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Kot 0gv TTPEMEL va, epunvevdel 0TL avimpocwnevovy Ti¢ enionueg Béoeig tov EBvikov Metoofiov
ITolvteyveiov.



[Tepiinyn

O okomdg g dumhopatikng epyaciag eivar n oyedioon ko eEopoimwon Tov apykon
TUNHOTOG VOGS GLGTNUOTOG dpECTC avaryvapiong cvyvotntog IFMs yia aviyvevon onudtomv
ne ovyvotreg 0.1-12 GHz .

Ymv €icodo ypnotpomomOnke po. GAVGION  HUKPOKVLUOTIK®OV QIATp®V 1 omoia
oxeO1A0TNKE Kol TPOGOUOIDONKE apov Tponynonke pia Bewpntikny aviilvon cOUEOVO LE
Babvmepatd mpdtuma. Encita oyedidomnke g eVioyuTikny odtaén He xpnomn EViGYLTOV
yopnAov Bopvfov kot pécm tng e&opoimong enttedybnke cwoth npocappoyn Jlapdiinia
YPNOUOTOONKAY OPIGUEVO KUKADUATO OOIPECTC GLYVOTNTAS , OIUPETEG 1GYVOG KAOMDS
Kot petpntig owpopds odong. Téhog m OAn Sudtaln oyxeddotnke o€ TEYVOAOYiQ
piKpotouviag Ko 1 eEopoimon emrevydnke pe Ty xpnon Tov oxedoTIKOV TakéTtov ADS
15.

210 0e0TEPO KEPAAOO VLTAPYEL M YEVIKN TEPLYPOPN TNG OLVOMKNG OOUNG TOV
ovotiuatog IFM . Zto tpito kepdhato kpidnke avaykaio vo yivel o amin avagopd otV
pKpotavio. ¢ YPOUUN HETOQOPAS o€ TumOUEVa KukAopato. To tétapto KepdAoio
OVOQEPETOL OTOL  WKPOKVUATIKE @iATpo. TOvL oyeddoTnkay Kot Tapovcstaloviol To
OTOTEAEGUOTO TV  TPOCOHOIDGE®V  kKabdg Kot 10  Beopntkd vrndfabpo  mov
ypnoporomdnke. 1o mEUNTO KEPAANO TapoLGLALOVTOL Ol UIKPOKLUOTIKOL EVIGYVTES Kol
yivetor po avagopd otn owdtaln ¢ TPOCAPUOYNS OV Ypnoipomombnke .Xto €KTO
KEPAAOLO ovOAVETAL 1] AELTOVPYi TOV Slap€Tn cuyvoTnTag Kabmg kot tov IFM kukAmpatog

Aé€eg KAedua

IFM cVomua , HIKpOKLHOTIKO GIATPO , LKPOTOIVIOL LIKPOKVULOTIKOL EVIGYVTES ,
TPOCAPLOYY| , SLUPETNG GUYVOTNTOG , LETPNTNG OLAPOPAS PAoNG



Abstract

The purpose of the thesis is to design and simulate the initial part of a system of direct
frequency identification of IFMs for detection of signals with frequencies of 0.1-12 GHz.

A microwave filter chain was used at the input which was designed and simulated after a
theoretical analysis according to filter standards. An amplifier setup was designed using low
noise amplifiers and through simulation a proper match was achieved. Additionally,
frequency division circuits, power dividers and a phase difference meter were used. Finally,
the entire arrangement was designed in microstrip technology and the simulation was
achieved using the ADS 1.5 design package.

In the second chapter it is described the overall structure of the IFM system. In the third
chapter it was deemed necessary to make a simple reference to microstrip as a transfer line
in printed circuits. The fourth chapter refers to the microwave filters that were designed and
presents the results of the simulations as well as the theoretical background that was used. In
the fifth chapter, the microwave amplifiers are presented and a reference is made to the
device of the adaptation that was used. In the sixth chapter, the function of the frequency
divider and the IFM circuit are analyzed.

Keywords

IFMS, ESM, ELINT, microstrip, microwave amplifiers
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2yediaon IFM Xvotiuorog Kepdioo 1°

Ewoaywyn

H &1Gtaén mov oyedidomnke amotedel 1o opykd TUNUO €VOC CLUGTAUOTOC  GUEOMC
avayvopiong ovyvotrag IFMs.(instantaneous frequency measurement system). To IFM
ovoTnuo O&yetal oty €ic0dd TOv £€ve, dyvmoto onue kol petd Ty enefepyooio
nwpocdopiletar n akpiPng cuyvoTNTd TOL .

Ta ovotquata [FM ypnowpomotovvior Kupiog cov  MAEKTPOVIKA HETPO LTOGTNPIENG
(ESM) otov nhektpovikd TOAEHO 0pov BEATLOVOVY OVGLUOTIKA TNV OTOO0GT] TV OVIYVELTMV
pavtap (Radar Warning Receivers) «ot tov cvotnudtov niektpovikng vonuootvng ELINT
(Electronic Intelligence Systems) . Aviyvedovtag toydtoto TG GLYVOTNTEG TOV EXOPIKDOV
onudtov (100nsec)  emitpémel v mapakoAovONoN kal Gueom avtidpaon oe exfpikég
EVEPYELEC APKETA IO Ypriyopa amd Tov avoAvth @dcpotog (spectrum analyzer). TTapdiinio
éva IFMs  pmopel vor Aertovpynoel yuo v aviyveuon Kol KOTOOTOAN GLUYVOTNTOV GE
ocvothpata eEAEyyov pe RF cuyvotnteg dmov n mapepuPorn] avemBountov onuitov pnopei va
TPOKUAEGEL GOPapd TpoPALOT

H onuovtwotepn amoitnon ywoo éve IFM  cbotquo givor m toydtnTo €0pEONS Kot
EKTIUNONG TOV TOPAUETPOV TOV OyVOOTOV oNoTog . Emmpocheta n coot) Asitovpyio g
dwitaéng Ba mpémel va eivor aveEdptntn amd T GLYVOTNTU KOl TNV 16XV TOV EIGEPYOUEVOD
oNuatog . AvAueoa oTIC OLAQPOPES APYLTEKTOVIKEC GLUGTIUATOV AVOYVOPLoNG EMAEXONKE M
apyrrektovikn tov IFM dékr .

H Poaown Aeitovpyio TOL GUOTHUATOG OVOYVOPIOT|G CLYVOTNTOG VAOTOLEITOL UE VO
KukAopata . To Tpdto KOKA®e onpuovpyel pio KatdAAnAn dapopd GAong Kot To deVTEPO
v ueTpd , mpocdiopifovtag  pe oLTOV TOV TPOTO TO GCULYVOTIKO TEPLEYOLEVO TOV

E10EPYOLLEVOD CNUATOG.

M. N. Zoppdc

| ©



2yediaon IFM Xvotiuorog Kepdioo 1°

OAn 1 d1Gtaén éyel oyxedootel yio vo. viomomBel pe ypnon  pkpotoawviag (Microstrip)
o€ éva e0pog ovyvotNTev amd 100 MHz éwnc 12 GHz kot 1 doun g ovaADETOL AETTOUEPDS

OTO TOPUKAT® KEPAAMLOL.

210 0e0TEPO KEPAAGIO VTAPYEL T YEVIKN TEPLYPOPN TNG OULVOAIKNG OOUNG TOL
ocvotipatog IFM . 1o tpito kepdhoto kpifnke avaykaio va yivel po omAn ovagopd otnv
LIKpOTOWViOL ©C YPOUUN HETAPOPAG O TLUTOUEVH KUKAOUOTO.. To TETAPTO KEPAAOLO
OVOQEPETOL OTOL  WKPOKVUOTIKA @IATpa 7oL  oyeddotnkoy Kot mopovcldlovrol  ta
ATOTELEG LT TOV TPOGOUOIMGEMV KOOGS Kot To Bempntikd vdfabpo mov ypnoyomolr|fnke
270 TEUTTO  KEPAAOLO TLpoVGIALOVTOL 01 MKPOKVUATIKOL EVIGYVTEG Kot YIVETOL Lo avapopd
ot ddtaén G TPOCAPUOYNG TOV YPNOCIUOTOMONKE .XT0 €KTO KEPOAOIO  OVOADETOL T

Aertovpyia Tov darpétn cvuyvotntag Kabmg kot tov IFM kukAdpartog .

Oleg o1 mpoooporwoeis Eyivay e ™ ypron tov oyediaotikod moxétov ADS 1.5 (Advanced Design
System) wjc Agilent Technologies . Télog Olo ta pblAa mPOSIAYPAPOV ETIOCVVATTOVTOL OTO. OIKELQ

KepaLaia .

M. N. Zo@pébg 10



2yediaon IFM Xvotiuorog Kepdioo 2°

I'ENIKH IIEPIT'PADH

2YXTHMATOXY

To ocbotuo avayvopiong cvoyxvotntag owupeitar oe dvo PooKA KUKAGUOTE . XTO

Baocukd kokiopa IFM ka1 610 T0 TPOGUPROGTIKG KOKAONA ELGAYMOYNG TNG S1ATOENG
2.1 Baoiko kvxiwpuo IFMs

H Boowm Agttovpyio vOG GCUGTAHATOS OVAYVAPLONG SLYVOTNTOS EIvat 1) dNpovpyio g
Slpopdc GAoNG Kot M UETEMELTOL  UETPNOT TNG . ZUVETMS LEAPYEL £va Pooikd KOKA®UO
dnovpyiog drapopds paocrg kot Eva Bactkd KOKA®UA LETPTONG .

To Pacwd kdxAmpo dnpovpyiog Soeopds PAcNS HETOTPEMEL TO GNUA EI0O00L GE dLO
TOPAYOYO CUOTA HE KOTAAANAT dtapopd @acng amd TV omoio Umopovue va eEdyovpe T0
GLYVOTIKO TTEPIEYOUEVO TOV AYVAOGTOL oNUatog . To dopukd otolyeion Tov KUKAGHOTOG glval
£vag Slop£Tng 1oyvoC Kot piee pkpotovio (Microstrip) mov pe 1o avaloyo unKog e1ayel Kot
TNV aviAoyn dlapopd pAcTg GTO TAPAYOUEVO O

To devtepo Pacikd khkAwpo tov cuatnuatog IFM givar to kokhopo pétpnong edong .
To wOKAopo mov emAéybnke Yy TV vAomoinon g UETPMNONG QACNS , TNPAOVING TIG
VTLAPYOVGES TPOJAYPAUPEG Vit akpifela péTpnong kou ave&aptnoia amd Tn cuyvOTNTA Kot TV
100 Tov onuatog , eivor o AD8302 Phase Detector tng Analog Devices .Na tovicovpe 6t 0

péyotn cuyvotnta Asrtovpyiag tov AD8302 Phase Detector givon ta, 2.7 GHz

M. N. Zo@pébg 11



2yediaon IFM Xvotiuorog Kepdioo 2°

DELAY
LINE
ADE302
POWER PHASE DETECTOR
SPLITTER

Ewéva 2.1 Baowké kokiope IFM cvotipatog

2.2 IIpocapuooctiko KOKAWUO E16AYWYHS

To ovotpa pag mépa amd to Pacikd IFM tunua mepiiopfaverl kot £vo, TpOCAPUOGTIKO
KOKA®UO El0ay®YNS 10 omoio @povTilel Yo TNV CMOOTO QIATPAPICUN KOl EVIGYLGON TOL
€10PYOLEVOV CNUATOG DOTE Va. lval KATAAANAO Yo Tepartépw enesepyacio and to IFMS.

To koKAopo eloayOYNg OTMC epPavifeTal ©TO TOPAKAT® GYNMUO ATOTEAEITOL IO  Uid
SITaEN WKPOKLUOTIKOV QIATp@V , o evioyutikn dtdtaén kot  po. Poaduida dtaipeong

oLYVOTNTOG

1L HeH o~ |

HIKPOKUPOTIKG Ewiryunikn [oBpido
PikTpO Bndratn Biaipedns quywaThTOg

Ewova 2.2.1 xixkhopa eteayoyig
To ovvolkd cvotnua avyyvedel cuyxvotnteg amd 0.1 GHz émg 12 GHz. To cvvoAiko
€0pog LdVNg KoAOTTETOL UE TOPAAANAN AETOLPYiD TEGGAP®OV LTOOWTAEEWY Ol OToieg

oYEOAOTNKOV [E BACT TO TAPOTAV® KOKA®O KOl 1 0vEALGT] TOLG TaPATIOETUL TOPAKAT®

M. N. Zo@pébg 12



2yediaon IFM Xvotiuorog Kepdioo 2°

»100 MHz -2 GHz

- = = == =

gy
BPF LHA LHA LHA
0.1-2 GHz ERA 2 ERL 2 ERAZ

Ewova 2.2.2 vrodwataln 0.1-2 GHz

H npotn vrodudtaén kaivmret tig ocvuyvotnteg and 0.1 GHz éwc 2 GHz . Amoteieiton amd
€val KPOKVLUOTIKO (@VOTEPATO PIATPO OV AOUOVAVEL TNV EMBLUNTH CLYVOTNTO , KOl OO
tpeig monolithic evioyvtéc ERA-2 g Mini-Circuits mov odnyodv pe ac@dieion v Boactkn
Babuida IFM kaAbdmroviag mAnpmg Tig {ntovueveg Tpodiaypapés pe otabepd k€EPOOC 6TO

€VPog aVTO

»  2GHz-4GHz

T P ﬂt;cm:o
i — D D /2 — e KukAwja
~ o IFM
BPF LHA LHA HMC36488G BPF
24 GHz MGA865T76 MGA-86576 0.1-2GHz

Ewéva 2.2.3 vrodwataln 2-4 GHz

H debdtepn vrodidroln kolvmtel tig cuyvotnteg ond 2GHz émg 4 GHz . To apyuod
Covomepatd pidtpo emiTpénel T S1EAELON TV EMOVUNTOV GLYVOTATOV Kol aKoAoVOEiTOL ATd
pia evioyvtikn ddtoln. H evioyutikn ddtaén meptiapfdvetl dvo evioyutéc yapmiov Bopvfov
MGA — 86576 ¢ Agilent Technologies. ‘Enetta axolovbei évag dioupéme ocvyvomrog (Sio
2) o HMC 364S8G ¢ Hittite microwave corporation .

O HMC 364S8G vrnoduthoctdlel T cLyvOTNTO TOL GNUNTOS , UETOPEPOVTOS TNV GTO
g0poc 0.1-2 GHz . O vrodumhaciocudc ™ cuyvotntag eivar amopaitnrog 10Tt 1 UEyloT

oLYVOTNTA AELTOVPYiOG TOV peTpnty edong eivon ta. 2.7 GHZ ondte 1o edpoc twv 0.1-2 GHz

M. N. Zo@pébg 13



2yediaon IFM Xvotiuorog Kepdioo 2°

glval oto emtpentd Oplo Aettovpyiog . o vo xataotolodv  OPIGUEVES TOPACITIKEG
avemBounteg ovyvotnreg TtomobetOnke kot Eva eidtpo 0.1-2 GHz axpifog mpv to Paciko

IFM koo

> 4GHz - 8GHz

| e ﬁdomo
- I — e [ Kkl
D T D iy IFN

HMC36385C BPF
. . 01-2GHz

(Y

BRF MGABE5T6 ATTEHUATOR MGASE5T6
48 GHz X ¥}

Ewéva 2.2.4 vroordraén 4 — 8 GHz

H 1tpitm vmodidraén koivmter tic ovyvotreg and 4 GHz émg 8 GHz . To apywod
Covomepato @iltpo emiTpénct Tn S1€AELON TV EMOVUNTOV GLYVOTATOV Kol aKoAoVOEiTOL 0o
pio evioyvtikn odraén JH evieyvtikn dtdtoén anoteieitan amd 1€66EpIG EVIGYVTEG YOUNAOD

BopvBov MGA — 86576 tng Agilent Technologies .

Mo v omoevyn TuYOV TEAUVIOGE®V UETO TOLG 0V0 TPADTOVG EVICYLTEG ToToDETE TN
évag e€aobevng Ommg Qaivetal oto mapomave oynua . Eneita axolovlel évag dtapéng
ovyvotrag (dia 4) o HMC 365S8G tng Hittite microwave corporation wote to ofjuata oo
mv {ovn 4-8 GHz va petafipactoov otn (dvn 0.1-2 GHz. Télog tomofetnOnke Kot éva
@iAtpo 0.1-2 GHz akpipag mpv to facikd IFM kokiopa

M. N. Zo@pébg 14




2yediaon IFM Xvotiuorog

Kepdioo 2°

> 8GHz - 12GHz

e

— T —

T

EIF
5-12 GHz

LNA

_ T

! 8 A

T

0363580 BPF
HME36358G 0.1-2 GHz

Ewévao 2.2.5 vroowaén 8 — 12 GHz

ﬁdamo
KUKA D pa
IFM

H tétapmm vmodidtaén kodvmret tig ocvyvotnteg and 8 GHz émg 12 GHz . To apykd

Covomepatd @iltpo 8-12 GHz

EMUTPENEL TN OEAEVOT TOV EMOVUNTAOV GLYVOTHTOV Kot

axolovBeitonr amd pa evioyvtikny owtaén H evioyvtikr Sidtaln omotedeiton omd Evav

gvioyutn yopniov Bopvfov LNA o omoiog evicyvel v embBopunty {ovn . ‘Enetta axolovbel

évag doupétng ovyvotnrag (o 8) o HMC 363S8G tng Hittite microwave corporation ®ote

ta onfuota and v {ovn 8-12 GHz va petafifactovv otn {ovn Aertovpyiog 0.1-2 GHz .

Téhog TomoBetnOnie kot Eva epidtpo 0.1-2 GHz axpiPdg Tpv 10 Packd IFM kdkhopa yuo va

nepropilel YOV TAPACITIKEG GUYVOTITEG

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 2°

DELAY

LIHE
N
|
T i F— —
- — S Dj‘:: [::::r ADBI0Z
Tl I
BFF LHA LHA LHA
0.1-2 GHz ERAZ ‘ERAZ ERAZ POWER PHASE DETECTOR,
SPLITTER
DELAY
LIHE
N
|
T Y p— —
Rl [> D 2 ~ ADBINZ
e -
T | acs ]
EBPF LKA LHA HMO36488G BPF POWER PHASE DETECTO
24 GHz MGAD65T6 WGA-46576 01.26H  uTTER gy TECToR
LIHE
N
|
:}; - — T [\%_3 4 —~ ADBI02
e L _I — e —
o BPF
BEF WGASESTE ATTERUATOR MGASESTE HMC3ES5G o012 GH2 POWER PHASE DETECTOR
48 GHz %2 b SPLITTER
DELAY
LIHE
N
|
o T /| i —
— - D, — /8 . aDs02
T : s
N 4 EPF
EFF . HMC36358G . POWER PHASE DETECTOR
8.1 CHz LNA 0.1 -2 GHz SPUTTER

Ewéva 2.2.6 Zoetnpe IFM

Yvvoyilovtog , T0 GyvmOOoTO GO EIGEPYETOL  GE VO GUOTNUO TTOV OTOTEAEITOL OO
téooepig TapdAinieg datdels .Xe ke pia ddtoln el0y@yng TO GHUA GIATPAPETL OO TO.
Covomepato eiltpo kot evicyveTan otny Pabuida evioyvong [Enerta petotiBetor oty mepioyn
0.1-2 GHz «xot to ofuo Stupeital oe dVO VEN ONUATO XTI CLVEXEWDL O KLUOTOONYOG

microstrip iedyet po dtpopd pdong ota dvo cNuato oL peTpdton omd Tov AD8302 Phase
Detector .

20 onueio avto mpémel vo, onuelwlel 011 oto TAGIoI0 TIC EKTOVHONS THS OITAWUATIKNGC EPYOCTLOC

oyediaanray kou mpooouoidfnkay o1 ovo vrodiaralelrc 0.1-2 GHz kou 2-4 GHz o1 omoicc amoreiody

xoil__1n faon tov ovorijuaroc . O vrodiaraleic 4-8 GHz | 8-12 GHZ avapiépovtol smiypouuoTiKe yio;

Adyouvc mAnpotntog .
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2yediaon IFM Xvotiuorog Kepdioo 3°

I'papuss perapopog-
Mikporamia-AiBvpao.

OIKTVO

3.1 Ewcaywyi

[Ipwv mopovcwootel 1 oyedicon kor e&opoiwon tov IFM cvotiuotog , kpifnke
avaykaio vo e€etactodv kamow OewpnTikd ototyeio yioo Tnv MICrostrip teyvoloyio mov
ypnowonomonke . To kepdiato dwopeitar og TPElg PacikEg EVOTNTEG . TNV TPMTN EVOTNTA
avaQEPOVTAL OPICUEVO  EICAYOYIKE — oTowEio Yo TIG YPOUUES HETOPOPAC Kol TN
Kopatodnynon Xty 6gvtepn evotnto, avoAdetor 1 wikpotowvio (Microstrip) g ypopun
uetagopds . Télog oty tpitn evdmra meprypdoovtal Pactkd ctoyeio Oswpiog dibvpwv

NKTOOV .

M. N. Zo@pébg 17



2yediaon IFM Xvotiuorog Kepdioo 3°

3.2 Mikpoxvuatixes I pouuéc uerapopdg

T'poppn dvo oyeryov opoatovuen Fpagyy

K POTOAVLD, opBoyédvieg KupaTodyyog

mherTprkog kupezodiyrog KUKAKoG m-[l.tu Supyoc

Ewova 3.2.1 TOmoL Ypoppov peTapopag

210 kePGAOI0 B0 TOPOLOLOGTOLV Ol PACIKEG €VVOlE TMV YPOUU®V peTapopds. Ommg
QOIVETOL KOl OTO TOPOTAVE® CYNUO LITAPYOVV OPKETH €101 UIKPOKVLUOTIKOV YPOUUU®DV
LETAPOPAG TOL YPNCUYLOTOIOVVTAL OTI KOUTUOKELT HIKPOKLHOTIKOV SOTAEEMV . ZUVET®MG
TPOATOITOVLUEVO  OTNV OVAALOT] TOV WKPOKVUOTIK®V dlatdéemy ival 1 KoTovonon g

AELTOVPYIOG TOV YPOUUDV HETUPOPAS .

M. N. Zo@pébg 18



2yediaon IFM Xvotiuorog Kepdioo 3°

Loi

ZL

Ewéva 3.2.2 arhomommpévo KOKAONA Ypappig RETAPOPAg

2TIC IKPOKVUATIKEG GUYVOTITEG Ol YPOUMES LETAPOPAS dEV AEITOVPYOLV OTAN OC ay®Yoli
aArG eppaviCouv opiopéveg 1010t TeG. Ot 1810TNTEC aWTEG Ba diepevvnBovy avardovtog To

TOPOKATO 1GO0GVVOLO KUKAMUO .

ZL

Ewova 3.2.3 1600UVOp0 KOKAONO. YPURPNG HETOPOPAS ILE UTDAELES

ZOUQOVE [LE TO TOPOTAV® CYNUO M YPOUU LETAQOPAS pmopel vo Bewpnbel cav éva
5iBvpo Omov  e1oépyeTaL WOYLG amd TN TNYN Vs kot eE€pyeTal 100G TPog o eoptio ZL.
Xopifoviag 710 ovvoAkd pnkoc Lok g ypouung HETaQopds Ge OTOLXEWDON TUAHOTO
piKovg Ax elvar gppovég 6Tt Kabe otoryeimoeg Tunpa Ax €xel avtictaon R avd povéda
pAkovg  , emayoyn L avd povdda pikovg, ayoywommrtoa G oavd povada PRKOLG Kol

yopnTikdTTa C ava Lovado uqKovg .

M. N. Zo@pébg 19



2yediaon IFM Xvotiuorog Kepdioo 3°

i(x,f) 1(x + Ax
1'1}_} RAx LAx Hx ili
——AA— T
+ +
1*{11} GAx - (CAx 1'{1+l1..f}
Moy

Ewéva 3.2.4 otorysiddsg TG YPOPPG HETAPOPAS

AvOADOVTAG TO OTOLXEWDOES TUNHO TNG YPOUUNG UETAPOPAG TPOKVTTOLY Ol TOPUKAT®

eElomoelg
0 V(x,t) _Ri(x,1) - La 1(x,t)
OX ot
|(xt) _G(x,1)— Ca\g(tx t)

AX—>0

H yevu Mon tov tapandve dtoeopikdv eElo®oemy etvat

V(X)=Ae " + Be”*

A B
I(X)=—e " ——e”
Zo 20
y=a+jb Y : o0vOeTn otabepd Siddoong

o, : otafepd eEaoBévnong (nepers/m)

B : otabepd d1G6oonc (rad/m).
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2yediaon IFM Xvotiuorog Kepdioo 3°

R+ joL , A ,
= Z20=|————= , Zo : cOVOeTN YOpOKTINPIOTIKY OVTIOTACT YPOUUNG
G+ joC

HeTapopdg

O1 orabfepés A, B vmoloyilovior amo T EKAOTOTE GVVOPIOKES CVVONKES YIo. TNV YPoLun

UETOPOPAC

O A6yog ToV TPOCTITTOVTOG KOUOTOS TTPOG TO OVOKAMDUEVO KOUO OpilETal MG GUVTEAEDTY|

avaxiaong I'

T, (d)=Toe?"

= d=l-x ,d:n andéotoon amd T0 TEAOG TNG YPAUUNG UETOPOPAG

Téhog opilovtar kot o1 facikég Evvoleg :

Z, +Z,tanh yd
®Z,+Z, tanh yd
[Vmax| = 1+|F0| omov
[Vmin| 1- |F0|
|Vmax | , |Vmin| 10 aKpaion TAATN TNG TAONG KATA HKOG TNG YPOLUAG
HETOPOPAG

= oavtiotoon £w66dov o Tuyaio onueio Z, (d)=2Z

= \oyog otdoov kbuatog VSWR  VSWR =

M. N. Zo@pébg 21



2yediaon IFM Xvotiuorog Kepdioo 3°

3.3 H uikporawia

H pkpotovia (microstrip) amoteAei pia eupémg 106£301EVN YPOUUT LETAPOPAS KLPImG
AOY® NG EUPAVIONG TNG OF TUTOUEVE KUKADOUOTO . ATOTEAEITOL OO €vay ay®yO Kol o

LK NG oL dtoywpilovral amd Eva SINAEKTPIKO PEGO TOL AELTOVPYEL GOV VTOCTPMOLOL

Top conducting
strip

Dielectric
substrate

ExEoE,

Ground plane
[conducting)

Ewova 3.3.1 yeopetpio pukpotorviog

Ewova 3.3.2 Topn pikpotoviog

Onwg paiveTor 6T ToUN Kol 6TIS TUPUKATO TPIOOIICTOUTEG OTEIKOVIGELS , KOTOIEG OO TIG
SUVOIKEG YPOUUESG TOL MAEKTPOUAYVNTIKOD Tediov Ppickovial 6Tov aépa. ZVVETMG 1
duadoomn oty wikpotavia dev eivar TEM pvOpod. Adym tov 1o)vpod SINAEKTPIKOD , Ol
TEPIOOOTEPEG OVVOUIKEC YPOUUUES TTEPVAVE HEGO, OO OVTO OOTE 1 ATTOKALGT] OO TOV pLOUO

TEM eivon pukpn.
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2yediaon IFM Xvotiuorog Kepdioo 3°

Av Beopnbel 6TL 1 dddoomn oty pikpotawvio eivar pvBpod quasi -TEM |, n toyvtnta

@aong divetot amd ToV TOTO :

)=
&g

= _ 1M Toy0TNTo TOL POTOS

= &g 1 OMOTEAEGUOTIKY OYETIKN SMAEKTPIKN oTABEPA TNG LUKPOTOVIOG

, M omoia eCaptdton amd TV OYETIKN OMAEKTPIKY otabepd TOL
VTOGTPMUOTOS KOl OO T EEMTEPIKA NAEKTPOUAYVITIKA TTETOL.

Ewova 3.3.3 Tp1oo1doToTy anetkovion payvnTikoy tediov

S
=
-—._——-—E
=) -
2 — —
7 -
”
-
-
o
P
- ry
- - s
A
-
| P2 H____Z

Ewova 3.3.4 Tprodrdotortn anetkovion NAeKTPLKOD TEGi0V

M. N. Zo@pébg 23



2yediaon IFM Xvotiuorog Kepdioo 3°

AmodetkvieTol 6TL 1] XOPAKTNPIOTIKY OVTIGTAOT TG UiKpoTaviag divetat omd Tov TOTO :

1

7 ——
0 v,C

6mov C M yopnukOTTO VA LOVASO, HKOLG TG HIKPOTOLVIOS,

Av agoipedel To SMAeKTPIKO 0O TNV UIKPOTALVIO. TOTE IOYVEL GTNV VIOOETIKY HKpoTOVia

Apa

OVTIGTOLYO Y10l TO KT KOLLOTOG 1OYVEL:

2
/10
ey =| =~ | =, =300 mm
e (ﬂgj : /:,/eeff

OTOL AJ TO PNKOG KOpaTog kot F 1 ovyvotnta oe GHz

Eniong xaAd Ba tav va avoaeepbel kat 1 oygon nAeKTpikod puiRKovg 0 kat puoikod pnkovg |

-1
360
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2yediaon IFM Xvotiuorog Kepdioo 3°

ANTOTEAEXMATIKH XXETIKH AIHAEKTPIKH YTAOEPA e€eit

o vo vmohoyiotel M 1 ONMOTEAEGUOTIKY] GYETIKN OMNAEKTPIKY 6Tafepd TG HKpOTOVioG

vIapyovv apketég pebodoroyieg.

% I'papikn Lvon

ZOUQOVA [LE TN YPOQIKT] ADOT) 1 GTOTELEGPOTIKI] GYETIKY] OIMAeKTPIKY] 6TaOEPE KupaiveTon

petall Tov TopaKiT® TIUOV:
1
E(er +1)<ey  <e

gleayovtog évov véo opo tov filling factor g oy
e =1+0q(e, -1 % <g<1

YUVERMG 1 OTMOTEAEGUOTIKY] GYETIKY OMAEKTPIKY OTAOEPA Eeft vroioyileton amd To
TOPOKATO O18ypOLLpLOL

———  Microstrip tilling fraction (q)

1.0 0.9 0.8 0.7 06 0.5
AY T A T T

-

n O Neowvwo
L
Lo

Microstrip shape ratic “/h —e
o
4]

\
\
| \
0. AN \\
N

0.1 \
0 50 100 150 200 250
Air - spaced ‘microstrip’characteristic impedance (Z,,) ohms —a-

Ewova 3.3.5 yevikég kopmdreg viomoinong microstrip
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2yediaon IFM Xvotiuorog Kepdioo 3°

% Ymoloyiotikn Lon

= [N otevég pukpotavieg 6mov Zo>44-2e; Q

w _(expH' 1\
h

8 4exp H'

oMoV

. Z()\.!z(ér + 1) 1 € — 1 T 1 4
H' = > InZ + —In—

1199 T e F i\ 2 T

= T repumrtdroeig 6mov W/h<1.3 | Zo>63-2e; Q

_&t1f 1 fe=1\[ & 1 4\]2
oo Yo 2

h2
H'mfn{4ﬁ+ 16 -“;) +2}
W

= M e&iowon mov divetar and Tov Owens

et 1] 2998 2 \2[e—1\[. m 1. 4\)2
Eeti T 11'!' Z. (€r+1) (€r+1)(|n—2—+zlﬂq—r)}

= T mhatiég pkpotawvieg émov Zo<44-2er Q

w_2 gl &1 e 0.517
e 7r{(a’E 1) —In (2d, 1)}+ -ﬂ_—;«{ln (d.—1) +0.293 —;--}

T
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2yediaon IFM Xvotiuorog Kepdioo 3°

= T neputtooelg 6mov w/h >1.3 | Zo>63-2e; Q

1 e —1 ~0.555
fcfr=E +62 (1-!—10%)

Ta cedipata mov epeavifovtol Katé ToV VTOAOYIGHO TNG OOTEAEGUOTIKNG GYETIKNG

dmAektpikng otobepdg eivar +0.5-0.0 %

Y& vyniotepeg ocvyvomreg tov 2 GHz to povtélo quasi TEM ailowdvetor apketd
ZUVeEnmg eivar avaykaio va d1o0pBwbodv opiouévec amokAicelg amd to Pacikd poviéro.

