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Major Field : Electrical Engineering
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Abstract

This thesis presents an improved bandpass filters using L-Shape folded resonators to
achieve a small size for the IMT-2000 band application. The transmission zeros at upper
frequency at the center frequencies of 1.95 can be adjusted. The improve-folded and cross-
coupled structures have been used. The full-wave IE3D program has been employed to simulate
the proposed filter. The simulation results of the improved bandpass filters using L-Shape folded
resonators include a return loss about (-20 dB) and an insertion loss about (-2.53 dB), while the
measured results have a return loss about (-17.23 dB), a low passband insertion loss about (-3.53
dB) at center frequency of 1.95 GHz with a bandwidth of 60 MHz, and harmonic suppression of
—25 dB at 3.68 GHz. It has been found that the measured results are in closed agreement with
simulation. This work can be potentially applied and developed for microwave intergrated
circuits.

(Total 75 pages)

Keyword : Bandpass filters, Resonator, Transmission zeros
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1 Cp WummisuaugnnavunnuEuaiseINgasl taznsnamay a9

=).

Tag

C,=¢e,W/h (2-38)

1 ' I 1 a s A 9) ] I~ 4 A
azn C/, tae Cf Lﬂummﬂwgmumﬁm@mﬂmumwmﬁmmmmaﬂ"lﬁhﬁwEnsnmq

9 o 9 a Ay 1 a @ e ' s L A1 g
et luusnan hinamsiddasedauysel delinuiu
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&
2C, =—+"— 2-39
=7 —C (2-39)

¢ p

: C
C,= ! (2-40)
* 1+ A(h/s)tanh(8s/ h)

Taeh

A =exp[-0.1exp(2.33 - 2.53W / h)]

[ d' = a c’d‘ A dgl A d‘ 9 U dy [ Y 1
GLUET’JH"U?NI‘JJ@?] i]giJ?nﬂWﬂW%LLG]u%VILWNﬂJHNWHQﬂLWH’E’Jiﬂﬂ‘l/]llﬂﬂﬁ'l’nﬂu au‘lmm

1 a 4 ' a(a a 4?’ A g ad a o I ad a
manhguaugszrinvaasilinavuanznsu lasaansaduaasnilu laddnnsa (C,)

1 I ad a $
wazluanznsiomeiuladidaansa (C,,) Fsaunsamidng

d
8 T s’h g

”

0.02
C :%ln[coth[ﬁj}-o.&c/l: Ve 1} (2-41)

i C,, aunsannsanldnindnvae Inssadeansdse s #3e (Coplanar Strip) L

o 1 Aa (a Y .. . Y
naaslumenvesonsiaudatanilantu (Elliptic function) 92 1A

K(k')
= 2-42 N
8ga 80 K(k) ( )
T d‘ 1 v 1 K(k') =W 1 v
AYNADATITIUUDI ———= UAUNIND
K (k)
LN PRV for 0<k?<0.5
ki) |” 1-k'
sl Sl A 2-42 %
Kk) |—F— for 05<k*<1 (2-42)
1+\/%
Inf 2~ VX
1-k

1 ) oA a 1 a 1w 1
Tasmmthduaugnn ldsziinnuranainlainu 3% aeldasasaiuves (W/h)
581102 D92 (0.2<W/h<2) uazmeasidauued s/h IA10gsznang 0.05 092

(0.05 < s/ h < 2) uazansii ladidaniadeounnnii 1 (g.>1)
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[

1A o A 1 4 ad Aa o o o [ 1
2.4.2 ﬂTﬂﬂJﬁLlﬂu“ﬂﬂﬂ!ﬁNﬂﬁ LlagWaﬂﬁg‘ﬂUﬂ']ﬂ\iﬁulﬂ’E]Laﬂﬂiﬂﬁﬂwu‘ﬁﬁ']ﬁﬁﬂii]ﬂﬂlmz

D

T a A J o Y] 1 =y Y1 a o A o ] 1
moufiuaudd1suIuaguaza vz lamduiinaudauautiadmsuluag (Z,) waz

o [y 4 [ Y] 4 @
dmfuluad (Z_ ) annsaeuanuduiug Tadaauns [10]

