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fdseuduiunanisuninzeionau lo T Tnsila(Efective isotropic radiated power ,

EIRP) Junisduanudielae

Lf
PL

P =t (3.3)
G

r

o/

o A ] ¥ -
Tav P, Ao MdsndaiiuwansdeduniulelaTnsds

]

o

P. fio mdsnuidluwamssunaulelsInsta

td}
3 o ¥ o w - & r 24
doavein131F M lumevvesdideausuiunanisunsnszavanulels
¥
TnsUalunisimnanivdie msgfedadde) amsegruaauiluaunisldedalavdass
- = -3 1 [-] a A L] 3
ypaw1s e veszuy Iasmsuonududanaiuddenudadunanisunsnszenaule
1 1 a ar A L) i ot
T InsUnvoanmsderomasaurauilunamsunsnszoneaiu'le Ts Insdavesnissundonis
s 5 =, - ﬂ I | A oo d' w B ] ﬂ o
qaudie Wuasgndnluszuufidlugauadimsgdeiinsestloudisududaziiugud
(G,r=1, L T=1)

MIQaAnE4I0n15a9(Path Loss, L)

P, PGG
L=10log| - |=10log| == 34
og(f’ ] Og(f’rll ] oo

I rt

]
= 1

lunsaif polarization matched M MUHUIMH U AN 1T IMARA LS LI L

_46

§=1 (3.5)
wr
a_ o -:i 3 [
MasnuimemnIraIusY
PG A
Pr = :‘;;R (3.6)
ar
1nuh 4,, A effective aperture YBIAWDINWFATUTL
4r
G, =5 A 3.7)

waziinunuaee 14

2
%= GrG,(%J 3.8)
: ar
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» [
agilmagap@oda it luAuN I (free space) Taugasvaans aiis) Ao

2
I= R(;,G, =(4;”' ) (3.9)

r

¥ 1
wiavw 1 euiuidiuynna(Wireless Personal Area Network, WPAN)

3 ] ¥ v [] ¥
Tusnnl¥manseswnuhduyaeaiusuiluigafidesliguaviias AeTiuuud-
y 1

a ¢4 v @ ;W o o g ¥ o AW m A a AN v
AANNNINY f]ﬂ'i']ﬂ'l‘iﬁ\‘l'llﬂll“ﬁqxi ﬂTﬂQQ'I'N‘ﬂi‘]IFI'I ‘iBQ‘i‘lJQ1‘]I1J‘jﬂ'I'5TllJ'Iﬂ meﬂmnﬂmﬂuqq

Tavmsdomsgnuamsauglnind 3.2

Tx-ant. %[\j%"% Rx-ant.

_f\_ Line-of-sight (free space) case
Attenuation
+ of signal
Distortion

3 »
519 3.2 pnvums dedreveunsavie 1¥muRuiidauyana

HANTZNUINNTINISAANBUTYR I Distortion) 93 TimAinIsniesIngasues

Wiauaautluaumslumonvesnnud

3.1 nawmegainagaimvealia dmiuszuugonhhduund

Friis' Transmission Formula
L
G

.
Illllllll.lllllllll.llll..llll’

Rx-ant.

Sy Sy — -

d P,

LOS wireless transmission model

51l71 3.3 pluuumsds BBamonumdunimsa(Line of Side)
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SAINIVILYEINI TN N(Transmission gain)

G (f) = 2%;3

=G ()G ()G (/) (3.10)

SanmauminizowntrumuithaEree space propagation galn)

;{ 2
G (f)=|-Z= (3.11)
< a &
Ny f A9 ANG
G, (1) fio s imaverwgmivesmsemad e
G, (f) fie danmsvnwgniveamenImeadIuy

A A
A A9 ATUEIATU

3.1.2 vnogninmadahuvesio dimiunmdanie iy Iniuuud

Tx
d
MF
Tx
ant
Input peak
waveform detector
7777

317 3.4 udenlaezunsudmiuszuunidedeyadmiunsvnugasmsdedoyaveansad

o o o L4
nsgshiuganitlnuuua
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v,(1)=ES(1)*h (1)
wnAmsaelay Pmﬂﬂnﬂuﬂﬁ‘f’m(Corresponding transfer function)

