When saving or printing, disable Automatic Calculation.

t0 =0 Tinit = time(t0 ) — time(0) Tinit = 1.618 x 109

WAVEFORM
SPECTRA

Franceseo Mezzaning

This worksheet is a collection of some common (and not), signals used in electronics. It deals with the harmonic analysis of
periodic signals, satisfying the Dirichlet conditions, determined without any particular artifice to speed up the calculation but
using the definition formulas. For each one first, it is plotted a graph, then is calculated its bandwidth in order todo a

correct sampling of it. The Fourier harmonics and phase, are plotted in two graphs. Then, the sampled signal is rebuilt with
the Shannon interpolation formula. Given the sampled signal, the fft function is applied and plotted to compare the result
(first 18 functions only). The previous procedure is repeated for each signal (41).

DATA

[¥] DATA

FOURIER

[+] FOURIER

| Signal's Bandwidth Calculation
1) Bandwidth() Bandwidth calculation
2) FurSr Computation of the polynomial coefficients
3) BCSA Bandwidth Calculation and Signal Analysis

The signal bandwidth is constituted by a number of harmonics such that it is possible to reconstruct it by the Fourier series
with sufficient accuracy.
A criterion for determining the number of harmonics necessary to reconstruct the signal, with negligible error is to neglect all
harmonics whose amplitude is lower than a certain percentage, established a priori, of the fundamental harmonic. It is what
is done in the following program:
The program returns a vector containing the following four variables:
percent: is the percentage chosen,
J+1s the harmonic's number,
B,,: is the bandwidth in MHz,

Templ: is a temporary variable.

Function's parameters description:
Bandwidth(signal frequency, Fourier coefficients vector al, Fourier coefficients vector b1, the percentage chose:
polynomial degree).




Bandwidth(fp .al bl .rtg \NI_):=

return "T" if fptfs_ <0.0
otherwise
return "The percentage chosen is less than or =0" if rtg, < 0.0
otherwise
return "The polinomial degree N1_ is less than or = 0" if N1 _
otherwise
percent «— rtg
By < 0.0
Templ < 0.0
mx <« 0.0
percent
0.0
Ul_«
0
0.0
N1 -1
z N (al_k)2+(bl_k)2
k=1
mx < percent-
(NL_-1)
for jel..N1_-1
if |/ (al_j)* +(b1_j)* # 0.0
Templ « (al_j)2 + (bl_j)2
N1 -1 ( 2 2
= alJ() + (le()
Temp2 < ——— | if j < (NI
) { NI_—j I= (L
k=j
Ul 2«
Ul 1« (- 1)'fptfs if j>1
Ul 1« fptfs otherwise
Ul_3« Templ
break if Temp2 < Templ A Templ < mx A Templ
continue otherwise
return Ul
3

Computation of the polynomial coefficients

Function's parameters description:
FurSr(Dimensonless signal name, polynomial degree, start time, signal period)

FurSr( s_ng tofs» Tfs_) =

res_ <« |msg<« 0

CoeffabT if msg=0

msg otherwise

return res_ if IsString(res )

otherwise

msg < "The Fourier polinomial degree n.fs_ less than or = 0"

s (t)-sin 2.—Tr-k-t_ dt_
Tfs_

if nfs_

2.
i~k~t_ dt_
Tf57

otherwise
msg < "The period T.fs_less than or=0" if Tg, <0
otherwise
t70fs+Tf57
Coeff (O 2 t)dt
oetly ™ < Ti s(du
st of
for ke l..ng
5 ot T
. s (t)-cos
Tf57
tofs
Coeffab<k> <~
AofstTfs
2 )
Tfs_
tofs

<




XX _ < res_ BCSA(Vi_,rtfs_,Nl_,TO T ) = |return "The percentage chosen is less than or = 0" if rtfs < 0.0

return Xx_ otherwise
return "N1_less than or equal 0" if N1_ <0
Bandwidth Calculation and Signal Analysis otherwise
return "T.fsless than or equal T.0_" if Ty < Ty
Function parameters description: . - B
FurSr(Dimensonless signal name, relative error, polynomial degree, start time, signal period) . otherwise
for £€0..N1_-1
Function parameters description: for C<0..3

fsr(time cosine coefficient, sine coefficient, signal period, polynomial degree).
The function parameters are described below: U2¢ ¢« 0.0
Bandwidth(signal frequency, Fourier coefficients vector al, Fourier coefficients vector bl, percentage chosen,
polynomial degree).

polycoeff « FurSr(Vii,Nli,To T )

. - return polycoeff if IsString(polycoeff)
Function parameters description:

BCSA(Dimensonless signal name, relative error, polynomial degree, start time, signal period) coeffal « polycoeff<0>
BCSAstands for "Bandwidth Calculation and Signal Analysis" < >
1

The function returns a rpatn'x made of three columns. coeffbl < polycoeff
The first column contains:

: 2 NI
pos. 0:  relative error, coeffalg - 2 5
pos. 1:  bandwidth (dimensionless), Pars_ « % + Z [(coeffalk) + (coeffblk) }
pos. 2:  the nth. harmonic number corresponding tp the give relative error, k=1
pos. 3:  temporary variable, |
pos. 4 Parseval, UB <« Bandwidth| ——-sec, coeffal ,coeffbl ,rtfs_,NI1_
pos. 5:  signal average, T

.6: signal RMS.
pos e return UB if IsString(UB)

The second column contains the coefficients a, of the Fourier series,
the third column contains the coefficients by of the Fourier series.

Tf57
(U2?) s LJ Vi (1) dt

© | Tfs7 5
0 .
(UZ )6<— ?57 L Vi ()" dt

U2<1> <« coeffal

()

U2™ « coeffbl

return U2




SPCT(Vi_,rtgq,N1_, T, Tgs ) = |UBCSA ¢~ BCSA(Vi_,rtgq,N1_,T(, T, ) RMS?2
" Parseval
cfa2 « UBCSA' relerr2
Q) Temp2
cfb2 «— UBCSA
(0 cfa2
0
(UBCSA )1 cfb2
Bw¢ ————
secC
for j2 €0..rows(cfa2) — 1
Ps1) < 0.0 if cfb2jy = 0.0 T
J 0 2.7t (21
therwise fs(t,ag,begs TgoNpg) = T ag cos T—-k-t +bfsk-sm T—-k-t
© fs fs
cfb2jp ) | k=1
—atan if cfa2jp # 0
cfa2jp
otherwise
cfb2in_
“T i —atan| — 271 2 0.0 A (0 < j2 < rows(cfa2) - | [EFOURIER
2 cfa2jy_|
cfb2in_
T if —atan| —22711 5 0.0 A (0 < j2 < rows(cfa2) -
2 cfa2jr_1

X2 « max’rﬂ (cfaZ)2 + (cbe)z—‘

for j2€0..rows(cfa2) — 1

\/(cfaljz)z + (cszjz)z
X2

AmplitudeSpectrum;p <

posj2 « (UBCSA<O>)2

\/(cfa2posj2)2 + (Cﬂ)zpost)z
X2

mx2 <

Bw« (UBcsA),
Average2 < (UBCSA<O>) 5
rMS2 « (UBCsA®) 6
Parseval «— (UBCSA<O>) 4
Temp2 « (UBCSA<0>)3

relerr2 < (UBCSA<O>)O
AmplitudeSpectrum
Pgsl
mx2

Bw

Average2




INDEX

[*] Pulses and Priodic Formulae Only

INTRODUCTION

Pulse Definitions

-1 Dirac Pulse Approximation

When saving or printing, disable Automatic Calculation.

-2 Voltage step

-3 Ramp with slope V,;/T

-4 Voltage Pulse

-5 Double Voltage Pulse

-6 Staircase 1 Voltage Pulse

-7 Staircase 2 Voltage Pulse

-8 Staircase 3 Voltage Pulse

-9 Triangular Voltage Pulse
-10 Bipolar Triangular Pulse
PUL SE S -11 Sawtooth Pulse with positive slope

-12 Sawtooth Pulse with negative slope

A N D -13 Bipolar Single Sawtooth with adjustable rising and falling edges Pulse Train
-14 Voltage Pulse Exponentially Rising

M VE F 0 RM S -15 Voltage Pulse Exponentially Decaying

-16 Double Exponential Pulse

F ORM U LAE -17 Bipolar Double Exponential Pulse
-18 Bipolar Double Exponential Odd symmetric Pulse

DEF IN I T I ON -19Agnesi Profile Voltage Pulse

Francesco Mezanino -20Agnesi Profile Derivative Voltage Pulse

-21 Poisson Profile Voltage Pulse

-22 Poisson Derivative Profile Voltage Pulse
-23 Rayleigh Profile Voltage Pulse

- 24 Voltage Pulse

- 25 Voltage Pulse

- 26 Triangular Cusp Pulse

- 27 Parabolic Cusp Pulse

- 28 Elliptic Cusp Pulse

The subscript gd is the acronym of general Data.xmcd

The subscript fsis the acronym of Fourier seriesxmcd

The subscript slis the acronym of Signal Listxmcd

The subscript dp is the acronym of Dirac Pulse - formulas.xmed




Periodic Waveforms Definitions
1 Half wave
2 Halfwave filtered
3 Double Half wave
4 Double Half wave filtered
5 Voltage Pulse Train
6 RF Pulse Train
7 Bipolar Square Wave
8 Bipolar Square Wave 1
9 Staircase 1 Voltage Pulse Train
10 Staircase 2 Voltage Pulse Train
11 Staircase 2 Voltage Pulse Train + sinus
12 Staircase 3 Voltage Pulse Train
13 Staircase 3 Voltage Pulse Train + sinus
14 Staircase 4 Voltage Pulse Train
15 Bipolar Triangular Voltage Wave
16 Triangular Cusps Voltage Pulse Train
17 Bipolar Sawtooth with positive slope Pulse Train
18 Bipolar Sawtooth with negative slope Pulse Train
19 Bipolar Sawtooth with adjustable rising and falling edges Pulse Train
20AM test signal (single tone)
21 AM test signal (triangular wave)
22AM DSBSC test signal (single tone)
23 AM DSBSC test signal (triangular wave)
24 AM SSBSC test signal (single tone)
25AM SSBSC test signal (triangular wave)
26 FM test signal (single tone)
27 FM test signal (triangular wave)
28 PM test signal (single tone)
29 PM test signal (triangular wave)
30 Staircase based test signal
31 Bipolar Double Exponential Pulse Train
32 Bipolar Double Exponential Odd symmetric Pulse Train
33 Agnesi Voltage Pulse Train
34 Agnesi Derivative Voltage Pulse Train
35 Poisson Profile Voltage Pulse Train
36 Poisson Derivative Profile Voltage Pulse Train
37 Rayleigh Profile Voltage Pulse Train
38 Cap. Charge and Discharge Pulse Train
39 Inductance Charge and Discharge Pulse Train
40 Parbolic Cusps Pulse Train
41 Elliptic Cusps Pulse Train

-1) Dirac Pulse and its Derivatives - Definition and Approximation

Dirac pulse definition: ~ A(t) =
0.0 otherwise

oo if t= 0.0 j

Some text of electrical engineering, use the symbol: ~ ug(t) ;= |oo if t= 0.0

0.0 otherwise

o0 o0
J A(t)dt=1 j u()dt=1
% o

Let's now approximate the Dirac Pulse ina way that it can be drawn, namely define a time interval as small as desired, for
example:

L 1 Cad €od
X = |— — <t —
approximation Ae(t,egd) -~ if 5 t 5
4
0 otherwise
Ced
00 2
Dirac Pulse property: J Ae(t,sgd) dt= Ae(t,agd) dt=1
— 00 —Egd
2
Ced
2 00
lim Ag(tiegg)dt =1 lim Ag(t.egq) dt=0
e—>0 |_ c e—>0
gd )
2
. . 1
(Physics) rect(t) .= |1 if M < E
1
Zif il = =
2
0 if |t > =
10-
51 ed
€,3=1x10"—-ns tsol = —5€,9,-5€,4+ .
ed s sl ad gd™ 000 ad




Finite Pulse Finite Pulse
1.1x10* T p 1.1x10" N t
N T ] N T ] Pulses
7.3x10° 7.3x10°
) 1 tsl ’ -2) Voltage step
3 S 3
Ag(tos1-€gd) 5.5¢10 —rect| — | 5.5x10
3.7x10° o\ a0 '
LIX —— LIX
3 3 Some text in electrical engineering indicate the unitary step with the symbol:u {(t) = J ug (&) d€ = (1),
1.8x10 1.8x10 - o
0 0 d
-5-33170 1733 5 -5-33170 1733 5 therefore: uy(t) = —u {(t).
dt -~
131 1351
€ud Eed t ; "
.. . 1
Other definition are d(t) = lim —1II £ d¢ = J ug(§) d§ = { A(§)dg
Egd -0 €gd €gd — 00 — o0
— 00
Voltage step Vstpsl(t’vpp) = Vpp-<I>(t)
Discrete time Unitary step (Unitary pulse: 8 (v ,k) ):
\Y t,V v
stpsl( ’ pp) .
vasi(t: Vpp) = — w0 = Z d(w.k) ifv =0
k=0
0 otherwise
4 201-T
Vpp =12x10"-mV ty = ’]'TOgd”]'TOngr ..200-T0gd Vg :=0..20
Unitary step Discrete Unitary step
14.4 1.1 I
118 0o ! ) )
9.2 0.65
V2$1(ttw_’vpp) 6.6 “B(Vsl) 0.5
— 4 L 0.35
0.2
14 0.05
-1.2 : -0.1 : :
-10-5 0 5 10 15 20 -20.512545578510
trw Vsl
Togd
13 14




-3) Ramp with slope V;/T

Some text of electrical engineering indicate the ramp function, use the symbol: uy (t) = t-®(t)
Togqand V,, are defined in "global data.xmed "

t
uy(t) = t2(1) = { (8 dg

— 00
Voltage ramp: .
uy () = J B(Tyy) ATy > ¢
0
\%
pp tP()
Voot T, V)= ———
rsl\ "> ' 0gd>
( g pp) TOgd \Y
RAMP
120 0 T
105 | |
90
75 i i
Vrsl(ttw_’TOgd’VPP) 60 | |
— 45 i i
30 | | v
| — S " oS ST —— "pp.
0 ‘ : :
-1 0.375 1.75 3.125 4.5 5.875 7.25 8.625 10
ttw7
Togd

-4) Voltage Pulse

Description of the Function's parameters: .
\% 4(t sT§Tptd * Vpp) = Adimensional_amplitudeect] (time, risingedge width)

Data file " pulse train data.xmed"

Pulse width: Tptd' s
Amplitude: Vpp

Pulse displacement from the origin: &y, := 0-s, Totd = Tptd_'(l - Etw) + & Tptd

Time delay from the origin: Tggj = —T ptdﬁ'(l - gtw) ,  risingedge= Tgg, width = Tptd -

|rect1 (t_,risingedge, width) := [®(t_— risingedge) — ®[t — (width + risingedge)]]|

_ep.
V4(t’TS’Tptd’Vpp) = rectl(t,'ra,'rptd)

102Tptd
ttWO_ = 72-Tptd_,72-'rptd_ + 75000 . 100-Tptd_
Single Pulse
O
' i Tigd_
8.4

V4(ttw07° Tosl> Tptd > Vpp) 6

3.6
1.2
-12 : :
-2-17-13-1-07-03 0 03 07 1 13 17 2
ttwo_
Tptd_
16




-5 Doublet Voltage Pulse
Description of the Function's parameters: V 4(t ,risingedge width, pulse_amplitudy,
V5(t, risingedgg width, pulse_amplitudg

Data file " pulse train data.xmcd"

A%
— - _bp
Tl = ~250-ps Tptd = 250-V4(t,'ra,‘rptd,vpp) = v ~rect1(t,'r5,'rptd)

VS(t’TS’Tptd’Vpp) = V4(t— Tptd’Tﬁ’Tptd’Vpp) - V4(t— 3'Tptd’T5’Tptd’Vpp)

) ) o ——— T w””””””YyJ{
Tssifpia TSI Tptd_ ~
6.6/ Td Tptd_
V5(towo_» Tosl> Tptd_» Vpp) Ot
~66
—-13.2 ;
—1-0.1250.75 1.625 2.5 3.375 425 5.125 6
ttw07
Tptd_

-6 Staircase 1 Voltage Pulse

Data file "staircase pulse data.xmed"

Description of the Function's parameters: v (t,step_length signal amplitudmumber_of_step§

Test signal:
stes mlgeens=1
Vstc(t’Tlstpli’vstcs’mlsteps) = ’
mlsteps k=0
Area under the staircase:
mlg,
A = Vistes P | kel
stc ~ Tlstpli'm1 ' z (m steps Kt )

steps 1

Z ((I)(t_ k'TIStpL)) - mlsteps'q)(t_ mlsteps'TlsthJ

Staircase

0.023

0.0167
Vstc (ttwli’ Tistpl_» Vstes»M! steps)
— 0.0103
0-V

0.004

ml o T
ste 1stpl
p$””}35 ,,,,,,,,,, AV

—0.0024

—7.407x9059x 197350x 10790 12.383x 18396 1472 90x 19083 19996x 10~

Pulses
- 7 Staircase 2 Voltage Pulse

Data: staircase 2 pulse data

w1 _

Description of the Function's parameters: V.. (t, step_length signal amplitudmumber_of_ stepy

m2

Vstcc(t sTostpl > Vste» mzsteps) =
steps

Area under the staircase

steps

stc

Agtee = 2.T28tpli' ’

mzsteps

M2g1ens

k=1

Z ((mzsteps —k+ 1)) - Vstc'TZStpL

6

\%
Tl S (KT ) 3 T (]

k=1




V2$tcc(t’T2stpl_’Vstc>m2$teps’Shift) = Vstcc(t_ shift T2stpl_’T2stpl_’Vstc’mzsteps)
+ Vgirreetl[ t=shift Toge 0 Togn (2m2gqeps + 1) Tagp | -
+|:Vstccft — shift T2$tp17 - (2'm25teps + l)‘T2stpl ’T2stp17’vstc ’mzstep
+2-Vgoerectl[ t = shift Tyg) = (2-m2gpeps + 1) Togipr +0-Togepl (-

VH(t’TZstpli’Vstci’mzsteps;Shift) = V2stcc(t’T2stp17’Vstc7’m2stepsi’5hift)

+ Vstcc|rt - TZstpli'(4'm25tepsi +2+ Shiﬁ) > TZstpli’ Vstci’ mzsteps:l

+ Ve reetl[t=Togp) +(4-m2 + 2+ shift), 0- Togey (2:m2

steps_ steps_ -

T = 2 Togpl (3 m2gqeps +4) + shift Togey

steps

T -(1 — shift) (6-m2 + shift+ 3)-T
. 2stpl steps_ 2stpl_
VHDoor(t’TZStpl_’Vstc_’mzsteps_’Shlﬁ) = Vstc_~rect1|:t+ 3 ,1- 5

Double Staircase shifted

264 Shift-Tzstpl
23.1 | -
19.8
16.5
13.2 Vstc_ =12V
9.9
6.6 TZStpl_ =4 us
33
0
-5 -5 -5 -5 -5 -5
0 1.6x10 7 3.2x10 ~ 4.8x10 ~ 6.4x10 8x10 9.6x10 ~ 0.000112 0.000128
?
384 shift- Togep) 4 (m2g10p5] +2) Togepl
28.8
19.2
9.6
0

5 5

0 2><10_5 4><10_5 6x10 ~  8x10 0.0001  0.00012 0.00014 0.00016

Ve =12V m2 =8 shift = 6

steps_

30

20

(--)

shift- TZStpl

0 0.0001 0.0002

20




-8 Staircase 3 Voltage Pulse
Data file "staircase 3 pulse data.xmcd"

Description of the Function's parameters: vstc1(t,step_length signal_amplitudmumber_of stepy

vstel (t’T3stp17’Vstc3 ’mssteps) = Vstc(t’T3stp17’Vst03 ’m3steps)
+ (_1)"’stc|7t - (m3steps + 1)'T3stpl; T3stpli’ Vste3 ’m3steps-|

vstcl(t, T3 \% m3
> tpl > ¥stc3» 1

visy(t, T3 ,V ,m3 = ( Sp st seps)
12 stpl_> Vstc3 steps v

Staircase 3

0.0144

Tstg3
) Tsigyen
0.0072
L Vstc37 |
0 : I lllbl\/.)steps
~0.0072 : !
~0.0144 ‘ ‘
—1.92x107° 9.6x10~° 3.84x107° 6.72x107° 9.6x10"°

21

-9 Triangular Voltage Pulse

Data file " general data.xmcd"

| |
t
Definition of the Triangle function: A(t,‘rptd) =11-|— if |—] <1
Tptd Tptd
0 if |—| >1
Tptd

Alternative definition using the function rect(t) or (11 (Tptd )) :

-10 Bipolar Triangular Voltage Pulse
Data file " general data.xmed"

22




-11 Sawtooth Voltage Pulse with positive slope
Data file " sawtooth pulse data.xmcd"
Signal amplitude: V.

sawth
Slope: SPsawth
\%
sawth
fsw(t’ésawth’vsawth) = aimrectl (t,0.0-sec,ésawth)
sawth

