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Abstract

In recent years, nano materials have been frequently using in
microwave components and communication systems. These novel
materials, for instance nano powders or carbon nano tubes, are also under
exploration for these applications.

Carbon nanotubes (CNTs) have caused a great influence on research
interests because of its excellent mechanical, optical, electrical and
magnetic characteristics. However, to the present, it’s rarely being applied
to life owing to its hard-handled tiny-size and the differential nature
among individual tubes.

In this study, in order to overcome the limitations as above, we filtrate
the suspension of CNTs and make it as a sheet-like bulk material, so
called random buckypaper (RBP) as a bulk isotropic material; that is
composed from a plenty of CNTs, and allows the applications of CNTs in
macro-scale field. Besides, we prepared nano powders of silver and
cobalt previously and then get a bucky-paper doped by nano powders in
different size and weight percentage during the process.

Finally, a multilayer micro-strip line structure was created to measure
the microwave absorption of nano powders doped RBP from 0.04GHz to
20GHz. The S21 spectrum delineated greater microwave absorption of
-4.2dB averagely, with doped cobalt nano particle to RBP even more
absorption of -10.31dB at 11.31GHz.

These novel compounds of CNTs and nano powders are favorable for
wireless system, microwave transmission and integrated circuit design.
The use of BP can make smaller and lighter products, and move forward
to a new generation of materials in the semiconductor and green energy
industry.

Keyword: Buckypaper(BP) -~ Carbon Nanotubes(CNTs) - Cobalt

nanopowders ~ Silver nanopowders ~ Multilayer microstrip line
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B R & ?’féﬁTglM%i P PR EEE S ET
B oo vERBEF At M RFF 8 £ 3 2 1.0X10%0rr - £ r2turbo pumpe
I5X10%torr R F A ERE FHIAEIEM  RF AP RT2 S

FrA o 2L EMP SR R EF F 23 RS e R

TR BN E R g F R
THUREFRFALLIB N AP TEEMO ] T R 2B
g Bl R MO BL2 e g e REOT R P A BOR D SFRAT N A D
R IFE R g B OREFRA o Z4ER S HEturbo pumphi B &
R REA0R Lt FHPRRA R AR ST AN 2 B
Wk £ o A7 B 11350 mtorr @l (41 & ks 8 > 14 180-220 mtorr @ iF

F T B s & G R o 12250-270 mtorr gl (Ek T ) s £ ks
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B3.5 7 A~ R & 3t

3.2.3 mcH |pAIE v

Foare % e R S ARG UTARAL
(a)® w AR Z e &,

2 Microwave officez* & A% 4K (B2 )E 20 bmm> Hip F
AR 9.6 e RBEAR o 2 T ERO0F £ ERT A F g
BARE  SHEHEARTA0.43 mm o #4177 S E 7 Auto CAD#HE 5
~dwgth 0 B REE F ~ 2R &R Z(NDL)Y 3% ¥ -

#¥-3 vAEAEE S T B wE20mm -~ 10 mm ~ 0.5 mm) & B 12
SRR P M AR RBEESRFART BT A RS
PR AR R BN R EEEN OB AF R DX R 2 f

bF R 5 8.5X10Ctorrps > #te B T i 3 A AL MR B R 5
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120354 480 B (% LR A L vk §F FE R A S Bz
WA i BRI A F MR F {3 L7 &7 B 36X10°
tONTPF B i be B A 4 5 T im 2 Fam kR A e im0 BB H
GRERRT S LMRES R R AL AR F teEAFES
SRR S BT AR R S DR EF BRF AR R
AP EDERSIED RS FERT ORI AR AEL )P

2L 2 . 3 a 2 2
o FEHMERMIFRIALZIBNKRE

ey, |
FACANEARE

B3.6 #zéE kst
Begg b - K&y Y AR B T R E 2 g ) w45 (spin coater)
R CRIEA (S > A B R RIFF R 0 % - B1600 rpmig b
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K% 3 o % 2 B 1800 rpmig 154 Rk e g T w % > g PR IET
B X3 ums £ % 3k § t4r 4y 80 R S fdr o B0k
Lkd o Bk SR R TR GE 2 B RIS o 03 B G RF- gl P-Y

