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Motivation 

Schematic Layout 

LC VCO 

180 nm CMOS 
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• Parasitics greatly impact nano-CMOS circuit designs 
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Mixed-signal Circuit Simulation 

Mixed-signal Systems 

Parasitics 

Linear and non-linear blocks 

Lots of parasitic components 
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• Mixed-signal layout simulations require great 

amounts of computation time and effort 
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Effects of Parasitics 

Digital Circuit Analog Circuit 

VCO 

Numerous design iterations 

are required until 

specifications are met 

Each iteration requires 

layout modification and 

re-simulation 

04/05/2012 

• Parasitics cause significant mismatch between 

schematic and layout simulations 
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Behavioral Model 

Operational Amplifier Op-amp Macromodel 

Macromodeling 

• complexity limitation 

Not suitable for 

• paracitics incorporation 

• design exploration 
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• Marcomodeling based behavioral models can reduce 

simulation time but have several disadvantages 
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Parasitic-Aware Metamodel 

Metamodeling 

Verilog-AMS 

module 

• Model complexity ≠ circuit complexity 

• Layout-accurate simulation 

• Suitable for design exploration 
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• Metamodeling can overcome the disadvantages   
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Case Study: PLL Optimization 

Charge-pump PLL 
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• A VCO Verilog-AMS metamodel is proposed to assist 

fast PLL design exploration 
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LC VCO Polynomial Metamodel 

Schematic Layout Polynomial Metamodel 
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• A polynomial metamodel is constructed for the 180 nm 

LC VCO 
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VCO Model for Design Exploration 

Polynomial Metamodel 

f osc= f 0+ K VCO V C

Linear model 
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f ( X )= ∑
i= 0

K− 1

βi x1

P
1i x2

P
2i x3

p
3i

• The linear model is not suitable for design exploration 
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Polynomial Metamodel Generation 

VCO metamodel 

generation flow 
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Verilog-AMS Integration 

f ( X )= ∑
i= 0

K− 1

βi x1

P
1i x2

P
2i x3

p
3i
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Verilog-AMS 

Metamodel 
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VCO Transfer Curves 

Metamodel 1:  

• 100 samples 

• quadratic model 

 

Metamodel 2:  

• 500 samples 

• 5-th degree polynomial model 
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• Quadratic polynomial metamodel is sufficient for 

modeling the LC VCO 
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PLL Behavior with VCO Metamodel 

04/05/2012 

VCO control voltage 

• The metamodel accurately approximates the PLL behavior  
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Layout-Accurate Simulation 

Frequency Power dissipation 
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• The metamodel is capable of layout-accurate PLL 

output frequency and power dissipation estimation 
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Simulation Speed Comparison 

Computation Time Comparison 
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• 10x simulation speedup is achieved using metamodel 

compared to the one using layout view 
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PLL Optimization 

Objective Minimize lock time, 

power dissipation 

Constraint Tuning 

Range 

2180—2300 MHz 

Design  

Variable 

WN 

WP 

5—15 µm 

10—30 µm 
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PLL Optimization Flow 

PLL simulation 

with Verilog-AMS 

metamodel 

computation time ~ 

30 mins 
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Metamodel Assisted Exhaustive Search Optimization 
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Optimal VCO design 

Sizing the transistors for 

minimized lock time 
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• Optimal VCO design is found using the metamodel 

assisted optimization algorithm 
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Final Design Verification 

PLL first locks to 

2180 MHz and 

then relocks to 

2300 MHz 
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Frequency 

VCO control 

Voltage 

• The final design is verified with layout simulation 
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Conclusions 

 A Verilog-AMS behavioral model for a 180 nm 

CMOS LC VCO based on a quadratic polynomial 

metamodel has been proposed 

 Using the VCO metamodel to perform fast and 

accurate PLL optimization has been demonstrated 

 The metamodel can be further improved but is 

sufficient for lock time and average power 

estimation 

 Parasitic-aware metamodels can be developed 

for the rest of the PLL building blocks 

04/05/2012 
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Questions? 

Thank You!!! 

04/05/2012 


