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INTRODUCTION

This worksheet deal with deterministic pulses and signals only.

It is a collection of some common (and not), signals used in electronics.

To simplify the realization of this file (this worksheet) and to make more agile and immediate viewing of signal's graphics,
the data, for some signal, are defined in other worksheets as listed in the references just above this introduction. (for
example: Staircase, Pulse train, FM and PM signal, etc).

Hence, to change the data, open the relative file and modify them. Save and close both files (relative file data and this one)
to store the data variations done, than reopen Pulses and Waveforms.

Units: Mrads and Grads stand for 106- rad and 109-rad




| PULSES

-1) Dirac Pulse Approximation

Dirac pulse definition: ~ A(t) = |oo if t= 0.0

0.0 otherwise

Some text of electrical engineering, use the symbol: ug(t) = [oo if t=0.0
0.0 otherwise
o0 o0
J A(dt=1 J ug(Hde=1
PSS 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:

o 1. Cd €ad
approximation. A€<t,s d) = | — if L << &
£ €ad 2 2
g
0 otherwise
Ced
00 2
Dirac Pulse property: J Ae(t,egd) dt= AE(t’Egd) dt=1
— 00 —Egd
2
Ced
2 00
lim Ag(tggg)dt =1 lim Ag(t.egq) dt=0
eE—>0 _e eE—>0
gd — 00
2
10-e
_ 51 — gd
Egd— 1x10 EHS t(SSl = SEgd, 5€gd+m..5 Egd
4 Finite Pulse 4 Finite Pulse
1.1x10 XY t 1.1x10 = f
e 1 AT O W
2x10 ] od 9.2x10 b od
7.3x10° . 7.3x10°
1 &sl
Agtys)-€gd) 5.5%10° E—d~rect[E—SdJ 5.5%10°
3.7x10° - " 30
1.8x10° 1.8x10°
0 0
-5-33170 17 33 5 -5-33170 1733 5
Egd Egd

-2) Voltage step

t
Some text in electrical engineering indicate the unitary step with the symbol:u 4(t) = J uy(§) dg = @(1),

— 00

therefore: ug(t) = d—u 1.
dt -

t t t
.. . 1
Other definition are d(t) = lim —II £ ¢ = { ug(§)dg = J A(§) dg
€gq > 0 fed | %gd . oo
— 00
Voltage step Vstpsl(tsl’vpp) = Vpp'q)(tsl)
Discrete time Unitary step (Unitary pulse: 8 (v ,k ) ):
\% ty, V. v
= stpsl( sl pp) ‘
V2s1(tsl) = v ug(v) = Z d(v,k) if v =0
k=0
0 otherwise

Togeand Vi, are defined in "general data.xmed "
201-T

4 o o _ -3
Unitary step Discrete Unitary step
14.4 1.1
L--@ L
11.8 0.95 !
0.8
92 0.65
V2sl(ttw_’vpp) 6.6 “6("81) 0.5
— 4 L] 0.35
0.2
14 0.05
-12 -0.1 —
-10-5 0 -20512545578510
Vsl
6




-3) Ramp with slope V;/T

Some text of electrical engineering indicate the ramp function, use the symbol: },1@( tsl) =ty q’(tsl)

Tog1and Vi, are defined in "general data.xmed "
t

sl
ft) = o) = | oreae
— 00
Voltage ramp: ty
Vpp
TOgd = TOgd Vpp = Vpp “z(tsl) = T()ng’O <I>(Ttw) AT

Voot ®(t
Vrsl(tsl’Togd,Vpp) = ﬂﬂi(“)

RAMP
120 0 0
105 i i
90
75 i i
Vrsl(ttw_7 TOgd » Vpp) 60 | |
45 i |
30 i i v
] S— T = - N e "pp
0 : : v
-1 0.375 1.75 3.125 4.5 5.875 7.25 8.625 10
ttw
Togd

-4) Voltage Pulse
Description of the Function's parameters:
\% 4(tsl sT8sl Tptd_> Vpp) = Adimensional amplitudect] (time, risingedge width)
Data file " pulse train data.xmed"
Pulse width: g = 250-ps,  Togq = 1x 107 s
Amplitude: Vpp = 12-volt

Pulse displacement from the origin: ] == gptd_' Totd_ = Tptd_'(l - gtwsl) + gtwsl"rptd_'
Time delay from the origin: g4 = _Tptdi'(l - Etwsl) , risingedge= T, width = Totd -

Generic pulse definition defined in "Fourier Series.xmcd": rectl (tsl ,risingedge,, Width)
VPP
Tosl = 0-ps V4(tsl’Tésl’Tptd_’Vpp) = T-rectl (tslﬂTésl’Tptd)
102-Tptd

ttWO_ = _Z'Tptd_’_z""ptd_ + —5000 = .. IOO'Tptd_

Single Pulse

13.2

,,,,,,,,,,,,,,, T Tptd;”””*”mz
10.8 — — v
Tpfd_ THd_
8.4
V4 (ttwo_’ Tosl> Tptd_» Vpp) 6
3.6
1.2
-1.2 : :
-1-08-05-03 0 03 05 08 1 13 15 1.8 2
ttw07
Tptd_
Pulses
-5 Doublet Voltage Pulse

Description of the Function's parameters: V 4( ty),risingedge width, pulseiamplitud},
A" S(tsl ,risingedge width, pulse_amplitud}e
Data file " pulse train data.xmcd"

T = 250-ps Vpp
ptd_ Va(t-TastTptd_ Vpp) = 7 eet! (151 a1 Tpua )

VS(tsl’Tésl’Tptdi’vpp) = v4(tsl - Tptdi’Tésl’Tptdi’vpp) - V4(tsl - 3"rptdi"riisl"rptdi’vpp)

