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ABSTRACT

This thesis proposes a technique which can determine the dielectric property of a
material. The proposed technique utilizes mutual coupling between the dipole antennas with
perpendicular and parallel-in-echelon arrangements. The main advantage of the proposed
technique is that it can be accomplished without a need of information of phase in addition to
magnitude of the reflected wave. It can be referred to as a compact system. Two contributions to
the proposed technique are shown. First, the mutual impedance of dipole antennas in lossy
medium is determined and then used to calculate the mutual coupling of the antennas. The surface
graphs of variation of the dielectric constant and the loss factor are shown in the range of
1<¢, <101 and 0<g; <20, respectively. The surface graph is exploited along with the magnitude
of the mutual coupling obtained from measurement. Second, the perpendicular and parallel-in-
echelon configuration printed-dipole antennas are designed. Switching circuits are utilized to
select the type of antenna arrangements. The designed antennas comprise two lengths. One is the
lengths of the designed antenna element equals a half wavelength in free-space while another one
is equal to a half wavelength at dielectric constant of 35. The antenna is fabricated and tested. The
mutual couplings of the antenna in media, i.e. paddy, agar phantom and water are measured. The
product of the measured mutual coupling value multiplied by the factor is used to indicate the
dielectric constant and the loss factor of the measured material via the surface graph. Finally, the
measurement results obtained from the proposed technique is compared to that obtained from the

standard measurement equipment to validate the performance of the proposed technique.
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A o o - e o 1 o -t 3 a -
oiseAudufinauds Z,, suiluiivzdoanusadiu 7, meannnaidaiees

= o o ! e v A4 4 o & a
fmweimadafides  Iuegiunszud 7,(0) Inmwemeddiinis Aniusziinsenli
af \ L] L] o d‘ ‘& - 1
meemedaiansegmoluaumiman Idihwesmoeimedaiiniia  uaziinisenasadiu
@0 vesmweimaniaes  dz'  wlszezvinnngadlouasinanailuszer 27 il

v
= o

parsznovvesauy IWihannsznuieglunnvuududminimsinsan  dz' iy
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E.,, fufuaunIdhmiionimoly &' iy E, = -E,,, WeavinaInihsmee

=l = o -:; v
figega w yaiflow wazeziimanasuiugud w galawvesmooinia nngulii 2.3 9214

ANuFURUT ATl
-E,dZ V
dI:;c IZ(Z')
-~
130
Bz’
dl .=~ :21;2 To(zl) (2.16)

AN < 4 g o .
nsziEswMITANes 1 inavuiinannmssuiuvewsunaow Mihimiisnin

AMuETIvedeIMA danaa luaumanuduius

I
G/ =_;;512]12 (z')dz (2.17)

usadumnnsilanges ¥, omduraguyeansziannmsilanies 1, duduiuaugued)

MuNNT Z, gataaaluauns

Zy A .,
Vo 19582, = -71522112(2 )d: (2.18)
& ¥
ioen z, =V /1, (0) a4
I
e LT ) iz’ (2.19)
2177710) 2112 (7)
UNUADINAYMIN (2.19) adluaunisn (2.14n) 1214
1
(2.20)

Zy) =‘,](0—),2(0—)15221’z (') a'
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vnaumsh (2.20) Wuanuduiusvosduiiauds winaaalumenveamsduninianag
yosoarsznouvese thannsznuiiviuduaeennma £_,, uaznssuaiinszanoni
anuevesmuene iomoeimegnlFmutiudds 1, (=) Tai £, (0) uaz 1, (0)

LT W ‘Qﬂﬂawmﬂwmmﬁﬁ)ﬁﬁﬁquazammnﬁ‘lﬁu [22]

