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High bit-rate eoinmunicntions reqiiiro wideband channels aiid 
cumplex modulation schemes, such as QAM, to corivcy multiple bits 
per’ symbol. Available bandwidth (BW) aiitl desirctl uwr density per 
cell togctlicr dctcrmine the R W  nllocatcd per chntincl. I n  short.- 
rangc applications like indoor wirclcss LAN where Lmnsniittcd 
power is liniitcd to linW, FCC rulcs allow channel BW highcrt.haii 
1.MTIx. This system adapls t n  dianiiel bandw idlhs miifing fruni 
0.G25MHz to lOMHz, and modulntions spaniiing4-QAM t n  64-QAM. 
The cnt.riorfreqiiencyiu slowly hoppocl across the 2.4GIlz ISMband. 

Pigiirt! 8.5.1 shows the block diagram of the inlegratod CMOS dual 
rlowIicorivcrsion receiver. Will) (i4-QAM and GZ5kHe channel HW, 
lifnoise nntl DI: offset in the recoivar 11.‘ circuils may significantly 
degrndc owoY rate. A iion-zc~o IF positions tlw rlowmconvert.ed 
channel bcyond tho Ufnoise cornor. The HI? inpnl is npplictl to 
differential cornmnn-source LNA degctwatcrl by wirebond induc- 
tors (Fi‘‘igui*e 8.5.2n). To lowcrjunclion cnpncitancc, M1 end M2 arc 
laid out 88 B dual-gate MOSFET, with rin contacts on the colitinon 
junction. Biased at 8rnA froin 3.3V, its nieasurcd noisc figure (NF) 
nt W G H z  is 2.4dR, gain ifi 19dB, input-rercmd ,7d-ordcr intercepl 
(IIP3) is +l.SdThn, and input return loss is 13dB. Each Gilbci.t-ccl1 
typo mixer after tlic? LNA biases a t  3inA, nnd gives l5dH NV and 
+17dB TIP3 (Figure 8,5.2b). An urnplificr with 8dB gain nnil low 
output impcdnnco drives the IF1 signals into o two-stngo pnlyphasc 
filter. Mixer gain matching and T,O quadrature accuracy limit on- 
chip irnflgr! rejection in this siriglc-quadrature rluwricorivcrtcr to 
35dB,but nt IF1 nflSOIL3Hz theRFprcscIcctfilter attenuntcs iinagc 
fi*equciicics by an additionnl 4OdB (Figure 8.5.3a). A two-stage HC 
polyphnso filter tiiiiecl tu 2GHx crcntcs balanced qundmtuw out- 
puts foi*1401. T l i cp ins  oftheRFmixcy niidIFl ninpliliernrcswitch 
seleclnblo. 

Unaided by nn mtcmal  filt.er, on-chip ntialofi circuits cnnccl the 
iinage afterdowricniivcrsioii t o  IF2. Only thc chaiiiiclufintecest now 
appcnrs at tho Ycceiver oulput, nnrl this is digitized for demndula- 
tiun hy one ND coiivcrter wiLh rclnxcd dynamic range. A doublc- 
qnadixturc mixcr downcunverls lhc quadrature signals n t  IF1 with 
quadrature pheaes ot‘1,OZ. Image rejection in this inixcr is iiisensi- 
Live to iinhalanccin the IF1 inputs or LO2 pliaseinnccuracy I l l ,  but  
islirnitcd hy gain inismatch helwccn thc four ~nixet~s nntl conipoiicnt 
sprcnds in tlic subsequent polyphasc filtcr. IF2 ilpnns 5 to l5MHz. 
Thc gains of four-PET pnssivc cnniinutating mixcrs deviat.c by less 
thnn 0.1% whcii well-matched polysilicon resistors nrc iiiscrtctl in 
series, nrid thc mixer gates are switclicdrail-t.u-rail by squnrc ivavcs 
nl1,02. Fivc s t q e s  uf passivc IIC pnlyphase filtcrs rcjcct tlic image 
by nhoul 60rlB wcr 3.5MHz l o  IRMIlz, thereby covering the re- 
quired IDMHz BW with 225% margin for process vni-intinns. Wcll- 
iiiatclied intm-stagc qmplifierF: with low output iinpedntico partly 
cnnipciisate the cnscntlc: loss of the polyplinsc filter and passive 
mixers. Figure 8.5.3b shows thr! iinage rejeclion of tho 2nd- 
downconversiun in the cornplctc RXfor three measurer1 chips. This 
is coinparahle to results reported withoul intwstage ninplifierfi [I]. 

