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Abstract

The purpose of this project is to apply the Bipolar Magneto transistor to measure both
horizontal and vertical magnetic fields by using Hall Effect Theory. The Lorentz Force will
change the change direction. Thus, there will be the differences between carrier compounded in
base. These will be base current and collector current. The magnetic field measuring circuit will
be designed and build. The circuit consists of current stabilizing supply and signal amplifier. The
current stabilizing supply will supply the electronical power to magneto transister, The signal will
be sent to the signal amplifier. Then, the micro controller will process the result and dirplay on

LCD.
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3.3 quniclgend (Hall Plates)
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TunsalnnesaInIssudiuYeIn N A UDLABUA15190 (ionized impurity scattering)
T e a 4 o A LYY a
gunsominduilszAnieoad IUaTEANIMIMIPUIUNTHIBINIMEAUBZADLAISTD R,

uaag IdAIaun1In 3.16

3157z
RH:‘ =—51—2—RH =193RH (3.17)
3157
LA lUH‘ =—"5?lup _—'1.93/.1[) (318)

TaB 4, ADANNANUATDIRIFORS AT BRMIWINTFUAUVOIMINEAUBZADNAISRD

332 Tnssndragunsalsond
ginsafanndiilugynidiasnduauiuniminlneedunguiaoad (Hall Effect)
Tnsergdnsalsonduansdegud 3.5 Tavarnlassadrauansglsuglnsasondiiizls
Fmdsnivdungiiamunuiio Tnssadetszneudas 4 $2190ude CCl, CC2, SCI udg
sC2 Fausefusend (V,) gﬂ%’ﬂﬁ"i‘?ﬁ sC1 uas sc2 Tnefins lusanszualifhiida cci uaz

o 4 as a
CC2 133pu Hﬂﬁﬂﬁ’lﬂ’lﬁﬂWl’lﬁﬂﬂﬁUﬂ'ﬁﬂ 3.18

B
z I

J{ e />
scl W
t | y -
T s

- o o o
glh’] 38 G%h'lm‘ﬂﬂJ'?l"N(IﬂNﬁ'%’NQ‘lJﬂﬁmﬂﬂﬁﬁ

,%,HH).B,.I (3.19)

»

v, = %L.G(

g |

L
w



31

=t A W a o 4 a - 4
Tagh R, fie duilszdnieead, G Aewinimed Inssad, 7 Ao anunuivesgunselaead
& ! v g a a A 9 o s
, Bz o mmwmuuuﬂmmmmaﬂ’luwﬁmmmm, S A9 ANUNINNVDIVAUYULIBDIADU
A '3 o
unA (SC), w v ANunsvesginseiiaz 7 Aeanwenvesginseisend

4 o a o o 4 o o a =
tHeandulssdnseoad luginsalasNad NI INgANTSUYDINIHE

daa d 1

ad & o
danaseunas lea FalunsdigUnsoisnadndinasouuinaiilea (>>p) awITOUARAT

¥
L]

FUMITUTIAUIODT 1AFT

V, =" GB.I (3.20)
gnt

:; = o =
Taud r Ao W15 01AIN15N TR (scattering parameter)

w

- v o v = o 9/ =y a
NNTUNITH 3.19 1Ay 3.20 uﬁﬂﬂﬁmu’nmimmaiTﬂ's&ﬁﬂa G WUANUTY-WUT

[ o o = o o ¥ Y e
AU IAUTDAD TAOAMIINIADS INTIAT 1 G musolszunmasaunisi 3.20

G=l1—exp-Z. L Y y|11_2 5 (3.21)
2 w tand, 7 w tand,

¢ ¢ g ' & A ¢ |

Tasluniseenuuugilnsalenadezdmualin G=1 e Inseadnezmiuni

¥ ¥ ¥ o 1 & ' o

Tateenuuild 1/w = 3uag s/w <1 Tasdumusesiumuwreineuunnazeaniuui
TET 112

ar o 4 1 = o o a

luilegiugilnsalsoadannsouddldifuassriinfoginssisaaduuinuns

: y o o @ a

wwaueu [15] Taogih 3.6uaz i 3.7 uaasduuuuazaudaunevedguns sl go0auu 1A

a g 3 a oA 3/ 3/ ¥ ng L'l 1o
FUALDU ]ﬂUﬁ51quu§1uiﬂqmuﬂw HAgTINAWATSUIUNTTIINANUIIUUD ija-ﬁ

