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ABSTRACT
This equiment is invented for the objective of testing

responsibility with frequency and phase of a circuit or
equipment that involves {n working on audio frequency. This
tester i1s composed of i

{. Signal ¢generator that can Senerate 2 waveforms
of sif¥nal. Their sine and sgare wave, which can assi€n the
amplitude of signal too.

2. Frequency counter of 8 difits and 2 channel.

3. Electronic load that can vary value of resis-

tance.

4, Widehand power amplifier.

This tester is controled and displaved the result by computer
which can be recorded the result on paper too. This tester is
invented without refer from anything. So this tester is
invented from testing and pPraticing that is create and record
result test and all ploblem on this thesis. for development

and improve in the future.
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-vd/2 197 (Bunsh v2 Ut favdinTrug i Tua vy antunay sy
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N vl RARIATEUR iEthsTuaamaomqa. 01097 (URIUUURIYDS vi URY v2
Tawanauinuly navlinyag i RWININUNUDITRARAVDY i, WAYiu89RIn
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E

Vera WHDINNITWRBUWURORIN (UG Hufo
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vm‘1=—Rci(=l teecatsssassaseesaal(3.1.7a2)
way av__. = -Rc 728 S,
MTQ vc.2=—‘Rc‘l:2 ooooooaon-oonloooo(Bnlo7b)

ANNIT(3. 1.7 LﬂuﬁNﬂWT load-line Y89 differential-mode UDITIRT

YSIGUVVBLIGATINUANNIY WAY slope VB load-line REHAT -1/Re.
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v
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(a) QOQTtﬂuauﬂﬂdQﬁuauQﬂﬂQﬂﬂ?mﬂdMNQQﬂNDOﬂRULUqTﬂ U
41 emitter
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(b) anTLauaunnoﬁﬂuLaﬂnqn

- - v & 1+ o v
?ufﬂﬂ 3.7a 5ﬁ?ﬁ vd = @ %OquNQG?%tMuQﬁ NATINANNIATAUYL Y
v

- o uu?v d V{v A (Tu
= i_, (TuleEInun s va = @ a’ele i = -i__ . 177’v LAy

@« 1

(Huad o tnantidugann P, WAE i Tael$uannnTv09 superposition.

5 d v v o 1] o o
ﬁuuuuianLﬁnﬂu vd = @ UKRINIDTITUIAILARY KT8 common-mode, HDTHUR

ia. RVIAUGLAAT va = 0 UWRINIAINTLUR dif-
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o
ferential-mode NY7 emitter i, = -i_, = id.
B ) Br_ Rb
. hib hib « - hib hfe
- AAA AAA ANAN L
iz AL T
va v 8
ve{Re
Cad
Hs' hib hib EE' rib
- AN ANA- AAN - .
.&Li. + ; Id -+ 71—
ve {Re ve
*~ - - - -
Ced Ccd)d

Eﬂ% 3.8 9097 (RNOUYDI emitber NITAIUINATEUR emitter i

-2, 1

= ja t id. (a) 299INLIAIUMOTEUR common-mode ia; (b)IIRT LANOU
ﬁamzﬂaouq. (c) 29RTNL1TAIUINATE differential-mode current id;

(d) Qoattaﬁauﬁamzﬂao.

7uzﬂﬁ 3.8a Qv (42927100797 uTUR 3.6a 150 vd = 2. JonTy
1}
wah lualu rRe ¥AqiTu 2i_, WIOUNYI emitter v du ve = 2Rei _.
Q1077027 LT UUDLRNNINT LTIRINITONEN Re (DuURDIAIVUIUAU WRREFINAN
v ' ﬁ o o a;Gtu ™ o Gtvd v o
2Re) WRIUVITIRT (UUATINAS (WD LEWI92T (ANBUNARaTY LN LRARY mozﬂn
]
3.8b. WTINU emitter ve QeLuﬁauﬁuaéﬂouduauﬁuaoQTWuzﬂﬁ 3.8a.

(T7RE 197UR 3.8b LUATITHINTEUR common-mode iat
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va

ia = seeeersssa(3.2.1)

2Re. + hib + Rb/(hfe+1)
?uzﬂﬁ 3.8c LﬁuQOQTLNSOquGQGQT?uEﬂ 3.7a (¥8 va = @.
(WTIEYIYBINIRDIUBRIRTY ve = g. LﬁaoQﬁnv0Q7aquq7namzﬂa015 o

aamq?uzﬂﬁ 3.8d. nTEuUR id Ao

vd/2

id = Il..‘...ll..ll.‘(s.z.z)

hib + Rb/(hfe+1)

?ﬁnqva suPerposition (TIR¥NINITTINANAIT(3.2. HIAY  KVATY

v L 4 o v
(3.2.2) (UI980YU QZTQ

va vd/2

i = = - sees.(3.2.3a)

-1

2Re + hib + Rb/(hfe+l) hib + Rb/(hfe+1)

va vd/2.

i = + eses e (3.2.3b)

-2

2Re + hib + Rb/(hfe+l) hib + Rb/(hfe+l)

v - v (o - o® v
Q%?ﬁQOQT‘ﬂwauﬂqOﬂquLOQﬂwﬂﬂ“NQOTu7ﬂﬂ 3.8b uazauum?u ic 2
L Y

ie VITRINITONY v 4 v URE v_ . - v b

o2 o2
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Rc/2

v = -Rci_, = vd -

hib + Rb/(hfe+l)

Rc

Va8 sessseess(3.2.43)

2Re + hib + Rb(hfe+l)

Rc/2

v = -Reci = - vd -

.- hib + Rb/(hfe+1)

Rc

va +...03.2,4b)

2Re +hib + Rb/(hfe+!) :

Re

way v - v = - vd  ...0(3.2.5)

hib + Rb/(hfe + 1)

BUN1T(3.2.5) URAIDGI0EAURSIT v_ | - v_. udadoulasntofy
uvoﬁuﬁuqn differential-mode wvd = v2 - wv1i. LOW%Q” Vo, UWRE v _ .
f Judasaufuutofu dirferential-node G wnavUtenoulUdas inend
Lﬁuiﬂéquu:oﬁuﬁuqn common-mode va = (vl + v2)/2 978, 29TVYY

t o :. L4 ! o ' o
uUUﬂﬂqﬂﬂqquuﬂﬂﬂqG%UﬂﬁOQQNﬂﬂuéﬁ Laﬂﬂwnaatﬁuamaquﬂu vd 8813{0y9
A1
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1 5 I.’l om ‘ a a' 1 Q' hd (
ANUU uuﬂ@ﬁqthﬂQﬂQvﬂﬂﬂ73MQQOﬂq collector ﬂqqﬂﬁﬁﬁudﬂUﬂTq?Quﬁﬁ

qoq1naanvﬁqoTnNQﬁnqmuﬂﬁuqn

3.3 COMMON-MODE REJECTION RATIO
v a ") . é
Tﬂﬂﬂﬁ??ﬁﬂ&ﬂﬂ?(3.2.4) LTQNWNWTﬂkﬂﬂuRTOQuﬂQOtaﬁﬂQﬂ v, uay
Vo
v fAD

02

Advd—AaVa ...........(3.3.13)

<
1]

L‘ag r Advd 7 ﬂa'v'a .‘0'.0.0.(303.1b)

<
n

Fo ad (Dusatrvensluwuy differential-mode @A®

Rc/2

Ad = -...o..ooo..oc(3.301C)

hib + Rb/(hfe + 1)
Fo aa iusnroveasluiuy common-mode A8

Rc

Aa = - ceseeaa.(3.3.1dD

2Re +hib + Rb/(hfe +1)

v

10Q7uaﬁauuuuaqaﬂ1ﬁuumnéwo?unqoqmuﬂ%iu W7 00U L MuUNay (lude

RIUNU vd (NUu 2 (NTUOINRUUTIGYU common-mode va. Aumo lug 9T
k1]
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YHIGUULYSIZAIINUNONT0REY Aa = B.  L9Du Lyoulay LR IN1T0 Huase 1
o va & o ) ’ ot % ' v ¢
Tunqoﬂgum Worald aa = 8 @100 Re A duAteliug (infinite).
?unﬁ73ﬂdqﬁéﬁoaan?ﬂqqﬂqmuﬂﬁ Humnvuaf i Fendn  Common-mode re-
o dﬂ [ V] ) «
jection ratio (CMRR). HZINYB9 CMRR AR HuSnI1894Y00 SnT11998
WULURART S AUANTIYEIEUULTIN:
CMRR = Ad/A3 +eveepenver(3.3.2a)

(NQUIRNNIT(3.31c) WAY(3.3.1d)N7 1% CMRR Qanaﬁstﬂu

2Re + hib + Rb/hfe

CMRR % cessiaes(3.3.2h)

2(hib + Rb/hfe)
[ Tvﬁ - a ‘tuﬁl o va o o
DIW LB LUUAITINAT I LA unqoﬂﬂum 2Re >> hib + Rb/hfe UURD

Re

R

CMRR

.-..........-.(3-3-20)

hib + Rb/hfe

& hnd ( o v o
quﬂuﬂﬂOLaﬁﬂWﬂﬂqunﬂLﬁﬂuTQ QRINAVNIT(3.3.1a) AD
4

<
i)

Advd[1 - (Aava/Advd) ]

Advdl1l - ((va/vd)/CMRR)J +.iivveese.(3.3.3)

dupo dmiu v_, ar (udnsaudy vd nu avaooldan CMRR ¥1nAd9 1a.

‘:’ d + ‘:I o8 o
Tagnaq Tiisae thudn, cMrRR A919Re LRan lRNAN
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CMRR >> va/vd ..ottt enaa(3.3.4)

3.4 NYI99TIBAIN ¢ Constant Current
IRTRIYNTLURAON  ABI9RTNIRORTINIT IayoenTruaim el (391 1nas

nTourreans (Way Lddsuudas (U Tosh sl (Auladafiave o orsiun

1] 4’. lI. - [~ ‘I‘ o8
3.4.1 20°TRVGNTLUAAIN nlinTruds 1novan oo
' o o:GIv o o & ) ‘Jt o GI o
29TRIYNATEAIN NIINTIUTIR (HBTNILOYT Qoudne LusUn 3.9 (usiun
: LN ! g '
3.9a QzLﬁuaOQiqqan7suaﬂonn?1nuTwtaaouvﬂ avuﬂuzﬂn 3.9b Lﬁuaoqr

#lgnu lWay TuﬁﬁqvﬂéqQEOLaquzﬂ 3.9a AInTEURAINRY LTu lUnINaNg 1T
iLg [UDZ —UBE]/RE -coonocootoonooo(3-401)
A1 impedance ¥D093RIVNLATEUAAITRY LHu lUnINRNATT

Rd = VUc/iL vt ieionsscnontnsenneaesl3.4.2)

o o 9 ' v { o a: ()
T ve ABATUTIAUTERTITVIYT collector AUATIVN MTANATINIAY

RTONAT (NN
Ve = U__ = FLHRL tuvveernnrnnennnns.(3.4.3)

UNURNNIT(3.4.3) ?uaunﬁ7(3.4.2) QST&

Rd = (Vo /1LY = RL ciiviiiiiieeeaa(304.4)
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(=3 -4 v o ( (=3 ' t Al
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u
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AU iL IMAUDIRO NI LALTINUANATON R1 LOURINULOHATI v, ., il
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R2 = ties e sseneasas(3.4.8)

To i, WIANNIAY iL/hfe_,

b2

t [=] o ( o ) ) U
ATBNUNAUTYDIFIRTIYNATININY

Rd = N, NS . ... (3.4.7)
iL
FoasNarult ilReulUnaumaues RL R0(HuANAIINSIUNIUKUY  dynamic.
a1 15909078 uT oo v, N LTURIEIBUAAT 1L 087018879799 ARENTS
9
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9 A '] L]
v v %v la:(Tv o ' o ow a ¢ oo
avuntamn (@ lagnng 19 aunsan liuT sdunnndonn of Vsl TsEnann souuaiy
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T0aPooAus ¥ R0T¥MING  emitter ¥20 Q1 AU V. wIolundulseand
Q@

o A4 Ld a ‘ o
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3.5 29TYFITATINUANAT OAVUBRIVENTEURAIN
Tunrrmlalane curr QonwnqunﬁtﬁQﬁimqﬂuﬂqwcs.3.2c). (ND
b ]

hib = V_/1_

Q

RNAIT(3.3.2¢) RINITOLTou o inane

Re

CMRR = 0...‘0.'00...0(3.5516)

