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Abstact’ - l
In present days, lasers are used widespread in many applications,zsuch as in medical

science, in industy, in military and etc. This draws our intention to invent an fnstrument system so

called Laser Beam Scanner to measure properties of its profile such as begllm profile intensity,
1

beam radius, maximum intensity and even power level ]

The diagnosed beam is reflected by rotating shiny metal (mirror) to fa photodiode, which
converts an optical signal into an elé'ct.rical signal. The signal is ampliﬁe?d, digitized by A/D
converter and fed into a personal computer to analys the intensity profile and its properties.
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/*Program Project 3R/2 */
/*Laser Beam Profile */

#include <stdio.h>
#;clude:graphics.h>
#include <conio.h>
#include <stdarg.h>
#include <math.h>
#include <stdlib.h>

#include <dos.h>

#define sampling 200

void makegraph(int y[]);
void main(void)

{

int data_end[201]}=1{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, i
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
5,5,10,10,20,20,30,30,40,40,50,50,70,70,80,82,82,80,78,75,
75,75,80,82,86,90,90,95,95,100,105,107,110,115,120,130,130,145

,140,140,
135,130,130,125,120,115,110,108,102,100,95,95,90,92,93,90,82,7

X

4,70,65,
60,50,45,40,35,30,20,20,10,10,8,7,5,5,0,0,0,0,0,0, F

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 }; [

int mi,bw,bp;
float r; /*w=angle \-'elocity,v=velocity,l=radius *
int n; /*n=motor speed */ 1
float w,v,s; [*s=distance */

float t,p; /*t=time,p=power  */ '
int k; /*k=amount of data in beam */ :

float A; /*A=area */

. -A—M,',W
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Laservo.cpp
int i=0,j=0,1=0; /* counter */
int x,y,Max=0; /*buffer */

int Real_data[200];

clrser();
makegraph(data_end);

getchar();

clrser();

while (i<=200)

{

x=data_end[i];
if (x>0)

it

y=x;

Real_data[l]=x;

if (x>Max)
Max=x;

i++;

k=j;
}
gotoxy(25,3);printf(" Amount of Data > 0 = %d\n",j);

gotoxy(25,5);printf("Maximum Value is %d ",Max); P

getchar();

clrser();
gotoxy(25,3);print{"LASER BEAM PROFILE ANALYSIS");

-

gotoxy(30,5);printf("PROJECT 3R KMITL");
gotoxy(10,7);printf("Please Entér Motor Speed:");
scanf("%d",&n); v

w =2%3.1428*n;

gotoxy(10,9);printf(" Angle Velocity of Motor is %f radian/sec”,w);

gotoxy(10,11);printf{("Enter the radius of Beam:");

scanf("%f",&r);

v = r*w;

Page 2
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gotoxy( 10,13);printf(" Velocity of Beam is %f meters/sec",v);
t = k*0.2E-6;
s =Vv*t;
gotoxy(10,15);printf("Enter the Area of Hole:");
scanf("%f",&A); -

=(145*A)/2;
gotoxy(10,17);printf("1. Beam Width = %f meters.",s);
gotoxy(10,19);printf("2. Maximum Intensity = %d watt/A",Max);
gotoxy(10,21);printf("3. Beam Power = %f watts",p);
gotoxy(10,23);printf("Press any key to continue:");

while ('kbhit()) /* do nothing */;

void makegraph(int y[I)
{
int driver,mode,i,x=110,max=500;
int xstep,maxvalue,minvalue;
int key;
char Max. Inten[5];
SharReam_Width[5);
char Beam_Power(5];
char dist[5];
driver=DETECT;
mode=2; . -
initgraph(&driver,&mode,"");
setfillstyle(1,7);
bar3d(0,0,635,470,0,0);
setfillstyle(0,0);
bar3d(110,60,510,400,0,0);
setcolor(BLUE);
settextstyle(1,0,3);
outtextxy(140,20,"Laser Beam Profile Analyzer");
outtextxy(140,430,"Please any key to start Analysis");

/*  outtextxy(20,400,"Maximum Intensity=");

Page 3
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outtextxy(300,430,"Beam Width=");

outtextxy(20,430,"Beam Power=");

setcolor(12);

itoa(data2,Beam_Width,10);

outtextxy(460,430,Beam_Width);

itoa(datal,Max_Inten,10);

outtextxy(270,400,Max_Inten);

itoa(data3,Beam_Power,10);

outtextxy(180,430,Beam_Power);

setcolor( WHITE);
setlinestyle(0,0,2);
line(110,350,510,350);

line(305,400,305,60);

setcolo(RED);
movetoﬂ(l 10,350);

xstep=400/sampling;

*/

for (i=0;i<=sampling;i++)

{

x=x-+xstep;
~==linoto(x;356~yHil);
}

while ('kbhit()) /* do nothing */;

closegraph();

return;
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General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies Is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas Include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly dperat-
ed off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional 15V
power supplies.

Unique Characteristics

m In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

m The unity galn cross frequency Is temperature
compensated

B The input bias current is also temperature
compensated

&National Semiconductor

LM124/LM224/LM324/L.M2902
Low Power Quad Operational Amplifiers

Decem Ler 1994

Advantages

m Eliminates need for dual supplies

m Four internally compensated op amps in a sin
package

m Allows directly sensing near GND and Voyr Rliso goes
to GND

n Compatible with all forms of logic

m Power drain suitable for battery operation

Features
» Internally frequency compensated for unity g

NOELD bt 5 Bt i e g g

m Large DC voltage gain 100 dB
® Wide bandwidth (unity gain) ’ 1 MHz
(temperature compensated)

m Wide power supply range: t
Single supply 3V to 32v
or dual supplies 1:1.5}/ to 16V
m Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage
u Low input biasing current
(temperature compensated) f
mu Low input offset voltage
and offset current l
m Input common-mode voltage range includes E ound

| m

2mV

m Differential input voltage range equal to the power sup-
ply voltage

m Largs output voltage swing + - 15V

oV to

«Connection-Diagram

Dual-In-Line Package
BUTPUT A WINPUT S tNPUTA® Guo WPUT3' INPUT DT QUTPUTS

14 - 13 12 i) " 3 3
b 5

D

1 Iz 1 ‘ s [ 1
SUTRUT1 INPUTIT INPUTI®  ¥®  INNUTZ® aePUTIT OUTRUT2
TL/H/8289~1

Top View

Order Number LM124J, LM124AJ, LM124J/883°*,
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

‘See NS Package Number J14A, M14A or N14A

*LM124A available per JM38510/11008
**LM124 dvailable per JM38510/11005

Hie

v+

n3e

"2 LN 3-

ra

urs
. I TU/H/9299-32
Order Number LM124AE/883 or LM124E/883

See NS Package Number E20A’

ouTruT 1 g . E ouvrglv 4
weuT 1= 4-

INPUT te (L) 23

=y tMzew [l—yop
INPUT 20 - b xruf 3+
Pt 2 o] = weuf s-
ouTAUT 2 : QUTAITS
; TUH/8220-33

Order Number LM124AW/883 or LM124W/883
See NS Package Number W143

© 1998 National Semiconducior Corporation  TL/H/9299
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Typical Performance Characteristics

Input Voltage Range - input Current Supply Current
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Typical Performance Characteristics (Lmz2s02 only)

Input Current

100
—g Pl
E 75
-
8
: ]
? 25 It P TA=025.°C
_z L]

0

0 10 20 30

V*- SUPPLY YOLTAGE (Vpe)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpe. These amplifiers operate over a wide
range of power supply volitage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpg.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversad in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an uniimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.
To reduce the_power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This aliows the amplifiers

to both source and sink large output currents. Therefore’

both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the ampilifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

L e R 2 T

Voltage Gain
160 ] I
g R =20k
S 120 #
3 W - R=20k8_]
g o
5
>
"
g
-
0 {
0 10 20 301

V*= SUPPLY VOLTAGE (Vo)

Fomvassice
!

Where the loed is directly coupled, as in dc aBpIications.
there is no crossover distortion. -
Capacitive loads which are applied directly to thr output of
the amplifier reduce the loop stability margin.! Values of
50 pF can be accommodated using the worst-c§se non-in-
verting unity gain connection. Large closed loop gains or
resistive Isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain cun'ent
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpg to 30 VD(;}r .
Output short circuits either to ground or to the pgsltive pow-
er supply should be of short time duration. Urilts can be
destroyed, not as a result of the short circuit curregnt causing
metal fusing, but rather due to the large increasg in IC chip
dissipation which will cause eventual failure du¢ to exces-
sive junction temperatures. Putting direct short-circuits dn
more than one amplifier at a time will increase ¢he total IC
power dissipation to destructive levels, if not ploperly pro-
tected with external dissipation limiting resistots in series
with the output leads of the amplifiers. The Iarg’)er valie of
output source current which is available at 25°C provides a
larger output cuitent capability at elevated térnperatures
(see typical performance characterlstics) than a standard-IC
op amp.