L4
v oa

' < { [ e ar ' S ad
nszudez InaszrnetidianInsa 1 uaz 2 vaziussiugendgninsen TN InsA 3
s & d - : aa {
uaz 4 AUMUIUBIAaNAsouYsyIm 107 - 10" em” waglAUHWITUDWRN YA 5 - 10

1 W
um 1AsNeDNUULTAYOUWANUTZLIN 200 x 200 um TAIWAIINAIUNIY INN1VDIF LN

1Y
= o

¥ S = ¢ . . & - v H
#1u150ana3 14 Jael9I5n130uNWaIUN Gon implantation) FunadniiildvuIAvD Y

o o/ o ¥
Qﬂﬂﬁmﬂﬂﬁﬁﬂﬂ'}'lhﬁn'llﬂﬂﬂulﬂ



32

[zzzzzzzzz2%
1

3 4

2
[J

107 3.9 Tnssadreduuuvoginsalseaduuias

=
p n Tn_ p
n-epilayer

(110) p-substrate

Hall contacts

| —

U7 3.10 Tnseadrsdudnunsvesgiinseigeaduuans

o JJ Y [y v d 2 T Ja ¥ A o

gUnsaigeaatldiansrsduauuuimanuuifudainisadszgndldnen sy

' o4 = ' o { {
aumuimanuuiuen I TavSuniigdnselsoaduniven uaasdeglil 3.9 Tasilasead
t:ly ° v A g P g a T d A’ a a d ﬂ
figninnidimeduiupuivraduiiviinudman TasiufivesdidnInsassnuumilu
{ A o ' as ' o
FrAouIATavNIA 100 x 100 pm MAMW T luMsATIRTUAN LM AAY ST 41 V/AT

o o

Tavfisyaudgyausuniu 1x10° TVH, i 40 H,

9

t4 Jd

ginseigeadriawndazuuiveuannsoaeldlasnssuaunisadie cMos
[} o d o T d [y @ 4
wu gunsslgoadawdauuuinimuimanannseadeldluszdu 2um uanadagUd 3.10
o [} d : a [ @ {
TRt IMan lAnsmiiae (B, B, B) lavmiiaeidumadlvauuyes
= t L o » T | ¥y ¥ _=a
wivgluudsavuangdeansohmuraaduanumuuinauuuimanld dodves
i 2 » 1
ginsalsandiifefiduawesiuianndszuim 100 A0 Mldiann T lumsasaedu

1 o Ted P A oM a1 1 o o
f'rmmmmanqaﬂszmm 500 — 1,000 V/AT UaNYiangazuManInn1unaadne,



»

»
TINSLILH Y8000

- J%—\—x_/_
|
(M) p-isolation—H_H %

|
|
I

| 1

-
J

n’ buried layer

!
]

p n* emitter diffusion

(V)

n” buried layer

p-substrate

U7 3.11 Tnseadrgynseleenduuiueu () duuu uaz (v) Audaviig



MAGNETIC
P~ INTENSITY
; ~ .\ OuTRUT
£ Q- D -0 Q Y
/ -
' %o Paa o 400 (Al

3~

)
O nn /
! 10 o

90 lo-a do- - '°--"8*°—

= o 4 = 1 g
317 3.12 Ny aTuHALmMAN[15]

J |
3.4 gunIamlindnms Unngmelseda
d4

3.41 unnillnIBained (Magnetoresistor)
o o ' & ' a
Swfuglnssinnsiuauaimdnlnssad s snudwmiu IvihgaS ondmuniled
Fmnos o1fors1ngn1seluunil TaSTaunud (magnetoresistance  effect) 1uA13AIIVTY
v g <& s ¥ A o o = A gy
aumimangailuilsingmsafanuduniuvesemsfsdnitesnlfeundauiie 185y

a o [ 4 A 4 o o = [ ¥
endwannaumiman Fufunanivinussasisudnseiiduwimsfediuyug ildwme
a ) a4 2 ﬂ Y P 2 & o A llsl

indoun luszognimviuduraldaudunuuiniiy yumsmdeuiidoauunilalay
aun13h 3.21 uazdmsfsundamiuduniuidannyudvaun 8 mlddaunisi

3.22

6 = tan™' (u.B,) (3.21)
R(6)=R,(1+tan’8) > R(B,)=R,(1+ K, .u*.B?) (3.22)

d' J at e 1 A = = '
Taoh K, fufusasidiuvesviiamandslugavafwaninnuniayinaiinimen

Tavdnduduuniilasdmaosaisousslalugosriiafo soadmanuuuvuIy

(parallel Hall plates)iaziii/1139naw (caibino disc) AwaaIzu# 3.10 Taefigyl 3.10(n) uwas



