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ayaw lulasaniy (Microstrip Line)

TusnATeilavidn ieudaanaiuuaeiulasanil [laminesAuuuibuay

azanlunigas
2 1.5 hanslulasansyd (MicrostripLing)

arptounuulilasanitvionioninlulasaaivlal wdnedisgun 2.3
lasuanuilsunelidoffodradonsdoudenazinuman-delasvialudedduyuwuy

lulpsan3uazusznaudedmilnituoiduivatuuiansessuailuasladiangsn ua

o

w ! o, ¢ ' 1 ¢ 4 -
WWUﬁTQLﬂU'ﬁEU']Uﬂ'i']'JﬂV]Nﬂ'}EJ@'\ﬂ"Iﬂ‘U@QLUﬂ?'N@gUUﬁSu’IUﬂ?TJﬂ ﬂaul,mmanlwﬁ’l%

1 “ a 1 (%) o i £ 1 1Y
dewenananalulasaniuniiuiansesgiuiegsenitna1ludszuunsin mauiiuniy

u

v
= 1

A (characteristic impedance) vsAiuagiuniunitesaglulasasiduazany

a

vuaeianguses Insanautiveigiusennstusgiumaiineivarsdudu mnlad

% = U/ L (2 1 AQ @l @ -3 v 3| v
Lanesndusing ﬂ?ﬂ?iﬁf}l}L%ﬂWN?ﬂNNﬁ nsiheuieu Wudy
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2.2.1.1 szgzauinsrazlnaswanfin (Reactive Near Field)

e - d® . -
seegfinnnagenalusudssseen O.62x"7 wio svaviio

. d’ s soal g ol o y .
e 057 £0.62% R oy d AelAnneligavesaiweina  Nsvusliaeny]d

1 ' = ' LY . o d o 14
e AIE LN NTENUARUODNULARY SﬁﬂJWﬂ\N”IUGLU‘gﬂ Reactive MasuiiAunle

sragluguvasdiuiunnm

2:21.2 sspraunsozlngfiunsnszarenanRadiation Near Field)

g o d’ y d°N\ P i

Gufwisyez 10,62 x(|— [lYaufieszes 2><7 URDIREAT0)
A

; g4 d- % X : " ;
58N 0.62 x4 /7 <Al 2><—/1— NILUYUAIED INIALUWINILRIARUDBALN U IULAS
v v | o ‘e g v ° o Ly
vauliusdiu Maspuimwnlnszeyluguresdmuanndsion

22,13 szesaurussazing (Far Field)

A S R RREE).. ' \ o
LAUFIATE 8 ZXT LUU@IUIUW?%EJBUH'\HE]'IWW"{ISLLWiﬂﬁu'ﬂﬂmﬂ

wua MawmaTalvslud s

2.2:2 wuUUnIsuHNA 9 (Radiation Pattern)

Wi suamamadads sl susnd s uvesegatnreenluluiianiwng
#305UNAINUTIEINNAINTAAN I IR 3RANEETAU A UDA A ST UMSINUENRNS
o shuvdadayusieg wuusunsweindanuersthiauslagldszuuitaanudedadaild o

gﬂﬁ 25
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B
O
o

Side views
o
w4
a =
=~ I ~=
M

(a) Point source (b) Horizontal (¢) Directional
radiation radiation radiation

< N
UM 25 WuusUna TG

R Y < |
9o WLy sUns i s tvesa e n e liduaggnnadeanas

awINAsuIrliouiunysenng WnFialsasasndalalvassenannaeuvinauly

1 = Y e
MAFMTeAIRSUNINA

2.2.3 duNLANY (Impedance)

AUFTUNIUYDIAN Y D TAIEUSEABUAITATI LS 1UNUADIAIUADAINATUNIY
| o - = 'Y & o 1 -]
YINSUNINTEAWAFYU LARTUINTzNsAsudg Wi Dusdudindnlniwagag
FumunivunIInAgedeluaseInim  AMUFUNIUNTUNINIEINYARUMUUARIN
BMTAIUTDIMEINUNITUNINTEBRDMAIEDITaINTERaNyaUau
ANMUFIUNILTRIETDINMAaINsa LTINS AMURUSEENS ANy Rsa1ERINALe
Taganudiumiuvesatganiaagitdalioundadunsudigessenitedinaienis

WN3N5¥978 (Propagation  Median) S9UUNITILATIZRATIUATUNIUYBIEI8DIN ALY
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AIITUNANIZAIWATUNTUVE 109 (Self-impedance)  UBIAIEDINIAVINTUULATIADA

a = W i i o v <
HINTUINIAUATUNIUTIN (Mutual Impedance) SEWINEIEDINIANUDIAYTENBUDUS

&

P78 FI9E1INVLINTNILUINIRTITAUIAD HANTENUYDINTIIANTADANUAIUNIUVDS

d1881NA

2.2.3.1 mMsuuntdufiuaud (Impedance Matching)

Hudssndudmivanedimufigaudauiingtuly duuemd
voslnaniimsnsluanndufiunuddnenEtsiazifanaudduluay nsinnduiledinarh
ThAnmsgeydovemdwmiiaetasnsuilfiniosduiowisle mefiflvandufiunudindy
Suiiuauddnunzasdoasilansadaunantu ey duintnidglnilaedliinig
agouLasiusedns nnaasmsdssananas . aiodruuuuioyhidanmislawuud
(Resonant)/ Ahadu—duiodlomiudivdgundasdaflunudiifuaovsindianiifu
DUNLA TR ULAFTD

M3ueas | (Matching)  TulTosvasardmungfnasdevatvatedn
fuduflnudnilidamatuduiiumsdnsasray. madansusaflnanduiwamdiiniu

avdsonvnzlduiptmasiudnduananiiduande auinyany

2.2.4 Y52aNBATWATSINWANTUYBIEI8dINAA

sty AN aaNA IS LHWE s I NYaaNs aanad Ly T ua a1 s N L Ju
o | 2 w < 3 @ W "o a o o @
909180 UL INGNUINIEIR N AN UATUHHEIN Y (R, ) warndehigatiuSaia

el @ q‘j = e [~4
ATUNIU R LA R FRUHANNITUTZAN SN NIRRT IAR UM
R

xR NS (2"5)
R %X,

A uSUALFUMINERRTY lunsdieetatansdauewindy 1 wazd
Wumnndeainaus 4 anusununselalinsvadanemlaannaunis (2-6)

/
RDC = a (2-6)
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2
O,

L7

ERVRTE)

Tunsdlfianudn@a (Skin Depth) vedlave & Tag &=

&
[

(YT < P T 1 v 1 a
WMeuiudunuewundunanesiiuivihdnvesielaneudn nszuavrlvasgiangluuiion

o s

TUUNR Awewnh diluenudunuianuigasidu

Rhf' = -LR; = i _a)/u(] (2_7)
P P \J 20

P Aplausouisuemidlavy (P =/¢ £ 2rb dwisuaannausad b )
R A AU LVIMHTIE VDN

b

& o o
@ fo ATTIEINnY
1, AT ENE1uTRlsu Free Space
oADMY ey

2.2.5 @NTNRI%9NANIY (Directivity)

4 o e o . " oas
NN LEIRAN TN $ D AN LD 9N AN FRBININ N FURNE 11U BS
aeonmeipetzlidiinisaau (Radiated Power) 98sa98 1Ml

1ol e IS
P :Eﬂ)x RE(L X s (2-8)

TN ABULU A UEIRY ENA UM SR HRA SN UL E AL AN ALY
Msuanday (Radiated Jntensity) Fafignalasedunis (2-9)

U8, ¢) = %Re(E x I Yora, (2-9)

A ko 1 L 1 o = = 3 1 al
WeasmnansdumsEnduverasillanuulalevsetniluvziina
P o & v
Tnemaeafidwes U, fasiuazld

av

R=§p U, d0=4sU, (2-10)
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' A =l | I o = - 1 '
duaneoinanuuay 9 Allldunasiidanuulolonselniu AnudunI TR
nasuagldasilaenaon drumdwmeawaisifsuszamnsadeudsdnnig (2-11)

P
o= (11
4
o v W | 7] 1 a a = ' | | =
AT UINTIEINYDIANTUN T WAL U U Sk UL WS DARAEY B

AMLLUNSWHNS UL lRsaNnIS (2-12)

U(O,¢)_ 4

D(95¢) . Q_
A

|F(0,0) a0 (2-12)

av

D(0,¢) fa Einsavengmuaanis (Directivity Gain)