Vs (ttwo_ >T8sl> Tptd_» Vpp) 0 T T

-6.6

-132

~2.5x10° 4 1.875x10” % 6.25x10 % 1.0625%10 >

1.5%10°°

ttw07




Pulses
-6 Staircase 1 Voltage Pulse

Data file "staircase pulse data.xmed"

kstplength =300
Step Amplitude (arbitrary choice): VstcstpO =24mV
Number of steps: mlSteps =8
Signal amplitude: Vites = 19:22mV
Step length: Tlstpl =0.37-ps

Description of the Function's parameters: Vstc( ts], step_length, signalﬁamplitud,mumberiofistepé

Test signal:
Vetes mlgens—1
stel s> 1 1stpl > Vstes:Misteps) = ’ sl — * st — Misteps’ “ sl T isteps’ " Ist
steps k=0
Staircase
0.023 T T
Tistpl mMgreps Tistpl_ v
- Vstes
0.0167
Vste (ttwli’ T stpl_> Vitess ml steps)
— 0.0103
0-V
o004 f Vstes
I
L P

-0.0024

—7.407x 90759 1973 59x 10790 12563 193 96x 14750 19:093x 16996x 10~ ©

ttw 1_

- 7 Staircase 2 Voltage Pulse
Data file "staircase 2 pulse data.xmcd"
shift := 5

Double Staircase

14.4]

12.6
10.8 3 i
o | |
o |
\ |
\ |

2 mzstep%}f' Tostpl

N S R ! A B ¥Sf6

5.4

3.6
18 el o R ste_ |

0 i
0 1.6x107 > 32107 4.8x107° 6.4x107° 810> 9.6x107 > 0.000112 0.000128

Double Staircase shifted

26.4
23.1
19.8
16.5
13.2
9.9
6.6
33

6- TZStp17+2' 11’112

steps_’ T2stp17

5

5

8x10 9.6><1075 0.000112 0.000128

38.4
+2)-T
2stpl
336 [+2) Taspt_
28.8
24 !
19.2 !
14.4 !
9.6 |
4.8 |
0 ‘
53103281022810321065107210831095100
0 1x102%103%104%105% 10610 7% 10 8% 109%10 0.00010000.D000:D000.8000:6000.H0016
Tyygl = (6M2geps + Shift+3)-Tog
(--)
5'Tistpl THsl : T2stpl
1,
30
20
I S e S S - & T e Ver— A
10 ! stc
0 ””””””””””””””””””””””””” 3 ”””””””””””””””””””””””””””” Fr"Fl'\;’
0 0.0001 0.0002
Pulses

-8 Staircase 3 Voltage Pulse

Data file "staircase 3 pulse data.xmed"

Staircase 3
0.0144 ‘
steps T 1—)—' ISW%%BE
0.0072 ;
777777777777777777777777777777 L B Vstc37
C [l llm;)steps
~0.0072 |
~0.0144 :
~1.92x107° 9.6x10~ % 3.84x107° 6.72¢10"° 9.6x10~

5




-9 Triangular Voltage Pulse

Data file " general data.xmed"

1

A(ttsl’ Tptdﬁ) 0.5

-10 Bipolar Triangular Voltage Pulse

Data file " general data.xmed"

VlS(ttsl , Tptd) 0

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

5 ‘Ssawth_ + ‘Ssawth_' 0

=-3 -0,-6 -0+ .59
tsw sawth sawth 10000 sawth
60 T
5
”””””” p G
40
fsw (ttsw’ ésawth7 > Vsawthf)
— 20
0

03.75x 105k T5x 103210~ 6

tsw

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

40

fs1 (ttsw’ 5sawth7 > Vsawthi)

0

—5x1077

6

5%10° 1.5x10~

ttsw

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

Data file " sawtooth pulse data.xmcd"

Vpp =12V
2.1 Mrads
T :=1.1-ps Wl = — wpel = 5.712- ) =02
sl M 0sl Ty 0Osl sec cycl
Teysl = 6cycl'Tsl

10

sls2(t,Tsl’5cycl’VPP) 5

01.513x 30252538 1009 M363x907 5 150 102 10~ 6
t




-14 Raised-Cosine (RC) Pulse
1+ 0yeqp

ais called the excess bandwidth factor. The bandwidth of this pulse is Bw,.. = T

resl
sinc is a Mathcad function, it returns the value of sin(z)/z, with correct behavior in the limit as z approaches 0.

1+ oyeq

Qeg] = 0.3 Bw,
2'T0gd

resl =

Tres = TOgd

Raised-Cosine (RC) Pulse

10
Vrc(ttw47 »Qrest» Togd Vpp)

Vrc(ttw4i’ 1 »Togd> vpp)

5100 0 sx107°
ttw4_
Raised-Cosine (RC) Pulse
0
7777777777777777 Vo
V.| Wep, —l V 10
rc| *sl> “resl» >
TOgd pp
— 5 |
l it
V..l we,1.0,—/— .,V |
ref ¥sl> +Y> ’ |
( Togd ppj 0 1
i
,5 -
~ 1.885%90(25x10%0 9.425x1885x 10
W]

-15 Root Raised-Cosine (RC) Pulse

Trresl = TOgd

OLlsl =03 OLzsl =1.0 Olrrcsl = OLlsl TI‘I‘CS] = 6.T0gd

Trresl = 1% 103

-3
Tires] = 6% 10 °s

— 500
Root Raised-Cosine (RC) Pulse
oo Tmsl 777777 mal g (4-70)
T\ Trresl

20
Vire (ttw4_ selgl Trreg]» Vpp)

Vire(tw4 s 251> Trresl» Vpp)

-20

—6x10”°

3 3

~2.5%10” Ix10” 45%x107°

810>

ttw47
Pulses

-16 Voltage Pulse Exponentially Rising

10[ |

Ve (ttw57 >Tptd > Vpp)

sif
oL
0 625x10” 1.25x107T875x10” 251073
ttws
Totd_ Toed
R ] g
10 | !
Y A R A AR
Vead (ttw5_7 Tptd_> Vpp) ‘ ! e 'VPP
BN A i
oL ‘
3