FE T F FoRAC 0 2 (5 0UR R 1208 Bk AT 0 XU TS

A o] 03 47 1A B (S MR R D ARSI EIRA Y 0 £ e R

|

DRVANE R R LA

FR4

BP

PVC

Silver transmission line
Al,O,

Silver ground

FR4

YeBl3. 8477 0 g T 4E AR T 242 1 umengiitiFground
e - E A3 umE 0.43 unZ3) B B o - KA
0. Olmmenift 5og £ & % T HLen= A By sLmis » B (s g 115
FRAH (4 7 hdicd. 4> 5% 0.8mm) } & ki WY LA ME A

AP R E » BRSO RIEIB G e 2 Mo B o
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FEo HEA R 1/ Microwave office it #- s A(BP) & A 4
0.1mm@E » § 4R b & 5 1. Immz* B #5050 50 £ 2 HFSSH#2
54 A ACF AR S ASUMA o F B KT L H R R
AEHETERZ AT GE(11.62 13)2 EF % (5263. 1579 siemens/m)
BT HEO0RE TR B h e AT A kY 5 kR
TR R A TR E R AeB]S 10977 0 AR R B35

mﬁ"‘ %aqmﬁé*ﬁiﬁﬁ’ ‘i'\"'ﬁ’ﬁ’]‘ﬁ%’f@#ﬁ’fﬁ*nasﬁﬁg

=K

3

Measurement of Mocrosrip Line
—— Simulation of Mocrosrip Line

B3.9 HHEz £ Ry 32 S21 48
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3.2.4 Mok FE R ks A [21]

Bt ] (T2 B B T R A 4T R 2 e SE R &

B 2 pe¥ s 3 R (transition) 2 Wiltron 3860K 3 *

(UTF;universal test fixture) > 4] 3. 11 »

Mopgd - FREHERTLE T AAY

_—

it

LR

R

| 2

B A | S il g

2

wground#- > B Rl A

DIELECTRIC
FF SUBSTRATE SPACER RF
CONNECTOR '.E‘-.YEH STOP RODS LEVER  COMNECTOR BASE
|
Yoo
oy
R/
IS _: F
'g | 1
_r\_ml:_
L
B
LU
| °
i
H'_.?;I
;
i’
Hf \
."" | !
i —— i — [
/ 7 W l".
,r'..l '-.\. I.-'.l '.‘-.I 'I-
! il
FIXED JAWS SLIDING SLIDE OFFSET
CONNECTOR CONNEGTOR ROD BLOGCK
BLOCHK BLOCK
- 2
B13. 10 e dbdd ficF &3 % 7 & B
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BRI

3 FHARZR A

B3.13 i & B % ST R OB
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33 FEHREBAE
3.3.1 Xk it ik

PHILIPS X’PERT Pro MPD 2. X & ¥ &+ i% (X-ray Diffractometer> XRD) >
X %4 £EH 1.54058 A B 3. 15 X kREA|* B3 T nSiER T
Bedeid T3 L EHHEen 0 X kAN % £ S - kP eh

H WA SR E Gt ang i e B &S

e

Hpmg > F X KRB AE- T F&Ha FPE B bf2 Eifk2
ke L kR ERBEE S €8 R R g F 4 2 2 (Bragg's
law) 2dsin0=nA[22] 2@ d 5 fted B2 jEdt > L 5 » 5 X k2
#E 0 260 & HcH & (scattering.angle) -

Re& R KAt~ I o S BT Ay b BRI S
Frd PHELEAERRIDER  FALH LREF LR A
HFIF A JEEHT LA ERIZ AP HE B ERR R
BATGBCE A, 0 B E IR - B E F 0  EIRRCR eE
AR A PO CE U UL S S E At s R SR

Scherrer's formula[23] > #2.7% % 4 453 B -

o _ K
~ BcosO

D5 &d ]l oA 5 XRLE P3ASELFE 05 ML K
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EFHEGL 0.9 kP EHPIC L) THRBEHFE T2 £HS T

