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e How many bits are transfered per second?

Display Sources Display Devices

Monitor

Desktop
Projector

Wireline
Communication

L y Screen

Data rate (bits/sec) = Resolution (pixels) x pixel bit (bits/pixel) x refresh (Hz)

(Full HD) = (1920 x 1080) x 24 x60 = 2.98 Gbps
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Set-top box

X-box @
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-Consumers demand better performances

=>New digital solutions
(Digital camera, Camcoder, YouTube ...)

- Suppliers have to keep providing better performances

= Faster, better quality, not necessarily cheaper
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-PLL provides clean digital clock signal

Icp
uP
Phase

Vir—— Frequency
Detector

—
I Controlled
R J_ Oscillator
DOWN C
g T
Llce

Ve Voltage

[ - charge Pump PLL |

* Fabrication : Samsung 0.13um CMOS

» Spec.
target freq. : 2.7GHz
Dividing ratio : 80
Ref. freq. : 33.75MHz
Rms Jitter : <18.5ps

Phase noise : <95dBc/Hz



e Measurement

Spectrum analyzer
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Transmission channel shows
low-pass filter characteristic.
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Equalizer Characteristic (High-Pass Filter)
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e Measurement

Test Board .
Oscilloscope

%" 5= | Eye diagram

AN - - - - monitoring

NELP
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wired Chip
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.|Tm FRES7 1,620,00 MBit/s [m: PRES-7 4,620.00 Mot/ | B 0,006+400

=
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-| Gen: PRES7 2,700.00 Muitfs | Det: No Sync 2,700.00 Mbit/s || BER: No Sync
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e Data flow through deserializer.
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Parallei Data

Ref. clock

‘5,3‘
e Chip Layout - Tx

Transmitter

Serializer

PLL (W/SSCG)

Process: Samsung 013

2500 X 900
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Circuit Design

Schematic simulation

Layout

Verification

Post-layout simulation
with parasitic RC

Tape out

Chip on Board
& Probing

Measurement

|
| HSPICE_vC-2009 (SYNOPSYS)
|

Design tool

Text mode netlist

Xgen clkl datal datal val va_serializer
Yeom con V55
Edatalp datalpl com YLV datal vss
Edataln datalnl com VCYS datal vss -
Edatalp datalpl com YUVS datal vss
Edataln datalnl com VCVS datal vss -
Yeikl clkl VS5 pulge B
Eclkip relklp com YCVS clkl ves
Eclkin relkin com VEVS clkl vss -
X lkbuf biag rclkin rciklp clkin clklp vdd2 vss BIGBANGZ00206_kimdor_buf fer_1500
rdatalbuf bias datalnl datalpl dataln datalp vddZ vss BIGEANG2G0S06_K imdor _buf fer_1500
rdatadbuf bias datalnl datalpl dataln datalp vdd2 vss BIGBANG2O0S0E k i mdor _buf fer_1500
Xdes bias clkin clkout clklp d0 d1 d2 43 d4
+ d% d& 47 d8 d9 dA dB dC dD dE dF dataln datalp dataln datalp vdd vss
BIGBANG200206_c3kc_Deserial izer
rate = "1
nrobe

Simulation result

weennn RUNEIME Statistics (seconds) weswws

analysis time # points  tot. iter conv. iter
op point 0.00 1 19
transient 0.77 1001 16391 6097 rev= 98
readin 0.05
errchk 0.01
setup 0.00
output 0.00
total memory used 192 kbytes
total cpu time 0.83 seconds
tetal elapsed tine 1.07 seconds
job started at 18:56:05 02/22/2010
job ended  at 19:56:06 02/23/2010

Init: hspice initialization {1le: /hone/tools/synopsys/Hsplce_vi-2009. 03/hspice/hspice. inl
lic: Release hspice token{s)l]

