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Introduction

The SARC Schematic Editor, the symbolic computation of the transfer

functions and the SARC simulations are the work of Jacques Mequin.

The Napa Compiler and Package is the work of Yves Leduc.
http://www.borogoves.eu/NAPA_RELEASE 305e/

Maxima is a descendant of Macsyma, the legendary computer algebra
system developed in the late 1960s at the Massachusetts Institute of
Technology. http://maxima.sourceforge.net/

The SARC Schematic Editor is the entry point to describe linear(ised) electrical circuits.
It is closely linked to the symbolic programming tool Maxima which is used to compute, in
the Laplace Domain, the transfer functions described by this editor and to mixed-signal
simulations with the Napa package.

Maxima can be used to postprocess further the transfer functions. The functions
produced by the pair SARC Schematic Editor/Maxima can be inserted in NAPA netlists.

The Napa Compiler is a compiler of netlists producing ad-hoc cycle-based ANSI-C
simulators of mixed signal circuits. It can host continuous domain models described in the
Laplace domain thanks to SARC (Semi Analytical Recursive Convolution).

The users’ guides of these tools are not the object of this paper and can be found on the
‘NAPA Vineyard’ Windows Panel created during the installation of the Napa package :
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for Napa Manual
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Open SARC Editor
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http://www.mit.edu/
http://www.mit.edu/

1. AN EXAMPLE OF SCHEMATIC

( These examples use netlists located in directory ‘/Simulate/NapaDos/Hdr/Max’ )

We will use a simple filter to illustrate how to build a schematic and use it to produce
transfer functions. We will limit our ambition for the moment to the simplest process.

This is the schematic of a Sallen & Key Filter. We have chosen in this example to limit
the description to the main elements: 2 resistors, 2 capacitors, 2 independent voltage

sources and 1 voltage-controlled voltage source selected in the right menu in the
‘SARC.Iib’ as respectively ‘R’, ‘C’, 'V’ and ‘E’.

=D

[ File Edit View Window Help

DS HB@ 2827 @200 47

IR E]

LOW PASS SALLEN & KEY FILTER

-

->V
-> I
->V
-> I

T o OHXWHS

H <<

F I
label
gnd
globals
H-drawing.lib
Title
Sticker
Generic
Rectangle
Ellipse
SampleImage
mmy.lib

By a double click on an element, it is possible to enter its name and add some properties.
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All constant sources (‘V’ or ‘T) are by default the input of the circuits. We must indicate
the output(s) we want to analyze: voltages or currents. ( It is possible to output power and
energy but only in a simulation context not for the transfer function )

By a single click on an empty zone of the schematic, a menu will appear, and we will select
the item ‘Page SARC setup’

File Edit View Window Help - &
DE HBB S $8s 2 /(P ¢t v
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LOW PASS SALLEN & KEY FILTER ‘ T
c
Document properties E V>V
Page properties G V ->1I
Page SARC globals H I ->V
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SampleImage
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o 120 . bl

We then indicate the output(s) we want to compute, here the voltage of node ‘Out’. We
choose to consider the offset ‘Offs’ as a parameter by declaring it as an INTERN’. We
select to produce a transfer function.

More details can be found in the ‘Schematic Editor for SARC Card’ and ‘Maxima for
SARC Card’ documentations accessible from the ‘NAPA Vineyard’ Windows panel
(represented page 1).

e [Offs

outeuts [V ( Out )

next STEP
FEEDBACKS

C code

FEEDBACKS
PARMS

executionorder | 1 GENERATE_XFER( [~ nointern )

execution order | Q GEMERATE_MIMO

XWISH PRINTPOLES rusmope 7
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directives
(o | _ o
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It is important to note that a simple ‘Save’ is automatically producing a textual netlist

(.mac) and a document (.pdf). This is a guarantee that schematic, netlist and
documentation are always synchronized.

It is now time to produce the transfer function!

In the menu ‘File’, we will select ‘Execute SARC Maxima’.
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mmy.lib

File Edit View Window Help RE
New Ctrl+N |2
Open.. Ctrl+0
Close I -
=R SARC. 1lib

Save Ctrl+s v
Save As .. T
Generate SARC N hac) R
Execute SARC Maxima ER I
Export png, jpeg, gif, bmp. c
Export PDF

E V>V
Export PDF document G V -> T
Print

~-H I =>V
1 KHN_generic.sch A v F T -> I
2LP_SK_genericsch — Out
3 Double_Cascoded_Current Mirrorsch N label
4 Double_Cascoded Current Mirror IMPEDANCE.sch - gnd

5 Improved_Wilson_Current_Miror.sch - A - globals
Bt -W\r ' | + + g-drawing.lib

Rectangle

SampleImage

After a few seconds, a Maxima session starts and the transfer function automatically

computed. Wait for the message ‘>>>Normal termination’.

(7]

Fichier Edition View Cell Maxima Equations Algébre Analyse Simplifier Tracé de courbes Numérigue Aide

. NY 0 1 A~
. NBOM )

. Lo :[c 2,c 4]

. NLC : 2

SERIAL []
PARALLEL []

N A

v
1 proper V(out)/Vin =

23 2 23
(A, +1) C,C R R Is|"+ ((A +#1)C R+ ((A +1)C +C R} Is|+a +1

2 biproper V(out)/bootstep =

= =12 =] = =
AVCZ quff._.RlRE | =] +Avoff_. (C4R3+ :‘C4+02J RJ.J |51 +Av0ff._.

A =2 s
( _—a )cz C R Ry IS|%+ ((A,+1) C R+ ((A_+1) C,+C,) R ) |5l +a_+1

Please note that transfer function CANONICAL FO. can be obtained easily by

=== making such to have neo coefficient in front snominateor highest |s| powsr

»>>» Normal termination Maxima 4.7 5 / wall 5 s [86.44,82.45]%

™
£ >

|P" . E i_
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Here is the result:

A,
1 V(Out)/Vin =
proper V(Out)/Vin = o s e RIS + (A, + 1)CaR; + (A, + 1C, + CORD[S| T A, + 1

The results are stored in Maxima variables XFER][ 1 | where 1’ is the number in front of the
output. The 2nd transfer function represents the effect of the INTERN’ input(s).

