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U Technology Requirements of Wireless Communication Systems
U Trendsof Key RFIC Technologies
®  HeadOn Competition of RF CMOS and SiGeHBT/BiCMOS
® High-Q Passive Elements
® |solation Techniques
U Trendsof RF Power Amplifiers
® Niche& Volume Applicationsof 111-V PA’'s
®  Market Place Snapshots
U Summary

®  Challenges and Opportunities
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All Weather
Landing

Cordless

1G: voiceonly, 0.8-0.9 GHz

Cellular 2G: voice & message, 0.8-1.9 GHz
2.5G: voice & data, 0.8-1.9 GHz
3G: voice, data & medium, 0.9-2.6 GHz

Radio Frequencies " Micro Wave Frequencies

PAN  Bluetooth: 2.4 GHz
WLAN  802.11b/g: 2.4 GHz

802.11a: 5.2 GHz
802.11n: 2.4/5.2 GHz
Hyperlink: 17 GHz
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MilliMeter Waves Frequencies

dtive

ess Communications Systems

pecifications: | System | Standard (gjf) '?;tg,':;‘)e ’\gx;’?ggm; “g;:‘jgg‘r‘;;
Cellular | GSM 09 | 0014 33 102

COMA | 0919 | 0.014 23 104

WCDMA | 20 2 27 117

PAN | Bluetooth | 24 | 0723 0 70

WLAN | 802.11b | 24 11 20 -80

802.11a | 52 54 23 82

802.11n | 2.4/5.2 | 108/320 } )

Q Technology Requirements:
= Very low noise
® High fiedelity
® Wide dynamic range RF/Analog
= Very low power consumption
= High-quality passive elements
® Multi-mode & multi-band capabilities
= Very low cost
= High-level integration digital
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O Major RFIC Architectures:

Antenna
Unit

BaseBand
Unit

Heter odyne— widely used and most developed
Zero|F —fewer external components needed
Low IF—almost likeZIF

O Key Building Blocks: High Operating Frequency,
High Operating Range, High Linearity,
Low Noise, Low L oss, L ow Power
= Low NoiseAmplifers
=  Mixers

Voltage Controlled Oscillators

Phase L ocked L oop

Power Amplifers

Inductors

Varactors

Capacitors
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g;??%ameﬁtm Limits of
RF/Analog Technology Scaling
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aLower Limitsof Voltage Dynamic Range: 20 0 4 50 6 70 8 % 100
= Noiselevel > sgrt (KTB) f;(GH2)

= Thermal enger gy Setsminimum noiseenergy level
Q Upper Limits of Voltage Dynamic Range:
= Product of Breakdown Voltage (BV) and Band Width (BW)
[ or product of BV and max Drift Velocity (m) ]
= A trade off between Dynamic Range and Speed
Q Si, SGe RF IC’'sdominate up to 10 GHz
Q I11-V compound devices dominate Power Amplifiersand
applicationsrequiring ultralow noiseand high power
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" f . Max Power Frequency: Unit Power Gain frequency
U HBT/BJT Technologies:
= for agiven material, higher frequenciesthan RF CMOS

= for agivebasethickness, I11-V deviceshashigher freq
0 RF CMOS Technologies:
" frequenciesincreasewith scaling

= ratio of f,ff decreaseswith scaling RFIC * re ntegrated corp”
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ransistors

caused by interface traps

Thisnoise could be straddled to higher frequency, potentially

causing jitter and channel interference
MOSFET hashigh 1/f noise

Technology Release Year:
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Noiseishigh near dc and tapers off at a corner frequency
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~T, 2 atlowbias
~ T, athigh bias

FETs: W /L = 10 um/0.32 pum
mps: Ay = 0.2 X 6.4u m?

Noise sensitivity to biasincreases as scaling down

because slower scaling pace of E fields

Nitrogen in gate dielectricin deep submicron also

contributesto 1/f noise.

Noise Figure (NF) isa measure of the output SNR
referenced to theinput SNR

Q For an equivalent intrinsic device speed, the
MOSFET typically hasan about 0.5dB advantage

because of high baseresistance of the HBT

QO However, the optimum source impedance for

MOSFET is much higher than that of the HBT
Q LargeMOSFET normally are used to minimize

mismatch in source resistance and lead to higher

power consumption

Transistor Nme (dB)
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Inearityistheability of atransistor to amplify the fundamental _ o
frequency of an input signal while minimizing the generation of § 0 / v
undesirable harmonics due to inter-modulation g ;E . " SGeHBT

= Ay = 62.5 pm e . !