Bat



Circuit Design

Schematic simulation

Layout

Verification

Post-layout simulation
with parasitic RC

Tape out

Chip on Board
& Probing

Measurement

 Layout tool |
| = Virtu

| B S B N R B |
. Verification tool |
.= Calibre (Mentor) |

# #

# CALIBRE SYSTEHN #

# #

# LY¥S REPORT #

# #
REPORT FILE NAME: test. Lvs, report I
LAYOUT NAME: /ufficel fusers/ckseong/cad/Sirius/Calibre/lus/test. s
SOURCE NAME sofficel/msers/ckseong/cad/Sirius/calibre/lvs/test. s
RULE FILE: Ffofficel/users/ckseong/cad/Sirivs/Calibre/lvs/_calib
CREATION TIME Thu Mar 11 16:15:44 2010
CURRENT DIRECTORY: Ffofficel/users/ckseong/cad/Sirius/Calibre/lvs
USER NAME: ckseang
CALIEBRE VERSION: v2009.1 35 24 Fri Apr 3 15:10:02 PDT 2009 E

# # * w2 w2 .
OVERALL COMPARISON RESULTS # #* # CORRECT * |
I * % # # kY £
# FEEEREE R _ #
# # # ¥
¢ & # CORRECT & |
LR A
| ) SRR



Circuit Design
Schematic simulation

Layout

Verification

Post-layout simulation
with parasitic RC

Tape out

Chip on Board
& Probing

Measurement

Post-layout netlist

1/MPM18 |1/NET098:FE463 BIASP F64584 [1/NET0182:F6465 ¥DD PMOS_1P2 S4=0.45 SB=0.45 ad=1.8p as=1.8p [1=0.2u nrd=0.112 nr
§=0.112 pd=8.9u p5=8.9U w=4u
1/MNMTOBE 11/NETOS8 FE606 |1 /NETOS8:FE607 GND:F6608 GND nmos_1p2_ps SA=3.53 SB=4.3 ad=1.058p as=1.068p [=0.3u nrd=0.0
52 nrs=0.0%2 pd=4.37u pg=4.97u w=4.5u
T/MNMTO@E 11 /NETO98:FB612 [1/NETO98:FB611 GND:FE610 GND nmos_1p2_ps SA=4.3 SB=3.53 ad=1.058p as=1.0568p [=0.3u nrd=0.0
52 nrs=0.052 pd=4.97u ps=4.97u w=4.5u
1/MPM23 \W/NETOWSZ F5828 GND:F5827 YOD:F5826 VDD PMOS_1P2 SA=0.45 SB=0.45 ad=0.45p as=0.45p 1=0.13u nrd=0.45 nrs=0.45
d’2 Su ps=2.9u w=lu
1/MPM25 \T/NETOWSQ F6127 GND:F6126 YDD:F6125 YOD PMOS_1P2 SA=0.45 SB=0.45 ad=0.4Bp as=0.45p 1=0.13u nrd=0.45 nrs=0.45
Dd 2.9Uu ps=2.9u u
1/MPM2D \W/NETOQS‘FBQSW BIASP:F6282 |1/NET0O182:F6283 ¥DD PMOS_1P2 SA=0.45 $B=0.45 ad=1.8p as=1.8p 1=0.2u nrd=0.112 nr
s=0.112 pd=8.9u ps=8.9u w=4u
T/MPM13 |1/NETO98:FG229 BIASPF6230 |1/NET0O182:F6231 ¥DD PMOS_1P2 SA=0.45 SB=0.45 ad=1.8p as=1.8p 1=0.2u nrd=0.112 nr
5 O 112 pd=8.9u ps=8.9u w=du
1/MNMTO@Y 11/NETO98:FE614 |1 /NETO98:FB615 GND:FE616 GND nmos_ip2_ps SA=5.07 SB=2.76 ad=1.058p as=1.058p [=0.3u nrd=0
052 nre=0. 052 pd=4.97u ps=4,97U w=4.5u
1/MNMTO@E |1/NETO98:FB620 |1 /NETOS8:FE619 GND:FE618 GND nmos_ip2_ps SA=5.84 SBE=1.99 ad=1.068p as=1.058p [=0.3u nrd=0
052 nre=0.052 pd=4.987u ps=4.97u w=4 5u
T/MNMTOBY \I/NETOSS F6624 11 /NETOSS FB623 GND:F6622 GND nmos_1p2_ps SA=6.61 SB=1.22 ad=1.058p as=1.058p [=0.3u nrd=0
052 nrs=0.062 pd=4.87u ps=4.87u w=4 bu
1/MPM33 \T/NETOSWO F5997 GND:F5996 YDD:F5995 YOD PMOS_1P2 SA=0.45 SB=0.45 ad=0.4Bp as=0.45p 1=0.13u nrd=0.45 nrs=0.45
pd=2.9u ps=2.9u w=1u
1/MPM41 \W/NETOSWO F6725 GND:F6724 YDD:FE723 YOD PMOS_1P2 SA=0.45 SB=0.45 ad=0.46p as=0.46p 1=0.13u nrd=0.45 nrs=0.45

