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figure 1: Iligh level block 
dioglllm 01 a single channel 
!cceiVef 

Today, more 
widespread 
(ommerdal 
communications 
systems depend 
0/1 cost effective 
implementations 
of these receivers. 

By Oay OImsteoclllnd Mike Petrowslli 
Ad~',u,~tS ill both analog to diglt;d (:onVcr
.,jon (ADC) aml VLSI technologies have 
(i[M',,)ed the d •. ~ Ie for I he use lIf nsp 
tcdmiques ovcr lin e:o:punding runge of 
high sample nll(: "f'plk:anons. Foremost 
:if Hong these is the Us(! of standard off the 
shelf ns!' IC'~ a" djgit;~ replacements for 
the analog intermediate frequency (IF) 
processing \\"g-e in widcband receivers. 

lJsin?; this applOueh. the de~ignef c~m t04ke 
lld~1\Ut3g(! "I' opcrational stllhility ovcr time 
and tempemture "t}eren hy digital technol· 
og)', while realizing performance and 
ile:dhilily uurn<lt<:hed by ()Id~'r an.'IIog 
ifnplemenf.ali(>ns . 

In rC(:en! ycotrs there hn.~ been incr('.a~ing 
imerest in the t()pi(~ or \\1debllnd receh'lll1l. 
'Iile:;e .Ire II rct:eiv",'s that ("-11\ tune on u 
narrow hand nIdi') Signal thut exists In a 
broad SpC-i:t!'1I1l1 ',f j11lerest.111e typiC'.lI 
system in this application may be eapable 
of (""l raet\ng <l "ir,n.u ,IS n,lftow as a few 
kHz out of a spectrum th,)!. spans tens, 
hlllidreds. Of e"t;n ll,ousands of MHz. 

lkrouse of the prohihillVi: t"": of these 
re<.'eivers in the pltSI.lh"yw~,~ wnflned to 
usc by til(; military, ).\"vr·nllhtr,i agencies, 
and high end <Y,mml'r;·i"l ,/Y, r-,. Today 
however, more wide~pn:a<J 'f ,mmercial 
communi('.ations ~'Y.t""" arE: d"pendcnl 
OIl (;Ost effective impk:",,:nt;.,tlons of 
rtx:eivers. Cellular tdcphHr.I:'.>, mobile 
mdio, and wireless I~-\N~ arc hilt a few 
emmples (If potential appli(:<(j.·JfL' fix DSP 

To better undersmnd ~ltt.:rn"tive wldeb:lnd 
l'f:ceh-er deSigns using DW, first consider 
the structure of the sih1;J!: (;h",mel 
wideh4.U1d receiver:1\ ,\~1(~\\'n i;-! Figure 1. 
M implied by the n~:ril' . tl'~lingle channel 
receiver is designed tr, r('<:f:i\~ <lnd de<~:>de 
mfonllOltion -within a slTl~e frt'f{UCrKjI hand 
at a time. For the P'H:r~I\"\'.J this discus · 
sion it ,,~Il be l!$SU rn~,d th~t I,n<, frequellc;-· 
band corresponds 1(1 "I'll , ~ha!lnel with Il() 

distinction between" In:'jlJl:nc), band and 
logical channels. \\1-,(;(. if, C,moation is to 
be received from a {hO':r!:f.! channel, the 
recci\'er inti;;! li .... t\llll~! t'J tht: new 
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figure 2: Toplewl bl«k diogramal a wideoond digilol receiver with 0 digita! se£.ond IF pto<ming chain 

dlllIlnel. This da"" of s)'su:m includes 
many commerl.:ia! radio, 'Uld cellular 
I:lllepho'l("~ ' FlHlher, ihe single channel 
r~1ce:Vp.~r is the CCnHmon <1cno.minator in 
other wideband l'o(Oei"crs like channeji1'ers 

fOld ?L){IJl\ spcc:tnHIl analY7A~rs thul. will he 
discussed iater. 