The circuits presented in the secﬂon ‘on typical applications
emphasize operation on only a singlg power supply voltage.
If complementary power supplles are avallablé, all of the
standard op amp circuits can be used. In genergl, introduc-
ing a pseudo-ground (a bias voltage reference gvt /2) will
allow operation above and below this value in $ngle power
supply systems. Many application circuits are shown whii;h
take advantage of the wide input common-mode voltage
range which includes ground. In mos} cases, inptn blaslngis
not required and input voltages which range to' ground can
easily be accommodated.
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Typical Single-Supply Applications (v* = sovpo)
Non-Inverting DC Gain (0V Input = 0V Output) ’

Wi Y | —— e —— e e ——
Vo *
n
= 3
=3
Z
]
g GAIN= 1+ h2
R1
";: = 101 (AS SHOWN)
*R not needed due to temperature
— independent Iy 0 Vi (mV)

DC Summing Kmpllﬂer Power Amplifier i

(Vin's 2 0 Vpgand Vg 2 Vpc) At
sk

MV

- |rumms-s

o<

Vo
Ry
Vo = 0VpclorViy = 0V¥
Ay = 10 -
I TL/H/8299-7
Lt TL/H/9299-6 i
N Where: Vg = Vy + Vo — V3 — Vg
(V3 + Vz) 2 (V3 + Vg) tokesp Vo > OV
LED Driver "Bi-QUAD” RC Active Bandpass Filter ;
m f ‘
108 i
|
[
330 F 1
i
A2 1R RS
108k 470%
TLM/9209-8
W O—AAN— ~1
10M
s 83 < C2
100 § ¢
—e
RS
o {
: - = e - O Vo,
._ ; {
D - s
' 14 LMI2A L
. . R?
{ | .
+ AM—O V*
+
. €3
fo = 1KkHz . W
. Q = 50 |
Ay = 100 (40 dB) - -
TUH/9299-9

)
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Typical Singlé-Supply Applications (v* = 5.0 vpc) (Continued)

Fixed Current Sources

- g = (.”1‘.) ., TLMH/9280-10

A1® N
[R] —_—
wo
Ry
R2
108 =
o Vo
Vg = T
R3 1A
e vps vt —av
*{increase R1 for i small)
= TL/H/9289-12
Volitage Follower
3
At
™
O Vo
iy O Vo = Vin
TUH/9209-14

Lamp Driver

Driving TTL

Pulse Generator

INS14

s

TL/H/8299-11

4
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Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)

Pulse Generator

Squarewave Osclllator

I NS4

A1
100k

P ]

TL/H/9293-16

A Te

{POLYCARBONATE OR

TL/H/9299-17

1 z POLYETHYLENE) = ' anaze
fo = 1 amp/voit Viy - *hi s AT 100 nA
(Increase Rg for Iy small) TL/H/9299-18

(!
HIGH Ziy %o l
LOW Zoyr

1 AUX AMP
R is IHPUT CURRENT
™ MPENSATION
B TL/H/9299-19
- s
Comparator with Hysteresis Ground Referencing a Differential Input Signal
I
[
b i
. Vo
' TUH/8269-20
| 1 -
| - TL/H/9289-21 -

t
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Typical Single-Supply Applications (v* = 5.0 vpg) (Continued)
Voltage Controlled Oscillator Clrcuit

0.05%F

Ve* O

E‘l*-ﬁq -

O OUTPUT t

$

]
e
=2
P

O OUTPUT 2

é
<
o

- TL‘HIO”Q-Z?

*Wida control voitage range: 0 Vpg < Vg S 2(V+ —1.5Vpg)

Photo Voltaic-Cell Amplifier

Ry
M
leen l 3
O Vo
(CELL HAS OV i
ACROSS 1T)
o e

TL/H/8299-23

AC Coupled Inverting Amplifier

—— % g,
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Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)

AC Coupled Non-inverting Amplifier

Co u__%_g Vop
v

Rt A2
100k i

R2
Ay 1+H

Ay = 11 (As shown)

A

Vo
Vo
\ { E
~
High Input Z, DC Differential Amplifier
R2
100k
R4

1/4 LM128A Vo

-

+Vz O—

Forg—; - % {CMFR depends on this resistor ratio match)
A4
Vo'1+E5(Vz—V1) ,

As showrz Vg = 2(Va —~ V)

TLH

I

3
9299-25

TL/H/98299-26
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Typical Single-Supply Applications (v* = 5.0 vpe) (Continued)
High Input Z Adjustable-Galn
DC instrumentation Amplifier

A1

IfR1 = R5 & A3 = R4 = R6 = R7 (CMAR depends on match)
2R1
Vo= 1+ — -
(=} a2 V2~ Vi)

As shown Vg = 101 (V3 — Vy)

Using Symmetrical Amplifiers to

Reduce input Current (General Concept) Wrer

174 LM124A

AUX AMP

INPUT CURRENT
COMPENSATION

TL/H/8299-29

.o

Bridge Current Amplifier 1

B g i s il et it i .

AP st gypmnins

TL/H/9299-28

o

!
i
§
1
For§ <<1549R,>>R

8\ R
vo = veer (3) ¥

FL/H/9299-30
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Typical Single-Supply Applications v+ = 50 Vo) (Continued)

Bandpass Active Filter

Vo

174 LM124A

83
620k §

"o-lkﬂz
Q=25

TL/H/9299-3%
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Physlcal Dimensions inches (millimeters)
0.200.£0.008
{5.008 20.12n) _ - i
wo 5o D015£0.010
r's 0.3812g.259
8.350 £ 0.008 0.015
ll 063 ~0.075 — 6.007 —-0.011
' mnnuzy —»I < e =1.05 B * m.n;;vo'.m)
i - 0,022 0,028 ,
— {0.559—0.711)
oorr-oosa 4 e O3 { v
{1.959~2.352) * (OEX
——! [ 4 L
0.045-0.055 1 |
(RIS E T /]
DETAIL A T M*I — 0.045-0.055
I 1) En.m-mﬂ)
Top View $ide View e 3
50y 0.040£0.010 .
{1.61620.254)
3PLCS
Bottom View
0.015 ‘e -
T::—:'% .3
ireiva — MAX TYP !
0.022
{0.559) ! ﬁ%
uax e WIN TYP
Detali A
g E20AREV O
‘Leadless Chip Carrier Package 5
Order N_un]ber LM124AE/883 or LM124E/883
-NS Package Number E20A
8.7185
{19.939) 1
- m J
ok ] (31 (7] [l o} 5] (3]
(0.6385) i
A 0220-0318
> (5.588-7.874)
DB HRURBRORE
b
0.290-0.120 TS 0200 }
{7.366-8.128) .m.ll‘ZJ‘) GLASS  0.058:0.805 {5.980)
., SEALANT (7534 30127) MAX 0.820-0.060 }
0.180 ’ ' - — {0.508—1.524)
X o
wsn M ¥ ] 1 f
[ | Ao 2t e ¥ g
" A0° MAX 0.908-0.512 i
0310-0418 | (0263-8.369) QL I Y PP i
a3 10AY L I.._ {oAsT 0876 T
- 2439) -175-5.080)
MAX BOTH ENDS 0.109+0.018 a.150
_ ot (2,540 £.254) (‘fﬁi
MiN JMA(REV §)

Ceramic Dual-In-Line Package (J)
Qrder Number LM1244, LM124AJ, LM124AJ/883, LM1244/883, LM224J, LM224AJ or LM324J
NS Package Number J14A
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Absolute Maximum Ratings (Notes 14 2)

Operating Conditions

S, ot

Note 1: Absolute Maximum Ratings are those values beyond which damags 1o the device may occur.
Note 2: Unless otherwise spacified all voltages are referenced 1o ground.
-

It Mifitary/Aerospace specifled devices are required, Min Max nits
please contact the Nationa!l Semiconductor Sales Supply Voltage (Vcg) 4.5 5.5 \
Otfice/Distributors for availabllity and speclifications. DC Input or Qutput Voltage 0 Veo Lv
Supply Voltage (Vce) —-05% +7.0V MVine Vour) b
DC Input Voitage (Vin) —-1.5toVgo+1.5V Operating Temp. Range (Ta)
DC Output Voltage (Vout) —0.5t0 Vg +0.5V mM":gTTeBB —-40 +85 C
Clamp Diode Current (i, lox) +20 mA M54HCTE88 —55 +12 ; ¢
Input Rise or Fall Times
DC Output Current, per pin (Iout) +25mA e 1) 500 ns
DG Vg or GND Current, per pin (Icg) +50 mA . I
Storage Temperature Range (TsTg) —65'Cto +150°C
Power Dissipation (Pp)
(Note 3) 600 mW
S.0. Package only 500 mW ;
Lead Temperature (T) i
(Soldering 10 seconds) 260°C i
DC Electrical Characteristics (veo=5v £10% unless otherwise specified) J
. 74HCT 54HCT |}
Ta=25C . .
Symbol Parameter Conditions \ Ta=—401085°C | To=—55to 125°C | units
Typ Guaranteed Limits i
ViH Minimum High Level 2.0 20 2.0 v
Input Voltage
ViL Maximum Low Level 0.8 0.8 0.8 v
Input Voltage . 1
VOoH Minimum High Level | Vin=0.8V or 2.0V !

