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SECURITY SYSTEM BY CCTV
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ABSTRACT

This project presents the indoor security system using image from a video camera . The
system received signal from video camera and converted into digital format and then are stored
into RAM . After that, the image data in RAM are shown and processed by FPGA . In the
process, if the differences of 2 continuous by captures are more than the setting value it means

something wrong happens. The system will be sent an alert to a user.
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ENTITY componmt_name IS
Input and output ports
Phy:ical and other parameters
END component_name ;
ARCHITECTURE identifier OF component_game IS
[deciaration}
BEGIN
Specification of functionality of the component
I terms of 15 tnput lines and a5 influenced
By physical aad other parameters

END identifier 3

5119 3.6 Mmsfmmuamsveussuazaatlaunssy

¥
Tuduvsamsimuadnyuzdsaailaons suaziududisiiin  ARCHITECTURE
4 \ g ¥ ¥ ° o W o ° 5 & "o
gududunlFussneniimithanuvesesdilsznon Tasnihnashinuidszivegiu
o a . a oA “SN Yo 9 ' A " a
dynnuduwn — w1iwn uazwiniiwesous #lddmuailudmvesmsiyeunadagalh
@ s 4 s - Y] o
3.6uazdmiumIussoenthivesesnilsesnetozisudunanindii1 BEGIN wudu'll
1. midmuamayauae msmmuamsiwenasiiluszauugavesmseanuy lay
o cl’ ° ¢ o Y o v e o 4 @ ] P
Tuszauil dosdmuaneiadimiumsdndodussnisznounouenduq asdledialugalin
& 4 ] o o @ @ 0 [
3.7 Fadluvdenlaezunsy uazmsussowmsi¥euasvesasnilszneudmiudinodyaim
=Y @ ! t o d o P o
RN ILUTSNALSNYeINITUSTHIEMSIEouABItUM S MUATeYeI8IALsLNoas f1run
o 1 4 s [] -1 ]
iU clock_ component MuA18M111 PORT tagdovoanesnagniuluisidudiu IN uaz OUT
© s = o =
Wumsdmualvua veedganu ity Suwnniaeminn uaz BIT dumsuanssiaves

L4
voya



34

CLOCK
A Packaged —»ck

Component

ENTITY clock_component IS
PORT (en:IN BIT;ck : OUT BIT)
END clock_name;
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ARCHITECTURE behavioral OF clock_componant IS
BEGIN
PROCESS
VARIABLE periodc : BIT:=°0 ¢;
BEGIN
IF en = ‘1’ THEN
periodc = Not periodc ;
END IF ;
Ck <= periodc 1 US ;
WAIT FOR 1 US;
END PROCESS;

END behavioral;
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PACKAGE package name IS
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PACKAGE BODY package name IS

Declarative part
END package name
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TYPE byte IS ARRAY (7 DOWNTO 0) OF BIT ;

PROCEDURE byte_to_integer (ib : IN byte ; oi : OUT INTEGER ) IS
VARIABLE result : INTEGER :=0;
BEGIN
FOR: IN O TO 7 LOOP
IF ib (i) = ‘1’ THEN
Result = result + 2** 1 ;
END IF;
END LOOP;
oi:=result;

END byte_to_integer;

31l 3.12 M3 19 Tns Feed

FUNCTION f(a,b,c: BIT ) RETURN BIT IS
VARJABLE X: BIT ;

BEGIN
X =((NOTa) AND (NOTb ) AND ¢ );
RETURN X;

ENDT{;

31 3.13 M3 1A Fu
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PREDEFIND OPERATORS
LOGICAL OPERATORS : AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
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RELATIONAL OPERATIOR :=/=<<=>>=
OPERAND TYPE : any type
RESULTTYPE : Boolean
ARITMETIC OPERATOR : +-*/** MOD REM AES
OPERAND TYPE : INTTEGER REAL Physical
RESULTTYPE : INTEGER REAL Physical
CONCANTENATION OPERATOR : &
OPERAND TYPE : ARRAY of any type
RESULTTYPE : array of any type

RESULTTYPE : array of any type
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PROCESS

declarative

BEGIN

Statement part

END PROCESS;
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1. msmvuadasutiumsmeluldsira dadutiumsmeluldsaadl 3 viiaded wls
(Variable) 104 (File) uaz# 104t (Constant) Feiaduiiumsviseuaiiaiiniinisdssnin 13
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PROCESS

FILE flush : TEXT IS IN “filename.dat™;
YARIABLE var : BIT;

CONSTANT n : INTEGER =0,
BEGIN

END PROCESS;
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ARCHITECTURE demo OF paratial_process 1S
BEGIN
PROCESS

BEGIN

X <=a AFTER 10 NS;
Y <=b AFTER 6 N§;

END PROCESS;
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ARCHITECTURE demo OF paratial process IS

BEGIN

PROCESS

BEGIN

X<="1%

IF X=*1"THEN
perform action_1;

ELSE perform action_2;
ENDIF;

END PROCESS;
END demo;
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R ENTITY component_name IS

—i0 Qp—

Input and output port

Physical and other pamameters
D—_.—
S EXND component_name;

o

D C1

51/ 3.19 (a) 20013 TuAa D-Flip Flop

(b) M3UTTOIWMTIFOUADYDS D-Flip Flop

ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT ;=0 ;
BEGIN
Diff : PROCESS ( rst,set,clk )
BEGIN
IF set= ‘1’ THEN
State <= ‘0> AFTER sq_delay ;
ELSIF rst= ‘1’ THEN
State <= ‘0° AFTER rq_delay;
ELSIF clk = ‘1" AND clk ‘EVENT THEN
State <= d AFTER cq_delay ;
ENDIF;
END PROCESS diff;
q <= slate ;
gb <= NOT state ;

END behavioral;

(a)
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ARCHITECTURE average_delay_behavioral OF d_sr_flipflop IS
BEGIN
Diff : PROCESS ( rst,set,clk )
VARIABLE state : BIT :=*0" ;
BEGIN
IF set=‘1" THEN
State <= “I";
ELSIFrst= ‘1’ THEN
State <= ‘0’;
ELSIF clk=“1" AND clk ‘EVENT THEN
State <=d ;
ENDIF ;
q <= state AFTER (sq_delay+rq delay+cq_delay)/3;
gb <= NOT state AFTER (sq_delay+rq_delay+cq_delay)/3 ;
END PROCESS;

END behavioral;

(b)
31 3.20 MIVITUFIWGANTIUYDY D-FlipFlop
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library ieee;
use ieee.std logic 1164.all;

use ieee.std logic arith.all;

entity devider is

port(
clear,clk8MHz ; in std_logic;
clk4MHz,clk2MHz,clkIMHz : out std_logic
);
end devider;

architecture rtl of devider is
signal a : integer range (O to 7;

signal s : std_logic vector(2 downto 0);

begin
process(clear,clk8SMHz)
begin
if(clear='0")then
a<=(;

elsif(clk8MHz'event and clk8MHz='1"then
a<=a+l];

end if;

s<=conv_std_logic_vector(a,3);

clkdMHz<=s(0);

clk2MHz<=s(1);

clkIMHz<=5(2);

end process;

end rtl;
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library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

use ieee.std logic_arith.all;

entity selectwr? is
port(
clr,odd even: in std logic;
we,0¢ : out std_logic
);

end selectwr2;

architecture rt] of selectwr2 is

begin
process(odd_even,clr)
variable num1 : integer range 0 to 50;
begin
if clr="0" then
we<='()';
oe<='1";
numl:=0;
elsif odd_even'event and odd_even ='1' then
numl:=numl+1;
if numl = 16 then
we<="1";

elsif num1=17 then



end rtl;

end if;

end process;

we<='(}';
elsif num1=29 then
we<='l";
elsif num1=30 then
we<="(';
elsif num1=42 then
oe<="";
elsif num1=43 then
we<='0";
oe<='1";
num1;=0;

end if;
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library ieee;
use ieee.std_logic_1164.all;
use ieee.std logic unsigned.all;
entity counter15bit is
port(
reset,clk.enable : in std logic;
A :out std_logic_vector(14 downto 0)
)
end counterl 5bit;
architecture rtl of counterl 5bit is
signal ¢ : std_logic_vector(14 downto 0);
begin
process(reset,clk,enable)
begin
if(reset="0"then
A<="000000000000000";
¢<="000000000000000",
elsif{clk'event and clk="1")then
if{enable="1")then
if(c<"111111111111111")then
c<=c+'1l";
else
¢<="000000000000000";
end if;
end if;
end if;
A<=c;
end process;

end rtl;



(¥ a d
Tilsunsuvesrsasnuaedyaadan

Library ieee;

Use ieee.Std_Logic _1164.All;

Entity start is

Port (
odd_even,com_sync : in std_logic;
str : out std logic
%

end start;

Architecture rtl of start is
begin
process(odd_even,com_sync)
variable A : integer range 0 to 32;
begin
if (odd_even ='0") then
str<="'0";
A=0;

elsif (com_sync'event and com_sync = '1') then

if (A <32) then
A=A+1,;
str<='0";
else
str<="1';
end if;
end if;

end process;

end rtl;
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library ieee;

use ieee.std logic 1164.all;

entity line256check is
port(
com_sync :1in std_logic;
odd_even :in std logic;
reset_Add : out std_logic
);
end line256¢heck;

architecture rtl of line256check is
begin
process(com_sync,odd even)
variable sync : integer range 0 to 256,
begin
iflodd_even='0')then
reset_Add<='0";
sync:=(0;
elsif(com_sync'event and com_sync='1')then
if{sync<256)then
sync:=sync+l];
reset_Add<='1";
else
reset_ Add<='0";
end if;
end if;
end process;

end rtl;
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library ieee;
use ieee.std_logic_1164.all;

entity startsam is

port(
clk :in std_logic;
enable :instd_logic;
startpic: out std_logic
);

end startsam;

architecture rtl of startsam is
begin
process(clk,enable)
variable ck : integer range O to 11;
begin
if{(enable="0")then
startpic<="0,
ck:=0;

elsif(clk’event and clk="1"then

if{ck<11)then
ck:=ck+1;
startpic<='0',;
else
startpic<="1";
end if;

end if;
end process;

end rtl;
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library icee;
use ieee.std_logic_1164.all;

entity stopsam is

port(
clk :instd logic;
enable :instd logic;
stoppic : out std_logic
);

end stopsam;

architecture rtl of stopsam is
begin
process(clk,enable)
variable cl : integer range 0 to 115;
begin
if(enable='0")then
stoppic<='0";
cl:=0;
elsif{clk'event and clk="1"then
if{cl<115)then
cl:i=cl+1;
stoppic<='1",;
clse
stoppic<="0";
end if;
end if;
end process;

end rtl;
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library ieee;
use ieee.std_logic 1164.all;
use ieee.std logic arith.all;

use ieee.std_logic_unsigned.all;

entity compare is

port(
data : in std_logic_vector(7 downto 0);
clk_data,clk_com,clr,clrl,clr2 : in std_logic;
send_alarm : out std_logic

%

end compare;

architecture rtl of compare is
signal a,b,c.d : std_logic vector(7 downto 0);
signal e.f,g,h,i : std_logic;
signal counter : integer range 0 to 2000;
begin
g<=eorf;
pl: process(clrt,clk_data)
begin
if(clr}="0"}then
a<="00000000";
elsificlk data'event and clk_data='1")then
a<=data;
end if;

end process pl;



p2: process(clrl,clk_data)
begin
if{clr1="0"then
b<="00000000";
elsif(clk_data'event and clk_data='0")then
b<=data;
end if;

end process p2;

p3: process(clrl,clk_com)
begin
if(clr1="0"then
¢<="00000000",
elsif(clk_com'event and clk_com="1")then
ifla>b)then
c<=a-b;
else
c<="00000000";
end if;
end if;

end process p3;

p4: process(clrl,clk_com)
begin
if(clr1="0"then
d<="00000000";
elsif(clk_com'event and clk_com='1")then
if(b>a)then
d<=b-a;

else



d<="00000000";
end if;
end if;

end process p4;

p5: process(clr2,clk_com)
begin
if{clr2="0"then
e<="0';
elsif(clk_com'event and clk_com='0")then
if(¢>"00110000")then
e<="1l";
else
e<="0";
end if;
end if;

end process p5;

pb: process(clr2,clk_com)
begin
iflclr2="0"then
f<='0";
elsif(clk_com'event and clk_com ='0")then
if(d>"00110000")then
f<="1";
else
f<="0";
end if;
end if;

end process pb;



p7: process(g,clrl)
begin
if(clr1='0"then
counter<=0;
h<='0";
elsif{g'event and g='1'")then
if{icounter<1000)then
counter<=counter+1;
h<='0";
else
h<='1";
end if;
end if;

end process p7;

p8: process(h,clr)
begin
if{clr="0")then
i<='0";
elsif(h'event and h="1"}then
i<="1";
end if;
end process p8;

send_alarm<=i;

end rtl;
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library ieee;
use ieee.std_logic 1164.all;

use ieee.std_logic_unsigned.all;

entity showpic is
port(
clr,clk2MHz,clk 1KHz,we,oe,resetin,enablein : in std_logic;
clkout,resetout],resetout2,enableout,inter : out std logic
);
end showpic;

architecture rtl of showpic is

begin
process(clr,we,oe)
begin
if{cl='0"then
clkout<='0';

resetout] <='0’;
resetout2<="'0";
enableout<='0";
inter<='1";

elsiflwe="1")then
clkout<=clk2MHz;
resetout] <=resetin;
resetout2<='0";
enableout<=enablein;
inter<='1";

elsifloe="1"then



clkout<=clk1KHz;
resetout1<="0";
resetout2<="1";
enableout<="1';
inter<=clk1KHz;

elsif{lwe="0"then
clkout<="0";
resetoutl <='0";
resetout2<='0';
enableout<='0';
inter<='1";

elsif{oe="0"then
clkout<='Q";
resetout] <='0";
resetout2<='0;
enableout<='0";
inter<='1";

end if;

end process;

end rtl;
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#include<regS1.h>
sbit write=P3"5;
sbit read =P374;

sbit latch=P3"7;

int num=0,time=0,
unsigned int count=0;
char dat=0;

bit send=0;

void send_data(void)interrupt 0{
if{(send==1){
count++;
iflcount<=26624){
dat=P1;

SBUF=dat;

void timer(void)interrupt 1{
THO=0xDC;
TL0O=0x00;
time++;
if(num<2){

if{time==300){

num++;



else
if{time==6000}{

num-++;

void store_send(void)interrupt 2 {

num-++;

void series(void)interrupt 4 {
if(TI}H
TI=0;

void main{void}{
TMOD=0x21;
SCON=0x50;
TH1=0xFD;
TH1=0xFD;
THO=0xDC,;
TL0=0x00;
1IT0=1;
EX0=1,
IT1=1;
EX1=1;
EA=I;
ES=1;



TI=0;

TRO=0;
TR1=1;
ETO0=1;
TFO=0;
TF1=0;
write=0,
read=0;
latch=0;
while(1){
iflnum==1){
TRO=1;
write=1;
send=0;
}
iflnum==2){
TRO=0;
time=0;
write=0;
send=0;
count=0;
}
iflnum==3){
TRO=1;
read=1;
latch=1;
send=1;
}
iflnum==4){

TRO=0;



time=0;
read=0;
latch=0;
count=0;
send=0;

num=0;

Tihsunsufutianud 500 Hz

#include<reg51_h>
sbit clk=P3"7;

void clock(void)interrupt 3 {
THI1=0xFC;
TL1=0x66;
clk=~clk;

void main(void)

{
TMOD=0x10;
TH1=0xFC;
TL1=0x66;
TF1=0;
TR1=1;
EA=1;



ET1=};
while(1)
{
}

TWsunsunldaaSaannly Matlab

al=fopen('data.dat','t");
a2=fread(al);
a3=reshape(a2,256,104),
a4 = [0 255];
imagesc(a3,a4);
colormap(gray);
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Philips Semiconductors Product specification

Hex inverter 74HC/HCTO04
L.
FEATURES

¢ QOutput capability: standard
s Icc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO04 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A. The 74HC/HCTO04 provide six inverting buffers.

