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. Broodoand and High S peed

° Needfor S peed
» Tedhnologies in play:
- Fier: high demand business, WAN, backlbone Rings
- Pointto Point Rados: large austomers, loackibone
- Point o Multipoint Radios : high and low dens ity urloon
- Free-spooe Optics: short distances high speed
- DS L: smdl customers, resicenticl
- Cdde Moders: residentid
- S afellites: low density everywhere
e Wiredvs. Wireless

i . ) - i Hich Speed
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High Speed Wireless Options Comparison
>100Mb/s
i Medium Speeds Range Cost per Issues
Available . {hink
Free Space  |2.5Gb/s  |350- 1000 | $25K Fog, Rain, Bldg.
: Optics 10 Gb/s meters Sway
59-64 GHz 622 Mb/s |300- 500 [$20K Unlicensed band
meters
23,26, 38 155 Mb/s |2 miles $40K — 60K | Complexity,
GHz Cost
5.8 GHz 100 Mb/s |2 miles $25K — 40K | Unlicensed
420 Mb/s
- f Hich Speed
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Bonds for High Speed Wireless Access

Bondwidth -
F requency Description
5-6CHz 100 MHz ISM, UNII
211023 GHz Various US, Europs, Asia
245t029.5CHz | Vaious E urope /Asia
27.51031.3CHz |1150MHz LMDSALMCS
38.61t040 CHz Various US. Europe
40.5t043.5CHz MVDS MWS E urope

Agilent Technologies
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International Spectrum Allocations

................ Present and Proposed
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80 GHz Rado Link

US FCC Unlicensed Band
Frequency: 59-64 GHz
Available BW: 5000 MHz
Maximum EIRP: 10 dBW

Pofentiad Apdlications
L1 Campus Wireless LAN Extender

4 Broadband Wireless Access
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loed for aossing
obs tades, eliminating
the wait ond cost of
frencning ond an

excellent fiber o
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. Terrestrial Range is Limited
revesesronarenne 60 GHz Compared to 1 GHz
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| % Atmos pheric E ffects on Propagation of Radi
Signds

100 : .

59 - 64 GHz -

Attenuation, dB km™’

1[0]
Frequenty, GHz
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Direct Modulation vs. Upconverter
Architecture for High S peed Radios

Direct Moduldtion ' Upconverter -
« Simper Architecture using » Higher spectrd effidendes with
FSK QAM

« Ecsier phose noise o Linear Power
« S cturared Power Amp. o Lower Phase Naise Regd (DR O,

« Fost Moauldble VCO YTO)
« Aodlicdble for 59-64 GHz » Appliccde for 5.8, 26 - 43 GHz

_Amplifier Linearity |
~ Saturated Output Power’
>10.dB back off]

- ¥ Hioh Speedt
JNM 20001 May 16,2001 Modfes
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22 MWMMW GaAs 1Cs

Upconverter Tronsmitter (6-43 GHz) Buildng—
-9501 B I(Xj(s

9401
HAON St MM 2618
S IVIC-3
HSCH-9201 HMMC 3620 HMMC-5033
HSCH-9251 HMMC-5038 HMMC-5032
SCH-93 HMMC-5023  HMMC-540 HMMC-5034
HMMC3618 MMC-502

1 ji8-25dBm
PL-L4B)

o dBm
P(-14B}

{ HMMC-5040) AmpU/Mult.
HMMC-5618

e 1

Varictor/DRO

TaPLL | S
HMMC-3802/4/8 & -3022/24/28
HMMC-310248 & -3122/24/28

e . . - i High Speed
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Receiver (6-43 GHz) Buildng Blocks

HSCH-4351
HSCH-9501
HSCI3-9401
HMMC-3040

X]gCI{:OZ()I Proposed or Under Development

HMMC-S040 Ampl/Mait.
1 L T MMC Sl
AT HMMCS200

[Ps 123
NRG + BUFFER el

{ !
Tune ]
Yaractn/IRO i
HBT MW-0SC

o |
TopLL bt

HMMC-3002/4/8 & -3022/24/28
HMMC-3102/4/8 & -3122/24/28

i N - i High Speed
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<1 f ompcri
" Tedhndogy Comparison
(NP HEMT SiGeHBT InP HBT
F1/Fmox 180 /280 GHz  100/180 GHz 300/300 GHz
Power 0.2W/mm 0.1-0.3W/mm TWhHm
Copdaility
NoseFigure Exodlent Fdr Good
PhcaeNaose@  -/0dBc 80 Bc -85 Bc
100KHz, 40 GHz
Levd of Medum High High
Integrdion
Issues Infegaion Breckdown Avdidality
Vatagefor high ft
Apdiodions Amrglifiers, All Purpese All Purpcse
Vs, Phcse
Shifters...
i ) High Speed
<5k Agilent Technologies JNM 20001 My 15,2001 Moot ies
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L High S peed Opticd
Communications