Q Ao-RFuDIaT (Beam Solid Angle)

A

Q= _ﬁﬁnm@, P dQ (2-13)

dmsurnNIETiAvDY (Directivity)| wesangaInie | axildnlaainmtgean
VBN IVEERBAVI Wuple

U

N4 (2-14)
Ul’.l\‘
- P P o %
downu Y= waw U= = halUbuaunis (2-14) atla
4z Q
DK (2-15)
O,
nay
D(8,¢) = D|F(6,9)| (2-16)

2.2.6 8M519818U89818801A (Antenna Gain)

SREIUUSLIUANEIUNISENINSEANY TuRAINAUAYBIaN88INe LHgU
a = 3 o 1 = ar :J ¥ s o b
AudSunumasnunsensnseanglufemadenny  Asseemawiniy  wazUauniaenu
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Wiy vesgailia (Point source) v3e aweinialelansaln (sotropic) awemelely
nsaln WumesnalugauedilidaddumeUfdn dsuuuumsunsnszanedusunsanay
fondfdanunisunsnszagwiiulunniienis

dmsudasueny (Gain) vesaenatumnedeuannsolunsiunieds
ARuvosAeInA awIvuiisuuaseiniaumagiu dmivmseiniadaiy i
ihaulafie Ussvsnmuasangonielunisteloumddlaqildadunaaasaserme Ty
MdinduuroonlneUszanaesaeeInaiienidasuetsiids (Power Gain)

mM3insnsueny (Gain measurement).ggsanganmaiiy Tnsvilaildluns

o ar

AdnsvENMAsENanUIEIgeT AT ERIFUN 2.6

e
) ) Lj:} ‘Y_ )

(n) (@)

= o e A £ Halw
st 2.6/ (M) DRAIALDWINA AR I8 D INNATILRE TITEIEANTFI ()
(8) AFInANSIRIIHMAINEIEBAN VAT DU

o Ted TR BIRTo TR IRAI (Constant Powen) Asaisnas]s
Mmoo mitsnmaeieimsukessensasueomgiggn G Wumsaaneafy Tneil
fdsoming PAawerniaiulidngian sextasiiiaiaainanaaey (Test®Antenna) 1
Wasuwntseemansnsenmnessleeldroeninpggeia 2

dansudhsane egeanduysa. (Abselute  Maximum, | Power” Gain) %84
aomanaaall, \awEadianzildaneianiwesddailasditameaniaiuia

i ; P i o o3 L P N
aaﬂmaammmwaa = ‘{IﬁL‘l:juﬂ‘ﬁLWM‘U‘LJ.’UENﬂ"lﬁﬁﬂ‘iUlﬂ‘ﬂ?ﬂﬁﬁﬂ@’]ﬂ?ﬂmﬂaaUWLWL!E)ﬂTI
P

Aﬂi L z ) =i 2o
FEDINIAVINEANTIVEILUINTIUAIUUTATIVRTIRYDIE EI@']ﬂ’]ﬂV]ﬂﬁE]Uﬁ']iJ'ﬁﬁL’UﬂUl@lLﬂu

G =-LG (2-17)
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2.2.7 Useansnmuadanaannid (Antenna Efficient)

UsyanSnmyianuavasangainiaanunsadeuladu

ef = el'ecd (2'18)
o
o
e, AD UszANSAMYIVUAUDIAIEBINIF
e, A9 UszanSaannmsuanasnuvesagealf
e, {9 UsEAVBwAIsAYNauNAUTESEEe1NA Leed
of =1-1 (2-19)
g
I /f0 duusyavtnisasiiourauswivininvaatesnis
Z =7
FI in 0 (2—20)
ﬁm +‘ZO
dJ'
o

Ao SunmBufiunudusianeeani
Z, » fip sufaudaaiinunizugdanuds

g s e M) (2-21)

2.2.8 uilusvausua. (Effective Area)

FFUNUNUSAVSNAYDIE188 N AL RIS LAINALALRUSTEWINg
Qs d"‘ A =) - =1 v 1 IA [+ ) L
dnuergwayunUsedviualagauyflviengeinimdategiiumis 1 wazengeniaiy
Jn‘ o ] e
Teayiunia 2 aglddsaunis (2-22)

G A, =G, 4, (2-22)
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dwiuiuiiuszavisnauenansduius fusasvesvesaganieds Tunsdl
yasdwemAdadu (Linear Antenna) wievhunfuaeenmaiy anuduiusuasituil
Us¥EnSNaiUAMNENUeImgDINIATY AT IEV LA Touiuilsyavdnasstonlddudasdn
gasdaisuldiemmmmuiuidvowduannsenu %qﬁuﬁﬂszﬁw%‘wa‘ﬁ%ﬁﬁwmﬂﬁqm
lardaiisuldtiangean AufivssAnduavasagormealaifienwgndoadlifaaunis (2-23)

PR
4, =t (2-23)
W:

lng

PR — V_R (2’251)

X SR’

Lhae

V. =Eh (2-25)
Lﬁl@

va L re-iassiuinile Ti
E ‘A awnulwihannsznuunasteania
h (8 galseindng (Effective Height)

] @ A1 o Y I :

damsvandeanamibideneggauuEINa unIaTz e~ (Propagating
Medium) 9p4a8@ nAvEilA] BUNIUEN BNLeuE (Intrinsic— Impedancé) Avindu
FatuAMUVALEUIMaRaRE ANNSZYIU-(W) 98mlAandunis (2-26)

E-

W= (2-26)
2n
wlfeuduiussenineiuiiussavinauazanugeUssansuadeauns (2-27)
W
A, = (2-27)

“ 4R
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2.2.9 Twanlsiwdu (polarization)

Aeuflaznanisrmumnevesinanlsiwduvssaeoiniadiosnaniseumny
yastnarlsiwduresndudeiou nalsedussrduiiunsnsyateii Wuguuansmuasdd
YaInduLlmEn Wi unsnszaneeanly flesunefievnuaseuinvesnwmasaulnings
wUTHURULIAY gﬂLLamemliLsd%’u%LLamnﬁm’m*uawamL’Jﬂl,ma's'auml‘vdﬂ’\ﬁt.’;a’lm'w'-]
fu Fuvs Aimnnsdunndenedt wasnsdanniasinlneuesundseauidiunly ﬁ’qgﬂﬁ
2%f

I
T (il
:lnglc):

E, E

A r
JU7 2.7 Wenlslgtuvesaeonia

2:2.9.1 sivilsenaunasandsvadlnail el

\ilesaannisTianls iy asedsennimiveragllwmiiduiunasin
arlsigurdepa U U1 s T amEn A Batsand nis il adaedinan lsgdu
(Polarization Mispiatch) agfunasiliansainidlylamsetniweiisesnanaduls
gaanwssiansayduvednailsedy (Polarization “Loss)

o

2.2.10 saungiidyeymusunau (Noise Temperature)

(1] @

s @

o =y ol o @ Al ‘4
mwruamvm:uazgzywmaummmﬂuﬂfmﬂmadﬂfyiyﬁmun’;uma’mmﬂ’m

¥ Y

ko ]
as =

Sunngalmasessuiidiataannia Feazuileannaunis (2-28)

E, (2-28)

T, =—
KB
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P
e
T, @ QU NAYINTUNIUTBIEIEEINIA
= o @ s A 0’:
> fip Masdggusuniulag Advesaaainia
K #8 Apesauenduiuil (Boltzmann’s Constant)
B fim Alundnguau (Bamdwidth)

dwiuanudniudveseumgidyanasunsuasiiardyaasuniu. (Noise

Figure) auilu

F =44 Lz (2-29)
0

o @l

FrILAUREYEUNELIUN I
oUNNINede 2907/ K

7 < g w i e o Jo v W
fﬁ5'[.?5\‘1’]1!5']FJEﬂﬂ']ﬂLW'éﬂ‘ﬁﬁ']EJ@"Iﬂ’WTiJﬂQJJfU']ﬂJ?Uﬂ?umWQWL'TJUG]@Q“JﬂUWWUWﬁQ

@

) o o o a a & o
uarRinauasango Al RiIIn A AIge UifedysyasunuInTNland ivuintogdnn

Yuzfidgentahin W RSz uRaw waslugusfisaud L i e nwinas gapdevasane

| 9 3 2 = 24 = & a & ales
HQI%LW?\@U@UW@;@QQELUQQQW f ﬂWifguﬁygﬁﬂu%mmmm’mqmwﬂ“uﬁfy ST UNIUYRA