-

Jae

HeAFfﬁs (f)z%f.)- = HfoI_:Ir '

t

I_:Ia = ﬁa (Ba’wa’f)

a=r ort

r » 1
wm3ene TeuiFedeu(Complex transfer function) YIRS

A ) 2
H, =——exp(-jkd} , k==
drd A
A 1 [ 1
1RO HHIMU(Unit vectorsWOIaE01NIAS LUaL A I80IN AR

A A

9!':61 2 érz-"é’r

Matched filter normalized to satisfy constant noise power output.

. (/)
\/ [ H e ()

Hw(f)z

o o o
LﬂWﬂﬂﬂLlUﬂﬂiu(Output wavefonn)‘l]”lﬂull‘nﬂ UNDT

he— its *he— viis LT
Vir (f) =H,_, . (")*hm (f):: F ( ) . ( )

JL#, (s

fh'qaqﬂ(Maximum)

Vs (!)max = Vyr (0)= J:VMF (f)df:JJ:
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(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

He-Fn‘r‘s (f)|2 df (3 1 3)

» '
“ﬁilﬂ']iﬁﬁ‘)ijHﬁﬂﬂ‘l]ﬁ‘uﬂﬁﬂ’)’lllﬂ‘llﬂ\‘lﬁ’]U'El’lﬂ'lﬁﬂ15Q'ﬂglﬁﬂ‘l]ﬂﬁﬂ'lﬁuﬁﬂﬁg‘ﬂ’m ua

anlnaivesdgygnamsdaudi lidae

62585
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32 wminlneivssveadggiamaiafiananiandeufi(Parameters of Mobile

Multipath Channels)
= o 1 a = cr o o Sy Yo
wnimefvesradyanaunmefiananinuei Wueindidsnun 1dfuuazinarly
M5DNBIT YR U(Power delay profile) Tasiidinui IBiuwaznarlunisinfaussdayg i
= or ot o o ﬂ‘ L o é = .
TavdndgnuansTasnswanuduinuiveshidenuin Wiusunmdsdaifiuexcess delay time)
feansoanaitime delay) 81984 azMdanui ldfunaznar lumsindesdygrumld
A L = W¥ar = o 8w w 3 ﬁy o
pinnsedeadiderui i veasna lunsufaesdyeuida ldiuitussvq Run
4 d.l = Q o i e o é
efiagAnsandidsnui 185uazna lunmsntaresdygiuuvuyuia@n(small-scale) 43
J ol v  od = [} Qs o o
iuegiunuazidoavssiadnaninusiavesmsdnuisesdygranarsianie §i
= o) 1 1 d' é 1 d‘ 4 1 &
nuidtedulngdenfinisdiuduesariueniu wazszozmeliiiu e waslu
r o T a o i ¥ :l ]
¥osdayganousnons uaz luiu 2 was Tusesdygmmelueimsndnnnudiznis

ad = = - ar ¥ o o A [ rl
450 WwnziBsm — 6 InziEte lugalh 3.5 uameiledisddsnuildfuesnarlunsndaves

daanayesdygumeluuazneusneinis

LI 1 T ¥ ¥ T T T T

Dispiay Thrashold = «~341.5 ¢Ba per 40 ns
RS Delsy Bpresd = 22.8% alcroseconds
Worat Cass 530 Frenclaco seasuresant -
Manswll St.

