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MAGNETO TRANSISTOR AND APPLICATION

Miss. Torung Pankeaw ~ 1D. 47015169

Mr. Yanyong Keawchaum 1D. 47015179
Assoc.Prof.Dr. Toempong Phetchakul Advisor
Educaticnal Year 2006

Abstract

This project was to study of the structure of bipolar transistor .Bipolar transistor uses
sensing vertical and lateral of magnetic field by Hall Effect Theory. Lorentz forced action on
carrier and made the difference between base and collector current . This project is divided in to 3
categories; First, to design and built magneto transistor in a type of bipolar transistor. Second, to
design and built the circuit of the current source and amplifier. Current source was a source of
power of magnetic sensors, and it would send a signal to the amplifier. And third, to use
microcontroller- used for controlling and displaying monitor - for the correct out put of magnetic

field.
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T, K
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3.4 NSTUIUMSINGD 12151 (Meltalzation Process)
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A3ZUIUMTINAD Tl u(Meltalzation Process) Aonszuumsa 3 ntuvos Tanzivesh
VA o o A o o A v o w A A gy A '
whiiuanima i rfouovanihvveudenioly Fmsunsidenlanzineldafovuuusiy
Fanoume Ifiusevas Tovuiinsoure Tovuiin(Ohmic contact) H3ouaUA NI NFONABAW Y
Y992995 5 wMmsigmauniay w1 seodufasuganoulinnuduniui e Iiihgs
-y ) o ey, . o [] = A .‘h L]
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8 Taoi e dsuaudounn1&iviminRaaan(Tungstan)n 30 (Molynum)
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3.5 MsPENIULLHNRIAN LT MAe STV
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3.6 nszYIUNIE NIl HTTINeS
1. dumpumsipsourudanou
- wHuFAReUTIABUIZUIL (100)
- Wfaaudumu9-11 O-om

- AIUWUI 400 pm

N-sub

31 3.15 uruFanousiadu

™
2. MIANNAZDINLHUTANDUASAULSN
- #ulunsa HNO, 10 WA
»
- gulwi bl
3 o’ d' & ~
- dulusih D1 uffnile 5w
™ )
- dulwd D1 udaaes 5w
- gulwiipt
- hl¥uded N,

3. WIANTERIARUSEADUATIN 2
- aulu Tricholoethylenc 5 i
- Ultrasonic 1% Acetone 2 un
' i -
- gulush D1 udnnia

- qului prudafioes

!

400 pm

|



52

4. PSTUIUMSOONTIATU
Hurugassuniianuazesuds 1m03u 1 (Boat) ud ldidih W luvenlendduly
1 3 A g ’ =5y LY a-:; =
apdashe e TluAuganouuanmsizezvesuguuginguiuly
- Dry Oxidation 498 O, 1200 cc/min 120 WH
- Wet Oxidation 420 O, 1000 cc/min 90 ¥

- Dry Oxidation #1760, 1200 cc/min 30 ¥

S

i

N-sub

5UM 3.16 uruFanoundadumsoonFIaty

5. aszuaums IHIAA Innsww indai |
o ¥ o o o ¥ [} -
wmsoromnda T Srmvesruganou

asien T AN (AZ) Spin 3000 rpm

, - puRdNd 95°C 20 w1
- msUiudeunda(Alignment (M D)
- MSNIend (UV Expose)
- Development
- gulwiir D1 uadinils
- quwh prufiaes
- ithlddsdoo N,

P
- auddu 95°C 20 R
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1 3.17 uAugAnouvuzmnandai 1

NVEINSNNNE AT

B

N-sub

5171 3.18 uruganoundrnums TH1Aa Inns W

6. NIzZUUMST Etching

uluthaisazay buffer 5w
a2 -
qulush D1 ufanwila
» )
qu w1 b1 ufafiana

Whldudadau N,
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N o (]«

N-=sub

¥ | 4
310 3.19 wiuddseundanszuumsadaguoonlan

»
aseuumsdrndion e
' - A a
- gulu Asctone uMAHIY 1 1IN

- 9wy Asctone ufinNides 1 uh
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N-sub
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AsELUIUNMAIUNS 15190 1usoU (Diffusion )

8.1 Pre-deposition

L}

Ao UNRUAI8 TUSoUYIAIYA

DLUHY 10 WA N 95 °C

deposit el N, 1000 cc/min 30 UM

»
AONTU 11O glass
- yulumisasniv HF 5%

' e 4 4
sulush D1 ufnia

iju“luﬁr1 D1 ufafiaes

- uhudad N,

8.2 NIZBIUMS drive in (Temp 1100 °C)
- Dry #9 0, 1200 cc/min 30 W

- Wet @20 0, 1000 cc/min 30 WV

- Dry 10 0, 1200 ce/min 30 W

L

4y
PR

s

i

N-=sub

1 321 uruFAneuvushinsuns Mo
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SiCly