111C single chatme1 ~'el'ei"er is almost 
without exception a superheterodyne 
rereiver with two IF stages .IS sh<M'Tl in 
Figure 1. 'I1lc RF signal is re(.'eived at dIe 
antenna and passes tltrcugh a band pass 
filter, which atlenulltes inierference from 
neighboring bands. The pass band of this 
filter must he wide enough to pa'>s ·the 
(:t)tiTe frequency band that is to be exam
ined at anyone Ii me. but the cutoff 
frequency must be balanced against the 
freqllcllL"Y .of the first IF. In some cases the 
f rollt end filter mal' have the capability to 
have tunable notch flIters switched in. 
These ehrninatc knowll strong sources of 
interference within the band. This allows 
the u~r 10 utilize the fuU capabilities of 
the system in examining w<,~'lk signals that 
~Te ne:lT the freque<lcy .of a strong Signal. 

The Sltered Signal is mixed with the first 
LAICal Oscillator (LO) in tlte first IF mL<cr. 

In most ca.~s. the s),lthesi'rer gener.ltes a 
~ine wave tbat serves as a coarse frequency 
tlln{~r. "[lIe frequency of the W is nor
mally gre:tter than that of the signal being 
rereivee. Sf) that the image frequencies fall 

:2 

near the base band ,U1d ;,h",,,, tht. LO 
frequency. nle highe,-frel}\jcncy C0111pO 
nent is filtered out by the linage rejection 
filter. The inevi(,lble tlllwhUlce ill the 
tt\ixer and fnisolatchioe be·t\veen th(~ 1'1i~xer 
F.nd the slJrTOuniHng ';'~11.p{Jnent5 (.~wse 
the LO frequency tii 1~ llIixed with itself 
so that there is also a spurious signai at 
r-,,,;tJe tIm T j) frequency 11I,1t mU$t. b<! 
aHtmuated by the image tl".ieditin filter 
The c:liiTenmce between the LO and the 
highe~t fre'lllell(Y of inte, ... st govcms not 
oolythe width (JlJ1d thus thl' (l.)lTlplexity) vI' 
the image rejection IlIter. bur. also the 
",;dth of the inpllt filter. This is \>e<;"use 
input signals that are at tilt, sum of the La 
and the frequency ofillt(- rest will <t\so get 
mixL'ti dO .... 11 to the base lxllld. 

In traditional analog syst~ms , the signal 
would be mi.,cd and liltcre<i by II b~d 
pass filtet: to produce II base hiU'ld output. 
The bMdv.1dth of the blInd pilSS nlter 
determines the nalTow band width of the 
base balld signal. At tllis point the sarn
pling frequency of the output sign~u is 
a.ssumed to be low enough to USC a slO\\' 
lind ille:\pensive analog-to.digital COIwmter 
(ADC), if a digital output is desired for 
subsequent proces~ing . l11ere ,Ire a 
number of limitations inhereltt in this 
approach. One of! he pl'oblM1S is the 
ph)'sicnllimlt on the spurious free ci;,1aJlliC 

I'unge of the W 's. 1ilis probl('1l) i~ espi> 
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Figure 3: Top itvel block diagram 
01 the Harr~ HSP4S116 NOlI. The 
Horris IlSP4S1 16 is (~ of 
Q .NumericoBy Controlled 
Osdllaior [NCO) Mowed by Q 

Complex Mol!iplicr !Ac(umulalor 
{(MA.O The NCO is the digikll 
equivalent of an analDg VCO: the 
input is digillll dotn thot (I)nlrols 
the frequenry Q!ld the phase 01 
the sinU\(lidol output. The output 
is 0 poir of digital dolo ~reoms 
thot rep1esenl the. (I)rrespoooing 
~ne and CO$ine fuoctions. The 
(MAC is lhe digital equivalent of 
o poir of 000109 mixers. 

dally pronounced in tlte ~-ond LO. at.her 
prub!cms oO.'tif III th(, h,mrl p.t~ filter after 
the '''(.'(.'nd I F miKe ... To change the output 
hand width of the Hll..'eiver the b-and p'"~S 
nlt~r must be re{lhll~d. One filter is 
"(:(I~tircd. (or .,,,,,h (k'~i rcd ouqn.t hand 
"idth. Also. sint~ thew me <lrlalcg filters, 
Ihuy are sevemly limi ted in shupe factor 
!lnd IYIUhimum attenuiition, This in tum 
l illlilS the fccdvc.r.; ('-~pability to block ~mt 
udj<lL-ent channels. h1 high performan(:e 
s},stems, Ihest) bmils (., U\ be overmme by 
ta.killg .mv,Ulhlge or the capabilities of 
dlgihll Signal pl'O(1lSSiog (OSP) as close to 
the antenna a.~ possible. In most pmciicn[ 
implementations, thi~ means in the second 
1.1' pr<x:essing chllin. 

