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Abstract An area-efficient 60-GHz wake-up re-
ceiver (WuURXx) using reconfiguration techniques of multi-
stage low-noise amplifiers (LNAs) is presented. The gain
stages of the 60-GHz LNA are reused as the envelope
detectors for the wake-up receiver. Therefore, the bulky
components such as extra switches between the wake-up
receiver and the LNA, additional antennas, and excess input
matching network can be removed in the design of the wake-
up receiver. Furthermore, due to the reconfigurability of
the LNA, the wake-up receiver can work in sensitivity-boost
mode by using several LNA gain stages as a pre-amplifier.
The wake-up receiver is fabricated in a 65-nm CMOS process
occupying a core area of 0.015 mrh(excluding the LNA). The
WuRX achieves the sensitivity of~46 dBm and —60 dBm with
a power consumption of 64uW and 12.7 mW, respectively.

Index Terms — CMOS, 60-GHz wake-up receiver, area-
efficient, LNA-reused
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achieving isolation of the two blocks shown in Fig. 1 (b).
In this paper, a 60-GHz wake-up receiver with a re-
configurable 60-GHz LNA is presented as depicted in
Fig. 1(c). Because the gain stages of the 60-GHz LNA
are reused as envelope detectors and pre-amplifiers, the
bulky components mentioned above are eliminated in the
circuit. Moreover, the sensitivity of the 60-GHz WuRXx can
be enhanced when several gain stages of the LNA are re-
configured as the pre-amplifier. The proposed WuRx fabri-
cated in a 65-nm CMOS process occupies only 0.015mm
(excluding the LNA). The WuRx consumes gW power
from a 1-V supply achieving the sensitivity ef46 dBm.
The sensitivity of the WuRx can be improved+&0 dBm
with the power consumption of 12.7 mW if several gain

stages of the LNA are operated as the pre-amplifier.

I. INTRODUCTION Il. THE PROPOSEDWAKE-UP RECEIVER

60-GHz transceivers have been demonstrated to be The system block diagram of the 60-GHz wake-up
one of the most promising candidates for short-rangeeceiver with the reconfigurable 4-stage LNA is shown in
multi-gigabit-per-second wireless communications [1]. ForFig. 2. The whole system is composed of a 4-stage 60-
practical uses of the 60-GHz transceivers, the reductioficHz LNA, a gate bias tuning block, a baseband amplifier,
in power consumption is generally desired, especiallyan ID recognition block and a control logic block. The
for portable devices. It is known that a wake-up re-first and fourth stage of the 60-GHz LNA are reused as
ceiver (WuRXx) is a common solution for reducing the the envelope detectors for the WuRx. The gate bias tuning
power consumption of the whole system. However, mosblock is cooperating with the baseband amplifier to adjust
of the reported WuURXxs operate at low frequencies such athe initial gate biases of the envelope detectors and provide
2.4 GHz and 5 GHz [2][4]. Extra antennas and matchingproper gate bias voltages for other gain stages of the LNA.
networks are required for adopting those WuRxs into theThe ID recognition block is utilized to avoid false wake
60-GHz transceivers, which causes large area overheadp. The control logic block is designed to switch on/off the
as shown in Fig. 1(a). In addition, the low frequency circuit components according to the mode selection word.
bands é.9.2.4 GHz and 5 GHz) are becoming crowded As mentioned above, the reusing of the LNA gain stages
as the use of various commercial wireless communicatioms the envelope detectors can greatly reduce the bulky
devices increases [3], [5]. It may need more power andcomponents when the WuRXx is integrated with the 60-GHz
area to overcome the interference in those frequencjyransceivers. However, the required circuit topology and
bands. Literature [6] indicates that the WuURX operatingbias of the envelope detector are different from those of the
in 60-GHz band suffers less from the interference in the60-GHz LNA. Therefore, some blocks are implemented to
networks. Unfortunately, the stand-alone envelop detectoreconfigure the 60-GHz LNA. As shown in Fig. 3, a PMOS
requires an extra input matching network if the WuRx switch with a shunt resistor is inserted to the supply path
is used for the 60-GHz high-speed transceivers. A bulkyof the reused stage of the LNA. When the reused stage
switch or matching network between the 60-GHz low-is configured as a normal stage of the LNA, the switch is
noise amplifier (LNA) and the WuURX is also required for turned on. The switch with the shunt resistor exhibits low
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Fig. 1. System block diagram of WuRxs for 60-GHz receivers (a) the general 2.4-GHz/5-GHz WuRX; (b) the general 60-GHz WuURX;
(c) the proposed WURX.
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the demux. The WuRx is detecting the wake-up signal
Flg 3. The detailed schematic of the 4-Stage single-ended LNAafterwardS. To avoid false wake up, the ID recognition