5 ‘asawth7 + (Ssawthi'O

tisw = “Osawth 0> dsawth 0+ 10000 +5-Osawth
60 T
8
h
”””””” “Asasith
40
fow (ttsw > é"sawth_ ’ Vsawth_)
—_— 2
0

03.75x1075%10T25x 103210 ¢

tsw

-12 Sawtooth Voltage Pulse with negative slope
Data file " sawtooth pulse data.xmcd"

Signal amplitude: Vg, o

Slope: SPnsawth

sawth

+ 1)~(<I>(t) — ®(t=Sawin))

fsl(t’ésawth’vsawth) = Vsawth'[ 5

40

fsl<ttsw ’ 5sawth7 4 Vs‘.awthi)

-13 Bipolar Single Sawtooth with adjustable rising and falling edges Pulse Train

Data file " sawtooth pulse data.xmcd"

. t(@(t - Tsl’6cycl) e+ 6cycl'¢(t) - Scycl'q)(t_ Tsl)) Ampl
sls2(t,TSl,6Cycl,Ampl) = T3 | 5 7
sl"®cycl ( cycl )
+¢(t— TS]) - q)(t— TSIBCyCl)
Vpp =12V
2.7 Mrads
Ty = 1.1-ps Wl = — Wl = 5.712- ) =02
sl = 0sl Ty 0Osl sec cycl
Teysl = Seyel Tsl
777777 k> Tﬁpp
10 | |
5152ty Ts1 Scyels Vpp) S
oft—— o E— —— I
0 3.03x107 7 6.05x107 7 9.08x107 ' 1.21x10" °
tSW
24




TEST Waveforms -15 Voltage Pulse Exponentially Decaying

Pulses —t

-14 Voltage Pulse Exponentially Rising - ?C
T = time constant Vdis(t, Tend-Te- Vpp) ; Vpp‘e .((I)(t) B (I)(t B Tend))

—t
— t
ch yl(t,7.) =V —+1 Te = 0.5-ps
Vc(t’Tend’Tc’Vpp) = [1 -e ~Vpp~(<I>(t) - ‘IJ(t— Tend)) ( ) pp Te
Vpp ~Tend 132
— pp
¢ Vend =\l —¢ ‘Vpp
9.9

Vdis(t’ Tend> Te> Vpp) 6.6

y(t,'rc) = T't L e e s T%Ud —————————————— o]

13.2 7777777777 ’1, 7777777777777777777777777777 T‘ﬂd,,,,,,,\;,,
pp s
9.6 '
Vc(t’Tend’Tc’vpp)
— 0
y(t.Tg) 6 0 4.69x107 5.38x10” 1.41x10” 4.88x10™ 9.34x10~ %.81x10~ 8.28x10™&.75x107 ¢

2.4

6 vdis(t >Tend> Te» Vpp)

0 3.13x107 6.25x107 0.38x10” 1.25x10” 4.56x107 % .88x10™ %.19x107 0 2.5x107°

t

Vi t, Tang, T, V
Dimensionless function: Vdisad(t’TendvTc’Vpp) = dls( eli;l ¢ pp)
6
t TEST Waveforms
Pulses
V. (t,Tang>Te> V. .
Dimensionless function: Vcd(t’Tend’Tc’vpp) = C( eni &P p) - 16 Double Exponential Pulse

TEST Waveforms
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Vdep(tfrc’Vpp) = |return "7T.ptd less or =0.0" if T S 0
return "Vpp=0.0" if Vpp = 0.0-V otherwise TEST Waveforms
I
Vpp' e Te - 18 Bipolar Double Exponential Odd symmetric Pulse
v t, 7,V V t, Trws V. = |return "T.tw less or =0.0" if 7. <0
Dimensionless function: Vdepad(t’Tc’Vpp) = M bdeosp( > twe PP) tw
v return "Vpp=0.0" if Vpp = 0.0-V otherwise
-t
T
132 \ e WV ift>00
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s EGRtoRt EEEPRERIEERE P pp
0~Vpp if t=0.0
9.6
-t
Ttw if 0.0
Vaep(t-10Te Tes Vi) 6 —e " Vp, if t<0.
Vbdeos (t’T Vv )
. . . ) plb Ttw> ¥ pp
24 Dimensionless function: Vbdeospad(t’Ttw’Vpp) = v
-2 132
0 1.3x10 02.5x107 038107 5x107® 63x10767.5x107 6 8.8x107° 1x107° ’
t
TEST Waveforms 6.6
Videosp(t10e: Te- Vi)
- 17 Bipolar Double Exponential Pulse 0
Vbdep(t’Ttw’Vpp) = Vdep(t,Ttw,Vpp)rectl(t,—8~'rtw,16~‘rtw) —6.6
+ (1) Vep(t = 16 Tpys Ty Vipp) Tect] (1.8 Ty 167y )
—13.2 ++
Dimensionless function v . Voo Vbdep(t’Ttw’Vpp) 0 1.28x10” 2.56x10” %.84x107 %.12x10” $.41x10” %.69x10” %.97x10™ .02x107>
u - bdepad( Ttw» pp) = v ¢
13.2 !
7777777 4 c””"777777’7’777777777777‘4’76‘:’]’6‘T6””””””¥§§
6.6 | |
Vbdep(t_4' TerTeo Vpp) | |
0 ! !
-6.6 3 3
I SR PR S I . U DI B
-132 : : PP
0 1.88x10° 5.75x10” 5.63x107 ©7.5%10” ®9.38x10” 4.12¢107 1 31x107 2 15107
t
27 28




TEST Waveforms

- 19 Agnesi Profile Voltage Pulse

3
Vv T
_'pp tw
agn(t-Tow Vop) =

v EI
.
tw + Tiw

Vagn(t Tows Vpp)

L T = 250-ps
vagnad(t"‘-tw’vpp) = v ptd_ b

Dimensionless function:

Agnesi Voltage Pulse

10
Vagn (ttw67 »Tptd_» Vpp)
3y 5
“'pp
0
~1.25%107°3 —6.25x10” % 0 6.25x10° 4 125x10°
w6
TEST Waveforms

- 20 Agnesi Derivative Voltage Pulse

2
pp * Ttw

2 22
€4 Ty

\% t, Trws V.
VDagnad(t’Ttw’Vpp) = Dagn( VtW pp)

2V
VDagn(t’Ttw’vpp) =T

Dimensionless function: Tptd_ = 250-ps

29

Agnesi Derivative Voltage Pulse

—75x10” %

TEST Waveforms

- 21 Poisson Profile Voltage Pulse

4

~3.75x10° 0 4

0 4.16667x10” %.33333x107 % 1.25x107> 1.66667x107 2.08333x10”

TEST Waveforms

- 221 Poisson Profile Voltage Pulse

—n _n
€ ‘n

maxy = Vpp

-t

Ttw

v
__bp 2
Vzp(t,Ttw,Vpp) = te
Ttw

Dimensionless function:

3

ttw06_

maxx = n-T. ptd

-t

v -t
V3p(t’TtW’Vpp) = —pi~t3-eTtW V4p(t’Ttw’Vpp) =
Ttw
~ Vap(tTpta: Vpp)
Vapad(t-Tptd: Vpp) = =

30
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Totd = 250-ps




n=2
11
,,,,,,,,,,,2' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1,
R — A — N e
Vap(twos_>Tptd_> Vip) ! 4
-2 |
(4~V -e ) !
—_ 0.4
0 ‘
_4 _4 _3 _3 _3 _3
0 416667x107%8.33333x107% 125x107> 1.66667x107 2.08333x107 > 2.5x10
ttw06
n=3
17744 7 ; ;
I td - ed - adNy Sl
ﬂ: - | 3 Vppe
11.829]
V3p(twos_> Tptd_> Vp)
sosl N Vop |
| | e
ol !
0 625¢10° % 125x107% 1.875x1073 2.5x107 7 3.125%107 > 3.75x107°
ttw067
n=4
61.892——
1-7 4. 4 4
| LTy AT Ao o4
prd- | 4 Vppre
46419 ;
V4p(ttw067’ Tptd > Vpp) 30.946 i i
15.473 i |
Y A S Y
o : -
03.125x 1628 10375x 1028 105625% 1 B73-0.08 75x 1033 108 125x30723-2 63 5% W75k 103
ttw06
TEST Waveforms

- 23 Rayleigh Profile Voltage Pulse

31

VRy(ttw07_ >Tptd > Vpp) 4

TEST Waveforms

- 24 Cap. Charge and Discharge Voltage Pulse
\% c ( t,T

Vc(t,'r

\% 2.
VRy (6T Vp) = ot ™

two7 = 0Tptd 0 Tpeg +
_ pta_ pta_

Ttw
200-7q

5000

Te= time constant

Parameters description:
V.(time, time constant, pulse width, supply voltage)

Vcs(t’Tend’Tc’Vpp) = Vc(t,Tend,TC,Vpp)
+Vais(t- Tend’Tend’Tc’vend)

Tend = 2-5-Hs

2.5 3.125 3.75 4.375 5
w07
Tptd_

Tend = 2-5-Hs V. =12V

end’ 'c
+ Vdis(t—'r

Vcs(t’ Tend» Te»

6.88x107 1.38x10~ 2.06x10~ %.75x10” %.44x10” %.13x10” %.81x10™ ®5.5¢10~

6

t




15.6
11.4

Vcs(t >Tend> Te» Vpp) 7.2

0 6.88x10 1.38x10” %.06x10™ %.75x10™ % .44x10” %.13x10~ %.81x107 ®5.5x107 ¢

t

Isc(ttw"rcend""c ’Vpp) = Vdis(ttW’Tend’TC’VPP)
+ (_1)'Vdis(ttw - Tend’Tend’Tc’Vpp)

15.6x10°
5.2x10°
Ise (t >Tend» Tc» Vpp)
0
””” ~5.2x10°
R N R B E FVpp
~15.6x10 :
0x10°  916.67x107° 1.83x107 % 2.75x107% 3.67x107% 458x107%  55x107°
t
TEST Waveforms

Pulses
- 25 Induct. Charge and Discharge Pulse

VLcs(ttw’Tend’Tc’Vpp) = Vdis(ttW’Tend’Tc’Vpp)
+ (_1)'Vdis(ttw - Tend’Tend’Tc’Vpp)

33

VLcs(t >Tend> Tc» vpp)

7777777777777777777777777777 ;”””""”””7"””””7_7\115?7
~156 :
0 0.17x107 7 1.83x10°% 2.75x107% 3.67x107% 4.58x107%  5.5x10”
t
~Tend
Te
IO = lA Iend = l—e IO

ILcs(t"'-end"'-c’IO) = Vc(t’Tend’Tc’IO)

+ Vdis('E ~Tend>Tend> Te> Iend)

0.9

ILcs(t »Tend> Te» IO) 0.5

0.1

-03
0

6.88x10” 1.38x10~ 2.06x10” %.75x10” %.44x 10~ %.13x10” %.81x107¢5.5x10~
t
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TEST Waveforms

- 26 Triangular Cusp Pulse
Signal amplitude: Vpp
Pulse width: Pw = Tptd
. . 1

Max pulse amplitude and cusp ratio: a, = 7 ap < 1
2:(1-

Cusp slope cg = Vpp' ( ap)

Pw

2-(1 ! ) p
cuspO(t,pW,a ’Vpp) = Vpp' |:1 +t~Tp {(b(t-%— ;NJ - @(t)j

Ao %)

Signal amplitude: Vpp =12V
Pulse width: Pwsl = Tptd Pysl = 2.5% 107 4s
Pyysl = 250-ps
Max pulse amplitude and cusp ratio: Apsl = apg] < 1
2:(1-
Cusp slope . ( apsl) 3 \%
CSSl = Vpp-i cSS] =0.072-—
Pwsl Hs
One Cusp Pulse
””””””””” i%vsr” ””’Pi‘Vsi””’””””Vpp
10 5 _2'_
CusPO(tlsl > Pwsl» 3psls Vpp) 5 3
”””””””””””””””””””””” Vop s
0
_sxi0”? —25x10” % 0 2.5x10 5«10

35

TEST Waveforms
- 27 Parabolic Cusp Pulse
Signal amplitude: Vpp
Pulse width: Pw
Max pulse amplitude and cusp ratio: ap] = 0.61 ap] < 1
2
y, (t p Vv ) =V._ . m +1
parab|©>Pw>3p1-Vpp) = Vpp P
Pw
4~t2~(ap1 - 1) Pw Pw
cuspl(t,pw,apl,Vpp) = 72+1 || P t+7 - t_T ~Vpp
Py
Pw 4Vpp(ap1 ~ 1)
. A — . _
Geometric tangens in 5 yla(t,pw,apl,\/pp) : - t+(2 apl) Vpp
4.V -(a - 1)
_ T 'pp\pl 3
¥2a(tPwap1 - Vip) = Py (2 ap1) Vi
Max pulse amplitude and cusp ratio: | = 0.61 ap] < 1
Parabolic Cuspl Pulse
13.2
Pywsl v
~1 ~ \ 2 'pp
cuspl (tslf’pwsl’ 2 ’Vpp)'v 11.55 12
Pwsl Pwsl 9.9 i
] tsl_+ 2 -o tsl_* 2 o5 !
Pwsl )} Vppap1

yla(tsli’ S ’apl’vpp) 6.6

Puwsl
¥24| ] > — ap1> Vpp

yparab(tslf* Pwsl>3p1 - Vpp)
T 1.65

4

5

—2.5x101875x 10T 35x10655x107° 0 6.25x1071 25x107.875x102%5x 10~

51
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4 4

—5x10=3.75x162*5x 107 1'25x107* 0 1.25x10 2'5x103%75%x10” $x10”

Parabolic Cuspl Pulse

L S B Bors] o~ Posl - Vo TEST Waveforms tsl
99 >
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, V —_.q-
cusp! (tg]_ Prysl>2p1- Vpp) 6.6 pp¥pl - 28 Elliptic Cusp Pulse
33 Signal amplitud \Y
ignal amplitude:
0 pp
Pulse width: Pw
. . 1
Max pulse amplitude and cusp ratio: ayn = 3 ap < 1
2~(1 —-a ) p
p2 W
cusp2(t,pw,ap2,\/pp) = vpp' _ t——
Pw 2
M 1 litude and tio: i 1
ax pulse amplitude and cusp ratio: 4y = 3 ] <

13.2

9.9
cusp2 (tsll_ »Pwsl> 8p2> Vpp)

ol ¢ +pwsl ot Pws1| 66
sl ) sl )

33

0

—5x10=3.75x167%sx 107251074

0 125x10 25x103%75x10” $x107%

SI

[«]  Pulses and Priodic Formulae Only
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Periodic Waveforms

Periodic Waveforms

Periodic Waveforms

E| Periodic Waveforms Formulae Only

TEST Waveforms

Periodic Waveforms
1) Half wave
Data file " general data.xmcd"

Amplitude:  Bly,

. 2.
Period: Ty, Angular frequency: Whw = T
TOgd
NO
Bl gd T
hw hw | . ( 27
glhw(t,Thw,Blhw,NOgd) = v . E [rectl(t—k-Thw,—LThw,2J~sm( X j}
W
k=0

TEST Waveforms

Periodic Waveforms
2 Half wave filtered (Capacitive)

Max half wave amplitude: Blyw

Amplitude of the decreasing exponential for t=0: Vpp s
Exponential Time constant: Ty, = 2 TOgd’

Period: Ty, = TOgd’

Pulsation: wy,y,»

Intersection abscissa between half wave and exponential: { (scalar),
Tangent points abscissas between half wave and exponential: T, (vector)

2.7
whw-l
fg1(€) ¢ Blyyysin( wpy-€)
il

Z01(Thy1 - @hw Bl Vipy) = [6¢

Thwl
g e Vi,

S« root(fsl(ﬁ) -g(8), &)

return S

Bl
hw . .
g02hw(tsl,'rhw1 ’Ttpa’chw’whw’Blhw’thV) = | Y« 'Sm(whw'tsl) if 0 < tg) < Ttpal
otherwise
|
\%
Thwl "tpv .
Y«e W if Ttpal < tSl < ChW
Bl
h
Y « w~sin(whwvchw) if t = Gy Otherwise
return 'Y
Bl

hw

g03hW(t51 5 Thwl 5 Ttpa 5 ChW N whw N Bth ’th\/) = | X« 'Sil’l(whw'tsl) if chW < tSl < Ttpa3

; 2.7
- tg———
s Whw

Thwl . th\’
\%

X<«e oth

. 2.7
if Ttpa3 < tSl < ChW +
\%%

return X

gZhW(tsl"rhwl ’Ttpa’chw’whw’Blhw’thV’NOgd) = g02hw(tsl"rhwl ’Ttpa’Chw’whw’Blhw’thv)'reCtl(tslf
NOgq

2.7
+ Z gO3hW tSl_k'i’ThW]’Ttpa’chw’whW’Bll’
=0 Whw

40
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Periodic Waveforms
3 Double Half wave
Bl
hw 2.7
3(t, Ty Blpw) = ——— sin -t
( ) v Thw
TEST Waveforms

Periodic Waveforms

4 Double Half wave filtered (Capacitive)

Max half wave amplitude: Blyw,

Amplitude of the decreasing exponential for t=0: Vpp s
Exponential Time constant: Ty, 15
T
h
Period: —w,
2
Pulsation: wy, .,

Intersections between half wave and exponential: Ty, (vector),
Tangent points between half wave and exponential: 04, (scalar)

Intersection Z1 (Thwl s Why s Blpw ’Vppt) = ke 1
atan(—whw-’rhwl) + k-
Ttpak «— »
hw
Ttpa,
Thwl

Vppt(_ Blhw-sin(whw-‘rtpal)~e

fe T

Whw
f(€) « Blyy, ‘sin(whw-g)‘
&
hwl

S < root(f(£) - g(§), )

return S

Odhw = Zl("-hwl "*’hw’Bth’Vppt)

h02_(t. Ty Tpa 0 Whyy - Bl Vppi) =

h03_(t. Ty Tpa+ 8+ Whyy > Bliy s Vppt) =

Y« Blvﬂ~ [sin(whyt)| if 0 <t< Tipa,

otherwise
—t

A%
T t
tw Ppp <t<®

Yee a,

if Tip
Y « Blvﬂ ‘sin(whwﬂ)‘ if t= 0 otherwise

return 'Y

X« Blvﬂ~ |sin(why 1) if 6 <t< Tipa,

T
—_ t_i
( ‘*’hw]
Ttw . Vppt

X«e <t< 0+ otherwise

if T
a
tp 2 UJhW

return X

™
4t Thw 1 +Tipa 8+ Whw Blhw: Vppt: N0gd) = hoz_(t,Thwl,Ttpa,e,whw,Blhw,vppt)mectl[t,o,e]

Whw

NO
ed
™
+ z h03_ t_k'i’ﬁrhwl’Ttpa’e’whw’Blhw’Vppt -rect
k=0 “hw

42




TEST Waveforms

Periodic Waveforms
5 Voltage Pulse Train

Data" pulse traindata"

Pulse period: Tptd
Pulse Cadence: fptd
Pulse width: Tptd
| _ _ Tptd
Duty Cycle: dptd o= Tpt®pd - Tptd Sptd
. . p
Amplitude: Bptd
Pulse delay from the origin: Tptd30
Average value: Vptm = Bptd dptd

Generic pulse definition: rectl (t, risingedge , width)
NOgd
Vptsi(t Tptd> 750+ Optd-Bptd-N0gd) = Bpid z rect] (t= k- Tpyd, 7505 Tped Optd)
k=0
~ Vpist(BTptd> T80 Ot Bt - NOga)

volt

Vipl(t’Tptd’T(SO’atw’thw’NOgd) :

Function definition: Vipl(time, Period, rising edge delay, Duty Cycle, pulse amplitude)

43
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Periodic Waveforms

6 RF Pulse Train

Data " rf pulse data"

Generic pulse definition: rect] (t, risingedge , width) = rectl (t, Trf > Tptd)

Period: Tptd

Pulse Cadence: fptd

time constant: Trfod

Rising edge delay: Trfpd
Signal period: Trfp d

Signal angular frequency: Wrfpd

Pulse width: Tptd

Dllty Cyc]e: Bptd Tptd = Tptdéptd
Amplitude: Bptd

Pulse delay from the origin: Tptds0

Average value: Vifptm = Bptd' éptd

frfpt(t’ Torf > Tptd , wrfpt) = rectl (t, Torf > Tptd) -COS( wrfpt-t)
v s parameters: th(time ,period, pulse_width, duty_cycle,pulse_amplitude))

Vptrf (t’Tptd’Térfpd > Sptd’ Wrfpd s Vif ’Nogd) = Vi frfpt(t - k'Tptd"'-érfpd ’Tptd' éptd’ Wrfp

k=

(=]

Average value: Vptmrf = Bptd' ’Sptd

Vptrf (t’Tptd’Térf ’éptd’ wrfpt’vrf ’Nogd)
volt

Vipt(t’Tptd’TSrf 75ptd’wrfpt’vrf ’Nogd) =

(v pufs PATAMeters: Vipt( time, period, pulse_width,duty cycle, pulse_amplitude))
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Periodic Waveforms Periodic Waveforms

