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Pre-layout

The transient analysis simulation of the cell design is shown in Figure 1.
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Figure 1: Transient Analysis of cell design.

Using the values from the transient analysis in data file predelaydata.txt (Appendix 1), the values of the inverter delays are as follows:

(gd = 8.074ns-7.002ns = 1.07ns

(gc = 5.346ns-2.001ns = 3.35ns

Comparing these to the theoretical values below:

Kn = (W/L)Kn’ = (3.5/2)44( = 77(AV-2
Kp = (W/L)Kp’ = (3.5/2)13( = 22.75(AV-2
(gd = 4Cl /(KnVdd) = 4x100.8f/(77(x5) = 1.04ns

(gc = 4Cl /(KpVdd) = 4x100.8f/(22.75(x5) = 3.52ns

Post-layout

The transient analysis on the extracted net-list with parasitics is shown in Figure 2.
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Figure 2: Transient analysis post-layout.

Using the values from the transient analysis in data file postdelaydata.txt (Appendix 2), the values of the inherent delays are as follows:

(gd = 7.230ns-7.002ns = 0.23ns

(gc = 2.669ns-2.001ns = 0.67ns

Comparing these to the theoretical values below:

(gd = 4Cl /(KnVdd) = 4x19.6f/(77(x5) = 0.20ns

(gc = 4Cl /(KpVdd) = 4x19.6f/(22.75(x5) = 0.69ns

Post-layout with extra loading

Altering the load capacitance to 150fF and simulating the cell produces the analysis shown in Figure 3.
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Figure 3: Transient analysis with 150fF loading capacitance.

Halving the clock rate, produces Figure 4.
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Figure 4: Transient analysis with ½ clock rate.

Using the values from the transient analysis in data file postdelaydata150.txt (Appendix 3), the values of the loaded delays (50% to 50% points) are as follows:

(pHL = 12.546ns-12.002ns = 0.54ns

(pLH = 4.137ns-2.001ns = 2.14ns

Comparing these to the theoretical values below:

(gd = 4Cl /(KnVdd) = 4x150f/(77(x5) = 1.56ns

(gc = 4Cl /(KpVdd) = 4x150f/(22.75(x5) = 5.27ns

therefore

(pHL = (gd/2 = 0.78ns

(pLH = (gc/2 = 2.64ns

EXPLANATION OF RESULTS

Difference in theoretical results

There are several reasons for the theoretical results differing slightly from those obtained through simulation:

1. They don’t take in to account the parasitic capacitances such as Cja and Cjp which the simulation does.

2. The equations used to calculate the theoretical values are simplified by equating VTN and |VTP| which isn’t strictly accurate.

3. The output never reaches exactly 5V in the simulation, however the error this produces is minimal.

Propagation delays

The propagation delays are effected mostly by the charging and discharging of the load capacitor Cl and so are not dependent on the dimensions of the transistors - these only impose a maximum speed of operation.  (pLH is the delay caused by charging Cl and this is a comparatively slower process than the discharging of Cl which effects (pHL and is faster.

Cell Layout

Figure 5 shows the cell layout in LASI.  The features at the top and bottom left are the substrate connections (plugs) which reduce the resistances in the parasitic bipolar thyristor which is formed and helps prevent latchup.
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Figure 5: Layout of cell in LASI.

The cross section through the substrate connection for the PMOS transistor is shown below.


The cross section through the substrate connection for the NMOS transistor is shown below.


Input and Output Capacitances

Calculating Cout for the inverter alone post-layout is shown below.

Cout = Cmx + Cdiffusion nmos + Cdiffusion pmos
As the transistors are the same size:

Cdiffusion nmos = Cdiffusion pmos = Cdiffusion
Cdiffusion= Cja.Wd.Ld + Cjp.Wd.Ld
For Cjp=0, 
Cdiff
= Cja.Wd.Ld



= 2x10-4p x 3.5( x 2(



= 1.4x10-21F

Therefore Cout = 0.3x10-4p + 2(1.4x10-21)= 300x10-18F

If Cjp=8x10-4pF then Cout is then calculated as follows.