V_/1__ + Rbh/hfe

EQ

87 Rb/hfe oniRenldvaddosndn nib w109 111e i
L]
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CMRR = ’_——"oooco.oocouoo.ooo(BoS.lb)

Bo U, = kT/a 2 25 my
) 1 {7} L v
GuADAT CMRR RINTITONI IBNAn (i tu lalagnnT iy Rel__ 8870 (Hgin %y
[ 1 4
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3.5.2 n9ﬂu5qunﬂunﬁ05uqn

Tun TR A AT UNIUN T BT BB UWN YD 0T 0RTYLIBATINUANATS QDA

9 u
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3.6 Cascode Amplifier
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Precision full-wave rectifiers.
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4.2.2 Inverting Linear Half-Wave Rectifier,
Negative Output
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4.3 PRECISION RECTIFIER: THE ABSOLUTE-VALUE CIRCUIT
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{a) For positive inputs Dp conducts; op amps
A and B act as inverting amplifiers

{b} For negative inputs, Dy, conducts
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4.4 AC-TO-DC CONVERTER

4.4.1 AC-to-DC Conversion or MAV Circuit
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Program project;

(%
Programed by Wutthilert Rungchai
Telecommunications Industrial Technology
Faculty of Engineering KMIT'L

*)

uses crt,dos,graph, font,driver;
label 1p;

var fl,upper,lower,ampl ¢ real;

Procedure Initial; € Set up 1/0 ports of #8255 3
begin
{ 302 (C) Out Control Amplitude,
304 (A) In ADC1i 305 (B) Inm ADC2; 306 (C) Out Control Load,

308 (A) Out LSB Control Freq.; éog (B lsb) Out MSB Control Freq.
30A (C 1sb) Out Control Relays.,

30d (B) Out Control : DO ADC, D1 Load, D2 SIN or SQ;
30e (C) In Freq. Frist digit

310 (A) In Freq. Third digit; 311 In Freq. Fifth digit;
312 (C) In Freq. Seventh digit;

314 (A) Out Control : DO 0.5/5 Hzj D1,D2 : 00 200KHz in;,

Ot Freq2, 10 Freqi, 11 Phase Measurment; }

port{$303]1 := $90; < CAl: Input, CBJ:Output, [CI:Output}
port($3071 := $92;
port[($30b1 := $g0;
. port{$30f] := $389;
port($313] := $gb;
port($3171 := $80;
port[$302]1 1= $00; { Set Minimum Amplitude 3}
port($308] := $00; { Set Minimum Frequency 3
port($303] := $00; £ ———=" 3
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port($30al := $01; € " m—————t )
port($30d] := $04; { Set Mode Sine Wave 3

end;

Procedure Opengraph; { Into graphic mode 3
var gd,gm,vgadriver,fonti,font2,font3,font4 ; integer;
begin

vgadriver:= registerbgidriver(@egavgadriver);

fontl := registerbgi?ont{@sans?ont);

font2 := registerbgifont(@tripfont);

font3 1= régisterbgifont(@gothfont);

‘fontg := registerbgifont(@littfont);

gd := detect;

initgraph(gd,gm, ' ')

end;

£ Set cursor on }

Procedure Oncursor;

var cursormode : integer Absolute $0040:$0060;
vport i integer Absolute $0040:%0063;-

begin

portivport] = 10

portlvport+1] := hi(cursormode) and $df;

Y

portlvport] = 113
portlvport+1] := lo(cursormode);

end;

{ Set cursor off 3}

procedure offcursor;

var cursormode ! inteder Absolute $0040:%0060;
vport ¢ integer absolute $0040:%0063:

bedin

portlvport] t= 103



portlvport+1l := hi(cursormode) or $20;

portlvport] :

1]
-

13
portlvport+1] := lo(cursormode);

end;

{ Creating background color for text mode 3
procedure Background;
type ScreenArray = arrayl[1..25,1..80,1..2] of char;
var coloscreen : ScreenArray Absolute $B800:$0000;
row,col ¢ integder;
begin
window(1,1,80,25);
for row := 1 to 80 do
begin
for col := 1 %o 25 do
begin
coloscreenlcol,row,1] 1= #219;
coloscreenlcol,row,2] := #7;
end;
end;
textattr :=%$7f;
gotoxy(30,2); write('Industrial Technology');
gotoxy(30,3); write('Faculty Of Engineering');
gotoxy(22,4); write('King Mongkut''s' >3
gotoxy(37,4); write('Institute Of Technology'):
gotoxy(35,5); write('Ladkrabang');
textattr := $0f;

end;

Procedure Error;
begin
sound(1000); delay(500);

nosound;
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end;

{ Make border or window 3}
Procedure Block(x{y,xl,ylz1nteger);
var i : intedger;
begin
textatir 1= $Qoi { GColor of bordar
gotoxy(x,y)}; write(#219);
gotoxy(x,y1); write(#219);
for { 1= x+1 to x1-1 do
begin
gotoxy(i,y); write($#223);
gotoxy(i,y1); write(#220);
end;
gotoxy(x1,y); write(#219);
gotoxy(x1,y1)} write(#219);
for { 1= y+1 to yi~1 do
begin
gotoxy(x,1); write(#219);
gotoxy(xl,1); write(#219);
end;

end;

{ Make shadow for border or window 3}
Procedure shadow(x,y,x1,y1: integer);
type position = arrayl1..25,1..80,1..2] of char;
var colorpst : position absolute $b800: $0000;
1,J ¢ integer;
begin
for J := x+4 to x1+4 do
begin
for I 1= y+1 to yi1+1 do

begin

1



colorpstli, J, 1] := #219;
colorpstli, j,2] := #02; { Color of shadow }
end;
end;

end;

{ Clear inside border or window }

Procedure clearly(x,y,x1,yitinteger);

var {,3 ¢ integer;

begin
window(x+1,y+1,x1-1,y1-1)3 { Set bound window 3}
clrscry -

window(1,1,80,25); _{ Clear bound window 32

énd:

{ Indreat amplitude 3
procedure amplup(ami:real);
var {,amp 3 inteéer;
begin
am = (am/0.107): { Set anlogue to digital value 3}
amp := round(am) { Set to integer }
for 1 := 0 to amp do { Delay {ncreating of amplitude 3}
begin
port[$302] := i3
de]ay(lo);
end;

end;

{ Decreat amplitude }
procedure ampldown(am:real)}
var i,amp : integderi

begin

am := {(am/0.078);



amp := round(am);
for 1 = amp downto Q do
begin
port($3021 := i3
delay(10);
end;

end;

procedure scanEsc(var code: byte);

var regsiregisters;

begin
regs.ah := $01;
intr ($16,regs); { Interrupt 16, mode 1 2
code := redgs.al;

end;

{ Scan frequency for Frequency response test 2
procedure scanfreqdB(fl,ampl,upper, lower:real}; Xxmn, ymns integer);
label loopi, loop2;
var i,xa,ya,Xx,y,ctrelay,flsb,fmsb,center,z,max : integer:
kyf,f1,¢,vryvri,vr2,vrp, factor,a,b,dB,ADC1,ADC2:real;
st1,st2:string;
co&e ¢ byte; regs : registers;
begin
amplup(ampl) { Up amplitude of signal 3

dB := (upper-lower)/6; { Find dB per channel in vertical 3}

a = lower¥-—1;

a := (a/dB)*50; { 50 pionts per channel 3
center := round(a);

b := 50/db;

f = fly

X 3= xmn; ya = ymn+300;

{start}



1f f <= 40 then beg¥in

c = 3.3E-6; ctrelay := $01; factor := 2.95 end;

if (f > 40) and (f <= 400) then begin

C = 0.362E-6; ctrelay := $02; factor := 2.7 end;

vr = 10000%c¥f¥factor;

vr = round(vr/(1E-3));

vrZ 1= int(vr/256); { get MSB and no over 15 or $0f3
vrp (= 256%vra; { get LSB 3

vrl $= vr-vrp}

flsb := round(vri); { Real to Integer 3}

fmsb 1= round(vr2); { Real to Integer }

portL$308] := flsbh; { Out port 2

port[$308]1 := fmsb; £ " 3
port{$30al := ctrelay;{ " " ¥
delay (502

1

port[$30d] := $05; delay(50):

port[$30d] := $04; { Make pulse for start ADC }
ADC1 := portl($3041;
if ADC1 = 0 then ADC1 := 1;
ADC1 := ADC1%0.0585;
ADC2 := port($3051;
if ADC2 = 0 then ADC2 := 1;
ADC2 := ADC2%0.0585;
a := 20%In(adc2/adc1)/In(10); { Calculate to dB 3
y = round(a%*b);
y = ya-y-center;
if y >= ya then y :=‘ya;
if y <= (ya-300) then y := (ya-300);

moveto(x,y);

repeat



scanfsc(code);
if code = 27 then
begin

ampldown(ampl)jexit

k3= 120%(In((i+1)/1)/1n€10))3 € Find value of logarithm }

xa = round(k); { Find number points per channel 3}

f1 1= fl/xa;

Xa 3= X + xa; { set xa an end point channel 3

repeat

f 1= £+f13

if £ >= 200000 then f := 200000; { Limit-Hi Freq. }

if £ <= 40 then begin

C ¢= 3.3E-6; ctrelay := $Q1; factor := 2.95 end;

If (f > 40) and (f <= 400) then begdin

C := 0.362E-6; ctrelay := $02; factor := 2.7 end;

if (f > 400) and (f <= 1000) then begin
c := 7E-9; ctrelay := $04; factor := 2,9 +

((£-400)/600) end:

if (f > 1000) and (f < 12000) then begin

¢ = 7E-9} ctrelay := $04; factor := 3.9 end;

if £ >= 12000 then begin

¢ = B560E-12; ctrelay := $00; factor := 3.1 end:

if £ >= 30000 then begin

¢ 1= 560E-12; ctrelay := $00; factor := 3.3 end;
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if £ >= 200000 then f := 200000} { Limit H! Freq. 3}
vr 1= 1oooo¥c*F¥Factor;

vr = round(vr/(1E-3))3

vr2 = int(vr/256); { get MSB and no over 15 or $0f3}
vrp = 256%vr2; { get LSB }

vri = vr-vrp;

flsb := round(vri1); { Real to Integer 3}

fmsb := round(vr2); { Real to Integer }

port{$308] := flsbj

port[$309] := fmsb;

port($30al] := ctrelay;

delay(100)

port{$30d] := $05; delay(100);

port[$30d] := $04; { Make pulse for start ADC 3

ADC1 := port[$3041;

if adci1 = 0 then adc1 := 13

adcl := adc1¥0.058;

ADCZ := port($3051];

if adc2 = 0 then adcz := 13

adc2 = adc2¥0.058:

1]

i= 20%In(adc2/adc1)/1n(10); £ Calculate dB type 3}

Y = round(a*b);

Yy = ya-y—-center;

if y >= ya then y := ya;

if y <= ya-300 then y := ya-300;
X 1= x + 13

scanEsc(code)

if code = 27 then

begin

ampldown(ampl); exit

end;

lineto(x,y)



until x >= xaj;
end;
until (x >= xmn + 480);
amgldown(aﬁpl);
sound(1200);
delay(400);
nosound

end;

{ Procedure Scan Frequency For Phase measurement 3

procedure scanfreqph(fl,ampl,upper, lower:real; Xxmn, ymns integer):
label loopl, loop2;
var i.xa,ya,x.y,ctrelay.Flsb,Fmsb,xtp.ytp.center.z,ptl.ptz.
pt3,pt4 ¢ inteder;
k,F,F1,c,vr.vr1,vrz.vrp,Factor,a.b,dgt,ph : reals
st1,st2 ¢ string;
code,ct : byte; regs : registers;
begin

amplup(ampl)

ct := $0Qc3

cty { Set Sine Wave 3

i

port( $30d] :

port[$314] := $01; { Set Phase Measurement And gate = Q.1 sec.}

ph := (upper-lower)/6; { Find zero level }
a 1= lowerk(-1)3 ¢ "3
a = (a/ph)*50; & "3
center (= round(a); LI "3
b = ph/Sd: { A degree per point 3

f 1= f£13

x i xmnj ya = ymn+300;

