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LAMPIRAN 2

{****************************************************************************

PROGRAM PEMBANDING SPEKTRUM FREKUENSI AUDIO

NAMA : ERWIN JOHANES BUDHIHARTONO
NRP : 5103096030

Keterangan : Untuk proses FFT radix 2 dari program ini diambil dari program FFT radix 2
dari Bapak Widya Andyaardja ST, MT dan telah digunakan sebelumnya
oleh Tikno Rahardjo ST dalam buku skripsinya yang berjudul
Spektrum Analyzer

****************************************************************************}

uses newdelay,crt,dos,graph,;

type complex=record
re : real;
im : real;
end;
tsamp=array{0..1024] of longint;
tsampl=array[0..1024] of complex;
str7=string[7];

const pcw=$303; {alamat control word dari PIT}
strmenu:array|[0..4] of string[44]=('1. Lihat Spektrum','2. Rekam Hasil Spektrum’,'3. Lihat Hasil
Rekaman', '4. Bandingkan Hasil Rekaman','5. Keluar'); {mencetak menu}
adc=3304; {alamat ADC}
sampel=1024;  {jumlah titik sample yang diambil}
bit=10; {jumlah bit dari titik sample}
Grayl0:FillPatternType=(SAA,$AA SAASAA SAA SAASAA SAA);

var xpos,ypos,grdriver,grmode,Errcode,p,n,d,sampling,max,min : integer;
old : fillpatterntype;
rev : pointer;

h  :tsamp;

ch,tombol,pil : char;

f,f1 : file of tsamp;  {deklarasi tipe file}
fout,fout! : file of longint; {deklarasi tipe file}
data :tsampl;

count : Integer;

datastr s str7;

nfilel,nfile2,cth : string;
selesai,mulail mulai : boolean;
a,b : longint;

err, errl, al, temp : extended;



data_max, data_min,data_total : array [0..1024] of integer;
Vpp, VppZ, dB, dB2, gain : array [0..sampel] of real;

procedure Inisialisasi PIT;

{Procedure ini digunakan untuk menginisialisasi dan mengaktifkan PIT untuk
bekerja pada mode 3 atau Square Wave Generator demana PIT mempunyai alamat
300H - 303H}

begin
asm
mov dx, 303h {menginputkan alamat control word dari PIT}
mov al, 9Fh {mengaktifkan mode 3 dan alamat counter 2 PIT}
out dx, al
mov dx, 302h {mengaktitkan alamat counter 2 PIT}
mov al, 3h {menginputkan pembagian 3 dalam decimal}
out dx, al
mov dx, 303h {menginputkan alamat control word dari PIT}
mov al, 5Fh {mengaktifkan mode 3 dan alamat counter 1 PIT}
out dx, al
mov dx, 301h {mengaktifkan alamat counter 1 PIT}
mov al, 73h {menginputkan pembagian 73 dalam decimal}
out dx, al
end;

end;

procedure writef;
{Procedure ini digunakan untuk merekam data yang telah disampling kedalam
bentuk file}
begin
write(f,h); {menyimpan data dalam bentuk file}
end;

procedure readf(as:bytej;
{Procedure in1 digunakan untuk membaca data yang telah disimpan}
begin
read(f;h) {baca data pertama}
end;

procedure Baca_adc; interrupt;
{Procedure ini digunakan untuk menginterupsi setiap 1024 titik sample yang
diambil dengan menggunakan IRQ 5}
begin
h[n]:=portw[adc] and $FFF; {menghilangkan bit 12 - 15}
if h[n] and $800=8$800 then h[n]:=-2048+(h[n] and $7FF);  {inverse nilai
negatif}
inc(n); {menaikkan fungsi n}
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if n>=sampel then

begin
n:=0; h oo ovamploy
sampling:=1; -
port[$21]:=port[$21] or $20; {disable IRQ 5}

end:

port[$20]:=$20; {akhir interrupt}

end;

procedure Inisialisasi_graph;
{Procedure ini digunakan untuk mengaktifkan mode grafik}
begin
grDriver:=Detect; {mendeteksi driver grafik}
InitGraph(grDriver, grMode,'g:win\bgi");
Errcode:= GraphResult;
if graphresult<>grok then halt;
end;

procedure mul(var z:complex;x,y:complex);
{Procedure ini digunakan untuk menghitung perkalian bilangan kompleks}
begin
z.re:=x.re*y.re-x.im*y.im;
zam:=x.re*y.im+x.im*y.re;
end;

procedure sub{var z:complex;x,y:complex);
{Procedure ini digunakan untuk menghitung pengurangan bilangan kompleks}
begin
Z.Ie:=X.Ie-y.I€;
Z.im:=X.im-y.im;
end;

procedure add(var z:complex;x,y:complex);
{Procedure ini digunakan untuk menghitung pengurangan bilangan kompleks}
begin
Z.re=x.rety.re;
z.im:=x.im+y.im;
end,

function abs1(x:complex):real;
{Function ini digunakan untuk mengitung magnitude bilangan kompleks}
begin
abs1:=sqrt(sqr(x.re)+sqr(x.im))
end;
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procedure bit_reverse;
{Procedure ini digunakan untuk megubah urutan bilangan kompleks pada file data}
var i,j,k:word;

t:complex;
begin
=1
for i:=1 to sampel-1 do
begin
if i<j then
begin
t:=datalj];
data[j]:=data[1];
data[i]:=t;
end;

k:=sampel shr 1;
while k<j do
begin
=k
k:=k shr 1;
end;
j=itk;
end;
end;

procedure fft;
{Procedure ini merupakan procedure utama yang digunakan untuk mengubah
domain waktu ke domain frekuensi dengan menggunakan persamaan FFT pada
data }
var u,w,t:complex;
1,,k,le,lel,p:word;
begin
for k:= 1 to bit do
begin
le:=1 shl k;
lel:=le shr I;
wre:=1; u.im:=0;
w.re:=cos(pi/lel);
w.im:=-sin(pi/lel);
for j:=1to lel do
begin
1=,
repeat
p:=itlel;
mul(t,data[p],u);
sub(data[p],datafi],t);
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add(data[i],data[i],t);
inc(i,le);
until i>=sampel;
mul{u,u,w);
end;
end;
end;

procedure warning;
{Procedure ini digunakan untuk memeunculkan tulisan pada layar komputer}
begin
inisialisasi_graph,;
setlinestyle(0,0, ThickWidth);  {menggambar garis tepi}
setcolor(yellow);
getfillpattern{old);
bar3d(80,130,580,220,2,true); {menggambar kotak}
setcolor(red);
settextstyle(TriplexFont,0,3);
outtextxy(90,132,'Tekan ENTER Untuk Memulai');  {mencetak tulisan}
outtextxy(90,172,'& Tekan Esc Untuk Berhenti'); {mencetak tulisan}
Readln;
end;

procedure area;
{Procedure ini digunakan untuk menggambar area grafik sinyal}
begin
SetFillPattern(Gray 10,Black);
Bar(50,60,600,360);  {menggambar persegi}
setcolor(11);
line(50,60,50,360);  {menggambar garis vertikal skala}
ling(50,360,441,360); {menggambar garis horisontal skala}
setcolor(7);
for p:=0 to 27 do
line(50+(p*17),362,50+(p*17),358);  {mencetak skala horizontal}
for p:=0 to 10 do
line(48,60+(p*30),52,60+(p*30));
for p:=0to 27 do
line(50+(p*17),358,50+(p*17),60); {mencetak garis horizontal}
for p:=0to 10 do
line(50,60+(p*30),560,60+(p*30));
setcolor(9);
outtextxy(140,6,  GRAFIK SPEKTRUM FREKUENSI AUDIO");
setcolor(15);
outtextxy(40,370,' O"); outtextxy(73,370,' 2');  {mencetak agka skala horizontal}



outtextxy(107,370,' 4'); outtextxy(142,370,' 6');
outtextxy(174,370,' 8"); outtextxy(213,370,'10";
outtextxy(248,370,'12 "); outtextxy(282,370,'14 ");
outtextxy(316,370,'16 "); outtextxy(349,370,'18 ');
outtextxy(383,370,'20"); outtextxy(418,370,'22";
outtextxy(452,370,'24"); outtextxy(483,370,'KHz');
setcolor(10);

end;

procedure rumus_gain_high; Near;
{Procedure ini digunakan untuk mencari nilai V puncak maks}
begin

if h[p] > data_max[max] then

begin

data_max{max] ;= h[p];

end;

Vpp[p] := (data_max[max]+0.00001)/204.8;

dB[p] := 20*(In((Vpp{p])/(2*sqrt(2))/0.775)/In(10));
end;

procedure rumus_gain_low; Near;
{Procedure in1 digunakan untuk mencari nilai V puncak min}

begin
if h[p] < data_min[min] then
begin
data min[min] := hip];
end;

Vpp2[p] := ((-1)*data_min{min]+0.00001)/204.8;
dB2[p] = 20*(In((Vpp2[p])/(2*sqrt(2))/0.775)/In(10));
end;

procedure gain_dB; Near;
{Procedure ini digunakan untuk mencari nilai gain}
begin
data_total[p] := (data_max[max]-data_min[min]);
Vpp2[p} := (Vpplpl+Vpp2[p])/2;
gain[p] := (dB[p]+dB2[p])/2;
if gain[p] <= -16.3943 then gain[p] :=-16.3943;
end;

procedure tulis_gain; Near;

{Procedure ini digunakan untuk menulis gain}

begin
str(Vpp2[p]:1:4,datastr);
outtextxy(546,386,datastr);
str(gain[p]:4:4,datastr);
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outtextxy(546,100,datastr);
end;

procedure viewrekaman;
{Procedure ini digunakan untuk menampilkan kembali data yang telah direkam}
var nfile:string;
begin
inisialisasi_graph; {menginisialisasi grafik}
inisialisasi_ PIT;  {menginisialisasi PIT}
setlinestyle(0,0,Thick Width);
setcolor(YELLOW),
getfillpattern(old);
bar3d(80,130,580,220,2,true);
setcolor{red);
settextstyle(TriplexFont,0,3);
outtextxy(90,152,'Masukkan nama file : '); {menunggu input nama file}
gotoxy(45,11);
readln(nfile); {membuka file dengan nama yang diinputkan}
assign(f,nfile);
reset(f);
warning;
inisialisasi_graph; {menginisialisasi grafik}
setcolor(14);
setcolor(blue);
rectangle(1,39,639.439);
setcolor(9);
outtextxy(533,230,'TIME DOMAIN");
setviewport(2,40,512,420,true);  {mencetak area sinyal time domain}
area;
n:={;
sampling:=0;
count:=0;
repeat
readf(1);
for p:=0 to sampel do
begin
data[p].re:=h[p]/175*(1-cos(2*pi*(p shl 1)/sampel)); {menghitung data real}
data[p].im:=0; {menghitung data imajiner}
end;
bit_reverse; {membalik bit data}
fft; {menghitung nilai FFT}
p:=0,
repeat
inc(p);
begin
begin
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setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya}
setcolor(7);
rectangle(517,59,631,181);
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
setcolor(10);
moveto(p,60+(h[p-1] div 35));
lineto(p,60+(h[p] div 35)); {menggambar sinyal time domain}
setviewport(520,100,630,220,false); {menutup area sinyal sebelumnya}
setviewport(2,40,512,420,true); {membatasi area sinyal baru}

end;

if p<500 shl 1 then

begin
setcolor(12);
moveto(50+p,360-round(50*abs1(data[p-1])/sampel});
lineto(50+p,360-round(50*abs1(data[p])/sampel)); {menggambar sinyal frekuensi domain}

end;

end;
if p>=500 then
begin

for p:=0 to sampel do

begin
data[p].re:=(h[p]/100)*(1-cos(2*pi*(p)/sampel)); {menghitung nilai data real}
data[p].im:=0; {menghitung nilai data imajiner}

end;
bit reverse; {membalik nilai bit data}
fft; {menghitung data dengan proses FFT}
p:=0,
end,
until p=0;
inc{count); {menaikkan pewaktu}

str(count,cth);

outtextxy(1,1,'Count ke :+cth); {mencetak nilai pewaktu}
clearviewport;

setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya}
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
clearviewport; {membersihkan area}
setviewport(520,100,630,220,false); {menutup area sinyal sebelumnya}
setviewport(2,40,512,420,true);  {membatasi area sinyal baru}

area; {menggambar area sinyal }
until eof(f);
close(f); {menutup file}
closegraph; {menutup mode grafik}

end;
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procedure rekam;
{Procedure ini digunakan untuk merekam data yang telah diambil sebelumnya}
var nfile:string;

begin
inisialisasi_graph;  {menginisialisasi grafik}
inisialisasi_PIT; {menginisialisasi PIT}
setlinestyle(0,0, Thick Width);
setcolor(yellow);
getfillpattern{old);
bar3d(80,130,580,220,2 true); {menggambar kotak}
setcolor(red);

settextstyle(TriplexFont,0,3);

outtextxy(90,152,'Masukkan nama file : ');  {menunggu input nama file}
gotoxy(45,11);

readln(nfile); {membuka file dengan nama yang telah diinputkan}
assign(f,nfile);

rewrite(f); {menuliskan data kedalam file}

warning;

inisialisasi_graph; {menginisialisasikan grafik}

setcolor(14);

setcolor(blue};

rectangle(1,39,639,439); {menggambar kotak}

setcolor(9);

outtextxy(533,230,' TIME DOMAIN");

setviewport(2,40,512,420,true);

area; {menggambar arca sinyal}
tombol:=#26; n:=0;

sampling:=0;

count:=0;

getintvec($0D,rev); {simpan alamat IRQ5}

setintvec($0D,@Baca_adc);  {set alamat IRQ5}
port[$21]:=port{$21]and $DF;
repeat
until sampling=1;
writef;
for p:=0 to sampel do
begin
datafp].re:=h[p]/175*(1-cos(2*pi*(p sh! 1)/sampel)); {menghitung data real}
data[p].im:=0;  {menghitung data imajiner}

