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User functions
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Cell generators
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a simulation of a >A SWC modulator

the random walk

a 2" order resonator software solution

an offset compensated SWC integrator

synchronization of FFT and TSNR

a digital IR filter
a cascade of 3 analog biquadratic filters
a 1% order 24 SWC modulator

a 3 order >A SWC modulator
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Modeling is Essential in the Design of a Circuit.

Successive high level abstractions are key for an efficient Divide and Conquer strategy.

Modeling creates a structure like the multi-layers of an onion. Each layer brings
new informations about the circuit under design.

source: phers

Peeling onions makes me cry.
Modeling should be less stressing.




"All models are WRONG, but some are USEFUL"

a citation attributed to late George E.P. Box.

George E.P. Box, Statistician, 1919 - 2013
Design of experiments, Bayesian statistics, Time series...

ICI,
Princeton University,
University of Wisconsin—Madison

Contributions: Response-surface methodology,
Box—Jenkins method,
Box—Cox transformation ...

https://commons.wikimedia.org/wiki/File:GeorgeEPBox.jpg



William Heath Robinson, 1872—-1944

Happily, we have a few
solutions to produce models
without tears

REATH
tROBlNSON

L

How to Avoid Tears when Peeling Onions



Schematic Editor

;,'- SARC schematic editor / release 3.19 May 112019 10:51:26 / (¢) 2019 j-mequin@outlookfr editing: C:\PRESENTATION\NEWCAS_2019\NEWCAS 2019 T N\Pré _Live\SLIDET Z\Multiplyk h - . - ‘ ’
File Edit View Window Help ™ O e Ing In
e dHBR e $de(ald @2 ¢t ?
gy R = . -
e 1an of a SWC Circuit
v
‘ Multiply-by-Two SWC Circuit ‘ I
R
R4 L
MW c
Globals ~E V ->V
[PHIb] G V->1I
PHIa -
PHID RS B I->V
F I ->1
AAA -label
- - [PHIZ] gnd .
Transfer Funct
= i ransfer Function
A out -my.1lib I:'_:I |
- ~— = _an
c2 + a |
T + it . .
I kMO?,I ~ (modeling)
_—
[PHIa] ol -
L
Vin R3 [PHID] Ca o Offs c3
I I wxMaxima screen
feady NOTTTE T CErTTimd L TOm  MaxXmd o Ls 5 all 5.22 s [95.43,98.39]%

This simple model comforts

our understanding and FeR
prepares to exhaustive

simulations. ceein [ No offser ] XFER (AC2+ACI) Vin

Ca+C2+(A+1) C1

(ACa+AC2+AC1) OFfs+((A2+A) C2+(AZ+A) C1) Vin

(A+1) Ca+ (A+1) C2+(AZ+24+1) C1

(C2+C1) Vin
1

o [ A infinite ] XFER



Modeling in Z Domain

per Phase or per Cycle

‘ Multiply-by-Two SWC Circuit ‘

Globals

PHIa
PHIb

In

e

[PHIa]

R2

[PHIa]

R4

[PHIb]

RS

cl

ngi

[PHIa]

i

I [PHIk]

o)

1

Offs

wxMaxima screen

»»>» Mprmal termination Maxima 5.55 5 Jwall 5,65 5 [04,83,98.397%

LEL LS

ok A o

[ No offset ]

I A infinite ]

KFER[a]

XFER[B]

XFER[a]

XFER{B]

NFER[a]

XFER{bB]

A Offs

A4+1

per phase

((A2+48) Ca+(AZ+A) 2+ (A2 +A) CID OFfs 2+ -A% Ca-A% €2 -A C1) OFFs+{ (A2 +4) C2+ (A2 +A) €1 Vin

((A+1) CasFA+L) L2+ (AT +2 A+1)C1) 2

CAC2+AC1) Vin

(tascz+(as1d1 )z

offs
(Ca+CE+C1) OFfs 2+ ( C2+CL) Win+{ -Ca-L2 -CL) OFfs
1

=2>> Normal termimation Maxima 5.19 5 S wall 5.2 5 [95.42,98.39]%

Rk R

[ A infinice ]

XFER

XFER

XFER

(ACI+ACE+ACL) Offs+ (A2 +A4) C2+ (AZ+4) €1) vin

(Al Cas(A+1) 2+ (A%424+1) T

(AC2+ACI) Vin
fa+Q2+0A+1) 2

(C2+C1) Vin
1

per cycle




An Example, Modeling and Simulating a SWC Circuit in ‘s’

library file ‘/Simulate/NapaDos/Hdr/Max/SWC_Integrator/Maloberti_Integratorl_NI.sch’

Cffset-compensated Low-slew Mon Inverting Integrator

Maloberti 1383 (voltage source as initial condition)
ey CB
Globals 0 0
| vC2
i .
—{ — -
=
Rl cl [PHIL]
MW [
i
[PHIa] A
& x
+

MY > o

[PHIL]

R3

N C: [PHIb] l B2 [PEIa]

Cload o
|

[PHIL] R4 C: Offs [PHIa] R7

-— -




Schematic Editor

. . ‘ y
or SARC schematic editor / relesse 3.19 May 112019 10:51:26 / (c) 2019 j-mequin@outlookfr editing:  CAPRESENTATIONWNEWCAS 2019\NEWCAS 2019 Tutorial\Présentation_Live\SLIDES_S\KHN.sch - X M O d e I I n I n S Of a
File Edit View Window Help & x

D d B2@He 8% 9 7 2 o1 4 | E | |2 . .
semetnsssEs Continuous-Time
lobale ® SARC.1ib
v . .
| FKERWIN-HUELSMAN-NEWCOMB BIQUADRATIC FILTER, KHN | I C t
A STATE VARIABLE FILTER R I rC u I
R 1 RS L
cﬁs E V>V
- Ll G Vv ->1I
-H I >V
Avl RE w2 -F L => I
label
7 M - ©
e Q)
= L+ -globals
aw = == P sdrawing.lib
mmy.lib
R_3 Outh
M =3
Qutl
=
= R 4 c 1 RO outh
Wy {l A = :
wxMaxima screens
Av3 rd
- 1)°C7Cg (R3Rg+Ra (A, +1) Ra+R3)) (Rs+R1) Rg Ry
O
+7_ t
[85.15 98, 39]%
= 2_v] —i— C7 Rg+Cg Rg
r.mac’
= e Cg { Ry Rqy+RY
- Av Tnfinite: J Rz Ry ) R

Rz Ry (Rs#Ry)
C7Cg Ry Ry (Rg+Ry) Rg Ry IsIZ+Cq Ry (Ry Ra+Ry (Ra+R3) ) Re Isl+Ry Ry (Re+Ry) [R2 )’ff-"'v‘*

Transfer Functions L XFER (HP) - - eIt e T T
RK_\ I\» CypCgRy Ry (Rg+Ry) Ry Rg IS +Cp Ry ( Ry Ry+R; (Rq+R3) ) Rg I5I+R; Ry (Re+Ry)
_f_—u-’

C-; Rg 5'_1_ (:'15?5';_;' Rg Is]

XFER (LPY = -

1ofi XFER (BF) = g
(modeling) €y Cg Ry Ra (Re+Ry) g Re 15/26Cs Ry (R Ay 6Ra (Ry#Ry)) Ry 151 4R Ry { Re+Ry)
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Schematic Editor - - .
o SARC schematic editor / release 3.19 May 112019 10:51:26 / (c) 2019 j-mequin@outlook.fr editing:  C:\PRESENTATION\NEWCAS_2019\NEWCAS_2019_T & 1_Live\SLIDE10_ h - x I r‘ l | I O ‘ ' I n

[ File Edit View Window Help _ 8 x
D E B Ee S8 27 (2|01 ¢ ?
pafuy: JIRE N (A= = |

Read)

— ‘s’ to Introduce Bandwidth

v
‘ Multiply-by-Two SWC Circuit ‘ I
R
R4 L
MM :
Globals E V->V
[PHID) G V->1I
H I ->V

RS

Wy 1w This model needs a more
= [H sophisticated simulator

> J = engine

—— )
-—

-— )
=3
I+

[PHIa]

R3 [PHIb] [=

_ 1

Offs

o wxMaxima screen

»>> Normal termination Maxima 4.62 s / wall 4.67 s [95.61,98.39]%

XFER =
( C2 PHIa PHIb (2 C1 PHIb RDS+PHIa (2 C1 (RDS-APHIb) +CaRDS)) [sf2+

((c2+ C1) PHIb2 RDS+ PHIa ( PHIb (3 C2 RDS -A ( (C2+C1) PHIb+ (C2+C1) PHIa) )+ ( (Ca+2 C1) PHIb+ (Ca+C2+C1) PHIa) RDS) ) Is|+(PHIb+PHIa) RDS)/ ( CL C2 Ca Cload PHIa3 PHIb2 RDS [s]*+ PHIa2
PHIb ((C1(C2 (3 Cload+Ca)+CaCload) +C2 Ca Cload) PHIb RDS+PHIa (C1 (C2 (Ca (RDS+PHIh) +2 Cload RDS) +Ca Cload RDS ) +C2 Ca Cload RDS) ) [s[3+PHIa (

(c1 (2 Cload+Ca+2 €2) +€2 (2 Cload +Ca} +Ca Cload ) PHIb2 RDS + PHIa

(PHIb (2 €1ca RDS+(C_1 (ca+(a+3) 2 )+C2ca ) PHIb+(C_1 (ca+(a+2) 2 )+C2ca ) PHIa >+((<2 Ca+3 (C2+C1) ) Cload+C2 (2 Ca+3C1) )PHIE:I+(CI (Cload +Ca+C2) + (Ca+C2) Cload ) PHIa )Ros ))

|52+ ((Cload+Ca+C2+C1) PHIb2 RDS + PHIa
(PHIb (4 C2RDS+(Ca+ (A+2) (C2+C1)) PHIb)+((2Cload+3 Ca+2 C1) PHIb+ (Cload+2 (Ca+C2)+C1) PHIa) RDS+PHIa ((2Ca+ (A+3) C2+ (2A+3) C1l) PHIb+ (Ca+C2+ (A+1) C1) PHIa) )) [s[+
(PHIb + PHIa ) (RDS+ (A+1) PHIb+ (A+1) PHIa))
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Environment, Constraints, Motivation... and Tactics !

What do we need? How to organize a simulation? How to enforce reuse? ...

We need to keep a TIGHT CONTROL on the modeling and on the simulations !
We will ENFORCE THE COHERENCE of the netlists. -

We need ultimate SPEED. ‘ 7 ﬂ ,%}), ,.
We have chosen ANSI-C as it is fast and is a de-facto standard. m“““?;:fw/
tresueaznuss
The netlist must be as CONCISE and crystal clear as possible. T T-_-j_.l_ {-E—_—_'_'T__‘_’_If |
Iy o A Y O 5y

We have an imperious constraint: a short term and steady ROI.
We have chosen an INCREMENTAL DEVELOPMENT of the project.

And NO HASSLE. FREEWARE only.

12



For Portability, ANSI-C ! But ...

C is verbose.

As a return of experience, C is not suited to describe one-time programs as
the coding and debugging are time-consuming. -This is not our job- .

Cis lax.
We need a strict control of the code as we cannot mix freely analog and digital signals.

C is too generic. We need a more specialized language.

Our target is signal processing. C
11

C compiler produces cryptic error messages. Debugging is overwhelming.

C is loose and presents surprising hazards, limitations ...

2/3 =0 intwn =1;
(double) ( 2/3) =0,0 &n?  no problem

20/3 =0.666. &1? ERROR
13




Our Choice, an Ad-Hoc Cycle Driven Simulator

We need to find a golden solution, so that we can have our cake and eat it.

We will not use a generic simulator running netlists but we will build an
ad-hoc executable which IS the simulator of our netlist.

We will use a language of netlist which will have a direct translation in a
streamlined dedicated ‘C’ code which will be compiled and executed on the fly.

Netlist

v

reetlist Output

14



The Simulations Are Therefore Just Fast

Example: 81 TSNR for a 3" Order XA SWC Modulator.
These TSNR need a total of 81 FFTs of 26 points.
A simulation of 5.3 millions cycles.

file ‘tsnr.c’

file ‘tsnr.nap’

header < >

title "

fs 2.0e6

dvar ampldb LINSWEEP(TOOL_INDEX, -80.0,0.0, 81) &update &export

compile netlist

&update

compile C code & execute

screen

// fast sinewave

in vrefh vrefl

file *./sd21.net’

dvar amp1 DB2LIN(ampldb, 1.0)

dvar freq 1234.56789

dvar ph rand_uniform(0.0, _2pi_)

node vrefh 1.0

node vrefl -1.0

node in 0.0 ampl freq ph

node out cell sd " "

ivar npts POWEROF2(16)

tool tsnr stdout out 1 12.0 16.0e3 npts
terminate 0.0 < ampldb

directive WINDOW
directive QUIET

]
|
)
BLACKMAN{HARRIS_7
!

1

]

)

]

|

)

|

cell_interface $out $sdfile $in $vh $vi

data $sdfile $A $B $C $D $E $F Sopl $op2 $op3 $cmp4 $cmp5

dvar $i1 $A

dvar $i2 $A/$C

dvar $j1 $B/SA

dvar $j2 2.0%($B/$C)

dvar $k1 $D/($C*I2D($F))

dvar $k2 $D/($B*I2D($F))

dvar $k3 $D/SE

ivar $ia $F

node $vp dalgebra $vh

node $vn dalgebra $vi

node $th average $vn $vp

node $s01 cell il <Integratorl/d2_a.net> $opl $il $in $i2 $s03 0.0
node $s02 cell i2 <Integratorl/d2_a.net> $op2 $j1 $s01 $j2 $s03 0.0
node $yl cell c4 <Comparator/2_a.net> $cmp4 $s02 $th

node $s03 mux $yl -$vn -$vp

node $s07 cell i3 <Integratorl/d3_a.net> $op3 $k1 $s03 $k2 $s02 $k3
0.0

node $y2 cell c5 <Comparator/2_a.net> $cmp5 $s07 $th

node $s08 mux $y2 -$vn -$vp

node $s09 delay $yl

node $s10 delay $s09

node $s11 differentiator $y2
node $s12 differentiator $s11
node $s13 gain $ia $s12
node $out sum $s10 $s13

$s08

-

T
o

P

NAPA Tools Information:

o

Random Seed [I]
Output Tag [O]

NAPA Compiler

P
P

o

Main Netlist
==xx  Simulator Time
Simulator Index
Tool Index

P

T

P

Run Time I/0

-> stdout

Stopwatch

P

Normal Termination

[TSHR]

¢ )
N Hee:Mee:see. 877 T

TSNR Analysis of a MASH 2+1 SWC Sigma-Delta Modulator

tsnr[@]) Appending ad hoc template to tsnr data

o

778788825
254179993

e

R

V4.e@ for Winod

o

TSHR. tmp
2.85421 5 ====
5 388 417

g1 ®=xxx

e

T

[ 0] ===

< 0.9 second

o

gnuplot screen

1200

10

1002

800

70

or [dB] - # 1 wmm
tsor [dB)-#2

000 800 70

500 400 -0 200 100 00

siq RS [46)
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Napa, a Compiler and a Simulator

o]
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https://www.gnu.org/graphics/meditate.fr.html|

Mixed Signal: Analog and Digital

groduct

X » gain
X*y —» 2 X > a*x >y
y —»
~ SIGNAL M Digital or analog signal represented by ‘node ...
I Analog parameter represented by ‘dvar ...
‘ Parameter ‘ Bl Digital parameter represented by ‘ivar '

The simulations will rely on the ANSI-C compiler gcc.

Our choice: analog double float for its resolution of 15 digits
digital long long int for its range of ]-2%, 25

17



The Nodes

(parm) Aparmy-... NAPA node
in1 : in1 T /
| ; fs 1 node name
signal / (parm)
foo <= L out _ NAPAnode s3
T out - /
in2 2 e
instantiation of the primitive "foo" "7 node kind
O out
node kind
node name

e

N

node out foo 1inl in2

ENTRY POINT. —
N/

S

keyword

S

inputs or parameters

s2

]

Delay

4

18



Sorting the Nodes for a Linear Computing Flow

ENTRY POINT_—-
Y.

s2

............................
e =~

( update parm)

in (TIME, ...)

sl (in)

s3 (old S2, s1, parm)
s4 (s3)

out (in, s4)

new S2 (s4)

-~ g
-
- - - - - - ---------

-
g g g g g g g g g p——

S

" 19



A Minimalist List of Basic Elements Output

Control

Analog type [}
Digital type [ Resource

' Sampling Frequency

 One-lined C expression

James Petts from London, England
[CC BY-SA 2.0 (https://creativecommons.org/licenses/by-sa/2.0)]

Z domain models may be
built with these elements. Delay

~ Initialization

e

output ...

terminate ...

header ...

fs ...

init ...

ivar ...

dvar ...
node ..

node ..
node ..

node ..
node ..

node ..
node ..

node ..

ialgebra ...
dalgebra ...

dc ...

sum...
offset ...

prod ...
gain ...

delay ...

20



An Example: the Random Walk s
/h/

21




MOdellng a 2D Random Walk lffZEéItl Ili | ANSI-C, C11 code, file ‘random_ Walkc

- #include "/Simulate/NapaDos/Hdr/napa.hdr"
- #tinclude "/Simulate/NapaDos/Hdr/Function/random.hdr"

From the Crimson Editor : double  FSL=1.0;
NAPA main netlist, file ‘random_walk.nap’ ~ double  napa_abs_time = 0.0;
header < > - long long LOOP_INDEX = OLL;
header < > §
! double  d_var_stp=0.3;
fs 1.0 - double d_node_xd = 0.0;
’ ! double d_node_yd = 0.0;
- double  d_node_phi = 0.0;
dvar stp 0.3 - double d_node_ystep = 0.0;
. . . 1 double d_node_y = 0.0;
node phi r'and:un'! for'mgo. 0, _2pi.) " double d_node_xstep = 0.0;
node xstep stp * sin(phi) double  d_node_x = 0.0;
node ystep stp * cos(phi) § - -
dof
node xd X . napa_abs_time = ((double) LOOP_INDEX) / FSL,;
node yd y 3
' d_node_xd =d_node_x;
node X xd xstep ~d_node_yd = d_node_y;
node y yd ystep ~d_node_phi = rand_uniform(0.0,_2pi_),
i d_node_ystep = d_var_stp * cos(d_node_phi);
output stdout x y phi i d_node_y =d_node_yd + d_node_ystep;,
| d_node_xstep = d_var_stp * sin(d_node_phi);
terminate 1000LL <= LOOP_INDEX /7~ d_node_x=d_node_xd +d_node _xstep;
1 fprintf(stdout, "%.15e", napa_abs_time);
3 - fprintf(stdout, " % 126 % .12e % .12e\n", d_node_x, d_node_y, d_node_phi);
L N LOOP_INDEX++;
~ « Napa netlist  } while ({(1000LL <= LOOP_INDEX));

compiler - = o



The Control

fs 1.0

terminate 1000LL <= LOOP_INDEX .o

S

~

#include
- #include

double
- double
- long long

"/Simulate/NapaDos/Hdr/napa.hdr"
"/Simulate/NapaDos/Hdr/Function/random.hdr"

FSL = 1.0;
napa_abs_time = 0.0;
LOOP_INDEX = OLL;

]

A o {

napa_abs_time = ((double) LOOP_INDEX) /FSL; L
L
- 0
0
P
LOOP_INDEX++;
~ } while (}(1000LL <= LOOP_INDEX)); =



The Initialization and the Loop

\
- double d_var stp =0.3;
dvar stp 0.3 double d_node xd =0.0; > Inltlallzatlon
. . . | double d_node yd =0.0; 1
node phi rand_uniform(0.0,_2pi_) " double d node phi = 0.0;
node xstep stp * sin(phi) ~ double d_node_ystep = 0.0;
node ystep stp * cos(phi) ' double d_node_ y =0.0;
. double d_node_xstep =0.0;
node xd X ' double d_node x =0.0; /
node yd y §
do{ \
node X xd xstep
node y yd ystep |
d _node xd =d _node_x;
d_node_yd =d_node_y;
d_node_phi = rand_uniform(0.0,_2pi_);
d_node_ystep = d_var_stp * cos(d_node_phi); A single
d_node_y =d_node_yd + d_node_ystep; >

d_node_xstep = d_var_stp * sin(d_node_phi); |00p

d_node_x =d_node_xd + d_node_xstep;

} while (/( ); J



Type Determination and Declaration

header <napa. hdr>
header <Function/random. hdr>

#include '/Simulate/NapaDos/Hdr/napa.hdr"”
§ #include '/Simulate/NapaDos/Hdr/Function/random.hdr"

~double  FSL=1.0;
fs 1.0 i double  napa_abs_time = 0.0;
- long long LOOP_INDEX =OLL;

dvar 0.3 double  d_var_stp =0.3;

node L[Ji[e]Cle— dalgebra rand_uniform(0.0,_2pi_)  double d node xd=0.0
d dalgebra stp * sin(phi) , double  d_node_yd = 0.0;
nhode Xstep 9 P ph - double  d_node_phi = 0.0;
node ystep dalgebra stp * cos(phi) " double  d_node_ystep = 0.0;
- double  d_node_y =0.0;
double i double  d_node_xstep =0.0;
node delay i double  d_node x=0.0;
node yd delay vy
do(
node Ne[eli[sJ[N <@ sum - napa_abs_time = ((double) LOOP_INDEX) / FSL;
node y sum yd Yystep | d_node_xd =d_node_x;
. i d_node_yd =d_node_y;
output stdout x y phi - d_node_phi = rand_uniform(0.0,_2pi_);
§ d_node_ystep = d_var_stp * cos(d_node_phi);
terminate 1000LL <= LOOP_INDEX ~ dnode y =d node yd + d_node_ystep;

d_node_xstep = d_var_stp * sin(d_node_phi);

d_node_x =d_node_xd + d_node_xstep;

forintf(stdout, "%.15e", napa_abs_time); |
forintf(stdout, " % .12e % .12e % .12e\n", d_node_x, d_node_y, d_node_phi);
LOOP_INDEX++; |

3 categories of Nodes: digital, analog or ‘chameleonic’ |
~ } while (((1000LL <= LOOP_INDEX));



Sorting and Compilation of the Nodes

" double  d_node_xd = 0.0;

node xstep stp * sin(phi) double  d_node_xstep = 0.0;

| double  d_node x =0.0; old value of x
node xd X do { /
node X xd xstep d_node_xd = d_node_x;

d_node_xstep = d_var_stp * sin(d_node_phi);
d_node_x = d_node_xd + d_node_xstep;

new value of x



Introduction of a ‘C’ Formula T

dvar stp 0.3 d_var_stp
node phi dalgebra rand_uniform(0.0,_2pi_)
node xstep dalgebra stp * sin(phi) |
node ystep dalgebra stp * cos(phi) § d_node_phi
\ i
\
\
\
\ |
‘\ do{
\ Copy, |

N\ process

N
terminate 1000LL <= LOOP_INDEX \ and paste

\\
S

- :
- g, '
= =e===P d node xstep=d_var stp *sin(d_node_phi);

C formula may be directly introduced

in nodes dalgebra, ialgebra, dc ... |
in instructions dvar, ivar, init, terminate ... }



Inclusion of a ‘C’ Resource

header <Function/random. hdr>

node phi rand_uniform(0.0, _2pi_) —

»  d_node_phi=rand_uniform(0.0, 2pi ); <

If a function is not a C native function, an external
resource must be included to the produced C code,
and therefore will be compiled with this code.