O oOlIP3isthepoint at which the amplified signal power at its 5% P:CZISmW 05um :
fundamental frequency equalsthat of the 3'-order harmonic & g f=196H2 f:: f&”;ﬁ?fﬁ?ﬁ.féill ) 3
generated by nonlinear effects - Z‘; 3

N IIP; = 10 dBm
U small signal linearity iskey to RF receiver input stage -70 A ’
O largesignal linearity iskey to RF transmitter output stage Boww um (ij, oo
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Considerations

10 T T T T
CMOSrequireslarger areafor agiven offset — Lg=200nm Technology
requirement S sF o Shope (Tox=t $rm) ]
O CMOSV,, mismatchimprovesasscalingdown & aTorfl 1 0nm
S AT,/ € * (2N Ty /[WHL])V? S 6f ° anmj]
SAI(W*L)* < 4k ]
Y— - -
a Careful layout practice must be followed to minimize o - Lg=T0nm
. 2 (Tox=1.5nm)
mismatch ©
o i L
MOS vs. BJT Mismatch - 0 02 04 ] 06 08 1.0
- 1
25 — MOS, Vgs-Vt=200mV (ym)
Mos,vgs-v1=100mv WelL

Id/lc Mismatch (%)

|4 Mismatch in a differential pair

1 10 100 1000
A 2 5
rea (um2) RFIC * v ntegrated corp”




RF Passive Elements

elements mostly created from existing process flows MIM Capacitor

" Passivedevicestakes~30-50% chip area
"  Must below parasitic, low TC, low VC, low mismatch
=  Additional masksareneeded to achieve better Q factors
U Resistors
" High R poly, N+/P+ poly, N+/P+ diffusion, N-well, metal (TaN)
U Capacitors
=  MIM,PIP,MOS,... MOM
= Stacked capacitorsdoubles capacitance density

Q Varactors

=  Junction varactors, MOS varactors

On-chip spiral inductor

®= Additional FOM's: Tunability, linearity and capacitance density
O Inductors

®  Thick metallization isnecessary toincrease Q of inductors

" Copper isbetter than Aluminum

= Differential inductors, balun’sand transformerscan berealized
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U Lightly doped substrates (8-10 Ohm-cm)
U Grounded Guard ring using P+ diffusions

® isolation improveswith spacing,, guard-ing width, substrate
resistivity
U Deep low-resistivity n-well (tied to alow
impedance and low-noise potential)
= “tripple-well” now isastandard offeringin RF CMOS,
roughly 20db at 2 GHz
0 Deep trench

= “deep-trench” now isastandard offeringinBiCMOS

" Not as effective as the above two methods




[11-V Compound Semiconductors for
[ Power Amplifiersand MMIC

,,,‘
O

Switches:

= MESFET,PHEMT

QO Linear Power Amplifiersfor GSM/GPRS, WCDMA, High Power WLAN
= GaAsHBT, EPHEMT

U High performance Gain Blocksfor Wireless Infrastructures
= GaAsHBT

U NicheApplicationsin High Power Modules

= Linear Efficient Driver Amplifiers for Base Station
(high breakdown, high linear power )

O World Leading GSM/GPRS GaAs HBT Suppliersin 2003
= RFMD
=  Skyworks Solutions
= Anadigic
=  Triquent
=  ADI
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InGaP HBT Linear Amplifier

i 802.11a applications: CF=5.8 GHz, EVM ~3%, 64 QAM, 54 Mbps

OFDM Output Power @5.8 GHz

riule|@OOO®

A:Ch1 OFDM Meas
15

Vee=3.3V
Vb=2.8V
ltotal ~270MA
Input Power ~-15.5dBm
Output Power ~+17.5dBm
Cableloss~1.1dB
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CMOS has coming of agefor RF IC implemetations

= Offering competitive performance for below 10 GHz applications

= Superior in circuit linearity

= Driven by needsin low-cost solutions and high-level SOC MSintegrations
U SiGe HBT/BICMOS also has coming of age

= Offering I11-V performance with Si fabrication yield and cost

= Superior in mismatch handling, high gm, low noise

= Verylow power dissipation at NFmin
O Multi-Chip Modulesbeing replaced with “ highly integrated Si solutions

(linear PA+ control circuit + transceiver)
= SiGeHBT linear PA used asareferencefor Broadcom 802.11b/g chip set

= Silicon Lab (Si4300) and Axiom(AX501) are promoting “ Fully integrated
GSM/GPRS Power Amplifier with CMOS technology

O GaAsHBT will continueto serve for GSM/GPRS
= SiGeHBT islimited by its breakdown voltage for GSM/GPRS
U Integration in RF modulesisa major technology barrier for Asian
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