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Abstract

A Class - D Amplifier is one which its fundamental component is a pulse — width
modulator. By using a sawtooth generator and voltage comparator , a pulse-witch
modulator can be constructed.

A Pulse - width modulator will produce a train of pulse having widths that are
proportional to the level of the amplifier’s input signal.

The output of pulse — witch modulator is used for driving the output stage of the
class — D amplifier , causing it to switch on and off as the pulse switch between high and
low.

The principle advantage of a class — D amplifier of that it may have a very high
efficiency , approaching 100%

The principle disadvantage are the need for a very good low pass filter and the
fact that high — speed switching of heavy currents generates noise through

electromagnetic coupling , called , electromagnetic interference or EMI
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2) Enchancement MOSFET
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3.1 Steady-State Characteristics
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3.2 Switching Characteristics
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Logical Operator MWunndentlsluauanadssladindaaiunaitliunann

Imp

Implication

4.
nsvnAn True visa False 2adusaziszlapadsanilsenoans
Operator AV ek OLEEN
Not Logical Negation If Not (A% =B%)
And Logical and If (A% =B% )And (C% =D%)
Or Logical Or If(A% =B%)Or(C% =D%)

Xor Exclusive Or If (A% =B% ) Xor (C% =D%)
Eqv Logical Equivalent If(A% =B%)Eqv(C%=D%)

If (A% =B%)Imp (C%=D%)
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1. nguAnds Branch lduiands Go uaz Gosub

2. nzﬁuﬁﬁéﬁ iteration téwr Fox _ _ _Next , Do_ __Loop uaz While_ __End
8. ﬂzg'uﬁﬂi'fﬁ Conditon IF___Then___Else uaz Select ___ Case
__End select

et uasuneAndalunaaeullsungy

Hafdy  Cos wamAn Cos ﬁlmguﬁﬁwum(mﬁﬂu)
Sin  waAeA Sin mngu"‘?llﬁmum(l,m?mu)
Tan u@mAn Tan mﬂ\agmﬁﬁwum(mﬁﬂu)
Val utlaean gsiaalviaglugianssaet

Str uilasAsaiaaldluass

, RY A N o
Msg Box (Gen Dialog Box fuiafiuaasiiaaonamusnine izl

Msg Box Massage , [ boxtype % ], [ windowt ; tle % ]

=

& . é’ o/
Input Boxithinsi3an’d Dialog Box samgniausiflumsiudeyaiipuun

De
Zhe

Variable = input Box $ ( “Title”)

55 sf1aUuuAUaIRdLLls

1y Visual Basic thseuanvessiutlsiiey 2 1ilaRa Private Variable uaz
Public Variable &uilu Private Variable azGanifldiantz Procedure fivnms
dsemasaudsBintu dns Public Variable azinmsilsznidlifidaunes  General
anansodenldsausiildanyn Procedure lu Form Baaiuuazinnsdssnisausld

ludanaes Module uérazansnsadanlidawlstilélunng Form lulasseufiuariu
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56 n1gaANISNU_File

Tumsdeullsunsuty  Visual Basic thuileseaniminnisdanisdeyaazuiie

File sanauguuaeenstufintéidu 2 1linAe

1. Variable Length iy File fiaunaresyausiazudan utastiuiinlianes
. « v R v o g k% « :IJ 4 .
1.4. Sequential File nMsdinfsdayansyinfiazlusd ansu File aunseis@uga File

1.2.Binary File nadindedeyaazidnnanazin

2. Fixed Length iflu File Maysudazuden via fafinaesainiuneens
:’; 1 a = 3 ' o’
wezasuusiarlus Agliaoumnasngiu

51 Random Access File gnsatnuusnsneiantiufinhsasnisldlae ey

anndu File (Mulsiapilléld Random Access File Tunsideniilsunsy)
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6.1 Block Diagram
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Simm_frm - 1
6.3 NINAADILAZLANINR
Const p1=3.141592654

