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mmWave Beamforming
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Working and Measured

60 GHz, 20 GHz PLL, Transformers, Balun, Mixers, LNAs, QVCO, Binary-to-
Thermometer decoder

Andreas Axholt, PhD September 7, 2011
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Transmitters with Adaptive Impedance Matching

Jonas Lindstrand Markus Tormanen and Henrik Sjoland

Project Overview

Project Goals:

1. Operation at ALL Relevant Cellular Standards

Digital Baseband

2. Stable Load Impedance for all Antenna Mismatches

3. Reduced Power Consumption in the Transmitter
Transmitter System Chain

Flrst Chlp W|II be Presented at ESSIRC 2011 - Power Ampllfler
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Single Chip Cellular Transmitter

O Generator with VCO, Active Poly-Phase Filter and Divider (Invited for Presentation at ISIC 2011)
* New Direct Up-Conversion Power Amplifier with an Output Power in the Range of 1W (30dBm)

* New System Approach Makes the VCO Resistant to Disturbances from the Power Amplifier

Transmitter Chip Photo
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SoS

Systern Design on Silicon

Department of Electrical and Information Technology, Lund University




Improving the linearity of a passive

down-conversion mixer

Chip under measurement

e Linearize the mixer devices

e Improving the 11P2

 LNA + mixer

e Conversion gain of 12 dB &
Problems to be solved

- Make it robust against mismatch 1
and process variation |

* Increase the performance for the
differential output

This project is financed by

Martin Liliebladh, Henrik
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A CT A2 Modulator for Low Power Radios
by Dejan Radjen

Modulator architecture Measurement Results
A

Measured SNR and SNDR vs input amplitude
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SweDISH FOUNDATION for
STrRATEGIC RESEARCH
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Continuous-Time AY ADC for LTE
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SNDR 69dB

I, g 6.2mA

FOM 175fJ/conv step
Area 0.1mm?

Mattias Andersson
3'd order, 3 bits, 288MHz clock (OSR=16)
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Ultra Portable Devices Front-End

SWEDISH OUNDATION for ca rI B rya nt

STRATEGIC RESEARCH

/{ Single VCO - single inductor

2xLO /*"””’

Frequency
Goals: — f/2 divider

<< 1ImW Oscillator

<< 1mm? (few inductors)
2.4GHz

Low Noise
Amplifier
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LUND UNIVERSITY

Antennas and Propagation for Binaural Hearing

OBJECTIVES

)

SwebisH FOUNDATION for
STRATEGIC RESEARCH

Aids

By: Rohit Chandra, PhD student, Lund University

Investigating the possibility of establishing a
wireless link between the binaural hearing
aids in 2.45 GHz ISM band using
miniaturized antennas. h yre

Antenna SAM with
Placements pinna

Comparison between a homogeneous
phantom (SAM) and a heterogeneous
phantom (Duke) for estimating the ear-to-
ear link loss.

Investigating the effects of the pinnas
(protruding part of the outer ear) and the
lossy skin on the ear-to-ear link loss

Measurements ] { Effect of lossy skin and pinna }

Measurements to verify the effect of the
pinnas



Ultra Low Energy Digital

| Circuit |
* Requirements

* Low Energy Dissipation
" Low Area

» Satisfactory Throughput
= Reliability !
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CIRCUIT
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= Architectures?

S.M.Yasser Sherazi = Technology Selection”
Joachim N. Rodrigues
Henrik Sj6land

Peter Nilsson = Switching Activity

= Energy Min. Voltage




Analog Decoding

In 65-nm CMOS Reza Meraji

John B. Anderson
I 1‘;; Henrik Sjoland
OO T Viktor Owall
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Energy efficient medium access
scheme DCW-MAC scheme

by Nafiseh Seyed Mazloum

Duty-Cycled Wake-up receiver (WRx) MAC combines ultra low-
power WRxs and optimal duty-cycled listening.
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LTE 31 MH{,&% 0.52mA
. DBV &@ﬁ&z 0.18mA
€ B e 6
o) SNR=15dB WLAN 0(8 20 MHz 0.32 mA
15 < [ZOMI-&ab‘D
10 WL 40 MHz 0.6 mA
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15

' SB-Synchronization:

SB-SNR ESt'mat'on: * Up to 90% area reduction from an 8-bit
* Same architecture as SB-Synch. implementation.

S Capab|e to d|St|ngU|Sh between coarse e Llow Power Consumption down to
SNR. 0.18mA per symbol for DVB-H.
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. 2 standard concurrently:LTE, WLAN
and DVB-H

. Total area 5mm2, Infineon LP 65nm
CMOS

. New transmitted concept presented for future
multi standard terminals.

. Concepts have been proven by actual physical
fabrication demonstrating the feasibility of the
architecture.

. Functional verification of critical components is
finalized, even though measurements of the entire
architecture is still ongoing.