We can use Maxima to compute the transfer function for an ideal gain of the amplifier by
applying a limit():

1]

Fichier Edition View Cell Maxima

équations Algebre  Analyse Simplifier Tracé de courbes  Mumérique  Aide

2 = = =
+A _Offs (C,R,+(C,+C,) R ) |s| +4_Offs

A,C,C,OffsR R, |s

(Be?L ) CyeyR Ryl ((2,41) € B+ ((A,#1) C,#Cy) R 51 #2,+1

Please note that transfer function CANONICAL FORMS can be obtained easily by

making such to have no coefficient in front of denominator highest |s| power

>>> Normal termination Maxima 0.72 s / wall 0.8 s [50.56,82.4]%

(%12) Tfinf : limit (XFER[1], & v, inf)
. 1
(Tfinf)

€,C,R R, |s

12+ (CyRy+C, R ) |3l +1

W
>

|Prét pour une entrée utilisateur ii.

is 11 far input.

We can also use Maxima to postprocess the results to get the sensitivity of the transfer
function to the value of an element, here the sensitivity to R_1:

(1]

Fichier Edition View Cell

Mazxirma Equations Algebre  Analyse Simplifier Tracé de courbes  MNumérique  Aide
A
(%13) diff (XFER[1], R_1)
= 2 =
A ((A,+1) Ce Ry IsI®+ ((A +1) C +Cy) I=])
(%03) - 2
= 2 =
fAV-f-l) €, Cy R Ry lsl=+1( fAV-f-l) C R+ ffﬂv-p‘-l) Cq-f-cz) Rl) I =] -f—AV—f—l] I
v
< >
Maxima is r for input.

|Plét pour une entrée utilisateur i 4
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We can also obtain the DC transfer function by applying a limit. The Laplace variable is |s|.

Fichier Edition View Cell Maxima équations Algebre  Analyse Simplifier Tracé de courbes  Mumérique  Aide
A
(%14) limit (XFER[1], |=|, 0)
A
v
(%04)
a.+1
v
< >

As expected, we can see that the DC gain of a Sallen & Key filter is about 1.

As it could be tedious to perform the same postprocesses again and again, we will add a
few properties directly in the schematic.
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2. AN EXAMPLE OF SCHEMATIC, USING PROPERTIES

We use here the component properties to assign specific values to the elements.
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By double clicking on a component, we can fill its properties. The syntax uses brackets [ ].

We assign, for example, the same symbolic value for the gain of each amplifiers ‘A_v'.
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We need now to declare these new variables by selecting the component ‘globals’ in the
‘SARC.1ib’ of menu on the right, instantiate it in the schematic, it is an empty rectangle,
double click on it to access to the menu, and fill.
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Apply

AWV

A
Hh G
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N R

Cancel oK
v
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A STATE VARIABLE FILIER Sd_gv'?;: I
RL RS e -R
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IR g] .gnd
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Vin R R
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The 3 outputs are declared in the ‘Page SARC setup’ and the transfer function is selected.

wreRn |

OUTPUTS |v( outl ) , V( outh ) , V( outb )

next STEP
FEEDBACKS

C code

FEEDBACKS
PARMS

execution order |1 GEMERATE XFER( [~ nointern )

execution order I 1] GEMERATE_MIMO

XWISH I PRINTPOLES I rUBMODE T

User code |

Maxima

spedial
control [ I
directives

I

In the ‘File’ menu, on the top, click on the ‘Execute SARC Maxima’ to start the Maxima
process.

)

Fichier Edition View Cell Maxima Equstions Algebre Analyse Simplifier Tracéde courbes Numérique  Aide

~
F

1 proper V(outl)/Vin =-(a >R (Rg+R))/((AV+1)2CZ Rey Re, (R,#R) ((R,#2) R #R) Is1®+(a +1) ¢
2 2 2 . . . . 2
[(ZAV szf(AVfZ) (Rf:fRfl) ]Rg “+R ((A‘(v Rf£+(ﬂv+3) (Rf2+Rf1))Rg+R (Rf2+Rf_t)) |s|+(ﬂv (A‘(v (AV+2)+1)+2)Rg TR

[[AV (a_(a_+1)+1)+3 ]Rng ])

. L 2 5 . 2 . . . . 2
2 biproper V(outh)/Vin =—(&_(A,#1) C®RR. R, (R #R) |s|°+A (A +1) CR (R, #R, ) (R #R) |s|+A R (R #R})/((2, +1) C’R, R,

(R,#R) ((2,+2) R #R) I1s1%+ (2, +1) c((z A FR_,+* (A _+2) (R,+R.)) Rgz-f‘R ((A*R_,+ (A, +3) (R,*R.)) R,#ER (Rf_,-/-Rﬂ))) Isl +

2
[AV (A_(a_+2)+1)+2 ]Rg FTR((A_(A_ (A _+1)+1)+3) Rg+R))

. . . 2 . . .
3 proper V(outb)/vin = (A (A +1) CRR,, (R, #R) |s] +a*R (R,#R) )/ ((A,#1) c? R, R, (R,#R) ((A_,#2) R_+R) Isi®+(a,+1) ¢

2 2, 2 . . . . 2
[{2 AR+ (A +2) (R_+R_) ]Rg +#R((A %R, # (A, +3) (R #Ryy)) R ¥R (R, #R.y) )| Is5|+ (A, (A, (A,+2)+1)+2) R+R

((A, (A (2 +1)+1)+3) Rg+R))

Please note that transfer function CANONICAL FORMS can be cbtainsd sasily by

making such to have no coefficient in front of denominator highest |s| power

>>> Normal termination Maxima 3.28 s / wall 3.43 s [86.07,92.44]%
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The 3 transfer functions are produced. There is no need a postprocess to assign the values
to the components. It is important to note that the complexity of the denominator is
related to the complexity of the circuit.

The Maxima variables are respectively XFER[1], XFER[2], and XFER[3].

Again, we can use Maxima, to process more. Here we compute the gain at infinity of the
high pass output (transfer function number 2 of the Maxima output):

]

Fichier Edition View Cell Maxima Equations Algébre Analyse Simplifier Tracé de courbes Mumérique  Aide

(%12) TFEPinf : limit (XFER[2], |=s|, inf)
a R
v
(TFHPinf) — ———
(2,+2) R_+R |

e T re

It is possible to specify the postprocessing in the schematics.
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3. AN EXAMPLE OF SCHEMATIC, USING PROPERTIES AND POSTPROCESSING

In the previous schematics, we insert post processing in the schematics. Clicking in an
empty space of the schematics, we access the ‘SARC setup page’. In the ‘User code

Maxima’ field, we can insert Maxima code.

