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- u.: = - ﬂ - A oA ﬂ' o G ] ﬂ o
qudte Wwagndnlussuufdlugaundimsgydeiiniasdoudusududeziiugud
(G.,T=1, L T=1)

MIQEIFIIDNMIAI(Path Loss, L)

P, PGG
L=10log| - | =10log| ———* 3.4
Og(f’ J og(fill J oo

T

rl

¥
=

Tun38iN polarization matched MdsnNunUULINAT IR IMARA T IR

_fG,

= (3.5)
ar
a  al ~ 3 o
fdsnuiaeeneausy
PG A4
]3: = :4+;R (3.6)
wr
Tauh A4, A0 effective aperture ¥OIMBDINAATUTL
4x
Gr = ?AeR (3-7)

wazinunuang 14

2
A EN on
p wr
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» ]
agUmagopdnsInlunNuAI(tree space) Tangasvaania(fiis) o

2
I= Pf(;fGr = (4;’ ’] (3.9)

r

" o, )
inTov1e 1¥muAunduyana(Wircless Personal Area Network, WPAN)
¥ ] ¥ v ] ¥
Iuszuylmunsedwiufiduyaaaiusuilufigaidesliquauiadad Aeluune-
o da W @ Py o_ g 8 a o 3 o - g - EIR
Ianiinhe Sasimsdedoyags Mdaamiled sesiudlduimshuin vazdeelinmilige

Taomsfomsgnuamsmugnind 3.2

\ A\ VN A WY TR A T
Tx-ant. VARV Rx-ant.
_[‘\_ Line-of-sight (free space) case
Attenuation
+ of signal
Distortion

] »
1 3.2 guvumsdeasveanievia limeduiidiuyana

HANIZNLINAT3NISAANDUTYEIM(Distortion) 93 ThwinImuiesnngasues

Wiauaauiluaunslumsuvsinnud
3.1.1 nsuenagasmmdaiuveafit dmivszuugenhlduund
Friis" Transmission Formula
L]
Gy

Tx-ant.

G,

ENEIENEFENESBENEDR IIIIIIIIIIIII’

Rx-ant.

T N Y T T T T T -

P d

P

LOS wireless transmission model

51 3.3 galunumsas lSamenundun1nse(Line of Side)
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EATINTVENLYEINITININ(Transmission galn)

G (1) =24 = 6, (16161 c.10)

o &
sannumdnizerwati U 19(Free space propagation gain)

Gf(f)=(ﬁJ 3.11)

o4 a =

Ny f A9 A0
G, ( f) fie dasimsvensgnivesmeemediuads
G, (f) fle sasimivewgniveameaimadiuiy

- A
A A9 ANEINAU

3.1.2 vogaindahuveadio dimiumsdanidefunnIninuud

Tx
d
Input peak
waveform detector
7777
H priig (D) Hyp (D
Hih) Higiit 1)

= o o ar | o at 1 i
U7 3.4 vdenleszunsudmivssuumsdadeyadmiunsvnegaimsdadeyaveaian

o et 4 o
nsziiugand laduuug



o ar
JIHONOIYANA N NIz MDMAIANT Yy i

2
2

UBUNA
v,()=ES(1)*h (1) (3.12)

¥ A ' ) . .
ﬂu1ﬂﬂ’limﬂiﬂ‘uNﬁﬂﬂljﬂuﬂx‘li’Ju(Correspondmg transfer function)

e —-Fris

()= V(f) =H HH, -H, (3.13)

!

=0,
=D
&

H, =H,(6,.9..f)

a=r orl

t ¥ 1
wiHin1sa 1o TewFadou(Complex transfer function) YBIWUHIG

A 2
H =——exp(—jkd , k=— (3.14)
1 = 4pa P () p)
4 w )
L’Jﬂ!ﬂB{HuQHU’JU(Unit vectors) VDI INIATLLAS DN AT
Br = 61 * (ar = —ér (315)

Matched filter normalized to satisfy constant noise power output.