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanudludnuuadilon uaznedendidaaivesonalsnaseniinisuiliuly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanudludnuuadilon uaznedendidaaivesonalsnaseniinisuiliuly



B, / w
(n)

{P* N-Si N

AlO; (SAPPHIRE)

! oo W)
é m

l ‘ Depletion layer
c

314 3.15 Tassasveuniilala Tenreswtia (n) SOS uaz (v) CMOS

3.43 uunillaniudmaes (Magneto transistor)

= =) o 4 [ ' d o o k4
uunfilansudmeefiuginsaiasrvdumurnuimannerdolnssadiaves
4 ) @ 1 o o v o
TuTwarfnsudames lumsastesuauinuiman esseasresfuaunatman 18l
a A ' ¥ a oA = a o = & A
Aamauuanslaveuisonyalddu 2 wiia flo uuniilanswFmaesinimzmnasunly
LUIAS ( vertical magneto transistor ) Wag Lwunil lansudmeoiAwinzindoui luuuiveu
as 1 <3 Py qQ o o
( Tateral magneto transistor ) A9V AU IMMUMAN Ao IdunannIsUsIngnisalanad useae
9
sugnsztifumrei IiifannuuanaisssninszuaneaanmedRages na lnlunisife
: . 2 2 . a ,
ANUANAINTZHINNTTUAADAIANIADBS MDY (AL) TuBdAUNISHioAVUYBINING (carrier

deflection) LDy ﬂi:l&ﬁﬂﬁ‘ﬁﬂiﬂﬂmiuﬂﬂ@mﬂ (modulation current injection)



38

- 4 .
unniilanTdmnedsianizualnannif (Vertical magneto transistor)
- = P o o : . a
3U% 3.3 namelassahauniilansuFmmesAnmsmdounaiuuinslasads
3/ dy .4 ¥ ¥ - d o
nnnszuIuMsaaRug e luinars Taseadalsznoudiensudmneivia npn a9
@ Vo = 1 [l 3 LY [} [] Jel;
AmefinAudinmes sauuaziwasu 95Uk (buried layer) aglddmiwa aoamnmosiians
3 =Y d [ = o = v v a’:
ad1aneznond1sterila n e lulddemgefneTadivualiigeadnesgndne Fuile

(buried layer) Y190/04

n* E n’
n-epilayer n
C2n’ ln
P-substrate

d o = o = a
117 3.16 Audavnelnsadavesnnil TanswdmasSyianszua Inauunna

wmzdaumﬂgﬂﬁﬂmﬂﬁﬁﬂma{ﬁmdqumﬁ"lﬂﬁasj?yuSﬁﬂu@aﬂaamﬂma{ NISUAY
woniuansdm Tnsusaydruse Wfsils (buried layer) Waroe vaued Wil muuusimanda
w'mﬂszuﬁﬂaamﬂma{ﬁyaﬁauﬁﬁuacﬂuﬁmazﬁuqa I.,=1.,=1,/2 a6 I, fio
NATIMRTEIARDAIRRNDS B umE A MifmuusimiAndad uaidelmuimdnda
iulufirnsdaminfunszuanoammned nssasudnszifumme i ldnszus
nealanAeinaaesliaugaiAnni unanA19sEniansuanpatanine i

v I o : {
a9 AlL =1, — I, ANUUANANIZHINNTZLTADAIAANS A DINT 1A Iauaun1sh 3.23

Al =G.p’(L/W,).1,.B (3.23)

4 aa o o 4 an 4
Tagh L Aeszuzsznindlameinunoaanans, W, fie anunihedianes uas G fie

' ddad o ¥ ¢ o v g ¥
ﬂ'lﬂ\'l‘Vl'VI“UUﬂ‘UIﬂﬁiﬁﬁw'ﬂ'ﬂqgﬂﬂﬁm ﬂ'J']iJ.l'J'luﬂ"lﬁﬂﬁ'mﬂUﬁU'lSJLLiJlﬂﬁﬂﬂ']‘lﬂIﬂﬂ

S=|Al/1.,B| (3.24)



39

UNUaNNSA 2.4.24 aaluaunish 2.25 1214
S=Gu (LIW,) (3.25)

o { [ 1 cf ' [] o 1
Tuanirznavas i luslawunumandariumunsoninny 1 lunmsasduauiunuiman