Apxetd akpipiic (cpdipax 0.8 %) givar o tomog Twv Edwards-Owens

er _eeff
1+ (%0)1-33(0.431‘ 2 _0.009f?)

eeﬁ(f):er -

EZEAYOQENHXH

‘Eva Ao yopoktnplotikd g pikpotawiog eivor 1 eoocBévnon. H  otabepd
eEaoBévnong o eEaptdTol omd TV YEOUETPIO TNG UIKPOTAVIOG , TN GLYXVOTNTA. TO NAEKTPIKA
YOPOKTNPIOTIKA TOV VITOCTPAOUATOS KOl TOV oy®ydV .Yhpyovv 600 TOTOL OTOAEDV GTNV
UIKPOTOVIOL © Ol OTTMAELEG TOL OMAEKTPIKOD VTOGTPMUATOS KOl Ol OUIKES OTMAEIEG GTNV
empavelo, Tov ayoyonv. H eacBévnon npocdiopiletor mpayuatomoteitan gite ypapikd gite

VITOAOYIOTIKG,

= I'pagui) Mon

H ocvvolikn e&acBévion vroloyileton angvbeiog omd Tov TapaKaTo TOTO:

8.686m!
QA

010V Ag TO UNKOC KOUATOG Kot 1 otabepd Q mpocdiopiletar amd Tig KUUTOAEG

dB

a(l) =
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2yedioon IFM Xvotiuotoc Kepdioro 3°

10°

1/4 TM mode
/I ;; limits

t 'o? 9‘.;\ N \\
100 N \\\\\\\\\\\ ] :',:.,..
9 e NN

ﬁ ) S iyl

1
Frequencies, GHz \:\Qmox
Qb‘ ' -‘0’

i, Y10 "

10 \‘00 '

1

1

|

1 pd 1

0.001 0.01 0.1 1.0 100 100.0
Substirate thickness himm) ——a—

Ewova 3.3.6 kapmdres gvpeong Q factor

= YmohoyioTikn AVon

Yrdpyovv 600 TOMOL OAOAEIDV GTNV MIKPOTOWVIO, : Ol OTMAEIEC TOL ONAEKTPIKOV
VIOGTPOLOTOC KOl Ol MUKEG ATIMAELEG GTNV EXPAVELN TOV oy@ydV. H cuvolikn e£acbévnon

diveton oo tov TOmo :

a=a,+a,
omov a, etval ol OTOAEIEG TOV SINAEKTPIKOD KOl @, Ol UTMAELEG TMV OLYOYADV.
Kdnoieg ypnouyteg oxcelg yuo Tov VToAoyIoHd Tov @, , a, eivat :

IMo SmAeKTpIKO e HIKPES OTOAELES :

g —1
_ 973 tan & dB
/ &-1 4, cm
omov tans =2
&

0l OAOAEIEG TOV ay®Y®V vroAoyilovtat:

f
a, =0.0072 V\\{Z_ Ay dB/pkog kopatog

0
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2yediaon IFM Xvotiuorog

Kepdioo 3°

3.4 AiBvpa oixTva

v evotnto aut) Oa yivel pio avagopd 6TIg TaPOUETPOVS GKESAONG KoL TNV UNTPO

OKEOUONC TPOKEEVOD VoL ovalvBel 1 cuumeplpopd TV diBvpwv dikTvmY

A6 116 focikéc eEIGMOELS TNG GTOLYEIDIOVS YPAUUNG LETAPOPES TPOKVTTEL

aV(xt) _Ri(x,1)— I_al(x t) |(xt)_ _Gv(x.t)— C@v(x t)
OX ot OX
Opilovtag

V*(x) = Ae ™ V™ (x) = Be™

V=V (VI () 1()=1" () = 1" ()= V+Z(X) - VZ(X)

O ovvteheotig avakiaong opileTon

r= (X

Zovenwg :

I'(x)= bE ; = b(X)=I'(x)a(x)

V(X)=AZo [a(X) + b(x)] l(x)=%[a<x)—b(x>]

a(x) = ij_ [VXH+Z1(X)]

b0X) = le— V)~ Zl ()]

V™ (X) , .
a(x)= TPOCTITTOVGO, KAVOVIKOTOUNUEVT] TAGT
VZO
“(x
b(x)= )

\/_ OVOKADLEVT] KOVOVIKOTOLNLEV TAoT
Z
0
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2yediaon IFM Xvotiuorog Kepdioo 3°

Input port Output port
a;(x) a(¢4) opolises ax(¢>) ax(x)
Zot —~ —~ netw?)rk Zo2
e el
by(x) b1,(fl) by(€3) b (x)
Port 1 Port 2
x; = €4 X = 6’2

Ewova 3.4.1 6i0vpo diktvo

v Bvpa g166d0v (X, = ;) 10 Tpoorintov kopa eivon @, (l;) kot to avaxidpevo kopa givar
b,(l,) .Opoiwg omv BOpa £6dov (X, =1,) 10 Tpoonintov kopo givar  a,(l,) o to

avakhdpevo kopa eivar b, (l,) .

bl(ll) = Sllal(ll) +3,,8, (Iz) bz (Iz) = SZlal(Il) +35,8, (Iz)
b, (1) _ Su Sy a(l,)
b,(1,)) \Sx S )\ &)

O mopépetpot S;;,S,,,S,,,S,,  ovoudlovtor mapapetpor okédaong (S-parameters) ot

opifovtor ®c e&ng:

= 811 glval 0 oUVTELESTI|G OVAKAOGNS TG E€l6000v pe v £E0do

TEPUOTIGUEVT .

5 _h()
a,(,)

a,(l,)=0

= 821 glvar 0 ovvreheoTig owadoong amd v Bvpa 16660V oV BOpPQ
€EG60vL e TNV €000 TEPUATICUEVT .

_b(,)
“oa()

az(lz) =0
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2yediaon IFM Xvotiuorog Kepdioo 3°

= 522 glvar 0 ovvreheoTig avakiaong tng Ovpoag ££600v pe v elcodo
TEPUATICLEVT] .

_b,(,)
a,(1,)

22

al(ll) =0

= 812 elvatl 0 ovvteheotng petddoons amd v Bvpa e£650v oty BHpa
€10000V LLE TNV 10000 TEPLATIGUEVT) .

_b()

2 a,(l,)

a1(|1) =0

S2l 22

O 7 _ Su o Sy . , .
nivokog (S)= ovoudletol pTpa okédaong

I, I Tour I;
31(81)L" ay(€2) =0 ]
Two-port
+ network
E1 — ~—
- by(¢€4) bo(€2)
Port 1 Port 2
Xy = f1 Xy = fz
Ewova 3.4.2

Z.-Z
= ovvteleothig avaxhaong oy anyy thong 'y = =—>——2
Zy+Z,
, . , Z -7,
= GLVTEAECTNG OVAKAOGTC GTO (POPTIO I =
Z +Z,

= OVVTEAESTHG avakAaong otV gicodo Tov dibvpov diktdov I'\ =

= oVVTEAESTIG avakiaong otV €050 Tov diBupov diktdov I'g ;=

Rt S

dpo TpoKHITEL

SlZ Ser L SlZ 521Fs

r, =S, + =S+
IN 11 1_ SZZFL ouT 22 1_ Sllrs
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2yediaon IFM Xvotiuorog Kepdioo 4°

2XEAIAZH

MIKPOKYMATIKQN

DINTPON

4.1 EIXAI'QI'H

‘Eva 1dovikd pukpoxvopoatikd ¢iAtpo oamoteiel pio ddtaln mov emrTuyydvel TEAEW
148001 Ylo. OpPICUEVEG TEPLOYEG CLYVOTNT®V , Kot Amelpr e&achévnon ya Tig vdAouteg
TEPLOYES CLYVOTHTAOV. XTNV TPOYHOTIKOTNTO , TO WKPOKVLHOTIKG OIATpa givol mabntucd
5iBvpa diktva Ta omoia Tpooeyyilovy 1O Wavikd QIATpo pe Kdmolo amodextr| avoyn. Ta
oiATpa yopilovial o Té60epLg Pacikéc Katnyopies , ue Paomn Tig TEPLOYEG GLYVOTITOV GTIS

omoieg eMTPENTOLY TNV SEAELGT TOVL CTUATOC E1GASOV.

=  Ta oyutepatd @IATPO , TO OTOI0 EMLTPETOLY TNV OLEAELON CNUATOV UE GUYVOTNTES

peyaAdtepec omd TNV oLYVOTNTO OMOKOTNG @, KOl OTOPPITTOLV TO GNHATO HE

oLYVOTITEG PIKPOTEPES OO TNV @), .
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2yediaon IFM Xvotiuorog Kepdioo 4°

acBsvnen (dB)

5

E

SUEVOTI|TO

Ewova 4.1.1 160viké vyirepatd giltpo

=  Ta BaBvrepata @iktpa , Ta onoio emTpEmOVY TNV SIEAELGT CNUATOV HE GUYVOTNTES

amd unNdév péxpt T cuyvoTNTA OMOKOTNG @, Kot eE0cbevovy oNuaTo PE GUYVOTNTES

HEYOADTEPES AT TNV GLYVOTNTO OTOKOTNG @, .

asfBzvney (dB)

5

E

CUYVOTITO

Ewova 4.1.2 1daviké padorepatd @iltpo

= Ta {ovomepata @iktpa , T0. OMOla EMTPETOLY TNV SEAELOT ONUATOV e GUYVOTNTES

EVTOG TNG TEPLOYNG @y, W, KO OTOPPITTOLY OACL TOL GAACL GTLLOITOL.
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2yediaon IFM Xvotiuorog Kepdioo 4°

acbsvnen (dB)

s

E

CUVOTI T

Ewova 4.1.3 1600viké {ovonepatod @iktpo

= Ta @ikTpa amwoKOTNGS , TO OO0 ATOPPITTOVY TNV SEAEVCT) CNUATOV E GLYVOTNTEG EVTOG

NG TEPLOYNG @y, @, Kol EMTPEMOVY TNV SEAELOT| GE OAEG TIG VTOAOUTEG GLYVOTNTEG

ocbBzvnen (dB)

5

E

CUYVOTITO

Ewéva 4.1.4 16aviké ¢iktpo {dVng amwokomg

Ta @iltpo umopovv va dloy®plotody emiong o€ avaklooTikd Kot amoppoentikd. Ta
AVOKAOGTIKG GIATPO OVOKAODY TNV 10Y0 TOL GNLOTOC €1G000V GTIG TEPLOYES OTOKOTNG , EVA
TO. QITOPPOPNTIKG KOTAVOAMDVOUY ECMTEPIKA TNV 1YY TOL GNUOTOS E1GO00V GTIS TTEPLOYEG
OTOKOTNG. XTIC TEPLOGOTEPES EPAPLOYEG YPNGLLOTOLOVVTOL AVAKAAGTIKE GIATPOL.

Téhog t0 KEPUAOIO OVTO YWPileTAL GE VO EVOTNTEG TNV TPAOTN EVOTNTU AVOADETOL M
oyeodiaon tov @iktpov 0.1-2 GHz xor otn dgvtepn n oxedioon tov @idtpov 2-4 GHz .
TToapdAAnio  €MCLVATTOVTIOL KOL Ol TO OMOTEAECUOTO KOL Ol  TPOGOUOLDCELS OV

mpoypatomoOnkay pe to ADS 1.5
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2yediaon IFM Xvotiuorog Kepdioo 4°

4.2 Xyediaon piitpov 0.1-2 GHz

To wikpoxvpatikd @idtpo mov oyeddotnke eivor éva (ovomepatd ¢iktpo pe Cmvn
dtérevong ta 0.1 GHz — 2 GHz . To ¢iktpo viomombnke pe v ev oepd ddtaén evog
Babvmepaton @iktpov pe cvyvotnto amoxomne 2 GHz kot evog vyumepatod @idtpov e
cuyvotnta amokomng ta. 100 MHz .Avtd mpotiunbnke 10Tt T0o €0pog (dVNG MTav OpKETH
peyaro yio vo éxovpe to emBountd omotedéopato oyxedaloviag amid éva {mvomepato
oiAtpo. [MapdAinio 6mwc eidape Kot 6to kedAaio 1 o @iltpo B mpémel vo KOPeL OAEC TIg
ovyvotnteg uéypt ta 12GHz pe ehdyiom e€acbéivnon -20 dB .Zvvenmg kpibnke avaykoio n
tomofétnon evog véou Pabumepatod @iltpov 6To TEAOG TG SLITAENG DOTE VO KOTAGTOAOVV Ol

avemBoUNTEG GLYVOTNTEC.

4.2.1 BAOYIHEPATO ®IATPO 2GH:z

» OEQPHTIKH ANAAYZXH
To PBabumepatd giktpo ota 2 GHz oyedidotnke emiéyoviag apywd éva Bewpnrtikod
Babvmepatd mpotoTvmo @iktpo ( LP prototype filter ) . H amdkpion cvyvotntag tov

OIATPOL OLTOV HOVTEAOTOLEITOL OO [0 TOAVMOVLUIKY] GUVAPTNOY UETAPOPES TOTOV

Tchebyscheff .

H g&ocBévnon mov ewodyel 10 @idtpo TEpLypdPeTol Omd TO TOPUKAT® HAONUATIKO

HOVTELO :

L, (@) =10log,,{1+ ¢ cos® ncos‘l(ﬂl)

L,(@") =10log,, 11+ £cosh?| ncosh™ (ﬂ')

oMoV
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2yediaon IFM Xvotiuorog Kepdioo 4°

LA
") |-1
)

Lar givor 1 e€acbévion mov eiodyel 10 @iltpo otV mEpLoyn d1éAevong kot N 0 aptBpudc

£ = {anti log,,(

TV otolyeiov mov Bo ypnolomombody TPOKEWEVOL VO, KOTOOKELOGTEL TO QIATPO.
Emunpdobeta mpénel va onueiwbdei 6t mpotiunbnke 1o poviého Tchebyscheff emeidn siodyst
O OMOTOUN OMOKOTY G€ GYEon Ue GAlo povtéda av kKot 1 e£0cBévion Tov otV TEPLOYN

dtélevong eivar peyavTepn .

/
= /
I Y.
< | /
l /
| ‘-—-lnr /
v |
B e
(@] w
w’ roccians

Ewova 4.2.1.1 H yopaxtnprotiky evog LP Tchebyscheff
Yovendg dedopévev tov tpodaypaedv yio Tchebyscheff poviého pe 0.20 dB koudtoon
ot mepoyn oélevong (Lar dB ripple) emléyston omd 1O TOPOKAT® SLAYPOUUS 1 WOAVIKA
KOO ¢ epapproyne poc. H kapmdin mov emiéybnke cduemvo pe to, embountd cut-off
YOPOKTNPLOTIKA etvat 11 N=5. Apa Oa ypnoiuonomboldv wévte oToryeia yio TNy oyediocn Tov

LKPOKVUOTIKOL QIATPOV .

VALUE |
OF n | b 8 | & | & | B | & | b1 | B | & | Eg | &1
1| 0.4342 | 1.0000
2| 1.0378 | 0.6745 | 1.5386
3| 1.9275 | 1.1525 | 1.2275 | 1.0000
4 11,3028 |1,2844 | 1,9761 | 0.8468 | 1.5386
[ 5 11.3394[1.3370 [2.1660 |1.3370 [ 1.3304 [1.0000] |
T 6 | 1.3598 | 1.3632 [2.2394 [1.4555 | 2.0974 [0.8838 | 1.5386 |
T | L322 L7811 2.2756 | 15001 | 2.0156 | 1.3781 ) 15722 L0000 |
8 | 1.3804 |1.3875|2.2963 | 1.5217 | 2.3413 |1.4925 | 2.1349 | 0.8972 |1,5386 |
9 |1,3860 | 1.3938 | 2.3093 | 1.5340 | 2.3728 | 1.5340 | 2.3093 | 1.3938 |1.3860 | 1.0000 |
10 | 1.3901 | 1.3983 | 2.3181 | 1.5417 | 2.3904 | 1.5536 | 2.3720 | 1.5066 | 2,1514 | 0.9034 | 1.5386

Ewcova 4.2.1.2 Tipég otoyyciov yia Tchebyscheff ¢iktpa pe 0.2 dB ripple
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2yedioon IFM Xvotiuotoc
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0.20-db-RIPPLE TCHEBYSCHEFF FILTER CHARACTERISTICS

Ewova 4.2.1.3 xapmroreg Tchebyscheff ywa 0.20 dB ripple

n=5
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2yediaon IFM Xvotiuorog Kepdioo 4°
01 02 g3 g4 g5 g6
1.3394 1.3370 2.166 1.3370 1.3394 1.0000
Ly®9, L9
O- ol Y Y Y\ e e ——
R 90:; J' Ci=g, J_ C30s ,?:1” or Cron RA41= Ont
LI 1
L’I-gl L13'93 LIn'gn
Gn® cl =g RF}#’I or G’ zg
0* %0 ']' 2 Y2 Gnsl n+l” 8n+)

Ewova 4.2.1.4 viomoinon apoTOTVTOV KUKADNOTOS

Onwc ¢@aiveton oto mopomdve oynfuo 1 viomoinon yivetor pe dvo TPOTOVS , OTNV
TPOKEWEVN TEPINT®ON YPNOIULOTOONKE TO OgVTEPO KOKAMUN. ZUVERMDG TPOKVTTOLV Ol

TOPOKATO TAPALETPOL

Ly Cr Ly’ Cy L3’

1.3394 1.3370 2.166 1.3370 1.3394

O£TOVTOG 6TOVG TAPAKAT® TOHTOVG TIG TAPAUETPOVG Kot Y Ro=50 Q , Ro’=1 @, = 24f |
o1’=1 ko f=2GHz
I:20
R0

D

L= L'

Q]

C()l C .
@,

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 4°

vrohoyilovTol T TOPUKAT® ATOTELEGIOTA

I—l Cl L2 CZ L3

5,33 nH 2,13 pF 8,62 nH 2.13 pF 5,33 nH

» IAANIKO KYKAQMA

SV VYN il o
L L L
| L1 L2 L3

Termn L=5.33nH 3 L=8.62 nH T C =533 nH |

Term1 R= c R= c2 R= t Tenm
Num=1 L@ ~~ C=213pF Tem2
Z=50 Ohm —_ C=213pF T Num=2

Z=50 Ohm

Ewéva 4.2.1.5 100viké Badvrepatd piltpo 2GHz

To napamdve KoK oo Tpocopotddnke e ta Wavika lumped elements pe tig Tipég mov
vroloyionkav mopamdve . Eywe avélvon S moapapétpov kol kvpiog mapovoldletol m

TAPAUETPOC S21. OMOG NTOV AVOUEVOUEVO TO ATOTEAEGOTO TTAV 1OUVIKE,

0

-20—]
1 40
5
S _
oM -60—
U —

_80_

'100 T | T | T | T | T | T
0 2 4 6 8 10 12

Ewova 4.2.1.6
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2yediaon IFM Xvotiuorog Kepdioo 4°

» KYKAQMA ME ITIPAI'MATIKA XTOIXEIA

>0 gnopevo Prpa Ba Tpocopoidoovpe To 1010 KOKAmpa pe lumped elements Tpaypoatikd .
Q¢ YVOOTOV TO TPOYUOTIKE GTOLEID £YOVV TOPAGCITIKEG YMPNTIKOTNTEG, EUTEONCELG KoL
OVTIGTAGELS. XVYKEKPLUEVO TAL TNVIOL E1GAYOVV TOPAGITIKEG YOPNTIKOTNTES KOl OVTIGTUCELG
EVM Ol TUKVAOTEC ELGAYOVV TOPACITIKEG EUTEONOELS KOL OVTIOTAGELS . ZVVETMS TO TOPUCITIKA

ototyela oALALOVV TV GUUTEPIPOPA TOL WOAUVIKOD PIATPOL.

=YY A=YV =YY

ol tok LL1GO8HF 5 19860828 sl ok LL1GOSF J 19860626 sl ok LL1G0BHF 5 18860878

L1 LA L3l

PART_NUMHLL1808F4N7S 4.7 nH PART_NUMHLL 1608-FEN8J 6.8 nH PART NUM=LL1608-F4NTS 4.7 nH

£ Tenn
1 Temm se_ale_100_ CDR12BG_C_19960826 se_ae_100 COR12BG_C_ 198960878 Temn?2
Termi cil ca g Num=2
e vl

Num~1 — PART NUM=ATC100A2R1CP150 2 1pF —_ PART NUM=ATC100A2R1CP150 2. 1pF 750 Ohm
Z=50 Ohm

Ewova 4.2.1.7
Ta mpaypatikd otoyeio L C mov ypnoporombnkav eivar tov gtopeidv TOKO kot

ATC avtioctoya (o1 tég gaivovtar oto oynue) H mpocopoimon €dwoe 1o mopokdtom

omoTEAECHATOL
0
X= -50—
i
AL
nwm
N e’
mnm
TT -100—
-150 T I T I T I T I T I T
0 2 4 6 8 10 12

freq, GHz

Ewova 4.2.1.8
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2yediaon IFM Xvotiuorog Kepdioo 4°

Onwg eoivetal 6To GYAUO TO OTOTEAECUATO €IVOL OPKETA OTOJEKTA Y10, TNV TEPLOYN
oLYVOTATOV oV uag evoleépel . [lapovoidletal kol n mapdpetpog S11 n omoia sivol
Kopaiveton og emimedo yapmAotepa tov -10 dB yio v mepoyf Siélevong omdte

€A01oTOTO10VVTOL Ol AVETIOOUNTES OVAKAAGCELS .

» MICROSTRIP KYKAQMA ME ITPAI'MATIKA XTOIXEIA

210 tElevtaio oTAdO TNG OYESIOONG OVTIKOOIGTOVHE TS 100VIKEG KOAWOUDGELS LE
YPOUUES HETOPOPAG Microstrip. . To substrate vAkd To omoio ypnooromdnke givon o RO-
4003 g Rogers pe diniextpikn otabepd e~ 3.38 kot epantopévn anwieidv tand=0.0035.

Ta §OpOKTINPIGTIKA TOL VTOGTPMOUATOS TOPOVCIALOVTL GTO TOPAKAT® GYLLOL

MSub

MsSUB

MSub1

H=0.51 mm
Er=3.38

Mur=1
Cond=3e7
Hu=3.9e+034 mil
T=30 um
TanD=0.0035
Rough=0 mil

Ewéva 4.2.1.9 mapapueTpol vITosTPORATOS

O1 daotdogig Twv microstrip ypapumv vroroyiotnkay W= 45 mil kot | =40 mil. Tha tov
VTOALOYIGULO Tov dwotdoswv ypnowonomdnke 1 epapuoyr LineCalc tov ADS 1.5
SESOUEVOV TOV TOPOUETPMY TOV VITOGTPOUOTOS IUE OKOTO 1) OVTIoTACN KAOE Ypouung va ival

50 Q é101 ®oTE AOY® TPOGUPLOYNG VO OTOPVYOVLE SVGAPECTES UVAKAAGELG

M. N. Zo@pébg 41
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Puor-13%
. -1
ALY BUSH=M
ok AL
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EM
991051 DRUVDOLINV-FINN 12K e ]
ps L 51RO IIV-PINN LA e
. - %]
BRI E - e
BEBIGEEL T SO DOF 1 SZPIEEL T PHELH O DOE S Bs
BuOr=1 T
BUSK=|

RuOr=1 e
RSk
SIS
HIL
KITA

sﬁﬁﬁ U CVSINF BIOLTERON L " TN TS

]
SZRIGEEL 5 RIOKTI 30 15

HUEESENES BOSHTHANN Ltk °
]
SZRINEEL 5 - RIGLTI ¥ 1%

HUEESENES BI9FTHANN Ltk
K1
S2RIEEL 5 - BIITI 30 15

2yediaon IFM Xvotiuorog

Ewéva 4.2.1.10 microstrip kokhopa pe tpaypatikd lumped elements

M. N. Zoppdc



2yediaon IFM Xvotiuorog

Kepdioo 4°

NN

—

dB(S(1,
dB(S(2,

ml

freq=2.100GHz
dB(S(2,1))=-2.924

m?2

freq=1.230GHz
dB(S(2,1))=-0.254

10—
20—
-30—
-40—]
50—
-60—
-70—]
-80
-90
-100

Ewova 4.2.1.11

10 12

v teMKkn Tpocopoimon eppavifovrar ot mapdapetpot S11 kol S21 . Eivor pavepd ot

TO. OTOTEAEGLLOTOL OV KO OTOOEKTE Y10l TV TEPLOYN TOV GLYVOTHTOV TOL HOC EVOLOQEPEL

aALGCovY dpouaTiKG 6e PEYOADTEPES GLYVOTNTEG .AVTO 0@eileTan 6To yeyovog Ott Ta. lumped

elements xkvpiog to mvia. AEITOVPYOVV GOGTA GE YOUNAES HIKPOKVUOTIKEG GLYVOTNTEG.

Yvvenmg dgv ypnotpomotovvtat ta lumped elements yio cuyvotnteg avo twv 2-3 GHz. Topa

otV mepoyn wéypt 2 GHz to passhand ripple av kot peyaAvtepo tov 1avikod givor avektd

eved 1o cut-off kpiveton Wovikd apod ota 2.1 GHZ vradpyet 3dB e€acOévnon . Télog wg mpog

T mopapeTpo S11 BAémovpe 6TL 01 AVaKAAGELG GTNV TEPLOYN OLEAEVONG VAl LIKPOTEPEG OO

70 6p1o Twv -10dB

H 4.6 1n

Py

M. N. Zoppdc

e
RRR

13.2 man

Ewoéva 4.2.1.12 microstrip layout

N
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2yediaon IFM Xvotiuorog Kepdioo 4°

4.2.2 YWYHIEPATO ®IATPO 0.1 GHz

» OEQPHTIKH ANAAYXH

H Beopntiki aviivor mov Tpaypatonomdnke yio v oxediacn Tov DYITEPUTOL PIATpov
0.1GHz &ivar avaroyn tng avélvong mov wponynbnke yio v oyedioon tov Pabvrepaton
eiktpov 2GHz. Apykd emAiéyetar évo low pass prototype 1o omoio kaAvmTEL TIg dobegioeg
npodaypa@és . Mapammpmvtog tig cut off kapmdreg yuo La=0.20 dB emidéyeton 1 KapmoAn
n=5.

Apa
01 02 g3 g4 g5 g6
1.3394 1.3370 2.166 1.3370 1.3394 1.0000
Kot avtictorya
Ly Cy L2’ 07) Ly’
1.3394 1.3370 2.166 1.3370 1.3394
Topa €yovtag mpocdopicer Tig LP  mapapérpoug, LECH TOV TOPAKAT® TOTOV
petacynuotifeton to 1Waviko fabumepatd og WuvVIKO LYITEPATO GIATPO
R, N owo,'L
L [RY_L
1 1 1
R, \ wa,'C
6mov Ro=50 Q, Ro’=1 @, = 24f , ©1’=1 kaw f=0.1 GHz
M. N. Xo@pdig 44



Zyedioon IFM Xvotuotog Kegpdiao 4°
Yroloyilovtol To TapOKAT® OTOTEAEGLOTA
C: Ly C, L Cs
23.8 pF 59.6 nH 14.7 pF 59.6 nH 23.8 pF
> TIAANIKO KYKAQCMA
\ | | \ |
71 71 71
c c c
1 Cih C2h C3h ;
— 1:$1 C=238pF + L C=147pF + L Cc=238pF * Eﬁz
i g 2 e
Z=50 Ohm :;59-6 nH L=59.6nH Z=50 Ohm

gwkova 4.2.2.1 Wwoviko vyurepatoéd giitpo 0.1GHz
To mapamdve KokAopo Tpocopoiddnke pe ta Wavika lumped elements pe Tig Tipéc mov
vroloyiomnkav mopamdve . Eywve avilvon S mapapétpov kol kuping mapovoidletol m

TAPAUETPOG S21. OMOG NTOV AVOUEVOUEVO TO ATOTELEGULOTA NTAV WOOVIKA .

0
-50—
1 -100—
)
a
m -150—
©
-200—
-250 T | T | T | T | T
0.0 0.2 0.4 0.6 0.8 1.0
freq, GHz

skova 4.2.2.2
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2yediaon IFM Xvotiuorog

Kepdioo 4°

» KYKAQMA ME ITIPAI'MATIKA XTOIXEIA

>10 endpevo Prpa Oo mpocopodoovpe To 010 kKhkAmpa pe lumped elements Tpaypotikd .

3 |

— |

|

Z=D0Im

70
o, b W) CORTAG F DTG
ch

PART NUM=ATCHIPNFPED MgF

71
s e ) COREDG F A0S
Ch

PART NUM=ATC I EIFPED 155

o ik LLVAREE ) TOOGONEAS
I
: PART NUM=L11606F6L 68rH

LA
sz gz W) CURTANG DG
Ch
PART_NUM=ATCAMIFP T0 24

o IO ) PGRGRE

LA
j PART NUM-LL ¥DEF G Gl

e
Temi2

2=D0m

Tenm
Taml
Mum-1

Ewova 4.2.2.3
Ta mpaypotikd otoryeio L C mov ypnopomombnkay givar tov etaipeidv TOKO kot ATC

avtioTtotya (01 TIES POivOVTaL GTO GYNILOL)

H mpocopoimon £dwoe ta TapaKATo amoTeAEGLOTA

0 0

50 o
AN —-10 <
:. -100— %
E —15 =
o -150— =
© —-20 =

'200_ __25

-250 I S O I B B -30

0 100 200 300 400 500
freq, MHz

Ewova 4.2.2.4
Onwg @oivetal 6To GYAUO TO OTOTEAECUATO EIVOL OPKETA OTOOEKTA Y10, TNV TEPLOYN
oLYVOTNTOV ToL pog evoleépel . Iapovoldletar kol 1 mopaueTpog S M omoia sivon
Kouaivetar og eminedo yoauniotepa tov -10 dB yw v mepoyn Siievong omdte

EMUYLOTOTOLOVVTOL Ol AVETIBVUNTEC AVOKAAGEL .

M. N. Zoppdc
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2yediaon IFM Xvotiuorog

» MICROSTRIP KYKAQMA ME ITPAI'MATIKA XTOIXEIA

IMpw avorvBei n oyedioon kol n eEopoimon tov MICrostrip kKuKA®pOTog va onueltmbel 6Tt

ypnoonomnke to idto substrate kot ot idieg dotdoelg ot Ypoupég microstrip e to

Babvrepatd eidtpo .

RUCr=p%

HU8Y (NS00 TI=AIN 1vd
1l
EIMEGE T AL T 2

HU §9 (NB9H0 TI=NN_1Hivd
w1
MG T 0 T

F51 051 d 25 VD LY= vd

o - E ShE 1514 -INZIDLY=[VN 11Vd
L i SKIEMHOD S S wa

RIS St B e

B p=tfiney
S KT L
ungg=1

Host-dng
B 45T

HIN-IRIS
FE-)
LS \=nn
WEEd 5 feT-a
) wiGH=H
SUTL VS @ sn
s
sy

URIO 5=

(S
(LU
e

AAA

vV T

gikova 4.2.2.5 microstrip kokiopa pe Tpaypotika lumped elements

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 4°

ml
freq=90.00MHz

m1 dB(S(2,1))=-2.72

-10—
_20_
_30_
= 40
\c:]/ _50_

9,
m 60—
© 70—
_80_
-90—
_lOO ||||||||||||||||||||||||
0 100 200 300 400 500

freq, MHz

Ewévo 4.2.2.6
v telkn Tpocopoimon eppaviCovror ot mopapetpor S11 kot S21 . Eivat gavepd o1t ta
AmTOTEAECUOTO EIVOL GTOOEKTO VIO TNV TEPLOYN TMV GLYVOTNTMOV OV HOG EVOLLPEPEL XTIV
neployn diéhevong to passband ripple av kai peyaddtepo Tov 18aviKoD gival avekTod EVd TO
cut-off kpivetan apketd kakd  a@od ota 90 MHz vadpyer 3dB e€aocBévnon .Téhog wg mpog
T mopauetpo S11 BAémovpe 0Tl O1 AVAKAGGELS GTNV TEPLOYN OEAEVGNG VOl WIKPOTEPES OO

10 6p10 TV -10dB omdte 01 TPOSLaypaPég TpOvVTAL

o
v
it
R
=
2
E\-I S
2 .
{ 12 min }

eikéva 4.2.2.7 microstrip layout
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2yediaon IFM Xvotiuorog

4.2.3 ZONOIIEPATO ®IATPO 0.1-2 GHz

TomobeTdvTog e oelpd Ta SVO EIATPA TOV GYEJACAUE TPOKVTTEL TO TOPUKAT® MICrostrip

KUK A

LT
i e

SR
Hl 2

LRIy TN

el
mikL SN
ST TV-P IRHIER AN
3] [

315}
O s A P S - T YR
ol

F i = T 15

ML | TV A5 3 1.