(/)
MF(f) eFrIJ.r
Ll

e ~Friis (f
o o o
10191 ANUNBTU(Output waveform)NNUUNA UADS

h .. ()h_.. {—t
Var (t) o= Friis (r)*hMF (;): giFM() _Fm( ) 3.17)

JLk @y

(3.16)

fgagA(Maximum)

Vur (r)max =V (0)= [:VMF (f)df = \/f | e-Fris (f)|2 df (3.18)

14 [l
"?I'?Jﬂ'l‘iu‘i'lﬂﬂ'ﬂﬂﬂllﬂuﬂﬁﬂ']'li.lﬂ‘ll\iiT'lU'El'Iﬂ'lﬂﬂ']SQ'iula'ﬂ‘llﬂﬁﬂﬁlﬁﬂigﬂ'lﬂ uaz

alnasuvesdganaunrdadnlide

62585
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32 winfinefussdeadggraumaiafianiamsindeudi(Parameters of Mobile

Multipath Channels)
Y s 1 ar - J 0 o Yo
Winmeivesrosduanavaeiirmannueil lumndrdsnuinldSutaznar iy
3B ausadeyey I Power delay profile) Tasfdsnuit Idsuuaznm lunmsnndsuesdyg i
o @ o_ o i ar A & = .
Tavdnagnuaaslaonswa nuduRutvesthidanui WMufunmdstaiiuexcess delay time)
fgamstanan(time delay) $1984 uazAdsnunldsvuezna lunsudwesdygramld
A v e w an Ve = o & 1&%uA H 4 d
nnmuedsadideui ldTvnaznar lumsndesdygrania ldiuiiuseuqiun
4 H o a L% d' ar & d A
MenszAnTaddsnun ldsutaznar luminteve sdaauuu v nan(small-scale) 39
3 ) oo w oA = ' o o o
Vuegiunuaziduavsaiadinsinusiaveamsdnyigesdygramnatsiiania §i
= o 1 1 ‘; é 1 ﬂ' 4 1 &5
sifedrulvgeidonfiniladiuFussariuerindu nazssozmalinfu e warlu
I s 1T - ] O Jdl- T A L
Foadayguneusnons wos lufu 2 wes Tusesdygsmolueimsiginnudisnig
ad - - - [ U o o a a
450 unziBsa — 6 Inz@in lugud 3.5 uemediedisdanuildiuuaznar lumsundeves

Fyanurosdgyganeluuasnioueneins

L 1 T ¥ ] L L | I 1

Display Trwashold = ~341.5 B8 per 40 ng
RS Oelny Bpresd = 22.8% wicroseconds
¥orat Cess Sen Frencisco seasuremant -
KanEell St.

{odm per 40 ns)

= -100
3 -
—d
-
[
L JET
wn
h-}
[ 1]
>
—f
[ ']
T -10
x
-118 \
) T

Excens Dalay Tims, [mitrosatonds)
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KROLHVH

380 m path

18 dB Attep
2 mV/div

100 oa/div

-!;(dﬂ Sm__lf)
=
B

lbnet‘nd!'o
£

B

formalize

=40 D

(V)

31i#1 3.5 MM Ta power delay profile Tav (1) Jannszuuragaif 900 wnzidin Tuau-

Wsudaln @) noludmuivuessii 4 Snzasn

3.2.1 Time Dispersion Parameters

WoNsznfisuitunnuuana1ave sresdyg U U aBRAN I I(multipath) oz
Y : [Y c:a‘ =) o o
AAUINIT0BNLLLYBINIT TS 1305 ATUTIARIANYINI3101A05 (parameters) NaINsn

