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LAMPIRAN2 

{**************************************************************************** 
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 new delay ,crt,dos,graph; 
type complex=record 

re : real; 
im: real; 
end; 
tsamp=array[0 .. 1024] of longint; 
tsamp 1 =array[O .. 1 024] of complex; 
str7=string[7] ; 

const pcw=$303; {alamat control word dari PIT} 
strrnenu:array[O . .4] of string[ 44]=('1. Lihat Spektrum','2. Rekam Hasil Spektrum','3. Lihat Hasil 
Rekaman', '4. Bandingkan Hasil Rekaman','5. Keluar'); {mencetak menu} 
adc=$304; {alamat ADC} 
sampel= 1 024; {jumlah titik sample yang diambil} 
bit= 1 0; {jumlah bit dari titik sample} 
Gray I O:FillPattemType=($AA,$AA,$AA,$AA,$AA,$AA,$AA,$AA); 

var xpos,ypos,grdriver,grrnode,Errcode,p,n,d,sampling,max,min : integer; 
old : fillpattemtype; 
rev : pointer; 
h : tsamp; 
ch,tombol,pil : char; 
f,fl : file oftsamp; 
fout,foutl : file oflongint; 
data : tsamp 1; 
count : integer; 
datastr : str7; 

{deklarasi tipe file} 
{deklarasi tipe file} 

nfile 1 ,nfile2,cth : string; 
selesai,mulai 1 ,mulai : boolean; 
a,b : longint; 
err, err I, ai, temp : extended; 



data_max, data_ min,data _total: array [0 . .1 024] of integer; 
Vpp, Vpp2, dB, dB2, gain: array [O .. 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 
mov ai, 9Fh 
out dx, al 
mov dx, 302h 
mov ai, 3h 
out dx, al 

mov dx, 303h 
mov ai, SFh 
out dx, al 
mov dx, 30lh 
mov ai, 73h 
out dx, al 
end; 

end; 

procedure writef; 

{menginputkan alamat control word dari PIT} 
{mengaktifkan mode 3 dan alamat counter 2 PIT} 

{mengaktifkan alamat counter 2 PIT} 
{menginputkan pembagian 3 dalam decimal} 

{menginputkan alamat control word dari PIT} 
{mengaktifkan mode 3 dan alamat counter I PIT} 

{mengaktifkan alamat counter I PIT} 
{menginputkan pembagian 73 dalam decimal} 

{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:byte); 
{Procedure ini 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 S} 

begin 
h[n]:=portw[adc] and $FFF; {menghilangkan bit 12 - IS} 
ifh[n] and $800=$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:=O; . qf··" . '. \I. :elmpL:· . 
sampling:=l; 
port[$21] :=port[$21] or $20; {disable IRQ 5} 

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

end; 

procedure Inisialisasi_graph; 
{Procedure ini digunakan untuk mengaktitkan 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; 
z.im:=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.re:=x.re-y.re; 
. . . 

z.lm:=x.lm-y.lm; 
end; 

procedure add(var z:complex;x,y:complex); 
{Procedure ini digunakan untuk menghitung pengurangan bilangan kompleks} 
begin 

z.re:=x.re+y.re; 
z.im:=x.im+y.im; 

end; 

function abs 1 (x:complex):real; 
{Function ini digunakan untuk mengitung magnitude bilangan kompleks} 
begin 

abs 1 :=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; 

tcomplex; 
begin 
j:=I; 
for i:= I to sampeI-I do 
begin 
if i<j then 
begin 

t=data[j]; 
data[j] :=data[ i]; 
data[i]:=t; 

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

end; 
j:=j+k; 

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,tcomplex; 
i,j ,k,le,le I ,p:word; 

begin 
for k:= I to bit do 
begin 

Ie:=1 shl k; 
leI :=Ie shr I; 
u.re:=I; u.im:=O; 
w.re:=cos(pi/iel ); 
w.im:=-sin(pille 1); 
for j:=1 to leI do 
begin 

1:=J; 
repeat 

p:=i+leI; 
muI(t,data[p],u); 
sub( data[p ],data[i],t); 

IV 



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(O,O,ThickWidth); {menggambar garis tepi} 
setcolor(yellow); 
getfillpattern( old); 
bar3d(80, 130,S80,220,2,true); {menggambar kotak} 
setcolor(red); 
settextsty le(TriplexF ont, 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 1 O,Black); 
Bar(SO,60,600,360); {menggambar persegi} 
setcolor(11 ); 
line(SO,60,SO,360); 
line(SO,360,441,360); 
setcolor(7); 

{menggambar garis vertikal skala} 
{menggambar garis horisontal skala} 

for p:=O to 27 do 
line(SO+(p* 17),362,SO+(p* 17),358); 
for p:=O to 10 do 
line( 48,60+(p*30),S2,60+(p*30)); 
for p:=O to 27 do 
line(SO+(p* 17),3S8,SO+(p* 17),60); 
for p:=O to 10 do 
line(SO,60+(p*30),S60,60+(p*30)); 
setcolor(9); 

{mencetak skala horizontal} 

{mencetak garis horizontal} 

outtextxy(140,6,'GRAFIK SPEKTRUM FREKUENSI AUDIO'); 
setcolor( 15); 
outtextxy(40,370,' 0'); outtextxy(73,370,' 2'); {mencetak agka skala horizontal} 
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outtextxy(107,370,' 4'); outtextxy(l42,370,' 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( 483,3 70,'KHz'); 
setcolor( 1 0); 

end; 

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

ifh[p] > data_max[max] then 
begin 

data_max[max] := h[p]; 
end; 
Vpp[p] := (data_max[max]+0.00001)/204.8; 
dB[p] := 20*(ln((Vpp[p])/(2*sqrt(2))/0.775)/ln(10)); 

end; 

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

ifh[p] < data_min[min] then 
begin 

data min[min] := h[p]; 
end; 
Vpp2[p] := ((-1)*data_min[min]+0.00001)/204.8; 
dB2[p] := 20*(ln((Vpp2[p])/(2*sqrt(2))/0.775)/ln(1 0)); 

end; 

procedure gain_dB; Near; 
{Procedure ini digunakan untuk mencari nilai gain} 
begin 

data _ total[p] := (data _ max[ max ]-data _min[ min]); 
Vpp2[p] := (Vpp[p]+Vpp2[p])/2; 
gain[p] := (dB[p]+dB2[p])/2; 
ifgain[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( 546,1 OO,datastr); 
end; 

procedure viewrekaman; 
{Procedure ini digunakan untuk menampilkan kembali data yang telah direkam} 
var nfile:string; 
begin 

inisialisasi _graph; {menginisialisasi grafik} 
inisialisasi]IT; {menginisialisasi PIT} 
setlinestyle(O,O,ThickWidth); 
setcolor(YELLOW); 
getfillpattem( old); 
bar3d(80, l30,580,220,2,true); 
setcolor(red); 
settextsty le(Tri plexF ont, 0,3); 
outtextxy(90, l52,'Masukkan nama file: '); {menunggu input nama file} 
gotoxy(45,ll); 
readln(nfile); {membuka file dengan nama yang diinputkan} 
assign(f,nfile ); 
reset(f); 
wammg; 
inisialisasi_graph; {menginisialisasi grafik} 
setcolor(l4); 
setcolor(blue ); 
rectangle( 1 ,39,639,439); 
setcolor(9); 
outtextxy(533,230,'TIME DOMAIN'); 
setviewport(2,40,5l2,420,true); {mencetak area sinyal time domain} 
area; 
n:=O; 
sampling:=O; 
count:=O; 
repeat 

readf(l ); 
for p:=O to sampel do 

begin 
data[p).re:=h[p]1175*(l-cos(2*pi*(p shl 1 )/sampel)); {menghitung data real} 
data[p).im:=O; {menghitung data imajiner} 

end; 
bit_reverse; 
fft; 
p:=O; 
repeat 

inc(p); 
begin 

begin 

{membalik bit data} 
{menghitung nilai FFT} 
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setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya} 
setcolor(7); 
rectangle(517 ,59,631,181); 
setviewport( 520,1 00,630,220,tme); {membatasi area sinyal bam} 
setcolor(lO); 
moveto(p,60+(h[p-l] div 35)); 
lineto(p,60+(h[p] div 35)); {menggambar sinyal time domain} 
setviewport( 520, I 00,630,220,false); {menutup area sinyal sebelumnya} 
setviewport(2,40,512,420,tme); {membatasi area sinyal bam} 

end; 
ifp<500 shl I then 
begin 

setcolor(l2); 
moveto( 50+p,360-round( 50*abs I (data[p-I ])/sampel)); 
lineto(50+p,360-round( 50*abs I (data[p ])/sampel)); {menggambar sinyal frekuensi domain} 

end; 
end; 

ifp>=500 then 
begin 

for p:=O to sampel do 
begin 

data[p ].re:=(h[p]1I 00)*( l-cos(2*pi*(p )/sampel)); {menghitung nilai data real} 
data[p].im:=O; {menghitung nilai data imajiner} 

end; 
bit reverse; {membalik nilai bit data} 
fft; {menghitung data dengan proses FFT} 
p:=O; 

end; 
until p=O; 
inc(count); 
str( count,cth); 

{menaikkan pewaktu} 

outtextxy( I, I ,'Count ke :'+cth); {mencetak nilai pewaktu} 
clearviewport; 
setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya} 
setviewport(520,100,630,220,tme); {membatasi area sinyal bam} 
clearviewport; {membersihkan area} 
setviewport(520, 1 00,630,220,false); {menutup area sinyal sebelumnya} 
setviewport(2,40,512,420,tme); {membatasi area sinyal bam} 
area; {menggambar area sinyal } 

until eof(f); 
close(f); 
closegraph; 

end; 

{menutup file} 
{menutup mode grafik} 
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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]IT; {menginisialisasi PIT} 
setlinestyle(O,O,ThickWidth); 
setcolor(yellow); 
getfillpattem( old); 
bar3d(80, 130,580,220,2,true); {menggambar kotak} 
setcolor(red); 
settextsty le(TriplexF ont, 0,3); 
outtextxy(90, 152,'Masukkan nama file : I); {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} 
wammg; 
inisialisasi _graph; {menginisialisasikan grafik} 
setcolor( 14); 
setcolor(blue ); 
rectangle(l,39,639,439); {menggambar kotak} 
setcolor(9); 
outtextxy(533,230,'TIME DOMAIN'); 
setviewport(2,40,512,420,true ); 
area; {menggambar area sinyal} 
tombol:=#26; n:=O; 
sampling:=O; 
count:=O; 
getintvec($OD,rev); {simpan alamat IRQ5} 
setintvec($OD,@Baca_adc); {set alamat IRQ5} 
port[$21]:=port[$21]and $DF; 
repeat 
until sampling= 1; 
writef; 
for p:=O to sampel do 

begin 
data[p].re:=h[p]1175*(1-cos(2*pi*(p shll)/sampel)); {menghitung data real} 
data[p].im:=O; {menghitung data imajiner} 

end; 
bitJeverse; 
fft; 
p:=O; 
repeat 

repeat 
inc(p ); 

{membalik nilai bit data} 
{menghitung nilai FFT} 
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setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya} 
setcolor(7); 
rectangle(517 ,59,631,181); 
setviewport(520, 1 00,630,220,tme); {membuka area sinyal bam} 
setcolor(10); 
moveto(p,60+(h[p-l] div 35)); 
lineto(p,60+(h[p] div 35)); {menggambar data time domain} 
setviewport(520, 1 00,630,220,false); {menutup area sinyal sebelumnya} 
setviewport(2,40,512,420,tme); {membuka area sinyal bam} 
if sampling= 1 then 

begin 
ifp<500 shl 1 then 

begin 
setcolor(l2); 
moveto(50+p,360-round( 50*abs 1 (data[p-l ])/sampel)); 
lineto(50+p,360-round(50*abs 1 (data[p ])/sampel)); {menggambar sinyal domain 

frekuensi} 
end; 

end; 
ifp>=500 then 

begin 
port[$21]:=port[$21] and $DF; {enable IRQ5} 

repeat 
until sampling= 1; 

for p:=O to sampel do 
begin 

data[p ].re:=(h[p ]/256)*(1-cos(2 *pi *(p )/sampel)); {menghitung data real} 
data[p ].im:=O; {menghitung data imajiner} 

end; 
bit reverse; {membalik nilai bit data} 
fft; {menghitung nilai FFT} 
clearviewport; {membersihkan area} 
setviewport(2,40,512,420,false); {menutup area sinyal sebelumnya} 
setviewport(520,100,630,220,tme); {membatasi area sinyal bam} 
clearviewport; {membersihkan area} 
setviewport( 520,1 OO,630,220,false); {menutup area sinyal sebelumnya} 
setviewport(2,40,512,420,tme); {membatasi area sinyal bam} 
area; {menggambar area sinyal} 
p:=O; 

end; 
ifkeypressed then tombol:=readkey; {menunggu input tombol} 

until (tombol=#27) or (p=O); 
writef; {menulis file} 
inc( count); 
str( count,cth); 
outtextxy( 1,1 ,'Count : '+cth); {mencetak nilai pewaktu} 

x 



until tombol=#27; 
setintvec($OD,rev); {set alamat IRQ5} 
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(O,O,ThickWidth); 
setcolor(yellow); 
getfillpattem( old); 
bar3d(80,30,580,80,2,true); {menggambar kotak} 
setcolor(red); 
settextsty le(Trip lexF ont, 0,3); 
outtextxy(90,32,'PEMBANDING SPEKTRUM FREKUENSI AUDIO'); 
xpos:= 140;ypos:= 1 00; {menset posisi} 
for i:=O to 4 do 
begin 

setfillpattem( old,9);setcolor( Green); 
Bar3d(xpos,ypos+i *40,xpos+ 3 70,ypos+(i+ 1 )*40,3, TRUE); 
setfillpattem( old,8);setcolor( white); 
outtextxy(xpos+ 20,ypos+5+i *40,strmenu[ i]); 

end; 
settextsty le(TriplexF ont, 0,3); 
outtextxy(140,322,'Tekan Nomor Sesuai Menu: U'); 

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 i,j : integer; 
nfile:string; 
nfile 1 : string; 

begin 
clrscr; 
clearviewport; 
inisialisasi_graph; {menginisialisasi grafik} 
mulai:=false; 
setcolor(yellow); 
getfillpattem( old); 
bar3d(80, 130,5 80,220,2, true); 
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setcolor(red); 
settextsty le(TriplexF ont, 0,3); 
outtextxy(90, I 52,'Masukkan nama file : '); {menunggu input nama file pertama} 
gotoxy(45,11); 
readln(nfile ); 
setcolor(yellow); 
getfillpattem( old); 
bar3d(80, 130,580,220,2,true); 
setcolor(red); 
settextstyle(TriplexFont,O,3); 
outtextxy(90, 152,'Masukkan nama file: '); {menunggu input nama file kedua} 
gotoxy(45,11); 
readln(nfile 1); 
wammg; 
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} 
for i:=l to 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(f,nfilel); {membuka file kedua} 
reset(f); 
assign(fout,'fftl.dat'); {menyimpannya dalam bentuk FFT} 
rewrite(fout); 

end; 
repeat 

read(f, h); 
for p:=O to sampel do 

begin 
data[p].re:=h[p]1175*(1-cos(2*pi*(p shll)/sampel)); {menghitung nilai real data} 
data[p ].im:=O; {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( abs 1 (data[j))); 
write(fout, a); {menyimpan bentuk absolut data} 

end; 
area; 
p:=O; 
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(1 0) else setcolor(red); 
ifp>1 then 
lineto(p,60+(h[p] div 35)); {menggambar sinyal time domain pertama} 
moveto(p,60+(h[p-l] div 35)); 

end; 
delay(50); 
clearviewport; 
setcolor(3); 
setviewport( 520,1 00,630,220,false); {menutup area sinyal sebelumnya} 
setviewport(2,40,512,420,true); {membatasi area sinyal baru} 
p:=O; 
for p:= 1 to 500 do 

begin 
if i= 1 then setcolor( 10) else setcolor(red); 

ifp>1 then 
lineto(50+p,360-round(50*abs1 (data[p])/sampel)); {menggambar sinyal frekuensi 

domain} 
moveto(50+p,360-round(50*abs 1 (data[p-l ])/sampel)); 

end; 
delay(50); 
clearviewport; 

until eof(f); 
close(fout); {menutup file} 
close(f); 

end; 
assign(fout, 'fft.dat'); 
reset(fout); 
assign(fout!, 'fft l.dat'); 
reset( fout! ); 
j:=O; 
repeat 

read(fout, a); 
if a>4 then mulai:=true; {logika untuk mengeliminasi nilai 0 data} 
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until mulai; 
mulai: =false; 
repeat 

read(foutl, b); 
ifb>4 then mulai:=true; 