QUICK REFERENCE DATA
GND=0V; Tymp=25°C;t,=t;=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
terl/ teLn propagation delay nA to nY CL=15pF; Vec=5V |7 8 ns
C input capacitance 35 3.5 pF
Cro power dissipation capacitance per gate | notes 1 and 2 21 24 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in LW):
Pp = Cpp x Ve x fi + T (CL x V2 x f,) where:
fi = input frequency in MHz
fo = output frequency in MHz
T {CL x V2 x f,) = sum of outputs
C. = output load capacitance in pF
Vee = supply voltage in V

2. For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to Ve - 1.5V
ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Infarmation”.

September 1993 2



Philips Semiconductors

Product specification

Hex inverter

74HC/HCTO04

PIN DESCRIPTION

TIRTEOA

Fig.1 Pin configuration.

Fig.2 Logic symbol.

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, 11,13 1A to 6A data inputs
2,4,6,8,10,12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1 1 2
T
3 1 4
[ U 18] Vec 3 2A v,
v 7] [13] ea 3 1 8
A4
wm[3] [12] 8v 5 24 el
mns 0] sy
"lé %u 1 A 5Y w0 1t 1 P
awo [7 (4] 4v 13 8A [ 1 ; M

Fig.3 IEC logic symbol.

|

1A}

o

TTRT40N.1

Fig.4 Functional diagram.

TZN0078

Fig.5 Logic diagram
(one inverter).

September 1993

FUNCTION TABLE
INPUT OUTPUT
nA nY
L H
H L
Notes

1. H=HIGH voltage level
L = LOW voltage level



Philips Semiconductors Product specification

Hex inverter 74HC/HCTO04

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMQS Logic Family Specifications”.

Output capability: standard
lcc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
T4HC
SYMBOL | PARAMETER UNIT Vee
+25 -40 to +85 | -40to +125 V) WAVEFORMS
min. | typ. | max. | min. | max. | min. | max.
teHL/ tern | propagation delay 25 85 105 130 2.0
nAtonY 9 17 21 26 ns 45 |Fig.6
7 14 18 22 6.0
tril/ trun | output transition 19 75 95 10 2.0
time 7 15 19 22 ns 45 |Fig.6
6 13 16 19 6.0

September 1993 4



Philips Semiconductors Product specification

Hex inverter 74HC/HCTO4

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see "74HC/HCT/HCU/HCMOCS Logic Family Specifications”.
Output capability; standard

lcc category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.

To determine Alcc per unit, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nA 1.20

AC CHARACTERISTICS FOR 74HC
GND =0V, t,=t=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMEBOL |PARAMETER UNIT Vee
+25 —40to +85 | —40 to +125 V) WAVEFORMS
min. | typ. | max. | min. | max. | min. | max.
ter/ tey | propagation delay 10 19 24 29 ns 45 |Fig.6
nAtony
try/ trun [ output transition 7 15 19 22 ns 45 |Fig.6
time
AC WAVEFORMS
nA NPT vy it
— tppyg- "LH
nY OUTPUT Ve (1

(1) HC : Vi = 50%; V= GND to V¢ [ _,I
HCT: vy =1.3V;V,=GNDto 3V 1200049 trHL - LM

Fig.6 Waveforms showing the data input (nA) to data output (nY) propagation delays and the output transition
times.

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Qitlines”.

September 1993 5
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047f — FEBRUARY 1989 — REVISED OCTOBER 2002

® Meet or Exceed TIA/EIA-232-F and ITU MAX232 ... D, DW, N, OR NS PACKAGE
Recommendation V.28 MAX232l . .. D, DW, OR N PACKAGE
N (TOP VIEW)
® Operate With Single 5-V Power Supply )
® Operate Up to 120 kbit/s Ci+[f1 = 18] Ve
® Two Drivers and Two Receivers Z?’f E g 15 % ?:Q(?UT
- 14
® 130-V Input Levels c2+ [l 4 13| R1IN
® Low Supply Current. .. 8 mA Typical c2-[] s 12[] R10OUT
® Designed to be Interchangeable With Vs (|6 1] T1IN
Maxim MAX232 T20UT f} 7 10{] T2IN
® ESD Protection Exceeds JESD 22 R2IN[} 8 9[] R20UT

— 2000-V Human-Body Model (A114-A)

® Applications
TIAJEIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/ICMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept +£30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
$0IC (D) MAX232
Tape and reel MAX232DR
0°Cto 70°C
Tube MAX232DW
SOIC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX232iD
SOIC (D) MAX232|
—40°C to 85°C Tape and reel MAX232IDR
Tube MAX232IDW
SOIC (DW) MAX232]
Tape and reel MAX232IDWR

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design

guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.
.

PRODUCTION DATA informetion Is current as of publication date.
Products conform to specHications per the terms of Texas instruments

dard warranty. F p ing does not ily include
testing of all parameters.

‘? TEXAS

Copyright © 2002, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 ~ REVISED OCTOBER 2002

logic diagram (positive logic)

Function Tables

EACH DRIVER
INPUT | ouTPUT
TIN TOUT
L H
H L

H = high level, L = low

level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low

level

1 14
TIIN
10 7
T2IN
12 13
R1OUT o<
9 8
R20UT T
E R _

TI0UT

T20UT

R1IN

R2IN

{’? TeEXxAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232I
DUAL E[A-232 DRIVERS/RECEIVERS

SLLS047! - FEBRUARY 1989 - REVISED OCTOBER 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Voo (seelNote 1) .. ... -03VtobV
Positive output supply voltage range, Vg, Veg-03Vio15V
Negative output supply voltage range, Vg . ... ... i -0.3Vto-15V
Input voltage range, V|: Driver ... ... . . e -03VtoVgc+03V
RECEIVer . e 30V

Output voltage range, Vo: T10UT, T20UT Vg -03VioVg, +03V
R10UT, R20UT —03VtoVgc +0.3V

Short-circuit duration: T1OUT, T20UT ... .. i e e i Unlimited
Package thermal impedance, 05 (seeNote2): Dpackage ........... ... ... ... ... ........... 73°CIW
DWpackage ........... oo, 57°CwW
Npackage ............ ... 67°CIwW
NSpackage ............ ... ...ciiiiiiii... 64°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............................... 260°C

..................................................

Storage temperature range, Tgtqg

T Stresses beyond those listed under “absolute maximurn ratings” may cause permanent damage to the device. These are stress ratings oniy, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX| UNIT
Vee Supply voltage 4.5 5 5.5 Vv
ViH High-evei input voltage (T1IN,T2IN) 2 v
VIL Low-tevel input voltage (T1IN, T2IN) 0.8 Vv
R1IN, R2IN Receiver input voitage 130 Vv
TA Operating free-air temperature MAX232 0 70 °C
MAX232i —40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE wmMAX| uwiT
Vce =5.5V,  All outputs open,
lcc  Supply current Ta = 25°C 8 10 mA
£ Al typical values are at Vo = 5V and Tp, = 25¢C.
NOTE 3: Test conditions are C1-C4 =1 pF atVoc=5V+05V.
3 1,
EXAS
INSTRUMENTS
3

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047! - FEBRUARY 1989 - REVISED OCTOBER 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH  High-level output voltage T10UT, T20UT Ri =3 k€2 to GND 5 7 Y
VoL Low-level output voltagei T10UT, T20UT RL =3k to GND -7 -5 \%
fo Qutput resistance T10UT, T20UT | Vg+ =Vg_=0, Vo=+2V 300 Q
log®  Short-circuit output current T1OUT, T20UT Ve =55V, Vo=0 +10 mA
lis Short-circuit input current T1IN, T2IN Vi=0 200 pA

T All typical values are at Vo = 5 V, T = 25°C.
1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voitage

levels only.

§ Not more than one output should be shorted at a time.

NOTE 3. Test conditions are C1-C4 =1 pF atVgg=5V+0.5V.

switching characteristics, Vo =5V, Tp = 25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. RL =3 k(2to7 kQ,
SR Driver slew rate See Figure 2 30| Vips
SR{t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
NOTE 3. Test conditions are C1-C4=1pF atVoc=5V+05V.
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH Highdevel output voltage R10UT, R20UT | lpH=-1mA 35 Vv
VoL  Low-level output voltaget R10UT, R20OUT |lpL=3.2mA 04 vV
Receiver positive-going input - _
ViT+ threshold voltage R1IN, R2IN vVee =5V, Ta =25°C 1.7 24 v
Receiver negative-going input _ Ao
ViT- threshold voltage R1IN, R2IN Vee=5Y, Ta =25°C 0.8 1.2 v
Vhys Input hysteresis voltage R1IN, R2IN Veg=5V 02 0.5 Vv
fj Receiver input resistance R1IN, R2IN Vee =5, Ta =25°C 3 7 k2

T Al typical values are at Vo =5 V, Ta = 25°C.

1 The algebraic convention, in which the least positive {most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

NOTE 3: Test conditions are C1-C4 =1 pF atVoc =5V 0.5V,

switching characteristics, Vo =5V, Tp = 25°C (see Note 3 and Figure 1)

PARAMETER TYP| UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 3. Test conditions are C1-C4 =1 pF atVoc =5V 0.5V

‘9 TEXAS
INSTRUMENTS
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MAX232, MAX232l
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Vce

é

R1IN R =1.3kQ
or
See N
Ge':::elrsaetor R2IN ee Note C
(see Note A)

CL =50 pF

I (see Note B)
TEST CIRCUIT

<10ns —» | —» {k—sﬂ)ns
| |

I
|
Input iyl 90%  90% N | 3V
P 10% | 50% 50% | 10% oV

+— 500 ns —»

le—s+—tpL1

tPHL—L—': |

| I VoH
Output 15V 15vA

VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Z¢y = 50 Q, duty cycle < 50%.
B. C includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy; and tpp 4 Measurements

{'P TEXAS
INSTRUMENTS
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MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Pulse T1iN or T2IN T10UT or T20UT
Generator ElA-232 Output
{see Note A}
RL CL=10pF

TEST CIRCUIT

<10 ns —;JI le— —» :1~—s10ns
L 3v

Input : 90% 90% ﬂs’i
i 50% 50% .
10% /| P 10% oV

Ilq— Sps ——p
tPHL —H——b: I || *PLH

. [
90% | # 90% VOH
Output j\uw. 10% A |
L] B VoL
trHL ™ — —'[ f¢ tTLH
08 (Vo — Vo) 0.8 (Vo — Veop)
SR = on= Vo) oL~ YoH
YL YTHL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle < 50%.
B. €y includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpyy and tp| 4y Measurements (5-us Input)

G Pulset
enerator o A
{see Note A) 1 EIA-232 Output
3kQ I CL=25nF
TEST CIRCUIT
<10ns —» le— —» le— <tons
Input | |
|2 90%  90%
|4— 20 s —DI
THUH e ™ II" tTLH
|
’k | | VoH
Cutput 3v ; ! 3v
-3V
WV VoL
SR = EV

YTHL " t1LH

WAVEFORMS
NOTE A:  The pulse generator has the following characteristics: Zg = 50 £, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tTy and ty  Measurements (20-us Input)

Q” TEXAS
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MAX232, MAX232

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047! - FEBRUARY 1989 - REVISED OCTOBER 2002

APPLICATION INFORMATION

+
Cpypass =1pF :jk

>~ 14 ElIA-232 Output

From CMOS or TTL

7 EI1A-232 Output

L 13 E1A-232 Input

12 _~-
To CMOS or TTL { 9

—<+—— E!A-232 Input

5V
16
i ; Vee
_——— C1+
C1-
4
. C2+
C2-
11 53
10 >
T
ov =
15
GND

T C3 can be connected to Ve or GND.

Figure 4. Typical Operating Circuit

“9 TeEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent T}
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
inwhich Tl products or services are used. Information published by T1 regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in T} data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2002, Texas Instruments Incorporated
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@ urron

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

FEATURES

m Access time : 35/55/70ns (max.)
m Low power consumption :
Operating : 60/50/40 mA (typical)
Standby : 2uA (typical) L-version
1uA (typical) LL-version

Single 5V power supply
All inputs and outputs TTL compatible
Fully static operation
Three state outputs
Data retention voltage : 2V (min.)
Package : 32-pin 600 mil PDIP

32-pin 450 mit SOP

32-pin 8mmx20mm TSOP-1

32-pin 8mmx13.4mm STSOP

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The UT621024 is a 1,048,576-bit low power
CMOS static random access memory
organized as 131,072 words by 8 bits. It is
fabricated using high performance, high
reliability CMOS technology.

The UT621024 is designed for low power
application. It is particularly well suited for
battery back-up nonvolatile memory
application.

The UT621024 operates from a single 5V

power supply and all inputs and outputs are
fully TTL compatible.

PIN CONFIGURATION

S

NC [: 1 12 :] Vee
A6 —p) a1 5 3 [ A5
ata [ 3 0 [ cez
2:::: A2 E 4 2 % WE
AT 5 28 A13
Al —p AT fr—veo [ 5 {1 a8
At2 —) ol g wida
7 =] PV 7| rourosss mecaims z g 3 e i % ‘:_'E‘
Mo —» H—Vss a2 [ S B[] a0
A5 s gn p 2nlJeE
a0 ] ] vos
M wo1 [ :i ;; 1 wor
i 7 woz [_| 14 19 ] vos
1 : woa [ 15 s 1 vos
o1 ; 0 o ves [ 16 n [ vos
i pOCNTROL
CE1 o
= ™ wac TTT?TTT ar | 32:]05
—_ oo A0 A1 A9 A3 A2 A1 AD m ] n [ a0
EE A8 : 3 30 : cet
OE " a3 [ a4 » |1 wos
wel ] s % [ vor
ce2 ] ¢ 27 L] vos
PIN DESCRIPTION e L) o =i
w e UTE21024 =D
SYMBOL DESCRIPTION ne [ o 26 | ves
AD - A16 Address Inputs a6 [ 10 n [ 1 w3
I/O1 - 1/O8 | Data Inputs/Outputs ::: % " 2 %] ::2:
— n 12 21
CEl1,CE2 Chip enable 1,2 Inputs e o ] a0
WE Write Enable Input A e 0 [ af
— 0 ble | as [ s 18 {1 Az
OE utput Enable Input m N
Vee Power Supply
Vss Ground TSOP-I/STSOP
NC No Connection )
UTRON TECHNOLOGY INC. P80036

1F, No. 11, R&D Rd. II, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.

TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

ABSOLUTE MAXIMUM RATINGS*

PARAMETER SYMBOL RATING UNIT
Terminal Voitage with Respect to Vss V1ERM -0.5t0 +7.0 V
Operating Temperature Ta 0to +70 C
Storage Temperature Tsta -65to +150 ‘C
Power Dissipation Po 1 W
DC Qutput Current lout 50 mA
Soldering Temperature (under 10 sec) Tsolder 260 C

*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress rating only and functiona! operation of the device or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to the absolute maximum rating conditions for extended

period may affect device reliability.

TRUTH TABLE
MODE CEl CE2 | OE WE | /O OPERATION | SUPPLY CURRENT
Standby H X X X High - Z Isg,lsps
Standby X L X X High -Z Isa.lsas
Output Disable L H H H High - Z lec
Read L H L H Dour lcc
Write L H X L D lee

Note: H=ViH, L=V, X = Don't care.

DC ELECTRICAL CHARACTERISTICS (Vcc = 5Vt 10%, TA=07TC to 70C)

[PARAMETER SYMBOL| TEST CONDITION MIN.|TYP.] MAX. [UNIT
Input High Voltage Viy 22} - |Vcct0.5] V
Input Low Voltage Vi -0.5] - 0.8 )
Input Leakage Current | | Vs =Viv = Vee -1 - 1 pA
Output Leakage Curren oL Ves =Vio=<=Vcc

CEl =Viy or CE2=V,_or 1] - 1 LA
OE =V or WE =V
Qutput High Voltage Vou lon = - 1TMA 24| - - V
Output Low Voltage Voo lo.= 4mA - - 0.4 v
Average Operating lee Cycle time=min, 100% duty, -35] - | 60 100 mA
Power Supply Courrent CEl =Vy, CE2 =V, 55| - |50 85 [mA
lio =0mA 70| - | 40 70 mA
lecs Cycle time=1ys,100% duty,l,0=0mA
CEl £0.2V,CE2= V0.2V, - | - 10 | mA
other pins at 0.2V or Vcc-0.2V,
Standby Power lse CEl =Viy orCE2 =V,
Supply Current other pins at 0.2V or Vcc-0.2V, S| 3 mA
Ise1 CEl =Vcc-0.2V or -l - | 2 100
CE2=<0.2V 45%* pA
other pins at 0.2V or Vcc-0.2V, | LL | - 1 15° pA
*Thaose parameters are for reference only under 50°C
UTRON TECHNOLOGY INC. P80036

1F, No. 11, R&D Rd. {l, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.

TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

CAPACITANCE (TA=257C, f=1.0MHz)

PARAMETER SYMBOL MIN. MAX. UNIT
Input Capacitance CIN - 8 pF
Input/Output Capacitance Cuwo - 10 pF

Note : These parameters are guaranteed by device characterization, but not production tested.

AC TEST CONDITIONS

Input Pulse Levels 0V to 3.0V

Input Rise and Fall Times 5ns

Input and Output Timing Reference Levels 1.5V

Qutput Load C.=100pF, low/lor=-1mA/4AmA

AC ELECTRICAL CHARACTERISTICS (Vcc =5Vt 10% , TA=07C to 70C)

(1) READ CYCLE

PARAMETER SYMBOL |UT621024-35{UT621024-55|UT621024-70| UNIT
MIN. | MAX. | MIN. | MAX.| MIN. { MAX.
Read Cycle Time tre 35 - 55 - 70 - ns
Address Access Time tan - 35 - 55 - 70 ns
Chip Enable Access Time tace1, tacez - 35 - 55 - 70 ns
Qutput Enable Access Time toe - 25 - 30 - 35 ns
Chip Enable to Output in Low-Z tozt”, taz®] 10 - 10 - 10 - ns
Qutput Enable to Output in Low-Z | to.z* 5 - 5 - 5 - ns
Chip Disable to Output in High-Z | teuze*, tenze™] - 25 30 35 ns
Qutput Disable to Output in High-Z | tonz” - 25 - 30 - 35 ns
Output Hold from Address Change | ton 5 - 5 - 5 - ns
(2) WRITE CYCLE
PARAMETER SYMBOL 3L;T621 024- UT621024-55 UT621024-70 | UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Write Cycle Time twe 35 - 55 - 70 - ns
Address Valid to End of Write taw 30 - 50 - 60 - ns
Chip Enable to End of Write towr, tow: 30 - 50 - 60 - ns
Address Set-up Time tas 0 - 0 - 0 - ns
Write Pulse Width twe 25 - 40 - 45 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data to Write Time Overlap tow 20 - 25 - 30 - ns
Data Hold from End of Write-Time | ton 0 - 0 - 0 - ns
Qutput Active from End of Write [ tow” 5 - 5 - 5 - ns
Write to Output in High-Z twnz" - 15 - 20 - 25 ns
*These parameters are guaranteed by device characterization, but not production tested.
UTRON TECHNOLOGY INC. P80036

1F, No. 11, R&D Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.

TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT621024

Rev. 1.5 128K X 8 BIT LOW POWER CMOS SRAM
TIMING WAVEFORMS
READ CYCLE 1 (Address Controlled) (1.2,4)
-t tre P
Address >< X
-t tan -
- Loy oy
DOUT < Data Valid

READ CYCLE 2 (CE1, CE2 and OE Controlled) (1,3.,5,6)

2 tre >

Address X ><

¢ taces »

LS TOONNANNANNNNANNNNNN

‘_}J_ tacez — Y
AN 2SN
teLzd t‘_—b e —» * < '{g:g tomnz —’___.__,'
terzz —> <« ton
Dour High-Z [* torz% High-Z
< Data Valid —

Notes :
WE is HIGH for read cycle.
Device is continuously selected CEI =ViL and CE2=ViH.

. Address must be valid prior to or coincident with CE] and CE2 transition; otherwise taa is the limiting parameter.

. towz, tewze, towz, tomzt, toHzz and towz are specified with CL=5pF. Transition is measured = 500mV from steady state.

1
2
3
4, OE is low.
5
6. At any given temperature and voltage condition, tcHz1 is less than tciLz1, tcHz2 is less than tcizz, towz is less than toz.

UTRON TECHNOLOGY INC, PB80036
1F, No. 11, R&D Rd. II, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT621024

Rev. 1.5 128K X 8 BiT LOW POWER CMOS SRAM

WRITE CYCLE 1 (WE Controlied) (1,2,3,5)

WS K

o SRE |
N5 - IR SN
B e T

" T . -

oo XK 0 KK @

r- tow——t—tp, »\J
D <" Data valid

N T

WRITE CYCLE 2 (CE1 and CE2 Controlled) (1,2,5)

et twe Lt
Address : E\ > <‘
— taw |
e
=5 |
CE1 tas o t
| — w1 | et~ R g
towz -1
CE2 ~
.

NN - Nz

A

~

Data Valid

|‘< twhz
High-Z
Dour 4)
l - tnw_»‘ -l j

Din
Notes :
1. WE or CEl must be HIGH or CE2 must be LOW during all address transitions.
2. Awiite occurs during the overlap of a low CEl, a high CE2 and a low WE .

3. Duringa WE controlled with write cycle with OE LOW, twp must be greater than twHz+pw to aliow the KO drivers

to tum off and data to be placed on the bus.
4, During this period, I/O pins are in the output state, and input singals must not be applied.

5. Ifthe CEI LOW transition occurs simultaneously with or after WE LOW transition, the outputs remain in a high

impedance state.
6. low and twaz are specified with GL=5pF. Transition is measured + 500mV from steady state.

UTRON TECHNOLOGY INC. P80036
1F, No. 11, R&D Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT621024

Rev. 1.5 128K X 8 BIT LOW POWER CMOS SRAM

DATA RETENTION CHARACTERISTICS (TA =0T to 70C)

PARAMETER SYMBOL{ TEST CONDITION MIN. [TYP.| MAX. | UNIT

Vcc for Data Retention VDR CEl1 = Vcc-0.2Vor 20 - - \Y
CE2<0.2Vv

Data Retention Current | Ibr Vee=3V -L - ’ 40 | pA

20*

CEl = Vec02vor |-l - 1 20 | pA
CE2<0.2V ) 10*

Chip Disable to Data tcor See Data Retention 0 - - ns

Retention Time Waveforms (below)

Recovery Time tr tre* - - ns

trc* = Read Cycle Time
*Those parameters are for reference only under 50°C

DATA RETENTION WAVEFORM

i— Date Retention Mode —p]

4.5v \\— —,/ 45V

Vor = 2.0V
— tcor tr

/1 R e A NN\

VCC

ey

77 77 AR

R Vo CE2 <0.2V Vi ]

AR EAYR AR A A A A

UTRON TECHNOLOGY INC.

1F, No. 11, R&D Rd. ll, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

PACKAGE OUTLINE DIMENSION

32 pin 600 mil PDIP Package Outline Dimension

D

theh b e et b ob o ch oo e S oh dh

Fel !
LA
LT L N N N L I TR R AN R R R
el B el
~ A&t e L
1 . . |
I o L E 'L_.:._T ﬂ*
- ] }
Bl
ed

smsr—NIT INCH(BASE) | MM(REF)
At 0.010 (MIN) | 0.254 (MIN)
A2 | 0.150% 0.005 [ 3.810% 0.127
B 0.018% 0.005 | 0.457 % 0.127
B1__ [0.050* 0.005 [1.270 % 0.127
c 0.010% 0.004 | 0.254% 0.102
D 1.650 + 0.005 [41.910+ 0.127
E 0.600 £ 0.010 [15.240 £ 0.254
E1 0.544 * 0.004 [13.818 % 0.102
e 0.100(TYP) | 2.540(TYP)
eB_ | 0.640+ 0.020 [16.256 * 0.508
L 0.130% 0.010 | 3.302 £ 0.254
S 0.075* 0.010 | 1.905% 0.254
Ql 0.070% 0.005 | 1.778+ 0.127

Note:

1. D/E1/S DIMENSION DO NOT INCLUDE MOLD FLASH.

UTRON TECHNOLOGY INC.

1F, No. 11, R&D Rd. ll, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919

7

PB0036



UTRON

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

32 pin 450mil SOP Package Outline Dimension

L g hand
N A
‘\.\|_} ‘\+J

&

KRN

|

El

[\, Seating Plane=7]

1]

A2

AL

sas—Tl INCH(BASE) | MM(REF)
A 0.118 (MAX) | 2.997 (MAX)
A1 0.004(MIN} | 0.102(MIN)
A2 0.111(MAX) | 2.82(MAX)
b 0.015(MIN) 0.38(MIN)
0.020(MAX) | 0.50(MAX}
c 0.008(TYP) | 0.203(TYP)
D 0.817(MAX) | 20.75(MAX)
A E 0.445* 0.005 [11.303 % 0.127
E1 05551 0.005 [14.097 £ 0.127
e 0.050(TYP) | 1.270(TYP)
AN L 0.0347 = 0.008| 0.881 * 0.203
L1 0.055 + 0.008 | 1.397 + 0.203
S 0.026(MAX) | 0.660 (MAX)
A\ y 0.004(MAX) | 0.101(MAX)
0 0°-10° 0°-10°

<"

L L

10 "@&X) 1 i

UTRON TECHNOLOGY iNC.

1F, No. 11, R&D Rd. ll, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.

TEL: 886-3-5777882 FAX: 886-3-57779

19
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UTRON

UT621024

Rev. 1.5 128K X 8 BIT LOW POWER CMOS SRAM
32 pin TSOP-I Package Outline Dimension
HG
€
| §
. ' 2t yN
= I I
§ |
[
I&AI)
o]
i ]
N = | -—-{'- T
\zi
& — =
\\ DUE PLNE
z J < |
= / _h\lg'—'——ur %
o &L
"A"_DETAIL MEW N
svmso—T| INCH(BASE) | MM(REF)
A 0.047 (MAX) | 1.20 (MAX)
A A1 0.004t 0.002 | 0.10% 0.05
A2 0.039+ 0.002 | 1.00+ 0.05
0.008 +0.002 | 0.20 +0.05
A A b -0.001 -0.03
c 0.005 (TYP) | 0.127 (TYP)
D 0.724 % 0.004 | 18.40+ 0.10
E 0.315% 0.004 | 8.00% 0.10
e 0.020 (TYP) | 0.50 (TYP)
HD 0.787 £ 0.008 | 20.00* 0.20
L 0.0197 + 0.004| 0.50* 0.10
L1 0.0315+ 0.004| 0.08% 0.10
AN y 0.003 (MAX) | 0.076 (MAX)
A 6 0°~5° 0°~5°
UTRON TECHNCLOGY INC. P80036

1F, No. 11, R&D Rd. II, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON

Rev. 1.5

UT621024

128K X 8 BIT LOW POWER CMOS SRAM

32 pin 8mm x 13.4mm STSOP Package Outline Dimension
)

inpaonn

-

(AAnaan|

DR

y —

|
1w i — 17
= {I} - =
= | =
—] 1 —
= | =
=5 -——— —_— =
= | =
— I —
= B E
= | =
|
Uni
t MM(REF) INCH(BASE)
Symbol
A 1.20{Max.) 0.047(Max).
Al 0.10+0.05 0.004 ~ 0.002
A2 1.00x0.05 0.039+0.002
b 020(TYP.) 0.006(TYP.)
c 0.15(TYP.) 0.006(TYP.)
D 13.40+£0.20 0.526 +0.006
Db 11.80x0.10 0.465+0.004
E 8.000+0.10 | 0.315+0.004
e 0.50(TYP.) 0.020(TYP.)
L 0.50+0.10 0.020+0.004
L1 0.80+0.10 0.0315+0.004
Y 0.08(Max.) 0.003(Max.)
e 0°~5° Q°~5°

UUUUUUW

—-T-—
=
o
5 Ll
-
17
Smating pl
AZf A1
A

Couge plone WL‘..,.,_.._--_

\\
Seetirg plane - - —- — A

Note :

1.E dinmension is not including end

flash.

2.The total of both sides’ end flash Is

L1

not above 0.3mm.