Option Explicit

Private Sub Cmd_clear_Click()
Picturel.Cls
Cmd_clcar.Enabled = False

End Sub

Private Sub Cmd_O_Click()

Dim chk;o As pnt

53

Open "c:\switching.txt" For Random As #1 Len = Len(chk_o)

If Textl.Text=""Then
Textl. Text="1"

End If

[f Val(Textl. Text) >= 0 Then
Data_appear (Textl)

End If
Close #1
Cmd save.Enabled = True
Cmd_O.Visible = False

End Sub

Private Sub Cmd_open_Click{)
Cmd_save.Enabled =0
Cmd_ok.Visible = False
Cmd_O.Visible = True
Object

End Sub

Private Sub Cmd S Click()



Simm_frm - 2

Sine_Freq = Text3.Text
.Saw_amp = Text4.Text
Saw_freq = Text5.Text
.Crlf = Chr(13) & Chr(10)
End With
If Textl. Text="" Or Val(Textl.Text) <0 Then
Textl.Text="1"

End If

Put #1, Val(Textl.Text), Chk_S
Close #1
Cmd_open.Enabled = True

Cmd_S.Visible = False

End Sub

Private Sub cmd_save_Click()
Cmd_S.Visible = True
Cmd_0.Visible = False
Cmd open.Enabled = False

Object

End Sub

Private Sub Cmd_sim_Click()
Cmd_ok.Visible =1
Label2.Visible = 0
Label3.Visible = 1
Label4.Visible = 1
Label5.Visible = 1
Label6.Visible = 1
Textl.Visible =0
Tcth.Visﬂ)Ie =1
Text3.Visible = 1
Text4.Visible = 1

Text5.Visible = 1
Label3.Caption = "Li5aAUBIToYA(VolD)"



Simm_frm- 3 55

Label4.Caption = "A2 1B 3403a(F7)"
Label5.Caption = "5 SAUVDY Sawtooth(Volt)"

Label6.Caption = "ANDVD Sawtooth(Hz)"
End Sub

Private Sub Cmd_ok_Click()
If Val(Text3.Text) < 0 Or Val(Text5.Text) <0 Then
MsgBox "fy8en i mﬁﬂfu", vbInformation + vbOKOnly,
"foyaRaNIN"
End If
With Picturel
.ScaleHeight = 7656
ScaleLeft=0
ScaleTop =0
ScaleWidth = 9192
Visible = True
End With
Cmd _open.Enabled = True
Cmd_save.Enabled = True
If Val(Text3.Text) >= 0 And Val(Text5.Text) >= 0 Then
Call Simm_1(100 * (Val(Text2.Text)), (Val(Text3.Text) / 500), _
(Val(Textd.Text) * 100), (Val(Text5.Text)) / 500)
End If
Close #1

End Sub

Private Sub Form_Load()
Dim count As Integer
For count=0To 12
Labell(count).Visible = False
Next count
Cmd_S.Visible = False
Cmd_O.Visible = False



Simm_frm - 4 56
Cmd_clear.Enabled = False
Label2.Visibie = False
Label3.Visible = False
Label4.Visible = False
Label5.Visible = False
Label6.Visible = False
Textl.Visible = False
Text2.Visible = False
Text3.Visible = False
Text4. Visible = False
Text5.Visible = False
Cmd_ok.Visible = False
End Sub

Private Sub Picturel_GotFocus()
Picturel.AutoRedraw =0

End Sub

Public Sub Simm_1(Vsin, Tsin, Vsaw, Tsaw As Single)
Dim Xpos, Ypos, count As Integer
Dim Xsaw, Ysaw, Xsin, Ysin, Xpwm, ratio, a, b, ¢ As Single

Dim ceta, phi As Double

Scale Plotting
Picturel.DrawWidth = 1

For count=0 To 44
Picturel.Line (0, Ypos)-(9520, Ypos), QBColor(1)
Ypos= Ypos+ 170