N-sub

51 3.22 URUFIABUNEINIG drive in

9. nszuIums INIAa Inns 1WA indnii 2
- pdouvhen T w3auIn (AZ) Spin 3000 rpm
- ouWdwWn 95°C 20 n#
- msiSudoumndaAlignment (M I1)
- MINLAS (UV Expose)
- Development
1 o o a A
- quiwd DLuN NS

- gulush DI ufanees

- uhldudedao N,
- eufaui 95°C 20 wI# )
UV light
“— M1
™\ +— AZ
:,‘?“' “ n\\ \;: Sl(‘}z N - (
P+
N-sub

31l 3.23 urugdneuvnzdwandad 2
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T ]+
St

P P

N-sub

517 3.24 uruganoundsinums Il 1da Inns W

10. N5EUIUMS Etching
- linhasazaw buffer 5N
a3 -
- qulwd D1 ufninds
- g P
- qulwb pi ufhioes

- nhhusd N,

o ] -

P P

N-sub

- v oo ar & o’: o
E'ljﬂ 3.25 llHu"Uﬁﬂﬂ'Ll'Hﬁdﬂi:U’]uﬂ15ﬂﬂﬂﬁiuﬂDﬂ1cﬂﬂ

[ d
11.p3zuumsarniw s
: ;4 -
- qulu Asetone ufafinils 1 W1
- 'Q".UTLI Asetone LIfnfi@oe 1 WA
' Ly a 4
- quluth D1 ufvinida
- Quluih D1 uffaes

- ahlfudadoon,
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N-sub

317 3.26 uruFAnoundadriniio T

nszUUMsUNsIaIsiYoroawesea (Diffusion )
12.1 Pre-deposition

inAoutiHusos e yiaan

- sy 10 Wit 7 95 °C

- deposit 420 N, 700 cc/min 15 WM

- aendu Hoaoda glass

- gnluensazeis HF 5%

- guluh o1 udafinids

- iju°lmf1 DI udaiicton

- uhudda N,

12.2 AS$UIUNS drive in (Temp 1100 °C)

- Dry #20 0, 1200 cc/min 15 Wi#

1

Wet 970 O, 1000 cc/min 20 W1¥

- Dry #10 0, 1200 cc/min 15 W¥
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LTI

1% 3.27 ukuFanouvuehinsunsmsito

31N 3.28 UHUFANEUNTINS drive in

13. nszuauns THIAE Inns 1w udan 3 (contact)

waenin Tuas $AUIN (AZ) Spin 3000 rpm
puRud 05°C 20 wndt
ﬂ'l‘iﬂﬁ]"j‘fﬂumﬁ"'ﬂ(A]ignment M)
AI5RIUUES (UV Expose)

Development

sulinh D1 ufafnite

gutuih D1 udafieres

whldukesdao N,

auAduH 95°C 20 R
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N SN RN «- 4

517 3.30 wrugansundsriums 10 188 Tnns W

14. N3UINNTT Etching

»
gulwiasazew buffer 5 WM
a & P
gulud D1 ufafinds
» 1
qulwi DI udrfaes

ihlduded N,
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NN F\V NN \ +— Az

F *
P N P

N-=<ub

] »
71l 3.31 wHuFanoundnszurumsatadusenlad

»
15. nyzurums e T

’ a & -
3011 Asctone ufiainita 1 wd

qulu Asetone ufanaes 1 uin

H o &
9ulusin DI ufannida

¥

quTuir DI udafides

whidudade N,

N-sub

917 3.32 ukugAneundadrnin T
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16. MsindovegiiiionTugyyimadoiRToe Evaporator

“+— AL

51l%1 3.33 uRuFtnoundundeveogiition

17. nszuaums T 18R Inns ¥ udai 4 (AD)

wdorhien e ¥iiauan (AZ) Spin 3000 rpm
puTSuT 95°C 20 wdl
msUSudeunrda(Alignment (M I))

A15R10UE (UV Expose)

Development

ﬁju1u1f1 DI ufafinils

ﬁjn1u1f:1 DI ufafiare

ahlfutado N,

ouWANN 95°C 20 W
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UV light

PLULLLLLL

M 4
“— AL
P N P
N-sub
U 3.34 wkuFAnouvazawndaii 4
+— AL
+
P N P
N-sub

31 3.35 uruganeundwrimums I TAa Tnns i

18. NFZUIUMS Etching (Al)
- qulwiwsagaiy Phospheric Aid
' : s 4
- qulni DI udnnia
» 1
- quluth D1 uAneDy

- nhldudedan N,
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4— AL

N-=sub

v »
31 3.36 uruFanounsInTEUUMsEinFUDlitioy

19. nszurumsdniw luag
1 { 4
- ulu Asetone ufiannila 1 uI
- qulu Asetone ufianana 1 WA
) o, |
- ulwi b1 udafinils
Ed ]
- quluih prufanaes

- uhldudado N,

+— AL

N-=sub

= " ae ar o’
317 337 urugdnoundadiaiin T
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1. paoniana llves¥anen