™~
\ x
T &’::q—é\f’(z)
\
I}
/

H
T
H

/
o
|~

i 2.3 msnszaensziauudvoInialaina

22 MaRnndNRIANTIvesmeIma lalnalumnasiidnanamsgyids

rwormela Inaferainneimsuiuavdsnniudiplumssanauwudmniaziuy
v Gennandsoneunth 1dimsieneiugduuumsianamuyladinglad (Side-by-
side), Tn@tdlod (Collinear) ua¥W15uaABUIOYFADY (Parallel-in-echelon) [23] ApWINAIY
iR ldmeennliulzaud lvaunisgao (Closed-form) eliiwdmiumsih 14
[24]-[26] uazﬁuu?ﬁuﬁ'k’f"“nﬂ51zﬁ6uﬁunwf§1wmmummﬂ'lﬂ'iwnﬁmﬁiﬁﬁgﬂtmums
i’mna;i‘luﬁ'nymxﬁdn1ﬂ'nmmuuum“i"lﬁ’ﬂmﬁiu'l’fué’ﬁw’fu [25] Sofuluinefinusi
azﬁu'dunmﬁmiwﬁmumnm"lw'[waamﬁ'aﬁﬂzﬂuuunwﬁ'mnuumfmmwhtfu [20]
dnlunsdifiensernmalainaaesdaiigiuumsianaumueun  ahaumsgamovos

NI IAMMUIMSMADBUIBYFAOU (Parallel-in-echelon) 71 IATinsAnuudan1d

(23]
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ft————— y ——>
Z)

T “~~_. Ry jfe—— H ——»

*
\
<y

X 7/

c; (% - e‘: = o a o
31 2.4 jUnpumsiaTvesmo I laIng nsfidamInuazImnes N ldlumslingey

TumsmissuRiuaugsuvessueimealana vngilii 2.4 wwauwaldaweimelaina
L4 " e
vaaealidurguinaradninng Tashdmuald # = 2/2 wazmooimalalnaisaeans

[ ar 4' w o - | L
vatusiusses 4 Binaumsh (2.20) 92 ldnnuduiusvesduiiuaudasauvesasoiniala

Twaly

l ' '
Zy =-mj£2|12 (»')ay (2.21)

unum £y, uaz 1, () asluawmsi .21) Taoh

2z cos (kH)

Iy [z-H H
BBy =jz—m[zR exp (=R, ) + = — exp(=jkRy )~ exp(-jkr) | (2.22)

my\ R R

Imsin[k(y‘—d):l . d<y'<H+d

o (y) B {!msin[k(2H+d—y')] sH+d<y'<2H+d (223

& ' - it - a
Favziriu'lan | Fuserlsenovaun I uwuvuuiaeeiniala Inadfiaes iinan

T e . ] 4
w01 A 1a THaA UL ASUUILBUNUMINANMTN (2.22)-(2.23) aslugumsn (2.21)

1]
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[j {[ o) senep(oprs) 2en() e ()) ! (y,-,,)]}

fn= axl) (o)r2 (u) d ¥ R y Ry y r

2Hf+d{[z - H exp (_ijI) . z+ H exp (wij‘-,_) ) chos(kh’) exp(—jkr)] 5 sin[k(2H+d—y’)]}dy'j‘ (2.24)

+
H+d ¥ Ry v Ry v r

wldow sin[k(y' - d) ] oz sin[k(2H +d-y)] ToglumenvoudnThuudva 1z 18
sin[k(y'-d)]= % {expl jk(y'~d)]-exp - jk(y'-d)] (2.25)

sin [k (ZH +d- y')] = 2%_[exp[jk(ZH+d—y')]-exp{—jk(2H+d—y')]} (2.26)

ar

¥ . ¥
S uTuINaNMI N (2.24) annsaeu lwilddai

z4-; Mmlom ol H+d{[z-HCxp(—ij|)lz+chp(«-ij2) chos(kH)exp(—jkr)]x
VT C il G K PN A y r