Time-Domain Output

‘ output stdout x y phi

fprintf(stdout, "%.15e", napa_abs_time); |
fprintf(stdout, " % .12e % .12e % .12e\n",d_node_x, d_node_y, d_node_phi);



The Result of this First Example

gnuplot screen

12.

§-4.0
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A Few Other Elements

Weighted Sum | | node .. wsum ...
B node .. dc ...
DC ‘ B node .. const ...
Sinewave [] node .. sine ...
Declaration declare ...

Our first challenge: the sinewave is using the ANSI-C function ‘sinl()’.
But the trigonometric functions are notoriously slow to compute.

This is a great opportunity for a first exercise.
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An Example: a Second Order Resonator

weighted sum

X2

delay

ampl
off
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This 2-Pole Resonator is Known to Be an Excellent Oscillator

_weighted sum

#* The resonator is implemented as a 2-pole filter described X2
#* by the difference equation: p *_.1 P
#:‘: ‘
#* X[n] = 2.0%cos(2Pi*freq/FSL)*X[n-1] - X[n-2] § +
#% |
#* An 1initial impulse 1is required to start the oscillation.
#:‘:
#* X[n-1] = sin(phase)
# X[n-2] = sin(phase - (2Pi*freq/FSL))

delay
declare (analog) x0 // the resonator is analog !

dvar k 2.0 * cos(_2pi_*(freq/FSL))

ampl
node x0 k x1 -1.0 x2
node x1 x0 off
node x2 x1
node s ampl x1
node out off s
init x1 sin(phase) // output of delay x0 -> x1
init x2 sin(phase-(_2pi_*(freq/FSL))) // output of delay x1 -> x2

/
/

/
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This is an Opportunity to Introduce Hierarchy: the Cell

file ‘osc.net’

// not such modulation

// the resonator is analog !

// output of delay x0 -> x1
// output of delay x1 -> x2/

cell_interface $out $off $ampl $freq $phase

#* The resonator 1is implemented as a 2-pole filter described
#* by the difference equation:

# kS

#* X[nl = 2.0*cos(2Pi*freq/FSL)*X[n-1] - X[n-2]
# w

#* An initial impulse is required to start the oscillation.
# kS

#* X[n-1] = sin(phase)

#* X[n-2] = sin(phase - (2Pi*freq/FSL))

declare (analog) $off S$ampl $freq $phase
declare (constant) $freq $phase

declare (analog) $x0

dvar $k 2.0 * cos(_2pi_*($freq/FSL))

node $x0 $k $x1 -1.0 $x2

node $x1 $x0

node $x2 $x1

node $s $amp1l $x1

node $out $off $s

init $x1 sin($phase)

init $x2 sin($phase-(_2pi_*($freq/FSL)))

/
/
/

X2

weighted sum

ampl
off

delay

4>

out
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The Cell Expansion, a Simple Process

file ‘osc.exp’

title

header <napa.hdr>

fs 1.0e6
node outd® sine off ampl freq phase
file ‘osc.net’
cell_interface $out $off $ampl $freq $phase #% >> node outl cell pls "./osc.net"
declare (analog) $off S$ampl $freq $phase (  declare (analog) off ampl freq phase
declare (constant) $freq $phase declare (constant) freq phase
zllec'lar'e $|Ea"§189_),_ gxo N FsL declare (analog) pls__x0
var ) cos(_2pi_*($freq/FSL)) dvar pls__k 2.0 x cos(_2pi_x(freq/FSL))
node $x0 $k $x1 -1.0 $x2 ‘ : t
node  $x1 $x0 Inser node  pls__x0 wsum pls__k pls__x1
node $x2 $x1 node pls__x1 delay pls__x0
node $s $ampl $x1 node pls__x2 delay pls__x1
node $g“; incoh )$°ff $s node pls__s gain ampl pls__x1
init X1 Sin{sphase . node outl offset off pls__s
init $x2 sin($phase-(_2pi_*($freq/FSL))) - init pls._x1 sin(phase)
/ \ init pls__x2 sin(phase-(_2pi_*(freq/FSL)))
#x <<
node out2 osc off ampl freq phase
: dvar per 1.0/freq
The eXpanSIOn’ dvar off 0.0
a jOb of the PARSER dvar ampl 1.0
dvar freq 440.0
dvar phase _pi4_

output stdout out® outl out2
terminate (2.0*xper) <= TIME

-1.0 pls__x2

"a resonator made with a 2-pole filter running at #freq Hz"

off ampl freq phase

J




Let's Compare both Solutions (s )}

file ‘osc.nap’

title

fs

node

node
node

dvar
dvar
dvar
dvar
dvar

header <

1.0e6

#* sinewave,

out0

#* sinewave,

outl
out2

per
off
ampl
freq
phase

method 1

off ampl freq phase

method 2a and 2b

cell pls

1.0/freq
0.0

1.0
440.0
—bid_

off amp1l freq phase
off amp1l freq phase

// 12 Tone Equal Temperament, A4 @ 440Hz

output stdout out0 outl out2

terminate (2.0%per) <= TIME ——

X2

ampl
off

delay

weighted sum
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Cross Reference

B Administrateur : MNAPA Cross Reference: Source File = osc.nap ¥

S AT A AT AT A AT AT AT AT A AT AT T A T AT AT A AT T T A AT AT A AT AT AT AT R AT A N AT AT AT AT T D AT D R

List of Files

file ‘osc.nap’

header <napa.hdr>

title “a resonator made with a 2-pole filter running at #freq Hz”
fs 1.0e6

node outo off ampl freq phase

node outl cell pls “./osc.net” off ampl freq phase

node out2 off ampl freq phase

dvar per 1.0/freq

dvar off 0.0

dvar ampl 1.0

dvar freq 440.0 // 12
dvar phase _pi4_

output stdout out0O outl out2

terminate (2.0xper) <= TIME

Tone Equal Temperament, A4 @ 440Hz

-c---------*

3,

file ‘osc.net

cell_tinterface $out $off $ampl $freq $phase

declare (analog)
declare (constant)

$off S$ampl $freq $phase
$freq $phase

declare (analog) $x0

dvar $k 2.0 * cos(_2pi_x($freq/FSL))
node $x0 $k  $x1 -1.0 $x2
node $x1 $x0

node $x2 $x1

node $s $ampl $x1

node $out $off $s

init $x1 sin($phase)
init $x2 sin($phase-(_2pi_x($freq/FSL)))

A -» "osc.tmp”

B. -> "osc.net”
B
List of Headers

Al <- "/Simulate/NapaDos/Hdr/napa.hdr"
Sampling Information

A.S <- [ main sampling freguency ]

List of Nodes
<- oute
B.11 <- outl
a <- out2

a <= pls_ s
<= pls_ x@
<= pls_ x1
<= pls_ x2

IR DD
0000 0000 0~
mWommm

.1
.7
.8
.9

List of Variables

A.14 <= ampl
A.15 <= freq
AL13 <- off
AL12 <- per
A.l6 <= phase
A.B B.6 <= pls_ k
ALE B.12 <- [ init ]
A.8 B.13 <- [ init ]

List of Declarations

A.8 B.3 <= ampl

A.B B.3 - freqg

A.8 B.4 <= freq

A.8 B.3 <- off

A.8 B.4 <= phase

A.B B.3 - phase

A.8 B.S <= pls_ x@
List of IO's

A.18 <- [ output ]
Terminate

A28 <- [ terminate ]

A AT A A AT A A AT CHC R DA AT DA AT N AT R R DR AT R DA AT DN R D6 A AT AT R A HC AT R AT AR AT R DA AT AT N BT AR AT A AT AT N A A A A A R R
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Precision

e e e - ¥ e -y
By & B [ Optons~  JGid 31 %2 %3
After 810 billions cycles
1
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5 cutl ( Velt)
i
05
- 1
L
T s
05 i
1
-1 : F N H ¥ - L H
0.0 B10.0 B10.0 B10.0 810.0 810.0 B10.0 B10.0 810.0 B10.0
absolute time(s)
| 810005, -0.519904 :
—— - — — —
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Benchmarks

file “.Joscl.nap’

header <napa.hdr>9
gl
title
4l

fs 1.8
gl

node out

gl
terminate 1000000000000 <= LOOP_INDEX]

cell s "./osc.net”

"a resonator made with a 2-pole filter"q

0.0 1.0 440.8 0.07

file “.Josc2.nap’

1

o d
-
1

1

header <napa.hdr>q
1l
title
1l
fs 1.0

1
node out

1
terminate 1000000000 <= LOOP_INDEX]

"a sinewave"q

8.9 1.9 4490.0 0.07

/* (start main loop)
napa_waypoint = 5;4

do {1
napa abs time = napa abs loop;d
/* block 1 (update variables) is empty
/* block 2 (update nodes)

/* always */ {9
d node s x2 = d node_s_ x1;9l
d node s x1 = d node s x8;7
d node s x@
d node s %0 -= d _node_s_ x2;9
d node s s = d node s x1;9
d node out = d node s s;9

M

/* block 3 (output) is empty
napa_abs loop++;d

} while (!TERMINATE);J

e =

/* (main loop completed)
napa_waypoint = 6;%

(d var_s k) * (d node_ s x1);1 i

file “.Joscl.c’

/1

/1

/1
L
0
0
Fl

/1

/1



Speed
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Random Seed [I]
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NAPA Compiler
Main Netlist
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Stopwatch
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@
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More about the Cells

library file '/Simulate/NapaDos/Net/Clock/clock102.net’

cell_interface $dummy $clkl $clk2 $pattern $length
node $clk $pattern $length
node $nclk $clk
node $clki $nclk $d2
node $di $clk1
node $clk2 $clk $di
node $d2 $clk2 P
= clkl
(pattern) — le’
(Length) nor = delay
| di
clock |—
— - del d2
nor ela
ck o y
= clk2

A cell may have multiple outputs !
Use the identifier ‘void’ for a greater clarity.

file ‘clock.nap’

title "
header <
fs 1.0

node void
node void
node void

output stdout

terminate

cell ca <
cell cb <
cell cc <

> clkla clk2a
> clklb clk2b
> clklc clk2c

LOOP_INDEX clkla clk2a clklb clk2b clklc clk2c
50LL < LOOP_INDEX

n n 8
n n 8
"01 . " 5

00000000 11111111 00000000 11111111 00000000 11111..
11111111 11111111 00000000 11111111 11111111 00000..
00000 11111 11111 00000 11111 00000 11111 00000 11..

Generation of a set of non overlapping clocks, clock.nap
Fri May 10 10:16:43 2019 by Yves Leduc

dk2a
clkib
clk2b

AR i U s s IR M §
17 L1 L

dkia

clkic
clk2c

10.0

20.0

40.0

50.0
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AFirst ‘go with the flow’ Status

Until now, we have defined

the signals and the parameters

a few elements to describe simple netlists
a few simple activation’s elements

an efficient hierarchical mechanism

a simple control of the flow

The description is OPEN to host C expressions
But we have to manage painfully the resources

node, dvar, ivar

gain, sum, delay, multiplexer...
dc, sinewave, ...

cell

do {... } while ({TERMINATE)

dc, dvar, ialgebra, terminate, ...
header

We have implemented the capability to CHECK many potential mistakes in the description.
But, we have REDUCED the capability offered by the C language.

But we LEFT THE ANALYSIS of the results to external analysis tools through output files.

And it is of course NOT a good idea to postprocess the millions lines of an external file to produce a result.
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Additional Control of the C Code using the C Macro Preprocessor

‘mac.nap’ ‘mac.c’

#define  LOGFILE
directive LOGFILE

#define MAGIC  OxABADCAFE

djrectjve MAGIC ~ OxABADCAFE . #define str “Mary has a little lamb”
directive str “Mary has a little lamb”

directive tangent(x,y) (sin(x)/cos(y)) .>§#def1ne tangent(x,y)  (sin(x)/cos(x))
debug FFT TOOL #define DEBUG_MODE_FFT

i#define DEBUG_MODE_TOOL

FYI, the ‘directive LOGFILE’ triggers the generation of a log file during the simulation.
The code activated by this directive is located in file ‘Simulation/Napados/Hdr/napa.hdr’
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Manual or Automatic Inclusion of Header Files

Function 'sqrt()’, being a native function, does not need any specific action.

The function ‘lin2db( )’ is not a native ANSI-C function and the corresponding code must be included.

“manual insertion
file *./lin2db.nap’

library file ‘/Simulate/Napados/Hdr/Function/convert1.hdr’
header ~ <napa.hdr> #ifndef __FUNCTION_CONVERT1_HDR__
header <Function/convertl.hdr> -« #define __FUNCTION_CONVERT1_HDR__
fs 1.0e6
doubTle Tin2db(double x, double ref);
node amp1db Tin2db(amp1, ref)
node amp1 sqrt(2.0*(double) (1LL+LOOP_INDEX)) .
dvar ref 1.0 dogb1e Tin2db(double x, double ref) {
output stderr ampl ampldb if (0.0 >=x) { .
fprintf(stderr, "\nNAPA Run Time Error: (%s)\n", __func_);
terminate 10LL <= LOOP_INDEX fprintf(stderr, " Input <%g> is not strictly positive\n",x);
_ exit(EXIT_FAILURE);

B
if (0.0 >= ref) {
fprintf(stderr, "\nNAPA Run Time Error: (%s)\n", __func_);

fprintf(stderr, " Reference <%g> is not strictly positive\n",ref);
exit(EXIT_FAILURE);

}
return 20.0*Togl0(x/ref);
}

#endif

44




library file ‘/Simulate/NapaDos/Hdr/toolbox.hdr’

#ifdef COMPILE_Tl1in2db

# include “/Simulate/NapaDos/Hdr/Function/convertl.hdr”
#endif

library file ‘/Simulate/NapaDos/Hdr/Function/convertl.hdr’

file ‘lin2db.nap’

header < >

header <toolbox.hdr>

fs 1.0e6

node amp1 sqrt(2.0*(double) (1LL+LOOP_INDEX))
node ampldb Tin2db(amp1, ref)

dvar ref 1.0

output stderr ampl ampldb

terminate 10LL <= LOOP_INDEX

file ‘lin2db.c’ v

. #define COMPILE_11in2db

3 #include "/Simulate/NapaDos/Hdr/napa.hdr"

i #include "/Simulate/NapaDos/Hdr/toolbox.hdr"
do {

‘ napa_abs_time = napa_abs_Tloop * 1.0e-6;

d_node_amp1 sqrt(2.0*(double) (1LL+LOOP_INDEX));
d_node_ampTdb T1in2db(d_node_amp1, d_var_ref);
fprintf(stdout, "%.15Le", napa_abs_time);
fprintf(stdout, "
abs_loop++;

"} while (!(10LL < LOOP_INDEX));

% .12e % .12e\n", d_node_amp1, d_node_ampldb); ﬂ

#ifndef
#define

__FUNCTION_CONVERT1_HDR__
__FUNCTION_CONVERT1_HDR__

double 1in2db(double x, double ref);

double 1in2db(double x, double ref) {
if (0.0 >= x) {
fprintf(stderr, "\nNAPA Run Time Error: (%s)\n", __func_);
fprintf(stderr, " Input <%g> is not strictly positive\n",x);
exit(EXIT_FAILURE);

}
if (0.0 >= ref) {

fprintf(stderr, "\nNAPA Run Time Error: (%s)\n", __func_);
fprintf(stderr, " Reference <%g> is not strictly positive\n",r);
exit(EXIT_FAILURE);
3
return 20.0*1ogl0(x/ref);
} B T~
/ - /// \>//
#endif — 7 b4 /

/ The netlist compiler indicates to the C compiler

that the function ‘lin2db( )’ has been detected
in the netlist by inserting a C preprocessor macro

‘COMPILE_lin2db’.

By registering once the address of the
file containing the code corresponding to the

function ‘lin2db( )’ in a library file ‘toolbox.hdr’,

there is no more need to add the
corresponding ‘header’ instruction ! /

\\ \ /
L \, /
T~ N\ /

_ . g
- o




file "./badcounter.nap’

The Limitations of C expressions

header < >
header “

The nodes ‘dalgebra’ and ‘ialgebra’ suffer from major limitations. e 1.006
] ) ] o ] ) ivar vl counter(l)

Being a C code, only limited verifications are possible. node n3 counter ()
It is difficult to have a variable number of parameters in functions.

The one-lined C expression supports only a single output.

output stderr vl n2 n3

terminate 4LL < LOOP_INDEX

Elaborate functions are difficult to be written.

And the creation of independent instantiations are cumbersome.

file “./badcounter.hdr’ (screen)  J
#ifndef _BADCOUNTER_HDR__ TEAX
#define __BADCOUNTER_HDR__ S BADCOUMTER Wrong I
doubTle counter(long long stp); e PR Bl B
P 2 3
doubTle counter(long long stp) { " “
ﬁf)?\?ﬁo]q(;n%n]to?rﬂ;-nt oldent = OLL; # (time domain output) ’ 1
o # absolute time(s) vl g N2 n3 |
cnt = oldcnt; —
oldent += stp; 8.080050000000600+000 8 1 1 3|
return cnt; 1.6066606000000008680e-000 8 | 5] a |
; dif 2 .0000000B0EEEEEE: -000 g 1 11 13 |,
end 3.600000000000000e - 806 8 V16 18 |,
# absolute time(s) vl v on2 n3 ¢
d 4
A ¢
A 3 o . P



Unleashing C Expressions: Nodes ‘duser’ and ‘iuser’ (1/4)

the number of instantiations

#define COMPILE_goodcounter 3 of the function in the netlist

#include “/Simulate/NapaDos/Hdr/napa.hdr”

i #include *“./goodcounter.hdr”
header < > 3
header Tong Tong ivar_inc = 4;
fs 1.0 o . . .
ol check_iuser_goodcounter_02(10, ivar_inc, 0);
0  node «cl goodcounter 10 {inc 1 check_iuser_goodcounter_00( 1);
1| | node «c2 goodcounter 2 | check_iuser_goodcounter_01(-1, 2);
2| | node c3 goodcounter -1 |
. . o  init_iuser_goodcounter_02(10, ivar_inc, 0);
ivar 1inc 4 oL L.
1 | init_iuser_goodcounter_00( 1);
output stderr ¢l c2 c3 2 | init_iuser_goodcounter_01(-1, 2);
terminate 10LL <= LOOP_INDEX 1 do {
' . napa_abs_time = ((double) LOOP_INDEX) / FSL;
T o | node_cl = iuser_goodcounter_02(10, ivar_inc, 0);
7 \\, — 1 node_c2 = iuser_goodcounter_00( 1);
i AN 2 ! node_c3 = iuser_goodcounter_01(-1, 2);
g somefunction X . fprintf(stdout, "%.15e", napa_abs_time);
N — ™\ i fprintf(stdout, " % .12e % .12e % .12e\n",i_node_cl,i_node_c2,i_node_c3);
/"/ i nstant'(at'l on# N\ ‘ LOOP_INDEX++ .
) } while (!(10LL <= LOOP_INDEX));
\ N /
. \ | )
duser_somefunction_03(x, y, z, 0)’ ' o  close_iuser_goodcounter_02(10, ivar_inc, 0);
AN /'/ 1 close_iuser_goodcounter_00( 1);
~ < 2 | close_iuser_goodcounter_01(-1, 2);




Unleashing C Expressions

file ‘goodcounter.hdr’

- #ifndef __GOODCOUNTER_HDR__
- #define __GOODCOUNTER_HDR__

! /* Fededede ek deedefdedededeedefdefdededededdedededededededed |

§ Vi ijuser function goodcounter’ accepts 0, 1 or 2 arguments *A

V4 node a iuser goodcounter ini step */

LEE node b iuser goodcounter step (ini = 0) */
k node c iuser goodcounter (ini =

i /,'.‘ %
3 /* *% MACRO FUNCTIONS DEFINITIONS ##wsdededddddddiiddiiis

0, step = 1) */

Fedededededededededededded */

§ #define iuser_goodcounter_02(a,b, c) iuser_goodcounter( b, cx
i #define check_iuser_goodcounter_02(a,b, c) check_iuser_goodcounter( Dl
. #define reset_iuser_goodcounter_02(a,b, c) reset_iuser_goodcounter(a, 9]
. #define 1init_iuser_goodcounter_02(a,b, c) init_iuser_goodcounter(a, c)i
. #define close_iuser_goodcounter_02(a,b, c) close_iuser_goodcounter( )

' #define iuser_goodcounter_01(a, b) iuser_goodcounter( a, b)
§ #define check_iuser_goodcounter_01l(a, b) check_iuser_goodcounter( )
| #define reset_iuser_goodcounter_01(a, b) reset_iuser_goodcounter(0, b)
! #define init_iuser_goodcounter_01l(a, b) init_iuser_goodcounter(0, b)
i #define close_iuser_goodcounter_01(a, b) close_iuser_goodcounter( )

iuser_goodcounter( 1, a)
check_iuser_goodcounter( )
reset_iuser_goodcounter(0, a)

init_iuser_goodcounter(0, a)!
close_iuser_goodcounter( X

. #define iuser_goodcounter_00( a)
. #define check_iuser_goodcounter_00( a)
. #define reset_iuser_goodcounter_00( a)
§ #define 1init_iuser_goodcounter_00( a)
i #define close_iuser_goodcounter_00( a)

i /* *% FUNCTIONS PROTOQYPES % dedesesdededededededesdedededdededededodededododedrddodedrdededndededededededess */

i long long

iuser_goodcounter( Tong Tong stp, int id);
. void check_iuser_goodcounter( void );
! void reset_iuser_goodcounter(long long ini, int id);
§ void init_juser_goodcounter(long Tong 1ini, int id);
' void close_iuser_goodcounter( void )N

i /% %% GLOBAL VARIABLES s sksiuicudon

§ /* ** FUNCTIONS DEFINITIONS *

B!
B

3

B!

