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Abstract
This report presents a technique of Frame Grabber of 256X256 pixel by using high

'speed ADC required a RAM capable of being written and can view on the monitor. This

project can be applied for interface data from RAM to microcomputer. But limits of this
report is enough sampling video signal, transform analog signal to digital signal, record
data to memory, convert digital signal to analog and show video signal to monitor. The

signal to show at monitor can show standard picture from read data in RAM.
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4.2.5 #an13NARBIVBIINNIMALTAIHA(Output Circuit)
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iﬂﬁllﬂiﬁluﬁﬂdﬂ1ﬂﬂ1ﬁ1 Delphi
unit Au9;
mterface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
ExtCtrls, StdCtrls, ExtDlgs;

type
TForml = class(TForm)

Buttonl: TButton;
Button2: TButton;
Button3: TButton;
Imagel: TImage;
Labell: TLabel;
Button4: TButton;
SavePictureDialogl: TSavePictureDialog;
OpenPictureDialogl: TOpenPictureDialog;
procedure ButtonlClick(Sender: TObject);
procedure Button3Click(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure FormDestroy(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure Button4Click(Sender: TObject);
private
Bitmap: TBitmap;
{ Private declarations }
public
{ Public declarations }

end;



var

Forml: TForml;

implementation

{$R * DFM}

function PortIn(IOport:word):byte;stdcall;
asm

MOV DX,[IOport]

IN AX,DX

end;

procedure PortOut(IOport:word;Value:byte);stdcall;
asm

MOV DX, [IOport]

MOV AL,[Value]

OUT DX,AL

end;

procedure TForml.Button1Click(Sender: TObject);
VAR
i : INTEGER;
jnmw : INTEGER;
Row : pByteArray;
Pixel : array[0..255,0..255] of Byte;
begin
Labell.Caption := 'Start!';
PortOut($37a,$00);
PortOut($378,301);
PortOut($37a,5£1);



Row[m] := Pixelfij] ;

Imagel.Picture.Graphic := Bitmap;
Labell.Caption := '‘Bitmap OK ';

end;

procedure TForm1.Button3Click(Sender: TObject);

begin
Close();

end;

procedure TForml.FormCreate(Sender: TObject);

begin
Bitmap := TBitmap.Create;

WITH Bitmap DO
BEGIN
Width :=256;

Height := 256;
PixelFormat := pf24bit
END;
Imagel.Picture.Graphic := Bitmap

end;

procedure TForm1.FormDestroy(Sender: TObject);
begin
Bitmap.Free

end;



procedure TForm1 Button2Click(Sender: TObject);

begin

Labell.Caption := 'Open file';

OpenPictureDialogl Execute;
Imagel.Picture.LoadFromFile(OpenPictureDialogl.FileName);
end;

procedure TForm1.Button4Click(Sender: TObject);

begin

Labell.Caption := 'Save file';

SavePictureDialogl.execute;
Imagel.Picture.SaveToFile(SavePictureDialogl.FileName);

end;

end.



LOOP: MOV DPTR,#0000H
SEND1: MOV R1,#00H
SEND2: MOVX A @DPTR

JBP3.1,%

MOV P1,A

CLR P3.0

JNB P3.1,$

SETB P3.0

INC DPTR

DJNZ R1,SEND2

DJNZ RO,SEND1

SJMP LOOP

ADMODE: JNB P3.3,$
CLRP3.2
CLRP3.5
CLRP3.6
MOV R1,#00H
MOV RO,#00H

ADCHECK:MOV A,P1
CJUNE A#OFH,ADCHECK

SETB P3.5
SETB P3.6
CLRP3.3
SETB P3.2
CLRP3.4

ADLOOP:MOV DPTR,#0000H
ADSEND1:MOV R1,#00H
ADSEND2:MOVX A,@DPTR

JB P3.1,$

MOV P1,A

CLRP3.0



~JINBP3.1,$

SETB P3.0

INC DPTR

DJNZ R1,ADSEND2
DJNZ RO,ADSEND1
SJMP ADLOOP

END



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, fast-
er horizontal rate video signats. The vertical output is'pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
tima delay il the rising edge mentioned above does not oc-
cur within the extemally set delay period, such as might be
the case for a non-standard video signal.

N;Vational Semiconductor

February 1935

LM1881 Video Sync Separator

Features

u AC coupled composite input signal

B >10 kN input resistance

o <10 mA power supply drain current

m Composite sync and vertical outputs

n Odd/even field output

| Burst gaw/back porch output

8 Horizontal scan rates to 150 kHz

m Edge triggered vertical output

m Default triggered vertical output for non-standard video
signal (video games-home computers)

Connection Diagram
LM1831IN

0.1 uf

COMPOSITE
VIDEO mmn°_“"—“""‘ 2

Vee
0 5-12V

l——vnro———20
XYY 0DO/EVER OUTPUT

-d% Reer
. 680k
.Y

BURST/BACK FORCH
oUTPUT

COMPOSITE —hf/f‘L L
VIDED INPUT !

T .
COMPOSITE
SYNC OUTPUT 1 I ] 1 -l_
VERTICAL
SYNC OUTPUT - .
sust outpur — | —u u U u 1 ur
000/EVEN T
QUTPUT
TU/H/D160-1
Order Number [ M1881M or LM1881N
See NS Package Number MOSA or NOSE
*PAL in this reters o Euwrop trosccast TV standerd “Phase Altarnating Une™, and not 10 Progranweble Arrary Logic.
1068 netiorml Sercoraitor Coporasan. TL/H/R1S0 RAD-8I0M115/Privedin U S A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C
plesse contsct the National Semiconductor Sales ESD Susceptibility (Note 2} oKV
Otfice/Distributors for availability and specifications. Soldering indormation
Supply Voitage 13.2v Duabn-Line Package (10 sec.} 260°C
lnput Voitage 3Vpp (Ve = 5V) Small Outiine Package
6 Vpp (Vcc = 8V) Vapor Phase (60 sec.) 215°C
Output Sink Currents; Pins 1,3, 5 SmA Intrared (15 sec.) 200°C
Cutput Sink Currertt; Pin 7 2mA SeeANASO“Suﬂa'oaMam'ngMe&wdsandmemam
age Dissipation m 1100 mW Pwdmtﬁghblltr for other methods of soldering surface
Package Dissi (Note mount devices.
Operating Temperature Range 0*C - 70°C
Electrical Characteristics
Voo = 5V: Rset = 680 kil Ta = 25°C; Unless otherwise specified
Testad Design Units
Parameter Conditions T
YP | Uimk(Note3) | Umit(Noted) | (Limits)
Supply Current Qutputs at Logic 1 Voo = 5V 52 10 mAmax
Voo = 12V 5.8 12 mAmax
DC Input Voltage Pin2 1.3 Vmin
1.8
1.8 Vmax
Input Threshold Voltage Nota 5 55 mVmin
70
85 mVmax
Input Discharge Current Pin 2; Vi = 2V 11 6 pAmin
16 pAmax
Input Clamp Charge Current Pin2 vy = 1V 0.8 0.2 mAmin
RgeT Pin Reterence Voitage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical lout = 40 pA; Veg = 5V 4.5 4.0 Vmin
Outputs Logic 1 Voo = 12V 11.0 Vmin
lour = 1.6 mA Vee = 5V 3.6 2.4 Vmin
Logic 1 Voo = 12V 10.0 Vmin
Burst Gate & Odd/Even louT = 40 pA; Vee = 5V 4.5 4.0 Vmin
Outputs Logic 1 Voo = 12V 11.0 Vmin
Composite Sync. Output loyr = ~1.6 mA; Logic 0; Pin 1 02 0.8 Vmax
Vertical Sync. Output lout = —1.6 mA; Logic 0; Pin 3 02 0.8 Vmax
Burst Gate Output lout = —1.6mA; Logic 0; Pin 5 02 " 08 Vimax
Odd/Even Cutput lout = —1.6 mA; Logic 0; Pin7 02 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 psmax
Burst Gate Width 2.7k fromPin S o Voo 4 25 psmin
47 psmax
Vertical Default Time Nowe 7 65 2 psmin
20 psImax
Rote 1: For cparation in ambl above 25°C, the device must ba daratad based on & 150°C } o axda ge thermal

Le

resintance of 110" C/W, unction 10 ambient.
Note 2= ESD suscapttiity test Lses the “Trimen body model, 100 pF discherged through @ 1.5 K1 resistor”.
Hobke 3: Typicals are &t T; ~ 25°C and reprowant the mout Thely parametric nonm.
Mote 4: Tested Limits are guarantsed to National's AOGL (Avarage Quigoing Qualty Loves.
Noke 5 Roltive dfference betwesn the inpat clamp volzge and the minimum inpat voltage which produces a hartzontal cutput pulss.

g from any auiput pin (Pine 1, 3, 5, and 7) to the Rger pin (Pn &)
Hote 7: Doty tims betwesn the start of verfical sync (at input) and the vertical st puise.

Nobe € Carelil gttantion shaukd be made to pr

parasitio




Typical Performance Characteristics
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Application Notes

The LM 1881 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 (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V {(p-p) can be accommodated
The LM1881 operates from a single supply voitage between
5V DG and 12V DC. The only required external components
beside power supply and set cument decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with fine scan frequencies differing from
15.734 Krz. Four major sync signale are available from the
I/C: composite sync including both horizontal and vertical
scan ming information; a vertical sync pulse; a burst gate
orbad(potd\dampplms;andanoddlevenoutput.me
odd/even output level identifies which video field of an inter-
faced video source is present at the input. The outputs from
the LM1881 can be used 1o gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
fines.