(exp[jk (y'—d):]-exp[—jk (y' - d)])} dy' + ZI:{(exp[jk (2H+d—y’)]—exp|:—jk (2H +d -y')])x

y R y R, y r

Taoi » AeszesrianinaweimalaTnadusnlufagadunauumeeinidla Inadaiiaes

sadlumnai y=d @ 2 dunugavesmwoimealaInadfirsuiiouiuuiagailon
@ A - J d' 1 o l:: d‘

yoamwernala Twadausn da9ingyl z =4 Andumiaaiigunu waznnaunsi (2.27) 1o
¥y ¥ v ¥

aumanusad ludasuingn veldwavanvesfneusenuimisdu 12 mew Tasluiiiie:

3 [ =3 = A - d‘. - ) =1 ar
Han3E MMM URsaoRe) ¥990 11 mennivaeiIBMIHuBUIALINY

Amualdfhaoumeuusninfiy 4 a4 A4 m'ldan

4\ - Hra’ {[z -H BXP("f"‘Rl)Jx(exp[jk (y'- d)])} dy’' (2.28)

d y RI

. ' & ' -
PINAUMST (2.28) UNUM H , z = h Az y = d dadfuminsfiaaluaums wld



duinnomanan nizvounmanizii

_h-H Hf-d exp[—-jk(Rl -y’+d):|

- dy’
' 4 a4 R,

A

A Y ' a a o ]
malihenomsduninga Avua v

Fanngili 2.4 9214

R =

unu1 R, aaluaunis awld

dy' =—du
unua (dy') #&aaluaumsi 2.29) 0218

A

_h_H"Oexp[—j(kd—u)} R
L ”Il R, x[_l]d"

Taot

82736

17

(2.29)

(2.30)
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to 4| 8) P ) |

MNANUAUNUT exp(—ju) = cosu— jsinu gaiunnaunsi (2.30) annsauaaluildas

o h-H “Iocos(kd—u)du_ju]on" (2.31)
| d i u " u

HazINAINFURUS

cos(A - B) = cos Acos B+sin Asin B

sin(A—B)=sinAcosB—cosAsinB

siuaumsi (2.31) ansauaadlniladai

4l _(h -H )[“IO cos(kd)cos(u)dw"f’ sin(kd)sin(u)du _j”j!) sin(kd)cos(u)dwj"fJ cos(kd)sin(u)du
d uj I u) 3 u u

(2.32)

o P 4 4 a = [ 1 a a o
vmnidiumasieenuenduiinga aleglugi Tnanmisuiinia (Cosine integral) 1oz

fa a o
¥V OUNNT A (Sine integral) 9218

cos(kd )“IO %(u)dm-sin(kd )ulo fianu—)du -j sin(kd)uf) %(u)dzw Jcos(kd )"IO iiﬂ}”—)du]

u] u| u] u]
h—
iy ==

_jsin(kd){7 conled) i i du}+jcos(kd){u(j? Sin(“)du-u{l sinf) duH

1 g u 0 u

H] cos(kd){? cos(u)du_‘f co:‘fu)du}ﬂin(kd){uf sin(u)du_"Jl Si“u(“)du}

u]u () 0o ¥ 0
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_ ‘( o )[Cos(kd){Ci(uo)—Ci(ul )sin(kd){Si(u0)-Si(a)} - sin(kd){Ciuo)-Ci()}

+jcos (k) {Si(ug ) - i1 )} | (2.33)

snaunsi (233) a2 ldwanssuiinsaioglumeuvesmneiduiiniauaz Inmoiduinia

A = = o = a = @ ar
"-'N'-'B'IU'IIBNVI ﬂ?ﬁlif\%Tﬂ"ﬁ'wlfﬂuﬂﬂifl ﬁ'l!J'IiﬂllU'IH'lF!l,il'lﬂﬂ')'m ?!’H'WIJ‘E

5] 2.