Cdiff
= Cja.Wd.Ld + Cjp.Wd.Ld

= (2x10-4p x 3.5( x 2() + (8x10-4p x 3.5( x 2()


=7x10-21F 

Therefore Cout = 0.3x10-4p + 2(7x10-21)= 300x10-18F

As these calculations show, the influence of the diffusion capacitance on the output capacitance of the inverters alone is negligible.

The following flow diagram details the steps taken to perform a full custom IC design and the files created at each step.









Caltech Intermediate Format (CIF)

CIF is a format for describing the layout of Integrated Circuits and provides a common database structure allowing the integration of many research tools.  The format contains a small set of 2 dimensional shapes that are ideal for the description of most integrated circuit components.  The format is concise thanks to its hierarchical structure and is effectively a high level language, which results in good readability.

The language consists of two set of commands: geometry and control commands.  The geometry commands change layers and draw objects and the control commands define subroutines and additional user information.  A typical set of commands would be:

BOX 50 30 20 40

WIRE10 70 55 110 55

BOX 50 30 110 40

This draws two boxes at locations (20,40) and (110,40) each with length and width 50 and 30 respectively, connected by a wire of width 10, as shown below:


Advantaged and Disadvantages of Full Custom IC

Advantages:

· Produced an IC that does exactly what is required with no compromise. 

· Complete flexibility of design as it is built from the ‘ground up’.

· Allows a great extent for optimisation of performance.

· Low cost for high volume runs.

· Smaller size when compared to a PCB due to higher integration levels.

Disadvantages:

· Requires a large amount of time and effort to do a complete full custom design.

· As a result of the one-off costs of design and production engineering and the length of time it takes, it is the most expensive of all design options for short runs.  FPGA’s are the most common choice in this case due to relatively low cost and ease of programming.

· The complete design process is slow, taking in the region of 15 weeks.

· Not easy to change a design once it’s been produced, requires completely new photomask.

