bagth cnghim t h aHpt L
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6 00 JP&00AdOe, phhhb th ¢ a il trdc dech chuyd t tfn's 2,2 GHz

Lh 3, 2 ngtizgi L Lhpth cao[27]. WeiLivacngs (2019) fag

vics dngdiitrachinhnchUt vdliu f err i tWUra@iiicxd L «
L, hip th trén 70% trong Atfnt 8, 40 /BHA , B 0 . iGHZ nGd €
tacdngtiHot £ nfigt 27 0/ 2900 O4144].

1 v v
a) 0.98) {] r\\;g
0.80.84 “' ; \
T
2 0.90 ¥ bl “
+ 0.6f0.86 H A \, \
-.(% 0.82 /\ L1 f‘ ]L [
= 107 109 111 113
.04 Ho (kOe)
<O
Q 1.15 kQe
= e=4.39 kO@
02F — 1.55 kOe
N sesenesnene 175 koe )
o S 1.95 kOe 2
% 9 __ 10 1 12
Tan so (GHz)
b) _ - 1.0
xH _)"E

-2k 0.81

=

H =
‘ thaph kim *.0.64
loai Cu N

- 0.4-
-YIG o

0.2

20 25 g 3.'q 35 40
Tan s6 (GHz)

— L&p phan xa

< . =
1.0 —— Hg=25000e
' - —— H=26000¢
o —H(=27000¢
3 —— H(=28000e
=08 ——Hg=29000e
Q
“@
<04
«O-
@
H 02
00 T Ll T
8 s, 10 11 12
Tan so (GHz)

Hinh1.16. ¢ u tklic CM-MA so dAng \ot liMi ferrite vaphYh p
thA dich chu@h ¢ i cac gid tfitpt ryng Hy khac nha [27, 32, 144]
T. céc nghién cu trén, co th\hhdh thby, nghién cu Qi khiwd tinh chdl
hbb th ¢ a CMMA théng quatt T n@ ngodi ¥ ¢ h € aQ rghién auh i
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L ‘&thchinh vdliut tichh pvao &l traic CMMA t r Qurkigwi L i
tinh chdl hip th con Hh ch] ch y/u t trungs d ng wd I’ u MgFeO, va
YIG, mts h vali ut khac phthp (co| c khangt nh ) LW @ khivd
nhezNi f er r i dnghiéo tudgoailtagac nghién cuch y/ td
t r ungQ&hivwotfn & hip th L h nnh,Kh['n £ n G kHVii L, ¢ I bién
L, ¢ adilitric CMMA trong khivh gi tfns cn g *fge " Qkhiw fn
s hipth ¢ adil trdc co ph hbgp th L a’nhitdonc h € ac guia@tam, nghién
C ur ng rai.
Yv d tinh hinh nghiéncgX WUR®&J QA

T4Vvi't Na m,, ngn§heen du€h y/ td trung vao phat tvid vt
ifut L hMhotb MAS d ng ddltric cn g * ig®im 1o higd th song
L'int . _ Hd@nghiéncuvQudli uhgpth /chda s - nigl ‘®iquan tam
s m do nhu €u gifm pHn xYradar, gfm nhju " H1t,blov thifb L in-
L'int trongd dans vaquans-quc p h, n g ngngh#e cu hQed
i uferrite,\ad Ii ud i, compozit @ polyme, &l tric nhiu | p/gradient
I « ° dthec hi n va phéat th cho thsy hi u qu hEdth, s - n on't lirong
vung fn s GHz[37-39]. C§& ¢ nghi@mcuwongB Quc ph, ng n
Vi nKhoahcva Céngnghquans, Trungtdm Nhit _ iVi't-Nga W« tr
khai cac nhim vy, khoa hc va céng nght h e ongid® uchc ntng ct
khfn t nigpthhs - n'gnt LTH vi n Han lam Khoa hc va Céng nghVi' t
Nam, ngp@ymedh Hi v~  nan o ccomptidaald i€
cho cac nghién @ hip th /chda séng, bao gn ch]ttb vd I u d a trén
polypyrrol e, mplogarnd tn ninlgagd Ebrhig186,
146). Cac luh an nghién cuvQud li ut hgpth s - n'ont b ih €vdili u
nano NpeZnooFeOs( ntm 2®& 2N G S .c  LG&8nmAnh, mamo ferrite
(ntm 28NGS)TFc Quahedlirut hp ' HmbilFeOs ¢ a
NCS.Nguyn ntng Ch f(mpval @ O80)La ShsNiOsV, i
cacttnanot ¢ aNCS.ChuThCnh Xu®©n (ntm 20ch&) v~
ferocen v~ _aNEC$ iHoardg Arfhdlsh i { @ £ ml @ 0dlitrn)
khai th ¢ hi n.

niv.i | ccmA, tWVi nKhoahc Vd li u, nhém nghién a do
GS. TS. VI n3nyhapbékti xl@ghitdg th " nh t2ch
nhch, bao'gm cécnghién cu  climvang ¢ ngvQMA [33-36], cac nghién
cuthchint méphng-thiffk/]-L o&th cnghim v ~ Jhlngd rp,
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c §c . ninghiencuga nh- kg baagndt truyr 6 nt'mg | €
khong day, Em bih khi, hiu_ng giamgi s - nognt 'vid Iif u chi} sud
am..Béndh h L ts nhdamnghiéncutdVi't Nam c¢ Mirklgai L «
c § c, ndnghién cu VQMA n é@ nghién cu ¢ a PGS.TS. §in Mthh
Cengtl U ¢ S énHAMW i; Nhdm nghién cu ¢ a PGS.TS. Nguyn
Th Qudnh Hoa Hl Y c Vinh; Nhom nghién_ cu ¢ aPGSTS. Nguyn Th
Higntd UM c Thai Nguyéncac nghiéncu climvaimgdngcavdli u
bi/h hdéa ¢ca cac nhom nghién a nay ch yJ/u td trung thit kJ] mé phng
vd li u° ving fn S GHz va THZ[147, 148]
CacluhanWQud i ubih héalgth s - n‘qit I ik * dnghién cu
nhiQu n PABEM L a@litfnr ngwngGHzga NCS “mgTmm ¢Hnt m
2018) MA hbbth s - n‘qit L3 g . e t r k@h mvh graphene;, a
NCS.TFn Vit & hHU nt nVADE 8)2)- n'nt Wi r ngtich hp
phfn t t n haog a NCS. Nguyn Th Ki m Thu (,n QIkhiie 62 3 )
t r €gpdgh sh- ngnt bbhg tr§ogdlvica NCS. L° Vin L
2023)... Tuy nhiénh €hg nghién cu ch]ttb v Qu khitM tinh cidl higb th
s-nontlgiat hpvdliunivdliut vawdliubi/h h-and ~ h
nghién cu m i, va khong trungHp v i cac nghiéncu tcr @€ ©vy .
15Mt " s1ig.ndg tWe° &t bp dv u(i-vd ‘u Vphi h- a)
Vdli uCM-MA lam tvdliumi , L - nlgaBgv@harsh pin
vd liuvadlitfnhgpth L'int rng HWHm.n g d otinihCMMA
L'es dngwWllms hindinganhju s-mg ( EMI ). Tron
V. cquans-qu cphongCM-MA L ‘&s$s d ngWi hob s hn /P n ¢
b, phemnqpig ph,ng nhe€ m&y Mmadygftdoqugn h 3 n
L i Hbitla quan mHutrch canh gac ng d ng trong thi} k/]v, b ¢/ thh
chda EMIchothitb L'int quans, nfimv acbeckab cx{v akhng
ttng QS nhig® c 1 n fm bi1@9]. dlgoai ra,CM-MA ding
'Wam [ p | *-ntg phon€may, khoang thib, v t L'in W§ilm pHn x4
va b ¢ x4ro trongd[i tfnt 1- 18 GHz; tb tbh panel mng ntGh h rd i'w
ferrite truyr th n g n hX@nfgsuyvhao Innh ¢ng “mg€awvdli u
bii héa va'tn hao trong et i ut [150, 151]

(
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b)

-10

=20 -

=30

S21 (dB)

-40 -

o ——Mb phéng
60 , , ' I—Do lltrémg
. 2 4 6 8 10 12 14
Céau tric hoan chinh Tén s6 (GHz)
Hinh 1.17. a) @ u triic CM-MA s dA\ng MnZn ferrite b) phYthong
pl n ¥ moé phvng va tb(c nghivin cva MA [152]

(c)

. '

g A
=~ =30 4 )
= -
) / . -

-40 / = Chi ¢6 O o s&r

-60 / =—Chi c¢6 dia tot
-50 —6 co s dé xudt o ~—Chi c6 dia hong
1

O o s v6i thm gbm bj hong ——0 co 56 voi dia tot

O co 565 v6i lﬁm gbm tht 80 i ——0 co 56 véi dia hong

6 10 2 7 8 9 0 112
Tién s6 (GHz) Tan sb (GHz)

Hinh1.18.( a) Q38D ovalbMLl o xctnghiMn (b) @u h 3 n@h L o
phan tich bl sttt ¢ m bitn (c) MM i cac'® m gkmva phyY phf n ¥ cva
@utricva (de) pivpiinx eu t r ¥t k h PXm knkagda[158).
Ntm 2024, Chowdhurwl53C « fptkfctatracg hi °
vd li" u bi/h hoa pentdand d a trén ferrite MAZn diing cho fm bi/h khong
day valag $ L'inmoi, ngdngchophathn h&ygms.Cal t Q%c I
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xudl & <®tltrén chl nQr d a trén MR Zng FeOsv. i | day 1,62 mm va
haags L'in - mt i “til&%H%N Kinh[1.17 thi n dal trdc hinhhe ¢ a

I hnl ‘& QtuHivathifldoméphngca * ° & GXuHL L p ~ng

‘& s d ngtrong thif k/jc -, dy 0,035 mm. 8 t r YAbcrcg M€

td cac fn s 2,54 GHz; 4,53 GHz; 8,68 GHz; 11,08 GHz va 12,91 GHZ. K
qurL 8nh Hg itsr g apth tr kb kKhifmlbEhHma g™ Lo
g mft °E&ténhbaytrong Hinh 1.18, chodh kh i HAM-MA | ° AnmL ¢ a
bhng,nhdng " mg€aditric bdchchuydtfn s .

Nghiéncugn L ©y v~ o  ailk Bas 2a0ag>s [I53] L «
nghién cu ddli trdc Wb th d a trén bari titanat (BaTi@B T ) “clf @ h p
baghaip h ©€h n g nghiQ€ po W ri gng ta&€High-Energy Ball Milling
HEBM-BT) va k thud ph[n_ng phaéeatruygrth n g ( BYIT)quyl} cac
vbh QEMI.Cacdl t r Yac BTmayeod triddl ngs ng d ng giim thiwi
EMlIvanangcaohugqcundm c hi, p,cuhgepkhintng <he ¢
s- notlkdhtr cachthng antrmBG tbng cdcldtfns cao.

Nh phih ptr khangti €u L %giartieRh xpp X -83,6 dB va
-86,1dBH cacfns 8,0GHzva13,6GH z ivlichHlitrics d ngBT bag
p h €h n gHERMBTpva khdng -74,8 dB va65,2 dB £ 9,7 GHz va 15,6
GHZz iVichitrics d ngBTlBa g p h ‘€hBTgChlpriacgi@ trén BT
I « ° dtd] k/jjva mé phng bRag pffn mQn CST,yi  c'shacn iy * dge
thwhi n hi u st htp th cao. C thw . HEb th LG 97,41%¥H 9, 92i GHz
v. iHEBM-B T ; W95,4%'H 16,4 GHzcung86,8%t 17, %ivedz L
truy@ith ng, t g roggd(i tfn X vadrli tfn Ku (Hinh 119).

L — HEBM-BT i — HEBM-BT
100 _(a) —— BT Truyén théng 100_(b) —— BT Truyén théng
S S
=. 80 =. 90
o= A o=
bt .
% 60 % 80
N Ly N =
ac e
Dai X I Dai Ku
40 | 1 1 1 | 1 1 1 | 1 70 [ Y o O T VOl Y [ | [ o |
8 9 10 11 12 13 12 13 14 15 16 17 18

Tan s6 (GHz) Tan sé (GHz)
Hinh 119. (@) piyhpthhcva®u t r Y%uc t heo p#BT_ng
v:™ (b) ph_ _ ZdoghXgbrdgvargtin sXiX vauky[153]
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Hinh 1.2. @ u trac CM-MA so dAng vot |iMi BT [153]

CHl tric CMMA ‘lc@it k31 p, | ppinxdlng, | pBT gi a
vadditriccn g “mg@ngtron ph2 a t'rchin,t rs¥ntinklbay
trong Hinh 1.20.