Z. =(cJC§Ce )_1 (2-43 1)
z, =(eyaic,) (2-43 )

{1 [ 1 a s a 4 1 1% Qy a 1
Tagiiar C nay C* iluamihduausinayuszninmsaliavesaaiilluluag uas
= A <3| o’/’ ad a 1 -} 0’1’
Tuad awday Fatlemedludu ladianniaszriaunudnimages
1 1 { adg a o o I 1 !
Tuduvesnansznumasi ladanniaduiiugluluag (¢2) wazluaf () amisn

a 9 1 a I a dg’ o’/’ v
wmﬁmw"lﬂ%1ﬂﬂm11stmwnmﬂmucluimuuq ANTTUNIT
e =C,/C; (2-44 n)
e =C /C (2-44 %)

& A ad a @ o 0'09; 1 A a 9 A =
“]Nﬂ?ﬂ\?'ﬂllﬂ@Laﬂﬂiﬂﬁi\lwu‘ﬁﬂﬁﬁlujﬂﬂﬂ LLﬁSINﬂﬂ%3'1/‘!fﬂ?ﬁﬂl?ﬂ?ﬂﬂWiﬂﬁ%NWﬂlﬁlUﬂiﬂlﬂlliJJJ

MSUNINTZA0ONVBIAAYN AT I8DLIDEA AIEUAITN [10]

—ab
gffg"; 1+8’2_1[1+10} (2-45)
1%

v_u(20+g2)
10+g°

4 2 3
a, :1+L In w +L In 1.{.(‘})
49 v +0.432 18.7 18.1

0 9 0.053
be=0.564[‘9r_'}

+gexp(-g)

e +3
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A A S)dy = a [ T A 1 1

Wo u=w/huwag g=s/h A lataziianuAanaln lunuy 0.7% 11ne u UMoYITHIN
1 1 [ 1 1 H aad a

0.1 9410 (0.1<u<10), A1 g A1083311190.1 9910 (0.1 < g < 10) uazAngi ladiannin

Ufegiznin 1 e 18 (1< e <18)

u

el =¢,+0.5(¢, +)—¢,,+a, | exp[—cogdo ] (2-46)

1iie a,=0.7287[¢,,~0.5(s, +1)|[1-exp(=0.179u)]

b _0.747¢,
’ 0.15+¢,

¢, =b,—(b,—0.207) exp(-0.414u)
d,=0.593+0.694 exp(—0.5261)

£ 1 ~ ad a [ v a o @ = A (A
%Qﬂ?ﬂﬂﬂqﬂﬂlaﬂﬂiﬂﬁﬂwu‘ﬁ (é‘re) ﬁ]g‘W’ﬂTiilﬂﬁﬂﬂﬁ?ﬂl!Tﬁiyiy,TillLﬂﬂlﬂJu]liJIﬂiﬁ@ﬁ‘]JTlﬂJﬂ’J"ﬁJ

9 I ' a o ) [ 1 A adg a o o J d'dy
mmﬂu WIﬂﬂﬂ'lﬂ’)'lllF\IﬂWﬁ'lﬂ"l]'lﬂﬂ'liﬂ'lu')mﬁ"l’ﬂ5°Uﬂ1?]\1Wqﬂﬂlaﬂﬂiﬂﬁhwuﬁiuiﬂﬂﬂu kb4

IS

nanlaihn 0.5%
L) [ 1a A 4 A J = a 9 A
dmsuamouiinausguautialuluag uazTuan cunsannsanldanaunsi (2.47)
= a1 A [ 1a o o ' A 1 ' =
Faaziiaranatalumsna lumy 0.6% §1ium ¢ Megsznang 0.1 53 10 (0.1<u<10),

1 1 1 1 { 3 ad a
Az g 9gITnIN0.1 8410 (0.1 < g< 10) uazarnsnvestu lasiannia

He1egszrdnn 18918 (1< e <18)

U

AN
c gle gre (2_47)

g :1—(ZCQ4 £, )1377

ce

1 I 1T A o vAa o @ { a §
Taga1 ¢ umdniinaudauautiavesmnidyaranaeivulassaielulnsansUnd

anunavesaasiidu w laeh

0,=0.8685u"""
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Q,=1+0.7519g+0.189g>"'

0,=0.1975+[16.6+(8.4/g)° |~ + Ly g
=V. . . —mn| —
3 & 241 | 1+(g /3.4)°

20, 1
O, u% exp(-g)+[2—exp(-g)Ju

0,=

5 o~ ZNElE
“ 12,045, )/377

(2-48)

