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ABSTRACT

This project presents the design of device for measuring DC current by the application of
magnetic sensor which is Hall device type. We apply magnetic sensor by using Ampere’s Law to
create DC current meter. When the current flow through, the conductor wire will have an
inductance of magnetic field. We detect this change and convert the measured signal into current
again. The result of the experiment is compared with the measured current from amp meter for
analysis. The advantage of the DC current measuring instrument from magnetic sensor is that DC

current can be measured without relating to the measured system.
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Year Effect Description Application

1842 Joule Magnetostriction-change in Acoustic delay line
of ferromagnet with magnetisation. magnetometers.

1846 Change in Young's modulus with Acoustic delay line
magnetisation. magnetometers.

1847 Matteucci Torsion of a ferromagnetic rod Magnetoelastic sensor.
changes magnetisation.

1856 Thomson Change in electrical resistance with ~ Magnetoresistive
magnetic field. Sensors.

1858 Wiede mann A Torsion is created by a current Torque and force
carring ferromagnetic rod when measurement
subjected to a longitudinal field

1865 Villari Magnetization effected by tensile Magnetoelastic
or compressive strength. Sensors.

1879 Hall Transverse voltage created across Magnetogalvanic
current-carrying crystal by magnetic ~ sensors.

field.

1903 Skin Displacement of current to surface Position sensors.
due to eddy current. (distance, proximity)

1931 Sixtus Pulse magnetisation by large Wiegand and pulse-

Tonks Barkhausen jumps. Wire sensors.

1962 Josephson Quantum mechanical tunnelling Position sensors

effect between two superconducting

layers.

SQUID magnetometers.
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Tsunsuldaru
#include <avr/io.h>

#include <avr/interrupt.h>

#define F_CPU 16000000UL

#include <util/delay.h>

#define Vadc 1024

#include <stdio.h>

#include <stdarg.h>
#include <string.h>
#include <stdlib.h>

#include "mydefs.h"

#include "led.h"
#include "printf.h"

#include "serial.h"

/I AVR device-specific 10 definitions

// Interrupt Service routine

// 16 MHz

// header file implement simple delay loops

/11024 (10-bit Resolution)

/********************************************************delay ms*/

void delay_ms(uint8_t i)

{
for (;i>0;i--)
_delay _ms(1);
}

/***************************************************Main Function*/

int main(void)
{
unsigned int adc, adcv;

unsigned int adc_str;



unsigned char ch_adc=0x00;
double volt=0, current;
double volt1=0;

char buffer[8];

char bufferi[8];

int i, j;

DDRF=0x00;  //PortF input
PORTF=0x00;

ser_init();

sei ();

port_init();

led_init ();

led_gotoxy (0,0);
lcd_printf ("Output Voltage",0);

led gotoxy (65,2);
led_printf ("mV",0);

led_gotoxy (65,4);

led_printf ("Amp",0);

// ADC Enable & Auto Trigger Disable
ADCSRA |= (1<<ADEN);

ADCSRA |= (1<<ADPS2)|(0<<ADPS1)|(0<<ADPS0); // XTAL/16



while (1)
{

/I AVCC with external capacitor at AREF pin
/I Select Analog Channel
ADMUX = (0<<REFS1)|(1<<REFS0)|ch_adc;

/Nloop 8 for sampling

for(j=0;j<8:j++)

{

ADCSRA |= (1<<ADSC); // ADC Start Conversion
while ({(ADCSRA &(1<<ADIF))); / Wait conversion completes
adc += ADCW;

delay ms(100);

¥

adcv = (adc/8); // V/8

volt = adcv*4.624;

current = (6.1312*volt - 0.1073)/1000;

sprintf(buffer,"%4.2f" volt);

sprintf(bufferi,"%4.2f",current);

led_gotoxy (10,2);
led_printf (buffer,0);

led_gotoxy (10,4);
lcd_printf (bufferi,0);



delay _ms(1600);
adc =0;

return O;

Tsunsul¥au Lep
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/pgmspace.h>
#include <stdio.h>
#include <stdarg.h>
#include <string.h>

#include <stdlib.h>

#include "lcd.h"
#include "mydefs.h"

#include <util/delay.h>

#include "serial.h"
#include "printf.h"
#include "font.h"

#include "lcd.h"

1/

//

void led_write (uint8_t dat)
{
#ifdef SPI
SPDR= dat;
while (!(SPSR & BV(SPIF)));

// Delay 1.6s



#else

uint8 ti;

for i=0;1<8;i++)

{
/*

J.Nut note

just to set bit out before set clock

if you set clock before set bit io.,,,, it can't work
x/

if (dat & 0x80)

{
LCD_PORT |=_BV(LCD._MOSI);

else

LCD_PORT &=~ BV(LCD.MOSD);

}

LCD_PORT |= BV(LCD_SCK);
asm("nop"::);

LCD_PORT &=~ BV(LCD_SCK);

dat = dat << 1;

#endif

}
I //

void nokia_lcd_wrdat (uint8_t dat)

{
LCD_PORT &=~ BV(LCD_CS); // select display
LCD_PORT |= BV(LCD RS); // set RS line

ledwrite(dat);