TR

B 3.14 X % 485tk
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3.3.28% Mk T 5 M4 (FE-SEM)
AP R A ¥ 2 FE-SEM % & foit H % #74% =2 JEOL

JSM-7000F ¥ » 4c®@] 3. 16 #71 o

#® 3. 15 JEOL- JSM-7000F 2. FE-SEM
EFRrEIf 3BT FH 3T R05~30kv)5mH % 5w+ &
(electronbeam) » £ SR A ST E = 2 /2.5 5nm ~ 10nm 07 F+ & -
FURBEEZ FRRBKRITTLF AT SR & Toa a3 g
TFREBFHR AT FF Tor T I A B HEALG RF ¢ IR
St il 2 pek A2 0 EELATH G T F BRI BRI

T F LT A A AR (CRT) . o @ 5 AL jfdre

o RPITE A SA G - K BB H B2 £

3.3.3 =+ * K8l (atomic force microscope, AFM ° Sl SPA300HV
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probe station : SP1 3800N)

B 4 BACE Bl A AR S AR MR R (A RS
CEETDEIEE b IS R BN EE o S e e S
REREGE TS HRER 2 AR D1 i B A
2T RGBS EREN ST Y G B RO

e B AR B BLIRATING Sk 0§ L E B 6% o0 S

i

«

PEF SRR LA sE o T g EA R BiE £
gtk et BB 2 Forg Saip 4 Wik ed b Fas?

o

:I‘vg— Z

NN

DFM #R 4 8 1 5§ F4F it Ferims > 2 ¢ e i FREF S

A ) A

MFM $5 & S Rt & B it B W3 e e > ki & 53
2Rl 5 R A R TR B R SIRY B AR X TR R
AAEFEEE FRT UESREA G EE DS T Ao

LEF BRI B AT LR Sentilion TR RE ML SRR A

B AR R R S BT SRR MR M2

Fhirs 2 (7 2R
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FERBMESA L ORI E RSB T AAF P FR T - K
o FP R S R RS O BRIk A Y FouAg AR T
B2 o F gcEzz wafer P o TR WY G o 2B EE
B 130 B % B A -k w AR b wafer b oo B R R EF B o I
FORTER AR (T g PR A A R a4 = H & & owafer

BT AFM 2R 0 F O R A AR € FIMOR M b n B ROTE % T

E]3 16 AFM‘E_ /P'J ,:“ s

3.3.4 ;8 = gLI¥F 4-(Four Point Probe)[24~27] 4 st
w BEIE AR E ORI E RS H_51954 #44Valdes BH L Ep L F
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ek

BPRT A BIFE P RB AR RT 2 RETR

(w
=3
1=
_L,s.
Gl
b
|

“ig & A 4T AL -

BB SRR A A LT ALY TAFEE L RRTR o A

Ik

BLIF 4S8 BIHTF PFL L% kelvin techniques o few BLIF &8 B P
BT RAFEST R BEG MED AL BB b LA/
R G IR TR~ B AST e~ 235 44T 2 erspreading resistance
FATIETAL PR ol d NUFTRFL DT REF L FET Y 0

FRERTARE ] FREF L R AT L A B

FEU A A E R A - 2 A1 (collinear) 25 5% » 4B 3. 18%1

F13. 17 % B EE2 » 845 457 £ F1[26]

- che BRSNS S 0 AT EERAD F o T BRRE R AR
@ B g 1 2Esemi-infinite > R P E R AR - B2 FFFUBE %
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A5 4k L4 o
i xEF=F1F2F3; 29 Fl S22 ER BT S8 F2 2325

w3 Sl F3 SIRAHAPEOTRE T F R iR T Sl o

t/s
Fu = 2 In{[sinh(t/s) ]/[sinh(t/2s) ] }
o In(2)

In(2) + In{[(D/s)? + 3]/[(D/s)? — 3] }
Fu=l/ (1 + Grgar) Graas) (maas) erars)

Fs2=1/(1 + (

(1+(2d/S)2)t/2) ((1+(d/S)2)t/2))

TRPE - B P BRI CNIFESFIERISs/2 P B G#F]

