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Introduction to Wireless Integrated
Network Sensors (WINS) Project:

Network, Applications, Nodes

Unique Front-end Requirements

RF Architecture: preselector, LNA and Mixer
Architecture

Future work: (WINS integration)
Summary
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(Wireless Integrated Network Sensors) WINS
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 Dense node distribution e Latency tolerant
e Shortrange (< 30m) e Compact cell
 Low bitrate (< 100kbps) o 3year life
(Typical sensor systems are band e 100 LW average
limited)
e 3 mW peak
Implement multihop for power:
RF path loss:
P..01/Re(a=3-5) “—R—
Relative system power advantage for H<—>
N-hop chain:
O<¢>rO<H>»O>»O

Pioi(N)/Pyo(1) O 1/NE-D) multihop
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WINS RF Modem
 Network Interface
e Memory
 Microcontroller

e State Machine

« DSP

« ADC

Sensor Interface
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WINS vs. Existing wireless system

Characteristic | Wireless Cellular WINS
LAN Telephony
Range ~200m ~ 5km < 30m
Data ~ 2-10Mbps ~ 10kbps < 100kbps
Throughput

e Conclusions:

« Range and bandwidth reduction : 60 - 80dB
gain in link budget
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Why Design a New Receliver?

 Performance Specifications of receivers:

Cellular Bluetooth WINS
Noise Figure 8dB Est (- 26) ~ 25dB
Sensitivity -102dBm -70dBm ~-70dBm
Data rate ~10 kbps 1Mbps < 100kbps
Current consumption |35-40mA | <20mA ~1mA

« Challenge: Minimum noise figure and best sensitivity for long range
communications.

o Specifications of the front-end receiver for WINS

project:  Digital CMOS transistor

Current consumption < 200 pA
Gain 120 - 25dB
Noise figure [120 dB

e Challenge: Micro power for short range communications (30 m)
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Recelver Architecture

Lo,
A

preselector _ LNA —» baseband

O,

Goal: 1mA entire receiver system peak current drain

e High-Q inductive loads
 Off chip integration: LTCC components
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Differential Preselector/LNA

Gain achieved by:

3V

= High-Q
= off-chip

Componerp’g

- ,Ii\f]ixStr
p
Vbias|:
:_|| T 1
| J

Preselector: HighQ
elements

LNA transistors g,,:
Small due to the small
current and relatively small
transistor sizes

LNA output

Impedance: High Q
components to generate
large impedance at the
output

Mixer input: High
Impedance
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Preselector

Off-chi e Filtering
e e Matching
High-Q components
""""" "R, Choose L and C:
C, Vv LNA Wes = RV L((Cy+ Cyyyy) R%L)
- o nput ;
h / i R - 0 0= 1N L(C9+Ctotal)
@ Lg 1 — Input impedance at w, :
.......... > — c
C ar R | total
V Rpar p bias (Cpag* Cgo) R, = L/Rbias(Cg” Cioia)
1 4 | o~

- Vbias —

« Gain from V to V.

Passive Voltage gain

Preselector Vsl Ve=RV(C||Cypa)/L

total
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! Half Circuit of the
Off-chip E

coupling

—CunCra

Preselector/LNA Including
lements

 LNA output

Impedance at W, :

Requ =L/ RCtotaI

e Total gain:

A

Av: gm Requ preselector



UCLA

Mixer

 Weak inversion * 50 pA core supply current at 3V
 Double-balanced Gilbert Cell < Output bandwidth > 100kHz
» Direct conversion e High output impedance

3V
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| \}Ei\as = \Active loads
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Test Setup

e Testing Preselector, LNA and Mixer:

In+ Out+
—1—{Preselector -
LNA
*‘@i@ Mixer
—1—{Preselector -
IN- Out-
Signal Spectrum
Generator Analyzer

RF Input Output
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VCO on LTCC substrate

Front-end with off-chip components
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Gain Results

Gain = 25dB
a Meanker M, O0FER kiEx L i7.8595 d8Yrme - 1_dB CompreSSIOn
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LNA input = -43dBvrms 1-dB compression at -25dBm

Mixer output = -17.85dBvrms (effective power)
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Noise Measurement for Front-end

HEAL-TIME AWVE COMPLETE W ——————— L 1|
I
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Cenkbter; 4 kMHzZ L E-F T 8a48 Hz . . -
Soaekrum Sran 1 ArSE; 10 )

This front-end: 1/f S,s measurement

At 1KHz: NF = 28dB (NMOS 100/0.6 um)
At 25KHz: NF=19.5dB
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WINS Integration

 Low Temperature Co-fired Ceramic

L=20nh Q=20 @ 1GHz

Scrantom Engineering

MEMS micropower RF _
cavity arpd seal interface, DISP’ control | passives

| - | |/ |

= ,
\ ceramic
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 WINS project RF components trade off sensitivity for
greatly reduced power consumption

« A front-end receiver with a total current consumption
of 110 pA has been developed and tested in 0.8 um
CMOS technology

 The front-end includes a preselector which provides
gain and filtering before the LNA

e The receiver has: Gain = 25dB, NF = 19.5dB,
1-dB compression = -25dBm,
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