In addition to the standard Maxima functions, a few functions are currently available.

(located in “/Simulate/MaximaDos/Functions” directory)

Useful MAXIMA User's Functions

PRINT LINE(msg)
ALL_PRINT( )
PRINT(id,xfer)

PRINT_LINE("line of text")
ALL_PRINT( )
PRINT(IMPEDANCE,XFER[1])

print the line

Applied to all transfer functions (modify the array of transfer fun

ALL_NUMERIC( )
ALL_SUBSTITUTE(parm,val)
ALL_LIMIT(parm,lim)

ALL_NUMERIC( )
ALL_SUBSTITUTE(gm01,10e-3)
ALL_LIMIT(gm@l1,inf)

insert numerical val
substitute in all tr
apply limit in all t

Applied on a single transfer function (does not modify the array of tra

NUMERIC (xfer) NUMERIC(XFER[2]) return a transfer fu
SUBSTITUTE(xfer,parm,val) SUBSTITUTE(XFER[1],gds1,gn) return a transfer fu
LIMIT(xfer,parm,lim) LIMIT(XFER[1],gme1,inf) return a transfer fu
NUMERATOR(xfr) NUMERATOR(XFER[1]) return the numerator
DENOMINATOR(xfr) DENOMINATOR(XFER[3]) return the denominat
NCOEFF (xfer,n) MNCOEFF(XFER[2],2) return the nth coeff
DCOEFF (xfer,n) DCOEFF(XFER[1],3) return the nth coeff
DC(xfer) DC(XFER[1]) return the DC transf
INF(xfer) INF(XFER[1]) return the transfer

Useful to signal the end of the processing which could be in some cases (ve

DONE( )}

(used to process the transfer fun

all transfer functic
return and print the

print a line "end of

ctions produced by the schematic editor)

ns are printed
transfer function

"id = xfer”

ctions XFER[]) :

ues in all transfer functions

ansfer functions

ransfer functions

nsfer functions XFER[])

nction after inserting numerical values
nction after substitution

nction after applying the limit

of a transfer function
or of a transfer function

icient of the numerator of a transfer function
icient of the denominator of a transfer function

zr function
function at infinite frequency

ry) long

the processing"

Here is the postprocessing code we have chosen; the syntax is the syntax of Maxima.

directives

INTERN
OUTPUTS |v{ outl ) , v( outh ) , V( outb )
next STEP
FEEDBACKS
C code
FEEDBACKS
PARMS
execution order | 1 GEMERATE_XFER( [ nointern )
execution order | ) GEMERATE_MIMO
ST PRINTPOLES RrUBMODE [
User code ALL PRINT( ) ;
PRINT LINE( "When A v is infinite:" )
LT ALL LIMIT(A v, inf)
ALL, PRINT( ) ;
DONE( ) ;
spedial
contral [~ I

=
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And the results are:

Fichier Edition View Cell Maxima Equations Algébre Analyse Simplifier Tracé de courbes Numérique Aide
[z v T3 TN T R TS O - B T I T TTITY 8 3
r

'[[Rz ((2,+1) Ry+Ry) +Ry Ry ]RS+R1 (Ry ((A,+1} Ry+Ry) +Ry Ry} ]RG) 151 +(R2 ((A_+1) Ry+ (A >+1) Ry} +R, RQ)R‘,.%RI

, a2 . a2
[32 ((A (A _+1)+1) Rg# (A% (A _+1)+1)Ry) + (2 +1) R, RQ])

. . 2z . ;
XFER[ 3 ] = (sz (A,+1) C; Ry Ry (RgFR;) Rg |5 +AV2 Ry Ry (Rg+R)) )/ ((A,+1) C;Cy (RyRyF Ry, ((A_+1) Ry+Ry}) (RgTR)) Ry Ry 1512+
. . . :, 2, ,
(371 (CT[(RZ ((A,+1) RgFR,)+Ry Ry) R5+R1(R2 ((A, (A F1)+1) Ry (A, F1) Ry) + (A, "+1) Ry Rq]]Rs+Cs
[[RZ ((A,+1) Ry+Ry) Ry Ry |Rg* Ry (R, ((A,+1) Ry"Ry) F#RyRy) ]Rs) 15| +(R2 ((A,+1) Ry (A,”+1) Ry) F Ry RG]R5+R1
2

. . . . 2
[RZ ((A, (A_F1)F1) Ry+ (A~ (A +1)+F1)Ry)+ (A, ~F1) R, Ra])

When A2 v is infinite:

R R, (Ry+R,)

XFER[ 1 ] = - 2
C,CyRyR, (Ry+R )R R, |s|®+C R (R R,+R, (R, +R.)) R, |s| +R,R, (R, +R,)

2

€, CyRyR, (R;+R )RR, |s]|
XFER[ 2 ]

2
C.Cy Ry R, (Ry+R )R R, |s1%+C R (RyR,+R, (R, +R;)) Ry |s| #R, R, (Ry+R,)

C,RyR, (R;+R ) R, |s|

XFER[ 3 ] = B
C,C Ry R, (R;+R )RR |s|°+C R (R,R +R, (R,+R,)) R, |s| +R, R, (R, +R )

>>> end of postprocessing

< >

Again, we can ‘play’ with the solutions and use the plain symbolic capability of Maxima.

Fichier Edition View Cell Maxima Equations Algebre  Analyse Simplifier Tracé de courbes MNumérique  Aide

>>>» end of postprocessing

(3i2)  diff(XFER[2], C_8)

2 2 2 2 3
R R, R (R, +R ) RR |

CT 273 ]

|s

(302) -

2
2
{C',r C‘SRZR4 fRs—f—RlJ RGRS | =1 +CTR1 fR3R4+R2 fR4+R3JJ Rg | =1 +R2R3 fRs—f-RlJJ

£ >

Maxima is ready for input. |Plét pour une entrée utilisateur i 4
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4. FROM SYMBOLIC RESULTS TO NUMBERS AND BODE PLOTS

After the symbolic analysis of transfer functions, it could be interesting to apply numerical
values to evaluate the solutions.

In this example, we apply symbolic values for parameters and add numerical values to the
‘globals’ parameters and ask for bode plots.