#@18INF

2.2.11 aunsn1sdeinaspaueasnsa (Friis Transmission Equation)

aunTsnsAsiISPAUTDIWTA (Fris  Transmission’ Equation)  aguans
hr L o 1 o s 1 iJ . o Q L= dll ] Q‘S 1 E 5
ANUANTUSST IR AmauNa g asUlareid s Ui vUptasE s Al a0

2

a8 & by s 1w & a ' o
ﬁlli,l‘m‘l‘ﬂa'}ﬂ@qﬂqﬁmﬁaﬂ@‘UUQW\jﬁflQﬂ‘ULUU'iﬁ?Jx'V]'NLVI‘]ﬂU R R91AININAIN —/1— OEARID]

awussuzlng fagun 2.8
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Transmilting anltengpa
(B G By €y T Pr

- R »  Recelving antenna
(B G D loqr. T, p,

]

5UN 2.8 wisfiwmesnsdesidinuvenia

drusulunsdiflnatlsdvuasndulazasa1n 1 FLIANNY  LagaIea1nNFmidaes
agluiiamendauasiusduldunnnanselidainis(2-30)

2
%:(ﬁ) G',GI (2-30)
i T L

=

n o
o, Aaeviaua1nIaIy

o)

b

o

o a |
A9 MN8N da
Ao 9R512818 a8 naAsY

Q =

A LW < '
A DAV NEIUBINIASL

Q

2.3 ﬂqwﬁﬂéuuﬂmgn‘lwﬂ’t (Electromagnetic Wave Theory)

A Il o a - o a & a a0 ' IR
adusfmantnyl JJuedusdenismadasuiinuusiadanadalainelifnes
@  a 4 & o a5 = o i g o @
217 efINaNluNAsiAGaUN sunduaIuY19nnInAR Wl LA sARULULWANARINAY
wazlAfaun U fianamenu

2.3.1 pauszurvanaua (Uniform Plane Wave)

AdusTIUIEmLmiiauenaeaesruuln 4 Aildasi dnsunundsaud
Inalufiamaiug  Tnewaunulnisasauuwivdnasdsanniuficmmwssmsuninszans
wienwhlussuuiisaiufismwesnsedeudl Adusvuvaiiauefunduidvanlyii
finvneFendunuy TEM fagud 2.9
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—. ’,& AR A@w

P
Ezﬁﬁa Il tBean
‘_r' % = 0 4r '# vy

f, I'i //
)’ o'W, ) 3. z/”"-
-
/4-—
S
-~ —-"‘
~0

_______

=
ngn

~
) LB
G EANRIGRI a@q Y
=
Hy'm

&

, (2-33) Ay
P

v A®
aq\,’&r\ > (2-31)
(2-32)
(2-33)

(2-34)
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auiiuiinmsedeuiivesrduansnsamildainaumsdiedu  Tasaunis (2-31)
Wumsvsweninin £ fidnvdsuulauileiivutiunaniisalagauisuds asfiduhiuiisa
d gty wezazgeinsanfugiuunidavunadniidevegfvauy £ Aifinng
WasuuwUasniild A axfimsiddsuwlasdeofouiunaide uiiaslilduasudasly
Tumaieadiufiny soluainauns (2-32) Mmsidsunaswes H agviiliAnauulwinds
stuvudndnuuadnseudunss H du

2.3.1.2 duiunudaselu-ntrinsic Impedance: 7)
AUIVANETNUGTENIN E UaE H. UBeaaussuvainauaty e
= < = = o & a =
AasEUUIAG oUW VI E ey K ARDudassaiuathy tay z lae?l E uay
H rlifiesussnatveawnt x-ag Tunsalarlirmudiiusues H, AUNE, was H, (U

E_ {u

e (2-35)

E =—\/E (2-36)
Hy v

Yix 7

% ﬁ_z,;, (2-37)
P
\iie

u fe AT uTdlevasdunnilivan (Permeability)

& Ao Arrug uTRldvesEuaindT (Permittivity)

Taefivuinvesilevesdnsidrusenarilumiigve sduiunudviolov
Jenanldidasndn £ duludwesdufiuaudnnglunie Intrinsic Impedance Wou
£

wiwhedydnual n wandedinarnlu free space AduRuaudneluvesgayaIne »,

ey
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7, = z& ~1207 =377
&,

4, =4m %1077 Henrys/m
1

£, H—r f/m
367 x10

iadnaiauandfidudinhlwidvesduivaudnneluasdy

= A (2-38)
a+ jwe

nauM3 (2438) fmanansilnnigadus i L ile ezl
7= fi“ﬂ = ‘/9&145 (2-39)
a (o

Ao Aapndvudaldugsanaiiingn (Permeability)
@ A8 ATENT
o FoEanu e (Conductivity)

1 13
A i

231 3 mdusvuavlusanansiiduganing Jsngnisgiitugin (Plane

Wave in Good Conductors:=Skin Effect)

‘d A = o dld e o d
Wioatgsswudumsludinasninuedfiiilviinduszgnanveu
ol o @ o } ¥-L A o = aa =
asnuszozn 1 Nie U - lufimblvivhnahadlsnin sannentedaunudingigs way
seggmennduasnsaunamsgivana  tilUlauuiistosduinn - shuusidanuddy

Tudsingnisalilisendn anudnlunisvzarnu (Depth of Penetration: &) lag#

. - ! (2-40)

2

£ o
w |E2 s
N

—]
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| v @ o da o [
weasuF WA ARduay LY

(2-41)

%)
i

wuc

u Ao Aeuenuduldvesauuuimdn (Permeability)

= 4 5
@ AD AU

CELRa

P\ o

o\ I~ PN~ .
;aga.m- Tude (i, &
N

S Y

%
’Zj
>
[
1

| v oa & & aa
Iﬂﬂﬁ]ﬂLLUﬁﬂ']'iﬁﬁ'iﬂﬂuﬂl:ﬂﬂ'ﬂuaaﬂlﬂu 2 N8R

2.3.2.1 aunilwihegluszuruiluudussurueduwivdnlnihen

N3Ny (Parallel Polarization)
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azlapuduriusasaunns (2-44)

B G _ kg, _ |E (0-44)
o sing, &, &n

whastiluenarsnanulidmiunsldnuienisfinwiminiu leygalihlulgussleviiunisa

Lidnsdilagiedu dnvievnuilidaulasient wazdasoadadudvesenalsynasaninisinluly
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=

AB YUANNTENU

3

LG RCRL

! ° )

An Arnuihauulidimsuassnatsiiusiiien 1

i
&l
W

4 | ° v e a = I T
e F’T]ﬂ’lWMUWHU'IJJ\LWﬁTﬁMWWﬁ‘llﬁ]\iﬁl’lﬂ’d’mwL'LJ‘L!G]’J‘L!']TIU@T 2

=¥ A e ) M 1A al
Way = =y, =4 x 10 mamﬂmaL‘TJummlw%m\lmum‘iqml,amm

AUNMLUWEN (Lossless nenmagnetic material)

ausaleudulstansnisasyintuasmaaiiulanaaunis (2-45) way (2-46)

f

—+=T

#

i

i

i

17, C0S 6, =77, €0, (2-45)

' cos O, +17,608 0

21, cos @,

= (2-46)
7,¢08 6, +1,cos8,

[

8 dnUszansSnasasiounes Paratlel Polarization

o))

UsEANaTAINIMYEN Parallel, Polarization

o}
®
EE

= SR oy} 3 as & v o o A
Ao AdunlaudnieluresinaNnlugatriiani 1

)
as

2399 au’mlw%hag"lmzmuﬁmmﬂﬁmsmm%mmmé‘nlwﬁwn

ns¥nu (Perpendicular Polarization) #asufi 2.12

U
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¥

H, . H,
(On) . G mmesmmnsaroroeemmera sy E, (out) | .