To better understand the LM1881 timing information and
the type of signais that are used, refer to Figure 2(a—e)
which shows a portion of the composite video signal from
the end of one fiakd through the beginning of the next field.
COMPOSITE SYNC OUTPUT

The composite sync outpwt, Figure 2(b), is simply a repro-
ductiono(mesigna!wmbnnbebwlhecompositevi&o
black level, with the video completety removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
P‘n2andusingacomparabfmresholdsetpstaboveﬂis
voltage to strip the sync signal, which is then buftered out to
Pin 1. The threshold separation from the clamped sync tp 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 2(a) ). This threshold separation is indepen-
dent of the signal amplitude, theretore, for 8 2V (p-p) input
the clipping level occurs at 11% of the sync puise amphi-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 uF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clesn and relatively notse-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black levet refer-
ence. Some video discs keep the chroma burst puise pres-
enntvoughommeverﬁwuaridngperiodsothatmeburst
acmdlyappwsonlhesyncﬁpsformreelinepedodsin-
stead of at black level. A clean composite sync signal can
begeneratedtranﬂmesoucesbyﬁheringtmimnsig-
nal When the source impedancs is low, typically 754, a
62041 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filtler with a comer fre-
quencyoiSOOld-l?.Tl’isbandwidﬂ'\ismorethansufﬁdentto
passthesyncpulseporﬁonofmewavetonn:however. any
subcartier content in the signal will be atienuated by almost
18 dB, effectively taking it below the comparator threshotd.
Fitering will also help if the sowrce is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it does
contribute 1o the sync detay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for time delay comection will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by intemally integrating the
composite sync waveform (Figure 3). To understand the
generaﬁono!meverﬁmlsyncpuse.reiertomelomrleﬂ
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an internally generated
voltage reference called V4 going to ona of its inputs. The
other comparator has an internally generated voltage refer-
ance called V, going to one ot its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync butler and are
positive going sync puises. The capacitor to the integrator
is Internal 10 the LM1881. The capaditor charge current is
set by the value of the external resistor Reat. The output of
the integrator is going 1o be at a low voltage during the
nommal horizontal lines because the integrator has a very
short time to charge the capacitor, which is during the hori-
zontal sync period The equaization pulses will keep the
output voltage of the integrator at about the same level,
below the V4. During the vertical sync period the narrow
going positive pulses shown in Figure 2 is called the sara-
tion puise. The wide negative portion of the vertical sync
period is called the vertical sync puise. At the start of the
vertical sync period, before the first Serration puise ocours,
the integrator now charges the capacitor 1o a much higher
voltage. At the first samration pulse the integrator output
should be between V4 and V. This would give a high level
at the output of the comparator with V4 as one of its inputs.
This high is clocked into the “D* flip-flop by the fafling edge
of the serration pulse (remember the sync signal is inverted
in this section of the LM1881). The “Q’ output of the “D"
fip-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 ciocks the ODD/EVEN “D” flip-fiop. The
ODD/EVEN fieid pulse operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resetting the R/S fiip-flop atfter 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
intemal capacitor going to the oscillator and the extemal
Rsat- The “G" output of the A/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D” fip-flop at the start of the first serration puise
means that the vertical sync output puise starts at this point
in time and lasts for eight cycles of the intemal oscillator as
shown in Figure 2.

How Reet affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph 8 “Req Value Seloction vs Vertical Serration
Pulse Separation”. For this graph to be vaiid, the vertical
sync puise should last for at least 85% of the hortzontal halt
line (47% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the semation pulse is the
remainder of the period, 10% to 15% of the horizontal




Application Notes (continued)
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Application Notes (continued)

hatf line). Remember this pulse is a positive putse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its intemnal capacitor
aboveV1.

WITH Rgat 100 large the charging cumrent of the integrator
will be 100 smafl to charge the capacitor above Vi, thus
there will be no vectical synch output pulse. As mentioned
above, Regt aiS0 sats the frequency of the internal oscillator.
It the osciltator runs too tast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync pulse can be generated
on one of the later semation pulses after the divide by 8
circuit resats the R/S fip-fiop. The firet graph also shows
the minimum Raat Necessary to prevent a double vertical
putse, assuming that the serration pulses last for only three
full horizontal line periods (six seration pulses for NTSC).
The actual puise width of the vertical sync pulse is shown in
the “Vartical Puige Width vs Rqet” graph Using NTSC as an
example, lets se0 how these two graphs relate to each oth-
er. The Horizontal fine is 64 ps long, or 32 s for a horizon-
tal half line. Now round this off to 30 ps. In the “Rae Value
Setoction vs Vertical Semation Pulse Separation” graph the
minimum resistor value for 30 ps serration pulse separation
is about 550 k{l. Going to the “Vertical Pulse Width vs Reg”
graph one can see that 550 k2 gives a vertical pulse width
of about 180 ps, the total time for the vertical sync period of
NTSC (3 horizortal ines). A 550 kQ will sot the internal
oscillator 10 a frequency such that eight cyeles gives a ime
of 180 us, just long encugh to prevent a double vertical
sync puise at the vertical sync output of the LM 1881,
The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
saration puises. With a very long verticatl sync time the inte-
grator has tme to charge its internal capacitor above the
voitage level Vs, Since there is no falling edge at the end of
a serration pulse 10 dock the “D” fip-flop, the only high
signal going 10 the OR gate is from the detault comparator
when output of the integrator reaches Va. At this time the
R/S flip-tiop i8 toggied by the default comparator, starting
the vertical sync puise at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync period, then the tailing edge of the vertical sync {posi-
tive pulse at the “D” fip-flop) will clock the high output from
the comparator with V4 as a reference input. This will retrig-
ger the osciilator, generating a second vertical sync output
puise. The “Vertical Detauit Sync Delay Time v8 Rge’
graph shows the relationship between the Req value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC exampile again the smallest resistor for Ree is 500
k. The vartical defauit time delay is about 50 us, much
longer than the 30 s secration pulse spacing.

A common question s how can one caiculate the required
Rege with a video ming standard that has no serration puls-
o8 during the vertical blanking. If the default vertical sync is
10 be used this is a very easy task. Use the “Vertical Default

Sync Delay Time vs Rey'” graph to select the necessary
Rset 10 give the desired delay time for the vertical sync out-
put signal. If a second pulse is undesirable, then check the
‘Vertical Pulse Width vs Ry graph o make sure the verti-
cal output pulse will extend beyond the end of the input
vertical sync period. In most sysiems the end of the vertical
sync pericd may be very accurate. In this case the preferred
design may be to start the vertical sync puise at the end of
the vertical sync perod, similar 10 starting the vertical sync
pulse after the first semration puise. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizomtal line is 32 ps jong. The vertical sync period
is two horizontal fines long, or 64 pa. The vertical detauit
sync delay time must be longer then the vertical sync peri-
od of 64 ps. I this case Ryey must be larger than 680 kq.
Rget Must stil be smatl enough for the output of the integra-
tor to reach V4 before the end of the vertical period of the
input pulse. The first graph can be used 1 confim that Reg
is smak enough for the integrator. Insiead of using the vert-
cal serration puise separation, use the actual pulse width of
the vertical sync period, or 64 us In this example. This graph
is inear, meaning that a valuo as large as 2.7 MQl can be
used for Raet {twice the value as the meximum at 90 ps).
Dus to ieakage curents it is advisable to keep the value of
Rget under 2.0 MQ. In this example a vake of 1.0 MQ is
selected, well above the minimum of 680 k2. With this value
for Reet the pulse width of the vertical sync output pulse of
the LM1881 is about 340 ps.

ODO/EVEN FIELD PULSE

An unusual feature of LM1681 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 occur only in alter-
nate fiedds. For a composite video signal that is interlaced,
one of the two fields that make up each video frame or
picture must have a haif horizomtal scan ine period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field’ or “field 1"!. The “even field"
or “field 2" has a complets horizontal scan fine at the end of
the feld. An odd field starts on the leading edge of the first
equalizing puise, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
frace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fieids the LM1881 again integrates
tha composite sync waveform (Frgure 3). A capacitor is
charged during the period between sync puises and dis-
charged when the sync pulse is present. The period be-
tween nommal horizontal sync puises is enough to allow the
capacitor voltage to reach a threshold level of a comparator
that clears a flipflop which is atso being clocked by the sync
waveform. When the vertical interval ia reached, the shorter
Integration time between equalizing pulses prevents this




Application Notes (continued)

threshold from being reached and the Q output of the flip-
flop is toggled with each equalizing puise. Since the half ine
period at the end of the odd field will have the same sffect
as an equalizing pulse period, the Q output will have a Hiffer-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output puise, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

in a composite video signal, the chroma burst is located on
the backporch ot the horizontal blanking period. This pefiod,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a puise at Pin S that can be used either to retrieve the chro-
ma 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 intermnal capacitor gtarting on the trail-
ing edge of the horizontal sync puises. Simultaneously the
output of Pin 5 is pulled low and heid until the capacitor
charge circult imes out—4 ps later. A shorter output burst
gate pulee can ba derived by differentiating the burst output
using a series C-R network. This may be necessary in appl-
cations which require high horizontal scan rates in combina-
tion with nommal (60-120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM 1881 outputs allow a number of interest-
ing appiications to be developed. As mentioned above, the
burst gate/backporch clamp puise allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
ol allows identification of the appropriate fisld enswring the
correct read or wrive sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This meane that individual ines within the vertical blanking
period (or anywhers in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in thae composite sync wavetorm 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. re-
ceiver screen. Data can be inserted beginning with Ene 10
(the first hortzontal scan line on which the color burst ap-
pears) through to line 21, Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field !n 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 fines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical inferval test
signats (VITS) while lines 14 through 18 and line 20 can be
used for Videotex/Teletext data Seweral 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 descrambler tenminals.

Since the vertical output pulsa from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transtions tater will be the start of ine
14 in either field. At this point simple counters can be used
1o select the desired line(s) for insertion or deletion of data.
VIDEO LINE SELECTOR

The circuit in Fagure 4 puts out a single video fine according
to the birary coded information applied to line select bits
b0-b7. A line Is selected by adding two to the desired ine
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881’s vertical pulse is used to load the appropriate
number into the counters (MM74C133N) and 10 set a start
count latch using two NAND gates. Composite sync tran-
siions are counted using the borow out of the desired num-
ber of counters. The finat borrow out pulss is used to turn on
the anafog switch (CD40868C) during the desired ine. The
tafling edge of this signal also resets the start count laich,
thereby terminating the counting.

