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The current program revisions as described in this document:

net2sim

1.01L
creates the simulator source code from a netlist

wave


1.03A
waveform viewer

vhdl2c


1.00D
logic primitive creation

dat2lpe

1.00A
process wire capacitance calculation

spc2pin

1.02A
pin capacitance calculation

acchar


1.00F
AC characterization program 

ac2c


1.00A
update the ACs in the behaviorals with the acchar timings

cycvec


1.00A
input vector generation

wrgsl


3.07C
GSL to GDSII layout generator

vg



1.00F
GSL layout graphical viewer

egsl


1.02A
GSL cell editor

gds2gsl

1.00A
Cell and wire placement GSL description extraction 
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2.0 Getting Started

2.1 Introduction

This chapter is a basic description on how to set up and run the simulator for the first time. The details of the programs are not discussed so that you can get up and running on the simulator quickly. Once you have a basic understanding of the tool you should review the following reference chapters for more advanced topics.

EESIM was originally written to simulate integrated circuits. Specifically, it is a logic simulator that handles a mixture of logic gates, transistors, and behaviorals as approached by a circuit design methodology. It is a dynamic timing analyzer in the sense that EESIM outputs an engineering report with worst-case AC timing margins found during the simulation pattern and other useful design information. The AC modeling is an integral part of the simulator. EESIM is a compiled simulator which helps provide fast simulation executions.

2.2 Installation

The following installation is for a Windows PC. There are three (3) folders (subdirectories) that need to be copied. These files are either obtained from a EESIM installation CDROM or from a compressed ZIP file.

c:\bin

Copy from the CDROM the contents of the \bin directory. Do not change the directory name. It should remain c:\bin. This directory contains all of the executable files and some data files required by the EESIM simulator. Edit the “autoexec.bat” file in c: to add this directory to the path. Reboot your computer following modifying the autoexec.bat file. If your Window operating system does not have an autoexec.bat file then right-click your mouse on “My Computer” on your desktop, select “properties”, select “environment”, select “path” under “User Variables”, and then add c:\bin.

c:\eng\sim\simlib

Copy from the CDROM the contents of the simlib subdirectory to your computer. Again, do not change the name of this subdirectory folder or the path. This directory contains the generic logic primitives for the EESIM demo. You can create your own logic primitives later but you should use these as your initial examples. Inside this subdirectory you will find C source code files, one per primitive, for each logic gate or component in the library. For example, the primitive for a two input NAND gate has a C source file called “ND2.c”. These primitives presently have unit delays (actually 1ns pin to pin delays). You can later update a library with Spice characterized simulation delays.

c:\turboc

I unfortunately still use the Turbo C compiler for EESIM. In order for EESIM to work you need to copy over the include and lib subdirectories for TurboC (no need to add to your path). You need to have the c:\turboc\lib and the c:\turboc\include directories on your computer. Note that EESIM uses a very generic form of C. On the old sparc workstations the “cc” compiler is used. It probably is not difficult to change to your favorite C compiler of choice.

Possible Problems

If you are copying from a CDROM make sure that you change the file protection on the files after you write them to your computer. You can do this in Windows by “edit - select all” of the files in each directory, then “File”, “Properties”, and change the Attributes so that they are NOT “read-only”.

Also on WIN NT, the compiler was not able to find the linker. To solve this edit the eesim.bat file in c:\bin and copy “tlink.exe” to your working directory before the compile and then delete it after the compile.

2.3 Setting Up for a Simulation

Create a working directory to run your simulations from. Name this directory (folder):

c:\eng\sim\circuit

where “circuit” is the name of the circuit that you will be simulating. Inside this directory you need four (4) files. The three (3) files that you are required to originate are:

circuit.spc


The netlist file (Spice format in this example).

circuit.vec


The input simulation vectors.

circuit.fmt


The simulation output signal display list.

In addition, you need to copy and edit the EESIM technology option file called:

sim.tech


EESIM technology file.

2.3.1 The Netlist File

For your first simulation  I will assume that you are using a Spice format netlist. “circuit.spc”  is the input Spice netlist for your simulation which you must create. Please reference:

c:\eng\sim\bobtest\bobtest.spc

for an example Spice format netlist file. Either simple Dracula CDL LVS netlists or Hspice netlists are acceptable. The slash in front of the component names in a CDL netlist is optional. You can have hierarchical sub-circuit calls. EESIM will flatten your netlist. If there is a sub-circuit call to a component that does not exist in your netlist then it will assume it is a primitive that exists in the library directory. Do not get too fancy in your netlist format options or it will not work. Parameters are not allowed.

Please follow the CDL convention that even your top level is a sub-circuit definition. The top level should be place last in the file following the lower hierarchical level sub-circuit definitions. 

The example file bobtest.spc, which was created from an ORCAD schematic, has the following data:


There is only one level of hierarchy but this top level is still in a sub-circuit definition. The slash in instance “X6” was eliminated as an example. Two transistor calls (M8, M9) are inserted along with the standard cell calls (X3,X4,X5,X6). For your reference this circuit is a multiplexer (MUX) made up from three NAND gates with the two transistors creating an independent inverter.

2.3.2 The Input Vector File
“circuit.vec” is the input test vector file which you must create. The example file, bobtest.vec, has the following data:


The signal names for the “ports” are listed first, one per line, terminated by a semi-colon. These should match the signal names in the netlist that are the input ports in the top level sub-circuit call (see above in bobtest.spc file the .SUBCKT line – output ports are of course not in this list). Following the input list you have one line that just contains a dollar sign ‘$’. Then you have the input vectors in tabular format. Left most on the line is the time stamp. The time stamp is always a long integer that represents the time when the input vector is applied. The default interpretation is that a time stamp of  “200” is actually 20ns into the simulation (an option in sim.tec). Following the time stamp on the line are the input vector ‘1’ and ‘0’s in the order of the signal list. This should be straight forward. At time stamp 0000, A2=0, D0=0, D1=0, and SEL=0. At time stamp 0100, A2 is forced to ‘1’ and SEL is forced to ‘1’. You can either hand type in this file or create more complicated vectors using the program “cycvec” (described later).

2.3.3 The Output Format File
“circuit.fmt” is the output format file which you must create. The example file bobtest.fmt has the following data:


This is simply a list of signals that you want the simulator to output data for. EESIM will create an output file, “circuit.out”, that has the simulation results for the signals listed in the format file. Note that the format file will be auto-created by EESIM if it does not exist by selecting only the i/o ports of the top level.

2.4 Running the Simulation
Once you have all of your files created, running the simulation is simple.

open up a MS-DOS window



 (Start, Programs, Command Prompt)

cd /eng/sim/circuit     




 (change to your working directory)

ssim circuit







 (ssim is used for Spice netlist simulations)

If everything works correctly then the waveform viewer will run and display your simulation results. Exit the waveform viewer by hitting the ESC key. If you have errors then an “error.log” file is created. Hopefully the error messages are descriptive enough for you to fix any problem.

When you run either the “eesim” or “ssim” batch files you will notice several programs being executed. To satisfy your curiosity let me give a brief explanation of how the simulator works. The eesim and ssim batch files and other files can be viewed in the c:\bin directory. You can see inside these batch files that the main program executed is “net2sim”. This program creates C source code from your input netlist. Then the C source code is compiled resulting in an executable named “circuit.exe”. Any required files for the compilation are copied from the c:\bin directory and then deleted when done. The simulation is run by just typing “circuit” and the output waveforms are viewed by typing “wave circuit.out”. If you do not make a netlist change then you do not have to rerun the full eesim or ssim batch file. For example, if you only make a change to the input vectors (circuit.vec) or the output format file (circuit.fmt) then you can just rerun the simulation using the existing executable. 

3.0 Netlist Formats

EESIM was originally written to read only “BLOCKS” format netlists. EESIM still uses a BLOCKS format netlist internally (refer to the output flattened netlist: “circuit.flt”).  Later, EESIM was updated to be able to read standard Spice format netlists. The desire is to be able to use either CDL format netlists from LVS verification runs or the Hspice format netlist from transistor level circuit simulations. EESIM does not have very robust input netlist capabilities so not use any unusual format options. 


3.1 Block Netlist

The Block netlist format was used by the Mark Denies router that was bought by Valid and then later bought by Synopsys. This type of netlist is sometimes called a “pinlist” since it requires another library file to define the signal-to-pin order used in each standard cell call.

Below is an example of a Blocks format netlist:


In the above blocks netlist, each hierarchical module starts with:

.name module_name
This line can be followed by any number of parameter lines that start with a period. The last line in the header must be the port listing defined as:

.i/o:  port1  port2  …  portn

This lists each signal name that interfaces from this module as a port. The order of this port list matches the order of the hierarchical call to this module. 

For long lines in a Blocks netlist, you can continue on the next line by using a plus sign ‘+’ as the first word in that line. Comment lines are identified by an asterisk ‘*’ as the first word in the line.

Following the i/o: line, each instance is described as:

instance   component      net1  net2  …   netn

For example a two input Nand gate standard cell call could be:

U523   ND2    input1   input2   ouputZ

Net names are not case sensitive. Try to limit the number of characters used for net and instance names. They are limited to 80 characters after appending the full hierarchal path including each instance name called throughout the hierarchy (refer to the output synonym file: circuit.syn). Instance names (for standard cells or hierarchical modules) should start with the ‘U’ character. Spaces (no commas) are used as delimiters between net names, etc.

There is no END line for the module in a Blocks netlist. The module ends when another module starts with a new .name line or the top module (the top module must always be placed last in the file) ends when the End_of_File is reached.

3.1.1 Library File

Each component used as a primitive in the netlist must be defined in the library file. This defines the order of the pin to net connections as well as the pin types. An example from simlib.lib file is:




Again this is a simple format. The component name is defined on the .name line. Following the .pins line, each port is listed with its pin type. 

Valid pin types in the library file are:

in





input port to the module (this is the default if not specified)

out




output

io or i/o



both input and output

tri or hiz



tristate output. It can become high impedance

xfr or xfer or tran

a transfer gate or transistor source / drain
These pin types are used by the netlister to make sure multiple outputs are not shorted together or that every net has one output driving it, etc.

Other information can be back-annotated in the library file. In the example below:


The pin capacitance is inserted following the pin types. This is in units of pF. For the example above, the output pin “Z” of the buffered three input OR gate is 0.0302pF. The size of this standard cell is specified in wire channels, 7 wide and 12 high. Also the Boolean equation is provided for the gate. These are options to the EESIM simulator and are not required.

3.2 Spice Netlist

Refer to the example spice netlist below:


A hierarchical module in a Spice netlist is initiated by a .SUBCKT line

.SUBCKT   module_name    port1  port2 … portn

The port order is again used for the net to port connection order in the associated cell call. In Spice the cell calls are:

Xinstance   net1   net2  …  netn     /comp

The instance name starts with the character ‘X’. The signals are listed in order. The last item on the line is the component name. For a LVS CDL netlist it used to be required to have a slash in front of the component name but the slash is optional in EESIM. The module close with a .ENDS line.

***WARNING***

The top level must be defined in a .SUBCKT module similar to the CDL netlist convention.

3.3 Using Transistors

Transistors can be used in either the Blocks netlist or the Spice netlists. A transistor is defined by:

Minstance   drain  gate  source  bulk     tran_type     width    length

The instance name must start with the character ‘M” (it is not case sensitive). Width and Length are specified in microns. Normally you use the tran_type “N” for nchan and “P” for pchan but you can name them whatever you what as long as you create an associated primitive file.

The netlister inside EESIM does not distinguish between Block and Spice netlist files. You can name the file extensions anything you want as long as you make sure the EESIM.bat (or SSIM.bat) files use your specific file extension. Instead the netlister looks at the first character in the instance name to determine the format of each individual netlist line. 





U  instance


Block netlist line format





X  instance

Spice netlist line format





M instance

transistor line

EESIM determines the “strength” of the transistor by the width and length ratios. Most logic simulators have the concept of drive strength. In EESIM, strength is a floating point number closely associated with resistance.

3.4 Using Behaviorals

You may choose to simulate a particular cell or module in your design as a primitive, at the transistor level, or as a behavioral. The input netlist takes the first priority. If a module is defined in the netlist then it will be flattened with the rest of the design. If there is an instance of a cell call in the netlist and that cell is not hierarchically defined within the netlist then EESIM will look for the source code for that cell in one of the primitive directories stated in the sim.tec file.

Example: standard cells

It is normal to simulate the logic gate primitives for standard cells from the library. However, you can insert the transistor level Spice netlists in the top level of your netlist file in order to simulate every cell at the transistor level. It is common to simulate both levels after you create a new library to ensure the library definition matches the transistor level design.

Example: datapath cells

You may decide to simulate custom datapath cells at three levels: transistor, logic, or at a primitive level. The primitive level has advantages in both speed and timing analysis. Using a primitive for a custom datapath cell that contains a flip-flop will have the set-up times, hold times, min pulse widths, etc reported in the EESIM output engineering report. This presents you much more timing characteristics of your design.

4.0 Running EESIM

First set up a working directory for the circuit to be simulated. Create a directory (folder) called:

c:\eng\sim\circuit

where “circuit” is the name of the circuit to be simulated. All of the files specific to this circuit simulation should be copied into this working directory.

4.1 Required Input Files

Four files are required for your simulation run: the netlist file, the input vectors, the output format file, and the EESIM option file (sim.tech). Refer to the other sections in this manual for the requirements of each of these file formats. The input vector file and the format file are described in the “Getting Started” section of this manual. The option file (sim.tech) is described in detail below.

4.2 Optional Input Files

There are several optional files that can be helpful when simulating a circuit.

Initial Conditions File




ciruit.ic

You can force an initial condition for any net inside the circuit. Each line in this file should be:




signal_name

logic_value

where the signal_name contains the full path name as listed in the file: circuit.syn. The logic value can either be ‘0’ or ‘1’.

Replacement Capacitance File


circuit.rcp

Whether the engineer wants to or not, EESIM will estimate the capacitance on each net of the circuit in order to calculate the timing delays. The replacement capacitance file allows the engineer to over ride these values. The capacitance value in this file replaces the internally calculated value of the specified signal name. Each line in this file should be:




signal_name

Cap_pF



where the signal_name contains the full path name as listed in the file: circuit.syn.

Additive Capacitance File



circuit.acp

Sometimes the engineer needs to add more capacitance to a net over what is specified in the netlist. This file is helpful for adding output pad capacitance. Each line in this file should be:




signal_name

Cap_pF



where the signal_name contains the full path name as listed in the file: circuit.syn.

4.3 Technology File Options

All of the options for running an EESIM simulation are read from the ASCII text file:

sim.tec   (on the PC)



sim.tech   (in UNIX)

The format of specifying these options in sim.tec are:


4.4 Interactive Simulation

EESIM has an interactive mode. You enter the interactive simulation mode by specifying a time_break in the option file sim.tech.

The interactive simulator is useful to debug your simulation. If you have a situation where multiple tristate buffers can drive a bus and the simulation is showing contention problems then the interactive simulator will provide this data.

The current list of interactive simulator commands are:


An example of looking at a tristate node in isim is:


4.5 The Engineering Report

I was always troubled that a logic simulation run only provided, green light / red light, pass or fail results. The simulation did not tell you how much margin you have. A set-up time could be passing by the minimum simulation time tick and the engineer would not know about it. Static timing analyzers do provide timing margins but your logic design has to approach a pure synchronous methodology for meaningful results. Addressing this problem, EESIM is a dynamic timing analyzer that will output timing margins based on the input test vector pattern. Even though the design may contain multiple clocks, asynchronous designs, latches, etc. EESIM will collect the timing margins during the simulation and output a specified number of worst case occurrences of each timing spec to the engineering report.

The flip-flop and latch primitives collect the timing margin data. If you create the cell primitives using VLDL2C then these mechanisms are constructed automatically for you. There is no effort required by the user to obtain an engineering report. There are no inputs required similar to a static timing analyzer where multiple clock cycle paths need to be specified to prevent false errors. The EESIM engineering report is very dependent on the input vector pattern being simulated. Different test patterns may highlight different weaknesses in your design.

During simulation, EESIM outputs the engineering report file in the working directory named as:

circuit.eng

The number of occurrences output to the engineering report can be changed as an option in the sim.tech file. The default is 5 occurrences for many timing specifications. 