Appendix 1: predelaydata.txt

               Pre-layout of SPICE Circuit File of CMOS INVERTER 

               Transient Analysis  Mon May 05 12:30:16  2003

--------------------------------------------------------------------------------

Index   time            in              out             

--------------------------------------------------------------------------------

0
 0.000000e+00
 5.000000e+00
 2.143839e-08


1
 2.000000e-12
 5.000000e+00
 2.143839e-08


2
 4.000000e-12
 5.000000e+00
 2.143839e-08


3
 8.000000e-12
 5.000000e+00
 2.143839e-08


4
 1.600000e-11
 5.000000e+00
 2.143839e-08


5
 3.200000e-11
 5.000000e+00
 2.143839e-08


6
 6.400000e-11
 5.000000e+00
 2.143839e-08


7
 1.280000e-10
 5.000000e+00
 2.143839e-08


8
 2.560000e-10
 5.000000e+00
 2.143839e-08


9
 4.560000e-10
 5.000000e+00
 2.143839e-08


10
 6.560000e-10
 5.000000e+00
 2.143839e-08


11
 8.560000e-10
 5.000000e+00
 2.143839e-08


12
 1.056000e-09
 5.000000e+00
 2.143839e-08


13
 1.256000e-09
 5.000000e+00
 2.143839e-08


14
 1.456000e-09
 5.000000e+00
 2.143839e-08


15
 1.656000e-09
 5.000000e+00
 2.143839e-08


16
 1.856000e-09
 5.000000e+00
 2.143839e-08


17
 2.000000e-09
 5.000000e+00
 2.143839e-08


18
 2.000100e-09
 4.500000e+00
 2.143921e-08


19
 2.000300e-09
 3.500000e+00
 5.549816e-06


20
 2.000700e-09
 1.500000e+00
 1.811185e-04


21
 2.001000e-09
 5.341535e-13
 6.030961e-04


22
 2.001011e-09
 0.000000e+00
 6.241050e-04


23
 2.001032e-09
 0.000000e+00
 6.661260e-04


24
 2.001074e-09
 0.000000e+00
 7.501746e-04


25
 2.001158e-09
 0.000000e+00
 9.182718e-04


26
 2.001327e-09
 0.000000e+00
 1.254466e-03


27
 2.001665e-09
 0.000000e+00
 1.926855e-03


28
 2.002341e-09
 0.000000e+00
 3.271633e-03


29
 2.003692e-09
 0.000000e+00
 5.961189e-03


30
 2.006394e-09
 0.000000e+00
 1.134030e-02


31
 2.011798e-09
 0.000000e+00
 2.209852e-02


32
 2.022607e-09
 0.000000e+00
 4.361497e-02


33
 2.044225e-09
 0.000000e+00
 8.664786e-02


34
 2.087461e-09
 0.000000e+00
 1.727136e-01


35
 2.173932e-09
 0.000000e+00
 3.448452e-01


36
 2.346874e-09
 0.000000e+00
 6.891083e-01


37
 2.546874e-09
 0.000000e+00
 1.086308e+00


38
 2.746874e-09
 0.000000e+00
 1.478316e+00


39
 2.946874e-09
 0.000000e+00
 1.858605e+00


40
 3.146874e-09
 0.000000e+00
 2.221293e+00


41
 3.346874e-09
 0.000000e+00
 2.561611e+00


42
 3.546874e-09
 0.000000e+00
 2.876091e+00


43
 3.746874e-09
 0.000000e+00
 3.162603e+00


44
 3.946874e-09
 0.000000e+00
 3.420277e+00


45
 4.146874e-09
 0.000000e+00
 3.649325e+00


46
 4.346874e-09
 0.000000e+00
 3.850818e+00


47
 4.546874e-09
 0.000000e+00
 4.026453e+00


48
 4.746874e-09
 0.000000e+00
 4.178325e+00


49
 4.946874e-09
 0.000000e+00
 4.308739e+00


50
 5.146874e-09
 0.000000e+00
 4.420060e+00


51
 5.346874e-09
 0.000000e+00
 4.514598e+00


52
 5.546874e-09
 0.000000e+00
 4.594536e+00


53
 5.746874e-09
 0.000000e+00
 4.661881e+00


54
 5.946874e-09
 0.000000e+00
 4.718440e+00


55
 6.146874e-09
 0.000000e+00
 4.765817e+00


56
 6.346874e-09
 0.000000e+00
 4.805416e+00


57
 6.546874e-09
 0.000000e+00
 4.838453e+00


58
 6.746874e-09
 0.000000e+00