O
t/2
1 =
2An2
EL SN e KN RS ) DI
\%
p = 27sF (T)
P 3
tV \%
= —— = 4532t ~
An2 1

Tk K BLE P AN E KSR 0 - Z R B RFFRIE
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FERRRERERER RO R

3. 18 M8 & Bk ik

3.35 BEIEE P & 5

*F % % ¥/ BRUKER ER083(200/60) & #2485 » & 2E + v 2L§ 7|
gk TER A BES T TS > L3 E% X (MR ratio) - MR

T B IR T e BET BT IR T

R(H) — R(0)
0f = 1 0
MR% R(0) X 100%

R(H) 5 * S is PR R 1L 8 R(0) 5 & e HPF PR 2 i o

®3. 19 BRUKER ER083 T m4#
45



3.3.6 i A +7 ik (network analyzer)

Anritsu 37347A  vector Network Analyzerig it 2 47 1% > 2 Pl:E#F R
#E 5 ¥ jJK40MHz 3)20GHz > # f247 <4 ¥ 21600 2o & * 3. 5mm
BEF O fhAR 0 Kt A B P BB R2E N R EFAE T S Sl o

Shci NP FaRERT ZE AT ENTERAA IR S
FREEZ TR ATRT &3 A G5 - 2 % g (reference
signal) » ¥ — Z P& Bh(test signal) o axS11(F ) S21(F %) %
BcpF o B #p 7 5 (RF power)d 31 gz,,,J rNEED BRSSO E LS
7 & 4 fie B (power splitter)#-3u Bhxt F 354 4 - - H 7 S11 #2821
5 LB RIIRIEL o Bl GuE Fp 2
(DUT; device under test) > jt 3085 ¢ F]7 | 2. Fip|~ 2@ 5 % | 2 F b
FHEFEFTEHEAF o FIt s LR ~E 4 W] 48 & E (coupler) -
W2 TH MBI EBT o d ] B S11 RIENEL d B
2 B-diens S21 Bl EL o hogt ® (BS1] & S2] Sdice B RAEH S
2 ﬁi%J/\ FF o e IR W S22 BS12%-dk 0 FI T U Rgp Sl R

B p «Jfﬁ'%i'm‘f‘ /)é‘#gtf\‘ K%@*"%ﬁ %{Eﬂ@ m#f’irﬁii o
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aj sa b2

iy : -t 4 -
h‘ 'S'Tz qz

®13. 20 S%#[21]
Su = §|82:0 =1"1= reflection coefficient at port 1 with a,=0
Sa = E|az:0 =Ta1= transmission coefficient from port 1 to port 2 with a,=0
Su = Elalzo =1"2= reflection coefficient at port 2 with a;=0

Si2 = ?Ialzo =Ti2= transmission coefficient from port 2 to port 1 with a;=0

&I 811 or 521

] Reference
| Signal
—®H Syq or 512

T Test Signal

i

T Test Signal

X $22 or S12
T Reference

[ Extension 1 ! :
) ; Signal
(o]
. LO
Port 1 Port 2 Extension 2]
t Coupler Coupler
Power " Power
Splitter $ i . Splitter
> i I T
ﬁ DUT | 1 ‘
Attenuator O_I —0 Attenuator |
Port 1 Bias Port 2 Bias |
|
Port 1 Port 2 i
‘O i

RF Input 0——0

B13.21 v BB A7 &L A2 B [21]
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4.1 X % ¥t A ¥4

XK SR ek B TN AR E R AR R AT FEF

£ 180-220mtorr ~ 14 % 250-270 mtorr™ > 78] (¥ DR & Fds b R b

B H LT -

— Ag (350mtorr Ar gas)
6000

ey
‘®
=
@
£ 3000

04

I

20 40
20

Bl4.1 & 182 X-ray $E5447 ¥
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Intensity

Intensity

600

5004 Co (250-280 mtorr Ar gas)
400 -
300
200 -}
100 4
04
-100 4
1 i 1 i I i 1 i 1 M I M 1
30 40 50 60 70 80 90
20
Bl4. 2 454 %8 2 X-ray Ses+4p %

4000

% Co (250-280mtorr Ar gas)

X— Co (180-220mtorr Ar gas)

