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INTRODUCTIONINTRODUCTION

•• This presentation will focus on LMCS and Ka-This presentation will focus on LMCS and Ka-
Band Satcom TerminalsBand Satcom Terminals

•• System architectures are variable so theSystem architectures are variable so the
specifics of the RF technology are difficult tospecifics of the RF technology are difficult to
generalizegeneralize
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TYPICAL LMCS RF REQUIREMENTSTYPICAL LMCS RF REQUIREMENTS

HUB(Sector)HUB(Sector) CPECPE

•• TransmitTransmit

åå EIRPEIRP  -9 dBW/MHz -9 dBW/MHz +15 dBW/MHz+15 dBW/MHz

åå Power/ChannelPower/Channel 1 Watt1 Watt 100 100 mWmW

åå Total Hub Tx PowerTotal Hub Tx Power 4-15 Watts/sector4-15 Watts/sector 100 mw to 1 Watt100 mw to 1 Watt

•• ReceiveReceive

åå LNA Noise FigureLNA Noise Figure < 4 dB< 4 dB < 4 dB< 4 dB

•• OtherOther

åå Resistive LossesResistive Losses Tower Cable?Tower Cable?  Low Low

åå CostCost Very LowVery Low

åå # Amplifiers# Amplifiers   Single or Multiple  Single or Multiple SingleSingle
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Representative Ka-band LEO and GEO SatcomRepresentative Ka-band LEO and GEO Satcom
Terminal RequirementsTerminal Requirements

GEO-Ka LEO-Ka
Frequency Bands

åå  TTrraannssmmiitt
åå  RReecceeiivvee

28.35-28.6 & 29.35-30
17.7-18.8 & 19.7-20.2

28.6-29.1 GHz
18.8-19.3 GHz

Transmit
åå  EEIIRRPP 43-67.2 dBW 35-60 dBW

åå  PPoowweerr 1-10 Watts 1-2 Watts?
åå  TTrraannssmmiissssiioonn  BBaannddwwiiddtthh 1-250 MHz 1-155 MHz

Receive
åå  LLNNAA  NNooiissee  FFiigguurree <3 dB <3 dB

Filtering
åå  TTxx//OOuutt  ooff  BBaanndd  RReejjeeccttiioonn >30 dB Same?
Other

åå  PPhhaassee  SShhiifftteerrss  oorr  SSwwiittcchheess No Yes
åå  RReessiissttiivvee  LLoosssseess Low Low

åå  CCoosstt Very Low Very Low
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SEMICONDUCTOR DEVICE GAINSSEMICONDUCTOR DEVICE GAINS

00

55

1010

1515

11 1010 100100

GaAs PHEMT 0.2 x 300 µmGaAs PHEMT 0.2 x 300 µm

SiGe HBT 0.5 x 2.5 µmSiGe HBT 0.5 x 2.5 µm22

GaAs FET 0.5 x 300 µmGaAs FET 0.5 x 300 µm

SiGe HBT 0.8 x 16µmSiGe HBT 0.8 x 16µm22

2020

2525

3300

Frequency (GHz)Frequency (GHz)

MaximumMaximum
AvailableAvailable
Gain (dB)Gain (dB)

Ka-BandsKa-Bands
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SEMICONDUCTOR DEVICE NOISE FIGURESSEMICONDUCTOR DEVICE NOISE FIGURES
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3.53.5

11 1010 100100

GaAs PHEMTGaAs PHEMTGaAs MESFETGaAs MESFET

SiGe HBTSiGe HBT

2.02.0
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Frequency (GHz)Frequency (GHz)

NoiseNoise
FiguresFigures

(dB)(dB)

3.03.0

BestBest InP InP

Ka-BandsKa-Bands
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SEMICONDUCTOR DEVICE POWERSSEMICONDUCTOR DEVICE POWERS

11 1010
100100Frequency (GHz)Frequency (GHz)
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InPInP
HEMTHEMT

GaAsGaAs
MESFETMESFET

GaAsGaAs
PHEMTPHEMT

GaAsGaAs
HBTHBT

NF(dB)NF(dB) 0.4 1.6 0.8 3.5 1.5

MAG(dB)MAG(dB) 12-15 ­8 11 10 6

Power(W)Power(W) <2 ­2 2+ 0.2 ?