Properties of Si at 300 K

Properties Si
Atoms/cm’ 5.0x10”
Atomic weight 28.09
Breakdown field, V/cm ~3x10’
Crystal Structure Diamond
Density, g/cm3 2.328
Distance between neighboring atoms, nm 0.2328
Effective density of states
Valence band, cm’ 1.04x10"
Conduction band, cm” 2.8x10"
Effective mass, m /mo
Electron m',=0.98
m =0.19
Holes m ,=0.16
m’,,=0.49
Electron affinity, V 4.05
Energy gap, eV 1.12
Index of refraction 3.42
Intrinsic carrier concentration, cm” 1.45%10"°
Intrinsic Debye length, pm 24
Intrinsic resistivity, W-cm 2.3x10°
Lattice constant, nm 0.5431
Linear coefficient of thermal expansion, cm/(cm-K) 2.6x10°
Melting point, °C 1415
Minority-carrier lifetime, s 2.5%10°
Mobility, cm”(V.s)
Si

Properties
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Electron
Holes
Optical phonon energy, eV

Phonon mean free path, nm

1500
475
0.063

7.6 (electron)

5.5 (hole)
Poissiongs ratio 0.42
Relative permittivity 11.9
Specific heat, 1/(g. K) 0.7
Thermal conductivity, W/(cm-XK) 1.5
Thermal diffusivity, em’/s 0.9
vapor pressure, Pa 1 at 1659 °C
10° at 900°C
Young's modulus, g/cm 1.089x10°
2. quuaniiana hlvesdanerineantyd
Properties of SiQ, at 300 K
Properties 8i0,
Density, g/cm3 22
DC resistivity, pm.cm 10"-10"
Dielectric strengh, V/em ~10'
Energy gap, eV 9
Infamed absorption band, pm 9.3
Melting point, °C ~1600
Refraction index 146
Relative permittivity (dielectric constant) 3.9
Structure Amorphous’
Thermal expansion coefficient, X' 5x10"
Thermal conductivity, W/(cm.K) 0.014




90

MARUIN V.

Tsunsulaulnsnoulnataes



91

Tusunsuldan

// LCD 4 BIT : Show MT in disply
#pragma code

#include <reg51.h>

#include <string.h>

unsigned int value_converted=0x00;
unsigned int value AN7=0x00;  /* converted AN7 value */
bit end_of convertion=0;

unsigned int output=0x00;

sfr ADCON = 0xF3;
sft ADDH = 0xF35;

sfr ADDL = 0xF4;

sbit zero = P2°6;

sbit en_lcd = P274;

sbit rs_lcd = P2"5;

sbit d4_lcd = P270;

sbit d5_lcd = P2"1;

sbit d6_lcd = P2°2;

sbit d7_led = P2"3;

void Delay_lcd (int time);

void enable_lcd (void);

void initial {void);

void address (unsigned char ad);
void write_cmd (unsigned char cmd);
void write_data (unsigned char dat);
void write_str (unsigned char *str);

void refresh (void);



void write_int (int valuel);
void fre_count();
unsigned int time = 0;

unsigned int value,i,valuel;

void main (void)

{

Delay lcd(2);

initial (};

address (0x00);
write_str ("Output =");
address (0x40);
write_str (" mT");
address (0x41);
write_int{output),

Delay lcd (2);
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/* configure channel P1.7{AN7)*/

ADCON = 0xC0;
ADCON = 0x20;

while (1)
{

{

ADCON &= 0xF3;
ADCON [= 0x07;
ADCON |= 0x08;

/1 Select channel
// Start conversion in standard mode

/f Wait flag End of conversion

while((ADCON & 0x01)!=0x01) // Clear the End of conversion flag

ADCON &= OxEF;

ADCON &= ~0x10;

// read the value

/* Clear the End of conversion flag */
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value_converted = ADDH<<2; /* save 8 msb bits */

value_converted |= (ADDL & 0x03); /* save 2 Isb bits */

end of convertion=1; /* set flag */

while(tend_of convertion); /* wait end of convertion */

end_of convertion=(0; /* clear software flag */

value_ AN7 = value_converted; /* save converted value */

I LTI T LT T
AN output show on LCD /1IN T
I T LT T 1 T

output = value_AN7,
if (output<=503)

{

address (0x41);
output = 0x00;
write_int (output);
Delay led (2);

}

else

{

output = 1.173*output;
output = output - 591.192;
address {(0x41);

write_int (output);

Delay lcd (2);

}

THO = -value_AN7 ;



TLO = -value ANT7;
TRO=1;

// Sub Program of LCD module //
void write_int (int valuel)

{

write_data ((valuel1%10000)/1000+0x30),
write_data ((value1%1000)/100+0x30};
write_data ((value1%100)/10+0x30);

write_data ({valuel%10)+0x30);
}

void address (unsigned char ad)
{

ad = ad | 0x80;

write_cmd (ad);

}

void initial (void)

{

en led=1; //setbit P2.4
rs_led=0; //clear bit P2.5
write_cmd (0x33);
write_cmd (0x32);
write_cmd (0x28);
write_cmd (0x0c);

write_cmd (0x06);