File Edit View Window Help

- & *
e CIEECTEEIEEE IEWAEE IR AR
W e d IR WA R
' EFSARC.1lib
v
I
Globals
R
Av
Re 2163 u L
£ 2% AW c
€ = 0.0le-§ [R] E V>V
. . . G V->1I
-H I =->V
[Re] F I >1I
~label
Vin gnd
globals
H-drawing.lib
= M my.lib
R8
[R]
Rg
- s
Ready - | |
. ¢ y . . . . . .
To modify the ‘globals’ parameters, a double click on its instantiation and edit.
= SARC schematic editor / release 3.05 Jun 14 2018 16:45:59 / (c) 2018 j-mequin@outlook.fr editing:  C:ASimulate\NapaDos\Hdr\Max\Filters\Examples\Biquad.sch — X
File Edit View Window Help _a
DA BB Es %2 /(e ¥ T
g R s (=R
=-SARC.1lib
BIQUAD FILTER Tie IGlohals -_Auuly v
Globals I
N -R
RV - 1083 [ Maxima VAR = EXPRESSION T 2
Rf = lée3d
Rg = 10e3 Av c
Rg = 1.0e3 R = 10e3
€ so-bies Rf = 16e3 / -BE OV =>V
Rg = 10e3 -
In Ry Rq = 1.0e3 G V ->1I
c = 0.0le-6 -H I ->V
\ F I ->1I
label
Vin gnd
globals
p-drawing.lib
= Hmy.lib
T = -
lobals "Globals" <0]0>[ -645 -310 , -465 -180 ] " ™" _ | | |
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We edit the ‘SARC page setup’ and add a few Maxima code to apply the numerical values
and produce the Bode plot of the first transfer function.

RN |

OUTPUTS |V{Outl),v(0utb),v{0uth)

next STEP
FEEDBACKS

C code

FEEDBACKS
PARMS

execution order |1 GENERATE_XFER{ [~ nointern )

execution order | 0 GENERATE_MIMO

— PRINTPOLES I RUEMODE T

User code PRINT LINE( "When Av is infinite:" ) ; "
ALL LIMIT{ Awv, inf )} ;
B2 ALL PRINT( ) ;
PRIET_LIN'E{ "Applying numerical values:" ) ;
ALL NUMERIC( );
ALL PRINT( ) ;
BODE_GAIN{ XFER[1], 1, 1le9 ) ; .
spedial
contral [~ I
directives.

|
Here are the results of Maxima, the 3 transfer functions are now numerical.
®
Fichier Edition View Cell Maxima FEquations Algébre Analyse Simplifier Tracé de courbes Numérique Aide
3
R (Rg+R)
XFER[ 1 ] = -
c?RF*Rg (Rg+R) |s|?+CRE (2Rg+R) R |s| +Rg (Rg+R)
CRRf (Rg+R) |s|
XFER[ 2 ] =
c?re?Rg (Rg+R) |52 +CRE (2Rg+R) Rq | 5| +Rg (Rg+R)
c?rrf? (Rg+R) |5]2
XFER[ 3 ] = -
c?rRF? Ry (Rg+R) |s1?+CRF (2Rg+R) Ry | 5| +Rg (RG+R)
Applying numerical values:
1.110%
XFER[ 1 ] = -
2.816 |52 +4800.0 |s] +1.1 10°
17600.0 | 5]
XFER[ 2 ] =
2.81¢ \5‘\21‘4500.0 Isl+1.1 1.0S
2.816 | 5| ?
XFER[ 3 ] = —
2.81¢ \5\21‘4800.0 lsl+1.1 103
>>> loading file '\Simulate\MaximaDos\Functions\bode.mac'
| Plot Bode Diagram (gain)
< >

PAGE 14



A Bode plot is then produced by Maxima:

O3 2 zaaaald

g

?

Bode Gain

-50

& -100

-150

-200

350 bl i

1 10 100

726,915, -302.613

1000 10000 100000 1x10° 1x10” 1x108 1x10°
f

Another example produces the transfer function of noise sources, resistors and amplifier.

File Edit View Window Help

DeW BB e $dx 2/ [pR[ ! bF

s A =T =

LOW PASS SALLEN & KEY FILTER

transfer functions of noise

Globals
= 10.0e3
= 100.0e-12
C2 o [C]
R1
[R]

Vnoise_1

SARC.1lib
v

I

-R

L

c

E V —>
G VvV ->
-H I =>
F I ->
label
-gnd
globals

drawing.lib

my.lib

H<HIS
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The setup for transfer functions and Bode plots when the gain of the amplifier is infinite.

mrERn |

OUTPUTS |V{ Out )

next STEP
FEEDBACKS
C code

FEEDBACKS
PARMS

execution order |1 GENERATE_XFER( [~ nointern )

execution order | [4] GENERATE_MIMO

XWISH PRINTPOLES I RUBMoDE T

User code ALL_LIMIT{ A v, inf ) ;
ALL NUMERIC( ) ;

BT ALL PRINT{ ) ;
BODE GAIN( XFER[1], 1, 1e9 ) ;
BODE_GAIN{ XFER[2], 1, 1le9 ) ;
BODE_GAIN{ XFER[3], 1, 1e9 ) ;
DONE( ) ;

control [~ |
directives

And the results:

Fichier Edition View Cell Maxima Equations Algebre Analyse Simplifier Trace de courbes Mumérique  Aide
>>> Ioading file '\simulate\MaximaDos\Functions\misc.mac'

AV

XFER[ 1 ] =

(101022 +1.01072) 1513+ (2.010% 4, #3.0107%) =1 +a +1

10.01077 4 |s| +4,

XFER[ 2 ] =

(101022 +1.01072) 1513+ (2.010% 4, #3.0107%) =1 +a +1

1010722 |s12+3.0107%4 |5 +4,

XFER[ 3 ] =

(1010722, +1.01072) 1512+ (2.010°4,+3.0107°) s 44, +1

>>> loading file '\Simulate\MaximaDos\Functions\bode.mac'

Plot Bode Diagram (gain)
*#+ A parameter is still symbolic : [A ]
Plot Bode Diagram (gain)
*#% A parameter is still symbolic : [&,]
plor Bode Diagram (gain)
*#% A parameter is still symbolic : [&,]

>»> end of postprocessing
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The Bode plot (noise 1 - output) :

D&z eaala ?