UTRON TECHNOLOGY INC.
1F, No. 11, R&D Rd. ll, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT621024

Rev. 1.5 128K X 8 BIT LOW POWER CMOS SRAM

ORDERING INFORMATION

PART NO. ACCESS TIME STANDBY CURRENT PACKAGE
{ns) (uA)
UT621024PC-35L 35 100 32 PIN PDIP
UT621024PC-35LL 35 50 32 PIN PDIP
UT621024SC-35L 35 100 32 PIN SOP
UT621024SC-35LL 35 50 32 PIN SOP
UT621024LC-35L 35 100 32 PIN TSOP-|
UT621024LC-35LL 35 50 32 PIN TSOP-|
UT621024LS-35L 35 100 32 PIN STSOP
UT621024LS-35LL 35 50 32 PIN STSOP
UT621024PC-55L 55 100 32 PIN PDIP
UT621024PC-55LL 55 50 32 PIN PDIP
UT621024SC-55L 55 100 32 PIN SOP
UT621024SC-55LL 55 ‘ 50 32 PIN SOP
UT621024LC-55L 55 100 32 PIN TSOP-I
UT621024LC-55LL 55 50 32 PIN TSOP-I
UT621024LS-55L 55 100 32 PIN STSOP
UT621024LS-55LL 55 50 32 PIN STSOP
UT621024PC-70L 70 100 32 PIN PDIP
UT621024PC-70LL 70 50 32 PIN PDIP
UT621024SC-70L 70 100 32 PIN SOP
UT621024SC-70LL 70 50 32 PIN SOP
UT621024LC-70L 70 100 32 PIN TSOP-I
UT621024LC-70LL 70 50 32 PIN TSOP-I
UT621024LS-70L 70 100 32 PIN STSOP
UT621024LS-70LL 70 50 32 PIN STSOP
UTRON TECHNOLOGY INC. P80036

1F, No. 11, R&D Rd. |l, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: B86-3-5777919
M



UTRON UT621024

Rev. 1.5 128K X 8 BIT LOW POWER CMOS SRAM
REVISION HISTORY
REVISION DESCRIPTION DATE
REV. 1.0 Original. Apr. 05 2000
REV. 1.1 NA -
REV. 1.2 NA --
REV. 1.3 Add STSOP-I Package Aug. 28.2000
REV.1.4 Modify the format of power consumption Sep. 01.2000
REV.1.5 1. Operating : 60/40 -> 60/50/40 Jun. 18,2001
2. Standby Current : 10 ->2 (L-version)
3. Add lgc—data as (-55, TYP 50, MAX 85)
4. Revise lggs TYP : 10-> 2, MAX : 300/100 ->100/40
5. The symbols CE1# ,OE# & WE# are revised as
CE1.0E &WE
UTRON TECHNOLOGY INC. PB0036

1F, No. 11, R&D Rd. ll, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
12
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Philips Semiconductors

Product specification

|5

Video analog input interface

TDAB8B708A

[P e

FEATURES

« 8-bit resolution

s Sampling rate up to 32 MHz

Binary or two's complement 3-state TTL outputs
o TTL-compatible digital inputs and outputs

Internal reference voltage reguiator
Power dissipation of 365 mW (typical)
Input selector circuit {one out of three video inputs)

Clamp and Automatic Gain Control (AGC) functions for
CVBS and Y signals

No sample-and-hold circuit required.

¢ The TDA8708A has white peak contro} in modes 1 and
2 whereas the TDA8708B has control in mode 1 only.

QUICK REFERENCE DATA

APPLICATIONS

» Video signal decoding
Scrambled TV (encoding and decoding)

Digital picture processing
¢ Frame grabbing.

GENERAL DESCRIPTION

The TDA8708A is an analog input interface for video signal
processing. l includes a video amplifier with clamp and
gain control, an 8-bit analog-to-digital converter (ADCG)
with a sampling rate of 32 MHz and an input selector.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Veea analog supply voltage 4.5 5.0 55 \Y%
Veen digital supply voltage 4.5 5.0 55 \Y
Veeo TTL output supply voltage 4.2 5.0 55 vV
leca analog supply current - 37 45 mA
leco digital supply current - 24 30 mA
leco TTL output supply current - 12 16 mA
ILE DC integral linearity error - - 1 LS8
DLE DC differential linearity error - - +0.5 LS8
feik(max) maximum clock frequency 30 32 - MHz
B maximum -3 dB bandwidth (AGC amplifier) 12 18 - MHz
Piot total power dissipation - 365 500 mwW

ORDERING INFORMATION
PACKAGE
TYPE NUMBER
PINS PIN POSITION MATERIAL CODE
TDAS708A 28 DIP plastic SCT117-1
TDABT708BAT 28 S0O28L plastic SOT136-1

June 1994



Philips Semiconductors Product specification

Video analog input interface TDA8708A
BLOCK DIAGRAM
analog
video input  video input voltage ADC clock decoupling
selection bit 0 selection bit 1 output  input input  input TTL outputs Ve (+5V)
14 15 VIDEO 19 | 20 5 21 7
AMPLIFIER
X 16 output format/
video input 0 17: b - chip enable
. . INPUT 8 - bit N
» 3~
video input 1 18 | SELECTOR ADC 1] (DTState input)
video input 2 » 2 v
. » D6
clamp capacitor | 24 3
" » D5
connection Ougb o 4| o
AGC capacitor 25 d
connection TDAS8708A LIt I
| Q ; [] n » D2
221, b1
PEAK LEVEL 131
AGC & DIGITAL COMPARATOR [ > Do
CLAMP
LOGIC
& BLACK LEVEL e
MODE DIGITAL COMPARATOR
SELECTION
peak leveicurrent 28
resistor input " SYNC LEVEL q—]
DIGITAL COMPARATOR
F 3
27 26 ! 6 Tﬂ !22 E‘Fa MEB565
synclevel  blacklevel digital Voop  digital analog Vocpa  @nalog
sync pulse  sync pulse (+5V) ground (+5V) ground
Fig.1 Block diagram.

June 1994 3



Philips Semiconductors Product specification

Video analog input interface TDA8708A

PINNING

SYMBOL | PIN DESCRIPTION

D7 1 | data output; bit 7 (MSB)

D6 2 | data output; bit 6

D5 3 | data output; bit 5

D4 4 | data output; bit 4

CLK 5 |clock input

Veep 6 | digital supply voltage (+5 V) o7 1] J 28] RPEAK
Veeo 7 | TTL outputs supply voltage (+5 V) D6 E [27] GATE A
DGND 8 |digital ground o5 [3] 26] GATEB
OF 9 ?;-tspi:i ;‘oixstt;’chip enabie ps [7] 75| AGe
D3 10 | data output; bit 3 ok [8] 24] CLAMP
D2 11 | data output; bit 2 veen (6] 23] AGND
D1 12 | data output; bit 1 Veeo [7] DASTOBA [22] veea
DO 13 | data output; bit 0 (LSB) DGND [ 8 | 21] DEC
0 14 | video input selection bit 0 oF [3] 20] ADCIN
" 15 | video input selection bit 1 b3 [1g] 75] AnouT
VINO 16 | videoinput 0

VIN1 17 | video input 1 o2 [1] 18] vinz
VINZ 18 | video input 2 o1 [12 [17] vins
ANOUT 19 | analog voltage output Do [13] 6] vino
ADCIN 20 |analog-to-digital converter input 10 [14 E] 1
DEC 21 | decoupling input MEE96t

Vcea 22 | analog supply voltage (+5 V)

AGND 23 |analog ground

CLAMP 24 | clamp capacitor connection

AGC 25 | AGC capacitor connection

GATE B 26 | black level synchronization pulse

GATE A 27 | sync level synchronization pulse Fig.2 Pin configuration,
RPEAK 28 | peak level current resistor input

June 1994 4



Philips Semiconductors

Product specification

Video analog input interface

TDA8708A

FUNCTIONAL DESCRIPTION

The TDA8708A provides a simple interface for decoding
video signals.

The TDAB708A operates in configuration mode 1 (see
Fig.4) when the video signals are weak (i.e. when the gain
of the AGC amplifier has not yet reached its optimum
value). This enables a fast recovery of the synchronization
pulses in the decoder circuit. When the pulses at the
GATE A and GATE B inputs become distinct (GATE A and
GATE B pulses are synchronization pulses occurring
during the sync period and rear porch respectively) the
TDAS8708A automatically switches to configuration mode 2
{see Fig.5).

When the TDAB708A is in configuration mode 1, the gain
of the AGC amplifier will be roughly adjusted {sync level to
a digital output level of 0 and the peak level to a digital
output level of 255).

in configuration mode 2 the digital output of the ADC is
compared to internal digital reference levels. The resultant
outputs control the charge or discharge current of a
capacitor connected to the AGC pin. The voltage across
this capacitor controls the gain of the video amplifier. This
is the gain control loop.

The sync level comparator is active during a positive-going
pulse at the GATE Ainput. This means that the sync pulse
of the composite video signal is used as an amplitude
reference. The bottom of the sync pulse is adjusted to
obtain a digital output of logic O at the converter output. As
the black level is at digital level 64, the sync pulse will have
a digital amplitude of 64 LSBs.

The peak-white control loop is always active. If the video
signal tends to exceed the digital code of 248, the gain will
be limited to avoid any over-range of the converter.

The use of nominal signals will prevent the output from
exceeding a digital code of 213 and the peak-white control
loop wili be non-active.

The clamp level control is accomplished by using the same
techniques as used for the gain control. The black-level
digital comparator is active during a positive-going pulse at
the GATE B input. The clamp capacitor will be charged or
discharged to adjust the digital output to code 64.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Veea analog supply voltage -0.3 +7.0 \Y
Veen digital supply voltage -0.3 +7.0 \%
Veco output supply voltage -0.3 +7.0 Vv
AVge supply voltage difference between Vcca and Veep -1.0 +1.0 \'4
supply voltage difference between Veeo and Veep -1.0 +1.0 A"
supply voltage difference between V¢ca and Veco -1.0 +1.0 v
Vi input voltage -0.3 Veea \'
lo output current 0 +10 mA
Tstg storage temperature -55 +150 °C
Tamb operating ambient temperature 0 +70 °C
T junction temperature 0 +125 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER VALUE UNIT
Rihja thermal resistance from junction tc ambient in free air
SOT117-1 55 KW
SOT136-1 70 KW

June 1994




Philips Semiconductors

Product specification

Video analog input interface

TDA8708A

CHARACTERISTICS
Veca = Va2 to V23 =451055V;Veep=VetoVg=45t055V, Veco =Vrto Vg =4.210 5.5V, AGND and DGND
shorted together; Veca to Vecp = -0.5t0 +0.5 V; Veeo to Veep = -0.5t0 +0.5 V; Ve to Voo =-0.5t0 +0.5 V,

Tamb = 0 to +70 °C; typical readings taken at Vcca = Veep = Veco = 5V and Ty = 25 °C; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Supplies
Veea analog supply voltage 45 5.0 55 \
Veep digital supply voltage 45 5.0 55 \'
Veco TTL output supply voltage 4.2 5.0 55 Vv
lcca analog supply current - 37 45 mA
lccp digital supply current - 24 30 mA
lcco TTL output supply current TTL load (see Fig.8) - 12 16 mA
Video amplifier inputs
VIN(O TO 2) INPUTS
Vip-p) input voltage (peak-to-peak value) AGC load with external (0.6 - 1.5 Vv
capacitor; note 1
1Zi input impedance fi=6 MHz 10 20 - kQ
G input capacitance fi=6 MHz - 1 - pF
10 AND 11 TTL INPUTS (SEE TABLE 1)
Vi LOW level input voitage 0 - 0.8 \'
Vi HIGH level input voltage 20 - Veeo |V
I LOW level input current V=04V —-400 |- - HA
i HIGH level input current V=27V - - 20 pA
GATE A aND GATE B TTL INPUTS (SEE FIGS 4 AND 5)
Vi LOW level input voltage 0 - 0.8 \'4
ViH HIGH level input voltage 20 - Veep |V
I LOW level input current Vi=04V -400 - - PA
IH HIGH level input current V=27V - - 20 LA
tw pulse width see Fig.5 2 - - us
RPEAK INPUT (PIN 28)
128(min) | minimum peak level current Ryg=00Q |— | 80 j 150 I HA
AGC INPUT (PIN 25)
Va5¢min) AGC voltage for minimum gain - 2.8 - \'
Va5(max) AGC voltage for maximum gain - 4.0 - Vv
AGC output current see Table 2
CLAMP INPUT (PIN 24)
Vo4 clamp voltage for code 128 output - 35 l- A
l24 clamp output current see Table 3
June 1994 6



Philips Semiconductors

Product specification

Video analog input interface TDAS8708A
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Video amplifier outputs
ANOGUT ouTpuT (PIN 19)
Vigp-p) AC output voltage Vyin = 1.33 V (p-p); - 1.33 - \'
(peak-to-peak value) Va5=36V
l1g intemal current source R =« 2.0 25 - mA
loge-p) output current driven by the load Vanout = 1.33V (p-p); |- - 1.0 mA
note 2
Vg DC output voltage for black level note 3 - Veca —2.24 | - V
Zig output impedance - 20 - Q
Video amplifier dynamic characteristics
Olet crosstalk between VIN inputs Veca=4.75105.25V - -50 —45 dB
Gaiff differential gain Vviy = 1.33 V (p-p); - 2 - %
Va5=36V
Piff differential phase Vyin = 1.33 V (p-p) - 0.8 - deg
V=36V
B -3 dB bandwidth 12 - - MHz
S/N signal-to-noise ratio note 4 60 - - dB
SVRR1 supply voltage ripple rejection note § - 45 - dB
AG gain range see Fig.10 -4.5 - +6.0 dB
Gstab gain stability as a function of supply | see Fig.10 - - 5 %
voltage and temperature
Analog-to-digital converter inputs
CLK INPUT (PIN 5)
ViL LCW level input voltage 0 - 0.8 Vv
ViH HIGH level input voltage 2.0 - Veeo |V
I LOW level input current Vek=04V -400 |- - nA
hn HIGH level input current V=27V - - 100 pA
12 input impedance fo= 10 MHZ - 4 - kQ
C input capacitance fok = 10 MHz - 45 - pF
OF INPUT (3-STATE; SEE TABLE 4)
ViL LOW level input voltage 0 - 0.2 \
ViH HIGH level input voltage 26 - Veep |V
Vg input voltage in high impedance state - 1.15 - vV
by LOW level input current =370 -300 - HA
hH HIGH level input current - 300 450 HA
June 1994 7




Philips Semiconductors

Product specification

Video analog input interface TDA8708A

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
ADCIN INPUT {PIN 20; SEE TABLE 5)
Vao input voltage digital output = 00 - Veca—2.42 |- Vv
Vg input voltage digital output = 255 - Veca—1.41 |~ Vv
Vao(p-p) input voltage amplitude - 1.0 - \Y

(peak-to-peak value)
I20 input current - 1.0 10 pA
1Zi input impedance fi=6 MHz - 50 - MQ
C input capacitance fi=6MHz - 1 - pF
Analog-to-digital converter outputs
DiGITAL ouTPUTS DO TO D7
VoL LOW level output voitage lop =2 mA 0] - 0.6 v
VoH HIGH level output voltage lor =-0.4 mA 24 - Veep |V
loz output current in 3-state mode 0.4V <Vg<Vecp -20 - +20 HA
Switching characteristics
Tetcgmax) maximum clock input frequency l see Fig.6; note 6 l 30 | 32 | - | MHz
Analog signal processing (fux = 32 MHz; see Fig.8)
Gaitt differential gain V0= 1.0V (p-p); - 2 - %
see Fig.3; note 7
Paiff differential phase see Fig.3; note 7 - 2 - deg
fs fundamental harmonics (full-scale) | fi=4.43 MHz; note 7 - - 0 dB
fan harmonics {fuli-scale); fi= 4.43 MHz; note 7 - -55 - dB
all components

SVRR2 supply voltage ripple rejection note 8 - 1 5 %V
Transfer function (see Fig.8)
ILE DC integral linearity error - - +1 LSB
DLE DC differential lineanity error - - 0.5 LSB
ILE AC integral linearity error note 9 - - +2 LSB
Timing (fok = 32 MHz; see Figs 6, 7 and 8)
DIGITAL OUTPUTS {(C, = 15 pF; loL =2 mA; RL = 2 kQ)
tas sampling delay time - 2 - ns
th output hold time (] 8 - ns
t4 output delay time - 16 20 ns
ez 3-state delay time; output enable - 19 25 ns
tinz 3-state delay time; output disable - 14 20 ns

June 1994
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Video analog input interface TDA8708A

Notes

1.
2.

0 dB is obtained at the AGC amplifier when applying V.5 = 1.33 V.