T

Ci(x) % cos(r) z cos( ) dr

X T T

v

] ¥ " v
dumsduRiinsadn 11 menimaniy Tvuneumilounumenii - 4 AAIUIZUAAAUNE

] ¥
Haansn 1A INN1IoURNIAM Y

v ] _(h;ﬁ Jl:cos(kd){Ci(u3 )=Ci(uy )} +sin (ka ) {1 (5) - 5i (1, )}
—jsin (kd) {C.r'(u3)-Ci(u2 )} + jcos (ch){Si(u3)—Si(u2 )}} (2.34)

s = 2 con(un) o k) {C15)-Ci{ 1)} + i () {55

S (kd){Ci(us)—Ci(u4 )} + jcos(kd){Si(uS)-Si(u“)}i' (2.35)

o (55 )t s fse)-sto)

—jcos (kd) {Si(vo)—Si(vl )} + Jsin (kd){Ci(vo ) - C.f(vl )}] (2.36)

=)o) i)} i) o))



2
- jeos (kd){Si(vy) - 5i(v, )} + ssin(ka) {Ci(v3) ~Civ, )}] 2.37)
g = 2 cos (ki) os (k) (€ (v5) i )} sin () s vs) - )}
-jeas(ha) {5 - (v )} +ssin k)i o5 ) i )} @238
(22 [eoslisay}{ci(m) i)} snlwar+a} s (m ) i(o )
-jeos[kCaasa{si(m)-si()} +ssm[kCrsaci(m)-ci(5 )} ] @39
g = () cos[ ke {ci(my) i) wsinkGar ] {si(omy)-51(v3 )}
-Jeosfwaitsd))fs(ng) 515} s xrsal{ci(ms) i)} ] o0
sy = =20 cos (k) cos [ (2t sd){Cims ) - Ci (5} +sim k{2t +) {5 (my) - 51 5}

- cos[k(2H+d)]{Si(m3 ) - Si(vs )} + jsin [k(2H+d)]{Ci(m3 )- Ci(v5 )}] (2.41)

o = (B8 Y[eos[icarsa}{ci{mg)-cr(u )} i [kart ) si(omg) (s )}
~jsin[K@trsa)]{ci(my)-i(ug)} + seos[kr ) fsi(my)-si(so )} |~ 242

= () cos ket a)}{ci(ms) - cifu )} sin kg2t )i (ms) - 51 )}
-jsn[knsa))fci{ns)-cilus )} + seos[s2rra]{si(ms)-si(ws )} ] @9

Ay = =20 cos (ki) cos [ k(2 +) | {Ci (mg ) - Ci s )} + sin [ k(21 +) {5 (mg ) - i s}

—jsinl:k(2H+d)]{Ci(m6)—Ci(us)}+jcos[k(2H+d)]{Si(m6)-Si(us)}:| (2.44)



Taeh

] ¥ ]
mdufinaudsmvesmooiniela Inaansdiionegludnuzaminiu duanalugili 2.4

] u‘: N . - - dv
Hunasamvesfimouns 12 mey [_z] 4 N =12] ldnnaunisi (2.27) uaaaldaail
I=

. Mymiom,
Z, =—j—m2m
< 14”’1 (0)1,(0)

3y bl (H+h)2+d2}
u3=k:(H+d)—\/(;+h)2+(H+d)2}
e

us =4[ (1 +0) i< (40|

i =ki\&H—h)2 (1 +d) +(H+d)}
v1=k—m+d]

1 =kiJ(H+h)2+(H+d)2 +(H+d)}
vy =4[ d]
v5=kP\[hz_+(;+_d)2‘+(H+d):|

my = k[@ A +(2H+d)2 +(2H +d)j|
- k[J(H+h)2 +(2H ) + (28 +d)]

my = k| +(2H+d) +(2H+d)]
m, =k|:(2H+d)—J(;~h)2 +(2H+d)2]
mg =k|:(2H+d)-\/(H +h)2 +(2H+d)2:|

><zlj;(A|+A2+A3+A4+A5+A6+A7+A8+A9+A10+A11+A|2) (2.45)
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fmualiaooinsla nadesdaiiinndinaid duanalugUi 2.4 fanmuenniann
gmndu (0.52) 92189 (H =0.252) Anwga (h=0.125) wazdmualimeoinalaTna
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. . : Resistance

