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A 2.5mW Sub-GHz RF Receiver Front-End with
Enhanced Blocker Tolerance

Zhong Hong Jiang, David A. Johns, Fellow, IEEE, amtionio Liscidini, Senior Member, IEE

Abstract— This paper presents a class-AB sub-GHz RF
receiver front-end suitable for ultra-low power apgication. By
exploiting transistors’ class-AB operation in boththe RF and
baseband sections, the receiver front-end achieves very low
sensitivity and an elevated blocker tolerance whilk&eeping a low
power consumption. Such performance makes the recar
suitable for both short-range and long-range appliations. The
proposed RF front-end is based on the low-IF archécture with a
current-mode LNA, passive quadrature mixers, and 8 order
baseband filtering profile. It has been implementedin 0.13um
CMOS technology, operates in the 868/915MHz ISM bais, and
exhibits an in-band gain of 50dB, noise figure of .ZdB,
out-of-band 1IP3 of +2dBm, out-of-band [IP2 of +37dm,
out-of-band P1dB of -10.5dBm, while draining 2.1mArom a 1.2V

supply.

Index Terms—Sub-GHz, class-AB, blocker tolerance, low-IF
receiver, 10T, IEEE 802.15.4.

I. INTRODUCTION

he emerging development of Internet of Things (Ib&%

opened up a huge market for sub-GHz applicatioasaas
such as sensor networks, smart cities and perdoeath
monitoring systems. Sub-GHz wireless systems haveral
advantages over their 2.4GHz counterparts, inctudimger
operation range, lower power consumption, and loegast.
According to Frii’s law, for a given power consuriapt, lower
frequency signals can travel for a longer distathea higher
frequency signals. T-mobile recently announced that
700MHz (Band 12) Extended Range LTE signals travale
as far from the tower and four times better in diaijs,
providing increased coverage and capacity [1]. Someration
range is enhanced for sub-GHz systems, fewer repeate
needed between the two communication ends. Thigestthe
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maintenance cost such as deployment cost and Yatter
replacement. Overall, sub-GHz wireless systems sedme a
better candidate for applications that demand gdooperation
range with limited power consumption.

The trend in recent works [2], [3] for I0T receivdgsign is to
primarily target ultra-low power consumption (sutnwhile
sacrificing the performance in sensitivity and &nigy (i.e., the
radio spurious free dynamic range SFDR). Thougiweplower
consumption is important for battery-powered systeworse
sensitivity reduces the operating range by makinghs
solutions not compliant with low power wide aredwurks
(LP-WAN) [4]. Many ultra-lower power receiver desigrely
on reducing power supply voltage to reduce ovepallver.
However, the on-chip supply voltage ultimately canfrem an
off-chip regulator whose voltage supply cannot Haitearily
low. As a result, the effective power saving desealdo on the
total current consumption of the circuit. The set@sue is the
linearity performance. There exists a trade-offuaetn power
consumption and linearity, and reducing power itadly leads
to reducing linearity. This compromises the desce’
co-existence performance, especially in the presefdarge
interferers. To address the above two issues, plaiger
proposes a sub-GHz RF receiver front-end solutidnichv
targets long-range low power loT applications. Whihe
proposed front-end in this work is designed basethe IEEE
802.15.4 specification, the general design metragiotan be
applied to other sub-GHz standards as well, sudtoBa and
LTE Cat NB1. The highlight of this work is to inttoce the
first example at system level how the class-AB apien in
both RF and baseband sections can lead to an esthantin
the sensitivity and blocker resilience while maimitag a low
power consumption. The paper is structured as \iclioln
section Il the receiver architecture is presentedsection Ill
detailed circuit implementations are reported weithphasis on
the class-AB low-noise amplifier (LNA) and class-AiBering
trans-impedance amplifier (TIA). The paper endshwthe
measurement results and a comparison with thectdte-art.