0.638
g+0.517g**%

0,=1.794+1.14In {1

0,=0.2305+ In[ 1+0.598g"'** |

1
281.3 L+(g/5 8)10} 5.1

10+190g>
O = on s
1+82.3¢g

Q,=exp| —6.5-0.95In(g)—(g /0.15)" |

0,=In(0,)(0,+1/16.5)

0,p=0, gs eXP[QiIQZ(u)}

2

¢ ' a
2.5 W\Tﬂ“ﬂuﬂ]iﬂ1ﬂiﬂum@ﬁ33%5ﬂ5@3ﬂ31u0

2.5.1 tienuTaenall

Y Y 1 [] 9 I a
‘V\I\‘Iﬂ“]ﬂ!ﬂ'lﬁli’[‘]u"ll@\?Iﬂi\ﬁl'lﬁlﬂ]\‘ﬁ]iﬂﬁﬁ]\‘ulﬂﬂﬁf]\i‘l/]'l\ilfll'l'f)'ﬁ]ﬂ[10] L‘]Juﬂ'li’f]‘ﬁ‘]ﬂﬁl‘l/]'NﬁMﬂ'li

a 4 (% ] § a oA 1
ﬂmmmammmﬂmaﬂymzmmauauaﬂmwm %Qﬂﬁﬂ ﬁ'llﬂ'liﬂm@ﬁ1ﬁ¢]i‘ﬁuﬁﬂﬁﬂ'l

d @ 1 o w = A A 1=
U S21 ﬂli!?ﬂﬂlﬁ]\i‘ﬂ\‘lﬂ‘]fuﬂ'lﬂiﬂuﬂﬂﬂ1ﬁ\1ﬁ€]\iﬂ]'ﬁ]\ﬂ\1ﬁ]iﬂiﬂ\‘]ﬂ’ﬂhﬂLL‘]J“IJW'I@'GB‘V\I'I/]lliJiJﬂ1§

= o <3|
qayde gniviuaiiu
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2 1
‘SZI (]Q)‘ =m (2'49)

n
A A ' A Qy . A o do [
e & A9 AIAINAUNTI (Ripple Constant), F, (Q) Ao TATUAMANHUZYDII9DT
' v Y v

asoaaz Q  Ae dwtlsanwd luntzdmuald Q  unudnnlsanudlumiesfeu
1A ~ 9 1 ° . £~ A o A
ABIUINUBDINITNIDIAULVUNIUA(Lowpass Prototype Filter) FnNudAND NN Q=0Q,
o Q=1 15AsuaAp U

o @ [ { [ § < a . . .

dmsulagannen linlasuulasmunamazduFudundy (Linear-time Invariant

Networks) HlafFuoTouonasydonlugvesiledduassnos [10] 10l
Syu(p)=—"—= (2-50)

e N(p)uazD(p) fe Inadludivavesdwmlsarudmedeu p=o+ jQdmsy
Tassnemadn ilimsgapde o =0uaz p=jQ

A ' 2 A ' Y
AINFUNIN (2-4 N) ﬁ'lll"liﬂ‘ﬁ'lﬂ"lﬂ']iZ;ffglffﬂlu@ﬁfmﬂﬂ"liclﬁllﬂiﬂsll’f)\n\‘lﬂiﬂiﬂﬂ "lmﬂu

1
L, (Q)=10log——dB (2-51)
A ( ) ‘SZI (]Q)‘Z

=

4 2 2 0w ' iy
o [, [ +[S,,| =1 dwmiulasenemadvi liiimsqapds magade

o

dounduund1995nInd Ao 1d lasldauns -4 v) a2ld

L, (@) =10log| 1-[S,, ()" |d (2-52)

MINUAUDIMUNTUD9I995nT 09 mmsnm”lcfw’%m
0, =285, (jQ) (2-53)
HAZMIADUAUBINITHUINIAINGN(Group Delay) Y01 Insagamnsadialden