LCD_PORT |= _BV(LCD_CS); /1 deselect display
}
/ 1/

void nokia_lcd_wremd (uint8_t dat)
{
LCD_PORT &=~ BV(LCD_CS); // select display
LCD_PORT &=~ _BV(LCD_RS); // clear RS line (data transfer mode)
led_write(dat);
LCD_PORT |= _BV(LCD _CS); /I deselect display
}
// /!

void nokia_lcd_putchar (uint8_t str,uint8_t type)

{
uint8_t dat,i =0;
while (i <FONT_WIDTH)
{
dat = font[((str-32)*5)+i];
if (type)
dat =~ dat;
nokia_lcd wrdat (dat);
i++;
}
dat = 0x00;
if (type)
dat = Oxff;
nokia_lcd_wrdat (dat); // 1 culume for space between charactor
¥
1/ /l

void led_gotoxy(uint8_t x, uint8 ty) // Nokia LCD 3310 Position cursor



{

nokia_led_wremd (x + 128); /I'Y axe initialisation: 0100 Oyyy
nokia_led_wremd (y + 64); /I X axe initialisation: 1xxx xxxx
}
/ 1/

void nokia_cls (void)

{
uintl6_t ddram;
led_gotoxy(0,0); // 84*%6=504  clear LCD
for (ddram=504;ddram>0;ddram--)
nokia_lcd_wrdat (0x00);
}
// /]

void led_printf (uint8_t *string, uint8 t type)

{
uint§ ti=0,n;
n = strlen (string);
while (i <n)
{
nokia_lIcd_putchar (string[i],type);
i+
}
¥
// //

void led_init (void)

{

LCD_PORT |=_BV(LCD_CS); // CS is high



LCD_PORT |=_BV(LCD_RS); /RS is set to high
LCD PORT &= ~_BV(LCD_RESET); // reset display
_delay ms(10);

LCD_PORT = _BV(LCD_RESET); // release reset

nokia_led wremd (0x21);
nokia_lecd_wremd (0xC2);
nokia_lcd wremd (0x13);
nokia_lcd_wremd (0x20);

nokia_lcd_wremd (0x09);

// clean DDRAM here
nokia_cls ();
nokia lcd wremd (0x08);
nokia_lcd_wremd (0x0C);
i
// end of file
/) /1

void port_init(void)
{
LCD_DDR = (_BV(LCD_RESET) | _BV(LCD_MOSI) | _BV(LCD CS)| BV(LCD_SCK) |
_BV(LCD_RS));
#ifdef SPI
uint8_t tmp;
/I setup SPI Interface
SPCR =_BV(MSTR) | _BV(SPE)| BV(SPRO);
SPSR =1; // double speed bit
tmp=SPSR;
#else
LCD_PORT |=_BV(LCD_RESET);
#endif }



Tsunsuldarnt serial port
#include <avr/io.h>
#include <avr/interrupt.h>
#include <stdarg.h>
#include <string.h>

#include <avr/pgmspace.h>

#include "mydefs.h"
#include "serial.h"

#include <util/delay.h>

#define RBUFLEN 16

volatile unsigned char rbuf{ RBUFLEN]; //Ringpuffer
volatile unsigned char rent, rpos, recbuf;

volatile unsigned char busy;

SIGNAL(SIG_UARTO_RECEIVE)  /* signal handler for receive complete interrupt */

{
recbuf= UARTO_RECEIVE_REGISTER; /Byte auf jeden Fall abholen, sonst Endlosinterrupt

/* don't overwrite chars already in buffer */
iflrent < RBUFLEN)
rbuf] (rpos+rent++) % RBUFLEN] = recbuf;

3
1 //

SIGNAL(SIG_UARTO_TRANSMIT) /* signal handler for transmit complete interrupt */

{
DISABLE_UARTO_TRANSMIT_INT; /ATmega Disable Transmit complete interrupt Ibschen

busy=0; //Byte gesendet Flag r[ | cksetzen



}
/

1l

unsigned char ser_getc (void)
{

unsigned char c;
while(!rent) {}; /* wait for character */

DISABLE_UARTO_TRANSMIT_INT; /ATMega Disable Receiveinterrupt

rcent--;
¢ =rbuf [rpos++];
if (rpos >= RBUFLEN)

rpos = 0;
ENABLE_UARTO_RECEIVE_INT; /ATmega Enable Receiveinterrupt

return (c);

}

/!

//

void ser_putc(unsigned char c)
{
while(busy==1);

ENABLE_UARTO_TRANSMIT_INT; //ATmega Enable Transmit complete interrupt erlauben
UARTO_TRANSMIT_REGISTER=c; //Byte in Sendepuffer

busy = 1;
}
I

//
// Transmit string from RAM



void ser_puts(unsigned char * s)

{

unsigned char c;

while((c=%*s++))
{
iflc =="n") //CR und LF senden bei \n
{
ser_putc(0x0D); /CR
ser_putc(0x0A); //LF
}

else ser_putc(c);

}

/1

// Transmit string from FLASH
void _serputs P(char const *s)

{

unsigned char ¢;

while((c=pgm_read byte(s++)))
{
if{(c =="\n") //CR und LF senden bei \n
{
ser_putc(0x0D); //CR
ser_putc(0x0A); //LF
}

else ser_putc(c);

}

1!