& amun1s 3.26 ung 3.27

S, = |0V /0B = R:'|o1-/8B|4, (3.26)

S=V"\oV.10B|y =150, 1 8B|,, (3.27)
] s [] a o’:.iyq 1 & =
mmm"lﬂummmwuﬁmmmmaﬂmaaqﬂﬂsm HAseam 0.03/T — 0.05/T ¥zl

IndiRvsfuginsel MAGFET

J
uun\'ﬁnmmimﬁawﬂﬂnszuﬂmmuumuou(mteral magnetotransistor)
@ o d o (Y

Tassadalaena lveauunii TansmFames siianszua Tnasuuuiueuuaafagl

a o & E oy o = o = o v 1
#3.14 Tasnmsinunmmzaziaiounandismes ldneammass nueniyeyesavionna
aunsalasannsonsnsvamnusimanlufirmauniaiofonnuuana1aseniensua

'3 :: a ] A PR .
ADAAADINITDI (Al ) na lnlunisifannuuenduilosninmsidonuuvesnme (carrier

L4 (Y
deflection) 149 n‘s:uﬁmsﬁmmmsuaﬂ@mﬂ (modulation current injection) Q‘ﬂﬂimﬂﬁ’m‘ﬁu

v o = =

aunhnanIassadrauunitlansmdamesuuy pnp  viianszualvasinnuiuou

aa o 4 :
ﬂizﬂﬂﬂﬁﬁlﬂ DUAIRDS E, O03naAWDs Cl, C2 Lazdo3vAuanduiing Bl, B2

BI
B2 p ci clz'

N-SUB

a = d
517 3.17 Tassadrvesuunil Tansudmaes viianszuea Tnamuuuiuou



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanudludnuuadilon uaznedendidaaivesonalsnaseniinisuiliuly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanudludnuuadilon uaznedendidaaivesonalsnaseniinisuiliuly



42

a o VA A ' Iz 3 <
1807139487 (recombination) Twwenilunszumua uadlelauuuimandininuulas
a w ot LY (4 e ¢ o 4 =]
(e 2) darudIgUns ol ninsganszi Tneussaesud Mmidwmadsauuuanfiani

1 ' 3 L d ° =
LANATNTENINNTSUNILTUDLNTLUARBAIDAIADT NI HATIZHNIRIIULLNT Ta

= o o w o aa I'd ar
NI UFAs o 115005 1w 1aAe31N 3.17 TaenssuadiamosAon1ssuduUDINTLLUIL A

UG

]
S

LA NTLUAADDAAIADT AIANATTA 3.33

- y
WE 0, -

~Z + Jpy

w W50

Wg

¥

117 3.20 Runmsdisauuve e ( Tea ) iyuidivuuy 6,
I=I,+1, (3.33)
aa 4 1 = 1 @
nsziardlamesansonaateylumeonvoslSinannunuiuiuveslea J,, Asaunis2.34
I=J,W,.d (3.34)
Tauh W, Aennuniediimaed uay 4 Aennuinsovde
T g = ar Y] o o Fd 3/
s laugauesnszuatiulinnuduiusiuaiuninndave w,, animanu
Anesddvedlen ) uazanuMuwiNTNULmMAn B, Aiqunishsle nssudlvaay

P 4 o t
uuneuisaunuyy 6, Famnsouansasaunish 3.35

tan&, = u .B, (3.35)



43
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Properties of Si at 300 K
Properties Si
Atoms/em’ 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, em’ 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 342
Intrinsic carrier concentration, em’ 1.45x10"
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 2.5x10°

Mobility, cm”(V.s)




Properties Si
Electron 1500

Holes 475
Optical phonon energy, eV 0.063

Phonon mean free path, nm

7.6 (electron)

5.5 (hole)
Poissiongs ratio 0.42
Relative permittivity 11.9
Specific heat, J/(g.K) 0.7
Thermal conductivity, W/(cm-K) 1.5
Thermal diffusivity, cm'/s 0.9
vapor pressure, Pa 1 at 1659 °C
10° at 900°C
Young's modulus, g/cm 1.089x10°
2. pairuit hvesdanewlaeenlad
Properties of S10, at 300 K
Properties Sio,
Density, g/ch 2.2
DC resistivity, pm.cm 10"-10"
Dielectric strengh, V/cm ~10
Energy gap, eV 9
Infamed absorption band, pm 9.3
Melting point, °C ~1600
Refraction index 1.46
Relative permittivity (dielectric constant) 39
Structure Amorphous
Thermal expansion coefficient, K ' 5%10"