{start} '

p =10~



1f £ <= 40 then begin

c t= 3.3E-6; ctrelay := $01; factor := 2.95 end}

if (f > 40) and (f <= 400) then begin

€ 3= 0.362E-6; ctrelay := $02;3 factor := 2.7 end};

vr $= 10000%ckf*%factory { R¥C¥f¥Factor 3}

vr = round(vr/(1E-3));

vr2 = int(vr/256); { get MSB and no over 15 or $0f}
Vrp = 256%vr23 { get LSB 3

vri = vr-vrp;

flsb := round(vri); { Real to Integer 3}

fmsb 1= round(vr2); € Real to Integer 3}

port (%3081 := flsb;

port($309] := fmsb;

port[$30al := ctrelay;

ct += ct OR $80; { Set bit 8th for make pluse start ADC 3}
porti$30d] := ct;

delay(50);

ct 1= ct AND $0c; { Clear bit gth }
port[$30d] := ct;

dgt := portl{$3001;

degt := dgt/1.1;

y = round(dgt);

y 1= yaty-center;

if vy >> ya then y 1= ya;

if vy <= (ya-300) then y := (ya—-300):
moveto(x,y);

repeat

scanEsc(code);

if code = 27 then

begin
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ampldown(ampl);exit

end;

setcolor(yellow);

for i 3= 1 to 9 do

begin
k= 120%(In((i+1)/1>/1nC10))}
xa8 1= round(k); { Find number points per channel 3}
f1 t= f1/xa;
Xa = x + xa} { set xa is end point channel 3}
repeat
f = f+f1;

if f <= 40 then begin

if

if

if

if

if

if

vr

c = 3.3E-8%

(f > 40) and

€ = 0.362E-6; ctrelay := $02: factor :=

ctrelay := $01; factor := 2,95 end;

(f <= 400) then begin

2.7 end:

(f > 400) and (f <= 1000) then begin

c = 7E-9; ctrelay := $04; factor := 2,9 +

((f-400)/600) end;

(f

>

1000 and (f < 12000) then begin

7E-93 ctrelay := $04; factor := 3.9 end;

12000 then begin

560E-12% ctrelay := $00;

= 30000 then begin

560E-12; ctrelay := $00:

f >= 200000 then f := 200000;

$= 10000%ckf%factors

factor := 3.1 end}

factor := 3.3 end;

{ Limit Hi Freq. ?
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vr = pround(vr/(1E-3));
vr2 = Int(vr/256); { get MSB and no over 15 or $0f}
vrp $= 256%vr2; € get LSB }
vri $= vr-vrp;
flsb := round(vri1); { Real to Integer 3}
fmsb := round(vr2); { Real to Integer 3}
port[$308] := flsb;
port[$303] := fmsb;
port($30a] := ctrelay;
ct 1= ct OR $80; { Set bit gth for make pluse start ADC 3
port[$30d] := ct;
delay(50);
ct 1= ct AND $0c; { Clear bit gth 3
port[#30d] := ct}
dgt k= port[$3007;
dgt := dgt/1.1;
Y = round(dgt)
y 3= yaty-center;
if y >= ya then y := yaj
if y <= ya-300 then y := ya—-300;
X 8= x + 13
scanEsc(code);
if code = 27 then
begin
ampldown(ampl); exit
end;
lineto(x,y);
until x >= xa;
end;
until (x >= xmn + 480) or (f >= 200000}
ampldown(ampl);
sound(1200)

delay(400);
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nosound

end;

procedure ScaleDg(upper,lower:real; xmn, ymn: integer);
var k ¢ real;
Xa3,ya,xmx,ymx,i : integer;
sti,st2 : string;
begin
settextstyle(3,0,2);
outtextxy(xmn+140,ymn-70, 'Phase Response Test'):
settextstyle(2,0,5);
k := (upper-lower)/6;
ya = ymn-3;
outtextxy(xmn-45,ymn-20, 'Phase’);
for 1 t= 1 to 7 do
begin
str(upper:1:2,st1);
i1f upper >= 100 then xa := xmn-53:
if C(upper < 100) and (upper >= 10) then xa := Xmn-45;
tf (upper < 10 ) and (upper >= Q) then xa := xmn-37;
if (upper < 0 ) and (upper > -10) then xa := Xmn-703
if (upper <= -10) and (upper > —-100) then xa := Xmn—533
if upper < -99.999 then xa := xmn - 603
outtextxy(xa,ya,st1)}
ya 1= ya+50;
upper = upper-—k;
end;

end;

procedure ScaledB(upper, lower:real; Xxmn,ymn: integer):
var k ¢ real;
Xa,ya,xmx,ymx,i{ ¢ integer;

st1,st2,st3 : string;



begin
settextstyle(3,0,2);
outtextxy(xmn+11i0,ymn-70, 'Frequency Response Test'):
settextstyle(2,0,5);
k := (upper—-lower)/G;
ya = ymn;

outtextxy(xmn-25,ymn-20, 'dB');

str{upper:3:2,sti);
if (upper >= Q) and (upper < 10) then xa := Xmn—373
if (upper >= 10) and (upper < 100) then xa := xmn-45;
if upper >= 100 then xa := xmn-53;
if (upper < 0) and (upper > -10) then xa := xmn -453
if (upper <= -59.99) and (upper > -100) then xa := Xmn-53;
if (upper < -99.99) or (upper = -100) then xa := xmn-61;
outtextxy(xa,ya-3,st1);
ya 1= ya+50;
upper = upper-—k;
end;

end;

procedure Freqlabel(xmn,ymn: integer; f1 treal);
var xmx,ymx, i:inteder; sti1sstring;
kireals;
begin
outtextxy(xmn+190,ymn+330, 'Scale : x');
str(fl:1:0,st1)
outtextxy(xmn+270,ymn+330,s5t1)

end;

procedure Tablelog(f1l,upper, lower,ampl: realy id : inteder);

var €d,gm,Freql,a :integer;
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Xmn, ymn, Xmx, ymx, i, j,xa,ya: integer;
st1,st2,st3 : string;
k ¢ real; key ! char;
dd,mm,yy,dw : word;
begin
opengraph;
xmn = 1004 ymn := 1003
Xmx = getmaxxi ymx := gétmaxy;
ya = 03
setlinestyle(1,%0,0);
setbkcolor($03);
for 1 := 1 to 7 do
bedgin
line(xmn, ya+ymn, xmn+480, ya+ymn)
ya = ya+50;
end;
a = xmn;
for 1 t= 1 to 4 do
begin
for J = 2 to 10 do
begin
k 1= 120¥(In(j§/(J-1)))/C(1n10))
ya = round(k);
line(a+ya,ymn,a+ya,400);
a 1= a+tya;
end;
end;
setlinestyle(0,0,3); {set bardor}
rectangle(xmn,ymn,xmn+480,ymx"%9);
setlinestyle(0,0,0);
getdate(yy,mm,dd,dw)
settextstyle(2,0,5);

str(yy,st1); str(mm,st2); str(dd,st3);
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ocuttextxy(xmn-3,ymn+310, '1')}
outtextxy(xmn+117,ymn+310, ' 10')}
outtextxy(xmn+237,ymn+310, '100')}
outtextxy(xmn+357,ymn+310, ' 1K' )}
outtextxy(xmn+477,ymn+310, ' 10K' )}
outtextxy(xmn+20,ymn—-30, 'Measuring ObJject :');
outtextxy(xmn+295,ymn-30, 'Date D/M/Y : /7 )
outtextxy(xmn+396, ymn-30,st3)
outtextxy(xmn+420,ymn-30, st2)
outtextxy(xmn+444,ymn-30,st1)}

freqlabel (xmn,ymn, 1)}

if id = 1 then scaledB(upper, lower,xmn,ymn);

if id = 2 then scaledg(upper, lower,xmn,ymn)

if id = 1 then scanf?eqdb(Pl,ampl,upper,lower,xmn,ymn);
if 1d = 2 then scanfreqph(fl,ampl,upper, lower,xmn,ymn);
setcolor($0f);

outtextxy(xmn+50,ymn+360, 'Esc ¢ Exit'):

outtextxy(xmn+200,ymn+360, 'Print Screen : Hard Copy ')

repeat

key := readkey;
until key = #27;
closegraph;

end;

{ Increat or Decreat variable 3}
Procedure Count(var counter,min,max,cireal; X1,yitinteder;
var keyli:char);

var key Echar;

begin
key1l := #0;
repeat
gotoxy(x1,y1); write(® '3

gotoxy(x1,y1);-write(counter:o:z);
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key := readkey;

if key

#72 then counter := counter + c3

if key #80 then counter := counter - c:

if counter > max then counter := min:
if counter < min then counter := max;
until (key = #27) or (key = #13)

if key

#13 then exit;

if key #27 then key1l := #27;

end;

{ Frequency respone test 3
Procedure FreqRes:
label loop,loopi, loop2, loop3, loop4;

const X1 = 195 y1 = 73 X2 = 56} y2 = 173 id = |

var i,code,xp,yp,amp ! inteder:

fl,upper, lower,ampl,min,max,cireal; key,key1 : char;

begin
f1 := 10} upper := 103 lower := -10; ampl := Q3
code = 0%
loop4:
offcursor;
background;
shadow(x1,y1-2,%2,y2-2)}
block(x1,y1,x2,y2);
‘clearly(x1,y1,x2,y2);
textattr := $7f;
gotoxy(15,23); write(' Up : Add '); gotoxy(35,23);
write(' Down : Sub '); gotoxy(55,23); write(' Esc : To Menu
window(x1+1,y1+1,x2-1,y2-1)}
window(x1+1,y1+1,x2-1,y2-1)3
textattr 1= ;oF:
gotoxy(8,1); write('FREQUENCY RESPONSE TEST');
textattr := $Qe; *
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for 1 1= 1 to (x2-x1-1) do
begin

gotoxy(1,3); write(#223);
end;
textattr := $0f;

gotoxy(5,4); write('Lower Frequency :');

gotoxy(5,5)3 write('Upper dB HAD N
gotoxy{5,6); write('Lower dB D
gotoxy(5,7); write('Amplitude ')

gotoxy(7,9); write(' New Edit '); gotoxy(25,9); write(' OK ')
gotoxy(25,4); write(fl:0:0);

gotoxy(25,5); write(upper:0:2);

gotoxy(25,6); write(lower:0:2);

gotoxy(25,7)3 write(ampl:0:2);

loop:

textatir := $£0;

gotoxy(4,4)3 write(' Lower Frequency ');
textattr 1= $0f;

min := 10j max := 100; ci=10j Xp = 25; yp := 43
count(f1,min,max,c,xp,ypskeyi);

if keyl = #27 then exit;

gotoxy(4,4); write(' Lower Frequency ');
textattr := $£0:

§otoxy(4‘5); write(' Upper dB D H
textattr := $0f;

min := -100; max := 100; c := 0.5 xp = 253 yp

]
(&)

count(ubper,min.max,c,xp,yp,keyl);

if keyl = #27 then exit;

gotoxy(4,5); write(' Upper dB ')
textattr := $£0;

gotoxy(4,6); write(' Lower dB ')
textattr 1= $0f;

Xp i= 25; yp := 63
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count(lower,min,max,csXp,yp,keyi);

if keyl = #27 then exit;

gotoxy(4,6); write(' Lower dB ')
textattr := $£03

gotoxy(4,7); write(' Amplitude ')
textattr := $0f;

min 3= 0§ max $= 15§ Cc ¢= 0.5} Xp = 253 yp = 73
count(ampl,min,max,c,Xp,yp,keyi);

if ‘keyl = #27 then exit;

gotoxy(4,7)% write(' Amplitude DX

loopt:

textattr := $£f03

gotoxy(7,9); write(' New Edit '); textattr :=%0f;
repeat

key := readkey;

until (key = #77) or (key = #75) or (key = #13) or (key = #27)}

if key = #75 then goto loopi;

if key = #13 then begin dotoxy(7,9)4 write(' New Edit ')i
goto loop end}

if key = #27 then exit; -
loop2:
gobtoxy(7,9); write(' New Edit ')}
textattr (= $f0Oi
gotoxy(25,9)3 write(' OK '); textattr 1= $0f;
repeat
key := readkey;
until (key = #77) or (key = #75) or (key = #13) or (key = #27);
case key of

#77 ¢+ goto loop2; { Right arrow key 3

#75 : begin { Left arrow key 1}

gotoxy(25,8); write(' OK '); goto loopls
end; .