Next count

For count=0To 55
Picturel.Line (Xpos, 0)-(Xpos, 7650), QBColor(1)
Xpos=Xpos+170

Next count

! Sin Plotting
Picturel.DrawWidth = 2



Simm_frm -5
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a=1
Picturel.CurrentX = 0
Picturel.CurrentY = 1700
b=50
c=200 _
For count = 0 To 4000
If (count/ b) = ¢ Then
a=a*Rnd
b=b*2
End If
Ysin = 1700 - (Vsin * Sin(a * ceta))
Picturel.Line (Picturel.CurrentX, Picturel.CurrentY)- _
(Xsin, Ysin), QBColor(10)
Xsin = Xsin + Tsin
ceta = ceta +0.0314159265

Next count

' Sawtooth Plotting -—---------=—---
Picturel.CurrentX =0
Picturel.CurrentY = 1700
For count = 0 To 4000
Ysaw = 1700 - (((Val(Vsaw)) * Cos(phi)) + _
(((Vsaw *2)/ (pi * 9)) ¥ Cos(3 * phi)) + _
(((Vsaw * 2)/(pi * 25)) * Cos(5 * phi)) + _
(((Vsaw * 2) / (pi * 49)) * Cos(7 * ph)) + _
(((Vsaw * 2) / (pi * 81)) * Cos(9 * phi)) + _
(((Vsaw * 2) / (pi * 121)) * Cos(11 * ph1)) + _
(((Vsaw *2)/ (pi * 169)) * Cos(13 * phi)) + _
((Vsaw * 2) / (pi * 225)) * Cos(15 * phi)) + _
(Vsaw * 2) / (pi * 289)) * Cos(17 * phi)) + _
((Vsaw * 2) / (pi * 361)) * Cos(19 * phi)) + _
(((Vsaw *2)/ (pi* 441)) * Cos(21 * phi)) + _
((Vsaw * 2) / (pi * 529)) * Cos(23 * phi)))
Picturel.Line (Picturel.CurrentX, Picturel.CurrentY)- _

(Xsaw, Ysaw), QBColor(14)



Xsaw = Xsaw + Tsaw
phi = phi + 0.0314159265

Next count

! PWM Plotting
1f Tsin > 0 And Tsaw ; 0 Then
ratio = Tsin / Tsaw
End If
It Tsin= 0 Or Tsaw = 0 Then
ratio = |
End If
count =0
ceta=0
phi=0
Picturel.CurrentX = 0
Picturel.CurrentY = 500
Ysaw =0
Ysin=0
For count = 0 To 4000
Ysaw = (Vsaw * Cos(ratio * phi)) +
(((Vsaw * 2) /(9 * pi)) * Cos(3 * ratio * ph)+
(((Vsaw * 2) /(25 * pi)) * Cos(5 * ratio * phi)) +
(((Vsaw *2) /(25 * pi)) * Cos(7 * ratio * phi)) +
({(Vsaw *2) /(81 * p1)) * Cos(9 * ratio * phi)) +
(((Vsaw *2) / (121 * pi)) * Cos(11 * ratio * phi)) +
(((Vsaw * 2) / (169 * pi)) * Cos(13 * ratio * phi))
Ysin = Vsin * Sin(ceta)
ceta = ceta +(0.0314159265
phi = phi + 0.0314159265
1f Ysin > Ysaw Then
Picturel.Line (Picturel.CurrentX, 4000)-(Xpwm, 4000) _
, QBColor(12)
End If
If Ysin < Ysaw Then

Picturel.Line (Picturel.CurrentX, 5500)-(Xpwm, 5500) _



Next

, QBColor(12)
End If

Xpwm = Xpwm + Val(Tsin)
count

Cmd_clear.Enabled = True

End Sub

Public Sub Object()

End Sub

Cmd ok.Visible =1

Label2.Visibie = 1

Label3.Visible = 1

Label4.Visible = 1

Label5.Visible = 1

Label6.Visible = 1

Textl.Visible = 1

Text2.Visible = 1

Text3.Visible = 1

Text4.Visible = 1

Text5.Visible = 1

Label2.Caption = "d1a1v8308)0"
Label3.Caption = "(39AL%094810"
Labeld. Caption = "Aamivestaya”
Label5.Caption = "USIAUVBY Sawtooth”