end;
bit reverse; {membalik nilai bit data}
fit; {menghitung nilai FFT}
p:=0;
repeat

repeat

inc(p);
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setviewport(2,40,512,420,false);  {menutup area sinyal sebelumnya}
setcolor(7);
rectangle(517,59,631,181);
setviewport(520,100,630,220,true); {membuka area sinyal baru}
setcolor(10);
moveto(p,60+(h[p-1] div 35));
lineto(p,60+(h[p] div 35)); {menggambar data time domain}
setviewport(520,100,630,220,false); {menutup area sinyal sebelumnya}
setviewport(2,40,512,420,true);  {membuka area sinyal baru}
if sampling=1 then
begin
if p<500 shl 1 then
begin
setcolor(12);
moveto(50+p,360-round(50*abs1(data[p-1])/sampel)};
lineto(50+p,360-round(50*abs1{data[p])/sampel)); {menggambar sinyal domain
frekuensi}
end;
end;
if p>=500 then
begin
port[$21]:=port[$21] and SDF; {enable IRQS5}
repeat
until sampling=1;
for p:=0 to sampel do
begin
data[p].re:=(h[p]/256)*(1-cos(2*pi*(p)/sampel)); {menghitung data real}
data[p].im:=0; {menghitung data imajiner}

end;
bit reverse; {membalik nilai bit data}
fit; {menghitung nilai FFT}

clearviewport; {membersihkan area}
setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya}
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
clearviewport; {membersihkan area}
setviewport(520,100,630,220,false); {menutup area sinyal sebelumnya}
setviewport(2,40,512,420,true); {membatasi area sinyal baru}
area; {menggambar area sinyal}
p:=0;
end;
if keypressed then tombol:=readkey; {menunggu input tombol}

until {tombol=#27) or (p=0);

writef; {menulis file}

inc(count);

str(count,cth);

outtextxy(1,1,'Count : +cth); {mencetak nilai pewaktu}



until tombol=#27:;
setintvec($0D,rev);  {set alamat IRQS}
port[$21]:=port[$21] or $20; {enable IRQ5}
close(f); {menutup file}

end;

procedure drawmenu,
{Procedure ini digunakan untuk menggambar menu}
var i:byte;
begin
inisialisasi graph; {menginisialisasi grafik}
setlinestyle(0,0, ThickWidth);
setcolor(yellow);
getfillpattern(old);
bar3d(80,30,580,80,2 true); {menggambar kotak}
setcolor(red);
settextstyle{TriplexFont,0,3);
outtextxy(90,32,'PEMBANDING SPEKTRUM FREKUENSI AUDIO");
xpos:=140;ypos:=100; {menset posisi}
for ;=0 to 4 do
begin
setfillpattern(old,9);setcolor(Green);
Bar3d(xpos,ypos+1*40,xpos+370,ypos+(i+1)*40,3 TRUE);
setfillpattern(old,8);setcolor(white);
outtextxy(xpos+20,ypos+5+1*40,strmenuli]);
end;
settextstyle(TriplexFont,0,3);
outtextxy(140,322,'Tekan Nomor Sesuai Menu : ()");
end;

Procedure bandingkan;
{Procedure ini digunakan untuk membandingkan dua buah sample yang telah disimpan
dalam dua file yang berbeda dan kemudian diubah dalam nbentuk FFT untuk
diperbandingkan satu persatu setelah nilai nol yang ada di permulaan sinyal
dieliminasi terlebih dahulu}
var 1,] : integer;
nfile:string;
nfilel:string;
begin
clrscr;
clearviewport;
inisialisasi_graph; {menginisialisasi grafik}
mulai:=false;
setcolor(yellow);
getfillpattern(old);
bar3d(80,130,580,220,2, true);
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setcolor(red);
settextstyle(TriplexFont,0,3);
outtextxy(90,152,'Masukkan nama file : '); {menunggu input nama file pertama}
gotoxy(45,11);
readln(nfile);
setcolor(yellow);
getfilipattern{old);
bar3d(80,130,580,220,2 true);
setcolor(red);
settextstyle(TriplexFont,0,3);
outtextxy(90,152,'Masukkan nama file : '); {menunggu input nama file kedua}
gotoxy(45,11);
readIn(nfilel);
warning;
inisialisasi_graph;
setcolor(blue);
rectangle(1,39,639,439);
setcolor(9);
outtextxy(533,230,'TIME DOMAIN");
setviewport(2,40,512,420,true); {membatasi area sinyal}
area; {mencetak area sinyal}
fori:=1to 2 do {membuka file secara berurutan}
begin
if i=1 then
begin
assign(f,nfile); {membuka file}
reset(f);
assign(fout,'fft.dat'); {menyimpannya dalam bentuk FFT}
rewrite(fout);
end
else
begin
assign(finfilel); {membuka file kedua}
reset(f);
assign(fout,'fft1.dat'); {menyimpannya dalam bentuk FFT}
rewrite(fout);
end;
repeat
read(f, h);
for p:=0 to sampel do
begin
data[p].re:=h[p}/175*(1-cos(2*pi*(p shl 1)/sampel)); {menghitung nilai real data}
data[p].im:=0; {menghitung nilai imajiner data}
end;
bit_reverse; {membalik nilai bit data}
fft; {memproses data dengan FFT}
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for j:=0 to sampel do
begin
a:=round(abs1(data[j]));
write(fout, a); {menyimpan bentuk absoclut data}
end;
area,
p:=0;
setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya}
setcolor(7);
rectangle(517,59,631,181);
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
for p:=1 to 500 do
begin
if i=1 then setcolor(10) else setcolor(red);
if p>1 then
lineto(p,60+(h[p] div 35)); {menggambar sinyal time domain pertama}
moveto(p,60+(h[p-1] div 35));
end;
delay(50);
clearviewport;
setcolor(3);
setviewport(520,100,630,220,false); {menutup area sinyal sebelumnya}
setviewport(2,40,512,420,true}; {membatasi area sinyal baru}
p:=0;
for p:=1 to 500 do
begin
if i=1 then setcolor(10) else setcolor(red);
if p>1 then
lineto(50+p,360-round(50*abs1(data[p])/sampel)); {menggambar sinyal frekuensi
domain}
moveto(50+p,360-round(50*abs1(data[p-1])/sampel));
end;
delay(50);
clearviewport;
until cof{f);
close(fout); {menutup file}
close(f);
end;
assign(fout, 'fft.dat");
reset(fout);
assign(foutl, 'tftl.dat'y;
reset(foutl);
j:=0;
repeat
read(fout, a);
if a>4 then mulai:=true; {logika untuk mengeliminasi nilai O data}
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until mulai;
mulai:=false;
repeat
read(foutl, b);
if b>4 then mulai:=true;
unti] mulai;
err:=0;
while not eof(fout) do
begin
inc(j);
read(fout, a);
read(foutl, b);
err:==err+(a-b); {proses menghitung besar simpangan}
al:=al+a;
end;
close(toutl);
close(fout);
err:=(err/j);
al:=al/j;
err:=abs((err/al))*100; {proses menghitung besar simpangan}
if err >= 100 then {membatasi simpangan sampai 100 %}
err:=100;
setlinestyle(0,0,ThickWidth);
inisialisasi_graph;
setcolor(yellow);
getfillpattern(old);
bar3d(80,100,500,200,2,true);
setcolor(red);
settextstyle(TriplexFont,0,3);
gotoxy(45,11);
str(err:15,cth);
outtextxy(120,110,'Hasil Standard Perbandingan : '); {mencetak tulisan}
outtextxy(120,130,cth+' %'); {mencetak hasil perbandingan}
readln;
end;

procedure Lihat Spektrum;

{Procedure ini digunakan untuk melihat spektrum frekuensi dari input analog}
begin

inisialisasi_graph; {menginisialisasi grafik}

inisialisasi PIT;  {menginisialisasi PIT}

warning;

inisialisasi_graph;

setcolor(blue);

rectangle(1,39,639,439);

setcolor(9);
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outtextxy(533,230,' TIME DOMAINY;
setcolor(3);
outtextxy(516,300,'Gain= dB");
setviewport(2,40,512,420,true); {membatasi area sinyal}
area; {mencetak area sinyal}
tombol:=#26;
n:=0;
sampling:=0;
count:=0;
getintvee($0D,rev); {simpan alamat IRQ5)}
setintvec($0D,@Baca_adc); {set alamat IRQ5}
port[$21]:=port[$21]and $DF; {enable IRQ5}
repeat
until sampling=1;
for p:=0 to sampel do
begin
data[p].re:=h[p]/158*(1-cos(2*pi*(p shl 1)/sampel)); {menghitung nilai real data}
data|p].im:=0; {menghitung nilai imajiner data}
end;
bit_reverse; {membalik nilai bit data}
fft; {menghitung nilai FFT data}
p:=0;
repeat
repeat
rumus_gain_high;
rumus_gain_low;
gain_dB;
inc(p);
setviewport(2,40,512,420,false); {menghapus area sinyal sebelumnya}
setcolor(7);
rectangle(517,59,631,181);
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
setcolor(10);
moveto(p,60+(h[p-1] div 35));
lineto(p,60+(h[p] div 35)); {mencetak sinyal time domain}
setviewport(520,100,630,220,false); {menghapus area sebelumnya}
setviewport(2,40,512,420,true); {membatasi area sinyal baru}
if sampling=1 then
begin

if p<500 shl 1 then
begin
setcolor(12);
moveto(50+p,360-round(50*abs1(data[p-11)/sampel));
lineto(50+p,360-round(50*abs1(data[p])/sampel)); {mencetak sinyal frekuensi domain }
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end;
end;
if p>=500 then
begin
port[$21]:=port[$21] and $DF; {enable IRQS5}
repeat
rumus_gain_high;
rumus_gain_low;
gain_dB;
setcolor(10);
tulis_gain;
until sampling = 1;
data_max[max] := 0;
data_min|[min] := 0;

for p:=0 to sampel do
begin
data[p].re:=(h[p}/158)*(1-cos(2*pi*(p)/sampel)}; {menghitung nilai real data}
data[p].im:=0; {menghitung nilai imajiner data}
end;
bit_reverse; {membalik nilai bit data}
fft; {menghitung nilai FFT data}
clearviewport; {membersihkan area sinyal}
setviewport(2,40,512,420,false); {menghilangkan area sebelumnya}
setviewport(520,100,630,220,true); {membatasi area sinyal baru}
clearviewport; {menghapus area sinyal}
setviewport(520,100,630,220,false); {menghilangkan area sinyal sebelumnya}
setviewport(2,40,512,420,true); {membatasi area sinyal baru}

area; {menggambar area sinyal}
p:=0;
end;
if keypressed then tombol:=readkey;
until (tombol=#27) or (p=0),
inc(count);
str(count,cth);
until tombol=#27;
setintvec($0D,rev); {set alamat IRQ5}
port[$21]:=port[$21] or $20; {enable IRQS5}
end;

procedure menu;

begin
inisialisasi_graph; {menginisialisasi grafik}
repeat
Drawmenu; {menggambar menu}

pil:=readkey;

xvi



case pil of
'1':.Lihat Spektrum;  {melihat spektrum}

'2":Rekam; {merekam spektrum}
'3":"ViewRekaman; {melihat rekaman}
'4":Bandingkan; {membandingkan rekaman}
end;
until pil='5";
end;
begin
inisialisasi_graph; {menginisialisasikan grafik}
menu; {memanggil menu}

end.
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500ksps, 12-Bit ADCs

with Track/Hold and Reference

General Description

The MAX12C and MAX122 corplete. BCHMOS, saTolng
12-oit anaicg-o-digital converers (ADCs) combre ar o
chipirac</roig (T/H) ard a low-d-ifi votage re‘erence witr fast
conveson speeds and ow power consumprior, The T/Hs
35015 acouisinen e combred with e MAX120's ' 6us
corversion time rescits 17 throughpur raies as tigh as 500k
samptes per seconc (ksps) Throachout ra:es c33%s0szE
possibie wir ng 2 Bus corversio tme of the MAX 22

The MAX20/MAX 122 acceot 2naog put voirages from
-5V ic <5V. The orlv extermz comporer:s ~eedea 2e
cecoupling cepac 1ors “or re power-sJoply 21c reer-
ence volages Tre MAX12C operates w 1h C ocks ir the
Q. 1MH2 10 BMHz ‘requency range Tre MAX122 accep's
O “MHz to SMHz ciock ‘reque~ciss

The MAX 20/MAX122 eTploy a standa c ricroproces-
sor (uP} rueface Three-stete cata cuipL's ee conf g-
ured ‘c cperate wth 12-0¢ data cuses. Da'a-access and
pus-reiease nvirg specficalions arg corpatibe with
most popuia” uPs without “esor: ~y ‘0 wad stetes. In
acdticn e MAX120MAX122 can intelace cireciy 0 a

first o, fest oot (FIFO! oufier, vinuzly e meating P
Mterrups overread. AP Ogic rputs &7C outouls are
TTULCMOS compatible. For aoo caticrs recuanng &

seralinte”ace reler ¢ ng news MAXT 21

Applications

Digral-Sigra Processi~g

Audio enc Teiecom Processire
Speec~ Recogniucn a~d Sy nesis
Hig~-Soeed Data Acauisgn
Spectrum Aré'ysis

Cata Logg rg Systers

Pin Configuration

1

0PIz

l DIP/SQO.SSOP

Features

4 12-Bit Resolution
4 No Missing Codes Over Temperature
4 20ppm’/C -5V Internal Reference

4+ 1.6us Conversion Time/500ksps Thraughput
(MAX120)

42 6;15 Conversion Time/333ksps Throughput
(MAX122)

4 Low Nouse and Distortion:
70 dB Min SINAD;
-77 dB Max THD (MAX122)

¢ Low Power Dissipation: 210mW

4 Separate Track/Hold Control Input

4 Continuous-Conversion Mode Available

4 =5V input Range, Overvoltage Tolerant to =15V

4 24-Pin Narrow DIP, Wide SO and SSOP Packages

Ordering Information

PART TEMP.RANGE F ACKAGE

L
{LSBs)

CWAXIZOCNG L CiwaT0C  Ddhaeos Pav el -
MAKIZOCWG  GCa-72C  24wWas SO -

CVAXIZICAG 30w -TOC -
MAX'Z3CD  oCw-T0C -1
MAXS20TUG -40 Cro ~ES C T o
MAXIZEEWE 28 Ctn =85 C

Ordenng Information continued on iast page.