7 Bipolar Square Wave 8 Bipolar Square Wave 1
Data file " pulse train data.xmed" Data file " pulse train data.xmcd"
Signal amplitude: \Y% - — i
pp Period: Tptd Tptd =Tyt 4'Tptd
Square wave period: TOgd Pulse Cadence: fptd
w
ptd .
Pulse width: Tptd
gd Amplitude: Vv
. 2-k+1 pitude: pp
Testsignal: v, t,Tood> Vian,NO =V_.- P(t—k-T —2~<I>|:t—(7j~T :|:|
sqw( Ogd” "pp gd) pp Z ( Ogd) 2 Ogd Pulse delay from the origin: Ts
k=0 +<1>[t—(k+1).T 1
Ogd
NOyg
Ysqw(t Togd: Vpp:N0gd) 2
Vsqw(t, Tgd: Vpps NOgq) = o V(175 Tptd: Te: VppsN0gq) = z Vs(t=kT6. 5. Tptds Vpp)
k=0

V(...) isdefined in -5 Doublet Voltage Pulse
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TEST Waveforms

Periodic Waveforms
9 Staircase 1 Voltage Pulse Train

Description of the Function's parameters: Vstep

(t,period,signal amplitude, number_of steps),

2 Vg4 (t, step_length, signal_amplitude, number_of_ steps)

For data, see staircase pulse data

Period: Tstcpt Tstent = (mlstens + ])'Tlstpl_.z
T
' _ stept
Step length: Ty stpl_ T stpl_ ™~ m
steps
Number of steps: ml steps
Duty Cycle: 5ptd Tptd = Tp‘cd"sptd
Step Amplitude: Vitestp0
Amplitude: Vstes

Pulse delay from the origin: 751450

Average value:

vV Mlgens

Vstepta = 2.ml

| J(mlsteps+1)

T
stept Tisipl

stes 3 (mlgeps—k+ 1)

steps'(mlStGPS * 1). k=1

Ty stpl
Vstc(t’ Tlstpl_’vstcs »ml steps) dt

Test signal:

NOgg
Vstcp(t’Tstcpt’Vstcs’mlsteps’NOgd) = z Vste| L~ k'Tstcpt’ 2.(
k=0

Tstept
2 VStCS 2

mlsteps+ 1)

ml

steps

Area under the staircase AStcp =T stpl

Dimensionless function:

ViSth(t’Tstcpt’Vstcs’mlsteps’Nogd) =

Description of the Function's parameters:

ml
t
VStCS P
— z (mlgteps —k+1)
steps T

Vstcp(t ’ Tstcpt +Vstes mlsteps »NO gd)

volt

Vistep(t, period, signal_amplitude, number_of steps, max_number of _periods)l

47
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Periodic Waveforms

10 Staircase 2 Voltage Pulse Train

Description of the Function's parameters: Vv ((time, period ,max_amplitude, number_of_steps),

Vstee
For data, see "staircase 2 pulse data"

(t,step_length,signal amplitude,number of steps)

max amplitude: Ve Period: T2 stp
Number of steps: mzsteps Step amplitude: Vstcstp
Step length: T, stpl

Nogg
Vstct(t’Tzstp_’Vstc’mzsteps7N0gd) = Z Vstee t_k'Tzstp_’z_mz
k=0

Dimensionless function:

Vistet(t, T2+ VgerM2ggeps» NOgq)

Area under the staircase

. M2gens
stc
Astccp - 2'TZStpl_' 2 '
steps k=1
T2g
Astccp =
T2stp17

T2
stp_
»Vste - M2gteps

steps

Vstc:t(t ’ T2stp_ Vste ’mzsteps »NO gd)
\Y

Z (mzsteps —k+ 1)

Vstct(t’Tzstp_’Vstc’mzsteps - 2) dt

Description of the Function's parameters: Vistct(t,step_length , max_amplitude, number_of steps, period)
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Periodic Waveforms
11 Staircase 2 Voltage Pulse Train + sinus

Description of the Function's parameters: Vstcsin(t,period, max_amplitude, number_of_steps)
For data, see the worksheet "staircase 2 pulse dataxmcd”

maxamplitude: V. Period: T2 stp
Number of steps: m2step S Step amplitude: Vgt cstp
Step length: T, stpl

Vstcsin(t, Tzstpi’ Vtes mzsteps ,NO gd) = Vistct(t, Tzstpi’ Vtes mzsteps ,NO gd)

Vste [ 2T m2geng
+ -sin :
4-m2 \% T2

steps’ stp_
TEST Waveforms

12 Staircase 3 Voltage Pulse Train
Description of the Function's parameters: v ((t,period, step_amplitude, number_of_steps),

! Vgietaolts (period, step_amplitude ,number_of_steps)]
You can find the data in "staircase 3 pulse data"

VstcS
2

VstctAO(t’T3 »Vste3 ’m3steps’N0gd) = Vstct(t’T3 > Vste3 ’m3steps’N0gd) -
Dimensionless function:

VstctAO (t’ T3, Vpbds »m3 steps? NO gd)
\%

VistetAO( £, T3, Vi dgs M3ggeps - NOgq) =

TEST Waveforms

Periodic Waveforms

13 Staircase 3 Voltage Pulse Train + sinus

VistetAOsin(t, T3, Vi g M3gqeps - NOgq) = VistetAO(t. T3, Vippgq, M3geps: N0gq) -

v .
+ ﬁ-sintz—“-s-m%tepg-t)
23V T3




TEST Waveforms
14 Staircase 4 Voltage Pulse Train
Description of the Function's parameters : vstc Ip(time, step length, step amplitude, number of steps)

Tomodify data, see " staircase 4 pulse data"

Nogq

vsteIp(t, Togq Vitea - Mgteps - N0gd) = z vstel] t—k-2(mdgepe + 1) Toad . Togd: Vsted Msteps |
k=0

Dimensionless function:

Vstclp(t, TOgd »Vteds m8Steps ,NOgd)
\%

vste1p1 (£, T Viod »MBsteps - NOgq) =

51
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Periodic Waveforms

15 Bipolar Triangular Voltage Wave

Description of the Function's parameters : Ay/(time, triangle half base, triangle amplitude)

Signal amplitude: A%

pp
Time constant: Twt
i 1
Period: Ty fo= —
To
NOgg )
AV(t’Ttwt’vpp’NOgd) = Vpp Z Ii(*l) 'A(tiz'k'Ttwt’Ttwt)]
k=- Nogd
52




Bipolar Triangular Voltage Wave Built using the Step Function

Signal amplitude: \%

pp
Time constant: Twt
Period: Ty
w9 = 27\'f9
AV NOgg
VtriO(t’T9’Vpp’N0gd) = T Z (t—k-T9)~<I>(t—k<T9) ~Vop
= 1 1
k=0 +(—1)~[2~[t— (k+ 3 ~T9}<I’[t— K+ Ej-T ﬂ
+|7t—(k+ l)-T9—|'¢> t—(k+1)-Tg
VtriO(t’T9’Vpp’N0gd)
Dimensionless function: Vi3(t,T9,Vpp,N0gd) = v
53
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Periodic Waveforms

16 Triangular Cusps Voltage Pulse Train

Signal amplitude: Vpp
Pulse width: Pw
Period: TOcsp
Max pulse amplitude and cusp ratio: a4 ap < 1
2:(1-
Cusp slope cg = Vpp' ( ap)
Pw
2(1 - %) Pw
cuspO(t,pW,ap,Vpp) = Vo {1 +t-T | ® - —®(1) | ...

R e

NOgq b
cspOl(t,pW,ap,TOCSp,Vpp,NOgd) = z [Cusp()(t - k'TOCSp - 7 ,pw,ap,Vppjj
k=0

cspOl(t, Py aps TOgd N Vpp N Nogd)

Dimensionless function: ch(t,pW,ap,TOgd,V Nogd) = v

pp’
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Periodic Waveforms

17 Bipolar Sawtooth with positive slope Pulse Train

Amplitude: \'%

sawth
Sawtooth length: dsawth
Slope: SPsawth
Period: Ts awth
fsawth
Vsawth

fsw(t’ Tsawth’vsawth) = -t-rectl (t, 0.0-sec, Ssawth)

sawth
Defined in -4) Voltage Pulse

; sec
Q, = atan| sp —
saw sawth volt

NOgq
Vlsw(t’Tsawth’Vsawth’NOgd) = z (fsw(t_ k'Tsawth’Tsawth’z'vsawth)) ~ Vsawth
k=0

vl sw(t’ Tsawth: Vsawth> Nogd)
\%

Dimensionless function:

Vlsw(t, Tsawth> Vsawth> Nogd) =

55
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Periodic Waveforms

18 Bipolar Sawtooth with negative slope Pulse Train

Amplitude:

Sawtooth length:

Slope:

Period:

Frequency:

f(t’Tsawth’Vsawth) = Vsawth'(T_tth + 1)‘("1’(0 - ‘I’(t_ Tsawth))
saw

Defined in-12 Sawtooth Voltage Pulse with negative slope

Dimensionless function:

fC7(t’Tsawth’VS'clw'ch’I\IOgd) =

Vsawth

6sawth

SPsawth

Tsawth

fsawth

gd
stw(t’5sawth’Vsawth’N0gd) = z
k=-Nogg

fsl(t ~k-dgawth- 5sawth’2'vsawth) ~ Vsawth

stw(t’ Tsawth> Vsawth> Nogd)
\
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Periodic Waveforms Periodic Waveforms

19 Bipolar Sawtooth with adjustable rising and falling edges Pulse Train 2L testsignat (triangular wve)
n=11 Tcy=% w2m=% T2m=% f =%
E:;lgi f;)gg:gf}l ifg?tcizlrlﬁ, fe’a:(i)lﬁt;se g}ztzigrmal's Laplace transformation, instead of the recurrence relation whose Vam(t’ Wy s w1,y AlLBI ’Nog d) = Al |:(1 + I?:Tl'vtrio[t’ % ,B1,NO gd]J : cos( wl&)}
Vs(t’Tsl’Scycl’VpP’Ngd) = % 5152|—t_ (k- 1)'Tsl’Tsls5cyclavpp—| - % Dimensionless function: V3am(t,w1m,w1c,mam,A1 Bl ’Nogd) = vam(t’wlm’wlc’j;amAl = ,Nogd)

k=0

TEST Waveforms
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20 AM test signal (single tone)

Carrier Amplitude: Al

Modulating signal's amplitude: Bl
W W, wl wl
0gd 2- 0gd 2-
wl(::ig T]C=77T w]m=7g T1m= 'TF f1m=7m f15=7c
2 wl, 10 wly, 2.7 2.7
Vammax = Al + Bl Vammin = A1 — Bl Al = Vimmax * Vammin -~ B! ® Vammax ~ Vammin

Vammax ~ Yammin
m -

am
Vammax T Yammin

V2i(twly wlg, ALLBI) = Al-cos(wlgt) ..
+B714cos|r(wlc+ wlm)AtW
+%~cos|7(wlc—wlm)~t—|

V2i(t, Wy, Wi, AlLBI)
\

Dimensionless function: V2am(t, wlg,wl, Al ,Bl) =
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23 AM DSBSC test signal (triangular wave)
22AM DSBSC test signal (single tone )

_wle 2w 2w T8 = T2mash  V3dsbse(t: T2 flgs 2. AL BT NOGq) i= Al-cos(m-2:f1¢t) vipip(t.T2:2, B, NOgy)
w2m = — szdsb = — w2 =
10 2 T2 mdsh
1 wle o . V3spse(t: T2 f1g, 2. AL B1,NOGq)
2,= ?m 1o = e Dimensionless function: VSdSbSC(t,TZ,ﬂC,me,Al ,B1 ’Nogd) = o
o= L
e, Vsbse(t:fles 2. A1) = Al-cos( 270 f1-t)- vy, (1)

Vm(t,ﬂm) = Bl~cos(2-‘n’~ﬂm-t)
Vsbsc(t:flgs 2 A1LBI) = Al-cos(2-m-f11)-Bl-cos( 27 2, 1)

Al-B
2

AléBl -cos|:2-'n'-(f1c - me)-t}

Vsbse(t:fle- 2. Al,BI)

Vsbsc(t:Tlgs 2. AlLBI) = 1 -cos[ (270 fl g + 270 2,7)-1] +

Dimensionless function: V4dsbsc(t,f1c,f2m,A1 ,Bl) = 5
\%

59

60




TEST Waveforms

Periodic Waveforms

24 AM SSBSC test signal (single tone )

Al-Bl

TEST Waveforms

Periodic Waveforms
25AM SSBSC test signal (triangular wave)

2
Vaggpsc(t:Tles 2, AL BINOGq) = Al-cos(flc~t)-vtrio(t,t2 ,BI ,NOgdj
m

Vssbsc(t’ﬂc,ﬁm,Al,Bl) =

2

-cos|:2-7'r-(flc+ ﬂm)~t]

Dimensionless function:

V6SSbSC(t’ﬂC’Qm,A1 ,Bl) =

61

Vssbsc(taﬂc,ﬂm,Al ,Bl)

VZ

Dimensionless function:

Vggbsc(t:fles 2ms AT BLNOyg) :=

62

V4ssbsc(t’ﬂc’f2m,A1 ,Bl1 ,N()gd)
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26 FM test signal (single tone) (change datain FM data.xmcd)

27 FM test signal (triangular wave)

Modulating triangular voltage wave: virig, () = VtriO(t’Tfmm’Bfmm’Nogd)
Carrier Frequency...........................ccoccevvinvnnccnnnndl f
cfm Generic FM signal: Vemsl (D = A-cos(p(1)
Carrier period. T =10
.................................................................. Cfm -
f
cfm where: () = Wepyt+ KStfm'J' virig, (1) dt
Angular frequency of the carrier..................................... Wefim = 2.0y results:
Amplitude of the singl odulating signal : 4.B NO%d_(I) T k T k)2 |
mplitude of the single tone m ating signal............. Bfmm ) ‘Bfmm (t ~ Tonm: )-(tf fmm’ )
vtri (1) dt = : Z ~Bfiym't
1 fmm 2
Period of the modulating signal....................: Tenm fm = —— k=0 1 N
Tfimm | t= Ty | K+ 2 |1 2= 2 Ty K+
Frequency of the single tone modulating signal.............. fmm +(=1) 4
2
PIt-T (k+D[{t-T ‘(k+1)
Angular frequency of the single tone modulating signal: Wemm = 2-07 f5nm + |: fmm ]2[ finm ]
or written as a function of t.
jrmfgt & joke 270 Fg )
mesl(t’fcfm’ffmm’Afm’mfm’Ngd) = Re| Ayre ’ Z \Jn(k,mfm)e ) NOgq [ 2 ]
=  4Bfnm & ¢(t—Tfmm-k)-(t—Tfmm-k)
ed IVtri(t’Tfmm’Bfmm’NOgd) = Tf . Z 2 _Bfmm't
mm
k=0 2
1 1
. . . mesl(t’fcfm’ffmm’Afm’mfm’Ngd) + (—1)"I’|:t - Tfmm'(k + *IH} - Tfmm'(k + *):|
Dimensionless function: V7fm(t’fcfm’ffmm’Afm’mfm’Ngd) = v 2 , 2
PIt-T (k+1D[|t-T ‘(k+1)
N |: fmm ] [ fmm ]
L 2 .
_ Tfmm _ 2w
Ltrimax = Bfmm’ 3 Ttmm = W,
mm
FM signal:

1
me3(tfm’fcfm’ffmm’Afm’Bfmm’mfm’kfm’Nogd) o Afm'cos[z'ﬂ'fcfm'tfm i kfm'Ivtri(tfm’ i ’Bfmm’NO‘
mm

Dimensionless function:

Vfm3 (tfm Tofmo ffmm> A Bmm > Mfm > Kfim ’Nogd)
ngm(tfm’fcfm’ffmm’Afm’Bfmm’mfm’kﬁn’NOgd) = v

TEST Waveforms
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28 PM test signal (single tone)
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CarrierAmplitude..........................ccccccovevenenccncil Apm
Carrier freqUENCY..................ccoovveeineeineeneseennisl fcpm = jpm'ngd
1.0
Carrier period.....................cccvcvnvnnnncnct T = —
p f,
Angular frequency of the carrier.............................. Wepm = 2.0-7m-1,
Modulating Signal Amplitude................................... Bpm
Modulating Signal period......................................... Tpmm
1
One Tone Modulating Signal frequency.................. fpm =
Tpmm
Angular frequency of the modulating signal......: Womm = 2.0~’7T4fpmm.
_Jpm Kom = Tpm
m- 700 m
"p 100 Bpm
Phase modulartionindex..........................cccccccoovcinvininnnncnnnl Bpm
PRaSE-SENSIIVILY fUCIO ouvvervrssssesnmnssssssssssssssmssssss’ kpm
For any modulating signal v,,,(t), results: Vom(D = Apm’ cos( Wepm't+ Kom: vm(t))
NOyg
&
Vom(t: fepm: fomm +Apm: Mpm - N0gd) = Apny z [In(k. mppy)-cos[ [ 270 (o + K-y |-t = ke (0
k==Nogy

while for a cosinusoidal test signal, the modulated carrier is:
me(t) = Apm-cos(wcpm-t + rnpm-cos(wpmm-t))

me(t’fcpm’fpmmﬁApm’mpm) = Apm-cos(Z-ﬂT-fcpm-t + mpm-cos(Z-ﬂT-fpmm-t))

Ogd <
-2 fopmt url
pm(t’fcpm’fpmm’Apm’mpm’NOgd) = Re Apm-e . z e ~Jn(k,mpm)-cos(k~2~7‘r~fpmII
k = —NOgd

_ pm(*Tepm: fomm-Apm-Mpm-N0gq)
prn(t epm: fomm- Apm-Mpm-N0ga) := v

Vv

Dimensionless function: V9

TEST Waveforms
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29 PM test signal (triangular wave)

= pm
kpm - Bpm

Vomtri (& Tomm: fepm- Kpm: Apm-Bpm+N0gq) = Apmy€08( 270 o t+ Ko Virio(t Tpmm - Bpm - NOgd))

'VtriO(t’ mpm’Bpm’NOgd)
pm

Mym
Vomtri (& Tpmm: fepm> Mpm > Apm: Bpm:N0gd) = Apm~cos[2~7r~fcpm~t+ 5

65

Dimensionless function:

V104t Tomm: fepme Mpm+Apm- Bpm:N0gd) =

t
Apm' cos[2~7r~fcpm~S +

Mpm
“Viri0
Bpm

t
T

66
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30 Staircase based test signal

Thg1 = (6'mzsteps_Jr 13)'T2stpl_
NO, M .
gd (6-m2 + shift + 3)~T
. ) steps_ 2stpl
VED(t Tastpl_+M2steps_» Vste »shift.NOgg) = Ve - z rectl|| t—(2:k - 1)- 3
k=1 ;
. (6-m2gyep +shift+3)-Togen)
2
(shift+ 1)- T
pL_ .
( 12— ; Tagpl -shift
. VHD t’Tzstpl °mzsteps »Vste ’Shiﬂ’NOgd
VHD(t’ TZStpli’ mzstepg > Vst07 shift, Nogd) = Y
VHH(t’TT’TZStpli’Vstci’mzstepsi’Shift’NOgd) = Z VH(t_ k'TT’TZStpli’Vstci’mzstepsi’Shift)
k=0
. VHH(t’ T, TZStpl_’ Vste mzsteps ,shift, Nogd)
Vig(6T7 Toggpl. + Vito:M2gteps shift. NOgg) = v
mzsteps_ =1 TZStpl_ = msm}steps_ =1

67
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31 Bipolar Double Exponential Pulse Train

Nogd
Vbdept(t’Tptd’T’Vpp’NOgd) = Z Vbdep(t’k'T’Tptd’vpp)
k=0

_ Vodept(-Tpta-T-Vpp-NOgq)
vbdepta(t’Tptd’T’Vpp’NOgd) = v

TEST Waveforms

Periodic Waveforms

32 Bipolar Double Exponential Odd symmetric Pulse Train

NOg

d
Vbdeospp(t’ Tptd> T ’Vpp »NO gd) = Z Vbdeosp(t -kT, Tptd> Vpp)
k=0

TEST Waveforms
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33 Agnesi Profile Voltage Pulse Train

(=3

Ngd

agnp('Tpia- T Vpp-Nga) = D Vaga(t =k T-Tpia: Vip)
k=

\Y

(=}

TEST Waveforms
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34 Agnesi Derivative Profile Voltage Pulse Train

NOgg

VDagnp(t,Tptd,T,Vpp,NOgd) = Z VDagn(t—k-T,‘rptd,Vpp)
k=0

TEST Waveforms

Periodic Waveforms

35 Poisson Profile Voltage Pulse Train
68




39 Inductance Charge and Discharge Voltage Pulse Train
Ty = 10-T 54
pp pt
( gz )
Indg (b T T T. 1,V -k T; T.,V
= _k . —_k-T.0- sc\ tw> 'c> 'end’ “ind’ pp’ Lcs ind>Tend>Tc> ¥ pp
Vpop(t:Tptd: T+ VppsNed) : z (Vp(t= kT Tpg. Vpp) rectl (t=k-T,0-T,T)) -
TEST Waveforms
TEST Waveforms Periodic Waveforms
S 40 Parbolic Cusps Pulse Trai
Periodic Waveforms ot Cups Fulse Tram
36 Poisson Derivative Profile Voltage Pulse Train Signal amplitude: Vpp
Ngd Pulse width: Pw
Vzpr(t,‘rptd,T Vpp,N Z V2p t— kT Tptd,Vpp)-rectl (t- k-T,O-T,T)) Duty cycle: 5.
- p
Period: TpCSp = S—W
TEST Waveforms <y
. . 4
Periodic Waveform S Max pulse amplitude and cusp ratio: Appl = 3 ap < 1
37 Rayleigh Profile Voltage Pulse Train (2 ~app 1).\/
4V (app1 = 1)
: _  pp"ppl . _ .
g asymptotes: yla( Al pW’Vpp) ~ t+ (2 appl) Vpp
VRyp(t:Tptd: T VppsNogq) Z (VRy(t= kT Ty Vpp) rectl (1= k- T,0-T,T)) 4V, (an1 1)
= yza(t,appl,pw,Vpp) = 71’“; ~t+(2—app1)~V
TEST Waveforms 4't2'(ap _ 1) P p
S w w
Periodic Waveforms cu8p1p(t,pw,ap,Vpp) = ~(<I> Et + 2] - é(t— ZDVPP
Pw
38 Cap. Charge and Discharge Pulse Train
g Pw
pulse width:  p, = Topq— Tinit CSPU(LPW,apl sTpesp Vpp > NOg ) = z cusplp| t=kTpeqn = = Pwspl Vop
. Py )
time constant T, = >0
) ) ] cspl l(t,pw,apl ,Togd,Vpp,NOgd)
Period: Tedse = Tend ~ Tinit Dimensionless function: fcspl1 (t,pW »3p] ’TOgd’Vpp’NOgd) v
Function's parameters description:
V. (time, time constant, pulse width, supply voltage)
Function's parameters description: TEST Waveforms
Ved(time, time constant, pulse width,period, supply voltage) Periodic Wavefo rms
. 41 Elliptic Cusps Pulse Train
VCcd(t’Tcdsc’Tend’T Vpp ’NO = z Vcs(t - k'Tcdsc"rend"rc’Vpp) Signal amplitude: \Y,
’ pp
k=0
Pulse width: p
TEST Waveforms w
Periodic Waveforms
69 70




Duty cycle: 8oy
When saving or printing, disable Automatic Calculation.