_do,, (Q)
—-dQ

7,(Q) (2-54)
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4 ] 1< 1 I = 1A
o @, (Q) Umbedumfey waz Q Ivvudly 5iheu de T
2.5.2 Tnauag® Isuuss g dou
{ a Jd v J 1 )
seu (o,Q) Nfewvesilsddunisleunssnes[10]  Send1 szuudedou vie
Y
52U p(p— plane) UAUUBUVBITTUIVIFTENTIAUITINTBUNY O UASHAUAITENTUINY
a A . 1 A v = A As Jo 1 ~
IamnKIoLNY jQ  Awed p  NlanFunaedugud Ae Flsvesilandu mueap N
7o < v o Yy v & ' <
lanFunareilueiud e reng1u(Ina)vosilendu Auiuglsves S, (p) lusinves
I ' { I { a
iwe N (p) uazlwaves S, (p) Wusinvesdn D(p) lasilnaszilunnudsssumna

= a 9 A = a a
YDINITNTOI KINAADUTUDIDTU1UAIY S21 (p) TunsaiNI9INTOUADYS AWDTITUHA

=X 9

ADIDEYATINVDITZUIY p NIDOYUUUNUTUAN TN Hlidunfivziliiiamseeadaian
Goulunudu 11800 Tas svronmmadl Lﬁmmﬂmqf D(p) dlulwdlwiiva
Hurwitz fisinvesdineazegdudnovnsssiny p nieeguuuny jQ A
2,53 HANDUAUDIVBINIINTDIANNA LT AADTIITN
A o

d o 1 o w % sad
"ULHWU’EN‘WQﬂG]fuﬂ181®uﬂﬂﬂ1ﬁ\1ﬁ®\‘]"u®\ﬂ\ﬁ]§ﬂﬁ@\‘ilL“lJ‘lJ‘lJG]m’fJiL’Ji'ﬂ 'I/]llﬂ?’s;fil{!!ﬁﬁ] U

. , : o &
iWesnnmsldunsn L, =3.01 dB aanudaneed Q=1 eunsodiouldiiu

2 1
‘SZ] (]Q)‘ = l_I_QZn (2_55)
A A A A A v v A & ) v o J a
e 7 AB ANTHIVBUAVUBINAITNTBIANND FI9ZADAATDINUIIUIUDIAYTZNOVTUANIN
NADIN3 12995 n509AUUVVAIUAT (Lowpass Prototype Filter) N13A0UAUOIUDIINITNTO
a dyc:»’ A Ax ~ A 1 o w @ 1
siatiurianumMIneuaueILTeUIANga M51zNvAgnMasaeilangunig ol
{ o 1 4 { 4 4
aumsi (2-55) TS mauvesrmguigegan (2n-1) o Q=0  uazzanauile Q 1Whlnd
Ao @ ~ ~ = o Jdao J
anudmeol Q Awaadlumni 2-5 1naumsi (2-55) esnsaesuilanduaisTou[10]

&5

Sy (P) == (2-56)

A
o

_ {(21'—1);[}
pi=JeXp| ————— (2-57)
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1 o [ A A o 1 5 1 a 1 o’/’ § o 4
Taglitdwmuave s Isnmannanuam lasmmiauaazinad 1TNvuanelua uag

fwaulna p aeguunnawnilamizensznuddieiyuae 139 |p|=1 uagyuveq

p,=(2i-1)7/2n WEAIRIN WA 2-6

)
2
<
—
L, L._._._
| —_
Q. Q

sad

MNN 2-5 HARDUAUBIHIUAITANDTIITN

Qv

aE

Y ) [ &7 dad
ﬂTV‘Iﬁ 2-6 ﬂ15ﬂ5$i]'lEJGIJ@QIWﬁﬁ"lTiiﬂﬂﬁﬁﬁl‘ﬂﬁu?NLL‘]J‘]J‘]JG]LG]?J?L'J?V]

2.5.4 HANDUAUDIVDINATNTDIANUDLU L TIsH
E4 H
MIADUAUDUV VBTSN [10] VLUFAIDIANUNA WD VR UTININ LA TANT 1Y

= A ' 4 A J o 1 o w
Feunigalugianurgagauaadlunini2-7 Tasvuiavesilandunisnis Teusningg

aoN ﬁgﬂuuuwammauaummﬂ

RN 1
‘SZl (]Q)‘ = 1+€2T2 (Q) (2'58)