Output Voltage' lout=20 pA Ve | Veg—0.1 | Vco—0.1 Vee—0.1 v
[tourl=4.0mA Vec=45V | 42 | 398 3.84 3.7 v
llout|=4.8 MA, Voo =5.5V | 5.7 4,98 4.84 47 \

Vou Maximum Low Level | Vy=V0.8V or 2.0V [
Voitage loutl=20 pA 0 0.1 0.1 0.1 ) v
llouti=4.0mA, Vog=4.5V | 0.2 | 0.26 0.33 0.4 l v
“Fhoutl =a8 MA V=88V 027 026 1 oS 4 oA A ey o
N Maximum Input Vin=Vgg or GND +0.1 +1.0 +1.0 ! pA
Current y
lec Maximum Quiescent | Viy=Vcc or GND ' 8.0 80 160 pA

Supply Current louT=0 pA !

Vin=2.4V or 0.5V (Note 4) 03 0.4 05 1} | mA
-!cxo 125°C.

derating — plastic “N™ pacKage: — 12 mW/*C from 65°C to 85°C; ceramic “J" package: — 12 mW/°C from 100

Note 3: Power Dissip
Note 4: Measured per pin. All other inputs held at Vcg or ground.

s

-
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AC Electrical Characteristics
Veg = 5V, Ta = 25°C,C = 15pF, t, = = 6 ns (unless otherwise specified)

.
Symbol Parameter Conditlons | Typ Gua&::ltteed Units ;
toML Maximum Propagation 19 30 ns l
Detay - P or Q to Output 1
tpLH Maximum Propagation 13 22 ns
Delay - P or Q to Output
tPHL Maximum Propagation 13 20 ns
Delay - Enable to Output
) temL Maximum Propagation 10 18 ns }
Delay - Enabls to Output
AC Electrical Characteristics {
Voo = 5V £10%, C = 50 pF, t, = t; = 6 ns (unless otherwise specified)
- Ta=25°C 74HCT . 54HCT; .
Symbol Parameter Conditions Ta=—401085°C | Tp=~—55104125°C | unlts
- Typ ~ Guaranteed Limits
tPHL Maximum Propagation 23 35 44 53 ns
Delay - P or Q to Output i
teLH Maximum Propagation 18 24 30 36 ns
Delay - P or Q to Output J
teHL Maximum Propagation 16 24 30 36 H ns
Pelay - Enable to Output t
toLH Maximum Propagation 11 20 25 30} ns
Delay - Enable to Output
trHL tren Maximum Output Rise 8 15 19 22 ns
and Fall Time
Cpp Power Dissipation 45 pF
Capacitance (Note 5)
g = ) ~ - i |
Cin Maximum Input 5 | 10 10 10} pE
Capacitance 3
Note S Cpp determines the no load d ic power P Pp = Cpp Vog2 I + loc Voo and the no load dy ic dcurrent
I3 = Cpp Ve + lcc i
. - k3
Connection Diagram Truth Table
Dual-In-Line Package
Vecc =G 07 P? 06 Ps Q5 PS5 O4 Pa Inputs
[10 |19 lm [n [w [15 lu 11: |1z ln Data Enable P=Q
P,Q
P=Q L
P>Q H
) P<Q H
X H

v J2 Ja Ja Js Je [z Ja Jo o
G P0. Q0 Py Q1 P2 Q2. P3 Q) GND

TL/F/5371-1%

Top View
Order Number MM54HCT688 or MM74HCT688
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I
|
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MM54HCT688/MM74HCT688 8-Bit Magnitude Comparator (Equality Detector)

[ S R

Physical Dimensions inches (mitimeters) ;
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W\ rﬁ [0 [} (7] [3s] fsa] [oe] (o] fiz) B 4
untl.m N 3
rrs=rr
CTCT T I T T [T Teg
0.003-4.020
- i
003720006
e I‘mu:um i
a0 03320008
A _ 0.150-8.320 _'1 I an {tsrsein 0008
. s Iruu-um” msssu.m\ | "™ b CERET
! ] - a2
. &
‘ } 1
P " w 0130
0.008-0.012 Aag -0
] N RIT-S5H)
1 ' | B ¢ f
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w20
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'LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A crtical component is any com;ipnent
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
fallure to perform, when properly used in accordance

Order Number MM74HCT688N

NS Package N20A

support device of

K]

support device or-system whose faillre to pe?orm can
be reasonably expected to cause the-failure ot the lifte
r_system, o to affect its

. 1
a lite

safety or

with instructions for use provided in the labeling, can effectiveness. H
be reasonably expected to result in a significant injury 1,
to the user. . t
National Semiconductor Natlonsl Semiconductor National Semiconductor Natlonal Semiconductor
Corporaticn Europe Hong Kong Ltd. Japan Lt
1111 West Bardin Rosd Fax: (+49) 0-180-530 85 66 13th Floor, Straight Block, _Yai: 81-043.299-2309
Arfington, TX 76017 Emait; @EVM2.N8C.COM Ocean Centre, 5 Canton Rd. Fax: 81 299-2408
Tek: 1(800) 272-9953 Deutsch Tat: (+49) 0-180-530 85 85 Tsimshatsul, Kowloon
Fax: 1(800) 737-7018 Englsh Tek: (+49) 0-180.532 78 32 Hang Kong
Francals Tet (+49) 0-180-532 93 58 Tak (852) 2737+1600
itallano  Tak: (+48) 0-180-534 16 80 Fax (852) 2736-0060 . i
k|
of n Ienpled and Nalionsi reserves the right al any lime without noHioe (D Change seid circuiry

National does not sssurme sy
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General Description
This equality detector utllizes advanced sificon-gate CMOS
technology to compare bit for bit two 8-bit words and indi-
cate whaether or not they are equal. The P=0Q output indi-
cates equality wherr it is low. A single active low enable is
provided to facilitate cascading of several packages and en-
able comparison of words greater than 8 bits.

*
This device is useful in memory block decoding applica-
tions, where memory block enable signals must be generat-
ed from computer address information. s
The comparatos combines the low power consumption of
CMOS, but inputs are compatible with TTL logic levels, and
the output can drive 10 low power Schottky equivalent

loads.

NNational Semiconductor

MM54HCT688/MM74HCT688
8-Bit Magnitude Comparator (Equality Detector)

Febwiary 1988

$

¥

b

MMSE4HCT/MM74HCT devices are intended to inferface be-
tween TTL and NMOS components and standard CMOS
devices. These parts are also plug in replacements for LS-
TTL devices and can be used to reduce power ct;nsumption
in existing designs.

All inputs are protected from damage due to!static dis-
charge by diodes to V¢ and ground.

]

Features L
u TTL input compatible 5

m Typical propagation delay: 20 ns ¢

n Low quiéscent current: 80 pA maximum (74HCT Series)
W Large output current: 4 mA {

m Same as HCT521
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HARRIS CA3318C

{CMOS Video Speed
8-Bit Flash A/D Converter

ecember 1993 .
Features Description t
¢« CMOS Low Power with SOS Speed (150mW Typ.) The CA3318C is a CMOS par'gllel (FLASH) analog-to-digital

converter designed for applications demanding both low

* Parallel Conveérsion Technique
power consumption and high speed digitization. )

+ 15MHz Sampling Rate (67ns Conversion Time)

+ 8-Bit Latched Tri-State Output with Overflow Bit The CA3318 operates over a wide full scale input voltage

+1 LSB Accurdcy (Typ.) range of 4V up to 7.5V with zvaximum power consumption

. & depending upon the clock frefuency selected. When oper-

. jlsg::ssl:psrzze\:o:::gjv(;_\;:guint ated from a 5V supply at a clock frequency of 15MHz, the
L. it ) typical power consumption of &he CA3318 is 150mW.