Bode Gain

30

-40 -

60

80

de

100k

-120

140 e

-160 1 i 1 1 i 1 1 i
1 10 100 1000 10000 100000 1x10° 1x107 1x10% 1x10®

f

The Bode plot (noise 2 & output) :

O zzxa@aaaly ?

Bode Gain

-10 -

-20

30 b

de

N

]
T

-50 |-

-60 |-

70 |

80 i i i | i i i i
1 10 100 1000 10000100000 1x10° 1x107 1x10% 1x10%
f

The Bode plot (noise 3 = output) :

& zcxaaaly ?

Bode Gain

de
™~
T

o i | . | i i
1 10 100 1000 10000 100000 1x10°% 1x10” 1x10% 1x10%

f
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5. DO NOT BE TOO AMBITIOUS

Symbolic analysis plays with (smart) manipulations of equations of Kirchhoff.

Examples are in directory ‘/Simulate/Napados/Hdr/Max’. You will notice that this

software handles impressive problems. But this is a real challenge to handle too complex
schematics, there is a limit in the complexity.

It is time to compute your first transfer function.

Open the ‘Sarc Schematic Editor’ from the ‘NAPA Vineyard’ panel

Affichage

» CePC » OS(C) » Simulate » PanelDos » Panel » NAPA Vineyard

Accueil Partage
+~
e e e "
a Napa a SARC
Teaser Teaser
vl 4
ﬂ -~
Mac Mac Cuick
Manual Card
Mapa MNapa
Library Doc | Library Doc
-Maxima- -Met-

I

-
About ANSI-C CheckSum
Mapa Quick Card  REFRESH

— = |
B B %
&
Maxirma - Maxima -  Maxima for
Book Manual Mapa
} E‘:‘f;l | ;U
. 2«
Mapa Mapa MNapa
Manual Primer's Quick Card
Guide

o

Ld
CheckSum
Verify

Mazxirma for
SARC Card

i

Schematic
Editor for
SARC Card

i3

Editor
Crimson
for Napa

&

L]
MODIFY

your Napa
User's
Profile

]
E..,:r
Schematic

Editor for
SARC

- Mini

Editor
Crimson
Manual

12

MNapa
Libraries
Doc
REFRESH

Py
%.
The Mapa
Directory

~ e
w O Rechercher dans : NAPA... &
L = .
[J
Gnuplot for Gruplot Gnuplot
Mapa Manual Quick Card
Mapa Mapa MNapa
Library Doc  Library Doc  Library Doc
-Gen- -Hdr Sarc- -Hdr-
#a
WARNING

Open (or create) a schematic...

!
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|58 SARC schematic editor / release 3.05 Jun 142018 16:45:59 / (¢) 2018 j-mequin@outiook ir - X
File View Help
Dwde=r B8 & Ak
« “ 4 |« NapaDos > Hdr > Max > Filters ~|® | Rechercher dans: Filters »
Organiser v Nouveau dossier m @
@ cerc A Nom Mocdifié le Type ~
I Bureau || Examples 04/07/201821:21  Dossier de fichier:
Documents [ ] Biquad.sch 27/06/201822:53  sch_auto file
[] HP_MFB.sch I7/06/201823:00  sch_auto file
i [ 7] HP_MFB_genericsch 27/06/201823:01  sch_auto_file
Musique
] HP_SK.sch 27/06/201822:56  sch_auto_file
[ HP_SK_generic.sch 27/06/20182301  sch_auto_file
[7] KHN.sch 04/07/201813:53  sch_auto file
[] KHN_generic.sch 04/07/201813:21  sch_auto file
[ LP_MFB.sch 27/06/201823:00  sch_auto_file
o repertoines ] LP_MFE_generic.sch 27/06/20182301  sch_auto file
% shore (HS-DHY [ LP_SK.sch 27/06/20182300  sch_auto_file
[7] LP_SK_generic.sch 04/07/20181207  sch_auto file
¥ Reéseau v o<
Nom du fichier : [LP_MFB.sch | [schematic files (sch"am) |
=
File Edit View Window Help N

IR WA IR
EELIEEEEIEILEE

L%

SARC.1lib
v
‘ Low Pass Multiple Feedback Filter ‘ I
(aka LP Rauch Filter) 23 R
L
Globals c
[R] E V>V
g G V ->1I
H I >V
F I >1I
-label
R1 R4 A v g:db N
globals
@ J\/\/\I ! J\/\/\I = @ drawing.lib
[R] [R] PNy my.lib
vin c2 I [c1 Offs

And enjoy !
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6. MIXED-SIGNAL SIMULATIONS IN TIME-DOMAIN

This SARC Schematic Editor is also the entry point to insert continuous time modules in
the Napa mixed-signal simulator netlist. The same schematics can produce the C code
compatible to this simulator. The simulations are running in the time-domain together
with sampled domain sub-circuits like switched capacitor network and/or digital circuitry.

The technology behind the simulation is SARC (Semi-Analytical Recursive
Convolution) allowing to simulate linear and piece-wise linear circuits. A piece-
wise linear circuit is a linear circuit with a few percussions which change on the fly
the value of some elements while preserving strictly the flux of inductances and

the charges of capacitances.

Napa is a mixed-signal simulator, a teaser is available in the ‘NAPA Vineyard’ panel :

Accueil Partage Affichage

CheckSum
REFRESH

[ JE—

Maxima for
Mapa

E
El‘L

MNapa
Quick Card

i Tﬁ e .d il
a Napa a SARC About ANSI-C
Teaser Teaser Mapa Cuick Card
] o B B
EI -~
Mac Mac Quick Maxirma - Maxima -
Manual Card Book Manual
™ 2 ' b
Mapa MNapa Mapa Mapa
Library Doc | Library Doc Manual Primer's
-Maxima- -Met- Guide

.

i
CheckSum
Verify

a

Mazxirma for
SARC Card

SARE
Edrtar

Schematic
Editor for
SARC Card

» CePC » OS(C) » Simulate » PanelDos » Panel » MAPA Vineyard -

A3

Editar
Crimson
for Napa
%
e

MODIFY
your Napa

User's
Profile

]
E..,:r
Schematic

Editor for
SARC

Mini

Editor
Crimson
Manual

2]

MNapa
Libraries
Doc
REFRESH

()
s,
The Mapa
Directory

> 0
v O Rechercher dans : NAPA... ©
L =
E_/| § =. | EU

Gnuplot for Gnuplot Gnuplot

Mapa Manual Cuick Card

Mapa Mapa MNapa
Library Doc  Library Doc  Library Doc

-Gen- -Hdr Sarc- -Hdr-
ae
WARNING

First, we will describe a non-inverting switched-capacitor integrator using the SARC

Schematic Editor. All switches are described as resistors with a symbolic value ‘phir’ or
‘phiz2’. During the simulations the value of these resistors will set to large or small. This
change of value is a percussion which will be handled properly by the SARC algorithm.