. Pw
Period: TOcspZ = 3
cy
. . 2
Max pulse amplitude and cusp ratio: e T Ape < 1

cusp2(t,pW »8pes Vpp) = VppA

Pw
csp22(t,pw,ape,T,Vpp,NOgd) = Z cusp2 t—k~T—7,pw,ape,Vpp
k=0

o . csp22(t,pw,ap,T,Vpp,N0gd)
Dimensionless function: fcsp22(t,pw,ap,T,Vpp,NOgd) = v

Periodic Waveforms

WAVEFORM
SPECTRA

Francesco Mezanine

[«] Periodic Waveforms Formulae Only

INDEX
INTRODUCTION

The subscript "'gd" is the acronym of ""Global Data.xmcd"

The subscript "'fs" is the acronym of ""Fourier seriesxmcd"

The subscript "'sl" is the acronym of "'Signal Listxmcd""

The subscript "dp "' is the acronym of ""Dirac Pulse - formulasxmcd"
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INDEX

Periodic Waveforms Frequency Spectra

1 Half wave
2 Halfwave filtered
3 Double Half wave
4 Double Half wave filtered
5 Voltage Pulse Train
6 RF Pulse Train
7 Bipolar Square Wave
8 Bipolar Square Wave 1
9 Staircase 1 Voltage Pulse Train
10 Staircase 2 Voltage Pulse Train
11 Staircase 2 Voltage Pulse Train + sinus
12 Staircase 3 Voltage Pulse Train
13 Staircase 3 Voltage Pulse Train + sinus
14 Staircase 4 Voltage Pulse Train
15 Bipolar Triangular Voltage Wave
16 Triangular Cusps Voltage Pulse Train
17 Bipolar Sawtooth with positive slope Pulse Train
18 Bipolar Sawtooth with negative slope Pulse Train

19 Bipolar Sawtooth with adjustable rising and falling edges Pulse Train

20AM test signal (single tone)

21 AM test signal (triangular wave)

22 AM DSBSC test signal (single tone)

23 AM DSBSC test signal (triangular wave)
24 AM SSBSC test signal (single tone)
25AM SSBSC test signal (triangular wave)
26 FM test signal (single tone)

27 FM test signal (triangular wave)

28 PM test signal (single tone)

29 PM test signal (triangular wave)

30 Staircase based test signal

31 Bipolar Double Exponential Pulse Train
32 Bipolar Double Exponential Odd symmetric Pulse Train
33 Agnesi Voltage Pulse Train

34 Agnesi Derivative Voltage Pulse Train

35 Poisson Profile Voltage Pulse Train

36 Poisson Derivative Profile Voltage Pulse Train
37 Rayleigh Profile Voltage Pulse Train

38 Cap. Charge and Discharge Pulse Train
39 Induct Charge and Discharge Pulse Train
40 Parabolic Cusps Pulse Train

41 Elliptic Cusps Pulse Train
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PERIODIC WAVEFORMS' FREQUENCY SPECTRA

Function parameters description:

BCSA(Adimensional signal name, relative error, polinomial degree, start time, signal period)
BCSAstands for "Bandwidth Calculation and Signal Analysis”

The function returns a matrix made of three columns.

The first column contains:

pos. 0: relative error,

pos. 1:  bandwidth (adimensional),

pos. 2:  the nth. harmonic number corresponding tp the give relative error,
pos. 3: temporary variable,

pos. 4:  Parseval,

pos. 5: signal average,

pos. 6:  signal rm.s..

The second column contains the coefficients a;, of the Fourier series,
the third column contains the coefficients by of the Fourier series.
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Signal's Amplitude Spectrum

1.1
TEST Waveforms
Periodic Waveforms  Periodic Waveforms  Periodic Waveforms 0.83
1) Half wave b
( WSO)jzsa 0.55
°
Amplitude: Bl = 230-/2-V 028 [
al . , S - - e -
1 . . 2T o 3 4 4 4 * 4 4‘ 4 i 4
faw = 7 Thw = Togd Angular frequency: Whw = T Thy = 1'ms ~3.14x10° 5.11x10°  1.34x10° 2.16x10% 2.98x10* 3.81x10% 4.63x10" 5.46x10* 6.28x10
Ogd Ogd .
125" Why
400
Phase of the N1_th order Fourier Polynomial
1 Bgmr————————————————————————————————————————— g
2
200
10wty s Thyy > Blpy - NOgg) 0.86 T
0 (hWSl)jzsa or--e eTe oole%e o ole o eTe°e-e e’eTe‘e o2e ote eT
0 5x100% 11073 15x107 21073 25%1077 3x107% 3.5x107° 4x107° - 086 i
0 6.25 125 1875 25 3125 375 4375 50
jzsa
Vi ® = glhw(t, Thy Bl - NO Bl = 325269V
W ( W W gd) W Bwg, = hws3-Hz Bwg, = 0.019-MHz
hws := SPCT(VhW,ngd,N17,0~sec,Thw) Nl =50 sampling frequency: fptg, = 2:Bwg, fptg, = 0.038-MHz
Ngd =40 25 =0.. rows(hwso) -1 (relerr) = 0.1 relerr := hwsy relerr = 10-%
k= 0.,28—1 npty = ot
Signal and Fourier series so
357.8
Ty . NO,q 1
sl N (:T)gd ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Blpy Frequency resolution: gd — 6737
| fotso Thw
268.3 ;
36 i Signal sampling: um2k = Vhw(nptk)
178.9 T _ 0 1 2 3 4
| Um2 =
134.2 ; 0 0 53.538 105.615 154.811
89.4
44.7 |

On 1256105819753 1251562 3 aTB 07521 82 2354125400753, 16% 062 AT AT 5 quo’* 3
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Sampling
357.8
-
243.35
Vhw(t)
128.9
u
m2k
14.45 o
- 100
0 100t 11077 15x1077 21077 2.5x107° 3x107° 3.5x107° 4x107°
t, npty
Mrads s 1
relerr = 10-% Why = 2-T0-Bwg, Why = 0.119- n- =n
sec Whw 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula:  s2g,(t) = Z (um2n~sinc(wbw~t— n~7r)) Nogg=1=255  uyp =297873
n=0

rows(umz) =256

Signal Rebuilding from samples

relerr = 10-%

4

3 3 3 3 3 3

2107 2510~ 3x10 ~ 3.5x10

t

0 5x10~ Ix100 ~  1.5x10

length(umz) =256
fpty, = 38-kHz

Specpy = fft(umz) length(SpechW) =129

77

4x10”3

P=0.—% -1
12 P
S 3 — i
1500{ T
lSpecth| 1000( | |
500( ¢ ¢

0.8
l(hwso)e| 0.6
0.4
0.2

0 3166.76333.3 9500 12666.15833.319000

fptyo
0 fptSQ 2

0 1055.62111.13166.74222.25277.86333.3

fptyo
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2 Half wave filtered (Capacitive)

Max half wave amplitude: Bl = 325.269-V,

IAmplitude of the decreasing exponential for t=0: Vpp’
Exponential Time constant: Ty .1 = Z-Togd,

Period: , Ty, = 1x 103-us,

2. krads
Pulsation: W}, = —— = 6.283- s

Thw sec

[ntersection abscissa between half wave and exponential: { (scalar),
[Tangent points abscissas between half wave and exponential: Ty, (vector)

ata“(*whW'ThWI) +kgm

Yhw

T. =
tpa
P kg

Ttpa,

Thwl

Vipy = Blhw-sin(whw-‘rtpal)~e Vipy = 369.746 V

Chw = ZOl(Thwl ’whw’Blhw’thv)

Ripple

400

200

3 3 3 3

31072 3.75%107 2 4.5¢107 2 5.25%10° > 6x10~

400 ChW+30' Thw Chw**:1 “Thw
T

200

0 0.00075  0.0015  0.00225 0.003  0.00375  0.0045  0.00525 0.006

Bly,, = 325.269V Viwf(® = g2hw(t+‘rhw] Thwl ,Ttpa,Chw,whW,Blhw,thV,NOgd)

hwf := SPCT(Vyyp.1tgq, N1_,0-sec, T ) NI_ =50

gd>

2gq = 0..rows(hws0) -1

79

Vhwf (ttw>
D

Signal and Fourier series

357.8

268.3

178.9
£5(teyy s hWFo . hwf10, Togd s Ngg)

89.4

0 0.00063 0.00125 0.00188 0.0025 0.00313 0.00375 0.00438  0.005

ftw

Signal's Amplitude Spectrum

1.1 0 dhw
0.83 i
(thO)jzsa 0.55
0.28
ol t ,,,,, L N e e P P P -~ a- - 1IR3

~3.14x10° 5.11x10° 1.34x10° 2.16x10%  2.98x10% 3.81x10% 4.63x10* 5.46x10* 6.28x10*

252" Whw

Phase of the N1_th order Fourier Polynomial
1.73 -

0.86

(bwr1), GTT T. L T. Tv IT T. L‘ T. L’ !
o [ l‘llll‘llll

—-0.86 b
77777777777777777777777777777777777777777777777777777777777 T
-1.73 —
0 6.25 12.5 18.75 25 31.25 375 43.75 50
jzsa
BWea = hwis-Hz
Bwg, = 0.02-MHz
sampling frequency: Plsav:= 2:Bwg, fpty, = 0.04-MHz
npt :=
Plso
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Noga 1

Frequency resolution: =64

fptso TOgd

Um3, = Vit (nptk)

T _ 0 1 2 3 4 5 6
UYm3 =
0 224.262| 221.476| 218.725| 216.008| 213.325 230
Sampling
350 T
Togd
312.5 i
Vhwt(® |
275 i
u, |
m3k !
2375 : NN
200 '
0 25x10 4 5107t 7sx107% 1x107% 125%107 3 15x107 3 1.75x107° 2x10”
t, npty
Mrads ™
relerr = 10-% Whwr = 2-‘:\'~BWSa Whwr = 0.126- n- =n
sec Whwr
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: 835D = Z (um3n'sinc(wbwr~t— n~‘rr)) Nogd -1=255
n=0
Signal Rebuilding from samples
350
312.5
Vhwf(1)
G )75
s3ga (D)
237.5
Ny
200
0 25x10 % 5x107% 7.5x107* 1x1073 1.25x107% 15x107 2 1.75x107 3 21073
t
Symbol frequency:
81

3

2-Bwg,

relerr =

TEST Waveforms
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3 Double Half wave

T BI
hw iy hw | (27
Tahw =~ “dhw (151> Tdhw - Blnw) = —— Sm[Th'tslj
W

Tdhw

Double Half wave

400

g3 (ttw > Tahw» Blhw) 200

[T S

0 0.00025  0.0005  0.00075 0.001

t

0.00125  0.0015  0.00175 0.002

W

Dirichlet conditions

A periodic function s(t)=s(t+T), can be expressed by the Fourier series provided that (Dirichlet conditions):
(1) itis discontinuous and presents a finite number of discontinuities in the period T;

(2) has a limited average value in the period T;

(3) it has a finite number of maximum positive or negative.

Ifthese conditions are met, the considered function can be developed in Fourier series in trigonometric form.

The Dirichlet conditions apply to:

o0
1) signals of energy for which holds: J ( |sfs(t)| )2 dt < oo,

-0
T
2) power signals for whichholds: ~ lim %J (|st(t)| )zdt < o0
T > T
ao >
Fourier series definition sg(D) = Y + Z (akcos(w~k~t) + bk~sin(w~k~t))

k=

The coefficients are defined as follows:

t0+T

3 _ _1

7 = AfS = ? st(t) dt
‘o0
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Tahw = Tdhw  t=t  Thy =Thy
Thw
3 2 Blpy (2w 2Blpy,
— = A= —_— sin t{dt=
2 Thw VY hw ™V
0
Thw
4 Bluw | 2 /on 2ome 2:Blyyy-(cos(mrk) + 1)
ag = —_— sin -t]-cos| — k-t|dt=
Thw V Thw Thw —1T~V-(k2— 1)
0
Thw
(" 2 .
bk = — sin -t|-sinf — kt|dt= ——F——~—
Thw  V Thw Thw rv(-1)
2-B1 e :
hw (cos(‘n’ k) + 1) sin(7-k) .
st = z cos(wk-t) + m~sm(<,)~1<~t) cos[k- (1 + @] = (—1)*-cos(k-
— k —1 k" -1
2Bl L i cos(w-kt) + cos[k-(1r + w)] | _ 2 Blhw . i cos(w-k-) + (~1)*-cos(k-wt)
TV = 1—1(2 -V — 1_k2
2Bl [ k 1 2B, [ . K
hw - cos(w-k-t) + (=1) -cos(k-w-t) | _ hw - Tr-cos(w-t)-i N |71 + (=1 -|~cos(k-w~t)
| k=1 ] L k=2
i [1 + Gl)ﬂ-cos(k-w-t) Tr-cos(w-t) 1 lim I:l + (71)kJ-cos(k-w-t) Tr-cos(w-t) i
ko1t 1-K 2 ko1~ 1-K 2
2.
cos| — -t o |:1+( 1)j|cos k—t
. ® = 2-Blyy L+ Thw N Z Thw
dhw'® = '
™V 2 = 1 7k2

t0+T
2
ag = T-J sgs(D-cos(w-k-1) dt

t0+T
2
by = T.J sfs(t)-sin(w-k-t) dt

Bly,, = 325269V

w | (27
= ——|sin off
Thw
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sdhw(t) =

2Bl

2- 2.
cos| — .t i 100 |71 +(—1)k—|~cos k=Tt
- Thw Thw

* 2
™V 2 -k

Sdhw (0) = 2.05 +325.269i

Bl = 325.269V

357.796

268.347

178.898

k=2
T
[sah (0)] = 325.276 sdhw[dzhwj — 325.249

Blyw

Vinw(® = €3(t. Tgnw Blhw)  Yea = Yahw

dhws = SPCT(V ghyy»Tgq:N1_,0sec, Tgpy ) N1_ =50

gd>

25, =0.. rows(hwso) -1

Signal and Fourier series

89.449
0 0
0 00005 0001 00015 0002 00025 0003 00035  0.004
Signal's Amplitude Spectrum
1.1 ‘
Wihw
0.83
(dnwso), .55
0.28 [
0 — e ————7—? —————— o e - a P P S l—lla.veﬁ
Z3.14x10° 5.11x10°  1.34x10% 2.16x10% 2.98x10* 3.81x10% 4.63x10* 546x10* 6.28x10%
1250 Why
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Phase of the N1_th order Fourier Polynomial

6
0.86
(dhwsl)J2 ()0000000000000000000000000000000000000000000000000
°
—-0.86
-
0 6.25 12.5 18.75 25 31.25 37.5 43.75
24a
BWga. = dhws3-Hz
Bwg, = 0.03-MHz
sampling frequency: Plsev= 2 Bwgy fptg, = 0.06-MHz
o 8 _
k=0.2"-1 npty =
fptgy
Frequency resolution: Nogd_ 1 — 8533
fptso Tahw
Um3, = V dhw (191)
T _ 0 1 2 3 4
UYm3 =
0 0 34 67.627 100.514
Sampling
357.8 7
,,,,,,,,,,,,,,,,,,,,,,,,,,,, Tdnw Bl
268.35 i
Vihw(D) 1
178.9 i
Um3, 1
89.45 i
0 ‘ A
0 0.00013  0.00025 0.00038  0.0005  0.00063 0.00075 0.00088 0.001
t,npty
Mrads T
relerr = 10-% Bown= 2 TBWg, Wy = 0.188- n-
sec Whwr
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula::  §3 (1) := Z (um3n~sinc(wbwr~t—n~‘rr)) NOgd— 1 =255
n=0

85

relerr =

e sdhw(t)) 73.6

m(sanw() _ )55

Signal Rebuilding from samples

0

0 0.00025  0.0005  0.00075 0.001 0.00125  0.0015  0.00175 0.002
t
Signal Rebuilding from samples
350
™ Tdhw \ Ve N . /
Vihw(D |
dhw 262.25 ; \ \
$3¢,() \\\ i , ‘\
174.5 i
Refsghw (0) \ \\ | \ ;
Im{sghw (V) 8675 \ 1 \\
\\ } /’ \
- U
0 0.00019  0.00038  0.00056 0.00075 0.00094 0.00113 0.00131  0.0015

357.8—
263.1
168.3

-2L.1[

—-210.6
-305.3

00
0 0.00042 0.00083 0.00125 0.00167 0.00208 0.0025 0.00292 0.00333 0.00375 0.00417 0.00458 0.0

t

length(u ) = 256

m2
fpty, = 60-kHz

Spec3py, = fft(u ) length(Spec3hW) =129

m3
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NOyq  NOgg
£:=0 Tg Tg = 128 TEST Waveforms
Periodic Waveforms
3000 Shw] 7)7 4 Double Half wave filtered
Spec3 2000
lp hwl| Ttpa,
e V. =Bl si Tl g 71 Blp,,V
0 ppt -~ hw’sm("‘)hw"'-tpa])'e dhw (Thwl’whw’ hw> ppt)
—600 4500 9600 14700 19800 24900 30000
fptgg
"NO
= = s O
N Vppt = 369.746V ripl =
Blyy
v
dhws
J( 0)g| 05
Ripple
0 R o
—600 1166.72933.3 4700 6466.78233.3 10000 30007 mfﬁﬁih flﬁthTfl R S R R -
Y A A R A M AR, W SN0 Voo N ~ ~ Na
fptso \‘\ J! \‘\ i “\ / \ ! ‘:\ / ﬁ\ 0 N Y whv:'” dh \
. \ L \ i J 3 . ) N A ’ 3 ] \
NOgq 20 N N N N A
100 Vo M o v “‘ / Vo Vo Y
AR VA Y Vi \/ i " \
Yo Vo v v v [ \ \
0 0.0005 0.001 0.0015 0.002  0.0025 0.003 0.0035 0.004
Ripple
L~ Ohy  Oahwt!Tabw . _
300 \ ‘ Y " ; S ™~ s
****** o T Y Y T T Y T Oa )
200 R 25 e e o
o Voo Voo Voo o - N \
100 v AL v y Y
\ 1 Y H \ \7 Vi 1 i \
0 L L rl y v v v
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
Bly,, = 325260V Vgpup() = g4(t+ Thwl *Thwl ,’rtpa,Gdhw,whW,Bth,Vppt,NOgd)
-3
Thwl = 2% 107 7s dhwf = SPCT(V gy Ttgq. 50, 0-se¢, Tghy )
2gy = 0..rows(dhwso) -1
87 88




Signal and Fourier series

357.796

268.347)