Il. RECEIVERFRONT-END ARCHITECTURE

Modern RF  receivers commonly adopt either
Direct-Conversion or Low-IF architectures to penfor
quadrature down conversion. For narrow band apmita
such as IEEE 802.15.4 standard receivers, it iefeasible to
choose the low-IF structure due to its insensititd DC offset
and 1/f noise. To eliminate the DC offset, a higisgpfilter can
be introduced in the receiver. For low-IF receiyesach a
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TABLE |
IEEE802.15.4RADIO SPECIFICATIONS

Channel 0 @868 MHz, 600 KHz bandwidth
Channel 1-10 @902-928MHz, 1.2 MHz bandwidth
Channel Spacing 2 MHz

Adjacent Channel Rejection 0dB

Alternate Channel Rejection 30dB

Receiver Sensitivity -92 dBm

Noise Figure 15 dB

Image rejection 21dB

11P3 -44 dBm

SNR 6 dB

high-pass filter can be realized with on-chip R@nponents
with feasible size. The 1/f noise is also problemsd narrow
band systems since a large portion of the signadi lvell fall
into the 1/f region, greatly degrading the SNR. Faw-IF
receivers, this problem is more relaxed becausé#seband
signal is located at a higher frequency than DGré&fore, the
receiver proposed in this work is based on a Low-I
architecture.

The radio specification of the receiver can be tbfrom the
IEEE 802.15.4 standard and is summarized in Tablehé
linearity requirement (IIP3) is implicitly inferredrom the
blocker profile assuming that the intermodulatioroduct
(IM3) equals the noise floor (-113dBm). The imaggection
requirement is unspecified in the standard, buh wvagtoper
selection of the intermediate frequency (e.g. IEMHZ), the
signal in the adjacent channel (0dBc) can be p@lgosade to
be the image of the desired signal. Therefore, raagée
rejection of 21dB can attenuate the image belomthise floor.

It is also necessary to take into consideration ghever
consumption of the ADC when designing the front-ehlde
front-end should filter out most of the interferéosreduce the
signal’'s dynamic range at the output to reduce ADC’
resolution and thus power consumption. If intenferare not
filtered, the ADC's full-scale (FS) will be domireat by the
-62dBm alternate-channel blocker. Together witll B3dBm
noise floor, 3dB crest factor (CF) and 10dB addiélomargin
(to take into account mismatch and PVT variatidag, (1)
suggests that a 64dB SNDR is required for the ADC.

SNDR = FS — Noise Floor + CF + Margin (2)

The power consumption of the ADC can be estimatesgth on
the well-known figure of merit:

BW

Power

FOM = SNDR + 10log (——)

2
The state of the art ADC with a 2MHz bandwidth eahieve a
59.6dB SNDR with 820uW power consumption [5]. Asgum
the ADC after the front-end achieves the same FONi5h the
power consumption of a 64dB SNDR ADC will be atstea
4mW (it can be even higher due to aliasing, buhsféect is
omitted for simplicity). If the receiver chain piides a %' order
filtering with IF at 0.8MHz and cut-off frequency 4.8MHz,
the alternate channel blocker will be attenuated7alBm. The
required SNDR will then be lowered to around 50dBich

2
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Fig. 1. RX Front-end Block Diagram

results in approximately 160uW power consumptite (tand
Q path needs one ADC each and the total power cgutson
will be 320uW). While the power consumption consétkthere
F a very rough estimation, it nevertheless oféersnsight into
he choice of the receiver filtering profile. Thine, the
proposed receiver front-end will be designed toera® order
low-pass filtering capability.

RF receivers exploiting class-AB LNA have shown to

achieve a promising performance in power usageieficy
and blocker tolerance [6], [7]. Recently, a low gowlass-AB
TIA has also been reported to achieve a high libear the

receiver baseband [8]. The goal of the proposadisalin this
work is to explore the benefit of extending clad3-@peration
to the entire receiver front-end system. The stmeciof the
proposed receiver is shown in Fig. 1. The LNA itofoed by a
pair of passive current mixers to implement a Iéwgladrature
down conversion scheme. As typically happens in pomer
RF front-ends, the LNA is single-ended. This chaieduces
the power consumption of the RF section and avibidsise of
an external balun, which would degrade the RX siettgiwith

its insertion loss. The passive mixers, driven by2%86

duty-cycle clock, also perform a single-ended tffedéntial

conversion by making the remaining part of the inagefully

differential. An on-chip divider is designed to geate
non-overlapping phases from an external LO. Theivec is

completed by the analog baseband section where the

down-converted current is sensed by a class-ABriiily TIA
ac-coupled with a further filtering stage which raakthe
receiver fully compliant with the IEEE 802.15.4 ther
profile.