-====-=-- Reactance ||

Resistance, Reactance (€2)
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31 2.5 MBuRnAuFImINMIANs nsdinmeenala Inalizduuumsinon

HUUAIRIN
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Reactance (Q2)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
dii

31fi 2.10 A uonUANFI WM IR i mEeIMA Ta TnaTiligluuums Innau DA

& - @
dieonlasuutasnnugavesaioenala Inadandes

angafit 2.9 dinldhlugeszeziiszninmeemalainagesdifiy (0.24-064)
fhmm@’fmmufaunwn"ﬁuaﬁaﬂ"s1uqwmmumnm"lﬂwaﬁ'aﬁaauﬁ"auqaﬁu HazaARIIY
n’fﬂnﬁ'qu:‘ﬁfitmu:ﬁmsn’iwﬂwmmﬂ”la'iwaﬁ”mmnﬁumnﬁu 1 2.10 viu1dluana
vogvasEnINawoIMd la Inaaeaduiny (0.2 4 04 1) AuenuauF niuile
mmqwmﬁwmﬂ1ﬂ"lﬂ1waﬁ"sﬁﬂmnﬁ"auqﬁ;u uazanasoudhindgudilossuzhaszning
awormalaTnanaaeainniusudeiusaudiumuson. viamsfnuiwanszny
'ummix?;aummqwmawmmﬁ'lﬁ'iwaﬁaﬁaamuhﬁizu:mmqa ( h=0 ) wiaiilo
mummﬂ"l.ﬂTwaﬁ'Jﬁﬁmégiuuunaﬂamjmmrmn'lﬁﬁ'aﬁusn AMANUATUMIUI IUALA

= Ll a0 Y ) @ 1 P=1 @ A
'sl.mnummﬁ’m:umuaﬂmnwmami’luﬂumwmmnunumasxﬂzmmqq (h=0.1251)

o = = g1 LY t:;d =
2.3 MImaRNNIANYIIYesmEnIMA lalnaludnaaniim sgayde
o A1t a o o a o o ' @ a o
nnnanmsinouiiuaugvosmwemaludinanlaq duilaiduvesinedaladian
¥ " ] ¥y ¥ [
asnlusnanaiu Taoia ludmnanvesiaguziludinaniiimsgadounuiaiu @nani
fimsgaudvannindinaraidsAnnmagaydeiininadiaveansunsnszas  (Propagation
constant) TUAINANATNTYFEILAATINAINIAIVOINITAANDY (Attenuation constant) 4

] 14
TugananiitsieninmsqadozAammeainadaua (Phase constant) TuIngrinusaiiuil

weimualyd & Husinadinsunsnszne o Wudnsiivesmsaaneu uaz g Wi

v ]
wla dafumiasiveamsuninszaeludnaniiimsgoydoiaasldas

k=a+ jp=.jou(c+jwe) = —m2p£+jawa (2.46)
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9naudnuE luaumsii (2.46) Masdamsaaneutazmad e G

1/2

2
a=w ye{l[ 1+(i] —1” Np/m (2.470)
2 e
1/2
I 2
B =awu {[ l+[i} +lﬂ rad/m (2.47v)
2 we

snaumsi (227) nazgli 24 AlFlunsdnszilumnasiidnanmagado &
msins i ludmnaniimsgaudeiismsinsgimdoudu  uandeiuiisinindaves

EY ¥ ' ¥ ¥
AsUNs Nz saiuluiteiisainausivanai A0 nmsins1eing 12 mew Al

S
[
1
P,
=
i
B

) x [exp (dp)x {cos(da)—jsin(da)} x{{Ci(u)-Ci(m )+ 7{Si(up)-Si(u )}}] (2.48)

L

»H ( h+H ) [exp (dB) x {cos(da)-jsin(da )} {{Ci(3 )-Ci(u )} + j{Si(u3)=-Si(u2 )}}] (2.49)

Ay = ? X % [cos( Ha){exp(Hf )+exp(~H B)]-jsin(He )x[exp(Hﬂ)—exp(—Hﬁ)]] x [exp(dﬂ)]