~ z(out)

, 'EM;, ‘

i:nmi * (ﬂ”‘“‘fl)

w::
T m_&égﬂg_msamawm Perpenditu

T, fio &l %ﬁi%&lﬂtﬁﬂ@eﬁéﬁ:u ;

T
=4 | a  a L1 @ & L) =
1, A mauwumwmﬂluﬂadmna’mmﬂumuwumw 2

2

AD YUANNTZNU

5

Y

D YueAE
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= = Al - ar o
2.3.3 BUNMAUTUUNURIAIUN (Surface Impedance)
dmsuinhlwiAfuuABuRuaugNuR7 (Surface Impedance: Z,) fiWuRa

P UUTIUNAUMUIVBIHURIUNINNTIAIAINANTURY (Depth of Penetration) 9%
$A1ifU Characteristic Impedance  waefauntu WaddlWiiaumuiuinadia

ANuANNuiLngazasadsua uRnaugiuila i du

2 = f%.ﬂs” -
o

1 L %4 Q:&I = ot < .
LaEAIAIINAUNIUNNUNINIUT(SUrface Resistance) %Lflu

: (2-49)

=
[
E

3

(9
WarAnudnwulll (Depth of Penctration) 1Ny

2

o
o

e

LY ! k4 sal 4” = e 3 1 as
LA WITIAAFULOIA AR NME I LR URaR A IR NN 5(2-50)

(2-50)

e ek a0 [ A& a A ' o & a 4
lWﬁmmﬂ’J’]ﬁm’mmu‘lﬂwuN’mqa ATAIAUANWUNIN

R TR R ot

NSEMnAIL AL TGN U WE N Ry

fadiAnanas

= < '
2.3.4 maganaunfuudwiinlaia

nmigandulsiintuiieaduudmaniniidumadigiatan  TneAemugds

Aana (Absorbtion loss) Huayliduiuylinuesnau wiuagiuyilnuesidn aunsamen
mugaydegeanaulaainaunis (2-51)
A=1314J(f 1 0)-d (2-51)
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\iie
d fe aruvuvasiialagmiodusuiiues
o, 9 manmhliihvelandlsiiguiuneauns
p, #o Aenuesduvesiagdeiisuiuenea
NANMS (2-51) anansavaanugndevesiagiinud 2.56 GHz ldids
AT 2.2
anaaedl 2.2 Apannaaydugandurestav et
BnNTIEU DTNV m'luqzu?ﬁﬂ@ﬂﬂau \ &
R panuilwia- | Guswuudvgn v il (e
vilnueslane o .
Yaalaviziu valausiv
3.5 lamsou |5 lumseu ) 7 lupseu
VDAY 2N
A 1.05 ! 23.84 34.06 47.69
NOULAY 0.97 1 22497 32.74 45.84
VAN 0:7 | 19.47 27.81 38.94
avgiliilea 0.61 1 18,17 25:96 36.35
dniia 0.2 1 10.41 14.87 20.81
Wwian 047 1000 303.39 433.42 606.79

NN 2.2 wiuldhiianumnidgaidangeiseiinsiidnnugode

aanauliiviniy




29

2.4 19935AUANLIINY (Voltage-controlled oscillator)

hulfifunsasuegendsnuiingasihesiequnnungililunsaiuny
Auive9n9s widslFResuAuUssauusAnuussiu islalemusninesluresiiad
luwes daussiuludavaslelomudnmefivasuasyhlimeuglwinfAsdsuuag
ey fafufednmsBouaranuivenamnimuussduludaifouiueiis
MRSl g miuiudedyaia RF Taewuin CVCo-558E iumadeniiafian 3
U 2.13 Iduanadneg 19299503 CVCO-558E

gﬂﬁ 2.13 971984 Voltage-controlled osciltator 1€

2.5 195U WARUAIING (Amplifier)

& | &l 2 ad g v al a0 = W
uEIUTIB AT NAT TUDLND LRALANININH 193818 S AUAN NS

ANUTABNANISAIgUN 2:44

/\/\/\/\ input outpat

- v = =
E‘U‘Vl 2.14 ¥annTUaINiveNuAauAINUe
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2.6 1A3999AANLTIAAUMEY (Field Strength Meter)
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3.1 N1F2DNLUY
3.1.1 Tasea$19vassesuy

A309R579U ansinannsnsaanwuundlassas IR i uan

vdenlnesunsulidisui a.l

Rl n NIATU
VCO. Antenna
Antenna AMmp.

Field Strength
Meter

=l .
JUM3.1 vABn g wAsNTEITEUY

mwhenlundvagroviindnnsvheudsil
1) VCO. yimthitadunna 256 GHz ileteulifuaeeiniads
2) Antenna mads ¥mthitlunsaseduauilugeinglans
3) Antenna mA¥u iwhiilunisfusiuaiiasieuannglany
8) Amplifier vmihilnggssduauussasadunuiniulalige

5) Field Strength Meter ﬁ’]ﬁﬂﬁﬁk{]uﬁ’.}LLﬂﬂdNﬁI‘u;ﬁ]U‘Um VU Meter
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3.1.2 n19aantuudaIgaInId

3.1.2.1 @uane

1) WEWISRTRUN

'JammmyLumiamawmmﬂﬂaL.meqﬁwuw wﬂmmuwwamm
aamuuuuavmuaw wnawm&nﬁmmululﬂmaﬂmnwummwmLLavnmmmmlwﬁw i

U
]

W Nnuwogr vAL il mmmmmaammummaﬁmau'llﬂﬂwqﬂmhmu
wiowsadu Tulassouduiisndenldauwsiuaiasfiu (Printed- Circuit Board: PCB)
¥iindnend FRG (Epoxy FRE) TRATAtsalasianasi (e, ) Wity 4.6 wasianumuives
Wl (h) WA Dadwas Inoleudygramuisowuteadue 50 Tovu

2) MsRuTIWInIe iateAEen U lulasansy
Tunuisoilseantuuaveinelalasansuuuut sudeite }%’mu’Lu

Lﬂiemwimﬁ'wwLﬂmuwluemw 3Iﬂﬂl‘?ﬂﬁﬁiﬂ%’iuLL'U‘UEJW?ﬂ‘ﬂ FRA. Foilut ot als 1
ﬁ}mauumwaaaaqiaqgwul,guuawaﬂm FRA 1A RT3 1

C: wa o a
AT 3. 1 ANAN URAYBI AT U8 UN FR4

mﬁmgp‘iui’a@ljaq = (o) O'(S/m) t(mm) tan (&)

FR4 4.6 1.6 5.8x10’ 0.035 0.02

Tngil

&) .fo amanusILdmsve tiang e

h & @8 ANHALNTBITET 1IN

o, e, NdINedEgsiana

¢, ®p AR UVUNTEYIandai

tan (8).Aa.Auwmgaudnsgayde (lass tangerit)
TumseenulugiveanAlilrsansUazausadTaan N wazaANLe

vosensomalilasaniulnglisui 32 uasanms@1), (2-2), (2-3) uag (2-4)
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3) M@0 UUINTUTLNTY Advance Design System (ADS)

AN 3.2 ATWISIRDTUYBIEIINARUUN 1

WS dilmes e (Hadums)
W anuning 28.55
| L ANuem 28.55
H : anudnvesanstou 8.90
¥ 5.71
X 11.42

winshamnfmesvedghoeinmaldlasassunfmtulannmisi 3.2 W
assiuuizagiateomalulusinsi Advande Design System (ADS) zlAutuiianives
fURINIAGIgUN 3.3

JUN 313 LayoutuptwyuinsasaigomnialilasaasUain ADS
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m2
freq=2.463GHz
dB(S(1,1))=-8.732
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QIA 2 12 =Y & L7 1 14 2/ L ./
Al dasnasle Tnedimns dwesilalunasy Summimineasldutena iun i (W)

ANNeN (1) bazAnudntsaadanu () ssldviavesangainaiuuil 2. duanslu

A15 WA 3.3

< i a =
FSTIN 3.3 AANISTIADSVRSETEENARDUT 2
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H rarudnvesaastou 11.00
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m
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-104
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] i
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‘_g'i.J*ﬂ 3.8 ﬂ'ﬂ”Iiqu.l,LaﬂLu’aQQﬂﬂﬂqiﬁlﬂuﬂaU‘U'ﬂﬁLLUUQ']ﬁENﬂ']EJﬂ'm']ﬁLL‘UUV] 2910 ADS

=] Ed 21 = - ooy sl
mﬂgﬂm 3.5 Fsulf At AIALUUR - 2 NATATRIG LA HEDRINNTG
o i & | = <
gaunauaInTT-10 dB . Yinnaun 2.444 GHz

= 9/ ey a -
INHNTNN 33 'Qz‘lﬂLLUU‘EUﬂ’1‘5LLN‘Wa\'ix'ﬂuLLa32’{3.!1/!’1{1%1’1“0@&?!’186’11’1'1FH,L‘U"U‘V] 2
AIFUN 3.6 wam 3.7
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m3

freq=2.444GHz
2450_mom_a..$(1,1)=0.033 /-105.515
impedance =20 * (0.980 - j0.063)