94
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write_cmd (0x01);

}

void write_str (unsigned char dat[])
{

char i,count;

count = 16;

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

{

write_data (dat[i]);

}

}

void write_data (unsigned char dat)

{
s led=1; //set bit P2.5

P2 = (P2 & 0xf0)|((dat & 0xf0)>>4); /* Send Hi-nibble */
enable_led();

P2 = (P2 & 0xf0)|(dat & Ox0f); /* Send Lo-nibble */
enable_lcd();

Delay_lcd (10);

}

void write_cmd (unsigned char cmd)

{
rs_led =0; // clear bit P2.5

P2 = (P2 & Oxf0)|((cmd & 0xf0)>>4); /* Send Hi-nibble */
enable_led();
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P2 = (P2 & Oxf))|(cmd & 0x0f); /* Send Lo-nibble */
enable_lcd();

Delay led (10);

}

void refresh (void)
{
write_cmd (0x0c);

}

void enable_lcd (void)

{

en led=0;/* (P24=0E ) */
Delay led (2);
en_led=1;/*(P24=1E)*/
}

void Delay_lcd (int time)

{

unsigned int loops,inloops;

for (loops = 0; loops<time; loops++)

{

for (inloops = 0; inloops <100; inloops++);
}

}
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BURR - BROWN®

INA118

Precision, Low Power

INSTRUMENTATION AMPLIFIER

FEATURES DESCRIPTION
® LOW OFFSET VOLTAGE: 50uV max The TNA118 is a low power, general purpose instru-
® LOW DRIFT: 0.5pV/°C max mentation amplifier offering exccllent accuracy. Its

versatile 3-op amp design and small size make it ideal

® LOW INPUT BIAS CURRENT: SnA max for a wide range of applications. Current-feedback

® HIGH CMR: 110dB min input circuitry provides wide bandwidth even at high
@ INPUTS PROTECTED TO 40V gain (70kHz at G = 100).

® WIDE SUPPLY RANGE: +1.35 to £18V A single external resistor sets any gain from ! to 10,000,
® LOW QUIESCENT CURRENT: 350pA Internal input protection can withstand up to 40V
® 8-PIN PLASTIC DIP, SO-8 without damage.

The INA118islaser trimmed for very low offset voltage
(50uV), drift (0.51V/°C) and high commeon-mode re-

APP LlCATIONS jection {110dB at G = 1000). It opcrates with power

® BRIDGE AMPLIFIER supplies as low as £1.35V, and quiescent current is only

3501A—ideal for batt ted systems.
® THERMOCOUPLE AMPLIFIER " ump:jas ore ?lry bolpcr_a eg vs emls e DI
® RTD SENSOR AMPLIFIER © Is avaradic 1n S-pIn Pas e o

and SO-8 surface-mount packages, specified for
® MEDICAL INSTRUMENTATION the —40G°C to +85°C temperature range.

@ DATA ACQUISITION

V+
Al
- _ 2| [Overvoltage INA118
ot
50k0
G=1
DI ° o -
6
Vo
5
: YW —0 Ref
B60kR

Indernatianal Alrport Indusirial Park + Maiing Address: PO Box 11409, Tucsom, AZ #57M - Street Addreas; 5730 8. Tucson Bivid, Tucaon, AZ AST08 - Tel: {520) 746-1114 + Twx: #10-052-111¢
Intermet: bttp:bwaw. burr-brown.com! « FAXLine: (300} 548-6133 {US/Canada Onty) + Cable: BBRCORP + Tebex: 066-6491 + FAX: (520) 589-1510 » immediate Product info: (300} 5434132