Department of Electrical and Information Technology, Lund University
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Unified multi-mode MIMO detector for LTE-A downlink

Liang Liu, Johan Lofgren, and Peter Nilsson
Department of Eiectricai and information Technoiogy, Lund University, Sweden

8PSK

Spatial Multiplexing: Increased rate

I: :I o i Unlfied Multl-Mode Detector
’ ‘ o S %ﬂmﬁ%wxﬂw&wx

= \“\_‘ < “"] 16QAM

multi-mode IO signal widh smaller area and less power
For LITe-A hangHheld devices

Dept. of Electrical and Information Technology, Lund University, Sweden




Johan Lofgren, Ove Edfors, and Peter Nilsson
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TABLE 1
MULTIPLICATIONS IN DIFFERENT STAGES

Design One Iteration IDFT/DFT IFFT/FFT  Full Estimate

Original 512 ~614K ~22.5K ~96K
Proposed 300 720K ~27K ~84K

e Channel Estimation is important

— Compressed Sensing and
Matching Pursuit gives good
estimate

e This work presents an improved
Matching Pursuit algorithm
— It is shown that large savings
can be achieved by, counter-
Intuitively, increasing the
resolution
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by Chenxin Zhang

Heterogeneous cell array

Hierarchical routing network

Centralized & Distributed cell configuration
Task level hardware sharing

A software-centric programming approach
Algorithm-level exploration on one platform

=  Multi-standard OFDM coarse synchronization -
= 2>x2 Cell array ' S
=  Area: 0.479 mm?in 65 nm CMOS5 8 MC_Muiraria
= (lock frequency: 534 MHz o]
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e Antennas (~100) may be

distributed in the environment

grouped to form large arrays, or 4 TL‘
Tx1

dS a sparse array.

e A central processing unit
performs joint processing.

» Multiple FPGA’s for highly parallel
processing is channels is required.

» Suitability of CAL data-flow language

is evaluated in an initial case study.
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CAL Framework

S
Software ﬂ

CAL Model //

------------

ﬂ Hardware

€ Code
Generated
by CAL2C
main{) {
inti = 0:

HOL Coda

Generated
by CAL2HDL
process()
begin







Synthesis Strategies in the
Sub-V- Region

Oskar Andersson®*, S. M. Yasser Sherazi*, and Joachim Rodrigues*
Pascal Meinerhagen®, and Andreas Burg®

‘Design space exploration

Sub-V; sign-off verification

*Department of Electrical and Information Technology, Lund University, Sweden )
I

°Institute of Electrical Engineering, EPFL, Switzerland ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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Goals

Modelling of IlI-V nanowire
transistors

Evaluation of demonstrator
circuits

Results
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Optimized nanowire
transistor architecture

Spacer layer thicknesses (hm)

50 100 150
Number of nanowires

200

Kristoffer Jansson - Nano Electronics Lund 2011-11-02




Nanowire transistors for RF implementation

1100

Goals

e Fabrication of IlI-V nanowire
transistors on silicon

825+

e Development of LNA using
nanowire transistors

2?5_ B T T R T e T

Normalized transconductance (S/m)
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nanowires on silicon

 High performance FETs with a
g.. of above 1 S/mm

| WD HV mag | tilt |2011-02-11
£ 153 mm [10.00 kV|5000x{30°| 10:49:32

Magnus Berg - Nano Electronics Lund 2011-11-02



15 nm InAs Nanowire MOSFETs

Goal
) == Sn-i-Se
e Evaluate the scaling s O reference
properties of InAs
nanowires 600 4
£
£
% 400 —
Results ¥
e Joy =33 MA/cm? a0 / -
(Comparable to modern HEMTs) . 3;1"‘ :
N =Cmmg=mmgl=
7 gm = 1'8 S/mm 0.00 0.10 0.20 0.30 040 0.50 >
VDS(V)

@ Anil Dey, Nano Electronics, Lund University 2011-11-02



InAs Nanowire Mixer Circuit Integration

Goal

e |ntegration of InAs NW single
balanced differential mixer circuit

e Demonstrating performance
advantageous compared to
similar Si technology

Results

e Single and Array Vertical
NW Transistor Performance

e g -1S/mm
o f,-20 GHz
o f _ -30GHz

@ Karl-Magnus Persson - Nano Electronics Lund 2011-11-02



Heterostructure nanowires for infrared photodetectors

Goals

e Fabricate InAs/InAsSb/GaSb p-i-n
nanowires for photodetection
up to 12 um.

e Obtain better detectivity than

planar devices due to low defect _

concentration as heterojunctions. 0T Gass Tnsb InAs

1 (p doped) (intrinsic) (n doped)

Results

e Photocurrent of a few hundred
nA at 78K.

* Valence band offset between
InAsSb and GaSb measured to be PRV _
around 30 meV. distance (um)

energy (eV)

. Johannes Svensson - Nano Electronics Lund



