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* Infineon design-flow support
— Closing design-flow gaps

— Extending existing tools (e.g. in-house circuit simulator
TITAN)

» Research platform
— mixed-signal synchronization algorithms
— solvability of analog descriptions in mixed-signal designs

— mixed-language simulation

Thomas Schneider
October 2000 2 TECHNISCHE
=) UNIVERSITAT

In[inlenn
s technologies
X DARMSTADT ’

Page 3




Design Flow

Motivation

Design Flow

Components _ ————————————————————————————————————————————————————

Example g =) | > VHDL—AMS ':>

Outlook = Compiler
E Model Compiler E
: Description Intermediate :

Compiler Elaborator
Intermediate Intermediate

) |, w50

Elaborator Simulation
Intermediate Results ~_

T ) | s ) s

Thomas Schneider
October 2000

Page 4

TECHNISCHE .
UNIVERSITAT Infineon
DARMSTADT




BMAS 2000

Motivation
Design Flow
Components
Compiler
Elaborator
Simulator
Example
Outlook

Thomas Schneider
October 2000

Page 5

Compiler
Architecture
Frontend Backend
 Frontend / backend PRS DEP sy | | TYPE | | EXPR #1

* Five-pass frontend
— Parser
— Depend. Generator
— Symbol Generator
— Type Checker
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* Open application
interface
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Compiler
Intermediate
GraphNode GraphNode GraphNode
« Concrete syntax trees Graph Annotations
e Symbol tables Symbol Terminal
Table

* Object, nature and
type instances

— Nature links
— Type links
— Attribute links

* Inter-linked syntactic &
semantic information

e Open graph interface
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* Five-pass frontend
— Binding Evaluator
— Object Allocation
— Process Evaluator

— Expression
Generator

— Inter-connector

* Plug-In application
interface
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Elaborator

Intermediate (2)

o Characteristic expressions
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Explinit Sef

=harac. = V ackcss quantity

B. intaetace oconstant
T thecwugh cuantityy

V ==1|xR

Structural Set

(1):

0 = O_REFERENCE_16305-ANALOG_IN_REFERENCE_13520

(2):

0=S 19067-O_REFERENCE 16305

(3):

0 = | REFERENCE 21862-ANALOG_IN_REFERENCE 13520

(4):

0 = O_REFERENCE_21865-ANALOG_OUT REFERENCE 13523

(5):

0 = PR_REFERENCE 27609-1 REFERENCE 21862

(6):

0 = MR REFERENCE 27612-O _REFERENCE_21865

(7):

0 = VR 30386-PR_REFERENCE 27609+MR_REFERENCE 27612

(8):

0 = PC_REFERENCE 33182-O_REFERENCE 21865

(9):

0 = MC_REFERENCE_33185

(10):

0 = VC_33190-PC_REFERENCE 33182+MC_REFERENCE 33185

(12):

0 = INPUT_REFERENCE _36049-ANALOG _OUT REFERENCE 13523

(12):

0 = _19068+IR_30387

(13):

0 =-IR_30387+IC_33191

Explicit Set

(1):

0 =10.0-S 19067

(2)

0 = 100.0*IR_30387-VR_30386

(3):

0 =1.0/1.0E-6*IC_INTEG _33192-VC _33190

(4):

0 = INPUT REFERENCE_36049-C HEC K_39666
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» ASP calculation using the
analog solver
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Compiler . . public interface anal og_sol ver
Elaborator  Adaptation of different analog {
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Example
Outlook

e Export mechanism for
unknowns of the

— structural set

publ i ¢ export Equati ons()
t hrows Equati onExcepti on;

o publ i c get ASP()
— explicit set t hr ows ASPExcept i on;

— current augmentation set
9 publ i ¢ updat eUnknowns()

* Export mechanism for equations throws Updat eException;
and characteristic expressions }
(internal representation)

» Update mechanism for quantity
values of the calculated ASP
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ST Prototype using MATLAB (2) b

% NEWION- RAPHSON

Components %File:  nrs.m
% Aut hor: J. Mades 19. 03. 00

Compiler G - <= - -l
Elaborator e Two implementations of a Newton- oo L TR IR

Simulator Raphson algorithm A
Example _ .
Outlook  Variant 1 uses the MATLAB symbolic % nver se Jacobi -MALri x at X0
toolbox 2 acomnan( o

J2=inv(Jl);