until mulai; 
err:=O; 
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(foutl); 
close(fout); 
err:=( err/j); 
al :=al/j; 
err:=abs((err/al))*lOO; {proses menghitung besar simpangan} 
if err >= 100 then {membatasi simpangan sampai 100 %} 
err:=lOO; 
setlinestyle(O,O,ThickWidth); 
inisialisasi_graph; 
setcolor(yellow); 
getfillpattem( old); 
bar3d(80, I 00,500,200,2,true); 
setcolor(red); 
settextsty le(Trip lexF ont, 0,3); 
gotoxy(45,ll); 
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 ]IT; {menginisialisasi PIT} 
wammg; 
inisialisasi _graph; 
setcolor(blue ); 
rectangle( 1 ,39,639,439); 
setcolor(9); 

xiv 



outtextxy(533,230,'TIME DOMAIN'); 
setcolor(3); 
outtextxy(5l6,300,'Gain = dB'); 
setviewport(2,40,512,420,true); {membatasi area sinyal} 
area; {mencetak area sinyal} 
tombol:=#26; 
n:=O; 
sampling:=O; 
count:=O; 
getintvec($OD,rev); {simpan alamat IRQ5} 
setintvec($OD,@Baca_adc); {set alamat IRQ5} 
port[$21]:=port[$21]and $DF; {enable IRQ5} 
repeat 
until sampling= 1; 
for p:=O to sampel do 

begin 
data[p ].re:=h[p ]1158*(I-cos(2*pi*(p shl 1 )/sampel)); {menghitung nilai real data} 
data[p].im:=O; {menghitung nilai imajiner data} 

end; 
bit_reverse; {membalik nilai bit data} 
fft; {menghitung nilai FFT data} 
p:=O; 
repeat 

repeat 
rumus _gain_high; 
rumus _gain Jow; 
gain_dB; 
inc(p ); 
setviewport(2,40,512,420,false); {menghapus area sinyal sebelumnya} 
setcolor(7); 
rectangle(517,59,631, 181); 
setviewport(520, 1 00,630,220,true); {membatasi area sinyal baru} 
setcolor(lO); 
moveto(p,60+(h[p-1] div 35)); 
lineto(p,60+(h[p] div 35)); {mencetak sinyal time domain} 
setviewport(520, 1 00,630,220,false); {menghapus area sebelumnya} 
setviewport(2,40,512,420,true); {membatasi area sinyal baru} 
if sampling= 1 then 

begin 

ifp<500 shl 1 then 
begin 

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

ifp>=SOO then 
begin 

port[$21] :=port[$21] and $DF; {enable IRQS} 
repeat 

rumus _gain_high; 
rumus _gain_low; 
gain_dB; 
setcolor(lO); 
tulis _gain; 

until sampling = I; 
data_max[max]:= 0; 
data_min[min] := 0; 

for p:=O to sampel do 
begin 

data[p].re:=(h[p]I1S8)*(I-cos(2*pi*(p)lsampel)); {menghitung nilai real data} 
data[p ].im:=O; {menghitung nilai imajiner data} 

end; 
bitJeverse; {membalik nilai bit data} 
fft; {menghitung nilai FFT data} 
c1earviewport; {membersihkan area sinyal} 
setviewport(2,40,S12,420,false); {menghilangkan area sebelumnya} 
setviewport(S20,100,630,220,true); {membatasi area sinyal baru} 
c1earviewport; {menghapus area sinyal} 
setviewport(S20, 100,630,220,false); {menghilangkan area sinyal sebelumnya} 
setviewport(2,40,SI2,420,true); {membatasi area sinyal baru} 
area; {menggambar area sinyal} 
p:=O; 

end; 
if keypressed then tombol:=readkey; 

until (tombol=#27) or (p=O); 
inc( count); 
str( count,cth); 

until tombol=#27; 
setintvec($OD,rev); {set alamat IRQS} 
port[$21] :=port[$21] or $20; {enable IRQS} 

end; 

procedure menu; 
begin 

inisialisasi _graph; 
repeat 

Drawmenu; 
pil:=readkey; 

{menginisialisasi grafik} 

{menggambar menu} 
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case pil of 
'J':Lihat_ Spektrum; 

'2':Rekam; 
'3':ViewRekaman; 
'4':Bandingkan; 

end; 
until pil='S'; 

end; 

begin 

{melihat spektrum} 
{merekam spektrum} 

{melihat rekaman} 
{membandingkan rekaman} 

inisialisasi_graph; {menginisialisasikan grafik} 
menu; {memanggil menu} 

end. 
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• .II1I.1J XI.l1I1 
500ksps, 12-8it ADCs 

with Track/Hold and Reference 
General Description 

The MAX12C aod MAX122 cc-rplete. BCMOS. sa-rOI,1g 
12-cit 6'1aiog-:o-dgltal COr'lver:ers (ADes) COr1b r€ ar- 0 .... -
chip trac;.'J~old (T/H) ard a 1o'W-d~ff; vo':age re'€re'ICE' witt-- fas: 
C{Ylve"s-or· speeds and 0.'. pcwe' conSUf'lp~ior. Tie T/H 5 
3501S acqc'sr:'01 tlrT'e COr1bred wno t-.e IvlAX120s '6~s 
corversim t,r-.e reselts n In'ougr.pc: ra:es as'" gh as SOOK 
samples per secone (ksps) n-1~:lJgh:)ut ra:es c; 33~sosa'e 
possb'e I'/I:r :'1e 2 6j.ls cor.VErSIO~ tlr1e of Ire MA.X· 22 

The MAX· 20:'M.A.X 122 aCC88! 81alog -'"lput vo/ages frOrl 

-5V :0 -5V. The or1y ex:en "'2 COf'1porer:s .... €€deo a'e 
cecoupJi ..... g capac tars lor :re po..ver-s..iopl" 31C 'eJe"
e~ce vol:agas T .... e MAX120 operates 'I,' 11-, C OCt;S ir :I"·e 
0. Hv1Hz to 8MHz :reC1Je'1Cy ra""'ge T ..... e MAX122 accep:s 
o . ~\i1Hz to 5~.1Hz c.osk ~reQJe'"'cles 

The rv'AX~20/t..1AX122 eTplo'i a standc:G ricrcproces
sor (flP) ("11813ce Trree-st2te cata OL:PVS cre cont g
ured :c cpe~ate w:h l2-bi'. date, cuses. De:a-acc€ss a'ld 
b .... s-re:eas€ tiTir'Q spec flc2..:io"s are cOTpatib'e I.vi:h 
'TIOS! popL.la' ~Ps \'I'I!"lO'JI ~e50r: "g '.0 ',\d.t slcles II"' 
acdtlcl :'1e ~ .... 1AX120iM~.x122 cal ;n:e12C€ Clr€e y:o a 
first ,,"":. f rs: G .... ·: (FIFO.) c\..f'e'. virtJs.ly e'rn."'2.:'lg !lP 
1 .... lte~'up: overread. A.I ogic rpL-:s c ... a OL.:tputs are 
TTUCMOS conpa:lb1e Fp' coo cat;c!-s rec"":,T'Q 2. 

ser"al in~e'';ace 'e~er:o : .... ,'2 Ie".' MAX 121 

__________ Applications 
OIQI:al-Sigra Prce:eSSt'"'g 

Audio ana T818COII Processlr~ 

Speec"' Recagnl:ICI 2· .... j S)'~·.~,es:s 

Hg'"'-SoeE:-d Data ACQ:JISUJr, 

Spec:'· .. lIr ~.rc'}'sis 

Data Logg rg Sys:el'"' 

Pin Configuration 
I 

I I 
I I 

[ I 

Features 
• 12-Bit Resolution 
• No Missing Codes Over Temperature 

• 20ppm'IC -5V Internal Re!erence 

• 1 .6MS Conversion TimelSOOksps Throughput 
(MAXl20) 

• 2.6f1S Conversion Time/333ksps Throughput 
(MAX122) 

• Low Noise and Distortion: 
70 dB Min SINAD; 

-77 dB Max THO (MAX122) 

• Low Power Dissipation: 210mW 

• Separate Track/Hold Control Input 
• Continuous-Converslon Mode Available 

• :::5V Input Range, Overvoltage Tolerant to =15V 

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

Ordering Information 

PART TEMP. RANGE 

tl AX 12CC\JG :, c ::) .... 70 C 

\CKAGE INL 
(LSBs) 

-1 

\,A.X',2:-::'JG .. 4-] ~--::o -85 C 2':' N.:>" ::/ :-. <!S: r: ::1:: ..: 1 

!'·.IAX 1 :::8=:WG .4::; c :: .... ~~. C ;'.-1 'I.' ~:~ ';:- J 

Ordering Information continued on last page. 

Functional Diagram 

:'j 
'. 

.',' 

• I 

•••• .,..1 "I ~. _ 
~ - '.' ::: ;; 

I' 

.MAXI.M ____________________________ Maxim Inlegraled Products 1 

Call toll free 1·800·998·8800 for free samples or literature. 



500ksps, 12·8it ADCs 
with Tracie/Hold and Reference 
ABSOLUTE MAXIMUM RATINGS 
VDJ to DGND -C.3V 10 +6V 
VS,StcDG\lO ... O.3Vto·'7V 
AIN tOAGND £15V 
AS\lO 10 DGN0 ±O.3V 
Digital Inp:.;t5l0.;loutS 10 OG~ .. Q . C 3V ~o (V~:J - O.3Vl 
Con: .. ...Jo .. s jower i) SSlpa: 0'" (T.\ = ... 7::rCI 

NarrQIN P.astlc JI? (oerste 13.33 ...... W(C ebov€ +70'C; 
SO (derat€ .: 76:nWi C aoo ... c - 70 C) 
SSO?{derale 8.OCf<"W'!-C aco\'e ... 70 C) 
Ne'Tov.' CEAJID iCer2!£: '2.50W/"C aoov€ + 70 C). 

1067rrV~' 

941"flW 
6<OtTW 

lOCCmW 

Ope'31.r"'g 7e'Tl!>efature Rar,~es' 
'.'AX:2 C 
MAX1Z=:= 
M"X1V~RG 

StD'age ~ cmperat",rc ~ar:goC 
Lead Tcrr.pera:ufc- (solc:Jeri'-;; 10 sc:::) 

n C'" • 7;; ;; 
.;:() C ", +8~ .• -C 

-~:5 C l,:~ ·125 C 
-(;5 ~ I() • 1(08 C 

.. :;00(; 

St.'U;s,.?s o.:.'l,(~..: :."""1$..' ~1:S:';:'} >J~:de~ . .l:;'$,,~ .. ;e f.,.';"~jo""'l"··'" i=:a:':lgs- -"'af' Cdli!:€ .O""" .... !?r1'ff'l! oJ.;":;(oIg~ :-: !t'C .-1~\f; .. 'C ,I:;'sc'<i'~' Mr. '.":_ '.,!r;~i.' ::;::~ .: __ ',: .'.,~: -;. II _,. 
,~a',('!" ;'11 111£ (1l'~;'~ iit ,f),-~t' ~)r n'-:;' :::i-..:, ~(;r .. d':'--~.~ O!::,orc !t;as~ .-n;;j::::,lX;'r; :f; II;e :Jflf'ntW.'1<l: $('I':.':_~I!; Or mi· ~:!--'·_'-::.«·;;'I::!·~ .~ ,;- ~ .1'1;';~ -{I {.;-., -":',' ; •. 

a'hSo:t.·:", ."l1..1.\:''?! ... "''rl ',l:/:'Q C;)!'~,:,!:C,"'S I..;,. ~"!<;'~:: P,Y,~'VS ~dr a'1.;::', (x:.~~ (ti"'';:!!)':::) 

ELECTRICAL CHARACTERISTICS 
(VDe = +4 7SV:o +5 25V. Vss = -1C.SV:::l-'S_75V, ICl~. = 8M~.z ;0· :VAX120 8,0 5Mh710'- MAX122 T/. _ i\m-J 10 l\~ol:'. 
un!ess o.heflf.'ise noted }--

PARAMETIOR 

IACCURACY -

CONDITIONS I MIN TYP 

-- ---r -- ---
__ R=S-.J _ 

I ' MAX - 22AC!A= 
12-bi: .1C TlisSI .... g -

I cedes, ove' te-np 'angc I MAX12OClE. 
. VlAX 122BC,BEi3t1 

ReSO.:.Jlor 

1-
1? 

ill-bit ~c ~'iSS'~ -;AX 1201 ... ', 
_cedes ove' IC'liP 'a:1g~ ._ 

\1AX' 22ACIAE 

I MA.X 12OC!E 
I:reg'a "~-')nhne2r,ty (NCi€ 1) INL ~Ax'22~c:,aE,.'8M 

f- ______ -- __ 1 ______ ~1"X;20M _~ ._~ 
. ; Co-je 00 .JO:o 00 .. 01 \'a1SI\lo~ near At~J =- CV , 

Bico cr Ze:3 Er'o' (\rote·! Tt:-Moealure dfi~; 

Full-Scale Ter"'pea:ure upft 
i- - - --

, P::lW'W·SuPP t Re;€c'jO(l 8a:'0 
I (Change In F, ... _ f\Jc:e 3.: 

I ANALOG INPUT 

~ncu\ Range 

I I~Pu:C~'r€n: _______ ___ 

~npu: CapGe tcrce i~,,(:.te 4) 

~'I-?O' ... e~ lnpLo'j 8encwl~ 

- , REFERENCE 

G.(.;d ':-g 'clerer"e.. ajJ-uSled~r bi[?Ola' 7.,£r(o 
I ere:r. T_ = +2S-C 1~ 

_ t ::(cluClr~re'crenc~ 

~Jr'y.5V±5~c ______ --L 
?SRR VS~ wly. -~ =10::~ 

. \iSS on!! -1SV ±5~~ 

zD :>OS 

" 
~1'4 

~'i~ 

±';'l. 

1 5 

MAX 

+3i-= 

i 

::.2 

i3/4 

,1 

+? 

..::3 

,s --< 

~3/4 

=' 
t 1 

2:; 

10 

-4 92 

C' 

.:.25 

~30 

UNITS 

1 SR 

lse.:c 

-lS~ --

lSR 

'.: 

1'1;'. 

pf 

\<1-1/ 

V 

.,','.: 

~·pr"J C 

2 .NIAXINI 



500ksps, 12·8it ADCs 
with Track/Hold and Reference 

ELECTRICAL CHARACTERISTICS (continued) 
I,V)[. = .... .:.75V:o .... 5.25\1 vss::: -1(: cv:o -15 7SV. fa", c 6t.'.Hz tor MAX120 ar·a SV,Hz fer \It..X- 22. T.\ ::: hw-. 10 T~:!.,. 
J~ ess ct ... ,€ .... " se 10:ec _ ~ 

PARAMETER SYMBOL CONDITIONS -'.:M",IN,,-_T:....:YP MAX 

DYNAMIC PERFORMANCE (MAX120: IS' 500kHz. AIN = =5Vp·p. 'OOkHz; MAX122 IS. 333kHz. AIN' =5Vp·p. 50kHz 

:ctal Harr--.cnIC D.sle'l-or 
{F'fS\ ~Ive Ha~lrO"i::s) 

CONVERSION TIME 

DIGITAL INPUTS ICKI', COI~ Zl CS) 
_ '1~:: hgh VOI~2.ge 

"lOt..; Low Vo:tag~. 

.Qt.', Caoaclta-:ce i ~Clle t. 

_._--
':AX~20 MAX122 

'''';'X' 22AC/I-I=" 

tl A.X·, 223ClE=', 3t.: 

t/AX-20 

t/AX' 22 

'/ AX' 22ACfAE 

VAX' 223C/E=-;3~; 

~:AX'20 

VAX-22 

\lAX1223C/8::f:3 .... • 

~.lAX 120 

____ __.:\"'1AX 122 

\1,c..X120 

____ ...:\:....:1.4X 122 

'lOV C.we11 ___ =~ ______ ':c":.:..:I-. ::. OV C' vcc 
DIGITAL OUTPUTS :,·r.3~S\' Qll·DC, 

0 .. 1:::::...1: Lo~·.- Vc,llag(: 

OJ:.:u: HI~"" VC I:ag,e~ _______ ...:v-':'-.,'--__.:',c::-C=,,-ll-1C:: = . 'T A, 

_cCI"'.age C~'-ert Vr'.:;:: G\' 0' lie:; Jl1-:-C 

O_:;:J: Ca08c:ta"C€ (\0102 ·r: 

POWER REQUIREMENTS, _________ _ 

_ =cs 'IvB SUCOI"f V:)':age V-:JJ G..;2.ran:e€d by LPC' '/ fC:f'C:IC~: ~eSI 

hegG.: ve SJPo.y vo~_,::::._"'g.:c _____ __.:v_"s,s"_-=G:.:":.:a:.'a:::.n:eeo by S"'PD Y re.eclIQ'11€SI 

F::::s :IV€ S"':PP'Y ClYf€'l: \t~c:€ 6) C·] VD~ = 5.25V Vss ::::: .• :; 75V. A:t., :;:: CV 

r"eg.s:I'/€ SJPP~' C.;r'€~: ;'~c:eE) ISS Vo:: '" 5.25v. \iSS:;:: ,"5 75V. A f\ :::: ~'\! 