178.898

89.449

0
0 0.00025  0.0005 0.00075  0.001 0.00125 0.0015 0.00175  0.002

Signal’s Amplitude Spectrum

0.28
0777 777777 ‘ 77777 S — P W & - a- P - a 77:.11.”@%
—3141.59 5105.09 13351.77 21598.45 29845.13 38091.81 46338.49 54585.17 62831.85
252" Wdhw
Phase of the N1_th order Fourier Polynomial
07X e B A S pim
24
°’8TITTIWT L+ 1Ll
(dhwfl)} . ? ° . T ? Py T T L4 .
25— 0.14 bl l l l Py l l ® P
L]
- 1.07
. . e T e ____T
-2 2
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
jZSa
BWsa. = dhwf3-Hz
Bwg, = 0.036-MHz
sampling frequency: flsev= 2-Bwg, fpty, = 0.072-MHz

npty =
fptgo

Frequency resolution: Nogd 1 - 7111

fptso Tahw

Umd, = V gyt (nPti)
89

T _ 0 1 2 3 4 5 6
Umg =
0 287.958| 285.966| 283.987| 282.021 280.07 | 278.131
Sampling
350 T
Tdhw
327.5 T e ﬁ: ——————————————— R Bl
V, () 1 | /|
dhwf s ¥ . | y
u / 1 /
m4k ' / i /
282.5 / i /
260 ;
0 125x10 Y 2.5x107 4 3.75%107 sx107% 6.25%107% 7.5x107* 8.75x107 4 1x1073
t, npty
Mrads T
relerr = 10-% Bowan = 2T Bwg, Whyr = 0.226- n =n
sec Whwr 2-Bw,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: sdeq(D) = z (um4n-sinc(wbwr~t— n-Tr)) Nogd -1 =255 relerr = 10-%
n=20
Signal Rebuilding from samples
350
327.5
Vahwt(V)
a5
s4sa () i
2825 'l..'
W,
260

0 0.00019  0.00038  0.00056  0.00075 0.00094 0.00113 0.00131  0.0015
t

length(um4) =256
fpty, = 72-kHz
Specdyy, = fft(um4) length(Spec4hw) =129
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N0,y NOgg
g=0. 2 80 _ g
2 2
@12 e fn’a’xﬂ Spéc¢h’\§|’)’
4000 Ty
lSpec4hWZ| i i
2000] | 1
0 "
=720 5400 11520 17640 23760 29880 36000
fptyg

l(dhwfo) e| 05

0
—720 1400 3520 5640 7760 9880 12000
fptyg

TEST Waveforms

Periodic Waveforms
5 Voltage Pulse Train

Data " pulse traindata"

Vip() = Vip1 (6. Tpeg 2 Tpeds0 +ptd_+Bptd>N0gq)

Voltage Pulse Train

IR 1 rvon ARSI gvic JUMINSSI my AR man R Boid
10
Vip(ttw7) s
0 r v 1 - o
—0.001 -0.00038 0.00025 0.00088 0.0015 0.00213 0.00275 0.00338 0.004
ttw7_
Vpt = SPCT(Vip,rtgd,Nli,O-sec,Tptd) Nl =
j2q = 0..rows(dhwsg) — 1 =6.283x 10

sa - Wptd

91

50

_ 3 Mrads
s

Vip(t)

fs(t , Vptg, Vptig, Tptd_ s Ngd)

Signal and Fourier series

132 I
M ””””””” M ”””””””” M ”””””” Bptd

9.9

6.6

33

0 0.00038 0.00075 0.00113 0.0015 0.00188 0.00225
t

Signal’s Amplitude Spectrum

0.00263

U
0.003

1.1 T
¢ Wptd_
0.83
0.28 1
I L O I B ! ]T ,,,,,, A, R 0 B SO K. 2 W
“3.14x10° 13x10% 291x10* 4.52x10* 6.13x10% 7.74x10* 935x10*  1.1x10°  1.26x10°
2gawptd
Phase of the N1_th order Fourier Polynomial
2 ™
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R R
A 0 A A 0 A
(VPti)in, o ’ | Tl T | Tl T |
-1
Xy
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e e _ ____¢_T4
,2 2
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
jzsa
BWsa = Vpt3-Hz
Bwg, = 0.048-MHz
sampling frequency: Plsav:= 2:Bwgy fpty, = 0.096-MHz
npty =
fptso
NO,q 1
Frequency resolution: L 2.667
fptgo TOgd
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umSk = Vip(nptk)

1 2 3 4 5 6 7 8 9
0 6| 12| 12| 12| 12| 12| 12| 12| 12

m5

Sampling
13.2
T,
ffffffffffffffffffffffffffffffffffffffffff Ugd,,,,,,,,,,,,,,,,gpid
9.9
Vip(t)
6.6
“-msk
33
(RINIRISEERARimannammoRe ——_________________________________________ ININNINDNQNINRRRRNNERREE 0
0 0.00019  0.00038 0.00056 0.00075 0.00094 0.00113 0.00131 0.0015
t, npty
Mrads b1y 1
relerr = 10-% Bway = 2T Bwg, Whwr = 0.302.—— n- =n-
sec Whwr 2 Bwsa

Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
854(D) = Z (um5n~ sinc(wbwrvt - n~‘rr))

n=0

interpolation formula: Nogd —-1=255 relerr = 10-%

Signal Rebuilding from samples

Vip(t)
aa——

8544 (1)

0 0.00019  0.00038  0.00056 0.00075 0.00094 0.00113
t

0.00131  0.0015
length(ums) =256

fpty, = 96-kHz

SpecSpy, = fft(ums) length(SpeCShW) =129
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. fptyg
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~960 1866.74693.3 7520 10346.13173.316000
fipt
. N
NOgg

TEST Waveforms

Periodic Waveforms

6 RF Pulse Train
Data " rf pulse data"
Stepamplitude..,.......,.......,.......,..:Vrfpd = Bptd7 Vrfpd =12V
1
Signalfrequency.,............,....,......:frfpd = 30'fptd_ s fptd_ =1x 103;
1
Signalpen'od.........,.......,.......,.....:Trfpd = i Tptd_ =1x10 ~s
Mrad
Signal angularfrequency..............:wrfpd = 2~1T~frfpd, Wrfpd = 0.188 Sr:c S,
. 10
tme ConSEaANt.....ooovvvvvvvvvvnnnsen Trfipd 1= > Trfpd = 53.052-ps
Wrfpd
Rising edge delay
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Generic Pulse

Generic RF Pulse

-

| Pra ]

Tptd——Fptd— **iptd_)

0.5 |

—5.30516x1833113x1(5.23474x 1(5.61737x 10~ *sx10™ 4

Average value: Vptmrfsl = Bptd'éptd7
4T +T
ptd_ " 'ptd
twg =1 Tptd ’_1'Tptd + 3000 4'Tptd
\%
. rfpd
Viprf (1) := Vptrf (t’Tptd’TSrfpd ’Sptdi’ Wrfpd v ’Nogdj
Generic RF Pulse train
3y 1
10 et 1111 ]| ISR 1] 1] B Bpia

Viprf] (ttw8) 0

-10 |
T R ptd
72.652582><10_8.372679 0.748011 1.123342  1.498674 1.874005 2.249337 2.624668 3
trwg
Tptd_
Vptrf = SPCT(lerf,ngd,Nli,O-sec,Tptd‘) NI =50
N ;=40 krads . ) krads
gd Wptd_ = 6283 —— 2y = 0..rows(dhwso) — 1 Wrfpq = 188.496-——
Signal and Fourier series
777777777777777777777777777777777 1~
Viprf(t)
CEE—

fs(t , Vptrfg, Vptrfyg, Tptd7 s Ngd)

0 0.00016 0.00033 0.00049 0.00065 0.00081
t

95

0.00098 0.00114  0.0013

Signal's Amplitude Spectrum

1.1

“ptd_
0.83

Vptrfp).

£ P! 0)_]253 0.55

0.28

ccances.00e 0% 9 TI-II I*I L

Wafpd

1 L”I RALKILITN

0=

~3.14x10° 3.65x10% 7.62x10% 1.16x10°

Ve

1.56x10°  1.95x10° 235x10° 2.74x10° 3.14x10

2ga° Wptd

Phase of the N1_th order Fourier Polynomial

1.73

0.86 T
(thrf 1 )j 2 0

b1 11
S B IR

e e & e e o o
o 6.25 12.5 18.75 25 31.25 37.5 43.75 2 50
sza
BWea = Vptrf3-Hz
Bwyg, = 0.048-MHz
sampling frequency: Afmmzz 2:Bwg, fptso = 0.096-MHz
npty =
fptg,
Nogd 1
Frequency resolution: —_—— = 2.667
fptso TOgd
um6k = Viprf (nptk)
L 0 1 2 3 4
m6
0 6 -4.592 -8.485 11.087
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Sampling

B e L Togg L1+ 15

Jititit i

Viprf(t) ‘ ‘
ot I E Y o cecssecssesestensessnssassssssnsassssssnssstosssnsesssssssssses H L R L
Ume, | }
Lkl

-13.2 3 - . -

0 0.00016  0.00031  0.00047  0.00063  0.00078 0.00094 0.00109 0.00125
t, npty

M 1
relerr = 10-% rads IS

W = 2-70-Bw, W = 0.302-
WY sa bwr sec Wowr 2 Bw

Signal reconstruction according to the Shannon sampling theorem:
NOgg-1

interpolation formula: $6¢,(D) = Z (um6 ~sinc(wbwr-t—n~‘rr)) NOgd— 1 =255 relerr = 10-%
n
n=0

Signal Rebuilding from samples

Viprf(t)
L]

5655 (1)

0 0.00016  0.00031  0.00047  0.00063 0.00078 0.00094 0.00109  0.00125
t

length(um6) =256

fptg, = 96-kHz

Specbyy, = fft(um6) length(Spec6hw) =129

NOgqg NO
d d
£=0.—= Tg - 128

0
—960 7200 15360 23520 31680 39840 48000
0 fptgo
NOgd
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TEST Waveforms

Periodic Waveforms
7 Bipolar Square Wave

Data file " pulse train data.xmed"
Signal amplitude:

Vpp =12V
Square wave period: TOgd =1x 106-ns
_¢6 Grads
w =6283x10 ~—
ptd_ sec
Bipolar Square Wave
T-= Ep———— pupay . vagug|
10 T8ad pp
Vsqw(ttw7_’TOgd’Vpp’NOgd) o— 1T 1T Vv 1T 1" 1°T 1 1 7 - Of
-10
0 0.00063 0.00125 0.00188 0.0025 0.00313 0.00375 0.00438 0.005
ttw77
_ Vsqw(! Togd: Vpp:N0ga)
Vsqw(t) = v
Vg, = SPCT(Vqy Tteq. N1, 0-sec, Toqq) NI_ =50
_3 Mrad
26 = 0. rows(dhwsg) = 1wy = 6283107 =
— s
Signal and Fourier series
13.2
6.6
Vg (1)

G
fs(t, Vsqwg, Vsqwig, TOgd’ Ngd)

-6.6

-13.2 y
0 0.00025  0.0005 0.00075  0.001 0.00125 0.0015 0.00175  0.002

t

99

L1
Mogg_
0.83| 1
(VSqWO)psa 055"
L 1
0.28]" I
07:.”7*7 7-7I*7I7.7I7-7?7-727-7?fﬁ.f?f-”?”-797*797-797*797%

Signal's Amplitude Spectrum

~3.14x10° 2.08x10% 4.48x10* 687x10% 927x10" 1.17x10° 141x10° 1.65x10° 1.88x10°
250 wptd

Phase of the N1_th order Fourier Polynomial

1.73

o

[ee)

N
e
—e

(Vsqwl).2 0
N Jsa [ ® ‘ l hd l l l l ® )
—-0.86
| & s R O S 1 o O 77T
-173 v
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
jzsa
BWga = Vsqw3-Hz
Bwg, = 0.048-MHz
sampling frequency: Plsev= 2:Bwg, fpty, = 0.096-MHz
npty =
fptgy
NO
. d 1
Frequency resolution: 8 2667
fptgo TOgd
Ym7, = Vsqw(nptk)
u 6T _ 0 1 2 3 4
m 0 6 -4.592 -8.485 11.087
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Sampling

13.2 ‘ K
”””””””””””””””””””””””””””” Toed 7 Vpp ;
6.6 l(VSqu),_,| osl |
Vsqw () i
uy 0 b L‘I‘T‘ﬁ‘?‘QQ.......-------
T 0
—960 1866.74693.3 7520 10346.13173.316000
-6.6 . E)(ZSO
~132 : ed
0 0.00016  0.00031 0.00047 0.00063 0.00078 0.00094 0.00109  0.00125
t, nptg
Mrads - 1 TEST Waveforms
relerr = 10-% Whway' = 2 TBwg,  wp = 0.302- n- =n —
sec Whwr 2 Bwg, Periodic Waveforms
Signal reconstruction according to the Shannon sampling theorem: 8 Bipolar Square Wave 1
NOgd_l Pulse train data
. . . . . _ _ Signal amplitude: V. =12V
interpolation formula: §Tga(0) = Z (um7n~smc(wbwr~t - n~7'r)) Nogd —-1=255 relerr = 10-% pp
n=0 . 6
Square wave period: Ty od = 1x 10 -ns Erwsl = gptd
Signal Rebuilding from samples _ ¢ Grads
Wptd_ = 6283 107" —— Tosh= ~Tptd (1~ Eows)
Totd = 250-ps
Vsqw (0
aa—— =
Tea (1) Vsqw1® : V6(t7 Tosl> Tptd_» TOgd’Vpp’I\mgd)
Bipolar Square Wave 1

) 0.00028  0.00056 0.00084 0.00113 0.00141 0.00169 0.00197  0.00225
t

Vsqwl (ttWSJ 0

length(um7) = 256 3
fptg, = 96-kHz 1o
SpecThy = M(up7)  length(SpecTyy ) = 129 0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
tws
NOyq  NO -
g=0.—2¢ & _ 5
2 2

Vsqwl = SPCT(Vqy1.Mteqg N1 Tpq Tpg ) N1 =50
krads
S

25 = 0..tows(Vsqwlp) =1 wyq = 6.283-

0

—960 7200 15360 23520 31680 39840 48000
fptgo
NOgg
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Signal and Fourier series

Vsqw 10
L]

fs(t, Vsqwlg, Vsqwl g, TOgd’ Nli)

1.1

0.83
(VSquO)jzsa 0.55

0.28

2 :
0 0.00025 0.0005 0.00075  0.001 0.00125 0.0015 0.00175
t
Signal's Amplitude Spectrum
O
glalala I-I L1ttt e 0. e 0. 0.0 0.0.0 a® .0
~3.14x10° 2.87x10% 6.05x10* 9.23x10%  124x10° 1.56x10° 1.88x10° 22x10°  2.51x10°
2o Wptd
Phase of the N1_th order Fourier Polynomial
BT ——— i
2

7T
71.737""”7”""777""”77”77”7777""”””””7””””:2‘
6.25 12.5 18.75 25 31.25 37.5 43.75 50
jzsa
BWea= Vsqwls-Hz
Bwg, = 0.048-MHz
sampling frequency: tolge, = 2:Bwg, fpty, = 0.096-MHz
npt :=
fptgo
NO
1
Frequency resolution: gd'_ = 2.667
fptgo TOgd

Ym8, = Vsqwl(nptk)

0.002

[o] o] of of of of of o of o
Sampling
13.2

””””””” ]lTOgdBpTd
6.6 |

Vsqwl (®

U, »—H ———————————— 0

-6.6 l
-132 !
0 0.00016  0.00031 0.00047 0.00063 0.00078 0.00094 0.00109 0.00125
t, nptg
Mrads ™ 1
relerr = 10-% Whwpy = 2T Bwg, Wy = 0302 —— n- =n
sec Whwr 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $84,(1) = Z (umSH'SmC(“’bwr't_ n-ﬂ)) Nogd —-1=255 relerr = 10-%
n=0
Signal Rebuilding from samples
132
6.6
Vsqwl(t)
ca—— 0
884, (1)
-6.6

-13.2
0

0.00028

0.00056  0.00084  0.00113

t

0.00141  0.00169 0.00197  0.00225

length(up,g) = 256
fpty, = 96-kHz

Spec8y,y, = fft(umg) length(SpeCShW) =129

104




601

lSpecghWZ| 40

20

TEST Waveforms

Periodic Waveforms

9 Staircase 1 Voltage Pulse Train

Description of the Function's parameters:
Vstcp(tsl ,period,signal_amplitudmumber of steps max_number of _period)s

Vstc( ts1, step_length signal amplitudmumber_of’ steps max_number_of Jeriod)s

Period: Tytept = (Mlsteps + 1) Tistpl 2
ml T
t Istpl
Duty Cycle: Sstcpt = _Steps IstpL
Tstept
. 1
Staircase frequency: fStcpt =—_—
Tstcpt
Wstept = 2"‘T'fstcpt Wigtpl = o
, Tistpl_
Number of periods shown : np, = 20
ml
Vv steps
stcs
Vsteptasl = : Mlgeps —k+1) = 4.8mV
P 2'mlsteps‘(mlsteps + 1) kzl ( P )
10-T,
stept
t =0T ,0-T +—— .. 10-T
stw stept stept 2000 stept

Vstcp(t’ Tstcpt s Vstes-ml steps> NO gd)
\'%

Dimensionless function: Vstcp(t) =

105

Periodic Staircase 1

0
-0.25 0.0313 0.3125 0.5938 0.875 1.1563 1.4375 1.7188 2

Cstw
T

stept

Vstep = SPCT(Vyop ttgg N1, 05, Tgyepy)

. —3 Mrads

2gy = 0..rows(Vstcp0) -1 Wptd = 6.283 x 10 T

Signal and Fourier series
0.0211 T
””””””””””””” J;T}Stf:pt"””” o Vges

i
|
0.0133 T
Vstcp(tstw) i
— 0.0056 T
fs(tstw> Vstepg, Vstepig, Tstcpt s Ngd) |
—-0.0022 i
|
—-0.01 ;

0 0 0 0 0 0 0 0

tstw

Signal’s Amplitude Spectrum

L Q’p‘td_
0.83[ ¢
(VStCPO)jzsa 0.55
[ ]
0.28
ok [TIT17??2391999‘9M

~3.14x10° 2.87x10% 6.05x10% 9.23x10%  124x10° 1.56x10° 1.88x10° 22x10°  2.51x10°
250 Wptd_
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Phase of the N1_th order Fourier Polynomial

0 N

0.8

=

(Vstcp 1 )jzsa 0

—-0.86
77777777777777777777777777777777777777777777777777777777777 T
-1.73 —
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
sza
BWga. = Vstcps-Hz
Bwsa = 7.2-MHz
sampling frequency: Plse= 2:Bwgy fpty, = 14.4-MHz
npty =
fptg,
. Nogd 1
Frequency resolution: - =2.667
fptso Tstcpt
Llm9k = Vstcp(nptk)
u 9T _ 0 1 2 3 4 5 6
m 0 1.2:1013| 2.4'103| 2.4'103| 2.4103| 24'103| 2.4103
Sampling
0.0211 D
5 e 1 A R IV sfes
0.0154 3 : I
Vstcp(t) i ' l | |
9.6x10 3 | i I
Um9, ! i ] |
3.84x107° = |
A [}
AU S I,
~1.92x1073 :
—1.67x10722.08x107 1.25x107 62.71x107 0 4.17x10” 45.63x10™ ©7.08x10™ ®8.54x107 ¢ 1x1077
t, npty
Mrads ™ 1
relerr = 10-% Bowpy'= 2T BWg, Wy = 45239 ——— n- =n-
sec Whwr 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $9¢a(0) = Z (um9n'SinC<‘*’bwr't’ n-‘rr)) NOgdf 1 =255 relerr = 10-%
n=0

107

Signal Rebuilding from samples

0.0211
0.0154
Vstcp(t) 3
D 9.6><10_
9, (1)
3.84x10°°
~1.92x1073
0 125x10 0 2.5x10703.75x107% 5x107% 6.25x1070 7.5x10708.75x107¢ 1x107>
t
length( umg) =256
fpty, = 1.44 x 10" kHz
SpecOpy = fft(umg) length(Spec9hW) =129
NOLy N0
g=0.—80 80 _ 3
2
0.08"l’”""’””"’””""””’””’”””””””’”’”’1?13)((’|’Sp€09ﬁ\;vtj
06Thw
SpecOpw E
.04
0.02
. SRS AP _
— 144000 1080000 2304000 3528000 4752000 5976000 7200000
fpt
y' SO
Noggq

—_

l(Vstcp0)2| 0.5

TTT?????QQQOQQ..-...........T....T-......