Hi' u qu che clh song’tng (total shielding eectiveness SE;), phat
sinht s kffh pca c¢ § c/hi th (shieldingabsorption SEx) vaphmn
xY(shielding réection- SER) va pHn xUnhiQu Ifn (multiple repections- SEy)
L ‘&bWdinblagph€hng tr3nh

SEr = SE + (SEx + (SE) . (1.23)

Trong nghién cu nay, hiu qu che cld do pHn x4nhiQi Ifn (SEy) c6
thWe ‘& b q u a . udy cdchingln h hsauxlyénthbl (skin depth)
cong stlitin hiu s - g xuyén qua @mruvd li" u gifm xu ng con 37%
cabcxUviséngtitrongdlitfn X vaKu Do " Wau,chelelh t ng
(SE), nh€ L «phhwmgt 28,cathv ‘bW dintip nh€
sau:SEr = SEx + (SEk

Hinh 1.21 (ab) cho thy gia tr hi u qu che ckb t ng(SE) L § n\y Kk
gadiitrics dngBTt ph€hng p hBTpa BTEB®th ng trén
toan b ditfn 8- 18 GHz. Gia{rSErc ¢ Ukholng 43, 8 dB o~ 3!
quansatditfns t €hmg | ° 8, 2 GHiv iMBTOtlp’h ©h nGH z
phap HEBMBT trong had[itfn, t ‘@ig.MNghiéncu n "y 'tk & €©c |
giatr SEFL §nW kQ@ #Hiyg §€y cngllhtp§ aSE'vaSk
trén toan b dfi tfn 8- 18 GHz.Giatr UL ‘& x &kcbitfns (f) ¢ a tin
hiutacdn g, t h¥n@E)cavdliu v @l d@ca n4Y. hge
nay cO thW ‘& bW din n h 52 a u
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<a<U Oxei
1%

n, xuyén thal trongdfitfn X 1Tc€ x 8hfn L 1380,24 mmva 0,61

(1.24)

m "ilv, icHhtric s d ng HEBM va BT trugh th ng, cung &p b3ag ch ng

' § n g dytv@Qhnu_ ng che cbh

GHz ,

HEBM va BT truygrth n g ,

d o Jlbbhth

sal'tyn thel ‘lc€ fro K el ¢

cTinong di tfn 12,4- 18
0, 36

q u3a g bhtchelkclh ch y/u do b th .
Céacgiafrinh khi/hvdlii utr thanh ng vién tri v ng cho cac ng d ng

cong ngh. Vivdy, HEBM-BT L - ng vai tUnchs nuyén thil § c
cabcexdl'int,ch yJu t htng Jliguta. ch ch
-3 35
m = HEBM-BT ) b) ——HEBM-BT
‘E; 44_(3) —BTtruyen théng % 34t ( ) —BTtruyen théng
§ a0l Dai tan X ~§ sl Dai tan Ku
5 36 o3 32|
S 5 1
(3 32 ~(C 31 ™
S g 3 ool
S 28 5 301
@ T N N ol
24 ! | 1 L 1 L 1 L L ! e S |-
& 8 9 10 11 12 = 12 13 14 15 16 17 18
0.54,
~ 1.0 (c) e HEBM-BT s (d) ——HEBM-BT
E =BT truyén thong E 0.51+ e BT truyen théng
<08} Dai tan X &l Dai tan Ku
B I ;-0.42—
0.4 i
b /\'/ o 039
] I (] -
0'2 1 1 1 1 1 1 It 1 0.36 TER L I M TS| P I I [

(c,is@ythnmthuovagin BaTiAtlobnglHEBMvagm BaTi O

_nghtphgpttoomg bin[g] X
16.KJ}] dhuch<€ehng

chAtobng

9
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Tan s6 (GHz)
Hinh 1.21. Sx t h aYythedit n sXcva hiMi qd che chn: (a, b) SEva

ph.

1

12 13 14 15 16 17 18

Tan sé (GHz)

Luch anl’ & th ng héa bc tranh toan finh vQtinh hinh nghién_au vt

Fuhith s -

v o hitladitract h pCM-MA.n« |~
h pvdli ut vaochl tricMA nh3m nangcao hiu qu hgp th vakh[n £ n g

L @chnhch Lng.Th°m v~
tr khangc | i & ° dbé@h luh

o Ulng

v’  phBnh

nont Lbaogmvd i ut truyQ th ng, wt i u bih héa

m , mgrnghtén cuhich

¢ fig@guyeén ly ghhh' p
mt ? fhipaihc ant

mmv, vg'm 0 ,

v
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s CM-MA. “ngthi , ¢ h<€hnd «mng hyp cécltintgicCM-MA

I\ hinh cing @n  n £ mggl ng th ¢ ti n ¢ a ching Tuy nhién, hin nay

cac nghien cuvQs d ngvwdtliut trongdltrtac MAyi v ai Hir , n
traiccn g mgedn Hhchjvati  €dayflngthw aCM-MAc | nfg ¢

I ‘& nghiéncu.n'iv ivi c Qi khiw tinh ciihgpth s - nont lgia
CM-MA, cacnghiéncu Qikhiwvdi b i hehth v~ Quikhivi hb th L a

I'nh ¢, n crgh®aculf .In ©y | H QESlc'E t trung

nghién cu gili quy/} trong luh &n.C, thWwt r ong Che2&nhgch8, | u
vdliut n@ Fe Cidthgiddtraccn g “tg@thph LW hu cl €
CM-MA hbpth dlirngg Trong odnd@hachnvaliut oQ

MFeO4 LW Qu khiMd b i °, vaffia S hbbth L a'nhlt, a CM-MA.
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CHhuwNG 2. PHhuNG PH®P NGHI gN

nWth c hi n cac mc tiéu nghiéncu ¢ aluch an, §n xaydngmth
ph€hng p’hpsbpogmhdné bhngly thuyl, chjttbm@ v ° L §n
giath cnghim ¢ §bc tlr ‘@b g a\ii uva &l tricCM-MA. Vi vdy,
Ch€ehng 2 tr3nh b’y w«§depdngtongguhph §p |
t ph€hng phngyatimhtoangrk h 8djg d'8c pheftibg ph
va li ut, ch]ttb cbil tracMA, tichh pvdli ut IBnditracMA, cing n't
caick thud Yo HIl t r €ng Lt 3 b h €awdiut vatinh cl
hgpbth s - nont lgiaddtrtic CMMA. C8c ph<€hng " W& p
thifk/ti  €ftth vackhh ch ng th ¢ nghim cac & tract h pvd i u
L ‘@& nghiencu trong c/Btheoc h€©hng t i

2.Plhehng ph§m hndhRithuyc

3KAIQJ SKiSDB{ SK

Trongnhng nffomL@®pungnsga n tatightdanhiu ntng
cao Yl « andiHd® nchovicméphng t €©hnag st-8ncgvalii
vd chHl gitip quy trinh nay trnén hiu qu'v ~ & |' ¢hinh xac cao. Chinh vi
thj] phe€ehng ,pgs8 < thanh mtiedng ¢ khong thathisu trong
nghién cu khoahchin 4L ,Fobit | °  clkiwpahc vd/ i’ u. Vai tro
¢ a md phng khéng chd ng I9° vi cd béo cac tinh dhl vd Iy hay tr c
qguan h- afjtc&hen ge tittBech mh ¢ |, o tién-quyptronga i
vic ‘nth  mg€hih "kcmhiéncu, quia €U h-a gmy tr
thiwifi L a cr8ic rsakhitig@anh thc nghim.

Tr ong, cdnghiémcuwIM,vickhfo s 8§t t ‘@hnsg ntg8cl i
t vawd chidl “tnhg€ ¢ tec hin thdng qua cac céng and phng s
t h €hWt@ntifn  ndSEMicrowave Studifil54], HFSY155] va Comsol
Multiphysics[156]. Cac rh tfng nay cho phép thildp mé hinh ¢t Ii u d a
trén dah triic 6¢c h (it cell)- di” dbhg tun hoan hay phi fin hoan- trong
khong gian haihebbach@u.B-ag c8btbhnighoa ch2nw x8c
ly, cBll hinh thi nghimova apdn g c@ ki nbiénthichhp cho t L
V, ‘niggBiéncuco tiMrich xudl Fyl, E § ¢b Lt r ‘@n g a b vd
i'u vo mtlphfrHiQn CST Mi cr o wa vcéranGhivu d iLoal
vao s d ngtd Phong Thi nghim $, H ¢ vi n Khoa hc va Coéngngh va
Vi nKhoahcvdli u.
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Trongluhdn,ph€hng phEpLEWM khay ngméo h
phng nltitcan pfnnmmmé{tr cti/p t €hng MmEeihinh ng L
hcvichltracvav li u  ‘(nmdi t ) trong di tfn kh[o sat. Céng_cchinh
Lesdng | © CST St udihdntptruindvaobgifimgng L
tfns -Fr equency DoMhanhdh Bégcvegr Mm@ v U c 8§c
| “@gtan¥lv i  dhinh xac cao. Bgilimigqitfns t r on g ~ CBITK]L €
LHb bi t hi u qu cho céc bai toan cé tinhmg “mg@ rt , fnmd T c
ch2nh x8c g nh" ngHEM g WiEgFEs . h u Wh ¢ amd
phng theo ph€ehngngic &ptdcic fin s quar tanpgip
ndn bt tv t r'ahchh g “m ¢ salsuy dim pin xdva phan b L'in
ttm@vattrm@ticng ‘tg& dng tetrahedr d]l me
adaptive mesh refinement, diuf i khi chll tric c6 chi tif cong, khe h nh
v ' k'@ i trungenthh 4 mép kim I3 hotb vang tip gidp v i u. Cac
€u Wi tién phuhpv im ctieucaluh anlav adgnmé Ll Y%ung Jch c
(théng qua.tt Tneg vn ‘thg gan b),vadn L §nmhgigg L
(théng quaS;sva Sy heb th , dli tfné ) | iv, tih cdy cao.

3 1
Mat do ton that nang lwong bé mat Phan bo dong dién bé mat

Hinh2.1. PhanXd , n hclingrot i thn h a o 1mgtnérglz | _
mit&u t ri%mo piving kei CST.

nfu tién, cac & Ii u "lc+hai bdo cac théng 4 'int , cac théng's
hinhhc ‘lt@®ifld hdbs dngthéngscosh t r on gvdtlitue vi
c8§cQuKn bi°n’caHindy. VIiehtrictdn ho " n t €hng
séngti , F 1 o g uelta cfpno\itd § sotig@ring t i va cac lek nhj u
xd( k hi “ngth) , clh o Hophan&p " H i ‘tng @ang TE/tt T n@
ngang TM va gég i theo mong mun kh[o sat. T moé ph ng, luh &n's d, ng
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tham § tan XAS;;va Syl M Th ¢ ‘cMC $ n h  [g kUStruyQhqua
LW 2 nh t bHth thecaconl thc 1.12.

Bén ¢hh ph hip th , luch &n khai thac phankt t Tn&g H ‘v ™ L |
t Th@E, md  dong®QmHb v~ ving th WL tng nr $h tenhg
cng ‘myg€adiltric,Jpvdliu L - ngnhgochinhtva sbi/h il
t Tneg khiithrh&awtlibivathamshinnhcga * “.ch s

3KATQJ SKigNKiQK WU

Trongcackl t r ¥Y%c jhadth cadwQbfnchdigdayvi h@i L
kin “ngthi:phihptt khAngyi m?* ng( tt'rméa khdng khiyw
tri ttieuphfn xXdva¥fntdtn h aomélhdbt I!W i u t §mg. nktn
Theo Landy va ong s, hp th 100% chlG "Bl pvdli uphih p
tr khangyim?® i ° ng ¢(kh®ng gian t do hdb khéng khi)sao cho pfn x4
b tri' ttiéu. Vi wdy, trong luh an nay fr khangcaCM-MA L ‘&  x '8t L
cac tham'stan XI(Sp ar a me t e r song mdiphng, I “€m “ & 1§ n $
gadmec  fphih ptr khangvaldhgili c/th 3onth  tnHgprthh. L
M6 ph n g = ¢t} Id trong mdh tFn S , kich thich séng pin g theo ph
vudng goc mHy . K h i [tiuyQy quaniieo diqu lan truy@ , . htj th
cadih t r %c x'@hedicongthc 2 i\ jcaclmd nghiéncu g a
uch & ¢  ppHeallinglientc' d@ L8y, @aqual - ,
Sagfn nRa@ b0 do -8%A, TA Qukiglsdhg pRngtivuéng
goc, tr khang QmHuco th\suy ratrcti/pt h s phinx4d ,. i v q.wcy @€
=S;tr khg§ng 1t €eHn@h theo congh c1.17,t r on g latr- Z
khangm?! i ° ng kh@g khivacogidtkepx 37 7. q

Tiéu chiphih ptr khAngcaCM-MAL ‘&€ L &nh gi &nt h?tn
th cvapfnfogaz, khi )ii mocRE(gZ vaIm(Z) ti mch O.