Symbolic values of components and ‘globals’ variables are set. The model includes
parasitic capacitances ad offset. We will add slew rate later.
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The schematicisin  “/Simulate/Napados/Hdr/Max/SWC_Integrator/Integrator_NI.sch”

File Edit View Window Help
DS H BB Eee2s 2/ (Pp ¢! v T
ST I

NEN

' E-SARC.1lib

Non Inverting Delayed SWC Integrator @

b
a linear description for S2RC similavion Edtrtor

Clobals

Phi_l
Phiz

=

HIOMHQHDHA <

H<S<
I
v
H<HI

Gds
alpha I >
label
~gnd
globals
m-drawing.lib
mmy.lib

This schematic described a piece-wise linear circuit and there is no meaning to compute a
transfer function as it has no utility at this point. We will prefer to output a C code for the
SARC algorithm. We select a ‘GENERATE_MIMO’ instead of a ‘GENERATE_XFER'.

wreRn  [Offs

ouruts  [V( out ) , V(A ) , V(B)

next STEP
FEEDBACKS

C code

FEEDBACKS
PARMS

tion order |0 GENERATE_XFER( [~ nointern )

execution order I 1 GENERATE_MIMO

XWISH PRINTPOLES IO RUBMODE [~

User code

Maxima

e

And we start Maxima from the ‘File’ menu on the top of the SARC Editor. Maxima outputs
the matrices A, B, C, and D for the SARC editor.
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)

Fichier Edition View Cell Maxima Equations Algtbre Analyse Simplifier Tracé decourbes Numérique Aide
4

ra=

2P 1 1
— - - o
Cléléz Cléléz lez Cléz
e 2 by +by) 1 1
- o
) 1% clélizo clizn cldsznx
c azc, c azc, c,a-c Gnby=C c,#a=C_ ((Ga+Gds) B +1) By +C #) c

B O e I L et S N LR R | <) e

cc,,_ + c
élézlzta €, c,%C,

<, c, C GaPy+C, (Gudy+1) [(szA[Ca“Cstﬂs]¢1+ca 1&¢,+11J¢2+c2 (8,28 ) c_+c,
¢ 46 }au e [c_+c C. 46 )azr e [e.+e AT e [c+c AT e [c+c AT
B B S P T N B A L N O A L DICICEA I
1 dssz
o o o — -—
cy Py €y Py
Q Q
1
o
Cléla
c_Gmores
5 ¢ e
- L R A LN
(easfamoer
o
C 4C |av e [c_+c
R O el
o o
]'n 000 f‘
< >

Maxima produces also a text file, an ANSI-C header file (“.hdr’) compatible with the Napa

simulator. The list of inputs, outputs and parameters of this model will be used to create a
Napa cell.

Open the Crimson Editor from ten ‘Napa Vineyard’ panel:

Gestion Gestion ~ 0

b » CePC » O5(C) » Simulate » PanelDos » Panel » NAPA Vineyard y Rechercher dans : NAPA.., @
. » T P o h -
2R e .0l 3 g
™ Y ﬂc »88 & ﬂf
a MNapa a SARC

@
About ANSI-C CheckSum  CheckSum Editor Editor Gnuplot for Gnuplot Gnuplot

Teaser Teaser Mapa Quick Card REFRESH Verify Crimson Crimson Mapa Manual Quick Card
for Mapa Manual

Accueil Partage

Affichage

{ ) ,L.— = = =
z L1 S E A
i =% = =5 =
= = =
Mac Mac Quick  Maxima - Maxima - Maximafor  Maxima for Mapa Mapa Mapa Mapa
Manual Card Book Manual MNapa SARC Card  your Napa Libraries Library Doc  Library Doc  Library Doc
User's Doc -Gen- -Hdr Sarc- -Hdr-
Profile REFRESH
= £ v d ‘ i "" q
1A BB s
Mapa MNapa Mapa Mapa Mapa Schematic  Schematic  The Napa WARNING
Library Doc  Library Doc Manual Primer's Quick Card  Editor for Editor for Directory
-Maxima- -Met- Guide SARC Card SARC

We use here files contained in the package. The explanations concerning the Napa

simulator can be found in the corresponding teaser. We will explain briefly and focus to
start quickly a Napa simulation.
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The header produced by Maxima ‘/Simulate/Napados/Hdr/Max/SWC_Integrator/Integrator_NILhdr’

=
File Edit Search View Document Project Tools Macros Window Help HE

@ Integrator]_MNinet @ Integrator]_Ninap @ contact_foi_jespers 2 @ Integiator]_NI_no_SRmac @ Integrator]_NI_no_SR.hd

DL | P SR RB - D ans w DEEwYiE|enr 74

__MIMO_Integratorl NI_no_SR__
Created at 2018-87-06 12:34:46+82:00 from C:\Simulate\NapaDos\Hdr\Max\SWC_Integrator\Integratorl NI_no_SR.mac **** #/q

MIMO_Integratorl NI_no_SR_xmldocument “"Integratorl NI _no SR™J
MIMO_Integratorl _NI_no_SR_xmlpage "Page 1"
MIMO_Integratorl_NI_no_SR_xmldate "Fri Jul 6 12:34:16 2018 generated with release 3.06"

MIMO_Integratorl NI no SR_SCHEMA “\q
iPlNon Inverting Delayed SWC Integrator \T

Ja linear description for SARC simulation \I
SUluith slew-rate modeling \T

“S#define MIMO_Integratorl_NI_no_SR_wschema 429

gl
MIMO_Integratorl_NI_no_SR_SARCENV "SARC 18.12 (c) 2018 Z
MIMO_Integratorl_NI_no_SR_ipmode "fas1"q
MIMO_Integratorl_NI_no_SR_rubmode e
MIMO_Integratorl_NI_no_SR_printpoles ol
MIMO_Integratorl_NI_no_SR_nintern 1T
MIMO_Integratorl_NI_no_SR_nfeedcalc ol
MIMO_Integratorl_NI_no_SR_INPUTS { "vin" 31
MIMO_Integratorl_NI_no_SR_OUTPUTS £ "v(out)™ , "v(a)" , "w(B)" 31

MIMO_Integratorl_NI_no_SR_BOM {"c", "c_2" , "C_3", "C_a" |, "C_o" , "alpha" , "Gds" , "Phi_1" , "Phi_2" , "Gm" , "OFfs" }

>

M

This model has 1 input, 3 outputs and 11 parameters. This file is in the directory containing
the corresponding schematic (‘.sch’), netlist (“.mac’) and pdf files.

