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High bit-rate communications require wideband channels and
complex modulation schemes, such as QAM, to convey multiple bits
per symbal, Availahle bandwidth (BW) and desived vser density per
cell together determine the BW allocated per channel, In short-
range applications like indoor wircless LAN where transmitted
power is limited to ImW, FCC rules allow channel BW highoer than
1MI1z. This system adapls to channel bandwidihs ranging from
0.625MHz Lo 10MHz, and modulations spanning 4-QAM to 64-QAM.
The earrvior frequency is slowly hopped across the 2.4GT1z ISM band.

Tigura 8.5,1 shows the block diagram of the integrated CMOS dual
downeonversion receiver. Wilh 64-QAM and 625k« channel BW,
1/fnoise and DC offset in the recoiver I eircuils may significantly
degrade orror rate. A non-zero IF positions the dewneonverted
channel heyond the 1/f noise corner, The RF inpul is applicd to
differential common-source LNA degencrated by wirebond indue-
tors (Figure 8.5.2a). Te lower junciion capacitance, M1 and M2 arc
laid out as a dual-gate MOSFET, with no contacts on the conunen
Junction, Biased at BmaA from 3,3V, its measured noise figure (NF}
at 2.4GHzis 2.4dB, gain is 19dB, input-relerred 34-order intercepl
(iIP3) is +1.6dBm, and input return loss (s 13dB. Each Gilbert-cell
type mixer after the LNA biases at 3mA, and gives 15dB NF and
+17dB TIP3 (Figure 8.5.2b). An amplificr with 8dB gain and low
cutput impedance drives the IT'1 signals into a two-stage polyphase
filter. Mixer gain matching and T.0O quadrature accuracy limit on-
chip image rejection in this single-quadrature downconverter to
35dB, bul at IF1 of 190MHz the RT preselect filter attenuates image
frequoncics by an additional 40dB (Figure 8.5.3a). A two-stage RC
polyphase filter tuned to 2GHz creates balanced quadrature out-
puts for 101, The gains of the RIF mixer and IF1 amplifier ave switch
seleclable,

Unatded by an external filter, on-chip analog cirenits cancel the
image after downconversion to [F2, Only the channel of interest naw
appears at tho receiver oulput, and this ia digitized for demodula-
tion by ane A/D converter with relaxed dynamic range. A double-
guadrature mixer downeonveris Lhe quadrature signals at IT'1 with
quadrature phases of LLO2, Image rejection in this mixer is insensi-
Live toimhalancein the IF1 inputs or LO2 phase inacecuraey [1], but
islimited by gain mismatch belween the four mixers and component
sproads in the subsequent polyphase filter. IF2 spang 5 to 150MHz.
Tho gaina of four-FET passive commutating mixors doviate by less
than 0.1% when well-matehed polysilicon resistors are inscrted in
series, and the mixer gates are switched rail-to-rail by square waves
al T.02, Five stapes of passive RC polyphase filters reject the image
by about 60dB over 3.5MHz o 19MIHz, thereby covering the re-
quired 10MHz BW with 25% margin for process variations, Well-
matehed interstage amplifiers with low output impedance partly
compensate the cascade loss of the polyphase filter and passive
mixers. Figure 8.5.3b shows tho image rejeclion of the 2nd-
downeonversion in the complete RX for three measured chips. This
is comparable to results roported withoul interstage amnplifiers [1].

The IF strip consists of a pre-filter programnmable gain amplifier
(PGA}, a variable BW channcl select bandpass filter {BPI), a post-
filter PGA and vontinuously variable gain amplifier (VGA). Nomi-
nally the IF strip takes 156mA [rom 3.3V, The pre-filter PGA slides
the dynamic range of the BPF to best it the needs of the received

signal. For a weak roceived sigmal, the PGA gain is incrcased to a
maximum of 30dR Lo lower the noise coniributed by the IF strip,
mainly arising in the active filter. When the desired channel is
strong, pre-filter gain is lowored to improve the [P8 of the BPF
reforred to the receiver input, However, when strong in-band
interferers accompany a weak desired signal, the dynamic range
and power consumplion are stepped up. The PGA gain is lowered to
suppress intermaodulalion, and an auxiliary BPF is substituted with
10dB lower NF but 10% higher current to maintain high SNR in the
desired channel, This infrequent condition only slightly raises
average power consumption in long-term use.

Domodulation of 64-QAM is sensitive to jumps v signal amplitude
daring a data packel. Afier a frequency hop, the post-filter PGA with
604D range but 3dB resolution coarscly sets the veceiver gainduring
the preamble, Then over Lhe data sector, a continuous VGA tracks
thechanncl path loss, estimated Lovary by ne more than £10dB over
a frame. This coarse-tine scheme hest combines the power-efficient
PGA with a VGA, The digital demodulater supplies AGC feedback
after detecling the signal level relalive te the A/D full-seale [3).
Figure 8.5.4a shows the civeuit of a VGA stage. As deseribed in
Reference [2], the widchand BPF will: variable BW is realized with
a I.PT in serics with a ITPF. All the blocks of the [T strip are in
comman-centroid layout to roject stray feedback through the sub-
strate. No instability is ehsorved during measurements on the
packaged chip at post-filter gains as large as 85dB (Mgure 8.5.4b).

This receiver IC oceupies 20mm?® implemented in (0.6pm 3M11*
CMOS, Nominal current consumption is 50mA from 3.3V, rising to
100mA when the auxiliary filter is enabled. The measured mini-
mum caseade NFis 8.94B, and caseade 111’3 is higher than -10dBm.

The IF2 eutput of this receiveris digitized by 5 10b ADC, and applicd
to an adaptive digital QAM demaodulator [3]. The digital cirenit
operates at a maximum of SMbaud. For 10-* BRI, 16-QAM must he
received with 21.5dB SNR, and 64-QAM with 27dB SNR. With
-71.6dBmRF input leval, the demodulater reconstructs o 64-QAM,
5 Mband (30Mb/s) constellation with 27413 SNR, This corresponds
to recaiver NI of 8.9d13, Tigure 8.5.5 shows the levels of blockers
within the ISM band, such as microwave oven emigsions, and two-
tone interferers, which desensitize the receiver by 3d T at fixed gain.

The receiver sliding dynamic range for 16-QAM, 5Mbaud is meca-
surod hy adjusting the gaing in the RF mixer, [F1 amplifier, and pre-
filter PGA for best sensilivily, as a function ofrising interforer lovels
(Figuee 8.5.6a,b). The interforers lic in the 18M band, but aftor
downconversion fall in the stopband of the on-chip BPF. NI and
ITP3 deduced from the sensitivity and two-tone test are shown in
Figure 8.5.6b.
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Figure 8.5.1: Block diagram of integrated
dual-conversion receivor.
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Figure 8.5.3: Moasured image rejection’at (a) fivst IF,
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Figure 8.6.5: Measured tolerance to (a) single-tone,
{b} two-tone interferers, at fixed gain.
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Figure 8.5.2: (a} Low noise amplifier,
(b) First mixer civeuits,
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Flgure 8.5,4: ()} One stage of VGA,
{b) Measured frequency response of IF strip,
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Figuro 8.5.6: Measured sliding dynamic rango for
(a) single-tone, (b) two-tune interferers.

Figure 8.5.7: See page 452,
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