The circuit, as shown, wili provide a singie line output for
each field in an Interlaced video system (television) or a
single Hne output in each frame for a non-intertaced video
system (computer monitor). When a particular fne in only
one field of an interiaced video signel is desired, the odd/
even field mdex output must be used instead of the vertical
output puise (invert the field index output 1o select the odd
field). A single counter is needed for selacting lines 3 1o 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up t0 2048 lines. An output bufl-
er is required to drive low impedance loads. ~

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjcining knes
starting with the fine selected as in the previous example.
Additional countera can be added as described previously
for either higher starting ine numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used 0 gate the video input’s black level
through a low pass filter (10 kQ2, 10 uF) providing black level
restoration at the video output when the outpul selected
line{s) is not being gated through.
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PINNING
SYMBOL | PIN DESCRIPTION
07 1 | data output; bit 7 (MSB)
D6 2 |data output; bit 6
Ds ' 3 |data output; bit 5
D4 , 4 |data output; bit 4
CLK 5 |clockinput T
Vech 6 | digital supply voltage (+5 V) o7 {1 RPEAK
Veeo 7 | TTL outputs supply voltage (+5 V) pe [2 27] GATE A
DGND 8 |digital ground 0s [3] 26] GATE B
OF 9 | output formatichip enable o4 [ ] acc
: (3-state input)
D34 10 |data output; bit 3 cxLs 24 cLAMP
D2 ! 11 | data output; bit 2 veeo (6] 23] AaND
Dtf 12 | data output; bit 1 Veco [7] % VeCA
, - TDAB708A
Do | 13 | data output; bit 0 (LSB) oGND [8] 21] DEC
0 | 14 | video input selection bit 0 oF[3] [39] ADCIN
h] . 15 | video input selection bit 1 b [10 731 ANOUT
VINO 16 |video input 0
VIN1 17 | video input 1 o2 [11] 10] vinz
VINZ 18 | video input 2 o1 fi2 [17] vins
ANOUT 19 |analog voltage output Do 113 16] viNo
ADCIN 20 |analog-to-digital converter input o [14] X 15] 1
DEC 21 | decoupling input MB5964
Veea 22 |analog supply voltage (+5 V)
AGtSJD 23 |analog ground
CLAMP 24 | clamp capacitor connection
AGC 25 | AGC capacitor connection
GATE B 26 | black level synchronization pulse
GA'I:E A | 27 |synclevel synchromzr?xtlon .pulse Fig.2 Pin configuration.
RPEAK 28 | peak level current resistor input

o~ —

- e oM w cof
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FUNCTIONAL DESCRIPTION

The TDAB708A provides a simple interface for decoding
vided signals.

]
The TDA8708A operates in configuration mode 1 (see
Fig.4$ when the video signals are weak (i.e. when the gain
of thé 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
TDA8708A automatically switches to configuration mode 2
(see Fig.5).

Whef the TDA8708A 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
comgared to internal digital reference levels. The resultant
outpts controf the charge or discharge current of a
capacitor connected to the AGC pin. The voitage across
this capacitor controis the gain of the video amplifier. This
is the. gain control loop.

The sync level comparator is active during a positive-going
pulse atthe GATE A input. 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 0 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 cortrol 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 will 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
Veed digital supply voitage —0.3 +7.0 A
Veco output supply voltage -0.3 +7.0 v
AVcce supply voltage difference between Voca and Vegp -1.0 +1.0 v

i supply voltage difference between Vcco and Vegp -1.0 +1.0 Vv

1 supply voltage difference between Voca and Veco -1.0 +1.0 v
Vi input voltage —0.3 Veca \'

o ' output current 0 +10 mA
Teigh storage temperature -55 +150 °C
Tamb operating ambient temperature 0 +70 °C
T junction temperature (4] +125 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER VALUE UNIT
Rina* thermal resistance from junction to ambient in free air
i SOT117-1 55 Kw
S0OT136-1 70 KW

1
Jund! 1994
{
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CHARACTERISTICS
Veca,= Va2 10 Vag = 4.5 10 5.5 V; Voep = Ve 10 Vg = 4.510 5.5 V; Voo = V7 to Vg = 4.2t0 5.5 V; AGND and DGND

shorted together; Vega 1o Veep = —0.5 to 40.5 V; Veeo to Veep = —0.5 10 +0.5 V; Vega 10 Vogg = —0.5 to +0.5 V;

Tamb =0 to +70 °C; typical readings taken at Veca = Vecp = Veco = 5 V and Ty = 25 °C; uniess otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT

Supflm
Veci analog supply voltage 4.5 5.0 55 \
Veeo digital supply voltage 4.5 5.0 5.5 v
Veco TTL output supply voltage 42 5.0 5.5 Vv
lecal analog supply current - 37 45 mA
lceny digital supply current - 24 30 mA
lecd TTL output supply current TTL load (see Fig.8) - 12 16 mA
Vidgo ampilifier inputs
VIN(0 TO 2) iNPUTS
Vl(p-;) input voltage (peak-to-peak value) AGC load with external | 0.6 - 1.5 v

' capacitor; note 1
1Zi input impedance fi=6 MHz 10 20 - kQ
C i input capacitance f;=6 MHz - 1 - pF
10 Alf\lD 1t TTL INPUTS (SEE TABLE 1)
Vi LOW levei input voitage 0 - 0.8 Vv
Vi, HIGH level input voltage 2.0 - Voo |V
- LOW level input current V=04V —400 |- - A
I HIGH level input current V=27V - - 20 HA
GA‘I:‘E A AND GATE B TTL INPUTS (SEE FIGS 4 AND 5)
ViLe LOW leve! input voltage 0 - 0.8 Vv
ViHl HIGH level input voltage 2.0 - Veco |V
b} LOW level input current V=04V —400 |- - A
e HIGH level input current V=27V - - 20 pA
tw i pulse width see Fig.5 2 - - us
RPI;EAK INPUT (PIN 28)
g (rmin) | minimum peak level current FRza =00 L— BO | 150 pA
AG? INPUT (PIN 25)
Vasimin) AGC voltage for minimum gain - 2.8 - '
Vgsfmax) AGC voltage for maximum gain - 40 - \

AGC output current see Table 2

CLAZ‘MP INPUT (PIN 24)
Voqt clamp voltage for code 128 output - 3.5 - A
l2a clamp output current see Table 3

i

3

6
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Video'amplifier outputs
ANC%UT OUTPUT (PIN 19)
Viegs) | AC output voltage Vi = 1.33 V (p-p); - 1.33 - v
k (peak-to-peak value) Vos =3.6V
lyg r ) internal current source R = 2.0 2.5 - mA
log-p) output current driven by the load Vanour = 1.33V (p-p); |- - 1.0 mA
i, note 2
Vig f DC output voltage for black level note 3 - Veca—224 |~ \'
Zig I output impedance - 20 - Q
Vidé;o amplifier dynamic characteristics
Ot } crosstalk between VIN inputs Veea=4.75t05.25V - -50 —45 dB
Gitfr differential gain Vyin = 1.33 V (p-p); - 2 - %
* Vs =36V
Oaitr ' differential phase VyiN = 1.33 V (p-p); - 0.8 - deg
. Vo5 =3.6V
B —3 dB bandwidth 12 - - MHz
S/N# signal-to-naise ratio note 4 60 - - dB
SVAR1 supply voltage ripple rejection note 5 - 45 - dB
AG! gain range see Fig.10 45 |- +6.0 |dB
Gistab gain stability as a function of supply | see Fig.10 - - 5 %
' voltage and temperature
Ana@qg—to—dlglta] converter inputs
CLK§ INPUT (PIN 5)
Vi LOW level input voltage 0 - 0.8 v *~
Viu, HIGH level input voltage 2.0 - Veco |V
TR LOW level input current Ve =04V —400 - - HA
! HIGH level input current V=27V - - 100 pA
zi . input impedance fo= 10 MHz - 4 -~ kQ
C . input capacitance foax = 10 MHz - 45 - pF
OF iNPUT (3-STATE; SEE TABLE 4)
ViL LOW level input voltage 0 - 0.2 \'
Vini | HIGH level input voltage 2.6 - Veco |V
Vg | input voltage in high impedance state - 1.15 — Vv
"N LOW level input current —370 |-300 — pA
" HIGH level input current - 300 450  |pA
§
]
¥
i
§
¥
1
i
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SYﬁABOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
ADCZ!N INPUT (PIN 20; SEE TABLE 5)
Vo } input voitage digital output = 00 - Veca—2.42 |- v
Voo ¢ input voitage digital output = 255 —r Veca—1.41 |- A
Vgo(é_p) input voltage amplitude - 1.0 - \

(peak-to-peak value)

log ¢ input current - 1.0 10 RA
iz} input impedance fi= 6 MHz - 50 ~ MQ
C input capacitance fi =6 MHz - 1 - pF
Anaiog—to-dl'ghal converter outputs
DiarfaL ouTpuTS DO TO D7
VoL LOW level output voltage loL=2mA 0 - 0.6 Vv
Vou HIGH level output voltage loL=-0.4 mA 2.4 - Veco |V
loz 1 output current in 3-state mode 0.4V <Vg< Voo =20 N +20 LA
Swifkczhing characteristics
fc,k(,,zax) ] maximum clock input frequency [ see Fig.6; note 6 l 30 [32 [— ! MHz
Anaf{og gignal processing (f. = 32 MHz; see Fig.8)
G| differential gain Voo = 1.0V (p-p); - 2 - %

' see Fig.3; note 7
Pant] differential phase see Fig.3; note 7 = 2 - deg
foy fundamental harmonics (full-scale) fi= 4.43 MHZz; note 7 - - 0 aB
fan + harmonics (full-scale); fi= 4.43 MHz; note 7 - -55 - dB

. all components . )
SVAR2 supply voltage ripple rejection note 8 - 1 5 %N
Trargsfer function (see Fig.8)
ILE, DC integral linearity error - - +1 LSB
DLE DC differential linearity error - - +0.5 |[LSB
ILE AC integral linearity error note 9 - - +2 .SB
Tim!’ng (fcik = 32 MHz; see Figs 6, 7 and 8)
DiGITAL OUTPUTS (C_ = 15 pF; loL = 2 mA; Ry = 2 kQ)
s § sampling delay time - 2 - ns
th i output hold time 6 8 - ns
g output delay time - 16 20 ns
toez, ) 3-state delay time; output enable - 18 25 ns
ooz} . 3-state delay time; output disable - 14 20 ns

Junei1994
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Notes

1.

d dB is obtained at the AGC amplifier when applying Vip.p) = 1.33 V.