SN

12 (500.0MHzZ 1o 4. 000GHz)

U 3.7 alivnduge wuudnnsema nIAkULH 2 990 ADS

mﬂ’i‘lh/l 3.6 48837 mmuimmuwsﬂmmmammmmaﬁauammmwlﬂu
wu-iiJmiLmwamulﬂawmwwmaqmi uazmBNNeuginue-2.040 Gz i
49 — j3.15Q FaslAaladiAgs 500 wanidhunsuamsduitmeditaiauy sl

PpnsIaemanisllsinsuAdvance: Desien ( System (ADS) dleadng
AN AR NRTA1 97 3.3 mmm’lusﬂw 3.8 urmUuasaLaINTe mmamwm
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o o d o w '
3.1.2.2 N9UAAUAMIUEI8INA
P T | o el A o
genuuuviBthafuiarIuaudrauliimsdwmauaTuRlufia
& o .J
WWIZIZIINTU UERIRIFUN 3.9

o ot

=l y B’ /A |
EU‘W 3.9 yisUARaUEN M IV DINNAEY

v W i i A
FI8INMATUY NUEIEBINTFS m’N‘L‘gL{J'UfﬂEJ'ET'lﬂ']ﬁlLUUINIﬂiﬂWiUVI@@ﬂLLUU@J']
- ) i o A 1 PV AL ol P v Al o | 4 aa
LU UNUAEATNAUNEN DI NNAGIEUNTUIADULWULYIUT LW@IMﬂTﬁ'ﬁ\?ﬂﬁUNWﬁVﬂQ
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3.1.3 voltage controlled oscillator (VCO)

CVEQ-55BE 2300 - 2450 MHz flesuil 310 Uaw 3.11 Jugunsallidrudrdny
fgndenlfifiofovadhenand s iy wide band (84" low fphase noise

UL IRunIEel ToGidatianunsasuusanuninglulodligedn 45V uas Vi, il

Tuning Sensitivity 47.937"MHz/V/ Immsﬂiamqummﬁﬁﬂm 2.0994 - 2.6132 GHz

E‘U'ﬁ' 3,10 voltage controlled oscillator IC
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gﬂﬁ 3.+ v advoltage controlled oscillator 1€

Y2 Dumvises W, it Wushimlwes V. tagenio Hu
FUAUIYBY RF,y 108 Ve AoARR e nsZdnsenitodliiu VCO Wapsoungy
AIUDAUF-2:0998 - 2.6132 GHz

gﬂﬁ 3.12 voltaee controlled oscillator

3.1.4 Field Strength Meter Circuit

ﬁmﬁwﬁLﬂuﬁaLLamma%aaLﬂ%aamm%’u‘f,mx’[ugwaa VU Meter lagld9asns
o
JU% 3.13
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g‘dﬁ 3.13 J9a9-Field Streneth-Meter Circuit

2x
1N571

s
[ T3

I}—H— 1000pF

Use analog meler

gﬂﬁ 3.14 Field Strensth Meter

3.1.5 Amplifier

I ludrurevassveielug ueaind 256 GHz 1 ICADL 5536 didlstvens
SEAUAIULS DA AUAITID AL 32 B Tﬂﬂiﬁﬁqa%ﬁazﬂﬁ 3.15

GND Ve
G
L %
cs

(2) GND

1.2nF
c4

ADLS5536 68pF 6

L1
470nH
£11| 2|2| 5|
RFIN ¢y g3 g c2 RFOUT
0.4pF

0.1pF 6

: : .
SUN 3.15 1WITEgATUAID
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3.1.6 N1SRNLUULATDINS IRV Tany

T¥aneomedalusdesadurrualudoiuiy  derdumuinsenuivi
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3.2 Asaslianglunisnaasd

1) Tsunsu Advance Design System (ADS)

2) TUsunsu Proteus

3) Network Analyzer

4) Signal Analyzer

5) Function Generator

6) Power Supply

7) Anechoic Chamber

8) wiuvadilaeiiSeunuA 35 + 70 luasou vunAnag g
9) wiip¥qililuunosd

10)ofT

3.3 NSAAAUNANT59AA DY
3.3.1 N1FINKANNTNANDIYDIFIBBIN 6
3341 niFinnansvnaatUasEueanIn iy
1) msnpaauiisYMsiEnd I e Ry 8T

LUUSUR SRR TR sE g AR GUNLTUsuBnS ez TUR

W = Y -4 @ | w
NEI9U L URsaIEeIN AT Riel uYD IR AN A8 AR AN INLUUFUNATHANEIUY

6 Ve e W < § a
melu eskilinisavioursiran (anechoicchamben Tnsdiangoanralduseviianialuy
sEUULRen (Omnidiréction antenna) Waaigeinianiads lunsiavadauay Iafiusiin
auuszyzlng  (far-fielth, redion) sRuADsze#TEWINA1a NN 1B AL A EINA

a = [

nAaau Naunyszerlng nsiadinvasuaiauadssldildeuiiUamnussazmalagdnunse
AudlaInaunis (3-1)

2
R>2D
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2 1 o at dl . . . .
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Sun, 06 Oct 2013 90503 PM
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Log . —_
1
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Start 24000 GHz
Res BW 2.7 MHz VEW 2.7 MHz

Stop 2.7000 GHz
Sweep 1,00 ms (1001 pts)

JUT 4.7 seiupTEn T esrdnnNhvenesesfuluTY TN I EafiuANNdLle

pwulany
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=
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2
=
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Mkr1 2.560 8 GHz

Jo gBidiv Ref 1.00 dBm -34.82 dBm

a0 - : S

) 2
Start 2.4000 GHz Slop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00ms (1001 pts)
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Ig l;‘iﬂ L)
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Mkr12,560 5 GHz

{9 govaly Ref 1.00 dBm -30.25 dBm

|
Start 2.4000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00 ms (1001 pis)

JUT 4.9 sedumuuswasnduaudvaamsasfunuulnAn Mg eaiuANLile
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W15 7R TeAUAIINLSI989AANAINAYBIEI8BINIARIELATEY Signal
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Mkr1 2.560 5 GHz

{0 gBia Ref 1.00 dBm -27.47 dBm

Start 24000 GHz ; Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00ms (1001 pts)

JUT 4.10 52AuAnLusueIafual T iTanATEI UL UU TIRRIN 1R8N gAT YA W dLile
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Mkr1 2.561 1 GHz
&gamw Ref 1,00 dBm -24.87 dBm
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1 |

L il
Start 24000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00ms (1001 pts)

UM 4.11 sxAUmIIL I IRAUAINEYENATBTUN LT IN 19T ATuAI Il
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fanulane Ui 103.22 159 suRtng
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Analyzer Tunseiiiasasmsianulans MNUARE 161.29 m1iuauiiing agldnanmvaasu
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Mkr12.561 1 GHz
{8 gerar Ref 1,00 dBm -23.87 dBm

Starl 2.4000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00 ms (1001 pts)
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Mkr1 2.560 8 GHz
jggei__ Ref 1.00 dBm -22.31 dBm
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'
Start 24000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00ms (1001 pts)
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161.29 223,80

232.26 F
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Mkr1 2.559 9 GHz
-4.04 dBm

10dBiiv  Ref 20.00 dBm
Log -

\
{

Start 2,4000 GHz

Res BW 2.7 IHz

=
JU

VEW 2.7 MHz

Stop 2.7000 GHz
Sweep 1.00ms (1001 pts)

4.14 5EAUAITNTIVDIPAUAILRIDNAS BT UKLV T99svenBRaua L i ansaaly

wulane

2n5UI 4.14 sidlFinssauauuswespauaRdlunsfifnsas liwulane

TAWNANU <404 dBm

Wiayhnasdasesun il sivetaaunNyfivesartetnIAn8IATe Signal

Analyzer Winsiltafansaanulanzng

WARIASIUI 415

10dBidly___Ref 20.00 dBm
Log 7

&
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VINT-6:45 9151 0TUPAT = lAHaN IRaaU

Mkr1 2,568 8 GHz
-2.83 dBm

Start 2.4000 GHz
Res BW 2.7 MHz

VBW 2.7 MHz

Stop 2.7000 GHz
Sweep 1.00 ms (1001 pts)
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TaveNuinin 6.45 e159URLUAS
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Mkri1 2.558 9 GHz
j9g8iaw _Ref 20.00 dBm 1.77 dBm