[dBm per 40 ns}

= -100
: -
—d
™
=
5 405
wn
o
[ 1]
>
-l
[ '3
¥ -0
I
-118 ;
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Excens Daley Tise, [witrosscends]
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KROTHVH

MO m path

18 dB Atten
2 mV/div

100 oa/div

-r;(dﬁ Sm;)
=
5

WPD
£

N

[ormatiagd

(V)

71/ 3.5 AIM5 3R power delay profile Taw (n) Jan sz uuIraganf 900 wneidin Tuanu-

Wsmdaln @) meoluduvioussdsii 4 Snziasn

3.2.1 Time Dispersion Parameters
efaznfoudfsunammandrevessesdaya sunumatefiam (multpath) tastite
WanIseenuuLveIntsdeans 1¥ans ﬁ’aﬁgu’ﬁaﬁmﬁnmms1ﬁma'§(parameters) famnsa
uanﬂ?mmﬁmu1zﬂuﬁw§'u1un15‘l%’ﬁ'ﬂms“ﬁmﬁrgfgmuuuﬂmuﬁﬁmafﬁqﬁacjumuﬁ’q
time mean excess delay , time root mean square delay spread , time excess delay spread( X dB)
si‘luwmﬁmas’mmaimr‘r’m"npmuwHmﬂﬁﬁmaﬁﬁﬁfgﬁmﬁma:‘ﬁummmgnﬁmuﬂ'lﬁ
910 MFaud 185 vueznalunsindavesdyaa Taoquanianisnszatsiaine
Foadqgrunarefienis uuuuuudnheduingszn s las Time mean  excess
delay(7T ) 18 Time rms delay spread( O'r)IﬂUL’mF&ﬁdﬁmﬁu(mean excess delay) Wunsm
Frnzusnvestrdanuilldumazna lumsindaesdyapauasiugniivh

Za,fz',r ZP(rk)r,‘

7ok _k
Zk:af Zk:P(Tk)

= oo 1 o w A
Time rms delay spread lﬂ‘l—lﬂ"l'iﬁ'I'3'lﬂ‘ﬂﬁﬂ\i"llﬂ\llﬂﬂﬂ"l‘iﬂl‘lﬂ‘umz‘]ﬂﬁﬂﬂ'Nﬁ'lﬂ‘U"ﬂﬁ'ﬂQ

(3.19)

0w AN Yo =4 o’ 2 a o dy
voandsauit @ vazna lumninfsesdayanudegniionulided]

o, =T (T} (3.20)
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=h.
=2
Lo

Zafrf ZP(rk)rf
?2= & — k
;": ZP(fk)
k

(3.21)

s L3 L =

o - -~ 1 J a1 s o -
nmididnamamarigniam 1dTasanuduiusvesdgygnauiainiuldneuusnh

= o [ 2

ar = 'Y 1 -1 ] -i @ o ] 9 o
WHNAITUH 7 =0 luaumsaenann himusaieia lduuszdusidvg1auies sabsolute

v o4 w o = o« ey
power level) 199 P(r) umiuivsnnuduiusuenigavesnadilsznauunumaroiianiy

& a -

r-:d’ e L] U ﬁ'm l::
molu P(r) lunilon@ e6194A1909 ms delay spread Ndanauingndousineusneimsiy

L] ) = 1 = = A or dy
wived W 1n5519 uazannelusias luriou Tuunfds lduass Bauaiesesail

A1319% 3.1 A298190157AA1 RMS Delay Spread

Environment | Frequency | RMS Delay Spread( o, ) Notes Reference
(MHZ)
Tuiilea 910 A8 1300 ns New York City | [Coz75]
600 ns dev

WINNGA 3500 ns

Tudios 892 10-25 us San Francisco | [Rap90]
nsdiudiiga

CALTTETLE 910 200-310 ns ns@isethande | [Cox72]

09 910 1960-2110 ns nsdiqaimmin | [Cox72]

mulueims | 1500 10-50 ns Anviau [Sal87]

AIUNAN 25 ns

molueims | 850 WA 270 ns AN [DevS0a]

Molue1ng 1900 1A 70-94 ns San Francisco | [Sei92a]

1A 1470 ns 3 n




21

Ay AR UANI1 ms delay spread 111 mean excess delay Hgﬂﬁmumnm

o o = [ ar i A L] 4
AMdsnun1dTuuaznm lumsndssadygnaufei(single power delay profile) Faitlunundy
i a 1 } 1 ’ a o a o« o o
NEIVIIRMAZA N RENFDI119(spatial U DIN1TIANAAD L AU BIDUN A T (impulse) AIUAIA Y