0 625x10” 125x107T875x107 2.5%10”

ttw57




-17 Voltage Pulse Exponentially Decaying

Vdis(ttWSJ Tptd > v1:>p)

3

0 1x10~ 2x10

ttW57

- 18 Double Exponential Pulse

10

Vdep(ttw67_0' Tptd > Tptd > Vpp)

0
3

Z25x10=125¢107° 0 125x107 2.5x107 3

ttw67

Pulses

- 19 Bipolar Double Exponential Pulse

13.2
—8Tptd 2445

6.3

Vbdep(ttw67’0'7ptd7’ Tptd_» Vpp) -0.6

=175

777777777777777777777777 Vs

—14.4

—3.75x16°4375x102.875x106.1875x1079.5x10™ >

ttwe

- 20 Bipolar Double Exponential Odd symmetric Pulse

0 bp
Vbdeosp (ttw6_° Tptd > Vpp) 0
~10
77777777777777777777777777 Von
Z375x107 32 1875x1070 0 1.875x107 > 3.75x107 >
Ywé

Pulses
- 21 Agnesi Profile Voltage Pulse

Agnesi Voltage Pulse

10
Vagn (ttw67 >Tptd > Vpp)
3y 5
“'pp
0
~1.25¢107 3 —6.25x10° 4 0 6.25x10° % 125x1073
w6
Pulses

- 22 Agnesi Derivative Voltage Pulse

Agnesi Derivative Voltage Pulse

10
5
VDagn(ttw6_ >Tptd_» Vpp)
0
-5
~10
—75x10°% —375¢107% o 3.75¢10° % 75x1074
ttw67
16




- 23 Poisson Profile Voltage Pulse

Vo (ttw()67 >Tptd > Vpp)

Vb (4 Tptd_>Tptd_> Vpp) 2

4

3

1

0 6.25x10 4

ttw06

- 24 n™ Poisson Profile Voltage Pulse

1.25x10

3 3 3

1.875x10™ 2.5x10"

ng =2
~Ng] ng]
maxyg| ‘= Vpp-e ~ng - maxyg = 6.496-V Maxxg| = Ng| “Tpid
B 200~Tptd7
try = 0Tpig 0Ty + o= 200Tpg
=
1.1
,,,,,,,,,,, 2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,1,
0.825
,,,,,,,,,,, . N S S S
V2p(ttw067’ Tptd > vpp) ! 4
( _2) 0.55 :
4-Vpp-e 3
0275 !
0 ‘
0 6.25x10~ 125x10° 3 1.875x10° > 2.5%10”
ttw06
=
17.744——
| Totd - Jaadd . 3 o3
ﬂ: = : 3 Vppre
13.308] |
V3p(twos_ Tptd_>Vpp) 8872
| | Y,
4836 AN PP |
i i e
ol ‘
0 9.375x10~ * 1875¢107°  2.8125x107° 3.75%10°°
w06
17

n=4
61.892 ;
1-7 4 4 —4
77777 o S S, SR
phe ‘ 4 Vppe
46.419 ; ;
Vap(ttwo6_ Tptd_> Vpp) 30.946
15.473 1 1
Y AU L NS— Vop
0 - T
4 _3 _3 _3
0 9.375x10 1.875x10 2.8125x10 3.75%10
w06

- 25 Rayleigh Profile Voltage Pulse

ZOO'Tptd
=0T ,0-T +——=.200-7
w07 ptd_%Tptd_* 5500 ptd_
: Ve
6 |
VRy (ttw077 >Tptd > Vpp) 4 i
: 1
0 !
0 0.625 1.25 1.875 2.5 3.125 3.75 4.375
w07
Tptd_

5

- 26 Cap. Charge and Discharge Voltage Pulse

Capacitor Charg
Totd_ 5Tptd_
R ; Iy
10 1
| |
- ,‘ ,,,,,,,,,,, : ,,,,, L 1 \/\ —
Vc(ttwop Tptd_> Vpp) ‘ | Te) PP
| 1
| 1
ol |
0 625x10 125x10 £875x10” 3.5%10”
w07
ATSl = 6T0gd

3




Cap. Voltage Charge and Discharge Induct. Current Charge and Discharge

Tq‘td Ai"—sl Tptd "“:3‘Tptd7 6 TOgd':*'4 Tptd
[y Vip| [~ \ ”””””” Vopl
10[ 10 / ‘
i l ILcs(ttw077_4""ptd7’2""ptd7’T0gd’Vpp) / i \ i
Ves(ttw07_ 2 Tptd_»ATs1> Vpp) | | o7 <27 ~Togd Vi) [ | |
— | Les\tw07 > < Tptd > 10gd> | |
s 1 Vop| e P ReE PR ST S L R Vpp|
| ¢ || \ ¢
1 1
‘ ‘ N
ol ‘ o1 ‘
0 3x107° 6x107° 9x107°  0.012 0 1070 6x107° o100 0012
ttw07_ w07

Pulse and the Delayed One

—t-----g---- Vo] - 28 Triangular Cusp Pulse
V[t 2-T AT,V
tw07 > td 1 : i
CS( T pW_ TS PP) Signal amplitude: Vpp =12V
cs ttw07:4'“'ptd;2'1'ptd;A"'sl’Vpp) s A%
_—- - T T S PP Pulse width: Pwsl = Tptd
. _
pWSl = ZSOMS
_ _ _ . . 1
0 1070 ex107° ox1073 0.012 Max pulse amplitude and cusp ratio: ] = 7 ] < 1
t
tw07
- 2:(1 -
Cusp slope Coy =V —( aPSl) Ceel = 0 072~X
ssl = Ypp ssl = V- S
Pwsl B
Cap. Current Charge and Discharge One Cusp Pulse
””””””””” Pwsl A Pwsl Vi
( ) )
Tt -3.7 4.1 T Vv
sc{'tw07 ptd >" 'ptd > "0gd> Vpp
CuSpo(tlsl* Pwsl> psl» Vp]:)) 5
0
..... bsl
E(Etwmg 4 Tptd > Togd> Vpp) 0
—5¢10 5%10° 4
0 3x107° 6x107° 9107 0012
ttw077