AT Hin

aneg I
[

Coma [ E

4.2.3.1 microstrip BPF 0.1-2 GHz

KOV,

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 4°

249 mun

/I
v

gikovo 4.2.3.2 microstrip layout

ml m?2
) freq=100.0MHz  [freq=2.000GHz
Oml M2 dB(S(2,1))=-1.723dB(S(2,1))=-0.956

-10—1 m
-20_

—~ -30—

— — 40—
_50_
_60_
-70_
80—
_90_
-100||||"|/\||||||||||
0 2 4 6 8 10 12 14 16
m3
freq=6.960GHz | e GHz
dB(S(2,1))=-20.520

Ewova 4.2.3.3

To mopamdve Sdypappa mapovstdlel ta anotedéopata g eEopoimong oto ADS 1.5
.Ta yopaxmpiotikd tov @iktpov 0.1-2 GHz dev eivar Wbavikd OU®G VIEPKAADTTOVV TIG
doBeioeg mpodaypapéc . Emmpocheta ov avaxidoeig S11 givar pukpdtepeg tov -10dB oty

mepoyn O1éAevong .

M. N. Zo@pébg 50



2yediaon IFM Xvotiuorog Kepdioo 4°

To TpOPAN LG TTOV TPOKVTTEL OO TV TOPATHPT|GT THG GVUTEPLPOPAS Tig S21 mapapéTpov
givan 011 oTig svyveTNTES 6.960 - 8.9 GHZ vrdpyet Eva peak to omoio Eemepva ta -20dB .0t
Tpodiaypaég anartovv péxpt to. 12GHz | émov ekei givar Kot to mwve 6plo Asttovpyiog Tov
IFMs , ta peak vo unv Eemepvoiv ta -20 dB . Zvvendg yio va unv dnpovpynBei exmhokr| Oa
npénel ovtod to peak va kotootalel ypnoipomodvtag o KatdAinio Babvmepatd @iktpo .H

GY€010,0M TOL KOTAGTAATIKOD GIATPOV TOPOLGLALETAL GTNV EMOLEVT] VTOEVOTNTA. .

424 XXEAIAXH ®PIATPOY AIIOKOIIHXY

Onwg avaeépOnke Kot otV TPONyoOUEVT] €vOTNTO €ivol avaykaio 1 oxediacn evog
ovolaoTikG Babvmepatod eiktpov mov Oo katactéAdel Oleg ta peak peyolvtepa amd -20 db
éonc ta 12 GHz. Xvvenmg axolovOeitor dwdikacio oyediaong mopouol UE T
Tpoavapepbévta piltpa

Emidéyetan and to didypoppa tov Tchebyscheff kapmoimv yio Lar = 0.20 dB 1 kopmdin

N=7 Adym g o andtoung cut off cupmepipopdc oe oyéon pe v N=5 .

| |
VALUE -
OF n El Ey B3 Ey Ex 56 E—-I- QE; i EQ gm 'gll
L[ 0.4342 | 1.0000
I 11,0378 | 0.6745 | 1.5366
311,275 | 11525 | 12275 | 1.0000
Co4 T1a02R 3 1U2R44 | 19761 | 0.8468 15366
D5 11,3394 | 1.3370 [2.1660 | 1.3370 | L3354 {1.000N
f 111508 11 3632 12,2304 |1,4555 [2.0974 108836 | 1. 5386
(7 113729 [1.3781 | 2.2756 [ 1.5001 [ 2.205 [1.378L1.3722 | L0000
R [ 1T3e0d [ LUEETS (2000 | IOZIT [ TR0 (LA TEU IS [ULRNTE | 15386
g 11,3860 | 1.3938 [ 2.3093 | 1.5340 | 2.3726 | 1.5340 1 2.3093 | 1.3038 | 1 3660 | 1.0000
10 | 1.3901 |1.3983 | 2.3181 | 1.5417 | 2.3904 |1.5536 | 2.3720 |1.5066 ;1‘1514|{|_9[|3,4 1.5386

gkova 4.2.4.1 Tipég orovysiov ywa Tchebyscheff giktpa pg 0.2 dB ripple

Ly Cy Ly’ (07% L3’ Cy Ly

13722 | 1.3781 | 2.2756 | 1.5001 | 2.2756 | 1.3781 | 1.3722

O£TOVTOG 6TOVG MUPUKAT® TOTOVG TG TAPAUETPOLS Kot Yo Ro=50 Q , Ro’=1 @, = 24f

o:’=1 xon =3 GHz
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Xyediaon IFM Xvotpatog Kepdharo 4°
L=| R [
Ro' \ @
1 1
c=| R 2e
Ry N o
vroloyifovtal T TOPAKATO ATOTEAEGLOTA
L1 Ci Lo Cz Ls Cs L4
3.6nH | 1.46pF 6 nH 1.6 pF 6 nH 146 pF | 3.6nH

Onog avaeépOnke Kol G€ TPONYOVUEVO KEQPAANLO GTI GUYKEKPIUEVT TTEPLOYN CLYVOTHTOV

dev umopodv va ypnoipomombodv lumped elements yia t odvBeon tov @idtpov . Tuvenmg

Oa mpémel va ypnopnomonfobyv amokAeloTiKG MICrostrip otoyeio. Avaldoviog T KpoTavio

OG YPOUUY HETOPOPAS JWMIGTOVETAL OTL PETOPAAAOVTAS TIG Ol0OTAGELS TNG , EGAYOVTOL

GTOYELD EMOYOYIKA KOl YOPNTIKA GTOLYEID.

= Anuovpyia Microstrip enay®yikov 6Tory£iov

r
|
tl

o—e

Low ZOC

ikéva 4.2.4.2microstrip eraywywko ctovysio

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 4°

To piKog mov gcdyel TV KOpLa enaymyn vroAoyiletat:

01 TaPUoITIKEG YmpnTikoTTeG CL OV E16aY0oVTOL

.

C, =
2f - Zo A

f2,L

ZoL

eved Yo pukpd pnn 1, =

= Anuovpyic Microstrip yopnTikov cTovygiov

e
High Z
ghZ,. / High Z
Low Zp¢
Le Le
— ¢
o & 0

gikéva 4.2.4.3 microstrip yopntko ctoyycio
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2yediaon IFM Xvotiuorog Kepdioo 4°

To piKog mov g1cdyetl v KOPLa yOPNTIKOTNTA VIoAOYILeTaL:

A
% sin*(wCZ,,)
T

01 TOPUCITIKEG EMay®YEC Lcmov elodyovTon

L. = lcZoc
2f Ay

evod yio pupd pin L = f4,.Z2,.C

Avaykaio elvar va onuewBei OtL ot Twég  eumednoewv  Zo Kot Zoc 7OV
ypnooromonkay givar 90 Q kot 25 Q avtictorya . [apdAinio péc® OVTOV TOV TIUOV
YPNOUOTOIDOVTOG TIG KOUTVAES VAOTOINGTG MICrOStrip mov TapovcidoTKay 610 2° KEQAANL0
VTOAOYIGTNKAV 1M Eeff , 1 Ag KOL TO TAGTOC W KAOE YPOUUNG , EMAYOYIKNG KOl Y®PNTIKAG .Me
aVTOV TOV TPOTO TPocdlopiotTnkay ot Suotdoelg W kot | twv microstrip erayoyikodv kot

YOPNTIKOV GTOTYEIDV.
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Kepdioo 4°

2yediaon IFM Xvotiuorog
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2yediaon IFM Xvotiuorog Kepdioo 4°

270 MOPOTAVED OGN0 TopoLctdleTal To MICrostrip KOKA®UO OT®G OYESIGOTIKE GTO
ADS 15 Apykd eodydnkav ta OBsopnrtikd otoryeion w,l xoi ypnowomnoidviog v
Aertovpyion optimization telelomombnke 10 kOKAouo . Q¢ TG TOV  peTAPAnTOV
tomofethOniav ot Bewpntikd VTOAOYILOUEVES , KOl TO EDPOG GE MM TOL UTOPOLV VO, KIviBoDV
. apaiinia tomofemOnkay kot dvo Goals omwe paiveTal 6to oYU , T0 TPOTO Kobopilet
70 dB ripple ot neproyn dérevong va givor pukpdtepo tov 0.3 dB evd 1o dedtepo Bétel v
e&acOévnon peyolvtepn and 20 dB ond 4GHz éwg 12 GHz .H dwdwkaocio Beltiotomoinong

emtevyOnke pe gradient avéivon .

.10

-15—

-20—

-25—

dB(S(2,1))

-30—

-35—

-40—

-45—

-50—

.55
o |||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
freq, GHz

€Kova 4.2.4.5 TPpooopoimo)] KATAGTIATIKOD GIATPOV

Ao v mOpOTAvVe YPAPIKN ovamopdcotacn Tov S21 Soaivetor 0Tl TO0 @ikTpo
Aertovpyel KATAGTOATIKG otV TEeployn ovyvotntov 6.5-9 GHz eicdyovtag eocbévnon

peyardtepn and 45 dB .
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2yediaon IFM Xvotiuorog

Kepdioo 4°

O1 dlootdoElg TV MICrostrip ototyginv mov oyeddomKoy eupaviloviol 6tov mivaka

Yrtoyeio microstrip IMAGrog ypappig W Mnkog ypoppng |
Enrayoywo 1 0.4 mm 3 mm
Xopntko 1 9.2 mm 2.4 mm
Enrayoywoé 2 0.2 mm 6.4 mm
Xopntiko 2 7 mm 4.5mm
Enrayoywké 3 0.2 mm 6.4 mm

Xopntiko 3 9.2 mm 2.4 mm
Enayoyké 4 0.4 mm 3 mm

9.4 mm

284 mm

M. N. Zoppdc

£1kovo 4.2.4.6 layout @iltpov amokomig



2yediaon IFM Xvotiuorog Kepdioo 4°

425 BEATIXTO BAOGYIIEPATO PIATPO 0.1-2 GHz

AoV mpocdopionke 10 KOTAGTOATIKO (IATpO Ba TOPOLGLOGTEL 1| GUVOMKT €1KOVA TNG
microstrip ddtaéng .H didtaén torobetbnke oto ADS 1.5 6mov kot £yve 1 Tpocopoimon
kaBdg wor m Pertiotonoinon tev mapapétpeov . To amotélecua TG Tpocopoimong

epEavileTal GTO TOPUKAT® YPAENUO LE TNV HOpeN TV mapapéTpov S21 ko S11

ml m?2
freq=1.110GHz |freq=2.140GHz
M1 m2dB(S(2,1))=-0.304/dB(S(2,1))=-2.877

0
1o WTW
-20—

—~ -30—
—~
I 40
a9
@@/ '50_
fealen) -60—
©°T 70

_80_

-90_

-100 | | | | |
0 2 4 6 8 10 12

Ewova 4.2.5.1

H S11 mapdpetpog givar pkpdtepn and 10 dB ot Lovn diéhevong ondte amopehyovtat
avemBounteg avaxkidoelg ewoddov Tlopddinie  m cut — off  kopmdAn tov @iktpov
dwatnpeitan oto embountd eninedo amokomng 6nwe ko to dB ripple ot meproyn d1élevong .
Téhog 1 Tom0B£TNGT TOV KOTAGTAATIKOD GIATPOV amEdMTE TO, KOTAAANAN OTOTEAEGLOTO POV

t0 péyioto peak givon ota -42 dB vreprorvmTovtag Tig d0beicec Tpodiaypapég tev -20 dB.
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Kepdioo 4°
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2yediaon IFM Xvotiuorog

zu w [

T L E Ty Ty g m

i il LT Ty TRIE ]

CrTEry L)

Ewova 4.2.5.2
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Kepdioo 4°

w5

umI 7' g

2yedioon IFM Xvotiuotoc

Ewova 4.2.5.3

M. N. Xoppébig



2yediaon IFM Xvotiuorog Kepdioo 4°

4.3 Xyeoiaon Diltpov 2-4 GHz

To pwcpoxvpatikd eidtpo mov oyxedidotnke etvan éva {ovomepatd ¢idtpo pe {ovn diéhevong
ta 2 GHz — 4 GHz . To ¢iktpo viomomonke pe v &v oepd didtaén evog Pabumepatov
@iktpov pe ovyvotnta omokomng 4 GHz kou &vog vyimepatod QIATpov pe GuyvoTnTO
amoxomg T 2 MHz .Avtd mpotiumOnke 810ttL 10 gupog {dvng NTav apKeTd HEYEAO Yo va.

&yovpe Ta emBountd anotedéoparta oyxedaloviag amid Eva (ovomepatd eiktpo

4.3.1 BAOYIHEPATO ®PIATPO 4 GHz

H odwdwacio oyedloong mov axoiovBeitor eivar aviloyn g ovdivong Ttov
npoavapepBiviav  @iltpov. Apyikd emiléystar omd To Oudypoupo tov Tchebyscheff

kapmolov yioo Lar = 0.20 dB n koumdAn N=7 Ady® TG MO OmOTOUNG YOPOUKTNPIOTIKNAG

KOUTOANG

VALUE |

OF » ] iy B By £ 56 ET EE ! gg gm gll
L | 0.4342 | 1.0000] | |
2| 10376 10,6745 {1,536
31 1,2075 11,1525 { 1.2273 | 1.0000

4 T1LN2R{ 12844 | 19761 | 0.8468 {15366

5 11,3394 [1.3370 [ 2.1660 | 1.3370 | 13394 {10000
A 113508 113632 12,2304 | 1.4555 | 24,0974 |0.8338 | 1. 5386
T {13720 | L3781 | 2,205 | 1.5001 | 2.275 |1.378L | 13722 | 1.0000

B L Ie0d LTS T Tme TS | s T TR U | 1, 5386
9| 1.3860 | 1.3938 | 2.3098 | 1.5340 | 2.3128 11.5340 1 2.3093 | 1.3930 | 1 3840 | 1.0000

10 | 13001 | 1.3983 | 2.3181 | 15417 | 2.3904 | 1.5536 | 2.3720 |L.3066 311514|g_9u34 1,586

Ewova 4.3.1.1tipuég orovysiov ywa Tchebyscheff iktpa pe 0.2 dB ripple
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2yediaon IFM Xvotiuorog Kepdioo 4°

Ly’ Cr L2’ C Ls’ Cs [y

13722 | 1.3781 | 2.2756 | 1.5001 | 2.2756 | 1.3781 | 1.3722

OETOVTOG GTOVG MUPUKAT® TOTOVG TG TAPAUETPOLG Kot Yo Ro=50 Q , Ro’=1 @, = 24f ,

o:’=1 xon f=4 GHz

L= Rof e
NN
1 1
co| R
Ry \ @,
vroloyifovtal T ToPAKATO OTOTEAEGHLOTA
L. C: L. C, Ls Cs L,

2.7 nH 1.1pF 4.5 nH 1.2 pF 4.5 nH 1.1 pF | 27 nH

Onwg avoeépnke kol G€  TPONYOLUEVO KEPAAOLO OTI GUYKEKPLUEVT] TEPLOYN
oLYVOTHTOV eV UTopovV va ypnotpomombodv lumped elements yia ) cuvbeon tov eiktpov.
Yovendg Bo Tpénet vo ypnoipomomboldy amokAielotikd microstrip otoyeio. H odvheon
MICrostrip emoyOYIKOV Kol YOPNTIKOV OTOWEI®V TPUYUOTOTOMNONKE ©E TPONYOVUEVT|
gvomra (3.1.4 ) ko kpibnke doxomo vo emovaAngBei M mepypagn TG .Zvvenmg Oa

TPOYWPNOGOLLUE OTNV GYediaon kot eEopoimon oto ADS 1.5,
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2yediaon IFM Xvotiuorog Kepdioo 4°

Hdiimﬁ%

AR
H;ﬁ iiigﬁ

[(pteaitel)

Ewova 4.3.1.2

370 MOPOTAVEO oXNUe TOPOLGIAleTal To MICrOStrip KOKA®UO OT®G OXESIGOTNKE GTO
ADS 15 Apykd ewodydnkav to Osopnricd otoryeion Wl xor ypnowyonoidviog Ty
Aertovpyion optimization telelomombnke 1o kOKAopo . Q¢ TG TOV  pETAPANTOV
tonoBetOnkav ot Bswpntikd vroroywlldpeveg , Kor To €0pog G MM TOL UTOPOLV Vo
Kivnovv.

TMopdAinio tomobethOnkav kot dvo Goals omwg eoivetoar oto oyfue , TO TPMTO
kabopiler o dB ripple otn mepoyn diélevong va givar wkpodtepo tov 0.2 dB evd to dedtepo
kafopiler 1 ocwoty kAion g KoumdAng amokomnc . H dwdwkacio Peitictomoinong

emtevyOnke pe gradient avéivon
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2yediaon IFM Xvotiuorog Kepdioo 4°

ml
m2
0 v \/_(—
20—
— N
aon 40
oo ]
© T
_60_
-80 T | T | T | T | T | T | T | T
Q 2 4 6 8 10 12 14 16
m1 m2
freq=2.800GHz | red: GHZ|fraq=4.400GHz
dB(5(2,1))=-0.177 dB(5(2,1))=-2.896

Ewova 4.3.1.3

And v mapomdve egopoimon eival @OvePO OTL Ol OTOUTNCES TOV TPOSLUYPUPDV
ekmAnpdvovtal aeov 1 eEoocbévnon ot mepoyn délevong sivon kato and 0.2 dB kot
YOPOKTNPIOTIKY KOUTOAN Tov @iltpov £€yet v emBounty omokomn . Téhog H Sll
TOPAUETPOG sivar apketd pikpotepn and 10 dB otn {dvn diédevong omdte amnogedyovtat

avemfOuNTEC OVAKAGGELS ELGOJ0V

Ot dlootdoelg Twv MICrostrip ototyeinv mov oyedtdotray epueavilovtol 6Tov TivaKo

Yrtoyeio microstrip IMAGrog ypappig w Mnjkog ypoppng |
Enayoywké 1 0.2 mm 3.4 mm
Xopntiko 1 14.6 mm 0.6 mm
Ertayoyuké 2 0.2 mm 5.4 mm
Xopntiko 2 13 mm 1 mm
Erayoywué 3 0.2 mm 5.4 mm
Xopntiko 3 14.6 mm 0.6 mm
Enayoywé 4 0.2 mm 3.4 mm

MMivaxag 4.3.1.4
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2yediaon IFM Xvotiuorog

Kepdioo 4°

14.3

4.3.2 YWYHIEPATO ®IATPO 2 GHz

Ewéva 4.3.1.5 microstrip layout

» OEQPHTIKH ANAAYXH

H Bsopntikn| avdivor mov tpaypoatonomOnke yio v oxediacn Tov VYITEPATOL PIATpov

2 GHz givan avdioyn g avdAivong mov mponyndnke ywo v oyedioon tov Pabumepatod

eiktpov 2GHz. Apywcd emAiéyetar évo low pass prototype to omoio kaAvmTeL TIg dobeioeg

npodiaypoeés . Mapatnpavtoag tig cut off kaumdrec yio La=0.20 dB «pivetor dovikny n

KOUTOAN N=5.
Ly Cy L2’ C» Ls’
1.3394 1.3370 2.166 1.3370 1.3394

M. N. Zoppdc



2yediaon IFM Xvotiuorog Kepdioo 4°

Topa £€yovtag mpocdopicer Tic LP  mopapérpoug, HECH TV TOPOKAT® TOTOV

petacynuotiCetar to 1avikd fabumepatd oe 1UVIKO LYITEPATO GIATPO

o (RY_1
R, \ oL

L R, 1
R, \ w@,'C'

omov Ro=50 Q, Ro’=1 @, = 24f , 01’=1 kau =2 GHz

Ynoloyilovtor to mapoKAT® OmOTEAEGLOTA

C: L: 107) L

1.2 pF 297 nH 0.7 pF 297 nH

1.2 pF

» IAANIKO KYKAQMA

@ S-PARAMETERS

S_Param
SP1

Start=0.1 Mz
Stop=4 GHz
Step=10 MHz

A 2\
7 7 r
G I I
Cth Ch C3h
C=1.2pF + L C=07pF +L

Term1 o
Num=1 ¥ L1h ¥ | 2h
Z7=50 Ohm =297 nH L=297 nH

R=

L
—_

+4+  Termn

gwkova 4.3.2.118aviké vyrepato gidtpo 2 GHz

M. N. Zoppdc

Term
Term2
Num=2
Z=50 Ohm



2yediaon IFM Xvotiuorog Kepdioo 4°

To napamdve KoKAopo Tpocopoiddnke pe ta Wavika lumped elements pe Tig Tiéc mov
vroloyiotnkav mopamdve . Eywve avélvon S moapapétpov kol kupiog mapovoidletol m

TAPAUETPOG S21. OM®G NTOV AVOUEVOUEVO TO ATOTELEGILOTA NTOV 1OOVIKE, .

0
-10—|
-20—
-30—
-40—
-50—]|
-60—]|
-70—|
-80—
-90—

-100 TTT T [T T T T[T T T[T T T T[T I T T [T T I T[T TT T [TTITT
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

freq, GHz

dB(S(2,1))

gkova 4.3.2.2

» IMMPAI'MATIKO KYKAQMA

To mparypatikd KOKA®UO GYEACTNKE YPNOLOTOIMVTOG MICrostrip teyvoloyia pe lumped
elements .ITio cvykekpUEVE TAPOTNPOVTOG TO WAVIKO KOKA®Ua poiveTon 0Tt Bo mpémetl va
tomofetnBovv tpia YopNTIKE oTotKEln 0 GEPA Kol dV0 enOywYIKA ool eio TopdAAnia Qg
TPOG T YoPNTIKG otoyeio Oo TomroBetnOovv lumped elements mukvotég apod pumopodv va
ypnoponomBovv ce vYNAEG cvyxvotnteg . Onmg @aivetal Kol 6TO GO Ol TUKVATES TOV

ypnooromdniay givor g ATC .

Avrtifeta pe Tovg TUKVOTEG , TO TNVio dgV UIOPOVUV Vo, ¥pNoomombody 6e VYNAES
GLYVOTNTEC ALPOV GE CTN TNV TEPLOYT] OVGLAGTIKG OEV UTOPOVYV VO AELTOVPYNOOVY . ZVVETMS
Oo  kotoevyovue oty Abon TV MICrOStrip emoyoyikdv otoyeiov oe  mapdAANAN
ocuvoesoAoYioL pe TNV vmoiowtn aAvcida . H oldvleon tov enayoyikdv ototyeiov
avamtOyOnKe o TPONYOLUEVT TOPAYpaPo 0mtoTE o Topovciactel omevbeiag 1 oyediaon 6to

ADS .15.
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o

sc_aiz 100_CORBG B ASSGRDZE

Sulml="MSur"  PART_ NUR=ATCT00AT RZBCAIS01 2y

o

§ [] Ei&
i
== Ea: !

w1-040 0210}

s ak 100 CORIES B AMGKDR

SuleFWSulr®  PMRT_NUUEAIC1 00ADR7ECATS0

mn2

weMoml
® L=a00m

[:sinsileil i
5

=i 100_CORHBG B 19860

£
o
Tm
el
[Nom=1

Ohm

PART_NUR-AIC100AI RZBCATS0 1.

gikova 4.3.2.3

210 TOPOTAVE oyYfUo Topovctdletal To MICrostrip kOKAmpo OmTmg oYESIGOTNKE GTO
ADS 15 .. Q¢ téc tov petofAntdv dSootdoemy g wkpotowiag tomobetnOnkov ot
Oeopntikd vroloyilopeves , Kot T0 €0pOC 6 MM oV propovv vo, kivnbovv . Mapdiinia
tonoBetOnke éva Goal dnmg eaivetal oto oo omoio kabopilel to dB ripple otn mepoyn
diéhevong va givar pukpotepo tov 0.3 dB H dadikacio Beltictonoinong (optimization)

emtedyOnke pe gradient avéivon.

To mapomdve kokiowpo opiletor wg vfpLdké apod omoteleitar amd lumped xou

microstrip oroyeio. .
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m2 m1l
freq=1.900GHz freq=2.300GHz

dB(S(2,1))=-2.333 M2 "&ldB(S(2,1))=-0.287

0
210
20
— -30—
25 a0
28 g
wn
nm -60—
. (.
-80—
90—

-100 T T [T T T T[T T T T[T T T[T T [T T T [TTTT[TTT]

00 05 10 15 20 25 30 35 40
freq, GHz

Ewova 4.3.2.4

2V Topandve Tpocopoimon mapovotdlovtal ot mapdpetpol S11 ko S21 . H xopmdin
S21 yapaktnpileton and TV apKETE KOAT OTOKOTMN TG KO TAVTOYPOVA OO TNV TTOAD YOUNAN
(<0.3 dB) eEachévnon oty meployn diEkevong . Téhog wg mpog ) mopdpetpo S11 BAémovpe

Ot o1 avakAAoELg otV TEpLoyn dEAevoNg eival pikpdTEPES 0o TO Opto TV -10dB .
Eniong mpénetl vo onpeimbdei 611 to substrate mwov ypnooromOnke givor to R04003 kot ot
pkpotawvies givorl kavovikonomuéves oto 50 Q pe dwotdoeig W=44 mil kon 1= 40 mil . Ot
LIKPOTOVIEG OV YpNooTomOnkay ¢ enaymywkd ototyeio £xovv daotdosg W=0.4 mm

kot I=3.8 mm .

11.4 mm

72 mm

gwkoéva 4.3.2.5 microstrip layout
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Kepdioo 4°

4.3.3 Zwvorepato piitpo 2-4 GHz

TonoBetdviog og ogpd T0 6vVo Piktpo mov oyedldoape oto ADS 1.5 eppavitovral ta

TOPOKATO OTOTEAEGILOTOL

. HapdAinio tomobetOnkav kot dvo Goals 6mov 10 mpdTO

kabopilet to dB ripple otn mepoyn diElevong va ivan pikpotepo tov 0.5 dB evd to devtepo

kaBopiler ™ ocwot) Kiion TG KOUTOANG OMOKOMNG .

emtevyOnke pe gradient avéivon

m1
freq=1.800GHz

m2
freq=2.900GHz

0
-10—-
-20—
-30—
40—
-50
-60—
-70—
-80
-90—

dB(S(2,1)

dB(S(2.1))=-4.804) > . 4B(S(2,1))=-0.324

m1

H Swdwaocioa Pektictomoinong

m3
freq=4.300GHz
dB(S(2,1))=-2.245

| T

R

o
((L'1)s)ap

-100

Tttt
2 4 6 8 10 12

freq, GHz

swkova 4.3.3.1

And v mopomove eopoimon gival @ovePO OTL Ol OTUUTACEI TOV TPOSLUYPUPDY

eKTANpOVOVTOL 0oV 1 EacBévnon ot meployn SéAevong givar kdto arnd 0.5 dB xat n

YOPOKTNPIOTIKN KOUTOAN Tov @idtpov €xel Tnv embountn amokonn otig cvuyvotteg 2 GHz

ka1 4 GHz . Téhogm S11 mopdpetpog eivor pikpotepn and -10 dB ot {dvn d1éhevong ondte

ATOPEHYOVTOL OVETLOVUNTEG OVOKAUCELS E1GOO0V

M. N. Zoppdc
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gwkova 4.3.3.2

microstrip layout
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2yediaon IFM Xvotiuorog Kepdioo 5°

2yeoiaon evicyvTikig
o1aToéng —

LIpocappoyij

5.1 Ewaywyi

"Exovtag avalvoel T oyediaon TV UIKPOKLHOTIKOV QiAtpmv , 80 TapovclacTtel 610
KEPAAOO aVTO M OOVOEST, TV EVICYLTIKOV SOTAEEDV . ZYEOAOTNKOV OVO EVICYLTIKEG
STaéelg , n TpdOTN  evioyLEL onpata pe ouyvotikod mepleyopevo 0.1-2GHz evéd 1 devtepn
gvioyvel onuata 2-4 GHz . Baowd dopkd ototyeio v eVioyuTikov Bobpidmv amotelody ot
gvioyvtéc ERA-2 g Mini-Circuits kaw MGA — 86576 g Agilent Technologies . Ot dvo
evioYVTéC glvar evioyvtég yauniod BopvPov LNA  pe oxetikd otabepd képoog otnv
emBuuNTN TEPLOYN GLYVOTNTAOV . £TO TEAOG TOL KEPOAOIOL EMGVVATTOVTOL KO TO PUAAQ

TPOJAYPOPDY TOV EVIGYLTOV

O evioyutig yapnAov BopHfov eivor éva amd to TALOV ONUAVTIKG Kol KPIGULOL TUALLOTO.
evOg TNAemkovmviakoy Toumodéktr. Eivol 1o mtpdto gvepyd kOKA®UO TOV SEKTN PETA TNV
Kkepaia Ko to @idtpo. Lyeddleton €101 mote va umopel va evioyvel acbevry RF onpota
AMuyme, ta omoion B odnynBodv TEAIKA G©TOV TOUTOOEKTN YO KAT® METOTPOT KOl
amodlapopemotn. Adym g B€ong Tov awTthg 6To cvoTNUa, 1 emidoorn Tov Kabopilel oe
ueyéro Pabud to ocvviekeotn Bopvfov (Noise Figure) xar to Aoyo otaciuov Kopdtmv
(VSWR) oldxAnpov tov déktn. ‘Etot évag LNA mpémet va £xel yapnio cvviedeot opvfov,

VYNAO KEPSOG, KAAT YPAUUIKOTNTO KOl OGO TO SLVOTO KAADTEPT TPOCAPLOYT EIGOA0VL.
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2yediaon IFM Xvotiuorog Kepdioo 5°

O LNA omotteiton vo €xer peydAn OSuvopikn weployn £Tol OOTE Vo Umopel va
eneéepyacbel owodnmote otdbung onfua PTacel oty €icodo tov. Emmiéov, Oa mpénetl va
TAPOLGIALEL VYNAN YPAPMIKOTNTO, DOTE VO ELOYIOTOTOLEL TAL TPOIOVTO EVOOIAUOPPMOOTG
(IM) otV £€£086 TOVL, 1310iTEPO. GTNV TEPITTOOT IGYVPDV CUATOV EIGOS0V.

Emmpdcbero 1o OevtEpO TUNUA TOVL KEPAAOIOL KOAVMTIEL TNV TPOGOPUOYY| TOV
EVICYVTIKOV S0TAEEDV e OKOTO TNV €AyloTONTOINoT TV avakAdcemy . Télog Yo Adyoug

TANPOTNTOG EYIVE KO L0, AVOPOPA 0TI BEDPIO TPOGUPLOYNG YPUUUDY LETOPOPAS

5.2 Ewvicyvtikng owartaln

5.21 ENIXXYTIKH AIATAZH 0.1-2 GHz

Boaowd dopikd otoryeio g evioyvtikng owtaéng 0.1 — 2 GHz givar o monolithic

evioyvtng ERA — 2 and tv Mini-Circuits . To factkd Tov xapoktpioTika givat

Yvuyvomta Asrtovpyiag and DC péyxpr 6 GHz.
Képdog 16.2 dB (100 MHz) 15.2 dB (2 GHz)
Elayioto képdog 13 dB

Ioyog €€660v oo 1dB Compression Point 13 dBm.
Agiktng Gopvpov 4 dB

Tomn T Adyov otdoiuwv kopdtov (VSWR) 1.3 gicodo kot 1.2 €€odo.

L

Téon tpopodociog 3.4 V kot peopa 40 mA.