ffTT >250 30 >125 >60 50

ffmaxmax >250 76 >200 >200 95

OscOsc.. Perf Perf.. ? Med Good V.Good V.Good

CostCost V.Hi Med Med/Hi High Low

SiGeSiGe
HBTHBT

Low Low ρρρρ

DEVICE PERFORMANCE COMPARISONSDEVICE PERFORMANCE COMPARISONS
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CROSS-SECTIONS OFCROSS-SECTIONS OF
INTEGRATION TECHNOLOGIESINTEGRATION TECHNOLOGIES

Low TemperatureLow Temperature Cofired Cofired Ceramic Ceramic

Miniature Hybrid MICMiniature Hybrid MIC

250 µm250 µm
100 µm100 µm

2.5 mm2.5 mm

AirbridgeAirbridge

GaAsGaAs

Active DeviceActive Device

VIAVIA

ResistorResistor

CapacitorCapacitor

Monolithic MICMonolithic MIC

Glass MICGlass MIC

AirbridgeAirbridgeCapacitorCapacitor ResistorResistor

Active DevicesActive Devices

SiliconSilicon
GlassGlass

Recessed ActiveRecessed Active
Devices or ChipsDevices or Chips

VIAVIA
MetalMetal

InterlayerInterlayer VIAs VIAs

ResistorsResistors

Thru VIAsThru VIAs
SurfaceSurface
ComponentsComponents

380 µm380 µm

200 µm200 µm

AirbridgeAirbridge

VIAVIA

CapacitorCapacitorResistorResistor

Ceramic e.g. AlCeramic e.g. Al22OO33,, BeO BeO,, AlN AlN

Active DeviceActive Device
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LMCS INTEGRATION TECHNOLOGIESLMCS INTEGRATION TECHNOLOGIES
TechniqueTechnique MMICMMIC11 MHMICMHMIC GMICGMIC MultilayerMultilayer LTCCLTCC

Soft SubstrateSoft Substrate

Ka BandKa Band CompromisedCompromised GoodGood ModerateModerate GoodGood Mod-GoodMod-Good
PerformancePerformance

FlexibilityFlexibility PoorPoor ModerateModerate Mod-GoodMod-Good ModerateModerate GoodGood

ReliabilityReliability HighestHighest GoodGood GoodGood LowestLowest GoodGood

HeatsinkingHeatsinking PoorPoor ModerateModerate22 Mod-GoodMod-Good Mod-PoorMod-Poor Mod-GoodMod-Good

SizeSize MinimumMinimum ModerateModerate ModerateModerate HighHigh ModerateModerate

MechanicalMechanical MinimumMinimum ModerateModerate ModerateModerate MostMost ModerateModerate
AssemblyAssembly

YieldYield PoorPoor ModerateModerate  Moderate  Moderate GoodGood GoodGood

Cost inCost in HighHigh33 ModerateModerate Mod-LowMod-Low Mod-LowMod-Low44 TBDTBD
Large VolumeLarge Volume

MaturityMaturity AdvancedAdvanced AdvancedAdvanced ProprietaryProprietary  Emerging @Ka Emerging @Ka  Emerging @Ka Emerging @Ka

AccessibilityAccessibility LimitedLimited ModerateModerate NoneNone WidelyWidely LimitedLimited
11 MMIC here refers to its use to integrate most or allMMIC here refers to its use to integrate most or all

functions onto one or two MMIC chips.functions onto one or two MMIC chips.

22 Can be better if Aluminum Nitride or diamond used.Can be better if Aluminum Nitride or diamond used.

33 High integration level reduces yields and drives cost up.High integration level reduces yields and drives cost up.
Until process yields substantially improved, cost high.Until process yields substantially improved, cost high.

44 Depends on ability to package devices cheaply or use chips.Depends on ability to package devices cheaply or use chips.
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Range of Parameters for Three ProcessesRange of Parameters for Three Processes

PARAMETERPARAMETER   MMIC MMIC MHMICMHMIC  GMIC GMIC  

MIM CapacitorsMIM Capacitors     
• Capacitance Range• Capacitance Range   80 pF 80 pF 0.2 to 50 pF0.2 to 50 pF  0.2 to 80 pF 0.2 to 80 pF  
• Breakdown Voltage• Breakdown Voltage   15 V15 V 50 V50 V  150 V 150 V  