#13

goto loop3d; { Enter key 3
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#27 ¢ exity { Esc key ?}
end;
loop3:
tablelog(fl,upper, lower,ampl, id);
goto loop4s

end;

Procedure Phasemeasurement;
label loop,loopi, loop2, loop3, loop4s
const x1 = 203 y1 = 73 x2 = 533 y2 = 17; id = 23
var fl,upper,lower,ampl,min,max,ctreal; 1i,xp,yp:integer;

key,keyil ¢ char;
begin

port[$30d] := $0c;
port(#314] := $01;{ Set Gate = 0.1 s. & Phase Measure }

fl = 10

offcursor;

background;

shadow(x1,y1,x2,y2)3

block(x1,y1,%x2,y2);

clearly(xi,y1,x2,y2);

textattr 1= $7f;

gotoxy(15,23); write(' Up : Add '); gotoxy(35,23);
write(' Down i Sub '); gotoxy(55,23); write(' Esc : To Menu ')
window(x1+1,y1+1,x2-1,y2-1)3

textattr 1= $0f;

gotoxy(10:1J; write('PHASE RESPONSE TEST');
textattr := $0bj

for 1 = 1 to (x2-%1-1) do
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begin
gotoxy(1,3); write(#223);
end;
textattr := $0f;
gotoxy(5,4); write('Lower Frequency ')
gotoxy(5,6)3 write('Amplitude ')
gotoxy(7,9)3 write(' New Edit '); gotoxy(25,8)3 write(' OK '3
gotoxy(25y4); write(f1:0:0);
gotoxy(25,6); write(ampl:0:2);
loop:s
textattr := $£0;
gotoxy(4,4); write(' Lower Frequency ')
textattr 1= $0f;
min := 10} max := 100} C:=10% Xp := 25{ yp = 4;
count(?l,min.max,c,xp,yp,key1);
if keyl = #27 then exit;
gotoxy(4,4); write(' Lower Frequency ');
textattr := $f0;
gotoxy(4,6); write(' Amplitude O
textattr := $0f;

min = Q3 max := 123 ¢ &= 0.5} xp := 25; yp

1
[}

count (ampl,min,max,c,xp,yp,key1);

if keyi = #27 then exit;

gotoxy (4,673 write(' Amplitude ')
loop1i:

textattr 1= $£0;

gotoxy(7,9); write(* New Edit '); textattr :1=%0f;
repeat

key := readkey;

until (key = #77) or (key = #75) or (key = #13) or (key = #2731

if key #75 then doto loopi;

if key #13 then begin gotoxy(7,9); write(' New Edit ')

goto loop end;
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end;

if key = #27 then exit;

loop2:

gotoxy(7,9); write(' New Edit ');

textattr := $£0;

gotoxy(25,3);3 write(' OK '); textattr := $0f;
repeat

key := readkey;

until (key = #77) or (key = #75) or (key = #13) or (key = #27)

case key of
#77 ¢ goto loop2;
#75 : begin
gotoxy(25,9); write(' QK '5;
end;
#13 ¢ goto loop3;
#27 ¢ begin
port[$30d1 := %$04;
exit;
end;
end;
loop3:
tablelog(?l,upper,lower,ampl,id);

goto loop4;

{ Convert decimal to hexa of frequency counters 3

procedure dectohex(var h: integer);

var hex:integer;

begin

if (h < 16) then hex := h;

if (h > 3) and (h < 26) then
hex := h - 63

if (h > 31) and (h < 48) then

hex := h - 123

goto loopi;
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if (h > 41) and (h < 64) then
hex := h ~ 18;

if (h > 57) and (h < 80) then
hex := h - 24;

if (h > 73) and (h < 96) then
hex := h - 303

if (h > 89) and (h < 112) then
hex t= h - 363 ‘

if ¢(h > 105) aﬁd (h < 128) then
hex := h - 42;

if (h > 121) and (h < 144) then
hex := h - 48; )

if (h > 137) and (h < 154) then
hex := h - 543

h := hex;

end; -

procedure InFreq(var prt1,prt2,prt3,prt4 integer):
begin

prtl := port[$30el;
prt2 := port[$3101;
prt3 := port($3111;
prt4 := porti$312];

end;

procedure sepfreq(frq : integery var dl,dh ¢t real)i
begin

dectohex(frq);

dh := frq div 103

dl := frq mod 10

end;

procedure SwapCount(f,gate: integer);
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var p

begin

end;

¢ byte;

if f = 04 then
begin
textattr := $0f;

gotoxy(4,7); write(' Counter B ')

textattr 1= $7f;

gotoxy(4,4)3 write(' Counter A ');

textattir 1= $0f;
p 1= f OR gate;
port[$3141 1= p;

end}

if £ = 02 then

begin

textattr :1= $0f;

gotoxy(4,4); write(' Counter A ')

textattr = $7f;

gotoxy(4,7); write(' Counﬁer B ")

textattr := $0f;
p 1= f OR gatey
port[$314] := p;
end;
if gate = 00 then
begin
gotoxy(24,10): write(' 1 ')
end;
if gate = 01 then
begin
gotoxy(24,10)3 write('0.1');

end;

procedure dispfreq(y,gate : integer);
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label loop;

var

fypt1,pt2,pt3, pt4 : integer;
dg : arrayl1..8]1 of real;
code ¢ byte;

dgl!ngng8|dg4idg5) dg’6, dg7, dg8.dgt : real;

begin

end;

Infreq(pti,pt2,pt3,pta);
sepfreq(pti,dg1,deg2);
sepfreq(pt2,dg3,dg4);
sepfreq(pt3,dgs,dgs) ;
sepfreq(pt4,dg7,dgs);
dg2 1= dg2%10;

dg3 := dg3%100;

d€4 := dg4%1000;

dg5 := dg5%10000;3

dg6 := dg6%100000;
d=7 1= dg7%1000000%
dgs := dg8%10000000;

dgl13] :=

[}
—
o,
o,
M
[Ab]
[

d = dg2; dgl3] := dg3; dgl4]
dglsl := dgs; deglsl d

g6; dgl7] := dg7; dglsl

dgt := dg1;
for 1 1= 2 to 8 do
begin

dgt := dgli] + dgt;

end}

if gate = 0 then dgt := dgt/z;

if gate = 1| then dgt := dgt#10%1.082;
gotoxy(20,y); write(' ')

gotoxy(20,y); write(dgt:g8:0);



procedure scancount;
label loop;
var pti,pt2,pt3,pt4,location, cnt,gate ¢ inteder:
key ; charj
regs:registerss
begin
location :=04; gate := QO3
cnt = 043 { counter A }
loop:
repeat
key := readkey;
until (key = #27) or (key = 'c¢') or (key ='C') or (key = #59) or
(key = #60);
case key of
#27 ¢ exit;
'C'y'c' ¢+ dispfreq(location,gate);
#59 & be€gin
if gate = Q0 then gate := 01 else gate := (Q;
end;
#60 : be¢in
if cnt = 04 then
begin
ent = 02; location := 073 end else
begip
cnt := Q43 location := 04
end;
end;
end;
swapcount(cnt,gate)
goto loop;

end;



Procedure FreqCount;
label loop;
const X1 = 203 y1 = 73 X2 = 603 y2 = 18}
var i : integer;
key i char;
begin
background;
shadow(x1-7,¥1,%x2-7,y2)}
block(x1,y1,%x2,y2)3
clearly(x1,¥1,%X2,¥2)}
window(xi+1,y1+1,x2-1,y2-1)3
textattr := $0f;
gotoxy(11,1); write('FREQUENCY COUNTERS');
textattr := $0b;s
for 1 t= 1 to (x2-x1-1) do
begin
gotoxy(1,3)5 write(#223):
gotoxy(i,6); write(#223);
gotoxy(i1,9); write(#223);
endj
textattr := $0f;
gotoxy(4,4)3 write(' Counter A :
gotoxy(4,7); write(' Counter B
gotoxy(10,10); write(' Gate :
window(1,1,80,25)%
textattr := $7f;
gotoxy(7,23); write(' F1 : Gate ');
gotoxy(23,23); write(' F2 : Counter A/B ')
gotoxy(47,23); write(' C : Count ')
gotoxy(61,23); write(' Esc : Return ');
window(x1+1,y1+1,x2-1,y2-1)3
textattr 1= $7f4

gotoxy(4,4); write(' Counter A ');

P -os-

Hz')s
Hz'):

Sec.')s



port{$3141 1= $04;

textattr := $0f;
gotoxy(24,10); write(' 1 ')
scancount;

end;

{ Reduce value of load }
Procedure Dec(var load : realjvar ¢ ! integer )
var msbint,lsbint : integer;
msbreal, 1sbreal : real;

begin

load := load + 1; { increat "load" for decreat resistancel

if load > 510 then load := 510;

setcolor(green);

line(g,205,5,245)

g 1= g - 13

if g < 120 then g := 120;

setcolor(green);

line(g,205,¢,245);

msbreal := int(load/256);

msbint ¢:= round(msbreal);

1sbreal = msbreal*256;_

1sbreal := load-lsbreal;

1sbint ¢{= round(lsbreal);

port[$301] := msbint;

port[$3061 := lsbint;

end;

{ Increat load value 32
procedure Inc(var load : realjvar g€ ¢ integer);
var msbint,lsbint ! integer;

msbreal, lsbreal : real;

begin
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load 1= load - 1;

if load <= 50 then load := 503
setcolor(yellow);
line(g,205,8,245);

g =g+ 13

if g >= 510 then g 1= 5103
setcolor(green)
line(g,205,9,245);

msbreal = int(load/256);

msbint += round(msbreal);
lsbreal = msbreal¥*256;
I1sbreal := load-lsbreal}
Isbint != round(lsbreal);

port[$301] := msbint;
port[$306] := lsbint;

end}

{ Variable electronic load }
Procedure Load;
label loopj
var 1,8 ¢ integer:
k ¢ char;
load ¢ realj
begin
opengraph;
setbkcolor(7)
settextstyle(3,0,2);
outtextxy (200, 150, 'Variable Electronic Load');
settextstyle(0,0,0);
outtextxy(30,430,#27);
outtextxy(30,430,' Key : Decreat Resistarice');
outtextxy(270,430,#26);

outtextxy(270,430,' Key : Increat Resistance')
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outtextxy(510,430, 'Esc : Return');
load := 503
g ¢= 5103
inc(load,g);
setlinestyle(0,0,0)3
setcolor(blue);
rectangle(114,200,516,250)3
setcolor(yellow);
for { := 119 to 511 do
line(1,205,1,245)
settextstyle(0,0,2);
setcolor(lightred);
outtextxy(114,180,#234);
outtextxy(510, 180, #234);
outtextxy(495, 180, 'M');
setlinestyle(0,0,3);
setcolor(green);

line(¥,205,¢,245)}
setcolor(lightblue);

for 1 1= 270 to 330 do

1ine(119,330,511,1)3
setcolor(blue)
settextstyle(0,0,0);
outtextxy(190,340,'< = = = = RESISTANCE = = =
settextstyle(3,0,2); .
outtextxy(230,15, 'Industail Technology');
outtextxy(215,40, '‘Faculty Of Engineering');
rectangle(40, 100,600, 400) }
loop:
repeat
k := readkey;

until (k = #75) or (k = #77) or (k = #27);
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case k of

#27 : begin

closegraph;
exit
end;
#77 ¢ Inc(load,g)s { Right arrow key 2
#75 1t Dec(load,g): { Left arrow key 3
end;
goto loops

end;