- 27 Induct. Charge and Discharge Pulse

Induct. Voltage Charge and Discharge

T, d-———- ﬁiIOgd"l'zi':rp{d; . V’p’p’
10 f
VLcs(ttw07_74' Tptd >4 Tptd_> Togd> Vpp)
0 0

VLCS(ttWO777’ 4Tptd »Togd> vpp)

3

3

0 3x10°° 6x10 ° 9x10~ 0.012

w07




- 29 Parabolic Cusp Pulse

Max pulse amplitude and cusp ratio: ap] = 0.61 ap] < 1

Parabolic Cuspl Pulse

13.2

—1
cuspl(tsli,pwsl,a_pl s Vpp)-V 11.55

Pwsl Pwsl 9.9
(b(tSI,‘FTj_(I)(tS 7—7}
----- 8.25
Pwsl
Ylg(ts] > S 231", Vpp 6.6
Pws] 495
¥2, tSl,’_S ,a.pl-s,Vpp

33
yparab(tsl; Pwsl> 3l > Vpp)
T 1.65

5 4

0
—2.5x10T875x 10T 35x 10655107 0 6.25x10T25x10T.875x102%x10”

51

Parabolic Cuspl Pulse

13.2
9.9
cuspl (tsl_’ Pwsl> apl ,Vpp) 6.6

33

0

~sx10=3 75167 x 107251074

0 1.25x102'5x103475x10” $x1074

ts]

- 30 Elliptic Cusp Pulse

Max pulse amplitude and cusp ratio: a 1<1

p2 = 3 aps

Elliptic Cusp2 Pulse

13.2

9.9
cusp2 (tsll_ »Pwsl»3p2> Vpp)

Pwsl Pws| 66
Bty +— |-®| tyy ———
(sll_ 7 ] (sll_ 7 j

33

0

~sx10=4 75167 x 107251074

0 1.25x10 2'5x10375x10” $x1074

ST
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PERIODIC WAVEFORMS

TEST Waveforms

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

Amplitude:  Blp = 230-/2-V

2.
Ty = 10- us' Angular frequency: Why = i
T
Ogd
Half wave
400
200
gth(ttW07_ 5 TOgd ,B 1hW s NOgd)
0
TEST Waveforms

Periodic Waveforms

2 Half wave filtered (Capacitive)

Max half wave amplitude: Bl = 325.269-V,

IAmplitude of the decreasing exponential for t=0: Vpp R

[Exponential Time constant: Ty, = 2-T0gd,

. 3
Period: ThW = Togd, ThW: 1x10 LS,

krad
Pulsation: Wy, = 6.283-———,
sec

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

atan(—whw~‘rhwl) + ksl-Tr

T :
tpa,
P kg1 Wh

W

Ttpa,

. Thwl
thv = Blhw'sm(“’hw"rtpal)'e

Vipy = 369.746 V

Chw = ZOl(ﬂrhwl ’whw’Blhw’thV)

Ripple

400

200

3 3 3 3

0 7.5x107 3107° 3.75%107 > 4.5%107 2 5.25¢107 > 6x10”

22
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TEST Waveforms

Periodic Waveforms
6 RF Pulse Train

Data file " rf pulse data.xmed"

Stepamplitude.............................:Vrfpd = Bptd’ Vrfpd =12V
Signalfrequency..4..4..4..4..4..4..4..4.:frfpd = 30'fptd7 S
1
Signalperiod.........,...............,.....:Trfpd =—
frfpd
Mrads
Signal angular frequency...............; W =2 fe g w = 0.188- s
gnal angu quency. rfpd rfpd rfpd sec
ti tant 10 53.052-
IMeE CONSEANL......vvovevereirenene I T d 7=~ Trfind = 53.052-ps
p Wrfpd o
Risingedgedelay...........,..,..,..,.:Térfpd = 0-ns
Generic Pulse Generic RF Pulse
1 1 7pt——ptd—{}+€pta ) 1
0.5 i 0
| -1
0 Y

4

—5.30516x1833113x 1(0.23474x 1B.1737x10™ *sx 10~ —5.30516x BSZ1 131023474 10.61737x 10~ $x10™ %

Average value: Vptmrfsl = Bptd' 6ptd7

4'Tptd_ + Tptd

=17 1T g +——=—— = 4T
ttwg ptd_ ptd_ 2000 ptd_

Generic RF Pulse train

[ 1
Ao _
10 = Bptd

O [l
—10 :
: 77777777777777777 J: 777777777777777777777777777777777 -Bﬁta

—2.652582><10_64372679 0.748011 1.123342  1.498674 1.874005 2.249337  2.624668 3
TEST Waveforms
Periodic Waveforms
7 Bipolar Square Wave
Data file " pulse train data.xmed"
Signal amplitude: V. =12V
pp
Square wave period: TOgd =1x 106~ns
_ ¢ Grads
w =6.283x10 -——
ptd_ sec

25

Bipolar Square Wave

T P ————— —T= ——]
10 Tod pp
Vsqw (ttw7_ +Togd:> Vpp» Nogd) or——"% 1T "1 1T vV T1°1 1 1 1 O
-10
0 0.00063 0.00125 0.00188 0.0025 0.00313 0.00375 0.00438 0.005
ttw77
TEST Waveforms

Periodic Waveforms
8 Bipolar Square Wave 1

Data file " pulse train data.xmecd"