Thermal conductivity, W/(cm.K)

0.014
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//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 = QxF3;
sfr ADDH = 0xF5;
sfr ADDL = 0xF4;

sbit zero = P2/6;

sbiten_lcd = P274;

sbit rs_lcd = P2"5;

sbit d4_lcd = P270;

sbit d5_led = P21,

sbit d6_led = P2"2;

sbit d7 lcd = P273;

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);

mitial ();

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

Delay led (2);

/* configure channel P1.7(ANT7)*/

ADCON = 0xC0;
ADCON = 0x20;

while (1)

{

{

ADCON &= 0xF8;

ADCON = 0x07;

ADCON [|= 0x08;
while((ADCON & 0x01)!= 0x01)
ADCON &= OxEF;

// Select channel

/ Start conversion in standard mode
/l Wait flag End of conversion

#/ Clear the End of conversion flag

// read the value



ADCON &= ~0x10; /* Clear the End of conversion flag */
value_converted = ADDH<<2; /* save 8 msb bits */
value_converted [= (ADDL & 0x03); /* save 2 Isb bits */

end_of convertion=1; /* set flag */
while(lend of convertion);  /* wait end of convertion */

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

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

T T LT T T T T T
T outpat show on LCD /10T
HHITTHET T T T L 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_led (2);
}

THO = -value AN7 ;
TLO = -value ANT7;
TRO=1;

// Sub Program of L.CD module //
void write_int {int valuel)

{

write_data ((value1%10000)/1000+0x30);
write_data ((valuel%1000)/100+0x30);
write_data ((value1%100)/10+0x30);
write_data ((value1%10)+0x30);

}

void address (unsigned char ad)

{
ad = ad | 0x80;
write_cmd (ad);

}

void initial {void)

{
en_led=1; /{/setbitP2.4



rs_led=0; //clear bit P2.5
write_cmd (0x33);
write_cmd (0x32);
write_cmd (0x28);
write_cmd (0x0c);
write_cmd (0x06);
write_cmd (0x01);

}

void write_str (unsigned char dat(])
{

char i,count;

count = 16;

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

{

write_data (dat[il),

}

}

void write_data (unsigned char dat)

{
rs_led=1; {lset bit P2.5

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

P2 = (P2 & 0xf0)}(dat & 0x0f); /* Send Lo-nibble */
enable led();

Delay led (10);

H



void write_cmd (unsigned char cmd)

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

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

P2 = (P2 & 0xf0)|(cmd & 0x0f); /* Send Lo-nibble */
enable lcd();

Delay _lcd (10);

}

void refresh (void)

{
write_cmd (0x0c);

}

void enable_lcd (void)

{

en_led=0;/* (P2.4=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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SPECIFICATIONS