4 1 4 g [} [} v 1 Qy 1
WOMAINANUNED € UANUFURUTOUAIANUNAMDUHIY L, dB lag
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L,
e=\10" -1 (2-59)

o o ~ v o t o
7,(Q) Aoiladguamluvuusnvesduan n Fadvualdon

cos(n cos™’ Q) |Q| <1
T (Q)= (2-60)
() cosh(ncosh’IQ) |Q|21

Y v v v
Fa1Tu 2993509 Idnnaumsn (2-58) Taena li5end1 29a3nsousimm

L.(dB) 4 0dB
/ ,]r 3 dB
BW
LAR

Q. e

MNN 2-7 HARDVAUDINIUA WL UIY LIy

v v M ¢
2.6 3993N3IAHIVVENUA WAz 0I5 nB Y
@ 4 d' d‘ d' o Y I d v [ [l ~ 1 v 9 ~
MIFUATIZHITNTINUDe N 1T ulanyuaie lou egnanna lurinven
1 a d' Y ~ 1 Y ] (; 9 ] c;
fun Undran 1d 9258091 29930T9IAULVVAIUAT [10] 1995NTOIAULLVFTUAT
o ° a3 ' o A1 P P s A o
Tagna llgnimuailuicsnsesiudiiaiesalsznougnuesuoa ladieildanu
9 A o o [ [ = [ Y o [ o 9 d‘w =\
AUMUMIoMIIHaIIBUA NN 1 Taglsdydnyaiunudis g, =1 uazanudanoowil
1 Y [ [ 4 @ 1 Y] 1
Awmny 1 Taelddydnuaiunudts Q. =1 (rad/s) #10619 uaAIRININD 2-8
2.6.1 MWITNIVIRULVUF UG AMOTATN
o [ o Jdad A 9 1 (; ~ ~ A o Y 1
AMTUTANDTITNUTDIINTDIAUIUDHIUANLUUITIDINAge  NilanduneTou

A3 (2.55) Taenanugadaiiesninmslaunsn L, =3.01 dB ianuddneed Q. =1

1 4 a { o
MR TLNPUDNBIUMINN 2-8 [10] Mudarld Iag
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g, =10
. (2i—1)7r .
g, =2sin| —— fori=1ton (2-61)
2n
gn+l :10

MIMUIUSUAVVDI29T NIDIRULDUFIUG TS SN Undtrualialaanouang

FRuougadga L, dB 1 Q=0 dmiu Q >1

. log(10%"+ —1)

2-62
2logQ, (262

&y
81 Wie & Z8wm

(n rﬂumﬂl@:) __(n L‘ﬂmamﬁ‘)

(n)

& &3 &,
& ng Tgn &1 Wio %gnﬂ

(n duavg) (n Tuavd)

V)

MW 2-8 19TNTIRUIDDRIUAEMTUTNTeIN Tna (n) Tsead1aeesiie

ula () Tnssadesiegaiiou
9 ! ° =
2.6.2 1v3NTOAUDDRIUA M DasH
) v Y ' o = = J v 1 A '
dmsuresnsesduuuuiudusiiod [10]  TiledduanieToumuaumsi (2-58) m

s o [ 1 9 A A o Y @ dy
o9Aldsenoud sy laseuiegesmaeeniuaasluning 2-8 ﬂ'luﬂﬂliﬂﬂcl%ilﬁiﬂqu

g, =10 (2-63 1)
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2 . (x
g, =—sin| — (2-63 %)
4 2n
! 4sin[(212_1)ﬁ}sin [WT}
g = 1 1 1 fori=2,3,...,n (2-63 A1)
8-l 7/2 +sin’ {(1_ )7[}
n
1.0 for n odd
Enut = coth® (gj for n even
e f=1In coth( Ly, )
17.37

_sinh[ £
}/—Slnh(2nj

MIMUIUMIADUAVYD 1993 NT0Id UuU VUM VoI Ty ansadiulaldain

=

= 4 A 2 1 A o 1
AU (2-64) tio L, Ao manuwawauluniie dB, L, Ao Aaanounmngauedsd

0.1L 51
cosh™', fLO —
107 "
nz
cosh™ Q,

v ] 4 4
Taganangegavesmsnszionvesdulszansaztounay annsom lavinaiduilszans

woungaNn Q=0

(2-64)

9 @ 1 a 91
ﬂ"liﬁ%ﬂ’fJUﬂﬁUGluﬂu’Jﬂ"Uﬂ\i!ﬂ“m‘Uﬁ llﬂ’ﬂ
L, =-10log 1-10"'" | (2-65)