/Ivoid new_line( void) { sendstring("\n\r"); }
// /!

void ser_init(void)

{

rent = rpos = 0; /// init buffers

busy = 0;

sbi(TX0_DDR,TX0_BIT); //TxD output
sbi(TXO_PORT,TXO_BIT); //set TxD to 1

// enable RxD/TxD and ints
UARTO0_CONFIGUREL; // See serial.h
UARTO_CONFIGURE; // See serial.h

UARTO_BAUD_REGISTER_HIGH=(unsigned char)(UART BAUD_ SELECT>>8); //

set baudrate

UARTO_BAUD_REGISTER _LOW=(unsigned char)(UART BAUD SELECT);

// set baudrate

}
/! //

void ser_puthex(unsigned char by)
{

unsigned char buff;

buff=by>>4; //Highnibble zuerst
if(buff<10) buff+='0'; //ASCII Code erzeugen
else buff+=0x37; //GroBbuchstaben

ser_putc(buff);

buff=by&0x0f; //Danach das Lownibble



if(buff<10) buff+=_'0' ; //ASCII Code erzeugen
else buff+=0x37; //GroBbuchstaben
ser_putc(buff);

}

&i"""'
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits

»  Low-noise output

»  Fust power-on ime

*  Ratiometric rail-to-rail outpat

* 4.5 10 6.0 V operation

= Solid-stute rel y

» Factory-programmed at end-of-line for optimum
performance

* Robust ESD performance

Packages: 3 pin SOT23W (suffix LH), and
3 pin SIP (suffix UA)

Mg w seale

Description

TheA 1301 end A1 302 are continuous-time, ratiometric, inear
Hall-effect sensors. They are optimized to securately provide
& voltage output that is proportions] to en spplied magnetic
field. These devices have a quiescent output voliage that is
30% of the supply voltage. Two cutput sensitivity options are
provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typival for the A1302.

The Hali-effect imtegrated cireuit included in each device
includes a Hall sensing element, 8 linear amplifier, snd 2
CMOS Class A output structure. [ntegrating the Hell sensing
ciement and the amplifier on a single chip minimizes many
of the problems nommally associated with low voltage level
unalog signals.

High precision in cutput levels is ubtained by internal gain
und offset trim adjustments made at end-of-line during the
menufucturing process.

These features make the A1301 and A1302 ideal for use in
position sensing systems, for both lingar farget motion and
rotationad target motien. They are well-suited Tor industrial
spplications aver extended tempersture ranges, from —20°C
10\ 25°C.

Twaodevice packege types ars available: LH, a 3-pin SOT23W
type for surfuce mount, and LA, & 3-pin witrumini $IP for
through-hole mount. They are lead (Ph) free {suffix, -7) with
H10% matte tin plated leadframes,

Functional Block Diagram

TN VSR =\ TR R %
vz 4 i
3 |
|
' |
1 § P G i
i {
i t
: ! vour
1 i
i 1
+ i H
T i {
TN ; -
Sevmss J
1 i
i 1
i 1
i

ATS01-08, Rev. &



A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Selaction Guide
Fart Number Pi-fraa’ Packing? Parkage Ambiant. T, Sansitivity (Typical)

?1301 Ei.f— LT-T Yea #-in. 18pe and resl, 3000 pisces/reel Surface Mount —0FC 1o 8550

A301EUAT Yizg Buix, 500 szcestag sip 38 ma
A1I0TKLELTT vag ?-in, tape and reel, 3000 peces/reel Surface Wount 4 10 12800

AtJ01KLAY Yas Buic, 500 oecesibag Sip

A12ELELTT Yag 7-in. tape s5g reef,?ﬁ&ﬂ piecesireel Surface Mount 400 10 BEIC

A1 0LEUA Yag Bul«, 500 slecestbag SiF L Amye
AAJZKL=LTT vizg Tin. tape 302 resl, 3000 piaeslresl Surface Mount —a00 10 12500

A1302KUAT Yaa Bulx, 800 piscesibag SiF

*Po-nased varlants 272 being phased cut of the productiice. Cenain varzants cied n In's foolndte sve no lomger in preduction
not be purchased for new gesign sopications. Bampiza a2 no ionger aualiable. Status cha

AIBO1EUA, ATBUIKLHLT, AT30TKUA, ATU2ELELT, A1302ELA, A1302KLHLT and A1302KUA.

“Contact Avegro for addibonal packing ootions.

Absolute Maximum Ratings

Tre varanis shous

2: May 1, 2006, These variants include: A1301ELHLY,

Characteristic Symbal Notes Hating Urita
Supply Vioitage Vaa g Y
Outgut Voltsge YVaur & Y
Rezverse Supply Yolage Waze =% Y
Reverse Supply Voitage Vare =G W
Qutput 8ok Current lagr 16 ma&
Range E 40 ta 85 hy &4
Operating Amblent Temperature T
s Range K -40 10 1258 *c
Maximum Junction Temperature T, (max} 18 )
Starage Temperature Taie -6510 47C R

Augr MizrsSystans, e
$45 hanhesst Cuiok, Bax 45038

Vesaat, Massachsalis T1395-3008 1508) 355100
i Al Ggﬂ’filﬂ\.m

2



A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

DEVICE CHARACTERISTICS over operating temperature range, T,, and Voo ® 5V, unless otherwise noted