([ cos (dar) — jsin (dx) ]| {Ci(u ) - Ciug )} + 5{Si(ns) - iy )}1 (2.50)

4y - _(h— H)x [exp(-—dﬁ)x {cos(da)+jsin(da)} x{{Ci(vo)—Ci(v])}—j{Si(vo)—Si(vl)}}] (2.51)

o
[
I
S
>
+
=

) x I:exp (-dp)x {cos(da)+jsin{da)} x{{Ci(v3)-Ci(v2)}-j{Si(v3 )—Si(mg)}}] (2.52)

Ag = —2;- X % [cos{Ha)x[exp(Hﬁ)+exp(-Hﬁ)]—jsin(Ha)x[exp(Hﬂ)—exp(-Hﬂ)]] X [exp(—a‘[)’)]

[eos () ssin(aa) {5 i)} - {s55) 51} 25



27

Ap = ( - —dH ] X [exp(—ZHﬂ)xexp(—dﬂ)] x {cos(2Ha)+jsin(2Ha)} X {cos(da)+jsin(da)}

{{Ci(m)~Ci(vo )} j{Si(my )-Si(v0)}} (2.54)

]

A (h;H]x[exp(—zyﬁ)xexp(—dﬂ)]x{cos(wa)+fsin(2ﬂa)}x{cos(dﬂ)+fsi“(“’“)}

x{{Ci(m)~Ci(v3)}-j{Si(m)-Si(v3)}} (2.55)
=- Ea? x % [cos(Ha)x[exp(Hﬂ)+exp(—Hﬁ)]—jsin(Ha ) exp( Hﬂ)—exp(—Hﬁ)]] X [exp(—2Hﬁ)]

x[exp (—dﬁ)] x [cos (ZHa) + jsin (2Ha)]x [cos(da) + jsin (da)]

x{{Ci(m3)—Ci(v5 )} 1. j{Si(m3)— si(vs )}} (2.56)

A= (’7 ;H J x [exp(2Hﬂ)xexp(dﬁ)] X {cos(ZHa)—jsin(ZHa )} X {cos(da)—jsin(da)}

x{{(Ci(ma)~Ci(ug)}+{Si(ma)-Si(uo)}) (2.57)

Ay = (h :H ]x [exp{ZHﬁ)xexp(dﬁ)] x {cos(2Ha)—jsin(2Ha)} x {cos(da )—jsin(da)}

x{{Ci(ms )~Ci(u3 )+ j{Si{ms )=Si(u3)}} (2.58)

Ay = —% X % [cos(Ha)x[exp(Hﬂ)+exp(—-Hﬂ)]—jsin(Ha)x[exp(Hﬁ)—exp(—Hﬁ)]] X [exp(2Hﬁ)]

x‘:exp(dﬂ)] X [cos(ZHa) — jsin (2Ha)]x [cos (a’a)—jsin (da)]

x{{Ci(m6)—Ci(u5)}+j{Si(m6)—Si(u5 )i} (2.59)
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2.4 MIMAMENTA IABIANATNAIBNMITATINAYINIITENABTINIZHIN

T IN#
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=1
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HMC284MS8G / 284MS8GE

MICROWAVE CORPORATION v06.0607

nqug{
= r
g Designar's Kit
PRIENDLY Avaliable
Typical Applications
The HMC284MS8G / HMC284MSB8GE is ideal for:
« Cellular/PCS Base Stations
» 2.4 GHz ISM
« 3.5 GHz Wireless Local Loop

Functional Diagram
A O~ s L RF2
B [2LL4F~, * GND
RFC 2 |[[IT6] GND
el -
N/C [BLT] [TT15] RF1
s __L —)

PACKAGE BASE

SPDT NON-REFLECTIVE
SWITCH, DC - 3.5 GHz

Features

High Isolation: >45 dB

Positive control: 0/+5V

Non-Reflective Design

Ultra Small Pakcage: MSOP8G

Indluded in the HMC-DKO005 Designers’ Kit

General Description

The HMC284MS8G & HMC284MSBGE are low-cost
SPDT switches in 8-lead grounded base MSOP pack-
ages. The design has been optimized to provide high
isolation with minimal insertion loss for medium and
low power applications. On-chip circuitry allows posi-
tive voltage control operation at very low DC currents
with control inputs compatible with CMOS and most
TTL logic families. In the “OFF" state, RF1 and RF2
are non-reflective. See reflective high isolation SPDT
version, HMC194MS8.