Ot mpodiaypapég mov divovtar Yo v ovvbeon g evioyvutikng Pabuidoc omartovv
eMdytoto KEPSOG peyaAvTepo amd 35 dB e OAN TV TEPLOYN TOV CUYVOTHTOV AEITOVPYIOG
kaBng ko Noise Figure pikpdtepo and 4.5 dB . T va enttevyBodv o1 mopamdve amaithoelg

OYEOIAOTNKE M TOPAKAT® S1dTasn.

— > ~ [t::-a%

LHA LA LHA
ERA 2 ERA 2 ERA 2

gikova 5.2.1.1 evioyotiki] owdtaln 0.1-2 GHz
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2yediaon IFM Xvotiuorog Kepdioo 5°

Onwg eoivetal kol 6To oynua 1 eVIoYLTIKN Pobuido amoTelelTol Amd TPEIS EVIOYLTES
ERA — 2 ocvuvdedepévoug oe oepd . To cuvoikd eldyioto képdog vroAoyileTal amd Tov

TOTO:

G, min = 61 Gopnin G

odmin Imin™~2min ™~ 3min

ondte 10 EMAYLoTO KEPSOG vIToroyiletar Gomin = 39 dB
660 Y10 To noise figure oydet

F,-1 F-1
+
max Gl GlGZ

omov Fn 1o noise figure kabe evioyvt kot Fmax T0 NOise figure g aivoidag . omdte £xm
Fmax=4,13 dB

Yuvenmg Ommg @aivetor amd To Topanive amoteAéopoto 1 ddtadn tov tpuwv ERA-2 oe

GEPA KOAOTTEL EMAPKAG TIG 0bgioeg TPOodLypaPES

» HPOXOMOIQYXH ENIXXYTH XTO ADS

AoV emAéybnke o TOTOC TOV gvioyLTH avaykaio eival 1 Tpocsopoimon tov 6to ADS 1.5
. Yo vo, peretnOel die€oducd. . O evioyvutig ERA-2 dev vadpyel oty mtpdtunn Pipriodnkn S
napapétpov  tov ADS 1.5 (S parameter library ) ondte Oa mpéner va avalnmnOei dilog

TPOTOG TPOGOHOIWOTS .

Y10 OSwtvakd tomo tng MiniCircuits (http://www.minicircuits.com) avalnmbnkov ot S -

parameters tov ERA-2 mov napovoidloviol 6Tov TopoaKiTo TivoKo, :
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Kepdioo 5°

FRE
MHS 48

100.00  -26.41
200.00  -26.67
300.00 -25.83
400.00 -23.67
500.00 -22.89
600.00 -21.40
700.00 -20.46
800.00  -19.44
900.00  -18.80

1000.00 -18.19
1200.00 -17.27
1400.00 -16.35
1600.00 -15.68
1800.00 -15.27
2000.00 -15.15
2200.00 -15.07
2400.00 -14.80
2600.00 -14.75
2800.00 -15.06
3000.00 -15.22
3200.00 -15.33
3400.00 -15.50
3600.00 -15.61
3800.00 -15.82
4000.00 -16.33
4500.00 -16.10
5000.00 -15.57
5500.00 -15.11
6000.00 -15.32
6500.00 -16.71
7000.00 -19.98
7500.00 -23.12

8000.00 -19.17

M. N. Zoppdc

S11

Mag

0.05
0.05
0.05
0.07
0.07
0.09
0.09
0.11
0.11
0.12
0.14
0.15
0.16
0.17
0.17
0.18
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.16
0.15
0.16
0.17
0.18
0.17
0.15
0.10
0.07

0.11

Ang

126.22
131.48
121.87
115.39
100.11
102.28
96.36
92.07
88.45
85.64
78.18
73.43
69.33
65.08
60.21
56.16
51.70
48.66
44.66
42.15
39.62
37.02
35.00
35.19
33.04
32.95
32.80
25.55
12.25
-8.57
-49.90
-114.73

-164.35

dB

16.50

16.49

16.39

16.39

16.33

16.28

16.17

16.15

16.05

16.01

15.79

15.66

15.52

15.29

15.08

14.91

14.73

14.50

14.27

14.11

13.91

13.66

13.45

13.23

12.98

12.34

11.67

11.18

11.01

11.27

11.62

11.72

11.91

ERA 2 S parameters

S21

Mag

6.68
6.68
6.60
6.60
6.55
6.52
6.43
6.42
6.35
6.32
6.16
6.07
5.97
5.81
5.68
557
5.45
531
517
5.08
4.96
4.82
470
459
4.46
4.14
3.83
3.62
355
3.66
3.81
3.85

3.94

Ang

176.90
173,51
169.95
166.64
163.21
160.01
157.08
154.02
150.86
147.94
141.79
136.04
130.34
124.70
119.38
113.70
108.62
103.30
98.16
92.82
88.05
83.66
78.52
73.77
68.80
58.01
48.74
40.11
33.16
24.18
13.07
-0.43

-13.80

dB

-19.34

-19.25

-19.07

-18.96

-19.17

-19.21

-18.91

-19.12

-19.14

-19.14

-19.00

-19.08

-19.13

-19.20

-19.24

-19.24

-19.18

-19.29

-19.23

-19.16

-19.18

-19.26

-19.22

-19.46

-19.44

-19.50

-19.79

-20.21

-20.62

-21.09

-21.17

-20.49

-20.42

S12

Mag

0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.09

0.10

Ang

-1.79
-3.25
0.65
-1.58
-2.14
-1.97
-1.47
-2.29
-3.14
-3.49
-4.49
-4.62
-4.86
-5.67
-5.67
-7.01
-1.52
-7.59
-8.64
-8.95
-9.91
-9.12
-10.06
-11.68
-12.37
-13.47
-17.00
-18.58
-19.17
-17.25
-15.18
-14.27

-16.51

dB

-34.32

-35.21

-32.52

-35.04

-35.82

-34.83

-33.93

-32.37

-32.28

-31.90

-30.42

-29.37

-27.94

-26.57

-25.15

-24.14

-23.05

-21.54

-20.70

-19.90

-18.93

-17.89

-16.88

-16.03

-15.07

-13.64

-12.31

-11.91

-12.61

-13.10

-13.20

-12.11

-11.15

S22

Mag

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03
0.04
0.05
0.06
0.06
0.07
0.08
0.09
0.10
0.11
0.13
0.14
0.16
0.18
0.21
0.24
0.25
0.23
0.22
0.22
0.25

0.28

Ang

178.60
118.84
179.43
-178.23
179.73
-178.66
176.53
174.16
169.86
171.37
169.26
161.50
156.10
147.47
14551
141.70
136.50
132.52
127.80
123.93
120.61
116.68
116.50
115.54
115.01
110.34
108.45
108.23
109.15
116.20
123.91
124.05

114.62

1.05

1.05

1.05

1.04

1.05

1.05

1.04

1.05

1.06

1.06

1.06

1.06

1.07

1.08

1.09

1.10

1.10

112

1.13

1.14

1.15

1.17

1.18

1.22

1.23

1.29

1.38

1.48

1.56

1.61

1.58

1.45

1.37



2yediaon IFM Xvotiuorog Kepdioo 5°

INa va yivel n apocopoinon oto ADS yperdleton peod tov S pameters vo dnpiovpyndei éva

touchstone apygio .To touchstone apyeio og popen txt epeavieTor TapakaT .

# MHz S DB R 50

100.00 -26.41 126.22 16.50 176.90 -19.34 -1.79 -34.32 178.60
200.00 -26.67 131.48 16.49 173.51 -19.25 -3.25 -35.21 118.84
300.00 -25.83 121.87 16.39 169.95 -19.07 0.65 -32.52 179.43
400.00 -23.67 115.39 16.39 166.64 -18.96 -1.58 -35.04 -178.23
500.00 -22.89 100.11 16.33 163.21 -19.17 -2.14 -35.82 179.73
600.00 -21.40 102.28 16.28 160.01 -19.21 -1.97 -34.83 -178.66
700.00 -20.46 96.36 16.17 157.08 -18.91 -1.47 -33.93 176.53
800.00 -19.44 92.07 16.15 154.02 -19.12 -2.29 -32.37 174.16
900.00 -18.80 88.45 16.05 150.86 -19.14 -3.14 -32.28 169.86
1000.00 -18.19 85.64 16.01 147.94 -19.14 -3.49 -31.90 171.37
1200.00 -17.27 78.18 15.79 141.79 -19.00 -4.49 -30.42 169.26
1400.00 -16.35 73.43 15.66 136.04 -19.08 -4.62 -29.37 161.50
1600.00 -15.68 69.33 15.52 130.34 -19.13 -4.86 -27.94 156.10
1800.00 -15.27 65.08 15.29 124.70 -19.20 -5.67 -26.57 147.47
2000.00 -15.15 60.21 15.08 119.38 -19.24 -5.67 -25.15 145.51
2200.00 -15.07 56.16 14.91 113.70 -19.24 -7.01 -24.14 141.70
2400.00 -14.80 51.70 14.73 108.62 -19.18 -7.52 -23.05 136.50
2600.00 -14.75 48.66 14.50 103.30 -19.29 -7.59 -21.54 132.52
2800.00 -15.06 44.66 14.27 98.16 -19.23 -8.64 -20.70 127.80
3000.00 -15.22 42.15 14.11 92.82 -19.16 -8.95 -19.90 123.93
3200.00 -15.33 39.62 13.91 88.05 -19.18 -9.91 -18.93 120.61
3400.00 -15.50 37.02 13.66 83.66 -19.26 -9.12 -17.89 116.68
3600.00 -15.61 35.00 13.45 78.52 -19.22 -10.06 -16.88 116.50
3800.00 -15.82 35.19 13.23 73.717 -19.46 -11.68 -16.03 115.54
4000.00 -16.33 33.04 12.98 68.80 -19.44 -12.37 -15.07 115.01
4500.00 -16.10 32.95 12.34 58.01 -19.50 -13.47 -13.64 110.34
5000.00 -15.57 32.80 11.67 48.74 -19.79 -17.00 -12.31 108.45
5500.00 -15.11 25.55 11.18 40.11 -20.21 -18.58 -11.91 108.23
6000.00 -15.32 12.25 11.01 33.16 -20.62 -19.17 -12.61 109.15
6500.00 -16.71 -8.57 11.27 24.18 -21.09 -17.25 -13.10 116.20
7000.00 -19.98 -49.90 11.62 13.07 -21.17 -15.18 -13.20 123.91
7500.00 -23.12 -114.73 11.72 -0.43 -20.49 -14.27 -12.11 124.05
8000.00 -19.17 -164.35 11.91 -13.80 -20.42 -16.51 -11.15 114.62
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2yediaon IFM Xvotiuorog Kepdioo 5°

H mtp@tn gvtodn Tov apyeiov VTodNAGVEL :

MHz : v povdda tng cuyvotnTag Tov ELPAVILETOL GTNV TPMT GTAAN
S DB : tov tpdmo e tov omoio dafdlovtal ot 6TAAEG 0 TO TPOYPOLLLLOL
(S mopapetpor og dB kot yovia Ang)

R 50 : avtiotaon €166d0v kot TeppOTIGHOD S0 Q

Téhog 10 apyeio .tXt odletor ®g .S2p apov givor apyeio S mapapéTpov diBupov dikTdoL EVHD

oto ADS siodyeton éva véo data item mov avtictorei oto touchstone apysio.

ﬁ} S-PARAMETERS l

S_Param
SP1
Start=0 GHz
Stop=10.0 GHz
Step=0.1 GHz
Term ' +1  Tem
Term1 T Term2
Num=1 Num=2
Z=50 Ohm S2H Z=50 Ohm
SNP1 —
Filet"ERA2.s2p" J

|| A

gwkova 5.2.1.2

210 TOopoKAT® Odypoppo eueoviletol To amoTEAEGUO TNG TPOCOUOIMONG , TO OmOoi0

CUUTMTEL [LE TOV TivOKa TOV S TOPAUETPOY TOV TPOTYRONKE

H kapmddn tov képdovg Eexva and v tiun 16.5 dB yia 0.1 GHZ xat kotodiyel oty Tiuy
15 dB yw 2GHz .H napauetpog S11 givon ota embountd enineda (<-10 dB)
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20 ml
-
10—
) freq=2.000GHz
33 o dB(S(2,1))=15.08(
a9
DD |
mom -10—
© T B
-20
-30 T | T | T | T | T
0 2 4 6 8 10

freq, GHz

gwkova 5.2.1.3
Ta TopomTAvm OTOTEAEGUOTO EIVOL IO TPMTY TPOGEYYION TNE AELTOVPYING TOL EVIGYVTH OU®G
PO, OO TIG S TAPOUETPOLS etvarl avaykaio va peletnOel kKot 1 TOA®GT TOL EVICYLTH aTd T

omoio eEapTaTOL OPKETE 1) CLUTEPLPOPEL TOV .

» KYKAQMA ITOAQYXHY ENIEXYTH

RBIAS (Rag u1rnd'&
Be

CRIENTATION DOT - —_ Chyposs

RFC (Optlenal)

I I o OUT
Chleck

gikova 5.2.1.4 xixkhopo téioong ERA-2
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To mopomdve koklope viomowdnke oto ADS 6mov m R bias mpoodiopiletan amd tov

TOPOTAVEO TIVOKOL

R BIAS
“1%" Resistor Values {ohms) for Optimum Biasing of ERA Models

Vee |ERA-1, |ERA-Z,| ERA- |ERA-3,| ERA- |ERA-4 | ERA-5 |ERA-505M,| ERA-E,
15M 25M 215M 35M KER 45M 55M 515M 65M
7 Q0.8 aAg7 BT 107 .48 283 402 402 301
a 113 113 113 133 93,1 52.3 536 536 432
9 137 137 137 162 115 66,5 58,1 &8, 1 56,2
10 162 162 162 121 140 BO.G A25 B2.5 65,8
11 187 187 187 22 165 953 a7 6 97 & 845
2 215 215 210 249 181 110 1193 113 o976
13 237 237 237 280 215 127 127 127 113
14 261 261 251 308 243 143 143 143 127
15 287 287 287 240 267 158 158 158 140
16 202 316 216 25 287 174 174 174 154
17 332 340 240 38 216 187 181 181 169
18 257 365 35 422 240 205 205 205 182
19 253 3482 382 453 365 22 221 221 156
20 412 412 412 475 392 237 237 237 210

mivakag 5.2.1.5

Yovend¢ yuo V=10 V mpokimtel Reias = 162 Q . H 6An didtaén viomoeitoan o€ microstrip

ue vootpopa to R04003 kat pe kovovikomomuévn gumédnon S0Q2 .

O1 wikpotawvieg Eyovv dwaotdosig W=45mil , 1 =30 mil

CendemaT
HarSDaslSdd
TXm

gwkova 5.2.1.6 ERA-2 pe kdxhopo mé6iomong
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To koKAopa Tpocopolmdnke kol £dwoe to mopakdto ypaonua . [Hopatnpeitor 611 N
petafoin tov képdovg atn cuyvotnta 0.1-2 GHz &yet uewwbei oto 0.5 dB yeyovdg mov Ponba
GTNV OUOAN Agttovpyio TG evioyvTtikng ddtaéng . [apdiinia ol avakAdoelg fpickovtal ota

emBountd eminedo

| -10

15
o~ B Q
3 -
& C L. O
0 ——
z -k
© : ~

_—-25

10 T T 1 T T T T [ T -30

m2
freq, GHZ |freq=2.000GHz
dB(S(1,1))=-14.588

gwkova 5.2.1.7
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» ENIZXYTIKH AIATAEH 0.1 -2 GHz

Yy evotnrta avt ot Tpels ERA-2 cuvdéovtal o€ celpd OTMS PAIVETOL GTO TAPAKAT®

oynua kot Tposopomvoviot 6to ADS 1.5

[~ R — -
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B 0
- 10
== B o
N— B w
NN - N
B —20 2
oo - P
T DT C =
_—-30
: 40
8
m2
freq, GHz M1
freq=2.000GHz a freq=2.000GHz
dB(S(1,1))=-10.729 dB(S(2,1))=44.178

gkova 5.2.1.9

210 mopomave Swaypapupe.  eppaviCovtal or mopauetpor S11 , S21 ,S22 .Q¢ mpog 10
képdog S21 1 wkpdtepn T Tov givan ta 44 dB pe cvvolikn petaforn mepimov 4dB otig
gmbountég ovyvotnteg . Emmpocbeto n mapduetpog S11 ayyilet ta -10 dB ondte pmopei va
EUPOVIGTOVV avemOOUNTEC OVAKAAGELS .

Yuvenmg yo va elaylotomomBel n avaxkioon €c66dov Ba mpémel va yivel Tpooappoyn

€10600v , dladkocio wov Oa peletnBel og emdpUEVN TOPAYPAPO.

133 wm —

33.7 mn

gikova 5.2.1.10 microstrip layout
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5.2.2 ENIXXYTIKH AIATAZH 2-4 GHz

Baowko dopukd otoryeio g evioyvtikng dwdtaéng 2 — 4 GHz eivan o LNA GaAs MMIC

MGA — 86576 evioyvtig omo v Agilent . Ta Booikd Tov yopakTnploTikd gival

Yvuyvomnta Asrtovpyiog amd0.5 péypt 10 GHz.

Képdog 22.8 dB (2 GHz) 23.2 dB (4 GHz)

Elayioto képdog 12.7 dB (10GHz)

Ioyg €€660v oto 1dB Compression Point 7 dBm.

Agiktng Gopvpov 1.9 dB

Tomikn T Adyov otdoipov kopdtov (VSWR) 3.3 gicodo kat 2.1 £€odo.

A

Téon tpopodoaciag 5 V

O mpodiaypapég mov divovtar Yo Ty cvvleon ¢ evioyvTikng Pabuidoc amattovv
gMdytoto KéPSOG peyaAvtepo amd 35 dB oe OAN TV TEPLOYN TOV GLYVOTHTOV AElTOVPYiog
kaBmg kot Noise Figure pukpdtepo and 3 dB . T vo emtevyBodv o1 Topomave amaithoElg

OYEOIAOTNKE M TOPAKAT® O1dTaln.

_[>._|>,_

LHA LHA
MGAREITE MGABG576

eikéva 5.2.2.1 evioyvtukn daradn 2-4 GHz

Onwg paiveral kal 6To Gy 1 eVieyLTikh Paduida arnoteheiton omd dvo evioyvtég MGA

-86576 cvvdedeuévoug og oepd . To GuVolKd eLdyIoTO KEPSOC VIoAOYileTal 0md Tov TOHTO:

Go/lmin = G1minGZmin
omdte 10 Moo KEPSOG VITOAOYILETOL Gormin = 45.6 B

600 Yo, to noise figure woyvet
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LRl

max

omov Fn 10 noise figure xéBe evioyvt kat Fmax To nNoise figure ¢ aivoidag . Zvvenmg
F..x =1.9dB . Onwg @aivetol and tv napandve oxéon o cuvieleothc BopvBov alvsidag

eEaptdtor amd tov ovvieheotr] Bopvfov Kot To KEPAOG KLPI®S — TOL TPADTOL EVIGYVTH.

YVVENMG Ol TPOdLAYPaPES oY ESIOOTG KOADTTOVTOL

» HPOXOMOIOQYXH ENIXXYTH XTO ADS

AoV emAéyBnike o TOTOG TOV gVicYLTH ovayKaia givol n Tpocopoimon tov MGA -86576
oto ADS 1.5 . yia va peretnfel dieéodwcd . O evioyvtig MGA -86576 Ppébnie oty
BipAodnkn twv S Topopétpmv tov ADS ondte dev Ba dnuiovpynBei touchstone apysio . T
AdyoLe TANPOTNTOG GTOV EMOUEVO TivaKo Topovctalovtal ot S — parameters mov Ppébnkav

otov dikTvoko tomo g Agilent (http://www.agilent.com).

MGA-86576 Typical Scattering Parameters 31, T, = 25°C, 7, =50 Q, V,= 5V

Freq. Si Sa1 Siz S22
GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang
0.5 0.57 -21 15.5 5.99 46 -46.5 0.005 -15 0.62 -35
1.0 0.55 -30 19.8 9.72 17 -51.3 0.003 11 0.49 -47
1.5 0.54 -44 21.7 12.15 -7 -51.2 0.003 38 0.43 -57
2.0 0.52 -59 22.8 13.84 -31 -47.0 0.004 85 0.39 68
25 0.48 17 235 14.98 -54 -43.0 0.007 96 0.36 -19
3.0 0.43 -96 23.8 15.56 -7 -39.7 0.010 100 0.33 92
3.5 0.37 -116 23.7 15.28 -100 -37.0 0.014 99 0.29 -105
4.0 0.30 -137 23.2 14.49 -122 -35.0 0.018 95 0.25 -118
4.5 0.24 -159 224 13.18 -142 -33.2 0.022 92 0.21 -130
5.0 0.19 178 21.5 11.82 -160 -31.9 0.026 89 0.19 -139
5.5 0.14 151 20.5 10.54 -177 -30.6 0.030 85 0.14 -151
6.0 0.12 129 19.2 9.14 166 -29.6 0.033 81 0.17 -151
6.5 0.10 111 18.1 8.08 156 -28.7 0.037 82 0.14 -116
7.0 0.08 91 17.5 748 142 -274 0.042 76 0.08 -158
7.5 0.08 75 16.4 6.64 129 -26.6 0.047 72 0.11 -153
8.0 0.07 64 15.5 5.99 118 -25.8 0.051 69 0.09 -151
8.5 0.06 48 14.7 545 107 -25.0 0.056 65 0.09 -146
9.0 0.04 31 14.0 5.03 96 -24.2 0.062 62 0.09 -140
9.5 0.02 18 13.4 4.66 86 -23.4 0.068 58 0.11 -143
10.0 0.01 93 12.7 4.33 76 -22.6 0.074 53 0.11 -154

nivokog 5.2.2.2
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MGA-86576 Typical Noise Parametersl3],
Te=25°C, Z,=5080,Vy=5V

Frequency NF, lopt
GHz dB Mag. Ang. Ry/50 €2
1.0 2.1 0.56 27 0.43
1.5 1.6 0.54 31 0.40
2.9 1.5 0.47 40 0.36
4.0 1.6 0.38 54 0.32
6.0 1.8 0.28 77 0.28
8.0 2.1 0.22 107 0.25

nivakog 5.2.2.3

‘ @;1 | S-PARAMETERS I

§_Param

SP1

Start=1 GHz
Stop=10.0 GHz

Step=0.1 GHz I\
Term +—=F
Termi

Termn

Term2
Num=1 sp_hp MGA-86576 1 19921201 Num=2
Z=50 Ohm SNP? Z=50 Ohm

Bias="Amplifier: Vd=5V"
Frequency="{0_50 - 10.00} GHz"
Noise Frequency="{1_00 - 8.00} GHz"

|| — YV
| e——A G

gwkova 5.2.2.4

310 TOPOKAT® Odypoppo gu@oviletol T0 OmOTEAEGUO TNG TPOCOUOIMONG , TO OmOoio
ocuumintel pe Tov mivako tov S mopouétpmv mov mponyndnke .H koumdAn tov k€pdovg
Eexwvd amd v Tiun 22.8 dB yia 2 GHZ ka1 kotainqyer oty tipn 23.2 dB yia 4GHz
Topddinio n petaporn tov képdovg otn cvyvotnto 2-4 GHz wvpaiveton oto 1 dB .

H mapduetpog S11 dev givon oto embountd eninedo (<-10 dB) 6nwg eaivetan oto 2 GHZ
Bpioketar oto -5.6 dB . Zvvenmg apol peletndei n noOlmon tov evioyvth Oo avalntnBei

TPOTOG TPOGAPLOYNG Y10 EAOYLIGTOTOINCT TG AVAKANOTG E1GO00V .
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ml
freq=3.100GHz

;

m2
freq=2.000GHz

m1dB(5(2,1))=23.809dB(S(1,1))=-5.680
24 m2Z | 0
22— E
— 7] —-10
= 207 -
% 18 ;—-20 %
S 16 - =
7 —-30
14— E
12 — 1 T 1 T 1 T 1 " T T T T T L -40
1 2 3 4 5 6 7 8 9 10
freq, GHz

» KYKAQMA ITOAQYXHY ENIEXYTH

gwkova 5.2.2.5

c1
100-1000 pF |

Via

HIGH £

R« 10100 £2

gIKova 5.2.2.6 kokiopo toloong MGA -86576
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H 6\l 6udtoén viomoteiton o microstrip ue vmoéotpope to R04003 ko pe
Kavovikomomuévn eumédnon S0Q Ztov kAddo e€£6dov ypnolomoteitan pio. LVYNANR T
EUTEDNOTG ETCL MOTE KAL O EVICYLTNG VO, TOADVETAL GOGTA OAAN Kol TO eEEPYOUEVO GO VO
katevfovetatl otov kKAado ¢ e€6d0v kat oy otov kKAado Vdd . Ot mpodiaypagéc, Aotmdy, Tov
TPENEL VO TNPEL Evo KOKA®UO TOAMONG VOl TO VO POIVETOL GOV OVOLYTOKOKAMUO OO TNV
aAvcida Yo Tic ovyvotnteg Agrtovpyiag. Avtd onuaivel, 6t Bo mpémer M €icG0d0g TOL
KUKAMUOATOG TOAMONG, OTMG QVTH POIVETOL OO TNV 0AVGIdN, VO £YEL GLVTEAEGTN AVAKAAONG
pe pETpo TN povada kot edaomn unoév. IToArég @opéc avtd oyveL Yoo (o PEYOAN UTAvTa
GLYVOTNT®V OV EMEKTEIVETAL TTOAD TTEPA OO TIC GLYVOTNTES AELTOLPYING.

H Aoy mévtog eivar To LETPO TOV GUVTIEAEGTH OVAKANGNC VA Elval KOVTO GTNV Lovada
GTNV KEVIPIKN GLYVOTNTO AEITOVPYIOG KoL VO, LEIDVETUL KOODG AmOpoKpUVOLOCTE omd VTN,
€161 OoTE 08 oLYVOTNTEG € amd TV emBounth {dvn To KOKA®UO TOA®GNG VO, YOAGEL TNV
TPOCAPUOYN TNG OALGIONG, HE OMOTEAEGUO, OKOUO, KOL OV OTIS GLYVOTNTEC OVTEC TO
tpoviiotop eppavilovy KEPSOC Vo UNv VTAPYEL KivOLVog TOAAVT®OONS. Mia KOAN oYESI0GTIKN
cuvifea gival vo TomofeTovVTOL TUKVAOTES ATOPPOPNONG LYNADY Kot YOUNADY GUYXVOTHTOV
MOOTE OTIG CLYVOTNTEG OVTEC VO AmOPPOMATAL oYLG amd TO KOKA®UO TOA®ONG, Un
EMTPEMOVTIOG TNV EVIOYLOT CNUATOV GE QVTEG TIG GLYVOTNTES KOl PEATIOVOVTOG GUVERMG TNV

€VoTadelD TOL EVIOYLTY.

Ot pkpotawvieg Eyovv dwaotdoerg W=45mil , | =32 mil

s e, VNN CIIHIE N 12S00% Sk NG

o
FRRT_MLIM AT | NI 1M G 2 g

AT MLIM=LL20 2 FRATM 70

Sat16H
ST 6Hz
Syl Gt

P

e L]
= vl 1 GHRSHIN |_{2300% [ W [ vl 0 GIF TG 12K
= e HEAIDE 1_120R00 Tl s ] v
e Sekek WS™ ST Sk<CUSAT BT NUM-AICIMATTIGN 21 -2
Bt W Ml el
L=kl Fyeay-THSE- LM his Towul Lmd
Mase Freymency=T1 H0- BN} Gt~ Wwmd

o | 1L

W™ PPN ML= A MR O Ty
sl

gwkova 5.2.2.7
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To xdxlopo mpocopolmdnke Kot £0MCE TO TMOPUKAT®O YPAPNUO .

[Hopatnpeital

otL M

petafoin tov képdovg otn cuyvotnta 2-4 GHz éyet avénbei oto 1.1 dB yeyovdg mov dev

GUVEICQEPEL GTNV OUOAT Agttovpyio TG evioyvTikng ddtaéng . [lapdAinio ot avakAdoelg

Bpickovton oe avemBounto enineda apov 6mmg paivetat oto 2 GHZ Bpicketon ota -5.6 dB .

m1l
freq=2.000GHz

dB(S(2,1))=22.540

m2
freq=2.000GHz

dB(S(l,l)):-S.(E)S?G

24 ml
22—
- —-5
— 20
— N |
o 18— -10
7 _
m 167 —-15
©
14—
7] —-20
12—
10 T T [ T T [ T T I N -25
1 2 3 4 5 6 8 9 10

freq, GHz

gkova 5.2.2.8

((t't)s)ap

IIpwv avoivOei n mpocappoyn 0o TaPOLGIUCTEL KOl | GUVOAIKT EVIoYLTIKY Oldtaln 2-4

GHz ®ote vo @avovv T oTOTEAEGUATO TG COGTNG TPOGAPUOYNG G OAN TN d1dTaén

» ENIXXYTIKH AIATAEH 2 -4 GHz

Xmyv evotnta avt) ot oo MGA -86576 cuvdéovtar oe oepd Omwg Qaivetor oto

TOPOKATO GYNHO Kol Tpocopotdvovtol oto ADS 1.5

M. N. Zoppdc
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ml
freq=3.500GHz

m2
freq=2.000GHz

dB(S(2,1))=47.594

dB(S(2,1))

50 ml dB(S(l,l))ﬁ-5.320
5

ook

10 Wm

%0

N

e
L 20
25

g€Kova 5.2.2.10

210 mopomave Saypappe  epgavifovtor or mapauetpor S11 , S21 S22 .Q¢ mpog 10

KkéPSog S21 1 pkpoTeEPN TN Tov givor To 43.2 dB pe cvvolikn petaPorn mepimov 4.3dB

oTIg emMBLUNTEG GLUYVOTNTEG YEYOVOG TOV UEIOVEL TNV oTafepdTNTA TOL GLGTNUOTOC

Emnpdobeto n mopduetpoc S11 ayyiCer 1o -5 dB ue amotélecuo

Vo ELOOVIGTOVV

avemOOUNTES AVOKAGGELS GTNV €16000 .LVVETMG Eival ERQPUVIS 1] AVAYKY Y10 TPOGUPLOYY

NG EVIGYVTIKIG O1aTaéng .

7.1 mn

18 mm

ikéva 5.2.2.11 microstrip layout
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5.3 Ilpocapuoyi

H cwot mpocapuoyn amoterel £va amd to GoRopdTEP TPOPANUATA TNE LKPOKV LATIKNG
teyvoloyiog . Epdoov n ohvletn avtiotoon tepuatiopov Zp gival S0QOpETIK) ond TNV
YOPOKTNPIOTIKN avtioTaon Zo T0te  guoviloviol ovakA®UEVO KOUOTO OTN  YPOLUN
UETAPOPAG . ATOTELECUO T®V CGTACIUOV KUUATOV  €ivol 1 avemlfOunTn omdAE 16YV0G
KaOdg Kol M avakioon Tng oTnV €000 UE apVNTIKG OTOTEAEGHOTO GTNV AEITOLPYID TV
YOV . Zoven®g (OTIKNG oNHociog Yo Vo LIKPOKLUOTIKO cOGTNUo gival 1 Eloyiotomoinon
TOV GUVTEAECTI OVOKAOONG Y10 VO, VITAPYEL GOGTH TPOCAPUOYN . AVTO EMTVVYAVETOL E TNV

YPNON TPOGUPUOCTIKOV SUTAEEMV GTIV 0PYN TNS YPOUUNG LETAPOPEG

5.3.1 XAPTHX SMITH

H avdivon mpoPAnudtov ypoppmdv HeTa@opds 1 KUKAOUATOV TPOGOPUOYAS OTIG
LUIKPOKLHOTIKEG oLyvOTNTEG Ypeldletal moAloDS kot dVoKOAOLS VIOAOYIGHOUS. O XApTNg
Smith mapéyer o onuaviikny Pondeia katd TV ovAALGN HIKPOKVUATIKOV KUKA®UGTOV.
Emutpéner pio edkodn ameikdvion cuvOeTng avticToong ,TOV GLUVIEAEGTN AVAKAOCTG KOl TOV
Aoyov otdouov kopatog VSWR og éva didypoppo. TTapdAinia pe yprion tov yaptn Smith
TPOUYLOTOTOOVVTOL EVKOAOC KOl YPNYOPO HETOTPOMEG HETAED OCULVTEAESTH OVAKANONG,
ovvheTNg avTioTaong Kot GUVOETNG AYOYILOTNTOG GE KATOLO OTUEID TNG YPOULUNG LETAPOPLS .
Téhog O1eVKOADVETAL O VTOAOYICUOG TOV UETOCYNUOTIOUOD TOV GUVOET®V OVTICTACE®MY GE
YPOUUEG HETAPOPEG.