1/MPM36 \W/NETOQS F6398 BIASPIF6399 |1/NET0310:F6400 ¥DD PMOS_1P2 SA=0.45 $B=0.45 ad=1.8p as=1.8p 1=0.2u nrd=0.112 nr

O 112 pd=8.9u ps=6.9u w=4u

1/MPM37 \T/NETOQS F6190 BIASP:FB181 |1/NETO310:F6192 ¥DD PMOS_1P2 $A=0.45 3B=0.45 ad=1.8p as=1.8p |=0.2u nrd=0.112 nr
0 112 pd=8.9u ps=8.9u w=4u

T/MNMTORIO 11 /NETO98: FEE28 |1/NETO98:FBE27 GND:FB626 GND nmos_1p2_ps SA=7.38 $B=0.45 ad=1.068p as=2.0256p |=0.3u nrd=0
052 nrg=0.1 pd=4.97u pg=9.9u w=4.5u
KIT/MPMST 11/NET0310:F5693 GND:F5892 YDD:F5891 VDD PMOS_1P2 SA=0.45 SB=0.45 ad=0.45p as=0.45p 1=0.13u nrd=0.45 nrs=0.45

pd=2.8u ps=2.9u w=iu
K11 /MPMAO 11/NET0310:FB036 GND:FB035 YDD:FE034 VDD PMOS_1P2 S4=0.45 SB=0.45 ad=0.45p as=0.45p [=0.13u nrd=0.45 nrs=0.45
Dd:2‘9u ps=2.9u w=1u
1/MPM34 \W/NETOQS F6372 BIASP:F6373 [1/NETO310:F6374 ¥DD PMOS_1P2 S4=0.45 SB=0.45 ad=1.8p as=1.8p [=0.2u nrd=0.112 nr
S O 112 pd=8.9u ps=8.9u w=4u
1/MPMSD \W/NETOQS F6476 BIASPIFE4T7 |1/NETO310:F6478 ¥DD PMOS_1P2 SA=0.45 $B=0.45 ad=1.8p as=1.8p 1=0.2u nrd=0.112 nr
5 O 112 pd=8.9u ps=8 . 9u w=d4u
1/MPM30 |1/NET0310:F5306 GND:F5905 YDD:F5304 VDD PMOS_1P2 SA=0.45 SB=0.45 ad=0.4Bp as=0.45p 1=0.13u nrd=0.45 nrs=0.45
pd=2.9u ps=2.9u w=1u
KI1JgP%ﬂU II;N%IUS1?1FGUU2 GND:FE0ET YOD-FEOG0 YDD PMOS_1PEZ SA=0.4% 5B=0.4% ad=0.4%p as=0.4%p 1=0.13u nrd=0.45 nrs=0, 4%
pd=2 . 9u ps=2.9u W=1u
1 /MPMZE 11 /NETOSS FE333 BIASPIFE234 |1/NETOS10:FRI35 YOD PMOS_1P2 SA=0.45 SB=0.45 ad=1.8p as=1.8p 1=0.2u nrd=0.112 n
a‘U.II2 pd=8.9u ps=E.9u wW=4u

2383 1 99%

Very complicate with
parasitic RC component

. X
. Dd:Z 9u ps=2.9u w=1u
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ST T ~\ ST T N
:-Seﬂaﬁzer : :-Equaﬁzer

| * Phase-Locked Loop (PLL) : |+ Clock & Data Recovery (CDR)
: : 1 + Deserializer

l I l
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...1010110011... ...1010110011...

Large loss at high frequencies !!
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ST TS ~\ g N
T Serializer : T Equalizer

| * Phase-Locked Loop (PLL) : |+ Clock & Data Recovery (CDR)
: D] 1 + Deserializer

I pm———————— - 1R I pm————————

\ I Electrical-to- | ) ' I Optical-to- :

___: optical (E/O) ["_' ~____lelectrlcal (O/E)r""
|_conversion ;] |_ conversion _}
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...1010110011... ...1010110011...