In the absence of large interferers, both the LWl 1A
will work in class-A drawing minimum current frorhe power
supply. When large signals show up at the inpthefreceiver,
both the LNA and TIA will operate in class-AB byrtdling the
blockers without saturating the system. The LNApotitand
the TIA input are biased at the same dc value turenthat
nominally zero dc current flows through the mixeitshes [9].
This eliminates the need for large decoupling capecat the
input of the passive mixers to minimize the impestaseen by
the LNA. As a result, the LNA experiences a lowpuitvoltage
swing even in the presence of large blockers sitsckvad is
dominated by the low input impedance provided tgy THA,
which is up-converted to the LNA output via the e1if0]. This
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Fig. 3. Class-AB PN Complementary LNA

strategy avoids gain compression at the outputeltNA and
improves linearity.

The TIA, with a2 order filterhg capability,can attenuate
large out-ofband blockers at an early stage which gre
improves out-oband linearity. The TIA together with tl
channel selection filter create an oveBafl order Butterworth
filtering profile for the receiver frontnd Image rejection will
be performed in the digital domain through 1Q rebamation.
With an IF of 800KHz, the baseband signal spansvéwen
200KHz and 1.4MHz. A higlpass filter with a croff
frequency of as high as 200KHz is sufficient tdefil the
dc-offset and 1/f noise. The higlass filter is realized with
passive RC circuit between the TIA and channeksiele filter.

lll.  CIRCUIT IMPLEMENTATIONS

A. Class-AB PN Complementary LNA

The classic inductivelegenerated LNA(Fig.2) has been
widely used for narrow band applications becausisofiigh
gain and low noise performance. The transconduetayain
and noise figure dhis structure is shown Eq. (3) and Eq. (4).

Gm — gr;lQ

®)

Fig. 4. Interleaved Transforme

2
In,load
KT g2,Q2%Rs

2
Inm
4KT g% Q?Rs

NF =1+ @)

The passive network at the input not only provichegedance
matching but also creates a Q boost on the trangjstte a
resonance, whbh increases the transconductance gain
reduces noise figur®espite its good performance in gain :
noise, this structure suffers from a poor blockalerance
capability. V,, must be increased to maintain a good line:
under large input swing. ddvever, doing so will require ¢
increasein the power consumption at the same t Several
techniques have beengposed to modify this clas: topology
to reduce its power consumption and increasenieality. One
of them is the current nese techniue where an n-MOS stage
and a pMOS stage share the bias current thereby incresisa
effective g, for a given bias current10]. In the design
proposed in [1Pthe structure was biased to operate onl
classA with a limited blocker tolerance. To enhie blocker
tolerance without sacrificing power consumptiorg tINA can
be biased in class-AB [6], .7

The proposed LNA in Fig uses the PN complementary
structure whichcombines the idea current re-use and
classAB biasing. The complementary transistors M1 and
operate in the weak inversion region to maximizeg,,/l4
ratio. pMOS transistors are sized two times larger tr-MOS
transistors to compensate for their smaller mghiliThe
transconductance gain and noise figure of thiscgira are
shown in Eq. (5) and Eq. (6).

Gm — gmep‘;'gann (5)
212
NF =1+ e -
4KT(gmep + gann) Ry
lrzl,load . (6)
KT(ﬂmep"’anQn) Rs

The addition of the pros input stage approximately douk
the transconductance gain under the same biantagd-ic2.
To understand the noise performance of this structuspecia
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case is considered wherg@gm—=0m and Q=Q,=Q. NF is
therefore simplified to:

— Iim I t0ad
NF"1+sKw%Qws+4mvﬁsz "

Comparing Eg. (4) and Eq. (7), the noise contrdyufrom
active elements is reduced by half, while the nots®@ribution
from the loading is reduced by four times. Since #N
complementary structure requires two inductorsyffers from
a larger silicon area. To reduce the area of tlsggdeLn and
Lp inductors are realized through an integratedisfiarmer
(Fig.4) and coupled each other. Tfg,/Cgn andgm,/Cyqp
ratios have been designed to be approximatelyahe so that
a 1:1 interleaved transformer could be used thesehplifying
the layout and having a full symmetric structuré.sAb-GHz

——
>
180_ IBBIN TIA 0
I
IRF 90

IBBQP
——
+TIA .
270 lsgoN | 25% Duty-Cycle LO

Fig. 5. Current-driven passive mixer

frequencies, an off-chip inductdry is required to resonate the (Q)
input network and provide the required input impeda
matching. The LNA’'s dc output voltage is set by ZBB*||'

current-mode feedback injecting into the sourcMafand M3
via two small transistors M5 and M6. This currentedwn
approach simplifies the compensation of the feekldaop

compared to the other common approach where opam,

output controls directly M1 or M4. The parasiticpeaitance
introduced by the biasing network is negligible dmués small
size.