Timing Errors

At the top of the engineering report file will be a list of timing errors. If during simulation a timing error for a set-up time, hold time, min pulse width occurs then the output of the flip-flop or latch is set to (unknown) ‘X’ and the timing error is reported. Examples of a timing error report is:


Sometimes these errors may occur during initialization and are don’t cares. The engineer should be concerned and check every error reported. This timing is reported in simulation ticks and not in ns.

Set-up Time Margins

Set-up time is the delay from the desired D input change to the CLK edge transaction for writing into a flip-flop. If a set-up time is marginal then the propagation delay of the gates driving the flip-flop is too long. An example from an engineering report is:


The engineer can use the set-up time margin to determine the fastest clock rate his circuit will work at. Subtracting the minimum set-up time margin from the clock period will give the actual minimum clock period that would still properly function.

Hold-Time Margins

Hold time is the delay that the D input must remain unchanged following a CLK transition in order for correct operation of the flip-flop. An example from an engineering report is:


Hold-time margins have become much more important since the routed chips have become bigger. These numbers tell you how much margin the design has for clock skew. If this is a custom design, the engineer should delay the D input to the flip-flop to avoid changing too quickly. Depending on the route of the CLK metal line there could be enough delay difference that the new D data (instead of the old D data) gets written into the flip-flop. Engineers should build margin into their designs. This has become a very common problem.

Min Pulse Width Margins

Glitches on your CLK signal can be very bad. An example from an engineering report is:


If you are using gated clocks, be sure the logic implemented to define the clock does not glitch. Note that these signals without names are internal to datapath primitives in the above example.

Removal Time Margins

For flip-flops and latches with asynchronous sets and resets, the removal time is the delay from the reset (or set) going inactive to the next clock transition for proper operation of the flip-flop.




Worst Driven Nodes

These are under buffered outputs that have the largest rise or fall times due to wire capacitance.


Sometimes you do not care if a reset signal (in the example above) has a rise or fall time of 3.47ns. However, the slowest signals can indicate potential problems when simulating a different input vector pattern. The engineer should check these and mentally sign off on each signal. Slow rise and fall times may also cause unexpected problems when driving the input of some particular cell designs.

Toggle Test Report

EESIM stores how many times each signal transitions into 1 and transitions into 0. This provides a crude indicator of the completeness of the input test vectors.


AC Current Dissipation


Since EESIM stores each signal’s transition to ‘0’ and ‘1’, it can calculate the AC current dissipation.

 I = C dV/dT   or   I = C V f

In CMOS each signal goes rail to rail (V = the power supply). The power supply value, “voltage”, used for this calculation can be changed in sim.tech. The frequency, “f”, is an average calculated from the total number of transitions for each net over the entire simulation vector time stamp. The output current is the sum of all of the individual currents for all of the nets in the design.


Highest Signal Currents, Frequencies, and Capacitances

This data may be important for different reasons. The largest current dissipation will occur on internal nodes with the highest frequency and the highest capacitance. Many times these are the buffers that drive the internal data busses. There may be some surprises in the design that the engineer should review. This data can help in specifying power supply metal widths in the layout. Clock skew problems generally occur on large capacitive clock lines (which is not the same as the largest current). Those nodes should be reviewed.


5.0 Viewing the Waveform Outputs

The program, wave, is used to graphically view the simulation outputs. Unfortunately, this is one of the oldest programs and should be rewritten. Wave was originally written in DOS (not Windows) to view the output of another logic simulator that existed at that time (many of the EESIM file formats such as the input vectors, format file, and output files are compatible to early logic simulators). In DOS, wave used a mouse driver. Unfortunately Windows took away the use of the mouse driver so all of the commands are single keystrokes now. Wave was written using Borland Turbo C which requires a file, egabga.bgi, to exist in the working directory.

Wave was written to handle infinity large output files. The output data is “paged” so that one page can be displayed at a time. The size of a page is determined by how much fits into the internal program buffer. Viewing across page boundaries does not cause the user any problem. However, since the program works from stored transition times and not from user requested time stamps the window zoom can only be from signal transition times. At high zoom-in magnifications this may produce undesired displays.

To view the EESIM ASCII output file graphically type:

wave circuit.out

5.1 Cursor and Window Movements

<left arrow> and <right arrow>

Move the cursor to the next waveform transition left or right. If a signal trigger is selected then the cursor moves to the next transition of the selected signal. If the cursor is at the edge of the screen then the display will move half of the screen width.

<home> and <end>

Move the cursor to the screen left edge or the screen right edge.

<insert> or <delete>

Move the cursor to the screen center

<page down> and <page up>

Move the display left or right one full screen

<CTRL><page down> or <CTRL><home>

On the first time pressed, move the cursor to the start of the current RAM frame buffer. On the second time pressed, move the cursor to the start of the waveform vectors.

<CTRL><page up> or <CTRL><end>

On the first time pressed, move the cursor to the end of the current RAM frame buffer. On the second time pressed, move the cursor to the end of the waveform vectors.

   <CR> or <enter>

Center the window at the current cursor position

I

Zoom in 2x at the current cursor position

O

Zoom out 2x from the current cursor position

Z

Variable zoom command – this requires a second point to be entered by  <CR>. Since normal window movement is allowed between the first point (cursor position when Z is pressed) and the second point, this command can also be used as a variable zoom out.

F

Zoom out full. Max zoom out to the RAM frame size.

5.2 Marker Commands

A marker is a displayed vertical line at a selected time stamp.

M

Add or move marker to the current cursor position.

C

Clear the marker

5.3 Signal Trigger

Cursor movements can be restricted to the transition edges of a trigger signal.

<up arrow> and <down arrow>

Move the signal selection cursor at the screen left

T

Toggle the trigger on the current selected signal. When the trigger feature is used, right and left cursor movements are restricted to the next transition of the selected signal trigger.

· or <dash> 

Turn off the trigger

5.4 Other Commands

<ESC>

Exit the program

S

Change to the signal selection page

5.5 Signal Display Selection Page Commands

To format what signals are to be displayed or their display attributes type S from the main waveform display page. This displays a new screen with different key commands.

5.5.1 Cursor and Window Movements

<up arrow> and <down arrow>

Move the cursor to the next higher or lower signal.

<home> and <end>


Move the cursor to the screen top edge or the screen bottom edge.

<insert> or <delete>

Move the cursor to the screen center

<page down> and <page up>

Move the display down or up one full screen

<CTRL><page down> or <CTRL><end>

Move the cursor to the last signal in the full list

<CTRL><page up> or <CTRL><home>

Move the cursor to the first signal in the full list

5.5.2 Signal Edit Commands

M

Move the current selected signal. The destination is set by <CR>.

I

Interchange the current selected signal with another signal. The second signal is selected by <CR>.

C

Copy the selected signal. The destination is set by <CR>.

D

Delete the current selected signal. If there is enough room, delete is equivalent to moving the signal to the bottom of the list.

G

Create a group or a bus. G selects the first signal of the bus and then use L or M to select the second outside signal as either the group’s LSB or MSB bit. Presently groups are limited to 4 signals since only one hexadecimal character fits on a waveform display line. You will be prompted for a group name and the individual bits will be moved to the end of the signal list.

5.5.3 Scaling Commands

The number of waveforms displayed and the height of the waveforms can be modified.

T

Make the selected signal the top signal displayed

B

Make the selected signal the bottom signal displayed. Use of the T and B commands automatically set the vertical scale.

W

Change the number of waveforms displayed. You will be prompted for a new number.

S

Change the number of waveform positions used in the display. You will be prompted for a new number. With W and S commands you can change the scale so that with S=10 and W=7 there will be 7 actual waveforms displayed at a scale of 10 so that the bottom 3 waveform positions are left empty.

E

Equalize the scale to the number of waveforms

O

Optimize the scale for readability for the current graphics display screen being used. (waveform height equals text height).

F

Change the number of waveforms to the maximum number allowed to be displayed on the current graphics display screen.

5.5.4 Color Selection Commands

H

Change the high drive strength (values = 1 or 0) color for the selected signal. You are prompted for a color number as displayed at the screen top.

L

Change the low drive strength (values = H or L) color for the selected signal. You are prompted for a color number as displayed at the screen top.

5.5.5 Display Format File I/O Commands

Once you have the screen display set up you can save the format to disk to use in the future. These commands write out and read back the format from a disk file.

>

Write out the present display format to a specified disk file.

<

Read in a saved display format from an existing disk file.

5.5.6 Other Commands

<ESC>

Exit the signal selection page and return to the waveform display page.

R

Reset the signal selection to the original order as listed in the simulation output text file.

6.0 Creating Primitive Libraries

If you look in the primitive subdirectory you will see individual C source code files for every standard cell in the library. It may be tempting to modify these files by hand or to write your own primitives directly in C. This would be very time consuming and error prone. Instead, there is a program called VLDL2C that writes the C code for the primitives. VLDL stands for “Very Low-level Descriptive Language”.

A little bit of history…  The first program that I know of, that synthesized to standard cells came from University of California, Berkeley.  This program, misII, was widely used by the semiconductor industry. It only “mapped” (that is what we called synthesis then) Boolean equations into a netlist of combinatorial gate standard cells. It did not handle flip-flops or latches. To design a chip using misII, the engineer still drew schematics. All of the flip-flops, latches, etc were drawn in the schematic but a large empty hierarchical block would be inserted for the combinatorial logic. No gates would be drawn for these blocks. When the netlist was generated the equation file for these blocks were run through misII and the misII created netlists were later combined with the schematic generated netlist. This worked very well. This design methodology was called “RTL” for register transfer logic.

It was hoped that the next generation of synthesis software would be able to work from a true behavioral format so that schematics would no longer be required. This turned out to be to difficult to implement in software. They were able to eliminate the schematics but the engineer still had to write the code very carefully so that it synthesized flip-flops and latches correctly. The promise of a true flexible behavioral input was never realized and the synthesis companies regressed to calling the input code “RTL” instead of behavioral.

Many engineers have difficulty writing RTL code that synthesizes latches (especially latches with asynchronous resets). One engineer that I respect became frustrated enough that he just instantiated a latch from the standard cell library in his RTL code. If the RTL needed to map to a different library then that instance would need to be manually changed (but it was only done once). His design required a latch for a PCI bus interface.

I can now explain the philosophy of VLDL. Boolean equations are used in a flexible format. However, instead of trying to get an “IF statement” to map to a latch or an “ALWAYS” statement to map to a flip-flop, VLDL just uses flip-flop and latch macros. There is no library dependence. VLDL inserts the code for a latch with options for asynchronous sets or resets and various polarity options. VLDL is very pragmatic in that the function created is visually obvious.

The other feature of VLDL is a short hand notation for simple combinatorial gates. An algorithmic notation is used to define the logic function of any gate. In the primitive input file, any gate can be completely defined on one line. Since the notation is short, it is easy to visually check that the pin names and component name are correct for the library cell.

VLDL is just used to create the logic function of the primitives. These primitives can be used to simulate immediately. However, the timing delays still need to be annotated into these primitives. This procedure is described later.

6.1 Algorithm Names for Gates

A VLDL file for the primitives needs to be created for running vldl2c. It is standard to name this file:

library.prm

Where “library” is a descriptive name for the primitive library.

Simple gates can be defined using only one line by using an algorithmic name. The naming conventions are as follows:

Inverters



I   (also used as a suffix)

Buffers



B

AND gates



A#

OR gates



O#

Complex gates


A#O#  or  O#A#

where the pound sign ‘#’ represents the number of inputs directly to the gate. The syntax for a gate definition is:

Library_component_name
Algorthimic_name
in_pin_1  in_pin_2  in_pin_n … out_pin

Examples:

INV  I  I1 Z






(an inverter with pin names I1 and Z)

BUF  B  I1 Z






(a buffer with pin names I1 and Z)

AND2  A2  A B Z





(two input AND gate with pin names A B and Z)

NAND2  A2I  I1 I2 Z




(A2I specifies a two input NAND gate: I means inverted)

ND2  A2I  A B Z





(two input NAND again with a different library name)

OR4  O4  A B C D Z




(four input OR gate with library name OR4)

AOR  A22OI  A1 A2 B1 B2  Z


(AND-OR-INVERT complex gate)

When writing the algorithmic name for complex gates, think of a schematic with columns of similar type gates feeding another column of the opposite type of gate. Each single digit number represents the number of inputs to the immediate gate type.

CG1   A23O    A1 A2 B1 B2 B3 Z   
(2 input AND & 3 input AND feeding an OR gate)

CG2   A2O1I   A1 A2 O1 Z

 (2 input AND feeding an NOR gate, 1 other direct input to NOR)

CG3   O2A1O1  A1 A2 B1 C1 Z


(2 input OR feeding a 2 input AND feeding a 2 input OR)

Note that the pin ordering is set for the algorithmic naming convention. The pin names are in order of the inputs specified on the name left to right with the output always last. This usually matches most library requirements but if not then you can not use this method of defining the primitives.

6.2 General Primitive Syntax

When a library cell becomes too complicated for the algorithmic naming convention then it must be specified using a more general syntax. The VLDL primitive syntax is:

Component_name

IN:   input_pin_list

OUT:   output_pin_list

TEMP:  internal_variable_list

{……equations or other functional description }

END

The library component name is on the first line followed by two lines listing the input and output pin names. If any other variables are used that are not pins then they must be listed using the TEMP: line. One or more lines of equations or other functional description is provided terminated by an END line. The following example is a description for a 2 to 4 decoder which has 4 outputs:


6.3 Boolean Equation Formats

When vldl2c was written there were several different Boolean equation notations used by other popular programs. These different formats can be used in the primitive description.

Inversion Syntax Options:



Z = !A;

Z = ~A;


Z = /A;

Z = -A;

Logical AND Syntax Options:



Z = A & B;


Z = A * B;


Z = A ^ B;

Logical OR Syntax Options:



Z = A | B;


Z = A + B;


Z = A # B;

All equations should be terminated with a semi-colon.

6.4 VLDL Macro Functions

Higher level functions such as flip-flops, latches, tristate buffers, etc. are handled by VLDL macros. These macros are simply inserted along with the equations. Each macro placement describes what signals are connected to the macro pins. For example: A=D would indicate that the variable "A" would connect to the "D" function of the macro (the D input of a flip-flop or latch for example). Most macros have optional connections: if one wants a reset on a flip-flop you can have "var=R" or if no reset exists then you just leave it off. If a function is not used then the behavioral is written without the non-required code. The flip-flop and latch macros can have both Q and QB outputs or either one (one is required though). All asynchronous reset and set inputs are active high. Active low clocks and enables are denoted by a -N or -L suffix on the macro name. The pin order is not significant.

VLDL has the following macros:
%FF  var1=D var2=S var3=R var4=CLK var5=Q var6=QB
%FFN var1=D var2=S var3=R var4=CLK var5=Q var6=QB
%DL  var1=D var2=S var3=R var4=EN  var5=Q var6=QB
%DLN var1=D var2=S var3=R var4=EN  var5=Q var6=QB
%ML2 var1=D1 var2=E1 var3=D2 var4=E2 var5=Q var6=QB
%B3S  var1=I var2=EN var3=Z

%B3SL var1=I var2=EN var3=Z

All macros start with a percent character. FF is a flip-flop and DL is a latch. The –N suffix is used for active low CLK or EN. ML2 is a 2 input mux-latch where the mux select and latch EN’s are the same. B3S is a tristate buffer and B3SL is a tristate buffer with an active low OE. Examples:


6.5 Datapath Cell Primitives

Actually datapath primitives are just slightly more complicated than standard cell primitives. There is nothing new to describe but it is worthwhile to show a few examples.


Shown above is the VLDL for one bit of an ALU. An ALU cell is purely combinatorial so there are no macros. This is a standard generate-propagate logical-function-unit style design.


Shown above is the operand latch that feeds the ALU. This has an EXOR on the latch output so that either inversion can be selected (the inversion is required for subtraction, the add 1 is done by forcing the carry input to the ALU LSB).

6.6 Running VLDL2C

Create a new subdirectory and copy your primitive file (library.prm) into it. VLDL2C also requires a license file called vldl2c.lic copied into the primitive directory (try from c:\bin). Run the program from a MSDOS window by:

vldl2c   library.prm

7.0 C Behavioral Models

Although I do not recommend it, an engineer can write his own C code for the behavioral models. Before the present VHDL and Verilog RTL became popular, I know of a large telephone company that required C coded behaviorals for each of their megacells. C behaviorals were widely used once.