« 2 Units in Parallel Allow 30MHz Sampling Rate

The intrinsic high conversion rate makes the CA3318 ideally
suited for digitizing high speed signals. The overflow bit

App I’_catlo_n_s . . 3 makes possible the connection of two or more CA3318s in
* TV Video Digitizing (Industrial/Security/Broadcast) series to increase the resolutign of the conversion system. A
« High-Speed A/D Conversion series connection of two CA3318s may be used to produce a

9-bit high speed converter. Op;eration of two CA3318s in par-
allel doubles the conversion speed (i.e., increases the sam-
pling rate from 15MHz to 30MHz).

256 paralleled auto balanced yoltage comparators measure
the input voltage with respect to a known reference to pro-
duce the parallel bit outputs in'the CA3318.

« Ultrasound Signature Analysis

« Transient Signal Analysis

« High Energy Physics Research

« High Speed Oscilloscope Storage/Display
« General Purpose Hybrid ADCs

= Optical Character Recognition
255 comparators are requireq to quantize all input voitage

* Radar Pulse Analysis
« Motion Signature Analysis levels in this 8-bit converter, a?d the additional comparator is
required for the overflow bit.

* MP Data Acguisjtion Systems y

&
1

i

Ordering Information

PART NUMBER LINEARITY (INL) SAMPLING RATE TEMPERATURE MNGE PACKAGE
e ——————— .
{ CA3318CE +1.5LSB 15MHz (67ns) -40°C to +85°C { 24 Lead Plastic DIP
] CA3318CM +1.5LSB 15MHz (67ns) -40°C to +85°C, 24 Lead Plastic SOIC
CA3318CD : +1.5LSB 15MHz (67ns) -40°C to +85°C§ 24 Lead Ceramic DIP
» 7 T
o N 1
Pinout ; -
) F CA3318C (PDIP, CDIP, SOIC) ,
o J TOP VIEW
.- 'V, : 1
T X (Lse) B1 [T] 24] Van* (ANA.SUP)
t

. 82[2] 23] 314R
' B33 22] Vrer+
: B4 [4] 21] Vin ,
B5 [5] 20] p v
) B [€] [15] PHASE
e B7 [7] 18] cLK

(MsB) B8 [8 7] Vaa- (ANA. GND)
” OverFLOwW[9 78] Vin
114R [10 18] Vrer- -
. (DIG. GND) Vss [i1] [13] CET
(DIG. SUP) Vpp [12 13] ce2

TION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
yright © Harrls Corporation 1993 6-31

File Number 3103

3

M Somttes ey mepllom  a e wae o v monn



Specifications CA3318C

Absolute Maximum Ratings

DC Supply Voltage Range (Vpp orVaa®). . ... ... -0.5V to +8V
(Referenced to Vgg of Vaa- Terminal, Whichever is More
Negative)

Input Voltage Range
CEZandCET .....vviieieennenn. Vaa- 0.5V to Vpp + 0.5V
Clock, Phase, Vger - Iz Ref......... Vaa- -0.5Vto Vaut + 0.5V
Clock, Phase, VREF o /4 Ref..... baee .Vss' -0.5Vito VDD + 0.5V

| Vi 34 REF, VRge+ «vvvvvvnnnnnn. Vaa- -0.5V t0 Vaa- + 7.5V
‘Output Voltage Range, . ............... Vgs - 0.5V to Vgp + 0.5V
Bits 1-8, Overflow (Outputs Off) ’

DCInputCurrent . ... ....coiiiiiiiiiiiiiieeerennnss +20mA
Clock, Phase, CET, CE2, Vyy, Bits 1-8, Overflow

Operating Voltage Range (Vpp 0f Vaat) ...... 4V Min to 7.5V Max

IRecommended Vs + OperatingRange ., ............. Vpp 21V
'Recommended V- Operating Range ............... Vgs £ 1V
Storage Temperature Range ......... [P -65°C to +150°C

Lead Temperature (Soldering 10s)....... S +265°C

Thermal Information
Thermal Resistance

Ceramic DIP Package........
Plastic DIP Package ......... L ... .

Plastic SOIC Package....... ...... ..

Maximum Power Dissipation

Operating Temperature Range (T, A), ......

Junction Temperature

CeramicPackage ........... L.
Plastic Package. ............ A

1

{

]

¥

i

i

8a 8;c
58°C/'W  11°CwW
60°C/W -
75°CW -

.............. 0. 67W
....... -40°C to +85°C
............. +175°C
............. +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Rgtings” may cause permanent damage lo the device. Tfys is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not,:mplled

Electrical Specifications At +25°C, Vau+ = Vpp = 5V, Vrgr+ = 6.4V, Vgp - = Vpa- = Vg, CLK = 1‘5MHz,
All Reference Points Adjusted, Unless Otherwise Specified.

| PARAMETER | TEST CONDITIONS [ MmN [ TP [ wmax | uNiTs
‘: SYSTEM PERFORMANCE :’
Resolution 8 l - Bits
| Integral Linearity Error - ;- +1.5 LSB
Differential Linearity Error - - +1,-0.8 LSB
| Offset Error, Unadjusted Vin = Vges- + 112 LSB 0.5 [ 6.4 LSB
Gain Error Unadjusted Vin = VRert - 1/21SB -1.6 ; 0 1.5 LSB
DYNAMIC CHARACTERISTICS
Maximum [nput Bandwidth (Note 1) CA3318C 25 5.0 - " MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Signal to Noise Ratio (SNR) Fg = 15MHz, fiy = 100kHz 8 47 - dB
- RMS Signal Fs = 15MHz, fiy = 4MHz - 43 - dB
RMS Noise
Signal to Noise Ratio (SINAD) Fg = 15MHz, fiy = 100kHz - §45 - dB
___ RmsSignal \ Fs = 16MHz, fyq = AMHZ S 135 - a8
RMS Noise+Distortion ~ ~ }
Total Harmonic Distortion, THD Fg = 15MHz, fiy = 100kHz - ].-46 - dBe
. - Fg = 15MHz, fyy = 4MHz - ;’-36 - dBc
- Effective Number of Bits (ENOB) ' Fg = 15MHz, fiy = 100kHz - 57.2 - Bits
v Fg = 15MHz, fy = 4MHz - 5.5 - Bits
Differential Gain Error Unadjusted - } 2 - %
'Differential Phase Error Unadjusted - 1 - %
ANALOG INPUTS R
Full Scale Range, Viy and (Vgest) - (Vrer-) Notes 2, 4 4 {- 7 \
Input Capacitance, Viy - 30 - pF
Input Current, V|, (See Text) VN = 5.0V, Vgt = 5.0V - - 3.5 mA
REFERENCE INPUTS"
Ladder Impedance l 270 l 500 I 800 I Q

6-33
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Specifications CA3318C

g st v 4o

Electrical Specifications At+25°C, Vaa+ = Vpp = 5V, Vrgr+ = 6.4V, Ve - = Vaa- = Vss, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified. (Continue&)
i

., PARAMETER ] TEST CONDITIONS [ MmN ] TyP | max | uNITS
DIGITAL INPUTS -
Low Level Input Voltage, Vo
| cEf ce2 Note 4 . : 0.2Vop v
Phase, CLK Note 4 . ¢ 0.2Van v
High Level Input Voltage, Viy . !
CET1, CE2 Note 4 0.7Vpo } - \'
Phase, CLK Note 4 0.7Van { - v
Input Leakage Current, I; (Except CLK Input Note 3 - tqkz 15 pA
I input Capacitance, C;, - K - pF
{ DIGITAL OUTPUTS
| Output Low (Sink) Current Vo = 0.4V 4 1P - mA
F' Output High (Source) Current Vo = 4.5V -4 . - mA
F&Tri-Stabe Output Off-State Leakage Current, loz - 0.2 +5 HA
| Output Capacitance, Co - fL - pF
TIMING CHARACTERISTICS i
Auto Balance Time (¢1) 33 3 o ns
Sample Time (¢2) Note 4 25 p 500 ns
Aperture Delay - 1}5 - ns
Aperture Jitter - 190 - ps
+ Data Valid Time, Tp Note 4 - 5'0 65 ns
' Data Hold Time, Ty Note 4 25 40 - ns
. Qutput Enable Time, Ten ! > ot ..JIB ) - Ld o ans L
A Output Disable Time, Tpg - 18 - ns
| POWER SUPPLY CHARACTERISTICS ‘
"Device Current (Ipp +’IA) (Excludes Ixgr) Continuous Conversion (Note 4) - ?%0 60 mA
) Auto Balance (1) - 30 60 mA
-NOTES: ‘

' 1. Afull scale sine-wave input of greater than Fg qck/2 or the specified input bandwidth (whichever is les

The -3dB bandwidth for frequency response purposes is greater than 30MHz,
2. Vyy (Full Scale) or Vgep+ should not exceed Vaa+ + 1.5V for accuracy.
3. The clock input is a CMOS inverter with a 50kQ feedback resistor and may be AC coupled with 1Vp.p mmlmum source.
4. Parameter not tested, but guaranteed by design or characterization.

k

s{ may cause an erroneous code.