_{ Set up 1/0 ports #8255 3

procedure initsystem;

const x1 = 205 y1 = 7; x2 = 53; y2 = 15}

begin
background;
shadow(x1,¥1,%2,y2)
block(x1,y1,x2,y2)} :
clearly(xi,y1,X2,y2);
window(x1+1,y1+1,x2-1,y2~1)}
initial;

gotoxy(8,17; write('::: Initial System t30')3

gotoxy(5,3)3 write('This process will be setting all ')

gotoxy(2,4); write('1/0 ports case system stop or turn')

gotoxy(2,5); write('on switch after run program.');

textattr := $ge;

sound(2500) ;

gotoxy(12,7); write(' Press any key ')
textattr := $Qe;

delay(500)%

nosound;

repeat until keypressed;

window(1,1,80,25);
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Procedure sqw(fireal);
var 1,flsb,fmsb,ctr : inteder;
fi,c,factor,vr,vri,vr2,vrp : reals
begin
f 1= f+f1;

o

if £ >= 200000 then f := 200000; Limit Hi Freq. 3

if £ <= 40 then begin

¢ = 3.3E-6) ctr = ‘01; factor := 2.95 end;

if (f > 40) and (f <= 400) then begin

C 3= 0.362E-6; ctr :=°$02: factor := 2.7 end;

if (f > 400) and (f <= 1000) then begin

¢ 3= 7E-9; ctr := $04; factor := 2.9 + ({(f-400)/600) end:

if (f > 1000) and (f < 12000) then begin
¢ := 7E-9; ctr 1= $04; factor := 3.9 end;

if £ >= 12000 then begin

Cc 1= 560E-123 ctr := $00; factor := 3,1 end;

if £ >= 30000 then begin

C 1= 560E-12; ctr := $00; factor := 3.3 end;

vr 1= 10000%c¥f*%factor;

vr = pround(vr/(1E-3))}

vr2 = int(vr/256); { get MSB and no over 15 or $0f32
vrp 1= 256%vr2; { get LSB 3

vri = vr-vrp;

flsb := round(vri); £ Real to Integer 3}

fmsb := round(vr2); { Real to Integer }
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port($308] := flsb;
port{$309] := fmsbh;
port($30al := ctr;

‘end;

Procedure changeup(var count !

begin
count := count + cj
if count < min then

if count > max then

count

count

gotoxy(18,6); write('

gotoxy(19,6); write(count:

sqw(count) ;

end;

Procedure changedown(var
begin
count 3= count - cj
if count < min then

if count > max then

count

count

count

gotoxy(18,6); write(!®

realy minsmax,c ¢ real);

= ming
= maxs
0:1)3

! reals
1= ming
t= maxs

gotoxy(19,6)3 write(count:0:1);

sqw(count);

end;

')y € clear 3

min,max,c

real)s

')y { clear 3

Procedure sqf(var f,ampl: real; X1,¥1:x2,¥y2 ¢ inteder);

label loops

const min = 10; max = 200000;

var key : charg
c ¢ realy

k ¢ integer;

k =03 £ Sine 3



textattr 1= $7f;
gotoxy(2,6)3 write(' Frequency ')
window(1,1,80425)%
textattr 1= $£0;
gotoxy(1,23); write('
gotoxy(40,23); write('
textattr := $6f;
gotoxy(20,21); write(' F3 ¢ Waveform ')}
gotoxy(40,21)3 write(' Up : Add ')
gotoxy(55,21)3 write(' Dn ¢ Sub ')
gotoxy(16,23); write(' Pg Up : Hi Add ')
gotoxy(35,23); write(' Pg Dn : Hi Sub ')
gotoxy(54,23); write(' Esc : Return ');
window(xi+1,y1+1,x2-1,y2~1)}
textattr := $0b;
gotoxy(2,8); write(' Amplitude *')j
loop:
key := readkey;
case key of

?72 ¢ begin { Up key 3

c = 0.5

changeup(f,min,max,c)

end;

#80 ¢ begin { DN key 3}

c = 0.53
changedown(f,min,max,c);
end;

#73 ¢ begin { PageUp Key
c = 1003
changeup(f,min,max,c);

end;

#81 ¢! begin { PageDn Key
c = 1003
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#27

#61

end;

goto loop;

end;

end;

begin

end}

changedown(f,min,max,c)}

begin

textattr := $0b;

gotoxy(2,6); write(!' Frequency ')

window(1,1,80:25)}

textattr 1= $£0;

gotoxy(20,21); write(!

gotoxy(40,21)3 write('

textattr := $0b;

window(x1+1,y1+1,x2-1,y2-1);

exit;

if k¥ = 0 then

begin

end

else

k 1= 13

port[SBOé] := %003 { Set Mode SQ 2
textattr := $0b;

gotoxy(19,4); write(' '3

gotoxy(19,4)3 write(' Sqare Wave ')

begin

end;

k := 03

portL$30d] := %043
textattr := $0b;
gotoxy(19,4); write(' ');'

gotoxy(18,4); write(' Sine Wave ')
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end;}

Procedure changeampup( Var ampl : real; min,max,c : real):
var amp ¢ integer;
begin
ampl := ampl + cj.
if ampl! < min then ampl := min;
if ampl > max then ampl := max;
textattr := $0b;
gotoxy(18,8); write(! ')
gotoxy(19,8); write(ampl:Q:i);
amp = round(ampl/0.107)
port{$3021 := amp;

end;

Procedure changeampdn( Var ampl : real; min,max,c : real);
var amp ¢ Inteder;
begin
ampl := ampl - ¢
if ampl < min then ampl := ming
if ampl > max then ampl := max;
textattr := $0b;
gotoxy(18,8)¢ write(!® ]
gotoxy(19,8): write(ampl:Q:1);
amp := round(ampl/(Q.107);
port[$3021 := amp;

end;

Procedure sgamp( var amplireal; x1,y1,x2,y2: integer)
label loop;
const min = 03 max = 15;

var key : chary
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k ¢ inteder;

begin

k := 03
window(1,1,80,25);
textattr := $£0;
gotoxy(1,23); write(’
gotoxy(40,2323 write('
textattr := $6f;
gotoxy(10,23); write(' F3 : Waveform
gotoxy(30,23)% write(' Up : Add ')
gotoxy(45,23)s write(' Dn : Sub ')
gotoxy(60,23)3 write(' Esc : Return
window(x1+1,y1+1,x2-1,y2-1)}
textattr 1= $7f;
gotoxy(2,8); write(! Amplitude ');
loop:
key := readkey;
case key of

#72 & bedgin

cC 3= 0.1

');

changeampup(ampl,min,max,c);

end;
#80 ! begin
c = 0,13
changeampdn(ampl,min,max,c)}
end;
#27 ¢ bedin
textattr := $0bj
gotoxy(2,8); write(' Amplitude
exits
end;
#61 ¢ begin { F3 3%

if k = 0 then
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begin

k

13
port($30d] := $00;
textattr 1= $0b;
gotoxy(19,4); write('

gotoxy(19,4)3 write(' Sgare Wave

end
else
begin
k = 03
port($30d] := $04;
textattr = $0b;
gotoxy(19,4); write('
gotoxy(19,4); write(! Sine Wave
end;
end;
end}
goto loop:
end;
Procedure funcgen;
label 1loop;
const X1 = 213 y1 = 73 X2 = 59; y2 = 17}
var key : char;
i,k ¢ integer;
fyampl : realy;
begin
k := 03
£ 1= 103
port({$30al] := Q13
ampl := 0
sqw(f)
porti $30d1 := 043 { Set Mode Sqarewave 3}
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background;
shadow(x1,y1,%x2,y2)}
block(x1,y1,x2,y2)3
clearly(xi,y1,x2,y2)}
window(x1+1,y1+1,%x2-1,y2~1)}
for i 1= 1 to x2-xi-1 do
begin

gotoxy(i1,3); write(#223);
end;
textattr 1= $0f;
gotoxy(7,1)5 write(' ::: Function Generator ::: '3
textattr t= $0b;

gotoxy(2,4); write(' Waveform S ) §

gotoxy(2,6); write(! Frequency $ Hz');
gotoxy(2,8); write(' Amplitude 3 Vp-p');
gotoxy(19,4); write(' Sine Wave ');

gotoxy (18,6} write(fi0s1);

gotoxy(19,8); write(ampl:o:1); .

window(1,1,80,25)

textattr := $7f;

gobtoxy(10,23)3 write(' F1 : Change Freq. ')}
gotoxy(30,23)3 write(' F2 : Change Amplitude ');
gotoxy(60,23); write(!' Esc : Exit ')j
window(x1+1,y1+1,x2-1,y2-1)}

textattr := $0b;

gotoxy(19,6); write(f:Q:1);

gotoxy(19,8); write(amplin:i);

{saf (f,x1,y1,x2,y2)43

loop:

window(1,1,80,25);

textatir 1= $f0Q;

gotoxy(1,23); write(! '
gotoxy{30,23); write(' '
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gotoxy(50,23)% write('

textattr 1= $6f;

gotoxy(3,23); write(' F1 : Change Freq., ')

gotoxy(24,23); write(' F2 : Change Amplitude

gotoxy(49,23); write(' F3 : Waveform ');

gotoxy(67,23)3 write(' Esc : Exit
window(xi1+1,y1+1,x2-1,y2-1)}
key := readkey;

case key of

0);

#27 ¢+ exit;
#59 ¢+ sqf(fyampl,x1,¥1,x2,¥2);
#60 ! sqgamp(ampl,xi,¥y1,X2,y2)}
#61 ¢ begin { F3 3
if k = 0 then
begin
k = 13

port($30d] := $00; { Set Mode SQ 3} .

textattr := $0b;
gotoxy(19,4); write(! ')

gotoxy(19,4); write(' Sqare Wave ');

end
else
begin
k = 03
portL $30d] := $04;
textattr := $0b;
gotoxy(18,4); write(!' ')
gotoxy(19,4); write(' Sine Wave ');
end;
end;
goto loop;
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Procedure menu;}

label loop;

const x1 = 223 y1 =

X2 = 573 y2

var 1 ¢ integer;
key ¢

begin
offcursor;

port{$30d3]

background;

shadow(x1,y1,%x2,y¥2)}
block(xl,y1,x2,y2)}
clearly(x1,y1,x2,y2);

window(x1+1,y1+1,%x2~1,y2-1)}

gotoxy(2,1)3

write('::s

Audio Frequency Tester

textattr 1= $Qe;

for i

begin

gotoxy (i,

end;

textattr :=
gotoxy(8,5)}
gotoxy(8,6);
gotoxy(8,7)3
gotoxy(8,8);
gotoxy(8,9)}
gotoxy(8,10);

gotoxy(8,11);

t= 1 to (x2-x1-1) do

3)3 write(#223)

$0e}

write('Frequency Response Tester');
write('Phase Response Tester');
write('Frequency Counters'i;
write('Variable Electronic Load');
write('Function Generator');
write('Initial system');

write('Exit');

textattr := $0f;

gotoxy(3,5);
gotoxy(3,6);

gotoxy(3,7);

write('[1]');
write('[2]');

write('(3]');
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gotoxy(3,8);
gotoxy(3,9);
gotoxy(3,10);

gotoxy(3,11);

repeat

writé('[43');
write('[5]1');
write('C[61');

write('[E]1');

gotoxy(3,14); write('You choose number 2 £ 1..6,E 1 *)

key := readkey;
until (key = '1') or (key = '2') or (key = '3') or (key

or (key = '5') or (key = '6') or (key = 'e') or (key

case key of
PR
o
1
g
15
Y

|El' lel

end}

end;

Procedure logo;

label loop;

..

freqRes;

Phasemeasurement;

FreqCount;

Load;

FuncGen;

initsystem;

begin
port[$302] := 003
portL$3081 := 00;
port[$308] := Q03
port{$30al := 013
oncursor;
window(1,1,80,25)3
clrscr;
halt

end;

(4,5,6,7,8)%

const coloriarrayl1..5] of inteder =

var i,x!integer;
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begin
opengraph;
setbkcolor(7);
settextstyle(1,0,5);
setusercharsize(5,4,5,1);
setcolor(i12);
outtextxy (120,20, 'Audio Frequency Tester');
setcolor(15y; '
outtextxy(100,5, 'Audio Frequency Tester');
settextstyle(2,0,5);
outtextxy (280,200, 'Version 1.0')} i
outtextxy (230,240, 'Presented by +¢.')3
outtextxy (300,270, 'Pavares');
outtextxy(378,27o,'Kirintrabhanu');
outtextxy (500,270, '34132157');
outtextxy(goo,zgo,'Wannasith');
outtextxy(378,290, 'Nirothram'):
outtextxy (500,290, '34132162"');
outtextxy(300,310, 'Wutthilert Rungchai')g
outtextxy (500,310, '34132165')}
setcolor(4);
settextstyle(2,0,6);
outtextxy(260,220, 'Janury 1993');
outtextxy(240,360,'Telecommunications‘);
outtextxy(220,380, ' Industrial Technology');
outtextxy (220,400, 'Faculty Of Engineering')
outtextxy(300,420, 'KMITL" )}
while not keypressed do
begin
setcolor(15);
settextstyle(2,0,5);
outtextxy(225,460, 'Press any key to continous');

delay(400);
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setcolor(7);
settextstyle(2,0,5);
outtextxy(225,460, 'Press any key to continous')
delay(400);
end;

closegraph;

end

{ Main program 3

bégin
offcursor;
directvideo 1= true;
checksnow := true;
initialg
clrscry
logos
1p:
menu;
goto Ip;

end.



unit Drivers;

interface

procedure ATTDriverProc;
procedure CgaDriverProc;
procedure EgaVgaDriverProc;
procedure HercDriverProc;

procedure PC3270DriverProc;

implementation

procedure ATTDriverProc; externaly

{$L ATT.OBJ 3

procedure CgaDriverProc; external;

{$L CGA.OBJ 1}

procedure EgaVgaDriverProc; externaly

{$L EGAVGA.OBJ 3

procedure HercDriverProc; external;

{$L HERC.OBJ 3

procedure PC3270DriverProc; externals

{$L PC3270.0BJ 3

end.



unit Fonts;

interface

procedure GothicFontProc;

procedure SansSerifFontProc;

procedure SmallFontProcj

procedure TriplexFontProc;

implementation

procedure GothicFontProc; externalj

{$L GOTH.OBJ 2

procedure SansSerifFontProc; external;

{$L SANS.OBJ 1}

procedure SmallFontProc; external;

{$L LITT.OBJ }

procedure TriplexFontProci external;

{s$L TRIP.OBJ 13

end.