(2/4)

Static memory allocation

Tong Tong goodcounter_cnt[ COMPILE_goodcounter 1;

fedededede et der e e e e d */

3 Tong long iuser_goodcounter(long long stp, int id) {

long long int cnt;

cnt = goodcounter_cnt[ id 1;
goodcounter_cnt[ id ] += stp;
return cnt;

} Individual parameter

§ void check_iuser_goodcounter(void) {

return;

§ void reset_iuser_goodcounter(long long ini, int id) {

goodcounter_cnt[ id ] = ini;
return;

" void  init_iuser_goodcounter(long Tong ini, int id) {

reset_iuser_goodcounter(ini, id);

return;
' void close_iuser_goodcounter(void) {

return;
| /* Fededededededdedededhdeddhfhdddtid Fedededededehde SN de N ddehdehddddehddddhdedddhdlddd */
| #endif



A Second ‘go with the flow’ Status

The node ‘duser’ and ‘iuser’ simplify considerably the code to be written to implement a function.
Not a rocket science, it is simply an efficient ‘divide and conquer’ approach.

( btw, it is not too far from the concepts of an object oriented language )

This is expanding the netlist language considerably without adding complexity.

We can write functions with a variable number of arguments,
and we can also define easily default values.

iuser function ‘goodcounter’ accepts 0, 1 or 2 arguments

node a iuser goodcounter ini step
node b iuser goodcounter step <« (ini
node c iuser goodcounter 4 (ini

0)
0, step = 1)

We will add now a few other features to simplify the netlist description
and the work of the designer of user’s functions !
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Unleashing C Expressions: Options

=
>

P
*

o % o s

%

I I I I T I I TR EEYIISEIYIYT:

b

NAPA juser defined function:

"sequence"

Generates an integer number from an interval of

USAGE: node
node
node
node
node
node
node
node
node
node
node
node

Where nl
n2

<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>
<node_nam>

Tong integer,
Tong integer,

iuser
iuser
iuser
iuser
iuser
iuser
iuser
iuser
iuser
iuser
iuser
iuser

Timit
Timit

Optional qualifiers are '(up)',

sequence
sequence
sequence
sequence
sequence
sequence
sequence
sequence
sequence
sequence
sequence
sequence

min of interval [nl,
max of interval [nl,

when using the option '(shuffle)'.

defaults are

"C(up)' and '(aperiodic)'.

<nl>
<nl>
<nl>
<nl>
<nl>
<nl>

indices.

<n2>

<n2> (up)

<n2> (down)
<n2> (shuffle)
<n2> (shuffle)
<n2> (shuffle)
<n2>

<n2> (up)

<n2> (down)
<n2> (shuffle)
<n2> (shuffle)
<n2> (shuffle)

/"

L

o
(aperiodic)/
(periodic) R

(aperiodic)
(periodic)

n2] (default: 0)

n2]

"(down) ', or '(shuffle)'.
It is possible to periodize the sequence '(periodic)'

or '(aperiodic)',

Optlons extend con5|derably
' the function capabilities.

We propose that the NAPA
~compiler reduces the
programmation effort.

—

\\\

@ init
@ init
@ init
@ init

N

e

s

o s
ok 3

SOOI

(3/4)

Ve

/

/

N

A
.

,//
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libray file ‘/Simulate/Napados/Hdr/User/sequence.hdr’

int sequence_typ[ COMPILE_iuser_sequence ];
int sequence_per[ COMPILE_iuser_sequence ];

void check_ijuser_sequence(long nl, long n2,
if (n2 <= nl1) {
fprintf(stderr, "\nNAPA Run Time Error:
exit(EXIT_FAILURE);

int id) {

(sequence[%d]) Invalid interval\n", 1id);

}

sequence_typ[id] = 1; /* default is (up) x/
sequence_per[id] = false; /* default is (aperiodic) x*/

if (ISOPTION("1diuser_sequence", id, "up" )) { sequence_typ[id]
} else if (ISOPTION("iuser_sequence", 1id, "shuffle" )) { sequence_typ[id]
} else if (ISOPTION("iuser_sequence", id, "down" )) { sequence_typ[id]

if (ISOPTION("diuser_sequence", 1id,
} else if (ISOPTION("iuser_sequence", 1id,

if (ISNOTOPTION("iuser_sequence", -id
fprintf(stderr, "\nNAPA Run Time Error:
exit (EXIT_FAILURE);

}

return;

long long iuser_sequence(long nl, long n2, i
long long n;

"periodic" ))
"aperiodic"))

))

{

sequence_per[id]
sequence_per[id]

1;

0;

-1; }
true;
false; }

(sequence[%d]) Option is not valid\n", -id);

nt id) {

if (1 == sequence_typ[id]) { /* code for a sequence with a positive slope x/

n= ...

}

return n;

}

( ‘napatool.hdr’ combines ‘napa.hdr” and ‘toolbox.hdr’)

‘file.nap’
header < >
fs 1.0
node sa sequence nl n2 (down)
node sb sequence n3 (shuffle) (periodic)
ivar nl 1
ivar n2 100
ivar n3 10
output stdout sa sb
terminate 20LL <= LOOP_INDEX options
“file.c”

 #define COMPILE iuser_sequence 2

#define ISOPTION(f,i,0) check_for_option(f,i,0)
- #define ISNOTOPTION(f,i) (ISOPTION(f,i,"_another_"))

do{

node_sa = iuser_sequence_02(ivar_n1, var_n2, 0);
node_sb =iuser_sequence_01(ivar_n3, 1);

" }while (I(20LL <= LOOP_INDEX)):

3 %icheck_hw_opﬁon(charﬁunJongid,char*opO{
int yesno = false;

(ad-hoc crosslist of function instantiations and options)

return yesno;



Unleashing C Expressions (4/4)

/ ~ 7 \\%
//// ‘ ‘V\\\‘ .
i i /j\ int foo_opt [COMPILE_duser_foo];
N Enab“ng mUItlple ! double foo_a[COMPILE_duser_foo];
& Output funCtlonS N e . , | double foo_b[COMPILE_duser_foo];
S~ ,‘ / file ‘foo.hdr’ - gouble foo_c[COMPILE_duser_foo];
P ~_ s 52 T
| " | double duser_compute_foo(double a, double b, double c, int id) {
3 /* An example of a MULTIPLE OUTPUT ‘duser function */ ;C(')(.)_a['l:d] - the tag is emitted
. /% node tag duser foo xy z */ ;33‘%;% - o /

P A
| \ Lo return (double) id; /* a ‘duser’ function has to return a double! */

Vo !

. /* node na duser foo tag (outa) */ void check_duser_extract_foo(int id) {

. /* node nb duser foo tag (outh) */ P foo_opt[id] = 0; /* option (outa) is the default */
/* node nc duser foo tag (outc) %/ b if ) (ISOPTION("duser_foo", 1:d, "outa")) { foo_opt['l:d] = 0;

| b } else if (ISOPTION("duser_foo", id, "outb")) { foo_opt[id] = 1;

| #define check_duser_foo_01(a,b) check_duser_extract_foo(b) } else if (ISOPTION("duser_foo", id, "outc")) {  foo_opt[id] = 2;

. #define check_duser_foo_03(a,b,c,d) check_duser_compute_foo(a,b,c,d) ;f (ISNOTOPTIONC"duser_foo”, id)) {

#define init duser_foo_01(a,b) :gglr(rg)f;-g?tlczjgszE)\r.rNAPA Run Time Error: (foo[%d]) option not valid\n", id);
i #define init_duser_foo_03(a,b,c,d) init_duser_compute_foo(a,b,c,d) 3 - ’

#define reset_duser_foo_01(a,b) 3 return; . )

. #define reset_duser_foo_03(a,b,c,d) reset_duser_compute_foo(a,b,c,d) P the tag Is received
 #define duser_foo_01(a,b) duser_extract_foo(a,b) . double duser_extract_foo(double tag, int id) {

| #define duser_foo_03(a,b,c,d) duser_compute_foo(a,b,c,d) if (0 == foo_opt[id]) { return foo_a[(long) tag];

! . P } else if (1 == foo_opt[id]) { return foo_b[(Tong) tag];

i #define close_duser_foo_01(a,b) i1} else if (2 == foo_opt[id]) { return foo_c[(Tong) tag];

. #define close_duser_foo_03(a,b,c,d) P }



Constant and Variable Parameters

BR Administrateur: NAPA Compile and Run: Source File ** quick.nap ***
p q p

[quick] =*== MAC Preprocessor Running ====
[quick] ==== NAPA Compiler Running ====
[quick] =*** gCC Compiler Running ..
[quick] #**** Ad Hoc Simulator Running NO eXpIICIt update,
no change !
==== 3 guicktest
M 4 1 J | - 3 EE S S
From the current definitions, ‘dvar’ and ’ivar are -CONSTANT-
and as they are defined during the initialization.
F (time domain output)
F absolute_time(s) ntime vtime
8.0000008000000802+008 8.0000800000082+00 8.0800008000002+880
They are M updatEd by defaUIt l.88666868000080802+008 1.6666800800008e+00 8.680000808000e+880
P .B80660E8000080802+008 2.060680000008e+08 8.680000808000e+880
. L . . . . 3.000PEEREPERGRG0E+0BE  3.000CCOEEEEREe+AHE ©.0OPEABACOEORE+E0E
We will use a specific instruction to update them during the simulation. :.eeeesecoececoese+000  4.ec0p000000002+0de o.c00000000000e +000
E.Be00008080000802+008 5.000000000000e+06E ©.0000008000002+880
b.88666808000080802+008 6.060680000008e+8 8.680000808000e+880
F.ee06868000000002+008 7.060680000000e+08 8.0808060008000e+880
B.080606860008006002+0808 8.06060008060060e+08 68.6808068008060e+080
f||e ‘quick nap’ £.80800008080000002+008 0.06000800000002+000\ 0.0000008000002+B80
: F absolute_time(s) ntime vtime
header < >
====  Random Seed [I]
title “ ” *=*= Qutput Tag [O]
fs 1.0 a ‘dvar’ or a ‘ivar’ are computed **xx  NAPA Compiler  : V4.08 for Win64 **=*
/ only at initialization 222 Main Metlist : quick.tmp *xx=
dvar Vt-!me TIME =*=% Simulator Time H 0.P0EEE g *¥E*
node ntime TIME \ s3%3  cimulator Index - 1p *x5%
. . a ‘node’ is computed all alon - ; . -
output stderr ntime vtime ) comp 9 Run Time 1/0 :
the simulation
. B -> stderr [ O] ====
terminate 10LL <= LOOP_INDEX /”"""
===x  Stopwatch : HEee:Mae: 588 ._156 ***=

=== Normal Termination o




Updating Parameters

(1/2)

There are a few specific instructions to control
the parameters ‘ivar’ and ‘dvar’.

file ‘quick.nap’

header <
title “

fs 1.0
dvar vtime
node ntime
output stderr

ntime vtime

terminate 10LL <= LOOP_INDEX

screen

EX Administrateur: NAPA Compile and Run: Source File =* quick.nap =+

quick] **=* MAC Preprocessor Running =**=

quick] **** NAPA Compiler

quick] *=*= GCC Compiler
quick] **** Ad Hoc Simulator Running =***=

EE T

*==x g quicktest

A

£ (time domain output)
absolute_time(s)
.660BE0600008000e+080
. B0862806600008608e+000
.doeecoooo00oeee+000
.BboBeoEe00EE00Re+0B0
. BB8600660000860e+000
.boeecoeBeg

= poegobe+0B0
.BogecoeeR00Eee0e+000

+

—

-

-

.660BE0600008000e+080

Cupdate > =

Explicit update

A few short forms which could be applied to a ‘ivar’ or a ‘dvar’

... &update
... &constant

... &export

( forbids any update )

. B0862806600008608e+000
absolute_time(s)

*

===x  Random Seed [I]
===x  Qutput Tag [0O]

=EEx NAPA Compiler
*==x Main MNetlist

#===%  Simulator Time
=== Simulator Index

**%X  Run Time I/0

-» stderr

===x  Stopwatch

=== Normal Termination

o b =@

W oo~

.BBBBB0BBEEEB0a+00
. Be88660008682+0
.Begoeo000e88e+0
.BeoBeBEReREte+0
. 86 16
.BegoeeooEReRe+0
.BeoBeoaBeRate+8
.BEea0EE000880e+0
.£B0BEBEBEBE0e+0
. Be88660008682+00

Running =**=
Running **==

ntim

WD s W WM @

ntime

va.ee for Wi
quick.

9.660688

[

Hee:Mae.5ea.

vtime

.6060E0E0E00Be+000
. 606060006008 +000
. 6000e0000000e+000
.B6060E0006008e+000
. BE6060086008e+000
.6BeBe0eEe00Be+000
. 606660006008 +0060
. BEERE0EEE00Be+000
.6060E0E0E00Be+000
. 606060006008 +000

vtime

nG4 EEEE

tmp ****

Pt
5

1g **==

EE T

0] EX T

15E FxE=

EE T
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Updating Parameters

(2/2)

file ‘update.nap’

header
title
fs

dvar
update

dvar

ivar
update

event

output
output

terminate

< >
1.0
vl TIME equivalent definitions
vl
v2 TIME &update
v3 -1LL
v3 LOOP_INDEX / 2LL
..

e4 (9.5) 11 (90.0 < TIME) — ~~

(55 )3
stderr vl v2 v3 e4 when e4 — St
stdout vl v2 v3

100.0 <= TIME

An ‘event’ is an ‘ivar’ updated automatically.

NB: an ‘update’ refers ALWAYS to the definition of

the parameter and not to any previous update!

H = DODOWODWOOoDDDoDWwoeERFHF

#define ISTIME(t)

file ‘update.c’

(((FSL*((t)-TIME))<0.5) && ((FSL*(TIME-(t)))<=0.5))

A

MAPA Compiler

EE

Main Metlist
=== Simulator Time
Simulator Index

A

EE

Run Time I/0

-» stderr
-» stdout

e

Stopwatch

V4.8 for Wined
update.tmp

1a6.e6e

Hee:Mae:586.312

2
EE e

EE T+
s

1@l

2

EE e

0] EE T
0] EE S

e

screen

#==% vyariables and events

(time domain output)

absolute_time(s) vl w2 v3 ed
. BeB8e0e8600808060e+801 1.8e86006000062+0081 1.806008000088e+081 E 1
.legeooeoeooe0ete+001 9.legecoe0e0eee+001 9.l00008000080e+081 45 1
. 280000000000000e+001 9. 2e00008000082+081 9.200008000088e+081 46 1
. 3B08006000000000e+801 9.30000068000882+081 9.300008000088e+881 46 1
.486860008860000800e+8061 9.488600680000682+0081 9.4060080000808e+081 47 1
. 5e860008860000800e+8061 9.588600680000682+0081 9.5860080000808e+081 47 1
.begeooeoE0REEE0e+RE1 9.6E00006000062+001 9.00000BC0C00BEe+BE] 48 1
. 7/B0Booe0e0aE0E0e+201 9.76000068000062+001 9.700008000080e+081 48 1
. 380000000000000e+0801 0.30000080008682+081 9.200008000088e+081 49 1
. 0e8e08686000000e+801 9. 0e060006000862+081 9.906008000088e+081 49 1
. BeB8e0Ae860080800e+002 1.86860060000682+0082 1.806008000080e+082 ca 1
absolute _time(s) vl w2 E ed
*=*x  Random Seed [I] 778878259 ===
==22  Qutput Tag [0] 518885203 =%=%
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An Important Tool: the SARC Engine (Jacques Mequin)

Similarly to the Laplace transfer generations, the consultant has also developed the generation
of State-Space models ( aka A B C D matrices )

Consequently, he has implemented a Semi-Analytical Recursive Convolution algorithm ( aka SARC )
to perform simulations of Linear Time Invariant circuits as simply as Matrix Algebra without the hassle
of tuning iteration limits nor convergences

Issued from a schematic editor, the circuit is analyzed and the A B C D matrices generated as the result of
thousands lines of Maxima

Finally, a “.h” file is produced defining the various arrays of coefficients necessary for the effective simulations

SARC models are multiple-IN/multiple-OUT (MIMO)

Voltages / Currents / Watts / Joules / Fluxes / Charges can be computed
component values can be changed on-the-fly

capacitance charge and inductance flux are preserved

accurate impulse responses can be plotted

characteristic poles can be printed

etc ...

The SARC heuristic and environment deserves by itself a specific presentation
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Dl
= internal state y(t)
output

Unlike Laplace (1749), the State-Space approach is very recent (1960)..

It is Rudolf Kalman (1930 - 2016) who was one of the greatest gurus in
the field of automation ("control engineering"). He used it, for example, during the
Apollo space project.