B. Current-mode passive quadrature mixers

The proposed mixer structure (Fig.5) is the siragided
current-driven passive mixer. Current-Driven passimixers
have been shown to achieve a lower power consumptial
lower flicker noise performance compared to aatineers [11]
[12]. It also allows baseband low impedance tofpeanverted
to the RF side and therefore relaxes the lineddtyleneck at
the output of the LNA. A single-ended structurased because
LNA is single-ended. To reduce flicker noise, an é&pacitor
is usually inserted between LNA and mixer to bl@¢k current
flow. There exists a trade-off between the lingasihd noise
performance when determining this capacitor sizemall size
capacitor will increase the impedance seen at titygud of the
LNA which reduces both the conversion gain anddiitg. On
the other hand, a large size capacitor will intimeladditional
parasitic capacitance at the output of the LNA izogease the
noise figure. To combat such dilemma, both endh®fmixer
can be biased at the same DC level, which ensues 2C
current flowing through and eliminates the need dar AC
capacitor altogether. n-MOS transistors are chesece they
can achieve the same on-resistance as p-MOS tiassigth a
smaller size. A smaller size also means a smalpaditive
loading for the LO generator. A series capacitoisotates the
transistor's gate bias from the LO generator thisnva gate
bias adjustment.

The operation procedure for this type of mixer haen
examined in detail in [13] and an equivalent camias-time
model for the mixer can be constructed as showigr. kg is
the down-converted current signal in basebang.iszthe input

Zeq IBB

zBBH |

Fig. 6. Continuous-time mixer model

impedance of TIA. & is the impedance looking into the mixer
from the baseband and has a magnitude:

1+j

eq Cinaflo (8)
This continuous time model gives insight on howlitbension
the LNA, Mixer and TIA from a system perspectiva. this
work, Gn, is approximately 200fF ang, fs around 900MHz,
which leads to 7.88R Z., A 0.5dB conversion loss due to the
current partition between.Zand 24z requires the TIA input
impedance (gz) to be less than 25D Assuming the TIA has a
40dB open loop gain, the transimpedance in thelaaskis
limited to 25lQ. Once a specific TIA structure and filtering
profile is determined, the total capacitance intihseband can
be calculated, and therefore the approximate afedh®
baseband circuitry (which is usually dominatedhsy¢apacitor
bank area) is also determined.

C. Baseband TIA and LPF

In current-mode down-conversion receivers, a losspEA
is often used to sense the down-converted curigntlsand
produces a voltage output. Since the TIA is thet fimseband
stage, its input impedance, noise and linearity cditically
affect the performance of the overall chain. A lomput
impedance is necessary to ensure the theoreticalecsion
gain of the mixer by maximizing the signal trandfetween the
RF and BB. It also limits the voltage swing at theput of the
mixer to reduce the modulation on the switch rasis¢é when
large blockers are present. The goal of the TIAigiess to
achieve a high gain in the signal band to suppttessnoise
coming from the following stages, and to providehigh
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attenuation in the stop band to reject large ieters.

A common TIA structure is theorder active RC filter as
shown in Fig.7 The trans-impedance gain is provibdgdhe
feedback resistor R A real pole is created by,8; which

network (created bg; andR,C,) become complex conjugate
poles in the close-loop transfer function. Theténg, in the
feedback OTA, however, introduces a complex polehia
feedback network which becomes a complex zercoisedoop.
The transfer function, cut-off frequency, non-ideako, and
quality factor of the TIA becomes a function of gm:

C1C2R 2C1+C;
(s281C2R2 | (2C14C2) | 4y

Hs) = fn ©
C1C2(R2-R 2C1+C
S2(RyRyCy Cy+E1C2ER27RDy L o L2 iR+
w, = 1 (10)
0 R1R26162+CICZ(R2_R1)
gm
Im

w, = 11
2 / O (11)