Signal amplitude: V. =12V
pp
Square wave period: TOgd =1x 106-ns
_¢ Grads
w =6283%x10 -—
ptd_ sec

Bipolar Square Wave 1

-0.5 0.0625 0.625 1.1875 1.75 23125 2875 3.4375 4
ttw87

Totd_

TEST Waveforms

Periodic Waveforms
9 Staircase 1 Voltage Pulse Train

Description of the Function's parameters: Vstcp(tsl ,period, signal_amplitud,mumber_of_stepé,
: Vstc(tsl ,step_length signalﬁamplitud,mumberﬁofistep§

For data, see the worksheet " staircase pulse dataxmcd"”

Period: Tstept = (MIsteps + 1) Tistpl 2
ml -T
t Istpl
Duty Cycle: Sstcpt = __steps " IstpL
Tstcpt
. 1
Staircase frequency: fstcpt =—
Tstept
Wstept = 2 T fiept
Number of periods shown : np, = 20
mlg;
Vstes Seps( 1 k1) = 48mV
Vsteptasl = Z Misteps ~ =4dm
P 2'mlsteps'(mlsteps + 1) ! P
10-T
. stept
tstw = O'Tstcpt’O'TStcpt+ lo00 ~ stept

26




Periodic Staircase 1

OZ ¢
00_ I 777777\'18165
T
Vstep (tstw’ Tstept > Vstes: Msteps Nogd)
0.01
0-V
””””””””” -~ Vstestp
0.75 1.5 1.875 2.25 2.625 3
Lstw
Tstcpt
TEST Waveforms

Periodic Waveforms

10 Staircase 2 Voltage Pulse Train
Description of the Function's parameters: vy (time, period ,max_amplitudgnumber_of_stepy,
Vste c( t), step_length si gnal_amplitud,enumber_of_stepé

For data, see the worksheet " staircase 2 pulse dataxmcd"

1 0-T2Stp
tSth_ = O'Tzstp_’ OTZStp_ + TO_ . IOTZStp_
Staircase 2 Wave
R A R e
T o R
|
Vstct (tstw2_ s T2g4p + Vste »M2gteps > NOgd) i
5 |
1
N ' B | o - s | stc
2
0 —
0 1 2 3 4 5 6 7 8
tstw27
Tzstp_
TEST Waveforms

Periodic Waveforms

11 Staircase 2 Voltage Pulse Train + sinus

Description of the Function's parameters: Vstcsir( ty], period, maxiamplitudenumberiofistepé

For data, see the worksheet " staircase 2 pulse dataxmed"

Staircase 2 Wave + sinus (adimensional)

s

—_

27
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Periodic Waveforms

12 Staircase 3 Bipolar Voltage Pulse Train

Description of the Function's parameters: Vstct(tsl ,period, step_amplitude numberﬁofistepé ,

D Vgtet Ad:tsla (period, step_amplitudg number_of_steps]
You can find the data in "staircase 3 pulse dataxmcd"

Periodic Bipolar Staircase 3

V.. 4
ST

TstcBo @ 1§ N CEE B S B =
Tstehsed] |

VstctAO (tstw2_ s Tste3giop » Viste3 > MSt3gteps Nogd) | 1

0.0 | |

..... ‘ |
~0.005 o3
1 2 3 4 5 6 7 2

0

8
tstw2

Tstc3stcp7

TEST Waveforms

Periodic Waveforms

13 Staircase 3 Bipolar Voltage Pulse Train + sinus

Periodic Bipolar Staircase 3 + sinus

0.005

5 5

0 3.2x10° 7 6.4x10~ 9.6><10_5 0.000128 0.00016 0.000192 0.000224 0.000256

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

Tomodify data, see the worksheet "staircase 4 pulse dataxmed"

Amplitude: Vteq = 15V

Step length: T4stpl = 1.481-ps
Number of steps: m4Steps =8

Time constant: T4 = 74.074-ns

Period: T4Stcp = 0.025-ms
Frequency: f44stcp7 =3.971x 104-Hz

28




Periodic Bipolar Staircase 4

Y

””” Vstea |

01.2592592 K183 1930777785 570376 296396 5353568 HI4815x103.000101

ts‘[w4_

TEST Waveforms

Periodic Waveforms

15 Bipolar Triangular Voltage Wave

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

Time constant: Tewts] = 1-Hs
. 1
Period: Toq) = 4 Tiwisl foq] = T
9sl
20-Tgq + 1T
9sl 9sl
trw_ = =1 Tog), =1 Tog) + ——— oo 20-Tog

10

AV(ttmL s Trwtsl> Vpp> Nogd) 0

Bipolar Triangular Voltage Wave Built using the Step Function
Signal amplitude: V.. =12V

pp
Time constant: Tiwts] = 1°HS
Period: Tog) = 4-ps
¢ rad
Wo = 2-70-f W = 1.571x 10—
9sl 9sl 9sl sec
Nogd =256
132 —_—————————————— v

6.69 /\ T?SI A A A
T AU AW AN AW
- N/ N/ \/ \

YN VNV

S

6 5 5

110~ 1.5x10~
ttrwf

29
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16 Triangular Cusps Voltage Pulse Train

Signal amplitude: Vpp =12.V
Pulse width: Pwsl = 250-ps
Period: TOcspsl = 2Pyl

Max pulse amplitude and cusp ratio:

apsl =0.25 apsl <1

10-T -0-T
) Ocspsl Ocspsl
tiew = 0'T0cspslﬂo'TOCspsl + 500 - 10'TOCspsl

Cusp Pulses Train

Pivsl | v
csp0l (ttcw »Pwsl>3psl> Toespsl> Vpp» Nogd) i 3
— J1
1T vrrryr 1 ppKps]
00 1 2 3 74 ) 5 6 ) 7 ) 8
trew
TOCSpSl