We prepare now a cell containing the call of the code produced by Maxima (‘.net’), a data
file containing the numerical values of the components (‘.dat’) and finally the file
containing the simulation ‘(.nap)’.

The cell file ‘/Simulate/Napados/Net/SWC_Integrator/Integrator_NI.net’

File Edit Search View Document Project Tools Macros Window Help l

® Integrator]_Nlnsp @ Integratori_Ninet @ Integrator]_NI.dat

DSELE B SR LB - malas s DEE Y

€] CASimulate\NapaDes\Net\ SWC_Integratoriintegrator]_NLnet
ilcell interface Sdummy $I $A $B $0 $Clkl $Clk2 $fildatfll
q

I ABOClkl Clk2 fild

node void cell plsnam “Integratorl NI.net"

(analog) $C1 $C2 $C3 $CA $cod
(analog) $alphad

(analog) $GM $GDS $IMAXT
(digital) $Clk1 $clk2T
(string) $fildatd
<Max/SWC_Integrator/Integratorl NI.hdr>{l

$fildat  $C1 $C2 $C3 $GM $GDS $IMAX $OFFS $CA $CO  $alpha $Ron $Roffd

$rsul switch_d($Clk1, $Roff, $Ron) &updated
$rsu2 switch_d($C1k2, $Roff, $Ron) S&updated

$C1 $C2 $C3 $CA $CO $alpha $GDS $rswl $rsw2 $GM  $OFFS  $IMAXT

duser sarc Integratorl_NI() $parm 3$I9
duser sarc $tag (V@a)d
duser sarc $tag (v@B)dl
duser  sarc $tag (VGOut)T .

-L|< e e Rrasiian g R 5

Ready Ln1. Ch 56 40 ASCILDOS  FEAD REC, COL, OVR
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A second file is used to assign values to the components and is instantiated inside the cell.
This data cell file is ‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NI.dat’

File Edit Search View Document Project Tools Macros Window Help l

% Integrator]_Nlnap @ Integiator]_Nlnet @ Integrator]_NI.dat

Hdvar $C1 2.0e-127 ~
Hdvar $C2 2.0e-127
ldvar $C3  2.8e-127 E_’,
q ~

Bldvar $alpha 0.1 // ratio Ccircuit/Cparasiticsd fa
iiN#* Switches internal resistancesd
‘Eldvar $Ron 100.87
(Uldvar $Roff 1.8e97
B4+ OTA ($sizing allows to scale up or down the size of the OTA) L«

$sizing @.2 // size of the opampdl

$Gm 6.16e-4 * $sizingd

$Imax 0.20e-3 * ¢sizing

$Gds  1.76e-7 * $sizingd

$Ca 1.0e-15 * $sizingd

$Co 1.0e-15 * $sizingd

$0ffs @.8

v
> v
e = 24
T T T T o Tramend =
Ready Ch 76 27 ASCILDOS  FEAD FEC COL OVR

The last file is the netlist of the simulation.
The simulation file is ‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NI.nap’

The file contains the instantiation of a non-overlapped clock generator, the cell describing
the integrator, a ‘pwl’ cell describing the input, and the location of the data file containing
the parameters. A change in clocks percutes the value of the switches resistances.

The instantiated pwl cell is ‘/Simulate/Napados/Net/Clock/clockiz2.net’

[€] File Edit Search View Document Project Tools Macros Window Help

# Integrator]_Nlnap @ Integiator]_Ninet @ Integrator]_Nldat @ _lntegator]_Nipk @ clock12net
DL BE SR BRocDans A mEEwviEen |74
flcell interface S$dummy %$Clkl $Clk2 S$pattern  $lengthd

218

3 bl

#** Generation of 2 strictly non overlapping binary clocksd

>

[3:+*+* USAGE: node void cell plsnam <Clock/clockl2.net> clkl clk2  pattern lengthd

5, oo > C1k29

Pnode $clk  clock $pattern $lengthd
#Zinode $nclk inv $clkd

lnode $C1k1 nor  $nclk $d27
Pilnode $d1 delay  $C1k1d

Eilnode $Clk2 nor $clk $d1
Silnode $d2 delay $C1k29 v
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The simulation file:

=
File Edit Search View Document Project Tools Macros Window Help

@ Integrator!_NLnsp @ Integiator]_Ninet @ Integrator]_NI dat

DELE | BT SE 2@ mMals s CEEwEElen» 74

/|header <napatool.hdr>T
gl

>

cltitle

¥simulation of | Switched Capacitor Integrator (with slew-rate)"dl

(Bl fs  10.0e97
12 g

J#*  file "PWL.in" contains the description of the input sig
pER4*  file "clockl2.net” builds the non overlapping clocks Clkl, C
il file "d.net" builds the input waveformd
i+ file "Integratorl NI.net" builds the structure the integratord

17 G
18 gl
“Clstring fill
string fil2
“illstring fil3
22 g

file "Integratorl NI.dat"

" /PUL.in"]
" ./Integratorl_NI.net"q

"./Integratorl_NI.dat" /7 with

“Elnode void cell clk <Clock/clockl2.net> Clk1 Clk2 "16" 50007
Fnode  Tn cell pwl <PWl/d.net> fill 1 1.8 8.8 (aperiodic) // data
node void cell intl fil2 In Al B1 01 Clk1 Clk2 fil3d

stdout In(_V) AL(_V) BL(_V) 01(_V) Clk1 €1k2q

ping?
1
tflalias GM1  intl_ GMT
Elalias GDS1  intl_ GDST
alias OFFS1  intl_ OFFSY
alias IMAX1  intl_ IMAXT

contains the value of the elements of the

nal as a piecewise linear functiond
1k2d

integrator (with  slew-rate)d

slew-rated

taken in "PWL.in" from column 1, scale 1, delay @9

|n8.Ch23

To start the simulation, from the file in the editor, press <left alt> <R>. The simulation

flow is then automatic.