Electrical Specifications, T, = +25° C, Vctl = 0/+5 Vdc, 50 Ohm System

Parameter Frequency Min, Typ. Max. Units
DC - 2.0 GHz 0.5 0.8 dB
Insertion Loss DC - 3.0 GHz 0.6 0.9 dB
DC- 3.5 GHz 07 11 dB
RF1 & RF2 DC-2.0GHz 41 45 dB
\solation RF1/RF2 DC - 2.5 GHz 38/41 41/45 dB
RF1/RF2 DC - 3.0 GHz 34/36 37/39 dB
RF1 & RF2 DC - 3.5 GHz 30 33 dB
DC-2.0 GHz 21 25 dB
Return Loss (On State) DC - 2.5 GHz 13 17 dB
DC-3.5GHz 10 12 dB
Return Loss (OH State) 0.5-3.5GHz 10 13 dB
. 0.5-1.0GHz 20 25 dBm
Input Power for 1 dB Compression 0.5-3.5 GHz 18 24 dBm
Input Third Order Intercept
(Two-Tone Input Powew = 0 dBm Each Tone) 05-35GHz 43 48 dBm
Switching Speed DC-3.5GHz
tRISE, tFALL (10/90% RF) 40 ns
1ON, tOFF (50% CTL to 10/90% RF) 60 ns

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hittite.com
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MICROWAVE CORPORATION v06.0607
SPDT NON-REFLECTIVE
SWITCH, DC - 3.5 GHz
Insertion Loss Isolation
g 20
-
5
. J -60
0 05 1 15 2 25 3 35 4 0 0.5 1 1.5 2 25 3 as 4

FREQUENCY (GHz) FREQUENCY (GHz)

RETURN LOSS (dB)

0 0.5 1 1.5 2 25 3 35 4
FREQUENCY (GHz)

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hittite.com
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HMC284MS8G / 284MS8GE

SPDT NON-REFLECTIVE
SWITCH, DC - 3.5 GHz

EaHittite

MICROWAVE CORPORATION  v06.0607

Compression vs Frequency

Carrier at 900 MHz Carrier at 1900 MHz
CTL Input Power for 0.1 | Input Power for 1.0 Input Power for 0.1 Input Power for 1.0
Input dB Compression dB Compression dB Compression dB Compression
(Vdc) (dBm) (dBm) (dBm) (dBm)
+5 23 25 22 24
Caution:

Do not operate continuously at RF power input
greater than 1 dB compression. (Vctl = 0/+5 Vdc).

Distortion vs Frequency

Third Order Intercept (dBm)
(G o 0 dBm Each Tone
(Vdc) 900 MHz 1800 MHz
+5 48 50

Truth Table

*Control Input Tolerances are +/-0.2 Vdc

Control Input* Control Current Signal Path State
A B la b RFC to RFCto
(Vdc) (vdc) (uA) (uA) RF1 RF2
0 +5 -25 25 ON OFF
+5 0 25 =25 OFF ON

DC blocks are required at ports RFC, RF1, RF2.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373

Order On-line at www.hittite.com
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MICROWAVE CORPORATION 1060807 SPDT NON-REFLECTIVE
SWITCH, DC - 3.5 GHz