Tl o Sty
FCtony for Ghiog FpEciostions

Funchonal Diagram

=pEr

O

MAXIMN

Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free sampies or literature.
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MAX120/MAX122

500ksps,12-Bit ADCs
with Track/Hold and Reference

ABSOLUTE MAXIMUM RATINGS

VoowDGND . . 0 L. .-V 4BV Operatrg Tenneralure Ranges:
VssieDGND L ~03Vie-7 MEX2_C__ . AU+ N S S L
AN to AGND .o e - I8V T Maxiz:s - . - — - -, - 20 L+ ’
AGND 1o DGND R . 233V MAX12_MRG . 5O L 106 C
Digital InputsiOutouts 1o DG C3Vioivon - 0.3V) Storage Temperatura Range . FA RTINS
Coni ~JG.g Power Dssipet 0= (Ta = +73'0) Lead Temperature (soaeri~g. 10 sea) cS00 8

Narrow P.astic DI (gerzle *3.337W!'C zbove +70°CE 1067mw

SO (cerate © % 76mwWi C apove =70 C) L. Bmw

SSOP {derate 8.0CW/ C acove - 70 C} ceo... . 640w

Narow CERDIP {cerate 12.50W/C anave +76 C). . 100CmMW

Stresses Hoyond Inasa
SpHALON 01 e (0
ATSOULE MANWM UG CAONTILENS |

ELECTRICAL CHARACTERISTICS

(VDL = +4 75V 10 +5 25V. VsS = <10.6V 10 -15.75V ICLK = BM=2 ‘07 MAX120 a~0 SME7 for MAX122. TA — TsiM 10 Twaay,

Mawmurn Rateigs ray CAUSE POOmanSN QRITAQE IS 100 diat T
CHE DEEONS GSR INSTTACS A: Hhe DPNANSIE SOrte s of fy
RIEED DS Tay & OV FElED Y

un'ess otherwise noled - - - - — - N - . ~ - .
PARAMETER SYMBOL|  CONDITIONS [MIN  TYP  MAX  UNITS
Faccuracy B . ‘
Reso.utor ~ - L RES__J L o o N 12 _ gis
[ | , "MAX 228CAZ 434 |
12-bi’ 1¢ Missitg — -
. . .. 1codescverlemp range | MAX120CE, A ]
lle‘erenl'ai Mvanineary (NGe 1) o o 1 MAX122BCBEBNV i - 5B
11-bit ~¢ migsing . . e
| codes over temp “ange MAX 120K =< l
| MAX22ACIAE | i34 .
tnegra Nonneacly (Noie 1} | INL | mﬁi@g{é@aeﬁm T
L | ] MAXZ20M ’ - v . |
Bi Zero Error (Nola ) : Code 00 .00 0 0C..01 ransiion near AIN = CV, L LS+ )
00 8 Zerd £ror (ol Teroerature drit +1.905 bOLSEIC |

! - - - — i_‘ - —_ . -
- Locwd =g refererce:; ad,usted ‘or bipola® zera e e
lerrat, Ta = +25C ¥ LS5 -

i
T SLiFScalg EroNotes 1 2) _[

—_ _ J— — _— i |

Liu\l‘scﬂgfer“-g'ffureﬂl _ 'Eiu..cmg re‘crence . ] *t bopome !
‘-Pm S ReeciicnRatic ! i_VE:\r‘y.SVtS‘%’: I =l o -

: ___ vssonly -18Vi5% _ | R

I ANALOG INPUT | e

; |n§qange_ - ’ £ g ' v ‘
Ll Curent T T AN = +5V(eporox maey kLo AEF) S T ;
Input Capec tarce (hate sy - o o - ) ‘ A ES I ot
_=ul*~ae"n;ﬁancmf . o L __ B 13 | M- |

-"REFERENCE -~ - _ - - - S .- -
Toutouivorage . |toestema cag AIN=5V Ta=-25C sc2 aaE v
E Exlernal Load Reg..a:cn 1 Omé < gtk < SmA A\ = OV
e Y - !
“engeraiue Drit (Noe £) L "1'1'2-’]: i —>‘ ) |




500ksps, 12-Bit ADCs
with Track/Hold and Reference

ELECTRICAL CHARACTERISTICS {continued)

(VO0 = ~£.75V 10 +5.25V V85 = -1G &V 10 -18 7OV, {21k = BVEZ for MAX 120 ar.g SVHZ for AKX 22, Teo = T 1o Teros
.~ §5 Clnenw s 10ec !

PARAMETER SVMBOL. CONDITIONS MIN TYP MAX UNITS
DYNAMIC PERFORMANCE (MAX120: is = 500kHz. Apy = =5Vp-p. 00kHz; MAX122: fs 333kHz AN = =5Vp-p. 50kHz -
’ ‘Ta=423C VAX? 25WXI—; 70 72
S gnalio-hoise Pus Denec SINAL ’ '-.'AX‘22AC/'é : Pl ok
B ' WAX122BCEBEEN . 63
e azscC AKX Z0 - 82 3
Tetal Harmenic Dosterlor o - __Maxzz : BT 56
{Frst Five Harronics) "A)( Qoﬂc,g- 77 e
] VAX'2ZBCEBEEN 75
MAX20 : 7 82
o ) L Tameme o IS
Spurous-Free Dynamr e Senge SF23 ——— MAK ZRACIAE It - &=
MAaX1223C/RE: ‘ B
CONVERSION TIME - ' o
' MAX120 tes
SyrCnTGrous cony 1300« .-“———».113)(12’1 : Ser i
' ocx Frea.ency o g — : e ’ Wy
AAX 122 < 5
DIGITAL INPUTS (C_KIN_CORYS™ X3 TF) . o
_nput High Vorzage Vie L Z4 ) kY
neut Low Voilage h vieo ) ] SR v
~ou: Capac tace iNgie &, ‘ B ) ; S
in}I Current - vir, = OV or vVpp _ﬁ =5 pe
DIGITAL OUTPUTS (*7/S0SY D11-0¢: o
:OJ'.D.JI Low Vollage VoL Isihie = * €A o i g k2
Ouizui Hig Yeliage e ISCUATT = TTA o Vo035 |
' —ca<zge Cur-ert A% Mre=0vorven D113 . = ps
Oopa: Capaciarce (\ole 4) .z e
POWER REQUIREMENTS .

" Ses e Sucoly Votage vis  Guzraneed b‘v S.DE ¥ 18 200 125! R 225
hegaive S,DOyVO"’*& Ve Guzrameed by supp y re eciion test ) -1C.83 -1E .‘S' v
Fos tive Seppty Cusren: (NCie 6} [ Vo =523V Veg = 15 THV. Al = OV 2 15 T
hegzive Suppy Curem (Neie €1 165 VB =525V Ves o 3 75V AR = Oy ' 4o | a
Fower 2 ssipzlor iNGis €1 Ve =3V Ve =-m2V AN =0V 211G 314 R

Note 1: TFese ‘ess a7 pa-icrmes SV = AV i‘sb =-18V CpeaiCr ove S.08Y $ \,Lara*ieed Ty S50 Y TCOTUOr 1esln
Note 2: .gea full-scele ra~5 10~ s 21 -5Y - 3.2L3B = +4 9263V a:)luS'Ed - ofiset ec”.
Note 3: Suzol, re12clor ot reo zs ura" e al-3caic rarstior voliage wih P2 sgeC "Ccd crmange 5.y v Lrtta

Deanse; expressecir _SBs

SJPR V) - :"- a:

Note 4: Forcesigrguoz”

Note 5: “ermpere; e o Mt
“C = (AVR

“E2 26 ME CTENGE M TS0 viiage om =25 Cro T o Treax, (Lis $aTuLalot as

Note 6:

/MNAXIV 3
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MAX120/MAX122

500ksps,12-Bit ADCs
with Track/Hold and Reference

TIMING CHARACTERISTICS

(VG = <3V qu =12 0 -15v. 100% tesen A = Tt #1710 Trasx UNiESS Tihetwsse noles HNoe 7)

PARAMETER

— — = —
C3:0RD Sewn ™ me

SYMBOL CONDITIONS

Taz+25C | MAXI12CE  MAXIZM

IUNITS |

MIN TYP MAX,K MIN TYP MAX: MIN TYP MAX

— - e

T8 ] ¥} L0 ne,

i —_— _ _
: £5 ¢ RS “ola Time ! fol ¢ 1 Q o I
| TONVET 2use Weam T 3¢ |3 30 oS
Ve e —_— =

b 2u'se Wot- 7 D4 § 130 13 5

s _— —_ |

Dzla-Access T e e C = "O0cF 40 75 ’ el Al ,
i Bus-Retnzuisn T e 1z 30 55 65 ‘ o R
L= _ _— = — = —— —_ — -

RZ or COWE ' BISY 120 (= S0pF 3 75 | 100 W e

CLAIN 10 BUSY ¢~ INT ® CL =557 70110, 150 ii:lo -3
—_— = R —_—t —
i CLXIN 10 BUSY Low &I ~~sded 45 as 126G 182 ald

D0l QT Hogn I 200F I o o 75 o ne

CLiDee
BLSY o IN 12 D5t Ve, o A2 l“?ﬁf- ST 20 3¢ 3 s
= 3Cp~

Dacqustion T g iMeio € | | 352 353 R rs

Apgr e De sy (NAE £ tap [ 1G ‘ Y

Apetwre Juo- NMe §: 38 3
Note 7: Conue “pue spe ’ s10% ‘c 9”% ol ~BVyanc tmeg rom a 1.6V vaiage eve' Dulput by ate

MESIEDIT 3 VP going megt. Sor pLsrenraush Ime acmaege ©f DAY s mnasaen Segigores
1anc 2ic icac
Note 8: F¢r desgguoenc reles
Pin Description
‘_ PiN | NAME ° FUNCTION
0

1 NOos
SEND Cotinugus
h 2 - w i:;ga‘, ;;:».'.—,:.-::h_- Vo -ity o
N —- . _Au —Ga""t_"_d-:.'g '\:' =SVboma ro.retgs
- 5 B ‘.—FIEF —5 -‘4:&--:':%—:;':?- by_zsst:: AGKRD i 2EuF 1D T

e AKX



500ksps, 12-Bit ADCs
with Track/Hold and Reference

Pin Description {continued)

' — _— . —_ - -_ —_

. PIN | _NAME ) ) _ FUNCTION.

| 6 AGND | Analog Grounc

e S
L

1318 D11»mitnrm~51ate Data Outouis D1 (MSB) to D3(LSB;)

- _ —_—— e — _—— e — .

L 12 OGNS . Dgua'Grou~e -

20 CONVST F Converi Start Inout in t aies conversio~s on its ‘aliirg edge.
CLK'N ' Cockinpul Drive wit TTL-compatible ciock from O 1Mz 10 8MHZ (MAX120). 0 IMH 1& S =i/ (MAX 182,

i 21
—— | fmlgeeyot cv () ‘ . . -~ Oy =
a1 ey | et uptor Busy Oulput indicates converler siatus. I MQODE IS cornecied o vop. confaure ‘or an N aumul
l 2 ( NT/B‘J'LJ 1 \IODE is open or zo~necied ic DGND. conhigure for 2 3USY cuiput  See operational diag-ars
23 < Chio Select nput - active ow. When T30 i low, enables the threg-state oulpu:s | CONYST and i3 are ow, ¢
| | conversio™ & iniziated ¢~ ne falling edge of CS. .

I
CCEXVIN/OC EXVIN

l 24 RD Reas inoul - active iov. Wnen TS s low, RT enables ine (vrec-state outpuis. IF CONVST anu CS ar¢ lew. a
= 1 ' convsersion is ‘nitizied on the faing ecge ot RD.

Detailed Description i
ADC Operation oy
Tre MAX 120/MAX122 use S.CCessive approximalion arc

inpul T/H ¢ireuitry to convet an analog signal to a series T
of 12-bit digital-output codes. The conircllogicinterfzces 4
easiy '0 most uPs. reguiring only a few passive compo- . . ok *
ner!s for most applications. The T/H does not regre an |
“extérnal Tapatier: Figore 3snows the MAX120dAXA22 — - - w= - L . 1 a \ - _
in the simolest operatio~al configuration.
|

Analog Input Track/Hold T Uk e

Figure 4 shows tre ecuvalent irout circu'l, ilLstrating the 3 HGEZL VDI e YL s Vi b e T ) et Vi g

samplirg architecture of :re ADC s analog comparator.
Aninterral buller cnarges the he.d capacior io mnimize
ihe required acadisizion time belween corversions. The
analog mnput appears as & kL) -esistor in parailel with a |
10pF capaciter.