7.1 Behavioral Basic Format
Shown below is the C code generated by vldl2c for a 2 input NAND gate.


This is a standard C subroutine. Two variables for identifying the netlist instance are the first two parameters in the subroutine call. The pin names passed as subroutine parameters are integers for the index number of the signal database (called node numbers inside EESIM). There is a comment that is used to identify how many per instance memory bytes and per instance signals must be reserved and added for this behavioral.

Inside the behavioral, the variables are handled as char True of False variables to simplify any Boolean equations. The char values for the signal pins are obtained at the beginning of the behavioral by using the function:

char Val(int signal_index); 

This function returns the char value of the signal from the large signal database records. Similarly, once the output value(s) are determined then a new event must be scheduled for changing that signal value. This is done by the Set_val routine:

void  Set_val(int node, char value, int tim_type, float *timing_set, long T_start, long *T_end);

The “if(Done_already)” routine is there to prevent multiple executions of the same behavioral on the same simulator time tick.

7.2 Per-Instance Signal Variables
The VLDL syntax automatically handles a complication in writing the primitives.  Each signal is stored inside the EESIM simulator as a database containing multiple records. The Boolean equations done in VLDL are calculated using simple char True or char False values in the C program. Once the output value is calculated, the C code handles modifying the larger signal database to the new value by setting a new event. EESIM is an event driven simulator. No signal can change instantaneously. Every signal change has some finite delay. A new event is scheduled to change the value of the signal at some time point in the future.

Some of the VLDL macros require that the macro pins be the full signal database and not just a C char value. For a flip-flop, both the Q output and the CLK input must be the full signal database. If CLK and Q are not external pins on the primitive then vldl2c automatically adds them as hidden pins. These will appear as un-named signals in the engineering report. Q is required to be a signal since a flip-flop is a memory device. Any internal variable in a C subroutine will lose its value after the code returns. The signal database is external and retains its values until modified. CLK is also required to be a signal since the functionality of a flip-flop requires a clock transition. The program needs to know the last value of CLK as well as the present value of CLK to determine if a transition has occurred.

7.3 AC Timing Checks

The timing delays for propagation delays are handled through a 12 value floating point array as:


All of the tplh and tphl delays are specified in ns. The output loading delta_tplh and delta_tphl parameters are in units of ns/pF. You can view how this array is specified in the ND2 examples above. When vldl2c first generates the primitives the propagation delays are specified to be used as a “unit delay” simulation where each gate delay is 1.0ns and the delta delays are zero. This numbers then need to be modified to the spice simulation results from the cell characterizations.

Other timing parameters for flip-flops, latches have a similar format:


Where D to CLK is the set-up time for min, typ, max and CLK to D is the hold time for min, type, and max.

7.4 Memory Behaviorals

For memories such as RAMs, ROMs, etc. the engineer needs to write a behavioral description. An example of a dual port RAM is below:


There are several new features used in the register file example. This register file is basically a RAM that has two data bus ports A and B that are addressed by the REGA and REGB 7 bit buses. This dual port RAM allows you to read from the memory to both the A and B buses simultaneously. The memory can only be written from the A data bus.

7.4.1 Allocating Memory

Memory behaviorals will require extra bytes inside the simulation for storage. The behavioral tells EESIM that it requires extra bytes of storage on the top comment line as shown. This is done using the “per-instance memory bytes” option. For this example, 128 bytes are reserved. The index to this storage array is “mem_loc” which is now the first parameter passed to the C subroutine. If the per-instance memory bytes value is greater than zero, then the subroutine parameter list must be changed to begin with “mem_loc”.

7.4.2 Using Per-Instance Memory Bytes

The behavioral requests EESIM that an array of bytes be reserved specifically for this instance. This behavioral can be placed multiple times in the netlist and each instance will have a unique “mem_loc”. EESIM allocates a block of memory for all of the behaviorals starting in memory pointed to by “mem_start”. The array for this instance starts at “mem_loc” number of bytes from the beginning of “mem_start”. Then access one byte within this instance’s array by using an integer variable “addr” as the byte address.

Reading from the memory to an integer variable can be done as:

Data = *(mem_start + mem_loc + addr) & 255;

Writing the memory from an integer variable can be done as:

*(mem_start + mem_loc + addr) = Data & 255;

7.4.3 Functions for Quick Logic Tests

The generic function “Val” which has been described before returns the logic value of the node. There are numerous other functions available that return True or False if the node is a specific value.

char
Val0(node)


returns True if node = ‘0’

char
Val1(node)


returns True if node = ‘1’

char
ValX(node)


returns True if node = ‘X’

char
ValZ(node)


returns True if node = ‘Z’

char
Val01(node)


returns True if node = either ‘0’ or ‘1’

char
ValXZ(node)


returns True if node = either ‘X’ or ‘Z’

char
Val(node)


returns the present logic value for the node.

char
ValL(node)


returns the last logic value for the node.

char
ValL0(node)


returns True if the last logic value = ‘0’

char
ValL1(node)


returns True if the last logic value = ‘1’

char
ValLX(node)


returns True if the last logic value = ‘X’

char
ValLZ(node)


returns True if the last logic value = ‘Z’

char
ValL01(node)

returns True if the last logic value = either ‘0’ or ‘1’

char
ValLXZ(node)

returns True if the last logic value = either ‘X’ or ‘Z’

char
Event(node)


returns True if the node has transitioned.

char
Stable(node)


returns True if the node has remained at the same value.

char
LH(node)


returns True if the node has transitioned from ‘0’ to ‘1’

char
HL(node)


returns True if the node has transitioned from ‘1’ to ‘0’

double  Resistance(node)
returns the resistance (strength) of the node.

7.4.4 Packing and Unpacking Buses

Per-instance memory is always reserved by bytes. Nodes inside EESIM are individual bits. It would be shameful to waste an entire byte inside the per-instance memory array to store a single bit. Thus functions exist to pack and unpack bytes to 8 individual nodes. Of course only ‘0’ or ‘1’ node values are applicable for packing (no ‘X’s or ‘Z’s).

8 bus nodes to 1 integer variable

Bus2int takes the 8 node values of bus7 through bus0 and writes the integer *bint. If the node value of bus3 is ‘1’ then the 4rth LSB bit of the integer *bint will be ‘1’ else it will be ‘0’. If less than 8 bus nodes exist then just input a negative number (such as –1) for the subroutine parameter and that bit will be ignored.

void  Bus2int(int *bint, int bus7, int bus6, int bus5, int bus4, int bus3, int bus2, int bus1, int bus0);

1 integer variable to 8 bus nodes

Int2bus will set events for each of the nodes bus7 through bus0 based on the integer value of bint. The timing delay for setting the events is obtained from the floating point array *tdly.

void  Int2bus(int bint, float *tdly, int bus7, int bus6, int bus5, int bus4, int bus3, int bus2, int bus1, int                             bus0);

1 char variable to 8 bus nodes

Val2bus sets events for each of the nodes bus7 through bus0. All 8 nodes are set to the same value: bus_val. This is useful for tristating an output bus. The timing delay for setting the events is obtained from the floating-point array *tdly.

void  Val2bus(char bus_val, float *tdly, int bus7, int bus6, int bus5, int bus4, int bus3, int bus2, int bus1, int bus0);

7.4.5 ROM and PLA Behaviorals

ROM or PLA memories are read only during the simulation. They are initialized before the simulation starts by EESIM reading in the program code from an ASCII text file. This code file is always named: component.rom

where “component” is the component or module name of the ROM or PLA. Unlike RAMs, since an initialization file is used, there should be only one occurrence of the ROM in the library. If two ROMs with the same name are instantiated then both ROMs will be initialized to the same data. The ROM data code is input byte wide to match the byte wide width of the per-instance memory reserved. If a 16 or 24 bit output ROM is desired then the ROM initialization file still has to be programmed as if it is byte addressable. 

The component.rom file has a header section followed by the data section. There are two options in the header file. Options in the header file always start with a period.

.A


The data section is formatted by: address   data.  Otherwise no address field is expected

.0


This is the default value in case not all addresses are specified (logical ‘0’ or ‘1’).

The address and data are read in as hexadecimal values.

Below is the C behavioral (tstrom.c) for a  16 byte ROM:


Below is the initialization file (tstrom.rom) for the ROM:


8.0 AC Modeling

The dynamic timing analysis feature of EESIM requires a decent AC model. There are several aspects to this problem. The standard cells need to be Spice simulated and all of the timing delays updated back into the primitive files created by vldl2c. The pin capacitances of each cell must also be calculated and those values updated back into the primitive library file. For a pre-route model, the wire capacitance per fan out needs to be specified in the sim.tech file. For post-route simulations the capacitance of every wire must be extracted and updated into the circuit.rcp file.

8.1 Capacitance Parameters

Before the EESIM simulator requirements are specified, some background knowledge about capacitance is discussed. Various capacitance parameters need to be input to the programs to define the AC model. Finding and calculating the capacitance using the correct input units may not be obvious. This section explains the different capacitance parameters, where to find them in the process documents, and how to modify the values for the correct input units. Examples are also provided to help make sure your decimal point is in the correct place.

Gate Capacitance

The gate capacitance is a parallel plate capacitance between the gate electrode (usually poly) and the transistor channel (substrate or well).

Gate_cap =  (Weff * Leff) * ((eox * eo) / tox)

Where Weff * Leff is the transistor gate area that equals the effective transistor Width multiplied by the effective transistor channel Length.  The width and length of the transistor is specified on each transistor call in the spice netlist file and are typically in the units of microns (10-6 meters). (eox * eo) is the permittivity of the gate dielectric which is typically silicon-dioxide. eox  of silicon-dioxide is 3.9 and eo (the permittivity of space) is 8.854 * E-12  F/m. Note that some fabs may not use pure silicon-dioxide so the permittivity of 3.9 might be slightly different. The gate oxide thickness, tox, is specified in the spice transistor model (as TOX). It is usually specified in angstoms (E-10 meters) or nanometers (E-9 meters) and a typical value may be 100A or 10N.

For the following units: Cap-gate in fF (E-15 F), W & L in microns (E-6 m), and oxide thickness in angstroms (E-10 m) then:

Cap_gate_in_fF =  Area_in_sq_microns * 345.306 / tox_in_Angstroms

For a given process, the engineer should calculate the gate cap in units of fF/ for reference. For the example of a 65 Angstrom gate oxide, the gate cap is: 5.31 fF/2.  In the future as the processes scales further and the gate oxide becomes smaller, expect the gate capacitance to increase accordingly.

Transistor Overlap Capacitance

This is the transistor gate to drain or gate to source capacitance. There may be some side diffusion underneath the gate plus there is the fringing field capacitance from the gate to diffusion. These capacitance values can be found in the spice model as the CGSO or the CGDO parameters. For example, “CGSO=120P” in the spice model would be 120*10-12 F/m. Using 1015 fF/F and 106 /m this becomes 0.120 fF/  overlap capacitance.

Diode Capacitances

The transistor source/drains are reversed biased diodes to the substrate or wells. This can be thought of as a parallel plate capacitor with the plate distance being the width of the diode depletion region. If the doping of the diffusion is increased, then the depletion region width decreases, which increases the capacitance. In some processes, the sides of the source/drain diffusions may touch a higher doped field implant than the doping concentration of the substrate or well beneath the diffusion. Thus it is common for the diode capacitance to be specified with both an area value (capacitance underneath it) and a perimeter value (the side capacitance). For both n-type and p-type diodes this requires four diode capacitance parameters: n_area, n_perimeter, p_area, and p_perimeter.

These values can be found in the transistor spice models. For both the n-type and p-type transistor models there will be parameters called “CJ” (area junction capacitance) and “CJSW”  (side-wall or perimeter junction capacitance). For the area, a spice model parameter “CJ=260U” is 260*10-6 F/m2 which is equal to 0.260 fF/.  For the perimeter, a spice model parameter of “CJSW=620P” is 620*10-12 F/m or 0.620 fF/.

Layout Diode Size Estimation

The diode area (2) and perimeter () values can be estimated from the transistor width size as specified in the spice netlist. The assumption is that every transistor layout shares it source and drain with another equal sized transistor adjacent to it. Thus the contribution of the diode for every transistor would be estimated as half of the spacing between two adjacent transistors. This half spacing, called “hdiff”, is the poly gate to contact spacing layout rule plus half of the contact size. These values can be found in the layout rule document for the process.

Metal Capacitance

In modern processes with multiple layers of metal and the metal thickness becoming larger than the metal widths, the metal capacitances have parallel pate, fringing field and coupling capacitance components. Some foundry houses publish “electrical design rules” which have some numbers for the capacitances of the various metal layers. In order to calculate the metal capacitances independently, the thickness and width of each metal, the dielectric distance and permittivity, and the layout rule spacings must be known. Hopefully the metal thickness, dielectric distances and dielectric permittivity will be listed in the electrical design rules or some other presentation material from the fabrication house. The metal widths and spacings that the place and route software will use is typically the same as the minimum metal width and spacing in the layout design rule document.

The metal capacitances can be calculated using the program dat2lpe. This program will calculate metal to metal capacitances for multiple layers. An input data file (process.dat) that has all of the process information is required. To run this program type:

dat2lpe   process.dat

The calculated capacitances will be output to a process.cap file.

An example of the input process data file (*.dat) file to dat2lpe and one metal to one other metal (multiple layers to other multiple layers are calculated) is:


8.2 Pin Capacitance

The program vldl2c will create a library file in addition to creating all of the C code for each cell. This library file is described in this manual in the 3.3.1 section. Each pin name is listed with its pin type. Following the pin type the line should also include the pin capacitance. If there is no pin capacitance listed on the line, then EESIM will use the default number as specified by the:

default_pin_cap=  0.1

line in the sim.tech file. These capacitances are specified in pF. Note that every pin, input, output, etc has a pin capacitance. As EESIM flattens the netlist, the capacitance for all of the pins on a node are added together along with the wire loading to create the full signal capacitance.

The pin capacitance can be calculated and inserted into the library file by using the program spc2pin. This program scans through the cell library spice netlist and adds together all of the gate, overlap, and diode capacitances for each pin and writes a new library file that has the pin capacitances correctly inserted. The engineer must calculate and provide the capacitance data in the spc2pin.tech file:


All of the area capacitance data is in units of fF/2 (note fF = 1E-15 F), the perimeter data is in units of fF/ and the length data is in microns. Most of this data can be found in the spice models. The transistor gate area capacitance may take a little calculation. The transistor overlap and the diode area and perimeter capacitances are directly taken from the spice models. “hdif” is from an Hspice diode capacitance model where the source/drain diode area is calculated using the layout design rule from the edge of the gate to center contact spacing (=hdif). 

In a MSDOS window, gather together the spice netlist, the library file, and spc2pin.tech and type:

spc2pin   netlist.spc   standard_cells.lib 


The output library file with the calculated pin capacitances is written to:   

standard_cells.new

8.3 Pre-Route Wire Capacitance Model

During the design phase prior to the netlist being routed, EESIM must estimate the wire capacitance on each node. EESIM uses the same pre-route capacitance model as the early gate array companies. This model is based completely on fan-out. Using statistics from prior routes, a node with 4 devices connected to it will have X wire capacitance and a node with 5 devices connected to it will have Y wire capacitance. The gate array companies used different wire capacitance numbers for different size routes (small chips, medium chips, large chips) and of course different processes. 

Note that this model is really very poor. To obtain these numbers, the capacitances should be extracted from actual routes of a similar circuit, similar gate count, and the same process to obtain the average capacitance for equal fan-outs. Having looked at these statistics myself, I have found that while there is a trend for the wire capacitance to increase with fan-out that the variance is quite large. The variance is particularly extreme for gates with a fan-out of one. Sometimes you have an inverter that just drives the standard cell next to it (wire cap is extremely small) and sometimes the inverter has to drive a cell completely across the chip (wire cap is extremely large).