TEST Waveforms

Periodic Waveforms
17 Bipolar Sawtooth with positive slope Pulse Train

Period: Tsawth_ = 1'65awth_
1
Frequency: fsawth_ = Ea— fsawth_ = 1-MHz
sawth_
Mrads

Wsawth = 2T fawth ~ Wsawth = 6:283 sec

. 5 ‘Tsawth_ + Tsawth_'o
ttwsl = _Tsawth_'O’Tsawth_'O + 500 - 5'Tsawth_

Bipolar Sawtooth with positive slope

|

50

vl sw(ttwsl_= Tsawth_ g Vsawth_ 4 Nogd)

—— 0
0
-50
0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3
twsl_
Tsawth7

30
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Periodic Waveforms

18 Bipolar Sawtooth with negative slope Pulse Train

Amplitude: Veawth = S50V
Sawtooth length: dgawth = 1°Hs
A%
Slope: s = 50-—
ope Psawth_ s
Period: Teawth = L'Ms
1
Frequency: —— = I-MHz
Tsawth7
5-T +T -0
sawth_ " ‘sawth
ltwslo_ = _Tsawth_'o>Tsawth_'0 + 500 - 5'Tsawth_
Sawtooth

SN N N Vsawth |
V24 (ttwsloi’ Tsawth_> Vsawth_> NOgd)
— 0
oV \, \l \
s N N Ve

0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3
)
Tsawth

TEST Waveforms

Periodic Waveforms
19 Bipolar Sawtooth with adjustable rising and falling edges Pulse Train

Tcysl = 220-ns
M
Ty = L1-ps Wy = 5.712. 1808
sl 0Osl sec
Vls(t,Tsl,écycl,Vpp,Ngd)
— 0,
Soyel = 20:%
4Ty
tqy = 0-Tg,0-Ty + 4T
sl2 sl sl 10000 sl

Sawtooth waveform

2

-13.75

-275

6 6 6 6 6

0 5.5x10 1.1x10~ 1.65x10~ 2.2x10 2.75x10 3.3x10° 3.85x10" 4.4x10

TEST Waveforms

31

Periodic Waveforms

20 Dimensionless (RC) Pulse Train

650-Hz

3
Togd =1x10 ‘S BWrCSl =

. _ TOgd
resl - 3
20~T0gd + ZO'TOgd

~20-T(gq.~20-Togq + 000

trew = - 20'TOgd

Raised-Cosine (RC) Pulse Train

10

VPl (ttrcw »Qresls Tresl> 10gd Vpp» Nogd)

VPl (ttrcw’ L Trest> Togd» Vpp» Nogd)

—32.5620125.6873:26.84173096250.9.9376371581213.23.6875. 1225625 4

trew
T

resl

TEST Waveforms

Periodic Waveforms
21 Root Raised-Cosine (RC) Pulse Train

Qs = 03

Root Raised-Cosine (RRC) Pulse Train

40 T

rresl (4-T0)

30

Vrrc(ttrrcw »Olrresls Trresl» Trresls Nogd’ Vpp) 20

Vire (ttrrcw o 1y Trrests Trresl> NOgd s Vpp)

10

] vV

0 3x107° 6x107° 9x1073 0012 0015 0018 0021 0024

trrew

Vrrc(o »%resl > Trresl» Trresl ’Nogd > Vpp) = 33.806

TEST Waveforms

Periodic Waveforms
22 AM test signal (single tone)

Carrier Amplitude: Al := 20-volt

L . krad
Modulating signal's amplitude: Bl = 12-volt w = 6283 2%
sl 0gd S
2.1t wleg) 2.7t wlmngl wleg)
wl . =15w Tl.gi=—— wl =—— TI =—- fl =— f =
csl Ogd *“csl wlgg msl 10 msl Wy msl P 15sl o
krad wleg)
Wl = 94.248 —— = -0
sec wlig
32




Vam, = Al +Blg Vam_ = Alg —Blg Alg = Vam, * Vam_ Blg =v -V

v = 32-volt
A Vam, ~ VYam_ B 1sl
+ 60-%

Mams] = Mams] =
amy; " Yam_ sl

v = 8-volt
am._ % +V

20-Tl.q + Toq-3
csl ™ t0gd
ttamw = ~Togd'3>~Togd 3+ ——500— 20 Tlest

AM Waveform

40
20

Vzam(ttamw’ Whngl Wlegp» Algp, mamsl) 0

-20

—40
0 0.00033 0.00067 0.001 0.00133

ttamw

TEST Waveforms

Periodic Waveforms
23 AM test signal (triangular wave)

wl
csl 2.1
W2 msl = T2 sl =
10 “2msl
) T2l
tamwtsl = 0-sec,40- 00 " 40'T2msl
Madulating Signal
20 TI*:msl
o N 73 777777777777777 ﬁj
Viri0 (ttamwtsl s T2msl> Blsl=N0gd) i
— 0 ;
~10 !

0
0 0.00067 0.00133 0.002 0.00267

tamwisl

twsl = ~T2mg1 3>~ T2 3 + +8 T2
- 500
AM Waveform

H‘cslf” 77777 T %:msl 77777777777777777777777777777777 Al+Blg
)| |

i A (H CTHEHEV N IEHTTLEIT 1] ]
ol 1
) |

0 0.00033 0.00067 0.001 0.00133 0.00167 0.002 0.00233 0.00267

TEST Waveforms

Periodic Waveforms

24 AM DSBSC test signal (single tone )

wl Aly-Bl
1 2. 2. 1'Plsl
Wg) = —— T2ndsbsl =~ W2yl = = T 120-volt®
10 wW2msl T2 dsbsl 2
Mrads 3 Mrads f2_ . : f1 “les!
wl,q = 0.094- W2 =9425%x10 - ——  '“msl = esl =
csl sec 'msl sec msl 2.
T - v 20
lesl = sl =
fleg)
T1

tidsbw = O'SCC’USI'W < Vg Tleg)