— simple implementation o ee e

— weak performance < e
il ;zuias’(xll,t,ta);

» Variant 2 uses a numerical approach
— higher implementation effort Pomsubs(Fo T

Fx =subs(Fx2,t,ta)

— about 50% faster o

for i = 1:1ength(Fx)

Thomas Schneider
October 2000

Page 15

$8, TECHNISCHE .
(") UNIVERSITAT Infineon
&’ DARMSTADT




Simulator

Motivation
Design Flow Scheduler Interface
Components
Seriler flass | ockst ep extends schedul er
Elaborator « Homogeneous data-structure N
Simulator for analog and digital kernel voi d execut eCycl e()
Example {
el « Simulation cycle is divided R = el O
. . i . set Current Ti me(get Next Ti ne()) ;
into single simulation steps updat el mpl i ci t Si gnal s():
updat eExplicitSignal s();
« Sequential or parallel dKer nel . execut eSProcesses();
) .. dKer nel . execut eRNPPr ocesses() ;
execution of digital and cal cul at eNext Ti me() :
analog kernel
i f(!'isDeltaCycle())
. Implementation of different : dKer nel . execut ePPProcesses();
synchronization algorithms =
through class inheritance }
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architecture struct of exanple is
term nal drain, gate, vdd: electrical;
signal clk : bit :="'0";

begi n

NMOS: entity work. nosf et (nnos)
generic map(tc => 1.0, vth => 0.7)
port map(drain, gate, ground);
R : entity work.res(behave)
generic map(100.0)
port map( vdd, drain);
VSIN. entity work.vsin(behave)
generic map (offset => 1.0,
T => 1. 0e-3,
mag => 0.1)
port map(vl => gate, v2 =>ground);
SCHM entity work.schmtt(behave)
generic map (vl => 3.5,

vh => 7.5)
port map (refTerm => drain,
S => cl k);

VDD1: entity work.vdd(behave)
generic map (v => 10.0)
port map(drain, ground);

end struct;
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Motivation
Design Flow MOSFET
Components entity nosfet is
Compiler generic ( tc : real := 1.0; -- transconductance (A V**2)
Elaborator yt h: real :=0.7); - t hreshol d vol t age
: port (termnal d, g, s : electrical);
Simulator end entity nosfet;

Example
Outlook

architecture nnos of nosfet is
quantity vgs across g to s;
guantity vds across ids through d to s;
guantity vgd across g to d;

begi n
if vds >= 0.0 use -- forward
if (vgs - vth) <= 0.0 use -- cut off
ids == 0.0;
el sif (vgs - vth) <= vds use -- saturation
ids == 0.5 * tc *(vgs - vth)**2
el se -- triode
ids == tc * vds *(vgs - vth - 0.5*vds)
end use;
el se -- reverse
if (vgd - vth) <= 0.0 use -- cut off
end use;
end use;

end architecture nnos;
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Example

VSIN

entity vsin is

generic ( offset real := 0.0;
T : real :=1.0;
mag  real :=1.0);
port (termnal v1, v2: electrical);

end entity vsin;

architecture behave of vsin is
quantity V across | through vl to v2;
begin -- behave

V == offset + nag * sin(2. 0*MATH PI/T * now);

end behave;

# TECHNISCHE
é UNIVERSITAT
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VDD
entity vdd is
generic ( v real := 0.0);

port (termnal v1, v2:
end entity vdd,;

el ectrical);

architecture behave of vdd is

quantity Vout across | through vl to v2;
begin -- behave

Vout == v;
end behave;
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Example

SCHMITT

entity schmtt is
generic ( constant vl, vh : real :=0.0);
por t ( terminal refTerm electrical;
signal s : out bit:='0");
end entity;

architecture behave of schmtt is
quantity ref : real;
begi n
ref == refTerm reference;
P: process
begi n
i f(ref' above(vh)) then
s <="'1",;
el se
i f(not(ref'above(vl))) then
s <='0";
end if;
end if;
wait on ref'above(vh),ref' above(vl);
end process;
end behave;
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* Open VHDL-AMS design environment
SUYENS] « Entirely implemented in JAVA

Example
Outlook » Research platform for mixed-signal and WEB-based design

Outlook

» Development of different synchronisation algorithms
» Solvability checks of hierarchical analog descriptions

* Integration of our in-house circuit simulator TITAN
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