Thong qua cac tham $an X ludh ans d ngpFnmQ@n  Ma t Wirhb L
toan tr khang ca v Ii' u.

2.2t Msh€hng Qftho§ pv 9l HE t r&ng . iv

3KATQJ SKIS PiJROLGQ JORDR

Nghigp ¢ h nrgrap lalm&p h €h n gti/jpch8s Iy thu ¢
nhémc § ¢ p h €mghigw/hph &p m hco,§ tcrho nhg' nly- crhk n
hct chuy  rdggabinghh ‘lc@uyrvaobt t h! ngd,qpmaa Vv :
satvalc oy tb ram c bi/h dthg d rHil nvand | Khuy/} td cao. Khac
V. inhiQup h €h n gf nghpshpahc ( Li, i mThng dung r@oi, Rikh
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soat pH, tac nhath phc é ) , Qin gchlin g hddechin t hed c¢h
trthg thai eh, thuth [ i cho vi ctinhmn k2 ccthd, thoftdoa IOmH, va
t h ¥ hinb thanh cac pha cafdg/phi can Bag sau X Iy nhi t.

Cac Htb tliént ctrfi qua m t chu trinh Ho trong st qua trinh ngt@:
han ngui - bi/ ¢ ng/n t gay- tai han, do cac va €m mthh gi a cac vién bi
vabivithanhcigayra, gi a4 fiLbt c - ngdinhK}@an ngui
tb¢ m;khibihdth g t 2 ¢ h  tlb bifh ¢ ng,>nthj n nbt gy va tach
nh ; cac ninh nh ti/p 1 c tai han va bcduxé, tb nén & tric | p hab t
ch cphantan imtwh vd i u.

Khi nghih kéo dai, nt . VA biénkt t £ n g, c tikh2thddo thw h €
gimxing t han qgthizhtgubii n  p h anh kirdhtaylh vd
ifuvamc nt'mg IL®a Qi righién cuiNchd thsy nghih b | ntn
| “@g cao cé tittb hk tinh thhhano ngay Ev. icachpcil t €hgidg L
t ht ng o]big dbgd® ¢ il va tai sp x/p mbhg tinh thv

Hi' u qu” nghiQh b chi ph i vao th i gian nghQ va nhi tham s c6
t €hng t &§c, t raninhggmtt [ kici§ chg®ith e  stuay,
th i gian ngh , Kk 2 c v vt lhuevi/Ci ,  ming nghh @hdng
k h2/ Ar JJLNnghiQy (liéo hc hay theo chu&cé ngh) va ph gia kivh
soat quéa trinh fu n. Cac tham'snay quy} nlh nfmg 1€ ng L€
btmc tiEtrngchiv™ n gmphtchiic ihditioxy hoa trong
qua trinh nghah.

Quy trinh cHJttb M4 g mcacc * n &h chifrdy g m: Chux b tiGh chA
(b t oxit/kim loY theo m c tiéu thanh pfn), HBf khd; Can theo'tp th ¢, tr n
s h 'gifmsailch ¢ cb ;N bt va bivao ci, | a chn bi/ciphu h p;
NghiQr theo cl]l, L « " rc(the | Huay, tng th i gian, chu 1B nghiQv-ngh),
mt i  ngkhi® LBY mX t r u nW Sgniha ng iirlg mmva tithg thai
pha; X ly sau nghiq: sangllc, ép vién (b &n), va_/ n u WMgoanlthin
p h arb i t'v i ferrite/spinel §n pHn_ ng rda tb pha).
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¥ Nghién 10h
FeCo

+ Graphene* Nghién 2h

(FeCoC bcf)t)

Hinh 22. S QkbX chAt o wt liMi FeCoC

T r, €khich]ttb va Ii u, quy trinh cittb va i ul ‘& tfi €u h - a
thong S, n Hossatknth “mg€afc | tghig, t 1 b t/bivaln h * ige
¢ athigiannghh /Jvdliu t ha L€

nivih vdliuFeCeC d¥%ng t r onaludCin&hlng 3
b affu Clc€d nglacachoadii’ dthgb t: Fe, Co, Graphene v . €th
LG trén 99.5% ca SigmaAndrich. T r, €], b t Fe VvecphGonl €
theotl mol 1: 1 Y% vaoabinh nglgh vanngh@ trong 10 gi nhin
thchinquatinhhp ki m h ' abth p kimFeCo€Tip theo, bt
Fe Co ciig8h tr n v i graphene theo caclt thanh pln kh[o sat (10
90%) trong 2 gi. Quatrinhngt@ ‘lc®h h " nh t rrgkhdngkhf it
“nhit , gh, nwhthchlgu 8 tr 3 nh oQk nrghQakhdng o n g
khi, th i gian ngh "Lt €hia thanh niqy chu B ngdh, xen €V, i cac khdng
ngh L, dainffmgimthWis gi a t & n ¢ am4htiong sut quéa trinh
nghigh. M* i ° ng ngdn 1a khdng khi, va khi Argon, nhi . dghiQ mxX 1a
nhit _ phong nghiQr trong vong 10 gitr 1én vi t ¢ . lhghiQr 450
vong/phdt, 't I bilb t1a 15/1

Vd i uNiZndFeOss dng t r on g . akhehSing chité c
blag phe€hngd pbdB phpadld i =X Iy nhi t, theo quy trinh
I ‘& trinh bay trong Hinh 3. G thwti/jh hanh chjttb NiyxZnFeOst céac
hoa cidl NiO, ZnO, FeOs, Fultién $3¢ hda clidl NiO, ZnO, FeOs trong th |
gian2gi * nhit A 80°C.Vdli uNinZnFeO,L&thb th " nh theo
trinh pHn_ ng sau:

(1-X) NiO + XxZnO + FeO; /& NiwZnFeOs (2.1)

Ti/h hanh nghh tay Rag ¢ i ma néo trong thi gian 2 gi LW ‘& h n

h phéachii "Etn Qlnem t ch'ni pbéachkii °~Eten QL chia
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I'Qu vao trong 2 d nghiQh bi. TUh hanh ngldh ¢ h nnlg cag trohgéhi
gan3gitrong k hWhoaghiknbrigbbamingnhiu d€L 8§y v
xung quanh’d nghiQ, sau thi gian nghQ 30 phat, ci nghiQy pHi  ° & ¥@ay
1¥n.Saukhingh ch ‘nntgngc alo€ t r ong &hmhmpht k h 2 |
mn. nem ®pnbuiinhamh nung kthiguwk

' |

Y
I||-.. |n |

I
l

-
B o

’
e U O e

Hinh 23. S QkBX chAt o vot [iMi Nip sZn sFe,04

Hnhpbt t hasauki@ngitlhm ¢ h hntgn gc ace diee
bngapsti7MPa s auc LL e th€en u/h(theotifh i © m3chrinh L €
bay trongHinh 24. Ti/h hanh nung thiewk  nhit = dao 1006C trong thii
gian10gi t h e o nani thiBu Kt thwhi n trong Hinh2.4 v it c t £ ng
nhi t 10°C/phat. $n ph¥n cui cung la v I u Ni,ZnfFeO, L& L em
nghih ¢ h nngoagthigi@n3gitrong kht! ngbtkmm2 t h
B tt h u c E®h hanhkhlo sattinh cil ~rti, hinh thaj thanh phn
nguyént va pha

Nhiét d (°C)

—_—
o
o
o

Q,
-G

ok N
10 Thoi gian (gio)

Hinh 24. S Qnling thiéu k&
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3KATQJ SKa®w Wi Y jay D WPK

Cacmibtvdliut t hucE€lEeae Lo c §&inthnvatg s
thX¥n t Khoa Hoa- Ly k: thud/ H cvi nk thud Quans. M@ ‘lc€ Lo tr °
h phan tich rehg Keysight PNAX N5242A. M bt ° & t€n v i parafin
theot [ 30%-40%vQkh i °~ hg®a £b thanh M hinh khuyén vi ° hge
kinh ngoai 7mm, ° iy i@nh trong D4 mm va chiy day 2mm (Hinh 25).

a) b)
—
=== St dung cac
= — @ oogao tham sé S sau:
iy $11,S21,512,822
S s — [ ]
S885/ \oao
8857@)gg
! d 77777 . L Se— Tinh todn
’““ ’ ‘ ’-’ Hé sé Phanxa, I

A

Cap d&ng truc

T'E’; ‘s":" Tinh toan Ia chinh xac
rudaqun T véi didu kign || < 1

Tinh toan
do tir thdm, WL

Miu 9O o0 Tinh toan

2 Tinh toan dugc thyce hién
do dién tham, € theo cac sé hang thyc va do

Song toi
—_——]
‘s‘_ s“l
=t

Hinh 25.a) S Qhlphantichthn g L o Xi hhikngva stk m
vab) s Qtinh toan théng XL lh tp
Céac thdng'sSiiva Sil o * €S d, ng thut toan NicolsorRoss
Wei [157], d a trén cAc tham sS;;va Sl o “dc@d math, ¢ §a Wb €
tinhHags L'inméi () vt thim () n h @ @ tentinh cac bh

trung gianxval, s au L -Jh truhggfanT ea§ cva dui cung tinhy
vae,.

Tham $§ S;iva S c6 thmt h u’ ¢ tf €©ti/p t may phan tich #hg
(VNA).H s phinxddvah s truyQqr T cfugratc §c ph€hng tr
[157];

521 -

Bys L - (2.2)
55 L '575{"{' (2:3)

Kifhp hai ph€hinh i tunghgiank va ifira i s
phfnxddivah s truyQT.
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TLTES (2.4)
L TGY%PF s (2.5)
1..>1 . ?{
n t th¥ne,vahags L'inmdiQL & cho bi:
S YYpeS. 5 5.5..6
PLAT RS LR 2t 2.7)
f25?{:§—.?—T
Y L— = E=, (29)
v 1

Théngquapfnm@n t 2 n h t oV@imh tokhaphnl thacova plifn
[oca tth¥nvatags L'inméi.K/jgun~™ y cE€ngWhh nghoa
giatr L L'inth§nvat th¥ntheofns ¢ avdli ut trong pFn mQ@n mo
ph ng CST.

3KATQJ SKsilGREX WXQJ

Trong lut &n, cacthdng st t 2 n hngcdhegd tr M-H, t L bao
hoa, | c khangt) ¢ amd ‘lc€ x @lcbRadh t k/JmXu rung(vibrating
sample magnetomete¥SM) LHitd Phong \& Iy vd I ut va siéu &, Vi n
Khoa h cvd li' u, Vi’ n Han 1am Khoa'hc va Céng nghVi t Nam.VSM la
ki thud Lo mllinleHbt héa/)da t mAlodclin ng nlti
Faraday: knimtmxus L' ¢« hb a dng tfn tioan §n h cu n thu, t
thdng do mémen t¢ a M xuyén qua cwn thu bih thién theo thi gian va
tbrast i jagdm ngtl v imdément.

T h- a cl @utheokhi ° hgR58]:

v m

(emu/g) (2.10)

ass

t r 0N gnassk kh i m hg@».

Quy t r unthchlno tnhegc:c8c b€

-Chuqr b m¥u: mau “lem sth,cankhi "h ¢, Lo . ke ch t
I'nh chdo chda v Fuagi XU bRag vd |i u khéng t (quartz, nha , btng
dinh khéng_té ) Wkanh rung’lch tam.

- C £ n'nhevhiri: dch chuyd md theotrc r OMiig ©u | bin ° n |
hiu(i L a shghéC)h, nglthigifmsais dolchv trisovyiving
A'ln gQ b, a cu n thu.
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-no Qatr nQr: Lo vaud§ ugd' c ¥%n Qi kilni WbY
h - ng g -ukhohgmongmin ,Folitquanirng k h¥kHio
| “@gnh .