Characteristic | Symbol | Test Conditions | Min. | Typ. [ Max. | Units
Electrical Characteristics
Supply Voltaga Yep Running, T, < 165°C 4.5 - [ W
Supply Current lee Culput opan - - 11 mé
Yoot |lanuscs = -1 ma, Sene = nerrinal 488 47 - Y
Cutout Volta VOUTiMizh SOURCE -
By g8 Vezizw |'ene = | mA, Sens = nominal - 0.2 | 025 v
Cutput Bandwidth BW - 20 - kkz
Vo timin 10 G958 Wy B = 27400 G!
e < % CCiming: ouT ' e
Rorarcn e B0 lsiew rete =4.5 Vit t0.4.5 /100 ne 3 . ks
Cutput Resistance Reyr lome 51 mA lapinne 2—1 MA - 2 5 0
Wide Band Culput Naise, rmg Vours ;zf:f;zﬁﬁg ek iy < 10 R, - 180 - Wy
Ratiometry
Guisscant Output Voltage Error A7 il q s
with regpect 1o AVpe! LVourgyy [Ta= 28°C = 7 2340 %
Iagnetic Sensitivity Efror with = [ = Y ; o,
respact ta A2 4Beng,, |Ty= 25°C £3.0 %
OCutput
Linsarity Lin Ta= 25°C - - 2.5 %
Symmatry Sym T,= 25°C - - +3.0 %
Magnetic Characteristics
Quiagcant utput Valtage M B=0G: T, = 258'C i, A4 25 2.8 i
SdTo &
Quisgeant Quipul Voltage cuar - 5 ; 5
Opsrating Temparature Rangs Yot [B=0G & = u
ol N : A1301; T, = 25°C 2.C 2.5 3.0 mViG
Iagnetic Sensitivity Sans ey T:= S e = N T
IMagnetic Sensitivity over Sane A1301 : 1. - 32 | mviG
Operating Temparature Rangs TTATa TRYRER 0.85 = Y75 | mviG

‘Refer o equation {4} in Ratiometric section on page 4.
*Refer to equation {5} in Ratiomstric sesticn on page 4,

3t MirsSpatama, ine 3
Tuto¥, Box 13033

*lagsazrusetis 1EIE.0238 1BD8) 8525000
B A RGOS LOM




A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

Quiescant Output Voltage. In the quiescent state (no sig-
nificant magnetic field: B = 0), the output, Vorrrgs tquals one
half of the supply voltege, Ve, throughout the entire operating
ranges of Voo and smbient temperature, T, Due to interns!
component toferances and thermal considerations, there iy u
tolerance an the guisscent autput voliage, AV, o which is

& function of both AVee and AT, For purposes of specifica-
tion, the quicscent output valtage as a function of temperature,
MNgrrgiar,, 19 defined as:

: Poutgra = Voo |
Aoty = i
Seniyzer,

where Sens is in mV/G, and the result is the device equivalent
aceuracy, in gauss ((3), applicable over the entire uperating term-
perature range.

Sensitivity. The presence of a south-polarity (<1) magnetic
field, perpendicular to the hranded face of the device pavkage,
increases the output voltage, Vyy, -, in proportion to the magnetic
field applied, from Y e, toward the Vg ril, Conversely, the
application of a north polarity (-B) megnetic field, in the sume
orientation, propurtionally decrrases the outpat voltage from its

Ratiometric. The A1301 and A 1302 festure & raticmetric
output. This means that the quisscent voltage outpus, Vourg
and the magnetic sensitivity, Sens, are proportional 1o the supply
voltage, Vee.

The raticmetric change (%4 in the quiescent voltage vutput is
defined as:

Voutgmen / Voo

ooy = x 100%, (+)
‘ Vee /3v
and the ratiometric change (%1 in sensitivity is defined us:
Stthivveey / Sensay;
Afenyy = —/—‘—- % 1% (5

Vee 5 ¥

Linearity and Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the wpplication of wery high magnetic fields does not
damage these devices, it does force their output into a nonlinesr
region. Lincerity in percent is measured and defined gs:

Foure-a; = Yourg

guiescent value. This proportionafity is specified as the magnetic L = Y = w— x 100%  (A)
sensitivity of the device and is defined as: < Iraus-ng = Fou |
Pt = Fovres < ¥ 7
Sens = 2% \ o= — Youte =
258 Lin- = x 1008 7
: 14 N (@ 2t — Paungl
The stability of the deviee magretic sensitivity as » function of { -
ambient temperature, A%ens o1 1% is defined s und cutput symmelry as:
Sune y, oureg:, — ¥
Senier,, - Senias ) : Vot & 7
ASensiay, = —— T T 0% 133 Sy = - - x 108% (¥
Senzsee Foum = Youteu
ARy M Sy, . 4

5 danhpast TUn¥, B 15038
ortEEte, Massasrsalts Y E48.0038 (IS} BRR.5000
wites 3TGTDON IO IO



A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Typical Characteristics
{30 pieces, 3 fabrication lots)