 4.865975e+00


59
 6.946874e-09
 0.000000e+00
 4.888872e+00


60
 7.001000e-09
 0.000000e+00
 4.894361e+00


61
 7.001100e-09
 5.000000e-01
 4.894369e+00


62
 7.001300e-09
 1.500000e+00
 4.894367e+00


63
 7.001700e-09
 3.500000e+00
 4.893792e+00


64
 7.002000e-09
 5.000000e+00
 4.892368e+00


65
 7.002067e-09
 5.000000e+00
 4.891923e+00


66
 7.002200e-09
 5.000000e+00
 4.891030e+00


67
 7.002466e-09
 5.000000e+00
 4.889237e+00


68
 7.002998e-09
 5.000000e+00
 4.885653e+00


69
 7.004062e-09
 5.000000e+00
 4.878484e+00


70
 7.006190e-09
 5.000000e+00
 4.864147e+00


71
 7.010446e-09
 5.000000e+00
 4.835472e+00


72
 7.018958e-09
 5.000000e+00
 4.778123e+00


73
 7.035982e-09
 5.000000e+00
 4.663423e+00


74
 7.070030e-09
 5.000000e+00
 4.434025e+00


75
 7.138126e-09
 5.000000e+00
 3.975881e+00


76
 7.274318e-09
 5.000000e+00
 3.091525e+00


77
 7.474318e-09
 5.000000e+00
 1.978155e+00


78
 7.674318e-09
 5.000000e+00
 1.168825e+00


79
 7.874318e-09
 5.000000e+00
 6.528333e-01


80
 8.074318e-09
 5.000000e+00
 3.515823e-01


81
 8.274318e-09
 5.000000e+00
 1.853499e-01


82
 8.474318e-09
 5.000000e+00
 9.656919e-02


83
 8.674318e-09
 5.000000e+00
 4.999741e-02


84
 8.874318e-09
 5.000000e+00
 2.578551e-02


85
 9.074318e-09
 5.000000e+00
 1.326471e-02


86
 9.274318e-09
 5.000000e+00
 6.822080e-03


87
 9.474318e-09
 5.000000e+00
 3.508244e-03


88
 9.674318e-09
 5.000000e+00
 1.804026e-03


89
 9.874318e-09
 5.000000e+00
 9.276569e-04


90
 1.000000e-08
 5.000000e+00
 6.163762e-04


Appendix 2: postdelaydata.txt

      *** SPICE Circuit File of INVERTER made by LASICKT 05/05/03 12:43:45

      Transient Analysis  Mon May 05 15:56:29  2003

--------------------------------------------------------------------------------

Index   time            in              out             

--------------------------------------------------------------------------------

0
 0.000000e+00
 5.000000e+00
 2.143839e-08


1
 2.000000e-12
 5.000000e+00
 2.143839e-08


2
 4.000000e-12
 5.000000e+00
 2.143839e-08


3
 8.000000e-12
 5.000000e+00
 2.143839e-08


4
 1.600000e-11
 5.000000e+00
 2.143839e-08


5
 3.200000e-11
 5.000000e+00
 2.143839e-08


6
 6.400000e-11
 5.000000e+00
 2.143839e-08


7
 1.280000e-10
 5.000000e+00
 2.143839e-08


8
 2.560000e-10
 5.000000e+00
 2.143839e-08


9
 4.560000e-10
 5.000000e+00
 2.143839e-08


10
 6.560000e-10
 5.000000e+00
 2.143839e-08


11
 8.560000e-10
 5.000000e+00
 2.143839e-08


12
 1.056000e-09
 5.000000e+00
 2.143839e-08


13
 1.256000e-09
 5.000000e+00
 2.143839e-08


14
 1.456000e-09
 5.000000e+00
 2.143839e-08


15
 1.656000e-09
 5.000000e+00
 2.143839e-08


16
 1.856000e-09
 5.000000e+00
 2.143839e-08


17
 2.000000e-09
 5.000000e+00
 2.143839e-08


18
 2.000100e-09
 4.500000e+00
 2.144259e-08


19
 2.000300e-09
 3.500000e+00
 2.840481e-05


20
 2.000700e-09
 1.500000e+00
 9.301052e-04


21
 2.001000e-09
 5.341535e-13
 3.098131e-03


22
 2.001008e-09
 0.000000e+00
 3.181791e-03


23
 2.001025e-09
 0.000000e+00
 3.349118e-03


24
 2.001057e-09
 0.000000e+00
 3.683788e-03


25
 2.001123e-09
 0.000000e+00
 4.353129e-03


26
 2.001254e-09