O yéptng Smith givonr n avamapdotacn 610 eninedo Tov cvvteleot avikiaong N I'-

eninedo g oyéong

Opilovtag v obvBetn avnypévn avtiotaon cov

Z R+ jX .
z=—= =r+ jX
ZO ZO
TPOKVITEL
r-2-1
z+1
1ﬂ:qujV:(r—l)ﬂ_x
(r+1)+ jx
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EppaviCetor po cOppopen aneikdvion and to eninedo (r,X) oto eninedo (U,v).0 ydptng
Smith umopei va Bempnbei 611 oyedidleTal o8 0pBOYDOVIEG GUVTIETAYUEVES TOV TPOLY LOTIKOV
KOl QOVTOOTIK®Y GLUVIGTOOMY TOV GUVIEAESTN avakAaons . Yrdpyel aviiototyio peta&d tov
gmmedov Z(r,X) kot tov emmédov I'(U,V).Av aneikoviotel oto pyodiko eminedo I'=u+jv o

YEOUETPIKOG TOTOG TV onueimv Tov opilovral omd Tn cuvOnkn r=otabepd Kot - 00 <X<+ 00
TPOKLATEL KOKAOC TTOL EYEL OKTIVAL % L be kévtpo (u=r/(1+r),v=0).

Me mapoOo10 TPOTO OMEIKOVILETOL O YEMUETPIKOG TOTOC TV onpeinv mov opilovtal amd
v e€iomon X= otafepd kot 0<r<oo , &yovtag VroBEcEL OTL TO TPAYUATIKO UEPOG  1TNG

avnyuévng ovtiotoong eivon mdvtote Oetikd, mpokvaTovy KOKAOL pe Kévipo (U=1, v=1/X) ka1

oktiva 1/X.

O ybpg Smith pmopei va ypnoipwomombel kot g YEAPTNG OYOYILOTATOV LE TOV

LETOGYNLOTIGLLO
S
y+1
Y G+ ]jB .
y=-—= = _ g+ jb ,
Yo Yo
Y , , ,
y= Y_ N obvOe avrypévn ay@yudTnTa.
0

1 : , _
Agob Z=—1otewoper ' =-T = T =Te’",
y

Y G+]jB :
Y= =—Am =g+ jb
Y0

0

SUVETMG GTOV YOPTN AY®YWOTNTOC Ol KUKAOL otaldepnc avtiotaong petooynuatilovral
o€ KOKAOUG otafepng oyoyydtnTeg Kot ot kikAotl otabepnc avtidopaong petaoynuatifovrol
o KOKAOLC oTadEPNC PaIVOUEVIC OY@YIUOTNTOG. ATO TNV TUPATAVE® OVAALGT TPOKOTTEL OTL
0 ybpng Smith cuvbitev ayOYIOTATOV TPOKVTTEL e oTPOQT TOL ¥aptn Smith mepi tov

Kévipov Tov Yy 180 poipec.
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The Complete Smith Chart
Black Magic Deslgn

BADGLLLY SCAL TN PARLMITERS

pa i eh Ju] Hebi]
15 14 1F 11 R ] ] 5

TONL D L II"'II:I\.I i

M. N. Zoppdc

€kove 5.3.1.1 Xaptng Smith avynévng ocovostng avrictaong
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1 RADIALLY SCALED PARAMETERS
i!?— 0 10 [ IR 318 16 14 [E oo 10 » 0 “ s w » ~ -u 19 £
H =} Immu“nm. - " — TOWARD LOAD o o @ o ™ 12 e o w© % @ W W W 40 2]1 §
H

1 [
HEERL R 0 15 w 80 ] w0 0 ojw 25 2 M 12 109083 70 &8 S8 48 38 10 10 =R
I + + A

313- v w 50 40 30 20 08 18 14 a2 aofe @ as 18 0 0 40 38 w - EIZ
i ) -

I

gkova 5.3.1.2 Xaptig Smith avnypévng 6dvleTng avricTaong Kot ayoyLlpoTnTOog
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5.3.2 IIPOXAPMOI'H ENIZXYTIKHX AIATAZHX 0.1-2 GHz

= HPOXAPMOT'H ERA -2

Boaowo dopikod otoryeio g evioyvtiknig dwataéng 0.1-2 GHz amotelel o evioyvtig ERA —
2 . Onwg éywve @ovepd oty efopoimon tng Aeitovpyiag Tov gvioyvt avoykaio givar m
wpocHnkn pog 6wataéng mpooapuoyng oty €icodo Tov Yo TNV EA0YLOTOTOINoN TOV
avakiacenv €166dov H o1dtaén mpocappoyng vAomolgitor pe o Pondntikn ypouun
UETAPOPAG KOl EVOV TUKV®TH O€ TUPAAANAN cOvdeoT pe 10 Pacikd koklmpo i66dov . H

duataén TpocopUoYNg EUQAVILETOL YPOUUOOKIAGUEVT] GTO TOPUKAT® KOKA®UO

LTl
T

gwkova 5.3.2.1 npocappocpévo kokiopa ERA - 2

O mokvet)g oL YpnotponoOnke ya tpocsappoyn givar 0.2 pF g ATC evd 1 ypopuun

petapopdg éxel daotdoelg W =45.2mil won | =30 mil
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S(1,1)=0.025 / 11.574

req=1.100EYHz
’i'mpedance =Z0"(1.049 +j0.010)

5(1.1)

m
Cj

freq (100.0MHz to 8 000GHZ)

gikova 5.3.2.2 yaptng smith
Ta amotedéopato g eopoimong mapovcialovtal Pe OVO SLOPOPETIKG OLOYPAUULOTO. .
10 Tp®TO ddypappa eppavifetar o ydptng Smith démov eaivetan 6t1 ot Teproyn 0.1-2 GHz
N eumédnon ayyilet v TR Z0  GULVET®G M TPOCSHPUOYN &ival emitoynuévn . Avto
gupavifetol kol 0T0 TOPAKAT® Stdypoupe 6mov 1M Tl ¢ Topapétpov S11 éxel peiwdel

a160M TG GUYKPIVOUEVT] LLE TO U TPOCUPHOGUEVO KOKA®MLLOL

16 —m3 5
15— —-10
_ m2
= 14 L5 o
o 13 2
% 12__ —-20 tE
S - —25 =
10 —-30
9 T T T T T T T T ] T T ] -35
0 1 2 3 4 5 6 7 8
m3 m2
freq=700.0MHz | rea GHZ \freq=2 000GHz
dB(S(2,1))=15.047 dB(5(1,1))=-16.249

gkova 5.3.2.3
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15.3 mm

gwova 5.3.2.4 microstrip layout

= INPOXAPMOI'H ATIATAEHX

v evotnto auth ot Tpelg mpocsapupoocuévol ERA-2 cuvdéovian ce ocepd kot

nwpocopoldvovtal 6to ADS 1.5

50 0
§ ml -
45— 2 L-10
= ] N oo
— 7 C W
& 0 C oy DU
) 40— —-20 B
o ] B )
35 L 30
30 u T | T | T T | T | T | T | T B 40
0 1 2 4 5 6 7 8
ml m2
freq, GHz

freq=1.500GHz
dB(S(2,1))=46.685

M. N. Zoppdc

ekova 5.3.2.5

freq=2.000GHz
dB(S(1,1))=-12.947




2yediaon IFM Xvotiuorog Kepdioo 5°

Y70 TOPATAVED OGYPApLLO TO OTOTEAECUOTO TG TPOCAPUOYNS Eival gppavéototo .G
pog TN Tmopauetpo S21 av&dvetor m TN Tov glayictov képdovg amd 44 dB ywpig
npocappoyn oe 45 dB oto kOiKAopa pe tpocapuoyr| . [apdAinia n cuovolikn petafoir tov
KEPOOVG oTIG EMBLUNTEG cLYVOTNTEG  pewdveTal and to 4dB yopig mpocappoyr o 1.6 dB pe
Tpocapuroyn . Q¢ mpog ™ péyiotn Ty g mopopétpov S11 and -10 dB ot un npocappoyn
éyel peiwdei oto -13 dB 610 TPOGOPHOCUEVO KOKAMUA . ZUVETDG 0 POAOG TNG TPOGOPHOYNS
glvar durtdg pe amotérecpo vo Lrdpyel peiwon tov avemBOuntov  avokAICE®V Kol

TAVTOYPOVA U0 OLOAOTEPT) AELTOVPYIN TNG EVIGYVTIKYG d1dTalng .

16.2 mn

323 mm

£Kova 5.3.2.6
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2yediaon IFM Xvotiuorog Kepdioo 5°

5.3.3 IIPOXAPMOI'H ENIZXYTIKHXY AIATAZHX 2-4 GHZ

= HPOXAPMOI'H MGA -86576

Baowko dopkd otoygio g evioyvtikng didtaéng 2-4 GHz amotelel o evioyvutig MGA -
86576. Omwg £ywve eavepd oty e£opoiman TG AEITOLPYING TOV EVICYLTH avayKaio eivat 1
wpooONkn oG 61ataéng TPooapuoyng oty €icodo TOv Yo TNV EAOYLOTOTOINGN TOV
avokAdoewv gi66dov H didtaén npocappoync vAomoteitoan ue 3 stubs ce  obvdeon pe to
Baocwkd koKA@po gweodov . H didtaén mpocapupoyng epeoaviletorl ypoulooKIOoUEV] GTO

TOPOKATO KOKAMLLOL

=
‘:'L —£3
- |
o L] = = = = - |
fo— o —dfh—

|
|

gwkova 5.3.3.1 mpocappoopévo kokhope MGA -86576
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2yediaon IFM Xvotiuorog

Kepdioo 5°

O1 d1otaoels Twv MICrostrip eaivovtol 6To mTapaKaT®m oYU

VAR

AR E]vwr
VAR
5=171 111 opt{ 8 to 10000 } VARY VARS
B=172.428 opt{ 8 to 10000 } wi=8 00252 opt{ § to 10000}
AR
Ewma mn = WS
W59 35527 opt{ & to 10000 } w38 39678 opt{ 8 10 10000 ] H=136.705 opt{ 8o 10000 }
— — — —
[T LI [0
i s ns
Subst="MSub1" Subst="MSub1" Subst="MSub1"
T . Wewsmd Tee; . W=w3 md Tee _ Wewl md
= 1 =5 mi Subst="MSub1 L3 mi Subist="MSubT L=H mi
Wikw mi Witw mi W1itw3 mi
i3 mi W2w3 mil W2w mil
mil Witwd mi W3twi mi
AR AR
Egvmu @xﬁ_{ = VARG
Wwh=192 848 opt{ 8 to 10000} A 437 oA 810 10000} W2=14 7654 opt{ 8 to 10000 }
Ho i o) L
WL BT WLET E]ver
L 16 AR e VARA
=] var . - R=790.835 opt{ 8 to 10000}
Subst=wesubt 2] VAR2 Subst="WSub1 Vuﬁs‘:m {810 10000} Subsi="MSub1
Wowt mil e Wevd mil 034 optf 810 10000 W2 mi
gk 1672 412 opt] 810 10000 } s bt
ekova 5.3.3.2
30 0
b m3
20 2
10 -4
0] |6
= 1 o
— -10— 8 o
o ] @
S ] ml S
o 20— —- =
@ -20] 10 2
-30 12
40 14
50— 16
-60 1 1 1 1 1 T T 1 T 1 1 -18
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
frea, GHz
mi m3
freq=3.900GHz

freq=3.600GHz
dB(S(1,1))=-10.206

gwkova 5.3.3.3

dB(S(2,1))=22.822

Ta amoteréopata tng e€opoimong mopovsialoviol 610 mapardve Odypapupe . H tun

g mapapétpov S11 éxet pewwbel aoONTE GLYKPIVOUEVT LE TO LN TPOGOPUOCUEVO KOKAMLLOL

aeov oamd -5.6

otabeponombei otig cuyvotnteg 2-4 GHz

M. N. Zoppdc

éxel otaoel oto -10 dB . TMapdAinia 10 kEPSOC TOL EVIGYVLTN £XEL
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Kepdioro 5°

2yedioon IFM Xvotiuotoc

e e SRR R R R R R R

23.6 mm

11 v

€wkova 5.3.3.4 microstrip layout
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2yediaon IFM Xvotiuorog Kepdioo 5°

= INPOXAPMOI'H ATATAEHX

v evotnta avt ot 6vo mpocappocuévol MGA -86576 cuvdéovtar ce oepd Kot

nwpocopoidvovtal 6to ADS 1.5

T

sikova 5.3.3.5
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2yediaon IFM Xvotiuorog

Kepdioo 5°

0

-5 o
o
w
=
|_\

-10 =

-15

m2
50
S ] N
N ] i
) ] ml -
m — —
© 50— -
-100 L L L L L L L
1 2 3 4 5 6 7 8 9 10
ml
m2 freq, GHz

freq=3.100GHz
dB(S(2,1))=48.496

gkova 5.3.3.6

freq=3.700GHz

dB(S(1,1))=-9.083

370 TOPATAVED OGYPOLUO TO, OTOTEAECUATO, TNG TPOCUPUOYNS ivarl gueovéotato ¢

wpog T mopduetpo S21 av&hveton N T oL glayictov képdovg amnd 43.2 dB ywpig

npocopuroyn oe 48 dB oto kKA pe tpocapuoyr| . IapdAinio n cuovolkn petofoln Tov

KkéPOOVG oTI¢ embuuntég ovyvotteg  peldvetar omd to 4.3dB ywopic mpoocapuoyr oe 3.5 dB

pe mpocopuoyn . Q¢ mpog ™ péyotn T ™¢  mapapétpov S11 amd -5 dB ot pn

npooappoyn €xel pewwbel ota -9 dB 610 TPOcAPHOGHEVO KOKA®UN XPNOOTOIDVTOG TV

dadikaoio Bedtiotonoinong kol BEtoviag ¢ ToPapETPOVE TO. UAKN Kol TAGTH Tov Stubs

TPOKVTEL TO TAPUKAT® YPAOMLLOL .

M. N. Zoppdc
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2yediaon IFM Xvotiuorog

Kepdioo 5°

dB(S(2,2))

m2
50 | 4 (0]
0 B
- —_ o
. [ ©
] - wn
-50— —
1 ml B =
] B =
] —-10 —
-100— B
-150 - — T T 1 T T T 1 T T 1 T T ] -15
1 2 3 4 5 6 7 8 9 10
ml
m2 freq, GHz

freq=3.400GHz
dB(S(2,1))=47.232

gwkova 5.3.3.7

Y10 mopomive Odypoupo epgavifoviol to

freq=3.700GHz

dB(S(1,1))=-10.007

amoTEAEGOTA NG PEATIOTOTOINUEVNG

TPOCAPUOYNG Q¢ Tpog T mopauetpo S21 avédvetor n Tiun Tov glayioTov kEpdovg amd 43.2

dB yopic mpocoppoyn oe 46 dB ot10 kdKhmpo pe mpooapuoyn . MapdAinia 1 cLVOMKY

UETAPOAY TOL KEPOOVG OTIS emMBLUNTEC GLYVOTNTES

pewwvetal onod ta 4.3dB yopig

npocoppoyn oe 3 dB ue mpocappoyn . Q¢ mpog ) péytotn T ™m¢ mopopétpov S11 and -5

dB ot un npooappoyn éxet pewbei ota -10 dB 610 Tpocappocévo KOKAmU . TOVETMG 1E

TNV TPOCAPUOYT

vIapyel pelmorn tov avemfountov

OHOAGTEPT AELTOVPYIN TNG EVIGYLTIKNG S1dTaENG .

O1 drootdoelg tov stubs eppavioviatl 6To TopaKaT® oYU

o

Tee:
Sub
w1
w2
w3

OVOKAAGEDV

KOl TOVTOYPOVOL

e | VAR
vAR1H vags =l
11=136 572 opt{ # to 10000
15=162 963 opt{ 8 fo 10000 } 13=161.453 opi{ 8 to 10000 } AR opit H
i~ el o
wi=8 01158 opt{ 8 to 10000
w5=0.93899 opl{ § to 10000 } w3=0.36969 opt{ § o 10000 } opd !
C 1 _— L+
e | S
LN TLIN TLIN
iz LR nis
Subst="MSub1" Subst="MSub1" Subst="MSub1"
Wowh mil Teat W=w3d mil Tesj W=wlmi
st=MSub1” |5 mi Subst="MSub1” L3 mid Subst="MSub1” =11 mi
w mi Wi-wmi W1iwd mid
w3 mil W23 mil W2:wmi
twd mil W3wt mil Witwi mi
[ | VAR - VAR
i ] VAR VARA
H=203 439 opt{ 8 to 10000 } 2=396_322 opi{ 8 to 10000 }
16=69.681 opt{ 8 to 10000 }
I waR
[E] vr VART [E] ven
VAR14 wA=115.95 opt]{ & fo 10000 } VARG
w6=200.577 opi{ § fo 10000 } w2=13.8850 opi{ § fo 10000 }
—{HHe —{HHw —{HHr
MLEF MLEF MLEF
s 6 4
Subst="MSub1" Subst="MSub1" Subst="MSub1"
W-wé mi W=wd mil W=w? mil
1=36 mil L=4 mi L=1? mil

gwkéva 5.3.3.8 dwuotdcelg Stubs Tposappoyig ety cicodo ks MGA -86576

M. N. Zoppdc
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— 16 8min

gikéva 5.3.3.9 microstrip layout

M. N. Xoppébig 107
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5.34

DATA SHEETS ENIZXYTQN
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MonoLitHic AMPLIFIERS

50Q

BROADBAND DC to 8 GHz
— J’\.

ERA-SM &

low power, up to +13.5 dBm output all specifications at 25°C
GAIN, dBTypical MAXIMUM [DYNAMIC VSWR ABSO- DC THERMAL| CASE | & |PRICE
FR? o POWER (dBm) | RANGE (1) LUTE OPERATING RESIS- | STYLE ﬁ $
Q. at2 GHz*  |at 2 GHz* ' MAX. POWER* - N
GHz Typ. 3 y TANCE E
out RATING atPin 3 c
Flatness| QVBUC oyt | NFop3 | M out Bic T
MODEL® f GH i (1d8 3 et Volt !
over frequency, GHz Min@ DC- | comp) (no | (dB) (dBm)|DC-3 3-f,** DC-33-f;*| | ~ p |Current olt. Typ. o Q.
NO. f -, 0.1 1 2 8 4 6 8 2GHz 2GHz | Typ. Bhn. dmg) | Typ. Typ. [GHz GHz GHz GHz|mA) (mw)| (mA) Typ Min Max| °C/W NoteB | N [ (30)
ERA-1 DC-8 [12.3 121 11.8 109 97 7.9 82 9 03 [120 100 15| 43 26 |1.5 1.8 15 19 |75 330| 40 3.4 3.0 41| 178 |VV105|cb| 1.37
ERA-2 DC-6 [16.2 158 152 14.4 131 112 — 13 0.5 |[13.0 11.0 15| 40 26 |1.3 1.4 12 1.6 |75 330| 40 3.4 3.0 41| 155 |VV105|cb| 1.52
ERA-3 DC-3 [22.1 210 187 168 — — — 16 1.7 (125 9 13| 35 25 |15 — 14 — |75 330| 35 3.2 3.0 41| 154 |VV105|cb| 1.67
ERA-1SM DC-8 [12.3 12.1 11.8 109 97 7.9 82 9 03 (120 100 15| 43 26 |15 1.8 15 1.9 |75 330| 40 3.4 3.0 41| 183 |WW107|cb| 1.42
NEWERA-21SM DC-8 [14.2 139 132 122 108 87 89 11.2 *0.5 [126 106 15| 47 26 |1.1 1.4 13 1.9 |75 330| 40 3.5 3.0 41| 194 |WW107|cb| 1.57
ERA-2SM DC-6 [16.2 158 152 14.4 131 112 — 13 0.5 |[13.0 11.0 15| 40 26 |1.3 1.4 12 1.6 |75 330| 40 3.4 3.0 41| 160 |WW107|cb| 1.57
NEWERA-335M DC-3 [19.3 18.7 174 159 — — — 15 09 (135 115 13 | 3.9 285(16 — 125— |75 330| 40 4.3 3.8 4.8| 140 |WW107|cb| 1.72
ERA-35M DC-3 |22.1 21.0 187 168 — — — 16 1.7 [125 9 13| 35 25 |15 — 14 — |75 330| 35 3.2 3.0 41| 159 |WW107|cb| 1.72
features _ model identification
e low thermal resistance )
iniat . lifi Model marklng (see note below)
[ ] mlnlg ure mlcrowgve ampliner . ERA-L ERA-LSM 1
e available in drop-in & surface mount (sm) versions Egﬁ-gigmﬁw 221
e frequency range, DC to 8 GHz, usable to 10 GHz ERA-gégRA-BSM 333
. ERA-33SM
e up to 18.5 dBm typ. (16.5 dBm min) output power ERA-4, ERA-4SM 4
ERA-5, ERA-55M 5
. . ERA-50SM 50
absolute maximum ratings ERASISM. Sl
operating temperature: -45°C to 85°C o . .
Note: Prefix letter (optional) designates assembly
storage temperature: -65° to 150°C location. Suffix letters (optional) are for wafer
identification.
prefix IetterJ
number
suffix letter
NOTES:
¢ Aqueous washable
* at 1 GHz for ERA-4,5,6, 4SM, 5SM, 50SM, 51SM, 6SM MTTE vs. Junction Temp
** f, isthe upper frequency limit for each model as shown in the table. : :
**  Gain, gain flatness, and VSWR are specified at 1.5 GHz. (For all ERA Models except ERA-5, ERA-55M)
) h . 1,000,000 ——
o Low frequency cutoff determined by external coupling capacitors.
A. Environmental specifications and re-flow soldering information available in 100.000
General Information Section. !
B.  Units are non-hermetic unless otherwise noted. For details on case —
dimensions & finishes see “Case Styles & Outline Drawings”. 2 10,000
C. Prices and Specifications subject to change without notice. g
D. For Quality Control Procedures see Table of Contents, Section 0, > 1,000
"Mini-Circuits Guarantees Quality" article. For Environmental [N
Specifications see Amplifier Selection Guide. |': 100
1. Model number designated by alphanumeric code marking. s
2. ERA-SM models available on tape and reel. 10
3. Permanent damage may occur if any of these limits are exceeded. These
ratings are not intended for continuous normal operation. 1
4. Supply voltage must be connected to pin 3 through a bias resistor in order 80 100 120 140 160 180 200
to prevent damage. See "Biasing MMIC Amplifiers" in minicircuits.com/ Junction Temp. ( °C)
application.html. Reliability predictions are applicable at specified
current & normal operating conditions
M - - C' 't ® INTERNET http://www.minicircuits.com
I n I - I rCU I S P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 « 417-335-5935 < Fax 417-335-5945 « EUROPE 44-1252-832600 « Fax 44-1252-837010
168 ISO 9001 CERTIFIED

020807



L AMini-Circuits’

Drop-In & Surface Mount

o g
3
ERA \.- =

ERA-SM '«
medium power, up to +18.4 dBm output all specifications at 25°C
(x] GAIN, dBTypical MAXIMUM [DYNAMIC VSWR ABSO- DC THERMAL| CASE | § |PRICE
- POWER (dBm) | RANGE 1) LUTE OPERATING | Resis- | STYLE | N| §
Q. at2 GHz* ~ | at 2 GHz* MAX. POWER* TANCE ¥
GHz Typ. 3 ; i
RATING at Pin 3 c
Output In Out 1 T
MODEL® Flatness| (Lde  Input | NF P8 Bc |
over frequency, GHz Min@ DC- | comp) (no | (dB) (dBm)[DC-3 3£, DC-33-f**| | ~ p |Curent Volt. Typ. o| Q.
NO. f-f 0.1 1 2 8 4 6 8 2GHz 2GHz | Typ. F/lm. dmg) | Typ. Typ. |GHz GHz GHz GHz|(mA) (mw)| (MA) Typ Min Max| °C/W NoteB | N'| (30)
ERA-6 DC-4 [12.6 125 122 117 113 — — 105 0.2 (179 16 20 | 45 36 |13 1.2 1.6 1.8 120 650 70 5.0 4.6 56| 170 |VV105|cb| 3.85
ERA-4 DC-4 |14.3 14.0 134 127 118 — — 11 04 (173 15 20 | 42 34 |12 1.2 1.3 1.8 120 650| 65 4.5 4.2 55| 163 |VV105 |cb| 3.85
ERA-5 DC-4 202 19.5 185 17.3 162 — — 16 10 [184 165 13 | 43 325|13 1.3 1.2 1.3 120 650| 65 4.9 4.2 55| 278 |VV105 |cb| 3.85
ERA-65M DC-4 [12.6 125 122 117 113 — — 105 $0.2 [17.9 16 20 | 45 36 [1.3 1.2 16 1.8 [120 650| 70 5.0 4.6 56| 175 |WW107|cb| 3.90
ERA-4SM DC-4 |14.3 14.0 134 127 118 — — 11 04 [17.3 15 20| 42 34 |12 12 13 1.8 [120 650| 65 4.5 4.2 55| 168 |WWw107|cb| 3.90
NEWERA-51SM | DC-4 |18.0 17.4 16.1 14.8 125 — — 14 1.0 (181 165 13 | 41 33 |11 1.2 1.2 1.9 |120 650| 65 4.5 42 55 154 [WW107|cb| 3.90
ERA-55M DC-4 [20.2 19.5 185 17.3 162 — — 16 1.0 (184 165 13 | 43 325(1.3 1.3 1.2 1.3 120 650| 65 4.9 4.2 55| 283 |WW107|cb| 3.90
NEWERA-50SM***| DC-1.5| 20.7 19.4 183 — — — — 16 12 [17.2 160 13| 3.5 325/13 — 12 — [120 650| 60 4.4 4.0 49| 177 |WW107|cb| 2.95

see suggested PCB layout PL-075 for ERA models

typical biasing configuration

R BIAS
“1%" Resistor Values (ohms) for Optimum Biasing of ERA Models
Vce |ERA-1, | ERA-2, ERA- ERA-3, ERA- ERA-4, | ERA-5, |[ERA-50SM,| ERA-6,
RBIAS (Required) 1SM | 2SM | 21SM | 3SM | 33SM | 4SM | 5SM 51SM 6SM
Vee 7 90.9 88.7 88.7 107 69.8 38.3 40.2 40.2 30.1
ORIENTATION DOT bepass 8 113 113 113 133 93.1 52.3 53.6 53.6 43.2
| :T: 9 137 137 137 162 115 66.5 68.1 68.1 56.2
bias . 10 162 162 162 191 140 80.6 825 825 69.8
Cblock 4 L RFC (Op'ﬂonal) 11 187 187 187 221 165 95.3 97.6 97.6 84.5
12 215 215 210 249 191 110 113 113 97.6
IN O_l out 13 237 237 237 280 215 127 127 127 113
Cblock 14 | 261 | 261 | 261 | 309 243 143 | 143 143 127
15 287 287 287 340 267 158 158 158 140
16 309 316 316 365 287 174 174 174 154
= 17 332 340 340 392 316 187 191 191 169
18 357 365 365 422 340 205 205 205 182
19 383 392 392 453 365 221 221 221 196
20 412 412 412 475 392 237 237 237 210
MTTF vs. Junction Temp. (ERA-5, ERA-5SM) designers kits available
1,000 s KIT Model No. of Price $
e~ NO. Type Units in Kit Description per kit
§ 100 KIERA | ERA 30 10 of each 1,2,3 49.95
é ~— K2-ERA ERA 20 10 of each 4,5 69.95
w _ K1-ERASM | ERA-SM 30 10 of each 1SM, 2SM,3SM 49.95
|: 10 P K2-ERASM | ERA-SM 20 10 of each 4SM, 55M 69.95
= — K3-ERASM | ERA-SM 30 10 of each 4SM, 55M, 6SM 99.95
1 T~
140 160 180 200 220 F%Q connecnccb)ns '\Nﬂf:'t' ’\%U'DE -
Junction Temp. (C) RFIN 1 ERA-LSM 5962-01-459-9075
RF OUT 3 ERA-2SM 5962-01-459-7410
bc 3 ERA-3SM 5962-01-459-9314
CASE GND 2,4
NOT USED —
a;\.mThe Design Engineers Search Engine In Stock... Immediate Delivery
@”z’ Provides Actual Data Instantly For Custom Versions Of Standard Models [ vaifg‘ﬁeel
—=d At: http://www.minicircuits.com Consult Our Applications Dept. T 169
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U cacianc

1.5-8 GHz Low Noise GaAs
MMIC Amplifier

Technical Data

Features

« 1.6 dB Noise Figure at 4 GHz
* 23 dB Gain at 4 GHz

e +6 dBm Pz at 4 GHz

= Single +5 V Bias Supply

Applications

* LNA or Gain Stage for 2.4
GHz and 5.7 GHz ISM Bands

* Front End Amplifier for GPS
Receivers

* LNA or Gain Stage for PCN
and MMDS Applications

« C-Band Satellite Receivers

* Broadband Amplifier for
Instrumentation

Schematic Diagram

RF |
INPUT!

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

GROUND O 2

Surface Mount Ceramic
Package

Pin Connections

4 GROUND

h RF OUTPUT
RF INPUT o AND V4
©
0
1 3

2 GROUND

| RFOUTPUT
I AND Vg4

GROUND O 4

MGA-86576

Description
Hewlett-Packard’'s MGA-86576 is
an economical, easy-to-use GaAs
MMIC amplifier that offers low
noise and excellent gain for
applications from 1.5 to 8 GHz.

The MGA-86576 may be used
without impedance matching as a
high performance 2 dB NF gain
block. Alternatively, with the
addition of a simple series
inductor at the input, the device
noise figure can be reduced to
1.6 dB at 4 GHz.

The circuit uses state-of-the-art
PHEMT technology with self-
biasing current sources, a source-
follower interstage, resistive
feedback, and on chip impedance
matching networks.

A patented, on-chip active bias
circuit allows operation from a
single +5 V power supply. Current
consumption is only 16 mA.

These devices are 100% RF tested
to assure consistent performance.