Use light over fiber !!
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Attenuation (dB/km)
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Frequency (Hz)

Very small loss even for very high frequencies!!!
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Charles K. Kao

* Director of Engineering of Standard Telecommunication
Laboratories, Harlow, UK, and Vice chancellor, Chinese
University of Hong Kong. Retired 1996

PROC. IEE, Vel. 113, No. 7, JULY 1966

Dielectric-fibre surface waveguides for
optical frequencies |

K. C. Kao, B.Sc.(Eng.), Ph.D., A.M.L.E.E., and G. A. Hockham, B.Sc.(Eng.), Graduate L.E.E.

Synopsis

A dielectric fibre with a refractive index higher than its surrounding region is a form of dielectric
waveguide which represents a possible medium for the guided transmission of energy at optical frequencies.
The particular type of dielectric-fibre waveguide discussed is one with a circular cross-section. The choice
of the mode of propagation for a fibre waveguide used for communication purposes is governed by
consideration of loss characteristics and information capacity. Dielectric loss, bending loss and radiation
loss are discussed, and mode stability, dispersion and power handling are examined with respect to
information capacity. Physical-realisation aspects are also discussed. Experimental investigations at both
optical and microwave wavelengths are included.

“For groundbreaking achievements concerning the transmission
of light in fibers for optical communication”
30



Future internet speeds — download a DVD
in 0.0023 seconds

Hi=ten

: Researchers at Bell Labs have managed to transfer optical data :
I at the incredible rate of 16.4 Thps over a 2,550 km distance |
: (1,584 miles). |

L 5 B B & B B B B B B B B B B B B B B B B B B B B B B B B 3

That 15 2.05 terabyte (2,050 gigabyte) per second, which is
leaps and bounds ahead of what normal network equipment can
currently handle.

What 16.4 Thps transfer speeds are
capable of

To give you some perspective of how blazingly fast such a
connection is, here are some examples of how long it would take to transfer some common storage
media over it:

« One DVD (4.7 gigabyte) — 2.3 milliseconds
« One Blu-ray Disk {50 gigabyte) — 24.4 milliseconds
 One 500 gigabyte hard drive — 244 milliseconds

31



» Optical fiber underwater system
- Domestic: optical cable 198,640 km

- Oversea: 0.4 billion km (earth —the moon 628 times round trip)
32



e FTTx: Fiber-to-the-Home (FTTH), Curb (FTTC)...

¥ X1in1530to
15680 nm range

2:8 Split

—= A2 in 1480 to

1530 nm range 1:4 Spiit

950-2050 MHz Video
Headend |,

Electrical-to-optical
COVIVersion

050-2050 MHz
$T STB

FTTH SMOIR0| EREIMX| 515 Pl PE 2 1h WAs B

155 Mb/s

= More bandwidth for more services ... OLT: Optical Line Terminal
ONT: Optical Network Terminal
« HDTV with interactive programs, multiple TV sets or PCs STB: SetTop Box

* VOD movies and programs streaming or download
* On-line video games or download
» Simultaneous and symmetrical usage

33



\
YONSE‘ o
UNIVERSI

Optical : Copper
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Decreasing Distances—

» Long-distance: Optical Communication
= Short-distance: Electrical Interconnect

= But the boundary is moving!
34



Luxtera (Blazar)
* 40-Gb/s full-duplex active optical cable

transceiver
* 10.3125 Gb/s (max.) per channel

Intel (Light Peak)

* 10-Gb/s dual-channel transceiver

Cable Bend Radius - Copper vs Fiber
' '|

< 127 mm

“Optical fibers much thinner and
lighter than copper”

35




“The cloud is a smart, complex, powerful computing
system in the sky that people can just plug into.”
Marc Andreessen

= Application development
- Google, IBM, Intel, HP, Microsoft etc..

IBM cloud computing data center
(1,994 of servers)

@~ Photoshop

See What's Possible~

f ‘3' Windows Live SkyDrive

= Services Google
- Google calendar -
- Windows live skydrive
Database,

PCs, - Photoshop on-line

server .
laptops - Amazon web service ...