A later generation pre-route model would try to guess the placement that the router will use for the standard cells. Logic gates are clustered together to minimize the number of wires interfacing between clusters. Wires that remain inside these placement “clusters” have lower capacitances over wires that interface between clusters. Of course a pre-route program trying to guess the cluster algorithm of some unknown place & route program is likely to have differences. Even using the same software with the same place & route engineer, multiple routes will have drastically different capacitances on some nodes. As it turns out this is just a model. You can not be assured of more accuracy for the wire capacitance until after the chip is final routed. However, an engineer may know before routing that certain signals will have to be routed across chip that only have a small fan-out. This is usually true for wires running to the pads and custom blocks such as memories. This concern can be addressed by adding capacitance using either the additive or replacement capacitance files in EESIM. An example of a sim.tech specified wire capacitance data is:




8.4 Adding Capacitance

For pre-route, the capacitance of each node is calculated by summing all of the pin capacitances connected to that node and then adding in the wire capacitance based on the number of cells interfacing to that node. Sometimes the engineer needs to add more capacitance. For example, the output buffer may be specified to drive a 15pF load. To add more capacitance use the additive capacitance file: circuit.acp as described in section 4.2 of this manual. This ASCII text file should be in the working subdirectory of the circuit simulated. The input format is:



signal_name


Cap_pF

Use the full signal name with the full path as the name is listed in the circuit.syn file.

Sometimes the engineer may desire to add more wire capacitance based on a prediction that the wire will have a longer route than the calculation based on fan-out. Most process foundries will document the process capacitances in an electrical rules document. Numbers can be obtained for different metal layers that use the minimum wire widths that the router uses. Estimate the capacitance to run 100 mils and then scale that number to your estimated addition route length.

8.5 Post-Route Models

After the design has been routed, the metal capacitances from the layout can be determined and back annotated into the simulator. This provides a much-improved AC model.  

8.5.1 Back Annotation from a Router

One of the easiest methods of calculating the metal capacitances is from the “wire” files generated by the place and route software. These wire files have the length of each layer of metal routed for each node. The length values for each layer of metal can be multiplied by some average value of capacitance that the engineer should choose from the dat2lpe output. There are separate wire files for each metal layer routed. The capacitances should be summed together and output to the replacement capacitance file: circuit.rcp.

· In sim.tech, use the: “recap_file= add” option line.

· In sim_tech, zero out all the wire capacitance fan-out inputs.

· Create a circuit.rcp file from the wire files in the simulation working directory.

Node capacitance = (pin cap summation) + (circuit.rcp) + (circuit.acp)


The pin capacitances are still added together from the values in the .lib file. The output capacitive loading can still be separately input using the “add capacitance” file. 

8.5.2 Back Annotation from a Layout Extraction

A program such as Dracula LPE can be run to calculate all of the capacitance on each node. Most extraction programs calculate all of the capacitances including the pin capacitance. In this case it is desired that the circuit.rcp file overwrite any capacitance that EESIM tries to calculate internally. 

· Do NOT use the sim.tech option for “recap_file= add”. Delete this line.

· Create a circuit.rcp file from the extraction values.

Node capacitance = (circuit.rcp) + (circuit.acp)

8.7 AC Cell Characterization

This section of the manual describes how to use the program acchar to automatically run spice simulations on a standard cell set (or datapath cells) to characterize propagation delays, set-up times, etc. and then update the AC timing back into the vldl2c created C behaviorals.

Running this many spice simulations and manually reading the simulation outputs can be very time consuming and error prone. The program acchar greatly simplifies this task. The engineer does have to generate a basic test netlist for the cells to be characterized. From the simple netlist, acchar will:

· Create the hspice simulation netlist including the test timing inputs

· Run each spice simulation

· Read the output of the spice simulation and update a timing table with the results.

· Update a master AC table with the recent results from the local AC table

For propagation delays, acchar will run 6 spice simulations: min, typ, max at two different capacitive loadings. For set-up times, hold times, etc. acchar calls these “pass/fail” tests. Multiple spice simulations are run each with a different input timing. The timing from the last simulation that passes is saved in the AC table. Typically the gates, latches, flip-flops are characterized in different subdirectories by individual acchar runs. When the master AC table is complete then the timing is inserted into the C behaviorals using the ac2c program.

8.7.1 Required Input Files

test.blk

Input netlist (the engineer must originate this file).

acchar.tech

Option file for acchar (just edit the existing file).

acchar.lic

License file for acchar (try c:\bin).

subckts.spc

Spice netlist for all of the standard cell sub-circuits.

models.dat

Spice models for the desired process.

cells.lib

Library file (same as used by EESIM).

master.tbl

Master AC table.

8.7.2 Generated Output Files

go(test)

Script file for running the acchar characterizations for “test”.

acchar.cmd

Self-generated command file for running the required tests.

test.tbl


AC table for the requested tests.

master.tbl

The master AC table is updated (also an input).

8.7.3 Create an acchar Script File

The acchar program executes on an UNIX computer. First create a working subdirectory to run the desired characterization tests. Copy into the working directory all of the required files. The only required file that the engineer has to create from scratch is the input netlist. The input netlist requirements will be described later. Edit the acchar.tech file and modify all of the options. Then to create a script file type:

acchar

(note acchar alone – no parameters). The following screen is displayed:


All of these file names can be set in the acchar.tech file as defaults. To change any input, type the corresponding number and the program will prompt you for a new value. The test parameter is only used for the “pass/fail” tests. For propagation delays do not change #5. When done type 0. Two output files will be created: the script file and the command file.

Do not edit or be alarmed by the command file.  If you look at the created script file (“go…”) it contains multiple executions of the acchar program. Each of these program runs have numbered options that acchar obtains from the command file to determine its function and variable input. The acchar has different functions such as writing a spice deck, reading the spice output, or updating the master AC table.

8.7.4 Netlist Format

Presently acchar only inputs a Blocks format netlist. This is a very simple format that is described in this manual in section 3.1. The details of how to set up the netlist for characterization is described later depending on the type of characterization test required.

8.7.5 acchar Technology File

The options for running acchar are read from the acchar.tech file which should be in the working directory.

8.7.5.1 File Names

At the top of acchar.tech, the default file names are entered inside the .param section:


These are the default file names used when creating the script file.

8.7.5.2  Parameter Inputs

Following the file names, multiple other parameter options are input:


Most of these options are self-evident. The “lib_min” option is for the name of the corner spice model in the model file. You can change the capacitive loading, the rise and fall times, the input voltage VIL & VIH, the power supply, the trigger point to measure the outputs at, and other details. The timing parameters are the default timing delays (in ns) used in the input waveforms (described next).

8.7.5.3  Test Waveforms
Each test waveform has a name such as .lt_dly for latch delay or ff_ts_0 for flip-flop set-up time 0-1. the syntax for defining the waveforms and how to measure the outputs is a bit difficult. Hopefully all of the test waveforms ever needed already exist in the present acchar.tech file. For example, the test waveform for measuring propagation delays on gates (this is the simplest) is:


The spice voltage input is always “PWL” format. The numbered lines (1,2,3 here) are all the possible time point where the input voltage makes a transition. Time 1 is “t_in” (t_in=2.0ns in the .param section). Time 2 is “1 + t_cy” or 22ns. Time 3 is “2 + t_cy” or 42ns. Following that is the line that describes how to generated the actual voltage input in the spice netlist. “VI1” starts at VIL, transitions high at time point 1, and then transitions low at time point 2. 

The measure statements instruct acchar what to measure and where is measure the spice outputs. 

Measure  0   1 2  I1     * I1 to Z tplh

Measure the AC spec #0 (AC specs are described next) between time points 1 & 2 on all output pins found to transition in this time range. The input pin name of the component connected to the “I1” net is the first pin. The output pin connected to the transitioning signal in the i/o list is the second pin. All delays are defined by pin to pin AC specifications in acchar. In this case it is measuring the input pin to output pin propagation delay.


In the above flip-flop example, the output “passes” if there is a transition between time points 3 & 5. The AC spec #6 is the flip-flop set-up time specification.

8.7.5.4  AC Specifications
Prior to the waveform test patterns listed in the acchar.tech file is the description of AC specifications. This primarily tells the program how to format the output written to the output AC table file.




An example of the specifications formatted to the output AC table for a simple latch component (note that this is the shortest example I could find with pass/fail tests) is:


8.7.5.5  Header Format

At the bottom of the acchar.tech file is the header section. These are the lines written at the beginning of the hspice simulation netlist. The spice netlist is created by first writing this header, then including all of the spice cell sub-circuits, then a spice version of the Blocks netlist, followed by the input voltages, etc.


8.7.6 Gate Delay Characterization

In order to characterize the propagation delays of the gates in the standard cell set:

1. Create a working directory for the gates.

2. Copy the following files into this directory:

a. Blocks netlist for the gates

b. acchar,tech

c. acchar.lic

3. Modify the acchar.tech file to point to the correct file names.

4. Type: “acchar”

a. Make sure the file names are correct.

b. Select either the “gates” or “gates2” waveform.

c. Type ‘0’.

5. Run the script by typing “gogates”.

Six different spice simulations are run: min, typ and max process corners with two different output capacitive loadings.

8.7.6.1 Creating the Blocks Netlist for Gate Delays

The should be one instance for every pin to pin delay measured on a component in the netlist (in other words there can/should be multiple instances of the same component). The other pins should be tied to either power or ground in order for the desired input pin to cause an output transition. The Blocks netlist header does not need to be specified since acchar ignores it anyway. All component output pins are identified to be output in the spice deck. The input signal needs to match the name of the input voltage specified in the “gates” timing in acchar.tech (I1 for the gates timing). The actual name of the instances or the output signals does not matter (acchar finds the pin names of the transitioning signals automatically). It is only necessary to characterize one pin of a group of pins with similar delays (although you can characterize every pin individually if so desired). Example:


8.7.7 Set-up Time Characterization

Set-up times are a “Pass” test. That means that the circuit passes (has the correct functionality) if a transition is found in the required time range. Hold times are “Fail” tests since they fail functionality if the output transitions in the test range.

Pass/Fail tests require multiple simulations. To test set-up time, the timing parameter “t_su”, needs to be varied from a minimum value to a maximum value using a desired timing step resolution. Since three corner simulations are also run, this means 3 * ((max-min) / step) simulations. This can be a lot of spice simulations that can take a long time to execute. The program will check the results of each simulation and update the AC table with the minimum passing values found. If the circuit fails all simulations in the specified range then the table will contain the phrase “fail”.

Set up working directory for each timing set characterized. Copy the netlist, acchar.tech and acchar.lic files to the working directory. Run acchar. Below is an example for flip-flop set up times while creating the script file:


Specify the timing parameter to be varied as input #5 (the set-up time: t_su above). Then the minimum, maximum and step values must be specified for the range that the set-up time will be varied for the multiple spice simulations.

The only new concern in creating the characterization netlist for flip-flop set-up times, etc, is that there are more input signals in the test waveform. Be sure the netlist matches the input voltages names in the acchar.tech test waveform specification.


8.7.8 Master Script File

I suggest setting up many working directories for each timing set to be characterized. Then manually create one master script file that changes to each working directory and runs the local script file. This way, if the standard cell library need to be characterized for a new fabrication process, only the standard cell spice sub-circuit netlist and the spice model file needs to be modified. 

8.7.9 Output AC Characterization Format

Below is an example from a master AC table output:


8.7.10  Updating the Timing in the C Behaviorals 

Copy the master AC table to the simulation library directory that contains the C behaviorals for the cells. Type:

ac2c master.tbl

where “master.tbl” is the name of the master AC table. All of the individual C behaviorals for every component will be updated with the new timing information.

9.0 Generating Input Vectors

CYCVEC allows an engineer to write test vectors in a very high level language for a logic design. CYCVEC is actually a C program skeleton to which the engineer adds his own routines in C to create his test vectors and then the code is compiled and executed. CYCVEC has standard routines that simplify the test vector generation that the engineer calls in his code. The syntax of these standard routines is similar to other test vector creation programs except that with CYCVEC you write directly in C on any computer that has a C compiler and you can take advantage of any C language debuggers or support programs available. Also CYCVEC is cycle based which means that timing information is contained in the vectors and the vectors generated will be able to be directly transferred to an IC tester.

A cycle is a repeating period that is kept constant for the test. For most designs this will be the bus timing or read/write cycle time. Each signal is allowed to pulse within a cycle (up to two edges). The timing of these edges are defined independently for each signal which models a “timing set per pin” IC tester. The signal edge timing used in each cycle can be changed at any time within CYCVEC but generally is set only once. Most IC testers only allow one strobe pulse at the end of the cycle (for comparing to expected vectors). Thus it is important to keep a constant cycle time through out the vectors. Within the CYCVEC program, the engineer defines the timing sets for each signal and then writes a program that modifies the signal values which are output a cycle at a time. It is easy to program accurate AC timings using CYCVEC by adjusting the edge timing relationships between different signals within a cycle.

The CYCVEC program looks for two specific C subroutines that the engineer is required to write: Init_pins and Test_vectors. The user can write any other additional routines that would be called by the two required routines. In Init_pins the user defines the pin list of the device under test. Any signal listed in the vector output file must be defined in Init_pins. The actual test vector code is put in the routine Test_vectors. There are standard function calls that are used for setting signal values, timing sets, etc which are a part of CYCVEC. Otherwise anything allowed in C is allowed in the program flow. The output vector listing is compatible to the MACH simulator or the EESIM simulator tabular format.

9.1 Required Routines

There are two specific subroutines required by CYCVEC.

9.1.1 Init_pins()

All of the pins must be defined within this routine using Define_pin. The pin name, pin type (IN, OUT, or IO relative to the device under test) and the initial value is required. If there are any pins used for the logic simulation but not for the fault simulations then they can be specified using No_fault_sim. Busses can be grouped if they are not already in the standard bus format by using Create_bus_bit. 

9.1.2 Test_vectors()

This routine is the user written code that generates the test vectors. It is usually a good idea to make this routine mostly calls to other user written routines. That way the vectors can be kept modular and certain tests can be inserted or commented out during the debug of the logic design. The user must define the cycle time by setting the global variable “test_cycle” (test_cycle = 1000; may define a 100ns cycle with 0.1ns resolution depending on the simulator format). Then typically the timing sets are defined by using Pulse_time. After that the user inserts his code or his function calls for his vectors.

9.1.3 Required Routine Examples



9.2 CYCVEC Command Line Options

-d

Turn on the debug messages which are printed to the standard output device.

-f

Output the vectors in the fault simulator format.