] b4 ] ] r W ]
UATAURAUDUNUNTOUDFT I (local  area) TasATaE1uTUNITTANIAMIBRGNHNRUNTOY
Uinauieherfinsanyimuaiaveanniimes vesdgyauuuuvnateimmedmivseuy

] 1 ¥ ]
msfemnsnfoufifuRuiivuinlng (targe-scale area)
Maximum excess delay( X dB) voafidsnudldfvuazna lumsindevosdygm
TRgnlimiumstanasgnamdnuvaianeanuni X 4B 1aaminfige ludnms
=, -:; = [ = 5 o - -
Thgnidsaniiy ¢, -z, Taofi 7, Aedygnafiudedygousn uaz 7, Wunstanaigefiqe
' a o a | | o - P '
fosnilsznouvarshiannielu X dB vesdggrauvalefamafiuifeiudaussiiga@aly
o 1 4 o = a . a
Sufludoantan 7, yaalugui 3.6 1defu1en1sfudn maximum excess delay dmsuy
o o Ao a a =Y N -9
sendsznounaefiananlinuInigaf 10 1IATILA maximum excess delay 1AUEINYBLIYA
HerfunawesmsfemisuuuvarshiamaniinunilogaTuAuInwIg(particular threshold) A1
» [}

Yol 7, maﬂ%'qqmsumw excess delay spread ﬂummmmuﬁ‘lﬁsmmmaﬂumsmﬁwm
] = 3 o o - 4 o v v dw ¥ a
dygnuud lunsdinauadasgnimua 1Afigais ud(threshold): FaiuduRusiuiudya

sumunaefimsisinlszneunatsfinnisudnige

o
—t

- L

|

........

|

L]
.

Medmum Excess Deley < 10dP = 84 ng

‘f W Thrashald Level = -20 dB
w A U\ﬁ " ]
AT AL ST g Yy

—_—

i’é’

Mean Excess Delry = 4505 ng

Normatlized Received Power (dB Scagia)
'
=
L

L L A J f i L i 1

50 100 150 200 250 300 IS0 400 450

1
[
L=

i
wr
(=
[ ]

Excess Delay {ns)

71l 3.6 Aedetdanui & uuaznar lunsutwesdygnuniluens
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y .
33 Tmdveapluuumsuninszowndv(Radiation lobe)
' & .. 1 &4 ' 4
Tauve9n1suninize1unaL(Radiation Lobe) Li'lumuﬂuwaazﬂunmmsns: Mondy
A a a | P 3/ ' 4 g o
ffafluuTnulasnstledonvesduiiinnuduvesnisuninse nonaudgli 3.7 uaaq
1 o Tad A ] ¥ o H
UM SUNTNsZ 0L INa1E (Polar Pattern) unuenudia Fswvaiiu Tavuyudiegdseil
[ . . 1 g A 1 o
Taundn(Major Lobe #3® Main Lobe) ilu Tavunsnisunsnszarondudsaguuiiamg
da : A d F— o a = .
ninsunsnsgnendunsafigaaugli 3.7 ilaundnaglufienis 8 = 0 S mfvavena
T '
variiao1sd TaunanuianmilaTawsu aeeinmioniiu(Split-beam antenna)
Tavudes(Minor Lobe) Aun Tauduqueniniia liluinudn
TaudranTeled lau(side Lobe) flulavdesiingdniulaundnuazeglufisniuy
& Aa A > o
A3 2anandniuany Taundn
L d L] { A e L Ll L
Taunda(Back Lobe) iluTavdesfingaTarsnauassduiu TaundmlnaudaTavdos
= 1 d'l = = 'y o 5 ::L:t 1 o o 4 d.,
winannnsuninszveaiulufirmien ludosns dniumeimendzasasiia Taumanil
Windedeufiga szdvvesTavdesdnuaasilusasdmnnumuinvewdenululavi
o G o J ] 7] [ A F=3 [ ] o
fdsAarenNurnuivvemasnu lulaundn FauSonoasiadauveslud lau(Side Lobe