Absolute Maximum Ratings

Absolute Thermal Resistancel2l:
Symbol Parameter Units Maximuml1l Och.c = 110°C/W
Vy4 Device Voltage, RF output \Y 9 Notes:
to ground 1. Operation of this device above any one
Vy Device Voltage, RF input V +0.5 g;;?aegs: limits may cause permanent
to ground -1.0 2.T, = 25°C (T, is defined to be the
Pin CW RF Input Power dBm +13 tempera-ture at the pack_age .pins where
T ch T : C 150 contact is made to the circuit board).
ch annel Temperature °
Tste Storage Temperature °C -65 to 150

MGA-86576 Electrical Specifications, To=25°C,Z,=50Q,Vy4 =5V

Symbol Parameters and Test Conditions Units Min. Typ. Max.
Gp Power Gain (|S»[?) f=15GHz dB 21.2
f=25GHz 23.7
f=4.0 GHz 20 23.1
f=6.0 GHz 19.3
f=8.0 GHz 15.4
NFsq 50 Q Noise Figure f=15GHz dB 2.2
f=25GHz 1.9
f=4.0 GHz 2.0 2.3
f=6.0 GHz 2.3
f=8.0 GHz 2.5
NF, Optimum Noise Figure f=15GHz dB 1.6
(Input tuned for lowest noise f=25GHz 15
figure) f=4.0GHz 1.6
f=6.0 GHz 1.8
f=8.0 GHz 2.1
Pide Output Power at 1 dB Gain f=15GHz dBm 6.4
Compression f=25GHz 7.0
f=4.0 GHz 6.3
f=6.0 GHz 4.3
f=8.0 GHz 3.8
1Py Third Order Intercept Point f=4.0GHz dBm 16.0
VSWR Input VSWR f=15GHz 3.6:1
f=25GHz 3.31
f=4.0 GHz 2.2:1 3.6:1
f=6.0 GHz 1.4:1
f=8.0 GHz 1.2:1
Output VSWR f=15GHz 251
f=25GHz 2.1:11
f=4.0 GHz 1.7:1
f=6.0 GHz 1.4:1
f=8.0 GHz 1.3:1
lg Device Current mA 9 16 22




MGA-86576 Typical Performance, T =25°C,Z,=50Q,Vy =5V
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Figure 1. Power Gain vs. Frequency at

Three Temperatures.
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MGA-86576 Typical Scattering Parameters [3], T, =25°C, 2,=50 Q, Vy =5V

Freq. S11 Sy Sio Sy

GHz Mag Ang dB Mag Ang dB Mag Ang Mag Ang
0.5 0.57 21 15.5 5.99 46 -46.5 0.005 -15 0.62 -35
1.0 0.55 -30 19.8 9.72 17 -51.3 0.003 11 0.49 -47
15 0.54 -44 21.7 12.15 -7 -51.2 0.003 58 0.43 -57
2.0 0.52 -59 22.8 13.84 -31 -47.0 0.004 85 0.39 -68
2.5 0.48 -7 23.5 14.98 -54 -43.0 0.007 96 0.36 -79
3.0 0.43 -96 23.8 15.56 -7 -39.7 0.010 100 0.33 -92
35 0.37 -116 23.7 15.28 -100 -37.0 0.014 99 0.29 -105
4.0 0.30 -137 23.2 14.49 -122 -35.0 0.018 95 0.25 -118
4.5 0.24 -159 22.4 13.18 -142 -33.2 0.022 92 0.21 -130
5.0 0.19 178 21.5 11.82 -160 -31.9 0.026 89 0.19 -139
55 0.14 151 20.5 10.54 -177 -30.6 0.030 85 0.14 -151
6.0 0.12 129 19.2 9.14 166 -29.6 0.033 81 0.17 -151
6.5 0.10 111 18.1 8.08 156 -28.7 0.037 82 0.14 -116
7.0 0.08 91 175 7.48 142 -27.4 0.042 76 0.08 -158
7.5 0.08 75 16.4 6.64 129 -26.6 0.047 72 0.11 -153
8.0 0.07 64 155 5.99 118 -25.8 0.051 69 0.09 -151
8.5 0.06 48 14.7 5.45 107 -25.0 0.056 65 0.09 -146
9.0 0.04 31 14.0 5.03 96 -24.2 0.062 62 0.09 -140
9.5 0.02 18 13.4 4.66 86 -23.4 0.068 58 0.11 -143
10.0 0.01 93 12.7 4.33 76 -22.6 0.074 53 0.11 -154

P1gp (dBm)



MGA-86576 Typical Noise Parameters[3],

Te=25°C, Z, =50 Q, Vy=5V

Frequency NF, lopt

GHz dB Mag. Ang. Rn/50 Q
1.0 2.1 0.56 27 0.43
15 1.6 0.54 31 0.40
25 15 0.47 40 0.36
4.0 1.6 0.38 54 0.32
6.0 1.8 0.28 77 0.28
8.0 2.1 0.22 107 0.25

BIReference plane taken at point where leads meet body of package.

MGA-86576 Applications
Information

Introduction

The MGA-86576 is a high gain,
broad band, low noise amplifier.
The use of plated through holes or
an equivalent minimal inductance
grounding technique placed
precisely under each ground lead
at the device is highly recom-
mended. A minimum of two
plated through holes under each
ground lead is preferred with four
being highly suggested. A long
ground path to pins 2 and 4 will
add additional inductance which
can cause gain peaking in the 2 to
4 GHz frequency range. This can
also be accompanied by a
decrease in stability. A suggested

o HEWLETT o~
‘ PACKARD

MGA-86576 |

Figure 7. Layout for MGA-86576
Demonstration Amplifier. PCB
dimensions are 1.18 inches wide by
1.30 inches high.

layout is shown in Figure 7. The
circuit is designed for use on
0.031 inch thick FR-4/G-10 epoxy
glass dielectric material.

Printed circuit board thickness is
also a major consideration.
Thicker printed circuit boards
dictate longer plated through
holes which provide greater
undesired inductance. The para-
sitic inductance associated with a
pair of plated through holes
passing through 0.031 inch thick
printed circuit board is
approximately 0.1 nH, while the
inductance of a pair of plated
through holes passing through
0.062 inch thick board is about
0.2 nH. Hewlett-Packard does not

50 Q

recommend using the MGA-86576
MMIC on boards thicker than
0.040 inch.

The effects of inductance asso-
ciated with the board material are
easily analyzed and very predict-
able. As a minimum, the circuit
simulation should consist of the
data sheet S-Parameters and an
additional circuit file describing
the plated through holes and any
additional inductance associated
with lead length between the
device and the start of the plated
through hole. To obtain a
complete analysis of the entire
amplifier circuit, the effects of the
input and output microstriplines
and bias decoupling circuits
should be incorporated into the
circuit file.

Device Connections V4 and RF
Output (Pin 3)

RF and DC connections are
shown in Figure 8. DC power is
provided to the MMIC through the
same pin used to obtain RF
output. A 50 Q microstripline is
used to connect the device to the
following stage or output
connector. A bias decoupling
network is used to feed in Vyq

50 Q

Figure 8. Demonstration Amplifier Schematic.



while simultaneously providing a
DC block to the RF signal. The
bias decoupling network shown in
Figure 8, consisting of resistor R1,
a short length of high impedance
microstripline, and bypass
capacitor C1, provides the best
overall performance in the 2 to

8 GHz frequency range.

The use of lumped inductors is
not desired since they tend to
radiate and cause undesired
feedback. Moving the bypass
capacitor, C1, down the micro-
stripline towards the Vyq terminal,
as shown in Figure 9, will improve
the gain below 2 GHz by trading
off some high end gain. A
minimum value of 10 Q for R1 is

A .7 [l v ;--r'
L]

A sy
REEA

1) B

. MGA-B8S76

A
x}}‘
e |

Figure 9. Complete MGA-86576
Demonstration Amplifier.

recommended to de-Q the bias
decoupling network, although

100 Q will provide the highest
circuit gain over the entire 1.5 to

8 GHz frequency range. Vgq will
have to be increased accordingly
for higher values of R1. For
operation in the 2 to 6 GHz
frequency range, a 10 pF capacitor
may be used for DC blocking on
the output microstripline. A larger
value such as 27 pF is more appro-
priate for operation at 1.5 GHz.

Ground (Pins 2 and 4)

Ground pins should attach
directly to the backside ground
plane by the shortest distance
possible using the design hints
suggested in the earlier section.
Liberal use of plated through vias
is recommended.

RF Input (Pin 1)

A 50 Q microstripline can be used
to feed RF to the device. A
blocking capacitor in the 10 pF
range will provide a suitable DC
block in the 2 to 6 GHz frequency
range. Although there is no
voltage present at pin 1, it is
highly suggested that a DC
blocking capacitor be used to
prevent accidental application of
a voltage from a previous
amplifier stage. With no further
input matching, the MGA-86576 is
capable of noise figures as low as
2 dB in the 2 to 6 GHz frequency
range. Since I, is not 50 Q, it is
possible to design and implement
a very simple matching network
in order to improve noise figure
and input return loss over a
narrow frequency range. The
circuit board layout shown in
Figure 7 provides an option for
tuning for a low noise match
anywhere in the 1.5to 4 GHz
frequency range. For optimum
noise figure performance in the

4 GHz frequency range, L1 can be
a 0.007 inch diameter wire

0.080 inches in length as shown in
Figure 9. Alternatively, L1 can be
replaced by a 0.020 inch wide
microstripline whose length can
be adjusted for minimum noise
figure in the 1.5 to 4 GHz
frequency range.

Table 1 provides the approximate
inductor length for minimum
noise figure at a given frequency
for the circuit board shown in
Figure 7.

Table 1. L1 Length vs. Frequency
for Optimum Noise Figure.

Frequency Length
GHz Inches
15 0.70
1.8 0.60
2.1 0.50
2.4 0.40
2.5 0.30
3.0 0.20
3.7 0.10
4.0 0.05

7 Volt Bias for Operation at
Higher Temperatures

The MGA-86576 was designed
primarily for 5 volt operation over
the -25 to +50°C temperature
range. For applications requiring
use to +85°C, a 7 volt bias supply
is recommended to minimize
changes in gain and noise figure at
elevated temperature. Figure 10
shows typical gain, noise figure,
and output power performance
over temperature at 4 GHz with

7 volts applied. With a 7 volt bias
supply, output power is increased
approximately 1.5 dB. Other
parameters are relatively
unchanged from 5 volt data.
S-parameter and noise parameter
data for 7 volts are available upon
request from Hewlett-Packard.
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Figure 10. Gain, NF5,, and P4z Vvs.
Temperature at 4 GHz with 7 Volt Bias
Supply.

Printed Circuit Board
Materials

Most commercial applications
dictate the need to use inexpen-
sive epoxy glass materials such as
FR-4 or G-10. Unfortunately the
losses of this type of material can
become excessive above 2 GHz.
As an example, a 0.5 inch long

50 Q microstripline etched on
FR-4 along with a blocking
capacitor has a measured loss of
0.35dB at 4 GHz. The 0.35 dB loss
adds directly to the noise figure of
the MGA-86576. The use of a low

MGA-86576 Part Number Ordering Information

Part Number No. of Devices Container
MGA-86576-STR 10 Strip
MGA-86576-TR1 1000 7-inch Reel

For more information call your nearest HP sales office.

HEWLETT
PACKARDO

(D

loss PTFE based dielectric
material will preserve the
inherent low noise of the
MGA-86576.

Package Dimensions
76 Package

ooy~

51
(0.20)

)

(

(0.070)

== i
* T 528 T

e3 (0.208) 0.10
(0.004)

TYPICAL DIMENSIONS ARE IN MILLIMETERS (INCHES).

For technical assistance or the location of
your nearest Hewlett-Packard sales office,
distributor or representative call:

Americas/Canada: 1-800-235-0312 or
408-654-8675

Far East/Australasia: Call your local HP
sales office.

Japan: (81 3) 3335-8152
Europe: Call your local HP sales office.

Data subject to change.
Copyright © 1997 Hewlett-Packard Co.

Obsoletes 5962-6909E
Printed in U.S.A. 5965-9687E (9/97)



2yediaon IFM Xvotnuorog Kepdioo 6°

Baoixo kvxioua |FM

6.1 Eicaywyn

To kepdlato ovoloTIKA dtaipeitol oe Tpelg avebaptnteg evotnteg . H npmdtn evotnrta
amoTELEl WO TEPOUTEP®D OVOAPOPE Kol OVAALGOYN OTO KOUKA®UO Sloipecng cuyvoOTNTOG Kot
TAPOLGIALOVTOL TA VAN TPOSOYPUPOV TOV KUKAOUAT®V Tov ypnoiponomdnkay . X
dgutepn evOTNTA TEPLYPAPETOL EMYPAUMOTIKA T Agttovpyior g SwdTaéng OSmuovpyiog

dpopds paong . Téhog otnv Tpitn evOTNTO TOPOLGLALETOL TO KOKAMUA HETPNONG PACT|C
6.2 Awaipeon cvyvorytas

Onwc éywve xotovontd oto kepdioo 1 , oOUE®VO LE TN YEVIKN TEPLYPOPH TOV
GUGTHIOTOG EVOL OmAPOiTNTN M XPNOT EVOS KUKADUATOG dlaipecng cuyvoTNTag £T61 MOTE TO
OO OV EICEPYETAL OTO KUKAMUA HETPMONG (pAcns va givol ota opla Aettovpyiog (0.1-2
GHz) . Zuvendg népo omd TNV TPMOTI AAVGIdA , OOV TO GLYVOTIKO TEPIEXOUEVO OVIKEL OTIG
EMOLUNTEG TWES , OTIG EMOUEVEG TPELG OATAEELG Etvat avaykaio 1 xp1on SLopETN GLXVOTNTOG
. XV ddtoén 2-4 GHz ypnoonolgitol vrodmAocaotig cuyvotnTag N/2 , oty drdtaén 4-8
YPNOOTOLEITOL  VIOTETPATAAGIOOTAG ovyvoTTog N /4 xo1 téhog oty owdtoén 8-12
YPNOOTOLEITOL VTOOKTATAAGLOOTHG cLyvotTag N / 8 dote T0 oNua. va €xel To emBuunTd

GLYVOTIKO TTEPIEYOLEVO .

M. N. Zo@pébg 117



2yediaon IFM Xvotnuorog

Kepdioo 6°

6.2.1 AIAIPETHX AIATAZHY 2-4 GHz

Yy dadtaén 2-4 GHz givan avaykaio n ypfon evog vrodimhaciaot cuyvotntag . [a

oV 6KoTo 0vTo eméyOnke o drpétng HMC 364S8G tng Hittite microwave corporation . O

HMC 364S8G vrodimhoocidlet tn GuyvOTnTa TOV GNUATOS , LETAPEPOVTAS TNV 6TO €0pog 0.1-

2 GHz . Ta yopoKTnplotikd Tov ePEavifovTol 6ToV TUPAKAT® TIVOKOL

Xapoktnpiotucd HMC 364S8G yw +25° C, Vee= 5V kot kavovikorompévn €icodo kot

£€€000 o¢ 50 Q
HapapeTpor YovOnkeg Erapotn | Tomukn Méyotn Movadeg
Tt N Ty
Méyiwotn ovyvétnTa
£10650v 12.5 135 GHz
EAlaypotn
cvyVOTNTA £166060V 0.2 05 GHz
Ioy¥¢ £166d0v Fin=1-10 -15 >-20 +10 dBm
GHz
Fin=10-12 -10 >-15 +5 dBm
GHz
Fin=12-125 -4 >-8 +2 dBm
GHz
Ioy0g €£060v Fin=6 GHz 2 5 dBm
Fin =9 GHz -2 dBm
Fin=11 GHz -5 dBm
Fin =12.5 GHz -8 dBm
Reverse Leakage ot é€odot 40 dB
TEPUOTIGUEVES
SSB 06pufog Pin=0dBm, -145 dBc/Hz
paong Fin =6 GHz
Xpévog nerddoong | Pin=0dBm, 100 ps
Fout = 882
MHz
Peopa tpoodociog 105 mA
M. N. Xoppébig 118




2yediaon IFM Xvotnuorog Kepdioo 6°

Onwg eivor @avepd amd ta MAEKTPIKE YOPOKTINPIOTIKA TOL OSpéTn ovyvoTNnTaS Ot
npoPAenopeveg TPOSypaPEG TNPOOVIOL 0pov otV mepoyr] ovyvotntev 2-4 GHz 1
Aerrovpylet TOV VTOSIMAAGLOGTY GLYVOTNTOG €ivol LTOOEYUATIKY] UE YOUNAD €16EPYOLEVO

06pvfo .

Input Sensitivity Window, T=25 °C
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Ewova 6.2.1

6.2.2 AIAIPETHX AIATAZHYX 4-8 GHz

v ddtaén 4-8 GHz eivan avaykaio n xpfion evOC VITOTETPATAAGIOOTY GLYVOTNTOG .
Tlo tov okomd owtd emdéyOnke o Supétng HMC 365S8G tng Hittite microwave

corporation. Ta yapakINPIOTIKA TOV EREOVICOVTOL GTOV TOPAKATO TiVOKOL

M. N. Zo@pébg 119
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+25° C, Vce= 5V kot kavovikomompévn €i6odog Kat £€£000¢g o 50 Q

Hapapetpor YovOnkeg Erapotn | Tomukn Méyotn Movadeg
e N Ty
Méyiwotn ovyvétnTa
£166500 13 14 GHz
EAlaypotn
cvyvOTNTA £166060V 0.2 05 GHz
Ioy¥¢ £166d0v Fin=1-8GHz -15 >-20 +10 dBm
Fin=8-11 -10 >-15 +3 dBm
GHz
Fin=11-13 -5 >-8 +3 dBm
GHz
Ioy0g €£060v Fin=13 GHz 2 5 dBm
Reverse Leakage ot é€odot 45 dB
TEPUOTIGULEVES
SSB 06pufog Pin=0dBm, -151 dBc/Hz
paong Fin =6 GHz
Xpévog perddoong | Pin=0dBm, 100 ps
Fout = 882
MHz
Peopa tpoodociog 110 mA
120
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Input Sensitivity Window, T=25 °C

Onwg elvar @avepd and ta

TPOPAETOUEVEG TPOSLOYPOUPES

INPUT POWER [dBrn)

20 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SR R EE U U YU N U P O S

1 1 1 [ ) 1

1 1 1 1 1 il 1
"': “'r"r“r"'u"-:-;;:"'
Or-- Recommended 1--he
Operating Window : 1
1o
20 I E 1 E 1 E 1 1 1 1 1 I

A0 L TR — " m

INFUT FREQUEMCY [GHz)

Ewova 6.2.2

Agrtovpyio Tov LIOSUTANCLOGTH GLYVOTNTAS £IVOL VTOSELYLATIKN

6.2.3 AIAIPETHX AIATAZEHX 8-12 GHz

o1 2 3 4 5 &6 T 8 9 10 11 12 13 14 15

NAEKTPIKA YOPOKTNPIOTIKE TOL Slop€tn ovuyvoTnTaS Ol

mpovviol agov otV mepoyn cvyvotntov 4-8 GHz n

v ddtaén 4-8 GHz eivon avaykaio n ¢pNon €VOC VTOOKTUTANGIOGT]  GLYVOTNTOG .

I'o tov oxomd avtd emhéydnke o oSwupétng HMC 363S8G g Hittite microwave

corporation. Ta yopakTNPIOTIKE TOL pEOVIOVTOL GTOV TAPAKATO TivoKa

+25° C, Vce= 5V kat kavovikomomnpévn €icodog kot ££060¢ oe 50 Q

Hoapapetpor YuvOnkeg Erapotn | Tomua Méywoty Movaoeg
Ty T T
Méywetn ovyvotTnTa
£166500 12 13 GHz
ELayiot
oVYVOTNTA £160060V 0.2 05 GHz
Ioybg s16660v Fin=1-7GHz -15 >-20 +10 dBm
Fin=7-11 -10 >-15 +2 dBm
GHz
Fin=11-12 -5 >-8 0 dBm
GHz
121
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Ioyvg €€660v Fin =13 GHz -9 -6 dBm
Reverse Leakage ot é€odot 65 dB
TEPUOTIGUEVEG
SSB 66pufog Pin =0 dBm, -153 dBc/Hz
@aong Fin=6 GHz
Xpovog petdoocng Pin=0dBm, 100 ps
Fout = 882
MHz
Pedpo tpopodociog 70 mA
Input Sensitivity Window, T=25 °C
EU 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[ RO T R S S S SO S DU U S SO
E - __.:__'_1'_-.-_“
-E- 1 1
e O Recommended
S Operating Window
=10 .
= o
o . R LTt SIEEEY S S
= P T T
-20 P —— — .
001 2 3 4 5 5 7T 8 9 101112 13 14 15
INPUT FREQUENCY (GHzZ)
Ewéva 6.2.3.1
O1 tpoPrenduevec TPodaypapEég TNPOLVTAL GTNV TEPLOYN cvyvoTHTOV 8-12 GHZ
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» KYKAQMA XYNAEXHX AIAIPETH
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EdHittite ... HMC363S8G

MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-8, DC - 12.0 GHz

Typical Applications Features
Prescaler for DC to X Band PLL Applications: Ultra Low SSB Phase Noise: -153 dBc/Hz
e Satellite Communication Systems Wide Bandwidth
* Fiber Optic Output Power: -6 dBm
1 O ¢ Pt-Pt and Pt-MPt Radios Single DC Supply: +5V
o VSAT S8G SMT Package
Functional Diagram General Description
The HMC363S8G is a low noise Divide-by-8

I

in an 8 lead surface mount plastic package. This
device operates from DC (with a square wave
input) to 12 GHz input frequency with a single
+5.0V DC supply. The low additive SSB phase
noise of -153 dBc/Hz at 100 kHz offset helps the
user maintain good system noise performance.

IN [5] %

% 4 VCC Static Divider with InGaP GaAs HBT technology

N/C[]®

N (17

GND | | 8

= PACKAGE BASE

Electrical Specifications, T, = +25° C, 50 Ohm System, Vcc= 5V

FREQ. DIVIDER & DETECTORS - SMT

Parameter Conditions Min. Typ. Max. Units
Maximum Input Frequency 12 13 GHz
Minimum Input Frequency Sine Wave Input. [1] 0.2 0.5 GHz
Input Power Range Fin=1to7 GHz -15 >-20 +10 dBm
Fin=7to 11 GHz -10 >-15 +2 dBm
Fin=11to 12 GHz -5 >-8 0 dBm
Output Power Fin =12 GHz -9 -6 dBm
Reverse Leakage Both RF Outputs Terminated 65 dB
SSB Phase Noise (100 kHz offset) Pin = 0 dBm, Fin = 6 GHz -153 dBc/Hz
Output Transition Time Pin = 0 dBm, Fout = 882 MHz 100 ps
Supply Current (lcc) 70 mA

1. Divider will operate down to DC for square-wave input signal.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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HMC363S8G

MICROWAVE CORPORATION

Input Sensitivity Window, T= 25 °C
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For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-8, DC - 12.0 GHz

Output Voltage Waveform,

Pin= 0 dBm, Fout= 882 MHz, T= 25 °C Absolute Maximum Ratings
300 e ———— RF Input (Vce = +5V) +13 dBm

% 100 VLogic Vce -1.6V to Vee -1.2V
1 O “gl 0 Storage Temperature -65 to +150 °C

[=

7 Operating Temperature -40 to +85 °C

<§( 100

200 Typical Supply Current vs. Vcc
-300 T L L LA vee (V) lec (mA)
227 229 231 233 235 23.7 23.9 241 243 245 247
TIME (nS) 4.75 64
5.0 70
5.25 75

Note: Divider will operate over full voltage range shown above

Outline Drawing

] & . ;g?s W
NA0L Jme o

| IHMC363| | 7
:i [4%8] ] /XXXX 34 [338] 095 [241] /

Jﬁ/ THE S wrer 0|0 00

o~

H | —EXPOSED GROUND PADDLE
/ MUST BE CONNECTED TO

RF/DC GROUND.

FREQ. DIVIDER & DETECTORS - SMT

010 [o.
4 —1 I—007 [o.m] |—.110 [2.79]—|
I \ ] NOTES:
Sgg [};g] 1. PACKAGE BODY MATERIAL: LOW STRESS INJECTION MOLDED

PLASTIC SILICA AND SILICON IMPREGNATED.
2. LEADFRAME MATERIAL: COPPER ALLOY
3. LEADFRAME PLATING: Sn/Pb SOLDER
4. DIMENSIONS ARE IN INCHES [MILLIMETERS].
DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.15mm PER SIDE.
7

usonmtgg%ujr

°§1] v

DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.25mm PER SIDE.
. ALL GROUND LEADS AND GROUND PADDLE MUST BE SOLDERED
TO PCB RF GROUND.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-8, DC - 12.0 GHz

Pin Description

Pin Number Function Description Interface Schematic
sv
ouT
1 CFI’ Divided output 180° out of phase with pin 3. 1
2,6 N/C No connection. These pins must not be grounded.
sV
ouT
3 ouT Divided Output.

5V
4 vce Supply voltage 5V = 0.25V. 25 é 50

50
5 IN RF Input must be DC blocked. Q

50

SV

- RF Input 180° out of phase with pin 5 for differential operation. -
A/C ground for single ended operation IN

FREQ. DIVIDERS & DETECTORS - SMT [

Ground Backside of package has exposed metal ground slug which

8 GND must be connected to ground.

o

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-8, DC - 12.0 GHz

Evaluation PCB
Je
I_ D —
s Ji
1.200

(0p]

1 I ——
0p) J3
5 eiite

29
= Inllitliiie
Q O 104627-2 O
i
) 1.250
o
E List of Materials
0 tem BeeEEan The circuit board used in the final application should use
gy RF circuit design techniques. Signal lines should have
> J1-03 PC Mount SMA RF Connector ) )
= 50 ohm impedance while the package ground leads
QO C1-c4 100 pF Capacitor, 0402 Pkg. and backside ground slug should be connected directly
d Cs 1000 pF Capacitor, 0603 Pkg. to the ground plane similar to that shown. A sufficient
LL| (o3 10 pF Tantalum Capacitor number of via holes should be used to connect the top
0 U1 HMC36358G Divide-by-8 and bottom ground planes. The evaluation circuit board
LL - 104627 Eval Board shown is available from Hittite upon request. This evalu-
bk ation board is designed for single ended input testing. J2
" Circuit Board Material: Rogers 4350 and J3 provide differential output signals.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-8, DC - 12.0 GHz

Application Circuit

VCC
+ Co
"10uF
N C5 1
HMC363S86 1000pEL
SMA SMA
. short trace C1
RFin I 5 IN VCC 7 RFout
100pF c3 short trace
— —N/C ouT il —
c2 8|7 3 100pF
1 IN N/C 5
7 2 SMA
100pF T C4 short trace Srouere
GND ouT {1 RFout
L 8 1 100pF

FREQ. DIVIDERS & DETECTORS - SMT [

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Typical Applications Features
Prescaler for DC to X Band PLL Applications: Ultra Low SSB Phase Noise: -145 dBc/Hz
e Satellite Communication Systems Wide Bandwidth
e Fiber Optic Output Power: 4 dBm
1 O ¢ Pt-Pt and Pt-MPt Radios Single DC Supply: +5V
* VSAT S8G SMT Package
Functional Diagram General Description
The HMC364S8G is a low noise Divide-by-2

IN 5 I 4 VCC Static Divider with InGaP GaAs HBT technology

% I % in an 8 lead surface mount plastic package. This

) device operates from DC (with a square wave

N/C Dz ID ouT input) to 12.5 GHz input frequency with a single
+5.0V DC supply. The low additive SSB phase

N (17 27 NC noise of -145 dBc/Hz at 100 kHz offset helps the

user maintain good system noise performance.

GND [ | 8 1] ]ouT

= PACKAGE BASE

Electrical Specifications, T, = +25° C, 50 Ohm System, Vcc= 5V

FREQ. DIVIDER & DETECTORS - SMT

Parameter

Maximum Input Frequency 125 13.5 GHz

Minimum Input Frequency Sine Wave Input. [1] 0.2 0.5 GHz

Input Power Range Fin=1to 10 GHz -15 >-20 +10 dBm

Fin=10to 12 GHz -10 >-15 +5 dBm

Fin=12to 12.5 GHz -4 >-8 +2 dBm

Output Power Fin =6 GHz 2 5 dBm

Fin =9 GHz -2 dBm

Fin=11 GHz -5 dBm

Fin=12.5 GHz -8 dBm

Reverse Leakage Both RF Outputs Terminated 40 dB
SSB Phase Noise (100 kHz offset) Pin = 0 dBm, Fin =6 GHz -145 dBc/Hz

Output Transition Time Pin = 0 dBm, Fout = 882 MHz 100 ps

Supply Current (Icc) 105 mA

1. Divider will operate down to DC for square-wave input signal.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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HMC364S8G

MICROWAVE CORPORATION

Input Sensitivity Window, T= 25 °C

20 e
10 femdmont.
£ |
@ ]
T Of-- Recommended
w I . .
E _— Operating Window
o |
& 10 \
] I
o L — -
z R
-20 |- - N———
-30

0 1 2 3 45 6 7 8 9 1011 12 13 14 15
INPUT FREQUENCY (GHz)

Output Power vs. Temperature

OUTPUT POWER (dBm)

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

Output Harmonic
Content, Pin= 0 dBm, T= 25 °C

TR . . . . | = Pfeedthru

--------- 3rd Harmonic

OUTPUT LEVEL (dBm)

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Input Sensitivity Window vs. Temperature

20
10 |-
(= R T S T S S R SR
m
Kc) ' ' '
E:’ of------+|] =——— MinPin +25C -
w . . — —— MaxPin+25C . .
= S — — MinPin +85C ' '
e} . | = ——— Max Pin +85 C . .
[T N RS B Min Pin -40C ' .
= \\ 1| = = MaxPin -40C ' .
2 h h | |
o Y- T e e
z R
20 [ N—_ - s
-30
01 2 3 45 6 7 8 9 1011 12 13 14 15
INPUT FREQUENCY (GHz)
SSB Phase Noise
Performance, Pin= 0 dBm, T= 25 °C
0
R T
o) ! ! ! !
S A0 e Tt
g : : : :
o 80 P R P
& ‘ ‘ ‘ ‘
Q B[
& -1
D100 |- -m oo
I
o
.
9]
U)_

10° 10° 10* 10° 10° 107
OFFSET FREQUENCY (Hz)

Reverse Leakage, Pin= 0 dBm, T= 25 °C

' ' ' ! Both Output Ports Terminated
10 f--i--d--o---] ememeemee One Output Port Terminated

POWER LEVEL (dBm)

-50
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

INPUT FREQUENCY (GHz)

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
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Edlittite ... HMC364S8G

MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Output Voltage Waveform,

Pin= 0 dBm, Fout= 882 MHz, T= 25 °C Absolute Maximum Ratings
700 [ RF Input (Vece = +5V) -13 dBm
500 | -- Vce +5.5V
400 |-+
s 300 |- VLogic Vcee -1.6V to Vee -1.2V
£ 200 |- -
§ 108 Storage Temperature -65to -150 °C
E -100(-- ;
g , Operating Temperature -40 to +85 °C
g -200|- -
<€ -300 |- -
-400 \-+ -
500 Typical Supply Current vs. Vcc
O e e e e e e R T i S
-700 Vee (V) Icc (mA)
22.7 229 231 23.3 235 237 23.9 24.1 243 245 247
TIME (nS) 4.75 93
5.0 105
5.25 115

Note: Divider will operate over full voltage range shown above

§

016 [Bﬁ]

Outline Drawing
H H H H EXPOSED GROUND PADDLE
/ MUST BE CONNECTED TO

[i«'ﬂif:l] & : j
7 o

| IHMC364 |
2 xxxx N 7
A g HE S A HH

i
H

4 88 [gﬁ'ru’] |—.110 [2.79]—]
[ | Il: NOTES:
98 };Zi] 1. PACKAGE BODY MATERIAL: LOW STRESS INJECTION MOLDED
PLASTIC SILICA AND SILICON IMPREGNATED.
.050 [1.27] TYPPJ———] —I I—m 013 ] LEADFRAME MATERIAL: COPPER ALLOY
020 [o51 ] v 000 [°-°° LEADFRAME PLATING: Sn/Pb SOLDER

2.
3.
4. DIMENSIONS ARE IN INCHES [MILLIMETERS].
DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.15mm PER SIDE.
A DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.25mm PER SIDE.
7. ALL GROUND LEADS AND GROUND PADDLE MUST BE SOLDERED
TO PCB RF GROUND.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION

Pin Description

SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Pin Number Function Description Interface Schematic
5V
ouTt
1 wl' Divided output 180° out of phase with pin 3. 1 O
2,6 N/C No connection. These pins must not be grounded. c%
5V 1
out m
3 ouT Divided Output. <i O
B L
4 VCC Supply voltage 5V + 0.25V. 25 I 50 A
5 IN RF Input must be DC blocked. N u—
o c
& o
7 m RF Input 180° out of phase with pin 5 for differential operation. -
A/C ground for single ended operation IN LL
8 GND Ground Backside of package has exposed metal ground slug which j

must be connected to ground.