9.3 Standard Functions

void Assign_bus(char *bus_name, int index1, int index2, int new_val);

Assign_bus forces a bus to a integer value input. You should use Set_bus to force a bus to a character string value. The bus name must be of a default format that has a constant prefix followed by an integer index (like DBUS5 or A7). To set D3, D2, D1, D0 to the value 12 decimal, pass bus_name as “D”, index1 as 3, index2 as 0, and new_val as 12. The two indexes can be in either order.

void Create_bus_bit(char *signal_name, char *bus_bit_name);

Create_bus_bit is used to group signals into busses that are not of the standard format. Basically this is done by synonyming signal names to new user created signal names that are in the standard bus format. Create_bus_bit synonyms signal_name to bus_bit_name which should be (but does not have to be) a bit of a bus in the format of a prefix name followed by an integer index. Create_bus_bit must be called uniquely for each different signal name desired to be grouped. After a new signal, bus_bit_name, is created by Create_bus_bit then any use of that signal name by any other routine will directly access the original signal_name synonym values. The new user created signal, bus_bit_name, should not already exist.

void Cycle();

Cycle outputs the next full cycle of vectors. This can be as many different time stamps as required by the different timing sets defined for all of the transitioning signals. If the signal value has not been changed by a Force, Set_bus, etc function call for this cycle then the last value set or the initial value of that signal is output.

void Define_pin(char *signal_name, char *pin_type, char init_val);

Define_pin is used inside the Init_pins routine (see the Required Routines section above) to define and initialize each pin on the part. An example of a pin name is “RESET”. The pin type must either be “IN”, “OUT” or “IO”. The signals are initialized to any character but typically init_val is ‘1’, ‘0’ or ‘Z’.

void Equate_bus_time(char *bus_name, int index1, int index2, char *signal_name);

Equate_bus_time is used to set the timing set for an entire bus. Pulse_time is used to define the timing set for an individual signal and could be used to set a bus if it is called multiple times for each bit of the bus. First, Pulse_time is used to define the timing set for one signal, signal_name, and then Equate_bus_time is used to equate the timing sets of each bit of the bus to that signal. This base signal, signal_name, may or may not be a bit of the bus being equated. The bus is of the standard format where bus_name is the prefix and index1, index2 is the range of the indexes to be set.

void Force(char *signal_name, char new_val);

Force is a very basic routine that just sets a signal to a new value. An example of a signal name is “RESET”. An example of new_val is ‘1’, ‘0’ or ‘Z’.

int Hex_2_int(char *hex_value);

Hex_2_int is an utility routine that converts a character string to an integer value. For example: 

k = Hex_2_int(“1A”); will return the integer value k = 26.

void No_fault_sim(char *signal_name);

CYCVEC can generate test vectors for the fault simulator as well as the logic simulator. Sometimes additional pages of logic are simulated which you would not want to fault simulate (for example: expected data latches and comparators). No_fault_sim is used inside the Init_pins routine to exclude these pins from being output in the fault simulation vectors. For the fault sim vectors you need to run CYCVEC with a –f command line option and to define all of the output pins using Define_pin.

void Pulse_off(char *signal_name);

If a signal is defined as a clock in the timing sets then that signal can be selectively turned on or stopped from clocking using Pulse_on and Pulse_off.  Note that pulses (as opposed to clocks) do not need to be pulsed off. Pulses by definition only pulse for one cycle while clocks are free-running until they are pulsed off.

void Pulse_off_bus(char *bus_name, int index1, int index2);

Pulse_off_bus turns off pulsing for an entire bus. The bus is of the standard bus syntax where bus_name is the prefix and index1, index2 is the range of indexes affected. See Pulse_off. Pulse_off_bus should only be used for turning off a bus of free-running clocks.

void Pulse_on(char *signal_name);

Pulse_on starts a clock or turns on a pulse for the next cycle. Every clock must be initially turned on by Pulse_on since the default is to have it off after it is defined by Pulse_time. Note that the Rtn_to_? timing sets do not require Pulse_on since they are triggered by a Force call.

void Pulse_on_bus(char *bus_name, int index1, int index2);

Pulse_on_bus turns on pulsing for an entire bus. The bus is of the standard bus syntax where bus_name is the prefix and index1, index2 is the range of indexes affected. See Pulse_on. Pulse_on_bus should only be used for turning on a bus of free-running clocks.


void Pulse_time(char *signal_name, int type, int start, int stop);

Pulse_time is used to define the timing set for each signal. The type must be one of the valid timing patterns described below. If not defined by Pulse_time, the default is a Normal type timing with a start time equal to 0. The start and stop times are the offsets measured from the beginning of the cycle where the pulse occurs. Note that stop is measured from T0 of the cycle and NOT from the start transition. When a pulse is defined, start >= 0, stop > start, and both start and stop must be less then test_cycle. Note that T0 is within the cycle but (T0 + test_cycle) is outside so if you want a high pulse at the end of a cycle you should actually define it as a low pulse at the beginning of a cycle. Since you can not define a transition at (T0 + test_cycle). Not every type of timing set uses both start and stop. For example, the high and low frequency timing sets use start as the frequency multiplier and ignore the stop parameter. The valid timing set types are:

Normal

Change on cycle start or delay from start (stop is ignored).

Pulse High

start and stop define a high pulse for one cycle.

Pulse Low

start and stop define a low pulse for one cycle.

Clk_high

start and stop define a high pulse for a free running clock.

Clk_low

start and stop define a low pulse for a free running clock.

HFreq_clk

start defines a frequency multiplier for a free running clock that is clocking at some multiple of the defined cycle (stop is not used). HFreq_clk is the only timing set that provides more than 2 transitions within a cycle.

LFreq_clk

start defines a frequency divider for a free-running clock that is clocking at some division of the defined cycle (stop is not used).

Rtn_to_0

start and stop defines a pulse for the signal’s forced value surrounded by 0 for one cycle.

Rtn_to_1

start and stop defines a pulse for the signal’s forced value surrounded by 1 for one cycle.

Rtn_to_Z

start and stop defines a pulse for the signal’s forced value surrounded by Z for one cycle.

Rtn_to_C

start and stop defines a pulse for the signal’s forced value surrounded by the compliment of the forced value for one cycle.

void Set_bus(char *bus_name, int index1, int index2, char *new_val);

Set_bus forces a bus to a character string value. You should use Assign_bus to force a bus to an integer value. The bus_name must be of the default format that has a prefix followed by a numeric index (like DBUS5 or A7). To set ADDR6, ADDR5, ADDR4, ADDR3 to the value “FA”, pass bus_name as “ADDR”, index1 as 6, index2 as 3, and new_val as “FA”. The two indexes can be in either order.

void Set_bus_bit(char *bus_name, int index, char new_val);

Set_bus_bit is a useful routine for inside for loops. It forces one bit of a bus where the bus index is passed as an integer. An example would be:

for(i=0; i<8; i++) Set_bus_bit(“D”, i, ‘1’);

void Toggle(char *this_value);

Toggle is a little utility that changes this_value to ‘1’ if it was ‘0’ or vice versa.

char Val(char *signal_name);


Val returns the present value of a signal.

9.4 File Conventions and Compilation

The user should put his C code in a separate disk file named “vcircuit.c” where “circuit” is the name of the design. At the top of the file should two include statements:

#include “cycvec.h”

#include “cycglob.h”

Inside the user written C code must be the two routines: Test_vectors() and Init_pins().

On a UNIX computer, you need to create a Makefile for the compilation. An example of a Makefile is:


Then to compile your program just type: make.

9.5 Programming Techniques

There are several useful program techniques that help readability and modularity. 

Defining Constants

For program readability, register addresses and commonly used configuration data bus values should be given identifying names. This is done using the define statement in C. For example:

#define STAT_REG  “5”

allows you to use the self-documenting name STAT_REG for passing the status register address.

Modularity

Most circuits have some independent test patterns that can be debugged in a modular manner. It is best to put each independent test into their own subroutine which is then called by Test_vectors(). Also, pass a character flag to each of these subroutines to selectively include or exclude the desired test vectors. The circuit initialization should always be put in a unique subroutine. Then if only one test set needs to be evaluated, the initialization routine and the specific subroutine for the desired test is included and all of the other vectors are excluded.

Comment Outputs

The output vectors are a large table of ‘1’s and ‘0’s that can be difficult to follow. Comments can be written to the tabular vector output file. There is a global character string variable named: T_comment that can be set by the user to an output comment. CYCVEC outputs this comment on the next cycle and then resets the character string to NULL. If the user does not set T_comment during a cycle then no comment is output.

Using Busses

Busses need not be defined in CYCVEC if the bus name is of the standard format. The standard format for a bit in the bus is a fixed prefix (such as “D” or “CAS” or “ADDR”) followed by an integer index. Valid signal names within a bus are: “D6”, “CAS1” or “ADDR4”. Specifying a bus operation requires passing the bus prefix and the index range. If bus_name is passed as “CAS”, index1 is passed as 0 and index2 is passed as 3 then “CAS3”, “CAS2”, “CAS1” and “CAS0” will be affected. This gives you more flexibility since the index ranges can be changed at will throughout the program for various operations. If you need to create a bus from signal names that are not in this standard format then you should use Create_bus_bit to synonym those signal names to new names in the standard bus format.

9.6 Program Example

Without an example it would be difficult to write a program from scratch. Shown below is an example.

At the top of the program include the required header files. Then define constants for register addresses, etc to make the program more readable.

Any subroutine the user writes must be defined in C. The function declarations section defines the user subroutines.

The top level is Test_vectors. In the example, the timing sets are defined and then subroutines are called for each independent test vector set. By changing True or False the parameter passed to each vector routine will either include or exclude those vectors from the next run.

One of the test vector routines (Isolate) is shown (the full vectors are not shown in this example). If the passed parameter is False the routine exits immediately. Since the example design mainly operates for bus read and writes, those functions are done in user subroutines. Most of the cycles are done inside of those subroutines. There are many Set_bus examples shown.


(continued on next page….)



10.0 Standard Cell Layouts

Although not actually directly related to EESIM, creating the layouts for the standard cells is also a problem worth solving. A program, wrgsl, will write the GDSII format layouts for the standard cells. The input descriptions are design rule independent. A design rule file can be modified to match the layout rules of a desired CMOS fabrication process.

10.1 History & Philosophy

Prior to wrgsl I had a fair amount of experience in creating standard cell libraries even going back to non-self-aligned metal gate with 12 channel lengths. Arguing with layout designers that they could squeeze another ¼ micron out of a cell layout width was painful when a cell library could have over a hundred cells. I talked to a design group from Singapore that boasted they had created their standard cells using symbolic layout. I tried both a CAD company’s symbolic software as well as trying to write a symbolic layout software tool myself. My conclusion was that the symbolic technique had problems since there was not enough “context” in how the layers were used. I needed to know if the end of a poly path was ending up to a poly contact or being used as the end of a transistor gate in order to manipulate the design rule dimensions.

Also at this time IC routers were going from 2 to 3 layer metals. With more metal layers, the routing tools were centering the metal paths on a major grid instead of collapsing the channels to minimum layout rule spacings. If every metal layer was tightened to its minimum rules then the other layers had trouble connecting to them with VIAs. By staying on a major grid it also avoided all of those nasty metal jogs that had to reduce process yields.

I also developed a lot of experience scaling the custom layouts from one set of layout rules to another. The transistor layouts scaling was a separate problem from the metal layers scaling. I found that if the transistor layouts were done carefully to the same pitch of the metals then scaling the layout rules became easier.

The program, wrgsl, stands for WRite Grid Structured Layout. The concept is that every x,y coordinate has some design rule calculation from a major metal half grid. The layout rules for the transistor pitch is equated to the metal interconnect pitch. Instead of starting with a graphical symbolic input wrgsl uses an ASCII command file with a simple short syntax. The complete GSL description for an AND-OR-INVERT standard cell is:


Between my wife and myself, GSL descriptions exist for a cell library with over 400 different standard cells. These layouts have been used in mass production (hard to say exactly but over 50 million ICs) with excellent yields.

The GSL cell widths are very competitive (width is more important than height). Instead of defining 1 gate = 4 transistors, a gate can be defined in metal widths. 1 gate = 3 wires. Any inverting gate width is equal to the number of pins in wire widths (3 input, 1 output pin is 4 wire widths). For some process layout rules where the transistor pitch was greater than the metal pitch, GSL has an option to bend the poly gates between contacts. If bent poly gates are allowed, most processes can be metal pitch limited and the GSL cell widths are fundamentally as small as possible.

Being honest there are several slight disadvantages of the GSL cells. 

1. The height of the cells is larger than some other libraries. Realistically the GSL cells are 12 wires high. The smallest cell library I have seen is 10 wires high.

2. Some of the metal pins are in metal2. Most libraries try to use only metal1 and below. However, the only metal2 straps in GSL are on pins that have to connect and be routed anyway. This is not as bad as it first sounds. 

3. Finally, the GSL layouts are laid out with the pchan widths equal to the nchan widths. The rise times are weaker than the fall times. There is a GSL option to stretch the pchans to increase their widths if desired.

A program on the PC called egsl can help graphically edit and create the GSL descriptions. Originally, the PC version of wrgsl was neutered so that it could not output the GDSII database. The GDSII database had to be written on the UNIX version of the software that was tied to a HostID number. Thus this standard cell generation required executing programs on both a PC (for the graphics) and the UNIX system.

10.2 GSL Syntax

Note that all the x and y dimensions in GSL are on the metal pitch half grid (the center of each wire width as well as the center point in the spacing between the wires).

newcell cell_name

This starts a new cell. The command phrase must start with “new”.

use  new_rules

This is not commonly used. Switch to a different set of layout rules as found in the file new_rules.

data  x   y

This is not commonly used. Define this cell as a datapath cell and set the cell maximum x and y dimensions.

str   n_bot  n_top  p_bot  p_top

This is not commonly used. Define new “street” positions for where the power supply bussing and ground bussing runs.

pwr  vcc_top  vcc_bot  vcc_cont  vcc_well

This is not commonly used. This defines a new Vcc bus position.

gnd  gnd_top  gnd_bot  gnd_cont  gnd_well

This is not commonly used. This defines a new Gnd bus position.

place  x  y  cell_name rotation

This places a cell (such as a contact, etc) at the x,y grids. The command phrase must begin with “pl”. Rotation is an integer number for one of the 8 possible rotations and mirrors.

end

End the cell description.

nd   x1   x2

Draw a tub of n diffusion between x1 and x2 grids. The y grids are defaulted.

pd   x1  x2

Draw a tub of p diffusion between x1 and x2 grids. The y grids are defaulted.

nc   x_place  y_bend  bot_dir

Draw the gate poly for a nchan transistor at x grid = x_place. The gate bends at y = ybend and the direction of the bend (L or R) is set by a character input bot_dir.

pc   x_place  y_bend  bot_dir

Draw the gate poly for a pchan transistor at x grid = x_place. The gate bends at y = ybend and the direction of the bend (L or R) is set by a character input bot_dir.

pst  x  bot_dir  top_dir

Draw the interconnect poly strap between a top pchan and the bottom nchan gates. The bot_dir and the top_dir are character L or R inputs for the gate bend directions.

input  x  con_dir  signal_name

Draw a gate input port at grid x. Con_dir is the direction L or R off center. Signal_name is the character string for the name of the pin. Command phrase must begin with “inp”.

port  x  y  signal_name

Place a metal 2 port at the grid x, y.

wire   layer   x y  x y ….

Draw a wire on layer between the x,y grids listed.

wide  layer  layer  x  y

This is not commonly used. Draw a wide rectangle on layer to the x y grids.

rec   layer   top_x  top_y  x  y

This is not commonly used. Draw a general sized rectangle on layer to the x y grids

text   pin_name   x y

Add port name at x y.

ypl  cell_name  y  x1  x2 …


Place multiple cells on a common y grid at each of the listed x grids.

xpl  cell_name  x  y1  y2 …


Place multiple cells on a common x grid at each of the listed y grids.

gnd   x1  x2  …

Place multiple ground contacts at each x dimension. (y is default).

gnd2  x1  x2  …

Place dual ground contacts at each x dimension.

vcc   x1  x2  …

Place multiple power contacts at each x dimension. (y is default).

vcc2  x1  x2  …

Place dual power contacts at each x dimension.

pwell  x1  x2 …

Place multiple pwell contacts at each x dimension. (y is default).

nwell  x1  x2 …

Place multiple nwell contacts at each x dimension. (y is default).

gc   x   type  gate_dir

Place a poly contact at the x grid with poly interconnect to a gate. Type is either N or P and gate_dir is the bend direction of the gate.

m1c   y   x1   x2 …

Place metal 1 and multiple contacts with the same y but at multiple x grids.

m2c   x   y1   y2 …

Place metal 2 and multiple VIAs with the same x but at multiple y grids.

m1m2c  x1 y1    x2 y2    x3 y3   x4  y4

Metal 1 strap – metal 2 strap – metal 1 strap. Contacts on xy1 and xy4, VIAs on xy2 and xy3.

I-num_gates   x   LR_bot  LR_top    y_bnd_bot   y_bnd_top

Place multiple poly gates for both nchans and pchans with the interconnecting poly starting at left-most x. The bottom and top gate bends must be either L or R and their directions toggle as the gates move right. The y grid numbers for the bottom and top gate bend locations are integer inputs.

10.3  WRGSL Command Line Options

To run WRGSL type:

wrgsl   cellname.gsl   -option

The command line options are:

-ac  row_cells

Outputs a top-level structure in the GDS database that contains every cell place separated in both X and Y in an array. This is useful for creating a plot for manual checking the standard cell layouts. The integer value “row_cells” specifies how many cells are placed in each row.

-lvs  row_width

Outputs a top-level structure in the GDS database that contains every cell placed together as standard cell rows. The long integer value “row_width” is the length of the rows in GDS units (typically 1000 GDS units equals 1). Also an EDTEXT file is output and the top-level spice sub-circuit netlist is generated. The resulting GDS database can be used for both DRCs and LVS.

-g

Outputs a visible grid for the vg display on a PC.