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

5) AC impedance 21 kQ and the DC impedance >2.7 kSl

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

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

v
S - 20109 ANQUICE -0 g1 - 5 MHz
N ANQUTY (RMS noise)

The voltage ratio is expressed as:

AVeca G . e
SVRR1 = 20 log x — for V; = 1 V (p-p), gain at 100 kHz = 1 and 1 V supply variation.
¥ VCCA AG

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

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

SVRR2 = AV 00 =Vier) + Viom ~Vien)
i AVeca

4
Full-scale sine wave (f; = 4.4 MHZ foy = 27 MHz).

-
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1]
]
ie 1 Video input selection (CVBS). Table 3 CLAMP output current
I‘I; 10 SELECTED INPUT GATEA | GATEB gﬁ;ﬁl{' lciaur | MODE
0] 0 VINO
0{ 1 VIN1 1 1 OUtpUt <0 'CLAMPM 1
1" 0 VIN2 output >0 -2.5 A 1
1, 1 VIN2 XM 0 |XxM 0 pA 2
] 0 1 output< 64 | +50 pA 2
i@ 2 AGC output current. 64 < output -50 pA 2
ATEA |GaTEB| DIGITAL | ¢ | moDE® | Note
OQUTPUT
4 1. X=don'tcare.
1 1 output < 255 |-2.5 pA 1
output > 255 | lagem 1 Table 4 OF input coding.
0 XM |output <248 |0 pA 2 OF DO TO D7
_ output > 248 | laccm 2 0 | active, two's complement
‘E 0 output <0 +2.5 HA 2 1 high impedance
: 0 <output< |-2.5uA 2 open circuitl" | active, binary
248
d output > 248 | lagcm 2 Note
o 1. Use C = 10 pF to DGND.

){ = don't care.
Mode 2 can only be initialized with successive puises
ogn GATE A and GATE B (see Fig.5).

)lé 5 Output coding and input voltage (typical values).

b BINARY OUTPUTS TWO'S COMPLEMENT

STEP Vapem

i D7|{D6{D5|D4|D3|D2|D1|D0O|{D7|D6|D5|D4|D3|D2|D1|DO
Underflow - ojojofojo|lojo|o{1jo]ofojo|lo]|o0O]6®
0 Voca—-241V{O0}jof{o|lo|ofojolo|1{ofloflo|lo]o]|o]o
i1 - olojo]jojo|oloj1]1]o]olololo]o]1
'E _

[ - )

Vo54 - 11111 111]1]lo0}o0]1 111111 1]o
255 Veea—141v] 1 {11 {1111 1fof 1t 1+ {1 ]1]1]1
Overflow - 11111ttt o111 {1]1]1]1

e,1994 10
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Fig.3 Test signal on the ADCIN pin for differential gain and phase measurements.
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v black-level
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i Fig.4 Control mode 1.
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digtal e

output
] level

}
QY4B [ — e e e —— e — safety
' M3 e D margia
i standand picture
level

E
t 64

.

GATE A

e
GATEB \
MODE 2 \\\ L/

Fig.5 Control mode 2.

—»- time

T T T p—

CLK clock
mput (15V)
sampile
N+1
sample sample l
analog N-1 N
s ! !
Ao \/
et ‘h b
2
data
outputs dataN-3 data N-2 data N-1 data N data N+1
DO to 07) '
o
-—l tg |- MBEES8

Fig.6 Timing diagram for data output.
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Fig.7 Output format timing diagram.
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- o LV p—

Vceco
2kQ
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or
IN3084
MBO585
DGND

Fig.8 Load circuit for timing measurement; data outputs {OF = LOW or open-circuit).
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2kQ

l/81

i o i ﬂ

)

) IN916

y ) oor
IN3064

D

| N

)
7{sz

DGND

Fig.9 Load circuit for timing measurement; 3-state outputs (OF: fi= 1 MHz, Vor =3 V).
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. Fig.10 Gain control curve.
14




Product specification

Philips Semiconductors

.
4

Video analo

-

TDAB708A

t interface

g inpu

INTERNAL PIN CIRCUITRY
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i
APPLICATION INFORMATION

Additi?na! information can be found in the laboratory report FBL/ANS3085”.

[

— e T E e =

—— e W o
+
1]

-

R TN e e el e

T o = ———

|
¥

4

data outputs

&
:
A

1

13

14

TDAS708A

330Q

27 }——— horizontal sync

26 }—<— horizontal clamp
220 nF

21 f~—{F— +5v

19

47 pF

17 it

47 yF

16—
750
15 —¢—

MBEE67 - 1

(1}' 1t is recommended 10 decouple Vecg through a 22 Q resistor especially when
the output data of TDAB708A interfaces with a capacitive CMOS ioad device.

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

Fig.12 Appilication diagram.
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H

L

204 22pH

ANOUT 6809 el el [ ADCIN

(pin 19) I 'l ‘F_L.Z.Zkﬂ 1 > (pin20)
ol e Ton 1270 I

‘{ pr—

Vceca
(pin 22)

BT W o e

-7

J

3

4
his fiter can be adapted to various appiications with respect to performance requirements. An input and output impedance of at least 680 2 and 2.2 kQ2
nust in any event be applied. :

k

|

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

Characteristics ot Fig. 13

' e Order 5; adapted CHEBYSHEV
Lo MsAge2 » Ripple p<0.4d8B
@ e f =6.5MHzat -3dB
(dB) \ ® froteh = 9.75 MHz.
' \

-40
? \ | 4]
3
J \
, £80
; V

-120
b
:

%, 10 20 30
E t (MHz)
4
} Fig.14 Frequency response for filter shown in

Fig.13.
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82 pH
| mT%]LML o T
Vi T15pF T15pFJ Vo

b
Vcea
(pin 22)

MSA878

!

Thifs fiter can be adapted to various applications with respect to performance requirements. An input and output impedance of at least 880 Qand 2.2 k(2
must in any evernt be applied.

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

Characteristics of Fig. 15

{ « Order 5; adapted CHEBYSHEV
b wsAssT » Ripplep<0.4dB
e T\ o f=6.5MHz at —3 dB.

-20
l A
N N
-30
A \
| l' i \\
; % l
Q 10 20 f (MHz) 30

3

b

ng. 16 Frequency response for filter shown in Fig.15.
4
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.
f
3 { 36.0 - 1580
g I 35.0 > * 1524
I = e 3 ! = (
1 A ‘ﬁ? i Y
§
. J | s! L
JRE Lo N '
Y A -H* o.59 L 0254®@ To“"gm ‘ I
o 1.7 max - L
2 s le 17.15
4 ‘ 15.90 Yy
| Moo rrirry
28 15 ‘
i
!

______________________________________ 14.1
] I 137

AL LI ILIL I LI LA L AL

|

]
Dimensions in mm.

i
Fig.17 Plastic dual in-line package; 28 leads (600 mif) with internal heat spreader (SOT117-1).

e

- e o

19

— - 6--'!"-*“'
©
b4



Philip[s Semiconductors

Product specification

¥

Video analog input interface

TDA8708A

B e T Sy e
-

1

N
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Fig.18 Plastic small outline package; 28 leads; large body (SOT136-1).
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somfhma
Plasti¢ dual in-line packages
By 0¥ OR WAVE

The m‘g:'dmum permissible temperature of the solder is
260 °G; this temperature must not be in contact with the
joint f<Zr more than 5 s. The total contact time of successive
soldeqwaves must not exceed 5 s.

The device may be mounted up to the seating plane, but
the temperature of the piastic 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 pgrmissible limit.

13

REPAIRING SOLDERED JOINTS

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

Plastic small-outline packages
By WAVE

L}
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
di 'nsing.
Maxi‘mum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder bath is

10 s} if allowed to cooal to less than 150 °C within 6 s.
TypiCal dwelf time is 4 s at 250 °C.

T e e M et e ———— S

e

E
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A modified wave soidering 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 efiminates the
need for removal of corrosive residues in most
applications.

BY SOLDER PASTE REFLOW

Y

Reflow saldering 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-syringe dispensing before device placement.

Several techniques exist for reflowing; for example,
thermat 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 SOLDERED JOINTS (BY HAND-HELD SOLDERING
IRON OR PULSE-HEATED SOLDER TOOL)

Fix the component by first soldering 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 atup to
300 °C. When using proper tools, alt 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 tinflead piating before package
placement.
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256k SRAM (32-kword X 8-bit)

HITACHI

ADE-203-135F (Z)
Rev. 6.0
Nov. 13, 1997

Description
The Hitachi HM62256B Series is a CMOS static RAM organized 32,768-word X §-bit. It realizes higher
performance and low power consumption by employing 0.8 um Hi-CMOS process technology. The
device, packaged in 8 X 14 mm TSOP, 8 X 13.4 mm TSOP with thickness of 1.2 mm, 450 mil SOP (foot
print pitch width), 600 mil plastic DIP, or 300 mil plastic DIP, is available for high density mounting. It
offers low power standby power dissipation; therefore, it is suitable for battery backmp systems.