With the adVlmcernent or ADC technology 
and th" evolution of nigh pcrfonnllJwe 
DSP circllitl)' , the analog second IF 
pr{l(.'e$sor functions uU) be replaced will. 
the digital pro<~ssing chain shown ;<1 
Figure 3. Using this approach, the output 
of the ADC drives " digital mixe .. which 
modulates Ihe data stream with l"'" to 
shift the frequency hand of interest to DC. 
This frequency translation decomposes the 
digital IF into a ~'Omplex sample stream 
composed {If in.phase and quadrature 
terms. TIle advantage of this technique is 
that the rompl"l S'<illlplf.'s can ptesClVC the 
magnitude and pha~c infonnation of the 
~quivalent real signiu u.~ng one half the 
sample f'<lte . l1lUs, the quadrolture compo· 
m~nts can tlmn be low pass ftltered and 
decimated to tbe mi.umum sample mte 
reqUired to reprC'..sent the Signal of inten'st. 
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As a re.rull of the filtering opemlion. the 
wideband data stream is reduced from H)'s 
of mega samples pet' s(''i.'Ond (MSPS) 10<15 

little us a rew kilo sampl(:'s pet stl(:tllld 

(KSPS). The reducedd3tn rate allows u 
V'.\riety orba..chand processing functions to 
be penQrllled by a standard DSP proces
sor. fn the past, implementation of a digit,u 
IF processor was limited by the amount of 
t!i.~.rerc htmlware required to perfonll the 
filtering, signal syl1thcsi~, and baseband 
pnx>e.'iSing functions. Today. this lask is 
Simplified by it high dynamic range 
digital down L'Ollvel1er available in a 
three dtip set. 

Digital IF' processing begins immediatd}, 
after the second· IF section. The sample 
and h(;ld (SIB) and analog to digital t'On· 
velter (ADC) sample the Signa! and ron
vert it into a quantized ~ignal. They are 
often <''OR~idered one function, and indeed 
are integr.lled in a hybrid cin,-uit or mono
litl.;\.< lC- This is one (If the, most difficult 
parts (If the receiver circuil to specit)'. 
sln~ the pardmetet< of this function 
perturb-dte the design of tile .1'I;'.st of the 
s),stmn, 

Noise Souroes 

'nm noise ~fiC'Ations for SlH's and 
AOC's are u~uaUy categorized by two 
parameter.;: signa! to noise nUio (SNR) and 
spuriOu.s free dynamic C"dtlge (SFDHl. 
SOUl'CtlS of noise in lhis drcult are r'dlldom 
C"E.'.Ots in the lransmjs..~ion ('.harmel, 
imperfections in the analog electronics 
such as thermal noisc, crosstalk and 
variation.~ in the power supply. and 
Inacc::U1 ..... ies in the SIH and AOC, sud'a5 
aperture jitter. differential nonlinearity and 
quanl:i7.ation error. The SNR clln be 
improYed by the do"'1lstrearn narrow hand 
filtering, assuming additive white C,~t1ssian 
noise (AWGN). Wideband noise is $prclId 
e".renlythroughot11 the frequency band; 
since only a small part of the overall input 
spectrum will be passed. through to the 
microprocessor. most ofthi$ nois/) is 
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IIltcre.d out lInd the uscr reups the benefit 
of 'ID improved ~ignaJ to n()L~e mno. 

A lllong the (,'Qntributlll's 10 the spurious 
noise arc slew mre iimitations in the <tMlog 
dettronics, inte.1(lUi nonlinemit)' in the $I 
H l\J1d AID. Also. in the (".ISC of digital 
down <,)nver~i()r" 'lnother (>OfI!ributing 

fuetor is qllantil~Jlion erfOrs in the loOkUp 
tables for the sine ,lOci msille. 11.c,,<, can 
rt!preS()OI II more serious problem, ,Im;(! 