-r

This is an option for router pinning.  All metal 1 and metal 2 will be output as rectangular polygons instead of paths. This is a requirement for some router pinning programs. I advise using this database only for pinning and to use the paths for the final database.

-m1

Move most pins to metal 1. Some of the 3 layer metal routers and the gridded gate array routers work better if the standard cell ports are in metal 1 instead of metal 2. Not all of the pin ports can be done in metal 1 but most of the input pins can be optionally changed to metal 1. The program vg will correctly display the use of this option.

-no45

Use 90 degree bends for the bent gates. This was a requested option and I do not advise using it.

-lib file.lib

Output a library file containing the cell size information in grids.

10.4 Required Input Files

· cell.gsl
This is the gsl description for the layout. When the gsl is being created all of the standard cell gsl descriptions are kept in separate files. For the final wrgsl run, concatenate all the cell gsl’s into one library gsl file.  This can be dome in DOS by “copy *.gsl all.txt” and then rename all.txt to all.gsl.

· layout.rul   -  Inputs the layout design rules for the desired process

· layer.tech   -  Defines the GDS layer numbers and display colors.

· wrgsl.lic     -  The required license file.

10.4.1  Layout Design Rule File

GSL is layout rule independent. WRGSL writes out a GDS database based on a specified layout rules.


It is best to edit an existing rules file for a new process. The program uses the left-most rule number and the right-most dimension. The center rule description is a comment and is ignored.

Determining the “major grid” sets the actual size of the cells. During read-in, wrgsl does its own DRC on these layout rules. If the major grid is set too small, then wrgsl will output DRC error descriptions. The major grid size should be made as small as possible without creating any wrgsl DRC errors. By comparing the minimized major grid size between two different processes, the ratio of these two numbers almost always (I have never seen an exception) equals the realistic scaling factor for two custom layouts drawn to those layout rules (no bent gates should be specified).

There are actually many different options for the layout rules but all of them would be confusing so they are not described in this manual. GSL has been used to layout memories, datapath cells and pads so the input formats have various options. Presently, GSL will likely only be used to create design rule independent standard cell libraries so it is best to stay close to the examples.

10.4.2 The Layer File


The layer.tech file is used to change what GDSII layers are output. This is simply a list of the names for each drawn layer with a GDSII layer number. Multiple drawn layers can be output to the same GDSII layer as shown that the three different poly layers (interconnect, pchan gate, nchan gate) are all output to the same layer number. Also the color used for the display on the PC is listed as one of the 16 EGA color numbers.

10.5 Basic GSL design

To create a simple cell, inside a MSDOS window: 

· edit a circuit.gsl file

· wrgsl  circuit.gsl

· vg ciruit

wrgsl will output the cell graphics and the program vg will view the graphics on the PC.


pdiff 1 5

Similar to “ndiff” above except it is for a p-type diffusion and the default y grids are 16 and 22.

pwellcon, nwellcon, gnds, vccs

These GSL statements describe where the well, ground, and power contacts are placed. The Vcc metal 1 bus runs at the top of the cell and the ground metal 1 bus runs at the bottom of the cell. These metal 1 buses are large enough to have a contact either to the diffusion (drawn above) or to have a contact to the well (outside of the drawn diffusion). The y grids for all of these contacts are fixed and defaulted.

I1  2  R L  3 3

I1  4  L R  5 1
First place an nchan-pchan pair of gates at x=2. Then place another pair at x=4. This type of layout may appear to be “gate-array-ish”. However, with the bent gates, these transistors fit nicely under the metal. All four transistors of the 2-input Nand are created with these two statements. Normally, one ‘I’ statement places several pairs but the second pair here as a different bent gate position.

place  CNDIFF  5 4

place  CPDIFF   3 16
Place the diffusion contacts on the output of the nchans (in series) and the pchans (between them).

wire  m1  3 16  5 16  5 18

wire  m1  5 4   5 6
Place a couple of metal 1 wires from the output contacts to where the metal 2 output strap will be.

m2con  5  6 18

Place the metal 2 output strap at x=5, with VIAs connection to the above metal 1 wires.

inprt  1  T  I1

inprt  3  B  I2
Place the two input ports, I1 and I2 at x=1 and x=3. These are between the nchan and pchan layouts.

text  Z  5 12

Place text for the output pin Z at x,y =  5,12.

end

End the cell description.

10.6  Contact and Via Cell Names

CNWELL

N-diffusion contact to the nwell

CPWELL

P-diffusion contact to the pwell

CNDIFF

N-diffusion contact

CPDIFF

P-diffusion contact

CPOLY

Metal 1 to poly contact

VIA1


Metal 2 to Metal 1 VIA

VIA1P


A VIA1 over poly

M2PORT

Allows optional metal 2 VIA port to be only on metal 1

10.7 Creating GSL Cells Using EGSL

A GSL editor program exists to help create new GSL cells. To run egsl, in a MSDOS box, type: egsl.

The program first prompts for two file names. The assumption is that any new cell is an edit of an existing cell. If a new buffer version is required of several gates then the buffer section needs to be drawn only once. Each new buffered cell is first copied from the original non-buffered version and then the buffer section can be copied over and connected.

“Enter name of the input GSL file:”

This is the file name of an existing GSL cell from which you will be copying. This cell remains unmodified.

“Enter name of the output GSL file:”

This is the name of the new GSL cell description that you are editing. This cell can be new (never existed) or an existing GSL description. If it is new, you need to “copy” the old GSL over before the “view” command works.

10.7.1 EGSL Commands

? 

Show the list of the available EGSL commands.

Add

Adds a section of the input gsl file to the output gsl file. This command prompts for the “X min”, “X max” and the “X distance .. to be moved”. Make sure the data does not overlap after the add or it will be difficult to edit. Also see “undo” command.

Copy

Copy the input gsl file to the output gsl file. This makes an exact duplicate of the input file.

Delete

This deletes a text line in the output gsl file. Use the command “list” to see the line numbers.

Erase

Erase an area of the layout. This command prompts for the “X min” and the “X max” area that should be deleted.

Flip

Flips nchan and pchan layouts. This can be used to turn NORs into NANDs etc and sometimes can be used to turn flip-flops with reset into a flip-flop with a set.

Group

Groups together diffusions and vcc-gnd contacts. This is useful to clean up layouts after an add operation.

Input

Change the name of the input file name. For example, many times the output gsl file starts as a copy of one input file and then an add from a second input file.

List

List the output gsl text file description.

Move

Move a X region by a delta.

Output

Change the output gsl file name. There is no save – the output gsl file is written after every edit.

Push

Push a line in the output gsl file.

Quit

Exit EGSL

Rotate

Rotates or mirrors an X region of the output gsl file. X min becomes X max and vice versa.

Type

Type in a new text line for the output gsl file.

Undo

Undo the last edit. This is useful to figure out some moves, rotated, etc.

View

View the output gsl graphic layout. EGSL just uses the VG program for this function. Type <ESC> to get back to the EGSL command prompt when done.

Write

Over-write an existing line in the output GSL file. There is no other line-editing feature so if a typo is written then the entire line needs to be over written.

Ymove

Move a Y region by a delta.

10.8 Interconnecting GSL cells

Use EGSL to create and edit cells. If you are building a memory or a datapath using gsl cells then placing the cells together and connecting should be done outside of EGSL. Use any normal layout editing tool to place the GSL created cells and connect them with metal paths. Then output a GDS database from the layout editor and use the program “gds2gsl” to create a gsl representation from the GDSII layout. This is only good for cell placements and wires. Then a complete GSL representation can be created that is design rule independent for future projects.

For any questions contact Robert Plachno at:


.SUBCKT testpg0  A2 D0 D1 MUX0 SEL Z2


VSS VSS 0


VCC VCC 0


X3 SEL N011531  /INV


X4 D0 N011531 N00682  /ND2


X5 SEL D1 N00685  /ND2


X6 N00682 N00685 MUX0  ND2


M8 Z2 A2 VCC VCC P 20 0.25


M9 Z2 A2 VSS VSS N 10 0.25


.ENDS





A2;


D0;


D1;


SEL;


$


0000    0000


0100    1001


0200    0011


0300    1010


0400    0100


0500    1101


0600    0111


0700    1110





A2;


D0;


D1;


MUX0;


SEL;


Z2;





name: MPUCLL


type: block


revision: A


*


i/o:   DI DO RD RDB WR WRB


*


U1  DLQ   DI U2_Z U1_Q


U2  OR2B   WR U3_Z U2_Z


U3  INVB   WRB U3_Z


<some lines deleted>


*


name: MPUFFLG


type: block


revision: A


*


i/o:   EI EO FI FO NEXTRD RD WRSO


*


M1    U1_D WRSO U2_D GND    NCHAN  5 0.8


M2    U2_D RD GND GND    NCHAN  5 0.8


 < some lines deleted>


*


name: MPU401


type: block


revision: A


*


i/o:   A0 CK3MHZ DI0 DI1 DI2 DI3 DI4 DI5 DI6 DI7 IORB IOWB MPUCSB MPUIRQ


+      MPUMSI MPUMSO MPUWAKE MXD0 MXD1 MXD2 MXD3 MXD4 MXD5 MXD6 MXD7


+      XRSTB


*


U1  MPURCTL   REC_IDLE BD_CLK U1_RD0 U1_RD1 U1_RD2 U1_RD3 U1_RD4 U1_RD5


+      U1_RD6 U1_RD7 REC_RSTB R_DATA REC_STOP


<some lines deleted>


*





.name  ND2


.pins


I1  IN


I2  IN


Z  OUT





.name  ND3


.pins


I1  IN


I2  IN


I3  IN


Z  OUT





.name  OR3D


.size_wires  7  12


.assign Z = (A1 | A2 | A3);


.pins


A1  IN      0.0225


A2  IN      0.0225


A3  IN      0.0225


Z  OUT      0.0302





.SUBCKT testpg0  A2 D0 D1 MUX0 SEL Z2


X3 SEL N011531  /INV


X4 D0 N011531 N00682  /ND2


X5 SEL D1 N00685  /ND2


X6 N00682 N00685 MUX0  ND2


M8 Z2 A2 VCC VCC P 20 0.25


M9 Z2 A2 VSS VSS N 10 0.25


.ENDS





        primitive= /simlib           {path to primitve behavorals}


        primitive= /simlib2          {multiple path to primitve behavorals}


        {note multiple "primitive=" paths can be defined to be searched}


        lib_def= primitive.lib       {library pin definitions, mult OK}


        lic_path=  /bin              {path to eesim.lic}





        time_break= 20100            {enter isim at break value}


        print_start= 1000            {delay the output from printing


                                      until this timestamp}


        print_strobe= 100            {print out at these increments}





        corner= min                  {sim at min,typ,max corner values}


        time_mult= 10                {input vector time multiplier}


        rcap_file= add               {add or replace function for .rcp}


        hier_char=  /      {netlist flattening hierarchy path delimiter}





        Chan_length= 0.8             {process channel length for cap est}


        Default_pin_cap= 0.1         {pin cap used if none in .lib file}


        WCap_est0= 0.01              {full wire cap array set value}


        WCap_est1= 0.01              {wire cap array[1] set value}


        WCap_est128= 0.01            {wire cap array[128] set value}


        {note that WCap_est1, WCap_est2, etc. are wire fanout factors}





        syn_table= 5000              {number of netlist synonyms}


        fcomp_table= 600             {number of netlist components}


        sig_table= 5000              {number of netlist signals}


        inst_table= 5000             {number of instances}


        trc_table= 15000             {number of traces}


        comp_table= 600              {number of library components}


        lib_table= 10                {number of library paths}





        ts_max= 5                    {number of set-up time margins held}


        th_max= 5                    {number of hold time margins held}


        pulse_max= 5                 {number of pulse width margins held}


        removal_max= 5               {number of removal time margins held}


        Wdn_max= 10                  {number of worst driven nodes held}


        notog_max= 10                {number of no toggles to either held}


        notog0_max= 10               {number of no toggles to 0 held}


        notog1_max= 10               {number of no toggles to 1 held}





        voltage= 5.5                 {the power supply voltage value}


        I_max= 10                    {max signal currents held}


        F_max= 10                    {max signal frequencies held}


        C_max= 10                    {max signal capacitances held}














        add sig_name        add a signal to the output list.


        break time          set a new isim time (integer) break point.


        delete sig_name     delete a signal from the output list.


        display             redisplay the signal list.


        events              show the outstanding events.


        help (or ?)         list isim commands.


        quit (or exit)      exit the simulation program.


        run                 continue the simulation run.


        set sig_name val    change a signal value by setting an event.


        show sig_name       show all information for a signal.


        spacer column       toggle a spacer in the output list.


                 step                Interactively process next event.








isim> show u4/X0





                LAST        PRESENT         NEXT         INSTANCE


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


value:             0              0                                     combined tristate


time:             22             22


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


value:             1              1                     0              u4/u16/M1


time:             10             22                  23              res= 1.000000e+06


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


value:             X              0                                    u4/u16/M2


time:             21             22                                   res= 6.070000e+02


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


resistance= 6.070000e+02,  cap= 0.736000,  total->0= 1,  total->1= 1











*** ERROR *** Min pulse width error at time= 42


  \_signal= pisig: #1566, inst= u5/u66/U2, actual= 3, spec= 10


*** ERROR *** Set-up time error at time= 406


  \_signal= u5/SUM13, inst= u5/u68/U2, actual= 8, spec= 10


<lines deleted>


28 timing error(s) detected.





***************************


*** Set-up Time Margins ***


***************************


margin= 9,   inst=  u4/u1/u41/U1,   signal=  U9_DO7,   time= 19


margin= 9,   inst=  u4/u1/u42/U1,   signal=  U9_DO6,   time= 19


margin= 9,   inst=  u4/u1/u43/U1,   signal=  U9_DO5,   time= 19


margin= 9,   inst=  u4/u1/u44/U1,   signal=  U9_DO4,   time= 19


margin= 9,   inst=  u4/u1/u32/U1,   signal=  U9_DO0,   time= 19





*************************


*** Hold Time Margins ***


*************************


margin= 1,   inst=  u5/u64/U2,   signal=  u5/SUM1,   time= 40


margin= 2,   inst=  u5/u70/u1/U1,   signal=  u5/u70/u1/U2_Q,   time= 40


margin= 2,   inst=  u5/u70/u2/U1,   signal=  u5/u70/u2/U2_Q,   time= 40


margin= 2,   inst=  u5/u70/u3/U1,   signal=  u5/u70/u3/U2_Q,   time= 40


margin= 2,   inst=  u5/u68/U1,   signal=  u5/SUM12,   time= 408





*******************************


*** Min Pulse Width Margins ***


*******************************


margin= 320,   inst=  u5/u64/U1,   signal=  pisig: #1557,   time= 1442


margin= 320,   inst=  u5/u64/U2,   signal=  pisig: #1558,   time= 1442


margin= 320,   inst=  u5/u64/U3,   signal=  pisig: #1559,   time= 1442


margin= 320,   inst=  u5/u64/U4,   signal=  pisig: #1560,   time= 1442


margin= 320,   inst=  u5/u68/U4,   signal=  pisig: #1572,   time= 24542





****************************


*** Removal Time Margins ***


****************************


margin= 5,   inst=  u1/U13,   signal=  CPU_RST,   time= 3543


margin= 38,   inst=  u1/U99,   signal=  RESET,   time= 3197


margin= 345,   inst=  u1/U152,   signal=  u1/U741_Z,   time= 3893


margin= 348,   inst=  u1/U151,   signal=  u1/U740_Z,   time= 3893


margin= 355,   inst=  u1/U150,   signal=  CPU_RST,   time= 3893





**************************


*** Worst Driven Nodes ***


**************************


delta delay=       3.47,   signal=  CPU_RST


delta delay=       1.90,   signal=  u1/IDEC_A1


delta delay=       1.72,   signal=  u1/ALU_CMD


delta delay=       1.38,   signal=  u1/IDEC_A0


delta delay=       1.28,   signal=  PUSH





**************************


*** Toggle Test Report ***


**************************


1619   Total signals excluding power and ground. The following signals


are those that do not toggle as specified:





2   Never toggle to either a 0 or 1.


   ROM48K


   u1/U760_Z





83   Never toggle into a 0.


   EXTREG_RDB


   EXTREG_WRB


   u1/u4/U11_Z


   u1/U17_Z


   ACHG





332   Never toggle into a 1.


   FLG4


   FLG5


   FLG6


   FLG7


   HALT





******************************


*** AC CURRENT DISSIPATION ***


******************************


Total AC current dissipation is 3.774152E-03 Amps.