©1994 Burr-Brown Corporation PDS-1199D Printed in U.S.A. April, 1998



SPECIFICATIONS

ELECTRICAL
AL T, = +25°C, Vg = $15V, R = 10ki} unless otherwise noted,
INA118PB, UB INAT18P, U
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Vottage, RTi
Initial Ta= +25°C +10 1 SO/G | 150 £ S00/G 25 +100/G |+12541000/G Ny
vs Temperature Ta2 Toaw 10 Thaax 02+ 221G [10.5+ 200G 0.2 £ 5/G +1 + 20/G uvrc
vs Power Supply Vg=11.35V o 118V 1 +10/G | £5 £ 100/G * +10 +100/G pviv
Long-Term Stability 0.4 +5G * nvimo
Impedance, Differential 10} 1 * Q| pF
. Common-Mode 10t} 4 * Q| pfF
Linear input Voltage Range v+ -1 (W+)— 0.65 * * v
(V-)+ 1.1} (v-}+0.95 * * v
Safe Input Vollage +40 * v
Common-Moda Rejection Vo = 210V, ARg = 1k(2
G=1 &80 50 73 * dB
G=10 97 110 89 * dB
G =100 107 120 98 * dB
G=1000 110 125 100 * dB
BIAS CURRENT +1 15 * +10 nA,
vs Temperaturg 0 * pAScC
OFFSET CURRENT +1 15 * +10 nA
vs Temperature 140 * pAlC
NOISE VOLTAGE, RT! G =1000, Rg =00
f= 10Hz 1 * nvhHz
1= 100Hz 10 * nvhiHz
f=1kHz 10 * nvAHz
fg=0.1Hz tp 10Hz 0.28 * pVp-p
Noise Currenl
=10Hz 20 * pANHZ
f=1kHz 0.3 * pANHZ
fz = 0.1Hz to 10Hz 80 * pAp-p
GAIN
Gain Equation 1 + (S0k{YRg) * ViV
Range of Gain 1 10000 * * viv
Gain Error G=1 10.01% 10.024 * 0.1 %
G=10 +0.02 Hr 4 * 0.5 %
G=100 +0.05 0.5 * #.7 %
- G = 1000 0.5 + * 12 %
Gain vs Temperature G=1 1 +10 * o ppm/°C
50k} Resistancel! +25 +100 * * ppm/°C
Nonlinearity G=1 10.0003 10.001 * 10.002 % of FSR
G=10 10,0005 10.002 * 10.004 % of FSR
G=100 +0.0005 10.002 * +0.004 % of FSR
G = 1000 +.002 +3.01 * H.02 % of FSR
QUTPUT
Voltage: Positive Ry = 10%0] M+ -1 (V+)-08 * * \'
Negative = 10k -} +0.35) (v—)+0.2 * * v
Single Supply High | Ve = +2.TVIOV@, R, = 10k02 1.8 2.0 * * v
Single Supply Low | Vis = +2.7VIOVR), R, = 10kn 60 as * * mv
Load Capacitance Stability 1000 * pF
Short Circuit Current +5-12 * mé
FREQUENCY RESPONSE
Bandwidth, ~30B G=1 800 * kHz
G=10 500 * %Hz
G=100 70 * kHz
G =1000 7 * kHz
Slew Rate Vo =110V, G=10 0.9 * Vipus
Settling Time, 0.01% G=1 i5 * ps
G=10 15 * ns
G =100 b3 * ps
G = 1000 210 * Hs
Overload Recovery 50% Overdrive 20 * Hs
POWER SUPPLY
Voltage Range +1.35 +15 +18 * * * v
Current Vin= 0V 1350 385 * * A
TEMPERATURE RANGE
Specification —40 B85 * * °C
Cparaling —40 125 * * °C
[: 1 80 * °CIw

* Specification same as INA1 18PB, UB.

NOTE: (1) Temperature coefficient of the "50kQ" term: in the gain equalion. (2) Commen-rmode input voltage range is limited. See ext for discussion of iow power supply

and single power supply operation.

BURR - BROWN®
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PIN CONFIGURATION ELECTROSTATIC

&Pin DIP and 508 DISCHARGE SENSITIVITY
This integrated circuit can be damaged by ESD. Burr-Brown
T°"’\";" recommends that all intcgrated circuits be handled with
appropriate precautions. Failure to observe proper handlin
Rl 1 B Rg pprop p prop 4
E v and installation procedures can cause damage.
Vi +
ESD damage can range from subtle performance degradation
Vi E € Vo to complete device failure. Precision integrated circuits may
V- E 5 | Ref be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
PACKAGE
VORBGE e senseeecesesassssssssssssssssarsssesessesmssusssssssasasasosseses 118V
ﬁg{g input voiage Range 2abv PRODUCT PACKAGE CUMBERIY rtetias
Output Short-Circult {to ground).... . Continuous CKAG NUM
Operaling Tomporaturs ...... ..—40°C 1o +125°C INA118P 8-Pin Piastic DIP 006 —40°C to +85°C
Storage Temperature —40°C to +125°C INA116PB 8-Pin Plastic DIP 006 —40°C to +85°C
Junciion Temperature +150°C INAT18U 50-8 Surface-Mount 182 —40°C to +85°C
Lead Temperature {soidefing, 10s) e #300°C INA118UB | SO-8 Surlace-Mount 182 —40°C to +85°C

NOTE: (1) For detailed drawing and dimension table, please ses end of data
sheel, or Appendix C of Bum-Brown |IC Data Book.

‘The Information provided herain is beleved to be relisble; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibitity for the use of this information, and all use of such information shall be antirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent fights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in Iife support devices andfor systems.

BURR - BROWRNS
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TYPICAL PERFORMANCE CURVES

AL T, = #25°C, Vg 7 215V, unless otherwlsa noted.

