ADMS/Verilog-A Standardization

Abstract

This paper is intended not only for the compact model developers and the programmers developing
Verilog-A simulator interfaces to support compact models but also for all who are involved in the
compact model standardization. In the past, it might be acceptable for a new, automatically-compiled
model to run slower than its older hand-coded model version. Compact models written in Verilog-A can
run reasonably fast if the simulator/interface developers follow recommendations suggested here.
Moreover, ADMS Verilog-A compiler can well produce more efficient code than one created manually
even by an experience software engineer, particularly if a programmer concentrates only on developing
the correct equations for the model. Some of new Verilog-A features supported by ADMS, important for
efficient compact model code generation.

Who adopted ADMS flow?

ADMS (Automatic Device Model Synthesizer) is a code generator that converts electrical compact
device models specified in high-level description language (Verilog-A) into ready-to-compile C/C++ code
for the API of spice simulators. Based on transformations specified in XML language, ADMS transforms
Verilog-A code into another target language [1] (figure 1).
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Fig. 1. Structure of ADMS XML flow

There are several EDA companies who adopted ADMS XML approach to support Verilog-A compact
models. Some of them are:
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Overview

Significant implementations presented in this poster:

+ Switch-branch

* Node collapsing (in general)

+ Initialization on runtime

* Optional node calculations (example of self-heating calculations)
* Info attributes

« “for” and “analog for” statements

” ”

* "m” instance parameter calculations

Switch branches

Source branches have the ability to switch between being potential and flow sources. To switch a branch
to being a potential source, assign to its potential. To switch a branch to being a flow source, assign to its
flow. This type of branch is useful when modeling ideal switches and mechanical stops. The full circuit
model for a switched branch is shown in Figure 2.

Fig. 2. Circuit model for a switched source branch

In terms of Verilog-A it could be written as (in general):

analog begin
if (condition)
V(branch) <+ ...;
else
I(branch) <+ ...;

end

This type of switch of branch is used in several device models, such as Bsim3, Bsim4, HICUM LO,
HICUM L2.

Node collapsing

This is a special case (not described in LRM [2]) of switch-branch when the RHS of one/both (a
controlled switch) sources equals to zero.

analog begin
if (condition)
V(node1, node2) <+ 0.0;
else
I(node1, node2) <+ 0.0;

end

If it is than a circuit simulator (Verilog-A model compiler) have to merge this branch (node1 should be
equals to node2) (figure 3).
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Fig. 3. NPN transistor with internal resistors

In case of one node in the branch (node1, GND) this node should be collapsed during calculations.

Optional node approach

Proposal. According to LRH there is an attribute to the node declaration could be specified. Introducing
new attribute (* info = optional *) will help to eliminate optional node derivatives calculations when the
contribution to this node is equals to zero.

Example of self-heating calculations is a good enough to realize the improvement. HICUM [3] level 2
device model (figure 4) was selected as an example of Verilog-A input file.
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Fig. 4. Large-signal HICUM/Level2 equivalent circuit with thermal network used for self-heating
calculation.

Proposal to easy find thermal node derivatives in evaluate function was implemented. In Verilog-A
module developer (or user) have to introduce the data type of collapsed node. For example it could be
written in Verilog-A as follow:

electrical node (* name= "tnode” type= "optional” info= "internal temperature rise node” *),
parameter real RTH = 0.0 (* info = “thermal parasitic resistor” *);

analog begin
if (RTH == 0.0)
V(tnode) <+ RTH;
else
I(tnode) <+ V(tnode)/RTH;

end

Where the data type of “tnode” is “optional”. By help of this attribute traversing through the all analog
block it is easy to get all contribution statements, expressions with “tnode”. Special pre-evaluate function
could be created to know whether “tnode” will be collapsed or not. To have this value if-statment for each
“thode” expressions and contributions will be created:

If( tnode )
a = Vtnode GND + ...;

If( tnode) {
_load_static_residuali(tnode,Vtnode _GND)
_Load_static_jacobian1(tnode,tnode,1.0)

}

If “tnode” is collapsed all evaluations for this node will be ignored.