Rudolf Kalman was awarded the National Medal of Science in 2008 by Barack
Obama
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libray file ‘/Simulate/NapaDos/Hdr/Max/SWC_Integrator/Maloberti_Integratorl_Nl.sch’ M Od e I i n g a SWC Ci rC u it i n ‘S )

‘ Offset-compensated Low-slew Non Inverting Integrator ‘

: : Produces a Lot of Parameters

[PHIb]

—
_

—

[PHIal a

i R6

[PHIb]

™ C") [PHIb] l R2 [PHIa]

[PHIb] !M { X )orss [e£1a]

wxMaxima screen
XFER = (CO C1 C2 PHIa PHIb® ( PHIb RDS + PHIa (RDS-A PHIb) ) [s]3+C1 PHIa PHIb ( ( (C2+C0) PHIb+C2 PHIa) RDS -A PHIb ( C2 PHIb+ (C2+C0) PHIa)) [s/¢-AC1 PHIa PHIb ( PHIb+PHIa) [s/)/ (coCl

C2 Cload PHIa PHIb? ( PHIb+ PHIa) ( PHIb RDS+PHIa (S RDS+ (A+2) PHIb)) J’SJ'4+PHI£:I (cocicz PHIb3 RDS + PHIa (PHIb (5 C0 C1Cload PHIaRDS+C2 (CO ( (A+1) Cload+ (A+2) C1) +C1 Cload) PHIbZ +
PHIa ((C(J (C1(2 (Cload+ (A+2) C2)+ACToad ) +2 (A+1) C2Cload )+ (A+4) C1C2Cload) PHIb+ (CO (C1 (Cload+ (A+2) C2)+(A+1) C2Cload )+ (A+2) C1C2 Cload ) PHIa ))+

((CO (€1 (Cload+7 C2)+2 C2Cload) +2 €C1C2 Cload) PHIBZ+PHIa (€2 (€O (4 Cload+9 C1) +7 €1 Cload) PHIb+ (€O (€1 (2 Cload+3 C2)+2 C2Cload)+3 C1C2Cload) PHIa) ) RDS)) [s[3+((
(CO (2C2+C1)+2 C1C2) PHIb3 + PHIA

((CO (2 Cload+5C2+6 C1)+C1 (Cload+8 C2)+3 C2Cload) PHIbZ +PHIa ( (CO (2 (Cload+2 C2)+5C1)+3C1 (Cload+2 C2)+4 C2Cload) PHIb+ ( (C2+C1) Cload+C0 (C2+C1)+C1C2) PHIa) ) ) RDS +
PHIb ((C1+ (A+1) CO) C2PHIB3+PHIa ( (€O ( (A+1) Cload+3 (A+1) C2+(A+2) C1)+C1 (Cload+ (A+5) C2)+ (A+2) C2 Cload ) PHIbZ +PHIa

((CO ((A+1) Cload+3 (A+1) C2+(A+3) C1)+C1 (3 Cload+2 (A+3) C2)+(2A+3) C2Cload) PHIb+ ( ( (A+1) C2+C1) Cload+C0 ( (A+1) C2+C1)+ (A+2) C1C2) PHIa)))) [sf2+(
((3C2+C1+2 C0O) PHIb? +PHIa ( (Cload+5 C2+3 (C1+C0)) PHIb+ (Cload+2 C2+C1+C0) PHIa) ) RDS+ ( (A+2) C2+C1+ (A+1) CO) PHIb3 + PHIa

((Cload+ (3 A+5) C2+2 (2C1+(A+1) CO)) PHIhZ+PHIa ((Cload+4 (C2+C1)+3AC2+ (A+1) CO) PHIb+( (A+1) C2+C1) PHIa) )} ) [s[+ ( PHIb+PHIa) (RDS+PHIb+PHIa) )

XFER = (€O C1C2 PHIa? PHIb3 [s[2+ (C1C2 PHIa PHIb3 + (C1 C2+C0 C1) PHIaZ PHIbZ) [s[+Cl1 PHIa PHIbZ + C1 PHIa% PHIb )/ ( (CO C1 C2 Cload PHIa? PHIb*+C0O C1 C2 Cload PHIa3 PHIb3) [s[3+
+C0C1) Cload+2 €O C1C2) PHTaZ PHIh3 + ( (C1+C0) €2 Cload +C0 C1 C2) PHIa3 PHIbZ) fsj2+
) PHIa PHIb3 + ( (2 C2+CC +(2 ) PHIaZ PHIbZ+ (C2Cload+ (C1+C0) C2) PHIaS PHIb) [s|+ (C2+C0) PHIb3+ (3 C2+2

) PHIaZ PHIb + 2 PHIa3)



Passing Parameters by Addresses

library file “:Simulate/NapaDos/Hdr/Max/SWC_Integrator/Maloberti_Integratorl_NI.sch’

file ‘myintegrator.dat’

Gffset-compensated Low-slew Non Inverting Integrator
Maloberti 1983

A o8
Globals 0 O
ve2
C2| : : =
RL c1 [PHIb]
o I
"
(PEIa] a
e
e
™ @ [PEIb] l B2 [eazal B2
<o
11
"

data_interface

dvar
dvar
dvar
dvar

dvar
dvar

dvar
dvar
dvar
dvar

$CO
$C1
$C2
$Cload

$Ron
$Roff

$Adb
$A
$RDS
$0ffs

100.0

60.0

$C0..2 $Cload $A $RDS $0ffs $Ron $Roff

N\

rand_norma CZ\Qe—IZ, 50.0e-15)
rand_normal (2.0e-12, 20.0e-15)
rand_normal (2.0e-12, 20.0e-15)
2.0e-12 N

-

$CO0..2 is expanded as

// ‘integrator

.
// switches
1.0e9

~$C0 $C1 $C2
($Adb, 1.0)
10.0e6 :
1.0e-3 —

___// amplifier

library file ‘/Simulate/NapaDos/Net/SWC_Integrator/Maloberti_Integratorl_NI.net’

cell_interface

data $fildat $C0..2 $Cload $A $RDS $OFFS $Ron $Roff
dvar $rswl switch_d($C1kl, $Roff, $Ron) &update
dvar $rsw2 switch_d($C1k2, $Roff, $Ron) &update

ganging $miparm[] $C0..2 $Cload $rswl..2 $RDS $A $OFFS

node $id sarc
node ($0) sarc $id (veouT)
node $A) sarc $id (V@A)
node ($B) sarc $id (V@B)
// ( a few print here )
header < >

$dummy $I $0 $A $B $C1kl..2 S$fildat $initvalue

Maloberti_Integratorl_NI() S$miparm $I $initvalue

A ‘data cell’ is a low
level cell specialized in the
storage of data

-
Passing parameters by addresses

2 inputs, multiple outputs
duser function ‘sarc’

ANSI-C Resource

Ve ‘
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. . . T
Running the Simulation ¢(ss)

file ‘Maloberti.nap’

header
title
fs

string
string

node Clkl
node Clk2

node In
node void

<napatool . hdr>

10.0e9

fill
fil2

dvar initvalue

output
terminate

directive
ping

stdout

8.0e-6

LOGFILE

// the description of the 1input
// the parameters of my integrator

" 5000 // the clocks for the SWC
mn mn 5000
pwl < > fill 1 1.0 0.0 (aperiodic)
int < > In O AB Clkl..2 fil2 dinitvalue
0.5
InCV) oCV) ACV) B(LV) (Clkl..2
< TIME file ‘mypwl.in’
# PWL (first order -interpolation) ‘ T ST ‘
# oA 53
# time (s)  vin (V) e 0 - 0
0.0 0.0 !!I | ﬁ C) ii
0.0le-6 1.0 L :i [paTB]
2.60e-6 1.0 - L
2.90e-6 0.0 =
4.60e-6 0.0 5%
4.90e‘6 —1.0 . IMC‘D [puh]l 2 [ ]IRS
7.60e-6 -1.0 “
7.90e-6 0.0
99.99e_6 0.0 r b]!m i_?o::s
= = = = = =

60



EE S

EES + 3

R

EES +3

EE S

EES +3

R

EE S

EES +3

EE S

EES +3

R

S

EE T+

EES +3

EES +3

EE T+

EE S

EES +3

EES + 3

BN

EE S

EES +3

EE S

Simulation of a Maloberti SWC Integrator

2.824 pF <- int_ cCe
1.997 pF <- dint_C1
2.@15 pF <- int_ C2
2.888 pF <- int__Cload

1@.@e MOhm  <- dint_ RDS

1.888 mvV <- int__OFFS
588.8 mv <- dinitvalue
Random Seed [I] : 778871663
Output Tag [0] : 314873249
MAPA Compiler : V4.8 for Winé4
//// . LN
Main MNetlist : (_ Maloberti.tmp,
Simulator Time : 8.e8618 us
Simulator Index : 88082
Run Time IO  +— ——
" <~ mypul.in [T ]
-» Maloberti.log [ 0]
~_-» stdout [ 0]°
e TN
Stopwatch H ‘H@B:MBB:SBB.BBg/
LOG File Ready : \_Maloberti.log/

NMormal Termination

EE S

ES S

ES S

) 380 e R

EE

ES S

ES S

H;kx

EEEE

xﬁuﬁ/

S

) s s

EE

- source:
file ‘Maloberti.tmp’ ( from ‘Maloberti.nap’)
- one input:
file ‘mypwl.in’
- two outputs:
a log file ‘Maloberti.log’
‘'stdout’ redirected to file ‘Maloberti.out’
- number of cycles: 80 002

- run time: 3.0 seconds
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@ gnuplot graph 1
Bz & [@ & Options $hoid 1 %2 %3 L4 %5 46

Simulation of a Maloberti SWC Integrator
Mon Apr 08 16:26:13 2019 by Yves Leduc
3.5
Initial value = 0.5
3 F
2.5
2 F

1.5 0
In s

-0.5 |

—

absolute time [s]




The Files

‘.nap’ file

Mac Preprocessor

“.tmp’ file
Napa Compiler
‘.c’ file

GCC Compiler (&link)

‘.exe’ file

Simulator Executable

‘out’ files

[Maleberti]
|Maludeerla ]
[Maledmrii]
[Maloberti]
[Malohertd ]

ssss Al Preprocessor Rusaing =ooe

" NAPA Compiler
mEEE SO Compiler
* TARC Emgine

Rurmiing **
Rurming ==
Linking ®**

* Ad Hor Simulator Running =*®®

W Gdmirestrgbeur : MAPE Compide srd Bur Source File ™ Malbertinap ™

Mara eing information:
MEPA Ping Inlormation:
MAPA Ping Information:
MAPA Ping Information;
MaPA Ping Information:
WAPA Ping Information:
MaPa Fing Information:

Random Seed [I)
butput Tag [0}

KARA Compller
Madn Wetlist

wews  Simulator Time
EEE Gimulalor Tredex

Rum Time 170

- mypul.im
-» Maloberti.log
» stdout

=R=s  Srogwatoh

shds Lo e Hesdy

Hormal Termination

[Malahert ]

Press Enter to continue .

function
Manction
function
function
function
Function
faunction

*duger_pul(}”
‘duser_sarc(}’

‘Maloberti Imtegratord MI{)"

"print_Blank_line(}'
‘print_var{)"

" rand_rorsali )’
"mudtch_d{}"

Simulation of a Maloberti SWC Integrator

Z,834 pF <- fnt cA@

1.9%7 pF £ int_ C1
7,805 pF i-  WAT__LH
i 2,888 pF %- inmt__Cload
.

19.00 MObm  <- int__ROS

1.8 €= Imt__ OFFS

588.8 w 4+ initvalue

TTEET1DA3 =TT
314873340 =@

W88 for Wingq ===

Halobertl.tmp ®***

Higed : MB@: 583 @32 =T

malobertl. log ==+

from Fila
from (ile
from Fila
from file
from file
from file
from file

" FaimulatesMapanas /Har S user pul , hie”

*fSimulate/Napabos/Hdr/ser/ sarc  hdr®
*FSimulates/MapaDos/Hdr/Max/SKC_Integrator/MIMD Maloberti Integratord MI.kdr”
" fSimalate/Napabos/Hdr/Funct on/ print_war_and_string.kdr”
*/Simulate/MapaDos/Hdr/Function/print_var_and_string.hdr”

" Falmalate/Mapabos/Hdr/Functlon S rasdon. bdr™
*/5imulate/Napabos/Hdr/Function/switch.hdr®

The instruction ‘ping’ publishes

the location of functions which have

been detected in the Napa netlists.

63



The Simulation Flow

‘.nap’ file ‘.nap’ file ‘.nap’ file ‘.nap’ file
\ y y \J
MAC PREPROCESSOR Mac Preprocessor Mac Preprocessor Mac Preprocessor
\J \ \ \
‘.tmp’ file * “.tmp’ file “.tmp’ file ‘.tmp’ file
né&Alles ‘. net’ files ‘.net’ files ‘.net’ files
‘d iles ‘ dat’ files ‘. dat’ files ‘. dat’ files
\ v v A/
Napa Compiler NAPA COMPILER Napa Compiler Napa Compiler
\/ \/ * \ \/
‘.c’ file « ¢’ file ‘.c’ file ‘.c’ file
“.hdr’ files i « hdp€iles L ‘. hdr’ files “.hdr’ files
v \/ \ v
GCCVCOmpIIer (&link) GCCvCompiIer (&link) GCCV COMPILER (&link) GCCVCOmpIIer (&link)
‘.exe’ file ‘.exe’ file ‘.exe’ file * ‘.exe’ file
“in’ files «.in’ files i “.in’ Mes i ‘in’files
_ Y Y _ \/
Simulator Executable Simulator Executable Simulator Executable SIMULATOR EXECUTABLE
v \ \ \
‘.out’ files ‘.out’ files ‘.out’ files ‘.out’ files
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AThird ‘go with the flow’ Status

We have now the elements to activate and run a model.

It is time now to have a solution for the analysis of the results.
We will add a few features to the ‘duser’ node concept to build the user defined functions ‘tool.

The analysis tools will be integrated in the simulator as regular nodes.
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The Mechanism of the Tool Synchronizaton T

napa_abs_time

‘tool’ is a user defined function with a synchronization mechanism |
automatically hooked to the simulator. napa_loop. index

A state machine is implemented in each tool with 2 states: 'wait' and 'run’.

Tasks are numbered. Tools are asked by the simulator to perform a task. napa_tool_index
Tools are in 'wait' state until the simulator is sending a message 'start' and all |
tools are now in 'run' state.

+1

All tools run their own task. The output of the tool is the status of its work.
The simulator collects all these status at the end of each simulation cycle.

and

i

The simulation continues until all tools have completed the specified task.
A tool having accomplished its task stops and is in ‘wait' state.

tool1
tool2

When all tools have accomplished their task, the simulator sends a message

to all of them to start the next task. tool4

Variable 'napa_tool_index' handled by the simulator counts the number of | |
tasks already completed and can be used to control the simulation. msg_o

( Note : Macro 'TOOL_INDEX!' is the image of 'napa_tool _index")



The Node “jtool” and its Short Form ‘tool”

‘tool' is a contraction of a regular

” — —
E Crimson Editor - [ChSimulate_User\Papienfft.nap]

File Edit Search Wiew Document Project Tools Macros Window Help

& [ftnap
D D SR iR <@ e s R DEE w S e

"#n FFT"]

12345 .69
rand_uniform(©@.@, 2Zpi )9

O

1.9 2.8 Freq phi

— IE|I [=]x] node syntax: 'node void itool' and
o Is therefore processed as a node.
n e |7 ﬁv;”

2 tools automatically synchronised

directive’ introduces a macro definition in the
C code allowing the preprocessor to configure
the simulator. Here a FFT windowing function is
selected to replace the default.

n A9 262 144

nptsl POWEROF2(18)

npts2 1993933@9‘}1‘\ 100 000 000

bwr 108 .0e6

+t "ffts.out" out 1.€¢ bw nptsid

synchro npts29

BLACKMAN_HARRIS 74
TOOL_INDEX > = ndl
h H

Ready Ln 29, Chi 29 ASCI, DOS READ | REC| COL [V

4 FFT of 2 samples, made every 102 samples
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TR0 WAl O Wil e Wil e Wil
? ? l :
' ' ' '
| | | |
Count until 108 | |
| | | \\
| | | |
task 1 = task 2 ? task 3 ? task 4 O
\\ } \\ } \\ } \\ }
\\ : \\ ‘ \\ : \ j
\ \ ! \ ' \ ! N Y )
NG \ \ \ \ ne
\\\ \\ \\\ \\ \\\ \ \\\ :\
do\task 1! A\ do)task 2! A\ dojtask 3! \ do)task 4! \
0 1 2 3 4
o O O O »O
| 'napa_tool_index' | | | |
! Y ! Y Y
0>=47?NO 1>=47?NO 2>=47?NO 3>=47?NO
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The Synchronlzatlon a Cooperation between Simulator and Tools

; The simulator prefills
the individual mailboxes

pa msg->o = ngpa_packet;
5("ffts.out",d node out,1.0,d var bw,1 var nptsl, 0);

(@)

1 node void0 = itool ff

napa_msg = & (namﬂﬂ Internally, the tools update the mailboxes
. _ hapa_msg->o :“;Ih@a/wm to S|gnal the evolution of their work
i node voidl = itool_synchro 01 (1 ... .Tcco, <,,
if ((napa mailbox[0].o >= napa packet) && (napa mailbox[1l].o >= napa packet)) {

napa rel 1lo = -1.0L;
napa_ tool index < napa packet;
napa mailbox[0] N1 = START;

napa | mailbox[1l].i\— cm?rnm-
napa packet The simulator tests the content

} of the mailboxes output which
napa abs_loop contains the answer of the tools
and reacts accordingly
} while (! (1L << TOOL INDLEX));

\ The loop is controlled here by the value of 'napa_tool_index' 69
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file “./tool.nap”

Sinewaves and White Noise, FFT and TSNR Analysis

header <napatool.hdr>

title "Frequency Domain Analysis"

fs 2.0e+6

dvar ampll 0.5

dvar freql 2000.0 // fundamental

dvar phl rand_uniform(0.0, _2pi_)

dvar ampl3 0.05

dvar freq3 3.0 * freql // 3rd harmonic

dvar ph3 rand_uniform(0.0, _2pi_)

dvar bwa 10000.0 // bandwidth of interest
ivar nptsa POWEROF2(20)

dvar bwb 10000.0 // bandwidth of analysis
ivar nptsh POWEROF2(18)

node s0 0.0 1.0e-6

node sl 0.0 ampll freql phl

node s2 0.0 ampl13 freq3 ph3

node in s0..2

tool fft "fft.out" in 1.0 bwa nptsa

tool tsnr "tsnr.out" 1in 1.0 bwb  nptsb
terminate 3 <= TOOL_INDEX // 3 FFTs and 3 TSNRs

directive WINDOW BLACKMAN_HARRIS_7

ping

[tool
[tool
[tool
[tool

NAPA
NAPA
NAPA

-
T

o

NAPA
NAPA
NAPA
INAPA
INAPA
NAPA

P

Eww
R
P
-
P

Pt

R

R

-

[tool

] -

] FEe

NAPA Compiler
GCC Compiler

] P

] o

Ping Information:
Ping Information:
Ping Information:

MAC Preprocessor Running

Ad Hoc Simulator Running

EEEE

Running
Running

B

o

Frequency Domain Analysis

Information:
Information:
Information:
Information:
Information:
Information:

Tools
Tools
Tools
Tools
Tools
Tools

Random Seed [I]
Output Tag [O]
NAPA Compiler
Main Netlist
Simulator Time
Simulator Index
Tool Index

Run Time I/O

-» fft.out

-» tsnr.out

Stopwatch

Normal Termination

]

I~~~ o~ i~

tsnr[@])
fft[e])
tsnr[@])
fft[e])
tsnr[e])
fft[e])

V4.08 for Wine64

1.57286
3 145 728

Hee:Me@:501.547

EEEE

function ‘itool fft()*
function "itool_tsnr()’
function "rand_uniform()’

777402411
534469166

tool.tmp

from file “/Simulate/NapaDos/Hdr/Tool/fftl.hdr"

Process
Process
Process
Process
Process
Process

P

o
EEEw
o
g EmEx
o

3 ExER

R

O] Ewww
0] o

EEEE

T

from file "/Simulate/NapaDos/Hdr/Tool/fft2.hdr”
from file "/Simulate/NapaDos/Hdr/Function/random.hdr”

# eee <- 262143
# eoe <- 1848575
# eol <- 1318719
# ool <- 2097151
# ee2 <- 2359295
# eez2 <- 3145727

< 3.1 million cycles

< In 1.5 second
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The Synchronization at Work

debug I0 TOOL

MNAPA Ping Information: function '"itool fFE()°’ from file
MNAPA Ping Information: function '"itool tsnr()’ from file
MNAPA Ping Information: function 'rand uniform({)’' from file
#x=%  Frequency Domain Analysis

MAPA Debug Information: (Open  L/0 stream ) fft.
MAPA Debug Information: (Open  L/0 stream ) tsnr.
MNAPA Tools Information: { fft[e]) Collect # ©866.
MNAPA Tools Information: { tsnr[@]) Collect # ©66.
MNAPA Tools Information: { tsnr[@]) Process # @66
MAPA Tools Information: { tsnr[@]) End # ©86
MAPA Tools Information: { fft[8]) Process # 666
MAPA Tools Information: { fft[B8]) End # ©86
MAPA Tools Information: { fft[68]) Collect # @661.
MAPA Tools Information: { tsnr[@]) Collect # @61.
MAPA Tools Information: { tsnr[@]) Process # 661
MAPA Tools Information: { tsnr[@]) End # 88l
MAPA Tools Information: { fft[8]) Process # 861
MAPA Tools Information: { fft[B8]) End # 88l
MAPA Tools Information: { fft[B8]) Collect # ©62.
MAPA Tools Information: { tsnr[@]) Collect # 862.
MAPA Tools Information: { tsnr[@]) Process # 862
MAPA Tools Information: { tsnr[@]) End # @82
MAPA Tools Information: { fft[8]) Process # 662
MAPA Tools Information: { fft[B8]) End # @82
MAPA Debug Information: (Close I/0 stream ) fft.
MAPA Debug Information: (Close I/0 stream ) tsnr.