X

Bl4.3 7 e & § & 05 2T 4554 88 2 X-ray $Es4ip 2¥
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d B 4.1 422 4= %8 $55+ B2 {r Joint Committee on Powder
Diffraction Standards (JCPDS) 7 2 & i& (7 v+ #F » 424 38.121° 2
44,4020 B & 4 Heit > 45t 44.2290 2 515320 pF & 4 HEig o b 4p ke
RS R ¥ YL ERER £ RRCE SRR F Y
REME LRI IFL AR AMABMLAEA BT o

B AR ] > B MR 2 X3 AR MR T R AL R
%41 * Scherrer's formula % 3& & & & i ) aks 48 T 35k T & 0] 5 52t
PEREAARMAD Ty BR3I50mtorr g § £ 7RIk ks gk s T
3325 201 nme 4554 18 o e R 180-220 mtorr & F & AT ®E T ke
FRE kS T 3a% 33.04nm e A iEF R 250-280 miorr & F £ il iF

Uk s Wk S 5 14.54 nm e
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4.2 Z 3| #c¥ S S21 7 S m B £ B
RERHLYRS8 F A AR RIAE FRERSL ZAMT R
EH(ZAMA S RE- KR L d S P FRAE & A H ¢ )it
S215 EAEL o LRI R HA44 o 7 A& KA HT Rk 8 2

=4

g;}g;’;fg&fiza’\ T SR R = A

Measuremant of Z type Microstrip Line
Measurement of Z test Fixture
—8—Simulation of Z type Microstrip Line

o
T 21
~ |
(9]
w /
34
-4
| |
77—
0 2 4 6 8 10 12 14 16 18 20
freq (GHz)

Bl4.4 Z3 M M & 5 #03] - 2 2 H HFSSHiCH 2 S21 4-#c

4oBl4.5%77 > #-4532C0 14.54nm3 Kkt T s AR E AT R

HPpgeb pldxg > H3° =Y Sl @ﬁ%rﬁ’\/{%’(/ﬁtp"’]{ °
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-10 4

S21 (dB)

Z type test Fixture

12 4
@  Simulation of Z type Microstrip Line

14 4 —>— Measurement of Z type test Fixture with BP

Measurement of BP Doped with 10% Co Powder
£\ Measurement of BP Doped with 30% Co Powder
.18 _ _T:i’— Measurement of BF Doped with 50% Co Powder

-16 4

24— 77+

freq (GHz)

Bl14.5 %32 Co 14.54nm¥p =t 2. = 5o AS210 A & P 3% B)

T~
:
3
-

beBl4.6977 » #4%32.C033.04nm2 F B T LA R E

J’ﬂ%ﬁwWﬁ%’%*?@;g&@ﬁﬁim%&ﬁﬁ@o
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N ol
s q"ir'l""““m““ﬂ’l

N

-6 :‘ undoped BP

o] ey

-10 4

S21 (dB)

12 4

14 Z type test Fixture
{ =—B— Simulation of Z type Microstrip Line
-16 Measurement of Z type test Fixture with BP

.18 _ —/\— Measurement of BP Doped with 20% Co Powder

{1 = = Measurement of BP Doped with 40% Co Powder
-20 4

—r1T r 1 -~ 1 1 - 1~ 11T 1T 1T 1
c 2 4 6 8 10 12 14 16 18 20

freq (GHz)

B14.6 3% 32Co 33.04nmipf= st 2. = 5o AS210 A & P 3% B

P R B RIERY CFRG SR REFERSERESE
FALERAERT EEP 2P FTIRAF » RS2 5 g F A
ARL OUARANFAF E w3z f FH T RBRESR BHUFTE &
AR o B Beh AT A MR RRE S o A TR AT e
BA 77 » RERZFRE P LEAFRER % T §834%

BT 2 e AACE o
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IMF O GERAERG B 0 T THT SERIIBPA TS G b n
ARBY e T A F AR RN ground o 0 R S Y L bR &