ELECTRICAL
At T, = +25°C, Vg = £15V, R_ = 10k(2 unless otherwise noled.
iINA118PB, UB INA118P, U
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTi
Initial Tp=+425°C 110+ 50/G  |£50 1 500/G 125 +100/G |£125£1000/G Y
vs Temperature Ta= Tan 10 Togax 022G |05+ 20/G 10.2 £+ 5/G 1+ 20/G pvrec
vs Powar Supply Vg =11.35Vto £18V 11 £10/G 15 £ 100/G * +10 £100/G pviv
Long-Tarm Stability 0.4 £5/G * pVimo
Impedanca, Differential 101911 * Q| pF
Common-Mode 1010)| 4 * Q|| pF
Linear Input Voltage Range (V+) -1 (V+)-0.65 * * v
V=) + 1.1 (v-)+0.95 * * v
Safe Input Voltage 140 * v
Commeon-Mode Rejsction Vem =110V, ARg = 1kQ2
G=1 80 90 73 * dB
G=10 97 110 89 * dB
G =100 107 120 98 * dB
G =1000 110 125 100 * dB8
BIAS CURRENT 11 5 * 110 nA
vs Temperature +40 * pA/SC
OFFSET CURRENT +1 15 * +10 nA
vs Temperature 140 * pA/I°C
NOISE VOLTAGE, RTI G = 1000, Rg = 0Q
f=10Hz 11 * nv/NHz
f=100Hz 10 * nv/VHzZ
f=1kHz 10 * nvivHz
fs = 0.1Hz to 10Hz 0.28 * wVp-p
Noise Current
t=10Hz 20 * pAHZ
f=1kHz 03 * pANHZ
fg = 0.1Hz to 10Hz 80 * pAp-p
GAIN
Gain Equation 1+ (50kU/Rg) * VIV
Range of Gain 1 10000 * * VIV
Gain Error G=1 10.01 10.024 * 10.1 %
G=10 10.02 0.4 * 10.5 %
G =100 10.05 0.5 * 0.7 %
G = 1000 0.5 11 * 12 %
Gain vs Temperature G=1 +1 10 * +10 ppm/°C
50k02 Resistanca(!) 125 +100 * * ppm/°C
Nonlinearity G=1 10,0003 10.001 ¥* 10.002 % of FSR
G=10 +0.0005 10.002 * 10.004 % of FSR
G =100 +0.0005 10.002 * 10.004 % of FSR
G =1000 10.002 10.01 * 10.02 % of FSR
OUTPUT
Voitage: Positive R, = 10kQ v+ -1 | (v+)-08 * * v
Negative R = 10kQ (v-)+0.35| (v-)+0.2 * * v
Single Supply High | Vg=+2.7V/0Vi2, R_ = 10k} 1.8 20 * * v
Single Supply Low Vg = +2.7VIOVE@, R = 10kQ 60 35 * * mv
Load Capacitance Stability 1000 * pF
Short Circuit Current +5/-12 * mA
FREQUENCY RESPONSE
Bandwidth, -3dB G=1 800 * kHz
G=10 500 * kHz
G =100 70 * kHz
G = 1000 7 * kHz
Slew Rate Vo=110V, G =10 0.9 * Vius
Settling Time, 0.01% G=1 15 * us
G=10 15 * us
G =100 21 * us
G = 1000 210 * us
Overload Recovery 50% Overdrive 20 * us
POWER SUPPLY
Voltage Range 11.35 +15 118 * * * v
Current V=0V +350 +385 * * BA
TEMPERATURE RANGE
Specification —40 85 * * °C
Operating —40 125 * * °C
B 80 * °CIW

* Specification same as INA118PB, UB.

NOTE: (1) Temperature cosfficient of the “50k2" term in the gain equation. (2) Common-mode input voltage range is limited. See text for discussion of low power supply

and single power supply operation.
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PIN CONFIGURATION

8-Pin DIP and SO-8

Top View
N/

RGI 1 8 {Rg
Vinl 2 7 IV+
Vil 3 6 | Vy

V- I 4 5 [Ref

ABSOLUTE MAXIMUM RATINGS

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

ORDERING INFORMATION

Supply VORAGE ...
Analog input Voltage Range
Output Shonr-Circuit (to ground).
Operating Temperature
Storage Temperature ...
Junction Temperature ...
Lead Temperature (soldering, 10s)

.... Continuous
-40°C to +125°C
-40°C to +125°C
... #+150°C
e #300°C

PACKAGE

DRAWING TEMPERATURE
PRODUCT PACKAGE NUMBER{} RANGE
INA118P 8-Pin Plastic DIP 006 —40°C to +85°C
INA118PB 8-Pin Plastic DIP 006 —40°C to +85°C
INA118U S$0-8 Surface-Mount 182 -40°C to +85°C
INA118UB S0-8 Surface-Mount 182 —40°C to +85°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown |C Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights 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 life support devices and/or systems.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = £15V, unless otherwise noted.

GAIN vs FREQUENCY COMMON-MODE REJECTION vs FREQUENCY
60 T 140
G = 1000
50 & 120
N T TSl G=1000
a0 pe N § =
LG =100 T £ 100 Rh— N
[+ N =10G (/P
g X 5 5 ™
80
E N x G=10 1M
c 20 M e~ 3 \\.
o] LG =10 5 &0
Q iy = il = N
10 - Z
[N g 40 ™ N
0 £ N
| G = S
_10 I \‘ C 20
-20 l 0
1k 10k 100k ™ 10M 1 10 100 1K 10k 100k
Frequency (Hz) Frequency (Hz)
INPUT COMMON-MODE RANGE INPUT COMMON-MODE RANGE
vs QUTPUT VOLTAGE vs OUTPUT VOLTAGE
15 5
G210j\ 7
4
5 10 / ,/ S 3
g / AN G=1 g X
| 5 8
$ s
E 0 Vor =; E 0
é . Vor = E -1
_ =, .
£ X €
8 » \\ = 8 4
AJI\‘\ » Al T~ Al
15 Gains i 5 Gains | Gains
-15 -10 -5 0 5 10 15 -5 4 -3 -2 - 0 1 2 3 4 5
Output Voltage (V) Qutput Voltage (V)
INPUT COMMON-MODE RANGE INPUT COMMON-MODE RANGE
vs QUTPUT VOLTAGE vs OUTPUT VOLTAGE
5 | 3
T
= - > 10
S 4 E::_': /G 210 s /G
3 [~ ——y 5 >
8 e ~ Py g 2
=] . G= g o> © ol
3 =
> G =1 ] > yd
3 == b g1 % single Supply |
o
=
1 " : =
E / v g
E == 5
o 1! o
0 0
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 Ty = +25°C, Vg = £15V, unless otherwise noted.