0
— 144000 280000 704000 1128000 1552000 1976000 2400000
. fptgo
NOgd
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Signal's Amplitude Spectrum

TEST Waveforms 11

Periodic Waveforms 0.83

10 Staircase 2 Voltage Pulse Train

o ‘ (Vsteto)y .55
Description of the Function's parameters: ° sa

Vgtet(time, period, max_amplitudenumber_of_steps max_number_of_periods 028

Vstcc(tsl ,step_length signal_amplitudmumber_of steps number_max_of _period)s

For data, see "staircase 2 pulse data” 0
~3.14x10° 5.11x10° 1.34x10* 2.16x10%  298x10* 3.81x10* 4.63x10 5.46x10* 6.28x10%
¢ = 0 T2 ,0-T2 0 + 10T 10-T2 s Wpid
stw2_ T stp_° stp_ 2000 stp_ -
Vstct(t ;T2 stp_ > Vst07 > mzstepg »NO gd) Phase of the N1_th order Fourier Polynomial
Vsiet(D = nw—_————————— iy
v 2
0.86 I I I I
Dimensionless Staircase 2 Wave T T T T T [
N . (vsietl), g . o e, o el L lle,
N nn o M O3 ll i *1111 H v 11 v
10 i -0.86
CrTrTorT L e e e e e 7
w -1.73 —
Vitet(tstw2. ) 0 6.25 125 1875 25 3125 375 4375 50
5 i 25
I T 1 " Vs BWea:= Vstetz-Hz
0 M2steps Bw,, = 0.667-MHz
0 0.5 1 1.5 2 2.5 3 3.5 4 . )
w2 sampling frequency: Plsey= 2 Bwg, fpty, = 1.333-MHz
T2
Stp_ npty =
fptgy
Vstet i= SPCT(Vyepartgg. N1, 08, T2, ) NI_ =50 o Nogg
Frequency resolution: _— = 2.667
) _ N _ 3 Mrads fpt., T2
265 =0.. rows(Vstct()) -1 Wotd = 6.283x 10 ~- S0 stp_
— s
Um10, = Vstct(“ptk)
Signal and Fourier series
132 ¢ gl = 0 1 2 3 4 5 6 7 8
oy e Vite | m 0 0 0 0 0 0 o] o75] 15
8.65
Vstct(tstw27) i
a—— 4.1 |
fs(tsth ,Vstctg,Vstctlo,TZStp ,15) |
—045/%~ e

5
0 0.000018 0.000036 0.000054 0.000072 0.00009 0.000108 0.000126 0.0001¢

tstw27

109 110




Sampling
132
Ll e L _emm- o __l___N__
(]
II ' H i stc
9.89952 ¢ ! | |
1
Vstet (D . | | | I '
659904 . | | =
u. ]
m10, ,‘ | ‘ | -
320856 | - | -
d . | i
) 1 ” ]
—1.92x107 3=t 0
0 18x107° 3.6x107° 54x107° 7.2x107° 9x107° 1.08x10” *1.26x10”*1.44x10”
t, nptg
Mrads ™ 1
relerr = 10-% Sy = 2-7\'~BwSa Whwr = 4.189- n- =n
sec Whwr 2-BwSa

Signal reconstruction according to the Shannon sampling theorem:

4

NOgg-1
interpolation formula: s104,(t) == Z (umlo ~sinc(wbwr-t—n~‘rr)) NOgd— 1 =255 relerr = 10-%
n
n=0
Signal Rebuilding from samples
13.2
9.45
Vstct(t)
a—— ;
s104, (1)
1.95
-1.8

0 135x107° 2.7x107 > 4.05x107 > 5.4x107 > 6.75x107 > 8.1x107 > 9.45x10™ > 1.08x10~
t

length(umlo) = 256
fpty, = 1333 x 10°-kHz
SpeclOy, = fft(umlo) length(SpeclohW) =129

11

4

NO d NO d
£:=0 Tg Tg =128
’”""’””"’””""’””""”””””m’erxﬁSpéc’rOh’v;l’}
200000 400000 600000
fptyo
1l ®
i(Vstcto)Z‘ 05
0 I-.-.-A-----.-.-.-------------A-A---------
0 100000 200000
fptgo
Nogd

TEST Waveforms

Periodic Waveforms

11 Staircase 2 Voltage Pulse Train + sinus

Description of the Function's parameters:
Vstcsir( ty), period ,max_amplitudgnumber_of_ steps max_number_of_periodsNumber_of _period%

”

For data, see " staircase 2 pulse data"

Vistots (0 = Vstesin(t. T2, Ve sm2gepe NOgg)

Staircase 2 Wave + sinus (dimensionless)

el

Vstets (tstw27)
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Vstcts(tstWZJ

Staircase 2 Wave + sinus (dimensionless)

0 0.125 0.25 0.375 0.5 0.625 0.75 0.875 1
tstw27
T2
Vstets = SPCT( Vo ttoq . N1, 05, T2gy )

Signal and Fourier series

rstp_
-5
0 0 0 0 0 0 0 0 0
Nl =10
. krads
25, =0.. rows(Vstctso) -1 Wptd = 6.283- S
Signal's Amplitude Spectrum
1.1 7
¢ Wptd_
0.83
Vstcts)). i
( O)sta 0.55 !
L]
0.28
L S S G ® o ® a8 o P S D 002

~3.14x10° 13x10”

291x10% 4.52¢10%  6.13x10° 7.74x10* 935x10%  1.1x10°  1.26x10°
1250 Wptd
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Phase of the N1_th order Fourier Polynomial

"\ i
2
0.86
Vstetsy ).
(Vsiestlo, o * ‘
. ! i i
—-0.86
777777777777777777777777777777777777777777777777777777777777 s
-1.73 —
0 2.5 5 7.5 10 12.5 15 17.5 20
jzsa
BWga = Vstetsz-Hz
Bwg, = 0.111-MHz
sampling frequency: Plse,= 2Bwg, fpty, = 0.222-MHz
npt :=
fptyo
Nogq
Frequency resolution: & =16
fptgy TZStIL
Ymll, = Vstcts(nptk)
u 11T _ 0 1 2 3 4
m 0 0 0.75 2.25 3.75
Sampling
Vstcts(t)
Umlly

0 18x107° 3.6x107° 54x107° 72x107° 9x107° 1.08x107 1126x10” * 1.44x10
t, npty
Mrads ™
relerr = 10-% Lo, = 2 TBWg, Wy = 0.698-——— n
sec Whwr
Signal reconstruction according to the Shannon sampling theorem:

NOgg-1

interpolation formula: = s11g,(t) := Z (uml ln'Sinc(‘*’bwr't7 n~‘rr)) NOgdf 1 =255
n=0

114

4

relerr = 10-%




Vstcts (®

sllg, (D)

Signal Rebuilding from samples

132
9.89952
W vW‘vrAM
6.59904 VW\W
AW
3.29856 M\m
—1.92x 10" 3 handl AA Verdd
s _5 _s s _5 _s s -
0 1.35x107 > 2.7x107 > 4.05x107 > 5.4x10° > 6.75x10 > 8.1x10 > 9.45x10" > 1.08x10
t
length(umll) =256
fptg, = 222.222-kHz
Specl Iy, = fit(upy, 1) length(Specl Iy, ) = 129
NO,y NO4
g=0.—2 £ _ 3
2
002 max“Sﬁ’cﬂB‘;,ﬁ
Specl |
l pee hwz| 50
0 i —
0 50000 100000
. fptgg
NOgq
1
Vstcts
J( 0 0.5
0 I.
0 10000 20000 30000
0 fptgg
Nogq
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TEST Waveforms

Periodic Waveforms

12 Staircase 3 Voltage Pulse Train

Description of the Function's parameters: Vstct( t), period, step_amplitudgnumber_of_steps max_number_of _period)s

* Vstet Ad:tsl,(period,stepiamplitudenumberﬁofisteps max_number_of Jeriod)s]

You can find the data in "staircase 3 pulse data"

VstctAO (t » Tstc3 step_° Vstc37 »mstc3 steps_’ NO gd)
Vstetao® =
\%

Periodic Bipolar Staircase 3

—-0.005

VStetA := SPCT(Vyega0-Ttgqs N1, 0+, Tstedge, ) NI =25

Signal and Fourier series

0.0066
step_

0.0033

—-0.0033

—0.0066
0

_3 Mrads

2y = 0..r0ws(VstctAOO) -1 S

Wprg = 6:283x 10
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Signal's Amplitude Spectrum

1.1 7
0.83

(VstctAOo)psa 055

0.28

Oftff777m77177-777,777.77&77.77.77*77.77&77277&77277-777,777-77%_A’J
~3.14x10° 1.3x10"

125 wptd

Phase of the N1_th order Fourier Polynomial

LB T e T an
2
0.86 I I I
VstctAO1). o | o hd .
e T T T
L]
—-0.86
s
1Nt A el sttt ittt ””""”””””"’7‘
0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
25a
Bwea = VstctAO3-Hz
Bwg, = 0.328-MHz
sampling frequency: [Plsov= 2'Bwgy fpty, = 0.656-MHz
npty =
fotgo
. NOogq
Frequency resolution: —— = 5418
fptg, Tzstp_
um12k = VstctAO(nptk)
L 0 1 2 3 4 5
ml2 - - - - -
0 -6°10-3 -6°10-3 -6°10-3 -4.5°10-3 -4.5°10-3

17

201x10* 4.52¢10 6.13x10" 7.74x10% 935x10%  1.1x10°  126x10°

_3 Sampling N
[k ——— Jr ’r ””””” Tsm?ﬁﬂ:f) ””””””” j’l ””””” > ’L;J
33x107° l | | l | |
Vstetao (D l I l 3 l I l
0 . . | - bop 76
U2 | [ : l W
k \ | LU ({11 LU I
—33x10~ [ l i l
1 1
6.6x10 3 ! ! ! |
— 0.0X
0 16x107° 32x107° 48x107° 64x107° 8x107°> 9.6x107 > 1.12x10” *1.28x10™ %
t, npty
Mrads ™ 1
relerr = 10-% By = 2~7r~Bwsa Whwr = 2.062- n- =n
sec Whwr 2'BwSa

Signal reconstruction according to the Shannon sampling theorem:

NOgg-1
interpolation formula: s124,(t) = Z (um12 ~sinc(wbwr~t— n~‘rr)) Nogd —-1=255 relerr = 10-%
n
n=0 N1_=25
3 Signal Rebuilding from samples v

Vstetao ()

s12g,(1)

5 5 5

0 12x107° 24x107° 3.6x107° 48x107° 6x107° 7.2x107° 8.4x107° 9.6x10”

t
length(umlz) =256
fpty, = 656.25-kHz
Specl2yy, = fft(umlz) length(SpeCIZhw) =129

N0,y N0y
p—0.—50 B0 _ 5
2 2
0.04 29— maxﬁ Specl‘zh’“;w’
0.03
lSpechh\m{’z
0.01
—6.6x10°3.5x10% 7.7x10% 1.2¢10° 1.6x10° 2x10° 2.4x10° 2.9x10° 3.3x10°
l~ f:ptSO
Nogg
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l(VstctAOo)l‘ 05

.?-0..-.-.-,.’-9-.-.-.-.

—6562.5 4511.7

15585.9 26660.2 37734.4 48808.6 59882.8 70957 82031.3

fptgg

119

TEST Waveforms

Periodic Waveforms

13 Staircase 3 Voltage Pulse Train + sinus

VAOs(t) := VistctAOsin(t, TStC3stcp_’ Vstc3_’ mstc3steps_, Nogd)

Periodic Bipolar Staircase 3 + sinus

0.005

VAOs (tstwoz_)

-_ 0

-0.005

0 3.2><1075 6.4><1075 9.6x10" 5 0.000128 0.00016 0.000192 0.000224 0.000256
tstw027

VA0s = SPCT(VAOs, rtgq N1_, 05, Tste3gyp ) NI_=25

gd>

Signal and Fourier series

0.0066
step_

0.0033

—-0.0033

. —3 Mrads
2g =0.. rows(V AOSO) —1 wpyg = 6283x 107 ——
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Signal's Amplitude Spectrum 3 Sampling

1.1 p wp‘[d 7.2x10 “J& TStC3stcp |
0.83| | 260107 M A-M' M‘w " ‘M MJW
\% | v |
( AOSO)'Z 0.55 VAOs(®) A M \’{A‘n ! » M
Fosa | _— 0 LS WA 1 . L b
e i3, i W
: ~3.6x107° Mrw 8 \ ww
O,L,,,,,&,,t,,O,,l,,.,,L ,,,,, e o o o o 0 % _ 0 _ 40 VMJ‘« &fn,ij
1
—314x10° 13x10* 291x10% 452¢10* 6.13x10% 774x10* 935x10%  11x10°  1.26x10° —7ax10” 3 L
2sawptd_ 0 12x107° 24x107° 3.6x107° 4.8x10°° 6x107° 7.2x107° 84x107° 9.6x107°
t,npty
Phase of the N1_th order Fourier Polynomial
L~ e — —_ M relerr = 10-% = 2.70-Bw O = 2.16- Mrads = 1
5 o sa bwr = < sec Cpr 2Bwg,
0.86
(VAO ) I I T . T Signal reconstruction according to the Shannon sampling theorem:
51/, 0
2g, ¢ l l ¢ l l l N0 41
L] gd
-0.86 interpolation formula: s13,(0) = z (um13n~sinc(wbwr-t— n~7r)) NOgd— 1 =255 relerr = 10-%
17— ®--&------------ ®---9%---%-----7-- 777777777_’%’ n=0
0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
j2 _ Signal Rebuilding from samples
2 6.6x107° i .
BWsa'= Va0s, Hz ) \'\‘\ m
3 _3 JNJ W‘ \‘y v
Bw,, = 0.344-MHz 3.3x10 W Wi, .
VAOs (1) X VA i X \ ]
sampling frequency: fPte, = 2 Bwg, fptg, = 0.688-MHz oF 7 - w 7777777777777777777 W 6
1520 i 1 i
oot = —K ~33x107° . L \M\, .
= W it
—3
—6.6x10
. NOogg 0 12x107° 24x107° 3.6x107° 4.8x107° 6x107 > 7.2x107° 8.4x107 > 9.6x107°
Frequency resolution: — =5172
fotso T2 t
um13k = VAOs(nptk)
length(um13) =256
um13T _ 0 1 2 3 4
0 -6103| -5.789'103| -6.405103| -3.933'103 fptgo = 687.5-kHz

Specl3y,, = fft(up;3) length(Specl3p, ) = 129

121 122




NO d NO d
=0 _&d ed 128
2 2
004 g maxﬁSpéc’r?h’v;’)
0.03Yhy
SpeclSmM 4)2
0.01
, |
0 100000 200000 300000
fptyg
NOgd

0 50000 100000

TEST Waveforms

Periodic Waveforms

14 Staircase 4 Voltage Pulse Train

Description of the Function's parameters : vstc 1p(time, step length, max amplitude, number of steps in half period, max number

of periods)
To modify data, see the worksheet "staircase 4 pulse dataxmed"

Step Amplitude: Vgteq = 15V

Step length: T4stp17 = 1.481-ps
Number of steps: 2'm4steps +1=17
Time constant: T4_ = 74.074ns
Period: T4stcp_ = 0.025-ms
Frequency: f44stcp7 = 39.706-kHz

krads
w = 249.479.——
44stcp_ sec

Description of the Function's parameters : vstc Ip(time, step length, max amplitude, number of steps)

123

Vstclp(t) =

vstclp(t,T4stpl_,Vstc4 ,m4steps,N1_)
\Y%

Periodic Bipolar Staircase 4

.- r

step_

0.0
-10
0 0 0 0 0 0
tstw47
Vstelp = SPCT(Vyo g N1, 05, Tdgyep, ) NI_ =25
Signal and Fourier series
16.5
8.25
0
-8.25
-16.5
0 0 0 0 0 0 0
_3 Mrad
2 = O..rows(VAOS )—1 Wptg = 6283 x 107
0 — S
Signal's Amplitude Spectrum
1.1 o,
d_
0.83[1
(VStClpO)psa 0.55
0.28[ [
OL ,?, iI,?,t,t,,,,Q3,.,t4?,-,!‘9,-71&07. ,,,,,,,,,,,,,,,,,,,,, 062

~3.14x10° 2.87x10% 6.05x10* 9.23x10% 124x10° 1.56x10° 1.88x10° 22x10° 2.51x10°

125 wptd
124




Phase of the N1_th order Fourier Polynomial

(Vstclpl)jzs 0

e ST T

™
T R — ””””:2‘
0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
jzsa
BWea = Vstclps-Hz
Bwg, = 0.913-MHz
sampling frequency: Plsav:= 2 Bwg, fpty, = 1.826-MHz
npty =
fptgy
. Nogd 1
Frequency resolution: ——— = 5.565
frtgo T4stcp7
Um14, = Vstclp(“ptk)
L 0 1 2 3 4 5 6
m14
0 0.938 1.875 1.875 3.75 3.75 3.75
Sampling
16.5 ; |
”””””””” el 11 ’”’""””’""”’Tﬁt’cb’””"""””’\651514'
i | !
8.25 ool | ! ool [
f | r
Vstclp(t) L ! A
0 i oot o
Umi4, | Laey
T
-825 ooy |
8
L
-16.5 ;
0 472x1079.44x107 0 1.42¢107 7 1.89x10772.36x107 >2.83x107 2331107 23.78x107
t, npty
Mrads ™ 1
relerr = 10-% W = 2--Bw Wy = 5.738 —— n- =n
AR sa bwr sec Wowr 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula:: sldg, (D) = Z (um14n-sinc(wbwr~t— 1’1'7\')) NOgd— 1 =255 relerr = 10-%
n=0

125

Signal Rebuilding from samples

Vstclp(t)
L]
s14g, ()

0 472x107 %9.44x107 014251077 1.89%10772.36x10” >2.83x107 23.31x10” 23.78x10~
t

length(um14) =256
fpty, = 1.826 x 10°-kHz

Specldyy, = fft(umM) length(Specl4hW) =129

NO NO
d d
f::o..—zg — 8128
D ma’xu Specl’¢h’“;|’)
Specl4 0 ‘h
l pec hw| !
401
20! ‘

0 )
0 200000 400000 600000 800000

fptso
Nogg
1| o
l(Vstclpo)Z| 05 i
i ?T?Tm.h-—
0
0 100000 200000 300000
fpt
l~ SO
Nogg
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TEST Waveforms

Periodic Waveforms

15 Bipolar Triangular Voltage Wave

Description of the Function's parameters : Ay(time, triangle half base, triangle amplitude, max number of periods)

Time constant: Tewts] = 1'Hs
. 1
Period: Tog1 = 4 Tiwtsl fog1 = T
9sl
20-Tgq + 1T
9sl 9sl
tirw = —1-Togp,=1-Tgg) + 1000 20-Tog)

AV(ttrW7 > Tewtsl> Vpp> Nogd) 0

Bipolar Triangular Voltage Wave Built using the Step Function

Signal amplitude: Vpp =12V
Time constant: Tewtsl = 1°Hs
Period: T9Sl = 4HS

d
Wog] = 2-1T-f9sl wgg) = 1.571 % 106-ri
sec

NOg4 = 256

ViriQ (ttrw7 > Tosts Vpp» NOgd)

~132 ‘
0 5x107° 1x10”° 1.5x107°
ttrw7
V() = VtriO(t’T9sl’Vpp’NOgd)
triO\" - v
127

Viri0 := SPCT( Vi 1tgq,N1_, 05, Tog) NI_=25

Signal and Fourier series

j2g, = 0..tows(Vitri0g) — 1 Wptd = 6:283x 107

Signal's Amplitude Spectrum

O
0.83
(V“iOO)jzsa 0.55|1 |
0.28 |
0“ ‘,-,I*Q,-J*-,-‘ﬁ-f-*~-7-*-f-*--7- ,,,,,,,,,,,,,,,,,,,,, 602
~3.14x10° 2.87x10%  6.05x10% 9.23x10%  124x10° 1.56x10° 1.88x10° 22x10°  2.51x10°
2gawptd

Phase of the N1_th order Fourier Polynomial

2
0.86 I I
Vtrioy ). et e o ol e olol gag o o o
(rll)-'zsa 0'.'1"' ° ° . -‘-‘-‘-
[ ]
~0.86
777777777777777777777777777777777777777777777777777777777777 ™
-1.73 =
0 313 625 938 125 1563 1875 2188  ~25
jzsa

BWean = Viri03-Hz

Bwg, = 3.5-MHz

sampling frequency: {Plsov= 2" BWgy fpty, = 7-MHz
npty =
S0

128
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Nogd
Frequency resolution: —— = 1.452
fptso T4stcp7

Um1s, = Virio(nptk)

u 15T _ 0 1 2 3 4
m 0 12 -10.286 -8.571 -6.857
Sampling
13.2 ] ]
””””””””””” 7\”’""""’"""":F‘%T””"""””"Vﬁ]?
/N ‘ s
/ N\ ! /
6.6 / AN i e
/s \ ! /
Virio () / N | ’
0 / N ! Vi a
7 S [ 7 v
unﬂSk Vg \ | /
7/ N ; /
/ N\ ‘ /
—66/77 17 NN
/ N L/
/s \/
—13.2¢ ;
0 75x10 7 1.5x107 % 2.25x107% 3x107® 3.75x107 ® 4.5x107 ® 5.25%107® ex107°
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TEST Waveforms

Periodic Waveforms

16 Triangular Cusps Voltage Pulse Train

Signal amplitude: Vpp =12V
Pulse width: Pwsh= Tptd Pwsl = 250-ps
Max pulse amplitude and cusp ratio: Apsla= % Apg] < 1
Cusp slope c =V .2.(1 - aPSI)
~ssh ™ Y pp P
wsl
Period: T0(:spsl = 2Pyl

10'TOCSpsl - O'TOCSpsl

tiew = O'TOcspsl’O'TOCSpsl + 500 - 10'TOcspsl
) CSpOI(t7pwsl7apsl’TOCspsl’Vpp7I\I()gd)
CSpOl(t) = v
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Csp01 = SPCT(Cypq - Ttgq . N1_. 05, Toegpg) N1_=25
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CSSl =0.