 0.000000e+00
 5.691811e-03


27
 2.001515e-09
 0.000000e+00
 8.369175e-03


28
 2.002039e-09
 0.000000e+00
 1.372390e-02


29
 2.003086e-09
 0.000000e+00
 2.443336e-02


30
 2.005180e-09
 0.000000e+00
 4.585226e-02


31
 2.009368e-09
 0.000000e+00
 8.869008e-02


32
 2.017744e-09
 0.000000e+00
 1.743657e-01


33
 2.034495e-09
 0.000000e+00
 3.457170e-01


34
 2.067999e-09
 0.000000e+00
 6.884195e-01


35
 2.135006e-09
 0.000000e+00
 1.367567e+00


36
 2.269020e-09
 0.000000e+00
 2.600511e+00


37
 2.469020e-09
 0.000000e+00
 3.901444e+00


38
 2.669020e-09
 0.000000e+00
 4.566733e+00


39
 2.869020e-09
 0.000000e+00
 4.842282e+00


40
 3.069020e-09
 0.000000e+00
 4.944513e+00


41
 3.269020e-09
 0.000000e+00
 4.980727e+00


42
 3.469020e-09
 0.000000e+00
 4.993336e+00


43
 3.669020e-09
 0.000000e+00
 4.997700e+00


44
 3.869020e-09
 0.000000e+00
 4.999207e+00


45
 4.069020e-09
 0.000000e+00
 4.999727e+00


46
 4.269020e-09
 0.000000e+00
 4.999906e+00


47
 4.469020e-09
 0.000000e+00
 4.999967e+00


48
 4.669020e-09
 0.000000e+00
 4.999989e+00


49
 4.869020e-09
 0.000000e+00
 4.999996e+00


50
 5.069020e-09
 0.000000e+00
 4.999999e+00


51
 5.269020e-09
 0.000000e+00
 4.999999e+00


52
 5.469020e-09
 0.000000e+00
 5.000000e+00


53
 5.669020e-09
 0.000000e+00
 5.000000e+00


54
 5.869020e-09
 0.000000e+00
 5.000000e+00


55
 6.069020e-09
 0.000000e+00
 5.000000e+00


56
 6.269020e-09
 0.000000e+00
 5.000000e+00


57
 6.469020e-09
 0.000000e+00
 5.000000e+00


58
 6.669020e-09
 0.000000e+00
 5.000000e+00


59
 6.869020e-09
 0.000000e+00
 5.000000e+00


60
 7.001000e-09
 0.000000e+00
 5.000000e+00


61
 7.001100e-09
 5.000000e-01
 5.000000e+00


62
 7.001300e-09
 1.500000e+00
 4.999904e+00


63
 7.001700e-09
 3.500000e+00
 4.996851e+00


64
 7.002000e-09
 5.000000e+00
 4.989523e+00


65
 7.002067e-09
 5.000000e+00
 4.987236e+00


66
 7.002200e-09
 5.000000e+00
 4.982645e+00


67
 7.002466e-09
 5.000000e+00
 4.973436e+00


68
 7.002998e-09
 5.000000e+00
 4.955018e+00


69
 7.004062e-09
 5.000000e+00
 4.918182e+00


70
 7.006190e-09
 5.000000e+00
 4.844509e+00


71
 7.010446e-09
 5.000000e+00
 4.697163e+00


72
 7.018958e-09
 5.000000e+00
 4.402472e+00


73
 7.035982e-09
 5.000000e+00
 3.815559e+00


74
 7.070030e-09
 5.000000e+00
 2.715211e+00


75
 7.138126e-09
 5.000000e+00
 1.133137e+00


76
 7.230592e-09
 5.000000e+00
 2.215041e-01


77
 7.274766e-09
 5.000000e+00
 1.051407e-01


78
 7.328400e-09
 5.000000e+00
 4.113914e-02


79
 7.391509e-09
 5.000000e+00
 1.306005e-02


80
 7.506056e-09
 5.000000e+00
 3.846243e-04


81
 7.644231e-09
 5.000000e+00
-2.495907e-05


82
 7.844231e-09
 5.000000e+00
 6.109982e-06


83
 8.044231e-09
 5.000000e+00
-1.498509e-06


84
 8.244231e-09
 5.000000e+00
 3.935335e-07


85
 8.444231e-09
 5.000000e+00
-6.968927e-08


86
 8.644231e-09
 5.000000e+00
 4.375376e-08


87
 8.844231e-09
 5.000000e+00
 1.597366e-08


88
 9.044231e-09
 5.000000e+00
 2.277662e-08


89
 9.244231e-09
 5.000000e+00
 2.111068e-08


90
 9.444231e-09
 5.000000e+00
 2.151864e-08


91
 9.644231e-09
 5.000000e+00
 2.141874e-08


92
 9.844231e-09
 5.000000e+00
 2.144320e-08