] »
Level: SLL) Tumat §iid Taosia lihiudnezdeamsldszduvaslad Taudosnds -20 indiua

1 P2t edF Peditior it gh
TRy h

Thgibapeomar baomrmydedy
VE -

4 v 4 v
51U 3.7 (1) Tauanquaziyianvesgluuumsunsnssagmenime
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gl 3.7 () guuuumsuns nszoreluwuufified

1 ]
34 'l.ﬁnﬂlﬂ'lﬂ'ﬂlﬂﬂm‘lﬂmﬂﬂ'lﬂ‘lﬂ
TaenalddnezudsuSinundeumeninmasenuuily 3 d@iu Ao auiususaiw
5303 1nd(Reactive-Near Field) auiunssnuszoz Ind(Radiation-Near Field) uazauinszoz Ina

(Far-Field) Asuanalugii 3.8

TSR YL Py

vt isns 1nd

- P ———
w5 1nser R v
- rymezfpia

| Rye2DA

UM 3.8 MINIUTUVDIAUININA 1B IS

uSnueunuiueainszoz lndiiuuSnamunuiidenseulndmeninimnige uasd
= I] 1] [ dy = D =y
auuiuriiaiueafididudulnguiaiiziissezni R <0.62 < —  vnitves

4 4 and 4
anweneiile flunnusnduuaz D dudafenfigavesmeeini
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vinwmuunszaeszes IndifluuSnamnumeoiniafegsenilausinudaun
o~ [ = o 1 1 ]
woafidszoz Indfuaumszeslna TaslimnuiinszvivegdiuduIng uazmisnszawves

» 3 ]
TUINAYNARNTU)SAUMINI T IENINd BN amsemaiivinadnidiefioudy

& " 2 a4 N 2D? - D
anuondumnyluuSnations lufatuluvuSnanseiszoeni ‘1 R>062> =

-~ = é U
mnmﬁu‘mszuz‘lﬂmi'luummﬁumﬂmqmummﬁ FINTTUNTVOITUILVDIT WD IN AR Y

Aao

1 IJ o L 4 I ar =
yusieq iduAussszneanmeematiawemaiiialngfigqamiiiu D vSmau
2

1]
=4 I

o 4
3% z"lnmzmmuwszuzmq R 11107 FINTWOINIA

1
1“']Jﬁi.’Jf.uu’sﬂiJ'l‘.iflllﬁﬂl-.lmslﬂuﬁu']ﬂﬁﬂil?'lﬁ('l‘mnsverse Field) LazNISUNINIEZ0
2

2 lﬂg 9’ = o 1 J ! o/ 2
‘umﬁmumuqumaq"lmmmJ5zuz‘mwan‘lwmummmnanﬁm R mny lazuey

@ o
uam*i'fluau‘um

3.5 JUuuunuminszeIw (Radiation Pattern)

sluuumsunsnsEuaAdny M A NN e Fy IR iunTnTze s 9
meeMmemnRirne unsnsznelugauaaisiSeniwensiaesa(point source) Hgtluiuy
maunsnsznoiuginsanay Famneiai sunduauiszeemai 4 fu sziiumas
lunnfiemadszldi 3.9 ()

mwomARiigliums i nszvenauIue wiiglsamdeuvunTatn lnsf
awermahunumanne dagUi 39 @)

mwemafigunnisunsnsznouay q siiumeeimesiiaiifiena (directional)

dagilii 3.9 ()
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i ,
¥
: O
L
hoo»
r
H
Yt
i b h
(M)Point source (9) Horizontal {#) Directional
Radiation Radiation Radiation