GAIN vs FREQUENCY COMMON-MODE REJECTICN vs FREQUENCY
60 I 140
-G = 1000 T
50 g 120
40 p—r LI E 0ol SRR o= o0
LG =100 S G=100
30 - 3 ™~
S & B0 - - I~
€ : : i
& [ G=10 St 3 e S T
@ 10 — z G=
-1 E 40 p—- - i
0 £ H
. L.G=1 ‘3
N . }
-20 - 0
1k 10k 100k M 10M 1 10 100 1k 10k 100k
Frequoncy (Hz) Frequency {Hz)
INPUT COMMON-MODE RANGE INPUT COMMON-MCDE RANGE
vs OUTPUT VOLTAGE vs OUTPUT VOLTAGE
15 5 T
G210l A= G210 Sl Gzion
= o RS SR IS s et
o / G= g, // G=1
4 2
g ° :
> -: 1
o Y
g 0 o g 0
3 Voa e =1
E I~ - P =
5 . \\ L S 3 -
All -4 Al
‘45 Gains \ " Gaing Gains
-15 -10 -5 0 5 10 15 =5 <4 -3 -2 A 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
INPUT COMMON-MODE RANGE INPUT COMMON-MODE RANGE
vs OUTPUT vOLTAGE vs QUTPUT VOLTAGE
5 3
S 4 ] G210 s /G 210
o e g
z [~ ---..--?-._ &8 >
3 . |8%2 "> 3 ? ol
s 3 G=1 3 > 7
o _ [ i - g G=1 Single Supply |
gle Su;
% 2 == =] T+5v //
g = 1 ==
E =
8 1
[} 4]
0 1 2 3 4 5 0 1 2 3
Output Voltage (V) Output Voltage (V)
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TYPICAL PERFORMANCE CURVES (CoNT)

Al T, = +25°C, Vg = 115V, unless otherwise noted,

Power Supply Rejection (dB)

Input-Refarrad Noise Voltage (nv/Y Hz)

Quiascent Curmant (HA)

POSITIVE POWER SUPPLY REJECTION

Temparature {"C)

vs FREQUENCY
160 r
140 }
M) ]
120 L A
el
100 w1 - g
a I LG =
Rl 1l
80 o S 1 I
U = u
60 1 - o . 1ID~;+
- Ed
40 & S iy
o
20 I
0 il
1 10 100 1K 10k 100k
Fragquency {H2}
INPUT- REFERRED NOISE VOLTAGE
vs FREQUENCY
L —— n 100
=
i -y
e | G=
100 10
LN
LT - G=10
LT L
10 LN G = 100, 1000 4
G = 1000 BW Limit==
OHI —t. 1
T 1
Current Noise.
Al Gai
1 (ARl Gains) 0.4
1 10 100 1k 10k
Frequency (Hz)
QUIESCENT CURRENT and SLEW RATE
vs TEMPERATURE
500 1.5
\\\
- \\ Sio¥ Rate /_/ ,
o~ —
\ |
__/ \N VS =+15V
a
e
300 ~— 0.5
Vg ::lssv\h
200 0
-75 50 -25 0 25 50 75 100 125

Input Bias Current Noise (pAN Hz)

Slew Rate (V/us)

NEGATIVE POWER SUPPLY REJECTION

vs FREQUENCY
160
140
) . G = 1000
T 120 a- 1boH
. -
"5.- 100 ."-..,__ .‘“.‘::--- ._-_"'---
G =10 - 1 i
% ““""'-J,J M| ‘-.__.__..-.‘
T g 5 P il
g 60 Bt T TH
F ~]
3w ~-
a
20
4]
10 100 1k 1% 100K
Frequency (Hz)
SETTLING TIME v3 GAIN
1000
g Ry = 10k} 'J
< C,= 100pF A
V
£ 100 A4
? ri
E=] 0.01%
[
0
7 0.1% TTTT1
-
10
1 10 100 1000
Gain (VV)
INPUT BIAS CURRENT
vs INPUT OVERLOAD VOLTAGE
10
8
~ B
£,
=
g 2 o= 1000 4—1—
0 =
- [
@ ¢ I | /-
§_ 4 L-6=1 A G = 1000
a Lt
= 6
-8
-10
=40 0 40

Overload Yoltage (V)
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TYPICAL PERFORMANCE CURVES (CONT)

Al T, = +25°C, Vg = $15V, uniess otherwise noted,

OFFSET VOLTAGE vs WARM-UP TIME

10
8
2 81 N
@ 4 P,
o ,
g e |G = 1000
2 oz2f-—t aa
5} 0 e Iy
o e e e
5. . L _"f
(=] i ) g
S )
i
o S —7
-3
-10
1] 05 1.0 1.5 2.0 25 3.0
Time from Power Supply Turn On (ms)
QUTPUT VOLTAGE SWING vs QUTPUT CURRENT
Vi
g (V1-04 Positive Ve 525V,
[~] [ ———— ‘/
-; (v+)-0.8 ——/
g A1
8 Vg = £15V
Q
z T T
g (v-)08
3 Single Power Supply, V- = OV ]
(v-1+0.4 Ground-Referred Load T_—T  Negalive
v il
0 1 2 3 4
Outpirt Cumrent (mA)
OUTPUT CURRENT LIMIT ve TEMPERATURE
16
14 =] =
) eyl
%‘ =1 cL
12 \
£ 10
3
C s
=2
g . Tt
5
5 . "'-—_,_.._____“_‘ +llu_!
& T
2
0

-5 50 =25 0 25 50
" Temperature {*C)