93
 1.000000e-08
 5.000000e+00
 2.143779e-08


Appendix 3: postdelaydata150.txt

      *** SPICE Circuit File of INVERTER made by LASICKT 05/05/03 12:43:45

      Transient Analysis  Mon May 05 16:43:12  2003

--------------------------------------------------------------------------------

Index   time            in              out             

--------------------------------------------------------------------------------

0
 0.000000e+00
 5.000000e+00
 2.143839e-08


1
 4.000000e-12
 5.000000e+00
 2.143839e-08


2
 8.000000e-12
 5.000000e+00
 2.143839e-08


3
 1.600000e-11
 5.000000e+00
 2.143839e-08


4
 3.200000e-11
 5.000000e+00
 2.143839e-08


5
 6.400000e-11
 5.000000e+00
 2.143839e-08


6
 1.280000e-10
 5.000000e+00
 2.143839e-08


7
 2.560000e-10
 5.000000e+00
 2.143839e-08


8
 5.120000e-10
 5.000000e+00
 2.143839e-08


9
 9.120000e-10
 5.000000e+00
 2.143839e-08


10
 1.312000e-09
 5.000000e+00
 2.143839e-08


11
 1.712000e-09
 5.000000e+00
 2.143839e-08


12
 2.000000e-09
 5.000000e+00
 2.143839e-08


13
 2.000100e-09
 4.500000e+00
 2.143894e-08


14
 2.000300e-09
 3.500000e+00
 3.736760e-06


15
 2.000700e-09
 1.500000e+00
 1.217237e-04


16
 2.001000e-09
 5.341535e-13
 4.052959e-04


17
 2.001008e-09
 0.000000e+00
 4.162367e-04


18
 2.001025e-09
 0.000000e+00
 4.381193e-04


19
 2.001057e-09
 0.000000e+00
 4.818866e-04


20
 2.001123e-09
 0.000000e+00
 5.694212e-04


21
 2.001254e-09
 0.000000e+00
 7.444904e-04


22
 2.001515e-09
 0.000000e+00
 1.094629e-03


23
 2.002039e-09
 0.000000e+00
 1.794906e-03


24
 2.003086e-09
 0.000000e+00
 3.195460e-03


25
 2.005180e-09
 0.000000e+00
 5.996567e-03


26
 2.009368e-09
 0.000000e+00
 1.159878e-02


27
 2.017744e-09
 0.000000e+00
 2.280321e-02


28
 2.034495e-09
 0.000000e+00
 4.521208e-02


29
 2.067999e-09
 0.000000e+00
 9.002980e-02


30
 2.135006e-09
 0.000000e+00
 1.796652e-01


31
 2.269020e-09
 0.000000e+00
 3.589361e-01


32
 2.537049e-09
 0.000000e+00
 7.174779e-01


33
 2.937049e-09
 0.000000e+00
 1.249494e+00


34
 3.337049e-09
 0.000000e+00
 1.767321e+00


35
 3.737049e-09
 0.000000e+00
 2.256070e+00


36
 4.137049e-09
 0.000000e+00
 2.704047e+00


37
 4.537049e-09
 0.000000e+00
 3.103712e+00


38
 4.937049e-09
 0.000000e+00
 3.451730e+00


39
 5.337049e-09
 0.000000e+00
 3.748399e+00


40
 5.737049e-09
 0.000000e+00
 3.996721e+00


41
 6.137049e-09
 0.000000e+00
 4.201405e+00


42
 6.537049e-09
 0.000000e+00
 4.367985e+00


43
 6.937049e-09
 0.000000e+00
 4.502150e+00


44
 7.337049e-09
 0.000000e+00
 4.609304e+00


45
 7.737049e-09
 0.000000e+00
 4.694310e+00


46
 8.137049e-09
 0.000000e+00
 4.761385e+00


47
 8.537049e-09
 0.000000e+00
 4.814090e+00


48
 8.937049e-09
 0.000000e+00
 4.855365e+00


49
 9.337049e-09
 0.000000e+00
 4.887605e+00


50
 9.737049e-09
 0.000000e+00
 4.912736e+00


51
 1.013705e-08
 0.000000e+00
 4.932296e+00


52
 1.053705e-08
 0.000000e+00
 4.947499e+00


53
 1.093705e-08
 0.000000e+00
 4.959306e+00


54
 1.133705e-08
 0.000000e+00
 4.968467e+00


55
 1.173705e-08
 0.000000e+00
 4.975573e+00


56
 1.200100e-08
 5.670711e-12
 4.979352e+00


57
 1.200110e-08