36
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Optical : Copper

Chip to Chip
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Decreasing Distances—

» Long-distance: Optical Communication
= Short-distance: Electrical Interconnect

= But the boundary is moving!
37
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1 Tera-Scale Computing \

| Optical interconnection 1

| (Optical PCB, Fiber array ...) I

: e |

| @ o I

| ‘ I

. l

Y ~ S i 1

I I

I I

! :

: g 100SGBIs  \)jti-corecpu 1

| 10°s GB/s or Bulk memory |

| Bulk storage :

. A | 1’s GB/s “h oy

IBM cloud computing data center \ o : Another “box” |
J Multi-core CPU (shelf or rack) !

Intel Teraflop Research Chip

» Single = Multi = Many-Core pProcessors
» Tera-scale many-core processors
=» aggregate I/O rates 1
= CPU-CPU, CPU-Memory bandwidth
=>» 2x performance per 2 years
= 100 Gb/s memory BW in 2012-2013

80 processor cores
100 million transistors
275mm?

S. Vangal et al, “An 80-Tile Sub-100W
TeraFLOPS Processor in 65nm
CMOS," JSSC, 2008.

38



« Conventional optical receiver system

CMOQS driving circuits / VCSEL PD / CMOS receiver circuits

Data #10
Optical
Channel

o’ Wire bonding ..
L4 [ J
Data #2
Data #1
CMOS driving circuits array VCSEL Photodetector CMOS receiver circuit array

array array

* |Increasing cost
- High-performance photodetector
- Special fabrication process
- Packaging solution using wire bonding

= Decreasing reliabilitylyield
- Usage of additional material
- High temperature process

39 [. Young et al, “Optical I/O Technology in Tera-scale
Computing," ISSCC, 2009.



* Photonics integrated with standard CMOS technology

CMOS driving circuits / VCSEL CMOS-PD + CMOS receiver circuits

CMOS-PD Data #10
Data #9
Data #2
Data #1

CMOS driving circuits array VCSEL CMOS integrated optical receiver array
array

Optical

Monolithic integration with photodetector anc

o

Low fabrication cost

High integration level

Better performance (jitter, crosstalk, EMI)

More reliable/higher yield process than wire bonding
Compatibility with uP/logic process

40



« High-speed monolithic CMOS optical receiver

Recovered

sampling clock

R ‘ nr —
F Decision —— Output
* lW\I /IRecovery = I_|_|L|_J|=||__ — data
>
Photodetector Transimpedance Limiting Clock and Deserializer
(CMOS-PD) amplifier amplifier data recovery
(TIA) (LA) (CDR)

Device physics + Circuit design

Photodetector (PD): optical-to-electrical conversion

Transimpedance amplifier (TIA): current-to-voltage conversion

Limiting amplifier (LA): signal amplification

Clock and data recovery (CDR): data decision and system clock extraction
Deserializer: serial to parallel signal conversion

41
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Device physics research

P-sub N-well P-sub

Chip photograph

Measurement Setup

W N N N NN NN NN NN NN RSN RSN NN RSN NN RSN RSN RSN RSN NN NN NN RSN RSN RSN RSN NN RN RN RN R Sy,
----------------—,

gL T
CTROMN FROTONICS
Ejéﬁ"ci N HLJIND‘!A"{J LETTEHS
LEI'I"':'__RS- .—-.—---
- BnE = —
SIELE 4icee

L

O ——

,—----------------

Circuit design research

Transimpedance
Ampllfler (TIA)

Offset Cancellation
Network (OCN)

Output
Buffer

SOQ% % 50Q

-—— iy

VDD

+ -
Amp.>
-1

- o+
Amp.> Vout
- 0 -

Vep

W
w

Chip photograph

Eye-diagram

4.25 Gbls (Pop, =

* TMS Best paper Award (Gold Prize), 2007
* Applied Physics Letters (APL), Vol. 90, No. 15, 2007

* IEEE Electron Device Letters (EDL), Vol. 29, No. 10, 2008
* IEEE Photonics Technology Letters (PTL), Vol. 21, No. 20, 2009

2

-5.5 dBm)

----------------—’



Wire or Wireless?

e Wire Communication

\

e Wireless Communication

43



e Data capacity in recent wireless communications?