=y ﬂ' a’ yé L] Qr = & = ] o
venfFinanmnzaudminlunisl¥demsvosFygrauuvnareianedlisgralsdd
time mean excess delay , time root mean square delay spread , time excess delay spread( X dB)
o o 1 ar - a o = 3 ]
dluwiniinesvesdosdgyanaununarsiianefidrdgdmilunsiummnsngaimuald
910 ArdsnunldSuuaznarlumsufesdyana laoguauianisnizeenaive
¥ o o o T ] o
Foedggrunarwianie unuunuandsdmuugeevitSuinlau Tine mean  excess
—— N & —
delay(7T ) Ung Time rms delay spread( o’r)IﬂUL’Jmmﬂﬁﬂtﬂu(mean excess delay) Humsm
Fwnzusnoamdsun idsuuaznm lumsndsesdganauasiugniumh
2
Zakrk ZP(Q)Q
T=2k S
2
24 2.P(%)
k k

Time rms delay spread tilunin1sInTiaosusangmsalFvmzsinarsddufiae

(3.19)

8o AN Yo = o & o ar :
vosdson ldTunazna lumsntwosdygrudegnivn13ash

o, =T —(F) (3.20)
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=h.
=
ey

2an  2P(n)n
?2= k - k
Zaf ZP(TJ:)
k k

(3.21)

o e o o i

o EY r-| 1 dv [T | [ -
s ldnadamarignian 18 Tasnnudunusvesdygpaiaivldaouuson

] ]
@ o A P

4 - [ 1 d ] F-A @ g9 o ] 3 =
WA UN 1 EOﬂluﬁllﬂ'l‘iﬂﬂﬂﬂ'l'lﬂulll’E’T'lll'l‘im‘lfﬂﬂilblﬁ"lJuiSﬂ‘ljﬂ']fNﬂUN!l‘Hﬂ‘i\‘](absolute

3 o w o o - 4 =
power level) voa P(7) uaiflufiosnnuduiusuoudigavesesddsznenuunumaisiiani

' '
a2 o -

¥ ) v
Mulu P(r)lunilond2e019A1983 ms delay spread AianduIngndoniinisueneinisly

" - r- | 1 = ﬂ.A o ﬂ.’
e luIasiud uazmnnmeluoims lurndsu TuSindads lduaas Bauaieseaedl

A1314% 3.1 AI9819015IAA1 RMS Delay Spread

Environment | Frequency | RMS Delay Spread( o, ) Notes Reference
{MHZ)
Tuiding 910 1Ay 1300 ns New York City | [Coz75]
600 ns dev

WINAYA 3500 ns

Twiiloa 892 10-25 us San Francisco | [Rap90]
nsfiugige

WULing 910 200-310 ns nsfidiethande | [Cox72]

Muiios 910 1960-2110 ns nsdigatomde | [Cox72]

Maluernrs | 1500 10-50 ns AN [Sal87]

AIUNAN 25 ns

=2

meluems | 850 WINAYA 270 ns AN [Devo0a]

aelueims 1900 IR Y 70-94 ns San Francisco | [Sei92a]

1A 1470 ns 3@n
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a E¥Y

IudfyPABIBATUNNTI rms delay spread 1A mean excess delay TAQATIHILLINN
-] o i o é 3 Ci
Srdsnui 185 mozna lumsudeveadayg aufoKsingle power delay profile) Feilusuais
a Y 1 a 4 ] r oy o 'd o
It uIaazANadsNY¥o3319(spatial) ¥ 89015 IANAABUAUBIBUNA A (impulse) AIUAIFY
! 4 o A4 4 a @ ' o = o A4 o
ungAnndufuRUNsOVDTIIU(ocal area) Tnodad1uBUNII TaunuegnihAudT oy
Py 4 o -~ ' aa o d as =, ar
Usnaufiefz AnsanyimuatavednNimes Tesdggauuuvasiemadmivssuy
4 da F 4 '
mséﬂmsmaﬂumﬂuwummﬂﬂlmy (large-scale arca)
Maximum excess delay(X dB) vasmdsnui ldsvuaznalumsuisvesdyanm
TRgnilomfunstanaszniamdinunaedismeanuii X dB 1éswnfige ludams
= P & e - o o ) P
Tagnionnihy 7, -z, Taufi 7, Aedygradufedygnausn oz 7, Pumstanargiiga
1 a a oy = o d { 4 ]
Hosnilszaeunanefiananiolu X dB vesdggrauvarsfiameiuideiudausshgacrel
2 o & 4 a o . ar
$uiludeantanz, )aluzdh 3.6 1AeFu1enIfuIs maximum excess delay @35
pafitlsznounatsiananiinmInigad 10 1AFIUA maximum excess delay 1AMV VIYA
frfunawaimsomsiuunaieianiahiia uniloyaiTuAUmMNIZ (particular threshold) fi7