Tho IF strip consists o f  R ptv-filtcr prograinmilldo gain amplifier 
(PGA), a variable RW chntincl selcct bandpass filter (BIW), n post- 
filter PGA and continuously variable gaiii amplifier (VCSA). Nomi- 
nally the IF strip takes 15mA rrom 3 . W .  ’rho pre-filler PGA slidcs 
thc dynamic rangc o f  thc BPF tu best liL lhc nccds of the receivctl 

sih.nal. E’ur n weak rcccivcd siLqia1, tlie PGA gain is  iiicrcased to n 
maximum of 30dn l o  lowcr the nuke conlributcd by the IF strip, 
mainly arising in tlic nctivc filter. When !hc dcsircd channel i s  
strong:, prefilter gain i s  lowcred to improve the tP3 of the BPF 
reeTcrmi1 to tlie receivcr input. Howover, when strong in-band 
intcrfcrcra accompniy n wcnlr dcsircd signal, the rlyri ainic range 
ani1 power cunsumplinn arc stepped up. Tlic PGAgain is lowered to 
suppress intcrmodaletion, nnd an auxiliary RPF ifi substituted with 
1.DdD lower NVbut lox highcr current to mainLain high SNH in t.he 
desired channel. This infrcqueiit coiidilion nnly slightly raises 
average puwei- consuruption in long-term use. 

Dolnodulation of 64-$AM i s  sensitive t o  juinps in signal aniplitude 
duriiiga data puckcl. A h a  frequency hop, Lhc post-filter PGAwith 
60dB rangc but3dB 1.esolutioncoarsclysets thercccivcYgninduring 
the prcninblc. Then over the rlnta scct.nr, a continuous VGA tracks 
t l lechanr~c~pn;th~oss,  extimnted Lovmybyiio inure than k10dB nv@r 
a frninc. This conrsc-fiue sdieine best coinbincs the power-efficient 
PGA with R VGA. Tho digital demodulslor supplics A M  feedbnclr 
after deteclirig thc signal level relntivc to the A/D f1ill-wale 131. 
Figure 8.5.4n shows the cii,cuit o f  n VGA stage. As descr91crl i n  
Rcferenw [21, tho widohand BPI? willi vnrinblo BW is realized with 
n 1,FP in soriev with a IIPP. All thc blocks of Lhe tl? strip are in 
common-centroid layonl to rcj joct stray feedback lhrough thc suh-  
fitrutc. Nn iiistability ifi observed during inensutement.s oil the 
pickngd chip a t  pust-filter gnltis as largc HS 85dR (Figure 8.5.4b). 

This rccoiver IC occiipics 20”’ iinplementcd i n  O.fipm 3Mll’ 
CMOS. Noiniiial curre111 corisumption is 50mA From 3.3V, rising t u  
lOOmh wlicn tlic auxiliary Ciltor is cnnbled. The inenswad mini- 
i iwn  cnscadc NP is 8.9dB, nrid cascade 111’3 is higher Ilinn -10dBm. 

The IF2 output ofthis recciveris digitiecdbyn l o b  AUC, and nppliod 
to an ndnptivc difital QAM dernodulntnr 131. The digital circuit 
oporntcs at 3 niaximuiri or5Mhaud. For HN11, 16-QAMinust be 
rcccivcd with 21.5dB SNR, nnd fi4-QAM with 27dn SNR. With 
-71 .SdDmRF input level, llie rlcmntlulator reconstructs tl G I - Q A M ,  
5 hlbaud (30MIh) constcllation with 27dE SNR. ThiR corresponds 
to receiver NI? of 8.9dR. Figure 8.5.5 show the lcvels o f  hlockerv 
within thc ISM band, such ns microwave oven emissions, and two- 
tnnr! interferers, whichdcscnsitize thc receiverby3dD nt fixed gain. 

The receiver sliding dynamic raiijic for 16-QAM, 6Mbaud is nica- 
sut.crlbyn~justingthegnins in  thc RFmixer, IFlainplifier,andpre- 
filtcr PGA for best semi livity, as a function ofrifiirig interfcrcr lcvcls 
(Pigurc A.5.Gn,b). The intecfcrcrs lic in the ISM band, but aftor 
downconvcrsion fall in the s tophnd  of the un-chip HPF. NP and 
TTPA doclucod froin thc sensitivity and two-tone test are shown in 
Figurc 8.5.6b. 
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Figlwe 8.6.1: Block dingrnm of intcpnted 
dual-convcrainn receiver. 
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Figure 8.8.3: Monmred imngc rejectinn'at (a) first IF, 
' (b) sccond IF. 

Refertlndhanncl Referentc Channel 

Figucc H.b.5: Mensured tolcrnncc tu (a) singledtone, 
(b) two-tone intorfcrers, nt fixed gain. 

Figure 8.5.4: (a) Onc stage uf VGA, 
(b) Mensuiwl frequency respunso of ID' stt'ip. 
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Figure 8.5.G: Measurcd sliding dynamic rnngo for 

Figure 8.6.7: Sac page 462. 

(n) single-tunc, (b) two-tone intoPfercre. 
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