(CCCC(C

Wireless

Standard Frequency | Data capacity ‘
Bluetooth 2.4-2.4835 GHz 1 Mbps Commercialized
_ 24.8 Mbps Commercialized
Wibro(4G) 2.3~2.4 GHz : S
1 Gbps Now in standardization
WLAN (802.11n) 5 GHz 600 Mbps Commercialized
UuwB 3.1-10.6 GHz 480 Mbps Commercialized
Millimiter-wave 60 GHz > 3 Gbps Now in
WPAN (802.15.3c) (up to 6 Gbps) standardization
Millimiter-wave Now in
WLAN (802.11ad) O =15 Elajee standardization

44
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ommunications

e Local Multipoint Distribution Services (LMDS)
— Metropolitan Area Network (MAN): Fixed point-to-multipoint
— 26, 29 GHz (licensed band) / 2 - 5 km

e Ka-band Very Small Aperture Terminal (VSAT)
— Satellite communications: 12 - 18 GHz 2> 26 - 40 GHz
— Typical use in EU: 30 GHz (384 kb/s)

Jibe ‘;\ LMDS

: & J L 8 4

45 - D.Koether, WSB-1, IMS 2008 Workshops
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e Automotive radar
— 19/24 /66 /77 GHz

e Passive mm-wave imaging
— 35/94 /140 / 220 GHz (radiation windows)
— Airport security, medical diagnostics
— Comparable with infrared systems

e 60GHz high-data rate communications

Automotive .~=—'

imaging;

/g s

46 - D.Koether, WSB-1, IMS 2008 Workshops
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e Earth-Observing Radiometers
— Absorption/emission behavior of molecules in the atmosphere
— Temperature, humidity, pressure, wind, and density
— 118 GHz = Oxygen for a temperature profile
— 183 GHz = Water vapor for a humidity profile

e Radio Telescope
— Searching for sources of natural radio interference in the sky
— Communicating with outer-space (Deep Space Communications)
— 0.1-20 GHz (Do not know exact frequencies)

"

Earth- O-bservm' F’zdlometers




e 7GHz continuous bandwidth as an unlicensed band

— Operators do not have to buy a license
— World-wide band - World-wide market

S7GHz 59GHz 64GHz 66GHz

- 59.4-62.9GHz (2.5GHz BW)

7GHz BW

- Terabeam, Performance characteristics
48 of 60-GHz comm. Systems.



7GHz continuous bandwidth as an unlicensed band

— Operators do not have to buy a license
— World-wide band - World-wide market

— High-data rates with the widest unlicensed band

Non-Licensed Bands and Applications

24GH Ethernet Bridge (~10 Mb/s)
= z Cellular Backhaul (Multiple T1/ET @1.5 Mb/s)

Fast Ethernet Bridge (100 Mb/s)
5.8 GHz ] Cellular Backhaul (TI/DS3)

OC-3 SONET Bridge (165Mbls)

Band

Ethernet Bridge (~10 Mbis)
24GHz ] Fast Ethernet Bridge (100 Mbis)

Secure Fast Ethernet Bridge (100 Mbis)
Cellular Backhaul (THDS3) 0C-12 SONET Bridge (522Mb/s)
OC-3 SONET Bridge (155Mbis) Gigabit Ethernet Bridge (1.25 Gbis)
2xGigabit Ethetnet Bridge (2.5 Gbis)
6GHz | T 7 /

L] L L] L] L] L L] . L)

0 1 2 3 4 5 6 T

Allocated Bandwidth (GHz) o
- Terabeam, Performance characteristics
49
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e Path loss and antenna gain
— Path loss increases with frequency
(decreases with wavelength)

P 1 (4zRY

path — - From Friis transmission equation
P GG\ A q

L

— Solution: high-gain small-size antenna
. 4zA N e

; 60 GHz
For same gain,

| | \
frequency? > dimension) ‘;‘\'13.,
ird

- Terabeam, Performance characteristics
50 of 60-GHz comm. Systmes.



Attenuation (dB)

. .
i

e High atmospheric absorption at 60 GHz
— 98% of energy absorbed by O, over a 1-km path
— Unsuitable for long-haul wireless applications
— Ideal for short-distance and high-security transmission

18 80

\ 24 GHz link
40 \‘h %ﬁa% .
No 32 km
30 dB doy)

&l Noise Floor _\\-:

16

14

™~
—]

44— FCC Allocation
3 |
E !