Label6.Caption = "H121UDUB9 Sawtooth”

Public Sub Data_appear(inum As Integer)

End Sub

Dim chk_o As pnt

Get#1, inum, chk o
Text2.Text = chk_o.Sine_Amp
Text3.Text=chk_o0.Sine_Freq
Text4.Text = chk o.Saw_amp

Text5.Text = chk_o.Saw_freq

59



tion Explicit
Type pnt
Sine_Amp As String * 2
Sine_Freq As String * 4
Saw_amp As String * 3
Saw_freq As String * 4
Crlf As String * 2

End Type
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LINEAR LS| PRODUCTS

HIGH SLEW RATE OP AMP

%
SE/NES38

DESCRIPTION

The SE/NES38 Is a new ganeration opera-
tional amplifler featuring high slew rates
combined with Improved Input character-
Istics. Internally compansated lor galns of
5 or largsr, the SES38 ollsers guaranieed
minimum slew rates of 40Vius or Jargsr.
Featuring 2mV max input offset voltage,
the 538 is a single amplifler. Industry
standard pin out and internal compensa-
lion allow ths user to upgrade system per-
formance by directly replacing gensral
purpose amplliiers, such as 748, 101A and
741,

FEATURES

2mV Input offsel voltage

80nA max Inpul o!fsal current

Short clrecull preluclod

Olfset null capabllity )
Large common mode and difterentlal
voltage ranges

60V/us stew rate (gain ol +5, -4 min)
8§MHz gain bandwlidth product

(gain +5, ~4 minimum)

Internal [requency compensatlon
(gain ot +5, ~4 minimum)

Pin out: 538 same as 741 (single)

o o e ¢ ¢ a @

.

ABSOLUTE MAXIMUM RATINGS1.23

——————

FE,N PACKAGE

0F7SET [1—4
AUl

i| neC
INVERTING

INPUT E: R (o] ve
NONINYEHT- -
wa mput L2 (5] ourrur
. OFFs(T
v E Sl oew

TOP VIEW

ORDER NUMBERS
SES38N, FE NES3BN, FE

PARAMETER RATING UNIT
Vee Supply voltage )
SE military grade *22 \"
ME commercial grads +18 v
Po Internal power dissipation 1000 mW
FE package
Pp Internal power dissipation? 500 mw
N package
Po Internal power dissipation? 800 mwW
H package }
Ditferential inout voltage 7.+30 v
Inputl voltage? +15 \"
Ogerating temperature range
SE military grade =1 |25 N2
NE commarcial grade 0to 70 °C
QOutput short circuitd indefinits
Storage temperature range -85 to +150 T
Lead temperature (solder, 60sec.) 300 iy &

H PACKAGE"

orfseTaOwsT /D - @ \ v

NYERTINO
veuP Lok » (® | ouTrur
NOHANYERTNG \  (3) ®

wouT ®

OFFSET ADAGT

ORDER NUMBERS
SESU8H NESZ3H

NOTES

1 Ranng zpones tor thermal resisiances of 240°C/W and 150°C/v/ junction 1o

amdiuNL 10f M aNd H 22CKkages. Maainum chip temperatura 1s 156°C.
2. Fcrsupply volages less 1nan 215V, 1ng 2bsolute maximum inputvoilage)s squaltothe supply voitage.
3. Short circuit may dw 10 ground 7 wither supgiy. Raling appies to 125°C case

tumparilure of 75°C amdient tumperaturae.