UNNn 12

WANITNAKOYTEVYY
& v ¢y
WRATINAROUS L TUNRRIAAITNARSI 108 LTIIRTH LABTNIUVY  passive
filter WAY active filter. |WRIUUDO active filter Re 1492 07UV

Susiuoo LHONAROUATT ONTIVENHIIRTNURNBNTINITADURUD 0078,
u

12.1 OIINNKOVUIINT Low-pPass filter ULY passive

aQ v Gl v '
QOQTﬂ?ﬁﬂﬂﬂOU“NQO uZﬂﬂWONWO

I/PO » & 00 /P

Eﬂﬁ 21-1 90T LPF N1%lunnTragou

nﬁinmﬁauquL§anngnﬂxnmmaunﬁimaumuaomaﬁuﬁﬁau RINTITW NN
b ]
ﬂllal 1] o o ( o o
5ﬂﬂaqunagnﬂ73uqm 1.5 KHz URIWTIEWRYBIDHAUAUTINT QDUUNYDOI0RT 99
. y . v o <
W7 96iuNI 9 (8MUNYDI LPF Qvﬂﬂiﬁgﬂﬂﬂtﬂauaaﬂiﬂﬂﬁdﬁﬁﬂ (f -3 dB) 1@an
v oV oy G[ v o ? v o ﬁ
HouNTINARITNARDUN LOLUAN O LUNUIN 12-2 WRE Lunuan 12-3 W (Juyad
ATTINNTITNDURUD AN 9 (gt ?unﬂiqmnqotwauuqvLuuvﬁtuaﬂQWNQQovu
¢ : - X 2 24 oa 4
VUIANI I LBIMUNAWAININ RE LAANIIN LU LU TIATY FoNaTonTIdAaTREN 0

firedy 9o ooan (UiTes.



12 -2

hdo) paey UsaJadg 1utTJ4g 1IX3 : Os3

D1 X : sjedg

A0 Al 001 01 ]
0001~

sesecorven
.
vssvevesve

&9 9~
EE°E~

PO P T R N e ccmnmace 5 Sed-dee .:.JVI‘ ........ Fha-8-8ebechendenn.n e « - oo b3 e deqe

L LR DT S e S b sonemssa S ah Sl AR R Ry R P R S s o adnie mcans afc s tim,

000

EEE

I A TN SR S SO, b ereceona P mededecdacheodanans) 5 ey S Fiaededecbechacdannnn i enecane T S
:
H
H
H
H
H :
4 H 4 L3
DX T TR S UNes R ST TR RN S-S S A R Ll R TS T S R S PN
3
: : '
: H : s
: : : : H H
H H H : H H
H H H : H H
H : H H : H
HH : : : : :
HH H H H H H
HH H 1 H : 1
1 H I : : 1 .
r 2 4 2 2 2 HIB OD o—

EBBI EZB1 : A -0 eaeq Ve s way 4473 1281qQp buransesy ap

{S8] esuocdsey Aduenbe. 4



12 -5

hdo) puey : useusg utag I1X3 : Os3

D1 X : sje>g

Al 003 o1 1
00"081-

P RN S S -5 S S S SO e Sl SO S S N A NN S S 00 SE 1~
PN : .
Sededechacboaqenciihionaanns ? J-ij-.--J ..... SEAE IR 4830 30 b b ALK TEETES T PP, 2530 5 A T EETLEPER Oo qul
™ i
3 S 00 S SO P 5 4 11 5 30 U0 AL -\ SRR N 00°Gé-~
ddededadod b, 7R NY (L T gy b kP4 LU SR 000
i :
S8 58 20 SN UL W USRS £ 3 5 35 UL SO S0 SN S L §Y S P 7\ S0 0 000 S S SO DO °SH
: i : $
: i : :
: : 3 5 : :
Pid ; i g - H H 00086

ose
EBB1Z E/BY £ AZW/O ©380 o >y ‘Thiums 447 ¢ 1281GQ Dutinsesy =l

{Se | esucdsey espug



12-4

12.2 DITNORDVIIRNT LPF UWY active

?OQTﬁ?%ﬂQNDUQURRQO?uEﬂ% 12-2

4700eF
i
FC— - 1 WH2
33K 33K >__4,__00,P

4700pF

=

7UN 12-2 99]F LPF WUY active order an
L)

RINVIRTAT RX ar UReulY 2 AA8 1.2 K WRY 3.3 K (WO L% Lloa9
6 ¥007927¢H% 1.6 WRY 2.85 PINRINU FoARRENIRTI 9T FNITROURUD I

firruiFoudenn 1.6 (2300 Ao 1.58).  waaaTnamoutian rx (u 1.2 x

WHN O URBIN 12-5  UREWANITNOROUNT O WAL DS LRI 12-6 WAy 12-7
9

Tuntiad 12-6 HuReLIuATEN90R7 integrator 1302770 wWannslusvuuls
gﬂﬁﬂﬂvﬁuﬁﬁﬂssuﬂm 40 Hz RIULUAUID 12-7 nvﬁt%augmﬁmaouﬁaéﬁ 6 Hz
ATIYRETIVLTYUNINTYU.

(iotURsuAn  Rx  fudn 3.3 X uanﬁznaumuaoauuamoaé?uuiqﬁ

o : ) v v
12-8B. auuTuTmnmmaunﬁvmauauaonqotmen



12

hdo] pJ4eH @ USauDg 1UlJdg 1IX3 : DS

01 X : s(eng
p.[w) A1 001 01 1

00°02
-—
I . 1 .
13 H . .
' . v .
I H . s
.. .
1
[
o
.
: . . -
O R D Y - R b e Onbuahochandaneae voevonone
H
H
i 1
. .
H .
i .
. .
.
.
.
. .
b 4 -
B B 2 E4L £X EXY RRT ATt 1 VPR Ry T SIS S S S A S Feemcooas riardedecboctendencccbhcrenans
»
.
H
1
H
H
H
H
.
: .
R T R R LT L R R R Rk T Py .~ 4eeeinbananenn. ML delebechacshandennna beesmsan
I
H
.
H
.
.
: et
" vy
H
H wvw
Bk LR T T s S 2 ot B L Y e T e A S Frecenens rhoacgedechechanqgranas R 4 “
H .
P e 0uCrabrabocdrescchrocanansn b3 Aelndnabonhcrdencr b errocnathbdubodoch cobnodetotnbonconrnon S8 A0cbeabosheuduccrotovacnns
v .
H .
. H . H
v . H
. ’ .
H . H
. . . » 10 e
H H H : IR
[ . . . IR
. H H » so s
. v > . H . e s Oo 'ON
2 2 H 2 H 2 1

7L 2/ 8p
EBBIZ E-B1 : AsW/0 B30 . 9,77  Pycy JJ7: 1d8fgo Dulanseasy

jse | esuocdsey Atuanba. 4



12 -6

hdo] pJeH : usaudg 1utug 11X

D1 X% : ®&1e>g
A0 Al o0l

: Os3

y — »
ISR . >
.S\j [ : :
nddH H H H :
R [ H H H :
HE IR 1 : H H
HE I HEHH : ' :
+ 8 » » L3 » L3
- H : H :
[ ' : H :
- : H H :
HE : . : :
P 5 T S S O S S0 T T ¢ - Gesadectoatocdraaan
-4t 3 s 0
N : : B
N : H :
HEE : H H
- H H :
HIE : H
HEEH : H
I : v H
: : H
: : :
: H :
: :
JROR 2 S A I R S R S P Y R N .o Vvl b} 2 O T P
. .
H
:
:
H
:
»
:
H
:
H
P SN0 S U S R S 1 70 PO S S S S, s 8 2. P T
s H
:
:
[
NP R R N S SO A e e et oy e » <% AN
H
»
»
H
H
:
H :
H H
H H
H H
H 3
R 2t drabcabcndrcccobrncnconn la-s.delelicdecedaaccann. RS 0 F% SR S SR SR -0 P A S -
3 2 h .
H H
: .
H :
: H
H H H
» * . 3
4 [ :
H HE : H
H [ : :
R H R I :
I 2 Ha e > H

e Y
27 >y 4d 7
4S8 | esucdsey escyd

EBBIZ E-Bl : A-l-0 oeQ : 1Defgp

»

buranses)y

00081~

00 °sel-

00°06-

00 °Sé-

000

00°'Ss

00 06
aseyd



17-7

fHdo) pJ4eH : ueadudg 1utJag 1IX3 : DOs3

Dl x : a&jesg

A01 Al 001 o1 1
0o0B1-

i | P

EA10 T8 L S SRR ORI £ 5 11 T S U O SR / LR TR S ISR IR D0 °SE1-

LR SR SR AL R LT ERNS FEEEETLRY A LT X CRT TR TR #Foeveenas r 1/- LA 24 w.-l ..... proceeres 453 MR AR AL oo 'Om-l

150 S L OO U S S S 1510 0 S0 S S 1381 A4 9.2 ISR RIS D0 'S~

000

*
.
I T T S At SRR A 8 I S J FE G S R A SN RPN A N T e S & R
.
.
.
H
H
'
1
H
H H
» H [
$4ceetucbectondinccobinannnns b8 beludecboobsadionanhucnasnan R A L R R R b8 Sedodaoh ook end -
H ’
. . H
. . » H
. . ’ H
. . 1 H
N ’ . H H
1 » . ’ H
» ¢ ‘ . :
v H H . ¢ -
i i i : 3 - 0006
2 H H N H -

eseyg
EBBIZ EZ61 : A7LH-0 oi=( 5 » Qkuu 18 fqo dutdnsesy

}Se | esuondsey 8spyd



12- %

hdo) puepn : use.udg UtJg 3I1X3 : O3

01 x : ayeng
A01 Al 001 01 1

0002~

- ! i o :
' H H :
l P :
» 13
8
f ¢
.
5535 L SO SN SO SO T4 8 J/ ........ T AL g R SRS I S £9° 11~
.
T N PPN S 730 0 J S-S . N U, P b e fedebochocdennns SR 4 S 2 - EEE-
»
ST S U S Y ¥ S F L2 20T SU - SO SR W 5 5 35 2 U IO U S BNy | 00’'s
3
™~ e A
i v
: = .
L 3 S T P S S R U, TN \1.\.“..1.1.., ..... APRRPRE ¥ JCIE P N S EE°El
.
S S0 S S S S ARETHAIR N N "> s S, V) W A8 2912
s :
: $
: {
H e H : R H DO *0€

EBB1” E“Bl ¢ A-l-0 ouuoﬁmﬂ.ﬂaxqvmw.wx 447 ¢ 2efgg burunsesy ap

_+S@ ] esucdsey Asusnba 4



12

I
w

12.3 DITNOARBY HPF WYY active

40w o
?OQTﬂ?ﬁﬂﬂNOUQVuNQO?uEﬂﬂ 12-3

4700pF :
L@o——{}J—{ +
4700pF 8 p——00/P

fe » ¥z

RX
=B ANy
1

33K

d

TUN 12-3 9997 HPF WUU active order 2"
Yy

A1Y29 RX lu39eTxe tHuan tdgasusulunanensuyss LPF WYY ac-
tive WANITNAROUNITNOURUDIABAIING Lunind 12-10 av 1 duild rx ofin
M 1.2 K. uasluninf 12-11 ay (JunantTaouruaeni o el RX = 1.2 K
voudu. 15014 rx u 3.3 K Ay [Suann1nourueonaxt e ouae o luntiag

12-12 uaawanaumuaonqatwmqsaé?uuiqﬁ 12-13,

“3ﬂ
aTnateury Inuanuwsla w37 L8un TR (81U Fey aga0dunng

o Id a‘ o = va L4
ﬂq&a uﬂﬂwaﬂLTﬂ%iﬂOQNﬂNUﬂUOO?OQTﬂQNOUYQ.