Start 7,4000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz Sweep 1,00 ms (1001 pls)
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Tavehunia 2581 AIs N uilms
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Mkr1 2.559 9 GHz
4.50 dBm

10 dBidiv  Ref 20.00 dBm
Log

T
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I
Stop 2.7000 GHz

Start 2.4000 GHz
Bweep 1.00.ms (1001 pts)

Res BW 2.7 MHz

VBW .7 MHz

JUT 4.17 sgaumatiusivedndua N dvRNATd S Yl TeTveentuANililon 1Ny
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PINGUR 417 gLl sERUAT LS asRauA MNELuN ST TN ulave Tl
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NUNAD 5806 M5 URLLNS AANITU 4.50 dBm
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Mkr1 2.559 9 GHz
[0 gmiaiv Ref 20,00 dBm 7.12dBm

Start 2.4000 GHz Stop 2.7000 GHz
Res BW 2.7 MHz VBW 2.7 MHz Sweep 1.00 ms (1001 pts)
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Mkr1 2.569 8 GHz
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CRYSTEK

ICROWAVE

A DivisiION OF CRYSTEK CORPORATION

Voltage Controlled Oscillator-VCO
CVCO55BE-2300-2450

PERFORMANCE SPECIFICATION MIN TYP MAX UNITS

Lower Frequency: 2300 MHz .
Upper Frequency: 2450 MHz H
Tuning Voltage: 0.5 4.5 VDC
Supply Voltage: 4.75 5.0 5.25 vDC
Qutput Power: +2.0 +4.0 +6.0 dBm
Supply Current: 29 mA
Harmonic Suppression (2" Harmonic): -15 dBc
Pushing: 4.0 MHz/V
Pulling, all Phases: 8.0 MHz pk-pk
Tuning Sensitivity: 56 MHz/V
Phase Noise @ 10kHz offset: -100 dBc/Hz
Phase Noise @ 100kHz offset: -121 dBc/Hz
Load Impedance: 50 Q
Input Capacitance: 22 pF

) Operating Temperature Range:. -40 +85 c
Storage Temperature Range: -45 +90 'C

Phase Noise (1 Hz BW,

#% Agilent ES052A Signal Sourcel Analyze:

CWCOSSBE-2300-2450

Typical)
‘5‘}; AT :“'ﬂ"

PPhase Noize 10,0048/ Ref -20.00d8<Hz ¥
i 58 " £ Oatier FINIRLE Gfte | A0 A au e co AN, o W EF AN W . .
2‘”"”1 T:0A Wiz [ | o7244151 QoePRZ 03 (547 500 mv 2.283385333 Ghz
i 2: 10 khz | 09%99.9330 200 2.5 V2239163 GHz
| 320400 =" -132:8158 dBeMZ 4.5 V 42501696 GH=
) \ >4t 1 WHz ) 7, “143(2944 dBoghz ( 1
« “ Sr 10 MHZ 4 F159:5048 deadiy
'i /
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7000 | 505 1
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‘ ‘i&\'\ ' e /
+
|
i 2.400G W
2
P
i
Lt LI . R T — e .
Supsi | |2 FrqBwd[(00M7GHll  FreqRes(skall  PomtDalay0s

Stop 10 MH: WOTCH

Freq & Power Star 0V

Sweep [Crl Voltage]

Page 1 of 2

12730 COMMONWEALTH DRIVE * FORT MYERS, FLORIDA 33913
PHONE: 239-561-3311 * 800-237-3061
239-561-1025 * WWW.CRYSTEK.COM

FAX:




ICROWAVE

A DivisSiION OF CRYSTEK CORPORATION

BOTTOM VIEW SIDE VIEW
[RF]
I Gold Finish 0.465 SQ
< (11.813Q) —’]
0.030 =
e i(o.m) — 1 |0| [ TEa ]
100 -
Eo.usz _'| (2.54) Sl%
(1.32) sle
0.025
v (0.64) 0.040
(1.02) U /L L4
TOP VIEW BOTTOM ORIENTATION MARK 8/ 8 8
0.500 S i g
(12.70) L E—i
== oo — [HEHI B
0.415 — :
E CRYSTEK w5

CVCO55BE

0.500
(12.70)

CRY STE KK | Voltage Controlled Oscillator-VCO
M CVCO55BE-2300-2450

— 0.405 10

Pad | Connection

2 vt

RF-QUTPUT
14 Vee

Others GROUND
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Surface Mount

Schottky Barrier Diode

mult?comp

Features:
« Low Forward Voltage Drop

« Guard Ring Construction for Transient Protection

+ Fast Switching Time
* Low Reverse Capacitance.

» Surface Mount Package |deally Suited for Automatic Insertion

Applications:

+ Surface mount fast switching Schottky diode

Maximum Ratings:
Ta=25°C unless otherwise specified

5
CATHODE ANCDE

SOD-123

Characteristic

Symbol

Value

Unit

Peak repetitive reverse voltage
Working peak reverse voltage
DC reverse voltage

VRRM
VRwM
VR

70

RMS reverse voltage

VR(RMS)

49

Forward continuous current

IF

16

mA

Power dissipation

Po

250

mw

Thermal resistance junction to ambient air

Reua

600

°C/W

Operating and storage temperature range

Tj, Tste

-65 to+150

°C

www.element14.com
www.farnell.com
www.newark.com
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Surface Mount
Schottky Barrier Diode

mult?comp

Electrical Characteristics:
Ta = 25°C unless otherwise specified.

Characteristic Symbol Min. Max. Unit Test Condition
Reverse breakdown voltage V(BRIR 70 - \ IR=10pA
0.41 IF=1mA
Forward voltage VF - 1 V IF=15mA
Reverse current Ir - 200 nA VrR=50V
Capacitance between terminals Cj o 2 pF Vr=0, f=1IMHz
2 IF=IrR=5mA,
Reverse recovery time tre - iy ns In=0.4 % Ir, RL=100Q
Package Qutline:
Plastic surface mounted package
. K SOD-123
B s Dim. Min. Max.
’ A 1.4 1.8
) ‘ | B 255 2.85
‘ T
" . ' A [ G 1.15 Typ.
l —“H“'—Jj D 0.5 0.6
. E 0.3 0.4
E
H 0.02 0.1
- ]
J [ |
LL ‘F—J (_ J 0.1 Typ.
\ ‘ K 3.55 3.85

Dimensions : Millimetres

www.element14.com
www.farnell.com
www.newark.com
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Surface Mount

Schottky Barrier Diode

mult?comp

Soldering Footprint:

7 7]
/] 0/ Lae
7 97
il // ‘
wib. & 27 N
2.36 g
4.19
Dimensions : Millimetres
Package Information:
Device Package éhipping
1N5711W-7-F SOD-123 3,000 / Tape & Reel

Part Number Table

Description

Part Number

Surface Mount Schottky Barrier Diode

INS7 11W-7-F

Important Notice : This data sheet and its contents (the “Information”) belong to the members of the Premier Farnell group of companies (the “Group”) or are licensed to it. No licence is granted
for the use of it other than for information purposes in connection with the products to which it relates. No licence of any intellectual property rights is granted. The Information is subject to change
without notice and replaces all data sheets previously supplied. The Information supplied is believed to be accurate but the Group assumes no responsibility for its accuracy or completeness, any
error in or omission from it or for any use made of it. Users of this data sheet should check for themselves the Information and the suitability of the products for their purpose and not make any
assumptions based on information included or omitted. Liability for loss or damage resulting from any reliance on the Information or use of it (including liability resulting from negligence or where the
Group was aware of the possibility of such loss or damage arising) is excluded. This will not operate to limit or restrict the Group'’s liability for death or personal injury resulting from its negligence.

Multicomp is the registered trademark of the Group. © Premier Famnell plc 2012.
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ANALOG
DEVICES

20 MHz to 1.0 GHz IF Gain Block

ADL5536

FEATURES

Fixed gain of 20 dB
Operation from 20 MHz to 1.0 GHz
Input and output internally matched to 50 Q
Integrated bias control circuit
OIP3
45.0 dBm at 190 MHz
49.0 dBm at 380 MHz
Noise figure
2.6 dB at 190 MHz
2.7 dB at 380 MHz
P1dB of 19.6 dBm at 190 MHz
Single 5 V power supply
Low quiescent current of 105 mA
MSL-1 rated SOT-89 package
ESD rating of +2 kV (Class 2)
Pin-compatible with the 16 dB gain ADL5535

GENERAL DESCRIPTION

The ADL55361s a 20 dB linear amplifier that operates at
frequencies up to 1 GHz. The device can be used ina wide
variety of cellula, CATV; military, and instrumentation
equipment.