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

Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Evaluation PCB
Je

= J B
= 1500
(0p] -

. I —
0 J3
I 4 g —

v v
29
O ilijtstiiiee
O 104627-2 ()
LL
|_
g 1250
o
E List of Materials
0 ltem T The circuit board used in the final application should use
gy RF circuit design techniques. Signal lines should have
> J1-03 PC Mount SMA RF Connector ) )
= 50 ohm impedance while the package ground leads
QO C1-c4 100 pF Capacitor, 0402 Pkg. and backside ground slug should be connected directly
d C5 1000 pF Capacitor, 0603 Pkg. to the ground plane similar to that shown. A sufficient
LL| (/3 10 pF Tantalum Capacitor number of via holes should be used to connect the top
o U1 HMC364S8G Divide-by-2 and bottom ground planes. The evaluation circuit board
LL -~ 104627 vl Bomrd shown is available from Hittite upon request. This evalu-
i ation board is designed for single ended input testing. J2
* Circuit Board Material: Rogers 4350 and J3 provide differential output signals.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-2, DC - 12.5 GHz

Application Circuit

VCC
\
+ C6
'"OuF
. C5 1
HMC364S8G 1000pEL
SMA SMA
C1
RFH1§£? short trace " =N vee |- --fi? RFout
T 100pF —N/C ouT (1:1:5 short trace ..
B cz2 6|7 3 100pF B
I} IN N/C =
100pF / L 2 C4 short trace SMA SNowws
GND ouT I RFouf
8 1 100pF

FREQ. DIVIDERS & DETECTORS - SMT [

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com



EdHittite ... HMC365S8G

MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-4, DC - 13.0 GHz

Typical Applications Features
Prescaler for DC to Ku Band PLL Applications: Ultra Low SSB Phase Noise: -151 dBc/Hz
e Satellite Communication Systems Wide Bandwidth
* Fiber Optic Output Power: 5 dBm
1 O ¢ Pt-Pt and Pt-MPt Radios Single DC Supply: +5V
o VSAT S8G SMT Package
Functional Diagram General Description

The HMC365S8G is a low noise Divide-by-4
4] ]vce Static Divider with InGaP GaAs HBT technology
in an 8 lead surface mount plastic package. This
device operates from DC (with a square wave
input) to 13.0 GHz input frequency with a single
+5.0V DC supply. The low additive SSB phase
noise of -151 dBc/Hz at 100 kHz offset helps the
user maintain good system noise performance.

IN [[5 %

I

N/C[]6

N (17

GND 8

1H

PACKAGE BASE

Electrical Specifications, T, = +25° C, 50 Ohm System, Vcc = 5V

FREQ. DIVIDER & DETECTORS - SMT

Parameter Conditions Min. Typ. Max. Units
Maximum Input Frequency 13 14 GHz
Minimum Input Frequency Sine Wave Input. [1} 0.2 0.5 GHz
Input Power Range Fin=1108 GHz -15 >-20 +10 dBm
Fin=8to0 11 GHz -10 >-15 +3 dBm
Fin=111to 13 GHz -5 >-8 +3 dBm
Output Power Fin =13 GHz 2 5 dBm
Reverse Leakage Both RF Outputs Terminated 45 dB
SSB Phase Noise (100 kHz offset) Pin = 0 dBm, Fin =6 GHz -151 dBc/Hz
Output Transition Time Pin = 0 dBm, Fout = 882 MHz 100 ps
Supply Current (lcc) 110 mA

1. Divider will operate down to DC for square-wave input signal.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com




LaMittite ...

HMC365S8G

MICROWAVE CORPORATION

Input Sensitivity Window, T= 25 °C

20
10 . --
F=S I R R S e
o
s
e O Recommended
g Operating Window
= -0 e S
2
[ T O P O SR S S
z
_20 _
-30

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

Output Power vs. Temperature

-
o

LoanvwbhooN®oO

OUTPUT POWER (dBm)

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

Output Harmonic
Content, Pin= 0 dBm, T= 25 °C

0 Pfeedthru
i i | | i ' ' ' 2nd Harmonic
3rd Harmonic
-10
€
o
o
1 -20
w
>
w
-
=
5 30
o
[
3
-40
50 ! I

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

SMT GaAs HBT MMIC

DIVIDE-BY-4, DC - 13.0 GHz

Input Sensitivity Window vs. Temperature

20 —
10 ——
c Lo
c O Min Pin +25 C s
w . . - Max Pin +25 C . .
= S — — MinPin+85C S
o |, | === Max Pin +85 C .
[LEToN | A B Min Pin -40 C o
= - Max Pin -40 C . .
z [ S U N
z Ay
-20 s
-30
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)
SSB Phase Noise
Performance, Pin= 0 dBm, T= 25 °C
0
20 e
o) ! ! : !
o Cotn e S
g ! ! ! !
o 60]--ceeees P e R P
© B0
©-100
BA00 [
z
o120
0
@ 140
160
10° 10° 10° 10° 10° 107
OFFSET FREQUENCY (Hz)

Reverse Leakage, Pin= 0 dBm, T= 25 °C

POWER LEVEL (dBm)

Both Output Ports Terminated
--------- One Output Port Terminated

-60

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
INPUT FREQUENCY (GHz)

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-4, DC - 13.0 GHz

Output Voltage Waveform,

Pin= 0 dBm, Fout= 882 MHz, T= 25 °C Absolute Maximum Ratings
700 e ——— RF Input (Vcc = +5V) +13 dBm
600 |- - . : e ‘ .
500 -+ Vee +5.5V
400
< 300 VLogic Vee -1.6V to Vee -1.2V
€ 200
1 O § 103 Storage Temperature -65 to +150 °C
E-100 .
T 200 Operating Temperature -40 to to +85 °C
-
<C-300 |} --
-400 \-+ H
pd |y Typical Supply Current vs. Vcc
-600 R R R R e e T b R i R
700 D ) vee (V) Icc (mA)
227 229 231 23.3 235 23.7 23.9 241 243 245 247
TIME (nS) 4.75 94
5.0 110
5.25 118

Note: Divider will operate over full voltage range shown above

Outline Drawing

:i_il [i A : ;};‘2 [4%] ninEE el

B | —EXPOSED GROUND PADDLE

HMC365 7 e B

RF/DC GROUND.
138 I_i‘] :ﬁﬁ I_S%S] .095 [2.41]

Al ], XXXX %
il w0100 |

FREQ. DIVIDER & DETECTORS - SMT

4 089 [3 13] |— 110 [2.78)—|
[ \ . NOTES:
58 ﬂ?] 1. PACKAGE BODY MATERIAL: LOW STRESS INJECTION MOLDED
1 PLASTIC SILICA AND SILICON IMPREGNATED.
.050 [1.27] TP }——] ‘I Lm .13 ] LEADFRAME MATERIAL: COPPER ALLOY
920 [33;] ™w 000 [°-°°] LEADFRAME PLATING: Sn/Pb SOLDER

2.
3.
4. DIMENSIONS ARE IN INCHES [MILLIMETERS].
DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.15mm PER SIDE.
DIMENSION DOES NOT INCLUDE MOLDFLASH OF 0.25mm PER SIDE.
7. ALL GROUND LEADS AND GROUND PADDLE MUST BE SOLDERED
TO PCB RF GROUND.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-4, DC - 13.0 GHz

Pin Description

Pin Number Function Description Interface Schematic
1%
out
1 ouT Divided output 180° out of phase with pin 3. 1
2,6 N/C No connection. These pins must not be grounded.
5V
ouT
3 ouT Divided Output.
5V
4 VCC Supply voltage 5V + 0.25V. 25 I 50

50
5 IN RF Input must be DC blocked. Q

50

sV

- RF Input 180° out of phase with pin 5 for differential operation.
A/C ground for single ended operation IN

FREQ. DIVIDERS & DETECTORS - SMT [

Ground Backside of package has exposed metal ground slug which

8 GND must be connected to ground.

o

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-4, DC - 13.0 GHz

Evaluation PCB

S J T
N 1,500

1 I e——
2 s
@) 2T e
= Inllijtstiiie
O 104627-2 ()
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0 1.250
o
o . .
LL List of Materials
0 tem e The circuit board used in the final application should use
gy RF circuit design techniques. Signal lines should have
> J1-03 PC Mount SMA RF Connector ) )
= 50 ohm impedance while the package ground leads
QO C1-c4 100 pF Capacitor, 0402 Pkg. and backside ground slug should be connected directly
d Cs 1000 pF Capacitor, 0603 Pkg. to the ground plane similar to that shown. A sufficient
LL| (o3 10 F Tantalum Capacitor number of via holes should be used to connect the top
0 U1 HMC365S8G Divide-by-4 and bottom ground planes. The evaluation circuit board
LL - 04627 Eval Board shown is available from Hittite upon request. This evalu-

i ation board is designed for single ended input testing. J2
" Circuit Board Material: Rogers 4350 and J3 provide differential output signals.

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
12 Elizabeth Drive, Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order Online at www.hittite.com
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MICROWAVE CORPORATION
SMT GaAs HBT MMIC
DIVIDE-BY-4, DC - 13.0 GHz

Application Circuit

vCC
N
+ C6
"OuF
.. C5 1
HMC365S8G 1000pEL
SMA SMA
C1
RFin short trace ! IN VCC RFout
100pF > 4 C3 short trace
L —IN/C ouT I =
cz2 & _{ 3 100pF
———IN N/C =
100pF / L 2 C4 short trace S A—
GND ouT ! RFout
8 1 100pF

FREQ. DIVIDERS & DETECTORS - SMT [

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
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6.3 Koxilwua onuiovpyias orapopds pacns

To Pacucd kdxkmpo dnuovpyiog Sopopas PAoNS UETOTPETEL TO GNUA EI0O00L GE VO
TOPAYOYO CHUOTO UE KOTAAANAT S1apopd @AcNG amd TNV omoio. Umopovue va eEQyove TO
GLYVOTIKO TTEPIEYOUEVO TOV AYVAOGTOL GNUATOG . To dopkd oTolYElo TOV KUKAMUOTOG givat
£vag SLap£TNg 16yvog Kot e, pukpotovie (Microstrip) mov pe 1o avaloyo uikog elodyst

KoL TV ovOiAoyn d1apopd GAcmng 6TO TAPAYOUEVO GT L

DELAY
LIME

<4(T_

POWVYER
SPLITTER

6.3.1 POWER SPLITTER

O Power Splitter givat éva amhd mabntikd kKOKAoUa PG 1810iTEPES OMUTNOEIS OG TPOG

v Agrtovpyio Tov. To KOPLa YOPOKTNPIGTIKA TOL Eival

= Avo dpopwv pe otpoen eaong amd 0.1° wg 1°

= Xvyvotra Aettovpyiog 20 — 2000 MHz

= Insertion Loss an6 3.5 dB ( 20 MHz ) wg 4 dB (2000 MHz) kot oto. dvo
onpoto 5600V

=

H ovvdeon tov pe oty aAvcida Tov receiver yivetar pe mapoiiniopévovg DC-
Blocking mukvmtég ov omoiot amoxdémrovv to. oyvpd DC ofpoata mov pmopovv  va

EMNPEACOVY TNV AgLTOVPYiQ TOV.

M. N. Zo@pébg 143
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6.3.2 HIPAMMH KAOYXTEPHXHX

H ypapu kebvotépnong sivar por microstrip ypapuun petagopdg 50 Q. O vroAoyiopog
YL TO LNKOG TNG £YLvE e PAGT TO YEYOVOS OTL 1| dlapopd PAcNG TPETEL VAL £YEL LEYIGTN TN

90°.
Apa

Omov

t=1) f..,

Apa o fmax=2000 MHz npoxdmret t = 10°%/8 sec.

MmKkog ypapuung Hetapopag

ph

Vph : QAGIKN TayOTNTO LEGO 6T MICIOStrip ypopuun

A
Vph B /eeff

Uph= 1.85 * 10 8 m/sec.

Telkd vrroAoyileton To pfKog g pkpotowviog L=23.125 mm.
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6.4 Koxlouo uétpnons paocns

To xdxlopo wov emléydnke yio v viomoinorn g PETPNONG PAoNg , TNPOVTAG TIS
VILAPYOVCES TPOOLOYPOUPES Y10 akPifeELD HETPNIONG KOl ave&apTnoio amd Tn GLYVOTNTO KUl TV
w0 tov onuatog , givan o AD8302 Phase Detector g Analog Devices .Ta Pooikd

YOPOKTNPLOTIKE TOV Eivan

= Ioydg onpatev g166d0v and — 60 dBm wg 0 dBm
= Mcétpnon képdovg kai paong péxpt ta. 2.7 GHz.
= Téon tpopodociag 2.7V wg 5.5V

= Axpipew pétpnon edaong 10 mV/Degree

It TNV GUYKEKPLUEVT EQOPUOYT oG EVOLOpEPEL 1| Aettovpyio. Tov w¢ phase detector .

Onwg avapépbnke kol 6NV gloaymyn Tpels givor ol amotnoelg yuo éva cvotnua [IFM | n
avegoptnoia amd TNV 16Y1 TOL GNNRATOS , 1 aveCapTnoio and TNV GUYVOTITA TOV GIHATOS
Ko 1 pHeYOAn akpifela ot pétpnoen .Zovenag Oa mpémel va gpevuvndei av o phase detector

KOADTTTEL TIC TOPOTAVED OTUITNOEL .

6.41 ANEEAPTHZXIA AIIO I2XXY XHMATOX

210 TOPOKATO GYNLUO TOPOLGLALETAL 1] XOPAKTNPIOTIKY TG Thong e£600V cuVAPTACEL
g SLPOPAS PACTG TOV CNUATOV €GOS0V Y10 SLUPOPETIKEG 10YDG TV CNUATOV €GOS0V .

Eivar epoovng n aveEaptnoia tov onpotog €£6d0v and v 16x0 oNUAT®OV 16050V

0 R Pips = —30dB
16 /" Ry, | /Pinpa =-30dBm

1:44 / ’ \(
o / \ Jiea = -15a8m

: F
1.08 / /K
P|NF‘A = -45dBEn

0.90 :

0.72 \

0.54 4

0.36 / \

7 \
018 |2 At

0.00 / \

-180 -150 —120 -90 -60 -30 O 30 &0 90 120 150 180
PHASE DIFFERENCE — Degrees

PHASE OUT -V

€Kova 6.4.1 Tdon €£060v GUVAPTIGEL TG OLAPOPAS PAGNG NE TAPANETPO TV 1GYD E16600V.
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6.4.2 ANEEAPTHZXIA AIIO XYXNOTHTA XHMATOX

210 TOpaKAT® Shypoppo eREAVICETAL 1 YOPOKTNPIGTIKY NG Tdong ££600V GLVAPTNGEL
™G Sapopdg PAcNG TV OTUAT®V E16000V Yl dtapopetikég auyvotnteg(100 MHz, 900 MHz,
1900 MHz, 2200 MHz, 2700 MHz). Zuven®g mopotnp®VIOS TO S1dypopio. @oivetol 0Tt

onpa €£660v glvar aveEApTNTo OO TV GLYVOTNTA TOV GNUATOV E1GOG0V

1.8

1.6

14

711
1900MHz
||
2200MHz
2700MHz

1.2

1.0

0.8

PHASE OUT -V

0.6

0.4

0.2

0.0
-180 -140 -100 -60 -20 20 60 100 140 180
PHASE DIFFERENCE - Degrees

Ewova 6.4.2
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6.4.3 AKPIBEIA METPHXHX

To tpito kprnplo eivarl n akpifela otn pérpnomn g daPopis Ao omd TNV omoia 61N

GUVEKELD EEAYETAL TO GLYVOTIKO TEPIEXOLEVO TOV ayvdGTOL onuatos .H yapaktnpiotikny g

tdong €E000V GLVAPTAGEL TNG EIGEPYXOLEVNS SOPOPAS PACTG KOl TNG OTOKAIONG G LOIPES

eppavitovtor ota akOAoLO SLUYPEULOTO VIO OPICUEVES GUYVOTTES

1.80

1.62

1.44

1.26

1.08

0.90

0.72

PHASE OUT -V

0.54

0.36

018

0.00
—180 150 —120 90 60 -30 © 30 &0 90 120 150

1.44

1.26

1.08

0.90

PHASE QUT-V

0.72

0.54

0.36

0.18

0.00
-180 150 120 90 -60 -30 0 30 &0 90

TN

i
JAERN

L AN

—

N/ N
LN
TN
Va N
/| N

L/

N

PHASE DIFFEREMNCE — Degrees

10

ERROR - Degrees

10

180

VPHS Output and Nonlinearity vs. Input Phase
Difference, Input Levels =30 dBm, Frequency 100 MHz

Ewova 6.4.3.1

/TN

10

|
R

Iz
|

/

Y

\

|
+a

-5

ff

A

-8

L/

N\

ERAQR - Degrees

-10

VPHS Output and Nonlinearity vs. Input Phase

PHASE DIFFEREMCE — Degrees

120 150

180

Difference, Input Levels -30 dBm, Frequency 900 MHz

M. N. Zoppdc
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1.80 10

162 ,/" ™, 8

1.44 \ / \\ I 6

126 ‘\ = \ I 4
%ﬂ.ﬂﬂ ] o — . .. 0 &T
8 on / g N L8
* e / \ |/ N |LE

0.36 / \ I \ &

v N
0.00 -10

-180 -150 -120 -90 -60 -30 O 30 &0 90 120 150 180
PHASE DIFFERENCE - Degraes

. VPHS Output and Nonlinearity vs. Input Phase
Difference, Input Levels -30 dBm, Frequency 1900 MHz

Ewéva 6.4.3.3

2TC TOPATAVE YOUPOKTNPIOTIKEG (QaiveTol OTL VAPl pio péytot andkiion 10° y
dwpopa @acng 180° kot 0° evd Yo Tic vwoOAowteg TWEG vIApyel peydAn okpipewo. To
Bacwkdtepo mpdPANUA TO 0moio TopovclaleTal ival 1 ompocdiopioTion avaueca o OETIKEC
Kot apvntikég TIHEG edone. Ovotaotikd dev givar duvatdv va avayvoplotel ov 1 tiun 900
mV oavtiotoryel o€ dapopd pdong +90° 1 -90°.

YUVETMG TO YEYOVOG avTO 0dnyel omv a&lomoinon TNng WONG TEPOYNG TIMMDV TNG
yopoaktnplotikng o va peiwbel n amdkiion g avayvoplong ¢dong 0o meplopiotel
TEPLOYN TILDOV 0TO Y4 NG Yopaxtnplotikng. Tehkd 1 meployn TU@V 1) ool emAéyOnke sivat
amd 0° wg 90°.

O TeplopIoHOG NG YOPOKTNPIOTIKNG AEITOVPYIOG €YEL MG TAEOVEKTNUA THV aENCT NG
axpifelag oty avayvoplon e Sleeopic GAcNG LE UEIOVEKTNUO TG avENeng Tov EDPOLE
avVOyvVOPIoNG TOV CLYVOTNT®V. Aniadh pe TOo Y NG YOPOKINPIOTIKNG TO GUGTNUO
avayvopilel petaforég om ocvyvotnta kébe 22,1 MHz evd pe % g yopoKTNpIoTIKAG TO
ocvotnpa avayvopilel petaforéc ot cuyvotnta kébe 10.5 MHz

270 TOPOKATO OYNUO  OlveTol TO GYNUATIKO S1dypappo He To eEOTEPIKE GTOLKElD TOV

KUKADUOTOC.
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VP
c7
¥ §ra AD8302

—1]comMm  MFLT [
c Dpes GAIN
INPA @—g—“ [2|inPA  VMAG
R1
—| [a|OFSA  MSET o 5 SW1 S GSET
c4
GND ; [4|vPOs  VREF|11] » 2) VREF g
O_%_. C6 SW2 B3 R9
]| [5|oFSB  PSET W
R2
INPB @—g—H [e[INPB  VPHS|o] @ PSET
c5
li—l 7 | COMM PFLT |8 PHASE
C3== :l_—LC-B Re g
Vv v

Ewova 6.4.3.4

Component Side Metal of Evaluation Board

Ewova 6.4.3.5
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8302 EVAL BD
§SET

ri
&N
00

[NPA
A 0 YREF

R

R

S
EI:F £

=

[
[
it =]

[ T - 1]
AL

PSET

Component Side Silkscreen of Evaluation Board

Ewova 6.4.3.6 layout kvkiopatog AD8302

Toa  otoyeia mov epgovifovior oto mopomdve component layout mapovoidlovron

GUVOTTIKA GTOV TAPOKAT® TIVOKOL

Yrouyeio Twn HocoétTa
R1,R2 52Q 2
R5, R6 100 Q 2
C1,C4,C5,C6 1nF 4
C3 100 pF 1
Cc7 0.1 puF 1
Cc2,C8 open 2
RSW1,2,3,4 0Q 4
R4,R3,R7,R8 0Q 4

IMivokag 6.4.3.7 ITivakag TIHAV TOV EEOTEPIKOV oToryEinv Tov AD8302
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o —1i
L=]

4.50 6.40
140 BSC
130
l L3 7
e 0B 0HH
-
0.65
1.05 BSC
R m== R T v ‘
- H MAX YL 075
‘ 045 M e g - 060
COPLANARITY -gge 930 ramne o020 0 0.45
0.19 PLANE 0.09

Ewéva 6.4.3. 8owactdosig AD8302 o mm
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ANALOG
DEVICES

LF-2.7 GHz
RF/IF Gain and Phase Detector

AD8302

FEATURES

Measures Gain/Loss and Phase up to 2.7 GHz

Dual Demodulating Log Amps and Phase Detector

Input Range -60 dBm to 0 dBm in a 50 Q System

Accurate Gain Measurement Scaling (30 mV/dB)
Typical Nonlinearity < 0.5 dB

Accurate Phase Measurement Scaling (10 mV/Degree)
Typical Nonlinearity < 1 Degree

Measurement/Controller/Level Comparator Modes

Operates from Supply Voltages of 2.7 V-5.5 V

Stable 1.8 V Reference Voltage Output

Small Signal Envelope Bandwidth from DC to 30 MHz

APPLICATIONS

RF/IF PA Linearization

Precise RF Power Control

Remote System Monitoring and Diagnostics
Return Loss/VSWR Measurements

Log Ratio Function for AC Signals

PRODUCT DESCRIPTION

The AD8302 is a fully integrated system for measuring gain/loss
and phase in numerous receive, transmit, and instrumentation
applications. It requires few external components and a single
supply of 2.7 V-5.5 V. The ac-coupled input signals can range
from —60 dBm to 0 dBm in a 50 Q system, from low frequencies
up to 2.7 GHz. The outputs provide an accurate measurement
of either gain or loss over a 30 dB range scaled to 30 mV/dB,
and of phase over a 0°-180° range scaled to 10 mV/degree.
Both subsystems have an output bandwidth of 30 MHz, which
may optionally be reduced by the addition of external filter
capacitors. The AD8302 can be used in controller mode to
force the gain and phase of a signal chain toward predetermined
setpoints.

The AD8302 comprises a closely matched pair of demodulating
logarithmic amplifiers, each having a 60 dB measurement range.
By taking the difference of their outputs, a measurement of
the magnitude ratio or gain between the two input signals is
available. These signals may even be at different frequencies,
allowing the measurement of conversion gain or loss. The AD8302
may be used to determine absolute signal level by applying the
unknown signal to one input and a calibrated ac reference signal
to the other. With the output stage feedback connection dis-
abled, a comparator may be realized, using the setpoint pins
MSET and PSET to program the thresholds.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor forany infringements of patents or other rights of third parties that
may result from its use. No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

AD8302
VIDEO OUTPUT-A  +
INPA (2 60dB LOG AMPS | _
OFSA (3 (7 DETECTORS)
) { PHASE (X>
comm (3 DETECTOR
OFSB (& 60dB LOG AMPS | |
INPB (6 (7 DETECTORS)
L5
VIDEO OUTPUT - B

vpos (4 BIAS

The signal inputs are single-ended, allowing them to be matched
and connected directly to a directional coupler. Their input
impedance is nominally 3 kQ at low frequencies.

The AD8302 includes a phase detector of the multiplier type,
but with precise phase balance driven by the fully limited signals
appearing at the outputs of the two logarithmic amplifiers.
Thus, the phase accuracy measurement is independent of signal
level over a wide range.

The phase and gain output voltages are simultaneously available
at loadable ground referenced outputs over the standard output
range of 0 V to 1.8 V. The output drivers can source or sink up
to 8 mA. A loadable, stable reference voltage of 1.8 V is avail-
able for precise repositioning of the output range by the user.

In controller applications, the connection between the gain
output pin VMAG and the setpoint control pin MSET is broken.
The desired setpoint is presented to MSET and the VMAG
control signal drives an appropriate external variable gain device.
Likewise, the feedback path between the phase output pin VPHS
and its setpoint control pin PSET may be broken to allow
operation as a phase controller.

The AD8302 is fabricated on Analog Devices’ proprietary, high
performance 25 GHz SOI complementary bipolar IC process. It is
available in a 14-lead TSSOP package and operates over a —40°C
to +85°C temperature range. An evaluation board is available.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2002
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AD 8302_SPEC I F I CATI 0 NS (Ty = 25°C, Vg = 5V, VMAG shorted to MSET, VPHS shorted to PSET, 52.3 Q) shunt

resistors connected to INPA and INPB, for Phase measurement Pyypy = P ypg, Unless otherwise noted.)

Parameter Conditions Min Typ Max Unit
OVERALL FUNCTION
Input Frequency Range >0 2700 MHz
Gain Measurement Range Py at INPA, Ppy at INPB = -30 dBm +30 dB
Phase Measurement Range O at INPA > ¢py at INPB +90 Degree
Reference Voltage Output Pin VREF, —40°C < T, £ +85°C 1.72 1.8 1.88 \Y%
INPUT INTERFACE Pins INPA and INPB
Input Simplified Equivalent Circuit | To AC Ground, f <500 MHz 3|12 kQ|pF
Input Voltage Range AC-Coupled (0 dBV =1 V rms) -73 -13 dBV
re: 50 Q -60 0 dBm
Center of Input Dynamic Range -43 dBV
-30 dBm
MAGNITUDE OUTPUT Pin VMAG
Output Voltage Minimum 20 x Log (Vinpa/Vines) = —30 dB 30 mV
Output Voltage Maximum 20 x Log (Vinpa/Vines) = +30 dB 1.8 \Y%
Center Point of Qutput (MCP) Vinea = Vines 900 mV
Output Current Source/Sink 8 mA
Small Signal Envelope Bandwidth Pin MFLT Open 30 MHz
Slew Rate 40 dB Change, Load 20 pF||10 kQ 25 V/us
Response Time
Rise Time Any 20 dB Change, 10%-90% 50 ns
Fall Time Any 20 dB Change, 90%-10% 60 ns
Settling Time Full-Scale 60 dB Change, to 1% Settling 300 ns
PHASE OUTPUT Pin VPHS
Output Voltage Minimum Phase Difference 180 Degrees 30 mV
Output Voltage Maximum Phase Difference 0 Degrees 1.8 \%
Phase Center Point When ¢pnpa = dmpp £90° 900 mV
Output Current Drive Source/Sink 8 mA
Slew Rate 25 V/us
Small Signal Envelope Bandwidth 30 MHz
Response Time Any 15 Degree Change, 10%-90% 40 ns
120 Degree Change Cgr = 1 pF, to 1% Settling 500 ns
100 MHz MAGNITUDE OUTPUT
Dynamic Range +1 dB Linearity Prgr = —30 dBm (Vggr = 43 dBV) 58 dB
+0.5 dB Linearity Pgrgr = —30 dBm (Vggr = —43 dBV) 55 dB
+0.2 dB Linearity Pgrgr = -30 dBm (Vggr = —43 dBV) 42 dB
Slope From Linear Regression 29 mV/dB
Deviation vs. Temperature Deviation from Output at 25°C
-40°C < TA < +85°C, PINPA = PINPB =-30 dBm 0.25 dB
Deviation from Best Fit Curve at 25°C
—40°C < Ty < +85°C, Pypa = 125 dB, Pypg = —30 dBm 0.25 dB
Gain Measurement Balance Pivpa = Piypg = —5 dBm to -50 dBm 0.2 dB
PHASE OUTPUT
Dynamic Range Less than 1 Degree Deviation from Best Fit Line 145 Degree
Less than 10% Deviation in Instantaneous Slope 143 Degree
Slope (Absolute Value) From Linear Regression about —90° or +90° 10 mV/Degree
Deviation vs. Temperature Deviation from Output at 25°C
—40°C < Ty £ +85°C, Delta Phase = 90 Degrees 0.7 Degree
Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Delta Phase = £30 Degrees 0.7 Degree
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Parameter Conditions Min Typ Max Unit
900 MHz MAGNITUDE OUTPUT
Dynamic Range +1 dB Linearity Prgr = =30 dBm (Vggr = 43 dBV) 58 dB
1+0.5 dB Linearity Prgr = —30 dBm (Vggr = -43 dBV) 54 dB
+0.2 dB Linearity Prgr = -30 dBm (Vggr = -43 dBV) 42 dB
Slope From Linear Regression 28.7 mV/dB
Deviation vs. Temperature Deviation from Output at 25°C
-40°C < TA < +85°C, PINPA = PINPB =-30 dBm 0.25 dB
Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Ppypa = 25 dB, Prypp = —30 dBm 0.25 dB
Gain Measurement Balance Pvpa = Piypg = —5 dBm to -50 dBm 0.2 dB
PHASE OUTPUT
Dynamic Range Less than = 1 Degree Deviation from Best Fit Line 143 Degree
Less than 10% Deviation in Instantaneous Slope 143 Degree
Slope (Absolute Value) From Linear Regression about —90° or +90° 10.1 mV/Degree
Deviation Linear Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Delta Phase = 90 Degrees 0.75 Degree
—40°C < Ty £ +85°C, Delta Phase = £30 Degrees 0.75 Degree
Phase Measurement Balance Phase @ INPA = Phase @ INPB, Py = -5 dBm to -50 dBm 0.8 Degree
1900 MHz MAGNITUDE OUTPUT
Dynamic Range +1 dB Linearity Prgr = =30 dBm (Vggr = 43 dBV) 57 dB
1+0.5 dB Linearity Prgr = —30 dBm (Vggr = -43 dBV) 54 dB
+0.2 dB Linearity Prgr = -30 dBm (Vggr = -43 dBV) 42 dB
Slope From Linear Regression 27.5 mV/dB
Deviation vs. Temperature Deviation from Output at 25°C
-40°C < TA < +85°C, PINPA = PINPB =-30 dBm 0.27 dB
Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Ppypa = 25 dB, Ppypg = -30 dBm 0.33 dB
Gain Measurement Balance Pivpa = Piypg = —5 dBm to -50 dBm 0.2 dB
PHASE OUTPUT
Dynamic Range Less than 1 Degree Deviation from Best Fit Line 128 Degree
Less than 10% Deviation in Instantaneous Slope 120 Degree
Slope (Absolute Value) From Linear Regression about —90° or +90° 10.2 mV/Degree
Deviation Linear Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Delta Phase = 90 Degrees 0.8 Degree
—40°C < Ty £ +85°C, Delta Phase = £30 Degrees 0.8 Degree
Phase Measurement Balance Phase @ INPA = Phase @ INPB, Py = -5 dBm to -50 dBm 1 Degree
2200 MHz MAGNITUDE OUTPUT
Dynamic Range +1 dB Linearity Prgr = —30 dBm (Vggr = 43 dBV) 53 dB
1+0.5 dB Linearity Prgr = —30 dBm (Vggr = —43 dBV) 51 dB
+0.2 dB Linearity Prgr = -30 dBm (Vggr = -43 dBV) 38 dB
Slope From Linear Regression 27.5 mV/dB
Deviation vs. Temperature Deviation from Output at 25°C
-40°C < TA < +85°C, PINPA = PINPB =-30 dBm 0.28 dB
Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Ppypa = 25 dB, Prypp = —30 dBm 0.4 dB
Gain Measurement Balance Pvpa = Piwpg = —5 dBm to -50 dBm 0.2 dB
PHASE OUTPUT
Dynamic Range Less than 1 Degree Deviation from Best Fit Line 115 Degree
Less than 10% Deviation in Instantaneous Slope 110 Degree
Slope (Absolute Value) From Linear Regression about —90° or +90° 10 mV/Degree
Deviation Linear Deviation from Best Fit Curve at 25°C
—40°C < Ty £ +85°C, Delta Phase = 90 Degrees 0.85 Degree
—40°C < Ty £ +85°C, Delta Phase = £30 Degrees 0.9 Degree
REFERENCE VOLTAGE Pin VREF
Output Voltage Load =2 kQ 1.7 1.8 1.9 \%
PSRR Vs=27Vtw055V 0.25 mV/V
Output Current Source/Sink (Less than 1% Change) 5 mA
POWER SUPPLY Pin VPOS
Supply 2.7 5.0 5.5 \%
Operating Current (Quiescent) Vg=5V 19 25 mA
-40°C < Ty < +85°C 21 27 mA

Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS! PIN CONFIGURATION
Supply Voltage Vs . ... 55V
PSET, MSET Voltage ..............covu.n. Vs+03V comm [T] o ] weLT
INPA, INPB Maximum Input .................. -3 dBV

Equivalent Power Re. 50 Q .................. 10 dBm INPA [2] 1] vmac
B1AZ + e 150°C/W orsa[a] AD8302 [i2] MseT
Maximum Junction Temperature ................ 125°C vPos [¢] (NTo??ovsl,EZYe) [11] vReF
Operating Temperature Range ........... —40°C to +85°C OFsB [ 5 [10] PSET
Storage Temperature Range ............ -65°C to +150°C INPB [6] (o] vPHS
Lead Temperature Range (Soldering 60 sec) ........ 300°C comm [7] (8] PFLT
NOTES

IStresses above those listed under Absolute Maximum Ratings may cause perma-
nent 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.