11 - 1o

A0

AAdo] paeH @ usaudg 1UtJag. IIX3 @ Oos3

01 X : &je>g

Al H

o001~

sovoconcovy

deeeetenn.. § L9 O~

IR T TS - S e secsmne e bl Nododooboohoodsnn ool

'Y
13
.
.
.
.
.
]

Sefedebocboode bl EEE~

I I S S RN 1A W b b tededoctecdeadanen

B35 D% SN SR RN 00°0

@ dodenbich o drncsehsaccnana bl Pedoduchbachsowdennean

WP qecpecprugeveccpronanen mm vm

[ S N b cemceana b mededocbachoadeaaa

r( W o shuamee \ ~

O of
Pt

?

:
: :
H ;
: ; .
- l'l.’lll.ll‘nl lllllllll b Sodadeos !lvllll"ld llllllll o b e S dsnboohor bonaea htovsnone b dubobocbachondasscohosnsarve
13 L]
. .
: :
; :
: i
. .
. .
i :
. .
- i 00°01
HIE IS 3

p
EBBI” E“B1 ¢ AW-70 &i1EQ 97 = ‘JdH ¢t 129 fqp butunsesy 8

}se | esuodsey Asuenbe.



hdo) pJeH : Ud®UDS 1UlJg 1IX3 ¢ Os3

01 X : ajedg

A 001
oco°081-

17 =1

00°SE1-

PR TR TR LY A S S L Brdasankas

0006~

Qede oot ochondecana 1 Y, AR SR I P N

00 'S¥-

Ge o bnakcohendonseobsaanmar o bl Redudaoboo

L
R R 2 L A A T S DU S R .------4 000

»
S S R PR S50 F O S R S S35 5 0 A S S been i S35 30 F5 DO N S A SN 0D 'S¢

'S
H
.
.
.

b~

00°08

eseygd
E6B1-Z EZB1 : AW/ 0 ®@ie=g 5 = Jdh e D8 fgp bul.ansesy

}jsSe| esuodsey espuyd



12

19~

fhdo) paey : Usslding urtag 11X3 : Os3

D1 x : eyesg
A0l Al 001 01 1

D T I
"

D3 A T T e 2

S S e vnne 0D °S1

EBB17 E7B1 : A“W/0 ©180  G9.2.5  y4H : 1dafqp bulinsesy ap

4S8 esuodsey Asuenbe. 4



le -5

AQL.

hdo]g pJey : uesusg utag 1IX3 : D53

01 x : sieog

Al ool 1

poese

. . v o 0o-oe1-
S50 30 0L SO0 SO SO 13 1 1 O S YO U S il S0 N S 00°SE1-
8
;
:
defedecbibendiieidia., T T T T U S = IR ok L0 Dt SERC AR RPN 2 20 R U S SNt S 4 00 06~
f:...... T {1 S SR SO T S50 S0 S deao Al N S35 205 PO S SN S § 00°Gé-

T

#nbebooh sato oo e

..... Fhiedodochochoagocoiaboncaaabp g A A AR LRt SRR LY Do |0

.
TP PPN S & 1 S 0 S RS S S 4 B3 5 S U S S ) DU /.. Sedededidecdiiiitoinaa.. 005

O
o

»
o
1]

EBB1” E“B1

: AZW-0 2e(Q 597 -7 44H % 122 fqp burunsesy

{se | esuodsey espyy

.\B \Q.,



UM 13

s7ilamn onan

Generator TEUURIY (YYD Generator soluawo war lumaTldunag
antaNtut0RTaun (WITEAIwNET (e late. 117 1UREUAIND LUT2 90T
WWREUAT C. timing S lnauaanwasoun Ly lon luTunsy CarAIT I AInaT Lo

C timing WAL,

) ) o (100 Tv o
Attenuation nqssuuaandnqqa ®OUIIAT attenuatoin NAINIAY

o ?u o~ éYu é & Y
na “Eﬂﬂﬂuﬂ ﬂﬂﬁdtﬂqﬂwﬂtwﬂu 4.

o v v L © ( ; =3
10T YFISROKY N BOT%ﬂuWQ“TOQUHBO Nm@quO?ﬂQﬂTﬁﬂqtﬂuYﬂ Lﬁu

Y 3
LwiﬂsTﬂtNQGQOQTmWTﬂ.

203 LIARYANY ?uﬁQOﬂaﬁuééﬂgouﬁ 1@ Hz 00UTENIN B0 Hz gola
TENUWT INU DC L 3eunTonof tﬁutwiquqoQTQNtmaéﬁaéﬁﬁouﬁﬁnwﬁaﬂ
nqsﬁﬁﬂqmqLnuﬂisqaoTuuqnwa umnﬁtwuﬂﬂ%uuqnuunqanﬂuﬂﬁtqaﬁqunQ1ﬂ
quﬁuuxomunoqmﬂon Luauﬂﬂi\ﬂaﬂuuﬂaouuﬂmuiomunﬂoauwﬂuﬁuuu. wasn
ANINBNINATN 70 KHz vuTﬂwnvaonqxtxﬂnwaqaquwmwNﬁmaouﬁn WHnnT 1%
4% L HONAROUT 0RTAY 09 ﬁagﬁuaﬁu 19 Hz DO 20 KHz moaa%uaﬁumvnun
(Rgoaelanfusgontuls.

2093 ADC $94ulnoarunaon i Jupanon & 0359 9N TTUATUT IR UNT IDYU
wnnTunaqouﬂnunnqquﬁaovaonuﬂm 48 lunarnarouupulUdas  uhlunanda
nqwnauauaonwoawa RuATOUAN (W8 0UD. N7 SUARDDBNUULI IRTNT INTUBUUN

UDOﬂWTL?ﬂﬂﬂRWQTMLNOﬂﬂﬂuu?dﬂuTﬂTﬂﬂaﬂTuNﬂ ﬂ%NWNWTQTUﬂuWﬂ“TGQHTQ



13-2

c:'a‘ o L 1 ( v o o
099 LwBﬂQVﬂQ1ﬁTQOﬂ?WN?uﬂOOkaqﬂWﬂﬂUOuQﬂ ﬂOOQOQTﬂﬂﬁOUNﬂﬁéo.
k] h |

AINIHAIMND AN LN INTIVD 92 0RTRT Y ofIINUN RIS oR  wAuA (Y
nluruntw 9.
NIAINNITNOVRUDONIG LIS 99T intefrator MISIIRT LPF HON
o oo o oﬁlv v a'ad\'(u ) ' Gt )
INAATINONRO LA 1Y NI LAUTONE  DC N LNA LARINATATINA O LWH L uTT g
L] s

A3079 LT L Toy n1ﬂwﬁTﬁqu§éﬁﬁﬂwaﬂm§o.

2097999 (¥ 1R50 Tﬁna:t%mthﬁuﬁfﬁﬁ QUENTEUR LONT 70T L4 1AT 4

: d -8y [ L 4 c-‘ o
OquutﬂNWﬂﬂﬂ7qu“5? ﬂWTMTUUUﬂQQﬂquLﬁﬁﬂOROTﬂNWﬂ.

~ d o ‘ (-] ) » o 3
D LAANTOUAS LUAS A1TAINUARIATTINRTUNTULAINTON 18 10 (WwTen9T
o ' v ' v ' ﬁ o ) o '
URIULYROATIATINAIUNIUTENITO D AU S (o iDuiTo1Ru nRoasIunan
ﬂ?ﬂuﬁqunﬁuﬁq§m Quﬁodnﬁoqm YRENNIT LURSUUURIUT IO UTENIT0 G AU S
ﬁ o v i ) ] ﬁ 1] [-] V] a' o v | T ]
(WUl Bo (Runannda. anqwuoouuaoawa?davn udvugasiaena 14 (rana

v a o ﬁt & v a:V(u o !V( ¢ v
ATUNTUNAMNM  LWTIY uﬂmﬂuﬂqﬂquﬂqunqqn AW INITUNTY ﬂuﬁlaﬂuaa.



0%
FACE.4 PRASE MEASURE 1P A

ar

RS A T L

1o
FREQ.& PHASE MCASURE I/7 B

- (. -
4 SEs R e
Y P
S ]
R TV |
T B oox-A—{ 7" o o \pn: -
i 1 }o exat | 3
o Ny faoe 2
T ]/ d € vl DS
%-M H 1
) 4HC04  Tacoe
.1 b
Il\l RS

n[ ol * ocses 3 newes 321 aevas 3
(_.lu. Satam i .. .. [
w37
310 sox g ht
20 100 5480
,___u¢_1£:>_a
1C1C sox 1
200 aru *
/—M‘LD—" 2.2x I ;
110 o o Flh YN
20¢
/__I.I__J.DJL-MN A
RSPl B [ 2f e, T
rex & uo—% RN B
G - 10 XR2206
b CA3L40 o
e oK o
* ﬁ .
e o 0% n ok a7¢ |
/—J_ .
sox
e oo 0% ey 2
/_14_ lﬂi 4.7 v
x:nm 2o 0% T 1ov ‘E‘ N
pum— s B .
e tox 4
—t2 v in
1c2¢ 2o 106 _ b o SymeTRY TLE04 F4L304
,.—.L.A-Dﬂ. a2 <y Q oFFst1 <00
apaa 20 N 1 b O wweromn ao). ar0 ar
; Em -=lu #T~ 1000u
) FUNCTION GENERATOR Soumme 1
SECTION
+
: 3 7 -':‘ == 1000u
i LHmal " | envm
. '
NPT 1
A .
- —— e e e e )
/ T T o ™
| Loy -*'_x-{:4 T
[T | e
| - [
i 3. 5% e 1008 ¢
i j
i o s
i » ¢S04
1

PHASE

ME RSUREMENT sed

('r \
4 "
=Y 1 i
i g i
o S
e TG
1 2 0:6';“—']*3? n\lI Io.nl . J" o
E"L 2| rsor g% Y "l;uu-I 70 " _L:; E.gg
<orne | 2% r— 3:
o 107 vae pde .f'?.u : -
VARIABLE ELECTRONIC = L A "’:?< .Lh' o ‘b:l ._l.: N
LOAD SECTION et l I : I L ey
= 4+ »/ v -
E 7. 4 5 . Pey
TSN 134 | 2K3234 CAZL40
a
INALaD| I o
I
10 [
C”V.ﬁ/ml"‘ IN LOGD COT
4 P Y T
.'u" LOUNTER “l-m J
1 1 1 1, 1 v '
IO st (0 0 o TCLCES laae Wi AL\ e Mhpine Urn T - b
saaiaetd RRERARES SRECEEES| (RER6ERse HRNARERD SREREES| [saesdene mueRtans oozmnmns) [mesnens U 53532229 BRRTRRES RE5SEEEt
4300 ..:‘ﬂ‘l 303 304 .2:1“ 0306 e300 .""m’ 308 308 :’2295 «30T o314 :l"‘ 316
O - T sessenny BRechs 1 ET—
il EERRERE? HErif sl et Vg
Ll Gl G ) i I :
{ S
= T Y > —
1/0 PORTS SECTION
MCSET CIRCUIY
UDIO FREQUENCY TESTER
. ¥\




e ] PAREINL,

/
W 2e6T T
ONBEUINMAUT o
AD0TIONDHIL 40 3LNLILSNI S.,LMHYMONOW ONIN o
ININIINIONI 40 ALINOYA HE
A907IONHO3L WINLENANI

SNOTLBOINNWWODITAL

»O5 L

([

NOILD3S MO0

] ﬂi
E} — 1Y
[T L '\-
vl . , a
j ) * 'f ‘GIEEE -

A
3
L v NOILD3S QUUd 3DUAHIUNI

=] - o R Ve e —

.
24
Qrnmenen

15

R

.
s
5

- RN

y

v
2
Qunmy e

L8}
1
1THA
353

v
3|
x E’
K
H

©
b3

Qanmynen

i
S5

” 4

R R T et Ztng

(s

£
.
4
3333
'HT'.:
AN
IJ‘.‘

ram X
. [RI | S T STy 080 L: |
WILSM CeIa 20 &1 Wi S 580500
o b - ehes
bre  HW £ (A . ] i N
WM AR
. . j
| s o : T - SNOK.D3S 'LQGU‘?’?‘ 431 :‘I‘l@}_‘:‘__‘_"__‘f____ ____“.L:) A I
B SRS
N L T me—— Kt 3 NE
s o L
iren 2 i PN 2, . ]A e . "IY’T’,
o 2 g 2] sl o H AN .
' = aeow  wiml e
{ i ne a3
it I
]
ot onz 1= .:;\b e v, L
H
\_
. T —y{ o1 a4 (S ——
sy jadd ¥o805av
L3