-Thilfldd ch€hng itmgnhgquy@t®t Httr - chu

t £ ngoboilth-a £ agifm) Wiu vongt tr MH);tc  Hu®t o~
t Tneg d¢cBn s ao[mdofbthigian' n nh tin hiu lockin va gim
nhi u.

-LH Lochii:vimts m@ Ybin, H@nh#H2-3Fn )W L
L&§nh WplIE L

Kipqu L okol t r ©cgX vd li u FeCaeC theo cac tl carbon
k h§c nachithva€d ngtrongldh  § ne trinhéay trong Hinh 8.

200
FeCo-C10
FeCo-C50
FeCo-C75
100 FeCo-C90
oD —_— 100
"’-5 b
=
=
=

-100

M (emu/g)
=

—
=

30 20 <10 0 10 20 30
H (Oe)
L 2

=200 1 . ] . .
-10000 -5000 0 5000 10000

H (Oe)
Hinh 26.  yng cong p trKM(H) cva cac mu wt liMi FeCeC 10%,
50%, 75%, 90% va graphene nguyéntch

Quan sat Hinh 2.6 co\Whby, cadc mé FeCeC cé vongttr hG ,H L
t r €mogdlicut m@n. Khi nhg” ne alr® plh t hda bay hoa ¢
val c khangt LQugifm.  X.wng ayeco vl ‘& gili thich b i hi' u_ ng
pha loang_t tinh ¢ a carbon khéng t lam gim t phfn FeCo mang ttinh
trongw li u , nglthilamsuyyp t €©hn g’ igiSawac it aNgoal’
ra,s hindingacarbongiacickt Fe Co climhigu ngkjt gi

vagim c8c t ©m ghi mgng8tclh- LIt mme nmchmit qlu §

1
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x[yrad h hn  wkhand.t gifm.K/3qul L ‘& f ngh p trong Bng2.1, c6
thwhbf raa g [iv. Lcacmuvd li ucét [ graphenethh n h©CE@ Co

va 50%) c6 gia trl c khangt Hcnh , ¢ thw = 26 v~ @ tupe t
nhi°mh{{a b«o hicaolatl8&a88 entu/g. CadémFeCoC
(75%)vaFeCeC ( 9 0 %) hd@ahdéabdohoalh hhn | ° 49 v~

t ©h ngval ckhangt Hclfn " 118819 va 9 Oe, tuy nhién khit graphene
t £ ne, M ut gifm, khdng cach ca cachtt FeCo Iari rt, xa nhau.
DX JHLvd li u FeCoC khdngconnfy v it t T n@.

B! ng 2.1 T¥ng h p thong Xlxc khang p va tp hda bdo hoawacac mu

vot liMi FeCaC
STT M>u Ms (emu/g) Hc (Oe)
1 FeCaC (10%) 187 26
2 FeCaC (50%) 88 20
3 FeCaC (75%) 49 19
4 FeCaC (90%) 20 9

Kjqul obol t r €@am)vd il u NipsZnosFeO, L ‘& trinh bay
trong Hinh 27.

20

10

M (emu/g)

| . -
10} E; 7 e
=

L /

| 60 -40 20 0 20 40 60
-20 H (Oe)
1

10000 75000 0 5000 10000
H (Oe)
Hinh2.7.  yng cong p trKM(H) cva ot liMi Nip sZnp sFe,04
KJT qul cho tiy va |i" u NigsZnosFeOsc T ng ¢ : t kG, coginht r
sabt y/u, gnvithucdht,vil ckhangt Hc.ch4 0 Oe t vhoa bdo
hoaMla22emu/gnto  t r ©n g’ pw'i in gpdicva femrite spinel Ni




54

Zn, tr ohagb dation g a cac vtri mthg tinh thtAJam cho mémen t
f ngkhéngIn ntcé& hpkimt ngrkimlod. V. il ckhangtvat L
thgp n Hy@dlW ud bt héavakht ,phuhpvim, ctiéunghiéncu
nhans dngtt Tney nowE n‘gni ki@ L ngthhs - n'gnt L
3KATQJ ISK SY ICDYUN X p W

Kinhhiwd v nt duét Scanning Electron MicroscopeSEM) la m t
trong nh ng cong ¢ linh hot nhil Whan tich caclsl trdc vi md (micro) va
nano. K thud SEM cung & thong tin Whinh thai va thanh gin ¢ a lQmku
b2ng cachthutdp vax lycactinhiu ‘lc€brabimt ful d nt Edb
néttrongmtkh'i ~h @ t ‘©h iy nii[1$9]. CHi tdc hinh thai ca vd
liut s dngtrongleh  § nc nghi€n cu bag kinh hd v n t duit
(SEM; Hitachi S4800, N& B[n) t4 Vi’ n Khoa hc vd li' u. Trong h kinh
hivd v nt duit phat dt T n@ con tich hp h EMAX ENERGY (EDX)
cho phép phantichnguyénttr ong v %ngc cem.k2ch t he

KJT gul phan tich & trdc hinh thai @mHbcac md composite FeGE
theocactl car b on k h@&tdnh baj teong HinkeR.[160].

Hinh 28.c nh SEMcva cac mu FeCaoC: a) 10%,b) 50%, c¢) 75%va
d) 90%
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4dnh SEM ¢ a cac mu FeCoC v | h“mg | &r aphecho t £ n
thby HE Vih hinhthaichung@h vdli ulas t ntdc acéacemht FeCo
c- k2 cicranhe® o ph©n "it 8lg Qi tré&d OmEucat ninh
graphen éhgtth, nh€ t r 3 nh 8@-dy .t rKdringdréptan h €2
trong composdt &€cttt nge CJS n g wardn KTt L €
graphen dim dfn ,” nglth i kho[ng cach trung binh ga cac ¢m h c6 xu
herg t tnénhssuwhgim t €higaphattrongh vdliu. S
t haynajchottsy gr aphen L - ntdhungagh phdnrtan cha h €
cac it F e B0 \Wih himh thai nay8&[n h * g® cti/p JJlcéac tinh chHi
hgpth L'int ¢ awtli u,théngquavic Q@dinh t €hn@imhaan g
t vatn hamoméltil - trBg/hhiusHhgth s- nont lgia
h composite FeG&. CHll tric hinh thai nayd Qi ki nthuch [ ichos lan
truyQrca s - mgclng . minhh@ashvasmtruyr d, ‘mpeénl i
trong vt li u . “iwnicac\d li uhgd th visong, KW cblk t r Yady gitph € v
t £ n'gngla ® “hg@an XInhiQlfnca s - ngtroigkhivdli u,t
L- | " m gi a J]suyhagva nd@gcaoduigu kbhth .

KJT qul” phan tich & tric hinh thai @mHumXu vd |i" u Nio sZn sFe0;4

I' ‘& trinh bay trong Hinh 9.[161].
o at

IMS ‘\JKL 5.0kV 6.7mm x50.0k SE(M 1 OOum

Hinh 29.¢ nh SEM ga m u vat liMi Nip sZn sF€,04
4nh SEM ¢a mX NipsZnosFe0,4 cho th}, cac Ht trong mdu cé kich
t h&@ k h'ing it khang 100 nm. Niu ht nh bam lén cack | n, trd
t tinh th\e6 VONgd nhién, cotMdl o c¢c8c t €hng t 8c vi m?
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N Rl Ty 16 nguyén tird%
56.24
31.14
542
7.50

Téng s 100

r“' T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1
ull Scale 4124 cts Cursor: 19.607 keV (0 cts)

Hinh 210.Hinhd nh piY EDX va thanh phn nguyénXcva \ot liMi

Nio.sZno.sFe:04
Phan tich thanh gh nguyén 't EDX trong Hinh2.10 cho ths} céc

nguyént Ni, Zn, Feva O céi gfnv igiatr d a n" hh, khong cob chH
phu h p v i cac tai li u[100, 141]
3KATQJ SHKS] QKD :

Ludhdnsdng ph€hn guxitih 8 (X-rag biffraction XRD)
'V § cn hl LLh n  p ki kh{Jkc avdliu, d liu t hasli'@
xuHifile va xay dng gin =~ uapfnm@n Or i gi n v “'nherang s § n
gifn ™ Bhj uxdth cnghimvy icacgiafrtrongmchbgmn t rong ch
d i’ uchuq.

(003)

=
>
E
s
c
©
—
Q-
o
g 011 (006)
= J \_ (___ ) J,LFeCch
o

J'. Graphen

A FeCo
20 25 30 35 40 45 50 60
20 (do)

Hinh 211 PhY XRD wa m u FeCoC (75%)
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KJ} qul phan tich ph nhi u xdtia X ¢ acac mé FeCo, graphene va
composite FeG& ( 7 5 %)ghi nith Bag thit b nhi u xUtia X Bruker
D8 Adv aatraeg btd®i nHoéahc lcnh bay trong Hinh 2.11.
PR XRD ¢ a m@ FeCoeC UYidi n,thutrongkhphg g- ¢ . RWE&N L2 d
60°, chothy s xudlhinga ¢ 8henhjlxdlk  t rden apext26,6°
v’ 54, 8 Agvitaettmghg (003) va (006).@ graphene, clng v
mt ‘niinhjuxic™@ g, mthhtd Bk 4x4 , 86A ,t rLengmbmgh o m
(011) ¢ a h p kim FeCo. K} qul phan tich XRD kin g’ nhlcomposite FeGo
C ‘Lc@bl thanht hai phachinh IAlpkimsb-coban v~ “gg aph
th i khéng quansattly ¢ Brenhjtixdl i ° n Jjgphaoxit, dho thy vd
li" u khéng boxy héa trong qua trinhmg h p. K/} qul nay hoan toan phd p
viquytiinhcijtth L« n@p drong L@ Gwg k@S nh
hi nv ith igian nghQ ngd, K h p cac khdng ngh L, dai gi a cac chu &
nghihnmm htheh]s gi a t & ndgimthiMiklintng oxay h -
vdliutr ong ‘rmygkhong khie

PR nhi u xdtia X ¢ a m¥ NiZznFeO, L ‘& trinh bay trén Hinh 2.12
chottbys xudHhinca c¢ ®renhjixdrdrang, 86 n®t g, &
cao, chngt cac md ferritepha tp Ni Z n Jiltinh f tk Pha NiZn ferrite
L& KL t r €n g BHenhj U xdtiéu bW (220), (311), (511) va (440),
xubl hi n Ifn & t& cac goc nhiu xU30,1°, 35,6°, 57,11° va 62,7°. C&
Miller c,at n g ‘nhixud hi ntrong &t r Yacc Ix«@fct @ XRD.
C § cnh thju xYnay xac niah s hinh thanh Bl tric spineldo ph€hng L
pha choliil o[ cac mdu, khong quan satii s xuHihi n ¢ a pha ¥ chEihob
phath chb. THic[ ¢ § mhrhjuxdlH  t r GBphg h ply i cHl trdc spinel
b p h €©h ferjte gbva trang khp { t v i thGehuwh PDF 06011-0614.
N1 ph t ©h nighbplva khong xtiihi n ¢ ®enhjll xAph ch ng t
mXu ¢ -tinhlkhi/} pha cao, khéng hinh thanh cac pha riéng bi n h € Ni (
ZnO hay cac oxitakhéac trong gii hth phathinga ph ®p LHduXRD.
vd li u L «c plia€p thém Niva Znph XRDv¥thwhin HE t r.€ng cC
FesO4 do Wn chdl chll tric ¢ a h ferrite dhg spinel. Trong lall tric spinel
AB,Os, cac ion kim |81 héa tr hai va ba phan'btd cac v trit di n (A) va
bat di n (B) trong nthg tinh tAAbxy x/p ch-b Cac ion Ni*va Zri* ¢6 ban kinh
iongfnv i F*vaFé", do Mthay th}vaotcde viri mthg ma khong
| m {ikidymth tinh thAe h[n [162]. Qua trinhphath t r omgg t r
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h p nay ch y/u tb thanh dung'dh rc trén h chl trac spinel, khih oBll tric

tinh thWX k h ¢ n g ~ it Ng@aira, fhn | ©ag ddi trae spinel ca FeO,,
NiFe;0,va ZnFeO,cos t €hnng ©L nvQL ix ngtinhttAe T ng "n h €
tri cac mrbnhj uxdc h 2 n h, * MRD ¢ la cac Ipférrite phath 't g &

dth g t ‘©hhawy S khac bitch y/uthwhin® s t h d ynh@vQc “ég

L t €hnigi al c 8hchdis dch chuyd nh ¢ a goc nhiu xddo bi

I” ihag $ mthg khixXyrathaytli o n. T nghrpgd NiZn€eO,, s

thay th]¢ a NP* va Zr* vao nthg spinel khongtb ra pha tinh thm i ma ch

| © m filplaég b dation trong rehg, t L -[n h " th @ kinhchdlt va
L'ingcawdliu m” kh!ngi | SHy hkaryemkd nhi
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Hinh 212 PhY XRD wa m u NigsZnosFe:0;4