The output current at pin 19 should not exceed 1 mA. The load impedance R, should be referenced to Veca and
defined as:

a) AC impedance 21 kQQ and the DC impedance >2.7 kQ.

b) The load impedance should be coupled directly to the output of the amplifier so that the DC voltage supplied by
the clamp is not disturbed.

Control mode 2 is selected.
Signal-to-noise ratio measured with 5 MHz bandwidth:

v
S_20 logy~2NOUTCR=P) gt g = 5 MHz.

N ANOUTY (RMS noise)

The voltage ratio is expressed as:

S _ AVeea G _ , _ -
VRR1 = 20 log v e for V=1V (p-p), gain at 100 kHz = 1 and 1 V supply variation.
cca A

It is recommended that the rise and fall times of the clock are >2 ns. In addition, a ‘good layout’ for the digital and
analog grounds is recommended.
These measurements are realized on analog signals after a digital-to-analog conversion (TDA8702 is used).

The supply voltage rejection is the relative variation of the analog signal (full-scale signal at input) for 1 V of supply
vanation:

A (me) 'VI(FF)) + (VI(OO) _VI(FF))
AVeca
Full-scale sine wave (f = 4.4 MHz; f. = 27 MHz).

SVRRZ =

June 1994 9



Philips Semiconductors Product specification

Video analog input interface TDA8708A
Table 1 Video input selection (CVBS). Table 3 CLAMP output current.
" 10 SELECTED INPUT GATE A | GATEB gltﬁ!;AL leLamp | MODE
0 0 VINO ut
0 1 VIN1 1 1 OUtpUt <0 ICLAMPM 1
1 0 VINZ output > 0 -2.5 A 1
1 1 VIN2 X 0 [xm 0 pA 2
0 1 output < 64 +50 pA 2
Table 2 AGC output current. 64 < output =50 pA 2
GATEA |GaTEB| DIGITAL |\ « | MODE@ | Note
OUTPUT — gt
1. X =don't care.
1 1 output < 255 | -2.5 pA 1
output > 255 | laccm 1 Table 4 OF input coding.
0 X output < 248 |0 ]JA 2 OF DO TO D7
output > 248 | laccum 2 0 active, two's complement
1 0 output <0 +2.5 pA 2 1 high impedance
0 <output < |-2.5pA 2 open circuit" | active, binary
248
output > 248 | lagcm 2 Note
1. Use C > 10 pF to DGND.
Note

1. X=don't care.

2. Mode 2 can only be initialized with successive pulses
on GATE A and GATE B (see Fig.5).

Table 5 Output coding and input voltage (typicat values).

BINARY OUTPUTS TWO'S COMPLEMENT
STEP Vabpcin
D7 D6 (D5/D4 |D3 | D2 |D1|D0O(D7 (D6 |D5|D4 | D3|D2[D1|Do

Underflow - ojofojojlojojojof1|jo0]J]0]O0lOojoOo|oO]|oO
0 Veca-241Vi 0O lOoOto0o|jJ]OofOojOoroflof1]|]o0o]J]o|]Oo|Oo|loOoflo]oO

1 - ojojojo|lofojo]|1 1100 (0|O0]|]O0]jO0
254 - 1 1 1 1 1 1 1 010 |1 1 1 1 1 110
255 Veca- 141V 1 1 1 1 1 1 1 1 0] 1 1 1 1 1 1 1
Overflow - 1 1 1 1 1 1 1 1 0] 1 1 1 1 1 1 1

June 1994 10
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5 MHz sine wave ——

64 us

Fig.3 Test signal on the ADCIN pin for differential gain and phase measurements.

digital
output
level

255

MBBS69

peak-level gain control

black-level
clamping

sync-level gain control
L |

GATE A ' I — time

GATE B \
-

MODE 1 |

Fig.4 Control mode 1.

June 1994
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Video analog input interface TDAS8708A
digital MBBST0
output

level

8- 5 - } safety

A margin

WP ———————————————— ——— — -

standard picture
level

black-level
clamping

sync-level control
L ]

0
tw —= time
GATE A
A1
tw
GATEB \
MODE 2 \\‘ }/
Fig.5 Control mode 2.
clock input
iCriLI‘ft — reference level
P (1.5V)
sample
N+1
sample sample J'
analog N-1 N
input l' l
M \/
24V
data
outputs dataN-3 dataN-2 data N-1 dataN dataN+1
DO to D7)
04V
-ty e MBBIS8

Fig.6 Timing diagram for data output.
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Video analog input interface TDA8708A
OF I /A open
input 7
gzﬁuts Mo{s‘/{/r:/{ﬁ/e/{t// hiah ~impedance énary% 2‘4\/
O000n D) /L 2%
! 4oz *—‘dEZ'J MBB96s

Fig.7 Output format timing diagram.

DO to D7

veeo
ﬁ 2 ki
(e
_L \_/
J; 15 pF
’ IN916
or
IN3064
MBOSES5
DGND

Fig.8 Load circuit for timing measurement; data outputs (OF = LOW or open-circuit).

June 1994
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Video analog input interface TDA8708A

Veeco

2 k2

/ S1
)
IN916
! Qr
IN3064
)
Q
stz

DGND

®

D0 to D7 _L
C [[] 5
l ko

MARGES

Fig.9 Lecad circuit for timing measurement; 3-state outputs (OF: f;=1 MHz; Voe =3 V).

MSAB76
12
G
(dB) iy .
8 155
S%| 147
47/
4 b
e
//
'
0 /4
/“-» )
4 @)
)
4 £ Z'//
- P e d
e :_f&
-8
2.6 3 34 3.8 42 46
Va5 (V)
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Fig.10 Gain centrol curve.
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Video analog input interface TDAS8708A

APPLICATION INFORMATION
Additional information can be found in the laboratory report “FBL/AN9308".

330G
r—1 28—C——HR
—f2 27 ——<— horizontal sync
data outputs <
—i3 26 | horizontal clamp
220 nF
T \—4 s—HK

1000 33 pF 180F
clock—l:lLD— 5 24——HK
6 23R :’f f

22 nF
1 10 nF
) ; uF on
+5V 7 22 MMEEEAY
20 L 50 TDABT08BA .
§—T—s 21 <+—F— +s5v
1uF
—1 ¢ 20 |-«
10 pF LowpAss|
. FILTER
r— 10 19 >
47
— 11 18 ]
data outputs < 47 pF 750
—12 17—
4.7 yF 75Q
L — 13 16
750
—— 14 15 pe—
MBB967 - 1 :

(1) Itis recommended to decoupie Vego through a 22 Q resistor especially when
the output data of TDABT0BA interfaces with a capacitive CMOS load device.

(2) See Figs 13 and 15 for examples of the low-pass filters.

Fig.12 Application diagram.
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22 H 224

ANOUT 680 12 pF 12pF \ ADCIN
II -
{pin 19) I ) © (pin 20)
22kQ
Vi Vo
T27pF TGBpF TZTpF

MBBIGE - 1

YceA
{pin 22)

This filter can be adapted to various applications with respect to performance requirements. An input and output impedance of at least 680 £ and 2.2 kQ
must in any event be applied.

Fig.13 Example of a low-pass fiiter for CVBS and Y signals.

Characteristics of Fig. 13
Order 5; adapted CHEBYSHEV

o MSAB82 + Ripplep<04dB

o e f =6 5MHzat -3dB
(dB) \ ® footeh = 9.75 MHz.

-40 \ =

\l/

- 80 \l

-120

-160

0 10 20 f (MHz) 30

Fig.14 Frequency response for filter shown in
Fig.13.
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82
ADOUT 660 2 HH . ADCIN

(pin 19) .L o I > (pin 20)
. I : v,
Vi T 15 pF T 15 pF °

+ MSA678

Veea
(pin 22)

This filter can be adapted to various applications with respect to performance requirements. An input and output impedance of at least 680 €2 and 2.2 kQ)
must in any event be applied.

Fig.15 Example of an economical low-pass filter for CVBS and Y signais.

Characteristics of Fig. 15
¢ Order 5; adapted CHEBYSHEV
0 MSASE1 * Ripple p<0.4dB
« T\ » {=6.5 MHz at -3 dB.
(dB)
-10 \‘\
™
N
-30
~N
s ™~
™~
-40
0 10 20 g P
Fig.16 Frequency response for filter shown in Fig.15.
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PACKAGE OUTLINES
o 36.0 - 15.80
,g 35.0 * 15.24
£ ' ] 0 & [ == ‘
w[! ol A N —
34 051 i |
b ” |
™ [9]0.254@)| /i 0.32 max l
max
L (1524 -
- 17.15 -
15.90 MSAZ64

_

T

4N ] 14.1
13.7

L

4

AL AL AL L AL LA L L

Dimensions in mm.

Fig.17 Plastic dual in-line package; 28 leads (600 mil) with internal heat spreader (SOT117-1).
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Fig.18 Plastic small outline package; 28 leads; large body (SOT136-1).
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SOLDERING
Plastic dual in-line packages
By CIP OR WAVE

The maximum permissible temperature of the solder is
260 °C; this temperature must not be in contact with the
joint for more than 5 s. The total contact time of successive
solder waves must not exceed 5 s.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified storage maximum. If the printed-circuit board has
been pre-heated, forced cooling may be necessary
immediately after soldering to keep the temperature within
the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron below the seating plane
(or not more than 2 mm above it). If its temperature is
below 300 °C, it must not be in contact for more than 10 s;
if between 300 and 400 °C, for not more than 5 s.

Plastic small-outline packages
By wavE

During placement and before soldering, the component
must be fixed with a droplet of adhesive. After curing the
adhesive, the component can be soldered. The adhesive
can be applied by screen printing, pin transfer or syringe
dispensing.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder bath is
10 s, if aliowed to coal to less than 150 °C within 6 s.
Typical dwell time is 4 s at 250 °C.

June 1994
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A modified wave soldering technique is recommended
using two solder waves (dual-wave), in which a turbulent
wave with high upward pressure is followed by a smooth
laminar wave. Using a mildly-activated flux eliminates the
need for removal of corrosive residues in most
applications.

BY SOLDER PASTE REFLOW

Reflow soldering requires the solder paste {a suspension
of fine solder particles, flux and binding agent) to be
applied to the substrate by screen printing, stencilling or
pressure-synnge dispensing before device placement.

Several technigues exist for reflowing; for example,
thermal conduction by heated belt, infrared, and
vapour-phase reflow. Dwell times vary between 50 and
300 s according to method. Typical reflow temperatures
range from 215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 min at 45 °C.

REPAIRING SOL.DERED JOINTS (BY HAND-HELD SOLDERING
IRON OR PULSE-HEATED SOLDER TOOL)

Fix the component by first soldenng two, diagonally
opposite, end pins. Apply the heating tool to the flat part of
the pin only. Contact time must be limited to 10 s at up to
300 °C. When using proper tools, all other pins can be
soldered in one operation within 2 to 5 s at between 270
and 320 °C. (Pulse-heated soldering is not recommended
for SO packages.)

For pulse-heated solder tool {resistance) soldering of VSO
packages, solder is applied to the substrate by dipping or
by an extra thick tin/lead plating before package
placement.
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Video analog input interface TDAS8708A
DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended pericds may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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National
Semiconductor

LM1881, LM1881-X
Video Sync Separator
General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going sync NTSC, PAL* and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard,
faster horizontal rate video signals. The vertical output is
produced on the rising edge of the first serration in the
vertical sync period. A default vertical output is produced
after a time delay if the rising edge mentioned above does
not occur within the externally set delay period, such as
might be the case for a non-standard video signal.

June 2003

Features

AC coupled composite input signal
>10 kS input resistance

<10 mA power supply drain current
Composite sync and venrtical outputs
Cdd/even field output

Burst gate/back porch output
Horizontal scan rates to 150 kHz
Edge triggered vertical output

Default triggered verticai output for non-standard video
signal {video games-home computers)
a -40°C to +85'C operation (LM1881-X)

Connection Diagram

LM1881N

COMPOSITE
SYNC OUTPUT
0.1 uf

COMPOSITE | | 2
YIDEQ INPUT

VERTICAL

SYNC QUTPUT

Veo
() 512V

s ODD/EVEN OUTPUT

0.1 uf

Rsgr
680 kN

BURST/BACK PORCH
OUTPUT

o

COMPOSITE
VIDEO INPUT

COMPQSITE
SYNC QUTPUT

VERTICAL

SYNC QUTPUT

BURST oUTPUT _ LJ U 1 U U

0DD/EVEN

QUTPUT

00315001

lojeredag ouAs 0apIA X-188LINT 188 LINT

Order Number LM1881M or LM1881N (0°C to +70°C)
Order Number LM1881M-X or LM1881N-X {-40°C to +85°C)
See NS Package Number MOBA or NOSE

*PAL in this datasheet refers to European broadcast TV standard "Phase Altemating Line”, and nct to Programmable Amay Logic.
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LM1881, LM1881-X

Absolute Maximum Ratings (ote 1) Package Dissipation (Note 2) 1100 mW
If Military/Aerospace specified devices are required, Storage Temperature Range -65°C to +150°C
please contact the National Semiconductor Sales Office/ ESD Susceptibility (Note 3) 2 kV
Distributors for availability and specifications. . .
Soldering Information
Supply Voltage 13.2v Dual-In-Line Package (10 sec.) 260°C
Input Voltage 3 Vpp (Ve = 5Y) Small Outline Package
6 Vep (Vec 2 8V) Vapor Phase (60 sec.) 215°C
Qutput Sink Currents; Pins, 1, 3, 5 5 mA Infrared (15 sec.) 220°C
Output Sink Current; Pin 7 2 mA
Electrical Characteristics LM1881
Vee = 5V; Rger = 680 ki}; T, = 0°C to +70°C by correlation with 100% electrical testing at To=25"C
Parameter Conditions Min Typ (Note 4) Max Units
Supply Current Qutputs at Vee =5V 52 10
Logic 1 Voo = 12V 55 12 mA
DC Input Voltage Pin 2 1.3 1.5 1.8 v
Input Threshold Voltage (Note 5) 55 70 85 mV
Input Discharge Current Pin 2; Viy =2V 6 11 16 A
Input Clamp Charge Current Pin 2; V=1V 0.2 0.8 mA
Rger Pin Reference Voltage Pin 6; (Note 6) 1.10 1.22 1.35 Vv
Composite Sync. & Vertical loyr = 40 pA; Vee =5V 4.0 4.5 v
Outputs Logic 1 Ve = 12V 11.0
lour = 1.6 MA Vee = 5V 24 3.6 v
Logic 1 Vee =12V 10.0
Burst Gate & Odd/Even lour = 40 pA; Voo =5V 4.0 45 y
Cutputs Logic 1 Vee = 12V 11.0
Composite Sync. Qutput lour = —1.6 mA; Logic 0; Pin 1 0.2 0.8 A
Vertical Sync. Qutput lour = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vv
Burst Gate Qutput lour = —1.6 mA; Logic 0; Pin 5 0.2 0.8 v
QOdd/Even Qutput lour = =1.6 mA; Logic 0; Pin 7 0.2 0.8 Vv
Vertical Sync Width 190 230 300 ps
Burst Gate Width 2.7 k2 from Pin 5 to V¢ 2.5 4 47 Hs
Vertical Default Time (Note 7) 32 65 20 us
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Electrical Characteristics LM1881-X
Vee = 5V: Rger = 680 kQ; T, = —40°C fo +85°C by correlation with 100% electrical testing at T,=25°C

Parameter Conditions Min Typ Max Units
Supply Current Outputs at Vee =5V 5.2 10 mA
Logic 1 Vee =12V 55 12
2C Input Voltage Pin 2 1.3 1.5 1.8 v
nput Threshold Voltage 55 70 85 mvV
nput Discharge Current Pin2; Viy=2V 6 1 16 HA
nput Clamp Charge Current Pin2; Viy= 1V 0.2 0.8 mA
3ger Pin Reference Voltage Pin 6; 1.10 1.22 1.35 Vv
Zomposite Sync. & Vertical lour = 40 YA; Vee =5V 4.0 45 v
Jutputs Logic 1 Ve = 12V 11.0
lour = 1.6 mA Vee = 5V 2.4 36 v
Logic 1 Vee =12V 10.0
Jurst Gate & Odd/Even lout = 40 pA; Voe = 5V 4.0 4.5 v
Dutputs Logic 1 Vee = 12V 11.0
Zomposite Sync. Cutput louT = -1.6 mA; Logic 0; Pin 1 0.2 0.8 Vv
Jertical Sync. Output lour = -1.6 mA; Logic 0; Pin 3 0.2 0.8 Vv
Burst Gate Output loyr = —1.6 mA; Logic 0; Pin 5 0.2 c.8 Vv
Jdd/Even Output lour = -1.6 MA; Logic 0; Pin 7 0.2 0.8 \
Jertical Sync Width 140 230 588 us
3urst Gate Width 2.7 k€ from Pin 5 to Ve 2.2 4 4.7 ps
Jertical Default Time 32 65 90 us

X-188LINT ‘188 LINT

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and test conditions, see the
Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed.

