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SiGe BICMOS Evolution
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SiGe BICMOS Platform for Analog Integration
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SiGe Integration Roadmap
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SiGe Performance Roadmap

1. Lithography Scaling (lateral):
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SiGe Performance: Vertical Scaling
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Applications




Benefits of SiGe over CMOS for High Speed #

» Perfomance (Ft/Fmax) that is superior by 2-3 gensrat
— 0.18um SiGe (200GHz) is comparable to 65nm OMED&)~2
— Leads to lower mask/wafer cost vs. CMOS for same F
— Ft/Fmax can be traded off for lower power comsumpti

* Low 1/f Noise and HF Noise
— 1/f noise is orders of magnitude lower than CMOS
— HF noise more easily matched to simultaneeeishigiebain (better LNA)

 Better dynamic range and high voltage handlindpitigypa

— 200GHz still supports >5V operation on tloe galeetV for 65nm CMOS)
— 30GHz can support 20V for Power AmplifiapoaplisaB.3V for CMOS)



SiGe for Low-Noise-Amplifiers

i’Low NF, high Rn, Ga, at low current with goodityneeke SiGe superior to MOS for

§
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. SBC18 Low NF PCS LN SBC18 Low Power PCS LI
Process Gain Ic Power NF IP3
Technology dB mA mwW dB dBm
Low NF PCS LNA* SBC18 16.2 2.75 8.3 0.99 12.6
Low Power PCS LNA** SBC18 16 1.40 3 1.67 -6

* P.Yeetal, 2002 RFIC Symp, Skyworks Solutions
** P, Ma et al., 2003 RFIC Symp °



SiGe high levels of integration for RE Transcel

Alhambra TRF6302 Dual Band WCDMA Transceiver

fRF=2110 - 2170 MHz |

W
z Analog
Base
) Eand
=
fRF = 825 - 845 MHz b - RF 800/2000 MHz WCDMA | Component Count
Front End Module 1
< 3cmMsinglesided PCB total radio area PAM 1
Alhambra (RF IC) 1
*«6mm x 6mm u*Jr. (120GQZ) BGA CSP Resistors 5
*28mMA RX, @ 2.8V supply 'nductC}trS 3%
«54mA TX @ 6dBm Pout apactios 2
LDO's 2
SAW's 4
RF DUAL BAND 54
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And High-Speed Wireline Transceivers

Low Power - 1.9W 10.7 Gb/s Low Jitter Serl
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SiGe for Power Amplifiers
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Each new SiGe generation improves speed vs. braakdpvoving PA performancs
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Low Power PA examples:
PHS and 802.11b, g Integrated 0.35um SiGe PA

802.11b,g Transceiver + PA (Airoha

M
mnas| || 7 airoha ot - bicr.| o Aeilent 89600 WL... |[~]

Parameter Typical Units
Small Signal Power Gain | 34.5 dB 802.11b/g Integrated Transceiver H PA
Linear Power Gain 34 dB
Output Power 23 | dBm Pout = 20dBm (b) 13dBm (g)
Linear PAE 345 % Current = 170mA (b) 270mA ()
ACPR -50 dBc

CCK mode (b) 64 QAM OFDM (g)
Input Return Loss -11.9 dB 11Mbps with EVM=5.2% (b)
Output Return Loss -16.4 dB P .
Idle Current 210 mA 54Mbps with EVM=5.3% (Q)
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High Power PA Examples: 0.35um SiGe

fHAE S

il v i

SiGe PA: Chip Dimensions = 1.5mm x 1.0mm

0.35um SiGe competitive at 800MHz but lagging GHAldat

836.5MHz =~ PAE ACPR1 ACPR2 Pgain
Pout=28dBm (%) (dBc) (dBc)  (dB)
SiGe 43 -47 -55 30.4
GaAs 45 -47 -56 29.4
1.88GHz PAE ACPR1 ACPR2 Pgain
Pout=28dB (%) (dBc) (dBc) (dB)
SiGe 325 47 575 " 224
GaAs 410 47 597 " 270
PIN VCC atPA PA Survives

Ruggedness (dBm) Failure (V) V)

SiGe 6.3 4.4 " 43

GaAs 1.4 4.1 ’ 4.0

* Keith Nellis and Peter Zampardi, 2003 BCTM ri8k@Botitions
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High Power PA Examples: 0.18um SiGe

WCDMA Compliant

Ruggedness

e VCC =438y,

e PO=28dbm CW.
* 10:1 VSWR

* Room Temp
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0.18um SiGe competitive with GaAs for WCDMA P Atamqdic
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Today
Silicon

Matching/Filters| PHEMPT

SAW/BAW

IPD = Power Control
GaAs HBT CMOS

Transceiver
SiGe, RF CMOS
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Measured Data on Silicon-SOI Switch*

IL <1dB (900 MHz)
IL <1.2dB (2 GHz)

* RFMD, 2007 MTT



* New applications emerging in the 10GHz to 100GHz band

— 24GHz radar

— 77GHz collision avoidance
— 60GHz WLAN

— 100GHz imaging

— 40GDb + Optical Networks

» 0.18um SiGe offers significant benefit over 65nn$CMO

— Lower noise

— Better large signal performance
— Better passive elements

— Lower cost
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Performance

Supply Voltage 3.3V
Conversion gain  20dB
Noise Figure 12dB
Image Rejection 45dB

S.P. Voinigescu, T. Chalvatzis, K.H.K. Yau, AcH#zrGarg, S. Sharahmian, T. Yao, M. GordoRickson, E. Laskin, S.T. Nicolson, A.C. Carusofghoketch,
O. Yuryevich, G. Ng, B. Lai, and P. Liu, “SiGe BifoM@nalog, High Speed Digital and Millimetre Ayglieations Beyond 50GHz", BCTM Proc., Sept. 2006
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S.P. Voinigescu, T. Chalvatzis, K.H.K. Yau, &cH#zrGarg, S. Sharahmian, T. Yao, M. GordoRickson, E. Laskin, S.T. Nicolson, A.C. Carusorehoketch,
O. Yuryevich, G. Ng, B. Lai, and P. Liu, “SiGe BifoM@nalog, High Speed Digital and Millimetre Ayglieations Beyond 50GHz", BCTM Proc., Sept. 2006
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Beamformer-on-a-chip

Frequency 40-50 GHZ
Channels 16
Die Size 3.2X2.6 mm2

K. Koh and G. M. Rebeiz, “An X- an@&nd 8-Element Linear Phased Array Receiver,”
IEEE Custom Integrated Circuits Conference, pg646$an Jose, September 2007.
DARPA Press Announcement
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» SiGe BICMOS offers advantages over CMOS for highasyadeg
— Performance that is 2-3 generations ahead of CMOS
— Continued performance roadmap (200-300GHz today)
— Power, noise, high voltage handling advantage
— CMOS offers better digital density and power

« SiGe has been a high-volume technology for 7-10 year
— Largest markets: Wireless and wireline tran3ééiveers, HDD pre-amp

 New markets emerging for SiGe

— Power amplifiers displacing GaAs components
 Already happening for low-power and undeeilalafor c

— mmWave applications pushing analog performance
o 24/77GHz radar, 60GHz WLAN, 40Gb/s opticatabomauni
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