DSBSC single tone

300 :
Tl‘csl T2y dsbsl
2008 ¢
100

HW\WiHHH NV HE

- 100

—-200

0,,;,,, N YAEEE

—-300
0 0.00017  0.00033  0.0005  0.00067 0.00083  0.001  0.00117 0.00133

TEST Waveforms

Periodic Waveforms

25AM DSBSC test signal (triangular wave)

T18 = T2mdsbsl

1
fiq = —
18°
Tig
= -T1¢3,-T 3+8'T18+T18'3 8T
tidsbwt 1837118 500 18
Modulating Signal

20 7 T
Tl}msTlmsl' 2

T NS W —— Bl
i
VtriO(ttdsbwt’ T2ms12>Blgp» NOgd) i
|

0-V

|
—_
(=] (=3

=20

[T

0 0.0013 0.0027 0.004 0.0053

tidsbwt

34




DSBSC Triangular wave modulated SSBSC

Mot M2pggpt Bl Al 20010
200 o st
100 ‘
0 ll Tl ll 'l Al ]l l' W1 l | \AS l! Vgsbse(tssbw» £205 2imsts Algt> Blgp Nogg) mwh.,riull\ H'“‘"HM H“,,IH}H Whml’w
i —
~100
-200]
| l —200(% l
0 0.00033 000067 0.001 000133 000167 0002 0.00233 0.00267 0 0.5 1 1.5 2 25 3 35 4
tissbw
T2msl

TEST Waveforms

Periodic Waveforms TEST Waveforms
26 AM SSBSC test signal (single tone ) Periodic mlveform s

wl g 1 28 FM test signal (single tone) (change datain FM dataxmcd)
f1g = Tig:=—
19 P 19

f
19 Carrier Amplitude..........................cccoovvivviviinnnnnns ot Ay = 200-m
4T2,.4q
tissbw = 0-sec, 500 =4 T2 Cartier Frequency...................ccnnsnnnnnl fog = 3-MHz
SSBSC single tone Carrier period.....................cccvvcvvcvccncvnccvcvccnccnnnt - Ty = 0.333-ps
2001 T
T1o T2ms] Mrads
| 1 Angular frequency of the Carrier ...l Wefiy = 18.85-——
100 sec
‘ l ‘ i l ‘ l l ‘ l ‘ l Amplitude of the single tone modulating signal............. Bnm = 15V
ot | 1M
‘ ’ ' ' ' ‘ Period of the modulating signal.......................................... Tmm = 6-667-ps
— 100[{ [
| | 1
3 i Frequency of the single tone modulating signal........ .....: Lo = ——
— 200 ‘ Ttmm
0 0.00067 0.00133 0.002 0.00267
Angular frequency of the single tone modulating signal:
Mrad:
ey = 0.942 ———
mm sec
TEST Waveforms
— Frequency modulation index: mg, =8
Periodic Waveforms
27AM SSBSC test signal (triangular wave) Tfmm -0 Wefm -0
Tefm “fmm
10 .
o = - mg, =8 kig :=-30..30
csl
10-T -T -0
fmm ™ " fmm
tmsl = Tmm 0> Tfmm 0 + 20000 ~10-Tgym
Modulating Signal
20 T T
T1 T1 2
:msl r“psl FM test signal FM Spectrum (sinus. test signal)

s I
v 4

WA N Blgy 0.08
| o2l LT :
VtriO(ttssbw’szsl'z’Blsl’NOgd) | ‘} o %
: W
\ l
1 1
‘ |

|
F 0/ ; \/ \ 01 0.06 ¢ ¢
_20 1 1
0 0.00067 0.00133 0.002 0.00267 —01 0.02
tissbw
-0.2 it

0
-20  -10 0 10 20
ki
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FM Waveform

0.2
0.1 l ‘
V7fm(tfmsl’wcfm’wfmm’Afm’mfm’Ngd) 0 ‘] l' ' ' 10 ], l] | ‘l | !
-0.1
-0.2
0 0.5 1 1.5 2 2.5 3 3.5 4
Uims]
Tefm
TEST Waveforms

Periodic Waveforms
29 FM test signal (triangular wave)

) 10-Thym = 0- Ty
timwsl = 0 Tmm> 1000 10T

Modulating Signal Time Integral

VtriO(tfmwsl > Tmm> Bfmm> Ngd) 0

-10
-20
0 125 25375 5 0 1.25 25 375 5
Umwsl
Tfmm
i Ofnmg, oL
Kstfins] = 2~m~B — - Ttmm
T Bfmm
FM test Waveform
02 & -2 & B R Rl "2 8 & A A A A& B B & B A AR Aihl At
1
0.1
ol
—o01|
-0.2L .
0 25 50 75 100 125 150 175 200
TEST Waveforms

Periodic Waveforms

30 PM test signal (single tone)

Carrier Amplitude........................ccocoocvvinvineiaenin. D A= 20V, Apm =20V
Carrier Frequency...................cccoovveeeeenenenenen ,

CATEr POt Tep = 8333 % 10705,

Angular frequency of the Carrier......................... Wepy = 7.54x 10~ 4-%:8,

37

Amplitude of the modulating signal.................... ..... Bpm =5V |

Modulating signal period...........................ccccccc.... Tpmm: 83.333-us ,
Tpmm
Frequency of the harmonic modulating signal.........: fpmm =0.0122MHz, —— =10,
Tcpm
L Mrads
Angular frequency of the modulating signal............. Womm = 0.075- .
sec
Phase modulationindex.......................cccoocucvonnnll My = S-rad
SR rad
Phase-sensitivity factor.........................cccocoevvnnennl kpm =5
40-T -0-T
cpm cpm =5 A =20V
tpom 1= Topm 0 Tepm 0+ —— oo 40 Tgpy, o pm
PM (single tone) Waveform PM Spectrum
20 TR e 10
10
o - i
5
-10
-20 | |
-5 _5 -5 0 !
0 1x10 2x10 3x10 0 10 20 30
TEST Waveforms