2.3 Phehnpl pdw &pi/pcihh - ah p "dv  dti-vd

'L /pi h- a
3KiiQJ SKiS TR BEERMBYNKOO IBD Ky D

Trong nghién cu vd li' uMA ho% | nlj trong viing tan sG H z Lo bi lt
| i vLicHl tric ba lp g mkim loY-L"in méikim lo4, piFnt ¢ n g *dge
kimlod“ | ptréncong (Ipkimlodtufn ho "m) tthelk?2 adhe t h
b& s ngcbwitifit €ho”" n +{.hedo ! Lficchngwgheh] c
tbctIgilath ‘lewduhinh kimlél ¢ h 2 NrhgQtBrdin tith mda,
I'Im blo sailch hinhhcnh LWhth chijd chchuydfns ¢ n g * g:@uang
khdb - photolithography l1a k thud ttb md hinh tiéu ch¥ trong vi chi]ttb.
Quy trinh'tng quatcaquang klbb g m ¢ §, ©: chd]Esang's d, ng mHund
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)y r adm quang sau Bhtinht n m_, nY tkbithdmh Biidric, chil sang
vady r a pfn dm quang cond WHL n hinh & tric[122, 163]

Hinh 213minh hah thi/fb quang kleb L' a ncg dIngtd Vi n
Khoahcvdliu,gmcacgmchc ntng Crhchif $ang, hbghum
hat, b phdhchadungcc h £ n bmpheh chvadung dch hi n hinh.

An mon

Hinh 2.13. HMthit bilquang kbc ¢ i ViMh khoa fxc ot liMi

Hinh 214t r 3 n h _lo ¢hinh ¢4 quy @nh ctt mXu vd |i" u bin
hbasdng ph€ehng pdi&§p quang kh

B €c 1. Chij sang.

nHumrbnlch a dil trac tfn hoan I1én trénbn Mt h - T oiph L[
quang. Chip  Lanhnsang g c6é cong sl 18W cach nkbndkholng 5 cm
trong th i gian 5 phatth i gianchip  vQ kilbhchipn h * mg® c ti/p
v.i , sbnétvasai'sk 2 ¢ hcgahd®trdd. Saukhi chi/u sang tinh cHi
héahcgal pvdli udmquang® cacving clu  t &a¢ alanh sangss
b bi/h i

B €c 2: Y r a chdlc[m quang.

Thh mkhins a u  ‘Lc-nhatig®ao dung dch hi n hinh chuyén_chg.
n"iv ik: thud quang klab S dung caclin mtch in cho ciijttb MA viing
GHz, dung &ch s d ng cé thanh pfn chinh gm Sodium metasilicate
pentahydrateDung dch L' ‘& gia nhit 30 , t§ trong thi gian khdng 3
phatt4 L Gydm pghu a n/p tinhcga tHin imeh ins€b hoa tan va'ra
tr6i, ch gi. 14 phfn c[m quang4 nh ng khu v ¢ khéng b chi/u sang
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Bec 3: I Y, t

Saukhihoandl c t4nbino,mMu ‘lc€l €a v nghom! i t
chdi £tn m, n d~ &hinn'iVvicda ma MA trong ving GHz
thanh plin chinhg adung & h £ ra Sodjum Persulfate W nhi t | |&m
vicgadungchl ‘& chnla4 0 HEhveliu ‘lc®gam trong dung
dch £n m. ngian 15 phatBo phfin ng hdéahc X[y ra nén trong qua
trinh nay cacbQmHukim lod khdng con | p d'm quang che eiin € phln_ ng
vihéacivablodb . Qu & t r 3 mhhinh &iyrackim letpc al
vdli ubinhéat h e o LUibga fu. hli

B ‘€c 4: Hi n hinh &l tric

nWhoan thin, quy tfinhchip s §'cdHpll €t emm B dl,’
L - §nh’ cxlmtgctilp@akhdongfn s d, ng munY nham bih tinh
phfn d'm quang con s6tl. Cuicung, MU ‘lce L €a quehdydang
'WoUY b, hoan toan Ip mang o v nay, lam | rd cbli tricc n g * g€ «
ch/jtb.

Anh sin

[E PRI L[ Lo
. s Lop cam quang
+——Laop kim loai
Bude 1: Chiéu sang pé
Buérc 2: '['5_\' rua 2
16p cam quang be
——————
tao cilu tric
Budc 4: Hién hinh
ch L s

Hinh2.14.S_ Qniinhtka ph__ ng p bc@vaatlen g k h
bi/n hoa.

Cac miu MA hott | nytrong vangfins GHzk 2 ¢ hc t tmgeen c
milimet, sai S ch/]ttb ¢ xHd X 0,1 mm cé th\phat sinh bi gi, i hth céng
ngh quang klab ' ‘& s d ng. Trén th ¢ t/] qué trinh cAttb MA concothw
cAnhiQi nguyén nhakhac g Jychénhllchgi amdéphn g v &, ciRog L
hth  nhth$£hotbt n  h aroméigiatth mthink ht ng ho”"n to
nhathgli. Ngohham@nat,calidliucl ng tyf dm | €u
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y,vid n h€ Kk kdli uthén MA. Nham ®mHun/ xud hi n co thASE
gay ra sailch nh " i v itinh crdlphin xAg a mxu.
3KATQJI BIGYR JWKS S0V OO0 & YSW OO IBD. Ky D

Trong xu h€ ng chJ tUotVvdBM-MA u
hi nginBiy,ph8p k: thudt ph” bi/Jn |~ s
t h€hng mi h-a hoHc chJ tYYo s/un °~ dy
m ng | pmTd€pc the MAscEbIUL € ¢ Lc m/hthéhg on h
qua c8c ctng ngh’ gia c*ng vi mt ti?-
in tr, c tifp mch Li n t | °n b.Q mHit
th€ ng L€ ¢ €u ti°n §p d,ng nh33m LT[t
h™ [¢64.Trong |l udn &n n"y, MA v  vdt |i°
c§8§c ph€ehng ph8&8p nheTli«plQ hcedbp vdtc §d
h® " p I'°n MA LW hoMA.thiLn,clHuwstt e n@]
tr, then ch t; ¢c8c |, p th” nh phfn s
thing qua Vvi ¢ s d. ng c8c chblt kI
pard f i né sau khi L-ng rdn s€ tYo th'r
nh3Jm L[m blo L, b8m d2(Hihh245) tC2 nh htwa”

-n" i v.,i ocMA an¥Xud Civg -Cdtr bhnguCRK€BD
| udn §n, FeCeCttr nlvii [i" wki}dinh epoxy, theo tI' 50% theo
kh'i “hg@ovyiFeCoC t r @Qukignniii  @h, 6 ng, ‘sHdchhp - L ¢
vao MA bag khuén micavi . day 1,5mm, sau'th gi a shOBgi g r
t h u c i¥&CM-MA hoan chnh.

-n"iv. im¥CM-MAs d ngvdli uNigsZnosFeOst r ong Ch€hr
¢ aluhan, i ut NipsZnosFeOsLl & tr nv ivd i u paraffin theo' t!

40% theo khi °~ hg®o yi NigsZnosFeOst r o ki nl i'lc§a nhit Jhl

70°C, f ¢ _ gia nhit 5°C/phut, sau khit dung dc h” nd.ntH s ‘& tich

h p vao MA Rag khuén micavi , day 1,5mm, trong qua trintmhi t va

L't nipcahnhpvdliut/h h ™ nghthikhubytr nliéngc WITm
blovdli ut L ‘@phanb’'n gQ ttén OmHMA. Sauthi gi atb, L1 nc
s€ttb mang ph trén lQmHuchl tric.

Trong c8c nghi®°n c¢c. u v Q@ é&cbhlpmXuh _v ot
L€ ¢ chuXn b LW Lo c¢c8c thing s  h?3r
XuyJn bmhgi v8¢hthvi iu st§p par afifcion.h Dac
ph ivdt, hi u tyv, L€par ahfim*uldasmt ch g t
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nghi m. Ngo~"i ra, vdt |i u paraffin
nghi m. Tuy nhi®°n, sau khd, pardififlaco Y t
d9ngks&88pPn chopcvdtl clhb®dngcaon” i v, i m
CM-MA L€hci tr_ n v, i etpoxhy,p, svadg okthii s
didng rdn v,i L, bQn c¢ch h ¢ t"t hhn.

i u t. kh- phon tEnod@Qukhthnskhv, n,
c.u c,a ludn-MAns c8c¢cnmKygr@®Myg ™ CEGHEBhNC
ch/J] tYo b33ng ph i tr, n v ti sepovxdt vli
ntkng kh8c c- L bQn c¢ch h ¢ cao nh+¥€e ¢
polyaniline

Hinh2.15.S_ QchAt o m utYhi p wot [iMi CM-MA.

2 .Ph€hng p HE pa Ltorhign gish- wgn _ t

nkFbo t r@ngadilitticCM-MAL® L8&8nh gi § @ ht!nc
| “@g pHn x4 truyQh qua va B th theo Fn s, goc t i va phan cc bag h
phan tich rehgv ® ¢ (VNARV ® ¢ Network Analyzer) Rohde & Schwarz
ZNB20 hdt | nggtrongvongfns t 1 JH18GHZ o kht ndogd €n t
trang bt Vi’ n Khoa hcvd i u, Vi n Han lam Khoa hc va Céng nghVi' t
Nam.Hait ntgnthu vaphal T x / RxnivliKai ¢ ng ¢ a VNA, phat-
thu song ping v %impu. MU MA L ‘& ¢ L' nh trén gia gi mX; Si
vaSil & L o frtshled trirth bay tronddinh 2.16. CHl hinh va khng
c § ¢ h-terrl'ge tly chnh theo thc ]I o &.IC4c sai'sh th' ng phat
sinh €L ‘& x ly bag k thud hi u chii tin hiu ,mBlo | lincd/ ¢ a
ph®p Lo.
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S lifuthcnghim t het ma@phantichigy ®c( MNMAJc L €
trich xudl | ddéhg cac tham’stan Xdph ¢ (Sparameters) trong madr tan
x4 VOmHub[n chHi, cac tham’'snaycha g t hifp g uQbi A wd L
phacatinhiu khi t @©mg L oMb s phinxdS,vah s
truyQr qua $. D atrénnguyénlyo t o " n’ nrgtHmtigh Hp @ ¢ a
vd i uA(¥) SEL &  x @lcthotig qua cac gid tn £ n gng pH@ xUR(Y)
va truyQr qua T¥) L ‘& tinhtoantb 3 n h  p h-€h nacdcntitam’sS
t ©h mgtheo cong thc 1.12

Hinh2.16. May phantichtm g v®c t_ VNA

nWkh[o s tinh ph phln xdg aCM-MA, luchdansdng ph€hnc
ph&p Lo tr ormgyik hhinngg hgaiematmipnhgs ¢l L Trong
chl hinhnay, mt Hdreqq L - ng v adh §trns tngang khi
b ntgn con ¥l 1am nhim v thu tin hiu pAn xdt bOmHbm. Tr ong L -
VNA cfn hi u chu§r pin xYb3ag tah kim [od (phln x4bag 1).Khol[ng cach
t m¥d L ktnegn cli ©r 2 [mE®R A2/ tr ong [Hg R
cacht £ ntge mMmii , D’ ngkinhgae kengasl ~ . clsdé®g hét
L'ng ( mhg k ®tehcatthilgo VNA ZNB20 14 0,1 m, @i tfn S
hod ncgathifb VNAZNB20Ilat 2 /)t 18 GHzngvi €bheg
songhét  ngt 0, O IhD,13'm. T cac théng'strén, khdng cachtt n-g
t e i m& ¢fn [ blo trong khgngt 0, UB [, 1°8v incac pmép
I’ o . cthhn trong khudn Kh luch &n, khéng cach_t £ ntge fH m¥u trong
khofngt O, B L1 Wgim thMi[n h * g€ a giao thoa gia cac song i
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vasongpin xdC&c p h ®pth ¢onltpE tithiw 3 IFn, 1By gia tr
trung binh sai S trung binhca p h®pi3%.o d€