"/Simulate/NapaDos/Hdr/Tool/fftl.hdr"
"/Simulate/NapaDos/Hdr/Tool/fft2. hdr"
"/Simulate/NapaDos/Hdr/Function/random. hc

out for
out for

Bae
Bae

Bae
Bae

Bae
Bae

.

out for
out for

+t
tsnr

e
262143
1848575
1848576
1318719
2897151
2897152
2358205

3145727

ft
tsnr

<- 8
<- 8
\
FFT #0 TSNR #0
/ ' wait !
-~ :
FFT #1 TSNR #1
~ E wait !
-~ :
FFT #2 TSNR #2
~
<- 3145728
<- 3145728
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The Result

Frequency Domain Analysis
Yves Leduc mag [dB] ——

@

0.0 @

-20.0

-40.0

-60.0

-80.0

-100.0

-120.0

-140.0

-160.0

LUK

|-Nile
LS i (gnuplot )
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RMS of 100 FFT’s

file “./tool2.nap’

These 100 FFT’s
are synchronized as
a single one

header <napatool.hdr>

title '"Frequency Domain Analysis"

fs 2.0e+6

dvar ampll 0.5

dvar freql 2000.0

dvar phl rand_uniform(0.0, _2pi_)

dvar ampl13 0.05

dvar freq3 3.0 * freql

dvar  ph3 rand_uniform(0.0, _2pi_)

dvar  bw 10000.0

ivar  npts POWEROF2(18)

node sO 0.0 10.0e-6

node sl 0.0 ampll freql phl
node s2 0.0 ampl3 freq3 ph3
node in s0..2

tool fft "fftl00.out™ 4in 1.0 bw npts
terminate 1 <= TOOL_INDEX

directive WINDOW ACKMAN_HARRIS_7
directive NFFT

ping

26.2 million cycles ->

In 8.9 seconds

wwwE

FEeTY

P

MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
NAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:
MAPA Tools Information:

s

s

Py

PEEey

PEEey

o

s

Frequency Domain &nalysis

Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:
Tools Information:

s " s o i o i i o

o, o, o, o, o, e, e,

Random Seed [I]
Output Tag [0O]

NAPA Compiler
Main Netlist
Simulator Time
Simulator Index
Tool Index

Run Time I/0

-» ffti1ee.out

Stopwatch

fft[8]) Process
fft[8]) Process
fft[B]) Process
fft[e]) Process
fft[e]) Process
fft[0]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[e]) Process
fft[@]) Process
fft[0]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process

100 RMS of FFT

fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[8]) Process
fft[e]) Process
fft[e]) Process
fft[e]) Process
fft[e]) Process
fft[8]) Process
fft[8]) Process

777488748
55961787

V4.8@ for Win64
tool2.tmp
13,1672 s
26 214/400

{

L1
\

[ o]

Hea:Mag:568.981

PEeey

f—
-
-
fe—

e
shax

wwwE

PreTY

s

HE O M KRt N K B W W W H W W

EE I e R R

£-
£-
£~
<-
<-
<~
<=
£-
£~
£-
<-
<-
<~
<=
£-
£~

<=
£-
£-
£-
£~
<-
<-
<-
<-
<~
<~

262143

524287

786431

1848575
1318719
1572863
1835867
2697151
2350245
2621439
2883583
3145727
3487871
3670815
3032159
4194383

23338815
23502050
23855183
24117247
24379391
24641535
24983679
25165823
25427967
25698111
25052255
26214399
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& [ & Options = & Grid %1 %2

RMS of 100 FFT’s

Frequency Domain Analysis
Tue Apr 09 15:44:56 2019 by Yves Leduc

-10

mean [dB] ——
sigma3 [dB] ——
-15 header <napatool.hdr>
title "Frequency Domain Analysis"
20 fs 2.0e+6
dvar ampll 0.5
dvar freql  2000.0
dvar phl rand_uniform(0.0, _2pi_)
i dvar ampl3  0.05
dvar freq3 3.0 * freql
dvar  ph3 rand_uniform(0.0, _2pi_)
dvar bw 10000.0
-30 ivar npts POWEROF2(18)
node s0 0.0 10.0e-6
cT node sl 0.0 ampll freql phl
-35 mean mean+ (3 S 7g/77&) node s2 0.0 ampl3 freq3 ph3
node in s0..2
tool fft "fftl00.out"™ 1in 1.0 bw npts
-40
I terminate 1 <= TOOL_INDEX
ﬁ / \ ,~| directive WINDOW BLACKMAN_HARRIS_7
1 " A 1 fl A . . |
S .-"~-\,|'J”‘r ”"\'I""" = Iu "’uqlu.f'ng/L J ‘I w'n My J.I||rv|.. .bl, 'm.l i HF||J|"'I'N 'JI “‘ '|'\I W M"h \"1- AN .h"“f"v I"'Ilw'lfl W\ "'I | IJ“l"'I*'*"" N hl I'I ull"'q [ ] "ul -|| i il I'I;'.II‘N”‘II'J directive NFFT 100 U
) ! \ | ’ . o
’ v ping J
_55 L L 1 1 L L 1 i '
0.0 1.0k 2.0k 3.0k 4.0k 5.0k 6.0k 7.0k 8.0k 9.0k 10.0k

frequency [Hz]
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Cell Generator : Create a Cell on the Fly through a System Call

node A generator pls “‘myprog” B C

‘ counter
system “myprog pls O.gen B C”)
| - —0—
“myprog.c”

fp = fopen (“pls.gen”, “w”);
parser fprintf (fp, “cell interface $a [Sdummy $b Sc\n”);

- , Y “myprog”

%?lose(fp)' executable corresponding to “myprog.c”

cell “pls 0.gen”
e cell interface S$Sa $dummy S$b S$c
(precompiled)

¥

"node A cell pls 0 “pls 0.gen” B C

parser ‘




C:\PRESENTATIONYNEWCAS_2019\NEWCAS_2019_Tuteriahsimulation\genera... | = | = |

i x |

8.8 1.9 1234.56 8.0

generator myfir <fir> "fir.tap" in

q [l

izl tool 1t

stdout out 1.6 186666

1. call the
generator

\.

1 <= TOOL_TINDEX4

3. process

the cell/"

/
4

¥

-

the job of the

header <napatocol.hdr> PARSER
fs 1.8e6
node in 8.8 1.8 1234.56 &.8

=== |node out cell myfir "myfir @.gen" "fir.tap" in
tool fft stdout out 1.8 1086068
terminate 1 <= TOOL_INDEX

CA\PRESENTATION\NEWCAS_2019\NEWCAS 2019 Tut.. | = | B |[e3e]
cell interface $y $dummy $x jf
dvar $he 3.0851600800000060=+003
dvar $hil 5.098600600000000e+003
dvar $h2 7.809000600000000e+003
dvar $h3 9.844800800000000=+003
dvar $h4 1.0895600600000000e+004
node $di1 $x
node $d2 $d1
node $d3 $d2
node $d4 $d3
node $d5 4da
node $d6 $ds

> node %$d7 $de
node $d8 $d7
node $d9 $d8
node $s0 $x $d9
$d1 $ds
$d2 $d7
%d3 $d6
$da $ds
node $g@ $he $s0
node $g1 $h1 $s1
node $g2 $h2 %52
node $g3 $h3 $s3
node $g4 $ha G54
$20 $g1
$ye $g2
$y1 $g23
$y2 $e4

2. replace the
instruction
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Delay

A Digital Folded FIR

Delay

Delay

Sum

* h[O]

Sum

Delay

'

@ Crimson Editor - [CAPRESENTATIO...

]

X

File Edit 5Search View Document Project Tools

Macros  Window Help - 8 %
DL HE ISR a2 (D]
@ fitap @ sids78nap bl I

po— |

i+ Symmetrical FIR Filterd

"~

* h[10]

o9
-1
Rl
59
79
-39
-179
-129
259
769
5110 1eeq
811 769
12 259
913 -129
A14 179
k315 -3
19 i 79
20 v 59
21 ik o9
22 I |
20 ed
W
>
—
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file *./fir.nap’

title "Transfer function of a symmetrical FIR"
header <napatool.hdr>

fs 1.0e6

ivar npts POWEROF2(16)

node 1in cell rclk <Noise/rclock.net>
node OUt<:§f2FriEéE> fltr <fir> "~/fir.tap"
tool tf "tran®fer_function.out" 1in 1 out 1
terminate 1 <= TOOL_INDEX

directive REPEA 10

ping

0.50

in

npts

\

On the fly cell generation of a filter
using the file “fir.tap” containing the taps

noise ——»

DUT

X8
RS

EE 8

MAPA
MAPA
MAPA
MAPA
MAPA
MAPA
MAPA
MAPA
MAPA
MAPA

RS

EE 8
RS
X E 8
RS
EE 8

X8

EE 8

RS

RS

Transfer function of a symmetrical FIR

Tools Information: { tf[e]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[@]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[@]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[e]) Pro
Tools Information: { tf[e]) Pro
Random Seed [I] 778867594
Output Tag [0] 227728549
MNAPA Compiler V4.88 for Wined
Main Metlist fir.tmp
Simulator Time 655,359 ms
Simulator Index 655366
Tool Index 1
Run Time I/O
-» transfer_ function.out [ 0]

Stopuatch

Mormal Termination

:-t:-t:-c:D

Cess
Cess
cess
Cess
Cess
cess
Cess
Cess
cess
Cess

E &

EE E 5

E &

EE 5

E &

EE S+ 5

EE E 3

EE E 5

E &

E &

Digital FIR
Cell generator

Transfer function

RMS of FFTs

# 000.8006 <- 262143
# @09.ee5 <- 327679
# 008.884 <- 303215
# B809.803 <- 458751
# 9008.802 <- 524287
# 008.861 <- 539823
# Bo8o <- 655359
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33 Crimson Editor - [CAPRESENTATIO... - m} *

File Edit 5earch View Document Project Tools
Macros  Window Help - 8 %
Dt @SR eR|2 (D]

@ fitap @ side78nap IIE

Bl Symmetrical FIR Filterd] ~

Taps (input)

node out generator fltr <fir>

“~fir.tap”

in

\

generator ‘fir'

T

E Crimsen Edior - [CAPRESENTATION MEWCAS 20TMMNEWCAS 2018 Tutoral\ Présentation livedfl.  — [m] x

[€] Fae Edit SZearch Wiew Document Projest Teals Macros  Window Help _ |8

EERL I WLV  EREILYY BV O
@ frtep & sideT0nmn @ _Dp=n

T3
ilcell _dnterface $y Sdummy $x7 '}','I

Number of Taps: 211

Taps File MName: 'fir.tap'fl

Creation Time : Tue May 87 13:84:42 28197

By Command Vsimulate\NapaDos\Gen'\ Firdl

Generatcr Version 3.179

From C source : '"‘\Simulate\MapaDos'\Gen\Source\fir.c"

__________ FIR e 0 S 0 S e e ____=_II__
g
| | d1 dg | | dig q
x -+----| Delay »----+-------- |, ---- +----| Delay »----+ q
| I I I I I I I q
| | | | q
| d2a | | | dis | di1 | 1 | q
I 8- ':DE:I.E],-' | . T Ty I:IE].E}' | = 4 i-]]
1 1 | TR | T I 1 q
o SR ] i | ] | I 1
{(+) (+}] | (+3 (+}] [€=} (+}] I g
Sum | | Sum | | Sum | | q
I I | I I | q
| =& | =1 | s9 | q
| | | | q
2 *he | | *h1 | | “he | | *h1e | 9
2 | I [ | | | | 1
2 | g | g1 | g2 | g1@
28 et .- it P I T (+}--2 vq
il ivar fhe el
SR ivar $hi -1
ivar $h2 e
iElivar $h3 549
Xl ivar $hd 71
M ivar $hS -3
il ivar Thi =174
ivar £h7 -129]
tfl ivar thi 259 %
16 »
Ready Lm 10, ChS 58 ASCE.DOS

Generated

Cell
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-
EE gnuplot graph

&= [ E& Options ~ 46 Grid

&0 T T

|

Transfer function of a symmetrical FIR

Ywes Leduc

20 F

-60 F

-80 F

-100 i i

0.0 50.0k 100.0k

150.0k

200.0k

250.0k
frequency(HZ)

300.0k

350.0k

400.0k

450.0k

500.0k

3088.94, B2.6849
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Step and Impulse Responses

file “./fir.nap’

C:\PRESENTATION\NEWCAS_2019\NEWCAS_2019_Tutorial\Présentation_Live\SLIDE83_N\firnap | = || B |[nE3m|

1.0e67
109
POWEROF2(16)41

cell rclk
generator fltr

r*e_'-'.pcm_'-'.e .out™

1 <= TOOL_ INDEXT

<Noise/rclock.net>
<fips "o ffir.tap"
in 1 out 1

@.507
ind

nptsl

noise

> DUT

=

10 FFTs, 1 IFFT
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Step and Impulse Responses

NAPA Ping Information: function “itool_resp()’ from file "/Simulate/MNapaDos/Hdr/Tool/fft4.hdr"
MAPA Ping Information: function “rand_bernoulli()' from file "/Simulate/MapaDos/Hdr/Function/random.hdr"

EX TS

*xxx  Step and Impulse Response of a Symmetrical FIR

T

= & e& Options - b Grid H1 X2

MNAPA Tools Information: { resp[@]) Process # ©6@.809 <- 65535
NAPA Tools Information: { resp[@]) Process # ©0@.888 <- 131871 Step and Impulse Response of a Symmetrical FIR
MAPA Tools Information: { resp[@]) Process # ©©@.807 <- 196687 Fri Oct 11 09:28:42 2013 by Ywes Leduc
NAPA Tools Information: { resp[@]) Process # 880.886 <- 262143 300 - - .
NAPA Tools Information: ( resp[6]) Process # 000.805 <- 327679 5% STl Bl el impulse resp —
NAPA Tools Information: { resp[@]) Process # ©8@.884 <- 393215 o o1 P rese
NAPA Tools Information: { resp[@]) Process # ©80.883 <- 458751 O
MAPA Tools Information: ( resp[B]) Process # 868.882 <- 524287 ||.sq ’ E%
MAPA Tools Information: { resp[@]) Process # ©0@.881 <- 589823 a 79
NAPA Tools Information: { resp[@]) Process # eee <- 655359 5 -3%
6 -17
7 -124
200 8 259
*=*=  Random Seed [I] : 778867323 wx=x 5 761
EE S . EX T T3 16 1007
output Tag [0] 360459701 1 e
12 259
*==* NAPA Compiler : V4.6@ for Wingd ==== 150 13 -129 (e ————
14 -179
*===x  Maln Netlist : fir.tmp =**= ig _33 PerfeCt matCh
17 59
#*2x  Simulator Time : 655.350 mgs ¥#=# 12 2%
**** simulator Index : 655360 **%= oo e o
*=xx  Tool Index : 1 omwE=
*EEX Run Time I/O : s
50 Taps
-» response.out [ 0] ====
=*=xx  stopuatch : HE®:1Mee: 561,301 **** n‘——l‘:‘:i:{:': f‘———
**=* HNormal Termination s
_s0 ; . i
0.0 5.0u 10.0u 15.0u 20.0

time(s)

2.27848e-006, 241.927
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A Cascade of 3 SWC
Biquadratic Fa,t@”}’

g
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SWC Generic Biquadratic Filter (s}’ modsing

library file ‘/Simulate/NapaDos/Hdr/Max/Z_SWC_Biquad/Biquad_1la.sch’

Biquad type '1l', Output 'Out'

[PHIb] Ch Ce [PHIb]
| i -
i 1 -
21 Ci RlE
n3 [EHIal —II [PHIa] R1s ——
Ce
L1}
cd
11 [PHIa] Chb
1] i1
Ay |
nl4
v y Al i) RZ
[PHIal :hi [PHIa] a7 ::: 213 —
M il A = AN il -
a2 ne [DHIb] =
n4 [DHIb] [DHIb] s t j— R10 [THIa] + __I_
= = = Cj -
11
[THIa]

) Offs2

T ) vin Globals T NYosza1
25
pEI=
cez:

— - [PHIa]

[THIB] ' Out

o o
H o
=
E =
[
I - -
“ -
H: -
’(I—'I‘\
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SWC Generic Biquadratic Filter, ldealized Transfer Function

W owxMaxima 19.07.2% [ run_wxMaxima.mac* ] — [}

Fichier Edition View Cell Maxima équatiuns Algebre  Analyse Simplifier List Tracé de courbes Mumérique  Aide

nOffsly=A1A2Ca (Ch+Cg+Ce+Cd+Cc)
noffsly=-A1A2 Ca (Ce+Cd)

nOffs2; =A2 (Ch+Cg+Ce+ (Al+1) Cd+Cc) (Cj+Ci+Cf+Cb+Ca)
noffs2)=-A2 ((Ce+ (A1+1) Cd) Cj+ (Ce+ (A1+1) Cd) Ci+Cb (Ch+Cg)+ (Ce+ (Al+1) Cd) Cf+ (2 Cb+Ca) Ce+ (2 (Al+1) Cb+ (Al+1) Ca) Cd+Cb Cc)

noffs2p=A2Ch (Ce+ (Al+1) Cd)

(DI) Zz* + (AG-DI-DJ) Z + (DJ-AH)

nViny=-A2 (Ch+Cg+Ce+ (Al+1) Cd+Cc) Ci
nVing=A2 ((Ch+Cg+Ce+ (A1+1) Cd+Cc) Cj+ (Ce+ (Al+1) Cd) Ci-AlCaCg) Out = -

nVing=-A2 ( (Ce+ (Al+1) Cd) Cj-AlcCach) (DF+BD) 22 + (AE+AC—DF—ZBD) Z + (BD_AE)

* In

dy=(Ch+Cg+Ce+ (Al+1) Cd+Cc) (Cj+Ci+ (A2+1) Cf+ (A2+1) Ch+Ca)
di=-((Ce+(A1l+1) Cd) Cj+(Ce+(A1+1) Cd) Ci+Chb ((A2+1) Ch+ (A2+1) Cgl)+ ((A2+1) Ce+ ((A1l+1) A2+A1+1) cd) cf
((az+1 ) cb-A142 Ca Y ce)

dp=((A2+1) Cb-A1A2Ca) Ce+ ((Al+1) A2+A1+1) cb cd

(A2+1) Cb+(1-A1A2) Ca) Ce+ (A1+1) (2 (A2+1) Ch+@ca) cd+

. Z response ( order 2 )

(nOffs2, OFfs2 +nViny Vin) Z 24 (nOffsl) OFfsl+n0ffs2y OFfs2 +nVing Vin) Z +n0ffsly Offsl+n0ffs2y 0ffs2 +nVing

Outz=
dy Z2+dy Z+d,

time response

noffs2, 0ffs2y+n\Ving Ving + n0ffsly Offsl_ I noffs2, 0ffs2 _ I nving Vin_ I nOffsly OFfsl_ 2 ¥ nOffs2 o Jfrfs2 _ 2 +nVing Vin _ o =0y Out _4 -dp Qut_,

OQutg=

done!
>»>> Normal termination Maxima 38.27 s / wall 38.52 s [97.73,98.37]%

Cd €7 vin z2 +(-C@dj-CadCi+CaCg) VinZ+(CdCj-CacCh) Vin

zsol_ideal= -
(CdCf+CbCd) Zz+( -Cd (f+CaCe-2ChCd+CaCc) Z-CaCe+ChCd
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SWC Generic Biquadratic Filter, Full Transfer Function in Z Domain

( Opamps with limited gain and offset )

wxMaxima screen

gu
noffsl; =0
nOffsly=A1A2 Ca (Ch+Cg+Ce+Cd+Cc)
noffsly=-A142 Ca (Ce+Cd)

-

—noff522=;12 (Ch+Cg+Ce+(Al+1) Cad+Cc) (CF+Ci+CF+Ch+Ca)
noffs2y=-A2 ((Ce+(A1+1) Cd) CG+(Ce+(Al+1) Cd) Ci+Ch (Ch+Cg) +(Ce+(Al+1) Cd) Cf+(2Ch+Ca) Ce+ (2 (Al+1) Cb+(Al+1) Ca) Cd+Ch Cc)
~r:l()?’?’sz‘c,=,rlz‘ Ch (Ce+(A1+1) Cd)

gu
nViny=-A2 (Ch+Cg+Ce+(Al+1) Cd+Cc) CT

aving =A2 ((Ch+Co+Ce+(A1+1) Cd+Cc) 7+ (Ce+(Al+1) Cd) Ci-AlCaCg)
Vg =-A2 ((Ce+(Al+1) Cd) C-A1CacCh)

'd2=(ch+Cg+Ce+{'Ai+1) Cad+Cc) (CJ+CT+(A2+1) CF+(A2+1) Ch+Ca)

di=-((Ce+(A1+1) Cd) (G+(Ce+(A1+1) Cd) Ci+Cb ((A2+1) Ch+(A2+1) Cog)+((A2+1) Ce+((Al+1) A2+A1+1) Cd) CF+(2 (A2+1) Cb+(1-A1A2) Ca) Ce+ (A1+1) (2 (A2+1) Cb+Ca) Cd+<<A2+1>Cb—A1A2 Ca)Cc,}
hdg:({'ﬁ.i‘-&l) Ch-A1A2Ca) Ce+((Al+1) AZ+A1+1) (b Cad

. Z response ( order 2 )

(nOffs2,; OFfs2+nVing Vin) z2. (nOFffsly Offsl+nOffs2; OFffs2+nVing Vin) Z+n0ffsly OFffsl+n0ffs2y OFfs2+nVing Vin
Out =
Z

z
d22 +dlZ+dD
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SWC Generic Biquadratic Filter, a NAPA Cell in ‘2’ Domain

file ‘./Biquad.net”

dvar
dvar
dvar

dvar
dvar

dvar
dvar
dvar

dvar

dvar
dvar

dvar

node

cell_interface $0ut $In $0ffsl..2 $Ca $Cb $Cc $Cd $Ce $Cf $Cg $Ch $Ci $Cj $Al..2

declare (analog) $In $0ffsl..2
declare (analog) $0ffsl..2
declare (analog) $Ca $Cb $Cc $Cd $Ce $Cf $Cg $Ch $Ci $Cj

$n3_0
$n3_1
$n3_2

$n2_0
$n2_1

$n2_2
$nl_0
$nl_1
$nl_2

$d_0
$d_1

$d_2

($0ut)

-$A1*$A2*$Ca* ($Ce+$Cd)
$A1%$A2*$Ca* ($Ch+$Cg+$Ce+$Cd+$Cc)
0

$A2%$Cbh* ($Ce+($A1+1)*$Cd)