31N 3.9 3UNITINI NITNIBNAL 9 LY

linumsunsnsz ezt nudumumiia 18 luRamaie 4 fetlugld
3.9 (A) xy,z {HunAmeauwa eIty 4,74,/ Tﬂﬁﬂﬁuu 0,4,6 A& du AN
AR xy,z it unAfisag x sginnmenInAIndiqe wos 2 1ndiie dufle
fr"tytymmmﬁqa”luum 0x

o 1
agU1877 guuuumsumsnssneferduveu(ocus) vosgatanuanilnmdna

ikl

3.6 BNIIMIVEBAMBI(Power gain)

TunsTasasinsvoeddelditnsdsudeusidinuideudhmenininiiia
el & anuduaunlufisnelaundniissoemaniity vhidumanuduauiuues
MOBIMANIATYIY udafioudasdmmdsanditoulimonmeiaaes

A, =10log [%] (dB) (3.22)

t

=h.

Tau

A, AT INTVLIBN A
P

. Mademeenedusudeda

r



26
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P : Mdsdameoimanaaandiens

!

lunsdl directivity 15idiiladdanisunsnszowlunianafigiga dausasmsvoe
o LT Y L |

1 »
fdanasannnmdsnuiteuwdhameina desndeiindiodu ondusasinisuonodided

[] = 9/ = ot o ar = ¢ 3
dauvesms gaydslumuenmemtwndoe sdulougasdamsversidednede1én

A, =nD (3.23)
Tuise

D Directivity

n:dszd@nnmmoonie (= 1 minulimsgpdo)
' . .. = LV o =S 1 o o o Y
A1 directivity nadunfildoinmsiriunimgui dausasimsvootidalama

» »
Ufididiudifg aeaesilszwhdudmiumooimadudionew(VHF) uasgemon(UHF)

daulng uaasarimeiuduen(ME) uazuoalon(LF) mozarsfuthanseiimsgade

3.7 uuuaiarvesmesimn

]
= o

o'y ] ia i Y L]
HuWAINYEIIIEEIMA Ay A D AmeemaARNgumuAegluiasguAdmua
= 1 oA ar = Qs 9§ ] | e 3 - ] Qs
wiegannudfawe e finsdinuauiiaais o sgluminidan’1sd fslianeinguandai
yd' d' ° 1 ) T d’q 9 3 ] P
sonuuy T3nanudnars sush iftqaaudamaiiiaall vindodmuamasgrusy sunn
duduaud, jluuumsunsnsznwinin, Inanlsmdu dasimsvey, uazdsz@ninmuos
MIUNIATZWAAY
4 ws 1 Cd dq o a e
rioaninguandaas 9 sesmsenalunlasundasniuanud ludnyazideany
4 o s & ' o ooy W} ' & % ¥ o
nevua  daulslymusodmuanuuainmuguautiaedislnodranda1d Tsdoalinig
smualdiiullaunsisegpaldauusazedisly
= Qe T ar = ;& o=y @ B
Unds dquauidvesgluvunisunsszosfudufuauduoudin ludadinua
LUHAINYDITINA
= o da o R A ] 1 ddop Yo o
LHNATULUUAIAT(Pattern bandwidth) ABAIANULANAI 52 HIANUDHR IAE
ﬂl. [ é é 1 . o F q'
1A% vanaanTandlahalf power) ¥oIAIgIga TUAANIINMSUNTNIEIWARUGIGA
Mo MAR LD 9 15U awe1nieia Ina n3oawoneyps T Aosaurs i vy
o A 3 1 Y4 -
910 VHF HUUA ANYDAILA 54 n2idsn 09 216 nzidsa w30 Taua1e01n1A(loop antenna)
[ P 3 ' = Y4 r 1 = ]
180 %) S UHF LUNA n1u0a%8 470 lWneidsa 84 1000 wnzidsa nasavesanyiwiSonh

f )
Lﬂuuﬂuﬂiﬂﬂﬂﬂ
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awerman 18 ualasnuaiuds ewenmaiifinanasl Wuaiveiniani
[ a o