13071 Devize Sensitvity ve. Amblent Tempersture 1302 Davice Sensitivity vs. Temperature
285 140
| 1.38 -
280 p— — : U4 Package "
{g UA Packags g @. 1.35 —
2 2385 e > qa4
S it E y i
EE Fad i s 142 ~%
é 2.8 ﬁfﬁ’ LH Packege B 430 L e
o 4 / I ;. i
3 = /:‘,;,:f Z 3 " LH Package
2,40 {-a 128 o
-.r" . “]
235 g . 1.24 —
-5¢ 28 O @550 7ETTO6~43S 150 50 -250 25 50 15 300 125 150
Tenmpersiure {*2) Temperature (*°C}
1301 Bavite Vg, -o ve. Amdient Temparaturs 1302 Devita Yy vp ve. Ampient Tampe ratirs
280 25
S 28 S 285
20 | n — Z ae
= &0 s 2B -—
:
3 2 € zat
40, “ T4
=50 <28 O 25 &Y. Y5 100 1285 450 S50 -25 S0 2k 81 Y8 e 12 180
Temperaturs {*C) Temparature {*L)
430t Davice Sermitlvity vs. Supply Vollage 1302 Gevice Seretivity vs. Supgly Voiage
35 3.7
18 e
g 8° S o g 13 e
% ‘/..&’/ E i / “//
= oz el P /
2.4 gz
1.1
1.8 1.6
1) BN EE 3 45 B 55 8.0
Supply Voitegs (W Sucoly voltage (W
Cantinued on the aext poge...
Alage MizaSyatens, e 5

YR raNheEl DULY, Boe 13238
tassanhusalla D181

L0, ST

2035 {B08) 8535000




A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Typica!l Characteristics, continued
(30 pieces, 3 fabrication lots)

1304 Uavics Vi~ va. Supply Yoltage 1302 Device Vgyurg va. Supply Veltage
25 18
S as S ab
e e
.‘§ i1 o > 25
E P % /
o 2
2.0 2.0
4” 5 . ‘E
&, s | 8.0 4 &0 SE B.O
Supety Voilage (V) Suppiy voltage [V
1301 Dewine LIN= and LiN- s, Supply Woltage 1302 Davice LiN+ 300 LIN- vB. Supply Yoltege
LR 1800
.
1603 Vs » LiN+ ol d
: uﬁ-/ ans -~ N b
b ‘\\ 3 i \\}/ "‘“‘%—--.\74;
g 001 i < oug s o 25 ey
Bl AN v
1600 =
- LN ”‘“«..v.__“ - oy
bay
938 085 . i
i5 5.0 55 €0 4 50 5.5 6o
Sugply Voltage (V) Suaply voaga /)
+321 Davies Symmeatry vs, Sungly Yollage 1302 Davice Symmelry vs. Supoly Voltage
100.0
8
we
- - 2 -
= 2 /" i R T |
e wes o /
F s :
E ws o £
& |3 z
%2
@
gap
4, 5 5% 6.0 50 55 8O
Supply Vioitage 1Y) Supgiy WYoltage (V)
Aagen iz Baters, ne. g
145 hantheast TUnl, Box 18032

oecasise, Massastusslts 113480038 {508 BER.5I00
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A1301 and Continuous-Time Ratiometric
A1302

Linear Hall Effect Sensors

Package LM, 3-Pin; (SOT-23W)

MBI W NS 0y
ritiored

Pin-out Drawings

Package LH Package UA
3
i L
i 2 2
Tarmicsal List
Number T

b Package LH | Package UA SAaelion

YCC 1 1 Connects sower supply 1o chip

YoUT 2 3 Outpus from circuit

GND 3 2 Ground
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Package UA, 3-Pin SIP
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FET-Input, Low Power

INSTRUMENTATION AMPLIFIER
W

FEATURES

@ LOW BIAS CURRENT: =4pA
® LOW QUIESCENT CURRENT: 450uA
® LOW INPUT OFFSET VOLTAGE: £200uV
® LOW INPUT OFFSET DRIFT: 22uVi*C
@ LOW INPUT NOISE:
20nViNHz at f = 1kHz (G =100}
@ HIGH CMR: 108dB
@ WIDE SUPPLY RANGE: =2.25V to =18V
@ LOW NONLINEARITY ERROR: 0.001% max
® INPUT PROTECTION TO 240V
@ B-PIN DIP AND 80-8 SURFACE MOUNT

APPLICATIONS

® LOW-LEVEL TRANSDUCER AMPLIFIERS
Bridge, RTD, Thermocoupie

® PHYSIOLOGICAL AMPLIFIERS
ECG, EEG, EMG, Raspiratory

® HIGH IMPEDANCE TRANSDUCERS

® CAPACITIVE SENSORS

@ MULTI-CHANNEL DATA ACQUISITION

® PORTABLE, BATTERY OPERATED SYSTEMS
@ GENERAL PURPOSE INSTRUMENTATION

DESCRIPTION

The INAL2L is a FET-inpus, low power instrumenta-
tion amplitier offering excellent secoracy. fts versatile
three-op amp design and very small size make it ideal
for e variety of genersl purpase applications. Low bias
current (24pA] allows use with high impedance
SOUPTES.

Gain gan be set from 1V o0 VEGOEVAY with = single
external resistor. Internal input profection can with-
stend up to 24V without damage.