-$A2* (($Ce+ ($A1+1) *$Cd) *$Cj+ ($Ce+ ($A1+1) *$Cd) *$Ci+$Ch* ($Ch+$Cg) + ($Ce+ ($AL+1) *$Cd) *$CF+(2*$Cb+$Ca) *$Ce
+(2%($A1+1) *$Ch+($A1+1) *$Ca) *$Cd+$Chb*$Cc)

$A2* ($Ch+$Cg+$Ce+($A1+1) *$Cd+$Cc) * ($Cj+$Ci+$CF+$Ch+$Ca)

-$A2*(($Ce+($A1+1)*$Cd) *$Cj-$A1*$Ca*$Ch)
$A2* (($Ch+$Cg+$Ce+($A1+1) *$Cd+$CC) *$Cj+($Ce+ ($AL+1) *$Cd) *$Ci-$A1*$Ca* $Cg)
-$A2%($Ch+$Cg+$Ce+($A1+1) *$Cd+$Cc) *$Ci

(($A2+1)*$Cbh-$A1%$A2*$Ca) *$Ce+ (($A1+1) *$A2+$A1+1) *$Cb*$Cd

(- ($Ce+($5A1+1)*$Cd) *$Cj) - ($Ce+($A1+1) *$Cd) *$Ci-$Cb* (($A2+1) *$Ch+($A2+1) *$Cg) - (($A2+1) *$Ce+ (($A1+1) *$A2+ .
$AL+1)*$Cd) *$CF- (2% ($A2+1) *$Ch+ (1-$A1¥$A2) *$Ca) *$Ce- ($AL+1)* (2% ($A2+1) *$Ch+$Ca) *$Cd- ( ($A2+1) *$Ch-$A1*$A2*$Ca) *$Cc
($Ch+$Cg+$Ce+($A1+1) *$Cd+$Cc) * ($Cj+$Ci+($A2+1) *$CF+($A2+1) *$Cb+$Ca)

generator bqd <iir2> 3 2 $In $0ffsl..2 $n1_0..2 $n2_0..2 $n3_0..2 $d_0..2
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A Cascade of 3 SWC Biquadratic Filters, the Choice of Capacitances

‘./biquadl.dat’

data_interface $Ca $Cb $Cc $Cd $Ce $Cf $Cg $Ch $Ci $Cj

#7‘:

dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar

1

$Ca
$Cb
$Cc
$Cd
$Ce
$CF
$Cg
$Ch
$Ci
$Cj

COO0CO0OO0COH-HOMO

.633641e-12
.000000e-12
.207373e-12
.000000e-12
.0

.965438e-12
.626728e-12
.419355e-12
.331797e-12
.0

‘./biquad2.dat’

data_interface $Ca $Cb $Cc $Cd $Ce $Cf $Cg $Ch $Ci $Cj

#7‘:

dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar
dvar

2

$Ca
$Cb
$Cc
$Cd
$Ce
$CF
$Cg
$Ch
$Ci
$Cj

COO0CO0OO0OOH-HOMO

.317010e-12
.000000e-12
.257732e-12
.000000e-12
.0

.273196e-12
.257732e-12
.0

.548969e-12
.548969e-12

‘./biquad3.dat’

data_interface $Ca $Cb $Cc $Cd $Ce $Cf $Cg $Ch $Ci $Cj
#* 3

dvar $Ca 0.422692e-12
dvar $Cb 1.000000e-12
dvar $Cc 0.225806e-12
dvar $Cd 1.000000e-12
dvar $Ce 0.0

dvar $Cf 0.050056e-12
dvar $Cg 0.225806e-12
dvar $Ch 0.0

dvar $Ci 0.308120e-12
dvar $Cj 0.308120e-12
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A Cascade of 3 SWC Biquadratic Filters, the Simulation

header

file “./biquad.nap’

fs

dvar
dvar
dvar
dvar
dvar
dvar

node
node
node
node
node
node

data
data
data

node

node
node
node

ivar

tool
post
tool
post
tool
post

<

In

Outl
Out2
Out3

npts

tf
join
tf
join
tf
join

>

100.0e3 In Outl Out2 Out3
1000.0 g g
1000.0
1000.0 N S
1000.0 . . ) . -
1000.0 - Biquad 1 Biquad 2 Biquad 3 =t
1000.0
0.0e-3
0.0e-3 -
0.0e-3 7/
0.0e-3 .
0.0e-3 Transfer functions
0.0e-3
" CaA CbA CcA CdA CeA CfA CgA ChA CiA CjA
" CaB CbB CcB CdB CeB CfB CgB ChB CiB CjB
" CaC CbC CcC CdC CeC CfC CgC ChC CiC CjC
0.0 1.0e-3
cell bgdA *“./Biquad.net” In OffslA Offs2A  CaA CbA CcA CdA CeA CfA CgA ChA CiA CjA AAl..2
cell bgdB *“./Biquad.net” Outl OffslB Offs2B CaB ChB CcB CdB CeB CfB CgB ChB CiB CjB  ABl..2
cell bqgdC *“./Biquad.net” Out2 OffslC Offs2C CaC CbhC CcC CdC CeC CfC CgC ChC CiC CjC ACl..2

13)
" " In 1.0 Outl 1.0 1.0e3 10.0e3 npts
stdout
" " In 1.0 Out2 1.0 1.0e3 10.0e3 npts
stdout
" " In 1.0 Out3 1.0 1.0e3 10.0e3 npts
stdout

directive WINDOW ROSENFELD

directive NTF

terminate

10

1 <= TOOL_INDEX

// transfer function: In - Outl

// transfer function: In - Out2

// transfer function: In - Out3
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‘screen’

[Biguad] **** MAC Preprocessor Running ===
[Biquad] **** NAPA Compiler  Running *=*=

NAPA Compiler Information: (generator)
Generating cell file <./bgd_@.gen>, through system call: ‘\simulate\NapaDos\Gen\iirz bqd @.gen 2 2 In OFfslA Offs2A bgdA_nl @ bgdd_ni 1 etc..’ \

NAPA Compiler Information: (generator)

Generating cell file «<./badp_1.gen>, through system call: '\Simulate\NapaDos\Gen\iir2 bqdp_l.gen 3 3 In OFfslA Offs2A bqdA_npl ® bqdA_npl_1 etc..’ Ge ne r.at-l on on the

NAPA Compiler Information: (generator) .F'I .F 'I 'I

Generating cell file <./bad_2.gen>, through system call: ‘\Simulate\NapaDos\Gen\iir bqd 2.gen 3 2 OutA OFfs1B Offs28 bqds_n1 8 bgds_ni 1 etc..' y (0] ce S

NAPA Compiler Information: (generator) X
Generating cell file <./badp_3.gen>, through system call: '\Simulate\NapaDos\Gen\iir2 badp_3.gen 3 3 OutA OFfslB Offs28 bads_npl @ bads_npl 1 etc..’

NAPA Compiler Information: (generator) H y
Generating cell file <./bad_4.gen>, through system call: ’\Simulate\NapaDos\Gen\iir2 bqd 4.gen 3 2 OutB OFfs1C Offs2C bgdC_nl @ bgdc_nl 1 etc..’ noise

NAPA Compiler Information: ({generator) J
Generating cell file <./bgdp_S.gen>, through system call: '\simulate\NapaDos\Gen\iir2 bqdp S.gen 3 3 Oute OffsiC Offs2C bgdc_npl @ bgdc_npl 1 etc..'

[Biquad] **** 6CC Compiler Running ****
[Biquad] **** Ad Hoc Simulator Running ****

e
=*%5 BIQUAD
poe.

. = i g ;
o Tonts Toformation ( CeL0)) process 5 000,00 <. 262143 3 transfer functions The Cross Power Spectrum, G, is defined as taking
NAPA Tools Information: ( 9 [ tf[1]) Process # ©60.069 X th F P f 1__\" a] ] d
1 o ion: £ .
o Tooks e [ SR Bz 1O sauaw computed 10 times e Fourier Transform of two signals separately an
1. 1 ion: f . - .
WA Tools Tneomation:  ( 8 | [zD process 1 ooo.c0s multiplying the result together as follows:
NAPA Tools Information: 4 tf[@]) Process # .087 <- 786431
Nav TooTs Tniomacion 7 [ BB trecess 7 ceereer
NAPA Tools Inﬂ)r‘mat::lonf ( [. tf[e ) Process # .06 <- 1848575 {ﬂ Ak {ﬂ * {f}
Mo Toois Tbormationt HED trocess 7 ooeoee Gl}' - SK 8 ¥
NAPA Tools Information: ( 5 [ tf[e ) Process # 060.085 <- 1318719
NAPA Tools Inﬂ)rmat%onf 4 tf[1]) Process # 660.665 . % & '
o Tools Infornation: (] [ SHLoD) brocass & ooo.cmr <. 157203 where * indicates the complex conjugate of the function.
NAPA Tools Information: ( tf[1]) Process # 8608.064
NAPA Tools Information: ( tf[1 ) Process # ©60.063
NAPA Tools Information: ( 3 [ tf[2 ) Process # ©600.063
NAPA Tools Information: ( tf[@]) Process # 080.082 <- 2097151
1. f ion: f| . . a -
Mo Tools Tntormtions b2 [ B s § veeees With this function. we can define the
NAPA Tools Information: ( tf[@]) Process # 000.001 <- 2359295 a
1. fo i f| . ¥ =
ea Tooks Informstions (] [ty proces: ¢ cencer Transfer Function, H(f), using the cross
NAPA Tools In'ﬁ)l‘mat]:olvf ( = tf[a ) Process # BB <- 2621439
en Toors Intorsctor: (- () [ )y mrecess v oo power spectrum and the spectrum of the  The Fundamentals of
NAPA Posts Information: ¢ join[e]) Append 3 Files as requested iﬂput (‘hﬂﬂ.ﬂE‘l as fﬂu{]wsr Si nal Anal sis
***x  Random Seed [I] : 777757025 ***x 11 H g y
o Tap (0 2.6 millions cycles in 26 seconds Aoolication Note 243
wer e Comiler Ua.00 for uines e ﬁﬂ,{f] pplication Note
cer nain wetlisc Biquad.tmp =5+ [-lff_] - = i Aailent Technologies
=xxx simylator Time  : 26.2144 5 =x=x I Gn{f) ' _‘“ g R g
17 Sinaletor Index 2 621 aae T <" Innovating the HP Way
****  Run Time I/O H o —_— i
I [ op e where  denotes the average of the function.

#%%%  stopuatch : HEO : MeB:585.469 * %% ‘
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One of the Generated SWC Biquadratic Filter Cells

file ‘./bqdl.gen’

node $i1i0 $in0
cell_interface $out $N_3 $M_2 $in0..2 $n0_0..2 $n1_0..2 $n2_0..2 $d_0..2 node $iil $inl
node $ii2 $in2
#%%* Analog IIR Structure, 3 inputs 2nd order
# feedforward path coefficients
e dvar $nn0_0 $n0_0/$d_2 &update
e Feedback Feedforward dvar $nn0_1 $n0_1/%d_2 &update
#* dvar $nn0_2 $n0_2/$d_2 &update
A in0 -->(4)----=———==———————- +m—————— >[*n0_2/d_2]--->(+)--> out0
#w A | s0_2 A dvar $nnl_0 $nl_0/$d_2 &update
#u | v | dvar $nnl_1 $nl_1/$d_2 &update
#EE | [DELAY] | dvar $nnl_2 $nl_2/$d_2 &update
# I | |
#* +---[*-d_1/d_2]<---+--------- >[*n0_1/d_2]----- + dvar $nn2_0 $n2_0/%d_2 &update
#* | | s0_1 | dvar $nn2_1 $n2_1/$d_2 &update
e | v | dvar $nn2_2 $n2_2/%d_2 &update
gk | [DELAY] [
#s | | | # feedback path coefficients
# +---[*-d_0/d_2]<---+--------- >[*n0_0/d_2]----- + dvar $dd_0 $d_0/%$d_2 &update
# s0_0 dvar $dd_1 $d_1/$d_2 &update
#:‘::‘:
#s # signal path
#* in2 -—>(4)-—--—--—--—- - mmmmm - >[*n2_2/d_2]--->(+)--> out2 node $s0_0 $s0_1
#* A s2_2 A node $s0_1 $s0_2
#w | \% | node $s0_2 1.0 $i10 -$dd_0 $s0_0 -$dd_1 $s0_1
#w | [DELAY] | node $out0 $nn0_0 $s0_0 $nn0_1 $s0_1 $nn0_2 $s0_2
e | | |
# +=-=[¥-d_1/d_2]<---+----=---- >[*n2_1/d_2]----- + node $s1_0 $s1_1
#ik | | s2_1 | node $s1_1 $s1_2
#* | \% | node $sl_2 1.0 $idl -$dd_0 $s1_0 -$dd_1 $s1_1
A | [DELAY] I node $outl $nn1_0 $s1.0 $nnl_1 $s1_1 $nnl_2 $s1_2
e | | |
e +---[*-d_0/d_2]<---+--------- >[*n2_0/d_2]----- + node $s2_0 $s2_1
#ew s2_0 node $s2_1 $s2_2
# node $s2_2 1.0 $ii2 -$dd_ 0 $s2.0 -$dd_1 $s2_1
e out = out0 + outl + out2 node $out2 $nn2_0 $s2.0 $nn2_1 $s2_1 $nn2_2 $s2_2
# ¥ node ($out) $out0..2 Zi:;;7
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A Cascade of 3 SWC Biquadratic Filters, the Transfer Functions

E gnuplot graph 1
= Options

Laid X1 %2 43

BIQUAD
Wed Apr 17 17:14:09 2019 by Yves Leduc

0.0

In
70,0 t o~

Outl

Qut2

Biquad 1 Biquad 2

Biquad 3

'mag [dB]-#1

mag [dB] - #2 ——

mag [dB] - # 3

1167.63, -99.5587

2.0k 3.0k

4.0k

5.0k 6.0k
frequency [Hz]

8.0k

10.0k
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1% Order A




Simulating with SARC :

Precise Simulations at Lower Level

Cs - Waveform
Ci - Histogram
. - TSNR
In hi 1 | | hi 2
° ° — —
. = OPAMP L [phi1 | —{—
: COMP ~
G I - Out
gm // -
— gds -
hi 1 hi 2 offset - offset
| | cin, cout cin
© ©
=3 =)
N =
\
L L -vref
feedback MUX
— vref
Electrical modeling of the ;Witghgo:l capacitor integrator :
offset, limited gain, ilimited bandwidth, ! paras:tlc capacitances, switches
Mixed signal modeling of the modulator:  —, _ aesseeeeeeeeeaaaeae— \
integrator, comparator, multiplexer Z /ﬂ{ pﬁrﬁilﬂ s Domain ‘with care’ |



file ‘Integrator.sch’

Non Inverting Delayed SWC Integrator »'-/_,:"'":\‘a . i
J v J ( (96 ) (model/ng) Simulated Load
a linear description for SARC simulation |k_\“'—’”_ ___.:-
Glokbals A B Oth
PHIz I
S — 0 ()
Gds c 2
i
i
Swlal c 11 Sw2dl Gm Swle c 3
i
i

C_o [PHIa]

— Wy MMM

[EHIa] [FHIb]

C_a £ : »| Rds [1/Gd=] J"
+ g

Vinl C") Sw2bl [PHIE] Swlcl [FHIa] Sw2f [PHIbL]
= Offs

—H

Transconductance
with limited gain,
— — — limited bandwidth

- - - and offset
Swlaz c 12 Sw2dz2
i1
—Wy | AMA
[EHIa] [FHIb]

Vin2 C"_D Sw2b2 I [PHIB] Swlc2 I [PHIa]




SWC XA Converter with SARC

BIND[..]1

STATES[..]1

—

ESE[..] ///V :

Al..]

file “./Integrator2_NI.hdr’

#define MIMO_Integrator2_NI_INPUTS \
{"vinl" , "Vin2" }

#define MIMO_Integrator2_NI_OUTPUTS \
£VOouD" , VA" , "VB)" }

#define
G,

MIMO_Integrator2_NI_BOM

"CL", "GN, "GM, "G, "G, "Gm", "Offs",

"Gds",

"PHIa", "PHIb"}

€y CCOmeGam) PHI= 1) Pma]—ann[{cz Gds PiiTa=3 € 23 fz)mﬂa—mﬂ:[cz G Pl = € - C:))
[cicﬂrcj[

€75, )) PHIz PHTE  PHIE - PHES)

D[..]

 »

98




file ‘./SD1l.net’

cell_interface

$Vout $Vin $Vref $Clk S$Afile $Cfile

title " [ Analog 1lst Order SD Modulator with a SARC model ] "

node $Phil $C1k? $ROff : $ROn Cs .
node $Phi2 $C1k? $ROn : $ROFf ‘ m *A Modulator I* Order
Ci Aa H Ab
dvar $ROn 1.0e3 . ‘ : H
dvar $ROFf 1.0e9 Vin: —{ phit | hi Ao
s % OPANP [ phil |
dvar $a 1.0 // scaling 1input el I it — Vout
dvar $g 1.0 // scaling reference ﬁ%
d $c $ $C hiT hiz offset offset
var i a*$Cs
dvar $Cj $g%$Cs
dvar $Cs 5.0e-12 (dbek \ S
dvar $ibias 125.0e-6 // opamp bias current Mux| vref

data $Afile $Agm $Agds $0ffsA $Aca $Aco $ibias

ganging $sdparm[]

node $tag
node ($Aa)
node ($Ab)
node ($A0)

data $Cfile
node $Vout

node $fdbck

header

$Ci $Cj $Cs $Cc $Aca $Aco $Agm $Agds $Phil $Phi2

sarc  Integrator2_NI() $sdparm $0ffsA S$fdbck $Vin
sarc $tag (V@A) A

sarc $tag (V@B)
sarc $tag (v@Out)

$0ffsC $Cc
$A0 $0ffsC &delayed

$Vout $Vref -$Vref

Multiple Inputs Multiple Outputs
duser sarc function

SD1 Modulator
Cell Netlist
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Computing in a Data Cell

:

file ‘./comparator.dat’

data_interface ( $offs) $cin

dvar $offs rand_normal (0.0, 2.0e-3)

' |

file ‘./transconductance_opamp.dat’

/

R 7N
data_interface | $gm| $gds $offs $ca $co [$ib

N

N

dvar $gm 300.0e-6 - 230.0e-9* ($ib) + 1.2e-12*%$ib &update @¢———

cin

comp

offs

ca

(0]
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A,
AT 2"

. . . . | .""-F._-\ I".
A Time-Domain Simulation ¢ (o))
e Clk
file ‘./SD1l.nap’

Vin —— —
header < > YA 1 Vout
title "Analysis in Time Domain" Vref MOdL“ator
fs 2000.0e6
node Clk "01" 500 // 2.0 Mhz clock
string opfilel "./transconductance_opamp.dat"
string opfile2 "./comparator.dat"
node Vin (analog) 0.123456789
node Vref (analog) 1.0 ‘ , ) )
node Vout cell sdl "./SDl.net" Vin Vref Clk opfilel..2 — | ‘SDl.net opfilel opfile2
output "SD1-time.out" Aa Ab Ao Vin Vout Clk
terminate 10.0e-6 <= TIME
alias Aa sdl__Aa
alias Ab sdl__Ab
alias Ao sdl__Ao . .
debug  SARC NAPA Simulation
ping

( Waveforms )

101



=8 Administrateur: NAPA Compile and Run: Source File ** 5D1.nap **

[SD1] **** MAC Preprocessor Running ***=
[SD1] ***= NAPA Compiler Running ===
[sD1] #**** GCC Compiler Running #****
[sD1] **** SARC Engine Linking ****
[sD1] **** Ad Hoc Simulator Running ***=

NAPA Ping Information: function ‘duser_sarc()’ from file "/Simulate/NapaDos/Hdr/User/sarc.hdr”
NAPA Ping Information: function 'Integrator2 NI()' from file "Integrator2_NI.hdr"
NAPA Ping Information: function ‘rand_normal(})’ from file "/Simulate/NapaDos/Hdr/Function/random.hdr"

wwEE

#x=x pAnalysis in Time Domain [ Analog 1st Order SD Modulator with SARC model ]

wwEE

Opamp input

Opamp output

NAPA Debug Information: { sarc[@]) function 'Integrator2_NI()'

[ Integrator2_NI 1 - model file -

[ Integrator2_NI 1 "Integrator2_NI.hdr"

[ Integrator2 NI 1 - initialization -

[ Integrator2 NI 1 SARC computing rate = (1 / 588.8 ps) = 2.808 GHz

[ Integrator2_NI 1 inputs { vinl, vin2z }

[ Integrator2_NI 1 outputs { v@out, v@a, v@e }

[ Integrator2_NI 1 parameters {c_11, c_12, C_2, C_3, C_a, C_o, Gds, PHIa, PHIb, Gm, Offs }
[ Integrator2_NI 1 parameter #1 sdl_ C11 = 5.@eeee p -» C_11

[ Integrator2 NI 1 parameter #2 sdl_ C12 = 5.@eeee p -> c_12

[ Integrator2_NI 1 parameter #3 sdl_C2 = 5.eeeee p -> C_2

[ Integrator2 NI 1 parameter #4 sdl_C3 = 5@8.8ee f -> c3

[ Integrator2_NI 1 parameter #5 sdl__ Aca = 20@.000 f -> C_a

[ Integrator2_NI 1 parameter #@ sdl__Aco = 4ee.eee f -» Co

[ Integrator2_NI 1 parameter #7 sd1__Agds = 26.88608 n -> Gds

[ Integrator2_NI 1 parameter #8 sdl__PHIa = ©.@08ee -» PHIa

[ Integrator2 NI 1 parameter #9 sd1__ PHIb = ©.60868 -> PHIb

[ Integrator2_NI 1 parameter #l@ sdl__Agm = 299.997 u -> Gm

[ Integrator2 NI 1 parameter #11 sdl__offsA = 1.93544 m -> Offs

**=x  Random Seed [I] : 777808285 **rF

*=x*  Qutput Tag [0] : 9@6865082 *¥=*

*=x%  NAPA Compiler H V4.88 for Wingg **==

. . A Modul r 1t Order

*eed Main Netlist : SDL.tmp **** Csodu ato Orde
*x=x simulator Time : 19.088@ us **** o

*=x*  Simulator Index 26081 **== i

P =

wwEE

wEEE

Run Time I/O0

-> SD1-time.out

Stopwatch

Normal Termination

[ o] v

HB6:Ma6: 561,187 **==

wEEE

< phil

||

T }

.

hi2

opp ™

s _[i"'
offser offset.