SP'tn. that fall in the h:md of interest 
cannot be rem".)W,d by lllm'owhllnd 
tlltering, In addition. the frequcndes of 
the individual spms vury when the parilln· 
clefS of the ret-eiver are modified. glj(;h a~ 
when if. is tUJK-'(,1 to it new rreqllen<;y, 
Vark'lIs metll<xb lhtve been proposed to 
cirmllnvcnt !'his problem, ~\~th the !iOlutioll 
depending en tl;e requirements of the 
system. For spectnull nnwYlers. th", ~hnlte 
fOT<::e" 3PPI'0.IC;h is otien necessary [n the 
apPr()llch, the [l'::rlorrnal"'ce of the system 
is specified by it~ worst ease Sp\.lr, Altema
lively, nolsemay I;>e llilded to the signal to 
ran(k,mi:re th~ Sput$ so that narrow band 
filtering "11l remove them. PI 

The high speed S/Hs and ADC's that ure 
now C()mml~rGial~' available have 'i;tlfJple 
rat;,"!; in tile 1 to 10 MSf'S rMge. \.\lith 
SNR's Ill' to 00 dB ;Ul<; SFDKs above 70 
dB, Faster sample rates are possible at 
nlduccd cl~1lanlic range, At 20 MSPS. 
SFDR's above 60 dll <Ire pos.~ibJ<! , while 
converters in the:3OO ti) 500 MSPS 
C'<itegory have dynamiC fMges on the 
order of 30 to 40 dn, The higher end of 
this level uf performance is i~ple . 

I -G.:=i~J~ , ,r )'2 rj! 

l· r:"fr I \ t~j;" I, ~ ~l;~-__ ~LJ-=-J 
Figure 4: Top I~vel blork diagram ollhe !louis HSP43210 DOF 
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mented on hybrid and hoard level 
solutions. w!;ich e,ITI)' prohibitiYC G'Ost5 
lor ITIany lIpplicl.1ti()o~, Fortuniltely (or 
the wide hand syswlll tl"~igl\er. only t'l.c 
ADC i~ nl'lu~red. per sy~tcm, New 
monolithit· s<J\utinns ;Ir!:! ilpproll':hing 
hybrid pedorm,,"ce with 3 l\'lSPS . 75 dE 
pwdll{:t~ OJrrently avaihthllf., 

T" be ll.,'it~fill. this leYe! (if perfonnantc 
must !ll' !'Ilal<:h<JCJ by hi~h speed digital 
(..4ectrooit:s. sinfX'!' t.:urrc,nly availab!(:': 
micropnx:essors faU shOit of processing 
these SigillI's hyone in two ,)rdf:'TS of 
magnit\1de, The g"p Ix·twe.:n the digitil.ed 
wideb'lllcl sigtlai ,mel I'h,> COmp,!l alio;lal 
power of l\ rnicropnx;essor is tllidp,cd hy ,\ 
digital dO\\011 l'orwerter which extr"("~; til(, 
narrow band Sigfllli uf interest. while 
reducing t!lI~ dllta mt!' to the 10-100 
KSPS range. 

The sample mit: of tilt' ADC is tl51l>llly 

2,5 times the highest frequcm:y <:ol11p(), 
nen! in the wideb<llv:lIF~ign'iJ. While 
the Nyq;;iS\ criteria dil'tate~ a minimum 
sample rale of t'Wice tht· highest fre· 
quency. practical imp!pulenLltions 1:)1'i . 
<~a!!y provide an ()ver$ul1lpling margin In 
~jrr.plify the design of the ,mli.aliasing, 

Illter in fmot' of the ADC 

The output of the ADC feeds the digitnl 
dO\litl oonverter which tunes and ex-· 
tmcts the narrowb"nd signlll of interest 
from !lie wideband cia!;; ,tream, The 
down conv("t'J( then is comprised or the 
HSP45 i 16 Nllmmicalh- Controlled 05-
ciUat~r Modulator (N(:O \1 )'" and two 
HSP4.1220 Digital Deelmutiog Filters 
(DDF's){"1 as shown ;11 Figure 5. The 
NCOM t-ake~ the wideband input. digi. 
tized at rates up!o 33~(SPS . and trans· 
lat.es the signa! of iateres! to baseband 

hy performing the digital <equivalent of a 
veo and quadrature J11L,er, 

The quadrature components of the 
NCOM output are each l!ltefed br Ihe 
DDF's which implement " Inw pass 
filter while reducing the compl.ex sample 
rate to malch. the frequl'ncy t'Onteot of 
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figure 5: StIR improvement 
Ihrough bandwidth redudioo 

l!l 

the (l .dl<ld(~d MgnaL Fm example. if the 
IF. processor i~ extn\cling a <I KH7. wide 
YOlce gr~de ,;h<1l10cl out (,f II \,~dehand 
input sampled at 33MSl'S, tlltl DDF 
eould rCdU(1' the output r.amp\e rate to 
approximately:) .;:omptex KSPS. With 
the sample rate thus redU('ed. basdland 
processing like delllooulutiou 'm<1 spectllll 
;mal).'Sis Clln be pen(mo(ld by otandaru 
DSP pr<lGessors. 