4 ] k -40
2

N I sl

20 a0 an 50 1] 70 &0 an 100 110 170
Frequency (GHz)

-l
=

signal level (dB)
o

-80

10 100

Distance (km)

o
S

- Terabeam, Performance characteristics
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ommunications

e Frequency Reuse

— Possible to deploy numerous radio terminals that operate on
the same frequency in very dense configurations

— Eliminating the probability of interference (<1.2km)

6o
Frequency

50 Reuse Range
£
S0
[5]
&
W Jo-
a

20 - -

10 8

Working Range
o- I | | | | L !#
30 | 4.Io | 5lo | 6o 70
Frequency (GHz)

Source: FCC'
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High atmospheric absorption at 60 GHz

— 98% of energy absorbed by O, over a 1-km path

— Unsuitable for long-haul wireless applications

— Ideal for short-distance and high-security transmission
— High frequency re-use

very short radiation range
at 60GHz link

J/

ner

- Terabeam, Performance characteristics
53 of 60-GHz comm. Systmes.
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IEEE 802.15.3c for high-rate WPAN

- 1.5Gbps mandatory and 6Gbps optional for TG3c

IEEE 802.11
WLAMN TG1

i

T Co-existence

WPAN

TGS

WLAN: Wireless Local Area Network

WPAN: Wireless Personal Area Network
WMAN: Wireless Metropolitan Area Metwork
MBWA: Mobile Broadband Wireless Access

Bluetooth 1Mbps

TG3 High-rate PHY layer

— | IEEE 802.15 TG3a/b

High-rate alternative PHY/MAC
110Mbps-480Mbps

Low-rate alternative ~10Mbps

| | IEEE 802.16 High-rate alternative millimeter-wave
WMAN PHY: 2Gbps-3Gbps
TG4
| | IEEE 802.20
MBWA Mesh networks

Mandatory 2Gbps, optional 3Gbps

on 60GHz-band for short-range

802.16
WiMax/WiBro

WMAN

| | | -
|| || | | -
100m 1km 10km
Coverage

- Call for Intents: more than 26 companies and institutes (Intel, IBM, Philips, IHP, FT, NiCT,
NTT, Panasonic, Samsung, ETRI, LG, Motorola, ...)




UM1: Uncompressed Video Streaming (Audio/Visual mode)

- OFDM Asymmetric link

STB
; B
TV or Monitor
Environment Throughput MAC SAP Data Rate Distance

1.49 Gbps for

LOS/NLOS 1080i, 24bit, 60Hz

Residential 2.98 Gbps for
1080p, 24bit, 60Hz

~3.807Gbps 10m

- IEEE 802.15 TG3c Usage model: 15-06-0369-008-003c
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Distance: 10 m (beamforming)

IPTV MEEA ]
Cable MighapA
Ha A

DVD Player
Blu-ray Player \
PC
DIVX Player
AEz1
EHMI0H

ojciof w2 SLERE
2= HEjo|CioiE
O0R=3 87|cH

LHBOYD Wireless TVE H&l SIH2|H
= H= D328 2Hdsin, Charst
olclH 217 k= O= H25H E7 14!

PROETESIPeET

EHESE Full HDE A

LG electronics
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UM4: Conference Ad-Hoc (High-speed interface mode)

- OFDM Symmetric link with low latency

/ M\ \ Beam
| E— — PC Pretor

Access point

‘H P

Environment Throughput MAC SAP Data Rate Distance
L NL
O;{ficeOS 1.75 Gbps Ethernet traffic ~5.67Gbps 5m

o7



UMS5: Kiosk File-Downloading (Single-carrier mode)

- Single carrier burst-mode with lower cost

STB
Mobile storage
device or PDA
Environment Throughput MAC SAP Data Rate Distance
1.5Gbps burst
L
Of(f)_S ~5.18Gbps im

Ice 2.25Gbps burst
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= Millimeter-wave circuits had been implemented with compound semiconductors
High-speed, but expensive and bulky

= 60GHz WPAN transceiver requires

f. [GHz]

Possible... But, not so easy

- Compact . : -
=P Should be realized with Silicon RF-IC
- Low-cost
800 | -
-V HBT /@
700 -/ -
600 L MLI -
l-V HEMT w—] ]
500 / W (45nm) |
400 | L .
A / A v (65nm)
300 | o i
- ® Si CMOS . . 60GHz
200 = //v (90nm) - 2IEAE-lzlll 7}3
L . x7f' g
100 F SiGe HBT J
1985 1990 1995 2000 2005 2010
Year
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DAC/

%—»
Modulator
_ﬁ_.