P:::,\-e' J 55102.1 or (f'...c;£- 61 \Ie:: = 5V VSS:: .- 2\', A 1'\ '" OV 

Note 1: 
Note 2: 
Nole3: 

Note 4: 
Note 5: 

Note 6: 

70 72 

;~ 

69 

·82 77 

-8b ·/f 

77 

!~) 

H2 

i8 85-

" 
7"3 

1 6: 

2 E'_~ 

c.' S 

j 

(: 2-

" 
=5 

(I , 

=~ 

~ 

52S 

UNITS 

p,:, 

I\!-:..-

p:: 

~ I .:. 

'/ 

)I:" 

p:: 

.-:... 

·r' .. ·. 

.I101.IJXINI ______________________ _ 3 



500ksps, 12·8it ADCs 
with Traclc!HQld and Reference 
TIMING CHARACTERIST;CS 
{v::c. = ·5\/, Vss:; ,'2'/ ~c -15''0'. lO~Y~ te!:.:e::: -I:,. '" T,: 1'J:O -'Id.", ur'iess co:~e'w se "clee I (\ic:e 7) 

PARAMETER SYMBOL CONDITIONS I 
,-

CS :0 R15 S€tco - ",. 

~IN ~P ~AX I MIN TYP MAX 

oJ 0 :':::5 

:! CS:c ~ ~ola Tile --, :c~ -1---
. -.-------
: CCt~VSf P,j'~~ W'd:- :.7 .• \ 

C - -OJoF 

: Bus· Ret n::: .... isn ~ Te 

PJ o' COt..JVS= :;; aJsy 

I C!..."':'IN ~ i3LS;;C,- 1"'J"- :F- CL = 5:)~= 

;---10-

30 

40 

3C 

70 

75 

5C 

75 

11~ 

3D 

- - ----- --.----
i CL l{1'J :0 BUSY LO':t 45 3D 

C_ = SOor 1- 3C 58 

BLSv c· INT tc Ja:a 'ie.. j :r:c 20 

'GO 

65 

10;: 

'50 

120 

is 

30 

--I 

I UNITS i 

MIN TYP MAX 

0 n~ 

' . • !~; 

30 I':~ 

: :.:. "':; 

~J :, 

8(: 

~ ;; [: •.. ~, 

Hie ., ~. 

~=:) '~5 

B:) II':. 

:y~ T'$ 

·iUl 

·s 

Note 7: Co .. :rc~ "p~_:s S;:~·~I" €C "to':n -.. = 11 = 5-.5: ,c~~ !c 98% c: .... SV) anc: !"""',ec trt)'n a ., .6V ..... o.;"'ge ,Eo','C·' :;...:Ip." :h',_~y~ in 
mezs ... ·€o t:.'):3V j: gC~-;i ,0:. c· -2 -'\.' r gC\n;; !"';g .... ::'0' o:..s-'e,lrQJISt'tl me a C~<1.···gc c! ~.5\1 s nll:l<1S .. w:~ St'(;· i '9"'1:::-
1 ar~c 21c: ioac c 1·.:~'lS 

Note 8: ::~. ':h?~ g~ £.~ :::a-cEo :::~:. rc: IES:C: 

__________________________ Pin Description 

~ 
PIN NAME FUNCTION 

~.'OJ= ,-~~~:~1: ~i': -;,~~ ~i~ ~~~;€r!3~~=L ~"Of 
2 . ~~, 1 

:·3'': ::C·-';1 '0." co-,-c-, ors. ='-5' 8.:0_: 

"J2g3: .'f' P:,:.':;' :, ... ::::::I~' -' 2'-1 Col' -15\ 

3 '.":',) 

" Alii 

5 .R=:F 

4 A1.11XINI 



500ksps, 12-8;f ADCs 
with Tracie/Hold and Reference 

___________________ Pin Description (continued) 

PIN _ NAME I FUNCTION 
-- -. - - - - - - - - - -
I 6 AGND talog Groune 

~ ;;' ~ :_ D~'-DOJ. :h'oc-Slale Da~ OU10U"S 01 ' (~S~) 10 )0 (LSSC- --

Ll~ OG'JC~91l5\G:O~ _______ _ 

20 COI\'VST ! Conver~ S:arlln=>ut in t a:es convcrsio-s cn its ~aUlrg edge 

21'-1 CLK'N ~c OC~j)ut Drive Wlt- TIL-comoalible c!Oc". frorr: ~M'-IL ;8\.1.HL ,f...':AXi20j. 0 1~'l-t'1(l5tl,-;/ i~.AAXI2~1 
'I\lTIBU::::Y! ti'.\c"u;:::t~JJ BuSY O:..olpu! indlca:es converter s:atus. II M~ ccr.nece-j ,0 v:';i). Co·~f.gurc \Y.1I1 r·r f)jJ~PUI 22 
t _ ~ ,t '¥lODE IS open ()( :::o-nec~ed tc OGND. co'-'hg..Jre for e. 3USY o~;put See ope£allor.a~ rMg'.?!"'"'s 

23 I 
CS I GriO Sel,ect nP":-'t· active lOW. ~en ~D;$ 1Qt{, enables the th'ec-sta:€ OlJlpu:S II CONVST ,md Hi) ;t~,! '/ ..... "0:. 

I CQr1i1efSIO" ,S If:t:iated c ... tne 1alting edge :::f CS. ~ - R;-I Mea:::' lnout - .act!~·e ~ 'N'iCn C.S ,s low, Rj fi[a. bles lne ~'1rec-s:ale OU:puiS I' CCNVST a!~tJ CS eve: 1(; ... :. ;j I _. COf'\ ... sefSlOr, IS 'Mic;.ted on -:t-,e 1a.hng ecge ot RD 

Detailed Description 
ADC Operation 

J re MAX 12OiMAX122 use successive approximatIOn arc 
inpul TIH c'rc~l:ry to co""e1 ao analog· sig~alto a series 
of 12-bit digital-outpc1 codes. 1'1e con:rcl logic Interlaces 
easily to rros! J..lPs. requinr:g o'"'ly a few passive compo
ner.:s for MOst applications. The Til, does nol re<;~.re an 

-extE!"rr<l1 capa-cltor: Figge 3-snowsthMv1AX120ill'AX-122-
in !he sl'11olest operalio"'al cO'1figuration 

Analog Input Traek/Hold 
Figl;re 4 shows Ire eou'valent ,rout circu't,I'h ... stra:ing the 
samplirg architectu~e of tre AOC s analog cOfTIpara!or 
A'l in:err-al buffet' cnarges the he,d capacitor;o m,'''lLmlze 
;t;e reqJirec' acouisi:ion !irT"le between cor-versions. Tre 
20alog Input appears as a 6kn 'esisto' in parallel with a 
, OoF ca02.Clto~ 

Beiweerconversio'lS. rhe buffer 1'10U: IS ccnrec{ed [Q AIN 
th'ough the 'npu! resistance When a cO'1versiorl stariS, 
Ihe ceffer inpcl d,sconreC1s from AIN.thcs samp"ng toe 
input. A:' the erd o· the conversio .... , the Duffer tnpu: 
reconnects ~o AIN. and tre role capaci~Cf O'1ce again 
charges ~o the inp!...t voltage 

The T/H IS in traCKlre 'T.odewnenever a converSlor isNOT 
-,n orogress. Hole ;:'ooe s:arts at>prOXimatey lOns af;er -
a CC'lve's.on is irrl'a:ea Var aran in thiS delay from one 
corversion 10 lhe nexl (aperture 1,lIer) s lyo'ca'ly 3Cl!'s 
F:c:.;res 7 Ihrcuor. 11 oela'! :he T/H node a:'"'c' Irlterface 

_: I;II9 19r. the.ya-n9'..Js .'1:er:ace r:~oe~ 

"'--r 
2·, >-

• [ot; 

,'.\' 

I 

• 

I • 

,. 

..... 
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500ksps, 12·8it ADCs 
with Track!Hold and Reference 

.NIAXINI 
M.4Xi2!J 
Ml,X122 

ST.:.IUS :U":";:L':' 
C.H.;U1· 

Internal Reference 
T~e MAX120,MAX122 -5 aov our €o-ze"e- 'e:e-e,ce 
biases t~e r:erral DAC. ThE ~efere'1ce o ... tcu! -5 aVe -
acle a! :he VREF en and Mcsl be byoass€d 10 :C€ 
AGNO p:r. Vii: ..... a {) '~F ceraTic C8oactor r paraliel 
'tnl"" a 22~F D~ greate~ e.ecrcty<TlC caoae :O~ T~e elec
tro y:iC C80aC 10"5 eOJiv8le.,t se~ies >'95 s:a"'ce (ESR) 
~I..St ce 1001"'112 or €Ss to p~ooe' y cc-rpersate 119 
refe'e'1Ce outpv bL ::e~ Sc'l),'O S orgaric serrlcondJc
:or WO'KS we 

Sanyo Viceo Corroonenrs (US.A,) 
Phore 16-91661-6835 FAX (619: 661-1C55 

Sa"yc E1ec:, c CCMpa,y. LTD. (Japa"j 
P .... one.0720-70-1OC5 FAX 072C-70-',74 

Sai,:) F.srer Vert'leas GT~H (Ge'M21Y) 
P,one 0€1C2-27041. exl 44 FAX. 06102-27045 

p"OOt .. bypassl'"'g MI1 M zes refere .... ce nO se anc rna r
ta n£ a ~O\ ... iTceCclce a: h gr Ir€q"';8"lC1es. The r:erna 
refererce O .... lCjt ::luffer can 51'1-( JC to a 5'"""1A €)(:erna 
Icaa 

Ar exte'na reference vota.ae ca. be 'jseo to cverdr V8 

:re MAX· 20lMAX -1225 lrter;'la 'e"e'erce f ': ranges 'roT 
·5.05V to·5 iOV and IS ':2pac e 0' S n~lrg a ...,·ni..., ..... r: of 
5'"""1;". r .... e Ex:e'na '/PEF ovpass ::apEC :or5 ere 5: Ire
q:"lfec 

;;1: 

LAC 

-1 S;..;o 
=L 

.p~{.~. 

'", IQt·'·· • 
~.: 3- ' 

c. .... '".,. 
hi 

:·;.t:'·:I\-.1 
CD\o"W·I,·:·· 

Digital Interlace 
External Clock 

be MAX 120/MAX122 requ<'€ a TT~ -compat,ble clcck lor 
proper ooeratioc The MAX120 acceo1s c ods io Ih, 
o 1 MHz 10 8MHz lreqL..ency "ange wner operatng n 
rredes '-4 (see Operaring Modes seci/on) T"8 '11a;-:I· 
rrUT C!o(:k lrequency 's I rrated 10 6MH7 wher' cpera!lr.g 
n moce 5 The MAX122 'equ"es a O. 'MH7 IG 5MHz 
c:ock for opera:io'1 in ail five mooes Tne rrjr::~~L.:T: clOCK 
frequency fc' oom tre MAX 120 arc MAX122 IS I rr,leo 10 
o 1 ~H2 due to the T /rfS arccp rate 

Clock and Control Synchronization 
I; Ihe GlOCk ane conven start ,npu1s (CONVST ~, RD and 
CS· see Opera!ing Modes section) are not sy:1c'~·or,ZCd. 
t~e cor:verSIO. time can vary fro'TI 13 to , 4 c!cco( cycles 
The SLcceSSlve appru"na!lon reg:s:er (SAR) a'w2Ys 
c'1anges siale on :he C:"'KIN I~PU:'S rising ecge. To 
enSJre a fixed ccnverSlor tlTe. refer to F~gJfe 5 ant ~hc 
:oUowir.g gUideli!1es. 

For Co ce.vers-c·. time 01 13 ck)c;.. cycles. 1'1e conver. Sia'l 
Inoul!s) should go :OW at 'easl 5O"s bc'o'e Cl~Ir-.·s n€:<! 
'-s'ng eoge Fo' a converS·O" Ilrre of 14 C·OCo( eye es. t ... c 
conve': s:ar: inpL:t(s) st'ou·c QO ·Ow withirl 1 D·~s c i 

elKIN So n8)j;t r:s·!r.g edge If the carvert st8~1 ·\DLt(S) go 
Ov\' f'o,,-, 1Qrs to SO"'"1S belore CLr..If'J"s 'lex: 'I~ Tl~l ccgc 

:he n.Jr-,ber of COCK cycles reqL·rec IS f"de;jnec a'"'o c:m 
be eiTe' ~ 3 or 14 For oest ana og perfv·p·a .... cc. sy!·'~ 

chronize t""e corve1 star: ·10J:5 ..... !1'"' :hc C dc+- Inc'...:. 

6 ________________________________________________ _ 
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500ksps, 12·8it ADCs 
with Tracie/Hold and Reference 
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4:~L 

---
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Output Data Format 
TIe conversic"I res ... l: 5 OJ:pJ: 0 ..... a 12-bi: da~a bus w,:r 
a 75rs da:a-ac::ess t 'ne T ..... e QutOJt ca:a fcr:r,a: is 
tNos-cc'!2Ple-reol The :hree I~P"t COI1t'O sgna's (CS. 
RD. ard CONVST) t'1e INT/BUSY ccnver:er s:at_soctpct 
arc t~e 12 b 15 0': C-,tc~t ca:a can i....,terface dlrec: y:o c. 
• 6,01t cata bes See F.gJre E for da:a-access t ,.,ing 

Timing and Control 
T'IE MAX-:2CiMAXi22 have :Ive c:)eratlo1al MOCes as 
oJ:Ii"'ed ir Figures 7·-1 Z"'C aisc .... ssed ir :he Operatmg 
fA~aes sectlQr"l 

Full-ccr:rcl TOele (rlOC€ 1) pro ... ·ides f"""la:x. r""IU"'') conrol 
t'J the ,-,ser :lJr C:J"WE"i star: ar:J data,'eac ooera: ors 

C~NST- 'i_J 
~ .. c! ~:1f4 ., t(\~. 

II'Ji,'BUSY 
: t/OCf -'/rtj 

; I~JT:BUS"Y 
I.Uf -(ffN -1-). 

I-~ 

)SoU·DUl· ~ 

II~LL 
''''-.C;:--

Figure 7 FUIJ-CO!1i'oJMode,Mo~C' Ii 

1:>1 

...... :,. ... I .. 7:J 
:.'" 

1~;-.c~: 

F u ;-COntrOi node IS fer ~Ps witr. or vdholJ: walt-state 
caoab:llty Stand-alone mode (moae 2) and contln.)
ous-converSlon mode (mode 5) a'€ for systems wi1""lou1 
liPS. or lor IIP·oased systems where the AOC and the 
liP are Ii~ked througr l"st In. l"st out (FIFO) Dlltlers or 
direct memory access (OMA) ports SloV/·'1'1emory 
"node (mode 3) IS intended ior )IPS that can be 'o'ced 
in~o a wait state during :he ADC's convOr Sion !iI"!lC 
ROM ",oae (mode~) is ~cr liPS thaI cannot be 'o'cec 
mo a walt st31e. 

In ai' five opera!:::g rrodes. tr,e stan o' a CCnv8rs on 1$ 

co~tro"ec by o"e of three dgllal nDJts: COIWST. RD. 
or CS Figure 12 shows the ;ogiC eQJival€f1: ler tt-e 
converSion clrc;.Jitry In any opera:u"g Mode. CO\lVST 
!T,L;S: be low 10r a conve~sic~ to occ ... r Or.ce tt'.0 co·weT
sic'l is in progress. it cannot De festar.eo. 