Periodic Waveforms
31 PM test signal (triangular wave)

thri(tsl) = VtriO(tsl > Tpmm > Apm > NOgd)

AY,pmm,(tsl) = Apm'COS("“’cpm'tsl + kpm'thri(tsl))

. S Tpmm = 0 Tpmm o1

O,Tpmm~ +—10000 «5Tpmm

tom = Tpmm'

Carrier & Triangular Modulating Waveform

20
10
thri(tpm)
— 0
metri(tpm)
-10
-20
0 0.125 0.25 0.375 0.5 0.625 0.75 0.875 1
tpm
Tomm

TEST Waveforms

Periodic Waveforms
32 Staircase based test signal

38




=8 Togtpl = 4% 107 %s mstc3
5-Tyg
T“S] = (6-mZStep57 + shift + 3)T25tp17 ttSCbW = OTHSI’ 0THSl + W . 5THS1

shift .= 5 m2

RONL: steps steps ~

Staircase based test signal...

”””””” 1 ’;Shi T2§tpt;’””"”””””””” ”"””"””"””"”5’;511{.‘TZST]’)T;’}’VQ(:_’
1 2 2T

BN SN VN

T
b
|
|
|
|
|
1
|
|
|
|
!
1
1
1
1
1

0 0.188 0375 0563 0.75 0.938 1.125 1313 1.5 1.688 1.875 2.063 225 2438 2.625 2.813 3

t.tschw/T.Hsl

TEST Waveforms

Periodic Waveforms

33 Bipolar Double Exponential Pulse Train

deep = 32'Tptd_

20-T +20-T
bdep bdep
tidewsl = _20'deep’_20'deep + 5000 - 2O'deep

Bipolar Double Exponential Pulse Train

13.2
9.75
6.3
2.85
-0.6
—-4.05
=175
-10.95
-14.4

0 06 13 19 25 31 38 44 5 56 63 69 75 81 88 94 10

t.tdewsl/T.bdep

39
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34 Bipolar Double Exponential Odd symmetric Pulse Train
Thdeppsl = 10 Tptd

Bipolar Double Exponential Pulse Train

0K 207 e e P P S P St [Py S P S A EP B Vo

9.75
6.3
2.85
-0.6
—-4.05
-175
—-1095) - T Vo

! pp
— 44—

0 5><10_30.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08

TEST Waveforms

Periodic Waveforms

35 Agnesi Profile Voltage Pulse Train

T = 32.Tptd7

apvptsl *

Agnesi Voltage Pulse Train

TEST Waveforms

Periodic Waveforms

36 Agnesi Derivative Profile Voltage Pulse Train

Bipolar Double Exponential Pulse Train
3./3.v

57 =
0 0.00250.0050.0075 0.01 0.01250.0150.0175 0.02 0.0225 0.0250.0275 0.03 0.03250.035 0.0%75 0.04

40
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37 Poisson Profile Voltage Pulse Train

486
425 ‘ —
3.64
3.04
Vpap(tepwsi- Tptd_> Tppst> Vpp- Ngd) 2.43
— 1.82
1.21
0.61

O. . . . - - . -
0 0.0028 0.0056 0.0084 0.0113 0.0141 0.0169 0.0197 0.0225

tt]:)Wsl

TEST Waveforms

Periodic Waveforms

38 Poisson Derivative Profile Voltage Pulse Train

45
VapDptpw Tptd_» Tppst> Vpp- Ned) 3.6

2.7

1.8
0.9

0
0 061319253.13844 5 5663697581889.4 10
ttpw

Tppsl

TEST Waveforms

Periodic Waveforms

39 Rayleigh Profile Voltage Pulse Train

41

0 1.25 2.5 3.75 5 6.25 7.5 8.75 10

TEST Waveforms

Periodic Waveforms
40 Cap. Charge and Discharge Pulse Train

pulse width: Pl = 20-ps

. Pwsl
time constant Tsl = T

Period: Tedse = 4 Pwsl

100-Tggc
ticcdw = 0 Tedser 0 Tedse + 10000 100-T¢g4gc

Cap. Voltage Charge and Discharge

Pyvsl Tedsc

;< 1 T V|

10 / |

Vs (ttccdw > Tsl> Pwsl» Vpp) i’ \
Esittccdw_Tcdsc > Tsl> Pwsl» Vpp) s it 77777 % 7}/&7

| | ¢
L\ |
0 5%107° 1x10~ 4
ttcedw

P‘sl ,,,,,,, | am | gm e g | ,QT‘ _
#:N 0 O
10| |
IS F H-1-H-H-H - e
Veed (ttccdw s Tsl>Pwsl> Tedse> Vpps 10) ! NE
— |
ol
0 1x10~ 4 2x107% 3107 4107 5x107 % 6x107* 7x107 4 8x10”*
Yecdw
TEST Waveforms

Periodic Waveforms

41 Induct Charge and Discharge Pulse Train

Tind = 6 Togd

42




Cap. Current Charge and Discharge

TEST Waveforms

Periodic Waveforms

42 Parbolic Cusps Pulse Train

Signal amplitude: Vpp =12V
Pulse width: Pwsl = 20-ps
Duty cycle: acysl =
. Pysl
Period: Tpcsp : 50 1
ys
. . 4
Max pulse amplitude and cusp ratio: e 5

(2'pwsl + 2'pwsl)
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43 Elliptic Cusps Pulse Train

Signal amplitude: Vpp =12V
Pulse width: Pwsl = 20-ps
Duty cycle: 555(51 =7
Period: T _ Pwsl
Ocsp2 -~ 5
cysl

Max pulse amplitude and cusp ratio:

(z’pwsl + 2'pwsl)
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