Timing Waveforms

COMPARATOR DATA IS LATCHED

CLOCK (PIN 18)
IF PHASE (PIN 19}
iS LOW

CLOCK IF

SAMPLE
PHASE IS HIGH N

BALANCE

DATA

N-

2

AUTO

DECODEIS DATA (S SHIFTED

N+1

SAMPLE

/ TO OUTPUT REGISTERS

BALANCE

AUTO

FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM

?

)y

- —— ———— s .

6-34

g o N o



CA3318C

Timing Waveforms (Continued)

-\ |

G
4
cE2 N -
Tois Ten
< b
Tois Ten i
BITS1-8  DATA .——< DATA _—.< | DATA
> HIGH . > HIGH ,
IMPEDANCE IMPEDANCE _T—_
e ——
]
OF DATA -
HIGH {
IMPEDANCE \--;-——-
FIGURE 2. QUTPUT ENABLE TIMING DIAGRAM t -
AUTO AUTO i
BALANCE [ ="\ BALANCE :
CLOCK 4 H

NO MAX 25ns
MIN

DATA &y x

FIGURE 3A. STANDBY IN INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW)

[} k]
1
AUTO AUTO
. C
CLOCK SAMPLE BALAN(,:E BN SAM!’LE
‘N N+2
500ns
MAX
n DATA DATA
DATA ' y X N-1 N

»

FIGURE'3B. STANDBY IN SAMPLE (SHOWN WITH PHASE = LOW)

\ FIGURE 3. PULSE MODE OPERATION
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NON-LINEARITY (LSB)

Typical Performance Curves
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY

ENOB (L.88)

8.0
7.8

Fg = 15MHz, F| = 1MHz
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FIGURE 6. ENOB vs TEMPERATURE
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FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY

'i\lON-LINEARITY (LSB)
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FIGURE 5. DEVICE CURRENT vs TEMPERATURE
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0.20
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FIGURE 7. NON-LINEAR(
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vs TEMPERATURE
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‘ZREF v
)
FIGURE 9. NON-LINEARITY;VS REFERENCE VOLTAGE
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CA3318C

Typical Performance Curves (Continued)

o — pan iy W ogtapgs st 0 il b sy s o

8.0
7.6
7.2 LiFg = 15MHz —_
6.8 1o,
@ 64
]
= g0
"gu P —— : l
5 56 \ “.{
] 5.2 — |
48
4.4
4.0 i
00 05 10 15 20 25 30 35 40 45 50 1
F) (MHz) i
FIGURE 10. ENOB vs INPUT FREQUENCY t
7 i
B
. 1
. - - i
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Output Data Bits 0 1 \ Valid Valid
2 B2 Bit 2 S ggTus) D7 1 [ Tri-State Valid
3 83 Bit3 X e 0 ~ Tri-State Tri-State
4 B4 Bit4 X =Don’t Care !
5 B5 Bit5 '
6 B6 Bit6 | Theory of Operation
7 B7 Bit7 A sequential parallel technique is used by the CA3318 con-
8 B8 Bit 8 (MSB) verter to obtain its high speed oéseration. The sequence con-
) OF Overflow - sists of t:le Auto-Balance ph‘ase, 431, gnc{ the “Sample
1 : - Unknown” phase, ¢2. (Refer to the circuit diagram.) Each
10 /4R Reference Ladder '/, Point conversion takes one clock cycle*. With the phase control
11 Vss Digital Ground “(pin 19) high, the "*Auto-Balance’ (¢1) occurs during the high
12 Voo Digital Power Supply, +5V period of tpe clock cycle., and t'})e *Sample Unknown” ($2)
13 CEZ | Tri-State Output Enable Input, Active |  ocurs during the low period of the clack cycle.
Low, See Truth Table. * The device requires only a single phase clock The terminology of
14 CEl Tri-State Output Enable Input Active ¢1 and ¢2 refers_to the high and lolv periods of the same clock,
High. See Truth Table. During the “Auto-Balance” pha%e, a transmission switch is
15 Vrer- Reference Voltage Negative Input ._Used fo connect .each of. the first set of 256 commutating
% Y FYvTv tapacitors to their associated l?dder reference tap. Those
IN nalog Signal Input tap voltages will be as follows:
17 Vaa- Analog Ground v N) = [(ND 56) Vigee] - (11 !12) Vil
TAP UN) = [N/ REF! - REF.
18 CLK__ | Clock input . = [2N - 1)/512] Vaspi
19 PHASE" | Sample clock phase control input.
When PHASE is low, “Sample Un- Where: .
known" occurs when the clock is low Vrap (n) = reference ladder tap voltage at point n.
and "l‘\uto. Balance"” occurs when the VRer = voltage across Vgeg- to Vegp+
,_| Clockis high (see text). N = tap iumber (1 through 256)
20 LR Ref Ladder Midpoint
2 ° erencfa Acder ok The other side of these capacitors are connected to single-
21 Vin Analog Signal Input stage amplifiers whose outputs dre shorted to their inputs by
22 Veeet Reference Voltage Positive Input switches. This balances the amplifiers at their intrinsic trip
23 R Reference Ladder %/, Point ,_points. V\fhich is approximately (YAA+ - \{AA-)IZ. The first set
24 Vort Analog Power Supply. +5V .of capacitors now charges to their associated tap voltages.

i

o
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CA3318C

At the same time a second set of commutating capacitors
and amplifiers is also auto-balanced. The balancing of the
second-stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded’auto-balance (CAB) technique, used
here, increases comparator sensitivity and temperature
tracking.

in the “Sample Unknown” phase, all ladder tap switches and
comparator shorting -switches are opened. At the same time
Vi is switched to the first set of commutating capacitors.
Since the other end of the capacitors are now looking into an
effectively open circuit, any input voltage that differs from the
previous tap voltage will appear as a voltage shift at the
comparator amplifiers. All comparators that had tap voltages
greater than Vy will go to a “high” state at their outputs. All
comparators that had tap voltages lower than Vi will go to a
“low” state.

The status of all these comparator amplifiers is AC coupled
through the second- -stage comparator and stored at the end
of this phase (¢2) by a latching amplifier stage. The latch
feeds a second latching stage, triggered at the end of ¢1.

This delay allows comparators extra settling time. The status
of the comparators is decoded by a 256 to 9-bit decoder
array, and the results are clocked into a storage register at
the end of the next ¢2.

A 3-stage buffer is used at the output of the 9 storage regis-
ters which are controlled by two chip-enable signals. CE1
will independently disable B1 through B6 when itis in a high
state. CE2 will independently disable B1 through B8 and the
OF buffers when it is, in the low state.

To facifitate usgge of this device, a phase control input is pro-
vided which can effectively complement the clock as it enters
the chip.

Continuous-Clock Operation

One complete conversion cycle can be traced through the
CA3318 via the following steps. (Refer to timing diagram.)
With the phase control in a “low” state, the rising edge of the
clock input will start a “sample” phase. During this entire
high” state of the clock, the comparators will track the input
voltage and the fi rs{-stage latches will track the comparator
outputs. At the fallmg edge of the clock, all 256 comparator
outputs are captured by the 256 latches. This ends the “sam-
le” phase and starts the “auto-balance” phase for the com-
parators: During this “low” state of the ¢clock, the output of the
atches settles and is captured by a second row of latches
when the clock retyms high. The second-stage latch output
propagates through the decode array, and a 9-bit code
appears at the D inputs of the output registers. On the next
falling edge of the clock, this 8-bit code is shifted into the out-
but registers and appears with time delay tp as valid data at
he output of the tri-state drivers. This also marks the end of
he next ‘sample” phase, thereby repeating the conversion
process for this next cycle.