» ]
V04 7, maﬂ%'qqnﬁ'umw excess delay spread ¥891339uH T uaznmlumsuiaaey

»
a

ﬁ’tyrg1m1m“1unﬁmmﬂnmﬂagﬂmwuﬂ"hﬂfqmsmu(uueshold) Fafuduiusruiudyy i

'5‘IJﬂ'J‘LI‘Hﬂ'Iﬂ'ﬂﬂ‘ﬂ"I\ﬂ'ﬂ'ﬂﬂﬂ“lJ'iZﬂ’ﬂ’UHﬁ'lﬂTlﬂTl’Nﬂ‘i“Ul‘U'lﬁJ"Ill'lﬂ‘n?[ﬂ

(=]
|

L
RMS Delay Spread = 48.40 ng

o

i‘ . Mximum Excess Delay < 10dD = B4 na

.ﬁ f' ﬁ Thruho&d Levelm 208 — |

W“"w VLA v v

Mean Excess Deley = 45.05 g

i
ey
<

Normalized Received Pawer (dB8 Scale)
L
o
4

A L 3 | Fl i I i t

50 100 150 200 250 300 350 400 450

1

[
1 @
e
[
L= I 4

Excess Delay {ns)

51l#1 3.6 FediemasnuhldFumaznm lumsudwesdyaumelueins
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y A
3.3 Todwespduuumsundnizerwnu(Radiation lobe)
4 » L4 \ -
Tauweanisuninizeendu(Radiation Lobe) iludumilavasgiiuunsniznonay
ffaiiuuSaTaonsiladovvesdwfifinnuduvesnisuninsznonduig i 3.7 uras
1 aa 4 1 ] w :'lv
suuuuMsunsnsz1wuuy Inati(Polar Pattern) nuuauila iy Taunyussqdeil
& . . 1 N 4 =
Taunan(Major Lobe %138 Main Lobe) iiu Tauvaansunsnsznioniudeaguufiamie
: ] A . i o = '
NUMsUNINTEwAdULIRgam gl 3.7 TiTaundnaglufianis @ = o dwmivmeemea
a P - & ' a .
usiiaeteil Taunanuinn i Tausu mesmeoniiu(Split-beam antenna)
Tavuties(Minor Lobe) 1Aun Tavduquenimilahlanndn
Taudransolea Tau(side Lobe) iiuTavdoviingaatulaundnuazeglufiemuy
‘& =1 = o L
f33329naudnAeInY Taundn
o L] { ] A b o
Taunds(Back Lobe) iluTaudesfingasasnavassdwiuTaundnlnaudalavdes
P | & a HAw 1w v & e ¥ o W v L
wiiavnmsuninszeniiulufienieh lidesms dniumeimeanfzdesiiia Taumani
MWimAeloviiqa szavvesTavdeninuanailusasdunnumnuiuvesndeanululaud
o @ a ] 1 7] o & o
fdefaden nunumiuvsandsnuluTaundn #FuSonirdasrdmvesTud lau(side Lobe

¥ »
Level: SLL) Tumal§iia Taena luifuineedosms IszAuvesled Taudesnsh -20 indiua

1 iPnt Sl Pogiterideh
¥ NiFa |

lEgibpernss beprandel
e .