Run time initialization

During simulation RHS of expressions can be changed to V() or I() contributions.
We have to separate solution vector dependent variables in evaluate function.
Suppose in Verilog-A module we have an assignment:

real a;

a=\V(p,n);
Where V(p,n) is a solution vector.

In this case variable “a” used in a conditional statement will affect all variables inside of conditional
statement:

real b1, c1, d1;

if(a > value) begin
b1 = expressioni;
c1 = expression2;
d1 = expression3;

end else begin
b1 = expression4,
c1 = expression5;
d1 = expression6;

end

Verilog-A parser have to propagate through all expressions inside of if-statement to eliminate solution
dependent variables. Solution dependent variables can’t be evaluated only once in a special evaluate
function. ADMS tool enhancement to separate solution dependent and independent variables was done.

Info attributes

There are some limitations were in ADMS flow to declare parameters info description. Moreover
sometimes users would like do not follow to LRM for declarations of parameters. Latest version (2.2.9)
has an enhancement do not use pragma definitions to handle info attributes. Before user in order to run
ADMS have to specify some definitions:
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‘ifdef insideADMS
‘define P(p) (*p*)
‘else
‘define P(p)
‘endif
For now it is not mandatory. User can run Verilog-A where the info attribute is written as follow:

parameter real (* parameter of a device model *) par=1.0;

“for” statement

The for() statement is a looping construct which controls execution of its associated
statement(s) using an index variable. If the associated statement is an analog_statement,
then the control mechanism shall consist of genvar_assignments and
genvar_expressions to adhere to the restrictions associated with the use of analog
operators. If the associated statements are not analog_statements, the for() statement can
use procedural assignments and expressions, including genvar_expressions.
The for() statement controls execution of its associated statement(s) by a three-step
process:
1. it executes an assignment normally used to initialize an integer which controls
the number of loops executed.
2. it evaluates an expression—if the result is zero (0), the for-loop exits; otherwise,
the for-loop executes its associated statement(s) and then performs Step 3.
3. it executes an assignment normally used to modify the value of the loop-control
variable and repeats Step 2.
analog begin
tmp = 0.0;
for (k = 1; k <= width; k = k + 1) begin
tmp = tmp + V(dt[k]);
V(out) <+ ddt(V(dt[k]));
end

end

Reserved “m” instance parameter

This is description of the “m” reserved name for the mfactor instance parameter. According to LRM the
“‘m” is a reserved name for the instance parameter. Each generated with ADMS XML source code has
hidden “m” instance parameter and all flow contributions in the evaluate function will have proper scale:

If(mode > 0){
#if defined(_STATIC) && defined(_RESIDUAL)

_Load_static_residual2(drainp,sourcep, MFACTOR*((_mpv(TYPE)*cdrain)))

}

Where the MFACTOR is a macro of “m” instance parameter. In a netlist user can specify m parameter
for the instance and be sure all flow contributions will be automatically scaled.

“ ”

However sometimes in a Verilog-A module user or compact model developer would like to use “m
parameter and propagate all scaling by your self. In spite of it is forbidden in LRM some of the simulators
can handle this without any warning. In ADMS the warning about “m” parameter used in a Verilog-A
module has been created. It means user will have to scale all contributions by your self.

Summary

All implemented capabilities have been tested with Spectre and AVOSpice (trial version) simulators.
More detail about AVOSpice see webpage[3]. HICUM L0 and L2 Verilog-A modules were selected to test
collapse node and switch-branches. Testcases and model cards have been downloaded from official
HiCUM webpage [4]. CV characteristics (figure 5) were compared with results posted on the HICUM
webpage. Next release of ADMS with mentioned implemented extensions is 2.2.9.
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Fig. 5. fg_vce CV characteristics
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