Figire . Load Crcuns for Access Trre

Baiweer conversions, the bulfer inpy: is cenirecied 1o AIN
through the npui resistance When & conwversion slaris, [
the cotfer input disconrects from AIN, thos sampling the |
input. Ar the end o' the conversior, the oufler .npu: - iy - "W . .
reccnnects t¢ AIN. and tre roic cepacitcr once again —t _T
ciharges ‘o the inpLt voltage. - o R Do
The T/His in trackrg Tode wnenever a conversior isNOT “ l
-in orogress. Holc moce siarts approximete:y 10ns ater — ' = CENC —_ T

accverson is iraiea  Var aton in this delay from one I 3 Yo Mg e [ !
corversion to the rniext (aperture jiter) s tyocally 30ps ) ) '
Fgures 7 thrcugt 11 geta’i the T/H moce ard nterface
_tmeng for the varnous ter'ace meaes

Figure 2. Loao Crecuts tor Rus-Raanquesn Ty
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MAX120/MAX122

500ksps,12-Bit ADCs

with Track/Hold and Reference

STalus a7eLs
LEREUT

AL LT NET

AL

~U = IJI_.;=.

q

o e IR A SRETLLNA DRSE

oo S MY

TREE e
. Y .
Cocrait . IKKD ' *
= W Tn s P
VREF - ; ;j- - |
Vit -
141
— p
7 L
1w -——

Operarons! Mode

Hr-x‘500 'A X122 i the Simpiest
us Convers: _'

Internal Reference

The MAX120MAX122 -5.00V our'eg-zener reference
bizses tne rrerral DAC. The -eference outout s ava -
acle a&: ‘he VREF oin and must be byozassed lo :he
AGND pr witn a 0 1uF ceraric capzctor r paraliel
witt a 22uF o grezler eecirclytic cepac o The elec-
tro yiic canaclo”'s eaudivalenl seties -as s:a~ce (ESR)
mLst be 100mM4 or ess to prooe’ y coTpersale tae
reiecence oulpL: bufer Sanyo s orgaric semicondJac-
or works we

Sanyo Viceo Comocrants (USA}

Phore (6°9) €61-6833 FAX (619; 661-1C55

Sz~yc Elec:rc Cempzny. LTD. (Jzpar}
Frone: 0720-7C-10C5 FAX CT2

Sanyo Fisker Vartrieos Gror (Gemany)
P-one 0€102-27041. ext 44 FAX 06102-2704%

Prope- bypassicg mm mzes refere~ce no se enc mar-
tane a 1ow iTcedance az h'gh ‘requencies. The niema
refererce o.inJt ouffer can s« uc 1o & 5A exemna
icag

C-7C-"174

Ar externa referance vohzge can be useo 1o overdrve
‘he MAX 2CHAAX 122 sirterna “e'ererce franges ‘ror
-5.053V to -5 70V and 5 capac e o snkrg a M nirarm of
SmA Tre exierna VREF bypass capecors ere st re-
qQuiren

Figure ¢ Eguralent lnpyr Circwat

Digital Interface
External Clock

Tre MAX120/MAX122 requice a TT_-compatble clock {or
proper goeratior. The MAX120 accepls cocks in Ite
C.1MHz 10 8MHZz ‘requency range wner operaung n
rodes 1-4 {(see Operating Modes secion) The man-
muT ¢iock frequency 's | miled 10 EMHz wher coerating
n moce 5 The MAX122 recures a3 0.°MH> tc 5MHZ
ciock for cperation in ail five moges  The wirmum clock
frequency for ootn tre MAX120 ard MAX 1225 [ miec 10
0 1MHz. due 10 the T/H's creop rate

Clock and Control Synchronization

It the clock anc convert start inpuis (CONVST o7 RD and
CS-see Operating Modes section) are not synchrarzed.
the corversion time can vary from 1310 14 ¢igt< cycles
The successive appreximation regsier (SAR) always
cnanges siate cn the CLKIN npui's rising ecge. To
ensure a lixed cecnversior tre. refer to Figure 5 anc the
‘cllowing guidelines.

For 2 cowers:on time of 13 clock cyctes. ine conver sian
noul(s) should go iow &l easl 53~s bciore CLKIN'S next
rsing ecge For a convers.cn time of 14 €.oC< Cyr 5. 1°¢
convet siar input(s) shouc go ow within 10~s ot
CLKIN s rext rising edge  If the corvert stgd 1aut(s) go
ow f1om 10rs 10 5015 be'ore CLRIN'S nex: nig ny ecys.
she number o ¢ otk cyclas requrac s orde‘nec a~c can
be errer "3 or 14, For Dest anz og perforance, sy
chronize tre corvedt star Apais wit™ the ¢ ocr Ingu.

/NAXIN




500ksps, 12-Bit ADCs

with Track/Hold and Reference

: OhviR
¥y ez OROERL]

F gk B DR HFTEALS ".'.':' 3=

kv .":jﬂ 3D RTERVPES F A

COtST -

2N
Ly
INTEUSY : i -
WOLE - Vo ' L
m.Euw [
‘ ? - - : RS I
ko HIGH ML AL - ¢| - !
=] HIMPIL AT
weo- —— 0 sy i
b= 0 L ;
3L . [T s d
Ny — HoLL . g A

Figure 5. Clock and Coniol Syrcihrcrization

Output Data Format

Tz conversicn resul: 's guipJ 0~ a 12-bit data bus wik
& 75rs daa-access 1me. Toe outodt caa lermalis
twos-ceTpleTenl, The thiee itpat conlo signa's (CS.
AD. ard COMNVST). the INTABUSY cenverser status outout.
arc the 12 bis o' c.ic.t cag can interface direCty o &

"6-oit cala bus. See F.gure € for data-access ming

Timing and Control

The MAXI2C/MAX 122 have ‘e coeraiicnzl moces as
ousdined ir Figures 7-71 a~c oiscussed ir the Operating
tlzaes section

Fuli-corirc! moge {moce 1) provides max rmium™ cerirct
10 the uSer ‘or convent siar: ard data-reeC 0oerzi ors

MNAXIM

Figure 7. Fusi-Conirol Mooe (Mode 1)

Fu ~controi mode 1$ for pPs with or without wail-state
caosab:lity. Stand-alone mode (moce 2) and contin-
ous-convers:on moge (mode 5) a-e for sysiems withou!
uPs. or for pP-ozsed systems where the ADC and :he
uP are linked through first in, {irst out (FIFO) butters or
direct memory access (DMA) ports. Slow- merwoly
mode (mode 3) is intended Yor uPs that can be ‘orce
inic a wait staie during :he ADC's convorsion m"\c
ROM moae (moge 4} is for uPs that canno: be forced
nio & wait s1ate.

In ab five operzting modes. ihe starl 0 a cenverson 1§
controied by one of three cgial nouts: CONVST. RD.
or CS. Figure 12 shows the ‘ogic equivaien: lor tte
conversion circuilry.  In any operaurg mode. CONVSET
myus: be low for a conversicn to occur Orce the conver-
8ioN is in progress, il cannot pe restareq.

Read operations are contrglled by RD and CS. Botn ol
these digiial inpus Must be low 10 reec outoul aata. The
INT/BUSY output incicates the ccnverters status and
celermines wher e daia from the mos: recent conver-
sion is avaiebie The MODE inpu: configures the
INT/BUSY outpu: as tollows:

Iif MODE = Vpp, INT/BUSY functions as ar INTER-
RUPT output. In this corfiguratior. INT/BUSY goes
iow when the conversio™ 1s complete aroreturms ~igr
afier 1ne conversion data has been reag

It MODE is left open or tied to DGND, INT/BUSY
{unctions as z BUSY output. Ir i1s case. INT/BUSY
goes low at 1ne sten of & conversion a~d rema rs ow
until the conversion  is complele ans re Uaia s
avalapte at DO-D1-

CCTEXVIN/OZ I XVIN




MAX120/MAX122

500ksps,12-Bit ADCs

with Track/Hold and Reference -

TUNVET
| I
r— he A
TN — — — —_ R —_—
. 1 e
fI i S —

CLkh .
; 1 N F 1
©oRpis .
! \ :
I — -
v IRLEUSY . . .
i “.‘--.‘ _ ,’
; .
X - a -
P gt e HGH . e
24T QU W lotals
- it H
Kol . oo
12ane TRATK wppn AL

Fgure 6 Sianc-Alose Mooe (Mooe 2)

Initialization After Power-Up

On power-up, the first MAX120MAX122 corversicn s
vetd if the foiowng cordiuons are met:

1} Allow 14 clock cycles lor the internal TH 1o enter
the trzck mode. olus a marmuT of 359rs » the
track mode for the cata-acquisinion tme

2} Ma<e suretne -elererce voitage ~es setled. Alow
0.5me ‘gr eacn 1UF o eference bypass cavaci-
tarce 111ms for a 22uF cepactor)

Operating Modes

Mode 1: (Full-Control Mode)

Faure 7 sncws the trrng diagram for “u I-conirol mcae

{raoe 1). In -his moge. the uP corirgis e conversion-
starft enc caza-read operations -ngepe~dertly.

A “all ng egge o CONVST places the TjH irto he d moce
a~d starts g conversion in tne SAR. The conversion s
comolete in 13 or 1£ c.0ck cycies as d scussed in tne
Ciock and Controf Svnchromization seciicn. A change in
:he INT/BUSY oupuisteie s grals ine enc ol a convers on
as ‘ollows

If MODE = VDD, :he enc of convers.cn is Signaled oy

tre INT/BUSY cutpu: ‘all rg edgs

(f MODE = OPEN or DGND, tre T™NT/BUSY oui9.:
gees 0w while 1ne conversion is o 0r0gress ana
returrs h gt wien the conversio™ 's CoTolele

Figure 8 Siow-tiomory Moo thiode 3/

Wnen ihe converson s complete, the dala ¢an bo *cad
winoJd! init 21ng & new Tonversion by pui ng BD ara CS
ow and leaving CONVET ~igh. Te siar: a~ew corveson
without reagirg az:a, RD and CS shousld -cmair wgh
while CONVST 5 ariver icw. To smubtangowusly rezc calzs
and liate a rew corverson, CONVST, RD. ard CS
should a’ be p.lted icw. Note. Aliow a: ¢as: 330ns ‘ot
T/H acqu sior “ime oehween the ena of crg coves or
and {ne cegirn:ng of (e next.

Mode 2; Stand-Alone Operation
(MODE = OPEN, RD = CS = DGND)

For sys:ems mat oo notLse of recure fu -ousieraci™g
the MAX12C/MAX122 can pe soeraled ¢ sland-zione
moce ditectly tinxed 10 memary througr DMA ports ¢ &
FIFO buffer  In siano-a one mode. & converson s itd:-
ated by afaling edge cn CONVST Tne gata oulcuis are
alweys enablec: data changes a1 the erc ol a conversior
as indicaied by & rising ecge on INT/BUSY. See Fgure &
for s'and-alore moce T Tirg.

Mode 3: Slow-Memory Mode
(CONVST = GND, MODE = OPEN)

Tekng RD arc CS ow paces the T/H ric ho'd moa¢ anc
stans a converson. INTBUSY remains ¢w wile ire cer-
verson is in progress =nd Can De LsSes as & wai Pl 10
the uP Data f-om the o7sv.ous corversion aopears o e
databusunt theconve s onend s incicaled by INTBUSY
See F gure @ for Sow-Memry mota tirm =g
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Conineaus-Corversion Licge (Mode 5)

Mode 4: ROM Mode
(MODE = OPEN, CONVST = GND)

In ROM rrode. the MAX120/MAX122 oehave ke & fast-
access memo-y locasicn arc evoid pacirgtreuPiric 2
wait s.aie. Pulling RD anc CS ‘ow places the TH nho¢
rode. siars & convessiom. ang reads date ror the
previcus convessor a'a o the {1s: read I~ a se-
caence 's 0e~ cisregaroed when this inter‘ace mode is
Jsec A second -esc cperaticr sccesses the frs:
coverson's res.lt and 2.52 steéns arew conversion The
I e Delween SUCCESSIVE €&l Operascns Mmust oe ‘orge”
shar e sumr of ke T'H acguston “me and ‘ne
MAX12CMMAX122 conversicr time  See Fgue 1C ‘or
ROM-mede T ¢

Figure 17

Mode 5: Continuous-Converslon Mode
(CONVST = RD = CS = MODE = GND}

For sysieTs 1nat Co not use of require “ul-0us menacrg.
the MAX120MAX122 can opera.e o Co™inu0JS-Conve -

/NAXKIV

Frgure 12 Conversion-Conired Logee

sicn rode. directly linkec to memory :arcugh DMA poris
of a FIFO b.¥er. I this mode. cenversons are per-
formec conruously & the rate of cre corversion for
every 14 clock cycles. which includes 2 cioc cycles iof
‘~e T/H zcqusition time. To satis’y t~e 350ns minimum
acquisition time regurement wihe 2 ¢ock Cycles. the
MAX120's maxmum ciock frequency is EMHZ when op-
e-atirg ir moce 5

T date outputs z-e awaysenagled anc new’ dalaappea’s
c~tne outoul bus at the end of a conversion as ‘nacaied by
e INT/BUSY oulc.t risi~g edge. Tne MODE imput snouia be
ha-g-wired :1c GND  P.ling CS, RD. or CONVST fugn
stops convessions See Figure 11 for cortruous-conver-
SI01 MQOE trNG.

Applications Information
Using FIFO Buffers

Usng FiFO rmemory 1o ouffer cocks of cata fror e MAX 20
requces PP ~teupt ovemead ‘rme Oy cnaclry e uF I
process data vrike t~e MAX12C. unasssted. wites conve son
resuts ¢ the FIFQ. To reirieve a blocx ¢ dala. toe PP eacs
from the FIFO vz a rezc-Nlerup: cyce Reeo a~d wrie ooer-
atons for tve FIFO ze comoetey asy-crrorous Fgure 12
smows t~e MAX" 20 operating in Co™Mir oL s-Convers.on mode
{Tode3). wilirg da:adirectly into'~e wo 'DT7200 256 x 3FIFC
affers 7 teaeof 428k3ps. Tre P is e pted 1o read ihe
accumu alec datz by he FIFO sha-full (HF) lag aporox matey
t~ree trres per mikseconc. For gperaior 2: 500-s0s, use an
BMHZ clec. and putse CONVST 21 50z Tre Ll fag (FF)
rdicaies rat e FIFQis iv . :hsteg s gnored. data may be
ost_if rec®ssary. conversons can ce rribiec oy oull-
1~g CS. RD. o CONVST ~ig~. The FIFO's “ean cycle tires 26
as ‘ast as "5-s. satisyirg oSt Sysiem soecc refluireents.
Tre RESET mpuiresers &' gaia nite FIFOw zec

CCTEXVIN/OC LXVYIN
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Figure 13 Using MAX 120 v FIFQ Mamary

For syncrro~ous ooeraticn, the CONVST pin may be
USEQ 10 initiate corversions, as described in the Operal-
ing Modes seclion {Moce 2 S:ana-Aione Operation).