The INAIZL is laser-trimmed for very Jow offset
voltage (22000V), low offset drift (z2uVAC), and
high common-mode rejection (10648 at G = 1003 It
operates on power suppliies as fow as 2225V {+4.5V),
allowing use in battery aperated and single 3W sys-
tems, Quicscent carrent is only 45004,

Package options fnclude S-pin plaste DIP and §O-8
surface mount. All ere speeitied for the —40°C w0
~83°C industrial temperature range.

{Sieniiciags)
Profaction
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SPECIFICATIONS: Vg = +15V

AT, = 45500 Wy m £28Y. R = 10kd), and 14 refererce = OV, uniess conmnaise noss

MNAI1298, U AI21BA, UA
PARAMEYER CONBITIONS BN e ELES 4 1N e WAK UNITS
INPUY
Offses Walmgs, AT 200£200G | £B00480003 230020005 £12001020/G g
ws Termperature 22435 =5:20'G # 182206 WG
+3 Power Buppy Wy = 4R 28V o 29RY 2543016 AT A e ] * * W
corgeTarm Sabitty A5 *
impedanze, Differanta 4 1 #*
Commanshizca Yo=Y $0424 12 *
irput Woitage Rarge Zes Taxt ard Typical Curves *
Satn input Woitage &40 L b4
Comraneticde Rejection Yoy = @12 BV 10 138V
G= T 3 72 * =]
&=12 21 10 as # =3
&= 120 g8 108 2% ¥ -3
&= 1000 105 #* ]
Bia% CURRENT W= OV | «8 * ® =2
vs Temperature Sze Typizal Cures #*
Uffses Currant | =5 | ¥ R
«5 Temperatune Sae Typical Curva #*
WEIEE, &Y M
Wimge hoisa: f= 10z G= 10l 3% * mndir
i 100Mz G=10 21 # riidiz.
EER T G=100 b s itz
THI o 10Mz G =1 1 #* ey
Cumer: hzse: f= 1k 1 ¥ R
GaiN
Goin Squation 1+ (BCkiR Y ® Pt
Range of Can % 12,508 £ & WiV
Gain Srrar Yo zwidi 1z 13.8Y
E=1 2.0 20,08 ¥ ELR
&=z 12 0% & * 05
G=300 2208 EE ¥ 47
&= 1000 25 *
Gain vs Tomoerzre' Gz P w19 #* %
S 425 =310 # %
fanlinaariy Wy T =44 12 128
Gz «3.8002 300 % «3.002 % oA EER
G= 18 &3.2018 3008 ¥ 20,008 % ol FER
G =100 05016 42,505 * “2.008 % ol FER
G'= 1330 «2.002 * % of FER
oUTRUY
Woitmge: Positive R, = 1201 ¥* ¥
Negatue A= 120k # ¥
Positive R, = 1kl {ems ® * v
Negative R, = 1R (émie025 L4 w ¥
Capacitarcs Lzad Tnve 1800 * aF
Shoetalirzul Cwment 214 * mA
FREQUENCY RESPONSE
Bardwics, =348 G=1 &40 " iz
S=18 ko] ¥ iz
S= 120 53 * kldz
&= 1000 g % iz
Sipws Rt Yo = &10Y, G 510 8.7 * Wins
Setvirg Time, 0.01% S= 13zl 30 # ks
& =180 3 % us
&= 1000 280 #* 5
Qwarcad Racovery 2% mput Dvevica & & s
POWER SUPPLY
Yoitzge Range £2.25 £15 &t ¥ ¥ * ¥
Ouimscers Current gz OV 453 «628 & ko i
TERPERATURE RANGE
Specfication il 133 £ # €
Opecatirg =55 128 & * L
Stzenga =55 128 & & e
Trermal Resstance, &,
Simaz TR 100 ¥ AN
808 Burace Moun 153 ¥ LAY

#* Epaoficotion same as INATEIP, U

NOTE: (1} Temperahure coefficient of the “imarral Resisioe’ i the gaiy sguation. Doss oot inchede TOR o Sareseiing ressior, Rg.
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PIN CONFIGURATION

ELECTROSTATIC

Top Viow Pin DiP E
i i fusteris DISCHARGE SENSITIVITY
Top View This integrated circuit can be damaged by ESD. Burr-Brown
T recommends thar all integrared circsits be handled with
8 l: E} ] approprizte preceutions, Failure to observe proper handling
¥ [:2__ 3\;4 and installation procedures can cause damage,
a0 E 3 Vg ESD) damage can range fom subsle performance degradation
e E B = o complete device fatlure. Precision integrated cirouits may
: be more susceptible to damage becasse very smal! paremetric
changes could cause the device not to meet its published
specifications.
ABSOLUTE MAXIMUM RATINGS!
Supply Wohage ...
Anaizg inpet Vaiage
Quips Enarilirow Cai 2
Cerating Temperaiurs . =EEC 1o #1280
Suzrage Tamperatire. ... =550 1o 212840
dunmction Tomperaturs g 3 LSBT
Lead Temperature (soidering, 108l <30
BOTE: {1} Stresses abows these ryirgs moy couse permensr: darage.
Exposure to absoute mavipur sanciizes or scarces perods may cegrase
dewize rababiity.
PACKAGE/ORDERING INFORMATION
PACKAGE SPECHFIED
ORAWING TEMPERATURE FADKAGE LROERING TRANSPORT
PRODUCT PALCKAGE NUNBERO RANGE MARKING HUMSER{Z REDIA
Birgia
aTR ZaFin THP 08 =440 g +854C A2 AP Rais
INAI21E 8.5in 09 008 =403 1z +B5C IMATZ1PA INAT1RA Rais
AT BCuE Surfaceiaurs 182 =440 3o +85C A2 hA121d Rais
B : y, i INATZYLERE Tape and Peat
INATZILR S0 Turfyomtiaurt 182 =420 1o +E5D GG ETUA IRAI2IUA Rais
¥ ¥ ¥ .4 INAT2ILUAISKE Tape and Rest
NOTES. (1) For ceuniied drawing and dimersicn s, pisase sa8 anc of sia svest, or Anpendix C of BuredBrown 1€ Data Bzok 23 Madnls with 2 sfash (/) e
availabie oriy ¢ Tape ard Res in the quanuties indicated (8.3, 22K incicates 2500 cevees per reetl Ordering 2500 piazes of “NAT2ILIEKE" wili gat 3 singe