1.1

Signal and Fourier series
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Phase of the N1_th order Fourier Polynomial
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sampling frequency: Plsen= 2 Bwgy fpty, = 0.092-MHz
nptg ==
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Um16, = Cepo1 (nPt)

T _ 0 1 2 3 4 5 6 7
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relerr = 10-%

Whwa = 2T Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1

$16g,(1) = Z (uml6n-sinc(wbwr-t7n-ﬂ)) NOgq—1 = 255
n=0

interpolation formula:

Signal Rebuilding from samples
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relerr = 10-%
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TEST Waveforms
Periodic Waveforms
17 Bipolar Sawtooth with positive slope Pulse Train
Period: Tsawth = 1"dsawth_
1
Frequency: fsawth_ = T— fsawth_ = 1-MHz
sawth
T =1-ps . Mrads
sawth_ i Wsawth = 2"""fsawth7 Wsawth = 6'283'?
) 5'Tsawth_
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Bipolar Sawtooth with positive slope

Vlsw(ttwslj
0
0 0375 075 1.125 15 1875 225 2625 3
twsl_
Tsawth_
V1sw0l := SPCT(Vlgy.rtgq. N1, 05, T ) NI_=25
Signal and Fourier Series
e e ———
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Phase of the N1_th order Fourier Polynomial
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Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
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interpolation formula:
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Signal Rebuilding from samples
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TEST Waveforms

Periodic Waveforms
18 Bipolar Sawtooth with negative slope Pulse Train

Amplitude: Vsawth7 =50V

Sawtooth length: 5sawth_ =1-ps

Slope: SPsawth = 50-%

Period: Tsawth_ = 1-ps

Frequency: _r = 1-MHz
Tsawth_

5 'Tsawth_ + Tsawth_'0
500 - 5'Tsawth7

twslo = _Tsawthi'O’Tsawthi'O +

v2 sw(t sTsawth_>Vsawth »NO gd)

V2, () = v

Sawtooth
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0
_7 _7 6 6 6 6 o . 6
0 3.75x10 © 7.5x10 ° 1.13x10 1.5x10 7 1.88x10 72.25x10 ~2.63x10 3x10
trwsl0
Dirichlet conditions

A periodic function s(t)=s(t+T), can be expressed by the Fourier series provided that (Dirichlet conditions):
(1) itis discontinuous and presents a finite number of discontinuities in the period T;

(2) has a limited average value in the period T;

(3) it has a finite number of maximum positive or negative.

Ifthese conditions are met, the considered function can be developed in Fourier series in trigonometric form.

The Dirichlet conditions apply to:

o0
1) signals of energy for which holds: J ( |sfs(t)| )2 dt < oo,

— 00

T
1
2) power signals for whichholds:  lim —~J (|sfs(t)| )2 dt| < oo
T > T T
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a,

o] S

sawth_

a o]
Z ak cos(w-k-t) + by-sin(w-k- t))

Fourier series definition sgg(D) =

The coefficients are defined as follows:

to+T
3 _ _1
? = AfS = ? st(t) dt
toy+T
2 0
ag = ? sgg(D)-cos(w-k-t) dt

sfg()-sin(w-k-t) dt
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0 h
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2
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Fourier Series

~§-sin(wsf~k-t)

Nogd =25 V =50V
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V2sw0l = SPCT(VZSW,ﬂgd,Nl_:O‘SaTsawth_)

N1 =25
Signal and Fourier Series
0 02 04 06 08 09 1.1 1.3 15 1.7 19 21 23 24 26 28 3
. _13 Mrads
1255 = 0..1ows(V2sw0lo) — 1 wpq = 6.283x 10 —
Signal's Amplitude Spectrum
1.1 O
Fsawth
0.83]
(VZSW01O)j25a 0.55 i
0.28]
obal L ,,I,I,I,I,T,I,I,1,?,1,1,1,!,1,1,9,,9,,9,,9,,9,4,“«
~3.14x10° 1.69%107 3.69x107 5.69x107  7.7x107  9.7x10"  1.17x10° 137x10°  1.57x10°
2gar Wsawth

(Vaswol)
°

|

Phase of the N1_th order Fourier Polynomial
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Bwg, = 23-MHz
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141

. Nogd 1
Frequency resolution: ——— = 5.565
fptgo Tsawth7
Ym18, = stw(nptk)
L 0 1 2 3 4
ml8 ~
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Comparison among the given signal, the sampled and the calculated series

S e Tsaw ’_’”""””"""’”""""""”Vs’awm;
V2, (0 275
umlSk 0 o
sgs0(1)
-27.5
-55
0 3.13x107 7 6.25x107 7 9.38x107 | 1.25x10° ° 1.56x10 © 1.88x107 ¢ 2.19x10 ¢ 2.5x107°
t,npty, t
Mrads ™ 1
relerr = 10-% L= 2T Bwg, Whwr = 144513 ——— n- =n
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interpolation formula: s184,() = z (um18n~sinc(wbwr-t - n~1'r)) Nogd -1=255 relerr = 10-%
n=0
Signal Rebuilding from samples
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Sawtooth waveform
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Signal and Fourier Series
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TEST Waveforms

o -138
Periodic Waveforms

19 Bipolar Sawtooth with adjustable rising and falling edges Pulse Train
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Phase of the N1_th order Fourier Polynomial
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Signal Rebuilding from samples
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TEST Waveforms

Periodic Waveforms
20AM test signal (single tone)

Carrier Amplitude:
Modulating signal's amplitude:

Carrier pulsation:
Carrier frequency:

Modulating signal's pulsation:

Modulating signal's frequency:
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Signal and Fourier series
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um22k = Vzam(nptk)
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TEST Waveforms

Periodic Waveforms
21 AM test signal (triangular wave)
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Signal and Fourier Series
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sampling frequency: Plse,= 2Bwg, fpty, = 0.035-MHz
npty =
fptSO
NOoq 1
Frequency resolution: g =11.13

fptso T2msl
151

L 0 1 2 3 4 5 6
m23 ~
0 8 -8.295 6.885 -3.727 -0.831 6.081
35.2
17.6
V3 (D)
0
u,
m23k
-17.6
-35.2
0 0.00033  0.00067 0.001 0.00133  0.00167 0.002 0.00233  0.00267
t, npty
Mrads ™ 1
relerr = 10-% Lo, = 2T BWg,  Wpyr = 0.108 n- =n
sec Whwr 2:Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $234,(1) = Z (um23n~sinc(wbwr~t— n~7r)) Nogd -1=255
n=0
relerr = 10-%
Signal Rebuilding from samples
35.2
17.6
V3,m(D
aa——
§23, (1)
-17.6
-35.2
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016

t
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TEST Waveforms

Periodic Waveforms

22AM DSBSC test signal (single tone )

krads

s€cC

wlgg = 94.248-

T = —_— V-
lcsl fl sl

csl

300

200

100

—-100

-200

-300
0

2.7t 2.7 Alg-Blg

T2 = w2 =
mdsbsl msl
wzmsl T2mdsbsl 2

= 120-volt?

csl

krads 2mst = ™ fleg)

sec msl

W2 = 9425 o

=40

T2mdsbsl

ftdsbw = 0-56¢, Vg — 000 = - Vs T2mdsbs]

DSBSC single tone

0.00017 0.00033  0.0005  0.00067 0.00083  0.001  0.00117 0.00133

Vaam() := VAdsbse(t, 1.1 2. Al Bl )

csl> ““msl>

Vdgne = SPCT(V4am,rtgd,Nl_,O-s,TZmdsbsl) NI =25

Signal and Fourier Series

288
216Q
144

72

-72
— 144
-216

—288
0

01 03 04 05 06 08 09 1 1.1 13 14 15 16 18 1.9 2
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. _ 3 Mrads
2gy = 0.. r0ws(V4amSO) —1 Wy = 6283x 107 ==
Signal's Amplitude Spectrum
1.1 7
“Z‘msl 180-w2gq)
0.83

Jra-—e-a-a-a-a-a-a-a-l o | o 6 o -a o-@a o aa-aa o

—4.71x10%2.53x10° 5.54x10° 8.54x10° 1.15x10° 1.45x10° 1.76x10° 2.06x10° 2.36x10°

2ga-wleg)

Phase of the N1_th order Fourier Polynomial

\ B 7
2
" 111 1]
V4 T 1
ams o Py [ ]
°
-0.86
777777777777777777777777777777777777777777777777777777777 ™
-1.73 —
0 3.13 6.25 9.38 12.5 15.63 18.75 21.88 25
jzsa
BWsa = V4ams3'HZ
Bwg, = 0.024-MHz
sampling frequency: fPlse= 2:Bwg, fpty, = 0.048-MHz
npt :=
)
Frequency resolution: L S
fptgo T2Zmdsbsl
Ym24, = V4am(nptk)
L 0 1 2 3 4
m24
0 240 -90.079 -156.788 184.363
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Sampling

264
132

Vd,m(D
0

u
m24k
-132
—264
0

relerr = 10-%

0.00017  0.00033  0.0005  0.00067  0.00083 0.001 0.00117  0.00133
t, npty

Mrad: 1
Wy = 0151 = p.—"_=p.
sec Whwr 2-Bw,

Wi = Z-W-Bwsa

Signal reconstruction according to the Shannon sampling theorem:

NOgg-!1
interpolation formula: $244,(0) = Z (um24 -sinc(wbwr-tf n-‘rr)) Nogd -1=255
n
n=0 relerr = 10-%
Signal Rebuilding from samples

648 o e ATy By
132

Ve (8)

aame o\ 4 - 1 HELY/ SN | B | N | WA | . | S | S | S
s24 4, (1)

0.000067 0.000133  0.0002  0.000267 0.000333 0.0004 0.000467 0.000533
t
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TEST Waveforms

Periodic Waveforms
23 AM DSBSC test signal (triangular wave)

T18 = T2mdsbsl

1

fig = —
18

Tig

8Tig+Tig3
18 18
=-Tq1¢3,-T1g3+ ————..8T
fdsbwt = 118797118 2000 18
Modulating Signal
20 T
Tl Tlps2

10777777777 7777777773 77777777 T l’sI
VtriO(ttdsbwt’szsl‘z’Blsl’NOgd) /\ i A
~ "/ |

- -10 1

-20 ;
0 0.00067 0.00133 0.002 0.00267
tdsbwt
DSBSC Triangular wave modulated
,,T,chsl,,,,,,,,,,,,,,,,,,,,,,J,T,z, dsbsl . ________ Bl Alg

200 i |

| |

‘ |

—-200 i |

0 0.00017 0.00033  0.0005  0.00067 0.00083  0.001  0.00117 0.00133

Vidsbsc(t) = Vsdsbsc(t’TZmdsbs] leg) 2mg)- Al Blg) ’Nogd)

V5dsbsc = SPCT(VSgghge - N1_.0'8, 2 T2 g N1 = 25
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Signal and Fourier Series

0 01 03 04 05 06 08 09 1 11 13 14 15 16 18 19 2

. Mrads
ey = 0019 Grads j2gq = 0..tows(VSdsbsco) — 1 wgy o = 0.754——
s
Signal's Amplitude Spectrum
1.1
————————————————————————————————— @ @}
0.82475
V5dsbs
I:( S 5c)0]j2sa 0.5495
L]
0.27425
7])(]0—3 .-.-.-.---.-.-’-T- a -T-’ 9-0
0 0.094 0.188 0.283 0.377 0.471 0.565 0.66 0.754
o Wefm'S
osa Grads
Phase of the NI_th order Fourier Polynomial
0 e e B g
2
0.86 T
V5dsbscy ). Py ° ? ° ° hd Py
( I)sta 0 . . . 3 .
L] [
—-0.86
777777777777777777777777777777777777777777777777777777777777 T
-1.73 —
1.25 2.5 3.75 5 6.25 7.5 8.75 10
25
Bandwidth: BWga. = V5dsbscs-Hz
Bwg, = 0.017-MHz
sampling frequency: Plsev= 2 Bwgy fpty, = 0.035-MHz
nptg =
fptg,
157

NOgy

Frequency resolution: —_— =11.13
fotso T2mdsbsl
(um25)k = VSdsbsc(nptk)
u 25T - 0 1 2 3 4 5
m 0 -240 200.989 | -135.324 59.405 10.681
Sampling
288 T2 |
144
V5dsbsc(t)
0 < T
(umZS)k |
— 144 |
~ 288! 1
0 0.00017  0.00033  0.0005 0.00067  0.00083 0.001 0.00117  0.00133
t, npty
Mrads T 1
relerr = 10-% B, = 2T Bwg, Wy = 0.108:——— n- =n
sec Whwr 2-Bwg,

Signal reconstruction according to the Shannon sampling theorem:

NOgg-1
interpolation formula: $254,(1) = Z (um25 ~sinc(wbwr~t— n~1r)) NOgd -1=255
n
n=0 relerr = 10-%
Signal Rebuilding from samples
240
120 |
1
VSdsbsc(t) 3
e | :
§254, (1) ;
~120
1
—240 -
0 0.00017 0.00033 0.0005 0.00067 0.00083 0.001 0.00117 0.00133

t
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TEST Waveforms

Periodic Waveforms

24 AM SSBSC test signal (single tone )

t“)lcsl

1
fi9 == Tig:=—
19 - 19 -
4T2 41

tissbw = O'SCC’W =4 T2

SSBSC single tone
200
19 Tz‘msl
| l AlgBlg)
100 1
vssbsc(ttssbw’flcsl’fzmsl’Alsl*Blsl) im : 1
—-100 3 i
—-200 : :
0 6.66667x10"* -3 -3 -3
. x10 1.33333x10 2x10 2.66667x10
ttssbw
Alg-Blg
S 10v?
2 ) Vssbsc(t’ﬂcsl’1(2ms1”6‘131’]31s1)
Vssbse(V) = > Vssbsc(T19) = 97.082
A%
f = 3-MHz _ _
cfm Vssbse = SPCT(Vgghee s ttgd- N1, 08, T2 qqng) N1 =25
Signal and Fourier Series
150 1 AlgBlg
11250 B8 K8 U A8 A A A OO0 AR AN AR A AN AR AN R U RN AR AN RR R RN RN DR R A
75
37.5
-375
-75 ]
-1125
- 150 :
0 0.3 0.5 0.8 1 1.3 1.5 1.8 2 23 2.5 2.8 3 33 3.5 3.8 4
. Mrads
Wof = 0.019: Grads 25, =0.. rows(Vssbsco) -1 Wnm = 0.754~T
s
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Signal's Amplitude Spectrum

UL)c‘fm'S [
4
0.83 Gv}ads
(Vssbsc), | i
[ Ojﬂsa 0.55|
° |
0.28]
0‘.--------- PP WP W | 00
0 0.094 0.188 0.283 0.377 0.471 0.565 0.66 0.754
. Wefm'S
2500
Grads
Phase of the N1_th order Fourier Polynomial
13 T T e . e e 75
2
(Vssbscl). o ® b
125a 0 *
) l ¢ ! l
-0.86
77777777777777777777777777777777777777777777777777777777777 iy
-1.73 —
0 0.071 0.141 0.212 0.283 0.353 0.424 0.495 %.565
> Wefm'S
sa Grads
BWsar = Vssbsc3-Hz
Bwg, = 0.023-MHz
sampling frequency: Plsov= 2 Bwgy fpty, = 0.045-MHz
npty =
fptgo
. Nogd 1
Frequency resolution: —— = 8.533
fptgo T2pg)
(um26)k = Vssbsc(nptk)
U6 0 1 2 3 4 5
m 0 120 -80.296 -12.543 97.082 | -117.378
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Sampling
240 gl TEST Waveforms
4 Periodic Waveforms
A AN ¥ e
o AMARARARAARAAAAANRAAS BN sl i )
b \ | } ' I "\ | ‘ { | ’
Um26 ,‘\ I \ I | \ , \ I\ , 10 AlgrAlg
(i) \/V\ \/ \/ ‘ \} fyg = S8 _00v?
‘ ! 207 7
-138 i csl
—264 : ine i
0 0.00017 0.00033  0.0005 0.00067  0.00083 0.001 0.00117  0.00133 20 Modulating Signal
t,npty Tlimsl Tlisl2
WA A Bly
Mrad 1 Virio | tssbw > T2msl 2> Blg1» NOgq i
relerr = 10-% By = 2- T Bwgy Whyr = 0.141- racs n T_= n- —( £ ) 0 T
sec Whwr 2-Bwg, 0V / \/ \
Signal reconstruction according to the Shannon sampling theorem: -10 :
NOgg-1 -0 : 1 2 2
interpolation formula: §264,(1) = Z (um26 ~sinc(wbwr-t—n~‘rr)) NOyq—1=255 relerr = 10-% 0 0.000670.00133 0.00 0.00267
g n 8 tissbw
Signal Rebuilding from samples
160 SSBSC
T2msl 300 ‘
19 SN I N N N Al4-Bl
= SIP *sl
200061
80
| 100 ‘
Vgsbse (D) i V7ssbsc(ttssbw’f20’f2msl’Alsl’Blsl’NOgd) 0 l“\“ i ‘\r\ HHJ‘H' ”\\ M‘\ HH ity [“I‘! ‘J I hw
caaEm— ! —_— ‘
$264, (1) ; ~ 100ff
~200f! |
- 80 } | |
| ~300~ ‘
: 0 0.5 1 1.5 2 2.5 3 3.5 4
i tissbw
- 160 ‘ T2
0 0.00017 0.00033 0.0005 0.00067 0.00083 0.001 0.00117 0.00133 msl
t
Vssbse (V) = V7ssbsc(t’fZO’ﬁmsl’Alsl’Blsl’NOgd)
V7ssbse i= SPCT(VggpsoTtgd: N1 05, T2)  NI_ =25
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Signal and Fourier Series

VTssbse (ttssbw)
=

fs(ttssbw , V7ssbscg , V7ssbscq), szsl ,N 17)

0 0.1 0.3 0.4 0.5 0.6 0.8 0.9 1
tissbw
Grads T2
Wefm = 0.019: . msl Mrads
s 2gy = 0..rows(V7ssbsco) -1 Wim = 0.754~T
Signal's Amplitude Spectrum
L1
chm's .
0.83 G’;ads
(V7ssbsc) | i
|7 0—|sta 0.55|
L] |
0.28] ! I I
Obooo????TTTT T TTTTTT 00
0 0.094 0.188 0.283 0.377 0.471 0.565 0.66 0.754
. Wefm'S
20
Grads
Phase of the N1_th order Fourier Polynomial
) 0 e s A i
2
0.86
V7ssbscy ). ?TTT
( 1)sta 0
[ ]
—-0.86
777777777777777777777777777777777777777777777777777777777777 kIS
-1.73 —
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50
g
BWsa. = V7ssbsc3-Hz

Bwg, = 0.035-MHz

sampling frequency: Ilsev= 2'Bwg, fptgy = 0.069-MHz
npt k
K =
fptg,
163

Nogd 1
Frequency resolution: —— =5.565
fptso T2ms1
(um27)k = V7ssbsc(nptk)
L 0 1 2 3 4
m27 ~
0 -240 130.212 78.129 -202.786
Sampling
240 TQAH‘
I ﬂ
14/(] | p ’ . \ ‘
vl \
s A A AL s
ssbsc N~ af U | fin, |
-12 IR ‘ ‘ ]
(9m27), (4 I 1K
| i 1l {
-138 ! |
' |
d
—264 ;
0 0.00017  0.00033  0.0005  0.00067  0.00083 0.001 0.00117  0.00133
t, npty
Mrads ™ 1
relerr = 10-% W = 2-1-Bw w =0.217- n- =n
° ARWw sa bwr sec Cowr 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $274,(0) = Z (um27 -sinc(wbwr~t—n-ﬂ)) NOgd—l =255 relerr = 10-%
n
n=0
Signal Rebuilding from samples
240 |
120
Vssbsc(V)
8275 (1)
- 120 ;
—240 :
0 0.00017 0.00033 0.0005 0.00067 0.00083 0.001 0.00117 0.00133

t

164




TEST Waveforms

Periodic Waveforms

26 FM test signal (single tone) (change datain FM dataxmcd)

Carrier Amplitude........................ccooovvvvininininnnnnn o |Agy = 200
Carrier FreqUENCy................c..coceueeueeeeverininieneenicneeenend fofm = 3-MHz
Carrier period.....................ccovcvvcvvcnccnvcnccnccnccnnst - Ty = 333.333-ns
Mrad
Angular frequency of the carrier...................................... Wefy = 18.85: racs
sec
Amplitude of the single tone modulating signal............. Bfnm = 15V
Period of the modulating signal........................................ Tenm = 8:333-ps
1
Frequency of the single tone modulating signal........ .....: Som = T ffmm = 0-12-MHz
fmm
. L. Mrads
Angular frequency of the single tone modulating signal: Wmm = 0.754-
sec
Frequency modulation index: mg, = 10
T W,
fi fi
s TR 225 kg =8x 10—
Tefm Yfmm
mg, = 10 kig :=-30..30
) 10-Tfnm ~ Temm 0
tmsl = Tmm 0> Tmm 0 + 20000 ~10- Ty
FM test signal FM Spectrum (sinus. test signal)
20 WB T 8
¢ ¢
10 6 4 4
. 3 4
0 4Afm‘ Jn(klsl s mfm)l 4
~10 2
-20 1 0
0 0.05 -20 -10 O 10 20
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kig)

Dimensionless FM Waveform (Single Tone)