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150'C maximum junction temperature and a package thermal
resistance of 110°C/W, juncticn to ambient.

Note 3: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 k2 resistor”.

Note 4: Typicals are at Ty = 25°C and represent the most likely parametric norm.

Note 5: Relative diflerence between the input clamp voltage and the minimum input vollage which produces a horizontal output pulse.

Note 6: Careful attention should be made to prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5 and 7) to the Rggey pin (Pin 6).
Note 7: Delay time between the start of vertical sync {(at input) and the verticai output pulse.

Typical Performance Characteristics

Rger Value Selection
vs Vertical Serration
Pulse Separation

Vertical Default
Sync Delay Time
vS Rger
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section under Applicalion Notes.
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LM1881, LM1881-X

Typical Performance Characteristics (continued)

Burst/Black Level
Gate Time vs Rger
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Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video
(increasing signal voltage signifies increasing scene bright-
ness) from 0.5V {p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a singie supply voitage between
5V DC and 12V DC. The only required external components
besides a power supply decoupling capacitor at pin 8 and a
set current decoupling capacitor at pin 6, are the composite
input coupling capacitor at pin 2 and one resistor at pin 6 that
sets internal current levels. The resistor on pin 6 (i.e. Ry,
allows the LM 1881 to be adjusted for source signals with fine
scan frequencies differing from 15.734 kHz. Four major sync
signals are available from the I/C; composite sync including
both horizontal and vertical scan timing information; a verti-

Vertical Pulse
Width vs Rgey

0.8 /

0.6

Rsgr (MQ)

0.4 ]

0.2

0.0

0 100 200 300 400 500
VERTICAL PULSE WIDTH
(us)
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Supply Current vs
Supply Volitage

10

lec (mA)
\
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cal sync puise; a burst gate or back porch clamp pulse; and
an odd/even output. The odd/even output level identifies
which video field of an interlaced video source is present at
the input. The outputs from the LM1881 can be used to
gen-lock video camera/VTR signals with graphics sources,
provide identification of video fields for memory storage,
recover suppressed or contaminated sync signals, and pro-
vide timing references for the extraction of coded or uncoded
data on specific video scan lines.

To better understand the LM1881 timing information and the
type of signails that are used, refer to Figure 1(a-e) which
shows a portion of the composite video signal from the end
of one field through the beginning of the next field.
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Application Notes (continued)

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 1(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voitage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed line
on Figure 1(a). This threshold separation is independent of
the signal amplitude, therefore, for a 2V {p-p} input the
clipping level occurs at 11% of the sync pulse ampiitude. The
charging current for the input coupling capacitor is 0.8 mA,

Normally the signat source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst puise
present throughout the vertical bianking period so that the
burst actually appears on the sync tips for three line periods
instead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input signal.
When the source impedance is ow, typically 75Q, a 620Q
resistor in series with the source and a 510 pF capacitor to
ground will form a low pass filter with a corner frequency of
500 kHz. This bandwidth is more than sufficient to pass the
sync pulse portion of the waveform; however, any subcarrier
content in the signal will be attenuated by almost 18 dB,
effectively taking it below the comparator threshold. Filtering
will also help if the source is contaminated with thermal
noise. The output waveforms will become delayed from be-
tween 40 ns to as much as 200 ns due to this filter. This
much delay will not usualtly be significant but it does contrib-
ute to the sync delay produced by any additional signal
processing. Since the original video may also undergo pro-
cessing, the need for time delay correction will depend on
the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 2). To understand the
generation of the vertical sync puise, refer to the lower left
hand section Figure 2. Note that there are two comparators
in the section. One comparator has an internally generated
voltage reference called V, going to one of its inputs. The
other comparator has an internally generated voltage refer-
ence called V, going to one of its inputs. Both comparators
have a common input at their noninverting input coming from
the internai integrator. The internal integrator is used for
integrating the composite sync signal. This sighal comes
from the input side of the composite sync buffer and are
positive going sync puises. The capacitor to the integrator is
internal to the LM1881. The capacitor charge current is set
by the value of the external resistor Rgey. The output of the
integrator is going to be at a low voltage during the normal
horizontal lines because the integrator has a very short time
to charge the capacitor, which is during the horizonta! sync
period. The equalization putses will keep the output voitage
of the integrator at about the same level, below the V,.
During the vertical sync period the narrow going positive
pulses shown in Figure 1 is called the serration pulse. The
wide negative portion of the vertical sync period is called the
vertical sync pulse. At the start of the vertical sync period,

before the first Setration pulse occurs, the integrator now
charges the capacitor to a much higher voltage. At the first
serration pulse the integrator output should be between V,
and V,. This would give a high level at the output of the
comparator with V, as one of its inputs. This high is clocked
into the “D” flip-flop by the falling edge of the serration pulse
(remember the sync signal is inverted in this section of the
LM1881). The “Q" output of the “D” flip-flop goes through the
OR gate, and sets the R/S flip-flop. The output of the R/S
flip-flop enables the internal oscillator and also clocks the
ODD/EVEN “D” flip-flop. The ODD/EVEN field pulse opera-
tion is covered in the next section. The output of the oscilia-
tor goes to a divide by 8 circuit, thus resetting the R/S
flip-flop after 8 cycles of the oscillator. The frequency of the
oscillator is established by the internal capacitor going to the
oscillator and the external Rger. The “Q” output of the R/S
flip-flop goes to pin 3 and is the actual vertical sync output of
the LM1881. By clocking the “D” flip-flop at the start of the
first serration pulse means that the vertical sync output pulse
starts at this point in time and iasts for eight cycles of the
internal oscillator as shown in Figure 1.

How Rger affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Rger Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal haif
line (47% of a full horizontal line). A vertical sync puise from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the serration pulse is the
remainder of the period, 10% to 15% of the horizontal haif
line). Remember this pulse is a positive pulse at the integra-
tor but negative in Figure 1. This graph shows how long it
takes the integrator to charge its internal capacitor above V,.

With Rger too farge the charging current of the integrator will
be too small to charge the capacitor above V;, thus there will
be no vertical synch output pulse. As mentioned above, Rger
also sets the frequency of the internal oscillator. If the oscil-
lator runs too fast its eight cycles will be shorter than the
vertical sync portion of the composite sync. Under this con-
dition another vertical sync pulse can be generated on one of
the fater serration pulse after the divide by 8 circuit resets the
R/S flip-flop. The first graph also shows the minimum Rggr
necessary to prevent a double vertical pulse, assuming that
the serration pulses last for only three full horizontal line
periods (six serration pulses for NTSC). The actual pulse
width of the vertical sync pulse is shown in the “Vertical
Puise Width vs Rger” graph. Using NTSC as an example,
lets see how these two graphs reiate to each other. The
Horizontal line is 64 ps long, or 32 ps for a horizontal haif
line. Now round this oft to 30 ps. In the “Rger Value Selection
vs Vertical Serration Pulse Separation” graph the minimum
resistor value for 30 ys serration pulse separation is about
550 k(). Gaing to the “Vertical Pulse Width vs Rger” graph
one can see that 550 kQ gives a vertical pulse width of about
180 ps, the total time for the vertical sync period of NTSC (3
horizontal lines). A 550 kQ2 will set the internal oscillator to a
frequency such that eight cycles gives a time of 180 ps, just
long enough to prevent a double vertical sync pulse at the
vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually iong and has no
serration pulses. With a very long vertical sync time the
integrator has time to charge its internal capacitor above the
voltage level V,. Since there is no falling edge at the end of
a serration puise to clock the “D” flip-flop, the only high signal
going to the OR gate is from the default comparator when
output of the integrator reaches V,. At this time the R/S
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LM1881, LM1881-X

Application Notes (continued)

flip-flop is toggled by the default comparator, starting the
vertical sync pulse at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync period, then the falling edge of the vertical sync (posi-
tive pulse at the “D” flip-flop) will clock the high output from
the comparator with V, as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rger” graph
shows the reiationship between the Rgey value and the
delay time from the start of the vertical sync period before
the default vertical sync pulse is generated. Using the NTSC
example again the smallest resistor for Rgey is 500 k2. The
vertical default time delay is about 50 ps, much longer than
the 30 ps serration pulse spacing.

A common guestion is how can one calculate the required
Rser with a video timing standard that has no serration
pulses during the vertical blanking. If the default vertical sync
is to be used this is a very easy task. Use the “Vertical
Default Sync Delay Time vs Rgey” graph to select the nec-
essary Rger 10 give the desired delay time for the vertical
sync output signal. If a second pulse is undesirable, then
check the “Vertical Pulse Width vs Rg1” graph to make sure

START OF FIELD 1{0DD)

viDEg END OF FIELD 2 (EVEN)

VERTICAL BLANKING INTERVAL:

| «— EQUALIZING SERRATED EQUALIZING PEAK
& BOTTOM OF PICTURE PULSES VERTICAL PULSE PULSES TOP OF PICTURE {WHITE
BURST\\ — _/

the vertical output pulse will extend beyond the end of the
input vertical sync period. In most systems the end of the
vertical sync period may be very accurate. In this case the
preferred design may be to start the vertical sync pulse at the
end of the vertical sync period, simiiar to starting the vertical
sync puise after the first serration pulse. A VGA standard is
to be used as an example to show how this is done. In this
standard a horizontal line is 32 ps long. The vertical sync
period is two horizontal lines long, or 64 ps. The vertical
default sync delay time must be longer than the vertical
sync period of 64 ys. In this case Rger must be larger than
680 KQ. Rger must still be small enough for the output of the
integrator to reach V, before the end of the vertical period of
the input pulse. The first graph can be used to confirm that
Rser is small enough for the integrator. Instead of using the
vertical serration pulse separation, use the actual pulse
width of the vertical sync period, or 64 ps in this example.
This graph is linear, meaning that a value as large as 2.7 MQ2
can be used for Rger (twice the value as the maximum at
30 ps). Due to leakage cumrents it is advisable to keep the
value of Rgey under 2.0 MAQ. In this example a value of 1.0
MQ is selected, well above the minimum of 680 k). With this
value for Rger the puise width of the vertical sync output
pulse of the LM1881 is about 340 ps.

BLACK
LEVEL

L&dﬂ —/J’ cLIp
{ LEVEL

I—-IH-—I - |t ) et T et 4-»4—5—»—45-»«-—7-»«-—8-»«-9—.—*10-—4-22-»-42}-,—1— SYNC
T|P5
63.5 us 31.8 us 2.4 us 4.7 us
[fe—— 230 us typ ———I
32
e
[
Il
L
0DD FIELD
d
EVEN FIELD
4 ps typ. 63.5 us
00915003

FIGURE 1. (a) Composite Video; (b) Composite Sync; (c) Vertical Qutput Pulse;
(d) Odd/Even Field Index; (e) Burst Gate/Back Porch Clamp
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Application Notes (continued)
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ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that cccur in alternate
fields. For a composite video signal that is interlaced, one of
the two fields that make up each videc frame or picture must
have a half horizontal scan line period at the end of the
vertical scan —i.e., at the bottom of the picture. This is called
the “cdd field” or “even field”. The “even field” or “field 2" has
a complete horizontal scan line at the end of the field. An odd
field starts on the leading edge of the first equalizing puise,
whereas the even field starts on the leading edge of the
second equalizing pulse of the vertical retrace interval. Fig-
ure 1(a) shows the end of the even field and the start of the
odd fieid.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 2). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period between
normai horizontal sync pulses is enough to allow the capaci-
tor voltage to reach a threshold level of a comparator that
clears a flip-flop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter

integration time between equalizing pulses prevents this
threshold from being reached and the Q output of the flip-flop
is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect as
an equalizing pulse period, the Q output will have a different
polarity on successive fields. Thus by comparing the G
polarity with the vertical output pulse, an odd/even field index
is generated. Pin 7 remains low during the even field and
high during the odd field.

BURST/BACKPORCH CQUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This pericd,
approximately 4.8 ps long, is also the black level reference
for the subsequent videc scan line. The LM1881 generates a
pulse at Pin 5 that can be used either to retrieve the chroma
burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an internal capacitor starting on the
trailing edge of the horizontal sync pulses. Simultaneously
the output of Pin 5 is pulled low and held until the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by differentiating the burst output
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Application Notes (continued)

using a series C-R network. This may be necessary in
applications which require high horizontal scan rates in com-
bination with normal (60 Hz—120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrer, and retrieval of the color burst for color
synchronization and deceding into R.G.B. components. For
frame memory storage applications, the odd/even field lever
alfows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the
rising edge of the first vertical serration in the sync wave-
form. This means that individual lines within the vertical
blanking period (or anywhere in the active scan line period)
can easily be extracted by counting the required number of
transitions in the composite sync waveform following the
start of the vertical output pulse.

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a normal T.V.
receiver screen. Data can be inserted beginning with fine 10
{the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usually lines 10 through 13 are not
used which feaves lines 14 through 21 for inserting signals,
which may be different from field to field. in the U.S, line 19
is normally reserved for a vertical interval reference signal
(VIRS) and line 21 is reserved for closed caption data for the
hearing impaired. The remaining lines are used in a number
of ways. Lines 17 and 18 are frequently used during studio
processing to add and delete vertical interval test signals
(VITS) while lines 14 through 18 and line 20 can be used for
Videotex/Teletext data. Several institutions are proposing to
transmit financial data on line 17 and cable systems use the
available lines in the vertical interval to send decoding data
for descrambiler terminals.