BURR - BROWN ¢
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75 100 125

vs TEMPERATURE
5
T 4
] 3 N los
=
B 2 \\\‘
5] N
z 1 3
Q 0 R P—— ]
¥ 4
[ ]
2 -2
&
-g -3
£ 4
-5
75 50 -25 0 25 50 75 100 125
Temperature (*C)
QUTPUT VOLTAGE SWING
vs POWER SUPPLY VOLTAGE
V+
{v+)-0.2 F!’ !"_i.
V) 0.4 .::*. _“ée o
2 (v+) 06 S ] | FasC
g (V+)-0.8 -
(V) -1 —0'C
&
% > Ry = 10k2 =
> .
5 ()04 _ +85°C | ]
Negative +25°C ]
3 (v-)+0.2 il |
—— —40°C
V- Ll
0 15 +10 $15 120
Power Supply Vollage (V)
MAXIMUM QUTPUT SWING vs FREQUENCY
32 rg=10.100
o= T \
2 28 Gz1 ‘
h
| Y ‘
g 4
z 20 -,
H 2\
2 16
< G=1000,
§ 12
R >
3 N.
a 4 T
0 -
100 1k 10k 100% M
Frequency (Hz)

INPUT BIAS AND OFFSET CURRENT




TYPICAL PERFORMANCE CURVES (cONT)

At T, = +25°C, Vg = 115V, unless otherwise noted.

THD + N vs FREQUENCY INPUT-REFERRED NOISE, 0.1Hz to 10Hz
1 . —
G=10 o
—_ 01 -— ]
£ @S‘_.
z s’
AL, ]
a P 0. tuvidiv
E L
o.M y 4
F =4k b o o o el T o] He===4a .
(NtOIISe Floor) S
0.001 l i
20 100 1k 10k 20k tsidiv
Frequency {Hz)
SMALL-SIGNAL RESPONSE SMALL-SIGNAL RESPONSE
G=1 G=100
mal 20mVidiv e i  20mvidiv

& =1000

G=10
10psidiv 100ps/div
LARGE-SIGNAL RESPONSE
G =100
G = 1000
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APPLICATION INFORMATION

Figure | shows the basic connections required for operation
of the INA118. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded, This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 120 in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INA118 is set by connecting a single external
resistor, Rg, connected between pins 1 and 8:

50kQ N

G

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50k term in Equation 1 comes from the sum of the two
internal feedback resistors of A; and A, These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA118.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain, Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency™ shows
that, despite its low quiescent current, the INA118 achieves
wide bandwidth, even at high gain. This is due to the
current-feedback topology of the INA118. Scttling time also
remains excellent at high gain.

The INA118 exhibits approximately 3dB peaking at 500kHz
in unity gain. This is a result of its current-feedback topol-
ogy and is not an indication of instability. Unlike an op amp
with poor phase margin, the rise in response is a predictable
+6dB/octave due to a response zero. A simple pole at
300kHz or lower will produce a flat passband unity gain
response.

V+
0.1pF
T =

-
Vi

- 2| [Over-voltage INA118
ViNC—T1 Protection
DESIRED | R, NEAREST 1% Rq A4 Vo= G+ (Vo= Vi)
GAIN ) () 1
2542 G =1+ S0K2
1 NG NC Rg
) 50.00k 49.9k VVY 6
5 12.50k 12.4x Rg
10 5556k 5.62K o —W— .
20 2,632k 261k 25k Load Vo
50 1.02k 1.02k -
100 505.1 511 5
200 251.3 249 + 3| [Overvoltage WVA——W! Ref | °
500 100.2 100 Vi 01 Protection 60k BOke —
1000 50.05 49.9
2000 25.01 249 "
5000 10.00 10 0AWF
10000 5,001 4.09 |_;L
NC: No Connection. —
V-

Also drawn in simplified form:

INA118 Vo
VI: [o V— Y Ref
FIGURE 1. Basic Connections.
HURR - BROWN®
INA118 8



NOISE PERFORMANCE

The INA118 provides very low noise in most applications.
For differential source impedances less than 1k€2, the INA 103
may provide lower noise, For source impedances greater
than 50kQ, the INA111 FET-Input Instrumentation Ampli-
fier may provide lower noisec.

Low frequency noisc of the INA118 is approximately
0.28p Vp-p measured from 0.1 to 10Hz (G=100). This pro-
vides dramatically improved noise when compared to state-
of-the-art chopper-stabilized amplifiers.

OFFSET TRIMMING

The INA1i8 is laser trimmed for low offset voltage and
drift, Most applications require no extemal offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection.

vgo—F Vs
INA1TE v,
Re % 8 o 100pA
V3o + Ref 1/2 REF200
+10mv
Adjustment Range

Microphone,
Hydrophone INA118
etc.

ATkQ 47k

d

Thermocouple % INA118

+

10Kk

A

) Center-tap provides
bias current retumn,

FIGURE 2. Optional Trimming of Qutput Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INAT18 is extremely high—
approximately 10'%Q. However, a path must be provided for
the input bias current of both inputs. This input bias current
is approximately £5nA. High input impedance means that
this input bias current changes very little with varying input
voltage.