-10
=20
0 1 2 3 4 5 6 7
61
mg, =10 Ag =20V Bgoo =15V fgo=3x10"—
S
Dimensionless: v7gy (1) := V7 it fofin » Fimm > Afim > Mfim - Ngg) Tinm = 8-333-ps
f fi = 3-MHz V7fin := SPCT(V7 gy . 1tq, N1_,0-5, Ty NI_ =50
Signal and Fourier Series
-24
0 0.0630.1250.1880.250.3130.3750.438 0.5 0.5630.6250.6880.750.8130.8750.938 1
Grads . Mrads
Wefim = 0.019-—— 2 = 0..1ows(V7fmg) = 1 wg = 0754 ——
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Signal's Amplitude Spectrum Sampling
11 22 |
WS- s @ t Lepa A A M A Tk ae )t
i \ ‘ \ 1L LA
0'8311’13(15 | B | O I A R M
| 1 f
(V7fm) | | V7gim() ' l ‘ ‘
I: Oj.lzsa 0.557 ( ) 0 | “ i | l ' “ | | “
- [T T
| 'm28 \ | ‘
0.28] - K “] ”Jl J I | l\ T il
1 -1 ‘ ‘ ! | ‘
0 casaaaa AA.‘?T ] T T T T [ ] T?Qn.- ..... a h h l \ \ I \ J U d | b u
0 0.12 0.24 0.35 0.47 0.59 0.71 0.82 0.94 » . . N vou . 3 .
P 0 13x10° % 2.6x107%3.91x107 0 5.21x107 %6.51x107 07.81x107 %9.11x10” © 1.04x107>
52 Grads t, nptic
Mrads ™ 1
hase of the N1_th order Fourier Polynomial relerr = 10-% w]ﬁ“ﬂi = 2-7t-Bw, w = 29.405- n- =n
I e —— li — 1 1171 77777 ! — 11y7 77777777777777777777 i ’ sa bwr sec Whwr 2-Bwg,
2
0.86 Signal reconstruction according to the Shannon sampling theorem:
(V7fml)j2 (19000000000000000000000000000000000000000000000000 NOgq~1
) s interpolation formula: $28,(1) = z (um28 ~sinc(wbwr-t—n~7r)) NOgd— 1 =255 relerr = 10-%
~0.86 g "
77777777777777777777777777777777777777777777777777777777777 Iy
-1.73 —
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50 Signal Rebuilding from samples
259 ’(
Bia = V7ims Hz | ﬂ ” ﬂ ﬂr( {\
Bwg, = 4.68-MHz ' ~ ‘ i
sampling frequency: {Plsav= 2'Bwgy fptg, = 9.36-MHz
V7gm(D
k
npty = 2854 (1)
fotgo
. NOgq 4 -1 R RRE &R R l l !
Frequency resolution: — =3.282 i
fptso Temm U
(um28)k = V7 gy (0Pt _3 1
0 13x10°% 2.6x107° 3.91x107% 521x107% 651x107¢ 7.81x107% 9.11x107° 1.04x107°
wonol = 0 1 2 3 4 5 6
m28 t
0 20| -18.965 15.905| -10.972 4.491 2.955
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TEST Waveforms

Periodic Waveforms

27 FM test signal (triangular wave)

Bam =20V Mgy, = 80

Viri0 (tfmwsl s Tmm> Bfinm> Ngd) 0

=0T N
mwsl fmm 1000

10-Tm = 0 Tenm
—————— . 10T

Modulating Signal

~10
-20
-30
1.25 25 3.75 5
tmwsl
Tfnm
Time Integral
3x107°
2x10”
110~
—ix107°
-2x10~
“3x107° : -30
1.25 2.5 3.75
mf 'U)f _
K= g S = Key = 048-(uVes) | f = 120.kHz £, = 3-MHz
'N'Bfmm
mfm = 80
FM test Waveform
200 8 R Aa0aaanRtaRINR0 AR R 0 2 A’
20
1
} HH \[ ‘HH | 10
M i i ‘vH A
0 y 0
I I
Y | SO
20 i 30
0 025 0.5 1 1.25 1.5 175 2
169

N1 = 50

BaAAAasn

fm = 3-MHz

VB (D) 1= V8 (1,

V8fin = SPCT(v8g, .1t

f

cfm’ffmm’Afm>Bfmm’mfm’kfm’le)

0d-N1_.08, Tp)

Signal and Fourier Series

il

4
0 0.0940.188).2810.3750.4690.5630.6560.750.8440.9381.0311.1251.2191.3131.406 1.5

= 94248 ——>

377 Grads
w =3.77
cpm .
s J2g5=0.. rows(VSme) - Womm
Signal's Amplitude Spectrum
1.1ET
“Rfm'S o o o 0 o
—_ p [ ]
0.g3firads
(v8fm),|
[ Olzsa 0.55|
L] |
0 ‘......”TTT T T TTT,..... )
0 0.12 0.24 0.35 0.47 0.59 0.71 0.82 0.94
5 Wefm'S
%52 Grads
Phase of the NI_th order Fourier Polynomial
\ 3 i
2
0.86
(ngml)jzsaGeeeeeeeeeeeeeeeeeee
°
—-0.86
777777777777777777777777777777777777777777777777777777777777 I
-1.73 —
0 2.5 5 7.5 10 12.5 15 17.5 20
jZSa
BWsa. = V8fm3-Hz
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BWSa = 5.16-MHz Signal Rebuilding from samples

sampling frequency: Plse. = 2:Bwg, fpty, = 10.32-MHz

k

npty = ——
Plso

NO

. d 1
Frequency resolution: _ & - 2.977 V8m (1)
fptso Tfmm m
sa

(um29) Ko ngm(nptk)

u 29T _ 0 1 2 3 4 5 6 -1 ‘ g
m 0 20 12.15 -6.069 | -19.338| -14.082 6.098 U
-22
Sampling 0 1.04x10° % 2.08x107% 3.13x107% 417x107% 521x107% 6.25%107% 7.29x107° 8.33x107 ¢
I 1
|1,Tﬂn l|||||i|'|||lJ’ t
wlf’ﬁf”ﬂ ll“!ln “"”
LR
Ilzll | | |I
I I ”HH [ l NH I | H’
|||'|"llill__,'||||||||||||'l"ll
0 2.08x10 %4.17x107 %6.25x107 0 8.33x10” ©1.04x107 > 1.25%107 7 1.46x10 > 1.67x10" >
t, npty
Mrads T 1
relerr = 10-% W = 2-1t-Bw W = 32.421- n =n-
0 oWy sa bwr sec Cowr 2Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: §294,(1) = Z (um29 -sinc(wbwr-tfn-ﬂ)) NOgdfl =255
n
n=0 relerr = 10-%
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TEST Waveforms

Periodic Waveforms

28 PM test signal (single tone)

Carrier Amplitude.........................ccccoocevvvuvvunnininill Apm = 20 Apm =20V
Carrier Frequency.....................ooovoeoenecvnneenecnd fcpm = 600-MHz,
Carrier period.......................cccoceeeeueveeinvencnienencaill Tcpm = 1.667-ns,
, Grads
Angular frequency of the carrier.................................. Wepm = 3.77- s
sec
Amplitude of the modulating signal.................... ..... Bpm =30V |
Modulating signal period.............................cccoeenei. Tpmm: 0.067-ps ,
Tpmm
Frequency of the harmonic modulating signal.........: fpmm = 15MHz, —— =40,
cpm
. Mrads
Angular frequency of the modulating signal............. Wpmm = 94.248- .
sec
Phase modulationindex...........................coueuecni My = 30-rad

kp m
m
Bpm
N ke
J"z"”'fcpm't gl J.T
me(t’fcpm’fpmm’Apm’mpmﬁNgd) = Re Apm-e - Z [ -Jn(k,mpm)-cos(k-Z-ﬂ-fpmm-t
k=-Nyg
\% t,f f A N
. . . _ pm( >lepm: lpmm> A pm> Mpm- gd)
Dimensionless function: V9pm(t’fcpm’fpmm’Apm’mpm>Ngd) = v
80-T -0T
_ cpm cpm
fcpm = 600-MHz tpm = Tcpm-O,Tcpm-O + 2000 . 80-TCpm

fomm = 15MHz mg, =30 Aj =20V
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)

PM (single tone) Waveform

bhis

0 5x10°
PM Amplitude Spectrum
4
s ) H om = %
1
| ‘ H
O‘HM I‘ L
0 10 20 30 40 50
kg

Vpm(® = VOpun(tfepm fomm A pm: My N1

V9pm := SPCT(V9pm,rtgd,Nl_,O-S,Tpmm) NI_ =100

Signal and Fourier Series

4
0 0.0940.188).2810.3750.469.5630.6560.750.8440.9381.0311.1251.2191.3131.406 1.5
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Wepm = 3.77- )
s 120 1= 0..tows(VOpmo) = 1wy = 94.248 ——
Signal's Amplitude Spectrum
1.1
“Q?Pm Lad (]
ke
0.851rads
(V9pm), | |
[ O:I-’zsa 0.55/"
L] i
Qe QTT T e T OT To T ° T TT?U
0 37.5 75 112.5 150 187.5 225 262.5
Wepm'S
i
Fosa Grads
Phase of the N1_th order Fourier Polynomial
L3 99 9 60 09 © e¢0 9  ©0 9 09 man
2
0.86
(Vgpml)J2S 0 0000000000000 000000000 L
°
—-0.86
77777777 o o R 1 o Iy
-1.73 2
0 12.5 25 37.5 50 62.5 75 87.5 100
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3
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. NOgg 1
Frequency resolution: . =1.707
fotgo Tpmm
(um30)k = v9pm(nptk)
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Ym30 =
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NOgg-1
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n=0

Signal Rebuilding from samples
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Signal and Fourier Series

TEST Waveforms 24 N N .
TS pm
Periodic Waveforms n ” n n "
29 PM test signal (triangular wave)
vpmitri(t
T . _(pm)‘ ' ANAN
Tiri = > thri(tsl) = VtriO(tsl ’Ttri’Apm’NOgd) £5(tppm - VPmitrig, Vpmtrijg, Typi, N1 e
X/pmwi(tsl) = Apm'cos(wcpm'tsl + kpm'vmtri(tsl)) -12
- 18
_ Mpm v ! ~24
kpm B kpl‘n - 0 01 03 04 05 06 08 09 1 1.1 13 14 15 16 18 19 2
pm ¢
— m
metri(t’Tpmm’fcpm’kpm’Apm’Bpm’Nogd) = Apm'cos(z'ﬂ'fcpm't"' kpm'vtriO(t’Ttri’Bpm’NOgd)) Tp_
tri
Mrad:
_ metri(t’Ttri’fcpm’mpm’Apm’Bpm’NOgd) relerr := Vpmtriy jzsa = 0..rows(metri0) -1 ‘*’pmm = 94.248-ﬂ relerr = 10-%
V10pm(t Tpmm: fepm: Mpm:Apm:Bpm - N0gd) = v s
Signal's Amplitude Spectrum
1.1 Y
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1;pm = Ty 0, Ty 0+ 10000 2 i 0.8225/1 1
. . ) I:(mem)ojljz 0.545/1 1
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Vomtri(tpm) 0 I’ l'l ]i! l” H ‘ , I ' IR l x H' 'l Vimtri(tpm) ~1.88x10° 2.66x10'0 5.51x10'0 836x10'" 1.12x10'" 1.41x10" 1.69x10"" 1.98x10'" 2.26x10"!
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-1 B3 ——— —
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g — I1 - -]253
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Bwg, = 1.44x 10°-MHz

sampling frequency: Ilsen= 2-Bwg, fpty, = 2.88-GHz
k=0.2°-1 _

npty =
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1

Frequency resolution: gd. = 1.333
frtgo Tpmm
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(um3 l)k = metri(nptk)

L 0 1 2 3 4 5 6
m31
0 8.162 10.942| -19.999 10.694 8.43| -19.814
Sampling
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3 Mrads T 1
relerr = 10-% W = 2-1-Bw, w) =9.048x 107 —— n- =n
o Wiy sa bwr sec Wowr 2-Bwg,
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $31,(0) = Z (um31n-sinc(wbwr4t—n-7'r)) NOgd— 1 =255
n=0

Signal Rebuilding from samples
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TEST Waveforms

Periodic Waveforms
30 Staircase based test signal
shift= 5

THsh = (6'mzstep57 + shift + 3)'T2stp17 tiscbw = 0" Thgp» 0 Tg) +

5-Tyg
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2000 Hsl
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2. Bw. =V -Hz
— — H AEI HO
wp = VH = Vir(t Tt Taspl Vet »MSte3gieps - shift,Ngg) 3
Hsl Bwg, = 0.103-MHz
' sampling frequency: Plee. = 2:Bwg, fpty, = 0.205-MHz
5 Togtpl = 20-Hs Vi = SPCT(VH,rtgq. N1_,5- Ty Tiyg)) NI_=125 Rise.
k
nptg = ——
Signal and Fourier series fptSO
NOgq 1
Frequency resolution: & 5565
fptso Thsl
(um32)k = VH(nptk)
u 32T _ 0 1 2 3 4 5 6 7 8
m 0 0 0 0 0 o] 135 15| 165
Sampling
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Signal's Amplitude Spectrum
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0.8 t, npty
v |
ﬂ Ho)o 505 ;
« v | relerr = 10-% Wown, = 2T BWg Wy = 0645 2020 T =
. - - sa wr -
0.2 T T secC wbwr 2-Bwsa
o ° e e R T Signal reconstruction according to the Shannon sampling theorem:
—14x10* 579x10°  13x10° 2.02x10° 273x10° 345x10° 4.17x10° 4.89x10° 5.61x10° Nogg-1
25wl interpolation formula: $324,(0) = Z (um32n-sinc(wbwr-tf n-Tr)) NOgdf 1 =255 relerr = 10-%
n=0
Phase of the N1_th order Fourier Polynomial
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Signal Rebuilding from samples

TEST Waveforms

Periodic Waveforms

31 Bipolar Double Exponential Pulse Train

29.4

deep = 32. Tptdﬁ

VH(t)
C—19.2 20-T 20-T
$325a(1) ) “Todep T <V Lbdep
tidewsl = _2O'deep’_2O'deep + 5000 - 2O'deep
9 Bipolar Double Exponential Pulse Train
By —————————————————— T
9.75

12 : 6.3
0 0.000056  0.000112  0.000168  0.000224 0.00028 0.000336  0.000392  0.000448 2.85 |
) ~0.6
—4.05
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14.4 1L Vop
"0 031 0.63 0.94 1.25 1.56 1.88 2.19 2.5 2.81 3.13 3.44 3.75 4.06 438 4.69 5
t.tdewsl/T.bdep
2.7 Vbdept(t’ Tptd_» deep d vpp »NO gd)
Whe = Vbdept(t) =
deep v
VBDE := SPCT|(Vbdept,rtgq,N1_,0-5, Ty gep) NI_ =50
Signal and Fourier series
14.4
1-T;
dep - - Viic 1
0 e 4 —0
72 ;
144 ‘
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
krads
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Signal's Amplitude Spectrum

e e eIeTeTeTe’e’e’e’e’e’e’e‘e'e'e‘em

252" Whde

Phase of the N1_th order Fourier Polynomial
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25
Bwga:= VBDE3-Hz
Bwg, = 6x 107 -MHz
sampling frequency: [Plsov= 2'Bwgy fpty, = 0.012-MHz
npty =
fotgo
NO
. d 1
Frequency resolution: 8 = 2667
fptgo deep
(um33)k = Vbdept(nptk)
u 33T _ 0 1 2 3 4
m 0 12 8.598 6.161 4.415
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Sampling
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t, npty
Mrads ™ 1
relerr = 10-% Sy = 2-7r~Bwsa Whwr = 0.038- n- =n
sec Whwr 2~BwSa
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $335,(1) = Z (um33n~sinc(wbwr~t - n~‘rr)) Nogd -1=255
n=20
Signal Rebuilding from samples
13.2
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TEST Waveforms

Periodic Waveforms

32 Bipolar Double Exponential Odd symmetric Pulse Train
Thdeppst = 10 Tptd

Bipolar Double Exponential Pulse Train

B TBa"ﬁp’SI ”””””””””””””””””””””””””””
9.75
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-175
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—144 ‘
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deeppsl v

VBD := SPCT(Vbdeospp.,rtgq.N1_,0-5, Tygeppt) N1 =50

Signal and Fourier series

14.4
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krads
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Signal's Amplitude Spectrum
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Phase of the N1_th order Fourier Polynomial
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Frequency resolution:
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25

BWga = VBD3-Hz
Bwg, = 0.012-MHz

{Plsov= 2-Bwg, fpty, = 0.024-MHz

nptg =
fptgo
NO
d 1
_ & o667
fotgo deeppsl

(um3 4) . = Vbdeospp ( nptk)
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Sampling
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Mrads ™ 1
relerr = 10-% Bowan = 2T Bwg, Whyr = 0.075: o n- 5 =n T Bw
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Signal reconstruction according to the Shannon sampling theorem:
NOgq-1
interpolation formula: $34,,(1) = z (um34n~sinc(wbwr-t— n~7'r)) Nogd -1=255
n=0
Signal Rebuilding from samples
13.2

6.6
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[ ] 0
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TEST Waveforms

Periodic Waveforms

33 Agnesi Profile Voltage Pulse Train

132
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Tapvptsl =32 Tptd_

Agnesi Voltage Pulse Train
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Tapvptsl v
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Signal and Fourier series
dep o N
P Vpp
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. krads
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Signal's Amplitude Spectrum Sampling
Bl 13.2f T
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08 96\ |
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Phase of the N1_th order Fourier Polynomial M d
D X e e B S S pam _ ,_ _ rads K
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bwr
0.86
Signal reconstruction according to the Shannon sampling theorem:
(VAGH), 0 asscceee??? TTT & s png
15 ¢ NO4-1
L] gd™
-0.86 i interpolation formula: 835,,(1) = z (um35n~sinc(wbwr-t - n~7r)) Nogd -1=255
- im0 - n=0
0 7.5 15 22.5 30 37.5 45 52.5 60
jzsa Signal Rebuilding from samples
13.2 T
BWsa. = VAG3-Hz D
Bwg, = 2.875x 107 °-MHz
sampling frequency: fPlso= 2 Bwg, fptgy = 5.75 % 10 3~MHZ 3
— Vagnp(t) |
nptg == |
P fpt — !
SO $354,(1) !
. NOogg |
Frequency resolution: —— =11.13 !
fptgo deeppsl i
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Signal's Amplitude Spectrum

TEST Waveforms Ll
) “bdee
Periodic Waveforms ogal |
34 Agnesi Derivative Profile Voltage Pulse Train o
(VDAG),, 55| |
Psa 500
Bipolar Double Exponential Pulse Train 3 :
8.574 34/3.v 0281 | ﬁ
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2.143 .
123" Whde
0
—2.143
—-4.287 Phase of the N1_th order Fourier Polynomial
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VDA := SPCT(VDagnp,rtgd,Nl_,0~s,deeppSI) NI_ =50 PEMCEN i
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Signal and Fourier series sampling frequency: Plsev= 2 Bwgy fptgy = 9% 10° 3-MHZ
8.574
dep
nptg =
fi
4287 Plso
Frequency resolution: L —— S P
0 fotso Thdeppsl
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Sampling
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relerr = 10-% Bowa= 2 TBwWg, Wy = 0.028: o n- " =n T Bw
bwr sa
Signal reconstruction according to the Shannon sampling theorem:
NOgg-1
interpolation formula: $364,(0) = Z (um36n-sinc(wbwr~t - n-‘rr)) Nogd —-1=255
n=0

Signal Rebuilding from samples

VDagnp (t)
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TEST Waveforms

Periodic Waveforms

35 Poisson Profile Voltage Pulse Train

20074
Ttpw = 0~Tptd_,0~’rptd_+ 3000 'ZOO'Tptd

Tppsl = lo'Tptd_
4.856
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3.642
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o 2T Voo (1) = szp(t’Tptd;Tppsl’Vpp’Ngd)
pP2p T NopaplV) : v
ppsl
VP2P := SPCT(Vyyp,.1tgq N1, 0-5, Ty ) NI_ =50
Signal and Fourier series
4.856
1'T:pp

3.642

2.428

1214 ‘

0 0
0  0.00063 0.00125 0.00188 0.0025 0.00313 0.00375 0.00438  0.005
j25a = 0..1ows(VP2Pg) = 1w, = 2.513-

196

krads

S




Signal's Amplitude Spectrum Sampling
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Phase of the N1_th order Fourier Polynomial M d 1
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bwr sa
0.86 I
Signal reconstruction according to the Shannon sampling theorem:
(ve2py)., 0 T T Tt v v e s pling
Vsa NO -1
L] gd™
-0.86 i interpolation formula: $37g,(1) = Z (um37n- sinc(wbwr~t - n-Tr)) Nogd -1=255 relerr =
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j 2Sa Signal Rebuilding from samples
4.86 ;
BWga. .= VP2P3-Hz P sl - gul
€
Bwg, = 0.01-MHz
sampling frequency: Plsev= 2 Bwgy fptgy = 0.02-MHz 334
npty = Vp2p(V
fptg, - | 33
$37¢(1)
Frequency resolution: & =512
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Signal's Amplitude Spectrum
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Periodic Waveforms

37 Rayleigh Profile Voltage Pulse Train
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Signal's Amplitude Spectrum
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TEST Waveforms

Periodic Waveforms
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Signal and Fourier series
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Periodic Waveforms

40 Parabolic Cusps Pulse Train
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