Read operatIOns a'e contrOlled by RD and CS Botc 01 
thes~tal inpu:s m~s~ be low 10 reac outout aata. Tne 
INT/BUSV output I"alcates ~he ccnve1er s status and 
cetermines whel"'. :he data trom the <110S: ~eGenl cO .... \ler
SIOr1 IS avaliabie The MODE Inp ... : configu~cs the 
INT /BUSY outpu, as follows: 

If MODE = VOO, INT/BUSY 'unclKlos a; ar I[·HER· 
RUPT outp~t. Ir this codigura:'oc. INTiBUSY goes 
iew wr,enthe conversio .... IS corr-,plete 2ro returns .... ig!'" 
aher t'"'le conversion aa:a has been reaa 

If MODE Is lef! open or tied to DGND, INT/BUSY 
f~nctlons as a BUSY OU!pul. Ir !r,s case. lifT/BUSY 
goes low at ''"'Ie stan of a conve"sion a ..... d reM3 ""s law 
\..ntil t'le CO'1ve~sion is cO'Tlplete a"c :r'€ dala is 
ava;laoie at 00-01' 

.II11AXIM ______________________ _ 7 



500ksps, 12·8;t ADCs 
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~'j_'tjl{;:;i 

'~ . 
1--

: .. r.:li --4.-"- -:-:.-::::..-
" 1 ---':I 

_'If 

~ 

i ""'_: " '-'L ,. -' 
• ~:;1 

, 
.~ 

Initialization After Power-Up 

On oowe'-~p, :he 'irst MAX120/MAX122 cocvecsion 's 
VEl d if the fO'.QW-lg cordi:lons afe Met 

1) Allow 14 clock cyCles for tre In:e'~al T!H to ecter 
t"1€ t'"celt. rrooe. olus a fr':) ~u,.. of 350rs !>'"1 :he 
tf ack Mode far the ca:a-acQuisi:ion tifY",e 

2) Ma-<:e s ... ret'1€ 'efererce vo'tage ""as se:tlec. AI OW 
8.5fT's ;o~ eac ... 1J.lF 0 1 'eferenc€ bypass caoaci
tar;ce ;11rs fo" a 22!JF capac to') 

Operating Modes 
Mode 1: (Full-Control Mode) 

Faure 7 s ... cws t'l€ : rr'ng diagra'T· fo" ;t,. I·contro! moae 
(TOCe 1). In -:I"'is Mode tie pP cortrc's:re CO:1versior
sta<t ane ea:a-read ope'atlonsnoepe"de":ly 

;., 'all"g edge en CONvST ol2.ces t~€ TJH Ino he d Moce 
a ...... d stans a cO'wersio:1 i, tne SAR. -Tr.e corve'sion 's 
camolete in , 3 or 1 L. C·OC~ cycles as d scussed in :ne 
ClOCk and Control Svnchronlzation 5ac:icn. A c'"'a'1ge Ir 
:he INT/BUSY ou:p",'sta:e sg-als toe e-G eo a co-·ve'sor. 
as 'ollows 

" MODE = Vee, :he eoo of conve's,cn IS SIgnaleD oy 
toe INT/BUSY C'IPU: 'all rg edge 

If MODE = OPEN or DGND, tre iNHfusy 0.:0.: 
goes 0\\1 \"~t"",t€ t'18 converSIO'1 is ir orogress a'10 
returrs h gr .• ":ie'1 tre cOiversio ... ·s COTOt€1€ 

=i!i·~.S--, 

1 ", \:.;.,' 1;' 

. ----
-1-:. 

:L~ [.:..Il.. 

r;ll; 

I 

L, 

Wnen :re COflVe~s:on :5 complete, tile oala ca'l DC 'cad 
~"ithOJ: :r!1 a:i'1g a new :::onv8rsion oy pL.; ng RD ara CS 
'oW and !eavl.rg CONVST "'Igh. T c star: a .... ew COf'V8'S·Qn 

w'tr.o..;t ~eaairg aa:a, RD and CS snoJld 'C'llal( '1·gr. 

wt"lileCONVS--:-·s oriver Ie'",. To s:mui:aneol,.styrezc data 
and ;1:tiate a new con'ers 00 CONVST, RD ard CS 
ShOL!d a be p.)led Icw. Note. ALaVI a: caSl 3S0ns ;Dr 
T/H aCQ~ s :ior :irr.e o€twee<: the ena cf Grie CO'1 .... C"S:::W 
and t'le cegu:'l .... g 01 ti€ '1exl 

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

For sys:e~s t'1at ao 1')(Y L.S€ 0" reQ~ve f.J -o .... s ;I·I:€~!?(.I···~ 
the MAX-;2C/MAX122 ca., oe ooefaled (" siand-a:o'l\? 
maoe d.rectly I:o""ed :0 I""'1€rnory t~rougr DMA D(o~ts C' d. 

FtFO bl.Jfer If' s:ano-a ore rnode 2 convers on s i:".1·· 
ated by a fa'iing edge C1 CONVST Tr.e oa:a outcu:s are 
always enablec data changes a1 :he ere of a conve'si8r 
as Indica:ed by a 'ising ecge on INT/BUSY. See c.gure 8 
for s:a'10-a'or·e ~oce: Trg. 

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

Tck'og RD ape CS oW ~aces the TlH :r:c rl')'d 'rooc: a .... ·c 
starts a converson. INT:BUSY ref""flalflS '0':, N'"lde :r-e cor. 
vers on is :n progress End can oe l,..seo as G ',,,Eli: j .... p;..l le
the JJP uata f'o'" the O''';'vOIJS CCf"vers:on zooears 0 .... U-e 
data bus unt theconvFs onena '5 inc;:.alEd by tNTlBUS\f 
See F gu'€ 9 'or s:oW-ITt€' .... lOfy :",ooe :ir----g 

8 ________________________ .MAXINI 



500ksps, 12·8it ADCs 
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tiGH 
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D,:.l.:. :.11 ___ -'J[[:..:~ ~,,-.'::.T;_-_-_-_-_-·_ - __ r~ ... ~ 

h::C: 

.. -:.... 

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

In ROM "'-ode. tre MAX120:MAX122 oehave .ike a last
access "nemo"y Icca:icn arc avoid p aClr·g t'le!lP ir.tc a 
walt s:a;e. Pclli"g RD a0C CS ·ow places t~e T'H n ho e 
"rode. s:ar'.s a conve"sio-' 3'10 reads data ~roT :~e 
prevIous conve."s or Da'.a h~rr the res: read j .... a se
CJeice 's o::e'" cisregaroed \-vhen :hrs in:er:ace r"ode·s 
Jsec A secc..,d "eac opera:io .... accesses :he f rs: 
cO'1verson's r€:s ... l~ a"d a.$O sta--:s a rew cO<'lv€'sio'1 The 
: rr€ oetll,!ee" successive rEao opera::cns Must De orge" 
:rar. : .... e SJrT' of :re T'H aCQJ s t or. :'l""'"le a"d ~'1e 
MAX120:MAX122 converSlcr '1'Tl€ See ~ gve 1C 'or 
ROM-r-.ode: 'Tl "9 

Mode 5: Continuous-Conversion Mode 
(CONVST: RD: CS = MODE = GND) 

Fo' sys:eTs t-'a1 co not USB or reqJlre- ; JI -ous n:erfac-r,g. 
tre tv1AX120,'f'..1';X122 carl :.pera:e tr co""tn.JOJS-conV€'-

cs I . 
~['--+ 

:~:"L'S" • 

:.:L~1 

::)~\'f~.'{l,\-. 

sion -rode. drec!\y I,nkee to mencory :orougr DMA pons 
or a FIFO bo"e' I~ ,CIS l1ode. corve'S{Jns are per
for!""1ec CO"'l-r~uously a: :ne rate of ope cor.verSlon for 
every 14 cloci<. cycles. whiCh inc!uaes 2 CiOCo( Cycles jOf 
~"e TIl-' acqJSltKYl time. To satls'y I"e 350ns m:n.mum 
acouisitl0'l :irl€ reOLJ!re'llen: wl!rnr 2 G'ock cycles. 1he 
MAX128·s nax:",,,rr c'ock freq"ency IS 6MHz when op
e'atirg ir nooe 5 

Fle dataout:Juts a'e awaysena:Jled ana new· da:aaopea's 
0" !'le OJl:Jct bJS at ti1e end 0' a conve'sion as 'no ca:ed by 
Te iNTrEUSYootoot nSI~g edge. Tne MODE Icpol S"·OVIO be 
r.a'o-wired :0 GND Pohng CS. RD. or CONVST '1lgo 
stops conve'sions See Fgure 1 t 10' cor' r .. 0\l5-con"er
SIO'1 r""ooe t.r""l.ng 

Applications .nformation 
Using FIFO Suffers 

USl'10 FiFO ..... er'O'Y:o ouffe' OOC<S of cara Iro....- '''''' MAX' 2C 
reruCes liP .cte"Jpt overr'.ead !i'T1e oy c"1ac""g T€ p? 10 
process data ;v"ile t~e MAXl2C. onassl5!ed wcos conve's:or 
resvs :e t~€ FIFO. To relr:eve a bloc< 0' data. r'€ ~IP 'eads 
I'om the FIFO va a 'eao-nte"up: cycle qeao a"o wrrte ooer
atlO"1S for t'le rlFO are carootey aSY--C'lrorDUS F.gure t3 
scows t~e MAX-2C operatng In co~tl"_()('s-COf1V€'S()(1...-.cde 
('r.ode 5). wrrti"g da:a dlfec:1y i~to!"e :wo 'DT7?'x) 256 x 9 FIFO 
OLffe'S a: 1"e 'ace 0: 428kSps Tre liP is lote" Jcted to read troe 
aCClr'U atec data by;he FIFO s ha"-fJlI (t-1F) 'lag aporox". ate'y 
~~ree trres pe' ..... 'I'secone. Fo' opera:or a: 500-;sos. use an 
8tIAHz cIoc<. ano PJIse CONVST a',5/XJkHz Tre U tag (FF) 
rdica:es :rat:--e FIFO is'~ . If :hs 1.2g s gno'ed data May be 
ost if r:ec~ssary. conve~s O'1S can DE rhbj~eo ":Jy 0...11-

I"a cs. RD. 0' CONVST "ig" Tt'€ FIFOs 'ea8 cycle 'irres 2", 
as- 'asl as • 5-s. satisy,rg TlOSI sys:err sc·ecc reqvire're"IS 
Tre RESET .nO\.: rese:s a' oa:a r :1" FIFO to zeT 

A1.1.1XINI ______________________ _ 9 



500ksps~ 12·8it ADCs 
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• .... v 
~L-... <:N ·15',1 

... 1111 i ~ l,l,(; I 
.I:: ---,- ~T 

t~~ T -1 OljJ!" -~ lC!<f I 
'Ie:, Fi,"T ffl 

.... HJ.U lUll liN; 

... ft.tPTi Il':{i 

Iw 
I 

fDT/20() Pi-
00. 

I i.IA1AtJUl TO 
PROCESSOR 

I 

cwo 
I I I .# 

L I,ll'!! 

[.lUI 

01 

In~I! 
I 

--/ l\~ 

For SY"cnro~oJs ooeratlo~. the CONVST pin may be 
usee 10 Initiate corvers;o"',s, &S described in lne Operat
mg Modes s€cliO'l (Mooe 2 S;a~d-AIO:1e Operation). 

Digita/·Bus Noise 

if ,ce ADC s data bJ5 is ac:ve dUring a oo~verSlon. 
CCJp,<rg f'orr tre ca:a pi~S te tre ADC comparator car. 
GaJS€ e"o's US'rg slcw-r.oeMory Mode (mode 3) aVOids 
this prob:em by plac ~g tre ~p in a wan state Our"'9 the 
conve:-s1or If !~e oc.ta bus :s active dU~lng the conver
sion in either mcae 1 0'.4. ese t~ree-state drivers to Isolate 
t"'e dJS fro'!'. ne ACe 

t~ ROM -r.ode ('T.ode 4). considerable digital nOise is 
ge~erated .~ t~e AOC w~e~ RD or ts go hlgn. dsabilng 
the OU1PU: c ... f;ers at;e- a :::orversio"'lls started ThiS noise 
ca~ cause errors ;f -t OCCJrs a! tre sa(""'·e jnstan: !ne SAR 
la:ches G COr1Oa~a:or decisto'1 To avoid this problerr. 
RD and CS S"'OUtC t:l€ aC:ive ;er less t~Gn 1 clock cycle 
I' t, s 's net ooss'bte. RD Cor CS s"'c~la go ~'gn eo'~cd'ng 
w't>; CLKIi'is 'al'iog edge. s nee the COMparator OUt::JLt 
,5 a:ways E:C'"'eo a: CLK;N's risir.g eege 

10 

IDTl200 
j [:3~ODS 

Xi GUD 
~ • 

Layout, Grounding, and BypaSSing 

For best system performance. use printed clfcud boards 
wilh separate analog and digital ground pianos. Wire
wrap boardS are I'm recommended The ,WO ground 
pranes should be tied together a: the low· impedance 
power-supply source, as shown iii FigiJre 14 

Tne board layout shOuld enSure that digital ana analog 
s;gnal lines are kept separate fro", eacn other as much 
as possible_ Do nct run analog and d,gltai (especially 
clock) lines parallel to one anotr.er 

The ADCs high-speed comparator is sensitive to \'''9n. 
frequency noise In the VDD and VSS power supplies. 
Byoass these supolies to the analog grouno p.ane w"r, 
o t~F and 1D!JF bypass capacitors M·n,m,ze capacior 
'ead lengths for best nOise re'ection I; Ihc -5V power 
SL.pply is very no:sy. connect a 5!l resister. as shOw:) ir'l 
Fig~re 14. Flg,J(e 15 s")ows the flegative powef"-Suppy 
tVSS) reject'or vs 'reQJency. Fgure t6 Shows the pos
'live power-supply (VDO) releC: on vS 'reqdc"ey. VI!!n 
and v.-';t~OJt the oPtio'1al 5~l reSts:or 

MAXI.NI 
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Gain and Offset Adjustment 

F.g ... re 17 p O:S t"'e oipolar 1PU:f0l .. toLt t"ar:sfer ':L;nctiol 
for:r'il ~.IAX120!MAX122 Cede 1'1O.'s Ions occur ral'way 
be'.\-veen successive .,....:ege~ LSS va Les. O.Jtp ... d codi1g 
is twos-cC'l1pIET€:1t :) i'2.~,/ VJC-' -LSB = 244.,,\1 
(10Vi409E1 

Ir aopll,:a:i:Jrs w ..... e-re gaw· 1:- ... I-scale ra1ge) acl' ... s~f"'1€;: 
IS 'ecu 'ed. Fo......-e ,8 s c 'cu: :ar be l.sed ,; ooth offse: 
21C 9a,r 1,;l,..II-scale range) reec ac.ustr-:er:!. e :rer of t ..... e 
circl,..lts In F gu~es 19 a1d 2: Ce. .... l be l1seC1_ O~set S'10U C 
be adjusIEc ::>eforE g2.-n :c· .ei:t"lc' c~ : .... ese c reu ~s 

I 

I 
I 
I 

&1 

~ I! 
i I I, ! 

..... I 
... 1iH?' ;:!; if I< r-ill ;tli 

~ 
=_'1l 
' , 

z T .~ 
r.'~~I, ;/: 
',':_1,I'ih 

c :(;1' ",;1 

G 
" I 

'" 
" 

~ :ir ~ tr.:::1:, 
> l!' , 

''1 

10 
10- . ~!tJ": 

~;it;JHI(,YlI'i' 

To adjust b.pola r ofise'l wt ... F;gure !9"s or;; ... 11. apcjy 
~ 1i2LSB (0 6', mY) Ie t'18 rO-i-vertlng a""pllie' 'npJ! anci 
adjus! RL ;e' ou'pu:-code 'I eker be, wee" 0000 00:)0 
0000 and 0000 0000 G001 For full scale, aoply FS ' 
1/2LSB (2,4988V) to !ne 3Tpl ',er Inpu: and aa:Js: R2 so 
!he outpJ! code flickers betNeen 0'1' l' 11 1110 and 
0:: 1 1111 1111 There r-ay be sCJr',e iOlerJOOr' be, 
tween these adjusIMe-:s The MAX120/MAX122 t(a,"s
fer fu:)clio;; used I": conjL'lctio ..... Wltr-, Fig ... re 19 S C:'Ct.;:: is 
tre sa!':le as Flg~re ~ 7 exsea1 !he ful;·scalc I'a~ge 15 
reouced 10 2.5V 

To aGJust eipolar c~~se·. W(f-] Figure 20's ClfCU't. aoply 
"/2LSB (-1 22r1VI at VI'J a-d adlust R5 io' O(/j)ut-code 
Loker between 0000 0000 0000 a~d ((X)() 0000 000:, For 
ga,r adjUSlmert. apply -FS - 1/2LSB (-4,995 'VI at V,I'! ara 
adjl,..os: R~, so {r"'e O'JtPJl code ;Iickers bel weer: 0111 • '11 
1110 anc 8111 1111 1111, As w~h F,gu'e 20's creur"lhe 
offse~ and galo; aOjUs:fPen:s ....,ay lnleract f- g ...... e 21 p~;ts 
me :ra:lster 1L'1Cjiofl fO" Fig,Jre 20's cirC.Ji:. 