JnganRzC1Cz+ng1Cz(Rz—R1)
= (12)

ImC1R1+2C1+C;

To minimize the effect of the unwanted zero on fitter's
selectivity, g, should be large enough to push the zero at least a
decade away from the cut-off frequency. Simulatiesults
show that when such criteria is satisfied, thediig, will have
negligible effect on the cut-off frequency and dpyaflactor as
well. The cut-off frequency of the TIA can be refigared by
changing @ and G, which are implemented as 4-bit binary
weighted capacitor banks. The switches are realizét
transmission gates and are placed at the sideeafapacitors
that see a small swing (e.g. input of the Op-Amg @TA).

The noise and distortion contributed by the feellbac
network are negligible because they are high-phapexd by
C,. Since G is boosted by the feedback network, it can absorb
large interferers with a relatively small size. Tishunt

achieves a ®l order filtering. At low frequency, the input capacitor G can be sized small as well because it is only
impedance is Rdivided by the loop gain of the amplifier and isresponsible for draining very far-away interfergrshis case.

ideally a virtual ground. At high frequency, a larghunt

As proposed in [8], the OTA in the TIA’s feedbachtip has

capacitor @maintains a low input impedance as the loop gaibeen implemented with a complementary topologyiiias

of the amplifier drops. This simple structure stdfdrom

class-AB. As a result, the TIA can achieve a lowven

several drawbacks. A'order filter is insufficient to attenuate consumption and low noise during the sensitivitst tand a

large interferers, which can potentially saturabe tTIA.
Therefore, the gain of the TIA must be compromiseatder to
maintain a high linearity. A small gain is non-itlsimce it not
only increases the noise contribution from theolwlhg stages,
but also increases the baseband area (due to tagacitance).
In addition, a large capacitor Cs should be usedttenuate
interferers at the input, which also increasescttip area.

To improve the limitations of a single pole TIA, A

high blocker tolerance in the presence of largek#os [8].
Notice that, the low in-band noise of this topoladlows the
trans-conductance gain of the LNA to be limiteddss than
40mS. This approach not only saves power in the Ltdalf
but also scales up the impedance level of ther fikghout
saturating the receiver chain. A larger impedaeckices both
the area of the baseband section (as discussedtiors|11-B)
and the power consumption in the output stage @& th

topology which exhibits a"2 order low-pass response and arieed-forward Op-Amp.

excellent blocker cancellation capability has bpesposed in
[8] and is shown as part of the circuit in Fig.8.the filter
pass-band, the feedback path is open (since itsoapled

As mentioned in section |, the receiver should exhian
overall 3% order filtering capability to relax the dynamiage
and hence power consumption of the ADC. As parthef

through capacito€,) and the current signal goes through thehannel selection function (two complex conjugatéeg) has

feed-forward operational amplifier

(Op-Amp) with aalready been provided by the TIA, the remaining pede can

trans-impedance gain 8f. On the other hand, in the filter be realized by a RC active filter as shown in Fig.Be filter

stop-band, the interferers are absorbed by theb&sdpath

provides a gain of RRs, and a real pole of 1/R,. G, is also

through the capacitdt,. The two real zeros in the feedbackmplemented as a 4-bit capacitor bank for cut-ofigtiency
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Fig. 9. Die Photo
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Fig. 10. S11 measurement

reconfiguration. The capacitor bank shares the seomérol

signals with the capacitor banks in the Tl4 and G create a
first order high pass filter which is responsible fatefiing out

the DC offset and flicker noise.

IV. MEASUREMENTRESULTS

The RF receiver fronénd prototypewas fabricated in
0.13um CMOS technology. It occupigémm X 1.5mm with
an active area 0d.5 mm? (Fig. 9). The receiver fror-end
operates at the 868/915MHz ISM band and consurdé€sV
in total (0.66mW for LNA, 0.42mW for 25% di-cycle
divider, and 1.38mW for 1Q baseband circu

The S11 measurement (Fig.)l€hows that good matchil
(S11<-10dB) is obtaime over the desired bandwic
(868MHz-924MHz).