5141 3.7 (1) Tavdrsquazdudavuseguuumsunsasserwemoeinis
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‘// i \ s B v

= ]

U7 3.7 (@) guuumamsnszeelunuudified

¥
34 u"inmnwwaqn’mumuam‘m
TaovaludnezutsuSnandeuaeoimaoonuudiu 3 diu fn auiysuoain
seoe1nd(Reactive-Near Field) auunssnossoe 1nd(Radiation-Near Field) uazauinszos 1na

(Far-Field) Asuaaslugli 3.8
LB T e N0

LTI AW sazlnd

e
NS IRLY PRI o

J \ . Ry=ma2 DTN

Ry 2D

319 3.8 MIuLsUTMvBImINTINA RN

vSnaaunsueniivszos lndiduuSnaumnufidensoulndmennimnige uazi
= = ! ] - d“ = D =y
ﬂu‘umi‘lu‘numuﬂﬂnﬂnﬂumu“lmgmnmmzuiz SN R <0.62 < = VINHIVOY

4 4 and  d
meeniriie Wuanusaiuuag D dhiiiafinsfigavesaeeins
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vinuauwnszwszezlndiduusnumnumeoiniafegseninuinadsauy
uenfidszezIndfuauwszesna Taeliauwiinszvwegiludiulng uazmisnszaivyes

! 3 as i S o y o
auayNANgTuls AU sesnTInmeeIme ileaeenmalivuaandiefouiy

: 4 P ¢ va 4 S 2D? D
ﬂ’J'Ii.lU'I’JﬂEﬁJﬁH'IUi‘N‘lJiL']mNﬂ1ﬂ1ﬂ£ﬂﬁﬂﬁ1uﬁi!1muﬁzui8387110 1 R>0.62> I

= Lo é "
mnmﬁmmzﬂz‘lnmﬁumnmﬁmwaqmummﬁ HINTTUNTVOITUIUVDITIUDINTAA Y

o e

] .J LY L] 4 I W =
yuaeq lufussusnsoinmvermadimeemailialngfiqaniidiu D vSharu
2

]
=i

a 4 '
bH zqﬂﬁﬂzlﬂﬂﬂuﬂizﬂzﬂ'lﬂRﬂJ']ﬂﬂﬂ MINTWOINIA

1
TunSnatimuseldnuneuauINAAY1(Transverse Field) HATN15HNINT 28
2

] !J o = g 1 -] ] L 2
ﬂjﬂaﬂmumuqumaq"lmmm:uzmwau"lwmmnmﬂanm’mm R innuy lazvau

o o
uaniduoriug

7
35 ]'I.'lﬂlﬂﬂ'lﬂlﬂiﬂizﬁ'l!l (Radiation Pattern)
sluuumsuninsenouaaidnyueaNuus o Ty aiunNInTEI IO 9
= Y r ad v s o .

ML IMANATIAYAN1I Munsnsznelugauadis S enimesyiaesa(point source) figiluuy
r A 1 { 1 & ] ar
msunsnsznudiugiinsanay Samnetah anuduaundszoznian 9 M szridumua

Tuyndiamedsgilf 3.9 (n)
= e ’ ) ] ] a -
e nanlgluuumsuninszenuuaveu wjlhianieuvuy Iain Taod
g oo id
awememiluunumansife &g 3.9 ()
meemeaifigluuumsuninszaiount 9 suilusweInesialiianig (directional)

Sa31l 3.9 ()
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1 .
¥
j >
L
LI |
y
Fat
i b h
{f)Point source {¥) Horizontal (7) Directional
Radiation Radiation Radiation