UszdnBnmiugiiga nnesudgygialdmszenduniesiuinnulquuazdyguiidani

U3¢ MImInNNdnaiessnLUDMeeINATI lumalfialdgas e 4 A

Ju =N S (3.24)

il
It ﬂ’211J?’;lﬂa:£l1’lNl.iﬂj’lﬂﬂ'iﬂ(geomen'ic mean frequency)
/oo “Jf'ldﬂ'11ll?;¢°;1ﬂ’j’lﬂﬂ1ﬂ(]ower end of the frequency band)
fy ﬂhamm?;qaﬂiwﬂmu(upper end of the frequency band)
v
3.8 TUABHNMINARDY

3.8.1 idutunsuMINADY
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AENLIAIMMMATY
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wingunrluazineile
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nieeassimARIUNEanLLY

. Yradinne
E:> apluazlinssiun |::> . - -
fnnmpesaziimeniasfinEy
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3.82 phdgonanadiimegoadhduuad

1
Lt i

4

208

1 i L L
2 18 -t 1 18 H

S
Time (ns}
U7 3.11 vivesumsdeiuvesdyyiuganihauund

- 1 ¥
asdedgygnugani hduuudignuansdegili 3.9 uaslicunsdail

v,(t) = }l_b—l: oSG (2508 ) = frnSine(2f,t) | (3.25)

P A da o
Taeft £, fle anudfnniga
£ Ao anudilooiiqa

1, = fo — £ duaalnaduuuuddad

f. =UL?“ﬁLﬂummmmﬁ'qu6nmq
sinc(x) = Ln(ﬂ)—

(7x)
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383 1'ljll.1.lﬂn11’¥ﬂ (Measurement Model)
q.' [ ] =Y é = £ o o
Tumauuud 1 ddaduaoeimelulatinea Ssevermaiiumod lavnitiudify
¥ M
Tunsaifueemiunsdl1ddai
aa - ¥ [ 1 Y A = e o o
nsdid 1 : denmadwiunazdmdsliRvsauniesneuiunes liadjna Tay

-ty dumeemelu Infinead mauiiumesimea’luIntinea

[]
* :-c L]
Tx
:* x. -
= !
it >
- was 4

s

b

310 3.12 (M) guluuy Taueal nedin 1.1

k]
=

31/ 3.12 () Aedwnmeie Tuiaal nTdh 1.1
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Network Analyzers ZVM and ZVK

ZVM and ZVK are compact instruments with integrated generator, two reference and two
receiver channels and a bidirectional test set. This can be extended by attenuators with integrated
switches in the generator and receiver paths. With this configuration, ZVM and ZVK offer direct
access to all reference and receiver channels. This concept makes ZVM and ZVK well equipped for

complex test setups, for example for bidirectional measurements on power amplifiers.

For the units up to 4 GHz (ZVRL, ZVRE, ZVR) and 8 GHz (ZVCE, ZVC), a separate data
sheet (PD757.1802) is available. addition, a free-of-charge CD-ROM (Order No. 1007.9074.14-03)
contains extensive information on the network analyzers including manuals, application notes startup
information. Additional information can also be found on the Rohde& Schwarz web site (www.rohde-

schwarz.com).

ZVM and ZVK have two independent synthesizers for the generator and the receiver. In the receiver

sections, fundamental mixing is used up to high frequencies to provide the excellent dynamic range



and outstanding selectivity, enabling straightforward measurements on frequency-converting DUTSs or

DUTs with extremely high selectivity.

Special calibration techniques ZVM and ZVK feature modemn calibration techniques
patented by Rohde&Schwarz that allow full two-port calibration using fewer or only partially known
standards. This simplifies the design of calibrationstandards used for example in test fixtures or on
wafers. Thus calibration in non-coaxial systems can be performed with a minimum of effort at
maximum accuracy and dynamic range.

Embedding and de-embedding of virtual networks, CAE software The Virtual Embedding
Networks option enables virtual embedding of arbitrary linear two-port networks into the test setup.
The required data (*.S1P, *.S2P, *.S4P, *flp) are obtained from a measurement of the existing
network or generated by CAE tools from the theoretical model. In tests of components that have to be
matched to a given impedance, the matching network can thus be taken into account through
mathematical algorithms of ZVM and ZVK instead of using the physical network. This method
guarantees high accuracy, ideal reproducibility and maximum reliability without any
loss of speed — great advantages especially in production. Conversely, by de-embedding, the influence
of a known network can be eliminated. The S-parameters of a chip can be analyzed, compensating for

the effects of its housing and bonding leads through de-embedding.