Hinh2.17.  KbXtriithi nghivin so dAng hvithi&t bIiVNAL o’lc L.
t r_ rigx edwtliM bin héa

25KJ]}] dhuCh€hng 2

Quy trinh nghién cu "Ll @i Id m t cach h th ng, bt Fulbag vi ¢
chjttbh vdliutt htng qua phlehbig  ~mdaBagi Hnpe h i
nung thiéu K . Cactham'sl’int th cnghimg awdliut sau kail d €
I'Ct va tinh toan&L ‘& tich hp vao pin mMn mé phn g ~ h g “@L iCST
I'\I'n h n g h'qal irgtiXgvat th¥ntheofns ¢ awdli ut . Thong
qua pln mQn, qua trinh thi} k/jva f i €u BihracMA E ‘& th ¢ hin,
Fngthi c8dlve h!l Eh mp®,ghdab d . ngn tLtiTngQ
mHivain h ao * ngka caclip €1t ghan tich chiff. n Ho tinh dal trac
vimdva phatinhtil avdlius dng " dkhchngbtang c8&8c phe€
ph8h I renW i€ dguieti(SEM) va nhu xdtia X (XRD). n ko
t r €n(yc khangt, . 1 hoéa bdo hoa) @ cac ri vd li u FeCeC va
NiosZnosFeO,chjtth  ‘lc€ ¢ T °'ncg Loy h t k/JJmX rung.

nWh cnghim L & cat thif k/jmd ph ng,luch ans d ngp h €hn g
phapquang kleb cho vi ¢ ttb hinh | p cali trdcMA va k thud ph mang trc
ti/p kI h pchdik/ d 2 n kb (épexy, garaffinkcho caclpvd li ut .
Cui c YWhbtinh Hplth s - n ont Lgia cac mu CM-MA ch]ttb  ‘lc€e
kiVkh ch ng th ¢ nghi m trén h th” ng phan tich rehg VNA trong khéng gian
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t do. Kpqu L ok th ctJl ‘& sosanhl’ i ch ngchruchev, i kit qul md
ph ng nfRm kh3 g'n B tib cdy ¢ a thi}f k/jnghién c u.
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CHhwNGNGHI a NUCGMT LUH{P THENG NI
T Dil RG - TRZANH PVxT LUT Fe GO
VévxT LUBEN HEA

Trongcacdtli uhgpth s - n‘gnt Biinnayt h pvdli ut -L'in
mt i t r RinmloU&eronsmgnett a r b’ocn xle@n nd nghiéh e hi u
qurnh knfnt ngh k" ngthit nhaotvatn harmm i . Tr on
hp ki m TFce Cpou al@btt@umoé 'L, b « 0 ht t)n cdbo va
tfh$ ¢ n g * g€ nhién A trong viing vi soéng, phi b cho W th d a
t r°n ¢ chacthTugnhién, FeCo dthgkhiihotoht  LTednTtd
td cacthchjn h € i K mg®éngln,d oxyhdavatrk h§ng chpea p!
Vi kh'ng Kk HK2"ngtmiyéu ¢k h ng, ntGva gy th dli r, ng
[165]. Vi ck}h pFeCovi ¢ a Wkbwadli' uf h p FeCoC la gili phap
phu A p niRm khab ph ¢ céc lh chjnay. FeCo%ht nhaot mth h v "'ngl § p
t"t trong viing GHz, trong khi carboh bungtn  h aromdil’hi tr phan tan
phat,hthchlk/it, n ©n.gbQdhdéadc I ch vh ¢ hQ@chphh ®p
tinh ctdlvd |i' u theo t phfn pha. Tuy 4y, phifn | n cac h FeCoC hi n nay
michchotgth ti <©u tngodnton nihhG, vk bitng th
hgp th hi uqul't h @ khdng 5-8 GHz' m t . day nhil 'nH. Trong b i
c[nh cac hth ng radar, thong tinvadm bih hin Yhot nlg La bitng,
cfuhgdth s - n'gnt krang vang 1 18 GHz ngay cang tmén d thif. Vi
vdy, vi cm r ngving i th ¢ avd Iif u FeCeC vQc[ phia fn s thbp va
tfns c aongthlivd bfo [rh  Way nh vakhi ° hg@hb, 14 i QEd
T nghcdim. GEnh L ©yng ticthh@ tr ¢ ti/p va |i' u f n hao nthh vao
chh tracMA L& x e m [iphaEhiugil LWkF h p €Wh ¢lad hai:
fi"th hao nitd mth h paFeCoCv "LHA t €0 g mgdaMA. Vi c
nghien cum r ngvingfns hip th ¢ avd li u FeCoeC trong viing GHz
thong qua’ti  @utrdavi md, QLchnhthamsl’int v * HoHitla tich
h p chang vao cachi tracMA 1a W} s ¢ dn thil}, gop pn xay d ng h
hpvdli uFeCeC-MA m ng-nhG hpth mthhvaditfnrng, g8 p
cac yéu fu_ng d ng trong dan sva qu ¢ phong an ninh hin 4L

31Va ‘U i/pi h-édngdvu.inh@ictrig R

7 KGNV GWKKS SV OO GO J-K W UaOR K@ J )H &R
Trongm, c nay, luh ans d, ngthéngs hags L'in mt | t th{n L
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vd li ut FeCoC do Xiaogang Su va g s ch/]ttb [166] LW QxuH thi/}
k/JchHl triic ¢ a CM-MA. Cac K qul nghién cu s d, ng dli triic nay ca ludh
§n L ecog® trong o chi qlc UJuy tin[167]. V& |Ii u FeCeC Tc€
ch]ttbbd g p h €h n gtrong kg chkym mu i 0,37gFeSQ.4H,0
va0,96gCoChL.6H,O t r qQ o, ghamt& trong ethanoRig siéu am, pn
ngXyra 78C; s a u20lnldung éich NoHs.H,O va2,47gNa OV L
kh ttb FeCo bam trén graphite; tbFeCeC t h @ bdg‘®am cham, @
nhiQi IFn. Vd i’ u FeCeC c6 L, t hba bdo hod; 1a 163,8 ema/g va | ¢
khangt Hcla 122 Oe.

a) 19 — b) 7.0
184, 6.5
7y | 6.0
174 —— Thuc nghiém \ ‘ = %
— — M0 phong bdi CST| — Thyc nghiém
au ] 551! - — Mo phong boi CST
16 4 "
15
45
14 o
134 354
12 4+ 30
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 12 34 56 7 8 9 101 1213 14 15
Tan s6 (GHz) Tan sb (GHz)
€) s : ; ; . d) o2

0.15

—_— 0.10 -
i— Thuc nghiém |
[= = - M6 phéng bdi CST| 0.054

= o000 [—— Thuc nghiém

20,05 4 [~ = - M6 phdng bgi CST)|

-0.10 4

-0.15 4

L G o e e v o e e i L e o o e T B T L s s T e
12345 6T 819 101112145 415 1 2 3 4 5 6 7 8 9 101 1213 1415

Tan sb (GHz) Téan sb (GHz)
Hinh 31. n QthlphA thui ¢ vao t n sXcva: (a-b) h" ng sXL. kh moi
(pH n thxc va pbhnd o) va (ed) Li tp thk m (pH n thxc va phnd o) cva
FeCoC. yng nétliznla ki qd thxc nghivn  Lc cong IXtrong [166] va
L yn g mot@atkX di¥ md phvhg ova luon an
Thong qua cac/k qul th ¢ nghi m, cac gia trhag s L'in moi (pHn
th cvapidnlo ) vt thxh (phn th c va pin [0) ph thu c vao fn s
¢ awdli u FeCoC do Xiaogang Suva ags chjttb ‘lctch ans d ng
cho md phn g ~ & t\hi n trong Hinh 3.1. fongm, cnay, wliut L ‘&
sdngvi vai Hiwiccgnngh @g&ong ¢l tric CMMA. h  “tneg
¢ adiitric nay lathay . p il triccn g “tg@®mlod t hfngg t h
bagdiitriccng “tg® dngwdliut,nfiRnva khai‘ctm§c L
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hewgMeca ! cakifp ti °u tn§thongduatyhad ce

vd li ut 'Wm r ng ph hbb th . nfu tién, cac phphin xdva hab th ¢ a

| pFeCeC[Hinh32(a)]tréntiih "bhg cdaytd= O, 036 "nheot ha
I daywtli uFeCeC(q)t 1, 6 5Bmm [Hinh 2 (b) va (c)]. K quf mo

ph ng phu hp v i k/T qul L & trinh bay trong tai'lu [166], | p FeCeC cho

ph hgpth L hnn h. whihgplth ¢ - x ogdoh®Qtfns thegp k hi  t
L dayqcg al pvdli uFeCaoC.

L )

(Dién truong) E(x)
k(z) (Vector séng)

Hly)
(T trwong)

()
o

@
S

o
S

Tén hao phan xa (dB)
& A ]

N
=}
L

-80
1 2 3 4 5 6 7 8 9 41099 12 43 14 15

Tan sé (GHz) Tén sb (GHz)

Hinh 32. (a) @ u trtcFeCoC vai " m C(Hg, (b)k& qd mod phng phY
tYnhaoplt nx va (c) pympthAt h a¥y t hddypwalt m ot liMi
FeCoC.

(@) \ () 10

E(x) Kiz)
H(y)

B recoc 412 3 4 5 6 7 8 9 1011 12 13 14 15
W R4 Téan s6 (GHz)
[ ] pong

Hinh 33. (a) @ u truc CM-MAL vai lap trén cung=eCo-C hinh vudng,
(b) phY I p thA cva @ u trdc.
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nWL €a ‘rcabl ti€ti €U clgucac qua trinhit  €u Blh - a

t r Yicc thlc® n théng qudalod cHil tric: (L) chl trdc hinh vubng,2) chl

tr¥%c h3nbhcnytd vingtrocvag)bbl t r %c h3 pchhaiv ul n
L v, ng futiénpdd n r %d¢n CMIAL lg'& QXuH, g m 3| p:

thih “HAgliéntc’ p h 2 ai, | ¢ ©Hmdi FR4  gi aval ptrén clng lall

triic hinh vuéng FeGE€ [Hinh 3.3 (a)]. Trong t} k/jnay, CMMA 1 cho ph

hgbth h a inh’ 15,80 va 8,04 GHz N | Hbbth 9680 % v 94ngp t €h
n h € clirigh bay trong Hinh 3.3 (b).

1.0

..‘\\'\\ 7 094

0.7 1
=3
£ 06
b Fos
o
51 O 0.4
B )
0.3
-y 0.2
0.1

E(x) T
k(z)
~ 00 T T T T T T T T T T T T T
?4“*’ B recoc 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B Frs Tén sé (GHz)
] oong
Hinh 34. (a) @ u traic CM-MA2 vai lap trén cung=eCoC hinh vudng
c - Vv Acteg(b)KA q¥ mo phng phY i p thh cva @ u tric.
nWm r. ng di tfn hgb th trong khi wh b[o [t | Lhigd th trén 90%,
c § cQuchnhvQthi/T kL iv. il pFeCeC t r ° n cc#mohi nibag L €
cachjfh pdal  t r Y¢clV(CMiMA2)IJHInh 3.4 (a)]. S L @ chnh nay
chokjqu laph hgpth L& m rng, vi . lhbth trén 90% trong f
tfnt 6 , 6/P 10130 GHz, K qul ' ‘& trinh bay trong Hinh 3.4 (b).
Cui ¢ %aolghaivdhgtronl « ~ ¢BbEsungvaoBlitricn h€ t r 3 n
bay trong Hinh & LWhghiénculn h i g@h Kh n £ nkg th hCHU tric 6
c h' gsm 3| p: chh trc hinh vuéng tvd li' u FeCeC (CM-MA3) v. i hai
v, ng .tk 'mgtah | ptréncong,lpgi ala)p " Himdit vdliu
FR4 ¢ L'intthynla4,3vahs t nhaola 0,025, b .dddng (| p pHn
x9 lateh “HAgliéntcvi  dh " HIRAG=58x% 16 S/m.So v ichHi tric
CM-MA1 va CM-MA2 thi chll tric CMMA3 cho ph hgvth dlirng h hn,
ti <€u hhn

(b)
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St

E(x) K2)
H(y)