~nle NCOM l'1ultipties <1 1.6 bit l~)fnple;; 
mput by smnples or an internal LO ..... hich 
has the [ortn ,1""". The reslilting output 1S II 

<.'Qlllp]ex Sigllal t.hal has been spectrally 
shifted hy the inl'emal LO. The LO h~ 
spectral punty of more than OOdB lind <-".m 
be luned from .fi:l2 to fs/Z with rulW.:CU

lacy or more th,ul .007 Hz. A phase offset 
to .01 degrees rnay be added to the 1..0 lor 
applic-dtiofls requiring roherent down 
(·onYCI'!\ion. A standard micro-proc'essor 
intemICe pm\1de5 a control mec::hl\Jlism 
that allows modillcation of LO frequency 
or phase in less than . ips A top level 
hlock diagmffi on the NCOM is shown 
in Figure 7. 

The NCOM (ulletioos as the digital 
equi!Jlllent of the sc(.'Ond IF mixer. It has a 
1I111llher of lldva.'ltages. These include thE' 

nsf' Applications. September 1992 
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(~ta1 benefits of operational stability over 
time and temperature, the abtbty to 
change luning fm'luem.'Y or ad,i,;st 
oScillator phase in less than a mkrosec:Xli1cl 
,too the spectral purity of the LO. In 
addition, the flne tuning rC50hltion of the 
NCOM can wmpcnsate ror coarse tuning 
steps In the lirst IF section which slmpli. · 
Ik"S the design of tile r.,:eivers analog 
frnnt end. 

111e D OF consists of a cascade of I",~) 
luwpass filter stages. TIle firs! stage 
perlorms (.'(lane low pass nlteri"" while 
providing programmable decim:tion to 
102f1. The second stage consists of a 512 
tap Finite Impulse Response (FIR) mier 
which narrows and shapes the pa:.'Sband 
while providing a<ldilif,)Il3! decimatioll <:If 
lip to Hi. Together. both stages yield ~ 
c()mhin<::d decima.tion of up to 16.'384 With 
stopband attenuation of up to t2OdB. A. 
with the NCOM. the DOl' can be rapidly 
mconngured via a standard microproces
sor intem..:.-e. 

-nil! flexibility .and penol1llan('.e of the 
DDF make it adesirnble replacemellt for 
the anruog filter(s) following the sl'.'ex.lIId IF 
mixer. In ~stems whf're the soc'OlId IF 
filt.er stage C\m~st5 of a bank of filters to 
support various Q['Crationru modes. C'Ost 
and board space <::ail be ~ved be 
mconflgnting a single OOF to implemenl 
the filter re<JUired by each operational 
mode. An added benefit is thaI the DDF 
typi.~.ally achieves filter shape factors of 
~.5J in C'Ontrast 10 the 3:1 and 4: 1 shape 
taet:on; !},lIical of analog solutions. The 
shape fact.or Improvement is often acrom
panicd b-j stopband attenuation of more 
than 90dB versus the typ\ea! SQ-1OdB seen 
in analog apprr-..achC3 the FIR filter ser.:tion 
of the DD F can be used to equalize t.he 
ma!:,'Tlitude response <>fthe analog front 
('Jld by using a multiband filter design 
package to gener6te a customized r~ .. 
SPOIWl for the t'lR. 

While precision 6ltering is required in any 
high penonnance digital receiver, the high 
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· _ . the high order 
of decimation 
provided by 
the DDF greo#y 
simplifies practical 
implementations 
while improving 
chanllelselectivify. 
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older of de<.in1<ltion provided by the PDF 
sirnpli!if!~ pr.ldical il11l'lt'mentatiolls while 
improving ehanncl selectivity, l1le' ahility 
of the DDF to r(.~IIlL'(' till; sample mtt' 
fmm the l(]'s of MliPS required for 

wi<lelxiod tuning to the KSPS rcqllin~ to 
repre~nt the IUlffi>W b,lnd signal of inter
est ,,1 klWS h,\Sel.><Ind I'ro(:es~, ng to he 
performed by a PSP ",Il:ropn.\(;essor. As.I 
re~IIJt, the d(~'ig1,er I".~ tl-w.luxllry of 
performing Oerr.cJ(llliation .lIld Signal 
ar\alr'St~ u5in~ softwa.m >l1~orUhms. 