Since the vertical output pulse from the LM1881 ceincides
with the leading edge of the first vertical serration, sixteen

positive or negative transitions later will be the start of line 14
in either field. At this point simple counters can be used to
select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 3 puts out a singe video line according
to the binary coded information applied to line select bits
b0-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
resuit to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C193N) and fo set a start
count latch using two NAND gates. Composite sync transi-
tions are counted using the borrow out of the desired number
of counters. The final borrow out puise is used to turn on the
analog switch (CD40€66BC) during the desired line. The fail-
ing edge of this signal aiso resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video systerm (television) or a
single line output in each frame for a non-interlaced video
system (computer moniter). When a particular line in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14,
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output buffer
is required to drive low impedance ioads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 4 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass fiiter (10 X2, 10 pF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.
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Typical Applications
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FIGURE 3. Video Line Selector
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Typical Applications (continued)
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Notes
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eatures

Compatible with MCS®51 Products

4K Bytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz
Two-level Program Memory Lock

128 x 8-bit Internal RAM

15 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel
Direct LED Drive Outputs

On-chip Analog Comparator
Low-power Idle and Power-down Modes
Brown-out Detection

escription

1e AT89C4051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
{ bytes of Flash programmable and erasable read-only memory (FEROM). The
wice is manufactured using Atmel's high-density nonvolatile memory technology and
compatible with the industry-standard MCS-51 instruction set. By combining a ver-
tile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C4051 is a powerful
icrocomputer which provides a highly-flexible and cost-effective solution to many
nbedded control applications.

1e AT89C4051 provides the following standard features: 4K bytes of Flash,
'8 bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five-vector, two-level inter-
pt architecture, a full duplex serial port, a precision anaiog comparator, on-chip
icillator and clock circuitry. In addition, the AT89C4051 is designed with static logic
r operation down to zero frequency and supports two software-selectable power sav-
3 modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters,
wrial port and interrupt system to continue functioning. The power-down mode saves
e RAM contents but freezes the oscillator disabling all other chip functions until the
xt hardware reset.

in Configuration

DIP/SOIC
L
RSTAVPP 1 200 vee
(RXD) P3.0 2 190 P17
(TXD)P3.1 3 18[0P1.6
XTAL2 ] 4 170P15
XTAL1 5 161 P1.4
(NTO)P3.2 6 150P13
(NTH P33 47 14[1P12
(TO) P34 ] 8 133 P1.1 (AIN1)
(T P3.5019 123 P1.0 (AIND}
GND O 10 11[1P3.7

AIMEL

Y F)

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C4051
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e AT89C4051

in Description
cC
ND

nt1

m 3

TAL1

TAL2

ND-06/01

Supply voltage.

Ground.

Port 1 is an 8-bit bi-directional I/O port. Port pins P1.2 to P1.7 provide internal pullups.
P1.0 and P1.1 require external pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the on-chip precision analog com-
parator. The Port 1 output buffers can sink 20 mA and can drive LED displays directly.
When 1s are written to Port 1 pins, they can be used as inputs. When pins P1.2 to P1.7
are used as inputs and are externally pulled low, they will source current (I, ) because of
the internal pullups.

Port 1 also receives code data during Flash programming and verification.

Port 3 pins P3.0 to P3.5, P3.7 are seven bi-directional I/0O pins with internal pullups.
P3.6 is hard-wired as an input to the output of the on-chip comparator and is not acces-
sible as a general purpose I/O pin. The Port 3 output buffers can sink 20 mA. When 1s
are writlen to Port 3 pins they are pulled high by the intemal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being pulled low will source current (I;,)
because of the pullups.

Port 3 also serves the functions of various special features of the AT89C4051 as listed
below:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO {timer 0 external input)
P3.5 T1 {timer 1 external input)

Port 3 also receives some control signals for Flash programming and verification.

Reset input. All I/O pins are reset to 1s as soon as RST goes high. Holding the RST pin
high for two machine cycles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting oscillator amplifier.

AIMEL 3
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scillator XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier which
‘haracteristics can be configured for use as an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the device from an external clock
source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external clock signal, since the input
to the internal cfocking circuitry is through a divide-by-two flip-flop, but minimum and
maximum voltage high and low time specifications must be chserved.

Figure 1. Oscillator Connections
c2

—H————I—‘ XTAL2
c1 l

) XTAL1

l GND

Note:  C1, C2= 30 pF £ 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC —— XTAL2
EXTERNAL
OSCILLATOR ————1 XTAL1
SIGNAL

GND

-

AT89C4051
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pecial Function
egisters

A map of the on-chip memory area called the Special Function Register (SFR) space is
shown in the table below.

Note that not all of the addresses are occupied, and unoccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in
future products to invoke new features. In that case, the reset or inactive values of the
new bits will always be 0.

ble 1. AT89C4051 SFR Map and Reset Values

iF8H OFFH

iFoH B OF7H
00000000

E8H OEFH

E0H ACC OE7H
00000000

D8H ODFH

‘DOH PSW 0D7H
00000000

C8H OCFH

CoH 0C7H

B8H P OBFH
XXX00000

‘BOH P3 0B7H
11111111

‘A8H IE CAFH
0XX00000

‘AOH 0A7H

8H SCON SBUF 9FH
00000000 XXXXXXXX

oH P1 97H
11111111

8H TCON TMOD TLO TL1 THO TH1 8FH
00000000 00000000 00000000 | 0000000C | 00OCOOOC | 00000000

OH SpP DPL DPH PCON 87H

00000111 00000000 | 00000000 0XXX0000

11D-06/01
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estrictions on
ertain Instructions

ranching Instructions

OVX-related
structions, Data
emory

rogram Memory
ock Bits

AImEL

The AT89C4051 is an econcmical and cost-effective member of Atmel’s growing family
of microcontrollers. It contains 4K bytes of Flash program memory. It is fully compatible
with the MCS-51 architecture, and can be programmed using the MCS-51 instruction
set. However, there are a few considerations one must keep in mind when utilizing cer-
tain instructions to program this device.

All the instructions related to jumping or branching should be restricted such that the
destination address falls within the physical program memory space of the device, which
is 4K for the AT89C4051. This should be the responsibility of the software programmer.
For example, LIMP OFEOH would be a valid instruction for the AT89C4051 (with 4K of
memory), whereas LUMP 1000H would not.

LCALL, LUMP, ACALL, AUMP, SUIMP, JMP @A+DPTR. These unconditional branching
instructions will execute correctly as long as the programmer keeps in mind that the des-
tination branching address must fall within the physical boundaries of the program
memory size (locations 00H to FFFH for the 89C4051). Violating the physical space lim-
its may cause unknown program behavior.

CJUNE [...], DJNZ[...}, JB, JNB, JC, JNC, JBC, JZ, JNZ With these conditional branching
instructions the same rule above applies. Again, violating the memory boundaries may
cause erratic execution.

For applications involving interrupts, the normal interrupt service routine address loca-
tions of the 80C51 family architecture have been preserved.

The AT89C4051 contains 128 bytes of internal data memory. Thus, in the AT89C4051
the stack depth is limited to 128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is external PROGRAM memory exe-
cution. Therefore, no MOVX [...] instructions shouid be included in the program.

A typical 80C51 assembler will still assemble instructions, even if they are written in vio-
lation of the restrictions mentioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device being used and adjust the
instructions used correspondingly.

On the chip are two lock bits which can be left unprogrammed (U) or can be pro-
grammed (P) to obtain the additional features listed in the following table:

Lock Bit Protection Modes'"

Program Lock Bits
LB1 LB2 Protection Type
1 u ) No program lock features
2 P ) Further programming of the Flash is disabled
3 P P Same as mode 2, also verify is disabled
Note: 1. The Lock Bits can only be erased with the Chip Erase operation.

AT89C4051 mum—————
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fle Mode

ower-down Mode

rown-out Detection

2tD-06/01

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active.
The mode is invoked by software. The content of the on-chip RAM and all the special
functions registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

P1.0 and P1.1 shouid be set to “0” if no external pullups are used, or set to “1” if external
pullups are used.

It should be noted that when idle is terminated by a hardware reset, the device normally
resumes program execution, from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware inhibits access to internal RAM
in this event, but access to the port pins is not inhibited. To eliminate the possibility of an
unexpected write to a port pin when Idle is terminated by reset, the instruction following
the one that invokes Idle should not be one that writes to a port pin or to external
memory.

In the power-down mode the oscillator is stopped and the instruction that invokes
power-down is the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the power-down mode is terminated. The only exit
from power-down is a hardware reset. Reset redefines the SFRs but does not change
the on-chip RAM. The reset should not be activated before V¢ is restored to its normal
operating level and must be held active long enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are used, or set to “1” if external
pullups are used.

When V. drops below the detection threshold, all port pins (except P1.0 and P1.1) are
weakly pulled high. When V. goes back up again, an internal Reset is automatically
generated after a delay of typically 15 msec. The nominal brown-out detection threshold
is 2.1V £ 10%.

o T ey AW

PORT PIN

INTERNAL RESET -/

AINEL 7
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The AT89C4051 is shipped with the 4K bytes of on-chip PEROM code memory array in
the erased state (i.e., contents = FFH) and ready to be programmed. The code memory
array is programmed one byte at a time. Once the array is programmed, to re-program
any non-blank byte, the entire memory array needs to be erased elecirically.

Internal Address Counter: The AT89C4051 contains an internal PEROM address
counter which is always reset to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.

Programming Algorithm: To program the ATB9C4051, the following sequence is
recommended.

1. Power-up sequence:
Apply power between VCC and GND pins
Set RST and XTAL1 to GND

2. Set pin RST to “H”
Set pin P3.2 to “H”

3. Apply the appropriate combination of “H” or “L” logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the programming operations
shown in the PERCM Programming Modes table.

To Program and Verify the Array:
4. Apply data for Code byte at location 000H to P1.0 to P1.7.
5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM array or the lock bits. The
byte-write cycle is self-timed and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to logic “H” level and set
pins P3.3 to P3.7 to the appropriate levels. Qutput data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse XTAL1 pin once to advance
the internal address counter. Apply new data to the port P1 pins.

9. Repeat steps 6 through 8, changing data and advancing the address counter for
the entire 4K bytes array or until the end of the object file is reached.

10. Power-off sequence:
set XTAL1 to “L”
set RST to “L”
Turn Vg power off

Data Polling: The AT89C4051 features Data Polling to indicate the end of a write cycle.
During a write cycle, an attempted read of the last byte written will result in the comple-
ment of the written data on P1.7. Once the write cycle has been completed, true data is
valid on all outputs, and the next cycle may begin. Data Polling may begin any time after
a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can also be monitored by the
RDY/BSY output signal. Pin P3.1 is pulled low after P3.2 goes High during programming
to indicate BUSY. P3.1 is pulled High again when programming is done to indicate
READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed code data can be
read back via the data lines for verification:
1. Reset the internal address counter to 000H by bringing RST from “L” to “H”".

2. Apply the appropriate control signals for Read Code data and read the output
data at the port P1 pins.

AT89C4051 m s ——
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3. Pulse pin XTAL1 once to advance the internal address counter.
4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.

Chip Erase: The entire PEROM array (4K bytes} and the two Lock Bits are erased elec-
trically by using the proper combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip Erase operation and must be
executed before any non-blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 000H, 001H, and 002H, except that P3.5 and P3.7
must be pulled to a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 41H indicates 89C4051

Every code byte in the Flash array can be written and the entire array can be erased by
using the appropriate combination of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for the Atmel microcontroller
series. Please contact your local programming vendor for the appropriate software
revision.

ash Programming Modes

lode RSTN P3.2/PROG P3.3 P3.4 P3.5 P3.7

Vrite Code Data!"® 12V L H H H
=~

tead Code Data‘" H H L L H

Vrite Lock Bit - 1 12v H H H
—~_

Bit - 2 12v H H L L

—~_

‘hip Erase 12v H L L L
. @)

tead Signature Byte H H L L L L

tes: 1. The internal PEROM address counter is reset to 000H on the rising edge of RST and is advanced by a positive pulse at

XTAL1 pin.

2. Ghip Erase requires a 10-ms PROG pulse.
3. P3.1is pulled Low during programming to indicate RDY/BSY.

11D-06/01
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Figure 3. Programming the Flash Memory

VCC
ATB9C4051 T
RDY/BSY «— Pa.1 Lo S—
PROG ~ —» P3.2 Pl j4— SET’\A
——» P33
SEE FLASH — »lpP3s
PROGRAMMING
MODES TABLE | —»{ P3.5
L—» P37
P31 | —» RDV/ESY
[ xTAu RST |e—— V,/V,,
TO INCREMENT GND
ADDRESS COUNTER
Figure 4. Verifying the Flash Memory
VCC
AT89C4051
VCC
v . P1 PGM
A DATA
——» P33
SEE FLASH » P3.4
PROGRAMMING
MODES TABLE | —»] P3.5
——»| P37
_ [ xTAL RST ja— V,,
—| GND

AT 89 C 41051 0000000000000 —
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lash Programming and Verification Characteristics
= 20°C to 30°C, Vo = 5.0+ 10%

symbol Parameter Min Max Units
PP Programming Enable Voltage 11.5 125 vV
bp Programming Enable Current 250 pA
WEL Data Setup to PROG Low 1.0 s
SHDX Data Hold after PROG 1.0 Hs
EHSH P3.4 (ENABLE) High to Vpp 1.0 s
SHGL Vpp Setup to PROG Low 10 ps
BHSL Vpp Hold after PROG 10 ps
BsLaH PROG Width 1 110 s
ELOV ENABLE Low to Data Valid 1.0 ps
tHoZ Data Float after ENABLE 0 1.0 ps
BHBL PROG High to BUSY Low 50 ns
NC Byte Write Cycle Time 2.0 ms
BHIN RDY/BSY\ to Increment Clock Delay 1.0 s
HIL increment Clock High 200 ns

ite: 1. Only used in 12-volt programming mode.

lash Programming and Verification Waveforms

[ —
PORT 1 | DATA IN —{ DATAQUT
|‘_ lvar,  tanox ‘J

—* lgnst
______ LOGIC 1
LOGIC O

P3.2
(PROG)

RST
(Vpp)

P3.4
(ENABLE)

P3.1__
(RDY/BSY)

XTAL1
(INCREMENT
ADDRESS)
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ATmEL

bsolute Maximum Ratings*

Jperating Temperature ..........coccoeveeeverereneeans -55°C to +125°C
itorage Temperature.........cccceeceveiececeee v, -65°C to +150°C

‘oltage on Any Pin

*NOTICE:

Strasses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Jfith Respectto Ground.........ccoeeeiceeeecieecc e, -1.0Vto +7.0V
Aaximum Operating Voltage .............ccccooiininiiiieccn, 6.6V
JC OUtput CUMENL .. ..ot 25.0 mA