______ Dynamic Performance 
H,gr-speed sampling cacabi cy and 500'SC5 it"'OLg'lpU, 
(333o<sP5 for the MAXI22) -nakc Ine MAX'20/t~AXI22 
dea for w'rdebanCi-s gna- p'ocessmg :0 svpcor: Ihese 

ar.oo:he" rela~ed apol'·catio"'s. 'asl fo ... rier ~~ars'c"r': (FFT) 
'lest ~echn;G~I€s are used 10 g:...a..-anlee '[t-e ADC 12 c:ynar'l1ic 
fr€c:...e:'ocy reSDonse. Cis:or. or. anO r,Oise a1 :~E fa-icd 
:hroLghpL!. Specifica "y"_ :his nvo;ves aoo'yl· ... f; r.low-d s
:o,.~.:o,.., sine wave tC t:le ADC ':lPUl and 'eeo"o'19 l:i€ 
Gig'lel conyers on ~esu'ts fc~ a sPCcl~'ec : ""'Ie T"le Oeta 
s :t--en a~alyZ€O L,;S"19 a,'1 ~FT a'gorrh""'"j ~,.". C-' detEr. 
rr·res 1:5 spec:~al cO"'tEnt 

~AXI/vI ______________________________________________ _ 11 
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500ksps, 12·Sit ADCs 
with Tracie/Hold and Reference 
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FIgure 17. BiPolar Transfer FUriCIiQ(: 
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• 
. J 

iO 
M':,X~':CI, 
"'}.~_122 

A"'; 

ACCs have Irao :,ora' y been eva,ca:ec oy specificalions 
s~ch as ze~o arc fJI.-sca:e e~~or. integra; nonl;:Iearity 
(INL) and ol"erenfa rcrli~ear I)' (DNL), SuC"l parame
ters are wide')' acceotec fo'" soec;!ying perfo~rre~ce with 
DC and siowyvary,ng s'9rals, o"t a-s less LsefJ' 'n Signal 

.. process'ng aDp:,ca:,o-s w'lere the ADC's impact on Ihe 
sys·.e.,... tra~ste~ 1urc:icf'" is : .... e ra'n concer .... , T ..... e sig
n f cance c! vario..Js DC eHOfS cees r~o: !ra'1slate wei! to 
!I"-e oy .... afTI·c case. so d: ... e .. e .... t tes:s are reouireo. 

Signa/·to·No/se Ratio and 
Effective Number of Bits 

TrE sig'ial-:O-rOISe P..JS Cistortion "a:;o (SINAD) ·s tlJe 
ralio of 11e '"~dame~:af "lOU: f-ecuency's RMS a~'DI,lcce 
:ol-E RMS arr,p'ilcdeo' a I ol~e' ADC o"locl s'g~aI5, The 
OJipJ: ba"ld is I:rlled to f-eDuenc es aoave DC a~c below 
o~€-haf :ne ADC sarlp e -a:e 

12 

FIgure 19. OffsOT and Gain AG/usrrne:l: {N(!';,:',-,,(:rrllii?: 

• 

.,.V-)/', 
~:, 

2(w, 

mH~jJ:.J:l1l.1iNil 

; II :.~ . • 

The !heoretlcal min;mu!T1 ADC nOise is czvsec by C .. IZ"l
!Izztlon error and is a direct resul: of the ADC·s resol~~~oc 
SNR = (6.02N ... 1. 76)oB, wheee N 's lI'e nUf'"',ber 0' O,1s 
of resoiutlon, A perfect 12-blt ADC can. the'eloee co no 
bet1er tha~ 74dB. Ar FFT pic: shows t,e OJtpJI,€ve! I" 
various spec:ral bacds Figure 22 SI'0'N5 t'"le ,,,sui: 01 
sampi",ng a pure 1CO~H2 sincsoio a' a 5eO<sos -alE \'/,1" 
the MAX120 

By :ra'lsposirg tlJe 8q..;atio""11'1al con"er~S reso L.~ or· "to 
SNR, we car. frorr :re meas;.;red SINAD. oe~e·"C."'"I€ It-IE 

effect.ve "esOIUllor (or cf!ec:·ve n .. r-l!)€~ c,: C·-.S] t'1e 
ADC orov'oes N = (SINAD - 1 76).'602 F ger" 22 
Shews tre e:fecllve ""1J~be" of ci~s as a tunc: or cl :"16 
:npu: frequency for Te MAX i 20 Tr.€: \1~,X 122 Cle'!Cr'l;$ 

SI~:!2~iy 

MAXIM 



500ksps, 12·Bit ADCs 
with Track/Hold and Reference 
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Figure 21. Im'enl~lg B,c=-.'F.t T#::;'·'Si.:::.~ F./,'.-::cr 

Total Harmonic Distortion 

;f a PJre si0e wave IS saMpled by an ADC a: g'e-8ler Tar 
t~e NYCJ's: f'eouency. the ~cnl "eer t.es ~ the ACes 
:ransfe# function c~eat€ ha~rro""cs 0: ~r-e IrO .... l !recue'1cy 
n tre sa Toled output data 

T::::2.1 .... ar~or,c cis:O'1IGn (THO).5 :t1E 'a.:-801 t"'e 8MS surr 
of ai' ~a"r1cnics ( ~ the f"equercy ba'.j aocve DC e~O 
belOW cne·lla f the sar10le ra:e, t..,( '101 "le Ldlr,c t .... e DC 
COTCOf1en~) te :I-,e RMS aTol tJoe of tre t:,..ndar--e ..... :a· 
f~e:Juency This :5 ey.~y€ssE:a as 10 le1. s 

"V2' + \/3 2_ v~.: ~2 
THO = 200g - --- -'-i'-- ---

Figure 23 EffecmiC BllS 1:$ Inpt.J! Frcq(Ju-;C\; 

where V, IS the fur.damental RMS amplitude, and V? 
10 VOl !ire the amplitudes Of \~e 2"d \~,rough N1' 
harmonics. The THO specifica:icr: in IhC Eicclncai 
Characteristics table Includes lhe 2!lC lhrougn 5i!i 
narmO:IICS. 

Intermodulation Distortion 

If the ADC Input signal cor,SIS1S of ['"\o"e 1nan cr " 

spectral comoonen:. lhe A9C :ra.nsfe~ f:..r1Cllon nOI'· 
iinearilies prod~ce l!"'ltermoouiat·o .... olsto,.tior; (lMD) r" 

aOdition :0 THD. IMD is !r1€ c,:a!"ge in O'l€ sinusoida 
input causeo' by :r.e presence c~ anotner sinusoida.l 
input at a d.Hererr\ frequency, 

If 1wo pure sine waves o! freq ... €~cy fa and Ib a~e 
applied to the ADC inoue, nor:rcaf'lles in Ihe ADC 
transfer ~U:1ction c~eate distortion o~ocuCIS a1 SuJTl ar-j 
difference ireqiJe:1cles o~ :r:~a ± rdb. wnere m a!1d r; = 
0, 1. 2.3, etc, THO inclLdcs irOSe diSlOr:,or. produCIS 
with rTl or n equa :0 zero Intern locuial.O:1 cls:ortl:Jf1 
conSists of aT dlSlo .. tion O~Oducts ~o· W'liCh neither .... ~ 
nor n eQ0al zero For exan~olc. :he 2ro-ordcr llV.D 
terms ,nCiJoe (fa + fb) acd I'a - fb) while 1M 3rd-orcC' 
IMO te"r1s Incuce (21a - ltl) (2fa - fO), I'a + 2fb). G~C 
(fa - 2fo) 

If II"",e :\\'0 !"pu: 5'''e waves c~€ eqL.8 ~n ·r}agqitudc. t .... e 
val..;e (in dec,oels) o~ 1ne 2ro-cr der lM~ oroduc!s ca'") :"")€ 

expresseo by :he :ol'OWlng for'"'1L a 

IMC (fa:: '0) = 20109 - ary-,pl \L::J~ at I ~a ~ f::l 'J 
a1 pll .. de cl f.= 

~AXI~I ______________________________________________ _ 13 



500ksps, 12·Sit ADCs 
with Trackl'1old and Reference _ 

Spurious-Free Dynamic Range 

Sp~r;Olis-:ree eyca"1'c range is Ihe ralio of the t~ndame~
:al RMS ar'lplil~ae 10 tre arrpillude of the "ext :arg-esl 
spec:ral comDore~1 (·n the frequency bane above DC 
and below one-hall the sample 'ate) Usua;,y the next 
iargest spectral COTooor.enr OCC,Jrs at SO'Tle har'llO~~C of 
the '~PJt f'eq"e~cy. However. If the AGe is except,9naily 
linear. " may occur only a! a ranoor'l peak i" the ADC's 
noise floor 

_______ Chip Topography 

_ ~1~' __ 

:2.997 rrtT'i 

MAX120/MAX:22 TMANS STR CJU-~T '920 
SJ3S~RAT= COt'JNECTEJ TO VDO 

D, 

D2 

_o,,~· 

13.099 rpm I 

_ Ol'deringlnfonnation {continued} 
,---------
I -PART -TEMP_ RANGE - PlN·PACKAGE 
------- --
I MAX12CEAG -40 C 10 .85 C 2' SSOP ------- - - .. 
~A':'. 2O~RG _ -55 C 10 t 125 C 24 Narrow CERD;f' 

~M~12~Cr:::.G j) C 10 .70"£ - 24 NarrowP!a'hc DIP 

, MAX;226CNG G C 10 .70 C 24 Narrow P~SK;};P t--------- -
. MAX122ACWG 0 C 10 t 70 C 24 Wide SO 

G1~0Jlicwi _ .oc:: to .70 C 24 Wode ~~ __ _ 
I MAX'22ACAG 0 C;o +7C C 24 SSOP 1 __ _ 

~A~22~CA~ ? :: 10.70 C 24 SSOF 

~MAX'22i3::1D _0 C 10 + 70 C_ ')~' 

MJ\X122AENG "-40 C ic ","85 C 24 NarO'N P!..1!:J1:c Di? 

IMAX~226ENG- -40 C 10 +85 C 24 NaHow P:aSIi:; D'P 

I MAX :22AEWG - -40 C 10 .25 C 24 W'oe SC 

I M.~X~228EWG -<0:::0 .85C 2< WKI" SC -------- -
LMA~22i:EA~ -.:cC 10 +85 C 24 SSOP 

0',AX,,:,,22~AG _ 

~'A~122~M~ , 
VAX 12JE\\<IT-CP-
~ - - -

~O C to ~8S C 24 SSOP 

-55" C 10 ... 125 C 2.: t-.larl("1W" CFHDIP 

- Cootact factory (or dice 5pt.:c;ricatJoIlS 

.H. _ 
(LSBs)' ., ' 

_.l:J/.t 

" t3i4 

.!.~ 
~----;-

~3/4 

tl 

!I 

-±3!4 

'; 

t MAX 720 EV kIf car: be used 10 el..lluaW tile ,"-tAX 12.7. wilt'/) 

o~de",1g the EV k.1l. ask. (Of H !(€X sall1plc of Ire ,"'1AX 122 

14 _____________________________ _ .MAXINI 



500kspsl12.Bit ADCs 
with Track/Hold and Reference 

________________________ Paclcage Information 

A 508 
AI 0015 0.:;8 
1\2 0.125 0150 3.18 :lel 
A3 0.055 O.ose 1.40 2 03 
B 0.016 I 0.022 0.41 ~,56 

81 0.050 I O.06~ ! 1.27 L65 
C 0.008 0012 o.ze Ij 3C 
o '.235 '.265 L 31.37 ' 32.13 

01 0050 0080 1 .Z7 2 03 I--E---l I I -e 0.300 0.325 7,62 e 26 
1,-- El ----l El 0240 0.Z60 6.'v 1." , 

A 
A2 1-1 .. ------ 0 -------< .. ~I , I. 0.100 SSC 254 SSC 

e· I 0.300 sse i 62 E5C ! 
j j i,-' --:::-;=-c:r--=----;:::,-----;:".....,;:::--;:::--=--::::;--,=r'::l ~T .~ i - . 0.00 - 1 <;, 6 I ~

A3 i _ I 

"TI'I OODG~=.JOD:+~, l1011S'01S0 2.92 W] 

, ! ll! f U. Uli ~ l ¥'~ " . .1. -f:.-: I ~~i~~~~~~c ':~"'II 
--I ~ B1 -- ell -- (NARROW) 

B---:-- -8S- PACKAGE 
i 

j 
1 

E H 

_.--- 0 -----<.~ , 

kh[j;:;,r-;;:;c;:;tj::;r::;==:: .. ::::;:::, F9:;:;:S~~;~ .=:=' ___ : '~"_",--" 
• B 

A1AXI.M 

h x 45' --, r--
~ ___ ~ (t 

Ld,At ==~,_ , 
T '-; 
c 

DIM! INCHES I MillIMETERS I 
1 MIN I MAX 

A '0093 : 01C. 
A.~ 1000", i 0.012 

6 I 0.014 I 0.019 
C I 00C9 I 0.013 
D ·0596 10.61' 
E 0291! 0.299 
• OOSOBSC 
H 0.394 I 0.419 
h 0010 I 0.030 
L 0016 10.050 ; 
If 0 J f; 

MIN MAX' 
2.35 2.6'; l 
0.10 03C 
0.35 ~ ~9 I 

023 032 

7.40 760 
, 2; sse 

10.00 I 1065 
025 0.75 

04C 1.2; 
o· 

24·PIN PLASTIC 
SMALL·OUTLINE 

PACKAGE 

15 



500ksps, 12·8it ADCs 
with Track/Hold and R(fference 
__________________ Package 'nformation {continued} 

DIM INCHES MILLIMETERS 

'I MIN MAX MIN I MAX 

A I 0,068 0,078 1.73 1.99 

Al 1 0,002 0008 0.05 021 

~n;~~g~~gg:J • e I 0,010 0015 0.25 0,38 

! I 
c 1 0,C05 0,009 O.,~ 022 

I o 1 0,317 0,328 .807 833 

E H E 1 0,205 0,212 5.20 5.38 

C 
, I 

e I 0,0256BSC (0,65 esc 

I 
-]r-Gr-jo , H i 0301 1 0,3" 7,65 T 7,9C -- .... .. .... L 1 0,022 - i 0,037 
;,;...: . -' L ';';": U' 

0.55 C 95 

" 
, 0' 1 B i 0 I 8 

:!"':~"~:' 

~O~: , 
u 

,.,1-r"1;;r,,,n,; , A , I, r ,"" , __ 1 __ • I ,-,. r: "' •• ' .i)1 

--11-- ! L 'I~ 24-PIN PLASTIC 
, ........., '.''" ,," I ~ 

e B A1 C L--~ 
SHRINK 

SMALL-OUTLINE 
PACKAGE 

'.'~_.'''''' :.,.;"_~ ~,,: __ ._~ ,.~::: ~r;- c,"::o ';l" :1~;: :_, <i'I, • I,::..' .- ," '.~~' ':" ·~.l" ,- -~ ' ....... ~r'·,'.' ,,-: '~:-~.:- ," .~ ';' ••• "1 "':;;1~,~' . :'1" :",' .,' ".r"". j' .• 

-;. •.. :r: :.1 i .'~ .- .. ~':" •• '!£ :"'; • :;'1' :..:' :-~ J.-,)~ ';':' ;-..... '(,' j";; :;:.:. •. ,'w', 'l~! ... , .... ,,' •. :. -' ":-.., '.-.~ 
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DC CHARACTERISTICS 
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,I V!::JI allllllaUlv IlIlvl val 1IIIIvi uc.,J~ 

• Compallble with All Inl.1 and Moal • 51. PrOQrlmmable Counl.r Mod.a 
Olher Mlcroproc .. aora 

• Thr .. Independ.nl I8-BIt Counl.ra 
• Handlea Inpula trom DC 10 10 101Hz • Binary or BCD Countlnll - 5 MHz 8254-5 

_ 8 MHz 8254 • Slnlll. + 5V Supply 
- 10 101Hz 8254·2 • Avallabl. In EXPRESS 

• Slalua R •• d-Back Command - Slandard T emperalur. Range 

The Intel l 82~ II a counl",/UmtIf de~ deligned 10 101v. the common timing control probleml In rNcto
computer IYltem design. It ptovtdel thI .. tndependenl 16·tMt counl.rs, each capabte of handling dock Input. 
uP to to 101Hz. All model are IOflwar. programmable. The 82~ 10 a _ .. t 01 the 8253. 

TM 82~ U181 HMOS technology and come. In • 2.-pin piastie or CEROIP Pf\d<IV". 

., .. 

Flgur. 1. 8254 Block Diagram 

w" 
w;; .. 
co 
-. 

12" 
.. 
ct. •• 

011" 
QAfl, 

CU< • 

QA1l1 

••• OUTI 

flQure 2. Pin ContlQuratton 

Ct •• 

.... 
Ct_ , 

._11 , .... 

.... 

FUNCTIONAL DESCRIPTION 

General 

The 8254 II I prOO"lmmabie interval timer/coonlor 
designed for use WIth Intel miaocomputer Iysteml. 
It is a Oftneral purpose, multi-timing etement that can 
be treated 8S ,n array 01 110 portl In the Iystem 
IOfrwa,e. 