2JEDEC 18 Standard (2-layer) board data.

PIN FUNCTION DESCRIPTIONS

Equivalent
Pin No. Mnemonic Function Circuit
1,7 COMM Device Common. Connect to low impedance ground.
2 INPA High Input Impedance to Channel A. Must be ac-coupled. Circuit A
3 OFSA A capacitor to ground at this pin sets the offset compensation filter corner Circuit A
and provides input decoupling.
4 VPOS Voltage Supply (Vs), 2.7V t0o55V
5 OFSB A capacitor to ground at this pin sets the offset compensation filter corner Circuit A
and provides input decoupling.
6 INPB Input to Channel B. Same structure as INPA. Circuit A
8 PFLT Low Pass Filter Terminal for the Phase Output Circuit E
9 VPHS Single-Ended Output Proportional to the Phase Difference between INPA Circuit B
and INPB.
10 PSET Feedback Pin for Scaling of VPHS Output Voltage in Measurement Mode. Circuit D
Apply a setpoint voltage for controller mode.
11 VREF Internally Generated Reference Voltage (1.8 V Nominal) Circuit C
12 MSET Feedback Pin for Scaling of VMAG Output Voltage Measurement Mode. Circuit D
Accepts a set point voltage in controller mode.
13 VMAG Single-Ended Output. Output voltage proportional to the decibel ratio
of signals applied to INPA and INPB. Circuit B
14 MFLT Low Pass Filter Terminal for the Magnitude Output Circuit E
ORDERING GUIDE
Package
Model Temperature Range Package Description Option
AD8302ARU —-40°C to +85°C Tube, 14-Lead TSSOP RU-14
AD8302ARU-REEL 13" Tape and Reel
AD8302ARU-REEL7 7" Tape and Reel
AD8302-EVAL Evaluation Board
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although WARNI NG' @
the AD8302 features proprietary ESD protection circuitry, permanent damage may occur on W

devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are

recommended to avoid performance degradation or loss of functionality. ESD

SENSITIVE DEVICE
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AD8302-Typical Performance Characteristics

(Vs=3V, V\ypp is the reference input and V,yp, is swept, unless otherwise noted. All references to dBm are referred to 50 2. For the phase output
curves, the input signal levels are equal, unless otherwise noted.)
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GENERAL DESCRIPTION AND THEORY

The AD8302 measures the magnitude ratio, defined here as
gain, and phase difference between two signals. A pair of
matched logarithmic amplifiers provide the measurement, and
their hard-limited outputs drive the phase detector.

Basic Theory

Logarithmic amplifiers (log amps) provide a logarithmic com-
pression function that converts a large range of input signal
levels to a compact decibel-scaled output. The general math-
ematical form is:

Vour =Vsplog(Vin V) ey

where 177y is the input voltage, V7 is called the intercept (voltage),
and Vg pis called the slope (voltage). It is assumed throughout
that log(x) represents the logl0(x) function. Vg p is thus the
volts/decade, and since a decade of voltage corresponds to
20 dB, Vg;p/20 is the volts/dB. I/ is the value of input
signal that results in an output of zero and need not correspond
to a physically realizable part of the log amp signal range.
While the slope is fundamentally a characteristic of the log amp,
the intercept is a function of the input waveform as well.!
Furthermore, the intercept is typically more sensitive to tem-
perature and frequency than the slope. When single log amps
are used for power measurement, this variability introduces
errors into the absolute accuracy of the measurement since the
intercept represents a reference level.

The AD8302 takes the difference in the output of two identical
log amps, each driven by signals of similar waveforms but at
different levels. Since subtraction in the logarithmic domain
corresponds to a ratio in the linear domain, the resulting
output becomes:

Virac =Vsrp1og(Vina /Ving) 2

where ;x4 and Vg are the input voltages, V46 is the output
corresponding to the magnitude of the signal level difference,
and Vg p is the slope. Note that the intercept, /7, has dropped
out. Unlike the measurement of power, when measuring a dimen-
sionless quantity such as relative signal level, no independent
reference or intercept need be invoked. In essence, one signal
serves as the intercept for the other. Variations in intercept due
to frequency, process, temperature, and supply voltage affect both
channels identically and hence do not affect the difference. This
technique depends on the two log amps being well matched
in slope and intercept to ensure cancellation. This is the case
for an integrated pair of log amps. Note that if the two signals
have different waveforms (e.g., different peak-to-average ratios)
or different frequencies, an intercept difference may appear, intro-
ducing a systematic offset.

The log amp structure consists of a cascade of linear/limiting
gain stages with demodulating detectors. Further details about
the structure and function of log amps can be found in data
sheets for other log amps produced by Analog Devices.? The
output of the final stage of a log amp is a fully limited signal
over most of the input dynamic range. The limited outputs from
both log amps drive an exclusive-OR style digital phase detector.
Operating strictly on the relative zero-crossings of the limited sig-
nals, the extracted phase difference is independent of the original
input signal levels. The phase output has the general form:

NOTES

!See the data sheet for the AD640 for a description of the effect of waveform on
the intercept of log amps.

*For example, see the data sheet for the AD8307.
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Vprs =Vo [‘D (VINA) - q)(VINB)] 3

where Vg is the phase slope in mV/degree and @ is each signal’s
relative phase in degrees.

Structure

The general form of the AD8302 is shown in Figure 2. The
major blocks consist of two demodulating log amps, a phase
detector, output amplifiers, a biasing cell, and an output refer-
ence voltage buffer. The log amps and phase detector process
the high frequency signals and deliver the gain and phase infor-
mation in current form to the output amplifiers. The output
amplifiers determine the final gain and phase scaling. External
filter capacitors set the averaging time constants for the respec-
tive outputs. The reference buffer provides a 1.80 V reference
voltage that tracks the internal scaling constants.

MFLT
VMAG

VIDEO OUTPUT - A +
[T T YT 71

60dB LOG AMPS
(7 DETECTORS)

INPA
OFSA

MSET

PHASE Qb
DETECTOR

PSET
OFSB 60dB LOG AMPS -
INPB (7 DETECTORS) VPHS
[ L 4 4 4 4 1 +
VIDEO OUTPUT -B ;|; PFLT

VPOS —| BIAS

Figure 2. General Structure

'} VREF
[~ 18v

Each log amp consists of a cascade of six 10 dB gain stages with
seven associated detectors. The individual gain stages have 3 dB
bandwidths in excess of 5 GHz. The signal path is fully differen-
tial to minimize the effect of common-mode signals and noise.
Since there is a total of 60 dB of cascaded gain, slight dc offsets
can cause limiting of the latter stages, which may cause mea-
surement errors for small signals. This is corrected by a feedback
loop. The nominal high-pass corner frequency, fip, of this loop
is set internally at 200 MHz but can be lowered by adding external
capacitance to the OFSA and OFSB pins. Signals at frequencies
well below the high-pass corner are indistinguishable from dc
offsets and are also nulled. The difference in the log amp out-
puts is performed in the current domain, yielding by analogy to
Equation 2:

Ip4=Isplog(Vina/ VINB) 4)

where I; 4 and Ig;p are the output current difference and the
characteristic slope (current) of the log amps, respectively. The
slope is derived from an accurate reference designed to be insen-
sitive to temperature and supply voltage.

The phase detector uses a fully symmetric structure with respect
to its two inputs to maintain balanced delays along both signal
paths. Fully differential signaling again minimizes the sensitivity
to common-mode perturbations. The current-mode equivalent
to Equation 3 is:

Ipp =1y [(D(VINA) - (D(VINB) - 900] 5)

where Ipp and I are the output current and characteristic slope
associated with the phase detector, respectively. The slope is
derived from the same reference as the log amp slope.
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Note that by convention, the phase difference is taken in the range
from —180° to +180°. Since this style of phase detector does not
distinguish between £90°, it is considered to have an unambiguous
180° phase difference range that can be either 0° to +180° centered
at +90° or 0° to —180° centered at —90°.

The basic structure of both output interfaces is shown in Figure 3. It
accepts a setpoint input and includes an internal integrating/averag-
ing capacitor and a buffer amplifier with gain K. External access to
these setpoints provides for several modes of operation and enables
flexible tailoring of the gain and phase transfer characteristics. The
setpoint interface block, characterized by a transresistance Rg, gener-
ates a current proportional to the voltage presented to its input pin,
MSET or PSET. A precise offset voltage of 900 mV is introduced
internally to establish the center-point (Vcp) for the gain and phase
functions, i.e., the setpoint voltage that corresponds to a gain of 0 dB
and a phase difference of 90°. This setpoint current is subtracted
from the signal current, Iy, coming from the log amps in the gain
channel or from the phase detector in the phase channel. The result-
ing difference is integrated on the averaging capacitors at either pin
MFLT or PFLT and then buffered by the output amplifier to the
respective output pins, VMAG and VPHS. With this open-loop
arrangement, the output voltage is a simple integration of the differ-
ence between the measured gain/phase and the desired setpoint:

Vour = RF(IIN - IFB) / (ST) (6)

where Irp is the feedback current equal to (Vsgr— Vep)/Re, Vspr
is the setpoint input, and 7T is the integration time constant equal
to RpCaye/K, where Cyyr is the parallel combination of the inter-
nal 1.5 pF and the external capacitor Cgp .

O MFLT/PFLT

In=1.AOR lpo—: > I K O VMAG/VPHS {; Crur
s Vep = 900mV
+
RI 5

MSET/PSET

E
20k

Figure 3. Simplified Block Diagram of the Output Interface

BASIC CONNECTIONS

Measurement Mode

The basic function of the AD8302 is the direct measurement of gain
and phase. When the output pins, VMAG and VPHS, are connected
directly to the feedback setpoint input pins, MSET and PSET, the
default slopes and center points are invoked. This basic connection
shown in Figure 4 is termed the measurement mode. The current
from the setpoint interface is forced by the integrator to be equal to
the signal currents coming from the log amps and phase detector.
The closed loop transfer function is thus given by:

Vour = (IwRe +Vep) / (1+5T) @)

The time constant 7 represents the single-pole response to the enve-
lope of the dB-scaled gain and the degree-scaled phase functions. A
small internal capacitor sets the maximum envelope bandwidth to
approximately 30 MHz. If no external Cgpt is used, the AD8302
can follow the gain and phase envelopes within this bandwidth. If
longer averaging is desired, Cgr 1 can be added as necessary accord-
ing to T (ns) = 3.3 x Cavg (pF). For best transient response with
minimal overshoot, it is recommended that 1 pF minimum value
external capacitors be added to the MFLT and PFLT pins.
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Figure 4. Basic Connections in Measurement Mode with
30 mV/dB and 10 mV/Degree Scaling

In the low frequency limit, the gain and phase transfer functions
given in Equations 4 and 5 become:

Vatac = Rels plog(Vina /Ving) +Vep or (8a)
Viac = (RFISLP / 20) (PINA - PINB) +Vep (8b)
Vers = —Rplo (lq)(VINA) - (D(VINB) | —900) +Vep ©

which are illustrated in Figure 5. In Equation 8b, Pjy4 and Pjyp are
the power in dBm equivalent to V4 and Vjyp at a specified refer-
ence impedance. For the gain function, the slope represented by
RrIg; pis 600 mV/decade or, dividing by 20 dB/decade, 30 mV/dB.
With a center point of 900 mV for 0 dB gain, a range of —30 dB to
+30 dB covers the full-scale swing from 0 V to 1.8 V. For the phase
function, the slope represented by Rplgp is 10 mV/degree. With a
center point of 900 mV for 90°, a range of 0° to 180° covers the
full-scale swing from 1.8 V to 0 V. The range of 0° to —180° covers
the same full-scale swing but with the opposite slope.

1.8V T
30mV/dB
1
(0]
< ]
So00mV L= - - - o < - Vep
1
1
]
1
1
]
ov : :
-30 0 +30
MAGNITUDE RATIO - dB
1.8V +
+10mV/DEG -10mV/DEG
(%]
I
>°- 1 1
900MV + = = = = == = = = - - - o= A= - - - Vep
] ]
1 1
] ]
] ]
] ]
1 1
ov i } : i
-180 -90 0 90 180

PHASE DIFFERENCE - Degrees

Figure 5. Idealized Transfer Characteristics for the Gain
and Phase Measurement Mode
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Interfacing to the Input Channels

The single-ended input interfaces for both channels are identical.
Each consists of a driving pin, INPA and INPB, and an ac-
grounding pin, OFSA and OFSB. All four pins are internally
dc-biased at about 100 mV from the positive supply and should
be externally ac-coupled to the input signals and to ground. For
the signal pins, the coupling capacitor should offer negligible
impedance at the signal frequency. For the grounding pins, the
coupling capacitor has two functions: It provides ac grounding
and sets the high-pass corner frequency for the internal offset
compensation loop. There is an internal 10 pF capacitor to ground
that sets the maximum corner to approximately 200 MHz.
The corner can be lowered according the formula fyp (MHz) =
2/Cc(nF), where Cc is the total capacitance from OFSA or OFSB
to ground, including the internal 10 pF.

The input impedance to INPA and INPB is a function of
frequency, the offset compensation capacitor, and package
parasitics. At moderate frequencies above fyp, the input network
can be approximated by a shunt 3 kQ resistor in parallel with a
2 pF capacitor. At higher frequencies, the shunt resistance
decreases to approximately 500 Q. The Smith Chart in Figure 6
shows the input impedance over the frequency range 100 MHz
to 3 GHz.

Figure 6. Smith Chart Showing the Input Impedance of a
Single Channel from 100 MHz to 3 GHz

A broadband resistive termination on the signal side of the coupling
capacitors can be used to match to a given source impedance.
The value of the termination resistor, Ry, is determined by:

Ry = RiyRs / (Rpy —Ry) (10)

where Rjy is the input resistance and Rg the source impedance.
At higher frequencies, a reactive, narrow-band match might be
desirable to tune out the reactive portion of the input impedance.
An important attribute of the two-log-amp architecture is that if
both channels are at the same frequency and have the same input
network, then impedance mismatches and reflection losses become
essentially common-mode and hence do not impact the relative
gain and phase measurement. However, mismatches in these
external components can result in measurement errors.

REV. A

Dynamic Range

The maximum measurement range for the gain subsystem is lim-
ited to a total of 60 dB distributed from —30 dB to +30 dB. This
means that both gain and attenuation can be measured. The limits
are determined by the minimum and maximum levels that each
individual log amp can detect. In the AD8302, each log amp can
detect inputs ranging from —73 dBV [(223 uV, —-60 dBm re: 50 Q
to—-13 dBV (223 mV, 0 dBm re: 50 Q)]. Note that log
amps respond to voltages and not power. An equivalent power
can be inferred given an impedance level, e.g., to convert from
dBV to dBm in a 50 Q system, simply add 13 dB. To cover
the entire range, it is necessary to apply a reference level to one log
amp that corresponds precisely to its midrange. In the AD8302,
this level is at —43 dBV, which corresponds to —30 dBm in a 50 Q
environment. The other channel can now sweep from its low end,
30 dB below midrange, to its high end, 30 dB above midrange. If
the reference is displaced from midrange, some measurement
range will be lost at the extremes. This can occur either if the log
amps run out of range or if the rails at ground or 1.8 V are reached.
Figure 7 illustrates the effect of the reference channel level placement.
If the reference is chosen lower than midrange by 10 dB, then the
lower limit will be at —20 dB rather than —30 dB. If the reference chosen
is higher by 10 dB, the upper limit will be 20 dB rather than 30 dB.

4 MAX RANGE FOR Vggp = VRgpO®T
1.80 1
- ,’i‘ -—
| L
) 4
< 7
E 0.90 + ¢
’ VRer < VRer®" R Vrer > VRer®""
"/
.'/
............ R4
7
4 : : =
-30 0 +30

GAIN MEASUREMENT RANGE - dB

Figure 7. The Effect of Offsetting the Reference Level Is to
Reduce the Maximum Dynamic Range

The phase measurement range is of 0°to 180° For phase differ-
ences of 0° to —180°, the transfer characteristics are mirrored as
shown in Figure 5, with a slope of the opposite sign. The phase
detector responds to the relative position of the zero crossings
between the two input channels. At higher frequencies, the finite
rise and fall times of the amplitude limited inputs create an
ambiguous situation that leads to inaccessible dead zones at the
0° and 180° limits. For maximum phase difference coverage, the
reference phase difference should be set to 90°.
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Cross Modulation of Magnitude and Phase

At high frequencies, unintentional cross coupling between signals
in Channels A and B inevitably occurs due to on-chip and board-
level parasitics. When the two signals presented to the AD8302
inputs are at very different levels, the cross coupling introduces
cross modulation of the phase and magnitude responses. If the two
signals are held at the same relative levels and the phase between
them is modulated then only the phase output should respond.
Due to phase-to-amplitude cross modulation, the magnitude out-
put shows a residual response. A similar effect occurs when the
relative phase is held constant while the magnitude difference is
modulated, i.e., an expected magnitude response and a residual
phase response are observed due to amplitude-to-phase cross
modulation. The point where these effects are noticeable depends
on the signal frequency and the magnitude of the difference. Typi-
cally, for differences <20 dB, the effects of cross modulation are
negligible at 900 MHz.

Modifying the Slope and Center Point

The default slope and center point values can be modified with
the addition of external resistors. Since the output interface
blocks are generalized for both magnitude and phase functions,
the scaling modification techniques are equally valid for both
outputs. Figure 8 demonstrates how a simple voltage divider
from the VMAG and VPHS pins to the MSET and PSET pins
can be used to modify the slope. The increase in slope is given by
1 + R1/(R2[20 kQ). Note that it may be necessary to account for
the MSET and PSET input impedance of 20 kQ which has a £20%
manufacturing tolerance. As is generally true in such feedback
systems, envelope bandwidth is decreased and the output noise
transferred from the input is increased by the same factor. For
example, by selecting R1 and R2 to be 10 kQ and 20 k€,
respectively, gain slope increases from the nominal 30 mV/dB
by a factor of 2 to 60 mV/dB. The range is reduced by a factor
of 2 and the new center point is at —15 dB, i.e., the range now
extends from —30 dB, corresponding to Vyjag =0V, to 0 dB,
corresponding to Vyag = 1.8 V.

|-

VMAG NEW SLOPE = 30mV/dB x | 1+ ————
=5om R2IIR20kQ
MSET R
20kQ R2

Figure 8. Increasing the Slope Requires the Inclusion of a
Voltage Divider

Repositioning the center point back to its original value of 0 dB
simply requires that an appropriate voltage be applied to the
grounded side of the lower resistor in the voltage divider. This
voltage may be provided externally or derived from the internal
reference voltage on pin VREF. For the specific choice of R2 =
20 kQ, the center point is easily readjusted to 0 dB by connecting
the VREF pin directly to the lower pin of R2 as shown in Figure 9.
The increase in slope is now simplified to 1 + R1/10 kQ. Since this
1.80 V reference voltage is derived from the same band gap
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reference that determines the nominal center point, their
tracking with temperature, supply, and part-to-part variations
should be better in comparison to a fixed external voltage. If the
center point is shifted to 0 dB in the previous example where
the slope was doubled, then the range spans from —15 dB at
Vmag =0V to 15 dBat Vyag = 1.8 V.

R1
NEW SLOPE = 30mV/dB x I:1+—jl

10kQ
VMAG
MSET R1
20k
20k
VREF

Figure 9. The Center Point Is Repositioned with the Help
of the Internal Reference Voltage of 1.80 V

Comparator and Controller Modes

The AD8302 can also operate in a comparator mode if used in
the arrangement shown in Figure 10 where the DUT is the element
to be evaluated. The VMAG and VPHS pins are no longer
connected to MSET and PSET. The trip-point thresholds for the
gain and phase difference comparison are determined by the
voltages applied to pins MSET and PSET according to:

Viser(V) = 30 mV/dB x GainF (dB) + 900 mV’ (11)
Visgr (V) = —10 mV/° x (| Phase®" (°) | 790°) +900mV  (12)

where GainST (dB) and Phase®" (°) are the desired gain and
phase thresholds. If the actual gain and phase between the two
input channels differ from these thresholds, the Vyag and Vpys
outputs toggle like comparators, i.e.,

1.8V if Gain > Gain®"

Viac = sP (13)
0V if Gain < Gain
1.8V if Phase> Phase’”
Veps = sp (14
0V if Phase < Phase
VP
o
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Figure 10. Disconnecting the Feedback to the Setpoint
Controls, the AD8302 Operates in Comparator Mode
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The comparator mode can be turned into a controller mode by
closing the loop around the VMAG and VPHS outputs.

Figure 11 illustrates a closed loop controller that stabilizes the gain
and phase of a DUT with gain and phase adjustment elements.
If VMAG and VPHS are properly conditioned to drive gain and
phase adjustment blocks preceding the DUT, the actual gain and
phase of the DUT will be forced toward the prescribed setpoint
gain and phase given in Equations 11 and 12. These are essentially
AGC and APC loops. Note that as with all control loops of this kind,
loop dynamics and appropriate interfaces all must be considered
in more detail.

—

mad\ ——|inea VMAG [}——
MAG
AD830|;SET SETPOINT
PSET PHASE
SETPOINT
{]ineE VPHS [}——
> a0

I

Figure 11. By Applying Overall Feedback to a DUT Via
External Gain and Phase Adjusters, the AD8302 Acts
as a Controller

APPLICATIONS

Measuring Amplifier Gain and Compression

The most fundamental application of AD8302 is the monitoring
of the gain and phase response of a functional circuit block such as
an amplifier or a mixer. As illustrated in Figure 12, directional
couplers, DCg and DC,, sample the input and output signals of
the “Black Box” DUT. The attenuators ensure that the signal
levels presented to the AD8302 fall within its dynamic range.
From the discussion in the Dynamic Range section, the optimal
choice places both channels at Popr = —-30 dBm referenced to 50 €2,
which corresponds to —43 dBV. To achieve this, the combination
of coupling factor and attenuation are given by:

Cp+Lp =P —Topr (15)
CA +LA :PIN +GAINNOM_POPT (16)

where Cp and C4 are the coupling coefficients, Lg and L, are the
attenuation factors, and GAINyoy; is the nominal DUT gain. If
identical couplers are used for both ports, then the difference in the
two attenuators compensates for the nominal DUT gain. When the
actual gain is nominal, the VMAG output is 900 mV, corresponding
to 0 dB. Variations from nominal gain appear as a deviation from
900 mV or 0 dB with a 30 mV/dB scaling. Depending on the nominal
insertion phase associated with DUT, the phase measurement may
require a fixed phase shift in series with one of the channels to bring
the nominal phase difference presented to the AD8302 near the
optimal 90° point.

REV. A

When the insertion phase is nominal, the VPHS output is 900 mV.
Deviations from the nominal are reported with a 10 mV/degree
scaling. Table I gives suggested component values for the
measurement of an amplifier with a nominal gain of 10 dB and
an input power of -10 dBm.
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Figure 12. Using the AD8302 to Measure the Gain and
Insertion Phase of an Amplifier or Mixer

INPUT

Table I. Component Values for Measuring a 10 dB Amplifier
with an Input Power of -10 dBm

Component Value Quantity
R1, R2 52.3Q 2

R5, R6 100 Q 2

Cl1, C4, C5,C6 0.001 pF 4

C2,C8 Open

C3 100 pF 1

C7 0.1 uF 1

AttenA 10 dB (See Text) 1

AttenB 1 dB (See Text) 1

DC,, DCp 20 dB 2

The gain measurement application can also monitor gain and
phase distortion in the form of AM-AM (gain compression) and
AM-PM conversion. In this case, the nominal gain and phase
corresponds to those at low input signal levels. As the input level
is increased, output compression and excess phase shifts are
measured as deviations from the low level case. Note that the signal
levels over which the input is swept must remain within the dynamic
range of the AD8302 for proper operation.
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Reflectometer

The AD8302 can be configured to measure the magnitude ratio
and phase difference of signals that are incident on and reflected
from a load. The vector reflection coefficient, I', is defined as,

T" = Reflected Voltage | Incident Voltage = (ZL - ZO)/(ZL + ZO) (17

where Z; is the complex load impedance and Z, is the charac-
teristic system impedance.

The measured reflection coefficient can be used to calculate the
level of impedance mismatch or standing wave ratio (SWR) of a
particular load condition. This proves particularly useful in diag-
nosing varying load impedances such as antennas that can degrade
performance and even cause physical damage. The vector
reflectometer arrangement given in Figure 13 consists of a pair
of directional couplers that sample the incident and reflected sig-
nals. The attenuators reposition the two signal levels within the
dynamic range of the AD8302. In analogy to Equations 15 and
16, the attenuation factors and coupling coefficients are given by:

Cp+Lg =P —Fppr (18)
Ca+Ly=Pyn+Tnom —Torr 19)

where I"yoar is the nominal reflection coefficient in dB and is
negative for passive loads. Consider the case where the incident
signal is 10 dBm and the nominal reflection coefficient is —19 dB.
As shown in Figure 13, using 20 dB couplers on both sides and
—30 dBm for Pyprs, the attenuators for Channel A and B paths
are 1 dB and 20 dB, respectively. The magnitude and phase of
the reflection coefficient are available at the VMAG and VPHS
pins scaled to 30 mV/dB and 10 mV/degree. When I" is —19 dB,
the VMAG output is 900 mV.

—20-

The measurement accuracy can be compromised if board
level details are not addressed. Minimize the physical distance
between the series connected couplers since the extra path
length adds phase error to I'. Keep the paths from the couplers
to the AD8302 as well matched as possible since any differences
introduce measurement errors. The finite directivity, D, of the
couplers sets the minimum detectable reflection coefficient, i.e.,
| rmin(dB) [<|D(dB) |.

SOURCE
INCIDENT REFLECTED Z,0AD
WAVE 20dB 1dB WAVE
J__ = - = =
III-{ 33 }ﬂu
» ¢
R2 R1
cs | cel caf c1]
ca T T T T ra
| wW—e—O VP
I
& im
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Figure 13. Using the AD8302 to Measure the Vector
Reflection Coefficient Off an Arbitrary Load
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Figure 15a. Component Side Metal of Evaluation Board

Table II. P1 Pin Allocations
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Table III. Evaluation Board Configuration Options

Figure 15b. Component Side Silkscreen of Evaluation Board

Component | Function Default Condition
P1 Power Supply and Ground Connector: Pin 2 VPOS and Pins 1 and 3 Ground. Not Applicable
R1, R2 Input Termination. Provide termination for input sources. R1 =R2 =52.3 Q (Size 0402)
R3 VREF Output Load. This load is optional and is meant to allow the user to simulate R3 =1 kQ (Size 0603)
their circuit loading of the device.
R5, R6, R9 Snubbing Resistor R5 = R6 = 0 Q (Size 0603)
R9 =0 Q (Size 0603)
C3, C7,R4 Supply Decoupling C3 =100 pF (Size 0603)
C7 = 0.1 uF (Size 0603)
R4 =0 Q (Size 0603)
C1, C5 Input AC-Coupling Capacitors C1 = C5 =1 nF (Size 0603)
C2,C8 Video Filtering. C2 and C8 limit the video bandwidth of the gain and phase C2 = C8 = Open (Size 0603)
output respectively.
C4, Co Offset Feedback. These set the high-pass corner of the offset cancellation loop
and thus with the input ac-coupling capacitors the minimum operating frequency. | C4 = C6 = 1 nF (Size 0603)
SW1 GSET Signal Source. When SW1 is in the position shown, the device is in gain SW1 = Installed
measure mode; when switched, it operates in comparator mode and a signal
must be applied to GSET.
SwW2 PSET Signal Source. When SW2 is in the position shown, the device is in phase SW1 = Installed

measure mode; when switched, it operates in comparator mode and a signal
must be applied to PSET.
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CHARACTERIZATION SETUPS AND METHODS

The general hardware configuration used for most of the AD8302
characterization is shown in Figure 16. The characterization board
is similar to the Customer Evaluation Board. Two reference-locked
R and S SMTO03 signal generators are used as the inputs to
INPA and INPB, while the gain and phase outputs are monitored
using both a TDS 744A oscilloscope with 10x high impedance
probes and Agilent 34401A multimeters.

Gain

The basic technique used to evaluate the static gain (VMAG)
performance was to set one source to a fixed level and sweep the
amplitude of the other source, while measuring the VMAG output
with the DMM. In practice, the two sources were run at 100 kHz
frequency offset and average output measured with the DMM to
alleviate errors that might be induced by gain/phase modulation
due to phase jitter between the two sources.

The errors stated are the difference between a best fit line calcu-
lated by a linear regression and the actual measured data divided
by the slope of the line to give an error in V/dB. The referred to
25°C error uses this same method while always using the slope
and intercept calculated for that device at 25°C.

Response measurement made of the VMAG output used the
configuration shown in Figure 17. The variable attenuator,
Alpha AD260, is driven with a HP8112A pulse generator pro-
ducing a change in RF level within 10 ns.

Noise spectral density measurements were made using a
HP3589A with the inputs delivered through a Narda 4032C
90° phase splitter.

To measure the modulation of VMAG due to phase variation
again the sources were run at a frequency offset, fys, effectively
creating a continuous linear change in phase going through 360°
once every 1/fos seconds. The VMAG output is then measured
with a DSO. When perceivable, only at high frequencies and
large input magnitude differences, the linearly ramping phase
creates a near sinusoid output riding on the expected VMAG dc
output level. The curves in TPC 24 show the peak-to-peak out-
put level measured with averaging.
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Phase

The majority of the VPHS output data was collected by generating
phase change, again by operating the two input sources with a
small frequency offset (normally 100 kHz) using the same
configuration shown in Figure 16. Although this method gives
excellent linear phase change, good for measurement of slope
and linearity, it lacks an absolute phase reference point. In the
curves showing swept phase, the phase at which the VPHS is the
same as VPHS with no input signal is taken to be —90° and all
other angles are references to there. Typical Performance Curves
show two figures of merit; instantaneous slope and error. Instanta-
neous slope, as shown in TPCs 43, 44, 45, and 47, was calculated
simply by taking the delta in VPHS over angular change for adjacent
measurement points.

TEKTRONIX
TEKTRONIX TDS 744A
VX1410A OSCILLOSCOPE
R&S ¢ MULTIMETER/
SIGNAL GENERATOR 3dB |INPA VMAG OSCILLOSCOPE
SMTO3
VREF HP 34401A
EVB

R&S MULTIMETER
SIGNAL GENERATOR 3dB |INPB VPHS
SMTO3

SAME SETUP AS

Vvag

Figure 16. Primary Characterization Setup
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:'Ir)'(ri?q 3dB [INPA  VMAG[pH TDs 744A
R&S OSCILLOSCOPE
SIGNAL EVB VREF
GENERATOR
SMTO3 VARIABLE VPHS
aTEN 1398 [inPB
SPLITTER
PULSE
GENERATOR

Figure 17. VMAG Dynamic Performance Measurement Setup
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OUTLINE DIMENSIONS
14-Lead Thin Shrink Small Qutline Package [TSSOP]
(RU-14)

Dimensions shown in millimeters
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Revision History

Location Page
7/02—Data Sheet changed from REV. 0 to REV. A.
TPCs 3 through 6 replaced 6
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