ResistorsResistors   
• Value • Value ΩΩΩΩ//oooo  50 50 ΩΩΩΩ//oooo±5%(±5%(TaNTaN) )     25 to 100 25 to 100 ΩΩΩΩ /  / oooo ±5%( ±5%(TaNTaN) )  100  100 ΩΩΩΩ /  / oooo ±5% ±5%  

1000 1000 ΩΩΩΩ /  / oooo (Semi) (Semi)
• Range of R• Range of R 5 to 10 k 5 to 10 k ΩΩΩΩ  5 to 2 k 5 to 2 k ΩΩΩΩ   5 to 10 k  5 to 10 k ΩΩΩΩ

InductorsInductors 0.2 to 15 nH0.2 to 15 nH 0.1 to 20 nH0.1 to 20 nH 1 to 15 nH1 to 15 nH

Critical DimensionsCritical Dimensions
• Plate-up Layer Width• Plate-up Layer Width 0.2 µm0.2 µm 15±2 µm15±2 µm 10±1.2 µm10±1.2 µm

• Airbridge Layer Width• Airbridge Layer Width 4 µm4 µm 20±2 µm20±2 µm 20±4 µm20±4 µm
• Plate-up thickness• Plate-up thickness 3 µm3 µm 4 µm4 µm 3 µm3 µm

Substrate PropertiesSubstrate Properties
• Epsilon• Epsilon 1212 4-104-10 4 (Glass)4 (Glass)

• Thickness• Thickness 200 µm200 µm 250-625 µm250-625 µm 90 µm90 µm

Microstrip PropertiesMicrostrip Properties
• 50• 50ΩΩΩΩ   linewidth linewidth 70 µm70 µm 250 µm(250250 µm(250 thk thk  &&&&  εεεε=10)=10) 400 µm400 µm

• • λλλλ @ 28 GHz @ 28 GHz 3.75 mm3.75 mm 4.0 mm4.0 mm 6 mm6 mm
• Losses @ 28 GHz• Losses @ 28 GHz 0.7 dB/cm0.7 dB/cm 0.3 dB/cm0.3 dB/cm 0.3 dB/cm0.3 dB/cm

Number of Process StepsNumber of Process Steps 10-1410-14 66 88
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25 - 30 GHz Power Amplifier and Driver MMICs25 - 30 GHz Power Amplifier and Driver MMICs

5.2 mm5.2 mm 5.2 mm5.2 mm

1.4 mm1.4 mm
2.0 mm2.0 mm

1 Watt MMICs1 Watt MMICs

Driver MMICsDriver MMICs
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28 GHz Amplifier in Miniature Hybrid28 GHz Amplifier in Miniature Hybrid
MIC TechnologyMIC Technology
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K-Band Direct I/Q DemodulatorK-Band Direct I/Q Demodulator
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Phase Shifter Configuration and MHMICPhase Shifter Configuration and MHMIC
AssemblyAssembly

No
Delay
Path

4 Bit Phase Shifter Assembly

180° 90° 45° 22.5°
Delay
Path
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28 GHz Switched Beam28 GHz Switched Beam
Receiver/TransmitterReceiver/Transmitter
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MACOM GMIC TechnologyMACOM GMIC Technology
(Low Frequency)(Low Frequency)
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CHARACTERISTICCHARACTERISTIC HMICHMIC MHMIC/GMICMHMIC/GMIC MMICMMIC

NUMBER OF NUMBER OF 1-2 PER1-2 PER 5-85-8 10-1410-14
FABRICATION STEPSFABRICATION STEPS SECTIONSECTION

MASK EXPENSESMASK EXPENSES LOWLOW MODERATEMODERATE HIGHHIGH

DESIGN ITERATION TIMEDESIGN ITERATION TIME 1 MONTH1 MONTH <2<2 MOS MOS 3-63-6 MOS MOS

MANUAL MECHANICALMANUAL MECHANICAL ALL ACTIVEALL ACTIVE ACTIVEACTIVE I/O’sI/O’s
INVOLVEMENTINVOLVEMENT & PASSIVE& PASSIVE CHIPS CHIPS ONLYONLY

CHIPS & I/O’sCHIPS & I/O’s & I/O’s& I/O’s
NUMBER OF CIRCUITSNUMBER OF CIRCUITS 11 10’s -100’s10’s -100’s 100’s - 1000’s100’s - 1000’s
PER CYCLEPER CYCLE

INTEGRATION CONSIDERATIONSINTEGRATION CONSIDERATIONS