Features

Single 5.0 V supply: 50V +10%
Access time: 55 ns/70 ns/85 ns (max)
Power dissipation:

— Active: 25 mW (typ) (f = 1 MHz)
~— Standby: 1.0 uW (typ)
Completely static memory

— No clock or timing strobe required
Equal access and cycle times
Common data input and output

—- Three state output

Directly TTL compatible all inputs and outputs
Battery backup operation



"HM62256B Series

{

"Ordering Information

F Type No. Access time Package
" HM62256BLP-7 70 ns 600-mit 28-pin plastic DIP (DP-28)
, HM62256BLP-7SL 70 ns
' HM62256BLSP-7 70 ns 300-mil 28-pin plastic DIP (DP-28NA)
| HM62256BLSP-7SL 70 ns
HM62256BLFP-7T 70 ns 450-mil 28-pin plastic SOP (FP-28DA)
HM62256BLFP-5SLT 55 ns
HM62256BLFP-7SLT 70 ns
' HM62256BLFP-7ULT  70ns
b HMmB2256BLT-8 85 ns 8 mm x 14 mm 32-pin TSOP (TFP-32DA)
_ HME2256BLT-7SL 70 ns
| HM62256BLTM-8 85 ns 8 mm x 13.4 mm 28-pin TSOP (TFP-28DA)
' HM62256BLTM-5SL 55 ns
, HM62256BLTM-7SL 70 ns
| HM62256BLTM-7UL 70 ns
1
,

~ Pin Arrangement
HM62256BLP/BLLFP/BLSP Series

A1 11 g 1 Ve
A12[]2 27 WE
A7 []3 26| | A13
as |4 25 | A8
As [ |5 24| ] A9
A4 16 23] A11
A3 []7 22| _]OE
A2 [_|8 21 ] A10
A1 [ 20 ]CS
Ao []10 19[_Jvo7
voo{ ] 11 18] vos

) vor[]12 17 ] vos
vo2[ 113 16| Vo4
Voo 114 15| ] vo3

. (Top view)

2
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HM62256B Series

, {Pin Arrangement (cont.)

TR I YR e e SRR P o Wy O T, e

: HM62256BLT Series
|3
1 —_—
i OE ] 1 32 [ A10
) A1 2 O 31 |2 CsS
; NC & 3 30 O NC
A9 O 4 29 (3 /O7
A8 O 5 28 [J 1VO6
A13 ] 6 27 B3 1105
A= 2 S
8 25 3
i A 9 24 v
H Al2 3 10 23 [ Q2
' A7 O 11 22 (V01
; A6 [ 12 21 | Voo
A5 ] 183 20 I A0
NC 1 14 19 3 NC
A4 [ 15 18 [ At
A3 3 16 17 [ A2
(Top view)
HM62256BLTM Series
OE 5 22 21 3 A10
A11 4 23 20 2 C8
; A9 ] 24 19 (3 Vo7
‘ A8 1 25 18 1 V06
! A13 & 26 17 3 10s
WE 1 27 16 |3 /04
Voo & 28 15 [ VO3
A 1 O 14 [ Vsgg
At2 &3 2 13 02
A7 I 3 12 [ VOt
A6 ] 4 11 3 Voo
AS T3 5 ’ 10 [ A0
Ad ] 6 g [3A1
A3 1 7 8 [1A2
(Top view)
Pin Description
Pin Name Function
AQto A14 Address input
YO0 to VO7 Data input/output
CS Chip select
WE Write enable
OE Qutput enable
Ve Power supply
Ve Ground
NC No connection

HITACHI



HM62256B Series

Operation Table
EWE [+) OE Mode V. current VO pin Ret. cycle
bx H X Standby lsas lsmr High-Z —
H L H Output disable I High-Z —
H L L Read P Dout Read cycle (1)to (3)
L L H Write le Din Write cycle (1)
L L L Wiite lo Din Write cycle (2)
Note: x: Horl
'
' Absolute Maximum Ratings
! Parameter Symbol Value Unit
"Power supply voitage relative to Vg Ve —-0.5t0+7.0 \
Terminal voltage on any pin relative to Vgs Vi —0.5*" t0 V ,+0.3"2 v
- Power dissipation P, 1.0 w
Operating temperature range Topr 0to +70 °C
: Storage temperature range Tstg -55 to +125 °C
_ Storage temperature range under bias Thias -10 to +85 °C

“Notes: 1. V,min: —3.0 V for pulse half-width < 50 ns
2. Maximum voltage is 7.0 V

k

ELY

{ DC Operating Conditions (Ta = 0 to +70°C)

P‘arameter Symbai Min Typ Max Unit Notes
, Supply voitage Veo 45 5.0 5.5 Vv
Ves 0 0 0 \
Input high voltage Vi 22 — Vge+03  V
. Input low voitage Ve -0.5" — 0.8 \

:Note: 1. V, min: -3.0 V for pulse half-width < 50 ns

HITACHI
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"HM62256B Series

i .
E DC Characteristics (Ta =0 to +70°C, Voo = 5 V£ 10%, Vi =0 V)

! Parameter Symbol Min Typ*'  Max Unit Test conditions
, input leakage current iyl — —_ 1 HA  Vin=VgtoV
" Output leakage cumrent ol — — 1 pwA CS=V,orOE=V,orWE=V,,
!, Vio = Vgg t0 V¢
, Operating current lec — 6 15 mA  CS=V,, Others =V, /V,,
lio=0mA

: Average HM62256B-5 lect - — 60 mA  Min cycle, duty = 100%,l,, = 0 mA,

operating CS =V,, Cthers =V, /V,
. turrent
; HM62256B-7 I, - 33 60 mA

HME2256B-8 I, — 29 50 mA
leca - 5 15 mA  Cycle time =1 ps, l,, = 0 MA,
' CS=V,Vy=Ve, V, =0
¢ Standby current lsa — 0.3 2 mA CS=V,
J — 0.2 100 BA  Vin20V,CS2V,-02V

¥
| - —_ 0.2+2 502 HA
g sar — 0.2% 10*3 HA

Output low voiftage Vo — —_ 0.4 \'4 o =2.1mA

Cutput high voltage Veu 24 -— — Vv low =—1.0 MA

Notes: 1. Typical values are at V. = 5.0 V, Ta = +25°C and not guaranteed.
2. This characteristic is guaranteed only for L-SL version.
3. This characteristic is guaranteed onfy for L-UL version.

T e AT ez el

Capacitance (Ta = 25°C, f = 1.0 MHz)

Parameter Symbol Min Typ Max Unit Test Conditions
s
 Input capacitance*' : Cin — — 8 pF Vin=0V
Input/output capacitance*’ Cwo — — 10 pF Vie=0V

' Note: 1. This parameter is sampled and not 100% tested.

HITACHI



HM62256B Series

AC Characteristics (Ta =0 to +70°C, V= 5.0 V+ 10%)

“Test Conditions

e Input pulse levels: 0.8 Vio24V

o Input rise and fall time: 5 ns

¢ Input and output timing reference levels: 1.5V

"o Outputload: 1 TTL Gate + C, (50 pF) (HM62256B-5)

i 1 TTL Gate + C (100 pF) (HM62256B-7/8)

[ S

! (Including scope & jig)
; Read Cycle
b
; HM62256B
-5 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
| Read cycle time tec 55 — 70 — 85 —_ ns
f Address access time taa —_ 55 —_ 70 -_— 85 ns
* Chip select to access time tacs —_ 55 — 70 - 85 ns
| ‘Output enable to output valid toe — 3 — 40 — 45 ns
' *Chip select to output in low-Z tez 5 — 10 — 10 —_ ns 2
‘ Qutput enable to output in low-Z toz 5 —_ 5 — 5 — ns 2
I Chip deselect to output in high-Z toe o] 20 0 25 0 30 ns 1,2
Output disable to output in high-Z torz 0 200 0 25 0 30 ns 1,2
Output hold from address change tow 5 —_ 5 —_ 5 — ns

HITACHI
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HM62256B Series

]
_’Write Cycle
¥
' HM622568
' 5 7 -8
!Parameter Symbol Min Max Min Max Min Max Unit Notes
Wirite cycle time twc 55 — 70 — 85 — ns
Chip selection to end of write tow 40 - 60 — 75 — ns
Address setup time tas 0 —_ 0 _— 0 _ ns
' Address valid to end of write tow 40 — 60 — 75 — ns
:Write pulse width twe 3% — 5 — 5 — ns 4,13
Write recovery time twm 0 — 0 — -_— ns 7
Write to output in high-Z twe 0 20 0 25 0 30 ns 1,2,8
" Data to write time overap . tow 25 — 30 —_ 35 — ns
E Data hold from write time ton 0] —_ 0 —_ 0] —_ ns
; Qutput active from end of write tow 5 —_— 5 — 5 — ns 2
Output disable to output in High-Z towz 0 20 0 25 0 30 ns 1,2,8
g Notes: 1. toe tor @nd tye are defined as the time at which the outputs achieve the open circuit conditions
and are not referred to output voltage levels. .

2. This parameter is sampled and not 100% tested.

3. Address must be valid prior to or simuitaneously with CS going low.

4. A write occurs during the overlap of a low CS and a low WE. A write begins at the latest
transition of CS going low or WE going low. A write ends at the earliest transition of CS going
high or WE going high. ., is measured from the beginning of write to the end of write.

5. toy is measured from CS going low to the end of write.

6. t.gis measured from the address valid to the beginning of write.

7. tws is measured from the eardiest of CS or WE going high to the end of write cycle.

8. During this period, I/O pins are in the output state; therefore, the input signals of the opposite
phase to the outputs must not be applied.

9. If CS goes low simultaneously with WE going low or after WE going low, the outputs remain in

the high impedance state.

10. Dout is the same phase of the latest written data in this write cycle.
11. Dout is the read data of next address.
12.1f CS is low during this period, YO pins are in the output state. Therefore, the input signals of the

opposite phase to the outputs must not be applied to them.