L;} FR-4

Pong

Hinh 35. @utraic™® = uMAG ¥ hong Xhinhtbca =22, b=
20,n=9,1,=7,13=5,1,=3,9=3,k=0,5,=0,036 mm.
QK JNiQ KWFK WKDWKKS 5WOOM1 GrQ J-K WU ~F
FRQJ K@J )H&R

@) -,

) -
10 ; o' : " : : : : . 08
4 N
(b) @ L35 &
w 98 (c) Q.
g 302
0.9 % o
> g
£ £ 964 252
)
& 8 203
0.8 4 3 D
L @ ~ o =
<« =94 ~ (=]
P g ’ ~ 5 15 §
3 v N 3
=2 ” 1.0 g
07 D92 o ]
“o [
€ Ir -05 o
§ £
c 90 T r : : - - - 008

06 . . . . - r . B 7 8 9 10 11 12 13 14 15

7 8 9 10 1" 12 13 14 15 T4n sé (GHz)

Tan s6 (GHz)

Hinh 3.6. (a) Cu tric CM-MA L'Ac I hai vongtron, (b) M6 phyng phY
 p thA cva @ u tric CMMA va (c) noc n L imgHdtiEu tan trong dip
FeCoC va FRA4.
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Chli tric CMMA do ludh  8QxuHiled ki n £ nighthhdir ng v i
L hgpth trén 90% trongptfns t 7, 9P 14, 40 GHhwyis c- h
hgb th gfnbag 100% Ifn "t €1 © 9, 4 v = ° dt@nh By tBhyz |
Hinh 3.6 (b). Phhbbd th ¢ aCM-MA's d ngvdli uFeCoeC ‘Lc®hat hin
rng h hnWsd\giphyc &FeCeC n ~ g, cho tiy s cfi thi n trong
kKh['n £ nig thhkhitichA pvd li uFeCeCvao &l t r YudWami e vai n
trd ¢ a cac | p khac nhau tronghth tric CMMA, cac pifn - md.’ ng #etiéu
tan trong | p FeCoC va FR4 Lc®inh bay trong Hinh 3.6 (c).JKqu[ cho
thBf h hn 9 8 %g tidutan gy rd teng | p FeCaC, trong khi'tn hao
trong] pFR4chgi ihth" m c2%.Kfqu't i °u t Snychmgmith | €
r3ag | p FeCeC trong CMMA lay/ut chinh gop pfinvaokiin £ nkgthh
diitfnr ng.

Nh€ quah ts8tn tH3 nhig &) .nmEhh nhdlt8l 8,401va
12,50 GH2z2W "o r Hhcthhik adth t r Y%c_, t @@ t h
L'in  “tng gdan b trén CMMA tY cac fns n "y’ c hgBién cu WAm
rd, KT qul L & trinh bay trén Hinh 3.7 va Hinh 3.8.

Quan sadHinh 3.7 co tithBy t t T n@ b kich thich méhh® céac goc ca
chl trac CMMA. C, thw ¢ Sgcdt<@® ‘@nhintbfd ¢t h e@c ah €
t Tn@Htivicaicna x o 8'ycurdgwtri.Cachin "nh€ quarc s §t
cho tf ch/]l, hgbth = 9,40 GHzladoon g "¢ Mijngc dt€gay
rabicng ‘M nlmdi[168, 169]

| » V/m
13 3815

» 2000

OO Y , ";,u PLAPEARETES
NN A s 1233

300

\\\\\
AP NN Y
AR
Frass NN

MR 7o a RN AY
A
[T

AR,

e 100
ST e e o

ERA DA
113

Hinh 37. M6 phyng \ect tpt ryn g Wi yibg phan BXtrén CM-
MA: (a) Tpt ryng trong it phAng (E, H), (b) pt ryng trong it phAng
( H, k ) Miv "yngtreny mtiphiang (E, k)41t n $X9,40 GHz.
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Hinh 38. M6 thng et pt tyng W ybgphan Xtrén CM
MA: (@) Tpt ryng trong it phAng (E, H), (bva (d)tpt ryng trong it phAng
(H, k), (c)va (e)Lh  yng trong it phAng (E, K)4i tt n sX12,9 GHz
Clng t @&Hfng 1259GHz, CMMA ¢ | Wagnctnhg * g€

Mi e ngcet thrabi c8gcdt@nthhdc t h e@H JVa€ic
na x o &wyondgnbphng (E, k). Tuy nhién,’ viriga ¢ §ngc¢ ¢ t€
tfns 12,9 GHz khacyiv tri° tfn S 940G Hz . N € trandiHinh
37, c8&gcdtem ng ~dpBanb" c[ tdm va cac thh ngoai ca
chll trdc CMMA va song song v, Ingéd.
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D 10 T T T T T T T T T -l E1 ok
08} 1 osl
06| 1l osl
0.4 C E'/G"_ 0.4 -
0.2 PR | 1 1 1 1 1 L 0.2
1.0 F i 1.0
06| 1l os
06| 1 osef
=3 L i =1 L
Zos £ s
Sz} P
c 10} J = 10
. r O 3
Ros ] cosf
06| 1 sl
1 1 1 1 1 1 1 ] 02
9oL | 920
06l 1 osf
04 ..- —E‘ : 0.4 :' €ll;
0.2 "6 ¢ 5 s g ¢ 5§ ono e gy oo o5 ) 0.2 1 L L L I 1 1
7 8 9 10 11 12 13 14 15 8 9 10 1 12 13 14 15

Tan sb (GHz)

Khi gia tr Ogifm, . hp th ¢ a di

chuywi sang viingfns c a o

phfn ttb d[i tfn higb th, . ng.

h hn

Tan s6 (GHz)
Hinh 39. M6 phvhg thY i p thA cva @ u triic CM-MA khih' ng XL
moi wa wt liMiFeCoCL 1ct h aYygia tiltva (a) ph n thxc va (b) phnd o.
nWhghién cu vai tro pin th c va pifnlo ¢ ahag $ L' 'in mdi ph c
Ovaly 't r o Mg tg leac phhhb th ¢ a dil trac CMMA khi gilm
giatr Oval xu ng con 1/2, 1/4va 1/6 gidtv a fu LL «c md @ ng, K}
qul L ‘& thwhi n trongHinh 3.9. Vi cac gia trUval b 'a fu tddong Hinh
3.1, ph hbpvth chotydlitfnr ng 7,9144GHz v i . hhb th trén90%.

t r Yac[mc V Tty Hipghj dch
[ H3 nh
d /s t haig alph hgvbth t hedth diir ngsangbpth L'a bing
[Hinh 3.9(b)]. Nhng K} qul nay cho thy phfn th ¢ ¢ a Rag $ L'in moi
FeCoCch y/u x Skditfns ¢ a ph hhb th , trong khi pn [0 gop

3c.gbr(gg@axr]. Ng

Vaitrogcapifnth cvapfnfoca , €t thynphc(e'vag") tr °n ¢
chijhipth ¢ T n gc ngh@n cu. PR hbb th ¢ a dil tricCM-MA theo cac
giatr ¢ ag'vae" L « ~&n® phn g,
n h €fnphhc ¢ a Rag s L'in mdi, vic gfm gia tr € 's€gay ra s dch
chuyw ¢ a ph hbb th vQphiaditfns ¢ a o
Hinh 3.10(b) chra raag vi c gilm giatr phfnfoe '’k'h* ng | “im Lt 8hnagy

R

t hong H3nh 3.1

hhn.

JE quytromgh i ° n
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kWph hgbth ¢ aCM-MA. S hbdth gfn n h € k h'y, theo pfnffoay L
e 'lddogiatrnh ¢ all t th¥nsoyi , Wintyn. Do IWllude - t |
raagt n haotrongCM-MA L « QxiliHI b chiphib iphfn[o U ¢ aFeCoC,
fnhaotvh L - ng ¢ -kpdngvadrcommgg mgr€at h pvdli u, tuy

nhién, trong Bl tric nay, B th diir ng b chiphimth h  h htén hao

L “in moi ¢ a FeCeC.

D1[| T T T T T T j E1I}— T T T T T -|
08 [ . o8k -
06 - = 06 1
04 . 04+ . ]
02k Ve H 02k W6
Dnr ||||||||| #- o L M| L 140 L1 .
10k ?.D- E
0g kL 4 UE/-\/_\_
086 |- B 06 4
04 L ] 04 ]

Z o2 — 4| o2l —_— "4
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%15_— 4 o 10F ]

—EDE_ 1 SGB/—“—’,—\

S o6 1 Sos ]
04 F ] o4l ]
02 — 2 02f — "2
P37 1) PR T PR S TP S ] o0 — I I P ——
10 F ] 10 F — ]
06 F . 06 F 7
D4l ] 04 L ]
02 ] 02k —_—"

I.,ll IJII
DU 1 1 " 1 1 " 1 1 1 i Gl} 1 1 1 1 1 1 ]
8 ] 10 11 12 13 14 15 7 B g 10 11 12 13 14 15
3 L
Tan so (GHz) Téan sé (GHz)

Hinh 310. M6 phvng thY ' p thA cva @ u tric CMM A kihtp the d
cvawt liMiFeCoCL 1c t WaigtrMtva (a) ph n thxc va (b) phnd o,

Cac nghiéncu vQL § n h " g sufhiphth ¢ a dall tricCM-MA khi
t h aigocliivagécphanccga s - ntgtil ic 1’ rcthHas® (Hinh
3.11)CHI t Qi & - Tik hgcho, phhevth gfn n h € 'Kitht ng
harhg khiigbchphapccl [ H3 nh 3. 11 ( 4gpith.caTuy
CM-MADb [nh “mg®@igocti, ¢ thwagimdc e g, higpth v, L
r ng dli tfn [Hinh 3.11 (b) va (c)]. Tuy nhiénbd  t KQ%ulEl vt cho thoy
LHo tinh Hgp th t ttrong ¢ phan cc ~ kiti T n@ngang(TE) va phan cc t
t t n@ngang(TM) khi cac goc.til n. G thw “ii, icv]l, phancc TE, L
hedth ¢ aMAgfmkhigocti tEt i t55A Xnh<€rm® \hn
trongditfnt 8 /) 11, 1 G&#rinhkiyhrong H3nh 3. 11
t, chl TM, hippth L' &duyti' mc cao hhn 9@ tr
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SS9, Fh 14, 6ivGehegodtiléntiss°[ H3E nh 3 .Qindyca ) ] .
thWgilithichbn g c 8§c h nggatx ®n@t h,ehil TM, | ng€
t tTmM@whc 'nh _ids€t haycg algoc ti, trong khi® chl, TE,
h @hg khéng con song songivmHuphng mxu va l ch ki i n- .Jjc@8h ch
h g ¢adiltricCM-MAd atréncng me Mingcdt€cho thy
cng Mg€cgadiltrticCM-MA D suyyp khigéocti ttng. cDo L
duy tris hgbth ° ch]l, TE khong hiu gu' n h“&h/]l, TM. Nh ng K}
qul nay cho tisy hi u sticao caCM-MA  ‘Lc&QXuHl khéng niy v, i s
phanccga s - ngtiliv " "m'nhchokhigoct thiay L

(@)

90

o N @
S & © © o

D6 hap thy (%)

Géc phéan cyce (do)

=)

0
7 8 9 p L | 12 13 14 15

Tan sé (GHz)so
100.0
©,

(b)

D6 hap thu (%)
D6 hép thu (%)

-7 8 9 10 11 12 13 14 15 7 8 9 10 11 12 13 14 15
A £
Tén s6 (GHz) Tén s6 (GHz)

Hinh 311. M6 phvng phY I p thA cva @ u tric(a) d ai cac géc phan
cxc khac nhau vaac géc ti khac nhau ea chALi phan ¢c (b) TE va €)
TM.
nW " m r Qui kk"ln nbw a di tric CMMA v, i gocphan cc
d o t #xnrycad lud anl’ « J/n hdnh mé phng ph hbb th ¢ a dil tric
CM-MA khi géc phan cc ¢ a séng ti [a 4%. KJ} qul” L' ‘& trinh bay trong
Hinh 3.12.
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0.9

D hap thu
o
[+ ]

o
~

0‘6 1 1 1 1 1 1 1
if: 8 9 10 1 12 13 14 15
Tén sb (GHz)
Hinh 3.12 M6 ph¥ng phY i p thA cva @ u triic CM-MA khi géc phan

cXc ova song ti la 45°.

