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INTRODUCTION Smart building
Smart wireless sensor networks . <—

Energy sources are limited and

potentially hard to replace.
Low-power transceivers and optimized
communication protocols.
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TRANCEIVER STRUCTURE @

=D
u‘) 3
|

Wake-up

receiver

THE BIG QUESTION:

How much energy can we save when applying low-
power receivers with sub-optimal performance?
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THE OPTIMIZATION PROCEDURE

» Analyze WRX performance.
 Calculate total energy cost for network.
» Optimize system for low energy.
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WAKE-UP RECEIVER
PERFORMANCE ANALYSIS
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ENERGY COST ANALYSIS

Data avaﬂz'xbl.e Extra cost at SN!

for transmlssmn\l - > :
{6 16 TaT 181 Ta] [l &
' >F*No cost at DHNH !

: f
DN - i
i Listen |
(N-2) /
NDNs -

o | e

SN 181

WB

JACK

Sleep Extra cost
at NDN!
SN = Source Node

DN = Destination node
NDN = Non-Destination Node
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THE GENERAL RESULT
» Applies to all possible WRx designs.

Main RX here.

-

Enérgy saving
[ 0% 50%

— —— No requirement on delay

power consumption |[dB]

Relative WRx

.......... Relative delay requirement of 0.01%

E 5 7
Implementation loss [dB]
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WRX needs to
wake up more
often.




FABRICATED DESIGN
Wake-up receiver

Analog front-end
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FABRICATED DESIGN

Analog front-end |
Mixer Wideband Envelope

Input matching IF amplification detector

network |:|:I: |: |
v

clk

= :

Oscillator Baseband Comparator
amplification

« 50€ on-chip input matching with a compact inductor.

sensitivity.
y Work by Carl Bryant et al.
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FABRICATED DESIG]

Analog front-end
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Frequency [GHz] — : L : :
—94 —92 —90 —38 —86
Rec. RF power [dBm]
51 |61 |

Technology (nm) 65 90 90 90 65
RF/IF detector IF IF RF RF IF
Power cons. (WW) 50 52 51 123
Vpe (V) 0.75 0.5 0.5 1
Frequency (GHz) 2.45 2 2.4 0.915
Datarate (kbps) 650 250 | 200 100 10 100 10
Pre (BER=10-3) -71 -88 | -70 -72 -69 -80 -86
Efficiency (pJ/bit) 77 200 | 260 520 5100 1230 12300
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FABRICATED DESIGN
Sub-Vt digital base-band

Bits — X) B ﬁo
AS™
\)Y’ wake up
G‘(‘B ~main

ﬁ\ tranceliver

* The design provides large address-space scalability.

0.15 BER (M=63, K=15, and L=8 ).
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FABRICATED DESIGN
Sub-Vt digital base-band
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CONCLUSION
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DIE PHOTOS
Analog front-end

- - j' - -
1 } - o " |
L @) 4 oy [
5 -\ ; vy
- A r= = - - - - g

\\\\\\

- - -E---—v’-,---?--,---€?‘ .....

Lund University / LTH/ EIT / Radio systems 16



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

N.M. Pletcher, S. Gambini, J.M. Rabaey, “A 2GHz 52 uW Wake- Up Receiver with -72dBm
Sensitivity Using Uncertain-IF Architecture,” IEEE J. Solid-State Circuits, vol.44, no.1, pp.269-280,
Jan. 2009

”An energy-efficient OOK transceiver for wireless sensor networks,” IEEE J. Solid-State Circuits, vol.
42, no. 5, pp. 1003-1011, May 2007.

J. Lee, S. Cho, "A 1.4-uW 24.9-ppm/C Current Reference With Process- Insensitive Temperature
Compensation in 0.18-um CMOS”, IEEEJ. Solid-State Circuits, vol.47, no.10, pp.2527-2533, Oct.
2012

Xuan Zhang, A.B. Apsel, ”A Low-Power, Process-and-Temperature- Compensated Ring Oscillator
With Addition-Based Current Source,” IEEE Transactions on Circuits and Systems | vol.58, no.5, pp.
868-878, May 2011

X. Huang, S. Rampu, X. Wang, G. Dolmans, and H. de Groot, A 2.4 GHz/915 MHz 51uW Wake-up
Receiver with Offset and Noise Suppression,” Proc. IEEE Solid-State Circuits Conference, pp. 222-
223, Feb. 2010

X. Huang, P. Harpe, G. Dolmans, H. de Groot, “A 915MHz ultra-low power wake-up receiver with
scalable performance and power consump- tion,” Proceedings of ESSCIRC 2011, pp.543-546, 12-16
Sept. 2011

S. Drago, D.M.W. Leenaerts, F. Sebastiano, L.J. Breems, K.A.A. Mak- inwa, B. Nauta, "A 2.4GHz
830pJ/bit duty-cycled wake-up receiver with 82dBm sensitivity for crystal-less wireless sensor
nodes,” IEEE International Solid-State Circuits Conference Digest of Technical Papers (ISSCC),
pp.224-225, 7-11 Feb. 2010

Lund University / LTH/ EIT / Radio systems 17