I- SYTINT
304

SYTONT

NOILD3S ¥OISNN3LLY

.IL"'_

. A 1
i 2y bl {: i
WIUA 9rsce oot 3 o e
] B"

BUCIRE 2

ne

i iy

NOILD3S ¥3I4ITdWY 83MOd




MC4558,
MOTOROLAA

MC4558N, MC4558NC

2 A i ¢

R e b it 5y

DUAL WIDEBAND OPERATIONAL AMPLIFIER DUAL WIDE BANDWIDTH

OPERATIONAL AMPLIFIER
The MCA4588, MC4558AC, and MC4558C combine all the out-

standing features of the MC1458 and, in addition, possess three

times the unity gain bandwidth of the industry standard. SILICON MONOLITHIC
. INTEGRATED CIRCUIT

Bfff. © 2.5 MHz Unity Gain Bandwidth Guaranteed on MCA4558 and

o MC4558AC

l.ow Power Consumption
Low Noise Selections Offered — N Suffix

® 2 MHz Unity Gain Bandwidth Guaranteed on MC4558C
® |[nternally Compensated -
[ @ Short-Circuit Protection G SUFFIX
® Gain and Phase Match between Amplifiers METAL PACKAGE
CASE 601
.
.

"}; AXIMUM RATINGS (T 5 = +25°C unless otherwise noted)

Output
MCA558
Rating Symbol | MC4558AC| MC4558C Unit
ower Supply Voltage Vee +22 +18 Vdc
; VEE -22 -18 Vdc
Minout Differential Voltage Vip +30 Volts '"";"
Bihout Common Mode Voltage (Note 1) VicMm 15 Volts
{Dutput Short-Circuit Duration (Note 2} tg Continuous
"’
peraxing Ambient Temperature Range Ta See Ordering
0 Information Below  }
torage Temperature Range Tsig o¢
:’Ileta.l a:d Ceramic Packages ~65 10 +150 P1 SUFFIX
i lastic Package -551t0 +125 PLASTIE PACKAGE
Unction Temperature Ty °c CASE 626
Metal and Ceramic Packages 175
Plastic Package 180

Note 1. For supply voltages less than £ 15 V, the absolute maximum input voltage is equal

. to the supply voltage.
6te 2, Short circuit may be 1o ground or either supply. U SUFFIX
P CERAMIC PACKAGE

I ; CASE 693
87 EQUIVALENT CIRCUIT SCHEMATIC
s (1/2 of Circuit Shown)
e 2.9k
Vee
.
5 ting
t - 620 '/J
+ O 150
n-Inverting H
11
25
; - . Output ORDERING INFORMATION
"
Ep. N Temperature
i 3 Device Range Package
: 10 oF MC4558, NG -55104125°C | Metal Can
5 MC4558NU, U [ -5510 4 125°C | Ceramic DIP
_ ’__] MC4558CG, NCG) 0 to +70°C Metal Can
it 5k 53 s 680 1.84 & 20& 50k MCa558ACP1, 010 +70%C Plastic DIP
i T” , L ovee CP1, NCP1 .
] . MC4558CU, NCU| 010 +70° Ceramic DIP

©OMOTOROLA INC . 1977 DS9442



FREQUENCY CHARACTERISTICS Vee

Unity Gain Bandwidth

ELECTRICAL CHARACTE

Input Offset Voltage
(Rs < 10 k$2)

Input Offset Current m_“m
ln.—mm
_ﬂ Resistance n-mm—
l__l!._
Common Mode Input Voltage Range

Large Signat Voltage Gain

(Vg =210 V.Ry =20 ks)

Output Resistance
Common Mode Rejection Ratio

(R < 10 k)
Supply Voliage Rejection Ratio

(Rs < 10 k)
Output Volitage Swing

(RL > 10 k)

Ot Sor Gt G S 0
Sus Curos (o Ampir R A
Power Consumption (Both Ampiifiers] “_“m

RISTICS Vee

Transient Response {Unity Gain)
(Vi =20mv, R > 2kq, CL < 100 pF) Rise Time
Vy = 20my, RL>2ka, ¢ < 100 PF) Overshoor
Vi=10v, Ry > 2«0, CL <100 pF} Siew Rate

ELECTRICAL CHARACTERISTICS {

Input Offser Voltage
(Rg < 10 k)
Input Offser Current

(TA = Thign}

{TA = Tiowl

(Ta = 0°C 1o +70°¢)
Input Bias Current

(Ta = Thign)

(Ta = Tiow!

{Ta = 0°C 10 +709¢;
Common Mode Input Voltage Range
Common Mode Rejection Ratio

(Rs < 10 kq)
Supply Voltage Rejection Ratio
(Rs < 10 k)
Output Voltage Swing
(R > 10 k)

(R > 2 kq)
Large Signal Voltage Gain
(Vg = 210 V.R( = 2kq)

Supply Currents (B
(Tp = Thigh)
(Ta = Tiow!
Power Consumption (Both Amplifiers)
(TA = Thigh)

(Ta = Tiow!

oth Amplifiers)

* Thigh = 125°C for MC4558 and 700¢ 0, MC4558C ang MC4558ac.
Tiow = ~55°C for MC4558 and 00 fo, MC4558C ang MCass8AC,
Tlig is out of the amplifier due 1o PP input transistors,

@ MOTOROLA- Semiconductor Products |ne.



)

‘ Burst Noise (Popcorn Noise)

En, INPYUT NOISE (peak) (M)

{BW =10 Hz 1o 1.0kHz, t = 10s,
Rs = 100 kn) {Input Referenceq)

FIGURE 1 — BURST NOisg versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESléTANCE

10k 100 & LoM
Rs. SOURCE RESISTANCE (OHMS)

FIGURE 3 — ouTPUT NOISE versus SOURCE RESISTANCE

10
h
b
¥ s
E
y [ " Ay = 1000 g
g L 2
% z
] =
g [ 100 4
5 g
& —-
v 10 2
g 0.1 %
& 10
0.01
0 100 1.0k 0% 100k 1.0M 0%
Rs. SOURCE REsisTANCE (OHMS) . FREQUENCY (n,)

FIGURE 5 — BURST NoISE TEST CiRcUIT (N Suffixed Devices Onty)

100 k Positive
Threshoig O
Vottage

m
m
L}
A
0
<
-
p-3
L
N
o
o
H °

100 &

To Pass/F,is
Indicator
Tk
Operational Amplifier L‘;"_'; Pass
Under Tesy Hrer
1.0 Hz to 1 kM2
Negative

. Threshoig
applications where low noise performance js essential, selecteq Voitage
ces denoted by an N suffix are offereg These units have been
% tested for burst noise pulses on 3 special noise test system, The test time, employed is 10 seconds and the 20 uV peak
ke conventional peak reading or RMS meters, this system was limit refers to the operational amplifier inpyy thus elimina(ing
cially designed 1o provide the quick response time essential to errors in the closed-loop gain factor of the Operationat amplifier
t {popcorn) noise testing, under test,



Ay VOUTAGE GAIN 1B

FIGURE 6 — OPEN LOOP FREQUENCY RESPONSE
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t FREQUENCY (Ho * FREQUENCY thz:
FIGURE*8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE9 - NEGAfIVE QUTPUT VOLTAGE SWING
versus LOAD RESISTANCE versus LOAD RESISTANCE
15V SUPPLIES ‘5[ oy ‘/_——'—'—{ 15 V SUPPLIES
!
e e P Y == o ’

Vi ITPTVOUTAGE (Y, ()

.
1
Vg BUTPUT VOLTAGE vy, )
b
.. o
<

M

10
M 500 10+ 20- 10, 20% 50~ 100+ 190 500 10k 20- 0L 20k 50k 100k
Ry LOAD RESISTANCE OHMS) RL LOAD RESISTANCE .0AMS)
FIGURE 10 — POWER BANDWIDTH
\LARGE SIGNAL SWING versus FREQUENCY) FIGURE 11 - TRANSIENT RESPONSE TEST CIRCUIT
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{Output!
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THERMAL INFORMATION

The maximum power consumption an integrated circuit
¢an tolerate at a given operating ambient temperature, can
pe found from the equation:

the sum of the products of the supply voltages and supply
curnrents at the worst case operating condition,

= i i i rature
Tyimax) -TA TJ(max) Maxlnmunj Operaung Junctnon.Tempe atu
PD(TA) = VR A as listed in the Maximum Ratings Section
Roua(Typ) Ta = Maximum Desired QOperating Ambient
where: Pp(T ) = Power Dissipation allowable at a given Temperature R J
. . . = i rmal istance Junction to
operating ambient temperature. This must be greater than RgJA(Typl = Typical The mal Resistanc ¢
Ambient
OUTLINE DIMENSIONS
G SUFFIX - A - P1SUFFIX
METAL PACKAGE -5 - PLASTIC PACKAGE
CASE 601 o CASE 626
Rgsa = 160°C/W (Typ) . . A0 ] T Rgya = 100°C/W (Typ)
i, ";"} e 8 NOTES
/ £ l 1 LEADS WITHIN 0 13 mm (0 005!
RADIUS OF TRUE POSITION AT
X I J. SEATING PLANE AT MAKIMUM
" PEAW ISP Y MATERIAL CONDITION
. g T 2.01M"L" 70 CENTER OF
NOTE Lo - re] L_ A LEADS WHEN FORMED PARALLEL
' LEADS WITHIN 0 25 mm (0 010) =0
1A OF TRUE POSITION AT ‘
SEATING PLANE AT MAXIMUM [
MATERIAL CONDITION __{
o] E
—_— L ]
_nr— l—o“— wJ " J_.“-‘
c SEATIAE MLARE
[MiLLWMETEAS] INCHES i
MILLIMETER INCHES OFM [“MIN | MAX | _WIN | MAX
. OIM | WiN T MAX " WIN | MAX A_ 340 | 105. 030 | 0600
A ¢ 49 335 1 0371 8 .10 §0 ' 0.240 | 0.250
s 7 .81 305 'qu" .94 | 448 155 10178
70 | 0165 {0185 ] 05 19 81$70.020
D 43 0§ 19 152
Q 02 .010 | 0.040 | i .94 ['X]
102100107 0.040 TINEY] 030 1 0,056
08 85C 0.200 85 4 . 02 )4 X 017
1 GL 0028 ] 0.0M4 13 92 . L115 | 0.135
1; T :gsozg:am ; 7 l.t. (0. 1310
12. - J - - oy E
105 (406 | 0120 0.160 N_Jo8t [ org]0 9%
M . 450 85C 450 8| ? [KE] [% BN 1
79 1267 |oms 018 ] chent [003¢]
N=}
s
. |
= 1
U SUFFIX X c \
CERAMIC PACKAGE L f
CASE 693 N
o RgJya = 100°C/W (Typ) v ~i ]
| _:I::”l::o ~, M\/
G SEATING PLANE
r_‘ MILLIMETERS]  INCHES NOTES
O [ M MAX | Min AX 1 LEADS WiTHIN 0 13 mm (0 D0S)
A 9 | 1 FIrre RAD OF TRUE POSITION AT
' » . . SEATING PLANE AT MAXIMUM
,; *Ea‘m%‘km“ unslnm. CONDITION
D .43 .51 016 Y 2 “L” YO CENTER
7] 5] 9058 06% OF LEADS WHEN FORMED
& 154 0100 85C PARALLEL
18 1 .04 [
'f: :.:: ﬁ" :m
N X 0125] 6160
371 7871028 00
M 150 - 19
0.8 1821 0020 0.040
S
e -
] MOTOROLA Semiconductor Products Inc.