Digital-Bus Noise

{ :he ADC's data bus is acive dunng a corversion,
coupirg from tre czta gns e tre ADC comparatoer can
caJsseeros Usirg sicw-memory mode (mode 3) avoids
shis probiem by plac ~g tne uP in a wai; state cunng the
conversior. 1f 1ne datz bus ‘s active dunng the conver-
sicn in either meade 1074, use Iree-state drivers toisolate
the ous from e ADC

I~ ROM mode (Tode 4). considersbie digital ncise is
generated -~ the ADC wher RD or £S go high. disabling
the outpu: ouf’ers 2fie- a corversionis startec. This noise
can cause e-ors ‘I 1occurs at tre same instant tne SAR
‘aiches & comparaior decision  To avoid this problern.
RD and CS s~owc e aciive ‘cr less than 1 clock cycle.
I ts s not poss’ble, RD or CS shoule go nigh comnc ding
witn CLKIN's *al'i~g edge, s nce the comparaior outout
s aways e:icmeo & CLKIN's riging ecge

10

Layout, Grounding, and Bypassing

For best sysiem performance, use printed Circuit boards
with separate analog and digia! ground planes. Wire-
wrap boards are not recommended. The iwo ground
pfares should be tied together a1 ihe low-mpedance
power-supply source, as shown in Figure 14

Tre boarg layout snould ensyre that digital ang analog
signal ines are kepl separate {rom eacn other as much
as possible. Do net run analog and digitai {especially
clock) lines paralie! tc one anotner

The ADC's high-speed comparzior is sensitive to fugh-
frequency noise in the VDN and Vss power supplies.
Byoass these supolies 10 the analog ground piane witn
0 1uF and 10puF bypass capacitors Mnimize capaciior
‘ead lengihs for best noise reiection. |f the -5V power
supply is very noisy, connect g 542 resister, s shownin
Figure 14. Figure 15 snows the negative power-sugpy
(Vss) rejectior vs_ ‘requency. Figure 16 shows the pos-
sive power-supply (VDD) rejecion vs. frequongy, witn
and witnout the oplionzl 542 ~estsior

NAXIMN
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Gain and Offset Adjustment

Fig.re 17 p ois te oipolar apuzoLtout trarsfer ‘unction
forha MAX120MAX122 Cedetrenstons ocour Faliway
beween successive ~eger LEB va ves, Qutput coding
is twos-ccmpleTent Drzry witn “LSB = 2 44mV
(10V/a0s8)

Ir éoplicaiiors wrere gau i -scale cange) acjusimen:
15 -ecu ed, Fgure 18 s ¢ 'cu car beused. I ooth ofise:
anc garr Cui-scale range) m2ed ac usiment, etheroftme
circuits n Fgures 18 and 22 can be used. O%set snou &
be adjusiec oefore gan “cr aither ¢ tese crouls

/NAXILVE

Figurs 16, Vo Pow0r-Supply Aeiochion va frecudoy

Te adjust bipolar offset wi~ Figqure 19's Crrcut. apely
~1/2LSB (0 6 mV) tc the ro~inverting ampulier inpat and
acjus! Re for output-code ‘I cker beiween D000 0GI0
Q000 zno 0000 0000 0001 For {ull scaie. apply FS -
1/2LSB (2.4988V) 1 1ne awpl er inpy; and gdius: R2 so
the culput code llickers between G711 1111 1310 and
0111 1111 1111, There rgy be some interacuor He-
lween these acjustmer:s. The MAX120/MAX122 trans-
fer funclion used i conjunclio~ with Figure 195 Grcut (s
the same as Figure 7. exceot he ful-scale range 15
reauced to 2.5V

Te agust ticolar ¢clise’ wieh Figure 20°s crcuit. apply
-*/2LSB (-1.22mV) &t Viy a~d adust RS for ouput-code
ficker Detween D000 0000 DB and DODO OG0 CCOt. For
gan adjusiment. apply -FS - 172058 (-4.995 'V} a1 Viv and
ad;ust R so the oulpat €ode “ickers belweer G111 *7 11
1110 anc 2111 1111 1111, As with Figure 20's creut, lhe
oftse: and gan agjusimen:s may nieraci Faure 21 piots
ne transter funciion for Figure 20s circair.

Dynamic Performance

Higr-speed sampling cacabity and 530«<scs IFroLghput
{333ksps for the MAX122) make tre MAXT20MAX122
dea for wiceband-s:gna processing To supron lhese
anrg other relaled apolications. ‘ast fourier trars'crr (FFT)
wsilechnicues are used o yuereniee the ADC saynamic
irecuency resoonse. Cisior ar. and reoise ai he raicd
throughput. Specifica 'y this rvoives ape'y~g & low-a s-
‘oriion sine wave 1¢ the ADC apul and recorang ine
cigtzl convers on resu'ts for a speetec tme The dela
s tten analyzeo us g an FFT gigorthmi v o dater-
mres i3 specical coTEnt

AR
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Figure 18 T Qeguit for Gain Criy
ACCs have trag 1ora'y beer eva.uaiec oy specificalions
such as ze0 arc ful-scaie eor. integrai nonlingarity
(iNL). and aferenta rcrfinearty (DNL). Sucn parame-
ters are widle'y acceotec for soecilying performznce with
DC and siow'y varyng s.grals, outare lessusefui in signal

Y pIecessing aophicatio~s wherg the ADC's impact on the
sys.eT transfer furciior is ire rman concert. THE sig-
n f cance o various DC errors coes ro: ransiate well 1o
t~e gyam-c case. 8¢ dFerent 1ess are reauireQ.

Signal-to-Noise Ratio and
Effective Number of Bits

Tre signal-o-roise p Js Gsstortien &0 (SINAD) s the
ratic of the ‘undame~:al nou: freauency’'s RMS arolituce
:ot~e AMS amp'itude ¢ a1other ADC outout s'gnals, The
oJipsibandis! ritedw freouenc es aceve DC 2nc below
one-hafne ADC campe-ae.

12

Figure 20, Offset andi Gain Adusimont (Fveetng)

The theoretical minimum ADC rcrse is czusec by cuan-
tization error and s a direct resuk of the ADC's resoistion
SNR = (6.02N + 1.76)0B. where N is the rnumber o Ditg
of resolution. A pertect 12-bit ADC can. therefore ¢o no
betier thar 74dB.  An FFT plot shows the oup at ieve! in
various speciral bards.  Figure 22 shows the result of
sampiing 2 pure 1C0<Hz sinusoio a: 2 5C0«sos rale wiin
the MAX129.

By ransposirg the equation 1nal convers rese Licr
SNR, we car. from ine measured SINAD, Gsier.ne the
elfectve resoiuter {or effecive rurmber ¢ £7s) le
ADC provices N = (SINAD - 17686 C2 F gure 22
shows the effective "umiber of cits as a funcror of tne
npu: Ireguency for ire MAX 120 Trie MAX122 pe-fers
simneniy

MNAXIMN
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Figure 21,

SIGHAL AMI'
1

Total Harmonic Distortion

Fapure sire wave is sampled by en ADC a: g-eater ‘nar
t~e Nycu's: frequency, the nonlnezrties ~ the ADC's
wranster function creaie harro-'cs o' re irout frecuency
nthe s2roled output data

Toialnarmon.c cis'eon (THD; .5 1he 2 o ol ire RMS surr
of al hasmenics ( ~ ihe frequercy band accve DC &ro
below one-hat the semole rate but 7ot acLding e BT
coroonent) to tte RMS aroltsce of the ‘undarenie
freauency This s exoressea as folons

Wom € 2 2 2
2T+ V3= Ve C+ Vi

Y 3
THD = 2009 -

e

MAXKILAV

EFFECTIVE BITS

T TR SIS ‘

Fiqure 23 Effectve Bis vs Input Froguency

where V1 is the fundamental RMS amplitude, and Vp
10 VN are the amgptitudes of the 2nd through Ni-
harmenics. The THD specification in the Eiectrical
Characteristics table nciuces the 2n¢ through Sin
narmonics.

intermodulation Distortion

If the ADC input sigral corsisis of more an cre
spectral componen: the ADC ransfer ‘unchion nor.
iinearities produce mMtermodauial:.on aistertion {IMD) -~
agdition 10 THD. IMD is 'he crange in one sinusoide.
input causeo by he presence ¢l anoiner snusoidel
input at a different frequency.

If wo pure sine waves of fregquerncy ia and 1b &-e
appiied 10 the ADC inpu:. norreantes in the ADC
transfer function create distortion Drocucls a! sum ard
diiference irequencies of mfz £ nib wnerée mand r =
0.1, 2. 3. etc. THD includes itose disior:-on products
with m or n egua. 10 zero  Intermocuiahon Cisiorion
consists of ai! chslottion products ‘o which reither »
nor n equal zero. For exampic. he 2re-order IND
terms inciude {fa + 1b) and {*a - 1) whiie the 3rd-orcer
IMD terms inciuce (2fa - o). (2fz - fo). tia + 2ib), &nc
{ia - 2i0)

it 1re wo npu $1e waves a'e equa n nagniludc. tme
vaiue {in decoels) of ine 2rnG-crder IMD oroducis can ne
expressec Dy the ‘ol'lowing formu.a

TampliLde at (‘g + 10»]

IMD {iz = ‘D) = 2Clog avplit.de et fa

SCLIXVIN/OZ L XYW
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Spurious-Free Dynamic Range

Spurious-free cyramic range is the ratic of the fundamen-
tal AMS amplituae 1o tre amrpiitude of the rext ‘argesi
speciral comoorent {in 1he frequercy banc apove OC
and below one-haf the sample ‘zte). Usualy the next
iargest speciral comoorent occurs al some harmonic of
the mpdt frequency. However. if the ADC is exceptionaily
linear. iz may occur only at a randem pezk in the ADC's
no'se floor

>

AGND
on
D10

MAX120/MAX 122 TRANS §STCR COUNT =820
SUSSTRATE COMNECTES TO Vo,

14

Chip Topography

_ Ordering Information {continued)

| PART “TEMP.RANGE  PIN-PACKAGE (LJS%S}' :
{MAX'20EAG  40C10+85C 24SSOP a o
MAX120MAG  -55C1o +125C 24 Navow CERDI 2
FMA_X12&°\CT\LG -0 (‘: 10 +70°€ - 24 Narrow Plastic P J.B/-ii
' MAX:Z%% _GCo+70 € 2¢Narow Plaste 3P 41
"MAX1Z2ACWG 0 C10470C 24 Wide SO 34
'MaX122BCWG _ 0C 0 +70C 24 Wide SO 21
[MAX'224CAG  0Cio+7cC 26880F a3’
|MAX:22BCAG  0CTio470C 24SSOP £
*_Nix_g?._auﬂ __O _C_10 +70C  Dice’ LI
'vmx122A=\JG -40Cic+85C 'M Narrow Plasic DIiP .+314
MAX122BFNG -40 C 10 485 C 24 Narrow Paastic i ri |
[ I maxs 22AEWG 40C10+85C 24 Wiae SO a3
IMAX:22BEWG -20C10+85C 2 Wide SO o
[MAX 42AEAG 40C10+85C 24550P 13

ly.Ax 27BEAG -«.9 Cio+85C 248s0P ey
MAX122BMRG  -55'Cio «125 C 24 tvarow CFROIP 1
MAIZDEWITDR . 8C10+70C  Piastic BIP - Trrougs Hoic

4

* Coniact faciory for dice specificanons
T MAX 120 EV kit can be used lo evaivale the MAX 122, when
orcdlenag the EV kil ask for a frec samplo of the MAX 122

MAKXIM
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Package Information

o INCHES MILLIMETERS
MIN | MAX | MIN | MAX
A - 0.200 - 508
e D1 -
P o e e e g e o o e o Al 0015 = 038 hal
A2 10125 [ 0150 | 3.8 - 21
A3 10055 | 0.08C | 140 - 203
8 10016 1 0022 | 041 . 386
g1 | coso | 00es | 127 168
— T T T T e e C 10008 [ 0012 | 02C : Gac
D | 1235 | 1265 | 31.37 ¢ 3213
g—wl | D1 10050 {0080 [ 127 203
! TE o300 [ 0325 | 762 @ €26
--E1—>| El | 0230 | pemo | 610 ¢ 7t -
[— ] ] .= -
—at D Lo ; e 0.100 35C Z 83 BSC
A2 !
: :A iln's r [ es 0.500 35C 762 E3C
Fa—— = -5 ~ e | - ;03200 - 1576
VIL‘,_‘_\UDL'U;_‘_L_';_‘,ED-‘.‘ 2 v [ L Tons (ovs0 | 292 3en
_‘H I u - '1'( ]}; “ ]( ¥ !l U TJ ;s el ¢ 1 % o 15
1 - | h + ST
" s Y [ . i1oa " s
LA/ N T N O B 5 " 24-PINPLASTIC
L ol —»{=C  DUAL-IN-LINE
B—-—I ! B1 ——— gy~ (NARROW)
' ~—eg—" PACKAGE
o —INCHES | MILLIMETERS |
i MIN | MAX MIN Max !
A 10C93 10104 | 235 265
A1 | 0004 | DO12 G.10 4930
B [ 0014 ] 0019 | 035 ° 949
c lonce foo1a ] 023 - o032
D 10598 | 0.6'4 | 1520 i 580
E (0201 | 0299 [ 740 760
e 0050 BSC 127 88¢
H | 0304 | 0.419 | 10.00 | 1065
n {0010 § 0030 | 025 ! 675
L , 0016 | 0050  04C_ 127
w ] 0 g | o &
2rssed
I
-~——— D ——— h xS — ;
} i 73
L.J'L___F——"q \|
V — e ;
D JE=C. { 24-PIN PLASTIC
c 8 Al c L - - SMALL-OUTLINE
PACKAGE