The ADL5536 provides the highest dynamic range available
from an internally matched IF gainblock. This is accomplished
by providing extremelylow noise figures and very high QIP3
specifications simultaneously across the'entire I GHz frequency
range. The ADL5536 also provides extremely flat gain and P1dB
over frequency, which are stable over temperature, power supply,
and from device to device.

The device is internally matched to 50'€)at the input-and-output,
making the ADL5536 very easy to.implement in a wide variety
of applications. Only input/outputac coupling capacitors, power
supply decoupling capacitors, and an external inductorare
required for operation.

Rev. A Document Feedback
Information fumished by Analog Devices is believed to be accurate and reliable, However, no
responsibilityis assumed by Analog Devices forits use, nor for any infringements of patents or other
rights of third parties that may result from its use. Specifications subject to change without notice, No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Trademarks andregistered trademark the property of their respective owners,

FUNCTIONAL BLOCK DIAGRAM

GND
(2)

ADL5536
>

L 2] [a]

RFIN GND RFOUT

Figure 1.

The ADL5536 1s fabricated on a GaAs HBT process and has an
ESD rating of £2 kV (Class 2). The device is assembled in an
MSL-1 rated SOT-89 package that usesan exposed paddle for
excellent thermal impedance.

The ADL5536 consumes only 105 mA on a single 5 V supply
and is fully specified for operation from =40°C to +85°C.

The ADL5536 is also pin-compatible with the 16 dB gain
ADL5535. Fully populated evaluation boards are available
for each amplifier.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 ©2010-2013 Analog Devices, Inc. Allrights reserved.
Technical Support www.analog.com
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ADL5536

SPECIFICATIONS

Vee =5 Vand Ta = 25°C, unless otherwise noted.

Table 1.
Parameter Test Conditions/Comments Min Typ Max Unit
OVERALL FUNCTION
Frequency Range 20 1000 MHz
FREQUENCY = 20 MHz
Gain 20.2 dB
Output 1 dB Compression Point (P1dB) 18.0 dBm
Output Third-Order Intercept (OIP3) Af=1 MHz, eutput power (Pout) =3 dBm per tone 39.5 dBm
Second Harmonic Pour=0dBm -59.2 dBc
Third Harmonic Pour =0 dBm 89.1 dBc
Noise Figure 25 dB
FREQUENCY = 70 MHz
Gain 20.1 dB
vs. Frequency +50 MHz +0.10 dB
vs. Temperature —40°C < Ta < +85°C +0.20 dB
vs. Supply Voltage 475V 10525V +0.07 dB
Output 1 dB Compression Point (P1dB) 19.6 dBm
Output Third-Qrder Intercept (QIP3) Af =1 MHz, output power (Pour) = 3 dBm per tone 41.0 dBm
Second Harmonic Pour =0dBm -63 dBc
Third Harmonic Pour =0 dBm —-88 dBc
Noise Figure 24 dB
FREQUENCY =190 MHz
Gain 18.8 19.8 20.8 dB
vs. Frequency +50 MHz +0.06 dB
vs. Temperature —40°C < Ta < +85°C +0.19 dB
vs. Supply Voltage 475V .t0 5.25V +0.07 dB
Output 1 dB Compression Point (P1dB) 18.6 19.6 dBm
Output Third-Order Intercept (OIP3) Af=1 MHz, output power (Pour) = 3 dBm per tane 450 dBm
Second Harmonic Pour= 0 dBm -59.6 dBc
Third Harmonic Pour=0dBm =904 dBc
Noise Figure 26 dB
FREQUENCY = 380 MHz
Gain 184 19.4 204 dB
vs. Frequency +50 MHz +0.10 dB
vs, Temperature —40°C < Ta < +85°C +0.20 dB
vs. Supply Voltage 475Vto 525V +0.08 dB
Output 1 dB Compression Point (P1dB) 187 19.7 dBm
Output Third-Order Intercept (OIP3) Af=1 MHz, output power (Pour) =3 dBm per tone 49.0 dBm
Second Harmonic Pour=0dBm -614 dBc
Third Harmonic Pour=0dBm -77.2 dBc
Noise Figure 2.7 dB
FREQUENCY = 748 MHz
Gain 185 dB
vs. Frequency +50 MHz +0.14 dB
vs. Temperature —40°C < Ta < +85°C +0.23 dB
vs. Supply Voltage 475Vt05.25V +0.09 dB
Output 1 dB Compression Point (P1dB) 19.7 dBm
Output Third-Order Intercept (OIP3) Af =1 MHz, output power (Pour) = 3 dBm per tone 425 dBm
Second Harmanic Pour=0dBm -53.2 dBc
Third Harmonic Pour=0dBm -707 dBc
2.7 dB

Noise Figure

Rev. A |Page 3of 16




ADL5536

Parameter Test Conditions/Comments Min Typ Max Unit
FREQUENCY = 900 MHz
Gain 18.5 dB
vs. Frequency +50 MHz +0.14 dB
vs. Temperature —40°C < Ta < +85°C +0.23 dB
vs. Supply Voltage 475Vt05.25V +0.10 dB
Output 1 dB Compression Point (P1dB) 19.9 dBm
QOutput Third-Order Intercept (OIP3) Af =1 MHz, output power (Pout) = 3 dBm per tone 415 dBm
Second Harmonic Pour=0dBm -64.9 dBc
Third Harmonic Pour=0dBm -68 dBc
Noise Figure 27 dB
FREQUENCY = 1000 MHz
Gain 18.1 dB
vs. Frequency +50 MHz +0.14 dB
vs. Temperature —40°C'sTa < +85°C +0.23 dB
vs. Supply Voltage 4.75Vto5.25V +0.10 dB
Output 1 dB Compression Point (P1dB) 19.7 dBm
Output Third-Order Intercept (OIP3) Af=1MHz, output power (Pour) = 3 dBm per tone 405 dBm
Second Harmonic Povr="0dBm -54.8 dBc
Third Harmonic Povr=0dBm -66.6 dBc
Noise Figure 28 dB
POWER INTERFACE
Supply Voltage (V) 45 5.0 5.5 %
Supply Current 105 122 mA
vs, Temperature —40°C < Th < +85°C +2.0 mA
Power Dissipation Vee=5V 0.53 W

Rev. A|Page 4 of 16




ADL5536

TYPICAL SCATTERING PARAMETERS (S-PARAMETERS)
Vee =5V, Ta = 25°C, and the effects of the test fixture have been de-embedded up to the pins of the device.

Table 2.

Frequency s11 521 $12 522

(MHz) Magnitude (dB) | Angle (°) | Magnitude (dB) | Angle (°) | Magnitude (dB) | Angle (°) | Magnitude (dB) | Angle(°)
20 -14.53 -120.58 2045 171.91 -22.63 +7.79 -16.26 —-139.94

70 -19.07 -156.59 20,01 17248 -22.66 +0.45 ~16.29 -164.26

120 —-19.61 -160.48 19.91 169.98 —22.65 -1.59 -16.26 -166.95

190 —-19.62 -159.92 19.84 165.55 —22.64 -3.78 -16.06 -165.90

240 -1943 —157.66 19.77 TR — 7208 ~5,22 —-15.84 -164.33

290 -19.04 —-155.64 19.74 159.05 —22.62 —-6.64 ~15.58 -162.72

340 -18.78 —153.97 19.65 155.59 —22.62 5/ 93 -15.28 -161.62

390 -18.37 —-150.66 19:54 152,48 —=22.59 -9.34 -1497 -159.87
440 -17.83 -149.87 19:50 149,29 =22,57 -10.74 -14.53 -158.25

490 -17.32 -149.82 19.41 146.05 —=22464 -12.0§ -14.14 —-158.63

540 -16.88 -149.59 19.34 142.73 —2261 =13.36 ~13.80 —-158.50

590 -16.51 —-148.73 19.22 139.62 -2 459 -14.66 -13.47 —158.24
640 -16.06 ~-148.92 19.14 136.53 22259 -16.00 w32 ~158.50
690 ~-15§2, =14926 | 19.04 13327 —22.59 1430 -12.80 -158.89
740 -15.37 —149.29 18.92 130.33 =258 -18.61 =1251 ~159.33