Pulse-Mode Operation

The CA3318 needs two of the same polarity clock edges to
complete a conversion cycle: If;for instance, a negative
going clock edge ends sample "N then data “N” will appear
after the next negative going edgE. Because of this require-
ment, and because there is a fhaximum sample time of
500ns (due to capacitor droop), ymost pulse or intermittent
sample applications will require double clock pulsing.

Wt 2 st s v g .

if an indefinite standby state is de; ired, standby should be in
auto-balance, and the operation would be as in Figure 3A.

If the standby state is known to last less than 500ns and low-
est average power is desired, thén operation could be as in
Figure 3B.

Increased Accuracy

In most cases the accuracy of th CA3318 should be suffi-
cient without any adjustments. Ip applications where accu-
racy is of utmost importance, fi v§ adjustments can be made
to -obtain better accuracy, i.e., offset trim; gain trim; and 1/4,
14, and 3/, point trim. ]

Offset Trim

In general, offset correction can be done in the preamp cir-
cuitry by introducing a dc shift tb V) or by the offset trim of
the op amp. When this is not pos}smle the Vgep- input can be
adjusted to produce an offset trim. The theoretical input volt-
age to produce the first transitioh is 1/2 LSB. The equation is
as follows:

Viy (0 to 1 transition) = '/, LSB;= 1/, (Vrer/256)
= VREF/5 2

4y for-the-fi rst—transitien—is—les}s-thaé-the-theereﬁcal sthena

single-turn 50Q pot connected;between Vggr- and ground
will accomplish the adjustment’Set Vy to 1/2 LSB and trim
the pot until the 0-to-1 transition occurs.

If Viy for the first transition is greater than the theoretical,
then the 50Q pot should be connected between Vggg- and a
negative voltage of about 2 LSB's. The trim procedure is as
stated previously.

Gain Trim

In general, the gain trim can also be done in the preamp cir-
cuitry by introducing a gain adjustment for the op amp. When
this is not possible, then a gair} adjustment circuit should be
made to adjust the reference joltage. To perform this trim,
Vin should be set to the 255 to overflow transition. That volt-
age is /; LSB less than VREF+ and is calculated as follows:

Vin (255 to 256 transition) = Yggr - Vree/512
= Yrer(511/512)

To perform the gain trim, ﬁrsi do the offset trim and then
apply the required Vjy for the 255 to overflow transition. Now
adjust Vgep+ until that transition occurs on the outputs.

]

|

—
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CA3318C

R i cept s,

+10V TO 30V > ¢ 1+
INPUT T
3, == 180
1 ——-——W—L
8 o VREF*
CA3085E é > o 22)
- 6| (NOTE 1)
a7 5K, R
| 1073 cw a7yF,
b TAN/IOV
| 10pF, TAN J s
(NOTE )2
1.5K_J[_

CJ

NOTE: Bypass Vggr+ to analog GND near A/D with 0.1uF ceramic
cap. Parts noted should have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
DRIVING Vggp+ INPUT

1/, Point Trims

The '/,, '/, and 3/, points on the reference lddder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The '/, points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vggr+ and Vgeg-. The '/, (mid-)
point should be set first by applying an input of 257/612 x
(Vrer) and adjusting for an output changing from 128 to 129.
Similarly the '/, and 3/, points can be set with inputs of 129/
512 and 385/512 x (Vger) and adjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually '/,,'/,
and 3/, of full scale +1 LSB.)

+10V TO +30V
Vrert 510Q
(PIN 22)
K : 7 109 42 Rer
10T « T CcwW [ ’—%—’ (PIN 20)
| > 10
1K < 10Q
< 8 1/4 REF
' '0T1:t CW g (PIN 10)
<
5100
NOTES:

1. All Op Amps =3/, CA324E
2. Bypass all reference points to analog ground near A/D with 0.1uF
ceramic caps.
3. Adjust Vggr, first, then /5, 3/, and Y/, points.

(’IGURE 12. TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
b LINEARITY (USE FOR MAXIMUM LINEARITY)
}

-Bit Resolution

.0 obtain 9-bit resolution, two CA3318's can be wired
ogether. Necessary ingredients include an open-ended lad-
ier network, an overflow indicator, tri-state outputs, and chip-
-nable controls—all of which are available on the CA3318.

The first step for connecting a 9-bit circuit is to totem-pole
the ladder networks, as illustratefj in Figure 13. Sinca the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage r%lay be required.

The overtiow output of the lower device now becomes the
ninth bit. When it goes high, all counts must come from the
upper device. When it goes low, all counts must come from
the lower device. This is done isimply by connecting the
lower overtlow signal to the CEJ control of the lower A/D
converter and the CE2 control of the upper A/D converter.
The tri-state outputs of the two dévices (bits 1 through 8) are
now connected in parallel to complete the circuitry. The com-
plete circuit for a 9-bit A/D conve;‘ler is shown in Figure 14.

Grounding/By passing

The analog and digital supply grI unds of a system should be
kept separate and only conneci ed at the A/D. This keeps
digital ground noise out of the analog data to be converted.
Reference drivers, input amps, }eference taps, and the Vs
supply should be bypassed at the A/D to, the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacitors shown should be low impedance 0.1pF
ceramics and should be mounted as close to the A/D as pos-
sible. If Vaa+ is derived from \foo- a small (10Q resistor or
inductor and additional filtering (4.7uF tantalum) may be
used to keep digital noise out ofthe analog system.

input Loading {
t

The CA3318 outputs a currerk pulse to the Viy terminal at
the start of every sample pefiod. This is due to capacitor
charging and switch feedthrough and varies with input volt-

‘age and sampling rate. The signal source must be capable |

of recovering from the pulse pefore the end of the sample
period to guarantee a valid gignal for the A/D to convert.
Suitable high speed  amplifiers include the HA-5033,
HA-2542; and CA3450. Figurg 16 is an example of an ampli-
fier which recovers fast enough for sampling at 15MHz.

Output Loading !

The CMOS digital output stage, although capable of driving
large loads, will reflect thesejoads into the local ground. it is
recommended that a local QMOS. buffer such as
CD74HC541 E be used to isblate capacitive loads.

Definitions |
[ 2
Dynamic Performance D_eqnitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input; it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point RFFT and analyzed to evaluate the
dynamic performance of the. A/D. The sine wave input to the
part is -0.5dB down from full%cale for all these tests.

6-39
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A g st i

Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise at a speci-
fied input and sampling frequency. The noise is the RMS
sum of all of the spectral components except the fundamen-

tal and the first five harmonics.
- Signal-to-Noise + Distortion Ratio (SINAD)

~ SINAD is the measured RMS signal to RMS sum of all other
- spectral components below the Nyquist frequency excluding

DC.

Effective Number of Bits (ENOB)

{
The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + VCO%R)IG.OZ
where: Vgorg = 0.5dB }
Total Harmonic Distortion (THD)
THD is the ratio of the RMS sum of the first 5 harmonic com-

ponents to the RMS value of the!measured input signal.

-
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FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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CA3318C i
4.7uFMOV TANTALUM _, + A't
* ~J}———a—< 45V (ANALOG SUPPLY) i
A 3t Vaa+ BIT 1 f—>
B ¢—3}——— 314 REF BIT 2 f—>
+4V TO +6.5V N
REFERENCE * VRep+ BIT3 }—>
<»_.3|_I — Vin 8IT4 }—>
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CA3318C 4 TuF
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[
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FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LIN‘EARITY ADJUST
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FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING 1
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FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING T
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i TABLE 1. OQUTPUT CODE TABLE i

o

INPUT VOLTAGE .
(NOTE 1) BINARY OUTPUT CODE
Vrer Vrer - o
CODE 6.40V 5.12v MSB i LSB | DECIMAL
DESCRIPTION (\] V) OF B8 BY 86 B5 B4 B3 B2 B1 " COUNT
Zero 0.00 0.00 0 0 0 0 0 0 g 0 0 0
1LS8B 0.025 0.02 0 0 (4] 0 0 0 1 1
2LSB 0.05 0.04 0 0 0 0. 0 0 A 1 0 2
L ] * L] * i X ]
L] L] L] L ) L ]
L] L ) * L ]
1/4 Fulf Scale 1.60 1.28 0 0 1 0 0 0 D 0 0 64
. . . L] qt .
* - L] - *
L] L J *® L [ )
1/2 Full Scale - 1 LSB 3.175 2.54 0 0 1 ~ 1 1 1 u 1 1 127
1/2 Full Scale 3.20 2.56 0 1 0 o 0 0 0 0 0 128
1/2 Full Scale + 1 .SB 3.225 2.58 0 1 0 0 0 0 0 0 1 129
L ] L ) L] L] L ]
L] L] L] * [
L) L] L] L] L ]
3/4 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
L ] [ ] - L 2
* * - ®
® [ ) L) L]

Full Scale - 1 LSB 6.35 . 5.08 ) 0 1 1 -1 1 1 1 1 0 o 254 y
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255
Over Flow 6.40 5.12 1 1 1 1 1 1 : 1 1 1 511

"NOTE: 1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage.