MNMAXIN U |
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Package Information (continued)

R

RSN R e odY

TR S e I

WGy 37T

Maxim Integrated Products,

6

#1854 VaeT Irtegrated Froav Printed U3

o INCHES MILLIMETERS
MIN | MAX | MIN | Mmax
A | 0068 | 0078 | 1.73 | 188
Al | 0002 | 0008 | 005 | 021
nnn

E! 3fad :;E_! __ 4 B | 000 | 0015 | 0.25 | 038
1 ‘ ¢ 10005 | 0.009 | 012 | 022
| D | 0.317 { 0.326 | 80T | 833
E H E | 0205 | 0.212 | 520 . 538

: e 0.0256 BSC 0.65 ESC
— r i W | 030% | 0311 | 765 | 7.9C
53""53::3 . L ] 0022 {0037 | 055 | 095

w o | 8 j 0 ! 8

- M- A
[+ 4
vJ ‘\ — Y
T ﬁﬁ 24-PIN PLASTIC
e . SHRINK
L= SMALL-OUTLINE
PACKAGE
SRR SRR S A B ATLIEL LN E St PR T TR AN TLIE B AL PSR

120 San Gabricl Drive, Sunnyvale, CA 94086 [408) 737-7600
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DC CHARACTERISTICS
W » SOV t9% v, - 0T, =« T 107, uniess oiherwise noled)
' Poramater ’ Symbol | W | e ] unn Yool CondHitons
\- A VOV S ut UL S A —— ]
Dt LGN S ege Voo 1 v
Focmu NTALI ant RTALO +20 -
VAL ana RTALD 24 -
1 Mo..\riou VN a 7 VYo v
4 Eecept 1AL ang sTALO -03 - +08
| wtapramg etALD «03 - «04
[ |;\Ou| in-‘o- Cuorrert b - w0 50 A Vi = W0 3V
| AW ALy wso ans myy Lo €15 DED BER ALC Vee = 823V
W CS
—s . - [TR SN S—
Inpul | pasays Cumime e Thine Stam Om [I'T" - 2 ° ah Vo ¢ GOV 204y
Do 07 Voo = S 28V
[N ST SR SIS [— b
Outin rege. domage Vewe 21 - - v Voo = ATV
00.D7 1O Cuw OUT RS TR Lome » = 100 A
L e U S S - - [ S il SO ol
* Outpu? Low Whage Vo - - 04 v Ve = ATV
00.D7 hD Cux OUT ATS DTH hosp = T8 mA
'6;?;;“- l‘n;u;}; éu:n"; |0'- 5;;|v1 s -— 12 110 - Voo = 378V
no Vour = 0024V
Tt Disspaton a D - - 10 NN
Incu Capacance ) Ca Voo = SV
Lace YTALL ana K TALD - - H] of Vg o OV )
XTALI ang XTALD - £ 0 of tw M N
- e s - 1, » 28°C
Cour - w oF .t

— e =
1 Oulput Capathance

Mot
1 AN prsts ieg Gngt CurtaNd {73C) SICEON JOT CapaCitance

7 Neganes 0 andicgias Oule 87 Cuff O fioms DOLANS INGIC atey e brd fow
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g Compatible with Ail intel and Most
Other Microprocessors

a Handles inputs from DC to 10 MHz
~ 5 MHz 8254-5
— 8 MHzx 8254
— 10 MHz 8254-2

g Status Read-Back Command

Six Programmabie Counter Modes
Three independent 16-Bit Counters
Binary or BCD Counting

Single +5Y Supply

Available In EXPRESS
~— Standard Temperature Range

The Intel® 8254 is a counter/timer device designed (o solve the common timing control problema in micro-
computer system design. It provides ttvee indepaendent 18.-bit counters, each capabie of handiing clock Inputs
up 10 10 MHz. All modaes are software programmable. The B254 is a superset of the 8253,

The 8254 uses HMOS tachnology and comas in & 24-pin plastic o CERDIP package.
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Figure 1. 8254 Block Diagram
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Figure 2, Pin Configurstion

FUNCTIONAL DESCRIPTION

General

The 8254 is a programmable inlerval times/counter
dasigned lor use wth intel microcomputer sysiama.
1t is & ganeral purpose, multi-timing elerment that can
be treated as an array of I/Q ports in the system
software.

The 8254 solves one of the most common problems
in any microcomputer system, the genefaton of ac-
curale time delays under software control. Instead of
setting up timing loops in soltware, the progremmer
configures the 8254 to match his requirements and
programs one of the countars for the desired delay.
Afier the desired delay, the 8254 wil interrupt the
CPU. Software overhead is minimal and vanable
length delays can easily be accommodaled.

Soma of the other counter/timer functions common
to microtompulars which can be implernented with
the 8254 are:

* Real time clock

s Event-counter

« Digital ona-shot

* Programmable rate generator
* Squate wave generator

¢ Binary rate mufuphier

¢ Complex wavelorm generator
= Complax motor conteoller

Block Diagram

DATA BUS BUFFER

This 3-state, tr-directional, 8-Lit butter 15 used g n-
tortace the 8254 to the system bus (see Figure 3).




Tabie 1. Pin Description

Symbol :‘: Type Name snd Function

0y;-Dp 1-8 170 DATA: Bi-divectional three state data bus lines, connected to system
data bus. k

CLK O 9 1 CLOCK 0: Clock input of Counter 0.

ouT O 10 0 OUTPUT 0: Output of Counter 0.

GATE O 11 | GATE 0: Gate input of Counter 0.

GND 12 GROUNO: Power supply connection,

Veo 24 POWER: + 5V power supply connection. :

WA 23 | WRITE CONTROL: This input is low during CPU write operations,

RD 22 [ READ CONTROL: This input is low during CPU read operations.

cs 21 1 CHIP SELECT: A low on this enables the 8254 10 respond to
AD and WH signats. AD and WH are ignored otherwise.

Ay A 20-19 I ADORESS: Used 1o select one of the three Counters or the Control
wWord Ragister lor read or wrile operations. Normally connected o
the systam address bus.

Aq Ag Selects

[+] 0 Counter 0

1] 1 Counter 1

1 0 Counter 2 "
1 1 Control Word Register

CLK 2 18 ! CLOCK 2: Clock input of Countar 2.

QUT 2 17 0 OUT 2: Qutput of Counter 2,

GATE 2 16 | GATE 2. Gata input of Counter 2,

CLK 1 15 | CLOCK 1: Clock input of Counter 1,

GATE 1 14 | GATE 1: Gate input of Counter 1.

ouT 1 13 [s] QUT 1: Output of Counter 1,
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Figure 3, Block Diagram Showing Data Bus Butfer and Read/Write Loglc Functions
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AEAD/WRITE LOGIC

The Read/Write LOgIC accepts inpuls from the sys-
tam bus and generales conirol signals for the other
functional biocks of the B254. Ay and Ag select one
of the threa counters or the Control Word R?glm
1o be read from/writien ito. A “tow™ on the in-
put 1elis the 8254 that the CPU is reading one of the
countors. A “low” on the WH input telis the 8254
that the CPU is writing either a Control Word or an
initial count. Both AD and W are quatified by C5;
&0 and WR ara ignored unlass the 8254 has been
setoctad by hoiding TS low. ‘

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) Is selocted
by the Read/Write Logic when Ay Ag = 11. I the
CPU then goes a write operation to the 8254, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;
status information is available with the Read-Back
Command.

COUNTER 0, COUNTER t, COUNTER 2

These thrae functional blocks are identical in opera-
tion, so only a single Counter will be described. The
intarnal block diagram of a single counter is shown

in Figure 5.
@ u" @
Or-Oy s
BUFFER

READ
whtlg
LOaKC

The Counters are tily indapendent. Each Counter
may operate in a different Mode.

The Control Word Register i shown in the figure; it
s not part of the Counter itself, but its contents de-
termine how the Counter operates.

Tha status reqister, shown in Figure 5, when
iatched, conlains the current contants of the Controt
Word Register and status of the output and null
count fiag. (See detailed axplanstion of the Read-
Back command.)

The actual counter is labelted CE (for “"Counting Ele-
ment”). It in a 16-bit presetiable synctronous down
counter.

Ol and OL are two B.bit latchas. OL stands for
“QOutput Latch™; the subscripts M and L stand for
“Mast significant byte” and “Least signiticant byte”
fespectively. Both are normally referred 10 as one
unit and cafled just OL. These latches normatly “iol.
low" the CE, but if a suitable Counter Latch Com-
mand is sent 10 the 8254, the lalches “laich™ the
prasent count untif read by the CPU and then retum
to "following™ the CE. One latch at & time is enablod
by the counter's Control Logic o drive the internal
bus. This is how the 18-bit Counter communicates
over the B-bit intemal bus. Note that the CE Rseit
cannot be read, whenever you read the count, it 1s
the OL that is being read.

Simifarly, there are two B-bit registers called CRy,
and CR {for “Count Registar”). Both ara normally

r\l A L2
A
COMTER ], . .qares
S bk

-——— L% 1

e QAT Y
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e §— out
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| | — Aty 2
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Figure 4. Block Dlagram Showing Control Word Register and Counter Functions




refarred 10 as Ona uni and called just CR. When a
naw Count is written 10 the Counter, the count i
stored in the CR and later transferred to the CE. The
Control LOG sllows one teginier at @ bme 10 be
loaded from the intemal bus. Both bytes are trans-
terred to the CE simuitaneously. CRy, and CR are
cieared when the Counter i programmed. in this
way, i the Counter has been programmed for one
byte counts (exither most signdficant byta onty or least
signiticant byte ondy) the other byte will be zero.
Note that tha CE cannot be writtan inlo;, whenaver a
count is writlen, it is written into the CR.

Tha Control Logic s also shown in the cagram,
CLK n, GATE n, and OUT n are all connected 10 the
outside world through the Control Logic.

8254 SYSTEM INTERFACE

Tha 8254 is 8 component of the Intel Microcomputer
Systems and interfaces n the same manner as all
other peripherals of the family. It is treated by the
systam's software as an amay of penipheral 1/0
ports; three are Countars and tha fourth s a control
register lor MODE programeming.

Basically, the select inpuls Ag. Ay connect to the Ag,
Ay address bus signals of the CPU. The CS can be
derived directly rom the address bus using a lkinear
select method. Or il can ba connected to the output
of a dacodar, such as an Intel 8205 for larger sys.
tems.

OPERATIONAL DESCRIPTION

General

Attt power-up, the state of the 8254 is undafined.
The Mode, count vaive, and output of alt Counters
are undefined.

e mure

Figure 5. Internal Block Diagram of a Counter

Had

How aach Countar operates is determinad Whﬁnlh:"
programmaed. Each Counter must be Programmey -
batore it can be used. Unused counters need not by

programmed, oy
. )_-m‘l .
el

Programming the 8254 3 gt

|".t4|
Counters are programmed by writing a Control Word'
and then an initial count, it

The Control Words are written into the Control wo::g
Rogister, which is salocted whon Ay Ay = 11, The
Control Word itsell specitias which Counter iy being
programmaed, i
e
By contrast, initial counts are written into the Coun.
ters, not the Controi Word Register. The A Ay in.'
puts are used o select the Counter 10 be writien
into, The format of the initial count is delenmined by .

the Control Word used. e

n

Write Operations ol

The programming procedure for the 8254 Iy vuy
flaxibla. Only two conventions need to be remem.
bered: .t
1) For each Counter, the Contro! Word must be m-n.!
ten betore the initial count is written. :
2) The Initial count must follow the count format
specified in the Control Word (least significant
byte only, most significant byte only, or least 8ig-
nificant byte and then most significant byte),

Since the Control Word Register and the three :

Counters have soparate addresses (selected by the
AyAq inputs), and each Control Word specifies the
Counter it spplies to {SC0,SC1 bits), no special in.
struction sequence is required. Any programming
sequenca that folfows the conventions in Figure 7 I
acceplable. ’

| - ADOATES BUS (e R |
[f ]
I SomTRg, Syt
[ [ e
I ATA S @
46 0O By 0y m
coverea tw:f:: Coveres
m 'ﬁl—‘.‘éﬁ? Out Qv Cun

iimiiiii

Figure 6. 8254 System Interface

-

ontrol Word Format
E‘N.n C35~0 AD=-1 WH =0

Dy Dy Oy Dy Oy Dy Dy DOy
[sc1 [ sco [ rwt [ Awo | M2 [ m1 [ mo ] Beo |

gC—Select Counter M—Mode

sC1 $CO M2 M1 MO
Ty 0 Select Counter 0 0 0 Mode 0
[P
] 1 Select Counter 1 [+] 0 1 Moda 1

1 0 Select Counter 2 X 1 [} Mode 2
[ 1 Read-Back Command X 1 1 Mode J
l (soe Read Operations) 1 0 0 Mode 4
1 0 1 Mode 5
AW—Read/Write
AW1 RWO
BCO
0 0 |Counter Latch Command (see Read
Operations) 0 Binary Counter 18-bits

0 1 |Read/Write least significant byte only 1 Binary Coded Decimal (BCD) Counter

}7 0 (4 Decades)

1 Read/Write most significant byte only

Read/Writa laast significant byte ficst,
then most significant byte

1 1

NOTE:

Don't care bita {X) should be 0 10 insure Compatibility with future Intel products.