The ‘Mac preprocessor’ processes the simulation file and creates

‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NItemp’.

simulator to run.

The ANSI-C file is ‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NI.c’.

This file is compiled by the ‘mingw gcc Compiler’.

The executable is ‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NI.exe’.

Output on screen:

From this file, the ‘Napa Compiler’ produces an ANSI-C file representing the

[Integrator1i_NI]
[Integratorl_NI]
[Integrator1_NI]
[Integratorl_NI]
[Integrator1_NI]

*xxs MAC Preprocessor Running *+++
+#* NAPA Compiler  Running **++
+rex GOC Compiler Running ***+
++++ SARC Engine Linking *+++
+++ Ad Hoc Simulator Running *+++

.

Simulation of a Switched Capacitor Integrator (with sleu-rate)

sask 2.000 pF < dnt1_€1

wre 2.000 pF <- dint1_c2

sask 2.000 pF < dnt1_c3

wrer

sask 123.2 uOhm-1 <~ GH1

wrer 40.60 uA < IMAX1

sask 35.20 nOhm-1 <- GDS1

wrer 3.500 k <-  GH1/GDS1

e a.e0a Vv <- OFF51

#++*  Random Seed [I] 765448142 *rer

s+ Qutput Tag [0] 144724853 *+*s

*++x  NAPA Compiler V3.05e for Winga *+++

*++x  Main Netlist Integratorl NI.tmp ****

*++*x  Simulator Time 8.80008 us *rE*

s+ Simulator Index : 80001 +4++

#tts Run Time 1/0 i
< PHL.in [T ] sss
->  stdout [ 0] veer

#44%  Stopwatch HOO:MBO: 504,132 ++++

*+++  Normal Termination wre

[Integratori NI]

- rY
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This executable produces here the simulation outputs in less than 4.2 seconds.

Now, from the file in the editor, press <left alt> <G> to call ‘gnuplot’.

e
v
File Plot Expressions Functions General Axes Chart Styles 3D  Favorite Help
FLOEEEH~ 006
i 1ng Lirectory 1s:  Liisimulate\Napalos.Net\SWl_lntegrator'lest &
*+* Welcome to gnuplot 5.2 Profiled for MNapa !
<Change Directory>... Change working directory
<Change Window> ..... Choose the current output window number
<Select@Draw? .....u. Select, Save and Draw from output file
£DPam? vevaverasennne Draw saved plot
€SAVEY tarararaananan Save current plot
<Replot>
<NoScale? ....vinnnnn Remove all zooming parameters
<XLINLOE> wvvvnanrann Toggle between a LIN and a LOG scale on X axis
<Save Profile> ...... Save user's profile
<Load Profile> ...... Load user's profile
>»» Set line widths in Plot2D with variables wl, w2 .. (default is 1)
Last selection, if any, is =zaved in '_my_last_gnuplot.plt', use <Draw>
wkEEE
gnuplot> _ b
encoding: cp1252

It is possible to configure the plot (icon pointed by the left arrow) or use a preexisting
configuration (right arrow). The configuration was made available for this exercise.

This file is ‘/Simulate/Napados/Net/SWC_Integrator/Test/Integrator_NLplt’

ah
1T <« MNet » SWC_Integrator » Test v | O Rechercher dans : Test pel
Organiser = Mouveau dossier Bz« [H 0
A - £
&2 Dropbox MNom Medifié le Type
. @ _Integrator1_MNl.plt 25/06/2018 14:54 Fichier PLT ]
‘& OneDrive — —
@ _Integrator2_MI.plt 15/05/2018 1%:18 Fichier PLT
! CePC @ _Integrator3_MI.plt 15/05/2018 1917 Fichier PLT
[ Bureau @ _Magaraj_Integrator]_Nl.plt 16/05/2018 13:45 Fichier PLT
Documents @ _Magaraj_Integrator2_NI.plt 16/05/2018 13:45 Fichier PLT
=] Images @ _Magaraj_Integrator3_Nl.plt 16/05/2018 13:45 Fichier PLT
J! Musique
_J Objets 3D
4 Téléchargement
B vidéos
- 05(C)
WL >
Norn du fichier: | _Integrator]_Ml.plt V| |Default (7 V|
Aide | | Ouwrvrir | Annuler |
|
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And ‘gnuplot’ produces the graphic, 2 views of this output:

B & [ e optons - $Gid L1 $2 £3 %4 §5 6

Simulation of a Switched Capacitor Integrator (with slew-rate)

Yves Leduc
4
In [V] =——
ALV ——
BL[v] ——
01 [V] =
3 - 17 ; ; | Clk1
( |/ f [ | ck2 —
[ |/ | [
| 1l | | |
| Il | I |
5 \

-2
-3
0.0 1.0u 2.0u 3.0u 4.0u 5.0u 6.0u 7.0u 8.0u
absolute time [s]
2
S M B optons - %Oid %1 %2 %3 b4
Simulation of a Switched Capacitor Integrator (with slew-rate)
Yves Leduc
4
In[v] —
ALIV] —
BL[V] ——
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No slew-rate? We will add the appropriate model.
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A current source is added in parallel to the transconductance.
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Transconductance Amplifier

A Maxima user’s function ‘APPLY_LIMIT()’ is used to implement the slew-rate model.
The value of the constant current source must be declared as INTERN’, the current ‘I(gm)’

flowing in the transconductance and its voltage command ‘cV(gm)’ must be in
‘OUTPUTS'.

—

wern  [0fEs , I max

ouputs  [V(out ) , V(A) , V(B) , c¥(Gm ) , I(Gm)

APPLY_L]ZMIT( ev( Gm ), Gm, I_max)
next STEP

FEEDBACKS

C code

FEEDBACKS
PARMS

execution order | Q GENERATE_XFER( [~ nointern )

execution order | 1 GENERATE_MIMO

KWISH PRINTPOLES [0 RUBMODE [

User code

Maxima

spedal
control [ |

directives

canc

The numerical value of ‘I_max’ is in the data file and transmitted to the SARC function.
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Using the same procedure, the slew-rate limitation appears now in the graphic.
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The Napa Simulator has many features to analyze the results. Please consult the related

teaser.

PAGE 29