Time-domain measurements

By transforming measurement data from the frequency to the time domain, discontinuities
or impedances along the DUT can be displayed as a function of DUT length. With a maximum
number of 2001 points, ZVM and ZVK can measure even very long DUTs with high resolution. Five
filters allow the location of a discontinuity and the sidelobe suppression to be determined with
optimum resolution. The S-parameters of a given discontinuity can be displayed in the time domain
by setting a window (gating). An additional processor module included in the corresponding option

accelerates data



Designed for the most stringent demands

processing and the display of results to provide even realtime dispiay — a valuable aid, for
example in the tuning of bandpass filters with time domain transformation. Intermal PC and
Ethernet ZVM and ZVK are based on Windows NT.The user has complete access to the hard disk,
the floppy disk drive and all interfaces of the internal PC. This allows, for example, the connection of
an external monitor, the installation of any type of printer, or the use of software tools on ZVM or
ZVK for result processing or control of the network analyzers via the IEC/ IEEE bus or an internal
RSIB*) data bus. ZVM and ZVK can thus act as controllers of their own or for a complete test or

production system. Moreover, the internal PC enables control and data exchange via Ethernet.

Decoupled 4-channel display

In the decoupled mode, the frequency grid, measurement bandwidth, calibration technique
and measurement mode can be configured independently for each of the four display channels. In
amplifier measurements, this allows the simultaneous measurement and display of important

parameters in quasi-realtime, such as gain, compression point {(power { {iptsiii: i bried)

Test set and system configuration

ZVM and ZVK are four-channel instruments with two measurement and two reference
channels. The test sets are of fully symmetrical design in the forward and the reverse direction During
a bidirectional sweep, the electronic RF switch applies the signal to the DUT at every frequency point
in the forward and the reverse direction: ZVM and ZVK thus indicate the fully corrected measured
values during the sweep valuable aid in alignments at small measurement
bandwidths. Optional step attenuators (ZVM-B21 to -B24, ZVK-B21 to -B24) with attenuation

from 0 dB to 70 dB in steps of 10 dB can be inserted into the generator and receiver paths



The attenuators extend the output power range down to —-90 dBm and the maximum
input power at PORT 1/2 to +27 dBm If ZVM or ZVK are fitted with an attenuator in a receiver path,
an additional test port — INPUT b1l or INPUT b2 — is available on the front panel. An internal switch
in the attenuator enables direct access to the respective receiver channel, bypassing the coupler.
Sensitivity and dynamic range are thus increased by typically 10 dB. The two reference channels can
be accessed directly too, since the associated paths are routed via the front panel as standard (R1
CHANNEL IN/OUT, R2 CHANNEL IN/QOUT, Fig. 8). In the case of ZVM, the PORT 1, PORT 2,
INPUT bl and INPUT b2 test ports are PC3.5 maleconnectors, the inputs and outputs of the reference
channels are SMA female connectors. In the case of ZVK, all ports are 2.92 mm male connectors, the

inputs and outputs of the reference channels are 2.92 mm female connectors,

Anetwork analyzer equipped withreceiver step attenuators not only offers sensitivity and
dynamic range increasedby 10 dB, but also the functionality of an instrument without a test set
{"Delete Testset"), i.e. direct access to the reference and measurement channels. Active DUTs can be
powered and driven via the inner conductors of PORT 1 and PORT 2 with DC voltage of up to 30 V

or 200 mA. The required DC power is applied via rear-panel BNC connectors.

The flexible concept of the network analyzers allows the configuration of complex
external test sets for special measurement tasks such as:
« group delay of mixers with the aid of a
reference mixer
» high-power measurements on power
amplifiers using a test set with
preamplifiers (Fig. 9)
* $22 measurement on power amplifier

during operation
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