Figure T. Control Word Format

-

Control Word—Counter 0
158 of count—Counter {

MSB of count—Counter O
Control Word—Countet 1
LS8 of count—Counter 1

MSB of count—Counter 1
Control Word—Counter 2
LSB of count—Counter 2
MSB of count—Counter 2

~w 200002
OO—'-‘-‘-‘OO-‘:

Control Word—Counter 0
Control Word—Counter 1
Control Word—Counter 2
LSB of count—Counter 2
L.SB of count—Counter 1
LSB of count—Counter 0
MSB ot count—Counter 0
MSB of count—Counter 1
MSB of count—Counter 2

NOTE:

~ 000D = w2
- Y-

>

Control Word—Counter 2
Control Word—Counter 1
Control Word—Counter 0
158 of count—Counter 2
MSB of count—Counter 2
LS8 of count-—Counter 1
MSB of count—Counter {
LS8 of count—Counter 0
MSB of count—Counter 0

= - - I

OO OO = o ot

-

Control Word—Counter §
Control Word—Counter ¢
LS8 of count—Counter 1
Controt Word—Counter 2
LS8 of count—Counter 0
MS8 of count—Counter 1
LSB of count—Counter 2
MS8 of count—Counter O
MSB of cdunt--Counter 2

A Y- - d
OOO—-O-—-—-‘-‘:

in all four examples, all Countery are programmed to read/write two-byte counts. These sre only four of many possiie

PrOQrAMITING SaqUeNnces.

Figure 8. A Few Possible Programming Sequences
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A new initael count may be written to a Counter at
any time wathout attecting the Counter's pro-
grammed Mode in any way, Counting will be atfected
as described in the Mode detinitions. The new count
must foliow the programmed count format.

K a Counter is programmed 10 read/wrila two-byle
counts, tha following precaution applies: A program
must not tanster conlrol between writing the first
and second byte 10 ancther routing which also writes
into that same Counter. Otherwise, the Counter will
be loaded with an incorrect count.

Read Operations

i s ottan gesizabls 0 read the value of a Countar
without disturbing the count in progress. Tivs is easi-
ty dona in the B254,

There ara three possible mathods for reading the
counters: a simpie read operation, the Counter
Latch Command, and the Read-Back Command.
Each is sxplained betow. The frst method is to per-
form 8 simple read operation. To read the Counter,
which is selected with the A1, A0 Inputs, the CLK
input of the salected Counter must be inhibited by
using sither the GATE input or external logic. Other-
wise, the count may be in the process of changing
when it is read, giving an undelined rasult.

COUNTER LATCH COMMAND

The second methad uses the “"Counter Latch Com-
mand”, Like a Control Word, this command is written
1o the Comrol Word Register, which is selected
when Aq,Ag = 11. Also like a Control Word, the
SC0, SC1 bits_setect one of the three Counters, but
two othar bits, D5 and D4, distinguish this command
rom a Control Word.

AAg = 1,CS = RO = 1; WR = 0

Ds 0, Dy D Dy Dy
GorTse e [o s [x [x %]

SC1,5C0-—specity counter Lo be latched

sC1 §SCoO Counter
0 0 0
0 1 1
1 0 2
1 1 [Read-Back Command

D5,04—00 designates Counter Latch Command

X—don't care
NOTE:

Don't cace bits (X) shouid be O to insure compatibilty
with future intel products.

Figure 6. Counter Latching Command Format

The selected Countar's output latch (OL) latches thy .

count at the time the Counter Latch Commang

received. This count is held in the latch until it i ": ;,

by the CPU (or until the Counter is reprogra;

The count is then unlatchoed automaticatlly and h
OL returns to “following™ the counting element (CE),
This allows reading the contents of the Courtery ,
“on the fly” without atfecting counting in progresy, ~
Muttiple Counter Latch Commands may be used 4
latch maore than one Counter. Each latched Coun.
ter's OL holds its count untit it is read. Counter Laich

Commands do not atfect the programmed Moda of

tha Counter in any way. te
N
i & Counter is fatched and then, some lime later, .
lalched again before the count is read, the second
Counter Laich Command is ignored. Tha coum read
will be the counl at the time the first Counter Laich

Command was issued. _3 .

With either method, the count must be read nocms.' "

ing to the programmed format; 3pecifically, i the
Counter is programmed for two byle counts, two
bytes must be read. The two bytes do not have o be

raad one right after the othor; 10ad of write or pro. -

gramming operations of other Counters may be h.
serled between them.

:

Another feature of the 8254 is thal reads and Mﬂa; ‘

of the same Counter may be interteaved; for exam-
ple, # the Counter is progrnmmod for two bm
counts, the following sequence is valid.

1) Read least significant byte.

2) Write new ieast significant byte.

J) Read most significant byte. .
4) Write new most significant byle.

"
If a Counter is programmed to read/write two-byle

counts, the following precaution epplios: A program
must not transier control between reading the first
and second byte to another routine which also reads
from that sama Counter. Otherwise, an incormect
count will be read.

READ-BACK COMMAND

The third method uses the Read-Back Command.
This command allows the usar 1o check the count
value, programmed Mode, and current states of the
OUT pin and Null Count flag of the selected coun-
ter{s).

The command is written into the Conlrol Word Reg-
istac and has the format shown in Figure 10. The
command applies to the counters selacted by set-
ting their corresponding bits 03, D2, D1 = 1.

The read-back command may be used to fatch mulli-
Sle counter output latches (OL) by setting the

bit D5 = 0 and selecting the desired coun-
ter(s). This single command is functionally equiva-

a,At =11 C5=0 AD=1 WRA=-0

E:Ii[c;;m]m:ms[czz[o::nlo:;o[j

Latch count of selecied counter(s)
Latch sistus of selecied counters(s)
Selact Counter 2

Select Counter 1

Dy 1 = Seteci Counter 0

Dy Resarved for futwre sxpansion; Must be 0

g
-a
IR EEE]

Figure 10, Read-Back Command Format

jont 10 soveral countar latch commands, one for
each counter latched. Each counter’s latched count
is hold until it is read (or the counter is repro-
grammed). The counter is sutomatically uniatched
when read, but other counters remain latched until
thay are read. if multiple count read-back commands
are issued 10 the same counter without reading the
count, afl but the first are ignored; Le., the count
which will be read is the count at the time the first
read-back command was issued.

The read-back command may aiso be used io latch
siatus information of selected counter(s) by setting
STATUS bit D4 = 0. Status must be latched 10 be
read; status of a counter is accessaed by a read from
that counter.

Thae counter status formal is shown in Figure 11, Bits
D5 through DO contain the counter's programmed
Mode exaclly as written in the last Mode Control
word. OUTPUT bit D7 contains the current state of
the QUT pin. This allows the user to monitor the
counter's output via software, possibly eliminating
soma hardware from a system.

NULL COUNT bit D6 Indicates whan the last count
writien to the counter register (CR) has been loaded
into the counting element (CE). The exact time this
happans depends on the Mode of the counter and is

Command
01 D‘ 05 D4 D; D: D| Do

Description

Dy [+ Dsg Dy Dy D2 Dy 0O

Output C':::lt AW1 | RWO| M2 M1 MO BCDI
0 1 = CUT Pinis {
0 = OUT Pinis 0
D¢ 1 = Null Count
0 = Count available for reading
Dg-Dy Counter programmed mode (see Figure
7)

Figure 11. Status Byte

described in the Mode Definitons, but until the count
is loaded into the counting element (CE), it can’t be
read from the counter. If the count is latched or read
before this time, the count velue will not reflect the
new count just written. The operation of Nult Count
is shown in Figure 12.

tf multiple status laich pperations of the counter(s)
are performed without reading the status, all but the
first are ignored; i.e., the status that will be read is
the status of the counter at the bme the first status
read-back command was iasued.

Both count and status of tha selected counter(s)
may be latched simutanecusly by setting both

This Action Causes
A. Wrile to the control word register (1) Null Count = 1
8. Write 10 the count register (CR)L(Z}  Nul Count = 1
C. New Count is loaded into Null Count = 0
CE (CR — CE);

NOTE:

1. Only the counter spacified by the control word wil
have s Null Count sel to 1. Null count trts of other
counters ars unafiected.

2. It the counter la programmed lor two-tyts counts
(least significant byte then most sgnificant byte} Null
Count goes 10 | when the second byls is writen

Figure 12. Null Count Operation

Result

Counter 0

t{110]lolo]o]f 1| 0 ]Readbackcountand statusof

Count and status latched
tor Counter 0

Read back status of Counter 1

Status latched ftor Counter 1

t{1{1]o| 1] 1] 0] 0 |Roadbackstatus of Counters 2, 1 Status latched for Counter

2, but not Counter 1

111]0] 1] 1] 0] 0] 0 |Readbackcountof Counter2

Count latched for Counter 2

Courvter 1

Read back count and status ol

Count latched for Counter 1,
but not status

t{1]1j0lo0o]o} 1] 0 |Readbackstatus of Countar 1

Command ignored, status
already Iatched for Counter 1

Figure 13. Read-Back Command Example
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onally the same as issuing two separate read-back
commands el oNCe, &nd the above disCussions ap-
ply hers alsa. Specifically,  multiple count and/or
status read-back commands are issued 1o the same
ocounter{s) wmithowt any intervening reads, all but the
hrst are ignored. Thes i illustrated in Figure 13,

11 both count and status of & counter are latched, the
lirst read operabon of that counter will retum latched
status, regardless of which was latched first. The
next One Ot two reads {depending on whether the
counter is programmed for one or two fype counts)
relurn laiched count. Subsequent reads retun un.
latched count.

CS|RD | WA [ Ay ] A
0 1 0 0 | O | Write into Counter 0
01 0 | 0} 1 | wWriteinto Counter
011 0 | 1] 01 wrheinto Counter 2
0 1 o 1 | 1 | Write Control Worg
o]0 1 € | 0 | Read from Counter 0
0]o0 1 0 | 1 | Read from Counter 1
00 1 1 | O | Read from Counter 2
8 [0 | 1 | 1] 1 |NoOperation(3-State)
] X X X | X | No-Operation (3-State)
0 1 1 X | X | No-Operation (3-State)

Figure 14, Read/Write Operations Summary

Mode Definitions

The following are defined lor use in describing the
opuration of the B254,

CLK Pylsa: a rising sdge, then a falling odge, in
that order, of a Counter's CLK in.
pul.

Trigger: @ rising adge of a Counter's GATE
input,

Counter loading: the transter of a count from the CR
to the CE (refer to the “Functional
Description™)

MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typicaily used for event counting. After the
Controt Word is written, OUT is initialty low, and will
remain low until the Counter rsaches zero. OUT then
goes high and remains high untit & new count or a
rew Mode 0 Conlrol Word is written into the Coun-
ter,

GATE = 1 enables counting: GATE = { disables
counting. GATE has no atfect on QUT.

T TS AR FYUYU and inial count are o
a Counter, rhoiriﬁaloounlmﬂboloadodonhm <
CLK pulse. This CLK pulse does nol decr the

count, 30 for an initial count of N, OUTdooanoqwh‘
high until N + 1 CLK pulses after the wtial count jg -
writien,

=
(5
hiy

g3t

HnmcounlhwﬁnenlomoCOunlor.nﬂ
loaded on the next CLK pulse and counting will oo,
tinue from the new count. If & two-byte count is wry,
tan, the following happens: s
1) Wrkting the firat byte disables counting. OUT la gy
low immediately (no clock pulse required) %
2) Writing the second byte alows tha new count i,
be loaded on the next CLK puise. iy

This allows the counting sequence 1o be tynehvmhz
od by software. Again, OUT does not o high umy’ -

N+ 1 CLK pulses after the new count of N It written,
I an initlal count s writien whie GATE = 0, & i "

#Ull be loaded on the next CLK pulse. When GATE,
9083 high, OUT will go high N CLK puises later; ng,
CLK pulse Is needed 1o load the Counter as this has' *
alrsady been done. vy
oty L

MODE 1: HARDWARE RETRIGGERABLE ~ °
ONE-SHOT “

OUT will be initially high. OUT will go low on the CLK
pulsa following & trigger to begin the one-shot puise,
and will remain low until the Counter reaches zero,-
QUT will then go high and remain high until the CLK'
puise after the nexi trigger. ‘ ‘"

After writing the Control Word and initial count, the” -
Counter is armed. A trigger results in loading the -
Counter and setting OUT low on the next CLK pulse,
thus stanting the one-shot pulse. An initial count of N
will result in & one-shot pulse N CLK cycles In dura.
tion. The one-shot is retriggersble, hence OUT will
remain low tor N CLK puises sfier any trigger. The
ona-shot pulse can ba repeated without rewriting the
same count into the counter. GATE has no effect on
OouT.

P |

i
=

if & now count is writtan 1o the Counter during a one-
shot pulse, the current ana-shat is not attected un-
less the counter is retriggared. In that case, the
Counter Is loadad with the new count and tha one-
shot pulse continues untit the new count axpires,

MODCE 2: RATE GENERATOR

This Mode functions ke a divide-by-N counter. It is
typically used 10 ganerate a Real Time Clock inter-
rupt. QUT will initially be high. When the initial count
has decremented 10 1, OUT goes low for one CLK
pulse. OUT then goes high again, tha Counter re-
loads the initial count and the process is repeated.
Mode 2 is periodic; the same sequences is repeated

168

\naefinitely. For an initial count of N, the saquance
repeats every N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. if GATE goes low dunng an output pulse,
OUT is set high immediately. A lrigger reloads the
Counter with the initial count on the next CLK pulse;
OUT goos low N CLK pulses after the trigoor Thus
the GATE input can be used to synchronize the

Counter.

ttar writing & Control Word and initisl count, the
EOUHter will be kaded on the next CLK pulse, OUT

-7
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NOTE:
The Following Conventions Apply To AN Mode Timing
Diagrams:

1. Counters are programmed for binary (nol BCO)
counting and for Reading/Writing least significant byte
(LS8) onty.

2. The counter is aiways selected (U5 aiways low).

3. CW stands lor “"Control Word™; CW = 10 means a
control word of 10, hex Is written to the counter,

4. LSB stands for “Least Significant Byte” of count.

5. Numbers below diagrams are count values.

The iower number is the least significant byte.