Out

[

Feedback

Comparator input
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file ‘./SD1_Histo.nap’

header <napatool.hdr>

title '"Histogram Analysis in Time Domain"

fs 2.0e6

node Clk clock "01" 200

string opfilel "./transconductance_opamp.dat"
string opfile2 "./comparator.dat"

dvar ampldb -3.0

dvar ampl DB2LINCampldb, 1.0)

dvar freq 1234.56789

dvar ph rand_uniform(0.0, _2pi_)

node Vin oscC 0.0 ampl freq ph
node Vref dc (analog) 1.0

node Vout cell sdl "./SDl.net" Vin Vref
tool histoval stdout Ab Vref -3.0 3.0 100
terminate 10000000 <= LOOP_INDEX

alias Aa sdl__Aa

alias Ab sdl__Ab

alias Ao sdl__Ao

debug SARC

ping

Clk opfilel..2

NAPA Simulation
( Histogram )

103



EE Administrateur: MAPA Compile and Run: Source File = SD1_Histo.nap =

[SD1_Histo]
[5D1_Histo]
[SD1_Histo]
[5D1_Histo]
[SD1_Histo]

NAPA Ping
NAPA Ping
NAPA Ping
NAPA Ping
NAPA Ping

EE

o

EE

EE

o

o

o

o

o

o

o

o

EE

Information:
Information:
Information:
Information:
Information:

==x% MAC Preprocessor Running
==%* NAPA Compiler
==x% GCC Compiler
=®%% SARC Engine

==x* Ad Hoc Simulator Running

function
function
function
function
function

EE T

EET

Running
Running
Linking

EE T
EET

EE T

‘duser_sarc()’

‘itool_histoval()’
‘Integrator2_NI{)’

‘rand_normal()"

‘rand_uniform{)"’

from
from
from
from
from

file
file
file
file
file

"/Simulate/NapaDos/Hdr/User/sarc.hdr"
"/Simulate/NapaDos/Hdr/Tool/histol.hdr"”
"Integrator2_NI.hdr"
"/Simulate/NapaDos/Hdr/Function/random.hdr"
"/Simulate/NapaDos/Hdr/Function/random.hdr"

Histogram Analysis in Time Domain [ Analog 1st Order SD Modulator with SARC model ]

Random Seed [I]
Output Tag [0O]

NAPA Compiler
Main Netlist
Simulator Time
Simulator Index
Tool Index

Run Time I/0

-» stdout

Stopwatch

Normal Termination

777889661
24529941

v4.88 for Wined
SD1_Histo.tmp
49,9995 us

16066806
leeaae

[ o]

Hee:Mea:58e.219

EE s

T

T

T

T

EE T

T

T

T

EE T

EE s

Opamp Output, Histogram

The histograms are normalized

h[i] =

number_ of _occurrences

bin_width * number_of_samples

12 T T

Thu Apr 18 22:28:42 2019 by Yves Leduc

Histogram Analysis in Time Domain [ Analag 1st Order SD Modulator with SARC model ]

0.8

0.6

0.4

0.2

Ao

3.0 -2.0 -1.0

walue

20
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file ‘'sd1_FFT.nap’

[SD1_FFT] === MAC Preprocessor Running ===
header‘ <napat001 .hdr> [SD1_FFT] **** NAPA Compiler  Running ****
[SD1_FFT] = GCC Compiler Running ****
[sD1_FFT] = SARC Engine Linking ****

[SD1_FFT] **=* Ad Hoc Simulator Running **=*

title "FFT Analysis"

NAPA Ping Information: function 'duser_sarc()’ from file "/Simulate/NapaDos/Hdr/User/sarc.hdr”
NAPA Ping Information: function 'itool_fft()" from file "/Simulate/NapaDos/Hdr/Tool/fftl.hdr"
NAPA Ping function “Integrator2_NI()" from file "Integrator2_NI.hdr"
fs 2000 - 0e6 NAPA Ping function “rand_normal()’ from file "/Simulate/NapaDos/Hdr/Function/random.hdr"
n n NAPA Ping Information: function “rand_uniform()"’ from file "/Simulate/NapaDos/Hdr/Function/random.hdr™
node Clk 01" 500

**EX  FFT Analysis [ Analog 1st Order SD Modulator with SARC model ]

string opfilel "./transconductance_opamp.dat"
string opfile2 "./comparator.dat"

NAPA Debug Information: ( sarc[@]) Ffunction 'Integrator2_NI()'
[ Integrator2_ NI 1 - model file -
dvar amp-l db -3.0 [ Integratorz_NI ] "Integrator2_NI.hdr"
dvar  ampl DB2LIN(ampldb, 1.0) [ imtegrator2u ] - initializetion -
dvar fr'eq 1234.56789 [ Integrator2 NI ] SARC computing rate = (1 / 560.8 ps) - 2.808 GHz
. ] Int tor2_NI i 13 vinl, vinz
dvar ph rand_uniform(0.0, _2pi_) | Ireeiratorsnt ool DV e ey
[ Integrator2_ NI 1 parameters {c11, c_12, c_2, ¢_3, C_a, C_o, Gds, PHIa, PHIb, Gm, Offs }
[ Integrator2_ NI 1 parameter #1 sdl__ (€11 = 5.e0000 p -> 11
. [ Int tor2 NI 1 t #2 dl_C12 = 5.p0000 -y C 12
node Vin 0.0 ampl freq ph [ Intesratorz NI 1 paremeter 13 2. seeesen > (2
[ Integrator2_NI 1 parameter #4 sdl__C3 = 5ee.eee f -» c3
Int tor2_NI t #5 dl__ As = 206.008 f -» C,
node  Vref (analog) 1.0 = _ et ] e ke et D o
int tor2_NI t #7 di_ Agds = 35.8886 - ad
node Vout cell sdl "./SDl.net" Vin Vref Clk opfilel..2 [ Integrotord i1 ] parameter 7 s fgds - 2880 0 o s
[ Integrator2_ NI 1 parameter #9 sd1l__PHIb = ©.00080 -> PHIb
[ Integrator2_ NI 1 parameter #1@ sdl__Agm = 2899.997 u -> Gm
-ivar. npts POWEROFZ (16) [ Integrator2_NI 1 parameter #11 sdl__offsA = -1.12561 m ->  Offs
NAPA Tools Information: ( fft[e]) Process # eee <- 65535508
decimate 1000 500 Random Seed [I] : 777811527 ****
output Tag [0] : 153899792 **** 'II' I
NAPA Ci il V4.08 f Wing4 65 ml IOnS Cyc eS
wEmm= ompiler H . or Win =
tool fft stdout Vout 1 npts N
*=%5% Main Netlist H SD1_FFT.tmp ***=
exx Simulator Time : 32.7677 ms *¥E¥

terminate 1 <= TOOL_INDEX T T e e 1 min 44

P
d b r_, \j\. #42% Run Time I/0 : i
ebug SARC I.I”-' 104\1 ': ->  stdout [ 0] ===
| 1 . -

S

ping
Stopwat(h H HBe:Me1:543.768

7 ==2*  fNormal Termination b

o

NAPA Simulation (FFT) 105



gnuplot graph 1 - hed
& [ F Options - % Grid X1

FFT Analysis [ Analog 1st Order SD Modulator with SARC model ]

Yves Leduc

mag [dE]

-60 |

-100 -

-120 |

-140 .

160 1 1 1 |
100.0 1.0k 10.0k 1000k 1.0M
frequency [Hz]

33.7817, 18.3634
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| oe‘]
file ‘sd1b_FFT.nap’

Sampling and Local Sampling Frequencies: FS, FSL

header <napatool.hdr> - f‘
title "FFT Analysis"
APA Ping Information: function ‘duser_sarc()’ from file "/Simulate/NapaDos/Hdr/User/sarc.hdr"”
[fS 2000.0e6 APA Ping Information: function ‘itool fft()’ from file "/Simulate/NapaDos/Hdr/Tool/fftl.hdr"
APA Ping Information: function "Integrator2_ NI()' from file "Integrator2_NI.hdr"
APA Ping Information: function ‘coherent(}’ from file "/Simulate/NapaDos/Hdr/Function/coherent.hdr”
node Clk "01" 500 APA Ping Information: function ‘rand_normal()’ from file "/Simulate/NapaDos/Hdr/Function/random.hdr"”
APA Ping Information: function ‘rand_uniform()’ from file "/Simulate/NapaDos/Hdr/Function/random.hdr"
string opfilel '"./transconductance_opamp.dat ...
string opfile2 '"./comparator.dat" ==2% [FT Analysis [ Analog 1st Order SD Modulator with SARC model ]
dvar ampldb -3.0
dvar amp] DB2LIN(ampldb, 1.0) APA Debug Information: ( coherent_freq)
Sampling frequency 1 2.66080668 MHz
: : Freguency target 1 1.23456789 kHz
dvar ph r‘and_umfor‘m(0.0, _2p1_) Coherent frequency 1 1.2512287@ kHz, Delta: 16.6528131 Hz ( +1.3% )
. # samples : 65536
node Vin 0.0 ampl freq ph # periods of signal/ 41
node Vref (analog) 1.0
node Vout cell sdl "./SD1l.net" Vin Vref Clk opfi a2 .
- macro FS defined here as 2.0e9 (Hz)
ivar  npts POWEROF2 (16) - macro FSL defined here as 2.0e9 (Hz)
[decimate 1000 500
5001 :ft StﬂOUt t(l\Zlg:tSéngpts 5 - macro FS defined here as 2.0e9 (Hz)
var req coheren 5 , Npts .
€ - macro FSL defined here as 2.0e6 (Hz)
terminate 1 <= TOOL_INDEX 77777
debug SARC  COHERENT
directive WINDOW NONE
ping
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gnuplet graph 1

& | Y Options - & Grid # 1

FFT Analysis [ Analog 1st Order SD Modulator with SARC model ]
Fri Apr 19 23:36:46 2019 by Yves Leduc

-10
mag [dB] ——
_2[] L
-30 | e R
/’~ . . \\
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~"‘\\\  aiutatadeteded ettt eded et
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NAPA Simulation, TSNR

3 #aéfine

‘ POW10(y) pow(10.0, (y))
- #define LINDOMAIN(c,b,e) (M)+()*((e)-())))
file ‘sd1_TSNR.nap’ - #define LOGDOMAIN(c,b,e) ((b) *POW10((c)*LOG10(((double) (e))/((double) (b)))))
= | #define LINSWEEP(c,b,e,n) LINDOMAIN(C(((doubTe) (c))/((doubTle) ((n)-1L))), (b), (e))
header < > | #define LOGSWEEP(c,b,e,n) LOGDOMAIN((((doubTe) (c))/((double) ((n)-1L))), (b), (e))
title "TSNR Analysis" - #define DB2LIN(x,r) ((r)*POW10(0.05%(x)))
fs 200.0e6 - #define POWEROF2(n) ((OLL<((Tong Tong) (n)))?(1LL<<((Tong Tong) (n))):1LL)
node Clk "01" 50
string opfilel "./transconductance_opamp.dat"
string opfile2 "./comparator.dat"
dvar ampldb LINSWEEP(TOOL_INDEX, -50.0,0.0, 26) &update &export
dvar ampl DB2LINCampldb, 1.0) &update T v N SEE O )
dvar fr'eq 1234.56789 &constant :iEi Ioois }niormai%on; § Esnr‘%g}; Er‘ocess g ggi z— iégégggég
dvar ph rand_uniform(0.0, ~2pi_) &constant Eiﬁi ;ggi }EEE:QZEEE § EE:%S}; z;;;ﬁ;;ng#agzioc tem;iaizai?iiir‘ data
node Vin 0.0 ampl freq ph . —
node Vref 1.0 mx 532231‘ ?EZ" Eg} ?ééiiéiéé wrxs
node Vout cell sdl "./SDl.net" Vin Vref Clk opfilel..2 | ... NAPA Compiler VA.80 for Winsa *Eee
'ivar‘ npts POWEROFZ(].G) ==X Main Netlist SD1_TSHR.tmp ***=
#=xx=x  Simulator Time 851.968 ms ****
- EE S 1 l d ES S % 3
decimate 100 50 oee imdlztor Index 178 383 o T
node Fout 2 Vout -1 One **EX Run Time I/O = 7 mlnuteS
tool tsnr stdout Fout 1 8.0e3 npts (template) (psophometr -> stdout [ 0] ====
terminate 0.0 < ampldb =225 Stopuatch HeO:Me7:562.564 ===
ping
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80.0

400

TSNR

output signal

TSNR
tool

tsnr stdout Fout 1 8.0e3 npts (template)

TSR Analysis [ Analog 1st Order SD Modulator with SARC model ]
Sat Apr 20 15:45:42 2019 by Yves Leduc

tsnr [dB] - #1
e - — tsnr [dB] - # 2

cin RMS TdR1

0.0
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3 Order A




library file ‘/Simulate/NapaDos/Net/Integrator1/d2_a.net’ Z DO m al N M Od el Of

cell_interface $out $datfile $kl $inlp $k2 $in2p $init
a SWC Integrator

#:‘:
#* s02p | | s02pd | |
#* in2p --(+)----- |[delay >------ | *k2 >-(+) mu = 1/A
#* | | | | | |
#% Off --—-4 | kl = C1/Cs
#= s0lp | | sO1lpd | | | k2 = C2/Cs
#* inlp --(+)----- |[delay >------ | *kl1 >-(+)
#* | | | [ |
#* off ----+ |
#* | | outd | | | | |
#* === |delay >------ | *(1+mu) >-(+)--1*1/(1+mu+(Ck1l+k2) *mu) >-+-- out
#* | | | [ sll| [
#* e e mm - +
data S$datfile $gain $off <

in2p --PHIa---+---||---+---PHIb---+
dvar  $mu 1.0/$gain } H : }
dvar $gl1l1 1.0/(1.0+$mu+(($k1+$k2)*$mu)) PHIb PHIa |
dvar $g13 1.0+$mu | | |

- - | e

node $s01p $off $inlp | 4= ===+
node  $s0lpd $s01p < N
node  $s02p $off $in2p inlp --PHIa---4---| [-==+---PHIb---+--=t--| \ |
node $s02pd $s02p } I : +__: A/ >=+---PHIa---
node $sll $kl $s01pd $k2 $s02pd $gl13 $outd PHIb PHIa |1/
node $out $911 $sl1 } : °Tf
node $outd $out - - -

init $outd $init 7
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file “./SD21.net”

cell_interface $out $sdfile $in $vh $vi

data $sdfile

$A $B $C $D $E $F ...
$opl $op2 $op3 $cmpd $cmp5 // data files

declare

dvar
dvar
dvar
dvar
dvar
dvar
dvar
ivar

node
node
node
node
node
node
node
node
node
node

node
node
node
node
node
node

$il
$i2
$j1
$j2
$k1
$k2
$k3
$ia

$vp
$vn
$th
$s01
$s02
$yl
$s03
$s07
$y2
$s08

$s09
$s10
$s11
$s12
$s13
$out

$A
$A/S$C
$B/$A

2.0%($B/$O)
$D/($C*12D($F))
$D/($B*I12D($F))

$D/SE
$F

cell
cell
cell

cell
cell

il
i2
c4

i3
c5

(true) ISINTEGER(S$F)

$vh
$vi
$vn  $vp
>
$yl -$vn -$vp
>
$y2 -$vn -$vp
$yl
$s09
$y2
$s11
$ia $s12
$s10 $s13

>
>

>

| | sO1 | | s02 | |yl | | s09 | | s10
in --(*711) delayed >----(*j1) delayed >--+----- +) >--+--| delay >----| delay >------ (+)-- out
| integrator| | integrator| | | comp]| [ | | | | -
+--(*12) | +--(*j2) | | th--C-) | |
[ [ I IR P | | | _v__ |
| gain,offset | gain,offset | offset,hyst | ctr | |
| I | | (0)-- (-vrefl) |
e L L L L L e L e L e < mux | |
I | (1-- (-vrefh) |
Hommm oo + | [— | I
| 4= + |
|1 s03 [
[ | - S [
| +--C*kD) | s07 I I y2 | | s11 | | s12 | I
| | >mmmm———- ) >--+-=|diff >----|diff >----(*ia) >--+
+----(*k2) delayed]| | comp]| | | | | || s13
| integrator| th--(-) | |
+--(*k3) | I | v
(. | offset,hyst | ctr |
| gain,offset | (0)-- (-vrefl)
o e < mux |
s08 | (1-- (-vrefh)
l— |1
3rd Order Sigma-Delta SWC Modulator

$opl $il $in  $i2 $s03 0.0

$op2  $j1 $s01 $j2 $s03 0.0

$cmpd  $s02 $th

$op3 $k1l $s03 $k2 $s02 $k3 $s08 0.0
$cmp5 $s07 $th

39 Order SWC
>A Modulator Cell
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39 Order ZA SWC Modulator,

data_interface $gain $offset

#* Opamp of the integrator ‘1’

dvar $gain 1000.0

dvar $offset rand_normal(0.0, 3.0e-3)

data_interface $gain $offset

#* Opamp of the integrator ‘2’

dvar $gain 1000.0

dvar $offset rand_normal(0.0, 3.0e-3)

data_interface $gain $offset
#* Opamp of the integrator ‘3’

800.0
rand_normal (0.0, 5.0e-3)

dvar
dvar

$gain
$offset

data_interface $hysteresis $offset

#* Comparator ‘4’

$hysteresis 0.0
$offset rand_normal (0.0, 2.0e-3)

dvar
dvar

Parameters

data_interface $hysteresis $offset

#* Comparator ‘5’

dvar
dvar

$hysteresis 0.0
$offset rand_normal (0.0, 4.0e-3)

\

file ‘./_sd21.dat’

data_interface

#* There are 6 independent parameters (A,B,C,D,E,F)

dvar $A 1.0 // scaling of 1lst integrator stage
dvar $B 1.0 // scaling of 2nd 1integrator stage
dvar $C 1.0 // scaling of 1lst quantizer

dvar $D 1.0 // scaling of 3rd integrator stage
dvar S$E 1.0 // scaling of 2nd quantizer

ivar $F 2 // interstage attenuation

#* files containing the opamp characteristics

string $opl "./_opl.dat”
string $op2 "./_op2.dat”
string $op3 "./_op3.dat”

#* files containing the comparator characteristics
string $cmp4 "./_cmp4.dat”
string $cmp5 "./_cmp5.dat"”

$A $B $C $D $E $F $opl $op2 $op3 $cmpsd $cmp5
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file “./SD21.nap”

title

header <napatool.hdr>

fs 2.0eb6
node vrefh
node vrefl
node in
node out
ivar npts
tool fft

tool histoval
tool histoval
tool histoval

terminate

ping
directive

alias
alias B
alias C

1

1.0
-1.0
0.0

0.8 1234.56789 0.0
cell sd "./sd2l.net" "./_sd2
POWEROF2(20)

"fft.out" out 1 1.0 100.0e3

"histo.out" A 1.0 -5.0 5.0 100
"histo.out" B 1.0 -5.0 5.0 100
"histo.out" C 1.0 -5.0 5.0 100

<= TOOL_INDEX

A sd__s01
sd__s02
sd__s07

WINDOW BLACKMAN_HARRIS_7

1.dat”

in

"ANALOG 3RD ORDER MODULATOR SIGMA-DELTA '2+1' WITH SIMPLE PARASITICS, $F"

vrefh vrefl

.
=
IM.-\. _f-he-]-l

39 Order A

SWC Modulator

a0 JmC JaC JmC

JmC JmC Jar JmC

0 JmC JmC JmC

0 JmC JaC JmC

a0 JmC JaC JmC

0 JmC JaC JmC

0 JmC Jar JmC

T a0 TaC a0

T a0 TaC a0

T a0 TaC 20

Random Seed [I]
Output Tag [O]

NAPA Compiler
Main Netlist
Simulator Time
Simulator Index
Tool Index

Run Time I/0

-» fft.out

-» histo.out

Stopwatch

Normal Termination

1.6 second

788386915
37335564

V4,82 for Wing4
5D21.tmp

524,288 ms
1 848 576

Hog:Mee:581.569

/

T JmC T

T JmC T

T JmC T

T JmC T

T JmC T

T JmC T

T JmC T

T 0 T 0

T 0 T 0

T 0 T 0

T 0 T 0

T 0 T 0
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3 Order A SWC Modulator, 1 Million points FFT
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.40 o

.60 o

.SO o
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ANALOG 3RD ORDER MODULATOR SIGMA-DELTA '2+1' WITH SIMPLE PARASITICS, SD21.nap
Yves Leduc
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[V V\WW‘“ N MW

mag [dB] ——

100.0 1.0k

frequency [Hz]

10.0k

100.0k
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3" Order A SWC Modulator, 1 Million Samples Histograms

ANALOG 3RD ORDER MODULATOR SIGMA-DELTA '2+1" WITH SIMPLE PARASITICS, SD21.nap
Mon Apr 29 15:20:14 2019 by Yves Leduc

0.9

0.8

0.7

0.6

0.5

04 r

0.3

0.2

0.1

2"¢ Integrator

.