The reduction of the sample nUt} It) meet 
the. Nyclu;st criteria of the extraded 
channel at~i) incre.l'it'S (hannei SN H prior 
tn baseband PHKcs:;ing. This is hoc ,"use 
the noise outside tlH' b:lfld of int(~rest, 
depending on filter chanleteristif:s, may be 
,lttenuated by 96 dB or more by the 
DDF's anti·atiilS flItering, If it is l\~umed 
that the noise p<'lwer ha$IJ uniform spet.'tral 
db-tributinn. :6 would be tlw (~"se k)r 
quanti7atiO!) or thermal noise, the im
provement in SNit processing gain, is 
e~"pressed as 

S~'R improvement id&) ~ HYklq{BWijBWo), 

where BWo is the Olltput banm.1dth lind 

13Wi is tll£~ input bandwidth. For example. 
if a reat 10 MHz$ignal digiti1.(~1 at a :75.6 
MSPS is filtered to ,\ bandWidth of }O KHz 
and decimated by a factol of 2048 to yield 
till output data ,'<lte of 12.5 complex KSPS 
the C(}frcsponding improvement in SNH 
would exceed 3.1dB. The decomposition of 
tht~ re<ll inpul sign*l illiO it complex dam 
stream allows [(.lr an i\utomfltic 3dB 
processing gain because the double 
bided real input Signal c.an be repre
sented by a Single ,id.m u .• iog half of the 
input bandwidth. 

The proccssin.g gain achieved. as expre.o;scd 
in SNR irnpr<M!Ulent. allows the user to 
trade off ADC requirements against the 
filtering and decimation capabilities of t1H.l 
DDF. For e-Xalllple. the quanti7.ation noise 
introd\lced by an 8 hit ADC is much 
gre.'Uer than thnl for a 16 bit APe, 
however, an 8 bit AIX~ may be adequate 
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for the opplk"ltlon if enough SNH im
pmvement elU) he re'I1i1.cd through sUlnpl,) 
r<lte rl:~ll\l'ti(>n. If SPUtiOIl •• frce dynamic 
range i~ a k(~y requirement. high /'(lsolulioll 
AI)Cs 1n.1)' he re<luired sint'e bandwidth 
reduction hos no cIT",;t the in Imnd spur" 

The tllning llud f1Il<:ring (Olp'I\)i\ities 
uflt!red the by the digitlll tuner chip ~et 
improlie of exisl.ing Ilx~)iv(!l' stmctures 
while mah;n~ nc"" ,tmctllT'('s possihle. 
Using a slrlldllre simihlf In tI\e orle ShO"71 

in Fig-um 2., "gnals "'ithin " VlM Hz IF 
:JUlY be dnwnconvert"d to h:l~eb~Uld and 
mlered by the DDF's to ""tmcl !<ignah 
with bandwidths from 1()O\ of Ht, to allow 
IIXIKHz. The quadrature output oftht: 
digital tunlll' may f!l{~il1 DSP ('''fHthle of 
implementing vlllioll~ demoo:\ulat'/(>f) 
algOrithms which include .AM. I'M, FSK. 
PSK, etc. In addition to pnl\iding a 
platform which i~ c-apahle of implelll(,ntinr, 
any ntlmber of S(,fiware h,.l~ed derl\ndula
hon types, the digital rect'i\'('r stn.tchm.~ 
;tlso offers flcxibilitics like progrilmm • .blc 
filtering, tuning, gain mntrot. lU1d activity 
detection 10. 