The upper number is the most significant byte. Since
the counter is programined to Read/Write LS8 only,
the most signiticant byte cannot be read.

N stands ior an undefined count.

Vaortica! lines shaw ransitions betwesn count valuss.

Figure 5. Mode 0

goes tow N CLK Pulsas after the initial count is writ-
ten. Ttus ailows the Counter 10 be synchvonized by
software also.

Writing & new count while counting does not affect
the current counting sequence. It a lrigger is re-
ceivad after writing & Rew count but before the end
of the current period, the Counter will be loaded with
the new count on the next CLK pulse and counting
will continue trom the new count. Otherwise, the
new count will be loaded at the end of the curent
counting cycle, In mode 2, a COUNT of 1 is Hlegatl.

MODE 3: SGUARE WAVE MODE

Mode 3 is typically used for Baud rate generation.
Mode J is similar 1o Mode 2 except for the duty cycle
of QUT. OUT wilt initially be twgh. When hall the
initial count has expired, OUT goes low for the re-
maindet of the count. Mode 3 i1s penodic; the se.
quence above is repeated indefinitely. An initial
count of N results in a square wave with a pericd of
N CLX cycles,

GATE = 1 ensbles counting; GATE = 0 disables
counting. If GATE goes low while OUT is low, OUT is
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set high immediately. no CLK puise is requied. A
tngger reloads the Counter with the wwtial count on
tha next CLK putse. Thus the GATE input can be
used 1o synctvomze tha Counter.

Aftes writing & Control Word and initial count, the
Counter will be ioaded on the next CLX puise. This
aflows the Counter to be synchronized by sottware
also.

Writing a new count whie counting does not atfect
the current counting sequence. If a trigger is re-
corved after wnting a new couni but befors the end
ol the current half-cycle of the square wave, the
Counter will be loaded with the naw counl on the
naxt CLK pulse and counting will confinue from the
new count. Othorwise, the new count will be loaded
at tha and of the curent hallcycle.

Moda 3 is implamentad as follows:

Even counts: QUT is initially high. The initial count is
ioaded on one CLK pulse and then is decremented
by two on succeeding CLK pulses. Whan the count
oxpres OUT changes value and the Counter is re-
lnaded with the initial count. The abova process is
repaated indafinitely.
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NOTE:
A GATE wansibon should not ocour one clock pnor 1o
tevmrinal count.

Figure 17, Mode 2

0Odd counts: OUT is inftially high. The initial Count
minus one (an even number) is loaded on one CLK
puise and then is decrementad by two on succeed.
ing CLK pulses. One CLK puisa affer the count ex.
pires, OUT goes low and the Counter is reloaded
with the initial count minus ona, Succeeding CLK .-
puises decrement the count by two. When the count
oxpires, QUT goes high again and the Counter Iy .
reloaded with the initial count minus one. The above
process is repaated indalinitely. So for odd

OUT will be high for (N + 1)/2 counts and low hv
(N ~ 1)/2 counts.

MODE 4: SOFTWARE TRIGGERED STROBE

OUT will be initially high. When the initial count ex-
plres, QUT will go tow for one CLK pulse and then
go high again. The counting sequenca is “triggersd™
by writing the initiat count.

GATE = 1 enables counting; GATE = 0 disables
counting, GATE has ng effect on QUT.

-
After writing & Control Word and initia! count, the
Counter wili be loadad on the next CLK pulse. This
CLK pulse does not decrement the count, 80 for an
initial count of N, QUT does nol strobe low unti N +
1 CLK pulses after the initial count is written. .

If & new count is writtan during counting, it will be

T e B W e |
R R R H H H H E H

toew imus

= UL
- S W

RN HHHHNHMNHHHHE

CBad rlsee

o L
wJ

-7 g -
N R HHEHHHHEHH

NOTE:
A GATE transtion shoukd not ocour one clock prior 10
lormenal count.

Figure 18, Mode 3

joaded on the next CLK pulse and counting wilt con-
tinua from the new count. If a two-byta count is writ.
ten, the following happens:

1} Writing the first byte has no effect on counting.

2) Writing the second byt aliows the new count to
be loaded on the next CLK pulse.

This allows the sequence to be ‘“retriggered” by
software. OUT strobes low N + 1 CLK pulses after
tha new count of N is written.

MODE 5: HAROWARE TRIGGERED STROBE
{RETRIGGERABLE)

OUT will initially be high. Counting s triggered by &
rising edge of GATE. When the initial count has ex-
pired, OUT will go low for one CLK pulse and then
go high again.

Ahar writing tha Controt Word and initial count, the
counter will not be loaded until the CLK pulse after a
iigger. This CLK puise does not decrement the
count, 80 lor an initial count of N, OUT does not
strobe low untit N + 1 CLK putses after a trigger.

A trigger results in the Counter being loaded with the

initial count on the next CLK pulse. The counting
saquence is retriggerable. OUT will not strobe jow
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Figure 19. Mode 4

for N + 1 CLK pulses after any trigger. GATE has
no effect on OUT.

It @ new count is writlen during counting, the curent
counting sequence will not be attected. If a trigger
occurs after the new count is written but before the
current count expwes, the Counter will be loaded
with the new count on the next CLK pulse and
counting will continue from there.

Operation Common to Ait Modes

PROGRAMMING

When a Con!rol Word is written 10 a Counter, all
Control Logic s immaediately raset and OUT goes 1o
a known initial state; no CLK puises are requred for
this,

GATE

The GATE input i3 always sampled on the rising
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input
is level sensitive, and the logic levol is sampled on
the rising edge of CLK. In Modes 1, 2, 3, and 5 the
GATE input Is rlsing-edge sensitive. In these Modos,
a rising edge of GATE (trigger) sets an edge-sensi-
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tive fip-fop in the Counter. This flip-flop is then w.J

Bignat Low ., CHARACTERISTICS T, = 0°Cto 70°C. Ve = 5V £ 10%, GND = OV
sutve | O Going Rlaing +aoh pled on the next rising edge of CLK: the fip-flop iy A.C A ce
Mo Low reset immediately atter it is sampled. In this way, .lg
trigger wiil be detected no matter when it Bus Parame(efs(“
0 Duadies - Enables high logic level does not have 1o bs maintained ury 3
Cournrg Countrg | the next riaing adge of CLK. Note that in Modes g &
' —_ 1) hnates —_ #nd 3, the GATE input s both edge- and level-sens, READ CYCLE
Couneng tive. In Modes 2 and 3, if a CLK source other $254-5 8254 8254-2 Unit
2) Resets Outpt the system clock is used, GATE should be Symbol Parameter - nl
aher Naxt immediately following WH of & new count value, "dg Min | Max | Min | Max | Min ax
— Clock COUNTER ol tan Address Stable Betore FID | 45 45 30 n
Counng irubates Enables New counts are loaded and Counters are r"fb; | 'sR TS Stable Before AD | 0 (4 ne
2) Sets Output Counting Countng mented on the falling edge of CLK. % A Address Hold Time Atter AD 1 0 ns
Immecutely The largest possibie initial count s 0; this is m‘ "
High lent to 2'8 for binary counting and 104 for BCD ; ‘AR RD Puise Width 150 150 Lid s
3 1) Drsabies 1&?t:u.mnr\g tap Data Delay rom RD | 120 120 85 na
Countng Inmhates Enables he Counter does not stop when It reaches zero, 3 4 18
2) Sets Outpest Countng Counting Modes 0, 1, 4, and 5 tha Counter “wraps sround” ip :’? ._"‘io Oate Deley kom Address 220 e 220 5 m
Frmecately the highest count, either FFFF hex for binary count.: | tor RD T to Data Floating 5 90 5 90 5 65 ns
High ing or 8989 for BCO counting, and continues count ] .
A Oceabies —_ e} ing. Modes 2 and 3 are periodic: the Counter reloads 4 tav Command Recovery Time 200 200 165 m
) itsefl with the initial count and continues =
Countrg Countrg from thera. g NOTE:
-] e nhates —_— ok 1. AC timings measured at Vo = 2.0V, Vo = 0.8V,
Pr—— op.c“‘m""‘“ - ABSOLUTE MAXIMUM RATINGS® ~345
gure . e Pin ul ns mmary ik - - - .
Ambient Temperature Under Bias ... .. O'C‘bm 2 A.C. CHARACTERISTICS T, = 0°Cto 70°C. Vg = 5V £ 10%,GND = OV {Continued)
Min Max Storage Temperatwre .......... -65°Cto +150°C .
Modse '
Count | Count Voltage on Any Pin with L WRITE CYCLE —
0 [ o Raspe.c( 'to ground .............. -0.5Vto +N":. Symbol Parameter 8254-5 8254 Unit
1 1 4] Power Diasipation ...........ccoceeerinrinens w. Min Max Min Max Min Max
; ; 3 *Notice: Stresses sbove those ksted under “Abec §. aw Address Stable Before WR | 0 0 o ne
lute Maximum Ratings " may cause permanent dem-' ., 1 Stabie Befors WR 0 0 0 ns
; : : #ge o the device. mlsislmvssrawaww“ S cs !
NOTE: tunctional operation of the device at these or any ; WK Address Hoid Time Atter WH | 0 ns
0 m equvalent 10 218 for brnary counting and 104 for other conditions above thoss indicaled kn Wm_z. tww WH Pulse Width 150 150 95 ns
BCO countng. tional sactions o/ tVs specification i not impked. Ex. v wR o
posure o absolute maximum raling conditions for é tow Data Setup Time Betore 1 120 120 95 s
Figure 22. Minimum and Maximum Initial Counts extonded pernods may affect device relabiily. u'- twp Data Hold Time After WH T o 0 0 ns
t Co nd Recovery Time 200 200 185 ns
0.C. CHARACTERISTICS Ta = 0°C 1o 70°C. Vog = SV £ 10% LA L hal
Symbol Parameter Min Max Units Test Conditions J
Vie Inout Law Voltage -05 0.8 v s CLOCK AND GATE
Vin Input High Voltage 20 Veo +0.5V v ; Symbol Parameter 82545 8254 82542 Unit
Vou Output Low Voltage 0.45 v oL = 2.0 mA 2§ Min Max Min Max Min Max
Vou Output High Vottage 2.4 v lon = —400 uA * Lk Clock Period 200 oC 125 DC 100 [0 o ns
e input Load Current +10 A Vin = Voo to OV b : 1Py High Pulse Width 8043} 6013 30(3 ns
oL Output Float Leakage £10 uA Vout = Vg 10 0.45v4 ¢ | lowt Low Pulse Width 6ol 6003 5009 m
loc Ve Supply Current 170 mA B ‘ R Clock Rise Time 25 25 25 ns
Cin input Capacitance 10 oF fo = 1 MMz L_ 3 Clock Fall Time 25 25 25 ns
Cire 1/0 Capacitance 20 pF Unmeasured pina L law Gate Widih High 50 50 50 ns
retunad to Vgg!? - Ji F gL Gate Width Low 50 50 50 na
1722 7 173




1 o

tgs Gate Selup Time to CLK T 50 50 40 A ‘ wAVEFORMS {Continued)
GH Gate Setup Time After CLK T 50(2) 50(2) 50(2) [
00 Output Delay from CLK | 150 150 100 | e RECOVERY
oo Output Delay trom Gate | 120 120 100 e
twe CLK Delay for Loading | o | ss 0 55 0 5 | M
W Gate Delay for Sampfing 5] 0| -s| sof -5 & | m 7. & _\_/ \__/_——
two OUT Delay from Mode Write 260 260 240 ne
o CLK Set Up for Count Latch -40 | 45 | -40 | 45 | -40 | 40 | me
NOTES: K CLOCK AND GATE

tha rising clock 8dge may net be detected,
J. Low-going gitchet thatl viclale lpws Lowy may causs HTOMS fequiring Counter Feprogramming. .
4. Sampled, not 100% tested, T, = 25°C. W
5.!fCLKprnonulTWCninvaantoqunllN+20LKNm.TWCmth«nIN+ICtKN-.TWCnh.'
TWC max, count will be either N+ 1 or N + 2 CLK puises, o
8. In Modes 1 and 5, # GATE in present when wiiting & new Count value, at TWG min Courter wil not be tiggered, al T
max Couniar will be iggersd. .
7. It CLK prasent when writing 8 Counter Latch or ReadBack Command, at TCLuﬂnCLKndlbonﬂodéthm

N
lalched, 81 TCL max CLK will not be reflected in the count value latched. . I [ ‘__f 1
o iy aare d \ ow

E.InMoon|mdsmoooqnunnuodonnd\mmwo-.ﬂmmwmIzom(mmloﬂhouﬂq:‘
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WAVEFORMS | —
WRITE B >§ X . outeut o |
4 N
1) ooa
taw ing |— L wo -
- b
s 33 2 . J." *Last byte of count bewng wnften.
i
“ .
" -~ A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

DATA AU J VALIO I

o " 10 re
DEVICE
. N o -~ > TESY PONNTS < UNDER
T ’e bl o rest

AC Tening Inputs ace driven at 2 4V for & Logee 1" and 0 45V
tor a Logee "0 " Turwng Measwernerts are Made 41 20V lor 8
—_— e w—— Logc "1” and G 8V for & Logee 0"
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