Reducing Power

Most power is consumed while in the auto-balance state.
When operating at lower than 15MHz clock speed, power
can be reduced by stretching the sample (¢2) time. The con-
straints are a minimum balance time (¢1) of 33ns; and a
maximum sample time of 500ns. Longer sample tlmes cause
droop in the auto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
only during auto-balance.

Clock Input

The .Clock and Phase lnputj feed buffers referenced to Vaa+
and Vaa-. Phase should be tied to one of these two poten-
tials, while the clock (if DC qoupled) should be driven at least
from-0.2 to 0.7 x (Vaa* - -). The clock may also be AC
coupled with at least a 1 \/V:» swing. This allows TTL drive
levels or 5V QMOS levels then Vaat is greater than 5V,

Igpingrin i i
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

Advance Information
Phototransistor Detector

The MRDY01 series Silicon phototransistor detectors are multi-purpose de- .

vices capable for use in many applications. It is a side looking package that is
designed for use in PC board mounted interruptive and reflective sensing ap-
plications. The device is ideally suited for use with an MLEDS1 series LED as a

light source.

Features:

¢ Low Cost
¢ Well Suited For Use with Any MLED91 Series Infrared LEO

« New Die Placement Technology Improves Acceptance Angle Symmetry
* New Mold Technology Improves Performance Under Variable

| Series

-

| MRD901

Motorols Preferred Devices

LV,

PHOTOTRANSISTOR
DETECTOR

Environmental Conditions i
* New Lens Design Offers Improved Optical Performance 3 i .
+ EIA 468-A Compliant Tape and Reel Option Available * i
(MRDS01RLRE and MRD901ARLRE) f
i
Applications: : CASE 422A-01
« Low Bit Rate Communication Systems t STYLE2
* Keyboards %
e Coin Handlers
¢ Daylight Sensor 2
e Paper Handlers "
¢ Touch Screens
« Shaft Encoders f
* General Purpose Interruptive and Reflective Event Sensors : 1
MAXIMUM RATINGS ]
Rating Symbol Value Unit
Collector-Emitter Voltage Vceo - 30 Voits
Device Power Dissipation @ T4 = 25°C (1) Pp 150 mw
Derate above 55°C 2.0 mwWrC
Ambient Operating Temperature Top 2 40 to 100 °C
Storage Temperature Tstg 44010100 *C
Lead Soldering Temperature (2) TL 260 Cc
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol Min | Typ Max Unit
Collactor Dark Current (Vog = 10V, H = 0 (dark)) Ip — 10 100 nA
Coflector-Emitter Braakdown Voltage (I = 100 pA) BVceo e [ — - Volts
OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) ¢
Characteristic Symbol Min | Typ Max Unit '
Collector Light Current (Veg =5.0V, MRDS01 L 0.1 1.0 — mA
Ha= 500 rW/sq cm @ 940 nm) MRD901A 0.7 -— 26 mA
Saturation Voitage (H = 10 mW/sq cm, Vee(sa) —_ - 0.4 Volts
Wavelength = 940 nm, Ic=20mA,Vce=5.0V)
{1 Momodﬁmavic:soid«odmol typical prnted circult board.
)M time: five ds, Mink of 116 inch from the casa. A heat sink should be applied in order o p the case femp from ding 100°C.
This d ion on 2 new product. Specifications and information herein are subject to change without notice.
Preterred devices are ded choicas for future use and best overall value.
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}TYP!CAL CHARACTERISTICS

MRD901 Series
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LM78XX Series Voltage Reg

-General Description
The LM78XX series of three terminal regulators is avallable

_ with several fixed output voitages making them useful in a
wide range of applications. One of these is local on card

_ ragulation, efiminating the distribution problems associated
with single point regulation. The voitages avallabie aflow
these regulators to be used in logic systems, instrumenta-
tion, Hifl, and other solid state electronic equipment. Al-
‘though designed primarily as fixed voitage ragulators these

* devices can be used with external components to obtain
.adjustable voltages and currents. .

1 The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the

- peek output currerit to a safa value, Safe area protection for

_the output transistor Is provided to fimit internal power dissi-
‘pation. If intemal power dissipation becomes too high for
the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.
Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and mininize the number

|
|

ctor

ulators

o ot

of external components. It is not necessary to bypass the
output, although this does improve transient resp:g.se. Input
bypassing Is needed only if the regulator is located far from
the filter capacitor of the power supply.

For output voitage other than 5V, 12V and 15V tM117
serigs provides an output voltage range from 1.2 }to S57V.

Features !

= Output current in excess of 1A 1

u Intemal thermal overioad protection

u No external components required i

u Output trangsistor safe area protection 1

u Intemal short circuit curent limit

u Available in the aluminum TO-3 package l
{

Voltage Range
LM7805C sV
LM7812C 12v
LM7815C 15v

'| Schematic and Connection Diagrams
‘ $— eyt Metal Can Package

Z

VAV

e ouTPUT o0 |

TO-3 (K)
Aluminum

T st it s e ey i

B

NPUT
U howrrrae-2

1{
A Bottom View

<
>
b

D 1998 Natonat Semiconducter Corporation  TUL/H/T748

outset )
Order Number LM7805CK;
12 LM7812CK or LM7815CK 1|

See NS Package Number Kcoz{

A\

Plastic Package

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03

TUH/TT48-1 ]
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Absolute Maximum Ratings

Maximum Junction Temperaturs

i Miliitary/Aerospace specifled devices are required,
please contact the National Semiconductor Sales (K Package) 150°C
Office/Distributors for avallability and speclfications. (T Package) 150°C
Input Volitage (Vo = 5V, 12V and 15V) 3a5v Storage Temperature Range -65Cto j% 150°C
Intemal Powaer Dissipation (Note 1) Internally Limited Lead Temperature (Soldering, 10 sec.)
Operating Te ture Range 0°'Cto +70°C TO-3 Package K * 300°C
fing Tempera ange (T TO-220 Package T 230°C
Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125°C unless otherwise noted. 4
- Output Voltage sV 12v 15V i
, Input Voitage ?unless otherwise noted) 1V 19V 23V Units i
, [
Symbol|  Parameter Conditions Min | Typ | Max| Min [ Typ [ Max | Min | Typ | Mjx :
Vo  |Output Voltage T] = 25°C,5mA < Ig < 1A 48 6§ 52115 12 125|144 15 156| V 1
Pp < 15W,5mA < Io < 1A 475 5.25( 11.4 126 | 14.25 1555 v !
| Vamin € Vin € Vmax (7.5 < Vin £ 20) | (14.5 S VN $27) | (17.5 < Vi < 30) A\
‘ ;" —t i
AVo  [Line Regulation 10 = 500 mA|[T] = 25°C 3 50|+ 4 120 4 150 | mv |
! AV (7T<SVinsS25) | 145<ViN<30) | (175 <Viy<S30) | Vv
; IC S Tj< +125°C 50 120 180 { mv
| AViN B<sVN<20) | 15sviys2n | (185<svinsad) | v
: | lo<1A  ITj=25C 50 120 1io i mv
! AViN (T5SVNS20) | (146SVNS2N | (17.7SVNS30) | V
I 0C<Tj< +125°C 25 60 75 | mv
o a i AViy BsVNS12) | (16SViy<22) (20 € Vin < 26 v
A\Vo !Load Regulation Tj=25C [SmA<lps1.5A 10 50 12 120 12 1 mv »
! ! 250 mA < lg < 750 mA 25 60 7! mv :
| [SMA<IgS 1A 0CS TS +125°C 50 120 180 | mv
QuiescentCurent _{lg < 1A [Tj = 25°C 8 8 g | ma
o . loecsTig 2125 .85 8.5 86 | maA
lg iQuiescentCurent |SmMA<Ip<1A 05 235 o5 | ma
! Change Tj = 25°C. 10 S 1A 1.0 1.0 15 | ma
! VMIN € Vin € Viiax (75<Vin<20)| (148 ViNsS27) | (179<sVinsS3h) | v
: llo € 500mA,0°C < Tj < +125°C 1.0 1.0 19 | ma
L Vi £ ViN € Vumax (7<Vin$25) | (145<ViNS30) | (17.5SViN<3Q) | V
¥ |Output Noise Voltage| Ta =25°C, 10 Hz < f < 100 kHz 40 ’ 75 90 | |av .
T
\vin { Ripple Rejection Io<S1ATj=25Cor | 62 80 55 72 - 54 70 I
Vour [ f= 120Hz{ Ig < 500mA 62 ‘55 54 a8 .. 3
! 0C<Tj< +125°C ' '
! ~ Vmin € Vin € Vax i i B<VinN<S18) | (16 <V < 25) (E?E!}N sggf_)__v .
5  iDropoutVoltage  ;Tj = 25'C,loyt = 1A 20 20 20 ‘v
;Output Resistance  |f = 1 kHz 8 18 19 .ma
} iShor-Circuit Current [T} = 25°C 2.1 15 1.2 A
|Peak Output Current |Tj = 25°C 24 2.4 24 A
__ |AverageTCof Vot [0C S Ti S +125%C,Ig = SmA 0.6 .5 1.8 mvrc!
1 ‘input Voltage :
| Required 1o Maintain | Tj = 25°C, I < 1A 7.5 146 R i v ’
iLine Regulation [P ISR AUUUONPUSPRE NI VUUIPUNENS Y0 S
to ambient. Themmal resistance of TO-220