2800xinze Tape and Resl Sor detnied Tape ard Jeel m

chapigad

maEian, raier 43

Treinfoomation pravided hermnis Sefisved iz e reloble; however, BURRERDUN assumas ro responsts
T3 rEspIrmEny for the use of thisirisrmation, and at use of such infoemation shail be antinsly 24 the user’s Tw sk, Prices and specifizatizrs o subymctic charge

withautmatioy, No pasmn
2oy BURRSROWN prozu

izerses iz ary of the cicuits desoribes harain zre impliad
for use injife suppoer devizas ancior systams.

prangix B of BurrBrows i€ Dis Book.

fity fze inazouracies or comssizrs, BURRWGEROWY assumes

gramedic anythind pary. BURRGEROWN dues no avshorize orsarant
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TYPICAL PERFORMANCE CURVES

AT, = <280, Vg = 418V, uriews ctharaise notes,

CORSMONMOTE REJECTION

SAN wg FREQUENCY s FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

A Ty 42840, Wy = 218Y, urimss ctheraiss noies

INPUT BIAE CURRENT
INFPUT BIAS CURRENT vs TEMPERATURE w5 COMMONIOTE INPUT VOLTAGE
12k ‘=
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et v
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TYPICAL PERFORMANCE CURVES (conT)
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TYPICAL PERFORMANCE CURVES (conT)

# T = #2580,

¥y = 215V, uviess ctherwiss noled
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APPLICATION INFORMATION

Figure | shows the basic connections roquired for aperation
af the INAL2L. Applications with noisy or high impedence
power supplics may require decoupling capecitors close to
the device pins as shown,

The output is referred to the output reference (Ref} termine!
which is normally grounded. This must be 1 low-impedance
connection o assure goud common-mode rejection. A resis-
tance of 8(2 in series with the Ref pin will cause a typical
device o degrade to spproximately 80dE8 CMR (G = 1)

SETTING THE GAIN
Gain of the INAI2] is set by connecting a single externzl

resistor, Ry, cosnected between pins | and 8

3040 {1

G=1w

G

Commanly
Figure 1.

sed gains and resistor values are shown in

The 30kL} term in Equation | comes from the sum of the two
internzl feedback resistors of A, znd Aa These oa-chip
metel film resistors are laser trimmed to aceurate shaolute
values. The scouracy and temperature coefficient of these
resistors are included in the gain accurzcy and drift specifi-
cations of the INATZL

The stability and temperzure drift of the external gain
setting resistor, Ry, also affects gain. Ry's contribution to
gzin aceuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gein can
make wiring resistance impartant. Sockets add o the wiring
resistance which will contribute sdditional gain error {possi-
by an unsteble gain errord in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE
The typical performance curve “Gain vs Freguency” shows
that, despite its low quieseent carrent, the INA121 achieves
wide bandwidth, cven at high gain. This is due to the
current-feedoack topology of the INAIZ 1L Settling time also
remains excelient at high gain,

Cyeniizhaze
Srednstion

2 =GV, =V
oy HoRE

Fa

"-ﬁ; 0..3.. »
DESIREL Rg NEARESY 1% Rg

G 1) i
1 W NS

z §3.00¢ 485

& 1250 12,45

10 8585k 582k

20 2832 28%

& pRer 1.0%
il 5081 &1t
200 2513 a8
500 102 10

102 52.05 45 %

ey 5.0 248
ES02 1200 12

18000 B 4,58

NC: Nz Conrecten.

Alsscrawn in simgifas dorme

1 ooaE

Yim

™.

L
Rs é et S>—0N,
; [ et
i Qpusiaddadp s
FIGURE 1. Basie Connections.
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The INALZI provides excellent rejection of high frequency
common-mode signals. The typical performance curve,
“Common-Mode Rejection vs Freguency™ shows this be-
mavior. If the inputs are not properly balanced, however,
common-mode signals can be converted to differcntial sig-
zals. Run the Vigand Vi conneetions directly adjzcent cach
ather. from the source signal all the way to the input pins. [
passible use & ground plane under both input treces, Avoid
running other potentizlly nodsy lines near the inputs.