13. In the write cydle with OF low fixed, t» must satisfy the following equation to avoid a problem of

data bus contention.
twe = tow MiN + t,,, max

HITACHI
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HM62256B Series

i
'i‘iming Waveform

k

Read Timing Waveform (1) (WE = V)

—_—

tre

Address }< Valid address ><

taa

INARNAN S I

T e W we agmm i

2

ANNARRRNN 77777

' tonz

High impedance
¢ Dout < Valid data >< ; Y—

Q
m
|

Read Timing Waveform (2) (WE = Vg, CS = Vi, OE = Vg)

the -

F Address >£ Valid address ><

- tan ol toH
_ ton ‘
SR G

HITACHI



HM62256B Series

Read Timing Waveform (3) (WE = Vy;, OE= V)**

Dout

tacs

\ g |
N /|
oz
-

oz

High impedance < Valid data

Write Timing Waveform (1) (OE Clock)

\ twe
E Address >< Vali:: :ddress _ ><
o= LT ] INARANY
- \\\\\\\\¥A _ 1/ /][]
E tas I twp
}
- Tk 77777777
n " tOHZ
i
; Dout NN \\ NN High impedance
SIS LS
] | low bon
f Din High impedance Q ;: 3 ( Valid data %<><><><
§
|
‘10

N e N

HITACHI




HM62256B Series

rite Timing Waveform (2) (OE Low Fixed)

| "

i Address >< Valid address >(

{ tew twa

!

NN\ 1///// /1]
R taw

i twp ___'bi_1

| e s SONNK 1//// 111/
: iz ow - 10 11

| Dout SAOSNV NN N VANNAN N VAN

| [/l [

i ow | ‘ou .

E Din High impedance Vaiid data >> \/\/\

P e g -

s e v S

't 11
i HITACHI
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!
Package Dimensions

HM62256BLP Series (DP-28)
E Unit mm
35.6
i o8 36.5 Max 15
I oo oomMmMme C3m e ;.
i
i <t g
] ) «©
D L
y L T R S R WU g B | | N QD 200 I O N OO o A A N U0 R SR R VO | L
1 12 14

2.54 Min | 5.70 Max

i 0°— 15°
; Hitachi Code DP-28
JEDEC —
ElAJ Conforms
E - Weight (reference value)| 469

M s e e

-

13
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HM62256B Series

Package Dimensions (cont.)
¥

HM62256BLSP Series (DP-28NA)

{
|

it ——

— =

36.00

7.
28 37.32 Max

[ T e 0 e B oo O s Y e o T s S v O e G e D e o O

15

7.10
7.40 Max

JL % [ S5 G S0 Qup | [ S5 QU (IO Y Gy U0 B N VO I gy i

1.30

14

Unit: mm

7.62

4 1y
o o

ﬂzs:&&l )

0°—-15°
Hitachi Code DP-28NA
JEDEC —
ElIAJ Conforms
I Weight (reference value}} 2.2 g

14
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HM62256B Series

- e 8 = o

| Package Dimensions (cont.)
E
: HM62256BLFP Series (FP-28DA)
t
Unit: mm
18.00
18.75 Max
28 10A0ONANANANNAN15
=]
~
[ ©
(o]
o]
QIR g 1502000
1.12 Max 8 o
— P H lg 1.70
s | — o
! Lﬁé 0°-8
1.00+0.20 ¢ |
0.40 + 0.08 S
{7 0.20 @
0.38 £ 0.06 @:] Hitachi Code FP-28DA
JEDEC Conforms
Dimension including the plating thickness ElAJ Conforms
Base matenal dimension - Weight (reference value){ 0.82 g

HITACHI
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'HM62256B Series

:Package Dimensions (cont.)
t

HM62256BLT Series (TFP-32DA)

; 8.00
l 8.20 Max
32 1

~

Dimension including the plating thickness

Base material dimension

j—

Unit: mm

14.00 +0.20

0.17+0.05
0.125 + 0.04

-
0.13 +0.05 [1]

—F 0°-5°

Hitachi Code

JEDEC

o
338 2_'”8
}

EIAJ

. Weight (reference value)

16
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HM62256B Series

H

i,
F Package Dimensions (cont.)

}
HM62256BLTM Series (TFP-28DA)

L

Unit: mm
8.00
. 8.20 Max
. 21 8
14
o
@«
% b aad
1
]
3
1
]
i 0.80
; 13.40+£0.30
l 0° —5° X
. | eres—

F : 53 "-w}
‘ > i =) 0.50+0.10 I
’ 2] oo ? ? -

= ) 0.10 oo ‘z

& ols 2

e RN Hitachi Code TFP-28DA

Sio JEDEC —
Dimension including the plating thickness ElAJ —
Base matenal dimension Weight {reference value)| 0.22 g

HITACHI
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When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without notice.

2. All rights are reserved: No one is permitted to reprodnce or duplicate, in any form, the whole or part of
this document without Hitachi’s permission.

3. Hitachi will not be held respoasible for any damage to the user that may result from accidents or any
other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
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HM62256B Series

Revision Record

Rev.

Date

Contents of Modification Drawn by

Approved by

0.0

Sep. 10, 1993

Initial Issue Y. Saito

K. Yoshizaki

1.0

Mar. 23, 1994

DC Characteristics Y. Saito
leor Typ: —/—/—/— mA to 33/29/26/24 mA

K. Yoshizaki

2.0

Oct. 31, 1994

Deletion of HM62256BLT-7/10SL/12SL Y. Saito
Addition of HM62256BLTM-&/7SL/8SL(TFP-28DA)
AC Characteristics

Addition of note 12
Low V. data retention characteristics

Vermax —to55V

Note 2: 20 uA max at Ta = 0 to +40°C

to 10 yA max at Ta = 0 to +40°C
Deletion of description; (only for L-version)

K. Yoshizaki

‘3.0

Jun. 19, 1995

e

Change of farmat M. Higuchi
Deletion of HM62256BLP-8/10/12/8S51/10SL/12SL
Deletion of HM62256BLSP-8/10/12/8SL/10S1L/12SL
Deletion of HM62256BLFP-8T/10T/12T
Deletion of HM622568LFP-8SLT/10SLT/12SLT
Deletion of HM62256BLT-10/12/8SL.
Deletion of HM622568L.TM-8SL.
Addition of HM62256BLFP-4SLT/5SLT/7ULT
Addition of HM62256BLTM-4SLT/SSLT/7ULT
Features
Fast access time: 70/85/100/120 ns
to 45/55/70/85 ns
DC Characteristics
locy typ: 33/29/26/24 mA to —/—/33/29 mA
max: 60/50/50/45 mA to 70/60/60/50 mA
leas typ: 0.3/0.3 pA to 0.2/0.2/0.2 pA
max: 100/50 pA to 100/50/10 pA
Addition of note 3
AC Characteristics
Change order of notes.
Test Condition
Addition of HM62256B-4: 1TTL Gate + C, (100pF)
{Including scope & jig)
tac min: 70/85/100/120 ns to 45/55/70/85 ns
taa max: 70/85/100/120 ns to 45/55/70/85 ns
t.cs Max: 70/85/100/120 ns to 45/55/70/85 ns
toe max: 40/45/50/60 ns to 30/35/40/45 ns
toz min: 10/10/10/10 ns to 5/5/10/10 ns
toe Max: 25/30/35/40 ns to 20/20/25/30 ns
ty min: 5/5/10/10 ns 5/5/5/5 ns
twe min: 70/85/100/120 ns to 45/55/70/85 ns
tow min: 60/75/80/85 ns to 35/40/60/75 ns
t,w min: 60/75/80/85 ns to 35/40/60/75 ns
twe Min: 50/55/60/70 ns to 30/35/50/55 ns.
twe Max: 25/30/35/40 ns to 20/20/25/30 ns

K. Yoshizaki

HITACHI
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HM62256B Series

}(evision Record (cont.)

Rev.

Date

Contents of Modification

Drawnby Approved by

3.0

Jun. 19, 1995

AC Characteristics
tow min: 30/35/40/50 ns to 20/25/30/36 ns
torg Max: 25/30/35/40 ns to 20/20/25/30 ns
Low V. Data Retention Characteristics
Addition of note 4.
tecon typ: 0.2/0.2 A to 0.05/0.05/0.05 pA
max: 30/10 pA to 30/10/3 pA

M. Higuchi K Yoshizaki

4.0

Nov. 29, 1995

Qrdering Information (HM62256BLFP-4 Series)
Addition of note (Under development)
AC Characteristics
Test Conditions
HM62256-5/7/8:1TTL Gate + C, (100pF) to
HM62256-5:1TTL Gate + C, (50pF) and
HM62256-7/8:1TTL Gate + C, (100pF)

M. Higuchi K. Yoshizaki

5.0

Jul. 9, 1997

Change of format
Deletion of HM62256B-4 Series

M. Higuchi K. Imato

'6.0

Nov. 13,1997

Operation Table
Correct Error

DC Operating Conditions
Correct Error

DC Characteristics
Caorrect Error
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>ompatible with MCS-51™ Products

K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

-ully Statlc Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

28 x 8-Bit Internal RAM

2 Pro
wo 1

mmaeable VO Lines
it Timer/Counters

IX Interrupt Sources
’rogrammable Serial Channel
oW Powor Ildle and Power Down Modes

ascription

e AT8$051 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
tes of Flash Programmable and Erasable Read Only Memory (PEROM). The
vice is manufactured using Atmel's high density nonvolatile memory technology
d is compatible with the industry standard MCS-51™ instruction set and pinout. The
chip Flash allows the program memory to be reprogrammed in-system or by a con-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
ish on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
vides ‘a highly flexible and cost effective solution to many embedded control appli-

ions. |
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s A T89C5 1

3 AT89C51 provides the following standard features: 4K
es of Flash, 128 bytes of RAM, 32 |/O lines, two 16-bit
er/counters, a five vector two-level interrupt architecture,
1ll duplex serial port, on-chip oscillator and clock cir-
ry. In addition, the AT89C51 is designed with static logic
operation down to zero frequency and supports two
tware selectable power saving modes. The Idle Mode
ps the CPU while allowing the RAM, timer/counters,
ial port and interrupt system to continue functioning. The
ver Down Mode saves the RAM contents but freezes
oscillator disabling all other chip functions until the next
dware reset.

n Description

C . -
ply voltage.

