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Lecture 7 
 

Physical Design 
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VLSI Design 

RTL Code (HDL) 

Synthesis 

Physical Design 

Fabrication 

Packaging 



4 

Physical Design 

Netlist → Physical layout 
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Standard Cell-Based VLSI Design 

• Inputs 
– Netlist (.v) 
– Design constraints 

• Timing (.sdc) 
• Power 
• Area 
• … 

– Physical library of standard cells (.lef) 
– Timing/power library (.lib) 
– Capacitance tables, signal integrity information 

 
• Outputs 

– gdsii 
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Standard Cells 

• Standard cells 
– Pre-characterized cells 
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Standard Cell-Based VLSI Design 

• Design steps 
– Floorplanning 
– Placement of standard cells 
– Routing 

• Signal 
• Power 
• Clock 
• Bus 

– Analysis 
• Timing 
• Power 

– Metal fill insertion 
– RC extraction 
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Standard Cell-Based VLSI Design 

• Routing 
– Use Metal layers only (and via layers). 

• Do not use Poly and Contact layers. 
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Standard Cells 

• Design 
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Standard Cells 

• Abstraction 
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Standard Cells 

• Physical library (.lef) 
– Metal layers 
– Macros (standard cells) 
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Metal Layers 
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Macros 
(Standard 

Cells) 
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Standard Cells 

INV_X1 NAND2_X1 XOR2_X2 
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Timing/Power Library (.lib, .db) 
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Capacitance Table 
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Design Constraints 

• Load cap 
• Input/output delay 
• Clock frequency 
• … 

Primary 

inputs 

Primary 

outputs 
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Physical Design 

Floorplanning 

Placement 

Pre-CTS optimization 

Clock tree synthesis (CTS) 

Post-CTS optimization 

Routing 

Post-routing optimization 

Metal fill insertion 

Sign-off analysis 
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Physical Design 

• A 4-bit multiplier 
– Combinational logic 
– Timing constraints 

 

Primary 

inputs 
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outputs 

300ps 
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Physical Design 

• Design space (Core utilization: 60%) 

Core area 

Chip area 
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Physical Design 

• Power/ground rings 

1um 

1um 

1um 

Metal 1 

Metal 2 

Via1 



22 

Physical Design 

• Power/ground lines 

Via1 
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Physical Design 

• Placement 
Primary input/output ports 

Standard cells 
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Physical Design 

• Standard cells 

P/G lines are shared. 

Cell orientation 

Flipped 
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Physical Design 

• Trial route (automatically performed after placement) 
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Physical Design 

• Timing analysis (Pre-CTS / setup time) 

negative slack 
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Physical Design 

• Optimization 

positive slack 
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Physical Design 

• Routing 
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Physical Design 

• Routing 
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Physical Design 

• Timing analysis (Post-Route / setup time) 
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Physical Design 

• Metal fill insertion 
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Physical Design 

• Timing analysis (Post-fill / setup time) 
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Physical Design 

• Sign-off analysis 
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Physical Design 

• Delay calculation 
– Elmore delay 
– Look-up table 
– Asymptotic waveform evaluation (AWE) 

 
• Timing analysis 

– Setup time 
– Hold time 
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