The transfer function wareasured by placing a fixed LO

[ezzzzaf

Baseband Frequency (Hz)

Fig. 11. Transfer Function

Gain (dB)

Baseband Frequency (Hz)
Fig. 12. Reconfigurable bandwidt

1.83GHz (the orehip divide will then divide it to 915MHz)
and sweeping the RF input frequency from LO+10Kld
LO+100MHz. With such setup, the do-converted signal at
the I(Q) baseband outpspans between 10KHz and 100MI
Fig. 11 shows the measured transfer function. The rec
front-end achieves a 50dB-band gain. The®lorder high-pass
shape at low frequency is due to the pashigh-pass filter
between the TIA and channel selec filter (Fig. 7). The stop
band achieves aorder Butterworth filtering profil, which
provides 15dB and 26dB attenuation on the lower @pkr
side alternate channedspectivel. The small bump in the stop
band is due to the finite,gof the OTA in the TIA feedbac
path, as mentioned in section-C. In the absence of large out
of band blockers, the small peaking does no harnmthe
system’s linearity. In the presence of large ouiarfd blockers
the OTA will work in clas-AB providing a larger g
proportional to the blocker power and attenuatespéakin:
[8]. Fig. 12 shows the measured transfer function \
reconfigurable bandwidth. By setting the controldeoof
capacitor banks in the TIA and Channel Selectidtefithe
1dB cutoff frequency of the receiver is tunable betweerHiz
and 2MHz, which covers the bandwidth requiremeatstlie
European and north American bat
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Fig. 14. Noise Figure vs. Blocker Power at [LO+50&1H

The noise figure was obtained by terminating tharipft with
a 50 terminator and referring the noise power at thgpau
back to the input of the receiver. A 20dB-gain dipcbuffer
has been implemented after the channel selectit@n fihich
boosts the total gain of the receiver to 70dB. Sgam is
sufficient to eclipse the additional noise conttézliby the test
equipment. The average noise figure (NF) over itpeas band
is 2.7 dB (Fig. 13). To test the NF in the preseufca blocker,
the NF was measured with an out-of-band blocker
[LO+50MHz] and its power swept from -50dBm to -10dB
(Fig. 14). The NF is almost unchanged for blocke30dBm,
and the NF is below the specification's maximunovedlble
value 15dB) for blocker<-11dBm.

Linearity tests measure the out-of-band (OB) IIP32 and
P1dB, and are performed at the maximum ghine OB-1IP3
test was performed for two scenarios. Two tones
[LO+50MHz, LO+99MHz] were input to the receiver aad
+2dbm OB-IIP3 was measured (Fig. 15). The test thas

20 T T
—e— Input-referred Fund
—&— Input-referred IM3

1IP3 = 2dBm | |

Input-Referred Power (dBm)
A
o

-20 -10 0 10
Input Power (dBm)

Z30
Fig. 15. IIP3 — Two Tones at [LO+50MHz, LO+99MHz]

20

—e— Input-referred Fund
—e— Input-referred IM3

IIP3 =-2dBm | |

Input-Referred Power (dBm)
A
o

-100 i i i ;
-30

-20 -10 10
Input Power (dBm)

Fig. 16. IIP3 — Two Tones at [LO+10MHz, LO+19MHz]

LO+19MHz] which resulted in a -2dBm OB-1IP3 (Figg)1 The
OB-IIP2 test was also performed for two scenaridee first
test is the beat frequency leakage due to the nbitma the
quadrature mixers (low frequency beat leaks fromt&kBB
without frequency translation). To test such effetwo
closely-spaced tones at [LO+10MHz, LO+11MHZz] warpLit
to the receiver and an IM2 at 1MHz was measurethé
baseband. The OB-IIP2 in this case is +37dBm (EfQ. The
second test measures the IM2 product falling ihi gignal

#and due to two farther-spaced tones at [LO+10MHz,

2LO+11MHz] (which create an IM2 at LO+1MHz), and an
OB-IIP2 of +35dBm is obtained in this case (Fig).18he
following relationship can be used to determinertteximum
out-of-band blocker the receiver can tolerate fomgiaen
OB-IIP2 performance:

at

Pin—band + Paut—band —IM2 = [IP2 (13)

According to the specification, the near band feter at

repeated by placing two near-band tones at [LO+1OMHLO+10MHz is -62dBm. If a maximum 10dB SNR degradati

due to IM2 is allowed, the measured OB-1IP2 valllews the
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Table Il. Performance comparison with the statéhefart works