[} < 1 { 4 [ a = Y
’E'JEJNllifWHlI ’E'Jﬁ]?ﬂll'liﬂ?ﬂﬂ1ﬂ\1ﬁ6116\1ﬂ’liﬂi%!ﬁﬂﬂgﬁq’ﬂﬂl@ﬂﬁ'llﬂigﬁ‘l/]‘ﬁﬂ1i’ﬁ$‘1/]ﬂu

A1 1A 1NAEATIAINUTIAUAAUI (Voltage Standing Wave Ratio, VSWR) 1031

1+[S,,|
1-S,,|

VSWR= (2-66)
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(2-67)

2
L, =—10log 1_(VSWR_IJ
VSWR+1

ﬁ?ﬁ%ﬂﬂﬁllﬂﬂﬁ%?ﬂﬁﬁﬁ@ﬂﬁu@ﬁﬂlﬂﬁﬁﬂllﬂiﬂNﬁHUﬂ’ﬂhaﬂifN tazaNudaneon 910

NITNTOIANNDAHIUGHNAND U AUBIVDIIIITNTBIANNDAUIDY amnsoulas]dn

=Sk | @ o (2-68)
FBW| 0w, o

' I [ 1 [ {1 @ !
TaoA1 Fractional Bandwidth (FBW ) 11Udas1du09%900UANNARNIUALAIIND
-4

1 1 [ ) 1 { o o
AUINaN aIUM @, Lag , L[]Jugnllwu\isll@\iﬂ'JTNaﬂV]ﬂ@V\lﬂ1Qﬁ)1uﬁ'l LLaz‘VINﬁ}mgN

ANAINL
FBW=w,-o, (2-69 N)

Wy =~] 0, (2-69 )

, .
2.7 ssndszneunazmsutasnnud

Tur e niuns IaN15 81199505 09AULUVFMIUANANUA UMY HT ANV

1 U 1 4 4 { o a A i 14 1
unasniefiuesuua lad g, =1 wazanudanoe Q=1 lumalfiaaesnilsezneutazan
o A v ] 9 o < A&
AUANEAZNNAMND lAnnesnsesiudunuy Taeinmsuilasesnlsenouuazanudaa
9
awldesieludiuil
A 09/' = U Qy ~ . A

M3udasnnudV1ATI91958n21 MIuuTen1ud(Frequency Mapping) fio Msuu

nanoUauousUHanUauasu D luiesnsesnnudAuUURIuaT Heglugl Tamwu
[ { % a va [} 3

Y09 Q TdaTamunaunnud o s lumaljiananeuaussisesnses iziuices
NIOIFIUAT, NIINTOINIUEY, WITNTDINIUUDY 1AZNIINIOIDUNYAYNLAAINITHI A

~ =\ 1 4 a o’/’ 1 (= 1 4 9
ANV inanoeRYszReUIUAMNI AL MitinaneosAdsznEUANNAIUNIY

dy Qy A o a 4 . 4

wennnimsuulemediuniud  simsanasuiiuaus (Impedance Scaling) 1o
0 q ¥ ¢ . o & S o Y o 1
Mmlvnmsudasesnsenoy (Element Transformation) du3v lumseanariusududesiim
g, =1  eonnnNaInsesnaziimsamanazlsuesnseae Tninudmsuamouves

a 4 1 1 % o
DUNLAUFLHAIDY (Source Impedance) Lmuﬁ'w Zo 3J°L!%gﬁzﬂﬂﬂﬁniWﬂ'lﬁuﬂﬂﬁﬁlﬂﬁ
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a o o &
sutaugalszney y, 1

) o I 1 Y
{Zo/go sy g, Wumanuaiumu
0 =

g/%, dmsy g, Wudwnui (2-70)

4 = 4 o [ J
1o Y, =1/Z, A9 LOANALAUFUNEI91Y (Source Admittance) lUNANNT Uszgnamsemna

a A J o ] Y
@NWLlﬂumﬂﬂjﬂﬁx‘l‘lﬂﬂﬂﬂ‘ﬂiﬂi@ﬂlflﬂL‘l]l!