790 -15.04 =149.83 18.82 127.22 £22.5% 1542 <1283 -159.94
840 —=14.73 —-150.32 18.70 124.22 AN —-21.26 =11.96 —-160.63

900 -1435 =150.94 1857 120.78 —22.56 —22.85 —11.65 -161.64
950 =14.10 -151.64 18.44 117.74 —22.56 =242 ~11.42 -162.56
1000 &18.83 H152(2¥ 18.32 115.01 22,56 +2553 119 -163.52

1050 =18.59 -153.23 18.21 112.08 -22.595 —-26.89 =10.99 -164.55

1100 §1838 —153.86 18.06 109.34 —22.56 —28.24 -10.80 —-165.66
1150 316 —-154.76 17.96 106.63 s2Ab5 —-29.58 =10.63 -166.70

1200 —1289 =155:57 17.82 103.80 —22.55 -30.95 =1047 -167.80
1250 -B. =156.33 17.69 101.33 =22.54 —-32.33 -1030 -168.91

1300 -12.61 -157.32 17.57 98.53 =22.55 —-33.74 -10.16 -170.07
1350 —12.44 -158.19 17.44 95.98 —22.56 -=35/12 -1003 -171.34
1400 -12.30 =159.08 7 .83 93.44 L5 -3643 Fop2 -172.44
1450 —-12:17 -159.85 17,19 90.86 ~22.56 -37.74 —-9.81 -173.47
1500 -12.01 ~160:65 17.06 88.41 =22.56 239112 -9.70 -174.66
1550 -11.89 -161:57 16.95 85.90 =2256 -40.49 =9.59 -175.76

Rev. A| Page 5 of 16




ADL5536

ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating

Supply Voltage, Ve 6.5V

Input Power (Referred to 50 () 20dBm
Internal Power Dissipation (Paddle Soldered) | 650 mW

6,1 (Junction to Air) 30.7°C/W

6ic (Junction to Paddle) 5.0°C/W
Maximum Junction Temperature 150°C

Lead Temperature (Soldering, 60 sec) 240°C
Operating Temperature Range —-40°Cto +85°C
Storage Temperature Range —65°C to +150°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
‘ without detection. Although this product features

patented_or proprietary protection circuitry, damage

‘2.\ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avold petformance degradation or loss of functionality.

Rev. A | Page 6 of 16




ADL5336

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

RFIN [
GND [ 2]
RFOUT [ |

ADL5536

TOP VIEW
(Not to Scale)

NOTES

1. THE EXPOSED PADDLE IS

(2) | GND

INTERNALLY CONNECTED TO GND

AND MUST BE SOLDERED TO A LOW ‘D

IMPEDANCE GROUND PLANE.

Figure 2. Pin Configuration

Table 4. Pin Function Descriptions e

PinNo. | Mnemonic Description

1 RFIN RF Input. This pin-requires a de blocking capacitor.

2 GND Ground. Connect this pin to a low impedance ground plane.

3 RFOUT RE Output and Supply Voltage: A de bias is provided to this pin through an inductor that is connected to the
external pawer supply. The RF path requires adc blocking capacitor.

(2) Exposed Paddle | Exposed Paddle. The exposed paddle is internally connected to GND and must be soldered to a low impedance

ground plane.

Rev. A | Page 7 of 16




ADL5536

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 5. Input Return Loss (S11), Output Return Loss (522), and
Reverse Isolation (S12) vs. Frequency
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ADL5536

SECOND AND THIRD HARMONICS (dBc)
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Figure 9. Single-Tone Harmonics vs. Frequency, Pour=0.dBm
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ADL3536
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ADL5536

BASIC CONNECTIONS

The basic connections for operating the ADL5536 are shown in
Figure 16. Recommended components are listed in Table 5. The
input and output should be ac-coupled with appropriately sized
capacitors (device characterization was performed with 0.1 uF
capacitors). A 5 V dc bias is supplied to the amplifier through
the bias inductor connected to RFOUT (Pin 3). The bias voltage
should be decoupled using a 1 pF capacitor, a 1.2 nF capacitor,
and a 68 pF capacitor.
GND VCC

1uF

(2) ) GND e

ADL5536 68pF

L
3
RFIN 4 c2 RFOUT

17242
[
‘ o
0.1uF 0.ApF

Figure 16. Basic Connections

RFIN
RFOUT

BBs7TI0NE

Table 5. Recommended Components for Basic Connections

SOLDERING INFORMATION AND RECOMMENDED
PCB LAND PATTERN

Figure 17 shows the recommended land pattern for the ADL53536.
To minimize thermal impedance, the exposed paddle on the
package underside, along with Pin 2, should be soldered to a
ground plane. If multiple ground layers exist, they should be
stitched together using vias. For more information about land
pattern design and layout, refer to the AN-772 Application
Note, A Design and Manufacturing Guide for the Lead Frame
Chip Scale Package (LFCSP).

- 1.80mm >

e 1.27mm

08673101

3.00mm |

Figure 17. Recommended Land Pattern

Frequency C1 c2 L1

Cc4 Cc5 c6

20 MHz to 1000 MHz 0.1 pF 0.1 uF

470 nH (Coilcraft 0603LS-NX or equivalent) 68 pF 1.2nF 1 uF

Rev. A | Page 11 0f 16




ADL5536

ACPR PERFORMANCE

Figure 18 shows a plot of the adjacent channel power ratio
(ACPR) vs. Pour for the ADL5536. The signal type used is a
single wideband code division multiple access (W-CDMA)
carrier (Test Model 1-64). This signal is generated by a very
low ACPR source. ACPR is measured at the output by a high
dynamic range spectrum analyzer that incorporates an instru-
ment noise-correction function. At an output power level of
+8 dBm, ACPR is still very low at -65 dBc, making the device
suitable for use in driver applications.

=30
—40
380MHz /

=50 4
é /<
x —B50 —— 190MHz SOURCE POWER
& OUTPUT REFERRED 190MHz
<

70 = /

80 /: [ —]

"B
380MHz SOURCE POWER |
OUTPUT REFERRED
—90 1 1 ! i
= -3 BN 1.a3 § _owuew Wiy

Poyr (dBm) 3

Figure 18. ACPR vs, Paur, Single W-CDMA Carrier (Test Model 1-64)
at 190MHz and 380 MHz

ERROR VECTOR MAGNITUDE (EVM) PERFORMANCE

Error vector magnitude (EVM) is a measure used to quantify the
performance of a digital radio transmitter or receiver. A signal
received by a receiver has all constellation points at their ideal
locations; however, various imperfections in the implementation
(such as magnitude imbalance, noise floor, and phase imbalance)
cause the actual constellation points to deviate from their ideal
locations. The ADL5536 shows excellent performance when used
with-higher-order modulation schemes, such asa 16 QAM.
Figure 19 illustrates the EVM performance of the ADL5536 when
driven with a 16 QAM 10 Msym/s signal. Degradation of the EVM
performance starts to occurat an output power of +12 dBm.
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Figure 19. EVM Performance vs. Peur with a 16QAM, 10 Msym/s Signal

Rev.A | Page 12 of 16




ADL5536

EVALUATION BOARD

Figure 20 shows the evaluation board layout, and Figure 21

shows the schematic for the ADL5536 evaluation board. The

board is powered by a single 5 V supply.

The components used on the board are listed in Table 6.
Power can be applied to the board through clip-on leads
(VCC and GND).

COMPONENT SIDE

08-A01007-01
REY A

Figure 20. Evaluation Board Layout (Top)

Table 6. Evaluation Board Components

0.1pF 0ApF

c2 RFOUT

08673.015

Figure 21. Evaluation Board Schematic

Component Description Default Value

€le2 AC coupling capacitors 0.1 _pF, 0402

L1 DC bias inducter 470 nH, 0603 (Coilcraft 0603LS-NX or equivalent)
VCC, GND Clip-on terminals for power supply

c4 Power supply decoupling capacitor 68 pF, 0603

cs Power supply decoupling capacitor 1.2'nF, 0603

c6 Power supply decoupling capacitor 1 pF, 1206
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ADL3536

OUTLINE DIMENSIONS

ORDERING GUIDE
Model’
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COMPLIANT TO JEDEC STANDARDS T0-243

Figure 22. 3-Lead Small Outline Transistor Package [SOT-89]

(RK-3)

Dimensions shown in millimeters

09-12-2013-C

Temperature Range

Package Description

Package Option

ADL5536ARKZ-R7
ADL5536-EVALZ

-40°Cto +85°C

3-Lead SOT-89, 7 Tape and Reel
Evaluation Board

RK-3

' Z = RoHS Compliant Part,
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