This Work JSSC 2014 [2] | MTT 2006 [14] Ezsoslf['le? 251': é[cl 6] CICC 2012 [17] RF'E 82]014
Technology (nm) 130 65 180 65 180 180 130
Active Area 05 0.2 1 0.016 1 0.4 0.12
(mm?)
Low IF Low IF DCR DCR/Low IF DCR DCR/Low IF Low IF
Architecture Single-ended|  Single-ended Single-ended | Single-ended | Mixer First Differential LNA Differential
LNA LNA LNA LN A LNA
Frequency (MHz) 868/915 433/860/915/960 915 915 900 170/433/868/915/95D 960
BW (MHz) 1.2 1.2 1.2 1% 1.2 0.01 1.2
Gain (dB) 50 50 30 30 345 39 59.6
NF (dB) 2.7 8.1 3 9 18.5 6.5 8.2
OB-1IP3 (dBm) +2/-2 -20.5 52 -28 +18 -8 -19
OB-1IP2 (dBm) +37/+35 - +45 -5 - - -
OB-P1dB (dBm) -10.5 -23 -18 37 -5 - -
SFDR (dBYy’ 69/66 50 64 4.7 69 74 51
Supply (V) 1.2 0.5 1.8 0.9 1 1.8 1.2
Current (mA) 2.7 1° 2 0.3 053 2.3 2.6

1. IEEE 801.15.4 standard 2. In-band lineagst tvith minimum gain setting
5. Including a clock divider

100

SFDR = E(IIPB — Noise Floor — NF) — SNR,,;;, 4. Standard unspecified, number derived basdBBE& 801.15.4 standard

—o6— Input-referred Fund
—&— Input-referred IM2

50

Input-Referred Power (dBm)

-100f

1IP2 = 37dBm |

-150

-50 -30

-10

10 30

Input Power (dBm)

Fig. 17. 1IP2 — Two Tones at [LO+10MHz, LO+11MHZ]
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Fig. 18. 1IP2 — Two Tones at [LO+10MHz, 2LO+11MHz]
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Fig. 19. P1dB compression point test

receiver to handle an out-of-band blocker up tdBfadwhich
is above the compression point of the system). llyinthe
out-of-band P1dB (OB-P1dB) was measured by sweethiag
power of an out-of-band blocker until the in-baraingwas
compressed by 1dB. This test was repeated by glattia
blocker at different offset frequencies from the la@d the
result is shown in Fig. 19. The receiver front-entibits a very
high blocker tolerance. The P1dB is -18dBm at ar-bead
offset frequency (10MHz), and it further increatesl0.5dBm
as the blocker offset frequency increases to 100MHz

Due to the limited number of existing works in d@bkz
receiver design and the lack of description intheasurement
setups (especially for linearity tests), it is ¢biaging to present
a comprehensive comparison of this work with the
state-of-the-art. To the best of the author’s kreslgk, previous
works with the most comprehensive measurementtseaut
reported in Table Il. Compared to [2] and [16],sthiork
consumes more power but achieves a much betterpafice
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in both noise and linearity. A similar noise figwes reported
in [14], however, its out-of-band linearity testsere not
provided, and its in-band linearity tests were qernfed with
minimum gain setting. In [17], comparable powersamption
leads to a much higher noise figure in a channetiédth 100
times smaller. Such small bandwidth significantihances the
sensitivity resulting in a high SFDR. The solutigmesented in
[15][16][18] did not provide the information regamd the
specification, therefore the SFDR was derived bamedhe
IEEE 802.15.4 specification for a fair comparis@vhile [16]
achieves a high SFDR, the high NF makes it inféaddr long
range applications. Overall, the proposed class-édgiver in
this work exhibits the best noise figure and a higcker
tolerance compared to the state-of-the-art wittompetitive
power dissipation.

V. CONCLUSION

This paper presents the design of a low power IS§DR
sub-GHz RF receiver front-end. The design exploileds-AB
biasing techniques in both RF and baseband sectiesisting
in the best in-class sensitivity and an excelleticker
tolerance. The receiver front-end is fully comptiavith the
IEEE 802.15.4 standard, and its low sensitivity esak also
suitable for the emerging long-range applications.
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