 5.000000e-01
 4.979353e+00


58
 1.200130e-08
 1.500000e+00
 4.979344e+00


59
 1.200170e-08
 3.500000e+00
 4.978948e+00


60
 1.200200e-08
 5.000000e+00
 4.977990e+00


61
 1.200207e-08
 5.000000e+00
 4.977691e+00


62
 1.200220e-08
 5.000000e+00
 4.977091e+00


63
 1.200247e-08
 5.000000e+00
 4.975887e+00


64
 1.200300e-08
 5.000000e+00
 4.973478e+00


65
 1.200406e-08
 5.000000e+00
 4.968661e+00


66
 1.200619e-08
 5.000000e+00
 4.959026e+00


67
 1.201045e-08
 5.000000e+00
 4.939756e+00


68
 1.201896e-08
 5.000000e+00
 4.901217e+00


69
 1.203598e-08
 5.000000e+00
 4.824140e+00


70
 1.207003e-08
 5.000000e+00
 4.669984e+00


71
 1.213813e-08
 5.000000e+00
 4.361672e+00


72
 1.227432e-08
 5.000000e+00
 3.748610e+00


73
 1.254670e-08
 5.000000e+00
 2.610529e+00


74
 1.294670e-08
 5.000000e+00
 1.346700e+00


75
 1.334670e-08
 5.000000e+00
 6.137728e-01


76
 1.374670e-08
 5.000000e+00
 2.598602e-01


77
 1.408899e-08
 5.000000e+00
 1.224265e-01


78
 1.438636e-08
 5.000000e+00
 6.353734e-02


79
 1.471499e-08
 5.000000e+00
 3.045100e-02


80
 1.503352e-08
 5.000000e+00
 1.491044e-02


81
 1.543352e-08
 5.000000e+00
 5.921305e-03


82
 1.583352e-08
 5.000000e+00
 2.349739e-03


83
 1.623352e-08
 5.000000e+00
 9.328767e-04


84
 1.663352e-08
 5.000000e+00
 3.706083e-04


85
 1.703352e-08
 5.000000e+00
 1.472787e-04


86
 1.743352e-08
 5.000000e+00
 5.854184e-05


87
 1.783352e-08
 5.000000e+00
 2.327852e-05


88
 1.823352e-08
 5.000000e+00
 9.264373e-06


89
 1.863352e-08
 5.000000e+00
 3.694831e-06


90
 1.903352e-08
 5.000000e+00
 1.481348e-06


91
 1.943352e-08
 5.000000e+00
 6.016479e-07


92
 1.983352e-08
 5.000000e+00
 2.520303e-07


93
 2.000000e-08
 5.000000e+00
 1.818588e-07


8. Post-Layout Stage


Circuit resimulated in SPICE using post-layout design and checked for correction operation.





7. Netlist checked for electrical connections and violations.


SPICE or similar text file of post-layout design amended.





6. Netlist of layout extracted.  Parasitic resistances and capacitances included.


SPICE or similar text file of post-layout design created.





5. Layout checked according to design rules, for example feature size and separation.


LASI or similar Layout file amended.





4. Layout Stage


CAD program used to design physical layout of cells.


LASI or similar Layout file created.





3. Pre-layout Stage


Individual Cells designed at transistor level.  


SPICE or similar text file of pre-layout design created.


SPICE file then simulated and parameters checked.





2. Original Schematic simulated at high level, usually in a computer design package, such as XDE, to test functionality.





1. Original Schematic drawn by hand or in computer design package.





9. System layout checked and simulated if applicable.


Converted to text layout form.


CIF or similar text layout file created.





10. Photomask generated from layout file





P+





P-well





SiO2








SiO2





Metal connected to 0V





N substrate





Metal connected to Vdd





FOX





N substrate





FOX








N+
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