3" Integrator

15t Integrator

A

-2.0

-1.0

0.0

xvalue

1.0

2.0 3.0 4.0

3.0

117




EEE T

3rd Order ZA SWC MOdUIator **** TSNR Analysis of a MASH 2+1 SWC Signa-Delta Modulator

file “./TSNR.nap” s 1.e08 k < A1
R 1.688 k <- A2
header' < > FEEE 586.0 <- A3
FEEE 556.6 uv <- QOffs1
title " " b -1.068 mv <- Offs2
FEEE 4,323 mV <- Offs3
fs 2.0e6 APA Tools Information: ( tsnr[@]) Appending ad hoc template to tsnr data
dvar ampldb  LINSWEEP(TOOL_INDEX, -80.0,0.0, 81) &update &export |+ "ot fnfermation: Join[e]) Append 2 Files o requested
dvar ampl DB2LIN(ampldb, 1.0) &update **#* Random Seed [I] : 778781753 *#+*
dvar freq 1234.56789 ****  Qutput Tag [0] : 106782048 **==
dvar ph rand_uniform(0.0, _2pi_) ==xx NAPA Compiler : V4.88 for Wings *===
nOde VI"'E'Fh 1 0 =xxx Main Netlist : TSNR.tmp **=*
node vrefl -1.0 *rr o Simulator Time 2.65421 5 *rex < 2.7 seconds
node in 0.0 ampl freq ph o Simalator Tndex: > e A
node out cell sd " " " in vrefh vrefl '
=®=X%  Run Time I/0 : wEEE
ivar npts POWEROF2(16) <> tmp2.out [1/0] *===
<> tmp3.out [I/0] *===
tool tsnr “ ” 02 1 10.0 16.0e3 npts (psophometric) (temp] -> stdout [ 0] ===
post join stdout (keep)
tool tsnr “ ” 03 1 10.0 16.0e3 npts (psophometric) ****  Stopuatch : HEo:HEB:582.424 ===
post join stdout (keep)
=*** Normal Termination FEEE
terminate 0.0 < ampldb
alias 02 sdl_yl // output of SD2 16 i
alias 03 out // output of SD2+1 162 FFTS on 2 pOIﬂtS
_ 5.3 millions samples
ping

directive WINDOW BLACKMAN_HARRIS_7
directive QUIET
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39 Order A SWC Modulator, TSNR
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TSMR Analysis of a MASH 2+1 SWC Sigma-Delta Modulator
Tue Jun 18 13:13:00 2019 by Yves Leduc
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tsnr [dB] - & 3 s
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Conclusions

30 years after the first prototype, NAPA has proven an impressive extensibility and its
ability to support state-of-the-art mixed signal and mixed technology applications.

It is built with a solid foundation and takes profit of the side effects of its building block.
It is fast, so fast.

It is not verbose, still it lets the user a solid control of the simulation.
It is wide open and has a crystal clear implementation.

It is free, there is no hassle to manage licenses and therefore
can be deployed without any constraint.

It is ready to welcome new functions and new features
in applications yet to be invented.
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Last But Not Least,

the Resources in the NAPA Libraries

& | ¥ @ 5 | CA\Simulate\PanelDos\Panel\NAPA Vineyard - Mini —

Accueil Partage

a

Editor
Crimson
Manual

B

Maxima -
Book

MNapa
Library Doc
-Gen-

MNapa
Primer's
Guide

Affichage

A4 @ <« Panel » NAPAVineyard - Mini

—ih

W

Thas
a SARC
Teaser

L
i
A9

Gnuplot for
MNapa

B

Maxirna -
Manual On
Line

MNapa
Library Doc
-Hdr Sarc-

|

=

MNapa
Quick Card

Gnuplot
Manual

Mazxima for
MNapa

MNapa
Library Doc
-Hdr-

sane ||
Editar
)
Schematic
Editor for
SARC Card

Quick Card

4 2

Gnuplot
Quick Card

Mazxima for
SARC Card

MNapa
Library Doc
-Maxima-

L

B
a
Schematic

Editor for
SARC

v D

t]
CheckSum

Verify

your Napa
User's
Profile

O x

Recherch... 2

4>

Editor
Crimson
for Napa

| 'JU
=

Mac Quick
Card

2

Mapa
Libraries
Doc

REFRESH

MNapa Mapa
Library Doc Ma
Py
&) ‘q
% -
Ly - 9 )
The Napa WARNING
Directory

Headers

| & NapaDos

] Nom

& Doc
& Dos
& Gen
& Hdr

& Net
&Sou\

TCe
:_Histnry.h‘t
=1 _Readme.bt
| ] AllCheckSum

| &, Har

& Net

[ Mom

%Function

%Max
%Post

% Random_Generator

% Resource
& Rom_Gen
& Tool
& User

@_ReadMe.brt
@.Header.rtf
Enapa.hdr
Enapatool.hdr
@toolbox.hdr

Cells

[ Mom
&% Activation
& Adder
& Array
&5 ASD
& Butterfly
& CDsSD
& Cell
& Channel
& Clock
& Comparator
& Counter
& CT_Bessel
&% CT_Butterworth
&% CT_Filter
% CT_Integrator
& CT_Tchebycheff
% Data_Strobe_Encoding
& DC_removal
&% Detect
& Differentiator
& DsD
&% Filters
& Gps
&% Heat
&% Integratorl
&%, Integrator2
15D
& Latch
& Logic
& Measure
& Misc
& Modulation
& Noise
&, Processor
& PwWL
&, PWM
& Range
&, Sequence
&, Sinc
i Sun
&, SWC_Amplifier
&, SWC_Biquad
& SWC_Glitchless
& SWC_Integrator
& SWC_Multiply
&, SWC_Sample_Hold
% SWC_Transconductor
& Thermometer
&, Toggling
& Tuning
&, Twist
& Weigthing_Filter
& 7 Domain
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The Headers

@geome‘cric.hdr

1 Mem

& Function

&5 Max

& Post

& Random_Generator

& Resource
%an_V
& Tool /
5 User

E_Readl"-ﬂe.bct
I;!,E':-Header.rtf

@napa.hdr

@napataul.hdr
@tnolbnx.hdr

@harmonic.hdr
ToLifft

T ilthdr
@intreal.hdr
@isinc.hdr

L ferhdr

[ max2max. hdr
@median.hdr
@minlmin.hdr

v

&« v 4 & <« MapaDos » Hdr » User
@arithmetic.hdr @multitone.hdr
@coherent\p\:ave.hdr @pink.hdr
Y comb.hdr EPLAhdr
@dem.hdr @pulse.hdr
@dnmain.hdr @pwl.hdr
I dpll.hdr I read1.hdr
@dsinc.hdr @readl.hdr
@Entrop}r.hdr @resunator.hdr
@fir.hdr @rms.hdr
@firdec.hdr @sarc.hdr
@fm.hdr @sequen

sine.hdr
@stable.hdr
ﬁsun.hdr
@sweep.hdr
@wa :
@wavel.hdr
@wa\reﬁle.hdr
IR winlist.hdr
@wolfram_rule.hd

w @ « MNapaDos » Hdr » Tool

&7 cfft0.hdr
I3 cfft1.hdr
& cgftl.hdr
@collect.hdr
&7 disto0.hdr
I3 distol.hdr
£ disto2.hdr
£ disto3.hdr

SR it10.hdr
SR ft11.hdr

ETLfft12.helr

&% gft1.hdr

& gft2.hdr
I histo1.hdr

I histobin.hdr
&7 histogram.hdr
@histor}r.hdr
LR jitter.hdr
@Ia
£ lin.hdr
E% Isp0.hdr

:

« A E « Hdr » Post

@a‘trema.hdr

@eye.hdr
7 histo2hdr
E join.hdr
@prune.hdr
@select.hdr
B corthdr
@spice.hdr
@statl.hdr
@wcpk.hdr
@wipe.hdr
@zip.hdr

£ Isp1.hdr
Enutput.hdr
Epdetect.hdr
@process.hdr
@rms‘l.hdr
@ﬂaﬂ.hdr

gsynchro.hdr
I w_histogram.hdr

BT w_stat.hdr
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alias
array
assert
call
command_line
comment
data
debug
decimate
declare
directive
drop
dump
dvar
error
event
export
format

fs
ganging
gateway
header
init

Inject
input
cell_interface

data_interface
interlude
interpolate
ivar

load
napa_version
node
nominal
num_initial
opcode
output

ping

post
random_seed
restart

stuck

string
synchronize
terminate

title

tool

ts

update

void

warning

#*

<instruction_keyword>

[ <parameter...> ]

Instructions
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adc
algebra
alu

and
average
bshift
btoi
buffer
bwand
bwbuffer
bwinv
bwnand
bwnor
bwnot
bwor
bwxnor
bwxor
cell
change
clip
clock
comp

copy
cosine

dac
dalgebra
dc

delay
differentiator
div

dtoi

dtool
duser
equal
fzand
fzbuffer
fzinv

fzor
fznand
fznor
fznot
gain
generator
hold
ialgebra
integrator
Inv

itob

itod
itool
iuser
latch
Ishift
max
merge
min
mod
rom2
rshift
rshiftl
rshift2
sign
sine
square
step
sub
sum
toggle
track
triangle
trig
uadc

udac
wsum
xnor
xor
Zero

node <node_name> <Kind> [ <parm...>][ <node_name...> ]

Nodes
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luser_arithmetic_average
duser_arithmetic_average
duser_coherentwave
duser_comb

iuser_dem

duser_dpll

duser_dsinc
duser_entropy

duser _fir

iuser_fir

duser_fir_in

duser_fir_out

duser_fm

luser_fm
duser_geometric_average
duser_harmonic_average
duser_ifft

duser_ilt

luser_Ifsr
duser_max2max
luser_max2max
duser_median
luser_median
duser_min2min
luser_min2min

duser _intreal
duser_multitone

duser_pink

iuser_PLA

duser_pulse

duser_pwil

iuser_pwil

duser_read

duser_read2

iuser_read

iuser_read2
duser_resonator
duser_rms_average
juser_sequence
duser_sarc

duser_sine

iuser_stable

duser_sun
duser_synchro_lindomain
duser_synchro_logdomain
duser_synchro_linsweep
duser_synchro_logsweep
duser_synchro_readsweep
iuser_wavelx16 in
iuser_wavelx16_out
iuser_wave2x16_in
luser_wave2x16_out
duser_win_list
iuser_wolfram_rule

(in ‘/Simulate/NapaDos/Hdr/User/..")

itool_autocorr
itool_cfft
itool_cgft
itool_cwin
itool_disto
itool_enbw
itool_fft
itool_fft cs
itool_freq
itool_gdel
itool_gft
itool_hdecomp
itool__histobin
itool_history
itool_histogram
itool_histoslp
itool_histoval
itool_icn
itool_i2decomp
itool_i3decomp
itool_im2
itool_im3
itool_lag
itool_lin
itool_Isp
itool_Ispwin

(in ‘/Simulate/NapaDos/Hdr/Tool/..")

itool_output
itool_pdetect
itool_ps
itoll_ptf
itool_quinn2
itool_resp
itool_resp2_i
itool_resp2_o
itool_rms
itool_sinewave
itool_statslp
itool_statval
itool_synchro
itool_tdecomp
itool_tf
itool_tf2_i
itool _tf2_o
itool_tfp
itool_tsnr
itool_win
itool_xcorr

post_extrema
post_eye
post_histo
post_join
post_prune
post_select
post_sort
post_spice
post_stat
post_wcpk
post_wcpk_pwil
post_wipe
post_zip

(in /Simulate/NapaDos/Hdr/Post/..")

User, Tool and
Post Functions

125




arithmetic_mean( )
arithmetic_geometric_mean()
AWG_d()

AWG_n()

AWG_5s()

bessel i()

bessel j()

bessel k()

bessel y()

c2f()

c2k()
centroidal_mean()
choice_between_i()
choice_between_d()
choice_between_s()
coherent()
coherent_lindomain()
coherent_linsweep()
coherent_logdomain( )
coherent_logsweep()
cmp3()
compress_A_law()
compress_mu_law()
contraharmonic_mean( )
db2lin()

db2np()

db2pow( )

d2i()

dec2bin()
deg2rad()

diode _Iv()
diode_Ri()

diode Rv()
diode_Vi()
dirac()

dirac2()

ET12()

expand_A law()
expand_mu_law()
f2c()

factorial()
gaussian( )
geometric_mean()
halton( )
hard_limiter()
harmonic_mean( )
heronian_mean()
GCD()

i2d()

isign()

ispowerof( )
ispowerof2()

ispowerof10( )
k2c()

LCM()
lin2db( )
lindomain( )
linsweep()
logdomain( )
log_factorial()
logn()
logsweep( )

next_hailstone_number()

np2db()
parallel R()
parallel_C()

parm_for_rand_uniform()
parm_for_rand_normal( )
parm_for_rand_rayleigh()

pow2db( )

P2t()

kt()

powerof( )
powerof2()
powerof10( )
prompt_for_double()
prompt_for_long()
prompt_for_yes no()

QR_01()
QR_01_x()
QR_gaussian()
QR_normal()

QR _uniform()

QR _uniform_x()
rad2deg( )
rand_01()
rand_01_x()
rand_bernoulli( )
rand_binomial( )
rand_chisquare( )
rand_equilikely(')
rand_erlang()
rand_exponential( )
rand_gaussian( )
rand_halfnormal()
rand_geometric( )
rand_lognormal( )
rand_normal( )
rand_pascal()
rand_poisson( )
rand_rayleigh()
rand_uniform()
rand_uniform_x()
randomize_array()

(in /Simulate/NapaDos/Hdr/Function/..”)

reldif()

rnoise( )
root_mean_square( )
round_it( )
serie_R()
serie_C()
serie_L()

sinc()
smooth_limiter( )
soft_limiter()
stuck_array()
switch_i()
switch_d()

t2p()
thermometric()
vandercorput( )

vi()

Registered
C Functions
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ABS()

CLIP()

COS()
DB2LIN()
DB2POW( )
DEG2RAD( )
D2I()

FSS()

12D( )
I0_MANAGER()
ISDELAYED( )
ISEQUAL()
ISEVEN()
ISINSIDE( )
ISINTEGER( )
ISOPTION( )
ISNOTOPTION( )
ISODD( )
ISOUTSIDE()
ISNOTEQUAL( )
ISNOTSMALL()
ISSMALL()
ISTIME( )
ISPOWEROF2( )
LENGTH()
LIN2DB( )

LINDOMAIN( )
LINSWEEP( )
LOG()
LOG10()
LOGDOMAIN()
LOGSWEEP()
MIN()

MAX()
MODULO( )
NIS()

PING()
POW()
POW10()
POW2DB( )
POWEROF2()
PS()
RAD2DEG()
RAND_01()
RAND_01_X()
ROOT()
SEGMENT_CONDITION()
SIGN()

SIN()

SQRT()
STS()
TIMER()

A_CONSTANT()
ARITHMETIC_MEAN()

ARITHMETIC_GEOMETRIC_MEAN()

Co()

C2F()

C2K()
CENTROIDAL_MEAN()

CONTRAHARMONIC_MEAN()

D2I()

EV()

EPSILONO( )

F2C()

G()
GEOMETRIC_MEAN()
H()
HARMONIC_MEAN()
HERONIAN_MEAN()
12D( )

ISPOWEROF( )
ISPOWEROF2( )
ISPOWEROF10( )
K()

K2C()

KT()

LOGN()

ME()

MU_CONSTANT()
MUO( )

POWEROF()
POWEROF10()
print_blank_line()
print_line_of chars()
print_line_of_stars()
print_newline()
print_string( )

print_var( )
print_dvar_and_string()
print_dvar()
print_ivar_and_string( )
print_ivar()

Q()

RNOISE()

RSWITCH()
ROOT_MEAN_SQUARE()
SET_STOP_REQUEST()
STOP_REQUEST()
SYSTEM_TIME()

VT()

Z0()

(in ‘/Simulate/NapaDos/Hdr/...")

Built-in and Registered C Macro Functions
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ABS_LOOP_INDEX
ABS_TIME
ANALOG_INI
ANTITHETIC
ASSERT_FLAG
CELLS_LIB
CODE

CREATED
DIGITAL_INI
ERROR_FLAG
FALSE

FS

FSL
GENERATORS_LIB
HEADERS_LIB
|_FORMAT
LOOP_INDEX
NAPA_JOB_ID
NAPA_VERSION
NAPA_WAYPOINT
NO

NUM_INITIAL

NUM_OF_SEGMENTS
NUM_OF_TIME_OUTPUTS

ORIGIN

PERIODIC
PLATFORM
RANDOM_SEED
REF_TIME
REL_LOOP_INDEX
REL_TIME
R_FORMAT
SEGMENT
SEPARATOR
S_FORMAT
SHORT _TITLE
SIM_RATE
SOURCE

STL
TERMINATE
TIME

TITLE

TRUE

USER
WALL_CLOCK
X_FORMAT
YES

Built-In C Macro
Constants and
Variables

START
STOP

_pi_
_pi2_
_pi4_
_pi8_
_2pi_
_e_
_PL
PI2_
_Pl4_
_PI8_
_2PI_
E

Built-in C
Constants

EPSILON

1LL
OLL

3.141592653589793

1.570796326794897

0.7853981633974483
0.3926990816987242
6.283185307179586

2.718281828459045

3.141592653589793239L
1.570796326794896619L
0.7853981633974483096L
0.3926990816987241548L
6.283185307179586477L
2.718281828459045235L

2.0e-015
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Some Useful Resources to Build User and Tool Functions

IO Manager

long
long
long
long
long
long
long
long
long

)
)
)
)
)
)
)
)
)
long)

IO MANAGER (CLOSE,
IO MANAGER (DEBUG,
IO MANAGER (DELETE,
IO MANAGER (FREE,

IO MANAGER (OPENAPPEND,

IO MANAGER

IO MANAGER (OPENWRITE,

OPENREAD,

IO MANAGER (QUERY,
IO MANAGER (REWIND,
IO MANAGER (REWRITE,

(
(
(
(
(
(
(
(
(
(

Dynamic Memory Allocation Manager

long long
long long
long long

(
(
(
(long long

)
)
)
)

Sine and Cosine Table Manager

(long long)
(long long)
(long long)

DA MANAGER
DA MANAGER
DA MANAGER
DA MANAGER

—~ o~ o~ o~

ALLOCATE,
FREE,
QUERY,
RESET,

SC_MANAGER (ALLOCATE,
SC_MANAGER (FREE,
SC_MANAGER (QUERY,

Example:

&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
&fp, file name, file suffix,
Example:
&array, number, function id)
&array, number, function id)
&array, number, function id)
&array, number, function id)
Example:
&sintable, &costable, number,
&sintable, &costable, number,
&sintable, &costable, number,

(void) IO MANAGER (OPENWRITE, &fp,

function id)
function id)
function id)
function id)
function id)
function id)
function id)
function id)
function id)
function id)

function id)
function id)
function id)

“ffta”, “.Out”, 2)

(void) DA MANAGER (FREE, &arr, OLL, id)

HA/DA/FA/LA/IA/SA/CA/PA/GA

(void) SC_MANAGER (FREE, &sc, 1000000LL, 3)

sc/s/cC
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The Last Words

" Come, come, good model is a good
familiar creature if it be well used " U

Mr. WILIAM

SHAKESPEARES

 COMEDIES
HISTORIES, &
TRAGEDIES,

Publifhed the T

[ s00 Come, come, good wine is a good familiar creature
310 if it be well used"

William Shakespeare (1564-1616)
Othello, II. lii
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[NAPA] Yves Leduc
http://www.borogoves.eu/NAPA Release nnn

http://www.borogoves.eu/NAPA Teaser.pdf
http://www.borogoves.eu/NAPA Card.pdf
http://www.borogoves.eu/NAPA Primer.pdf
http://www.borogoves.eu/NAPA Reference.pdf
http://www.borogoves.eu/MAC Card.pdf
http.//www.borogoves.eu/MAC Reference.pdf

[SARC] Jacques Mequin

« Semi-Analytical Recursive Algorithms in Mixed Signals Simulations »

to be published

[ANSI C11] ISO/IEC 9899:2011
https.//www.iso.org/standard/57853.html

[CRIMSON EDITOR]
http://www.crimsoneditor.com/

[GNUPLOT]
http://www.gnuplot.info/

[MINGW 64]
https.://mingw-wé4.org/

[WXMAXIMA and MAXIMA]
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