519 3.9 JaluvUNITININIZIWHAIY 7 1L

sliumsunsnszvwestsdmnuduauuiiia 18 luimmain q feonlugld
3.9 () x,yz HunameSmunmanuenwidu 4,17, Tﬂﬂi’ﬂﬁagu 0,4,0 Awdrdu Ay
dunign xy.z wehfunuafivad x egiisnnomennmnniige uaz z 1ndfiga vufe
ﬁ'tutmm:uiaﬁqn‘luum ox

¥ H
ayU189 sluuumsunsnszswfeiduueu(locus) veagaanuaniinuduauy

U

o
3.6 BNTIMIVENBMBI(Power gain)
Tunsiasasimseereideldisnisdsunlasumdsanuniewdriaeoinaita
A 14 1 W = W A 1 o | ") 1 9
woaldldmanudyauinluhianialaundnhszoznmanidu winuan N udN e uINLDa

] »
MeeIMenATIIU LdaReusanduddsnuntlenlvaveimeiaaes

A, =1010g{%j| (dB) (3.22)

i

Taun

s

A, AsIMTVOILNIAY
P

3]
a w & ¥ [ P
: AN T U TINIFATUIUDINDN
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o o

P : Mdsdsmeoimanaaauiass

i

Tunsdl directivity 15d1iladdsnisunsnszowlufiamafigage daudasnisaee
o o

¥ 1
Mdmsannnhdsnuideudiamenma aesoaniindiodu vndusainmsvoiedidd

dauvesmsgyduluaooinemiund e iladougasdamsversindsdnotia1adn

A =nD (3.23)
Tuiile

D : Directivity

n:lsz@ninmeasenis (= 1 win lufimsgaude)
J . . - ' Al Qo a1 [ o o 9
A1 directivity UnAdluminldninmsfuiunangud damsanmsvnoiidalama

» ¥
Uinadluddy maesissmdudmiumeeimadiiese(VHF) uazgiowiev(UHF)

daulng uameormetinuduie(ME) uazuoalen(LF) mozarsfuthannsimsgapdo

oy
3.7 HUMAaIANYBIME NN
oo ] aa i Qe o
HUUATNVEIEDINMA Apsaeanudfimveimaitiguauieg luuasguismua
- | 1 A4 ar a ey ¥ L] y A 3 = | o
n3evennudiiawemea densllguauiaais 9 eglumnldan’ld folinnnnguanyas
Wd‘ ] o 3 Qe T :lyr.\ 3 T -
sanuuy nanudinars swih Iduaviamaiiiiae 1 sindetdimuauasgiusy sunn
suRuaud, jUuuumsumInsznednin, Iwanlsirdu,dasimsves, uazdse@ninmues
MIUNTNIZIWATY
A /sy 1 ' ﬂ'. ﬂ'. o = at
ioanInguayiaa1s 9 vesmeemie il dsumlasawnnud ludnuazdendn
5 [ 3 = x o o'y ) wa 1 1 & =5 vy a
favun  faiuislimusefmusnuuainmuguauinodislnesianmile1d Sedoalinis
svualiiiulmunisilssynd 1Founsazedisly
- o ] @ o e L) o o
Unds 1¥qamuiavesguuunsunisznefuduAuauduuudin Hudisivua
UUUFINYBIEDINIA
ad = J ' 1 i o o o
LA ULUUA I (Pattern bandwidth) ABAMNUUANAIN TEHINANYDNT IHRAS
A Yo 4 &4 - o ' £
185 uanasnTmila(half power) vaemigage TUAANIIMIUNINIZNUAAUTIYA
MEDIMATIULNE 7 154 awemdlaIna iemwermaypszae Assansniudygiu
o = n’: 1 o =
910 VHF LUUA ANUBAILA 54 nsidTa 049 216 sinz1dsa Mo Taumenima(loop antenna)
d [ o i : = Y 4 1 i '
[N ) 1 UHF Wuna anuddaid 470 wneidsa 69 1000 inzidin namevesnnudezSonh