The 825. solves one or Ihe moll common Pfobleml 
in any microcomputer system, the oene'abOn ot ac
curate time delays under sohwar. contl'o" Instead 01 
setting up timing loops in software, the programmer 
conhgures the 825~ to match his requirements and 
programs one at the counters for the deSired delay. 
Aller the deslfed delay. Ihe 825-4 WIn interrupt the 
CPU. SoftWare overhead is minimal and venable 
length delays can ... ~y be Iccommodaled, 

Some of the other counter Itimer functions COfnrnot"l 

to microtompUtMs whtch can be impfemented W\lh 
the 825. Ire: 

• Rea' time clock 

• Event·counte, 

• Digilalone-lhol 
Programmable rale generator 

• Square wave ganerllor 

• Binary rato mul1tplier 

• Complex, waveform generatOf 

• Complex molor controller 

Block Diagram 

Oil TA BUS BUFFER 

ThiS 3-51010. bt-dlroclional, 8'011 buffer tS used IQ In· 
loriaca the 8254 to the syslom bus (see Figure 3). 



T I ble I. Pin D .. cr1pllon 

Symbol Pin Type Narne .nd FurteUon No. 

0,-00 1-8 1/0 01. TA: Bi-directional tlltee .tate data bu. Nne •• connected to "YOI"", 
data bus. 

ClK 0 9 I CLOCK 0: Clock inpul 01 Counter O. 

OUT 0 to 0 OUTPUT 0: Output 01 Counler O. 

GATEa 11 I GA TE 0: Gate inpul 01 Counter O. 

GND 12 GROUND: Power supply connection. 

Vrr. 2. POWER: + 5V power supply connection. 

wn 23 I WRtTE CONTROL: Tm. inpu\ Ia low durinG CPU writ" """,alions. 

M 22 I READ CONTROl.: Thi. input 10 low during CPU ,ead """,alions. 

CS 21 I CHIP SELECT: A low on !hi. ~ enables 1M 82~ 10 ,espond 10 
M and WIl signal •. 1m .nd .,algnored olherwise. 

A,."'o 2O-t9 I ADDRESS: Used 10 select one 01 \he three Counter. or !he Control 
Word RegiSier lor read or wrile """,ation •. Normally connected 10 
the system address bus. 

At Ao SeIec11 

0 0 CounierO 
0 I Counter I 
I 0 Counter 2 
I I Control Word Register 

ClK2 18 I CLOCK 2: Clock input 01 Counl'" 2. 

OUT 2 t7 0 OUT 2: Output 01 Counler 2. 

GATE2 16 I GATE 2: Gate inpul of Counter 2. 

ClK I 15 I CLOCK I: Clock input 01 Counler I. 

GATE 1 14 I GATE I: Gate input 01 Counler 1. 

OUT I 13 0 OUT I: Output of Counter 1. 

i'-

A J\ ~ ltL1\ 
~Clll' 

""A :OUlllfl'l ., .. ~ .... ~OAU' - I"rY f'rY 0 

f-ourt 

1 
ItlI ·lrC ~ ~cu, ... - ::I COU"fllII r.- OAf(' -.. t-.. - L ..... ~ r'f rv I r--. au" 
" 

I:! 
1 W 

COIII"IO\ ~ 1,A..l..1\ 
!-c ... 

wOAO COUNT,,, !-OAnl 
II(QISlll" j'r- l"riY • I----- OU" 

I t 
.... 

flgur. 3. Block Diagram Showing Dal. BUI Butl., .nd R •• d/Wr1t. l09lc Function. 

.. 

• 

/lEAD/WRITE LOGIC 

Tho Road/Write lOQtC accepts inputs hom the .YI· 
t~m buS and genefates controf Ifgnals for the other 
,"nc;tional bloch ot the 8254. A, and Ao select one 
01 the three count., OC' the Control WOfd A~$\er 
10 be rGod from/written iniO. A OIbN" on the RD in
pull.lI. Ihe 825. lhol!he CPU Is ,eading one of lhe 
counters. A "tow" on lhe WIl Inpu1lell. lhe 82~ 
Ihal the CPU i. writing eilher • Control Word or In 
.n.lial count Bolh riO Ind wn .re qualified by CS; 
Al'i and wn Ire ignored unle .. !he 82~ hoi been 
soloclod by hold.ng C'S tow. 

CONTROL WORD REGISTER 

The Conlrof Word Regi., .. (see Figura 4, Ie selected 
by Iho Read/Wme Logic when 1.,."'0 - I t. If the 
CPU then does a write _alion 10 !he 82~. !he 
dala is Slored in lhe Conlrol Word Regisler Ind II 
interpretod as a Control Word used to define the 
operation of the Counters. 

The Conlrol Word Regi"er cln only be wrinen to; 
stalus in'ormehon is IYlilabta with the R.ad-Back 
Command. 

COUNTER 0, COUNTER I, COUNTER 2 

These three functiona' blOCks .r8 identical in opera· 
tion. 50 only a sing:. Counl.r will be described. The 
internal block di8gr am of • single counter is shown 
in Figure 5. 

.. ... 

:~ 
"-I 
',-1 

et-----' 

The Count ..... 'e fully independent Each COI,"'er 
may opera'. in • ddterent Mode. 

The Control WOld Register II ahown in the '9M.; 11 
it not part of the Count., rta.e4f. but ftl contents de
.ermine how the Counler _ ..... 

The .,alu' 'egisler. ahown In Figure 5. when 
lalched. contain. lhe currenl conlanls 01 the Control 
Word Regi"er .nd IlalUl of lhe OUlput Ind null 
counl nag. (See detailed a,,,,aoolion of 'he Read· 
Back command.' 

The actual count., is labetted CE (IOf "Counlfr'wJ Ele
rnenl",. II 10 I 16-bit presenable Iynclltonous down 
counter. 

OlM Ind Oll .ra two 8·hi! fatchot. OL Itand. lor 
"Oulpul lalch"; the IUbscripll r.4 .nd L .,and for 
"r.40.'lIgnificant byte" .nd "lea.' IIgnificanl byt •.. 
respectively. Both Ir. normalry re'erred to as one 
unit and called ju., OL These lalches normally "101. 
low" !he CE, but ~ • lUitable Counter Latch Com. 
mand 10 senl to the 82~, !he lalchol "latch" !he 
presenl count unlH r.ad by !he CPU Ind !hen re.um 
to "following" !he CE. One lalch II. time II enabled 
by lhe counler'l Control logic to dove the internal 
bus. This II how the 1&-bit eoumer oommunica.a. 
over !he 8-bit Inlernal bus. Nole Ihll lhe CE ",.11 
cannot be r.ad; whenever you r.ad the COunt, rt IS 

lhe Ol thaI 10 being read. 

Similarly. lhere are two 8-bil regi.,,,,. carted CRM 
and CRl (for "Counl Regi., .. "'. BOlh Ira normally 

au" 

au" 

flgur. 4. Block DI.gram ShowIng Control Word R.gllt.,.nd Count., function. 



retarTed to 4' one urw1 and calJed just CR. When a 
new count • written to the Coun181', the count is 
.t",ed in the CR and later transferred to the CEo The 
Control log.<: .,~ one 'egta'er I' • time '0 be 
loaded from the internaf bu •. Both bytes are trena· 
foned 10 the CE limuttarieously. CAM and CAL lIIe 
cleared when the Counler is programmed. In this 
way, if the Count8f he. been programmed for one 
byte counls (",t_ maS! IKJnificanl byte only '" leesl 
significant byte only) the 01_ byte "'" be lero 
Note that the CE C8...-.o1 be writ1en into: whenever I 
count is writt&n, it is written into the CR. 

Tho Conlrol logic Is .Iso Ihown in the d,agram. 
elK n. G'" TE n. and OUT n ar. all connected to the 
outskfe wCM'1d through the Conlr~ logK:. 

8254 SYSTEM INTERFACE 

The 825-< is a componenl of Ihe Inlol Microcompuler 
Systems and interfaces ttl the same manner as all 
other perip~als of the famoly. It ro treated by Ihe 
'yslem', .aftwere I' In &nay of peripheral 1/0 
ports; throe 01. counler. and the fourth is a control 
regisler I", MODE programming. 

Basically. lhe ... feet inpuls "o .... t connect to the "0. 
"'. addr ... bus signals of the CPU. The CS can be 
derived direc1ly 'rom the address bus using a linear 
select method. Or ~ can be connected to the output 
of a decoder, such as an Intet 8205 'Of larger sys· 
tems. 

OPERATIONAL DESCRIPTION 

General 

M", power-up. lhe state Of Ihe 825-< is unclefined. 
The Mode. counl value. and output of a/l CountOfS 
8re undefined, 

FlQure 5. Internal Block Diagram of. Counter 

How each Count'" OfI8rate. i. cIotOfmined when_la' 
programmed. Each Counter must be program",.,:!, 
bef",e ~ can be used. Unused oounter. need not be' 
programmed. 

Programming the 8254 

',0\', 
·.f'4

j
· 

':;~ 

;oJ, ({':: 

".~; 
Counter. are programmed by writing a Control WOfd· 
and then an mitia' cour.t. · .. ,,,i~ 

.'"~' The Control W",ds are _en Into the Control Woid 
Roo .. ter. ""'ich Is ""0000 ""'on "',,"0 - II. Tho 
Control Word "seq specifieS which Counter is being 
prog,ammed. .: ':J~ 

By contr .. ~ Initial counts .re wrinen into the eoun,' 
ters. not the Control W",d Rooist .... The A,.Ao In.' ' 
puts .re used 10 select th. Counter to be wtiIt .. 
into. Tho '",mat Of the Initial count i. determined IIJ 
the Control Word u.oo.... ,. 

'1:" 

Write Operations -rT}1 
Tho programming procedure for the 825-< " ""y 
flexible. Only two conventions need to be r~ 
bared: 

I) F", each Counter. the Control Word must be ..... ' 
ten before the initial count .. wrinen. 

2) Th. Initl.1 count mu.t 'oIlow tho oount 'orma. 
apecifiod in the Control Word (I.esl signlfocent 
byte only. mo.t significant byte only. or least oIg
nificant byte and then most aigndicant byt.). ' . 

Sinco the Control Word Regi.ter .nd the thr .. 
Counter. havo separate .ddre ..... (selected by Ihe 
At."o inputs) .• nd each Control W",d specifl8' Ihe 
Counter h applies to (SCO.SCI bits). no spadal in
struction sequence is required. "'ny programming 
sequence thet foil"", the convention. In Figur. 7 10 
acceptable. 

Ftgure 6. 8254 Syotem Interface 

control Word Format 
A •. "o • II CS - 0 RO - I \1m - 0 

sc-Select Counter 
SCI seo _. , 

? 0 Select Counter 0 
l_- ----' -

r-; I Select Counter I 

0 Select Counter 2 

I , t Read·Back Command 

I (.ee Read Oper.toons) 

Rw~e.d/Wrtto 

RWI RWO 

0 0 Counter latch Command (see Read 
Operation.) 

0 1 R.ad/Writ.'eaat significant byte only 

I 0 Re.d/Writ. mosl signifICant byte only 

I ' t Read/Writa tea.t signlfrcant byls firll. 
then mo.t significant byte 

HOTE: 

0, 0. D. D. D. Df Ot Do 
( SCI 1 SCO 1 RWI 1 RWO 1 M21 Mt I MO 1 BCD I 

_ode 
M2 

0 

0 

X 

X 

I 

I 

BCD 

0 

MI MO 

0 0 Mode 0 

0 I Modo I 

I 0 Mode 2 

I I "'ode 3 

0 0 Mode' 

0 I ModeS 

Binary Counter 16-bIIl I 

Binary Coded Oeamal (BCD) Counter 
(' Decaclol) 

Don't Cit. bUt {Xl Ihoukt be 0 to 1nt\M'. compatibltty wtth tvtur. Inl84 productl, 

FIgura 7. Conlrol Word Format 

AI "0 At A., 
Control WorG-Counter 0 I I Control Word-Counter 2 I 
LSa a. oounl-Counter 0 0 0 Control WorG-Counter I 
Mse 01 oounI-Counter 0 0 0 Control W"'~nter 0 1 

Control W"'~nter I I lSB a. oount-Counter 2 0 
lSa o' count-Counler I 0 MSB 0' oount-Counter 2 I 0 
MSB 01 counl-Counter I 0 I LSB of oount-Counter I 0 
Control Wor6-Counter 2 I I MSa 0' oounl-Counler I 0 I 

lSa of oounl-Counter 2 I 0 LSa Of oount-Counter 0 0 0 
MSB of count-Counter 2 0 MSa 01 oounl-Countar 0 0 0 

At "0 At A., 
Control Wor6-Counter 0 I Control W",d-Counter I I 
Control WorG-Counte< I Control W",d-Counter 0 I 
Control WorG-Counter 2 I I LSB 0' counl-Counte< I 0 
LSe 0' oount-Counler 2 I 0 Control W",d-Count ... 2 I t 

LSB 0' oount-Counter I 0 I lSB 0' oount-Counter 0 0 0 

lSa 01 count-Count.r 0 0 0 MSa of oount-Counte< I 0 , 
MSa a. count-Counter 0 0 0 lSB 0' oount-Counter 2 I 0 

MSa of count-Count.r I 0 MSB of count-Count ... 0 0 0 
MSB of count-Count.r 2 0 MS9 of cOUnt-4:ounter 2 0 

NOTE: 
In III lour ••• mpt .. , an Count.,.. ar. PfOQf.mmed to r •• d/wme ~byt. count,. The .. '" onto, four of mIIny ~ 
programmmg sequence., 

Figure e. A Few Po •• ,ble Proor.mml"G Sequencea 

• 'l~ 
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A new initial count mly be written to a Count.., at 
011'/ bme -.:>vI Ifleeti"!; the Counlo<'l pro
grlmmed Mode in Iny .. IY. Counting will be Iffecled 
a5 described in the Mode definitions, The new count 
I'T'IlISI tollOW 1M proorammed count format. 

" • Counter is PfOO'ammed to r.ad/write two-byte 
counts, lhe IoIIooMng precaution opplies: A progrlm 
must not ltMtt'er contlot between writing the twst 
and second ~e to another routine whch also writes 
into thlt same Counter. Otherwise, the Counter will 
be loaded .MIll In Incorrect coun\. 

Read Opeutlone 

t1 It otten Oet.irable to ,eld the value of • Count&r 
w.thout distllbino the count in prograss. This is aasi· 
Iy done in the B2~. 

There are th'H possible method, for reading the 
count&rs: a Iimp4e read operation, the Counter 
1..I1ct1 Command. Ind lhe ROld·Bock Command. 
Each IS explained below. The "'01 method is 10 per
form I sirnpM reId operation. To raad the Count&r, 
_ i. seIocIed with \he A I. AO Inputs. \he CLK 
input 01 the ",Ieeted CounlO< musl be Inhibiled by 
using eilher \he GATE input Of ""'o<nol logic. Other
w\-5.e, the count may be in the process 01 changing 
when it is r&ad, giving an undefined result. 

COUNTER LATCH COMMANO 

Tho second method u ••• lhe .. COUnl .... Lalctl Com. 
mend", like I Controt Word, this command is written 
to the Controt WOld Aeoister, whk:h is selected 
when 10.,."0 - II. Also liko I Control Wo<d. the 
SCO. SCI b<Is.eloc1 one 01 \he three Counlers, bul 
two olher b<Is. 05 and O~, distinguish this CO<nmand 
"O<n • Control WOfd. 

A,.Ao - II;CS - 0; RD - I;WR - 0 

D7 01 0, O. 0, 02 0, Do 
I SCI I sco I 0 I 0 I X I X I X I X I 
SCI,5CO-spec:iIy counler 10 be lalched 

SCI SCO Count.r 

0 0 0 
0 1 1 

0 2 
Road·Sack Command 

05,~ designalos Counlo< Lalch Command 

X-don'1 cora 

NOTE: 
()or!'1 cw. bits (X) IhOutd M 0 to insure ~tJbi~ 
..ch tutur. Intel produCts. 

Fig"'" I. Counler Lolchlng Command Format 
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The selecled Counlo<'l output IllctI (OLllal"""" tho 
counl II lhe time lhe Counler La'ch Commoncl " 
received. This counl is held in lho Illctl unlil ~ is '-oj ; 
by \he CPU (Of unl~ lhe Counler is roprogr011Vnod\. .. 
The count is then unlatchod automahcally and .... 
OL ralums 10 "following" lho counling elOment (Q:). . 
Thil lltows r .. ding lhe conlents of Ihe c:o..ru.:. 
"on the nyu withoul affecting counling in progr .... 
Mutliplo Counl", Lalctl Commands mav be USed 10 
lalctl mO<e lhen one Counl ... Each lalched Coun-
1",'1 OL holds nl counl unl~ H is read. Counler Lolcit 
Commlnds do nol afleet lhe pfOlirammed Modo 01 
the Counter in any way. ,. -, 
It I Counlo< II Illched and lhon. some lime tar.; 
lalched again before the count is read, the IeOOnd 
Counler Lalch Command i'ignOfed. Tho count rMel 
will be lhe counl II lho \Jmo the r .. 1 Counlo< lolclt 
Command wa, issued. . ~, 

~ 
Wilh eilher mOlhod. lhe counl mull be road ocx:ons. 
ing 10 the programmed IOfmol; spoc~ic811y. W tho 
Counl.... Is progrlmmed IOf two byto counlo. two 
bytos musl be read. Tho two bytoo do nol he •• 10 be;. 
read one right 1110< lhe OIher; read Of writo Of pro- . 
grlmming operltion, of Olher Coun'o .. may be )n: 
sorted between lhom. 