POSITIVE POWER SUPPLY REJECTION NEGATIVE POWER SUPPLY REJECTION
vs FREQUENCY vs FREQUENCY
160 ‘ 160
140 140
— P~ & G =100
e 2 aSHil ~ g 8 10 6= 100
c ) c 4 e g &
£ N ™~ 5 W# | e
| 100 ] L - ] M )l 2 400 . Al ~~~._ —rd| |
% \\~ \ '\ .G = 1000 % I ¥ '."--. \'h..
o N I 1 [ 4 » ol
P T S = 8 iy N
g U = 1907 g G=1 [P N
3 &0 - - 1 } | 3 50 ! M N
= TG = 10Th u I~
g 40 \\ \15“ &’ 40 \"‘"m.
£ = TSl &
™
20 " 20
0 0
1 10 100 1k 10K 100K 10 100 1K 10k 100K
Frequency (Hz) Frequency (Hz)
INPUT- REFERRED NOISE VOLTAGE
vs FREQUENCY SETTLING TIME vs GAIN
-~ Tk 100 1000
N
< ¥
- ey
: %
& T v = - R_= 10KQ 4
& 100 10 @ ) L=
5 2 2 C_ = 100pF A
> ~ z E Y ’!
2 TR £ F 100 A
g N — G =10 g o
» 0 T £
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A
: T 5 0%
3 Current Noise. £
< Al Gai
’ {Al Gains) 01 10
1 10 100 1K 10k 1 10 100 1000
Frequency (Hz) Gain (VIV)
QUIESCENT CURRENT and SLEW RATE INPUT BIAS GURRENT
vs TEMPERATURE vs INPUT OVERLOAD VOLTAGE
500 15 10
N 8
\\\ 6
~ -
a2 ale | =T — E
2 400 \\ gew B 18 b ¢
& \ L— 3 g 2 G = 1000
3 2 G 0 G=1
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DN £ 2
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TYPICAL PERFORMANCE CURVES (coNT)

At T, = +25°C, Vg = +15V, unless otherwise noted.

OFFSET VOLTAGE vs WARM-UP TIME

10
8
< \
3 6 N
g 4 ™
[ G = 1000
£ 2
3 o —
—
] 2 ,/
2 e
s 4 4
g -6 4
-8
-10
i} 0.5 1.0 1.5 2.0 25 3.0
Time from Power Supply Tum On {(ms}
QUTPUT VOLTAGE SWING vs QUTPUT CURRENT
V+
E (V*)-04 Positive Vg < t5V_|
2 — P
3 (V)08 ——
1]
@ s
o
8 Vg = £15V
o
> = e
S (V-1+0.8
H (V=)
(s} Singte Power Supply, V-~ = 0V
(V=)+04 |— Ground-Referred Load T 1" Negative
Ve S AR { |
0 1 2 3 4
Qutput Current (mA)
OUTPUT CURRENT LIMIT vs TEMPERATURE
16
14  — =
e
g - llet]
12
: I
g 10
=
S s
é 6 I
o
\_‘
5 . —— e
7] —
2
0

=75 50 -25 Q9 25 50 75 106 125

Temperature (°C)

BURR-BROWN®

INA118

Output Voltage Swing (V)
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APPLICATION INFORMATION

Figure 1 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 122 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 exteral
resistor, Rg;, connected between pins 1 and 8:

50kQ 4y

G

G=1+

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

The 50k2 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. Seckets add to the wiring
resistance which will centribute 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 INA 118, Settling time also
remains excellent at high gain.