The digital tuner chipset can ~i\11pl.iry the 
implementation of channelized n,,-~!iver$ 
while increa.~ing channel ~decti"ity. This 
structure ingests a large portion the of 
spectrum liJld tunes 011 sever,J nanl;w 
frequency bands simultw1(>ous!v. As shown 
in Figure 6, the channelized r('('C\Ver is 
L'O:ls(rut'tc'(l with multiple s('ts of similar 
hanlware that tune to the c't'l1ter frequen .. 
des of many channels of illterest. The 
cha.nnel~ may have vruying b'l.ndwidths 
unci may be post procesSl'1:\ b\' dedk.ated 
harGW'dIiJ or time multiplexed for post 
prclC(!ssing by the SlIme hardware. Ex
amp!(~~ of this type of S}'Stl'nt ,U'e 
tnl!lsmultiplexers and the i:'eU sites for 
cellular telephones. 

Tile div.itd tuner stnlLiure ('all also be. 
used t,;'simplify tile implenlt;t:lalio." ofa 
l.oom spectmm a!t.'l.ly&r 'L' S!l(W/a III 
Figu re i. [n thi~ application. it hu-gc FF'T is 
U$ed to detennine the fTf'qUf'IlCy content 
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Figule.l (lower): Zoom Spedrum 
Anclyzer 

. SiliconLabs v. Cresta Teclulologv 
. SH@ha 1m Exhibit 1"9gs -. ~ 

of a ~ignal in vel)' fine frequem:y bands. 
The sire of the FrT . . and heoce the 
processing romplexity. is determined by 
the required frequency resolution of the 
Ffl hil1~ which is given by f~(ff'T Size). 
'rhlls, by minimiZing the sample rate, thl! 
size of the FIT can be reduced while 
prese"'ing the same frequent.y resolution. 
The sample ratE, Is minimi:led. by using the 
NCOM and DDF to shift the band of 
interest to DC while redUcing the sample 
nile to meet the Nyquist criteria of the 
Signal band. 

As an example. (.'onsider examining a 
25KHz signal baud centered at 4MHz.. to a 
bin spacing of approximately i KHz. This 
would require the signal be digitized at. 
approximately 10 MSPS. Assume that the 
FIT has 8192 points (assuming a ndil2 
F'FT) to yield an actual bin spacing of 1.22 
KHz and a fe501ution of apprQximately 6 
KHz as 0 result of window ~pre:ld_ Using 
the digital tuner chip set. the band of 
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interest call be shifted to DC while the 
datil mle Is decimated by a factor 0[320 tn 
)~e1d and overall data rate of 31.25 com
ple~ KSPS. The resulting F.IT ~ize 
n~uired to achieve the 1KHz hin spacing 
CUI))O.,,, he reduced to 32 points. thus 
signi(k.uttly reducing proCessor through
put demands. 

With the advent of to's of MSPS ADCs 
Ilnd VLSI implementations of a digital 
tuner. a first. step in p\l.5bing DSP 
toward the antenna has been taken. 
Further advancements in the respective 
technology areas guarantee higher 
sampling rates coupled with higher 
levels of integration for digital tuning 
!lnd demodulation. The declining cost of 
technology Is making DSF" desirable 
;lltema\ive for an expanding spectmm of 
communication problems. 

Rcfer(,-lloos 

iii C/lIlstm-, D. IJ., DamerQW. DB .. (flu! 
Olmstead, C., "Andog to Digital 
Conrerte1' Requjrement..~ anti 
1l1qucmentativn.r jor Narrowband 
Channe1iultion." IEEE Proceedings of 
ICASSP 91. col. IV. pp. 325-328, 5<171 
Franclsc£>. 1992. 

(2/ Cliester. D. 8., ruky. CA, Dalnerrn~', 
DB .. and Ol11lsw.oo., c., "VLS[ 
Implementation of a Wide Baru~ High 
DyMmi.c Range Digital Drop Receiver." 
IEEE Prr.IC('.edingsofICASSP 91, 1",1. D. 
pp.I6().5-1608. 'foronto. 1991. 

III RiI!'!y. CA, Chester, D.B .. Ramvi, 
A,To'llor. P., "High Decimation Digital 
FilJm: IEEE PtlX'.llI'Amgs of ICASSl' 91. 
00/,1). pp. 1613-16J6. 'f'oronto. 1991. 

AOO\1t the Autlwr. 

Clay Olmstead 18 Staff Engineer, 
Applications; ani1 Mike OlmsteAd is Lead 
Engill~r, Applications;jor Hams 
Semlconauctor. Melbourne. FL. • 

Page 7 

( 

( 

Cresta Ex 2025-8 
Silicon v Cresta 
IPR2015-00626 