Another feature or the 82S4 is thaI reads and • 
01 the same Counter may be int&rkl8vod; for exam
plo. H lhe Counler is programmed fOf two byta 
counts, the following sequence is valid. 

" Read lea.1 signirocanl byto. 
2, Wrilo now leo .. significanl byto. 

3, Road mosl significanl byto. 

., Wrilo now mosl signiflCanl byto. 
., 

It I Counler is programmed 10 road/wrilo two-bytl 
counls, tho following precaution applies: A progrlm 
must not transfer control between ,eading the first 
and second byte to another routM which also reads 
from that same Counter. OtherWise, an tncorTed 
count will be read. 

READ-BACK COMMAND 

The third melhod uses \he Read-Back Command. 
This CO<nmand Illows \he u_ 10 check !he count 
value. pcog,rammed Mode, Ind current states of the 
OUT pin and Null Count nag of Iho se'ecled coun
lor(s'. 

Tho c","mand i • .m"on inlO the Conlrol WOfd Reg
isler and hes tho Io<mlt shown in Figure 10. Tho 
CO<nmand Ipplies 10 lho counlers selecled by seI
ling lheir corresponding bits 03. 02. 01 - 1. 

Tho road·back command may be used 10 lalch mulli
t'OONTnler OUlpul lalche. (OL, by SO"ong lho 

bil 05 - 0 Ind soloctong Iho desired cou,," 
ler(.,. This linglo command is lunclionally oquivo-

/00. AI - 11 e~ - 0 !m-1W!1-0 

0, O. 0, o. Dz 0, D, 00 

[~G] COOfIT I STrnJS I em 21 <:NT ,I <:NT 0 I 0 I 
O~' 0 • latch count of ~ed count«(.) 
o. 0 - Latch .tatus of MMded counters(l, 
03: , .. Se&ect Coun,. 2 
02: 1 .. SefecC Count. t 
0,; , .. SetecI Count. 0 
Do, ReS8IVed lor tutuf'. Illpeneton; MuI' be 0 

Flgur. 10. R.od-B..:k Command Formlt 

lent to soyarai counter latch command., one .or 
each counter latched. Eech counte(llatched count 
is hold until it is read (or the count. is reprc> 
grammodl. The counlo< is automalically unlilched 
when read, but other counters remain latched until 
lheY aro rOld. If mulliple counl reld-back commands 
are issued to the same count ... without reading the 
counl. all but lhe firsl Ire ignOfed; I.... \he counl 
which will be read is the count at the time the fwst 
read·back command was issued. 

Tho road·back command may llso be used 10 IllctI 
slalus Irofo<malion of seleeted counto«s, by ",\ling 
STATUS bil [)oC - O. Slllus mu.1 be lalched 10 be 
read; status of a counter is accessed by • read from 
that coun1er. 

The countor stalus formal is shown in Figure 11. Bits 
05 Ihrough 00 conlain lhe counler's programmed 
Modo e.aclly as written in the lasl Mode Control 
Word. OUTPUT bil 07 conlains tho cu"onl .1110 of 
IhO OUT pin. This Illows lho user 10 manilOf lhe 
counter's output via software, possibty eliminating 
some hardware from a system. 

NULL COUNT bi1 06 Indlcol .. whon lhe 11.1 counl 
writton 10 the counl'" reglsl'" (CR) ha. been loaded 
inlo lhe counling .'omonl (CE,. The exact time Ihi. 
happens depends on lhe Mode of the counl .... Ind is 

Command 
0, 0.. Dc. 0.. 0.. 0., Ot 0 uu - -

D7 01 D. D. 0, 02 0, Do 

R~~II RWliRWOlM21 1.4,1 MoiecoJ 
0, ,- OUT Pin is 1 

0- OUT PinlsO 

06 1 - Nun Counl 
o - Counl a.I~lbIe 10< ,oading 

D5-Do Counl'" progrlmmed mode (see Figuro 7, 
Figur. II. Stilul By11 

described in \he Mode Deflnitionl. but untd lhe count 
is loaded InlO the counting -.1 (CEI. ~ con'l be 
r.od "O<n \he oounler. It the count is Illched Of read 
belOf. lhIa time. tho oounl voiue win nol rolloc1 \he 
new counl juol wriIIen. The operation of Null Counl 
is shown In Figure 12. 
I! multipIo IlIluI lalctl operolions 01 \he counler(s) 
ore por10nn0d without ,eading !he Ilal ... III but the 
finll or. ignO<ed; I. •.• the lIalul \hel will be road Is 
the status of the counter at the bm8 the first slatus 
road-bac~ command wu Iuued. 
Bolh counl Ind IlIluI of !he oetected oounlor(l) 
may be lolched oimuIIaneousty by ",lIing ho'h 

Thta Act~ Cau_. 
A. Wnt. '0 IN contrOl 'III'Ofd '8011,.,;(11 Huff Count - 1 
8. Wnt. to the count regil'., (~),(l) Nut! Count .. t 

C. New Count .. loaded into Nufl Count .. 0 
CEfeR ..... CE); 

NOTE: 
,. Only lhe count_ tPedfied by the c:onvol word .... , 
hive Ita Null Count .. , 10 t. Null count btl 01 ottoet 
eount.,. Ir. unaftected. 
2. If the count_ Ie progt'~ for f'w(>.byll count, 
( .... , IfgI'llfUni byte then molt "O"'hcanl by11) Null 
Count 00" to t wherI the second by1 ... wnn." 

Flgur. 12. Null Counl Operollon 

Daocrlptlon R.lull 

I 1 0 0 0 0 1 0 R .. d back counl and IlIluI of Counl Ind slllul lalched 

CounI"'O IOf Counl'" 0 

I 1 1 0 0 1 0 0 Read back status of Counter 1 Status latched lor Counter t 

I 1 1 0 1 1 0 0 R .. d back slo'us of Counlers 2. 1 Status latched lor Counter 
2. but nol Counler 1 

1 1 0 1 1 0 0 0 R .. d back counl of COUn ..... 2 Counllalched fOf Counler 2 

1 1 0 0 0 1 0 0 R .. d beck counllnd slllul 01 Counllalched IOf CounIO< 1. 

CounIO< 1 but not status 

I 1 1 0 0 0 1 0 Read back stlltus of Counter 1 Command tgf'lOfed, statU!, 
alrA8dy latched lor Counter 1 

-
flgur. 13. Reed-Back Command Example 
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tionalfy the t.ame aa issuing two separate r.ad.back 
commands al once, and the above discuaatont ap
ply here also. Spec;fically. K mu"iple counl and/or 
.tatus ,ead-bact:: commands Ir. isaued 10 the same 
c:o.mterh) M1hout a,.,., interventng , .. dt, an but the ""I a'e ig"",lKl. n .. is ill""".11Kl1n Fig",a 13. 

" bolh count and llal"" 0' a counl", .ro lalched. lhe 
'irst read operation 01 that COUnt., will retum latched 
ItatUS, regardleaa of whtch WII latched firlt. The 
newt one or two ,eads (depending on whether \he 
counle, is programmed 'or one or two type counls) 
return latChed count. Subsequent r.ads return un
latched count 

l:S rill WA A, Ao 
0 1 0 0 0 Write Inlo Counl ... 0 
0 1 0 0 I Writ. Inlo Counl'" 1 

0 1 0 1 0 Write Inlo Counl", 2 
0 1 0 1 1 Write Con"01 Word 

0 0 1 0 0 Read from Counl", 0 
0 0 1 0 1 Read from Counler 1 

0 0 I 1 0 Read from Counler 2 
0 0 I 1 1 No-Operalion (3.5"'le) 
1 X X X X No-Oper.tion (3.5"'le) 
0 1 1 X X No-Operalion (3·5"'le) 

flgu,. U. R.ad/Wril. Openllion. Summary 

Mode Definition. 

The loIIowing are defined 10< ., .. In describing lhe 
OI*a,ion 01 the 6254. 

ClK Pvlse: a n.;ng edge. tllen • f.lling edge. In 
thel o<de,. 01 a Counl"", ClK jn.. 
PUt. 

Triooer. • rising edge of a Counle,'s GATE 
input. 

Counl'" loading: tile transf ... 01 a counl from \he CR 
10 tile CE ('ef", 10 the "Functional 
Descriplion") 

MODE 0: INTERRUPT ON TERMINAL COUHT 

Mode 0 is typicalty used 'or evenl counling. Aft ... \he 
Control W",d is written, OUT is initially low. and will 
remain low until the Counter feacheilero. OUT then 
goes high and remains high until • new COYn: Of' a 
new Mode 0 Controf Woe'd is written into the Coun.-

''''. 
GATE • 1 """ble. counting: GATE • 0 disables 
counting. GATE !\a. no alleel on OUl. 
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...... - II.,. \.oOUfIUU'I nora ana ~"I count ar. writt-.IQ 7i 
a Counl"'. \he.initial counl ... be loaded on \he ne.t i.: 
CLK pulee. This ClK pul .. does nol decrement lite i 
count. so 'or an initial counl 01 N. OUT does noI go :,I 
high until N + 1 ClK pulse. aft", the initial count II ,. 
Minen. -..1{':! 

'!Jl 
" a now counl Ie written 10 the Counl .... ft ... 1:l·1 
loaded on the next ClK pul .. and counting witt ccn.' ~ 
tinue ',om Ihe new COUnt If a two-byte counl Ie ..... ' .~ 
Ian. tile loIlowing happen.: , b!:~ 
I) Writing \he 1Ir.1 byte disables counling. OUT 10 MI' " 

low ImmlKlialely (no clock pulse 'equi'ed) '.r 
2) Writing \he MCOnd byte allows lhe now COUnIIo' ", 

be loaded on the newt ClK puI..... ;i~'.' 
. ; TN. lilows the counting seq_ to be ayndworjz, , 

ed by aoflwa,e. Again, OUT does nol go high .... ~ C 
N + I ClK pulses after \he new counl of N Ie v.ritten.' 

'111l1li .... 
If an initial counl Ie written while GATE - O. .... . 
ltill be loaded on \he newt ClK pulse. When GATE. 
goes high. OUT will go high N CLK puI .... laler; no, . 
CLK pulse Ie needlKllo load \he Counler a. lhi. hu' ., 
already bean done. ..' r . 

MODE I: HARDWARE RETRIGGERABlE 
ONE-5HOT 

'.oo:f, : 
.~ 

. "I 
!~ 

OUT will be initially high. OUT will go low on lhe CLK 
puI .. fOllowing a trigger 10 begin lhe one.shol put ... 
and will remain low until the Counter reache. zero •. 
OUT wililhen go high and '8fn8in high until the CLK' 
pulse lit", the newt trigQ"'. ". 

,·,tt· 
Aft ... writing \he Control Word and Initial COUnL the' 
Counler Is a,mIKl. A trigger ,esulls In loading the 
Counler and .. tting OUT low on \he next ClK pulse. 
thus a"'tting \he one.shol pulse. An inilial counl 01 N 
will ,esull in a one-thol pul .. N CLK cycles In du'1: 
lion. The one-shol Ie ,elriggerable. hence OUT will 
'8fnOin low lor N ClK pulse •• fter any trigger.' Tho 
one-shol puI.e can be ,epealed wilhoul ,ew'iling the 
same counl inlO lhe counl .... GATE has no eHect on 
OUT. 

\I I now counlls wrillen 10 lhe Counl", during a one
shoI pulse, Ihe currenl one· shot Is not allec1ed un. 
lesa \he counler Is ,elrigge,ed. In lhal case. \he 
Counler Ie loaded with lhe now counl and the one
shol pulse continues unlil the new counl OKpi,es. 

MODE 2: RATE GENERATOR 

This Mode funclions ike a divid ... by.N COUnler. It is 
typically used 10 generale a Real Time Clock inler. 
rupt OUT will inilially be high. When lhe inilial counl 
!\as dec,emenled 10 1. OUT goes low 'or one ClK 
pulse. OUT Ihen goes high again, the Counler , ... 
toads the initial COUnt and the peocess ,. repeated. 
Mode 2 Ie periodic: the same sequence Is 'epealed 

Indefinrtely. For an initial count of N, the sequence 
r.pealS every N ClK cycles. 

GA TE • 1 enables countinig; GATE - 0 di ... bIe. 
counhn9. \I GATE goes low during an output pul ... 
OUT is sel high Immedialely. A Irigger ,eloads the 
Counler Wllh the inilial counl on tile newt CLK pul .. ; 
OUT goes low N ClK pulses .lter \he trigger. Thus 
\I1e GA TE input can be uslKl 10 tynch<onize lhe 
eounter. 

A"", w,iling a Conl,o! Word and Initial count. lhe 
Counl'" will be loaded on the newt CLK pulse. OUT 

WI ~~-------------------
e,. Jl....f\..I1.J\ 
~"------------------------
~. ~_L-__________ ~ 

1 • 1 • 1 • 1 • 1 : 1 : , : , : , : , :: , :: , 
cw... ' .... ~ __________________ _ 

.. LJU 
c,. Jl....f\..I1.J\ 

.... "-.l 
~':::-:J r-

, • 1 • , • , • , : 1 : , : , : , : , : ,:: 1 

.. 
c~. Jl....f\..I1.J\ 

•• tt 

... :::-J r-
, • , • , • 1 - , : 1 : , : , : , : ,: , :: 1 

HOTE: 
rhe Following Convenllon. "wtr To AI Modo Toming 
(Mgram,: 
I. Count... ... programmed lor bInory (nol BCD) 
counting end for R •• ding/Wrtting .... t lignHanl byte 
(lSB) only. 
2. The count .. 10 ..... yo "''''''eeI (CS ..... yo Iowl. 
3, cw ,t,nd, for "Control Word"; c::w - 10 means a 
conltol word of 10, hex .. writlen to 1M count .... 
~. lSB stand, for "lea •• SfgniflClnt Byt." 0' count 
$. Number. below MQfaml .t. count value •. 
TN ...... .-10 "'" ..... oIgnfficanl byt •. 
The uppef number .. the most significant by'tl. Sine. 
the counter ;. ptOO'lmmed 10 RMd/Wme lSB only. 
the mo.t tignificant byte cannot be ,eact 
N stand. tOt In undefined count. 
Verticil lines ahow trlnaitlonl betw..n count v,toe. 

Flgur. 15. Mod. 0 

goea tow N eLK Pulsel an.,. the mia' count is writ, 
ten. Thts allows the Count ... to be synchronized by 
software also. 

Writino a new count wNkt counting dOes not Iffeet 
\he currenl C;!!\'R11ng aequenca. " a lrigger is 'e
ceived alter wrillng a now counl but bel"'e the end 
0' the currenl period. \he Counl", will be loaded WIIh 
\he new counl on \he next CLK pulse and counling 
will conlinue ',om lhe new count. Otherwise. lhe 
new count will be IoadlKl al \he end of \he CUffenl 
counling cycle. In mode 2. a COUNT of I Is ~leg.l. 

MODE 3: SQUARE WAVE MODE 

Mode 3 il typlcilly used 'or Baud ,all gener.lion . 
Mode 3 i. simila, 10 Mode 2 .xcepl for lhe duly cycl. 
of OUT. OUT will Inilially. be high. When hall lhe 
initial count has expired, OUT goes low for the reo 
mainder of the count. Mode 3 IS periodIC; the se. 
quence above is repeated indefjnftely. An tnitial 
count of N results in • square wave with a period of 
N ClK cycles. 

GATE • 1 enables counting: GATE • 0 d,sables 
counlinig. If GATE goes low while OUT Is low. au r IS 

cow. It , .... ;..... ____________________ _ 

""LIU 
'" 
~ .. _-_--_-_-_-_..,.>J,n---------~ 
... 

I • 1 • I • 1 • 1 • , : 1 : 1 : 1 : 1 :: i : 1 : 1 

.. ~r----------------------
, .. 

.&91 ------.~----------

... ::..J r 
""""'-':1:1:1:1:1:1:1 

.. 
". 
.. ,. -------~n--------i~ 
-~L-

1·1· 1-"- ,- I : I : I : I~: I:: t: I : I 
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• •• higtI Im~ately: no elK pUI.e is raquored. A 
tric;xJer f8\oads the Coon1Of with ttt. Wlitial count on 
Itwt newt eLK pulse. Thus Iho GATE tnpul can be 
used to syndwor,.,8 lhe CountOf'. 
AMer _ling a Conltol WOfd and ini.ial coun~ !he 
Counter will be loaded on !he nex1 eLK puI ... This 
allows .he Coun'er to be .ynchroniled by IOlIWare 
also. 