NOISE AND ACCURACY PERFORMANCE

The INAL2L's FET input circuitry provides low input bias
current and high speed. It sehieves lower noise end higher
accursey with high impedance sources. With source imped-
ances of 2k to S0LL) the INALTS, INALZE, or INATZY may
provide lower offset volage end drift. For very low source
impodance (S1k00), the INATOS may provide improved
aceuracy znd lower noise. At very high source impedances
(> 180 the INALIS is recommended.

OFFSET TRIMMING

The INAIZY s laser wimmed for low offset voltage and
drift. Maost apphications require no external offset adiust-
sent. Figure 2 shows an optional circuit for trimming the
ourput offset volage, The volage apphied w Ref'terminal {s
summed zt the sutput. The op emp buffer provides low
impedance at the Ref terminal to preserve good comman-
mode rejection. Trim circuits with higher source impedance
should be buffered with an op emp follower cireuit to assurs
low impedenee on the Ref pin.

100k
12 REF2D0

iy
Acjustment Range

ﬁnﬁl

12004

HOT 112 REF200

h
£, g

{11 Far wider trim rarge ragured
Fgains, scaie resisicr vaives jarger

FIGURE 2. Optional Trimming of Cutput Ofset Veltage,

INPUT BIAS CURRENT RETURN PATH

The mput impedance of the INALZL is extremiely high—
approximately 10700 However, 1 path must be provided for
the input bigs current of both inputs. This inpat bias current
is typically 4pA. High input impedance meens that this input
bius current changes very litde with verving input voltage,

nput eireuitry must provide a path for this input bias current
ifthe INAIZT is o operate properly. Figure 3 shows varinus
provisions for an input bias current path. Without a bizs
current returns path, the inputs will float to & potential which
exceeds the common-mode range of the INA121 and the
mnput amplifiers will saturate.

1t the differential source resistance is Jow, the bias current
return path can be conneeted to one input (see the thermo-
couple example in Figure 33 With higher source impedance,
using two resisiors provides a halenced input with possible
zidventages of lower input offset voltage due to bias current
znd better high-frequency common-made refection.

TyEia T r—\
Cé:;a!\’i:r % INATZ
Trarsduzar —'l_ i

-,
S

[~

%R
N&12
%—2—-0

Trarmezougia

130

INAT21

Cariartap provides
Dins curmrt rmem,

Py
k121

Bridgn resstenca provides
Dias Zurrers roem,

FIGURE 3. Providing an Input Common-Made Current Path.

INPUT COMMON-MODE RANGE

The lincar input voltage range of the input circuitry of the
INAIZL is from approximately 12V below the positive
supply voltage to 2.1V zhove the negative supply. A differ-
ential input voltage causes the outpur voltage o increase.
The linear input range, however, will be limited by the
autput volage swing of amplifiers A, end As. So the linear
copumon-mode input range is related to the output voltage of
the complete amplifier. This behavior alse depends on sup-
ply voltage—see wypical performance curve “Input Come-
mon-Made Renge vs Gutput Voltage™

BLIRT - ROWHN S
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A combinetion of common-mode and differential input
voltage ean cause the autput of A; or Ay w saturate, Figure
4 shows the output volage swing of A, and A, expressed in
terms of 2 common-mode and differentizl input voltages.
For applications where input common-mode range must be
maximized, limit the autput voltage swing by connecting the
INAI21 in g lower gain (see performence curve “lnput
Common-Mode Voltage Range vs Outpwt Valtage"s If
neeessary, add gain after the INAI2ZT w increzse the veltage
swing.

Input-averload can produce an output voltege that appears
normel. For example, if an inpu: overload condition drives
beth inpus ermplifiers w their positive cutput swing limit, the
difference voltage measured by she output zmplifier will be
near zero. The cumpurof Ay will be near 0V even though both
inputs are overloaded.

LOW VOLTAGE OPERATION

The INAI2T an be operated on power supplics as low as
£2.25V. Performance remains excellens with power supplies
ranging from =235V w0 218V, Most parameters vary only
slightly throughout this supply voltage range—see typicel

performance curves. Operation at very low supply voltage
requires careful aention to assure thar the input voltages
remzin within their linear range. Woltage swing requirements
of internai nodes Himit the input corvmon-mode range with fow
power supply volage. Typical performance curves, “lnput
Common-Mode Range vs Gutput Voltage" show the range of
linear operation for =13V, 25V, and 2.5V supplics.

INPUT FILTERING
The INALZD'S FET input slfows use of an RC input filter
without creating large offses due w input bias current.
Figure 3 shows proper implementation of this input filier to
preserve the INSI2E's execllent high frequency common-
made rejection, Mismatch of the common-mode input time
constant (R,C, end ROy, sither from strey capacitance or
hed values, causes 8 high frequency common-maode
signal to be converted w0 8 differential signal. This degrades
comman-mode rejection. The differential input capacitor,
Cy, reduces the bandwidth and mitgates the effects of
mismateh in €, and C .. Make €y much lerger than C, and
Co i properly matched, C, snd Cy glso improve az CMR.

M

INA129

EhicH 8l
Gemuded =200
Rz

G T Gy

o+

= ],z FET irput dizws use
l Z,=L, ofiarge resisiors and
Cym 100, smaif capasias.

FIGURE 3. Input Low-Pass Filter.
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FIGURE 6. Hridge Transducer Amplifier.
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FIGURE 7. High-Pass Input Filter. FIGURE 8. Galvanicslly fsoluted Instrumentation
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