ever higher speeds

* Evolution from 2.5Gkxs --> 10Ges --> 40Gks

* TDM ond WDM being combined af highest levels
possidle

* Speeck beyond 10Gb/s require micowave and
millimeter wave design technology

* Emerging aodication of the recent fechnology
developments for millimeter wave for broodoond
wireless aooess.

I3 Hich Speed
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* Needfor speedis ariving the wired infros fructure to ———
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- 400G Opticd Communication
QRIS
- Increcs ed Copadty
- Reduced F ootprint
~- Ecsier Network Monagerment
- Higher Spechrd Effideny
- Reducad cost (per monaged bif)
* Where
- DWDM ecquipment
- LongHaul
- Mefro ond S hort Haul
- Routers
- SONET Add/Drop Muxes
- Opficd X-connects

il a . . § High Speed
3. Agilent Technologies JNM 20001 May 16,2001 NModies

By Chdlenges for 40G0f

Pdarization Mode Dispersion
Chromatic Dispersion

COldFiler vs. New Fiber

Mixed Signd Integation

Packaging

New frontier for perforrmance and cost

i - ) Hich Speed
<%t Agilent Technologies JNM 20001 May 16,2001 Madties
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e  When ocon 40G Haopen ?

406

First Betas Production
of 40G [T
DWDM [ 1]
Very experimental Systems ] G
TDM trials L) 2nd Gen.
m 40G designs
- Intro and hit cost/bit
i Ramp-up targets
Serious TDM/WDM gf :i ?ns
Development Y
v
j i i | |
2000 2001  FrtBens 9002 2003
of 40G
Routers
i - i High Speed
5 Agitent Technologies JNM 20001 May 15,2001 Mod fes
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sy 40G F ood Chan

Systems

Line Cards/OTUs: 40G, 4x10G:40G

i Modules: Tx Modules, Rx Modules, Transponders

» O Serial Components: Amplifiers, Modulators, Clocks, Receivers,...

ﬁ Muxes: 16:4 Mux/DeMux, 4:1 Mux/DeMux, 16:1 Mux/DeMux...

ICs: Limiting Amps, Driver Amps, VCOs, XOR, CDR ....

i ) - i High Speed
i Agilent Technalogies NM 20001 May 16,2001 Modtes

10/05/2001
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2 OC-768 Trensitter Block Diagram

6.1 MUX
- Driver LN O >
N {# Modulator
’ B

Lcser Diode
LPFNCO

. - i Hich Speed
w55 Agilent Technologies JNM 20001 May 15,2001 Moctes

| “*  OC-768 Receiver Block Diagram

O ELY SEF

Fiber | Pre-Ampl |, . i
Lim Amp
LPF/11:16 DEMUX/CDR
VCO
. - ) Hich Speed
~ii- Agilent Tectnologies $NM 20001 Mey 15,2001 Moclies
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VCOs for 40 Gbk Systerns

Key component for the frans ceiver
Determines the Jitter Generation
Criticd requirements

- Freauendes: 20 GHz /40GHz

- Low Integrated Phas e Noise over 50KHz and 80
MHz

-Smdi Size

Options
- Infegated with MUX / DEMUX
- Disaete VCO

) High Speed

i~ Agilent Technologies JNA20001 Ny 16,2001 Mocties
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= Ofions for 20GHz cand 40GHz S ources

* Fundomentd Osdllator
- Limitations:
- High Frequency using Silicon Bipdar Device
- Poor Phase Naise using GoAs FET devices
- Increcsedsize using aDRO.