Writing a oow count whole counting does not aHect 
the current counlmg sequence. II • trigger is ,. 
coNed .f1er Mltlng I new count bot be.Ct. the end 
01 the current half-<:ycto 0' the square wlllve, Ih8 
Count8t' will be k>aded wllh the new count on the 
neKt eLK pulse and countinQ will continue from the 
new count. ()thorwise. ttla new count Mtl be toaded 
at tho end 01 1I>e curant hAII-eycle. 

Modo 3 is imp\em<!nted as lot~: 

Even counts: OUT is Wlilially high. The initial count Is 
loaded on one eLK putse and .hen i. decremented 
by two on succeedi"9 eLK pul .... When !he count 
expire! OUT changes value and Itle Counter is re
loaded wilh the initial COunt. The .bol/ill process is 
repeated indefinitely. 

, •••• &.M.I .. ~--
... JlNVUl..flJVl.J 
~~ ----------------------------
-~ 

1'1·'·1'1:1:1:1:1:1:1:1 
e_·" ~M.'r-______________ _ 

.. LJLj 

... JlNVUl..flJVl.J 
LJ 

-~ U-
"1-1-'-': 1:1: I: 1:1:1:' 

.. 
... JU1.I\.J1..f1.J 
U~ ---------------------------

-~ 
"1·1'1'1: 1:1: I: I: 1:':1 

lOOT£: 
A GATE nn.Ibon IhouAd not OCXU' one dock pnor 10 _co..nt.. 

FIV<n IT. Mock 2 

Odd counts: OUT Is initially high. The initial COUI( 
minus one (an even number) is loaded on one CU( 
pul .. and .hen i. decremen.ed by two on IUC."."". ' 
log eLK pul ..... One eLK pulse ""'" !he count I •• 
pire •• OUT goes low and the Counter is retoeded 
with .he initial count minus one. Succeeding ClK .' 
pulse. decremen'!he count by two. When the COUnI '. 
..pire •• OUT goes high again and !he Counter It 
reloaded wi.h !he Initial count minus one. The atJoo.t 
p<oce •• i. ,_ted indetinitely. So 10< odd countI, 
OUT will be high lor (N + t)/2 counts and low lor 
(N - t )/2 counts. 

" . 
MODE 4: SOFTWARE TRIGGERED STROBE 

OUT will be Initially hiOh. When the Initial count I •• 
plra •• OUT will go low IOf one eLK pulse Ind than 
go hiOh agAin. The counting tequenca is "b1ggered" 
by writing the Innial count. 

GATE - 1 enable. counting; GATE - 0 diSAbIeo 
counting. GATE has no affect on OUT. 

Aner writing a Control WOfd and initial coun~ tho 
Counter will be loaded on the nex1 eLK pulse. ThIs 
eLK pulse doel not decrement !he coun~ 10 lor on 
ini.ial count 01 N. OUT does not strobe low unUI N + 
1 eLK pul ... Iner the Initial count is wrlttan. 

If 0 new count i. Wlinen during counting. " wIH be 

~ ~~-------------------------

'-'-'-1-1:1:1:1:1:1:1:1:1:1:1 

.. -u-o 

I • I • I - I - I : I : I : I : I : 1 : I : I : I : 1 : I . 

.. ~---------------------------

1-1-1-1-1:1:1:1:1:1:1:1:1:1:' 

HOTE: 
A GATE t,.nllim snoukf not 0C0Jf one dock prior to 
htfnw\af count 

Flgut'l II. Moda 3 

~ 

loAded on the nex1 eLK pulse Ind counting wiIf con· 
tinue from the new count. If • two-byta count ia writ· 
ten. the following happen.: 

1) Writing the ftrst byte has no effect on counting. 

2) Writing the second byte lilows the new count to 
be loaded on the nex1 eLK pul ... 

This allows the sequenca to be "ratriggered" by 
soltware. OUT strobe. low N + t ClK pul .. s aner 
the new count of N ia written. 

MODE 5: HARDWARE TRIGGERED STROBE 
(RETRtQGERABLE) 

OUT will initially be high. Coun.ing is triggered by a 
rising edge 01 GA TE. When !he inilial count hes a.· 
pired. OUT will go low lor one eLK pul .. and !hen 
go high ogain. 

Aner writing the Control WOfd and Ini.ial coun~ the 
counter will no. be loaded un.~ .he eLK pul .... ner a 
t,;gge<. This eLK puI .. doe. not decrement the 
count. 10 'or an initial count of N. OUT does not 
strobe low untit N + I elK pulse. aner a trigger. 

A 'rigger resulls in the Counter being loaded wi.h .he 
initiat count on the nex1 eLK pulse. The counting 
sequence is ratriggerable. OUT will no •• trobe low 

c··~ I_ .. ~--------------------.. LfU 

'" JVlJ1.J1.J\.J1. 
.... " 
-:=1 U 

I • I • I • I • I ; I : I : I : I :: I :: I :: I 

~ ~r---------------------

,,, JVlJ1.J1.J\.J1. 
.... ______ ---J 

-:.=J u---
, • I • I • I • , : , : I : I : , : , : I::' 

.. 
C~. JVlJ1.J1.J\.J1. 

~':=1 u---
I • I • I • I • I : I : I : I : , : I : I:: I 

Flgurl 11. Moda 4 

IOf N + t eLK pulse. aner Iny b1gger. GATE he. 
no effect on OUT. 

II 0 new count is written during counting .• he curen. 
counting sequence WIlt not be affected. II a trigger 
occurs oner the new count is written but belOfe the 
current count .~e.. the Counter WIll be loaded 
with the new count on the nex1 eLK pulse ond 
counting WIll continue "om there. 

Operation Common to All Modes 

PROGRAMMING 

When 0 Control WOfd i. written to a Counter, oil 
Control LogiC: is IiiimediAtely re .. t ond OUT goes to 
• known initial atate; no elK pultloM .re requtred to( 
thi •. 

GA'T£ 

The GATE input .. ol",ay. ..mpled on 1I>e rising 
edge 01 eLK. In Mode. O. 2. 3. ond • the GATE input 
is level sensi.ive, ond the logic levol is sampled on 
the rising edge 01 eLK. In Modo. 1. 2. 3. ond 5 .he 
GATE input is I1sing-adge sensitive. tn these Modo •. 
a rising edge 01 GATE ('rigger) sel5 An edge·sensi· 

('W." , ... , .. ~ 
c,. AJ\.IlJ1.IlJ\.f 

u .. u---ullr----u --11C..=.:: 

-=:T ~ 
I .. I .. I .. I .. I .. I ~ I : I ~ I : I:: 1 ~ I 

.. ~-------------------------
'" 
..... ---------'"1~------------

_.::J L.J 

.. 
.. -

I .. I • I • I .. I .. I .. I ~ I : I : I ! I : I : I :: I 

u'" ~--u---'.f\-u-------~~ 

.... :=J LJ 

I .. I .. ! .. I .. ! .. I : ! : ! ~ ! : ! :: ! :: ! : I : ! 
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........ low 
Slo'", 0. CIoOn9 RIoIn9 HIgIt - low 

0 = -- E_ 
CountIng , -- 1, k'wbat" --

CounInQ 
2) R_ C>./IiIUI 

In_ Ned 
Clod< 

2 ,,00.-. ('- ''''bet •• E_ 
2) SNC>4>ut CounllnQ CounllnQ 

"""-'ely 
HiQ!l 

3 " 00M!>I00 
CountIng Irwbal .. e_ 

21s...C>4>ut CounI>nQ CountIng 
--'ely 
High 

( 0ia0bIn -- enoblos 
CounllnQ CounlroQ 

5 -- .... ," --
CounllnQ 

Flgur. 2'. Got. Pin Op.rotlonl Sumrnory 

"odo "'n II .. 
Count Count 

0 , 0 I , , 0 I 
I 

2 2 0 I 
3 2 0 
4 , 0 
5 , 0 I 

HOTE: 
o • ~."-"' 10 2" tot bw\ary counting and 10" 'Of 
acocounllnQ. 

FJgu,.. 22. Minimum and Maximum InlUal Count. 

I 
I 

live lIip-ftop In the Count .... This nip-ftop io tMn .."J1. 
pled on the ne'" rising edoe 01 CLK; the llip-tlop ~.J 
reset immediately .fler K II aampled. tn tru. w.y, a" 
trigger will be detected no maner when K~" 
high logiC level dOes not he •• to be maintained ...... ' 
the ne'" rising &doe of CLK. Nole that In Modea ti 
.nd 3, the GATE Input II both edge- .nd I ............ ·· 
live. In Modes 2 and 3, " • CLK IOUtC' other ~ . 
the .1Itern clock is used, GATE lhould be ~; 
immediately following WR of. new count ,,'ue •.. ~ 

COUNTER _ '~~ 

New counts are loaded and Countera are ~h 
monted on the falling edge of CLK. ..~ 
The largesl possible initial count is 0; IhII 10 ~1; 
lent to 2.a for binary counting and 10' for IICO'
counting. ' .~ :, 
The Counter dOel not atop when " reacllea Z8IO. IiU 
Modes 0, I, 4, and 5 tile Counter "wrepi .'OUnd" 10 i: 
the highelt count, ei1her FFFF he_ 'or binary ~ l 
ing or 9999 'or BCO counting, .nd conU"", counp '!I! 
ing. Modes 2 .nd 3 a,e periodiC; the Counter "eIoada' r 
Kae" with !he Initial count and continue. ~'), 
fr(\m there. ~,(", , . '." . 

ABSOLUTE MAXIMUM RATINGS' J.~'" 

Ambient T empera""e Under Bia •...... O'C 10 7O'C .: 
Storage Temperat",e .... " .... -65'C to + 15O'C, : 

Voltage on Any Pin with , . ."; 
Respect to Ground .............. - 0.5V 10 + 'TV ' 

Power Dissipation ........................... IW ':' 

'NoI": StreSStls ._ /110". Nsled under .~ i 
lui. Muimum Ratings" may ClJlmtl permarlMlf dIm-'J; 
.gtI '0 IhtI dtlvIca TIlls 1$ •• /nJS$ ,.Iing only and ~ 
ItJncIionaI _.Iion 01 IhtI dtlvictI ., IhtIse or any ~ 
olher conditions ._ /hoS<I Indic.,ed In "'" optIfa-i 
IIonaI HClioM of /IIi$ sptICific.1ion is nol /mp/ItId. &.~. 
posurw /0 .bsolule muimum '.'ing condilkJn$ tot iI: 
tlxttmdBd p6ri0d$ IMY .ffBCt d6Wct1 reliability. :~.~ 

';+~ 
D.C. CHARACTERISTICS T ... O'C to 70'C. Va; - 5V t.IO% .-

Symbol Parame.er IIln .... 
V,l Input Low Voltage -0.5 0.8 

V'H Input H;gh VoKage 2.0 Va; +0.5V 

VOl Output low Voltage 0.45 

V(JH Output High Vo'tage 2.4 

I'L InpulLoad CurTent 1:'0 

ioIoL Output Float Leai<age 1:10 

toe Vex; Supply CurTent 170 

CtN Input Capacrtance ,0 

Ct/O 110 CapoC1iance 20 

Unit • 

V 

V 

V 

V 

,.A 

I'A 

mA 

pF 

pF 

Toot Conditione .~. 

'Ql- 2.0mA I. 

IOH - - 400 I'A 

V'N - Va; to OV '" 
VOUT - Va; to 0.45V,;. '. 
'e - ,101Hz 

UnmeAsured pins 
,eturned to V 551(' 

1· 
~. 

~ 
j 

, 
~{ 

". 

A.C. CHARACTERISTICS TA • O'C to 70'C. Vex; - 5V t 10%, GNO - OV 

BuS Parameters(1) 

READ CYCLE 

[ symbol '.rame'er 
125-4-5 1254 1254-2 

Unit 

I Min .... ",n .... "'n .... 
tAR Addre .. Stable Belorelm ! 45 45 30 ns 

tSR CS Stable Belor. 1m ! 0 0 0 no 

IAA Add'e •• Hold Time After RO f 0 0 0 no 

IAR 1m Put .. Width ISO ISO 85 no 

lAD Oalo Qalay ',orn 1m ! 120 ,20 85 nl 

tAD Oat. Delay "om AddrMI 220 220 '85 nl 

IOF 1m t to Oala Floating 5 90 5 90 5 65 ns 

tAY Command R8CO\ftlry T..,. 200 200 '65 nl 

NOTE: 
1. AC timinQI mMlUI'.cI .1 VOH - 2.OV. Vex. - O.IIV. 

A.C. CHARACTERISTICS TA - O'C to 70'C, Vex; - 5V t '0%, GNO - OV (Continued) 

WRITE CYCLE 

r Symbol Parameter 
1254·5 125-4 1254-2 

Unn 
IIln 101 .. Min .... ",n .... 

tAW Address Stable Be'or. WR ! 0 0 0 nl 

ISW CS Stable Be'ore WR ! 0 0 0 nl 

IWA Addr_ Hold TIme After WR ! 0 0 0 ns 

tww WR Pul .. Width ISO 'SO 95 n. , 

tow Data Selup Time Balore WR t 120 120 95 ns 

two Data Hold TIme Aft'" WR t 0 0 0 ns 

'AY Command Aecoytlry Time 200 200 165 nl 

CLOCK AND GATE 

Symbol Parameter 
1254-5 1254 1254-2 

Unit 

"'n .... "'n .... Min II .. 

icLK Clock PeriOd 200 DC '25 DC 100 OC ns 

l tPWH High Pul .. Width 6()(3, 6()(3, 30<3, nl 

'Pwt. Low Pulse Width 6()(3, 6()(31 SOl31 nl 

j IR Clock Aiae THTle 25 25 25 n. 

L IF Clock Fall Time 25 25 25 ns 

iGw Gale Widlh High SO SO SO ns 

I 'GL Gale Width Low SO SO SO n. 
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.;. 
los Gala Selup Time 10 eLK T 50 50 .0 1111\ 
IoH Gale Selup Time Aher eLK T 5012) 50(2) 50(2) III 
too Outpul Delay IrO/Tl eLK 1 150 150 100 III~ 
tooG (Mput Delay from Gale 1 120 120 100 III' . 
lwe elK Delay 10< loading 1 0 55 0 55 0 55 naj 
Iwa Gala Delay 10< Sempting -5 50 -5 50 -5 .0 III' 
IWO OUT Delay IrO/Tl Mode Wrha 260 260 2.0 III 
let elK Sel Up 10< Counllalch -.0 .5 -.0 .5 -.0 .0 III~ 

HOTES: >j 
2. In Model t and 5 tnoo-rs I'a MmpIed on a~ riling dock edge. A MCOnd Ir1gget wfthin t 20 ". (70 ... tot the 8254-2) tf 
the m..ng clock -.dge tnII,. not be dete<:'.cj, d 
l. low-ootnQ glrfchn: ~I ¥toI ••• ~ 'P'Nl me,. ca .... erron t~ count., teprogta"'"*'g. . '. 
04. Sampled, r'IOt 100"110 tested. TA - 2S"C. .,! . 1 

5. If elK ",...,,1 .1 TWC .... ""'" CoYnI ..... ,. N+ 2 ClK puI_. TWC .... _ CoYnI N + I ClK puI ... TWC "*'1. 
Me max. count .. be ecther N + 1 Of N + 2 ClK put.... ,04. 
e. In Modes , and 5. if GATE Is preHn! when wrtting a new Count ".au., .1 TWO "*' Count., ... not: be triQQeted., It lWQ' 
max eoun, ... ..,. be trlgoered. ....t 
7. " ClK pta...,1 when 'IIIrritinO a COunt., latch or R .. dO.ek Command. al Tel rrin ClK w6II be refl«:t4ild In count .,... 
Latched •• t TCl max cue .,11 not be ,.nected in the count "alue letched. 

WAVEFORMS 

WRITE ..... => 
',w I -
~ 

t-CI 

- ... -
OUA aus )~ VALlO 

1- Iow_ 

" ~~ 

READ .... 
1---... ---1 

co 

OIl 

OAf.IUI __ _ 
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WA IIEFORMS (Continued) 

RECOVERY 

i\O .• "1 

CLOCK AND GATE 

.. 
cu 

"'T( 

ou.put 0 

L ___ .wo __ --, 
,. 

"Lasl byte at count beinO wnnen. 

.... C. TESTING INPUT. OUTPUT WAVEFORM 

.. =x::> .... _.,,<::>e ... --
I.e 1_111"0 .... .,.cn..n."4YfOl.lcyc .. '··.nd04SY 
101 • lOV'C ''0'' '1rN'9 mee_etnIt'II • .,. m.dI II lOV fOI' • 
lO9'C .. t" ancI 0 6V ~ • lOliJlC. "0". 

A.C. TESTING LOAD CIRCUIT 

DIY'Cl 
UHot: .. 

'"' 

Co. • 'SO pF 

lC'.'M~ 

Co. - ... Copootanoo 
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