The voltage value used for the current calculation is   5.50 Volts.





Highest individual signal currents are:


   1.071329E-04   u2/U46_COB


   1.071329E-04   u2/U46_CO


   6.884227E-05   CK2


   6.419193E-05   CK1


   6.328671E-05   u2/U95_CO


   6.328671E-05   u2/U95_COB


   6.100622E-05   u5/RA_CLK


   6.100622E-05   u5/U69_MCB


   6.100622E-05   u5/RA_CLKB


   6.100622E-05   u5/U100_COB


Highest individual signal frequencies are:


   1.377410E+07   C6


   1.377410E+07   C7


   1.342092E+07   C1


   1.306774E+07   C2


   1.306774E+07   C5


   1.271456E+07   C4


   1.271456E+07   CLK


   1.271456E+07   u1/U9_Z


   1.271456E+07   u1/PH1B


   1.271456E+07   pisig: #1492


Highest individual signal capacitances are:


   4.183000E-12   POP


   2.903000E-12   PUSH


   2.823000E-12   NEITHER


   2.572000E-12   CPU_RST


   2.572000E-12   INDRT


   2.172000E-12   u2/U95_CO


   2.172000E-12   u2/U95_COB


   2.172000E-12   u2/U94_CO


   2.172000E-12   u2/U94_COB


   1.772000E-12   CK2





D24


            IN: A B


            OUT: Z0 Z1 Z2 Z3


            Z0 = /A * /B;


            Z1 = /A *  B;


            Z2 =  A * /B;


            Z3 =  A *  B;


            END











DLNSL            {D latch, active low enable, active low set}


            IN: D S EN


            OUT: Q QB


            TEMP: A


            A=/S


            %DLN D=D EN=EN A=S Q=Q QB=QB


            END





        I3SL             {tristate buffer, inverting, active low enable}


            IN: I1 EN


            OUT: Z


            TEMP: A


            A = /I1;


            %B3SL A=I1 EN=EN Z=Z


            END





        JKRL             {JK flip-flop with active low reset}


            IN: J K R CLK


            OUT: Q QB


            TEMP: A B


            A = (J * /K) + (/J * /K * Q) + (J * K * /Q);


            B = /R;


            %FF A=D B=R CLK=CLK Q=Q QB=QB


            END





ALU


    IN: S M CRY_KILL CRY_IN ZI LFU0 LFU1 LFU2 LFU3


    OUT: CRY_OUT Z ZO


    TEMP: P G


    G = S & M & !CRY_KILL;


    P = (!M & !S & LFU0) | (!M & S & LFU1) | (M & !S & LFU2) | (M & S & LFU3);


    CRY_OUT = (P & CRY_IN) | (!P & !G);


    Z = (!CRY_IN & !P) | (CRY_IN & P);


    ZO = !Z & ZI;


    END





OPRND


    IN: D INV INVB LD LDB R


    OUT: Q


    TEMP: A1 A2


    A1 = LD | !LDB;


    %DL D=D A1=EN R=R A2=Q


    Q = (A2 & INVB) | (!A2 & INV);


    END





void ND2(SInst, Inst, I1_, I2_, Z_)


/*@@@ 0 0 per instance memory bytes & signals */


long SInst;


int  Inst;


int  I1_, I2_, Z_;


{


char I1, I2, Z;


static float I1_Z[12] = {


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0 };





    if(Done_already(SInst, Inst)) return;


    I1 = Val(I1_);


    I2 = Val(I2_);





    Z = ~((I1 & I2));





    Set_val(Z_, Z, Normal, I1_Z, time, &T_event);


}   /* End ND2 */





Min tplh�
Min tphl�
Min delta
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tphl�
�
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tphl�
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static float D_CLK[3] = {


    1.0, 1.0, 1.0 };


static float CLK_D[3] = {


    0.0, 0.0, 0.0 };





gate_cap= 2.21     (assumes tox = 131 Ang)


n_ovlp= 0.260       (from 10/29/93 Spice Deck)


p_ovlp= 0.368       (from 10/29/93 Spice Deck) 


n_area= 0.618       (from 10/29/93 Spice Deck) 


p_area= 0.744       (from 10/29/93 Spice Deck) 


n_peri= 0.539        (from 10/29/93 Spice Deck) 


p_peri= 1.436        (from 10/29/93 Spice Deck) 


hdif= 0.84              (from 12/17/93 Spice Deck)    


wn= 12.0               (standard cell default nchan width)


wp= 12.0               (standard cell default pchan width)


ln= 0.8                   (standard cell default nchan length)


lp= 0.8                   (standard cell default pchan length)


scale= 0.625       (for this design, 0.8u x 0.625 = 0.50u final scale)





    WCap_est[1] = 0.002;


    WCap_est[2] = 0.003;


    WCap_est[3] = 0.00375;


    WCap_est[4] = 0.0045;


    WCap_est[5] = 0.0055;


    WCap_est[6] = 0.00625;


    WCap_est[7] = 0.007;


    WCap_est[8] = 0.00775;


    WCap_est[9] = 0.00825;


    WCap_est[10] = 0.009;


    WCap_est[11] = 0.0095;


    WCap_est[12] = 0.01;


    WCap_est[13] = 0.01025;


    WCap_est[14] = 0.0105;


    WCap_est[15] = 0.0106;


    WCap_est[16] = 0.0108;


    WCap_est[17] = 0.0108;


    WCap_est[18] = 0.0108;


    WCap_est[19] = 0.0108;





   *****************************************


   * METAL4 TO METAL3


   *****************************************





   width=     0.44


   length=     1.00e-06


   height=     0.80


   thickness=     0.54


   spacing=     0.46


   permittivity=     3.81





   width/height=    0.550


   thickness/height=    0.675


   spacing/height=    0.575





   C10=     0.55


   C12=    3.199


   C23=    1.076





   parallel plate cap=    1.855e-17


   parallel + fringing cap=    1.078e-16


   coupling cap=    3.628e-17


   total cap (per 1 micron length)=    1.441e-16


   total cap (per 100 mils)=    3.661e-13





   fringing ratio to total=    0.620


   coupling ratio to total=    0.252





   ----------- LPE Input Parameters -----------


   Carea (per sq micron)=    4.215e-17


   Cperi (per 0.01 micron sliver)=    6.279e-15








*    Process parameters for determining the LPE cap values for the


*    <deleted> Semicondutor 0.18u process





% METAL4


width= 0.44


space= 0.46


thickness= 0.54


*


TO METAL3 


height= 0.8


permittivity= 3.81


*


TO METAL2 


height= 1.71


permittivity= 3.83


*


TO METAL1 


height= 2.535


permittivity= 3.84


*


TO POLY 


height= 3.360


permittivity= 3.89


*


TO DIFF 


height= 3.560


permittivity= 3.89


*


TO FIELD


height= 3.910


permittivity= 3.89


*


%  End METAL4








% METAL3


width= 0.28


space= 0.28


thickness= 0.41


*


TO METAL2 


height= 0.50


permittivity= 3.91





<lines deleted>….





void REGFILE(mem_loc, SInst, Inst, A0_, A1_, A2_, A3_, A4_, A5_, A6_, A7_,


     B0_, B1_, B2_, B3_, B4_, B5_, B6_, B7_, PCHB_, REGA0_, REGA1_, REGA2_,


     REGA3_, REGA4_, REGA5_, REGA6_, REGB0_, REGB1_, REGB2_, REGB3_, REGB4_,


     REGB5_, REGB6_, REGA_RD_, REGB_RD_, REG_WR_)


/*@@@ 128 0 per instance memory bytes & signals */


/*  This is a dual port 128 byte register file. You can read from the memory


    to the A and B data bus at the same time. You always write from the A


    data bus to the memory. */


int  mem_loc;


long SInst;


int  Inst;


int  A0_, A1_, A2_, A3_, A4_, A5_, A6_, A7_;


int  B0_, B1_, B2_, B3_, B4_, B5_, B6_, B7_, PCHB_;


int  REGA0_, REGA1_, REGA2_, REGA3_, REGA4_, REGA5_, REGA6_;


int  REGB0_, REGB1_, REGB2_, REGB3_, REGB4_, REGB5_, REGB6_;


int  REGA_RD_, REGB_RD_, REG_WR_;


{


int  addr, Data;


static float M_A[12] = {


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0 };


static float M_B[12] = {


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0 };


static float B_Z[12] = {


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0 };





    if(Done_already(SInst, Inst)) return;





    if(Val1(REGA_RD_) && Val1(PCHB_))


        {   /* read to the A data bus */


        Bus2int(&addr, -1, REGA6_, REGA5_, REGA4_, REGA3_, REGA2_, REGA1_,


            REGA0_);


        Data = *(mem_start + mem_loc + addr) & 255;


        Int2bus(Data, M_A, A7_, A6_, A5_, A4_, A3_, A2_, A1_, A0_);


        }   /* read to the A data bus */


    else {


        Val2bus(Lgc_Z, B_Z, A7_, A6_, A5_, A4_, A3_, A2_, A1_, A0_); }





    if(Val1(REGB_RD_) && Val1(PCHB_))


        {   /* read to the B data bus */


        Bus2int(&addr, -1, REGB6_, REGB5_, REGB4_, REGB3_, REGB2_, REGB1_,


            REGB0_);


        Data = *(mem_start + mem_loc + addr) & 255;


        Int2bus(Data, M_B, B7_, B6_, B5_, B4_, B3_, B2_, B1_, B0_);


        }   /* read to the B data bus */


    else {


        Val2bus(Lgc_Z, B_Z, B7_, B6_, B5_, B4_, B3_, B2_, B1_, B0_); }





    if(Val1(REG_WR_) && Val1(PCHB_))


        {   /* write from the A data bus */


        Bus2int(&addr, -1, REGA6_, REGA5_, REGA4_, REGA3_, REGA2_, REGA1_,


            REGA0_);


        Bus2int(&Data, A7_, A6_, A5_, A4_, A3_, A2_, A1_, A0_);


        *(mem_start + mem_loc + addr) = Data & 255;


        }   /* write from the A data bus */


}   /* End REGFILE */











void TSTROM(mem_loc, SInst, Inst, A0_, A1_, A2_, A3_, RD_, Z0_, Z1_, Z2_,


     Z3_, Z4_, Z5_, Z6_, Z7_)


/*@@@ 16 0 per instance memory bytes & signals */


int  mem_loc;


long SInst;


int  Inst;


int  A0_, A1_, A2_, A3_, RD_;


int  Z0_, Z1_, Z2_, Z3_, Z4_, Z5_, Z6_, Z7_;


{


int  addr, Data;


static float A_Z[12] = {


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0,


    1.0, 1.0, 0.0, 0.0 };





    if(Done_already(SInst, Inst)) return;





    if(Val1(RD_))


        {   /* read is active */


        Bus2int(&addr, -1, -1, -1, -1, A3_, A2_, A1_, A0_);


        Data = *(mem_start + mem_loc + addr) & 255;


        Int2bus(Data, A_Z, Z7_, Z6_, Z5_, Z4_, Z3_, Z2_, Z1_, Z0_);


        }   /* read is active */


    else {


        Val2bus(Lgc_Z, A_Z, Z7_, Z6_, Z5_, Z4_, Z3_, Z2_, Z1_, Z0_); }





}   /* End TSTROM */








.A
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AC CHARACTERIZATION SCRIPT FILE BUILDER





0   (create script and quit)


1   netlist file=           allgates.net


2   subcircuit file=      subckts.spc


3   library file=           /home/my_computer/lib/pinlib/cells.lib


4   waveform=           gates


5   test parameter=    (not defined yet)





   Enter the number of the parameter to be changed:





.param


*


library= /home/my_computer/lib/pinlib/cells.lib                  


subckt=  subckts.spc                       *cdl netlist for the cells


netlist= allgates.net                           *high level netlist for simulation


master= /home/my_computer/project/acchar/data/process.tbl                     


hspice_models= /home/my_computer/project/libs/hSpice/fab1/process/models.lib


*





lib_min= fast                                    spice model name at min corner


lib_typ= typi                                     spice model name at typ corner


lib_max= slow                                 spice model name at max corner


cap_avg = 0.01                               cap load for tplh, tphl's


cap_high = 1.01                              cap load for ns/pF numbers


time_step = 0.1                                min spice sim output tick


rise_min = 0.4


rise_typ = 0.6


rise_max = 0.8


fall_min = 0.4


fall_typ = 0.6


fall_max = 0.8  


vil_min = 0.0                                  VIL at min corner


vil_typ = 0.0                                   VIL at typ corner


vil_max = 0.0                                 VIL at max corner


vih_min = 5.5                                 VIH at min corner


vih_typ = 5.0                                  VIH at typ corner


vih_max = 4.5                                VIH at max corner


vcc_min = 5.5                                 VCC at min corner


vcc_typ = 5.0                                  VCC at typ corner


vcc_max = 4.5                                VCC at max corner


vcc_name = VDD                           VCC node name used in netlists


trg_min = 2.75                                measurement point at min corner


trg_typ = 2.5                                   measurement point at typ corner


trg_max = 2.25                               measurement point at max corner


keep_data = yes                             no to delete spice outputs


decimal_places = 2                        1, 2, or 3 output decimal places


hspice_mem = 5000000                 option to increase hspice memory


*


*   Timing Parameters


*


t_in =  2.0              * Settling time from the start of the simulation


t_cy = 20.0            * Width of a measurement cycle


t_su =  2.0             * Set-up time


t_hd =  2.0            * Hold time


t_pw =  5.0            * Width of a SET, RESET, or E  pulse


t_c1 =  5.0            * Clock high pulse width


t_c0 =  5.0            * Clock low pulse width


t_rm =  2.0            * SET or RESET to CLK removal time





.gates         Gate Propagation Delay Measurement


1    t_in


2    1 + t_cy


3    2 + t_cy


*


VI1    VIL   1 2


*


Measure  0   1 2  I1     * I1 to Z tplh


Measure  0   2 3  I1     * I1 to Z tphl





.ff_ts_1       t_su  Flip-Flop Set-up Time  D(1-0)


1    t_in


2    1 + t_pw


3    2 + t_pw


4    3 - t_su


5    3 + t_cy


*


VCLK   VIL  1 2  3


VCLKB  VIH  1 2  3


VD     VIH      4


VR     VIL


VRL    VIH


VS     VIL


VSL    VIH


*


Pass     6   3 5    D         * D to CLK ts





.acspec


0   Measure  tplh-hl   propagation delay


1   Pass     ts         %I (0->1) to E  setup time


2   Pass     ts         %I (1->0) to E  setup time


3   Fail       th         %I (0->1) to E  hold time


4   Fail       th         %I (1->0) to E  hold time


5   Pass     ts         %I (0->1) to CLK setup time


6   Pass     ts         %I (1->0) to CLK setup time


7   Fail       th         %I (0->1) to CLK hold time


8   Fail       th          %I (1->0) to CLK hold time


9   Pass     tw          min %I pulse width


10  Pass    twl         min %I pulse low


11  Pass    twh        min %I pulse high


12  Pass    trem      min %I to CLK removal time





.header


.GLOBAL    VDD GND


.OPTIONS   aspec nopage nomod





component: DLQ


  


   PARAM     FROM        TO                  TEST           MIN     TYP     MAX   UNITS


                   (INPUT)   (OUTPUT)    CONDITIONS





      tplh            D              Q                 C= 0.0pF       0.06     0.16     0.23        ns


  <>tplh            D              Q                                       0.69     1.08    1.58       ns/pF


      tphl            D              Q                 C= 0.0pF       0.18      0.25    0.16        ns


  <>tphl            D              Q                                       0.40     0.59     0.76      ns/pF


      tplh            E              Q                 C= 0.0pF       0.17      0.26    0.37        ns


  <>tplh            E              Q                                       0.69     1.07     1.59      ns/pF


      tphl            E              Q                 C= 0.0pF       0.12      0.15     0.24        ns