D

und.

t0

t 0 is an 8-bit open drain bidirectional I/0 port. As an
put port each pin can sink eight TTL inputs. When 1s
- written to port 0 pins, the pins can be used as high-
edance inputs. . .

t 0 may aiso be configured to be the multipiexed low-
er address/data bus during accesses to external pro-
m and data memory. In this mode PO has intemal pui-
S.

t 0 also receives the code bytes during Flash program-
g, and outputs the code bytes during program verifica-
. Exterrial pullups are required during program verifica-
. v

t 1

t 1 is an 8-bit bidirectional /O port with internal pullups.
> Port 1 output buffers can sink/source four TTL inputs.
en 1s'are written to Port 1 pins they are pulled high by
interrial pullups and can be used as inputs. As inputs,
t 1 pins that are externally being pulled low will source
rent (lj) because of the internal pullups.

t 1 also receives the low-order address bytes during
sh programming and verification:

t2

t 2 is &n 8-bit bidirectional VO port with internal pullups.
> Port 2 output buffers can sink/source four TTL inputs.
en 1s are written to Port 2 pins they are pulled high by
internal pullups and can be used as inputs. As inputs,
t 2 pins that are externally being pulled low will source
rent (l;) because of the intemal pullups.

t 2 emits the high-order address byte during fetches
n external program memory and during accesses to
amal data memory that use 16-bit addresses (MOVX @
TR). In this application it uses strong intemal pullups

AIMEL

when emitting 1s. During accesses to éxternal data mem-
ory that use 8-bit addresses (MOVX @ R!), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional /O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written 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 puilups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Altemate 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)

P34 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output puise for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking. purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontrolier is in external execution mode.

PSEN
Program Store Enable'is the read strobe to extemal pro-
gram memory.



]

i

thel ATB9C51 is executing code from external pro-
nemory, PSEN is activated twice each machine

except that two PSEN activations are skipped during
ccess to external data memory.

P .

al Access Enable. EA must be strapped to GND in
o enable the device to fetch code from external pro-
nemory locations starting at 0000H up to FFFFH.
owever, that if lock bit 1 is programmed, EA will be
ily latched on reset.

auld: be strapped to V¢ for internal program execu-

n also receives the 12-volt programming enable volt-
pp) during Flash programming, for parts that require
f Vﬁp. .

| l

0 the inverting oscillator amplifier and input to the
| clock operating circuit.

|

t fr?m the inverting oscillator amplifier.

]
[lator Characteristics

| and XTAL2 are the input and output, respectively,
nvgrting amplifier which can be configured for use as
chip oscillator, as shown in Figure 1. Either a quarntz
| or ceramic resonator may be used. To drive the
from an extemnal clock source, XTAL2 should be left
nected while XTAL1 is driven as shown in Figure 2.
aré no requirements on the duty cycle of the external
signal, since the input to the intemnai clocking circuitry
ugh a divide-by-two flip-fiop, but minimum and maxi-
vottage high and low time specifications must be
redh

]

f
Mode
mode, the CPU puts itself to sleep while all the on-
eripherals remain active. The mode is invoked by
re; The content of the on-chip RAM and all the spe-
nctions registers remain unchanged during this
‘The idle mode can be terminated by any enabled
pt or by a hardware reset.

b
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It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hardware
inhibits access to intemal 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 ldle
shouid not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

I XTAL2

L]

C1 i
* ) XTAL1

wle
—

GND

+

Note: C1,C2 =30 pF +10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NG —— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

us of External Pins During ldle and Power Down Modes

—

y 1 Program Memory ALE | PSEN PORTO PORT1 | ' PORT2 PORT3
; Internal 1 1 Data Data Data Data
External 1 1 Hoat Data Address Data
r Down Internal o Data Data Data Data
r Down Extermnal 0 Float Data Data Data
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b

ower Down Mode

the power down mode the oscillator is stopped, and the
truction that invokes power down is the iast instruction
ecutecf. The on-chip RAM and Special Function Regis-
s retain their values until the power down mode is termi-
ted. THe only exit from power down is a hardware reset.
set redefines the SFRs but does not change the on-chip
\M. The reset should not be activated before Vg is
stored to its normal operating level and must be held
ive long enough to allow the oscillator to restart and sta-
ze.

ock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EApin
is sampled and latched during reset. {f the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. it is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 B3

1 Y U U No program lock features.

2 P V) V) MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory, EA is sampied and latched on reset, and further programming of thé
Flash is disabled.

F P P U Same as mode 2, also verify is disabled.
4 P P P Same as mode 3, also extemal execution is disabled.

rogramming the Flash

e AT89C51 is normally shipped with the on-chip Flash
mory array in the erased state (that is, contents = FFH)
d ready to be programmed. The programming interface
cepts either a high-voltage (12-volt) or a low-voltage
cc) program enable signal. The low voltage program-
ng mode provides a convenient way to program the
'89C51 inside the user’s system, while the high-voitage
gramming mode is compatible with conventional third
rty Flash or EPROM programmers.

e AT89C51 is shipped with either the high-voitage or
v-voltage programming mode enabled. The respective
)-side marking and device signature codes are listed in
) following table.

. Vpp = 12V Vpp =5V
np-Side Mark AT89C51 AT89CS51
3000¢ XXXX-5
yyww yyww
ignature (030H)=1EH (030H)=1EH
(031H)}=51H (031H)=51H
(032H)=FFH (032H)=05H

e AT89C51 code memory array is programmed byte-by-
te in either programming mode. 7o program any non-
ink byte in the on-chip Flash Memory, the entire memory
ISt be'erased using the Chip Erase Mode.

k
3
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Programming Algorithm: Before programming the

AT89C51, the address, data and control signais should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

5. Puise ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written wiil result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycte has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high duning programming-to indicate
BUSY. P3.4 is pullied high again when programming is
done to indicate READY.



ograni Verlty: If lock bits LB1 and LB2 have not been
grammed, the programmed code data can be read back
the agdress and data lines for verification. The lock bits
nnot be verified directly. Verification of the lock bits is
rieved, by observing that their features are enabled.

Ip Erase: The entire Flash array is erased electrically
using the proper combination of control signals and by
ding ALE/PROG low for 10 ms. The code array is written
h all *1"s. The chip erase operation must be executed
fore the code memory can be re-programmed.

»adlnd the Signature Bytes: The signature bytes are
1d by the same procedure as a normal verification of
aﬁons,OSOH,

1H, and 032H, except that P3.6 and P3.7 must be puiled
8 jogic low. The values retumed am as follows.

t

* AIMEL

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire armay can be erased by using the appropriate combi-
nation of contro! signals. The write operation cycle is seif-
timed and oncs initiated, will automatically time itself to
compietion.

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

Flash Programming Modes

1 ——

lode RST PSEN

ALE/PROG EANpp | P26 | P27 | P36 | P37

/rite Ccide Data H L HA2V L H H H
—~

ead Cdde Data _ H L H H L L H H

/rite Lock Bit- 1 H L H/12v H H H H
F V

E Bit-2 H L H/12v H H L L
E —_\_/—

Bit- 3 H L H/12V H L H L
| S

hip Erdse H L G H/12V H L L L
E V

ead Siénature Byte H L H H L L L L

te: 1. Chip Erase requires a 10-ms PROG pulse.
¥



AT89C51

]
ure 3.; Programming the Flash Figure 4. Verifying the Flash
+5V +5V
' AT89C51 AT89CS51
aopR. 20 - A7) o Ve —j apoR. 20 A7) oy Vee JPGM -
OOOOH/OFFFH I M OOOOH/OFFFH
P20 - P23 PO [¢— SETA | P2.0 - P23 PO (—» (USE 10K
I A8 - At1 A8 - ATl PULLUPS)
————>» P26 —» P26
14 JRE—
SEE FLASH ——» P27 ALE j¢—— PROG SEE FLASH —» P27 ALE
ROGRAMMING PROGRAMMING
AODES TABLE L—————» P36 MODES TABLE | — ¥ P3.6 v
———» P37 ——»{ P37 "
' —e—— | XTAL2 EA |le— V, Ve ————— XTAL2 EA |«
.24 MHz L 3-24 MHz ~L
: = T - T
] e 1
: 2 | XTAL1 AST |[e—— V,, XTALI AST l— Vy
&—{ GND PSEN GND PSEN
f L L L

4
ash Programming and Verification Characteristics
=0°C'to 70°C, Ve = 5.0+ 10%

yinbol Parameter Min Max Units
opl Programming Enable Voltage 11.5 12,5 v
o E Programming Enable Current ) 1.0 _ mA
teLoL Oscillator Frequency 3 24 MHz
voL | Address Setup to PROG Low 48tc oL

HAX 3 Address Hold After PROG 48tc oL

NGL i Data Setup to PROG Low 48t cL

wox | Data Hold After PROG 48tc o

HeH P2.7 (ENABLE) High to Vee 48torcL

L | Vpp Setup to PROG Low 10 us
s Vep Hold After PROG 10 us
LGH | PROG Width 1 110 us
vav Address to Data Valid 48te oL

v ENABLE Low to Data Vaiid 48tc oL

Haz Data Fioat After ENABLE 0 48tcLcL

\HBL : PROG High to BUSY Low ' 1.0 -~ Hs
o . Byte Write Cycle Time 2.0 ms

te: 1, Only used in 12-volt programming mode.