*  Frequency MultipliedS ource b v
- Lower Phcse Naise O V

- Better Manufacturchlity
- Subharmonicdly related s purious
- Examples:
- 10GHz VCODROXx 2  OC-768
- 10 GHz VCODPRO x4  OC-768
-13.3 GHz VCODRO x 3 OC-768

) Hich Speed

<% Agilent Technalogies N 20001 Moy 16.2001
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- Freaquency Multiplied S ocuroe

Jitter Conftribufion:

Device: Si Bipdar, SiGe, InP HBT
Resonator Q Microstrip

Design: Match, Coupling Device LinelLoad Line

BIPQLAE

MICROSTRIP RESONATOR

b Amp/ Prag.
Mustindier

: . - High Speed
“ni Agilent Techrologies JNM 20001 May 15,2001 Mot ies

R Silicon Bipolar Device

S20] S200

: @K@ @
214 .. 220 240

ap

iy

23
275 x 225 x 137 micrometfers

00 % 300 % 147 maometers

Ft. 10 GHz fmax: 40 GHz. 0.5 um emifter width 2 um e-e pitch
MAG cf 4GHz: 16 B Corner frequency ~ 10KHz

e - ¥ High Speed
4% Agilent Technalogies JNM 20001 May 15,2001 Mocties
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- Frequency Mulfiplier Devioes

'kup Sz 18860 X 600 pra (74 x 23.6 mils)
Tolerance: & iU pm (3.4 ruils)
’En;; Thickness: z 34 .85 mils)

HMMC-5023

Used s times fwo,  21-24 GHz Output, 24 dB gdn, 5V 25mA

HMMC-5040

1721; ¥ FO prn (877 % 20,9 mils)
gath

5 prrve {50 20068 mils)
ﬂrfi 80 g (3.1 2 3.1 mils)

Padt Dxmmw.n'm

Usedcs fimes 2 or times 4,  21-44 GHz Cutput, 22 dB gan, 20dBm
4.5V 250 mA

. . . - i High Speed
- Agilent Techaologies NM 20001 May 15,2001 Mocles

Pad Dinersions: 80 % 8(} pin {3.1 x 3.1 mils), or larger

- Power Clock Amgifier af 21
GHz

HMMC-5033

Chip Size: 2,74 x 131 men (308 « 51.8 mils)
Clip Stde Tolerance:  £10 pmw (204 mils)
Olip Thickness: 127 %15 pe (5.0 £ 0.5 mils)

Freag Raonge: 18 10 33 GHz
>26 BmPower, 18 dB gdn, RF detector ond gdn/foower confrd

: ) ) - ¥ High Speed
3 Agient Technelogies JNM 20001 May 16,2001 Mocldes

10/05/2001
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43 GHz pdonar VCO Jitter

1.02 mU| = 24 femtosec = 6.42 mradrms

04 Ot 2000 110456 - 110744

I,Illlllllllllllillll

1K 1K 1BOK

L [dBe/Hz] vs £ {Hz) 106M

High Speed
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=% Data Driver Amgifier for 40Gbfs

BMMC-5025
2 - 50 GHz Distribnted Amplifier

Features

o Lenw Trequuency preddomnce
extengion dows 1050 Miz

&

E

=

15 o £

+ Gai B548 2
* CGain Conkeol: SHdn 2
. pbl‘ﬁﬁ,‘: 12 diBm g
* Pgp 146 dBm i

o Rigous 1548

* Chip Staes 172 = 0.98 nun

A Agllent Technologies INM 20001 My 16,2001

High Spesd
Mocties

Driver Ampiifier for 40Gok Opficd Filer

Communication S ysterms

ll: H MMC~5026[
HMMC-502

S pedifications

Bandwidth: S50KHz to 45 GHz
Gan: 20 aB min.

Power: 19 dBm (OViw)

Gan Flamess: +/4 1.5 AB
Risefd! ime: <10 s

Group celay: TBD

Module Chdlenges:
Decouping Circuit

Bics Tee

Paokagng

~4i- Agilent Technolagies JNM 20001 May 15,2001
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SR Clock Recovery of 40Gbk
e UsingPLL

- Generdly implemented os part of DEMUX 1C —

- VCO moadulation bonawidih and phas e noise
imyporfant.

e UsingHigh QFilter
- Simpler architecture
- Filter stcility with fermperature ariticd.

40Gb NRZ 40 GHz
Data :
SN High Q Phese\ Clock Out
‘_@
Differentictor Rectfier/

Multiptier

L i High S pesd
ik Agilent Technologies JNM 20001 May 16,2001 Mocties
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- Condusion

» High speeds for wireless and wired aogications

confinue to evolve,
* Status of high speed af 60GHz oand OF C Systerms
(40GDb) reviewed
» Synergy between technologes for wireless ond
wired goglications
i i High Speed
~ii- Agilent Technolagies JNM 20001 Moy 16,200} Moctiles
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