~Nete 1t Thermal resistance of I;n r5.5 pac;go X Ka_hm;w t';:/w junction to case and 35'C/W case
to case and S0°C/W case to ambient.

y 4°C/W ]

ckage (T) is typh

srod with

" Note 2 AR

across the input of 0.22 pF, and 8 capscitor across the output of 0.1uF. All characteristics except noise

mmwwommrahﬁmmmwuxwms 10 ms, duly cycle < 5%). Output voltage changes due to changes in intemal
=1gmperatura must be taken into account separatety.
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Typical Performance Characteristics
?
Maximum Average Power Maximum Average Power
Dissipation Dissipation Peak Output Current
Y 1 1
[T saevare ro1 T,I l ! I '[ [ ' L avgy + 108 mY
HEAT SINK INFINITE NEAT SINK 3
» g » < 7] -
= L]
2 =
1 - £ o 2 L0228 CANL 1 e e f—]
WITH 10 C/W NEAT SINK x < ] ‘ {]
3 H _71"\ N
g ] . 2 1 A
" e "I e AT $INK ] L
P, AY ¥ - Nk o E 7o t13°C
49 WEAT SING | g . T 3 ]
s $ 4 . P
« NQ HEAT INK r
. —
. L1 o  LLITTTT '
M es-28 @ 28 5475 100 128 [ 5 ] ” 5 . s u.'v FIE I ]
AMBIENT, TEMPERATURE { O AMBIENT TEMPERATURE [ ) INPUT TO QUTPUT CIPPERENTIAL (V]
Output Voltage (Normalized .
to 1V at T] = 25°C) Ripple Rejection Ripple Relecth?
1418 =t R fvu " *
Vi - Vour 3V TTTTRY LI IIIIIIIIIIIIIH -
o tour 5= T o LTI i _ ,
' ER 11 T St §w
s FR it . o SR H -
0 5 T T “'ll' [T g , b
SN 1 I AL S 3
1 =3 A1 I A ¥ YD)
308 E . _:lm-‘:o‘t:r""uc'”""' £ ow —Vin-Vaur = 8 Voge 35 Vims —
) ] P T R | tour*1a j, ]
1 i i q-u‘c
" 1 ¢ ! g ] : .
13 -50-25 6 25 SE 7S 19123 190 w108 n n e ¢ s 0 ls FIR
JUNCTION TEWPERATURE ( © EREQUENCY (HAl QUTPYT VOLTAGE (v
Qutput Impedance Dropout Voltage Dropout Chargcterlstics
a1 Cour~ ¢ 5&5 ] [ aVour - 100V | e 1T 1 B
Vour* SV iy =z ] LR b 7,0 25%
four * 69 mA ] s layr * 14 ]
o Lt - - ot Tgur >4
E 15 Py lgur = 8ema g -\\ !
7 a — a
Coutr® 1 uf = : bt
T e g Ligur-o3 5 figuy 10 ot
w 3 8, iy
g 'Y} S :ur'
s.00. - - 2 N L ‘ f L
(L2 B R LB L I STE-50-75 0 23 G0 VS 100125158 - .02 ¢ 4 1
PREQUENCY Me) JUNCTION TEMPERATUSE ( O INPUT VOLTAGE (V)
¥ 1
" H
Quiescent Current Quiescent Current q
P oes o
Vi o 10V T
Vour* SV z _:'04:’0'1" ".V-A
'3 s lqup $n3 K Tje e j
13 R L
& ] e
g as o5 § s anul i
= ]
8 8o .
g EH
@& o 4
T 2
13 -S8-28 0 15 S48 108 125 184 s w o1 0B e N
JUNCTION TEMPERATURE I°CH NPUT VOLTAGE (V)
-
v TU/H/ITT48-4
m e oo e+ e s = men e o e e s ¢ e e e e

POWER DISHPATION (W)

NORMALIZED QUIPUT VOLTAGE (V)

SUTPUT IMPEDANCE (1)

e = o & w

4

B

3

iy i vl gt




! . -
. Physical Dimensions inches (miimeters)

0.946 —0.980
-1 (22.88  24,89) t—
o.400-0.515 |, oA 0.250-0.358
@.32= za.m; -t (6.350-3.8%0)
0.107-0.123 l -
2n8-3124) l ¥ —<\i
—>1
0.028 f 1 X { 0.445-0.522
0535 l odss SEATING PLANE {11.30~-13.26)
UNCONTROLLED LEAD DA ~——-
mag _—”‘_ 0,038—0.04 *
MAX (o.scs mz)
0.420-0.440
eeT-11.19)

18120961
0.970--1.050

(3.895~-4.089)
(24.64—26.57)

o 7Y?
5.165-0.179 | ® =
4191 4,547
¢ RTYP ! 0.210-0.220 < .T 7 I

(5,334 - 5.588)

| 0.655-0.675

{18.64 —17.15)
14771197
29.99-%0.47)

KCXIA MEY O

Aluminum Metal Can Package (KC)
Order Number LM780SCK, LM7812CK or LM7815CK
NS Package Number KC02A
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: Physncal Dimensions inches (milimeters) (Continued)

_.y0.260-0.2¢0, 0.330-0.350 _,
fe.10-8.60] {8.38-0.09} _ — ]
2.100-0.120 0.149-0,153
{2.54-3.08] s s (3.76-3.81]
Ak U
* " 0.0%0-0.118
2.400 J5oe N . - - a2l ghe6-0310
{10.18 ,“,] . f L L {4.83-5.33]
Pl ;
0.048-0.053 __I
-/ |, | 0.130-0.180 1) (l.zz-l 4]
oD : [3.30-4.08}
© 1.008+1.033 0.027-0.037
=T (as.s3-26.29) [!.-6;;:-“1

0.175-0.185

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Lite support devices or systems are devices or
systems which, (a) are intended for surgical -implant
into the body, or (b) support or sustain life, and-whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonsbly expected to result in a significant injury

[4.85-4.70] [—._—..-{

" 9o~
E ' aau-a 082 \JI’ \_ — 0.108 ::::: [“’::ﬁl N -
T‘ (.22-1.32) SEATING PLANE

v TAPERED

| SICES 1 tess {mty )

I TO0-220 Package (T)

*’,é Order Number LM780SCT, LM7812CT or LM7815CT

g ! NS Package Number TO3B
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.NATIONAL'S' PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL :

{

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support davice or system, or to affect its safety or
effectiveness.

Emak: cnjwge @levm2.nsc.com
Dsutsch Tek: (4+49) 0-180-530 85 85
Englsn  Tek: (+49) 0-180-532 78 32
Frangais Tet {+49) 0-180-532 93 58
Ratlano  Tek: (+49) (\::M-SJA 18 80

Artinglon, TX 76017 ©
Tet: 3(800) 272-995¢
Fax: 1(300) 737.7018

to the user.
[P . y - e ammn
National Scmlemu:w National Semicenductor -National Semiconductor Natonal Soauunduﬁu
Corponstien Europe . Hong Xong Ltd. Japan Lid,
1111 Wast Bardin Road Fax: (+489) 0-180-530 85 86 13th Floor, Siraight Block, Tel: 81-043-299:2309
Fax: 81-043-299-2408

Ocsan Cente, S Canton Ad.
Tsimshatsul, Kowloon

Hong Kong

Tek: (852) 2737-1600

Fax {882) 2736-9960
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