ADC/
Demodulator

PLL

Hard to implement due to

= High frequency operation (60GHz)
- higher noise figure of LNA
- higher phase noise (jitter) of PLL

- lower power gain of transistor
Free-space

- Wide bandwidth (2GHz)

=z

Mixer BPF

IF/BB

Amp. Mixer LNA

d R

AN N
PLL

- higher channel noise (No=kTB)
- difficult impedance matching

- requires high-speed modem/ADC

So, 60GHz WPAN standard is mainly biased on RF part ( e.g. OFDM or Single Carrier ? )

Single carrier

OFDM

© .

- In 2.5/5GHz WLAN/UWB, OFDM
is clearly better choice

- But, not in 60GHz
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DAC X
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VB-sw C4
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= Q6 Q7
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C2
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|
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Ext |
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Conversion Gain (dB)

= == Simulation - Lower sideband
= Simulation - Upper sideband
—o— Measurement - Lower sideband
—&— Measurement - Upper sideband

Conversion Gain (dB)

1 1 1 1
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LO Frequency (GHz)
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10 dB SPOT FRO = 1.00 MH2
RL =40 dBe/Hz =86.33 dBC/Hz

Eo.

T

-
=

- Vrank i Frequency Tuning Range : Phase noise : -90 ~ -95dBc/Hz
48.66~50.1GHz (1.44GHz) @ 1MHz offset

FREQUENCY OFF T
FROM S0,10 GMHg ¢ RIER

o=
5
500um
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IF Signal

Iu..w"\-x
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l BPF
Upconve r

DAC

LO

DAC
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Freq
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Selectivity
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-+—Tx band —=: Freg

v’ Loise Figure
v’ Selectivity

-

—(>;<)— ADC

90°

IF —QLo,
AMP _®_ ADC

ys \

! . . A}

| Received RF signal : LOg
i i RF

i I Image LD lownconverter
1 ol g b 1

i «a—Tx band —w- Freq':

\

\ V4
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e 60GHz Receiver (LNA + Mixer) in TSMC 90nmm CMOS process
<3-Stage Cascode LNA>

RF Freq IF Freq Gain NF
(GH2z2) (GH2z) (dB) ((e]>))]

55 ~ 65.8 3.1 ~5.8 8.14 ~ 8.32
T IP1dB 11P3 Power
) ° (dBm) (dBm) (mw)
59.5
i -19.8 -10.2 S 5

L 66



:' After LNA & BPF I Roenhqu S|gna| \:
: [ . 1v Noise Figure |
' MP-MMM_ v Selectivity :
jl‘ . i+ Tx band - Freq ?:';:“'—”"'"5 —H— m——— :
X iF . ! Freq]

] AMP _@_ ADC

4 \

:’ Received RF signal i o, N

: | RF 4 I-F“S-'“-I __________ N
1 Igna

i I Image LO :ownconverter: J E
|

i - iy e Tx band—t Freq -Selectlwty i[u w--m-m i

\ ' 'Sen3|t|V|ty I‘ t+=Tx band —» qul
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Modulator

Mixer BPF

— —~ LNA  Mixer

PLL

Demodulator

60GHz passive components in CMOS / BiCMOS

60GHz up-conversion mixer in BICMOS
60GHz VCO in BiCMOS

60GHz receiver (LNA & mixer) in CMOS
60GHz VCO in CMOS

1.6Gb/s QPSK demodulator in CMOS
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» Parasitic inductance of
bond wires severely affects
overall circuit performances
in 60 GHz.

< On-Wafer Probing Setup >
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Power [dBm]

Transmitted RF signal with 56.6GHz LO

-60

'
4G
o

60-GHz

>0

59.6-GHz

Mixer

1 meter

PLO

60-GHz LNA

24-dBi directional antenna

61.0 61.5
Frequency [GHZz]

1E-7 -
\\\
m N
L
D e
1E
\\
N -\
\k\
1EAG e \ .
=) - . . -
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BER < 10-° with 1.6Gb/s QPSK in 60GHz link

Rx IF Power [dBni
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