Bipses = sl iv Rl £ BRI E BAE MBI T N2 Bl

c

Ppiwvt g o



E Field[Y_per_m

H 0583e+083

7422e+003

o

« 4260e+003
10994083
7937&+883
4776e+003
161%e+083
8Y453e+803
5292¢+003
2130e+003
896924003
5807e+083
2646e+083
48444002
3230e+002
1615e+002
6334e-003

B WO W R RN NG LW EE

AL

E=fw- T

ground

=
G
(@]
F_w.
Do
(S|
(o)
jom
N
5
L
|
s
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4oBld. 10977 > 5 S 00%ce* e fuT fe o ke 7 411 148mmz s
Booed ZRMEHERZ N MG AT el iR R TS § 4R
B et o 4 Fafralde o e 85 #4742 2 19GHzw % &-3dbru p 5 & F
FREFPN o WEBPRY AP A F R e SEE o AT o i 2 4
AR Tl GldeT S 4R R#(5263. 1579 siemens/m) - 4p it 4 R
#cs (11.6213) 0 2 A9z 2 ERlEcd S5 87 K3010GHz
Z FHEE BRSSPy 60 aAQBI0GHZ » FIBP /1 T Tl 4F
FEREEREH EREpRT B4 15 HRE L2 4T
B AEA AT (590, 0lmms AR BB 226008 &% A TR MK A
Foo Btz d b o ApRe S 43522 BPAOGHz s X -4dB i ¢

PR R o B Y KF MAEAFZ Bl R UEN S BENEL

T F AEAF L (BG3000m) H X ERA SESEE ER
RF BT+ AL L REFEMR)Z p iy A2 A A &5

ek deaonip 0 2 29, T8GHz2 (& FF ‘]’ﬁ -9dB 7} et v
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S21 (dB)

.10 4 —— Measurement of Microstrip Line %
| —m— Simulation of Microstrip Line kB Cp
-124 —o-— Simulation of Microstrip Line with BP |J| O(% e
» 1 Measurement of Microstrip Line with BP 5

freq (GHz2)

¥ 1)

-nn\

BI410 5 7k Ac¥ % = wa Bipl5 o2 S21%

S21 (dB)

-6 -
-8

-10 4

12 4

== Measurement of Microstrip Line wrlh Co film
4 = — Measurement of Microstrip Line with Teflon
-14 4 Measurement of Microstrip Line with BP
— T T T T T T T T T
0 4 5] 8 10 12 14 16 18 20
freq (GHz2)

Bl4.117 5058 ~ 48 4 3¢ ~ 1% 4= ’5%53_’7\ B P ¥ PR 2_S21 7 15 2 )
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431 34U M2 T 5 A2 e &

beBA.12 > #AE s EA I & AL B K B R R R T Bl
BB GlA0%4ETE R 2. T B AR L B R A 0 H =% % 35 2230%2
50%4245 882 ® S F A F 4 i PR T d MUE e 2L E R
2. B KB ET FOLHEHBREM 2R d AR RS 0] 31407 K

g R UL FRET O

,
Ik

SRURE 2SR § 8

@ﬁir;f] T AU GIARE o AT ABPAR R F A HiRIT 0 H T F T

N

b

(localized state)z_ j& & Hc g # ﬁE%ﬁL.}fﬁ,ﬁv m gl 0 Flm R IR o e
GBPY + 7 R M2 T @AY RE R etk O BRI KT
ZTo g ks RS REBIF T UG Kidz TR ER
Foowil s SR € ER g SEFFER 4o d W4 H F I o413 o
TRLAMT TRV LR B e B T LR FR ST
ARIETRE PHRBLTHA B AL A G ERIPL

TR AL HOLFR I FIRAAAS @ i ¥ LI 45 6 e -
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Measurement of Microstrip Line =—X==Measurement of BP Doped with 30% Ag Powder
— O — Measurement of Microstrip Line with BP =/\==Measurement of BP Doped with 40% Ag Powder
— Measurement of BP Doped with 10% Ag Powder — *  Measurement of BP Doped with 50% Ag Powder
—Measuremenli of BP Doped with 20% Ag Powder

S21 (dB)

D%
18.88 GHz
-8.14 dB

i
-
o

0] 2 4 6 8 10 12 14 16 18 20
freq (GHz)

