Interconnect parasitic extraction of BiCMOS cell using Simucad Clever
1. Introduction

Interconnect parasitic effects play a very important role in modern integrated circuit design, especially for digital circuit. This article presents how a cell level BiCMOS nand gate is extracted with R (resistances) and C (capacitances). The extracted RC result then is back-annotated into SPICE netlist for POST verification purpose. We used the Simucad product, Clever which is a highly accurate 3D process interconnect RC extractor.   
2. Description of BiCMOS cell extractor and simulation results
2.1 Overview
Before we perform extraction of this cell, several files must be presented: a layout file which is in GDS format for our case; a layer mapping file which provides labeling of each layer; a rule file which looks similar to the technology file to define active device and connectivity; a command file which is used to run the simulation and contains physical process and command generates SPICE netlist and 3D structure., Figure 1 shows Clever working structure.    
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Figure 1. Clever working structures

2.2 Layout layer mapping and rule file (tech file) define
Generally, Clever loads GDS format layout and we need to re-name its corresponding layer number (Figure 2. of new GDS layers) so that Clever can identify the layers.
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Figure 2.
Renaming GDS number

After layer identification, the rule file is implemented to define both active device (we only used MOS and BJT in this article) and passive device (resistor diode and capacitor). Defining the rule file is the key issue to accurately extract the device geometry from a layout file, and also for connectivity definition. Here we demonstrate a simple BiCMOS nand gate rule file which contains five NMOS transistors, two PMOS transistors and two BJTs. 
And    !nwell
     active 
        NACTIVE

And  
nwell
     active 
        PACTIVE

And
    NACTIVE
 poly 
        NGATE

And
    PACTIVE
 poly 
        PGATE

And
    NACTIVE
 !poly 
        NSD

And
    PACTIVE
 !poly 
        PSD

Not
    nwell  
     PSD 
        PSUB

Not 
!nwell 
     NSD 
        NSUB

The Boolean equations define NMOS and PMOS transistors with substrate region (four terminal device). Below is the BJT part definition. Clever has three types of BJT format which are: 
1. Collector type: Collector contains base, base contains emitter.

2. Emitter type:   Emitter contains base, base contains collector.

3. Base type: Base contains collector and emitter.

Figures 3 is renamed cell layout view after initial loading from Clever.
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Figure 3. After loading renamed GDS file

We used the first type of BJT definition (collector contains base and base contains emitter).
And     pselect          pbase         base1

And     base1           active         BASE

And     nselect          pbase         emittor1

And     emittor1         active         EMITTOR

And     nselect          buried         COLLECTOR1

And     COLLECTOR1   active         COLLECTOR

2.3 Simulation results

After loading the layout file and rule file (technology file) specification, we will add in the process command file to implement a 3D structure with physical process as like deposition, etching and lithography. There are two types of process mode in Clever, geometry mode (fast of creating complex structure) and physical mode (accurate realistic model with timing and rate parameters). We used the physical model since we want accuracy but the physical mode means more time and memory consumption. Therefore, there is a trade-off between accuracy and simulation time. 
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Figure 4 initial command file
The commands in Figure 4 demonstrate Clever loading layout file a layer mapping file a tech file and then saving the initial netlist extracted from Clever. A more realistic lithography and deposition process was used for the active layer. Finally, the command below saves the 3D process file and performs interconnect analysis (Figure 5) based upon its 3D process structure (Figure 6,7,8) and stores post RC netlist (Figure 9) that maybe included in a Spice simulator. 
Post RC netlist is also obtained from the command file after Clever analysis; we then put the netlist into Smartspice (Simucad Spice simulator).
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Figure 5. Command file used to perform interconnect analysis
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Figure 6. 3D structure after final process
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Figure 7. Top view with gate oxide layer
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Figure 8.  Back side view with poly layer
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Figure 9. Part of post RC extraction netlist
Clearly, we can see the difference (Figure11, 12) after RC extractions from Clever. This waveform shows that functionality (Figure 10) is correct for a BiCMOS nand gate and time delays. This RC delay is critical for digital applications. 
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Figure 10. Waveform of initial netlsit without RC extractions
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Figure 11. Comparison simulations between netlist with RC and netlist without RC
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Figure 12. Zoomed in waveform comparisons
3. Conclusions

We have performed RC extraction based on a cell level BiCMOS nand gate using the Simucad tool, Clever. Clever helps IC designers extract accurate RC parasitic for both active and passive devices on the layout level. With physical processes integrated with layout, users can use Clever to investigate and improve the cell level layout design and minimize parasitic effects. The 3D structure extraction abilities also aid designers to visually modify their structures post verification.
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