Absolute Maximum Ratings

RF Input Power (Vct = 0/+5V) | +26 dBm A
. ELECTROSTATIC SENSITIVE DEVICE

Control Volt Range -0.2to +7.5 Vd

otege Fens : AZSA OBSERVE HANDLING PRECAUTIONS
Hot Switch Power Level +18 dBm
Vet = 0/45V)
Channel Temperature 150 °C
Thermal Resistance i
(Insertion Loss Path) 1w
Thermal Resistance i
(Terminated Path) 190°CQy
Storage Temperature -65to +150 °C
Operating Temperature -40to +85 °C
ESD Sensitivity (HBM) Class 1A

Outline Drawing

: &
il 1AAR
7 (18] HNNN (18] mu};m 7

= XXXX . \
o / [\—DXPOSED GROUND PADDLE
MUST BE CONNECTED TO
ilili ifili}i Bl
Lot nuweer—' T 3§ o [3:3]
| 095 [2.41]_
MAX
! 43 [i)
043 [1.10] | NOTES:
MAX | 1 LEADFRAME MATERIAL: COPPER ALLOY
I _| 2. DIMENSIONS ARE IN INCHES [MILLIMETERS].
0256 [0.65] TYP 88 [33] DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.15mm PER SIDE.
013 [o. DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.25mm PER SIDE.
009 [03!] . 5. ALL GROUND LEADS AND GROUND PADDLE MUST BE SOLDERED TO
PCB RF GROUND.
Package Information
Part Number Package Body Material Lead Finish MSL Rating Package Marking Bl
HMC284MS8G Low Stress Injection Molded Plastic Sn/Pb Solder msit ™ ;;:;
HMC2B4MSBGE | RoHS-compliant Low Stress Injection Molded Plastic [ 100% matte Sn msL1 Efg—:-(

[1] Max peak reflow temperature of 235 °C
[2] Max peak reflow temperature of 260 °C
[3]) 4-Digilt lot number XXXX

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hittite.com
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Scich il SPDT NON-REFLECTIVE
- SWITCH, DC - 3.5 GHz

Typical Application Circuit

GND

'—]_Noio 5

4
+vdd LIn/e

74HC04 or

CTL
74HCTO4

Noles:

1. Set A/B control to 0/+5V, Vdd = +5V and use HCT series logic to provide a TTL driver interface.

2. Control inputs A/B can be driven directly with CMOS logic (HC) with Vdd = +5 Volts applied to the CMOS logic gates.

3. DC blocking capacitors are required for each RF port as shown. Capacitor value determines lowest frequency of operation.
4. Highest RF signal power capability is acheived wiht Vdd = +7V and A/B set to 0/+7V.

5, Back side paddie must be connected to RF ground.

6. A grounded coplanar waveguide PCB layout technique is recommended lo achieve high isolation. The component side
ground plane between RFC/grounded paddle and AF1/RF2 should be continuous, see below. There should be a continu-

ous ground plane under component side layout.

FC/GROUND PADDLE
OPLANAR GROUND

°J
0go?
0000

RF1/RF2
COPLANAR GROUND

5000 %0
000
00

\
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©0000000000000000000000000}
cooo™ooc00

o 09
000000000
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RG] 000
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HMC284MSBG, Q0.0
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For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hittite.com
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Evaluation PCB

THRU CAL
e /‘U1
HITTITE

107821-1

J1 i J2

)6

J3

List of Materials for Evaluation PCB 105143 1"

J4- 6 DC Pin
|

ltem Description The circuit board used in the final application should

n-03 PCB Mount SMA RF Connector be generated with proper RF circuit design tech-

: niques. Signal lines at the RF port should have 50

c1-C3 100 pF capacitor, 0402 Pkg. ohm impedance and the package ground leads and

A1 R2 100 Ohrm resistor, 0402 Pk, package Ibottorn should :e connected diret.:rt:]y to the

round plane similar to that shown above. The eval-

= gfﬁf@l’ﬁf‘: HMCZBAMSEGE gation circuit board shown above is available from
pCB 2 107821 Evaluation PCB Hittite Microwave Corporation upon request.

(1) Reference this number when ordering complete evaluation PCB
[2) Circuit Board Material: Rogers 4350

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hittite.com
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