C Characteristics

=-40°C to 85°C, V¢ = 2.7V t0 6.0V (unless otherwise noted)

iymbol Parameter Condition Min Max Units
W Input Low-voltage -0.5 0.2 Vge-0.1 \
" Input High-voltage (Except XTAL1, RST) 0.2V +09 Ve +0.5 Vv
"H1 Input High-voltage (XTAL1, RST) 0.7 V¢ Vee+0.5 \
oL Output Low-voltage" lo. = 20 MA, Ve = 5V 0.5 v
(Ports 1, 3) loo =10 mMA, Vg =27V
lon =-80 PA, Ve =5V £ 10% 24 \
Output High-voltage
Y = -
oH (Ports 1, 3) lgn = -30 pA 0.75 Ve Vv
EOH = ‘12 pA 0.9 Vcc
L Logical O Input Current Viy =045V -50 HA
(Ports 1, 3)
n Logical 1 to 0 Transition Current | V=2V, Vg =5V +10% -750 HA
(Ports 1, 3)
1 Input Leakage Current 0<Vpy<Vee +10 HA
(Port P1.0, P1.1)
fos Comparator Input Offset Voltage | Vg =5V 20 mv
Tom Comparator input Common 0 Vee \Y
Mode Voltage
iRST Reset Pulldown Resistor 50 300 KQ
o Pin Capacitance Test Freq. =1 MHz, T, = 25°C 10 pF
Active Made, 12 MHz, V¢ = 6V/3V 15/5.5 mA
Power Supply Current Idle Mode, 12 MHz, V¢ = 6V/3V 5/1 mA
c P1.0 & P1.1 =0V or Ve
Ve =6VPI10&P11=0VorV 20 A
Power-down Mode®® ce a a
Vee=3VPI0&P1.1=0Vor Vg 5 HA
des: 1. Under steady state (non-transient) conditions, |, must be externally limited as follows:

Maximum I, per port pin: 20 mA

Maximum total |, for all output pins: 80 mA
If I, exceeds the test condition, Vg may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

! AT89C4051 s —————
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xternal Clock Drive Waveforms

0.2 Vg - 0.1V
0.45V

xternal Clock Drive

toLen —*

—»

AT89C4051

tCLCL

- toncL

Voo = 2.7V to 6.0V

fymbol Parameter Min Max Min Max Units
Newer Oscillator Frequency 0 12 0 24 MHz
sLeL Clock Period 83.3 41.6 ns
SHEX High Time 30 15 ns
“Lex Low Time 30 15 ns
SLCH Rise Time 20 20 ns
SHEL Fall Time 20 20 ns
13

11D-06/01

AIMEL



ATMEL

erial Port Timing: Shift Register Mode Test Conditions

¢ = 5.0V £ 20%; Load Capacitance = 80 pF

12 MHz Osc Variable Oscillator
;iymbol Parameter Min Max Min Max Units
BUXL Serial Port Clock Cycle Time 1.0 121 L HS
PVXH Output Data Setup to Clock Rising Edge 700 10te ¢, -133 ns
YHOX Output Data Hotd after Clock Rising Edge 50 2o -117 ns
XHDX tnput Data Hold after Clock Rising Edge 0 Y ns
KHDV Clock Rising Edge to Input Data Valid 700 10t ¢ -133 ns

hift Register Mode Timing Waveforms

INSTRUCTION I 0 | 1 | 2 | 3 | 4 [ 5 | | [ !
CLOCK ! | | | | |
|

WRITE TO SBUF AN X2 3 X4 X5 X 8 X 7
—_— t 4
OUTPUT DATA tyoiow (] [ boox SETTI |
. CLEARRI | >€}( ><Au9‘ FAALIG> @. ALID ALID . ALIGX ‘
v s
SET Rl

INPUT DATA

C Testing Input/Output Waveforms("

Vg - 0.5V
0.45V J \——

fte: 1. AC Inputs during testing are driven at V¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at V,,
min. for a logic 1 and V,_max. for a logic 0.

0.2 Vo + 0.9V

TEST POINTS
0.2 Vg - 0.1V

loat Waveforms!"

Vv + QIV _ S OL'

Timing Reference
Points

SVt BV

LOAD

- 01
VLOA'\D o.1v

jte: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when 100 mV change frothe loaded V4/V, level occurs.

AT89C4051 ms e ————
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> 3

TYPICAL ICC - ACTIVE (85°C)

AT89C4051

Vee=6.0V

/ Vee=5.0V

/

P

Vee=3.0V

[

[

0 6

FREQUENCY (MHz)

12

AT89C4051

TYPICAL ICC - IDLE (85°C)

18 24

—

Vee=6.0V

[—

Vee=5.0V

IR

I—

I

[

-——-‘——_—-—__
Vee=3.0V

I

20

15

0 3

FREQUENCY (MHz)

6

AT89C4051

TYPICAL ICC vs.VOLTAGE- POWER DOWN (85°C)

3.0v

4.0V
Vcc VOLTAGE

5.0V

6.0V

Power-Down Mode Notes: 1. XTAL1 tied to GND for I (power-down)

2. P1 0 and P11 = VCC or GND
3. Lock bits programmed

AIMEL
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ATMEY

rdering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 27Vto 6.0V AT89C4051-12PC 20P3 Commercial
ATB89C4051-12SC 20S {0°C to 70°C)
ATB89C4051-12P| 20P3 Industrial
AT89C4051-125] 208 (-40°C to 85°C)
24 4.0V to 6.0V AT89C4051-24PC 20P3 Commercial
AT89C4051-245C 20S (0°C to 70°C})
ATB9C4051-24PI 20P3 Industrial
AT89C4051-24S! 20S (-40°C to 85°C)
Package Type
'0P3 20-lead, 0.300” Wide, Plastic Dual In-line Package {PDIP}
'0S 20-lead, 0.300” Wide, Plastic Gull Wing Small Outline (SOIC)

AT89CA4051 mn s ———

1001D-06/01

-




lackaging Information

20P3, 20-lead, 0.300" Wide, Piastic
Package (PDIP)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-001 AD

1.060(26.9)
560(24.9)

PIN
1

Dual Inline

21 0(5 33)

I—— 005{.127)
MIN
7
SEATING
PLANE ‘
1AS0EET] .015(.381) MIN
115(2.92) 3.1222 g:g;
4
070(1.78)
.110(2.79)
3.2} 0a5(1.13)
.325(8.26)
"‘ 300(7.62)
125 REF
.014(.356)
008(.203) -
|_._.] .430{10.92) MAX

i?iliffii T

— f— 030(229)
.900(22.86) REF —w- MAX

.280(7.11)
.240(6.10}

20S, 20-lead, 0.300" Wide, Plastic Gull Wing Small
Outline (SOIC)

Dimensions in Inches and (Millimeters)

0.020 {0.508)
0,013 (0,330}

I —

.269 (7.00) 0.420 (10.7)
0,291 (7.39) 0.203 (9.98)

PIN 1

O
guauoouuouooys

——-I L..—.oso(v.zn BSC

0.513 (13.04

”' 0.497 (12.6) =1

ininlnininisinininlib)
0.012 (u.aos)_f T

0.003 (0.0786)

0.105 (2.87)
r 0.002 (2.34)

9 per
5 0013 033

0.015(0.387)

11D-06/01
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INTEGRATED CIRCUITS

DATA SRHIEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
* The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Qutlines

7T4HC/HCT373
Octal D-type transparent latch;

3-state

Product specification September 1993
File under Integrated Circuits, IC06

Philips PHILIPS
Semiconductors A




Philips Semiconductors

Product specification

Octal D-type transparent latch; 3-state

T4HC/HCT373

FEATURES

+ 3-state non-inverting outputs for bus oriented
applications

Common 3-state output enable input

Functionally identical to the “563", “573" and “533”
Qutput capability: bus driver

Icc category: MSH

GENERAL DESCRIPTION

The 74HC/HCT373 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
{LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT373 are octal D-type transparent latches
featuring separate D-type inputs for each latch and 3-state
outputs for bus oriented applications. A latch enable (LE)

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=ti=6ns

input and an output enable (OE) input are common to all
latches.

The “373" consists of eight D-type transparent latches with
3-state true outputs. When LE is HIGH, data at the Dj,
inputs enters the fatches. In this condition the latches are
transparent, i.e. a latch output will change state each time
its corresponding D-input changes.

When LE is LOW the latches store the information that was
present at the D-inputs a set-up time preceding the
HIGH-to-LOW transition of LE. When OE is LOW, the
contents of the 8 latches are available at the outputs.
When OE is HIGH, the outputs go to the high impedance
OFF-state. Operation of the OE input does not affect the
state of the latches.

The “373" is functionally identical to the “533", “563” and
“573", but the “563” and “533” have inverted outputs and
the “563" and “573” have a different pin arrangement.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT
tenl/ teLH propagation delay CL=15pF;Vgc=5V
D, to Qp 12 14 ns
LE to Qp 15 13 ns
C input capacitance 35 3.5 pF
Cep power dissipation capacitance per latch notes 1and 2 45 41 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in uW):

Pp = Cpp x Vo2 x i+ X (CL x V2 x o) where:
f; = input frequency in MHz
fo = output frequency in MHz
T (CL x Vg2 xfy) = sum of outputs
C_ = output load capacitance in pF
Vee = supply voltage in V

2. For HC the condition is V; = GND to Vs¢. For HCT the condition is V; = GND to Vg - 1.5 V

ORDERING INFORMATION

See 74HC/HCT/HCU/HCMQOS Logic Package information”.
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PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 OE 3-state output enable input (active LOW)

2,56,9,12, 15,16, 19 Qp to Q7 3-state latch outputs

3,4,7,8,13,14,17,18 Dg to Dy data inputs

10 GND ground (0 V)

11 LE latch enable input {(active HIGH)

20 Ve positive supply voltage

oe[1] U 20] vee
%2 18] a7

0o {3] 18] 07

o ] 700

a,{_?_ E Cg

0[5 373 El“s

P Eos

D:'E Em
GND [10 1] Le

7283280

Fig.1 Pin configuration.

l11
LE
3-{o, ogl-2
4 —1 0y aQ4}—s

1—o, a;f—s
4 — 0,y Qy1—19
13— 0, Q4 +— 12
14— 0g Qg t—15
17— Dg Qg |— 18
18 — 0, Qy —19
OF

?‘I 7293281

Fig.2 Logic symbol.

LN EN
LU P8
s
32 1o D Av P2
L |5
I 8
8 9
13 12
14 15
17 16
18 19
7293382

Fig.3 IEC logic symbol.
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FUNCTION TABLE
o o] 5 OPERATING | INPUTS | INTERNAL | OUTPUTS
0 p—
4 {04 Qs MODES |GE|LE|D, | LATCHES | q,t0qQ,
7 {D2 Qe enable and LIH L L L
3% || 93 o read
13104 ‘;A;c: g;i:‘;: Q442 register L|{H|H H H
14105 Aglys (transparent
17/Ps Qg e mode)
18107 wtd 01 latch and L|L I L L
fie readregister | L [ L | h H H
s (o8 T latchregister [ H | X | X X Z
and disable HIX]| X X Z
7793283 outputs
Fig.4 Functional diagram. Notes
1. H=HIGH voltage level
h = HIGH voltage level one set-up time prior to the
HIGH-to-LOW LE transition
LE L = LOW voltage level
I = LOW voltage level one set-up time prior to the
HIGH-to-LOW LE transition
LE X =don't care
Z = high impedance OFF-state
D a
LE 7290997.1
Fig.5 Logic diagram {one !atch).
Og 0y 92 Dy Dy Dg Dg Dy
D Qe o Q- D Qafm D al+ D O} D Qp D Q—TD a
LATCH LATCH LATCH LATCH LATCH LATCH LATCH LATCH
1 2 3 4 5 8 7 8
LE LE LE LE LE LE LE LE L& LE CE LE CE LE LE LE
! 1 | 1 1 1 ]
Le —DoJ-De
YOy i 5
Qg a, a, ay Q, ag Qg Qy

7283268

Fig.6 Logic diagram.
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DC CHARACTERISTICS FOR 74HC
For the DC charactenstics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

OQutput capability: bus driver
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL PARAMETER UNIT Vcc | WAVEFORMS
+25 —40 to +85 | -40 to +125 V)
min. | typ. | max. | min. | max. { min. | max.
ter/ tpLn | propagation delay 41 150 190 225 |ns 2.0 | Fig.7
D,to Q, 15 (30 38 45 4.5
12 {26 33 38 6.0
tenl/ tpLn | Propagation delay 50 (175 220 265 ns 2.0 |Fig.8
LE to Qq 18 (35 44 53 4.5
14 (30 37 45 6.0
tpz/ tpz. | 3-state output enable time 44 150 180 225 |(ns 2.0 |Fig.9
OE to Q, 16 |30 38 45 4.5
13 |26 33 38 6.0
tenz/ tLz | 3-state output disable time 47 1150 190 225 |(ns 2.0 [Fig.8
OE to @, 17 |30 as 45 4.5
14 |26 33 38 6.0
trul/ tnun | output transition time 14 |60 75 90 ns 2.0 |Fig.7
5 12 15 18 4.5
4 10 13 15 6.0
tw LE pulse width 80 ({17 100 120 ns 2.0 |Fig.8
HIGH 16 |6 20 24 4.5
14 |5 17 20 6.0
tsu set-up time 50 (14 65 75 ns 2.0 |Fig.10
Dnte LE 10 |5 13 15 4.5
9 4 1 13 6.0
th hold time 5 -8 5 5 ns 2.0 {Fig.10
D,to LE 5 -3 5 5 45
5 -2 5 5 6.0
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DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Qutput capability: bus driver

Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT

Dn 0.30
LE 1.50
OE 1.00

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL PARAMETER UNIT | y WAVEFORMS
+25 —40 to +85 | —40 to +125 (3;’
min. | typ. | max. | min. [ max. | min. | max.
tpHL/ trLH | propagation delay 17 |30 38 45 ns 4.5 |Fig.7
Dy to Qi
teu/ tLn | propagation delay 16 |32 40 48 ns 4.5 |Fig.8
LE to Qn
tpzn/ tpzL | 3-state output enable time 19 |32 40 48 ns 4.5 |Fig.9
OE to Q,,
tpuz/ tprz | 3-state output disable time 18 |30 38 45 ns 4.5 | Fig.9
OE to Q,
tyH/ tren | output transition time 5 12 15 18 ns 45 (Fig.7
tw LE pulse width 16 |4 20 24 ns 45 |Fig.8
HIGH
tsu set-up time 12 6 15 18 ns 4.5 |Fig.10
D,toLE
th hold time 4 -1 4 4 ns 4.5 |Fig.10
Dhto LE
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AC WAVEFORMS
LE INPUT
D, INPUT 't
IPHL tPLH
Q. OUTPUT V!
Q, ouTPUT vu'!
- | 1207878 ol e tTHL - - TTLH
e THL "TLH (1) HC :Vj=50%; Vi = GND to Vc.
HCT:Vy=13V;Vi=GNDto3 V.
(1) HC VM = 50%; V| =GND to Vec.
HCT:Vy=13V;V,=GND1io 3 V. . . )
Fig.8 Waveforms showing the latch enable input
Fig.7 Waveforms showing the input (D) to output (LE) pulse width, the latch enable input to
(Q,) propagation delays and the output output (Qn) propagation delays and the
transition times. output transition times.

OE INPUT

Q, OUTPUT
LOW- to-QFF
OFF-10-LOW

Q, oUTPUT
HIGH- 1o -OFF
OFF -10-HIGH

(1} HC :Vy= 50%; Vi = GND to V¢e.
outputs —p-le———— Outputs
dissbied snabled

HCT :Vy=13V;V;=GNDto3 V.
1793342 srabled

Fig.9 Waveforms showing the 3-state enable and disable times.

The shaded areas indicate when the input is permitted to
change for predictable output performance.
{1} HC :Vy=50%; V|, =GND to Vcc.

HCT :Vy =13V, V,=GND1to3 V.

Fig.10 Waveforms showing the data set-up and hold times for D,, input to LE input.

7Za7888
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PACKAGE OUTLINES
- Bee "74HC/HCT/HCU/HCMOS Logic Package Outlines”.
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