block.is implemented and connected to the output of the
resistance, and will not affect the LNA performance. Thebaseband amplifier during the detection period. If the
equivalent circuit schematic of the 4-stage LNA in normalreceived digital sequence is the same as the pre-stored ID
operation mode is shown in Fig. 4 (a). When the reusedaode, the decision units will output "1” configuring the
stage is reconfigured as the envelope detector, the switdbtNA back to normal operation mode.
is off showing a required high resistance for the envelope It is worthy of noticing that the WuRx has two operation
detector as depicted in Fig. 4 (b) and (c). Then the gatenodes. In the low-power mode, only the first stage of
bias tuning block cooperating with baseband amplifier isthe LNA is reused as the sub-threshold envelop detector,
turned on to automatically set the sub-threshold operatiolother 3 stages are turned off as illustrated in Fig. 4 (b).
point for the envelope detector. Once the sub-threshold biaks the sensitivity-boosted mode, the first 3 stages of the
of the envelope detector is fixed, the baseband amplifietNA are used as a pre-amplifier. The fourth stage is the
will be disconnected from the gate bias tuning loop byenvelope detector shown in Fig. 4(c). It may be doubted
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Fig. 7. The measured input reflection coefficient of the WuRXx
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Fig. 5 shows a simplified duty cycle scheme for the dual-
mode operation. The average power consumption can be Fig. 8. The measured S parameters of the 4-stage LNA.
calculated by the following equation.
whole system. The area overhead of the proposed WuRX is
Tix E 1 ig x P2 Q) only 0.015 mmd thanks to the reconfigurability of the LNA.
The chip is measured on wafer using probe station. The
For the 60-GHz LNA design, a transmission line (TL) measure_d input reflection cqeﬁipient (S11) of t_he WuRXx at
with 1 dB/mm loss around 60 GHz is used for matchingthe terminal RE, is depicted in F_lg. 7. The S11 is around -
networks. An MIM transmission line (MIM TL) is em- 10 dB at the freqt_Je_ncy band of interest for both low-power
ployed for the de-coupling of the power supplies [7]. TheMode and sensitivity-boosted mode.
schematic of the 4-stage single-ended LNA is shown in Fig. 8 shows the measurement results of the S param-
Fig. 4 (a). The channel widths of the transistors from inputéters when the system is operated as a 4-stage 60-GHz
to output terminal are 1:524um, 1.5¢24um, 2x20um,  LNA. The_peak gain is 20.7 dB at 59 GHz with a power
and 2x<20um, respectively. The multi-stage gain peak- consumption of 17.5mW from 1-V supply. The -3dB-
ing technique [7] is adopted for realizing wide and flat bandwidth is from 50.5 GHz to 66 GHz.
gain characteristics which is desired for 60-GHz high- The sensitivity of the WuRx is characterized using a
speed wireless communications. The input and inter-stag@ignal generator and an oscilloscope. The amplitude mod-
matching networks are carefully designed for achievingulated 57-GHz signal is produced by the signal generator,
reasonable reflection at the RRerminal for both LNA  Which is fed to the input terminal of the WuRx (RF:

Average Power =

and WuRXx operation modes. A 2-kHz envelope signal is used in the measurement.
The output terminal of the WURX (Yara) is connected
Il. M EASUREMENTRESULTS to the oscilloscope through an external first-order band-

To verify our design, the proposed WuURx with the re- pass filter (1kHz-10kHz). The received signal-to-noise
configurable 4-stage LNA is fabricated in a 65nm CMOSration (SNR) is obtained from the data stored in the
technology. Fig. 6 shows the die micro-photograph of theoscilloscope after Fast-Fourier Transform. The sensitivity



TABLE |
PERFORMANCE COMPARISON OF THESTATE-OF-THE-ART WURXS IN CMOS FROCESSES

Ref. Frequency| Area Overhead] EXUr@ Antennal | oo petection| Sensitivity | Power
Switch Required
[2] 0.9GHz 2.886 mn? Yes Yes —73dBm QW
[3] 5.8GHz 0.114 mnt* Yes Yes —45dBm 54 W
0.915GH —80dB
[4] 21 03emn? Yes No M| 51w
2.4GHz —69dBm
[6] 60 GHz 1.09 mn? Yes No — 9 uW
. . —46dB 64 W
This work | 60 GHz 0.015 mn? No Yes m -
—60dBm | 12.7mW

* Estimated from literature

of the WuRXx is defined as the input power resulting

a received SNR of 12 dB, which corresponds to the of oy SR SR
bit-error rate (BER) of 10 for amplitude-shift key- o 3 3 i
ing (ASK). The measured sensitivity of the WuRXx is g T | I 3’ -
—46dBm and—-60dBm with a power consumption of $ 20 | TS N TR L
64 W and 12.7 mW, respectively. Fig. 9 demonstrates the o
measured spectrum of the received signal when the input § SoE NV Ty
power of the WuRXx (R) is equal to—60 dBm. The WuURX T;u
is operated in sensitivity-boosted mode, and the measured § 40 frooiamranine T
SNR is 12.1 dB. As described in Section II-A, the average % .
power consumption of the WuRx can be reduced ta\R7
if the sensitivity-boosted mode is activated for 0.1% duty -60 ‘ ‘

102 10° 10* 10°

cycle.

Table | summarizes and compares the performance
of the proposed WuRx with that of the state-of-the-artgiy g The measured spectrum of the received signal for
WuRXxs in CMOS processes. The proposed WURX shows,,=—60dBm (WuRx: sensitivity-boosted mode).
the smallest area overhead and least requirement of extra
bulky components with reasonable sensitivity and power

Frequency (Hz)
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