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Development Platform
• 65nm SOI CMOS with Lpoly=40nm
• High-performance FETs
• NFET fT>350GHz, PFET fT>250GHz

• Process variability

• RF device model and extrapolation

• Measurement capability ~ 110GHz
• Automation and database
• Statistical analysis framework
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Manufacturable V-band
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SoC integration

PLL front-end

VCO

• Circuit area < 0.25mm2

• Power < 50mW

• V-band ~ 70GHz
• Measurement ~ 110GHz

• Functional yield > 95%
• FTR ~ 10%
• PN < -100dBc/Hz@10MHz
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Schematic Diagram

• M1,M2: 14/0.06
• M3,M4: 28/0.06, =2
• M5,M6: 16/0.06
• CVAR: 68/0.12
• L: 30×40×5
• Parasitics: technology
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FET layout optimization
1.2um-thick Cu top layer
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See Digest page 540

30.2 A 70GHz Manufacturable Complementary LC-VCO with 6.14GHz Tuning Range in 65nm SOI CMOS
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A complementary LC-VCO is integrated in a 65nm SOI process and is statistically characterized on a 300mm wafer. Average center fre-
quency is 67.9GHz and frequency tuning range is 6.14GHz or 9.05%. It achieves a phase noise of -106dBc/Hz at 10MHz offset and con-
sumes 5.37mW from a 1.2V supply. The VCO yield is 94.7% for 70GHz operation.
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Inductor
Microstrip inductor with 1.2um top Cu 
layer, L=100um, W=5um, 40pH
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Frequency Tuning Range
VDD=1.2V, VCTRL=0~1.2V, FTR=9.5%
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LC-tank VNA measurement
Single-ended Q=8.5
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Phase Noise
Measurement with an on-chip divider

• VCO phase noise
= -106.14dBc/Hz

@10MHz offset
• FOM

= -175.8dBc/Hz
• FOMT

= -175.4dBc/Hz
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Full metallization 1X metallization
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VCO Functional Yield
3GHz common FTR, 94.7% 70GHz yield
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Functional Yield & FTR
Functional yield is determined by FTR

Using measured center frequency data
• Case A

• Fhw,avg=Fdesign

• Case B
• Fhw,avg

=Fdesign-Foffset
• Foffset=2.1GHz

• Variability by wafer
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Comparison
Extends high-yield V-band VCO limits
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Conclusion
A record CMOS VCO with FTR and yield
Achieved VCO results

ftarget=70GHz with 95% yield
FTRavg ~ 9.1%
Phase noise ~ -106dBc/Hz @10MHz 
Pavg ~ 5.4mW
Circuit area ~ 0.0027mm²=2700 m2

SOI CMOS is promising for mmWave
SoC
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