  <>tphl            E              Q                                       0.42      0.59     0.71     ns/pF


      ts     D (0->1) to E setup time                              0.20      0.20     0.30        ns


      ts     D (1->0) to E setup time                              0.30      0.40     0.50        ns


      th     D (0->1) to E hold time                                0.10      0.10     0.10        ns


      th     D (1->0) to E hold time                                0.10      0.10     0.10        ns


      tw     min E pulse width                                       0.20      0.30      0.40       ns





name: gates1


type: block


revision: a


*


i/o:   ZINVB ZND2B ZA222O1A ZA222O1B ZENR2A ZENR2B ZNR4B


+      ZO2A1A ZO2A1B 


*


*


*        INVB    A   Z


uINVB    INVB    I1  ZINVB


*


*        ND2B    A1  A2  Z


uND2B    ND2B    I1  VDD ZND2B


*


*        A222O1  A1  A2  B1  B2  C1  C2  D1  Z


uA222O1A A222O1  VDD GND VDD GND VDD GND I1  ZA222O1A


uA222O1B A222O1  VDD I1  VDD GND VDD GND GND ZA222O1B


*


*        ENR2    A   B   Z


uENR2A   ENR2    I1  VDD ZENR2A


uENR2B   ENR2    VDD I1  ZENR2B


*


*        NR4B    A1  A2  A3  A4  Z


uNR4B    NR4B    I1  GND GND GND ZNR4B


*


*        O2A1    A1  A2  B1  Z


uO2A1A   O2A1    VDD GND I1  ZO2A1A


uO2A1B   O2A1    I1  GND VDD ZO2A1B


*





0   (create script and quit)


1   netlist file=      ff1.blk


2   subcircuit file=   subckts.spc


3   library file=      /home/my_computer/lib/pinlib/cells.lib


4   waveform=          ff_ts_0


5   test parameter=    t_su


6   minimum value=          0.100


7   maximum value=          1.000


8   step value=             0.100





   Enter the number of the parameter to be changed:





u1    FF     CLK D Q_FF QB_FF


u2    FFQ    CLK D Q_FFQ


u3    FFS    CLK D Q_FFS QB_FFS S


u4    FFR    CLK D Q_FFR QB_FFR R


u5    FFSR   CLK D Q_FFSR QB_FFSR R S


u6    FFN    CLKB D Q_FFN QB_FFN


u7    FFNQ   CLKB D Q_FFNQ


u8    FFNS   CLKB D Q_FFNS QB_FFNS S


u9    FFNR   CLKB D Q_FFNR QB_FFNR R


u10   FFNSR  CLKB D Q_FFNSR QB_FFNSR R S


u11   FFSL   CLK D Q_FFSL QB_FFSL SL


u12   FFRL   CLK D Q_FFRL QB_FFRL RL


*





component: FFSRL





   PARAM     FROM         TO                 TEST                 MIN     TYP     MAX    UNITS


                   (INPUT)   (OUTPUT)    CONDITIONS





      tplh          CLK            Q                C= 0.0pF              0.55     0.77     1.06        ns


  <>tplh          CLK            Q                                             0.71    1.09      1.40      ns/pF


      tphl          CLK            Q                C= 0.0pF              0.62     0.88     1.18        ns


  <>tphl          CLK            Q                                             0.52     0.81      0.98     ns/pF


      tplh          CLK            QB              C= 0.0pF              0.84    1.17      1.57        ns


  <>tplh          CLK           QB                                           0.69     1.05      1.34      ns/pF


      tphl          CLK            QB              C= 0.0pF              0.67     0.96     1.31        ns


  <>tphl          CLK           QB                                           0.41      0.65     0.75      ns/pF


      tphl           RL              Q                C= 0.0pF              0.27     0.40     0.54        ns


  <>tphl           RL              Q                                            0.42      0.66     0.77      ns/pF


      tplh           RL             QB               C= 0.0pF             0.53      0.76     1.06        ns


  <>tplh           RL             QB                                           0.71     1.07      1.39      ns/pF


       tplh          SL              Q                C= 0.0pF              0.57      0.79     1.12        ns


  <>tplh          SL               Q                                             0.71     1.08      1.40      ns/pF


      tphl           SL             QB               C= 0.0pF             0.83      1.15      1.62        ns


  <>tphl          SL              QB                                           0.45      0.73      0.86      ns/pF


      ts     D (0->1) to CLK setup time                                0.40      0.40      0.60        ns


      ts     D (1->0) to CLK setup time                                0.50      0.60      0.80        ns


      th     D (0->1) to CLK hold time                                  0.10      0.10      0.10        ns


      th     D (1->0) to CLK hold time                                  0.10      0.10      0.10        ns


     twl     min CLK pulse low                                             0.50      0.50      0.60        ns


     twh     min CLK pulse high                                          0.40      0.50      0.70        ns


      tw     min SL pulse width                                            0.50      0.70      1.00        ns


      tw     min RL pulse width                                            0.30      0.40      0.60        ns


    trem     min SL to CLK removal time                            0.60      0.80       fail         ns


    trem     min RL to CLK removal time                            0.10      0.10      0.20        ns





void  Init_pins()


/* This function defines the DUT pins. This is required by cycvec. */


{


    Define_pin("CK3MHZ", "IN", '0');


    Define_pin("MPUMSI", "IN", '1');


    Define_pin("IOWB", "IN", '1');


    Define_pin("IORB", "IN", '1');


    Define_pin("MPUCSB", "IN", '1');


    Define_pin("XRSTB", "IN", '0');


    Define_pin("A0", "IN", '1');


    Define_pin("DI7", "IN", '0');


    Define_pin("DI6", "IN", '0');


    Define_pin("DI5", "IN", '0');


    Define_pin("DI4", "IN", '0');


    Define_pin("DI3", "IN", '0');


    Define_pin("DI2", "IN", '0');


    Define_pin("DI1", "IN", '0');


    Define_pin("DI0", "IN", '0');





}   /* End Init_pins */





void  Test_vectors()


/* This function generates the test vectors for the DUT. */


{





    test_cycle = 3333;  /* 1 period of the 3MHZ input CLK = 31.25K Baud x 6 */


    Cycle();            /* do t0 vectors */





    /* Define the timing sets */


    Pulse_time("CK3MHZ", Clk_high, 833, 2500);





    Initialize(True);         /* reset DUT */


    Sin_check(False);         /* first receive checks */


    Sout_check(False);        /* first transmit checks */


    Tran_full(False);         /* check for full transmit FIFO */


    Rec_full(True);           /* check for full receive FIFO */





}   /* End Test_vectors */





#cflags  = -g


#Compiler flags for profiling.


#cflags  = -p


#Compiler flags for optimizing.


cflags  = -O





head   =  plachno.h


objs   =  vcircuit.o cycvec.o plachno.o


srcs   =  vcircuit.c cycvec.c plachno.c





mcircuit.sen:    vcircuit


	vcircuit


	rcp mcircuit.sen mach1:/usr/users/mydir/circuit/.


	  


vcircuit:  $(objs)


	cc $(cflags) $(objs) -o vcircuit





vcircuit.o: 	vcircuit.c cycvec.h cycglob.h plachno.h


	cc -c $(cflags) vcircuit.c





cycvec.o:	        cycvec.c cycvec.h cycglob.h plachno.h


	cc -c $(cflags)cycvec.c





plachno.o:	plachno.c plachno.h


	cc -c $(cflags) plachno.c





clean:


	/bin/rm $(objs)





lint:


	lint -u -z $(srcs)





#include "cycvec.h"


#include "cycglob.h"








/***********************************/


/*     I/O Address Definitions     */


/***********************************/





#define  ADDR_PRT   "0279"    /* address port */


#define  KEY_PRT    "0279"    /* pnp key == address port */


#define  CMND_PRT   "0A79"    /* command port */


#define  READ_PRT   "0207"    /* read port is programmable 0203:03FF */








/****************************************/


/*     Register Address Definitions     */


/****************************************/








#define  RDPRT_BASE    "00"    /* read port base address */


#define  SERIAL_ISO    "01"    /* serial isolation address */


#define  CONFIG_CTL    "02"    /* configuration control reg address */


#define  WAKE          "03"    /* wake command address */


#define  RES_DATA      "04"    /* resource data read address */


#define  STATUS        "05"    /* ROM read status reg address */


#define  SET_CSN       "06"    /* card select number register address */


#define  LOGICL_DEV    "07"    /* logical device number address */


#define  ACTIVE        "30"    /* activate device reg address */


#define  IO_CONFLCT    "31"    /* I/O conflict mode test reg address */


#define  IO_AD_HI      "60"    /* I/O address high select reg address */


#define  IO_AD_LO      "61"    /* I/O address low select reg address */


#define  INT           "70"    /* interrupt select reg address */


#define  INT_TYPE      "71"    /* interrupt type reg address */


#define  DMA0          "74"    /* DMA (0) select reg address */














/**********************************/


/*      Function Declarations     */


/**********************************/





void  Initialize();


void  Key_init();


void  Isolate();


void  ReConfig();


void  IO_write(char *IO_add, char *write_data);


void  IO_read(char *IO_add);











/*********************************************/


/*      Test Vector Generation Functions     */


/*********************************************/








void  Test_vectors()


/* This function generates the test vectors for the PNP debug. */


{


    test_cycle = 1000;    /* 100ns cycle with 0.1ns resolution */


    Cycle();              /* do t0 vectors */





    /* Define the timing sets */


    Pulse_time("OSC", Clk_low, 0, 500);


    Pulse_time("IOR_N", Pulse_low, 250, 500);


    Pulse_time("IOW_N", Pulse_low, 250, 500);





    Initialize(True);        /* reset PNP */


    Key_init(True);          /* Do key initialization */


    Isolate(True);           /* Do the card isolation */


    ReConfig(False);         /* Do a re-configuration */





}   /* End Test_vectors */





void  Initialize(Run)


/* This function resets the circuit at the beginning of the vector set. */


char  Run;      /* flag to include these vectors */


{


    if(Run == False)  return;


    strcpy(T_comment, "***Initialize***");





    Pulse_on("OSC");


    Force("RESETDRV", '1');


    Cycle();


    Cycle();


    Cycle();


    Cycle();


    Force("RESETDRV", '0');


    Cycle();


    Cycle();


}   /* End Initialize */





void  Init_pins()


/* This function defines the PNP pins. This is required by cycvec. */


{


    Define_pin("ROMD7", "IN", '0');


    Define_pin("ROMD6", "IN", '0');


<some lines deleted>


}   /* End Init_pins */





void Isolate(Run)


/*


This function tests the plug and play card isolation.


*/


char  Run;      /* flag to include these vectors */


{


int  i;





    if(Run == False)  return;


    strcpy(T_comment, "***Isolate***");


    Cycle();





    IO_write(ADDR_PRT, WAKE);


    IO_write(CMND_PRT, "00");    /* send all cards into isolation */





    IO_write(ADDR_PRT, RDPRT_BASE);


    IO_write(CMND_PRT, "81");    /* choose 0207 as the read port base addr */





    IO_write(ADDR_PRT, SERIAL_ISO);


    Set_bus("SD", 7, 0, "Z");


    Set_bus("SDD", 1, 0, "Z");


    Set_bus("ROMD", 7, 0, "FF");    /* watch it do 55 - AA for awhile */





    for(i=0; i<12; i++)


        IO_read(READ_PRT);





    Set_bus("ROMD", 7, 0, "00");    /* now do checks for other cards */





    Set_bus("SD", 7, 0, "FF");      /* databus high both cycles - passes */


    Set_bus("SDD", 1, 0, "F");


    for(i=0; i<2; i++)  IO_read(READ_PRT);





    Set_bus("SD", 7, 0, "00");      /* databus low both cycles - passes */


    Set_bus("SDD", 1, 0, "0");


    for(i=0; i<2; i++)  IO_read(READ_PRT);





    Set_bus("SD", 7, 0, "55");      /* databus 55 both cycles - passes */


    Set_bus("SDD", 1, 0, "1");      /* but with bad 1st cycle */


    for(i=0; i<2; i++)  IO_read(READ_PRT);





    Set_bus("SD", 7, 0, "AA");      /* databus AA both cycles - passes */


    Set_bus("SDD", 1, 0, "2");


    for(i=0; i<2; i++)  IO_read(READ_PRT);





    Set_bus("SD", 7, 0, "55");      /* databus 55 first cycle */


    Set_bus("SDD", 1, 0, "1");


    IO_read(READ_PRT);


    Set_bus("SD", 7, 0, "AA");      /* databus AA second cycle */


    Set_bus("SDD", 1, 0, "2");      /* This indicates another card is there */


    IO_read(READ_PRT);              /* and this will send us to sleep. */


<some lines deleted….>


    for(i=0; i<2; i++) Cycle();


}   /* End Isolate */





newcell A22OI


ndiff 1 9


pdiff 1 9


pwellcon  1 5 9


nwellcon  3 7


gnds  1 9


vccs  7


I3 2  R R  4 2


I1 8  L L  4 5


m1con 16  1 5 9


m1m2con  5 4  9 4  9 20  3 20


inprt 1 T I1


inprt 3 B I2


inprt 5 T I3


inprt 7 B I4


text Z 9 12


end





*************************************************************


*          XXX Layout Rules for 0.8um Process             *


*************************************************************








nwell.1    nwell enclosure of p+ source-drain             4.0


nwell.2    nwell spacing to n+ source-drain                2.5





pwell.1    pwell enclosure of n+ source-drain             4.0


pwell.2    pwell spacing to p+ source-drain                2.5





diff.1     diffusion width                                0.8


diff.2     diffusion spacing                            1.3





poly.1     poly path width                                0.8


poly.2     poly spacing                                    1.0


poly.3     poly gate spacing                            1.0


poly.4     nchan gate length                            0.8


poly.5     pchan gate length                            1.0


poly.6     poly gate extension                         0.8





contact.1  contact width                                  0.9


contact.2  active enclosure of contact             0.4


contact.3  poly enclosure of contact                0.5


contact.4  metal 1 contact enclosure               0.4


contact.5  contact to unrelated poly                 0.8


contact.6  contact to unrelated diffusion          0.5





metal1.1   metal 1 path width                           1.2


metal1.2   metal 1 space                                  1.2





via.1      via width                                          1.08


via.2      metal 1 via enclosure                        0.5


via.3      metal 2 via enclosure                        0.5


via.4      via to poly edge spacing                   0.4





metal2.1   metal 2 path width                         1.4


metal2.2   metal 2 space                                1.2





grid.1     major grid                                     1.6


grid.2     bent gate grid                                0.6


grid.3     nchan bottom grid  (2)                   2


grid.4     nchan top grid     (8)                      8


grid.5     pchan bottom grid  (16)                16


grid.6     pchan top grid     (22)                    22





text.1     text size in microns (1:5)               1





pwr vcc    22 25     22 24


pwr gnd     2 -1      2  0





*   GDS layer defintion file for wrgsl and vg


*   layer_name  GDS_layer_number  EGA_color_number





    pwell        1     6


    nwell        2     6


    pdiff       30     4


    ndiff       31    12


    polyi        6    10


    polyp        6     2


    polyn        6     2


    contact      7    14


    metal1       8     3


    via          9    13


    metal2      10     1


    m1text      53    11


    m2text      54     5





newcell ND2


ndiff 1 5


pdiff 1 5


pwellcon  1


nwellcon  1 5


gnds  1


vccs  1 5


I1 2  R L   3 3


I1 4  L R   5 1


place CNDIFF 5 4


place CPDIFF 3 16


wire m1 3 16 5 16 5 18


wire m1 5 4 5 6


m2con 5 6 18


inprt 1 T I1


inprt 3 B I2


text Z 5 12


end





The example file to the right is ND2.GSLwhich describes a two input NAND gate standard cell.





newcell ND2


This starts the cell description and names it ND2.





ndiff  1 5


Draw a rectangle of n type diffusion between the x grids of 1 and 5. The default y grids are set in the layout rules file as 2 and 8. Thus a diffusion rectangle is drawn between (x,y)  1,2 and 5,8. Note that the actual GDS x,y coordinates are larger than the GSL grids. The GSL grids specify the first grid inside the diffusion that a contact can be center placed. Thus the outside dimension is actually ½ contact + contact diffusion overlap larger.





�








Confidential information. Do not distribute, reproduce or disclose without prior written permission from Robert S. Plachno.