AlNEL 435
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|
ash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10~ P1.7 PROGRAMMING VERIFICATION
P50 - P23 < ADDRESS A__j ADDRESS
*— tavav
‘ e i
PORT 0 ( DATA IN N (" DATA OUT
' > toveL  teHox [
tavaL [ * tehax
ALE/PROG N A
bshoL [, tora—>" * tahsL
ja A Ver NLOGIC 1
EANpp LOGIC 0
. _ — - ‘
§27 ’ tB-iSH tELQV 4-:’] [ tEHQZ
(ENABLE)
' taHeL —
P3.4
(RDY/BSY) BUSY READY
N .
§ twe —*

4

|

ash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)
PROGRAMMING i VERIFICATION

P1.0.- P1.7 ]
P20 - P23 ADDRESS ,—j ADDRESS >
i+ tavav
PORT O DATA IN I ( DATA OUT b>————
t " tovaL  teHox [
: tavaL ¢ N tarax
ALE/PROG A
i fsra * —taren—>
J 3
L LOGIC 1
1EA/VP,: . . ~__LOGIC 0
— —!
P27 — e toqv = — ooz
(ENABLE) /{ |
taHBL — :
P3.4
(RDY/BSY) BUSY | READY
! | twe
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bsolute Maximum Ratings*

;peraﬁng TEMPEIALUTE ...ccoveeeeereeariernns -55°C to +125°C *NOTICE:
torage Temperature eeeemmerenarenane 65°C to +150°C

oltage dn Any Pin

ith Res‘pect t0 GrouNd.....eeeveeeeveeeerrceerencenens -1.0V to +7.0V

laximurh Operating Voltage 6.6V

C OULDUL CUMENL.....eveeereeeeeeeeremseseeressesessssetssoraras 15.0 mA

C Characteristics

= -40°C to 85°C, V¢ = 5.0V + 20% (unless otherwise noted)

Stresses 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.

—

ymbot ' Parameter Condition 1 Min Max Units
;._ Input Low Voltage {Except EA) 0.5 0.2 Vge-0.1 v
L1 ' Input Low Voltage (EA) 0.5 0.2Vcg-0.3 v
” ) input High Voltage (Except XTAL1, RST) 0.2Vee +0.9 Veg+ 0.5 v
o Input High Voltage (XTAL1, RST) 0.7 Ve Voo +0.5 v
o Output Low Vottage(!) (Ports 1,2,3) loL = 1.6 mA 0.45 v
oL Output Low Voltage(" loL=3.2mA 0.45 v
' (Port 0, ALE, PSEN)
oH Output High Voltage low = -60 pA, Voo =5V £ 10% 2.4 v
r (Ports 1,2,3, ALE, PSEN) o =25 1A 075 Voo v
lon =-10 A 0.9 Vee v
oH1 Output High Voltage lon = -800 HA, Voo =5V £ 10% 24 v
. (Port 0 in External Bus Mode) o =-300 KA 0.75 Vog v
lon = -80 HA 0.9 Vec v
! Logical 0 Input Current (Ports 1,2,3) | Vjy = 0.45V 50 HA
L ! Logical 1 to 0 Transition Currert Vi = 2V, VCC = 5V +10% -650 uA
i (Ports 1,2,3)
: Input Leakage Current (Port 0, EA) | 0.45 < Vjy <Veg } +10 pA
RST Reset Pulldown Resistor 50 300 KQ
o) } Pin Capacitance Test Freq. = 1 MHz, T = 25°C 10 pF
c ' Power Supply Current Active Mode, 12 MHz 20 mA
\ Idie Mode, 12 MHz 5 mA
i Power Down Mode®® Ve =6V 100 BA
' Voo =3V 40 LA
es: 1. Under steady state (non-transient) conditions, i must be externally fimited as follows:

Maximum Il per port pin: 10 mA

Maximum ly_per 8-bit part:  Port 0: 26 mA

Ports 1, 2, 3: 1ISmA
Maximum total iy_for all output pins: 71 mA
If lo exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

. than the listed test conditions.
2. Minimum Vg for Power Down is 2V.
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> Characteristics

der Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
puts = 80 pF)

ternal Program and Data Memory Characteristics

Irmbol } Parametsr 12 MHz Osclllator 16 to 24 MHz Oscilllator Units
Min Max Min Max
;LCL Oscillator Frequency 0 24 MHz
Wi ALE Pulse Width 127 2to1c-40 " ns
i . | Address Valid to ALE Low 43 torcr-13 ns
AX Address Hold After ALE Low 48 tercr-20 ns
v ALE Low to Valid Instruction in 233 Ato ot 65 ns
p. . | ALELowto PSEN Low 43 torcL-13 ‘ ns
eH | | PSEN Pulse Width 205 Stercr-20 ns
o PSEN Low to Valid Instruction In 145 3ter o495 ns
«x | InputInstruction Hold After PSEN 0 0 ns
1Z Input Instruction Float After PSEN 59 toLcL-10 ns
v | PSEN to Address Valid s 75 torcL-8 ns
/W E Address to Valid Instruction In 312 5tey o -55 ns
Az . | PSEN Low to Address Float 10 10 ns
a4, | RD Pulse Width 400 6ter oL -100 ns
wH | WR Pulse Width 400 Btoy o -100 ns
ov | RD Low to Valid Data In 252 SteycL-90 ns
iox , | DataHold After RD 0 : 0 ns
oz | | DataFloat After RD 97 2to c1-28 ns
v | | ALE Low to Valid Data In 517 . 8tcrcL-150 ns
oV 1’: Address to Valid Data in 585 SteLcL-165 ns
wi. | ALE Lowto D or WR Low 200 300 oS50 | Btorcu+s0 ns
L ' Address to RD or WR Low 203 dto 75 | ns
wwx , | Data Valid to WR Transition 23 tercL-20 ns
wwH | Data Valid to WR High 433 : Ttoror-120 ns
wax | | Data Hold After WR 33 torey-20 ns
Az .| D Low to Address Fioat 0 0 ns
wu | | AD or WR High to ALE High 43 123 torcL-20 toycL+25 ns

-
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(tern:al Program Memory Read Cycle

PSEN

i
PORT 0

' ety —
ALE /* N
!
t > >
AVLL Y LTTY;
N * touy
—t [—tpaz
e . texiz
toxix—»
> A0-A7 ——— < INSTRIN
e Ly ———>
4 A8 - A15

" PORT 2

tternal Data Memory Read Cycle

+ ALE
¥

F ]
N

tLLDV

— g —

—

e— taian —»

>

N tA\IV\IL

o typy ——————

N
—tux s ——
tAVLL t »1 'RLDV RHDZ
RLAZ T~ t
—p - RHDX
__>KA0 - A7 FROM Ri OR DPL)()OJ: DATA IN X80 - A7 FROM PCL>— INSTR IN

K

P2.0 - P27 OR A8 - A15 FROM DPH

X

AB - A15 FROM PCH
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ternal Data Memory Write Cycle

I i o —
' ALE
{ - bvhun
FSEN
) — tw —le—tywH —
t
' WR N -
WR PR NE—
; "‘—tAVLL——’ tQVWX -1 L— — [ tWHQX.
' lovwn —»
PORT 0 __ K A0 - A7 FROM RI OR DPL] DATA OUT X (A0 - A7 FROM PCL>—<INSTR IN
' e byw, ——
PQRT 2 K P2.0 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

'
ternal Clock Drive Waveforms
%

¢ terox > teren —* — —p — teper

- 0.5V
07 Vee

NN 4 N\

'"”"<"'
8

"

0.45V 5

' e loox —*

E toc >

|
ternal Clock Drive
mbol | Parameter Min. Max Units
r:ch. i Oscillator Frequency 0 24 MHz
cL ' Clock Period 41.6 ns
x| High Time 15 : _ e
CX ! Low Time 16 ns
CH Rise Time 20 ns
CcL Fall Time 20 ns

— e ]

- e e
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arial Port Timing: Shift Register Mode Test Conditions
«c =5.0'V + 20%; Load Capacitance = 80 pF)

ymbol; Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

XL, Serial Port Clock Cyde Time 1.0 12tcrcL ps

VYXH Output Data Setup to Clock Rising Edge 700 10t ~133 ns

HQX Output Data Hold After Clock Rising Edge 50 2ty o -117 ns

HDX | input Data Hold After Clock Rising Edge 0 0 . ns

v Clock Rising Edge to Input Data Valid 700 10ty -133 ns

nift Register Mode Timing Waveforms

INSTRUCTION { 0 [ 1 | 2 I 3 | 4 | 5 | 6 | 7 [ 8 |
ae  __ LU rueruyure ey ey
[ 4 I 'tXLXL
t cLock N I I D R D
VXH >
¢ e - txnlc:x
WRITE TO SBUF, 0 11X 2 X 3 X a4 X 5 X 68 X 7 7
. v =1 [+ taox seTTi |
OUTPUT DATA txrov [+
‘CLEARRAI | AL

. v
INPUT DATA
i

C Testing Input/Output Waveforms!!)  Float Waveforms(!)

5V

;
/cc- 0.
e 02 Vg + 0.9V oL OV
I TEST POINTS Vioan Timing Reference
; 02 V, 0.1v v 0.1v Points
O.4§V cC ~ V- LOAD VOL+ a1V

e: 1. AC Inputs during testing are driven at Vo - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating

; a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at Vyy min. for a logic 1 and Vy_ port pin begins to fioat when 100 mV change from
max. for a logic 0. the loaded VoV level occurs.

AIMEL at
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1
rin;\g Information
;d s Power
Z) | Supply Ordering Code Package Operation Range
{ 5V % 20% AT89C51-12AC 44A Commercial
¢ AT89C51-12JC 444 (0°C to 70°C)
t AT89C51-12PC 40P6
AT89C51-12QC 44Q
b AT89C51-12Al 44A Industrial
) AT89C51-12.J1 44J (-40°C to 85°C)
AT89C51-12Pf 40P6
AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
, AT89C51-12JA 44J (<40°C to 105°C)
i AT89C51-12PA 40P6
' AT89C51-12QA 44Q
5V £ 20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
; AT89C51-16QC 44Q
AT89C51-16Al 44A industrial
AT89C51-16JI 44J (-40°C to 85°C)
i AT89C51-16P! 40P6
: AT89CS51-16Ql 44Q
! AT89C51-16AA 44A Automotive
f AT89CS51-16JA 444 (-40°C to 105°C)
: AT89C51-16PA _40P6
i AT89C51-16QA 44Q
i 5V +20% AT89C51-20AC 44A Commercial
i AT89C51-20JC 44 (0°C to 70°C)
AT89C51-20PC 40P6
i AT89C51-20QC 44Q
! AT89C51-20Al 44A ; Industrial
{ AT89CS51-2041 444 (-40°C to 85°C)
; AT89C51-20P! 40P6
. AT89C51-20Ql 44Q
¥
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