=)
L'ﬂull‘l_luﬂ'l'l"l‘llﬂﬁ



27

[]
dAd d 1

o 9 ] F=Y = lﬁ‘l N
ﬁWUﬂ']ﬂ']ﬁﬂvlﬂ L!ﬂIﬂUﬂTllli]is‘llLﬁ'] U 1NIANINAAIINIY l'ﬂﬂﬁ'][lﬂ'lﬂ'lﬁ‘nﬂ

UszAnsmmiusfiga Mwosudnanaldmszerduniosfulinnhguasdfyanuidan

uss MsmANBAMuiessnUmesIMAf3 lunedfiidldgase 4 Ae

fm=VfL'fH (3.24)

uiiio
It ﬂ’J]u?l'm?;tmuﬁ‘n’lﬂﬂ?ﬁ(geomet‘ic mean frequency)
[ ﬂi'Nﬂ'mJ?;ﬁm’i’lﬂmU(lower end of the frequency band)
fu ‘ﬁ‘Nﬂ’J'llJﬁ:’tIQﬂ’hﬂﬂw(upper end of the frequency band)
»
3.8 YuABHNMINADDGY

3.8.1 1 UVUAIHNIINADLY

Fﬂaﬂtﬂqunmﬂnnqﬁmm'mvmaq
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AENULALINIIMAREY

o
winnguUnroluasateaiie

<

. .4
MmmmarsaimAaueenuuY

- Urdinme
E‘I> apluasiimsiiug |:> . u J
FornenaaasunzTims s fiuAy

51#i 3.10 udennsnanes
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1.82 phnudggnanadimesgaaiihdiud

1
it i

04 |-

08

" i A 1
2 1.8 -t 1 18 2

7] o os
Time (ns)
UR 3.11 iviesumsdeimvesdyaugasi hauuua

[ o n"ﬂl’il ol A = o J
nsdadyapugaadt lauuuadignuansdegin 3.9 uaslounisdail

v,(t)= %b[ oSN 27,,. 1) - fminsinc(met)] (3.25)

P A & o
Taon £ A8 anudnuInnga
£, fa anudidouniga

£, = for — o Aiuaiinadunuuaian

1 =UL;Lf‘“i“—)ﬁflum1uﬂﬂnﬁqu6nnw
sine(x) = Lﬂ(ﬁ)—

(7x)
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3.8.3 uuun133A (Measurement Model)

- [ ] - & =Y fa‘ @
Tuwauuui 1 sduiiuaeernialulniinoa Ssawermaiumes taunidudafu
v o
Tunsdisiutaeeniunsal 1daail
aa A' ¥ [ [l Y A'l =y e o
nsad 1 : WomadmFuuazdudslifinsuunsownouiuaes luadja lag
¥

Musy WuaeeimalyIndaeadwauduavermalulsiines

o

* :lu 1
Tx
" + o t e -
3
i,
= ;>
wA_1a Ay
= x!
LIRS ] LB |
= =

————p

q1l# 3.12 (m) gluvy Tueal nadif 1.1

U7 3.12 (v) dredenmain Tuaal nsdi 1.1
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519 3.13 () gYuu Twaal nadin 1.2

519 3.13 (1) Aetanmate Twea 1 NIaIA 1.2
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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 scparate 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 DUTs or

DUTs with extremely high selectivity.

Special calibration techniques ZVM and ZVK feature modern 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. Internal 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 intemal PC enables control and data exchange via Ethemet,

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 simultancous measurement and display of important

parameters in quasi-realtime, such as gain, compression point {power :{:viiofsi. 13 o)

Test set and system conflgnration

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 aitenuation

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 bl or INPUT b2 - is available on the front panel. An intemnal switch
in the attenuator enables direct access to the respective receiver channel, bypassing the coupler.
Sensitivity and dynamic range are thus increased by typicaily 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/QUT, 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 channeis. 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)
» 522 measurement on power amplifier

during operation
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