L—yL

C —Cly, (2-71)
R —>y,R

G —>Gly,

Taglitinanogisunanouaued
<3| ) ) o J Il o
¥ g dumewia q N dwmSvesrdseaevireesnsesduuuuriudrlumsuiag
L4 ~ 1 1 Ié’ @ A 4
panlszney Agnan mign g g bivunumsulasanud msudasesadsznouanu

UM 95U IFIAV0999I0T 09

R=y.,g MU g Lmﬂﬂugﬂmméfmmu (2.72 n)
G=g/ly, @iy g naadlugilanui (2.72 %)
2.7.1 Mauaga9inserIum
A 9y 1 ° Y] ] o A A o A
msutasnnudnniesdunuuriud llfasnsesiudindanudaneovn @, VY

Uy @ annsoulasld

Q=|— |w (2-73)
[0)

c

A a a J Y
AINFUNITN (2-71) ICHTWTONNADUWLUAULAN 9 "lmﬂu

Q(’ o % g d’ o
L=|—"1y,g amsy guﬁﬂﬂugﬂmmumm (2.74 )

c
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Q. . o
C= g/y, dmiy guﬁﬂﬂugﬂmmuﬂizq (2.74 )
w

c

$ { 3 s
Famni 2-9 iuTaseadamsnasessdszney

C

Vo8

a J dy 9 ' o [ ] °
MNN 2-9 fﬂﬁllﬂﬁ\iﬂ\iﬂ‘ﬂi3ﬂf]UW’Hijlliﬂﬂ’Nﬁ]iﬂi@\WlULL‘]J‘]JNWMGHVhJEN'J\‘lﬂiﬂifNWTL!GH

2.7.2 M5u1aan99INIBIEIULDY
aq ¥ 9 ' o = = '
ANYA THIDTNTDIAUUVUAIUA HnanouauoInNudNMIuaudu99InToIrHIL

! A A A ' ~ < A
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Data Sheet
1.3000

RO3000" Series High Frequency Circuit Materials

Features and Benefits:

- Low dielectric loss for high frequency
performance (RO3003). Laminate can be
used in applications up to 30-40 GHz.

* Excellent mechanical properties versus
temperature for reliable stripline and
multilayer board constructions,

* Uniform mechanical properties for a range of
dielectric constants. Ideal for multilayer board
designs with a range of dielectric constants.
Suitable for use with epoxy glass multiayer
board hybrid designs.

Stable dielectric constant versus temperature
and frequency for RO3003. Ideal for band
pass filters, microstrip patch antennas, and
voltage controlled oscillators.

Low in-plane expansion coefficient (matched
to copper). Allows for more reliable suface
mounted assemblies. Ideal for applications
sensitive to temperature change and
excellent dimensional stability.

+ Volume manufacturing process for
‘economical laminate pricing,

Typical Applications:

+ Automotive Colision Avoidance Systems

+ Automotive Global Positioning Satellite
Antennas

+ Cellular and Pager Telecommunications
Systems

» Patch Antennas for Wireless Communications

« Direct Broadcast Satellites

+ Datalink on Cable Systems

+ Remote Meter.Readers

* Power Backplanes

RO3000* High Frequency Circuit Materials are
ceramic- filed PTFE composites intended for use in
commercial microwave and RF applications. This
family of products was designed to offer exceptional
electrical and mechanical stability at competitive
prices.

RO3000" series laminates are PTFE-based circuit
materials with mechanical properties that are
consistant regardless of the dielectric constant
selected. This allows the designer to develop
multilayer board designs that use different dielectric
constant materials for individual layers, without
encountering warpage or reliability problems.

The dielectric constant versus temperature of
RO3000 series materials is very stable (Charts 1 and
2). These materials exhibit a coefficient of thermal
expansion (CTE) in the X and Y axis of 17 ppm/°C.
This expansion coefficient is matched to that of
copper, which allows the material to exhibit
excellent dimensional stability, with typical etch
shrinkage (after etch and bake) of less than 0.5 mils
perinch. The Z-axis CTE is 24 ppm/ C, which provides
exceptional plated through-hole reliability, even in
severe thermal environments.

RO3000" series laminates can be fabricated into
printed circuit boards using standard PTFE circuit
board processing techniques, with minor
modifications as described in the application note
"Fabrication Guidelines for RO3000° Series High
Frequency Circuit Materials.”

Available claddings are ¥, 1 or 2 oz./ft? (17, 35, 70
um thick) electrodeposited copper foil.