B14.12 5 4 B R pcd Sz 32 3210% 1 50%4L 3 o s R 2 T 5 MAS217

% EL g 23
% R B
Measurement with BP
------- Measurement of BP Doped with 10% Ag Powder
0.0%10™ —0O— Measurement of BP Doped with 20% Ag Powder
: N #— Measurement of BP Doped with 30% Ag Powder
8.5x10™ -] —_— Measurement of BP Doped with 40% Ag Powder
8.0x10™ o+ wen.
7.5x10™
7.0x10™
= 6.5x10% - undoped BP
v AIX N
% 6.0x10™ ] 30%
— -4
> 5.65x107 1 O Ay T X T
=  5.0x10" 7 S50%
7 ]
e i
a 4.5x10™ 1
X 40x10"
3.5x10" ] 40%
3.0x10™ TR R I RIS IS I S
25x10™
2.0x10* . T . T . . v . v .
50 100 150 200 250 300

Temperature (K)

B4.13M B w BLE PRI B304 L bRz ¥ o iz Rk
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4.3.2 B3 bRt ssb M2 T s A2 ik £ R

H7 P IT 2 2 AR BT LT R R RS G B
2B AR o doB]4.14 5 433k 533.04nm Co 2 F £ B2 T
Ao EF B GIARE A R SOl 4 0 £ 2 I 3040%2 ¢ R B
4.39GHz -~ 6.46 GHz ~ 14.4 GHz ~ 17.89 GHz ~ 12 % 19.12 GHz ' $ #-
PT-7dB 7 B AF 4L 0 w9.79GHZ Y $ -9.57dB % 54T 4L o £7 2 1L fdcF]
415> w433 ic14.54nm Coz K £ /K2 T s A EFH R B4R
Ao de 0 B O e ABF B3 3033.04nm2 e A RS B R T S P AR
# 3230%2 * 7 M £4.64GHz ~ 6.6 GHz ~ 14.46 GHz ~ 14.46 GHz } #-
T-7dBen 5 £ 3545 0 £9.79GHz -9.37dB » 19.13GHz 7" 4 -9dz. 7 i
AL B 4p § 433240%33.04nm4s ks 2 T B Mok o § 48323 50%
ek { B ¥ 0 25.03GHz 14. 83 GHz® 4 -8dBz % 5354~ » 12.88

GHz} -9.8dB2 % #4F 4> 1/ % 10. 31 GHz & $ -11.31dB2 7 H4F 4 -
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— Measurement of Microstrip Line

o Measurement of Microstrip Line with BP
Measurement of BP Doped with 20% Co Powder

== == Measurement of BP Doped with 40% Co Powder

S21 (dB)
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-~

v 5. 8217 15 £ PR

Measurement of Microstrip Line
o Measurement of Microstrip Line with BP
— © — Measurement of BP Doped with 10% Co Powder
a4 — Measurement of BP Doped with 30% Co Powder
Measurement of BP Doped with 50% Co Powder
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18 20
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Measurement with BP
. —0— Measurement of BP Doped with 20% Co Powder
6.6x10™ X— Measurement of BP Doped with 40% Co Powder
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Measurement with BP
-------- Measurement of BP Doped with 10% Co Powder
O Measurement of BP Doped with 30% Co Powder

T Measurement of BP Doped with 50% Co Powder
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S21 (dB)

MR %

A~ Measurement of BP Doped with 40% Ag Powder
"""" Measurement of BP Doped with 50% Ag Powder
— * — Measurement of BP Doped with 40% Co Powder(30.04nm)

X Measurement of BP Doped with 30% Co Powder(14.54nm)

24 Measurement of BP Doped with 50% Co Powder(14.54nm)
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sresees Measurement of Microstrip Line

———— Measurement of Microstrip Line with BF
Measurement of Microstrip Line with BF (3000Gause)

== == Measurement of Microstrip Line with BP (4800Gause)
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Measurement of Microstrip Line with BP (position1)
oo Measurement of Microstrip Line with BP (position2)
D_%‘ — *— Measurement of Microstrip Line with BP (position3)
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—— Measurement of Microstrip Line with BP
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