Input circuitry must provide a path for this input bias current
for proper operation. Figure 3 shows various provisions for
an input bias current path. Without a bias current path, the
inputs will float to a potential which exceeds the common-
mode range of the INA118 and the input amplifiers will
saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two equal resistors provides a balanced input with
possible advantages of lower input offset voltage due to bias
current and better high-frequency common-mode rejection.

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

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INA118 is from approximately 0.6V below the positive
supply voltage to 1V above the negative supply. As a
differential input voltage causes the output voltage to in-
crease, however, the linear input range will be limited by the
output voltage swing of amplifiers A, and A,. Thus, the
linear common-mode input range is rclated to the output
voltage of the complete amplifier. This behavior also de-
pends on supply voltage—see performance curves “Input
Common-Mode Range vs Output Voltage”.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of the INA118 will be near 0V even
though both inputs are overloaded.

LOW VOLTAGE OPERATION

The INA118 can be operated on power supplics as low as
+1.35V. Performance of the INA118 remains excellent with
power supplies ranging from +1.35V to £18V. Most param-
eters vary only slightly throughout this supply voltage range—
see typical performance curves. Operation at very low sup-
ply voltage requires careful attention to assure that the input
voltages remain within their linear range. Voltage swing
requirements of internal nodes limit the input common-
mode range with low power supply voltage. Typical perfor-
mance curves, “Input Common-Mode Range vs Output
Voltage” show the range of linear operation for a various
supply voltages and gains.
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SINGLE SUPPLY OPERATION

The INA118 can be used on single power supplies of +2.7V
to +36V. Figure 5 shows a basic single supply circuit. The
output Ref terminal is connected to ground. Zero differential
input voltage will demand an output voltage of 0V (ground).
Actual output voltage swing is limited to approximately
35mV above ground, when the load is referred to ground as
shown. The typical performance curve “Output Voltage vs
Output Current” shows how the output voltage swing varies
with output current.

With single supply operation, Vp; and Vg, must both be
0.98V above ground for linear operation. You cannot, for
instance, connect the inverting imput to ground and measure
a voltage connected to the non-inverting input.

To illustrate the issues affecting low voltage operation,
consider the circuit in Figure 5. It shows the INA11S,
operating from a single 3V supply. A resistor in series with
the low side of the bridge assures that the bridge output

voltage is within the common-mode range of the amplifier’s
inputs. Refer to the typical performance curve “Input Com-
mon-Mode Range vs Qutput Voltage” for 3V single supply
operation.

INPUT PROTECTION

The inputs of the INA118 are individually protected for
voltages up to 40V, For example, a condition of -40V on
one input and +40V on the other input will not cause
damage. Intemnal circuitry on each input provides low series
impedance under normal signal conditions. To provide
equivalent protection, series input resistors would contribute
excessive noise. If the input is overloaded, the protection
circuitry limits the input current to a safe value of approxi-
mately 1.5 to 5SmA. The typical performance curve “Input
Bias Current vs Input Overload Voltage” shows this input
current limit behavior. The inputs are protecied even if the
power supplies are disconnected or turned off.

Figure 1 shows a simplified representation of the INA118.
The more detailed diagram shown here provides addi-
tional insight into its operation.

Each input is protected by two FET transistors that
provide a low series resistance under normal signal con-
ditions, preserving excellent noise performance. When
excessive voltage is applied, these transistors limit input
current to approximately 1.5 to SmA.

A, Ul = Ve — Ve = (101LA = 25K00) - V /2

A, OUt = Vg, — Vg — {100A = 25ki2) + V/2

Qutpul Swing Range A,, A, (V+) ~ 0.65V to (V-) + 0.06V
Ampiifier Linear Input Range: {¥+}— 0.65V to (¥V-) + 0.98V

INSIDE THE INA118

The differential input voltage is buffered by Q, and Q,
and impressed across Rg, causing a signal current to flow
through Rg, R, and R,. The output difference amp, A,,
removes the common-mode component of the input sig-
nal and refers the output signal to the Ref terminal.

Equations in the figure describe the output voltages of A,
and A,. The Vi and IR drop across R, and R; produce
output voltages on A, and A, that are approximately 1V
lower than the input voltages.

Vo= G+ (V= Vi)

Input Bias Current +
Compensation

Output Swing Range:
(v+) ~ 0.8V lo (v-) + 0.35V

BOK0

G0k

YW

R

g>252m @
o | 4
{External)

60K

FIGURE 4. INA118 Simplified Circuit Diagram,
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FIGURE 7. Thermocouple Amplifier With Cold Junction
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v
=M.

R, G
INA118

FIGURE 6. AC-Coupled Instrumentation Amplifier.

Ay I Error
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FIGURE 8. Differential Veltage to Current Converter.

FIGURE 9. ECG Amplifier With Right-Leg Drive.
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