RO3000* laminates are manufactured under an 15O
9002 certified system.

The world runs better with Rogers.™



The data in Chart 1 demon-
strates the excellent stability of
dielectric constant over
temperature for RO3003°
laminates, including the
elimination of the step change
in dielectric constant, which
_occurs near room temperature
with PTFE glass materials.

The data in Chart 2 shows the
change in dielectric constant
vs. temperature for RO3006*
and RO3010* laminates. These
materials exhibit significant
‘improvement in temperature
stability of dielectric constant
when compared to other high
dielectric constant PTFE
laminates.

Chart 3 demonstrates the
stability of dielectric constant
for RO3000" series products
over frequency. This stability
simplifies the design of broad-
band components as well as
allowing the materials to be
used in a wide range of
applications over a very broad
range of frequencies.

Chart 1: RO3003" Laminate Dielectric Constant vs. Temperature
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Chart 3: Dielectric Constant vs. Frequency for RO3000° Series Laminate
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The data in Charts 1, 2 and 3 was produced using a modified IPC-TM-650, 2.5.5.5 method. For additional information request Rogers

T.R. 5156 and T.M. 4924
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Typical Values RO3000° Series High Frequency Laminates

PROPERTY TYPICAL VALUE ™ DIRECTION unit CONDITION TEST METHOD
RO3003 RO3006 | RO3010
Dielectric Constant g, | 3.00£0.04% 6.15:0.15|10.2:0.30 1 . 10GHz 23°C IPC-TM-B50
2555
Dissipation Factor 0.0013 0.0020 | 0.0023 i . 10GHz 23°C IPC-TM-650
2555
Thermal Coefflicient 13 -160 -280 z ppm/*C 10GHz 0-100°C IPC-TM-650
of g, 2.55.5
Dimensional Stability 05 0.5 0.5 XY mm/m COND A ASTM D257
Volume Resistivity 10 o 0 MQ=cm COND A IPC 25171
Surface Resistivity 107 10 10 M COND A IPC 25171
Tensile Modulus 2068 2068 2068 XY MPa 23 G ASTM D638
(300) (300) (300) (kpsi)
Water Absorption <01 <01 <01 - % D24/23 IPC-TM-650
2.6.2.1
Specific Heat 0.93 0.93 0.93 Jig/k Calculated
(0.22) (0.22) (0.22) (BTU/Ib/*F)
Thermal Conductivity 0.50 061 0.66 - W/m/K 100°C ASTM C518
Coefiicient of Thermal 17 17 17 xy ppm/°C -55to 288°C ASTM D3386-94
Expansion 24 24 24 1
Td 500 500 500 *C1GA ASTM D 3850
Color Tan Tan Off White
Density 2.1 26 30 gmicm?
Copper Peel Strength kA 2] 24 N/mm Aller solder IPC-TM-2.4.8
(17.6) (12.2) (13.4) (Ib/in) float
Flammability 94Vv-0 94v-0 94v-0 uL
Lead-Free Process
Compatible Yes Yes Yes

(1) References: Internal TR's 1430, 2224, 2854. Tests at 23°C unless othenwise noted. Typical values should not be used for specification
limits.

(2) The nominal dielectric constant of an 0.060" thick RO3003" laminate as measured by the IPC-TM-650. 2.5.5.5 will be 3.02. due to
the elimination of biasing caused by air gaps in the test fixture. For further information refer to Rogers T.R. 5242

STANDARD THICKNESS: STANDARD PANEL SIZE: STANDARD COPPER CLADDING-
RO3003: RO3006/3010: RO3003:
: Yoz (17um), 1 oz. (35um),
0.005" (0.13mm)  0.005"(0.13 mm) X EENASTR) | 3 or o el y
0.010" (025 mm) 0.010°(0.25 mm) 24 X 18" (610 X 457mm) Oz. (70um) electrodeposited copper fol.
0.020° (0.50 mm) 0.025"(0.64 mm) 24" X 36" (610 X 915mm)
0.030" (0.75 mm) 0.050"(1.28 mm)
0.060° (1.52 mm) RO3006/3010:

18" X 12" (457 X 305mm)
18" X 24" (457 X 610mm)
18” X 36" (457 X 915mm)
187 X 48" (457 X 1.224m)
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