The INAI18 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 zerc. A simple pole at
300kHz or lower wiil produce a flat passband unity gain
response.

Q.1uF

NC: No Connection.

7
- 2| [Sver-Voltage INA118
o
DESIRED Rg NEAREST 1% Rg o ok Vo= G (Vi - Vi)
GAIN ) () 1 Goqs 50K
1 NC NC Re
2 50.00k 49,5k g
5 12.50k 12.4k Rg
10 5556k 5.62k . .
20 2.632k 2,61k 25k Load Vo
50 1.02k 1.02k ~ A
100 505.1 511 A, AR 5
200 2513 244 + a3} lover-voitage Ref
500 100.2 100 Vin O— prmectic: + 60k 50k2 —
1000 50.05 439
2000 25.01 24.9 "
5000 10.00 10 0.1pF
10000 5.001 4.99 |j_

Also drawn in simpfified form:

o
Vin

Rg INA18 Vg
V,:, + Ref

FIGURE 1, Basic Connections.
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NOISE PERFORMANCE

The INA118 provides very low noise in most applications.
For differential source impedances less than 1k£2, the INA103
may provide lower noise. For source impedances greater
than 50kQQ, the INA111 FET-Input Instrumentation Ampli-
fier may provide lower noise.

Low frequency noise of the INA118 is approximately
0.28uVp-p measured from 0.1 to 10Hz (G2100). This pro-
vides dramatically improved noise when compared to state-
of-the-art chopper-stabilized amplifiers.

OFFSET TRIMMING

The INA118 is laser trimmed for low offset voltage and
drift. Most applications require nc external 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.

VR O—— s
R INA118 v
¢ e 100uA
vio . Ref 1/2 REF200

z10myv
Adjustment Range

10002

100pA
112 REF200

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INAI118 is extremely high—
approximately 10/9Q. 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 INAL18 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.

Microphone,
Hydrophone INA118
etc.

-

47kG2 47kQ -

Thermocouple INA118

+

10k

g i

Center-tap provides
bias current retum,

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

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INAL18 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 related 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 INAT18 will be near 0V even
though both inputs are overloaded.

LOW VOLTAGE OPERATION

The INA118 can be operated on power supplies 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 intermal 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
10 +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 Vy, must both be
0.98V above ground for linear operation. You cannot, for
instance, connect the inverting input 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 INA1lS,
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 Output 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. Internal 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 SmA. The typical performance curve “Input
Bias Current vs Input Overload Voltage” shows this input
current limit behavior, The inputs are protected even if the
power supplies are disconnected or turned off.

Figure 1 shows a simplified representation ofthe 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, Qut = Ve, ~ Vg — (10pA + 25kQ) - V/2

A, Qut = Vi, ~ Ve — (10pA + 25kQ) + V/2

Output Swing Range A, A;; (V+) ~ 0.65V to (V-) + 0.06V
Amplifier Linear Input Range: (V+) - 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 Ry, 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 Vg and IR drop across R, and R, produce
output voltages on A, and A, that are approximately 1V
lower than the input voltages.

T
Qb"" T

Vo= G« (V= Vi)

- +
Input Bias Current * A,
Caompensation Cc

QCutput Swing Range:
G (V+) ~ 0.8V to (V-) + 0.35V

50 o]
~—_f| 60K

Q, R

(Extemnal)

YW
= soka

FIGURE 4. INA118 Simplified Circuit Diagram.
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NOTE: (1) R, required to create proper common-mode voltage,
only for low voilage operation — see text.

FIGURE $. Single-Supply Bridge Amplifier.

iNA118

FIGURE 6. AC-Coupled Instrumentation Amplifier.

V+
10.0V 6 T
REF102 |3
R, R,
2 L
- Pt100
K<\/ ve
+ N\ Cu Rg INA118
R, + Ref
100Q = RTD at 0°C
SEEBECK
ISA COEFFICIENT
TYPE MATERIAL {uVi°C) Ry, Rz
E + Chromel 585 66.5kQ2
- Constantan
J +Iron 50.2 76.8kQ
- Constantan
K + Chromel 394 97.6kQ}
— Alumel
T + Copper 38.0 102k
— Constantan

FIGURE 7. Thermocouple Amplifier With Cold Junction
Compensation.
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Ay Ig Error
OPA17T | £1.5nA
OPAG02 *1pA
OPA128 +751A

FIGURE 8. Differential Voltage to Current Converter.

FIGURE 9. ECG Amplifier With Right-Leg Drive.
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