Hinh 3.13M&é phyngw®c M yiligivapt ryng phan iXtrén @ u
tric CMMAt i tt n sX9,4 GHz khi goc phanxec ocva séng i la 45° (a) Tp
t ryngtrong Mt phAng (E, H) Tpt ryngtrong nilt phAng (H, K) phan Ke i
vitri (b) tdm va (dmeépngoai (c) va (e)L vh  yngt = omggtrong mit
phAng (E, k)
Co thwthbl raag, ph hepth ¢ additricdn n h €  k h'ii khig
c §c ng BEv@H quaygs v i h'rhihg th gfn GI100% & 9,4 va 12,5

t
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GHz W nm r » HAchatgthh ‘ndhh. M v ®a  itrig vaLt i
t T n@ trén & tric khi géc phan @ séngtila 48 c 1 n gc pha@ tich va
lamrd dtfn's 9,4 va 12,5 GHZKJ} qu md ph ngL *& trinh bay trong Hinh
3.13 va Hinh 3.14.

cfhaifns hgpth ,quansatthy hg&ctt heongh&d c 1l nq
n h € ‘ca§ cx on® yrond nikbphng (E, k), chothy cac cn g * hg®lie
dth g ngect vvatntdticacens n"y. Tuy ‘ngEvaH, do
ti L« quay td&reey, tphRh@n MEB c 1 npghangpubary 45
I'Ffu. Ngoai s quay nay, mé hinh phanh r n@ wa °Lc§ nguyén.

(a) \/

. (s ezaore - Py
LigaAae

- Fo i

s B
Y 7 ‘e
|* |/ (33
" . P $
i - ’
i &5 ’
O b U
e e . ’
by N N »
. ‘ '
4 +
" +
e b o +

»

.................
..............

Hinh 3.14 M6 phv\ngv® ¢ = M. viligivapt ryng phan KXtrén @ u
tric CMMAt i tt n sX12,5 GHz khi goc pharnxc cva song ti la 45°: (a)
V ® ¢ ptrong niit phang (E, H), (b)V ® ¢ pt ryngtrong mit phAng (H, k)
phan Xt i vitri (bén trai) tdm va (bén pl) mép ngoai; (cV ® ¢ M _ L
trong nilt phAng (E, k)
Cui ¢ %n ¢btinhd® ) claMA L ‘& sosanhvi  cHtinh L
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hgpth cavdliu kh§cc Lter3tneh b~y t roo nlgfhge(8R

31), cigHth nvd€ utf h pFeCeCt h ! n’gng[L66]:&eCo/ZnO

[170], S i nano FeC/C [171] va “ng carbon nanotubes/nickel ferrite

(MWCNTs/NiIFeQs) [172]. BL n g thBdt th ghi u qu (Effective

Absorption Bandwidth- EAB)¢ a , bigpth L& t 2 nh nh€ sau:
'#$ L BuoF Radl (3.1

tr o n gfgnlvafiawla fn s cao nidiva thgp nltdimal, hgpth L n hhn 909

t ©h mag KJ} qul cho tHBf chll tric do luh anl ‘& QXuHithwhin bk n g

thong ipth L& t £ mg ,Q@ #Ayico thkhéng chl ©~  d obtmE c L

nitdc awvdli uFeCeC ma con do khai thadat triic MA.

Bng3l. So s §n hptwhiMggd tcva & untgic GVMA
sodA\ng ®utric dn g emgFeCoC so wi vat liMi cva cac nghiénau khac

Vdli u EAB (GHz) Taili" u tham khlo
FeCo/ZnO 5,1 [170]
FeC/C 4,5 [171]
MWCNTSs/NiFeO, 3,8 [172]

THh FeCoC 43 [166]
MA s d ngFeCeC 6,5 Nghién c u nay

32Vd U Upi h-é&ngdvd ibh@ntph
7 KGVGWKKS 50 OO GTQ J- RV SK) H & B

MA t h 1 mgcophhgbth L hnnhHldb L'rh, pi hb th
h®doldnchilicng tygeC g acac &l traickimldH. Béndh h Id- , v
i"'ut mQn FeCeC 1 ng@€dt nhaodlir ng, tuynhierk h- taul L€
hgbth caa Do WHithi,nvdm r ngph hgpth t r ° n ca g * By
¢ a dih tricMA vat n hao cawd Ii uFeCoC, ludh  § n/h hawh nghién
cutichhpvdli uFeCoeCvao &t r YuW[ikhAn vB m r ng vang
tfn S hbgdb th ¢ a v li u. Cac K} qul nghién cu s d ng dal tric n& ¢ a
luch & n ° dcéng i t®ng b chi qu ¢ U]Journal of Applied Physid460].

nfutién,\li ut (FeCoC) " dcHjttbbng ph€hng®hlmh§p
h” nh tingcaogihlgmdlReyiColal:ivatl kh'i " hg€a
hpkinFeCoviCln "t<€l " 9:1;: 1:3ngviFeCov"™ 1
C(10%); FeCeC(50%); FeCeC(75%) va FeCdC (90%). Ngoai ra, vic s
d. ng graphene lam élithay thjcho | p vd li' u FeCeC W&o sanh phhib
th caddh tr %c MAngbiéncgth ¢ hen.
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Hinh 315.n Qthlit h aYythedit n sXcva h' ng sXL. ih m6i(pH n thyc
vaphndo)v i tdth m(pH n thxyc va pknd o) cva wt liMi (a) FeCeC
(10%), (b) FeCeC (50%) (c) FeCeC (75%), (d) FeCeC (90%) va (e)
gr apheneng; (Bl @hysXtYn h aomoisia cac mu co 6 IM
khXd 1 hg C khac nhau

nengcongphthucfns ¢ aphinth cvapfnlfoga , t thX¥n
vahag $ L'in mdi phc ¢ aFeCeC Tc€ L3g céch's d ng may phan
tich mthg vect h K&yN§I42Ah[KHinh B.MSA(ee)]. Trong thi
nghim,hnhp “ngnidl & é®ttb bRag cach trn va I u FeCoC va séap
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parafinv it | tronghnh pchim30%tngtrn g ng® pchHcu i
c¥%ng, &€y L2, 5cémimanie& hinh xuyh ¢ ng Kin@ trong
3, 04 mnmg kirih ngoae7,0 mm. M hinh xuyh ‘Lo @tifrong” ng &
s- naqgtlc t ‘€©hn gimaylpRantich.8dng phehmgodap h § p
s-ng, m8y phon  tan>&Sh (hLs«phb &89 v G.dms s
truyQn) trén toan bdlitfn mongmun. Ph€hng pR&@VeiNi ¢ hc
( NRW) cstden gW 2 n B'inméiphc(Yv ", tlthdyn(4t d Ii'u
tan X4 trich xudl cac thanh pfn th ¢ valo ¢ a chingKJ} qul cho tby, cac
giatr cammags L'inmdi (pfnth cvafo)ln h hn Wio8yn g Lk
thX¥n (pHFn th c valo ) Qi nByichotf vaitro|ngatn h aromél i
trong FeCeC. BMI © H s t n  h arombiltantic= U/0) cho thy cac ma
FeCoC (10%) va FeC& (50%) thwhi nt n h aroméikhd n "nh trén
hfuhJtoanb dlitfns. Nagl¥cac mi FeCoC (75%) va FeC& (90%)
thwhi nfn h aroméittgy h hn , a tthhnh amo nitii “ngQhig L
tréntoan fitfn s,vitn hao c acouah $anth L@ S thhd va
t nhaotiyp h HIfitfns cao. Cac gid'tph c ¢ a , t th¥n va g s
I'"in mdi FeCeC theo cactl k h § ¢ n ©isad)nglire®g mé phng CST.
niviméphngtrongvingfns t 2 JJL 18 GHQ ki nbi@dgn L i
hoandctheotrc x Vv éthiyldL €hlpth ¢ a ddltric CMMA  ‘Lce
X § cnh thong qua cong tie 1.12.

Nh3n ttb ra i trac MAc6 ph hip th L a’nhly i m, c tiéu Kl h p
vitnhaocawvd i u FeCeC W t n'gn gc ®p th va tb ph hbp th
trong ditfn S r ng, luh & n/h bawh thifikJvati < @utrdcMAnQ
val ‘@th chi nthéng qua ba b chll tric: (1)chl  t r Yac, (20 ddldrdet r | n
baogm Loa tr _ n v (3 dltricpaotgm, toagofin, Vv
ngoai va cac hinh chL tY cac goc ca dil triic Chli tric hinhhcdth g L o a
tron vavong trona MA c lLa@&h n md phng niRm [th b[o ddll tric co
tinh “ilx ngcaovagilm , Ihhdy goc phan cc. Qua trinh'ti  €'uc thlce
hin Whuctreg mg®ngditfns t 2-18 GHz, K} h p f n hao
cawdliut I'W L n gkhahgrcaddhtract h p vd Ii u.nfu tién, & tric
L hn[n g'lc@xudl g m3| p: tbih “hgliéntc’ p h 2 aic d SRyt
=0,036 mm| p "~ Hmdi FR4c - dByts=0,3mm gi ava]p trén cung
la ol tricl. 9 a v.ti ban kinhr; = 3 mm[Hinh 3.16 (a)]. Trong thi} k/]nay,
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MA cho ph hgpth L hlinh® 1339GHzv i  hhpth 62,03% nhe L €
trinh bay trong Hinh 36 (b).

> 4 6 & 10 12 14 16 18
Tan sé (GHz)

Hinh 3.6. a )Q& 8trac MALcé ®@utric d ngh gnghinhl o a
tron va b)M6 phyng phY i p thi.
Ti/p theo, lth & n/phbamhhksiung t h° m ngtambént r | |
ngo" i & ©bén kinin tromg, = 5 mm va ban kinh ngoai = 7 mm,kJ/}
qul ph hbb th L ‘& trinh bay trong Hinh 37(b) cho tiBf MA2 c6 ph  htp
th 3 nhtdtfns 3,79 GHz, 13,37 GHz va 17,61 GHziv, lib th Ifn
| “@la55% %, 57, 31% v 'ng99, 53% t€hng

a Bong Itrn b) 10

E(x)

T<k(z) 04
H(y) : - 0.0 F— - J‘

3 : 2 4 6 8 10 12 14 16 18
Tan sé (GHz)

Hinh3.I7. a)Q&8tric MARcérvutricdngh enggm Loga tr |

va vong trorva b)M6 phyng phY i p tha.
Cu icung cac hinhchL L «c BLsé@ng vaccac gocchl tricc ng
hagnh<€e tr3nh bl8ya) k/rgd ohg tiHcHINrAc ¢ ph hbp
th 4 'nhtdtfns 3,74 GHz, 5,49 GHz, 12,77 GHz va 17,63 GHz v hbp
th 1" 56, 42%, 39, 75%, 5@ KT Wevttizhias5, 63
trong Hinh 3.8 (b), dal tric MA3la chli tricti  @uh hbd th nhiQu "nh
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trong vingfn s 2 - 18 GHz, phu hp LWhghién cutich h p vd Ii' u FeCeC
nhAm b sungtn h o r Bg dihbb th ¢ a dal trac CMMA t ng thw

_________ 1.0 . . - . : : -
Dbng Itm b) 0.9 i
(R [ to | '
Dong -------- f tmh 084 H
0.7 1
=2
£ 06 '
05 I
ey
«© 0.4 !
@
0.3 H
E(x) 021
k(z) 0.1
i1

“” 5 4 6 8 10 12 14 15 18
Tén sb (GHz)

Hinh3.8. a )Q&8tric MABcoé®utrticdngh enggm L 9 a
tron, vong tron va hinh ehL va b)Mo ph ng phY i p tha.
CHI tric CMMA ‘Ic® d ng trong md phng ¢ a luch &n co kich

t he© ' ° BB xR0 mra(Hinh 319 vabaogmbnl p,vil ptrén
cung la B vd i u FeCeC ¢, -dayl;, | pth haila MA lamt L’ ng bao
gmlLoa tr  n, v, niggtimvacdbnithhrhinmeh b goc, L
| pth balalp "HméiFR4 ¢ -dayt, hags L'in mt i ‘tcchng |
FR41a4,3vahs f nhaola 0,025. Cucunglath “Hgliéntc ¢ dayl
tanv. i d HIAS5,8x10S/m.

Hinh 319. S Q®lu trac wt liMi CM-MA so dAng ot liMi FeCo
C(75%)vai cac théng X hinh Fec.
Luch &n tih hanh kijo satin h * tge day | p vd i’ u FeCeC(75%)
trong khdngt 0,5 /JL25mml/hph hgpth cadh t Whc @u, h - a
day | p vd Ii' u, K/} qul trinh bay trong Hinh 20. KJ} qul cho tH} kK hi L































