LINEAR LSI PROOUCTS

HIGH SLEW RATE OP AMP SE/NE538
EQUIVALENT SCHEMATIC (EACH AMPLIFIER)
vec
=IN
N C)
2 3
D
DC ELECTRICAL CHARACTERISTICS T,=25'C, V5= =15V unless otherwise specified.
SES38 NE538
PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min Typ Max
VYos Input offset voltage Rs s 10k 0.7 4.0 2.0 8.0 mV
Rg < 10kQ, cver temp. 5.0 7.0 mV
AVos Input offset voltage drift Rg=0Q, over temp. 4.0 6.0 uVI°C
los Input offsat current 5 20 15 40 nA
Over temp. 40 80 nA
Algs Input oftset current Qver temp 25 40 pAIfC
lg Input currsnt 45 80 65 150 nA
) Over temp. 200 200 nA
Alg Input currant Over temp. 50 80 pAl*C
Ve Input common mode voltage range =12 | =13 =12 | =13 SV
CMAR Common mods rejection ratio Rs < 10kQ, over temp. 70 90 70 390 dB
PSRR  Powar supply rsfection Rg s 10K0, over temp. 30 150 30 158 aVIV
Rin Input resistancs 3 10 1 8 MQ
AyoL  Large signal voltags gain RL = 2kQ, Voyr= =10V 50 200 50 200 VimV
Over temp., 25 25 VimV
R, = 2KQ, Voyr= = 10V
Vour Qutput voltage Over temp., Ry 2 2k0 =10 10 13 \
Over tamp., R = 10kQ =12 2 14 "
lec Supply current Par amplitier 2 3 pA 3 mA
Over temp., per amplifier 2.2 3.8 2.2 38 mA
Po Power disslpatlon Per amplifier 60 30 60 90 mw
Over temp., per amplifler 88 108 66 108 mw
lsc Output short clrcult current 10 25 50 10 25 50 mA
Rout Output reslstance 100 100 Q
NOTE
Temperature Range
SE Types —=35°C s Ty s 125°C
NE Typea 0°C x Ty 5 70°C
Signetics 6-39




LSI PRODUCTS

oH SLEW RATE OP AMP SE/'NE53-8

—
AC ELECTRICAL CHARACTERISTICS Ta =25°C unless otherwise specified.
SES538/SE5538 SE538/NE5538 )
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Gain bandwidth product T
(Gain +5, -4 minimum) 6 5 | M
Transient response ]
Small signal rise time 0.25 0.25 A3
Small signal overshoot 6 6 "
Settling time To 0.1% 1.2 1.2 e
Slew rate Minimum gain =5
40 60 T 8
Noninverting RL = 2k(1 ° 80 Vins
Input noisa voltage f=1KkHz, T,=25'C 30 30 WVILFG
TYPICAL PERFORMANCE CHARACTERISTICS
OUTPUT VOLTAGE SWING OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
FREQUENCY FREQUENCY SUPPLY VOLTAGE
= Vst oSy [\ GAIN Vo Trusvl 9 [g¢cT, -1sc
- ;:: ::x‘r:n PRIAN L\ Adis -4 > udi §
- T
g ) T ¢ A
3 z ‘w\ \\ i 0 /(
b 2 H
§ ) \_‘ ‘;w N PHASE == § b 7
5 = 20
3 0 ¢ o 3., P
" > \‘ g L~
g n 10 AV 120 5
g ! =140 ; !
i, | l Y £
9 =180 0
100 n 10 100% ™~ 1 10 100 ALY 10x 1008 ™ 1M s 10 15 »n
FREQUENCT - rHz FREQUENCY « N2 SUPPLY YOLTAGEL -V
{
QUTPUT VOLTAGE SWING OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE
AS A FUNCTION OF . AS AFUNCTION OF AS A FUNCTION OF
LOAD RESISTANCE AMBIENT TEMPERATURE FREQUENCY
N EEPETIY L~ 3 100 —"W
> 18 .r: z18°C el g
! < ~
Coe £ N
9 2 ¥ % \
x z H
5 g 28 ~ 5
2 Q <
S5u = Z
M 3 . E
EA 18 5 20 ~J ;
3 1 z H
= / 3 s
X n a1 2 Vg 3118Y
¢ zZ. T,228°C
10
NVl . ‘ —
o1 02 05 10 23 50 10 -8 -0 20 se 100 140 19 100 fognd
LOAD RESI<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>